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Management of dry root rot of chickpea using potential Trichoderma sp. and effective fungicide under field conditions

Abstract

The efficacy of fungicide and talc based formulation of biocontrol agent (CRT-4) either alone or in integration with oil cakes effective fungicide and potential bioagent under field conditions  was evaluated  against dry root rot of chickpea under field conditions at RARS Farm, Nandyal during rabi, 2019-20 and 2020-21 and the results revealed that T9 i.e. seed treatment with Tebuconazole @1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 recorded lowest incidence of dry root rot disease (11.70%), highest root and shoot lengths of 10.14 cm and 28.09 cm respectively, with a seed yield of 1581 kg ha-1 and with B:C ratio of 1.87 followed by T8 i.e. seed treatment with Tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1 with incidence of 13.93 per cent, root and shoot lengths of 9.40 and 24.64 cm, seed yield of 1426 kg ha-1 and B:C ratio of 1.64.
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Introduction 
Chickpea (Cicer arietinum L.) is widely cultivated in the world covering more than 50 countries spread over Asia, Africa, Europe, Australia, North America and South America. It is the third most important pulse crop produced in the world after Dry bean and Peas. It accounts for 20 per cent of the world pulses production (Gaur et al., 2014). Among the chickpea growing states of India, Madhya Pradesh, Maharashtra, Rajasthan, Uttar Pradesh, Andhra Pradesh, Karnataka, Chattisgarh, Bihar and Jharkhand contribute more than 95 per cent to the total production of chickpea. In recent years, the country has witnessed a remarkable increase in area, production and productivity of chickpea. India contributes to a major share of the world’s chickpea area (70%) and production (67%) and continues to be the largest chickpea producing nation (Dixit et al., 2019).
Chickpea is a highly nutritious grain legume crop belongs to the family Leguminaceae usually grown after rainy season on conserved soil moisture conditions during winter in the tropics and spring in the temperate and Mediterranean regions. It is widely appreciated as a health food. It is a protein-rich supplement to cereal-based diets, especially to the poor in developing countries, where people are vegetarians and maintains soil fertility by fixing nitrogen. Chickpea seeds contains 23 per cent protein, 64 per cent carbohydrates, 47 per cent starch, 5 per cent fat, 6 per cent crude fibre, 6 per cent soluble sugars, 3 per cent ash, minerals such as calcium (202 mg), phosphorus (312 mg), iron (10.2 mg), Vitamin C (3.0 mg), calorific value (360 cal), small amounts of B- complex, fibre (3.9 g) and moisture (9.8 g). Generally it is being consumed as dhal (or) variety of snacks, sweets and condiments. Glandular hairs of the chickpea plants contain 94% malic acid and 6% oxalic acid which has medicinal importance and used in the preparation of vinegar. Chickpea cultivation is often subjected to significant yield losses due to pests and diseases ranging from 5-10 per cent in temperate regions and 5-100 per cent in tropics (Van Emden et al., 1988). Among the biotic stresses, diseases are the most serious limitations to chickpea production causing upto 100 per cent losses. Ecological, environmental and physiological factors and intensity of biotic stresses are known to aggravate the occurrence and severity of the diseases.  Among all the diseases, dry root rot and wilt causes severe losses in almost all major chickpea growing states of India. Dry root rot causes 20-30 per cent crop losses in major chickpea growing states of India (Nene et al., 1981).
Among the several soil-borne fungal diseases, dry root rot caused by
R. bataticola (Taub.) Butler is the most severe disease of chickpea especially in the central and southern zones, where the crop is mostly grown in rabi season under rainfed conditions. Predominantly, disease appears around flowering and podding stage. The first symptom is the yellowing and sudden drying of the plants. The tap root becomes dark brown quite brittle in dry soil and shows extensive rotting resulting in the loss of lateral roots. The lower portion of the tap root is often left in the soil when plant is uprooted (Nene et al., 2012). Affected plants are usually straw coloured, but in some cases the lower leaves and stem portion shows brown discolouration. The dead roots of the plants become brittle with shredding of the bark.  Minute dark sclerotial bodies appear on the infected plant disease roots. Environmental factors like temperature, soil moisture and pH plays an important and key role in determining the viability and growth of the pathogen.

