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Abstract 

Kinnow is the most important fruit crop grown extensively in sub-tropical areas of Himachal Pradesh. 

Among different fungal post-harvest rots in Kinnow, green mould caused by Penicillium digitatum is 

most serious. Symptoms of the disease appeared initially as soft, watery and slightly discoloured spots on 

the surface of fruit rind. During the survey of the disease, incidence of green mould rot ranged between 

16.5 to 27.0 per cent recorded. Average severity of disease was recorded maximum in Paonta Sahib 

(21.33%). While, fruit marketing yard at Theog and Dhalli had lower severity of 13.70 and 15.73 per 

cent, respectively. 
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Introduction 

Citrus (Citrus spp.) is one of the major fruit crop which primarily includes lime, lemon, 

orange, tangerine, mandarins and Kinnow etc and these are commercially grown in 137 

countries with particular tropical and sub-tropical agro-climatic conditions (Ismail and Zhang, 

2004). In India, citrus is cultivated over an area of near about 10.7 lakh hectare with total 

annual production of 111.4 lakh tones and possesses third position in production with global 

share of 4.8 per cent (Anonymous, 2015) [15]. In India, important citrus growing states are 

Maharashtra, Andhra Pradesh, Punjab, Karnataka, Uttrakhand, Bihar, Orissa, Assam and 

Gujarat. Whereas, productivity of citrus in India is low (9.35 t/ha) in comparison to the other 

developed countries like Brazil, USA, China, Mexico and Spain which are having productivity 

of 30-40 t/ha. In Himachal Pradesh, productivity is still low only 0.65 t/ha in comparison to 

Karnataka (21.98 t/ha), Punjab (20.31 t/ha) and Madhya Pradesh (17.28 t/ha) (Anonymous, 

2014) [14]. There were several reasons for the low productivity of citrus like lack of nutrition, 

poor management practices and infestation of several pest and diseases. Citrus is infected by 

many pathogens like fungi, bacteria and viruses which resulted huge economic losses. 

Important fungal diseases in citrus fruits are gummosis (Phytophthora citrophthora and P. 

parasitica), anthracnose (Colletotrichum gloeosporioides), Alternaria brown spot (Alternaria 

alternata), citrus scab disease (Elsinoe fawcettii) and melanose (Diaporthe citri). Among 

bacterial diseases, important diseases are citrus canker caused by Xanthomonas axonopodis 

pathovar citri and citrus greening caused by Candidatus liberibacter asiaticus. Among virus 

disease, Citrus tristeza virus is important and Citrus exocortis viroid is important viroid 

disease. Among fungal diseases, post-harvest diseases are also important which results in 

significant losses. Many pathogens are reported to be associated with post-harvest fungal 

diseases which drastically reduced yield and quality of citrus (Barkai-Golan, 2001, Plaza et al. 

2003) [4, 5]. Important post-harvest pathogens infecting citrus fruits include Penicillium 

digitatum Sacc and P. italicum Wehmer, Botrytis cinerea, Alternaria citri, Colletotrichum 

gloeosporioides, Aspergillus Niger, Phytophthora parasitica, Diplodia natalensis, Geotrichum 

candidum and Trichoderma viride (Whiteside et al. 1988) [30]. In developing countries, lack of 

proper handling of freshly harvested fruit resulted huge losses during transport and storage 

which exceed sometimes more than 50 per cent (Wisniewski and Wilson, 1992) [31]. Among 

post-harvest diseases of citrus, green mould (Penicillium digitatum) and blue mould (P. 

italicum) are most commonly observed in all citrus growing areas throughout the world (Palou 

et al. 2001, Skaria et al. 2003, Plaza et al. 2004) [18, 21]. Infection of these moulds usually  
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resulted from infection of wound made on citrus fruit surface 

during harvesting, handling and processing. As incidence and 

severity are the tool to measure the disease prevalence. 

Hence, the present study was conducted to survey the 

information on disease incidence and severity of green mould 

of citrus (Kinnow) in major fruit terminal markets and fruit 

growing areas of Himachal Pradesh.  

