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Abstract

Background: Emerging research evidences since few years back are indicating that sulfur (S) is becoming a limiting
nutrient in some Ethiopian soils. However, these evidences are not sufficient to make a solid conclusion that some
soils of Ethiopia have became deficient in S. There is also limited information on the interaction effects of S and phos-
phorus (P) on bread wheat in Ethiopia. Therefore, an experiment was conducted to evaluate the effects of S and P
fertilizers; and their interaction on yield components and yield of bread wheat grown at Gerba and Deneba locations,
Northern central Ethiopia. A factorial experiment consisting of three levels (0, 15 and 30 kg ha™") of S and four levels
(0, 11,22 and 44 kg ha™") of P was laid out in RCB design with three replications.

Results: Results revealed that yield components and yield of wheat were significantly affected by both main and
interaction effects of S and P fertilizers in both locations. At Gerba, S applied at 15 and 30 kg ha™" increased grain yield
(GY) of wheat by 32 and 44% over untreated control treatment, respectively. The corresponding increases at Deneba
were 29 and 37% over untreated control treatment, respectively. However, significantly higher GY was obtained with
treatments involving combined application of S and P than that obtained with single application of S or P. GY gains
due to S and P interaction effect ranged from 46—65 to 52-75% over untreated control treatment at Gerba and Den-
eba, respectively. Optimum GY of wheat was obtained with treatment involving 15 kg S ha="'422 kg P ha™".

Conclusion: The results of this experiment revealed that application of P and S fertilizer has significantly increased
yield component, grain and straw yield of wheat compared to unfertilized control plot, indicating insufficient soil P
and S content for optimum production of wheat and this was confirmed by very low soil test values of S in both sites.
Combined application of S and P produced significantly higher yield of wheat than that obtained with single applica-
tion of S or P indicating synergistic interaction between these nutrients. In all cases, optimum grain and straw yield of
wheat was obtained with treatment involving at 22 P+ 15 S kg ha™', while a partial budget analysis result revealed
that a combination of 22P and 155 kg ha™' produced the highest MMR (54.9%). Thus this treatment is found to be
economically feasible treatment for bread wheat production in study area of the district.
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Background

Bread wheat (Triticum aestivum L.) is one of the
most important cereal crops produced and consumed
in Ethiopia. It stands third among cereals in terms of
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Ethiopia barley and tef [1]. Traditionally, wheat grains are used
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Despite, its importance and growing demand for bread
wheat in Ethiopia, its production and productivity are
desperately very low, about 2.5 t ha™! which is below
the world’s average of 3.4 t ha™! [2]. Consequently, the
country imports large amounts (30-50% of total annual
demand) wheat grains every year from abroad to meet
domestic demand [3] which has grave consequence on
foreign currency reserve of the country.

Declining soil fertility is one of the major factors that
account for low productivity of wheat in Ethiopia [4,
5]. Declining soil fertility which is caused by soil ero-
sion, continuous cropping of same land year after year,
deforestation, inadequate replenishment of nutrients
lost through different pathways through application of
organic and inorganic fertilizers are the main challenge
not only to wheat production but also to the produc-
tion of all crops [4, 6]. It is an issue of great concern in
Ethiopia as soil nutrient depletion is becoming severe
and severe with time since little efforts are being made
to reverse the problem. Food security is at the national
and global level tends to focus on the supply side of
the food equation. The question raised is there enough
food available, where food is usually interpreted to
mean dietary energy. But availability does not assure
access, and enough calories do not assure a healthy and
nutritional diet [7]. Among several composite indexes
for food security is a large set of proxies for food secu-
rity [8].

