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Screening of rejuvenated mango cultivars under sub-Himalayan Terai region of West Bengal against anthracnose (Colletotrichum gloeosporioides)
Abstract
Aim: The severity of mango anthracnose disease on different mango varieties after the rejuvenation were studied for two consecutive years (2019-2020 and 2020-2021) under sub-Himalyan Terai region of West Bengal.
Data collection: Five uniform twigs of each variety having 8-10 leaves were marked for screening and observation was taken at monthly interval. Diseases severity of mango was measured at monthly interval after 120 days of rejuvenation with following standard procedure and disease scoring scale. Disease scoring scale for anthracnose (0-5 scale) on leaves were calculated every month.
Methodology: Five mango cultivars viz., Amrapali, Mallika, Himsagar, Fazli and Langra were selected as treatments and age of the plants were 23 years, spacing is 8x8m and the trees were headed back at 150 cm height from the ground level and five treatments were randomized with four replications. 
Result: Maximum anthracnose severity was found in Mallika (62.69%) in the month of May, while minimum anthracnose severity was recorded in Himsagar (14.96%). Among the all five cultivars studied, maximum average per cent disease Index (Avg. PDI) recorded in Mallika (50.83%), whereas minimum average per cent disease index (Avg. PDI) noticed in Himsagar (19.96%). The mango cultivar Himsagar showed moderate resistant, Amrapali showed moderate susceptible reaction, Fazli and Langra showed susceptible reaction and Mallika exhibited highly susceptible reaction after the shoot emergence on rejuvenated plants under this agro-ecological system.
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1.0 Introduction 
        Mango (Mangifera indica L.) is considered as one of the widely cultivated fruit crops of India and belongs to the family Anacardiaceae. It is indigenous to North East India and North Burma, in the foot hill of the Himalayas and is said to have originated in the Indo- Burma region. Mango considered as ‘National Fruit of India’ due to its importance, popularity among the common people and acreage, production under the cultivation. Mango fruits having various uses from unripe to ripen stages, unripe mangoes are used for making pickles, marmalade, amchur, tannin, soft drinks etc. while fully ripe mangoes are used for pulp making, jam, squash, candy and papads etc. The mango trees are growing well under a wide range of agro climatic situation in the country and can grow well in all type of soil from alluvial to lateritic, except highly calcareous soils. It does well within temperature ranging from 24-300C, although it can successfully endure even temperature as high as 480C during the period of fruit development and maturity.
          Mango plants are infested with a number of pest’s diseases and the infestation is higher with heavy rainfall along with high humid conditions (Misra and Prakash 1997). Rejuvenation is the process of pruning and after pruning management of the plants to make them productive by utilizing the existing root system, restoring the productive capacity of the fruit trees. The rejuvenation makes the plant manageable, easy for adoption of appropriate package of practices, improving vigour and yield. Fruit crops are managed to facilitate light penetration into the canopy, the photosynthetic activity during fruit growth period might be augmented to increase yield (Durand, 1997). Judicious pruning of mango trees maintains good balance between growth and fruiting (Gross, 1997). In