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Bean angular leaf spot (Phaeoisariopsis griseola): 
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Abstract 
Common bean is prone to a number of fungal, bacterial, viral, mycoplasma and nematode 

diseases which affect its stem, tendrils, leaves, pods and roots. Amongst them, angular leaf 

spot (Phaeoisariopsis griseola), anthracnose (Colletotrichum lindemuthianum), alternaria leaf 

blight (Alternaria alternata), rust (Uromyces appendiculatus), white mold (Sclerotinia 

sclerotiorum), bacterial leaf spot and blight (Xanthomonas campestris pv phaseoli), damping 

off and stem rot (Rhizoctonia solani), wilt and root rot (Fusarium spp; Phytophthora spp and 

Pythium spp) are economically most important diseases (Trutman and Keane, 1990) [111]. Bean 

yield losses have been demonstrated to be caused by a reduction in the size of the pods. Bean 

yield losses have been demonstrated to be caused by a drop in seed size and seed mass/pod 

rather than a reduction in pod number/plant (Santos et al., 1978). Rather than in the pod 

number/plant, seeds and seed mass/pod (Santos et al., 1978). Cole (1966) [39] and Hagedorn 

and Wade (1974) [57] estimated that the disease caused up to 50% yield losses. Yield losses of 

40-80% have been documented in Colombia (Barros et al., 1958a; Schwartz et al., 1981; 

Pastor and Correa, 1983) [13, 98, 82], 80 percent in Maxico (Crispin et al., 1976) [44], 30-40% in 

Argentina (Fortugno, 1974) [49] and 70% in Brazil (Brenes et al., 1983; Rava et al., 1985; 

Sartorato and Rava, 1992) [23, 88, 96]. The subject on “Bean Angular Leaf Spot (Phaeoisariopsis 

griseola): Epidemiology and Yield Loss Assessment in Kashmir” has been reviewed as 

follows. 
 

Keywords: Phaeoisariopsis griseola, epidemiology, ayield loss 

 

Introduction 

Saccardo (1878) [90] in Italy was the first to name the angular leaf spot pathogen of common 

bean Isariopsis griseola, which was later, renamed Graphiumlaxum Ell. (Ellis, 1881), 

Isariopsislaxa (Ell.) Sacc. (Saccardo, 1886) [91], Cercospora stuhlmanni Henn., Cercospora 

columnare (Ellis and Everbart, 1893), Arthobotryumputtemansii Henn. and 

Lindaumycesgriseola Gonz-Frag (Gonzales, 1927) [52]. Based on conidial septation, 

pigmentation, and conidiophore and stroma characteristics, Harter and Zaumeyer (1944) [58] 

determined that they were all synonyms of Isariopsis griseola. The imperfect fungus 

Phaeoisariopsis griseola (Sacc.) Ferraris belongs to the Stilbellaceae family, order Stilbellales, 

and class Hyphomycetes (Sutton, 1980) [110]. Condiophores are formed in clusters of 8 to 40 

(synnemata) that are loosely united for the most of their length and splay out just at the apex 

(Miles, 1917) [77]. They are 30 to 80 metres long and 3.0 to 8.8 metres broad. Conidia are 

usually 3-6 septate, however they can be anywhere from none to seven (Benlloch, 1944; 

Hocking, 1967; Ellis, 1971) [16, 60, 47]. Buruchara (1983) [25] found that conidial size and 

septation varied greatly across and among isolates. In terms of synnemata length and breadth, 

conidiophores, conidia, and conidial septation, Sharma and Sohi (1978) [100] reported 

morphological features somewhat different from those described by Saccardo (1886) [91], Miles 

(1917) [77], Srinivasan (1953) [108], and Hocking (1967) [61] for an Indian isolate of P. griseolain. 

Synnemata are globose or pyriform stromata that form inside the mesophyll and may grow up 

to 48 m in diameter and 65 m in height, according to Sindhan and Bose (1972) [22]. Conidia are 

pale grey in colour and have a cylindrical to spindle form with tapering and rounded tips on 
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one or both ends (Sindhan and Bose, 1972; Karanja et al., 

1994) [22, 67]. They are 30 to 80 metres long and 3.0 to 8.8 

metres wide. Conidia are usually 3-6 septate, however they 

can be anywhere from none to seven (Benlloch, 1944; 

Hocking, 1967; Ellis, 1971) [16, 60, 47]. 

