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Abstract: Crop management strategies that improve nitrogen use efficiency and increase profits while reducing the
detrimental effects on the environment due to loss of nitrogen fertilizer. A study was conducted in 2019 cropping season to
evaluate effectiveness of vermicompost, N fertilizer and their combinations in improving nitrogen uptake and nitrogen use
efficiency at Holeta Agricultural Research Center. The experiment was designed in a split- split-plot combination with wheat
varieties (Wane and Danda’a) as main plots, four vermicompost rates (0, 2.5, 5 and 7.5 t ha™") as sub-plot and four N fertilizer
rates (0, 23, 46 and 69 kg N ha™) as sub-sub plot with three replications. Synergistic nutrient interaction effect sourced from
vermicompost and urea fertilizer brought positive influence on wheat nitrogen uptake and use efficiency. The highest (154.33
kgha™) total nitrogen uptake was obtained from combined application of Wane variety together with 5 t ha™ vermicompost and
46 kgha™ of nitrogen fertilizer while the lowest value (33.21kgha™) was obtained from control plot. Maximum grain nitrogen
use efficiency (93.45 kg kg™) was recorded from plot that received Wane variety with 23 kg N ha™ and the value decreased as
vermicompost and N fertilizer level increased while the lowest (29.63 kg kg™') value was obtained when Danda’a variety used
with vermicompost at 7.5t ha™ and 69 kg ha 'nitrogen fertilizer. Similarly, the highest nitrogen apparent recovery efficiency
(111.42%) and agronomic efficiency (42.59 kg kg™') were observed in treatment that received Wane variety with combined
application of vermicompost at 5 t ha™' and nitrogen at 46 kg ha" while the lowest value was respectively obtained from
Danda’a variety with nitrogen at 69 kg ha” and Danda’a variety with vermicompost at 2.5t ha™'. The maximum (72.64%) N
harvest index was recorded from variety Wane when applied with combination of vermicompost at 2.5t V ha™ and nitrogen at
46kgha™, but the minimum (61.98%) value was recorded from application of vermicompost at 7.5tha”. Therefore, integrated
use of variety, vermicompost and nitrogen fertilizer is found to be better in enhancing nitrogen fertilizer efficiency and
reducing environment problems.
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fertilizers were applied globally in 2002 [2]. Nitrogenous
fertilizer consumption continued to grow worldwide to
improve crop yield. Improper application of N fertilizes to
fields contaminate surface and ground water. Yet,
improvement of N Use efficiency (NUE) has been a primary
focus of soil scientists and agronomists for a long time [3, 4].
Crop management strategies that improve NUE obviously
increase farm profits while reducing the detrimental effects

1. Introduction

Nitrogen (N) is required in large quantities for wheat
production and is considered the most yield limiting nutrient.
Usually, farmers apply either limited or excess N regardless
of crop requirement and nature of crop management practices
[1]. According to the Food and Agriculture Organization of
the United Nations, about 85 million Mt of nitrogenous
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on the environment associated with fertilizer N loss [5].

Use of various sources of fertilizers has made a
tremendous contribution in enhancing food production. It has
been estimated that nutrient inputs are responsible for 30-
50% of crop yield [6]. However, the issues such as low NUE
and associated environmental pollution and global warming
have raised serious concerns about the current nutrient
management practices. The recovery efficiency of fertilizer
nitrogen is about 20-40%, which is in a low range [7]. The
major reasons for low and declining crop responses to
fertilizer nutrients include continuous nutrient mining from
the soil due to imbalanced nutrient use (7:2.8:1 NPK) leading
to depletion of some of the major, secondary and micro
nutrients like N, K, S, Zn, Mn, Fe etc., decreasing use of
organic nutrient sources such as vermicompost or compost
and integration of these sources with chemical fertilizers in
cropping systems leading to serious soil fertility depletion.

Worldwide NUE for cereal production was estimated to be
33 percent [8]. This low percentage was influenced by both
direct and indirect factors. Among the causes and pathways
for direct N loss, application of N in amounts that exceed
crop growth requirements is the major one. It has been
clearly shown in the literature that applying the correct rate
and source of N is considered to be the most important factor
in improving nitrogen fertilizer efficiency [9]. This can be
achieved by easily implementing laws governing mobile
nutrients and using soil test facilities when available [10].
Proper nutrient management practice is useful to increase the
performance of crop, provide economically optimum
nourishment to the crop, and minimize nutrient losses from
the field and supporting agricultural system sustainability.
Cropping system, soil and water management, use of
appropriate N fertilizer source and rate based on crop variety

N
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and soil type are among the main management options to
increase N fertilizer use efficiency [11].

