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Abstract: Soil nitrogen transportation and transformatiore amportant processes for crop growth and
environmental protection, and they are influenceddrious environmental factors and human intefeast This
study aims to determine the effects of irrigationd asoil salinity levels on nitrogen transportatiamd
transformation using two types of experiments: goluand incubation. The HYDRUS-1D model and an eicydir
model were used to simulate the nitrogen transpontand transformation processes. HYDRUS-1D paréat
well in the simulation of nitrogen transportatiamdaransformation under irrigated conditiof® &s high as 0.944
and 0.763 for ammonium and nitrate-nitrogen sinmoites, respectively). In addition, the empirical rebdias able

to attain accurate estimations for ammonitRh=( 0.512-0.977) and nitrate-nitrogeR?* & 0.410-0.679) without
irrigation. The modelling results indicated thatirea soil reduced the rate of urea hydrolysis tomamium,
promoted the longitudinal dispersity of nitrogendamnhanced the adsorption of ammonium-nitrogen.
Furthermore, the effects of soil salinity on theification rate were not obviously comparablete effects of the
amount of irrigation water. Without irrigation, ttgdrolysis rate of urea to ammonium decreased rexitally
with the soil salinity R = 0.787), although the nitrification coefficient rigdd with salinity. However, the
denitrification coefficient increased linearly wisalinity (R= 0.499).
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Introduction

According to the Land and Plant Nutrition Managemmstatistics of the Food and
Agriculture Organization of the United Nations (FAQver 6% of the world’s land
(approximately 400 million ha) is affected by sgalinity [1]. In arid and semi-arid regions,
intensive evaporation coupled with an insufficiemount of rainfall have caused saline
soil conditions, which are becoming a primary faatoderlying land degradation [2]. The
Hetao Irrigation District is located in Inner Morligo China, and it is a region suffering
from soil salinization, with approximately 70% bt cultivated lands affected [3, 4].
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Irrigation is the most readily available methodiwfproving the soil conditions for
crop growth. Since the 1980s, a flood-irrigatiorati#gy has been developed in the Hetao
Irrigation District for salt leaching to create witable environment for crops before sowing
[5, 6]. In addition, fertilization, especially withitrogen, has been shown to enhance crop
production, and studies based on crop producti@hrétnogen application in China have
indicated that the correlation between these twtofa is extremely high [7]. The excessive
and improper application of nitrogen fertilizer tdulead to an increase in nitrate
concentrations in water systems, and nitrogen i ohthe most typical groundwater
contaminants worldwide [8, 9]. Because of the pigteffects of soil salinity, the nitrogen
transformation ratio and uptake efficiency of arncepps might be reduced [10, 11].
Superfluous nitrogen fertilizer could also be leatlout of the soil or into the groundwater
under irrigation [12, 13]. Even under good waternagement practices, approximately
30% of applied nitrogen fertilizer may leach intmgndwater [14]. Therefore, the nitrogen
transformation ratio in saline soils must be deteeu for different irrigation conditions.

Previous research has indicated that soil micravsgas are the controlling factor for
soil nitrogen transformations. Silva et al [15] foua positive relationship between the
amount of soil microorganisms and the rate of g mineralization and ammonium
consumption. Similar study has also shown that tapacity for soil nitrogen
transformation decreased with decreases in the mimofusoil microorganisms [16]. In
addition, soil moisture also has the potential ftec the type and amount of soil
microorganisms. Kern et al [17] found that perioditernations of wet and dry soil might
promote soil nitrogen mineralization, whereas Barled al [18] found that less mineral
nitrogen accumulated in soil with alternating watlairy conditions compared with in soil
that has constant moisture.

In addition, limited studies have investigated thffects of salt on nitrogen
transformations, and the prevailing scientific dpinsuggests that saline soil can inhibit
nitrogen transformations [19]. Pathak et al [2@lioated that nitrogen mineralization to soil
salinity is associated with a threshold value. Mwees, when the electrical conductivity
(EC) of a soil solution is less than 70 dS*mammonium-nitrogen accumulates
continuously with mineralization, whereas with iesases of th&C of the soil solution, the
accumulated ammonium-nitrogen decreased. Howetlsr studies have indicated that the
inhibition of nitrogen mineralization by soil sadttemporary [21].

