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Abstract: There are several factors that affect or hinder the productivity of potato in Ethiopia. From those factors soil
fertility is the especial one. To overcome these problems, farmers were applying both organic and inorganic fertilizer to
increase their production. Still there is scant of information to apply vermicompost combined with inorganic fertilizer for
the production of crops. To solve the problem field experiment was conducted during the 2020/21 cropping season to assess
the effect of integrated Vermicompost and NP fertilizers rate on yield and yield components of potato in Western Ethiopia.
The experiment was laid out in randomized complete block design (RCBD) with three replications in factorial arrangement.
The experiment comprising three levels of vermicompost 0, 5,7.5 t ha and five levels of NP fertilizers 0, 25%, 50%, 75%,
100% of blanket recommended rates of NP (110 kg N ha" and 90 kg P,Os ha) of blanket recommended rates of NP (N,
110 kgha and P,0s, 90 kg ha™). The results indicated that highest marketable tuber number per hill, total tuber per hill and
large sized tuber were significantly (P>0.05) affected by the main effect of 7.5 t ha "' vermicompost. Whereas, the highest
marketable tuber number per hill, total tuber number per hill and large sized tubers were significantly (P>0.05) affected by
the main effect of 100% NP fertilizers. More over the interaction effect of Vermicompost and NP fertilizers were significant
(P<0.05) on 50% flowering, days to maturity, plant height, marketable tuber and total tuber yield. The results of this study
conclude that, integrated use of organic and in organic fertilizer were the most use full application for the cultivation of
potato.
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Recently potato produced in wide range throughout the year
using irrigation and rain fed patterns and it considered as
“hunger breaking crop” because it can be grown and harvest
when other crops doesn’t mature and harvest [7]. According
to another scholar reported, Potato has short growth period
and produced twice year-' thus, Belg (short rainy season -
February to May) and Meher (long rainy season- from June
to October) in Ethiopia. [8]

Production of potato in Ethiopia in 2015/16 cropping
season was covered 296,577.59 hectares and harvested
3,657,638.26 tons [9]. The most potato producing counties
are Netherlands, Germany, Egypt and Burundi which
produced 40, 28, 17.4 and 11t ha™ respectively [10]. Ethiopia
produces very low amount when compare to the others,

1. Introduction

Potato (Solanum tuberosum L.) belongs to the family
Solanaceae, and accommodated in series Tuberosa [1].
Potato is the most important crop and ranked fourth in
cultivation followed by wheat, maize and rice respectively
[2]. Tt has a major role especially for food and to income
generate for employers such as processors, producers and
marketers [3]. In addition to food security potato provides
important nutrients such as carbohydrates, minerals and
vitamins. It has balanced protein and calories; due to this
reason it considered as good weaning food [4].

Ethiopia has endowed with altitude, temperature, rainfall,
soil type which is very suitable for potato production [5, 6].
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which produced in average 16.4 t ha'. Other scholars
reported that, in Ethiopia production of potato crop on
research field 40 t ha™' as well as on farmers’ fields 20 t ha™
average yield was harvested [11].

In Ethiopia optimum amount of fertilizer doesn’t apply
for crops especially for potato production because of
different factors. Application of nitrogen and phosphorus
30.6 kg N ha! and 76.5 kg P,0s ha™' respectively and a
little amount of organic fertilizer was used as estimated by
[12]. Integrated application of fertilizer is very essential to
enhance soil fertility that is providing optimum amount of
nutrients to influence the yield of potato [13]. Application
of organic or inorganic fertilizer alone is not enough for
crop production and productivity, because it lacks essential
nutrients which is used to complete plant life cycle [14].
According to the report, there are a lot of constraints that
affect the productivity of potato such as poor soil fertility,
high yielding varieties, and post-harvest losses due to poor
handling and storage facilities [12, 15]. The purpose of the
study was to assessing the effect of integrated
Vermicompost and NP fertilizers rate on yield and yield
components of potato.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted at farmer training center of
Ejere district western Shoa of Oromia regional state on the
way to Ambo, which is the western shoa zone during
2020/2021 cropping season. Ejere Agricultural office is
located between 10°15 60” and 14°9848” N latitude and 41°
99°60” and 40° 17 60>’ E longitude. The elevation of study
area was 1392-3350 meter above sea level with gentle slope
(Ejere district agricultural office, 2010) and it has three agro-
climatic zones namely Dega, Woynadega and Kola. The
Annual rainfall was between1001-1680mm and the mean
annual maximum and minimum temperature were 31 to 16°C,
respectively. Soil type of the study area was 29% sandy, 37%
clay and 43% silt.

