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Continuous use of only N and P fertilisers that depletes secondary and micronutrients has been presented as a
major cause for low wheat yields (2.2 t/ha) in the Ethiopian highlands. In this study, on-farm trials were conducted
to compare the effects of multi-nutrient blended fertilisers on the wheat yield on Nitisols in southern Ethiopia.
Five quantities of fertiliser blend (50, 100, 150, 200, 300 kg NPS + ZnB kg/ha) were compared against a newly
introduced compound fertiliser (150 kg/ha NPS) and the conventionally used NP (Di-Ammonium Phosphate DAP)
fertiliser at 150 kg/ha. Treatments were arranged in a randomized complete block design (RCBD) and replicated
five times using farm fields as replicates. Results revealed that application of 200 and 300 kg/ha of NPS + ZnB
blend fertiliser produced significantly (p < 0.01) higher biomass (16.9 t/ha) and grain yield (3.7 t/ha) than the lower
amounts. However, the marginal rate of return was highest for 100 kg NPS + ZnB/ha, but compared with DAP, the
blend fertiliser did not produce significantly higher yield. Conversely, the agronomic nutrient use efficiency was
significantly higher for NPS + ZnB blend suggesting the importance of balanced fertilization.
Keywords: agronomic efficiency, blended fertiliser, bread wheat, economic feasibility, yield components

Introduction
Wheat (Triticum aestivum L.) is one of the most important
cereal crops worldwide and is a common component of
the diet for more than one third of the world population
(Desta et al. 2017). In Ethiopia, wheat provides about 15%
of the daily caloric intake of the population (FAO 2015).
This makes it the second most important cereal only after
maize (Zea mays L) and slightly ahead of teff (Eragrostis tef
Zucc), sorghum (Sorghum bicolor (L) Moench), and enset
(Ensete ventricosum (Welw.) Cheesman), each of
which contribute 10-12 % of the diet (Minot et al. 2015).
Furthermore, its straw is widely used as a source of feed
for livestock and thatching material for rural houses (Desta
et al. 2017). Wheat in Ethiopia is widely cultivated in the
middle to high-altitude zones (1 800–2 400 m) on about
1.7 million ha, with a current annual total grain production of
4.6 million tons generated by 4 million smallholder farmers
(CSA 2018a). In the southern highlands, wheat is the third
largest cereal after maize and teff, providing a means of
livelihood for more than half a million smallholder farmers
(CSA 2018a). However, wheat yield remains low at 2.6 t/ha,
about half of that obtained at the station trials (5.0 t/ha) in
Ethiopia (Samuel et al. 2017) and slightly lower than the
national average (2.7 t/ha). Furthermore, the average wheat
yield obtained in Ethiopia is only 70% of the wheat yield
obtained in South Africa (Samuel et al. 2017). As result
of low productivity, the country has been forced to import
about one million tons of wheat grain annually, at the cost

of over 500 million USD, to fill the domestic grain demand
(Elias et al. 2019).
Such low levels of wheat yield are widely believed to
be due to low soil fertility caused by low and unbalanced
fertiliser application (Abdulkadir et al. 2017; Elias 2019).
Previous studies suggested that N and P are the most
limiting nutrients on Nitisols (Abebe et al. 2018). On the
other hand, continuous application of DAP (Di-Ammonium
Phosphate: 18–46% N-P2O5) containing only nitrogen
(N) and phosphorus (P) without due consideration of
other nutrients is known to cause depletion of secondary
and micronutrients (Elias et al. 2019). In the densely
populated highlands of Ethiopia, depletion of plant
nutrients is aggravated by continuous cultivation, complete
removal of crop residues, burning dung as fuel, and high
rates of soil erosion (Elias et al. 2019). Until recently, the
agricultural extension programme has promoted a blanket
recommendation of 100 kg DAP and 100 kg urea/ha for all
cereal crops and soil types but the actual application rate
is 65 kg DAP and 45 kg urea/ha (Elias 2017). The low and
unbalanced fertiliser application together with poor soil
fertility management are presented as the major causes for
low agricultural productivity in Ethiopia (Hailu et al. 2015).
Under such conditions, the application of multi-nutrient
blended fertilisers is acknowledged for being able to
enhance productivity and nutrient use efficiency of crops
(Elias et al. 2019).
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Having considered the problems outlined above, the
Ethiopian government has been promoting the use of
multi-nutrient blend fertilisers since 2015 (Simtowe 2015).
The promotion of blend fertiliser follows from the results
of the soil fertility survey and preparation of the regional
nutrient deficiency atlas of the country under the Ethiopian
Soil Information System project (Ethio-SIS 2016). According
to the soil inventory data, Nitrogen (N), phosphorous
(P), sulphur (S), boron (B), and zinc (Zn) are found to be
deficient in 86, 99, 92, 65 and 53 percent of Ethiopian soils
respectively (Ethio-SIS 2016). Based on the soil nutrient
deficiency atlas, blended fertilisers containing N, P, K, S, B,
Zn and Cu were promoted in different formulations with the
ultimate aim of transforming the fertiliser recommendations
(Shiferaw et al. 2018). In an effort to transform the
fertiliser recommendation, there has been a shift away
from DAP and urea alone to a compound fertiliser (NPS
(19 N-38 P 2O 5-7S) blended with some micronutrients
(+ZnB). Although a wide range of blend formulations have
been developed, NPS+ZnB (17N-34 P2O5-7S-2.2Zn-0.6B) is
the most popular blend that is being promoted through the
agricultural extension system(Elias et al. 2019).
There is, however, insufficient information on wheat
response and any yield increasing effects of the blend
fertilisers where the soil is deficient in multiple nutrients. In
spite of research done to create a soil fertility atlas for most
areas of the Ethiopian highlands, information is still lacking
regarding the optimum rates of blend fertiliser application
for wheat production on different soil types. In the
southern highlands, Nitisols are among the most extensive
agricultural soils, accounting for 33% of the soil landscape
and supporting the production of staple cereals such as
wheat, maize and root crops (Elias 2017).
In the southern region, application of 150 kg NPS + ZnB/
ha is being promoted for all crops and soil types in spite
of the wide differences in soil properties and farm
management. Thus, this study was initiated with the aim
of (i) investigating the effects of different levels of blended
fertilisers on yield and agronomic efficiency of bread wheat
in the southern highlands of Ethiopia; (ii) to compares
the effectiveness of the compound fertiliser (NPS) and its
derivative blends (NPS + ZnB) against the conventionally
used DAP fertiliser in terms of agronomic nutrient use
efficiency and economic advantages; and (iii) to assess the
variation in wheat grain yield, agronomic nutrient efficiency
and profitability between farms so as to challenge the
current blanket fertiliser recommendation.
Materials and methods
The study area
On-farm trials were conducted in Enemor woreda within
Gurage zone of SNNPR during the 2017 and 2018
cropping seasons (July–December). Enemor woreda is
located at 8°0′ N latitude and 37°49′ E longitude (Figure 1),
covering a total area of 915.02 square kilometres with
198 301 inhabitants (CSA 2018b). Most kebeles (smallest
administrative unit in Ethiopia) are classified as ‘rural’(CSA
2018b). The altitude ranges in elevation from 2 100 to
2 300 m asl. The soil map shows that Luvic Nitisols and
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Figure 1: Location of the study kebeles within Enemor woreda of
Gurage zone, SNNRP

