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Abstract: Unscientific land use and cropping techniques have led high soil erosion and degradation
of soil quality in the mid-hills of Nepal. To understand the effects of land use systems for selected
soil chemical properties in mid-hills, composite soil samples at 0 cm to 20 cm depth were collected
from five different land-use systems: Grassland, forest land, upland, lowland, and vegetable farms
from Dhading district of Nepal in 2017. Soil samples were analyzed for soil fertility parameters:
Soil pH, organic matter (OM), total nitrogen (N), available phosphorus (P), available potassium (K)
and its effect due to different land use systems were compared. Results showed that soil pH was
neutral in vegetable farms (6.61), whereas the rest of the land-use systems had acidic soils. Soil OM
(3.55%) and N (0.18%) content was significantly higher in forest, but the lowest soil OM (1.26%) and
N (0.06%) contents were recorded from upland and lowland farms, respectively. Available P was the
highest in the vegetable farm (41.07 mg kg~ ') and was the lowest in grazing land (2.89 mg kg~ !).
The upland farm had significantly higher P levels (39.89 mg kg ') than the lowland farm (9.02 mg
kg~ !). Available K was the highest in the vegetable farm (130.2 mg kg ') and lowest in grazing land
(36.8 mg kg ~!). These results indicated that the land under traditional mixed cereal-based farming
had poor soil health compared with adjacent vegetable, grazing, and forest lands among the study
area. The variations in soil fertility parameters suggest the immediate need for improvement in soil
health of traditional farmlands.

Keywords: agriculture; land use system; Nepal; soil fertility; soil pH

1. Introduction

The Nepalese economy relies heavily upon the agriculture sector, a source of livelihoods for
65.6% of the country’s active population and contributes 29.23% to the total gross domestic product [1].
Healthy and vigorous plants are produced by healthy soils which help to increase crop production
and can address the food requirements for human consumption [2]. However, Nepal is considered as
one of the food insecure countries with very low (around 16%) arable land area [3]. About 86% of the
total area of Nepal is occupied by hilly and mountain regions where cultivation is difficult, mainly due
to topography [4].

Land usage in Nepal has been changing rapidly over the past decades. From 1961/1962 to
2001/2002, in a span of 40 years, the agricultural land use has increased by 53.6%, however in recent
decades, it is starting to decrease. The total agricultural and arable lands have decreased by 0.3%
and 3.1% respectively from 2001/2002 to 2011/2012 [5,6]. Additionally, high rates of soil erosion [7],
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subsistence and traditional farming practices [8], unscientific management of land [9], increased land
fragmentation, deforestation [10,11], conversion of agriculture land to settlements, and unclear land
tenure rights [12] are some of the major problems that limit agricultural development in Nepal.

Proper land use planning is important for increasing agricultural production, environmental
conservation, and for the protection of biodiversity [13]. The land use decisions and governmental
efforts for implementing land use are poor in Nepal. Although a land use policy was formulated in
2012 in Nepal, the practical application of this policy is difficult because of its flexibility and many
loopholes within it [12].

The poor soil management practice in cultivated lands has led to a higher rate of soil erosion,
decreased crop production and productivity, and declined soil quality [14]. It is estimated that 60%
soils of Nepal have low organic matter (OM), 23% have low phosphorus (P), 18% have low potassium
(K), and 67% of the soils are acidic [15]. It has been estimated that 310 kg ha~! of plant nutrient is lost
annually because of the cereal-based farming system, whereas only 67 kg ha~! of fertilizer is added to
the soil through various fertilizer sources [16].

The Government of Nepal run Prime Minister Agriculture Modernization Project (PMAMP) is set
to establish variously specialized agriculture production areas throughout Nepal, which will have a
major impact on land use system changes in a large area [17]. The specialized production areas will be
utilized in intensive monoculture throughout the year. After the completion of PMAMP in 2025, it is
aiming to convert 471,000 ha of traditionally used farmlands into an intensive cropping land through
the establishment of pockets, blocks, zones, and super zones [18].

