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Wheat growth and yield response were evaluated in a greenhouse experiment using two major soils, 
Nitosols and Vertisols. Sorption capacities of the soils and crop response were employed to determine 
the availability of nutrients in the two soils. Eight fertilizer treatments (Optimum (Opt.),Optimum-N, 
Optimum-P,Optimum-K,Optimum-S,Optimum-B,Optimum-Zn and control) in Nitosols and six fertilizer 
treatments (Optimum, Optimum-N, Optimum-P, Optimum-S, Optimum-B and control) in Vertisols were 
arranged in completely randomized design (CRD) with five replications using wheat variety (Digalu) as a 
test crop. Deficiency in total N, available P, S and B was observed in the two soils. Besides, K and Z in 
Nitisols were less than three times the critical values. The result indicated that applications of optimum 
fertilizer significantly (P<0.05) increased plant height, spike length, number of seeds per spike, straw 
yield, grain yield and total biomass yield. Similarly, it resulted in an increase in grain yield of 75 and 
68% over the controls in Nitosols and vertisols respectively. Omission of N, P, S, and B were resulted in 
grain yield reduction by 65.6, 23.4, 4.7, and 3.1% in Nitosols and by 69.4, 22.4, 14.1, and 15.3% in 
vertisols. Omission of K and Zn in Nitisols also causes up to 9.4 and 4.7% grain yield reduction. Thus, 
external supplies of these nutrients could be recommended for optimum production of wheat. 
 
Key words: Grain yield, Nitisols, nutrient concentrations in plants, soil nutrient contents, Vertisols. 

 
 
INTRODUCTION 

 
Cereal crops are the largest group in terms of their share 
in area cultivated, production, productivity and 
consumption in Ethiopia (CSA, 2018). Wheat is one of 
the major cereals widely grown in the highlands of 
Ethiopia.  The  country   is   the   second    largest   wheat 

producer in sub-Saharan Africa, next to South Africa 
(ECEA, 2008). Wheat ranks fourth after teff (Eragrostis 
tef), maize (Zea mays) and sorghum (Sorghum bicolor) in 
area coverage and total production (CSA, 2018). Wheat 
production   has    grown   significantly   following  several 
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government programs and initiatives implemented to 
drive agricultural growth and food security in the country. 
Ethiopian wheat production is estimated at 4.5 million 
tonnes in 2018/19 and almost 1.65 million hectares were 
dedicated to wheat cultivation (GAIN, 2019). According to 
Global Agricultural Information Network (GAIN, 2019) 
report yields are close to 2.7 tons per hectare. However 
production still falls short of meeting domestic needs and 
the country remains a net importer of wheat. 

Soil fertility depletion is a major constraint to 
agricultural production and food security worldwide, 
particularly in wheat and rice production areas of the 
developing world (Tan et al., 2005). Similarly, one of the 
basic limiting factors for cereal crop yield including that of 
wheat in Ethiopia is poor soil fertility (Louis, 2010). The 
problem is more serious in the highlands where most of 
the human and livestock population is inhabited (Hailu, 
2010). Nitisols and Vertisols are among the most 
extensive agricultural soils in the Ethiopian highlands but 
soil degradation threatens their productive capacity 
(Hillette et al., 2015; Eyasu, 2017). The most recent 
survey indicates the extent of Nitisols coverage is about 
one million hectares accounting for 31% of the 
agricultural lands in the Ethiopian highlands (Elias, 2016). 
Nitisols are among the most productive agricultural soils 
along with Vertisols, Luvisols, and Planosols (Stocking, 
1988).  Vertisols also cover 13 million hectares of land 
mass, while more than half (8.6 million ha) of the 
Vertisols are found in the central highlands of the country 
(Debele, 1985; Jutzi et al., 1987). Ethiopia ranks third in 
Vertisols abundance in Africa after Sudan and Chad 
(Jutzi et al., 1987). In addition to the high P fixing 
characteristics of Vertisols (Abunyewa et al., 2004), lack 
of response to P application on central highland Vertisols 
of Ethiopia may be due to deficiency of nutrients other 
than P. 

Previously, only nitrogen (N) and phosphorus (P) were 
considered to be the limiting nutrients in Vertisols of 
Ethiopia (Mamo et al., 1988). However, many soils in the 
highlands of Ethiopia are poor in available plant nutrients 
and organic matter content (Mamo et al., 2002). Hence, 
the national gross nutrient depletion rate was estimated 
to be -122 kg N ha

−1
, −13 kg P ha

−1
 and −82 kg K ha

−1
 

(Haileslassie et al., 2005). The field level nutrient 
balances on Nitisols from southern Ethiopia (−102, −45 
and −67 kg ha

−1 
for N, P and K respectively) are even  

 
 
 

Abebe et al.          109 
 
 
 
more threatening (Elias, 2002). Soil erosion also 
contributes significantly to soil fertility depletion, as the 
rates of losses are estimated to be 130 tons ha

−1
 for 

cultivated fields, which is one of the highest in Africa 
(FAO, 1986; Elias, 2016).  Nitrogen and phosphorus are 
not the only yield constraining factors, but others such as 
S, Zn, B, Fe, Cu and K-deficiencies are also common soil 
fertility problems due to the low inherent soil fertility 
status and/or poor management (Tegbaru. 2015). Mining 
of nutrients due to low and unbalanced fertilizer 
application favored the emergence of multi nutrient 
deficiencies in Ethiopian soils (Desta, 1984, Abiye et al., 
2004). The recent national soil fertility survey conducted 
by Ethiopian Agricultural Transformation Agency (ATA)  
revealed that in addition to nitrogen and phosphorus, 
potassium, sulfur, and zinc deficiencies are widespread in 
Ethiopian soils, while some soils are also deficient in 
boron and copper (ATA, 2013). These all potentially limit 
crop productivity despite continued use of nitrogen and 
phosphorus fertilizers as blanket recommendation over 
decades.  

