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Abstragt . ‘A %hortage of freshwater resources has become.a fuﬁd'- mental and chronic problem for sustainable agriculture development in
arid regioms. Use of saline water irrigation has become an important means for alleviating freshwater scarcity. However, long-term
irrigation with saline water may cause salt accumulation in the soil, and further affect nitrogen transformation and N,O emission. To
investigate this, we conducted a ten-year field experiment to evaluate the effect of irrigation water salinity and N amount on N,O
emission and denitrifying bacterial communities. The experimental design was a 2 x 2 factorial with two irrigation water salinity levels
(salinity levels are expressed as electrical conductivity) , 0.35 dS-m™" and 8.04 dS-m™"', and two N amounts, 0 kg-hm > and 360
kg+hm ™| representing SFNO, SHNO, SFN360, and SHN360, respectively. The results indicated that long-term saline water irrigation
significantly increased soil salinity, moisture, and NH," -N content, whereas it decreased soil pH, NO; -N, organic matter, and total
nitrogen content. Irrigation with saline water significantly inhibited N,O emission, being associated with a decreased in level of
45.19% (unfertilized plots) and 43.50% (fertilized plots) compared with irrigation with fresh water. N,O emission increased as the
N amount increased; the N,O emission was 161% higher in the fertilized plots than in the unfertilized plots. In the unfertilized plots,
saline water irrigation significantly reduced the activity of denitrifying enzymes, the abundance of nirK, nirS, and nosZ, and the
diversity of denitrifying bacterial communities. In the fertilized plots, saline water irrigation did not significantly affect the abundance of
nosZ , whereas it significantly reduced the abundance of nirK and nirS. Saline water irrigation and nitrogen application altered the
community structures of denitrifying bacteria with nirK, nirS, and nosZ; the irrigation water salinity seemed to have a greater impact on
the denitrifying bacterial community in comparison with fertilization. Linear discriminant analysis (LDA) effect size ( LEfSe) analysis
demonstrated that denitrifying bacterial potential biomarkers increased as the water salinity increased, meaning that saline water
irrigation could alter the community structures of denitrifying bacteria, and promote the growth of dominant species. Our findings
indicate that increased abundance of nosZ, nirK, and nirS promoted N,O emission, and although long-term saline water reduced soil
N,O emission, it resulted in a continuous increase of soil salinity. The emission of N,O had extremely positive correlation with soil
NO; -N, organic matter, total nitrogen, denitrifying bacteria abundance, and denitrifying enzyme activities, and was negatively

correlated with soil moisture. The soil physiochemical properties and the community structure of denitrifying bacteria had a significant
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influence on soil N,O emission in cotton fields, and nirS bacteria showed the highest association with N,O emission, thus it might be a

dominant microflora in the process of denitrification. This information will aid in reducing atmospheric N,O emissions in agriculturally

productive alluvial grey desert soils.

Key words :saline water; N,O emission; denitrifying bacteria; community structure; high-throughput sequencing
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3% 2 wl DNA B4, B G 51845 1wl (10
pmol-L™"), 5 pL 5°PCR buffer, 2 pL (2.5
mmol-L™") dNTP, 5 uL 5 Q5High GC Enhancer
buffer, 0.25 pL (0.02 U-pL"') Q5 High-Fidelity
DNA polymerase (NEB) #1 8.75 pL ddH,O. nirK
nosZ FEF PAEIA VAR Z U . 98°CHIZEHE 5 min,
5 35 MIEHF 98°C 30 s, 64°C 30 s, 72°C 1 min,
BeJ5 72°C #EH 10 min. nirS FERIERAK R Ry,

98°C WAL 5 min, #:4 35 MEHF 98°C 30 s, 58C

.“._.l'.
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30 s, 72°C 1 min, fixJ5 72°C #E# 10 min. PCR 7=%)
il Agencourt AMPure Beads ( Beckman Coulter,
Indianapolis, IN) Zlift., 3 /f] PicoGreen dsDNA Assay
kits (Invitrogen, Carlshbad, CA, USA) Jii i fk, £
SRS TE IR AR AR DR R A A R 2
F# FH Nlumina MiSeq “F- 5 47 S &0 5, &4k
HEE 3 K.
1.4 ot

fili FH} SPSS 4K ( version SPSS 19.0) #1744
T3 2253 B AR 5G4 23 #r, 2 35 MK SF- 2 0. 055 4% Ak
[ 22 5 FLAORFH LSD 5 (P < 0. 05) 5 #2538 0 5 45
A UCHIME #104 (v4. 2) , %58 0T KRR & 87
G, 15 3] B & BOBE. SR Greengenes 5 415 J5F
( Release 13.8, hitp://greengenes. secondgenome.
com/ ) F-A# F QUIME % A4 (version 1. 8. 0) X} [ 51 7
97 % WAL EE K F T AT SR 3AF OTU B (Gl
#LL 97 % 1Y HN AR EEAE Ry OTU Rl 43 B, i I
KB T4 282 th Rk 719 15 91 25 57 ) O
WA OTU Hp =B fe B P 904 iz OTU itk