 

Symptoms 

The disease affects all of the plant's green components, 

including the leaves, petioles, stems, and pods, causing a 

variety of symptoms (Miles, 1917; Gremmen, 1947; 

Zaumeyer and Thomas, 1957; Barros et al., 1958a; Hocking, 

1967) [77, 53, 116, 13, 61]. Angular dark brown lesions on leaves are 

the most common sign (Sharma and Sohi, 1978) [100]. The 

veins and veinlets separate spots that start on the underside of 

the leaf. There are no colourful boundaries on the lesions, 

which are grey at first and brown subsequently. This disease 

is distinguished from the blotch produced by Cercospora 

cruenta and other leaf diseases by the absence of colour in the 

leaf and the remarkable angularity of the spots (Zaumeyer and 

Thomas, 1957) [116]. Lesions on main leaves are rounder and 

bigger than those on trifoliate leaves, and they form 

concentric rings (Allen, 1983) [4]. Severe infections cause the 

lesions to grow in size and consolidate, leading in chlorosis 

and/or premature defoliation of the leaves (Cardona and 

Walker, 1956) [32]. Dark, deep, oval to circular patches of 

varied sizes appear on the pods and stems. It's possible that 

the spots will converge. Furthermore, the disease has an 

impact on seed quality and marketability in bean-producing 

regions across the world (Pastor-Corrales et al., 1998) [83]. 

Infected leaves are more common than infected pods. The 

spots on the pods are first superficial, with virtually black 

margins and reddish-brown centres. The borders and the 

centres are well delineated. The spots are different sizes, and 

they may eventually combine and take up the whole width of 

the pod. The spots' cores are dotted with columnar-like 

growths. Under humid circumstances, dark grey to black 

synnemata with conidia appear on all sorts of lesions 

(Zaumeyer and Thomas, 1957) [116]. Under the spots on the 

pods, seed becomes infected. The disease is lodged within the 

shrivelled and discoloured seeds, allowing it to be transferred 

from one location to another and from season to season 

(Barros et al., 1958) [11]. 

 

Favourable Environment 

The range of temperatures where spore germination of P. 

griseola is possible was reported by Cardona-Alvarez and 

Walker (1956) [33] to be very wide (5–33oC), and also the 

range of optimal temperature (18–28oC). A temperature of 

24oC and alternate periods of high and low relative humidity 

favour the development of epidemics of this disease 

(Sartorato et al., 1988) [95]. Similarly, Monda et al. (2001) [78] 

reported spore germination in P. griseola to be strongly 

dependent on moisture. They observed that spore germination 

on the leaf surface occurs only when the leaf surface is wet, 

and that it happens within three days of spore deposition. At 

24 0C, the pathogen requires a 5-7-day incubation time, which 

can be prolonged to 15 days in lower circumstances (Campos 

and Fucikovsky, 1981). Radiation appears to have little effect 

on spore germination (Lianos, 1957; Santos et al., 1976) [32, 

93]. According to Alvarez and Schwartz (1979) [6], infection 

might develop after a period of 48-72 hours under favorable 

circumstances. To allow for effective infection and 

subsequent synnmata development, high relative humidity, 

rainfall, or dew periods are required (Lianos, 1957; Allen and 

Lenne, 1998) [69, 3]. Gupta et al. (1998) [55] also found that 

disease growth was aided by epidemiological factors such as 

leaf wetness for 12 hours and a temperature of 25°C. Disease 

development was seen after 48 hours at 20-22°C and 95% 

relative humidity, according to Neitsche et al. (1998). 

