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ABSTRACT

Urban managed system plays a vital role in maintain-
ing urban green infrastructure and its sustainability.
Soil provides sustainability to an ecosystem by sup-
porting vegetation through integration of multiple
processes including weathering, environmental input,
leaching and biological cycling. Seasonal dynamics
of soil nutrients under urban managed system provide
information about the response of urban ecosystem
to the environmental changes. An effective control of
disturbed soil is essential for sustainable development
and improving the quality of environment. The study
was carried out by selecting two urban managed sites
(site I - Sun Temple, site II - Jiwaji University Cam-
pus), located in Gwalior city of Madhya Pradesh, In-
dia. The physico-chemical parameters were analyzed
in different seasons of the year and results revealed
that the pH and EC in soil varied with different
seasons. Nitrogen was highest during rainy while
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potassium and phosphorus during summer, calcium
and sodium were found high during winter season.
Soil N, P, Ca and Na were found greater at site I and
potassium was found high at site II. Water soluble
Na, Ca and K were also affected by environmental
disturbances. The understanding the ecosystem sus-
tainability with reference to nutrients becomes very
important to further improve the urban environment.

Keywords Urban managed land use, Soil parame-
ters, Seasonal changes.

INTRODUCTION

Maintaining healthy environment to improve the
quality of people’s life becomes very challenging
in current world. Urban areas are more susceptible
to anthropogenic activities, due to high standards
of living, expansion of cities and industrialization
(Galitskova and Murzayeva 2016). Managed land
uses of urban forests are integral part of urban eco-
system which helps in regulation and recreation of
healthy environment and provide many ecosystem
services (Fan et al. 2014, Jim and Chen 2009). Urban
forestry is helpful in controlling biotic and abiotic
factors that influence the soil properties and act as an
indicator of global changes (Yamashita ef al. 2011,
Olojugba and Fatubarin 2015, Pickett et al. 2011).
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Fig. 1. Spatial distribution of selected plots in Gwalior urban forest (from Google Earth 2018).

Environmental disturbances and land cover changes
along with chemical and physical gradients of envi-
ronment affects the pedogenic processes under urban
greenery (Zang et al. 2010, Olojugba and Fatubarin
2015, James et al. 2016), thus helpful in evaluating
the interaction between people and environment
(Pickett et al. 2011). Urban forest along with managed
ecosystem generate significant ecosystem services
such as carbon sequestration, removing air pollutant,
reducing noise, regulating the microclimate, recre-
ation and amenity, thus enhances the quality of life
in urban area (Jim and Chen 2009). Nutrient cycling

in an ecosystem also includes nutrient content in
soil along with the biotic uptake and environmental
input hence, play an important role in strengthening
the plant growth and productivity (Deshmukh 2012,
James et al. 2016, Pickett ef al. 2011). Soil nutrients
act as an indicator of ecosystem stability influenced
by climatic condition, soil type and plant community.
Nutrient dynamics on seasonal basis helpful in under-
standing the role of supply and interaction of these
nutrients in different environment condition (Fan et
al. 2014). Nutrient dynamics of soil has pedological
as well as ecological importance (Olojugba and Fa-
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Fig. 2. Temperature observation during 2016-17.
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Fig. 3. Relative humidity and rainfall observation during 2016-17.

tubarin 2015, Fan et al. 2014). It not only affect the ion
exchange in the soil but also affect the soil properties
(Deshmukh 2012). Rapid urbanization has an impact
on the physico-chemical properties of soil, hence, a
scientific approach is essential for management of
urban areas. The current study was aimed with the
preliminary survey to assess the seasonal variation of
soil nutrient status in urban managed system.

