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Abstract 

Grafting onto specific rootstocks provides resistance to soil 

borne disease and nematodes. Fusarium wilt disease caused by 

Fusarium oxysporum (FO) as well as root-knot nematode caused 

by Meloidogyne incognita (RKN) are the most serious soil 

pathogens in cucumber soil in open fields and under plastic houses. 

The present study aimed at selecting  four cucurbit rootstocks for 

their resistance and  or susceptibility to fusarium wilt fungus (FO) 

and root-knot nematode (RKN) in two successive years (2010 and 

2011) in 10 cm-diam. pots under screen house and in naturally 

infested soil under plastic house conditions. These selective 

cucurbit rootstocks were Bottle gourd    (Lagenaria sicenaria ) and 

Winter squash ( Cucurbita maxima)in autumn season and Wax 

melon  ( Benincasa hispida) and Ercola,(C.maxima  C.moshata) as 

hybrid 6001 in spring season. Cucumber scion was Hesham F1 

hybrid and Sinai were grafted onto rootstocks in autumn and spring 

seasons respectively Results indicate that in autumn and spring 

seasons, the cucumber plants grafted onto Bottle gourd, Lagenaria 

sicenaria, Winter squash, Cucurbita maxima, Wax melon, Benincasa 

hispida and C.maxima × C.moshata Ercole hybrid F1 No. 6001 

rootstocks grown in pots had highly significantly less root galling, 

number of females and egg-masses than non-grafted cucumber. 

Data generally indicated that, Cucurbita maxima were highly 

resistant and resistant to M. incognita in soil infested with 

nematode only and or fungus, respectively. Lagenaria sicenaria was 

moderately resistant to root-knot nematode in both cases. On the 

other hand, cucumber seedlings grafted onto rootstocks, Lagenaria 

sicenaria or Cucurbita maxima grown in pots were highly resistant 

to (RKN) in soil infested with nematode only and or fungus (FO). 

Non-grafted cucumber seedlings var. Hesham and Sinai were rated 

as susceptible and highly susceptible to nematode infection in 

autumn and spring seasons respectively. In spring season, 

Benincasa hispida and C.maxima × C.moshata Ercole hybrid F1 No. 

6001 were moderately resistant (MR) to infection by M. incognita 

when soil inoculated by nematode only and or Fusarium oxysporum 

in pot experiment. In autumn season, grafted and non-grafted 

plants were rated as resistant (R) and highly resistant (HR) to wilt 

fungus, Fusarium oxysporum (FO) in soil infested with fusarium wilt 

(FO) only and or nematode (RKN). Cucumber scion, Cucumis 

sativus var. Hesham F1 hybrid which rated as susceptible (S) and 
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highly susceptible (HS) in pots inoculated by wilt fungus (FO) only 

and  or RKN, respectively. Also, in spring, all grafted and non-

grafted plants were rated as highly resistant (HR) to wilt fungus, 

Fusarium oxysporum (FO) compared to cucumber scion, Cucumis 

sativus var. Sinai hybrid which rated as highly susceptible (HS) in 

pots in both cases inoculated by wilt fungus (FO) only and or 

nematode (RKN). Data indicated also that both pathogens 

significantly decreased the plant criteria (Shoot and root weight, 

and shoot and root length), when they were inoculated by RKN or  

and fusarium fungus (FO) compared to un-inoculated control. Also, 

the inoculation with root-knot nematode (RKN) alone decreased 

the plant criteria than inoculation with Fusarium and nematodes. In 

natural infested soil experiments in both seasons, data was 

completely similar the data recorded in pots. Plant shoot growth 

characteristics; cucumber yields (no of fruits per plant and total 

fruits per plant and yield in one meter square), Cucumber fruit 

characteristics, and chlorophyll contents were significantly 

improved in plant leaves compared with scion cucumber. 

Consequently, the shoot macro-elements were increased compared 

with scion cucumber. 

Keyword: Cucumber, Cucurbit rootstocks, Fusarium wilt, 

Root-knot nematode, grafting. 

INTRODUCTION 

Grafting onto specific rootstocks, generally, provides resistance to soil borne 

diseases and nematodes and increases yield (Cao et al., 2005). It's an effective 

technology for use in combination with more sustainable crop production practices, 

including reduced rates and overall use of soil fumigants in many countries (Kobayashi 

2005; Kubota et al., 2008). In the 1990s, nearly 60% of open fields and greenhouses 

in Japan and 81% in Korea (Lee, 1994) producing muskmelon, watermelon, 

cucumber, tomato and eggplant were reportedly planted with grafting. Grafting may 

be a valuable tool for vegetable growers to cope with pest management challenges in 

production of cucurbits and solanaceous crops (Charles et al., 2012; Davis, 2010; 

Sigüenza et. al., 2005). Today, over 500 million grafted seedlings are produced 

annually in Japan (Kobayashi, 2005).  

Cucumber, Cucumis sativus L. is one of the most important vegetable crops 

growing in Egypt and many countries. It's grown in Egypt in open fields as a summer 

crop and under plastic houses during winter season in more than 32,755 plastic 

houses with total yield of about 109,920 tons/year (Anonymous, 2012). As for 

vegetable crops production in greenhouses, soil-borne diseases and nematodes cause 

most of the damage from intensive and continuous cropping (Oda 1999 and 2002). 

Cucumber crop suffers from several infections by serious fungal diseases and 

nematodes. The most prevalent and damaging soil borne pathogens were resulting in 

http://hortsci.ashspublications.org/content/43/6/1664.full#ref-13
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severe yield quality and quantity losses in plants. Southern root-knot nematode, 

Meloidogyne incognita (RKN) and fusarium wilt fungus, Fusarium oxysporum (FO) are 

the most serious soil borne diseases in cucumber Rhizosphere (Sharma et al., 1995).  

