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Abstract

In the existing age, Human-induced reactive Nitrogen (Nr) deposition is the major source of N in the
terrestrial ecosystem. Reactive N plays an important role in global climate change through altered ecosystem
processes, including acidification, mineralization, leaching of base cations, metal toxicity, microbial
properties, altered species composition and diversity. These modifications impose a great threat to plants,
microbes, human health and other living organisms. Current understanding on Nr deposition and its impact
on natural ecosystem processes and properties basically depends on the simulated and observational N
deposition studies. However, our understanding of the mechanisms, which regulate the response of soil
parameters under N enrichment are still limited. Interaction among various parameters could play significant
role in regulation of ecosystem properties and processes under N deposition. However, most of the studies
have focused on the separate responses of soil pH, mineral-N availability and base cations under N-
enrichment, which do not provide mechanistic understanding regarding change in soil parameters. Till date
very few studies have been performed the simultaneous responses of soil pH, mineral-N availability and base
cations under N-enrichment. In this review we have summarized the effect of N-input on soil pH, mineral-N
and base cations, with other interactive parameters. The study also emphasizes on interactive study of soil
parameters under N-input for better apprehension of mechanism responsible for the change in soil properties
and processes.
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Responses Of Soil Parameters In The Terrestrial Ecosystem Due To Nitrogen (N) Enrichment: A Mini Review

Introduction

Nitrogen (N) significantly participate in the
growth, metabolism and reproduction of
organisms. It exist in different forms in the
cell such as nucleic acids, proteins,
chlorophyll, amino sugars, vitamins, which
are undoubtedly important for life (Coleman
et al., 2004). It constitutes approximately 78%
of gases present in the atmosphere, but it is
also a limiting nutrient in the terrestrial
ecosystem (Elser et al., 2007; Lebauer &
Treseder, 2008). As it could not be taken
directly in N2 (inert) form, so it has to be fixed
first in reactive form. Only a few microbes
can break high energy triple bond of N, and
fix atmospheric nitrogen into the available
forms. Share of microorganism in nitrogen
fixation is 100-300 Tg of per annum
(Galloway et al., 2003), share of lightning is
3-10Tg of nitrogen fixation per annum
(Prather et al.,, 2001), and anthropogenic
activity  (food demand and energy
consumption) contributes 156Tg yr? in 1995
to 187tg yrtin 2005 (Galloway et al., 2008) of
nitrogen fixation per annum.

In preindustrial time, biological nitrogen
fixation was predicted up to (90-130) x10°
metric tonnes yearly (Galloway, 1995). N
deposition was reported more than 50 kg/ha
during 2000-2010 worldwide (Penuelas et al.,
2013), relatively high N deposition was
recorded in many tropical regions in
comparison to Europe and North America
since the 1980s (Galloway et al.,, 2004;
Duanet al., 2016). (Lamarque et al.,2005)
speculated that N deposition by 21% century is
projected to lie between 60 and 100Tg-N-yr?
over global landmass on the basis of A2
scenario. N deposition has profound impacts
on the soil and vegetation via altering soil pH
(Carey et al., 2015; Ye et al., 2018), mineral
N availability (Ye et al., 2018) base cation
leaching (Lucas et al., 2011; Cai et al., 2017),
microbial diversity, enzyme activity (Song et
al., 2017; Penget al.,2017), plant diversity,
community structure and productivity (Tang
etal., 2017).

Effect of N treatment may vary according to
the Dbackground N deposition level, N
treatment level, time of N treatment, the form

of N treatment, environmental factors, soil
properties, etc. (Liu et al., 2015). Besides
these, a wide range of climatic factors such as
moisture and temperature, along with N
fertilization also regulate the soil acidifica-
tion, availability of mineral-N and buffering
capacity of the soil (Xu et al., 2016; Cai et al.,
2017). Temporal variation is also important in
the regulation of soil processes i.e.,
acidification, N-transformations and buffering
capacity. Temporal variations comprise the
change in precipitation and temperature,
which are generally associated with seasonal
patterns (Zhang et al., 2008).

