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Abstract

White rot of garlic caused by a soil borne fungus (Sclerotium cepivorum Berk) is a major production threat of
garlic in Ethiopia and all over the world. During favorable weather conditions, and when susceptible varieties are
in the production system, the disease can cause 100% yield loss. Furthermore, sclerotium cepivorum is an issue of
great importance for dry climate producers. Its intensity also vary with different cultural practices and
environmental factors. The study was initiated with the objectives of assessing the incidence and severity of garlic
white rot associated with environmental factors and cultural practices under dry season in North Shewa, Amhara
Region, Ethiopia. To assess production practices, data were collected using multistage sampling technique from
40 garlic producing households. The data necessary for the study was collected from those sampled garlic
producers by using a structured interview. In each sampled producers, three quadrants (0.5m by 0.5m) 2-3 m apart
were taken by making diagonal moves in the field. Then, incidence of white rot was assessed by counting the
number of plants showing white rot symptoms in each quadrant and averages were taken for each field. The
assessment results showed that about 97% of the fields were infested with white rot. Disease incidence was varied
among districts, altitude range, temperature, soil type and field management practices. However, the mean disease
incidence and severity were higher in Menz Mama Midir as compared to the other districts.

Keywords: garlic, Sclerotium cepivorum, white rot, district

DOI: 10.7176/JAAS/62-02

Publication date:March 312020

Introduction

Garlic (4/lium sativum L.) is widely produced for its culinary properties and medicinal role for centuries such as
antibacterial, antifungal, antiviral, antitumor and antiseptic properties (Deresse, 2010). Antibacterial and antiseptic
property of garlic is well known and it contains remedies against headache, bites, worms and tumors (Keusgen,
2002). In addition, it has antibiotic properties, and it can lower blood pressure, blood cholesterol and blood sugar,
prevent blood clotting, protect the liver and contains antitumor properties (Sovova and Sova, 2004). Economic
significance of garlic in Ethiopia is fairly considerable and contributes to the national economy as export
commodity (Dilbo et al., 2015; Fekadu and Dandena, 2006).

World garlic cultivation was increased from 771,000 ha of land in 1989/90 to 1,204,711 ha of land in 2007
with total production from 6.5 million to 15.68 million tons, and productivity from 8.43 t/ha and 13.02 t/ha,
respectively (FAO, 2007). In Ethiopia, garlic production was increased from 6,042 ha in 2012 to 21,258 ha of land
in 2013 with a total production increment from 79,421 to 222,548 tons of bulbs (CSA, 2013). However, garlic
cultivation decreased from 16,411.19 ha in 2013/14 to 15,381 ha in 2016/17 with a total production of 159, 093.58
and 138,664.3 tons of bulbs with the productivity of 9.7 and 9.01 tha!, respectively(CSA, 2017).

The reduction of garlic production in many parts of the world is due to a variety of diseases and disorders.
Among the disease, the main limiting factor for onion and garlic production is the white rot disease caused by
breaking of floral stalks, and thus, the bulb yield and seed production is significantly reduced (Bo Ming et
al.,2010). Sclerotium cepivorum has caused great damage in diverse growing regions worldwide, and causes
serious economic losses in garlic and onion crops. In Mexico and in Brazil, losses up to 100% were reported. The
disease is also serious in Canada and incidence was exceeding up to 65% in commercial fields (Wiley and Sons,
2000). In Ethiopia, yield loss due white rot has been found to range between 20.7% and 53.4% (Tamire et al.,
2007). The low production and productivity of garlic in Ethiopia in general and in Amhara region in particular are
also the results of inappropriate agronomic practices, absence of proper diseases and insect pest managements and
lack of improved varieties are the most important factors (Tesfaye and Habtu, 1986; Teweldebrhan, 2009; Worku
and Dejene, 2012). Host and soil effects are important in the survival of white rot. Among soils, wet soil like
vertisol increased the disease incidence provided that the inoculum level was sufficient in the soil. Sclerotial



International Journal of African and Asian Studies www.iiste.org
ISSN 2409-6938  An International Peer-reviewed Journal (L]

