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ABSTRACT

A study was conducted on the effect of two single practices, including soil tillage and returning straw to soil, and
their interaction on soil porosity of maize-wheat cropping system. Field experiments involved four tillage practi-
ces, including conventional tillage (C), zero-tillage (Z), harrow-tillage (H) and subsoil-tillage (S), with straw absent
(A) or straw present (P). Total porosity, capillary porosity and non-capillary porosity of soil were investigated. The
results showed that the soil total porosity of 0—10 soil layer was mostly affected; conventional tillage can increase
the capillary porosity of soil, but the non-capillary porosity of S was the highest. Returning of straw can increase the
porosity of soil. Through the analysis of affecting force, it can be concluded that interaction of soil tillage and straw
is the most important factor to soil porosity, while the controlling factor to non-capillary porosity was soil tillage

treatment.
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In northern China, growing of maize (Zea
mays L.) and wheat (Triticum aestivum) as two
crops a year is the dominating cropping system (Yu
et al. 2006, Quangi et al. 2008). Conventional soil
management practices resulted in losses of soil,
water and nutrients in the field, and degraded the
soil with low organic matter content and a fragile
physical structure, which in turn led to low crop
yields and low water and fertilizer use efficiency
(Wang et al. 2007). Therefore, scientists and policy
makers put emphasis on conservation tillage sys-
tems (Lal 2002). Compared to conventional till-
age, there are several benefits from conservation
tillage such as economic benefits by labor, cost
and time saved, erosion protection, soil and water
conservation, and increases of soil organic matter
(Uri et al. 1998, Wang and Gao 2004). Hence, the
Chinese Ministry of Agriculture formulated a plan
for promoting a widespread application of conser-

vation tillage in northern China. Demonstration
areas covered 130 thousand km? in 2003 and are
expected to reach 0.10 million km? in 2015 (Wang
et al. 2007).

Soil porosity characteristics are closely related to
soil physical behavior, root penetration and water
movement (Pagliai and Vignozzi 2002, Sasal et al.
2006). Porosity characteristics differ among tillage
systems (Benjamin 1993) and nowadays, study on
the soil porosity of different tillage treatment is
one of the hotspots in tillage research. Previous
researches showed that straw returning could
increase the total porosity of soil (Lal et al. 1980)
while minimal and no tillage would decrease the
soil porosity for aeration, but increase the capillary
porosity; as a result, it enhances the water capacity
of soil along with bad aeration of soil (Wang et al.
1994, Glab and Kulig 2008). However, Borresen
(1999) found that the effects of tillage and straw
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treatments on the total porosity and porosity size
distribution were not significant. Nevertheless,
Allen et al. (1997) indicated that minimal tillage
could increase the quantity of big porosity. In
previous studies the effects of conservation tillage
were studied as a whole, the independent effect
and interaction of tillage and straw returning could
not be divided, which limited the further study to
know the real mechanism of conservation tillage.
Based on these questions, this article was carried
out to study the independent effect and interac-
tion of tillage and straw to soil porosity and its
components in maize-wheat cropping system.

MATERIAL AND METHODS

Experiment design. The experiment was car-
ried out in the Experiment Farm of Shandong
Agricultural University from 2004 to 2006. The
soil of the study area is classified as Cambisols with
thick soil layer, containing 12.4 g/kg organic matter,
1.1 g/kg total N, 101.3 mg/kg alkali-hydrolyzable
N (determined by the Olsen method), 5.2 mg/kg
available P (determined by the Olsen method) in the
topsoils. The cropping system was wheat (Triticum
aestivum L.) — maize (Zea mays L.) as two crops
a year, with wheat cultivars of Jimai20 and maize
cultivars of Zhengdan958. The wheat was sown on
October 8, 2004 with the sowing rate of 90 kg/ha
and row spacing of 20 cm, and harvested on June 10,
2005. The maize was sown on June 15, 2005 after
the harvest of wheat with the density of 6.66 x 10°
plants/ha, and harvested on October 2, 2005. Then,
the second wheat was sown on October 14, 2005
with the sowing rate of 105 kg/ha, and harvested on
June 10, 2006. The second maize was sown on June
13, 2006 after the harvest of wheat with the same
density as in 2005, and harvested on October 5,
2006. For wheat, 160 kg N/ha, 66 kg P/ha, 87.2 g
K/ha were used as base fertilizers, and all the treat-
ment was irrigated with 160 mm and 80 kg N/ha
was applied at the jointing stage. For maize, 120 kg
N/ha and 52.8 kg P/ha were used as base fertilizers,
and 120 kg N/ha was applied to the treatment at
the male tetrad stage.

