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compared. The results show that high ammonium treatment for 9 d promotes leaf growth of ammonium-
tolerant O. javanica, while leaves of ammonium-sensitive 0. javanica wither or even die. The ammonium-
sensitive 0. javanica suffers more severe oxidative stress than ammonium-tolerant 0. javanica. High
ammonium treatment alters the rhizosphere bacterial community structure of O. javanica, with the
Margalef richness index of the rhizosphere bacterial community of each ecotype decreasing by more than
37%. After 9 d of high ammonium treatment, the abundance of Dyella in the rhizosphere bacterial
community of ammonium-tolerant O. javanica increases obviously compared with the control group, and is
obviously higher than that of ammonium-sensitive 0. javanica; the abundance of Rhizobiaceae
(unclassified) is more than 20 times that of the control group. The metabolomics analysis result shows that
after 12 h of high ammonium treatment, pathways such as glutathione metabolism, nitrogen metabolism,
and two-component system in the roots of ammonium-tolerant O. javanica are significantly upregulated (P<
0.05) ; after 9 d of high ammonium treatment, pathways such as glutathione metabolism, indole alkaloid
biosynthesis, and biosynthesis of amino acids are significantly. After 12 h of high ammonium treatment, the
C;s-branched dibasic acid metabolism pathway related to carbon metabolism in the roots of ammonium-
sensitive 0. javanica are significantly upregulated; after 9 d of high ammonium treatment, carbon
metabolism pathways such as the tricarboxylic acid cycle are significantly downregulated. The correlation
analysis result shows that the contents of triterpenoid acids, phenols, and indole alkaloids in ammonium-
tolerant 0. javanica are positively correlated with the abundance of genera such as Rhizobiaceae
(unclassified) and Dyella; the abundance of Sphingomonadaceae (unclassified) in ammonium-sensitive O.
Javanica is positively correlated with the contents of 4-vinylphenol, coniferaldehyde, and esculetin, but
negatively correlated with the contents of saponins. In conclusion, ammonium-tolerant O. javanica
alleviates ammonium toxicity by synergistically enhancing nitrogen and carbon metabolism and antioxidant
metabolism, and increases the abundance of beneficial bacteria through the interaction between
rhizosphere bacteria and root metabolites, thereby adapting to high-ammonium environments.

Key words: Oenanthe javanica (Blume) DC.; phytoremediation; livestock wastewater; high-ammonium
stress ; multi-omics
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ELISA BHIFHAH & M A9 N — 8% (MDA ) ELISA BLHJF
A& ME SOD . CAT i&E MK MDA 2,

1.2.3 MFRZm@E BAZ &R TACHE O d BUR x4l
HRER . BERRFRBUIR & 0.5 ¢, BT 50 mL JCH &0
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RUZKOT SR BEBH R MR ZE 40 H kBB SE0
R EEERIT, PUELERE MR MDA & it
IS 28 SR (3 1) R 50 R LA HE , TR R
Pl MERE KO AR ZR 0 AL B2 Al (SOD ) T R 7E
EEEAL I 3 F1 9 d IR E T (P<0.05) i AL AU
(CAT) iGN 7E F AR AL BE O d B S 3 TH g 5 © B %R
M MR ZR B CAT 3G VETE S B A FE 6 d AP 35 T v
(P<0.01), MHELZF, & USRI K A FoFp < BERH A
F AR SOD i TR AR AL R 9 d B 2 T,
CAT TEVELE 4R AL BE 3 F1 6 d I 4 531) . 35 b ok 2%
Fhn;  ALBRSL 0 A MR R SOD I ME7E w5 g Ak B
319 d BFHE B E T CAT TG PELE B b 2 6 F19 d

A AR S 2 TR, MDA 5 7E S B AR B 3 6 A1 9 d B
WETE . LA 2 5 3 B 4 iU R KO B i i K
A e B AL BT R AR BT B A A S Ak
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TE 1 25 S M O B TS B A S AR

CK: XtH#H The control; HN: i A High ammonium. MS; * g K
CEM4N ¢ Yixing Jianye’ ; LB EEFHEE
BS: ‘dLEKSZ.L A ¢ Beilian Shixingin’. T. il 4% %
Ammonium-tolerant type; S: 45U Ammonium-sensitive type.

‘ Meinan Shuigin’ ; YJ
‘ Liyang Baiqin” ;

B1 SiEAE9 A REESEKFHFERKR
Fig. 1 Leaf growth status of different ecotypes of Oenanthe javanica
(Blume) DC. treated with high ammonium for 9 d

®1 SEALETARESEKEFRANAENBEENMA_BEE(X2SD)"

Table 1 Antioxidant enzyme activities and malondialdehyde content in roots of different ecotypes of Oenanthe javanica ( Blume) DC. under high
ammonium treatment ( X+SD) Y

N[ Ab B ] 59 SOD 3% #E/(U + mL™1)

AN[RILL BRI T B CAT 3% /(U - mL~1)

ARl AL BRI 1] B MDA 4/ (nmol - L~1)

(ffﬂwj SOD activity at different treatment times CAT activity at different treatment times MDA content at different treatment times
Jroup
" 3d 6d 9d 3d 6d 9d 3d 6d 9d
CK-MS-T 2 005.14+309.06 2 113.05+195.13 2 118.45+221.69 2.22+0.95 2.62+0.46 1.85+0.61 0.65+0.21 0.30+0.15 0.29+0.18
HN-MS-T 2 595.93+228.95* 2 585.14+206.01 2 916.96+316.66 * 2.35+0.46  2.75+0.54 3.76+0.32 = 0.80+0.09 0.65+0.44  0.54x0.15
CK-YJ-T 2 466.45+322.33 2512.31+840.62 2 334.26+465.12 2.16£0.65  1.85+0.21 2.22+0.08 0.48+0.15 0.36+0.15  0.60+0.22
HN-Y]J-T 2 695.75+514.99 2 795.56+664.96 2 711.93+275.32 2.04+0.28 3.55+1.12 #% 2.47+1.25 0.64+0.28 0.63+0.26 0.64+0.22
CK-LB-S 2 722.72+125.90 2291.10+254.94 2 512.31£275.52 1.94+0.40  1.73+0.62 2.42+0.61 0.58+0.24 0.35+0.07  0.45x0.11
HN-LB-S 2 782.07+187.07 2 887.28+497.66 3 515.84+652.38 #x  3.38+0.06 * 4.03+0.69 #+ 4.10+0.44 0.71£0.33 0.77£0.20  0.72+0.07
CK-BS-S 1 813.61+£304.57 2 177.80+203.19 2 075.28+171.30 2.06+0.20  2.35+0.80 2.22+0.59 0.42+0.07 0.32+0.05 0.31+0.09
HN-BS-S 2 896.72+143.07 #+ 2 985.75£257.52 3 054.54+251.80 =  3.25+1.70  4.47+0.71 #+ 5.09+0.37 #+  0.52+0.13 %  0.78+0.38 = 0.71x0.20 *
D CK. %I #8 The control; HN; f&4% High ammonium. MS. * HiFE K5 ¢ Meinan Shuigin” 5 YJ: ¢ EE 24N Yixing Jianye’ ; LB: * EEH AR