 

Material and Methods 

Survey and collection of diseased samples 

Periodic surveys of marketing yards, local markets and fruit 

vendors in the district of Shimla, Sirmour, Una and Kangra 

district of Himachal Pradesh were done to record the 

incidence of green mould and other rots (blue mould and 

anthracnose) in Kinnow fruits during November to February 

during 2014-2016. In each month, two visits were made and 

200 fruits were observed at atleast 5 outlets of sale at each 

location for recording the incidence of above mentioned 

diseases. To study the prevalence of the disease, 39 locations 

of various terminal and local fruit markets as well as 

prominent fruit vendors were surveyed during the peak 

harvesting season of Kinnow in the months of November to 

February in 2014, 2015 and 2016. Surveys were majorly 

focused in major Kinnow growing districts viz. Kangra, Una, 

Sirmour, Solan and Shimla. The study to record the incidence 

was based on visual symptoms of the disease which were later 

confirmed by the isolation of the pathogen from 

representative samples of the diseased fruits. Sampling of the 

fruits for recording disease incidence was done randomly 

from each location. Beside this, data was recorded by taking 

fruit samples from different packaging material commonly 

used by the farmers like rectangular plastic fruit crates, loose 

gunny bags as well as from the open heaps kept for selling on 

roadsides (Fig. 4). Kinnow fruits showing green mould (P. 

digitatum) symptoms were counted and per cent disease 

incidence was calculated. Data pertaining to the incidence of 

green mould (P. digitatum) disease of Kinnow is presented in 

Table 1. 

Per cent disease incidence of green mould and other rots was 

calculated by formula given below:  

 

 
 

Fruits were randomly selected at each location. To record the 

disease severity on the fruits, 0-5 disease rating scale was 

used to assess the losses in fruits (Fallik et al.1993, Verma, 

2008) [29, 11].  

  
Grade Scale 

0 No disease 

1 1/5th of fruit area infected 

2 2/5th of fruit area infected 

3 3/5th of fruit area infected 

4 4/5th of fruit area infected 

5 Whole fruit area infected 

  

Per cent disease index was calculated by adopting the formula 

devised by McKinney (1923).  

 

 
 

During the course of the survey, green mould infected fruits 

were collected in separate paper bags from the surveyed areas 

and brought to the laboratory for the isolation and 

confirmation of the associated pathogen. Association of 

pathogen of green mould and pathogens of other fruit rots was 

confirmed by matching with the standard symptoms cited in 

the literature and also by microscopic examination of the 

pathogen. These diseased samples were stored in the 

refrigerator at 5oC temperature for further studies. 

 

Result and Discussion  

It is evident from the data (Table 1.) that the green mould 

disease of citrus was widespread at all the locations in 

Kangra, Solan, Una and Sirmour districts of Himachal 

Pradesh (Fig. 1, 2 and 3). During the course of the surveys, 

typical symptoms of the green mould disease in Kinnow were 

observed on the surface of the fruits at different places. The 

initial symptoms of disease appeared at a place with injury to 

the skin of the fruit. Soft, watery and slightly discoloured 

spots (5-13 mm in diameter) were produced on the surface of 

fruit rind. These lesions further got enlarged to 2-4 cm in 

diameter within few hours at room temperature and fungus 

got penetrated easily into the juice vesicles of fruit. Later on, 

white mycelial growth of fungus appeared and cover the 

entire fruit surface followed by the development of olive-

green powdery spore mass. Spores of the fungi were produced 

in chains in large quantities on infected fruits. The fungus 

survives as spores in site of injury on fallen fruits as well as in 

soil of the orchard. In later stages, tissues of entire fruit get 

disintegrated and collapsed into a soft decomposing mass. 