In addition, uses of slow N releasing fertilizer source and
N efficient species or genotypes are important factors to be
considered to improve N use efficiency [12]. Nutrient use
efficiency addresses some but not all aspects of crop
performance [13]. Improved nitrogen use efficiency is
important for sustainable crop production and maintaining
environmental quality. Nitrogen accumulation or uptake and
nitrogen harvest index are the key indicators of nitrogen
fertilizer use efficiency [15]. Estimates of NUE calculated
from research plots on experimental stations are generally
greater than those for the same practices applied by farmers
in production fields. Nitrogen uptake increases with
combined use of organic substance and mineral fertilizer due
to improvement in soil structure, crop root development and
increases in crop yield. The most important practices that can
improve fertilizer efficiency are liming acid soils, use of
adequate N rates, source and timing and planting N efficient
genotypes within species [16]. Therefore, the study was
conducted to evaluate effect of vermicompost and nitrogen
fertilizer rates on nitrogen uptake and nitrogen use efficiency
of wheat varieties under Nitosols in Welmera District.

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

The experiment was conducted at Holeta Agricultural
Research Center, which is located at a distance of 29 km
from Addis Ababa and found at latitude of 9°2' 30" to 9° 3'
19.43" North and longitude of 38° 28'15" to 38° 30' 25.43"
East.
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Figure 1. Map of the Study Area.
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2.2. Climate and Topography

The study area is characterized by mono-modal rainfall
pattern. The ten year an average annual rainfall recorded
was 1067 mm (834 to 1300 mm). It was high during the
three summer months (June to August), which accounts
for 85 percent of the annual rainfall. Average minimum

and maximum temperatures are 6.2°C and 22.1°C,
respectively. The mean relative humidity is 58.7% at
Holeta Agricultural Research Center. Welmera district is
situated at an altitude of 2,400 m above sea level and
characterized by plateau plains, which are moderately
elevated and gentle sloping.

400

350 +

300

250 -+

200

Rainfall(mm)

150

100

50

Jan Feb. Mar.  Apr.

R ainfall

Jul.  Aug. Sept. Oct. Nov. Dec.
Month of the year

May.  Jun.

=fl=Maximum Temp..

30

Temperature (cO)

efy=Minimum Temp. «fp=Average Temp.

Figure 2. Total rainfall and mean temperature of HARC center.

2.3. Vermicompost Preparation Procedures

Vermicompost preparation was conducted at Holeta
Agricultural Research center. A vermicomposting unit
dimension of 1x 1 x 1 m® was set up. The vermicompost was
prepared from organic materials such as green plants, animal
dung, pulse straw and leaves. The raw materials were put up
in layers in the following sequence according to [16]. A layer
of 20 cm crop residues which accounts 60% was spread as
bedding materials. A layer of 5-10 cm animal dung which
accounts for 30% was scattered over the bedding materials
and then a layer of 2-4 cm topsoil which was equal to 10%
was spread over cattle dung. Then, species of earthworms
(Eisenia foetida) were introduced. After inoculation of
worms, well chopped castor leaf was spread over as feeding
materials subsequently upon decomposition. The materials in
the bin were turned every 3 days and sprinkling of water was
done to maintain 60-70% moisture content until 90% bio-
wastes were decomposed. Maturity of the vermicompost was
judged visually by observing the formation of black-brown
color and granular structure of the vermicompost at the
surface of the bin. Two months later, upon decomposition,
the vermicompost was harvested. The harvesting was made
by manual separation of castings from worms. The

vermicompost obtained was shade dried, sieved and analyzed
for nutrient contents using standard procedures in the
laboratory.

2.4. Treatments and Experimental Design

The experiment was arranged in a factorial split- split-plot
design with three replications. Two wheat varieties (Wane and
Danda’a) as main plots, four vermicompost amendment levels
(0,2.5, 5 and 7.5 t. ha™") as sub-plot and four N fertilizers (0, 23,
46 and 69 kg N ha™) as sub-sub-plots were used. Treatments
were randomized in every block. The experiment had total
treatment combination of 2 x 4 x 4 = 32 treatments.

