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Abstract: A better understanding of soil carbon (C) distribution within aggregate fractions is essential
to evaluating the potential of no-till for sustaining productivity and protecting the environment. A meta-
analysis on 744 comparisons from 34 studies was conducted to determine the effects of three different
tillage treatments ( conventional mouldbould ploughing tillage ( CT), reduced tillage (RT) and no
tillage (NT) ) on water-stable aggregate size distribution, soil C concentration in aggregate fractions.
The meta-analysis indicates that compared with CT treatment, NT/RT significantly (P <0.05)
increases macro-aggregate above 20 cm by 20.9%-82.2% (>2.00 mm) and 5.9%-19.1% (0.25-
2.00 mm) , whereas NT/RT significantly reduces micro-aggregate and silt clay fractions above 20 cm.
NT/RT significantly (P <0.05) increases the SOC in macro-aggregate (>0.25 mm) and micro-
aggregate (<0.25 mm) size classes above 20 cm soil depth compared with CT. The results suggest that
soil sampling depth should be considered to evaluate the influence of tillage systems on the distribution
of soil aggregate, and the content of aggregate-associated C content.
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There has been an increased interest in the poten-
tials of soil carbon (C) sequestration in agricultural
fields with the the increased environmental changes.
The quantity and stabilization mechanisms of soil
organic carbon (SOC) related to soil aggregates are in-
fluenced by tillage practices'''. Soil aggregate stability
and SOC are key indicators for soil quality and environ-
mental sustainability in agro-ecosystems. Firstly, aggre-
decomposition and

gate formation influences the

turnover of SOC'*'. Tt has been reported that stable ag-

gregates can physically protect SOC against rapid de-
composition"*’. Secondly, SOC is considered to be the
primary binding agent responsible for improving aggre-
gate stability in micro-aggregates ( <250 mm ) and
macro-aggregates ( >250 mm)'*'. The SOC content in
the macro-aggregates is an indicator of the stability of
the aggregates and the retention or loss of C affected by
different management practices'’’. Since physical pro-
tection of soil aggregate-associated OC is recognized to

be one of the important SOC stabilization mechanisms'®' |
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a better understanding of soil C distribution within ag-
gregale fractions is essential to evaluating the potential
of conservation tillage for sustaining productivity and
protecting the environment. Averaged across all of the
soil depth, NT/RT significantly increased SOC in mac-
ro-aggregates size by 11.5% (>2.00 mm size class)
and 9.3% (0.25-2.00 mm size class) compared with
CT. An 8.3% higher in SOC in micro-aggregates was
also recorded in NT/RT than in CT treatment. No
difference was recorded in SOC in silt clay fraction and
bulk soil between CT and NT/RT treatment.

Previous studies on aggregates under conventional
tillage compared with no-tillage treatment have been
conducted'”’. For example, tillage has been reported to
decrease soil aggregation and mean weight diameter
due to the mechanical disruption of macro-aggregates
from frequent tillage operations and reduce aggregate
stability. Tillage management led to measurable changes
in SOC contents of organic-mineral fractions*'. Previous
research documented that conservation tillage practice
improved SOC and had a positive influence on
increasing soil aggregation, aggregate stability, and
soil C conservation compared with conventional tillage
systems ( CT ). In addition, improving aggregate
stability has the potential to increase resistance to ero-
sion, especially in reference to wind erosion'”.

Although many researchers have studied the im-
pacts of conservation tillage on soil aggregates and its
associated C content, little is known about the effects
of conservation tillage on soil aggregates and its asso-
ciated C content at a broad scale. Meta-analysis is an
effective method for integrating and comparing multiple
individual studies to get general conclusions''". Thus,
the purpose of this research is to ( | ) study soil aggre-
gation and the soil C distribution within aggregate frac-
tions under no-till (NT), reduced tillage (RT) and
conventional tillage systems ( CT); ( ji ) determine
how the impacts vary with soil sampling depth by ap-

plying meta-analysis method.

1 Materials and methods

1.1 Data collection
The ISI Web of Science and Google Scholar

(Google Inc., Mountain View, CA, USA) are used to
collect peer-reviewed articles published before 2015 in
which CT was compared with conservational tillage in-
cluding NT and RT. Key words applied for the search
included "tillage” and "soil aggregat”. As a result, a
total of 34 studies containing 744 comparisons were
collected.