 There are several ways to control the nematodes and fusarium wilt, none of 

them proved to be more effective. No commercial cultivars or hybrids of cucumber are 

recorded as resistant to root knot nematode. Therefore, the  possible approach to 

overcome such disease is using grafting on resistant wild or domesticated 

cucurbitaceous rootstocks as an active, safe and clean method. Grafting onto resistant 

rootstocks of wild or domesticated species of cucurbit plants is the most known means 

to protect the scion from the attack by these pathogens. Grafting has been used to 

control soil borne pathogens in vegetables since 1920 in Japan and Korea, where land 

use is very limited (Ashita, 1927; Lee, 1994; Sakata et al., 2008). After the first trail, 

the cultivated area of grafted vegetables, as well as the kinds of vegetables being 

grafted has been consistently increased. The highest number of grafted plants was in 

watermelon followed by tomato, eggplant, melon and cucumber.  

 This work was planned to study and evaluate cucumber scion plants grafted 

onto four selected cucurbitaceous plants resistant against root-knot nematode and 

fusarium wilt disease in two successive years in four seasons (2009-2011) in pots 

(artificial infection) under screen house and in natural infested soil under plastic house 

conditions and effect of grafting on growth and yield.  

MATERIALS AND METHODS

 This experiment was carried out in the inspected fields and greenhouses located 

at Kaha Research Station, Horticultural Research Institute (H.R.I.), Agricultural 

Research Center in qualiobyia governorate.DiseasedCucumber plants showing the 

typical symptoms of wilt and/ or galls of root-knot nematodes were collected during 

2008- 2009. The plants (samples) were uprooted and preserved in plastic bags which 

were kept in an icebox during transportation to laboratory. Then samples were kept in 

a refrigerator at 5 oC for mass rearing procedures. The fungus was isolated on potato 

dextrose agar (PDA) medium. The inoculums used in the foregoing mass rearing are 

consisted of uniform 4 mm. diam. agar discs bearing 7 days old growth of the desired 

fungus under aseptic conditions. The inoculums were grown in 500 ml. milk bottles 

containing the following sterilized substrate per bottle (75 g. washed and dried maize, 

100 g washed dried coarse sand  and 65 ml tap water). The bottles were autoclaved 

before being incubated at 25 oC for two weeks to obtain sufficient growth of the 

fungus. The inoculums were, then, thoroughly mixed with sterilized soil at the desired 
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rate and time as follows: Five grammes per kilogram were used for both sterilized 

growing medium. Root-knot nematode, Meloidgyne incognita was extracted and 

identified by Taylor and Sasser (1978) under stereo - microscope by perennial pattern 

technique and mass rearing procedure on eggplant seedlings till inoculation time. 

1- Screen house experiments.  

  Twelve cucurbit rootstocks were evaluated in 2009 in pots infested by the 

southern root-knot nematode, Meloidogyne incognita (RKN) and  or Fusarium 

oxysporum in screen house in College of Agriculture, Cairo university, only four 

rootstocks were selected as resistant to nematode (RKN) and fungus wilt (FO) 

diseases as reported by (Amin, et al., 2013). Commercial Cucumber scion, Cucumis 

sativus var. Hesham F1 hybrid was grafted onto Bottle gourd, Lagenaria sicenaria and 

Winter squash, Cucurbita maxima as rootstocks in autumn seasons (2009 and 2010). 

Also, commercial cucumber scion, Cucumis sativus, Sinai hybrid was grafted onto Wax 

melon, Benincasa hispida and C.maxima  C.moshata Ercola hybrid F1No.6001 as 

rootstocks in spring seasons (2010 and 2011). Also, two experiments were recorded in 

autumn and spring seasons (2009-2011) and on four rootstocks in plots as semi-field 

conditions naturally infested by soil borne disease in autumn and spring seasons 

under plastic house. 

 Four selected resistant cucurbitaceous rootstock seeds were selected and grown 

in pot experiments. Bottle gourd, Lagenaria sicenaria and winter squash, Cucurbita 

maxima were grown in autumn season, and other two rootstocks wax melon, 

Benincasa hispida and C.maxima × C.moshata Ercole hybrid F1 No. 6001 were grown 

in spring season. Cucumber scions Hesham F1 hybrid from Royal&sluis Co. and Sinai 

hybrid from (H.R.I.) were sown in 84-cells tray as control in 1st August (autumn) and 

15 th Feb. (spring), respectively. Each seed of the rootstock was sown in 84-cell tray 

for 7-8 days earlier than cucumber seeds of the scion in autumn season and for 10-11 

days earlier in spring season. Rootstock seedlings transplanted to 10 cm-d plastic pots 

filled with 1 kg sterilized sandy-loam soil (1:1 v/v) free of plant pathogen and 

nematode after germination and appearance of the first true leaf of rootstock 

seedlings and scions. Seedlings of rootstocks and scions were ready for grafting at the 

appearance of the second true leaf of rootstocks. Seedling of Rootstocks were picked 

between the two cotyledons after removing the top (leaves) by razor, scion were 

prepared by cutting the seedling below the two cotyledons with a distance of 2-3 cm 

with a basal end in the form of a wedge. Wedges were inserted in the picked part of 

the stocks on condition that the cotyledons of the Rootstocks and scion were held 

with grafting clips (Oda, 1999). The seedlings were placed under plastic tunnel at 

optimum temperature and humidity. The compatibility was determined after 7 days at 
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relatively high temperature (25-30 oC) in autumn seasons and 10 days at relatively 

