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ABSTRACT 

Phosphorus deficiency is a major problem confronting crop production in tropical soils. In sub–

saharan Africa, the deficiency of the nutrient has caused decline in crop yield over the years. Rele-

vant information on phosphorus uptake and partitioning in plants, its use efficiency and the impli-

cations on crop yield on different soil types under different management systems will enhance sus-

tainability of cropping systems and the environment. Field experiments were conducted at the An-

womaso Agricultural Research Station of the Faculty of Agriculture, Kwame Nkrumah University 

of Science and Technology, Kumasi located within the semi- deciduous forest zone and Crops Re-

search Experimental Station, Ejura within the Forest- Savannah Transition zone of Ghana. The 

soils of the experimental sites at Anwomaso and Ejura were respectively Ferric Acrisol and Dystric 

Cambisol. The study aimed at evaluating phosphorus partitioning in maize plants following phos-

phorus application under two tillage systems on the two soil types. The field experiments at both 

locations were split - plots arranged in randomized complete block design with three replications. 

The main plot factor consisted of two tillage systems namely, conventional tillage (CT) and no – 

tillage (NT) systems whereas the sub-plot factor consisted of four levels of phosphorus fertilizer: 0, 

30, 60 and 90 kg P2O5 per ha. Phosphorus uptake and partitioning and, use efficiency (PUE)in 

different parts of maize (ear, shoot and leaves) were determined at physiological maturity (R6). 

Phosphorus partitioned into the various plant parts showed significant differences (p < 0.05) 

among the four levels of phosphorus applied on both soil types. Higher phosphorus concentrations 

were found in the ears than in the shoots and leaves at physiological maturity. Tillage x phospho-

rus interactions influenced phosphorus partitioning in the ears and the leaves on the Dystric Cam-

bisol but not on the Ferric Acrisol. PUE in the plant parts were significantly higher under applica-

tion of 60 kg/ha P2O5than applications of 30 and 90 kg/ha P2O5 on both soils. Though the PUE of 

maize components on both soils were low, relatively higher values were recorded on the Dystric 

Cambisol than on the Ferric Acrisol. The study indicated that application of 60 kg/ha P2O5 under 

conventional tillage can lead to higher phosphorus partitioning into the ears at physiological ma-

turity resulting in higher maize grain yield on Ferric Acrisol and Dystric Cambisol in Ghana in the 

short term.  



INTRODUCTION 

Phosphorus (P) is one of the essential and the 

second most limiting nutrients for plant growth. 

Phosphorus along with nitrogen and potassium is 

a nutrient needed by plants in relatively large 

quantities for normal growth (Hue et al., 2000). 

However, low phosphorus availability has been 

identified as a primary constraint to crops in 

terrestrial ecosystem (Lynch and Deikman, 

1998). Studies have established the importance 

of phosphorus as a yield limiting factor in Gha-

naian soils (Adu, 1995). With the increasing 

demand for crop production, P is receiving more 

attention as a non-renewable resource globally 

(Gilbert, 2009).  

Although the total P in the soil may be high, it is 

often present in immobile or unavailable forms 

(Holford, 1997). As a result of P fixation by 

soils containing high concentrations of alumin-

ium and iron oxides, applications of chemical P 

fertilizers are needed to improve crop growth 

and yield. Due to its low solubility and mobility 

in soil, P can be rapidly depleted in the 

rhizosphere by root uptake, resulting in a gradi-

ent of P concentration in a radial direction away 

from the root surface (Shenet al., 

2011).Excessive application of phosphorus in 

crop production does not only waste resources 

but has adverse effects on ecosystem sustainabil-

ity. 

Tillage plays an important role in the manage-

ment and uptake of soil nutrients through the 

incorporation of plant residues, seedbed prepara-

tion, pathogen incidence and weed control 

(Horwath et al., 2008).According to Adekiya 

and Ojeniyi (2002), soil working and tillage 

methods can temporarily serve as alternatives to 

fertilizer application in humid tropics where 

most farmers are poor and fertilizers are expen-

sive. 

In Ghana, maize production under no – tillage 

system is receiving more attention by most farm-

ers than the conventional tillage system. These 

tillage practices affect the uptake of nutrients 

applied to the soil and subsequently influence 

their use efficiency by crops. No-tillage system 

has advantages of providing a saving on fuel 

cost, reducing soil erosion and maintaining soil 

organic matter content (McConkey et al., 2002). 

