2024 4 Agricultural Research in the Arid Areas Mar. 2024
X E %S :1000-7601(2024)02-0231-14 doi:10.7606/].issn.1000-7601.2024.02.25

%42%@%2,@3 FE#M X K I FR Vol.42 No.2
3

MEREARKELSEURNEDRH
xif #E 8L 7K £ FE 0 e B 2 A D) R
PREHEE T B BEE R 4

(AT FREEAEBE , Wi A+ 832003)

W OERAEBAREREAERERRE, P ERARERE 2 MAKTF.035dS - m™' (KA, FW) Fr1 8.04
dS - m™' (B AK,SW) , A B & 2 MK 0(F A ,NO) 1 360 kg - hm™2( i A ,N360) , bL & ACH ¥ 8y 48 B £ 3 h #
B,MET FEEMERALEYFET, ERE T (D)RKBEEEER WL EC, AN -NEE, 2 AT
457.74% %1 73.02% , {2 & 3% % 3% NO;-N & &, {8 7 35.88%; # A % % 3 v + 3 EC,., NO,-N 72 NH;-N 4
B, 288 m T 32.09% 668.33%71 39.88% . (2) KR E R E BT LEB AT BRAKLIEERT 28.97%;
HMEBER W T LERAEHOS BRI EALE T 317.27%, (3) BAHE B Z BKAA L% E (AOB) fu b
AAMNHETE A 2 X (amoA—clade—A) #1 B 4 % (amoA - clade—B) Wy £ F # ML #1, 4 B 1K T 81.27% .73.49% #n
62.51% {2 B 2 ¥ B A L+ 18 (AOA) B ZEFH 7 U H, ¥ w T7 487.94%; G/ A H B E Wi T A A Wik £ 46y 2
B 7 DB, 273 T 511.20% ( AOA) 958.13% ( AOB) \72.66% (amoA—clade—A ) #11 31.18% (amoA—clade-B) , (4) &4
WHEDRBPHRENRERTRE CPEHE IHNMEHE BAREWE #ETE #LEWE EHXhENHE
B AWEAEHE HEHWE ERAEE DHELRERE ABRERTE FRAFHEMLEANXATE, (5) KK
HHEEIT AOA By Z WA £ 8 JE K amoA—clade—A By % 1 23 fn T AOB A amoA—clade-B By % H W fn £ 5
K amoA-clade-A ¥ & JE ; GIEMH B2 EIKT AOA f1 AOB th £ & £ X amoA-clade-A B ¥ & JE Fn £ B B3 An
7 amoA—clade-B W F EE ML FEM, K L Ap W MAAMMENBRELMNEEZRFEF A4 EHELEA
EAER S M TREANAEMABREMAE A 5 L2 R AREREREMIER £ SR EH MR,

KERIA) . BOKEE MR E R BRI A A BT RDA AT

FE 5SS .S562; S154.3 XERIRARES ;A

Response of ammonia-oxidizing microbial community to
irrigation water salinity and nitrogen application in
grey desert soil of cotton field in Xinjiang

GUO Xiaowen, YANG Maoqi, YE Yang, GUO Huijuan, MIN Wei
(College of Agriculture, Shihezi University, Shihezi, Xinjiang 832003, China)

Abstract; Iirigation water salinity and nitrogen application were used in this experiment. Two levels of irriga-
tion water salinity were set as 0.35 dS - m™'( fresh water) and 8.04 dS - m™'( saline water) , and two levels of nitro-
gen application were set as O (no nitrogen application) and 360 ( nitrogen application) kg + hm™(represented by
FWNO, FWN360, SWNO and SWN360, respectively). In this study, cotton soil with saline water drip irrigation
was used as material to measure the physicochemical properties and biological indexes, and the results showed that .
(1) Saline water drip irrigation significantly increased soil EC, ., and NH; =N contents by 457.74% and 73.02%,
but significantly decreased NO;—N content by 35.88% ; Nitrogen application significantly increased the contents of
EC,.,, NO;-N and NH; - N in soil by 32.09% . 668.33% and 39.88%. (2) Saline water drip irrigation

