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ABSTRACT 
 
 Interaction effect of Fusarium solani and Meloidogyne incognita on sugar beet (Beta vulgaris L.) in Egypt 
were studied. In glass-house experiment, results showed that the fungal root rot infection increased when the 
infestation with F. solani was before M. incognita inoculation. The combined infestation with two pathogens 
affected on the number of J2, root galls and egg-masses of M. incognita. In glass-house, Trichoderma viride 
highly reduced both the fungal root rot infection and nematode parameters in separate infection, compared to the 
combined one as well as the untreated control. In field experiment, T. viride as liquid and/or solid formulations 
significantly reduced the fungal root rot infection, compared to the Nemacur as well as untreated control. After 6 
months of application, no significant differences were recorded among liquid, solid formulation of T. viride and 
Nemacur in reducing the tested nematode parameters i.e., numbers of J2 in soil, galls, females and egg-masses. 
Aspergillus spp., Aspergillus niger, Fusarium spp., Fusarium solani, Penicillium spp., Rhizoctonia solani, 
Rhizopus nigricans and Trichoderma spp. were the most common fungi in the rhizosphere of the treated and 
untreated sugar beet. Soil treated with T. viride increased the plant weight, foliage weight, length, diameter and 
weight of root, survival of plants and root yield. The treatments also affected sucrose purity and sugar yield. 
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Introduction 
 
 Soil borne diseases caused by Fusarium solani and Meloidogyne incognita create a major economic 
problem in sugar beet production. The interaction with Fusarium root rot and nematode root knot may result in a 
severe damage on the host plant than each pathogen acting alone (France & Abawi, 1994 and Khan & Nejad, 
1991). Mokbel et al. (2007) reported that the combined infection with F. solani plus M. incognita caused a 
significant reduction in the number of root galls and nematode egg-masses. Occurrence of F. soloni in 
combination with M. incognita not only increased the severity of disease in chickpea but also short end the 
incubation period for disease expression (Mani and Sethi, 1987). 
 Synthetic chemical fungicides and nematicides are successfully used to control the soil borne pathogens, 
but these pesticides appear to be the most economical and efficacious means of controlling plant pathogens. 
Trichoderma viride is an antagonistic fungus which protects the crops against several diseases such as fungal 
root rots, nematode root- knot, wilts, brown rot, damping off, charcoal rot and other soil borne pathogens 
(Abada, 1994 and Harman, 2000). Trichoderma controls the diseases by production of several lytic enzymes and 
antibiotics. Trichoderma harzianum and T. viride reduced the incidence and pathogenicity of the root-knot 
nematode, caused by M. incognita in tomato (Abd Al-Fattah and Sikora, 2007). In vitro studies, all tested 
Trichoderma isolates were effective in reducing of the second-stage juvenile (J2) mortality, compared to the 
control. Treatment of the soil with the bio-control agents slightly improved the nematode control when applied 
at one week before transplanting, but not at transplanting time (Abd Al-Fattah and Sikora, 2007).   
 This work is aimed to study the complex damage resulting from interaction infection with F. solani plus M. 
incognita in sugar beet and to evaluate the antagonistic potential effect of T. viride against above two pathogens 
in pot and field experiments, compared to the commercial chemical nematicide called Nemacur®. 
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Materials and Methods 
 
Plant Material: 
 
 The poly germ sugar beet (Beta vulgaris L.) cv. Dema Poly, originated in France was used in the study.  
  
Isolation Of Fusarium Solani: 
 
 The feeder root samples of naturally infected sugar beet were collected from commercial fields in Nubariya 
region, Behera Governorate, Egypt and directly transferred to the laboratory of Plant Pathology Department, 
National Research Centre. The procedures of isolation were carried out according to the methods described by 
Dhingra & Sinclair (1985) and Raviv et al. (2005). The roots were firstly washed with tap water and then 
surface sterilized by dipping in 2% sodium hypochlorite solution for 2 minutes. Then, they were washed several 
times in sterile distilled water and dried between two filter papers. The dried roots were cut into small pieces (2 
cm) and plated on potato dextrose agar medium (PDA) medium in sterile Petri dishes. The inoculated plates 
were incubated at 25 °C for 7 days to grow the pathogenic fungus. Identification of F. solani was made on the 
base of pathological, morphological and culture characteristics (Barnett & Hunter, 1972, Gilman, 1957 and 
Nelson et al., 1983). 
 
Detection Of M. Incognita: 
 
 Females and egg-masses of M. incognita were extracted from naturally infected sugar beet roots that 
collected from the same commercial fields. Cultures of the nematode were then established from single egg-
masses whose adult females had previously been identified by observation of the morphological characteristics 
of their perineal patterns (Taylor and Sasser, 1978) and reared on eggplant plants cv. Pusa Purple in a glass-
house at 30±5ºC. The second stage juveniles (J2) of M. incognita were obtained from pure culture maintained in 
the glass-house on eggplant. Infected eggplant roots bearing egg-masses were incubated in water for three days 
at 30±5ºC and hatched J2 were collected and count. 
 
