



Incremental Cost-Benefit Ratio of Novel Fungicides Towards Management of Cercospora Leaf Spots in Mung Bean During Rice Fallow Conditions in South Eastern Coastal Plain Zone of Odisha, India
ABSTRACTS

Eight fungicides were tested towards management of Cercospora leaf spots in mung bean during rice fallow conditions. Those fungicides were Carbendazim 50WP @1g/lit, Propiconazole 25EC @1ml/lit, Tebuconazole 25EC@1ml/lit, Hexaconazole 25EC @1ml/lit, Mancozeb 75 WP @2.5g/lit,Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit, Carbendazim 12% + Mancozeb 63% WP@2g/lit. In each treatment seed treatment was done with Imidacloprid@5g/kg + Carbendazim 2g/kg seed. Lowest percent disease index (12.17%) and highest grain yield (8.70 q/ha)  was recorded in the  treatment receiving foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit with lowest ICBR (1:2.52) followed by Hexaconazole 25EC @1ml/lit with 20.04% disease index, 7.13 q/ha yield but highest ICBR (1:10.19) and Carbendazim 12% + Mancozeb 63% WP@2g/lit with 28.14% disease index, 6.27 q/ha yield with (1:7.63) ICBR. Foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit showed superiority in controlling the disease followed by foliar spray of Hexaconazole 25EC @1ml/lit and Carbendazim 12% + Mancozeb 63% WP@2g/lit. ICBR is less in Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit than Hexaconazole 25EC @1ml/lit and Carbendazim 12% + Mancozeb 63% WP@2g/lit due to the high cost.
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INTRODUCTION

Green gram (Vigna radiata L) was originated from India (De Candole, 1886; Zhukov) or the Indo-Burmese region (Vavilov, 1951; H.B. Singh et al., 1970; Jain and Mehra, 1980) belongs to Vigna group has a prominent role in diversifying Indian agriculture. It plays a significant role towards fulfillment of nutritional requirement of predominantly vegetarian populated country like India. It is a legume crop belonging to family leguminosae and is a rich source of protein, essential amino acids and vitamins. It is considered as a 3rd important pulse crop after chick pea and pigeonpea. In India during 2022-23, mung bean was cultivated in an area of 5.55 (MHa) with 3.68 (MT) production (Project Coordinator’s Report 2023-24, AICRP on Kharif Pulses, IIPR, Kanpur).

Cultivation of Green gram is adopted during Kharif, Rabi and Rice fallow conditions. The crop is affected by many important diseases like Cercospora leaf spots, Yellow mosaic disease, Web blight, Root rot etc. Among different major diseases of Mungbean, Cercospora leaf spot caused by Cercospora canescens is an economically significant disease causing around 23-96% yield losses (Chand et al., 2012; Bhat et al., 2014) which occur during all the growing seasons. Optimum temperature to cause the disease is recorded as 25-300 C but cold climate (less than 100 C) can suppress conidia formation (Yadav et al., 2025).

Cercospora canescens attacks the crop during vegetative and reproductive stages Ryley et al., (2010) and the symptoms appear on leaves as water soaked spots which turns into dark brown to black colour surrounded with yellow halo at maturity (Fig. 1).

As the disease becomes severe it causes death of the tissues of infected leaves. The petioles, stems and pods also get affected by the pathogen. During favorable condition the spots increase in size and at the time of flowering and pod formation lead to defoliation. In case of severe attack of Cercospora, premature defoliation is also observed. Sometimes the leaves may become unshaped and wrinkled. Poor pod formation, late maturity and immature seed formation is also reported (Poehlman, 1991). Cercospora leaf spot is considered as an important pathogen not only due to its widespread range but also due to the susceptibility of many commercial crops to this disease (Wang et al., 1998; Windels et al., 1998). Warm wet conditions are favorable for occurrence of Cercospora leaf diseases (Barbetti, 1985). To control Cercospora leaf spot of Mungbean different techniques and methodologies including use of chemical fungicides (Singh and Singh, 1978), spray of different botanicals and use of resistant variety are being practiced. Evaluation of some systemic fungicides against Cercospora canescens was reported by J.P. Khunti (2005), in Gujrat, India.

