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Abstract 

Ascochyta blight is a serious disease in chickpeas, can cause up to 100% yield loss. This study focuses on 

phytopatometric response of chickpea genotypes against Ascochyta blight, using 75 backcrossed disease resistance 

accessions and six varieties with local check. 

 Experiments were conducted in a 2 m x 0.6 m plots area, the spacing was 30 cm, 10 cm inter, and intra–row spacing 

respectively with each plot having two rows, between plots 0.3m, and between block 1m. Laboratory and greenhouse 

conditions on chickpea seedlings development, the study analyzed by using SAS software and Minitab’s disease data 

from Ascochyta plants scored in a lattice design, revealing a wide range of responses from resistance to highly 

susceptible reactions.  

The average severity index ranged from (16-25.5%), DZ-2012--CK-0253 (16.6), ICCU-92219 (20 %), ICCU-

91212(21.11 %), Eshete (21.11 %), ICCU-13617 (22.22 %), Natoli (25.54 %), and DZ-2012-CK-0039 (25.5%), for 

resistance genotypes, with moderately resistance genotypes ranging from (31.5-52.54%) ICCMABCD-20 (31.583) 

MABC-2 (36.39) ICCU-13602 (38.05) ICCV-14106 (43.89) MABC-11(50.20) FLIP-2010-24C (51.74) ICCMABCD-

23 (52.54). Moderately susceptible genotypes ranged from 56.8-100%. In general, 9% resistance 9%, moderately 

resistant, 2% moderately susceptible, 20% susceptible, and 45% highly susceptible were found, but none of the tested 

genotypes was highly resistant or immune. 

 The study suggests high yielder and new sources of resistance and moderate resistance against Ascochyta diseases 

those genotypes are used for next to breeding programs whereas Eshete directly used as varieties in areas having 

incidence of these diseases 
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Background 

Chickpea is a crucial grain legume, that is grown globally for human and animal consumption, contributing to soil 

fertility by converting atmospheric nitrogen 1. 89.7% of the crop is grown in Asia, 5% in Africa, 2.6 in Oceania, 2.9 

in the Americas, and 0.4 in Europe out of the more than 50 countries that grow it. 2. Africa's chickpea production, 

primarily from Ethiopia, Malawi, Tanzania, Kenya, and Morocco, contributes 5% of the world's total, making Ethiopia 

the largest producer globally 3. Chickpea is grown anywhere in the Amhara region, but it is most abundant in Central 

Gondar, North Shewa, South Gondar, East Gojam, West Gojam, and South Wollo. In general, Amhara Regional State 

has 55.5% of the crop and land coverage and 51.1% of its production in Ethiopia 4. 

However, the yield potential of chickpeas is as high as 5 tons per hectare, in the study areas the productivity 

is  2.27 tons per hectare 5. Numerous biotic and abiotic factors are to blame for the decline in chickpea productivity 

and production. Ascochyta blight (Ascochyta rabiei), Fusarium wilt (Fusarium oxysporum f.sp. ciceri), phytophthora 

root rot (Phytophthora medicaginis), and Botrytis grey mold (Botrytis cinerea) are a few examples of biotic agents 

(Li et al., 2021).  Ascochyta blight is a prevalent and detrimental foliar disease that is responsible for substantial crop 

losses in Ethiopia's primary growing regions. It is considered the most significant fungal disease in terms of economic 

impact in the majority of chickpea-producing countries worldwide, including Ethiopia. 6. 
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It is one of the most important foliar fungal diseases of chickpeas and leads to yield losses of about 100%, in 

favorable environmental conditions, and susceptible varieties, In the earlier study’s, indicated that from the study area  

(44.97%) relative grain yield loss was recorded from Teje chickpea variety 7. On all leaf portions of the crop, the 

teleomorph and the anamorph (Ascochyta rabiei) may generate distinctive necrotic lesions that result in tissue collapse, 

stem breakage, and plant death.  8. Frequent rainfall at flowering and pod formation stages can create a conducive 

environment for the infection and symptoms expression 9. 