Chickpea diseases may cause yield losses of upto 100 per cent depending on the time of infection. Increase in pathogen resistance to the fungicides and environmental concerns regarding the fungicidal usage had led to the search for alternative methods of chickpea dry root rot management such as biological control. The use of biocontrol agents like Trichoderma and soil borne, non-pathogenic bacteria with the ability to antagonize fungal phytopathogens reduce the survival capacity of sclerotia in the soil and prevent plant disease. As the pathogen has broad host range and survives in the soil for longer periods in the form of sclerotia which can survive for more than ten months even in the absence of host plants. Therefore usage or over usage of chemicals or any other single disease control method is not reliable and sufficient to manage the soil borne disease, dry root rot. A systematic management approach integrating all the feasible disease management strategies provides better pathogen management which is broad based and ecologically sound. The current study was planned to derive a definite and effective disease management strategy for the management of dry root rot of chickpea under field conditions.
Materials and Methods 
The field experiment was conducted at experimental block of Department of Plant Pathology, RARS Farm, Nandyal during rabi, 2019-20 and 2020-21 using susceptible chickpea variety L-550. The crop was well managed throughout the period of experimentation by adopting all recommended package of practices by ANGRAU. Susceptible variety L-550 was sown in 4 m × 3 m plots with a spacing of 30 cm × 10 cm. Before sowing, seeds were treated with effective fungicide and talc formulation of CRT-4, potential bioagent with recommended dosages. The experiment was planned with ten treatments including untreated check (control) maintaining three replications per treatment by following Randomized Block Design (RBD) using effective fungicide talc based Trichoderma formulation and potential bioagent as seed treatment and their combinations with oilcakes (Neem and castor) as soil application (Table 1).
The field was prepared before sowing and fertilizers were applied at 20: 50 of N and P2O5 kg ha-1 respectively. Nitrogen and Phosphatic fertilizers were applied to the soil as basal in the form of Urea and SSP respectively. Inoculum of virulent isolate (CRb-5) was applied to the field before sowing.

Seed Treatment with Effective Fungicide and Potential Bioagent
            Seeds of susceptible check, L-550 were treated with effective fungicide and talc based formulation of CRT-4, potential bioagent at recommended dosage using gum as sticker. The treated seeds were spread over a clean paper and dried under shade. Treated seeds were sown immediately after drying (Plate 3).
Soil Application of Oilcakes

            Oilcakes viz., neem and castor cake at recommended dosages were applied to the soil at the time of sowing (Plate 4).
Observations
       Observations like Per cent Disease Incidence (%) at harvest, growth parameters like root & shoot lengths and yield per plot at harvest were recorded. At the time of harvest, chickpea plants from all the treatments and replications were collected separately. After threshing and winnowing, the net plot yield was recorded and expressed as kg per ha.
Based on observations the disease incidence was calculated by following formula.

Per cent disease incidence (%) = 
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Estimation of Benefit Cost (B : C) Ratio

        The economic analysis was done by taking into consideration of market prices prevailing during 2020-21 for the produce and cost of treatment. B: C ratio was calculated by gross returns and total cost of cultivation.

Benefit: Cost Ratio = 
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Results and Discussion 
Effect of Fungicide, Bioagent and Soil Amendments on Dry Root Rot Disease, Plant Growth Parameters and Yield 

2019-20 :

Dry root rot incidence :

             It is evident from the Table 2 that all the treatments tested were significantly superior over control in reducing the disease incidence of dry root rot of chickpea. The disease incidence among the treatments varied from 11.38 per cent (T8, seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1) to 31.34 per cent (T1 i.e. Seed treatment with Trichoderma @ 10 g kg-1). 
             Seed treatment with Trichoderma @ 10 g kg-1 (T1) and tebuconazole 
@ 1.25 g kg-1 (T2) alone recorded disease incidence of 31.34 per cent and 28.18 per cent respectively while in combination with neem and castor cakes there was reduction in disease incidence of dry root rot disease in the rest of treatment combinations tested. The disease incidence among different treatments was found to be in the following order :
T8 < T9 < T6 < T4 < T3 < T7 < T5 < T2 < T1 < T10
Root length (cm)
          Maximum root length of 9.92 cm was recorded in the treatment T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 followed by T8 i.e seed treatment with tebuconzole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1 with root length of 8.74 cm. All the tested treatments are significantly superior over control. No significant difference was observed among the treatments except with T8 (seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1) and T9 (seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1) (Table 2 and Figure 1).
          Seed treatment with Trichoderma (T1) and tebuconazole (T2) alone recorded root lengths of 7.96 cm and 7.98 cm respectively but both when treated in combination and with soil amendments like neem and castor cakes as soil application there was an increase in root lengths in T4 (8.32 cm), T5 (8.07 cm), T6 (8.67 cm), T7 (8.43 cm), T8 (8.74 cm) and T9 (9.92 cm). The root length of different treatments was found to be in the following order :

