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Effects of long—term saline water drip irrigation on the abundance and community structure of ammonia oxi-
dizers

MA Li-juan, ZHANG Hui-min, HOU Zhen—an, MIN Wei"

(Department of Resources and Environmental Sciences, Shihezi University, Shihezi 832000, China)

Abstract: Ammonia—oxidizing microorganisms are the main drivers of soil nitrification. However, little is known about the effects of saline
water irrigation on the ammonia—oxidizing archaea(AOA ) and ammonia—oxidizing bacteria(AOB) communities and their relative contribu-
tion to soil nitrification. Toward this end, a 10~year field experiment was conducted to evaluate the effects of long—term saline water irriga-
tion on AOA and AOB in alluvial gray desert soil. The experimental design comprised three irrigation water salinity levels established at
0.35, 4.61, and 8.04 dS-m™', representing freshwater, brackish water, and saline water, respectively. Irrigation with brackish water and sa-

line water reduced the soil NO3—N content and potential nitrification rate (PNR ), while the soil salinity and NH;~N content increased mark-
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edly. The amoA gene copy numbers of AOA and AOB were in the range of 2.2x10°~3.6x10° and 1.9x10°~3.2x10’ copies - ¢ 'dry soil, respec-

tively. Irrigation with brackish and saline water decreased the amoA gene copy numbers of AOA and AOB. The AOA/AOB ratios were 11.3
and 11.2 in the freshwater and saline water treatments, respectively, indicating that more brackish water irrigation decreased the AOA/AOB
ratios. Moreover, the PNR was positively correlated with AOA and AOB abundance (P<0.001). The number of operational taxonomic units
(OTUs) of AOA based on the amoA gene was larger than that of AOB under different irrigation water salinity treatments. Irrigation with
brackish and saline water significantly decreased the OTUs of AOB. Compared with freshwater irrigation, irrigation with brackish and sa-
line water significantly increased the Shannon diversity index of AOA, while saline water treatment significantly reduced the Shannon index
of AOB. The dominant groups of the AOA and AOB communities were Candidatus Nitrosocaldus and Nitrosospira, respectively. Irrigation
with saline and brackish water inhibited the growth of Betaproteobacteria in the AOA community, while the abundance of Candidatus Nitro-
socaldus in irrigation with saline water was significantly higher than that under irrigation with freshwater and brackish water. The relative
abundance of Nitrosomonas in the AOB community decreased significantly with increasing salinity of the irrigation water. Lefse analysis re-
vealed only one differential species in AOA under irrigation with saline water, while five differential species were detected in AOB under ir-
rigation with brackish water. Redundancy analysis showed that the variations in AOA community structure were closely associated with the
changes in soil NO3—N, pH, and salinity, whereas the AOB community structure was only significantly correlated with NO3-N and pH. In
conclusion, salinity was the dominant factor affecting the growth of ammonia—oxidizing microorganisms and community structure. AOB may
be the dominant microbial population of nitrification with freshwater and brackish water irrigation, while AOA may be the dominant micro-
bial population with saline water irrigation. These results can provide a scientific basis for further exploring the response mechanism of am-
monia—oxidizing microorganisms and their roles in nitrogen transformation in the agricultural soils of arid areas.

Keywords : saline water drip irrigation; ammonia—oxidizing archaea; ammonia—oxidizing bacteria; nitrification rate; community structure
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TR XA F A ] F R AR 22 B i 3 i (440187
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KA 1660 mm, AP HRE K R 210 mme IR X 1+
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FW . BW 1 SW 275 ), i3 v FW R 25 #0782 i T
7K, BW 1 SW 4b B 3 0 7K b 43 23 1 72 IR K i A
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Table 1 Physicochemical properties of the soils under three water salinity treatments prior to the beginning of the experiment in 2018

