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EFFECT OF SALINITY ON SOIL RESPIRATION
AND NITROGEN DYNAMICS
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Abstract: A facility of BaPS (Barometric Process Separatianyl indoor incubation experiments were used to
determine the effect of soil salinity on soil regtion and nitrogen transformation. The rates df respiration,
gross nitrification, denitrification, ammonium amdrate nitrogen concentrations and relevant saiameters
were measured. Results showed that soil respiratidnnitrification and denitrification rates weileaifected by
soil salinity. Furthermore, the effect of soil sdly level on nitrification and denitrification g had a threshold
value ECy5= 1.13 dS/m). When soil salinity level was smatterthis threshold value, the rates of nitrification
and denitrification increased with soil salinity feithey were reduced when soil salinity level warger than the
threshold value. Moreover, the changing law of seapiration rate with soil salinity was similar tvithe
nitrification and denitrification rates while thanation tendency was opposite. In addition, tledformation
form urea to ammonium and nitrate nitrogen was edsliced with the increase of soil salinity and rbduced
effect could be expressed by exponential functions.

Keywords: BaPS system, soil salinity, nitrification, derfitation, respiration

Introduction

Greenhouse gas emissions are the main reasonslodl gvarming, which caused
extreme weather disasters happened frequentlyeaititbe world in the past 10 years [1, 2].
Previous studies have shown that agricultural-sogreenhouse gas emissions account for
about 14% of the global greenhouse gas emissiarsedaby human activities. Furthermore,
the ratio shows an increasing trend angdDNone of the greenhouse gas) released into
atmosphere from soil might increase 26% from 2@12020 [2].

Nitrogen is often the most limiting nutrient forapt growth in many farmlands, as soil
available nitrogen greatly impacts farmland primampductivity and plant community
structure [3, 4]. The second general detailed swiVey of China indicated that nitrogen
contents of about 40% upland fields were below 0g7&g" and nitrogen application
accounted for 43.1% of all the fertilizer applicatiin 2009. However, nitrogen fertilizers
also play an important role in agricultural-sougreenhouse gas emissions. This is because
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nitrogen mineralization, as one of the most impartil nitrogen processes, is the process
by which organic nitrogen is converted to plantitalde inorganic forms by soil animals
and microorganisms with O released through nitrification and denitrificati¢5, 6].
Therefore, the process of soil nitrogen mineraliratis closely associated with soil
nitrogen-supplying capacities, nitrogen loss angeghouse gas emissions, which has the
important ecological meanings to maintain agricaltiecosystem health and protection
[2, 7]. Meanwhile, soil respiration is another faicof greenhouse gas emissions due to the
CO; released [8, 9]. In this reason, soil respiratiod nitrogen mineralization have become
parts of research “hotspots” in environmental asitifelds [10].

According to previous researches, soil microorganontrols soil respiration and
nitrogen mineralization [10]. Silva et al found tmmaicrobial and actinomycete populations
were positively correlated with gross mineralizatand ammonium consumption rates [11].
Muller et al used barometric process separatiorP@atechniques to indicate that soil
microorganism affected soil respiration [12]. Adualially, soil respiration and nitrogen
mineralization are also influenced by many envirental factors including soil hydrology
[7, 13], soil texture [14], and soil aggregate. Blver, it is widely reported that soil
temperature can significantly impact microbial $psc quantity, and activity which
determine these soil processes [15]. Furthermal@ity is also considered as a stress of
soil microorganisms. Rietz and Hayne [16] foundt thaganic matter decomposition was
inhibited by increasing salinity which might cauaesubstantial decline in potentially
mineralized nitrogen. However, Khoi et al [17] fauthat adverse effects of salinity on
nitrogen mineralization were short-lived, where&g trate of nitrogen mineralization
recovered in later stages. Therefore, the abové&antintory results indicated that further
researches should be taken to find out the effe€tsoil salinity on soil nitrogen
mineralization. The objectives of this study wewe(i) monitor the variation of inorganic
nitrogen (NH™-N and NQ™-N) in soils with different salt and water conteaind (ii)
determine the effects of soil salinity on soil rieafion and nitrogen dynamics.

