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Abstract

Papaya is among the most economically important fruit crops cultivated in Ethiopia supporting the livelihood of thou-
sands of people. Anthracnose of papaya caused by Colletotrichum gloeosporioides is the major limitation that threatens
the production and consumption of papaya fruit worldwide. This investigation was initiated to determine the current
status of papaya anthracnose and identify factors influencing postharvest loss of papaya fruit in Assosa Zone, western
Ethiopia. Field and market assessments were conducted in three major papaya-producing districts of Assosa Zone namely
Assosa, Bambasi, and Homosha. Data on the disease intensity of anthracnose was recorded both in the field and in the
market. Furthermore, factors associated with postharvest disease development were recorded through administration
of a pretested semi-structured questionnaire to randomly selected papaya producers, wholesalers, and retailers. The
results revealed that anthracnose of papaya was prevalent in all assessed localities, nevertheless, there was a significant
(p <0.05) difference between districts and peasant association in intensity of disease. At the orchard level, the disease
incidence and severity ranged between 21.30-33.87% and 10.90-20.83%, respectively. Similarly, postharvest anthracnose
incidence and severity ranged between 47.04-60.85% and 28.84-47.95%, respectively. Morphological and pathological
identification of pure cultures from symptomatic fruits revealed that C. gloeosporioides was the causal agent of posthar-
vest anthracnose of papaya in the Assosa Zone. Moreover, poor postharvest practices such as wrong methods of har-
vesting, improper handling of produce, and poor or improper transportation facilities are some factors that significantly
influence postharvest disease development. This empirical evidence revealed that anthracnose is the major challenge
to papaya production and utilization in Assosa, Western Ethiopia.
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1 Introduction

Papaya (Carica papaya L.) is one of the most economically important fruit crops grown throughout the tropical and
subtropical regions of the globe. It is ranked as the fourth most popular tropical fruit, behind banana, mango, and
pineapple and global papaya production has grown significantly in recent years [1]. Koul et al. [2] reported India,
Brazil, Mexico, Indonesia, and Nigeria as leading papaya producers. Papaya serves as a good source of different
vitamins including ascorbic acid, carotene, riboflavin B-6, and vitamin K [3]. The fruit also contains several minerals
and micronutrients. Moreover, each papaya fruit part has been reported to have pharmacological properties like
anthelmintic, anti-protozoan, and anti-fertility, and also help prevent very important diseases including cancer [4-6].
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In Ethiopia, papaya is among the economically important fruits cultivated in different parts of the country [7, 8]. It
is cultivated in backyard gardens, semi-commercial and commercial levels for home consumption of fresh fruit and
domestic markets in the country [9]. The total land area converges in Ethiopia in 2020/2021 was 5,096.09 hectares,
with an estimated annual production of 72,007.77 metric tons; with an average yield of 14.13 tons/hectare [10].
Currently, Ethiopia is exporting a considerable amount of papaya fruits to different African countries [11].

Despite the potential and economic importance, numerous biotic and abiotic factors affect papaya production,
quality, and utilization in Ethiopia. Pre- and postharvest disease have been reported to be the major constraint for
papaya production [12]. Postharvest losses of papaya fruit due to fungal diseases can reach from 50 up to 100%
[13, 14]. Diseases such as anthracnose, stem-end rot Phytophthora, powdery mildew, and black spot severely affect
papaya production [15, 16]. Among these Anthracnose is by far the most severe disease of papaya [13].

Papaya anthracnose caused by the fungus Colletotrichum gloeosporioides (teleomorph Glomerella cingulata) is
the major limitation that threatens the production and consumption of papaya fruit worldwide [17-20]. The disease
significantly reduces the quality and shelf-life of papaya fruit [21]. Although papaya anthracnose symptoms may
occur both in fruits and leaves, Colletotrichum infection is usually more severe in fruits [22]. Fruit quality decreases
due to the reduction of aesthetic value because of dark necrotic and sunken salmon-colored lesions present on its
surface [23]. Papaya anthracnose can cause significant damage and reduce the market value of the fruit because
blemished fruit does not meet the standards for the market [24, 25].

