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Effects of sub-soiling on soil physical quality and corn yield
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Abstract: Soil compaction and water scarcity are two major issues concerning agricultural production in North China
Plain. In order to increase the utilization of natural rainfall in the dry farmland in the semi- arid area, break up plough pan,
achieve the purpose of water conservation and increase the crop production. The effects of two treatments, i.e. sub-soiling
and local rotary tillage on soil physical properties and yield of maize were compared in Jining from 2011 to 2013. The
experiment was designed as a randomized complete block and ANOVA was used to assess the treatment effects. The
results showed that: Except the surface soil layer (0-15 cm), the values of soil bulk density and penetration resistance are
significantly (P<0.05) lower than those of rotary tillage during all growth period, especially during silking stage. What’s
more, the values of water content of sub-soiling at 25-35 cm soil layer were significantly (P<0.05) higher than those of
rotary tillage by 9.45% (2012) and 8.64% (2013) during siliking stage. However, maize yield is significantly (P<0.05)
increased by 6.08%-7.23% while the effect of thousand seed mass is closing between two treatments. In conclusion, this
experiment has important value in extending sub-soiling management practices which may be a more sustainable
approach to farming in North China Plain.
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0 Introduction

In recent years, soil compaction resulting from
farm machinery below the normal tillage depth
presents a unique problem. Nacem Ahmad et al. ')
pointed out that compaction was caused by the use of
heavy machinery, pressure from wheels, tillage
equipment and ploughing at the same depth for many
years. Many studies showed that wheel traffic of
normal farming operations could compact the soil to a
45-50cm depth !, For example, Satendra Kumar et al.
concluded that intense mechanization involving traffic
of heavy machinery could deteriorate soil physical
condition to compact the soil to 30 cm depth®..
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The main objective in agriculture production, so
far, focused mostly on the increase of yield and
production . However, soil compaction has long
been known to cause root restriction and yield
reduction in many crops™. In the west Rolling
Pampas region of Argentina, Botta et al. [6] reported
subsoil compaction caused changes to the root system
that affected shoot growth and crop yields, and
Abu-Hamdeh!” found corn yield was reduced by
26.8% and 14.5% in 2000 and 2001 as a result of
compaction loads.

The reasons that variables measured in this
experiment were bulk density, penetration resistance,
water content and maize yield can be listed as follows.
Compaction can result in the changes of soil
parameters such as increased bulk density, water
storage capacity and impedes of root penetration ).
Berissolg](2012) found the measurements of penetration
resistance and bulk density clearly showed the
persistence of subsoil compaction, and the level of soil
compaction increases as the maximum bulk density
attains a higher level and at a lower water content
level.

With a given soil, soil bulk density is described
to affect the soil structural conditions, such as soil
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moisture and particle-size”. In addition, many

researchers suggested bulk densities from 1.3 to
1.7 mg/m’ may limit root growth and decrease plant
yield"?. Haytham''" thought that in most soil layers,
tillage practice can improve bulk density and cone
index in the order: ZT>RT>MT>CT (zero tillage, ZT;
reservoir tillage, RT; minimum tillage, MT; and
conventional tillage, CT).

Penetrometers have been a widely used technique
to measure the soil resistance and developed for
determining soil properties in the fields . What’s
more, the data provided can be analyzed easily. It has
been suggested by many researchers that high
penetration resistance may limit root growth, thus
decreasing plant yield. Through the data of rotating
penetrometer, it can be suggested that relatively moist
soils (matric potential as high as -100 kPa) can provide
high mechanical impedance to root elongation[l3], and
low soil strength (0.5 to 0.8 kPa) in the loosened zone
provided an impedance free zone for the root to
proliferate[m]. Bengough and Mullins [13] reported that
the maximum axial pressure that a root can exert is
between 0.9 MPa and 1.3 MPa, whereas root elongation
stops in soil with penetrometer resistance of 0.8-5.0 MPa
depending on plant species and soil types. In addition,
Materechera''® had been measured soil penetrometer
resistance in the profiles of four adjacent fields with
maximum penetrometer resistance over 14 years and
found that the unploughed and untrafficked soil
profile had the largest soil water content and the least
penetrometer resistance.