In an effort to overcome declining soil fertility chal-
lenge and thereby improve crop productivity includ-
ing wheat, application of inorganic fertilizer containing
nitrogen (N) and phosphorus (P) has long been started in
Ethiopia. This is because based on the results of extensive
field and laboratory studies some 50 years ago, N and P
were identified as the only nutrients deficient in almost
all arable lands of Ethiopia despite variations from place
to place [9]. Appreciable increases in the yields of several
crops used to be obtained due to these inputs [10-12].
However, crop yield gain due to N and P fertilizer applica-
tion is declining over time despite steady increases in fer-
tilizer consumption in Ethiopia [13]. Declining crop yield
responses to N and P fertilizers is attributed to decreas-
ing soil organic matter (SOM) content [13]. Moreover,
depletion of other nutrients in addition to N and P could
be additional factor for decreasing response of crops to N
and P fertilizers [9]. Sulfur (S) could be one of the most
likely limiting nutrients in Ethiopia soils. It is a building
block of protein and a key ingredient in the formation
of chlorophyll [14]. It has been reported that S-deficient
plants exhibits reduced plant height and stunted growth,
reduced tillers, spikelets and delayed maturity [15, 16].
Sulfur-deficient plants are shown to be less resistance
under stress conditions [17].
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In this regards, emerging research evidences are show-
ing that sulfur (S) is one of the nutrients becoming defi-
cient in some Ethiopian soils limiting crop production.
For instance, Assefa [18] studied the response of wheat
to S application on 18 sites located in Arsi, East Shewa
and West Shewa and reported that wheat significantly
responded to S fertilizer application in 72% of experi-
mental sites. He further reported that soils of responding
sites had S content below critical level (11-13 mg kg™
SO, %S) for optimum production of wheat. Similarly,
Kiros and Singh [19] studied the effect of sulfur on two
varieties of wheat (Enkoy and Shehan) grown in Andisol
and Cambisols in semi-arid region of Ethiopia and found
that S application significantly increased grain yield, N-
use efficiency and S uptake of both varieties of wheat.
There is little or no information so far on the response of
wheat to S application in Moretena-Jiru district of north
Shewa, Ethiopia. Therefore, the designed objective of this
experiment was to determine effects of S and P applica-
tion on the growth, yield components and yield of wheat
and to determine the economic feasibility of S and P
fertilizer application for wheat production in the study
district.

Materials and methods

Description of the study locations

The experiment was conducted in 2017/2018 cropping
season on two farmers’ fields at Gerba and Deneba loca-
tions which are 17 km apart each other and they are
found in Moretena-Jiru district of north Shewa, about
195 km northwest of Addis Ababa. Geographically, the
study locations lie between 9°46’53.3"-9°52/07.5” N and
39°10/38.17-039°11'28.3” E. The altitude of the study
locations ranges from 2600 to 2700 m.a.s.l with mean
annual minimum and maximum temperature ranging
from 5.9-11.6 C to 17.4-31.2 C, respectively. The study
locations and the district as a whole are characterized by
having a uni-modal rainfall pattern and receives an aver-
age annual rainfall of 921.2 mm. Vertisols is the dominant
soil type occurring in the experimental locations and the
district. Major crops grown in the Gerba and Deneba
locations; and in Moretena-Jiru district as well include
wheat, tef, lentil, faba bean, and chickpea, field pea and
grass pea in decreasing orders of area cultivated under
these crops.

Soil sampling and analyses

After selecting the experimental sites, pre-planting soil
samples were collected from each site for the analy-
ses of selected physicochemical properties. Composite
soil samples were taken from each site from a depth of
0-20 cm using augur randomly from 15 spots by walk-
ing in a zigzag pattern. After thoroughly mixing the



Assefa et al. Agric & Food Secur (2021) 10:39

composite samples, 1 kg of sub-sample was taken and
brought to Debre Birhan agricultural research centre soil
laboratory where it was air dried and grounded to pass
2 mm mesh sized sieve.

The processed samples were analyzed for texture fol-
lowing by Bouyoucos hydrometer method [20]. The pH
of the soil was measured using pH-water method by
making soil-to-water suspension of 1:2.5 ratio and was
measured using a pH meter. The soil OC content was
determined by wet digestion method [21]. Total nitro-
gen (TN) was determined by using the modified micro-
Kjeldhal method [22], available P (avaP) was analyzed by
using Olsen’s calorimetric method as described by Olsen
et al. [23], and exchangeable K in the soil was extracted
with 1 N NH,OAc and the amount was estimated using
a flame photometer [24]. Soil available sulfur (avaS) was
determined turbidimetrically using a spectrophotometer
[25]. CEC was measured after saturating the soil with 1 N
NH,OAc and displacing it with 1 N NaOAc [26].