Rk BRI ) |

FPa. BT OTU i B [F] 73 26 K7 b iy 9y #
A RIET (v3. 2. 0) iR i 80 282K
ETF B LS . {8 Mothur (version v. 1.30. 1)
AT i o 2848 8 (ACE | Chaol |, Simpson
1 Shannon $5%0) , 73 B I KA it Jie 5 17 91 AR A 5
HEALIFTE 97 % MU ACE T XA o ZHEMESR
G, 2T Galaxy V- 5 #E47 LEfSe 247 [ line
discriminant analysis ( LDA) effect size ] ,LDA {H >4.
RDA 43 #7 (redundancy analysis) ffi | R if 5 vegan
(ORI (RN

2 BRSHH

2.1 HERALPER

JACHEBE AR FE SR IR (9 B 15 1 7
7% K 8 K 85 880 SR 43, 5 K B AINH N
Frhk, A FFEAR 1 pH {H NO; -N A HLTLAI 4
AR T U B35 AR A NOFEN |
NH N AT BT 48 S i A

wie. | | / =

i .
| . i

— 1 _ ¢
Table 1 Soil physiochemigal propf.:rtfes as affected by irrigation water salinity'fé;ﬁd N application rate sl 4
G T THAR CLEERE Y W HWUR R
SFNO. " 14% £0.002c  0.12 £0,002d / 8000042  8.27£0.15¢ /5.13%0.11c  16.36£0.27b  0.660. 01b "
SHNO | /199%50.004a 0.60£0.005h ¢ (786 £0.45h  5.60=0.17d / 7§80 £0.20h%| 14.4520.33c 063 £0.03d.
SFN360 13%+0.003d  0.18 £0,002¢' /7. 90k0. 12a | 67.07 £0.434  7.85£0.09b | 17,83 £0.23a  0.70 0. 064
SHN360 1+, 18%£0.004b  0.69 £0.005a || 7,82 £0.12b | 50.32+1.02b [13.33%0.08a 16,31 £0.40b  0.67 0. 06c
WA )5 20 h ‘ ‘ ‘ ey ’
Hﬁ%%(N) u‘-" 5ok Tk s ok kg " *—.___d--‘ * ok ok %ok ok %ok ok %ok ok
7}(%’;{,@{""(5)F ok ok s sk **%:m EE * sk ok EE * sk
iHﬂEFH(N xS) ns * ok K ns ok ok * ok ok ns ok

1) =3 F)F AR R A A P22 73k K- (P <0.05) ;ns HARRE; #* F/R P<0.05; = % F/RP<0.0l; * % = F/R P<0.001, T[H

2.2 N,0fFi%

—ANEKHENE E B (6 d) T 5EN,OHE ik i &
A E 1 FoR. SACEE KL 2 d
N, OHE il 2 A8 ) 5 = (., Wi 328 4 B A1, it P
U 08 08 0 NLO HE BICHE S S 359 AN it 60 A A 3
9N 203%, .k Ab B8N, O HE ik 8 HHE T 1% 7k A4b
FH. SFNO 4bBH AT SHNO &b PEN,OHEHGHE &3 /N, 78
1.4 ~4.4 pg-(m*-h) " ZE Ak, KGR 3 d
SFNO Ab PR SHNO A FEN, O-HE A 8 &4 51 o it A &
1PN HE WCH 5 B89 60. 87% F 62. 23%; SFN360 4k B
N,OHERGE EAE 1. 1 ~26.7 pg- (m’+h) ~' Z[E] 254k
SHN360 AbFELE 1.4 ~19.6 pg- (m*-h) ~'Z A5 4k,
SFN360 F1 SHN360 4b#7F i /K it A J5 17 3 d N0
HE7cH 243 51 o it AT JE) 0 P HE s = 7Y 87. 30% Al
80. 62% .