Haplic Vertisols are the most dominant soil types in the
area based on a reconnaissance soil map of the area (Elias
2017). Wheat is largely planted on Nitisols while Vertisols
are planted to Teff c and used for cattle grazing. The rainfall
distribution is bimodal with a short rainy season falling from
February to May and long rains falling between June and
September. The area receives a mean annual precipitation
of 1 401–1 800 mm and the average annual temperature
ranges from 12.6–20.0 °C.
The monthly distribution of the rain of the study site
during the 2017 and 2018 cropping seasons is presented in
Figure 2. The woreda (i.e. the district) received the highest
rainfall in the main rainy season (June to September) and
the lowest in the short rainy season (February to May)
(Figure 2). Although the total volumes of rain in the month
of July was more or less similar during both seasons (2017
and 2018), there was relatively better rainfall distribution in
2017, particularly during the establishment stage, in August
(Figure 2).
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MONTHLY RAINFALL (mm)

Table 1: Treatments, fertilizer combination and nutrients
2017
2018

400

Nutrient composition
P
S
B

Fertilizer
rate (kg/ha)

N

300

T1

50 NPSZnB +100 urea

55

7.8

3.8

0.13

1.1

T2

100 NPSZnB +100 urea

64

15.7

7.5

0.25

2.2

200

T3

150 NPSZnB +100 urea

73

23.5

11.3

0.38

3.3

T4

200 NPSZnB +100 urea

81

31.4

15.0

0.5

4.4

100

T5

300 NPSZnB +100 urea

99

47.1

22.5

0.75

6.6

T6

100 NPS + 100 urea

65

16.6

7.0

0.0

0.0

T7

150 DAP + 100 urea

73

30.2

0.0

0.0

0.0
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Figure 2: Monthly rainfall distribution of the study area for 2017
and 2018

Treatments and experimental design
Within the Enemor woreda, one kebele (Gaharad) was
selected and within the kebele, five farm fields were included
(Figure 1). Fertiliser treatments consisted of five rates of
NPS+ZnB blended (50, 100, 150, 200, 300 kg/ha) along with
100 kg NPS and 150 DAP per ha arranged in a randomized
complete block design (RCBD) with five farm fields as
replications; the same treatments and farms were considered
for both 2017 and 2018 cropping seasons. The fertiliser
levels and nutrient elemental composition of the various
treatments are shown in Table 1. The improved bread wheat
variety Danda’a was used with seed rates of 100 kg/ha.
The trial was conducted during the main growing seasons
of 2017 and repeated in 2018. The experimental plots were
maintained with 13 rows each spaced 30 cm apart and a
plot size of 4 m × 4 m (16 m2) with 1 m and 0.5 m between
adjacent blocks and plot respectively. Fertilisers were hand
drilled in seed rows at the time of planting and the trial fields
were hand weeded twice during the cropping seasons.
Urea fertiliser was applied to all plots at 100 kg/ha in two
installments: one third during planting and the rest at 35 days
after emergence. Weeding and other agronomic practices
were applied following the extension recommendations.
Data collection and measurements
Soil sampling and analysis
Initial composite soil samples were collected from each
farm field from a depth of 0-20 cm before planting, and
taken to the HortiCoop soil fertility laboratory for analysis.
The samples were mixed thoroughly and composite sub
samples were ground to pass through a 2 mm sieve. Soil
pH in water was determined in a 1:2.5 (soil:water ratio)
as outline by Van (2000), organic carbon (OC) by wet
oxidation methods (Walkley and Black 1934) and total
nitrogen (Rosemary et al. 2017) by the Kjeldhal method
(Black 1965). Available phosphorous (P) was determined
by the Olsen method (Olsen and Sommers 1982) and
micronutrients (sulphur, boron, zinc) were extracted using
the DTPA extraction method (Tan 1996).

