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Abstract

Global foodproduction strongly depends on availability of nutrients. Assessment of future global phosphorus (P) fertilizer
under different levels of food demand requires a model-based approach. Site specific soil-test based crop response phospho-
rus fertilizer calibration experiment was conducted in Wolaita zone of the southern Ethiopia on batley during 207/18 crop-
ping seasons with objective to determine phosphorus ctitical. Phosphorus requirement factor and economical P fertilizer level
for batley on major soil type of batley growing area of Wolaita zone. This calibration study was conducted on four sites using
four levels of P(0. 22.9, 45.80, and 68.70 kg ha™) were arranged in a randomized complete block design with three replica-
tion, critical level Po determination using C'ate-Nelson diagram method. The critical concentration and requirement factor of
Phosphotus on batley in the study area wetre 8.8 mg kg and 9.17 mg kg respectively. Hence, it could be concluded that the
highest grain yield, P requirement factor and P critical obtained could serve in areas where the rainfall distribution and soil
type is similar with study district where this experiment was conducted. Further studies should be done on phosphorous use

efficiency and other related plant nutrition parameters.
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Introduction

Phosphorus (P) is an essential element for all plants. Plants will
grow slowly with low levels of P in the soil; however, for agri-
cultural production purposes, the soil should provide a sufficient
concentration of P for optimum plant growth [12]. Phosphorus
is among the most important limiting nutrients in most soils of
Sub-Saharan Africa [14]. This could be due to low P content in
the parent material from which the soils were derived, and due to
depletion of soil reserve P through intensive cultivation, without
adequate external replenishment [8, 3, 4]. Similar to the Ethiopian
soils are generally low in P [3, 4].

Fertilizer use trend of the country had been focused mainly on
the use and application of nitrogen and phosphorous fertilizers in
the form of di-ammonium phosphate (18-46-0) and urea (46-0-0)
for almost all cultivated crops and were applied as blanket recom-
mendation [1, 17]. The blanket recommendations are, regardless
of considering the physical and chemical properties of the soil as
well as does not taken to account climatic condition and available
nutrient present in the soil [106, 2.
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In southern Ethiopia, most of the farmers usually apply P fertiliz-
ers without judging the P status of the soils for which calibrationP
study have significant role to play Fluvisols, Cambisols, Areno-
sols, Vertisols and Nitisols are the common types of soils in the
southern Ethiopia is low in P [20]. As indicated by Mesfin et al.
(2019) [11], there are different blanket fertilizer recommendations
for various soil types of Wolaita zone of the southern Ethiopia at
different locations. Phosphorus fertilization and its management
is a means of improving soil P for crop production in the crop-
ping system. Better management of P fertilizer can be achieved
by studying the calibration P behavior of the soil. Calibration P
helps in predicting the fertilizer P needed to replenish the soil
solution P to a level optimum for a particular crop [13]. However,
currently the Ministry of Agriculture and Agricultural Transfor-
mation Agency advanced set 100 kgNPS ha! and 100 kg ha' of
urea [9]. The blanket recommendation leads to excess or low ap-
plication of chemical fertilizers, which aggravates stunted growth
of plants due to toxicity or deficiency of the essential elements.
However, for many years no studies have been conducted on site-
specific fertilizer recommendation rate. But, since 2014 Ethiopian
soil information system have been started calibration studies for
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some cereal crops and developed some critical concentrations and
requirement factors of phosphorous fertilizer recommendation
[9]. Therefore, this study aimed to establish soil test based phos-
phorus recommendation (Pc and Pf) for barley in the Districts.

Materials and Methods

Description of experimental sites

The study was conducted in site 1 (SodoZutia), (site 2) Damot
Gale,( site 3) Damot Sore and ( site 4) Boloso Sore distracts,
Wolaita zone, Southern Nations’, Nationalities and Peoples’
Regional State (SNNPRS) of Ethiopia (Figure.l). The sites
are located between 037°35'30" - 037°58'36"E and 06°57'20" -
07°04'31"N with altitudinal range of 1895 to 2950 m above sea
level. The zone has three agro-ecological zones,56% of the area
is mid land; 35 % of the area is low land; and the rest 9% of the
area is covered by high land. The area has a bimodal rainfall pat-
tern and about 31 and 39% fall during Autumn (March- May) and
Summer (June- August) seasons, respectively. The mean average
monthly temperature for the last nine years is 20°C (NMA, 2017).