The nutrients usually applied as a fertilizer for crop 
production in Ethiopia are nitrogen and phosphorus in the 
form of Urea and DAP (Hillette et al., 2015). However, if 
the level of any one of the other essential nutrients falls 
below the critical level, the yield response to nitrogen and 
phosphorus would be seriously affected. Therefore, in 
order to set priorities among the different plant nutrients, 
it is important to identify the status of the limiting nutrients 
in various soils. Thus, this research was carried out to 
evaluate wheat growth and yield response to most 
essential nutrients under Nitisols and Vertisols from 
central highlands of Ethiopia. 
 
 
MATERIALS AND METHODS  
 
Description of the study area 
 
Pot experiment was conducted under greenhouse conditions at 
National Soil Testing Center in Addis Ababa, Ethiopia using soil 
samples collected from Wolmera district of Oromia Regional State, 
central Ethiopia. The soils used for the study were classified as 
Nitisol and Vertisol, covering large production areas of central 
highlands of Ethiopia (Debele, 1985; Jutzi et al., 1987; Elias, 2016). 
Wolmera is one of the districts in West Shewa Zone of Oromia 
Regional State, Ethiopia (Figure 1). It is located at about 30 km 
west of Addis Ababa on the main road to Ambo city. It is situated at 
an altitude of 2000 to 3380 m above sea level. The area receives 
an average annual rainfall of 1067 mm and average temperature of 
18°C (BoA, 2013). 

     
Soil sampling, preparation and analysis 
 
Soil samples (0-20 cm depth) were randomly taken from 40 
sampling points, 20 each for Nitisols and Vertisols using an auger. 
The soil samples were bulked into two composite samples, one 
each for Nitisols and Vertisols. The composite samples were then 
homogenized and crushed for a pot trial in the greenhouse 
experiment. Sub-samples were taken from the composites, air-dried 
and ground with mortar and  pestle  to  pass  through a 2 mm  sieve 

and subjected to physicochemical analyses and sorption study. For 
determinations of organic carbon (OC) and total nitrogen (TN), 
however, a 0.5 mm sieve was used. 

Soil particle size was done by using the modified sedimentation 
hydrometer procedure (Bouyoucos, 1951), bulk density (BD) was 
determined according to BSI,(1975) and soil water holding at filed 
capacity and permanent wilting point was determined according to 
the procedure outlined by Van Reeuwijk (1993). Soil pH and 
electrical   conductivity  (EC)  were  measured   in   the  supernatant  
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Figure 1. Map of the soils sampling area. 

 
 
 
suspension of a 1:2.5 soil:water mixture by using a pH meter and 
EC meter, respectively (Van Reeuwijk, 1993). Soil organic carbon 
was determined by using wet oxidation method of Walkley and 
Black (Walkley and Black, 1934), while total nitrogen was analyzed 
by wet-oxidation procedure of the Kjeldahal method (Bremner and 
Mulvaney, 1982). Available phosphorus was determined by Olsen 
method (Olsen and Sommer, 1982). Exchangeable basic cations 
and cation exchange capacity (CEC) of the soils were determined 
by leaching the soils with neutral 1M ammonium acetate (Van 
Reeuwijk, 1993). The exchangeable cations, calcium (Ca) and 
magnesium (Mg), in the leachate were determined by Atomic 
Absorption Spectrophotometer (AAS), whereas potassium (K) and 
sodium (Na) were determined by flame photometer. Sulfate was 
determined turbid-metrically using barium sulfate precipitation 
method (Motsara and Roy, 2008). Available micronutrients iron 
(Fe), manganese (Mn), zinc (Zn) and copper(Cu) contents of the 
soils were extracted by diethylenetriaminepentaacetic acid (DTPA) 
method (Lindsay and Norvell, 1978) and the contents of each in the 
extract were determined by atomic absorption spectrophotometer. 
The concentration of water-soluble boron was determined by hot 
water extraction (Watson, 2011). 
 
 
Preparation of sorption solutions  
 
The laboratory analysis result of the soil samples showed that total 
N, available P, S, and B are deficient in both soil types. In addition, 
K and Zn in Nitisols were below three times the critical levels of the 
respective  elements,  while  the  other  nutrients  were found  to  be 

sufficient for crop production. Based on the analysis result sorption 
solutions for phosphorus (P), sulfur (S), boron (B), potassium (K) 
and zinc (Zn) were prepared and the amount of a particular element 
necessary to bring the level to three times its critical level was 
determined from the sorption solution curves. A series of five 
sorption solutions were prepared in polyethylene bottles with a 
control in replications. The actual amounts were varying according 
to the concentration of a particular element in the soil (Table 1). 

Ten gram of soil sample along with 10 ml of sorption solution was 
added to each bottle, while 10 ml of distilled water was added for 
the control. Then, the bottles were gently shake to ensure complete 
mixing of the solution with the soil and allowed to air dry. The air 
dried samples were extracted and analyzed for the elements. A 
sorption curve was constructed for each element by plotting the 
amount of element extracted against the added amount. These 
sorption curves were used to determine the optimum amount of 
element to be added in the treatments of the greenhouse 
experiment except for N. N was added based on the 
recommendations given by Holeta Agricultural Research Center 
(150 DAP and 100 Urea per hectare for Nitisols and 150 DAP and 
200 Urea per hectare for Vertisols) (personal communication). The 
critical levels used for the nutrients were phosphorus, 12 mg; 
potassium, 121 mg; sulfur 10 mg, zinc, 0.5 mg and boron 0.5 mg 
per kg of soil (Havlin et al. 2010; Landon, 2014). 
 