The experimental site was prepared for sowing using
standard land preparation practices of the center; Tractor-
mounted disk plowing and disk harrowing was carried out in
May 2019. The area of main plot was 9.5 m x 11.5 m, the area
of the sub-plot and sub-sub plot was 9.5 m x 2.5 m and 2 m x
2.5 m respectively. The total area of trial site was 771.75 m’
and the net plot size of the sub-sub plot was 1.8 m * 2.3 m
(4.14 m?). Sowing was taken place at the end of June. At the
time of sowing, the experimental plots were finely delineated
manually using rakes and fork diggers and the planting rows
were made using iron row markers adjusted in 20 cm row
spacing. Then, the Main plots were sown with two bread
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wheat varieties (Wane and Danda’a) at the rate of 150 kg ha™.

The vermicompost were applied manually and evenly to
sub-plots during sowing and thoroughly mixed in the upper
15 cm of soil. The recommended nitrogen (urea) fertilizer
application rate for bread wheat production is 60 kg N ha™.
To minimize losses and increase efficiency, all the levels of N
were applied in the row as urea in two applications; half at
planting and the other half at mid-tillering during light
rainfall to minimize loss of N. The recommended phosphorus
fertilizer (69 kg P ha ') was uniformly applied as triple super
phosphate (TSP) to all plots at sowing in a band to the rows.
Other relevant field trial management practices such as
weeding and crop protection were uniformly applied with
close supervision during the crop growth period.

2.5. Soil Sampling and Analysis

Soil samples were taken both before and after planting
from the experimental field. Disturbed (using auger) soil
samples which were composited by thoroughly mixing and
undisturbed (using core) one was also collected. Before
planting, disturbed samples were randomly taken from five
different spots across each block from a depth of 0-20 cm to
make one composite sample. After harvesting (five months
later), soil samples were collected from each plot at a depth
of 0 - 20 cm. The collected soil samples were bagged, labeled
and submitted to the Holeta Agricultural research laboratory.
In the laboratory sufficient amount of composite soil samples
were air dried and ground to pass a 2-mm sieve except for
organic carbon and total N in which 0.5 mm sieve was used.
Then, soil samples were analyzed for physicochemical
properties following standard laboratory procedures.

Particle size distribution was determined by the hydrometer
method [17]. After determining sand, silt, and clay separates; the
soil was assigned to textural classes using the USDA soil
textural triangle [18]. Bulk density was determined using the
core method as described by Jamison et al. [19]. The average
soil particle density (2.65 g cm™) was used for estimating total
soil porosity [20]. Soil water content was determined using
gravimetric method following the procedures described by [21].

The pH of the soil was measured from suspension of 1:2.5
(weight/ volume) soil to water ratio using a glass electrode
attached to digital pH meter [22]. Organic carbon content was
determined using wet digestion method [23]. Total Nitrogen
content was determined by the Kjeldahl digestion [24]. Available
Phosphorus was extracted using Bray-II method [25]. The P
extracted with this method was measured by spectrophotometer
following the procedures described by [26]. Exchangeable acidity
of the soil was determined by leaching-titration with 1N KCI as
described by [27]. Cation exchange capacity was determined from
the extract using ammonium acetate method [28].

2.6. Vermicompost Analysis

Total Nitrogen content of vermicompost was analyzed
using the Kjeldahl digestion, distillation and titration method
as described by [29]. Phosphorus content of vermicompost
was analyzed according to [30]. Other parameters determined

following similar standard methods used for soil analysis.
2.7. Plant Tissue Sampling, Preparation and Analysis

At maturity, five non-boarder wheat plant samples were
randomly collected from net plots of each plot and partitioned
into grain and straw [31]. The straw samples were washed with
distilled water to clean the samples from contaminants such as
dust. The grain and straw samples were oven dried at 70°C to
constant weight. Oven dried plant samples were ground with the
help of Willy mill grinder. After grinding the sample was passed
through 0.5 mm sieve. Then, the grains and straw samples were
analyzed for nitrogen content following wet digestion using
Kjedahl method as described by [29].

2.8. Nitrogen Uptake and Use Efficiency Indices

Total nitrogen uptake (TNU) was calculated as the sum of
the respective grain nitrogen uptake (NUG) and straw
nitrogen uptake (NUS) values. Then, nitrogen use efficiency
parameters by the crop were determined using the formulae
described by [32]

NUG (kg ha™1) = Av. Gy * I:ng (1)

Where, NUG -nitrogen uptakes of grain, Av.GY- average

grain yield (kgha™), NCG-nitrogen concentration of grain in
percent.

