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ABSTRACT 
 

Interaction between root-knot nematode,  Meloidogyne incognita alone and in 
combination with the bacterium,  Ralstonia solanacearum   were evaluated on the 
growth of potato plants cvs. Diamant and Spunta,nematode reproduction and bacteria 
as well under greenhouse conditions. 

Results showed that potato cv. Spunta was highly susceptible to bacterial wilt 
disease than cv. Diamant. The possible combinations of M. incognita and R. 
solanacearum revealed that potato plants inoculated with M. incognita 10 days prior to 
bacterial pathogen’s inoculation showed higher bacterial wilt disease rating than those 
inoculated with both pathogens simultaneously with values of 3.95 and 3.45, 
respectively. The higher nematode galling index was noted on potato plants cv. 
Diamant than cv. Spunta with values of 2.32 and 1.92, respectively.   

Results also showed that plants receiving  nematodes with bacteria added at 
the same time, the highest injury of nematode accompanied by  the highest rate of 
build-up  that recorded to be   30.83   and 22.15 for potato cvs,Diamant and Spunta, 
followed by the combination with R. solanacearum 10 days after nematode inoculation 
that  was recorded to be  26.78 and 20.35 for the same potato cultivars,  respectively.  
Moreover, there was a significant reduction in both shoot and root fresh weights of the 
two tested cultivars infected with either  pathogen alone or  together.   
Keywords: Potato, Diamant,  Spunta, Meloidogyne incognita, Ralstonia 

solanacearum , Bacterial Wilt .  

 

INTRODUCTION 
 

         Bacterial wilt and root-knot are two soilborne diseases that cause 
serious damage and great losses in the production of potato (Solanum 
tuberosum L.) and many other crops. Bacterial wilt caused by Ralstonia 
solanacearum, (formerly was known as Pseudomonas solanacearum), and 
root-knot by Meloidogyne spp. occur worldwide and affect hundreds of plant 
species, which make them among the most important plant diseases 
(Buddenhagen and Kelman 1964, Hayward 1991, Koening et al. 1999). In 
addition to direct crop damage, root-knot nematodes predispose plants to 
infection by bacterial and fungal pathogens, which contribute to additional 
yield reductions (Chindo et al. 1991, McLaughlin et al. 1990, Noling 2005). 
Johnson and Powell 1969 showed that when tobacco plants exposed to root-
knot nematodes and then to P. solanacearum 3-4 weeks later developed 
more severe wilt symptoms earlier than when exposed to both pathogens 
simultaneously. Their findings are similar to those of Akiew et al. 1991 in 
respect to the interaction of P. solanacearum and Meloidogyne spp. on wilt 
severity in tobacco cultivar with moderate resistance to bacterial wilt. Plants 
inoculated with both pathogens wilted earlier and to greater extent than those 
inoculated only with the wilt pathogen (P. solanacearum). High levels of both 
pathogens significantly increased plant wilt. 
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        The purpose of this study was to test the considerable damage to potato 
plants that caused by M. incognita infection comparing to plants inoculated 
with both pathogens. The synergistic interaction within agents of parasitic 
complex studied was expressed by a reduction in plant growth, egg-mass 
numbers in M. incognita, fecundity, rate of nematode root galling severity, 
assessment of wilt disease, presence or absence of the R. solanacearum in 
potato vascular system. 
 

MATERIALS AND METHODS 
 

         Two potato cultivars, (Solanum tuberosum sub sp. tuberosum L.), 
Diamant and Spunta were kindly provided by one of potato seed companies 
in Egypt. Tubers were left in the refrigerator (4 ºC) for sprouting. Sprouts 
were removed from the mother tubers and planted in autoclaved clay pots (20 
cm in diam. each), containing an autoclaved mixture of 2:1 (v:v) clay : sand 
soil. Each pot received one potato sprout and served as a replicate. Pots 
were watered every other day or as needed. 
       Meloidogyne incognita race 2 previously isolated from infected potato 
roots and tubers collected from potato growing fields in Egypt. The isolated 
nematode was rared on tomato (Solanum esculentum Mill), cv. Ace in a 
greenhouse maintened at 25 ± 3 ºC. M. incognita was identified to the 
species level using the morphological features of the perineal pattern of the 
adult female (Chitwood 1949 and Taylor et al. 1955). Inoculation was carried 
out by pouring around the base of each plant 5 ml of a suspension of 600 
individuals per ml in sterile distilled water i.e. 3000 juveniles (J2) per plant. 
       The bacterium,Ralstonia solanacearum race 3 biotype 2, previously 
isolated from potatoes and proved to be virulent on potato was previously 
obtained from Brown Rot Project’s Type Culture Collection, Dokki, Giza, 
Egypt. The bacterium was sub-cultured on sucrose-peptone agar medium, 
then kept at 28 ºC for 18 hrs. The recovered colonies were harvested and 
suspended in sterilized distilled water. Inoculum potential was 
spectrophotometrically adjusted to OD 600 nm = 0.1 (approximately 10

