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Introduction
Faba bean (Vicia faba L.) is the third most important food legume 

in the world [1]. Faba bean has high nutritional value and thus, it is a 
rich available source of food for human beings and feed for animals [2]. 
Faba bean is used as an excellent component of crop rotation and green 
manure to improve soil fertility [3]. Over the last century, however, 
there has been a steady reduction in the cultivated area of faba bean in 
many countries due to several reasons. Under Ethiopian conditions, 
biological limitations include inherently low grain yielding potential of 
the indigenous cultivars and susceptibility to biotic and abiotic stresses 
[4]. Among biotic stresses, diseases have always been the major limiting 
factors for faba bean cultivation. The major ones include ascochyta 
blight (Ascochyta fabae Speg.), rust [Uromyces viciae-fabae (Pers.) J. 
SchrÖt.] and chocolate spot (Botrytis fabae Sard.) in Ethiopia [5]. 

Chocolate spot is an important disease of worldwide distribution, 
which causes high yield loss [6,7]. The prevalence of chocolate spot 
in main faba bean growing areas of Ethiopia is about 94.6% [8] and 
the disease caused up to 34% and 61% yield losses on tolerant and 
susceptible faba bean varieties, respectively [9]. Sahile et al. [10] 
reported a yield loss of up to 68% on the variety CS20DK and the local 
cultivars of faba bean in northern Ethiopia. A number of factors, such 
as physiological and environmental conditions, are known to influence 
plant pathosystems, either by affecting the host, the pathogen, or 
their interaction [11] and hence crop yield loss. For instance, climate 
influences the pathogen and host environments separately and in 
interaction throughout the period of crop growth from infection to 
host death [12].

Temperature affects plant resistance against a disease due to 

interactions of temperature with some corresponding gene pairs [13]. 
Sillero et al. [14] reported the interactions of temperature with some 
Uromyces viciae-fabae:Vicia faba gene combinations. They also showed 
that host-pathogen pairs responded differently to varying temperatures. 
It is well known that temperature governs the rate of reproduction of 
fungi and the physiological conditions of the host and has a marked 
effect on the incidence of diseases [12]. Temperature also affects the 
growth and aggressiveness of pathogens and expression of disease 
symptoms in the plants [15]. Moreover, it has been demonstrated that 
inoculum density and host physiology have been closely related with 
temperature and disease development [16]. Thus, plants and pathogens 
require optimum temperature ranges to grow and carry out their 
physiological activities. Temperature ranging from 18 to 27°C for faba 
bean growth [17] and between 15 and 23°C for B. fabae development 
[18] are reported. Severity of chocolate spot is favored between 92-
100% relative humidity and 15-20°C temperature [19].

Although inoculum density, leaf wetness periods, relative humidity 
and temperature [5,20], host age and resistance reaction [11] influence 
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Abstract
Chocolate spot (Botrytis fabae) is a devastating disease of faba bean and reduces its production and productivity. 

Three controlled condition experiments were conducted to assess the effect of temperature on growth and sporulation 
of B. fabae, and faba bean resistance reaction against the pathogen using a single B. fabae isolate and Degaga 
and Bulga-70 faba bean varieties. For cultural experiment, a circular block of actively growing B. fabae mycelia 
was placed on faba bean dextrose agar medium and arranged in a completely randomized design (CRD) with four 
replications. For resistance reaction evaluation, fresh culture of isolate suspension was prepared (2 × 105 spores 
ml-1) and inoculated on to three weeks-old faba bean seedling detached leaves and the whole plant. Inoculated
leaflets and seedlings were factorial arranged in a CRD with four replications. Both sets were incubated at 20, 22, 24
and 26°C. The maximum (84.00 mm) radial growth on 5 days after inoculation (DAI); average conidial size (24.86 ×
16.32 μm), sporulation (2.48 × 103 conidia ml-1) on 12DAI and growth rate (1.058 mm day-1) were recorded at 22°C.
The least values of these parameters and nil sporulation were obtained from 26°C. The highest average lesion size
(17.67 mm in Degaga and 22.83 mm in Bulga-70), AUDPC for lesion sizes (30.92 mm in Degaga and 42.08 mm
in Bulga-70) and severity (2.13 score) values were recorded at 22°C on 5DAI in detached leaf test. Infection and
disease development was reduced at 26°C. The trend was similar in the whole plant test. Such parameters were
linearly increased with temperature to maximum and declined progressively in both reaction evaluation tests. The
two evaluation experiments indicated that the optimum temperature for B. fabae growth, sporulation, infection and
disease development was at 22°C.
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development of chocolate spot severity, quantitative relationships 
among these variables have not been reported. The effect of temperature 
could be addressed using detached leaf technique [21] and whole 
plant tests [7] under controlled conditions. A detached leaf test has 
been widely used for resistance screenings, analyzing components of 
resistance and assaying different factors affecting the response of V. 
faba to B. fabae [21,22]. Whole plant screenings are also widely used in 
the analysis other legume pathosystems [7].

Knowledge of the interaction of host and pathogen with environment 
factors has a practical significance because the environment could alter 
cultivars resistance and pathogen pathogenicity. Moreover, the effect 
of temperature and other factors on the development of a plant disease 
after infection depends on the specific host-pathogen combination. 
The role of leaf wetness, relative humidity, raining frequency and 
temperature on infectivity and subsequent development of chocolate 
spot on faba bean has been inferred from field conditions [5], which 
are difficult to address interaction effects. Climatic dynamics also 
indicated that temperature affects host resistance; and is known to be 
of great importance in the process of infection [20,23]. However, its 
relationship with resistance has hardly been the subject of research; and 
with regard to faba bean/B. fabae, there are very few studies concerning 
the relationship between resistance response and temperature [11,24]. 
In addition, pathogen responses to temperature in vitro may be used 
as an indirect measure of adaptation to a particular environment [25] 
and can provide useful information on epidemics development and 
associated management strategies under rising temperatures of climate 
change scenarios. Therefore, the objectives of this study were to assess 
the effects of temperature on the growth and sporulation of B. fabae, 
and resistance reactions in faba bean against B. fabae under controlled 
conditions.