low temperature (20-25 oC) in spring season from conducting after grafting stage 

(following the new growth on the scions). The plastic tunnel was, gradually, opened 

for adaptation. There were five replicates for each treatment (5 pots). They were 

arranged in a completely randomized design in screen house. The pots were watered 

daily. The pots were divided into four groups. The first group was inoculated with 500 

infective stages of root-knot nematode (RKN), Meloidogyne incognita only (obtained 

from rearing mass on eggplant roots) in five holes around the seedling roots and the 

second group received 500 infective stages of nematodes (RKN) and 5% Fusarium 

oxysporum infested soil around the seedling roots, the third group received 5% 

infested soil by Fusarium oxysporum only and the fourth group served as control 

plants (added un-inoculated growing medium). After nine weeks of nematodes and 

fungus inoculations, roots of plants were, carefully, uprooted and nematodes in soil 

and roots were counted and recorded as root galls and egg-masses index according to 

Taylor and Sasser (1978). Disease incidence caused by Fusarium oxysporum during 

the growth period was recorded according to Kesevan and Chounhury, (1977). The 

number of galls, females and egg-masses and reproductive factor (RF) as compared 

to untreated pots were calculated for root-knot nematode (RKN). Length and weight 

of shoots and roots were recorded at the end of autumn and spring. The 

aforementioned characters were investigated in the presence of nematodes and or 

wilt fungus disease compared to control plants. Another half number of pots received 

un-inoculated growth media prepared by grafted transplanting seedlings in the screen 

house.  The pots under screen house were irrigated daily and fertilized according to 

the Egyptian Ministry of Agriculture recommendations. The experiment was repeated 

two times during autumn 2010 and spring 2011 successive seasons. Data was 

statistically analyzed using new least significant Difference (New LSD). (Waller & 

Duncan, 1969). 

2-  Field experiments under plastic house conditions. 

 Four experiments were carried out in naturally infested soil by root-knot 

nematode, M.incognita and wilt fungus disease. In two successive autumn seasons 

2009-2010, cucumber var. Hesham was grafted onto Bottle gourd, Lagenaria sicenaria 

and winter squash, Cucurbita maxima. In two successive spring seasons (2010-2011), 

cucumber var. Sinai was grafted onto wax melon, Benincasa hispida and C.maxima × 

C.moshata Ercole hybrid F1 No. 6001 under plastic house (40 m. Long x 9 m. width x 

3m. height) at Kaha Research Station, Horticulture Res. Inst., Agric Res.  Center, 

Ministry of Agriculture. The soil texture of the experimental field was loamy clay. The 

plants under plastic tunnels were irrigated by drip irrigation and fertilized according to 
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the recommendations of the Ministry of Agriculture. The treatments were arranged in 

a completely randomized block design with three replicates. Each experimental plot 

consisted of three treatments. Each treatment was layered in one ridge, 40m. long 

and 1 m. width. Seedlings were planted on the two sides of each ridge at 50cm apart. 

10 plants were randomly chosen from each experimental plot at 60 days-old after 

sowing. Plant height, number of leave /plant, leaf area and chlorophyll contents 

(spade) were recorded. Plant shoot characteristics, fruit characteristics, yields of 

cucumber per plant and per one square meter, physical characteristics of fruits and N, 

P, K., Mg and Ca contents of plant shoot were analyzed using the modified micro 

kjeldahl method as described by Plummer (1971). The number of galls, females and 

egg-masses and reproductive factor (RF) in plots were calculated for root-knot 

nematode (RKN). Length and weight of shoots and roots were recorded at the end of 

autumn and spring. The yield quality and quantity were recorded per plant and per 

one meter square. N, P, K, Ca and Mg macro-elements contents were analyzed in 

shoot system.  The aforementioned characters were investigated in the presence of 

nematodes and /or wilt fungus diseases compared to control plants. Data were 

statistically analyzed using New LSD as the method of Waller and Duncan( 1969). 

RESULTS AND DISCUSSION  

 In pot experiments, in autumn, cucumber grafted onto Bottle gourd, Lagenaria 

sicenaria and Winter squash, Cucurbita maxima rootstocks, had highly significant less 

root galling, number of females and egg-masses than non-grafted cucumber (Table 

1). In addition, data presented in (Table 1) indicate that the cucurbit rootstocks varied 

in their rates of resistance and susceptibility according to Hemeng (1989). It was 

found that cucumber scion grafted onto, Lagenaria sicenaria and Squash, Cucurbita 

maxima were moderately resistant (MR) to root-knot nematode (RKN) when the pots 

received either root-knot nematode and  or wilt fungus (FO). While, non-grafted, 

Lagenaria sicenaria was rated as susceptible (S) to root-knot nematode (RKN). 

Squash, Cucurbita maxima was rated as highly resistant (HR) and resistant (R) to 

root-knot nematode (RKN) when the pots received either root-knot nematode and or 

wilt fungus disease, respectively. While, non-grafted Winter squash, Cucurbita maxima 

was rated as resistant (R) and susceptible (S) when the pots received either root-knot 

nematode only/and wilt fungus (FO), respectively compared with highly susceptible 

(HS) cucumber scion, Cucumis sativus var. Hesham F1 hybrid. All grafted and non-

grafted plants were rated as resistant (R) and highly resistant (HR) to wilt fungus, 

Fusarium oxysporum (FO) according to Kesevan and Chounhury, (1977) index (Table 
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1). Cucumber scion, Cucumis sativus var. Hesham F1 hybrid which rated as 

susceptible (S) and highly susceptible (HS) in pots inoculated by fusarium wilt fungus 

(FO) and or root-knot nematode (RKN) respectively (Table 1). 

