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Abstract

Onion is a popular vegetable crop, which has been produced for its daily uses and economic benefits. Downey mildew caused by
the fungus Peronospora destructor is among the most important yield-reducing factor in onion production. The effect of three
different levels of plant population and fungicide frequency with two different fungicides was studied on downy mildew severity
and yield of onion. Nineteen treatment of this Experiment included two fungicides mancozeb + metalaxyl and copper hydrox-ide,
three different spraying interval with (10 days, 15 days and 21 days) and three level of plant population (0.71, 0.95 and 1.2
million plants/ha). The experiment was laid out in a randomized block design with three replications for two year at Fogera and
for one year at Dera districts of South Gondar zone Ethiopia. Data on disease severity, bulb yield, bulb number and bulb size
were recorded during the time of harvest. The price of bulb yield was assessed from the local market and the total price of the
yield obtained from each treatment was computed on hectare basis. Input costs like seed, fungicides and labor were converted
into hectare basis according to their frequencies used. Fungicides cost was estimated based on the price of the local market. Cost
of the labor was in Birr per man-days; cost of spray and spray equipment to spray per hectare were also calculated. Based on the
obtained data from the above mentioned parameters economic analysis was performed. The lowest disease severity was recorded
in treatment were lowest level of plant population (0.71 million plant/hectare) spraying with fungicide mancozeb + metalaxyl
within 15days interval. In this treatment bulb yield and bulb weight were the highest. The economic evaluation showed that the
highest net benefit with acceptable marginal rate of return was obtained from T3 (0.71million plants/ha spraying with fungicide
mancozeb + metalaxyl within 15days interval).
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1. Introduction

Onion (Allium cepa L.) is one of the most useful and es-  diseases and low level of improved agricultural technology

sential spices of vegetable crops grown in many countries of
the world, including Ethiopia. However, Productivity of the
crop is below the world and African averages due to pests,

[1]. Among the most important onion diseases, Purple blotch
and downy mildew have been reported in Ethiopia [2, 3].
Downy mildew of onion, caused by the fungus Peronospora
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destructor Berk, is worldwide in occurrence and causes dev-
astating economic losses to the crop [4-6]. Yield reductions of
onion bulbs due to downy mildew outbreaks may range from
30% up to 70% when the environment is conducive for the
disease [7-10]. The disease attacks the plants at all stages of
growth and all parts of the plant may be invaded [11].

A number of chemicals have been evaluated by different
researcher to control the disease. Among the fungicides
Ridomil is the most effective in reducing the disease severity
and enhancing yield [12]. However, frequent application of
fungicide is costly and ineffective due to the high price and
inappropriate use of fungicides. Significant influence of
variable fertilizer levels and plant density on downy mildew
have been reported [13, 14]. Thus reducing fungicide fre-
quency by integrating host management practices could
decrease the risk to human health and increase the economic
benefit for farmers. The objective of this study was to
evaluate the effect of plant density and reduced fungicide
application frequency for management of downy mildew
and yield of onion.

2. Materials and Methods

Nineteen treatment of this Experiment included two fun-
gicides mancozeb + metalaxyl and copper hydroxide, three
different spraying interval with (10 days, 15 days and 21 days)
and three level of plant population (0.71, 0.95 and 1.2 million
plants/ha). The experiment was laid out in a randomized block
design with three replications for two year at Fogera and for
one year at Dera districts of South Gondar zone Ethiopia. The
seeds of onion were sown in seedling bed. The 45 day old
seedlings were uprooted from the seed bed and were planted
in field. After first appearance of downy mildew data on its
severity (1-9 scale) were recorded [15] and converted to Area
under disease progress curve (AUDPC) [16]. Other data on
bulb yield, bulb number and bulb size were recorded during
the time of harvest.

The price of bulb yield was assessed from the local market
and the total price of the yield obtained from each treatment
was computed on hectare basis. Input costs like seed, fungi-
cides and labor were converted into hectare basis according to
their frequencies used. Fungicides cost was estimated based
on the price of the local market. Cost of the labor was in Birr
per man-days; cost of spray and spray equipment to spray per
hectare were also calculated.

Based on the obtained data from the above mentioned
parameters economic analysis was performed according to
the procedure [17]. The dominance analysis procedure as
detailed in the economics training manual by CIMMYT was
used to select potentially profitable treatments from the
range that was tested and serve to eliminate some of the
treatments from further consideration and thereby simplify
the analysis [17]. The dominant or dominated treatments
were ranked from lowest to highest costs that vary (Table 2).
A dominated treatment is any treatment that has net benefits
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that are less than those of a treatment with lower costs that
vary [18].