MATERIALS AND METHODS

Study area

The climate of Madhya Pradesh is characterized as
semi-arid and extremely hot during May-June while
extremely cold during end of December to January
(Singh et al. 2014). The current study was focused on
the two different sites Sun Temple (N 26014°10.72”
and E 078013°07.49”") designated as site [ and Ji-
waji University Campus (N 26012°11.10” and E
078011°44.88”") as site 11, located at Gwalior District
of Madhya Pradesh during 2016-17 (Fig.1). The re-
gion have elevation of an average 197 meters above
msl with three distinct seasons’ viz., summer, rainy
and winter. Temperature (maximum and minimum),
rainfall and relative humidity were recorded during
study period (Figs. 2,3).

Sampling techniques

Permanent quadrats of (20 m x 20 m) were established
at each site and soil samples were collected with the

help of soil corer at two different depths surface soil
(0-10 cm) and subsurface soil (11-20 cm) during
rainy, winter and summer season. The soil samples
were stored in sealed polyethylene bags with proper
marking, for further analysis.

Water soluble Ca, K and Na were also analyzed
with deionize water saturation method and concentra-
tion was determined by the flame photometry.

RESULTS AND DISCUSSION

The soil texture of study area varies from sandy

Table 1. Physico- chemical parameters and their measurement
methods.

SL.
No. Parameters Unit  Methods/References
1. Physical
Soil texture Brady and Weil 2002
Bulk density g/cm3  Wilde er al. 1985
Soil moisture % Kadam and Shinde 2005
2. Chemical
Soil pH Jackson 1973
Soil EC Ds/m  Jackson 1973
Available N mg/kg Kjeldahl (Subbiah and Asija
1956)
Available P (as P,O,) mg/kg Olsen’s (Olsen et al. 1954)
Available K (as K,O) mg/kg Hanway and Heidel (1952)
Available Ca mg/kg Ammonium acetate (Jack-
son 1967)
Available Na mg/kg Ammonium acetate (Jackson
1967)
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Table 2. Seasonal and vertical changes in physico-chemical parameters.

Site I Site II
Parameters Depth Rainy Winter Summer Rainy Winter Summer
(cm)
pH 0-10 8.93+0.02 8.70+0.05 8.02+0.02 7.68+0.07 7.41+0.05 7.1140.04
10-20 8.97+0.04 8.72+0.07 8.3+0.03 8.05+0.03 7.7+0.06 7.30+0.06
EC (dS/m) 0-10 0.25+0.04 0.20+0.06 0.15+0.02 0.19+0.11 0.16+0.09 0.12+0.08
10-20 0.21+0.05 0.18+0.08 0.12+0.05 0.15+0.07 0.12+0.15 0.11+0.04
Bulk density (g/cm?) 0-10 1.2+0.04 1.1£0.01 1.5+0.11 1.1+0.07 1.1£0.02 1.5+0.07
10-20 1.3£0.01 1.2+0.03 1.8+0.09 1.2+0.07 1.1+0.03 1.7+0.05
Soil temp (°C) 0-10 29.4+0.21 20.1+0.79 34.7+£0.43 29.1+0.59 21.6+0.31 34.9+0.51
10-20 28.7+0.16 17.8+0.86 29.1+0.38 28.7+0.48 20.9+£0.26 29.3+0.32
Soil moisture (%) 0-10 15.01+0.26 10.10+0.54 6.02+0.70 15.88+0.84 10.40+0.56 6.24+1.21
10-20 14.61+1.14 9.70+0.53 4.63+0.60 15.04+0.59 9.80+0.73 4.45+0.57

loam (site I) to sandy clay loam (site II), Singh et
al. (2014) showed the same results for Chambal re-
gion of Madhya Pradesh. Bulk density was highest
during the summer and lowest during the winter at
both the sites (Mora and Lazaro 2014). Status of
bulk density at both the sites showed the increasing
trend with increasing soil profile (Singh ef al. 2016).
The results of current study showed variation in soil
moisture content during different seasons at both the
sites and found that soil moisture during wet season
was higher than that in the dry season. The moisture
content was high at surface and decreased along with
the soil depth (Tyagi et al. 2013) at both the sites.
Soil moisture play important role in the study of soil
respiration which directly or indirectly affects the
physico-chemical parameters of soil (Wangluk e? al.
2013). Soil moisture acts as an indicator of changing
environment conditions and also a difficult parameter
to assess, as it directly influenced by physical factors
such as change in land use type, forest cover and

EH]10cm ®20cm

Fig. 4. Effect of seasonal variation on soil SOC (%).

topography (Tyagi ef al. 2013). It also act as a factor
to induce seasonal variation in soil respiration along
with some hydrological factor (Tyagi ef al. 2013,
Wangluk et al. 2013).