Therefore, the effects of soil salt on nitrogemsfarmation are still inconclusive, and
further studies are required. In addition, onlyvea number of studies have considered the
interaction effects of soil moisture and salt otragien transformation because of the
difficulties in measuring the nitrogen transformatiratio. Alternatively, mathematical
modelling has the potential to provide insightsoitihese processes. The HYDRUS-1D
model, which was developed by the United StatesaBepent of Agriculture (USDA)
Salinity Laboratory [22], has been widely used tiodg the water movement and solute
transport and transformation of soil under varioasditions in many regions including in
saline conditions. For example, Goncalves et a] {B&d HYDRUS-1D model to analyse
water flow and solute transport in lysimeters mtiegd with waters of different quality;
Forkutsa et al [24] applied HYDRUS-1D model to siate and quantify improved
management strategies and update irrigation stdadar cotton growth. Ngoc et al [25]
simulated the transformation of copper, lead, aind n a paddy soil by HYDRUS-1D.
Thus, HYDRUS-1D has been proved to be a strong ftmoinvestigating soil water and
solute and the objectives of this study are toef@luate the nitrogen transformation ratio



Nitrogen transportation and transformation undéedént soil water and salinity conditions  67¢

under the interaction of irrigation and soil sating the HYDRUS-1D model based on
experimental data and (2) establish an empiricalehdo quantitatively describe the
transformation of soil nitrogen in salt-affectediso

Materials and methods

Soil samples

Soil samples were collected from a surface soiédgmpproximately 0-60 cm) at the
Yichang Experimental Station, Inner Mongolia, Ch{#4d°4'2.82"N, 107°59'57"E) and the
Red Soil Engineering Research Centre, Jiang Xin&28°34'36.97"N, 115°56'16.43"E).
All of the samples were thoroughly mixed and aiedrat room temperature.

The soil particle sizes were analysed using siegimgd hydrometric methods, sodium
hexametaphosphatAR) was selected as a dispersant, and the soil &extas determined
based on the particle size limits defined by thedDBSThe organic matter in the sample
was analysed by dichromate oxidation (Table 1).

Table 1
Physical properties of the soil samples
. . S Organic
0,
_ Soil Location of Particle size distribution [%] matter
Serial number texture sampling points 0.002-0.05
pling p <0.002 mm| “O >005mm | [g-kgl
41°4'2.82"N
Samples 1/Exp. ISandy loan 107°59'57"E 6.61 20.13 73.26 5.513
Silty clay | 28°34'36.97"N
Samples 2/Exp. R loam 115°56'16 43"E 15.8 72.4 11.8 30.33

Experimental design
Column experiment (Exp. 1)

Soil samples from the Yichang Experimental Statiwsare used for the column
experiment (Exp. 1). The variables in Exp. 1 inelddhe irrigation water amouni\§ and
the initial soil salinity level $, which were combined in the saturation optimursigie
(Table 2). The designated initial soil moisture Wa&5 cn-cn®, and sodium chloride was
used to adjust th&.

Table 2
Design of the column experiment (Exp. 1)
Salinity/ECe Irrigation/ W Urea application/N

Treatment [ dS-zfl] g[cm] [mgr-)cm’ﬂ

1 SW, 14.8 14.89 5

2 SW, 24.42 14.89 5

3 SW, 14.8 29.78 2.5

4 SW, 19.24 21.22 35

5 SW; 24.42 25.31 2.9

6 SW, 21.53 29.78 25

The experimental devices were 6 cylindrical orgamgjass columns with an
approximate inner diameter of 18.5 cm and a lengftilO0 cm. The columns were
assembled with the prepared soil samples at 1.51g-dry bulk density. Each column
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contained a 60 cm long soil core that was divided L2 layers for packing, and special
treatment was used to make the surfaces of eaehidaygh to obtain good contact with the
adjacent layers. In addition, an organic glasswagp placed at the end of each column, and
it contained 12 cm of washed pea gravel coverefibirglass cloth. For soil sampling
during the experiment, four 2 cm diameter holesewexcavated around each column in
10 cm intervals on the vertical profile.

