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EFFECT OF LAND-CLEARING METHODS AND POSTCLEARING
MANAGEMENT ON AGGREGATE STABILITY AND ORGANIC CARBON
CONTENT OF A SOIL IN THE HUMID TROPICS!

J. C. ALEGRE ano D. K. CASSEL?

The objective of this stuc'y was to evalu-
ate the effects of land-clearing methods
and subsequent soil managemeat on aggre-
gate stability and soil organic carbon {O{)
content in the 0- to 15-cm depth. The 2-
yr-long study, beginning in July 1980, was
conducted on Yurimaguas soil (fine-loamy,
siliceous, isohyperthermic Typic Paleu-
dult) in the Amazon jungle of Peru The
site was initially covernd with a 20-yr-old
secondary evergreen forest. Land-clearing
methods were: (1) slash-and-burn, with
logs removed by hand, but stumps remain-
ing in place; (2) mechanical clearing with
a bulldozer with a straight blade; and (3)
mechanical clearing with a bulldozer with
a shear blade. Soil samples were taken be-
fore clearing and at 3, 8, and 23 mo after
clearing. After the second soil sampling,
various land-preparation techniques were
superimposed upon the three clearing
methods to give a total of six land clearing-
soil management treatments. Each treat-
ment was split in three subtreatments: (1)
flat-planted with no fertilizer or lime, (2)
flat-plarted with recommended rates of
fertilizer and lime, and (3) bedding with
fertilizers and lime. The third and fourth
sets of soil samples (8 and 23 mo after
clearing) were taken prior to harvesting
the first and fifth consecutive crops, re-
spectively. Straight-blace clearing re-
duced mean weight diameter (MWD) and
OC by 39 and 21%, respectively. The least
change in these two soil properties oc-
curred for slash-and-burn clearing, with
an 11% reduction in MWD and no change
in OC. No significant changes in the per-
centages of five water-stable aggregate
size classes occurred between 8 and 23 mo
after clearing. Soil-management practices,
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such as bedding and lime application,
tended to maintain aggregate stability and
OC Jevels of newly cleared land during the
first 2 yr of continuous cropping.

Many well-drained Ultisols of the humid trop-
ics have sandy A horizons and organic matter
contents of 2% or less (Sanchez et al. 1982).
When land is mechanically cleared for continu-
ous cropping, the natural soil structure is often
degraded and the organic mattcr content re-
duced, due to mechanical removal of topsoil
from the cleared area, increased exposure, and
postclearing management practices (Seubert et
al. 1977).

Soil structure and aggregate stability are often
directly correlated with organic carbon (OC)
content. Structural attributes of soils important
to crop production may be considered in terms
of their porosity. Macropores are necessary for
root growth, air exchange, and drainage. Smaller
pores are directly related to “stronger” aggre-
gates. Because smaller pores hold water more
tenaciously than larger pores, they often are not
well aerated, and their organic matter content
may be higher (Lal and Greenland 1979).
Whereas tillage operations can be used to mod-
ify soil structure and create a range of transmis-
sion pores in surface soils, the stability of aggre-
gates depends largely on materials returned or
added to the soil (Lugo-Lopez and Juavez 1959:;
Grohmann et al. 1966; Greenland 1581). Van
Bavel (1949) suggested that, by characterizing
the size distribution of aggregates in one single
representative figure, it is possible to test a
hypothesis about difference in structure between
two soils or to correlate a certain treatment with
aggregate size distribution.

Several studies have included examination of
the effect of continuous cropping on aggregate
atability. Aggregate stability has been reported
to he reduced by cultivation (Moreau 1978).
Gomes et al. (1978) reported that continuous
cropping of an Ultisol in Brazil increased ma-
croporosity, but did not alter microporosity. As
a result, continuous cropping decreased aggre-
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gate stability. Continuous cropping of an Alfisol
and an Ultisol in Senegal for 15 yr decreased
structural stability (Fauck et al. 1969).