8 
 

CFU/ml) (Grimault et.al. 1994). Inoculation was carried out by pouring 5 ml of 
bacterial suspension around the base of each plant. Treatments  were as  
follows: 
1. Pots received M. incognita only., 
2. Pots received simultaneously M. incognita and R. solanacearum., 
3. Pots received M. incognita then R. solanacearum 10 days later., 
4. Pots received R. solanacearum then M. incognita 10 days later., 
5. Pots received R. solanacearum only.,and 
6. Untreated pots (control). 
       Each treatment was replicated four times. The pots were randomly 
arranged on a bench in the greenhouse (28 ± 3 ºC), and watered as needed. 
The experiment  lasted 90 days after nematode inoculation. 
Wilt Disease Ratings: 
        Wilt disease ratings for individual plants were recorded at 1-to 6 day 
intervals up to 24 days after the challenge inoculation. The following scale 
(Kempe and Sequeira 1983) was used: 0 = no symptoms, 1 = up to 25 % of 
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foliage wilted, 2 = 25%-50 % of foliage wilted, 3 = 50%-75% of the foliage 
wilted, and 4 = 75%-100% of the foliage wilted.  
Indexing and Isolation of R. solanacearum from infected potato plants: 
       Approximately 2 cm long segments were taken from wilted potato stems 
in addition to transverse sections from tubers were tested for bacterial oozes 
and isolation of R. solanacearum on modified semiselective medium, South 
Africa (SMSA) (Englebrech 1994). Presumptive colonies of R.solanacearum 
were confirmed by immunoflurescent colony staining (IFCS) test (Van Vuurde 
1990). 
Root-Knot Disease Ratings:  

        Ninety days after nematode inoculation, the plants were carefully 
uprooted from pots and roots/suckers were washed in running tap water and 
blotted dry. Plant growth was determined by measuring fresh weights of 
shoots and roots/suckers and the reduction percentage in plant growth over 
the uninoculated control was calculated. Roots were rated for galling severity 
on 0 to 4 scale (Barker 1985), where 0 = no galling (0 %), 1 = light galling (1 
% -25 %), 2 moderate galling (26 %-50 %), 3 = heavy galling (51 %-75 %), 4 
= severe galling (76 %-100 % galled roots). Nematode populations in soil 
(number of juveniles) were determined according to  Franklin & Goodey, 
(1957). Infected roots were stained by acid fuchsin in acetic acid according to 
Byrd et al.(1983), and examined for number of developmental stages , 
females and egg-masses /  root. Eggs /egg-mass of Meloidogyne incognita 
were extracted by using sodium hypochorite (NaOCl) method as described by 
Husssey and Baker, (1973).  
Statistical Analysis: 

Data were then subjected to analysis of variance (ANOVA) (Gomez 
and Gomez, 1984) and means were compared by Duncan’s multiple-range 
test (Duncan, 1955). 

This work was undertaken in the greenhouse of Nematology Division, 
Plant Pathology Res.inst.,Giza . 
 

RESULTS 
 

 The interaction on potato plants (cvs. Diamant and Spunta) of R.. 
solanacearum Race 3 biovar 2  and root-knot nematode (M. incognita race 2) 
tested singly or in combination was studied. Several parameters were put into 
considerations: 
 
Rating of Bacterial Wilt Diseases: 

Wilted potato plants of both cultivars were harvested and tested for 
bacterial ooze as well as isolation of R. solanacearum on semiselective 
medium, South Africa (SMSA). Data of bacterial wilt disease rating was 
presented in Table (1). Results showed that potato cv. Spunta was highly 
susceptible to bacterial wilt disease than cv. Diamant. The tested 
combinations of M. incognita and R. solanacearum revealed that potato 
plants inoculated with M. incognita 10 days prior to bacterial inoculation 
showed higher bacterial wilt disease rating than those inoculated with both 
pathogens simultaneously. In addition, inoculation potato plants with R. 
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solanacearum 10 days prior M. incognita inoculation showed less disease 
rating than those of the other treatments tested. 
 