It also influences water infiltration, soil mois-

ture, temperature, aeration and microbial activity 

(Horwath et al., 2008). These factors influence 

nutrient bioavailability in soil systems.  

Conventional tillage system provides a loosen-

ing effect on the soil by breaking hard-pan and 

enhances aeration, infiltration and promotes rela-

tively better and stress - free root penetration for 

nutrient uptake. However, it has negative conse-

quences on mechanical and water stability of 

soil aggregates, porosity, hydraulic conductivity, 

water holding capacity, stratification of organic 

matter and nutrients, soil water and temperature 

regime (Rusu et al., 2011). It also leads to soil 

compaction with excessive use of heavy machin-

ery during tillage operations. 

Tillage as a management practice is generally 

known to facilitate nutrients absorption from the 

soil by plants without much restriction of the 

root there by enhancing transport to the various 

tissues. According to Sérgio (2009), fertilizer 

placement and soil tilling affect P distribution 

which in turn influences root distribution and 

consequently enhance nutrient use efficiency by 

plants. 

Ciampitti et al. (2013) indicated that information 

on the effect of management practices on nutri-

ent partitioning process in maize is relatively 

unknown. With the advent of precision agricul-

ture, there is need to establish nutrients applica-

tion rates and their use efficiencies by modern 

crop hybrids under different management sys-

tems for at least each benchmark soil in Ghana 

and elsewhere to enhance sustainable crop pro-

duction. In Ghana, the recommended rate for 

phosphorus application for maize production is 

on blanket basis for all soil types. Research on 

efficient use of phosphorus fertilizers by crops 

under the appropriate tillage practice for a par-

ticular soil type will help lessen its excessive use 

and the associated adverse environmental im-

pacts. Also, determining P partitioning in vari-

ous parts of a crop plant will help quantify the P 



uptake and utilization efficiencies of the crop 

under a given management system. However, 

there is limited published information on phos-

phorus partitioning in maize under tillage sys-

tems and the implication on crop yield on differ-

ent soil types in maize producing areas in 

Ghana. This study therefore aimed to quantify P 

uptake and partitioning in the leaves, shoot and 

ears of maize plant as influenced by tillage sys-

tems and varying levels of P application at 

physiological maturity on two different soil 

types in the semi – deciduous forest and forest – 

savannah transition zones of Ghana. 

 

MATERIALS AND METHODS 

Sites description 

The study was conducted at two locations: Agri-

cultural Research Station, Anwomaso of the 

Faculty of Agriculture, KNUST and Crop Re-

search Institute (CRI), Ejura located within the 

semi-deciduous and the transitional forest zones, 

respectively. 

Ejura lies within latitudes 70 9′ N and 70 36′ N 

and longitudes 105′ W and 10 39′ West of the 

Greenwich meridian with a bimodal rainfall dis-

tribution pattern. The major rainy season starts 

from April to late July and the minor season 

between late August and November. The area 

experiences mean annual rainfall of about 1300 

mm. Anwomaso lies within latitude 0.6043′N 

and longitude 1036′W of the Greenwich merid-

ian. It is characterized by a bimodal rainfall pat-

tern - the major season, between March and July 

and the minor season, between September and 

November. The mean annual rainfall is about 

1500 mm. The soils at Ejura and Anwomaso 

have been described as Dystric Cambisol (Ejura 

series) and Ferric Acrisol (Asuansi series), re-

spectively (Asamoah, 1964;FAO, 1984). 

 

Experimental design and treatments  

The experiment was laid out in a split- plot, ar-

ranged in a randomized complete block design 

(RCBD) with three replications for both loca-

tions. The main plot factor consisted of tillage 

system (conventional and no-tillage) whereas the 

sub-plot factor comprised of different levels of 

phosphorus. The levels of phosphorus applied 

were 30, 60, 90 kg P2O5 ha-1 and a control (0 kg 

P2O5 ha-1). 

The total land area demarcated for the field ex-

periment was 392.0 m2 (28m ×14 m)at both lo-

cations with each main plot area measuring 

13.5m × 4m and sub-plot area measuring 3m × 

4m.Ploughing and harrowing were done under 

the conventional tillage system whilst systemic 

herbicide, Glyphosate was applied to the no-till 

treatment plots. 