 
Experimental design and treatments 
 
The treatments were determined by using soil analysis and sorption  
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Table 1. Concentration of nutrients in sorption solutions. 
 

Sorption solution  
Concentration (mgL

-1
) 

P K S Zn B 

Control 0 0 0 0 0 

1 20 25 10 1 0.25 

2 40 50 20 2 0.5 

3 80 100 30 4 1.0 

4 160 200 40 8 2.0 

5 320 400 50 16 4.0 

 
 
 

Table 2. Treatments and amount of elements added (mg kg-1 soil) to the two experimental soils. 
 

Nitisols Vertisols 

Opt. (N: 39.5, P: 114, K:29.3, S:36, B:2.4 and Zn:1.4) Opt. (N: 62.5, P: 110, S:44 and B: 2.8) 

Opt. – N Opt. – N 

Opt. – P Opt. – P 

Opt. – K Opt. – S 

Opt. – S Opt. – B 

Opt. – B Control 

Opt. – Zn  

Control  
 

Opt. = Optimum treatment, Opt. - = Optimum treatment without the indicated element, Control = without any element. 

 
 
 
results, except for N, for both soils. Three kilogram of the composite 
soil sample was placed on the plastic sheet and measured amounts 
of nutrients as per the treatments (Table 2) were applied and mixed 
thoroughly before filling the plastic pots (20 cm × 14.5 cm × 16 cm). 
Plastic pots filled with soils were watered to the field capacity three 
days before seed sowing. Wheat variety Digalu, obtained from 
Holeta Agricultural Research Center, and that is commonly used by 
the farmers in the study area, was used as a test crop. Six seeds of 
wheat were sown in each pot and thinned to four plants at two 
weeks after germination. The pots were kept in a greenhouse and 
watered using deionized water regularly to maintain moisture level 
at about field capacity. Under each pot, a saucer was placed to 
collect drainage losses of the nutrients. The treatments were 
arranged in a completely randomized design (CRD) with five 
replications. 
 
 
Plant data collection and sample analysis 
 
Plant data collection 
 
Eight weeks after germination, two replications were randomly 
selected and the plants in each pot were sampled for determination 
of nutrient contents in the shoot. Nutrient uptake by the shoot for 
each treatment was determined quantitatively by multiplying shoot 
dry weight of each treatment by the respective nutrient content of 
the shoot. At maturity growth parameters including plant height, 
spike length, spike number, total biomass and grain yield were 
measured from the remaining three replications. Plant height was 
measured from the ground level to the tip of the spike using a ruler. 
Spike length was measured from its base to the tip. Spike number 
was determined by counting the number of fertile spikes per plant 
using the four plant samples and  number  of  seeds per  spike  was 

counted. Total biomass yield was determined by weighing the total 
above ground plant biomass before threshing to separate the grain. 
Grain yield was measured by taking the weight of the grains 
threshed from each plant after adjusting the grain moisture content 
to 12.5%. Straw yield was calculated as the difference between the 
total above ground plant biomass and grain yield. Plant tissue 
samples (grain and straw) from each pot were put in envelopes and 
oven dried at 70°C to constant weight and finely ground using a 
stainless steel grinder to pass through 0.5 mm mesh sieve and 
analyzed for nutrient concentrations.  
 
 
Plant sample analysis 
 
Plant samples were analyzed following dry ashing method, whereby 
the plant material is calcinated in a muffle furnace, dissolved in 
nitric acid, and filtered for the determination of nutrient elements. 
The concentration of P in the filtrate was determined by 
spectrophotometer using the vanado-molybdate method, and K was 
determined by a flame photometer, whereas Ca, Mg, and 
micronutrients were determined by atomic absorption 
spectrophotometer (Wolf, 1982). B was measured colorimetrically 
using Azomethine-H (Sippola and Ervio, 1977). N in the plant 
material was analyzed by wet-oxidation of the modified Kjeldahl 
procedure (Nelson and Sommers, 1973). S was determined by di-
acid digestion method as described by Motsara and Roy (2008). 
 
 
Statistical analysis 
 
The data collected from greenhouse experiment and laboratory 
analysis were subjected to analysis of variance using SAS 
statistical  software  version  9.2  (SAS,   2008).   Duncan’s  multiple  
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Table 3. Physical characteristics of the surface soils of Wolmera district. 
 

Soil characteristics Nitisols Vertisols 

Sand (%) 18 16 

Silt (%) 28 26 

Clay (%) 54 58 

Textural Class Clay Clay 

Bulk density (g cm
-3

) 1.22 1.21 

Field Capacity (%) 28.16 39.69 

Permanent Wilting Point (%) 18.36 27.90 
 

 
 

Table 4. Chemical characteristics of the surface soils of Wolmera district. 
 

Soil characteristics Nitisols Vertisols 

pH in water (1:2.5) 5.6 6.1 

EC (1:2.5) (dsm
-1

) 0.080 0.094 

OC (%) 1.55 2.45 

TN (%) 0.19 0.24 

Av. P (mgkg
-1

 soil) 9.62 10.19 

Av. K (mgkg
-1

 soil) 343 438 

Av. S (mgkg
-1

 soil) 8.24 6.93 

Na (cmol(+)kg
-1

 soil) 0.07 0.23 

K (cmol(+)kg
-1

 soil) 0.92 1.13 

Ca (cmol(+)kg
-1

 soil) 7.48 21.93 

Mg (cmol(+)kg
-1

 soil) 2.50 5.93 

CEC (cmol(+)kg
-1

 soil) 34.62 53.57 

Base Saturation (%) 34.82 54.26 

Fe (mg kg
-1

 soil) 44.10 51.91 

Mn (mg kg
-1

 soil) 57.26 36.29 

Zn (mg kg
-1

 soil) 0.94 2.29 

Cu (mg kg
-1

 soil) 4.27 5.04 

B (mg kg
-1

 soil) 0.41 0.33 
 
 
 

range tests was used to separate significantly differing treatment 
means at P < 0.05.  
 