2.2. Experimental Design and Treatments

The experimental design was laid out in Randomized
Complete Block design (RCBD) with three replications. The
treatments was consisting five levels of combined NP
fertilizer 0, 25% (42 N kg /ha and 34 P,0s kg/ha), 50% (83 N
kg /ha and 68 P,0Os5 kg/ha), 75% (123 N/ha and 101.25 P,O5
kg/ha), and 100 % (165 N kg/ha and 135 P,Os kg/ha) and
three levels of VC (0, 5 and 7.5 ton/hectare) for jallene potato
variety. The plot area was 3 x 4 m (12 m%) with five rows of
potato planted at spacing of 75 cm between rows and 30 cm
between plants.

2.3. Data Collection

2.3.1. Phonological Parameters
Days to 50% flowering: Flowering days was recorded
from the beginning of planting day to when 50% of potato

plants produce flowers.

Days to 90% physiological maturity: Maturity days were
recorded from planting day to 90% of potato leaves was
changed to yellow color.

2.3.2. Growth Parameters

Average stem number per hill: Average steam number at
50% flowering stage was recorded as the average potato
stems that grow and stand independently above the ground
after counted from five hills per plot.

Plant height (cm): Measured the height of the plant, from
the base to the apex at 90% physiological maturity stage by
taking five main stem samples from each plot.

2.3.3. Yield Component Parameters

Total tuber numbers/hill: Adding all marketable and
unmarketable tubers, it constituted different size and growth
appearance that were produced by the plants.

Marketable tuber number/hill: Count all tubers at weight
of 25g which were free from diseases, insect attacks and
deformed from each plot and it divided to the perspective
number of plants harvested.

Unmarketable tuber number /hill: Count diseased,
insect attacked, deformed tubers which were weight less
than 25 g.

Tuber size distribution in weight: Collect tubers from five
randomly selected plants in each plot and categorized a tuber
its weight was 25-38g were small, 39-75g were medium,
and >75 g were large respectively then converted to
percentages. [3]

Marketable tubers yield (t ha'): Weight of marketable
tubers: free from diseases, insect pests and greater than or
equal to 25g weight [3] was recorded. These were taken from
the net yield at harvest time and converted to t ha ™'

Unmarketable tubers yield (t ha™): Tubers yield was
recorded; which were diseased, insect attacked, deformed
and weight less than 25 g.

Total tubers yield (t ha™): Sum of all marketable and
unmarketable tuber yields from net plot was recorded at
harvested time and it was converted in to t ha ™

2.4. Data Analysis

The measured parameters were subjected to Analysis of
variance (ANOVA) according to the General Liner Model
(GLM) of Gene Stat 15™ Edition to see or cheek either the
treatments and their interactions were statistically significant
or not. Analysis of variance was conducted Using statistical
software of Statistical Analysis System (SAS) package
version of 9.0 [16]. Whenever the effects of the treatments
were found to be significant, mean were compered using the
least significant difference (LSD) test at the 0.05 probability
level of significance [17].

3. Result and Discussion

Soil sample and laboratory analysis indicated that the soil
textures of the experimental site were clay loam and soil
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acidity was medium. According to the report, Organic matter

content of the soil was rated under low (Table 1) [18].

Table 1. Physicochemical Properties of the Experimental Site before planting potato.

Percent (%) Properties
Physical properties of soil
Sand 29
Silt 43
Clay 37
Chemical properties of soil
Soil Acidity 4.9 Medium in acidic
Organic carbon 1.62 Medium
Total nitrogen 0.153 Medium
Available Phosphorus 5.6 Low
CEC 25.13 Medium
Organic matter 3.0 Low

As indicated below on table 2, the chemical properties of
vermcompost fertilizer before planting were alkalis in soil
acidity (7.5), Total nitrogen (1.8), Available Phosphorus
(0.92), Exchangeable potassium (2.7), Organic matter
(5.81).