‘ Liyang Baiqin’ ;

BS. ‘JLEESCLNE ¢ Beilian Shixingin’. T it 4% % Ammonium-tolerant type; S: AU Ammonium-sensitive type. SOD HA

ey Ak fitg Superoxide dismutase; CAT: o E AL A Catalase; MDA . 5 % Malondialdehyde. s 71 s I3 R [A]— 7K S RIAE X PR 20 5 v
2] [A] 25 53 .3 (P<0.05) FIfl i # (P<0.01) * and #* indicate the significant (P<0.05) and highly significant ( P<0.01) differences between the
control group and the high ammonium group for the same Oenanthe javanica ( Blume) DC. cultivar, respectively.

2.2 SERBMETARESEKFRIFEESHNE
PRI O d XA [ AR S B KO HEAT AR B 40 T
16S rRNA 7387, T A AR goods_coverage T8 ELEE M
1.00, 2 B I 3 TR 32 A2 LA S R v 2R 8080 T 5
o ZRVEIT AR (2 2) TR SXTIRAIARLE , o Bk
L MEREKIT L CEDRIE EEH R A JEER SR
I AR B A R 9 Marglef B RS EU(R) |

Shannon ZHEEMFEEL(H) A1 Pielou ¥ 2) FEFE () 4
TR, Hodr 4 A KRR PR BETE Y R H I
5 BRI ( P<0.001) |, [ B4 51 437.24% 55.28% |
42.83%F1 39.74% ; ¢ H P4 F1C BERH (1 MR BR 40
RIS H (58 F R (P<0.05) X ¢ B %R AR
PREMEAHETE 0 J (B EFRAL, SXFIRLIAH b, Sk dl
i £ 0 K i R M T K T AR B 4 T R VR Y
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x2 SHEAEBIIAFESBEKFRIFAHEEN o« SHEREY
(XxSD)V

Table 2 a-diversity indexes of rhizosphere bacterial communities of
different ecotypes of Oenanthe javanica ( Blume) DC. treated with
high ammonium for 9 d (X+SD)"

2151 Group R H InvSimpson J
CK-MS-T 28.09+4.07 3.25+1.51 4.65+4.11 0.46+0.20
HN-MS-T  17.63£2.62 ##%  2.85+0.50 7.04+3.59 0.44+0.07
CK-YJ-T 34.37+3.29 4.40+0.92 12.66+3.96 0.61£0.12
HN-YJ-T 15.37+2.90 s 2.63+0.71 * 4.89+2.49 0.41+0.10 =*
CK-LB-S 31.29+0.44 4.01+0.48 16.30+7.28 0.57+0.07
HN-LB-S 17.89+0.98 ##%  2.59+0.54 * 5.89+3.44 %  0.40+0.08
CK-BS-S 25.97+0.55 3.96+0.26 17.81+2.45 0.57+0.03
HN-BS-S 15.65+1.55 =+  3.15+0.14 9.54+2.19 % 0.48+0.02

DCK. *f M8 The control; HN; e High ammonium. MS; * MF g K
F7° ¢ Meinan Shuigin’ 5 YJ: ‘ H %R0 ¢ Yixing Jianye’ ; LB,  ¥E
FHF T’ ¢ Liyang Baigin® ; BS: ‘LIRS0 € Beilian Shixingin” .
T. Mif £ % Ammonium-tolerant type; S: & /B %! Ammonium-
sensitive type. R: Marglef O EE R Margalef richness index; H:
Shannon ZFEM:$E %0 Shannon diversity index; InvSimpson: Inverse—
Simpson 84X Inverse-Simpson index; J: Pielou ¥4 B84 Pielou’s
evenness index. * | ## Fll sk SR FRIR A — KT SRR ZE XS IRZH 5
BRI 22 5 3 (P<0.05) AR W3 (P<0.01) FIRH: .35 (P<
0.001) #, #* , and #*+#* indicate the significant (P<0.05), highly
significant ( P <0.01), and very highly significant ( P < 0.001)
differences between the control group and the high ammonium group for
the same Oenanthe javanica (Blume) DC. cultivar, respectively.
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Bt bt Her TR B RO AR PR TG TR 7 = B W
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40.918
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CK-BS-S |0.65 070 066 0.77 |1.00 Mos36
HN-MS-T [ 0.78 0.79 0.76 | 1.00
—40.754
HN-YJ-T [0.83 0.79 | 1.00
HN-LB-S |0.78 | 1.00. {0.672
HN-BS-S | 1.00
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CK: X}H& The control; HN: 4% High ammonium. MS: ‘##F§/K/F" ¢ Meinan Shuigin’ ; YJ: ¢ B4R ¢ Yixing Jianye’ ;

PCoAl (37.16%)

LB: ‘EEFHA A ¢ Liyang

Baigin’ ; BS: ‘UKL ¢ Beilian Shixingin’. T: fi{#% %! Ammonium-tolerant type; S: ##HUE% Ammonium-sensitive type. C;: Jaccard FHI{ITEFE £k
Jaccard similarity index; Cg: Sgrensen FH{EITEFE 4L Sprensen similarity index; B : Cody F§%X Cody index. Hi5 H E 4350k 3 i 43 i B A8 & 1Y LU 5] The

percentages in parentheses represent the proportion of variance explained by the principal component.

