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Response of Wheat ( Triticum aestivum L.) to Phosphorus and Potassium Fertilization on

Vertisols in Ethiopia’s Central Highlands
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Abstract

Nutrient depletion is one of the major causes that contribute
to declining soil productivity in the highlands of Ethiopia.
Applications of urea and diammonium phosphate (DAP) were
started four decades ago to improve soil fertility for enhanced
crop production. However, the average national wheat yield is
much lower than Africa’s, as well as the world’s average. In order
to improve wheat yields, field experiments were established in
the 2012 and 2013 cropping seasons on two rainfed locations in
central highland Vertisols in Ethiopia to determine the response
of bread wheat (7riticum aestivum L.) to phosphorus (P) and

potassium (K) fertilization along with other limiting nutrients.
A total of 16 treatments were tested in a 4 x 4 factorial design
involving four P (0, 10, 20 and 30 kg ha™') and four K (0, 26,
39 and 52 kg ha™') fertilization levels with three replications.
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Analysis of variance revealed a significant difference (P < 0.01)
between treatments in yield and nitrogen (N), P and K uptake by
wheat at both sites over the two cropping seasons. In addition,
the study showed that concurrent use of P and K significantly
increased yield and the N, P and K uptake of wheat, compared
to the levels obtained with either P or K applied alone. The
fertilization treatments had no significant effect on grain size. In
the Cheffe Donsa site, the highest grain yields, 6.4 and 7.6 t ha™!,
were exhibited by a combination of 10 kg P ha™ and 26 kg K ha™!
in the 2012 and 2013 cropping seasons, respectively. In the Akaki
site the highest grain yields, 2.8 t ha™! (2012) and 4.8 t ha! (2013),
were acquired with 30 kg P ha™! and 26 kg K ha™'. In conclusion,
the concurrent use of P and K fertilizers enhanced the yield and
nutrient uptake of wheat in the studied sites.

Keywords: Wheat (Triticum aestivum L.), phosphorus, potassium,
yield, nutrient uptake.

Introduction

Wheat (Triticum aestivum L.) is one of the major global cereal
crops, ranking second after paddy rice both in area and production,
and provides more nourishment than any other food crop (Curtis,
2002). Ethiopia is one of the largest wheat producers in sub-
Saharan Africa (Tanner and Mwangi, 1992; FAOSTAT, 2014)
with an estimated area of 1 million ha under wheat production
(CSA, 2000). The central highlands of Ethiopia are historically
an important wheat-growing region. In this region, wheat ranks
second in total area, production and market demand after tef
(Eragrostis tef) (CSA, 1997a; CSA, 2000), and is produced across
a range of soil conditions, particularly on well-drained highly-
weathered reddish-brown soils (Nitisols) and poorlydrained
heavy dark clay soils (Vertisols) (Woldeab et al., 1991;
Asamenew, 1991; Gebremariam, 1991). Despite the significant
area of wheat production in Ethiopia, the mean national wheat
yield of 1.3 t ha™' is 24% below the mean yield for Africa and
48% below the global mean yield (Gavian and Degefa, 1996). The
national average yield of the crop is estimated at 2.11 tonnes ha™!
(CSA, 2013), which is very low compared to the world’s average
yield of 3.09 tonnes ha™' (FAOSTAT, 2012). Low productivity is
attributed to the use of old and low-yielding varieties, depletion
of soil nutrients, poor weed management practices, low levels of
fertilizer application, waterlogging in Vertisol areas, prevalence
of aggressive and virulent crop pathogens, and unavailability of
modern crop management inputs (Mamo et al., 1988; Gorfu et al.,
1991; Woldeab et al., 1991; Asamenew, 1991; Tanner and Mwangi,
1992; Tarekegne et al., 1997a,b; CSA, 1997b; Zegeye et al., 2001).

Vertisols are considered to be suitable for producing cereals like
wheat. They cover about 12.61 million ha of land in Ethiopia and
the country ranks third in Vertisols abundance in Africa after
Sudan and Chad. The majority of Ethiopian Vertisols, about 8
million ha, are located in the highlands (Debele, 1985). As in
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many other tropical and subtropical regions (Sanchez, 1976),
soils in the highlands of Ethiopia, particularly in the central
region, exhibit low levels of essential plant nutrients and organic
matter content (Woldeab et al., 1991; Mamo et al., 1988). Poor
soil fertility (Tarekegne et al., 1997a), especially low availability
of nitrogen (N) and phosphorus (P) (Woldeab et al., 1991; Mamo
et al., 1988), has been demonstrated to be a major constraint to
wheat production in Ethiopia. This is largely a consequence of the
cereal-dominated cropping history of most fields and continuous
nutrient mining by crop removal (Tarekegne et al., 1997b; Gorfu
et al., 1991), which eventually leads to depletion of soil nutrients
(Woldeab et al., 1991; Tanner and Mwangi, 1992). Soil nutrient
depletion has been exacerbated by low levels of chemical fertilizer
usage (Woldeab et al., 1991; CSA, 1997b) due to both high costs,
and constraints to timely availability of fertilizers (Ayele and
Mamo, 1995). Generally, N and P are the most limiting nutrients
in Vertisols (Finck and Venkateswarlu, 1982) and this holds true
for Ethiopian soils as well. The lack of response to P fertilizer
application on Vertisols could be attributed to various factors
including high P sorption capacity of the soil and soil moisture
conditions (Sahrawat et al., 1995; Abunyewa et al., 2004), and
limitation of nutrients other than P (EthioSIS, 2015; Hailu et al.,
2015). The risk of yield decline can be minimized by application
of balanced mineral fertilizers in terms of all nutrient elements
(Oborn et al., 2005).