The data indicated that overall incidence of green mould 

ranged between 16.5 to 27.0 per cent during 2014, 2015 and 

2016. Incidence of other rots (anthracnose and blue mould) in 

Kinnow fruits ranged between 13.9 to 17.0 per cent during 

these three years. There was not much variation in different 

years. In 2014, highest incidence (25.5%) of green mould was 

recorded at Dhaulakuan followed by Paonta Sahib (24.5%), 

Nurpur (24.5%) and Santokhgarh (24.5 %) with lowest 

incidence of 16.5 per cent at Theog. In 2015, maximum 

incidence (27.0%) of green mould was recorded at Paonta 

Sahib which is followed by Dhaulakuan (26.5%), Jachh 

(26.0%), Nurpur (25.5%), Mubarkpur (25.5%), Satonkhgarh 

(25.5%) and Runpat (25.5%) with lowest incidence of 19.5 

per cent recorded at Theog. Further, in 2016, highest green 

mould incidence of 25.5 per cent was recorded at Jachh, 

Bassa-Bajira, and Paonta Sahib locations while locations like 

Dhaulakuan, Mubarkpur, Salyali and Indpur had incidence of 

25.0 per cent. Lowest incidence of 18.0 per cent of green 

mould was recorded at Theog. Overall average highest 

incidence of green mould of 25.6 per cent was recorded at 

Paonta Sahib and Dhaulakuan followed by Santokhgarh 

(24.8%), Mubarkpur and Jachh with 24.6 per cent incidence. 

Fruit marketing yard and fruit vendors at Theog and Dhalli 

had overall lower incidence of 18.0 to 19.6 per cent during the 

three years. Overall data indicated that the incidence of green 

mould was higher in those locations which were located at 

lower elevations of tropical and sub-tropical regions in 

comparison to locations located at higher elevations with 

comparatively cooler climatic conditions. There are many 

reports in the literature which indicated the association of 

Penicillium spp. and Aspergillus spp. as the dominant post-

harvest pathogens of Kinnow and other citrus fruits. The 

association of different fungal pathogens like P. italicum, P. 

digitatum, A. niger, Geotrichum spp. and Fusarium spp. 

responsible for decay during storage in Himachal Pradesh 

(Kaul and Lall, 1975) [13]. Post-harvest rotting due to blue, 

green and grey mould diseases has been reported as the 
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prominent cause, out of which Penicillium spp. was reported 

to be most important fungal pathogen causing severe damage 

to citrus fruits (Singh et al. 2003, Plaza et al. 2004) [7, 20]. The 

symptoms recorded in the present study are very much similar 

to the earlier reports by different researchers (Klotz and 

Harding, 1970 [16], Snowdon 1990 [28], Brown and Eckert 

2000, Chand, 2013) [10, 7]. It has been reported that during long 

storage, infected fruits lose their compactness and get decayed 

more rapidly than fresh fruits within five to ten days 

(Kavanagh and Wood, 1967). P. digitaum is a necrotrophic 

pathogen and produce hydrolytic enzymes like 

polygalacturonases and cellulases which result in the 

maceration of the tissue during disease development (Eckert 

and Eaks, 1989, Barkai-Golan and Karadavid, 1991) [6, 5]. 

About, 18.5-25.9 per cent incidence of green mould of 

Kinnow in Solan, Kangra and Sirmour district of Himachal 

Pradesh with 25.9 per cent incidence at Paonta Sahib in 

district Sirmour (Sharma and Prashad, 2015). In Punjab, Kaur 

and Verma (2002) [14] observed 58.3 per cent incidence of 

green mould of Kinnow caused by P. digitatum. The extent of 

loss in local mandarin ranged between 15.1 to 22.1 per cent 

and spoilage due to green mould ranged from 8.5 to 12.0 per 

cent (Prabhakar et al. 2004) [22]. About, 5.1 to 8.8 per cent 

incidence of green mould of Kinnow mandarin in fruit 

markets of Jammu (Verma, 2008) [29]. P. digitatum was found 

as major post-harvest pathogen in Andhra Pradesh, which 

caused 26.2 and 20.4 per cent rotting incidence in oranges as 

well as in acid lime, respectively (Reddy et al., 2008) [23]. 6.0 

per cent rotting of Kinnow fruits was observed to be caused 

by various pathogens including P. digitatum in retail fruit 

market of Sriganganagar (Sharma et al. 2010) [24]. 17.6 to 48.6 

per cent incidence of the grey mould in mandarin orange 

caused by P. digitaum was recorded in different wholesale 

and retail fruit market of Madhya Pradesh (Dhakad, 2015) [9]. 