In spring, 2010 and 2011, respectively, Cucumber scions var. Sinai F1 grafted 

onto wax melon, Benincasa hispida and C.maxima × C.moshata Ercole hybrid F1 No. 

6001 rootstocks had highly significant less number of galls, females and egg-masses 

than non-grafted cucumber var. Sinai F1(Table 3 ).  Data also indicated that, grafting 

onto Benincasa hispida was rated as susceptible (S) and moderately resistant (MR) 

when the pots received either root-knot nematode and  or fusarium wilt fungus (FO), 

respectively. While, non-grafted ones were rated as susceptible in both cases. 

C.maxima × C.moshata Ercole hybrid F1 No. 6001 was rated as moderately resistant 

(MR) when the pots received either root-knot nematode (RKN) and  or wilt fungus 

(FO). All grafted and non-grafted plants were rated as highly resistant (HR) to wilt 

fungus, Fusarium oxysporum (FO) compared to cucumber scion, Cucumis sativus Sinai 

hybrid which rated as highly susceptible (HS) in pots inoculated by fusarium wilt 

fungus (FO) and or root-knot nematode (RKN) (Table 3). In spite of certain rootstocks 

recorded as susceptible to root-knot nematode (RKN) but the population of females 

and egg-masses were highly significant less than control. 

As for plant criteria, shoot and root weights, and shoot and root lengths, It is 

clear that both pathogens significantly(P≤ 0.05) decreased the plant criteria when 

they inoculated alone or together compared to un-inoculated control (Tables 2 and 4). 

Also, the inoculation with root-knot nematode (RKN) alone decreased the plant criteria 

more than inoculation with both pathogens. The primary purpose of grafting 

vegetables worldwide has been to provide resistance to soil borne diseases (Oda, 

1994). 

In greenhouse experiments, of naturally infested soil in both seasons, data 

were completely similar to data recorded in pots in autumn and spring seasons 

(Tables 5-14). It was noticed that in autumn and spring, cucumber grafted onto Bottle 

gourd, Lagenaria sicenaria and Winter squash, Cucurbita maxima rootstocks in 

autumn seasons and Wax melon, Benincasa hispida and C.maxima × C.moshata 

Ercole hybrid F1 No. 6001 had highly significant less number root of galls, females 

and egg-masses less than non-grafted cucumber (Tables 5 and 6). Also, plant criteria, 

as shoot growth characteristics, cucumber yields (No. of fruits/plant and total fruits 

per square meter), cucumber fruit characteristics, and chlorophyll contents (spade) 

were highly significant improved compared with scion cucumber (Tables 7 and 14). 

Consequently, the shoot macro-elements were increased compare with scion 

cucumber (Tables 10 and 14). Also, the chlorophyll contents on grafted rootstocks 
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was increased between 7.9-15.9 % and 0.54 -0.8 % more than non-grafted cucumber 

in autumn 2009 and 2010; respectively (Table 7). While, the chlorophyll contents on 

Wax melon, Benincasa hispida and C.maxima × C.moshata Ercole hybrid F1 No. 6001  

were increased between 4.8-1.6 % and 16.1-2.0 % more than non-grafted cucumber 

in spring 2010 and 2011; respectively (Table 11). The total yields/m2 were highly 

significantly increased on grafted Bottle gourd, Lagenaria sicenaria and Winter squash, 

Cucurbita maxima rootstocks in 2009-2010 autumn seasons 24.1 - 8.7% , 39.6 - 

21.1% ;respectively compare with non-grafted cucumber (Table 8). On the other 

hand, the total yields/m2 were highly significantly yield increased on grafted Bottle 

gourd, Lagenaria  sicenaria and winter squash, Cucurbita maxima rootstocks in 

autumn seasons (2009-2010) 24.1 -8.7%  ;  39.6 – 21.1%. ; Respectively. While, the 

total yields/m2 were  highly significantly yield increased  on grafted Wax melon, 

Benincasa hispida and C.maxima × C.moshata Ercole hybrid F1 No. 6001  spring 

seasons (2010-2011) 25.7 -57.1% and 54.5 – 60.6%; respectively compared with 

non-grafted cucumber (Table 12). 

From the present data, It is clear that grafting onto rootstocks are 

significantly decreased the population of root-knot nematode and fungus disease year 

by year. The level of both populations will be under management. These results 

agreed with Charles, et al. (2012) who showed that under severe RKN pressure, 

grafting may be an economically feasible pest control measure to help maintain a 

profitable production giving that the risk of economic crop losses due to RKN 

outweighed the higher cost of grafted transplants. Also, King et al. (2008) found that 

the potential loss of methyl bromide as a soil fumigant combined with pathogen 

resistance to commonly used pesticides will make resistance to soil borne pathogens 

more important in the future. The increment in plant criteria may be due to reduction 

in nematode and fungus population and improvement photosynthesis and 

carbohydrate metabolism (Tables 7-14). Results of Yi-Fei, et. al. (2011) indicated that 

grafting helps improve photosynthesis and carbohydrate metabolism in leaves of 

muskmelon, Cucumis melo L.. They also explain the increment in grafted cucumber 

plant criteria, that grafting rootstocks increased  chlorophyll a+b content and the leaf 

area in middle and late developmental stages of the plant. These results agreed with 

our results in Tables 7 to Table 14 indicated that improvement in plant growth, yield 

quantity and quality, increment in chlorophyll contents, increments in leaf area and 

macro-elements in plant shoots. For these reasons, the use of grafted cucumber on 

resistant rootstocks as a means of managing nematode populations (RKN) and 

fusarium wilt (FO) soil borne in greenhouses must be recommended. Rotation of 

resistant cucumber has been already proved success for reducing M. incognita 
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infestations in pots under screen house and under greenhouse conditions. These 

results agree with those recorded in Greece on tomato infested by M. javanica 

(Tzortzakakis et al., 2000). Herbaceous grafting has been practiced for many years in 

countries in Asia, Europe, the Middle East, Northern Africa, and Central America. Now, 

it has been introduced as a relatively new technology in Egypt. As a result of its 

benefits and values, demand for high-quality grafted seedlings by growers and 

interest by propagators are expected to be rapidly increased. Kubota et al., (2008) 

suggested that researchers, extension specialists, and industries need to work 

together to integrate this modernized technology as an effective tool. Grafting 

technology in vegetable crops is important because it is associated with intensive 

cultivation, improving yield quantity and quality, reducing rate and overall use of soil 

fumigants and pesticides and organic cultivation products (Giannakou & Karpouzas, 