WK Hh 2 LR SRR A LA A A BEASH
Water salinity EC/dS-m™ pH SWC/% SOC/g kg™ TN/g-kg™ NO;-N/mg-kg™ NH:-N/mg-kg™'
FW 0.20 7.99 16.85 9.77 0.76 23.23 4.80
BW 0.56 7.81 17.69 9.44 0.70 20.42 5.15
SW 0.78 7.76 18.18 8.79 0.64 18.07 5.47

2 FW BW  SW ARFHEBEK (1 (ECy 7314 0.35.,4.61.8.04 dS-m™) . Il
Note:TW, BW, and SW stand for the irrigation water salinity (EC) of 0.35, 4.61, and 8.04 dS-m™", respectively. The same below.
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R2 AEEBKELEAIE + IR R

Table 2 Soil physicochemical properties as affected by different irrigation water salinity treatments

HEWE KR b Ak A B 2R [ESE B SR

Water salinity EC/dS+m™ pH SWC/% SOC/g-kg™ TN/g kg™ NO;-N/mg-kg™' NHi-N/mg-kg™
FW 0.21+0.006¢ 7.97£0.015a 15.57+0.005¢ 9.75+0.145a 0.73+0.006a 46.19+1.561a 6.82+0.047¢
BW 0.60+0.010b 7.77+£0.010b 19.09+0.001b 9.39+0.083b 0.68+0.016b 39.95+1.357b 7.53+0.106b
SW 0.94+0.020a 7.74£0.010¢ 21.04+0.003a 8.75+0.023¢ 0.62+0.011¢ 31.96+2.064¢ 7.86+0.092a

VE 7] — A A /NG B3R AN [ b FRR) 22 535 W 2 7K P (P<0.05) o R I

Note: Different letters in the same column indicate significant differences (P<0.05) among treatments. The same below.
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Figure 1 Soil potential nitrification rate as affected by different

irrigation water salinity treatments

JLE 1, FW AL P PNR 43 77 8 BW Fil SW AR B 57 18.1%
F137.3%.
2.3 AOAFIAOB EE K3t TR L BHE T ik

BW I SW ik H f} 2 41K 1= 58 AOA Al AOB “E Ji
(#£3). AFIAEFE 158 AOA amoA FH = BETE 2.18x
10°~3.57x10° copies- g™ (T 1), AOB amoA JE X F &
1E 1.94%10°~3.15%10° copies- g (T 1), 5 FW ZbF
AHEE, BW A1 SW AL HE AOA 1 AOB 3= & 43 51l %5 FW Ab
BRI 28.4% . 39.0% Fl 23.3% ., 38.4%., BW 4k #f
AOA/AOB S Z KT FW FIISW L34, 1] SW FIl FW 4bFf
ZRTREES

AOA F1 AOB X PNR 1% #H X} 57 ik 21 &1 2 fr 7R o
AOA FFE 5 PNR 24 2 IF A OCOC R (R°=0.922 8, P<
0.001), AL, AOB = 15 PNR 2 4% 2 2 1EAH
X% % (R=0.948 9, P<0.001) . ¢ W] PNR (% 25 1k 5
AOA F1 AOB = BEAF7E e B2 A ek
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2 4 FAOA F1 AOB (1) amoA FE [R 4 ] /5% %4 1
79 812~80 076(F 4) , 2 75 £ 1£ 0.997 1~0.999 7. #E
97% WAL /KSR, AOA FiT AOB J3* 51 43 51 vl %) 43+
J 661~664 F1130~140 OTUs, BW H1SW kb J . ZF%
X AOB #£7% OTUs, {HX} AOA JC52 0 . ACE A1 Chaol

3 NEEBKZRELEAOATIAOB FE
Table 3 Abundance of AOA and AOB as affected by different

irrigation water salinity treatments

. AOA FJE AOB £

S AE Sl b iE

{ﬁ(ﬂﬂ{m‘lg AOA abundance/x10° AOB abundance/x10° AOA/AOB

Water salinity . o . . o .