significantly reduced the nitrification potential of soil, which was 28.97% lower than that of freshwater treatment.
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Nitrogen application significantly increased the nitrification potential of soil, which was 317.27% higher than that
without nitrogen application. (3) Saline water drip irrigation significantly decreased the gene copies number of am-
monia—oxidizing bacteria ( AOB) and the A branch (amoA—-clade—A) and B branch (amoA—clade—B) of complete
ammonia oxidizing bacteria by 81.27%, 73.49% and 62.51% , but significantly increased the gene copies number of
ammonia—oxidizing archaea ( AOA) by 487.94%. Nitrogen fertilizer application significantly increased the gene copies
number of ammonia oxidizing microorganisms by 511.20% (AOA), 958.13% (AOB), 72.66% ( amoA—clade—A)
and 31.18% (.amoA—-clade=B). (4) The dominant bacteria genera of ammonia oxidizing microorganisms were
Pseudomonas, Candidatus nitrosocosmicus, Nitrosospira, Bradyrhizobium, Streptomyces, Nitrospira, Stenotroph-
omonas , Methylovorus, Chelatococcus, Cystobacter, Nitrosomonas, Rhodopseudomonas, Bacillus and Ramlibacter.
(5) Saline water drip irrigation decreased the diversity and abundance of AOA and the diversity of amoA—clade—A
but increased the abundance and diversity of AOB and amoA—clade—B, and the abundance of amoA—-clade—A. Ni-
trogen application significantly decreased the abundance of AOA and AOB, and the abundance and diversity of
amoA—clade—A but increased the abundance and diversity of amoA—clade—B. In conclusion, salinity was the main
driving factor affecting the community structure of ammonia-oxidizing microbial community, ammonia-oxidizing ar-
chaea were the dominant species of soil ammoxidation, and ammonia-oxidizing bacteria and the A branch of com-
plete ammonia oxidizing bacteria were the dominant microbial populations of ammoxidation in saline water drip irri-
gation cotton fields.

Keywords: saline water irrigation; nitrogen application; cotton field; ammonia oxidizing microbial community ;
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Table 1  Chemical properties of two irrigation water quality

QbR BB Ton concentration/ (g - L)
Treatment  K* Na* Ca® Mg HCO; I S0z

FW 0.013  0.005 0.049 0.014 0.060 0.087 0.035
SW 0.013 1.301 1.165 0.014 0.070 3.534 0.040
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Table 2 Amplified primer sequence of ammonia-oxidizing microorganism

YIFZFK Species 5% kB Primer fragment PCR §"#% PCR amplification
E=E=R Ay ) Arch—amoA-F ; GACTACATMTTCTAYACWGAYTGGGC
(AOA) Arch—amoA-R ;: GGKGTCATRTATGGWGGYAAYGTTGG AOA : F11E 95°C , 1.5 min;40 YKJEFR (95°C ,30 ;55C
ALY amoA-F : CTGGGGTTTCTACTGGTGGTC 45 5;72°C ,45 s) Initial 95 °C, 1.5 minutes; 40 cycles;
(AOB) amoA-R : GCAGTGATCATCCAGTTGCG AOB: #] 1 95°C ,3.0 min; 38 WAEH (95°C ,30 s;60C,

SRR A 533X
(@amoA—clade-A)

SR EANEE B 43
(amoA—-clade-B)

amoA—-clade—=A-F : TACAATTGGGTGAACTA
amoA—-clade—=A-R; AGATCATGGTGCTGTG

amoA—clade-B—F; AAATCCAGACGGTGTGT
amoA—clade—-B-R ; TATTTCTGGACGTTCTACAGG

1.5 min) Initial 95 C, 3.0 minutes; 38 cycles;
amoA—clade—A 1 amoA—clade—B: ¥ 4 95°C ,3.0 min;
45 KARFR (95°C,30 5552°C,45 5;72°C, 1 min) nitial
95 °C, 3.0 minutes; 45 (:y(:les:ﬂ] B

R3 BUKEENEAE MR X R RA R

Table 3  Effects of saline drip irrigation and nitrogen fertilizer application on soil physical and chemical properties

¥ EkE EC s H TR AK HAABE AP 2% TN AR TC WA NO3-N HA% NHj-N
Treatment  SWC  /(dS-m™') ' /(mg-kg') /(mg-kg)  /(g-ke)  /(g-ke)  /(mg-kg')  /(mg-kg!)

