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Abstract

Soil fertility management in agricultural land is challenging in hilly areas of Nepal. The study assesses
the soil fertility status of Bari (upland) and Khet (lowland) agriculture land in Mid-hill of Gorkha district.
Altogether 30 samples were collected from soil surface (0 to 20 cm) by using hand shovel in January,
2017. The soil fertility parameters like pH, organic matter (OM), total nitrogen (TN), available
phosphorus (P) and available potassium (K) were analyzed using standard methods in the laboratory
of Central Department of Environmental Science, Tribhuvan University. Results revealed that an
average pH in upland (6.62) was higher than the lowland (5.94). Similarly, OM (3.95%) and K (36.49
kgha-1) were relatively high in upland. In addition, pH, OM and available K were significantly varied at
p<0.05 in upland and lowland soils, however, there is no significant difference in TN and available P.
In addition, soil nutrient index showed that status of available K in both types of land is low, while OM
and TN are medium soil quality in upland and lowland soil. The use of organic fertilizer and improved
farming system can maintain and sustain soil fertility for crop growth and yield. Understanding
distribution of soil nutrients in the study area might be useful for planners to make effective soil

fertilizer management strategies.
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Introduction

Soil is a composition of minerals, nutrients, organic matter,
water, air and living organisms in which a thin layer covering the
entire earth surface, except in water body (KC et al, 2013).
Several environmental factors that have changed the physical-
chemical properties of soils such as climate, topography,
vegetation cover, microbial activities and other biotic and abiotic
factors (Paudel & Sah, 2003; Eshwara Reddy et al, 2012).
Vegetation plays an important role in soil formation (Chapman &
Reiss, 1992). The surface vegetation has yearly contribution to
the soil in the form of needles, leaves, branches, cones, pollens
and twigs. The gradual decomposition of these organic matter by
the microbial activity returns it to the soil as nutrients. Thus, the
main sources of soil organic matter are the plant tissues (both
above and below ground litter) (Eshwara Reddy et al., 2012),
which influence thephysicochemical properties of soil.

Soil nutrient is an essential factor in determining the sustainable
food production in an agro-ecosystem (Khan et al., 2017). Soil
fertility is soil capability to supply the essential nutrients in
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balanced way for the proper growth of plants. It is highly
determined by both natural factor such as parent material,
climate, erosion and soil age as well as anthropogenic activity
such as application of fertilizer and pesticide (Issaka et al., 2014).
Nutrients are removed from the agricultural soil through the crop
production (food, fiber, wood). The nutrient level removal may
results decline of sail fertility, if replenishment with inorganic or
organic nutrient inputs is inadequate. Soil fertility may decline
through other factors such as adverse weather condition,
invasion of weeds, soil physical deterioration or a combination of
many other factors. Therefore, it is major concern for most of the
farmers and their adaption of improved techniques has been
limited.

Agriculture in Nepal are still practicing subsistence farming and
mostly dominated by smallholder farmers and mixed cropping
system (Pandey et al., 2018). The study of Balla et al. (2014) and
Rijal (2001) shows that declining the soil fertility status across
the country is a key factor that constraints productivity of the
most crops and farming system. Other factors like shifting
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cultivation, overgrazing and overuse of marginal land, climatic
variability (Ghimire & Panday, 2016; Shrestha et al., 2014) and soil
erosion (Novara et al., 2018) are also responsible for degrading
soil nutrients status of the top soil. Due to lack of awareness
among the farmers about soil nutrient management, the issues
are becoming critical for the productivity of land, especially in
Mid-hill of Nepal (Regmi & Zoebisch, 2004). The sustainability of
land productivity in hilly region mostly depends on how farmers
manage, protect and utilize their farm and forest resources.