 

Sowing 
The test crop used for the experiment was Om-

ankwa, a white, drought tolerant, early maturing 

(90 – 95 days) quality protein maize variety 

(QPM) with a yield potential of 5.0 ton/ha. 

Three seeds were sown/hill at the beginning of 

the minor rainy season of 2013 at a spacing of 

80 cm x 40 cm. The seedlings were thinned to 

two/hill twoweeks after sowing (2WAS).  

 

Fertilizer application 

Straight fertilizers of urea, triple superphosphate 

(TSP) and muriate of potash (MOP) were ap-

plied to the treatment plots. The mode of appli-

cation was by the band method. Urea was ap-

plied in two splits, 60 kgha-1 and 30 kgha-1 at 2 

and 7 WAS, respectively representing two-third 

and one-third of the recommended rate of 90 kg 

N ha-1. Like urea, a basal application of MOP 

was carried out 2WAS to all the plots. The dif-

ferent levels of phosphorus as indicated were 

applied in single dose 2WAS to respective treat-

ment plots. 

 

Soil sampling 

Initial soil samples were randomly taken from 

both experimental sites at a depth of 0 – 15 cm. 

The samples were air-dried crushed and sieve 

through a 2.0 mm mesh to obtain fine soil for the 

laboratory analyses. 

Prior to crop harvest, soil samples were taken 

from the base of three plants selected at random 

from each treatment plot using a core sampler. 

The three samples taken at a depth of 0-15cm 



were bulked together to obtain a composite sam-

ple representative of each plot. The subsamples 

were air-dried and sieved and used for the deter-

mination of soil available P at harvest. 

 

Soil physico – chemical analysis 

Soil organic carbon, soil total N and available 

phosphorus were determined by the Walkley – 

Black procedure  as described by Nelson and 

Sommers (1982), Kjeldahl digestion and distilla-

tion procedure as described in the Soils Labora-

tory Staff (1982) and the Bray’s method (Bray 

and Kurtz, 1945), respectively. Exchangeable 

bases were determined following extraction in 

1.0 M ammonium acetate solution (Black, 1986) 

whilst exchangeable acidity was determined 

after extraction with 1.0 M KCl (Page et al., 

1982). Soil texture and bulk density were respec-

tively determined by the hydrometer method 

(Boyoucos, 1962) and the core sampler method 

(Blake and Hartge, 1986). 

 

Plant sampling, analysis and calculations 

Prior to the analysis of total P in the various 

plant parts, three plants were randomly har-

vested from a 1m2 area in each treatment plot. 

Plants in the middle rows were cut at the base 

with a sharp knife. The harvested plants were 

partitioned into three components: the leaves, 

shoot (stem plus husk) and the ear (grain plus 

cob). The dry weights were determined with the 

aid of electronic balance after oven drying at a 

temperature of 80 0C to a constant dry weight for 

48 hrs. A representative samples of the separate 

plant parts were milled to pass through 0.5 mm 

sieve and their P contents determined. Phospho-

rus uptake and use efficiencies in the different 

plant parts under the tillage systems and levels 

of phosphorus at R6 (physiological maturity) 

growth stage were computed using the formulae 

below: 

where: 

fert = fertilized plot 

unfert = unfertilized plot 

 

The calculation of phosphorus use efficiency 

was based on the assumption that P uptake was 

the same in both P fertilized and unfertilized 

plots. Because roots development may differ 

between P fertilized and unfertilized plots, the 

assumption was made cautiously (Weber and 

Day, 1996). 
 

Statistical analysis 

Results obtained from the study were subjected 

to Analysis of Variance (ANOVA) using Gen-

eral Statistical Software Package (GenStat, 

2007). The Least Significant Difference (LSD) 

method at 5% was used for the separation of 

significant treatment means. 
 

RESULTS 

Initial soil properties 

Table 1 illustrates the initial soils properties be-

fore the establishment of cropping system and 

imposition of treatments. The soil at Anwomaso 

(Ferric Acrisol) was neutral with the pH of 7.08 

whilst that at Ejura (Dystric Cambisol) was 

slightly acidic with a pH value of 5.09. Organic 

carbon and cation exchange capacity were low 

in both soils. Soil total nitrogen content in the 

Ferric Acrisol was higher than that of the Dystric 

Cambisol.The Dystric Cambisol recorded higher 

available phosphorus and soil bulk density val-

ues than the Ferric Acrisol. Generally, the fertil-

ity status of the soils of the study sites was low.  

