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Abstract:

Cultivation and agronomic practices (cropping density) influences soil carbon (C) and changes the distribution
and stability of soil aggregates. Aggregation and aggregate-associated C content were studied in three depths of
a cultivated soil planted with Mucuna jaspedea at three plant densities (25, 50, and 75%) in southwestern
Nigeria. Dry and water stable aggregates were separated into six classes (< 0.25,0.25-0.5,0.5-1,1-2,2 -4,
and > 4 mm). The largest proportions of dry and water-stable aggregates (WSA) in the soil surface (0 — 15 cm)
depth were in the order: 0.25 — 0.5 mm > 0.5 — 1 mm > microaggregate (< 0. 25 mm) size classes, but the
smallest proportion (9%) of dry aggregate distribution was found in the 2 — 4 mm size class. Cultivation resulted
in reduction of the proportion of large (> 4 mm) dry and water-stable macroaggregates. Consequently, there was
a shift in size distribution of aggregates > 4 mm to the 1 — 2 mm aggregate size. Among the plant densities, the
largest concentrations of C were found in the 0.25 - 2 mm dry macroaggregates isolated from 0 — 15 and 15 — 30
cm depths, while the largest C concentration was within the 0.5 — 1 mm WSA. The results show cultivation
enhanced the disruption of aggregates and redistribution of C which predisposes the loss of C. It was also
indicated that macroaggregates were sensitive to cultivation especially at the soil surface, thus, could be an
indicator in evaluating the impacts of soil management.
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1. Introduction

Soil aggregation and organic carbon (OC) are
important properties of the soil that play
complementary roles. Soil aggregation influences
organic carbon storage, at the same time OC is a
major agent in improving and stabilizing soil
aggregates. Cultivation affects aggregation, as well as
OC accumulation in soil. Cultivation not only destroys
soil aggregation, which results in the loss of SOC [5;
1] but also changes the distribution and stability of
aggregates [4].

Soil aggregate class is broadly divided into
macro- (> 0.25 mm) and micro-aggregates (< 0.25
mm). Macro-aggregates are very sensitive to land use
changes, largely stabilized by labile OC fraction,
formed from stable microaggregates but less stable
than microaggregates, whereas, microaggregates are
less sensitive to land use changes, stabilized by more
recalcitrant OC, and more  stable than
macroaggregates [14; 11; 8]. Previous studies [11; 8;
16] have indicated the varying distribution and storage
of C in different aggregate classes. While some
reported the higher OC
macroaggregates [11], others have reported higher
levels of OC in microaggregates [10]. In addition to

studies contents in

soil C storage, soil aggregates are of critical
importance  to  soil  productivity,  structure
maintenance, greenhouse gas emission and soil

erosion [9; 6].

Leguminous cover crops have been widely used
to improve soil physiochemical properties, such as OC
content, nitrogen (N) levels, aggregation, reducing
soil loss through erosion, improving water retention
and nutrient status of the soil and suppression of
weeds. Mucuna is a leguminous cover crop used in
this study to replace natural fallow. Generally,
Mucuna is widely used for some beneficial reasons
earlier stated for cover crops, and much more used to
suppress weed growth in organic farming where the
use of chemicals is prohibited. The majority of studies
have shown the benefits of cover crop and increasing
the plant density has been shown to impact positively
on the soil. However, there is little research focusing
on aggregation and SOC storage as affected by this
cover crop (Mucuna jaspeada) in the soil of this
study, an important panacea for GHG’s emission.
Consequently, the objectives of this study were to
determine: (i) aggregate-size distribution and, (ii)
aggregate-associated C in a soil planted with a cover
crop (Mucuna jaspeada) at different plant densities.
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2. Material and Methods

2.1 Site description

The study was conducted at a field located at the
Federal University of Agriculture, Abeokuta, Ogun
State, Nigeria (latitude - 7012° N and longitude -
30123" E). . The site was previously a fallow of mixed
shrubs, weeds and grasses but was planted with
Mucuna jaspedea at three plant densities [25% (1 x
0.25 m), 50% (1 x 0.5 m), and 75% (1 x 0.75 m)] for
this study in September, 2011. The site is situated in
the derived savanna of Nigeria with a bimodal rainfall
distribution pattern. The annual rainfall is about 1000
— 1500 mm with two distinct seasons; the wet season
(March to October) and the short dry season
(November to February). Mean temperature ranges
from 21.9°C (minimum) to 29.8°C (maximum). The
experimental area (40 m x 19 m) was laid out in a
randomized complete block design with three
replicates and divided into plot sizes of 3 m x 3 m.
The tillage treatments were: (i) plough and harrow,
and (ii) slash (no-till) but without replicates, was set
aside as control for determining aggregate-size
distribution. The particle size distribution was
performed by hydrometer method, and the texture was
loamy sand at the soil surface depth (0 — 15 cm). Soil
pH ranged between 5.0 - 5.4 for the three soil depths.

