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Abstract

The experiment was conducted in different farmer sites and provinces at Lemu-Bilbilo district, Southeastern Ethiopia. Two
fertilizer treatments: blanket type of fertilizer recommendation and soil test based fertilizer recommendation laid out in
Randomized Complete Block Design with four farmer’s field as replications. Data on yield and yield components of wheat
were collected and the result indicates that the grain and straw yield for soil test based fertilizer recommendation were
increased by 19% and 12% over the blanket type of fertilizer application (30 P kg ha' and 73 N kg ha™), respectively. Hence,
in this trial there was a significant grain as well as above ground biomass yield difference among the treatments. Generally
the result indicated that application of soil test based phosphorus fertilizer recommendation rate calibrated in Lemu-Bilbilo
district, Southeastern Ethiopia is recommendable treatment for improving productivity of wheat crop under the conditions

of the present study area, similar agro-ecologies and soil types.
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Introduction

Soil testing is well recognized as a sound scientific tool
to assess inherent power of soil to supply plant nutrients
and have been established through scientific research,
extensive field demonstrations, and on the basis of actual
fertilizer use by the farmers on soil test based fertilizer use
recommendations [1]. Soil testing is the most reliable tool
for making good economic and environmental decisions
about applying fertilizers; hence it is helpful for efficient and
effective use of P fertilizer [2].

Thus, Soil test based, site-specific nutrient management
has become a major tool for increasing productivity of
agricultural soils. Soil tests are designed to help farmers
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predict their soil’s available nutrient status. Once existing
nutrient levels are established, producers can use the
data to best manage what nutrients are applied, decide
the application rate, and make decisions concerning the
profitability of their operations while managing for impacts
such as erosion, nutrient runoff, and water quality. Critical
P value is the phosphorus level in the soil in which the
probability of getting yield response due to the application of
P fertilizers above this value is very low [3,4]. P- Requirement
factors, is the amount of P required per hectare to raise the
soil test level by one mg kg'.

Declining soil fertility is a major challenge on crop

production and productivity in Ethiopia. The popularization
of different types of fertilizers is increasing in the country
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from the last few years up to date. However, there is a major
challenge facing the small holder farmers not only getting
fertilizers at affordable price but also extension of fertilizer
among the farmers. Thus, farmers are using blanket fertilizer
recommendations which is not recommended based on soil
fertility status and crop nutrient requirements.

Considering this Kulumsa Agricultural Research Center
has developed soil test based phosphorus critical value
and phosphorus requirement factor for wheat in Lemu-
Bilbilo district of Nitisols. So, this trial was conducted with
the objective to verify and demonstrate the soil test based
calibrated phosphorus fertilizers findings for major crops
and soil types, create awareness on soil test based fertilizer
recommendation on end users, develop phosphorus fertilizer
recommendation guide line; and enhance crops production
and productivities per unit area in the project sites.

Materials and Methods

Experimental Site Description

On-farm field experiments were conducted in 2017
growing season at Lemu-Bilbilo district, southeastern
Ethiopia. The study area is one of the major wheat growing
areas and located from 07° 35’ 300” to 07° 27’ 530” N, and
039° 13’ 899” to 039°15’ 133” E with an elevation ranging
from 2226 to 2873 meters above sea level. The average
weather data recorded on the weather station located at
Bekoji sub-station near the study sites in the year 2016 and
2017 indicate that the mean annual rainfall were 3011.9 mm
and 2973.6 respectively. The annual mean minimum and
maximum air temperature for the consecutive years are (3.7,
4.2 °C) and (20.1, 20.3 °C), respectively.

Design and Treatments

The experiment was set with two treatments of
phosphorus fertilizer rates and five farmers replications. The
Blanket fertilizer recommendation containing TSP (30 kg ha-
1) and Urea (73 kg ha! N) is commonly used as fertilizer type.
The soil test based fertilizer recommendation is taken as a
treatment from the one which is recommended by Kulumsa
Agricultural Research Center at Lemu-Bilbilo district of
southeastern Ethiopia .The size of each experimental
plot was 10 m * 10 m (100 m?) having a distance of 1.0 m
between plots as a path. Data were collected from the net
plot size of 3*(3 m*3 m) (27 m?) for each treatment. Triple
supper phosphate (TSP) was used as a source of phosphorus
and applied as side banding at sowing time. Urea fertilizer
was split and applied at planting time and the remaining
was applied after weeding. All crop management practices

Mengistu C, et al. Verification and Demonstration of Soil Test Based Phosphorous Calibration for

Journal of Ecology and Natural Resources

including sowing, harvesting, protection against diseases
and pests damage, weeding etc. were done according to
farmer’s practice in the area.

Soil Sampling and Analysis

Surface soil, 0 to 20 cm depth, were collected from the
entire experimental field before planting and after harvesting.
The soil was air dried and made fine by using mortar and
pestle. The fined soil was passed through 2mm sieve and
the soil pH, Available P, Total N and OC were determined
at Kulumsa Agricultural soil Laboratory. Soil pH (H,0) was
measured by using a pH meter in a 1:2.5 soil: water ratio.
Soil organic carbon was estimated by the Walkley-Black wet
oxidation method. Total nitrogen was determined by the
micro-Kjeldahl digestion, distillation and titration method,
and available P was determined using the standard Bray II
extraction method.

Agronomic and Yield Data Collection

Data of tiller per plant, plant height, number of spike
per 50cm, number of seed per spike, grain yield, and above
ground biomass were collected in five trials average from
each plot. The plant height was measured from the base of the
plant to the apical bud of plant and expressed in centimeters.
Number of spike per 50cm were taken by using quadrant 50
cm*50 cm and recorded as a mean value. Grain yield, and
above ground biomass were analyzed gravimetrically by
using sensitive balance and recorded in units of gram.

