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ABSTRACT 
 

The graft of susceptible fruiting vegetables onto resistant rootstocks is one of the most effective 
approaches for increasing plant disease resistance as well as yield and fruit quality. White mold 
disease caused  by  Sclerotinia  sclerotiorum  (Lib.)  de  Bary  was  observed  on  eggplant  grown  in  
a  commercial greenhouse  located  at  Kaha  Research  Station,  Qalubiya  governorate  Horticultural  
Research  Institute, Agricultural  Research  Center,  Egypt,  especially  during  the  period  from  
December  to  February.  Also, severe infection by Tetranychus urticae Koch mite was observed in 
the beginning of March. This study investigated the effect of grafting eggplant (cv.  California)  onto 
five selected rootstocks namely Lycopersicon esculentum  cv. Peruvianum,  L. esculentum  cv. Super 
strain-VFN,  L. esculentum  cv. Ace 55 VF., S. melongena  Japanese white Eggplant and  S. torvum  
on white mold disease under greenhouse conditions  as  well  as  in  natural  infested  soil  under  
plastic  house  conditions  during  two  successive growing seasons (2015-2016 and 2016-2017), The 
effect of grafting on growth and  yield of the eggplant was studied. The evaluation was also 
performed for the spider mite under natural infection. The results showed that eggplant S.  melongena 
cv.  California  scion  grafted  onto  any  of  the  tested  rootstocks significantly reduced the harmful 
effect caused by  S. sclerotiorum  both in the screening and commercial greenhouse. The graft onto  S. 
torvum  rootstock completely suppressed the infection by the white mold disease  and  reduced  the  
infection  by  the  tested  mite  by  95.46%.  Also, the tested rootstocks showed a positive effect on 
plant vigor, yield and fruit quality. Plant height and plant fresh weight were higher in plants grafted 
onto S. torvum rootstock and lower in plants grafted onto L. esculentum cv. Super strain VFN 
rootstock. Also, the tested rootstocks significantly improved the fruit shape measures such as fruit 
length, fruit width and fruit diameter. Total chlorophyll was significantly increased in the first season 
but not affected in the second season. Meanwhile, ascorbic acid (VC) content was not affected during 
the two seasons. The activities of peroxidase (POX), total phenols and total flavonoids, which are 
closely related to plant disease resistance were increased in the grafted eggplant than in non -grafted. 
 
Keywords: Eggplant, Solanaceous rootstocks, Sclerotinia white mold, spider mite, grafting. 

 
Introduction 
 

Eggplant (Solanum melongena L.) is one of the most vegetable crops around the world. It is 
ranked among the top six for the amount of its production (Sabatino et al. 2018). Like other 
solanaceous cultivation, eggplant is suffering from different diseases and pests that affect plant growth 

and yield (Bletsos et al., 2003). The white mold disease caused by Sclerotinia sclerotiorum (Minuto et 
al., 2011) and the two spotted spider mite (Tetranychus urticae Koch) (Srinivasan, 2009) are widely 
distributed and can attack many protected and open field crops. Severe infection with white mold 
disease was observed on eggplant grown in a commercial greenhouse located at Kaha Research 
Station, Qalubiya governorate Horticultural Research Institute, Agricultural Research Center, Egypt, 
especially during the period from December to February. Also, severe infection by T. urticae mite 
was observed in the beginning of March.  
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Because of lack of genotypes tolerant to diseases and pests beside the excessive use of methyl 
bromide, grafting of fruiting vegetables on resistant rootstocks is considered one of the most 
important tool to restrain pests and diseases in modern agriculture. Vegetable crops belonging to 
Cucurbitaceae and Solanaceae are the most crops exploited from grafting (Kyriacou et al. 2017). 
Grafting is old vegetative plant propagation technique. It is achieved by aggregating scion and 
rootstock (Goldschmid, 2014). It was first discovered in Japan and Korea in the late 1920 
(Yamakawa, 1983). The importance of grafting and its role in improving the yield and quality of fruits 
has been studied in many researches (Sabatino et al. 2016). According to Gisbert et al. (2011) the use 
of interspecific hybrid rootstocks derived from fully compatible crosses of eggplant with related 
species can be enhancing the productivity of eggplant. Also, using resistant tomato (Solanum 
lycopersicum L.) rootstocks was shown to be effective (Na et al., 2012). 

This work aimed to evaluate eggplant scion grafted onto five selected solaneseous rootstocks 
resistant to white mold disease under greenhouse conditions as well as in natural infested soil under 
plastic house conditions as well as on growth and yield of the eggplant. The evaluation was also 
performed for the spider mite under natural infection. 
 
Materials and Methods 

 

Source of the tested fungus 
 

Virulent isolate of Sclerotinia sclerotiorum was previously isolated from eggplant (cv. 
California) with typical symptoms of white mold disease collected from Kaha Research Station, 
Horticultural Research Institute, Qaluobiya governorate during 2015-2016 and 2016-2017  growing 
seasons and exposed to pathogenicity test. 
 
