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Abstract

The Integrated Soil Fertility Management (ISFM) is to maintain soil health and crop production. A study was carried out in East
Shewa Zone, Dugda District, on farmers’ fields to evaluate the combined effects of vermicompost (organic fertilizer) and NPS
(inorganic fertilizer) on soil chemical properties and Tef production. Integrated soil fertility management, involving the use of
both organic and inorganic fertilizers, aims to sustain soil fertility and enhance crop yields. Although analysis of variance revealed
no significant differences (p> 0.05) in Tef grain yield, panicle length, plant height, and harvest index among treatments, the
highest grain yield of Tef (1750.33 kg ha!) was recorded in the treatment where 50% of the Nitrogen requirement was supplied
through vermicompost. Composite soil samples collected before fertilizer application and after harvest were analyzed to assess
the residual effects of vermicompost on soil physicochemical properties. Results showed that soil pH was not significantly
influenced (p> 0.05) by vermicompost application. However, soil organic carbon (SOC), cation exchange capacity (CEC),
available phosphorus (P), and total nitrogen (TN) significantly improved (P<0.05) with vermicompost use. Initial soil tests
indicated low levels of SOC, CEC, available P, and TN, highlighting the positive residual impact of vermicompost on soil fertility.
A partial budget analysis identified the economically optimal treatment as the one combining 50% vermicompost with NPS
fertilizer, yielding the highest net benefit of 202,540 Birr per hectare. Therefore, the study concludes that integrating 50%
vermicompost (1.725 t/ha) with 46 kg ha™! P,Os (100kgDAP) fertilizer enhances Tef productivity and soil fertility in the study
area and similar agro-ecological zones.
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1. Introduction

Tef is recognized as one of the most stable food crops that ~ drought-prone areas to waterlogged soils, and altitudes from
originated and diversified in Ethiopia. It is highly favored by  sea level to 3,000 meters above sea level [3]. Its resilience to
the Ethiopian population for food consumption due to its rich both abiotic and biotic stresses, along with its compatibility
nutritional profile [15]. Tef is esteemed for its ability to adapt ~ with various cropping systems, has enabled Ethiopian farmers
to a variety of environmental conditions, ranging from  to cultivate it for millennia, despite yields being relatively low
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in comparison to other cereals [1]. Nevertheless, the produc-
tion and productivity of tef face several constraints. A signif-
icant challenge affecting tef production is the depletion of soil.
Continuous cultivation without sufficient nutrient replenish-
ment results in nutrient mining, particularly deficiencies in ni-
trogen and phosphorus, which are essential for teff growth [3].
The limited application of fertilizers, due to high costs or in-
adequate access, the exclusive use of chemical fertilizers, and
the unbalanced application of these fertilizers over time con-
tribute to the degradation of soil health, which in turn dimin-
ishes crop yields [14].

Recently, there has been a growing focus on the use of or-
ganic wastes, farmyard manure, compost, and poultry manure
as effective strategies to enhance soil health. The Integrated
Soil Fertility Management (ISFM) paradigm recognizes the
importance of combining both organic (compost) and mineral
inputs to maintain soil health and crop production, owing to
the beneficial interactions and complementarities between
them [20].

According to [11], the application of compost has been
shown to enhance grain yield and soil fertility when compared
to the use of chemical fertilizers alone. Conversely, the use of
organic fertilizers has been documented to promote crop
growth by providing essential plant nutrients, including mi-
cro-nutrients, while also enhancing the physical, chemical,
and biological properties of the soil. This improvement creates
a more favorable environment for root development by en-
hancing soil structure [7]. Moreover, the cost of inorganic fer-
tilizers is currently on the rise, rendering them unaffordable
for resource-limited smallholder farmers.