 

Phosphorus partitioning in maize under till-

age and phosphorus application 

There was no significant effect of tillage systems 

on the P partitioned in plant parts at physiologi-

cal maturity (Table 2). The different phosphorus 

levels however, impacted significantly onthe P 

partitioned in the ears, shoot and leaves in an 

increasing order of P0> P30> P60> P90. The con-

centration of P in the ears on both soils was 

higher than P contents of the shoots and leaves. 

There was no interaction effect (P > 0.05) be-

tween tillage and P levels on P concentration in 

P uptake (kg ha-1)= 

P content of plant part h biomas dry weight (kg ha-1) 

100 
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Recorded values 
Soil parameters   

Ferric Acrisol Dystric Cambisol 

Soil pH (1:1 H2O) 7.08 5.09 

Organic carbon (%) 1.56 0.16 

Total nitrogen (%) 0.16 0.03 

Available phosphorus (mg/kg soil) 5.58 29.81 

Exchangeable cations (cmol/kg soil)     

Ca2+ 4.01 1.07 

Mg2+ 1.34 0.53 

Na+ 0.06 0.01 

K+ 0.12 0.05 

Exchangeable acidity (Al3+ + H+) (cmol/kg soil) 0.05 0.35 

ECEC (cmol/kg soil) 5.58 2.01 

Soil texture Sandy-loam Sandy-loam 

Bulk density (g/cm3) 1.30 1.58 

Table 1: Initial soil characterization at both experimental sites 

maize on the Ferric Acrisol. On the Dystric 

Cambisol however, tillage x phosphorus interac-

tions affected P partitioned in the ears and leaves 

(Table 2). 

 

Effect of tillage and P rates on P uptake and 

use efficiency 

The uptake of P under conventional tillage was 

generally higher compared to the no- till system 

on both soils (Table 3). There was a significant 

effect (P < 0.05) of both tillage systems on P 

uptake in the shoot on the two soils. Conversely, 

tillage systems did not have any significant im-

pact (P > 0.05) on P uptake in the leaves and 

ears respectively on the Ferric Acrisol and Dys-

tric Cambisol. The interaction between tillage 

and phosphorus application contributed signifi-

cantly to the uptake of P in the ear on the Ferric 

Acrisol. Uptake in ear and leaf were signifi-

cantly affected by the interactive effects of till-

age and P application on the Dystric Cambisol at 

Ejura but shoot P uptake was not. 

The different levels of phosphorus applied sig-

nificantly influenced uptake in all plant compo-

nents analyzed on both soil types. Generally, P 

uptake in ears, shoots and leaves increased at 

increasing levels of P applied. The interaction 

between tillage and P levels applied contributed 

significantly to the uptake of P in the ears on 

both soils and in the leaves on the Dystric Cam-

bisol. Tillage had a significant effect on ear PUE 

on both soils and in the shoot on the Ferric Ac-

risol only (Table 4). Generally PUE by the ears, 

shoot, and leaves was higher under CT system. 

The highest PUE was recorded under P60 in all 

the components considered. Generally, there was 

no significant tillage x phosphorus interactions 

on the PUE in the plant components at R6 ex-

cept in the leaves on the Dystric Cambisol at 

Ejura (Table 4). 

 

Available phosphorus and bulk density under 

tillage systems 

Tillage systems did not significantly affect (P > 

0.05)the soil available Pat crop harvest on both 

soil types (Table 5). The different P levels ap-

plied, significantly affected soil available P at 

harvest. Application of P on the two soils led to 

increase in P level over the initial values. Appli-



                                                 P concentration (%) 

  Ferric Acrisol Dystric Cambisol 

Treatments Ears Shoot Leaves Ears Shoot Leaves 

Tillage             

CT 0.17 0.04 0.06 0.22 0.07 0.12 

NT 0.15 0.04 0.06 0.24 0.08 0.12 

LSD (5%) NS NS NS NS NS NS 

CV (%) 2.80 3.60 3.50 9.50 10.60 10.30 

P-levels (kg P2O5 ha-1)             