3. Result and Discussion

3.1. Effects of Plant Density and Fungicide on
Area Under Disease Progress Curve
(AUDPC)

Significant difference were observed in AUDPC for dif-
ferent treatments during two year at both locations (Tables 1
and 3). The lowest AUDPC (717.5-755) were recorded on T3,
T4, T5 and T6, at Fogera during 2020 year. At Dera, lowest
AUDPC (320-472.5) were recorded on T1, T2, T3, T5, T6,
T10, T11, T12 and T13 during 2020 year. The lowest AUDPC
was also recorded in T5, T6, T12 and T13 at Fogera in 2021
(Table 3). These treatments did not differ significantly from
each other with respect to mean AUDPC value reduction;
however, all these treatments significantly reduced mean
AUDPC value as compared to the highest AUDPC value in
other treatment (Tables 1 and 3). Thus minimum plant popu-
lation (0.71 million plants/ha) with reduced fungicide fre-
quency (with1l5 day interval) effectively reduced mean
AUDPC values. Similar results were also reported by [19]
who indicated that the lowest downy mildew and purple
blotch percentage in onion plants was obtained from the
lowest plant density (30 plants/m?) in 2014/15 and 2015/16
seasons. This can be attributed to the increased plants per
meter in dense stands, which are known to increase the
moisture between plants at high plant density leading to high
percentage in downy mildew disease.

3.2. Effects of Downy Mildew on Onion Bulb
Yield and Average Bulb Weight

The two year data (2020-2021) showed significant differ-
ences among different treatments indicating the effect of plant
population, fungicides and fungicide intervals on onion bulb
yield and average bulb weight at both locations (Fogera and
Dera) (Tables 1 and 3). During 2020, the highest bulb yield
(236.11-250q/ha) and highest bulb weight (57.58-64.1g) were
observed in T3, T4, T5 and T6 at Fogera (Table 1). Bulb yield
(186.11-216.67g/ha) and bulb weight (39.1-45.81g) were also
the highest in T3, T4, T5 and T6 at Dera during 2020 year
(Table 3). These treatments did not differ significantly from
each other with respect to bulb yield increment; however, all
these treatments significantly increased bulb yield as com-
pared to the lowest bulb yield in other treatments (Tables 1
and 3). Thus, reduced fungicide frequency (with 15 days
interval) with minimum plant density (0.71 million plants/ha)
effectively reduced downy mildew diseases severity and in-
creased bulb yield. However, Bulb yield (152.08qg/ha) and
bulb weight (48.75¢g) were the highest in T1 (0.7 million/ha
sprayed with mancozeb + metalaxyl fungicide in 21 days
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interval) at Fogera during 2021 year (Table 1). It might be due  period.
to the low disease pressure occurred during the experimental

Table 1. Effect of Plant density and fungicides on Downy mildew severity and yield of onion at Fogera during 2020 and 2021 cropping season.

2020 Year 2021 year

Tr.no Treatments AUDPC Y (g/ha) BW (g) AUDPC Y (g/ha) BW
1 P2F113 842.5 200 55.14 448.73 152.083 48.7533
2 P2F213 877.5 219.45 58.19 405.40 95.8333 31.8833
3 P2F112 730 244.45 57.58 406.60 139.583 46.31
4 P2F2I12 755 236.11 58.25 366.67 129.167 40.08
5 P2F111 717.5 250 64.1 346.67 127.083 41.13
6 P2F2I1 755 250 57.97 396.40 122.917 36.06
7 P1-FO 1700 140.74 29.59 454.79 120.833 35.39
8 P1F113 1007.5 131.48 37.44 420.77 124.307 32.9467
9 P1F2I3 11375 162.97 34.08 360.93 151.853 42.0267
10 P1F112 732.5 174.08 41.63 354.09 143.517 43.8967
11 P1F212 707.5 157.41 34.21 386.28 110.187 31.6733
12 P1F111 717.5 170.37 37.94 353.29 147.22 40.4167
13 P1F211 717.5 148.15 32.87 303.99 130.093 49.4467
14 P3F113 14125 190.74 27.82 475.53 130.953 20.54
15 P3F213 1625 164.82 25.56 449.05 171.42 27.86
16 P3F112 1465 170.37 25.32 480.87 190.477 28.2333
17 P3F212 13375 170.37 26.62 463.35 190.48 34.0167
18 P3F111 1365 177.78 22.95 463.92 154.76 25.66
19 P3F2I1 1350 201.85 28.94 443.20 180.95 32.7233

CV (%) 22.62 13.35 14.43 9.82 18.35 16.24

LSD 392.68 32.07 9.49 66.51 433 9.73

Table 2. Partial budget analysis of plant density and fungicides effect on Downy mildew of onion at Fogera and Dera in 2020 and 2021
cropping season.

Fogera Dera
2020 2021 2020
Treatments TVC NB MRR (%0) NB NB MRR (%)
1 P2F113 151948.3 217491.7 124161.7 118051.70
2 P2F2I3 153508.3 252501.7 2244.231 21741.7 156487.70 2463.85
3 P2F112 154308.3 297501.7 5625 99301.7 235697.70 9901.25
4 P2F212 156258.3 282489.7D 78991.7 178739.7D
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Fogera
2020