Table 1: Bacterial wilt disease rating on potato (cvs. Diamant and 

Spunta) infected with each of R. solanacearum and M. 
incognita and their combinations under greenhouse 
conditions.  

* Soil inoculated with both pathogens simultaneously. 
** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later. 
LSD 0.05 between treatments 0.1904 
LSD 0.05 between cultivars 0.1204  

  Each value presented the mean of four replicates.        
   Means in each column or row followed by the same letter did not differ at<0.50 according 

to Duncan’s multiple-range test.  
 

The colonization of R. solanacearum to vascular bundles in potato 
stems and tubers was recorded at age of 24 and 50 days, respectively. 
Potato tubers were developed at age of 40-50 days. Approximately 2 cm long 
segments were taken from wilted potato stems (24-day old) and transverse 
sections from tubers were tested for bacterial oozes which cultured also on 
SMSA. The resulted bacterial colonies were confirmed by immunoflourescent 
staining. The obtained results were recorded as (+) and (-) in Table (2).  
 
Table 2: The rate of colonization of R. solanacearum alone to stem and 

tuber of potato (cvs, Diamant and Spunta) or mixed with M. 
incognita. 

Treatment 
Diamant Spunta 

Stem Tuber Stem Tuber 
M. incognita - - - - 
M. incognita + R. solanacearum*  + + + + + + + + 
M. incognita + R. solanacearum** + + + + + + + + + + 
R. solanacearum + M. incognita*** + + + + + 
R. solanacearum + - + + + 
Untreated (Control) - - - - 
 Samples were collected (3 samples/time) after 24 and 50 days for stems and tubers 
respectively. 
(-) No bacterial colonies were found 
(+) Low presence of bacterial colonies. 
(++) Moderate presence of bacterial colonies. 
(+++) High presence of bacterial colonies. 
* Soil inoculated with both pathogens simultaneously. 
** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later. 
 

Treatment 
Mean of Disease Rating Mean of 

Treatment Diamant Spunta 
M. incognita 0.00 0.00 0.00

e
 

M. incognita+R. solanacearum* 2.90 4.00 3.45
b
 

M. incognita+R. solanacearum** 3.90 4.00 3.95
a
 

R. solanacearum+M. incognita*** 1.80 2.30 2.05
d
 

R. solanacearum 2.10 2.40 2.25
c
 

Untreated (Control) 0.00 0.00 0.00 
Mean of Cultivars 1.78

B
 2.12

A
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Typical bacterial wilt symptoms were observed on potato plants, 24 
days old. The rate of stem colonization by R. solanacearum in potato cv. 
Spunta was higher than its corresponding in cv. Diamant. In addition, the 
interaction between M. incognita and bacterial wilt pathogen (R. 
solanacearum) exhibited more bacterial colonization to both stems and tubers 
than those infected with the bacterium alone. IFCS confirmed the identity of 
R. solanacearum in infected potato stems and tubers.  
Root Galling Index: 
       The  nematode galling index (Table, 3), recorded at the end of the 
experiment (90 days of nematode inoculation). All infected plants with M. 
incognita showed gall development on potato roots. The higher galling index 
was noted on potato plants cv. Diamant either inoculated with M. incognita 
alone or in mixed with R. solanacearum 10 days after nematode inoculation 
or in combination with R. solanacearum at the same time that recorded to be 
3.90 , 3.80 and 3.60, respectively. While potato plants cv. Sponta at the same 
treatment showed root galling index values of 3.40,3.20 and 2.80 respectively 

However, there is no significant difference between the nematode root 
galling index of potato plants inoculated with M. incognita alone and its 
corresponding of potato plants inoculated with root-knot nematode 10 days 
prior to bacterial inoculation. In addition, potato plants infected with R. 
solanacearum 10days prior to nematode inoculation showed root galling 
index lesser than the rest of other treatments . 
 