NCS
100

NUS (kg ha™') = Av.SY * ©)

Where NUG nitrogen uptake of straw, Av.GY average
grain straw, NCG nitrogen concentration of straw in percent.

TNU(kg ha™') = NUG + NUS 3)

Where TNU total nitrogen uptake, NUG nitrogen uptake
of grain, NUS nitrogen of straw.

Nitrogen Use Efficiency (NUE) is Weight of grain per unit
of total nitrogen supplied determined as follows:

Grain yield

NUE(kg/kg) = * 100 @)

Total nitrogen supply

Agronomic efficiency (kg grain/ kg N): It expressed as
units increase in economic yield per unit N fertilizer applied
was calculated as:

GYf-GYu
Na

AE(kg /kg) = (5)

AE stands for agronomic efficiency, Gyf and Gyu for grain
yield in fertilized and unfertilized plots, respectively, and Na
for quantity of fertilizer applied.

Apparent fertilizer N recovery efficiency (%): It indicates
the quantity of nutrient uptake per unit of nutrient applied
and was calculated as:

Nf—Nu
Na

ARE(%) = « 100 (6)

where Nf is the total N uptake of the fertilized plot (kg), Nu
is the total N uptake of unfertilized plot (kg) and Na is the
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quantity of N applied (kg).

Nitrogen harvest index (NHI) the ratio of nitrogen uptake
by grain and nitrogen uptake by grain plus straw and
determined as follows:

_ GNU

NHI (%) = == * 100 (7)

2.9. Data Analysis and Interpretation

All data were subjected to statistical analysis of variance
using a generalized linear model (GLM) in R statistical software
version 3.5.3 [33]. Significance of the treatments was tested
using the agricolae package of R [34]. The means were
compared using the Ismean package of R [35] with Duncan
Multiple Range Test (DMRT) set at a 5% level of significance.

3. Results and Discussion
3.1. Soil Physico-chemical Properties Before Planting

Selected physico-chemical properties were analysed for
composite surface soil (0-20cm) samples collected from each
replication before planting. The results indicated that the soil
has 68% clay followed by 20.75 silt and 11.25% sand and
could be categorized as clay textural class on the basis of
USDA Soil Survey Staff [18] soil textural triangle. The
measured bulk density (1.29 g.cm™) at the study site was
close to the critical value density for plant growth at which
root penetration is likely to be severely restricted for clay soil
as described by [36]. The mean total soil porosity of the
study area was 51.7 percent while the percentage of soil
moisture content in the study area was 16.25. The mean soil
reaction of the experimental site was 4.74 which is strongly
acidic. Soil organic matter, total nitrogen and available
phosphorus content of the study area were 2.09%, 0.11% and
6.32 ppm, respectively. According to the classification of soil
total nitrogen, organic carbon and available P suggested by
[37], the soils of study area were found in low range.

The pH of vermicompost was 7.6 which, moderately
alkaline. Moreover, the results of the analysis showed the
mean organic carbon and total nitrogen contents of
vermicompost were 9% and 1.12%, respectively. Similarly;
available phosphorus of vermicompost was 16.22 ppm. The
average concentrations of the exchangeable bases of
vermicompost were 12.34, 15.4, 8.2, and 1.32 cmol (+) kg'l,
for potassium, calcium, magnesium, and sodium respectively.

3.2. Effects of Vermicompost and N-fertilizer on N-uptake
and Efficiency Indices

3.2.1. Nitrogen Uptake of Wheat Varieties

Analysis of variance indicated that the main effect of
varieties, vermicompost and nitrogen significantly (P< 0.05)
influenced grain nitrogen uptake of wheat. Similarly, the two-
way interaction of variety x vermicompost, varieties X nitrogen,
vermicompost x nitrogen and the three-way interaction of
variety X vermicompost X nitrogen significantly (P< 0.05)
affected nitrogen uptake of wheat varieties. Grain nitrogen
uptake reflected grain yield response to the applied nitrogen

fertilizer rate. The nitrogen uptake by the grain was significantly
(P < 0.05) influenced by the interaction of varieties x
vermicompost X nitrogen fertilizer (Table 1). The highest
(110.84 kg ha™) amount of nitrogen taken up by the grain was
recorded from combined application of variety Wane along with
application of 7.5t ha vermicompost and 46 kg ha™ nitrogen
fertilizer while the lowest (23.81 kg N ha™) nitrogen uptake by
grain was recorded from Danda’ a variety without fertilizer
input.