P0 0.12 0.03 0.05 0.16 0.05 0.08 

P30 0.14 0.04 0.05 0.20 0.06 0.10 

P60 0.18 0.04 0.06 0.25 0.70 0.12 

P90 0.20 0.05 0.08 0.31 0.10 0.18 

Lsd (5%) 0.02 0.004 0.007 0.02 0.01 0.01 

CV (%) 5.10 8.70 4.40 3.10 3.80 3.40 

Interactions             

CTP0 0.12 0.04 0.05 0.16 0.05 0.08 

CTP30 0.15 0.04 0.05 0.20 0.05 0.09 

CTP60 0.18 0.05 0.06 0.23 0.07 0.11 

CTP90 0.22 0.05 0.08 0.28 0.09 0.19 

NTP0 0.12 0.03 0.05 0.15 0.05 0.08 

NTP30 0.13 0.04 0.05 0.20 0.07 0.11 

NTP60 0.17 0.04 0.06 0.27 0.07 0.13 

NTP90 0.18 0.04 0.08 0.33 0.11 0.17 

Lsd (5%) NS NS NS 0.02 NS 0.02 

CV (%) 7.60 8.20 9.40 6.10 10.80 8.80 

Table 2: Effects of tillage and P levels on P partitioning in maize at physiological maturity 

CT: conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coefficient  

of variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 

cation of 90 kg/ha P2O5 recorded the highest 

available P content in both soils. The interaction 

between NT and P90 (NTP90) recorded 45.09 and 

91.30 mg/kg P valueson both soils, which dif-

fered significantly (P < 0.05) from NTP60.  

The control plots consistently recorded the low-

est level of P which differed significantly (P < 

0.05) from all levels of P applied on both soils.  

CT and NT did not influence (P > 0.05) soil bulk 

density in the soils. The interaction between 

tillage and phosphorus levels on bulk density 

was significant on the Dystric Cambisol but not 

on the Ferric Acrisol. Soil bulk density values 

were generally higher on Dystric Cambisol than 

on Ferric Acrisol (Table 6). 

 

Maize grain yield as affected by tillage sys-

tems and phosphorus application 

The total grain yield on the Dystric Cambisol 

was greater than that of the Ferric Acrisol under 

both tillage systems (Table 7). The highest grain 

yield of 3592 kg/ha and 4319 kg/ha were re-

corded under CT on the Ferric Acrisol and Dys-

tric Cambisol respectively. However, there was 

no significant effect of CT and NT on grain yiel-

don the Dystric Cambisol. Crops under P60 treat-

ment performed better than those under P90 by 



Treatments 

P uptake (kg/ha) 

Ferric Acrisol 
 Dystric Cambisol 

Ears Shoot Leaves Ears Shoot Leaves 

Tillage             

CT 7.14 1.76 0.72 11.87 2.41 1.79 

NT 4.89 1.23 0.63 11.66 1.97 1.05 

Lsd (5 %) 0.40 0.39 NS NS 0.24 0.01 

CV (%) 0.70 13.00 5.90 15.10 18.90 15.60 

P-levels (kg P2O5 ha-1)             

P0 2.38 0.83 0.35 4.74 0.94 0.61 

P30 4.85 1.34 0.49 9.13 1.53 1.02 

P60 8.52 1.98 0.86 16.06 2.93 1.87 

P90 8.30 1.85 0.98 17.14 3.38 2.20 

Lsd (5%) 0.83 0.19 0.09 1.15 0.46 0.15 

CV (%) 1.90 7.50 6.50 4.20 3.20 0.30 

Interactions             

CTP0 2.64 1.01 0.37 5.97 1.18 0.85 

CTP30 5.57 1.57 0.52 10.23 1.68 1.25 

CTP60 10.30 2.23 0.93 14.89 3.04 2.18 

CTP90 10.06 2.24 1.05 16.40 3.73 2.91 

NTP0 2.12 0.66 0.33 3.50 0.69 0.36 

NTP30 4.13 1.10 0.46 8.03 1.38 0.79 

NTP60 6.75 1.72 0.80 17.22 2.81 1.57 

NTP90 6.55 1.45 0.91 17.88 3.02 1.49 

Lsd (5%) 1.04 NS NS 1.66 NS 0.19 

CV (%) 11.10 10.30 11.50 7.80 16.80 8.70 

Table 3:  Effects of tillage and P application on P uptake in maize plant  

  parts at physiological maturity 

CT: Conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coeffi-

cient of variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 

yielding 4163 kg/ha on Ferric Acrisol and 5200 

kg/ha on the Dystric Cambisol. The control plots 

consistently produced the lowest grain yields on 

both soils. Higher grain yields were recorded on 

Dystric Cambisol than on Ferric Acrisol. The 

tillage x phosphorus interaction effect on grain 

yield was significant (P < 0.05) on the two soils. 

