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ABSTRACT 
This study was carried out in Abeokuta, South-western Nigeria in 2008 and 2009 to assess the impact of 

tillage and poultry manure (PM) on soil infiltration rate and maize root growth. The experiment was a 

split-plot design with three replications. The main plot consisted of three tillage treatments: zero tillage 

(ZT), minimum tillage (MT) and conventional tillage (CT) while the sub-plot comprised three PM 

treatments (0, 10 and 20 Mg ha
-1

). Soil infiltration characteristics were determined on the field using 

disc permeameter while root mass was evaluated by excavation method. In 2008, the soil infiltration rate 

(IR) was significantly higher under MT than other tillage systems while the IR was higher by about11% 

under CT than ZT. Though, there was no significant difference in IR among the three tillage systems in 

2009, IR was lower under CT by about 9% and 3% compared with MT and ZT, respectively. The IR of 

10.87 cm hr
-1

 observed in 2008 under the plots treated with 20 Mg ha
-1

 of PM decreased to 6.19 cm hr
-1

 

in 2009 possibly due to reduction in the large pores of the sandy soil by repeated application of 20 Mg 

ha
-1

 of PM. The implication of this is that nutrients are likely to be held against leaching when 20 Mg 

ha
-1

 PM is applied in a sandy soil. Root mass was insignificantly higher under MT than CT in both years 

of the study while root mass was lower under ZT than CT by about 26% in 2009. Plots treated with 

poultry manure gave significantly higher root mass than the control. Therefore, fast draining pores 

dominating sandy soil may be modified by application of large quantity (20 Mg ha
-1

) of PM to improve 

the soil water and nutrient holding capacities and maize root growth. 
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INTRODUCTION 
Several research activities have shown that 

the state of soil surface influence to a great extent 

its water infiltration and redistribution 

characteristics. One of the major farmer’s practices 

that affect directly the state of soil surface and its 

properties is tillage operation. It has been reported 

that tillage can increase the prevalence of 

infiltration-limiting layers by exposing surface soil 

to raindrop impacts and contributing to structural 

degradation by creating smeared and compacted 

layers under the tilled layer (Silburn and Glanville, 

2002) or on the surface (Li et al., 2001). According 

to Martinez et al. (2008) the increase in topsoil 

compaction under zero tillage (ZT) systems may 

decrease water infiltration and soil may become 

waterlogged under intense rainfall. Suitable tillage 

practices have been recommended as useful 

measure to improve infiltration rate and water 

storage (Mosaddeghi et al., 2009). 

Research reports are yet to agree on the 

appropriateness of one tillage system or the other 

on soil infiltration rate. Guzha (2004) found that 

tilled plots had very high initial infiltration rate 

values which declined rapidly with time probably 

due to rapid structural deterioration caused by 

slaking and dispersion. Other studies (e.g. Pikul 

and Aase, 1995; Shukla et al., 2003) have found 

higher infiltration rates under ZT than 

conventional tillage (CT) because of the protection 

of the soil surface and the effect of soil organic 
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carbon. Gupta et al. (2004) reported that less 

intense tillage kept the crop residue at the soil 

surface thereby increased the activity of surface-

feeding earthworms, leaving the root channels 

undisturbed, which in turn led to the presence of 

numerous surface-connected macro-pores and 

inter-pedal voids leading to higher infiltration.  

Several studies have evaluated the effect of 

tillage and soil amendments on root growth 

(Anderson, 1987; Barber, 1971) and results of 

such studies are diverse as to the benefit of tilled 

or untilled soil relative to variation in soil and 

climatic condition of the study area. According to 

Lampurlanes et al. (2001), soil physical conditions 

under ZT can negatively affect the growth of the 

main root axes, particularly, at the initial stages of 

plant development. Such effect may limit nutrient 

and water uptake (Qin et al., 2006) leading to an 

exponential decrease in root mass (Martino and 

Shaykewich, 1994). Shirani et al. (2002) reported 

that CT increased root penetration. However, 

increases in root mass have been found in the 

upper soil layers of ZT (Martinez et al., 2008) and 

reduced tillage (Lal, 1989) systems when 

compared to a CT system because, soil compaction 

of deeper soil layers under ZT may impede the 

optimal development of roots (Martinez et al., 

2008).  

