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Abstract

Natural grasslands represent the second largest ecosystem in Turkey. However, the impact of varying nitrogen (N) ferti-
lization rates on overall soil health indicators have not been reported in the country. A 2-year study was conducted in the
Kahramnmarag Plateau region in Turkey to evaluate the impacts of seven N application rates [i.e., 0 (NO), 50 (N50), 100
(N100), 150 (N150), 200 (N200), 250 (N250), and 350 (N350) kg N ha_l] on physical, chemical, and biological parameters
of soil health. Nitrogen addition decreased bulk density by 8—12%, and increased aggregate stability by 3-5% and EC up to
110%. Application of > 100 kg N ha~! increased soil porosity up to 6.7%. Soil pH and C:N ratios were not affected by N addi-
tion. The lowest plant available water occurred with the NO and N50 treatments, decreasing around 24% and 17% compared
to N300. Soil organic carbon, total nitrogen, and C and N stocks increased with increasing N addition. Application of N300
rates increased C stocks between 4 and 34%, and N stocks between 15 and 22% compared to all other treatments. Compared
to control, N250 increased microbial biomass carbon by 349% and nitrogen by 250%. Microbial respiration in the N250
and the N300 treatments was 97% and 129% greater than control. Addition of N fertilization for a first time in a grassland
ecosystem with a previous history of long-term overgrazing, even at low rates, positively impacted several parameters of soil
health, a positive impact that could ensure a greater sustainability of these fragil systems over the long-term.

Article Highlights

¢ Microbial respiration (MR) in positively linked with the application of nitrogen as fertilizers in grasslands.

o N fertilization, even at low rates, positively impacted several parameters of soil health in grassland ecosystems that
have typically been exposed to intense overgrazing without addition of fertilizers in the past.

e Balance N in soil also played imperative role in maintained of C stock in grasslands.
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Introduction

Timely production of quality fiber is essential to optimize
animal production. However, the demand for quality fiber
for animal feeding has largely exceeded the current fiber
supply in Turkey and most countries around the world
(Alcicek et al. 2010). Different fertilization methods have
been traditionally utilized across vast grassland areas in
Turkey to ensure sufficient supply of quality fiber. Ferti-
lization is one of the most efficient ways to improve pro-
ductivity in grasslands that have been poorly managed
but still conserve a minimum botanical composition to
ensure future supply of feedstock biomass across the year
(Comakl1 et al. 2005). Alongside with phosphorus, nitro-
gen (N) is the main crop yield-reducing nutrient (Kumar
et al. 2019a; b; Adeyemi et al. 2020). However, N limita-
tion in terrestrial ecosystems is ubiquitous, in part as a
result of expensive nutrient reposition costs to crops (Batt-
aglia et al. 2018), and constant short-term changes in the
soil total N storage due to the dynamic nature of its cycle
(Vitousek and Howarth, 1991; LeBauer and Treseder,
2008). Although there is a potential to increase biological
N fixation (Diatta et al. 2020) and sustainable P nutrition
with the use of phosphate-solubilizing bacteria in mod-
ern agroecosystems (Adnan et al. 2020), the use of N and
P synthetic fertilizers in grasslands is the most common
and widespread practice to increase plant productivity (Li
et al. 2014; DeForest et al. 2004). While much effort has
been devoted to measuring the aboveground impacts of
increased anthropogenic N in crop productivity (Ronnen-
berg and Wesche 2011; Xu et al. 2015), much less has
been done to elucidate the belowground impacts of these
practices.

Soil available N is essential for soil microbial growth
and overall regulation of the cycling processes of several
nutrients in soil (Coleman and Crossley 1996). Likewise,
changes in soil microbial biomass carbon (MBC) and N
(MBN) or its activity rate may be an indication of changes
in the rates of organic matter decomposition (Babur and
Dindaroglu 2020; Babur et al. 2021), humus formation
(Magill and Aber 1998), nutrient cycling (Fisk and Fahey
2001), and interaction between soil microorganisms and
plants (Bolat and Sensoy 2019).