Due to seed exchanges and changes in rainfall patterns, foliar blight disease is becoming a more serious 

problem in Ethiopia 3. At every physiological stage, from seedling to maturity, the weather has an impact on the 

development of the disease. The most significant contributors to the likelihood of disease and, thus, the development 

of disease epidemics are meteorological variables including temperature, relative humidity, continuous rainfall, the 

length of time leaves are wet and windy and overcast weather 10 and 11.  

Cultural techniques like ideal plant populations, planting patterns, and fungicides have been used to reduce Ascochyta 

blight, but they are easily contaminated and spread over large areas. Seeds are primary inoculums for long-distance 

propagation, but they are costly due to repeated application requirements. Variability in pathogen genotypes is crucial 

for disease resistance. The reason why seed is the primary source of inoculums for long-distance propagation is 

because different fungicides are used for this disease in areas with low agricultural yield. Using these methods can be 

very costly due to their repeated application requirements, even though some have shown promising results as seed 

treatments. But Ascochyta blight is sporadic12 and 8 due to this reason variability of the pathogen on the genotypes 

must be identified at the levels of disease resistance. 

MATERIAL AND METHODS 

 Description of Study Area 

The field experiments were carried out in West Belesa, located at longitude 120 20’ 59’’ N, latitude 370 47’ 39’’ E, 

and altitude minimum and maximum were respectively, 1777m to 1806 m a.s.l and annual rainfall 800-1200 ml, and 

annual temperature of 15.5 and 300
c According to the meteorological data of the center. The study was conducted 

during the 2023 main cropping season at West Belesa district in North Western Ethiopia, the Area is one of the 

moisture stress areas, whereas, agriculture and allied activities are the predominant income sources, chickpea, Teff, 

and Sorghum are the major crops cultivated in the area 5. 

  Treatments and Experimental Design 

This study was conducted under field, laboratory, and greenhouse conditions to evaluate the 

phytopathogenic responses of different chickpea genotypes, particularly their resistance to Ascochyta 

blight. A total of 75 accessions, which were molecularly crossed materials aimed at disease control, were 

assessed alongside five released varieties and one local variety. The accessions were obtained from the 

Debre Zeit Agriculture Research Center, while the other six released varieties, including the local variety, 

were sourced from the Gondar Agricultural Research Center. The released varieties included Grarie, Natoli, 

Dimitu, Eshetete, Dalota, and the local check variety (Table 1). 

The experiment utilized a simple lattice design and was conducted in a total area of 19 m x 5.4 m, with 

individual plots measuring 2 m in length and 0.6 m in width. The planting was arranged with inter-row 

spacing of 30 cm and intra-row spacing of 10 cm. Each plot consisted of two rows, with a distance of 0.3 

m between plots and 1 m between blocks.  

Pathogen Isolation and Identification 

The morphological characterization and identification of the chickpea Ascochyta blight pathogen 

were conducted at the University of Gondar, specifically in the College of Agriculture and 

Environmental Sciences (CAES) plant protection laboratory. Samples of Ascochyta blight-
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infected chickpea plants were collected from a hotspot area in West Belesa, where the disease was 

prevalent and spreading rapidly. 

To prepare the samples, the stems, pods, and seeds were thoroughly cleaned with tap water. 

Diseased tissue was cut into small pieces and surface sterilized for 30 seconds using either 70% 

ethyl alcohol or 0.5% sodium hypochlorite. This sterilization was followed by rinsing the pieces 

three times with sterile distilled water for two minutes each time. The sterilized tissue was then 

aseptically placed on separate Petri plates containing sterilized potato dextrose agar (PDA) media. 

After five days of incubation at 25°C, colonies of the Ascochyta blight fungal pathogen were 

transferred to fresh PDA. The fungi were sub cultured and purified by transferring the hyphal tip 

into PDA slants, which were maintained as stock cultures for further studies. The identification of 

the fungi was based on cultural (morphological) characteristics, focusing primarily on growth 

patterns and pigmentation. Additional microscopic examinations of mycelial and conidial 

structures were performed using an identification manual of illustrated genera of imperfect fungi. 