Since it is clear that the response of soil 

infiltration and root growth to tillage depends on 

soil type, climate and management practice, 

research efforts at identifying the appropriate 

tillage system along side management practice that 

tend to reduce soil surface disruption are 

paramount. This study was therefore, carried out in 

south-western Nigeria to determine the effect of 

tillage and poultry manure application on soil 

infiltration rate and maize root development.   

 

MATERIALS AND METHODS 
Site description 

 The experiments were carried out at the 

University of Agriculture, Abeokuta, south-

western Nigeria in 2008 and 2009. The study area 

lies between Latitude 7
o
14'N and Longitude 3

o
26'E 

and is located within a forest–savannah transition 

zone (Salako et al., 2007) with two distinct seasons 

- the wet season, which extends from March to 

October, and the dry season which is usually from 

November to February. The rainfall is bimodal in 

distribution, having its peak in July and September 

with a short break referred to as August break. The 

mean annual rainfall of the study site in 2008 and 

2009 was 1320 mm while the mean monthly 

temperature ranged from 30 to 37
o
C in 2008 and 

28 to 34
o
C in 2009. The mean relative humidity 

was 68%. The field was under secondary re-

growth of shrub dominated by Adropogon gayanus 

prior to the establishment for this study.  

 

Experimental design 

 The experiment was a split-plot factorial 

design with three replications. The main plot was 

tillage while organic manure (poultry manure 

(PM)) was allotted to the sub-plot. The main plot 

involved three tillage treatments: zero, minimum 

and conventional tillage, the sub-plot consisted of 

three organic manure treatments: 0 Mg ha
-1

, 10 Mg 

ha
-1

 and 20 Mg ha
-1

 PM. Under zero tillage (ZT), 

no ploughing was done and weeds were controlled 

using herbicides (paraquat). In the minimum 

tillage (MT), ploughing was done once while 

conventional tillage (CT) involved ploughing 

followed by harrowing. The ploughing was done 

on 20
th

 May, 2008 followed by harrowing two 

weeks later. The tillage operations were not carried 

out before application of poultry manure in 2009 

but the weeds were cleared manually under MT 

and CT and with the aid of paraquat under ZT. 

Each plot was 4 m x 5 m with each plot separated 

by 1 m border. About 4 m margins were left on 

both sides of each main plot fortractor to maneuver 

without entering into an adjacent plot. 

 

Application of poultry manure  

 The poultry manure (PM) used for the 

experiment was collected from a poultry house 

operating a battery cage system. The cured PM 

was applied at 10 Mg ha
-1

 (PM10) and 20 Mg ha
-1

 

(PM20) and was incorporated into the soil two 

weeks before planting under the MT and CT with 

hand hoe while it was spread evenly on the soil 

surface under the ZT to ensure less surface 

disturbance. Application of PM was done in June 

2008 for the first cropping year and was repeated 

in May 2009 for the second cropping year.  Furrow 

dikes were made manually round each plot to 

prevent nutrient drifting among plots. The poultry 

manure used contained 264 g kg
-1 

organic carbon, 

21.4 g kg
-1

 total nitrogen, 40.2 g kg
-1

 total 

phosphorus, 1.2 g kg
-1

 total potassium and 27.2 g 

kg
-1

 calcium.  

 

Maize planting and root mass determination 

 Maize (DMR-ESR-Y) was planted two 

weeks after application of PM at a spacing of 50 

cm x 75 cm at 2 seeds per hole. The maize was 

harvested at 12 weeks after planting (WAP) in 

both years of cropping. Root mass was determined 

at 4, 8 and 12 WAP using excavation method 

(Bohm, 1979). This was done by digging out 0–20 

cm soil from 25 cm x 25 cm area. Soil adhering to 
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the roots was removed and the root samples 

washed with water and oven dried at 65
o
C to 

constant weight. 

 

Measurement of infiltration characteristics 

 Unsaturated water flow in the field was 

measured per plot with a disc permeameter. 