The purpose of this resesrch was to evaluate
the effect of several land-clearing and s0il-man-
agement practices on water-soluble aggregates
and OC contents under a continuous cropping
system in an Ultisol in Peru.

METHODS

This experiment was established a% the Yuri-
maguas Experiment Station (5°45°'S, 76°5'W,
184 m above sea level) in the Amazon jungle in
Peru. Mean annual temperature is 26°C and
mean annual rainfall is 2250 mm. A 2.5-ha site,
1 to 4% slope, covered with a 20-yr-old second-
ary evergreen forest was selected. The soil be-
longs to the Yurimaguas series (fine-loamy, 1il-
iceous, isohyperthermic Typic Paleudult). Men-
suration of the trees on the site, which ranged
frota 700 to 32 mm diameter at breast height,
indicated 232 m® wood ha™'. The experimental
design wags a split plot replicstad three times.

Prior to clearing, approximately 1 kg of soil
was removed from the 0- to 15-cm depth at 36
randomly located sites in the experimental area.
Soil samples were air-dried, and the degree of
initial aggregation and OC content were deter-
mined.

Aggregate stability was measured using a
modified wet-sieving technique (Yoder 1936)
employing the apparatus designed by Van Bavel
(1952). Nests of sieves with openings of 0.10,
0.25, 0.50, 1.00, and 2.00 mm were used. The
sieving apparatus, which contained six nests of
sieves, had a vertical stroke of 12 mm at a rate
of 30 strokes per min. For each sample, 30.0 g
of air-dry soil material was passed through a 2-
mm sieve, placed on the screen of a 1-mm sieve,
allowed to soak for 5 min, and wet-sieved for 10
min. Soil material remaining on each sieve was
oven-dried for 24 h at 105°C, weighed, and me-
chanically dispersed in a 10% sodium hexa-
metaphosphate solutior, and each fractj - was
sieved through the same nest of sieves to deter-
mine the size distribution of the sand fraction.

The percentase of water-stahle aggregates tor
the ith fraction (AS,) was computed according
to Hillel (1980) as follows

AInml 7 Aw--nd '
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where M., is the total mass of oven-dry soil
material retained aftor wet-sieving for the ith
fraction, M., i3 the oven-dry weight of the
sand for the ith fraction, Mo, i8 the total mass
of the whole soil sample (30.0 g), and M,,.., is
the mass of sand in the whole soil sample.

Aggregate mean weight diameter (MWD) was
calculated by

MWD =( 5 x.!ﬂa)/ T w )

where x, is the mean diameter of the ith aggre-
gete fraction, w; is the mass of aggregates in that
fraction, and T w; is the total mass of the sample
(Van Bavel 1949). Geometric mean diameter
(GMD) was calculated (Mazurak 1950) by

GMD = exp{(T w,log(x))/T w,]  (3)

Organic carbon content was determined by
the Walkley-Black method (Allison 1965) on a
subsample of each soil sample undergoing aggre-
gate analysis.

The second set of soil samples for aggregate
stability and OC determinations was taken 3 mo
after clearing. The three land clearing treat-
ments investigated were: (1) slash-and-burn,
with logs removed by hand and stumps remain-
ing in place; (2) mechanical clearing with a
Caterpillar D-6 bulldezer with a straight blade;
and (3) mechanical clearing with a D-6 bulldozer
with a shear blade.” After the second sampling,
land-preparation treatments were superimposed
upon the three clearing methods, to give a total
of six land-clearing and soil-tillage treatments
as defined in Table 1.

Details concerning sampling dates, piot size,
and experimental layout are presented in Fig. 1.
The three subplot treatments are defined in
Table 2. The third sampling for aggregate sta-
hility determination was performed 8 mo after
clearing, immediately before t * vesting the first
crop, upland rice (Oryza sativa L.). The fourth
sampling was taken 3 mo after clearing and
prior to harvesting the last crop (Zea mays L.).
Crop residuz remained on the land after each
harvest.