As shown in Table 2, 14.89-29.78 cm irrigation watéth 20 g dissolved uredAR)
was applied evenly and slowly to the surface ofheeslumn. The soil samples of the
6 columns were collected from the sampling holegraépproximately 48, 120, and
280 hours. The soil mass content [d} gvas first measured by the oven method and then
converted into volumetric moisture [éran¥], and the soiEC was measured ina 1 : 5
soil : water suspension using &C meter (DDSJ-318, Jingke, Shanghai, China) after
1 hour of end-over-end shaking at 25°C. The satdravil-waterEC (EC,, dS-m") was
then calculated by an empirical equatidC{= 7.4EC,) to determine the soil salinity
levels [26]. The nitrate-nitrogen and ammoniumegen concentrations were measured
using an automatic nitrogen analyser (Cleverchefh-B@chem-Tech, Germany).

Incubation experiment (Exp. 2).

Soil samples from the Red Soil Engineering Resed&ehter were used for the
incubation experiment (Exp. 2). The soil salinitgvéls § were of concern and
combinations of 1 mol-dMNaCl solutions and distilled water were used tousidihe
samples to 6 different saline soilEG levels of 1.02, 4.93, 8.38, 13.52, 16.87, and
20.94 dS-m). Ninety 25 cr soil rings were then filled with the saline sails1.4 g-cn?
bulk density, and each salinity level containeds@b rings. Subsequently, 2 ém0 g-dm®
AR solutions were aliquoted into each soil ring andubated for 10 days at 25°C. The
ammonium and nitrate-nitrogen concentrations irhesadinity level were measured using
the same methods as those used in Exp. 1 befarbadtion and 2, 4, 6, 8 and 10 days after
incubation (repeated in triplicate for each sajinével). Additional details on Exp. 2 are
included in Zeng et al [27].

HYDRUS-1D simulation
HYDRUS-1D uses the Richards equation (Eq. (1)) tscdbe the soil water

movement [28]
06 _0
= (1)
o 62[ ( )}
where 0 represents the soil volumetric water content’jam?); h represents the water
pressure head [cmK represents the unsaturated hydraulic conductieity-d™]; and z
represents the vertical axis (upward positive).
The soil water retentior¢(h)) and the hydraulic conductivit)K(h)) were described as
follows:
6.-6
+—= T  h<0
6=1 " (@+an)" (2)
[ h>

s

K(h)=KS[1-(@- §")"T (3)
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m=1-1/n (4)
S:g_gr (5)
: gs_gr

whered, andd, represent the saturated and residual water cenfiemt: cni’], respectively;
K represents the saturated hydraulic conductivity: [€']; « [cm™] and n represent the
empirical shape parametetsepresents a pore connectivity parameter andsisnasd to be
0.5; andS;represents the effective saturation.

The convective-dispersive equation (Eq. (6)) waedu® express the solute transport
and transformation under transient water flow ctiods in a partially saturated porous
medium [28]

06c  ds_0 dc) odqc (6)
—+p—=—|D—|-—+pybc+ +tyf+yp-S
prail e Bz[ 62) 5, THICT Hpsty Sty p k G

s=K,c (7)

wherec represents the solute concentration in the liginidse [mg-cii]; D represents the
effective dispersion coefficient [¢ali"]; q represents the volumetric flux density given by
Darcy’s Law [cni-cm%Hh7); s represents the solute concentration in the solidse
[mglcnt]; Kq is the distribution coefficient of solute betweéquid and solid phase
[mg™ cn?]. p represents the soil bulk density [g-¢mnu, andus represent first-order rate
constants that provide connections between indalidhain solutes in the liquid and solid
phases, respectively Tt 7. andys represent zero-order rate constants in the liguid
solid phases, respectively fh S« represents the sink term; a@d represents the solute
concentrations of the sink term [mg-¢m