Table 2. Results of laboratory analysis of vermicompost (VC) used for the
experiment.

Vermicompost parameters Values %
Acidity 7.5

Total nitrogen 1.8
Available Phosphorus 0.92
Exchangeable potassium 2.7
Organic matter 5.81

3.1. Phonological and Growth Parameters of Potato

3.1.1. Days to 50% Flowering

Analysis of variance showed that days to 50% flowering of
potato were significantly (P < 0.05) influenced due to
interaction effect of NP fertilizers and Vermicompost. Below
data showed that when increased rate of vermicompost and NP
fertilizer, number of 50% flowering days was reduced (Table
3). This finding was concise with another result reported that,
application of 10 t ' VC with 75% NP kg ha™ fertilization
prolong duration of potato as compared to the treatment that
have no fertilizer [19]. Application of Vermicompost with NP
fertilizer alone was delayed flowering day when compared to
the treatment that received 7.5 t VCha™ and 100% NP.

Table 3. Interaction effect of vermicompost with NP fertilizer rates at 50 % flowering days of potato.

1 NP rate (%)
Ve (tha™) 0 25 75 100
0 65.67" 61.33¢f 60.5° 55.07° 59.08%
5.0 60.00*¢ 60.67°% 61.5%f 60.02°%f 61.09%%
7.5 63.00¢ 60.77°% 59.00 &f 58.07° 61.02°%f

LSD 5% =1.653; CV % =1.7

LSD = Least significant difference at 5% level; CV %= coefficient of variation; Means in the table followed by the same letters are not significantly different

at 5% level of significance

3.1.2. Day to 90% Physiological Maturity

Analysis of variance showed that days to 90% maturity of
potato were significantly (P < 0.05) influenced due to
interaction effect of NP fertilizers and Vermicompost. Table
4 indicated that when increased rate of vermicompost and NP
fertilizer; number of 90% maturity days was reduced when
compeer to the treatment that received 7.5 t VCha™ and 100%

NP. This result was similar with the finding of Amir et al. [20]
who reported that, the application of integrated
vermicompost and mineral fertilizer were reduces days of
potato maturity. Only application of vermicompost and NP
fertilizer alone was delay days of maturity when compare to
the integrated one. This may be due to lack of optimum
essential nutrient that adequate for growth of crops.

Table 4. Interaction effect of vermicompost and NP fertilizer rates at 90 % maturity of potato.

, NP rate (%)
Ve (t ha
¢ (tha™) 0 25 75 100
0 107.00" 102.70°% 102.30¢" 101.70%¢ 100.70¢
5.0 102.30% 101,705t 102.00°¢f 101.00%% 103.03%
7.5 103.70'% 101.90** 102.02° 100.04** 1012

LSD 5% =1.653; CV % =1.7

LSD = Least significant difference at 5% level; CV %= coefficient of variation; Means in the table followed by the same letters are not significantly different

at 5% level of significance



34 Tibebu Solomon Oli: Effect of Integrated NP and Vermicompost Fertilizer Rate on Yield and Yield Components of
Potato (Solanum tuberosum L.) in Western Ethiopia

3.1.3. Plant Height

Analysis of variance showed that plant height of potato
were significantly (P < 0.05) influenced due to interaction
effect of NP fertilizers and Vermicompost. The maximum
plant height (83.66cm) was observed from the treatment that
received 7.5 t VCha™ and 100% NP integrated fertilizer and
the shortest (59.90cm) were observed from the control
treatment (Table 5). This result indicated that when increase

the application of combined vermicompost and NP fertilizer,
the height of potato was increased. The increment in plant
height was might be due to the optimum amount of nutrients
that released and use for the vegetative growth of potato plant
[21]. Similar finding was reported that, the longest stem
height was recorded from cow dung in combination with
chemical fertilizer [22].

Table 5. Interaction effect of vermicompost and NP fertilizer rates on plant height of potato.

