w % B2 W44k 8

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4 8 A 15 H

H &
2013 ~2020 q—:}i(ﬁfﬁ PM2.5'03 {ﬁ%/ﬁ{%ﬁﬁh*ﬂ%ﬁuﬂ[ﬂ%ﬁﬁ ..........................................................................................
........................................................................... HEE, 2T, 5BR, 20, ATH, H0E, Kbk, K314 (4211)
2015 ~2020 4EFRTT O, RS LGB LIET -oevvvvveveeee WoH, BE, BHH, A, TEk, REZ, BEF, FBA (4220)
FE LT ARHEIX O, 15 YRFAE A IR SRR I] T oo evveeeesesesesmsn e MEM, WY, T, Wik, TH (4231)
R =T W0 O, VSRRHERIEH T oo R, OURE, BB, KTR, Bu, BEK, HUE, HT (4241)
SEFBEUAARAIRIETTT M, 1 Oy REBHERIURL wvevreerresssssennsssnnmnniss s MAK, FEF, BE, WEMK, GRE (4250)
HF ISR B ETSRIE L e
................................................ ZAE, B W, ArE, ZEN, aFE, WER, AERE, ¥, TEHE (4262)
TG eI VOCs BT E A TARIBLIGRIM  ooeeeeeeeemeeeneees SRE, EF, A, KWH, I, K, RE, 258 (427)
2017 ~2020 AR ITHIAK TG RM LI 28 ARAURFIETIHT  ooeeeeereeeemsnne WHE, B, FRt, AR, BRK (4279)
BT I L DX K- R KK 28 AR R ORI 28 R oeereeeeeeeeeeeees PLBRR, ¥ 2, AF, AT, WEF(4292)
H PR A HOK S IR T3 s I8 A IR A A B A KR A - Wi, MEE, FE, REF, MokE, KR, KR, THE (4304)
K AR R 2 TR BRI «oeveeeereermmee e %, %Rl RAHE, THL (4314)
T 2 R 2 S TR DX H R K TG e KU T - oeeeeeeeemeeeemmen e xR, Adk, )%]5%»’(/1, ;%;gg, IE (4325)
SRBAT WA RS DRI IR e TRE, £k, HAF, Be, AFW, Kk, THH (434)
FIPETE K B U P ORI AR E v eveeremee oo BUE, HWE, REF (4344)
ST A DL 748 SO AT AT SR G GBI oo RE, tEE, R, ABE, K, ERT KE (4353)
655 DA 2 R TE AT P AR RVET IR - eereereeesemeemseomesssemensecns e X, BE KT, E, HE 4% (4364)
PSR F S 2 B A LTS S 3 IR A TR -ovveeveeeeeeeeoe R, HEH, Kbt BT, 9 (4374)
SFTTBEH A PAHS B9 A1 ST R IPAR oo Rk, Bk, MLX, B, KED, Sl (4387)
T2 X A B TR AL 22 E AR IR AT o vvveeerveeeemmessneme i FERE XK, ARAE, ERA, THEX (4397)
3F APCS-MLR 1 PMF *ﬁﬂ%*ﬁﬁ}qFaﬁi{%/A\i%ﬁ%}%@%tﬁﬂ:&%%ﬁﬁ ............................................................
.................................................................................... BlEd, DeE, UHA, NEF, TEh, 8, DL (4406)
B R DA T S RIS YT SR TRRAT S RUB T «oveeveeereeres e A, B, KR, IAE (4416)
eI Qi S (27 E S e e R R 2 A g ) IE, %%, HRE%, ZER, TEE, H/LE (4429)
B ZEALIE I PUFR R UE R (TCs) 78 LIR-FEHR ARG AT FFAE BB IEAL -+ THA, B, B, RET, RFE, §777 (4440)
$ B 7 S XAMITS Qe AR B RSN Cd | Ph, Zn RBURIRARTE oo BHE, Xk, B, BE, 0F, KR, 58 (4448)
WO SR AT T RAN TR GARMIBI e L%, BYE, AR, TRE, Akk, TR, B& (4458)