copies-g ' dry soil copies+g ' dry soil

FW 3.57+0.13a 3.15+0.10a 11.32+0.12a
BW 2.55+0.11b 2.42+0.13b 10.57+0.31b
SW 2.18+0.13¢ 1.94+0.32¢ 11.21£0.32a
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Figure 2 Correlations between AOA (a) and AOB(b) abundance

and potential nitrification rate of soil
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Table 4 « diversity properties of AOA and AOB as affected by different irrigation water salinity treatments

FR

F38EF 128

AR WK FEAI BAEYROT ACEISRK Chaol 153 AR FTRIEH T
Ammonia oxidizer Water salinity Sequence Tags OTUs ACE index Chaol index  Simpson index Shannon index Coverage
SRR T FW 79 812+175a 664+1.53a  668.55+2.91a 670.89+5.05a  0.42+0.0la  2.57+0.04c  0.999 7+0.001a
AOA community BW 79999+263a  662+3.00a  666.01+3.94a 668.11:5.88a  0.36+0.01b  2.82+0.03b  0.999 7+0.001a

SW 79 895+218a 661+1.15a  665.72+1.99a 666.63x2.83a  0.31x0.1l1c  2.97+0.05a  0.999 7+0.001a
AL R R FW 79 985+134a 140£2.65a  166.53+11.16a 168.58+8.29a  0.17+0.01b 23620.01a  0.997 120.001a
AOB community BW 79 844+94a 130+4.04b 161.38+8.32a 164.68+12.93a  0.18+0.01b 2.42+0.02a  0.997 1+0.001a
SW 80 076+162a 132+1.15b  157.72«13.44a 155.02+15.13a  0.22+0.0la  2.18+0.08b  0.997 3+0.001a

£S5 TEBUMRSBEMRNLE AOA AOBEE, SHMIEREHEX ML

Table 5 Correlations among soil physicochemical properties, potential nitrification rates , AOA and AOB abundance and diversity under

different water salinity treatments

EC pH SWC NO;-N NH:-N SoC TN

TWEAERS L3 PNR —0.993#* 0.930%* —0.979%* 0.935%% —0.9627%* 0.935°% 0.965%*
AR F -0.930%* 0.9657%% -0.963* 0.863%% -0.959% 0.849% 0.904%*
AOA community g oon —0.985% 0.940%* ~0.984% 0.955%* ~0.982% 0.949%% 0.963%*
Shannon 0.970%* ~0.946% 0.978% -0.930%* 0.9807%* -0.927% -0.954%

ACE -0.413 0.492 -0.451 0.526 -0.472 0.475 0.476

Chaol -0.400 0.442 -0.436 0.540 -0.426 0.511 0.430
AL R F -0.965%* 0.922% -0.968* 0.9127%% -0.9627%* 0.908** 0.924%
AOB community  gioon 0.850% ~0.608 0.731% ~0.802% 0.692% ~0.879% ~0.859%%

Shannon -0.672% 0.364 0.549 0.691% -0.530 0.769 0.692+

ACE -0.379 0.367 -0.368 0.338 -0.412 0.401 0.468

Chaol -0.485 0.402 -0.452 0.405 -0.482 0.479 0.610

TE RN AE 0.01 KF BB HIDE , #FR7E 0.05 7K 1 B AR

Note: Significant correlations are highlighted with asterisks *P<0.05; **P<0.01.

FHAK . AOBHY¥-EFRIEHS EC SWC NHi-N £
B FHIEARSG, M5 NO;-N,SOC. TN £ 1 2 fUA % .
AOB [ % R 5 %805 NO3-N SOC . TN £ i 2 IE AR ¢,
MAY 5 EC 5 535 A2
2.6 AOAFIAOB B¥& 454