 

Table 3: Root galling index of potato (cvs. Diamant and Spunta) infected 
with M. incognita alone or combined with R. solanacearum 
under greenhouse conditions.  

Treatment 
Mean of Root Galling 

Index 
Mean of 

Treatment 
Diamant Spunta 

M. incognita 3.90 3.40 3.65
a
 

M. incognita + R. solanacearum* 3.60 2.80 3.20
b
 

M. incognita + R. solanacearum** 3.80 3.20 3.50
a
 

R. solanacearum + M. incognita*** 2.60 2.10 2.35
c
 

R. solanacearum 0.00 0.00 0.00
d
 

Untreated (Control) 0.00 0.00 0.00
d

 
Mean of Cultivars 2.32

A
 1.92

B
  

* Soil inoculated with both pathogens simultaneously. 
** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later. 
LSD 0.05 between treatments 0.2378 
LSD 0.05 between cultivars 0.1504  
Each value presented the mean of four replicates. 
Means in each column or row followed by the same letter did not differ at < 0.50 according 

to Duncan’s multiple-range test.. 

 
The Fecundity of Root-Knot Nematode, M. incognita: 
      The fecundity of root-knot nematode (M. incognita) was recorded after 
three months on both potato cultivars inoculated with nematode alone or 
combined with R. solanacearum. The fecundity of root-knot nematode was 
expressed here as number of galls/root, egg- masses/root, eggs/egg- 
mass,developmental stage, females,nematode population in soil  and rate of 
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nematode build- up(pf/pi). Data in Table (4) revealed that the combination of 
M. incognita +  R. solanacearum at the same  time resulted the highest final 
nematode population was recorded to be  92480 j2, while the treatment of soil 
inoculated with M. incognita than  R. solanacearum 10 days later was 
recorded to be 80330 j2.   

Data in Table (5) found that the combination of M. incognita plus  R. 
solanacearum at the same time gave the highest final nematode population 
that was recorded to be  66476 j2, while that of soil inoculated with M. 
incognita then  R. solanacearum 10 days later was recorded to be 61073 j2.  

   Moreover, Table (4) and (5) showed that there was a synergistic 
effect on the rate of nematode reproduction between root-knot nematode and 
R. solanacearum. The rate of nematode reproduction was higher in both 
potato cultivars which inoculated either with both pathogens together at the 
same time or inoculated with root-knot nematode first then followed by R. 
solanacearum 10 days later than those of plants inoculated with nematode  
alone or inoculated with R. solanacearum first then followed by nematode 10 
days later. 
       Data in Figure (1) showed the rate of nematode build –up on two potato 
cultivars (Diamont and Sponta). Diamont was the more susceptible cultivar 
than sponta. Diamont cultivar achieved the highest value of rate of  nematode 
build-up with the treatment of M. incognita + R. solanacearum inoculated at 
the same time.               

Fig 1. Effect of interaction between  M. incognita  and R. solanacearium on rate of nematode build- 

            up on two potato culttivars.
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Data in Fig. (2) showed the effect of nematode infection and bacterial 

wilt on number of galls / root  on the two potato cultivars (Diamont and 
Sponta). Diamont cultivar was the more susceptible cultivar than Sponta 
.Diamont cultivar resulted the highest number of galls / roots by the treatment 
of soil inoculated with M. incognita + R. solanacearum, simultaneously. 
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Plant Growth: 
       The effect of root-knot nematode, M. incognita alone or combined with 
the bacterium R. solanacearum on potato plant growth (expressed here as 
root and shoot fresh weight) was presented in Tables (6 and 7). Results 
showed that there was a significant reduction in both shoot and root fresh 
weights of the tested potato cultivars infected with either pathogen alone or 
combined together. 
 
Table 6: Effect of M. incognita or R. solanacearum alone or combination 

on root and shoot fresh weight of the infected potato plants 
(cv. Diamant). 

Treatment 

Means of Fresh Weight in Grams 

Root 
% 

Reduction 
Shoot 

% 
Reduction 

M. incognita 26
b
 10.34 38

b
 13.64 

M. incognita + R. solanacearum* 20
c
 31.03 27

d
 38.64 

M. incognita + R. solanacearum** 25
b
 13.80 34

c
 22.73 

R. solanacearum + M. incognita***  18
d
 38.00 24

e
 45.45 

R. solanacearum 16
d
 44.83 19

f
 56.82 

Untreated (control) 29
a
  44

a
  

* Soil inoculated with both pathogens simultaneously. 
** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later. 
L. S.D. 0.05 between root fresh weight means = 2.183 
L. S.D. 0.05 between Shoot fresh weight means = 2.210 
Each value presented the mean of four replicates. 
Means in each column followed by the same letter did not differ at < 0.50 according to 

Duncan’s multiple-range test.  