Mineral N is the chief nutrient that govern the
quality and fertility of the soil. Continuous
excess increase of N deposition may lead to N
saturation where availability of inorganic N
exceed the biological demand (Lohse et al.,
2005) via altered mineralization, even reduce
plant productivity and diversity (Wat mough
& Dillon, 2003; Magill et al., 2004; Han et al.,
2013). Variation in soil mineralization due to
N enrichment responsible for altered
environmental pH (Niu et al., 2017; Ma et al.,
2016; Tian & Niu, 2015). Alteration in Soil
pH is responsible for the change in the
structure and composition of the soil bacterial
assemblage (Fierer & Jackson, 2006; Rousk et
al., 2010) as well as cation exchange capacity
of the soil (Messiga et al., 2013; Cai et al.,
2017; Mao et al., 2017). Long-term N-
enrichment mediated reduction in pH leads to
reduced nitrification (Bobbink et al., 2010).
Soil acidification cause leaching of base
cation (Bowman et al., 2008; Tian & Niu,
2015; Lucas et al., 2011) which affects the
nutrient quality of soil and change the SOC
content (Chapin et al., 2011).

As per our observation, there is diverse results
have been found regarding responses of soil
parameters due to N enrichment, which causes
are still not clearly understood. Simultaneous
studies of these soil parameters are still very
limited. There is a lack of interactive study on
the interdependency of soil N-mineralization,
acidification and base cations in the terrestrial
ecosystem. Therefore, this review is focused
on how and to what extent N deposition
influences the soil acidification, N-
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mineralization and buffering capacity of the
soil.

Consequences of N-input on Soil pH

The N-induced soil acidification has been
identified as a significant threat to the
terrestrial ecosystem functioning, mostly
grasslands, as grasslands are more prone to
acidification due to N-enrichment. Various
Studies on N stimulating effect on soil
properties have shown more or less similar
outcomes, which advocate the decrease in pH
due to the addition of N. However, some
studies have shown that the N addition rate
increased, the soil pH decreased continuously
(Zhang et al., 2012; Ma et al., 2016; Raza et
al., 2020) while, Chen et al. (2015) reported
decrease in soil pH in a 2 year of N-treatment
in comparison to control, pH increased in
each treatment level in the next year in
comparison to the previous year. Significant
reduction in the pH of topsoil was reported at
high level of N-input (Widdig et al., 2020). It
might be possible due to seasonal fluctuations,
inter-annual variability in precipitation and
temperature or by alteration in the uptake of
inorganic nitrogen forms by the plants. A
study conducted in tropical broadleaf forest
showed no significant change in pH after 7
years of simulated N input (Huang et al.,
2021). Tian and Niu (2015) in a meta-analysis
found that the fertilization of urea and
NHsNO3 added more to soil acidification than
NH4*-form fertilizer, due to the volatilization
of NH4*. After 20 years of N-enrichment,
effect on soil pH declined (Tian & Niu, 2015).
Vulnerability for acidification under N
enrichment was found higher in grasslands
than forests and among forests acidification
was found least in boreal forest. Tian and Niu
(2015) also reported that soil pH did not alter
significantly in the boreal forest because the
boreal forest is dominated by conifer species
which prefer NH4s* as N source rather than

NOs  (Hangs et al., 2003). Preference of
NH4" over NOs™ decreases the substrate for
nitrification (which cause release of H*), so
they are less susceptible to acidification due to
N-deposition, whereas pH in the tropical and
temperate forest were found to be
significantly declined.

Different ecosystems respond differently as
they differ in their edaphic properties and
background environment (Table 1). Like, the
pH values were found to increase along with
increasing rates of N addition (Luo et al.,
2017) in coastal mangrove sediments, which
is contrasting to most of the studies that found
a decrease in soil pH due to N addition.

