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ABSTRACT

In a study conducted in the Department of Agronomy, University of Agriculture, 
Faisalabad, Pakistan, effect of different tillage practices (zero tillage, minimum 
tillage, conventional tillage and deep tillage) and integrated use of different 
levels of poultry manure (0, 5, 10 Mg/ha) with recommended chemical fertilizers 
was studied during spring 2010 and 2011. Deep tillage practice significantly 
influenced the soil bulk density (1.38 and 1.34 Mg/m3), total porosity (0.48 and 
0.49 m3/ m3), water infiltration rate (20.2 and 19.2 mm/hr), root penetration 
resistance (1631.8 and 1627.7 kpa) and grain yield (945.8 and 1267.2 g/ m2) 
compared to zero tillage practice during both years under prevailing field 
conditions. Increased level of poultry manure positively correlated with soil 
bulk density, total soil porosity, water infiltration rate, root penetration rate and 
final grain yield. These results clearly indicate that the soil physical properties 
were highly associated with grain yield of maize.

KEYWORDS: Zea mays; soil physical properties; zero tillage; deep tillage;
poultry manure; NPK fertilizers; grain yield; Pakistan.

INTRODUCTION

Various soil properties such as structure, texture, geometry, water storage 
and transmission are affected by tillage practices (6). Sub-soil compaction 
decreased water use efficiency and estimated to be 7 percent in cotton and 
11 percent in wheat (18). Soil disturbance and tillage operations usually 
cause an increase in nitrogen mineralization and soil aeration which results in 
more nitrogen availability for use of plant roots (11, 15). Sub-soiling of soil 
upto 30 cm depth increased the air permeability and saturated hydraulic 
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conductivity of the soil upto two orders of magnitude and enhanced soil 
porosity upto 27 percent of total soil volume (12).

Organic matter affects soil physico-chemical properties giving the soil darker 
colour, increases soil aggregation and aggregate stability, increases CEC 
(cation exchange capacity), lowering soil pH, increasing soil microbial activity 
and enhances the availability of N, P and other nutrients (24, 27). Most of 
organic matter (i.e. FYM) takes longer time for decomposition due to 
presence of lignin in it (26). That is why, the addition of poultry manure trend 
into the field crop is increasing. The organic matter is less than 5 percent in 
Pakistani soils (27). In Pakistan, poultry is contributing a valuable part into 
the agricultural sector and showed a robust growth of 8-10 percent annually 
(3) and produces 890 metric tons poultry manures annually. The poultry 
manure as a source of plant nutrients is better than FYM because it took less 
time for decomposition and improved soil fertility (23, 28). Poultry manure 
increased the crop yield than no manure (23, 26).

The present study was planned to evaluate the effect of different tillage 
practices and integrated use of poultry manure with synthetic fertilizers on 
soil physical properties and maize yield in clay loam soil of Faisalabad.    

MATERIALS AND METHODS

This study was carried out in the Department of Agronomy, University of 
Agriculture, Faisalabad, Pakistan during the year 2010 and 2011. Maize crop 
was sown in rice harvested field situated at 300- E and 740- N having 184 m 
altitude. Layout system was RCBD with split plot arrangement having three 
replications and plot size of 10 m × 4.5 m with six rows in each plot. Row x 
row 75 cm and plant x plant 20 cm distance was maintained to keep 300 
plants per plot. During both years, tillage practices were kept in main plots, 
while poultry manure treatments were in sub-plots. Four tillage practices viz. 
zero tillage (seed was sown with help of dibbling without ploughing), 
minimum tillage (one cross cultivation with normal cultivator + planking)
conventional tillage (3 cross cultivations with normal cultivator followed by 
planking) and deep tillage (two cross deep ploughing with chisel plough 
followed by one cultivation with normal cultivator and finally followed by 
planking) while three levels of poultry manure (0, 5 and 10 Mg/ha) were 
applied. One year old well rotten poultry manure was used for the experiment 
and analyzed for its nitrogen, phosphorus and potash compositions (Table 1). 
At first, crop fertilizer requirements was fulfilled from the poultry manure and 
then left over crop need was supplemented from the synthetic fertilizers using 
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Table 1. Chemical analysis of poultry manure.

