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INTRODUCTION 
 

Over the last years, in the search for a more environmentally friendly pest and disease control, efforts have been directed towards 

a better understanding of the biological effects of natural products and the transformation products thereof. The pest suppression 

potential of isothiocyanates released from Brassica residues has long been recognized [5]. Bio-fumigation is identified as 

suppressing soil-borne plant pests and pathogens by biocidal compounds released when hydrolyzed crop residues [6]. 

Brassicaceae residues were found to have a potential nematicidal effect against root-knot nematode on several economically 

cultivated crops such as okra [17], cowpea [4], tomato and cucumber [16]. Also, the inhibitory effect of brassica residues on 

F.oxysporium population and lowered disease incidence and promoted cucumber growth were reported [11]. Brassicaceae 

Abstract 
 
The role of soil solarization and biofumigation on Fusarium and nematode diseases of cucumber and tomato was investigated in this study. 

Appropriate antifungal and nematicidal biofumigant were selected by in vitro screening of 5 cultivated crops (Mustard, cauliflower, 

cabbage, radish and broccoli), and 5 weeds (Eruca sativa, Nasturium sp., Lepidium sp., Diplotaxa sp. and SisymbriumirioL.) against 

Fusarium oxysporum and root knot nematodes (Meloidogyne incognita). Broccoli leaf extract was found to be the most effective in 

inhibiting mycelia growth of F. oxysorrium. While, cabbage, cauliflower and broccoli were found to have the most nematicidal activity 

against M. incognita, respectively. Biofumigation with brassicaceous green manures for controlling F. oxysporium and root knot nematode 

on cucumber was evaluated under field conditions during two subsequent growing seasons in Al-Baq'a and Al-Karama area. Results 

indicated that using brassica residues significantly reduced the root galling index in both locations. Also, results showed a significant 

increase in the yield when the brassica residues were used. Moreover, using residues of cabbage and cauliflower were as effective as 

Vydate in reducing nematode infection and significantly reduced the gall index. Using brassica residues exhibit a significant reduction in 

the incidence of infestation of F. oxysporum at Al-Karama area. In another experiment soil solarization and biofumigant were applied 

alone or in combination to be evaluated to manage the soil borne disease of cucumber in the field. Among the different treatments, 

combined application of soil solarization and biofumigation was appeared to be superior in a significant reduction in root galling and 

disease incidence of F. oxysporum compared with solarization alone or only biofumigation, also using biofumigation with solarization 

resulted in a significant increase in the yield compared with the other treatments. 
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residues contain glucosinolates, which break down in the soil to produce toxic substances similar to methyl isothiocyanate found 

in commercial soil fumigants (Vapam). They have been shown to have insecticidal, herbicidal, fungicidal and nematicidal 

properties [3]. Although, reports indicated that disease severity is reduced with such substances through their effects on 

microbial antagonisms. In recent years, the phasing-out of methyl bromide has brought into sharp focus the need for alternative 

strategies for managing soil-borne pests and diseases, not just for users of methyl bromide in a general sense [9]. 

 

MATERIALS AND METHODS 

  
Plant material preparation for lab experiments 

Five cultivated crops (mustard, cauliflower, cabbage, radish, and broccoli) and five weeds (Eruca sativa, Nasturium sp., 

Lepidium sp., Diplotaxa sp. and SisymbriumirioL.) will be used for in-vitro screening. For one month or until flowering, the 

cultivated plants were grown in a greenhouse (at 25 °C, natural daylight). In addition, wild brassica was collected from the field. 

 

Plant extracts Preparation 

Two hundred gm of dry foliage of the plants were extracted for 24 hr at 4 °C in a refrigerated incubator shaker at 100 rpm with 2 

liters of methanol, petroleum ether, and ethanol plus water at a ratio of (10% dry weight plant material/volume liquid). After the 

extraction, the suspensions were filtered through eight layers of cheesecloth and solvents were removed with a rotary evaporator. 