" The use of trade names implies neither endorse-
ment by the North Carolina Agric. Res. Serv. of the
praducts named nor criticism of similar ones not men-
tiored.
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TABLFE 1
Land-clearing and soul tiilage treatments
Tre;(omenl Treatment Deszription

1 Slash/burn Slash and burn; tree trunks re-
moved by hand; planted with
stick

2 Straighe blade D-6 bulidozer with straight blade;
trees immediately windrowed:
rotovated land with 14-hp trac-
tor; plant with Planet, Jr.

: 3 Straight hlade/chisel D-6 bulldozer with straight iade;

‘ tre. s immediately windrowed:
land chisel plowed, rotovated
with 65-hp tractor; planted
with Planet, Jr.

4 Shear blade/burn/ D-6 bulldozer with shear blade;
disk vegetation dried on land,
burned, then logs removed by
buildozer; disked with bull-
dozer; 14-hp rotovatar; plant
with Planet, Jr.
§ Shear blade D-6 bulldozer clearing with si:ear
blade; rotovated land with 14-
hp tractor; plant with Planet,
Jr.
6 Shear blade/disk D-6 bulldozer with shear blade;
disk with bulldozer: 14-hp ro-
tovator; plant with Planet, Jr.
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F1G. 1. Soil sampling pattern at different times for measurements of aggregate stability and organic carbon

content: A, firct sampling {before clearing); B, second sampling (3 mo after clearing); C, third (8 mo after
clearing) and fourth (23 mo after clearing) samplinzs
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RESULTS AND DISCUSSION eac) of the three land-clearing treatments 3 mo
after clearing are shown in Fig. 2. Straight-blade

Aggregate stability clearing resulted in the greatest decrease in the

The percentage of water-stable aggregates in
each of the five fractions before clearing and for

2-to l-mm and 1- to 0.5-mm fractions and the
greatest increase in the <0.10-mm fraction.



292

Many of the larger aggregates were crushed or,
in some cases, pushed into windows during
straight-blade clearing. The 0.25- to 0.50-mm
aggregate fraction did not change as a result of
clearing; this fraction is highly correlated with
air porosity and water-holding capacity and
tends to be quite stable (Henin and Gras 1972).

TABLE 2

Land-management subtreatmenis imposed cn the
varwus land-clegring and sou-tillage treatmenes

Subtreatment Description

1 Flat-planted; no fertilizer or lime
added

2 Flat-planted; rertilizer and lime
added based on soil test

3 Bedded at 1.1-m spacing; fertilizer
and lime added based on soil
test
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Fic. 2. Percentage of water aggregates before
clearing and 3 mo after clearing affected by land-
clearing method. For each aggregate class, columns
with the same letter are not significantly different at
the 5% level by the Waller-Duncan multiple compar-
ison test.

TABLE 3

Mean weght diameter (MWD), geometric mean dameter (GMD), and organic carbon (OC) before and 3 mo
after land clraring in Yy, imaguas, Peru

MWD GMD oC
T ) £ sD )

mm %
Before clearing® 0,494 = 0.090a°¢ 0.556 = 0.060a 1.04 = 0.20°
Slash/burn?® 1.424 = 0.U93a 1.516 = 0.068a 1.05 = 0.10a

Straight blade®
| Shear b'ade®

3 mo after clearing

1.287 = 1.063b
0.358 = 0.073ab

0.439 = 0.037b
0.485 *+ 0.042ab

0.82=0.17b
0.87 + 0.20ab

* Mesn of 36 measurements.

* Mean of 18 measurements.