Plant materials and grafting procedures: 
 

Seeds of rootstocks (Lycopersicon esculentum cv. Peruvianum, L. esculentum cv. Super strain-
VFN, L. esculentum cv. ACe 55 VF., S. melongena (Japanese white Eggplant) and Solanum  torvum) 
and scion (S. melongena cv. California) tested were sown in seeding trays of 84 cells filled with peat 
moss and vermiculite at the rate of 1:1v/v. Seeds of S. melongena Japanese white eggplant , S. torvum 
rootstocks as well as S. melongena cv. California scion were sown earlier, i.e. on 15th June, while 
seeds of L. esculentum cv. Peruvianum, L. esculentum cv. Super strain-VFN and L. esculentum cv. 
ACe 55 VF  rootstocks were sown on 21th July  in both seasons. The rootstocks were cut at right 
angles leaving 2 to 3 leaves. The tapered stems of scion was placed into the cleft of the cut-end of the 
rootstocks, followed by clipping. It was important during grafting to increase the chance for vascular 
bundles of the scion and rootstocks to come into contact. This was achieved by increasing the area of 
spliced cut surfaces and by appropriate pressure to the spliced cut surfaces together should not be 
dried (Oda et al., 1994). The seedlings were placed under a plastic tunnel for optimum temperature 
(25-30 ͦ C) and humidity (98%). After 10 days from grafting stage by watching the new growth on the 
scion. The plastic tunnel was gradually opened for adaptation and preparing the grafted seedling in the 
screening and commercial greenhouse. 

 
 A screen greenhouse experiments: 
 
Effect of grafting eggplant scion onto different solanaceous rootstocks on the incidence of white 
mold in a screen greenhouse  
 

This experiment was carried out in experimental plots (1×1 m) located in the open field at the 
greenhouse of the Plant Pathol. Dept., Fac. Agric., Cairo Univ. The soil was treated with formalin 
solution at the rate of 1:50 by volume. The soil was covered with plastic sheets for 7 days to retain the 
gas. The soil was not planted until the odor of formaldehyde had disappeared. Inocula of the tested 
fungus were allowed to grow in 500 ml milk bottles, each containing 75 gm washed dried barley, 100 
gm washed dried coarse sand and 65 ml potato decoction (Attia, 1966) and incubated at 20±1ºC for 
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two weeks. After the sufficient growth of the fungus was achieved, the inoculum was mixed with the 
soil at the rate of 30g/kg soil one week before planting. In check experiment, equal amounts of the 
uninoculated substratum was added. Experimental blocks design, completely randomized with three 
replicates was used. Ten transplants of each rootstocks were planted per plot in December 10th, 2016. 
All agricultural practices were carried out according to the recommendation of Ministry of Agric., 
Egypt. The individual plants were examined for calculating the stem rot severity using scale (from 0 
to 3) described by Sansford (1995) with some modification, where 0 = healthy plants, 1= less than 
half stem girdled, 2= more than half stem girdled and 3= whole stem girdled and plant death. A 
disease severity index (DSI) was calculated for each treatment by a formula suggested by Kim et al. 
(2000) as follows:  

DSI =  ∑(rating of each plant) / 3 x number of plant rated x100 
 
A commercial greenhouse experiments: 
 
Effect of grafting eggplant scion onto different solanaceous rootstocks on the incidence of white 
mold disease in a commercial greenhouse  
 

This experiment was conducted under a plastic house (40 m. Long x 9 m. width x 3m. height) 
located at Kaha Research Station, Horticulture Res. Inst., Agric. Res.  Center, Ministry of Agriculture 
during two successive growing seasons (2015-2016 and 2016-2017) in soil naturally infested by S. 
sclerotiorum. Eggplant (cv. California) scion was grafted onto five selected rootstocks namely 
Lycopersicon esculentum cv. Peruvianum, L. esculentum cv. Super strain-VFN, L. esculentum cv. 
ACe 55 VF., S. melongena Japanese white Eggplant and S. torvum. The treatments were arranged in a 
completely randomized block design with three replicates. Each replicate consisted of one raw, 40 m. 
long and 1 m. width. Seedlings were planted on the two sides of each ridge at 50cm apart. The soil 
texture of the experimental field was loamy clay. The plants were irrigated by drip irrigation and 
fertilized according to the recommendations of the Ministry of Agriculture. All agricultural practices 
were carried out according to the recommendation of Ministry of Agric., Egypt. The individual plants 
were examined for calculating the white mold severity as described above. 

