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Abstract  

The experiments were conducted during two consecutive cropping seasons of 

2017-19 to develop bio-rational based eco-friendly integrated management of 

root-knot diseases of tomato caused by Meloidogyne incognita. The root knot 

nematode (RKN) infested soils were treated with a different combination of 

Trichoderma based Tricho-compost and neem oil cake with or without low dose 

of chemical nematicide Furadan 5G. All the treatments gave appreciable reduction 

of gall development in roots, increased plant growth parameters such as shoot and 

root growth and fruit yield of tomato. Among the treatments, integration of 

Tricho-composts with Furadan 5G or neem oil cake integrated with Furadan 5G 

proved better. However, Trichoderma based bio-fungicides Tricho-composts 

alone produced promising results but integration of Tricho-composts with 

Furadan 5G or neem oil cake integrated with Furadan 5G could be the best for 

management of root knot nematode. 

Keywords: Tomato, root-knot nematode, Meloidogyne incognita, Tricho-compost, 
neem oil cake, Furadan 5G. 

Introduction 

Tomato (Lycopersicon esculentum L.) is one of the most popular high value 

vegetable crops grown throughout the world including Bangladesh. The average 
yield of tomato in Bangladesh is 14.93 t/ha (BBS 2022) which is quite low as 

compared to that of other tomato producing countries in the World (Anonymous, 
1998). Various factors such as lack of good quality seed and incidence of diseases 

and pests have been identified for low yield of tomato in Bangladesh. Among the 
diseases, nematodes are important economical pests of horticultural crops 

including tomato (Afroz et al., 2008; Aktar et al., 2008; Tipu et al., 2021; Akhter 
et al., 2019). Severe infestation of nematodes can lead to yield losses of over 30% 

in highly susceptible vegetable crops (Sikora and Fernandez, 2005). The average 

losses due to root-knot nematode infestation are 20.6% in tomato (Sasser, 1989) 
and go up to 40% (Singh and Kumar, 2015). Root-knot nematode has been 

considered as a major limiting factor in the production of tomato throughout 
Bangladesh (Mian, 1986).  

Various strategies for controlling root-knot nematodes, application of nematicides 
(Hossain et al., 1989), organic soil amendments (Faruk et al., 2001; Bari et al., 
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2004), cultural, physical measures and biological measures (Trichoderma spp, 
Pacecilomyces lilacinus, Pasturia penetrans and Pseudomonas aeruginosa) (Rao 

et al., 1997; Reddy et al., 1998 and Siddiqui et al., 1999) are practicing. Use of 
resistant cultivar would be an effective control measure against the disease but 

none of the tomato varieties cultivated in the country is resistant against the 
disease. The indiscriminate use of chemicals insisted the appearance of resistant 

micro-organisms leading to the occurrence of emerging soil borne diseases and 
also degrading to the environment, other beneficial soil microbes and human health 

(Akinpelu, 2001; Wachira et al., 2009). Therefore, an alternative management 
option of root-knot nematode disease management is urgently needed. Most 

effective alternative management option of root-knot nematode is biological 

control. In the facts mentioned above, the present study was undertaken to develop 
an eco-friendly management option against root-knot nematode disease of tomato. 

Materials and Methods 

The experiment was conducted during two consecutive cropping seasons of 2017-

2019 in the field of Plant Pathology Division of BARI, Joydebpur, Gazipur with 7 
treatment combinations. The treatments were (i) Furadan 5G @ 45 kgha-1, (ii) 

Tricho-compost-1@ 3 tha-1, (iii) Tricho-compost-2@ 3 tha-1, (iv) Tricho-compost-
1@ 3 tha-1+ Furadan 5G @ 25 kgha-1, (v) Tricho-compost-1@ 3 tha-1+ Furadan 

5G @ 25 kgha-1, (vi) Neem oil cake @ 500 kgha-1+ Furadan 5G @ 25 kgha-1, and 
vii) Untreated control. The experiment was laid out in a randomized complete 

block design (RCBD) with three replications. The unit plot size was 3m x 3m. The 
tomato seedlings were transplanted keeping plant to plant distance 50 cm and line-

to-line distance 60 cm. The field soil was inoculated with @ 1 gm of Melodogyne 
incognita infected galled chopped roots of Indian spinach per plant at the time of 

seedling transplanting. Trichoderma inoculum (bioderma) collected from the 
Ispahani Agro Tech. Bangladesh, was mass-multiplied in vermi-compost and it 

was designated as Tricho-compost-1. The T. harzianum isolates collected from 

Plant Pathology Division was multiplied in the mixture of grass pea and wheat 
bran with mustard oilcake substrates. Mass multiplication of the formulated 