il Fe, 04/5,%1;}]ﬂi%b‘éﬁigmﬁjﬁygﬁmﬁmgim%u@ ..........................................................................................
........................................................................ EEA, BEM, THE, THk, WEE, REX, £ UE, THH (4468)
A S ST YRR LI TR B oo KW, 2B, R4, HER, HAH (479)
ENEEN st/ o0 kAR S B L2 T Y, R, BB, REA, 2R, FH (4489)
BT 4E A Wy e B LR RN 7 L-38ep Ph AL AN - KR, 3REZ, 204E, KEX, MFEK, RAS, RB#, T4 (4497)
M s R BB S e A IR LSBT AN BRI REE HURIMR -ooveevvereneeeenenenes BR, A6, B, B, HEE, AWE (4507)
B A SR T B TS =R SRR BRI -eoeoeeeeeeeeeene MR, ER, WM, RER, BE, LR, MEE (4519)
AP AR 3 Mo 2848 20 T IR B v vee e eemee e WRAR, B, T, X, &Y (4530)
MR e L A ) S R AN T S S BT AL oo Hird, Wi, AT, BE, LR, TFF, W (4541)
TE YR RN 2 W 5] 25 B A R A AT v eeeee oo KR KKE, KB, BOUR, BREIE (4554)
ME VA HILAE it A ¢ 6 KR s - S8 S B AL S0 SR AL BRIV KRR oo BE, I7F7, TRE, BT, B (4565)
B T WA FAE A R B A B R R 2k S e i) oo XAE, EHER, WA, Z4H, TN, HIF, KE, 7 HK (4575)
BORKEE B RN EEE b SE F RN BRI B oo WA, i, kT, £ (4585)
BT TR S 175 SR IRALBUBI AT -oovvvveeesss e Wotk, EMH, 24, 2TF, [T+, REE (4599)
- A 2 ) R S A e T - S TR 2 B RIBE A I TR UL woeevvvee e
............................................................................................. ERE, REE, FN, TE, FF, k5L, BEYE (4611)
F [ IR I R AR G I v veeevveevemmee s e YR, EM, 2, D, BRE (4623)
LT BRI HE A (3R 2 BUBRAMEEHLE] - oovveeerrere e, ST, KA, B4, B, HE, HEE (4637)
A IMGHESEHE T AT 254 A DR I LS LB A5 RV ALAMT oo AEE, £, &k, K%, KE, 2, B (4647)
HE P IX 215 5 R AL SHRAE R ATAL - vveeee e W, EFA, EHR, K&, FIRA (4655)
TR A A B R SRR S AV AL oo SR, AE, K, P, R (4666)
UAZ AT VU1 SRR LA LB S AL AR RN oo ELE, RMA, B8, F0U, KUk, 22F, £0F, FEAM (4679)
[ K b7 T PR O AL S R SR TS P 5 BRI oo
------------------------------------ e, T4, RS, BRE, D MAK, AWAT - BRLE, AT, EREA, SHIE(4689)
IR TR N T 13RI S R B A L2 A AR B BAII veevveereee s
.................................................................. R, REY, 2T, BTk, han, TEE, B4, B, TEE (4698)
R S 2 ) M B AR BEREE v ovveenevnesssnnie B, BB, SRR, MM, D%, EKH (4706)
B T SR N T S aTE ey 2L T Qe BT, DAE, hAF, REE (4717)
R L B TR B AT BT IT IR +vveereee et
...................................................... kAT, NER, L, REX, TLME, %%, €580, 2%, BNF, i (4728)
C DS DR s 1€ Z TRk ip AN i S Aok, Rk, 240, BEM, KES, 2E4, BT (47142)
B4 B A TE AT TR LK A BIIITHER  cveeeverermr e B, B, P, RAL (4751)
Z BB Y RS RS SR TRALAD B RAPHT v eevveerreeree e i, T, BREE, HEW, B (4764)