Keeping the importance of the disease and according to the socio-economic conditions and local climatic situation an experiment on “Effect of fungicides on management of Cercospora leaf spots in Mungbean during rice fallow conditions” was formulated and conducted at Nutri-Crops Research Station, OUAT, Berhampur, Odisha, India (GPS location 19.36o  North latitude, 84.76o East longitude and 34 MSL altitude) during 2023-24 and 2024-25 to evaluate the efficacy of different fungicides to identify a low cost farmer’s friendly management technique with highest ICBR (Incremental Cost Benefit Ratio).The experimental site comes under East coast plains & hills agro-climatic zone of India and East & South Eastern Coastal Plain zone of Odisha.

MATERIALS AND METHODS
Eight treatments were tested including untreated check in the current study. The different treatments were T1- foliar spray of Carbendazim 50WP @1g/lit, T2- foliar spray of Propiconazole 25EC @1ml/lit,T3 - foliar spray of Tebuconazole 25EC@1ml/lit,T4 - foliar spray of Hexaconazole 25EC @1ml/lit, T5- foliar spray of Mancozeb 75 WP @2.5g/lit, T6- foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit, T7- foliar spray of Carbendazim 12% + Mancozeb 63% WP@2g/lit and T8-Untreated Check. In each treatment seed treatment done with Imidacloprid@5g/kg+Carbendazim2g/kg seed.

Mung bean variety IPM-02-14 was used in this experiment. The experimental design was laid out in randomized block with four replications in a plot of 4×2.5 m2 size with 30 cm distance between rows and 10cm within plants. All the treatments were applied two times, once at the time of disease initiation and next at fort night interval. Planting was done  in the month of January in rice fallow condition with recommended dose of N:P:K fertilizer @ 20:40:20 with two split applications as basal and top dressing at 21 days after sowing.

Data on percent disease intensity and yield were recorded at 30, 45 and 60 DAS from which incremental yield and ICBR of different treatments were calculated.

The data obtained from all the experiments were statistically analyzed by following the standard methods (Gomez and Gomez, 1984).
Method of recording observations 

30 days after sowing, observations on the percentage disease index of Cercospora leaf spot were recorded and repeated at 45 and 60 days after sowing. 

Percentage disease index was calculated by using disease rating scale and following formula:

Percentage disease index (PDI)=

                                                               Sum of total rating                                  x 100

                                           

                                        Total number of observation x Highest grade in scale

List 1-Disease rating grade for Cercospora leaf spot (0-9 grade) in Mung bean and urd bean 

	Grade
	 Description 

	Reaction
	Designation 


	0
	No visible symptoms 

	Free
	F

	1
	0.1-10.1 % leaf area covered with symptoms Resistant 

	Resistant
	R

	3
	10.1-20.1 % leaf area covered with symptoms 
	Moderately Resistant

	MR

	5
	20.1-30.1 % leaf area covered with symptoms
	Moderately Susceptible

	MS

	7
	30.1-50 % leaf area covered with symptoms
	Susceptible
	S

	9
	>50.1 % leaf area covered with symptoms 

	Highly Susceptible
	HS


Source: All India Coordinated Research Project, Indian Institute of Pulses Research, Kanpur Annual Report 2023-24.
Percent disease control for each treatment calculated by using following formula.

% Disease Control=

% disease index in control - % disease index in treatment      x 100

% disease index in control

After selecting from each plot in each treatment, the yield by plot was noted and weighed individually. For each treatment, the average yield was taken and expressed as kg/plot and kg/ha before being statistically examined. The cost of labor and fungicides per hectare were factored into the total cost of plant protection. Net monetary return of a treatment comprised of increase in yield as a function of treatment over control and prevailing market price of mung bean. The net profit of treatment was calculated by deducting the total cost of plant protection from total monetary return Nemadeet al. (2017). 

Cost-Benefit analysis of fungicide treatments:

Cost of fungicides was obtained by multiplying total quantity (kg or litre) of respective fungicides required for per hectare application with the prevalent market price (Rs.) for per litre/kg of respective fungicide. Various parameters used for working out the incremental cost benefit ratio are given below 

Labour wages (Rs./ha): 

Two labourers were required for spraying in a day over one hectare crop @ prevailing local market rate of Rs.450.00/day/labour. 
Total cost of plant protection/ treatment (Rs./ha): 
Cost of fungicide and wages of Labourers were summed up to work out the cost of respective treatment. 

Additional yield (q/ha): 

By differentiating the values of control yield from yield of a respective treatment we got additional yield. 