Willocquet et al. (2004) revealed that a single long continuous 

period of wetness is not required for infection to occur in the 

common bean – Phaeoisariopsis griseola pathosystem while 

studying Quantitative analysis of two important 

epidemiological features in the common bean – 

Phaeoisariopsis griseola pathosystem. They also reported that 

after three to four consecutive rainy nights, infection 

efficiency (the ratio of developed lesions to deposited spores) 

was around 0.5, and infection efficiency was not boosted by 

subsequent wet nights. Correa (1987) [42] demonstrated that 

host genotype and pathogen isolate effects are very strong in 

the common bean – Phaeoisariopsis griseola pathosystem, as 

evidenced by results from a range of 17 Latin American 

isolates of P. griseola inoculated to 21 bean cultivars, where 

two to 464 lesions per plant developed. Lesion density, on the 

other hand, changes depending on the cultivar x isolate 

combination. The latency period, defined as the time between 

spore deposition on the host and the creation of a new 

generation of propagules (Campbell and Madden, 1990) [27], is 

an essential epidemiological measure because it dictates how 

many infection cycles a pathogen may cause over its host's 

life cycle. Because sporulation can begin as soon as the first 

lesions occur under high moisture conditions, the incubation 

time for angular leaf spot disease generally overlaps with the 

latency period (Allorent, and Savary, 2005) [5]. 

 

Disease Distribution 

The disease is widespread in tropical and subtropical areas, 

where it wreaks havoc on pod quality and results in 

significant output losses (Jara et al., 2001) [65]. In the United 

States (Saettler and Correa, 1988) [98], Maryland (Weaver and 

Zaumeyer, 1956), and Pennsylvania, the disease is sporadic 

(Cole, 1966) [39]. Hagedorn and Wade were the first to report 

the disease in Wisconsin (1974) [57]. The disease has also been 

recorded in Ontario, Canada (Melzer et al., 2001) [73]. 

Srinivasan (1953) [108] was the first to describe the presence of 

angular leaf spot in beans from different regions of the Nilgiri 

Plateau in India. In Punjab, the disease usually occurs in the 

latter part of August, causing early defoliation and severely 

impacting seed production (Sohi and Sharma, 1969) [100]. 

Angular leaf spot is a severe problem in Himachal Pradesh 

highlands, leaving 40-70 percent of the green pods 

unmarketable (Singh and Saini, 1980; Gupta et al., 1998) [105, 

55]. The pathogen is reported to infect various legume species 

than beans (P. vulgaris L.), including P. lunatus, P. 

coccineus, P. acutifolius, Vigna mungo, Pisum sativum, and 

Vigna angularis var. wild (Chupp, 1925; Cardona and 

Walker, 1956) [38, 32]. 

 

Survival of Pathogen 

Wind-blown particles of diseased soil, wind-blown and rain-

splashed spores, water, and air currents all contribute to the 

spread of angular leaf spot disease within and between fields 

(Liebenberg and Pretorius, 1997) [70]. Seed, agricultural waste, 

volunteer crops, and off-season bean crops were all identified 

as key sources of P. griseola inoculum by Stenglein et al. 

(2003) [109]. Infested seed, on the other hand, is thought to be 

the major source of infection (Cardona and Walker, 1956) [33]. 

According to Sindhan and Bose (1979) [22], the fungus 
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remained alive in seeds for more than a year as latent 

mycelium and played a key role in disease start and 

transmission in new areas. Sohi and Sharma (1967) [100] 

demonstrated that the pathogen contaminated seeds from both 

the outside and the inside. After the infection destroy the host 

cells, stroma forms, allowing the pathogen to remain dormant 

in the infected plant tissue until favourable conditions return 

(Monda et al., 2001) [78]. The fungus may survive for eight 

months on host debris, according to Cardona and Walker 

(1956) [33], and the surviving inoculum can infect a new crop. 

According to Sindhan and Bose (1979) [22], the pathogen 

survived in infected plant debris from one season to the next, 

remaining alive in plant debris for more than 10 months under 

field circumstances. Under laboratory circumstances, the 

conidia remained alive in plant waste for six months and eight 

months, respectively. Sengooba and Mukiibi (1986) [99]; 

Saettler and Correa (1988) [92] found that pathogen survival in 

contaminated debris varies from 4 months to more than a 

year, depending on environmental conditions (Sengooba and 

Mukiibi, 1986; Saettler and Correa, 1988) [99, 92], with burial of 

waste decreasing pathogen survival (Correa, 1989) [41]. 