Postharvest papaya fruit losses can result from immature harvest, and poor handling practices during the trans-
portation and storage process including loss due to mechanical injury and over-ripeness [26, 27]. There is a higher
postharvest loss of fruits and vegetables in developing than in developed countries [28]. Postharvest loss in devel-
oping countries is higher due to the lack of capital and technology for fruit transportation storage, processing, and
distribution [29]. Moreover, papaya fruits have a limited postharvest shelf life because of factors such as weight
losses, rapid softening of the pulp, and lower market quality [30]. Despite this fact, there is limited research on
postharvest anthracnose of papaya in Ethiopia, mainly because of limited attention given to postharvest losses of
fruits [31]. So far there has been no document report on papaya anthracnose in the Benishangul Gumuz Regional
State. Disease assessment is one of the key aspects in understanding distributions, frequency, and intensity of
disease in the area of actual and potential occurrence forecast epidemics, and classifies zones according to disease
risk. Thus, disease assessment data will help to get an accurate picture of a disease which helps to prioritize the
research agenda and serve as baseline data to develop strategies for disease management [32]. Therefore, this study
was conducted to assess the current status and importance of papaya anthracnose and identify factors influencing
postharvest loss of papaya fruit in Assosa administration Zone of Benishangul Gumuz Region, Western, Ethiopia.

2 Materials and methods
2.1 Description of the study area

The survey was conducted in Assosa Zone, Benishangul Gumuz Regional State in three selected districts namely
Assosa, Bambasi, and Homosha indicated in (Fig. 1). Districts were selected purposively due to their potential for
papaya production, marketing, and occurrences of anthracnose disease, which was observed on random assess-
ments made before the actual survey. Assosa district is one of the districts of Assosa zone in the Benishangul-Gumuz
Regional State, 664 km away from Addis Ababa, Ethiopia. It is located at 10°04' N, 34°31'E, and an altitude of 1570 m
above sea level. The area receives an average annual rainfall of 1293 mm and the annual ambient temperature varies
between 16 and 25 °C. Bambasi district is situated between 9°45’ latitude and 34°45' longitude. It is located between
1100 and 1450 m above sea level. The average annual rainfall is between 1350 and 1450 mm and the annual ambi-
ent temperature varies between 21 and 35 °C. Homosha is located between 1250 and 1552 m.a.s.| average annual
rainfall is between 127 and 148 mm and the annual ambient temperature varies between 19 and 27 °C.

2.2 Sampling method

The study was carried out in three selected districts of the Assosa Zone, namely Assosa, Bambasi, and Homosha. The dis-
tricts were selected purposively based on their potential for the production and marketing of papaya. From each district,
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three peasant associations (Kebeles), and from each Kebeles 10 householders and sellers were selected randomly for
disease assessment. Pretested semi-structured questionnaires were administered to growers, wholesalers, and retailers
to identify factors influencing postharvest anthracnose of papaya fruit. A total of 90 Households (papaya orchards) and
sellers (retailers and wholesalers) were selected and considered for data collection.

2.3 Data collected
2.3.1 Disease assessment

A total of 45 papaya orchards from the three districts were visited to determine the prevalence, disease incidence, and
severity of pre-harvest papaya anthracnose in the Assosa zone during the 2021 main cropping season. Disease prevalence
was assessed as the proportion of farmer’s fields (papaya orchards) with symptoms of papaya anthracnose disease to
the total number of fields evaluated in each district using the following formula.

