#* %" ﬁ § B45% 1

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

20244 1 H 15 H

H &

HET LR S BB S AT B EIRFETRI  ceverreermrermeemee et W, X, B4R, BA, FE,REE (1)
J@fﬁ{ﬁjﬁ{%“[ék’ﬁPMzSﬂfﬁﬂ@@@ﬁ%ﬁﬂ ......................................................... {J(‘[ﬂ’ ?%fﬁ, %ﬁﬁ?, [ﬂ %%’ E/E}g (8 )
Jﬂlﬁ!ﬁ%@ﬁiﬁﬁfﬁgéPMz,?‘?4&'—?%%&"‘{{%@3 .................................................................. 'ﬁﬁﬁfﬁ, )ﬁ%ﬁ” _JI,H;%E%, %ﬁﬁg (23 )
TR B 7 PM, o AL G R G S A oo ok, HiEd, REE, RWE, BHE, BKR, 298, K&K ( 36 )
BRI TRIak DX 4% 7 e J I 75 e R SR U A

............................................................... %ﬁ’ ?%&%’ my&, EH}EE, /£é$é, 5&%‘7 E%/éx7 %I‘E, %ﬁﬁﬁ’ E%f;}\"—, (48 )
202245 8 1 B T HLL RIS EHIEE ST s W2, 3%, 98, N4, KAk, LT (61)
ZOZOQE‘KEEﬂ:T”éMXi&@;E%KﬂﬁM0#?%%%”@5}*& ............................................................... %ﬁ\’ f[ﬁﬁ, i%, %%ﬁ (71 )
HE SR E B VOCs BB PRSP R E BRI -+ oeeeevveeeeeees KiE, R, EF, LA, BB, TR, TAK, RS ( 81)
WLED TR V5 TR B TR BRZEIR veevveemmeereme e G, AE, BrE, w4k (93 )
HT LEAPKIE K = A BT TR IA M FE BE v eervrerrreenee et Wl kB, M B L, BAE, BED (104)
J7AR A AR AR B HE R R Bl K 3R v

-------------------------------- ABE, XNGH, ER, DERK, O, TR, R, KSR, FxF, KEH, 8w, Aute (115)
S O s € L b R KAF, AR, By, sk, HAL, BEKA, 218 (123)
P ERFH K PR 3 A R B T 0 R B T A AR B BRI, BT oo ZRA, W, BB, AEE, BEH (131)
R P FTE R A7 DU R R 9 60 25 T A KB Bl - oovomemememeeeeeeeeees KAGE, 5, REX, AE, B, F47¢ 4% (140)
TR FR B IR v AR B 25 1 e T R KT BCE XU B i A

........................................................................ WA, g, LB, BN, BEE, ke, T, RR, kg (151)
ﬁYIﬂEYEWTE%%EEE}EE&E%&}E%%ﬁ ........................................................................ é?{%%%, TEJI:ERU —/E,\‘—/&’ XU%%‘E (159 )
BRTLIT 1M F KT LRI BB S oo Sk, RER, GUR, HER, BF, 58, KA (173)
%’ﬁ(Tﬂ(E:F{%W*E%yJﬁE ﬂ’j‘:,f,tﬁl‘“ﬁ ...................................................... ’3’%"’;’?_, E}%, %72&7 ﬁﬁ;&, l,j[”%’ TLF:‘E, %}’{% (181)
ﬁ‘?ﬁﬁﬂﬂﬁ%ﬁﬂﬂRi’[ﬁT*?}(%%%ﬂ&ﬂﬁEﬁM%ﬂ ..................................................................... P/if\;, %E’ %7’2‘%, X]J/HZDE (194 )
T8 T R I I A H R K AL S TE e e o vveemee e EE WEEE, BihA (207)
ST DA 5 R BRI 25 TS BB M 26 vovvveeeeeeceessssssssssssssns BRU, ERA, KF2 (218)
j&304]41‘@?@jﬁ]'ﬂ‘“ﬁiﬁ%éﬁ,ﬂ&%mﬁ&]é?ﬁﬁ&?ﬁurﬂ]%[%ﬁ*ﬁ ........................................................... Eﬁ:, %%7% ( 228 )
SR o B2 5 R BB DG JE B v M, KB, A, AR, MR, £R% (239)
e L2 I R A A ND VIR 25 S RSB I [H] weeeveermeermmeenmeenneeie st B, B, ME, BT (248)
7Y DX [7) 28 U B NPP I 28 S 28 RS IR JRARGE woeeemeereseeenesessnessees "H, LR, AW, HEF, BRAE, KX (262)
AN i 50 T A0 1 X A AR VTR AL NPP BRI -voeememememmsmsesecsse B, RYW, A%, A%, K (275)
T InVEST 5 CA-Markov 158 7 (1) B ] TH I 5% Lk Phf 28 S0 A8 S 00 - ooveveeeeee MEE-FHRL, LR, F—&, KuE, B4, HER (287)
%3: PLUS*InVESTﬁlﬂE@?ﬁ;ﬁ?ﬁiﬁ%%ﬁﬁéﬁ%ﬁﬁ?@fﬁﬁﬁiﬂﬂ ............................................. o s Ei%%’ _:Eﬁli, 7‘&%% (300 )
RILT IR R T R P LB cooeeeeeeereememeneneneees A, KR, BEA, KB, TAE, BER, HiF, 54 (314)
ST R 9 R AT LR 2 1 3 A A SR B FERB [ 7 e FAEE, HORT, EM BAE, HRE, AEW, A% (323)
AN 3 ) FH T 06 A DX AT BUBR AL S0 RGE AR REME  woveveeemeneeseenmienseeens WRE, X H, HAkF, oL, K, 8l (335)
S0 B DX A el R SR ARG S [ R AR ooeeeeemeenesm e M, RE, R, AR, N, AR (343)
SR 8 9 00 b B X AR I R 21 S AL AL MR AR QST oo Bk, £¥R, FEE, IORK, HAER, KAK (354)
HPRARAE BEA SRS 3K Ui v ) B FR S 3 B

......................................................... %%‘:7 ﬂ%{ﬁ], $21@7 Eﬁﬂ:’ %‘#ﬁé, gﬁ%\udj’ Eili{’ —‘é{ﬁiﬁﬁ(, Eiﬂj, ]SE%% ( 364 )
R L L N B Ut L Al R 3 et Ak B, EXA (376)
T 22 U5 B 722 a2k T L AR BRSSP T s 5 k2 18] 3

................................................................................. ﬁi%’:‘m%, %ﬁ}%}ﬁ%, /f%ﬁ}]?f’\, é%})?ﬁﬂ}l, jﬁfﬁl, 5’1&}%%\, f%/&, %;‘? ( 386 )
ST 1 A A JT] o S e R M B KU A AL S F R TR 7 0 oo DA, B, ZRE, B A, A, HA, M (39 )
%%%%ﬁ@ﬁ%ﬂ&i%ﬁ%ﬁ@%f{%ﬁ&}'{(ﬁﬁg*ﬁ ......................................................... ?ﬁgfg’ j}J?%, Jﬁ‘%‘;}k\, ;’(PE% (1407 )
f/kfh‘iyﬁgi\\ijﬁi@ﬁ%ii{i\Eﬂéﬁ%*ﬁ&ya%iym ...................................................... ?%}r@” E%ﬁ—&” Elﬁ, B H}Ejjt ( 417 )
H T R B A 398 - 7K T 0 6 S TRV TH A B M v emmeemmme e ERE, NEY, X%, DTS, FRE (429)
AL I A1 2L 7 0 SR A A 1 TR T S KR R B oo WAL, K&, TAW, BB A, AE®R (439)
HE 55 B R X R A 05 AR T R BB AT oo AN, REF, MAE, E8, xR, E, B (450 )
DR BIR RIS P AT R R B KU B FEHEIE  woveeemeesmmeemee s DAk, M, b, TET, BRI, 274 (459)
ROR LR OB R A 7 Yo £ 0 A0 1 03 A1 S8 (Lactuca sativa) A 3EA 25 105217

.......................................................................................... 4—_%%’ QB%E, fbﬁ@(%}:, ﬁ—%ﬁ’ ?ﬁ}a@?@, %5}2, X]J/ﬂﬁﬁ ( 470 )
e L4 BT LD (2 1 2 9 S BRI B 52435 et BL