Some studies showed that sub-soiling can be
used to remove a compacted layer if yield is limited
due to compaction. Many experiments have been done
to explore how sub-soiling effects soil physical quality
and yield over the world. Subsoil tillage is suggested
as adverse soil compaction that results in improved
conditions for crop growth, which can increase water
holding capacity, crop production and decrease the
impedance to root penetration'*. For instance,
Michael"™® found that increased soil moisture and
temperature is related to more rapid movement of
water which is determined by subsoil tillage. It
suggested that subsoil tillage may be useful in
alleviating compacted subsoil layers. If compaction
problem are not evident, sub-soiling does not result in
better yields or better soil moisture availability and
tractor traffic of machinery in secondary tillage may
cause soil compaction!'”).

In North China, shallow plough layer, solid
plough pan and low soil productivity resulted from the
application of rotary tillage in successive years and
the problem has generated an interest in the possible

benefits that could be obtained from a deep tillage
such as sub-soiling. This study was conducted to
explore the effects of sub-soiling on soil physical
properties such as bulk density, penetration resistance
and water content and to evaluate effects on maize
yield compared with rotary tillage. The objective of
the study is to find whether sub-soiling is a more
suitable method in North China Plain.

1 Materials and Methods

1.1 Experimental Site

This study (2011-2013) was carried out in
Shandong Province, which has a temperate and
monsoonal climate with four clearly distinct seasons.
The weather conditions such as the average annual
precipitation and average annual accumulative
temperature are summarized in Table 1.

Tabel 1 Meteorological factors at the site of experiment area

Characteristics Value
Average annual precipitation/mm 707.1
Average annual accumulative temperature/C 5076.7
Average annual sunshine hours/hr 2 406.8
Growth period precipitation/mm 435
Growth period accumulative temperature/C 2630
Growth period sunshine time/hr 850

The experimental site was located in Jining City
(34°25'-35°55'N and 115°54'-117°06'E) which is 38m
above sea level in North China. Soil samples were
collected at the depth of 0-30 cm to determine soil
type which was classified as a yellow cinnamon soil.
Some soil chemical properties of the experimental site
before test are shown in Table 2.

Tabel 2 Some soil chemical properties of experiment site

Characteristics Value
Soil type yellow cinnamon soil
Organic matter content/% 1.35
Total N/(mgkg™) 850
Total P/(mg-kg™) 700
Total potassium/(mg-kg™) 18 570
pH value 7.01

1.2 Experimental method

The experiment was conducted with two
treatments as follows, (T1): sub-soiling + flat planting,
and (T2): ordinary rotary tillage + flat planting.
According to Wang et al."” subsoiling depth should
be in the range 20-30 cm, therefore working depth of
subsoiler in the T1 treatment was more than the
determined critical depth was 30 cm. Working depth
of ordinary rotary tillage in the T2 treatment was
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15 cm. Deep-digging machine was used for experiment
in maize planting area.

The experiment was carried out in randomized
complete block design and replicated in two blocks.
Each plot was 12 m wide and 160 m long with an inter
row spacing of 0.6 m distance. All field operations
(planting, spraying, harvesting, etc.) were done on a
regular schedule as permitted by weather conditions.
Corn was planted in the experiment field after the soil
was tilled. After emergence of seedling, the plant rows
were harrowed with row harrower for fertilizing and
watering for all trails. Fertilizer amounts were
supplied based on soil fertilizer test.

1.3 Measured parameters
1.3.1 Bulk density (BK) and water content (WC)

Soil bulk density and water content were
determined on an oven-dry basis by the core method.
The undisturbed soil cores of 100 cm3, 5 cm diameter
were taken between rows from 0-15 cm, 15-25 ¢cm and
25-35 cm soil depth. Samples were transported to the
laboratory and then oven dried at 108°C for 8 hours to
determine dry-basis gravimetric soil water content and
bulk density.

1.3.2  Penetration resistance (PR)

Before tillage and after tillage, the penetration
resistance of soil was measured at random sites in
each plot, using a recorder penetrometer. This
instrument recorded the values at 5 cm increments
from soil surface to 35 cm deep; penetrometer had a
30° cone as angle and a base of diameter 11.28 mm.