Number of farms with papaya anthracnose

x 100
Total number of assessed papaya farms

Prevalence =

The incidence of anthracnose at field condition was assessed on 10 randomly selected papaya trees from each orchard
using the following formula.
Number of papaya tree showing symptoms of anthracnose

Incidence = X 100
Total number of papaya tree assessed

Disease severity: on leaves or fruit was estimated based on a percentage of the area covered by lesions of the disease
following the method employed by Bautista-Bafos et al. [33] using a 1-5 rating scale. Where, 1 =0% of fruit area affected,
2=1-25%, 3=26-50%, 4=51-75%, and 5=76-100%.

Similarly, postharvest anthracnose disease assessment was conducted from 45 randomly selected sellers (retailers and
wholesalers) representing the three districts. The incidence and severity of anthracnose were assessed from 10 randomly
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selected papaya fruits from the fruit lots. Accordingly, data on disease incidence and severity were measured following
a standard procedure employed by Bautista-Bafos et al. [33]. Disease incidence was determined as the proportion of
infected papaya fruits showing anthracnose disease symptoms using the following formula:

Number of papaya fruit showing symptom of anthracnose

. X 100
Total number of papaya fruit survey

Incidence =

Disease severity (%) on papaya fruits was measured following the method employed by Bautista-Banos et al. [33]
using a 1-5 rating scale. Where, 1=0% of fruit area affected, 2=1-25%, 3=26-50%, 4=51-75%, and 5=76-100%. The
percent severity index of fungal infection was then estimated from the numerical ratings of the total samples using the
following formula.

Sum of numerical ratings

x 100
Total number of fruit examined*maximum grade

Percent severity index =

2.3.2 Data on fruits handling practices

A pretested semi-structured questionnaire where administered to randomly selected 45 wholesalers and retailers to col-
lect data on postharvest fruit handling practices and factors affecting postharvest loss of papaya. Yamane [34] sample
size determination formula was used to determine the samples. Data on harvesting methods, packaging practices, and
transportation systems were collected.

2.3.3 Isolation and identification of the causal pathogen

Isolation of the pathogen was done to identify the causative agent responsible for anthracnose disease in papaya. The
targeted pathogen was isolated from symptomatic papaya fruit using the tissue plating method [35]. Isolation was
done by the tissue cutting into several small Sections 3-5 mm from the margin of the infected lesion. They were surface
sterilized in sodium hypochlorite (NaOCI) for 1-2 min and contained both diseased and healthy-looking tissue of papaya
fruit. Then the tissue pieces were taken out aseptically washed in three changes of sterile distilled water and were blotted
dry on clean sterile paper towels. The tissue was then placed on a Petri plate with freshly prepared potato dextrose agar
(PDA) medium and incubated at 25 °C+ 2 °C for 3 days. The growth of the fungi was observed periodically. The culture
obtained was further purified by hyphal isolation. Pure colonies were developed from the mycelia that were transferred
to the PDA slant. The causal pathogen was identified based on morphological and cultural characteristics following the
method employed by Rampersad [36] and Torres-Calzada et al. [37]. Moreover, a pathogenicity test was conducted to
confirm whether or not the identified pathogen is pathogenic or not following Koch rules.

2.3.4 Pathogenicity test

For this purpose, apparently healthy-looking, undamaged, unripe, and physiologically matured papaya fruits were used.
A pathogenicity test of C. gloeosporioides was conducted on harvested papaya fruits. The conidia suspension was pre-
pared by suspending mycelial scraps from a 7-day-old culture of C. gloeosporioides washed in sterile distilled water and
spore harvested by a glass rod. The resulting spore suspension was filtered through a double layer of cheesecloth. The
concentration of conidia suspension was determined and adjusted to 1*10% CFU/m? using the hemocytometer.