Grassland soils represent a highly active organic car-
bon pool that plays an important global role in ecosystem
sustainability (Yang et al. 2011). In these systems, N is
the most limiting nutrient, mainly as a result of N replish-
nesment rates that are below the rate of plant N uptake
and the reposition by natural sources such as precipitation,
pollination, dust accumulation, and animal feces (Scurlock
and Hall 1998; Bai et al. 2010; Fornara et al. 2013). The
application of synthetic fertilizers can have a profound
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impact in the soil organic C pool and its functions in grass-
land ecosystems both in the short and long-terms (Wang
et al. 2002). However, these impacts depend on the system
under analysis (Vourlitis and Zorba 2007; Li et al. 2010;
Bai et al. 2011). Previous research shows that application
of N and P fertilizers decreased soil organic C in tundra
soils (Mack et al. 2004), but increased it in grassland soils
(Fornara et al. 2013). As a result, utilization of different
soil fertility management will likely have a differential
impact on soil productivity, soil carbon sequestration,
and SMB and composition across different land use types
(Li et al. 2014). Additionally, changes in some param-
eters could also be expected over time within a particular
land use type. Research showed that while N fertilization
in grassland soils may not impact or may even increase
the SMB in the short-term (Johnson et al. 2005), overall
decreases in SMB and respiration occured in the long-term
(Soderstrom et al. 1983; Lovell et al. 1995; Allison et al.
2013). Increases in SMB (Roberge and Knowles 1967,
Zhang et al. 2005) and microbial respiration (Salonius and
Mahendrappa 1975) have also been reported in short-term
incubation studies.

Different fertilization rates can impact the size of the soil
carbon pool by increasing the plant biomass productivity
and enhancing floral diversity (Mack et al. 2004; Fornara
and Tilman 2012; Qi, 2013), which can, in turn, increase the
rates of microbial decomposition and SMB (Liu et al. 2010;
Allison et al. 2013). However, changes in plant biomass can
be species-related. For instance, Chen (2010) found that dif-
ferent N and N + P application rates significantly increased
grass productivity while concomitantly decreasing that of
legumes.

Different studies investigated the effects of N fertilization
on chemical and microbiological parameters of soil quality
in Europe and the USA, but none has been conducted in
grassland areas in Turkey. In this country, grasslands rep-
resent the 2nd largest ecosystem after forests, occupying
around 19% of the nation’s total area 2014. Most of this
area is located in the country’s inner and southern temperate
arid and semi-arid regions. Within this region, grasslands
in the Kahramanmaras Plateau are estimated to account for
approximately 30% of the total grassland area in the country.
In recent years, grassland ecosystems in this region were
exposed to intense overgrazing which has resulted in floristic
degradation and severe soil N deficiencies. A judicious N
fertilization management could increase plant productivity
and soil fertility in grassland areas while preserving the sus-
tainability of these fragile ecosystems. However, information
regarding the impact of different fertilization management
in soil health, including soil organic carbon (SOC), nitrogen
pools, and SMB in this region is not available at present.

In this study, we assessed the impact of different N rates
on soil parameters that have a main role in grassland’s
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nutrient cycling and tend to quickly respond to changes in
management, including SOC, total N, and microbial biomass
dynamics. The objectives of this study were: (1) to investi-
gate how different rates of N fertilization affect soil organic
C and soil microbial variables such as microbial biomass C,
microbial biomass N, microbial respiration (MR), the meta-
bolic quotient (MR:MBC = ¢CO,), and microbial quotient
(SOC/MBC); and (2) to determine the physico-chemical
properties of soils that affect the soil microbial biomass fol-
lowing N addition.