(HEEREVIEIT R H(4230)  (BRIERM)MERIRING (4303)  {55.(4506, 4678, 4741)



J'E!.
A= £7 N = 5443 B8] 20234881

Eco-Environmental

Knowledge Web Environmental Science Vol44,No.8 Aug.,2023

UK ETR R E IR & ik L BB AN = B
RIS

XUAY, i, SRR, 2!

(L. W%ﬁ%ﬁﬂﬁ%ﬁl L?i?f(@m]:ﬁ%ﬁ)t, IEANERE 0100185 2. NS VI R AZRIF# B, PEATIERE  010022)

WE. ey R AL R B Rk GO IR ARIE S IR Hhite fin f3 A= 9 e A0 2 22 4 ) OR300 3. IR IR 3 T
EREX R LAMIAC R 36 s A, AR USUK E IR A T 15 B N AS TR 2 W T I A FL (4500 kgekm ™) | F2(7 500
kg-km ™) | F3(10 500 kg-km ~>) FITCHAL (CK) X 4 AALBE BFFTHIRC 4 S8 A B0 (PRI | SRSTi R B vk
) AT A= T T it P e ok L B ER g 1 L K3 pH B, FROPFNANTEREK I S2 M. G5 R R W] AL CK, FI AL 2 AR TR
2AEFEMI Na® # 8 (P <0.05) 1 F2 F1 F3 ¥ 0 BN T I Na® F (P <0.05) , FIFRK 33. 66% F157. 98%; F3 3
RE T EETE M S KE(MC) , AL (OM) | WA (AN) M (AP) Fr& (P <0.05). Mifd A & B, F3 1)
Shannon 8405 CK 485 T 4. 41%; HHERFGE T HATE & 1T, SRR B8 TV RIBCZ A 1], DR 3 B Sy 345 i B M A1 R {1 B 1
o IR XA BRI ARV o ) DR 2 S R AN o SR 2 R S PR 2 B 200 0 15, 07% F1113. 16% it AL Ak P + 45
LT TS S RE AT SRR RE , b F2 (RN B B MLALAH OGS T (CCA) 25 2RE3R W] MC | Na* #TOM E%unﬂﬂ[ﬂ
FIA 2 B B R 2 A DG HE A 7R MC RN 2 ] 22 35 IEAHOG (P <0.01) , Gp6 FITAN 2 1 35 IEAH G (2 <0 O1 Yot
CK, F3 REBAEAF NN T Gpo HOMIXTF 5 DRl ekt 25 1 mwk{ééfﬂﬁr@ﬁﬁlo 500 kg-km " 29@1&%%@5&@3
YUSHEDNIIITE 3 1 S S N TR £ | e e 241 TR S F RN | ?Mﬂvk;zéﬁl Fﬁ'ﬁnfﬁﬂﬂifgiuﬁi%

SO KN BUEWIEE: S ek, ARy . W
EPIH : X172 Irﬁﬂmﬂﬁ% A XEHE, 0250 }301(202320&-4585 14 DOI; 10: 13227/} hjlé. 202210178 F

i .' oy '/-‘ = _.-' . =~ s J‘ = -"" - -.
Effects of Mlcroblal Fertll’l'zer on Physmochemlca}l Propertles and Bacterla'l
Communltles of Saline Soil Under Bracklsh Water Irrlgatlon F

LIU ¥ue YANG Shu- t]lng , ZHANG Wan- feng LLOU Shual ‘ A
(1. Colfege of Water {Conservancy dnd Civil Engineering, dnner Morfgo ia Kgncukmd University, Hohhot 010018, China; 2. Torism College of Inner Mongolia Normal
University, Hohhol 0100225=China)

Abstract; The improvement of saline soil with microbial fertilizer has numerous advantages including high efficiency, green environmental protection, etc. At the same time,
applying microbial fertilizer is an effective way to safely use brackish water. Based on the moderately saline soil in the Hetao irrigation area, four treatments of F1 (4 500
kg-km ™), F2 (7500 kg-km~>), F3 (10500 kg+km ~*), and CK without microbial fertilizer were applied under hrackish water irrigation using Lycium barbarum as the
indicator plants. The aim was to study the effects of different microbial fertilizer application rates on soil ions, soil moisture content, pH value, nutrients, and bacterial
community in four key growth stages of L. barbarum (flowering stage, fruit expansion stage, full fruit stage, and deciduous stage). The results showed that, compared with
that in CK, F1 only significantly decreased Na * content in the first two growth stages (P <0.05) , whereas F2 and F3 significantly decreased Na ™ content in the whole growth
period (P <0.05), with an average reduction of 33.66% and 57.98%), respectively, and F3 significantly increased soil moisture content (MC), organic matter (OM),
alkaline hydrolysis nitrogen (AN), and available phosphorus ( AP) contents (P <0.05) during the whole growth period. Tn the flourishing period of L. barbarum, the
Shannon index of 3 increased by 4. 41% compared with that of CK. The dominant bacterial phyla in the soil were Proteobacteria, Bacteroidetes, and Actinobacteria, and the
dominant bacterial genera were Sphingomonas and Pseudomonas. The most abundant functions of bacterial communities in the study area were chemoheterotrophy and aerobic
chemoheterotrophy, with an average relative abundance of 15.07% and 13.16%, respectively. The application of microbial fertilizer increased the chitinolysis function and
chloroplast functions of soil bacteria, which F2 increased to the highest degree. Canonical correlation analysis (CCA) showed that MC, Na ™, and OM were important factors
affecting the composition of the bacterial community. The correlation heat map showed that MC was positively correlated with Planctomycetes (P <0.01), and Gp6 was
positively correlated with AN (P <0.01). Compared with that in CK, the F3 treatment increased the relative abundance of Gp6 and optimized the community structure during
the growth period. In conclusion, the application of 10 500 kg-km ~> microbial fertilizer ( 3 treatment) under brackish water irrigation could significantly reduce soil salinity,
increase nutrients, and improve the diversity of the soil bacterial community structure, which is conducive to the safe utilization of brackish water and the maintenance of soil
ecological health.