Water extraction was carried out on another 200 gm of dry foliage. The wholly dried plant extracts were dissolved in dimethyl 

sulfoxide (DMSO) to give a stock solution of 200 mg/l. [1] 

 

Laboratory study 

The fungicidal activity of the extracts against the Fusarium oxysporum was evaluated using the food poisoning technique. Three 

ml of the extract were added to the growth media of the fungi (PDA) in another treatment 3 ml of sterile distilled water was 

added to each petri-dish and considered as control, one cm- diameter fungal disc taken from a seven-day-old culture of the tested 

fungi transferred to each Petri-dish. The Petri-dishes were incubated at 27 ˚C. Colony diameter was recorded six days after 

incubation; the percentage of mycelia growth inhibition was calculated. The experimental design was CRD with 11 treatments 

and four replicates. Analysis of variance (ANOVA) was performed and means separated using least significant difference 

(LSD). 

 

Nematicidal activities 

To evaluate the nematicidal activity of the extracts against the root-knot nematode, second-stage juveniles were obtained from 

hatched eggs by incubating handpicked egg masses from infected plants in a water suspension at 24˚C for 24 h. Approximately 

50 J2s will be incubated in an aqueous suspension (15 ml) of each extract for 48 h at 24 ˚C. In another treatment 50 J2s in 15 ml 

water were served as control. The numbers of dead J2s were recorded after 48 h, and the percent of mortality was determined. 

Treatments were arranged in a fully randomized design with 11 treatments and four replicates. All data were statistically 

analyzed by ANOVA and the means were separated by LSD. 

 

Pot experiments 

Fresh shoots of cabbage, radish, broccoli, and mustard plants were incorporated into sandy soil at 5 and 10% (v/v) in 700-cm³ 

plastic pots. The mixture (500 cm³) in the pots as moistened with water (50% of water holding capacity), inoculated with 2,000 

second-stage juveniles of M. javanica or M. incognita, sealed with a plastic bag incubated at 25 °C for 7 days. Nematode-

susceptible tomato seedlings (1-month-old seedlings) were planted in pots. Galling indexes (0-5) were recorded 6 weeks later. 

The experimental design was RCBD with five replicates and nine treatments. ANOVA was performed, and means were 

separated using LSD. 

 

Fungicidal and nematicidal activity 

Sandy soil in 10-l pots was mixed with chopped foliage of cabbage, broccoli, radish and mustard plants based on the laboratory 

experiments at concentrations of 5 and 10% (v/v), moistened and inoculated with 7000 eggs of M. javanica and F. oxysporum 

per pot. The pots were kept in a glasshouse for seven days; tomato seedlings susceptible to the nematode and fungus were 

transplanted. The root galling index and fungal diseases (wilt and internal stem browning) were recorded two months later. The 

experimental design was RCBD with five replicates and 9 treatments. ANOVA was performed and means were separated using 

the least significant difference (LSD). Based on the first year's results, we choose the most promising plants (cabbage, 

cauliflower and broccoli) with the highest nematicidal and fungicidal activities to be used as biofumigant plants under field 

conditions to control soil-borne diseases in Al-Baq'a and Al-Karama area. 

 

Greenhouse/field experiments 

Three biofumigant plants were grown (two trials in two seasons: spring-summer (Baqa') and autumn-winter (Jordan Valley) in a 

field near the greenhouse in which the experiment will be performed. The foliage of biofumigant plants was spread over the 

naturally infested soil (with M. Javanica or M. incognita and fungi) in the greenhouse at a dose of 25 kg/m² and incorporated 

into the soil by a cultivator. The soil was irrigated. Three weeks later, the crop (cucumber) was transplanted. Untreated plots 

(without amendments) will serve as controls. The plot was 15 m each. The soil was sampled, and a number of nematodes were 

counted before and after treatment and during the growing season to determine the effect of the treatment on nematodes. For 
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fungal pathogens, disease incidence and severity were evaluated. Disease, galling, and yield were recorded during and at the end 

of the growing season. The experimental design was RCBD with five treatments and five replicates. ANOVA was performed 

and means were separated using LSD. 

 

The same experiment was repeated in the subsequent year, but all the plots will be covered with a polyethylene sheet after 

incorporating plant residues and irrigation to combine the effect of soil solarization with plant residue except for one control. 