Trichoderma Viride: 
 
 T. viride isolated from Egyptian soil (identified in Department of Plant Pathology, National Research 
Centre, Dokki, Egypt) was used in this study. The commercial nematicide of Nemacur® (fenamiphos) [3-
methyl-4-(methylthio) phenyl (1- methylethyl) phosphoramidate] was used as control.  
 
Glass-House Experiment: 
 
 This experiment was conducted in a glass-house at the Sugar Crops Research Institute (SCRI), Agricultural 
Research Centre (ARC), Giza, Egypt. 
 
Pathogencity Of F. Solani And M. Incognita: 
 
 This experiment was conducted to assess the pathogenic effects of F. solani and/or M. incognita, against 
sugar beet under glass-house conditions. Thirty-six plastic pots (30-cm in diameter) containing 6 kg of sterilized 
sandy loam (1:1) soil were arranged on a bench of the glass-house maintained at 20 ± 5 oC, according to a 
completely randomized design. Six pots were used as replicates for each treatment as well as the untreated 
control. After planting, the plants in each pot were thinned to one plant. The pots were inoculated with 2,000 
newly hatched second stage juveniles (J2) of M. incognita / pot. The soil was also infested with mix F. solani at 
a rate of 3% of fungus culture by soil weight. The experimental pot treatments were as follows: 
  

1- Untreated control. 4 - F. solani  added at10 days before M. incognita 
2- F .solani only. 5- F. solani  added at 10 days after M. incognita 
3- M. incognita only. 6- F. solani  and M. incognita added together in same time 

 
 After six months of  the planting, the sugar beet was harvested. Feeder root samples of sugar beet were 
taken, from treated and untreated plants, to examine the presence of F. solani infection using the standard 
isolation method described by Dhingra and Sinclair (1985). The pathogenic fungus was detected and identified 
according to pathological, morphological and cultural characters (Nelson et al., 1983). The nematode parameters 
also were recorded as the number of J2 in soil and numbers of galls, females and egg-masses in roots of treated 
and untreated plants. The effect of different pathogenic treatments on the plant growth parameters such as shoot 
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length, shoot weight, root length and root weight were recorded. The percentages of total soluble solids (TSS %) 
in treated and untreated plants was measured in fresh root juice using a Refractometer. 
 
Antagonistic Effect Of T. Viride: 
 
 This experiment was conducted to assess the antagonistic effect of T. viride against F. solani and/or M. 
incognita in glass-house conditions. Sixty plastic pots (30-cm in diameter) containing 6 kg sterilized sandy loam 
(1:1) soil were arranged on a bench of the glasshouse maintained at 20 ± 5 oC, according to a completely 
randomized design. The bio-control agent of T. viride was grown on potato dextrose broth for 7 days at 25 oC 
and adjusted at 3x108 propagules /ml.  T viride was applied at rates of 25 and 50 ml / pot, separately, before the 
planting. After the planting, plants in each pot were thinned to one plant. The pots were inoculated with 2,000 
newly hatched second stage juveniles (J2) of M. incognita / pot. The soil was infested also with mix F. solani at 
the rate of 3% of fungus culture by soil weight. Six replicates of pots were used per treatment as well as the 
untreated control. The treatments of biological experiment were as follows: 
 

1- F .solani only.  3.4- F. solani added at 10 days after M. incognita. 
2- M. incognita only. 4- T. viride added at 50 ml/pot. 
3- T. viride added at 25 ml/pot. 4.1- F. solani only. 
3.1- F. solani only. 4.2- M. incognita only. 
3.2 - M. incognita only.  4.3 -F. solani added at10 days before M. incognita. 
3.3 -F. solani added at10 days before M. incognita. 4.4- F. solani added at10 days after M. incognita. 

 
 Effect the T. viride treatments on the nematode parameters, the presence of F. solani infection, the plant 
growth parameters and TSS % in the treated and untreated plants were recorded as mentioned before. 
 