T9 > T8 > T6 > T7 > T4 > T5 > T3 > T2 > T1 > T10
Shoot length (cm)

Seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 
10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 (T9) was found to be superior over all the other treatments tested with a shoot length of 27.21 cm followed by T8 (seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1) with a root length of 26.83 cm which are on par with one another and found to be significantly superior over control (16.73 cm).

 Among seed treatment and soil application combinations, seed treatment with Trichoderma @ 10 g kg-1 + tebuconazole @1.25 g kg-1, soil application of castor cake recorded the highest shoot length of 27.21 cm while seed treatment with tebuconazole @ 1.25 g kg-1 alone recorded a shoot length of 24.26 cm.

When both bioagent and fungicide were treated in combination with soil amendments like neem and castor cakes stimulatory increase in shoot lengths were observed in treatment combinations of T3 (25.70), T4 (26.07), T5 (26.10), T6 (26.23), T7 (26.10), T8 (26.83) and T9. (27.21).
          The shoot length of different treatments was found to be in the following order.

T9 > T8 > T6 > T5 = T7 > T4 > T3 > T1 > T2 > T10
Seed yield (kg ha-1)
Seed yield of 1551 kg ha-1 was found to be maximum in T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 followed by (T8) seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1 (1391 kg ha-1) and minimum seed yield of 976 kg ha-1 was recorded in the treatment T1 (seed treatment with Trichoderma @ 10 g kg-1). All the treatments are significantly superior over control with lower seed yield of 855 kg ha-1. 

The seed yield of chickpea of different treatment combinations was found to be in the following order.

T9 > T8 > T5 > T6 > T3 > T7 > T4 > T2 > T1 > T10
2020-21 :

Dry root rot incidence :

All the treatments tested were significantly superior over control in reducing the disease incidence of dry root rot of chickpea in a trial conducted during rabi, 2020-21 at RARS, Nandyal (Table 2).
Dry root rot disease incidence among the treatments varied from 11.44 per cent in T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1) to 31.08 per cent in T1 (Seed treatment with Trichoderma @ 10 g kg-1).

Among all the treatments tested against dry root rot disease under sick soil field conditions, T9 i.e seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 recorded significantly lowest per cent incidence of dry root rot (11.44%) which was on par with T6 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + soil application of neem cake @ 500 kg ha-1 (15.73%). 

The disease incidence among different treatments was found to be in the following order

T9 < T6 < T8 < T7 < T4 < T3 < T5 < T2 < T1 < T10
Root length (cm)
A root length of 10.35 cm was recorded in the treatment T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 and it was on par with T8 (seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1) with a root length of 10.06 cm.

All the treatments are significantly superior over control with a root length of 6.13 cm. When the seeds were treated alone with Trichoderma (T1) and tebuconazole (T2) recorded root lengths of 7.98 cm and 8.11 cm were recorded respectively but both when treated in combination with soil amendments like neem and castor cakes, increase in the root lengths was observed in T4 (8.86 cm), T6 (8.53 cm), T7 (8.73 cm), T8 (10.06 cm) and T9 (10.35 cm). The root length of different treatments was found to be in the following order: 
T9 > T8 > T4 > T7 > T6 > T2 > T3 > T1 > T5 > T10
Shoot length (cm)
A shoot length of 28.97 cm was recorded in T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of castor cake @ 250 kg ha-1 found to be superior over all the other treatments. All the treatments tested are significantly superior over control (19.14 cm). Treating the seed at the time of sowing with bioagent and fungicide in the treatments T1 and T2 alone recorded shoot lengths of 25.06 and 25.15 cm respectively while when both were treated in combination and with neem and castor cakes as soil application, an increase in shoot lengths of chickpea plants in treatment combinations of T5 (25.55 cm), T6 (27.95 cm) and T9. (28.97 cm) was noticed.
The shoot length of different treatments was found to be in the following order.

