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Field experiment was conducted in 2012 and 2013 in three districts of Arsi zone, Oromia region,
Ethiopia to evaluate the response of bread wheat cultivar “Damphe” under highland vertisols to
treatments consisting of 20 factorial combinations of five N rates from urea and four P205 rates from
triple super phosphate (TSP). The treatments were laid out in RCBD, replicated three times. All data
were subjected to analysis of variance using SAS 9.0 Statistical Analysis Software. Treatment effects on
the average grain yield (AGY) and average biological yield (ABY) were very highly significant. Number
of spikes m-2, number of seeds/spike, and plant height were also significantly or very significantly
affected. The main effects of fertilizer N on AGY, ABY, protein and wet gluten contents, and zeleny
values of grains were also very highly significant. Leaf absorption of N increased with increased rates
up to 92 kg/ha N. The N recovery efficiency (NRE) at 46 and 92 kg N/ha was 20.9% and 29.4% and the
agronomic efficiency (AE) was 10.8 and 13.3 kg grain/ kg N applied, respectively. Above the 92 kg/ha N
the increase in both NRE and AE declined or fell reaching 31.4 % and 12.6 kg grains/ kg N. Based on
farmers capacity to invest and their inherent tendency to gradually adopt higher rates, a base
recommendation of 92-46 (N- P,Os) kg/ha, which is equivalent to 160 kg/ha Urea + 100 kg/ha DAP is
given. This rate was the treatment with highest marginal rate of return (MRR). Additional
recommendation consisting of 138-69, and 115-46 (N- P,Os) kg/ha, equivalent to 240 kg/ha Urea + 150
kg/ha DAP and 210 kg/ha Urea + 100 kg/ha DAP is given, based on agronomic data, economic analysis,
complexity in management history of different farms, and environmental considerations.

Key words: Average grain yield, agronomic data, N recovery efficiency (NRE), agronomic efficiency (AE), grain
quality, marginal rate of return.

INTRODUCTION

The relatively slow growth in mean national yield for is due to several constraining factors, such as poor crop
bread wheat (Triticum aestivum L.) from 1.46 t ha™ in management that include the prevalence of poor weed
2004/2005 (CSA, 2005) to 2.01tha™ (CSA, 2011/2012) control, exacerbated by the Ilimited availability of
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herbicides in the market and its improper use when
available, depleted soil fertility and a low level of fertilizer
usage, particularly of N fertilizer are among the most
important. Nitrogen and phosphorus deficiency is often
encountered in wheat growing areas of Ethiopia, in which
the severity of the problems predominate the frequently
water-logged soils- highland Vertisols (Tekalign et al.,
1988; Syers et al., 2001). But, the K levels, as measured
by our research center for different locations of our sub
centers, was found to be very high for all study areas.
Since the introduction of Vertisols technologies in the
1990s, like BBM and ridge and furrow seed bed
preparation methods, the very high potential of such soil
for wheat productions have been well recognized by
highland Vertisols areas farmers. Nonetheless, it has
been underutilized due, mainly, to the very low input use
of fertilizers and poor pest management strategies.
Parallel to this fact researches in the development of site
and crop specific fertilizer recommendations have shown
modest progress until now due, possibly, to the limited
resources of the country. As a consequence of this, the
old bulk recommendations continued to be practiced in
many areas. Despite its continued use, the importance of
zone or site specific fertilizer recommendations in the
country have gained the attention of many researchers
and scientists since as early as the 1990s; and the
progress of the works done so far indicated that
increased rates of applications of N and P increased
grain yields with a very strong and significant linear
response (Asefa et al., 1997; Shambel et al., 1999;
Minale et al., 2004; Taye et al., 2002). Notwithstanding
the contributions of these authors, the scale of work done
so far is very little considering the variability of soils,
climate, and cropping systems. Consequently, the
demand for site specific or agroecology based fertilizer
recommendations have been increasing from time to
time. Coupled with the demand increased implementation
of improved recommendations is one of the primary
means of increasing wheat yields in Ethiopia. Therefore,
a fertilizer trial was conducted in 2012 and 2013 with the
main objective of developing economic optimum fertilizer
recommendation for bread wheat productions in three
highland Vertisols dominated districts of Arsi zone. The
specific objectives of the trial were to determine the
effects of different rates of N and P on the yield and yield
components, grain quality, fertilizer N recovery, and
agronomic efficiency of bread wheat.