Field Experiment:  
 
 This study was conducted during 2010-2011 season in a clay loam soil, naturally infected with F. solani 
and M. incognita under a spraying irrigation system by overhead sprinklers at Nubariya region, Behera 
Governorate, Egypt. The bio-control agent of T. viride was grown on both potato dextrose broth (as liquid 
formulation) and corn-sandy media (as solid formulation) .The liquid formulation of bio-control agent was 
adjusted at  3x108 propagules /ml and applied at the rate of 50 ml/m2. The solid formulation of bio-control agent 
was adjusted at 3x108 propagules/g and applied at the rate of 50 g/m2. .Nemacur was applied at the rate of 5.0 
g/m2. Both bio-control formulation and nematicide were spread on surface of the soil and then incorporated into 
the soil at depth of 10-20 cm at 7 days before the planting. The experimental field (378 m2) was 3x108 divided 
into four blocks with 9 plots per block, and each plot was  3- m width × 3.5- m long (= 10.5 m2,  i.e. 1/400 
Fadden). Each plot consisted of six rows of plants spaced 50 cm between rows and 3.5 m along the row. There 
were four replicates per treatment used in a randomized block design. Sugar beet seeds, cv. Dema Poly, were 
sown in the last week of October, 2010. Seeds were sown at a spacing to provide the normal density of 40,000 
plants/Fadden (2.4 Fadden’s = 1 ha). All treatments were managed throughout the growing season by standard 
agricultural practices. The average soil nematode population density before applying the studied treatments (Pi) 
was of 210 J2/200 g soil.  
 
Effect On Common Soil Mycoflora: 
 
 The population (percentages of frequency occurrence) of the soil mycoflora from the sugar beet rhizosphere 
was determined 2, 4 and 6 months after the planting, as number of colony forming units (CFU) per gram of soil 
on PDA medium by the pour plate method and dilution technique (Ghini et al., 2007). One gram of soil was 
suspended in 99 ml sterile water to obtain a 1/100 dilution. Then, serial dilutions were prepared up to 10-5. Three 
replicated plates were prepared for each dilution per soil sample. The plates were incubated at 25 °C for 7 days. 
Fungi that grew out were count as colony forming unit (CFU) /plate and identified to genus and species level 
according to the key of morphological and agriculture characters as described by Barnett & Hunter (1972), 
Gilman (1957) and Nelson et al. (1983). Each isolated fungus was counted and its frequency percentage was 
calculated according to the following equation: 
 
   Frequency of common mycoflora (%) = (fungus no. /total fungi no.) X 100 
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Effect Of F. Solani Infection:  
 
 A feeder root samples of sugar beet were collected from the treated and untreated plants at 2, 4 and 6 
months after the planting to examine the presence of F. solani infection according to the isolation procedures 
that mentioned before. 
 
Effect On M. Incognita:  
 
 The nematode parameters such as number of J2 in soil and galls, females and egg-masses on the roots of the 
treated and untreated plants were recorded at 2, 4 and 6 months after the planting.  The nematode was extracted 
from the soil by the sieving and decanting method (Barker, 1985). Soil samples (1000 g) were collected from 
rhizosphere of five plants (200 g soil/plant) and the whole plant root was taken as root samples from each 
treatment. Roots (whole root) of each replicate were cut into small pieces (0.5 mm) in Petri dishes, and then 
examined under stereoscopic microscope for counting the number of galls, females and egg-masses on the entire 
root systems.  
 
Effect On Plant Growth, Yield And Technological Characteristics: 
 
 The plant weight, foliage weight, root length, root diameter and root weight, average of surviving plant (%) 
and root yield were recorded for the treated and untreated plants. The percentage of sucrose (S%) in sugar beet 
roots was determined according to the method described by Le-Dacte (1927), the percentage of total soluble 
solids (TSS%) in fresh roots juice was determined using a Refractometer, while juice purity (%) was calculated 
as a ratio between S% and TSS% according to the method described by Carruthers and Oldfield (1961). 
 
Statistical Analysis: 
 
 Data were subjected to the  analysis of variance using Computer Statistical Package (CO-STATE) User 
Manual Version 3.03, Barkley Co., USA, and means were compared by the Least Significant Difference (LSD) 
test at P = 0.05 level of significance (Snedecor and Cochran, 1980). The significance of the factors, 
concentrations, exposure times and their interactions were also assessed.  
 
Results:  
 
1- Pathogenic Effect In Glass-House: 
 
 Results in Table (1) showed that F. solani and M .incognita had a pathogenic effect against sugar beet 
plants under artificially infestation in glass-house experiment. 
   
Effect Of F. Solani: 
 
 Results showed that all feeder root parts of sugar beet plants was infectedwith F. solani (100%), when the 
plants infested with the pathogenic fungus only (Table, 1). When the plants firstly were infested with F. solani, 
they showed the highest percentage of fungal root rot infection .Results also revealed that the infestation with 
fungus at the same time and/or after nematode inoculations, it reduced the fungal root rot infection. The root 
part infection was significantly reduced to 90%, when sugar beet plants were infested with pathogenic fungus at 
10 days before nematode inoculation. The results also showed that when sugar beet plants were infested with the 
pathogenic fungus and nematode together, the fungal root rot infection was significantly reduced to 50%, while 
it was reduced to 30% when sugar beets were infested with the fungus at 10 days after nematode inoculation.  
 