Inoculation of the pathogen was conducted following the standard method [38]. The fruit was surface sterilized by
dipping in a 1% sodium hypochlorite solution (NaOCI) for 2 min before being repeatedly rinsed thoroughly in sterile
distilled water and air dried. Then the fruit was pierced with a sterilized needle in three places. Then after, 0.02 ml spore
suspension with 1*10° CFU/m3 was dropped on the pierced portion of the fruit using a pipette, sealed in a moist plastic
box with filter paper sprayed with sterilized distilled water to maintain at least 95% relative humidity, and incubated at
25°Cfor 2 h. Control fruit was inoculated with sterile distilled water. After 7 days, the reaction of each of the isolates was
recorded as positive (+) showing the sign of lesions, and negative (-) showing no reaction.
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2.3.4.1 Re-isolation The causative organism in the diseased part was re-isolated on potato dextrose agar medium as
described above. The morphological and cultural characteristics of the re-isolated pathogen were compared with the
original isolate.

2.4 Data analysis

Survey data on incidence and severity of postharvest anthracnose of papaya were analyzed using nested design with
the following random effect model:-

Y = # + a5 + f(a)y + v (a* Py + €q

Where:-Yy,_ Disease intensity was households k nested within Kebele j nested within District i=p overall mean; o;=the
effect District; B (a);;=the effect of Kebele j nested within farmer field.

y (@* ) =the effect of farmer field k nested within District i and kebele j; €_ the error term.

Analysis of variance (ANOVA) was performed using SAS V 9.2 software package [39]. Means were separated using
Tukey test at a 5% probability level. Data on factors influencing postharvest anthracnose disease such as postharvest
handling practices, packaging, and transportation systems were analyzed using IBM SPSS software version 25 [40]. The
associations of disease intensity and weather data were computed using simple correlation analysis to establish their
relationships using the following formula

P 27=1 (Xi—’_() (y,-—?)
VI, (6 =%V Z0, (v -3)

where: xy = correlation coefficient between x and y; x=values of the x-variable in a sample.
x=mean of the values of the x-variable, y =values of the y-variable in a sample; y =mean of the values of the y-variable.

3 Results and discussion
3.1 Intensity of field and postharvest papaya anthracnose disease in Assosa zone
3.1.1 Intensity of papaya anthracnose in the field

The survey results revealed that anthracnose of papaya was prevalent (100%) in all assessed farmer fields, however,
there was a significant (p < 0.05) difference among the assessed districts and peasant association (Kebeles) in incidence
and severity of papaya anthracnose disease (Table 1 and Fig. 2). At the district level, the highest anthracnose incidence
(29.5%) and severity (17.2%) were recorded in the Bambasi districts followed by Assosa and Homosha districts, with no
statistical difference from each other (Fig. 2). The study also revealed a significant difference (P <0.05) in anthracnose
disease intensity at the peasant association (Kebeles) level. The highest disease incidence (33.87%) and severity (20.83%)
were recorded at Amba-16 followed by Mender-46 with a mean incidence and severity value of 30.79% and 19.90%,
respectively with no significant difference with the former Kebele. While, the lowest anthracnose incidence and severity
was observed in Tumet, Tsore, Sherkole, Amba-6, Mengele-35, and Abrhamo with a mean value ranging between 21.30%
-22.70% and 10.90%-14.13%, respectively (Table 1).

Anthracnose of papaya commonly caused by C. gloeosporioides is a serious and economically important disease in
papaya production areas across the globe. The anthracnose spots symptoms on green fruits are dark brown to black
with a pale margin and ventricular in shape [37]. These increased in size and became sunken and coalesced to form
large spots. The incidence and severity are severe in areas where relative humidity and rainfall are highest, which is
conducive to fungal development. The present study also revealed that anthracnose was prevalent in all assessed
areas. However, the extent of occurrence and damage levels varied among farmer’s orchards, peasant assoc,iations
and district levels. The variation among the districts may be attributed to the difference in weather conditions.
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Table 1 Assessment