Treatments TVC NB

5 P2F111 159028.3 307491.7
6 P2F211 161758.3 307491.7D
7 P1-FO 188761.1 64570.9D
8 P1F113 198201.1 47902.9D
9 P1F213 199761.1 104584.9D
10 P1F112 200561.1 124582.9D
11 P1F212 202511.1 94576.9D
12 P1F111 205281.1 117904.9D
13 P1F211 208011.1 77908.9D
14 P3F113 245395.9 107376.1D
15 P3F2I3 246955.9 60720.1D
16 P3F112 247755.9 70710.1D
17 P3F212 249705.9 70710.1D
18 P3F1I1 252475.9 84048.1D
19 P3F211 255205.9 127374.1D

Dera
2021 2020
MRR (%) NB NB MRR (%)
211.6525 74441.7 205975.7D
64991.7 203245.7D
28738.9 57910.9D
27910.9 45140.9D
76324.9 30242.9D
60128.9 79446.9D
-1425.1 67488.9D
64434.9 74726.9D
31656.9 85316.9D
-7319.9 91276.1D
64350.1 -283.9D
97462.1 78908.1D
95908.1 43622.1D
30812.1 64198.1D
76004.1 34792.1D

TVC: total variable cost; NB: net benefit; MRR: marginal rate of return; D: dominated treatment (MRR less than 100%)

D: Dominated treatment (MRR less than 100%)

3.3. Economic Analysis of Fungicides and
Application Methods Effects on Pepper Wilt

Economic analysis results showed that highest net benefit
with acceptable marginal rate of return were obtained from
treatment five and three at Fogera and Dera, respectively,
during 2020 year (Table 2). According to the manual for
economic analysis, The identification of a recommendation is
based on the minimum acceptable marginal rate of return, and
the treatment with the highest net benefit together with an
acceptable MRR becomes the tentative recommendation [17].
In this study, 100% was considered as minimum acceptable
rate of return for farmers’ recommendation. It is important to
note that the acceptable minimum rate of return for farmers’
recommendation is 50 to 100% (CIMMYT, 1988). Accord-
ingly, the study revealed that Highest net benefit with ac-
ceptable marginal rate of return were obtained T5
(0.71million plants/ha spraying with fungicide mancozeb +
metalaxyl within 10 days interval) and T3 (0.71million
plants/ha spraying with fungicide mancozeb + metalaxyl
within 15days interval) is effective treatment at Fogera and
Dera, respectively, during 2020. Highest net benefit was ob-
tained in T1 which had the lowest variable cost at Fogera
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during 2021 year (Table 2).

Table 3. Effect of Plant density and fungicides on Downy mildew
severity and yield of onion Dera during 2020 cropping season.

Treatments AUDPC Yield BW
1 P2F113 410 150 39.1933
2 P2F213 472.5 172.22 40.88
3 P2F112 472.5 216.67 41.11
4 P2F212 555 186.11 39.1033
5 P2F111 320 202.78 41.45
6 P2F211 357.5 202.78 45.81
7 P1-FO 1137.5 137.04 35.08
8 P1F113 567.5 135.19 31.0733
9 P1F213 512.5 127.78 36.61
10 P1F112 407.5 155.56 44.52
11 P1F212 410 150 39.04
12 P1F111 345 155.56 39.97
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Treatments AUDPC Yield BW
13 P1F211 347.5 162.96 36.9967
14 P3F1I3 885 187.04 25.8933
15 P3F213 795 137.04 22.8267
16 P3F112 842.5 181.48 22
17 P3F212 1015 162.96 25.16
18 P3F1l1 782.5 175.93 25.5767
19 P3F211 672.5 161.11 24.42
CV (%) 9.82 18.35 16.24
LSD 66.51 433 9.73

However, the highest net benefit was obtained in T1
(0.71million plants/ha spraying with fungicide mancozeb +
metalaxyl within 21 days interval) that had lower costs that
vary and all other treatments had dominated at Fogera during
2021 year. A dominated treatment is any treatment that has net
benefits that are less than those of a treatment with lower costs
that vary [18]. So, marginal rate of return could not be calcu-
lated at Fogera during 2021 year. This indicates that, the value
of the increase in yield is not enough to compensate for the
increase in costs. It might be due to the low disease pressure
occurred during the experimental period and the plant popula-
tion difference of the treatment. Hence, growers would be bet-
ter off using lowest level of plant population with minimum
fungicide frequency when lowest diseases pressure occurred.

4. Conclusion and Recommendation

From the obtained results and from the economic point of
view it can be concluded that lowest level of plant population
(0.7 million/ha) sprayed with mancozeb + metalaxyl fungicide
in 15 days interval was more economical for the management
of onion downy mildew and increases bulb yields. Further, cost
effective and feasible integrated management options need to
be developed for onion downy mildew in the country.

Abbreviations

AUDPC Area under Disease Progress Curve

BW Bulb Weight

D Dominated Treatment

11 Fungicide Sprays Interval One (10 Days
Interval)

12 Fungicide Sprays Interval Two (10 Days
Interval)

13 Fungicide Sprays Interval Three (21 Days
Interval)

MRR Marginal Rate of Return

NB Net Benefit
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P1 Plant Population One (0.71 Million Plants/Ha)
P2 Plant Population Two (0.95 Million Plants/Ha)
P3 Plant Population Three (1.2 Million Plants/Ha)
TVC Total Variable Cost

Y Yield
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