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Yield Loss Assessment due to Alternaria leaf spot in Soybean Incited by Alternaria alternata


ABSTRACT 
Soybean (Glycine max L.) is one of the most valuable oil seed crops grown in India with high amount of protein and oil content in it. Alternaria leaf spot of soybean is one of the major destructive disease of soybean in recent times and many districts of Rajasthan showing decline in yield. Hence, the present investigation was undertaken to study the yield losses assessment in soybean caused by Alternaria leaf spot.The soybean cultivar RKS-24 was sown in 24 plots with each plot measuring 3.0 X 3.6m. One set of plots was kept inoculated protected from disease by regular application of recommended fungicides and the other set inoculated unprotected served as a control. Maximum per cent disease index (63.5 and 65.8%), grain yield (992.59 and 948.14 kg ha-1)and recovery of A. Alternate from infected seeds (71.0 and 73.0%) was recorded in inoculated unprotected control plots over inoculated protected plots during both the years, respectively. On the basis of difference obtained in net yield between inoculated protected and inculcated unprotected plots, the mean quantitative yield loss was estimated as 45.2% during both years, respectively.These observations suggest that the Alternaria leaf spot has good potential of damaging the crop, and may become a limiting factor in realization of good yields and causing complete failure of the crop.
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INTRODUCTION
“Alternarialeaf spot is considered to be the most devastating disease of soybean in sub- tropical countries. All the aerial parts of the soybean plant are susceptible to A. alternata which reduces the quality and quantity of seed yield.However, due to continuous monocropping, same variety use, seed material exchanges becoming routine and found contributing for increasing severity of foliar diseases of soybean and yield losses year after year. Among the foliar diseases of soybean, Alternaria leaf spot is distributed throughout the soybean growing areas of India but it is of special significance in Madhya Pradesh, Maharashtra, Rajasthan and Delhi6. Members of genus Alternaria are cosmopolitan in nature and important fungal pathogen which mostly cause diseases on aerial parts of many plants worldwide. Alternaria leaf spot of soybean caused by A. alternata has been reported in India”14. “As soybean acreage has expanded throughout the world, diseases have also increased in area and severity. Alternaria leaf spot appears during first week of September when crop is in vegetative growth stage. It manifests as brown necrotic spots with concentric rings that appear on foliage, these spots coalesce and form large necrotic areas in advanced stages. Infected leaves eventually dry out and drop prematurely. A yellow halo was recorded around the spots on leaves.  Infected seeds appear small and shrivelled. A dark irregular spreading sunken area also occurs on seeds1. Losses caused in soybean due to Alternaria leaf spot have been reported to be up to 32-57%”4. The incidence of Alternaria leaf spot ranged from 3.0 to18.0% in cultivar Bragg and Shivalik, higher incidence of Alternaria leaf spot was recorded in cultivars NRC 12, NRC 37, MAUS 61, MAUS 71, VLS 47 from 13.0 to 17.0%5. Disease assessment and crop loss appraisal will become especially important in sustainable systems of crop protection, where critical evaluation of disease levels is required in order to assess the effectiveness of proposed low-input, eco-friendly management strategies. Most of the Indian cultivars are susceptible to Alternaria leaf spot disease and no availability of resistant varieties in the market. It was also observed that the soybean plants for Alternaria leaf spot disease in early sowing were predisposed and so farmers should be advised to practice delayed sowing of soybean crop. 
MATERIALS AND METHODS
Assessment of losses:The field trail was carried out at Instructional Farm of Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and Technology, Udaipur during Kharif seasons 2018& 2019. The estimation of losses and recovery of A. alternata due to Alternaria leaf spot of soybean was workout using paired plot design as suggested by Le Clerg Model9. Two treatments were taken viz, protected and unprotected. In case of protected the recommended management practices for Alternaria leaf spot of soybean were followed, while in unprotected (served as control) no control measures were taken. Each treatment had 12 replications with 1 meter buffer zone in between. All replication in each treatment were artificially inoculated by A. alternata(1 x 103 conidia ml-1) as per standard method2. This was then spray-inoculated on 45-days-old plants with the help of hand held sprayer to the run off level. The seeds of RKS-24of soybean were sown in 3.6 x 3 mplots, keeping twelve rows (30 cm) and 60plants in each row, with 5 cm plant distance. 
	Observations for disease severity were recorded at (30 days after inoculation at flowering) by visual scoring as per the standard continuous rating 0-5 scale13. 
Table 1 :Standard disease rating scale (0-5) for accessing PDI of Alternaria leaf spot
	Rating scale
	Description of the symptom

	0
	Leaves free from infection

	1
	Small irregular spots covering <5% leaf area

	2
	Small irregular brown spots with concentric rings covering 5.1-10% leaf area

	3
	Lesions enlarge, irregular brown with concentric rings covering 10.1-25% leaf area

	4
	Lesions coalease to form irregular and appears as a typical leaf spotting symptom covering 25.1-50% leaf area

	5
	Lesions coalease to form irregular and appears as a typical leaf spotting symptom covering >50% leaf area


Numbers of plants in each score were recorded and the PDI in each plot was determined as:


Where, 
	n = Number of plants in each score, 1-5 = disease score
	N = Total number of plants under observation
The losses consequent to disease were calculated by the following formula given by Le Clerg9. 
                                      X1-  X2
Mean loss in yield=                        x 100
                                           X1
Where, X1 = Yield in inoculated protected plot
                  X2 = Yield in inoculated unprotected plot 
The yield data were also subjected to statistical analysis and significance was tested using the paired “t-test”.
Recovery of A. alternata from seeds: To know any possible relation between disease intensity on foliage and seed infection of A. alternata seed samples were collected from inoculated plants from protected as well as un-protected plots and were tested by standard-blotter method. Blotter papers were cut in 9 cm diameter discs and sterilized at 1.045 kg cm-2 for 30 min. Three layers of blotter papers were placed at the bottom of each sterilized Petri-plates aseptically and moistened by sterile distilled water. Ten seeds of each of the protected and un-protected plots were placed at equal distance in each Petri-plate from diseased samples. The seeds were placed in Petri-plates after three washing with distilled water. These plates were incubated at 26±10C for 12 hrs of light, alternating with 12 hrs of dark period. The seeds were examined on eight days of incubation for the presence of A. alternata.  The lab experiment was conducted for both the years.
RESULTS AND DISCUSSION
Assessment of losses:To estimate losses due to Alternaria leaf spot of soybean caused by pathogen A. alternata. As evident from Table 2, maximum mean per cent disease index 64.6% after 30 days of inoculation was recorded in inoculated unprotected plots as compared inoculated protected plots. Minimum PDI with 12.5% was recorded in inoculated protected plots. The seed yield with mean 1778.70 kg ha-1 in inoculated plots in comparison to with mean of 970.36 kg ha-1 in inoculated unprotected plots.  The overall mean yield loss worked out to be 45.2% due to Alternaria leaf of soybean during both years, respectively (Fig. 1). The similar results were also reported the maximum yield loss of 58.44% was recorded in cultivar Neelum followed by Parvati (55.56%), Meera (55.56%) and Chambal (51.72%), respectively while minimum loss was recorded in Kiran (19.99%) and Jeevan (22.22%) due to Alternaria blight in linseed15. Alternaria blight disease of cluster bean to be responsible for reduction in yield by 55.76-58.70% under artificial epiphytotic conditions12.
Recovery of A. alternata from seeds: “The inoculated protected plots 19.0 and 22.0% seeds yielded colonies of Alternaria spp., which was significantly lower than that to the tune of 71.0 and 73.0% recovery in inoculated unprotected control plots both the years (Table-3). The similar results were also reported that pre and post-emergence mortality were 18 and 10%, respectively, while 46% of the seedlings exhibited symptoms of seedling blight and tip burning in the seed”3. “Isolated the seed mycoflora of cumin by blotter paper and agar plate methods and observed seed associated fungi were A. alternata, Curvularia pallescens, Fusarium pallidoroseum, Penicillium spinulosum, R. solani, Rhizopus sp. and Trichoderma piluliferum8. There is another reported on seed borne nature of A. alternata and isolated seed mycroflora”7,10,11.
Tables 2: Yield losses in soybean due to A.alternata in field condition during Kharif 2018 and 2019
	S. No.
	Treatments
	Per cent disease Index (PDI) 30 days after inoculation**
	Grain yield** (kg ha-1)
	Per cent loss of grain yield over inoculated protected 

	
	
	2018
	2019
	Pooled
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	1.
	Inoculated protected 
	11.6
	13.5
	12.5
	1787.03
	1770.37
	1778.70
	-
	-
	-

	2.
	Inoculatedunprotected control
	63.5
	65.8
	64.6
	992.59
	948.14
	970.36
	44.4
	46.0
	45.2

	t-calculated value
	34.78* 
	31.29* 
	61.32* 
	14.05* 
	13.55* 
	17.73* 
	26.80* 
	27.26* 
	36.36* 


t- tabulated value= 2.20,  *The t-value significant at P=0.05, ** Mean of twelve replications

Table 3: Recovery of A.alternata from soybean seeds collected from inoculated field during Kharif2018 and 2019
	S. No.
	Treatments
	Per cent Disease Index (PDI) 30 days after inoculation**
	Per cent recovery of A. alternata from seed

	
	
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	1.
	Inoculated protected 
	11.6
	13.5
	12.5
	19.0
	22.0
	20.5

	2.
	Inoculatedunprotected control
	63.5
	65.8
	64.6
	71.0
	73.0
	72.0

	t-calculated value 
	34.78*
	31.29*
	61.32*
	58.78*
	61.12*
	73.42*


t- tabulated value= 2.20,  *The t-value significant at P=0.05, ** Mean of twelve replications
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Fig 1: Yield losses in soybean due to A. alternatain field conditions







Fig. 2: Recovery of A. Alternate from soybean seeds collected from inoculated field.
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CONCLUSION
Alternaria leaf spot is most foliar disease of soybean and cause considerable yield loss year after year. All the aerial parts of the soybean plant are susceptible to Alternaria spp. which reduces the quality and quantity of seed yield. 
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4 1: Infected sunflower kernels showing
growth of Alternar @ ona petri
dish. Photo: Godirey Kgatle

'~ 2: Leaf symptoms showing circular, dark
brown lesions with concentric rings.
Photo: Mosos Remusi
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