NaNOs was used as a source of N by Luo et
al. (2017) and they urged that due to an
increase in phenolics as a result of N
treatment, pH increased. Moisture content
along with N addition has potential effects on
soil pH via affecting the leaching process
(Lucas et al., 2011) as well as the rate of
mineralization. (Cai et al., 2017) conducted a
study in a semi-dry grassland and reported
that the soil pH declined due to N-input under
both ambient and supplementary water
treatments, but the effect was significant when
N was applied without water, whereas with
water the effect was not significant. They
advised that N stimulated decrease in soil
buffering capacity was prevented due to water
addition and decreased soil available N via
leaching of NOz", resulting in improved pH
status (Cai et al., 2017). However, Lieb et al.
(2011) reported that increased NO3™ leaching
under water treatment caused increased
leaching of base cation too and thus resulted
in enhanced soil acidity. This contradiction
might be possible due to the discrepancy in
the various properties of the soil (Li et al.,
2020)

Table 1.Impact of various form and doses of N-input on soil pH, base cations and available-N in
various studies. (NA= Not Available)

Location (Latitude Form Dose of N Duration of pH Base cations Available-N Reference
and longitude) of (Kg- N treatment
N N/halyr)
41°497-4227°N, Urea 0, 20, 40, 2005-2006 Significantly NA Increased significantly, Zhang et al.,
115%6°-116°51E 80 and 160 reduced in 160 highest in HN treatment 2012
N treatment
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43°38"-N-116%42'E | NH4N 0,17.5, 1999-2011 Significantly Ca*, Increased with increase in Chenetal.,
O3 52.5, 105, reduced in Mg?*,Na* N-treatment, while year- 2015
175 and 280 both year concentratio wise decreased
treatment- n decreased
wise, however with N-
year-wise pH input, while
increased yearly Ca%*
and Mg
increased
and Na+
decreased
43°267-44°9°N, Urea | 0,25and50 | 2005-2012 With natural NA NA Maetal.,
115%2°-117°2°E water supply 2016
pH decreased
in N- treated
plot, while
with simulated
water supply
pH increased
in both control
and N-treated
plots
42°02N’"-116°17'E Urea 0,50,100,15 Not pH reduced Ca?*, Na* Increased in both ambient Caietal,
0 confirmed significantly significantly and simulated water 2017
in both reduced in treatment under N-
ambient and both water addition, but was more
simulated treatment profound in ambient
water under N- condition
treatment input, while
under N- Mg?*
deposition increased in
ambient
water
treatment
under N-
input
43°267-44°%08"N, NH4N 0,17.5, 2000-2006 Decreased NA Increased with increase in Zhang and
116°04°-117°05'E (02 52.5, 105, with N-input Han 2012
175 and 280 increasing N-
deposition
43°38' N, 116%42’ NH;N 0,17.5, 1999-2014 Reduced Na*, K*, Increased Yeetal.,
N and 1250 m.a.s.l. 0s 52.5, 105, significantly Mg?*, Ca?* 2018
175 and 280 and Mn?*
decreased
significantly
and
increased Al
and Fe
significantly
NH:N 0, 10, 20, 2008-2014 Reduced Mowing NA Wang et al.,
Os 30, 50, 100, significantly differently 2018
150, 200, alter the
and 500 response of
with two N-input,
frequency while Mg#,
(2and 12 Ca?
times per decreased in
year) very high N
doses, but in
low doses it
increased. Fe
and Mn
increased in
both known
and
unknown
condition
under N-
input
NH4N 0 and 40 1998-2010 NA NA Increased significantly Mueller et al.,
O 2013
38%32'45.52"N,121 | NH,N 0 and 45 2008-2013 Slightly NA NOj increased and NH,* Carey et al.,
°47'05.37"W 03 reduced decreased 2015
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NH,C 0and 70 2007-2009 In Threfore no NA In Trefor and Leognan no | Dorland et al.,
L effect, effect was found, while in 2013
NaNO In Leognan Revne NO3- increased
3 slightly significantly
NH4N increased,
05 In Revne
significantly
decreased
46°47'N, 71°07 [5Ca( 0, 60, 120 1999-2006 Declined K* reduced NA Messiga et
W, NOs),. and 180 significantly | significantly, al., 2013
NH4N Al increased,
0..10 while Ca?,
H20] Mg?* and
Na* remain
unaffected