MATERIALS AND METHODS
Location description and soils

The experiment was conducted during the 2012 and 2013 main

cropping seasons on farmers' fields in the south eastern highlands
of Ethiopia, in the districts of Digelu-Tijo, Arsi Robe, and Tiyo. Arsi
Robe is located from 8.4 to 8.6N and 40.1 to 40.4E, while Digelu-
Tijo and Tiyo are located from 8.01 to 8.15N and 039.15 to 039.3E
and from 7.77 to 8.03N and 38.94 to 39.31E, respectively, all in
degree decimal. The altitudes of the locations vary from 2200 masl
at Kulumsa to about 2500 masl| at A. Robe and Digelu-Tijo. These
three locations are located in the major Vertisols belts of the zone.
The Long term average annual rainfall for Arsi Robe is 1040 mm
and for Kulumsa (Tiyo district) above 840 mm. For Digelu-Tijo there
are no weather station data to describe, but the amount and
distributions are similar to the neighbouring districts. Therefore, its
estimated average annual rainfall lie between 800 and 1000mm.
Tepid to cool moist mid-highlands and Tepid to cool humid mid-
highlands are the agroecological classification for the study areas
(Ethio-Italian Development Cooperation, 2002). Even though the
long term average annual rainfall for Arsi Robe is higher than the
other location, its distributions are uneven. The soils vary from
Haplic and Vertic Luvisols to Eutric Vertisols in Tiyo district to Eutric
Vertisols in Digelu-Tijo and Arsi Robe (Ethio-Italian Development
Coop. 2002). The average organic matter content for all locations is
less than 2% and the texture vary from clayey to heavy clayey at
Kulumsa (Tiyo) to generally heavy clayey at A. Robe and Digelu-
Tijo. The K contents of the soils vary from above 680 kg/ha at the
latter two locations to 2160 kg/ha at Kulumsa. These K values are
higher than the standard, 340 kg/ha for high level of available K,O
(Sarkar and Haldar. 2005). Generally, the study areas are part of
the high potential areas for wheat production in the country; and
improving the fertilizer use in these areas can bring a considerable
impact for increasing productions in the zone and improving the
national average wheat grain yields. Selection of trial sites on
farmers’ fields was done in conjunction with local extension agents
(Figure 1).

Treatments and experimental designs

This experiment was conducted to evaluate the response of
recently released bread wheat variety Danda’e
(KIRITATI/2*PBW65/2*SERI.IB) to treatments consisting of 20
factorial combinations of five N rates (that is, 0, 46, 92, 138, 184 kg/
ha) from urea and four P.0s rates (that is, 0, 46, 92,138 kg/ha) from
triple super phosphate. The treatments were laid out in a complete
factorial arrangement using RCBD replicated three times. The gross
plot size of the trial was 4 x 5 m (= 20 m?) and net plot size of 3 x 3
m (9 m?). The fields were prepared according to the recommended
practices using the traditional oxen-plow system of the ridge and
furrow with a 0.7 m wide inter-furrow spacing. Seeds were sawn
according to the customary Vertisols management practices of first
broadcasting on the plots and then the ridge and furrows were
prepared with well experienced farmers to keep the inter-furrow
spacing of 0.7 m using a small ridge and furrow maker commonly
called BBM. All P fertilizer and half of the N fertilizer treatments
were applied at planting and the remaining N was top-dressed at
booting stage. Existing recommendation of seed rate (150 kg/ha)
and a herbicide called pyroxyslam, one time per season for weed
control, were used.