2003, Kacjan & Osvald, 2004).Year after year, the population of soil borne are 

successfully decreased. 

Kubota et.al., (2008) suggested that one critical item necessary for successful 

grafted seedling production is uniformity of seedlings used for scion and rootstock. 

One way to improve the uniformity is the use of automatic sorting machines equipped 

with a machine vision system as successful means used in many countries. 

http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(KUBOTA)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(KUBOTA)
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Table 1. Evaluation of grafted and non-grafted cucurbit rootstocks infected by 
Meloidogyne incognita and or Fusarium oxysporum on nematode population 
and Fusarium disease index in autumn season in pots under screen house 
experiment.
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Cucumis sativus/Lageraria 

sicenaria  A 

10.0 27.7 7.3 28.0 25.7 45.3 3/3(MR) - - 

Cucumis sativus/Lagenaria  

sicenaria B  

51.7 18.3 8.7 23.3 16.3 83.7 3/3(MR) HR 1.0    

Cucumis sativus/Lagenaria  

sicenaria C

- - - - - - HR 1.0    

Lagenaria sicenaria          A 168.3 45.7 8.3 41.3 38.0 197.9 3 3(MR)  

Lagenaria sicenaria         B 103.3 39.3 20.3 38.3 26.0 161.9 3 3(MR) MR 32.7 

Lagenaria sicenaria          C - HR 1.0    

Cucumis sativus/cucurbita  

maxima    A 

12.3 1.7 1.7 1.7 1.3 15.7 1/1(HR) - -

Cucumis sativus/cucurbita  

maxima    B                                    

11.0 10.7 1.3 3.0 1.7 15.3 2/1(R ) R 41.7 

Cucumis sativus/cucurbita  

maxima    C

- - - - - - R 28.3 

Cucurbita  maxima          A 59.7 4.3 1.7 3.3 3.0 64.7 1 1(HR)  

Cucurbita  maxima          B                                         82.0 42.0 35.0 101.7 98.3 218.7 4/4 (S) HR 1.0  

Cucurbita  maxima         C                  - - - - - - - HR 1.0 

Cucumber, Cucumis sativus 

var. Hesham  A                        

1365.3 54.0 13.3 50.0 45.7 1428.6 4/4(S)  - 

Cucumber, Cucumis sativus 

var. Hesham  B 

1296.7 77.3 13.3 77.0 72.7 1387.0 4/4(S) HS 82.3 

Cucumber, Cucumis sativus 

var. Hesham  C

- S 58.3 

New L.S.D 5% 45.6 21.0 11.5 34.7 34.7 - - - -

New L.S.D 1% 62.2 28.6 15.8 47.4 47.4 - - - -

A= Nematodes Infected plants,  B=Nematodes and fungi infected plants and C = Fusarium infected plants , 

  Letters in parenthesis are plant response to M. incognita infection according to Hemeng, (1989).  

* GI/EI = galls and egg-masses index according to Taylor and Sasser 1978 
** In these column, The Values  = Index ,    A = fungi infected plants 
***Disease Symptoms Index according to Kesevan and Chounhury , (1977) ;  

0= Immune (I) ; (1) = Highly Resistant (HR) ; (2) =Resistant  (R)  ; (3) =Susceptible (S) ; (4) = Highly  Susceptible  

(HS). 
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Table 2. Different plant growth parameters of some cucurbit rootstocks infected by 

Meloidogyne incognita and or Fusarium oxysporum in autumn season in 

pots under screen house conditions 

Root length 

(cm) 

Root weight 

(g) 

Shoot length 

(cm) 

Shoot weight 

(g) 

Treatment 

scion /grafted plant 

14.3 1.5 46.7 5.0 Cucumissativus/Lagenaria sicenaria   A 

23.7 5.4 52.3 9.5 Cucumis sativus/Lagenaria sicenaria  B 

19.7 3.0 52.3 17.0 Cucumis sativus/Lagenaria sicenaria  C

13.3 1.2 18.3 4.7 Lagenaria sicenaria  A 

15.7 3.1 39.7 9.4 Lagenaria sicenaria  B 

21.7 3.2 52.0 19.7 Lagenaria sicenaria  C 

21.7 2.7 61.7 7.8 Cucumis sativus/cucurbita  maxima A 

20.7 2.9 40.3 8.9 Cucumis sativus/cucurbita  maxima B

36.0 4.5 52.7 13.9 Cucumissativus/cucurbita  maxima   C

29.3 4.6 27.3 13.7 Cucurbita maxima A

15.0 2.1 30.0 7.8 Cucurbita maxima B 

30.7 4.3 44.7 12.3 Cucurbita maxima C 

12.0 1.4 18.7 4.2 Cucumber, Cucumis sativus var. Hesham  A 

12.3 1.3 17.4 3.4 Cucumber, Cucumis sativus var. Hesham  B 

18.3 2.7 27.3 23.0 Cucumber, Cucumis sativus var. Hesham  C 

5.61.7 13.5 7.1 New L.S.D 5% 

A = Nematodes Infected plants    B = Nematodes and fungi infected plants  

C = Fusarium infected plants                 cucumber(control) 
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Table 3. Evaluation of grafted and non-grafted cucurbit rootstocks to infection by 

Meloidogyne incognita and or Fusarium oxysporum on nematode 

population and Fusarium disease index in spring season in pots under 

screen house experiment. 