................................................................................. Mkl MEE, ¥, 2FEE, KEE, KE, BE, Rk (480 )
fﬁﬁ**]ﬁi%*ﬁ%*u%?ﬁ%ﬂ@?ﬁuﬂ .............................................................................. ﬂ%%, %%E/KZ’ TE?I, E%]: (489 )
1&@*4%u%x¢i%{t%‘ﬁﬁﬁ‘ %(ﬁ:ﬁ&ﬁ&%ﬁ%ﬁ@%ﬁﬂﬁ ............................................................... X]J//I\&\, fﬁ}%#ﬁ, %%*ﬁ ( 496 )
N R LN 28 T L Ei e 2] 0 o R OIOSS EGH, D%, BEE, BER (508)
Kﬁ@(%ﬁ%ﬁﬁ?i%ﬁ%ﬁ%ﬁi%ﬁﬁﬁﬂ%E’Jﬂﬂ@ ........................................................................ %BFEE’ glgﬂ}%i’ ’ﬂ{% (1520)
BEARBEIAT LIRS + 5 BUE BT NN oo WER,ERR, 2XE, TAH, TER, E—8, UWE, £% (530)
2 TR RV 2 H S SR I A IR TR A v e emmee e et W, AT, TuE, 2ES, AR (543)
O T 8 ik I 15 2 K R TR KR I B 00 B ARV K S DT RE R DRI Y B2 oo R B, R Bk, AL, B 23, o, B, #W R (555)
B BB SRR TR B AL E R PUE LA oo EAA, B, 2B, WL, e, WM, RLE, £, A, BWE (567 )
HEF 38 A B PCR 5 9 380 B 0 P A R 0 3 24 e SR [ 7 e R A

................................................................................................... i‘%:—;fg}(’ ﬁﬂ%fiﬂﬁ, /ﬁﬁ%, );x][-]ﬁﬁ’ %ggﬁ’ ?Jﬁﬁ}ﬂ ( 576 )
BRI 1 AR AR rh 0 A 2 AT ) ) R A BOBRBER I B8 oo AT, EBE, AR, AL, KEL, AF (584)
AR TORRE AT A Yy Kk b % R AR SO o & 2, SRR, R, D¥h, BN, AW, RE, BRA (594)
CO,EUA AR 5 RFRBCHE 00415 PH W RHREREAT H - ovvovvvvvneesssssssssssnnnne ST BB K B3, £k, B0, 58 (606

CREREEIT IR $(70)  (REERFEMERI TN (193) {7 B(334,554,605)



$ 4555 1) N B R = Vol.45 No.1
20244F 1 A Environmental Science Jan., 2024

MEREEEENEEKERKETRAER TSR
Th gE & F B 52 M

GEREWT ", XU, Wk, A TN, AR S, B P, R
(1 b R 2= A fn b 2i B, ARl S e R JRMESEBE, R 07100052, T E LR ek M EEEI 5T, $i % 453002;
3. E RO A 2 B AR Ml K B s 8 A A R S T il S e % %ﬁ% 453002)

T FEA KR ) FH B TA kg 2 ik ke K 0% 15 Sl 2 K PR 75 e A RGBS . R RE ] S s AR W 7 a B T, I B s AR Wy bt i
fi ). T Mt e I T i B A A R 1 5 e AT St/ A TR RIS . A R RIS R TS [ Al A e A e I i X A KR R K
Fef W B 4 AT R 9% 245 0 4 R B 22 R Pk RN RE DG By e S R R B R L 45 SR R W] KR I PR A A O R T 1T R B O R RE T ]
(Firmicutes) . 28 J T '] ( Proteobacteria) . it ZZ T |7 (Actinobacteriota) . $LFF 5 ] (Bacteroidota) FIFE M A [T (Verrucomicrobiota). Zf
T & (Bacillus ) A8 X5 == B2 38 AU Ak 2306 T A5 7 0+ Pt 10 5t 00 400 ik (R1S3) b 38 ey BT vy, 0 A= 7K TR e 5 7 005 B V2 U
(Pantoea) T 18 J& ( Enterobacter ) W AR XS = 2 i 35 34 00, e rby oK 43 2 1) T7 s o 2 7 RS I o 4 T R % T 2 19 AR 20 . i T b 2
W E T FEMA E B (Bacillus) . /N & (Exiguobacterium) . Aeromonas FFT 15 R KT 14 J& ( Citrobacter). T RE UM 43 Hr & H
ER PR F 2 S 5 SRR DI6e, JF H B0 Ay D BEZE I 2ok A fLBE S 9% | I SAfbBE S 9% | IR ERIE ISR Kk W . i 5 PCR 4%
HWIR B E A AT T (AOA) | ’%’ﬁﬂcfﬁilil(AOB)%DIﬁﬁ%%[ﬁl(nﬁ)ﬁjﬁt?&ﬁﬂﬁif“7k¥ ]Uﬁ?:‘w_ ?,@@ﬂlﬁumrm
FREAEA IR T WE R . RRPFIES A B T IR ZE R fﬁﬁﬂfﬁﬂ‘*ﬁﬁ:ﬁiﬂﬂg‘-‘ﬂﬁm%aﬂ’rﬁéﬁi@E’Fg )r’JAﬁ %ﬁ#ﬁ ik
JIES A P A A A g 17 4 A BT AR Al = :
S BEIL; BRI ; OFBR s AU 5 2 [ 4
FESES: X172 XEKARIRE: A i%‘zﬁ%e,0250—33Q1(2024)01—0555—12 DOI: 10..'13227/j.h_jkx,'zozaoz,zoo

§ £ - / f.

an;d Functmnfal Genes of Padd,y* Irﬁ’gated with Reclalmed Water 'y ..f’

LIANG Sheng- ', LH‘J Chun-cheng™, HU Chag®/ QUI Erg m! LI Zhong-yang"’, FAN iang yang™; lCUI Bing-jian™* ' 4

(,} 'Ih%utule of Life SCIence_and Green Development, (Eollege of Llfe S{mences Hebei Uniyersity, Baoding 071000 C};ma 2. Institute of Farmland Trrigation, Chinese Academv of

Agmdﬁ tura]#Smenees Xmmng 4$30Q2 China; 3. Key Laborﬁfor\ df ngh effluegkand,&afe Utilization of Agrlculture Water Resources #€hinese Academy of Agricultural Sciences,
| & P £

Xlnxmng 4530_0,2 CIﬁ‘rrla i¥

Abstract..\ ,Agrlcuhmal ult®ration of reclaimed water is considered to be an effective way to solve water shortage and reduce water environmental pollution. Silicon fertilizer can

L

improve.(';'iop yield and quality and enhance crop resistance. The effect of foliar spray with silicon fertilizer on phyllosphere microbial communities remains lacking. In this study, a pot
experiment was conducted to explore the effects of different types of silicon fertilizer on the composition and diversity of a phyllosphere hacterial community and the abundances of
related functional genes in rice irrigated with reclaimed water. The results showed that Firmicutes, Proteobacteria, Actinobacteriota, Bacteroidota, and Verrucomicrobiota dominated
the phyllosphere bacteria of rice. The relative abundance of Bacillus was higher than that of other treatments in RIS3. Reclaimed water irrigation significantly increased the relative
abundances of the potential pathogens Pantoea and Enterobacter. The unclassified bacteria were also an important part of the bacterial community in the rice phyllosphere. Bacillus,
Exiguobacterium , Aeromonas, and Citrobacter were significantly enriched by silicon fertilizer treatments. Functional prediction analysis showed that indicator species were mainly
involved in metabolism and degradation functions, and the predicted functional groups of phyllosphere bacteria were attributed to chemoheterotrophy, aerobic chemoheterotrophy,
nitrate reduction, and fermentation. Quantitative PCR results showed that AOA, AOB, and nifH genes were at low abundance levels in all treatments, and nirK genes was not
significantly different among treatments. These results contribute to the in-depth understanding of the effects of foliar spray silicon fertilizer on the bacterial community structure and
diversity of rice phyllosphere and provide a theoretical hasis for the application of silicon fertilizer in reclaimed water irrigation agriculture.