Materials and Methods
Pathogen isolation and culturing

The B. fabae isolate used throughout this study was isolated from 
naturally infected faba bean plants cultivated in Haramaya University 
(Ethiopia) crop research site that showed typical chocolate spot 
symptoms. Infected leaflets with advanced margins of chocolate spot 
lesions were surface-sterilized by 5% sodium hypochlorite solution for 
3 minutes and dried with a sterile blotting paper. The patch specimens 
were placed on the surface of potato dextrose agar (PDA) medium in 
Petri dishes [26]. The dishes with 2-3 mm piece of infected leaflets were 
kept in a glass case at room temperature (18-20°C) under 12 h day/
night alternating cycles using fluorescent light and examining them 5-7 
days after inoculation for emerging fungal colonies [26]. Following 5-7 
days of incubation, fragments of the edges of freshly growing mycelia 
were transferred into new dishes of faba bean dextrose agar, FDA [27]. 
The dish with the fungus was again incubated at room temperature (18-
20°C) under 12 h of day/night alternating cycles of light and examined 
3-5 days after incubation. The mycelia were sub-cultured several times, 
until the pure cultures were obtained.

Spore production

The procedure used by Zakrzewska [27] was followed to produce 
an abundantly sporulating mycelium. The B. fabae pure cultures from 
FDA medium were transferred to MnPDA medium (PDA medium 
supplemented with 20 g of faba bean seed meal per 1 L of the medium). 
Petri dishes with the fungus were arranged in stacks and incubated 
at room temperature, for 3-5 days until the mycelia began to grow. 
The cultures were exposed to the cycles of 12 h of light/darkness 

again to induce sporulation. The dishes with sporulating B. fabae 
were transferred again to a room with natural light 6 days after such 
treatment, and they remained there for 4-5 days. In this manner, the 
ability of sporulation was confirmed before evaluation was commenced.

Evaluation of growth and sporulation of B. fabae 

An agar disc, 6 mm in diameter, was taken from the actively 
growing margin of 10 days-old culture using a sterile cork borer, and 
placed in the center of a 9 cm Petri dish containing 20 ml of FDA. 
Inoculation was made on MnPDA medium for sporulation evaluation. 
The inoculated FDA and MnPDA Petri plates were arranged together 
in completely randomized design with four replications and incubated 
at four temperature (20, 22, 24 and 26°C) levels. Visual observations 
were made with regard to colony growth two days after inoculation 
(DAI). The colony diameters (mm) were measured in two directions at 
right angles to each other at every 24 h interval until the mycelium fully 
covered the Petri dish. Colony morphology, texture and shape were 
characterized at full plate colony growth (6-10 DAI).

Conidial size, sporulation and sclerotial production were estimated 
from 12 days-old culture for each temperature level per plate. For 
conidial size, the length and the width of 30 conidia per sample were 
measured. Each plate was flooded with 10 ml of sterile distilled water 
and its entire surface was gently rubbed with a glass rod several times 
to release all the spores. The spore suspension obtained was filtered 
through two layers of sterile gauze and was poured into a small beaker, 
the plate rinsed thoroughly, and the final volume was adjusted to 20 
ml by adding sterile distilled water [28]. Sporulation was determined 
under the microscope by counting 4 samples (0.1 ml each) per 
replicate. Number and size of spores were counted and measured 
using the Malassez haemacytometer slide and micrometer under an 
optical microscope field of vision (10x eyepiece and 40x objective), 
respectively. The experiment was repeated twice.

Evaluation of faba bean resistance reaction against B. fabae 

Faba bean varieties Degaga (moderately resistant) and Bulga-70 
(susceptible) were used for both detached leaf and whole plant tests 
to investigate the reaction in both varieties against B. fabae at different 
temperature levels under controlled conditions. Both varieties were 
collected from Holleta Agricultural Research Center, Ethiopia. 

Detached leaf test (Plant material, inoculum, and inoculation): 
The plant material was prepared by growing the two faba bean varieties 
in a growth chamber at Plant Protection Laboratory, Haramaya 
University. Seeds were surface-disinfected in 5% sodium hypochlorite 
solution for 3 minutes and rinsed three times with distilled sterile 
water. Six seeds of each faba bean variety were separately planted in 
14 cm diameter pots filled with a sieved and autoclave-sterilized arable 
loam soil, peat and sand 3:1:1 (v:v:v) proportion. Germinated seedlings 
were thinned to four plants per pot. The seedlings were exposed to a 
temperature of 20/16°C (day/night) [21] and grown for 3 weeks with 
a photoperiod of 14 h of visible light (150 μmol m-2 s-1 photon flux 
density) and 10 h of darkness [11].