Materials and methods

Soil samples

Soil samples were collected from a horizon (0-20 ofra soil in Red Soil Engineering
Research Center, JiangXi province, China (28847'N and 115°5d6.43'E). The area
has a subtropical humid monsoon climate, and therage temperature is 26.35°C in
summer and 9.5°C in winter with mean annual rdinédl 1650 mm. Samples were
thoroughly mixed, air dried, pass through a 2 mmeveiand stored air-dry at room
temperature.

Soil characterization

Both sieving and hydrometer method were used tdyamasoil particles while the
sodium hexametaphosphate (AR) was selected asrsispeAccording to the soil texture
triangle (USDA), the soil samples were classifisdsity clay loam (Table 1). Soil pH and
EC were measured in a 1:5 soil: water suspensian afh end-over-end shaking at 25°C.
The water holding capacitfWHC) was measured using a sintered glass furoratected
to a 100 cm water column. Soil was placed in riimgthe sintered glass funnel, thoroughly
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wetted and allowed to drain for 48 h. Dry weighttbé soil was determined after oven
drying at 105°C for 24 h. The organic carbon wadyaed by dichromate oxidation.

Table 1
Physical and chemical properties of the soils
Soil property Unit Silty clay loam
Clay [%] 15.80
Silt [%] 72.40
Sand [%] 11.80
ECaus) [dS/m] 0.14
pH:5) soil:water [-] 5.79
Bulk density [g/cri] 1.40
Water holding capacity [g7ts0il Y 0.28
Organic matter content [g/kg] 30.33

Experimental design
Soil preparation

Six salt solutions with different EC were prepatgeging combinations of 1M NacCl
solutions and distilled water. The EC of the solngi were 2.12, 8.25, 15.59, 26.77, 33.95,
42.73 dS m. The experimental soils (approximately 4000 g)ewplaced on six funnels
with filter papers and leached 3-4 times with theskeitions, respectively. At each leaching
event, about 100-120 énof the solution was added to each funnel afterchisioils were
dried at 30-40°C in a fan-forced oven for 72 h, edithoroughly after drying to break the
clods and then analyzed f&C. The drying maximized the soil-solution contachisT
process was repeated until the desired combinafi®C (EC, 5 levels of 0.14, 0.67, 1.13,
1.83, 2.28, 2.83 dS ) were achieved. After adjustmentBE, the soils were kept dry at
room temperature until the onset of the experiment.

Theory of the Barometric process separation metBad g

If a net pressure decrease is observed, nitrifinath the system is predominant.
Therefore, a pressure increase indicates thatrifigaition is the dominating process. The
three microbiological processes can be describetidfollowing reaction equations [18]:
(a) Soil respiration:

CH,0+0, 4 — CO,ppm +H,0 (1)
(b) Nitrification:

NH; +20,,, — NO; +H,0+2H" )
(c) Denification:

5CH,0+4NO; +4H* — KCO,p,, + 7H,0+ 2N, ®3)

CGO, and Q concentrations (optionally # concentrations) in the headspace over the
soil samples are measured at the same time agdteerspressure. By measuring the system
pressure changes the total gas balafelt [umol b of the above processes can be
determined. Furthermore, by a combination of thés dpalance with the Oand CQ
balance, the rate of the gaseous nitrogen compobiR@ (N,,N,O,NO) contributed by
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denitrification can be determined. Moreover, if tt@al gas balance of the system,
determined by the pressure measurement, is notiagple with the oxygen and GO
balance, this balance gap must be a result ofabeays nitrogen compounds formed during
denitirfication.