It is necessary to understand the efficiency of land use systems in terms of nutrient cycling and
soil conservation. Additionally, agricultural practices such as fertilization, tillage, irrigation, and crop
residue left on the field alter soil chemical properties and nutrient dynamics throughout the soil
profile [19,20]. Changes in land use can also disrupt carbon and nitrogen dynamics and organic
matter content in soil [21]. Hence, this research aimed to assess the fertility status of different land
use systems and their effect upon soil fertility parameters in Nilkantha Municipality and Siddalake
Village Municipality in Dhading district of Nepal, where 100 ha of traditionally used farmland is set
to convert into vegetable farm-land under PMAMP. It will help farmers and policymakers to direct
their efforts in adopting improved soil management practices and better land use system planning to
make Nepalese soils environmentally sound, while maintaining high production after land use change.
Specifically, this research aims to study the differences in soil fertility parameters brought out by the
land use systems.

2. Methodology

2.1. Study Area and Research Design

This research was conducted in Nilkantha municipality and Siddalake Village municipality of
Dhading district of Nepal as shown in Figure 1. The altitude of research locations ranged from 575
m in lowlands to 760 m in forestland, with an expansion of geographic coordinates from 84°54.7' E
to 84°50.5" E and 27°48.3’ N to 27°55.3" N. The research was conducted in a randomized complete
block design by selecting five different land-use systems: Grazing land, forest land, an upland farm,
a vegetable farm and a lowland farm as treatments. Soil samples taken from each treatment plot were
replicated five times. A field survey was used for the identification and selection of research locations
based on the availability of land-use systems aimed at each study site. The majority of the study area
was dominated by loam and silt loam soils and sandy loam in some cases.
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Figure 1. Locations of soil sample collection in Dhading district of Nepal.

The grazing and forest lands represent a natural land use system without any human intervention.
The lowland is characterized by bunds and the availability of irrigation facilities throughout the year,
where rice (Oryza sativa L.) is grown during the summer and rainy seasons. The upland is rainfed,
devoid of bunds where cereals like maize (Zea mays L.), millet (Pennisetum glaucum), and sesame
(Sesamum indicum L.) are grown without any specific pattern. Vegetable farms receive a high rate of
organic and inorganic fertilizers with well-developed irrigation facility where cucurbits, cole crops,
and solanaceous crops are grown throughout the year.

2.2. Soil Sampling Techniques

Five composite soil samples, from 0 cm to 20 cm depths, were collected from each land use system
by following the random sampling technique in between 15 May and 10 July 2017. Seven sub-samples
were collected at each study site. A hand-held Garmin GPS device with 1 m precision was used to
pinpoint the location of sampled points.

2.3. Soil Laboratory Analysis

The collected samples were sent to Regional Soil Testing Laboratory, Hetauda, Makawanpur
district for chemical analysis. Air-dried samples were ground and sieved through a 2 mm sieve for
pH, organic matter (OM), total nitrogen (N), available phosphorus (P), and available potassium (K)
analysis. The collected soil samples were analyzed by following standard laboratory procedures of
Regional Soil Testing Laboratory, Makawanpur, Nepal [22]. Data obtained from the laboratory were
analyzed using Gen STAT and Microsoft Excel.
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3. Results and Discussion

3.1. Soil pH

Results show that the lowest pH was found in forest land and the highest in vegetable farmland
(Table 1). However, soil pH had the lowest coefficient of variation (CV) compared to other soil
fertility parameters in different land uses, which represents the lowest degree of heterogeneity from
collected soil samples. Soils of grazing land (5.17), forest land (4.74), the upland farm (5.56), and the
lowland farm (5.4) were acidic in nature according to the rating chart adopted from Khatri-Chhetri [23].
The vegetable farm (6.61) had a pH in the neutral range. The land use system had a significant impact
on the soil pH level at p < 0.001. However, the soil pH of grazing land, the upland farm, and the
lowland farm was not significantly different.

Table 1. Effect of land use system on soil fertility parameters in Dhading district of Nepal.

Land Use Soil pH OM (%) Total N (%) Available P (mg kg_l) Available K (mg kg_l)
Grazing land 5.17b 261°b 0.14"° 2.89¢ 36.80 4
Forest land 4.74¢ 3,552 0.182 415¢ 77.50 b
Upland farm 5.56 P 1264 0.06 4 39.89 2 57 ¢
Vegetable farm 6.61% 2.49°b 0.12°¢ 41.072 130.22
Lowland farm 5.4b 1.61°¢ 0.06 4 9.02b 4324
LSD (0.05) 0.43 *** 0.24 *** 0.02 *** 431 *** 11.25 ***
SEM (%) 0.14 0.08 0.01 1.44 3.75
Grand Mean 5.49 2.31 0.11 19.4 68.9
% CV 5.8 7.7 13.3 16.6 12.2

Means followed by the same letter in a column are not significantly different at 5% level of significance in Duncan’s
new multiple range test; *** Significant at p < 0.001 level.

