



Bio-management of root-knot nematode, Meloidogyne incognita on tea 

Abstract
Studies on bio-management of root-knot nematode Meloidogyne incognita on tea under pot condition showed that all the treatments with Glomus fasciculatum, Trichoderma harzianum, Trichoderma viride, neem cake and carbofuran 3G alone or in combination significantly increased plant growth parameters of tea and decreased number of galls, eggmasses and final nematode population in soil over control. The maximum increase in plant growth parameters viz., shoot length, root length, fresh and dry weight of shoot and root were recorded in the treatment with Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + neem cake @15 gm/kg of soil. While, the maximum reduction of number of galls and egg masses and final nematode population in soil were recorded in the treatment with carbofuran 3G  @ 3 g/kg of soil followed by  the treatment with Glomus fasciculatum  @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + neem cake @15 gm/kg of soil. The treatment with Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + neem cake @15 gm/kg of soil was found to be best in increasing plant growth parameters of tea  and in  decreasing  number of galls, eggsmasses  and final nematode population in soil over  control.
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INTRODUCTION
Tea (Camellia sinensis L.) is one the important cash crop cultivated in diverse climatic conditions ranging from Mediterranean type to hot humid tropical and sub-tropical type. It is globally one of the most popular and cheapest beverages with major production centres in India, China, Kenya, Sri Lanka, Turkey & Vietnam. In India, Assam is the largest tea producing state which alone produces more than half of the India’s tea. Assam occupies about 3.37 lakh ha with a production of 691.91 million kg in 2018 (Anon., 2020). 
A large number of plant parasitic nematodes are known to be associated with nursery and young tea (Banerjee, 1967; Basu, 1967, 1968; Sivapalan, 1972; Basu and  Roy, 1976, 1979). Out of several plant parasitic nematodes associated with tea, root-knot nematode, Meloidogyne spp., is considered to be the most economically important   nematodes  pest of nursery and young tea with high density of population in majority of tea growing areas of the world (Barber, 1901; Whitehead, 1969; Manuelipillai, 1981).
Various biocontrol agents, vesicular arbascular mycorhizal (VAM) fungi, Trichoderma spp. play an important role in nematode management. VAM fungi, a group of obligatory symbiotic endophytes associated with plants roots are most wide spread in all agricultural crops. The hyphal network of mycorrhizal fungi increase the absorption and translocation of nutrients particularly phosphorus. VAM fungi are important for their potential application as biofertilizer in commercial agriculture, horticulture and forestry. VAM fungi may stimulate plant growth .whereas the obligate plant parasitic nematodes usually suppress plant growth. It has been observed that the plant colonized with mycorrhizal fungi generally grow well in spite of presence of damaging level of plant parasitic nematodes and this may be due to improved plant nutrition especially phosphorus (Hussey and Rancadori, 1982). VAM fungi has been shown to enhance the uptake of Ca, Cu, Mn, S and Zn in addition to P and increase water uptake (Gerdemann, 1968; Hayman, 1982; Harley and Smith, 1983). The mechanism of VAM fungus G. fasciculatum in reducing plant parasitic nematode population can be attributed to the capability of VAM to stimulate production of higher concentration of phenylalanine and tyrosine, reducing growth and reproduction of root-knot nematode (Suresh and Bagyaraj, 1984). Li et. al (2014) observed that organic practice was more sustainable and suitable for tea cultivation,with the greatest biodiversity, best nutrient conditions, higher and more stable C/N ratio and lower interference in the food web. Mamun et. al (2014) reported that the use of bio-pesticides, bio-control agents and sex pheromone trap need to be given more importance in pest management programme in tea.  Vermicompost can be successfully used as eco-friendly organic amendments for replacing inorganic pesticides against diseases and pests including nematodes.(Yatoo et. al, 2021)


Reduction in nematode due to Trichoderma harzianum may attribute to the direct parasitism of eggs and larvae through the increase in chitinase and protease activities, which would be indicator of eggs infection capabilities. Mechanism involved in antagonism of Trichoderma spp., against nematode management are mycoparasitism, antibiosis, competition, solubilisation and sequestration of inorganic plant nutrients and induce resistance (Ravichandra, 2008).Therefore, a detailed study on this nematode is felt highly essential for better understanding of problem so that efforts can be made for the management of the pest more efficiently. 
Materials and methodS