The experiments were conducted in triplicate,
using randomized block design of two factors. The
plot area was 15 m x 8 m. Straw treatments were
straw absent (A) or straw present (P) to the field;
the tillage treatments were conventional tillage (C),
zero-tillage (Z), harrow-tillage (H) and subsoil-
tillage (S). The field working procedures of each
treatment was as follows:
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Zero tillage (Z): maize harvest — straw out of
field or crushed to cover the surface of soil — sow-
ing wheat — wheat harvest with straw crushed to
cover the surface of soil — sowing maize.

Harrow-tillage (H): maize harvest — straw out
of field or crushed to cover the surface of soil —
harrowing with nick rake — sowing wheat — wheat
harvest with straw crushed to cover the surface
of soil — sowing maize.

Subsoil-tillage (S): maize harvest — straw out
of field or crushed to cover the surface of soil —
deep loosening with subsoiler — sowing wheat
— wheat harvest with straw crushed to cover the
surface of soil — sowing maize.

Conventional tillage (C): maize harvest — straw
out of field or crushed to cover the surface of soil
— stubble cleaning with nick rake — plowing —
rotary tilling — sowing wheat — wheat harvest
with straw crushed to cover the surface of soil —
sowing maize.

The depth of H, S and C was 12—-15 cm, 40-45 cm
and 20-25 cm, respectively. Straw returning was
carried out at the stages of wheat harvest and
maize harvest. The straw of wheat was all crushed
to cover the surface of soil; the straw of maize un-
der Z treatment was crushed to cover the surface
of soil, while that of other treatments was mixed
with the top soil.

Soil porosity determination. Undisturbed soil
cores at different soil depths of each treatment
were taken by a steel cylindrical ring of 100 cm?
volume with three replicates to determine total
porosity, capillary porosity and non-capillary
porosity of soil by the core method (Huang et
al. 2005).

Data calculations and statistics. The independ-
ent effects of tillage and straw and their interaction
were calculated adopting following formula:

square sum of tillage

Effect of tillage (%) = x 100

total square sum

square sum of straw
Effect of straw (%) = x 100
total square sum

. square sum staw x tillage
Interaction (%) = x 100
total square sum

Statistical analyses of data were performed using
the analysis of variance (ANOVA) in the General
Linear Model procedure of SPSS (SPSS Inc, 1999).
Differences between treatments were considered
significant if P < 0.05.
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Figure 1. Annual changes of total soil porosity in 0—10 cm layer under different treatments. Z, H, S, and C stand

for zero-tillage, harrow-tillage, subsoil-tillage and conventional tillage, respectively; and A and P stand for absent

straw and present straw returning to the field

RESULTS AND DISCUSSION

Annual changes of soil total porosity under
conservation tillage. The annual change of soil
total porosity under conservation tillage in 0-10 cm
soil layer was in a great fluctuation with two ob-
vious inflexions. The first inflexion appeared at
wheat overwintering period (06-1-4), the maxi-
mum porosities of H, S and C were found, and the
porosities were C > H > S (Figure 1). However, the
changes of porosities of AZ and PZ were reverse to
the other treatments, with AZ by 2.1% and PZ by
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1.3% lower than those before sowing. The second
inflexion appeared at the harvest of wheat, when
the porosities of all treatments were lowest. As for
the average of treatment with and without straw
returning, the soil porosity of harrow tillage was
the highest, while that of zero tillage was lowest;
the permeability of harrow tillage was therefore
better than the other tillage treatments.