Zn

Yield and yield components measurement
Grain yield and straw biomass of bread wheat were
determined using plants harvested from the four central
rows (6 m2) for each treatment. The weight of each biomass
was determined in the field using a hand-held balance. The
samples were threshed manually to separate the grain and
straw and the fresh weight of grain was measured in the
field. Grain dry matter weight was obtained by adjusting to a
standard moisture content of 12.5% and finally converted to
kg/ha. Plant height, spike length and number of productive
tillers per plant were measured from five randomly selected
plants and their average was recorded per plot. Harvest
index was calculated from the ratio of the total grain yield
threshed to the total biomass yield harvested from each plot.
Economic analysis
The marginal rate of return (MRR) was performed following
the CIMMYT partial budget methodology (CIMMYT 1988).
The variable costs associated with labour and fertiliser
purchase were compared, which included only those costs
that varied compared to the control (i.e. cost of variable
inputs). For the costs of blended fertiliser, DAP and urea,
prices of 16.50, 16.00 and 10.50 birr per kg respectively
were used. The total cost was calculated for each
treatment, depending on the amount applied, and then
converted to a per hectare basis. An average cost of 80 birr
per person day labour cost was used to apply fertilisers, for
harvesting, or for threshing activities. The costs for seed
and management that do not vary among the treatments
were not included in the cost analysis. The price of all
fertilisers was taken from the farmers’ cooperative union
which is engaged in supplying input for smallholder farmers.
The grain yield was adjusted down by 10 % to account
for variation in crop management and post-harvest loss in
farmer fields when compared to experiments in researchermanaged fields. The income from grain and straw was
calculated by multiplying the total yield per ha with the farm
gate price. Prices of 9.5 and 0.35 birr per kg were used for
grain and straw respectively.
The net benefit was calculated as the difference between
the gross benefit (ETB/ha1) and the total costs (ETB/ha).
Following the CIMMYT partial budget analysis method, total
variable costs (TVC), gross benefits (GB) and net benefits
(NB) were calculated. Treatments were then arranged in
an increasing TVC order and dominance analysis was
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(N) were 3.06 % and 0.28 %, respectively. The OC was
below 3.5% for all farmers while N was less than 0.35 %.
The available phosphorous (AP) showed wide variation
among farm fields (11.09–21.44 mg/kg) with a mean value
of 17.78 mg/kg which can be rated as medium to high. The
levels of available S are generally high across all farms
with a mean value of 29.48 mg/kg. The mean values of Zn
(13.80 mg/kg) and B (0.58 mg/kg) hide the wide variation
among farm fields particularly for Zn, which ranged between
2.76 and 14.95 mg/ha. The results show great variability
in soil properties examined across farm fields. Variabilities
were particularly high for soil pH, OC, N, P and Zn levels.
These variations reflect differences in soil management
practices between farms. The lowest pH, OC and N were
observed in F1 while fields in F5 had higher OC, N and P
and the rest were in between these two farms except for pH
(Table 2). Fields in F3 had higher S and B while higher Zn
was observed in the fields of F2.

performed to exclude dominated treatments from the
marginal rate of return (MRR) analysis. A treatment is said to
be dominant if it has a higher TVC than the treatment which
has a lower TVC next to it but having a lower net benefit. A
treatment which is non-dominant and has an MRR of greater
or equal to 100% with the highest net benefit is said to be
economically profitable (CIMMYT 1988). The ratio of NB to
TVC was considered for the benefit cost ratio (BCR).
Statistical analysis
Two-way analysis of variance for grain yield and yield
components was carried out using Statistical Analysis
Software version 9.0 (Gomez and Gomez 1984). Fertiliser
rates and seasons were included as factors. Whenever
treatment effects were significant, mean separation was
carried out using a least significance difference (LSD) test
at a 5% probability level and no mean separation test was
conducted for seasons as there are only two. Agronomic
nutrient use efficiency (ANUE) and partial factor productivity
(PFP) were calculated using the formula developed by
Fageria and Baligar (2003). The ANUE indicates the economic
production obtained per unit of nutrient applied, while the PFP
is the quantity of grain obtained per nutrient applied. They
were calculated using the following equations:
		ANUE = Gt-Gr / Na

(1)

		PFP = Nn / Na

(2)

Effect of blended fertiliser on bread wheat yield, its
components and agronomic efficiency
The responses of grain yield of bread wheat to the different
rates of blend fertiliser applications for the two cropping
seasons are presented in Tables 3 and 4. The analysis of
variance shows significant (p < 0.05) effects of the main
factors (i.e. fertiliser treatments and year) on grain, biomass,
straw yields, plant height and number of productive tillers,
while the year by fertiliser interaction was not significant.
Replication across farm fields had highly significant
effects (p < 0.01) on grain yield and yield components
suggesting wide variation among farm fields (Table 3).
With regard to fertiliser main effects, T4 and T5 stand out
to give significantly (p < 0.05) higher biomass, grain and
straw yields compared to other treatments. The number of

Where Gt = grain yield obtained from plots fertilized with
blended fertiliser; Gr = grain yield obtained from plots
fertilized without micronutrient fertiliser; Nn = the total grain
yield obtained from each treatment; and Na = the quantity of
nutrients applied
The fertilisers containing only NP (blanket recommendation)
were taken as the controls for this study as the intention is to
shift from non-blended fertiliser which lacks macronutrients to
blended fertiliser with micronutrients.