The traditional fertilizing method is not scientifically suitable and
efficient to apply fertilizer in places with different nature of soils
(Desavathu et al., 2018) even they use organic and farm yard
manure. Nowadays in Nepal, heavy use of chemical fertilizer and
pollutant technologies results in degrading the most common
farmland (Deshar, 2013). According to the World Bank Group,
the national average use of chemical fertilizer has increased
dramatically from 16.7 kg ha-1 in 2002 to 74.1 kg ha'l in 2016.
However, its uses in Nepal is relatively low as compared to the
other south Asian countries. An overuse of fertilizer is the waste
of fertilizer and it is also cause of serious environmental
degradation (Yang & Zhang, 2008). Moreover, the fertilizers are
discharged into the ecosystem by dripping, drifting and leaking
into surrounding areas than the target area. Especially, the loss of
soil nutrients is severe in hilly regions due to heavy soil erosion
problem. According to MoEST (2006), 10 tons per hector of the
soil are lost annually even from the well managed paddy terraces.
Therefore, the regular monitoring of soil fertility status is
important for sustainable land productivity. Soil fertility
indicators can be grouped in broad ways such as physical,
chemical and biological indicators and transforming them into
single value known as soil quality or fertility index. Mostly soil
fertility is determined by the availability of nutrients like N, P, K,
soil organic matter (SOM), and pH.

Population growth has challenged to produce more food to meet
the present and future needs; therefore people maximize the use
of land and more chemical fertilizer and pesticides have been
used for higher production. But, farmers are not aware about the
slow declining of soil fertility status. Thus, soil fertility status of
the soil needs to be monitored regularly. The aim of this study is
to assess soil fertility status of agricultural land of Palungtar
Municipality of Gorkha District, Nepal. About 200 ha of

the study area. Agriculture production such as rice and maize are
commonly practicing crops. Therefore, it will help local farmers
and local government agencies to adapt better soil management
practices and land-use planning for environmentally friendly
productive agriculture system.

Materials and Methods

Study area

The study area lies in Palungtar Municipality, Gorkha District,
Nepal (Fig. 1). It is southern part of the district and part of
sub-watershed of Marsyangdi River. The subsistence farming
system has been adopted by the farmers. The gravity flow
irrigation system is common method for lowland agriculture
system which is also known as irrigated land or lowland (Khet)
and other monsoon dependent land, i.e. upland or non-irrigated
land (Bari). The lowland and upland are randomly distributed
inside the study area. There are at least two crops pattern
practicing on both types of land for example; rice-wheat-maize,
rice-fallow-rice, rice-potato-maize are common in lowland and
maize-cereal-fallow, maize-groundnuts-fallow, rice-cereal-fallow
in upland. Rice is the major crops during the monsoon season in
lowland and maize is the major crops in upland.

Soil sample collection and analysis

Altogether, 30 samples, 15 from each land types, were collected
in January, 2017 from the surface soil (0-20 cm depth) by using
hand shovel. The soil samples were collected after harvesting of
rice production in lowland and maize in upland agricultural land.
A hand-held Gramin GPS device (precision 3 meter) was used to
recognize the soil sampling location. The composite samples
were taken using the W-shaped technique from each land and it
was collected in plastic bag with proper codding. The samples
were brought to laboratory and air dried. The air dried samples
were ground and sieved through 2 mm sieve for analysis of soil
organic matter (OM), pH, total nitrogen (TN), available
phosphorus (P) and potassium (K). The soil quality parameters
were analyzed in laboratory of Central Department of
Environmental Science by using the standard methods (Table 1).
During the soil sampling, 15 households, directly involved
into agriculture practice, were selected for the questionnaire
survey in both types of land. The questions related to the soil
fertility management, crop farming practices, irrigation water

traditionally managed farm land were used for the production,in ~ management and fertilizer were asked.
Table 1: Methods used for analysing soil parameters
S.N. Parameters Units Methods Source
1 pH Potentiometric 1:2 Jackson (1973)
2 Organic matter (OM) % Walkely and Black Walkely & Black (1934)
3  Total nitrogen (N) % Kjeldhal Bremner & Mulvaney (1982)
4 Available phosphorus (P) kg ha-1 Olsen’s bicarbonate Olsen & Cole (1954)
5  Available potassium (K) kg ha-1 Flame photometry Toth & Prince (1949)
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Figure 1: Location of soil sample collection in Palungtar municipality of Gorkha district, Nepal