Key words: silicon fertilizer; reclaimed water irrigation; phyllosphere; bacterial community ; functional genes
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Table 1  Bacterial community a diversity indices in different treatments
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Fig. 4 Difference in relative abundances of bacterial community from different treatment groups
JE K FRE A 150 H g AEA R T E 2= B PWI B RWI BERIS] B RIS2 = RIS3
=y Exiguobacterium [
#(LDA>3.0,P<0.05,K5) ., P FEHHET norank Rhodothermaceae [
\ \ \ norank Sphingomonadaceae [
JELBE R T] ST T AURF B ] RWTA 38 o 72 7 £ Enterobacter [L
Pantoca. [
g ] 22 S W FP I £, 46 Enterobacter . Pantoea norank Rhodothermaceae (NG
Pannonibacter [
norank Rhodothermaceae . Pannonibacter Zill Enterococcus [ ]
Citrobacter [

3
g
s
]
B8
=
=
I
S
=
8,
)

Enterococcus. Exiguobacterium . norank Rhodothermaceae
Lysinibacillus

HI norank Sphingomonadaceae TE PW1 4b 3 v i} 35 5 i 0 0 0 ]
) 7 s [
£ RISV —AN i3 22 2 ( Citrobacter) . RIS2 Hatiscomenobactcr

& T norank Rhizobiales Fl Lysinibacillus. R1S3 # i,
FH S W RN N Bacillus . Paracoccus . Haliscomenobacter
HI Thauera. T 7K FE Bk Ko - T W3 it £ A GF b 38 9 Fo

(=]

1.0 2.0 3.0
lg (LDAf34})

BEs5 TEGEAREEERIENTHLDAST
Fig. 5 LDA distribution of bacterial genera

by
=}
wn
=)

Y:EZ: Iaﬁ}igﬂ I‘ETJ %E%%Eﬁﬁggg I]r”] 'ﬁzﬁﬁ . in different treatment groups
2.4 TygEE AU S A AR ) BE 3 B, 6145 1R (metabolism) | F 5L {5 &

PICRUSt I G T M 4 #r 2 BH , - B g i 3K 45 5 Ab PR (environmental information processing) . 4ff jfd i 7



14 TR Y 45 -

T T 8 i T A 6 - 2 K 9 SR K T Pt s 200 T o 45 4 B 3 R 5 TR 14 52 i

561

Wt fE 5 B &b (genetic
information processing) F1 A2 % (human diseases) S
T W LA SR AN G W R S B
VI AL/ R AN R A NS 1IN R L R EY )
iz 8 % 20 P KEGG — 2% ) e #f (pathway level 2, £
6). Fr A7 Ab B ¥ K4 s A YE & (global and
overview maps) . 28 3 W2 QT . B K Ak G 9 ARG N g
I8 A D BEE B . RIS AL B o b R S R R
B K AL WA | s B RS S 5 S Y D RE AR
THAMAL B . 3 KA PR (G B AL B | 40 it 2
AL A S Ak B % A0 % 20 R 2 R A T it Ak
JE Ak B rh 3% 3k RSI3 > RIS2 > RIST, 3% RSI3 4b 3
St P A Xk Pt o 240 B A 9 = 5 3 M I BE 22 R R T
/N

(cellular processes) N

AR
[ D N ot v AT B 2 A B
Bk AR
I NS Fh e 72
TR A A R 70
e e
ABEAR I 6.8
ﬁ§~ﬁ¥ﬁ%ﬁ
LRI 6.6
zﬁiwAmﬂﬁw 64
P AR gt
4y 6.2
B R T 4 A AR Y
Fofts LR AR 6.0%
A 2 AR it 58
HtsmA
. ammes 5.6

ICiins
-

IR 5 A R A AR
J PWI  RWI RISI RIS2 RIS3

J? %%ffﬁﬁﬁ ¢mmmm$
. P H 4328 KEGG T8t
.,4 Fig. 6 Var’latlon in KEGG functional abundance

4 in different treatment groups

| FH BugBase X 7 [) &b $R A AR 47 & 780 Fi0 00 43+
Mr, #f s s oK FERA . B 7 kT % shocfF &
(mobile element containing) NS R (potentially

m Pantoea m unclassified Enterobacteriaceae m unclassified Comamonadaceae
m Bacillus wunclassified Enterobacterales Serratia
w Burkholderia-Caballeronia-Paraburkholderia

80

BAhEE

PR R RIS %

PWI RWI RIS1 RIS2 RIS3

pathogenic) & 4= 9 i T A% (biofilm forming) & Y X [
[ 3 2 Fh 2 B . RWI AL 3R X6 0 7% 3l oo 7F F i 7
9 IR R B 1992 B & (Pantoea) 1 A0 F 3 B2 08 57, RIS,
RIS2 1 RIS3 U A X = JE2 [ A1, #f i - 1o W e ke S ol
REAR AN [ W) 7o 6 45 2 70 14 o R AR A1

FAProTax H T A= 9 #b Bk 4k 24 996 21 1o 2 09 D RE 3
RT3 2k A A Y RO R DA% A ) O ST
RIS F A s At A A A G TR . 6T 16S xDNAJT
I 43 ISR S, T FAProTax L4145 43 1~ Ty fig
FERE . TR b B A T D) RE S A AE 22 5, FEA T Al
B A0 DD RER R CREA 2 8 > 1.0%) I &1 8 fif 7,
XS oo ome kK OBF Btk oBE R R OME M
(chemoheterotrophy) i & AL e B 37 /F FH (aerobic
fif 2 # & b /E H (nitrate
reduction) . & BE1FE A (fermentation ) | a4 af 4= H ol 3t
A= fA (animal parasites or symbionts) . A 2% i i.Chuman
gut) | M ?Ldl%%lﬁ(mammal gut) SR EH]
(hydrocarbon. e radatlont) PR E K St (,-Cire(ii‘ysm)
¥ & A AW ?j fE <amm§ﬁf ound
degradatlon,x) L%ﬁ@};}n& ﬂi’(’ﬁfﬁﬁ (nitrate r p? ;PFH
A i’ﬁlfﬁ'( mbtogem‘resliglra ion) , V-3 R /;E?ﬁj\%ﬂ
32 26,%; #59% L 41% . 8.74%. }#ﬁ
4.84% 4¢84%u 1, 3i%>|1 25%. 1. 0@%7~0—577 :
0.57%. zkaéfﬁ:\: 2 TN ﬁf’ﬁ.ﬂ:““
A aﬁ@whjﬁﬁwﬁ%ﬂ&%mﬁmj ﬂi‘ﬁT
0 ST OO 98 25 T R K B A T o 40 1
AE S 7%V 35 184 o, A 12 66 50 D A D 0 O 4 D g
TR AR G =F B 72 RIS2 H RIS3 Ab L v i 25 18
2.5 ERPCROHT

2 A B rh 0 4R A 4 B (AOB) ATy T8 (AOA)
FEPA L R (nifH) e SR A BE ] (nirK) 1Y 28 2t 435
RWE 9 FroR . A AL BEFR AOA . AOB Fl nifH F

B Pantoea m unclassified Enterobacteriaceae
m unclassified Enterobacterales

chemoheterotrophy)

80
Bow i)/ R BRIE
70 [~
60 [~

50 -

IR RITTRIE %

PWI RWI RIS1

RIS2

RIS3

B 7 457E R BRI BR G E B R A A B
Fig. 7 Specific phenotypes of phyllosphere bacterial community



562 E78 5

B 455

= LRER MR  TEERELIRIRAER W R IEARAE
= EAERAER W i w LA MIVEARIE
u A I W PRI BRI A
= WEL D " REER
JR 2N » AKJi
100 — gy -
—

90 |
80
70
60 |
50
40 +
30t
20 b
10
0

DR324 A AR 2 /%

RISI RIS2
B8 ARLEEALBAEIESHHENFE

Fig. 8 Relative abundance of dominate bacterial functional

PWI

RIS3

group distribution among different treatments

IR 3 B 4 4b T 85I 7K - (2. 88 ~ 3. 64 copies- g™, LA 10
NN B , O HLA% b BRI JC 35 22 5% . [RIAE
mrK;i.jzr_ﬂt‘uElilﬂﬂ%.$ﬁf%’i}$lmm5ﬁ
FIU S W25 S I A A f‘—"gﬂzﬂﬁﬁﬂ$r“aﬁlns3
Ab PR A E RGN . M E AR OR R {é(%ﬂ(ﬁ%&[“r
Eﬂmﬁﬁiﬂﬁiﬁaﬁcﬁ%ﬁﬂwﬂﬂrﬁﬁa&lﬁHE%IEH“
Fii%% ﬂﬁ [ !! =/ f,ﬂ

9.00

o PWI
o RWI N
o RISI

o RIS2 - _[_][

| RIS3

6.00 - i

8.00 |

7.00

e i /copies-g”
o
3

nift nirk  16S rDNA 18S rDNA
B9 AEAEBHGEAEEFETL

Fig. 9 Abundances of functional genes in different treatments

AOA AOB

3 itig

KRR A S L7 1) S 2R AR it P i T R A S
ASCAT LA e 7K A b J5T RG340 B A A% AR UK
FERF R T 4 19 BB A AT R W it P A I T
5 e S A TG R A ) 2 R A 2 i R A SR
KV U8 A HE DB st rp ok 2 R T B S AR A A
T, B AR AL Ge A Rl A 2 i B9 A FH A1 I T s e e AT
23 X HEL ) W s Bl A ) A B 2 R T T AR AR R
Wa . AFFE R, 3 5 A K T TS 5 P T e A LG
BAWTFE T A [ ol 28 ik I X 7K A - o 4 T 7 45 4 B