Figure 2 showed that, the change trends of soil
porosity of AC and PC treatments in 10-20 cm
soil layer gave a single peak curve, which reached
maximum before tillage and then decreased. The
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Figure 2. Annual changes of total soil porosity in 10-20 cm layer under different treatments. Z, H, S, and C

stand for zero-tillage, harrow-tillage, subsoil-tillage and conventional tillage, respectively; and A and P stand

for absent straw and present straw returning to the field
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Figure 3. Annual changes of total soil porosity in 20-40 cm layer under different treatments. Z, H, S, and C
stand for zero-tillage, harrow-tillage, subsoil-tillage and conventional tillage, respectively; and A and P stand
for absent straw and present straw returning to the field

trends of H and S showed an ‘M’ type curve, the yearly average, as the depth and intensity of each
first peak appeared at overwintering period and tillage treatment was different, the soil porosities
the second peak of AH, PH and AS appeared at ranked H > S > C > Z. Moreover, straw returning
wheat harvest, while the second peak of PS ap- increased the total porosity in 10-20 c¢m soil layer
peared at anthesis stage of wheat. Judged from the  of the treatments of H, S and C.

Table 1. Soil capillary porosity in different conservation tillage practice (%)

Soil layer (cm)

Treatment

0-10 10-20 20-40
Zero-tillage with straw absent 38.85°¢ 36.19P 29.174
Zero-tillage with straw present 38.93¢ 34.72¢ 33.40b
Harrow-tillage with straw absent 41.52P 35.08¢ 31.23¢
Harrow-tillage with straw present 42.892 37.992 33.17b
Subsoil-tillage with straw absent 31.894 36.82P 33.24b
Subsoil-tillage with straw present 40.45b¢ 30.124 20.70°
Conventional tillage with straw absent 32.004 34.56¢ 34.362
Conventional tillage with straw present 33.064 32.794 18.43¢
Effects (%)
Block 0.13 0.80 0.28
Tillage 22.49* 29.24* 22.96*
Straw 42.26* 13.95*% 19.34
Straw x tillage 33.72* 52.29% 56.94*
Error 1.40 3.72 0.48

Small letter and * after the data were showed different at 5% level. The analysis of variance of data was conducted
between the annual average soil capillary porosity
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Table 2. Soil non-capillary porosity in different conservation tillage practice (%)

Depth of soil (cm)

Treatment

0-10 10-20 20-40
Zero-tillage with straw absent 8.36¢ 6.51¢ 8.87¢
Zero-tillage with straw present 8.72¢ 8.204 3.87¢
Harrow-tillage with straw absent 6.264 11.03P 6.844
Harrow-tillage with straw present 6.294 9.28¢d 4.77¢
Subsoil-tillage with straw absent 7.284 8.49%d 9.01¢
Subsoil-tillage with straw present 15.832 15.492 20.792
Conventional tillage with straw absent 6.374 9.73¢ 3.59¢
Conventional tillage with straw present 13.72b 12.10° 20.00P
Effects (%)
Block 4.54 3.46 7.85
Tillage 41.86* 47.73* 33.22%
Straw 18.35* 8.63% 16.56
Straw x tillage 25.49* 24.50* 38.08
Error 9.76 15.68 4.30

Small letter and *after the data were showed different at 5% level. The analysis of variance of data was conducted

between the annual average soil capillary porosity

The soil layer of 20-40 cm was less disturbed
than the above layers, only S and C could affect
the soil of this depth (Figure 3). The soil porosity
of S reached a peak at overwintering period and
then decreased. The soil porosity of C increased
at overwintering period, which could be affected
with straw returning. The soil porosities of H and
Z fluctuated. In four tillage treatments, the effects
of straw returning were not significant. Overall,
the soil porosity of 20-40 cm soil layer was S >
C>H>Z.

