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Effects of Seawater Rice Rhizosphere Effect on Soil Ammonia-oxidizing
Microorganisms in Coastal Saline-alkali Soil

LI Gaoyang', HUANG Yongxiang"?, WU Weijian', CHEN Yijie', ZHANG Weijian', LUO Shuwen', LI Huijun',
HUANG Fengcheng', LIN Zhong®, ZHEN Zhen'-*

(1. College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China; 2. South China Branch of
National Saline-Alkali Tolerant Rice Technology Innovation Center, Zhanjiang, Guangdong 524088, China; 3. Faculty of Chemistry and
Environmental Science, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

Abstract: [ Objective ] The special environment of coastal saline-alkali land restricts the transformation and utilization of soil
nitrogen. Microorganisms in saline-alkali paddy environment mediate ammonia oxidation in rice rhizosphere in a key process of
soil nitrogen cycling. However, due to research blindness and outdated technology, the effect of seawater rice rhizosphere effect
on the microbial community structure of ammonia oxidation in coastal saline-alkali soil is rarely reported. [ Method ] In this
study, the saline tolerant rice species ‘Haidao 86’ was used as the experimental material for the pot experiment. The pot
experiment was conducted with low (2 g'kg™) and high (6 g'kg™") salt concentrations. Soil physicochemical properties and
microbial biomass were measured and analyzed, and high-throughput sequencing of ammonia-oxidizing microorganisms was
conducted to analyze the effects of different treatments of ammonia-oxidizing archaeca (AOA) and ammonia-oxidizing bacteria
(AOB) community structure in the rice rhizosphere. [ Result ] Results showed that after 70 days of rice growth, pH of rhizosphere
soil decreased by 0.82 and 0.70, soil organic matter (SOM) content decreased by 6.41 g-kg ™' and 4.46 g-kg', humus (HU) content
increased by 5.76 g'kg™' and 4.45 gkg ™, total nitrogen (TN) content decreased by 0.46 g-kg ™' and 0.37 g'kg™' for low and high
salt concentrations, respectively. Rice rhizosphere effect significantly increased soil microbial biomass carbon, microbial biomass
nitrogen and microbial respiration intensity, reaching peak values on the 55th day of planting with 850.0 mg-kg™', 72.2 mgkg™
and 231.9 mg'kg'-d” for high salinity treatment and 546.1 mgkg ', 53.7 mgkg ' and 171.2 mg'kg-d™' for low salinity
treatment, respectively. The rhizosphere effect had no noticeable influence on the Chaol index, Shannon index and Simpson index
of AOA. At the genus level, the dominant bacteria of AOA were norank c__environmental samples p Crenarchaeota,
unclassified k _norank d__Archaea, and Nitrososphaera. The rhizosphere effect of seawater rice significantly affected the
richness, diversity and abundance of AOB in coastal saline-alkali soil. It can significantly increase the abundance of
environmental _samples f Nitrosomonadaceae and Nitrosospira. Also, correlation analysis between the AOB community and soil
environment showed that environmental samples f Nitrosomonadaceae and Nitrosospira had a significant positive correlation
with HU and a significant negative correlation with pH. [ Conclusion ] The results of this study indicate that planting tolerant rice
species can improve nutrient cycling in coastal saline-alkali land, and the rhizosphere effect of saline-alkali tolerant rice mainly
affects the community structure of AOB in acidic soil.

Key words: Seawater rice; Rhizosphere effect; Nitrogen cycle; Ammonia-oxidizing bacteria; Ammonia-oxidizing archaea
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Vi Ab ey BEAG, AT S B v R il AR R R 4
i AR S o S A E R R E S — 25,
W i AR AP IR, A H AR A oL 3
W HA LA ( ammonia-oxidizing bacteria,
AOB) FIE AL E ( ammonia-oxidizing archaea,
AOA) TEZ A B E A AT BCHER, MY
W = A AL A IR R /A IR L, T MR XA
R FIH . F5R &, AOA Fl AOB 7EAN[A MY
TR (i pH. AL ) BAANFER AR
(o APREEIE AT, KRR PR + 58 AOA Al
AOB 85U G PE W] 0 i T A ROK R iy 1358,
AOA Fl AOB X AN [al 2 R I - e 2 4 AL 1Y STk AT
%i)‘(p—lo]o