Site Selection

For selecting representative experimental locations, composite soil
samples were collected from 9 farmers' fields in each district. A
total of 36 samples were collected from 0-20cm depth using soil
augers and twelve composites were made for each district within
the four locations, where barley (HB1307) is a dominant crop.
Based on available soil P values determined by Bray II method [5],
fields were categorized into low by Pushparajah (1997) [19] who
classified the range of available P < 11, 11-20, 20-30 and > 30 mg
kg as low, medium, high and very high, respectively.

https://scidoc.org/IJDOS.php

Treatments and Experimental Design

Phosphorus response experiments with barley were conducted on
four sites in the Wolaita zone of the southern Ethiopian during
the 2016 cropping seasons. The experiment was laid out in ran-
domized complete block design with replicated three times. The
treatments, comprising four levels of P fertilizer (0, 22.9, 45.8
and 68.7 kg P205 ha''), wete arranged in a randomized complete
block design (RCBD) with three replication. The size of each plot
will be 3 m x 3 m, space between plots and blocks were 1m and
1.5 m, respectively. All doses of P (triple superphosphate) were
applied as basal dressing at sowing;

Soil Sampling and Analysis

Composite surface soil samples (0-20cm depth) were collected
from each experimental site before planting to determine initial
soil pH (H,0) and available P (Bray II method). Similarly, after
planting, intensive composite soil samples were collected from
each experimental plot to determine available Pwas determined
using [5], Particle size distribution was determined by hydrometer
method [7], the pH of the soil was measured in the supernatant
suspension of a 1: 2.5 soil to water ratio using a pH meter [18].
Soil organic carbon content was determined by the wet digestion
method as described by [21]. Total nitrogen was determined us-
ing Kjeldhal method [10]. Exchangeable basic cations and cation
exchange capacity of the soils were determined by using 1TMN-
H,OAc (pH.7) method [6]. Exchangeable Ca and Mg in the lea-
chate was determined using atomic absorption spectrophotom-
eter (AAS), whereas K and Na were measured by using a flame
photometer.

Figure 1. Location map of the experimental sites.

Table 1. Soil physicochemical properties of experimental sites.

Soil properties Site 1 Site 2 Site 3 Site 4
Sand (%) 41 30 66 28
Silt (%) 30 32 16 26
Clay (%) 29 33 18 40
Textural class clay loam | clay loam | sandy loam loam
pH (H,0) 5.21 5.7 5.66 5.48
OC (%) 0.88 0.49 0.88 0.78
Available P (mg kg™") 7.6 8.39 8..48 8.73
TN % 0.11 0.24 0.11 0.23
Exch. K (cmolkg™) 8.76 11.26 11.13 10.43
Exch.Ca (cmolkg™) 4.39 3.22 3.13 3.37
Exch. Mg (cmolkg™) 0.24 0.31 0.21 0.26
Exch.Na (cmolkg™) 0.23 0.14 0.16 0.26
CEC (cmolkg™) 19.22 18.8 20.6 17.60
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Determination of Critical P Concentrations

For the determination of critical values of P, the Cate-Nelson
diagram method was used (Nelson and Anderson, 1977). Where
after planting analyzed soil available phosphorus values were put
on the X-axis and the relative maize grain yield values (%) on
the Y-axis. At eventually, the diagram of the results is divided into
four quadrants that maximize the number of points in the posi-
tive quadrants and minimize the number of points in the negative
quadrants. The observations in the upper left quadrant overesti-
mate the fertilizer P requirement while the observations in the
lower right quadrant underestimate the fertilizer requirement. The
optimum is indicated by the point where the vertical line crosses
the x-axis and critical P value was determined using relative grain
yield against the soil test values at different rates of applied phos-
phorous fertilizer for a given of nutrient rate.

Determination of P Requirement Factor

This factor enables one to determine the quantity of P required
per hectare to raise the soil test by 1 mg kg, and to determine the
amount of fertilizer required per ha to bring the level of available
P above the critical level. It was calculated using available P values
in samples collected from unfertilized and fertilized plots after
30 days starting from sowing date. Finally, the P requirement fac-
tor was obtained using the available soil test P values of the soil
samples that received different P fertilizer rates. Pc and Pf was
calculated as follows rate of P205 kgha'' fertilizer to be applied
= (Pc -Po) x Pf

Wherte:

Pc = critical P concentration
Po = initial P values for the site
Pf = P-requirement facto

Partial budget analysis

The cost of 100 kg urea (1260 birr) and TPS (1800 birr) used for
the benefit analysis. Benefit cost optimum was calculated by gross

https://scidoc.org/IJDOS.php

(net) revenue (NR) divided by total variable cost (TVC) of the
successive net revenue and total variable cost levels (CIMMYT,
1988). Labor costs were calculated by assuming 50 ETB per day
pet person and revenue was calculated by assuming 6 ETB kg of
barley grain yield.

Results and Discussions
Critical Phosphorus Concentration (Pc)

Critical P (Pc) value was determined following the Cate-Nelson
graphical method where soil P values were put on the X-axis and
the relative yield values on the Y-axis. According to the Cate- Nel-
son method, the critical levels of Bray- II P in the top 20 cm of
soil about 8.8 mg kg at values of greater than or equal to 8.8 mg
kg, the crop achieved about 80 % of its maximal yield in the
absence of P fertilizer application (Figure 2). This implies that P
fertilizer application could be recommended for a build-up of the
soil P to this critical value, or maintaining the soil P at this level.
Increasing P beyond this level, the cost of additional P fertilizer
to produce extra yield would likely be greater than the value of
additional yield. Thus, in soils with available P status below 8.8
mg kg-1, yield of barley could show a significant response to ap-
plications of P fertilizers. Whereas in areas with available P status
greater than 8.8 mg kg, the P concentration in the soil exceeds
crop needs (68.7P,O,) so that further addition of P fertilizer may
not outcome increase.in a profitable value.