Data collection and analysis

Data was recorded on grain yield and yield components such as:
Seedling density, number of tillers per plant, spike length, kernels
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Figure 1. Geographic location description of study areas.
Developed using Arsi GIS data (Ethio-Italian Development
Coop. 2002) and Arc view 3.2 GIS software (ESRI, 1999).

per spike, thousand kernel weight (TKW), plant height, grain and
biomass yield. Information on disease and pest incidences was also
collected. Plant samples and grain samples were collected during
the second cropping season from each treatment plot of two
experimental sites at Digelu-Tijo district at the start of heading and
after harvest, respectively.

Plant height and number of productive spikes/m? were
determined for each treatment before harvest. Harvesting was done
by hand using sickles. Hundred culm weight (100 cw) were
collected from four to five points within a plot and slashed from
close to the ground surface and the dry matter yield of above-
ground biomass determined. Grain yield was determined from 9 m?
net plot by hand threshing and the harvested samples weighed by
using sensitive balance (capacity of 10 kg and 0.01 g sensitivity).
Yield adjustments were made based on 12.5% moisture content.
Above ground biomass yields were determined based on data of
hundred culm weight and the harvest index (HI) calculated as the
ratio of grain yield to above ground biomass yield expressed as a
percentage. Thousand kernel weight (TKW) was determined by
weighing 1000 grains under moisture contents adjusted to 11%.

The number of grains/spike was determined by hand counting of
the number of grains of 5 spike samples and averaging them. Straw
N contents were determined by micro-Kjeldahl analysis of straw sub
samples (Bremner and Mulvaney, 1982) at KARC soil laboratory
from the oven-dried bulk samples.

120 grain samples collected from two sites of Digelu-Tijo district
for grain quality analysis. Grain Protein, starch, wet gluten, and
zeleny values were determined using Near Infrared Reflectance
(NIR) at Amhara Region Agricultural Research Institute (ARARI),
Bahirdar, Ethiopia.

Grain N values were calculated by multiplying grain yields by the
respective N content. Apparent N recovery (AR) of the grain for
each treatment N was calculated as: (GNU of treatment - GNU from
the control treatment) / fertilizer N applied. The GNU values were
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calculated from N treatments averaged over the ranges of P,Os
levels and replications making the degree of freedom 30.
Agronomic efficiency (AE) of fertilizer N was calculated as: (grain
yield of treatment -grain yield of control) / fertilizer N applied. Again
the main effects of N were considered. Efficiency values calculated
based on known procedures (Cassman et al., 2002; Fageria and
Baligar, 2003; Doyle and Holford, 1993).

The method of partial budget analysis recommended by CIMMYT
(1988) was used to evaluate the economic profitability of the
various treatment options and determine the economic optimum
rate. For continuous economic analysis predicted yield data was
generated using the regression model developed for prediction of
yield response under alternative fertilizer treatments. Data
necessary for economic analysis was collected from the districts
bureau of agriculture. All variable costs including land preparation,
planting, weed control, and harvesting costs are estimated based
on the actual field prices at the time of planting and immediately
after harvest; and averaged over locations. The yield data used for
economic analysis is the 2013 data, due to the better management
conditions.

The costs of P,Os and N fertilizer were estimated based on the
cost of DAP and Urea, respectively. The Urea rates were adjusted
based on the contribution of N from each treatment level of DAP to
N source levels. Dominance analysis, as recommended by
CIMMYT (1998), was applied to screen treatments with higher
variable costs, but lower net benefits; and dominated treatments
eliminated from further considerations in Marginal analysis. The
minimum acceptable rate of return was taken as 100%; and
treatments with lower minimum rates of return were also removed
from further analysis. Finally sensitivity analysis was conducted on
the selected best treatments to evaluate the effect of variability in
input prices over time and space on the strength of acceptability of
recommended practices under all recommendation domains.