Given the environmental pollution associated with the ex-
cessive use of chemical fertilizers, there is a pressing need for
an alternative approach based on biological sources that is
both safe for use and less costly. This approach aims to gener-
ate sufficient plant nutrients through 'integrated soil fertility
management,’ which posits that the complete or partial re-
placement of chemical fertilizers in the soil with vermicom-
post can yield both environmental and economic benefits,
thereby ensuring more sustainable crop production. Ver-
micompost is widely acknowledged as one of the most effec-
tive methods for recycling agricultural and other biodegrada-
ble wastes to produce high-quality compost. Worms process
biomass and excrete it in a digested form known as worm casts,
often referred to as '‘Black gold'. These casts are rich in nutri-
ents, growth-promoting substances, and soil microflora and
they possess properties that inhibit pathogenic microbes, mak-
ing them stable, fine organic manure that enhances soil quality
and its biological and physicochemical properties [7]. This
process is gaining popularity as a fundamental component of
organic farming systems, as it fulfills the requirements for or-
ganic products.

Consequently, assessing Integrated Soil Fertility Manage-
ment (ISFM) in tef production is crucial for identifying the
most effective and efficient combinations of vermicompost
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and inorganic nutrient sources that optimize yield and improve
overall productivity. Such evaluation also helps to determine
the optimal fertilizer rates and organic amendments suited to
local soil and climatic conditions, ensuring better nutrient use
efficiency and reducing input costs for farmers. It also pro-
vides evidence on how ISFM can address key production con-
straints like soil fertility depletion.

2. Objectives

1) To evaluate the effect of vermicompost integrated with
chemical fertilizer on yield and yield components of Tef.

2) To recommend best combination rate of vermicompost
and chemical fertilizer for better production of Tef.

3. Materials and Methods

3.1. Description of the Study Area

The study was conducted in Dugda District, East Shewa
Zone of Oromia region, Ethiopia. It is located at the distance
of about 130km away from the capital city, Addis Ababa, in
south direction on the main road to Hawassa. The study area
is part of the central rift valley of the country. Dugda is bor-
dered on the Southeast by Hora-Dambal, on the South by
Adami Tullu Jido Kombolcha District, on the West by the
Southern Nations, Nationalities and Peoples Region, on the
Northwest by the Southwest Shewa Zone, on the north by the
Awash River. Dugda district has latitude of 8° 09' 60.00" N
and a longitude of 38° 49' 59.99" E with an elevation of 1636
meters above sea level. Dugda district has a climate with bi-
modal rainfall and a mean annual temperature of around 25°C.
The district receives an average annual rainfall of 750 mm,
with a minimum of 22°C and a maximum of 28°C. Soil types
include Vertic Cambisols, Luvic Phaeozems, Lithosols, and
Fluvisols, with dark brown and sandy loam, clay loam, and
clay soils being common [5]. The vegetation is characterized
by Acacia-Commiphora woodland with dominant species like
Acacia tortilis and Balanites aegyptiaca.

3.2. Vermicompost Preparation and Analysis

Vermicompost was prepared from Animal manure, and
Haricot bean straw at Adami Tulu Agricultural research center.
Ratio of 50% Animal manure and 50% Haricot bean straw
were combined on weight based as a feeding material for ver-
miworms. Compost samples were taken and analyzed to eval-
uate its quality in terms of total nitrogen content to calculate
the compost and chemical fertilizer equivalency. Accordingly,
total Nitrogen content of vermicompost was 2% on average.
Therefore, 23 quintal vermicompost can provide 46kg Nitro-
gen which is equivalent to 100kg UREA fertilizer.
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Figure 1. Location Map of Dugda district in East Shewa Zone, Oromia.

3.3. Experimental Design and Treatments

The experiment has five treatments with three replications
on plot size of 3m * 4m arranged in RCBD design. Boset Tef
variety, which is the most commonly used by the farmers in
the area, was used to evaluate the treatments. Recommended
chemical fertilizer was applied based on site specific crop re-
sponse P-calibration study for Tef production in the district.
According to the report, optimum-N, P-critical, and P-require-
ment factor for Tef was 46 kg, 13, and 3.65 respectively.

Treatment Arrangements

1) Recommended NP

2) 100%Equiv. Vermicompost +Recommended
Phosphorous

3) 75%Equiv. Vermicompost +25%N+ Recommended
Phosphorous

4) 50%Equiv. Vermicompost +50%N+ Recommended
Phosphorous

5) 25%Equiv. Vermicompost +75%N+ Recommended
Phosphorous

3.4. Data Collection

Soil samples were collected to the depth of 20cm before
planting and after harvesting to evaluate the effect of compost
on soil chemical properties. Yield and yield components data
were also collected after harvesting from all plots. Economic
importance of integrated soil fertility management was also
collected.
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3.5. Data Analysis

The collected data was interred to the Microsoft excel and
analyzed using SAS 9.0 software version. Soil and compost
samples were analyzed for physical and chemical properties
following analytical standards. The economic analysis was
done using partial budget analysis model developed by CIM-
MYT (1998) to recommend the economically important com-
bination of organic and inorganic fertilizer.