For morphological characterization, a small amount of mycelium was taken from ten day old pure 

culture plates using a sterile needle and transferred to a cleaned glass slide. Mycelium samples 

were collected from five different positions on the culture plate four from adjacent sides and one 

from the center. The mycelium was stained with 0.1% lactophenol cotton blue and observed under 

a compound microscope.   

Pathogenicity Test 

 

The pathogenicity test was conducted at the Gondar Agricultural Research Center greenhouse. The 

experiment involved planting susceptible Dimtu variety seeds in pots filled with sterilized soil, 

arranged in a simple plot with three replicates. The pots were regularly watered to maintain high 

relative humidity, and the seedlings were inoculated with a spore suspension of 1×10^6 spores per 

milliliter using a micropipette, as described by13
. 

Data Collected and Calculated 

Ascochyta blight Assessments 

Disease incidence is the proportion of pathogen-caused disease in crop populations, influenced by the disease being 

assessed and its epidemiology 13. The study used a 1-9 rating scale to assess the severity of Ascochyta blight disease 

on 5 randomly selected plants during the main cropping season.  

The scoring scale of13  infection percentage is 1-10 and the scoring scale (1-<2) =No infection or small lesions highly 

resistant and 11-30, 2-< 4 = some stem lesions - minor stem breakage in upper foliage 1-2 branches broken. Several 

girdling stem lesions low down on some branches resistant 31-50, 4-< 6 = large basal stem lesions or several branches 

broken near to main stem, half foliage dead moderately resistant. 51-60, 6-<7 =half foliage dead or dying, but young 

shoots still actively growing from base moderately susceptible  61-80, 7-<9 = most foliage dead - some healthy stem 

tissue with lateral buds ,Most foliage dead, no healthy lateral buds in leaf axils susceptible. 81-100, 9-<10 = most 

foliage dead, decreasing areas of living stem tissue, Plants completely dead highly susceptible. 

Disease incidence 

Calculated as No. of infected plants / Total number of plant assessed 15. 

Severity:  the area or volume of plant tissue that is (visibly) diseased, usually relative to the total plant tissue 16, the 

severity grades were converted into a percentage severity index (PSI) for analysis.  

Area under Disease Progress Curve (AUDPC) 

The area under disease progress curve (AUDPC) from PSI were obtained the followed the formula as described by 17. 

Disease Progress Rate: Logistic, ln [(Y/1-Y)], 18 and Gompertz, -ln[-ln(Y)], (Berger, 1981) models were compared 

for estimation of disease progression parameters from each treatment. The transformed data were regressed over time 

(DAP) to determine the rate. The goodness of fit the models was selected based on the magnitude of the coefficient 

of determination (R2), sum square of error (SSE), Mean Square of error (MSE) and Root Mean Square of  error 
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(RMSE)  obtained using each model20. Then the appropriate model was used to determine the disease progress rate 

(r).   

RESULTS  

Evaluation of chickpea Ascochyta blight disease intensity  

 Disease Incidence  

High disease pressure most genotypes exhibit a high disease incidence (ins), ranging from 28% 

to 100%. The mean disease incidence is 88.6%, which indicates that the majority of the tested 

genotypes are significantly affected by the disease. 

Disease incidence was evaluated based on the number of diseased plants or plant deaths caused by 

Ascochyta blight. A highly significant difference was found (P ≤ 0.0001). The analysis of variance 

revealed a range of disease incidences across the genotypes, from lower to higher values. The 

resistant genotypes exhibited incidences ranging from 28% in ICCU-92219 to 67.5% in Natoli. 

For example, ICCU-92219 had a low incidence of 28%, followed by Eshete at 32%, DZ-2012--

CK-0253 at 35%, ICCU-91212 at 42%, DZ-2012 CK-0039 at 55%, and Natoli at 67.5%. Moderate 

resistance genotypes showed incidences ranging from 42.4% in FLIP-2010-24C to 100% in ICCU-

13602, with other varieties like ICCMABCD-23 (43.7%), MABC-2 (80%), ICCV-14106 (85%), 

ICCMABCD-20 (85%), and MABC-11 (100%) showing varying degrees of susceptibility. On the 

other hand, genotypes that were moderately susceptible to highly susceptible exhibited incidences 

ranging from 80% to 100%. 

