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1. Introduction

An adequate and balanced supply of moisture is essential for
plant growth. Moisture is constantly being taken up by plants
together with nutrients and is lost by transpiration. Inadequate
moisture coupled with transpiration decreased plant growth rate
and the final crop yield [1]. Water serves four general roles in
plants: it is the major constituent of the physiologically active tis-
sue; as a reagent in photosynthetic and hydrolytic processes; as a
solvent for salts, sugars and other solutes and it is essential for the
maintenance of turgidity necessary for cell enlargement and
growth [2]. In agricultural systems, soil and crop management
practices (crop rotation, residue management, the intensity and
frequency of tillage) produce long-term effects on soil quality
which may be detrimental or beneficial to our environment. For
instance, tillage can degrade soil quality by mechanically destroy-
ing soil aggregates and exposing protected soil organic to microbial
attack [3]. Compaction and tensile stresses during seedbed prepa-
ration drastically altered porosity and pore size distribution due to
change in soil volume. However, tillage mixes residue with the soil,
aiding decomposition of crop residue and native soil organic mat-
ter, thereby enhancing mineralization and release of nutrients [4].
Studies have shown that greater bulk density can be expected in
some soil types with no-till compared to plough-till practices [5].
Crusting is a soil surface characteristic that provides information
on soil strength or penetration resistance. Higher crust strength
has been reported to reduce soil water storage due to the reduction
of crust conductance and infiltration rates [6,7]. Tillage systems
create an ideal seedbed condition for plant emergence, develop-
ments and un-impeded root growth [8]. It is an essential manage-
ment technique that helps to control weeds and input that also
affects soil physical characteristics. However, changes in soil prop-
erties differ among management practices [9].

To efficiently handle the demand in agricultural food produc-
tion, soil physical properties must be managed adequately. The
main concern of soil physics in crop productivity is to preserve
suitable proportions between solid, liquid and gaseous phases
[10]. It was reported that soil physical properties affected by soil
tillage treatments, could influence the yields of crops [11]. For
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instance, soil compaction causes low porosity, reduced infiltration,
increase penetration resistance and limit root growth. Soil surface
roughness (configuration) influences wind and water erosion by
decreasing soil detachment and transport caused by erosion [12].
Low soil moisture content can make the cohesive force between
particles of soil to be very strong and a lot of energy is to overcome
this during tillage. However, with the higher soil moisture content,
the effectiveness of tillage equipment in the field is reduced [13]. In
a study at North Dakota, U.S.A, it was concluded that inconsisten-
cies observed in relative grain yield differences among tillage treat-
ments over a period of years were partly associated with
inconsistent differences in soil properties produced by given tillage
treatments from one year to another [14]. The authors concluded
that the observed inconsistencies were likely to be associated with
the presence of soil water at the time of tillage distribution and dif-
ferences in soil temperature.

The major contributing factor to the increasing rate of soil
degradation in African countries is due to tillage being carried
out at inappropriate soil moisture contents. Tillage induced soil
compaction is becoming a growing ecological concern because of
the steady increase in the weight of machineries used in agricul-
ture. Moreover, soil properties are not considered in purchasing
these equipment. This problem is exacerbated by carrying out til-
lage operations under unfavourable moisture conditions. In Nige-
ria, no conscious effort has been made to evaluate the
appropriate soil moisture conditions for the tillage of bench mark
agricultural soils. This study is therefore expected to determine
maize yield and soil properties changes resulting from tillage oper-
ations carried out at different soil moisture conditions. It is with
the view to establishing the optimum range of moisture contents
for the cultivation of the selected Alfisol in Ile-Ife area, Nigeria.

2. Materials and methods
2.1. The study area

The field experiment was conducted at Obafemi Awolowo
University Teaching and Research Farm (O.A.U.T. & RF.), Ile-Ife,
Nigeria. The coordinates of the location ranged from latitude 7°
33.308'N to 7° 33.267'N and longitude 4° 33.466'E to 4° 33.446'E.
Average annual rainfall is about 1400 mm which is bimodally
distributed with peaks in June and September. Average daily
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insolation is 19.2 MJm~2d~! while average monthly value for
humidity, maximum temperature, minimum temperature, sun-
shine hour, potential evapotranspiration (PET), wind speed were
73.8%,30.7 °C, 27 °C, 6.6 h, 436 mm d~' and 114.6 km d~!, respec-
tively [15]

The soils at the experimental site were derived from coarse
grained granite and gneisses and classified as Iwo series and as
Alfisol [16]. The site was located on a 1-3% slope. The soil is
well-drained with the surface texture varying from sandy loam
to loamy sand.