B2 BHRAEIdAEESEKARRAREREN B SHEMEIEHMELERI(PCoA) &R
Fig. 2 B-diversity indexes and principal coordinate analysis ( PCoA) result of rhizosphere bacterial communities of different ecotypes of
Oenanthe javanica (Blume) DC. treated with high ammonium for 9 d
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CK: XIH8 The control; HN: 4% High ammonium. MS: ‘ #FRi/K/T" ¢ Meinan Shuiqin’; YJ: ¢ F2%RM ¢ Yixing Jianye’ ; LB: ‘JEPHE A ¢ Liyang
Baigin’ ; BS; * JLEESZ. T ¢ Beilian Shixingin” . T; it 4% 7% Ammonium-tolerant type; S: AU Ammonium-sensitive type.

B3 SEAE9 A REESEKFEER 20 HRFRAEEEKTEHBHER
Fig. 3 Stacked bar chart of genus-level composition of the top 20 abundant rhizosphere bacteria in different ecotypes of
Oenanthe javanica (Blume) DC. treated with high ammonium for 9 d
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HREHAHLL , R B 20 ¢ B ML R 7 i 2 I AT o
( Novosphingobium ) W 3= FEWE A T B 1 HAx 3 7K
st AR s T 2 AT T S 1 = B U ) B T 54 oK

Fr i AR RS il AT R ( Curvibacter) AT 5B R
(AK4325) [ Comamonadaceae (unclassified) ) A1 F &
V& ( Methylophilus ) 1) =F B ¥ R B, Horpr ) 25 il AR 1
JE ABRMER (R BFEIRB R, L EER
P B P3E TT T  RY KT RE A R S 1 b B B T IR



8 N7/ I AR SRS A 535 %

PR AR BB (R 2328) AR TR TR s SE B I R 3 ik 4, MR 3 AT &
24 SEMETARESEKAREZZNGEY BRAL R 12 b TR RK T B3 B (P<0.05) 1Y 2 5
FEALEE 12 h A9 d AR A S RUK AR R 22 5 RBWIA L- B AR AN . sk 2efQ 3%

F3 BERALE R WFAEESEAFREZRRHYESBERK
Table 3 Enrichment pathways of root differential metabolites in different ecotypes of Oenanthe javanica ( Blume) DC. treated with high
ammonium for 12 h

ikl iR PAH 25 Y
Pathway Regulation P value  Differential metabolite
it & 57K A Ammonium-tolerant 0. javanica
A e H AR Glutathione metabolism 9 Up 0.009 L-fERE MR L-pyroglutamic acid
At Nitrogen metabolism i Up 0.009 A5 Bt Glutamine
i 2 B AR Vitamin Bg metabolism 5 Up 0.018 A 2B Glutamine
AR A I Arginine biosynthesis 34 Up 0.044 B E B Glutamine
EIEAR I Pyrimidine metabolism T Up 0.044 B E N Glutamine
WA RS Two-component system s Up 0.044 DA Glutamine
T 24X Butanoate metabolism 1 Down 0.006 2,3-T il Diacetyl ,y @3 T g 4-aminobutyric acid

AR /KT Ammonium-sensitive 0. javanica
Cs ek oo A Cs-branched dibasic A Up <0.001 7 HERZ Citraconic acid s AK R Ttaconic acid
acid metabolism
W IMAR IR Linoleic acid metabolism T Down 0.001 9-o0x0—-10( E) ,12( E) —octadecadienoic acid, (10E,127)-9-
(hydroperoxyl ) =10, 12-octadecadienoic acid
e e =R A RIS Cysteine and R Down 0.008 2-H TR 2-aminobutyric acid,5’ -4 -5 & MR

methionine metabolism 5'-methylthioadenosine

*4 SERLEIIARAESEAFREAZRREMEEERE
Table 4 Enrichment pathways of root differential metabolites in different ecotypes of Oenanthe javanica ( Blume) DC. treated with high
ammonium for 9 d

18 % il PE  ERUEY
Pathway Regulation P value  Differential metabolite
it 4% 5% 7K/ Ammonium-tolerant O. Javanica
2B H AR Glutathione metabolism 8 Up 0.022 L-fEE R L-pyroglutamic acid
H W Z AR Biotin metabolism 1 Up 0.022 B Pimelic acid
BIEAE R YA AL Staurosporine T8 Up 0.044 {6, % % Tryptophan
biosynthesis
15 W5 A= My A= )5 i Indole alkaloid 3 Up 0.044 {07 R Tryptophan
biosynthesis
H IR YA W Biosynthesis of amino 3 Up 0.047 R Tryptophan , N- Z i -L- 2R N-acetylglutamic acid
acids
PIfR1R i Propanoate metabolism T4 Down 0.005 IR Pyruvaldehyde ,3-3 3£ A2 3-hydroxypropionic acid
H g it Glycerolipid metabolism 1 Down 0.010 1 -2 i 4B Glucose 1-phosphate , —¥: i Dihydroxyacetone
N4 4 35 Purine metabolism T8 Down 0.025 A S Deoxyguanosine ,ﬂyﬁ%ﬂ_ Adenosine
HATRICE Nucleotide metabolism 5 Down 0.045 M % 2 4F Deoxyguanosine , it 1 Adenosine
c¢GMP-PKG {55 % ¢cGMP-PKG T34 Down 0.045 M Adenosine

signaling pathway
AU K ' Ammonium-sensitive O. Javanica
ZIRIEIEGIR Tricarboxylic acid cycle T Down 0.005 IR Citric acid , a— i I .12 a-ketoglutaric acid, 3£ iR Malic acid, 5
FAETR Tsocitric acid
Cy 374k —JURCH C5-branched dibasic & Down 0.005 KW Ttaconic acid, #7 HE AR Citraconic acid, a— Bl [~ a-ketoglutaric

acid metabolism acid , 2- 3 F{ 34— X5 R 2-methylene-4-oxopentanedioic acid

TR Butanoate metabolism T4 Down 0.012 2,3-T il Diacetyl , & MR Maleic acid,a—Hi% R a-ketoglutaric acid,
v &3 TR 4-aminobutyric acid

