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ABSTRACT
Field experiments were conducted in acidic soils of Mangalpur and Fulbari Village Development
Committees in western Chitwan, Nepal to study the effects of different land use systems on
soil properties and earthworm dynamics. Seven land use systems (cereal based lowland, cereal
based upland, vegetable farm land, fruit orchard land, pasture land, forest land and farmer’s
field) were used and they were replicated four times in randomized complete block designs.
Soil organic matter and total soil nitrogen were significantly higher from pasture land (4.7 %
and 0.2 %) and the lowest were from farmer’s field (2.4 % and 0.1 %). However, available soil
phosphorous content was significantly higher from cereal based upland (448.3 kg ha') and it
was the lowest from forest land (13.0 kg ha!). The highest earthworm count was observed from
pasture land (10.1 numbers per trap) than others but it was the lowest from farmer’s field. There
were significant positive correlations between soil organic matter content and the earthworm
count (r= 0.96™) and between total soil nitrogen content and earthworm count (r= 0.80"). In
contrast, a significant negative correlation was observed between earthworm count and available
P (1= -0.51""). Correlation between earthworm count and silt content was positive (r= 0.68")
but between earthworm count and sand content was negative (r= -0.64""). However, there were
no significant relationships of earthworm count with available K, pH, bulk density and clay
content of soils. The soil organic matter, total soil nitrogen and earthworm count were higher
from pasture soil than other soils. As soil organic matter, total soil N, available soil P and soil
texture regulated earthworm dynamics in soils. Earthworm population may be used as a bio-
indicator of soil fertility status and it can be developed as an alternative technique for soil fertility
evaluation after quantification and verification from further experiments on earthworm dynamics
under different land use systems.
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INTRODUCTION

Soil is vital to life and thus called ‘the greatest heritage of mankind’. Humans were historically
dependent on hunting and gathering of food to sustain life. With the increase in human population,
organized agricultural systems were needed to ensure food security. Earthworms are important
organisms doing a great job in the soil for mankind over thousands of year. There are about 3,627
species of terrestrial earthworms in the world (Reynolds, 1994). In Nepal only four kinds of earthworm
have been recorded (Tamrakar, 2012). Earthworms improve soil physical, chemical and biological
properties and add nutritive value to the soil for healthy crop production due to their feeding habit
(Lavelle, 1988 and Jones et al., 1994). Earthworms stimulate soil organic matter mineralization and
increase nutrient availability (Brown et al., 2004a). Increased human activities caused by increase in
population density had been altering the agricultural landscape in Southeast Asia over the last two
decades. Land use changes directly affect the biotic diversity (Sala ef al., 2000). The changes in land
use affect the diversity and population of earthworms associated with change in the natural habitat.
Many researchers reported that SOM, NPK, soil texture and pH frequently regulated the earthworm
population. Plant behavior and expression of deficiency by phenotypic characters (deficiency
symptoms), analysis of plant tissue and soil test are the major soil fertility evaluation techniques
(Brady, 2005). These techniques have their own merits and demerits and also cannot be afforded by
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most of the Nepalese farmers. Hence, an alternative technique of soil fertility evaluation is crucial
for small and marginalized farmers. Diversity and density of earthworms could be indicators of
soil fertility status of different land uses. There may be an opportunity to develop an alternative
technique of soil fertility evaluation by taking earthworm abundance as a bench mark. This might
be the cheapest and easily accessible technique for all the farmers. However, the effects of soil
physicochemical properties on earthworm abundance have not yet been studied. The present study
intended to establish relationships between earthworm dynamics and soil properties.

MATERIALS AND METHOD

Seven land use systems: cereal based lowland, cereal based upland, vegetable farm land, fruit
orchard land, pasture land, forest land and farmer’s field of Mangalpur and Fulbari VDCs of Chitwan
district were used as treatments. Each treatment was replicated four times in four separate fields
except for pasture and forest lands. Pasture and forest lands were replicated in four different blocks
separated by Seti Devi Community Forest executive body. The whole experiment was designed in a
randomized complete block design. There were total of twenty eight study sites. At each, earthworm
populations were quantified for five months at one month intervals, using a specially designed
earthworm attraction unit. Soil samples from 0-20 cm depth from the soil surface were collected
from each study site. The data obtained were analyzed using MSTAT-C. Duncan Multiple Range Test
and correlations as a measure of inferential statistics were also used for data analysis. Correlation
coefficients were calculated using SPSS.