T9 > T6 > T7 > T5 > T3 > T2 > T1 > T4 > T8 > T10
Seed yield (kg ha-1)
Maximum seed yield of 1611 kg ha-1 was recorded in T9 i.e seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of castor cake @ 250 kg ha-1 and minimum seed yield of 1005 kg ha-1 was recorded in the treatment T2 (seed treatment with tebuconazole @ 1.25 g kg-1). All the treatments are significantly superior over control with lower seed yield of 901 kg ha-1 
The seed yield of chickpea of different treatment combinations was found to be in the following order.

T9 > T8 > T5 > T7 > T4 > T6 > T3 > T1 > T2 > T10
   Pooled Mean of Rabi, 2019-20 and 2020-21

The pooled data of rabi, 2019-20 and 2020-21 for the management of dry root rot of chickpea under sick soil conditions through seed treatment with potential bioagent, effective fungicide and neem and castor cakes as soil application prior to sowing revealed that T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 recorded lowest incidence of dry root rot disease (11.70%), highest root and shoot lengths of 10.14 cm and  28.09 cm respectively, seed yield of 1581 kg ha-1 and with B:C ratio of 1.87 followed by T8 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of neem cake @ 500 kg ha-1 with disease incidence of 13.93 per cent, root and shoot lengths of 9.40 and 24.64 cm, seed yield of 1426 kg ha-1 and B:C ratio of 1.64 (Table 2, Fig 1-3 ).
Dry root rot disease incidence
            Dry root rot disease incidence among the treatments varied from 11.70 per cent in T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1) to 31.21 per cent in T1 (Seed treatment with Trichoderma @ 10 g kg-1). Seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 (T9) recorded significantly lowest incidence of dry root rot (11.70%) which was on par with T8 (seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of neem cake 
@ 500 kg ha-1 with 13.93 per cent incidence in comparision over control which showed highest percent of disease incidence (40.73%). 
Seed treatment with Trichoderma @ 10 g kg-1 (T1) and tebuconazole 
@ 1.25 g kg-1 (T2) alone recorded disease incidence of 31.21 per cent and 28.46 per cent respectively. But when treated in combination with neem and castor cakes as soil application in other treatment combinations like T3, T4, T5, T6, T7, T8 and T9 there was a reduction in disease incidence of dry root rot disease.

 The disease incidence among different treatments was found to be in the following order

T9 < T8 < T6 < T7 < T4 < T3 < T5 < T2 < T1 < T10
  Root length (cm)
All the treatments are significantly superior over control in which a root length of 5.98 cm was recorded. Maximum root length of 10.14 cm was recorded in the treatment T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of castor cake @ 250 kg ha-1. When seed was treated alone with Trichoderma (T1) and tebuconazole (T2) root lengths of 7.97 cm and 8.04 cm were recorded respectively but both when treated in combination increase in the root lengths were observed. The root length of different treatments was found to be in the following order.
T9 > T8 > T6 > T4 > T7 > T3 > T2 > T1 > T5 > T10

Shoot length (cm)
In treatment T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of castor cake @ 250 kg ha-1 was found to be superior over all the other treatments tested with a shoot length of 28.09 cm followed by T6 i.e. seed treatment with tebuconazole @ 1.25 g kg-1, soil application of neem cake @ 500 kg ha-1 with a root length of 27.09 cm which are on par with one another. All the treatments tested are significantly superior over control (17.94 cm). 

Stimulatory effect was noticed in shoot lengths of chickpea plants in treatment combinations with fungicide and bioagent as seed treatments, neem and castor cakes as soil application in T5 (25.82 cm), T6 (27.09 cm), T7 (26.07 cm) and T9 (28.09 cm).
The shoot length of different treatments was found to be in the following order.