In Ethiopia, potassium (K) status of agricultural soils is generally
found to be adequate for crop production, though a few studies
show acutely deficient soil K levels (Mamo and Haque, 1988;
Gebeyehu and Mamo, 1999; Bellete, 2014; Tilahun, 2014;
Mekonnen, 2014; EthioSIS, 2015; Lackemariam, 2015). Fixation
of K is correlated with the percentage of clay and is highest in
Vertisols. Potassium fixation is enhanced by the presence of
smectite and amorphous materials. The limited response of crops
to applied K and the often high levels of exchangeable K found
in most Ethiopian soils have led researchers and development
agents to conclude that the K fertilization need in these soils
is minimal. However, continuous cropping, in which fertilizer
responsive varieties and improved management practices are
used, results in K mining from the soil. Wheat crops can remove
more than 400 kg K,O ha™' year™' (IFA, 1986). The total absence
or low application level of K fertilization combined with intensive
continuous cropping leads to the depletion of soil K reserves.
Even soils which are initially well supplied with K will become
deficient under such management systems. Total consumption of
K from soil by wheat producing yields of 10 t ha™! varies from 160
to 242 kg K ha! (Kemmler, 1983).

In Ethiopia, reports which indicate crop response to applied
K on Vertisols have started to emerge. A study conducted by
Abiye et al. (2004) found that wheat responded significantly to
K application on Vertisols at Cheffe Donsa, in east Shoa. They



recommended the need to reassess the traditionally practiced
system of not applying K fertilizer to Ethiopian soils. However,
there is no information concerning P and K fertilization for wheat
grown on highland Vertisols. Thus, this study was conducted to
investigate the effect of different levels of P and K additions on
yield as well as nutrient uptake of bread wheat (HAR 3116) on two
central highland Ethiopian Vertisols.

Materials and methods

Experimental site description

The experiments were conducted on farmers’ fields at two
representative central highland locations, Akaki and Cheffe
Donsa, during the main cropping seasons in 2012 and 2013. Akaki
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Legend
. . N Ethiopia
is located 25 km south east of Addis Ababa (08°49°40.5’N lat. s
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and 38°49°17.9”’E long.) at an altitude of 2,400 meters above sea s Girnbichu District 0510 20 30 40km
. . . . mm Abknki Distric | L __|
level (m a.s.l.) (Fig. 1). Akaki receives a mean annual rainfall of s =
.. . Fig. 1. Location map of the experimental sites.

930 mm, and a mean annual minimum and maximum temperature
of 8 and 27°C, respectively (Table 1). The
Cheffe Donsa site is positioned about ) ) ) )

R oems . Table 1. Climate data of Akaki and Cheffe Donsa area in the 2012 and 2013 cropping season.
80 km east of Addis Ababa (08°57°59.6”’N :

on v Akaki Cheffe Donsa
lat. and 039°06°28.4”E long.) at an o2 013 o2 013
altitude of 2,444 m a.s.l. (Fig. 1). Cheffe -
Donsa receives a mean annual rainfall of Total annual rainfall (mm) 826 1,033 936 1,259
o Mean annual maximum temperature ("C) 27 27 25 24
1,098 mm, and a mean annual minimum Mean annual minimum temperature ("C) 9 7 11 9
and maximum temperature of 10 and Source: National Meteorological Agency of Ethiopia.
25°C, respectively (Table 1).
Experimental design
. . . . Table 2. Details of the experimental treatments.
The experimental design was a randomized complete block design F—
. . L . 1t
in a factorial combination of P and K. A plot size of 3 m by 3 m Treatment crizer cozes
was used and adjacent plots and blocks were spaced 1 m apart. P - K
Py
Both experiments contained the following treatments; four rates T\ (control) 9 kg ha 0
. contro
of P as triple super phosphate (0, 10, 20 and 30 kg ha!) and four T; 0 2%
rates of K as murate of potash (0, 26, 39 and 52 kg ha™!) (Table 2). T 0 39
There were three replications. Nitrogen as urea (60 and 92 N kg T4 0 52
ha'in the first and second cropping season, respectively), sulfur Ts 10 0
(S) as gypsum (20 S kg ha™') and zinc (Zn) as zintrac (700 g Zn ? ig ig
ha™') were applied as a basal dose. T; 10 5
Ty 20 0
Experimental materials and procedures Tio 20 26
The experimental fields were prepared using a local plow Tu 20 39
(maresha) according to farmers’ conventional farming practices. Tiz 20 >2
The fields were ploughed two times, after which broad beds and ?3 ig 206
14

furrows were constructed by a broad bed maker (BBM). The Tis 30 39
BBM is an oxen-drawn traditional wooden plow, modified for Tis 30 52

the construction of raised beds and furrows to facilitate surface
drainage through the furrows between the beds so that the crops
are grown on the beds (Jutzi and Abebe, 1986).