AR BRF%f# Aminobenzoate T4 Down 0.022 Jri BkiZ Mandelic acid , 4 -3 3L IK H R 4-hydroxybenzoic acid, K1 Phenol ,

degradation KR Vanillic acid N o i R iy 4-nitrophenol

LTETRFN R Glyoxylate and T Down 0.025 FFBERR Citric acid , o~ J% TR a-ketoglutaric acid, 3R Malic acid, 7+

dicarboxylate metabolism MR Tsocitric acid

FHC AR [ 72 38 % Other carbon fixation T Down 0.025 FFBRR Citric acid , a—Hil % /R a-ketoglutaric acid, 3R Malic acid, 5+
pathways AR Tsocitric acid
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SRS N 3-SR HURIR B-FL A TR AN ARSRIR ; B2k,
£14F Norcapsaicin  Kievitone hydrate I Leucadenone D;
N5 W , NS KR AE T N W . DL AR &
w5 MWW R (R 2K) | g _ Allorhizobium —
Neorhizobium — Pararhizobium — Rhizobium | 3 [X 1 J& |

RN Pseudomonas

BB R (4328 ) Comamonadaceae (unclassified)
PN IR Pelomonas

AT R Curvibacter
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MR H R (R4325 ) Rhizobiaceae (unclassified)
g_Allorhizobium—Neorhizobium-Pararhizobium-Rhizobium
KA Dyella

BATFEFF(K433% ) Rhodanobacteraceae (unclassified)
LUFFRARR (4328 ) Rhodobacteraceae (unclassified)
EIE T (K432 ) Alphaproteobacteria (unclassified)
WL PLIEE Pandoraea

B A R (R 222K ) Sphingomonadaceae (unclassified)
B BT B Novosphingobium

WORTEE Herbaspirillum

JAFFRERE (R4328 ) Enterobacteriaceae (unclassified)
TRRFT IR (K4328 ) Oxalobacteraceae (unclassified)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
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MK ZE  Correlation coefficient

1: BRMEERS Adenine; 2. A FAMMBF R Lycoflexine; 3: L-FEA %R Pyroglutamic acid; 4; —F XU Dimethadione; 5: 4-%4k-9,11,13,15-+ /\#x M
JHR 4-0x0-9,11,13 , 15-octadecatetraenoic acid; 6; SR FELLFH NBERE Strictosamide; 7. +—®EAHAH[ M] Undecanoylcholine [ M]; 8: Norcapsaicin;
9. 3-FFFHRAR 3-epioleanolic acid; 10: B-FL7 MR B-boswellic acid; 11; AEMRAR Ursolic acid; 12: Kievitone hydrate; 13; 42 4L K -2"-0-Hj Ak
F Isoscoparin-2"-0-glucoside; 14: Dodeca — 3, 6, 9 — trienoylcarnitine; 15: 1 - (9Z, 12Z — octadecadienoyl ) — 2 - (4Z,7Z, 10Z, 13Z, 16Z, 197 —
docosahexaenoyl ) —sn—glycero— 3 — phosphocholine; 16: Leucadenone D; 17 #ZAHHER Cis-9-palmitoleic acid; 18 #%# & Riboflavin; 19. Jii 4 &

Deoxyguanosine; 20: #1f Adenosine.

B4 BHRAAEIIMEREKERRAZERRFVEESFE 20 HRFARER KT FEERHEXERE
Fig. 4 Heatmap of the correlation between the contents of differential metabolites in the roots of ammonium-tolerant Oenanthe javanica
(Blume) DC. treated with high ammonium for 9 d and the abundance of the top 20 abundant rhizosphere bacteria at the genus level
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B RERF (AK4335 ) Oxalobacteraceae (unclassified)

B FFERR (4338 ) Rhodanobacteraceae (unclassified)
WNREH 8 Herbaspirillum
g_Allorhizobium—Neorhizobium—Pararhizobium—Rhizobium
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AT ERF(£4325 ) Rhodobacteraceae (unclassified)
oA 4 (K425 ) Alphaproteobacteria (unclassified)

B IR RL (£4325 ) Sphingomonadaceae (unclassified)
HICHIR Dyella

B R F)E Novosphingobium

MR (K432 ) Rhizobiaceae (unclassified)

Wk BB (R432% ) Enterobacteriaceae (unclassified)
RN S Pseudomonas
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FA [RTH 8 Duganella

W H LB JE Methylophilus

ME IR (£45r25 ) Comamonadaceae (unclassified)
WIEFT S Piscinibacter

VI8 Pelomonas
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1: AT Tarasaponin VI; 2 Mk F12H 1 ¢ Momordin I ¢; 3: (10E,12Z) —9—(hydroperoxyl) — 10, 12—octadecadienoic acid; 4: 1-(9Z,12Z,15Z~
octadecatrienoy ) 1- 3 — 0 — 8- D — galactosyl —sn — glycerol; 5; 9— %% TR 9-oxo-nonanoic acid; 6: T 4 & Cepharanthine; 7: Licoricesaponin B, ;
8: Sterebin D; 9: F¥E 4 HZE Fupatiling 10; FUE R Asiaticoside; 11 2- I 3 —4— 4 L R 2-methylene-4-oxo-pentanedioic acid; 12; (—) -3
JLZSKS 1. LR Epicatechin pentaacetate; 13: —/# 2 10-undecenoic acid; 14: Speciosine; 15: 1-palmitoyl -2 —vernoloyl-phosphatidylcholine; 16:
2,5—:#%7‘%%3&:% 2,5-di-tert-butylhydroquinone ; 17 Soyasapogenol B base+O—HexA+HexA+dHex; 18 3-F AL A R 3-hydroxylauric acid; 19
Veranisatin C; 20; 2'—-¥337 2, 2'-Hydroxyacetophenone ; 21 #i# & B Diosmin; 22 Dihydropanaxacol; 23: 3—-[ (1-R¥LZMH3) S HL 1 K H TR 3-
(1-carboxyvinyloxy ) benzoic acid; 24: 4—Z 4 3E7K W) 4-vinylphenol; 25; ELF T Il Baccatin I ; 26: (—) - ZEEHH ( - ) -hygroline; 27: Flavanone
base+60; 28 FAFIEE Coniferaldehyde; 29 A AMMBFIZMK Lycoflexine; 30 16-#23— 104101 7S %ehR 16-hydroxy-10-oxohexadecanoic acid; 31 [fZE
B FE V Rhodojaponin V; 32: 4,7- "5 T £ 4, 7-dihydroxychromen-2-one; 33: Z% 7 Z % Esculeting 34: 5,7- I G 5, 7-
dihydroxychromone; 35; 5,7- #3755 % 5,7-dihydroxycoumarin.