Based on above analysis, the central equationeoB#PS method can be obtained as
[19]:

ANyOy =4n —40,—ACO, (4)
where ANOy [mol s stands for the rate of N gases produced by dcdiion, An
[mol s denotes the net rate of total gas productionasrsamption, while4O, [mol s
andACO, [mol s7] are the net rates of,@epletion and COformation, respectively, in the
chamber’s headspace atmosphere. Therefore, sqiiratsn and nitrification can be
guantified with an inverse balance.

Measurement of soil nitrogen concentration

2M KCI and saturated CaQQvere used to extract ammonium and nitrate nitrogen
respectively and the ratio between soil and extwat 1:5. Shaking end-over-end for 1 h
filtered and determined nitrogen concentrationsubing a Cleverchem200 auto analyzer
(Dechem-Tect Germany). Noted that the filtered dampere stored in a refrigerator at 4°C
if analysis was to be within 10 days. If there wasnger delay, samples were immediately
frozen at —-5°C and then defrosted at 4°C priontdyais [14].

Pre-incubation

For obtaining a relative maximum soil respiratiater and exhausting the effect of
water content on soil respiration, we set the ahigoil water content about 70% WHC
(18.5 g- 100 g soil’). These water contents were achieved by addingetipgired amount
of distilled water to soils and mixed fully in si® bags and put them into a 25°C incubator
for 14 days [14]. This 14 days pre-incubation wakeated on the basis of Betterly et al
[20], who found that microbial activity stabilizedthin 10 days after rewetting air-dry soil.
Throughout the pre-incubation period, distilled vatvas added on a mass basis to maintain
the target water content.

Incubations

Two incubation experiments were done in our studythe first incubation, we filled
fifty-four 100 cn? soil rings with the pre-incubated soils of sixisi4y levels according to
designed bulk density (1.40 g Thn After that, we determined the gross nitrificatimate,
denitrification rate, and soil respiration rateatingh BaPS technology, in each salinity
treatment, we put three rings into the BaPS indabatquipment and we determined three
times for each salinity treatment. Before incubatioe syringed 2 cil00 g dm® urea
(AR) solution to each soil ring and we determinbé ammonium and nitrate nitrogen
concentrations before and 20 h after incubations.

In the second incubation, we filled ninety 25°wnil rings with the pre-incubated soils
of six salinity levels according to designed bubnsity (1.40 g ci). Then we syringed
2 cn? 10 g dm?® urea (AR) solution to each soil ring and inculthm 10 days under 25°C.
We measured the mass of each soil ring every dapglthe incubation period and we
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determined the ammonium and nitrate nitrogen canatons before and 2, 4, 6, 8 and 10 d
after incubations (triplicate repeats).

Statistical analysis

The data were analyzed using SPSS (version 181@ssQnitrification, denification,
soil respiration, nitrogen concentrations and watetent data were subjected to analysis of
variance (ANOVA) andleast significant differenc€LSD) test was used to determine
significant differencesp(< 0.05) of treatments.

Results

Gross nitrification, denitrification, and soil respiration

Analysis of variance showed that gross nitrificatiate, denitrification rate, and soil
respiration rate varied significantly across saillirsty levels (Table 2). The rate of gross
nitrification and denitrification decreased 86.31da83.43% respectively when theC, 5
increased from 0.67 to 2.28 dS/m. Furthermore, viherEG.s increased to 2.83 ds/m, the
gross nitrification rate occurred to be negative #éme denitrification rate decreased to O.
On the contrary, soil respiration rate graduallgréased as the soil E€increased from
0.67 to 2.83 dS/m and turned from negative intatpesin the threshold of 1.83-2.28 dS/m
(Table 3).

Table 2
Statistical significance for gross nitrificatiorerdtrification, and soil respiration

Source of variation

Gross nitrification rate

Denitrification rate

Soil respiration rate

P>F

P>F

P>F

0.0001

0.0001

0.0001

Salinity (EG.s5)
Note:P is thep-value and~ denotes the F-test.