 

RESULTS AND DISCUSSION  
 

Selected physical and chemical properties of the 
experimental soils  
 

Soil physical properties  
 

The surface soils (0-20 cm depth) of the experimental 
sites were dominated by clay fraction, which is 54% for 
Nitisols and 58% for Vertisols (Table 3). The relatively 
high clay content observed in this study agrees with the 
findings of (Abebe et al., 2013; and Hillette et al., 2015), 
which showed high clay contents for Nitisols and 
Vertisols. The high clay content indicates better water 
and nutrient holding capacity of the soils. The bulk 
density of the two soils were very similar and within the 
optimum  range  for   mineral    soils   (1.21 - 1.22 g cm

-3
). 

According to the rate established by Handreck and Black 
(1984), the bulk density values of both soils do not restrict 
root penetration and are suitable for plant growth. The 
soil moisture contents at field capacity and permanent 
wilting point were 28.16 and 18.36% for Nitisols and 
39.69 and 27.90% for Vertisols, respectively. These 
moisture contents are considered suitable for plant 
growth and soil microbial activity. However, the soil 
moisture content of Nitisol was lower than that of Vertisol 
by 40.9% at field capacity and by 51.9% at wilting point. 
Thus, this requires further study to elucidate weather the 
wheat crop response could be similar with such moisture 
content differenec between the two soils.  
 
 
Soil chemical properties 
 
As per the ratings established by Tekalign (1991) for 
Ethiopian soils, the soil pH is moderately acidic for 
Nitisols and slightly acidic for Vertisols (Table 4), which is  
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Figure 2. Phosphorus and Sulfur sorpotin characteristics of Nitisols and Vertisols. 

 
 
 
favorable for most crops. The electrical conductivity of 
both study soils were low (Table 4), indicating that these 
soils contain low levels of soluble salts and thus, the 
problem of salinity is not expected. The organic carbon 
and total N contents of both soils (Table 4) could be 
grouped under moderate range, based on the ratings of 
soil test values established by Tekalign (1991). However, 
the total organic carbon and total N contents of Vertisols 
were higher than that of Nitisols by 58.1 and 26.3%, 
respectively. Available P was low for both soils (<12 mg 
kg

−1
) according to the rating of Havlin et al. (2010), while 

low for Nitisols and medium for Vertisols according to  
Cottenie (1980), who classified <10 mg kg

−1
 of soil 

available P as low and between 10 and 17 mg kg
−1

 of soil 
as medium. The present results are in agreement with 
the findings of Getachew et al. (2015) and Hillette et al.  
(2015). Available S contents for both soil types were 
found to be low according to Havlin et al. (2010) but in 
medium range according to Horneck et al. (2011). The 
results are in agreement with the findings of Assefa et al. 
(2015a) who reported S deficiency in central highlands of 
Ethiopia.  

The exchangeable Ca followed by Mg was the 
dominant cations in both soil types. Relatively higher 
values of exchangeable Ca and Mg were recorded for 
Vertisols as compared to Nitisols (Table 4). Similarly, 
higher value (27.7%) of exchangeable K was recorded for 
Vertisols as compared to Nitisols. The concentrations of 
basic cations (Ca, Mg and K) in the two soil types were in 
adequate ranges for crop production and responses of 
crops to applications of fertilizers containing these 
elements may not be expected, except for K in Nitisols 
(Landon, 2014). According to the rating of Landon (2014), 
cation exchange capacities (CEC) of the studied soils 
were high for Nitisols and very high for Vertisols. The 
very high value of CEC in Vertisols is mainly due  to  both 

high clay and organic matter content of the soil. The 
status of micronutrients was found to be sufficient in both 
soil types, except boron in both soil types and zinc in 
Nitisols (Table 4). 
 
 
Soprtion characteristics of Nitisols and Vertisols 
 
The results showed that both Nitisols and Vertisols have 
a relatively strong sorption capacity for P, S and B, while 
Nitisols also had a strong capacity for retention of Zn  
(Figures 2, 3, 4).  Retention of K was relatively low when 
compared to the other plant nutrients tested in Nitisols. 
Considering the laboratory analyses and sorption studies 
P, S, B and Zn had high potential to limit yield, while 
there is also a probability for K to limit yield in Nitisols. 

The soluble P added to the soils was strongly fixed by 
both soil types although the fixation is relatively greater in 
Vertisols as compared to Nitisols. The high clay content 
of the soils in this study could increase P fixation due to 
its high surface area. Havlin et al. (1999) reported that P 
fixation tends to be more pronounced and ease of P 
release tends to be lowest in soils with higher clay 
content. At low initial P addition, P retention was 
maximum, while at high P addition, P retention was 
minimum. As increment of P addition increased, P 
retention decreased. It can be concluded that soil P 
saturation can decrease adsorption, that is when the soil 
is saturated with P, rate of adsorption decreased. This 
reduction in percent of P adsorption could be due to 
increasing concentration of applied P causing excess P 
on soil adsorption sites. This results in P release into 
solution. Sulfur was also fixed by both soil types. 
However the fixation was relatively lower as compared to 
P fixation. The sorption might be due to low soil pH, S 
adsorbed  in   oxides   and  hydroxides  of  iron  and  clay  



 

114           Afr. J. Plant Sci. 
 
 
 

 
 

Figure 3. Boron sorption characteristics of Nitisols and Vertisols. 

 
 
 

 
 

Figure 4. Potassium and Zinc sorption characteristics of Nitisols and Vertisols. 