Table 2: Soil properties of the experimental farm fields
Farm
fields
pH
(reps)
F1
4.9
F2
5.3
F3
6.2
F4
5.3
F5
5.7
Mean
5.5
CV (%) 15.9

Results
Soil properties of trial farm fields
Table 2 presents the data on the two-year average of
selected soil chemical properties of the experimental farm
fields as trials were conducted in different fields within
the same farms. The average soil pH was 5.48 while it
varied from 4.90 to 6.20, which is rated as strongly acidic
to neutral showing a wide variation in pH across farms.
The average soil organic carbon (OC) and total nitrogen

OC
(%)

N
(%)

2.72
3.07
2.97
3.04
3.49
3.06
22.98

0.24
0.29
0.25
0.28
0.31
0.28
20.10

P
S
Zn
B
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
11.09
18.51
21.24
16.63
21.44
17.78
49.86

24.89
23.49
39.93
24.95
34.13
29.48
26.35

2.76
29.58
17.24
4.50
14.95
13.80
82.24

0.20
0.57
1.50
0.22
0.43
0.58
87.46

Table 3: Summary of the analysis of variance (ANOVA) for bread wheat yield and yield components for two cropping seasons

Source of variation
Year (yr)
Replication (r)
Treatment (trt)
yr×trt
R2

Degrees of
freedom
1
4
6
6

Yield
Biomass

Grain

Straw

HI

***
***
***
ns
0.66

***
*
**
ns
0.52

***
**
*
ns
0.60

ns
ns
ns
ns
0.19

Plant
height
***
***
*
ns
0.66

Yield components
Spike
Productive
length
tiller (no.)
*
***
ns
ns
ns
**
ns
ns
0.29
0.52

Significant at *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001; ns, not significant; HI= harvest index ‘Replications = farm fields
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Table 4: Effect of blended fertilizer on PFP and ANUE of bread
wheat grown for two cropping seasons

Treatments
50 NPSZnB (T1)
100 NPSZnB (T2)
150 NPSZnB (T3)
200 NPSZnB (T4)
300 NPSZnB (T5)
100 NPS (T6)
150 DAP (T7)

Nutrient applied* Grain yield
(kg/ha)
(kg/ha)
67.83
2153
89.63
3081
111.48
2840
132.30
3726
175.95
3727
88.60
2678
103.20
3283

PFP
ANUE
(kg/kg) (kg/kg)
31.8 −16.7
34.4
−2.4
25.7
−4.0
28.2
3.6
21.1
2.6
30.3
-6.8
31.9
0.0

PFP, partial factor productivity; ANUE, agronomic nutrient use
efficiency. * Sum of nutrients in each treatment based on Table 1.

productive tillers was highest (4.3 tillers/plant) for T5 while
biomass and grain yields and yield components were the
lowest for T1, which is the intercept clearly indicating the
main effect of fertiliser application. Comparing the blend
and compound fertiliser types also shows interesting
results. There was no significant yield difference between
the NPS + ZnB blend (T2) and equivalent amount of the
compound fertiliser (NPS, T6), suggesting limited agronomic
value from adding Zn and B to the fertiliser formulation. This
is consistent with generally high levels of Zn in the soils but
not consistent with deficiencies in the levels of B.
Comparing T3 (150 kg NPS + ZnB) and T7 shows no
significant yield difference. This is remarkable because
the highly campaigned blend fertiliser is not superior to the
conventionally used DAP fertiliser. In fact, DAP application
(T7) had a 16 % higher yield compared to NPS + ZnB
blend (T3) and a 23 % higher yield compared to the NPS
compound fertiliser (T6). The results suggest that although
addition of S, Zn and B can be beneficial, N and P are the
most limiting nutrients for wheat production in Nitisols in the
southern highlands of Ethiopia.
The highest grain yield per unit of nutrient applied