Wheat is grown at an altitude ranging from 1,500 to 3,000 m
a.s.l.,, between 6-160 N latitude and 35-420 E longitude. The
most suitable agroecological zones, however, fall between

1,900 and 2,700 m a.s.l (Kotu et al., 2000). The major wheat
producing areas in Ethiopia are located in Arsi, Bale, Shewa,
[lubabor, Western Hareghe, Sidamo, Tigray, Northern Gonder
and Gojam zones (Kotu ef al., 2000). The test variety used in the
study areas was an improved bread wheat variety (HAR 3116),
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which is a high yielding variety widely grown in the wheat
belt highlands in the central part of the country. Digalu (HAR
3116) occupied over 0.5 million ha (approx. 31% of production
acreage) in Ethiopia and made a major contribution to the record
wheat harvest of 3.92 million tons in the 2013/2014 season (CSA,
2014). This variety is semi-dwarf and was released by Kulumsa
Agricultural Research Centre in 2005 (Alemayehu et al., 2015).
The seed was sown at a rate of 80 kg ha™!, which is about half of
the recommended rate (150 kg ha™) for broadcast and maresha
incorporated seed (Gorfu, 1988), with row spacing of 20 cm.

The entire amount of P and S designed for each treatment was
applied once at sowing, whereas N and K fertilization was split
into two applications. One third of the N and half of the K were
applied at sowing and the remaining was top dressed after 35 and
45 days, respectively. Zn was applied twice, at the tillering stage
and again 14 days after that. Weed control was done by hand 20
days after sowing and as needed throughout the growing season
in all the treatments. Planting and harvesting were also done by
hand. Sowing was done within the range of July 5 to 15 whereas
the wheat was harvested between the end of October and early
November.

Soil sampling and analysis

For assessing the fertility of surface soil, 12 composite soil
(0-15 cm) samples, four per block, were taken from each
experimental site before planting. Each composite soil sample
comprised 15 sub samples collected in a zigzag pattern within the
replication and mixed thoroughly following a standard procedure
for soil sampling and sample preparation (Paetz and Wilke, 2005).

The analyses of soil particle size distribution, pH and electrical
conductivity (EC) were conducted at the Debre Ziet Agricultural
Research Center (DZARC). All other parameters were analyzed
by Natural Resources Institute Finland (former MTT Agrifood
Research Finland). Soil particle size distribution was analyzed
by hydrometer method (Gee and Bauder, 1986). Soil textural
class names were assigned based on the relative contents of the
sand, silt and clay separates using the soil textural triangle of
the United States Department of Agriculture (USDA, 1951). Soil
pH (McLean, 1982) and EC (Rhoades, 1982) were determined
from a suspension of 1:2.5 soil:water ratio. Soil organic carbon
(OC) and total nitrogen (TN) content were determined by dry
combustion methods based on ISO 10694 (1995) and ISO 13878
(1998) protocols, respectively. For available P determination,
soil samples were extracted with 0.5M NaHCO, at a nearly
constant pH of 8.5 in 1:20 of soil to solution ratio for half an
hour, as described by Olsen et al. (1954), and thereafter
measured using Perkin Elmer Optima 8300 Inductively Coupled
Plasma - Optical Emission Spectrometer (ICP-OES). Available
S was determined by the extraction of SO,-S with CaCl,2H,0.
Sulfate - sulfur (SO,-S) concentration in the extracts was
measured by a turbidimetric procedure using barium chloride
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(Williams and Steinbergs, 1959). Exchangeable bases (calcum
[Ca], magnesium [Mg], K and sodium [Na]) of the soil samples
were extracted with 1M buffered ammonium acetate extractant
(Cottenie, 1980) and basic cations were determined by ICP-OES.
The cation exchange capacity (CEC) of the soils was determined
by IM buffered ammonium acetate extraction method and
distillation of the ammonium saturated soil in a Kjeldahl
distillation apparatus while receiving the distillate in boric
acid and then titrating with sulfuric acid (Cottenie, 1980). Base
saturation percentage (BSP) was calculated by dividing the sum
of base-forming cations by CEC (Coyne and Thompson, 2006).
Micronutrients (copper [Cu], iron [Fe], manganese [Mn] and zinc
[Zn]) were determined from ammonium bicarbonate di-ethylene
tri-amine penta-acetic acid (AB-DTPA) extracts (Soltanpour
and Schwab, 1977). The micronutrient concentrations were
determined by ICP-OES.