 
Effect of S. sclerotiorum on peroxidase enzyme activity of grafted eggplants under natural 
conditions: 
 

The activity of peroxidase enzyme was estimated in the grafted and the ungrafted eggplant S. 
melongena cv. California 60 days after planting during two successive growing seasons (2015-2016 
and 2016-2017). Leaf samples representing the second true leaf randomly collected from the grafted 
eggplants infected with white mold disease in the first week of February to determine the activity of 
peroxidase according to the method described by Lisker et al (1983). Briefly, one gm leaves from 
each sample mashed well in 2 ml sodium phosphate buffer 0.1 µ at pH 7.1. The homogenate was 
filtrated through filter paper (Whatman No.1). The filtrate was centrifuged at 6000 rpm at 4oC for 20 
min and stored at -18oC until use. The extracted enzyme sample was added to 0.5 ml sodium 
phosphate buffer 0.1 µ at pH 7.1, 0.1ml H2O2 1% and 0.3 ml pyrogallol 0.05 µ at the rate of 0.1 ml.  
The mixture was completed to 3 ml using distilled water. The absorbance was read by 
spectrophotometer Miltonroy spectronic 601 at 425 nm every 30 second for 10 reads (Kochba  et al. 
1977). Peroxidase activity was expressed as mg/100gm fresh weight. 

 
Effect of grafting eggplant scion onto different solanaceous rootstocks on the agronomic 
characters: 
 
1. Plant growth parameters: 
 
 Five plants were randomly chosen from each replicate 5 months after transplanting to 
determine the plant height (m), fresh weight (kg/plant) and dry weight (g/plant). 
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2. Total chlorophyll 
 
 The total chlorophyll was measured in fourth leaf from the top of the main stem, one  time 
during the growth period by using digital chlorophyll meter (Model Minolta chlorophyll meter SPAD 
501). 
 
3. The yield of eggplant: 
 
  Eggplant fruits were harvested periodically from 1st Feb., 2017 till 15th May, 2017 for 
estimating the early yield and total fruit yield as follows:  
a. Early yield (determined for the four picked and calculated as average fresh weight of fruits/ plant 

(Kg). 
b. Total yield (determined for all pickings and calculated as total fresh weight of fruits/ plant (Kg). 

 
4. Eggplant fruits characteristics:  
 

Representative samples of ten fruits from each replicate were randomly collected at harvest and 
investigated for the following characters: 
a. Physical properties: 
The average of fruit length (cm), fruit diameter (cm) and fruit weight (kg).  
b. Chemical properties: 
Ascorbic acid content: It was determined in the fresh fruits by using the 2,6 Dichloride phenol 

indophenols method described in A.O.A.C. (1990). The ascorbic acid content was expressed as 
mg/100g fresh weight. 

 
Total phenols content:  

It was determined according to the method described by Bray and Thrope (1954). The total 
phenols in the fruits was expressed as mg/100g fw. 
 
Total flavonoids content: 

It was measured according to the method described by Jia et al, (1999) with slight modification 
as follows: the methanolic extract (250 µl) was mixed with 1.25 µl of distilled water and 75 µl of 5% 
NaNo2 solution. After 5 min, 150 µl of a 10% AlCl3.H2O solution were added and filtered for 6 min. 
About 500 µl of 1 µl NaOH and 275 µl of distilled water were added to the mixture, mixed well and 
the intensity of pink color was measured at 510 nm. The level of total flavonoid concentration in the 
fruits was calculated using quercetin (QU) and measured as mg/100g fw. 

 
Grafting compatibility between eggplant scion and the tested solanaceous rootstocks: 
 
 This experiment was carried out to study the effect of the used rootstocks on the scion 
 
Statistical analysis 
 The obtained data were subjected to statistical analysis using MSTAT-C program version 
2.10. The least significant difference (L.S.D., p = 0.05) for comparison between the means of 
treatments was used as mentioned by Gomez and Gomez (1984). 
 
Results 

  

1. Effect of grafting eggplant scion onto different solanaceous rootstocks on the incidence of 
white mold disease in a screen greenhouse  
 
 Data presented in Table 1 show that grafting the tested scion onto any of the tested rootstocks 
significantly reduced the harmful effect caused by the pathogen. In this regard, S. torvum rootstock 
was considered resistant. S. melongena (Japanese white Eggplant), L. esculentum (cv. Peruvianum), L. 
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esculentum (cv. ACe 55 VF.) and L. esculentum (cv. Super strain-VFN) were moderately resistant 
where they showed 13.33, 16.67, 23.33 and 26.67% disease severity, respectively. S. melongena (cv. 
California) which served as control was highly susceptible. It showed 56.67% disease severity.  
 
Table 1: Disease severity caused by S. sclerotiorum by using eggplant scion grafted onto different 

solaneceouse rootstocks under greenhouse conditions. 
Grafted eggplant Disease severity (%) Disease ranking* 
L. esculentum (cv. Peruvianum) 16.67 MR 
L. esculentum (cv. Super strain-VFN) 26.67 MR 
L. esculentum (cv. ACe 55 VF.) 23.33 MR 
S. melongena (Japanese white Eggplant) 13.33 MR 
S. torvum 0.00 R 
S. melongena (cv. California) 56.67 S 
L.S.D 0.05 9.38 - 
* R= Resistant, MR= Moderated resistant, S= Susceptible and HS= Highly susceptible. 