‘ Means within a given column followed bv
the Waller-Duncan mulitiple comparison tect.

the same letter are not significantly different at the 5% level b
y

TABLE 4

Mean percentuse und standard deviation of stoble uregates for the six land-clearing and sou-tillcge treatments
combined at < ana 23 mo after clearing

No. Treatment 2-1 mn Lo imm ) 3_')‘1‘5 mm Y230 mm <! mm
] Slash/burn et AR 185 =47 130 =8 dhet 5.2 = 11 3ah
2 Straght Flade 4=y Sz S M5 s looab W) = 0 lab
B) Straight blade/chisel THhzgn 96 =46 206 25 4bhe 374 =111a
4 Shear hiade burn ik s =27 189 =23 269=51a 29T =T
3 Shear biade D4 =40 196 ¢ 44 184 =49 RO = Oiah
[} Shear biade ik A= : Hd=ds 230 =Tl 29 . (U 2ah

NN AN NS
* Means all based on o6 measurementa
"Medans in g siven coinmn tollowed by the wrie Tetrer are not signiticanthy dilferent at the 5% Jovel by the
Waller- Duncan multipie comparison test. Nsioates mensgeitioant ditterences
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Mean weight diameter and GMD before and
3 mo after land clearing are shown in Table 3.
Measured values for these parameters befor.
clearing are assumed to be in equilibrium with
environmen.al conditions prevailing in the sec-
ondary forest. MWD and GMD were not af-
fected by slash-and-burn clearing. The tre: 3
was for MWD and GMD for the straight blade
to be significantly lower than for the slash-and-
burn method, but not for shear-blade ciearing.
Only mechanical clearing with the straight blade
resulted in a significant reduction in WD and
GMD. Topsoil removal and compaction associ-
ated with cucting the larger roots and removing
debris from the surface resulted in the destruc-
tion of many of the larger aggregates for the
straight-blade-clearing method. Suebert et al,
(1977) reported significant disturbance and
compaccion of the same soil series caused by
straight-blade clearing. The exposed scil result-
ing from straight-blade clea~ing is very suscep-
tible to erosion for 2 to 4 wk until natural
vegetation regrowth or planted crops provide a
soil cover.

Analysis of variance of the soil aggregat: data
revealed that ro significant changes in the pe:-
centage of aggregates in tlie five classes occurred
between the third and feurch samplings. Pooled
data for these two samplings are shown in Table
4. Although some significant differences among
treatments existed for percentage of aggregates
in the two smaller classes, these differences
fznded to be small. The slash-and-hurn and
~hear-blade-cleared treatments were among
those treatments that had the lowest amour ts
of 0.25- to 0.1-mm aggregates; these two treat-
ments were disturbed the least during clearing.
The low percentage of <0.1-mm oggregates for
treatment 4 undoubtedly is a resuit of organic
matter loss upon burning, coupled v th destruc-
tion of larger aggregates by disking.

Continuous cropping did not cause further
destruction of soil ugoregates. Temporal effects
on the distribution of water-stable aggregates,
averaged across all land-clearing and tillaga
treatments and all land maragement systems,
are shown in Table 5. Only the percentage of
aggregates in the 0.25- tc 0.1-mm fraction
changed significantly during the 15-mo ~ontin-
uous cropping period (between 8 and 23 mo),
and it changed by only 4%. Upon reexamination
of Fig. 2, one can see that the 2- to 1-mm
aggregate fraction decreased as a result of clear-
ing, not as a result of continuous cropping.
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TABLE 6

Mean weight diameter and geometric mean diameter prior to harvesting the first and fifth crops for the six
land-clearing and soul-tilage treatments

First crop (8 mo after clearing)

Fifth crop (23 mo after cleanng)

No. Treatment MWD GMD MWD GMD
X SD X SD R SD X SD
mm
1 Slash/burn 0.417 = 0.130* 0.527 = 0.088 0.378a £ 0.063 0.500 £ 0.032
2 Straight blade 0.372 = 0.090 0.496 = 0.058 0.359 = 0.059 0.497 £ 0.031
3  Straight biade/chisel 0.336 £ 0.07% 0.486 = 0.067 0.351 £ 0.095 0489 = 0.055
4 Shear blade/burn/disk  0.417 = 0.056 0.519 + 0.045 0.418 * 0.050 0.538 + 0.032
5  Shear blade 0407 = 0.114 0.517 = 0.069 0.362 = 0.026 0.483 = 0.020
6  Shear blade/disk 0.373 = 0.077 0.502 = 0.059 0.382 = 0.068 0.513 £ 0.042
* No significant differences {0.05 level) among treatmenta or treatment by time interaction exist.