Vol.62, 2020 “sT[

germination is also poor during the winter but improves in spring and early summer; later in the summer,
germination may be inhibited by high soil temperatures. On average, the temperature ranged from 7 to 22 °C which
was suitable for sclerotial germination and disease development (Tamire ef al., 2007). On the other hand, the hard-
walled sclerotia formed during infection are incredibly tough, and can remain dormant yet viable in the soil for
many years (Maude, 2006), some evidence suggesting up to two decades (Mueller ef al., 2006), meaning that once
a field is infested with sclerotium cepivorum, Allium cultivation may not be possible there for many years (Amine
et al., 2013). Therefore, the objective of this study was to assess the incidence and severity of white rot associated
with environmental factors and different agronomic practices.

2. MATERIALS AND METHODS

2.1. Description of Experimental Site

Field survey was conducted in four districts of Menz Mama Midr, Moretna Jiru, Ensaro and Angolelana Tera
during the off season of 2018 planted using irrigation (Fig 1). Menz Mama Midr is located at an altitude range
from 2500 to 3500 m.a.s.l. It receives average annual rain fall of 1000 to 1500 mm with temperature of 15 to 20
°C. Ensaro is located between 9° 35'- 9° 55'N and 38°50' - 39° 5'E with an average elevation of 2435 m.a.s.l.
AngolelanaTera is located at 9.28°N, 39.23°E and at an altitude range of 2756 t04326 m.a.s.1. Its average annual
rainfall is ranged from 900 to 1500 mm with temperature of 18 to 30 °C. Moretna Jiru is located at 39° 19’ 24*” E
and 10° 6’ 2°°N at an altitude ranges from 1,500 to 2664 m.a.s.1. and receives an annual rainfall of 850 mm while
the temperature varies from 5.2°C to 28.8°C.
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Figure 1. Map of four districts in North Shewa where the survey was conducted

2.2. Field Survey Sampling Technique and Method of Data Collection

Field survey was conducted by using multistage sampling technique. Four potential garlic production districts of
north Shewa Zone namely Menz Mama Midir, Angolelana Tera, Moretna Jiru and Ensaro were selected with the
consultation of zonal agricultural experts. Seven peasant associations, one from Angolelana Tera district, two from
Menz Mama Midir, two from Moretna Jiru and two from Ensaro districts were chosen purposively. The farm
households in each PAs were stratified in to garlic producers using irrigation and non-producers. Generally, a total
of 40 garlic producers using irrigation were randomly selected from each districts; i.e. 16, 11, 10 and 3 garlic
producers from Menz Mama Midir, Moretna Jiru, Ensaro and Angolelana Tera respectively. The data necessary
for the study was collected from those sampled garlic producers by using a structured interview. In each sampled
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producers, three quadrants (0.5m by 0.5m) 2-3 m apart were taken by making diagonal moves in the field. The
plants in each quadrant were taken as the sample unit. The plant population in each quadrant was counted and
average plant population in the three quadrants was taken as mean plant population density. Incidence of white rot
was assessed by counting the number of plants showing white rot symptoms (such as yellowing, discoloration,
bulb rotting and presence of mycelium and/or sclerotia around the base of the plant) in each quadrant and averages
were taken for each field. White rot severity was also recorded by observing the level of white rot damage with 0-
5 scale and converted to percentage. During the survey, altitude (m), type of soil, cropping pattern (row or
broadcast planting), previous crop, planting date and plant density were recorded for each sampled field.

2.3. Field survey analysis

Descriptive way of analysis was conducted to describe the distribution, prevalence and association of white rot
incidence and severity in relation to altitude, temperature, soil type and agronomic practice. Distribution and
severity of white rot was discussed in each districts by recording mean, range and frequency in each variables.