T9 > T6 > T7 > T5 > T3 > T1 > T4 > T2 > T8 > T10
Seed yield (kg/ha)

           It is evident from the Table.3 that  maximum seed yield of 1581 kg ha-1 was recorded in T9 i.e seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed, soil application of castor cake @ 250 kg ha-1 and minimum seed yield of 994 kg ha-1 was recorded in the treatment T2 i.e. seed treatment with tebuconazole @ 1.25 g kg-1. All the tested treatments and combinations are significantly superior over control with lower seed yield of 878 kg ha-1. 
The seed yield of chickpea of different treatment combinations was found to be in the following order.

T9 > T8 > T5 > T7 > T4 > T6 > T3 > T1 > T2 > T10

However, there was no significant difference in the treatment combinations of neem and castor cakes (T8 and T9) application to the soil. During rabi, 2019-20 and 2020-21, in the treatment combinations of both seed treatment with fungicide, bioagent and soil application of soil amendments, lowest disease incidence of dry root rot, increase in plant growth parameters like root and shoot lengths, maximum seed yield of chickpea was recorded compared with individual application of fungicide, bioagent and soil amendments. The current results are in agreement with the studies conducted by Nagamani et al. (2013) reported that seed treatment with carbendazim @ 2 g kg-1 + T. viride @ 4 g kg-1 seed and soil application of FYM fortified with T. viride was found effective with lowest incidence of dry root rot, highest growth parameters like root and shoot lengths with maximum seed yield. Manjunatha and Naik (2013) stated that minimum root rot incidence of chickpea (2.67%) with higher seed germination (97.60%) and seed yield (1274 kg ha-1) was recorded in seed treatment with T. viride @ 10 g kg-1 and soil application of FYM @ 4 kg plot-1.

           Effect of organic amendments like FYM, vermicompost and neem cake individually and also in combination with the potential tolerant fungal antagonist Trichoderma isolate (CT-7), bacterial antagonist CREB-16 and fungicide copper oxy chloride were tested against R. bataticola in pot culture under greenhouse conditions revealed that seed treatment with fungicide + soil application of potential fungal and biocontrol agent was found superior with highest germination percentage (100%), highest initial and final plant stand, least dry root rot incidence (16.00%), maximum plant height (25.61 cm), root length (13.40 cm) and maximum shoot (0.49 g) and root dry weights (0.11 g) as reported by Veena and Reddy, 2016.

            The efficacy of bioagent viz., T. viride, organic amendment, neem cake, Plant extract, garlic, and carbendazim applied through seed treatment and soil application against Macrophomina phaseolina causing root rot disease of Chickpea. Among the treatments, soil application with neem cake @ 25 g pot-1 + seed treatment with carbendazim @ 2 g kg-1 seed (16.66 and 20.00%) followed by seed treatment with T. viride @ 4 g kg-1 seed, carbendazim @ 2 g kg-1 seed (20.00 and 20.83%) found most effective in reducing root rot incidence over control (46.60 and 62.50 %) at 40 and 60 days after sowing respectively 
(Lakhran and Ahir, 2021b).
Summary and Conclusions 
Field experiment conducted during rabi 2019-20 and 2020-21 to evaluate the efficacy of fungicide and talc based formulation of biocontrol agent (CRT-4) either alone or in integration with oil cakes revealed that T9 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of castor cake @ 250 kg ha-1 recorded lowest incidence of dry root rot disease (11.70%), highest root and shoot lengths of 10.14 cm and 28.09 cm respectively, with a seed yield of 1581 kg ha-1 and with B:C ratio of 1.87 followed by T8 i.e. seed treatment with tebuconazole @ 1.25 g kg-1 + Trichoderma @ 10 g kg-1 seed and soil application of neem cake @ 500 kg ha-1 with incidence of 13.93 per cent, root and shoot lengths of 9.40 and 24.64 cm, seed yield of 1426 kg ha-1 and B:C ratio of 1.64.
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              Plate 1 .Experimental view of integrated disease management of dry root rot of chickpea under field conditions during 2019-20


     Plate 2.Experimental view of integrated disease management of dry root rot of chickpea under field conditions during 2020-21


            Plate 3.  Seed treatment with Potential Bioagent and effective Fungicide


          Plate 4. Soil application of Neem and castor cakes in the experimental field

Table 1.
Details of the treatments used in integrated disease management under field conditions 