During the cropping season, pathogen infection affected 81 genotypes, with Ascochyta blight 

symptoms first appearing at the seedling stage and worsening during the flowering and podding 

stages. These findings align with those of 21, where the highest disease incidence (90.1%) was 

recorded in the Dimtu variety, while the lowest (18.6%) occurred in the Arerti variety. 

This observation also supports 22,who reported that plants are more susceptible to Ascochyta blight 

during the podding stage. The pathogen’s incidence is believed to be initiated by zoospores, 

sporangia, or oospores washed in rainfall or precipitation from chickpea foliage and deposited in 

the seeds, or possibly by the pathogen diffusing through the xylem and phloem into the seeds. 

Therefore, the present study indicates that the damage to foliage or pathogen diffusion into the 

plant tissues directly contributes to disease incidence. The observed differences in disease 

incidence across various genotypes may be attributed to variations in genetic resistance to the 

pathogen (Figure.1). 

Disease Average Percent Severity Index  

The severity index of Ascochyta blight progress was found to be very highly significant (p ≤ 0.0001). The overall 

mean performance of severity for the tested genotypes was 74.4 with minimum and maximum values of 16.6% from 

the resistance genotype and 100% highly susceptible genotypes. Among the resistance genotypes the lowest severity 

were recorded range from (16.6-25.5%), 16.6-25.5%, DZ-2012--CK-0253 (16.6%), ICCU-92219 (20%) ICCU-91212 

(21.1%) Eshete (21.1%), ICCU-13617 (22.2%) Natoli (25.5%), DZ-2012-CK-0039 (25.5%) and moderately 

resistance (31.5%-52.54%), ICCMABCD-20 (31.58%) MABC-2 (36.39%) ICCU-13602 (38.05%) ICCV-14106 

(43.89%) MABC-11 (50.20%) FLIP-2010-24C (51.74%) ICCMABCD-23 (52.54%) were obtained respectively. 

Whereas, from moderately susceptible up to highly susceptible genotypes average severity were ranged from 56.8% 

-100 (Table 2). This study in line with findings of Edeo (2021), the highest disease severity were  (90.6%, and 89.6%) 

recorded from the Shasho and Dimtu variety respectively were recorded.  In addition to this result similar with the 

finding of13 resistance genotypes had les severity than susceptible genotypes. 

According to this average percent severity index were used to recognized the disease reaction for susceptible, 

moderately susceptible, highly susceptible, moderately resistance, resistance. This results coincides with the 

investigation of 23 chickpea genotypes showing moderate resistance or tolerance against  Ascochyta blight disease are 

good for use as commercial cultivars after testing their other agronomic characteristics, or may be used in breeding 

programs to develop Ascochyta blight  resistant varieties. 
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Disease Progress Curve 

The disease progress curve on Ascochyta Blight resistance genotype average percent severity index corresponding 

with average percent severity value of highly susceptible genotype found during the first date of severity assessment 

42 days after planting 21.1% was found on resistance genotypes while maximum was 87% on highly susceptible  

genotypes. At 52 days after planting average percent severity value were minimum 24.6 % on resistance genotypes 

and maximum 87.7 % on highly susceptible genotypes. At 62 days after planting average percent severity value were 

minimum 20 % on resistance genotypes and maximum 88.5 % on highly susceptible genotypes. At 72 days after 

planting average percent severity value were minimum 20.7 % on resistance genotypes and maximum 88.9 % on 

highly susceptible genotypes (Figure 2). Hence, the result showed that the disease progress curve lower on resistant 

genotypes and constantly moved when the environment was unfavorable to this disease, the crops become 

rehabilitated. This finding agrees with 24, Slower disease progress curve Where hade been obtained from resistances 

genotypes. 