Treatments, design and experimental procedure

A factorial experiment consisting of three levels (0,
15 and 30 kg ha™!) of S and four levels (0, 11, 22 and
44 kg ha™") of P was laid out in RCB design with three
replications. The above S levels of 0, 15 and 30 kg ha™!
were as coded S0, SI and S2, respectively. Similarly, P lev-
els of 0, 11, 22 and 44 kg ha™! P were coded as PO, PI,
P2 and P3, respectively. K,SO, and TSP were used as S
and P sources, respectively. The test crop, wheat variety,
Menzaie was sown in a unit plot size of 3.6 x 3.4 m with
row spacing of 20 cm apart at a rate of 150 kg ha™!. The
whole doses of K,SO, and TSP fertilizers were applied
basal applied in both sides of rows just before sowing as
per the treatment. To compensate for K applied along
with S in S treatment plots, K was applied to all non-S
treatment receiving plots in the form of KCI. The recom-
mended dose of N fertilizer for wheat production around
the study area which is 167 kg ha™! [27] was applied uni-
formly to all plots in the form of urea. The urea-N was
split applied in which one half of N was applied at plant-
ing and the remaining one half was applied one month
after planting and first weeding. All agronomic manage-
ment of the trials was done as per the recommendation
for the crop [28].
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Data collection and measurements

Data on plant height (PHT) at harvest, number of fer-
tile tillers per meter square (NFTPM), at harvest, spike
length (SPL), number of spikelets per spike (NSPS), num-
ber of grains per spike (NGPS), thousand grain weigh
(TGW), grain yield (GY), straw yield (SY) and harvest
index (HI) data were collected at appropriate stage and
time pertinent for each parameter.

Data analysis

The collected data were subjected to ANOVA. After
verifying the homogeneity of error variances, combined
analysis of variance was done using the procedure of SAS
software version 9.4 [29]. Mean comparisons were done
by least significant difference (LSD) at the 5% level of
significance.

Results and discussion

Soil physicochemical properties

Pre-planting soil analyses data of selected physico-
chemical properties of samples collected from experi-
mental location at Geraba and Deneba are summarized
in Table 1. The soils of both sites were belonging to clay
textural class. Gerba soil has soil reaction near to neu-
tral, whereas the soil of Deneba is slightly alkaline reac-
tion. The SOM and TN content of soils of both locations
are in low categories according to Jones [24]. The avail-
able P content of both locations are slightly higher than
6 mg kg!, lower than the critical soil available P value
established for some Ethiopian soils which is 10 mgkg ™
[30]. The S content of both soils were also found to be
below the critical value of S required for optimum pro-
duction of wheat which is 10-13 mg kg~ SO, ~2-S [31].
The CEC of both soils was also in high category accord-
ing to rating established by Landon [32].

Effects of sulfur and phosphorus fertilizers on growth

of bread wheat

Main effects of S and P on PHT and NFTPM of wheat in
Gerba and Deneba locations are presented in Table 2. SI
and S2 treatments significantly increased PHT of wheat
in both locations compared with control (S0), but they
were statistically at par with each other. This is in agree-
ment with the findings [33] who reported that application

Table 1 Selected physicochemical properties of soils of experimental sites before planting

Locations Physical property Chemical properties
Sand Silt Clay Textural class Soil pH SOM TN avP avsS CEC (Cmolkg™")
% % mgkg ™

Gerba 6 76 18 Clay 6.8 1.55 0.087 6.95 562 400

Deneba 8 74 18 Clay 73 1.79 0.088 6.36 4.98 39.0
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Table 2 Main effects of S and P fertilizers on PHT and NFTPM of
wheat at Gerba and Deneba locations
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Table 3 Interaction effects of S and P on PHT and NFTPM of
wheat at Gerba and Deneba locations

Treatments Gerba Debeba Slevels (kg/ha) Plevels Gerba Deneba
PHT (cm) NFTPM PHT (cm) NFTPM (ko/ha) PHT (cm) NFTPM  PHT (cm) NFTPM
S-levels PO 84.0f° 472.2d 83.1e 409.6¢
SO 90.3b? 5594c 88.4b 496.9¢ SO P1 88.5e 567.8c 88.0d 513.4b
Si 934a 607.1a 92.6a 536.6a P2 92.8 cd 612.8ab  91.0bcd 548.5a
S3 94.5a 583.3b 92.9a 519.4b P3 93.2bcd 584.7bc  91.6abc 516.2b
P-levels PO 91.0de 5902bc 898 cd 533.1ab
PO 89.5¢c 547.1c 88.1c 485.8b S1 P1 94.0abc  5959abc 92.1abc  526.0ab
P1 92.4b 580.9b 91.2b 522.8a P2 94 4abc 624.0a 94.0ab 547.1a
P2 94.2a 609.0a 92.8ab 538.6a P3 94.7abc 612.8ab  94.8a 540.1ab
P3 94.9a 594.0a 93.2a 532.2a PO 93.2bcd  579.0c 91.5abc  514.8b
SxP ** ** ** ** 2 P1 94.8abc  579.0c 93.5ab 528.8ab
CV (%) 1.8 30 2.1 53 P2 95.3ab 590.3bc  93.5ab 5204a
2 Means within column followed by same letter(s) are not statistically different P3 96.0a 5847bc  93.3ab 513.4ab
from each other at 0.05 CV (%) - 16 34 19 3.1