In our study, we only considered the chain reacfimm urea to ammonium and
nitrate-nitrogen in the liquid phase. Thereforelyahe first-order rate constants for the
hydrolysis of urea to ammonium-nitrogem,{ and ammonium to nitrate-nitrogen
(nitrification, u,,) and water and solute transport parameters wesgrdimed in following
processes. For water movement, the upper and ldwendary conditions were the
atmospheric boundary conditions with surface laged free drainage, respectively. For
solute transport, the upper and lower boundary itiong were the concentration flux and
zero concentration gradient, respectively.

Based on 108 observations of the soil moisture amdhonium and nitrate-nitrogen
concentrations, the PEST program was used to deterthe parameters [29]. We first
calibrated the soil hydrodynamics parametégsé, «, n, andKy), and then both the solute
transport and nitrogen transformation parameten® welibrated togetheD( Ky, and )
for each column in Exp. 1.

Empirical model of nitrogen transformation

A first-order kinetics reaction equation (Eq. (&)typically used to approximate soil
nitrogen transformation [30]:
N __ 8
at Hu,N (8)
In Eq. (8),N indicates a form of nitrogen [mg], witk;, N,, andN; used in this study

to represent urea nitrogen, ammonium and nitrategen, respectivelyu,, is the
first-order rate constant, and we usegd, U, andp,s to represent the first-order rate
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constants for urea hydrolysis to ammonium-nitrogeitrification from ammonium to
nitrate-nitrogen and denitrification of nitratesoigen in Exp. 2, respectively.

If the nitrogen concentration for a specific foror time = 0 Ny) is known, then
Eq. (8) can be converted to Eg. (9).

N(t) = N, 9)

In Eqg. (9),N(t) indicates the nitrogen of a specific form at tim& and according to
Exp. 2, at time = 0, urea nitrogen, ammonium artcatd-nitrogen are 9.33, 0.895, and
0.012 mg in each ring, respectively.

Because Exp. 2 was conducted in a laboratory, werggl the ammonia volatilization
and established the empirical model of nitrogengfarmation based on our assumptions

(Fig. 1 and Eq. (10)).

N, (1) =9.33 4!

N, (t) =(0.895+ AN, )&

N,(t) = (0.012+ aAN, X * (10)
AN, = N,(t—At) - N(9)

AN, = N,(t-At) = N,(1)

AN, = Ny(t—A) = Ny(1)

‘Urea -N(N))
,uu‘l

AN,

‘ NH, N (N)

FUT]

Other N
forms (e.g.
NZ& NHas
NO,”-N

(1-2)AN,

Fig. 1. Empirical model of nitrogen transformation

In Eqg. (10),AN indicates the change of nitrogenadtintervals andx is the empirical

coefficient, which indicates the ratio of ammonitomitrate-nitrogen (assumed as 1 in our
study).
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Model evaluation

The root mean square erroRMISE Eq. (11)) and determination coefficierf®(
Eq. (12)) were used as follows:

(11)

M ey .
e s vy

sim

whereY,®*® is thei™ observed valuey®™ is thei™ simulated value, and®™ ang*™  are
the mean of the observed and simulated valuesgctsgeply.