All crop parameters data were subjected to analysis of variance
using SAS 9.0 statistical software (SAS, 2002). Data were analyzed
for trials combined across site and seasons. The DMRT test
(P<0.05) was used to assess differences among treatment means.
SPSS 20.0 statistical software was used to analyze the correlations
between yield and yield components and the treatments, and for
developing prediction models for grain and biomass vyields. For
graphical analysis of yield and yield components Origion 8 GUI and
SPSS 20.0 softwares (Origin Lab Coop., 1991-2007; IBM, 1989-
2011) were used.

RESULTS AND DISCUSSION

Grain and biomass yield responses to N and P,0Os
rates

Grain yields and vyield components of bread wheat
(Danda’e/ Damphe variety) under different fertilizer rates
are presented in Tables 1 to 3. Only the main effects of
each fertilizer rates on the yield and yield component
responses across locations and years are summarized.
The main effects of N and P,Os on AGY and ABY are
also illustrated in Figures 2 and 3; and Figures 4 to 6
exemplify the responses of the test variety in grain quality
parameters.

The average grain and biological yields (AGY and ABY)
at Arsi Robe and Digelu-Tijo districts in the 2012 trial
results show that the main effects of N and P are very
highly significantly different, with mean grain and
biological yields of 2861 and 6940, as compared to the
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Table 1. The main effects of fertilizer N and P,Os application rates on selected agronomic parameters of bread wheat grown on the highland Vertisols of Arsi zone in 2012 and 2013.

2012 summary results of robe and Digelu-Tijo districts

2012 and 2013 summary results of Digelu-Tijo and Tiyo districts

Sources  of

. e PH AGY ABY AGY ABY
variation (cm) NSPS SPM (Kg/ha) (Kg/ha) HI HLW PH (cm) NSPS SPM (Kg/ha) (Kg/ha) HI HLW
N (Kg/ha)
0 84.4 41.5 241 1926 5106 39.5 76.3 75.5 38.4 360 2385 6176 39.7 75.0
46 89.6 47.0 252 2554 6067 40.2 75.5 82.8 40.9 376 2852 7160 40.2 75.4
92 101.4 50.8 266 2960 7103 40.1 75.4 87.8 41.6 423 3370 8327 41.0 74.5
138 98.4 55.3 268 3368 7935 40.0 74.7 92.6 43.4 430 3916 9381 42.2 74.9
184 98.0 54.8 263 3516 8685 39.0 74.6 93.8 45.2 461 4271 10365 41.6 74.4
D M RT *% *%k%k * *k%k *k%k N S NS *kk * *kk *%k% *k%k N S N S
P,0s (Kg/ha)
0 88.4 47.1 247 2287 5603 39.9 75.6 82.2 40.6 386 2788 6846 40.6 75.1
46 93.1 49.2 249 3004 7018 40.5 75.07 88.1 42.1 416 3511 8551 41.5 75.0
92 94.6 49.9 260 2973 7303 39.9 75.4 88.3 41.9 432 3653 9087 40.5 74.2
138 101.2 53.0 274 3205 7876 39.1 75.12 88.4 43.3 417 3637 8952 41.5 4.7
DMRT * * * *k%k *k%k NS NS *kk NS NS *%k%k *kk NS NS
N*P NS NS NS NS NS NS NS NS NS NS NS NS NS NS
REP NS NS ok NS * NS NS * NS NS NS NS NS NS
N*REP NS NS NS NS NS NS NS NS NS NS NS NS NS NS
P2Os*Rep NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Control 81.3 40.4 231 1606 3910 40.7 76.4 70.3 36.5 337 1969 5266 38.47 75.02
Mean 94.4 49.8 258 2861 6940 39.8 75.3 86.7 41.96 413 3390 8341 40.98 74.8
CV 19.3 14.2 15.8 20.4 23.2 15.9 4.5 8.96 24.6 28.9 32.9 30.82 14.6 3.94

control 1606 and 3910 kg/ha, respectively. The
highest AGY and ABY at Robe were 4229 and
11145 kg/ha and mean of Sagure and Tiyo 4658
and 9745 kg/ha, respectively.