Inoculum was prepared from B. fabae previously isolated and 
maintained as described in Section 2.1. The fungal culture was 
transferred to chrysanthemum (Chrysanthemum sinense Sabine) 
flower medium (4 g of dried chrysanthemum flower + 0.5 g of dextrose 
+ 15 ml of distilled water were blended together in a 250 ml flask. Then 
the content was autoclaved for 30 minutes) to further induce abundant 
sporulation. The flasks containing inoculated medium were tightly 
sealed and left at room temperature (18-20°C) with alternating cycles 
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of 12 h of light from a 40 W fluorescent tube and 12 h of darkness for 
13-15 days. A spore suspension was prepared from 15 days-old cultures 
of the isolate. The spores were dislodged by scraping the surface of the 
medium with a bent glass rod and a sterile needle and washed out of 
the surface of the medium with distilled sterile water (10-15 ml). The 
suspension was filtered through two layers of sterile cheesecloth 30 
minutes after stirring, to remove mycelium fragments. The resulting 
suspension of B. fabae spores was adjusted to the concentration of 2 × 
105 spores ml-1 with the help of a Malassez haemacytometer under 10 
fields of optical microscope. Finally, Tween-20 (0.03% v/v) was added 
to the suspension.

Leaves of sample plants were collected from each variety two hours 
prior to inoculation. Fully-expanded leaflets of similar physiological 
age were excised from the 5th node position and immediately laid flat 
on a moistened sterile double filter paper immersed in glucose solution 
(0.4% w/v) laid on sterile 10 cm Petri plates. Small, humid pieces of 
cotton were put at the end of the leaflet petioles to maintain cells at 
maximum turgescence [22]. A drop of (2 × 105 spores ml-1) spore 
suspension was placed on each half leaflet of each variety. Leaflets 
inoculated with distilled sterile water served as control. The Petri 
plates were covered to maintain high moisture, and incubated at room 
temperature (18-20°C) over night. Plates were distributed the next day 
to each separate incubator adjusted at four temperature (20, 22, 24 and 
26°C) levels and incubated for six days. The cotton was moistened with 
1 ml of distilled sterile water every 24 h to ensure an environment of 
high humidity. The experiment was factorial arranged in a CRD with 4 
replications (Petri dishes containing two leaflets per faba bean variety). 
Temperature and variety were considered as main effects and the 
experiment was repeated twice.

Whole plant test (Plant material, inoculum, and inoculation): 
Similar procedures were followed related to planting material and 
inoculum preparation as in Section 2.4.1. Plants of each variety were 
exposed to each respective temperature level prior to inoculation. Three 
weeks-old plants (4–6 expanded leaves) were sprayed with 1.5 ml (2 × 
105 spores ml-1) spore suspension per plant to run-off using an atomizer. 
The treated pots were factorial arranged in a completely randomized 
design with four replications and kept in darkness overnight at room 
temperature in an incubation chamber. Then they were transferred to 
the experimental run of the growth chamber adjusted at 20, 22, 24 and 
26°C with a photoperiod of 14 h of visible light and 10 h of darkness, 
where the relative humidity was maintained on average over 90%, 
following the modified procedure of Villegas-Fernandez et al. [11]. 
The setup was sprayed with a mist of water three times a day to ensure 
adequate moisture till the end of the trial period. The experiment was 
not repeated.

Disease assessment: For detached leaf test, leaflets were assessed 
for their susceptibility to B. fabae infection by measuring the expansion 
of the lesions daily to 5 DAI. Lesion size (LS) was recorded on 3, 4 and 
5 DAI. The average lesion size (ALS) was calculated for each leaflet at 
each evaluation time as the mean of the sizes of lesions of the two leaflets 
measured. The average measurements of the lesion sizes (considered as 
a single observation) on the two inoculated leaflets in each Petri dish 
were used for statistical data analysis. Area under disease progress 
curve (AUDPC) for lesion sizes was computed for each incubation 
temperature for both faba bean varieties. AUDPC was determined with 
the expansion of lesion sizes over time [29] as:

[ ]
n

i+1 i i+1 i
i=1

AUDPC= 1/2 (y +y )(x -x )∑

where xi=time (days); yi=lesion size at the day i; and n=total 
number of lesion symptom observations.

Disease severity (DS) assessment was evaluated on 5 DAI using a 
1-4 scoring scale [2,7]. In the whole plant test, LS and DS were assessed 
from nine leaflets per plant starting from 5 DAI. Three plants per pot 
and four pots per variety were randomly taken for disease parameters 
assessment. Disease severity recordings were made on 5, 8, 11, 14, 17 
and 20 DAI. LS assessments were made on 5, 9, 13, 17 and 21 DAI. The 
values of each leaflet DS and LS were expressed as means per plant to 
carry out the statistical analysis. Disease severity was assessed as the 
percentage of the total leaf surface covered with chocolate spot lesions 
on each expanded leaflet separately at regular intervals using a 0–9 
scale Ding et al. [30], where, 0=no visible infection on leaves; 1=a few 
dot-like accounting for less than 5% of total leaf area; 3=discrete spots 
less than 2 mm in diameter (6–25% of leaf area); 5=numerous scattered 
spots with a few linkages, diameter 3–5 mm (26–50% of leaf area) with 
a little defoliation; 7=confluent spot lesions (51–75% of leaf area), mild 
sporulation, half the leaves dead or defoliated; 9=complete destruction 
of the larger leaves (covering more than 76% of leaf area), abundant 
sporulation, heavy defoliation and plants darkened and dead. The DS 
data were converted to percentage severity index (PSI) according to 
Wheeler [31]: 

Sum of Numerical Ratings × 100PSI=
Number of Plants Scored × Maximum Score on Scale

Based on LS and DS data, area under disease progress curve 
(AUDPC) was computed for size of spots and disease scores according 
to the formula used by Madden and Hughes [29].