Results

Nitrogen transport and transformation parameters in Exp. 1

Because nitrogen transport and transformation weopled with water movement, the
hydrodynamic parameters of the soil water weré fietermined. Among these parameters,
O, 6, a, n, and Ks were 0.0715 cfacm®, 0.537 crcm®, 0.0002 crt, 1.512, and
0.442 cm-H, respectively. Although th& values between the simulated and measured
moisture were approximately 0.2, the statisticaslgsis indicated these values were
significantly correlatedR < 0.05), and th&MSEwas 0.04 cthcni®. Table 3 shows all of
the nitrogen transport and transformation pararseter Exp. 1. In principle, the
longitudinal dispersity ;) should be the same for a specific soil matemdlereas the
molecular diffusion coefficient in free watdd) should be the same for a specific solute.
However, potential differences among the 6 columay have been caused by the soil
packing process and the effects of soil salinitg, ealibrated the nitrogen transport and
transformation parameters for each treatm@&hin Exp. 1. The results indicated that e
in T1 (SW), Tz (SWy), T4 (SW»), and Tg (SSW,) were similar, with mean values and
standard deviations of 15.06 cm and 2.23 cm, réised among the treatments. However,
when the initial soil salinity increased to 20.98-th”, the D, decreased significantly. For
example, th®_ in T, (W) decreased by approximately 63.06% compared Wi(l$,W,).
The D, for nitrate-nitrogen @,s) achieved maximum value ify (SW,), whereas th®,,
for ammonium-nitrogen ., in T; (SW), Tz (SW,), and Tg (SSW,;) were similar
(approximately 0.0015 cirti™) and significantly larger than in the other thtesatments
(0.0002 crfi- ™). The the distribution coefficienk() of urea nitrogenK;) were the same
in all 6 treatments (0.001 mgcn®). For ammonium and nitrate-nitrogen, the maximum
values of the distribution coefficienK{ andKgs, respectively) occurred i, (S;W,), and
the Ky, value was significantly larger than tKg, andKg; values in all of the treatments.
The first-order constants also varied accordingithigation rates and salinity levels, and
the maximumu,, was achieved i, (W), whereas thg,, in Tz (SW,), T4 (SW,), and
Te (SSW,) were the same and larger than in the other tinee¢ments.



684 Wen-Zhi Zeng, Tao Ma, Jie-Sheng Huang and JingWei

Table 3
Nitrogen transport and transformation parameteExin 1

Parameters Unit Treatment 1| Treatment 2| Treatment 3| Treatment 4| Treatment 5| Treatment 6
SIW; SW; SW, SW, SWs SWy

D. [cm] 15.7235 5.8019 11.7624 16.6983 6.6854 16.0510
Du [cn? 0.0019 0.0002 0.1344 0.0479 0.0002 0.0018
Du2 [cm?-h] 0.0016 0.0002 0.0015 0.0002 0.0002 0.0015
Dus [cm? ] 0.0031 0.0001 0.0001 0.0643 0.006§ 0.001P
Ka [mg™-cm] 0.001 0.001 0.001 0.001 0.001 0.001
Kaz [mg?-cm? 5.000 100.000 1.730 1.753 50.000) 1.726
Kas [mg™-cm] 0.166 0.382 0.003 0.000 0.071 0.017
U [h] 0.0002 0.0083 0.0001 0.0001 0.0025 0.0001
L2 ] 0.0037 0.0018 0.0050 0.0050 0.0023 0.005p

D, - longitudinal dispersivityDyi, Dwz, Dus - molecular diffusion coefficients in free water furea, ammonium,
and nitrate-nitrogen, respectivel, Kqg, K - distribution coefficient for urea, ammonium, amttrate-nitrogen,

respectively; uwa and uye - first-order rate constants for urea to ammonnitregen and ammonium to
nitrate-nitrogen, respectively
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Fig. 2. Evaluation of HYDRUS-1D simulation for ragen transport and transformation. Black and
white dots indicate Nii-N and NQ™-N respectively. Dash line is the 1:1 line; a) Treent 1
(SW); b) Treatment 2§W,); c) Treatment 3FW,); d) Treatment 4%W,); e) Treatment 5
(SW5); f) Treatment 6 %Ws)

The evaluation of the HYDRUS-1D simulation for opigen transport and
transformation coupled with soil water and salt ement is shown in Figure 2, which
indicates that the model simulation for ammoniutmegien (NH'-N) was more accurate
than that for nitrate-nitrogen (NON) in all treatments. The largesR® for
ammonium-nitrogen was 0.944, whereas the larigestr nitrate-nitrogen was only 0.763.
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In addition, the lowes®? for nitrate-nitrogen was 0.228, whereas for ammonhitrogen,

it was 0.461. In addition, theRMSE for ammonium-nitrogen was smaller than
0.002 mg-ci? and slightly larger for nitrate-nitrogen, althoutiis value was no more than
0.004 mg- criv.