Probability level, **significant at 0.01 probability level, ns, non-significant

of § significantly increased PHT of wheat. PHT was also
significantly increased by main effects of P application.
The highest PHT of was produced by P3 which was sta-
tistically at par equal to P2 followed by PI and the least
PHT was produced by P0 in both locations.

NFTPM which are one of the major yield contributing
factors [34] were significantly affected by main effects
of both S and P fertilizers (Table 2). SI and S2 increased
NETPM by 8.5 and 4% over SO in Gerba, respectively.
Similarly, in Deneba, SI and S2 increased NFTPM by 8
and 4.5% over SO, respectively. In line with this, Assefa
[18] reported that application of S significantly increased
number of tillers per plant of wheat grown in Keteba and
Bekejo sites of east Shewa zone of Ethiopia. According to
him, S applied at 10 kg ha™! produced the highest num-
ber of tillers per plant relative to the control.

Phosphorus has also significantly increased NFTPM
in both locations. In Gerba, P2 produced the highest
NETPM followed by P3, P1 and PO in that order whereas
in Deneba, all P rates have significantly produced higher
NFTPM relative to PO, but they were statistically at par
among each other. The apparent significant increase in
NFTPM of wheat in both locations is in agreement with
Ibrahim et al. [35] who reported increased in number
of fertile tillers in wheat due to increase in P levels over
control.

There was also significant interaction effect between S
and P on PHT in both locations (Table 3). Significantly
higher PHT of wheat was produced treatment involv-
ing combined applications of S and P than that obtained
with control treatment and treatments with single appli-
cation of S or P in both locations. The present result is

@ Means within column followed by same letter(s) are not statistically different
from each other at 0.05 probability level, ns, non-significant

in agreement with Kumar et al. [36] who reported that
combined application of P and S produced significantly
higher PHT of wheat than that produced by single appli-
cation either S or P. But S by P interaction was not sig-
nificant for NFTPM of wheat in both locations indicating
that change in the levels of S doesn’t change the effect of
Plevels on NFTPM and vice versa.

Effects of sulfur and phosphorus on yield components

of wheat

The main effect results revealed that both S and P fertiliz-
ers have significant effect on yield components of wheat
grown in Gerba and Deneba locations (Table 4). Both
S1 and S2 have significantly increased SPL, and NGPS
of wheat relative to SO except SPL at Deneba. However,
there was no significant difference between SI and S2
rates with regards to these parameters of wheat in both
sites. Significantly higher NSPS was recorded on S2 on
Gerba and S1 on Deneba as compared to SO but there
was no significant difference between SI and S2. Signifi-
cantly higher TGW was recorded on SI than SO and S2
on both locations. In line with this finding, Togay et al.
[37] studied the effects of different levels of S on barley in
Turkey and found that application of S has significantly
increased the above parameters relative to the control.
Similarly, all P rates have also significantly increased SPL,
NGPS and TGW of wheat in both locations relative to
the control (P0) except NSPS at Gerba. But there were
no significant differences among P rates with respect to
these parameters of wheat indicating that optimum lev-
els of yield components of wheat can be achieved at PI
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Table 4 Main effects of S and P fertilizers on yield components of wheat at Gerba and Deneba locations