Materials and Methods
Study Site

The study was conducted between November, 2018 and
May, 2019 in a grassland area located in the Kuyumcular
Village of South-Eastern Kahramnmarags Plateau, Turkey
(N 37° 30" 02"-37° 26' 26" and E 36° 52’ 44"-36° 49'
09", 490 m above sea level). The study site has a 30 year
mean annual precipitation of 750 mm, with 65% of the total
annual precipitation occurring in the winter season, between
December and March and a mean annual temperature of
15.8 °C (Institute of Kahramanmaras Meteorology; https://
www.yr.no/). August is the hottest month with an average
temperature of 27.5 °C, while January is the coldest month
with an average temperature of 3.9 °C. According to the
Unified soil classification system (USCS), soil in the study
site is classified as sandy loam (Holtz and Kovacs 1981).
At the beginning of the study, vegetation was dominated by
grasses such as Agrostis capillaris, Avena barbata, Bromus
diandrus, Hordeum murinum ssp. glaucum, Lolium temulen-
tum, Phlaris arundinacea, Phlaris paradoxa, Phleum prat-
ense, and legumes such as Medicago polymorpha var. vul-
garis, Melilotus officinalis, Trifolium lappaceum, Trifolium
nigrescens ssp. petrisavrii. Although soil class in the study
site is classified as a first-class soil, total net primary produc-
tivity and quality in the site is, on average, low, and the site
never received nitrogen fertilization before the inception of
the current study. To avoid animal grazing, the experimental
area across the whole study was protected with fences.

Experimental Design

Seven treatments were utilized in this study, as follows: (1)
NO (unfertilized control), 0 kg N ha™!; (2)N50,50kg N ha™';
(3) N100, 100 kg N ha™!; (4) N150, 150 kg N ha™!; (5)
N200, 200 kg N ha~!; (6) N250, 250 kg N ha~!; and (7)
N300, 300 kg N ha~!. Granulated urea (46-0-0) was used
as the fertilizer source in all treatments. Treatments were
replicated three times, for a total of 21 experimental units
(EU), in a completely randomized block design. Each EU

was 3 m wide by 4 m in length (12 m? per EU). All plots
were separated by a 1 m wide unfertilized buffer in all sides.
Phosphorus fertilizer was applied in the whole experimental
area at a rate of 40 kg P ha™! using triple superphosphate
(TSP) fertilizer on November 15, 2018 (i.e., P was not a fac-
tor under analysis in this study). Nitrogen treatments were
applied on March 10, 2019, following recommendations
from a previous study in the same research area (Uslu 2005).

Sampling

In May 2019, four random samples of approximately 0.11
m? each one (0.33x0.33 m) were at around 1 cm above the
ground level in each EU. Plant samples were separated into
three functional groups: grasses, legumes, and forbs. Fol-
lowing plant biomass harvest, two soil cores samples (8 cm
diameter by 10 cm depth) were randomly collected at the
center of each EU using a hand probe, and were then com-
posited into one sample per EU and placed in paper bags.
Later, composited soil samples were air-dried until constant
mass weight at the laboratory for determination of physico-
chemical soil properties. Additionally, two soil samples were
taken for microbial analysis at each EU, composited, and
field-stored in a cooler with dry ice until transportation to
the laboratory where the the samples were stored at+4 °C
in a refrigerator until analysis. In both cases, soil samples
were sieved to pass a 2-mm screen (Weidhuner et al. 2019)
to remove plant roots, gravel, and coarse fragments.

Physico-Chemical Properties

Soil moisture content (gravimetric method) was measured
by oven-drying the soil samples for 24 h at 105 °C until
constant mass weight (Giilgur 1974; Karadéz 1992). Soil
pH and electrical conductivity (EC) was measured by glass
electrode (1:2.5 w/v and 1:5 w/v soil/pure water suspension
for pH and EC, respectively). SOC and total N (TN) con-
centrations were determined using the dichromate oxidation
with K,Cr,0; and the semi-micro Kjeldahl methods using
air-dried soil samples, respectively (Kalembasa and Jenkin-
son 1973; Lu 1999). Soil bulk density was estimated using
a stainless-steel core-sampling cylinder of known volume
(Karaovz 1992). Then, SOC and TN values were multiplied
by the bulk density in each EU to calculate the soil C and N
stocks in units of Mg ha™!.