Characteristics
Composition (%)

2010 2011
Nitrogen 2.11 2.17
Phosphorus  (P

2
O

5
) 1.21 1.29

Potassium (K
2
O) 1.85 1.91

Dry matter 72.85 74.03

urea, di-ammonium phosphate (DAP) and muriate of potash as sources of 
nitrogen, phosphorus and potassium. Synthetic fertilizer in control poultry 
manure treatment was applied @ 380 kg nitrogen, 280 kg phosphorus, 192 
kg potash per hectare during both years of study while 5 Mg per hectare 
poultry manure treatment received 275 and 272 kg nitrogen, 220 and 216 kg 
phosphorus, 100 and 98 kg potash while 10 Mg per hectare poultry manure 
treatment received synthetic fertilizer @ 168 and 163 kg nitrogen, 159 and 
151 kg phosphorus and 7 and 1 kg potash during 2010 and 2011, 
respectively. In each year before start of experiment, soil samples from two 
depths (0-15 and 15-30 cm) with the help of auger was taken and subjected 
to different soil physico-chemical analysis in laboratory (Table 2). 
Meteorological data of both years of crop duration was taken from the 
meteorological cell situated at 0.4 km working under the Department of Crop 

Table 2. Physico-chemical analysis of experimental soil taken from two depths (0-15 
and 15-30 cm).

Characteristics Unit
2010                       2011

0-15 cm 15-30 cm 0-15 cm 15-30 cm
A.  Mechanical analysis
     Sand % 61 57 60 55
     Silt % 15.8 18.6 16.1 23.4
     Clay % 23.2 24.4 22.9 23.4
             Textural class Sandy Clay Loam Sandy Clay Loam
B.  Chemical analysis

            Saturation % 40 40 40 40
            EC dS/m 1.20 1.12 1.26 1.18
            pH - 7.8 7.9 7.9 8.1
            Organic matter g/kg 3.9 3.2 4.4 3.8
            Total nitrogen % 0.06 0.02 0.084 0.038
            Available P ppm 7.38 5.2 7.45 5.55
            Available K ppm 290 150 297 161

Physiology, University of Agriculture, Faisalabad, Pakistan (Fig). Soil bulk 
density (9), soil total porosity (22), water infiltration rate (10) and root 
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penetration resistance were measured using the standard procedures. Maize 
grain yield per square meter was taken at crop harvesting using the 
quadrate. Data were statistically analyzed using the Statisitca 10.1V software 
(5) and significant treatments means were separated using Tukey’s test at 5
percent probability level (4).

RESULTS AND DISCUSSION

Bulk density (Mg/ m3)

Soil physical properties were remarkably affected by different tillage practices 
and organic matter amendment during both years (Table 3). During 2010, 
significantly higher bulk density (1.49 Mg/ m3) was observed in zero tillage 
treatment followed by minimum tillage (1.46 Mg/m3) and conventional tillage 
(1.41 Mg/m3). The lowest bulk density was recorded in deep tillage treatment 
(1.38 Mg/ m2) (Table 3). The same trend of data was observed during 2011. 
The higher bulk density in zero tillage treatment might be due to undisturbed 
soil and more penetration resistance as compared to other tilled soils 
treatments. The deep tillage had least bulk density during both years of 
study. It might be due to more fine, pulverized soil by chisel upto 0.45 m. In 
addition, deep tillage broke down the hard pan of soil, which also caused the 
lower bulk density. These results are in line with those of Zorita (32) who 
concluded that bulk density was significantly decreased as tillage intensity 
was increased. Jin et al. (19) reported that lower bulk density in deep tillage 
soil than conventional tillage could be due to loosening the lower layers of 
soil through deep ploughing. Zero tillage was found to be associated with 
increased soil bulk density (25). 

With regards to poultry manure, maximum bulk density (1.47 Mg/m3) was 
recorded during 2010 in control treatment which was at par with 5 Mg
followed by 10 Mg per hectare poultry manure (Table 3). During 2011 the
highest bulk density (1.43 Mg/m3) was also recorded in control against the 
lowest (1.36) in poultry manure @ 10 Mg. The highest bulk density in control 
treatment could be due to less organic matter, less water holding capacity of 
control soil while the poultry manure soil treatment had more concentration of 
organic matter which increased the water holding capacity of soil and hence 
less bulk density (1). In the year 2011, significant lower value of bulk density 
than the year 2010 might be due to more rainfall and moisture contents (Fig). 
No poultry manure and no FYM field was significantly lower in bulk density 
(1). Bahremand et al. (8) observed that application of farmyard manure 
reduced the soil bulk density.
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Table 3. Influence of different tillage practices and poultry manure treatments on soil 
physical properties and maize grain yield. 