Data on severity of green mould disease was recorded by 

taking fruits samples from major terminal and local fruit 

markets including fruit vendors of major Kinnow growing 

districts viz. Kangra, Una, Sirmour, Solan and Shimla during 

2014, 2015 and 2016. Average severity of disease was 

recorded maximum in Paonta Sahib (21.33%) followed by 

Dhaulakuan (20.83%), Jachh (19.87%) and Santokhgarh 

(19.73%). Fruit marketing yard at Theog and Dhalli had lower 

severity of 13.70 and 15.73 per cent, respectively. Data on 

disease severity indicate that severity of the disease was 

higher in lower elevation with warmer climate and severity 

was lower in higher elevation. About, 9.0 to 14.0 per cent 

average disease severity caused by green mould was recorded 

in sweet oranges (Reddy et al. 2008) [8]. About, 49.63 per cent 

average disease severity caused by P. digitatum in Kinnow 

fruits under ambient storage condition (Alam et al. 2016) [1]. 

20.0 per cent disease severity of citrus green mould was 

recorded in local fruit market of Tamil Nadu (Patil et al. 

2017) [19]. Similar observation of higher incidence and 

severity of green mould has been reported in fruit markets 

located in tropical conditions (Cunningham and Taverner, 

2007, Smilanick and Sorenson, 2001) [8, 27]. Therefore, the 

results of present studies exhibited the fact that incidence and 

severity of green mould rot on Kinnow fruits differ at the 

various locations of Himachal Pradesh. 

 
Table 1: Incidence of post-harvest rots in Kinnow at important terminal and local fruit markets including fruit vendors of Himachal Pradesh 

 