In Exp. 1, both the irrigation water amoui/ (cm]) and the initial salinity level
[dS-m"]) were not highly correlated with the nitrogen nsport and transformation
parameters. The irrigation water amount had thegektr R? with Kg
(Kgs = —0.0169V + 0.4901,R* = 0.6), but for the other parameters, ffevalues for the
irrigation amount were all smaller than 0.3. Howewbe R? values between the initial
salinity level and all of the nitrogen parameteesavsmaller than 0.4 fof,, andu.p, the R
between the irrigation water amount and the nitnogarameters were only 0.27 and 0.31
for u, and u.p, respectively, whereas tHe between the initial salinity level and the
nitrogen parameters were 0.31 and 0.28fg@andu,,, respectively (Table 4).

Table 4
Pearson’s correlation matrix of HYDRUS-1D paraneter
Parameters W S D D1 Do Dus Kaz Kaa Mot M2
W 1
S 0.063 1
D, 0.154 | -0.514 1
Du1 0.484 | -0.627| 0.139 1
Dy 0.309 | -0.597] 0.543 0.281 1
Dus -0.103| -0.087  0.439 0.110 -0.4y7 1
Kz —0.477| 0.626] -0.879 -0.421| —0.6424 —0.29} 1
Kas -0.775| 0.286| -0.587 -0.473 -0.3p8 -0.369 0.844 1
U -0.519| 0.564| -0.80§ -0.372 -0.5B2 —0.281 0.9810.891 1
L2 0.560 | —0.527] 0.851| 0560 | 0560 0.367] —0.911 —0.797| —0.838] 1

D, - longitudinal dispersivityDwi, Dwz, Dug - molecular diffusion coefficients in free water urea, ammonium,
and nitrate-nitrogen, respectivelq, Kgs - distribution coefficient for ammonium and nigatitrogen
respectively; uwi and wy: first-order rate constants for urea to ammoniutregen and ammonium to
nitrate-nitrogen, respectivelisignificantP < 0.05,” significantP < 0.01

In addition, the effects oV and S on u,; andu,, were considered, a multiple linear
regression (MLR) was able to establish these welatiips as follows:

10'y,, = -6.639- 2.708/+ 4.288R= 0.6 (13)
10°y,, = 46.10% 1.264/- 1.8BR= 0.6 (14)

However, the F-test indicated that neither Eq. (&) Eq. (14) was significant at the
0.05 level P = 0.228 and 0.223, respectively). This experimeweals the difficulty of
establishing reliable and accurate models thateeaal the effects of irrigation and salinity
or their interactions on nitrogen transformationger irrigation conditions.

Nitrogen transformation parameters in Exp. 2

The empirical model evaluations for nitrogen transfation in Exp. 2 are shown in
Figures 3 and 4. For ammonium-nitrogen, whenBfe value was smaller than 9 dS*m
which is considered the threshold for slightly salisoils, theR® value between the
simulated and measured ammonium-nitrogen concentgatvere larger than 0.9 and the
RMSEs were smaller than 0.103 mg. In moderately salinds sEC, = 13.52 and
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16.87 dS.-m), the accuracy was reduced, and fRfevalues were 0.793 and 0.684,

respectively, whereas tiRMSEvalues were 0.119 and 0.148 mg, respectively; kewe

when the salinity level was higEC. = 20.94 dS- i), the simulation accuracy was further
reduced, and thé¥ and RMSE values were 0.512 and 0.165 mg, respectively. For
nitrate-nitrogen, the simulation accuracy of thep&imal model was lower than that for
ammonium-nitrogen for all soil salinity levels. Hever, except for the first treatment with

a salinity level of 1.02 dS T theR? of the simulated and measured nitrate-nitrogeralior
other salinity levels was larger than 0.45 andRhSEfor all salinity levels was smaller

than 0.002 mg, which indicates that the empiricatiet is capable of producing a relatively

precise estimation of the nitrogen transformatmixp. 2.