1.3.3  Yield

Maize yields and thousand seed mass were
determined by manual harvesting, threshing and
air-drying grain to 14% moisture content from 20m
lengths of two rows taken randomly from each of the
replicated treatments.
1.3.4 Statistical analysis

Mean values were calculated for each of the
measured variables, and ANOVA was used to assess
the treatment effects. Statistical analyses were
conducted with SPSS 19.0.

2 Results and discussion

2.1 The effect of sub-soiling on soil properties
2.1.1 Bulk density (BD)

In 2011, the values of bulk density of T1 were
significantly higher than those of T2 at 0-15 cm soil
layer during seeding stage and silking stage. However,
T1 can significantly decrease bulk density values at
15-35 cm soil layer compared with T2 during all
growing stages, particularly in the 15-35 cm soil layer
where bulk density of T1 had decreased by 4.79%-
8.16%(2012) and 4.93%-6.58% (2013) in comparison
with T2. In addition, the highest percentage reduction
between two treatments was 8.16% at 15-25cm during
silking stage in 2012.

The gap of bulk density values between T1 and
T2 was rapidly closing, the reasons may the soil
sedimentation and rainfall during maize growing
stages.

Table 3 Mean bulk density at 0-35cm for T1 and T2 during different growing stages from 2011 to 2013

3

g-cm
Vear Treatments Seeding Stage/cm Silking Stage/cm Ripe Stage/cm
0-15 >15-25 >25-35 0-15 >15-25 >25-35 0-15 >15-25 >25-35
ol Tl 1.34° 1.41° 1.49° 1.35° 1.42° 1.50° 1.35° 1.46" 1.50°
T2 123 1.37° 1.50° 127° 1.39° 1.50°* 1.31° 1.42° 1.49*
o1 Tl 1.30° 135 1.42° 1.32° 1.35° 1.45° 1.34° 139 1.46°
T2 1.28° 1.44° 1.52° 1.33° 1.47° 153 1.35° 1.46° 1.55*
»013 Tl 127° 1.33° 1.37° 1.30 1.35° 1.42° 130 1.35° 1.41°
T2 1.26° 1.39° 1.46° 1.28° 1.44° 1.52 1.29° 1.42° 1.50*

Note: Values within a column in the same year followed by the same letters are not significantly different and letter b means significantly different at 0.05 level

(P<0.05). T1: sub-soiling + flat planting, and T2: ordinary rotary tillage + flat planting, the same as below.

2.1.2  Penetration resistance (PR)

As it can be seen from the Table4, T2 had lower
values of penetration resistance at 0-15 cm soil layer
during all growing stages compared with T2 in 2011.
However, the changes in PR were consistent with the
positive changes in bulk density during the next two
years. PR of T1 treatment had significantly (P<0.05)
decreased by 12.07%-21.78% in 2011 and 11.17%-
16.95% in 2012 at 15-35cm soil layer in comparison
with PR of T2. The highest percentage reduction was

21.78% at 25-35 cm during silking stage in 2012. These
results reflected that sub-soiling can break up hardpans.
2.1.3  Water content (WC)

Based on the statistical analyses, water content in
sub-soiling plots was lower than that of rotary tillage
at 0-15 cm soil layer during seeding stage, because
sub-soiling treatment easily lost soil water in shallow
soil layers at early stage. During the silking stage, it
was found that the water content of T1 at >25-35 cm
soil layer was significantly (P<0.05) higher than those
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of T2 by 9.45% (2012) and 8.64% (2013), which
indicated the effect of sub-soiling on moisture content
mainly at deep soil layer (>25-35 c¢m). In summary,

the use of subsoiler can rupture the hard pan and
facilitated precipitation infiltration and water storage
in the soil.

Table 4 Penetration resistance at 0-35 cm for T1 and T2 during different growing stages from 2011 to 2013

kPa

Year Treatments Seeding Stage/cm Silking Stage/cm Ripe Stage/cm
0-15 >15-25 >25-35 0-15 >15-25 >25-35 0-15 >15-25 >25-35
o1l Tl 20.04* 31.08° 39.86" 2272 32.58* 41.36" 27.54* 36.58" 4536
T2 16.92° 31.04° 41.98" 17.18° 32.44 42.60° 19.46° 31.77° 43 47°
o1 Tl 18.28" 28.71° 36.30° 20.07* 28.93° 37.31° 19.46" 31.77° 43 47°
T2 17.40° 32.65" 43.18" 19.08° 33.06° 47.70° 21.94° 37.26° 46.34*
2013 Tl 23.90° 30.78* 35.60° 25.06" 31.66° 36.06" 24.32° 29.42° 35.14°
T2 2224 35.00° 42.38" 25.70° 35.78* 43.42° 25.54° 33.12° 40.00°

Note: Values within a column in the same year followed by the same letters are not significantly different and letter » means significantly different at 0.05 level
(P<0.05). T1: sub-soiling + flat planting, and T2: ordinary rotary tillage + flat planting, the same as below.

