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Abstract

Depletion of soil fertility coupled with low rate of fertilization is one
of the major constraints limiting crop yield in Ethiopia. Here there-
fore, afield experiment was conducted on Nitisols of Kersa District,
Southwestern Ethiopia during 2017/18 main cropping season to de-
termine the effect of phosphorus fertilizer rates on grain yield and
profitable production of sorghum. The experiment consists of seven
levels of P (0, 11.5, 23, 34.5, 46, 57.5and 69 kgha- 1P) including
one treatment 46 - 40 kgha-1 PK to evaluate the effect of potas-
sium along with uniform level of 46 kgha-1 N. The experiment was
arranged in Randomized Complete Block Design (RCBD) with three
replications. The collected data was subjected to ANOVA using SAS
9.3 version software. The results revealed that P fertilization along
with K brought significant effect on grain yield, biomass yield and
harvest index. The maximum grain yield (4517.0kg ha-1) and bio-
mass yield (7134.3 kgha-1) were obtained from combined fertiliza-
tion of PK (46-40 kgha-1), while the lowest grain yield (2212.6kgha-
1) and biomass yield (5366.4 kgha-1) were recorded from control
plots. With regard to harvest index, the maximum value 48.0% was
obtained from plots treated with 57.5kgha-1 P, while the lowest value
(43.3%) was recorded from control plots. Moreover, application of
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(46-40 kgha-1) PK produced the maximum net benefits of 23273.23
Birrha-1 with acceptable marginal rate of return 520.18%. Therefore,
we can recommend that integrated application of NPK fertilizer at
a rate of 46-46-40 kgha-1 is better than sole P application for im-
proved yield and economical production of sorghum.
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Introduction

Sorghum [1] belongs to the family Poaceae which is the fifth most
important world cereal crops in production after wheat, rice, maize
and barley [2]. It is one of the most important cereal crops grown in
arid and semi-arid parts of the world, evolved in semi-arid tropical
Africa, India and China where it is still used as a major food grain.
Because of its drought resistance and wide range of ecological ad-
aptation, it is the crop of choice for dry regions and areas with low
rainfall amount [3]. In most East African countries, sorghum is grown
in between an altitude of 900 to 1,500 masl and in Ethiopia the crop
grows all over the country across various agro ecologies from high
altitude with sufficient amount of rainfall to low lands receiving low
rainfall [4,3] According to the report of [5], annually 1.8 million ha of
land is allotted for sorghum production and 4.3 million ton of grain is
produced in Ethiopia.

Currently, the crop is used as raw material for industries beyond
animal feed and human consumption. It is gaining commercial val-
ue in malting and brewing industries which indicates, the crop has
multi-purposes in lower and mid altitude regions of Ethiopia and it is
not only a staple food crop in the rural areas but also it is used primar-
ily to prepare local foods (injera, bread, thick porridge). In Ethiopia,
this crop accounts for one-third of the total cereal crops production
area and covers 16.36% of the total cultivated area [6] However,
the productivity is still very low, where in sorghum dominated areas
11289 kg ha! was obtained from the nil fertilizer [7]. On the other
hand, above 5100 kg ha' yield was obtained under intensive man-
agement in Ethiopia [4]. The major problem for low productivity is
declines in the soil fertility due to high soil erosion, blanket applica-
tion of NP fertilizer are among the major limiting factors to sorghum
production.

To increase production of cereal crops, refining the blanket fer-
tilizer recommendation and increasing appropriate use of essential
nutrients is an option. Fertilizers are naturally obtained or artificially
produced nutrient sources that, when applied on the plant or to soil
can supplement natural soil nutrients and augment crop growth and
soil fertility for growth and development. Therefore, improving the
nutrient content of the fertilizer that fits to the needs of the crops is
required to improve the productivity of sorghum.

Among major macronutrients, phosphorus is one of the most im-
portant yields limiting plant nutrient next to nitrogen and is the second
most deficient plant nutrient in Jimma area [8]. It plays an important
role in many physiological processes such as photosynthesis, storage
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of energy and its transfer, respiration and cell enlargement, cell di-
vision etc. Minimum usage of P in relation to N has been identified
as one of the major factors limiting higher crop yields. Therefore,
phosphorus deficiency is a yield reducing factor if it not applied in
adequate quantity. For instance, previous research findings reported
that P deficiency reduces number of tillers and plant leaf area by pro-
ducing smaller and less number of leaves and at the end overall econ-
omy of the crop [9]. On the other hand, when phosphorus fertilizer
is in optimum amount, gradually it increases the overall economy of
sorghum crop [10]. Despite its importance and high genetic diversity,
scientific information about the nutrient requirement of sorghum is
not yet exhaustively investigated in the study area. This coupled with
the low and decreasing levels of soil fertility particularly soil N and P
levels, for sustainable crop production and soil fertility maintenance.
Therefore, the present experiment was conducted (i) to evaluate the
effect of phosphorus fertilizer rates on grain yield and (ii) to deter-
mine economics return of sorghum at Nitisols of Jimma area.