Statistical analysis

The data of soil quality parameters were summarized using the
descriptive analysis such as mean, minimum (Min.), maximum
(Max.), and standard deviation (Sd). Due to the non-normal
distribution data and small sample size, the non-parametric test
Mann-Whitney U test was used to compare the significant
difference of soil chemical parameters in between the lowland
and upland soil fertility parameters. All the data were arranged in
Microsoft excel (Version 2013) and statistical analyses were done
by using the R-software (R-Studio, 2016). The soil pH and
nutrient values (OM, N, P and K) were classified on the basis of
Nepal Agricultural Research Council, NARC (2013) (Table 2). On
the basis of soil classification, the soil nutrient index was

calculated by using the given formula (Ramamoorthy & Bajaj,
1969).
X1)+(NyX2)+(Nerx3
Numbnt]ndex(NI):(Nl )+(Ny*2)+(NgX3)

Nt

Where;

Ni, Ny, and Ny are the number of sample fall in low (low and very
low), medium and high (high and very high) classes of nutrient
status, respectively

Nr is the total number of samples analyzed for the given area.

The resulting nutrient class is shown in Table 3.
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Table 2: Classification of soil fertility parameters by National Agriculture Research Council (NARC)

Soil parameter Very low Low Medium High Very high
OM (%) <1 125 255 5-10 > 10
Total N (%) <0.05 0.05-0.1 0.1-0.2 0.2-0.4 >0 .4
Available P <10 10-30 30-55 55-110 >110
AvailableK <55 55-110 110-280 280500 >500

Highly acidic ~ Acidic Slightly acidic Neutral ~ Alkaline
pH <45 4555 5.56.5 6.5-7.5 >7.5

Table 3: Classification of soil nutrient index

SN.  Nutrient Index Values

1 Low <1.67

2 Medium 1.67-2.33
3 High >2.33

Results and Discussion

Soil fertility management practices

The present results showed that all of the respondents use
inorganic fertilizer at least two times in a year, in lowland, during
the paddy plantation. In addition, few farmers use organic
manure. For instance, 26.67% farmers use chicken manure and
40% farmer use goat, cow, ox, and buffalo dung. In inorganic
fertilizers, DAP and Urea are the common fertilizers used in the
lowland; but 33.33% farmers use potash during paddy plantation
season. On the other hand, people are using more organic
manure in upland than lowland. The intensive use of chemical
fertilizers in farm land not only deteriorates the quality of soil, it
also pollutes different environmental components. Due to soil
pollution, the soil microorganism may loss from the soil which
are important for the availability of soil nutrients for plants.

Soil pH

The soil pH is an important parameter for identification of
chemical nature of soil (Kulshreshtha et al., 2003) as it measures
hydrogen concentration to indicate acidic and alkaline nature of
soil. The present results showed that an average pH of upland
soil is lower than the lowland soil (Table 4). In upland, pH
ranged from 5.7 to 7.6 with mean value 6.62, while in lowland
soil, it ranged from 5.6 to 6.62 with mean value (5.94). This shows

Sample (%)
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Figure 2 Classification and distribution of soil
pH in lowland and upland
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that the lowland soil is relatively acidic as compared to the
upland agriculture soil. More than 90% of the total sample in
lowland fall into the slightly acidic, but very few soil samples
show neutral pH. Moreover, about 30% of the total samples fall
into the slightly acidic category in upland and remaining samples
fall into neutral to alkaline pH (Fig. 2). In addition, the soil pH
shows no significant difference at p<0.05 level of significance in
upland and lowland agricultural lands. The acidic nature of
lowland soil may also affect other soil fertility parameters.

The normal range of pH for optimum availability element for
most of the crops is 6.0-7.5 (Snach et al., 2003). The present
results showed that about 90% of the total soil sample of lowland
fall into slightly acidic pH. The relatively acidic pH in lowland soil
might be the cause of leaching cation such as Ca and Mg, increase
phototoxic elements such as Al and Mn, reducing microbial
activity deteriorating soil structure making soil unhealthy
(Nduwumuremyi, 2013). Moreover, farmers use high amount of
urea and DAP fertilizer in agriculture land which result in to
decrease in pH in lowland soil (Diwakar et al., 2008). Thus, the
use of lime and organic fertilizer may help to get neutral pH in
lowland soil.
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Figure 3 Classification and distribution of soil
OM in lowland and upland
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Organic matter (OM)

Soil organic matter is an essential nutrients after their
decomposition by microbes. In the present study, the OM
ranged from 2.26 to 4.77% with mean 3.52% in lowland and from
2.56 to 4.58% with mean 3.95% in upland (Table 4). The results
show that high organic matter content in upland soil than the
lowland with significant difference at p<0.05. This result is
consistent with the findings of Ghimire et al. (2018) in Churia
region of the central Nepal, and Regmi and Zoebisch (2004) in
Mid-hill of Nepal. Distribution of soil sample, with respect to the
soil OM content, indicates that about 27% sample has low OM,
while 73% has medium OM in lowland and all of the soil sample
has medium OM in the upland. It indicates that the OM content
is medium in both types of lands (Fig. 2).