Trichoderma was made in vermi-compost and it was designated as Tricho-
compost-2. Tricho-composts were added @ 3 tha-1 at 5 days before seedling 

transplanting, mixed properly with soil and kept for Trichoderma establishment in 
soil. Neem oilcake was applied at 21 days before seedling transplanting and was 

properly mixed with the soil and kept moist for proper decomposition. Furadan 5G 
was added before seedling transplanting. Twenty-five days old tomato seedlings 

of tomato var. BARI Tomato-15, grown on sterilized soils, were transplanted in 
the field. Fertilizers, weeding, and irrigation were applied as per recommendation 

of the crop.  

Data collection and analysis: Data on different parameters viz. shoot height, 

shoot weight, root length, root weight, fruit number per plant and yield of tomato 
were taken. During the growing period bacterial wilt incidence was recorded from 
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seedling to maturity stage. The severity of root-knot nematode disease was 
recorded as gall index following 0-10 scale (Zeck, 1971). Data were analyzed 

statistically by using the MSTATC program and treatments were compared by 
least significant different (LSD) test at P=0.05 level. 

Results and Discussion 

Reduction of root-knot nematode (RKN) disease severity: The severity of root-

knot nematode disease of tomato was reduced significantly over control due to soil 

treatment with Tricho-composts alone or combination with lower dose of Furadan 

5G as well as integration of neem oil cake (NOC) with Furadan 5G (Table 1). In 

the first year, the maximum average gall index 6.13 was recorded in the untreated 

control plot. The root gall index was reduced from 2.00 to 2.47 due to soil 

treatments with Tricho-composts, and also integration of Tricho-compost and 

NOC with Furadan 5G. The lowest RKN disease severity of tomato was recorded 

from the treatments with NOC @ 500 kg/ha + Furadan 5G @ 25 kgha-1 and Tricho-

compost-2 @ 3 tha-1 + Furadan 5G @ 25 kgha-1, which was followed by Tricho-

compost-1 @ 3 tha-1 + Furadan 5G @ 25 kgha-1, Tricho-compost-2 @ 3 tha-1 and 

Tricho-compost-1 @ 3 tha-1. Furadan 5G @ 45 kgha-1 alone gave higher root gall 

index (Table 1). Integration of Furadan 5G with NOC and Tricho-compost-2 gave 

the highest reduction 67.37% of RKN disease severity followed by Tricho-

compost-1 + Furadan 5G (65.25%) (Table 1). Besides, the highest gall index value 

of 5.08 was found in control plot and the values were reduced from 1.08 to 1.92 

due to application of different treatments during the second-year experiment. The 

reduction in disease severity was significant compared to control treatment. The 

maximum reduction of RKN disease 78.74% was obtained with NOC @ 500 kg/ha 

+ Furadan 5G @ 25 kgha-1 followed by Tricho-compost-1 @ 3 tha-1 + Furadan 5G 

@ 25 kgha-1, Tricho-compost-2 @ 3 tha-1 + Furadan 5G @ 25 kgha-1 with the 

reduction of 74.61% and 73.82%, respectively compared to control. Individually 

Tricho-compost-2 @ 3 tha-1, Furadan 5G @ 45 kgha-1, and Tricho-compost-1 @ 3 

tha-1 reduced 72.04%, 72.04% and 62.20%, respectively root knot nematode 

disease compared to control (Table 1). 

Shoot growth: Average shoot length of tomato under control treatment was 

55.20 cm plant-1 in first year and 64.63 cm plant-1 in second year (Table 2). 

Treatment of soil with Tricho-compost-1 and Tricho-compost-2 alone or 

integration of Tricho-compost and NOC with Furadan 5G increased the 

parameter from 77.93 to 83.00 cm plant-1 and 79.90 to 98.70 cm plant-1t of first 

and second year respectively. . In the first year, higher shoot length was obtained 

by NOC + Furadan 5G 1, Tricho-compost-1 + Furadan 5G 1, Tricho-compost-2 

+ Furadan 5G followed by Tricho-compost-1, Tricho-compost-2 and Furadan 

5G. Similar trend was observed in the second year followed by Tricho-compost-

2. The least effective treatment was Furadan 5G @ 45 kgha-1 followed by Tricho-

compost-1 @ 3 tha-1. 
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Table 1.  Effect of two Tricho-composts, organic amendment and nematicide on the 

severity of root -knot disease (Meloidogyne incognita) of tomato  

Treatments 

Gall index at harvest (0-10 

scale) 