Procedure described in the manual by CSIRO 

(1988) was used to set up the disc permeameter on 

the field. Volumetric soil water content (using time 

domain reflectometer) was determined at the 

beginning and end of each infiltration run. The 

water head applied was -2 cm. Cumulative 

infiltration (CI) and steady state flow (SSF) were 

calculated from the equation given by CSIRO 

(1988) as follows: 

             

              Q         =  (SR-SR1) (RC)     .............. (1) 

              r
2                           

r
2  

 

 

Where SR is the scale reading at the time of 

measurement; SR1 is the initial scale reading  

            RC is the reservoir calibration. 
                   

 

                                                         

(scale increment) (calibration) ….  (2)   

         (area) (average ∆t) 

     

Sorptivity (S) was obtained as the slope of CI 

plotted against the square root of time. 

The hydraulic conductivity (Ko) during the 

infiltration runs was determined using equation  

 

 πr
2    

q –  4bSo
2          

……………..     (3)  

    πr(Өo – Өn) 

                    

Where, q    is steady state flow rate, b is a constant, 

So is sorptivity, Өo and Өn are  volumetric water 

contents at measurement and initial potentials, 

respectively. 

Infiltration rate (IR) was determined using Philips’ 

equation (Philips, 1957).  

 

Statistical analysis  

 Data collected were analyzed using analysis 

of variance (ANOVA) MIXED MODEL 

procedure in Statistical Analysis System (SAS, 

1999). The sources of variation for the ANOVA 

were tillage, manure, replicate and tillage x 

manure. The significance of the main and 

interaction effects was determined and significant 

means were separated using the least significant 

difference (LSD) at 5% level of probability.  

 

 

 

RESULTS AND DISCUSSION 
Soil physical properties at the onset of the study 

 Before ploughing the soil used for the study 

in 2008, the gravelly loamy sand soil had a bulk 

density of 1.24 g cm
-3

, total porosity of 53.21%, 

saturated hydraulic conductivity of 7.26 cm hr
-1

 

and volumetric water content of 8.98%.  

 

Effects of tillage on field unsaturated water 

flow 

  In 2008, all the measured unsaturated 

water flow parameters were significantly higher 

under MT than other tillage systems (Table 1). 

Also, cumulative infiltration (CI) and sorptivity 

were significantly higher under CT than ZT while 

steady state flow (SSF), unsaturated hydraulic 

conductivity (Ko) and the infiltration rate (IR) were 

about 11% higher under CT compared with ZT. 

However, in 2009, all the unsaturated water flow 

parameters were not significantly different among 

the tillage treatments but were in the order of 

MT>ZT>CT (Table 1).  The lower infiltration rate 

(IR) and unsaturated water flow (UWF) parameters 

under ZT in the first year of the study could be 

attributed to topsoil compaction under ZT system 

which may decrease water infiltration (Martinez et 

al., 2008). The fast draining macro-pores created 

by CT could also, have facilitated infiltration 

momentarily after tillage, but these pores reduced 

as a result of repackaging of soil aggregates 

(Martinez et al., 2008) resulting in higher IR and 

other UWF parameters under ZT than CT at the 

end of the second year after tilage. Rainfall 

induced pore sealling (Mubarak et al., 2009) could 

also be implicated for lower IR under CT in the 

second year of the study. The minimum tillage 

which maintained the highest IR and UWF 

parameters (CI, sorptivity, SSF,  and  Ko) after 

each of the two years of the study compared with 

ZT and CT could be due to the fact that apart from 

breaking compact soil surface which may slow 

down water infiltraion, less intense tillage (MT) 

ensures the presence of numerous surface-

connected macro-pores and inter-pedal voids 

leading to higher infiltration (Gupta et al., 2004). 
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Effects of poultry manure on field unsaturated 