 
2. Effect of grafting eggplant scion onto different solanaceous rootstocks on the incidence of 
white mold disease in a commercial greenhouse 
  
 Data presented in Table 2 show that the results of the first growing season indicated that 
eggplant S. melongena cv. California grafted onto S. torvum rootstocks completely suppressed the 
infection. Meanwhile, the graft onto L. esculentum cv. Super strain-VFN and L. esculentum cv. ACe 
55 VF rootstocks gave the highest disease severity being, 8.64 and 7.41%, respectively. Also, during 
the second season, eggplant S. melongena cv. California grafted onto L. esculentum cv. Peruvianum, 
S. melongena (Japanese white Eggplant) and S. torvum rootstocks completely suppressed the 
infection. Meanwhile, the graft onto L. esculentum cv. Super strain-VFN and L. esculentum cv. ACe 
55 VF gave the highest disease severity being, 9.88 and 8.64%, respectively.  
 
Table 2: Disease severity caused by S. sclerotiorum by using eggplant scion grafted onto different 

solanceouse rootstocks under natural conditions during two successive seasons (2015-2016 
and 2016-2017). 

Grafted eggplant 
Disease severity (%) 

2015-2016 2016-2017 
L. esculentum (cv. Peruvianum) 1.23 3.70 
L. esculentum (cv. Super strain-VFN) 8.64 9.88 
L. esculentum (cv. ACe 55 VF.) 7.41 8.64 
S. melongena (Japanese white Eggplant) 1.23 2.47 
S. torvum 0.0 0.00 
S. melongena (cv. California) 16.05 22.22 
L.S.D 0.05 3.11 4.66 

 
3. Effect of infection by S. sclerotiorum on peroxidase enzyme activity under commercial 
greenhouse conditions: 
 Data presented in Table 3 show that peroxidase activity was higher in grafted than in 
ungrafted eggplant during the two growing seasons. The results obtained during 2015-2016 growing 
season showed that the highest activation of peroxidase was due to grafting eggplant S. melongena cv. 
California onto S. torvum and L. esculentum cv. Peruvianum by 57.59 and 52.50% increase over 
control, respectively. Meanwhile, the lowest activation of peroxidase was due to grafting eggplant S. 
melongena cv. California onto L. esculentum cv. Super strain-VFN by 4.84% increase over control. 
Results of the second season (2016-2017) behaved the same trend where, the highest activation of 
peroxidase due to grafting eggplant S. melongena cv. California onto S. torvum and L. esculentum cv. 
Peruvianum by 48.30 and 31.02% increase over control, respectively. Meanwhile, the lowest 
activation of peroxidase was due to grafting eggplant S. melongena cv. California onto L. esculentum 
cv. Super strain-VFN by 9.63% increase over control. 
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Table 3: Effect of  grafting eggplant (S. melongena cv. California) scion onto different rootstocks on 
activity of peroxidase enzyme under greenhouse conditions and its relation with white mold 
disease caused by S. sclerotiorum.  

Grafted eggplant 

2015-2016 2016-2017 

Peroxidase 
(mg/100g FW) 

Increase over 
control (%) 

Peroxidase 
(mg/100g 

FW) 

Increase over 
control (%) 

L. esculentum (cv. Peruvianum) 10.08 52.5 9.25 31.02 
L. esculentum (cv. Super strain-VFN) 6.93 4.84 7.74 9.63 
L. esculentum (cv. ACe 55 VF.) 7.69 16.34 8.08 14.45 
S. melongena (Japanese white Eggplant) 8.07 22.09 9.00 27.48 
S. torvum 10.43 57.79 10.47 48.30 
S. melongena (cv. California) 6.61 0.00 7.06 0.00 
L.S.D 0.05 1.09 - 1.34 - 

 
4. Effect of grafting eggplant scion onto different solanaceous rootstocks on TSSM  in a 
commercial greenhouse  
 
 Data presented in Table 4 show that eggplant S. melongena cv. California scion grafted onto 
any of the tested rootstocks significantly reduced the harmful effect caused by the spider mite.  L. 
esculentum (cv. Super strain-VFN) rootstock was the most susceptible one (21.33 motile stage / inch2) 
with 55.96% efficacy. The most tolerant rootstock was S. torvum with mean number of 2.2 motile 
stage / inch2 with 95.46% efficacy. 
 