The primary reason for higher acidic soils in forest land could be due to parent materials high in
elements such as silica, intense leaching of basic cations during monsoon season, and the atmospheric
nature of aluminum in these soils [17,24,25]. Our results are consistent with the report published by
Islam and Weil [26] who found that forest and reforested soils contributed significantly lower pH
values than cultivated and grassland soils in Bangladesh. The lower soil pH in forest land also might
be due to its higher slope [27], higher OM content [28], and less evaporation from the surface in the
study area.

The acidic soils of cultivated lands might be due to continuous cultivation and addition
of nitrogenous fertilizers. In cultivated lands, ammonium-based fertilizers largely cause soil
acidification [29]. Due to the use of high level of urea and ammonium phosphates for agriculture
in Nepal, the cultivated soils are made acidic in nature [30]. Judicious use of nitrogenous fertilizer
sources and adoption of liming in may be the reasons for higher soil pH in vegetable land.

3.2. Organic Matter (OM)

Results of the study indicate that the highest (3.55%) amount of soil OM was found in forest land
and the lowest (1.26%) in the upland farm (Table 1). The upland and lowland farms had a low amount
of soil OM (1.61%) while grazing land and vegetable land had a medium amount of soil OM (2.61% and
2.49%, respectively). Furthermore, the effect of land use systems on soil OM content was significant
at p < 0.001. These results were consistent with the findings of Bista [31] and Chauhan et al. [32] who
reported a higher amount of soil OM in forest land compared to farmlands in Nuwakot and Chitwan
districts of Nepal, respectively. Another study by Pandey et al. [17] reported that due to the intensive
cropping system in some parts of Nepal, it has removed essential plant nutrients from the soil, thereby
exerting pressure on soil fertility.

Tillage practice results in higher decomposition and mineralization of OM. The more a soil is
tilled, the more the OM is broken down [33]. Tillage improves the aeration of the soil and causes a
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flush of microbial action speeding up the decomposition of OM and also often increases erosion [34].
Hence, the forest and grazing lands had higher soil OM due to high OM accumulation and no-tillage
disturbance compared to lowland and upland farms, where conventional tillage was commonly
practiced. The higher % of OM in the vegetable land might be attributed to supply of organic manures
and adoption of soil management practices in the farm such as balanced fertilization, increased biomass
production, the supply of organic manures, and refraining from burning which increases the soil
OM [35].

3.3. Total Nitrogen (N)

Results show that a great variation in total nitrogen (N) level in different land use systems.
The highest soil N (0.18%) was observed from forest land and the lowest (0.06%) was observed in the
lowland farm (Table 1). There was no significant difference in N levels of upland and lowland farms.
These results are in line with the findings of Duguma et al. [36] who found higher N level in woodlot
and pasture land compared to cereal land. In a similar study conducted by Yimer et al. [37] found the
organic carbon and N content to be significantly lower in cropland compared to grazing and forest
lands. The lower N contents in upland and lowland might be due to low soil OM content and may be
due to tillage, since soil tilling increases the susceptibility to erosion [34].

There was a strong positive correlation (r = 0.92, p < 0.01) between OM and N levels (Table 2),
indicating that the higher nitrogen in forest, grazing and vegetable land was due to high organic matter
content in respective lands. Brady and Weil [29] reported that the distribution of soil N paralleled
that of soil OM due to the fact that N along with other nutrients, are present in organic combination
and are slowly released by the process of mineralization. This was also supported by Matsumo and
Ae [38] who reported that about 90% of total N in soil derives from organic sources. A meta-analysis
by Shi et al. [39] reported that soil carbon and N can slightly decrease after forestation on pasture
land and moderately increase after forestation on cereal land, but changes in soil carbon and N stocks
through forestation depends on prior land use, climate and the tree species planted [40].

Table 2. Correlation coefficient of different soil fertility parameters in Dhading district of Nepal.

Parameter Total N Available P Available K Soil pH
oM 0.92 ** —0.40* 0.27 —0.15
Total N —0.27 0.08 —0.03
Available P 0.85 ** 0.46 *
Available K 0.38

* Significant correlation at p < 0.05 level (2-tailed); ** Significant correlation at p < 0.01 level (2-tailed).