Biochemical Properties

Soil microbial biomass carbon (MBC; pg g~!) was ana-
lyzed from samples in the incubation beakers by using the
chloroform-fumigation-extraction method (CFEM) (Vance
et al. 1987). Soil field moisture content was adjusted to 50%
of their water-holding capacity (WHC) before microbial
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analysis. Then, 30 g oven-dry weight was transferred sepa-
rately into Petri-dishes within a desiccator. Sub-samples
were fumigated with ethanol-free chloroform (CHCI;) for
24 h at 25 °C. Samples were extracted for MBC by adding
100-120 ml of 0.5 M K,SO,, shaking for 30 min, and then
filtered through Whatman No. 2 paper. Three 30 g nonfumi-
gated soil sub-samples were processed in the same manner.
Finally, the SMBC was calculated as follows (Vance et al.
1987):

Microbial biomass C (MBC) = Ky X 2.64, (1)

where K refers to the difference in extractable organic C
between the fumigated and unfumigated samples and 2.64
is a factor to account for the biomass C released by fumiga-
tion extraction.

Soil microbial biomass nitrogen (MBN; pg g~!) was cal-
culated following the method described by Brookes et al.
(1985) and Anderson and Ingram (1996) as follows:

Biomass microbial N (MBN) = F/0.54, 2)

where FY is the difference between N extracted from fumi-
gated and unfumigated samples, and 0.54 is the fraction of
microbial biomass N released by fumigation extraction.
Soil microbial respiration (MR; mg CO,—C h™! g~!) was
determined over a 7-day period in the laboratory. Then,
30 g of the sieved field-moist soil samples was weighed into
250 ml Schott jars. Small beakers filled with 15 ml of 1 M
NaOH were placed at the jars’ soil surface to trap the evolved
CO,. The jars were fastened airtight and incubated for 7 days
at 25 °C. The moisture content of soil samples was periodi-
cally adjusted to 40-50% of the soil water-holding capacity
(Babur 2019). At the end of the incubation period, the small
beakers with the CO, absorbed in the NaOH solution were
removed and titrated with 0.1 M HCI after the addition of
BaCl,. A NaOH solution without soil, incubated as above,
was also titrated. Microbial respiration was calculated as the
amount of CO, evolution in the first 24 h incubation divided

by the mass of dry soil. The metabolic quotient (gCO,) was
calculated as the MR to MBC ratio (Anderson and Domsch
1990, 1993).

Data Analysis

Data were analyzed using SPSS 16.0 statistical software.
Figures were plotted using Sigma Plot 10.0 software. A one-
way ANOVA analysis was conducted to assess the impact of
the seven treatments (six rates + unfertilized control) utilized
in this study on selected parameters. When the analysis was
significant, the control was removed from the analysis and a
two-way MANOVA was conducted to test the overall effects
of fertilization rates on measured parameters. The least sig-
nificant difference (LSD) test was used to separate means at
a P=0.05 significance level.

Results
Soil Physical Properties

Highest bulk density was observed in the unfertilized control
treatment (NO; 0.91 g cm™>). The addition of N fertilizer
in the range between 50 and 300 kg N ha~! decreased soil
bulk density between 8 and 12%, with no differences among
fertilizer rates.

Nitrogen rates at or greater than 100 kg N ha~! increased
soil porosity between 5.1 and 6.7% compared to the low-
est soil porosity values observed in the unfertilized control
(63.8%), with non-significant trends showing slightly higher
values as more fertilizer was added. The minimum ferti-
lization rate utilized in this study (i.e., 50 kg N ha™") did
not significantly affect the soil porosity when compared to
the unfertilized control. All N fertilization rates increased
aggregate stability between around 3 and 5% compared to
minimum aggregate stability values of around 0.9 observed
in the unfertilized control (Table 1).