 
 
 
minerals. Similar to phosphate, sulphate is adsorbed to 
clay minerals and sesquioxides, thus presence of H2PO4

-
 

may affect SO4
2-

 adsorption, because the binding 
strength for sulphate is not as strong as that for 
phosphate. The relative strength of anion retention by soil 
colloids varies in order: phosphate > sulphate > nitrates = 
chlorides (Blair, 1988).  

Although the sorption results indicated that boron was 
highly fixed by the two soils, the fixation is greater in 
Vertisols (Figure 3). This could be due to relatively high 
pH in Vertisols than Nitisols and the types of clay mineral, 
which might have been dominated by kaolinite. According 
to Havlin et al. (1999), increasing pH, clay content, 
organic matter and presence of Al compounds favor 
H4BO4

-
 adsorption, and B-adsorption capacity generally 

follows the order mica> montmorillonite > kaolinite. 
The results of K sorption indicated that this nutrient was 

also fixed by the soil in small amount. This may be due to 

presence of kaolinite clay mineral in the soil. According to 
Havlin et al. (2010), K fixation represents the re-
entrapment of K

+
 between the layers of the 2:1 clays, 

predominantly hydrous mica, but 1:1 minerals such as 
kaolinite do not fix K. The sorption results indicated that 
Zn was also highly fixed by Nitisols. This could be due to 
relatively low pH values and high clay minerals in this 
soil. 
 
 
Effects of nutrient omissions on shoot dry weight  
 
Comparison of the mean values of shoot dry weight 
showed that the lowest values were obtained from the 
control, followed by Opt.-N and Opt.-P in both Nitisols 
and Vertisols (Tables 5 and 6). In Nitisols shoot dry 
weight was reduced by 93, 70, and 50%, for the control 
and  treatments  with  omission of N (Opt.-N) and P (Opt.- 
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Table 5. Shoot dry weight, nutrients concentration and uptake in the shoot as influenced by treatments in Nitisols. 
 

Treatment 
 (g plant

-1
) 

Shoot nutrient concentration Shoot nutrient uptake 

(%) (mg kg
-1

) (mg plant
-1

) 

SDW N P K S Zn B N K P S Zn B 

Opt. 2.49
a
 1.70

c
 0.15

e
 2.51

b
 0.53

a
 29.80

bc
 69.51

d
 42.26

a
 3.71

ab
 62.17

a
 13.11

a
 0.074

a
 0.173

b
 

Opt. -N 0.74
e
 1.17

d
 0.23

a
 1.70

f
 0.43

c
 21.57

e
 107.61

ab
 8.56

b
 1.68

c
 12.43

d
 3.13

e
 0.016

d
 0.079

de
 

Opt. -P 1.25
d
 2.91

a
 0.19

bc
 3.00

a
 0.51

ab
 45.94

a
 91.92

c
 35.86

a
 2.36

c
 37.22

c
 6.24

d
 0.057

bc
 0.114

cd
 

Opt. -K 2.00
bc

 1.82
c
 0.18

d
 2.16

d
 0.47

bc
 30.63

b
 98.65

bc
 36.25

a
 3.52

b
 42.91

bc
 9.37

c
 0.061

abc
 0.197

b
 

Opt. -S 2.40
a
 1.89

bc
 0.19

bc
 2.09

e
 0.46

c
 27.34

d
 114.34

a
 45.63

a
 4.49

a
 50.01

b
 10.88

b
 0.066

ab
 0.275

a
 

Opt. -B 1.63
cd

 2.25
b
 0.20

b
 2.44

c
 0.45

c
 29.01

c
 31.40

e
 36.38

a
 3.28

b
 39.51

c
 7.31

d
 0.048

c
 0.051

e
 

Opt. –Zn 2.12
ab

 1.95
bc

 0.19
cd

 2.12
de

 0.45
c
 28.99

c
 60.54

d
 41.22

a
 3.91

ab
 44.75

bc
 9.52

c
 0.062

abc
 0.128

c
 

Control 0.17
f
 1.31

d
 0.09

f
 0.76

g
 0.32

d
 13.05

f
 15.71

f
 2.20

b
 0.14

d
 1.27

e
 0.54

f
 0.002

d
 0.003

f
 

LSD (0.05) 0.383 0.354 0.012 0.053 0.041 1.30 9.32 11.06 0.77 9.69 1.31 0.152 0.409 

CV (%) 10.41 8.19 2.86 1.11 3.92 2.00 5.48 15.45 11.6 11.58 7.57 13.71 13.91 
 

Opt. = Optimum treatment, Opt.- = Optimum treatment without the indicated element, Control = without any element, SDW = Shoot dry weight, `LSD = List significant difference,     CV (%) = 
Coefficient of variation. Means followed by the same letter(s) within a column are not significantly different at P <0.05. 

 
 
 

Table 6. Shoot dry weight, nutrients concentration and uptake in the shoot as influenced by treatments in Vertisols. 
 