Table 3
Effects of salinity on gross nitrification, denficiation, and soil respiration

Treatment Gross nitrification rate Denitrification rate Soil respiration rate
[ng N/kg h] [ng N/kg h] [ng Clkg h]
Salinity ECi:5)
0.14 dS it 4339.27c 6317.60c —3839.13d
0.67 dS m* 7390.80a 9348.67a —7403.47f
1.13ds it 4585.83b 6617.10b —4551.07e
1.83 dS m' 3041.63d 4524.27d —-1856.97c
2.28 dS rit 1011.77e 1549.07e 1091.67b
2.83dS m* —25.27f Of 2311.10a

Note: For each treatment effect, means within aroal followed by the same letter are not signifibadtifferent
atp <0.05.

In addition, it could be seen form Figure 1 thdt afl the gross nitrification rate,
denitrification rate and soil respiration rate hadbeak value when the sdC,s was
0.67 dS/m. To be more exact, the values of grasication rate and denitrification rate
reached highest when tB«, s was 0.67 dS/m, these two values were comparakda wie
EC,swere 0.14 and 1.13 dS/m respectively and W@ value was more than 1.13 dS/m,
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the rates of gross nitrification and denitrificatiovould be obviously smaller than
non-saline conditiondHC;.5= 0.14 dS/m). Furthermore, the changing law of sespiration
rate with EC;.s was similar with the gross nitrification and deifitation rates while the
variation tendency was opposite (Fig. 1).
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Fig. 1. Effects of salinity on the rates of grodsification, denitrification, and soil respiration

Nitrogen concentrations in the first incubation

In the first incubation experiment, we syringedn® 400 g/dm urea (AR) solution to
each treatment. Table 4 indicated that the ammornch nitrate nitrogen concentrations
were significantly affected by soil salinity leve®® hours after incubation. To be more
specific, the ammonium and nitrate nitrogen conegioins decreased 87.37 and 34.41%
when theEC, s increased from 0.14 to 2.83 dS/m (Table 5).

Note:P is thep-value and- denotes the F-test.

Table 4
Statistical significance for ammonium and nitraiteagen concentrations 20 h after incubation
Source of Ammonium Nitrogen Nltrate
variation Nitrogen
P>F P>F
Salinity ECys) 0.0001 0.0001

Table 5
Effects of salinity on ammonium and nitrate nitrog®ncentrations 20 h after incubation
. . Nitrate

Treatment Ammonium Nitrogen Nitrogen

[mg/dm?] [mg/dm?]

Salinity ECi:5)

0.14 dS it 101.24a 0.093a
0.67 dS m* 45.79b 0.071cd
1.13ds it 42.20b 0.080b
1.83 dS m' 24.66¢ 0.076bc
2.28 dS rit 14.49d 0.062de
2.83dSm 12.79d 0.061e

Note: For each treatment effect, means within aroal followed by the same letter are not signifibadifferent

atp < 0.05.
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Moreover, Figure 2a-b showed that the ammoniunogén concentration 20 h after
incubation generally decreased with the increassodfsalinity level while the change of
nitrate nitrogen was fluctuant. However, we coukbdit the nitrate nitrogen concentration
by exponential function the same as ammonium ranodjitting. And the correlation
coefficients of ammonium and nitrate nitrogen conictions (R-square) fitting were
0.9686 and 0.8943 respectively (Fig. 2).
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Fig. 2. Effects of salinity on ammonium and nitrat&ogen concentrations