4. Results and Discussion

4.1. Effects of Integrated Application of VC and
NP on Grain Yield and Yield Components
of Tef

The effects of integrated application of VC and NP on the
yield and yield components of tef are summarized in Table 1.
The results clearly show that there were no significant differ-
ences (P> 0.05) among the treatments in terms of grain yield
(Table 1). Similarly, the average values for plant height, pan-
icle length, and harvest index also showed no significant dif-
ferences (P> 0.05) across treatments. In contrast, total biomass
yield exhibited significant differences (P< 0.05) between
treatments. Notably, treatment four, where compost replaced
50% of the nitrogen fertilizer, recorded the highest grain yield
of 1750.33 kg/ha, followed by treatment five, which involved
applying vermicompost at 25% equivalent Nitrogen.
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Maize yield was significantly increased when vermicom-
post was used to partially substitute nitrogen fertilizer. Addi-
tionally, research by [6] and [19] demonstrated enhanced tef
grain yields through the combined use of organic and inor-
ganic fertilizers, attributing the improvement to vermicom-
post’s ability to supply macro and micronutrients, thereby
boosting nutrient use efficiency and grain development. Fur-
thermore, [4] discussed how nutrient use efficiency can be en-
hanced by integrating organic and inorganic soil amendments.

Similar observations were made by [12], who found that ap-
plying 4 t ha™* of vermicompost alongside inorganic fertilizer
increased wheat grain yield.

Moreover, it was evident that biomass yields consistently
increased with higher levels of combined fertilizer applica-
tions in most treatments. [8] suggested that this trend might be
due to vermicompost providing adequate and balanced nutri-
ents throughout the crop’s growth period, resulting in favora-
ble improvements in yield-related traits.

Table 1. Combined Effects of VC and NP on yield and yield components of Tef.

No. Treatment Grain yield kg ha*

1 Recommended NP 1720.00
2 100%Equiv. VC+RP 1686.67
3 75%Equiv.VC+25%N+RP 1722.00
4 50%Equiv.VC+50%N+RP 1750.33
5 25%Equiv.VC+75%N+RP 1736.67
CV (%) 10.28
LSD (0.05) 185.75
P-value 0.63

Total BM kg hat Av. HI (%) PH (cm) PL (cm)
6546.67a 26.37 79.53 28.13
5913.33b 28.72 80.00 31.40
6246.67ab 27.55 80.20 31.47
6350.00ab 27.60 81.67 30.13
6540.00a 26.66 80.33 31.40
8.58 11.38 6.79 10.72
554 3.27 4.74 3.33
0.012 0.08 0.77 0.14

BM=biomass, HI= harvest index, PH=Plant height, PL= Panicle length, VC=vermicompost

Effects of VC, NPS and Cropping Seasons on Grain yield
and Yield components of Tef

The analysis of variance (ANOVA) across three years re-
vealed that the variation in cropping seasons did not signifi-
cantly impact grain yield (P> 0.05). However, within the three-
year period, treatment 4, which involved a combination of 50%
vermicompost and 50% recommended Nitrogen application,
produced the highest grain yield (1966.67 kg ha) in 2023.

The biomass yield was not significantly influenced by the
combined effects of treatments and cropping seasons, except
in 2022 when biomass yield exhibited significant differences
based on the application of different treatments. Again, treat-
ment four, using 50% vermicompost and 50% recommended
nitrogen, resulted in the highest biomass yield (6783.33 kg ha
1), particularly in the 2023 cropping season (Table 2).

Table 2. Effect of VC, NPS and Cropping Seasons on Grain and Biomass Yield of Tef.