Untreated plots covered and uncovered with the sheet will serve as controls. The soil will be sampled, and the number of 

nematodes will be counted before and after treatment and during the growing season to determine the effect of the treatment on 

nematodes. For fungal pathogens, disease incidence and severity will be evaluated. In addition, disease index, galling index and 

yield will be recorded during and at the end of the growing season. The experimental design was RCBD with five treatments and 

five replicates. ANOVA was performed, and means were separated using the LSD. 

 

RESULTS 

 
The results showed that the extracts of brassica plants (cultivated and wild) inhibited the growth of F. oxysporum compared with 

the control. Extracts of different plant species exhibited different antifungal activities against the tested fungi. The most 

substantial inhibitory effects were found when extracts of broccoli, cauliflower, radish, cabbage mustard Nasturtium and 

Lepidium were used (Table 1, 2, 3 and 4). The results also showed that the extracts of Diplotaxa, Eruca and Sysimbrium sp. had 

fewer antifungal activities than the other plants. The inhibitory effects of the brassica plants were more when we used organic 

solvent in the extraction process than water (Table 4). 

 

Table 1: The antifungal activities of Brassica plants extract on Fusarium oxysporum; Methanol extract 
 
Number 

Treatment Colony diameter Inhibition *% 

1. Broccoli 3.025 HI 62.10 % 
2. Cauliflower 3.525 FGH 55.9% 
3. Radish 2.7 HI 65.6 % 
4. Cabbage 3.775 FGH 52.8 % 
5. Mustard 3.4 GH 57.5 % 
6. Nasturtium 2.875 HI 64 % 
7. Lepidium 3.35 GH 58.1 % 
8. Diplotaxa 6.9 B 13 % 
9. Eruca sativa 6.37 BC 20% 

   10. Sysimbrium 6.7 B 16 % 
11. Control 8.0 A 0 % 
12. LSD 0.9065  

*Mycelial growth inhibition (MGL%) =100(Dc-Dt) /Dc; Dc: colony diameter in control, Dt: colony diameter in the treatment. 

 

Table 2: The antifungal activities of Brassica plant extracts on Fusarium oxysporum; Petroleum ether 
Number Treatment Colony diameter Inhibition *% 

1. Broccoli 3.325 GH 58.4 % 
2. Cauliflower 4.6 EFG 42.5 % 
3. Radish 1.825 I 77.1 % 
4. Cabbage 2.5 HI 68.7 % 
5. Mustard 2.8 HI 65 % 
6. Nasturtium 3.2 H 60 % 
7. Lepidium 3.275 GH 59 % 
8. Diplotaxa 6.00 BCD 25 % 
9. Eruca sativa 5.875 BCD 26.5 % 

   10. Sysimbrium 6.625 B 17 % 
11. Control 8.0 0% 
12. LSD 1.302  

*Mycelial growth inhibition (MGL%) =100(Dc-Dt) /Dc; Dc: colony diameter in control, Dt: colony diameter in the treatment. 

 

Table 3: The antifungal activities of Brassica plant extracts on Fusarium oxysporum; Ethanol 
Number Treatment Colony diameter Inhibition *% 

1. Broccoli 2.625 HI 67.1 % 
2. Cauliflower 3.375 GH 57.8 % 
3. Radish 3.625 FGH 54.6 % 
4. Cabbage 3.1 HI 61.2 % 
5. Mustard 3.625 FGH 54.6 % 
6. Nasturtium 3.55 FGH 55.6 % 
7. Lepidium 4.775 DEF 40.3 % 
8. Diplotaxa 6.125 BC 23.4 % 
9. Eruca sativa 5.5 BCDE 31.2 % 

   10. Sysimbrium 6.2 BC 23.4 % 
11. Control 8.0  
12. LSD 1.570  

*Mycelial growth inhibition (MGL%) =100(Dc-Dt) /Dc; Dc: colony diameter in control, Dt: colony diameter in the treatment. 
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Table 4: The antifungal activities of Brassica plant extracts on Fusarium oxysporum; Water extract 
Number Treatment Colony diameter Inhibition *% 