	Treatment
No.
	Treatment

	T1
	Seed treatment with potential biocontrol agent @ 10 g kg-1

	T2
	Seed treatment with effective fungicide @ 1.25 g kg-1

	T3
	T1 + T2 (Seed treatment with potential biocontrol agent @ 10 g kg-1 + Seed treatment with effective fungicide @ 1.25 g kg-1)

	T4
	S.T with bioagent @10 g kg-1 + S.A of neem cake @ 500 kg ha-1

	T5
	S.T with bioagent @ 10 g kg-1 + S.A of castor cake @ 250 kg ha-1

	T6
	S.T with effective fungicide @ 1.25 g kg-1 + S.A of neem cake 
@ 500 kg ha-1

	T7
	S.T with effective fungicide @ 1.25 g kg-1 + S.A of castor cake 
@ 250 kg ha-1

	T8
	S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide 
@ 1.25 g kg-1 +S.A of neem cake @ 500 kg ha-1

	T9
	S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide 
@ 1.25 g kg-1 + S.A of castor cake@ 250 kg ha-1

	T10
	Untreated control


S.T : Seed Treatment; S.A : Soil Application

Table .2 Effect of fungicide, potential bioagent and soil amendments on dry root rot of chickpea during rabi, 2019 and 2020 under field conditions

	Treatment
	Rabi, 2019-20
	Rabi, 2020-21
	Pooled mean

	
	Dry
root rot
incidence 
(%)
	Root
length
(cm)
	Shoot
length
(cm)
	Yield
(kg ha-1)
	Dry
root rot
incidence 
(%)
	Root
length
(cm)
	Shoot
length
(cm)
	Yield
(kg ha-1)
	Dry
root rot
incidence 
(%)
	Root
length
(cm)
	Shoot
length
(cm)
	Yield
(kg ha-1)

	T1
:
Seed treatment with potential biocontrol agent @ 10 g kg-1
	31.34
(34.03)
	7.96**
	25.64
	976
	31.08
(33.87)
	7.98
	25.06
	1019
	31.21
(33.95)
	7.97
	25.35
	997

	T2
:
Seed treatment with effective fungicide @ 1.25 g kg-1
	28.18
(32.04)
	7.98
	24.26
	981
	28.73
(32.37)
	8.11
	25.15
	1005
	28.46
(32.20)
	8.04
	24.70
	994

	T3
:
T1 + T2 (Seed treatment with potential biocontrol agent 
@ 10 g kg-1 + Seed treatment with effective fungicide 
@ 1.25 g kg-1)
	22.03
(27.93)
	8.05
	25.70
	1285
	23.59
(29.01)
	8.07
	25.38
	1274
	22.81
(28.48)
	8.06
	25.54
	1068

	T4
:
S.T with bioagent @ 10 g kg-1 + S.A of neem cake
@ 500 kg ha-1
	21.94
(27.89)
	8.32
	26.07
	1282
	22.47
(28.27)
	8.86
	24.09
	1303
	22.21
(28.08)
	8.59
	25.08
	1293

	T5
:
S.T with bioagent @ 10 g kg-1 + S.A of castor cake
@ 250 kg ha-1
	23.06
(28.64)
	8.07
	26.10
	1303
	24.03
(29.34)
	7.65
	25.55
	1306
	23.55
(29.02)
	7.86
	25.82
	1305

	T6
:
S.T with effective fungicide @ 1.25 g kg-1 + S.A of neem
cake @ 500 kg ha-1
	16.53
(23.97)
	8.67
	26.23
	1291
	15.73
(23.33)
	8.53
	27.95
	1286
	16.13
(23.67)
	8.60
	27.09
	1289

	T7
:
S.T with effective fungicide @ 1.25 g kg-1 + S.A of castor
cake @ 250 kg ha-1
	22.24
(28.13)
	8.43
	26.10
	1284
	21.06
(27.27)
	8.73
	26.05
	1305
	21.65
(27.72)
	8.58
	26.07
	1295

	T8
:
S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide @ 1.25 g kg-1 + S.A of neem cake @ 500 kg ha-1
	11.38
(19.62)
	8.74
	26.83
	1391
	16.48
(23.80)
	10.06
	22.44
	1459
	13.93
(21.79)
	9.40
	24.64
	1426