Crop data collection and analysis

The wheat crop was harvested by collecting the above ground
plant mass from the central 2 m? area of each plot when the plants
showed clear signs of maturity (complete yellowing of leaves and
spikes). The total above ground plant biomass (biological yield)
obtained was weighed, after which grains were separated and
weighed to record the grain yield. Straw yield was determined by
subtracting the grain yield from the biological yield. Thousand
grain weight was recorded for each plot in five replicates by
weighing 1,000 randomly selected grains.

Grain and straw samples from each treatment were oven dried at
60-70°C to a constant weight and thereafter ground and analyzed
for N, P and K contents. Total N concentrations of the samples
were determined using the modified Kjeldahl method (Jackson,
1958). For the P and K analyses, the samples were first re-dried
at 60°C and then ashed at 550°C for eight hours. Thereafter,
the ashes were digested in 20% HNO, (Zarcinaas et al., 1987).
Phosphorus concentration of the digests was measured with
a spectrophotometer and the K concentration with a flame
photometer.

The uptake of nutrients (N, P and K) into straw and grain was
calculated by multiplying the nutrient content (%) with the
respective straw and grain yield ha™! on dry weight basis. Total
nutrient content in the biological yield was obtained by summing
up the nutrient uptakes by grain and straw.

Nutrient uptake of the grain =
nutrient content of the grain (%) x grain yield (kg ha=)
100
Nutrient uptake of the straw =
nutrient content of the straw (%) x straw yield (kg ha=)
100
Total nutrient uptake = nutrient uptake of the grain + nutrient
uptake of the straw.




Statistical analysis

The data on crop yield and yield related traits were subjected to
analysis of variance (ANOVA) using SAS statistical software and
the statistical procedures described by Gomez and Gomez (1984).
The least significant difference (LSD) was used for comparing
the means of wheat yields and nutrient uptake obtained with the
different rates of P and K applications.

Results and discussion

The results of compound analysis on the studied characteristics
significantly different to 2013.
Accordingly, data from each year were analyzed separately for
all characteristics.

were in 2012 compared

Soil characteristics

The results of initial soil properties, as presented in Table 3,
reveal that the particle size distribution of the surface soils
(0—15 cm) of both experimental fields was dominated by clay
fraction (above 53%). Debele (1985) and Tsegaye (1992) also
reported that Vertisols in Ethiopia generally contain more than
40% clay in the surface horizons. The surface soil (0—15 cm)
analysis showed that prior to sowing, the experimental soils had a
pH of 7.2-7.8 (slightly to moderately alkaline), which is typical for
Ethiopian Vertisols (Debele, 1985; Kebede and Charles, 2009).
This pH range is favorable for most crops (Tadesse, 1991; FAO,
2000). The soil organic matter (Tadesse, 1991; Debele, 1980) and
available S (Lewis, 1999) contents, however, were in low ranges.
According to the ratings of Cottenie (1980), the available P (Olsen
extractable) was low and moderate at Akaki and Cheffe Donsa
sites, respectively.

Exchangeable Ca and Mg were the dominant cations in the surface
soils of both experimental fields (Table 3). Calcium comprised 77
and 78% of the soil cation exchange sites of Akaki and Cheffe
Donsa, respectively. Similarly, Mg occupied 19 and 12.3% of
the soil cation exchange sites in Akaki and Cheffe Donsa. The
exchangeable K was in the high range (0.7 to 2 cmol, kg™)
(Hazelton and Murphy, 2007; Peverill et al. 1999). Sodium had
the lowest concentration (0.16-0.27 cmol kg of soil) among
the base forming cations found in the top soil cation exchange
complex in both experimental fields. The K:Mg ratio of the soil
in the experimental sites varied from 0.17:1 to 0.35:1, which
indicates Mg induced K deficiency using the rating of Loide
(2004). The CEC of the surface soils of Akaki and Cheffe Donsa
were 49.4 and 42.1 cmol kg™, respectively. The CEC of the study
area can be termed as very high according to the ratings given by
Hazelton and Murphy (2007). The surface horizons of Ethiopian
Vertisols have generally been found to have very high CEC
(Debele, 1985; Tsegaye, 1992). These high CEC values might
result from the dominant smectite clay mineral constituents of
the Vertisols in the study area (Debele, 1985). The base saturation
of the surface soil of the study area was in the very high range
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based on the ratings given by Hazelton and Murphy (2007). The
high base saturation is explained by the very low rate of leaching
due to the very low hydraulic conductivity and low infiltration
rates of Vertisols (Pimentel, 2006). According to Soltanpour
(1985) and Jones (2003), the AB-DTPA-extractable Cu, Mn and
Fe contents of the surface soil of the experimental sites were rated
as adequate, while Zn content was deficient and hence inadequate
for plant growth (Table 3).

Biological yield

The above ground biomass of cereal crops (straw and grain) is
an important agronomic parameter that is sensitive to soil and
applied nutrients (Mirutse et al., 2009). Application of P and K
significantly (P < 0.01) improved the aboveground biomass yield
(Tables 4 and 5).

