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creening of 51 tomato inbreed lines, obtained from Tomato 
Breeding Program of Desert Research Center (DRC), was 
carried out in two different times varied in temperature, 

early winter and summer during 2018-2019, to evaluate the reaction 
of these genotypes towards infection with root-gall nematode (RGN) 
Meloidogyne incognita. The response of these inbreed lines was 
varied between resistance (R) and highly susceptible (HS) based on 
galls number (G) and egg masses index (E.M.I.), also egg 
production was a dependable factor. Two genotypes viz., SA174-7 
and SY174-1 found to be R according to G and E.M. formed 2 galls 
and 1 egg mass and 12 galls and 1 egg mass, respectively. The 
moderately resistant genotypes were SK174-4, SW174-4 and 
SY174-8-3, while the three genotypes SC174-7, SD174-4-1 and 
SY174-2-2 found to be moderately susceptible. About 14% of tested 
genotype were susceptible, while the rest inbreed lines (70%) were 
HS. It was clearly noticed that temperature (summer and winter 
trials) has an impact on nematode penetration and reproduction, but 
its effect in genotype resistance ranking was absent in a few cases. 
Finally, data obtained from this screening open the way to further 
evaluations and detection of the genetic diversity of the most 
resistance genotypes for improving new inbreed lines bearing more 
desirable characters, in particular high yield with resistance to RGN, 
and try to identify the genes that conferring resistance to transfer it 
to susceptible genotypes.  

Keywords: root-gall nematode, Meloidogyne, tomato, resistance, inbreed 
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Phytoparasitic nematodes are devastating plant pathogens in Egypt 
and many tropic countries. Globally, plant parasitic nematodes (PPN) are 
destructive pests of tomato and cause tremendous losses (Bird and 
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Kaloshian, 2003). The root-gall nematodes (RGN) Meloidogyne spp. 
represent the most polyphagous genus of PPN, about 100 species were 
recognized under this genus and the major species are M. arenaria, M. 
hapla, M. incognita and M. javanica. RGN considers one of the most serious 
pests of many economic field and vegetable crops (Ibrahim et al., 2010 and 
Elling, 2013). In many subtropical countries as Egypt, the RGN nematodes 
are widely spread and infect many vegetable crops including tomato, severe 
infection with RGN causing decrease in the quantity and quality of tomato 
yield as well as the marketable rank will reduce (Ibrahim et al., 1999 and 
2010; Sikora and Fernandez, 2005 and Sujatha et al., 2017). Meloidogyne 
incognita is a major pest of tomato and responsible for deteriorating the 
yield of tomato crop and fruit quality (Bufokuzara, 1996). It causes 
noticeable reduction in tomato yields and heir globally estimated yield losses 
may reach to 5% (Anwar and McKenry, 2010 and Cetintas and Yarba, 
2010). In tropical and subtropical regions, the tomato yield losses ranged 
between 30 to 40% (Charchar et al., 2003).  

Effective control of PPN is costly and mainly depending on 
nematicides, but they cause many hazards effects to living organisms and 
consequently restricted in many countries (Fosu-Nyarko and Jones, 2015). 
The use of resistant genotypes is promising manner of controlling plant 
pathogenic nematodes because they are a cheap and effective control tool, 
but they require time and some facilities to develop resistant hybrids and 
reaching to genetic stability, also screening and evaluating them to create 
certified cultivars suitable for certain area and nematode population in this 
area.  

The goal of the current research aims to evaluate some tomato 
genotypes for resistance to root-knot nematode (RKN), Meloidogyne 
incognita, in two different seasons (cold and warm).  

MATERIALS AND METHODS 

1. Stock Culture of Root-knot Nematode 
Pure culture of Meloidogyne incognita obtained from infected 

tomato roots was established. Single egg-mass from previously identified 
females was used to inoculate three weeks old of healthy tomato cv. Castel 
Rock grown in 20 cm clay pots filled with sterilized soil. After six weeks 
from inoculation, plants were investigated for forming egg masses then 
further inoculation for healthy tomato seedlings was carried out. The culture 
was kept on clean benches in greenhouse of Plant Protection Department, 
DRC, and continuous culture was cared for further inoculation. 