Table 4: Infection (%) caused by the mite in eggplant scion grafted onto different rootstocks under 

natural infection during 2017 growing season. 
Grafted eggplant Motile stage / inch2 Efficacy (%) 
L. esculentum (cv. Peruvianum) 8.83 81.77 
L. esculentum (cv. Super strain-VFN) 21.33 55.96 
L. esculentum (cv. ACe 55 VF.) 11.90 75.43 
S. melongena (Japanese white Eggplant) 10.23 78.88 
S. torvum 2.20 95.46 
S. melongena (cv. California) 48.43 - 
L.S.D 0.05 16.397 - 

 

5. Effect of grafting eggplant scion on to different solanaceous rootstocks on the agronomic 
characters 

 
5.1. Effect on the plant height, fresh weight and dry weight 
  
 Data presented in Table 5 show that in the first season (2015-2016), the tallest plant was due to 
grafting eggplant cv. California scion onto S. torvum and L. esculentum cv. ACe 55VF being, 1.770 
and 1.620 m, respectively. The highest fresh weight (1.370 kg/plant) was due to grafting onto S. 
torvum rootstock. Whereas the highest dry weight (0.440 kg/plant) was due to grafting onto L. 
esculentum cv. Peruvianum rootstock. Meanwhile, graft onto L. esculentum cv. Super strain-VFN 
recorded the lowest measures being, 0.820 m for the plant high, 0.250 kg/plant for the plant fresh 
weight and 0.120 g for the plant dry weight. Data in the second season show that the tallest plant and 
the highest fresh weight were due to grafting onto S. torvum and S. melongena (Japanese white 
Eggplant) where they recorded 1.740 and 1.640 m for plant height, respectively and 1.370 and 1.370g 
for plant fresh weight, respectively. The highest dry weight was due to grafting onto L. esculentum cv. 
Peruvianum followed by S. torvum where they recorded 0.450 and 0.360 g/plant, respectively. The 
lowest measures were due to grafting onto L. esculentum cv. Super strain-VFN where it recorded 
1.030 m for the plant height, 0.230 kg/plant for the plant fresh weight and 0.140 g/plant for the plant 
dry weight. 
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Table 5: Effect of grafting eggplant scion by using different solanaceous rootstocks on plant height, 
fresh weight and dry weight of eggplant. 

Grafted eggplant 

2015-2016  2016-2017  
Plant 
height 

(m) 

Fresh 
weight 

kg/plant 

Dry 
weight 
g/plant 

Plant 
height 

(m) 

Fresh 
weight 

kg/plant 

Dry 
weight 
g/plant 

L. esculentum (cv. Peruvianum) 1.100 1.290 0.440 1.300 1.310 0.450 
L. esculentum (cv. Super strain-VFN) 0.820 0.250 0.120 1.030 0.230 0.140 
L. esculentum (cv. ACe 55 VF.) 1.620 1.040 0.230 1.200 0.890 0.250 
S. melongena (Japanese white Eggplant) 1.100 1.320 0.150 1.640 1.370 0.160 
S. torvum 1.770 1.370 0.420 1.740 1.370 0.360 
S. melongena (cv. California) 1.530 1.00 0.240 1.520 0.880 0.260 
L.S.D 0.05 0.146 0.104 0.009 0.127 0.044 0.082 

 
5.2. Effect of grafting eggplant scion by using different solanaceous rootstocks on the yield of 
eggplant: 
  
 Regarding effect of the tested rootstocks on early yield (g/plant), data in Table 6 show that 
grafting eggplant scion onto any of the tested rootstocks lead to increase the early yield in comparison 
to the ungrafted plants during the two growing seasons. The highest early yield was due to grafting 
eggplant scion onto S. torvum, being 1.305 g/plant in the first season and 1.467 g/plant in the second 
season. The corresponding values in the control 0.753 and 0.917 g/plant for the first and the second 
seasons, respectively. 
 On the other hand, the highest increase in the total yield was due to grafting onto S. torvum and 
S. melongena (Japanese white Eggplant) in the first growing season being, 3.860 and 3.853 g/plant, 
respectively. While, in the second season the highest total yield was due to grafting onto L. 
esculentum (cv. ACe 55 VF.) followed by S. torvum being, 4.020 and 3.700 g/plant, respectively. The 
lowest effective rootstocks during the two growing seasons were L. esculentum (cv. Super strain-
VFN) and L. esculentum (cv. Peruvianum) without significant differences between them. 
 
Table 6: Effect of grafting eggplant scion by using different solanaceous rootstocks on the yield of 

eggplant. 

Grafted eggplant 
2015-2016  2016-2017  

Early yield 
(Kg/plant) 

Total yield 
(Kg/plant) 

Early yield 
(Kg/plant) 

Total yield 
(Kg/plant) 

L. esculentum (cv. Peruvianum) 1.178 3.287 1.167 2.860 
L. esculentum (cv. Super strain-VFN) 1.010 3.173 1.00 2.870 
L. esculentum (cv. ACe 55 VF.) 1.233 3.227 1.167 4.020 

S. melongena (Japanese white Eggplant) 1.267 3.853 0.917 3.180 

S. torvum 1.305 3.860 1.467 3.700 
S. melongena (cv. California) 0.753 2.917 1.00 3.230 

L.S.D 0.05 0.290 0.391 0.135 0.107 
 

5.3. Effect of grafting eggplant scion onto different solanaceous rootstocks on the total chlorophyll 
content: 
 Concerning the effect of grafting on the chlorophyll content, data presented in Table 7 show 
that grafting onto the tested rootstocks didn't affect the chlorophyll content during the first growing 
season but significant effect was observed during the second growing season. The highest increase 
was due to graft onto S. melongena (Japanese white Eggplant) and S. torvum being, 41.87 and 41.70 
SPAD, respectively. 
 