Water and nitrogen dynamics in the second incubatio

Due to the evaporation during the second incubagiqreriment, the water content of
each treatment decreased with time. More exadily,mhean water content of treatments
decreased 92% from 0 to 10 d after incubation (BjgMoreover, Figure 3 also illustrated
that soil salinity level could affect evaporatiavnt To be more specific, the higher soil
salinity level, the lower evaporation speed and #ifect might be more obvious when the
EC,.s was higher than 1.83 dS/m.
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Fig. 3. Changes of soil water content during theogeof incubation
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Generally speaking, the ammonium nitrogen concgairancreased first and then
decreased while the nitrate nitrogen concentrdtigriuated during the 10 days incubation
period and the peak ammonium nitrogen value ocdustmut 6d after incubation. Similar
to the first incubation, both the ammonium andatérnitrogen concentrations decreased
with the increase of soil salinity level (Fig. 4).
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Fig. 4. Changes of soil nitrogen concentrationsrduthe period of incubation

Discussions

Determination of nitrification, denitrification, an d soil respiration by BaPS system

BaPS is based on the measuring of the,@and total gas balance of soil samples. In
such an isothermal and gas tight system, nitrificatdenitrification and soil respiration are
the main biological processes responsible for gasgure changes. Based on the gas
balance and inverse balance approach, the ratesitrification, denitrification, and
respiration can be calculated [18, 21]. A serieprefzious investigations showed the good
agreement in the result of soil respiration meakime BaPS and gas chromatography [22,
23], and in values of gross nitrification and defiitation rates based on the BaPS system
and other methods, such’as-pool dilution technique.

However, this technology also has some shortcomimgsthis technology, the
calculation of gas changed CO,) was restricted to the physical dissolution of gas
water using Henry's law. This was feasible becathee studied soil's pH was < 4 and
therefore the other two species of the carbonatéliegum, HCO;” and CQ™, were
negligible [12]. At pH values > 6, however, thesgotspecies become significant.
Therefore, according to Ingwersen’s study [19], sseament using BaPS system was
believable when the soil pH < 6. In our study, ¢ of soil sample was 5.7 and thus we
could determine the rates of nitrification, defiitation, and soil respiration by BaPS
system.

Effect of salinity on nitrification, denitrificatio n, and soil respiration

Soil nitrification and denitrification were the maiprocesses of producing,®l.
Furthermore, previous studies have shown thafindtion played a more important role in
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N,O production, especially in wheat farmland soil,enéh urea was applied as nitrogen
fertilizer [23]. In our study, soil salinity leveignificantly affected the rates of nitrification
and denitrification. Therefore, soil salinity leweuld affect the BD production indirectly.
We found the rates of nitrification and denitrifiicen occurred peak values whe&it, .5 was
0.67 dS/m, then decreased with the increase qf;,B@hen the value oEC,5 was more
than 1.13 dS/m, the nitrification and denitrificati rates became lower than the initial
condition EC;.5= 0.14 dS/m). According to this phenomenon, we msslithat the effect of
soil salinity level on nitrification and denitrifition rates had a threshold value
(ECy5= 1.13 dS/m). To be more exact, when soil salilg@tel was smaller to this threshold
value, the nitrification and denitrification wereomoted by soil salinity while they were
reduced when soil salinity level was larger tham threshold value. This assumption was
similar with the results of the effect of soil séty level on soil microorganism activity.

Soil respiration was a main way of producing £®hich was another greenhouse gas.
Previous studies found soil respiration was getheditectly related to temperature, but
responses were ameliorated with decrease in saditune [24]. Moreover, in our study, the
soil respiration was also affected by soil salirdtyd it decreased first and then increased
with the increase of soil salinity. The decreaseegpiration with increasing salinity could
be explained by the low osmotic potential [14, ZHje low osmotic potential induced by
high salinity might reduce microbial activity [28lowever, salinity could also increase the
concentration of dissolved organic matter whichhhjgromote the soil respiration and this
might be the reason of soil respiration increagingur incubation.

Effects of salinity on nitrogen dynamics

In the first incubation, we found both ammonium anmtlate nitrogen concentrations
decreased with soil salinity and the change ruteddcbe fitted by exponential functions.
Therefore, urea transformation decreased with Hueeasing salinities. For one thing,
excessive salts had adverse effects on soil pHysiod chemical properties and
mineralization process [27]; for another, under high-salinity condition, there would be
a shift in microbial population structure, as mixes have adapted to the local high salinity
due to long-term acclimatization [28].