Treatment 
(g plant

-1
) 

Shoot nutrient concentration Shoot nutrient uptake 

(%) (mg kg
-1

) (mg plant
-1

) 

SDW N P K S Zn B N P K S Zn B 

Opt. 3.14
a
 1.61

a
 0.17

cd
 1.91

c
 0.55

a
 14.70

e
 76.23

b
 50.44

a
 5.16

a
 59.87

a
 17.05

a
 0.046

b
 0.239

a
 

Opt. –N 0.70
c
 1.58

a
 0.27

a
 1.63

d
 0.40

b
 16.10

d
 82.95

ab
 10.96

c
 1.83

d
 11.35

c
 2.82

d
 0.011

d
 0.058

d
 

Opt. –P 1.83
b
 1.73

a
 0.16

d
 2.28

a
 0.29

c
 27.91

b
 87.44

a
 31.53

b
 2.88

c
 41.43

b
 5.26

c
 0.051

b
 0.160

c
 

Opt. –S 2.01
b
 1.78

a
 0.22

b
 2.32

a
 0.31

c
 16.61

d
 73.99

b
 35.51

b
 4.30

b
 46.30

b
 6.24

c
 0.034

c
 0.149

c
 

Opt. –B 3.10
a
 1.62

a
 0.18

c
 1.98

b
 0.39

b
 22.48

c
 65.02

c
 49.83

a
 5.54

a
 61.23

a
 11.90

b
 0.070

a
 0.202

b
 

Control 0.46
c
 1.19

b
 0.23

b
 1.37

e
 0.24

d
 39.21

a
 58.30

c
 5.42

d
 1.03

d
 6.20

c
 1.07

e
 0.018

d
 0.027

d
 

LSD (0.05) 0.347 0.287 0.017 0.07 0.054 1.40 8.96 4.97 0.82 6.71 1.12 0.009 0.036 

CV (%) 7.58 7.41 3.54 1.49 6.15 2.50 4.95 6.63 9.71 7.27 6.2 9.14 10.58 
 

Opt. = Optimum treatment, Opt. - = Optimum treatment without the indicated element, Control = without any element, SDW= Shoot dry weight, LSD = List significant difference, CV (%) = Coefficient of 
variation.  Means followed by the same letter(s) within a column are not significantly different at P < 0.05. 

 
 
 

P), respectively, whereas the corresponding 
reductions were 85, 78  and  42%, respectively, in 

Vertisols, as compared to the optimum treatment. 
This indicates that N and P in both soil types were 

the most limiting nutrients to support good wheat 
growth,  perhaps  due  to  inherent  poor  N  and P 
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status of the experimental soils. Hence, external supply 
of these nutrients is required to enhance wheat growth 
and development. These results are in line with Hillette et 
al. (2015) who reported deficiency of  N and P  nutrients 
for wheat on Vertisols of central Ethiopia, and P 
deficiency on Nitisols of central Ethiopian highlands 
(Getachew et al., 2015). In addition, omission of B, K and 
Zn resulted in 35, 20 and 15% shoot yield reduction of 
wheat, respectively in Nitisols. On the other hand, S 
showed 36% yield reduction in Vertisols, indicating that 
S, K, Zn and B are also limiting nutrients to support good 
wheat growth in the soils and the need for external supply 
of these nutrients (Tables 5 and 6). These responses to 
the nutrients are in line with the soil analysis results 
(Table 4). 
 
 
Effects of nutrient omissions on nutrient 
concentrations and uptakes  
 
Nitrogen omission showed a significant (P<0.05) effect on 
nutrient concentrations in shoots and uptake of the 
nutrients by wheat in Nitisols (Table 5), while it only 
showed a significant effect on shoot nutrient uptakes in 
Vertisols (Table 6). The N contents varied from 1.17 to 
2.91% for Nitisols and from 1.19 to 1.78% for Vertisols 
(Tables 5and 6), which were below the critical value of 
3.6% for wheat (Engel and Zubriski, 1982). Thus, the low 
concentrations of N in the wheat tissue could be due to 
inadequate rate of N used in the present pot experiments 
and low soil total nitrogen content. The other most 
probable explanation is that the critical values of the 
nutrient in the plant could be soil and crop variety 
specific. Perhaps, growing conditions may also influence 
the growth performance and nutrient uptake of crops. 

Although the N concentrations in all treatments for both 
soils were generally below the critical range, the values of 
N concentration and uptake in plant material of N-omitted 
treatments were even very low as compared to the other 
treatments, except the control. This signifies that N was 
one of the limiting nutrients in these soils. 

Nitrogen concentrations in P-omitted pots were very 
high for both Nitisols (2.91%) (Tables 5) and Vertisols 
(1.73%) (Table 6). These high concentrations of N in the 
P-omitted pots might have resulted from the dry matter 
reduction that occurs when plants are under nutritional 
stress. But the N uptake in P-omitted treatments was 
relatively low, since the dry matter yield in these 
treatments were also very low. Differences in nutrient 
uptakes in both soil types were better explained by 
differences in dry matter production rather than by 
nutrient concentration in the shoot. 

Phosphorus omission showed highly significant (P < 
0.05) differences in shoot nutrient concentrations and 
uptakes of nutrients by wheat in both Nitisols and 
Vertisols (Tables 5 and 6). Phosphorus concentration in 
the plant ranged from  0.09  to  0.23%  and  from  0.16  to  

 
 
 
 
0.27% for Nitisols and Vertisols, respectively. According 
to Plank and Donohue (2000) these values are below the 
critical range, but were close to the lower limit of 
sufficiency range. According to the authors’ ratings, the 
sufficiency range for P in wheat is between 0.2 and 0.5%. 
These low concentrations of P may be due to a dilution 
effect by high biomass production, particularly when at 
optimum N supply, low soil available P content and high 
P fixation. The phosphorus concentrations in N-omitted 
treatments were high (0.23%) for Nitisols (Table 5) and 
(0.27%) for Vertisols (Table 6). This high concentration of 
P in the N-omitted treatments might have resulted from 
the combined effects of element accumulation and dry 
matter reduction that occurred when plants are under 
nutritional stress.  The P uptake in N-omitted treatments 
was very low, since nitrogen deficiency causes a marked 
reduction in uptake of P (Mengel and Kirby 2001). 
Additinally, the low P uptake is also due to low biomass 
production. 

