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ABSTRACT 

< Aggregation Improves soil structure, reduces erosion and makes the pore size 
distribution of soil favourable for sustainable agriculture. The objective of this study 
was to evaluate the effect of five land use patterns In aggregate formation and 

^stability of Non-calcic brown soils. A rotary sieving equipment was used to evaluate soli 
aggregation and dry stability under natural forest, reforested areas with acacia and 
leucaena, grassland and In continuously cultivated land. The aggregate size distribution 
fitted best to a log normal distribution pattern. Log Mean Geometric Diameter (LGMD) 
and Log Standard Deviation (LSD) were used as aggregate indices to compare the 
distributions. Forest soil showed the highest LGMD Indicating higher amount of macro-
aggregates after dry-sieving than for other treatments and therefore the highest resistance 
to wind erosion. Reforested soils showed higher LGMD than grassland and cultivated 
soils. Higher soil organic matter, Ca and Fe contents combined with Intensive root systems 
In natural forest, and reforested areas seemed to be beneficial for the formation of macro-
aggregates (> 1 mm). The grassland soil showed the highest amount of micro-aggregates 
(> 1 mm) due to the effect of fibrous root systems. Therefore, leaving stripes of natural 
forest In land clearings or having stripes of reforested land would help In soil structure 
development and stability than lands with annual crops or grasses. 
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INTRODUCTION 

Soil aggregation is a favourable property that affects the behaviour of soil 
with respect to erosion, water retention and flow, aeration and root growth. Clay 
arid organic molecules derived from plants and organisms in soils are considered 
as the main aggregating agents that cement the primary particles together to form 
secondary particles or aggregates (Emerson, 1959). The size, distribution and stability 
of the soil aggregates depend on the amount and type of binding materials present 
in the soil. 
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A prerequisite for soil aggregate formation is that clay particles flocculate to 
form clay domains. Flocculation is necessary but not sufficient for stable aggregate 
formation (Emerson, 1959). Iron and aluminum as well as CaCO, can improve 
aggregate stability considerably by cementing the flocculated clay (Baver et cd., 1972; 
Greene et al., 1979; Hillel, 1982). Iron oxides and some transitional iron forms bonded # 

to the soil organic matter are crucial in stabilizing soil aggregates in tropical 
soils (Giovannin; and Scqui, 1976). 

Rapidly decomposable materials such as microbial and plant derived, 
polysaccharides, mycorrihizal exudate and materials in association with amorphous 
Fe and A l compounds are responsible for soil aggregation (Greenland, 1965; Tisdall 
and Oades, 1982). The types and amounts of organic compounds present in a certain, 
soil is influenced by the type of vegetation (Baver et al, 1972). Long term annual 
cropping systems result in loss of labile organic matter which binds micro-aggregates 
together. Their ability to replenish organic materials is low and cause a reduction 
in macro - aggregation (Elliott, 1986; Guptha and Germidth, 1988). Active humas 
is accumulated and soil aggregation is stabilized most effectively under perennial clod 
forming herbage better than mast of the annual crops (Oades, 1984). The cropping 
systems also influence soil aggregation by pressures exerted from roots depending 
on the nature of the crops used. Many investigators have clearly demonstrated that 
grasslands promoted stable aggregate formation (Marshall and Holmes, 1979). 

The stability of aggregates as well as aggregate size distribution are used 
to assess soil structure. The dry stability of soil aggregates is a good indication 
of resistance of a soil to wind erosion (Baver et al, 1972). 

Non-calcic brown soils (NCB) is an important great soil group covering 
about 200,000 ha in the dry zone of Sri Lanka (De Alwis and Panabokke, 1972). 
As these soils have low clay content (sandy to loamy sand textures) organic matter 
play a dominant role in aggregate formation. These soils are extensively used for 
agriculture and their susceptibility to wind erosion is high. Cropping systems 
which add organic matter to soil could improve soil structure formation and 
stability to overcome these problems. 

The objective of this study was to investigate the effect of different land 
use patterns on aggregate distribution and dry stability of NCB soil. 