Additional yield = T – C 
Where, T = Yield in respective treatment 
C = Yield in untreated control treatment 

Additional income (Rs./ha):

It was calculated by multiplying the additional yield over the untreated control with prevailing minimum support price of green gram seed. 

Net return (Rs./ha): 

This was obtained by subtracting the cost of treatment from additional income of respective treatment. 

Incremental Cost-Benefit Ratio:

Incremental cost benefit ratio (ICBR) was calculated as a ratio of net profit to the cost of plant protection of treatment which exhibits the economic viability of the treatment. This was calculated separately for each treatment as per following formulae suggested by Ojha (2017). 

Incremental Cost Benefit Ratio = 

                                         Net profit


Total cost of plant protection or treatment

RESULTS AND DISCUSSION 

Additional yield (q/ha) 
Foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit twice at disease initiation stage and next at 14 days interval recorded the highest additional yield 8.70 q/ha followed by Hexaconazole 5EC 7.13 q/ha (pooled data of 2023 and 2024).

Total Cost of treatments (Rs./ha): 
Foliar spray of Carbendazim 50WP @1g/lit treated plot had the lowest total cost of treatment (Rs. 2900.00), the highest (Rs. 15,300.00) was from foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit each treatment done twice at disease initiation stage and next at 14 days interval .

Additional income (Rs./ha) 

The highest additional income (Rs. 53915 q/ha) was obtained with treatment foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit  followed by foliar spray of Hexaconazole 25EC @1ml/lit Rs.40285/ha .

Net income (Rs./ha) 

Highest net income (Rs.38,615/ha) obtained from  foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit  followed by foliar spray of Hexaconazole 25EC @1ml/lit Rs.36,685/ha.

Incremental Cost-benefit ratio (ICBR) 

Highest incremental cost benefit ratio (1:10.19) was found in foliar spray with Hexaconazole 25EC @1ml/lit  followed by foliar spray with Carbendazim 12% + Mancozeb 63% WP@2g/lit with (1:7.63) while ICBR was lowest in Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit  (1:2.52)

Research findings showed that all the treatments for the management of Cercospora leaf spot in mung bean were statistically significant with each other. The lowest percent disease index (12.17%), highest grain yield (8.7 q/ha)  was found in the  treatment T6 - foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit followed by T4 - foliar spray of Hexaconazole 25EC @1ml/lit with (20.04%) disease index , (7.13 q/ha) yield and T7- foliar spray with Carbendazim 12% + Mancozeb 63% WP@2g/lit with (28.14%)disease index (6.27 q/ha) yield (Table 1) .

However, ICBR recorded highest (1:10.19) in T4 - foliar spray of Hexaconazole 25EC @1ml/lit followed by T7-foliar spray with Carbendazim 12% + Mancozeb 63% WP@2g/lit with (1:7.63) but lowest in treatment with Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit (1:2.52) (Table 2).

These research findings showed similarity with the report of Abhishek et al. (2024)  who concluded that okra treated with Tebuconazole and Trifloxystrobin  fungicidal combination produced higher fruit yield than okra treated with other treatments due to their effective disease control and systemic action. Similarly, Yadav et al., (2014) had earlier reported that combination of Carbendazim + Mancozeb was found superior against Cercospora leaf spot of greengram.

Math et al.,(2023) found through their field experiment that Hexaconazole @ 0.1% and Azoxystrobin 23 SC shown it’s superiority in controling the Cercospora leaf spots in Black gram.

CONCLUSION:

By analyzing the data of two consecutive years we conclude that the lowest percent disease index (12.17%) and highest grain yield (8.7 q/ha)  was found in the  treatment T6 - foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit with lowest ICBR (1:2.52) followed by T4 - foliar spray of Hexaconazole 25EC @1ml/lit with (20.04%) disease index and 7.13 q/ha yield but highest ICBR (1:10.19) and T7- foliar spray with Carbendazim 12% + Mancozeb 63% WP@2g/lit with (28.14%) disease index and 6.27 q/ha yield with (1:7.63) ICBR.

Foliar spray of Tebuconazole 50% + Trifloxystrobin 25% WG @ 0.75g/lit showed superiority in controlling the disease with highest percent disease control of 78.81%  followed by foliar spray of Hexaconazole 25EC @1ml/lit with 65.11 percent disease control and Carbendazim 12% + Mancozeb 63% WP@2g/li with 51.01 percent disease control. ICBR is less in Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit than Hexaconazole 25EC @1ml/lit and Carbendazim 12% + Mancozeb 63% WP@2g/lit due to the high cost.