3. RESULTS AND DISCUSSION

3.1. White rot Incidence and Severity by districts

White rot incidence and severity were recorded on garlic local cultivars from four districts (Table 1). The mean
incidence and severity of garlic white rot was highest at Menz Mama Midr with altitude range of 2500-3500 as
compared to the other districts m.a.s.l. This indicated that this altitude range might be favorable for the disease
distribution and germination of sclerotia and hyphal growth. Crowe (2008) and Ararsa and Thangavel (2013) also
reported that cool weather is needed for germination of sclerotia and hyphal growth. Tamire et al. (2007) reported
that with white rot disease incidence increased as elevation increased from 2450 to 3350 m.a.s.1.

Variation of temperature related to altitude was also resulted in difference mean incidence and severity of
white rot. The mean minimum incidence (20.2 %) was obtained from temperature ranged from 6-17 °C. On the
other hand, the mean maximum incidence (51.36 %) and severity (39.74 %) were from temperature ranged from
15-20 °C (Table 1). Similar with this, Tamire et al. (2007) reported that on average, the existence of favorable
temperature ranged from 7 to 22 °C was suitable for sclerotial germination and disease development. Crowe and
Hall (1980) also reported that sclerotial germination occurs between 9 and 24°C and disease development between
6 and 24°C.

Table 1. Distribution and severity of garlic white rot in four districts

Districts Altitude Temperature Incidence Severity

(m) (°O) Frequency Range Mean Range Mean
Angolelana Tera  2756-4326 6-17 3 9.38-31.03 20.20 20-20 20
Ensaro 2435 18-30 10 6.00-90 43.77 20-74 34.39
Menz Mama idir 2500 -3500  15-20 16 8.0-90.91 51.36 20-71 39.74
Moretna Jiru 1500-2664 5.2-28.8 11 11.76-84.85 48.34 20-41.05  29.28

3.2. Association of White rot with Soil Type

The variation in incidence and severity of white rot among districts could be resulted from differences in soil type.
The soil type in major garlic fields of Menz Mama Midir and Moretna-Jiru is a vertisol compared to the other two
districts. The soil type in Ensaro and Angolelana-Tera districts is silt soil. However, disease incidence in vertisol
was ranged from 11.76% to 90.91%. Higher severity (34.18%) was also recorded on this soil type (Table 2). This
might be due to the vertisol having a characteristic of conserving more moisture with low temperature; which
favored for white rot sclerotioa. In agreement with this, Tamre et al. (2007) reported that vertisol favored for the
occurrence of white rot. Clarkson ef al. (2006) also identified that Sclerotium cepivorum sclerotia rely on moderate
soil moisture to germinate. Moderate-to-high soil moisture favoring germination and infection, though some
research had suggested sclerotial germination is fairly independent of soil moisture content (Maude, 2006).

Table 2. Incidence and severity of garlic white rot associated with soil type

Soil type Incidence Severity
Frequency Range Mean Range Mean
Clay loam 7 23-85 39.74 20-71 30.14
Silt 13 6.90-90.91 41.71 20-74 28.88
Vertisol 19 11.76-90.91 55.56 20-61.2 34.18

3.3. Association of White rot with Agronomic Practices

Agronomic practices such as plant density, previous crop history, planting date and cropping pattern (row or
broadcast) were practiced differently within each district. During the survey, it had been observed that higher
number of infected plants with white rot symptoms were recorded in densely populated (>25 plants 0.25 m™) fields
than in sparsely populated (<25 plants 0.25 m) fields. The mean maximum incidence and severity recorded from
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lower plant density were lower as compared to higher plant density (Table 13). This could be due to more plant
to-plant spread of the Sclerotium cepivorum. This was in agreement with Tamire et al. (2007) who reported that
higher number of infected plants with white rot symptom was recorded from densely populated fields than in
sparsely populated fields. Similarly, mean incidence (44%) and severity (35.73%) recorded from garlic crop
planted in January were lower as compared to mean incidence (48.34%) and severity (38.94%) recorded from
November, which might be due to the distribution and severity level of the disease become increased as crop
growth increased (Table 3). In line with this, Amin et al. (2014) reported that disease symptom had increased from
mid-season to harvest of the crop.