The summary of 2013 results for same
parameters at Digelu-Tijo and Tiyo districts of Arsi
zone showed that the main effects of N and P,Os
were very highly significantly different, with mean
grain and biological yields of 4134 and 9831
kg/ha. In contrast to the control treatment results
of 2589 and 6554 kg/ha, the highest yields
obtained were 5431 and 13299 kg/ha of AGY and

ABY, respectively. The results of 2012 and 2013
at Arsi Robe (Table 3), although lower in the
responses of economic yields, showed similar
response patterns. Generally, the combined
analysis of variance of data of 2012 and 2013
combined over locations also showed that the
main effects of N were very highly significant on
average grain yield (AGY), and average biological
yield (ABY). Number of seeds per spike (NSPS)
and number of spikes per meter square (SPM)
were also very highly significantly affected by N
than P. Treatment effects were also very highly

significant for most of the parameters (Table 4).
ANOVA results did not show any significant
interaction effects of N and P,Os for most
parameters at all locations. But tests on mean
separation showed differences due to the
combined effects of the two, and their interactions
were also very important to influence the
response levels (Figure 10). The yield component
parameters that control the AGY such as: SPM
and NSPS were significantly controlled by N than
P. But P was crucial to increase the vyield
responses within the ranges of 46 to 92 kg/ha
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Table 2. Main effects of N and P,Os on selected agronomic parameters, 2013, Degelu-Tijo and Tiyo districts.

Sources of variation PH (cm) NSPS SPM AGY (Kg/ha) ABY (Kg/ha) HI
N (Kg ha™)
0 77.4 39.2 408 3025 7450 40.6
46 84.2 39.3 439 3769 9249 40.5
92 86.8 41.0 465 3973 9245 43.8
138 91.2 40.4 497 4755 11069 43.0
184 934 43.5 501 5111 12170 42.6
P,Os (Kg ha™)
0 83.7 40.6 445 3653 8658 42.1
46 87.5 41.3 463 4206 9993 42.2
92 88.6 41.1 472 4370 10428 41.9
138 87.3 40.3 474 4312 10264 42.9
ANOVA
TRT *kk NS *%k%k *%k%k *%k%k N S
N*P NS NS NS NS NS NS
REP NS NS NS NS NS NS
N*REP NS NS NS NS NS NS
P,0Os * REP NS NS NS NS NS NS
Control 72.8 36.6 367 2589 6554 39.4
Mean 86.8 40.8 463 4134 9831 42.3
CcVv 7.7 18.0 12.2 22.9 23.3 13.2

Table 3. Main effects of N and P,Os on selected agronomic parameters. 2012 and 2013 (Arsi Robe district).

Sources of variation PH (cm) SPM NSPS all AGY (Kg/ha) ABY (Kg/ha) HLW
N (Kg ha™)

0 79.7 295.7 39.0 35.9 1591 4397 75.4
46 87.9 298.2 42.9 37.3 2230 5525 74.9
92 91.8 339.9 45.3 37.5 2518 6382 74.6
138 954 351.3 48.4 38.0 2883 7174 74.2
184 95.9 361.9 48.8 38.0 3136 7914 74.2
P,Os (Kg ha™)

0 86.7 316.4 42.6 385 2093 5266 75.1
46 91.0 325.6 45.2 37.0 2584 6444 74.5
92 90.9 344.0 44.8 37.0 2462 6317 74.7
138 92.1 335.0 46.7 36.7 2734 7014 74.3
ANOVA