 

Fig 2. Impact of interaction between  M. incognita   and R. solanacearium  on No. of     

          Galls/Root to nematode in two potato culttivars 
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Table 7: Effect of M. incognita and R. solanacearum singly or in 
combination on root and shoot fresh weight of the infected 
potato plants (cv. Spunta). 

Treatment 

Means of Fresh Weight in Grams 

Root 
% 

Reduction 
Shoot 

% 
Reduction 

M. incognita 25
b
 24.24 28

b
 28.20 

M. incognita + R. solanacearum* 16
d
 51.52 22

c
 43.58 

M. incognita + R. solanacearum** 18
c
 45,45 26

b
 33.33 

R. solanacearum + M. incognita***  12
f
 63.64 18

d
 53.85 

R. solanacearum 14
e
 57.58 20

cd
 48.72 

Untreated (control) 33
a
  39

a
  

* Soil inoculated with both pathogens simultaneously. 
** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later. 
L. S.D. 0.05 between root fresh weight means = 1.828  
L. S.D. 0.05 between Shoot fresh weight means = 2.153 
Each value presented the mean of four replicates. 
Means in each column followed by the same letter did not differ at < 0.50 according to 

Duncan’s multiple-range test.  

          
Data in Figs. (3&4) showed the influence of M. incognita and R. 

solanacearum on reduction percentage of fresh weight of the two potato 
cultivars tested .Sponta cultivar accomplished the highest percent reduction 
of fresh weight where soil inoculated with R. solanacearum than that of M. 
incognita 10 days later. 

Fg 3. Infulance of M. incognita or R. solanacearum alone or in combination on % reduction of    

          root of two potato cultivars tested.
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Fg 4. Infulance of M. incognita or R. solanacearum alone or in combination on % reduction of 

          Shoot in the tested two potato cultivars.
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DISCUSSION 

        
The interrelationships between plant-parasitic nematodes and soil-

inhabiting microorganisms were first observed by Atkinson (1892) who noted 
that the combination of Meloidogyne spp. and fusarium wilt fungus in cotton 
was contributed to more severe losses from wilt than did the fungus alone. 
Root-knot and cyst nematodes were found to often predispose plants to 
heavier infection by other pathogens (Carter, 1981, McLean and Lawrence, 
1993, Roy et al., 1989, Sumner and Minton, 1987). In the present 
investigation, results showed that potato plants inoculated with M. incognita 
10 days prior to inoculation with R. solanacearum exhibited more wilt disease 
rating than those inoculated with either both pathogens simultaneously or R. 
solanacearum alone. Similar findings were reported by Ravichandra et al. 
(1990) and Akiew et al. (1991). The fact that bacterial wilt development was 
faster and severity consistently higher in plants inoculated with R. 
solanacearum integrated with M. incognita than in plants inoculated with R. 
solanacearum alone. These findings  suggest  that the resistance 
mechanisms of potato plants may have weakened in the presence of root-
knot nematode. Nagesh et al. (1997) suggested a breakdown of resistance in 
tomato plants inoculated with R. solanacearum along  with M. incognita. 

 The interaction between root-knot nematode and bacterial wilt 
pathogen showed more bacterial colonization on both stems and tubers than 
those infected with bacterial wilt pathogen alone. In addition, all plants 
infected with M. incognita showed gall development on roots. The higher 
galling index was noted on potato plants cv. Diamant either inoculated with 
M. incognita alone or in combination with R. solanacearum at the same time 
or 10 days after nematode inoculation. These results may explain that the 
role of M. incognita in bacterial wilt development is more than just providing 
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avenues for the entry of bacterium. According to Napiere and Quimio (1980) 
and Samuel and Mathew (1983), the synergism between the two pathogens 
was mostly associated with wounds caused during penetration of larvae into 
roots. However, the findings of Sitaramaiah and Sinha (1985) suggested that 
nematode induced stress was more important as a wilt-triggered factor than 
the wounding. Biochemical and physiological changes resulting from infection 
by root-knot nematodes may be responsible for the enhancement of wilt. 
According to Trudgill (1991), the biochemistry of a plant is considerably 
altered following nematode infection. These changes may either weaken the 
chemical resistance mechanisms of the plant or may modify conditions in the 
infected potato tissue making the plant more suitable for bacterial 
colonization (Khan, 1993). This finding is in harmony with the suggestion 
made by Jatala (1975) who said that infection by one pathogen may alter the 
response of a host to subsequent infection by another.  