Treatments Gerba Deneba
SPL (cm) NSPS NGPS TWG (g) SPL (cm) NSPS NGPS TWG (g)
S-levels
SO 6.05b° 15.4b 47.2b 42.1b 6.20 15.4b 45.2b 40.8b
ST 6.50a 15.7ab 489a 432a 6.05 16.0a 47.9a 54.3a
S2 6.48a 15.8a 48.1ab 42.1b 6.03 15.7ab 48.0a 40.8b
P-levels
PO 6.3b 15.2b 47.1b 41.8b 5.82b 14.78b 44.3b 41.4b
P1 6.5a 15.8b 48.2ab 42.3ab 6.01ab 15.8a 47.3a 452a
P2 6.7a 15.8b 489a 429a 6.26a 16.2a 483a 44.9a
P3 6.7a 15.7a 48.1ab 42.5ab 6.21a 16.0a 48.4a 40.3b
SxP ns ns ns ** ns ns ns **
CV (%) 34 2.8 3.8 2.1 35 3.2 46 58

2 Means within column followed by same letter(s) are not statistically different from each other at 0.05 probability level, **significant at 0.01 probability levels, ns, non-

significant

rate in both sites. In soils with low available P contents
such as at Gerba and Deneba locations in this case, appli-
cation of P significantly increases yields of crops includ-
ing wheat through its positive impacts on the growth and
yield components of crops [38].

The interaction effects of S and P were non-signifi-
cant on SPL, NSPS, NGPS in both locations suggesting
that the change in the levels of S was not affected by the
change in the levels of P with respect to these param-
eters and vice versa. However, there was a significant

interaction effect between S and P on TGW in both
locations (Fig. 1). The result implies that the effect of
changing levels of S on TGW was significantly changed
with a change in the levels of P and vice versa. In
both locations significantly higher TGW of wheat was
obtained with treatment involving combined applica-
tions of S and P and the highest TGW was obtained
with treatment involving S+ P applied at 15 and
22 kg ha™!, respectively, in both locations.

S Fertilizer Levels mS0 m5] w52
50
b a a
g2 pbc’  pffca b bbed abgp, by a by

40 T d < =
w30
o]
= 20

10 -

0 -
PO ' 4 2 P3 PO il P2 I
Gerba Deneba
P Fertilizer Levels

Fig. 1 Interaction effects of S and P on TGW of wheat at Gerba and Deneba locations. *Bars followed by same letter(s) are not significantly different
from each other at 0.05 probability level
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Effects of sulfur and phosphorus on yield of wheat

Both grain yield (GY) and straw yield (SY) of wheat were
significantly affected by main effects of S application in
both Gerba and Deneba locations (Table 5). At Gerba,
SI and S2 treatments have significantly increased GY by
13 and 12% over the control (S0), respectively, and SY by
39 and 38% over S0, respectively. Similarly, at Deneba, SI
and S2 rates have significantly increased GY by 19 and
20% over SO, respectively and same treatments increased
SY by 24 and 26% over SO, respectively. The apparent sig-
nificant response of wheat to S application in both loca-
tions found in this study indicates low level soil S for
optimum production of wheat in the study areas. This is
substantiated by low level or below critical soil test S val-
ues (Table 1) in both soils for optimum crop production.
These results are in agreement with the finding of Assefa
[18] Who studied the response of wheat to S applica-
tion on 18 sites located in Arsi, east Shewa and west
Shewa and reported that wheat significantly responded
to S fertilizer application in 72% of experimental sites.
He further reported that soils of responding sites had S
content below critical level (10-13 mg kg™! SO, >-S) for
optimum production of wheat. In another study by Khan
et al. [39] reported that S applied at 20 kg ha™! at stem
elongation stage significantly increased GY of wheat in
Peshawar, Pakistan by 28.5% over untreated control.
According to DeRuiter and Martin [40], wheat yield can
be increased by up to 42% due to S fertilizer depending
on the inherent S level in a particular soil. The further
noted that usually best crop response to S is obtained at
application rates between 10 and 20 kg ha™?, even though
much higher application rates S (49-60 kg ha™!) have
been reported in highly calcareous soils in India [41].
The main effect of S application on HI was significant at
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Gerba but not at Deneba locations (Table 5). At Gerba,
both levels of S have significantly increased HI relative
to the control but they were statistically at par with each
other. This is in line with the finding of Togay et al. [37]
who reported that application of S significantly increased
HI in barley.

GY and SY of wheat were also significantly affected by
main effect of P application in both locations (Table 5).
All Plevels produced significantly higher GY and SY com-
pared to control in both sites. The GY and SY increasing
effects of P levels were in the order of P3=P2>P1>P0.
This suggests that the soil of the study sites is low in their
available P content for optimum growth and productivity
of wheat. This was substantiated by low level soil test P
values of both sites shown in Table 1. This is in line with
reports of several researchers that P is the second most
limiting nutrients in almost all arable soils of Ethiopian
[4, 9, 30].