(34.4 kg/kg and 31.9 kg/kg) were obtained by applying
100 kg NPS + ZnB (T2) and 150 kg DAP (T7) respectively
while the lowest (21.1 kg/kg) was found with the application
of 300 NPS + ZnB/ha (T5) (Table 4). The highest agronomic
nutrient use efficiency results (3.2 kg/kg and 2.6 kg/kg)
were achieved by applying 200 and 300 kg NPS + ZnB/
ha respectively, and the lowest results were from
50 NPS + ZnB blend compared to the application of only
DAP. This shows that although the mean yield differences
of treatments with micronutrient blends are not significant,
the blends do have increased agronomic nutrient use
efficiency. The lower agronomic efficiency recorded with
the application of 150 NPS + ZnB/ha blended fertiliser
when compared to NP fertiliser (T7) suggests there is
little agronomic value in applying fertiliser containing
micro nutrients (S, Zn and B) at rates of application below
200 kg blend/ha.
The variation in the response of both blend and non-blend
fertilisers was not limited to fertiliser rates but also to season
as yield and yield components and agronomic efficiency
vary between the 2017 and 2018 cropping seasons. The
highest wheat grain yield (3.5 t/ha) and biomass (17.4 t/ha)
yield components and agronomic efficiency were observed
in 2017 compared to the 2018 cropping season (Table 4).
The observed negative average agronomic nutrient efficiency
(ANUE) in both cropping seasons show no advantage
of using compound micronutrients compared to the
conventionally used DAP fertiliser.
Variation in grain yield, agronomic efficiency and
marginal rate of return between farm fields
The two year average grain yield, agronomic effciency and
marginal rate of return (MRR) data exhibit wide variation
among farm fields (Table 5).Farm field #5 (F5) outperformed
all other fields in terms of grain yield and ANUE while F3 was
the lowest, which is a reflection of clear differences in the
nutrient status of the soil. For example, application of 50 kg/

Table 5: Variation in grain yield; partial factor productivity (PFP), agronomic nutrient use efficiency (ANUE)
and marginal rate of return (MRR) between different farm fields (F1-F5) and for different treatment (T1-T7) in
the study area

Treat
T1
T2
T3
T4
T5
T6
T7

F1
3.2
2.2
3.0
3.2
2.9
3.1
4.0

T1
T2
T3
T4
T5
T6
T7

−11.5
−19.3
−9.1
−5.6
−5.9
−9.3
0.0

Grain yield (t/ha)
F2
F3
F4
2.3
1.2
1.2
3.9
3.0
2.5
2.6
2.0
3.0
4.2
3.3
3.6
4.9
3.1
3.6
2.4
2.4
2.4
3.5
2.8
2.4
ANUE (kg/kg)
−17.0
4.7
−7.9
5.7
8.1
−12.5
0.0

−24.0
2.0
−7.2
3.8
1.6
−4.8
0.0

−18.3
0.8
4.8
9.6
6.7
−0.1
0.0

F5
3.5
4.4
4.4
4.5
3.3
3.3
4.1
−8.7
3.4
2.8
3.0
1.6
−8.2
0.0

F1
47.2
25.2
26.7
24.4
16.7
35.5
38.5
0
−876
592
121
−197
−129
655

Partial factor productivity (kg/ka)
F2
F3
F4
34.6
18.1
17.5
43.8
33.9
27.9
23.6
18.4
26.7
32.0
25.2
27.8
27.9
17.8
20.5
26.9
27.4
27.3
33.8
27.6
23.5
MRR (%)
0
1412
−1209
1483
250
549
1096

0
1618
−852
1020
−233
62
381

0
1174
345
547
−157
159
−134

F5
51.6
49.0
39.5
33.8
24.7
37.8
39.5

0
747
−91
52
−119
142
1136
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ha (T1) fetilizer produced approximately 2 t/ha more grain
yield in F5 compared to F3 and F4 (Fig 3a). Similary, in F5
application of T2, T3 and T7 produced higher grain yields
and ANUE than the same treatments on the remaining farms
(Table 5). In contrast, F3 produced the lowest wheat grain
yield and PFP for almost all treatments except T2. For F5,
moving from T1 to T2 was the most profitable as investing
one birr investment in T2 gave a net additional benefit of
about 7 birr and had a positive ANUE of above 3 kg/kg as
compared to T7 (Table 5).
The MRR was very similar for all farms at lower levels
of fertiliser application but there was some level of
disaggregation with increasing the fertiliser rate beyond T4.
The results show that T2 and T7 were the most rewarding
for three quarters of the farms as investing in T2 instead
of T1 and T7 instead of T6 gave a net aditional benefit of
more than 4 birr (Table 5). For F2, F3 and F4 investing in
T4 would give a net additional benefit of more than 4 birr.
This implies that F2, F3 and F4 have an option to invest in
either T2 or T4 while F5 can invest in T2 or T7 (Table 5).
The variations in wheat grain yield, PFP, ANUE and MRR
between farms were not consistant across all treaments.
Economic feasibility of applying balanced nutrients on
bread wheat
Although a huge variation in MRR between farms was
observed, average economic feasibility was analysed
as a blanket recommendation is being implemented
in Ethiopia. Comparing the MRR among the different
levels of blend fertiliser shows that treatments with the
highest marginal rate of return had the highest benefit to
cost ratio (Table 6). However, the highest net economic
return of 28 439 ETB/ha with the highest marginal rate of
return (1 042.94%) was obtained from plots treated with
100 NPS + ZnB kg/ha, while the lowest was from those that
received T1 treatment (Table 6). This implies that although
higher rates of blend fertilisers (200–300 kg/ha NPS + ZnB)
can give higher grain yields and had a higher net economic
return, these rates are very expensive for the smallholder
farmers in southern Ethiopia. Conversely, the highest
MRR (1 042.94%) was achieved by moving from T1 to T2
suggesting that an investment of one birr in T2 would give
Table 6: Effect fertilizer nutrients on economic feasibility and
marginal rate of return of bread wheat

Treatments
50 NPSZnB (T1)

Adj.grain
Benefit
GB
TVC
NB
MRR
yield
cost
(Birr/ha) (Birr/ha) (Birr/ha)
(%)
(kg/ha)
ratio
1871