Table 1. Interaction of effect of variety, vermicompost and N on grain N-
uptake.

Grain N-uptake (%)

. N

Variety V€ =5 23 46 69

Danda’a 0 23.81° 31.340 47.04" 58.80'
2.5 33.24™ 47.52! 60.16" 67.94%
5 48514 68.92¢ 94.78¢ 89.62¢
7.5 57.12j 76.34 90.88% 87.27¢

Wane 0 24.74° 36.91™ 45.56' 57.89
2.5 35.85™ 44.54! 64.01" 74.06
5 52.35! 74.80" 110.33% 103.30°
7.5 61.45" 80.92¢ 110.84° 107.72%

CD (s 443

CV (%) 42

The highest nitrogen up taken by varieties wane at the
highest rate of vermicompost and nitrogen fertilizer might
be due to improvement in crop yield as well as
enhancement in soil physical properties that help crop root
growth and distribution which reduce nitrogen loss hence,
increase uptake by the crop. In general, an improvement in
grain yield had resulted from increased in nitrogen uptake
by the grain. Therefore, variety Wane had higher grain
nitrogen uptake than Danda’a variety. The finding agreed
with [38] who reported significant increase in grain
nitrogen uptake of wheat varieties as a result of combined
application of organic and chemical fertilizer and genetic
differences in varieties.

Straw nitrogen uptake was significantly (p < 0.05) affected
by the main effect of varieties, vermicompost and nitrogen
rates. Similarly, the two-way interaction effect of varieties x
vemicompost, varieties X nitrogen, vermicompost X nitrogen
and the three-way interaction of varieties X vermicompost X
nitrogen were significantly (p<0.05) influenced straw and
total nitrogen uptake of both varieties.

Table 2. Interaction of variety, vermicompost and N on straw N-uptake.

Straw N-uptake (%)

. N-level

Variety V€ 0 23 46 69

Danda’a 0 9.40' 16.004 2231k 25.48%
2.5 15.754 18.79% 24.93¢1 26.61¢1
5 26.29 & 30.51¢ 4177%  43.09®
7.5 35.19 ¢ 33.96%" 38.60"¢ 41.61*

Wane 0 10.82! 16.394 2264 27.50"
2.5 20.52" 27.36" 24.19¢9 29.45%h
5 25.80¢1 36.16%° 43.33%® 46.52°
7.5 32.05¢ 35.36%¢ 43.69® 46.91%

CD (5% 6.41

CV (%) 7.5
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Straw nitrogen uptake was consistently increased with
increasing the levels of vermicompost and nitrogen fertilizer
rates (Table 2). The highest straw N contents (46.91kgN ha™)
was observed in the plot that received variety wane with
vermicompost (7.5t ha™) and nitrogen fertilizer (69kgha'1)
while the lowest uptake (9.40 kg N ha ') was recorded from
plot that received Danda’ a variety without fertilizer (Table
2). Similar finding was reported by [39, 40] who indicated
combined application of organic and chemical fertilizers
enhanced nutrient uptakes and yields of crop. Total nitrogen
uptake of was also significantly (p<0.05) affected by the
main effect of variety, vermicompost and nitrogen rates.

Likewise, the two-way interaction effect of variety x
vermicompost, variety x nitrogen, vermicompost X nitrogen
and the three-way interaction of variety x vermicompost x
nitrogen significantly (p<0.05) influenced total nitrogen
uptake of wheat varieties (Table 3). The total N uptake
reflected the biomass yield response of varieties to the
applied N fertilizer rates. Accordingly, the highest total
nitrogen uptake was recorded from variety Wane when
treated with vermicompost at 5t ha and nitrogen fertilizer at
the rate of 46kgha™ while the lowest value was obtained from
variety Danda’a without any fertilizer application.

Total N taken up by both varieties increased with
increasing rate of vermicompost application. It could be due
to positive impact of vermicompost in improving soil bulk
density and root exploration of nitrogen so that the varieties
taken up more nitrogen in biomass. Higher accumulation of
N in grain than straw help improvement in wheat yield and
consequently leads to higher use efficiency of the nutrients.
According to [41, 42], plants having vigorous and extensive
root systems can explore large soil volumes and absorb more
water and nutrients under nutrient stress conditions and can
increase crop yield and nutrient use efficiency.