B5 SHRAEIdEHBEKFRAZSREMEESFEE 20 FIRFRHEE B KT EHHE X EHRE
Fig. 5 Heatmap of the correlation between the contents of differential metabolites in the roots of ammonium-sensitive Oenanthe javanica
(Blume) DC. treated with high ammonium for 9 d and the abundance of the top 20 abundant rhizosphere bacteria at the genus level

%W FF E OBE (R 43 28) [ Rhodanobacteraceae
(unclassified) ) =F B 52 1FE A ¢, HAH & R ETE 0.76
[

Hi & 5 ] UL . B SR ALK T 4 - s B OR 1 |
MMM ZE GRS SR EF (R
B RO B (R 4> 28) [ Sphingomonadaceae
(unclassified ) ) 55 J& A9 3= B 52 1EAH G, 105 25 i AT 18
J& ABHRMIER (R 2E) FRELE AL, B, 2
HRAGWMEEATT T2 1 e MRS RA
i ) S AR (R ) SRR R AEG,

3 Ak
31 REESARTEENERERDRAAM

g M R R I
(] — Py R AN [F) A S R E AR RS AP IR BB R B A

[ ) 585 Pk, WP 2F S GE i 4y B L T
( Arabidopsis thaliana ( Linn.) Heynh. ) & [N Jiif 525 2% &
e 5 b A O3 BT e ) ) DG AR TR Y T e R AR
ARG IT , 4878 1 R Tl 4 s A = S
AR P PR [ P 8 i, DT 2 M B 5 5 . BB Bk
LR AR TR A2 A5 R AEBL ( Pyrus betulifolia Bunge)
SR RE D AAAE 22 5. SRS T (BT 45 R
22 Klﬁjﬁiﬁﬂiﬁ[ Gastrodia elata Bl.) Xt ZE S
FERRPUE A 22 5 7T BE - Bk PR SR b AR =0 R A AR )
22 5 AH G, SRR AR T TE B B i T M R 38
FLRIET N SR T M R A 52 e e A i
AW TS PR A RER R EE R R |
BRI R GE PR A 1 R B T ™ E S e
PUAE A FR G AL AR A A T B 3R B9 P S A
AR A R e A S U R KT P A
it TG P S P T (MDA ) 5 8 00T BEZH K T s, i



3

W, G5 R R N ) A 2SR K AR B A 1 AR 2R A 22 S 11

T ¢ AR 7K 33k 2648 bR A8 AL AR XT3 /1N, Batool 25 1A
K, T EAE D48 2 (Solanum tuberosum Linn.) 15 b
FEI T v, i P A B 2F S T ( Bacillus subtilis )
ALk B b AR A S P 2 D A4 B A2 B Y b
i, Tyas %50 A Ry 1 52 W38 6 /N2 ( Triticum
aestivum Llnn)fltﬁ/fﬂjﬁﬁ{ﬁ@ﬂ%o 15 A B[R] A=
ARUIT IR YU ALBEE L MDA 42 4k ik
ST B 2 114 T i U A R ¢ MR K O R
PRI B UK R R < BEBH R RN SR SR
O X R A AR 22 5 SV
3.2 IRBRABE N AR A 2R BY K Frifit $2 88 1 B9 3 m
o ZREVEIIHTAE AR e B b8 A H 3 AR
(P<0.001) T 7K AR B2 17 B 7% 1Y Margalefl & B
FE8, JF 52 Shannon Z2 4 11 418 K Y AS W] 72 B2 3b
K. 3K ATREJZ 1 T B PR BT P B ) v 18 08 T
TER ST A B Y T AZ 90 B, DTS BORE VR R e R R
K7, mEMRA T e ROk T B T 2 R K
R MR AR (RO i, BT B ARy —Fb
W RIS YA 7 W 7 A TR, BE 8 410 i g it v A
HH Al 5 38 P 1 oK F 2 OEAE ) AR
PR U7 7 2 00 A 25 4 [l Ak Bk, A Sasaki 550
MFRFAPE K h o3 B A5 BZAR L T B B 7K AT g
I X A o R N e B R A T 3 s T e B
ISR IS L RE T e e AL T e AR R e U AL K O
HRPRES AT 2 A B B B (R 02 Fug P Ak
TR 1) = B2 T A0 R AR, 3 m] BB Pl T3R8 5 2 1
AL B [ P - 200 L Py e R SR ) 40 o B R O
SRR M AT e A B 5 o W B e A
T T A R K U A AR S AR PR B R AL , 1 i
BUB A AR S AL, S BGRB8 28 Ak T A
10 AR P o ST 7= ) A K ) g PR R R i T i
S R W g 1 TS = O SR = 73 S 12
4K AR R RS R B TR IR W],
TR S K2 H5ANEH I E R (B 2B RA
BT 52 e Y L KO TE e T R4
FHZZE TR 104 B2 AR R AT —E 2 b
=3 SIS G IAE
3.3 REKRBYNAEESE KA EREE AR
TEF R MRE I (12 h) |, T B KO ) /AR i
K5 @R A W)-E NG s N AR AR 18 4 e AR AR
HHAIAEE R B AU Al B% 2 3% I (P<0.05), H
hOBCE AR T 5 Nl A E G B BRI

R B RUK T AEA B G OB L T B T
AL AR AR B 9 d, TR LK A
HRRACE B AT AR 0 2 ] SRR A A G
2R Ul B ATY B p 2 v A5k [ A i O 5 B T
ARBL T X E MR RIS N, B T
FRACHR Y L—FEA Z IR v 3 9 AT ) 7 il ae T b Ak
ARG, ARG L -8 & R K ( Zea mays
Linn. ) 1 7E T 5 F PRI RE S im0 i i
TR T v B 30 ) 1 k2 O g B D R
B 8 AN T B S B A7 T A AR B e
Z a5, B URADK TR R 1Y 22 R s AR
SRS TR N I E R e S e R AW IS i o
“IRIRIGISEAGY) rh O A A B AR 1Y SCSHEZH W 4
LT 38 2 X 1 A A5 A 34 4 118 Rl 38 R I 49 40 i Y
MRS A B R R K T R R B G
AL A YIFFGEIR o~ 5 TR SRR LS AP IR 1K)
B RBON B2 10 2 R X AT RE S HAR R IR EgE T
WA DL 25 B IR A 78 K A 3 DL B
[FIHIL i 28 ik e 1 5 . 1 e, 0 A8 2 e 5 ol o
A AR A5 Wt M , 2 T 22 b 2 IR, S I B 1Y) 1
S s R, AR a A CIE R n] O S SR A AR
HEFE R AR B AR RN RE i, X — SR S 7K A A Y 2R
FEHE Y i B B AL A — 3, 5 2l AR i TR I —
i 1) A B Bh 2% R - 43 R B e A 5 ok,
A3 IO H BRAC A3 00 PR O A R 4E2E R B,
A s D E A
34 WREEABRSRERFYHEENAEEREK
Fr i 2 68 1 9 82 i