21051 2475

18584D

7.5

100 NPSZnB (T2) 2747

31859 3420

28439UN

8.3 1042.94

150 NPSZnB (T3) 2492

28629 4365

24264 D

5.6

200 NPSZnB (T4) 3301

37979 5310

32669 D

6.2

300 NPSZnB (T5) 3330

38822 7120

31702 D

4.5

100 NPS(T6)

2375

27642 3420

24222 D

7.1

150 DAP (T7)

2902

33567 4290

29277 UN

6.8

96.32

UD, un dominated; D, dominated treatments; Yield adjustment,
10%,; MRR,100%, one $ US = 28 birr; MRR, marginal rate of return

a nett additional benefit of 10.43 birr. Comparing DAP and
NPS, the economic analysis shows that investing one birr
in DAP (T7) would give a net additional benefit of 0.96 birr
when compared to NPS (T6). This suggests that investing
in conventionally used N and P fertilizer (i.e. DAP) had
economic advantage compared to the compound fertilizer,
NPS (Table 6). Similarly, investing in T7 (DAP) produced
21% more profit compared to same amount of blend
(150 kg/ha NPS + ZnB, T3) suggesting that DAP is superior
to both the blend and the compound fertilisers.
Discussion
Variation in soil properties between farms and its
relationship with yield and agronomic efficiency
The soil fertility indicators varied widely across farm fields,
although all farms lie within the same farming systems
and their differences in distance do not exceed half a
kilometre. The soil pH-H 2O varied from strongly acidic
(4.90) in F1 to slightly acidic (6.20) (Landon 1991) in F3
(Table 2). The soil OC and N were 2.72% and 0.24 %
respectively in F1 and rated as medium while in F5 they
were 3.49% and 0.31% respectively and rated as high
(Elias 2016). The available P in F1 was 11.09 mg/kg
which is rated as medium while in F5 it was 21.44 mg/kg
which is rated as high (Elias 2016). The available Sulphur
in F1 and F5 was 24.89 and 34.13 mg/kg respectively and
Zn was 2.76 and 14.95 mg/kg respectively, and all values
were rated as high. The level of Boron was the highest
(1.50/mg/kg) in F3 and is actually considered to be a
toxic level while it was 0.20 mg/kg in F1 and 0.43 mg/kg
in F3, which are both rated as low levels (Hazelton and
Murphy 2016). Zinc is rated as high in all farms. The result
is not in agreement with the Ethio-SIS (2016) report that
classifies 65% of the highland soils as being deficient in S,
which might be due to the arbitrary selection of the critical
limits of these nutrients.
Variations in grain yield and ANUE reflect the variations
in soil fertility and nutrients across farm fields; differences
in soil nutrient status can partly explain differences in yield
response to fertiliser application. For example, F5 gave
the highest grain yield and F3 gave the lowest. The unique
feature of F5 is its high levels of available P which has
favorable influence on the uptake of N and other nutrients
hence enhancing grain yield and nutrient use efficiency.
In Nitisols, availability and absorption of P is the most
important determinant of wheat yields (Elias et al. 2019).
In contrast, F3 has the lowest grain yield and ANUE which
pertains to the excess/toxic levels of B in this particular field
as excess levels of B have a retarding influence on the
adsorption/uptake of anions particularly phosphate (Tariq
and Mott 2007).
The grain yield obtained in farms (F5) with the highest
soil fertility showed a declining trend with increasing
levels of fertiliser application (>200 kg/ha NPS + ZnB)
while there was an increasing trend for farms with lower
soil fertility (Figure 3a). This is in agreement with the
concept that the probability of higher crop yield response
to nutrient addition in low soil nutrient values with a lower
crop yield response at higher soil test values (Horneck et
al. 2011). The micronutrient Zn and B are highly promoted
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in the fertiliser blend resulting in the popular ZnB blend.
However, findings in this study strongly suggest negative
effects on the soil with added B-containing blends and
no effect of Zn-containing blends in all trial farm fields.
The negative interaction of B with anions, particularly
phosphate (PO 4-) and nitrate (NO 3-), is particularly
remarkable as B-blend is aggressively promoted in the
fertiliser blends together with the perception that the soils
of the southern highlands are deficient in B. The current
study aptly questions such misperceptions and highlights
the need for a more nuanced soil and site-specific
fertiliser recommendation.
The findings imply that there is a need for
recommending soil test-based fertiliser application
rates as farms with higher soil nutrient test values need
lower fertiliser rates than those with lower soil nutrient
test values. Similarly, a recent study reported a higher
response of maize grain yield for soil test-based fertiliser
recommendations than the blanket treatment (Rurinda et
al. 2020). Farms (F1) with the lowest soil fertility achieved
the lowest ANUE for all fertiliser rates (Fig 3c). This
suggests the poor nutrient use efficiency performance of
bread wheat when grown in less fertile soil, even if higher
rates of up to 300 kg/ha NPS+ZnB blended fertilisers are
applied. Generally, the variability in wheat grain yield,
agronomic nutrient use efficiency and profitability between
farmers can be partly explained by the variation in inherent
soil conditions.
Agronomically and economically optimal type and rate
of fertilisers
Although great variation was observed in wheat grain
yield between farms, the mean values were used to
compare different fertiliser rates given the practice of
regionally-based blanket fertiliser recommendations
practiced in Ethiopia. Conventionally, the application
of blanket rates of DAP and urea fertilisers has been
promoted in Ethiopia for the past four decades. Although
more expensive compared to DAP, the use of blended
fertilisers has shown an increase in agronomic use
efficiency. However, this is visible only at higher rates of
application (200–300 kg NPS + ZnB/ha) which might be
less affordable to smallholder farmers in the area. Although
T4 (200 kg NPS + ZnB) and T5 (300 kg NPS + ZnB)
gave the highest grain and biomass yields, the MRR
analysis suggests that application of 100 kg NPS + ZnB/
ha is economically the most feasible option for wheat
production on Nitisols as it yields the highest rates of return
to investment (Table 6). However, at this rate, the blend
fertiliser (NPS + ZnB) is not superior to DAP in terms of
grain yield and biomass yield components and the latter
is cheaper and more affordable to farmers. The lack of
significant yield advantage from the blend compared to
DAP is associated with the medium to high levels of S
and Zn in the soil (Table 2), and nutrient antagonism with
B. In addition, the inclusion of micronutrients has reduced
the ratio of phosphate in the blends which is the most
limiting nutrient in these volcanic soils (Elias et al. 2019).
In general, the study confirms previous reports that the
soils of the southern highlands are adequately supplied