Application of 60 kg/ha P2O5 under NT system 

recorded grain yield of 5129 kg/ha comparable 

to that of the CT60 (5271 kg/ha) on the Dystric 

Cambisol. Results indicated positive correlations 

between phosphorus partitioned in the various 

plant parts with grain yield (Table 8 and 9) with 

coefficient of correlation (r) values ranging from 

0.60 to 0.92. 



PUE (%) 

  Ferric Acrisol Dystric Cambisol 

Treatment Ears Shoot Leaves Ears Shoot Leaves 

Tillage             

CT 9.62 1.77 0.74 13.54 2.53 1.95 

NT 6.46 1.38 0.62 17.98 2.79 1.57 

Lsd (5 %) 2.63 0.26 NS 1.99 NS NS 

CV (%) 19.50 11.70 15.50 3.50 17.70 6.10 

P-levels (kg P2O5 ha-1)             

P0 - - - - - - 

P30 8.23 1.69 0.48 14.65 1.97 1.39 

P60 10.24 1.91 0.85 18.86 3.31 2.11 

P90 5.63 1.13 0.70 13.78 2.71 1.77 

Lsd (5%) 2.75 NS 0.13 2.93 0.86 0.33 

CV (%) 9.30 4.60 14.50 3.60 22.90 15.30 

Interactions             

CTP0 - - - - - - 

CTP30 9.75 1.90 0.53 14.19 1.67 1.34 

CTP60 12.76 2.05 0.93 14.85 3.10 2.22 

CTP90 6.34 1.37 0.76 11.58 2.84 2.29 

NTP0 - - - - - - 

NTP30 6.72 1.48 0.43 15.10 2.28 1.44 

NTP60 7.73 1.78 0.78 22.87 3.52 2.00 

NTP90 4.93 0.89 0.65 15.97 2.58 1.25 

Lsd (5%) NS NS NS NS NS 0.73 

CV (%) 25.70 30.10 17.60 14.00 24.20 13.90 

Table 4:  Effects of tillage and P levels on phosphorus use efficiency  

  (PUE) in maize plant parts at physiological maturity 

CT: conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coefficient 

of variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 

Phosphorus uptake and partitioning in maize 

plant parts at physiological maturity 

Phosphorus showed increasing concentration in 

the plants parts, with the highest concentration 

found in the ears. This was due to the movement 

of the nutrient from the inactive parts to the 

more active parts of the plant. In their study, 

Daniel et al. (1998) indicated that there was a 

significant re-translocation of inorganic phos-

phorus (Pi) in the phloem from older leaves to 

the growing shoots and from the shoots to the 

roots.  

The increase in P distribution in the various 

plant parts with increasing P rates was due to the 

abundance of the nutrient element at the root 

zone when rate increased from 0 to 90 kg P2O5 



Available P (mg/kg soil) 
  Treatments 

            Ferric Acrisol Dystric Cambisol 

Tillage     

CT 27.56 54.80 

NT 22.11 44.60 

Lsd (5 %) NS NS 

CV (%) 2.60 4.40 

P-levels (kg P2O5 ha-1)     

P0 8.51 25.80 

P30 21.60 49.80 

P60 24.68 48.50 

P90 44.54 74.80 

Lsd (5%) 2.36 12.23 

CV (%) 8.50 15.40 

Interactions     

CTP0 10.91 25.50 

CTP30 25.84 76.90 

CTP60 29.51 58.60 

CTP90 43.99 58.30 

NTP0 6.12 26.10 

NTP30 17.36 22.60 

NTP60 19.85 38.40 

NTP90 45.09 91.30 

Lsd (5%) 5.61 21.54 

CV  (%) 7.60 19.60 

Table 5: Effects of tillage and P application on final soil P at crop harvest 

CT: conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coefficient of 

variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 

ha-1. This possibly increased the concentration of 

phosphorus in the soil solution for plant uptake. 

Rehim et al. (2010) reported improvement in 

grain and straw P contents with increased P ap-

plication rate. According to Davau et al. (2010), 

maintaining proper phosphorus supply at the 

root zone can maximize the efficiency of plant 

roots to mobilize and acquire the nutrient and 

translocate it to various parts of the plant. Phos-

phorus uptake under conventional tillage was 

generally higher especially in the shoot com-

pared to the no- till system on both soils. This is 

attributable to improved microporosity and aera-

tion causing enhanced root growth and its acces-

sibility to phosphorus (Adeyeleet al., 2011). 