At Akaki, the highest biological yields of 7,662 kg ha™' (first
growing season) and 10,739 kg ha' (second growing season)
were recorded from T ,(30-26 P-K kg ha™') and T, (20-39 P-K kg
ha™), respectively. These were statistically higher over P alone,
K alone and the control (without P and K) treatments. In the
2012 cropping season, the second highest biological yield of

Table 3. Physical and chemical properties of surface soil (0-15 cm) of the
experimental sites.

Experimental sites

Soil property Akaki Cheffe Donsa
(Akaki) (Gimbichu)
Particle size distribution
Sand (%) 15 21
Silt (%) 18 25
Clay (%) 67 54
Textural class Heavy clay Clay
pH (1:2.5 suspension) 7.4 7.8
EC (1:2.5 suspension) (dS m™) 0.15 0.2
Total nitrogen (%) 0.1 1.1
Organic carbon (%) 1.2 1.1
Soil organic matter (%) 1.9 1.9
Olsen’s P (mg kg ™) 5.9 7.5
Sulfate-S (mg kg™) 1.8 1.2
Ammonium acetate extractable
Ca (cmol) kg™) 38 32.8
Mg (cmol+) kg™) 9.4 5.2
K (cmol kg™") 1.6 1.8
K:Mg 0.17 0.35
Na (cmol+) kg™) 0.16 0.27
CEC (cmol+ kg™) 49.4 42.1
PBS (%) 99 95
AB-DTPA extractable
Cu (mg kg™") 3.86 3.5
Fe (mg kg™) 40.8 33.6
Mn (mg kg™") 34.8 46
Zn (mg kg™) 1.14 1.1
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Table 4. Wheat yield as affected by different P and K application rates at Akaki in the 2012 (S1) and
2013 (S2) cropping season.

Thousand grain

Treatment Biological yield Grain yield Straw yield weight
P+K S1 S2 S1 S2 S1 S2 S1 S2
kg ha™!

T, (0+0)

control 5,185 8,926 1,947 3,011 3,238 5,915 29 38
T, (0+26) 5,585 8,691 2,098 3,812 3,487 4,879 34 36
Ts (0+39) 4,970 8,652 1,852 3,948 3,118 4,703 31 38
T4 (0+52) 5,807 9,237 2,150 3,913 3,657 5,324 31 38
Ts (10+0) 3,648 8,324 1,372 3,698 2,277 4,627 29 36
Ts (10+26) 5,148 9,921 1,820 4,208 3,228 5,713 31 35
T7 (10+39) 4,382 9,126 1,615 3,988 2,767 5,138 30 39
Ts (10+52) 5,650 10,325 2,393 4,426 3,257 5,900 32 38
Ty (20+0) 4,098 8,716 1,282 3,693 2,817 5,023 32 37
Tho (20+26) 5,013 9,340 1,973 4,061 3,040 5,279 34 39
Ti (20+39) 6,478 10,739 2,682 4,476 3,797 6,263 31 37
T2 (20+52) 5,308 8,821 2,232 3,997 3,077 4,824 32 39
T3 (30+0) 5,842 8,574 2,055 3,804 3,787 4,770 29 38
T4 (30+26) 7,662 10,497 2,815 4,797 4,847 5,700 32 39
Tis (30+39) 6,490 10,078 2,688 4,651 3,802 5,427 30 37
Tis (30+52) 5,423 9,878 1,992 4,339 3,432 5,539 31 38
LSD 1,224 600 857 1,123 1,335 653 42 2.3
SE 243 192 110 109 144 124 1.5 1.2
P value el i i i el ns ns ns

Note: ** and ‘ns’ indicate significance at P < 0.01% and non significant difference, respectively. LSD:
Least significant difference; SE: Standard error.

Table 5. Wheat yield as affected by different P and K application rates at Cheffe Donsa in the 2012
(S1) and 2013 (S2) cropping season.

Thousand grain

Treatment Biological yield Grain yield Straw yield weight
P+K S1 S2 S1 S2 S1 S2 S1 S2
kg ha™!
T, (0+0)
control 11,450 7,910 4,370 5,520 7,080 2,390 39 41
T (0+26) 14,695 10,120 5,545 6,197 9,150 3,924 39 46
Ts (0+39) 13,383 9,283 5,183 6,328 8,200 2,955 38 42
T4 (0+52) 14,998 10,362 5,725 6,395 9,273 3,967 38 44
Ts (10+0) 13,283 8,834 4,385 5,962 8,898 2,873 38 41
Ts (10+26) 16,955 11,668 6,380 7,568 10,403 4,100 39 44
T7 (10+39) 14,525 9,951 5,378 6,164 9,147 3,788 38 43
Ts (10+52) 15,173 10,518 5,862 7,069 9,312 3,449 39 44a
Ty (20+0) 13,842 9,473 5,105 7,024 8,737 2,450 39 43
Tho (20+26) 16,152 11,118 6,085 7,223 10,067 3,896 37 45
T (20+39) 15,260 10,369 5,478 6,608 9,782 3,761 38 44
T2 (20+52) 15,995 10,938 5,880 6,701 10,115 4,236 40 44
T3 (30+0) 14,760 10,118 5,475 6,539 9,285 3,579 39 48
T4 (30+26) 15,965 10,981 5,997 7,217 9,968 3,765 38 44
Tis (30+39) 17,190 11,706 6,222 7,235 10,968 4,471 39 44
Ti6 (30+52) 16,553 11,352 6,150 6,935 10,403 4,417 39 46
LSD 1,907 836 1,315 1,403 1,317 886 2.4 44
SE 378 261 149 138 238 161 0.18 0.47
P value LA i i el s ns ns ns