Soil pH is an important parameter as it ensure
the availability of plant nutrients and soil status
(Deshmukh 2012). The pH of soil samples was alka-
line and ranged from 7.1 to 8.9 (Singh et al. 2014).
Soil pH was found highest during rainy season (Bhat
et al. 2014 Yamashita et al. 2011) at both sites and site
I showed higher pH value than that of site II. Soil pH
reflects the important physical and chemical proper-
ties of the soil, as it directly related to accumulation of
extractable ions (Singh et al. 2014). Soil pH showed
increment with the increasing soil depth (Olojugba
and Fatubarin 2015). Soil pH can be significantly
correlated with the electrical conductivity (EC), soil
moisture, N, P, Na and Ca. Soil EC ranged from the
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Fig. 5. Effect of seasonal variation on soil available nitrogen
(mg/kg).
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Fig. 6. Effect of seasonal variation on soil available phosphorus
(mg/kg).

0.11-0.25 dS/m and was found highest during rainy
season (Bhat et al. 2014, Sheikh et al. 2013) at both
the sites and site I showed higher EC than site II. Soil
EC showed decreasing trend with increased soil depth
(Singh et al. 2016).

SOC concentration was ranged from 0.51-1.17 %
at site [ and at site I1 it ranged from 0.67-1.19 % (Fig.
4). The result showed that SOC was found highest
at the upper surface than the sub-surface in the study
area. At 10 cm of soil depth maximum SOC concen-
tration was observed at site 11 (1.19%) during winter
season and lowest was observed at site II (0.71 %)
during summer season. While at 20 cm of soil depth
site I1 (0.91 %) showed highest SOC content during
winter season and lowest SOC content at site I (0.51
%) during summer season. SOC showed decreasing
trend with increasing soil depth at both the sites (Fig.

Table 3. Structural correlation coefficient of soil properties.

H]0cm ®20cm

Fig. 7. Effect of seasonal variation on soil available potassium
(mg/kg).

4). The concentration of SOC differ significantly
along with the soil depth although during different
season it does not differ significantly. SOC showed
a positive correlation with EC, soil moisture, N, Na
and with Ca. Positive correlation coefficient between
SOC and soil pH was found very low (Tables 1-3).

The value of the available N was ranged from
99.6-158.7 mg/kg at site I and at site II it ranged
from 112-146 mg/kg (Fig. 5). Maximum values of
available nitrogen was measured at surface horizon
in comparison with sub-surface (Singh et al. 2016)
except for site I during winter season. The availability
of nitrogen was highest during the rainy season and
lowest during the summer season (Zhang et al. 2010,
Turner et al. 2015, Olojugba and Fatubarin 2015) at
both the sites. The increase of nitrogen concentration
during the wet season possibly due to enhancement

pH EC Bulk Soil Soil SOC Available Available Available Available Available
density temp moisture N P K Na Ca
Soil pH 1
Soil EC 0.89 1.00
Bulk density -0.29 -0.55 1.00
Soil temp -0.25 -0.27 0.76 1.00
Soil moisture 0.45 0.77 -0.77 -0.21 1.00
SOC 0.04 0.22 -0.52 -0.28 0.44 1.00
Available N 0.20 0.60 -0.63 -0.15 0.78 0.62 1.00
Available P 0.50 0.25 0.65 0.61 -0.21 -0.30  -0.24 1.00
Available K -0.79 -0.65 0.55 0.76 -0.30 -0.05  -0.03 0.00 1.00
Available Na 0.53 0.41 -0.61 -0.92 0.14 0.18 0.00 -0.27 -0.92 1.00
Available Ca 0.24 0.56 -0.83 -0.61 0.65 0.63 0.87 -0.49 -0.36 0.44 1.00
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Fig. 8. Effect of seasonal variation on soil available cal-
cium (mg/kg).