Data analysis

Data from two runs of experiments were pooled after confirming 
homogeneity of variances for growth and sporulation evaluation. 
Analysis of Variance (ANOVA) was performed to determine effects 
of incubation temperature on colony radial growth rate, sporulation 
and conidial size. The numbers of conidia ml-1 were analyzed after 
logarithmic transformation of the values obtained [32]. Regression 
analysis of diameters of colony radial growth against time after 
inoculation were performed and the slopes were used as measures 
of growth rates (mm day-1) for each temperature treatment [33]. For 
resistance reaction evaluation, data on incubation period, LS, DS and 
AUDPC for both ALS and DS were analysed using ANOVA, to know 
the effects of incubation temperature on the growth of the pathogen 
and development of chocolate spot and faba bean resistance reaction 
against B. fabae. Regression analysis of lesion expansion against time 
after inoculation was performed and the slope was considered as the 
measure of rate (mm day-1) of chocolate spot using both detached leaf 
and whole plant tests [34]. In all cases, ANOVA was run using SAS 
GLM Procedure [35]. Treatment mean separations were done using the 
least significant difference (LSD) test at 0.05 probability level. Bartlett's 
variance homogeneity tests were performed for each variable before 
combining data over the two runs of experiments both in cultural study 
and detached leaf test [36].

Results
Effect of temperature on growth and sporulation of B. fabae 

The radial growth, conidial formation and growth rate of the isolate 
at different incubation temperatures is presented in Table 1. The results 
showed a significant (P ≤ 0.05) reduction in the mycelial growth at 
26°C compared to the temperatures at 20, 22 and 24°C. Significant 
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difference was measured among incubation temperatures starting 
from 72 h after inoculation periods. Radial mycelium growth increased 
from 27.57 mm at 26°C to 84 mm at 22°C on 120 h after inoculation. 
Radial growth rate was affected by temperature. The isolate grew faster 
(1.058 mm day-1) at 22°C and relatively slower (0.317 mm day-1) at 26°C 
than at other temperatures tested. The radial growth followed a linear 
increasing trend at each incubation temperature over time (Figure 1).

Mycelial growth patterns included both light and dense extending 
mycelium. Highly dense mycelium with grey semi-concentric rings 
associated with black sclerotia was observed at both 20 and 22°C at 
later incubation period. Such characteristics were intermediate at 
24°C, but a very thin mycelium with a very slow extending rate without 
grey bands (associated with colour of conidia) was obtained at 26°C. 
The colony colour was more or less similar at 20, 22 and 24°C (Figure 
2). However, very clear grey colouration at the later growth period 
was observed only at 20 and 22°C, due to rate of sporulation and 
distribution of conidia. On the other hand, a very odd whitish colony 
(composed of white mycelium) was observed nearly in the whole cycle 
of the incubation period at 26°C. Growth resumed when inoculum 
plugs were placed on both FDA and PDA media and incubated at the 
optimum (22°C) temperature identified.

The isolate highly (2.476 × 103 ml-1) sporulated at 22°C followed by 
20 and 24°C temperature levels. No sporulation was recorded at 26°C 

on 12 DAI (Table 2). The mean size of conidia varied both in length 
and width. The conidial length of the isolate ranged from 21.18 to 28.24 
μm while conidial width ranged from 11.77 to 18.82 μm at 22°C. The 
longest (24.86 μm) mean conidial length and the widest (16.32 μm) 
mean conidial thickness were measured from the isolate incubated at 
22°C (Table 2).

Effect of temperature on faba bean resistance reaction against 
Botrytis fabae 

Detached leaf test: First characteristic symptoms of chocolate 
spot lesions appeared at the site of inoculation 24 h after inoculation 
on both faba bean varieties, especially on Bulga-70 at 20, 22 and 24°C. 
Forty eight hours after inoculation, LS aggressively increased on 
leaflets at the first three temperature levels on both faba bean varieties. 
At these temperatures, lesions enlarged rapidly and centrally deep 
black with brown margin spots that fused with time to form larger 
lesions. However, at 26°C, only water-soaked-like symptoms, which 
were followed by clear and visible symptoms, were seen with growing 
lesions 96 h after inoculation. The incubation period (IP) was relatively 
longer at 26°C and appeared shorter at 20 to 24°C but did not show 
any significant variation among incubation temperatures and between 
varieties (data not shown). 

Lesion sizes on leaflets of both inoculated faba bean varieties showed 
significant (P ≤ 0.05) differences among incubation temperatures, 
between varieties and temperature × variety interaction for ALS and 
AUDPC for lesion sizes starting from 72 h after inoculation (Table 3). 
The variety Degaga showed significantly smaller lesions and AUDPC 
values than those expressed by Bulga-70 variety at all incubation 
temperature levels. The highest ALS and AUDPC values on both 
varieties were recorded from 22°C on all recording DAI. On 5 DAI, the 

Figure 1: In vitro effect of incubation temperature (oC) on radial colony growth 
of Botrytis fabae on faba bean dextrose agar (FDA) medium (values are means 
of pooled data from two runs of the experiment).

Figure 2: In vitro effect of incubation temperature (oC) on morphology 
(conidation and colour) of Botrytis fabae on MnPDA medium 10 days after 
inoculation and incubation.