of intensity of papaya Districts Kebele Disease Incidence Disease Severity
i ity y
anthracnose disease at an Assosa Abrhamo 2265 13.81<
orchard in districts of Assosa Amba-6 25.15b¢ 13.95¢<
zone, Benishangul Gumuz . Cd
Region, Ethiopia during the Mengele-35 22.70 14.13
2021 cropping season Bambasi Amba-16 33.87° 20.83?
Kebele-02 23.71¢ 10.90¢
Mender-46 30.79% 19.90%°
Homosha Sherkole 22.44¢ 16.41°¢
Tsore 2234 13.25<
Tumet 21.30° 12.24¢
Mean 24.99 15.05
SE 1.33 0.76
CV (%) 11.92 11.31

a, b, ¢, d indicates the statistical difference among the kebeles in disease incidence and severity magnit-
ued

SE: Standard error CV: Coefficient of variation

“Values with the same letter(s) within the column are not significantly different according to the Tukey test
at P<0.05.

Fig.2 Mean disease inten- ® Disease incidence
sity of papaya anthracnose
disease across the surveyed
districts in Assosa zone,
Benishangul Gumuz Region,
Ethiopia during the 2021 crop
season. *Bars with the same
letter (s) are not significantly
different according to the
Tukey test at P<0.05

H Disease severity

b

Disease Intencity (%)

Assosa Bambasi Homosha
Districts

The growth of postharvest fungi and anthracnose disease development depends on environmental factors such
as rainfall, water activity, relative environmental humidity, and temperature [41]. The highest disease intensity in
Bambasi districts is associated with low temperatures and high rainfall prevails in the study area. The correlation
analysis also indicates that there is a significant positive correlation between rainfall and disease incidence (r=0.59)
and severity (r=0.43). Mekonnen et al. [12] also indicated that the low incidence and severity of papaya anthracnose
were associated with low rainfall.

Similar to the present study Chala et al. [2014] found a significant positive correlation between disease intensity
and rainfall. Rainfall is very important for the germination spore, and release of conidia from acervuli and are impor-
tant means for local dispersal of conidia from infected plants [32, 42]. It has been established that C. gloeosporioides
spores must have free water or relative humidity (RH) above 95% for germination and appressorium formation. On
the other hand, a significant negative correlation between temperature and disease incidence (r=-0.71) and disease
severity (r=—-0.83) was also recorded for the study areas. The result was in agreement with the previous findings of
Sandoval-Contreras et al. [41] who indicated a negative correlation between temperature and fungal development.
It was also reported that the severity of the disease depends on the weather, and the fungus is relatively inactive in
dry weather. Sunlight, low humidity and temperature extremes (below 18 °C or greater than 25 °C) rapidly inactivate
spores [42].
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3.1.2 Intensity of postharvest papaya anthracnose

The study showed that there was a significant (p <0.05) difference between peasant association in disease incidence and
severity of postharvest papaya anthracnose assessed from wholesalers and retailers in the market (Table 2). The highest
disease incidence (60.85%) was recorded in Tsore followed Assosa-Kebele 01, Mender 46, Amba 16, Sherkole, Abrehamo,
and Assosa-Kebele 02, with a mean incidence ranging between 52.36% and 56.19%, with no statistical difference with the
former PA's. Whereas, Tumet and Bambasi-Kebele-2 recorded comparatively the lowest disease incidence with a mean
value of 47.04% and 48.37%, respectively.

On the other hand, the higher postharvest anthracnose severity was recorded in Tsore, Mender 46, Amba 16, and
Assosa Kebele-01 with a mean severity of 47.95%, 41.68%, 41.57%, and 39.10%, respectively. While1, lower disease sever-
ity (28.84%) was recorded in sherkole kebele. Some of the symptomatic fruits assessed during the survey are indicated
below in (Fig. 3).