Grain yield in kg ha!
No. Treatments

2022 2023
1. Recommended NP 1733.33 1700.00
2. 100%Equiv. VC+RP 1683.33 1783.33
3. 75%Equiv.VC+25%N+RP 1650.00 1866.67
4. 50%Equiv.VC+50%N+RP 1650.00 1966.67
5. 25%Equiv.VC+75%N+RP 1683.33 1808.33
CV (%) 9.81 7.45
LSD 0.05 279.60 237.89

Total BM kg ha'!

2024 2022 2023 2024
1733.33 6433.33ab 6583.33 6020.00
1500.00 5683.33c 6333.33 5533.33
1566.67 6183.33abc 6583.33 5700.00
1633.33 6050.00bc 6783.33 6033.33
1700.00 6683.33a 6416.67 6300.00
10.80 6.97 8.25 9.09
495 729.00 911.60 1480
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Grain yield in kg ha*
No. Treatments

2022 2023

P-value 0.90 0.14

The combined effects of treatments and cropping seasons did
not have a significant impact on panicle length, plant height, or
harvesting index (P> 0.05). The highest measurements for these
traits 34.00 cm for panicle length, 83.17 cm for plant height, and
29.77% for harvesting index were recorded in the 2023 crop-
ping season under the treatment combining 50% vermicompost

Total BM kg ha!

2024 2022 2023 2024

0.92 0.002 0.79 0.14

equivalent with 50% of the recommended nitrogen. This out-
come is likely attributed to better monitoring and management
of the experimental sites during 2023, as opposed to 2024, when
security issues hindered proper site supervision. Overall, the
2023 experiment proceeded without the challenges encountered
in other cropping seasons.

Table 3. Effect of VC, NPS and Cropping Seasons on Plant height, Panicle length and Harvest index.

HI (%)
Treatments

2022 2023 2024
Recommended NP 27.01 25.95 25.92
100%Equiv. VC+RP 29.11 28.20 27.68
75%Equiv.VC+25%N+RP 26.71 28.41 27.53
50%Equiv.VC+50%N+RP 27.33 29.77 27.10
25%Equiv.VC+75%N+RP 24.83 28.36 26.93
CV (%) 10.29 10.40 14.31
LSD (0.05) 5.73 511 10.95
P-value 0.160 0.63 0.45

Residual Effect of vermicompost and on soil properties

4.2. Effect of Vermicompost on Soil pH

Soil pH serves as a valuable indicator of a soil’s suitability
for plant growth, with most crops thriving best in a pH range
of 6.0 to 7.5 (USDA NRCS guideline, 2013). Soil pH levels
that are either too high or too low can cause nutrient deficien-
cies reduce microbial activity, decrease crop yields, and neg-
atively impact soil health.

In the current study, vermicompost application did not sig-
nificantly influence soil pH (P> 0.05) although numerical var-
iations were observed among treatments. The highest pH
value (6.42) was found in plots treated with a 50% equivalent
dose of vermicompost, while the lowest pH (6.17) occurred in
plots receiving a recommended NP alone (Table 4). Likewise,
no significant differences were detected between soil pH
measured before planting and after harvest, but post-harvest
pH values showed a slight upward trend compared to initial

Plant height (cm)

Panicle length (cm)

2022 2023 2024 2022 2023 2024
78.83 79.00 82.00 29.33 27.00 28.00
82.33 77.67 80.00 30.17 31.50 33.67
82.17 79.33 78.00 31.83 31.33 31.00
81.33 83.17 79.33 28.83 34.00 31.00
79.50 79.33 84.00 31.50 31.67 30.67
6.99 5.02 6.84 11.32 10.17 12.11
8.22 6.78 14.83 5.94 5.20 9.76

0.61 0.21 0.70 0.917 0.06 0.76
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measurements across all experimental plots (Table 4). This in-
crease is likely due to the relatively high levels of exchangea-
ble calcium and magnesium present in vermicompost [6].
These results are consistent with findings by [18], who
demonstrated that vermicompost application enhances overall
soil physico-chemical properties and reduces exchangeable
acidity, thereby promoting the availability of alkaline nutri-
ents such as calcium, magnesium, and potassium.