 Disease Progress Rate  

To determine which model better fit the data about the rate at which the disease developed, tests were run on both 

Gompertz and logistic models. For every severity assessment date, the Logistic model had a higher coefficient of 

determination (R2) than the Gompertz model. Therefore, the Logistic model was used to calculate the rate at which 

chickpea Ascochyta blight disease progresses, and it was determined to be superior than the Gompertz model based 

on their coefficient of determination (R2) values. During cropping seasons, there was a substantial difference in the 

rate of Ascochyta blight progression (P < 0.0001) between the genotypes of chickpeas. Diseases progress rate for the 

81 genotypes were ranged from 0.0015 (resistance) to 0.45 (highly susceptible. The mean performance of the tested 

genotypes were 0.095. The resistant genotypes significantly had lower disease progress rate. The result indicated that 

lower to higher values of among resistance genotypes were  DZ-2012--CK-0253 (0.0015 units day-1), ICCU-91212 

(0.0015 units day-1), ICCU-13617 (0.0015 units day-1), Eshete (0.0015 units day-1) ICCU-92219 (0.0016 units day-

1) (DZ-2012-CK-0039 (0.002 units day-1), and Natoli (0.002 units day-1).  

While from moderately resistance genotypes were FLIP-2010-24C (0.0025 units day-1), ICCMABCD-20 

(0.0025 units day-1), MABC-11 (0.015 units day-1), MABC-2 (0.02 units day-1), ICCU-13602 (0.02 units day-1), 

ICCV-14106 (0.025 units day-1), ICCMABCD-23 (0.035 units day-1) (Table 2) those genotypes should be advance 

to next breeding program. They have been variation in Ascochyta blight disease progress rates among the genotypes 

because of genetic resistance levels and the significance of environmental factors that could either promote or inhibit 

the target pathogen's development during the growing period.  

This study in line with findings of 21, The susceptible variety Shasho had the highest blight disease infection 

rate (0.176), which proceeded quickly, whereas the resistant variety Arerti had the lowest infection rate (0.021), which 

progressed slowly.  and 25 shown that resistant genotypes could slow the field-wide spread of Ascochyta blight. It was 

determined that such genotypes and varieties had the lowest advancement rate. DZ-2012-CK-0253 (0.0015) that 

reduced disease progress rate by 99.6% as compared to genotypes ICCMABCD-18 (0.45) (susceptible). 

  Area under Disease Progress Curve 

An extremely useful overview of plant disease epidemics is provided by the area under the disease progress curve 

(AUDPC), which takes into account the starting disease severity, the rate parameter, and the length of the epidemic to 

predict the end disease severity 26. Hence, the effects of disease resistance on disease progress on crops can be 

evaluated using AUDPC.it was found that very highly statistical significant (P ≤ 0.0001) difference was observed in 

the magnitude of the AUDPC among the genotypes. In this study, the genotypes were categorized in different 

susceptibility levels. For example, the AUDPC value calculated for resistant genotypes ranged between 522.3-763.6 

%-days. Among the resistant genotype from lower to higher were recorded DZ-2012--CK-0253 (522.3%- days), 

ICCU-91212 (644.4) ICCU-13617 (666.6%- days) Eshete (644.4%- days) ICCU-92219 (600%- days) DZ-2012-CK-

0039 (766.7%- days) Natoli (763.6%- days). and from moderately resistance genotypes were 956.61636.2 %- days 
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ICCMABCD-20 (956.6%- days), MABC-2 (1127.8 %- days), ICCU-13602 (1138.9%- days), ICCV-14106 (1477.8%- 

days), MABC-11 (1534.2), FLIP-2010-24C (1595.4%- days), ICCMABCD-23 (1636.2 %- days) While, the higher 

AUDPIC value recorded range from moderately susceptible to highly susceptible (1771.1 - 3000, %- days) (Table.1). 

Because of their genotypic resistance to blight reaction, the assessed genotypes' high degree of statistical significance 

difference in AUDPC values may generally be explained by this. A correlation between AUDPC and yield loss is 

known to exist, although the exact relationship between AUDPC and resistance levels varies throughout chickpea 

types.  

Genotypes are more susceptible when the AUDPC is higher in an epidemic of disease. The result found in 

this study showed that while the AUDPC increases, the yield obtained decreases, this indicates the inverse relation 

between AUDPC and yield of chickpeas (Table 2). Similarly,27, compared to the resistant variety, it was discovered 

that varieties with a higher area under the disease progress curve also had higher disease severity and were more 

vulnerable to the Ascochyta blight.   

 Reaction of Chickpea Genotypes against Chickpea Ascochyta Blight. 