Materials and Methods
Description of study area

A field experiment was conducted on farmers’ fields in Nitisols
of Kersa District South-western Ethiopia to evaluate the effect of dif-
ferent level of phosphorus and potassium fertilizers on yield of sor-
ghum. The experimental sites was geographically located 7° 42° N
latitude, 36° 59’ E longitude and at altitude of 1753masl. The average
minimum and maximum temperature was 11.6°C and 27.5°C, respec-
tively. The area received an average annual rainfall of 1750 mm. The
predominant soil type of the study area is Nitisols which have a red-
dish brown colour with moderately acidic reaction. On average, the
soil is deep and highly weathered well-drained, sandy clay in texture
and strong to moderately acidic in a reaction as reported [11]. The
farming system of the area is dominated by cereals like maize, tef and
sorghum. Soybean is also among the legume crops cultivated in the
area.

Soil sampling and laboratory analysis procedures

One representative composite soil sample (0-20cm depth) was
collected using an auger before treatment application. The collected
sample was air-dried and ground to pass a 2-mm sieve and analyzed
for soil pH, soil texture, Organic Carbon (OC), Total Nitrogen (TN),
Available Phosphorus (Av. P), available potassium (K), Cation Ex-
change Capacity (CEC) at Jimma Soil and plant Tissue Analysis Lab-
oratory. The pH-H,O was measured at 1:2.5 soils to solution suspen-
sion using a pH meter. The Walkley and Black method functioned to
determine the OC content while the Kjeldahl method was employed
to determine total nitrogen Bremner and Mulvaney (1982). Available
P was determined using the Bray Il method by Bray and Kurtz (1945).

Experimental materials and planting procedures

High yielding Aba Melko sorghum variety which is the most
promising hybrid released by Jimma Agricultural Research Centre
and adapted to the agro-ecology of the area was used as a test crop.
Planting was done based on local farmers planting calendar. Phospho-
rus was applied once at planting and full doses of recommended nitro-
gen fertilizer (46kgha™') were applied in splits half rate at planting and
the remaining half dose at knee height. Urea, Triple Super Phosphate
(TSP) and Murate of Potash (KCI) were used as sources of fertilizer
for supplying N, P and K nutrients, respectively. All cultural practices
such as weeding and hoeing were done uniformly to all plots based on

the crop’s agronomic recommendation. Harvesting was done man-
ually from the net plot area when the crop physiologically matured.

Treatments and experimental design

The experiment consisted seven levels of phosphorus fertilizer (0,
11.5, 23.0, 34.5, 46.0, 57.5, and 69 kg ha! P) and one satellite treat-
ment (46-40 kgha' PK). The treatments were applied with respect to
the treatment allocation. In all plots, 46 kgha™' N was applied uniform-
ly. Even though farmers are not growing sorghum without phosphorus
fertilizer, control treatment was included for comparison among the
rest of the treatments. The treatments were arranged in a Random-
ized Complete Block Design (RCBD) replicated three times. The
experimental plot had gross plot area of 14.625m? (3.75m x 3.9m),
which accommodated 5 rows while the net plot area was 11.7m? (3m
x 3.9m). The spacing of 0.15m and 0.75m [12] was used between
plants and rows, respectively.

Data collection

Grain yield of sorghum from each net plot were harvested when
the crop fully matured. The weighted grain was finally adjusted to
(12.5%) which is the standard moisture contents of cereal crops. Bio-
mass yield of sorghum from each harvestable plot was harvested at
the ground level from each plot were measured and reported on a
hectare basis.

Harvest Index (%) was determined as a ratio of grain yield to
above ground biological yield on dry weight basis in percentage [13]
as described in the following formula.

grain yield
HI = ( _ ) + 100
above ground biomass

Data analysis

The collected data was analyzed using analysis of variance (ANO-
VA) appropriate to randomized complete block design using statisti-
cal analysis system version 9.3 software [14] and the interpretations
were made following the procedure described by [15] Least Signifi-
cant Difference (LSD) test at 5% probability level was used for treat-
ment mean comparison when the ANOVA showed significant differ-
ences among treatments.