old and dense mango orchards, light interception and photosynthesis potential are reduced. In such orchards, selective pruning and thinning of crowded branches practiced for proper air circulation, improved photosynthetic efficiency automatically fruit yield and quality is increases. Mango is severe prone to diseases caused by different microorganisms like bacteria and fungus. Black mould, Penicillium rot, Powdery mildew and anthracnose are the fungal diseases, more dangerous in mango to leads the heavy losses of yield (Ploetz, 2001). Among the all these diseases, anthracnose is the most common in mangos, affecting all parts of the plant leaves, twigs, flowers, and fruits with the exception of trunk and root all year long and the disease affects the mango in all the stages i.e., pre and postharvest fruit production (Arauz,2000). Anthracnose effect the twigs, leaves, flower buds, flowers and fruits of mango. In general, the disease is favoured by wet, humid warm weather (Nelson, 2008).According to reports from different mango-producing regions, anthracnose disease affects 20–60% of the mango yield (Honger et al. 2014; Kamle and Kumar, 2016; Lim et al. 2019; Dofuor et al. 2023) and the losses of 5 to 20% at the postharvest stage (Kumar et al., 2013). Severe pruning i.e. beheading is needed to alter not only physiology but also biochemical behaviour of these senile old mango trees. It is necessary to standardize the beheading height of old mango trees so that shading does not occur in skirts of tree canopy and on adjacent rows (Sharma and Singh, 2006). Previously several workers conducted the study on effect of pruning for mitigating the diseases and pest’s infestation on senile and old mango orchards (Hasan et al., 2009 and Das et al., 2013).
2.0 Materials and Methods
          Present investigation was carried out at the Instructional Farm, Department of Pomology and Post-harvest Technology, Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal during 2019-20 and 2020-21. Five mango cultivars viz., Amrapali, Mallika, Himsagar, Fazli and Langra were selected as treatments and age of the plants were 23 years, spacing is 8x8m and five treatments were randomized with four replications. The trees were headed back at 150 cm height from the ground level. For heading back of old branches, a sharp slanting cut towards inner side was especially undertaken as to enhance sprouting of apical buds from periphery i.e. outer side of the branch as suggested by Lal and Mishra (2007). Immediately after pruning the cut portion of branches was pasted with copper oxychloride (10%) followed by cow dung to prevent the possible infection of diseases and to minimize the sap flow from pruned limbs and to accelerate healing of pruned apical portion. A recommended dose of fertilizer consisting 50 kg FYM and 0.7:0.4:0.8 kg NPK was applied to each tree in the month of June and same quantity of fertilizer applied in the month of October as a second dose (Hasan et al., 2009). 
         Diseases severity of mango was measured at monthly interval after 120 days of rejuvenation with following standard procedure and disease scoring scale. 
      Five uniform twigs of each variety having 8-10 leaves were marked for screening and observation was taken at monthly interval.
Disease severity was calculated by using the following formula.
                                                              Sum of all the disease rating
Percent Disease Index (PDI) = -------------------------------------------------------------×100     
                                             No. of leaves observed × Maximum disease grade