Wang et al. (1994) reported that conservation
tillage can obviously affect soil porosity in 0—10 cm
soil layer, increase the porosity of soil in the stage
from wheat sowing to overwintering period, but
loosen the soil by autumn tillage. Similar finding
was reported by Zhang et al. (2003) where the soil
porosity of conventional tillage was higher than
the other treatments after tillage in autumn. The
soil deeper than 10 cm was untouched in zero
tillage, so the soil porosity had a decreasing trend
(Grzegorz et al. 2001). The results of this study
showed that the effect of straw on soil porosity
was related to the depth of processed soil; in the
touched soil, the porosity was increased by straw
returning. Straw returning thus increased the soil
porosity of zero tillage in 0—10 cm soil layer, while
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the other tillage modes increased the soil porosity
in 0-20 cm soil layer, without an obvious effect to
other soil layers, which corresponded to previous
studies (Gomez 2001, Liu et al. 2005).

Effects of conservation tillage on soil capil-
lary porosity. Table 1 shows the situation of soil
capillary porosity at the harvest of maize in 2006.
In 0—10 cm soil layer without straw returning, the
soil capillary porosities were AH > AZ > AC > AS;
that of AH was by 6.87%, 29.75% and 30.2% higher
than AZ, AC and AS, respectively. With straw
returning, the soil capillary porosities of PH, PS
and PZ were 29.7%, 22.4% and 17.8% higher than
that of PC, respectively. The results of multiple
comparisons of tillage treatments showed that soil
capillary porosities of H, S and Z were by 29.7%,
19.6% and 11.2% higher than that of C, respec-
tively. Soil capillary porosity of treatments with
straw returning was on average by 7.7% higher
than those without straw returning.

In 10-20 cm soil layer, soil capillary porosity
of AZ, AH and AS was by 4.7%, 1.5% and 6.5%
higher than that of AC, respectively. With straw
returning, soil capillary porosity of PH was by
9.4%, 26.1% and 15.9% higher than that of PZ,
PS and PC, respectively. The results of multiple
comparisons of tillage treatments showed that the
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soil capillary porosity of S and Z was by 8.5% and
5.3% higher than that of C, respectively.

In 20-40 cm soil layer, soil capillary porosity
of AZ was by 6.6%, 12.2% and 15.1% lower than
those of AH, AS and AC, respectively. Soil capil-
lary porosity of treatments with straw returning
was on average by 17.4% lower than that without
straw returning, which was mostly due to multiple
coming of machine come into field.

Affecting force analysis showed that the affecting
force of straw to soil capillary porosity was 42.26%
in 0—20 cm, which was the main controlling factor.
In 20-40 cm soil layer the main controlling factor
was, however, interaction of tillage and straw.

Soil capillary porosity of harrowing was higher
than at conventional tillage and zero tillage, mainly
because harrowing increased the permeability
and mostly maintained the original porosities in
deeper soil layer only by mixing the soil with straw
in 0-10 cm. But conventional tillage overturns
the soil layer, which breaks the structure of soil
and as a result, decreases the permeability of soil
(Kribaa et al. 2001). As for zero tillage, the capillary
porosity was decreased because of the higher soil
bulk density (Zhang et al. 2006). Li et al. (2008)
reported that straw returning could increase the
capillary porosity of soil, which was benefit for
water maintained in soil. And conversion from
conventional tillage to conservation tillage usually
increases available water capacity and infiltration
rate (McGarry et al. 2000).

Effects of conservation tillage on soil non-
capillary porosity. In 0—10 cm soil layer, soil non-
capillary porosity of AZ was by 33.5%, 14.8% and
31.2% higher than AH, AS and AC, respectively
(Table 2). With straw returning, soil non-capillary
porosity of PS was by 76.4%, 151.2% and 12.2%
higher than that of PZ, PH and PC, respectively.
Multiple comparisons of tillage treatments showed
that soil non-capillary porosity of S was by 35.3%,
14.8% and 15.0% higher than that of Z, H and C,
respectively. And soil non-capillary porosity of
treatments with straw returning was on average
by 57.6% higher than that without straw returning.
The affecting force of straw, tillage and straw x
tillage was related to soil non-capillary porosity
at 0.05 levels.