IR R AR B X2 A 3R DA - Sk A KA 1Y) B
W, JEKAE . IR YA AR R B S
SRR - ) o B i e e i 25 A Y R
AEYIAWT T Z AR, KRS A O A
R, BRoEAL . AHLAACEERSN Ty, W, oK
AR 28 ) L 2 460 1 I AR 28 23 A ) 33 39858 <
WARKMFE G, TN ERE T DRI
et AR, WK RIR PRI h A R B
W, REMRMAES RGP AR s B AHE
YIMAREAER, 2R E MM R SeE HRT
WFEE SRR R, 6 7K R R 25500 o 5 1 6 Bk
by 38 A AR AR W R 2 e AT D R

PR, ASCUAMN $hosiK s (KRS ) AT 867
W GERT G, 5 ZKORE o R TV P i ) - 43¢
PR AR TGS W A R i RE e . R v D
HOR, B 5T K R AR B 500 57 1) T Y52 1 B
T IEE ALY (AOA Fil AOB) BEIEALRAIE
JEVHAS o fe 2448 75 T 7KORE PR O V52 T 3h B b A= 29
PR, BH AR 0T 6 kb - 498 5000 P O el R 1)
PHENLE . R IRBEREARCRRE LA, )
— BRI AR DK ABIRE N R SRR A
77 ) R A LS R R S

U bR
11 T SR

AR R T RIGE R YR
BFFEAF (21°12'N, 110°03'E) 2 g aetr, ik

B DX ML AR A P RS S T ARG S R R AU
AERIR 23 C, AERIFEKE 1417~1 802 mm, 4F
7 H BRI EL 1 817~2 106 h,

AT KRG SR MRS 867, M) AR
TR AR 2 B i K R A S g i o 4 48
K AT R R AR E GO G H, R KT
PEEEL 2 mm GG 5 . IR E 218, pH A
6.15, +HEA MR & & 3220 gke', JE AR
16.43 gkg ', %A 1.88 gkg ', MR 167.7 mgkg ',
AR 82.50 mg-kg ', BALHE 127.2 mgkg ', K
3 0.55 gkg '
1.2 Rt

R 4l L T b DX VA 7K R A A DX %) FE i) 5 43 v B
(0.2%~0.7% ), VLI “TEAE 867 X £k B iy i 32 14 ( 24
0.7% ) 51 RIS BARIR W E (2 gkg') FIEnEhik
FE(6gkg ') MAMERSE., N THEHIEEL, &R
TSR (R R =NaCl B it/ 4T )
T FRBOR A Y NaCl (20#ral ) 5 358 0R
AYJE AR EEAT #5402 42 30 em, 4l 45 om,
FEA%E 15 kg #h+. BERMUKFES), PRFEKTH &
R 2 om, FZI AR RS K AR, B 7 do

AR IO E 4 b B 1 )R ER P 3 CK,
IR 2 gkg ' ); 2) mEERMNA 4 (CR2, Uk
6 gkg'); 3) KEhMA HHERAE “VGRE 867 (SI,
EVRIE 2 gkg ! ); 4) FEh han R RS 86( S2,
W 6 gkg ). FAAHE 3 ANEE . ARIEHAK
WE, ERUERE=m 0, . KBS
KR AT . BARTTEAR R bk T, B4
RITARAAEKAE 12 ko 7R K R AR K R
WE AR ARG L, A TR, DRAEAT PN T 1=
JE v B3R 2 om.
1.3 HmRE

T KRR PR RS . I KRERARG I 0
K. 15K (KRERERF ). 35 K (KRETEEF).
55 K (KA ). 70 K OKRREU ), R
Bt AR K REAR PR 38, IR = . — R A7
FIRWRFEAS T, BT 4 CKEMHRAE, AT pH.
AHLE (SOM), JEH#FE (HU), @& (TN) B
o BT AR A-80 CUKFEMRAT, AT R E it
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S B SRR, I E A R A B A W
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RBHKAS 0 H R KYE T R
P T 7 A HURE A, SRR (8] 5K RAR Pr £
HERARWSE] — 2. RAEMBES D=1, —HHT
SR A LT, SR A T I A AR, &
J5 — A7 7RIV (] 52 58 2 00 S 2 0 A Wy e D SR P
SRIE o AR DRAT T 55 B AR
1.4 TEEEEMEENE

