


Management of Root-Knot Nematode (Meloidogyne incognita) in Black gram through Botanical Amendments 


Abstract:
The root-knot nematode, M. incognita, affects a wide range of plants and is highly pathogenic to crops, causing severe damage and reduction in yield. Here, investigations were undertaken to evaluate the germplasm of black gram for resistance against M. incognita and to use chopped leaves for the management of Meloidogyne incognita in black gram. Studies on the efficacy of chopped leaves for the management of Meloidogyne incognita in black gram were conducted during the rabi season of 2022 under net house conditions. Observations were taken at maturity.  For recording the final nematode population in soil, 250 ml of soil sample was collected from each pot separately and processed by Cobb’s sieving and decanting technique. The results revealed that all the treatments were effective in increasing plant growth parameters shoot length, fresh weight and dry weight of shoot, and fresh weight and dry weight of root in black gram. All nine varieties, namely SBC-50, SBC-51, SBC-47, Manab, Beki, Kolong, Sonkush, SBC-40, and IPU-31 of black gram were determined to be vulnerable to Meloidogyne incognita. All the treatments notably reduced the counts of galls, egg masses, and the final nematode population in the soil. The use of 1.5% (w/w) water hyacinth was effective in enhancing growth parameters in black gram and decreasing the quantity of galls, egg masses, and the final nematode population in the soil.
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Introduction: 
“Black gram (Vigna mungo) is one of the most important pulse crops in India. It belongs to the family Fabaceae. India is a major pulses-growing country in the world, contributing 25 per cent of global production. This crop prefers cooler temperatures during the vegetative phase, along with warmer temperatures at the later stages of growth, the optimum temperature for its growth being in the range of 18–30 °C, more specifically 22–28 °C. Thus, sowing of black gram crop in optimum time is of prime importance for proper harmony between its vegetative and reproductive phases, which eventually determines the optimum yield potential of the crop” (Banerjee et al., 2021). “However, the production of pulses is limited by several biotic and abiotic stresses, including the root-knot nematode, Meloidogyne spp. These are responsible for the low productivity of pulses all over the world” (Sikora and Fernandez, 2005; Karssen and Moens, 2006). “Its seeds are highly nutritious. With a composition of protein (25-26%), carbohydrates (60%), and fat (1.5%), black gram can be grown in almost all agro-ecological conditions and also cultivated in almost all parts of India. Black gram also comprises minerals, amino acids and vitamins” (Karamany, 2006).
“The root-knot nematode, M. incognita affects a wide range of plants and is highly pathogenic to crops, causing severe damage and reduction in yield. The infection begins with the root penetration of second-stage juveniles hatched in the soil from eggs encapsulated in egg masses laid by females on the infected roots” (Jayakumar et al., 2023). “The economic losses due to root-knot nematode, M. incognita, were reported as up to 17–23, 21 and 14–29% in blackgram (Vigna mungo L.), chickpea (Cicer arietinum L.) and mungbean [Vigna radiata (L.) R. Wilczek], respectively” (Kumar et al. 2020).
“To minimise the nematode population, many management approaches are being applied, and the use of resistant cultivars and application of bio-control agents are considered to be widely accepted management practices. Biological agents and their metabolites are another alternative for root-knot nematode management. These approaches are environmentally safe, promote plant health and are cost-effective. Therefore, investigations were undertaken to evaluate the germplasm of pulses for resistance against M. incognita and to manage this pest using biocontrol agents in blackgram” (Karssen and Moens, 2006).
“Plant extracts or residues used to control nematode inoculum levels of the root-knot nematode (M. incognita) egg masses have the advantage of being inexpensive and available compared to conventional methods. Chemical nematicides are known to affect the soil biosphere and create pollution hazards. Uses of botanicals for the management of nematodes are easy to apply, free from environmental pollution. Botanicals (plant-based pesticidal chemicals) have been found as an alternative to pesticides in recent times. Some of these botanicals were already being exploited commercially in insect pest management” (Agnihotri et al., 1999). “Different plant species are tested to identify the sources of nematicidal substances, and many of them have shown promising results in the control of plant parasitic nematodes” (Abid, 1996).
“Emphasis is now given on the biological method of nematode control, as the nematicides may have a toxic effect on non-target soil microfauna and flora, resulting in ecological imbalance. The plant extracts were found to be effective in causing mortality of M. incognita. The mortality of J2 increases with concentration and time of exposure” (Singh and Mahanta, 2013).
	Although the root-knot nematode is a recognised pest in black gram in Assam, no detailed work has so far been done on the use of botanicals for the management of root-knot nematode, Meloidogyne incognita in black gram. Therefore, investigations were undertaken to evaluate the germplasm of black gram for resistance against M. incognita and to use chopped leaves for the management of Meloidogyne incognita in black gram.