According to Kharel et al. (2018), more tillage practice and use of
animal manure support the higher organic matter content in
upland soil. Although, an intensive cropping pattern has
removed essential plant nutrients from the soil, thereby exerting
pressure on topsoil fertility (Pandey et al., 2018), higher value of
OM in upland might be attributed to the biomass that left over
the land after crop harvesting and the leaf fallen from the tree
and decomposition by microbial activity (Bo-Jie et al., 2004).
Fertilizer input and agriculture management practices might
have increased the amount of soil organic matter.

Total nitrogen (TN)

Nitrogen is the most essential nutrients for the plant
growth, which comprise about 1.5-2.0% of plant dry matter and
approximately 16% of the total plant proteins (Alvarez et al.,
2012; Lima et al., 2007). The average TN content in soil was found
to be higher in upland than lowland, i.e. 0.108% and 0.079%,
respectively (Table 4). However, there was no significant
difference at p<0.05 level of significance in nitrogen level in
upland and lowland. The study indicates, about 20% soil samples
of lowland fall into low to medium class, while about 47% of the
total samples in upland meet medium and 20% soil sample have
low and very low nitrogen content (Fig. 4).

The average total nitrogen content in upland soil had higher than
the lowland. The similar has been reported by Kharel et al. (2018)

in Mid-hill of Nepal and Kalu et al. (2015) in Panchase area of
western Nepal. Likewise, Kharel et al. (2018) have reported
strong positive correlation between organic matter and total
nitrogen. Therefore, the satisfactory condition of organic matter
might be the reason for medium level of nitrogen content in soil
of both types of lands. Moreover, use of chemical fertilizer in
lowland might have cause increase in concentration of total
nitrogen in soil.

Available Phosphorus (P)

In agriculture, available phosphorus is a key nutrient after
nitrogen. The lack of available phosphorus in agricultural soil
limits the growth of both cultivated and uncultivated plants (Foth
& Ellis, 1997). Phosphorus is an essential nutrient for maturity of
crop as well as for growth of plants roots. The results show that
the available phosphorus ranged from 28.0 to 220.0 kgha-1 with
the mean value 106.28 kgha-1 in low lands, while it ranged from
6.79 to 239.4 kgha-1 with 93.7 kgha-1 mean value in upland soil
(Table 4). This shows that the higher mean value of P in lowland,
however, there is no significant difference at p<0.05 in P of
upland and lowland agricultures. The study indicates that about
40% of the total soil samples in lowland and upland soils have
very high phosphorus content, while about 46% soil samples
have high phosphorous and remaining soil samples have low to
medium level phosphorous. In addition, 20% soil samples have
high and remaining soil samples ranged from very low to
medium phosphorus content (Fig. 5).

The high content of P in lowland soil sample might have been
caused due to use of DAP fertilizer in rice based farming system
in the study area. Available P in cultivating soil strongly depends
on soil pH (Lindsay, 1979). Besides pH, availability of OM and
application of P fertilizer also control of available P, erosion and
runoff are also associated with its loss from top soil (Pandey et al.,
2018). However, there is no prefect relation between the soil pH
and P in the present study. Moreover, only 20% to 50% of the
total phosphorus applied is absorbed by the crops during their
growth and remaining unused P is retained to the soil
(Richardson et al., 2009). The low to medium phosphorus in
upland soil may be due to small amount of OM reducing the
organic phosphorus source substantially (Pavinato et al., 2008).