In the surveyed fields, garlic was planted in rotation with different crops. Of the total surveyed fields, 8 fields
were continuously planted with garlic. The higher mean of incidence (77%) and severity (57%) were recorded
from fields from which garlic crop was continuously grown (Table 13). Continuous growing of garlic leads to
accumulation of the white rot sclerotia in the soil that increases the occurrence of white rot (Tamire ef al., 2007).
Once the bulb is infected, the plant soon loses vigor, the leaves become yellow and wilt, and fluffy, white mycelia
fill the bulb and then produce abundant sclerotia to precipitate future infections (Maude, 2006; Mueller et al.,
2006).

Disease incidence and severity also vary with cropping pattern. The mean disease incidence and severity in
broadcast cropping pattern was 48.69% and 46.68%, respectively. On the other hand, mean disease incidence
(44.91%) and severity (33.25%) in row cropping pattern was lower than broadcasting (Table 13). In broadcast
cropping system of garlic, crop density was higher than row planting, which might be due to the increase in
colonizing of the disease from infected plant to uninfected plant. Crowe (2008) also reported that uninfected roots
within 1 to 2 cm of infected roots in contact with infected roots get colonized by hyphae from infected roots.
Table 2. Incidence and severity of garlic white rot associated with agronomic practices

Agronomic practice Incidence Severity
Frequency Range Mean  Frequency  Range Mean
Plant density High 12 11-90.91 52.92 12 20-71 34.15
Low 27 6.9-90.91 42.89 27 20-61.2 33.79
Previous crop Cereal 11 6.9-55.56 11.76 11 20-33.3 30.32
Fallow 15 8-84.85 373 15 20-60 39.84
Garlic 8 48.6-90.9 77 8 24-60 57
Vegetable 5 20-87.88 57 5 22-71 34.46
Planting date January 20 6.9-85.29 44 20 20-71 35.73
November 19 8-90.91 48.34 19 20-71 38.94
Cropping pattern Broadcast 28 8.0-90.91 48.69 28 20-61.2 46.68
Row 11 6.9-87.88 4491 11 20-41.5 33.25

4. SUMMARY, CONCLUSION AND RECOMMENDATION
In Ethiopia, garlic (Allium sativum L.) is one of the most widely grown bulb crops next to onion and it is grown
under a wide range of climatic and soil adaptation. However, its production and productivity is reduced due to
many factors of which diseases and improper agronomic practices are economically important problems.
Distribution of the disease is varied in different areas on different altitudes, temperature range, soil types and
agronomic practices. In the present study, the assessment was conducted to assess the incidence and severity of
garlic white rote associated with environmental and cultural practices. Field survey was conducted in four districts
of North Shewa (Menz Mama Midr, Moretna Jiru, Ensaro and Angolelana Tera) of irrigation user areas in 2018
cropping season. It was conducted by considering selective factors, which were suggested as a main reason for
increasing the incidence and severity of garlic white rot. The survey result indicated that incidence and severity of
white rot were affected by environmental factors and agronomic practices. Higher white rot incidence and severity
were coincided with altitude of 2500 -3500 m.a.s.1, 15-20 °c temperature and vertisol type. In addition, the higher
incidence and severity were strongly related with improper agronomic practiced fields. The higher number of
infected plants with white rot symptoms were recorded in densely populated (=25 plants 0.25 m2) fields than in
sparsely populated (<25 plants 0.25 m?) fields. Higher mean of incidence (77%) and severity (57%) were also
recorded from fields from which garlic crop was continuously grown. In broadcast cropping system of garlic, crop
density was higher than row planting and highest percentage of disease incidence (48.69%) and severity (46.68%).
Farmers should follow a long-term rotation schedule, and do not follow Allium crops with other A/lium crops.
Rotation alone will not control white rot because sclerotia can survive in soil for more than two decades. Use of
row spacing with reduced plant density per row is also reduce the colonizing of pathogen from infected plant to
healthy plant. In addition, farmers should be plant only clean stock from known origins that have no history of
white and always clean the soil off of equipment before moving from one field to another and it is better to use the
clay loam or silt as compared to vertisol for garlic production purpose.
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