R ZR AR T 328 43 0 5 AR B R A BT
1 AR 7R 22 AT 5 AR B 2 TR A A SR AT T
MATRE S A IE W& LA RS, Huang
SESIRF TN BRI AR & P A =i R 2k A T
PRPEAS I B 1) 40 T A 48 5 ; Gomez — Acata 25 () fIF
SELER IR - )5 VG U8 U I 25 Ak A W Rl A AR
W F AR T 94%; Bi S 35 ARE W H
(Rhizobiales ) RBW% = 3 K i By 25L& 4, X P g2
TEART PR E R IR Z — . Beoh, A&
AT 3 A B R R A i A TR T P R Y R ok
WMORRRPRSAE R D ae " . 5 EBURAIK A H
BT EFKT AR R 4300 T T 22 1 =G RS | 2 I
M|k A= IR 5, X ik B AT RESE T T AR TR TR
IR s R B AR AR SE T o e B A B U R KO



12 N7/ I AR SRS A

935 %

HR PR W M A R (R 7328 ) BB IR E T,
RN BEA B EE 0 R ) 4 - 206 B8 A AT
e N 28l R SRS AR R P (R 338) FEEIE
FAOG . Hih 4 - 20 BLoR 1 ELAG 1060 41 At S 100 4 2
REN . Castaldi 55" B9 & LA 42 B o i TR B BE 0%
M Z MR BRRAT A S BI AW LB G, X AT
REFBEOR NG A AT R L 8. A1, Nakayasu
S50 TIE S R B BB AN TR A LA A R AT I
71,3 X Al B SR B AT IR R B R G 1
S AR R R ORI 2R) FEZ AR AR
BRI
3.5 #HitERE

T e 0 7K 38 4o P ) 3 5 e A Qi 5 bt e Ak B
AR GE3E N B R . — T, ol 4 T AR
S heE SR N v A% TR A B O o A P it AR
F5 37 a1 5 A B H RS A ARG Y
BB, G e e 0 AR . A T ALK
RGP =R RS | 2 S ms| W 2 E Wy iR A 54
FIREAEHE AR BRASIE BT 1A 4 IR 0 8 Bl 5 s 4, T
3 A — Tl A ) A X R e 3 ) R A
LA

UEAER A = 38 1D P 5 8 2 P B A BOR 1Y
PR JE e skt 5 AR 2 TUE 5 2 21
ST FBCH RGBT TR AT
S T VAR AW E N Y N Gt R (3 5 16 AR
e 5 YVE VLTSI S P QT NG N FIE b BUR A
W 556 48 78 T = B AT BRI = ( Brassica
napus Linn.) BOFEPE SN, A0 35 5% 01 G S Al |, #6135
RGeS Jiang 45 38 5 4H AL SRR
#9787 K[ Glycine max (Linn.) Merr. ) Ff - o 55 i
FALG YRR S T ORI R AR Y e
Ptk ; Esposito %5 il i (R ST E WA ARSS & 10
IRe AN ) S ER A Rt k7 e =i e o
JoT S A i RT e EL A A B AR N R T AR, TR
BEIIETT T R K AR 28 b iR R S | 1 28 B ng| e
A=W md s A A B 5 E I TR R TR (R
328 SR ERE R IEADE, 3 R EAE R T —
Al R R R AR, BT A 8 e A
P 5 T I S B 4 25 0 ) — i A ) A
PYERAR IR 5 00 EARGE AR ) AR G $ s A
717, Huang 55 il e 4l AT S5 AR PRt
YA SCHR A3 BT A AT 1 TE AL R T AR BB R 3R 1 R ik =

AR A 2%, LR I I 265 5 B HY) 22 7 =1l
X AN [ 240 A T R A A Y R PR . Cad 55057 5 5
AL AL S AR PR G Y e v A, B s B m R
FCAMT) 3 PR o 3 P AR R A s BEAR PR
e, R P R K B B AR AR B
VDN EPLWNE R o o e R L O NG Y
7 SER DL N EST 64 I S U i BUR A R L e |
SR 2 4w T B, RGN R AR SRR T
e B FEMEL AR RE DR 9 47 R0 45 A AR AR A AR
PRl A= W R 2 S o 1O B 22 T2 ELARRORY ik — 20 B
B B 1) O R a4 5 AUt | DA T ) AT 2 8 7K
FrnfasE i 3 s IR AR R 2 M 2 RS B S A A T
HEWI RS DT R T AR PR A My AL P i A
Wi e A R A SR A

SE Lk

[1] DENG L W, ZHENG D, ZHANG J N, et al. Treatment and
utilization of swine wastewater; a review on technologies in full-scale
application [ J |. Science of the Total Environment, 2023, 880
163223.

[2] #& H, RAF, THE, % FEIFEIIEKEE KALFEA
WREHEIE ], MIETTH B =, 2021(15) : 36-39.

[3] KUMAR YADAV K, GUPTA N, KUMAR A, et al. Mechanistic
understanding and holistic approach of phytoremediation; a review
on application and future prospects [ J]. Ecological Engineering,
2018, 120. 274-298.

[4] WANG J Y, DELAVAR M A. Techno-economic analysis of
phytoremediation: a strategic rethinking [ J ]. Science of the Total
Environment, 2023, 902. 165949.

[5] ZHANG X J, LIU H, ZHANG S J, et al. NH;-N alleviates iron
deficiency in rice seedlings under calcareous conditions [ J ].
Scientific Reports, 2019, 9. 12712.