1. Broccoli 5.0 CDE 37.5 % 
2. Cauliflower 6.0 BCD 25 % 
3. Radish 6.125 BC 23.4 % 
4. Cabbage 6.625 B 17.1 % 
5. Mustard 6.0 BCD 25 % 
6. Nasturtium 5.875 BCD 26.5 % 
7. Lepidium 5.50 BCDE 31.2 % 
8. Diplotaxa 5.9 BCD 26 % 
9. Eruca sativa 6.0 BCD 25 % 

   10. Sysimbrium 5.875 BCD 26.5 % 
11. Control 8.0  
12. LSD 5.0 CDE 37.5 % 

*Mycelial growth inhibition (MGL%) =100(Dc-Dt) /Dc; Dc: colony diameter in control, Dt: colony diameter in the treatment. 
 
The extracts of brassica plants showed different levels of nematicidal effects against root knot nematode, mortality caused by 

methanol extracts of broccoli, cauliflower cabbage, radish and mustard were 62, 76, 57, 69, and 66% respectively of the other 
tested plants, and none showed interesting results against this nematode at this time (Table 5). 

 

Table 5: The nematicidal activities of brassica plants against root knot nematode; Methanol extract 
Number Treatment Mortality 

1. Broccoli 62.03 BC 
2. Cauliflower 76.58 A 
3. Radish 57.80 C 
4. Cabbage 69.68A B 
5. Mustard 66.93 B 
6. Nasturtium 29.99 D 
7. Lepidium 29.75 D 
8. Diplotaxa 48.35 C 
9. Eruca sativa 57.80 C 

   10. Sysimbrium 29.99 D 
11. Control 11.22 E 
12. LSD 8.141 

 

Petroleum ether extracts of cultivated and wild brassica species exhibited different nematicidal activities against M. incognita, 

and the strongest inhibitory effect was found when cabbage extract was used (Table 6). 

 

Table 6: The nematicidal activities of brassica plants against root knot nematode; Petroleum ether 
Number Treatment Mortality 

1. Broccoli 67.17 B 
2. Cauliflower 62.18 BC 
3. Radish 48.35 C 
4. Cabbage 86.04 A 
5. Mustard 69.977 AB 
6. Nasturtium 74.62 AB 
7. Lepidium 65.14 B 
8. Diplotaxa 47.87 IJ 
9. Eruca sativa 48.35 IJ 

   10. Sysimbrium 47.87 IJ 
11. Control 14.96 D 
12. LSD 15.56 

 

When using ethanol as an organic solvent, the highest nematicidal activities was found when using mustered 82% (Table 7). 

 

Table 7: The nematicidal activities of brassica plants against root knot nematode; Ethanol 
Number Treatment Mortality 

1. Broccoli 72.15 AB 
2. Cauliflower 76.15 AB 
3. Radish 66.63 BC 
4. Cabbage 73.19 AB 
5. Mustard 82.70 A 
6. Nasturtium 57.53 C 
7. Lepidium 67.58 BC 
8. Diplotaxa 29.99 D 
9. Eruca sativa 54.17 HIJ 

   10. Sysimbrium 29.99 D 
11. Control 25 D 
12. LSD 12.66 

 

The results showed no significant differences in the nematicidal activity of brassica plant species using different types of organic 

solvent with water extract (Table 8). 
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Table 8: The nematicidal activities of brassica plants against root knot nematode; Water extract 
Number Treatment Mortality 

1. Broccoli 66.81 B 
2. Cauliflower 71.77AB 
3. Radish 54.17 C 
4. Cabbage 69.56 AB 
5. Mustard 45.41 D 
6. Nasturtium 47.87 CD 
7. Lepidium 74.56 A 
8. Diplotaxa 57.53 GHI 
9. Eruca sativa 66.63 EFG 

   10. Sysimbrium 45.41 J 
11. Control 11.97 E 
12. LSD 6.9 

 

The results showed that the strongest antifungal activities against F. oxysporum were found when broccoli 67.1% inhibition, 

radish 77.1%, cabbage 68.7% and mustered 65% compared with cauliflower with only 57% inhibition. Also, the results showed 

that antifungal activities of the cultivated brassica were stronger than the antifungal activity of wild brassica (Tables 1-4). We 

used cabbage, broccoli, radish, and mustard-based on these results for pot experiments. The results indicated that using brassica 

residues significantly reduced the root galling compared with the control (Table 9). Results also showed a significant decrease in 

disease severity with an increasing application rate (10%). On the other hand, there were no significant differences between the 

effects of different plant species against the root knot nematode. 