Table 4 Status of soil fertility parameters in lowland and upland

Parameters Lowland Upland

pH OM N P K pH OM N P K
Mean 594 352 0079 10628 1593 662 395 0108 93.67 3649
Min. 5.6 226 0014 2879 9.68 5.7 256 0028 679 13.71
Max. 662 477 0175 22054 2634 7.6 458 0175 2394 8387
SD 025 080 071 52.68 5.45 047 049 007 7209 2136
Variance 006 065  0.50 2775.26  29.66 022 025 0004 517931 456.49
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Figure 4 Classification and distribution of total
nitrogen in lowland and upland soil

Available Potassinm

Available potassium is the third most required nutrients which
plays an important role in biochemical and physiological
processes of plants (Wang, 2013). The present results show that
concentration of available potassium is mostly very low to low
class in uplands, while all samples belong to very low class in
lowlands (Fig. 6). The average available K for upland was found to
be 36.49 kgha-1 with the standard deviation 21.36. In lowland, the
value was 15.93 kgha-l with standard deviation 5.45 (Table 4).
This result shows that the higher average available K in upland
soil, though no significant difference at p<0.001 of upland and
lowland soils. However, Regmi and Zoebisch (2004), and Kharel
etal. (2018) have reported significantly higher concentration of K
in lowland soil.

Water logging is common in lowland agricultural system in the
study area, thus available K is lost from leaching (Harter, 2007).
Potassium is found in the above ground mainly in straw which
are most abundant metallic cation in plant cell (nearly 2 to 3% by
dry weight) (Ravikumar, 2013). After crop harvesting, crop field
are almost clear in lowland, however, most of the crop biomass is
left in the upland soils in the study area. Therefore, the high
concentration of potassium is seen in upland soil in compared to
the lowland.
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Figure 5 Classification and distribution of available
phosphorus in lowland and upland soil

Nutrient index of soil chemical parameters

Soil nutrient indices were calculated to determine the soil fertility
status of organic matter, total nitrogen, available phosphorus and
available potassium (Table 5). Most of the soil nutrients fall into
medium level, while available potassium fall into low nutrient
index class, in both types of land. The use of excessive
amount of chemical fertilizers, overgrazing during off-season,
mismanagement of soil tillage practice, etc. might be the cause of
low soil nutrient index in both types of agriculture land (Ghimire
et al., 2018). However, soil fertility management for sustainable
crop growth and yield production should be focused on organic
fertilizer management, as it closely linked with the soil macro and
micro-nutrients (Pandey et al., 2018). Farmers in hilly region of
Nepal are facing several serious problems due to high slope, top
soil erosion in rainy season and also long drought. However,
farmers are still trying to manage soil fertility by using chemical
fertilizers as well as organic fertilizers. Among the total, 66%
farmers use mixed fertilizers, i.e. organic and inorganic, while
rest of the farmer use only chemical fertilizer. Moreover, mostly
chemical fertilizers are used for rice, wheat and maize
production. Therefore, the condition of soil nutrients decreased
in lowland soil than the upland.

Table 5 Classification of soil nutrient index of study area

Fertility parameters Lowland Upland

Values Index  Values  Index
Organic matter (%) 173 Medium 2 Medium
Total Nitrogen (%) 1.87 Medium 1.73 Medium
Available Phosphorus (kghal) 2.8 High 233 Medium
Available Potassium (kgha-1) 1 Low 1 Low

ﬁ; TU-CDES



Nep J Environ Sci (2018), 6, 9-16

15

Conclusion

In general, soil fertility parameters like pH and organic matter are
higher in upland soil, while, phosphorus is higher in lowland.
The majority of the soil samples represent slightly acidic in
lowland, while in upland soil represent slightly acidic to neutral
pH. Moreover, almost all soil samples are in medium class
organic matter in upland soil, but lowland soil ranged from low to
medium class. Similarly, total nitrogen ranged from very low to
medium class, very low to very high available phosphorus and
very low to low available potassium contents in both types of land
system. In addition, based on the soil nutrient index, soils in the
study area can be characterized as medium class for organic
matter and total nitrogen in both types of land and low class for
available potassium. Moreover, available phosphorus is higher in
lowland and medium in upland soil. This indicates that the
decline of overall soil fertility status in lowland soil as compared
to the upland. Therefore, soil fertility should be maintained for
better production and sustainable management of soil using
organic fertilizer instead of chemical fertilizer. Likewise, farmers
should be cautious on soil tillage, irrigation and crop rotation for
sustainability of soil nutrients management.
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