Note: ** and ‘ns’ indicate significance at P <0.01% and non significant difference, respectively. LSD:
Least significant difference; SE: Standard error.
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6,490 kg ha! was recorded from 39-30
P-K kg K ha' application. Results in
2013, however, indicated that a combined
application of 26 kg K ha™! with the highest
P rate of 30 kg P ha'!, exhibited the second
highest biological yield of 10,497 kg ha™!
(Table 4).

In Cheffe Donsa the T, (30-39 P-K kg
ha') treatment resulted in the highest
biological yields of 17,190 kg ha™' and
11,706 kg ha™' in the 2012 and 2013
growing seasons, respectively (Table 5). In
a similar manner, these were statistically
higher than the control and treatments of P
and K alone. In both cropping seasons, the
second highest biological yields of 16,955
and 11,668 kg ha! were recorded from 26
kg K ha! when applied with the lowest P
rate, 10 kg P ha™'. The biological yields
were gradually decreased by increasing
the rate of P from 10 to 20 and 20 to 30
kg ha™' when applied in combination with
the low rate of 26 kg K ha™! over the two
cropping seasons. However, a gradual
biological yield increment was recorded
by increasing the rate of P from 10 to
20 and 20 to 30 kg ha! when applied in
combination with the highest K rate of
52 kg ha™'.

Generally, the highest biological yields
obtained from P by K combinations were
48 and 50% higher than the control at
Akaki in the first and second cropping
seasons, respectively. Similarly, the
highest values of biological yield recorded
from P by K combination at Cheffe Donsa
were 20 and 48% higher over the control
in the first and second cropping seasons,
respectively. Greater yields were recorded
in the second cropping season at both
sites. This is attributed to the relatively
higher amount of N fertilizer (92 kg
N ha™') applied in the second cropping
season as well as higher rainfall recorded
in the second cropping season. Other
authors (Haile et al., 2012; Cui et al.,
2005; Ricardo et al., 2010) also reported
an increase in grain yield with an increase
in N rate. The highest biological yield was
recorded at Cheffe Donsa site which could



be due to the medium available P content
prior to planting. Generally, the highest
biological yield was obtained from plots
treated with P and K at both sites over the
two cropping seasons. This is expected
because soils of the experimental sites
were deficient in both P and K. The
potential benefits of providing sufficient P
and K for wheat, as well as other plants,
often include promoting early plant
maturity, resistance to diseases and other
pests, reduced lodging, tillering, vigorous
growth, and improved yield (Liakas et al.,
2001; Ma et al., 2006; Slaton et al., 2007).

Grain yield

Application of P and K significantly
(P £ 0.01) increased grain yield of wheat
at both sites over the two cropping seasons
(Tables 4 and 5). At Akaki, there were
no significant grain yield differences in
applying T,, T,, T, T,and T, but T,
(30-26 P-K kg ha™') resulted in the highest
grain yield of 2,815 kg ha™!, significantly
higher than P alone and the control in the
first growing season. In the same growing
season, the addition of P with K at the
rates of 39 kg K ha™! with 20 and 30 kg
P ha™!, didn’t significantly increase grain
yield over treatments with K alone with
the possible exception of K applied at the
rate of 39 kg K ha™'. In the 2013 cropping
season, grain yield was significantly
increased over the control (without P and
K) in all treatments but the magnitudes
of responses were highest in three P and
K rate combinations (T,, T, and T).
Among these treatments the highest grain
yield (4,797 kg ha™') was recorded from T,
(30-26 P-K kg ha™).

The trend of response was different at
Cheffe Donsa where the highest grain
yields of 6,380 and 7,568 kg ha' were
obtained from a P and K rate combination
(20 kg P ha', 26 kg K ha™') in 2012 and
2013 cropping seasons, respectively
(Table 4). When the highest rate of both
P and K (30 kg P ha™' and 52 kg K ha™)
were applied together, the resultant yield
was apparently lower than the yields from
P and K combinations (T, and T ;) though

not significantly lower. A tendency to
achieve significantly higher grain yields
over the control was observed by two
K only treatments (26 kg ha™ and 52
kg ha™) in the first growing season. In
contrast, the apparent yield increments by
all treatments of K only over the control
(without P and K) were not significant in
the 2013 growing season.