Table 1 Evaluation of soil

physical properties in response N rate (kg N ha™!) Soil texture Bulk density (g cm™) Soil porosity (%) Aggregate stability

to various nitrogen application NO Sandy loam  0.909+0.017* 63.75+1.48" 0.901+0.007°

rates N50 Sandy loam  0.837+0.010 66.62 +0.65% 0.926 +0.003*
N100 Sandy loam  0.834+0.015" 67.02+£0.70° 0.929+0.001°
N150 Sandy loam  0.823+0.014° 67.12£0.52° 0.932 +0.003
N200 Sandy loam  0.816+0.017° 67.20+0.50° 0.939 +0.006"
N250 Sandy loam  0.803+0.018" 67.32£0.46" 0.943 +0.004*
N300 Sandy loam  0.799+0.014° 68.05+0.67* 0.945 +0.002°
LSD (P<0.05) NA 0.0399 3.1937 0.0188

Values being presented here are the means of 3 samples (+standard deviation). Values in the same column
followed by the different letters indicate a significant difference (P <0.05) for various nitrogen application

rates
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Soil Chemical Properties

Soil pH was not impacted by different fertilization rates
(Table 2). As a result, both before and after application of
different N rates in this study, soil pH in the whole experi-
mental area was classified as slightly alkaline. Increased
application of N causes a significant increase in EC. A
minimum EC of 654.0 + 13.6 was observed in the unferti-
lized control. Application of N300 showed the highest EC
(1374.0 £60.6), which was between 110 and 32% greater
than EC for the NO and N50 treatments, respectively, but
no different than the EC of N100, N150, N200, and N250
(Table 2).

Soil Water-Related Parameters

A consistent trend showed increases in field capacity, per-
manent wilting point, and plant available water with higher
N application rates (Table 3). The lowest field capacity and
permanent wilting point were observed in the NO, N50,

Table 2 Comparisons of pH and EC in response to various nitrogen
application rates

and N100 treatments, with reductions between 4 and 7%
compared to maximum values observed in the N300 treat-
ments for both parameters. The lowest plant available water
was observed in the NO and N50 treatments, with decreases
between 24 and 17% when compared to the maximum plant
available water content in the N300 treatment (Table 3).

Soil Organic Carbon and Total Nitrogen

Soil organic carbon (SOC) and total nitrogen (TN) con-
centrations gradually increased with increases in N appli-
cation rates (Table 4). Maximum SOC (6.37 +£0.24%) and
TN (0.48 £0.007%) were measured in the N300 treatment
in both cases. These values represent an increase of 35%
and 30% compared with the lowest SOC values in the NO
and N50 treatments, respectively, and increases between 16
and 27% compared to minimum TN in NO, N50, N100, and
N150 treatments (Table 4). Moreover, SOC and TN in the
N300 were not different from values in the N250 treatment.
Although C:N ratio slightly increased with increasingly

Table 4 Assessments of soil organic C and total N contents in
response to various nitrogen application rates

N rate (kg N pH pH class EC (uS cm™) Nitrogen rates ~ Soil organic Total nitrogen C:N ratio
ha™!) carbon (%) (%)