Significant variations have been noted in the genotype response to Ascochyta blight. Among the 81 genotypes that 

were tested, seven showed resistance to chickpea (11–30 percent), seven-showed moderate resistance (31–50 percent), 

two-showed moderate susceptibility (51–60 percent), twenty-showed susceptibility (61–80 percent), and the 

remaining forty-five showed high susceptibility (81–100 percent) (Figure 3). 

Although the symptoms of Ascochyta blight are not absent in resistant genotypes, they may be limited due 

to genetic resistance. This result is consistent with that of28, who found that resistance variants do not always present 

with no symptoms. In addition, these strains showed the presence of tiny black patches, which were unable to spread 

due to the genetic resistance.  

It is confirmed that in this study, none of the tested genotypes have immunity and highly resistant against 

this pathogen (Ascochyta rabiei). This finding is in line with the finding of 29, There was no protection against this 

disease in any of the examined types. In Ethiopia, illness epidemics were a recurring event. 30 and Most of the types 

that are currently available are vulnerable to chickpea Ascochyta Blight 31. So genotypes show that resistance and 

moderately resistance reaction test for next breeding program  

Pathogen Isolation and identification of Ascochyta Blight 

The pathogen Morphological characteristics of Ascochyta blight indicated that on PDA showed different, colony 

morphologies and colors, the color goes white to gray with septate and branched mycelium under microscope (Figure 

4). The pycnidia were circular or ovular in shape, yellow to brown. Significant variations of isolates were observed in 

cultural and morphological characteristics. These results are similar to those of 32. Ascochyta. rabiei the beginning are 

white then shortly turned to light gray because of the formation of pycnidia     

Pathogenicity Test 

During pathogenicity test, the inoculation and the appearance of the first symptoms of pathogen was appeared at 14 

days. While. Re-isolation of isolated fungal pathogens. Furthermore, the inoculated fungi were re-isolated from plants 

that showed symptoms, while no symptoms were found on control plants (un sprayed). Re-Isolation of fungal 

Pathogens the causative agent in the diseased leaf parts was re-isolated on Potato Dextrose Agar (PDA). Then 

characteristics of the re-isolates were compared with those of the original parent cultures. For this step, similar to 

Koch's Postulates steps: first, identify the pathogen in all affected diseased and not in healthy ones; second, isolate 

and cultivate the pathogen in a pure culture; third, inoculate a healthy host with the cultured pathogen and see if the 

host develops the same disease; fourth, re-isolate the pathogen from the newly. 
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Grain Yield 

At harvest, the yield performance of each genotype was evaluated based on the surviving 43 

genotypes, with an average yield of 1261.89 kg/ha. The highest yield was recorded from the 

resistant genotype ICCU-91212 (3969.1 kg/ha), while the lowest yield came from the highly 

susceptible genotype ICCU-14106, with a yield of 163.4 kg/ha. Among the top-performing 

genotypes, five advanced disease-resistant lines showed high yields: ICCU-91212 (3969.1 kg/ha), 

Eshete (3695.9 kg/ha), ICCU-92219 (3383.3 kg/ha), DZ-2012-CK-0253 (3170.9 kg/ha), and 

ICCU-13617 (3071.6 kg/ha). Additionally, the moderately resistant genotypes, though slightly 

lower in yield, also performed well, with yields as follows: ICCU-13602 (2422 kg/ha), MABC-2 

(2329.7 kg/ha), ICCMABCD-20 (2168.7 kg/ha), ICCMABCD-23 (1874.7 kg/ha), ICCV-14106 

(1775.6 kg/ha), FLIP-2010-24C (1678 kg/ha), and MABC-11 (1573.1 kg/ha) (Table 2). 

The results indicate that severe disease infection significantly affected the seed yields (P ≤ 0.0001), 

emphasizing the crucial role of genetic variability in yield performance. The data demonstrate that 

resistant genotypes not only exhibit lower disease incidence and severity but also maintain higher 

yields compared to more susceptible varieties. Genetic variability is a key factor influencing seed 

yield, with resistant and moderately resistant genotypes showing notable resilience under disease 

pressure. This highlights the importance of selecting and breeding for genetic resistance in 

chickpeas to mitigate the impact of Ascochyta blight and improve overall yield stability.(Chongo, 

and Gossen, 2003). It has been confirmed that resistant genotypes in chickpea have a substantial 

impact on seed yield. This finding aligns with the results of Megersa (2016) and Muruiki et al. 