Responses of base cation due to N
enrichment

Base cations play important role in soil
buffering capacity, which in-turn regulates
soil pH. Base cations also play significant role
in vital activity and helps in the maintenance
of ecosystem structure and function. As
different concentration and the ratio of base
cations require by different plant species,
variation in concentration and ratio of these
cation cause change in species composition
and diversity. Different studies on responses
of base cation under N-enrichment have
shown in Table 1. In a study, decrease in Ca?*,
Mg?* and Na' and increase in AIP* was
reported in  response to increasing
concentration of N, while year-wise
concentration of these base cations increased
(Chen et al., 2015), however, no significant
change in the concentration of base cations
and acids cations were observed under 7 years
of simulated N-input (Huang et al., 2021).
(Cai et al.,, 2017) demonstrated that total
exchangeable cations of the soil significantly
decreased with rising N level under ambient
and  supplementary  water treatments.
Concentrations of soil exchangeable Ca?* and
Na* significantly reduced due to N treatment
under both ambient and additional water
conditions. Concentration of exchangeable
Mg?*increased under N treatment with
ambient water condition. Concentration of the
soil Ca?* and Mg?'significantly enhanced
under water addition in the control (No)
treatment (Cai et al., 2017). A meta-analysis
performed by Lucas et al. (2011), it was
reported that exchangeable Ca?*, Mg®" and K*
reduced by 26%, 25% and 22% in temperate
forest, grasslands and boreal forest, while
Ca?* concentration enhanced significantly in
tropical forest due to N enrichment. Response

of soil base cations also vary according to the
fertilizer type. A substantial reduction of
exchangeable Ca?*, Mg?*, and K* from the
soils under ammonium nitrate (NHsNO3)
fertilizer application was found, whereas
under ammonium sulfate  ((NH4)2SO4)
application only Ca?* showed a significant
reduction (Lucas et al.,2011). Tian and Niu
(2015) reported a significant decline in
concentration of Ca?*, Mg?* and K* in both
grasslands and forests in response to increased
N-input. However, they found that the
concentration of Na* was significantly
declined and Mn?* was increased in grassland
but not in the forest. So according to Tian and
Niu (2015) grasslands are proceeding towards
Mn?* buffering phase.

A decline in base cations might be possible
due to coupled leaching of base cation along
with NOs™ (Lieb et al., 2011). Vulnerability of
grassland towards other stresses enhanced due
to the reduction in base cations concentration
(Bowman & Cleveland 2008). In an
experimental study, reduction in soil-
exchangeable base cations by 46%, 37% and
38% for Ca?*, Mg?* and K" respectively under
the uppermost level of N treatment was
reported (Bowman & Cleveland 2008). Base
cations concentration is also influenced by a
change in soil organic carbon (SOC) content
in response to accelerated N-input (Chapin et
al, 2011; Fang et al, 2017). SOC
concentration in response to N-input either
increased (Zhang & Han 2012), decrease (Liu
& Greaver, 2010)or remain unchanged (Han
et al., 2013) depending on the ecosystem type,
fertilizer type and dose of fertilizer used as
well as duration of N-deposition. Altered SOC
concentration caused change in anion
concentration of humus and thus affected the
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binding of base cations with humus, which
results in the altered availability of soil base
cations (Fang et al., 2017). So, ecosystem in
which SOC declined as a result of N
deposition will face extreme acidification due
to promoted base cation leaching (due to
reduced anion in humus because of reduced
SOC) and increased H* concentration (Fang et
al., 2017).