Data shown in figure form were extracted using
Data Thief software ( Bas Tummer, Eindhoven, The
Netherlands ). The studies and number of comparisons
within each study that were included in the analysis as
well as associated information regarding location, crop,
duration, and tillage treatment are listed. Aggregation
size was grounded into the following classes; large
macro-aggregate ( >2 000 wm) , small macro-aggregate
(250-2 000 pm), micro-aggregate (53 -250 pm)
and silt clay fractions (<53 wm). Here RT mainly in-
cludes shallow chisel and rotary tillage. CT includes
the deep mould board plowing tillage methods.

1.2 Data analysis

For each study, all comparisons between aggre-
gate size distribution in CT and NT/RT systems were
separately included in our meta-analysis. As such,
multifactorial studies (i.e., those in which tillage treat-
ments were combined with other treatments in a
factorial design) and studies that reported results for
multiple years contributed more than one comparison to
our data set. For each comparison, the natural log re-
sponse ratio (In R) was applied to show the effect
size "

In R =In(Vyppe/Ver) s (1)
where V is the mean value in the NT/RT treatments
and R is the ratio of the mean percent of aggregate
size, SOC in aggregate, C storage in aggregate, and
mean weight diameter values under NT/RT and CT
treatments.

In this study, a nonparametric weighting function
was used because many data were provided without
standard errors. To avoid bias toward studies reporting
results for multiple years, the weight of each effect size
was calculated as

W= (nerXnygpe )/ (er g pe) (2)
where W, is the weight for the i" effect size, n is the

number of field replicates' '
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Mean effect sizes were calculated as

lnR=2(lnRini)/2(wi), (3)
where In R, is the effect size for percentage of aggregate
size and content of aggregate-associated C content from
the i" comparison. Mean effect sizes and 95% boot-
strapped CIs (4 999 iterations) were calculated using

MetaWin 2 software "

. To ease interpretation, the re-
sults for the analysis of In R were back-transformed,
and the percentage changes in percentage of aggregate
size and content of aggregate-associated C content were
reported as (R—1) x100%. Treatment effects were con-

sidered significant if the 95% CIs did not overlap zero'™*'.

2 Results

2.1 Effect of tillage systems on soil aggregate dis-
tribution

NT/RT significantly increased soil macro-
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aggregates above 20 cm by 20.9% -82.2% (>2.00
mm) and by 5.9% - 19.1% (0.25-2.00 mm)
compared with CT (Figs. la and b) , where S is effect
size , d is depth. However, no difference was found be-
low the 20 cm depth among tillage systems. When com-
pared to CT, NT/RT significantly reduced micro-
aggregate by 25.4% at 0—5 c¢m depth, by 16.3% at 0—
10 c¢m soil layer, by 7.4% at 0—20 cm soil depth.
However, no difference in percentage of micro-
aggregate among tillage systems was found below 20 cm
depth (Fig. 1¢). When compared with CT, NT/RT re-
duced silt clay fraction by 23.0% at 0 -5 cm soil
depth, by 25.3% at 0—10 cm soil layer, by 14.4% at
0-20 cm soil depth (Fig. 1d). This difference was not
recorded at 20—30 cm and 30-40 cm soil depths. Mo-
reover, a significant 34.8% reduction of silt clay
fraction in NT/RT treatment was also recorded at 40—

60 cm depth.
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Fig.1 Percent change in soil aggregation distribution at different soil depths

2.2 Effect of tillage on SOC in aggregation
Compared with CT treatment, NT/RT significantly
increased SOC at 0-5 em, 0-10 em, and 0-20 cm
soil depths in the macro-aggregate fraction. In the
micro-aggregate fraction only 0-5 c¢m and 0-10 cm
SOC were higher in NT/RT than that in CT treatment
(Figs. 2a and b). No difference in SOC in micro-
aggregate fraction was found at the 0-20 ¢m and 20—
30 c¢m soil depths, but at 30-40 cm soil layer, NT/RT

reduced SOC
compared to CT treatment (Fig. 2¢).

significantly concentration 15.4%

There was no difference in SOC in silt clay
fraction except at 40—60 cm soil depth, where 33.6%
higher was recorded in NT/RT compared with CT treat-
ment ( Fig.2d). NT/RT significantly increased SOC
concentration by 32.5% in bulk soil at 0—5 c¢m soil

depth, however, no difference was found at >5 em soil

depth among tillage systems ( Fig. 2e).