 

 

 

 

Treatment 

scion/grafted plant 

 

Number of Nematodes 

T
o
ta

l

p
o
p
u
la

ti
o
n
 

GI/EI* 

 

 

 

Fusarium 

Wilt ** 

In
 s

o
il 

In roots 

N
o
. 
G

a
lls

 

Im
m

a
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re
 

S
ta

g
e
s 

F
e
m

a
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s 

E
g
g
-m

a
ss

e
s 

In
d
e
x

*
*
*

%
 

O
F
 

d
is

e
a
se

*
*
*
 

Cucumis sativus/Benincasa hispida (A) 14.0 31.7 0.09 28.7 20.7 42.8 4/3 (S) HR 1.0 

Cucumis sativus/Benincasa hispida (B) 57.0 18.7 0.14 32.7 28.3 89.8 3/3 (MR) HR 1.0 

Cucumis sativus/Benincasa hispida (C)   - -  - -   - 

Benincasa hispida (A)              99.3 44.7 0.12 41.3 36.7 140.7 4/4 (S) HR 1.0 

Benincasa hispida (B) 124.6 26.7 0.17 40.7 31.7 165.4 3/4 (S) HR 1.0 

Benincasa hispida (C )   - - -  - 

Cucumis sativus/C.maxima x 

C.moschata (A) 

18.6 24.0 0.07 15.0 14.0 33.8 3/3 (MR) HR 1.0 

Cucumis sativus/C.maxima x 

C.moschata (B) 

16.6 21.0 0.07 17.0 15.3 33.7 3/3 (MR) HR 1.0 

Cucumis sativus/C.maxima x 

C.moschata (C )

- -  -  - 

C.maxima x C.moschata (A) 80.0 27.0 0.06 24.3 14.3 104.4 3/3(MR) HR 1.0 

C.maxima x C.moschata (B) 88.0 24.0 0.06 22.7 17.7 110.8 3/3 (MR) HR 1.0 

C.maxima x C.moschata (C) - - -  - 

Cucumis sativus var. Sinai (A) 1406.

3 

306.0 2.74 286.0 181.0 1590.0 5/5 (HS) MS 35.0 

Cucumis sativus var. Sinai (B) 1350.

0 

289.0 2.92 265.7 175.7 1618.6 5/5 (HS) MS 35.0 

Cucumis sativus var. Sinai (C) - - - - - 

New L.S.D 5% 23,2 11.0 14.6    

New L.S.D 1% 31.6 15.0 20.0    

A= Nematodes Infected plants, B=Nematodes and fungi infected plants and C = Fusarium infected plants, 

  Letters in parenthesis are plant response to M. incognita infection according to Hemeng, (1989).  

* GI/EI = galls and egg-masses index according to Taylor and Sasser (1978) 

** In these column, The Values = Index,    A = fungi infected plants 

***Disease Symptoms Index according to Kesevan and Chounhury, (1977) are as follows:-  

0 = Immune (I); (1) = Highly Resistant (HR) ; (2) =Resistant  (R)  ; (3) =Susceptible (S) ; (4) = Highly  Susceptible  

(HS). 
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Table 4. Different plant growth parameters of some cucurbit rootstocks infected by 

Meloidogyne incognita and /or Fusarium oxysporum in spring season in pots 

under screen house conditions 

Root 

length 

(cm) 

Root weight 

(g) 

Shoot length 

(cm) 

Shoot 

weight (g) 

Treatment 

scion /grafted plant 

15.713.767.827.7Cucumis sativus/ Benincasa hispida   A 

20.022.767.136.0Cucumis sativus/ Benincasa hispida  B 

6.715.715.034.7Cucumis sativus/ Benincasa hispida   C

12.712.323.723.7Benincasa hispida    A 

19.012.043.033.3Benincasa hispida    B 

5.014.315.723.7Benincasa hispida    C 

21.712.172.116.0Cucumis sativus/ C.maxima xC.moschata  A 

25.013.070.732.0Cucumis sativus/ C.maxima xC.moschata B

9.327.017.726.7Cucumis sativus/ C.maxima xC.moschata C

20.79.320.512.8C.maxima xC.moschata A

19.09.337.024.7C.maxima xC.moschata B 

6.318.310.720.3C.maxima xC.moschata C 

13.36.119.710.7Cucumis sativus var. Sinai A 

17.07.724.711.3Cucumis sativus var. Sinai B 

14.010.325.712.0Cucumis sativus var. Sinai C

4.23.55.18.5New L.S.D 5% 

A = Nematodes Infected plants   B = Fusarium infected plants 

C = Nematodes and fungi infected plants        cucumber(control) 
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Table 5. Effects of grafted and non-grafted cucurbit rootstocks to infection by 

Meloidogyne incognita or/and Fusarium oxysporum on nematodes 

population and Fusarium disease indices in autumn seasons under screen 

house.