2.2 Soil sampling

Soil samples were collected from three depths (0
—15; 15— 30; 30 — 45 cm) in two mini-pits (60 cm x
60 cm) dug per plot in November, 2011 (12 weeks
after planting). Two or more soil cores (7.5 cm
diameter x 20 cm deep) were taken from each depth,
and samples from the same treatment were pooled
together and composite samples taken and air-dried.
Undisturbed soil samples were taken for all aggregate
determination. The air-dried samples were then passed
through a sieve (< 2 mm diameter), and any visible
plant materials were manually removed from the
sieved soil. Finely ground soil samples were used for
carbon analysis.

2.3 Soil organic carbon determination

Soil organic carbon (SOC) for soil samples was
determined by wet oxidation method using the
chromic-acid procedure [15].

2.4 Dry aggregates separation

The dry aggregates separation was performed
using a modified method outlined by [16]. Briefly,
100 g of undisturbed air dried soil cores were placed
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on a nest of sieves with 4, 2, 1 and 0.25 mm diameter
openings. The set of stacked sieves was thoroughly
shaken manually for 12 min. After this time aggregate
fractions retained on each sieve was collected, thus
yielded 6 aggregate size fractions of >4,4-2,2-1, 1
- 0.5, 0.5 - 0.25, and < 0.25 mm. Each aggregate
fraction was calculated as percentage of the total soil
used.

2.5 Wet aggregates separation

Wet aggregates separation was carried out by a
modified method outlined by [4]. Briefly, 100 g of
undisturbed sample of air dried soil were spread on
the top of a nest sieves with 4, 2, 1 and 0.25 mm
openings. The samples were left immersed in the
water for 10 min and then sieved by moving the sieve
3 cm vertically 50 times during a period of 2.0 min.
The mass resultant aggregates on each sieve were
dried at 105°C for 24 h and weighed. The percent
water stable aggregate (WSA) was derived from the
following formula:

%WSA = (Mpis —ms) % 100

(Ml - Ms)

Where M, 1s the mass of the resistant aggregates
plus sand (g), M; is the mass of the sand fraction alone
(g), and M, s the total mass of sieved soil (g).

2.6 Statistical analysis

Analysis of variance were performed using SPSS
(15.0) package for Windows (SPSS Inc., Chicago, IL,
USA). Treatments were considered different at P =
0.05 using Duncan’s multiple range test.

3. Results and Discussion

31 Aggregate-size distribution

The largest proportions of dry aggregates in the
soil surface (0 — 15 cm) depth were in the 0.25 — 0.5
mm, followed by the 0.5 — 1 mm size classes and the
microaggregate (< 0. 25 mm) size class (Fig. 2). The
smallest proportion (9%) of dry aggregate distribution
was found in the 2 — 4 mm macroaggregate size class
(Fig. 2). The largest aggregate size distribution
occurred in the plots with 50 and 25 % plant densities,
accounting for 27 and 22 % respectively (Fig. 2a).
Contrary to the surface soil, aggregate distribution in
the sub-surface (15 — 30 and 30 — 45 cm) soil depths
revealed a different pattern, in which the largest
proportion occurred in the > 4 mm aggregate size
class followed by aggregates in the 0.25 — 0.5 mm
class of the 25 and 75 % plant densities. The lowest
proportion of aggregate distribution at the subsurface
depths was constituted the 1 — 2 mm size class.
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The distribution of the water-stable aggregate
(WSA) followed a similar pattern to that revealed by
the dry aggregate size distribution (Fig. 3).
Aggregates in the 0.25 — 0.5 mm size class constituted
the largest portion, followed by the 0.5 — 1 mm and <
0.25 mm classes. These results agree with [2], who
observed a significantly larger proportion of soil was
retained as microaggregates and small
macroaggregates (0.25 — 0.5 mm) in a cultivated soil.
The largest aggregate fraction peaked in the 50% plant

density (27%). In the same way, the distribution of
WSA in the subsurface (15 — 30 and 30 — 45 cm) soil
depths showed the largest fractions were in the > 4
mm class, followed by those in the 0.25 — 0.5 mm size
class. The smallest proportions were consistently in
the 1 — 2 and < 0.25 mm size classes. Changes in dry
aggregate-size distribution demonstrated a decline in
soil aggregation occurs upon short-term cultivation as
revealed in this study.