woss [0



B oss

HEREDUDE T 7741t

54539 &

1201 21y - 60 29)
80 % @4 40
(44) (40)
S 40 i 2 14) = 20 (258)E
A 4
355 S e e R
40 20
80 -40
0 10 20 30 40 50 0 10 20

d/mm
(a) SOC in >2.00 mm aggregate fraction

60 4)

0 10 20 30 40 50
d/mm

(d) SOC in silt clay fraction (<0.053 mm)

30 40 50 U0 10 20 30 40 50

d/mm d/mm
(b) SOC in 0.25-2.00 mm aggregate fraction

(c) SOC in micro-aggregate fraction

60 (1)
40 3)
220
2L enay ? ({10)

20l .

d/mm
(e) SOC in bulk soil

Fig.2 Percent change in SOC in different soil aggregate sizes

3 Discussion

3.1 Soil water-stable aggregate-size distribution

In the present study, NT/RT significantly increa-
sed the percentage of macro-aggregate compared with
CT treatment, especially for above 20 cm soil depth.
Similarly, GUO, et al.'" showed that the proportions of
250-1 000 pm and >1 000 wm aggregates were higher
in NT than that in CT due to the less soil disturbance
and greater crop residue returning. The aggregate-size
distribution and stability are key indexes of soil
physical properties (e.g., soil structure, aggregation
and degradation ), CT could disrupt soil aggregates,
exposing previously protected SOC against oxida-
tion' "',

Below 20 c¢m depth, no difference was recorded in
macro-aggregate between NT/RT and CT treatments.
NT/RT significantly reduced the proportions of micro-
aggregate compared to CT treatment. Moreover, NT/
RT reduced the percentage of silt clay fraction
compared with CT when the soil depth was 40—-60 cm.
WANG, et
compared with CT, RT/NT could increase the percen-

Similarly, al.""* also reported that
tage of macro-aggregate and reduce the proportion of
silt clay fraction due to the disturbance of soil under CT
treatment, which ultimately decreased the percentage

of macro-aggregate.

3.2 Total C concentration within soil aggregate
fractions
In the present study, NT/RT significantly increa-
sed SOC in the macro-aggregate fraction for 0-5 cm,
0-10 ¢cm, and 0-20 cm soil depths. Similarly, other
NT/RT

aggregate-associated C within all the aggregate sizes at

studies also showed that increased the
the surface soil layer (0-20 cm) compared to CT
treatment'”’. The higher macro-aggregate contents and
SOC contents within macro-aggregates in the top 5 cm
for RT and NT soils are in line with the findings of AN-
DRUSCHKEWITSCH, et al. "', However, this effect
was just limited to the surface 5 em of the soil. In addi-
tion, they suggested that it was not the slower macro-
aggregate turnover at 0—5 cm soil depth of NT soils,
but the higher bacterial and fungal activity was the rea-
son for higher macro-aggregate contents. Our results
also suggested the importance of water stable macro-ag-
gregates in SOC storage. No difference in SOC in
micro-aggregate fraction was found for 0 —20 c¢m and
20-30 cm soil depths, but for 30-40 cm soil layer,
NT/RT significantly reduced SOC in micro-aggregate
fraction 15.4% compared to CT treatment. Similarly,
other study also showed that CT had higher SOC in mi-
cro-aggregate fraction in related to NT/RT due to the
reduction of fresh organic material input under NT/RT
in greater soil depths (below 5 ¢cm) {80 However, this

topic needed further studies. Therefore, our results in-
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dicated that the influence of tillage systems on
aggregate-associated organic C was also affected by soil

sampling depth.

4 Conclusions

1) The results of meta-analysis showed that NT/
RT treatments provided more macro-aggregates ( >0.25
mm) than CT at 0-5, 0—10 and 0-20 c¢m depths. Mo-
reover, the magnitude of this increasing effect at diffe-
rent soil depths was in order of 0-5 cm> 0-20 ¢cm>0-
10 cm.

2) Compared to CT treatment, NT/RT significan-
tly reduced micro-aggregate and silt clay fractions.

3) Compared to CT treatment, NT/RT significan-
tly (P<0.05) increased the SOC in macro-aggregate
(>0.25 mm) and micro-aggregate ( <0.25 mm) size
classes at top soil (<20 cm) layer.
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