SRR RS2 . e 4 R RV 45 Ak B (]
M) a Z MR R0 0 % 22 5, (0 PCoA 2R K [A] A A
Ab BT A I R A0 B R VR 43 A R AR A AR I 25 5L K
R o 40 TR EL AT R RE VR A SOR 2 R L P 3
TEFRRERERE ] BB T] L BT T L BURF B T AR
TP 1T 20 B, VR TR K 5 55 e IS A L 59 X6 - s ) o AH
XA — R . AR R BAEIE S N T KRS
HP T TR R R RS AR A 5 Y B A B v
R —F R BRI TMAIE W TR
I JELRE A 1 AE RIS3 Kb b BT o 4 40 de v, W 2 80
TR M it A N A B AR IR TR ) A oI
WAy N JEREE ] LR FHATE N . A
IFi] Ak SRR i o 20 A i R A AE 22 5 T Ak ER
WAL 40 BRT TR 40 A 45 M A LB 4 o . T KO L, AR K
TE W2 80z W m MU AT s e KR b B E R
S 33K T AT 2 T F A D B RN 2 R R B
A %i@ﬂ@}ﬁ.ﬁﬁi%@ﬂﬁwmgﬁﬁ@
I E R RISMUEE#‘MT%@H@E{EXHEV
/IR B 8 RIS 1 RIS2 b B o AT g 1
% I B e g
PRI '3 Py s e Row e e
@J@jﬁﬁ% Lsmiﬂaﬁﬁm&@): PFEX‘fiFﬂJ

e 4&5&}1@@&#7%%%@@%%%
i, mTﬁ"E’ *%%@E’J#ﬁ%ﬁ)ﬁ%ﬁfw éir*
Hﬁ%ﬁ@ﬂ ﬂ%/\;éﬂﬁajc&[zlﬂ%umiﬁﬂﬁ?ﬁiﬁ
RF i o S BFT IR A UE 9 B AU AE RIS Ak
L DI ﬁﬁﬁ%ﬁ%%?ﬁﬁﬁi%%ﬂi%ﬁ
5 41 5 R, T A8 6% PR 0 T 1 S0 e £ B TR
J& BB B AN FEAT B R 0 2 B o T vl e Ak B
T AT R SR S v A [ A S T B A
s M I — A RO R AT LA Y i T e it e A
] AR AR P s R A R B — 5 I 2 B R B3
. ASHEFE T BRSO R E X Wi A A Ab A SR B
H S ARG Y e A 3 oA i — B R S I I bt ) U
JIE A 20 I R0 5 R 4 T 6 A . 4% A B P R 43
A 5 A — 2 ], 2B AE KRS i B AT A7
TE KR J0 RS AT 408 . RIST AL 34 Bir B #E AR Ky TG HL
T, 1 T RIS2 F RIS3 AL BR A9 i I 8 T2 A 6k, &
P TS [R) T 2 5 B0 B B 25 4 & AR AR B
NS SR AT R W oW € N IR T Gt 7 f S
ﬂl’rﬂﬁ’ﬂi@ﬂ&iﬁiﬁ@‘jﬁa‘éﬁ?%i%%ﬂlﬂ?ﬁ@ﬁﬁ%ﬂﬁ
Xof - HE G AR ) TR IE 2 R E RS R it Rk T B S 4 42 F
HR 22 40 b 0 19 77 A T 5 | K - 458 AT T 1) 1 B R T P
Tk A 8T A 39 e {1 P i A T D R
Bt H ARG R AUKOE SR O fE AT W]

P KRS LR AR L (R A R



1 4] T W Wt A5 T AT M 7 IS X T A K O I A A I B A R Y 45 R T D B T R A 5 i 563

P RE VR S5 A B R Y. A R REAR RE S
o 38 HE AT 7 R A - SR 340 4 A
[ 4 Y A 9T B, AR 0 HIUAE B bt e A BT 3 ik
P v R T A M | A W T e T R A AR
T W T A Rk ik 2 SR A L U e R
Bt AR W A i AR 3SR B £ D RE A 0 1 i
ERRE RS R S AR B W A A £
FEME R A 2 M o A A S, SR 8L L
EMBR £ AR Br A FURR P9 4 3 5 R 2 R
T I B 4N A R TE AR AR AR A S RGP
W 2B OCHEBMAMER, ik By 4 g A vk 45 44 A8 16 i 5K
SRR AL 15 FAEY R A G, W5 A Y R R
DML N ZEHE VM. EAVFR P W HEH T
I TET A S it )Xo 7K e P o 200 A i 205 ) 4 o S 2 1
P 0 AR VR L 3 A B T v AT A I s Rk
A AR R G AT RS TR
i S Ak R AN AN AR P o 248 TR 7 235 1) S 2 AR R
HEAZ A T T ) R 2 T 2 A e A R A 2 S
PICRUSt ZJj 58 FUi 43 Br 45 R W ﬂfﬁﬂ’lﬂ@i%#ﬁ&
R (AR RIURBT= W £ L Bk ik
/AN
B AR I B | £ £ 4
S/l 31%)%@@%%(%%%@%5% GG —
% ) e (path‘way Tevel 1) i1 20 4 KEGGE % yﬁa
(pa];hway lefel 2). Zhou eI PICRUS‘! fﬁ {yw[]'f‘ IKT QIH
g IR 5 e b 5 ik
wgmﬁa
Elif“iﬁ@ Tﬁ%ﬁ%ﬁﬂﬁi%ﬁ%ﬁﬂfi%%&@_f
S BRI DD B W R S . 5 T AR B
%n C/N AR AH DG B A 38 20 TR0 A AL ) o 7 5% I8 3 O
A AT E P KEGG AR 42 M vl LA
ARG i B 4 B A VR A A% O DI BE PR R CZE W38
R 3 = 5 ) UG 2R AR & AR T ae . A o
R BRI T it FH 40 oK RE I BE 6% 10 3 el AR B A
K AR = W) ) o3 A BugBase 3¢ U it il 2% 2R &7,
sl o | AR B0 P A AR B TR B it RN A
Jit e JIES Ak 3 2E [R) X6 1 7 4 R 2k K T K RE 2 R
2,9 H Rl — Y Bhoek BTV A S0 1 A W R AR
X2~ F A RWIAL 34 6 1 75 7E B0 M 2= B i 4
F YN, If H A ab FR A LLAH TR A 3 il 9 AR ) 1Y
TE WAE Ry — R LR AP AL AT 15 5 15 35 A4E 4 B9 P I e
1. FIH FAProTax il - Br sk A= 4 1 V% 22 6] v 78 )
g, 45 R o fbRe R % | AR R | IR Eh A i
R W2 i PR T/ £ 2 A AR fe . AR kB, it
B 24 TR 1Y) 3 22 ) R AR RE 57 5% (39. 02% ) Rl Ak fiE
S F(37.01%) , ZW M PRAME R E RS 5405 R

AE AR | FREE A &IE%(HEL%A ik

tﬁﬁ%%ﬁ“#%%%%&%ﬁﬁf

G5 P AL 6 22 (A8 BRI - I U it i A Ak B 0 B
0 14747 A5 O R 10 1l R S 3 L 0 Mk AR S 3 LR
R TIRE , RIS2 A1 RIS3 Ab B 5 Ak T i [ 410 T8 i iRk 45 18
TR DIAE . SCHRLST RN T 08 7 e 0 9% 75 e 4 2 e At
e LR SN TR AR = 7 ChettE )/ BTN S
AN BETE S 5 T BB TR R R A5 R ) ik
Ak G FE AT P B8 0 40 4 2 R 0 i 4 | AL A R
W) - 3 G AN T B AT RS A0 4% 4R 4L 3
HE B, IR & LA 10 1F 1) 2 30 4 08T . ABFST
M SR T (48 2 400l 44 % 5 T 858 R A )
% HAT R | 6 T 3 S0 ) Rl FE AR AR S R G &
S0 1 A 5 S ek b 4 B e MR e 3
S S ERCT M 9 135
A5 3 ik PCR AN T B AR 1 T /K RE 0B
Ty il e DR = B 735 Ak T2 K 9 TR X T Ot e S
WL . B A RE ) BE A S 45 D RE B
B3 A AP A RS T W 2R e
ﬁmm%n$fﬁg#m«mﬁMmgﬁ%F%ﬁ
E%W“i%mﬂ%ﬁﬂ@uﬁmiﬁﬁﬁiﬁ
e A e e AN
%@ﬂﬁm&aﬂ“whd#mﬂ%fﬁﬁﬁ%%
%ﬁﬁ%%hﬁ@ﬁ%&%ﬁﬁﬁﬁT%ﬁjﬁa
ww%@%%LﬁﬁmmﬁmrE%%gﬂmﬁg
umﬁﬁ%fﬁ%m@-* ESEret SN
W PR 0 R 0 B U 3
EﬁéﬁﬁﬁﬁLTﬁ%&ﬁﬁmﬁi% EES
FE BB T 0 - o 5 5 G 2
Tl fig 3 P B S R A, TR I T 5 5 3 5 4%
R | BRI A L WA L CHL AL 4 R I 75 45 1
il S 1A A T Rt Ak AT b BT R4 0 K A -
AOA JEH 1, H IR AOB JE PR =F i, #2 &5 AOA/
AOB " 53 —IJUF 55 5 B, 1 e P B T 6 K 4 398
N,O HE I 26 0 52 4 AL 38, SURE 2 55 5 Y A 3ol 72 1
nirS 1 nirk 3 [ = JBE 5 R ARG, A IR K R A K30 1 it
FH T B T4 S 9> N,O HE B I A7 i 42, R AR
5 b o 5 B T 55 o A 2 5 B0 80 M 56 20 R 3 1A
05 2 5 AR 2B 4 R T T I B T A b 3 K
TR B T S R SR R 25 1k