District 
Terminal/ local fruit 

market/fruit vendor 

Incidence (%) of post-harvest rots in Kinnow 

2014 2015 2016 Mean 

Green mould Other rots 
Green 

mould 
Other rots Green mould 

Other 

rots 
Green mould Other rots 

Shimla 
Dhalli 18.5 13.9 21.0 14.0 19.5 14.4 19.67 14.10 

Theog 16.5 14.8 19.5 15.5 18.0 13.6 18.00 14.63 

Solan 

Parwanoo 22.5 15.3 24.0 15.7 21.5 15.0 22.67 15.33 

Nalagarh 23.0 16.3 24.5 15.6 22.5 14.6 23.33 15.50 

Solan fruit market 19.5 15.0 22.0 15.3 20.5 14.6 20.67 14.97 

Kangra 

Bassa – Bajira 20.0 14.6 25.0 16.3 25.0 15.1 23.3 15.33 

Jachh 22.5 16.1 26.0 16.4 25.5 15.6 24.67 16.0 

Raje-da-talah 20.5 14.0 23.0 15.5 21.5 14.6 21.67 14.70 

Gangat 22.5 14.5 24.5 15.7 22.5 15.3 23.17 15.17 

Indpur 22.0 15.3 23.5 15.3 22.5 15.3 22.67 15.30 

Salayali 22.5 14.8 25.0 16.0 24.0 15.5 23.83 15.43 

Bhadwar 21.5 14.0 24.0 15.9 22.0 15.0 22.50 14.97 

Rehan 22.5 15.0 23.5 15.6 22.0 14.6 22.67 15.07 

Dehra 20.5 15.3 23.0 15.6 22.5 15.2 22.00 15.37 

Nurpur 24.0 16.0 25.5 15.8 23.5 15.3 24.33 15.7 

Indora 23.5 15.3 24.0 16.4 24.0 15.2 23.83 15.63 

Una 

Basal 21.5 15.5 22.5 16.0 19.5 14.9 21.17 15.47 

Amb 24.0 15.0 24.0 15.8 22.5 15.4 23.50 15.40 

Mubarkpur 23.5 14.6 25.5 16.2 25.0 15.3 24.67 15.37 

Badhera 22.5 15.7 24.5 16.3 24.5 14.7 23.83 15.57 

Karampur 20.5 14.8 23.0 15.8 22.5 16.0 22.00 15.53 

Laldi 21.0 15.2 23.5 15.3 23.5 15.4 22.67 15.30 

Khad Pinjore 21.5 14.9 22.5 15.8 19.5 15.3 21.17 15.33 

Santokhgarh 24.5 15.4 25.5 16.2 24.5 15.4 24.83 15.67 

Polian 19.5 15.3 20.5 14.9 19.0 15.3 19.67 15.17 

Nangal Jariala 20.5 14.5 22.5 14.7 20.5 15.3 21.17 14.83 

Ghanari 22.5 15.4 24.5 16.0 24.5 15.4 23.83 15.60 

Sirmour 

Dhaulakuan 25.5 16.3 26.5 17.0 25.0 15.5 25.67 16.26 

Nahan 20.0 14.8 22.5 15.6 20.5 15.9 21.00 15.43 

Kolar 20.5 15.5 22.5 15.3 20.0 15.2 21.00 15.33 

Senwala 22.5 15.4 23.5 15.4 22.0 14.9 22.67 15.23 

Tokyo 19.0 14.5 19.5 15.4 20.5 15.4 19.67 15.10 

Runpat 23.5 15.2 25.5 16.0 24.5 15.3 24.50 15.5 
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Bhedewala 19.5 15.3 20.5 15.2 19.0 15.4 19.67 15.30 

Paonta Sahib 24.5 15.8 27.0 16.3 25.5 16.2 25.67 16.1 

Bharapur 20.0 14.8 22.5 15.4 19.5 14.5 20.67 14.90 

Purwala 20.0 15.3 22.5 15.3 19.5 15.4 20.67 15.33 

Shambhuwala 22.0 15.5 23.5 15.4 23.0 14.6 22.83 15.17 

Manjira 20.5 14.5 22.5 15.3 19.5 15.1 20.83 14.97 

 
Table 2: Severity of green mould of Kinnow fruits at important terminal and local fruit markets including fruit vendors of Himachal Pradesh 

from 2014 to 2016 
 

District Terminal/ local fruit market 
Per cent disease index (%) of green mould of Kinnow fruit during the year 2014 to 2016 

2014 2015 2016 Mean 

Shimla 
Dhalli 14.7 15.3 15.4 15.13 

Theog 11.8 14.5 14.8 13.70 

Solan 

Parwanoo 16.3 18.2 18.2 17.57 

Nalagarh 16.5 19.3 18.9 18.23 

Solan fruit market 15.4 17.5 17 16.63 

Kangra 

Bassa – Bajira 17.8 20.4 20.4 19.53 

Jachh 17 21.8 20.8 19.87 

Raje-da-talah 16.1 17.9 18.4 17.47 

Gangat 18.4 20.1 17.5 18.67 

Indpur 18.5 18.6 17.3 18.13 

Salayali 18.3 20.6 20.2 19.70 

Bhadwar 15.6 18.4 18.2 17.40 

Rehan 16.2 17.4 18.0 7.20 

Dehra 16.4 17.5 18.2 17.37 

Nurpur 20.8 18.7 19.5 19.67 

Indora 19.0 19.7 19.6 19.43 

Una 

Basal 17.5 17.1 16.1 16.90 

Amb 19.5 18.6 18.7 18.93 

Mubarkpur 18.9 19.7 20.5 19.70 

Badhera 18.8 20 20 19.60 

Karampur 16.9 17.6 18.0 17.50 

Laldi 16.2 18.3 18.7 17.73 

Khad Pinjore 18.5 17.8 16.8 17.70 

Santokhgarh 20.6 19.1 19.5 19.73 

Polian 15.7 16.9 16.4 16.33 

Nangal Jariala 19 18.2 17.3 18.17 

Ghanari 18 20 19.7 19.23 

Sirmour 

Dhaulakuan 21.9 21.1 19.5 20.83 

Nahan 17.1 17.1 17 17.07 

Kolar 15.5 19.2 16.4 17.03 

Senwala 17.2 19.3 18.2 18.23 

Tokyo 15.4 16.4 17.6 16.47 

Runpat 19.3 20.8 19.4 19.83 

Bhedewala 16 16.9 15.5 16.13 

Paonta Sahib 21.0 22.0 21.0 21.33 

Bharapur 16 17.1 16.3 16.47 

Purwala 16.8 17.8 15.4 16.67 

Shambhuwala 18.2 19.2 18.9 18.77 

Manjira 17.7 18 16.4 17.37 
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Fig 4: Kinnow fruits in different packing modes 
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