The interaction effects of S and P on GY and SY of
wheat are shown in Fig. 2. The grain yields as influenced
by different levels of P and S are presented in Fig. 2. The
addition of 22 kg P ha™* with 15 kg S ha™! produced
maximum grains yield (3526.8 kg ha™!) which was sig-
nificantly different from other treatment combination
except 22P+30S, 44P+15S and 44P+30S kg ha™’.
This treatment has a yield advantage of 40.1% over con-
trol treatment. However, grain yield become decreased
numerically but not significantly as interactive applica-
tion rate of P and S beyond 22P and 15S kg ha'. The
minimum grain yield (2076.7 kg ha™!) was recorded in
control plot (untreated with P and S) shown in Fig. 2.
Even though, the overall grain yield of the wheat was
lower compared to potential yield of wheat, the treatment
combinations showed that P and S at the rate of 22 and

Table 5 Main effects of S and P fertilizers on yield (tha™") of wheat at Gerba and Deneba locations

Treatments Gerba Deneba
GY SY HI GY Sy HI
S-levels
SO 341b° 427b 0.40b 3.13b 3.84b 043
S1 3.85a 5.89a 0.44a 371a 4.76a 044
S3 3.83a 5.85a 0.45a 3.75a 4.83a 0.44
P-levels
PO 3.17c¢ 437c 0.40b 2.88c 3.38c 042
P1 3.72b 5.10b 0.42a 3.59b 461b 0.44
P2 393a 592a 042a 3.83a 4.87ab 044
P3 3.97a 597a 041b 3.80a 5.07a 043
Sxp *x *x ns *x *x ns
CV (%) 4.2 4.1 325 48 7.7 5.1

@ Means within column followed by same letter(s) are not statistically different from each other at 0.05 probability level, **significant at 0.01 probability level, ns, non-

significant
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Fig. 2 Interaction effects of P and S, on yield of wheat grown at Gerba and Deneba locations. *Bars followed by same letter(s) are not statistically

15 kg ha™, respectively, was an advantageous. The straw
yield of wheat was also influenced significantly (P <0.01)
by different levels of P and S application interactively. The
higher straw yield (5120.0 kg ha™!) was produced when
22 kg P ha™! and 15 kg S ha™! were applied interactively
(Fig. 2) which have straw yield boosted by 53.4% over
control treatment. Similar trends were also observed like
grain yield due to the influence of different P and S appli-
cation rates. The minimum straw yield (2385.6 kg ha™?)
was recorded in control plot.

In agreement with the current finding, both synergistic
and antagonistic interactions between S and P have been
reported in literature [42—44]. For instance, Uddin et al.
[45] reported that there was a synergistic interaction
between S and P combined applied at 20 and 40 kg ha™!,
respectively, on yield of rice grown in Joydebpur, Bang-
ladesh. According to these authors, the above treatment
increased GY and SY of rice by 61 and 33% over the
control, respectively. But combined application of S and
P above these rates resulted in antagonistic interaction
effect on rice as was revealed by declining yield response.
Similarly, Islam et al. [46] reported synergistic effect of
these nutrients on chickpea when 15 kg ha™! S was com-
bined applied with 40 kg ha™' P. But they found antag-
onistic effect when 30 kg ha™! S was combined applied
with 80 kg ha™! P.

The synergistic interaction effect of S and P that occurs
at specific combinations levels of these nutrients on
crops including wheat could be attributed to increased

uptake and utilizations of soil nutrients due to well-
developed roots and shoots [47]. On the contrary, antag-
onistic interaction effect between S and P that may occur
at higher dose of S when it is combined applied with P
or vice versa could be attributed to competition between
the two nutrients for uptake sites on plant roots as both
nutrients are taken by roots as negatively charred ions
(H,PO,'"/HPO,*"-P and SO,* -S). This is substantiated
by the finding of Muhammad et al. [47] who reported
that application of high dose of S (75 kg ha™!) resulted
in decreased uptake of P by maize plant and vice versa
ultimately resulted in decrease grain yield. In general,
the interaction between S and P could be synergistic or
antagonistic depending on the initial soil fertility sta-
tus, the amounts of nutrient applied and types of crop
[48]. The current result has similar trend with Islam [35]
reported that application of S and P at higher rate (40 kg
S and 35.2 kg P ha™!) showed reduction in yields. Other
findings [49] revealed that combined application of P and
S at 50 kg P,O; and 20 kg S ha! improve yield of wheat
over control. Similarly, the interaction of P and S levels
increased their beneficial synergistic effect and apply-
ing of the individual Sulfur levels with P level produced
increases in the grain yield of wheat over the control [50].