7 38 B 45 R R OKOF |, AOA BE VK
Candidatus Nitrosocaldus ., Candidatus Nitrososphaera .
Betaproteobacteria , Marine archaeal group 1. Unknown
H (8 3a) o & Unknown, Candidatus Nitrosocaldus
(0.6%~1%) #0 X+ FEFE#7 . Candidatus Nitrosocaldus
J& T F IR A A A A T, AR P e
il b b PR R v AN [T B K R BE X AOA TV 52 i)
AN — 3, B 41, Betaproteobacteria Il Marine archaeal
group 1 X JH#E IE 7K 5 B 45 R BUS% , BW FI SW AR B 1 Be-
taproteobacteria A X 3= F i 2 (X T FW &b B | 1] Ma-
rine archaeal group 1 i 3 & T FW 2L F ; SW 4L P Can-
didatus Nitrosocaldus &2 &= T FW Fl BW b3

AOB JE /K ¥ ERHEVE FH i Nitrosospira . Nitro-
somonas  Nitrosovibrio 11 Unknown 21 i (1&] 3b) , Nitro-
sospira(52.9%~59.4% VAR AR Nitrosospira &
TREMME T3, 2 5A A X AR ER
B 2% 0 8w, W] R IR o Nitrosomonas i 4
THE TR K R B2 PR35 AR XS = B S 25 AR, SW AL B P i
£ K 2 Nitrosomonas FIAEHE . BW ALBRH Nitrosospi-
ra MRS 2 2 E AR T FW M SW AR
2.7 AOA F0 AOB B¥3% LEf Se 2347

{ili il LEfSe (LDA>4.0, P<0.05) 17 A~ [A] 4b 24 [7]
FEVE LT , A5 B [ R A R B2 2 1 1 AR ARk
FEYIREE 2 SR 4) . AOAUH 141251
it (&l 4a) , 1 BUAE SW AR IR, UEH] AOA FIEEAHXIERE
£k B B K 3 Candidatus Nitrosocaldus 45 K,
AOBHLA 54~ B 25 22 Wl (18 4b) , 5422 R RESY
oK H BW Ab 3, 5 BH A 25 ER BV IE 7K RT3 Bacteria,

Proteobacteria , Nitrosomonadaceae | Betaproteobacteria .
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Nitrosomonadales 184 1 o
2.8 AOA AOB 5 1L 4T iE RDA 247

FFH RDA 431 AOA F1 AOB ¥ 74 45 4 55 1+ 3 3t
B R 56 2, AOA BETE 25 15 £ 3 1Ak 1 I ] fd
KFR LI 5a, 5l 1 BRIy 54.8% , %l 2 AR RETE Ny
26.9%. AOA FEV% 4544 5 NO:-N (f# B ¥ 59.1%, P=
0.002) . pH {H (f# B E 23.2% , P=0.032) . 32873 (f#
B JE 10.4%, P=0.042) fFFE S FEAH LR . X T
AOB, #ll 1 i B& 3k 57.5% , i 2 it B %l 31.2% (1]
5b) . AOB BV 45410 5 NOS-N (f# F& )& 33.3%, P=
0.04) . pH {8 (fR B J¥ 47.7% , P=0.012) & i & 4H 56 5%
2, G H A R RGBSR R

3 g

3.1 Bikid#EX BB AR

PR IK G R R Al AT 5 852 T e 10 B B I
R, B YRR HE B L Rk G 1 5 DXIR AR BT AN
AEMEETB . SR, KUK REE 2 S8R e+

(a)

< 100.0 1 N [[1 Marine archaeal group 1
T 008 RN N Betap.roteobact?,rla
= ¥ Candidantus Nitrososphaera
—g 99.6 L O Candidantus Nitrosocaldus
K] : [0 Unknown
T 9941
B
< 921
=1
= 99.0
H# -
= 08
Z 04
0 FW BW SW

Qb Treatments

P A R S AL M N IR PG IR R AL
R B R S A G BET R ACHIE Y 25 R R B
JK K HE AR 1 4R A K ONHI-N 8 B
4, W pHAE A HLE NO-N & & B Z Wk, 1%
KRN R R R K R A R HORBREK™Y, pH
HFEAR AT R 2R I & P R, 8L
pHAE TR, A B A BRI 5 oy 26358 1 B b i )
AP D B BOE HLY R = TR A, B
K K AR B, A3 NHE-N S B30, 1 NOS-N &5 &
SRR B e, T BE R B A i T
AR AR
3.2 RiKIEEX LIEEBEMNLEMAOA AOBEER
A