FEAE AR R P 3N, 0 B A HE i A7 0 /K

40
—&— SFNO
—{— SHNO
Z sl —A— SFN360
oL —A— SHN360
S
=
= 2
=
2
S b
z
0
T HE Je K d
B1 —AHEREH(6 d) N LEN,OHMBEMNETE
Fig. 1 Dynamic emission of N,O in a fertilization cycle (6 d)

R A E N T EH R EAERE R E (K 2). WA
RE it >R i &UIE A B ( SFN360 i1 SHN360)
2N A HEN,OHE T, ~F 32 8 AN Jiti NE Ak 2 ( SENO
H1 SHNO ) #4411 161 % . FEWE K EL BEART | UK HERE
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Tk (N): ##*
ARERJE (S): ***
a L AEHAEF] (NXS): #+*
g
=
&n i
= 3L
=
=
Sf = B b
;' c
Ir d
U L 1 1
SFNO SHNO SFN360 SHN360

bl

AR PR R AR AN R AL B 25 573K 1 7K (P <0.05) sns A
% 78 P <0.05, #x F/R P<0.01, #x 3KsR P<0.001, FA

&2

Rk EBI L EN,ORRH B SR

Fig. 2 Cumulative emission of N,O as affected

ALBE(SHNO 11 SHN360 ) {2 41l il 3N, 0 B2 FHEL
. SHNO Al SHN360 4b#f + HEN,0 R B HE i 5 71
B¢ SFNO H1 SEN360 A4bFERFAR 45. 19% F143.50% .
2.3 AEARAE F B

JRIC A R R . 40 S T M T 0
i AR SR A BTS2 (&1 3) . SHNO &b FRAH R 40 5
il STV P i DL il | 8 P i it G P4 5 SFINO. Ak 34 7
AR T 36. 6% 30. 3% H146. 8% . SHN360 4t FiAH
PR i 5 i | I i PR A AL R B O e O PR AR
SFN360 b3 HIFEAR T 28. 5%, 21.7% F123.2%.
2.4 SURAREER E R

ALK TR AR S0 0 5 e S A A AR T (rarK

nirS Ml nosZ) B FEFE (F 4). BAK I, nirS FE R F
BEET nirk M nosZ R . T K FE XS nirk
F nirS FEH F R KA ,Jﬁﬂ(@fﬂfuﬁiﬂ nirK F

by irrigation water salinity and N application rate nirS % EEEE%‘{E‘E ?‘(5@7]( Yg y%ﬁii[ 4(—“3') %AI:M'
1.5 1.5 3.000
AL (N): *+* TR (N): #+* a THEACE (N): *+*
- HRERIE (S): *#* a P HKRERIE (S): #** —= HKRERIE (S): ***
&) ZHAEH (NXSyns £ = ZHAEH (NXS): ns P ZHAMEH (NXS): *
&0 e b 2 a
5 10 ¢ g 1or e g 2000 =
ﬁ_ b b = ¢ £ b
e & o
p & 1 c
- i d &
g 05 | ¢ g ost 5 1o |
€ 5 - :
= by H
0 L L L 0 L 0 1 ' L
SFNO SHNO  SFN360 SHN360 SFNO SHNO  SFN360 SHN360 SFNO SHNO  SFN360 SHN360
AbE b E s
i ¢ gl - N s Y,
B3 Rk EREAEE SR
i Fig. 3 Denitrifying enzyme activities as affected by irrigation water salinity and N application rate
10 15 5
(a) (b) (c)
- - a T
2 og b MG (N): e 2o | EEE (N): e —I \g] 4t TRk (N): *=*
= IKALJE (S): *** = KA (S): *+* b = IKEJE (S): *#*
X ZHAE (NXS):ns < AR (NXS): ns | 2 ZTAFI (NXS): **
S o6l H ool ¢ 23
= a = _I“ d =
& b & = a a a
= 4 ¢ = 6F = 2
- £ £
z } z o b
5_<_: 2 g 3F S\ 1r H
0 - L L 0 . ] L L
SFNO SHNO SFN360 SHN360 SFNO SHNO SFN360 SHN360 SFNO SHNO  SFN360 SHN360
s} st A B
4 RBUKEBRN REEEEFEENZm

Fig. 4 Abundance of denitrifying genes as affected by irrigation water salinity and N application rate

(b) ]. SHNO 4t 3 nirK F1 nirS FLPH 7258 43 5% SFNO
REFRFEAR 31. 13% F1 19. 50%; SHN360 AbFH nirK il
nirS PR 32 BE A4S 88 SEN360 Ab FH [ AT 29. 489% FiI