N *k% * *k% NS *%k% *k%k NS

P wex NS NS NS ok Hx NS

N*P NS NS NS NS NS NS NS

REP * NS NS NS NS NS NS

N*REP NS NS NS NS NS NS NS

P,0Os * REP NS NS NS NS NS NS NS

TRT *k%k N S *%k%k N S *%k% *%k% N S

Mean 90 329 44.8 37.3 2469 6264 74.7
Control 76.9 300 36.6 34.9 1370 3598 75.8
CV 7.6 37.8 19.5 17.5 27.0 27.7 3.9

NS stands for Non-significant (at p < 0.05), *** for very highly significant (at p < 0.001), ** for highly significant (at p < 0.01), and the symbol *

stands for significance level (at p < 0.05).
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Figure 2. Response curves showing relationship between AGY
responses to N levels as P,Os levels (colored curves) change from
0-138 kg/ha.
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Figure 3. Response curves showing relationship between ABY
responses to N levels as P,Os levels (colored curves) change
from 0-138 kg/ha.

P205 (Figures 2 and 3). Generally, the yield increments
in the 2012, 2013, and mean of 2012/2013 vary from 111
to 146% and 103 to 142% for the highest treatments
results of AGY and ABY, respectively, as contrasted to
the control treatment results.

The relationship between AGY and different rates of N
and P can be expressed using the following second
degree polynomial equation, with R*=0.97 for AGY. The
predicted average grain yield is expressed by:

PAGY =c+alN + E}P:GE_ - d.‘"l.'.: —'FI:P:GE_ }: + fl::'i" =P:ﬂ'5:l

Where: PAGY is predicted average grain vyield, c is

a constant with a value of 2667 kg/ha, a, b, d, e, and f are
coefficients with values of 12.84, 12.7, 0.015, 0.07, and
0.019, respectively. The parameters PAGY, N, P,Os5 are
all in kg/ha. Grain yield responses of the test variety to N
and P,Os combinations, not included in the treatments,
were predicted using the equations developed for AGY
and the values applied during economic analysis. The
model can provide very good input and yield predictions
for field conditions that can be well managed. The results
obtained so far are also in agreement with the works
done on bread and durum wheat (Asefa et al., 1997
Shambel et al.,, 1999; Minale et al.,, 2004; Taye et al.,
2002).

Effect of N and P,Os on Grain quality

Increased rates of N had significant effect on grain
protein and wet gluten contents, and zeleny values. The
average protein contents obtained from highest to lowest
were 13.39, 12.50, 12.0, 11.02, 10.76% from applications
of 184, 138, 92, 46, 0 kg/ha N, respectively. The wet
gluten contents from highest to lowest: 30.71, 29.64,
2752, 23.73, and 23.59% were obtained from
applications of 184, 138, 92, 46, and 0 kg/ha,
respectively. Similarly, Nitrogen had had very high
significant effect on the Zeleny values, but no significant
effect on starch content. Generally, the main effects of N,
when contrasted with the control treatment, increased the
grain protein, wet gluten and zeleny values by 25, 34
and 44%, respectively, at the highest rate of N. The result
is clearly indicative of the fact that Nitrogen is the main
determining factor to improve the grain quality of bread
wheat (Figure 4).

The effect of P nutrition on grain quality was
insignificant (Figure 5). Protein and starch contents were
not significantly affected by increasing rates of P, but
Zeleny values negatively affected. The wet gluten content
slightly raised at the 92 kg/ ha P,Os rates.

Leaf analysis

Leaf samples were collected from two trial sites on
farmers’ fields for analysis of N absorption by the plant.
The results of the analysis indicated that absorption of N
was highly significantly affected by increasing rates at
(p>0.0016). The mean absorption was 2.6%. The highest
rates of absorption was 2.9% from plots that received 138
kg/ha N, the second highest was 2.82% from plots that
received 92 kg/ha N. The third highest was 2.58% from
plots that received the highest N rates (184 kg/ha). The
lowest absorption recorded was from plot that received
no N.