Effect of N-input on Soil mineral-N

Nutrient quality of soil is mainly governed by
the  decomposition and  mineralization
potential of soil, as plants nutrients uptake
occurs mainly in the form of minerals.
However, in recent studies, it has been
revealed that a few plants can directly take up
organic N compounds (Raab et al., 1996).
Inorganic N largely derived from atmospheric
deposition, fertilization, mineralization and
biological N fixation. It affects the soil
properties through altered litter quality, rate of
mineralization, C:N  ratio,  microbial
communities etc. Hypothetically, the total
organic pool present in the soil is
mineralizable, but the dynamic fraction of
organic-N which mineralized each year is
only 1-3% (Bremner, 1965). N enrichment
causes the change in mineral-N concentration
(Table 1) on account of alteration in the rate
of mineralization and other soil processes
(Han et al.,, 2013). Tropical studies have
shown that in the high level of N-input
significantly increase the concentration of soil
NOs and NH4* (Chen et al., 2015; Han et al.,
2013), however concentration in each level of
N-input was lower in the next year than
previous year (Chen et al.,, 2015), which
might be due to altered annual precipitation
pattern, temperature (Schaeffer et al., 2013) or
shift in preference of inorganic N uptake
(Ashton et al., 2010; Zhou et al., 2019). N
enrichment studies have found a significant
increase in mineral-N  (NHs* and NO3)
concentration in response to increased N
treatment with a decreased rate of
mineralization in high N treated plot (Han et
al., 2013). Zhang et al., 2012 reported that rate
of mineralization and mineral-N concentration
increased simultaneously. An increase in
mineral-N may be significant (Jing et al.,
2016) or non-significant (Knoblauch et al.,

2017). Response of different form of mineral-
N vary under N-input, i.e. a study conducted
in the temperate steppe showed that the
concentration of ammonia significantly
decreased and nitrate concentration increased
under N (urea) addition (Zhang et al., 2018).

Availability of water also impact the
responses of mineral-N under N-input. Cai et
al., 2017 reported that N treatment
significantly increased the concentration of
soil mineral-N under ambient and simulated
water addition. A significant reduction in the
concentration of soil NO3z™ at high N dose with
water treatment was reported, which may be
possible due to leaching losses. Moreover,
interaction between water and N showed
significant effect on the concentrations of soil
NOs~and NH.* (Cai et al., 2017).

A study conducted in semi-arid grassland of
inner magnolia (Liu et al., 2015) showed that
in the 1% year of experiment soil ammonium
concentration enhanced but not significantly
under the high Ilevel of N treatments
((NH4)2SO4, NH4Cl and KNOs), however
nitrate concentration was not affected
significantly. In the second year, soil NOz
concentrations increased under high level of
(NH4)2SO4 treatment,  however  decreased
under high level of NH4Cl and KNO3
treatments.  NH4" concentrations  declined
under all three high level of N treatments in
the second year of experiment. Depth of soil
also influences the consequence of N-input on
mineral-N, as reported in some studies that N
input potentially affected the surface zone of
soil, but sub-surface strata was not much
affected. (Zeng et al., 2015) demonstrated that
the concentration of soil mineral-N increased
significantly with increasing the N level.
While, inorganic N in sub-surface zone
showed small increase with a minor change in
soil pH.

Conclusion

From above study it can be inferred that N-
Enrichment results in the diverse effect on the
soil parameters under different conditions.
Soil pH showed generalized response under
N- treatment in different condition, but the
spatial and temporal response of the mineral-

642



Journal of Survey in Fisheries Sciences

10(2) 637-646 2023

N was not consistent under different N
treatment. Responses of base cations were
also inconsistent under different form of N-
input in space and time. Our knowledge about
interactive response of soil acidity, N
availability and base cation due to N-input is
still limited; only a few studies have
introduced the simultaneous role played by
soil pH, base cations and inorganic-N in the
ecosystem. Since soil pH, available-N, and
base cations play important role in
biochemical processes of the soil, therefore
the mechanism which is responsible for these
changes under N-enrichment needs to be
investigated in order to mitigate the negative
effect of N-enrichment on ecosystem structure
and function.
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