Materials and Methods:
 Screening of black gram varieties against Meloidogyne incognita
[bookmark: _GoBack]	The experiment was carried out during the rabi season 2022 in the net house Department of Nematology to know the reaction of different black gram varieties against M. incognita. The nine varieties of black gram, namely, SBC-50, SBC-51, SBC-47, Manab, Beki, Kolong, Sonkush, SBC-40, and IPU-31 were included. One susceptible check variety, IPU-2-43, was also included; seeds were sown in a 500g capacity pot filled with sterilised soil. Sowing of seeds, thinning and the procedure of inoculation were the same as described earlier. “Ten-day-old seedlings were inoculated with freshly hatched 500 J2 stage of M. incognita per pot. Each treatment was replicated 5 times and arranged in a completely randomised block design. The plants were watered regularly till the experiment was completed. Observations were taken 45 days after inoculation. Plants were uprooted carefully and washed under slow-running tap water. The number of galls and egg masses per root system was counted and recorded. Out of the five replications, one root system from each treatment was kept aside for a photograph. Root-knot index for each variety was determined on the basis of the root-knot index (1-5 scale)” given by Sasser et al. (1984).
Use of chopped leaves for the management of Meloidogyne incognita in black gram
The experiment was conducted in the net house Department of Nematology during the rabi season of 2022 to know the efficacy of certain botanicals against M. incognita in black gram. Plastic pots of 2kg capacity were disinfected with 4% formaldehyde solution, and pots were filled with sterilised soil and inoculated with freshly hatched second-stage juveniles of M. incognita @ 1 juvenile per gram of soil. The soil was incorporated with chopped leaves of Polygonum hydropiper, Lantana camara, Datura sp, and Water hyacinth, each @ 1.0% and 1.5% (w/w) along with a control (nematode alone). The study was conducted with three replications in a completely randomised design. The pots were watered regularly for proper decomposition. After 15 days, three seeds of IPU-2-43, a susceptible black gram variety, were sown in each pot. The treatments taken in the investigations were: 
                 T1: Polygonum hydropiper @ 1.0%
                 T2: Polygonum hydropiper @ 1.5%
                 T3: Lantana camara @ 1.0%
                 T4: Lantana camara @ 1.5%
                 T5 :Datura sp@ 1.0%
                 T6: Datura sp@ 1.5%
                 T7: water hyacinth @ 1.0%
                 T8: water hyacinth @ 1.5%  
                 T9: Control (nematode alone)
Observations were taken at maturity.  “The plants were uprooted carefully, and the roots were washed free of soil. Observations were recorded for shoot length, fresh shoot and root weight, dry shoot and dry root weight, number of galls per root system, number of egg masses per root system, and final nematode population in soil. For recording of shoots and roots, systems were separately cut into small pieces, packed in paper bags and kept in an oven at a constant temperature of 60°C until a constant weight was obtained. The materials were weighed at every 24-hour intervals till a constant weight was obtained. For recording the final nematode population in soil, 250 ml of soil sample was collected from each pot separately and processed by Cobb’s sieving and decanting technique” (Christie and Perry, 1951).
Result and Discussion
Screening of black gram varieties against Meloidogyne incognita

The result presented in Table 1 revealed that all nine varieties of black gram, viz., SBC-50, SBC-51, SBC-47, Manab, Beki, Kolong, Sonkush, SBC-40, and IPU-31, were found to be susceptible to M. incognita. Similar findings were found with Pandey and Nayak's (2016) study, which stated that out of thirty-eight green gram varieties/cultivars screened against root-knot nematode, only thirty-four varieties have shown to be resistant, while four varieties/cultivars showed to be moderately resistant to M.  incognita. 
.
Patel et al. (2021) tested “149 germplasms of urd bean for resistance against M. incognita. Out of one hundred forty-nine (149) germplasm, none was found immune to root knot nematode. Nineteen (19) germplasm RU-1-9-1, KUG-715, NUL-205, TU99-5-1, UG-950, DBG-17, NDU 99-2, OBG 19, KU 96-3, IU 02-1-3, VBG 11-031, TU 94-2, AKU-11-8, MASH-479, MASH-391, KUG-715, NUL-205, PU 11-14, VBG-11-016 were categorized as resistant against M. incognita while twenty four (24) germplasm DPU-88-5, KU 99-4, OBG-630, TPU-4, UG 1017, USJD111, KU 99, PU 09-37, COBG 1-06, TU-67, NUL-244, DPU-88-2, NDU-88-9, WBU-104, BDU-1, Phule-U-0011-1, KU-12-53, SBC-47, AKU 10-2, AKU 10-6, KU-96-7, DKU-11, NDUK-13-6, KU-96-7 were categorised as moderately resistant against M. incognita and rest germplasm were found susceptible and highly susceptible reaction to nematode”.