2.2. Experimental layout

The experimental field which was 0.6 ha in size was laid out in a
randomized complete block design. The treatment consisted of
plots that were ploughed at moisture contents (gg~!) of 13%
(MCy), 14% (MGC3), 16% (MCy) and 19% (MC;) and no-tillage plot.
The no-tillage plots were sprayed with glyphosate herbicide to
control weeds. The treatments (soil moisture contents) were mon-
itored with the use of a TDR 300 (Specmeters, Pullman, USA)
weekly. The experimental field was planted to maize in the early
seasons of 2008 and repeated in early season 2009 (May-June)

2.3. Field study

Changes in field soil moisture content was monitored within
crop rows weekly to a depth of 15 cm. Ten readings were taken
randomly within each treatment plot. Saturated hydraulic conduc-
tivities were measured using a Guelph Permeameter. Three soil
hydraulic conductivities measurements were taken fortnightly at
randomly selected positions within each experimental plot for
3 months during the cropping season to the depth of 15cm. A
dynamic Cone Penetrometer (UK DCP 2.2) with 20 mm cone diam-
eter and 60° angle was used to measure the soil strength. Ten soil
crust strength measurement were taken at randomly selected posi-
tions fortnightly for 3 months during 2008 and 2009 cropping sea-
son. Penetrometer readings to 50 cm soil depth were taken at
random from each experimental plot and the average computed.
The hammer of the instrument was raised to height of 50 cm
before release to make the cone penetrate into the soil. Several
blows were made until the depth of 50 cm was reached. The depth
of penetration following each blow was read on the meter rule and
recorded. Soil samples were collected from each plot using a
71.30 cm?® volume cylindrical steel core sampler for bulk density
determination. The total dry shelled weight maize from each plot
was determined after harvested.

2.4. Laboratory analysis
At 4 and 8 weeks after planting for each cropping season, undis-

turbed soil cores were taken within crop rows for determination of
bulk density (BD). The soil cores were put in an oven and dried at
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105 °C to a constant weight. Bulk density of the soil was calculated
as the mass of dry soil divided by the core ring volume. Particle size
analysis was determined by the modified Bouyoucos hydrometer
method [17].

2.5. Statistical analysis

The data were subjected to correlation and analysis of variance
(ANOVA). Significant treatments differences were obtained using
Duncan’s Multiple Range Test (DMRT) to determine the effect of
moisture content at tillage on selected soil physical properties
and maize crop yield. Effects were considered significant in all sta-
tistical analysis for P values <0.05

3. Results
3.1. Soil textural composition

The data on textural composition of the soil are presented in
Table 1. Soil textural composition within 0-15 cm and 15-30 cm
soil depth ranged from sandy loam to loamy sand. The textures
of the soils were sufficiently homogenous, and hence may not con-
tribute to variations in the experimental units.

3.2. Bulk density (BD), soil crust strength and saturated hydraulic
conductivity

Soil surface (0-15cm) BD data measured between the crop
rows (inter-row) is presented in Table 2. This shows that soil BD
was not significantly affected by the tillage methods during both
years of cropping. Soil crust strength is an important soil physical
characteristic that provides information on ability to allow water
movement. The temporal variations in soil crust strength with dif-
ferent moisture content at tillage during cropping season are
shown in Fig. 1. There were significant differences (P < 0.05) in
the crust strength at 5, 15 and 40 cm soil depths among the treat-
ments. The no-tillage plots (Control) had the highest crust strength
(0-15 cm depth) value of 1.84 x 1073 MPa (P < 0.05) while the
plots tilled at 14% moisture content (MC;) had the least value at
0-5 cm soil depth. The order of increase in soil penetrometer resis-
tance was C> MC; > MC4 > MC3 > MC,. The soil strength for MCy
(2.97 x 103 MPa) at 10-15 cm soil depth, was 89.17% significantly
higher than MCs (1.57 x 1073 MPa) (Table 3).

The higher values of soil strength recorded for conventional til-
lage systems when compared with zero tillage system at this soil
depth might be due to soil compaction because of continuous
use of heavy machinery on the former. The crust strength for no til-
lage plot (6.93 x 1072 MPa) was 87.59% significantly lower than
MC, (13.00 x 1073 MPa) at soil depth between 40 and 50 cm. The
order of increase was MC4 > MC, > MC3 > MC; > C. The saturated
hydraulic conductivity (Ks) at the soil surface (0-15 cm) showed

Table 1
Textural composition of surface and sub-surface soils.
Treatments 0-15cm 15-30 cm
Sand Silt Clay Texture Sand Silt Clay Texture
g/kg g/kg
C 700 210 90 SL 680 250 70 SL
MC; 770 160 70 SL 740 220 40 LS
MC, 750 180 70 SL 710 230 60 SL
MC; 780 170 50 LS 770 200 30 LS
MCy 780 140 80 LS 710 220 70 SL

S L=Sandy Loam, LS = Loamy Sand.

Where, C = control, MC;, MC,, MC; and MC,4 are 19, 16, 14 and 13% moisture contents respectively.



Download English Version:

https://daneshyari.com/en/article/6952369

Download Persian Version:

https://daneshyari.com/article/6952369

Daneshyari.com


https://daneshyari.com/en/article/6952369
https://daneshyari.com/article/6952369
https://daneshyari.com