Among, the district highest postharvest anthracnose intensity was recorded in Bambasi followed by Assosa district.
The highest postharvest disease intensity recorded in the Bambasi district is associated with higher pre-harvest infec-
tion of the fruits. Previous research results also suggest that preharvest infection can significantly affect the intensity
of postharvest anthracnose diseases in papaya [43]. Yahia et al. [44] also suggest that preharvest infections of the fruit
with microorganisms can deteriorate the postharvest quality of fruits. Aside from this the poor postharvest handling
practices, such as harvesting method, loading, packaging, and transportation system significantly influences postharvest
anthracnose intensity [45-48]. Moreover, in the present study, none of the farmers, wholesalers, and retailer applies any
preharvest and postharvest disease management practices. Thus, there is a need to implement safe and effective pre-
harvest and postharvest disease management measures in the area to minimize the loss due to this disease.

3.2 Isolation of the causal pathogen

Out of 90 samples a total of 12 different C. gloeosporioides isolates were recovered from symptomatic papaya fruits On
the upper side of the potato dextrose agar plates, the majority of the isolates showed white, light grey, and grey colony
colors, whereas on the reverse side of the plates displayed a variety of colors, including greenish grey and dark grey.
Orange conidial masses have been observed in some cultures in the center or dispersed in concentric circles throughout
the colony, which is in agreement with the description of Rampersad [36] and Torres-Calzada et al. [37].

Mycelial growth rate varied among the isolates and an average mycelial growth rate up to 10.7 mm/day was recorded
from the isolate implying a fast colony growth rate. Weir et al. [49] also indicated the growth rate is among the useful features
used to differentiate Colletotrichum species. Rampersad [36] also indicated C. gloeosporioide1s can be differentiated from C.

Table 2 Assessment of

intensity of postharvest Districts Peasant Association Disease Incidence Disease Severity
i ity Vi
papaya anthracnose disease Assosa Abrhamo 52.36%" 33,675
in d!strlcts of Assosa zone, Kebele-01 56.19% 39.10%¢
Benishangul Gumuz Region, b bed
Ethiopia during the 2021 Kebele-02 51N 31.55
cropping season Bambasi Amba-16 53,5220 41.57%¢
Kebele-02 48.37° 34,230
Mender-46 54.86% 41,68
Homosha Sherkole 53.50% 28.84¢
Tsore 60.85° 47.95°
Tumet 47.04° 3055
Mean 53.09 36.68
SE 02.69 02.24
CV (%) 11.08 13.64

a, b, ¢, d indicates the statistical difference among the kebeles in disease incidence and severity magnit-
ued

SE: Standard error CV: Coefficient of variation

“Values with the same letter(s) within the column are not significantly different according to the Tukey test
atP<0.05
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Fig. 3 Disease symptoms of papaya anthracnose observed upon disease assessment during 2021 cropping season at Assosa Zone, Western
Ethiopia; where a—d harvested fruit showing anthracnose symptoms e—f ripened papaya fruit showing anthracnose symptoms still attached
with the mother plant

acutatum by its significantly faster growth rate, and recorded a growth rate of 10.1-11.8 mm/day. Torres-Calzada et al. [37]
also recorded 10.93-11.02 mm/day on C. gloeosporioides isolates associated with papaya anthracnose.

The study showed that all isolates exhibited cylindrical1 spore shape with one or both ends obtuse which is a typical
feature of C. gloeosporioides conidia. Conidia of C. gloeosporioides are typically cylindrical with one or both ends obtuse
that distinguish1 it from oblong to elliptical shape conidia of C. acutatum and falcate conidia of C. truncatum [36, 50]. Torres-
Calzada et al. [37] also found cylindrical1, with both ends rounded conida11 of C. gloeosporioides that is distinctly different
from falcate conidia with acute apex conidia of C. capsici isolates isolated from papaya fruit.