Simulated ammonium nitrogen [mg|

0.6
0.6 0.81.01.21.41.618202224

a)
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-
.
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The first-order rate constants for urea nitroggm,) ammonium |i,,) and
nitrate-nitrogen |{,z) varied with the soil salinity levels and are skmoim Figure 5. We
found thatp,, and p,, presented decreasing trends with the soil salildtel andp,s
presented an increasing trend. Furthermore, theénmoax |1, Uy, andp,s were achieved
at 1.02, 13.52, and 20.94 dS'mrespectively. Therefore, we assumed that nomeaidils
were suitable for urea transformations to ammoniitregen, a moderate salinity level
might promote nitrification, and high salinity migihcrease denitrification.
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nitrification of ammonium to nitrate nitrogemg); ¢) denitrification of nitrate-nitrogenugg).
Dash line is the exponential fitting fpr, and linear fitting for,, anduys respectively

In addition, the exponential function can accusatetpresent the first-order rate
constants foy,,;, whereagqu,, and,s fluctuated with soil salinity, and it was diffiduio
obtain reliable functions for these parameters.
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Discussion

Under irrigated conditions, nitrogen transport andansformation occur
simultaneously. Therefore, it is difficult to dithcmeasure the nitrogen transformation rate
experimentally. HYDRUS-1D is a useful tool that camirectly obtain the nitrogen
transformation rate through calibrations based xpeemental data. Li et al [31] applied
the HYDRUS-1D model to evaluate the nitrogen badaimcan experimental direct-seeded
rice field in the Taihu Lake Basin of east ChinanTet al [32] also used the HYDRUS-1D
model to analyse the water and nitrogen dynamid¢svafind paddy fields under alternating
wet and dry irrigation in the Tuanlin experimenpalddy fields of Hubei, China. In our
study, theu,, value in Exp. 1 ranged from 0.0024 to 0.1992 Hayhich was reduced from
99.63% to 73.08% compared with that of the studieki et al [31] and Tan et al [32],
respectively. They,, value in Tan et al [32] ranged from 0.65 to 0.y dand the value in
Li et al [31] was even larger at 0.74 dayand these phenomena may have been caused by
soil salinity because the study sites of Li et3l][and Tan et al [32] are usually regarded as
non-saline soils. Therefore, soil salinity has beéown to reduce the,; value under
irrigation. Compared withu,, the iy, value in our study ranged from 0.04 to 0.12 day
among the different soil salinity levels, and thesult was similar to that of the studies by
Li et al [31] and Tan et al [32]. Therefore, undeigation, the effects of soil salinity gr,
could not be directly compared to the effects nfation water levels. Furthermore, tbe
values in T (SW), T4 (SW.), and & (SSW,) were approximately 15.06 cm, and this value
is similar to that reported in the study of Mailletlal [33] (15 cm). However, in treatments
with high soil salinity (24.42 dS-T), the D, was significantly reduced; therefore, we
assumed that salinity might also decrease nitraigpersity, and this inhibition was more
obvious when theEC, value was larger than 24.42 dS/m. In addition, distribution
coefficient for ammonium-nitrogenK(,) was much larger than that for urea and
nitrate-nitrogen 4, andKgs, respectively), which indicated that ammoniumedgn was
more easily adsorbed on the soil surface [34, Boithermore, th&y, value inT, (W)
and Ts (SWs), which were high salinity treatments, was largjeasn that for the other
treatments, which might imply that the high salinievel had a positive effect on the
adsorption of ammonium. Although soil salinity redd theu,, rate under irrigation in
Exp. 1 compared with that of non-saline conditioti® u,, value inT, (SW;) and Ts
(S:Ws), which had the highest salinity levels, was lar@n that for the other treatments.
Eq. (14) also indicated that,; showed an increasing trend with increasing salil@vel.
Therefore, we considered that although salinityl¢aeduceu,;, an extremely high soil
salinity level (> 24.42 dS-T) might increaseu,, because of the increased
ammonium-nitrogen adsorption with soil salinity dasimilar results were obtained in the
studies of Noe et al [36] and Gao et al [37].