Contrary to the effect of the highest rates of N on the
grain protein or N contents, leaf absorption was
intermediate to the highest rates. This may be due to,
possibly, higher associated losses. The effect of
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different rates of P on the leaf absorption was
insignificant; and no interaction effect of N and P was
observed.

Fertilizer N recovery and agronomic efficiency

Fertilizer N uptake and agronomic efficiency was
calculated based on data from quality analysis. The NRE
steadily increased with N rates up to 92 kg/ ha, remained
constant between 92 and 138 kg/ha N, and slowly rises
after that. Similarly, the agronomic efficiency of N
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changes in fertilizer N and P treatment combinations.

increases up to 92 kg/ha N, and declines after that. At 46
and 92 kg N/ha the NRE was 20.9 and 29.4% and the AE
was 10.8 and 13.3 kg grain/ kg N applied, respectively.
The highest NRE was 31.4% at the highest N. On the
other hand the AE at the rates of 138 to 184 was 12.6 kg
grain/ kg of N applied.

Generally, the highest response values were obtained
at 92 kg N/ha (Figure 7). The results obtained so far are
in agreement with the works done on bread and durum
wheat (Tilahun et al., 1996)

Economic analysis

Every shift in investment from the lower selected
treatments to higher resulted to more than 100% return
(Figure 8). The marginal rate of return (MRR) generally
varied from 1.14 to 4.19. The highest MRR was obtained
from applications of 92-46 kg/ha N- P,0s. Further
increases in fertilizer use, particularly of nutrient N, still
held positive yield rewards. The values in the vertical axis
(Figure 9) show the return in birr for every 1 birr invested
on fertilizers. The highest MRR (4.19) was obtained from
application of 2.61 units of fertilizer, which is equal to 160
kg/ha Urea + 100 kg/ha DAP. The MRR generally
declines with increased applications of Fertilizer N
(Figure 9).

Sensitivity analysis was made based on data used in
the MRR analysis and with treatment results above 100%
minimum rate of return, except for the control. The if-
analysis was done with the assumption of an average of
30% rises in all variable costs within 3 years time,
keeping the prices of the produce constant. This is one
scenario in the analysis. The second scenario can
consider varying both the TVC and price of produce. But,
the analysis using the first scenario resulted in more than
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Table 4. Main effects of N and P,Os on selected agronomic parameters, combined over seasons and locations.

Sources of variation PH (cm) SPM NSPS HI ABY (Kg/ha) AGY (Kg/ha) HLW
N (Kg ha™)

0 78.9 333 39.1 37.5 5415 2076 75.1
46 86.9 336 41.9 38.7 6518 2640 74.8
92 89.9 386 43.8 39.8 7414 3053 74.7
138 94.0 398 46.1 39.1 8384 3465 74.3
184 95.0 412 46.6 39.7 9461 3853 74.2
P,0s (Kg ha)

0 85.7 358 42.0 39.7 6360 2596 74.9
46 89.8 371 43.4 38.7 7600 3125 74.7
92 90.0 378 43.9 38.8 7839 3168 74.4
138 90.6 391 44.7 38.6 8006 3223 74.4
ANOVA

N *kk *%k% *%k% N S *%k% *%k% NS

P xxE NS NS NS bk rkx NS

N*P NS NS NS NS NS NS NS

REP NS NS NS NS NS NS NS

N*REP NS NS NS NS NS NS NS

P,0s * REP NS NS NS NS NS NS NS

T RT *kk N S *%k% N S *k%k *%k%k NS

Mean 89.0 374 43.5 39.0 7440 3023 74.6
Control 75.5 323 37.3 37.9 4583 1776 75.4
CV 7.6 32.5 19.4 16.8 33.8 36.8 3.5

The level of significance at p<0.05 is designated by *, p<0.01 by **, and p<0.001 by ***.

100% minimum rate of return for the 13 selected
treatments. So there was no need to go to the second
scenario, as it is obvious that the second scenario can
result in minimum rate of return of values greater than the
first.