3.3 Pathogenicity tests

The isolated C. gloeosporioides showed a positive reaction to the inoculated papaya fruit (Fig. 4) proving that C. gloeosporioides
were a causal pathogen of anthracnose disease on papaya. The site of inoculation of fruit initially showed water-soaked and
sunken lesions and continued to develop a dark lesion and orange conidial masses throughout the fruit. Torres-Calzada et al.
[37]1 have confirmed that pathogenicity towards physiologically mature fruit and the development of water-soaked, sunken,
and contained orange conidial masses on papaya fruit is the most distinctive characteristic of the C. gleosporioides, which
separates it from all other fungal species. Previously also reported that sunken lesions with salmon-to-pink-colored spore
masses toward the center of the lesion were indicative of C. gloeosporioides infection [36]. Re-isolation of the inoculated
culture from the diseased papaya fruit showed the typical colony of C. gloeosporioides. The results of cultural morphological
and pathological characteristics revealed C. gloeosporioides the causative pathogen of papaya anthracnose in the study area.
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Fig.4 Pathogenicity of Colle-
totrichum gloeosporioides on

artificially inoculated papaya
fruits

3.4 Harvesting and postharvest factors that influence anthracnose development
3.4.1 Harvesting methods

The time and method of harvesting papaya fruit can significantly impact the quality and postharvest disease devel-
opment. The present study showed that there was variation in harvesting methods of papaya fruits among papaya-
growing farmers which might be a reason for the difference in intensity of anthracnose disease in the study area. All
papaya-producing farmers harvest the fruit after it attains horticultural maturity (when the fruits become yellow and
start dropping on the ground), which might ultimately shorten the shelf life of the fruit as disease pressure increases
after harvest and affects final fruit quality. Thus, it is advisable to harvest papayas after the fruit attains physiological
maturity when the skin color changes from dark green to light green because if the fruit remains in the field, it accu-
mulates sugars during the final stage of development and becomes vulnerable to physical damage and microbial
spoilage [51]. Harvesting at appropriate maturity is important for the development of good eating quality papaya
fruit and better consumer preferences [52].

In addition to poor harvesting time management, most of the farmers (40%) are harvesting the fruit by hitting
bamboo sticks, which might result in mechanical damage and injuries to the fruit as a result of dropping papaya
fruits to the ground. These phenomena might give opportunities for inoculums found near the tree to cause infec-
tion. Furthermore, the mechanical injuries open the door for secondary opportunistic pests that ultimately spoil the
fruit [45]. Al-Dairi et al. [48] also indicated that the mechanical damage that occurs upon harvesting of the fruits can
predispose the fruit to anthracnose disease infection and secondary infections by other fungal pathogens. Thus,
Papaya fruit should be manually harvested by hand to prevent bruising injury, in such a way as by twisting the fruit
until the peduncle breaks free from the plant, or cutting the peduncle with a sharp knife and transfer into a collection
basket. The farmers also harvest by handpicking through the ladder.

3.4.2 Packing material

The present study revealed the difference between papaya producer farmers and retailers in utilizing packaging mate-
rials used for the transportation of the fruits from the orchard to the local market. Nearly 88.9% of the interviewed
farmers and retailers uses baskets where as 11.1% of the producers/retailers use plastic bags to store and transport
papaya fruit from the orchard/home to the market (Fig. 5). The study indicates that the material used for the packag-
ing of papaya fruit in the Assosa zone increases the chance of occurrence of anthracnose disease, as papaya fruit in
the basket is susceptible to bruising injury and exposed to physical damage, and those papaya fruit packed in plastic
sheet favors the outbreak of quiescent infection. It has been indicated previously that fruit packing material has a
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Fig.5 Farmers’'papaya
packaging and transportation
material in Assosa Zone, west-
ern Ethiopia where a Papaya
fruit packed in basket b
Papaya fruit packed in Zembil
[bag with handles woven from
straw or thatch] ¢ Papaya fruit
packed in the sack d Ripen
papaya packed in Zembil