Economic analysis

The open market price for sorghum (6.42 Birr kg') and the cost
incurred for P and K fertilizers (TSP =18.5 Birr kg™'), potassium chlo-
ride (KCI = 12.2 Birr kg') and the labor cost incurred for fertilizer
transportation and application (Labor cost= 100 Eth birr day') was
used. Grain yield was adjusted to 10% downward due to management
difference to reflect the difference between the experimental yield and
the yield that farmers could expect from the same treatment [16]. The
dominance analysis procedure was done to select potentially profit-
able treatments (Table 1). Dominance analysis was also done to the
selection of treatments ranked in increasing order of total variable
costs. The Marginal Rate of Return (MRR (%)) was calculated by di-
viding the change in net benefit to the change in variable costs. 100%
MRR means for every one Birr invested in different cost of fertilizer
and maize seed, farmers can expect to recover one Birr and obtain an
additional one birr [16].
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Results and Discussion

Soil character- Value Rating References
istics
Soil pH (1:2.5) 5.07 Strongly acidic [17]
Av. P (mg kg-1) 2.496 Low [18]
TN (%) 0.167 Medium [19]
OC (%) 2.644 Medium [19]
OM (%) 4.558 Medium [19]
CEC (cmol(+) 16.06 Medium [20]
Kg-1)
Sand (%) 60 Soil Textural Class: [21]
Silt (%) 5 Sandy clay loam
Clay (%) 35 which is ideal
Table 1: Selected soil physico-chemical properties of the experimental
sites before planting.

Grain Yield

The ANOVA result showed that grain yield of sorghum was sig-
nificantly influenced due to various phosphorus levels. The highest
grain yield (4517.0 kgha') was obtained from plots treated with (46
- 40 kg ha') PK while the lowest grain yield (2212.6 kgha') was ob-
tained from zero level of phosphorus. The result revealed that yield
increase as increasing levels of phosphorus in a certain level but the
highest value was recorded in plots receiving additional combination
of K fertilizer. This result might be due to the contribution of K which
ultimately increased the final grain yield. Potassium (K) is an essen-
tial nutrient for crop production and fulfills several important roles in
plant growth next to N and P. It helps plants in their physiological pro-
cesses such as transportation of water, nutrients and carbohydrates,
photosynthesis, N utilization, stimulation of early growth, insect and
disease resistance for plants [22,23] also reported state that K is im-
portant for strengthening plant stalks and therefore helps to resist fun-
gal and bacterial attacks as well as the lodge. Moreover, the maximum
yield recorded with PK fertilization is most likely an indicator due to
their deficiency in the in the study area especially P. Plants showed
normal growth with the application of phosphorus and resulted in im-
proved agronomic traits which lead toward improved grain yield as
reported [24]. The maximum yield obtained from PK treated plots
might be also due to their synergistic effect, the efficiency of these el-
ements is enhanced resulting in increased crop productivity. So, max-
imum accumulation of PK nutrients gave highest yield. The current
result is in conformity with the finding of [25] who reported that grain
yield at maximum accumulation of nutrient occurs when nutrient rate
is increased.

Biomass Yield

The ANOVA result revealed that biomass yield increased consis-
tently with increasing phosphorus rates from 0 to 46 kg ha'. Plots
treated with (46-40 kgha™® PK produced maximum biological yield
(7134.3 kg ha''that produced 24.78% yield advantages compared with
zero level of phosphorus. The maximum biomass yield recorded from
PK fertilization might be due to the contribution of K nutrient in sup-
porting the physiological functions of plants through promoting leaf
expansion via regulating the uptake of nitrates from soil, balancing
phosphorus uptake, photosynthesis, and dry matter accumulation.
While in control plots (absence of phosphorus fertilization) minimum
biological yield (5366.4 kg ha') was recorded. The lower biomass

yields recorded from the control plot revealed that neither sole appli-
cation nor lower rates of P is sufficient to boost sorghum production
significantly and to maintain soil fertility status at optimum level. The
current result is in conformity with the finding of [5] who reported
that balancing mineral nutrients (N, P and K) increases grain yield and
biomass weight of sorghum significantly.