Considering the superiority of Tebuconazole 50% + Trifloxystrobin 25% WG @0.75g/lit in controlling the disease, it can be recommended as effective curative measure in management of Cercospora leaf spots where it crosses economic threshold limits and can cause serious yield losses. Hexaconazole 25EC @1ml/lit and Carbendazim 12% + Mancozeb 63% WP@2g/lit can be recommended both as preventive and curative measure where the damage predicted under economic threshold limits so that farmers can be benefited economically.
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Table 1. Effect of different fungicides on percent disease control and yield towards management of Cercospora Leaf Spots in Mung bean.

	Treatments detail
	Percent Disease

Index 2023
	Percent Disease

Index 2024
	POOLED Percent Disease

Index 2023 & 2024
	Percent Disease

Control
	Yield

(q/ha)

2023
	Yield

(q/ha)

2024
	POOLED

YIELD

 2023 & 2024

(q/ha)

	T1-Carbendazim 50WP 
	34.3

(35.2)
	33.24

(35.12)
	33.76

(35.29)
	41.23
	4.03
	4.78
	4.40

	T2-Propiconazole 25EC 
	29.26

(32.73)
	28.89

(32.49)
	29.07

(32.61)
	49.39
	5.27
	4.67
	4.97

	T3-Tebuconazole 25EC 
	25.64

(30.41)
	31.39

(34.05)
	28.59

(32.31)
	50.23
	5.48
	6.44
	5.96

	T4-Hexaconazole 5EC 
	14.81

(22.46)
	25.27

(30.14)
	20.04

(26.5)
	65.11
	7.42
	6.85
	7.13

	T5-Mancozeb 75WP 
	29.07

(32.5)
	30.27

(33.34)
	29.67

(32.96)
	48.35
	5.43
	4.85
	5.14

	T6-Tebuconazole 50% + Trifloxystrobin 25% WG
	11.39

(19.72)
	12.96

(21.05)
	12.17

(20.40)
	78.81
	7.89
	9.50
	8.70

	T7-Carbendazim 12%+ Mancozeb 63% WP
	24.63

(29.33)
	39.81

(39.1)
	28.14

(32.02)
	51.01
	6.74
	5.99
	6.27

	T8-Untreated control
	51.76

(45.96)
	67.5

(55.7)
	57.45

(49.30)
	-
	2.50
	2.43
	2.49

	SEM
	3.05
	1.99
	2.38
	
	0.40
	0.38
	0.32

	CV
	9.82
	5.65
	7.97
	
	7.17
	6.64
	5.74

	CD
	8.92
	5.81
	6.96
	
	1.17
	1.11
	0.95


TABLE-2: Incremental Cost Benefit Ratio  (Economics) of various treatments

	Treatment
	Yield

(q/ha)

(pooled

 2023 &24)
	Increase in yield over control

(q/ha)
	Cost of treatments

(Rs/ha)
	Labour charge

(Rs/ha)
	Total cost of treatment

(A)
	Cost of increased

Yield

Rs/ha 

(B)
	Net Profit

(C)

B-A
	ICBR

(C/A)

	T1
	4.40
	1.91
	1100
	1800
	2900
	16583
	13683
	1:4.71

	T2
	4.97
	2.48
	2500
	1800
	4300
	21531
	17231
	1:4.00

	T3
	5.96
	3.47
	4500
	1800
	6300
	30127
	23827
	1:3.78

	T4
	7.13
	4.64
	1800
	1800
	3600
	40285
	36685
	1:10.19

	T5
	5.14
	2.65
	2250
	1800
	4050
	23007
	18957
	1:4.68

	T6
	8.70
	6.21
	13500
	1800
	15300
	53915
	38615
	1:2.52

	T7
	6.27
	3.78
	2000
	1800
	3800
	32818
	29018
	1:7.63

	T8
	2.49
	-
	-
	-
	-
	-
	-
	-


Labour charges for one spray/ha @ 450/labour/day, two labourers required for each treatment/ha .

Minimum support price of mung bean 8682/q during 2024-25 .

FIG:1- Cercospora Leaf Spots 
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