 

Table 9: The effect of brassica plants residues on the severity of root knot nematode on tomato. 
Number Treatment  Rate of application Disease severity (gall index*) 

1. Cabbage 5% 1 **B 

2. Cabbage 10% 0.6 B 

3. Broccoli 5% 1 B 

4. Broccoli 10% 0.2 B 

5. Radish 5% 1 B 

6. Radish 10% 0.8 B 

7. Mastered 5% 0.8 B 

8. Mastered 10% 1 B 

9. Control  2.8 A 

   10. LSD  1.26 

*gall index 0-5,0: no galling,1: trace infection with few small galls,2: < 25% root gall,3: 26- 50% root gall,4: 51- 75% root gall 

5: > 75% galls 

**Values are the means of five replicates. Means in a column followed by the same letter do not differ significantly according to 

LSD (P < 0.05) 

 

The results indicated that using cabbage, broccoli, radish and mustard residues at two application rates 5 and 10 % significantly 

reduced the disease severity and incidence of F. oxysporum and root gall index of M. incognita compared with the control (Table 

10). On the other hand, there were no significant differences between the effects of these plants against Fusarium and root knot 

nematodes. The results showed that with increasing the rate of application, the efficiency of biofumigation increased but not 

significantly. Broccoli, radish and mustard exhibited stronger fungicidal activities than cabbage, while cabbage had a stronger 

nematicidal action against root knot nematodes (Table 10). 

 

Table 10: The effect of Brassica plants residues on Fusarium oxysporum severity and incidence and root-knot nematode 

gall index on tomato. 
Number Treatment  Rate of application Disease severity * Disease incidence Gall index 

1. Cabbage 5% 0.6 **B 40% 1 B 

2. Cabbage 10% 0.4 B 40% 0.4 B 

3. Broccoli 5% 0.4 B 40$ 0.8 B 

4. Broccoli 10% 0.2 B 20% 0.6 B 

5. Radish 5% 0.4 B 40% 1 B 

6. Radish 10% 0.2B 20% 0.6 B 

7. Mastered 5% 0.4 B 40% 1 B 

8. Mastered 10% 0.2 B 20% 0.6 B 

9. Control  2 A 100% 3 A 

   10. LSD  0.69  0.88 

Disease severity scale 0-4:0: healthy plant,1: 1-33% affected plant,2: 34-66%,3: 66-99%,4: dead plants 

**Values are the means of five replicates. Means in a column followed by the same letter do not differ significantly according to 

LSD (P < 0.05) 
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The results indicated that using brassica residues at the 25 kg/ plot rate significantly reduced the root galling index in the two 

locations compared with the control (Table 11 & 12). Results also showed a significant increase in the yield when the brassica 

residues were used. On the other hand, the results indicated that using cabbage and cauliflower were similar and as effective as 

Vydate in reducing nematode infection and significantly reduced the gall index compared with broccoli. Therefore, using 

brassica residues exhibit a significant reduction in the incidence of infestation of F. oxysporum at the Al-Karama area compared 

with the control (Table 1). Furthermore, the results indicated that cabbage and cauliflower residues at the 25 kg/plot rate 

significantly reduced the nematode galling index compared with the control in the two seasons (table 11 & 12); the results 

showed that these two plants were more efficient against root knot nematode compared with broccoli. The galling index was 

significantly reduced to 2 and around 1.8 when cabbage and cauliflower green manures were used compared with 3.2 when 

broccoli residue was used. Cauliflower, broccoli and cabbage green manures were similar and as effective as Vydate in reducing 

nematode infection in the Al-Baqa' (table 2). Furthermore, the results showed that using cauliflower, broccoli and cabbage 

residues and Vydate increased the yield significantly up to 89, 90, 91 and 92 kg/plot, respectively, compared to 76 kg/plot with 

the control (Table 2). 