significant impact on the postharvest quality and shelf life of papaya fruit [11, 46, 53]. Udomkun et al. [5] revealed
that moisture content and water activity, degree of browning, 5-hydroxymethylfurfural antioxidant activities, and
total phenolic and ascorbic acid contents were significantly affected by packaging materials. Similar to the present
study Chiangsin et al. [54] indicated the impact of packing material on the development of anthracnose. the author
revealed that bagging papaya fruit in a kraft paper bag with black-lined paper after harvest reduces anthracnose
disease incidence by 69.5%. Chonhenchob and Singh [55] indicated that the best way of packaging to reduce damage,
improve marketability, and extend the shelf life of papaya fruits was single-layer placement of the fruit at optimum
maturity stage with cushion. Packaging materials used in fresh produce should also prevent mechanical injury result-
ing from the vibration force transferred from the transport truck to the product itself [48].

3.4.3 Transportation of fruit

The papaya fruit wholesaler and trailers transport the fruit from the orchard to the markets in unsafe ways. Most of
the sellers usually use inappropriate packaging material and transportation. Mostly the farmer transports the fruit
on open track, in which the fruits are exposed to direct sunlight, and the transport as well as road facilities are very
poor which results in fruit vibrations, that ultimately increase the risk of microbial contamination and spoilage of
the fruit due to mechanical damage. Baiyewu et al. [56] and Fadiji et al. [57] indicated that improper handling of
fruits increased microbial infection and spoilage of the fruits. It was reported that more than 20% of losses in fresh
produce incurred during transportation alone [48]. Opara et al. [28] also indicate that lack of adequate transporta-
tion facilities to deliver fresh products to the market causes enormous postharvest losses. Moreover, the fruits are
loaded with other commodities, which increases the chance of bruising and mechanical damage in papaya fruits.
Transportation has a significant impact on retaining the optimum organoleptic, nutritional, and functional quality
attributes of the papaya fruit [51]. Bruising is one of the frequent mechanical damages to plant tissue in fresh produce
that is initiated by external forces that results in physical changes to the firmness, color, and quality of the products
[47, 48]. Generally, mechanical damages during transportation can significantly reduce the product’s aesthetic value
and reduce grower’s and retailer’s profit. Thus, care should be given while transporting of papaya from the product
site to the market, so improving the cold storage system and, utilization of appropriate packaging is important to
avoid damage to papaya fruit during transportation.
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4 Conclusion

The study results revealed that anthracnose was predominant and major disease affecting the production and utilization
of papaya in Assosa zone, western Ethiopia. The study also showed that C.gloeosporioides was recognized as the most
important fungal pathogen responsible for anthracnose disease and postharvest loss of papaya fruit in the study area.
Moreover, poor harvesting practices and method, and poor postharvest handling practices including packaging, stor-
age, and transportation systems are among the factors contributing for the postharvest loss of papaya fruit. Thus, there
should be a strong effort towards improving the harvesting and postharvest fruit handling practices in the study area.
Furthermore, safe and effective papaya anthracnose disease management options should be explored in the future to
reduce the loss due to this major disease.
From the present study, the following specific recommendations are forward.

1. Policymakers should give due attention to postharvest losses of papaya fruit and must formulate and implement
policies related to postharvest management systems and fruit production. Moreover, the government should invest
in research and infrastructure to enhance the production and marketing of the products.

2. The researcher should focuses on the development of an efficient, environmentally friendly, and cost effective inte-
grated disease management strategy for minimizing the losses of papaya fruit due to anthracnose disease.

3. Extension workers should educate and empower farmers, wholesalers and retailers to adopt improved preharvest
and postharvest papaya production technologies, which ultimately contribute to increased yields and higher quality
produce.

4. Papaya-growing farmers have to adopt and implement appropriate preharvest and postharvest practices. Including
the implementation of appropriate agronomic and crop husbandry practices, appropriate harvesting methods, grad-
ing, packing, and transportation methods to reduce postharvest losses, and improve the quality and marketability
of their fruits.
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