NOO 7.57+0.053* Slightly alkaline 654.0+13.64° NO 4.71+0.32° 0.375+0.007° 12.55+0.45?
N50 7.45+0.051* Slightly alkaline 1043.0+17.01° N50 4.92+0.07° 0.399+0.002° 12.55+1.27%
N100 7.42+0.044% Slightly alkaline 1132.7 +57.78% N100 5.32+0.13% 0.409 +0.008° 13.52+1.44%
N150 7.40+0.048" Slightly alkaline 1180.0+73.77% N150 5.35+0.25 0.411+0.010° 13.10+1.19°
N200 7.38+0.018% Slightly alkaline 1200.3 +77.76% N200 5.35+0.38% 0.421+£0.021% 12.95+0.61°
N250 7.37+0.035" Slightly alkaline 1320.0+58.96"  N250 5.88+0.34% 0.463+0.008"  12.71+1.30°
N300 7.35+£0.017* Slightly alkaline 1374.0+60.60* N300 6.37+0.24% 0.477+0.007* 13.38+0.31°
LSD (P<0.05) 0.2866 NA 308.09 LSD (P<0.05) 0.8380 0.0500 1.5258

Values being presented here are the means of 3 samples (+standard
deviation). Values in the same column followed by the different let-
ters indicate a significant difference (P <0.05) for various nitrogen
application rates

Values being presented here are the means of 3 samples (+standard
deviation). Values in the same column followed by the different let-
ters indicate a significant difference (P <0.05) for various nitrogen
application rates

Table 3 Evaluations of plant-

. . N rate (kg N ha™!)
available soil water contents

Field capacity

Permanent wilting point Plant available water

in response to various nitrogen NO 43.22+0.76™ 33.53+0.44° 9.03+0.18¢

application rates N50 42.61+0.52° 33.73+0.31° 9.81+0.20%
N100 43.79+0.50> 33.86+0.52° 10.07£0.15"
N150 44.25+0.64° 34.57 +£0.28%® 10.32+0.48"
N200 44.49 +0.49% 34.59 +0.62% 10.58 +0.36
N250 45.05+0.60% 34.65 +0.44% 10.96+0.19%
N300 45.83+0.36* 35.36£0.66" 11.85+0.34°
LSD (P<0.05) 1.4765 1.4084 0.9233

Values being presented here are the means of 3 samples (+ standard deviation). Values in the same column
followed by the different letters indicate a significant difference (P <0.05) for various nitrogen application

rates
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higher N rates, this trend was not statistically significant,
resulting in all N fertilization treatments having a similar
C:N ranging between 12.6 and 13.5 (Table 4).

In the range of soil C stock observed in our study
(39.0-52.3 Mg ha™!), increases in N application rates
gradual and significantly increased soil C stocks (Fig. 1a).
Application of 300 kg N ha™! resulted in the highest C stock
(52.3+1.99 Mg ha™), a value that was 4% (vs. N250) to
34% (vs. NO) greater when compared to the other N treat-
ments. Moreover, the N250 treatment increased the soil C
stock by 29% compared to NO, but it was not different than
N50, N100, N150, and N200 rates.

Maximum N stock values measured in the N300 treat-
ment were 22%, 16%, and 15% higher than N stocks in NO,
N50, and N100, respectively, but similar to N stocks in
N150, N200, and N250 (Fig. 1b). In both cases, unfertilized
control NO had the lowest C (39.0+1.71 Mg ha™!) and N
stocks (3.13+0.08 Mg ha™!) (Fig. 1a, b).

(ton/ha)

C stock

20 +

N stock (ton/ha)

Fig. 1 Variations in a C stock and b N stock in response to various
nitrogen application rates. Significant differences (P <0.05) among
various nitrogen application rates are indicated by different lower-
case letters

@ Springer

Soil Biochemical Properties and Microbial
Respiration

Compared to the lowest MBC and MBN values obtained
with NO, the N250 treatment increased MBC by 349%, from
211.3 to 950.8 ug g~' (Fig. 2a) and MBN by 250%, from
21.6 to 75.6 ug g~ ! (Fig. 2b). Although there were no dif-
ferences in MBN between the N250 and N300 treatments,
MBC was 29% greater in the N250 compared to the N300
rate. In this study, the minimum N application rate (N50)
increased MBC by 53% and MBN by 25% compared to NO.