5 pH RJTHRALENE (2K 10 25),
LA PLTCR I E R IR A BRI, A
R AR RRR A BCE A IR EA TN E , 2 ACRHTELR
SE R EN,
1.5 TEREMBENEENE

TIEBE YT EIRE SR 24 h JRIRIHAY CO, R
R, LR mgkg o RTEN FE—K,SO,
P LR A A Y AR

MBC=EC/KEC (1)
MBN=EN/KEN (2)

A, MBC b 364 ¥4 Wik, mg-kg s MBN
N IERE Y AR A, mgkg', EC (EN) J&5H

AR ZE FHEA PR (2R ) M2EMH, mgke '
KEC Fl KEN 2351 A i Ak 4 A st ( 0.45 ) USRI
YRR (0.54) VO R K.

- A MO R B SR RS R G SR AN
T RE I 5 AR A B B T A
1.6 TESEAHEVHESEENF

TE IR 7K REAR PR AE FH X A 39 1k A 4 850 o Rt
SRR A KB (55 d), & +3Ed AOA FI
AOB IR, R 3 DNA $#2EUL7 & Bio
Fast soil Genomic DNA Extraction Kit ( BIOER, #t
M) KRR FREE A 1) 1 A P B DNA 1 THR L.
DNA ¥ J& Fll i &K Fl NanoDrop 1000 ( Thermo, 7
E ) 7 IE. FH AOA amod 51¥)HF AOB amoA
1YY G DNA #£47 PCR 973, §7 195149
AL 1,

PCR WK Z N 20 uL, . FHE514 (10 umol
L) 4 0.5puL, 2 uL10 {5 B DNA #ib, X
H/K#ZE 20 uL, PCR P HFEF R 95 CHAs i
3min, 95 CAM: 30 s, 55 CiBk 34 s, 72 CIE
32 s, 40 MEH, &5 T 72 CLEM S min,
PCR =¥ iR ] AxyPrepDNA #E i [t 77 4
(AXYGEN A H] ) AU, =W AP b ihig
£ (Tris-HC1) Ve, SR 2%BrXNEHHEE RS F Uk A I

x1 HRUESIMFT

Table 1 Specific primers for functional gene used in this study

H Fr A ElE7] Fr3 (5-3") S5 30k
Target gene Primers Sequence (5’-3") Reference
AOB amoA amoA1F GGGGTTTCTACTGGTGGT [17]

amoA2R CCCCTCKGSAAAGCCTTCTTC
AOA amoA amoAF STAATGGTCTGGCTTAGACG [17]
amoAR GCGGCCATCCATCTGTATGT

PGS B AT R, R SR AR
B2 25 B AT BR A w2 AN . Miseq 715 21
PE reads 2 J& overlap 3¢ R AT B, [R] B X 741 Joit
TR UE, XA S IR 97 %A DU i
TTEAEST R0 (OTU ) R W R Fh 73252 53
Mro &3 = FfH ( www. majorbio.net ) X OTUs # 17
I3 AE BARTE
1.7 HiESH

fFaEEDF OTU ¥4 H Uparse ( version7.

0.1090 ) HEATRE, HAWKIEFIH Excel 2010 FfF
PHATEAE R, R SPSS 23.0 GeitHkf:xt Firi 4
PEAEAT IR K )7 225087 ( One-way ANOVA ), Al
Qb B2 (8] 2R XS ( Duncan’s ) k1T £ & L
( P<0.05), Fl Origin 2021 £ il#: K . i2 ] Chaol .
F¥k (Shannon) #5844, &£ ( Simpson) F5EFF
OTU /K- F#EAT o ZHEME T ARRE R 245 U 4y
#T (non-metric multidimensional scaling, NMDS )

FIFH Qiime 5 B ZHVEIE 4. 768K F LX)
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PIZL L3 s i AT R BE 5 A% ( Wilcoxon ) Bk FIES
B 53 AT 2 22 1 (R 22 Sk, R BUR A oK
fHIXIE), FAH RIEF (version 3.3.1) vegan 341
HEAT NMDS ., 7% 5 B AR FAR DGR S B R VR 1A
FIH Stamp 2.1 #4740 0] 22 S PEAER
2 4 R
2.1 MEBKENT TIEEMER

BiR W, ST RN S2 Ab R A 1358 pH 254 T[4
A, XTI CK1 ORI CK2 ) 44 pH 28 (LA EH
S1 1 S2 iy pH 7E26 35 KJF4345 CK1 #1 CK2 (1)
pH A% & 25 (P<0.05), SLK45HEmT (70d),
S1 M1 S2 445 pH (5.45 #l 5.77) BFET CKI