4 Hit

(D) ARBEFE R A48 7R T FAE K R A v 1 g
Jit Fef S X 7 e - oo 240 R T 45 ) 2 1 S 22 R M 1 5
), 22 37K e I o 240 D AP % 45 A4 AH ADL(E A X = B A7
S LR ERE T AR R
P FOURT BT T AP SRR 1T A A . ST 0 R 2K B X
AN ) #E IS Ak 32 30 A K 9 e 7 2% 5%, RIST R RIS2



564 E2 5 B # 45 %

A B2 30 I T 0 A X8 =S A T 2 LT LI KR, 2021, (12): 4340

- . Han H H, Liu X Y, Gao R, L. Effect of d
ERIS?’&EI@**QXﬁ*E%[‘% ) Eﬁdﬁﬂ({%/ﬂ%?,uf afl ' 1u' ao 'et a ec.t? vTater bclV.ng an
emission reduction under reclaimed water irrigation of rice [J].
i 2 e 3 ) v T
A % ke RIS Ak B B 0% S 35 900 o v R B M R Water Saving Irrigation , 2021, (12): 43-49,
(Pantoea) 1 7 T & J& (Enterobacter) ¥ % 3= & (1) 1% (7] #hMess, XIEa, md, S . PR AR AR /K ML R i
‘ ‘ e G R BFGE (). TKHERE, 2022, (6) : 44-49.
. SR 5 b BRI o £ RERE TG 825 57 1 PCoA 4 FREEAROIE 1L R |
. N " SR . Han H H, Liu X Y, Gao R, et al. Study on the rice water
> A - 7 > = requirement law and irrigation regime under reclaimed water

SR 7S W T o i e S-S SO B 00 TR R VR R

’ﬂj . 9% ﬂ:ﬁi EBEK&J{‘ EF' E/‘] IJ‘I‘ ﬁmﬁq&ﬁ\:iﬁ] j”f'flﬁ %ﬁ irrigation[ﬂ. Water Saving Irrigation, 2022, (6): 44-49.

p [ 8] BRongr, WIME, i8R, 55 AN A2 I A A K IR I 2 X0 A

R HY B B LB T 15

. s o [ 7 40 0 3 0] HE BL B TR 2 4R L 2022, 40(4) -
(2)%55?@7)’]’]5}*&%%Jﬂ%éﬂi[ﬂ*%%?ﬂﬁff@ 411-418.
Eﬁﬁ& z/[\ ]j] ﬁ'g %ﬁ% . g}k‘(ﬁ% E’\J Ijjﬁ EPSS SRR 7N IH‘ BT QEH Chen S C, Hu J B, Xiao M H, et al. Effects of irrigation regulation
Ti‘h EEE: E‘E-;%’fﬁ iﬁj‘ *l] F%ﬁ@ ﬁﬁj] ] *fv@flfljﬁ: R ?ﬁﬁﬁﬁ of rural domestic reclaimed water on soil nutrients in paddy field
I . 5 o [J]. Journal of Drainage and Irrigation Machinery Engineering,

AR, Mo ﬂfﬁﬂ”ﬁ@ﬁ%ﬂlﬂi%ﬁ“& WEEURYE L9 L@, MR, MF. S FA KR R 4R 4

F . FAProTax B 25 Y2 W] K BT 3220 5 S BRI FRIRALALL TSR, 2022, 40(8): 542-849.

P S . e oA 3 A . Wang L, Zhou L Y, Hu J B, et al. Effects of reclaimed water

Re 7+ ?% N ﬁ} ﬂﬂ:‘ Hb#?% N fﬁ W i 34 J/%F\ *Hkﬂ%%ﬁ*ﬁ% irrigation on the distribution of heavy metal in paddy fields [J].

jJ rij # )T E Ej; EE 5L }E Xj‘ ’f't ﬁE ﬁ* ?% *ﬂ ﬁ}éj @32 L )E Journal of Drainage and Irrigation Machinery Englneeru’-}g , 2022,

A S BE A RE A S EFEIT . ol T 0L, 2 K R 40(8). 842 849. ~ " P

5 . R . [10] Landré As-Saby N p A, Barthes B C, et al. 'l_?aﬁfu lmin of total
i ] ESRCdiy S pais
TA 5% it ik A2 /ﬁﬁ B Th Igj ljj :l: J__ K yj F: PR silicon (oncgnmatlons inFrench soils using pedolr.ansfer “functions
'f’t HE&LE&F V{Eﬁ(’*?ﬁﬁ@?’ii%ﬁﬁﬁjﬁzﬁ ZI—‘ from m,ld ;nfrared sp cthum  and pedologlca.l atl utés [J].
29 7 — a6 Geoderma' "2018 3 1:70-80. ,u‘;r .5: i
BF 5 g N AVT B /KRR s B 4 ) DILE oL e o i D5AE " P A,
11 Bocharmkova A, Matichenkov V V. Silicon_- ertilizers :
4 Il +: 4%
*/I' R Y ﬂ[j }JA j:iE {/\ T B JL‘% }JF Xj‘ 7J($ <]. j’lj‘ "* % dvrl( ullural aﬂd envi (mmemtdl impacts [ A . Int Lope ald?z F,
i 7
FE %‘Egzu\ n" - . Femqnﬂez Iqﬁ-ueno F (Fd,s-;.-") Fertilizers: Components, Hses in
(B)/_\Eﬁ: %% Euq ﬁk*ﬁﬂémﬁa%ﬂ% 2 5!%#4 Agric ulture and Env)*onmentdl Impacts M J “New..York:~ I\L"ﬁ
v Smenée blishers Inc..' 2014.
i A h? [ Y

(% {EJE 7J( ﬁ%& EH“ E Eﬁ Ej{z HEALIE H/] Ej% %z m {1‘ R’HS-:S [12] Tayade- IChfrnlre A han W, et al. Silicon as a smart | rilizer

&LE—F‘QI‘H%AM‘ﬁ% . j:% IJ_] ﬁi%imjﬂﬂ if uf,ﬁ@)ﬁiiﬂﬂ Xj‘ for ! suslalndbl.hty and crop 1mprmement[]] Biomolecules, 2022,

weAd Ak o ) e e,

g 7 ES E s F o ot L
i A IR A
By - BIRERI I [T]. 2238k, 2023, 38(2): 149-153.

;’:E%iﬁ Luo LY, Wu X F, Liu K L, et al. Effects of silicon fertilizer on
JﬂJ%ﬂNT%QﬁE‘F/J\éﬂ‘j}‘Z\g AR AR AR, A A IR yield, quality and lodging resistance of high-quality rice [J].

AL R THEHE AR R A IS 5 KR BLAY 38 2 2 WL LEB/OL . https:// Hybrid Rice, 2023, 38(2): 149-153.
www. moa. gov. cn/govpublic/neshsyejs/201907/120190712_ [14] Song A L, Xue G F, Cui P Y, et al. The role of silicon in
6320876. htm, 2019-07-03. enhancing resistance to bacterial blight of hydroponic- and soil-

[2] HEZREREMEZ, BHEE, Tl mE R4, &, X TS cultured rice [J]. Scientific Reports, 2016, 6, doi: 10. 1038/
JK G IEAL I 1 45 5 & UL LEB/OL]. https://www. ndrc. gov. en/ step24640.
xxgk/7cfb/17/202101/t2()2l()l1171264794, html, 2021-01-11. [15]  #8E, BUZE, WhHa W, 55 . AR PE BT AR IE 52w - 504 A A0S

[3] %fﬂi XUBRRR, M AR, A R KA KRR 2R R MR ARG E N R[] SHEREE, 2023, 44(2): 991-1002.

FEAE s [T, VLA R, 2021, 49(18) : 84-89. Huang R, Wei W, Xie Y H, et al. Primary factors affecting soil
Miao Z M, Liu P L, Xiao M H, et al. Impacts of reclaimed water bioavailable cadmium and arsenic by different properties of silicon
irrigation on growth characters and vyield of rice [J]. Jiangsu fertilizer[ ] ]. Environmental Science, 2023, 44(2): 991-1002.