The pot experiment was conducted in the net house, Department of Nematology, Assam Agricultural University, Jorhat to study the effect of Glomus fasciculatum, Trichoderma harzianum, Trichoderma viride, neem cake and carbofuran 3G alone or in combination for the management of root-knot nematode Meloidogyne incognita on tea. The experiment was laid out in Complete Randomized Design (CRD). Carbofuran 3G @ 3gm/kg of soil was applied 3 days before planting .Infested soil of Glomus fasciculatum were applied at the time of planting. Talc formulation of Trichoderma were applied according to the requirement. After 10 days of planting, the second stage juveniles of M. incognita at the rate 1 nematode per gram of soil was inoculated in each cuttings. Each treatment was replicated for five times. One treatment was kept without any treatment and treated as control. 
The treatments were as follows:
T1 = Glomus fasciculatum @ 300 spores /kg of soil
T2 = Trichoderma harzianum @4 c.f.u gm/kg of soil
T3 = Trichoderma viride @ 4 gm/kg of soil
T4 = Neem cake @ 30 gm/kg of soil
T5 = Glomus fasciculatum  @ 300 spores/kg of soil + Neem cake @ 15 gm/kg of soil
T6 = Trichoderma harzianum @ 4 gm/kg of soil + neem cake @ 15 gm/kg of soil
T7 = Glomus fasciculatum @  300 spores /kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil
T8 = Carbofuran 3G @ 3 gm/kg of soil (W/W)
T9 = Control (Nematode alone)
Observations were made on the length of shoot and root, fresh weight of shoot and root, and final nematode population in the soil and root after five months of inoculation.
Results & DISCUSSION


In the present investigation ,the result revealed that all the bioagents viz., Glomus fasciculatum, Trichoderma harzianum, Trichoderma viride and organic amendment neem cake and chemical carbofuran alone or in combination significantly increased plant growth parameters with decrease in number of galls and egg per eggmass and final nematode population compared to untreated control (Table 1 and 2) and Fig. 1 and 2. Maximum  increase in plant growth parameters viz., shoot length (23.64 cm), root length (10.34 cm), fresh weight of shoot (10.82 gm), and dry weight of shoot (3.58 gm), fresh weight of root (4.92 gm), and dry weight of root (0.96 gm) were recorded with the treatment with Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil followed by the  treatment with G. fasciculatum  @ 300 spores/kg of soil + neem cake 15 gm/kg of soil. The results are in agreement with the findings of Chahal and Chahal (1995) who reported that VAM enhances the growth character on pea and also nitrogen and phosphorus content. Jain and Hasan (1994) reported that hyphal network produced by VAM fungus increased the absorption area of root system and thereby aided better water uptake and translocation of nutrients particularly phosphorus. Chakrabarty et al. (2008) suggested that VAM helps in better uptake of phosphorus and other micronutrients from soil by roots which results in improved vigour and better growth of plant. The results are also in agreement with Haseeb et al. (2005) who found that T. harzianum improves plant growth characters. Weeder et al. (2008) reported that Trichoderma sp. is highly rhizosphere competent i.e., able to colonize on roots as it develops, thus promotes plant growth. It may also exert several mechanism such as tolerance to stress through enhanced root and plant development, induced resistance, inactivation of pathogens enzymes in improving plant growth and suppressing plant pathogens. Similar, types of increased shoot length were also recorded by Dutta (1995) with the application of neem cake on tea seedlings. Dutta (1995) and Neog (1997) who recorded maximum fresh and dry weight of shoot and root with application of neemcake against Meloidogyne incognita in tea seedlings.
It was observed that among all the treatments, maximum reduction of number of galls and egg masses were recorded in the treatment with carbofuran @ 3 g/kg of soil (Table 2), however among the bio-agents, maximum reduction were observed in the treatment with, Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil. Baruah (2011) found that the fungal antagonists viz., Trichoderma viride, T. harzianum @ 4 g per kg of soil, Pochonia chlamydosporia @ 15 g per kg of soil and VAM, Glomus fasciculatum, @ 300 spores per kg of soil in comparison to carbofuran @ 3 g per kg of soil were also tested for their efficacy as soil treatment. All the four fungal antagonist and the treatment with carbofuran @ 3 g per kg of soil were found to be effective in increasing the plant growth characters as well as reducing the number of galls, egg masses, collar rot incidence and final nematode population as compared to that of control. Dhayal et. al (2023) observed that the bio-agents Trichoderma asperellum, T. harzianum, Verticillium lecanii, Metarhizium anisopliae and Bacillus subtilis increased the plant growth parameter and reduce the nematode reproduction as compared to control. Among the tested bio-agents, T. harzianum @ 3g/kg soil was found the most effective treatment followed by B. subtilis and M. anisopliae.