4.3. Effect of Vermicompost on Soil Cation
Exchange Capacity (CEC)

Cation exchange capacity (CEC) represents the total nega-
tive charges in soil that attract and hold plant nutrient cations
such as calcium (Ca?*"), magnesium (Mg?"), and potassium
(K*). It is an important soil property that indicates the soil’s
ability to supply these essential nutrients to plants. The CEC
was found to be significantly (P < 0.05) affected by the appli-
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cation rates of vermicompost (\VC), as shown in Table 4. Spe-
cifically, CEC increased slightly with higher rates of ver-
micompost. The highest CEC value (20.43 cmol.kg™) was
recorded in plots treated with the maximum vermicompost
dose (100% equivalent), while the lowest CEC (9.25
cmolkg™?) was observed from initial soil sample analysis.
This increase is likely due to the humic acids present in ver-
micompost, which bind nutrient cations [16].

Furthermore, post-harvest CEC levels in vermicompost-
treated plots were significantly greater than those in the con-
trol plots and the initial soil samples. Similar research by
Arancon et al. (2006) demonstrated that vermicompost appli-
cation enhances soil organic matter and CEC, thereby improv-
ing nutrient availability and promoting plant growth. Addi-
tionally, [10] reported that vermicompost not only increases
soil CEC but also boosts microbial activity and improves soil
structure, all of which contribute to better crop growth and
yield.

4.4. Effect of Vermicompost on Soil Organic
Carbon (SOC)

Soil organic carbon (SOC) content was significantly af-
fected (P<0.05) by the application of varying rates of ver-
micompost (Table 4). SOC showed a clear increasing trend as

the amount of vermicompost applied increased. The highest
SOC level (3.24%) was recorded in plots receiving the maxi-
mum vermicompost dose (100% equivalent), whereas the
lowest SOC (1.21%) was observed in plots treated solely with
NP fertilizer. Additionally, SOC levels in the soil before plant-
ing and in untreated plots were significantly lower than those
in plots treated with different vermicompost rates (Table 4).
This increase is primarily due to vermicompost’s high organic
matter content, which directly enhances soil organic carbon.
The organic matter in vermicompost includes stable com-
pounds such as humic acids, which play a crucial role in sus-
taining long-term soil fertility and carbon retention. Similar
studies have shown that vermicompost boosts microbial bio-
mass and enzymatic activity in soils, which promotes the sta-
bilization of organic matter and results in higher SOC levels
[2] Vermicompost also helps retain soil carbon by slowing the
mineralization of organic matter, as its complex organic com-
pounds reduce decomposition rates, leading to SOC accumu-
lation. Furthermore, vermicompost application leads to
greater SOC compared to chemical fertilizers, thanks to its
ability to increase organic matter and enhance soil microbial
activity [13]. Overall, vermicompost significantly improves
SOC by adding organic matter and stimulating microbial pro-
cesses, thereby enhancing soil structure and fertility [9].

Table 4. Mean comparisons of post-harvest and initial Soil chemical properties.

Treatment description Soil pH SOC (%)
Recommended NP 6.17 1.21d
100%Equiv. VC+RP 6.81 3.24a
75%Equiv.VC+25%N+RP 6.59 2.28b
50%Equiv.VC+50%N+RP 6.42 1.92c
25%Equiv.VC+75%N+RP 6.35 1.67c
Initial soil analysis 6.10 1.27d
CV (%) 2.90 13.80
LSD (0.05) 0.67 0.29
Significance NS *x

4.5. Effect of Vermicompost on Total Nitrogen
(TN)

The post-harvest total nitrogen (TN) content of the soil was
significantly (P<0.05) affected by the application of varying
rates of vermicompost (Table 4). TN content increased pro-
gressively with higher vermicompost rates. The highest TN
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CEC (cmoli+ kg')  Av.Pin ppm TN (%)
10.90d 14.03d 0.19¢
20.43a 24.11a 0.30a
17.03b 20.78b 0.29a
16.22b 18.20c 0.22b
12.71c 16.60c 0.18cd
9.25d 13.68d 0.17d
8.80 10.40 11.90
1.65 2.20 0.02