Agricultural Sciences, 2021, 49(18) : 84-89. [16] &7, B, sy, & FitE ik A0 XF 4 6 AE WA kot &

[ 4] %2, v, Wb, 55 I U K R 1 AR K TBE Y /K s g KRR RN B2 ()], FREERRE, 2017, 38(12) @ 5299-

A [I]. T EA A AR FIK AL, 2017, (12): 13-16, 21. 5307.
Li Y, Gao R, Huang Y, et al. An analysis of water-saving and Gao Z X, Zhou H, Yang W T, et al. Impacts of silicon fertilizer as
pollution reduction of reclaimed water irrigation for the paddy in base manure on cadmium bioavailability in soil and on cadmium
Lake Erhai watershed [J]. China Rural Water and Hydropower, accumulation in rice plamsUJ. Environmental Science, 2017, 38
2017, (12): 13-16, 21. (12): 5299-5307.

[5] ZouJW, LiuSWw, Qin Y M, et al. Sewage irrigation increased [17] Puppe D, Sommer M. Experiments, uptake mechanisms, and
methane and nitrous oxide emissions from rice paddies in Southeast functioning of silicon foliar fertilization—A review focusing on
China[J]. Agriculture, Ecosystems & Environment, 2009, 129 maize, rice, and wheat[J]. Advances in Agronomy, 2018, 152:
(4):516-522. 1-49.

6] mhiMege, Xk, ma, & . KR FA KT T K HERL (18]  BRTELL, JAML, XN, 45 . IR K 438 AT 2 I0e 5 i 1 155 it



14

LY

T T M i T A - 2 K 9 SR /K e o B 200 9 B o 445 4 B S g

B Al A 565

[20]

[21]

[24]

[26]"’—}‘]":“1(15 C ,A Rnbérls K J, Beman I M, ﬁt ali Ub.k:ru' G

o

i
i

[28]

[29]

RENE XK f Ccd R[], 5 FR 7,
3855-3861.
Wei BY, Zhou H,

2020, 41(8):

Liu ] W, et al. Effects of different treatments
with water management combined with leaf spraying silicon
fertilizer on Cd accumulation in rice [J]. Environmental Science,
2020, 41(8): 3855-3861.

Laane H M. The effects of foliar sprays with different silicon

compounds [J]. Plants, 2018, 7 (2) , doi: 10.3390/
plants7020045.

Buck G B, Korndorfer G H, Nolla A, et al. Potassium silicate as
foliar spray and rice blast control [J]. Journal of Plant Nutrition,
2008, 31(2): 231-237.

Bashir I, War A F, Rafiq I, et al.
diversity and functions[J]. Microbiological Research, 2022, 254,
doi: 10. 1016/j. micres. 2021. 126888.

Thapa S, Ranjan K, Ramakrishnan B,

Phyllosphere microbiome:

et al. Influence of
fertilizers and rice cultivation methods on the abundance and
diversity of phyllosphere microbiome [J]. Journal of Basic
Microbiology, 2018, 58(2): 172-186.

Chelius M K, Triplett E W. The diversity of archaea and bacteria
in association with the roots of Zea mays L. [J]. Microbial
Ecology, 2001, 41(3) : 252-263.

Lundberg D S, Lebeis S L, Paredes S H, et al. Defining the core
Arabidopsis thaliana root microbiome [J]. Nature, 2012, 488
(7409) : 86-90. L~
Bulgarelli D, Garrido-Oter R, Miinch P C, et al. Structure and
function of the bacterial root microbiota Iin w1ld anql d,omesllcaled

barley[J]. CelL-Hosr\& Microbe, 2015, .17(p) 392r403 P

(#iversny OL aplmgﬁla oxidizing archaea lﬁl gtq 7
éedlmentsref the pbean[ﬂ Proceedln'gs of t]ile Nat],oﬂal Aoadeﬁ of
$( 1enoe.s ‘of the liT_mled States of Amerloa, 2p05- ,1,02(41} '14683-
1.4688 I I|I' l ) .'.

Rohhauwe J ‘H W1t7e| Ili‘sack 'W

K P, The ammon}-ﬁ

m"f)nooylygﬁase stmﬂural gene amoA as, a funcl{ﬂﬁal';ﬂﬂ'—eyf/
:-Mql";,ular fine-scale analysis of nalural ammonid=oxidizing
_..pbpulalmns[ﬂ.i Applied and Environmental Microbiology, 1997,
763(12): 4704-4712.

Rosch C, Mergel A, Bothe H. Biodiversity of denitrifying and
dinitrogen-fixing bacteria in an acid forest soil [J]. Applied and
Environmental Microbiology, 2002, 68(8): 3818-3829.

Throbick I N, Enwall K, Jarvis A, et al. Reassessing PCR
primers targeting nirS, nirK and nosZ genes for community surveys
of denitrifying bacteria with DGGE [J]. FEMS Microbiology
Ecology, 2004, 49(3): 401-417.

Boon N, Top E M, Verstraete W, et al. Bioaugmentation as a tool
to protect the structure and function of an activated-sludge
microbial community against a 3-chloroaniline shock load [J].
Applied and Environmental Microbiology, 2003, 69 (3) : 1511-
1520.

May L A, Smiley B, Schmidt M G. Comparative denaturing
analysis of fungal communities

gradient gel electrophoresis

associated with whole plant corn silage [J]. Canadian Journal of
Microbiology, 2001, 47(9) : 829-841.

MNP, FRIAE, AF R D 21 DG I T ik A X K
Fi CA RBURgEEmA L] HHES1EY), 2022, 11(4) : 428-436.
Lin X B, Zhang Q M, Zhou L J, et al. Effects of foliar silicon
fertilizer on rice cadmium accumulation in red soil region of
southern Chinal J]. Soils and Crops, 2022, 11(4): 428-436.

Truu J, Chatterjee P, et al.

Samaddar S, Long-term silicate

[35]

[37]

[38]

[39]

[41]

[42]

[43]

[46]

fertilization increases the abundance of Actinobacterial population
in paddy soils[J]. Biology and Fertility of Soils, 2019, 55(2) :
109-120.

Fira D, Dimki¢ I, Beri¢ T, et al. Biological control of plant
pathogens by Bacillus species[ J]. Journal of Biotechnology, 2018,
285: 44-55.

Kashyap B K, Solanki M K, Pandey A K, et al. Bacillus as plant
growth promoting rhizobacteria (PGPR) :
agriculture lechnology[A]. Tn: Ansari R A, Mahmood I (Eds. ).

Plant Health under Biotic Stress| M. Singapore: Springer, 2019.

a promising green

Kasana R C, Pandey C B. Exiguobacterium: an overview of a
versatile genus with potential in industry and agriculture [J].
Critical Reviews in Biotechnology, 2018, 38(1): 141-156.
ERE, KRR B AR AR T — 1 A T 1Y A= By 1
[J]. Aedude ¥4, 2009, 24(5) : 210-213.

Yue D X, Zhang Y W. The biocontrol effects of Pseudomonas in
the rhizosphere of tomatoes [J]. Acta Agriculturae Boreali-Sinica,
2009, 24(5): 210-213.

Leveau J H J. A brief from the leaf: Latest research to inform our
understanding of the phyllosphere microbiome[J]. Current Opinion
in Microbiology, 2019, 49: 41-49. L

Lin W P, Jiang N _H, Peng L, et al. Siligon=im ’acts—6n soil
microflora®under Ra‘lsloma Solanacearum 1n0cuh§hﬂ"ufl.]]" Journal
of Inlegrdhvep_A.g_n( ;ulture 2020 19(1): 251 '264 #

Pdvanellp E} P Bldckm nn A, Simdo D G, et af hf tof foliar-
apphed sﬂl‘bon sourq,es n ' brown rot (Momﬁma,i‘ uctwola) D
Crop .Protecuon, 2022156, doi: 10. 1016/_] crqpto -:?6‘ 22.
1059&8 ¥V % ~ P
YuY}p .LhdrgLP LiY

agents p'hangdd the bjctena] community in thesConsecutive lep
soil of lilies [J] Agronomy, 2022, 12 (7) doi: 110 3 90/
agfonom£l2071530 a F 4

Zhdn%

g; et al Silicon fertilizer and'; miprolnal

-

L X, .ﬂGudn Y T. Consistent responses of s()ll‘ racterial
communities to bioavailablessilicon deficiency in croplands [J].
Geoderma, 2022, 408, doi: 10. 1016/j. geoderma. 2021. 115587.

FEEEM, B, R, L ORI EUK P T BCE S X K R AR
WA R MR S n s ()], R EE R, 2021, 52
(4):903-911.

Shou N S, Huang D, Wu Y, et al. Effects of silicon on microbial

community structure of rhizosphere soil of rice at different nitrogen

levels [J]. Chinese Journal of Soil Science, 2021, 52 (4) .
903-911.