Potassium concentration and uptake in wheat shoot 
showed significant difference (P < 0.05) among 
treatments for both soils (Tables 5 and 6). The 
concentration of potassium in the plants ranged from 0.76 
to 3.00% for Nitisols and from 1.37 to 2.32 % for 
Vertisols. The concentrations of potassium were above 
the critical range for both soils, except for the controls. 
According to Jones et al. (1991) the critical range of K in 
plant material of wheat is 1.5 to 3.0%. The low 
concentration of K in the controls may be due to 
inadequate soil available K. The uptake of K in N-omitted 
treatments was very low for both soils. This low uptake 
may be due to nitrogen deficiency, which causes a great 
reduction in uptake of K (Mengel and Kirby, 2001). Sulfur 
concentration and uptake in wheat plants showed 
significant differences (P < 0.05) among the treatments in 
both soil types (Tables 5 and 6). The concentrations of 
sulfur in the plant material range from 0.32 to 0.53 % for 
Nitisols and from 0.24 to 0.55 % for Vertisols. According 
to Jones et al. (1991) this is within the critical range. Low 
uptake of S in the control, N-omitted and P-omitted 
treatments may be due to low concentration of N and P, 
because N, P and S are component of protein molecule 
and omission of these nutrients reduce the uptake of S. 

Zinc concentration and uptake in wheat plants were 
significantly (P < 0.05) different among the treatments in 
both soil type. Zinc concentration in wheat plants ranged 
from 13.05 to 45.94 mg kg

-1
 for Nitisols, which is below 

the critical for the control and within the critical range for 
other treatments. According to Plank and Donohue 
(2000), the critical range of Zn in plant material of wheat 
is 18 to 70 mg kg

-1
. Low uptake of Zn in control and N-

omitted treatments may be due to low concentration of Zn 
in control and N in both treatments. According to Mengel 
and Kirby (2001), nitrogen deficiency causes a marked 
reduction in uptake of Zn. The result is also in agreement 
with the low Zn and N content of the initial soil (Table 4). 

Boron  concentration  and  uptake  in  the   plants  were  
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Table 7. Treatment effects on Yield and Yield components of Wheat in Nitisols. 
 

Treatment PH (cm) SL (cm) NSPS SY (g pot
-1

) GY (g pot
-1

) BY(g pot
-1

) HI 

Optimum 88.5
a
 8.5

a
 35.7

a
 6.8

ab
 6.4

a
 13.1

a
 48.5

a
 

Opt. -N 66.2
d
 5.6

c
 23.2

c
 2.3

d
 2.2

c
 4.4

c
 49.0

a
 

Opt. -P 79.3
bc

 7.8
b
 28.6

b
 5.5

c
 4.9

b
 10.4

b
 47.4

a
 

Opt. -K 72.9
cd

 7.6
b
 30.4

b
 6.8

ab
 5.8

a
 12.5

a
 45.9

a
 

Opt. -S 82.6
ab

 7.4
b
 31.6a

b
 6.5

b
 6.1

a
 12.7

a
 48.1

a
 

Opt. -B 80.8
b
 7.8

b
 32.2

ab
 6.7

ab
 6.2

a
 12.8

a
 48.0

a
 

Opt. -Zn 90.0
a
 7.7

b
 29.3

b
 7.3

a
 6.1

a
 13.4

a
 45.6

a
 

Control 49.4
e
 5.4

c
 18.5

c
 1.7

d
 1.6

c
 3.3

d
 49.5

a
 

LSD (0.05) 7.4 0.4 4.7 0.7 0.6 0.8 3.7 

CV (%) 4.2 2.3 7.0 5.3 5.2 3.5 3.4 
 

Opt. = Optimum treatment, Opt. - = Optimum treatment without the indicated element, Control= without any element, LSD= List significant 
difference, CV (%) = Coefficient of variation, PH= plant height (cm), SL= spike length (cm), NSPS= number of seeds per spike, SY= straw yield (g 
pot

-1
), GY= grain yield (g pot

-1
), BY= total biomass yield (g pot

-1
) and HI= harvest index. Means followed by the same letter(s) within a column are 

not significantly different at P < 0.05. 

 
 
 

Table 8. Treatment effects on Yield and Yield components of Wheat in Vertisols. 
 

Treatment  PH (cm) SL (cm) NSPS SY (g pot
-1

) GY (g pot
-1

) BY(g pot
-1

) HI 

Optimum 81.0
a
 8.0

a
 38.1

a
 10.2

a
 8.5

a
 18.7

a
 45.4

bc
 

Opt. -N 62.4
c
 5.5

b
 23.2

c
 2.8

d
 2.6

d
 5.4

d
 48.3

a
 

Opt. -P 81.8
a
 7.5

a
 30.2

b
 7.4

c
 6.6

c
 14.1

c
 47.4

ab
 

Opt. -S 74.5
ab

 7.8
a
 33.5

ab
 8.5

b
 7.3

b
 15.8

b
 46.5

abc
 

Opt. –B 81.8
a
 8.0

a
 31.7

b
 9.0

b
 7.2

b
 16.2

b
 44.7

c
 

Control 70.4
b
 5.2

b
 22.8

c
 3.2

d
 2.7

d
 5.8

d
 45.7

bc
 

LSD (0.05) 7.3 0.6 5.0 0.7 0.3 0.8 2.4 

CV (%) 4.0 3.5 6.8 4.1 2.3 2.5 2.1 
 

Opt. = Optimum treatment, Opt. - = Optimum treatment without the indicated element, Control= without any element, LSD= List significant 
difference, CV (%) = Coefficient of variation, PH= plant height (cm), SL= spike length (cm), NSPS= number of seeds per spike, SY= straw yield (g 
pot

-1
), GY= grain yield (g pot

-1
), BY= total biomass yield (g pot

-1
) and HI = harvest index. Means followed by the same letter(s) within a column are 

not significantly different at P< 0.05. 