7

with secondary nutrients (S, K) and micronutrients (Zn, B)
but deficient in N and P (Abebe et al. 2018).On the other
hand, our study findings are in sharp contrast with the
Ethio-SIS report that classified 65% of highland soils in
southern Ethiopia to be deficient in S and 53% deficient in
Zn (Ethio-SIS 2016). As shown in Table 2, the soils in our
trial sites are very high in S and Zn but have moderate
levels of B. The discrepancy is perhaps due to the fact that
the Ethio-SIS soil fertility atlas data are based on literaturebased critical limits for these nutrients (Karltun et al. 2013).
The implication is that critical limits need to be crop-specific
and they should be derived from field trials and not on
literature reports. Accordingly, the blend formulations
should be based on soil analysis and crop response trials,
rather than literature based on the arbitrary selection of
critical limits, particularly for micronutrients.
Conclusion
This study found that the highest wheat grain yield
(3.7 t/ha) was achieved with application of both 200 and
300 NPS + ZnB kg/ha. However, from an economic point of
view, 100 NPS + ZnB/ha is found to be the most profitable
for wheat farmers in the study area. At this rate, DAP
can also be a better choice economically, but the use of
blended fertilisers with micronutrients results in improved
nutrient use efficiency, which is beneficial for sustainable
soil management. However, the caution must be made that
micronutrient additions in the fertiliser blends should not
be at the expense of the N and P content which are more
limiting to wheat yields on Nitisols. The great variation in
grain yield, agronomic efficiency and profitability between
farms are also reflections on differences in soil nutrient
status; the fact that fertiliser rate alone is not sufficient to
increase crop yields suggests the implementation of blend
fertiliser formulations based on soil test and crop response
results rather than relying on literature-based critical
limits. Considering the huge diversity among farmers and
management practices, it is important to generate soil- and
site-specific fertiliser recommendations, rather than the
area-based fertiliser use advice currently being practiced.
A more nuanced approach to fertiliser management should
also take into consideration the wide variability between
farm fields and rainfall patterns as evidenced by the highly
significant season by location interaction effects.
Geolocation information
Enemor woreda within Gurage zone of SNNPR: 8°0′N; 37°49′E
Acknowledgements — This research was a part of project called
“Capacity Building for Scaling up of Evidence-based Best Practices
in Agricultural Production in Ethiopia” (CASCAPE) funded by
the government of The Netherlands. We thank the farmers who
participated in this research. Our thanks are extended to experts
from Bureau of Agriculture in Enemor Woreda for their co-operation
during all processes of data collection. We also wish to thank
CASCAPE project Hawassa team for their work in implementing
the trial and collecting the data. We also thank Hawassa University
for providing offices and cooperation in facilitating activities at all
level of the research work.