in nitrogen fixation by microbes along with increase
mineralization rates (Olojugba and Fatubarin 2015).
Although concentration of soil nitrogen does not
differ significantly along with the soil depth and
also during different seasons. Soil nitrogen can be
positively correlated with the pH, EC, soil moisture,
SOC and Ca.

Available phosphorus of the study sites ranged
from 4.55 to 8.05 mg/kg at site I and 4.20 to 6.24
mg/kg at site II respectively (Fig. 6). Available
phosphorus is one of the limiting nutrient for plant
growth and was found highest during the summer and
lowest during winter season (Bhat ez al. 2014, Sheikh
et al. 2013, Fan et al. 2014). High pH and calcium
precipitation with phosphorus might be reducing the
availability of phosphorus in the soil. Increased tem-
perature and plant root activity promote enhancement
in phosphorus during the summer season than the
winter season (Zhao et al. 2009). Available P content
was higher in surface horizons and decreased with
depth (Singh et al. 2016). Phosphorus concentration
differ significantly along with the soil depth on the
other hand during different season its concentration
does not differ significantly. The soil P can be posi-
tively correlated with the pH, EC, bulk density and
soil temperature.

Auvailable potassium ranged from 112.0to 217.7
mg/kg atsite [ and 122.2 to 248.5 mg/kg at site Il and
was found highest in the summer season at both the
sites (Fig.7). Soil potassium follow the same trend as
followed by N and P hence, decreased with increased

Fig. 9. Effect of seasonal variation on soil available sodium
(mg/kg).

soil depth. This can be related to the higher values of
organic form of these nutrients in surface layer (Babar
et al. 2007). This study revealed that the concentration
of soil potassium varied significantly along with the
soil depth but not during different seasons. Available
nutrients present in the soil affected by biological
uptake (woody and herbaceous species) hence can
also be related to nutrient storage in perennial bio-
mass, atmospheric cycling and litter fall. Biological
uptake is more important control over the distribution
of potassium ions and it lack a positive correlation
with both calcium and sodium (James et al. 2016).

The value of available calcium was ranged from
1497.4 to 1722.7 mg/kg at site [ and 1445.0 to 1705.95
mg/kg at site II. Sodium was ranged from 52.25 to
80.5 mg/kg at site [ and 51.02 to 69.83 mg/kg at site
II. Calcium and sodium was found highest during
winter season and lowest during summer season at
both the sites (Figs. 8, 9). Available calcium was
highest among all the nutrients present in the soil.
Both Ca and Na increases along with the increasing
soil depth. Sodium is not considered as an essential
element as that of calcium, but its concentration in
soil act as an indicator of salinity or alkalinity. In
semi-arid conditions Ca showed more value than
the other cations (K+ and Na+) (Deshmukh 2012).
The concentration of soil available calcium varied
significantly along with the soil depth but not during
different seasons. The sodium was found to be higher
at subsurface level than the surface level might be
due to base rich environment (Deshmukh 2012). The
results also revealed that concentration of available
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Fig. 10. Water soluble potassium, calcium and sodium at 10 cm
soil depth.

sodium differ significantly during different season
but does not differ significantly along with the soil
depth. A positive correlation between calcium and
sodium was observed and also with other soil param-
eters such as pH, EC, soil moisture and SOC (Table
3). Calcium can also be positively correlated with
available nitrogen.