7.5~
CJodJ15d 35 d M55 d M 70d a)
7.0+
iaaaa ia
63 bbb bb b
=1 T c C
6.0 N .
e
5.5+ d
0'5_ l
0.0
CK1 CK2 N S2
AbFR Treatment
20
[ JodJ15d 35 d M55 dMM70d c)
19+
— a
on
=2 18} b
e . b
g 17} a b
£ abccec abccc ad ad
T
W 161
=
E"Z 15+
il il . el B
CK1 CK2 S1 S2

AbFR Treatment

(6.27) F1 CK2 (6.47), 4l FF% 0.82, 0.70 1~
£ (FE 1a). S1 i1 S2 i SOM & B AERE FE W N 2%
Wi RS, 70 d B, ST S2 AbF Y SOM 7 &
Sy Wlh 2578 H 2773 gkg!', BER T CKI
(32.19 g'kg™) I CK2 (3220 gkg') (&l 1b). S1
A S2 AbFRY) HU & BRI S 1 THadh 78
70 d BHASIE KM, 43510 18.04 F1 17.71 gkg ', #
[ B CK1 AT CK2 23 5il3 i 1 9.67% . 7.66% (&
lc ). TN it /KRR A KM iR, 7€ 70 d B
S1 il S2 +3Erf TN S350 1.42 Fi 1.51 gkg ',
BT RN CK1(1.88 g'kg ' FI CK2( 1.88 g'kg ')
AR (& 1d). HHRT AT, KRS I E o R IR B e
+HE pH, RGP AL, S AR,
T A Y VA R B 1) S

361
CJodJ15d 35 d M55l 70 d b)
~ 34F
'op
Y] daaaa aaaaa abp ap
& 32 [ ] ] B
E b
g 30 b
L2
=1
Eﬂ 28k c b
\-12( c
26
=
T
il i e ..
CK1 CK2 N S2
AbFE Treatment
24
CJodJ15d 35 d M55 d 1l 70 d d)
20F aaaaa aaaa a a
o N & mb g
2 ° b
% 1.6 c b
4 c
=
)
£ 12
=
=
S 08}
®
H
04
00 CK1 CK2 S1 S2
Ab ¥ Treatment

M. CKI: (KW (2gkg!) XML, CK2: HIMWE (6 gkg') XML, SI. MKEWE (2 gkg!) ARG KRE; S2:
AR (6 gkg ) WAFAIEKFRE; A W/INE FhEFR R ) — i B A ) Ab B R) 22 7 % (P<0.05). FAl. Note: CKI1: control soil

low salt concentration ( 2 g-kg™' ); CK2: control soil high salt concentration ( 6 g'kg™'); SI:

cultivate paddy at low salt concentration

(2 gkg'); S2: cultivate paddy at high salt concentration ( 6 g-kg™') . The different lowercase letters indicate significant differences among

treatments at the same time ( P<0.05) . The same below.

K1
Fig. 1

A Ab P v - SRR AR T A AR

Changes in soil physicochemical properties in different treatments
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2.2 FIEEKTEEE T EMAE Y S EMNENE
BERW S1 Fn 2 AbH rp s A W W W i
MBC F1 MBN 2% b A5 N, JEES 55 K
IFIRE TR 5, ST FI S2 Ab FEARA: 1y IR W 58 B 391 g
231.9 F1 171.2 mg-kg '-d', #&FEHY CK1 fil CK2
PEET 128.8%H1 163.4% (&l 2a). S1 4bHEAY MBC
F1 MBN I8 5351 4 850.0 F11 72.16 mg-kg ', 43 lJ&
AR CK1 /) 3.83 {5 A1l 3.66 15, S2 AbBHEAY MBC
H1 MBN W&AE 391k 546.1 F1 53.71 mg-kg ', 4392
CK2 1 3.79 f5F1 3.30 ff . [ IiRZEFRH, Fifiie K
e my G 2 4 v - AR A R R R
2.3 FhiEE/KFERT 118 AOA F1 AOB SRR
o ZREMESHT R R, ALBE S1 AT S2 1 AOA Y
Chaol FEE. FFUHEBUR E 1 AR5 405 ) Il - 1884
TREMZS (P>0.05). AOB [y Chaol 8EUFIHF
WA B B KT CK1 M CK2, ¥ ZR A8 50 %/
T CKI1 FI CK2 ( P<0.05). 453K, KFERRL
¢ AOB HfVE £ & EMEZ R R T AR+

e (FUKRERR PR T3 AOA HEVE S5 H4 (1 =F 5 i Al 2 B
PESAMKRE L ELR EER (K2) .