In 10-20 cm soil layer, soil non-capillary poros-
ity of AH was by 69.4%, 29.9% and 13.4% higher
than that of AZ, AS and AC, respectively. With
straw returning, soil non-capillary porosity of PS
was on average by 57.1% higher than that of the
other treatments. Soil non-capillary porosity of
Z was lower than other tillage treatments. Straw
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returning increased soil non-capillary porosity of
Z, S and C by 26.0%, 82.4% and 24.4%, respectively.
But soil non-capillary porosity of H was decreased
by 15.9% with straw returning.

In 20-40 cm soil layer, soil non-capillary po-
rosity of Z and H was lower because it was less
disturbed by tillage. With straw returning, soil
non-capillary porosity of Z and H was decreased
by 129% and 43%, respectively. Straw returning
increased soil non-capillary porosity of Z and H
1.3 and 4.6 times, respectively.

It appears that tillage significantly affected soil
non-capillary porosity of 0-40 cm, the affecting
force of which was 40.9% of the total. But straw
returning only had obvious effect on 0-10 cm
soil layer. The straw x tillage was related to soil
non-capillary porosity in 0-20 cm soil layer, which
occupies 25.0% of the total, higher than the in-
dependent effect of straw. And the results were
also related to the process depth. The effect of
conservation tillage was to reduce the volume
fraction of large pores and to increase the volume
fraction of small pores relative to conventional
tillage (Bhattacharyya et al. 2008). Soil organic
matter was increased because of straw recycling,
which can increase soil porosity (Lal et al. 1980,
Blanco-Canqui and Lal 2007). The superiority
of conservation tillage is due to more effective
water storage and better rearrangement of pore
size classes.

To conclude, soil total porosity of 0-10 soil
layer was mostly affected, conventional tillage can
increase capillary porosity of soil, but non-capil-
lary porosity of S was the highest. Straw returning
can increase soil porosity. Affecting force analysis
showed that interaction of soil tillage and straw
were both important factors to soil porosity, while
the controlling factor to non-capillary porosity
was only soil tillage treatment.

REFERENCES

Allen M., Lachnicht S.L., McCartney D., Parmelee R.W.
(1997): Characteristics of macroporosity in a reduced
tillage agroecosystem with manipulated earthworm
populations: implications for infiltration and nutri-
ent transport. Soil Biology and Biochemistry, 29:
493-498.

Benjamin J.G. (1993): Tillage effects on near-surface
soil hydraulic properties. Soil and Tillage Research,
26: 277-288.

Bhattacharyya R., Kundu S., Pandey S.C., Singh K.P,,
Gupta H.S. (2008): Tillage and irrigation effects on

PLANT SOIL ENVIRON,, 55, 2009 (8): 327-333



crop yields and soil properties under the rice-wheat
system in the Indian Himalayas. Agricultural Water
Management, 95: 993-1002.

Blanco-Canqui H., Lal R. (2007): Soil structure and
organic carbon relationships following 10 years of
wheat straw management in no-till. Soil and Tillage
Research, 95: 240-254.

Borresen T. (1999): The effect of straw management
and reduced tillage on soil properties and crop yields
of spring-sown cereals on two loam soils in Norway.
Soil and Tillage Research, 51: 91-102.

Gtab T., Kulig B. (2008): Effect of mulch and tillage sys-
tem on soil porosity under wheat (Triticum aestivum).
Soil and Tillage Research, 99: 169-178.

Gomez E., Ferreras L., Toresani S., Ausilio A., Bisaro
V. (2001): Changes in some soil properties in a Vertic
Argiudoll under short-term conservation tillage. Soil
and Tillage Research, 61: 179-186.

Grzegorz J., Attila M., Alicja S.K. (2001): Changes of
surface, fine pore and variable charge properties of
a brown forest soil under various tillage practices.
Soil and Tillage Research, 59: 127-135.