water flow 

 After 2008 cropping, the IR and other 

unsaturated water flow (UWF) parameters were 

significantly raised by manure treatments than the 

control (Table 2). The reverse was, however, the 

case after 2009 cropping as the control plots had 

significantly higher IR and UWF parameters than 

both levels of manure treatment. The SSF, Ko and 

the IR were higher with PM20 application than 

PM10 in 2008 but were lower with PM20 

application than PM10 after 2009 cropping (Table 

2). The decrease in IR of plots treated with PM20 

from 10.87 cm hr
-1

 in 2008 to 6.19 cm hr
-1

 in 2009   

and the significantly lower IR and the other UWF 

parameters in manured than the control plots in 

2009 may be due to reduction in the large pores of 

the sandy soil by repeated application of 20 Mg ha
-

1
 of poultry manure. Application of poultry manure 

significantly raised IR and UWF parameters after 

the first year of the study because organic matter 

usually increases the entry of water by protecting 

the soil aggregates from breaking down by the 

impact of infiltrating water. According to FAO 

(1985) classification, if a soil has IR of 5 cm hr
-1

 it 

is considered high in IR and the IR of the 

unmanured soil in this study was 8.55 cm hr
-1

 

while that of the manured soil was 9.94-10.87 cm 

hr
-1

 (Table 2) in 2008. Thus, the increase in the IR 

of the soil by manure treatments further 

accentuated already rapid rate of water intake in 

the soil due to the porous nature of the soil. The 

net effect of this rapid water movement was the 

possible nutrient leaching beyond the root zone. 

Again, the manure increased water infiltration in 

the soil during the first year of the study, 

apparently because aggregates had not been well 

formed with defined hierarchy (Oades and 

Walters, 1991) and proper enmeshing effect with 

gravelly loamy sand soil skeletons had not taken 

place. However, the repeated application of 

poultry manure in the second year which resulted 

in significantly lower IR and UWF parameters 

than the control was in response to reduction in 

large pores (macropores) apparently due to 

microbial growth with a concomitant increase in 

physical entanglement by fungal hyphae and the 

production of extracellular polysaccharides 

capable of linking soil particles together (Haynes 

and Naidu, 1998). The implication of this in this 

porous soil is that nutrients are likely to be held 

against leaching when manure is applied especially 

at higher rate (e.g 20 Mg ha
-1

). This was clearly 

indicated by higher SSF, Ko and the IR with PM20 

application than PM10 in 2008 but lower SSF, Ko 

and the IR with PM20 application than PM10 in 

2009. Reduction in infiltration rate in response to 

reduction in large pores (macropores) by ash 

deposit following bush burning has also been 

reported by Are et al. (2009). 

 

 

 

2008 

ns ns ns 
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Figure 1: Effect of tillage on root mass during the 2008 and 2009 cropping  

 ns = not significant  

 

 
Table 1: Effect of tillage on field unsaturated water flow at the end of each of the two years  

                of the study 
Year 2008 2009 

 CI     Sorptivity SSF Ko   IR CI     Sorptivity SSF Ko   IR 
Tillage (cm)   (cm hr-1/2)   (cm hr-1) (cm hr-1)   (cm hr-1) (cm)   (cm hr-1/2)   (cm hr-1) (cm hr-1)   (cm hr-

1) 

CT 3.32 3.55 9.17 8.50 9.53 2.15 2.41 6.40 6.09 7.12 

MT 3.93 3.79 10.98 10.25 11.34 2.30 2.46 7.02 6.69 7.79 

ZT 2.87 3.13 8.11 7.59 8.50 2.15 2.45 6.79 6.46 7.35 

LSD (P<0.05) 0.36 0.22 1.23 1.18 1.23 ns ns ns ns Ns 

CI – cumulative infiltration; SSF – steady state flow; Ko – unsaturated hydraulic conductivity; IR – infiltration rate; ns – not significant  

 

 
Effects of tillage on maize root mass  

 During the 2008 cropping, there was no 

significant differences in maize root mass among  

the tillage systems though root mass under MT 

was consistently higher than other tillage 

treatments in all the sampling periods (Figure 1). 