(2021) who reported that the highest seed yield obtained from resistance genotype were 

significantly increased grain yield. 

Relative Yield Loss 

Yield loss due to Ascochyta blight was quantified by comparing the yield of susceptible chickpea 

genotypes with that of the most resistant ones. Among the tested genotypes, ICCU-91212 achieved 

the highest yield of 3969 kg/ha, while the highly susceptible genotype ICC-8318 suffered a 

complete yield loss, with a yield of 0 kg/ha, resulting in a 100% yield reduction at West Belesa. 

This finding aligns with previous research by 33, which highlighted that Ascochyta blight, caused 

by Ascochyta rabiei, is one of the most devastating diseases, capable of causing up to 100% yield 

loss in susceptible chickpea varieties (Table 2). 

Regression Analysis 

In this study, linear regression was employed to model the relationship between the Area Under 

Disease Progress Curve (AUDPC) and yield, with AUDPC as the independent variable and yield 

as the dependent variable. The disease progress curve is highly sensitive to fluctuations in disease 

epidemic factors during its development, which makes it an unreliable predictor for the 

relationship between yield and disease impact34. Therefore, linear regression was used as a more 

effective analytical model to quantify the impact of disease severity on yield loss. 

The regression model explained 81.4% of the variance in yield reduction due to Ascochyta blight. 

Specifically, for each unit increase in AUDPC, there was a corresponding 1.43 units of yield 

reduction in chickpeas, emphasizing the significant role of disease progression in determining 

yield loss (Figure 5). 

DISCUSSION  

Disease Incidence: This study evaluated 81 chickpea genotypes for their susceptibility to 

Ascochyta blight, revealing significant variation in disease incidence. Resistant genotypes such as 

ICCU-92219 (28%), Eshete (32%), and DZ-2012-CK-0253 (35%) showed markedly lower disease 
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incidence compared to more susceptible ones. Moderately resistant genotypes had incidences 

ranging from 42.4% to 52.5%, while highly susceptible genotypes, such as Dimtu (90.1%), 

experienced near-total infection. These findings highlight that environmental factors like rainfall 

can significantly influence disease spread, especially during the podding stage. 

Disease Severity: Disease severity ranged from 16.6% to 100%, with resistant genotypes like 

ICCU-92219 and Eshete showing low severity (16.6%-25.5%), while highly susceptible genotypes 

displayed severe symptoms (56.8%-100%). This confirms that resistant genotypes are less prone 

to disease progression and damage, making them suitable for breeding programs focused on 

enhancing Ascochyta blight resistance. 

Disease Progress Curve: The disease progress curve confirmed that resistant genotypes had 

consistently lower disease severity across multiple time points (42, 52, 62, and 72 days after 

planting). For example, at 42 days, resistant genotypes showed a severity of 21.1%, while 

susceptible genotypes had 87%. These results align with previous studies, indicating that resistant 

genotypes slow disease progression, with environmental conditions also influencing the rate of 

disease spread. 

Disease Progress Rate: The progression rate of Ascochyta blight was modeled using Gompertz 

and logistic models. The logistic model provided a better fit, with disease progression rates ranging 

from 0.0015 units/day in resistant genotypes to 0.45 units/day in highly susceptible ones. Resistant 

genotypes, such as DZ-2012-CK-0253, slowed disease spread, supporting the concept that 

resistant genotypes mitigate disease progression. 

Area Under Disease Progress Curve (AUDPC): AUDPC values showed significant variation, 

with resistant genotypes having lower values (522.3%-days to 766.7%-days) compared to 

moderately resistant (956.6%-days to 1636.2%-days) and highly susceptible genotypes (1771.1%-

days to 3000%-days). The study confirmed that higher AUDPC values correlated with increased 

disease severity and yield loss, emphasizing the importance of selecting genotypes with lower 

AUDPC values for improved resistance and yield stability. 