Disease scoring scale for anthracnose (0-5scale) on leaves were calculated following Narasimhudu (2007).
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List 1 :  Disease Reaction Ratings Based on Infection Severity Percentage
	[bookmark: _Hlk277695]Sl.No 
	Disease reaction
	Rating
	Infected area in Percentage

	1.
	Immune 
	0
	Zero percentage or No infection

	2.
	Resistant 
	1
	1-10

	3.
	Moderately Resistant
	2
	11-20

	4.
	Moderately susceptible
	3
	21-30

	5.
	Susceptible
	4
	31-50

	6.
	Highly Susceptible
	5
	Above 50



Percent Disease Index (PDI) was recorded from April to January (10 months during both the season.
3.0 Results 
     Mangoes are susceptible to various diseases throughout all stages of their development, from the nursery phase to storage and transit (Maske et al.,2022). The high humidity and rain fall at the terai region of West Bengal aggravates the problem of incidence of diseases and pests. With this aim the present attempts has been made to determine the severity of anthracnose and the anthracnose disease is most prevailing in this agroclimatic situation.
      The high humidity and rain fall at the sub- Himalayan terai region of West Bengal aggravates the problem of incidence of diseases and pests. With this aim the present attempts has been made to determine the severity of anthracnose (most prevailing in this agroclimatic situation). Five cultivars of mango were evaluated against anthracnose of mango under natural field condition after rejuvenation during 2019-20 and 2020-21. The cultivars grouped under different degrees of resistance on the basis of Per cent Disease Index (PDI) using 0-5 scale. In two years mean data (2019-20 and 2020-21) it was observed that, maximum anthracnose severity was found (Table 1) in Mallika (62.69%) in the month of May followed by Amrapali (54.25%), Fazli (48.92%), Langra (44.83%) in the month of January and Himsagar (24.54%) in the month of May. Minimum anthracnose severity was recorded in Himsagar (14.96%) followed by Fazli (20%), Amrapali (25.63) in the month of April (Fig 1). Whereas, in Langra (26.21%) and Mallika (43.58%) in the month of May and January respectively.
       Among the all five cultivars (Table.2) maximum average per cent disease Index (Avg. PDI) (Fig 2) recorded in Mallika (50.83%) followed by Langra (37%), Amrapali (35%) and Fazli (34.85%). Whereas, minimum average per cent disease index (Avg. PDI) noticed in Himsagar (19.96). It was found that the PDI (mean of all the cultivars) was minimum during the month of April (27.48%) and it was maximum (42.49%) during the month of December (42.49%). Hence, it is suggested that the management for anthracnose disease (on leaf) may intensified during the December.
4.0 Discussion
        When investigated under natural or artificial epiphytotic conditions, the majority of mango cultivars are more or less susceptible to anthracnose (Grice et al. 2023) and also some other physiological or environmental factor (temperature, rainfall and humidity) may causing the symptoms of anthracnose (Kumari et al.,2025).The optimum temperature favourable for conidial germination of anthracnose and infection is around 25 - 30 °C when free moisture is available (Kamle and Kumar, 2016).Minimum anthracnose severity was recorded in Himsagar, the present study was similar with the repot of Bhagwat et al (2016) who observed that the anthracnose incidence of mango was recorded ranging from 11.68 to 26.97 per cent (Av. 22.74 %) in Navsari district. The higher phenol content (35.13 mg/g) is responsible for less number of leaves (45.54) in Himsagar after rejuvenation (Fig.1). It indicating that vital role in restricting the vigour of plant as suggested by Singh et al., (2009b). The highest disease incidence was observed at Gandevi (26.97 %) in May, while the lowest in Jalalpur (11.68%) village in November. In Valsad district, the disease incidence was observed in the range of 14.12 to 26.72 per cent (Av. 22.37%). The highest disease incidence was observed in Ambheti (26.72 %) in May, while the lowest in Bhamti (14.12%) village in November on different mango cultivars in Gujarat situation. Basha et al. (2010) conducted a roving survey to collect healthy and diseased leaf samples from key mango-growing regions in Andhra Pradesh. They discovered that Colletotrichum gloeosporioides exhibited variability in its pathogenicity on Baneshan mango grafts, categorizing it as highly virulent, moderately virulent, and less virulent. Additionally, Dalvi et al. (2009) reported that pre-harvest losses in Alphonso mangoes reached 26.2%, attributed to three main factors: pathological, entomological, and physical.
            In case of disease reaction, cultivar Himsagar showed moderate resistant, Amrapali showed moderate susceptible reaction, Fazli and Langra showed susceptible reaction and Mallika exhibited highly susceptible reaction in the terai region of West Bengal. Sharma and Badiyala (1998) not observed any variety of mango resistant to anthracnose and they stated that the cultivars viz., Totapuri, Safeda and Mallika were highly susceptible, and also reported that cultivars Alphonso, Chausa, Baramasi, Samer Bahisht, and Sindhuri were moderately susceptible. From the table 1, it was found that the PDI (mean of all the cultivars) was minimum during the month of April (27.48%) and it was maximum (42.49%) during the month of December (42.49%). Hence, it is suggested that the management for anthracnose disease (on leaf) may intensified during the December.
5.0 Conclusion: 
         Based on the present findings of the study, it was concluded that the maximum anthracnose severity was found in Mallika in the month of May followed by Amrapali, Fazli, Langra in the month of January and Himsagar in the month of May. Minimum anthracnose severity was recorded in Himsagar followed by Fazli, Amrapali in the month of April. Whereas, in Langra and Mallika in the month of May and January  respectively. Among the all five cultivars maximum average per cent disease Index (Avg. PDI) recorded in Mallika followed by Langra, Amrapali (35%) and Fazli and minimum average per cent disease index (Avg. PDI) noticed in Himsagar. These results indicated that Himsagar showed moderate resistant, Amrapali showed moderate susceptible reaction, Fazli and Langra showed susceptible reaction and Mallika exhibited highly susceptible reaction in the terai region of West Bengal.
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	Months
	Amrapali
	Mallika
	Himsagar
	Fazli
	Langra