According to Chupp and Sherf (1960) [37], the pathogen can 

live in the soil for two years as minute stromata on diseased 

trash. In India, the fungus survived in the soil on plant waste 

as stromata and generated a new crop in the form of Coremia 

or synnemata, which carries conidia until suitable conditions 

return, since only 50% of conidia were viable after 142 days 

when kept in soil (Sohi and Sharma 1967) [100]. 

 

Yield loss Assessment 

The disease has caused significant losses all around the world. 

Bean yield losses have been demonstrated to be caused by a 

drop in seed size and seed mass/pod rather than a reduction in 

pod number/plant (Santos et al., 1978). Cole (1966) [39] and 

Hagedorn and Wade (1974) [57] estimated that the disease 

caused up to 50% yield losses. Yield losses of 40-80% have 

been documented in Colombia (Barros et al., 1958a; Schwartz 

et al., 1981; Pastor and Correa, 1983) [13, 98, 82], 80 percent in 

Maxico (Crispin et al., 1976) [44], 30-40% in Argentina 

(Fortugno, 1974) [49], and 70% in Brazil (Brenes et al., 1983; 

Rava et al., 1985; Sartorato and Rava, 1992) [23, 88, 96]. 

According to CIAT, seed yield losses in P. vulgaris owing to 

angular leaf spot in Columbia were 81 kg/ha. Angular leaf 

spot has caused virtually full defoliation of pole beans in a 

few cases, starting with the lowest leaves (Rava et al., 1985) 

[88]. During the 2002 and 2003 cropping seasons, Bashir 

(2005) [14] performed a survey in Kashmir and found that 

disease incidence on pods was 48.06 and 60.06 percent, 

respectively, with intensities of 20.45 and 32.75 percent. 

Angular leaf spot disease incidence on leaves was 62.79 and 

77.50 percent in 2002 and 2003, with intensities of 29.06 and 

38.78 percent, respectively. Rashid (2018) [87] conducted a 

survey in three Kashmir valley districts: Budgam, Baramulla, 

and Kulgam, and found that disease was prevalent in all three 

districts, with overall mean disease incidence of 42.44 and 

27.62 percent on leaves and pods, respectively, and overall 

mean disease intensity of 25.30 and 13.46 percent on leaves 

and pods. 

 

Chemical Management of Disease 

Several fungicides have been tested for the treatment of bean 

angular leaf spot. Cardenas (1958) [31] found that Fermate, 

Parzate, Fuclasin, Manzate, Orthocide 50, Oxicol Ultra, Shell 

Copper fungicide, and thiolate were effective against angular 

leaf spot disease for up to 9 days. Milatovic (1959) [76] said 

that it was required to begin spraying early, and that if seeds 

were sprinkled with ceresan (Ethylmercury chlorate), 

germisan, agrosan (phenylmercury acetate), and copper 

carbamate at 0.1-0.2 percent, angular leaf spot disease would 

be decreased, but germination would be harmed. Milatovic 

(1958) [75] discovered that germisan (0.3 percent) efficiently 

controlled the angular leaf spot illness in an in vivo study of 

fungicides against angular leaf spot. 

Foliar use of fungicides such as Thiovit, Dithane M-45, 

Zincocap, wettable sulphur, and Bordeaux combination (Sohi 

and Sharma, 1969) [100] has been shown to lower disease 

severity and yield. Foliar treatment of fungicides such as 

Derosal, Saprol (Giroto, 1976), and triforine (Fortugno, 1974) 

[49] has been shown to minimise the severity of angular leaf 

spot disease and boost yield. In Columbia, Fortugno (1978) 

[50] tested compounds such as benzimidozole 60% at 50 g 100 

l-1, benomyl 50% at 40 g 100 l-1, or triforine 20% at 200 ml 

100 l-1 spraying three times. 