Maximum reduction in final nematode population was recorded in the treatment with carbofuran @ 3 g/kg of soil. However, among the bio-agents and organic amendments, maximum reduction was recorded in the treatment with Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil (Table 2). Dutta (1995) found that neem cake @10 gm and 15 gm per seedling were effective in reducing final nematode population in tea. Maximum reduction of number of galls and egg masses with the application of neemcake was recorded by Kalita (2000) in tea seedling. 
CONCLUSION
The treatments with Glomus fasciculatum, Trichoderma harzianum, T. viride and neem cake alone or in combination were found to be effective in increasing the plant growth characters of tea over control. The treatment with Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil was found to be most effective in increasing shoot and root length, fresh and dry weight of shoot and root of tea plants. All the treatments significantly reduced number of galls, egg masses and nematode population in soil over control. The treatment with  Glomus fasciculatum @ 300 spores/kg of soil + Trichoderma harzianum @ 4 gm/kg of soil + Neem cake @ 15 gm/kg of soil  was found to be  most effective in reducing number of galls, egg masses and nematode population in soil.
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Fig 1. General view of pot experiment
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Fig 2. Effect of bio-agents on shoot and root growth in tea seedling
Table 1. Effect of Glomus fasciculatum, Trichoderma  harzianum, Trichoderma viride and Neem cake  on plant growth parameters of tea 
(Mean of 5 replication) 
	Sl. No.
	Treatments
	Shoot length (cm)
	Root length (cm)
	Fresh shoot weight (g)
	Dry shoot weight (g)
	Fresh root weight (g)
	Dry root weight (g)

	1
	G. fasciculatum (300 spores/kg of soil)
	21.38c
	9.02b
	8.66bc
	3.14d
	4.02bc
	0.79d

	2
	T. harzianum @ 4gm/kg of soil
	21.28c
	8.82b
	8.64bc
	3.04d
	3.98bc
	0.78de

	3
	T. viride @ 4gm/kg of soil
	19.64d
	7.42c
	7.92d
	2.58e
	3.92c
	0.76e

	4
	Neem cake @ 30 gm/kg of soil
	19.76d
	7.48c
	8.08cd
	2.64e
	3.96bc
	0.77de

	5
	G. fasciculatum (300 spores/kg of soil) + Neem cake @ 15 gm/kg of soil
	22.50b
	9.48b
	9.14b
	3.38ab
	4.44b
	0.91b

	6
	T. harzianum @ 4gm/kg of soil + neem cake @ 15 gm/kg of soil
	21.72bc
	9.06b
	9.02b
	3.16cd
	4.18bc
	0.88c

	7
	G. fasciculatum (300 spores/kg of soil) + T. harzianum @ 4gm/kg of soil + Neem cake @15 gm/kg of soil
	23.64a
	10.34a
	10.82a
	3.58a
	4.92a
	0.96a

	8
	Carbofuran 3G @3gm/kg of soil (W/W)
	21.84bc
	9.42b
	9.08b
	3.28bc
	4.38bc
	0.90b

	9
	Control
	17.62e
	6.42d
	7.26e
	2.18f
	3.12d
	0.64f

	
	S.Ed(±)
	0.50
	0.34
	0.31
	0.06
	0.22
	0.01

	
	CD at 5%
	1.03
	0.68
	0.64
	0.13
	0.45
	0.02


Mean followed by the same letter in the superscript(s) are not significant different
Table 2. Effect of Glomus  fasciculatum, Trichoderma harzianum, Trichoderma viride and Neem cake  on number of galls, egg masses and final nematode population











        (Mean of 5 replication)
	Sl. No.
	Treatments
	No. of galls
	%increase(+)& decrease(-)over control
	No  of egg masses
	%increase(+) & decrease(-)over control
	Final nematode population
	%increase(+)& decrease(-)over control

	1
	G. fasciculatum (300 spores/kg of soil)
	21.60f
	-39.32
	15.20d
	-41.53
	282.00
(16.79)c
	-29.50

	2
	T. harzianum @ 4gm/kg of soil
	18.00d
	-49.43
	13.80cd
	-46.92
	259.00
(16.09)bc
	-35.25

	3
	T. viride @ 4gm/kg of soil
	20.00ef
	-43.82
	15.00d
	-42.30
	292.00
(17.08)c
	-27.00

	4
	Neem cake @ 30 gm/kg of soil
	18.40de
	-48.31
	14.40cd
	-44.61
	263.00
(16.21)bc
	-34.25

	5
	G. fasciculatum (300 spores/kg of soil)+ Neem cake @ 15 gm/kg of soil
	15.40bc
	-56.74
	11.80b
	-54.61
	230.00
(15.16)ab
	-42.50

	6
	T. harzianum @ 4gm/kg of soil + neem cake @ 15 gm/kg of soil
	16.00c
	-55.05
	13.40c
	-48.46
	254.00
(15.93)bc
	-36.50

	7
	G. fasciculatum (300 spores/kg of soil)+T. harzianum @ 4gm/kg of soil+Neem cake @15 gm/kg of soil
	14.00ab
	-60.67
	11.20b
	-56.92
	192.00
(13.85)a
	-52.00

	8
	Carbofuran 3G @3gm/kg of soil(W/W)
	12.20a
	-65.73
	9.80a
	-62.30
	181.00
(13.45)a
	-54.75

	9
	Control
	35.60g
	
	26.00e
	
	400.00
(20.00)d
	

	
	S.Ed(±)
	0.93
	
	0.72
	
	0.79
	

	
	CD at 5%
	1.89
	
	1.46
	
	1.60
	


Mean followed by the same letter in the superscript(s) are not significant different
Data in the parenthesis in the final nematode population are square root transformed data