Table 1. Carbon concentration (g kg™) in dry aggregates under different plant densities

Soil Depth Plant Density Aggregate-size class (mm)

(m) (%) 1-2 0.5-1 0.25-0.5 <0.25

0-15 25 432 aA 5.06 aA 5.19 bA 10.73 abB
50 7.65 bA 7.58 bA 7.78 cA 9.33 aB
75 432 aA 4.92 aA 3.86 aA 12.40 bB

15-30 25 2.92 aA 3.93 aA 3.46 aA 3.87 aA
50 7.85bB 7.72 cB 6.86 bB 3.20 aA
75 4.19 aA 5.59 bA 7.31 bB 4.87 aA

30-45 25 3.65 aA 4.59 aB 3.45aA 3.40 aA
50 3.72 aA 439 aA 7.85bB 3.53 aA
75 4.66 bB 4.59 aB 7.59 bC 2.93 aA

Values followed by different lowercase letters in the same column are significantly different for plant densities at P=0.05

using the Duncan’s Multiple Range Test (DMRT)

Values followed by different uppercase letters in the same row are significantly different for aggregate classes at P=0.05

using the Duncan’s Multiple Range Test (DMRT)

Generally, the 0.25 — 0.5 mm aggregate class at
the soil surface (0 — 15 cm) and the > 4 mm at the
sub-surface (15 — 30 and 30 — 45 cm) depths
constituted the largest fraction both of the dry and
water stable aggregates in this study. The aggregate
size distribution did not show a specific pattern for the
plant densities suggesting plant density did not have
any significant effect on aggregation in the study. It is
important to note that this is a preliminary result from
a short-term study. Also, abrupt cessation of the
rainfall in the year of the cover crop establishment in
this study may provide the explanation for no
significant effect of plant density on aggregate size
distribution.

The slash (unploughed) plot served as control,
where the soil was left undisturbed. Unlike the
cultivated plots, the largest proportion of WSA was in
the > 4 mm size for the surface (0 — 15 cm) depth but
the surface depths (15 — 30 and 30 — 45 cm) exhibited
similar pattern to the ploughed plots thus revealing
largest fraction of aggregate in the > 4 mm size
(Fig.1). Comparing these results with those of the
ploughed plots demonstrates cultivation destroyed
macroaggregates especially at the soil surface, which
agrees with the conclusion that tillage destroys
aggregates > 1 mm in the surface depth [7]
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There was a shift in size distribution of
aggregates from large macroaggregate ( > 4 mm) to
the 1 — 2 mm aggregate size with cultivation (Figs. 1,
2 and 3), resulting in a decrease of 13 and 29% in the
surface and sub-surface soils respectively in the > 4
mm WSA. However, an increase of 29 and 40%
occurred in the 1 — 2 mm aggregate size class in the 0
— 15 and 15 — 30 cm depths respectively, when the
soil was cultivated. This corroborates other studies
[2], which revealed the influence of cultivation on the
destruction of aggregates. This also confirms earlier
observations that macroaggregates are dynamic in
nature and the size distribution of macroaggregates is
affected by the change in land use [13; 2]. Therefore,
changes in aggregate size distribution can be used as
an indicator of structural degradation.