FWNO  0.2139b  0.194c  8.30a 247a 19.37¢ 0.67b 23.13b 6.92¢ 5.53d
FWN360 0.1723¢  0.209¢  8.00b 215b 14.94d 0.81a 23.47h 56.56a 8.18¢

SWNO  0.2113b  0.948h  7.82¢ 180c 42.10a 0.73ab 25.42a 5.08d 10.07b
SWN360 0.2380a  1.299a  7.58d 183c 25.44b 0.80a 25.83a 35.62b 13.65a

T [RIBAS R/ NE RS AR BRI 22 53 ik 25 (P<0.05) , T I,

Note : Different minuscules marked in the same column show significant differences among treatments ( P<0.05). The same below.
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among treatments ( P<0.05). The same below.
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Fig.1 Effects of saline drip irrigation and nitrogen fertilizer

application on soil potential nitrification potential
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Fig.3 Correlation between ammonia—oxidizing microorganisms gene copies and potential nitrification potential of soil
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Table 4  Effects of saline drip irrigation and nitrogen fertilizer application on ammonia-oxidizing microorganisms a-diversity index

Il AL Kpr EL
JARIRCLD gy DR e, FUSE EWAHER Chaol BEEC ACE RN
mmonia oxidizing Number of . . . . . . .
. . Treatment . Coverage Shannon index  Simpson index Chaol index ACE index
microorganisms species
FWNO 407a 0.9990a 4.50a 0.9133a 441a 455a
AOA FWN360 212d 0.9997a 4.30a 0.9150a 234d 242d
SWNO 271c 0.9997a 4.17a 0.9000a 303c 307¢
SWN360 295b 0.9990a 4.32a 0.9103a 333h 336h
FWNO 892h 0.9953b 4.95ab 0.9170a 1073a 1097a
AOB FWN360 725¢ 0.9967ab 4.67b 0.8857b 849d 866¢
SWNO 922a 0.9957b 4.96ab 0.9190a 1064h 1092a
SWN360 927a 0.9973a 5.21a 0.9213a 1014¢ 1026hb
FWNO 71b 0.9999a 3.59ab 0.8650ab 75b 77b
amod—clade—A FWN360 66b 0.9999a 3.20bc 0.8277ab 69d 69d
SWNO 230a 0.9997a 4.26a 0.8810a 233a 236a
SWN360 68b 0.9999a 2.50¢ 0.6833b 7lc 73c
FWNO 803d 0.9950a 4.09¢ 0.8430b 1021¢ 1084d
amoA—clade—B FWN360 1173¢ 0.9930a 6.76b 0.9780a 1524b 1543¢
SWNO 1395a 0.9937a 7.30a 0.9777a 1601a 1712a
SWN360 1351b 0.9945a 7.47a 0.9770a 1601a 1603h
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26 BKHMENMTEATUMEYRHEELEEN
Al

AOA JEKT-HER LA ILIET 4A A AT R
JE B 1 B AT S P M (B B B i ( Pseudomonas ) Fll
W H JL T )& ( Candidatus Nitrosocosmicus ) o Ja 7K E 8%
F#{& T Pseudomonas M1 Candidatus Nitrosocosmicus FH
XFFRE, TEANBAENCAAEL T JBUKTHBERAR T Pseud-
omonas M1 Candidatus Nitrosocosmicus ¥ X} = i ; 7E it
FNEALBER, WK HE RSN T Pseudomonas FH X} =
JE ,1@%{&? Candidatus Nitrosocosmicus FHXTFJE |