3.4. Available Phosphorus (P)

The effect of land use systems on available phosphorus (P) is shown in Table 1. Available P had
the highest coefficient of variation (CV) compared to other soil fertility parameters in different land
use which represents the highest degree of heterogeneity from collected soil samples. The highest
(41.07 mg kg~!) amount of P was found in the vegetable farm and the lowest (2.89 mg kg~?!) in
grazing land. Available P in forest land (4.15 mg kg~!) and the upland farm (39.89 mg kg~') were on
par with that of grazing land and the vegetable farm respectively. Available P in the lowland farm
(9.02 mg kg 1) was significantly higher than in forest and grazing lands. These results were similar to
the findings of Bista [31] who reported a significantly lower P level in the forest compared to farmland
in Nuwakot and Chitwan districts of Nepal.

Availability of P in cultivated soil strongly depends on soil pH [41]. Hence, very low P in grazing
and forest lands might be due to low pH. The pH in grazing land (5.17) and forest land (4.74) were
lower than 5.5, a favorable condition in which P is fixed in the soil as aluminum phosphate (AIPOy)
and becomes unavailable [42]. The lower P content might be also due to no external sources of P
were applied to these natural lands. The very high P in the vegetable farm and cereal land may
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be due to greater pH and the residual effect of external chemical fertilizers, since only 20% to 50%
of the P applied is absorbed by crops during the growing season and unused P is retained in the
soils, ultimately increasing the soil available P concentration [43]. The lower amount of P in lowland
compared to upland and vegetable farms may be due to the small amount of OM reducing the organic
P source significantly [44,45].

3.5. Available Potassium (K)

Available potassium (K) was significantly affected by the land use systems at p < 0.001 (Table 1).
Available K level in the vegetable land (130.2 mg kgfl) was found to be significantly higher than
all other land use systems. The forest land (77.5 mg kg~ !) had higher K level than the upland farm
(57 mg kg~ !). However, there was no significant difference in the K level between grazing land
(36.8 mg kg~!) and the lowland farm (43.2 mg kg 1), both showing the relatively low level of K
compared to other land use systems. Bista [31] also reported significantly higher K level in forest land
than a traditional cereal-based lowland farm of Chitwan district, Nepal. However, those results are in
contrast to the findings of Chauhan [32] who reported no difference in K levels of natural and artificial
land use systems.

The low level of K in the lowland farm might be due to higher leaching loss and more K harvest
from soils. Under irrigated conditions, K is subjected to considerable leaching loss [28]. In the lowland
farm, cereal crops are harvested along with the whole plant (for the purpose of haymaking) and little
residue is left on the soil surface. Burning of crop stubbles after crop harvest and higher soil pH
might be the reasons for high available K in the vegetable farm. Heavy soils that contain more clay
tend to have large reserves of K which are available to the crop and produce higher soil K indices on
analysis [46].

The availability of K increases with increasing pH as calcium (Ca) displace K from the clay
lattice and make it more available in solution for plants [22,46]. The higher available K in forest land
compared to grazing land may be due to its extensive and deep-rooted trees. Trees act as a nutrient
pump and extract nutrients from the deep subsoil horizons and recycle it into surface layer through
leaf fall [25].

4. Conclusions

Land use change influences a number of biological and physiological processes. Poor land use
decisions can lead to land degradation and poor soil health. In Nepal, where land use change is
occurring rapidly, erosion, deforestation, poor soil nutrient management, indiscriminate chemical
fertilizer use in cultivated lands, and unscientific land use have affected a large population dependent
upon agriculture. This study compared the fertility parameters of soil in different natural and artificial
land use systems.

Results of the study show evidence of poor soil health in land under traditionally mixed
cereal-based farming (upland and lowland) compared to vegetable farmland, grazing land and forest
lands in the Dhading district of Nepal. The variations in soil fertility parameters suggest the immediate
need for improvement in soil health of traditional farmlands. Moreover, it is suggested sustainable
soil nutrient management practices with increased organic matter addition, practices of crop rotation,
biomass incorporation, increasing crop diversity, maintaining soil cover in cultivated lands are needed
to amend soil problems in traditional farmlands and maintain soil health in vegetable farmlands.
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