Tilled plots allow deeper root penetration and 

improvement of the rhizosphere (Adeyeleet al., 

2011). The low uptake of phosphorus under the 

no-till system could be as a result of nutrient 

stratification especially with less mobile fertil-

izer nutrient (phosphorus). Phosphorus uptake 

was significant among P0, P30, P60 and P90 in this 



    Bulk density (g/cm3) 
  Treatments 

Ferric Acrisol Dystric Cambisol 

Tillage     

CT 1.26 1.46 

NT 1.24 1.44 

Lsd (5 %) NS NS 

CV (%) 1.00 1.70 

P-levels (kg P2O5 ha-1)     

P0 1.32 1.48 

P30 1.23 1.46 

P60 1.24 1.47 

P90 1.21 1.39 

Lsd (5%) NS NS 

CV (%) 3.10 2.90 

Interactions     

CTP0 1.32 1.52 

CTP30 1.25 1.49 

CTP60 1.23 1.49 

CTP90 1.22 1.33 

NTP0 1.32 1.44 

NTP30 1.20 1.43 

NTP60 1.24 1.44 

NTP90 1.20 1.46 

Lsd (5%) NS 0.11 

CV 9.10 3.90 

Table 6: The impact of tillage and P application on soil bulk density 

study. The ability of plants to absorb P depends 

on the concentration of the P ions in the soil 

solution at the root surface and the area of ab-

sorbing surface in contact with the solution 

(Grant et al., 2005).  

 

P use efficiency in maize under tillage systems 

and P application 

According to Sergio et al. (2009), fertilizer 

placement and soil tilling affect P distribution 

which in turn influences root distribution and 

consequently enhance P use efficiency by plants. 

This explains why PUE by the ears and shoots 

was higher under CT system especially on the 

Ferric Acrisol. Klepker and Anghinoni (1993) 

reported that higher efficiency of P utilization 

(EPU) can be achieved with phosphorus applica-

tion under conventional and strip soil tillage 

systems. Plant-available P sources placed in 

bands or near the seed-row can improve P use 

efficiency by allowing the crop roots to access 

the P early in crop growth and by slowing the 

CT: conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coeffi-

cient of variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 



Grain yield (kg/ha) 
  Treatments 

Ferric Acrisol Dystric Cambisol 

Tillage     

CT 3592.00 4319.00 

NT 2748.00 3680.00 

Lsd (5 %) 34.40 NS 

CV (%) 8.70 7.30 

P-levels (kg P2O5 ha-1)     

P0 1640.00 2357.00 

P30 3096.00 3719.00 

P60 4163.00 5200.00 

P90 3780.00 4721.00 

Lsd (5%) 393.40 362.00 

CV (%) 0.30 4.80 

Interactions     

CTP0 1875.00 2905.00 

CTP30 3351.00 4281.00 

CTP60 4810.00 5271.00 

CTP90 4331.00 4817.00 

NTP0 1405.00 1809.00 

NTP30 2841.00 3158.00 

NTP60 3517.00 5129.00 

NTP90 3228.00 4625.00 

Lsd (5%) 482.00 571.90 

CV 9.90 7.20 

Table 7: Effects of tillage and P application on grain yield  

CT: conventional tillage, NT: no-till, LSD: least significant figure (<0.05), CV: coefficient 

of variation, P0 = 0 kg P2O5, P30 = 30 kg P2O5, P60 = 60 kg P2O5, P90 = 90 kg P2O5 

reaction of the P with Ca, Mg or with Fe or Al 

oxides (Sample et al., 1980). The highest PUE 

recorded under P60 in all the plant components 

considered implies that the plants were able to 

use the phosphorus applied up to 60 kg P2O5/ha 

and therefore showed decline in PUE beyond 

that rate. The decline observed beyond 60 kg/ha 

could be attributed to losses through surface 

runoff, leaching, etc.  



Effect of tillage and phosphorus application 

on residual P 

Application of 90 kg/ha P2O5 recorded the high-

est available P concentration in both soils imply-

ing that residual P in the soil increased with in-

creasing levels of P applied. This observation 

corroborates a report by Prasad and Power 

(1997) that the bulk of P applied remains in the 

soil due to very slow diffusion and immobiliza-

tion. Phosphorus added to soil as fertilizer can 

also be rapidly bound by the soil minerals in 

chemical forms that are not subject to rapid re-

lease (Gregory, 2009).  