Treatments Bulk density 
(Mg/m3)

Total porosity 
(m3/ m3)

Water infiltration 
rate (mm/ hr)

Root penetration 
resistance (kpa)

Grain yield
(g/ m2)

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Tillage practices 
Zero tillage

1.49a 1.46a 0.44a 0.46c 18.0b 15.0c 1729.6a 1720.3a 678.1c 876.6b

Minimum tillage 1.46b 1.42b 0.45c 0.47b 19.6a 17.3b 1675.5b 1663.7b 856.7b 1176.8a
Conventional 
tillage

1.41c 1.37c 0.47b 0.48a 19.7a 17.7b 1654.7c 1645.4c 887.4b 1198.5a

Deep tillage 1.38d 1.34c 0.48a 0.49a 20.2a 19.2a 1631.8d 1627.1c 945.8a 1267.2a
LSD 0.032 0.027 0.012 0.005 1.38 1.36 13.50 23.21 72.50 88.76
Poultry manure
Control 1.47a 1.43a 0.45b 0.46c 18.4a 20.5a 1683.5a 1674.2a 664.4c 779.6c
5 Mg/ha 1.43ab 1.40b 0.46ab 0.47b 17.5a 19.7a 1675.2b 1664.8b 887.1b 1181.5b
10 Mg/ha 1.41b 1.36c 0.47a 0.49a 16.0b 18.0b 1659.8c 1653.4c 912.2a 1109.9a
LSD 0.039 0.032 0.043 0.003 0.83 0.87 6.62 9.09 21.65 33.46

Interaction
Tillage practices  
x poultry manure

NS NS NS NS NS

       Fig.  Meteorological data during crop growth season.

Total porosity (m3/ m3)

During the year 2010 higher total soil porosity (0.48 m3/ m3) was recorded in 
deep tillage treatment followed by conventional (0.47 m3/ m3) and minimum 
tillage treatments (0.45 m3/ m3), against the lowest in zero tillage treatment 
(0.44 m3/ m3) (Table 3). Similar trend was observed during 2011. The higher 
value of total porosity in deep tillage treatment might be due to more porous 
soil and deep ploughing of soil might have disintegrated the particles 
completely. The lower value of total porosity in zero tilled soil might be due to 
very compacted soil and higher moisture content which reduced the number 
of pores of soil. Tangyuan et al. (30) reported that total soil porosity among 
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zero-tillage, harrow-tillage, sub soil-tillage and conventional tillage treatments 
between 20-40 cm soil layers decreased in order of sub-soil-tillage, harrow-
tillage, conventional tillage and zero tillage. 

The poultry manure significantly affected soil porosity during both years. The 
highest value of total soil porosity noted from 10 Mg poultry manure 
application (0.47 m3/ m3) which was at par with 5 Mg (0.46 m3/ m3). The 
higher value of total soil porosity in 10 Mg poultry manure plot could be due 
to more aggregation of soil particles. These results confirm the findings of 
Agbede et al. (1) who reported that poultry manure significantly increased the 
total porosity of soil as compared to no manure and control plots.

Water infiltration rate (mm/hr)

The tillage practices significantly affected the water infiltration rate of soil 
during both years. During 2010, significantly higher water infiltration rate 
(20.2 mm/hr) was recorded in deep tillage treatments that was at par with 
conventional (19.7 mm) and minimum tillage treatment (19.6 mm) while the 
lower water infiltration rate was recorded in zero tillage treatment (18.0 mm). 
During the year 2011, almost similar trend was noted (Table 3). Higher water 
infiltration rate in deep tillage might be due to its higher soil porosity and less 
bulk density which promoted the easy water flow. Both years results 
concluded that the more the tillage operations,  the lower would be the water 
holding capacity of soil due to reason that tillage operation pulverized the soil 
and fine soil encouraged the water runoff disturbing the hydrological cycle 
into soil over no tilled soil. Deep tillage with chisel plough (upto 40 cm depth) 
broke down hard pan which resulted in water movement into deeper soil 
profiles. These results are in accordance with those of Hussain et al. (17) 
who reported that tilled soils had higher tillage induced macro-pores 
especially in upper soil surface. Moreover, Lampurlanes and Martinez (21) 
stated that no tillage decreased the water infiltration rate due to reduction in 
soil porosity. 