RV AR AL S AT A e A AT M . A
5 45 S & W I IR0URIK R R T R Sk 2 410 o) - 8
TWRTERS A3, iX 5 He SFP R GE AR, FLAF 5 45 2L 1B
71N b SR A A Ak A R A 1 T e R A
SR, AT B F A B 4 43 vl 488 o - VB e f bk

(b)

® 100.0¢ R Nitrosovibrio
T 99.8F & Nitrosomonas
E O Nitrosospira
= 961 O Unknown
=
= 9941
2
kS 99.21
o
&= 99.0=
B 08r
H
Z04f
junng
=
0

FW BW SW
Kb 3 Treatments

(a) AOA J/RFREVE G, (b) AOB Ja K- FEVE 4514

(a) Distribution of AOA community class group, (b) Distribution of AOB community genus group
B3 REERKRELESEUBEDEELEN

Figure 3 Community structure of AOA and AOB as affected by different irrigation water salinity treatments
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Figure 4 LEfSe analysis of AOA(a) and AOB(b) communities under different irrigation water salinity treatments
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Figure 5 Redundancy analysis(RDA) of correlations between soil physicochemical properties and the community structure

of AOA(a) and AOB(b)
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AOA FI AOB &2 S AL A F ) B A= 9, 36
32 A LA K Y B R 2RO, AR 5 R I A TR
K ER FE 5 0, AOA I AOB 2 & 1 i P& . Jin
GRS R B, B AR A S AOB A K. SR
WA WFSE R IR 40 XF AOA “F TG 1 & 52 mi ™, 5 3%
SR B AT LR AOA A= K™, | A A 5T 3 B i
Bk e AOB F = F AOA, J& R S RUE Y 2%
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JRCK FHEK HE R S R 43 B S I AOA LAOB 2R
KAEMER ES W ZE . Bernhard 254015 21 A5 0L 1Y
W4 3 . (Hl A MR KW 111X AOB F & & F
AOAPY B 2 Eh 73 8 AOB 3 8 1 T AOA (1 I JiF i
K, XL I B 45 T HE & AOA FIAOB J& T2k
WEEPIHEIAR , ARRIFREEAE T, AOA R AOB X T4k 43
FIR RN . o AR R R A 278 nl RE e 2
R Z 225 2L 520 AOA 1 AOB I PER,

A& 20 M 6 B, AOA 1 AOB F J¥ 2 5 PNR |
NO>—N ¥ J&E A7 78 8 35 IE A S R &R, BB AOA Al
AOB I [i] 2 5+ P RS E . AR
TR HEBE S50 AOA/AOB b 3541 T /K HE R , T
JHKHETE 2544 N AOA/AOB S 2 55 T HUsK HEE . 156

HIASTA] AOA FT AOB B A 4 X F R 43 1 i 1 2 AN [7]
o FRATHEN AOB AT BEJ2 SHUBK HE R A5 14 N i Ak A
FABY £ SR FIEE, T AOA 1T BE 2 Ja K VE I8 4% 14
T ES AR
3.3 BUKEEXT L AOA TN AOB B S AR K B R
sBA|

K UK HE RS T AOA FI AOB [ VA 45
¥ o AW R AOA VS Z MM T AOBL TE T A
ER O 0T 1 DX R XK 8 op ot A LAY 2
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FIRZ IR —30 A . X T AOA KU, Fifi 75 E Rk 1
JEE 3N, AR E S  ARE B 2 RAIG, ThA A FR
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SR A A R R BITEN KF E | BR Unknown 4,
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HXTER 3 HAT BRI 321 o 53 ML A AT BE 2 Can-
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