TABLE 7

Effect of different land-management practices on soil organic carbon content in March 1981 before harvesting
rice (8 mo after clearing) and in June 1982 before harvesting corn (23 mo after clearing)

Organic carbon content

Subtreatments March 1981 June 1982
R SD X SD
Flat planted, no fertilizer or lime 0.88 + 0.283b* 0.80 = 0.19b
Flat planted/fertilizer, lime 0.34 £ 0.1b 1.01 = 0.26a
Bedding/fertilizer, lime 1.01 = 0.32a 1.03 £ 0.28a
Mean® 091 =028 095 £ 0.26

* Mean of 18 measurements.

* Means in a column followed by tne same letter ave not significantly different at the 5% 'evel by the Waller-

Duncan multiple comparison test.
“Mean of 54 measurements.

Mean weight diameter and GMD prior to
harvesting rice and corn for each of the six
treatments are presented in Table 6. The repli-
cated measurements for each treatment exhib-
ited very high variability, as indicated by the
standard deviations. Compared with the state of
aggregation before clearing (Table 3). there was
a decrease, although small in some cases, in
MWD and GMD for all treatments. On the other
hand, comparison of MWD and GMD values for
straight-blade-cleared soil in Table 6 with
straight-blade-cleared soil 3 mo after clearing
(immediately nefore planting 1 Tabie 31 <nows
that continuous cropping increaserd augrevate
stahility. There were no significant difterences
among subtreatments for aggregation

freanic carbon

Topsoil OC content before cleariny was j.04""
{(Table 3). Neither slash-and-burn nor shear-
blade clearing altered OC content. but straight-

blade clearing decreased it to C.82%. This resul:
was anticipated because straight-blade clearing
generally removes some of the surface soil and
litter, which has the highest OC content,
whereas shear-blade clearing minimizes the re-
moval and soil and litter. Correlation coeffi-
cients for MWD and GMD with OC 3 mo after
clearing were .55 and .35, respectively; both
correlations were significant at the 1% level.
Organic carbon contents for the three soil-man-
agement svstems before harvesting the first and
rifth crops are shown in Table 7. The bedding,
fertilizer. lime system marntained a significantly
higher OC content than fat-planted, no fertil-
izer, or lime svatem throughout the 23 mo and
five crops This result s probably due to higher
vields obtained with the bedding, fertilizer iime
subtreatments (Alegre, J C. unpublished re-
sults), and therefore the incorpuration of more
crop residue into the so1l. Correlation of both
MWD and GMD with OC was signiticant at the

3% jevel.

BEST AVAILABLE DOCUMENT
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The OC content for the flat-planted (nonfer-
tilized) subtreatment decreased from 1.045 be-
fore clearing to 0.80% in June 1982: this is a
24% decrease in OC. Very low dry matter pro-
duction, coupled with almost ao return of crop
residue to the soil, contributed to this QC reduc-
tion; OC content, however, tended to increase
between 8 and 23 mo after clearing in the flat-
planted/fertilizer, lime treatment.

We believe, based on the resuits of this study,
that slash-and-burn and j.cssibly KG blade
clearing, followed by proper land-management
practices, including the use of adequate amounts
of fertilizer and lime, can satisfactorily maintain
structural aggregation and topsoil organic car-
bon levels. Greater changes in aggregate stabil-
ity occurred when the soil was cleared mechan-
ically. Traditional slash-and-burn clearing
caused the least structural degradation, and the
straight-blade treatment caused the most. The
most stable aggregates occurred in the 0.25- to
0.50-mm fraction, and the percentage of this
fraction remained invariant during near 2 yr of
continuous cropping. Organic carbon content
declined only when no fertilizer or lime was
added and subsequent crop production did not
return much OC to the soil.
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