Effect Of M. Incognita: 
 
 Results disclosed that the inoculation of sugar beet plants with M. incognita alone, highly increased the 
count of j2 in soil, number of galls and egg-masses on roots of plants (Table, 1). Infestation with F. solani at the 
same time of nematode inoculation significantly reduced the number of J2 in rhizoshere of the sugar beet plants. 
The results also showed that the significant reduction in galls number was obtained when F. solani infestation 
was done at 10 days after nematode inoculation. The highest reduction of egg-masses number of nematode was 
recorded when M. incognita inoculation at 10 days before and/or after of F. solani infestation (Table, 1). 
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Table 1: Pathogenic effect of Fusarium solani plus Meloidogyne incognita on sugar beet, under glass-house conditions. 

 
Treatments 

Meloidogyne parameters Fusarium 
root rot (%) J2 in soil Galls  Eggs- masses 

Without treatment - - - - 
Fusarium solani - - - 100 a 
Meloidogyne  incognita 5633 a 103 a 32 b 100 a 
F. solani added at 10 days before M. incognita. 3033 c 57 b 32 b 90 b 
F. solani and M.  incognita added together. 2433 d 54 b 41 a 50 c 
F. solani  added at 10 days after M.  incognita. 4100 b 49 c 33 b 30 d 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
Effect On Some Growth Characters: 
 
 Results revealed that the shoot length was in the range of 35.8 – 41.0 cm in sugar beet plants infested with 
the two pathogens, compared to 36.2 cm in the untreated plants (Table, 2). No significant differences in shoot 
length were recorded among pathological treatments as well as untreated plants. The shoot weight of plants was 
in the range of 106.5–216.6 g with different pathogen treatments, compared to 114.9 g in the untreated plants. 
Significant differences were recorded in shoot weight/plant between the plants infested with fungus only and the 
plants infested with the fungus at 10 days after nematode inoculation. 
 Results showed that the root length/plant was in the range of 17.5 – 19.3 cm with two pathogens infested 
plants, compared to 20.0 cm in untreated plants. No significant differences were recorded in root length among 
pathogen-infested plants as well as the untreated plants. The root weight of infested plants was in the range of 
80.5 – 174.6 g, compared to 199.9 g in untreated plants. Significant differences in root weight were recorded 
among the fungus infested plants and other pathogenic treatments as well as the untreated plants. 
 
Effect On Total Soluble Solids (TSS %): 
 
 Results cleared that the percentages of total soluble solids (TSS %) in juice of sugar beet plants infested 
with two pathogens were in the range of 12.5-13.3%, compared to 13.3% in the untreated plants (Table, 2).  
Significant differences were recorded in TSS% between the untreated and pathogens infested plants, except the 
plants infested with fungus only and/or infested with fungus at 10 days before nematode inoculation (Table, 2). 
 
Table 2: Effect of Fusarium solani plus Meloidogyne incognita on some vegetative growth parameters of sugar beet, under greenhouse 

conditions. 
 
Treatments 

Vegetative growth Total 
soluble 
solids (%) 

Shoot Root 
Length (cm) Weight (g) Length (cm) Weight  (g) 

Without treatment 36.2 a  114.9 ab 20.0 a 199.9 a 13.3 a 
Fusarium solani   35.8 a 106.6 b 17.8 a 80.5 b 13.3 a 
Meloidogyne  incognita  41.0 a 135.3 ab 17.5 a 151.9 a 12.5 b 
F. solani added at 10 days before M. incognita . 40.2 a 171.5 ab 19.3 a 143.9 a 13.2 a 
F. solani and M.  incognita treated together. 39.5 a 185.6 ab 19.3 a 174.6 a 12.5 b 
F. solani added at 10 days after M.  incognita . 40.2 a 216.6 a 18.0 a 157.6 a 12.5 b 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
II- Antagonistic Effect Of T. Viride In Glass-House: 
 
 Results in Table (3) manifested that the T. viride had antagonistic effect against F. solani and M. incognita 
in glass-house experiment. 
 
Effect On F. Solani: 
 
 The inoculation of beets with T. viride at rate of 25 ml/pot significantly reduced F. solani infection to 20%, 
when the sugar beet plants were infested with the F solani only, compared to the Fusarium infection of 100% in 
untreated plants (without T. viride treatment) as shown in  Table (3). Results showed that T. viride significantly 
reduced the fungal root rot infection to 80%, when the plants were infested with pathogenic fungus at 10 days 
before and/or after nematode inoculation, compared to 100% in untreated plants. At the rate of 50 ml/pot, T. 
viride highly reduced the root rot infection to 20%, when the plants infested with F. solani only. The root rot 
infection was significantly reduced to 60 and 20 %, when the plants were infested with pathogenic fungus at 10 
days before and after nematode inoculation, respectively (Table, 3). 
 