RESULTS AND DISCUSSION
Effect of land use systems on soil physicochemical properties
Soil texture was affected by land use and land management. Significantly higher silt (47.3 %)
and clay (18.3 %) contents were observed from the forest soils than other land use systems. Cereal
based upland soils had higher sand content (69.4 %) than other land use systems. However, there was
not significant effect of land use systems on bulk density of the soil.

Table 1. Soil physical properties under different land use systems of western Chitwan, Nepal, 2013

Land use systems Sand Silt Clay Bulk Density Soil Textural
(%) (%) (%) (g cm?) Class

Cereal based lowland ~ 59.7° 25.4¢¢ 14.9% 1.3 Sandy loam

Cereal based upland 69.4¢ 20.5¢ 10.1¢ 1.4 Sandy loam

Vegetable farm land 67.5* 22.4¢ 10.2¢ 1.3 Sandy loam

Fruit orchard land 58.8° 27.7° 13.6* 1.2 Sandy loam

Pasture land 35.9¢ 46.9 17.1 1.0 Loam

Forest land 34.4¢ 47.3° 18.3% 1.2 Loam

Farmer’s field 57.7° 26.9° 15.5% 1. Sandy loam

LSD (0.05) 5.29" 428" 3.77 NS

SEM (&) 1.78 1.44 1.27 0.14

Grand Mean 54.77 31.00 14.23 1.27

CV (%) 6.51 9.29 17.83 22.32

Means followed by the same letter in a column are not significantly different at 5% level of significance
as determined by DMRT
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The highest amount of soil organic matter (4.7 %) was recorded from the pasture land whereas
the lowest (2.4 %) was from the farmer’s field (Table 2). The lower levels of SOM from farmer’s
field, cereal based upland, cereal based lowland and vegetable farm land could be the result of high
OM decomposition, insufficient organic materials inputs in the systems, residue removal and lack of
crop rotation (Duff et al., 1995 and Grace et al., 1995). Clay particles adsorbed and stabilized more
OM and other nutrients (Saggar et al., 1994 and 1996) in pasture and forest lands.

Table 2. Soil chemical properties under different land use systems of western Chitwan, Nepal,
2013
Land use systems SOM (%) N (%) P.O_(kgha') K O (kgha') pH

Cereal based lowland 3.0 0.13¢ 17.0¢ 27.3 5.5
Cereal based upland 2.8 0.09¢ 448.3? 90.0 5.6
Vegetable farm land 2.6¢ 0.15¢ 375.32 86.5 5.4
Fruit orchard land 3.8° 0.18° 83.8" 120.5 5.7
Pasture land 4.7* 0.23® 15.3¢ 72.8 5.7
Forest land 3.4b 0.19° 13.0¢ 79.5 5.4
Farmer’s field 2.44 0.08¢ 119.3° 88.3 5.2
LSD (0.05) 0.64™ 0.02" 83.54™ NS NS
SEM () 0.22 0.01 28.12 26.23 0.24
Grand Mean 3.24 0.15 153.11 80.68 5.51
CV (%) 13.39 8.70 36.73 65.01 8.66

Means followed by the same letter in a column are not significantly different at 5% level of significance
as determined by DMRT

Nitrogen content of soil was significantly affected by the land use systems. Total soil nitrogen
content was the highest (0.23 %) from pasture land and the lowest (0.08 %) was from farmer’s
field (Table 3). Runquan (2002) reported a decrease in soil organic matter and total nitrogen due
to deforestation. Fu et al. (2001) also found 18% increment in total soil N when farm lands were
converted back to forest land.

The highest available phosphorous (448.3 kg ha!) was recorded from the cereal based upland
and that of the lowest (13 kg ha') was observed from the forest land. P fixation is greater in soil
having higher clay content (Havlin et a/., 1990) and this might be the reason for low level of available
P from the pasture land, forest land and cereal based lowland. Low levels of available P from the
forest soil might also be due to the forest vegetation itself with large biomass and thus more P
uptake and immobilization in plant biomass. Phosphorous shows a tendency to build up in soil with
subsequent addition of phosphatic fertilizers from external sources. The residual effect of added
phosphatic fertilizers might have caused a high level of phosphorous from the cereal based upland
and vegetable farm, but such an effect in the cereal based lowland may have been overridden by the
higher clay content.

There were no significant effects of land use systems on the potassium content of the soil. Soils
of all the land use systems were slightly acidic in nature (pH below 6).