 5.4. Effect on the fruit quality 
 Concerning the effect of grafting on the fruit length, diameter and weight, data presented in 
Table 8 show that grafting onto the tested rootstocks helping for increasing of fruit length, fruit 
diameter and fruit weight during the first growing season. While, the fruit weight wasn't affected in 
the second season. In the first season, the highest significant increase was due to grafting onto S. 
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torvum (18.37 cm, 14.87 cm and 0.510 kg, respectively). Whereas, in the second season, grafting onto 
each of S. torvum and S. melongena (Japanese white Eggplant) gave the highest increase in fruit 
length (14.97 and 14.80 cm, respectively). The highest fruit diameter was due to graft onto S. torvum 
being, 14.90 cm. On the other hand the effect on the fruit weight was non-significant in comparison to 
the control. 
 
Table 7: Effect of grafting eggplant scion onto different solanaceous rootstocks on chlorophyll 

content 

Grafted eggplant 
Chlorophyll content (SPAD) 

2015-2016  2016-2017  
L. esculentum (cv. Peruvianum) 33.97 35.93 
L. esculentum (cv. Super strain-VFN) 36.30 36.93 
L. esculentum (cv. ACe 55 VF.) 41.00 35.73 
S. melongena (Japanese white Eggplant) 34.63 41.87 
S. torvum 37.37 41.70 
S. melongena (cv. California) 36.33 36.87 
L.S.D 0.05 NS 3.54 
 

Table 8: Effect of grafting eggplant scion onto different solanaceous rootstocks on fruit quality of 
eggplant. 

Grafted eggplant 

2015-2016  2016-2017  
Fruit 
length 
(cm) 

Fruit 
diameter 

(cm) 

Fruit 
weight 

(kg) 

Fruit 
length 
(cm) 

Fruit 
diameter 

(cm) 

Fruit 
weight 

(kg) 
L. esculentum (cv. Peruvianum) 10.50 12.97 0.330 13.93 11.77 0.380 
L. esculentum (cv. Super strain-VFN) 11.07 13.17 0.320 11.97 10.77 0.330 
L. esculentum (cv. ACe 55 VF.) 17.00 13.37 0.380 12.00 14.47 0.430 
S. melongena (Japanese white Eggplant) 16.60 13.30 0.420 14.97 13.90 0.450 
S. torvum 18.37 14.87 0.510 14.80 14.90 0.550 
S. melongena (cv. California) 17.13 13.50 0.330 13.47 12.27 0.330 
L.S.D 0.05 1.15 0.936 0.023 0.540 0.260 NS 

 
5.5. Effect on the ascorbic acid content (Vitamin C) 
 Data presented in Table 9 show that grafting eggplant scion (S. melongena cv. California) 
onto five solanaceous rootstocks e.g. L. esculentum (cv. Peruvianum), L. esculentum (cv. Super strain-
VFN), L. esculentum (cv. ACe 55 VF.), S. melongena (Japanese white Eggplant) and S. torvum 
exerted no significant differences in ascorbic acid content among the grafted and the ungrafted plants 
during the two growing seasons. 
 
Table 9: Effect of grafting eggplant scion (S. melongena cv. California) onto some solanaceous 

rootstocks on ascorbic acid content. 

Grafted eggplant 
Ascorbic acid mg/100g F.W. 

2015-2016 2016-2017 
L. esculentum (cv. Peruvianum) 5.6 5.4 
L. esculentum (cv. Super strain-VFN) 5.8 6.0 
L. esculentum (cv. ACe 55 VF.) 6.4 6.0 
S. melongena (Japanese white Eggplant) 5.6 5.9 
S. torvum 5.6 6.2 
S. melongena (cv. California) 5.8 6.0 
L.S.D 0.05 NS NS 

5.6. Effect on total phenol and flavonoid contents: 

 The total phenol and flavonoid content in eggplant fruits of grafted and ungrafted eggplant S. 
melongena cv. California onto any of the tested rootstocks were examined under natural infection by 
S. sclerotiorum and the mite during two successive growing seasons. Data presented in Table 10 show 
that the total phenol and flavonoid content were higher in grafted than in ungrafted eggplant during 
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the two growing seasons. The results obtained during first growing season showed that the highest 
phenol content was due to grafting eggplant S. melongena cv. California onto S. torvum, S. melongena 
(Japanese white eggplant) and L. esculentum cv. Peruvianum being, 45.44, 43.99 and 35.99 g/100g 
fresh weight, respectively. While, the lowest value was recorded for grafting the tested scion onto L. 
esculentum cv. Super strain-VFN and L. esculentum cv. ACe 55 VF., being 31.36 and 32.60 g/100g 
fresh weight, respectively. On the other hand, the highest total flavonoid content was recorded in 
leaves of grafted eggplant S. melongena cv. California onto S. torvum, being 12.89 g/100g fresh 
weight. The results obtained during the second growing season behaved the same trend. 
 