Temperature 
(oC)

Radial colony growth (mm) after different 
time periods (h) of incubation1

Radial growth 
rate (mm 
day−1) 2

R2 (%)

48 72 96 108 120
20 8.20a 24.90b 44.33b 64.60b 80.67b 0.995 96.5
22 8.67a 30.97a 52.43a 73.37a 84.00a 1.058 98.6
24 6.77a 22.97b 38.77c 54.70c 69.10c 0.845 96.6
26 6.13a 12.07c 21.90d 25.70d 27.57d 0.317 94.7

Mean 7.44 22.73 39.36 54.59 65.34 0.804
LSD (0.05) 2.80 4.30 4.56 4.57 2.89

CV (%) 20.0 10.05 6.15 4.45 2.35

Table 1: In vitro effect of incubation temperature (oC) on radial colony growth (mm) 
and radial growth rate (mm day−1) of Botrytis fabae cultured on faba bean dextrose 
agar (FDA) medium, and conidial formation of B. fabae isolate cultured on MnPDA.
1Radial growth was determined as average of two runs of experiments on radial 
colony growth of B. fabae. 
2Linear radial growth rates were estimated as the slope of the following function: 
Colony diameter = Radial growth rate x time + b.  
Means of colony radial growth in the same column followed by the same letters 
are not significantly different (P<0.05). The values in the table are based on 
untransformed data of radial mycelial growth from two runs of experiments.

Temperature 
(oC)

Sporulation (x103 /ml) 2

Length Width Rough 
data

Transformed 
dataMean Range3 Mean Range3

20 20.24b 16.47-23.53 13.18b 11.77-14.12 266 2.426b

22 24.86a 21.18-28.24 16.32a 11.77-18.82 298 2.476a

24 19.54c 13.79-22.99 11.58c 6.90-18.39 202 2.307c

26 0.00d - 0.00d - 0 0.000d

LSD (0.05) 0.26 0.35 0.022
CV (%) 1.06 2.21 0.658

Table 2: In vitro effect of incubation temperature (oC) on conidial size (μm) and 
sporulation of Botrytis fabae isolate cultured on MnPDA medium.
1Average of 30 readings. 
2Conidial production/sporulation was observed 12 days after inoculation. Variables 
"Sporulation ml-1 (x 1000)" were analysed after logarithmic transformation [log (x 
+ 1)]. 
3Indicated absence of sporulation and hence, no conidial dimension record at 26 
oC.
Means of conidial dimensions in the same column followed by the same letters are 
not significantly different (P<0.05).
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highest (22.83 mm) ALS and AUDPC (42.08 mm-days) were obtained 
from 22°C on Bulga-70. Comparably, the highest (17.67 mm) ALS and 
AUDPC (30.92 mm-days) were recorded from the same temperature 
level on Degaga variety. The lowest values of both parameters were 
recorded from 26°C and un-inoculated control of both varieties. The 
ALS and AUDPC values increased from 20 to 22°C with significant 
differences between the varieties and decreased as temperature 
increased beyond 22°C.

The rate of lesion growth increased rapidly on Bulga-70 as compared 
to the variety Degaga. The average rate of lesion expansions varied from 
0.0744 mm day-1 at 26°C to 0.132 mm day-1 at 22°C on variety Degaga 
and from 0.111 mm day-1 (26°C) to 0.173 mm day-1 (20°C) on variety 
Bulga-70 (Table 3). Reaction differences between varieties and among 
incubation temperatures in disease severity scores became significantly 
(P ≤ 0.05) different on 120 h (5 DAI) (Table 4). Chocolate spot severity 
on both faba bean varieties was also significantly different from their 
respective un-inoculated controls (which were scored 1 on the scale) 
but without any significant interaction effect. The highest (2.13) mean 
severity was scored at 22°C and the lowest (1.67) was at 26°C. In all 
the incubation temperatures studied, the variety Bulga-70 had higher 
mean chocolate spot severity than the variety Degaga.

Whole plant test: Faba bean plants inoculated with B. fabae 
conidia during seedling stages and maintained at different incubation 
temperature levels developed chocolate spot symptoms. All infected 
plants showed typical symptoms of small brown necrotic flecks 
clearly visible on leaves by the next DAI, which evolved into typical 
chocolate spot lesions 24 h later on both faba bean varieties at 20, 22, 
and 24°C. Small necrotic flecks appeared 32 h after inoculation on the 
variety Bulga-70 and on 48 h after inoculation on the variety Degaga at 
26°C. Aggressive lesions (which were developed progressively and the 
nearby smaller flecks of spots begin to coalesce) were visible 48 h after 
inoculation on both varieties at 20, 22 and 24°C. Symptoms appeared 
earlier at both 20 and 22°C 16 h after inoculation. In contrast, it took 
slightly longer (24 h) for symptoms to develop at 24°C and 48 h and 
more at 26°C after inoculation (data not shown). No control plants 
developed chocolate spot symptoms. There was no infection observed 
on new leaves that emerged after the plants were inoculated.

The lesion development and percent leaf damage by the B. fabae 
isolate on the two faba bean varieties showed a significant (P<0.05) 
variation among incubation temperatures, varieties and variety × 
temperature interaction for ALS, mean DS and AUDPC (Tables 5 and 
6). The lesion growth was least on both faba bean varieties at 26°C, 
1.45 mm (Degaga) and 1.47 mm (Bulga-70) on 21 DAI. The highest 

(2.89 mm on Degaga and 6.33 mm on Bulga-70) mean values of lesion 
sizes were recorded on 21 DAI at 22°C. AUDPC for lesion sizes ranged 
from 25.43 to 46.85 mm-days (Degaga) and 27.49 to 113.89 mm-days 
(Bulga-70). The variety Bulga-70 had the largest (6.33 mm) ALS at 22°C 
on 21 DAI while the lowest (2.89 mm) ALS was measured from the 
variety Degaga at the same temperature and DAI.