FFEIR, R, B0, 5. GG A S RENE XS K 4 4%
e oA IR Fﬁﬁ/&ﬁhﬁﬁz, 2020, 33(6): 1209-1214.
FuHJ, LiXY, LiQY, et al. Effects of photosynthetic bacteria
and silicon fertilizer on rape and soil environment[J]. Southwest
China Journal of Agricultural Sciences, 2020, 33(6): 1209-1214.

Kang Y L, Ma Y W, Wu W L, et al.

amendments alleviate early defoliation of pear trees by improving

Bioorganic and silicon

the soil nutrient bioavailability, microbial activity, and reshaping
the soil microbiome network [J]. Applied Soil Ecology, 2022,
173, doi: 10. 1016/j. apsoil. 2021. 104383.

Yuan Z N, Pang Z Q, Fallah N, ez al. Silicon fertilizer mediated
structural variation and niche differentiation in the rhizosphere and
endosphere bacterial microbiome and metabolites of sugarcane [J].
Frontiers in Microbiology, 2022, 13, doi: 10. 3389/fmich. 2022.
1009505.

Zhou Y J, Tang Y N, Hu C X, et al. Soil applied Ca, Mg and B
altered phyllosphere and rhizosphere bacterial microbiome and

reduced Huanglongbing incidence in Gannan Navel Orange [J].



566 2 S 45 4
Science of the Total Environment, 2021, 791, doi: 10. 1016/. [53] Fiirnkranz M, Wanek W, Richter A. et al. Nitrogen fixation by
scitotenv. 2021. 148046. phyllosphere bacteria associated with higher plants and their

[48] Wang B H, Chu C B, Wei H W, et al. Ameliorative effects of colonizing epiphytes of a tropical lowland rainforest of Costa Rica
silicon fertilizer on soil bacterial community and pakchoi (Brassica [J]. The ISME Journal, 2008, 2(5): 561-570.
chinensis L. ) grown on soil contaminated with multiple heavy metals [54] Thapa S, Prasanna R, Ramakrishnan B, et al. Microbial
[J]. Environmental Pollution, 2020, 267, doi: 10. 1016/j. inoculation elicited changes in phyllosphere microbial communities
envpol. 2020. 115411. and host immunity suppress Magnaporthe oryzae in a susceplible
[49] Tian L Y, Shen J P, Sun G X, et al. Foliar application of rice cultivar [J]. Physiological and Molecular Plant Pathology,
Si0, nanoparticles alters soil metabolite profiles and microbial 2021, 114, doi: 10. 1016/j. pmpp. 2021. 101625.
community composition in the Pakchoi (Brassica chinensis L. ) [55] Knief C, Delmotte N, Chaffron S, et al. Metaproteogenomic
rhizosphere grown in contaminated mine soil [J]. Environmental analysis of microbial communities in the phyllosphere and
Science & Technology, 2020, 54(20): 13137-13146. rhizosphere of rice [J]. The ISME Journal, 2012, 6(7) : 1378-
[50] LiuJQ, Sun X, Zuo Y L, et al. Plant species shape the bacterial 1390.
communities on the phyllosphere in a hyper-arid desert [7]. [56] Das S, Gwon H S, Khan M I, et al. Taxonomic and functional
Microbiological Research, 2023, 269, doi: 10.1016/j. micres. responses of soil microbial communities to slag-based fertilizer
2023.127314. amendment in rice cropping systems [J].  Environment
[51] Zhang Q, Acufia J J, Inostroza N G, et al. Niche differentiation in International,, 2019, 127: 531-539.
the composition, predicted function, and co-occurrence networks [57] GaoZ X, Jiang Y S, Yin C, et al. Silicon fertilization influences
in bacterial communities associated with Antarctic vascular plants microbial assemblages in rice roots and decreases arsenic
[J]. Frontiers in Microbiology, 2020, 11, doi: 10.3389/fmich. concentration in grain: a five-season in—situ remediation field study
2020. 01036. [J]. Journal of Hazardous Materials, 2022, 423, doi: 19; 1016/j.
[52] Chen S, Wang L L, Gao J] M, et al. Agricultural management jhazmat. 2021. 127180. - i _
drive bacterial community assembly in different compartments of [58] Song AL, FanF L,|.-Yi'n C, et al. The efféi(:ls. gf-_sgﬁ;f?yil-;zer on

soybean soil-plant continuum [J]. Frontiers in Mierobiology,
2022, 13, doi: 10. 3389/fmich. 2022. 868307.

denilrific;lion potential and associated gen'és.'ﬁflyﬁn.dg.rlce‘;m paddy
soil[J]. Bidlogy and Fextility of Soils, 2017, 53(?')': 6
f I &
y ;
nll 'if. | II- ."'.f




HUANJING KEXUE Vol. 45 No. 1

Environmental Science (monthly) Jan. 15, 2024

CONTENTS

Prediction of Autumn Ozone Concentration in the Pearl River Delta Based on Machine Learning —++veeseeesrerssrrssnrsmnsmni, CHEN Zhen, LIU Run, LUO Zheng, etal. ( 1 )
Remote Sensing Model for Estimating Atmospheric PM, ¢ Concentration in the Guangdong-Hong Kong-Macao Greater Bay Area +++++: DAT Yuan-yuan, GONG Shao-qi, ZHANG Cun-jie, etal. ( 8 )
Variation Characteristics of PM, ; Pollution and Transport in Typical Transport Channel Cities in Winter “+*DAI Wu-jun, ZHOU Ying, WANG Xiao-qi, etal. ( 23 )
Characteristics of Secondary Inorganic lons in PM,  and Its Influencing Factors in Summer in Zhengzhou HE Bing, YANG Jie-ru, XU Yi-fei, etal. ( 36 )
Characteristics and Source Apportionment of Carbonaceous Aerosols in the Typical Urban Areas in Chongqing During Winter ++eesseeeseesseees PENG Chao, LI Zhen-liang, XIANG Ying, etal. ( 48 )
Analysis of Influencing Factors of Ozone Pollution Difference Between Chengdu and Chongqing in August 2022 CHEN Mu-lan, LI Zhen-liang, PENG Chao, etal. ( 61 )
Analysis of 0 Pollution Affected by a Succession of Three Landfall Typhoons in 2020 in Eastern China - +-HUA Cong, YOU Yuan, WANG Qian, etal. ( 71 )
Characteristics and Source Apportionment of VOCs Initial Mixing Ratio in Beijing During Summer ZHANG Bo-tao, JING Kuan, WANG Qin, etal. ( 81 )
Review of Comprehensive Evaluation System of Vehicle Pollution and Carbon Synergistic Reduction #«++eesseesesessressesmsnsiiiiinn FAN Zhao-yang, TONG Hui, LIANG Xiao-yu, etal. ( 93 )
Study of Peak Carbon Emission of a City in Yangtze River Delta Based on LEAP Mode] ++e+eereeeeeeesesresssienisminin YANG Feng, ZHANG Gui-chi, SUN Ji, etal. ( 104 )
Driving Forces and Mitigation Potential of CO, Emissions for Ship Transportation in Guangdong Province, China - WENG Shu-juan, LIU Ying-ying, TANG Feng, etal. ( 115 )
Carbon Emission Characteristics and Influencing Factors of Typical Processes in Drinking Water Treatment Plant «+«seeeseereeessnssiesiennne ZHANG Xiang-yu, HU Jian-kun, MA Kai, etal. ( 123 )
Distribution Characteristics of Arsenic in Drinking Water in China and Its Health Risk Based on Disability-adjusted Life Years «+«+seeeeeeee DOU Dian-cheng, QI Rong, XIAO Shu-min, etal. ( 131 )
Spatiotemporal Occurrence of Organophosphate Esters in the Surface Water and Sediment of Taihu Lake and Relevant Risk Assessment