According to Issa et al. (1982) [64], Maneb and Zn (2 kg ha-1) 

provided reasonable control of angular leaf spot, resulting in a 

yield of 75.4 percent when compared to untreated control 

plants. Angular leaf spot disease has also been discovered to 

be resistant to the combination fungicides benomyl + captafol 

(Issa et al., 1982) [64] and chlorothalonil + copper oxychloride 

(Issa et al., 1983) [63]. Benomyl, Carbendazim, Vitavax, and 

Agrosan GN have also been shown to be effective as seed 

dressers in reducing angular leaf spot disease severity and 

increasing yield (Sindhan, 1984; Trutmann et al., 1992) [103, 

112]. Rodrigues et al. (1987) [89] found that applications of 

Benomyl, Thiophanate methyl + Thiram, and Triforine were 

effective when applied up to 15 days prior to inoculation with 

the fungus and had a curative effect when applied after 

inoculation under glasshouse conditions when evaluating the 

efficacy of different fungicidal formulations against 

Phaeoisariopsis griseola. Foliar applications of fungicides 

such as mancozeb (De Castro et al., 1991 and Vierra et al., 

1998) [46, 114], carbendazim, triademorph, Fernacol, Ferbam 

(Sindhan, 1984) [103], triphenyltin acetate, and triphenyltin 

hydroxide (De Castro et al., 1991) [46] have been shown to 

reduce angular leaf spot disease intensity and increase yield. 

When compared to Bavistin, Oliveira et al. (1992) [81] found 

that stannic Triphenyl (Fentin) acetate, Bitertanol, and 

Tebuconazole were the most effective. Bhardwaj and Thakur 

(1992) [18] found that seed treatment with Carbendazim 

(0.25%) followed by three foliar sprays (0.1%) at 15-day 

intervals was efficient in controlling angular leaf spot. In 

recent studies, Bhardwaj et al. (1994) [19] found that fungicidal 

treatments combined with careful variety selection and 

planting dates were extremely efficient in reducing disease 

severity and increasing crop output. When Gupta and Shyam 

(1996) [54] tested the in vitro effectiveness of several 

fungicides against P. griseola, they found that Bavistin and 

Punch had a considerably high inhibitory effect at 50 ppm. 

Propineb, Myclobutanil, Chlorothalonil, Bitertanol, 

Carbendazim, Hexaconazole, Flusilazole, Penconazole, 

Difenconazole, and Mancozeb were tested against angular 

leaf spot (Phaeoisariopsis griseola) of French bean in vitro 

and in vivo by Mathew et al. (1998) [71]. They found that all of 

the fungicides decreased disease severity and enhanced seed 

output when compared to the untreated control. 

Carbendazim (0.05%) and Hexaconazole (0.05%), on the 

other hand, were shown to be significantly effective in 

lowering disease severity to 13.07 and 15.41 percent, 
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respectively, when compared to untreated controls (19.96 

percent). They also looked at the in vitro effects of these 

fungicides on the test fungus's spores/conidial germination 

and found that carbendazim (80.12 percent) inhibited spore 

germination the most, followed by hexaconazole (64.83 

percent), flusilazole (62.30 percent), and mancozeb (62.30 

percent) (53.39 percent). In all treatments, a single spray of 

Carbendazim + Mancozeb delivered once at 10 day intervals 

lowered the percent disease index. Spray timings ranged from 

30 DAS to 80 DAS. Up to 50 DAS, sprays provided 

considerably greater yield than subsequent treatments 

(Chandra et al., 1998) [35]. Canteri et al. (1998a) [29] 

investigated the effects of fungicides on fungal in vitro 

cultures. They found that when Difenoconazole (0.12 kg 100-

1 litres) and Tebuconazole (0.3 kg 100-1 litres) were sprayed 

4 days after inoculation, they controlled P. griseola with an 

effectiveness of 93% and 74%, respectively (DAI). Spraying 

with Fentin hydroxide 0.1 percent + 0.04 percent 

Tebuconazole commencing 30 days after emergence (DAE) 

led in 65.6 percent control of angular leaf spot, according to 

Canteri et al. (1998b) [30]. Ploper et al. (2002) [84] reported 

average yield increases between 16.8 and 28.1 per cent for 

single fungicide applications (35 days after sowing), and 29.0 

and 35.7 per cent for double fungicide applications (35 and 50 

days after sowing). The field studies conducted by Bhat 

(2002) [20] for the evaluation of systemic fungicides against 

angular leaf spot of bean revealed the high efficacy of 

Benomyl (0.1%) and Carbendazim (0.1%) sprayed at 10 days 

interval. 