NP rate (%)

-1

Ve (tha™ 0 25 50 75 100

0 59.90" 67.95 ¢ 69.69 ¢ 79.95% 79.89%
5.0 74.42% 75.35 %f 76.02 % 76.94 % 77.92%¢
7.5 76.55 % 76.55 % 77.95% 81.99% 83.66°

LSD 5% =1.653; CV % =1.7

LSD = Least significant difference at 5% level; CV %= coefficient of variation; Means in the table followed by the same letters are not significantly different

at 5% level of significance

3.2. Yield Component Parameters

3.2.1. Total Tuber Numbers Per Hill

Analysis of variance showed that total tuber numbers per
hill of potato was significantly (P < 0.05) affected by null
application of vermicompost and NP. This result indicated
that when total tuber numbers per hill was increase as
increasing null application of vermicompost rate as well as
NP fertilizer. The highest increment of total tuber number per
hill was harvested from the treatment that received the
highest vermicompost with NP, and the lowest tuber number
per hill was obtained from null vermicompost and NP (Table
6). This result might be due to positive response of N and P
application, which is influence the rate of hormones as well
as number of potato tubers set per hill, was increasing rate of

phosphorus and nitrogen [23, 24].

3.2.2. Marketable Tuber Number Per Hill

Analysis of variance showed that marketable tuber number
per hill of potato was significantly (P < 0.05) affected by null
application of vermicompost and NP fertilizer. This result
might be due to availability of essential nutrients released
from vermicompost and NP fertilizer. The highest marketable
tuber number per plant was recorded from the treatment that
received the highest vermicompost and NP fertilizer, while
the lowest was recorded from the control (Table 6). This
result was in accordance with the study reported, application
of 46 kg N ha” and 5 t ha" vermicompost was increase
marketable root yield of sweet potato by 48.55% as
compared to control [25].

Table 6. Main effect of vermicompost with NP fertilizer rate on marketable, unmarketable and total tuber number per hill of potato.

Vermicompost (t ha™) MTN per hill UNMTN per hill TTN per/hill
0 7.20° 6.21 11.49¢
5.0 8.85° 6.27 12.800°
75 10.50° 5.53 13.89¢
LSD (5%) 0.74 0.98 2.09
NP (%)

25 8.20° 6.24 12.32¢
50 9.43° 5.44 12.65%
75 9.48° 5.79 13.05°
100 10.64° 5.25 13.67°
LSD (5%) 3.24 2.44 2.62
CV (%) 10.92 23.04 12.32

MTN= marketable tuber number per hill; UNMTN =unmarketable tuber number per hill; TTN = total tuber numbers per hill, LSD (0.05) = Least significant
difference at 5% level; CV = coefficient of variation; NS = non-significant. Means in the column followed by the same letter(s) are not significantly different

at 5% level of significant.

3.2.3. Tuber Size Distribution in Weight

Analysis of variance showed that tuber size distribution in
weight was significantly (P < 0.05) affected for large,
medium and small size tubers in main effect of
vermicompost and NP fertilizer application. The highest
tuber size distribution was recorded from the treatment that

received the highest 7.5 t VCha™ vermicompost and 100%
NP fertilizers. The reason for this result was might be due to
the adequate amount of nutrients from vermicompost that
increases the availability of phosphorus and nitrogen which is
easily usable by crop as well as by NP mineral fertilizer
which used to increase the tuber size. Similar result was
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reported by the research [26] high tuber number was
recorded from the treatment that received 20 t ha compost
combined with 225 kg ha™ phosphorus. Large amount of
small size tubers was recorded from the treatment that
received the lowest amount of VC and NP fertilizer. While,
low quantity of small size tubers was observed from the

treatment that received high vermicompost and NP fertilizers
(Table 7). This study was in agreement with the finding of
Hossain et al. [27] who reported that, maximum amount of
tuber size was recorded when use of integrated organic

fertilizer with inorganic.

Table 7. Main effect of vermicompost and NP fertilizer rate on large, medium and small size of potato.