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Cheng-nuo, ZHONG Qin, LUAN Bo-wen, et al. ( 140 )
Exposure Level and Risk Impact Assessment of Pesticides and Veterinary Drugs in Aquaculture Environment ZHANG Kai-wen, ZHANG Hai-yan, KONG Cong, et al. ( 151 )
Variation in Phosphorus Concentration and Flux at Zhutuo Section in the Yanglze River and Source Apportionment +LOU Bao-feng, XIE Wei-min, HUANG Bo, et al. ( 159 )
“Load-Unload” Effect of Manganese Oxides on Phosphorus in Surface Water of the Pearl River Estuary ++++sesserereessesrssnssnsnnsiininninns LI Rui, LIANG Zuo-bing, WU Qi-rui, et al. ( 173 )
Factors Influencing the Variation in Phytoplankton Functional Groups in Fuchunjiang Reservoiress«sseseeeseesrssrssimnmniiimn. ZHANG Ping, WANG Wei, ZHU Meng-yuan, et al. ( 181 )
Hydrochemical Characteristics and Formation Mechanism of Groundwater in the Western Region of Hepu Basin, Beihai City =+ ++*CHEN Wen, WU Ya, ZHANG Hong-xin, et al. (194)
Controlling Factors of Groundwater Salinization and Pollution in the Oasis Zone of the Cherchen River Basin of Xinjiang LI Jun, OUYANG Hong-tao, ZHOU Jin-long ( 207 )
Spatial-temporal Evolution of Ecosystem Health and Its Influencing Factors in Beijing-Tianjin-Hebei Region «++steeereesseerssissimnmniininiin LI Kui-ming, WANG Xiao-yan, YAO Luo-lan ( 218 )
Spatial and Temporal Evolution and Impact Factors Analysis of Ecosystem Service Value in the Liaohe River Delta over the Past 30 Yearg+««tsoeeeeeeseresseesreenn WANG Geng, ZHANG Fu-rong ( 228 )
Effects of Photovoltaic Power Station Construction on Terrestrial Environment : Retrospect and Prospect “TIAN Zheng-qing, ZHANG Yong, LIU Xiang, et al. ( 239 )
Spatiotemporal Evolution and Quantitative Attribution Analysis of Vegetation NDVI in Greater Khingan Mountains Forest-Steppe Ecotone ++veseereereeseeeee SHI Song, LI Wen, QU Chen, etal. ( 248 )
Spatio-temporal Variation in Net Primary Productivity of Different Vegetation Types and Its Influencing Factors Exploration in Southwest China

"""""" ‘XU Yong, ZHENG Zhi-wei, MENG Yu-chi, et al. (262)
Impacts of Extreme Climate Events at Different Altitudinal Gradients on Vegetation NPP in Songhua River Basin CUI Song, JTA Zhao-yang, GUO Liang, et al. ( 275 )
Spatial and Temporal Evolution and Prediction of Carbon Storage in Kunming City Based on InVEST and CA-Markov Model++«++eeeeeeeeee Paruke Wusimanjiang, Al Dong, FANG Yi-shu, et al. ( 287 )
Spatial-Temporal Evolution and Prediction of Carbon Storage in Jiuquan City Ecosystem Based on PLUS-InVEST Mode] «eeseeeseeessnrssnssnesiees SHI Jing, SHI Pei-ji, WANG Zi-yang, et al. ( 300 )
Soil Carbon Pool Allocation Dynamics During Soil Development in the Lower Yangtze River Alluvial Plain —eeereeeeseeesreesrissrssnisiininnen HU Dan-yang, ZHANG Huan, SU Bao-wei, et al. ( 314 )
Spatial Distribution Patterns of Soil Organic Carbon in Karst Forests of the Lijiang River Basin and Its Driving Factors seeeeereeesesesseenisneenns SHEN Kai-hui, WEI Shi-guang, LI Lin, et al. ( 323 )
Effect of Land Use on the Stability of Soil Organic Carbon in a Karst Region CHEN Jian-qi, JIA Ya-nan, HE Qiu-fang, et al. ( 335 )
Spatial Distribution Characteristics of Soil Carbon and Nitrogen in Citrus Orchards on the Slope of Purple Soil Hilly Areas««ssseeeseessrsseesnrsieinnes LI Zi-yang, CHEN Lu, ZHAO Peng, et al. ( 343 )

Effects of Experimental Nitrogen Deposition and Litter Manipulation on Soil Organic Components and Enzyme Activity of Latosol in Tropical Rubber Plantations
............................................................................................................................................................... XUE Xin-xin, REN Chang-gi, LUO Xue-hua, et al. ( )
LIANG Tao, ZHAO Jing-kun, LI Hong-mei, et al. ( )
LIU Hao-ran, XING Jing-yi, REN Wen-jie ( 376 )
(1386 )
(1396 )

Analysis on Driving Factors, Reduction Potential, and Environmental Effect of Inorganic Fertilizer Input in Chongging ***

Research Progress on Distribution, Transportation, and Control of Per- and Polyfluoroalkyl Substances in Chinese Soils

Prediction of Spatial Distribution of Heavy Metals in Cultivated Soil Based on Multi-source Auxiliary Variables and Random Forest Model +«+++* XIE Xue-feng, GUO Wei-wei, PU Li-jie, et al. ( 386
Health Risk Assessment and Priority Control Factors Analysis of Heavy Metals in Agricultural Soils Based on Source-oriented «++eeeseeeeereseseeeeees MA Jie, GE Miao, WANG Sheng-lan, et al. ( 396
Contamination Characteristics and Source Apportionment of Soil Heavy Metals in an Abandoned Pyrite Mining Area of Tongling City, China
............................................................................................................................................................... Ll Ru-zhong, LIU Yu-hao, HUANG Yan-huan, et al. (1407)
Source Appointment and Assessment of Heavy Metal Pollution in Surface Dust in the Main District Bus Stops of Tianshui Cit LI Chun-yan, WANG Xin-min, WANG Hai, etal. ( 417 )
Response of Cadmium in Soil-rice to Different Conditioners Based on Field Trials -+ TANG Le-bin, LIU Xin-cai, SONG Bo, et al. ( 429 )
Regulation Effects of Humus Active Components on Soil Cadmium Availability and Critical Threshold for Rice Safety = ««+seesseeesrersseesnrsiieenn HU Xiu-zhi, SONG Yi, WANG Tian-yu, et al. ( 439 )
Using Biochar and Iron-calcium Material to Remediate Paddy Soil Contaminated by Cadmium and Arsenic «seeeeeeeseesrsmsnsnimmin. WU Qiu-chan, WU Ji-zi, ZHAO Ke-li, et al. ( 450 )
Research Progress on Characteristics of Human Microplastic Pollution and Health Rigks «+eeeereseeessmmininnini. MA Min-dong, ZHAO Yang-chen, ZHU Long, et al. ( 459 )

Effects of Polystyrene Microplastics Combined with Cadmium Contamination on Soil Physicochemical Properties and Physiological Ecology of Lactuca sativa
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" NIU Jia-rui, ZOU Yong-jun, JIAN Min-fei, et al. ( )
Transcriptome Analysis of Plant Growth-promoting Bacteria Alleviating Microplastic and Heavy Metal Combined Pollution Stress in Sorghum ***LIU Yong-qi, ZHAO Si-yu, REN Xue-min, et al. ( )
ZHAO Qun-fang, CHU Long-wei, DING Yuan-hong, et al. ( )
Effect of Microplastics and Phenanthrene on Soil Chemical Properties , Enzymatic Activities, and Microbial Communities «+esseeeeesessssseneieenee LIU Sha-sha, QIN Jian-giao, WU Xian-ge ( 496 )
(1508 )
( )
( )
(543)

Effects of Microplastics on the Leaching of Nutrients and Cadmium from Soil

Prediction of Soil Bacterial Community Structure and Function in Mingin Desert-oasis Ecotone Artificial Haloxylon ammodendron Forest *WANG An-lin, MA Rui, MA Yan-jun, et al.

Response of Soil Fungal Community to Biochar Application Under Different Irrigation Water Salinity * ZHENG Zhi-yu, GUO Xiao-wen, MIN Wei ( 520
Effects of Organic Fertilizer of Kitchen Waste on Soil Microbial Activity and Function LIU Mei-ling, WANG Yi-min, JIN Wen-hao, et al. ( 530
Response Characteristics of Soil Fungal Community Structure to Long-term Continuous Cropping of Pepper #«+seeseeesessessesnssiinsnn. CHEN Fen, YU Gao, WANG Xie-feng, et al. ( 543
Effects of Foliar Application of Silicon Fertilizers on Phyllosphere Bacterial Community and Functional Genes of Paddy Irrigated with Reclaimed Water
............................................................................................................................................................ LIANG Sheng-xian, LIU Chun-cheng, HU Chao, et al. (1555)
Analysis of Bacterial Communities and Antibiotic Resistance Genes in the Aquaculture Area of Changli County #«++eeereeesreesrissnisniiii WANG Qiu-shui, CHENG Bo, LIU Yue, et al. ( 567 )

High-throughput qPCR and Amplicon Sequencing as Complementary Methods for Profiling Antibiotic Resistance Genes in Urban Wetland Parks
HUANG Fu-yi, ZHOU Shu-yi-dan, PAN Ting, et al.

(

Characteristics of Vertical Distribution and Environmental Factors of Antibiotics in Quaternary Sedimentary Column in Urban Areas +reeresreeseeereereseens LIU Ke, TONG Lei, GAN Cui, et al. (
LIU Zong-tang, SUN Yu-feng, FEI Zheng-hao, et al. ( 594

Comparison of Ph**Adsorption Properties of Biochars Modified Through CO, Atmosphere Pyrolysis and Nitric Acid ++eseeserseerseesessensnsens JIANG Hao, CHEN Rui-zhi, ZHU Zi-yang, et al. (

Adsorption Performance and Mechanism of Oxytetracycline in Water by KOH Modified Biochar Derived from Corn Straw =+




	22222221
	20240152
	22222222