The additional benefits that could be obtained from the
production process were straw yields, soil quality, and
grain quality improvements. The additional economic
advantages that could be obtained from such additional
benefits were not considered in the economic analysis
due to the difficulties posed in the estimation of the
market values of straw, the lack of grain quality standards
to set premium prices, the complexity in using the
methodology for measuring the economic values
associated with changes in soil qualities.

CONCLUSIONS AND RECOMMENDATIONS

The response of bread wheat to increased rates of both
fertilizer N and P,Os is very high. It is more responsive to
N than P. The two year results clearly showed that the
ranges of P,Os necessarily be used to increase yield
should lie between 46 and 92. The response to N levels
increased up to the maximum applied rate, 184 kg/ha.
But the increase in NRE with increases in applied N

declined after the 92 kg/ha N. This result is a very good
indication of the fact that N losses increase with
increased applications of N.

From analysis of agronomic data the highest yields
were obtained through applying the highest treatment of
N and P. On the other hand, the results of economic
analysis showed that the highest MRR was obtained from
application of 92- 46 kg/ha N- P,0Os.

Increased fertilizer N greatly affected the grain qualities

of bread wheat, especially of grain protein and wet gluten
contents and zeleny values. However, the effect of
fertilizer P nutrition on grain protein, wet gluten, and
zeleny values is insignificant. The result is clearly
indicative of the fact that Nitrogen is the main determining
factor for improving the grain quality of bread wheat.
Poor fertilizer use is one of the major bottlenecks for
improving wheat yields in almost all highland Vertisols
areas of Ethiopia. Farmers generally use below the
optimal rates of fertilizers necessary to improve yields.
Even those farmers considered to be good users took for
granted DAP fertilizer as the most important input to
sustain or improve productions. However, the results of
this experiment and many previously done works proved
otherwise. The use of chemical fertilizer has to be
increased above the currently practiced rates, especially
of nutrient N.
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Figure 7. Curve showing the relationship between fertilizer
recovery efficiency (NRE, left y-axis) and AE (right y-axis).
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Figure 8. Bar graph showing the relationship between total
variable costs and net benefits as per treatments selected based
on dominance analysis.

Based on farmers capacity to invest, their tendency to
gradually adopt higher rates, and the MRR values, the
92-46 (N- P,0Os) kg/ha, equivalent to 160 kg/ha Urea +
100 kg/ha DAP is recommended. It would be better to
advice poor farmers to start with this lowest level
recommendation. With the increasing benefits they
experience they can progressively develop to higher
levels. Based on the need to attain the long term high
yield goals set by planners, the 138-69 (N-P,Os) kg/ha,
equivalent to 240 kg/ha Urea + 150 kg/ha DAP is
recommended. For some lead farmers and for
progressive use by resource poor farmers providing an
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Figure 9. Trend curve showing the inverse relationship of MRR
(net return for every one birr invested) with units of fertilizer
applied increase.

intermediate recommendation of 115-46 (N- P,Os) kg/ha,
equivalent to 210 kg/ha Urea + 100 kg/ha DAP is
necessarily given. However, care need be taken when
using the highest recommendation. It should specifically
applied to farms with a very poor management history
(very low or no fertilizer use, no crop rotations and
residue management).

Sensitivity analysis showed that the improved
recommendation would remain highly profitable for years
to come; and that the validity of the recommendations
made could continue over the course of time across the
recommendation domains. The results of the trial can be
extrapolated to other Vertisols areas of similar
agroecology,

Increased N fertilizer use, particularly above the 92
kg/ha rate, should consider increased application
frequency to minimize losses. The current practice or
teaching is to split in to two; and this practice does not
consider the changes in crops response and N recovery
efficiency at very low and very high rates.

The issue of fertilizer use efficiency (FUE) that include
timing and frequency at very low and very high rates,
under major agroecological conditions, therefore, need
be considered as one research agenda for further work.
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