Effect On M. Incognita: 
 
 Results indicated that T. viride at 25 and/or 50 ml/plot plus nematode inoculation only caused the 
significant reduction in number of J2 in soil, compared to other treatments. At 25 ml/pot, T. viride significantly 
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reduced the number of J2 in soil when the plants infested with F. solani at 10 days before nematode inoculation. 
While, at 50 ml/pot, T. viride significantly reduced the number of J2 in soil when the plants inoculated with 
nematode at 10 days before F. solani infestation .The significant reduction in number of galls and egg-masses 
was obtained when the plants infested with F. solani at 10 days after (at 25 ml/pot) and before (at 50 ml/pot) 
nematode inoculation, compared with other treatments (Table, 3). 
 
Table 3: Effect of Trichoderma viride on Fusarium solani plus Meloidogyne incognita in sugar beet, under glass-house conditions. 

 
Treatments 

Meloidogyne  parameters Fusarium root rot  (%) 
J2 in soil  Galls Eggs- masses 

Fusarium solani   - - - 100 a 
Meloidogyne  incognita  5633 a 103 a 65 a - 
T.  viride added at 25 ml: 
F. solani  - - - 40 d 
M.  incognita 1008 d 41 b 31 bc - 
F. solani added at 10 days before M. incognita . 1167 c 38 c 30 cd 80 b 
F. solani added at 10 days after M. incognita  1367 b 38 c 28 d 80 b 
T.  viride added at 50 ml: 
F. solani  - - - 20 e 
M. incognita 858 e 35 d 22 e - 
F. solani added at 10 days before M. incognita . 1167 c 29 e 21 e 60 c 
F. solani added at 10 days after M. incognita . 1083 d 41 b 33 b 20 e 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Effect On Some Growth Characters: 
 
 Results in Table (4) showed that the shoot length of sugar beet plants infested with two pathogens were in 
the range of 37.0 – 44.2 cm and 32.8 – 37.8 cm ,when T. viride was applied at  25 and 50 ml/pot ,respectively, 
compared to 35.5 and 41.0 cm in  plants infested with fungus and nematode inoculation. No significant 
differences were recorded in shoot length among different treatments. The shoot weight/plant was in the range 
of 118.7 – 284.4 g and 132.4 – 168.0g in the pathogens-infested plants when T. viride applied at 25 and 50 
ml/pot, compared to 106.6 and 135.3g in plants infested with fungus and inoculated with nematode , 
respectively. At rate of 25ml/pot of T. viride, significant differences in shoot weight/plant were recorded 
between fungus infestation before nematode inoculation and other treatments (Table, 4). 
 Results showed that the root length of pathogens - infested plants was in the range of 18.2 – 22.2 cm and 
21.0 – 24.7 cm when T. viride applied at 25 and 50 ml / pot , respectively , compared to 17.8 cm with fungus 
only  and 17.5 cm with nematode only .The root weight of pathogens - infested plants was in the range of 148.2 
– 161.0 g and 157.4 – 164.8 g when T. viride applied at 25 and 50 ml/pot ,compared to 80.5g (Fungus) and 
151.6g (nematode). Significant differences in the root weight were recorded between the plants infested with 
pathogens and those infested with pathogens and treated with bio-control agent together (Table, 4). 
 
Effect On Total Soluble Solids (TSS %): 
 
 Results showed that the percentages of total soluble solids (TSS%) , in juice of sugar beet plants infested 
with pathogens, were in the range of 14.5 – 15.2%  and 14.0 – 16.2% at rate of 25 and 50ml/pot of T. viride, 
respectively (Table, 4). Significant differences in TSS% were recorded between the plants infested with 
pathogens and the plants infested with pathogens and treated with bio-control agent together (Table, 4). 
 
III- Antagonistic Effect Of T. Viride In Field Experiment: 
 
Effect On F. Solani: 
 
 The T. viride treatment  significantly reduced the F. solani infection, compared to untreated control. The 
percentages of root rot infections were in the range 10 to 70% with T. viride and Nemacur®, compared to 70-
90% in untreated plots, respectively (Table, 5). T. viride as solid formulation significantly reduced the 
percentages of Fusarium infection, followed by liquid formulation and Nemacuar, respectively, after 6 months 
of treatment application (Table, 5). 
 