AOB JE/KFHEVE S5 UL 4B, AR LA
5 e DG E B S R ( Pseudomonas ) I fiF
AR B J& ( Nitrosospira ) 18 M= #3988 1 J& ( Bradyrhi-
zobium ) F15% 55 4 J& ( Streptomyces ) o JEL 7K T 1BE 38 i
T Pseudomonas . Nitrosospira . Bradyrhizobium Fl Strep-
tomyces X, FEARTE RN T, oK i HE 3
JINY" Nitrosospira . Bradyrhizobium Fl Streptomyces FX}
FBE HFEK T Pseudomonas FXF 3 B ; 78 it A Ab
FUR, J8K % HE B8 N T Pseudomonas | Nitrosospira .
Bradyrhizobium 1 Streptomyces FAXT 3 |

amoA—clade—A JE/KF-HEE 4514 WL 4C, BK
AR S B e e R B W A i A R TS ( Nitro-
spira) B 3% WM B )& ( Stenotrophomonas ) Fl L H 3
W& ( Methylovorus ) , Ja 7K JEWE 34 7N T Stenotroph-
omonas 1 Methylovorus H X} £ B, (H AL T
Nitrospira AA%F B, FEAN Il A NC AL HL T, 5K %
BN T Methylovorus #H X} 3 B, HBEAX T Nitrospira
F1 Stenotrophomonas FHXF 3= BE ; 76 it A AL BT,
IKIGHERG T Nitrospira \Stenotrophomonas F1 Methyl-
ovorus FHXTFJF

amoA—clade—B JE/KFEHEIE L5 LK 4D, Bk
AR A B v A A W 2 S IR ( Che-
latococcus ) FEMIAT T J& ( Cystobacter) Vil 3 PRI 1
J& ( Nitrosomonas ) . 21 1R 2. il 18 J& ( Rhodopseudo-
monas) . % 8K # J& ( Bacillus ) F1 3L 18 F 28 T 34
( Ramlibacter) . JR/KFEBERE N T Chelatococcus , Cys-
tobacter  Nitrosomonas . Bacillus 1 Ramlibacter FH %} =
JE AHREAK T Rhodopseudomonas FAXF . 1EANJife
RICLLFET SRR 6 B OLS IR A XT 3 B4
AP AERANEAA IR | JBOK TSI T Chelato-
coccus F Ramlibacter FiXTFFE ABFEAK T Cystobacter .
Nitrosomonas .Rhodopseudomonas 1 Bacillus FA%§ =&

Hg AN ) b B ) - 38 = SR AR A W AT R ) 2R
IR S AT AT 5 A B e A g s R AR T R VR

FAEZES (8 5) o MEEETE S, 5 FWNO 22
FHEL , SWNO A3 i & 34 T 72 1% ] ( Ascomycota ) |
2335 B[] ( Chloroflexi ) 175 17 1 ] ( Thaumarchaeota ) fit)
MM B, (1 S WA T 455 1 ( Proteobacteria) |
FUFFER ] ( Bacteroidetes ) 7% %% [ [ ] ( Planctomycetes ) |
T ] ( Actinobacteria ) | ¥ 41 7 ( Cyanobacteria ) | JR
T 1( Crenarchaeota) JEEEEE ] ( Firmicutes ) . Candi-
datus_Saccharibacteria . 5 & BR B — i #4454 [ ] ( Deino-
coccus—Thermus) JRFT 5 ] ( Acidobacteria ) FlI 2 B8 fifl
B 1( Gemmatimonadetes ) [ AH X} 3 ; 55 FWN360 4k
PHAH L, SWN360 AbHLE EHE NI T Proteobacteria FIJEK
1] ( Verrucomicrobia ) AN =E B {H g 2 FRAK 1255 H
11 ( Armatimonadetes ) FOARXT=EE (E 5A)