The final mean DS values ranged from 14.79 to 21.61% for Degaga 
and 20.37 to 32.10% for Bulga-70 on 20 DAI (Table 6). The overall final 
mean DS at all incubation temperatures revealed that Bulga-70 scored 
the highest (26.70%) DS than Degaga, which scored 17.74% on 20 
DAI. Both faba bean varieties showed similar trends in DS progress, in 
which DS increased from 20 to 22°C and decreased beyond 22 to 26°C. 
Similarly, the AUDPC values for severity exhibited a similar trend to 
DS in that the highest (361.75%-days on Degaga and 556.81%-days on 
Bulga-70) AUDPC values for severity were recorded at 22°C. Progress 
of chocolate spot on whole plants was much slower than in experiment 
on excised leaves. The disease progress rates were significantly lower 
on the variety Degaga than on Bulga-70 at all incubation temperatures. 
Moreover, significant variety × temperature interactions for the studied 
disease parameters indicated that the inherent ability of varieties to 
express resistance reaction against B. fabae was not the same at all 
incubation temperatures.

Discussion
This study has indicated differences in the effects of temperatures 

on mycelial growth, sporulation, conidial size, sclerotial formation 
and morphology of B. fabae. Radial growth, sporulation, conidial 
size and sclerotial formation of the fungus increased with increase in 
temperature and reached maximum at 22°C but progressively declined 
thereafter. However, no sporulation was detected at 26°C. Effects 
of temperature on pathogenic fungi growth, sporulation, sclerotial 
formation and morphology is well documented [37,38]. Fernández et 
al. [39] found that temperature highly affected the mycelial growth of 
B. cinerea isolates and discriminate isolates based on their temperature 
optima. Pefoura et al. [32] showed that radial growth of Trachysphaera 
fructigena decreased to minimum at higher temperatures, which can be 
considered as lethal for radial growth of the pathogen. The investigators 
found that sporulation increased to optimum temperature and then 
declined till nil at higher temperature levels.

Similarly, Sehajpal and Singh [40] noted that temperature of 20 
± 1°C was the best for mycelial growth of Botrytis gladiolorum; the 
least was observed at 30 ± 1°C. No conidial and sclerotial production 
was recorded at lower and extreme temperatures. The rate of mycelial 

Temperature 
(oC)

Average lesion size (mm) Average lesion size (mm)
Degaga Bulga-70

72 h 96 h 120 h AUDPC1 Rate2 72 h 96 h 120 h AUDPC1 Rate2

20 11.83bcd 13.83bc 15.50bc 27.50bc 0.099 16.17a 20.50a 22.33a 39.75a 0.173
22 12.83bc 15.67b 17.67b 30.92b 0.132 17.33a 22.00a 22.83a 42.08a 0.159
24 10.50d 11.83cd 14.67c 24.42c 0.107 13.17b 15.17b 17.83b 30.67b 0.123
26 8.17e 10.00d 10.83d 19.50d 0.074 10.83cd 13.50bc 14.83c 26.33bc 0.111

Mean 10.83 12.83 14.67 25.59 0.103 14.38 17.79 19.46 34.71 0.142
CV (%) 21.90 21.92 18.26 19.51 21.90 21.92 18.26 19.51

LSD (0.05) ** ** ** ** ** ** ** **

Table 3: In vitro effect of incubation temperature (oC) on reactions of two faba bean varieties against Botrytis fabae using detached leaf test. 
1Area under disease progress curves for lesion sizes of chocolate spot in the detached leaf test.
2Linear lesion size expansion rates were estimated as the slope of the following function: Lesion diameter = a + Lesion growth rate x time (based on untransformed data). 
** The presence of highly significant difference at P<0.05 probability level.
Means of lesion size and AUDPC in the same column with the same letters are not statistically different (P<0.05). The values in the table are based on untransformed data 
of lesion expansion from two runs of experiments.
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growth of Sphaeropsis pyriputrescens increased as temperature increased 
up to 20°C and then decreased rapidly as temperature increased. Slight 
changes in colony morphology were observed at lower and higher 
temperatures than the optimum temperature [41]. Fernando et al. [42] 
also reported that Corynespora cassiicola sporulated freely on PDA at 
10 to 35 ºC with a peak at 30 ºC. However, no sporulation or growth of 
the colonies of the isolates was observed at temperatures below 5 and 
above 35°C.

This study demonstrated that temperature also strongly influenced 
infection due to B. fabae and development of chocolate spot in faba 

bean. Temperature affected incubation period, lesion expansion, 
percent leaf damage, AUDPC and rate of chocolate spot progress 
on both detached leaf and whole plant tests in faba bean. When 
temperature was raised from 20 to 22°C, lesion expansion, percent 
leaf damage and AUDPC linearly increased, while these parameters 
decreased with increase in temperature beyond 22°C. Incubation 
period was delayed at the highest (26°C) temperature tested. Tu [43] 
found that disease severity in beans inoculated with Colletotrichum 
lindemuthianum was greater at temperatures ranging from 20 to 24°C 
than at lower or higher temperatures. Disease severity in round-leaved 
mallow inoculated with Colletotrichum gloeosporioides [44] and in 
soybean infected with Colletotrichum truncatum [45] increased with 
increase in temperatures between 10 and 25°C and sharply decreased at 
30°C. With regard to incubation period, Xu [46] and Xu and Robinson 
[47] noted that the median incubation period was longer at lower and 
higher temperatures than at intermediate temperature ranges in rose 
and hawthorn powdery mildew.