Use of chopped leaves for the management of Meloidogyne incognita in black gram
	
In the present investigation, the result presented in (Table-2) revealed that the maximum increase in plant growth parameters viz., shoot length(74.33 cm), fresh shoot weight(29.52 g), dry shoot weight(5.27 g), fresh root weight(4.08 g), dry root weight(2.63 g) were recorded in the treatment with water hyacinth @1.5%(w/w). All the treatments were found to be effective in increasing plant growth parameters of black gram over the control (nematode alone). Maximum shoot weight was recorded in the treatment water hyacinth @1.5% (w/w) and Lantana camara @1.5% (w/w) were statistically at par. Maximum dry weight of root was recorded in the treatment with water hyacinth @1.5%(w/w), followed by the treatment with water hyacinth @1.0%(w/w), Datura sp@1.0%(w/w), Lantana camara @1.5%(w/w), Lantana camara @1.0%(w/w) and Polygonum hydropiper @1.0%(w/w). These results were in agreement with Linford (1937), who observed that the toxicity of the decomposing products increases in the predatory or parasitic activity of the soil biota. Soil amendment with chopped green tops of water hyacinth not only arrested nematode multiplication but also increased the growth of tomato and eggplant, and also served as manure. Siddiqui and Alam (1989) observed that soil amendment with chopped plant parts of water hyacinth effectively controlled root-knot and reniform nematodes attacking tomato and eggplant. Consequently, plant growth improved. These extracts, when used as bare-root-dip treatments, significantly retarded nematode development and plant damage. Khoraniya et al. (2020) observed that “Meloidogyne incognita is regarded as the most significant pest of pulse crops like chickpea. The seed treatment with 10% water hyacinth leaves powder, 10% parthenium leaves powder, and 10% periwinkle leaves powder was shown to be the most effective in enhancing chickpea plant growth, based on experimental results”.
The result presented in Table 3 revealed that the minimum number of galls (24.66), egg masses (20.00) and final nematode population in soil (105.33) were recorded in the treatment with water hyacinth @1.5%(w/w). All the treatments were found to be effective in decreasing the number of galls, egg masses and final nematode population in soil over control. Minimum galls were recorded in the treatment with water hyacinth @1.5% (w/w), followed by the treatment Lantana camara @1.5% and Polygonum hydropiper @1.5% (w/w). Water hyacinth extract significantly retarded nematode development and plant damage. Soil amendment with chopped green tops of water hyacinth not only arrested nematode multiplication but also increased the growth of tomato and eggplant, and also served as manure. Babaali et al. (2021) observed that “the presence of tropane alkaloids, hyoscyamine and scopolamine, reduces the second-stage juveniles of M. incognita. Results showed that the tropane alkaloids hyoscyamine and scopolamine contained in Datura plant extracts express a strong nematicidal activity against M. incognita and could possibly be used for an alternative and sustainable nematode management”. Saeed and Shawkat (2014) revealed that “the soil treated with the leaf powder of Peganum harmala gave the highest reduction in nematode criteria, followed by Datura stramonium, Nicotiana glauca and Azadirachta indica compared to the untreated control. All treatments were effective in reducing root galls and nematode population. The majority of soil amendments significantly increased the shoot and root weights with different dosage rates”.  Refaat et al. (2020) observed that “Meloidogyne incognita were individually treated to aqueous leaf extracts of water hyacinth (Eichhornia crassipes), jojoba (Simmondsia chinensis), and moringa (Moringa oleifera) at three concentrations. Results showed that plant species, concentration, and exposure duration had a clear effect on egg hatching and juvenile mortality”. Khoraniya et al. (2020) also “observed that seed treatment with Periwinkle leaves powder at 10% w/w was found to be best, followed by Parthenium leaves powder at 10% w/w and Water hyacinth leaves powder at 10% w/w were effective in reducing reproduction of root-knot nematode, M. incognita. This may be due to the presence of phenolic compounds, flavonoids, and polyphenolic compounds in water hyacinth, which is toxic to nematodes”.
In the present investigation, the treatment with water hyacinth @1.5%(w/w) was found to be best in increasing the plant parameters and reducing the number of galls, egg masses and final nematode population in soil.
Conclusion
In conclusion, all nine varieties, viz., SBC-50, SBC-51, SBC-47, Manab, Beki, Kolong, Sonkush, SBC-40, and IPU-31 of black gram, were found to be susceptible to Meloidogyne incognita. The treatments with water hyacinth @1.5%(w/w) were found to be best in increasing the plant growth parameters viz., shoot length, fresh weight and dry weight of shoot, fresh weight and dry weight of root in black gram. Further, it was observed that water hyacinth @1.5% (w/w) was found to be best in reducing the number of gall egg masses and final nematode.
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Table 1: Reaction of different varieties of black gram against Meloidogyne incognita     (Mean of 5 replications).
	Sl. No. 
	Name of varieties 
	Root- Knot Index (1-5) Scale 
	Reaction 