 Finally, the results of this study reinforces the need to control root-knot 
nematodes in fields that heavily infested with R. solanacearum in order to 
gain maximum benefit from the use of potato cultivars resistant to 
Meloidogyne spp. Which could be recommended as a component of 
integrated bacterial wilt disease management.  
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لMeloidogyne incognita  لالجللر يالتفاعللالالترللتينلنللاتلداتللات  الت  لل
 علىلدناتلالنطاطسلRalstonia solanacearum نكتياا

  عن لالتحستلعن لالغدىلتهاتىل  ل،لعاطفلتحي سلكالة،لأريفلالس ا لخلاالتحت لعلىلنخاتل
تصي-الجازةل-تيكزلالنح ثلالزياعاةل-ت ه لنح ثلأتياضلالدناتات  

 

ةةجممر س يعود ا جو مم  ة ن جو تمم ي  منتوسومم  يسةة ممت  و   مم      تممد اسة ممع ةة بيممع مممود  وعمم ت اة ت  مما -
ةة وعمم ت اة  ةةمنتوسومم    عمم   م تمم د ةةم مم     تنمم  س مموسدي  مما ع مم عبد ع وممسام ة  عجتع ممع  دمما 

 ص وا اةوع  د  ة م  ت  تحد ظس ف ةةص مع  ة ضحد ةة ت ئج ع ودا:
 .توسى م ةع  س ع م ةص ف اةوع  د ةظهس ةةص ف ة م  ت  ح   وع ةبص مع معسض ةةرم ل ةةمن -
سوم  م رمسم ةوم د دوم ام رمام عمسض ةةمرم ل و جدد ةةاسة ع ة ه  ما ح ةمع ةضم  ع ةة وعم ت اة يممل ةةمنت -

حوم     ه   ا ح ةع ةض  ع ةة وع ت اة  ةةمنتوسو  ع    ا  و  ةةت يود 3..5  م وعع ياسه  ةةمنتوسى
 . عتحد ةةاسة ةنب ةةص وود 3..5يوعع ياسه   جدد 

حو   جل ع مال ت  ما جمرسى   جا ةد ةةص ف اةوع  د ةرا ةص مع م ة وع ت اة  د ةةص ف ة م  ت  -
  دا ةةتستوب.   2..2 2.52م  مع 

 ةض  ع ةة وع ت اة عع ةةمنتوسو   ا  و  ةةت يومد ة دما ةصم مع م ة وعم ت اة ع  عدع ةظهسد ةةاسة ع ةد -
 %22.23ةدصم ف اةوع  مد    %58.05  اسه م وعمع يم عم  ةة وعم ت اة حو   جدد ة دما ع مال ة

 %27.60 نمم د ةنممب ةةصمم وود م رممسم ةومم د  ومم ودوهمم  ةضمم  ع ةة وعمم ت اة يمممل ةةمنتوس ةدصمم ف ة ممم  ت 
 .  دا ةةت ةةا 28.53% 
ةة ممم د  ع مم وو ةة وعمم ت اة م مما ةةمنتوسومم  م رممسم ةومم د ة دمما   مممع  وممض  مما   ممجدد ع  عدممع ةضمم  ع -

مو عم  ح  مد  %30.55  م وعمع يماسه ةدصم ف ة مم  ت  ةةجمرسي ي  يةةعجع ع ةة ضسي  ةةعجعم ع
 .ي%32.60 ي ة و  ةةص فةةمنتوسو  معوساه  ع  عدع ةض  ع 

م ل ةةمنتومسى  دما ت  ما ةةجمر س  منتسوم  ةةمرةظهسد ةةاسة ع    سم ت ةجا نل عمد  وعم ت اة  نع   -
ندع  دةاد ةلإصم مع م ةمنتسوم  ة إص مع ةةجر س م ة وع ت ا د م ت د ةةم     حو   جا ة ع ندع  دةا

.  ةممرة و صمما ةةمحمم  معن  حممع ةة وعمم ت اة  مما   م تمم د ةةم مم     ع عممد تمماه س رةمم   ععمم  ودومما
ةة ومد  حتما  متعند عمد توم اى ةلإصم مع معمسضةلأسةضا ةةتا وسةا دسة ته  معحصم ل ةةم م    

 ةةم ي . 