60 



AGGREGATE STABILITY OF NON-CALCIC BROWN SOILS 

MATERIALS AND METHODS 

Soil sampes for the evaluation of dry aggregate distribution and stability 
were obtained from different land use patterns from the Regional Agricultural 

_ Research Centre at Aralaganwila in the Mahaweli System B. The soils of the area 
are classified as Non-calcic brown soils (De Alwis and Panabokke, 1972) and as 
Halplustalfs according to Soil Taxonomy (Soil Survey Staff, 1992). A natural 
forest, two reforested areas with two-year old acacia and leucaena (underground 

, completely devoid of grasses and herbs), fallow land with grasses and cultivated 
land (with chilli and corn rotation under ridge and furrow irrigation for about 
4 years) adjacent to one another were selected for the sampling. 

a 

Undisturbed soil clods were obtained using a round edge spade from a 
IS cm by IS cm area to a depth of 10 cm at five randomly selected locations 
for each treatment. They were transported after packing in polythene bags to the 
laboratory and allowed to air-dry to about 5% gravimetric moisture content under 
greenhouse conditions. 

A rotary sieve set as proposed by Chepil (1962) was used to determine 
the dry aggregate distribution and the stability of aggregates. A set of sue square 
hole sieves with openings of 3, 2, 1, 0.5, 0. 25 and 0.106 mm diameter was used. 
A 750 g sample was sieved for six minutes at an oscillation rate of 22 cycles 
per minute. At the end of sieving, the gravel particles were removed and each 
fraction retained on the sieves was weighed and expressed on a dry weight basis. 

The over size percentage for each aggregate size category was obtained 
using the amount retained on each sieve. The Log Geometric Mean Diameter 
(LGMD) and Log Standard Deviation (LSD) were obtained by plotting the 
diameter versus over size percentage of aggregates in log probability graph paper 
as suggested by Gardner (1956). The LGMD was obtained as the diameter at 50% 
over size percentage and LSD as the ratio of diameters at 50% to 15.87% over 
sizes. 

Particle size analysis of the soil was obtained using the pipette method as 
suggested by Gee and Bauder (1986). Organic matter content of samples was 
determined by wet combustion method (Nelson and Sommers, 1982). The soluble 
Ca and Fe were extracted by NH 4 OAc solution and determined using an 
atomic absorption spectrophotometer (Lanyon and Heald, 1982; Olson And 
Roscoe, 1982). 
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RESULTS AND DISCUSSION 

The distribution of soil aggregates as percentage over size among the 
various size classes for the five different land use patterns is given in Table 1. 

Table 1. Mean soil aggregate size distribution of five land use patterns of NCB soils * 

Aggregate Percent over size 
diameter 
(nun) Forest Acacia Leucaena Grassland Cultivated 

> 3 2.17 5.53 4.94 0.48 1.43 
> 2 4.10 7.40 7.04 0.95 2.06 
> 1 17.68 18.00 18.74 8.19 9.57 
> 0.5 46.41 45.08 45.01 39.15 36.41 
> 0.25 « 86.48 80.74 81.18 83.23 83.46 
> 0.106 93.61 93.49 93.70 92.99 91.83 
> 0.00 100 100 100 100 100 

The distribution of soil aggregates fitted well to a log normal distribution. Since 
the aggregate size distribution of five land use patterns were log normally 
distributed their LGMD and LSD were calculated as suggested by Gardner (1956). 
These aggregate indices for the five land use patterns in NCB soils are given in 
Table 2. 

Table 2. Summarized mean aggregate Indices for five land use patterns of NCB soils 

Land use pattern LGMD LSD 
(mm) 

Forest 0.476 a 0.424 b 
Acacia 0.445 b 0.340 b 
Leucaena 0.466 ab 0.364 c 
Grassland 0.356 c 0.480 a 
Cultivated 0.374 c 0.474 a 

Means followed by the same letter in each column are not significantly different at 
p < 0.05 according to the Duncan's multiple range test (DMRT) 
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The highest LGMD was obtained for forest soils and lowest for the grassland 
soils. This is an indication that the aggregates of forest soil were well-distributed 
towards larger sizes and they were more stable than others. As discussed by Browning 
and Milam (1941) and Oades (1984) the significandy high organic matter content 
of forest soils may be the major reason for its large aggregate sizes. As shown 

* in Table 3, natural forest soils had the highest organic matter content compared 
to other land use patterns. The high amount of Ca found in forest soils (Table 3) 

. also contributed to soil aggregation. Ilaco (1981) documented that better developed 

Table 3. Physical and chemical properties contributing to soil aggregation In five land 
use patterns of NCB soil 

• 
Land use Sand Silt Clay Organic Ca Fe 
pattern (%) (%) (%) matter (%) (ppm) (ppm) 