 

 

 

Treatment

scion /grafted plant 
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Wilt ** 
In

  
S
o
il 

In roots 

N
o
. 
G

a
lls

 

Im
m

a
tu

re
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*
*
*

%
 d
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a
se

 

Cucumis 

sativus/Lageraria 

sicenaria 

10.0 3.2 4.3 4.3 2.3 18.6 2 1    

(R) 

HR 1 

Lagenaria siceraria 168.3 22.6 15.1 13.0 10.8 196.4 3 2 

(MR) 

HR 1 

Cucumis 

sativus/cucurbita 

maxima 

12.3 2.7 3.3 3.4 2.0 19.0 2 1   

(R) 

HR 1 

Cucurbita maxima 59.7 9.2 14.7 15.0 6.3 89.4 2 2    

(R) 

HR 1 

Cucumber, Cucumis 

sativus var. Hesham  

(scion) 

1365.3 456.0 214.0 129.0 115.4 1708.3 5 5  

(HS) 

R 25 

L.S.D 5% 45.6 0.49 0.55 0.52 0.47 - - - - 

A= Nematodes Infected plants,  B=Nematodes and fungi infected plants and C = Fusarium infected plants , 

  Letters in parenthesis are plant response to M. incognita infection according to Hemeng, (1989).  

* GI/EI = galls and egg-masses index according to Taylor and Sasser 1978 

** In these column, The Values  = Index  ,    A = fungi infected plants 

***Disease Symptoms Index according to Kesevan and Chounhury , (1977) are as follows:-   

0= Immune (I) ; (1) = Highly Resistant (HR) ; (2) =Resistant  (R)  ; (3) =Susceptible (S) ; (4) = Highly  

Susceptible  (HS). 
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Table 6. Effects of grafted and non-grafted cucurbit rootstocks to infection by 

Meloidogyne incognita or/and Fusarium oxysporum on nematodes 

population and Fusarium disease indices in spring seasons under Screen 

house.  

 

 

 

Treatment

scion /grafted plant 
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F
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e
s  

Index
***

% 

diseas
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Cucumis 

sativus/Benincasa 

hispida 

14.0 9.6 2.5 3.7 2.4 20.2 

2 1  

(R) 
HR 1.0 

Benincasa hispida 99.3 2.5 1.7 3.7 1.7 104.7 

1 1 

(HR) 
HR 1.0 

Cucumis 

sativus/C.maxima x 

C.moschata 

18.6 1.0 1.0 2.0 1.0 21.6 
1/1 

(HR) 
HR 1.0 

C.maxima x 

C.moschata 
80.0 10.6 2.0 2.0 1.0 84.0 

2 1  

(R) 
HR 1.0 

Cucumis sativus 

var. Sinai (scion)                                              
1406.3 115 135 

344.

3 

274.

3 
1885.6 

5 5 

(HS) 
MS 35.0 

L.S.D  5% 11.0 0.44 0.34 0.31 0.36 - - - - 

A= Nematodes Infected plants,  B=Nematodes and fungi infected plants and C = Fusarium infected plants , 

  Letters in parenthesis are plant response to M. incognita infestaaccording to Hemeng, (1989).  

* GI/EI = galls and egg-masses index according to Taylor and Sasser 1978 
** In these column, The Values  = Index  ,    A = fungi infected plants 
***Disease Symptoms Index according to Kesevan and Chounhury , (1977)  are as follows:- 

0= Immune (I) ; (1) = Highly Resistant (HR) ; (2) =Resistant  (R)  ; (3) =Susceptible (S) ; (4) = Highly  

Susceptible  (HS). 
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Table 7. Shoot plant growth characteristics as affected by cucumber grafted onto different cucurbitaceous rootstocks in autumn season (2009-

2010) under plastic house.                

 

Treatments 

Scion /grafted plant 

Autumn 2009 Autumn 2010 

Plant height (cm) No. leaves / 

plant 

Leaf area

(cm2)

Chlorophyll 

(spade) 

% 

Chlorophyll 

Increment 

Plant height 

(cm)

No. 

leaves / 

plant 

Leaf area

(cm2)

Chlorophyll 

(spade) 

% 

Chlorophyll 

Increment 

Cucumber/L.sicenaria 272.3 40.0 281.0 36.7 7.9 285.0 43.3 292.7 39.3 0.54 

Cucumber/Cucurbita  

maxima 

282.7 42.0 286.0 39.4 15.9 302.0 45.0 300.0 40.3 0.80 

Cucumber, Cucumis sativus 

var. Hesham  (scion) 

219.3 33.0 205.3 34.0 0.0 271.0 34.7 207.3 37.3 0.0 

L.S.D 5% 4.46 1.61 1.76 0.76  2.49 1.88 0.94 1.2  

 

Table 8. Cucumber yield as affected by cucumber grafted onto different cucurbitaceous rootstocks in autumn seasons (2009-2010) under plastic 

house:-
 

Treatments 

Scion /grafted plant 

Autumn 2009 Autumn 2010 

Time to  

first 

flower 

No. of

fruits 

Yield/ 

plant 

(gr) 

Total 

yield/p

lant 

(Kg)

Total 

yield/ 

m2

(Kg) 

% yield 

increme

nts/m

(Kg) 

Time to  

first 

flower 

No. of

fruits 

Yield/ 

plant 

(gr) 

Total 

yield/pla

nt (Kg)

Total 

yield/ 

m2

(Kg) 

% yield 

increments

/m

(Kg) 

Cucumber/L.sicenaria 30.3 61 620 2.13 4.69 24.1 25.7 57.3 720 2.10 4.77 39.6 

Cucumber/Cucurbita maxima 29.7 59 670 1.87 4.11 8.7 25.7 61.3 670 1.98 4.36 21.1 

Cucumber, Cucumis sativus var. Hesham  (scion) 35.7 43 510 1.70 3.78 0.0 31.3 45.6 530 1.65 3.63 0.0 

L.S.D.5% 1.15 1.15 0.01 0.06 0.03 - 0.03 0.09 0.01 1.63 1.15 - 
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Table 9. Cucumber fruits characteristics as affected by cucumber scion grafted onto different cucurbitaceous rootstocks in autumn season (2009-
2010) under plastic house.                