Land use systems effects on earthworms dynamics
Earthworms dynamic in terms of their abundance were significantly affected by the land use
systems. The highest earthworm count (10.1 per trap) in terms of average of the five sampled dates
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was recorded from the pasture land and the lowest (3.3) from the farmer’s field (Table 3). Highest soil
organic matter in the pasture land might contribute to supply more feed stuffs to the earthworms and
made environment favorable for their multiplication. Lavelle et al. (1999) and Lee (1985) reported
that soil organic matter was an important factor governing earthworm variations in different land use
systems because soil organic matter was a major food resource for earthworms. Yusnaini et al. (2004)
also reported a positive effect on activity and existence of soil organisms with the increase of soil
organic matter content. Abundance of earthworm from the pasture and forest soils was also depicted
by Edwards and Bohlen (1996). Baker et al. (1992) found a positive correlation between earthworm
abundance and clay content. Positive correlation between earthworm abundance and silt content of
soil was reported by Hendrix ef al. (1992). Thus, the highest amount of clay and silt particles from
pasture land (Table 1) might have attributed to the highest earthworm count. Agricultural practices
like plowing, multiple tillage, application of chemical fertilizer and pesticides could have reduced the
earthworm members in farmer’s field besides lower content of soil organic matter.

Table 3. Earthworms abundance under different land use systems in western Chitwan, Nepal,
2013

Land use systems Earthworms count per trap
Cereal based lowland 5.2¢d
Cereal based upland 4.34
Vegetable farm land 3.5¢
Fruit orchard land 7.8°
Pasture land 10.12
Forest land 6.5%
Farmer’s field 3.3¢
LSD (0.05) 1.70™
SEM (&) 0.58
Grand Mean 5.79
CV (%) 20.10

Relationship between soil properties and earthworm dynamics

Soil properties frequently regulate earthworm abundance and distribution in different land use
systems (Edwards and Bohlen, 1996). Earthworm dynamic was significantly regulated by SOM, total
soil nitrogen, available P, sand and silt contents.

Table 4. Simple correlation coefficients between soil properties and earthworm counts in
western Chitwan, Nepal, 2013

pH SOM N PO K,0 BD Clay Sand Silt
Earthworms count ~ 0.23  0.96” 0.80"  -0.51"  0.05 -0.17 035 -0.64" 0.68”

A significant positive correlation (r= 0.96™) was recorded between soil organic matter and
earthworm count (Table 4). This result was in accordance with the findings of Hendrix ef al. (1992)
that a strong positive correlation between earthworm population density and soil organic matter
content across 10 sites they studied. Schmidt et al. (2004) also recorded an increased earthworm
number with the increase in organic carbon content in the Egyptian soil. Soil with low organic matter
content cannot support food for higher numbers of earthworms and resulted in their lower count as
described by Edwards and Bohlen (1996).
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There was a positive correlation (r= 0.80) between total soil nitrogen and earthworm count,
supporting the argument that higher amounts of total nitrogen favored increment in earthworm
numbers (Table 4). Application of a large amount of nitro chalk to pastures for grass production
increased earthworm numbers (Edwards and Lofty, 1977). The increment in earthworm count with
increased total nitrogen might be due to increased vegetative production which in turn increases the
amount of residues returned to the soil. The same phenomenon of increment in earthworm number
with the addition of chemical nitrogenous fertilizer was reported by Duiker and Stehouwer (2007).
Thus, the higher number of earthworm in an ecosystem can be taken as an indicator of higher total
nitrogen content in that ecosystem.

Available soil P and earthworm count showed a negative correlation (r = -0.51") as shown in
Table 4. Gerard and Hay (1997) also reported a decrease in number of earthworms from grass plots
with the application of superphosphate fertilizers. The decreased count of earthworms from soils
having higher content of available P might not be the result of available P rather it might be due to
other soil parameters such as lower amount of soil organic matter, total nitrogen and higher fraction
of sands than silt and clay in soils.

A negative correlation (r = -0.64™) was observed between sand content and the earthworm
count, whereas; silt content and the earthworm count were found to have a positive correlation (r
= 0.68™). Soil texture modifies other soil characteristics like water holding capacity and nutrient
status (Edwards and Bohlen, 1996). Higher silt content was responsible for a higher earthworm
count. Hendrix et al. (1992) also reported higher earthworm abundance from soils having higher silt
contents.

CONCLUSIONS
Soil properties and earthworm dynamics were significantly affected by the land use systems.
Earthworms may be used as bio-indicators to evaluate soil fertility status. Earthworm abundance can be
used as an alternative technique for soil fertility evaluation. However, for quantification and verification,
both phytotron and field experiments are required for detailed study on earthworm dynamics.
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