XTSI, 5 FWNO AL BAH L, SWNO
AbFR L ZEHENT Chloroflexi  Bacteroidetes . Planctomy-
cetes , Acidobacteria 1 Candidatus_Peregrinibacteria %]
X (H 5 FEAIK T Chlorobi 1 Armatimonadetes
FORHXT R 5 5 FWN360 AR BEAH HE , SWN360 4b i
EHAINT Cyanobacteria , Deinococcus—Thermus | Asco-
mycota ] i I ] ( Euryarchaeota ) |, Verrucomicrobia
Acidobacteria . fif & 12 € B ] ( Nitrospirae ) . Pro-
teobacteria . Gemmatimonadetes ., Firmicutes . Chlorobi .
Chloroflexi . Bacteroidetes Al Planctomycetes 4 AH X} 3=
JZ (K 58B)

X e AL A 23 3T, 5 FWNO 402
A, SWNO AFRE 440 T Firmicutes  Cyanobacteria |
Bacteroidetes . Acidobacteria, Chloroflexi . Candidatus _
Saccharibacteria, Gemmatimonadetes , Deinococcus —
Thermus , Planctomycetes , Proteobacteria #ll Actinobac-
teria FYARXT =F B | {H I E B AK T Nitrospirae 9 AH X
FE(E5C),

Xt T amoA—clade-B T & , 5 FWNO ZbHEAH L,
SWNO 4b B i 2 59 T H F2 56 1] ( Synergistetes ) |
Gemmatimonadetes . Verrucomicrobia . %% B [# [ ] ( Te-
nericutes ) | Bacteroidetes . Thaumarchaeota . 18 7 & [ ]
( Basidiomycota ) | 1 ffd - '] ( Microsporidia ) , Acti-
nobacteria , Cyanobacteria , Planctomycetes | Firmicutes |
T 1] ( Fusobacteria ) FIACJ5A4& ] ( Chlamydiae ) #
AEXS 2B (H IR AR T B L] ( Cryptomycota ) il
Chlorobi 9 #H X £ &; 5 FWN360 4b 3 A1 [,
SWN360 4t ¥ W 2 9 i T Verrucomicrobia .
Chloroflexi . Candidatus_ Acetothermia FH Ascomycota Yy
AXF F B, 0 B 2 B K T Thaumarchaeota 1 Eur-
yarchaeota FARXF-FRE (& 5D) .
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Fig.4 Community composition of ammonia oxidizing microorganisms
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Fig.5 Thermographic analysis of ammonia-oxidizing microorganisms in saline drip irrigation and nitrogen fertilizer application
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27 RERFSERENMEYSHERBMEE

RItE X1

I8 IR - 0 22 SR A Tl A 0 i 485 R ) R ) 3R
PR (F25) AR A S 5 DB 3 pH (A
ERBENRMALKR MBS SWC EC,, . TC
NH;-N & i EM R, Hh, EC, . Ml NH; -N
IRE M i 2K F EEHE %0 (Chaol 1 ACE) 5 TN
FINO;-N 2R EMAHLLR,

AR B P DS NOS -N 24 3 1F
MIXRKZR,HE AP F1 SWC S B E AL R, H
H L, SWC IR B R K Fr kB RS SWC B W3
IEAHSEE R S AR ELS SWC S0 B 3 IE A G
05 NO;-N 2B EMACKR,; FERES AP
FSWC 2 B EIEAKKR HE TN I NOS-N 2 ¢
EMAH K FR, Hd, SWC i NO; -N 3k ) B 3%
KF

SRR ALME A 43 RN A AK A
NO;-N 2 B FIEMKKER (HY SWC EC, . AP FI

TC 2R EFERMLKER, H EC, . AP Fl TC ik F|
W B K B S S TN I NOS -N & g & 1k
KRR E IS NH)-N 28 FE R KER,;
FRERES AP BB E IEMHXEE R, HS NO;-N
BEEFENMHLLR,