Soil carbon is an important factor which regu-
late the cations (K*, Ca” and Na") and also partially
accountable for their vertical distribution within
different soils. Change in potassium or sodium con-
tent can be observed with depth in response to soil
carbon concentration changes. The concentration of
potassium does not increase with soil depth as the
concentration of calcium and sodium increases with
soil depth (James ef al. 2016). Because vertical dis-
tributions of potassium follows a different trajectory
hence, differ considerably from calcium and sodium
and does not related to the soil carbon as closely as
calcium related to it. This can be due to dominate
control of processes other than leaching (biological
uptake and its cycling) on potassium distribution
within the soil (Jobbagy and Jackson 2001). High
concentration of potassium was found in plant tissue
thus supply can be limited in the soil. The release of
potassium and sodium ions in the soil solution is the
result of total ionic concentration and leaching rate
(James et al. 2016).

Among water soluble elements potassium ranged
from 91.1-137.2 mg/kg at site I, 92.44-168.8 mg/
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Fig. 11. Water soluble potassium, calcium and sodium at 20 cm
soil depth.

kg at site II, calcium ranged from 187.9-351.73 mg/
kg at site I, 125.8-404.8 mg/kg at site II and sodium
ranged from 50.67-77.13 mg/kg at site [ and 46.0-67.0
mg/kg at site II (Figs. 10,11). Results revealed that
concentration of water soluble calcium and sodium
varied significantly during different season but not
differ significantly along with the soil depth. On the
other side water soluble potassium differ significantly
along the soil depth but not during different seasons.

Soil showed more selectivity for potassium
ions than sodium ions, but at low temperature the
selectivity for sodium ions was increased (Blank et
al. 2010). This can also be observed in current study,
sodium concentration was found high during winter
season. Increased concentration of water soluble so-
dium in soil was induced due to soil degradation and
enhance clay dispersibility in that area (Nguetnkam
and Dultz 2011). Additional nutrients can be applied
to reduce the concentration of water soluble sodium in
the soil (Nguetnkam and Dultz 2011). More stability
was shown by sodium salt than other soil salt solution
and makes the soil more toxic (Richards 1954). The
distribution of cations in soil is affected by biological
(plant) uptake and leaching. Plant utilize the nutrients
from soil and recycled them to the soil again by litter
fall decomposition (James et al. 2016). Pedogenic
process of soil were affected by cations concentration
and enhancement in soluble salts can produce harmful
effect in soil. Soil with more available cations requires
special attention (Richards 1954). Soil nutrients were
influenced by seasonal variation which further affect



the chemical properties of the soil. In the current study
pH, EC, nitrogen and soil moisture were estimated
high in rainy, the other factors like soil potassium and
phosphorus were found increased in summer whereas
calcium and sodium were found high during winter
season. Nutrient pools of all extractable/available
elements except K were greater at site I than the site
IT and were in the following order: Ca>K >N > Na
> P at both study sites. Comparing the surface and
sub-surface layer it appears that the surface layer
display highest values for nutrients (except Ca, Na
and pH which were found highest at sub-surface lay-
er), soluble ions, electrical conductivity (Nguetnkam
et al. 2011). Both the sites contain good amount of
biodiversity and can be enhanced further by good
management practices. Ecological benefits of soil
conservation includes nutrient cycling, hydrological
cycling, soil quality and climate change (Lal 2014).

CONCLUSION

Soil provides necessary support for vegetation and
its conservation is important for sustenance of envi-
ronment. The condition of soil provide us a chance
to examine the ecosystem structure and its function
under immense pressure of rapid growth in urban-
ization. The present study mainly aim to establish
the positive role of soil in maintaining the nutrient
cycles in urban managed land use system. Nutrient
status and its availability in soil is dependent on the
factors like environmental conditions, vegetation
type and tree species. Management practices are most
important to strengthen the soil quality which further
helpful in improving biodiversity, water quality and
renewability, enhancing soil rigidity to climate change
and mitigating climate change. The study of physical
and chemical characteristics of soil provides a consid-
erable information about the quality of management
type present in the urban area. Though the rate of
change in soil quality varies from site to site, it is
mainly influenced by the anthropogenic disturbance.
Proper conservation measures should be taken to
enhance the quality of life in urban ecosystem.
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