14.09% . Mjiti B kA | i Z B R nirK 1 nirS =F
B ATt B AL BE 43551384 0 26. 48% F1 53.35% .
R 7K R 3 it 2 e M H 3 B 32 B Y B 35
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nosZ JERFRE[ K 4 (c) |, BRIERIN . At ZE 5%
T K TE R AL B nosZ Bk PR 32 B 50 0R 7K TRE Bk Ak PR
E%F%ﬁ,Eﬁ@%ﬁﬂ%ﬁ?%*@?ﬁﬂ]ﬂiﬂ(?@?ﬂ%&
Bl nosz HEDH = B JC U I 22 . SV T Z0IE Ab 3
nosZ FEIN F FERAE R NLAL L 2. 530 26. 94% .
2.5 FEERBMZFERRE

nirS Ml nosZ WHE% 35 ( Chaol , ACE) F1 Shannon
FEHUEE SENO Ak BRI 25 ARG 5 {HLUZ, SHN360 Ak 2T
nirK .nirS Ml nosZ WIEET% £ E B Hl Shannon $5 558
SFN360 Ab 3 & 21 . PRKHEME A5 it FH AUIE
B ERRA 3 Fh 3 B (nirK  nirS F1 nosZ ) S A A6 40
BIHE% 45 J2 (Chaol 544, ACE #5 %) 1 Shannon

JALZK P TR T 2R

B I AL AN R A
PEFE B S AN % 2 ~ 4 IF7n. SHNO L3R F nirK |

B0 UK TEBE R T i H UL S 25 18 3 Ak [

R A AL A0 R =F & BE AT Shannon $5%%.
K2 RBKERXTIE nirk BARBEHEEEEEMSEEIEHBT M

Table 2 Richness and diversity of nirK genotype at the similarity level of 97% as affected by irrigation water salinity and N rate

QbR 755K Chaol ¥5% ACE 5% Shannon $§%% Simpson 5%
SFNO 75247 +11 637a 2322 +24a 2538 +29a 9.69 +£0. 060a 0.996 £0.001a
SHNO 42612 £5032b 2 180 +24b 2 140 +40b 8.49 +0.075d 0.990 +£0. 004a
SFN360 42 064 £5 089b 1688 +22d 1676 +46¢ 8.73 £0.067¢ 0.981 £0.019a
SHN360 48 206 +3 895b 2116 +22¢ 2 168 +35b 9.15 £0. 040b 0.993 £0.001a
S Ewp =i
A= (N) * % ® % sk x ok ok - s
KHRIE(S) . . ns * ko s
ZLHAEF(NxS) * ok * ok ok * ok ok - Jl].S-"j_"'
3 RUKEEX LIEarS BRBEAAEESEM §$$'E?H§im%ﬂr] 4 -..-"‘- i

Table 3 Richness and diversity of nirS. genotype at the similarity level of 97% as affected by 11r1gatlon water salinity and N rafe

Simpsen Fict gﬁ( 4

4k P Rk I Chaol A ACE f83¢ / " Shannon 4 %%
SFNO_. 54133 +11214a | r 2 TB3Egb 2929 £38h 8 75 0. 0663 0.982 +0. 0Q1c .
SHNO | | 631403119 | LS folsdriige 27824257 /T 8 sGe032n 0.985 +0.001b
SFN360 " 46735 £5883a .4 12 i&: 180 2575 +30d // §.45 0. 074D 0.975 +0.002d
SHN360 46297 £8829a | | /2917 264 3 144 +384 8.83'#0. 085a 0.988'+0, 001a
VL 5251 T B/ r
Eﬁ%%(l\j) * * ns ns ns
7}(%};&"‘(5) ! 3 ns 4 wk %o % % % ow ok

ns EEE 2 % ok ok k kok *ow ok

ZHABHN x )

R4 BEUKEBRI LI nosZ BURFHLAE F 5 EH SR EIEHNZMT

Table 4 Richness and diversity of nosZ genotype at the similarity level of 97% as affected by irrigation water salinity and N rate