Nk — 20 T R A AT W R I A AL e T K RS
R 98 DL R %ok B - 8 () 14 22 57, 78 OTU 7K 15k
T Bray-Curtis Fi &% 2 S AL THUE W BE T 45 1 i 17
NMDS 734, ZREN, MWKRMRER LT AOB
HITETE 240 55 0 IR 1 3 AOB Bf VA &5 22 I g, 0
KRR PR T3 AOA HER 451 5 %) I 13 AOA
MRS A X AE—&, T R2ZR (K 3a), ®A
SR T KRR RPN L3 AOB HUBF IS S5 A i 3
i (FE 3b ).
2.4 FiEMEKTEXT L AOA 1 AOB B E LN

A

A FE PR, i B AOA
TR, PRI 5 AN e, SRR R
KT 0.1%H B BEAT AR, /T 0.1%H9 )3 HoAth
LRI, norank c__environmental samples p
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320 1200
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Fig.2 Changes of soil microbial respiration intensity and microbial biomass in different treatments
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Table 2« diversity indices of soil AOA and AOB in different treatments

[EX/ESi pisiil Chaol 5% IR AL B IRIGEL
Type of microorganism Treatment Chaol index Shannon index Simpson index
AN B CKl1 78.08+6.92a 2.85%0.10a 0.083 2+0.01a
Ammonia-oxidizing archaea CK2 82.17+3.32a 2.92+0.07a 0.077 8£0.01a
(AOA) S1 85.81+£6.97a 2.86+0.09a 0.083 3+0.01a
S2 81.94+3.26a 2.9240.03a 0.076 5+0.01a
AL B CKl1 29.97+3.00b 1.86+0.07d 0.185 9+0.01a
Ammonia-oxidizing bacteria CK2 39.00+4.32b 2.24+0.06¢ 0.152 1+0.01b
(AOB) S1 92.88+6.44a 2.42+0.10b 0.167 0+0.01b
S2 85.86+7.80a 2.65+0.08a 0.121 4+0.01c¢

TE: RPEAR AT HELRER, n=3, FFIARFEERR R — U YRR R b BLR) 22 52 3% (P<0.05 ), Note: Means=SD,

n=3. Different letters in the same column mean a significant difference between treatments at the same microbial types ( P<0.05) .
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R | E
8 5]

< -0.05F
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b)

@ i Rhizosphere
L A XTHE CK

0.4

e o @
d 3] W

NMDS2
=

stress: 0.121, R=0.292 6, P=0.016 0

OTUKF-_FNMDS43#F NMDS on OTU level

-0.5-0.4-0.3-0.2-0.1

1
1
1
| . . . . . .
0 01020304 05 06 0.7
NMDSI

o AFRBEDSIER S RFARF A EEAS, Stress: K% NMDS 4325 R W14 . Note: Samples in different groups are represented
by dots of different colors or shapes. Stress is used to check the quality of NMDS analysis results.

K3 R R AR B e S AT KRS LR AL UE TS (a. AOA; b. AOB) FREERZ4E/UEZ (NMDS) 734t

Fig.3 Non-metric multidimensional scaling ( NMDS ) analysis of ammonia-oxidizing microbial ( a. AOA, b. AOB ) community in rhizosphere

soil of seawater rice and contrast

Fl Nitrososphaera 745 A PR R H & . S1
norank_c__environmental samples p Crenarchaeot
a M Nitrososphaera A%t 3= FEAXT T CK1 3 5l F+ 5
T 1.08%7#1 0.25%; S2 "' norank ¢ environmental
samples_p__Crenarchaeota FHX}EREE CK2 IR T
0.67%, Nitrososphaera FAX}E X F CK2 F+& T
1.30% . CK2 4b ¥ W' norank c¢__environmental
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Fig. 4 Relative abundance ( a. AOA; c. AOB ) and similarity ( b. AOA; d. AOB ) of ammonia-oxidizing microbial in different treatments at the

genus level
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