Phosphorus requirement factor (Pf)

Phosphorus requirement enables to determine the quantity of P
requited per ha to raise the soil test by 1 mg kg'!, and to determine
the amount of fertilizer required per ha to bring the level of avail-
able P above the critical level. The Pf computed from the differ-
ence between available P values in soil samples collected from
plots, which were received 0, 22.9, 45.8 and 68.7 kg P,O, ha. As
indicates in the below table 1 and the average value of P- require-
ment factor was 9.17 mg kg

Figure 2. Comparative grain yield influenced by different soil P test.

Table 2. Determination of P requirement factor (Pf) for barley at Wolaita zone.

P,O, rate Soil test Phosphorus (Po) (mg kg™) AP -

(kg ha') Range Average
0 8.6-18.60 13.6 - -

22.9 9.49-18.10 13.79 0.19 9.81

45.8 10.48-21-82 16.15 2.36 8.47

68.7 11.64-27.14 19.39 3.24 9.25

Mean 9.17
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Table 3. P critical and P requirement factor as base of fertilizer recommendation.

S/no Locations | Initial P (mg kg”) | (Pc-Po)xPf | PO, (kgha)
1 Site 1 7.61 (8.8-7.6)x9.17 11.004
2 Site 2 8.79 (8.8-8.79)x9.17 0.092
3 Site 3 8.48 (8.8-8.48)x9.17 2.934
4 Site 4 8.73 (8.8-8.73)x9.17 0.642

Table 4. Partial budget with dominance and marginal rate of return analysis to establish the profitability of barley produc-
tion with soil test based crop response phosphorus recommendation at wolaita zone, southern Ethiopia.

Actual | Adjusted | Fertilizer Total
Treatment X . ] Total Net Gross net
P205 kgha™! yields gramn cost variable cost revenue | revenue | revenue
g (kg ha™) yield (Birr) (TVC) (Birr)
0 1203 1082.7 1082.7 0 0 6496.2

229 1428 1285.2 900 1060 7712.82 | 6652.82 6.27

45.8 1640 1476.2 1800 1960 8857.62 | 6897.62 3.51

68.7 1645 1480.8 2700 2860 8883 6023 2.11

Phosphorus fertilizer recommendation

When a sufficient amount of data has been generated, such in-
formation could easily be compiled as a guideline to be used by
extension agents for fertilizer recommendations to small holder
farmers based on soil test values. When the soil test value is below
the critical level addition all information is needed on the quan-
tity of P required elevating the soil P to the required level. This
is the P requirement factor , the amount of P required to raise
the soil test P by 1mg kg, computed from the from the differ-
ence between available soil test P values from plots that received
0—68.7P,0, kg P ha' (Table 2). Accordingly the calculated table
2 was 0.09178- 11.004 P,O, kg ha and the overall mean 9.17mg
kg-Tof all sites and treatments for the study area of Wolaita zone.
Thus the rate of P fertilizer required per ha can be calculated us-
ing the soil critical P concentration, initial soil P determined for
site 2 and site 4 were not required more than applied rates (Table
3) and the P requirement factor as indicated above in the table 2.

Partial Budget Analysis

The benefit cost associated with different treatments, the partial
budget technique of CIMMT (1988) was applied on grain yields.
The partial budget analysis indicated that treatments resulted in
maximum telative costs (6897.62Birr ha'), while the highest net
benefit was obtained from 45.80 P,0, kg ha'!, which gave higher
net revenue than farmers’ practices fertilizers application. The
dominated treatment (68.70P O, kg ha™) was rejected from fur-
ther economic analysis. To identify treatments with the benefit
cost optimum to the farmer’s investment, benefit cost ratio analy-
sis was performed on non-dominated treatments. The analysis of
gross net return, on the other hand, revealed that the rate of return
per unit cost of production was highest from control (6496.2Birr
ha"). This showed that it would yield 6 and 50 Ethiopian Birr for
every Birr and day per person invested. Therefore, application of
(45.80P O, kg ha') is profitable and recommended for farmers
and other areas with similar agro-ecological conditions.

Conclusions and Recommendation

Site specific soil test-based crop response fertilizer recommenda-
tion study in WolaitaZone of the southern Ethiopia on barley
resulted in determination of optimum phosphors, P critical and
P requirement for specific area. Accordingly, optimum Prate (0-
68.70 P,O.kg ha™), critical P concentrations (8.8mg kg"') and P
requirement factors (9.17) were determined for barley in four dis-
trict, which could be extrapolated to similar agro-ecological zones
of the Wolaita Zone Further studies should be done on phospho-
rous use efficiency and other related plant nutrition parameters.
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