All N application treatments increased soil microbial res-
piration (MR) compared to unfertilized control NO (1.723 pg
CO,—C g~ ' h7!), with greatest increased of 97% and 129%
when compared to the N250 (3.389 pg CO,~C g~'h™!) and
the N300 treatments (3.945 pg CO,—C g~! h™1), respec-
tively (Fig. 3). Results of PCA showed that biomass C and
N are more closely associated with changes in MR. Effect of
N200, N250, and N300 was dominant for the differences in

1000 A

@

o

o
1

600

Microbial Biomass C (ug/g)

T
100 150 200 250 300

Microbial Biomass N (ug/g)

0 50 100 150 200 250 300

Fig.2 Variations in a microbial biomass C and b microbial biomass
N in response to various nitrogen application rates. Significant dif-
ferences (P <0.05) among various nitrogen application rates are indi-
cated by different lower case letters
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Fig.3 Variations in soil respired CO, in response to various nitrogen
application rates. Significant differences (P <0.05) among various
nitrogen application rates are indicated by different lower case letters

biomass C, N, and MR (Fig. 4). Pearson correlation showed
that biomass C and N, and stock C and N were significant
and positively correlated with MR (Fig. 5).

Discussion

A strong positive correlation between total N in soil and par-
ticle size distribution was observed in the current study due
to soil particles’ ability to retain soil nutrients. Seneviratne
et al. (2009) reported that soil total N is correlated with par-
ticle size distribution. Jiao et al. (2014) argued that particle
size distribution is affected by available soil nutrients and

other factors, including soil organic matter. Conversely, Per-
cival et al. (2000) reported no correlation between particle
size distribution and nutrient availability. Zhang et al. (2016)
reported the correlation of available soil N with silt as N
is easily decomposable and can be adsorbed by silt more
efficiently than by sand and clay.

Particle density, bulk density, and soil porosity are essen-
tial indicators of soil compaction and can be profoundly
affected by changes in management. Our results showed
that N application gradually decreased soil bulk density and
increased soil porosity compared to the unfertilized con-
trol NO (Table 1), which is in agreement with reports from
Rasool et al. (2008). Thus, a reduction in soil compaction
in grassland exosystems could be potentially achieved if N
fertilization is adopted as a long-term management prac-
tice. Soil compaction is characterized by an increase in the
penetration resistance that is influenced by soil structural
characteristics and functions (Abu-Hamdeh 2003).

We found no difference in the soil aggregate stability,
an important indicator of soil structural development and
C dynamics in soil, when N was applied in rates between
50 and 300 kg N ha~!. Similarly, Hati et al. (2008) reported
no changes in soil aggregate stability with N rates. Xin
et al. (2016) also reported that mineral fertilizers including
NPK and NP did not increase aggregate stability following
23 years of fertilizer application. The NH,* form of N tends
to decrease aggregate stability by dispersing organic bind-
ing agents inside aggregates and soil colloids (Fonte et al.
2009). However, Hati et al. (2006) reported that long-term
(31 years) dual application of compost and mineral ferti-
lizer significantly increased aggregate stability compared
to unfertilized control, likely due to the beneficial binding
effect of compost in soil aggregates and soil colloids.
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Fig.5 Pearson correlation for attributes affected by N application rates

Plant available water gradually increased with N appli-
cation rates between 100 and 300 kg N ha™!. Increases in
plant available water could result from an increase in N use
efficiency through a reduction in the losses from denitrifica-
tion, immobilization, leaching, and volatilization (Raun and
Johnson 1995), although information about the role of N
addition in the promotion of water use efficiency is scarse.

Nitrogen fertilization did not affect soil pH in our study.
Conversely, all N rates gradually increased EC in this study,
with maximum EC resulting from the application of the
N300 treatment. However, final EC values from all the treat-
ments under analysis were classified as non-saline soils (i.e.,
EC <2000 pS cm™"), which do not limit plant growth due
to salinity (USSL Staff 1954). Supra-optimum levels of N
addition, on the other hand, may cause over accumulation of
NO;™ and, thus, increases in soil salinity and impairment of
waterbodies (Kirchmann et al. 2002). Utilization of grasses
as catch crops can utilize the excess amount of NO;~, thus
reducing its lateral runoff and vertical leaching in the soil
profile. However, this approach needs further development
to explore the varying potential that various grasses and
other catch crops can have to reduce the risk of N loss from
agroecosystems.