Table 10: Effect of grafting eggplant S. melongena cv. California scion onto different rootstocks on 

total phenols and total flavonoids of eggplant fruits. 

Grafted eggplant 

2015-2016 2016-2017 

Total phenols 
(mg/100g F.W) 

Total 
flavonoids 

(mg/100g F.W) 

Total phenols 
(mg/100g 

F.W) 

Total 
flavonoids 
(mg/100g 

F.W) 
L. esculentum (cv. Peruvianum) 35.99 6.43 43.22 5.46 
L. esculentum (cv. Super strain-VFN) 31.36 3.89 39.20 4.39 
L. esculentum (cv. ACe 55 VF.) 32.60 4.39 39.86 5.02 
S. melongena (Japanese white 
Eggplant) 

43.99 4.79 42.12 4.72 

S. torvum 45.44 12.89 51.89 10.03 
S. melongena (cv. California) 26.84 3.74 29.11 3.52 
L.S.D 0.05 1.83 2.37 5.69 0.79 

 
7. Grafting compatibility between eggplant scion and the tested solanaceous rootstocks. 
 
 The comparison of grafting compatibility between eggplant scion (S. melongena cv. 
California) and five solanaceous rootstocks e.g. L. esculentum (cv. Peruvianum), L. esculentum (cv. 
Super strain-VFN), L. esculentum (cv. ACe 55 VF.), S. melongena (Japanese white Eggplant) and S. 
torvum, is represented in Table (11). Data show that the highest graft compatibility was observed due 
to grafting the tested scion onto S. torvum followed by grafting onto L. esculentum (cv. ACe 55 VF.) 
and S. melongena (Japanese white Eggplant), respectively. On the other hand, grafting of the tested 
scion onto L. esculentum (cv. Pervianum and Super strain-VFN) gave poor growth and complete 
grafting union. 
 
 Table 11: Compatibility between eggplant scion and different solanaceous rootstocks  
Grafted eggplant 2015-2016 2016-2017 
L. esculentum (cv. Peruvianum) + + 
L. esculentum (cv. Super strain-VFN) + + 
L. esculentum (cv. ACe 55 VF.) ++ ++ 
S. melongena (Japanese white Eggplant) ++ ++ 
S. torvum +++ +++ 
  + = good (poor growth and complete grafting union); ++ = very good (little growth and complete grafting union) and +++ = 
excellent (normal growth and complete grafting union). 

 
Discussion 

Graft of susceptible fruiting vegetables by using resistant rootstocks is one of the most effective 
approaches for increasing plant disease resistance, yield and fruit quality ( King et al., 2010; Carmina 
et al., 2011; Gisbert et al. 2011; Moncada et al., 2013; Maršič et al., 2014; Sabatino et al., 2016 and 
Assinapol et al., 2017). In this study, we examined the effect of grafting eggplant S. melongena cv. 
California scion onto five rootstocks namely, L. esculentum cv. Peruvianum, L. esculentum cv. Super 
strain-VFN, L. esculentum cv. ACe 55 VF., S. melongena Japanese white eggplant and S. torvum on 
management of white mold disease caused by S. sclerotiorum and the Two spider mite (TSSM) as 
well as on the plant yield and fruits characteristics. The results showed that eggplant S. melongena cv. 
California scion grafted onto any of the tested rootstocks significantly reduced the harmful effect 
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caused by S. sclerotiorum both in the screening and the commercial greenhouse. Grafting onto S. 
torvum rootstocks completely suppressed the infection. In this concern, many investigators pointed 
out that grafting the susceptible varieties onto the resistant rootstocks can be used instead of other soil 
treatments with chemicals, especially soil fumigation, for protection against soil borne pathogens 
(Abd El-Wanis-Mona, 2001). Also, Liu and Zhou (2009) reported that Eggplant grafted onto tomato 
rootstock exhibited markedly higher disease resistance than nongrafted when challenged with 
Verticillium dahliae. The resistance developed in the grafted plants may be contributed to limited 
colonization of pathogen in the lower stem and preventing them from invading xylem tissues 
(Grimault and Prior, 1994). Also, it could be due to the inherent resistance of the rootstocks and 
improved plant nutrient uptake which improves disease control in grafted vegetable plants (Sen et al., 
2018).  

On the other hand, eggplant S. melongena cv. California scion grafted onto any of the tested 
rootstocks significantly reduced the harmful effect caused by the tested mite. This result is in harmony 
with those obtained by Cortez-Madrigal (2012) who reported that grafted tomatoes were less prone to 
tomato psyllid than the non-grafted, the preference of adult psyllids was 22.8 times higher in tomato 
than tinguaraque, and three times higher than for grafts. He also studied incidence of other pests like 
miners and aphids. 