Gall index reduction over 

control (%) 

1st year 2nd year 1st year 2nd year 

Furadan 5G @ 45 kgha-1 2.93 b 1.42 bc 52.20 72.04 

Tricho-compost-1 @ 3tha-1 2.47 c 1.92 b 59.71 62.20 

Tricho-compost-2 @ 3tha-1 2.33 cd 1.42 bc 61.99 72.04 

Tricho-compost-1 @ 3tha-

1+ Furadan 5G@ 25 kgha-1 
2.13 cd 1.29 bc 65.25 74.61 

Tricho-compost-2 @3tha-

1+ Furadan 5G@ 25 kgha-1 

2.00 d 1.33 bc 67.37 73.82 

Neem oil cake @ 500 kgha-

1+ Furadan 5G @ 25 kgha-1 

2.00 d 1.08 c 67.37 78.74 

Control 6.13 a 5.08 a - - 

LSD (P=0.05) 0.373 0.832 - - 

Values within the same column with a common letter do not differ significantly (P=0.05). 

Table 2. Effect of Tricho-composts, neem oilcake and nematicide on shoot growth of 

tomato in soil inoculated with Meloidogyne incognita. 

Treatments 
Shoot growth (cm/plant) Shoot weight (gm/plant) 

1st year 2nd year 1st year 2nd year 

Furadan 5G @ 45 kgha-1 77.93 b 79.90 c 280.00 d 226.4 bc 

Tricho-compost-1 @ 3tha-1 78.20 b 87.10 bc 290.60 d 253.0 ab 

Tricho-compost-2 @ 3tha-1 79.47 b 93.03 ab 312.40 c 267.9 a 

Tricho-compost-1 @ 3tha-1 

+ Furadan 5G@ 25 kgha-1 
82.20 a 98.23 a 357.70 b 275.4 a 

Tricho-compost-2 @3tha-1 + 

Furadan 5G@ 25 kgha-1 
83.00 a 96.67 a 373.10 a 283.9 a 

Neem oil cake @ 500 kgha-1 

+ Furadan 5G @ 25 kgha-1 

82.60 a 98.70 a 382.40 a 282.8 a 

Control 55.20 c 64.63 d 208.90 e 191.7 c 

LSD (P=0.05) 4.883 9.018 12.86 39.24 

Root growth: Soil amendment with Tricho-compost and NOC either singly or in 

combination with low dose of Furadan 5G showed positive effects on root growth 
of tomato as compared to untreated control (Table 3). In the first year, minimum 

root length of 16.07 cm plant-1 was recorded under control treatment. The highest 
root length of 20.67 cm was achieved from NOC @ 500 kg/ha + Furadan5G @ 25 

kg/ha and Tricho-compost-2 @ 3 t/ha + Furadan5G @ 25 kg/ha. Besides, the 
Tricho-compost-1 @ 3 t/ha + Furadan5G @ 25 kg/ha, Tricho-compost-2 @ 3 t/ha 

and Tricho-compost-1 @ 3 t/ha gave root length per plant 20.13 cm, 19.73 cm, and 
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19.13 cm, respectively. Application of Furadan 5G alone increased the root length 
over control in both the year. In first year, root weight was as low as 18.97 g/plant 

under control. The maximum root weight of 27.70 g/plant was recorded from 
Tricho-compost-2 @ 3 t/ha + Furadan5G @ 25 kg/ha treatment followed by NOC 

@ 500 kg/ha + Furadan5G @ 25 kg/ha treatment of root weight (25.89 g/plant). 
The root weights ranging from 21.91 to 24.70 g/plant was observed other 

treatment. However, in second year, the root weight was increased to some extent 
over control (29.60 g/plant) and it ranged from 31.20 to 34.37 g/plant in plots 

treated with Tricho-compost and integration of Tricho-composts and NOC with 
lower dose of Furadan 5G (Table 3). 