Table 5 Water content at 0-35¢cm for T1 and T2 during different growing stages from 2011 to 2013

%

Year Treatments Seeding stage/cm Silking stage/cm Ripe stage/cm
0-15 >15-25 >25-35 0-15 >15-25 >25-35 0-15 >15-25 >25-35
2011 T1 17.80° 18.33° 20.33° 20.41° 19.85° 21.60° 19.20° 18.38° 19.35°
T2 17.21° 19.13* 20.84" 20.56" 20.49° 21.77° 18.16° 18.63° 19.42°
o1 Tl 16.96" 18.58° 20.08 12.03* 12.41° 14.71° 15.21° 17.11° 17.05*
T2 17.18" 17.76" 18.42° 12.16" 12.59° 13.44° 14.91° 16.15° 16.63"
2013 T1 18.99* 20.80° 21.88" 18.08" 19.86° 21.26° 15.09° 16.86° 17.84°
T2 19.16* 19.99° 20.80° 17.87° 18.81° 19.57° 15.18° 15.61° 17.10°

Note: Values within a column in the same year followed by the same letters are not significantly different and letter » means significantly different at 0.05 level
(P<0.05). T1: sub-soiling + flat planting, and T2: ordinary rotary tillage + flat planting.

2.2 The effect of sub-soiling on crop yield

The soil force of corn plants measured by corn
seed yield (Table6) was monitored from 2011 to 2013
at experimental fields. Treatments effects on thousand
seed mass were not significantly different and the
average increasing range was just about 2.35%.
Average maize yields under T1 were 2.08 kg/hm’
2.76 kg/hm® higher than under T2, which translated to
an average increment of 2.09%-2.55% from 2011 to
2013.The yield of T1 was found to be higher than that
of T2. Average maize yields from 2011 to 2013 under
T1 were 6.48% higher than under T2 treatments while
the highest increase amplitude was 7.27%.

Maize yield of the next year was observed to be
less than that recorded during the previous year, which
was attributed to SBPH (small brown plant hopper).

Table 6 Increasing range and percentage change on seed
yield between T1 and T2 from 2011 to 2013

3 Conclusions

The study conducted from 2011 to 2013
demonstrated that sub-soiling is associated with a
substantial improvement in soil properties and yields
in those areas affected by soil compaction resulting
from ploughing at the same depth in successive years
compared with rotary tillage. Data indicated that:

1) Compared with T2, T1 can significantly
(P<0.05) decrease bulk density and penetration
resistance values and the highest percentage reduction
was 8.16% (2012) at 15-25 cm and 21.78% (2012) at
25-35 cm soil layer during silking stage, respectively.
Sub-soiling can break up plough pan and decrease the
values of soil bulk density and penetration resistance
to a suitable level for crop growth.

2) The water content values of T1 at 25-35cm
soil layer was significantly (P<0.05) higher than those
of T2 by 9.01% (2012) and 8.01% (2013), which

Year 2011 2012 2013
2 indicated that sub-soiling can facilitate precipitation
T1/(kg'hm?) 36.29 45.97 40.73 ) i i .
, infiltration and water storage in the soil.
T2/(kghm® 3421 4333 37.97 L .
tkg b 3) No significant difference was found among
Increasing range 2.08 2.64 2.76 thousand seed mass within different treatments while
Percentage change/% 6.08 6.09 7.27 sub-soiling increased maize yield by 2.09%-2.55%

Note: T1: sub-soiling + flat planting, and T2: ordinary rotary tillage + flat
planting.

from 2011 to 2013.
4) Marked effects of sub-soiling were mainly at
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deep soil layer (25-35 cm) during silking stage. In
summary, sub-soiling may be a more suitable method
in North China Plain.
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