Table 3. Interaction of variety, vermicompost and N on total N-uptake.

nitrogen rates. Likewise, the two-way interaction effect of
vermicompost X nitrogen rate as well as the three-way
interaction of varieties x vermicompost x nitrogen also
significantly (p < 0.05) affected nitrogen use efficiency
(Table 4). However, the interaction effect of varieties x
vermicompost and variety X nitrogen didn’t significantly
affect NUE of the varieties.

In the present study, nitrogen use efficiency was calculated
based on the yield response relative to applied N and residual
N in the soil. N use efficiency of wheat grain yield in
response to the interaction effect of treatments ranged from
29.63 kg kg to 93.45 kg kg™ N. The highest grain nitrogen
use efficiency (93.45 kg kg') was obtained from plot that
received variety Wane with 23 kg N ha and the value
decreased as vermicompost and N fertilizer level increased.
The lowest value (29.63 kg kg') was obtained when variety
Danda’a used with 7.5t VC ha™ and 69 kg N ha™. This might
be resulted from the capacity of varieties to absorb nitrogen
at higher rate from low rhizosphere nitrogen concentration
which responsible for efficient nitrogen use by plant.

Table 4. Interaction of variety, vermicompost and N on grain nitrogen use
efficiency.

NUE (%)

Variety VC N

ariety 0 23 46 69

Danda’a 0 = 79.19° 58.49¢ 48.44°"
2.5 63.72° 51.08° 45.15 38.98"
5 45.17% 4570 48.86¢ 37.96"
7.5 34.95 36.65 36.13 29.63%

Wane 0 = 93.45° 58.06¢ 48.40°"
25 76.32° 48.96° 48.28° 42358
5 47.32°¢ 49.15° 56.48¢ 42.82¢1
7.5 36.707 37.43 42230 34.86

CD (s%) 442

CV(%) 59

Total N-uptake (%)

. N

Variety VC 0 23 46 9

Danda’a 0 33.21° 47.35" 69.354 84.28!
2.5 48.99" 66.31' 85.09' 94.55'%
5 74.81% 99.42¢" 136.55° 132.71%
7.5 92.31¢" 110.30¢ 129.48° 128.88°

Wane 0 35.56° 53.29™ 68.19' 85.40'
2.5 56.36™ 71.914 88.20M 103.51°
5 78.14 110.96¢ 154.33° 149.82¢
7.5 93.50"" 116.28¢ 153.53° 149.96*

CD(5%) 57

CV @) 3.71

This result was in agreement with Dobocha et al. [43] who reported that N
uptake of wheat increased with increasing addition of organic source and
nitrogen fertilizer rates. Similarly, Sofonyas [44] and Singh er al. [45]
suggested that integrated application of organic source with chemical
fertilizers as well as increased in N rates resulted in the increase in N uptake
with split dose of urea fertilizer application.

3.2.2. Nitrogen Use Efficiency (NUE)
Grain nitrogen use efficiency was significantly (P<0.05)
affected by the main effect of varieties, vermicompost and

This confirms the finding of Fageria et al.[46] who
reported that NUE was influenced by the levels of nitrogen
concentration in the growth medium of plant which also
influenced the rate at which varieties absorb nitrogen
around the root zone. For both varieties, the result generally
indicated a decreased in efficiency of N use by grain as
vermicompost and nitrogen fertilizer rate increased. There
was strong relationship between fertilizer rate and nitrogen
use efficiency. Nitrogen use efficiency of wheat grain
decreased with increasing in N-fertilizer application rate.
Similarly, Bhatt et al. [47] reported that nitrogen use
efficiency was found to be greater at low nitrogen dose and
decreased with increased in application rate. Improvement
in NUE is important in order to minimize both N- fertilizer
losses and the direct production costs of the crop.
Moreover, Freeman et al. [48] suggested that N use
efficiency of wheat decreased significantly in responses to
increasing N fertilizer rates. This finding indicated that the
use of wheat varieties with higher NUE can contributed to
decreasing in the amount of N to be applied without
decreasing grain yield and quality.
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3.2.3. Agronomic Nitrogen Use Efficiency (AE)