Table 3. Effect of Tricho-composts, organic amendments and nematicide on root 

growth of tomato in soil inoculated with Meloidogyne incognita 

Treatments 
Root length (cm/plant) Root weight (gm/plant) 

1st year 2nd year 1st year 2nd year 

Furadan 5G @ 45 kgha-1 20.13 ab 19.93 bc 24.70 bc 32.73 

Tricho-compost-1 @ 3tha-1 18.47 b 23.10 ab 22.09 d 31.20 

Tricho-compost-2 @ 3tha-1 20.67 a 24.07 ab 23.50 cd 32.23 

Tricho-compost-1 @ 3tha-1 

+ Furadan 5G@ 25 kgha-1 

19.13 ab 25.90 a 21.91 d 33.10 

Tricho-compost-2 @ 3tha-1 

+ Furadan 5G@ 25 kgha-1 

20.67 a 27.70 a 27.70 a 32.83 

Neem oil cake @ 500 kgha-

1 + Furadan 5G @ 25 kgha-1 
19.73 ab 26.07 a 25.89 b 34.37 

Control 16.07 c 17.40 c 18.97 e 29.60 

LSD (P=0.05) 1.057 5.13 1.723 NS 

Values within the same column with a common letter do not differ significantly (P=0.05). 

Crop yield: Soil amendment with Tricho-compost or in combination of Tricho-

compost and NOC with low dose of Furadan 5G gave appreciable increase in 

fruit number per plant and fruit yield per hectare in both the years (Table 4 and 

5). Under control, the average fruit number per plant was 22.67 in 1st year and 

28.00 in 2nd year. Fruit number per plant was increased from 31.33 to 38.67 in 

1st and 35.33 to 41.33 in 2nd year due to different treatments (Table 4). In 1st year, 

integration of Tricho-compost-2 with Furadan 5G gave 41.38% higher number 

of fruits per plant over control followed by integration of NOC with Furadan 5G 

and Tricho-compost-1 with Furadan 5G treatments where number of fruits per 

plant was increased 41.00% and 40.33%, respectively compared to control. In 

2nd year, all treatments with Tricho-compost, NOC and Furadan 5G caused 

significant increase in fruit number per plant over control. Integration of NOC 

with Furadan 5G and Tricho-compost-2 with Furadan 5G gave 32.25% and 

31.71%, respectively higher fruit number per plant compared to control. 
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Integration of Tricho-compost-1 with Furadan 5G, Tricho-compost-2 and 

Tricho-compost-1 treatments gave comparatively lower fruit number per plant 

(Table 4). All these treatments were statistically similar where the least effective 

treatment was Furadan 5G. 

Table 4. Efficacy of Tricho-composts, neem oil cake and Furadan 5G on the fruit 

number per plant of tomato in soil inoculated with Meloidogyne incognita 

Treatments 
Number of fruits plant-1 

Number of fruits increased 

over control (%) 

1st year 2nd year 1st year 2nd year 

Furadan 5G @ 45 kgha-1 31.33 c 35.33 b 29.88 20.75 

Tricho-compost-1 @ 3tha-1 32.33 bc 38.33 ab 26.79 26.95 

Tricho-compost-2 @ 3tha-1 32.67 bc 39.67 ab 30.61 30.57 

Tricho-compost-1 @ 3tha-1+ 

Furadan 5G@ 25 kgha-1 

37.00 ab 40.33 ab 38.73 29.42 

Tricho-compost-2 @3tha-1+ 

Furadan 5G@ 25 kgha-1 

38.67 a 41.00 a 41.38 31.71 

Neem oil cake @ 500 kgha-

1+ Furadan 5G @ 25 kgha-1 

36.67 ab 41.33 a 38.18 32.25 

Control 22.67 d 28.00 c - - 

LSD (P=0.05) 3.512 5.02 - - 

Values within the same column with a common letter do not differ significantly (P=0.05). 

The lowest fruit yield of 40.0 t/ha was recorded from the control treatment during 

1st year trial (Table 5). The yield ranged from 51.11 to 60.55 t/ha due to 

application of different treatments. The maximum fruit yield was obtained by 

integration of NOC with Furadan 5G, Tricho-compost-2 with Furadan 5G and 

Tricho-compost-1 with Furadan 5G where the fruit yield was 60.55, 60.55 and 

57.78 t/ha, respectively. Integration of NOC, Tricho-compost-2 and Tricho-

compost-1 with Furadan 5G gave 32.61, 30.34 and 30.07%, respectively higher 

yield compared to control. Efficacy of these three treatments for increasing fruit 

yield was statistically similar. Differences in fruit yield harvested from Furadan 

5G treated plot and plots treated with Tricho-compost-1 and Tricho-compost-2 

was not significant. In 2nd year, the average fruit yield was 49.60 t/ha under 

control and it ranged from 61.33 to 73.60 t/ha under other treated plots. The 

tomato yield was 32.61% higher compared to control due to application of 

Tricho-compost-2 with Furadan 5G. The yield was 30.34, 30.07, 28.74 and 

27.91% higher due to integrated application of NOC with Furadan 5G, Tricho-

compost-1 with Furadan 5G as well as singly application of Tricho-compost-2 

and Tricho-compost-1, respectively compared to control. Furadan 5G alone was 

less effective to increase yield of tomato. 
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Table 5.  Effect of soil treatment with Tricho-composts, organic amendment and 

nematicide on fruit yield of tomato in soil inoculated with Meloidogyne 

incognita. 