The combined analysis of variance in
each location on grain yield is presented
in Table 6. The significant difference in
grain yield between the locations was
caused by the difference between the sites.
Even though the interaction of P and K
rates did not show a significant difference
in grain yield at Cheffe Donsa (both
seasons) and the second season in Akaki,
their combination gave the highest grain
yield and showed a significant (P < 0.01)
difference in grain yield as compared to
P alone, K alone and the control (without
P and K). The highest grain yields (2,815,
4,797 kg ha'! and 6,380, 7,568 kg ha™)
were obtained on the interaction of 30-
26 and 10-26 P-K kg ha™! in the first and
second cropping season at Akaki and
Cheffe Donsa, respectively. Soils of the
experimental sites were deficient in both
P and K, so P and K fertilization induced
grain yields of 45%, 59% and 46%, 37%
over the control plots at Akaki and Cheffe
Donsa in the first and second cropping
seasons, respectively. The potential
benefits of providing sufficient P and K
for wheat, as well as other plants, often
include promoting early plant maturity,
resistance to diseases and other pests,
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reduced lodging, tillering, vigorous
growth, and improved yield (Liakas et al.,
2001; Ma et al., 2006; Slaton et al., 2007).
Snyder and Mascagni (1998), Sharshar
et al. (2000); Liakas et al. (2001); Akhtar
etal. (2002); Ghulam et al. (2010) reported
similar benefits of P and K fertilization on

wheat grain yield.

Thousand grain weight

The fertilization treatments had no effect
on (P < 0.05) the thousand grain weights
in either of the seasons or sites. Heavier
seeds were observed in the second
season compared to the first season at
both sites. The interaction of P and K
(T,, T,, T, and T ) showed a trend
towards heavier seeds compared to P
alone, K alone and the control (without
P and K). Zero fertilization and applying
T, (P-K 10-0 kg ha™) had lighter seed
weight (Table 4 and Table 5) compared
to P and K interaction at both sites over
the two cropping seasons. Although the
mean thousand grain weight appeared to
be relatively similar under the various
treatments at Akaki in the 2012 growing
season, few differences (non-significant)
were observed in the 2013 growing season
(Table 4). In 2013, a heavier thousand
grain weight of 39 g was resulted from
two P and K combinations (10, 39 and 20,
26) though were statistically similar with
the control (without P and K) and most
other treatments.

At Cheffe Donsa, the trend was different,
thousand grain weight appeared to be
similar in 2012 but few differences were

Table 6. Analysis of variance on grain yield of wheat for Akaki and Cheffe Donsa in the 2012 (S1)

and 2013 (S2) cropping season.

Akaki Cheffe Donsa

Source of variance

S1 S2 S1 S2

kg ha!

P ns ek * *
K ns ns ns ns
PxK b ns ns ns
Mean yield of 0-0 P-K 1,947 3,011 4,370 5,520
Highest mean yield 2,815 4,797 6,380 7,568
P-K combination for highest yield 30-26 30-26 10-26 10-26

Note: *, ** and ‘ns’ indicate significance at P <0.05, 0.01 probability levels.
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observed in the 2013 cropping season . )
Table 7. Total N, P and K uptake (kg ha™') of wheat as affected by application of P and K at Akaki

(Table 5). Increasing the rate of P from 10 during 2012 (S1) and 2013 (S2).
to 20 and 20 to 30 kg ha™! when applied Akaki
with the various rates of K over the two Treatment s1 2
cropping _Sel?tson§ di%n’t atflfeCtTtlllle thousallld P+K TotalN  TotalP  TotalK  TotalN  TotalP  Total K
grain weights significantly. These results P
agree with the finding of Cruz et al. (2013) T, (0+0) g ha
who reported that thousand grain weight control 20 3 13 46 10 30
was not significantly affected by P and K T2 (0+26) 24 5 23 55 12 46
application. T3 (0+39) 25 5 18 71 14 51
T4 (0+52) 29 8 28 90 15 58
. Ts (10+0) 22 7 16 74 13 62
Nutrient uptake Ts (10+26) 37 12 28 93 20 71
The data shown in Tables 7 and 8 revealed T; (10+39) 29 12 29 104 17 66
that there were significant (P < 0.001) Ts (10+52) 39 14 29 102 23 81
differences among treatments in total N, ? ((220532)6) 4112 171 ;g ;g ;3 ;g
P and K uptake by wheat (kg ha™!) during T:? (20+39) e i 3 95 20 19
the first and second cropping seasons. At Tiz (20+52) 41 1 30 93 a1 64
Akaki in 2012, the total N uptake was T3 (30+0) 27 6 27 75 15 61
significantly increased over the control Ti4 (30+26) 68 12 34 107 15 79
and P and K only treatments on plots Tis (30+39) 02 9 40 106 20 85
treated with combined application of P HoEh7) 40 10 44 9 17 86
and K, with the possible exception of LSD 10 4 12 15 5 13
various K rates combined with a low rate f’F;alue j* Oil *2* tf 0);23 3*3

of P. The highest total P uptake of 12.3
kg ha! was found on plots treated with
26 kg ha™ of K and 10 kg ha™! of P. The
lowest total P uptake was obtained from

Note: ** indicate significant difference at P < 0.01. LSD: Least significant difference; SE: Standard
error.