2. Screening Tests  
Healthy seedlings of fifty-one tomato inbreed lines, obtained from 

Tomato Breeding Program of DRC, were evaluated against the infection 
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with RKN, M. incognita. Three-week old of tested plants were singly 
transplanted in 15 cm diameter clay pots filled with disinfesting sandy clay 
soil (3:1 v/v). Two weeks later, seedlings were inoculated with 
approximately 1500 freshly hatched juveniles of M. incognita per plant, the 
inoculation level (1500 juveniles) was proposed according to El-Sherif et al. 
(2007). Four replicates of each tomato genotype were used for each 
genotype. The experiment was repeated in two seasons (early winter and 
summer) during 2018-2019. All pots were arranged in randomized complete 
block design on a greenhouse bench and received the same fertilization and 
watered as needed. Fifty days after nematode inoculation, all plants were 
uprooted and the root system of each plant was washed to remove soil 
particles by tap water. Nematode parameters were determined as described 
subsequently. 

To rank the tested vegetable plants as susceptible or resistance to 
RKN we used two scales; the first was a modified gall index, which used for 
rating the resistance status of tested genotypes according to Nayak and 
Sharma (2013); no gall, immune (0), 1-15 gall resistant (1), 16-25 gall 
moderately resistant (2), 26-50 gall moderately susceptible (3), 51-100 gall 
susceptible (4), heavy galling 100+ or more highly susceptible (5). The 
second plants were rated on a (0-5) scale according to the numbers of egg 
masses/root system or Egg Mass Index (EMI). Plants with 0=no egg masses 
(Immune), 1= 1-2 egg masses/plant were considered resistant -R-; 2=3-10 
egg masses/plant, moderately resistant -MR-; 3=11-30 egg masses/plant, 
moderately susceptible (MS); 4=31-100 egg masses/plant, susceptible -S-; 
and 5= > 100 egg masses/ root system, highly susceptible -HS- (Taylor and 
Sasser, 1978). 

3. Nematode Assay  
Roots were stained in lactophenol acid fuchsin (Franklin and 

Goodey, 1959). Galls and egg-masses were counted under a stereo-zoom 
microscope using two fine dissecting needles. Number of eggs per egg-mass 
(fecundity) was counted by picking 10 egg-masses of uniform size from 
roots, and count each egg mass separately (after put it on glass slide divided 
into squares with drop of water, examined using a microscope and count 
eggs by the aid of hand counter) then calculate the mean number of eggs/egg 
mass. Total eggs/root system were also calculated by multiplying the mean 
number of eggs/egg mass by number of egg masses/root system for each 
replicate. The final population (FP) was calculated by summation of egg 
masses+ total eggs and the rates of nematode reproduction or build up (RB) 
were calculated by dividing the nematode final population (Pf) on the initial 
population (Pi).  
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4. Statistical Analysis 
 Experiment was designed by randomized complete block design 
(RCBD) with 4 replications. All the data were analyzed by ANOVA (JMP 
program from SAS version 7.0.1) and significant differences among the 
means was partitioned by Duncan's multiple range test at P= 0.05 (Steel et 
al., 1997). 

RESULTS AND DISCUSSION 

Data in table (1) and fig. (1 and 2) show the reaction of fifty-one 
genotypes of tomato, which screened against RKN infection. In summer 
experiment, two genotypes viz., SA174-7 and SY174-1, were found to be 
resistant (R), which recorded a gall index and egg mass index of 1.0 & 1.0 
and 1.0 & 2.0, successively. The differences between two resistant 
genotypes in gall, E.M. and total eggs count were not significant. Only three 
tomato genotypes (SK174-4, SW174-4 and SY174-8-3) were categorized as 
moderate resistant (MR) as they possess 21, 19 and 25 gall per root system 
and 12, 10 and 22 egg masses and total egg numbers 3900, 2601 and 8587, 
respectively. All nematode criteria of MR genotypes were not statically 
different. Moderate susceptible (MS) response were observed in 3 inbreed 
lines namely; SC174-7, SD174-4-1 and SY174-2-2, total egg number was 
also not statically different. On the other hand, the seven genotypes viz., 
SB174-3, SB174-1, SD174-1, SD174-5-3, SH74-1, SH174-5-1 and SH174-7 
were susceptible (S). The rest genotypes (36) were highly susceptible (HS) 
hosts. The maximum number of galls/per root was formed in SD174-5-2, 
SS175-5-2, SA174-2 and SY174-2-1 (805,779, 656 and 588.7, respectively). 
The maximum number of egg masses was showed in SA174-6, SB174-2 and 
SY174-2-1 (651, 435 and 521, successively). Data in table (1) also 
demonstrated that relationship between number of galls and number of egg 
masses on the same plant not constant or positive in general, except some 
cases like SY174-2-1 showed higher number of galls (588) and higher 
number of egg masses (521). In winter trial, the tested genotype similarly 
reacted as in summer trial with some exceptions; SY174-8-3 ranked as R in 
winter, while in summer was MR, SC174-1 transferred from S position to 
MS position and another four genotypes behaved similarly, SH174-1, 
SH174-5-1, SH174-7, SY174-2-2. Results also showed that the penetration 
and reproduction of nematode were increased in summer and were retarded 
in winter at low temperature.  