Concerning such optimum-type relationships between lesion 
sizes and temperature levels, similar results were found by Kuruppu 
and Schneider [48] who reported that lesion development of aerial 
blight in soybean increased with increasing temperature (from 21 to 
29°C) but decreased at 33°C, where lesions did not develop at all at 
37°C or above during day temperatures in growth chambers with high 
humidity. Pedersen and Morrall [49] reported that lesion counts due 
to ascochya blight in lentil indicated that the optimal temperature for 
infection ranged from 10 to 15°C and that very little infection occurred 
at 25°C and it appeared to be less favorable for disease development 
than the lower temperatures. Similarly, lesions of Cercosporidium 
personata leaf spot of peanut on detached leaves of all genotype were 
largest, developed most rapidly, and sporulated most profusely at 24°C. 
Few infections occurred at 28 and 32°C regardless of duration of the 
high relative humidity [50]. 

In the whole plant test of this study, plants grown at 26°C also 
showed heat scorching, stunting, marginal diebacks of leaflets, and rapid 
senesces even without disease symptoms. These findings suggest that 
this temperature regime might have adversely affected the physiology 
and growth of the plants, and that the reduction in lesion size and 
disease severity might not be due to increased resistance. Chongo 

Treatment Severity(score)
Variety

Bulga-70 3.17a

Degaga 2.42b

Control 1.00c

Mean 2.20
LSD (0.05) 0.25

Temperature (oC)
20 1.96ab

22 2.13a

24 1.83bc

26 1.67c

Mean 1.90
LSD (0.05) 0.25

CV (%) 15.70

Table 4: In vitro effect of incubation temperature (oC) on resistance reactions of 
faba bean (Vicia faba) against Botrytis fabae isolate using detached leaf test on 
two faba bean varieties. 
Mean disease severity based on 1-4 rating scale for detached leaf test [7,27] where 
1 = highly resistant, no infection or very small flecks (1-25% necrosis); 2 = resistant, 
necrotic flecks with few small lesions (26-50% necrosis), and very poor sporulation; 
3 = moderately resistant, medium coalesced lesions (51-75% necrosis) with 
intermediate sporulation; and 4 = susceptible, large coalesced lesions (76-100% 
necrosis) with abundant sporulation.
Means of leaf disease severity of the same letters are not statistically different 
(P<0.05).

Faba bean 
variety

Temperature 
(oC)

Average lesion size (mm)
Days after inoculation, DAI

5 9 13 17 21 AUDPC1 Rate2

Degaga

20 1.61d 1.78d 1.92d 2.50c 2.73d 41.81d 0.295
22 2.01c 2.12c 2.22c 2.58c 2.89c 46.85c 0.221
24 1.08e 1.17fg 1.25f 1.36e 2.14f 26.94fg 0.231
26 0.83f 1.06g 1.45e 1.45e 1.45g 25.43g 0.161

Mean 1.38 1.53 1.71 1.97 2.30 35.26 0.227
20 4.08b 4.97b 5.39b 5.72b 5.86b 105.28b 0.431

Bulga-70

22 4.58a 5.30a 5.92a 6.11a 6.33a 113.89a 0.429
24 1.19e 1.61e 1.97d 2.19d 2.55e 38.26e 0.331
26 1.14e 1.25f 1.47e 1.47e 1.47g 27.49f 0.089

Mean 2.75 3.28 3.69 3.87 4.05 71.23 0.320
CV (%) 10.69 9.58 9.11 7.38 5.85 4.70

LSD (0.05) ** ** ** ** ** **

Table 5: In vitro effect of incubation temperature (oC) on lesion size of two faba 
bean varieties against Botrytis fabae using whole plant test.
1Area under disease progress curves of lesion size of chocolate spot in the whole 
plant test.
2Linear lesion size expansion rates were estimated as the slope of linear regression 
of the following function: Lesion diameter = a + Lesion growth rate x time (based 
on untransformed data). 
** The presence of highly significant difference at P<0.05 probability level.
Means of lesion sizes and AUDPC in the same column followed by the same letters 
are not statistically different (P<0.05). Values are based on untransformed data.

Faba 
bean 

variety

Temperature 
(oC)

Leaf area damage (%)
Days after inoculation, DAI

5 8 11 14 17 20 AUDPC1

20 14.20bc 14.81cd 15.43de 17.28d 17.28e 18.52e 324.69e

22 16.05b 16.67bc 17.29d 17.90d 19.76d 21.61d 361.75d

Degaga 24 12.35cd 12.96de 12.96f 14.82ef 15.43f 16.05f 281.48f

26 11.11d 11.73d 12.35f 12.96f 14.81f 14.79f 259.26f

Mean 13.43 14.04 14.51 15.74 16.82 17.74 306.80
20 19.14a 23.46a 24.08b 25.93b 27.78b 29.63b 502.50b

22 20.37a 25.31a 26.55a 29.63a 31.48a 32.10a 556.81a

Bulga-70 24 16.05b 18.52b 20.37c 22.84c 24.69c 24.69c 427.19c

26 11.73d 13.58de 14.17ef 16.05de 19.14d 20.37d 315.95e

Mean 16.82 20.22 21.29 23.61 25.77 26.70 450.61
CV (%) 20.00 20.39 18.05 16.70 8.86 10.90 12.75

LSD (0.05) ** ** ** ** ** **

Table 6: In vitro effect of incubation temperature (oC) on leaf area damage 
(severity) of two faba bean varieties against Botrytis fabae using whole plant test
1Area under disease progress curves of percent disease severity of chocolate spot 
in the whole plant test.
** The presence of highly significant difference at P<0.05 probability level.
Means of disease severity and AUDPC in the same column followed by the same 
letters are not statistically different (P<0.05).
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and Bernier [51] observed a similar pattern in beans inoculated with 
Colletotrichum lindemuthianum at higher temperatures. The nearly 
complete inhibition of infection and development of chocolate spot 
on faba bean at higher (26°C) temperature was unexpected. However, 
increasing temperature could affect the pathogen to produce more 
propagules for subsequent infection and thus conidia must survive 
exposures to high temperature and low relative humidity that occur 
between deposition and favorable infection periods.