On the other hand, the present study proved that the rootstocks may have a positive effect on 
plant vigor, yield and fruit quality. In this regard, plant height, was higher in plants grafted onto S. 
torvum rootstock and lower in plants grafted onto L. esculentum cv. Super strain-VFN rootstock. 
Similar results were obtained by different authors (Abd El-Wanis-Mona, 2001). They reported that 
grafting increased the plant height than ungrafted plants. Contra results were reported by Bletsos et al. 
(2003). The higher yields in grafted plant may be contributed to increased absorption of water and 
nutrients (Sabatino et al. 2016). 

In respect to the fruit quality, this work showed that rootstocks may affect the fruit shape 
measures such as fruit length, fruit width and fruit diameter. This results are in harmony with those 
obtained by Gisbert et al. (2011) who found that the use of interspecific hybrid rootstocks derived 
from fully compatible crosses of eggplant with related species can be a valuable approach to improve 
eggplant production. Fruit shape changes are probably due to changes in the concentration of growth 
regulators induced by the rootstock (Gisbert et al., 2011). Also, Sabatino et al. (2016) and Maršič et 
al. (2014) found that grafted plants produced consistently more fruits per plant than ungrafted ones. 
Sabatino et al. (2016) found that grafted plants gave both a significantly higher total and marketable 
yield production, and a higher number of marketable fruits than un-grafted ones, without negatively 
affecting average fruit weight and waste production. Also, Moncada et al. (2013) reported increment 
in the size of the grafted eggplant fruits. Moreover, this study showed that ascorbic acid (VC) content 
was affected by the rootstock. This result is in agreement with that obtained by Zhang (2004) who 
reported that the levels of dry matter, protein, vitamin C and sugar of grafted eggplant were higher 
than those of non-grafted eggplant. 

Graft compatibility means establishment of a successful graft union as well as extended 
survival and proper functioning of the composite grafted plant (Goldschmidt, 2014). In this study, 
high grafted compatibility due to the successful growth was observed only when scion tested was 
grafted onto S. torvum rootstock. This is may be due to the same anatomy construction of the scion 
and rootstock (Abd El-Wanis-Mona, 2001). Similarly, Goldschmidt, (2014) stated that taxonomic 
affinity is a prerequisite for graft compatibility. Where, Homografts are presumably always 
compatible. Meanwhile, in heterografts, intraspecific grafts are nearly always compatible whereas 
interspecific grafts  are usually compatible, intrafamilial grafts are rarely compatible, and interfamilial 
grafts are essentially always incompatible.  

Many reports suggested that grafting could change the plant physiology. In this concern, Na et 
al. (2012) reported that root volume, root vigor increasing and releasing oxygen ability of chloroplast 
were enhanced by grafting eggplant onto wild eggplant rootstock. In this study, the activities of 
peroxidase (POX), total phenols and total flavonoids which are closely related to plant disease 
resistance were increased in the grafted eggplant than in non-grafted. This results are in agreement 
with those obtained by Na et al. (2012) who found that grafted eggplant had higher root active 
absorbing area, chlorophyll content, peroxidase and phenylalaninamonilays activities than non-grafted 
eggplant. Peroxidase oxidizes the phenolic compounds to toxic compounds namely quinines. Also, 
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lead to  release of  highly reactive free radicals and increase the accumulation of lignin and suberin in 
cell walls and papillae, thus act as a barrier against pathogen invasion (Prasannath, 2017).  

The role of phenolic and flavonoid compounds in confronting the pathogens and pests was well 
documented by many authors (Lattanzio et al. 2006; Kumar et al. 2014; Mierziak et al. 2014; Kaushik 
et al. 2015 and Slatnar et al., 2016). This role may be attributed to their toxic effect on the pathogens 
(Cushnie and Lamb, 2011) and herbivores (Lattanzio et al. 2006). Moreover, phenols are the main 
cursor of lignin synthesis, which act as a barrier to prevent the further progression of the pathogen to 
penetrate into cells (Aoun, 2017) or herbivore to feed (War et al. 2012 and Buhl et al. 2017). In 
addition to that, flavonoids are inhibiting the pathogen's enzymes by chelating the metals, influencing 
the behavior, growth and development of insects and scavenging the reactive oxygen species (ROS) 
(Mierziak et al., 2014). In general, an increased synthesis and accumulation of phenols and flavanols 
in plant tissues could be linked to their higher resistance to pathogens and herbivores. The results 
obtained by Prats et al. (2003) showed that accumulation of phenolic compounds in sunflower plants 
was closely related to compete of S. sclerotiorum. Also, they stated that the phenolic compounds were 
accumulated in resistant varieties more than in susceptible varieties. Also, Mutthuraju (2013) found 
that an increase in total phenolic contents was recorded in brinjal wild types (S. torvum) that showed 
resistance to the mite. The results obtained by Slatnar et al. (2016) reported a higher content of 
flavanols in plant tissue triggered by different pathogen infections. 
 
Conclusion 
 
 These results suggest that grafting onto S. torvum rootstock might represent a potential tool 
for controlling white rot disease caused by Sclerotinia sclerotiorum as well as spider mite on eggplant 
and increasing its yield and fruit quality. 
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