Partial budget analysis

The data related to partial budget analysis are given
in Table 6. It is clear from the data that maximum net
benefit (45351.7 ET Birr) was obtained from combined
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Table 6 Marginal analysis of the non-dominated treatment

Treatment Adj. GY? Adj. STY GBGY GBSTY TVC TGB NB MC MB MRR
SOPT1 2941.5 35549 30885.9 8282.8 2120.2 39168.7 37048.5 453.6 113511 25.0
SoP22 3016.0 3754.7 31667.7 8748.5 25737 40416.1 378424 453.6 7939 1.8
S15P11 3094.8 42335 324950 9864.1 31480 42359.1 392111 441.6 4783.7 10.8
S15P22 3526.8 5120.0 37031.6 11929.5 3609.4 48961.2 45351.7 124.7 6850.3 549

2 Adj.GY, adjusted grain yield (kg ha™"); Adj. STY, adjusted straw yield (kg ha™"); TGB, total growth benefit; TVC, total variable cost; NB, net benefit; MC, marginal cost;
MB, marginal benefit; MRR, marginal rate of return; PO, 0 kg ha='P; P11, kg ha~'11P; P22, 22 kg ha~'P; P44, 44 kg ha~' phosphorus; S0, 0 kg Sha~'; 515,15 kg Sha™';

$30,30kg Sha~".

application of S and P at the rate of 15 kg S and 22 kg
P ha™! and followed by rate of 15 kg S and 44 kg P ha™*
(44128.3 ET Birr.). Minimum net benefit (25697.4 ET
Birr) was recorded in control (treatment that did not
receive any S and P fertilizers).

Depend on dominancy analysis, treatments of S and
P at 15 kg S without P, 44 kg P without S, 30 kg S with-
out P, 30 kg S with 22 kg P, 15 kg S with 44 kg P, 30 kg S
with 44 kg P, 30 kg S with 11 kg P ha™! and control were
dominated by the rest four treatments and they were
also excluded from further economic analysis. The data
regarding the marginal rate of return (MRR) revealed
that maximum MRR (5490%) was obtained when S and P
were applied at the combined rate of 15 kg S and 22 kg P
ha™*! followed by rate of 11 kg P ha™* without S (2502%).
Minimum MRR was (175%) recorded in treatment where
application of P at 22 kg ha~! without S.

Data from Table 6 clearly revealed that the non-dom-
inated treatments associated with MRR are greater than
100%. This implies that the four non-dominated treat-
ments are economically feasible alternative to the other
dominated treatments. MRR, 5490% means the producer
obtained an additional income of 54.9 Ethiopian birr
per a unite cost they have invested. Generally, treatment
combination of S and P at 15 kg S and 22 kg P ha™! gave
better MRR value relative to the other four non-dom-
inated treatments and profitability can be optimized by
using this treatment.

Conclusion

The results of this experiment revealed that applica-
tion of P and S fertilizer has significantly increased yield
component, grain and straw yield of wheat compared
to unfertilized control plot, indicating insufficient soil P
and S content for optimum production of wheat and this
was confirmed by very low soil test values of S in both
sites. Combined application of S and P produced sig-
nificantly higher yield of wheat than that obtained with
single application of S or P indicating synergistic interac-
tion between these nutrients. But this was true for treat-
ments involving combined applications low level of S and
increasing levels of P or vice versa. Otherwise, there was

decreasing trend of yield gains with treatments involving
combined applications at higher levels of both nutrients.

In all cases, optimum grain and straw yield of wheat was

obtained with treatment involving at 22 P+ 15 S kg ha™'.

While, partial budget analysis result revealed that, com-
bination of 22P and 15S kg ha™! produced the highest
MMR (54.9%) and thus, this treatment is found to be eco-
nomically feasible treatment for bread wheat production
in study area of the district.
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