R FACANTE B 7 B P LS Swe,
EC, AP TC I NH;-N £ B ERMELXR (HS
pH {HA AK 2 B F EAOCK R, Hf SWC EC, . ;.
AK AP Fil TC iASIM 2 K, A pH (H
MAK 2R FNHLKR,HY EC,.; TN, TC 1
NH;-N 2@ FIEA KR, Hd EC,.; .pH {f AK
1 NH; =N IA B @ K- 5 5 AR 46 805 pH EAT
AK BB FE LR HE TC TN I NH; -N £
FIEAHR KR, Hf  pH i AK TN #l NH; -N ik |
et KA F RS pH ERT AK & 2 TR 5%
KR MH5 EC, ., TC FI NH;-N 2 B FEMHXELR,
H Chaol #8455 TN £ B # IEAHRC R, Hi  pH {H |
AK FI NH; -N A 2% 22K,

x5 WREATFEREUBEY o SHEIEHMERE NHEHHEXHE

Table 5 Correlation between environmental factors and ammonia-oxidizing microbial a—diversity index and gene copies

EZE2c
FRABUEY  RIERPEIE Aok RSR H M Uk 2H EX3 AR SR
Ammonia oxidizer  Diversity index Swc EC, . P AK AP TN TC NO;-N NH;-N
and gene copies
Shannon -0.059 -0.217 0.339 0.371 -0.275 -0.297 -0.279 -0.054 -0.230
Simpson -0.213 -0.188 0.199 0.24 -0.309 0.029 -0.168 0.180 -0.114
AOA Chaol 0.568 -0.103 0.462 0.537 -0.039 -0.693 " -0.197 -0.696"  -0.359
ACE 0.532 -0.146 0.502 0.569 -0.068 -0.707" -0.235 -0.689"  -0.400
SRV DL
i g& 0.655 " 0.795* " -0.808**  —0.551 0.035 0.486 0.660 * 0.312 0.885" "
Gene copies
Shannon 0.611" 0.560 -0.292 -0.273 0.254 0.003 0.351 -0.276 0.421
Simpson 0.773* " 0.557 -0.189 -0.228 0.521 -0.283 0.448 -0.676" 0.285
AOB Chaol 0.745**  0.357 0.051 -0.03 0.593*  -0.654" 0.296 -0.936" " 0.005
ACE 0.710**  0.325 0.082 -0.021 0.607  -0.672" 0.264 -0.954"* -0.032
3 N
J:.T%J\.ﬁ -0.837" " -0.489 0.094 0.142 -0.608 * 0.571 -0.407 0.874* *  -0.156
Gene copies
Shannon -0.275 -0.239 0.398 0.057 0.492 -0.635" -0.113 -0.593 " -0.447
Simpson -0.400 -0.453 0.567 0.257 0.109 -0.514 -0.438 -0.356 -0.599"
Chaol 0.077 0.342 -0.217 -0.542 0.932* " -0.232 0.426 -0.592* 0.126
amoA—-clade—A
ACE 0.081 0.342 -0.215 -0.54 0.933* " -0.243 0.433 -0.597" 0.125
501 .
EARE) %{ -0.687"  -0.799" " 0.543 0.688" -0.914"*  0.195 -0.775* "  0.638" -0.544
Gene copies
Shannon 0.079 07117 -0.906" " -0.934" " 0.446 0.651 " 0.707 0.398 0.841" "
Simpson -0.120 0.555 -0.805"* -0.853"" 0.33 0.713" " 0.612" 0.511 0.731" "
Chaol -0.003 0.664" -0.871"" -0917"" 0.433 0.659 0.690 0.422 0.806 " *
amoA—-clade-B
ACE -0.005 0.659" -0.833"" -0.935"" 0.564 0.556 0.706 " 0.285 0.752" "
R 11 %
ERENL -0.714** -0.879" "  0.658" 0.760" * -0.894"*  0.068 -0.821"*  0.535 -0.664 "

Gene copies

oo F s P RIFIR B E MK R P<0.01 F P<0.05,

Note: * *and * represent significance levels of P<0.01 and P<0.05, respectively.
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Fig.6 RDA analysis of the impact of environmental factors on ammonia-oxidizing microbial communities
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