The compatible reaction of the susceptible tomato genotypes 
towards M. incognita infection proved that they lack genes conferring the 
resistant, so these genotypes allowed to juveniles to penetrate them, grow 
normally and reproduce. In this study 51 tomato genotypes, obtained from 
breeding program in DRC, were screened towards the infection with M. 
incognita nematode as a serious biotic stress on tomato plants in Egypt. The  
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search for new nematode-resistance germplasms must be frequent to manage 
nematode problems, many scientists mentioned that natural nematode 
resistance genes present in gene pools of crop species and their relatives 
have long been  exploited  with  the aim of transferring such  characters  into 
economically important crops where effective resistance is lacking (Fosu-
Nyarko and Jones, 2015). 

The results of the present study are matching with the study of 
Ibrahim et al. (2014), as they tested the suitability of eight tomato cultivars 
to RKN and found Castle Rock, Edkawy and Super Marmande were highly 
susceptible to M. incognita as possess high numbers of galls and egg 
masses/root, while three cultivars viz., Giza 80, Super Crystal and Super 
Strain B were susceptible. On the other hand, cultivar N 23 was moderately 
susceptible to the tested nematodes and formed low numbers of galls and 
egg masses (25-33 and 19-28/ plant, respectively). These results also agree 
with other researchers, who studied the susceptibility of different tomato 
cultivars to Meloidogyne spp. (Korayem, 2008; Muhammad et al., 2011; 
Khanzada et al., 2012; El-Ansary, 2013; Gharabadiyan et al., 2013 and 
Dharani et al., 2019). Susceptibility and resistance to M. incognita reflect the 
role of the host on the reproduction ability of challenge nematode (Cook and 
Evans, 1987). In the genotypes viz., SA174-7 and SY174-1 reproduction of 
nematodes was lower as compared to other inbreed lines as the rate of build-
up (RB) was lower than other genotypes (0.05 and 1, respectively). Early 
reports documented that the counted galls and egg masses on roots were 
higher on susceptible tomato cultivars infested with M. incognita (Pathan et 
al., 2004). 

The temperature has an impact on nematode style and considered to 
be an important element on egg hatching, nematode exodus, root incursion 
and progress in host roots as early studied by Tyler (1933). He found that 
28°C was the optimal temperature for RKN penetration and infection. It was 
observed that infective stage of Meloidogyne hapla take 14 days from 
inoculation to be mature in lettuce plants at day temperature about 32°C,18 
days at 27°C and 34 days at 21°C. Eggs were produced after 20 days from 
inoculation at high temperature, 26 days at intermediate temperature 27°C 
and 54 at 21°C. Number of larvae and eggs after 42 days was abundant at 
32°C than at 27°C (Wong and Mai, 1973). Recent investigation of Weimin 
et al. (2018) showed that, at 31°C more juveniles entered Georgia-06G, 
susceptible peanut cultivar, roots compared with that at 28°C and 34°C. In 
this study, the temperature of 31°C was optimal for J2 to penetrate and 
parasitize the Georgia-06Gmm. This discrepancy may due to different RGN 
species and also because of different host plants being tested. Temperature 
also has an impact on genes conferring resistance to RGN in plants, which 
possess Mi-1.2 genes, a nematode resistance gene that is occurred in most 
tomato varieties, (Araujo et al., 1982). However, Mi-1.2 may lose its potency 
at soil temperatures above 28°C and certain virulent nematode isolates can 
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overcome resistance, even at moderate soil temperatures as formerly 
reported (Cooper et al., 2005). Also they found that the effects of Mi-
mediated resistance were shortened but not phased out at 32 °C. The 
compatible reaction of the susceptible and highly susceptible tomato 
genotypes towards M. incognita infection proved that they lack genes 
conferring the resistant, so these genotypes allowed to juveniles to penetrate 
them, grow normally and reproduce.  