** ** **

value (0.29%) was recorded in plots treated with the maxi-
mum dose (100% equivalent) of vermicompost, while the
lowest TN (0.17%) was observed in initial soil sample analy-
sis. Additionally, soil TN levels before planting and in un-
treated plots were significantly lower than those in plots
treated with different vermicompost rates (Table 4).
Consistent with these findings, previous research has shown
that vermicompost application enhances soil nitrogen content,
which is linked to improved strawberry yields (Raza S. et al.,
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2023). This improvement is attributed to the increased organic
matter in vermicompost, which contains nitrogen in organic
forms. These forms are gradually mineralized into plant-avail-
able nitrogen (NH+" and NOs") by soil microorganisms. Ver-
micompost benefits soil TN by boosting organic matter, stim-
ulating microbial activity, and supplying nitrogen steadily
through mineralization [9]. Its use supports sustainable agri-
culture by enhancing soil fertility and promoting plant growth
without the negative environmental effects often associated
with chemical fertilizers.

4.6. Effect of Vermicompost on Available
Phosphorous (Av.P)

Vermicompost, produced through the decomposition of or-
ganic matter by earthworms, has a notable impact on soil
health and fertility, particularly in enhancing the availability
of phosphorus (P). The post-harvest soil phosphorus levels
were significantly influenced (P< 0.05) by varying rates of
vermicompost application, as shown in Table 4. An increasing
trend in available phosphorus was observed with higher ver-
micompost rates. The highest phosphorus concentration
(24.11ppm) was recorded in plots receiving the maximum ver-
micompost dose (100% equivalent), whereas the lowest level

(14.03 ppm) was found in plots treated solely with NP ferti-
lizer. Furthermore, phosphorus availability before planting
and in untreated plots was considerably lower compared to
those treated with different vermicompost rates (Table 4).

Similar studies have demonstrated that vermicompost en-
hances soil phosphorus availability because earthworms de-
compose organic matter and transform it into nutrient-rich hu-
mus. The microbial communities present in vermicompost play
a vital role in mineralizing organic phosphorus compounds,
converting them into plant-accessible forms. Additionally, re-
search by [17] reports that vermicompost application signifi-
cantly improves soil phosphorus availability, which in turn pro-
motes better plant growth and increased grain yields.

4.7. Partial Budget Analysis

Partial budget analysis was conducted to assess the inte-
grated use of vermicompost and NP fertilizers in tef produc-
tion. As shown in Table 5, the economic evaluation revealed
that the highest net income (202,540.00 ETB) was achieved
with Treatment 4, where the recommended NP fertilizer rate
was combined with 50% vermicompost. This was closely fol-
lowed by the treatment involving 75% vermicompost plus 25%
nitrogen and the recommended phosphorus fertilizer, which
resulted in a net income of 200,640.00 ETB.

Table 5. Partial budget analysis using CIMMYT (1998).

VI TS NoRn T g St et
Recommended NP 150 100 0.00 10500 1720.00 206400 195,900
100% Equiv.. V.C +R. P 0.00 100 34.50 4500 1686.67 202400 197,900
75% Equiv.. V.C+25%N+R. P 345 100 25.87 6000 1722.00 206640 200,640
50% Equiv.. V.C+50%N+R. P 75 100 17.25 7500 1750.33 210039 202,540
25% Equiv.. V.C+75%N+R. P 1125 100 8.625 9000 1736.67 208400 199,400

5. Conclusion and Recommendations

Integrated Soil Fertility Management (ISFM) plays a vital
role in sustainable land management. The study revealed that
combining vermicompost with chemical fertilizers enhances
soil nutrient content and increases crop yields. The highest eco-
nomically optimal tef grain yield was achieved by applying
50% vermiequivalent along with the recommended dose of
P,0s (46 kg ha'?). Analysis of soil samples after harvest showed
that major soil nutrients were significantly higher in plots
treated with varying levels of vermicompost compared to the
initial soil status and plots without vermicompost application.

Therefore, adopting ISFM not only improves tef grain yield
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but also has a beneficial residual effect on soil health. In con-
clusion, the combined application of 50% vermi-equivalent
Nitrogen (equivalent to 17.25 quintals of vermicompost), 75
kgha' urea, and 100 kgha* DAP fertilizer is economically vi-
able and recommended for enhancing tef production and soil
fertility in the study area.

Abbreviations

R.P  Recommended Phosphorous
V.C Vermicompost

TVC Total Variable Cost

VC Variable Cost

GY Grain Yield
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