Root growth rate diminished after 8 WAP in 2009 

cropping, however, at 12 WAP root masses of 828 

kg ha
-1

 (MT) and 804 kg ha
-1

 (CT) were 

significantly higher than root mass of 615 kg ha
-1

 

for ZT (Figure 1). The significantly lower root 

mass obtained under ZT compared with tilled plots 

suggested that soil compaction of deeper soil 

layers under ZT impeded root development and 

the growth of the main root axes (Lampurlanes et 

al., 2001; Martinez et al., 2008) while 

conventional tillage increased root penetration 

(Shirani et al., 2002). The observed diminished 

root growth after 8 WAP could be due to the fact 

that net root production is usually complete around 

flowering when transition from vegetative to 

reproductive growth occurs (Liedgens et al., 

2000). Also, the start of ear growth has been 

shown to influence dry weight of maize root 

(Wagner et al., 1995) due to remobilization of 

nitrogen from maize root (Fusseder, 1987) to the 

reproductive part. 

 

 

2009 

                      LSD bar 
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Figure 2: Effect of poultry manure on root mass during the 2008 and 2009 cropping 
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Table 2: Effect of poultry manure on field unsaturated water flow at the end of each of the  

               two years of the study 
Year 2008 2009 

 CI     Sorptivity SSF Ko   IR CI     Sorptivity SSF Ko   IR 
PM rate (Mg 

ha-1) 

(cm)   (cm hr-1/2)   (cm hr-1) (cm hr-

1)   

(cm hr-1) (cm)   (cm hr-1/2)   (cm hr-

1) 

(cm hr-

1)   

(cm hr-

1) 

0 3.19 3.54 8.26 7.52 8.55 2.73 2.86 8.20 7.77 8.79 

10 3.55 3.65 9.56 8.89 9.94 2.08 2.36 6.53 6.23 7.29 
20 3.38 3.27 10.45 9.93 10.87 1.79 2.10 5.48 5.23 6.19 

LSD (P<0.05) 0.36 0.22 1.23 1.18 1.23 0.36 0.20 1.12 1.08 1.10 

PM– poultry manure: 0 – 0 Mg ha-1 PM; 10 – 10 Mg ha-1 PM; 20 – 20 Mg ha-1 PM; CI – cumulative infiltration;  SSF – steady state flow; Ko – 
unsaturated hydraulic conductivity; IR – infiltration rate ; ns – not significant 

 

Effects of poultry manure on maize root mass  

 Application of either the 10 or 20 Mg ha
-1

 PM 

significantly improved maize root development than 

the control in all the periods of sampling and at both 

years of the experiment (Figure 2). For instance, 

relative to the control plots, the use of 20 Mg ha
-1

 PM 

led to 47%, 67% and 60% increases in root mass at 4, 8 

and 12 WAP, respectively in 2008 while it led to 68%, 

51% and 48% increases in 2009. At 4 WAP, plots 

treated with 20 Mg ha
-1

 PM had root mass of 19.58 kg 

ha
-1

 (2008) and 90.90 kg ha
-1

 (2009) which were 

significantly higher than 14.89 kg ha
-1

 (2008) and 

77.83 kg ha
-1

 (2009) given by 10 Mg ha
-1

 PM treated 

plots. However, the two rates did not cause significant 

difference in root mass at 12 WAP in the two years of 

the study (Figure 2). The significant increases in maize 

root mass at all the sampling periods by PM treatments 

could have resulted from modification of soil physical 

properties that improved the root environment and 

stimulated plant growth (Kononova, 1961). The 

possible increase in soil organic matter content by 

poultry manure which is likely to have created a new 

topsoil environment with better and more stable 

aggregates might have favour root development 

(Martinez et al., 2008). Higher maize root biomass in 

plots that received poultry manured compared with 

unamended plots has also been reported by Salako et 

al. (2007). 

 
 CONCLUSION 
 Infiltration characteristics were observed to be 

higher immediately following conventional tillage 

operation which decline with time apparently due to 

rainfall induced pore sealing. Application of poultry 

manure, especially at 20 Mg ha
-1

 could serve as a good 

soil amendment for reducing rapid percolation of water 

in a gravelly sandy soil thereby creating a strong 

possibility of minimizing nutrient leaching. From the 

study, mechanical impedance under zero tillage might 

reduce maize root growth compared with conventional 

tillage, minimum tillage alongside application of 

poultry manure was shown to be the most sustainable 

technique for improving maize root development.   
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