Shukla and Sharma (2009) [102] found that four sprays of 

Carbendazim (0.1 percent) at 10-day intervals significantly 

reduced the disease in a field study of seven fungicides 

including Carbendazim, Hexaconazole, Difenconazole, 

Propiconazole, Mancozeb, Propineb, and Chlorothalonil 

against angular leaf spot of bean. 

For the effective management of angular leaf spot on beans, 

Lemessa et al. (2011) [68] recommended spraying Benomyl at 

7-day intervals. In vitro and in vivo studies were conducted by 

Adikshiti and Kansak (2016) [1] to compare the relative 

efficacies of six systemic and nonsystemic fungicides, as well 

as four combi-products, against P. griseola under. 

Fenamidone (10%) + Mancozeb (50%) (Sectin WG), 

Pyraclostrobin (5%) + Metiram (55%) (Cabrio Top WG), 

Azoxystrobin (20%) + Difenconazole (12.5%) (Amistar Top 

SC), Trifloxystrobin (25%) + Tebuconazole (50%) (Nativo 

WG), and Azoxystrobin (25%) (Amistar SC) salone were 

Two years of field testing (2011 and 2012) demonstrated that 

four Sectin sprays at 15-day intervals were the most 

successful in controlling the disease and increasing green pod 

output. Rashid (2018) [87] found that Carbendazim 50 WP 

proved Myclobutanil 10 WP showed 97.41 percent, 88.14 

percent, and 81.95 percent mean inhibition of P. griseola 

spore germination in vitro, respectively, followed by 

Tebuconazole 25 WP and various systemic and non-systemic 

fungicides against bean angular leaf spot disease under 

Kashmir conditions. Mancozeb 75 WP was shown to be the 

most effective non-systemic fungicide, inhibiting pathogen 

spore germination by 86.62 percent on average. 

In vitro evaluation of disease management in the field with 

the most effective fungicides revealed that seed treatment 

with Carbendazim 50 WP @ 0.1 percent followed by three 

foliar sprays with Carbendazim 50 WP @ 0.05 percent at 15-

day intervals successfully treated the disease. Seed treatment 

with Carbendazim 50 WP foliar sprays resulted in the lowest 

disease incidence and intensity on leaves of 9.48 percent and 

3.62 percent, respectively, and the maximum pod yield of 

102.08 q ha-1. While the control plot, which did not get any 

seed treatment or foliar spray, had the greatest disease 

incidence and intensity of 52.13 percent and 26.22 percent on 

leaves, respectively, with the lowest pod yield of 72.7 q ha-1. 

 

Conclusion and future thrusts 

Common bean is prone to a number of fungal, bacterial, viral, 

mycoplasma and nematode diseases which affect its stem, 

tendrils, leaves, pods and roots. Amongst them, angular leaf 

spot (Phaeoisariopsis griseola), anthracnose (Colletotrichum 

lindemuthianum), alternaria leaf blight (Alternaria alternata), 

rust (Uromyces appendiculatus), white mold (Sclerotinia 

sclerotiorum), bacterial leaf spot and blight (Xanthomonas 

campestris pv phaseoli), damping off and stem rot 

(Rhizoctonia solani), wilt and root rot (Fusarium spp; 

Phytophthora spp and Pythium spp) are economically most 

important diseases (Trutman and Keane, 1990) [111]. The 

disease affects all of the plant's green components, including 

the leaves, petioles, stems, and pods, causing a variety of 

symptoms. The formation of epidemics of this disease is aided 

by a temperature of 24 °C and alternate periods of high and 

low relative humidity. The fungus may survive on host debris 

for eight months, and the surviving inoculum can infect a 

fresh crop. The disease has caused significant losses all 

around the world. Bean yield losses have been demonstrated 

to be caused by a drop in seed size and seed mass/pod rather 

than a reduction in pod number/plant. Different fungicides 

have been used against this disease, carbendazim proved to 

best among systemic fungicides and mancozeb among the 

contact fungicides. Indeed chemical fungicides are working 

best for control of disease but fungicides in turn has lot of 

negative impacts-like resistance development, residual 

problems, hazards to environment and human health issues. 

Therefore, more thrust should be given to the use of 

biological control agents for control of important disease in 

order to manage diseases and prevent subsequent crop losses.  
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