The main effect of variety (P< 0.05), vermicompost and
nitrogen significantly (P< 0.05) affected nitrogen agronomic
efficiency. Similarly, the two-way interaction of
vermicompost x nitrogen as well as the three-way interaction
of varieties x vermicompost x nitrogen significantly affected
(P< 0.05) nitrogen agronomic efficiency of wheat. However,
the interaction of variety x vermicompost and varieties x
nitrogen didn’t significantly influence nitrogen agronomic
efficiency. The result showed that increasing application rates
of nitrogen fertilizer decreased agronomic nitrogen use
efficiency (Table 5). Nitrogen agronomic efficiency indicated
that the capability of yield increases per kilogram of N
applied declined. Thus, the highest (42.59 kg kg™") agronomic
nitrogen efficiency was obtained from Wane variety with
application of 5t VC ha and 46 N kgha'1 while the lowest
(17.98kg kg') agronomic efficiency was obtained from
Danda’a variety with application of vermicompost (2.5t ha™)
alone. Common agronomic nitrogen efficiency value ranges
from 10 to 30 and values higher than 30 indicates efficiently
managed farm lands.

Thus, the agronomic N efficiency obtained at the medium
rates of combined application of vermicompost and
nitrogen fertilizers in this experiment was high. Similarly,
Dorsey [49] and Ramesh [42] concluded that combined
application of vermicompost with urea fertilizer produced
higher grain yield and agronomic efficiency; indicating a
best way for sustainable wheat cultivation. Integrated
application of vermicompost and mineral N fertilizer not
only increased growth and yield of wheat crop but also
enhanced N agronomic efficiency. This confirms findings
by others who suggested high agronomic efficiency
obtained when yield per unit of nitrogen applied is
increased because N uptake increased while at the losses
decreased [50, 51].

Table 5. Interaction of variety, vermicompost and N on agronomic efficiency.

(Table 6). However, the interaction of varieties X
vermicompost and varieties X nitrogen didn’t significantly
influence apparent nitrogen recovery efficiency. Nitrogen
apparent recovery efficiency indicates amount of N
recovered within the entire soil-crop root system and
depends on the congruence between plant N-demand and
the quantity of N released from applied N. I n this study,
maximum ARE of 111.42% was recorded from variety
Wane at combined application of 5t. ha™ of vermicompost
and 46 kg ha™' nitrogen while the lowest recovery efficiency
60.17% was recorded from variety Danda, a at 2.5 t. ha™ of
vermicompost application.

Table 6. Interaction of variety, Vermicompost and N on apparent recovery
efficiency.

ARE (%)
Vari vC N
ariety 0 23 46 69

Danda’a 0 = 67.54 7 63.12'" 60.17™
2.5 62.63 M 68.13™ 72.228 65.00 ™
5 74.35% 83.40% 100.33° 79.23%f
7.5 69.01" 70.89"* 73.00% 62.56 "

Wane 0 = 67.17%™  64.94% 63.238
25 6534 %™ 69.58' 72.27" 68.63"
5 70.97 " 90.84° 111.42° 88.57%
7.5 64.38 1" 71.448 87.48% 74.89°¢

CD (5% 7.12

CV (%) 45

AE (kgkg")
. N

Variety VC 0 23 46 9

Danda’a 0 = 19.524 28.65%" 27.88°¢
2.5 17.98' 25.18% 27.09%¢ 25.12¢
5 2230k 29.16°° 35.92° 27.32°¢
7.5 19.709 24.50 26.034" 21.00"

Wane 0 = 29.59% 25.38°h 27.39%¢
2.5 21.24H 21.18" 28.90°° 27.48%¢
5 2278k 31.41° 42.59* 31.40°
7.5 19.674 24.40% 31.40° 25.604"

CD(s%) 349

CV ¢ 8.7

3.2.4. Apparent Nitrogen Recovery Efficiency (ARE)
Analysis of data showed that the main effect of varieties
(P< 0.05), vermicompost and nitrogen significantly (P<
0.05) affected apparent nitrogen recovery efficiency.
Similarly, the two-way interaction of vermicompost x
nitrogen as well as the three-way interaction of varieties x
vermicompost X nitrogen significantly (P< 0.05) affected
apparent nitrogen recovery efficiency of wheat varieties