 

Table 11: The effect of Cabbage, Cauliflower and Broccoli residues on the severity of root knot and Fusarium wilt 

disease on cucumber and its yield under field conditions / Al-Karama. 
Number Treatment Yield / plot (kg) *Gall index Disease incidence % 

1. Cabbage 55.05 A ** 2 B 8 C 

2. Cauliflower 48.35 A 1.8 B 12 BC 

3. Broccoli 46.83 A 3.2 A 8 C 

4. Vydate 46.56 A 2 B 13.5B 

5. Control 48.6 A 3.8 A 23 A 

6. LSD 17.85 1.03 5.1 

*gall index 0-5,0: no galling,1: trace infection with few small galls,2: < 25% root gall,3: 26- 50% root gall,4: 51- 75% root gall 

5: > 75% galls 

**Values are the means of five replicates. Means in a column followed by the same letter do not differ significantly according to 

LSD (P < 0.05) 

 

Table 12: The effect of Cabbage, Cauliflower and Broccoli residues on the severity of root knot disease on cucumber and 

its yield under field conditions / Baq'a. 
Number Treatment Yield / plot (kg) *Gall index 

1. Cabbage 91.4 A **2.4 BC 

2. Cauliflower 89.2 A 2.8 BC 

3. Broccoli 90.4 A 3.2 B 

4. Vydate 92.6 A 2 C 

5. Control 76.8 B 4.4 A 

6. LSD 8.541 1.008 

*gall index 0-5M,0: no galling,1: trace infection with few small galls,2: < 25% root gall,3: 26- 50% root gall,4: 51- 75% root gall 

5: > 75% galls. **Values are the means of five replicates. Means in a column followed by the same letter do not differ 

significantly according to LSD (P < 0.05) 

 

The results indicated that using brassica residues at the 25 kg/ plot rate, with or without solarization, significantly reduced the root 

galling index and disease incidence compared with the control (Table 13). Results also showed a significant increase in the yield 

with all the treatments compared to the control. On the other hand, the results indicated that combining soil solarization with bio-

fumigation resulted in a significant reduction in root galling and disease incidence compared with solarization alone or only 

biofumigation. Also, using biofumigation with solarization resulted in a substantial increase in the yield compared with the other 

treatment. 

 

Table 13: The effect of Cabbage and Cauliflower residues compared with solarization on the severity of root knot and 

Fusarium wilt disease on cucumber and its yield under field conditions / Deir Alla 
Number Treatment Yield / plot (kg) *Gall index Disease incidence % 

1. Cabbage B 52.2 B **2.4 BC 0.66 BC 

2. Cauliflower 71.6A 2.8 BC 0.33C 

3. Broccoli 52.7B 3.2 B 0.79 B 

4. Vydate 49.5 B 2 C 0.92B 

5. Control 37.1 C 4.4 A 3.2 A 

6. LSD 7.8 1.008 0.41 

*gall index 0-5,0: no galling,1: trace infection with few small galls,2: < 25% root gall,3: 26- 50% root gall,4: 51- 75% root gall 

5: > 75% galls 

**Values are the means of five replicates. Means in a column followed by the same letter do not differ significantly according to 

LSD (P < 0.05) 



7  

ADVANCES IN ENVIRONMENTAL BIOLOGY                                                                                  ARTICLES 

 

 

DISCUSSION 

 
The effect of incorporating fresh crucifer residue on root-knot nematode, Meloidogyne hapla on celery was evaluated by Anita, 

2012 [2]. In the present study, ethanol extracts of cabbage cauliflower, radish and Chinese cabbage found that biofumigation 

with cruciferous vegetable waste at the rate of 1 kg/5kg reduced the root-knot nematode M. hapla significantly and enhanced 

plant growth and yield. Radish leaf residue was the most effective resulting in 60.6% reduction in nematode population in soil 

and a 41.9 % increase in celery green leaf and stalk yield. Furthermore, the results of our study indicated that using cabbage, 

broccoli, radish and mustard residues at two application rates of 5 and 10 %, significantly reduced the disease severity and 

incidence of F. oxysporum and root gall index of M. incognita compared with the control. 