[6] GAOJQ, LIUL N, MA N, et al. Effect of ammonia stress on
carbon metabolism in tolerant aquatic plant-Myriophyllum aquaticum
[J]. Environmental Pollution, 2020, 263 114412.

(7] RAAT, StR0%, 0 30, 5. 4 PR MIYI7E Rk T RIS
AT Z AT [ 1], ER A KRR AL, 2022(2)
34-38.

[8] KUMAR R, SINGH P. Assessment of antibacterial, antioxidant,
cytotoxic properties and chemical composition of Oenanthe javanica
(Blume) DC. essential oil[ J]. Journal of Herbal Medicine, 2025,
49. 100982.

[9] SUNLH, WANG W, LIU F J, et al. Differences in nitrogen and
phosphorus removal under different temperatures in Oenanthe
Javanica cultivars| J]. Agriculture, 2022, 12(10) : 1602.

[10] SUN L H, ZHAO HJ, LIU J X, et al. A new green model for the

bioremediation and resource utilization of livestock wastewater[ J].



3

W, G5 R R N ) A 2SR K AR B A 1 AR 2R A 22 S 13

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[21]

[22]

[23]

[24]

International Journal of Environmental Research and Public
Health, 2021, 18(16) : 8634.

HOFER, T, X R, . SRHUK AR YR E SR K ik
R RAICR IS (1], AR08, 2019, 36(1) : 39-42.
BELL C W, ASAO S, CALDERON F, et al. Plant nitrogen uptake
drives rhizosphere bacterial community assembly during plant
growth[ J]. Soil Biology and Biochemistry, 2015, 85; 170-182.
CANTAREL A A M, POMMIER T, DESCLOS-THEVENIAU M,
et al. Using plant traits to explain plant-microbe relationships
involved in nitrogen acquisition [ J ]. Ecology, 2015, 96 (3):
788-799.

XIONG Q Q, HUJ L, WET H Y, et al. Relationship between plant
roots, rhizosphere microorganisms, and nitrogen and its special
focus on rice[ J]. Agriculture, 2021, 11(3) . 234.

HU J L, ZHENG Q M, NEUHAUSER B, et al. Superior glucose
metabolism supports NHj assimilation in wheat to improve
ammonium tolerance [ J |. Frontiers in Plant Science, 2024,
15: 1339105.

LIU Y, MANIERO R A, GIEHL R F H, et al. PDX1.1-dependent
biosynthesis of vitamin By protects roots from ammonium-induced
oxidative stress[ J]. Molecular Plant, 2022, 15(5) : 820—839.
ZHAN J, ZHOU Y F, YANG L S, et al. Low ammonium and high
nitrate input improves nitrogen use efficiency and growth in
sugarcane through coordinated reprogramming of nitrogen and
carbon metabolism[ J]. Plant Physiology and Biochemistry, 2025,
229. 110354.

CHAN D D, SHAO Q S, YIN L H, et al. Polyamine function in
plants: metabolism, regulation on development, and roles in
abiotic stress responses [ J ]. Frontier in Plant Science, 2019,
9. 1945.

FlHte, BEIZ, B M. ISR AERE RO 0 4 T 8k
AR B HE A AL [0 ). TLIRAR M B, 2025, 53 (11) .
44-50.

FANX Y, GE A H, QI S S, et al. Root exudates and microbial
metabolites ; signals and nutrients in plant-microbe interactions[ J ].
Science China-Life Sciences, 2025, 68(8) : 2290-2302.
XDFT, PIARES, HHEAE, 2. R IRE IR A0 X RUBR i A 1< 2
HEPRTEE R s [ 1], R IR S IR 44, 2024, 33
(1): 14-25.

BI X Q, ZHANG Z Q, DU X M, et al. Isoflavone phytoalexins in
root exudates participate in mediating the resistance of common
bean Phaseolus vulgaris to Phytophthora sojae[ J]. Plant Pathology,
2023, 72(1) . 120-129.

GREGORY CAPORASO J, LAUBER C L, WALTERS W A, et al.
Global patterns of 16S rRNA diversity at a depth of millions of
sequences per sample[ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2011, 108( Suppl. 1) :
4516-4522.

kAW, TRR, WE, % A PR R o 2R
HAEHFRMNNLILT]. L, 2017, 37(3) : 906-914.

[25]

[30]

[33]

[34]

[36]

[37]

[38]

PR, BRife K, dkIRAE. AR 2SR R I 0 i 2 SR
AEERHLAR D). A E IR S R4, 2019, 25(7) : 1185-
1193.

Etk, TR, Xk, % AR LSRR Sk i ia i
PRSI R R T AR P PR [ 0], SR SE 4R, 2023, 40(2):
262-273.

SRS, R, BRIAER, 4. IR AE SRR R ZE I 2t
PE2FHTLI]. PR A AR, 2022, 47(9) : 2281-2287.
HASANUZZAMAN M, BHUYAN M H M B, ZULFIQAR F, et al.
Reactive oxygen species and antioxidant defense in plants under
abiotic stress: revisiting the crucial role of a universal defense
regulator[ J]. Antioxidants, 2020, 9(8) : 681.

ZHANG RY, WANG Y, WANG X X, et al. Differential responses
of microstructure, antioxidant defense, and plant hormone signaling
regulation in potato ( Solanum tuberosum L.) under drought,
alkaline salt, and combined stresses [ J]. Scientia Horticulturae
2025, 314. 114014.

BATOOL T, ALl S, SELEIMAN M F, et al. Plant growth
promoting rhizobacteria alleviates drought stress in potato in
response to suppressive oxidative stress and antioxidant enzymes
activities[ J]. Scientific Reports, 2020, 10(1) : 16975.

ILYAS N, MUMTAZ K, AKHTAR N, et al. Exopolysaccharides
producing bacteria for the amelioration of drought stress in wheat
[J]. Sustainability, 2020, 12(21) . 8876.

ADAMS M. Ammonia-stressed anaerobic digestion: sensitivity

dynamics of key syntrophic interactions and methanogenic
pathways: a review [ J]. Journal of Environmental Management,
2024, 371. 123183.

DAR D, THOMASHOW L S, WELLER D M, et al. Global
landscape of phenazine biosynthesis and biodegradation reveals
species-specific colonization patterns in agricultural soils and crop
microbiomes[ J]. eLife, 2020, 9. 59726.