 

Treatment 

Scion /grafted plant 

Autumn 2009 Autumn 2010 

Fruit length

Cm 

Fruit

diameter 

cm.

Fruit

weight 

gr 

Fruit length

cm 

Fruit

diameter 

cm.

Fruit

weight  

gr 

Cucumber/L.sicenaria 15.7 3.0 120.0 15.0 3.5 127.0 

Cucumber/Cucurbita maxima 13.5 3.1 124.3 16.3 3.8 129.0 

Cucumber, Cucumis sativus var. Hesham  (scion) 13.1 3.1 103.7 14.0 3.4 106.7 

L.S.D.5% 1.89 0.27 1.49 0.58 0.19 1.51 

 

Table 10. Cucumber foliage macro- elements analysis as affected by grafted onto different cucurbitaceous rootstocks in autumn seasons (2009-
2010) under plastic house. 

Treatments 

Scion /grafted plant 

Macro-elements (Autumn 2009) Macro-elements (Autumn 2010) 

N P K Ca Mg N P K Ca Mg 

Cucumber/L.sicenaria 2750 420 1816 420 93 2885 438 1889 509 89 

Cucumber/Cucurbita maxima 2040 290 1277 400 95 2388 338 1524 499 83 

Cucumber, Cucumis sativus var. Hesham  (scion) 1657 245 1052 324 64 1714 259 1093 351 64 
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Table 11. Shoot plant growth characteristics as affected by cucumber scion grafted onto different cucurbitaceous rootstocks in spring seasons 
(2010-2011) under plastic house. 

 

 

Treatments 

Scion /grafted plant 

spring  2010 spring  2011 

Plant height 

(cm) 

No. leaves / 

plant 

Leaf area

(cm2)

Chlorophyll 

(spade) 

% 

Chlorophyll 

Increment 

Plant 

height 

(cm)

No. leaves 

/ plant 

Leaf area

(cm2) 

 

Chlorophyl

l 

% Chlorophyll 

Increment 

Cucumis sativus/Benincasa 

hispida 

283.7 45.0 395.0 42.5 4.8 295.0 50.7 375 41.0 16.1 

Cucumis sativus/C.maxima 

x C.moschata  

271.0 40.0 376.3 38.3 1.6 275.0 47.3 352 36.0 2.0 

Cucumber, Cucumis sativus 

var. Sinai  (scion) 

225.7 34.6 327.0 37.7 - 235.7 33.3 310 35.3 - 

L.S.D.5% 2.74 0.66 0.67 1.88  1.33 1.15 0.67 0.66  

 

Table 12. Cucumber yield as affected by cucumber grafted onto different cucurbitaceous rootstocks in spring seasons (2010-2011) under plastic house.               
 

 

 

Treatments 

Scion /grafted plant 

Spring 2010 Spring 2011 

Time to  

first 

flower 

 

No

fruits 

Yield/ 

plant 

(gr) 

Total 

yield/plant 

(Kg)

Total 

yield/ 

m2

(Kg) 

 

% 

yield 

increm

ents/

m2

(Kg) 

Time to  

first 

flower 

 

No

fruits 

Yield/ 

plant 

(gr) 

 

Total 

yield/pla

nt (Kg)

Total 

yield/ m2

(Kg) 

% yield 

increme

nts/m2

(Kg) 

 

 

Cucumis sativus/Benincasa hispida 27.3 60.7 780 2.00 4.4 25.7 30.3 56.0 700 2.300 5.1 54.5 

Cucumis sativus/C.maxima x C.moschata  31.3 58.3 800 2.50 5.5 57.1 32.0 59.7 750 2.400 5.3 60.6 

Cucumber, Cucumis sativus var. Sinai  

(scion) 

36.3 50.3 580 1,60 3.5 38.3 49.0 570 1.500 3.3 - 

L.S.D.5% 1.15 0.94 0.01 5.11 0.03  1.149 0.49 0.02 0.19 0.04  
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Table 13. Cucumber fruits characteristics as affected by cucumber grafted onto different cucurbitaceous rootstocks in spring season (2010-2011) 

under plastic house.  

 

Treatment 

Scion /grafted plant 

Spring  2010 Spring  2011 

Fruit length

cm 

Fruit

diameter 

cm.

Fruit

weight 

gm 

Fruit length

cm 

Fruit

diameter 

cm.

Fruit

weight 

gm 

Cucumis sativus/Benincasa hispida 15.8 3.3 129.0 15.0 3.1 130.7 

Cucumis sativus/C.maxima x C.moschata  16.3 3.5 133.0 15.7 3.2 133.7 

Cucumber, Cucumis sativus var. Sinai  (scion) 10.9 3.1 129.0 10.1 2.8 122.7 

L.S.D.5% 1.89 0.27 1.49 0.58 0.19 1.51 

 

Table 14. Cucumber foliage macro- elements analysis as affected by grafted onto different cucurbitaceous rootstocks in spring (2010-2011) under 

plastic house.

Treatments 

Scion /grafted plant 

Macro-elements (Spring  2010) Macro-elements (Spring  2011) 

N P K Ca Mg N P K Ca Mg 

Cucumber/Benincasa hispida 1589 351 1044 342 89 1583 358 1054 338 85 

Cucumber/ C.maxima x C.moschata      1670 352 1032 336 83 1678 348 1028 342 87 

Cucumber (scion) 1666 340 1050 320 70 1660 349 1055 318 73 
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