 

On the other hand, there were no significant differences between the effects of these plants against Fusarium and root knot 

nematodes. The results showed that with increasing the rate of application, the efficiency of biofumigation increased but not 

significantly. Broccoli, radish and mustard exhibited stronger fungicidal activities than cabbage, while cabbage had a stronger 

nematicidal action against root knot nematode. The level of nematode control from brassica was found to be dependent on the 

rate of application. Results showed that using Brassica green manure at the rate of 15 and 20 kg/ plot was less effective against 

root knot nematodes than that of 25 kg/ plot.[7] 

 

Rongai et al [14] studied in 2012 the antifungal activities of 500 botanical extracts against Fusarium oxysporum f.sp. lycopersici, 

the results showed that among 500 plants, about 84% did not exert significant inhibition, 7.6% showed low inhibition, 5.2% had 

an intermediate level of antifungal activities and only 3% inhibited fungal germination completely. Some of these plants which 

inhibit the germination completely Brassicaceae that have a high content of glucosinolate that after enzymatic-catalyzed 

hydrolysis produced cytotoxic compounds with antifungal activities 

 

Some nematodes can be controlled successfully by soil solarization where solar radiation is sufficient. However, control of root-

knot nematodes has proven difficult. Bio-fumigation has also been used to control soil-borne diseases, but results also appear 

variable. Therefore, we have started combining soil solarization with bio-fumigation for root-knot nematode control. Initial 

results indicate that bio-fumigation (adding chopped brassica residues to nematode-infested soil) increases the efficacy of 

solarization. Thus, higher levels of management are achieved at lower temperatures or over shorter periods. We are currently 

evaluating this approach in field experiments. 

 

Pokharel et al. [13] evaluated in 2012 the efficacy of soil solarization, biofumigation and their combinations on soil-borne onion 

pathogens in Colorado State University. Treatments included mustards vs. no mustards as main plot treatment, canola meal cake, 

and chicken manure as sub-plot and plastic mulch vs. no mulch as sub-sub-plot. The results indicated that the combination of 

mustard, chicken manure and soil solarization was more effective in reducing disease and nematode incidence than a single 

application. 

 

The out of methyl bromide in 2005 has mobilized researchers to develop feasible alternatives for controlling soil-borne 

pathogenic fungi and nematodes affecting crops. Solarization is an effective soil disinfestation method for high-value crops by 

covering the soil with polyethylene film. An alternative approach has been recently provided by the cultivation and green 

manure of selected Brassicaceae plants releasing natural toxic volatiles (biofumigation) that reduce soil pests. 

 

The combinations of solarization + biofumigation produced higher early yields than biofumigation or solarization alone. In 

contrast, solarization and biofumigation were almost equally effective in increasing total yields over biofilm formation alone or 

solarization alone. Furthermore, the combination of solarization and biofumigation was the most effective in terms of total yields 

and it also decreased densities of root knot nematode Meloidogyne spp and incidence of Fusarium wilt. 

 

Moura et al [12] found in 2012 that the effects of soil solarization and biofumigation with organic amendments applied as 

cabbage residues and sheep manure had a positive influence in controlling corky root (Pyrenochaeta lycopersici) and nematodes 

infection, reducing the damage on the roots of tomato. Most effective control of corky root and nematode provided higher 

tomato yield. Further research is needed to reach a novel approach to biofumigation with GLS-containing plant material with 

dried pellets of plant material [8]. The efficacy of this technology depends on several factors, including the content and type of 

GLS in the plant, the technique of harvesting and incorporating plant material into the soil and soil conditions (i.e., moisture 

content and temperature). We should emphasize that up-to-date research has focused on producing green and dry materials from 

a few plant species, mainly the Brassicaceae. However, a large variety of GLS exists in other plant species, yielding different 

ITC, which differ in efficacy against various target organisms [15, 10]. 

 

 

CONCLUSION 

 
Biofumigation with GLS-containing plant material is a promising approach that offers alternative safe solutions for chemical 

pesticide application. Species of Brassicaceae have an excellent potential for producing green and dry material to be used as 
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biofumigants. Advanced researches in the future need to focus on formulating the dry or green brassica by-product to be applied 

smoothly in the field. 
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