	
	PDI
	PDI
	PDI
	PDI
	PDI

	
	2019-20
	2020-21
	Mean
	2019-20
	2020-21
	Mean
	2019-20
	2020-21
	Mean
	2019-20
	2020-21
	Mean
	2019-20
	2020-21
	Mean

	April
	23.75
	27.50
	25.63
	48.25
	48.33
	48.29
	13.25
	16.67
	14.96
	22.50
	17.50
	20.00
	27.08
	30.00
	28.54

	May
	29.17
	23.33
	26.25
	61.14
	64.23
	62.69
	26.06
	23.01
	24.54
	38.50
	32.08
	35.29
	27.50
	24.92
	26.21

	June
	25.42
	26.66
	26.04
	54.28
	52.28
	53.28
	22.01
	20.23
	21.12
	26.66
	41.00
	33.83
	16.67
	40.00
	28.33

	July
	20.42
	42.92
	31.67
	46.75
	48.76
	47.76
	20.07
	21.01
	20.54
	33.33
	30.78
	32.06
	37.50
	37.33
	37.42

	August
	25.00
	34.58
	29.79
	48.33
	52.06
	50.20
	18.74
	20.03
	19.39
	32.50
	35.33
	33.92
	30.00
	48.75
	39.37

	September
	36.25
	28.50
	32.37
	52.75
	48.83
	50.79
	21.86
	18.23
	20.05
	37.91
	28.33
	33.12
	40.42
	39.16
	39.79

	October
	35.25
	38.75
	37.00
	51.00
	53.51
	52.25
	20.14
	20.68
	20.41
	41.11
	30.08
	35.60
	41.00
	47.92
	44.46

	November
	39.50
	35.24
	37.37
	46.50
	43.28
	44.89
	19.17
	16.43
	17.80
	36.00
	22.00
	29.00
	40.50
	39.00
	39.75

	December
	44.50
	55.00
	49.75
	58.92
	50.28
	54.60
	17.45
	22.64
	20.05
	42.50
	51.00
	46.75
	44.58
	38.00
	41.29

	January
	53.50
	55.00
	54.25
	47.08
	40.08
	43.58
	21.06
	20.45
	20.76
	46.83
	51.00
	48.92
	51.67
	38.00
	44.83

	Avg. PDI
	33.27
	36.75
	35.01
	51.50
	50.16
	50.83
	19.98
	19.94
	19.96
	35.78
	33.91
	34.85
	35.69
	38.31
	37.00

	Reaction
	---
	---
	MS
	---
	---
	HS
	---
	---
	MR
	---
	---
	S
	---
	---
	S


Table 1: Month wise severity of anthracnose on different rejuvenated mango cultivars
                                               


                                                                                                 * R = Resistant; MR = Moderately Resistant; MS = Moderately Susceptible; S = Susceptible; HS = Highly Susceptible



	Months
	All cultivars (Amrapali, Mallika, Himsagar, Fazli, Langra)

	
	PDI (%)

	
	2019-20
	2020-21
	Mean

	April
	26.97
	27.63
	27.48

	May
	36.47
	34.10
	35.00

	June
	29.01
	35.91
	32.52

	July
	31.61
	33.91
	33.89

	August
	30.91
	37.19
	34.53

	September
	37.84
	33.38
	35.22

	October
	37.70
	37.84
	37.94

	November
	36.33
	31.62
	33.76

	December
	41.59
	42.33
	42.49

	January
	44.03
	40.76
	42.47

	Avg. PDI
	35.25
	35.47
	35.53

	Reaction
	---
	---
	---



Table 2:  Percent Disease Index (PDI) of anthracnose on different rejuvenated mango cultivars







                               
[bookmark: _Hlk203486893]Fig 1: Month wise severity of Anthracnose on different rejuvenated mango cultivars


                        
[bookmark: _Hlk203486868]Fig 2: Average PDI (%) of anthracnose on different rejuvenated mango cultivars
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