In general, incorporating K fertilizer up to certain value increased
grain and biomass yield because K is a primary plant and animal
nutrient that plays a major role in ensuring maximum growth and
economic yields from agricultural farms. Optimum nutrition of P is
critical for root development, increased stalk and stem strength, in-
creased flowering and seed production, uniform and early crop matu-
rity, improved crop quality, and increased resistance to plant diseases
thereby all over grain yield and biomass weight of sorghum. [26] also
supported that combined use of N and K significantly increased most
growth parameters of sorghum which enhances high biomass produc-
tion.

Harvest Index (HI)

The physiological efficiency or translocation of assimilates from
source into economic sinks is known as Harvest Index (HI). The value
of harvest index showed significant effect due to different levels of
phosphorus fertilizer. In the present experiment, with increasing the
rate of phosphorus fertilizer up to 46 kgha' harvest index increased
significantly. At site -1 the maximum harvest index value (48.0%)
was observed from plots treated with 57.5 kg ha™! P, while at site 2 the
maximum harvest index (47.8%) was observed from combined fertil-
ization of PK at rate of (46-40) kgha™'. This indicates that significantly
lower biomass partitioning to grain production when P was increased
beyond certain level. The lower mean HI values in this experiment
with the higher P application might indicate the need for the enhance-
ment of biomass partitioning through genetic improvement (Table 2).

N

Treatments Grain yield Biological yield Harvest Index
(P rate kgha-1) (kgha-1) (kgha-1) (%)

T1 = Control 2212.6f 5366.4c 41.2bcd
T2=11.5 2663.2¢e 6465.7ab 40.0d
T3=23.0 3148.6d 6425.2ab 41.8cd
T4 =345 3334.5d 6238.0b 45.4abc
T5=46.0 3575.5¢cd 6334.8b 46.5ab
T6 =575 3965.2bc 6475.1ab 48.0a
T7=69.0 4091.8ab 6527.9ab 47.2ab

T8 = 46-40 (P-K) 4517.0a 7134.3a 46.21abc
Mean 3438.54 6370.93 44.79
LSD (0.05) 434.29 4.50
CV (%) 721 6.87 5.73
Table 2: Effect of Phosphorus fertilizer level on grain yield, biomass yield
and HI of sorghum.

Economics of Fertilizer Use

From the treatments used, PK nutrients increased the financial re-
turns relative to that achieved without them which gained net benefit
of 23, 273.23ETBha"! with MRR 520.18% at site -1 and at site -2
net benefit of 18,645.63ETBha! with MRR 211.97% as shown (Table
3). This recommendation was in conformity with the manual of [15]
which reported that farmers should be willing to change from one
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treatment to another if the marginal rate of return of that change is
greater than the minimum acceptable rate of return. The current result
is also parallel with the finding of [27] who shares the same opinion
after analyzing the financial data of fertilizer use in cotton. Therefore,
the present study revealed that combined use of PK under constant
value of N fertilizer is better in economic terms for maximum sor-
ghum production [28-32].

Treat- .
GY Adj.GY GFB TVC
ments NB MRR
(Kg (Kg (ETB (ETB )
(P rate (Birr ha-1) (%)
ha-1) ha-1) ha-1) ha-1)
(kg ha-1))

T1=0 2212.6 1991.34 12784.40 0 12784.4 -
T2=11.5 2663.2 | 2396.88 15387.97 462.5 14925.47 462.93
T3=23.0 | 3148.6 | 2833.74 18192.61 925.0 17267.61 506.41
T4 =345 | 33345 3001.05 19266.74 1387.5 17879.24 132.24
T5=46.0 | 35755 3217.95 20659.24 1850.0 18809.24 201.08
T6=57.5 | 39652 | 3568.68 | 22910.93 23125 20598.43 386.85
T7=69.0 | 4091.8 | 3682.62 | 23642.42 2775.0 20867.42 58.16
T8 = 46-

4517.0 4065.3 26099.23 2826.0 23273.23 520.18

40 P-K

Table 3: Partial budget analysis for fertilizer use in sorghum production.

N J

Conclusion

Based on the results obtained, we can conclude that as increasing
rate of phosphorus fertilization increased the productivity of sorghum
in constantly. Application of phosphorus and potassium fertilizer at
a rate of 46-40 kg ha! has been found agronomical optimum for in-
creasing the yield and yield components of sorghum. The result fur-
ther revealed that the existing blanket recommendation of 46kg N
ha'! and 40kg K ha' has been found sub-optimal in response to the
ever-increasing soil fertility depletion of the study area.

Nutrients with high harvest index values remove more of that nu-
trient from the field than nutrients with low harvest index values and
suggest a looming soil fertility crisis if adequate adjustments are not
made in usage of balanced nutrients increases productivity.
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