the control plot (without P and K). The Table 8. Total N, P and K uptake (kg ha™') of wheat as affected by application of P and K at Cheffe
total uptake of K under the various P and Donsa during the 2012 (S1) and 2013 (S2) cropping season.
K combinations was either significantly Cheffe Donsa
Treatment
higher or comparable to P and K only S1 S2
treatments. In 2013, the pattern of total P+K Total N Total P Total K Total N Total P Total K
nutrient uptake and significance was kg ha!
similar. In addition the magnitude of total T: (0+0)

. . . control 48 10 14 69 12 31
nutrient uptake was more noticeable in T; (0426) 48 10 20 93 15 50
this growing season. This could be due to T (0+39) 53 10 27 84 15 61
the relatively high amount of N fertilizer T4 (0+52) 74 12 22 90 9 61
applied. Ts (10+0) 62 14 9 78 16 44

Te (10+26) 85 17 61 117 20 8
Among the various treatments, T, (20-26 1; Sgii;; :2 :i 45‘2 19056 :g ZZ
P-K kg ha™') resulted in the highest total Ty (20+0) 7 13 21 85 14 58
N uptake of 92 kg ha! at Cheffe Donsa in T10 (20+26) 92 16 70 116 17 83
the 2012 cropping season by some margin. Tii (20+39) 76 22 34 101 17 71
Likewise, the highest total P uptake of 21.6 Ti2 (20+52) 81 17 54 104 23 64
kg ha! was exhibited by T, (20-39 P-K kg Ti (30+0) 53 10 19 95 ? 63
ha™). The total uptake of K was generall B2 2 19 37 Hz ’ 57
p g y Tis (30+39) 83 21 62 109 19 73
increased on plots treated with P and K T1s (30+52) 79 21 70 115 20 69
combinations compared to the control and LSD i 4 24 18 6 i
K only treated plots, but the differences SE 37 1.1 52 36 12 51
were not significant in some of the cases. P value o o & = o e
In 2013, increased uptake of N and K was Note: ** indicate significant difference at P < 0.01. LSD: Least significant difference; SE: Standard
noticed but total P uptake did not show a SO
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marked increase (Figs. 2 and 3). As can
be seen from Figs. 2 and 3, P uptake was
lower than N and K uptake under all the
treatments. This is attributed to the lower
P efficiency than N and K. Only about 15-
20% of the applied P is used by the first
crop. Most of the P applied to soils to
meet P demand of plants is converted into
unavailable forms of P (fixing by soil) that
cannot be easily taken up by plant roots
(Malavolta, 1979; Munson, 1982; Baligar
et al., 2001; Fageria et al., 2010).

Generally, total N uptake was improved
with P and K application and their
combined use surpassed their application
alone. This showed that the availability
of extra K in these soils improved the
extraction of N by the wheat crop. Sharma
and Ramna (1993) indicated that the
application of K released the fixed NH,*
ion from the soil and helped the crop
improve its uptake of N. Total P uptake
was highest with P+K, followed by P
alone, and both showed significantly
higher P uptake compared with K alone
and the control. Total K uptake was highest
with P+K, followed by K alone, and both
showed significantly higher K uptake as
compared with P only and the control
(without P and K) (Figs. 2 and 3). These
results agree with the findings of Slaton
et al. (2007) and Sharshar et al. (2000)
who reported that N, P and K uptake of
wheat were significantly improved by
integrated application of P and K.

Total nutrient uptake and yields varied
significantly between the experimental
years. In fact, higher yields and total
uptake were recorded in the 2013 cropping
season at both study sites. This may be
attributed to the relatively high amount
of N fertilizer (92 kg N ha™!) applied in
this growing season as well as high levels
of rainfall compared to the 2012 growing
season. Results obtained during long-term
experiments revealed a direct relationship
between yield and the amount of rainfall
during the vegetative period of wheat
(Lopez-Bellido et al., 1996).
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In Ethiopia, farmers do not apply K
fertilizers because researchers and
development agents believe that the soil
can supply the required K. This practice
might hold true with low yield levels
of traditional cultivars. However, the
introduction of modern high yielding
varieties has increased both cropping
intensity and yields, which results in
larger removal of K and other nutrients
from soil. Data presented in this paper do
not fully support the perception that the
soil of the central highlands in Ethiopia
can supply adequate K for achieving high
yields of modern varieties. The results of
this investigation indicated that integrated
application of P and K fertilizers enhanced
yields and nutrient uptake of wheat at both
sites over the two cropping seasons. These
results are supported by the findings of
Abiye et al. (2004) who stated that there
was appreciable yield response upon K
fertilization at Cheffe Donsa. They further
verified that K application enhanced N
uptake of wheat. Overall, the benefits of
K fertilization should be evaluated after
long-term experimentation on Vertisols of
Ethiopian highlands.

Conclusion

Wheat yield showed significant response
to P and K application. Yield increase was
observed at both locations over the two
cropping seasons with the combined use
of P with K. Thus, it can be concluded
that the combined use of P with K could
be beneficial to enhance productivity
and nutrient uptake of wheat in central
highland Vertisols of Ethiopia.
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