The apparent recovery exhibited an increasing trend with
the increased level of combined application of vermicompost
and nitrogen fertilizer up to the upper medium dose of both
vermicompost and nitrogen and then decreased with
continuous addition of vermicompost and N-fertilizer rate.
Accordingly, the highest apparent nitrogen recovery
(111.42%) was observed in treatment that received variety
wane with combined application of 5t VC ha” and 46 kg N
kg while the lowest value was obtained from plot that
received Danda’a variety with 69 kg ha™ of N fertilizer. The
increased in apparent nitrogen recovery efficiency of wheat
variety was the expression of nitrogen uptake by the
fertilized plants rather than the amount of nitrogen applied.
Application of organic manures not only used as source of
nitrogen but also influenced their availability and
accessibility for crop. Improvement in apparent nitrogen
recovery in the presence of vermicompost may be due to
better nutritional environment in the crop root zone that
might have enhanced the availability of nitrogen to the plant
and converted the applied nitrogen in to yield more
efficiently. The finding in agreement with Chatterjee et al.
[52] and Faraj [53] who confirmed improvement in N
recovery efficiency under combined use of organic and
chemical fertilizer with varieties tested.

3.2.5. Nitrogen Harvest Index (NHI)

Nitrogen harvest index (NHI) is the amount of N
accumulated in grain divided by the amount of N
accumulated in grain plus straw. Nitrogen harvest index
indicates the level of efficiency of plants to use acquired
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nitrogen for grain formation. A high NHI indicates efficient
utilization of nitrogen. NHI was significantly influenced by
the main effect of N rate, the interaction of vermicompost x
N rate as well as the factor interaction of variety x
vermicompost X nitrogen. However, the main effect of
varieties and vermicompost did not significantly affect NHI.
Similarly, the two way interaction of variety x vermicompost
and variety x nitrogen did not significantly NHI. The
maximum N harvest index (72.64%) was recorded from
variety Wane when applied with combination of 2.5t VC ha™
and nitrogen fertilizer 46kgNha' treatments while the
minimum value (61.98%) was recorded from application of
vermicompost at 7.5t ha” without nitrogen input (Table 7).

Table 7. Interaction of variety, vermicompost and N-fertilizer on NHI.

NHI (%)

Variety VC N

anety 0 23 46 69

Danda’a 0 71.77% 66.15¢ 67.84™¢ 69.67*¢
2.5 67.79"° 71.67* 70.70™° 71.84%
5 64.814¢ 69.24*¢ 69.434 67.53%¢
75 61.98¢ 69.20*¢ 70.23*¢ 67.74*¢

Wane 0 68.03"° 69.25%¢ 67.30%° 67.76™°
2.5 63.51°¢ 62.44% 72.64° 71.69%
5 66.97"" 67.49"° 71.80% 68.95%¢
7.5 65.72°¢ 69.69*¢ 71.78% 69.744

LSD (5%) 411

CV @ 3.7

This improvement in NHI could be due to partitioning of
the total nitrogen content more to the vegetative part of the
variety than to the grain and increased the total aboveground
biomass yield. The present result is consistent with the study
by Sinebo et al. [54] who reported nitrogen harvest index in
durum wheat of 65%-82%, with an average value of 73%
depending on N rate and timing of application. Similarly,
Fageria and Baligar [55] reported differences on nitrogen
harvest index of varieties.

4. Conclusion and Recommendations

Low available soil N and reduced plant NUE are some of
the major constraints limiting wheat yield and quality content
in Ethiopia. Ensuring a well-balanced supply of N to the crop
through integrated use of organic and inorganic fertilizer may
result in higher N uptake and NUE of wheat varieties.
Efficient and inexpensive methods of organic and inorganic
fertilizer application are important for farmers in the study
area. The present finding demonstrated combined application
of vermicompost and fertilizer is necessary to provide
economically optimum wheat yields. Specifically, the use of
wane variety together with vermicompost at 5t ha” and N
fertilizer at 46 kg N ha” greatly enhanced the NUE, AE,
ARE and NHI at Welmera district. The use of vermicompost
with nitrogen fertilizer is therefore the best alternative for
reducing chemical N fertilizer use. Generally, integrated use
of organic and inorganic fertilizers has environmental
benefits, as it reduces both chemical fertilizer usage and N
losses, and allows for sustainable crop production. Further

evaluation of the different available manures and their
interactions with inorganic fertilizers, together with the
development of new varieties, will lead to continued
improvements in wheat production throughout the world.
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