Effect On M. Incognita:  
 
 All treatments reduced the number of J2, and numbers of galls, females and egg-masses in treated plots, 
compared to untreated plots (Table, 5). The number of j2 in soil after 6 months of treatment application was 100, 
113 and 83 when soil treated with liquid or solid formulation of T. viride and Nemacur®, respectively. 
Significant differences were recorded among the treatments as well as untreated control. The number of galls 
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and females highly significantly reduced when T. viride applied as liquid an/or solid formulation, compared to 
Nemacur® as well as untreated control after six months of sowing. The treatments significantly reduced also the 
number of egg-masses of nematode on the roots. Full absence of egg-masses was observed until two months of 
sowing. After four and six months of sowing the number of egg masses were 21 and 6 with liquid formulation 
of T. viride , 9 and 7 with solid formulation and 9 & 6 with Nemacur® , compared to 21 and 66  with untreated 
control. 
 
Table 4: Effect of Trichodermia viride on some growth parameters and the percentage of total soluble solids in sugar beet, under glass-

house conditions. 
 
Treatments 

Vegetative growth Total 
soluble 
solids  
(%) 

Shoot Root 

Length 
(cm) 

Weight 
(g) 

Length 
(cm) 

Weight 
(g) 

Fusarium solani 35.5 b 106.6 b 17.8 c 80.5 b 13.3 d 

Meloidogyne  incognita 41.0 ab 135.3 b 17.5 c 151.6 a 12.2 e 

Trichoderma  viride  added at 25 ml: 

F. solani 38.0 ab 118.7 b 20.2 bc 161.0 a 14.5 c 

M.  incognita 37.0 ab 179.3 b 22.2 ab 149.4 a 15.2 ab 

F.solani added at10 days before M. incognita. 44.2 a 284.7 a 20.3 bc 173.9 a 15.2 ab 

F. solani added at 10 days after M. incognita. 39.8 ab 157.9 b 18.2 bc 148.2 a 14.7 bc 

Trichoderma viride added at 50 ml: 

F. solani 37.5 ab 140.2 b 21.3 abc 157.4 a 14.5 c 

M. incognita 37.8 ab 168.0 b 24.7 a 161.7 a 16.2 a 

F.solani added at10 days before M. incognita. 32.8 b 132.4 b 21.7 abc 161.3 a 15.2 ab 

F. solani added at 10 days after M. incognita. 33.5 b 152.6 b 21.0 abc 164.8 a 14.0 c 
Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Table 5: Effect of Trichoderma viride on Fusarium solani infection and parameters of Meloidogyne incognita (Number of juveniles, galls, 

females and egg-masses) in sugar beet, under field conditions. 
 
Treatments 

 
Mon. 

 Meloidogyne parameters  Fusarium root rot 
(%) 

J2  in soil Galls  Females Egg-masses 

Trichoderma viride :       
 2 147 b 58 b 36 c ND 70 c 

Liquid  4 463 a 61 b 42 b 21 b 40 e 
 6 100 cd 11 de 9 de 6 c 20 g 
 2 80d e 16 cd 12 d ND 40 e 

Solid  4 127 bc 18 c 14 d 9 c 30 f 
 6 113 bcd 13 cde 9 de 7 c 10 h 
 2 53 e 9 e 6 e ND 70 c 

Nemacur® 4 127 bc 18 c 14 d 9 c 50 d 
 6 83 bcd 20 c 14 d 6 c 30 f 
 2 147 b 58 b 36 c ND 70 c 

Untreated 4 463 a 61 b 42 b 21 b 80 b 

 6 477 a 104 a 74 a 66 a 90 a 
Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Effect On Common Soil Mycoflora:  
 
 Results revealed that the Aspergillus niger, Aspergillus spp., Rhizopus nigricans , F. solani ,Fusarium spp., 
Trichoderma spp. , Rhizoctonia solani and Penicllium spp. were the common fungi in the rhizosphere of treated 
and untreated sugar beet plants (Table, 6). After 6 months of treatment, T. viride as liquid formulation 
significantly reduced the frequency (%) of F. solani to 2.0%, while the same bio-control agent as solid 
formulation reduced the pathogenic fungus to 8.2%, compared to 20.6 and 31.5% in Nemacur® untreated control 
,respectively. T. viride as solid formulation also highly reduced the frequency (%) of Fusarium spp., followed 
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by liquid formulation, Nemacur® and untreated control, where the frequency (%) of fungus was 4.8, 16.2, and 
26.9%, respectively. No significant differences were recorded between two bio-control agent formulations.  
 The frequency of R. solani was 0.0, 1.5 and 13.1% with liquid formulation, solid formulation and 
Nemacur®, compared to untreated control (8.5%) after 6 months of treatments applications. The frequency (%) 
of Trichoderma spp. significantly highly increased in the rhizosphere of sugar beet plants treated with liquid 
formulation of bio-control agent (83.4%), followed by solid formulation (61.1%) and Nemacur® (14.7%) , 
compared to the frequency of 6.8% in untreated control (Table, 6).    
 
Table 6: Effect of soil treated with Trichoderma viride on the frequency of mycoflora in the rhizosphere of sugar beet, under field 

conditions. 
 