In addition, in the first incubation, the effect sdlinity on ammonium nitrogen was
more obvious than nitrate nitrogen. This was bezawea was not transformed into nitrate
nitrogen fully. Studies indicated that the propamtiof urea transforming into ammonium is
28.9% in 3-7 h after urea applied to soil and 638%0% in 24 h while the significant
accumulation of nitrate nitrogen occurred about 8fiér urea was applied [29, 30].

The effect of salinity on nitrogen dynamics was sistent in both two incubations.
However, in the second incubation, the change tobgen with time was fluctuant in each
salinity treatment. This phenomenon might be duéhéochange of soil water content. In
our experiment, we found soil salinity could aldfeet the evaporation and thus affect soil
water content; meanwhile, soil water content aladed with time in each treatment. For
one thing, soil water content could affect soiftaden dynamics independently, greater soil
moisture changed, the higher soil nitrogen mineasibn rate did [10]. For another, the
interaction of soil water content and salinity @buhake the change of soil nitrogen
dynamics more complexly [17]. Therefore, furthesa@&ch need to focus on the coupling
interaction of water and salinity which affect sitrogen dynamics.
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Conclusions

Soil respiration and nitrification and denitrifigat rates were all affected by soil
salinity. The effect of soil salinity level on rftcation and denitrification rates had
a threshold valueHC;.5s = 1.13 dS/m). When soil salinity level was smattethis threshold
value, the nitrification and denitrification wereomoted by soil salinity while they were
reduced when soil salinity level was larger thaa threshold value. Furthermore, the
changing law of soil respiration rate with soilis#y was similar with the nitrification and
denitrification rates while the variation tendenayas opposite. In addition, the
transformation form urea to ammonium and nitratieogen was also reduced with the
increase of soil salinity and the reduced effectidde expressed by exponential functions.
However, the change of urea transformation variedhftime was not very clear in our
experiment due to the interaction of soil water teah and salinity affected nitrogen
dynamics and further studies should be focus anpbint.
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WPLYW ZASOLENIA NA RESPIRACJ E GLEBY | DYNAMIK E AZOTU

Abstrakt: Proces BaPS (@iieniowy Proces Separacji) oraz inkubacja pokojaeataty wykorzystane do
okreslenia wplywu zasolenia gleby na jej oddychaniensformagj azotu. Mierzono szybkoi: respiracji gleby,
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catkowitej nitryfikacji i denitryfikacji, a take stzenie azotu amonowego i azotanowego oraz Weirto
odpowiednich parametréw gleby. Wyniki wykazatye respiracja glebowa oraz szyb&o nitryfikacji

i denitryfikacji bylty uzalénione od zasolenia gleby. Ponadto stwierdzéeowptyw poziomu zasolenia gleby na
szybka¢ nitryfikacji i denitryfikacji miat warté¢ progows (ECy.5 = 1,13 dS/m). Gdy poziom zasolenia gleby byt
mniejszy od tej wartei progowej, szybkéei nitryfikacji i denitryfikacji rosty wraz ze wzisiem zasolenia gleby.
Jezeli zasolenie gleby byt wksze od progowego, to szybicdte malaly. Co wicej, zmiany charakteru zaleosci
szybkdci respiracji gleby od jej zasolenia byly poréwnymeaz szybkécia nitryfikacji i denitryfikacji, podczas
gdy tendencja zmian byta odwrotna. Ponadto, tramsfoja mocznika do amoniaku i azotu azotanowegmigiw
zmniejszata si przy wzrdgcie zasolenia gleby, a efekt takiego zmniejszani@emby¢ wyrazony funkch
wyktadnicz.

Stowa kluczowe:uktady BaPS, zasolenie gleby, nitryfikacja, deffilsacja, respiracja