	T9
:
S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide @ 1.25 g kg-1 + S.A of castor cake@ 250 kg ha-1
	11.95
(19.98)
	9.92
	27.21
	1551
	11.44
(19.67)
	10.35
	28.97
	1611
	11.70
(19.83)
	10.14
	28.09
	1581

	T10
:
Untreated control
	39.64
(39.01)
	5.82
	16.73
	855
	41.82
(40.28)
	6.13
	19.14
	901
	40.73
(39.65)
	5.98
	17.94
	878

	S.Em±
	1.47
	0.14
	0.44
	26.37
	1.76
	0.19
	1.02
	32.01
	1.29
	0.11
	0.56
	25.05

	CD @ 5%
	4.37
	0.42
	1.33
	78.37
	5.24
	0.57
	3.05
	95.13
	3.83
	0.34
	1.67
	74.43

	C.V %
	11.17
	3.04
	3.11
	3.74
	12.93
	3.98
	7.13
	4.45
	9.63
	2.43
	3.9
	3.52


S.T : Seed Treatment; S.A : Soil Application; Figures in parantheses are angular transformed values; ** : Values are the mean of three replications

       Table . 3
Yield and economics of integrated disease management on chickpea as influenced by dry root rot disease during rabi, 2019-20 and 2020-21
	Treatment
	Pooled
yield
(kg ha-1)
	Cost of
cultivation
(ha)
	Treatment
cost 
per ha
	Total cost of
cultivation
 per ha
	Gross
returns
(Rs.)
	Benefit
cost
ratio

	T1
:
Seed treatment with potential biocontrol agent @ 10 g kg-1
	997
	35,000
	275
	35,275
	52,841
	1.49

	T2
:
Seed treatment with effective fungicide           @ 1.25 g kg-1
	994
	35,000
	600
	35,600
	52,682
	1.48

	T3
:
T1 + T2 (Seed treatment with potential biocontrol agent 
@ 10 g kg-1 + Seed treatment with effective fungicide 
@ 1.25 g kg-1)
	1068
	35,000
	875
	35,875
	56,604
	1.57

	T4
:
S.T with bioagent @10 g kg-1 + S.A of neem cake @ 500 kg ha-1
	1293
	35,000
	10,275
	45,275
	68,529
	1.51

	T5
:
S.T with bioagent @ 10 g kg-1 + S.A of castor cake
@ 250 kg ha-1
	1305
	35,000
	9,025
	44,025
	69,165
	1.57

	T6
:
S.T with effective fungicide @ 1.25 g kg-1 + S.A of neem
cake @ 500 kg ha-1
	1289
	35,000
	10,600
	45,600
	68,317
	1.49

	T7
:
S.T with effective fungicide @ 1.25 g kg-1 + S.A of castor
cake @ 250 kg ha-1
	1295
	35,000
	9,350
	44,350
	68,635
	1.54

	T8
:
S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide
@ 1.25 g kg-1 + S.A of neem cake @ 500 kg ha-1
	1426
	35,000
	10,875
	45,875
	75,578
	1.64

	T9
:
S.T with bioagent @ 10 g kg-1 + S.T with effective fungicide
@ 1.25 g kg-1 + S.A of castor cake@ 250 kg ha-1
	1581
	35,000
	9,625
	44,625
	83,793
	1.87

	T10
:
Untreated control
	878
	35,000
	--
	--
	46,534
	--


	S. No.
	Inputs
	Price (Rs.)
	S. No
	Inputs
	Price (Rs.)

	1.
	Trichoderma formulation
	135 / kg
	4.
	Neem cake
	20 / kg

	2.
	Tebuconazole 
	600 / 0.3 kg
	5.
	Castor cake
	35 / kg

	3.
	Chickpea seed
	53 / kg
	
	
	


S.T : Seed Treatment; S.A : Soil Application
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Fig 1. Effect of bioagent, fungicide and soil amendments on dry root rot disease incidence of chickpea under field conditions during rabi, 2019-20 and 2020-21
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Fig 2. Effect of bioagent, fungicide and soil amendments on growth parameters (root and shoot length) under field conditions during rabi, 2019-20 and 2020-21
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Fig. 3. Effect of bioagent, fungicide and soil amendments on seed yield of chickpea under field conditions during 

rabi, 2019-20 and 2020-21
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