	1 
	SBC-51 
	3.9 
	S 

	2 
	SBC-50 
	3.5 
	S 

	3 
	SBC-47 
	3.8 
	S 

	4 
	Manab 
	3.7 
	S 

	5 
	Beki 
	3.7 
	S 

	6 
	Kolong 
	4.0 
	S 

	7 
	Sonkush 
	3.7 
	S 

	8 
	SBC-40                                                                                            
	3.7 
	S 

	9 
	IPU-31 
	3.8 
	S 

	10 
	IPU-2-43(Check) 
	4.9 
	HS 

	
	S. Ed (±) 
	 0.36 
	

	
	CD 0.05 
	0.73 
	


 Susceptible: S
Highly susceptible: HS
Moderately Resistant: MR





Table 2. Effect of chopped leaves on the growth parameters in black gram.
(Mean of 3 replications)
	Treatment
	Shoot length(cm)
	Fresh weight of shoot (g)
	Dry weight of shoot (g)
	Fresh weight of root (g)
	Dry weight of root (g)

	T1 Polygonum hydriopiper @1.0%(w/w)
	39.00 de
	16.78 f
	3.16 cd
	1.98 c
	2.29 ab

	T2 Polygonum hydropiper @1.5%(w/w)
	42.66 cd
	18.68 ef
	3.47 bc
	3.03b
	1.88 b

	T3 Lantana camara @1.0%(w/w)
	35.33 e
	22.87 cd
	2.41 d
	2.60 bc
	1.94 ab

	T4 Lantana camara @1.5%(w/w)
	53.33 b
	25.14 bc
	3.69 b
	3.03 b
	2.22 ab

	T5  Datura sp @1.0%(w/w)
	38.33 de
	21.33 de
	3.51 bc
	2.03 c
	2.11 ab

	T6  Datura sp @1.0%(w/w)
	59.00 b
	27.22 ab
	4.39 b
	3.06 b
	1.87 b

	T7 water hyacinth @1.0%(w/w)
	46.66 c
	22.03 cd
	3.70 bcd
	2.03 c
	2.06 ab

	T8 water hyacinth @1.5%(w/w)
	74.33 a
	29.54 a
	5.57 a
	4.08 a
	2.63 a

	T9 Control (nematode alone)
	19.00 f
	11.92 g
	1.64 e
	1.12 d
	0.98 c

	S.Ed. (±)
	2.96
	1.46
	0.76
	0.38
	0.34

	CD(0.05)
	6.28
	3.10
	1.64
	0.81
	0.72


Mean followed by the same letter in the superscript (s) are statistically at par.











Table 3: Effect of chopped leaves on the development of Meloidogyne incognita in black gram. (Means of 3 replications).
	Treatment
	Number of galls
	Number of egg masses
	Final nematode population
(250 cc soil)
	%decrease over control

	T1  Polygonum hydropiper @1.0%(w/w)
	38.33
(6.26) bc
	31.00
(6.50) bcd
	195.33
(18.21) b
	-66.70

	T2  Polygonum hydropiper @1.5%(w/w)
	30.33
(6.18) cd
	26.33
(5.93) cde
	184.33
(14.82) e
	-68.57

	T3  Lantana camara @1.0%(w/w)
	38.00
(5.50) cd
	34.00
(7.16) b
	165.00
(17.12) bc
	-71.00

	T4  Lantana camara @1.5%(w/w)
	30.66
(5.62) cd
	25.00
(6.73) bc
	132.00
(13.40) f
	-77.00

	T5  Datura sp @1.0%(w/w)
	44.66
(5.53) cd
	34.33
(6.16) cd
	156.33
(16.48) cd
	-73.35

	T6  Datura sp @1.5%(w/w)
	32.00
(5.65) c
	27.00
(5.80) de
	112.33
(12.03) g
	-80.00

	T7 water hyacinth @1.0%(w/w)
	37.66
(6.13) bc
	32.00
(5.28) ef
	128.00
(15.64) de
	-78.00

	T8 water hyacinth @1.5%9w/w)
	24.66
(4.95) d
	20.00
(4.50)f
	105.33
(10.11) h
	-82.04

	T9 Control(nematode alone)
	100.33
10.15 a
	61.00
(9.99)a
	586.66
(23.83)a
	

	S. Ed(±)
	0.32
	0.46
	0.59
	

	CD(0.05)
	0.66
	0.98
	1.26

	


(-) Decrease
Values within parentheses are square root    transformed data
Mean followed by the same letter in the superscript (s) are not significantly different