In case of poultry manure amendments significantly higher water infiltration 
rate was recorded in control treatment (18.4 mm/hr) during the year 2010 
followed by 5 Mg poultry manure (17.5 mm/hr). Statistically minimum water 
infiltration (16.0 mm/hr) was noted in higher dose of poultry manure treatment
(10 Mg/ha). In the year 2011, almost similar trend was noted (Table 3). Lower 
water infiltration rate might be due to higher concentration of organic matter 
into the soil that improved water holding capacity of soil over control. As the 
concentration of poultry manure increased in the year 2011, soil water 
holding capacity was also increased and overall water infiltration rate was 
decreased.  
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Root penetration resistance (kpa)

During the year 2010, maximum root penetration (1729.6 kpa) was recorded 
in zero tillage treatment followed by minimum (1675.5 kpa), conventional 
(1654.7 kpa) and deep (1631.8 kpa) tillage treatments, Similar trend was 
observed in the year 2011 (Table 3). Higher value of root penetration 
resistance in zero tillage could be due to more compactness of soil. 
Increased tillage intensity resulted in low root penetration resistance. It might 
be due to more soil proliferation and less hardness of the soil. Similar results 
were noted by those of Wilhelm et al. (31) who reported the highest root 
penetration resistance in zero tillage followed by plough and then sub tillage 
in order of increasing tillage. Lampurlanes and Martinez (21) noted higher 
root penetration resistance in no tillage than in sub-soil tillage and minimum 
tillage. As regards the poultry manure treatments, significantly higher root 
penetration resistance (1683.5 kpa) was observed in control treatment 
followed by 5 Mg treatment (1675.2 kpa) during the year 2010. The lower 
root penetration resistance was in 10 Mg poultry manure. Similar trend was 
recorded during 2011. The lower root penetration in deep tillage might be due 
to more organic matter, less soil bulk density and higher total soil porosity. 
The loose soil might be easily compressed than zero tillage soil which 
resulted in lower root penetration resistance values. The higher penetration 
resistance in control plot could be due to less organic matter, harder soil 
surface and less moisture content in the soil. These results are in close 
agreement with those of Amézquita et al. (2) who reported that poultry 
manure application lowered down the root penetration resistance. 

Grain yield (g/m2)

During the year 2010 and 2011, a significant difference of tilled and no tilled 
plots was observed in grain yield. Higher grain yield in 2010 was recorded in 
deep tillage sown maize crop (945.8 g/m2) followed by conventional sown 
crop (887.4 g) which was statistically similar with those of minimum tilled field 
(856.7 g) (Table 3). During 2011, almost similar trend was recorded (Table 
3). Higher grain yield in tilled field might be due to higher moisture availability 
and frequent availability of nutrients which helped the seed to become fatty 
and bold in size compared to no tilled soil. These findings are in contradiction
with those of Zorita (32) who noted that higher grain yield trend was shifted 
from deep tillage to zero tillage sown crop while Khan et al. (20) concluded 
that deep tillage grown maize produced heavier grain weight as compared to 
conventional and zero tillage practices which produced the light grains. 
According to Ghuman and Sur (14), no-tillage maize yielded less than 
conventional tillage. These results are also in contradiction with those of 
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Husnain et al. (16) who reported that zero tillage gave higher yield in wheat 
as compared to tilled soil. However, it could be due to difference in climatic 
and soil conditions. 

With regards to poultry manure treatments significantly maximum grain yield 
was obtained during the year 2010 in 10 Mg  poultry manure plot (912.2 g) 
followed by 5 Mg plot (887.1 g). Lower grain yield (664.4 g) was recorded in 
control where only inorganic fertilizer was applied. Similar trend was noted 
during the year 2011 where significantly heavier grains were noted in 10 Mg, 
than 5 Mg poultry manure and control plot (Table 3). This might be due to 
more crop growth rate, higher leaf area index, more number of leaves with 
rich green colour showing more chlorophyll contents which resulted in more 
light interception and supported more formation of plant carbohydrates 
towards the seed of plants. Poultry manure treated plots may hold more 
water than control and more water available for respiration, evaporation and 
photosynthesis. Ayoola and Makinde (6) obtained higher grain yield in poultry 
manure plots and lower in synthetic fertilizer and control plots. Garg and 
Bahla (13) reported that higher grain yield with increased poultry manure 
could be due to balanced nutrients supply throughout the growth and 
development stages of plant. Seasonal effect might be due to difference in 
climatic conditions of both years as the higher mean monthly temperature 
was recorded in 2011 as compared to 2010 while the rainfall was more in 
2011 during crop grown season. 

CONCLUSION

The study concludes that deep tillage and poultry manure @ 10 Mg per 
hectare significantly improved the soil physical properties, crop root 
penetration resistance and maize crop grain yield. So poultry manure should 
be used alongwith the synthetic fertilizers to sustain the soil fertility and 
productivity where the poultry manure is available. 
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