Vermicompost (t ha™) Large size in percent (%)

Medium size in percent (%)

Small size in percent (%)

0 59.10°
5.0 61.48"
7.5 70.21°
LSD (5%) 2.64
NP (%)

0 60.06°
25 62.18°
50 64.63°
75 67.13°
100 71.79°
LSD (5%) 2.96
CV (%) 5.7

29.50*

13.18°

28.37° 11.22°
25.15° 8.64°
1.99 1.62
32.28° 13.67°
3227 11.55°
25.51° 9.86%
23.24° 8.64°
22.83¢ 8.38°
223 1.81
10.1 21.3

LSD (0.05) = Least significant difference at 5% level; CV= coefficient of variation; Means in the table followed by the same letters are not significantly

different at 5% level of significant.

3.3. Tuber Yield Parameters of Potato

3.3.1. Marketable Tubers Yield (t ha™)

Analysis of variance showed that marketable tuber yield of
potato were significantly (P < 0.05) influenced due to
interaction effect of NP fertilizers and Vermicompost. The
highest marketable tuber yield (37.10 t ha™) was obtained
from the treatment that received the highest integrated
application of (100 kg ha” NP with 7.5 t ha') NP and
vermicompost fertilizers, while the lowest yield (10.81 t ha™)
was recorded from the control (Table 8). The possible reason
for this increment of marketable tuber yield was might be due
to increasing soil nutrient that is used for vegetative growth
and enable crops to produce greater photo assimilate.
According to the report, nitrogen fertilization has significant
influence on marketable tuber yield of potato [28, 21].
Similarly, N and P fertilization has significant effect on
productivity of marketable tuber yields of potato [29, 30].

Table 8. Interaction effect of vermicompost and NP fertilizer rates on
marketable tubers yield (t ha™).

marketable tuber yield (40.10 t ha™) was obtained from the
treatment that received the highest integrated application of
(100 kg ha' NP with 7.5 t ha') NP and vermicompost
fertilizers, while the lowest yield (12.01 t ha™) was recorded
from the control (Table 9). This result might be due to the
positive effect of both nitrogen and phosphorus on total tuber
weight [30]. According to the report, increment of total tuber
yield was from nitrogen and phosphorus which is used to the
vegetative growth and translocations of photosynthetic
matters into the storage parts [28]. This result was consistent
with the result of another scholar reported that, application of
nitrogen was increase total tuber yield [21].

Table 9. Interaction effect of Vermicompost and NP fertilizer rates on total
tuber yield (TTY).

NP rate (%)

Ve (tha™)

0 25 50 75 100
0 12.01  17.50' 18.00' 18.89 18.93)
5.0 21.662"  22.50¢ 23.73% 26.23" 29.07%
7.5 3143 34.82% 37.02% 38.04% 40.10a

LSD 5% = 1.653 CV%=1.7

S NP rate (%)
Ve@hay =5 25 50 75 100
0 10810 12.29 13.79" 13.89" 14.45"
5.0 17.66  18.50" 21.73% 26.23° 29.07%¢
7.5 29.83¢  31.82% 33.02% 35.04 37.10a

LSD 5% =1.653; CV % =1.7

LSD (0.05) = Least significant difference at 5% level; CV= coefficient of
variation; Means in the table followed by the same letter(s) are not
significantly different at 5% level of significance

3.3.2. Total Tuber Yield (Tty)

Analysis of variance showed that total tuber yield of potato
were significantly (P < 0.05) influenced due to interaction
effect of NP fertilizers and Vermicompost. The highest

LSD (0.05) = Least significant difference at 5% level; CV= coefficient of
variation; Means in the table followed by the same letter(s) are not
significantly different at 5% level of significance

4. Conclusion

Analysis of variance showed that, there were significantly
(P < 0.05) influenced due to interaction effect of NP
fertilizers and Vermicompost on days to 50% flowering, days
to 90% maturity, plant height, marketable tuber yield and
total number per hill. Thus, the highest marketable tuber
yield and total tuber yield was obtained from the treatment
that received the highest rate of integrated Vermicompost and
NP fertilizers. This study was indicated that, potato yield has
more increment when integrated vermicompost with NP
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fertilizers application used. Therefore, the result were
concluded that, the maximum tuber yield of potato ware
recorded from the interaction of 7.5 vermicompost t ha™ with
100 NP fertilizer rate in the study area. Further experiments
have to be conducted to recommend integrated vermicompost
with NP fertilizers for higher yield and soil fertility in the
study area.
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