SASAKI H, NONAKA J, SASAKI T, et al. Ammonia removal from
livestock wastewater by ammonia-assimilating microorganisms
immobilized in polyvinyl alcohol [ J ]. Journal of Industrial
Microbiology and Biotechnology, 2007, 34(2) . 105-110.
CAICEDO J R, VAN DER STEEN N P, ARCE O, et al. Effect of
total ammonia nitrogen concentration and pH on growth rates of
duckweed ( Spirodela polyrrhiza) [ J]. Water Research, 2000, 34
(15) . 3829-3835.

LIANG H'Y, WANG Y R, QUAN X Q, et al. Ammonium and
nitrate nitrogen alter bacterial community in the rhizospheres and
root surfaces with seedling growth of two tree species[ J]. Forests,
2024, 15(12) . 2218.

HO A, MENDES L W, LEE H ], et al. Response of a methane-
driven interaction network to stressor intensification [ J ]. FEMS
Microbiology Ecology, 2020, 96(10) ; fiaal80.

KALAMARAS S D, CHRISTOU M L, TZENOS C A, et al

Investigation of the critical biomass of acclimated microbial

communities to high ammonia concentrations for a successful



14

EIE7/B R SRS R N e

935 %

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

bioaugmentation of biogas anaerobic reactors with ammonia
inhibition[ J]. Microorganisms, 2023, 11(7) : 1710.
FORTUNATO S, NIGRO D, LASORELLA C, et al. The role of
glutamine synthetase ( GS) and glutamate synthase ( GOGAT) in
the improvement of nitrogen use efficiency in cereals [ J ].
Biomolecules, 2023, 13(12) . 1771.

JIMENEZ-ARIAS D, HERNANDIZ A E, MORALES-SIERRA S,
et al. Applying biostimulants to combat water deficit in crop plants:
research and debate[ J]. Agronomy, 2022, 12(3) . 571.

HOCRE, SRR, B, &y omiies S5E K
B Readi s 38w W E R [T]. BEALRE A, 2025, 42
(7): 1709-1720.

TEEAT, TIEME, e, %, 404 ATP 2 5T HHE A
WA AL T [J]. R B, 2021, 57(4):
838-846.

TRUbE, FIT, Uk, S5 FUAE BN R S A A DG A
NR GS .GOGAT FIRWFZMAL)]. YLoRAlLBLEE, 2024, 52(3)
79-83.

h O, E W, AN, S A BEH R (GSH) S SR T
W PR OF ST Bk R [ J]. "2 4, 2025, 33 (11):
3495-3504.

HUANG A C, JIANG T, LIU Y X, et al. A specialized metabolic
network selectively modulates Arabidopsis root microbiota [ J ].
Science, 2019, 364 . eaau6389.

GOMEZ-ACATA S, ESQUIVEL-RIOS 1, PEREZ-SANDOVAL M
V, et al. Bacterial community structure within an activated sludge
reactor added with phenolic compounds[ J]. Applied Microbiology
and Biotechnology, 2017, 101(8) : 3405-3414.

SHIMASAKI T, NAKANO R T. Alkaloids as mediators in plant-
microbe interactions: metabolism and role in the rhizosphere[ J].
Plant Biotechnology, 2025, 42(3) . 243-250.

LEUNG H W, KO C H, YUE G G L, et al. The natural agent 4-

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

vinylphenol targets metastasis and stemness features in breast
(71
Pharmacology, 2018, 82(2) . 185-197.

CASTALDI V, WICAKSONO W A, DE FILIPPIS F, et al.
Prosystemin-derived signals: bridging leaf microbiome dynamics
and defense activation[ PP/OL]. bioRxiv(2025-04-05) [ 2026 -
04-167. https: // doi.org/10.1101/2025.04.05.646382.
NAKAYASU M, TAKAMATSU K, KANAI K, et al. Tomato root-

cancer stem-like cells Cancer  Chemotherapy —and

associated  Sphingobium harbors genes for catabolizing toxic
steroidal glycoalkaloids[ J]. mBio, 2023, 14(5) : e0059923.
KL, K&, B ', % ZUAU5EORTE R 2R 5 50
FERIRL T[T ], WITTAMOR 24240, 2025, 42(5) : 875-887.
LI' S, YAN L, RIAZ M, et al. Integrated transcriptome and
metabolome analysis reveals the physiological and molecular
responses of allotetraploid rapeseed to ammonium toxicity [ J ].
Environmental and Experimental Botany, 2021, 189. 104550.
JIANG L, YANG X F, GAO X W, et al. Multiomics analyses
reveal the dual role of flavonoids in pigmentation and abiotic stress
tolerance of soybean seeds[ J]. Journal of Agricultural and Food
Chemistry, 2024, 72(6) : 3231-3243.

ESPOSITO A, SCALA V, VITALI F, et al. Exploring the root-
associated bacterial community of tomato plants in response to salt
stress[ J]. Agriculture, 2025, 15(6) : 624.

JYOTI P, BHARDWA]J J, KAUSHAL G, et al. Advancing our
understanding of plant-microbe interactions through integrating
multiomics and stable isotopes for sustainable agriculture[ J]. ACS
Agricultural Science and Technology, 2025, 5(7) . 1225-1237.
CAIZD, YUT B, TAN W Y, et al. GmAMT2.1/2.2-dependent
ammonium nitrogen and metabolites shape rhizosphere microbiome
assembly to mitigate cadmium toxicity [ J ]. npj Biofilms and
Microbiomes, 2024, 10. 60.

(REHHE: KAH)

(EYMRBEEREFHRI)EF

N T Y KRB TFIRE AU T3 9 BUE BRI S (R BT IR S PR 40 ©5E e A i 2 ARSI R OE 4R 7 7

T7 B ——RC A AR 0 H SORHE 0 RIRCHE  5 0 28 SRR B IR 2, PLAEAS ) R 3 998 SORF 9 A K0 e 3t 1 323
A5 SRR VR I AL B S A PRI — PR A 5, A5 06 o I AN () by SCss e g A 5580 I8 3 TR g P B, AR
TR SO AL

QQ: 2219161478,

(FEYIE IR 5 3R BE 22 4R B 4% A B4k 4 hitps: // zway. jib. ac. en; BE 2 HL 3% ;. 025 - 84347014 E-mail; zwzybjb @ 163. com;

CHIYY GRS BRBE 24T ) 2 4
2026-05