The current study pointed out that the most optimum temperature 
for B. fabae growth and sporulation as well as chocolate spot infection 
and development was between 20 and 22°C. In fact, temperatures around 
22°C are near those existing in the high prevalence zones of the disease 
in Ethiopia where the study was conducted under natural conditions. 
The absence of sporulation and its reduced radial growth, infection and 
disease development at 26°C could explain the reduced pathogenicity 
at this temperature; but interactions are more complex in the natural 
environment where multiple climatological and biological factors vary 
simultaneously [52]. Harrison [20] indicated that B. fabae normally 
infects faba bean when temperatures are mild (15-22°C) with high 
relative humidity; and the most risk factors associated with chocolate 
spot infection under field conditions include mild temperature (20°C) 
and humid conditions [53]. Dereje [18] also found that humid and 
warm (10-23°C) with frequent rainy weather conditions are favorable 
for the development of chocolate spot epidemics, and progression rate 
reduces late in the season.

Reduced infection and disease development in the present study 
could be due to several factors including inhibition of mycelial growth 
and spore mortality at higher temperatures, genetic background of 
the faba bean varieties used, isolate virulence, leaf-wetness duration, 
and the interaction among such factors. Higher temperature during 
epidemic development could also affect the pathogen's ability to 
produce more propagules. Previous studies showed that an increase 
in temperature beyond the optimum decreases pustule production 
on leek leaves by Puccinia allii infection, suggesting that high spore 
densities were required for successful infection at higher temperatures 
[54]. In strawberry leaves inoculated with Colletotrichum acutatum 
conidia and incubated at different temperatures with continuous 
wetness, the number of germinated conidia tended to decrease with 
increasing temperature due to cell lysis [55]. Xu [46] also found that 
low rate of disease development in rose powdery mildew at supra-
optimal temperatures is likely due to higher mortality of spores.

Moreover, Christiansen and Lewis [56] indicated that when 
high-temperature stress is exacerbated, plants show symptoms 
including wilting, leaf burn, leaf folding, and abscission, and changes 
in physiological responses. Such changes are expected to occur in the 
current and future climate dynamics. These changes will certainly affect 
susceptibility to pathogens, though the wide range of changes may 
make interactions difficult to predict; and challenging to discriminate 
between temperature effects on host resistance genes versus effects on 
pathogen virulence [23]. Hence, we did not directly attempt to partition 
the effect of temperature on the pathogen virulence gene(s) versus the 
faba bean resistance gene(s). Rather to the host-pathogen interaction 
and these have to be further elucidated with known resistance gene(s) 
in the host and virulence gene(s) in the pathogen using a wide range 
of temperature levels and other environmental factors. In connection 
with the impact of temperature on resistance expression, Fetch [57] 
noted the loss of resistance genes in oat lines at higher temperature 
and that observation on rust reaffirms the complex interaction between 
host, pathogen, and environment that determine the host response to 
pathogen infection. Similarly, in leaf rust-wheat combination under 

variable temperatures, a change in reaction may neither be a direct 
response to temperature on the part of the host's resistance alone nor on 
the part of the parasite's pathogenicity genes alone. Thus, temperature 
most likely affects the host-parasite interaction [58].

Conclusions
The current results indicated that temperature strongly influenced 

growth and sporulation of B. fabae and infection and development 
of chocolate spot in faba bean varieties. Resistance reactions in both 
faba bean varieties against B. fabae appeared temperature dependent. 
Temperature at 22°C was the optimum temperature for the growth, 
sporulation, infection and disease development; whereas, low disease 
infection and nil sporulation were recorded at 26°C. Infection and 
disease development were more severe on detached leaf than on the 
whole plants inoculated. Both detached leaf and whole plant tests were 
promising tools for assessing the response of faba bean plants to B. fabae 
under different incubation temperatures. The methods are also useful 
for studying various aspects of chocolate spot and behavior of B. fabae 
under controlled conditions to elucidate epidemiological attributes 
under natural conditions. Such studies can improve our understanding 
of conditions required for epidemic onset, disease progress rate over 
time and eventual decline of epidemics; and could allow us to predict 
the initiation and potential severity of chocolate spot epidemics in the 
growing season. Absence of sporulation and highly reduced disease 
levels at 26°C seem to imply that the projected temperature rise by 2.1°C 
in Ethiopia my disfavor B. fabae pathogenicity; and may not be a threat 
to faba bean production in the highland agro-ecologies of Ethiopia in 
the future climate change scenarios. However, it is difficult to exactly 
predict the effect of increasing temperature on the host/pathogen and 
their interactions under controlled conditions. Rising temperature is a 
gradual process that gives time-window for adjustment and interaction 
with other dynamic climate variables may influence the effect of 
temperature. Therefore, investigations on the effects of temperature on 
infection and disease development in faba bean due to B. fabae has to 
be further tested in greenhouse conditions to enable valid comparisons 
with field conditions. Moreover, thorough investigations on influence 
of temperature on the pathogen virulence gene, host resistance gene 
and on host-pathogen interactions have to be elucidated with known 
host resistance gene(s) and pathogen virulence gene(s) using a wide 
range of host cultivars, pathogen isolates, temperature levels and other 
environmental factors as well as their interactions.
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