Phosphorus levels recorded at the end of the 

study were generally higher on the Dystric Cam-

bisol than on the Ferric Acrisol though same 

rates of P were applied to both soils during the 

study. This observation was due to the higher 

initial P levels recorded on the Dystric Cambisol 

than on the Ferric Acrisol indicating a build up 

of soil P with time. This suggests that applica-

Plant part Regression equation r 

Ear y= 26735x – 1107.8 0.8785 

Shoot y= 107000x – 1110.3 0.7862 

Leaves y= 47067x + 345.75 0.5990 

Table 8:  Regression equations and coeffi-

cients of correlation (r) of the relationship 

between phosphorus distribution in the vari-

ous maize components (x) and grain yield (y) 

on a Ferric Acrisol  

Plant part Regression equation r 

Ear y= 16279x + 255 0.8395 

Shoot y= 1005.9x + 1791.2 0.9198 

Leaves y= 1564.7x + 1769.5 0.9168 

Table 9:  Regression equations and coeffi-

cients of correlation (r) of the relationship 

between phosphorus distribution in the vari-

ous maize components (x) and grain yield (y) 

on a Dystric Cambisol. 

tion of P in subsequent seasons should be 

much reduced to take advantage of the resid-

ual effect of previously applied P and to mini-

mize cost of application.   

 

Impact of tillage and P application on grain 

yield at harvest  

Maize under P60 treatment performed better 

than those under P90 by yielding 4163 kg/ha 

on the Ferric Acrisol and 5200 kg/ha on the 

Dystric Cambisol indicating that over-

application of phosphorus could be less bene-

ficial. According to Onasanya et al.(2009), 

application of high rate of P is capable of 

causing nutrient imbalance in the soil and con-

sequently yields depression of crops. Con-

versely, results from studies by Hussain et al. 

(2006) showed that maize grain yield in-

creased with increased P application. The con-

sistency of the control (P0) in recording lower 

grain yields on both soils was due to non-

application of P to those plots though nitrogen 

and potassium were applied at the required 

rates two weeks into the study. This is evi-

denced by the lower available P values re-

corded in the control plots than in the P 

amended plots (Table 5).Soil P availability is 

known to enhance increased root growth and 

development enabling plants to explore more 

soil nutrients and moisture for adequate 

growth. Tillage x phosphorus interaction sig-

nificantly influenced grain yield on both soils 

with application of 60 kg P2O5 ha-1under con-

ventional tillage producing significantly the 

highest grain yield. This indicates why the 

highest P uptake by the ears were recorded on 

both soils under CTP60 (Table 3). Phosphorus 

distribution in the ear at physiological matur-

ity can therefore lead to higher crop yield un-

der tillage systems irrespective of soil type. 

Phosphorus distribution in the ear correlated 

positively with grain yield on both Ferric and 

Dystric Cambisol (Table 8 and 9).  

 

CONCLUSIONS 

Conventional tillage generally had better in-

fluence on P uptake and use efficiency in the 



ears, shoot, and leaves than no - tillage system 

on both Ferric Acrisol and Dystric Cambisol. 

The tillage systems significantly influenced crop 

yield on the Ferric Acrisol but not on the Dystric 

Cambisol. Application of phosphorus generally 

influenced phosphorus uptake and partitioning 

and, use efficiency in the various plant compo-

nents at physiological maturity. More phospho-

rus was distributed to the ears than to the shoots 

and leaves at R6. Though the PUE of maize on 

both soils were low, relatively higher values 

were recorded on the Dystric Cambisol than on 

the Ferric Acrisol.   

The study indicated that application of 60 kg/ha 

P2O5 under conventional tillage can lead to 

higher phosphorus partitioning into the ears at 

physiological maturity which may lead to higher 

grain yield on both soil types. Application of 60 

kg/ha P2O5under no – tillage system recorded 

grain yield of 5129 kg/ha comparable to that of 

the CT60(5271 kg/ha) on the Dystric Cambisol. 

The study has also shown that application of P in 

subsequent seasons on both soil types should be 

reduced to take advantage of the residual effect 

of previously applied P and to minimize cost of 

application.  
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