 
 
 
significantly (P < 0.05) affected by treatments in both 
soils (Tables 5 and 6). Boron concentration in plants 
ranged from 15.71 to 114.34 mg kg

-1 
and from 58.30 to 

87.44 mg kg
-1

 for Nitisols and Vertisols, respectively, 
which were within and above the critical range.  
 
 
Effects of omissions of nutrients on plant height, 
spike length and number of seeds per spike 
 
Analysis of variance revealed that plant height, spike 
length and number of seed per spike   were significantly 
(P < 0.05) affected by omission of nutrients (Table 7). 
The higher values were measured for optimum and Zn-
omitted treatments for Nitisols and for optimum, P-
omitted and B-omitted treatments for Vertisols. As 
expected, the lowest plant heights were recorded for the 
controls and N-omitted treatments for both soils, 
indicating  that  vegetative  growth  is  highly  affected  by 

omission of N. This might be attributed to the role and 
presence of N in many essential compounds. The most 
important function of N in wheat is promotion of rapid 
growth through increases in height, tiller number, size of 
leaves and length of roots (Chatterjee and Maiti, 1985). 
The highest spike length and number of seeds per spike 
were obtained from optimum treatments, whereas the 
least values were recorded for the controls and N-omitted 
treatments in both soils. The spike length for the P, S and 
B omission treatments were not significantly different 
from the optimum treatment in Vertisols (Table 8). 
 
 
Effects of omissions of nutrients on straw and grain 
yields  
 
The results showed that omission of some nutrients 
significantly (P <0.05) influenced straw yield (SY), grain 
yield (GY)  and total biomass yields (BY) of wheat in both  
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Nitisols and Vertisols (Tables 7 and 8). The highest grain 
and total biomass yields were recorded for the optimum 
nutrients application in both soils, although the values 
were statistically at par with those obtained from K, S, B 
and Zn-omitted treatments for Nitisols. On contrary, the 
highest straw yield (7.3 g pot

-1
) was recorded for Zn-

omitted treatment for Nitisols. For Vertisols, the highest 
straw yield (10.2 g pot

-1
) was obtained from the optimum 

treatment, whereas the lowest values were recorded for 
the control and N-omitted treatments in both soils. 

The total biomass yield results in Nitisols showed N 
and P to be the main yield limiting nutrients (Table 7). 
Omission of these nutrients reduced total biomass yield 
by 66.4 and 20.6%, respectively, as compared to the 
optimum treatment. Omission of N, P, S, and B from the 
Vertisols markedly reduced the total biomass yield (Table 
8). The yield reductions due to omission of these 
nutrients were 71.1, 24.6, 15.5 and 13.4%, respectively, 
as compared to the optimum treatment indicating that 
nutrients, such as N and P in Nitisols and N, P, S and B 
in Vertisols were limiting to support good crop growth. 
These findings are in line with the soil analysis results 
(Table 4). 

The highest grain yields were recorded for the optimum 
treatments, while the lowest grain yields were obtained 
from the controls and N-omitted treatments in both soils 
(Table 7 and 8). Grain yield increased by 75 and 68.2% 
due to optimum treatments over the controls in Nitisols 
and Vertisols, respectively. The grain yield reduction due 
to omission of N, P, S, and B were 65.6, 23.4, 4.7, and 
3.1%, respectively, for Nitisols and 69.4, 22.4, 14.1 and 
15.3%, respectively, for Vertisols. The results are in line 
with the findings of Assefa et al. (2015a), who reported 
that wheat responded well to applied N, S and P 
fertilizers in central highlands of Ethiopia. Eyasu (2013) 
also found strong wheat grain yield response to nitrogen, 
phosphorus and potassium (NPK) fertilizers under field 
condition on Rhodic Nitisols in south western Ethiopia. 
Similar study also showed nitrogen and phosphorus 
fertilizers significantly increased grain yield, biomass 
yield, seeds per spike, effective tiller number and plant 
height of bread wheat in southern Tigray (Assefa et al., 
2015b). Likewise, it was observed that grain yields of 
different genotypes of wheat significantly increased by 
application of boron as compared to the control (Soylu et 
al., 2004; Jana et al., 2005). 
 
 
Conclusion 
 
The surface soils of both Nitisols and Vertisols were 
dominated by clay fraction and the pH was in favorable 
range for most crops in both soils. The nutrient elements 
P, K, S, B and Zn in Nitisols and P, S and B in Vertisols 
were below three times the critical levels of the elements. 
Total biomass yield in Nitisols showed N and P to be the 
main yield limiting nutrients. Omission of these nutrients  

 
 
 
 
reduced total biomass yield by 66.4 and 20.6%, 
respectively, as compared to the optimum treatment in 
Nitisols. Omission of N, P, S, and B markedly reduced 
the total biomass yield in Vertisols. The yield reductions 
due to omission of these nutrients were 71.1, 24.6, 15.5 
and 13.4%, respectively as compared to the optimum 
treatment. Thus, omission of nutrients, such as N and P 
in Nitisols and N, P, S and B in Vertisols, was limiting 
crop growth. Grain yield increased by 75 and 68.2% due 
to optimum treatment over the controls in Nitisols and 
Vertisols, respectively. The reduction in grain yield due to 
omission of N, P, S, and B was 65.6, 23.4, 4.7 and 3.1% 
for Nitisols and 69.4, 22.4, 14.1 and 15.3% for Vertisols, 
respectively. Omission of K and Zn in Nitisols also 
causes up to 9.4% and 4.7% grain yield reduction, 
respectively. This indicates that order of requirement for 
Nitisols were N > P > K > S=Zn≈ B, whereas N > P > B ≈ 
S for Vertisols.  
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