Kb 3 FEE Chaol 5% ACE $8%% Shannon 84X Simpson 8%
SFNO 89 082 +7 862a 2703 £19a 2 857 £20a 9.13 £0.031a 0.993 £0.002a
SHNO 49 478 +3 878¢ 2098 +13d 2169 +24d 8.97 +0.051b 0.994 £0.001a
SFN360 69 349 +5057b 2376 +16¢ 2437 £31c 8.86 £0.095¢ 0.990 +£0. 006a
SHN360 89578 +10 305a 2547 £23b 2669 £27b 9.07 £0. 032ab 0.991 £0. 005a
W Ry 22 Hr
AE (N) % * ok % % % ns
7](};’;{;4"“(5) % % % % % ow ok ns ns
LHAEH(NxS) * % % ok ok * % % - ns
2.6 SUEEARANEE HKSE FREE S5 AR Ak Burkholderiales ., Enterobacterales, Rhodobacterales .
nirK B I i AL A H K BBV 45/ IL IR S Propionibacteriales Gemmatimonadales
). AR R R i A B AP RE S Sphingomonadales BARXT 3 B I 2 = TR 2K HE I AL
Rhlzoblales,wk JE WL AL Rhizobiales FYAHXS FHE B 76 A fild ZE A # R, 50K B B W3 R AR

M 63.28%, f T K E B Ab B (51.18% ). 7E
SHN360 4t 3 Rhizobiales #H %F =F & & 1%, 1L &
37.61%, 4y W %& SFNO . SFN360 F1 SHNO 4b # i
42.35%. 38.79% Fl 42.06%; J& 7K HE B &b P R

Rhodospirillales . Nitrospirales il Pseudomonadales [
ABRTERERNC AL EE T oK BE 2
Rhodospirillales | Nitrospirales F1 Pseudomonadales Yy

AR R

HIRSFE.
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nirS U AALAN I BT B0y R EEDREE X R RET (N 59. 31% MRS 43.84% ) , fHZ
A Burkholderiales . Rhodocyclales , Pseudomonadales . Pseudomonadales Xanthomonadales 7l
Xanthomonadales Fl1 Nitrosomonadales [ & 5(b) ],iX Nitrosomonadales AHXT =F B i 16 n ( 43 HI M 5. 51%.,
SA G A W Rl B2 X Y 77.64% ~ 2. 2% 1 1. 51% 3 F 9. 54%, 3.94% F12.60% ). TE
87.95% . Bifi 5 HEWE /K £R FE A 3G i, Burkholderiales #H ANt ZACALIEL, Jal/KHEIE 2 &34 Rhodocyclales FHXT
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Fig. 5 Relative abundance of denitrifying bacteria order as affected by saline water irrigation
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FRE (M 18.89% 15 23.24% ). MILZ T FEMtE AL
SEFRTR K T R 5 FEAIX Rhodocyclales AHXT 3=
(M 17.07% FARE] 13.07% ).

nosZ BURCRAACANT H /KF- b 10 5 0804 Yy Fh i
>N Rhizobiales . Gemmatimonadales . Pseudomonadales .
Burkholderiales 1 Rhodobacterales [ 1 5(¢)],iX 5 >
PAEDIRPREL L A S B AY 59. 48% ~ 85. 74% . Bl
EH OFE M oK IR OB A B M, Rhizobiales Fl
Gemmatimonadales FHX 3= 3 i 2534 i (AHXT 3= 5 43 5]
M 16.37%, 12.17% 4 2 24. 67%. 24.35% ) , 1A
FACAL PR | R /K T 2 2 P AIK Burkholderiales 11
Rhodobacterales AH X} 3= B (43 HIM 17.34% . 6. 79%
WEZE 9.95%. 5.44% ). AHLLZF, 76 i %00 b 2
K 5 35 58 I Burkholderiales X 325 ( A
5 11% 8% 7.59% ).
2.7 LEfSe 53#r
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B M AN RIAE BT S A0 v 3 2 e Aol
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N7 RDA 4 S won [ B 7 (a) ], 40 1 Ffh 2
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SHN360 7E4 1 43 FF, SHNO 5 SHN360 7£f 2 |
A3 TF. KT AN R0t 5 TR nirS B DR R
RS REE [ 7 (b) ], 5l 1 B A
47.18%, il 2 fift BE VAR 514 12, 55% . AHRUML, Bk
THE I it FH 2R, S 2 U nosZ BSR4k AH TR A
TELET(e) ]l AR T AR 26. 33%, %l 2
fift B B8 S Y 14, 42% . SFNO Fll SFN360 Ab B 5

SHNO 1 SHN360 ZbFF nirS 1 nosZ ik 40 B
HEv& 7E S 1 F4r JF, Bl 2 Rl 208 ( SHN360
SFN360) 5 AJiti &AL &b 2 ( SHNO  SFNO ) 43 JF. #4535
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I j: Rhizobiales

B k: Paracoccus

I |: Rhodobacteraceae
mm m: Rhodobacterales
W Azospirillum
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Fig. 6 LEfSe analysis of denitrifying bacteria communities as affected by irrigation water salinity and N application rate
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