Fungi 

 
Months 

Frequency of mycoflora (%) 
Untreated Trichoderma viride  Nemacur®  

Liquid  Solid  
 2 6.3 b 2.3 c 10.4 a 12.5 a 
Aspergillus niger 4 4.2 ab 2.5 b 5.9 ab 6.6a 
 6 3.1 b 3.3 ab 6.6 ab 8.0 a 
. 2 5.0 c 3.2 c 10.4 b 14.8 a 
Aspergillus spp 4 2.5 a 2.5 a 5.0 a 5.0 a 
 6 3.7 b 2.7 b 6.3 ab 8.1 a 
 2 2.6 b 0.5 b 0.0 7.9 a 
Rhizopus nigricans 4 12.9 a 0.0 0.0 3.4 a 
 6 8.5 a 1.3 b 0.0 5.0 ab 
 2 25.3 a 5.0 c 3.6 c 18.2 b 
Fusarium solani 4 23.5 b 3.0 c 3.1 c 29.4 a 
 6 31.5 a 2.0 d 8.2 c 20.6 b 
 2 21.5 a 2.3 c 1.7 c 10.1 b 
Fusarium spp. 4 20.6 a 3.7 c 1.0 c 16.6 b 
 6 26.9 a 1.3 c 4.8 c 16.2 b 
 2 18.9 b 80.7 a 56.3 b 4.4 c 
Trichoderma spp. 4 17.5 c 84.0 a 73.5 b 15.8 c 
 6 6.8 d 83.4 a 61.1 b 14.7 c 
 2 2.6 b 1.0 b 0.0 13.5 a 
Rhizoctonia solani 4 12.9 a 0.0 2.1 b 13.1 a 
 6 8.5 a 0.0 1.5 b 8.1 a 
 2 7.5 b 3.0 c 11.6 a 10.3 a 
Penicillum spp. 4 4.2 a 1.8 a 4.2 a 4.7 a 
 6 3.1 b 3.3 b 6.3 b 13.1 a 
 2 6.5 a 2.0 b 6.0 a 8.3 a 
Others 4 4.2 a 2.5 a 5.2 a 4.7 a 
 6 2.5 b 2.7 bc 6.6 a 6.2 ab 

Means in each row followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Effect On Vegetative Growth Characters: 
 
 Results in Table (7) showed that the T. viride , as solid formulations, significantly improved the whole 
weight of sugar beet plant to 3.03 kg , followed by Nemacur (2.62 kg) and T. viride as liquid formulation (2.32 
kg) , respectively, compared to the weight of 1.07 kg in untreated plants (Table,7).Results also indicated that the 
solid formulation of T. viride significantly increased the foliage weight to 0.717 kg ,followed by the liquid 
formulation of the same bio-control agent (0.537 kg) and the Nemacur® (0.533 kg) ,compared to 0.187 kg  in 
untreated plants. 
 T. viride and Nemacur® treatments significantly improved the root parameters (length, diameter and weight) 
of treated plants than the untreated control (Table, 7). Nemacur significantly increased the root length of treated 
plants, than T. viride treatments as well as the untreated control. The solid formulation of T. viride highly 
increased the root weight to 2.32 kg, than Nemacur (2.08 kg) and liquid formulation of T. viride (1.78 kg), 
respectively. No significant differences in root weight were recorded between solid formulation of T. viride and 
Nemacur®. 
 Nemacur® significantly increased the average of survival plants to16475 plants, than T. viride treatments, as 
well as, untreated control (Table, 7). Significant differences were recorded between Nemacur® and T. viride 
application as well as untreated control, while no significant differences was recorded between the two 
treatments of T. viride. Results revealed that no significant differences in roots yield/plant were recoded between 
Nemacur® and solid formulation, while significant differences were recorded with T. viride as liquid 
formulation as well as untreated control (Table, 7). 
 
Effect On Technological Characters: 
 
 Results revealed that no significant differences were recorded in total soluble solids (%) in juice of sugar 
beet plants among different treatments as well as untreated control (Table, 8).The same result was obtained with 
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the sucrose (%). The purity (%) of sucrose was better in different treatments, than untreated control. No 
significant differences in yield of sugar in both plant and Fadden in sugar beet plants treated with T. viride as 
solid formulation and Nemacur®, compared to T. viride as liquid formulation as well as untreated control (Table, 
8). 
 
Table 7: Effect of Trichoderma viride on the plant growth components of sugar beet, under field conditions. 

 
 
Treatments 

Vegetative growth and yield parameters 
Plant 
weight 
(kg) 

Foliage 
weight 
(kg) 

Root parameters Av. of 
survival 
plants Fad. 

Roots yield  
Ton / Fad. Length 

(cm.) 
Diameter 
(cm.) 