Without irrigation (Exp. 2), although soil moistughanged with time because of
evaporation, salinity could be considered the pryndactor affecting nitrogen
transformation because similar moisture conditioasurred in each treatment during the
experiment period. Our results indicate that salingty inhibited thep,,; rate, and this
result was similar to that of the studies by Rysdas al [38], Tripathi et al [39], and Wong
et al [40]. In addition, the relationship betwedgnand soil salinity levelsHC,) could be
expressed by an exponential model,& 0.08%=C#*%1%_ 0 039). However, in the study
by Chen and Twilley [41], inconsistent results werktained when the salinity was
increased in mangrove soil. Moreover, in Exp. 1, sainity levels higher than 24.42 dS/m
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promotedy,, rate because of the increased of ammonium-nitregksorption. However,
this phenomenon in Exp. 1 was not inconsistent whtit of Exp. 2 because the upper
boundary in Exp. 2 was 20.94 dS'mwhich was lower than 24.42 dS”mTherefore,

a higher soil salinity level should be applied utufe research. In Exp. 2, salinity did not
have an obvious effect qi,,, which is similar to that of Exp. 1, and this mag explained
by the relatively short experimental periods. Siealy, Exp. 1 and Exp. 2 occurred for
280 hours and 10 days, respectively. Nkrumah et[4#] noted that urea required
a significant amount of time to transform into agen, especially in irrigation conditions.
In addition, both Gao et al [37] and Khoi et al [2ibserved that the adverse effects of
salinity on nitrogen mineralization were short-ivewhereas the rate of nitrogen
mineralization recovered in later periods. Thudprg incubation time is necessary in
future studies to confirm this aspect. In additipfy; was enhanced by salinity in our
experiment, and this result was similar to thathef studies by Hall et al [43] and Yoshie et
al [44].

However, bias was still observed in our study ie thitrogen simulations by the
HYDRUS-1D and empirical models. To eliminate théeefs of hydrodynamic parameters
on nitrogen transport and transformation, we assuthat all of these hydrodynamic
parameters were the same in the 6 columns in ExXgevertheless, it is difficult to force all
of the columns to be identical in the experimeptaparation, especially in the soil packing
process, and HYDRUS-1D could not reflect this erhoraddition, because of limitations in
the experimental measurements, both the HYDRUS-A® empirical models could not
consider all of the nitrogen transformation proessdor example, we ignored ammonia
volatilization, ammonium-nitrification to nitritedmogen, etc. Additionally, we only used
NaCl to adjust the soil salinity, although diffeteéons may have different effects on
nitrogen transformation, even at the same salieigl [36, 45]. Therefore, including the
entire nitrogen cycle and different ions shouldcbasidered in future studies.

Conclusions

In conclusion, HYDRUS-1D can provide an acceptabimulation for nitrogen
transport and transformation under irrigation ctinds. Specifically, the simulation
accuracy for ammonium-nitrogen is better than fbamitrate-nitrogen. Based on Exp. 1,
saline soil was shown to reduce the hydrolysis tdterea to ammonium, but it might
promote the longitudinal dispersivity of nitrogemdathe distribution coefficient of
ammonium-nitrogen. However, because of the obsernedease in the distribution
coefficient for ammonium-nitrogen, an extremelytispil salinity level (> 24.42 S
might also increase the hydrolysis rate of ureantononium. In addition, the effects of soil
salinity on the nitrification rate could not beelitly compared to the effects of the amount
of irrigation water. Without irrigation, soil salty was the primary factor affecting nitrogen
transformations, although soil moisture was alsrelsed by evaporation. Specifically, the
hydrolysis rate of urea to ammonium in Exp. 2 exgrially decreased with soil salinity.
Furthermore, the denitrification coefficient linBamcreased with soil salinity. Similar to
Exp. 1, the nitrification coefficient in Exp. 2 aldluctuates with soil salinity. Long-term
incubation with and without irrigation under diféet salinity levels in both laboratory and
field conditions and using different soil salt iofesg, C&*, SQ?) should be investigated
in future research.
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