Treatments 
Fruit yield (t/ha) 

Yield increase over 

control (%) 

1st year 2nd year 1st year 2nd year 

Furadan 5G @ 45 kgha-1 51.11 b 61.33 b 21.74 19.19 

Tricho-compost-1 @ 3tha-1 52.22 b 68.80 a 23.40 27.91 

Tricho-compost-2 @ 3tha-1 53.33 b 69.60 a 24.99 28.74 

Tricho-compost-1 @ 3tha-1+ 

Furadan 5G@ 25 kgha-1 

57.78 a 70.93 a 30.77 30.07 

Tricho-compost-2 @3tha-1+ 

Furadan 5G@ 25 kgha-1 
60.55 a 73.60 a 33.94 32.61 

Neem oil cake @ 500 kgha-

1+ Furadan 5G @ 25 kgha-1 
60.55 a 71.20 a 33.94 30.34 

Control 40.00 c 49.60 c - - 

LSD (P=0.05) 4.01 7.324 - - 

Values within the same column with a common letter do not differ significantly (P=0.05). 

The present study revealed that integrated soil amending with Tricho-composts 
with Furadan 5G, neem oil cake and Furadan 5G drastically suppressed the root 

gall index value caused by root-knot nematode M. incognita and thereby 
improving plant growth parameters such as shoot length, shoot weight, root length, 

root weight and fruit yield of tomato compared to untreated control plot. Although 
soil amendment with Tricho-compost and Furadan 5G alone also reduced gall 

index values and improved plant growth to some extent, it was inferior in general. 
In the present study application of Trichoderma based bio-fungicide Tricho-

compost @ 3 tha-1 or NOC @ 500 kg/ha with low dose of Furadan 5G @ 25 kgha-

1 observed to be effective for reducing RKN disease of tomato. Trichoderma spp. 

can improve plant defense against diverse plant pathogens, including fungi, 

bacteria, viruses, and nematodes (Yaru et al., 2021; Akhter et al. 2021). The 
findings of the study are in agreement with the findings of (Singh 2013).. The study 

were also supported by the findings of (Singh and Mahanta 2013). The findings of 
the study are also in agreement with the findings of Kumar and Khanna (2006) 

who reported that combination of bio-control agents, chemical and vermi-compost 
(T. harzianum + G. fasciculatum +Carbosulfan ST + vermi-compost gave 

maximum reduction of nematode population of tomato in field. Kumari et al. 
(2020), Mukhtar (2018) and Devi et al. (2002) also supported the present findings 

that the soil application of fungal bio-control agents T. viride, T. harzianum and T. 
asperellum improving plant growth of tomato and significantly reduced 

reproduction of root-knot nematode in tomato. Many other researchers also 
confirmed previous findings, on the use of isolates of Trichoderma spp. for the 

management of root-knot nematodes of vegetable crops (Dababat et al., 2007; 
Sahebani and Hadavi, 2008; Affokpon et al., 2011; Faruk, 2022). Several studies 
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reported that oil cake applications reduced the Meloidogyne spp. population and 
thereby increasing plant growth and yield of different crops (Yadav et al., 2005; 

Nirosha et al., 2018; Faruk, 2020). Similar findings had also been reported by 
many other researchers that bio-control agents Trichoderma spp. and different oil 

cakes were effective in controlling root-knot nematode as well as increasing plant 
growth and yield of different crops (Yadav et al., 2005; Javed, et. al., 2008; 

Sahebani and Hadavi, 2008; Singh et al., 2011; Lidia et al., 2014 and Nirosha et 
al., 2018). 

Conclusion 

From the present study it could be concluded that soil treated with either 

integration of Trichoderma based bio-fungicide Tricho-compost or neem oil cake 

with lower dose of Furadan 5G might be effective for reducing root-knot nematode 
disease, as well as increasing plant growth and fruit yield of tomato.  
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