 
CONCLUSION 

In conclusion, this study indicated that significant differences were 
observed among the most tested genotypes against the root-knot nematode. 
The genotypes SA174-7 and SY174-1 were found to be resistant (R) to RGN 
(M. incognita). So, these genotypes are promising materials to be used as 
resistant source to RGN. Cultivation of these RGN-resistant genotypes will 
be a strategic alternative for the production of healthy and pesticide-free 
tomato. However, further studies should be carried out to ensure these results 
under naturally infested field conditions. Also, it is necessary to know the 
relationship between the character of resistant to RGN and other desirable 
characters especially high productivity. In addition, identifying the genes 
that govern resistance to nematode and trying to transfer these genes to 
susceptible tomato genotypes are needed. 
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 روذجلا مروت ادوتامینب ةباصلإا دض مطامطلا نم ةابرم تلالاس مییقت

 ٢يمویب دھاجم دیسلا دلاخو *١يبونلا دمحم دمحم نامیلس دمحأ
 رصم ،ةرھاقلا ،ةیرطملا ،ءارحصلا ثوحب زكرم ،تابنلا ةیاقو مسق١
 رصم ،ةرھاقلا ،ةیرطملا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصلأا مسق٢

 زكرمب ةیبرت جمانرب نم اھیلع لصحت يتلا ،مطامطلا نم يثارو بیكرت ٥١ ددعل مییقت لمع مت
 دض -٢٠١٩ فیصو ٢٠١٨ ءاتش - ةرارحلا تاجرد يف نیفلتخم نیمسوم يف ،ءارحصلا ثوحب
 كلت لعف در يف نیابت جئاتنلا ترھظأ  .Meloidogyne incognita روذجلا دقعت ادوتامینب ةباصلإا
 ىلع ضیبلا لتكو دقعلا نیوكت رشؤم يلع اءًانبو  .ةربتخملا ادوتامینلاب ةباصلإا هاجت تلالاسلا
  ، SA174-7نیتلالاسلا يف امك ةمواقم ىلإ اھتمواقمل اقًبط تلالاسلا كلت تبتر دقف ،روذجلا

SY74-1 )ىلع دحاو ضیب سیكو ةدقع ١٢و طقف دحاو ضیب سیكو ةدقع ٢ ددع نوكت ثیح 
 ناك امنیب SK174-4،SW174-4 ، SY174-8-3 تناك ةمواقملا ةطسوتم تلالاسلا ،)يلاوتلا
  .ةیساسحلا ةطسوتم SC174-7، SD174-4-1، SY174-2-2 ةامسملا ةیثارو بیكارت ثلاثلا
 يقاب امنیب ،ةربتخملا بیكارتلا يلامجإ نم ٪١٤ لداعی ام يأ ةساسح تناك طقف تلالاس ةعبس
 ةرارحلا ةجردل نأ ةظحلام نكمی ،حوضوب  .ةباصلإل ةیساسحلا ةیلاع تناك ٪٧٠ يلاوح بیكارتلا
 ناك ةیساسحلا بتارم ىلع اھریثأت نكلو ادوتامینلا رثاكتو قارتخإ لدعم ىلع ریثأت نیمسوملا للاخ
  مییقتلاو تارابتخلإا نم دیزمل بابلا حتفت جئاتنلا كلت نإف ،ةیاھنلا يف   .ةلیلق تلااح ءانثتسإب ابًئاغ
 ىلعو رثكأ ةبوغرم تافص لمحت تلالاس نیسحتل ةمواقم رثكلأا تلالاسلل ينیجلا عونتلا دیدحتل
 يف ةمكحتملا تانیجلا دیدحتو روذجلا دقعت ادوتامینل ةمواقملاب ةنورقملا ةیلاعلا ةیجاتنلإا ةفص صخلأا
  .مطامطلا نم ةساسحلا بیكارتلل اھلقنل ةمواقملا

 

 

 

 

 

 

 

 