 
 قاملنتحكاملالنحث

 
 

أحت لجتاالالريافلأ. ل/ ات ةلالتدص يةجل–كلاةلالزياعةل   
عن لالتد ملااساتلالجد ىأ. ل/لل ال اهيةجات ةلل–كلاةلالزياعةل   
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  Table 4: The Fecundity of root-knot nematode (M. incognita) on potato (cv. Diamant), either alone or combined 
with R. solanacearum under greenhouse conditions . 

Treatment 
No. of 

Galls/ Root 

Nematode Population in Final 
Nematode 
Population 

(Pf) 

Rate of 
build-up 
(Pf/Pi) 

Soil/Pot 

Root 

Developmental 
stages 

Females 
No. of egg-

masses 
No of eggs/ 
Egg- mass 

M. incognita 184.00
b
 1229.3

 b
 619.7

 b
 194.0

 b
 151.00

b
 470.00

b
 73013.00 24.33 

M. incognita + R. solanacearum* 220.00
a
 1500.7

 a
 753.3

 a
 226.0

 a
 180.00

a
 500.00

a
 92480.00 30.83 

M. incognita + R. solanacearum** 180.00
b
 1300.0

 b
 645.0

 b
 185.0

 b
 170.00

a
 460.00

b
 80330.00 26.78. 

R. solanacearum + M.incognita*** 160.00
c
 1250.0

 b
 630.0

 b
 170.0

 b
 103.00

c
 410.00

c
 44280.00 14.76 

L. S. D. 0.05 18.147 148.9 67.23 23.37 14.657 30.225   

* Soil inoculated with both pathogens simultaneously.                              ** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later.     Each value presented the mean of four replicates. 
Means in each column followed by the same letter did not differ at < 0.50 according to Duncan’s multiple-range test.. 
Final nematode population (PF) = (No. of egg-masses x No. of eggs/egg-mass) + No. of females + No. of developmental stages+ No. of  
juveniles in soil/pot.    
Rate of nematode build-up =  Final population / Initial population                                    

 
  Table 5: The Fecundity of root-knot nematode (M. incognita) on potato (cv. Spunta), either alone or combined 

with R. solanacearum. 

Treatment 
No. of 
Galls/ 
Root 

Nematode Population in Final 
Nematode 
Population 

(Pf) 

Rate of 
build-up 
(Pf/Pi) 

Soil/Pot 

Root 

Developmental 
stages 

Females 
No. of egg-

masses 
No of eggs/ 
Egg- mass 

M. incognita 144.00a 1045.3 a 532.7 b 164.0 b 133.00a 400.00a 54942.00 18.31 

M. incognita + R. solanacearum* 147.00a 1181.7 a 598.3 a 168.0 b 148.00a 436.00a 66476.00 22.15 

M. incognita + R. solanacearum** 164.00a 1126.0 a 543.0 b 184.0 a 141.00a 420.00a 61073.00 20.35 

R. solanacearum + M.incognita*** 124.00b 842.7 b 411.3 c 134.0 c 110.00b 390.00b 44288.00 14.76 

L. S. D. 0.05 20.70 143.10 48.23 14.34 14.88 23.66   

* Soil inoculated with both pathogens simultaneously.                     ** Soil inoculated with M. incognita then R. solanacearum 10 days later. 
*** Soil inoculated with R. solanacearum then M. incognita 10 days later.           Each value presented the mean of four replicates. 
Means in each column followed by the same letter did not differ at < 0.50 according to Duncan’s multiple-range test.      
Final nematode population (PF) = (No. of egg-masses x No. of eggs/egg-mass) + No. of females + No. of developmental stages+ No. of  
juveniles in soil/pot. 
Rate of nematode build-up =  Final population / Initial population                                     
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