Huang Y., Wang S.L., Feng Z.W., Wang H., Huang H.
(2005): Comparative study of selected soil properties
following introduction of broad-leaf trees into clear-
felled Chinese fir forest. Communications in Soil
Science and Plant Analysis, 36: 1385-1403.

Kribaa M., Hallaire V., Curmi P. (2001): Effect of various
cultivation methods on the structure and hydraulic
properties of a soil in a semi-arid climate. Soil and
Tillage Research, 60: 43—53.

Lal R., de Vleeschawer D., Nganje R.M. (1980): Changes
in properties of a newly cleared tropical alfisol as af-
fected by mulching. Soil Science Society of America
Journal, 44: 827-833.

Lal R. (2002): Soil carbon sequestration in China
through agricultural intensification, and restora-
tion of degraded and desertified eco-systems. Land
Degradation and Development, 13: 469-478.

Li EB., Niu Y.Z., Gao W.L., Liu J.G., Bian X.M. (2008):
Effects of tillage styles and straw return on soil
properties and crop yields in direct seeding of rice.
Chinese Journal of Soil Science, 39: 549-552. (In
Chinese)

Liu S.P,, Zhang H.C., Dai Q.G., Huo Z.Y., Xu K., Ruan
H.F. (2005): Effects of no-tillage plus inter-planting

and remaining straw on the field on cropland eco-
environment and wheat growth. Chinese Journal of
Applied Ecology, 16: 393-396. (In Chinese)

McGarry D, Bridge B.J., Radford R.J. (2000): Contrast-
ing soil physical properties after zero and traditional
tillage of an alluvial soil in the semi-arid subtropics.
Soil and Tillage Research, 53: 105-115.

Pagliai M., Vignozzi N. (2002): Soil pore system as an
indicator of soil quality. Advances in Geoecology,
35: 69-80.

Quangi L., Yuhai C., Mengyu L., Xunbo Z., Baodi D.,
Songlie Y. (2008): Water potential characteristics and
yield of summer maize in different planting patterns.
Plant, Soil and Environment, 54: 14—19.

Sasal M.C., Andriulo A.E., Taboada M.A. (2006): Soil
porosity characteristics and water movement under
zero tillage in silty soils in Argentinian Pampas. Soil
and Tillage Research, 87: 9-18.

Uri N.D., Atwood J.D., Sanabria J. (1998): The envi-
ronmental benefits and costs of conservation tillage.
Science of the Total Environment, 216: 13-32.

Wang D.W., Wen H.D. (1994): Effect of protective till-
age on soil pore space status and character of micro
morphological structure. Journal of Agricultural
University of Hebei, 17: 1-6. (In Chinese)

Wang X.B., Cai D.X., Perdok U.D., Hoogmoed W.B,,
Oenema O. (2007): Development in conservation
tillage in rainfed regions of North China. Soil and
Tillage Research, 93: 239-250.

Wang Z.C., Gao H.W. (2004): Conservation Tillage
and Sustainable Farming. Agricultural Science and
Technology Press, Beijing.

Yu Q., Saseendran S.A., Ma L., Flerchinger G.N., Green
T.R., Ahuja L.R. (2006): Modeling a wheat-maize
double cropping system in China using two plant
growth modules in RZWQM. Agricultural Systems,
89: 457-477.

Zhang H.L., Qin Y.D., Zhu W.S. (2003): Effects of till-
age on soil physical properties. Soil, 2: 140—144. (In
Chinese)

Zhang W., Hou L.B., Zhang B., Wen J., Wang G.]., Jiang
W.C., Jia Y. (2006): Effects of different cultivation ways
on soil physical capability in western semi arid area
of Liaoning province. Journal of Arid Land Resources
and Environment, 20: 149-153. (In Chinese)

Received on February 12, 2009

Corresponding author:

Prof. Dr. Li Zengjia, Shandong Agricultural University, Agronomy College, 271018 Tai’an Shandong, P.R. China

e-mail: lizj@sdau.edu.cn

PLANT SOIL ENVIRON,, 55, 2009 (8): 327-333

333