Forest 94.30 3.71 b 1.99 d 1.80 a 55.35 a 1.55 be 
Acacia 90.59 4.83 a 4.55 a 0.77 b 36.27 c 1.50 a 
Leucaena 90.45 4.83 a 4.72 a 0.81 b 25.39 d 0.82 c 
Grassland 95.22 2.95 c 1.83 c 0.52 c 44.05 b 1.70 a 
Cultivated 94.90 2.70 c 2.40 b 0.82 b 15.32 e 1.06 be 

Means followed by the same letter in each column are not significantly different at 
p < 0.05 according to the Duncan's multiple range test (DMRT) 

more favourable soil structures are often associated with CaCOj or gypsum. This 
indicates the beneficial effects of organic matter as an aggregate agent specially 
for soils such as NCB whose clay content is low. 

The LSD of aggregate size distribution of grassland soil was higher than 
hi land use patterns other than cultivated soils. When the LSD high, it shows the 
presence of different range of aggregate sizes in the soil. This wi l l lead to formation 
of various pore sizes improving water and air relationships of soil. A similar trend 
was observed by Van Bravel (1949) in Clarion silt loam soil under blue grass 
and corn cultivation. 

As indicated from percent over size in Table 1, the effects of land use patterns 
were more pronounced on macro-aggregates (>1 mm) than on smaller ones. Cultivated 
and grassland soils showed lower amounts of aggregates over 2 and 3 mm in diameter 
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than other treatments. Since there had been only minimum land disturbance, the 
fibrous root systems of grasses were responsible for high amounts of smaller 
aggregates. As shown from Table 3 the low aggregation of the cultivated soil may 
be attributed to the loss of labile organic materials as observed by Elliott (1986). 
In contrast, the higher amounts of larger aggregates in reforested areas of acacia 
and leucaena may be due to the presence of high amounts of clay, silt and the 
relatively high amounts of organic matter (except forest) in those soils (Table 3). 
As shown in Table 1 the differences in aggregate sizes between the reforested 
treatments were low. This may be due to the similarities of the organic matter 
and clay contents of these soils. In the case of forest soil, even with the highest 
organic matter content of all soils considered, macro- aggregate formation was retarded 
due to low levels of clay and silt. 

A contrasting trend emerged when aggregates smaller than 1 mm (micro-
aggregates) were considered. The percentage over size than 1 mm is reported in 
Table 3. When the percentage under size is calculated by subtracting these 
values from 100, the highest value of 91.81 is obtained for grassland soils. The 
percentage of aggregates less than 1 mm in the different land use patterns 
followed the order: grassland > cultivated land > natural forest > reforested lands 
with leucaena and acacia. Even though clay, silt and organic matter contents were 
low, grassland soils showed the highest amount of micro-aggregates. As shown 
in Table 3, grassland soils had high contents of Fe and Ca. Besides their positive 
effects on -micro-aggregation the fibrous root system of grasses also favour micro-
aggregate formation. 

The adverse effects of cultivation on stable aggregate formation was more 
pronounced in aggregate size > 0.5 mm. These results are in agreement with the 
findings of Guptha and Germidth (1988) for an Orthic Brown Chernozemic soil 
under continuous cultivation for a period of 67 years. The rest of land use patterns 
consisted of tap root systems and the formation of micro-aggregates appeared td 
be dispersed. The highest LSD in grassland soil indicates the presence of many 
different size aggregates making the pore size distribution favourable for soil water 
and air relationship. 

CONCLUSIONS 

Lands under natural forests and reforested with acacia and leucaena showed 
higher LGMD and therefore greater formation of macro-aggregates (> 1 mm ) 
compared to grassland and cultivated soils, indicating the importance of organic 
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matter and root systems on soil aggregation. The most stable dry aggregates which 
were more resistant to wind erosion were formed in forest soils than in the other 
soils evaluted. The reforested areas produced stable aggregates than areas under 
grassland or annual crops. Formation of micro-aggregates (< 1 mm) due to breakdown 

^ of larger aggregates was promoted by grasses and annual crops than by perennial 
* plantations. Irrespective of the land use it was shown that soil aggregate distribution 

fitted well to a logarithmic distribution for all five soils. Although the aggregates 
of forest soils were more stable, grassland and cultivated soils showed aggregates 

, of many different sizes as indicated by the LSD. Clay, organic matter, Ca and 
Fe seemed to be equally important for aggregate formation in NCB soils. This 
indicates (hat leaving stripes of natural forest when land is cleared for agriculture 

. or having stripes of reforested land would help in soil structure development and 
stability than lands with annual crops and grasses. 
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