3.2 Soil organic carbon in aggregates

The SOC concentrations in the dry aggregate size
class (mm) ranged from 2.92 to 12.40 g kg' (Table 1).
Among the three plant densities and soil depths, the
highest concentrations was significantly (p = 0.05)
contained in the microaggregate (< 0.25 mm) size
class isolated from the surface (0 — 15 cm) soil depth
under the 75% plant density (Table 1)
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Generally, among the plant densities, the largest
concentrations of SOC were found in the 0.25 - 2 mm
macroaggregate size class isolated from 0 — 15 and 15
— 30 cm depths under the 50% plant density. [3] also
reported the presence the higher C content within 0.25
— 2 mm macroaggregates. However, at the 30 — 45 cm
depth the concentration of aggregate-associated C was
nearly even across the different plant densities except
for the 0.25 to 0.5 mm aggregate size, where the C
concentration was significantly higher under the 50
and 75% plant densities. Contrary to the pattern
revealed at the soil surface, the subsurface soil depths
revealed significantly lower C concentrations
associated with the microaggregate size class,
suggesting there was no influence (redistribution) on
aggregate-associated C by cultivation, as shown for
the surface soil. Total C concentrations in the WSA
revealed differential pattern and this varied
significantly from 2.59 to 9.19 g kg across the
treatments (Table 2). The largest C concentration was
within the 0.5 — 1 mm size, while the lowest was
associated with the 1 — 2 mm size class. [16] also
observed greater C concentration in the 0.5 — 1 mm of
the water stable macroaggregates in their study. Other
studies have also reported higher OC contents in
macroaggregates [11]. Generally, significantly higher
C concentration was associated with WSA isolated
from the soil under 50% plant density at the 0 — 15
and 15 — 30 cm depths. However, this trend was not
consistent for the 30 — 45 cm soil depth (Table 2).

Aggregate amount (%) Aggregate amount (%)

Aggregate amount (%)

(a)0-15cm
50
a5 0 25% Plant density
050% Plant density
40 01 75% Plant density
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2-1 1-0.5 0.5-0.25 <0.25

(b)15-30cm
50
45
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35 4
30
25
20
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L ]

1-0.5 0.5-0.25 <0.25

(c)30-45 cm
50
45
40
35
30
25
20 -

%WWW@W%

2-1 1-0.5 0.5-0.25 <0.25

Aggregate-size class (mm)

Figure 1. Dry aggregate-size distribution in
the slash (no-tillage) under
different
different soil depths: (a) 0 —

30 cm; and (c) 30 — 45 cm.

treatment
isolated from
15 cm; (b) 15 —

plant densities

Table 2. Carbon concentration (g kg') in water stable aggregates under different plant densities

Soil Depth Plant Density Aggregate-size class (mm)

(m) (%) 1-2 05-1 0.25-0.5

0-15 25 4838 bA 6.49 aB 4.86 bA
50 7.78 cA 7.58 bA 7.78 cA
75 4.04 aA 9.19 ¢B 3.86 aA

15-30 25 2.59 aA 4.10 aC 3.19 aB
50 8.18 ¢C 4.10 aA 7.79 bB
75 429 bA 5.48 bB 7.65bC

30- 45 25 3.78 aA 4.89 bB 3.59 aA
50 3.60 aA 4.19 aB 8.68 cC
75 4.99 bA 4.70 bA 7.78 bB

Values followed by different lowercase letters in the same column are significantly different for plant densities at

P=0.05 using the Duncan’s Multiple Range Test (DMRT)

Values followed by different uppercase letters in the same row are significantly different for aggregate classes at

P=0.05 using the Duncan’s Multiple Range Test (DMRT)
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Figure 2. Dry aggregate-size distribution (n
= 3) in the ploughed treatment under
different plant densities isolated from

different soil depths: (a) 0 — 15 cm; (b) 15 —
30 cm; and (c) 30 — 45 cm. Bars represent +

standard error

4. Conclusions

resulted in reduction of the
proportion of large (> 4 mm) dry and water-stable
macroaggregates. Consequently, there was a shift in

Cultivation

size distribution of aggregates from large
macroaggregate (> 4 mm) to the 1 — 2 mm aggregate
size with cultivation. Generally, the largest

concentrations of SOC were found in the 0.25 - 2 mm
macroaggregate size class isolated from 0 — 15 and 15
— 30 cm depths under the 50% plant density.
However, the subsurface soil depths revealed
significantly lower C concentrations associated with
the microaggregate size class, suggesting there was
marked redistribution in aggregate-associated C by
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Figure 3. Water-stable aggregate-size

distribution (n = 3) in the ploughed treatment
under different plant densities isolated from
different soil depths: (a) 0 — 15 cm; (b) 15 —
30 cm; and (c) 30 — 45 cm. Bars represent +

standard error

cultivation, as revealed for the surface soil. Generally,
plant density did not significantly affect distribution
of soil aggregate associated C in this study. In
conclusion, cultivation enhanced the disruption of
aggregates and redistribution of C which predisposes
soil to loss of C.
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