Results and Discussion

Soil Chemical Properties

The pH of the trial site soil (pH = 5.27) was strongly
acidic (Table 1) as per the ratings of [5]. The organic carbon
& Organic matter content of the soils were 3.70 % and 6.36 %
(Table 1) which is rated as high [5]. The high organic matter
(OM) content in cultivated land soil is resulted due to factors
like remaining crop residues or biomasses return to the soil.
Cultivated, temperate-region soils normally have 3-4% OM,
while soils of semi-arid rain-fed areas have normally less
than 1.5% OM [6].

The total nitrogen of the experimental site soil was 0.23%
which is rated as in medium range (Table 1) as [7] rating.
Large losses of total nitrogen in the cultivated land could
be attributed to rapid mineralization of soil OM following
cultivation, which disrupts soil aggregates, and thereby
increasing aeration and microbial accessibility to OM.
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Fertilizer Rate pH (1:2.5) | Av. P (ppm) | TN (%) | 0C (%) | OM (%)
Mean soil data before planting
5.27 | 1202 | o023 370 | 639
Mean soil data after Harvesting
Soil test based fertilizer recommendation 4.99 18.69 0.28 3.37 5.80
Blanket fertilizer recommendation 5.03 15.12 0.28 3.31 5.72

Table 1: Soil analysis result of experimental site before planting and after harvesting.

Phosphorus Fertilizer Recommendation

According to Kulumsa Agricultural Research Center
2010/2011 (unpublished) soil test based phosphorus
fertilizer recommendations were established as critical
phosphorus concentration and P- requirement factor for
wheatat Lemu-Bilbilo district. This was done by first deriving
formula from successive field trials over years. The formula
is expressed as,

Rate of fertilizer to be applied (mg kg*') = (Pc-Po)*Pf
Where, Pc = Critical P concentration (21 mg kg!)

Pf = P-requirement factor (5.54 (kg ha* P)/ (mg kg!))

The critical value of available phosphorus for wheat
in Lemu-Bilbilo district of nitisols is 21 mg kg'. As shown
in Table 2, the soil laboratory result was found to be with
deficits of phosphorus for the specified crop.

As a result, phosphorus fertilizer (TSP) was added by
calculating with the help of the formula derived for Lemu-
Bilbilo district of Nitisols. Urea fertilizer was applied based
on the previously blanket recommendation. After calculating
the rate of P fertilizer in kg ha’, it was converted in to the

Po = Initial P values for the site (mg kg™) experimental plot size.

Po (mg kg Pc (mg kg Pf P rate

Farmers (lgrafir llg) ) (l(3ragy Ilg) ) (Bray II) (kgha'P)
F1 6.7 21.0 5.5 79.3
F2 18.5 21.0 5.5 14.1
F3 9.9 21.0 5.5 61.6
F4 13.0 21.0 5.5 44.1
mean 12.0 21.0 5.5 49.8

Table 2: P fertilizer values at each farmer’s experimental site.

Effect of Phosphorus fertilizer on growth, yield and yield
components of wheat

Higher mean plant height, number of spike per 50 cm,
number of seed per spike and harvest index (82 cm, 37,

46, and 45 (%) were recorded in soil test based fertilizer
recommendation and the minimum was obtained in Blanket
phosphorus fertilizer recommendation (Figures 1 and 2).

Figure 1: Effect of Phosphorus fertilizer rates on growth components of wheat
NTPP = number of tiller per plant; ph = plant height, NS = number of spike; NS/S = number of seed per spike
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Moreover, the result revealed that grain and straw yields
in soil test based fertilizer recommendation were 19% and
12% higher than the blanket type of application (30 P kg ha™
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and 73 N kg ha!), respectively (Fig 2). Therefore the soil test
based fertilizer application is suitable in such a way that it
receives an optimal fertilizer to feed the crop.

-

o

Figure 2: Effect of Phosphorus fertilizer rates on grain yield and yield components of wheat
GY = grain yield; SY = straw yield; HI = harvest index; qt.ha-1 = quintal per hectare

Partial Budget Analysis

The net return were calculated from the total revenue
and total costs that vary (TCV) from each treatments so as
to observe if there is a variation among the treatments [8].

These costs and benefits calculated were based on the prices
valued for each item in 2016 and 2017 cropping season. As a
result, the soil test based fertilizer recommendation returns
higher net benefit (27639.65 ETB ha™) than the blanket type
fertilizer application (23841.62 ETB ha) (Table 3).

o Adjusted | Grossfield | TSPcost | ;.. oot | TCV(ETB | Netbenefit (ETB
Fertilizer Rate grainyield | benefit (ETB | ETBha?) ha) ha)
(kg ha') (ETB ha?) ha)
Blanket fertilizer 3306 26450.62 | 1800 800 2609 23841.62
recommendation
Soil test based fer.tlllzer 3957 31654.65 3000 800 4015 27639.65
recommendation

Note: TCV = Total cost that vary

Table 3: Partial budget analysis of adjusted grain yield for the crop wheat.

Conclusion

The result has indicated that there is a variation in grain
and straw yield among the treatments. As a result, the soil
test based fertilizer recommendation were 19% and 12%
higher in grain and straw yield than the blanket type of
fertilizer application respectively. Generally, almost all the
dominant agronomic parameters such as response of plant
height, number of spike per 50cm, number of seed per spike,
grain yield, straw yield and harvest index shows significant
difference among the treatments due to the soil test based
fertilizer application when compared to blanket type
fertilizer recommendation. Accordingly, treatments with the
soil test based fertilizer application are economical for wheat
production in the study area, similar agro-ecologies and soil
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