Soil organic C and total N contents gradually increased
with increased N addition, although numerical differences
were only significant when 250 and 300 kg N~! were added,
with increases ranging between 24 and 35% compared to
the unfertilized control (Table 4). In both cases, N300 rate
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caused the highest increases in soil organic C and total N
contents. These findings are similar to other findings high-
lighting the importance that N fertilization has to increase
soil C and N stocks (Cai and Qin 2006; Tong et al. 2009).
The variation in the impact of N addition on soil organic
C and total N contents could be related to their application
rates, suggesting that grassland soils have acted as a C sink.
Tong et al. (2009) also reported an increase in soil organic
C and total N contents after 17 years of cropping at eight
experimental sites. They reported paddy soils as a C sink
affected by fertilizer, management practices, and climate
(Tong et al. 2009). However, the increases in soil organic C,
total N, and C and N stocks with increasing N application
rates in our study were higher to those reported by Tong
et al. (2009) in China. Increasing SOC and TN with the addi-
tion of greater N rates in our study was of similar magnitude
in each case, resulting in no changes in the soil C:N ratios
across different N rates. Gal et al. (2007) reported strong
positive correlations between soil organic C and total N that
determined the stability of soil C:N ratios in the plough soil
layer. The C:N ratios in our study ranged between 12.6 and
13.5 across all the different N fertilization rates, thus sug-
gesting that short-term addition of various rates of N ferti-
lizer would not have an immediate effect in the C:N ratios
of grassland soils.

The addition of increasingly higher rates of N fer-
tilizer increased soil microbial respiration because of
enhanced growth and respiration of both root and microbial
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population (Lovell and Hatch 1998). Similarly, cumulative
soil respiration increased with the application of 50, 100,
and 200 kg N ha™! over a 2-year period in a study conducted
in N-deficient soils in a temperate grassland in Inner Mon-
golia, China (Peng et al. 2011). Conversely, Burton et al.
(2004) reported no response in root and microbial respira-
tion with increased N in a forest in Michigan due to limited
nutrients resources other than NO;—N. Wang et al. (2019)
reported seasonal variations in soil respiration as a result
of different N application rates in a long-term study in a
loam soil in China. They concluded that the addition of N
in N-deficient ecosystems could play an important role in
soil C losses through increasing soil respiration (Peng et al.
2011). In our study, N addition positively impacted both
microbial biomass C and C stocks and this might have had
immediate positive effects on soil respiration rates, although
the increase in soil respiration in our study was lower com-
pared to values reported by Peng et al. (2011). Xu and Wan
(2008) also reported increases in CO, emissions following
the application of different urea rates. In our study, CO,
emissions from microbial respiration were maximized with
the N250 and N300 rates, similar to results from Aber et al.
(1989).

Conclusion

In this study, nitrogen fertilization improved most physi-
cal, chemical, and biological parameters of soil quality in
a grassland environment in Turkey that had not receive any
anthropogenic N fertlization before. Although maximum
values for most parameters resulted from application of 250
and 300 kg N ha™!, significant increases in soil porosity,
aggregate stability, plant available water, biomass C and
N ocurred with application of either 50 or 100 kg N ha™!,
which were the two lowest N rates utilized in this study. Soil
C stocks and soil microbial respiration, on the other hand,
were only affected by the addition of 250 or 300 N ha™!. In
conclusion, N fertilization, even at low rates, can positively
impact several soil health parameters over the short term
when applied to grassland ecosystems that have typically
been exposed to intense overgrazing and have no history of
fertility management.
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