Weight 
(kg) 

Trichoderma  viride :         
Liquid  2.32 c 0.537 b 28.0 b 12.0 b 1.78 b 15423 b 27.47 b 
Solid  3.03 a 0.717 a 31.0 b 13.8 a 2.32 a 14908 b 34.37 a 
Nemacur® 2.62 b 0.533 c 37.3 a 11.8 b 2.08 a 16475 a 34.27 a 
Untreated 1.07 d 0.187 d 19.5 c 7.8 c 0.88 c 11200 c 9.85 c 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Table 8: Effect of Trichoderma viride on the technological characteristics of sugar beet, under field conditions. 

 
Treatments 

Technological characteristics 
Total soluble solids 
(%) 

Sucrose 
% 

Purity 
% 

Sugar yield/plant (g) Sugar yield Ton 
/Fad. 

Trichoderma viride :      
Liquid  21.3 a 16.9 a 74.9 ab 222.5 b 1.70 b 
Solid  21.0 a 18.2 a 78.6 a 327.9 a 2.51 a 
Nemacur® 23.3 a 18.3 a 81.0 a 310.5 a 2.47 a 
Untreated 20.0 a 14.8 a 68.3 b 89.6  c 0.73 c 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
 
Discussion: 
 
 The results of glass-house experiment revealed that the infestation with F. solani plus M. incognita 
significantly reduced the infection incidence of Fusarium root rot disease and nematode parameters (i,e. 
numbers of J2 in soil, galls and egg-masses in roots),compared to those resulted from each pathogen separately. 
The infestation with F. solani at the same time and/or after nematode inoculation significantly decreased the 
incidence of root rot disease, compared to the infestation before nematode inoculation. The number of J2 in soil 
was significantly decreased when fungus and nematode applied together, while the nematode inoculation before 
fungus infestation significantly decreased the number of galls in roots.  The obtained results indicated that the 
ability of fungus to cause the root rot disease affected by occurrence the nematode treatment. These results are 
agreement with those recorded by Mokbel et al. (2007).They reported that the infestation with F. solani plus M. 
incognita caused the significant reduction in root galls and nematode egg-masses on sunflower plants. When 
nematode preceded the fungi, chickpea plant drying due to the infection by F. solani appeared early. Root rot 
index was also high when the nematode preceded F. solani. The nematode development and multiplication was 
adversely affected by F. solani irrespective of the time and level of inoculums (Mani and Sethi, 1987). 
 The infestation by T. viride significantly reduced the root rot incidence and nematode parameters when 
sugar beet plants infested with pathogenic fungus plus nematode in glass-house experiment. T. viride had highly 
antagonistic effect against root rot disease when the infestation with pathogenic fungus alone and/or after 
nematode. The antagonistic fungus significantly decreased the number of J2 in soil with nematode only, 
compared to the infestation with fungus plus nematode. These results indicated that the antagonistic effect of T. 
viride against fungus root rot and /or nematode root knot was related to the type of the pathogen infection 
(separate and/or combined). Results of the field experiment also revealed that T. viride (as liquid and/or solid 
formulations) decreased the number of J2 in soil, females, galls and egg-masses of M. incognita, compared to 
Nemacur, after 6 months of application. These results are in agreement with those recorded by Spiegel & Chet 
(1998), Vitrbo et al., (2002) and Verma et al. (2007). They reported that the bio-control agent characterized by 
faster metabolic rates, anti-microbial metabolites, and physiological conformation are key factors which chiefly 
contribute to antagonism of these fungi. The antagonistic effect of bio-control agent also may be due to 
mycoparasitism, spatial and nutrient competition, antibiosis by enzymes and secondary metabolites, and 
induction of plant defense system are typical bio-control actions of these fungi. 
 The obtained results revealed that the frequency of some saprophytic fungi such as A. niger, Aspergillus 
spp., Penicillium app. and Trichoderma spp. as well as pathogenic fungi of Fusarium spp., F. solani and R. 
solani in treated rhizosphere of sugar beet was affected by T. viride and Nemacur® treatments. It is obvious that 
the saprophytic mycoflora could be playing an important role in increasing the antagonistic effect of the bio-
control agent (Harman, 2000). Ambikapathy et al. (2002) also mentioned that the highest inhibition of F. solani 
growth was obtained with A. niger, followed by T. viride, T. harzianum and Penicllium spp. 
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 Therefore, the present results suggest that the nematicide of Nemacur® can be replaced by T. viride for 
controlling the fungus root rot and nematode root-knot on sugar beet in the conditions prevailing in the region 
where this study was conducted. Especially, the biological control aims at minimizing the primary inoculum of 
the pathogen at planting and reducing the secondary inoculum of the same pathogen during growing season 
(Alabouvette et al., 1993 and El-Nagdi et al., 2011).  
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