Genotype Reactions: Out of 81 genotypes, 7 were resistant (11-30% severity), 7 were moderately 

resistant (31-50%), and the rest were varying degrees of susceptible. These results highlight the 

potential of resistant and moderately resistant genotypes for breeding programs aimed at 

developing more resilient chickpea varieties. 

Pathogen Isolation and Identification: The pathogen responsible for Ascochyta blight, 

Ascochyta rabiei, was confirmed through morphological identification on Potato Dextrose Agar 

(PDA) and pathogenicity tests, which adhered to Koch's postulates, confirming the reliability of 

the findings. 

Grain Yield: Grain yield data showed that resistant genotypes, like ICCU-91212 (3969.1 kg/ha) 

and Eshete (3695.9 kg/ha), significantly outperformed highly susceptible genotypes, such as 

ICCU-14106 (163.4 kg/ha). Disease severity inversely impacted yield, with higher severity 

correlating with lower yields. These findings support the notion that resistance to Ascochyta blight 

is essential for maintaining higher productivity under disease pressure. 

Relative Yield Loss: Yield loss due to Ascochyta blight was assessed by comparing susceptible 

and resistant genotypes. At West Belesa, ICCU-91212 achieved a maximum yield of 3969 kg/ha, 

while susceptible genotypes like ICC-8318 had zero yield, resulting in a 100% yield loss. This 

supports earlier research by 35, which indicated that Ascochyta blight could cause up to 100% 

yield loss. 

Regression Analysis: Linear regression was used to analyze the relationship between AUDPC 

and yield. The model explained 81.4% of the variance, with each unit increase in AUDPC 

resulting in a 1.43-unit reduction in yield. This confirms the strong correlation between disease 

severity and yield loss, demonstrating the utility of linear regression for predicting yield 

reductions based on disease progression. 

Conclusion  
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Genetic resistance is a crucial factor in the effective management of Ascochyta blight in chickpeas. 

This study clearly demonstrated that resistant genotypes, such as ICCU-92219, Eshete, and DZ-

2012-CK-0253, showed significantly lower disease incidence and severity compared to highly 

susceptible genotypes, which experienced substantial damage. The resistant genotypes not only 

exhibited slower disease progression but also maintained higher yields despite disease pressure. 

This underscores the importance of incorporating resistance into breeding programs to develop 

chickpea cultivars that can effectively withstand Ascochyta blight, ultimately leading to improved 

disease management and increased productivity. 

Furthermore, the regression analysis reinforced the strong correlation between disease severity (as 

measured by AUDPC) and yield loss. This finding further highlights the necessity of prioritizing 

the development of chickpea varieties with enhanced resistance to Ascochyta blight. Resistant 

genotypes are integral to achieving sustainable chickpea production, as they mitigate the impact 

of the disease and improve crop yield stability. 

Integration of Resistant Genotypes into Breeding Programs: The study emphasizes the need 

to focus breeding efforts on incorporating resistance to Ascochyta blight into chickpea varieties. 

Genotypes like ICCU-92219, Eshete, and DZ-2012-CK-0253, which demonstrated robust 

resistance, should be considered valuable sources of resistance for future breeding programs. 

Further Evaluation of Moderately Resistant Genotypes: Although the study focused primarily 

on highly resistant genotypes, moderately resistant genotypes also exhibited promising results in 

terms of disease management and yield stability. These genotypes should be further explored and 

included in breeding programs to broaden the genetic base for resistance 

Abbreviation  

AB   Ascochyta Blight 

ANOVA  Analysis of variance 

AUDPC  Area under disease progress curve 

CAEs   Collage of agriculture and environmental science 

CSA   Central Statically Agency 

CV   Coefficient variation 

DAP   Days after planting 

DPC   Disease progress curve 

DPI   days post infection 

Dr   Didemalia rabiei 

DR   Disease Reaction 

DZARC  Debre zeit Agriculture Research Center 

GARC   Gondar Agriculture Research Center 

Hr   Hypersensitive Response  

PDA   Potato dextrose Agar 

PSI   Percentage Severity Index 

SAS   Statically analysis software 
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