8

ORCID
Eyasu Elias – http://orcid.org/0000-0003-4008-6470

References
Abdulkadir B, Kassa S, Desalegn T, Tadesse K, Yohalashet M,
Fana G, Abera T, Amede T, Degefie DT. 2017. Crop response
to fertiliser application in Ethiopia: a review. In: Lulseged T,
Tilahun A, Job K, Degefie T, Steffen S (eds), A review of soil
fertility management and crop response to fertiliser application
in Ethiopia: Towards development of site- and context-specific
fertiliser recommendation. Addis Ababa, Ethiopia: International
Center for Tropical Agriculture (CIAT). p. 86.
Abebe A, Abera G, Beyene S. 2018. Assessment of the limiting
nutrients for wheat (Triticum aestivum L.) growth using Diagnosis
and Recommendation Integrated System (DRIS). Communications
in Soil Science and Plant Analysis 49: 2653–2663.
Black CA. 1965. Methods of soil analysis Part 2. American Society
of Agronomy. Madison, Wisconsin, USA
CIMMYT 1988. From agronomic data to farmer recommendations:
An Economics Training Manual. International Maize and Wheat
Improvement Centre (CIMMYT), Mexico.
CSA 2018a. Agricultural sample survey on area and production
of major crops in Ethiopia (Statistical bulletin). Addis Ababa,
Ethiopia: Central Statistical Agency (CSA).
CSA 2018b. The population estimates derived from projecting the
1994 and 2007 census, analytical report for Southern Nations,
Nationalities and People’s Region. Addis Ababa, Ethiopia:
Central Statistical Agency (CSA).
Desta G, Mihratu A, Tolessa D, Hailu M, Tadiyos B. 2017.
Enhancing Sustainable Wheat Productivity and Production
through Development of Wheat Varieties Best Adapted to
Irrigated Lowland Areas of Ethiopia. International Journal of
Agriculture Innovations and Research 6: 305–310.
Elias E. 2016. Soils of the Ethiopian Highlands: Geomorphology
and Properties. ALTERRA, Wageningen University and
Research Centre, Netherlands.
Elias E. 2017. Characteristics of Nitisol profiles as affected by
land use type and slope class in some Ethiopian highlands.
Environmental Systems Research 6: 20.
Elias E. 2019. Selected chemical properties of agricultural soils
in the Ethiopian highlands: A rapid assessment. South African
Journal of Plant and Soil 36: 153–156.
Elias E, Okoth PF, Smaling EMA. 2019. Explaining bread wheat
(Triticum aestivum) yield differences by soil properties and fertiliser
rates in the highlands of Ethiopia. Geoderma 339: 126–133.
Ethio-SIS 2016. Fertiliser Recommendation Atlas of the Southern
Nations, Nationalities and Peoples’ Regional State. Ethiopian
Agricultural Transformation Agency (ATA), Addis Ababa, Ethiopia.
Fageria NK, Baligar VC. 2003. Methodology for Evaluation of
Lowland Rice Genotypes for Nitrogen Use Efficiency. Journal of
Plant Nutrition 26: 1315–1333.
FAO 2015. Food Balance Sheets. FAOSTAT. Food and Agriculture
Organization, Rome

Elias, Teklu and Tefera

Gomez KA, Gomez AA. 1984. Statistical Procedures for
Agricultural Research. Wiley. A Wiley-Interscience publication.
Hailu H, Mamo T, Keskinen R, Karltun E, Gebrekidan H, Bekele T.
2015. Soil fertility status and wheat nutrient content in Vertisol
cropping systems of central highlands of Ethiopia. Agriculture
and Food Security 4: 19.
Hazelton P, Murphy BW. 2016. Interpreting Soil Test Results: What
Do All the Numbers Mean? Australia: CSIRO Publishing.
Horneck DA, Sullivan DM, Owen JS, Hart JM. 2011. Soil Test
Interpretation Guide. Oregon State Univerity. USA.
Karltun E, Mamom T, Bekele T, Gameda S, Kidanu S. 2013.
Towards improved fertiliser recommendations in Ethiopia –
Nutrient indices for categorization of fertiliser blends from
EthioSIS woreda soil inventory data Agricultural Transformation
Agency (ATA). Addis Ababa, Ethiopia.
Landon J. 1991. Booker Tropical Soil Manual. A hand book
for survey and agricultural land evaluation in the tropics and
sub-tropics. New York, USA: Booker Tate Limited.
Minot N, Warner J, Lemma S, Kasa L, Abate G, Rashid S. 2015.
The Wheat Supply Chain in Ethiopia: Patterns, Trends, and
Policy Options. Addis Ababa, Ethiopia: IFPRI.
Olsen SR, Sommers LE. 1982. Phosphorus. Methods of soil
analysis. In: Page AL (ed) Methods of Soil Analysis Part 2
Chemical and microbiological Properties. Madison, Wisconsin:
American Society of Agronomy, Soil Science Society of America.
pp 403–430.
Rosemary F, Vitharana UWA, Indraratne SP, Weerasooriya R,
Mishra U. 2017. Exploring the spatial variability of soil properties
in an Alfisol soil catena. CATENA 150: 53–61.
Rurinda J, Zingore S, Jibrin JM, Balemi T, Masuki K, Andersson
JA, Pampolino MF, Mohammed I, Mutegi J, Kamara AY,
Vanlauwe B, Craufurd PQ. 2020. Science-based decision
support for formulating crop fertiliser recommendations in
sub-Saharan Africa. Agricultural Systems 180: 102790.
Samuel G, Mekbib GH, Matthias K. 2017. The Wheat Sector
in Ethiopia: Current Status and Key Challenges for Future
Value Chain Development (ZEF Working Paper Series). Bonn,
Germany: Zentrum für Entwicklungsforschung (ZEF), Center for
Development Research.
Shiferaw B, Mulugeta H, Atinafu A, Abay A. 2018. Macro and Micro
Nutrients for Optimizing Maize Production at Hawassa Zuria
District, Southern Ethiopia. Journal of Biology, Agriculture and
Healthcare 8 (5): 27–31.
Simtowe F. 2015. An Assessment of National Fertiliser Policies,
Regulations and Standards for Ethiopia. African Fertiliser and
Agri-business Partnership.
Tan K. 1996. Soil Sampling, Preparation, and Analysis. New York,
USA: CRC Press.
Tariq M, Mott CJB. 2007. Effect of Boron on the Behavior of
Nutrients in Soil-Plant Systems-A Review. Asian Journal of Plant
Sciences 6: 195–202
Walkley A, Black CA. 1934. An examination of different methods
for determining soil organic matter and proposed modifications
by the chromic acid titration method. Soil Science 37(1): 29–38.