Key words: brackish water irrigation; microbial fertilizer; saline soil improvement; bacterial community; high-throughput sequencing
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i ﬁiﬁgq ﬂ‘ﬁﬁ MC/ %" f__.-pﬁp ®(OM)/mg-kg ™! ®(AN)/mg-kg™! ®(AP)/mg-kg!
Fa " CK 19.48 £0.78¢ 7.85 +£0.020a 7.34 +0.55¢ 57.57 £0.47¢ 51.00 £4.32b
ﬂ‘ﬁﬂ;ﬁ F1 20.47 £0.21¢ 7.74 £0.017b 10.91 0. 82b 79.32 £0.72b 60.00 +4.28b
F2 22.08 £0.21b 7.56 £0.044c¢ 12.49 £0.70b 89.55 £0.28b 72.50 £3.48b
F3 25.59 £0. 14a 7.55+0.061c¢ 16.83 +£1.28a 152.98 +16.35a 130.00 +18.04a
CK 18.62 +0.11¢ 7.57 £0.052a 7.53 +£0.59¢ 44.78 +£2.54¢ 42.25 +£5.00b
B F1 18.72 £0.13¢ 7.50 £0.068a 11.73 £1.07b 57.57 £1.44¢ 47.00 £5.31b
F2 19.56 +0.36b 7.45 +£0.102a 14.21 £0.70b 83.71 £5.42b 53.75 £7.65b
F3 20.74 £0.20a 7.43 £0.046a 17.98 £1.33a 137.42 +11.86a 81.67 £4.23a
CK 19.98 +£0.21d 7.65 £0.042a 9.21 £0.27¢ 32.41 £3.98¢ 35.50 £4.60c¢
A F1 20.46 £0.13¢ 7.61 £0.021bc 12.17 £1.07b 44.78 +2.33¢ 37.25 £6.30bc
F2 21.04 £0.07b 7.50 £0.074bc 15.31 £0.24a 70.36 £8.17b 51.00 £4.82b
F3 24.38 £0. 10a 7.45 £0.044¢ 16.85 +0.54a 96.59 +7.72a 74.50 £5.53a
CK 21.59 +£0.05d 7.72 £0.059%a 7.18 £0.27d 39.66 £2.33d 10.40 £1.55¢
S F1 24.91 £0.07¢ 7.63 £0.051ab 11.50 £0.57¢ 71.17 £3.12¢ 11.90 +£1.40¢
F2 26.18 £0.09b 7.53 £0.059bc 12.93 £0.33b 84.44 £2.13b 26.50 £3.75b
F3 27.11 £0. 19a 7.44 £0.035¢ 14.21 +£0.33a 115.14 +£8.55a 37.25 +4.48a
1) [l —AE & BRI [ /NG R 3R db B ) 25 5 i 35 (P < 0. 05)
BE(P <0.05), BEFEIE T LN, BRI A FA I3k

WIR) pH E (P <0.05); LA, F3 BERE T 24
HHIM AP & (P <0.05) , F2 16550 R 3 e
T AP (HARRF| B EKF. F1 BERES T 247
B OM(P <0.05),#&m T 24 F K MC, AN F1

P, AR T 4% pH . F1 438 T A R 48 bR 7E 3843

2.2 hIEMNE LR

R T fi Rt A - A TR U 4 R, B X 97 %
AU 19 e 90 347 R 2 22 1 Venn & (A
2). WUBUKHERE T A Iﬁji B OTUs METES 392
~6 65522 [a]. FEJFAEW], CK . F1, F2 1 F3 Yy OTUs
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HEUT 513007, 3877, 4 109714 830, £5 4 OTUs
Bk 211, 646, 375 R 761 A% CK, Jiti AT Ak 38 247 3
T OTUs SEAERA OTUs %, H OTUs &3 b it
FEL- 54 48 o0 T 8 o, S5t A A L ) A e e 28 8
TERSLRE KW, F3 554 OTUs Bl £, & T CK 1Y
32.09% . TERH),CK | FL, F2 FI F3 ) OTUs %%
535043 869 . 3697 . 3593 F13 636, CK Y OTUs
B 5 T AR AL B ZE TS F3 R OTUs %k

F1 F2

(a) JFHEM (b) LRI

%22, 20 593 1d I R 1 fd A A T IS it ) 2 o) 400 R
RETE SRR

4 M EE R ASIE B 1] ( Proteobacteria ) | 17 2%
I"J( Planctomycetes ) . LT 5 ] ( Bacteroidetes ) FIji
2R 1] ( Actinobacteria) /&34 OTUs A% F i
I'], Synergistetes J& F1 Fl F2 Jr 58 A 0 &[],
Diapherotrites +& F1 Fl F3 Fr £ A 1 & 171,
Woesearchaeota J& F2 1 F3 FrfeA i .
F2

(c) ESI
B2 AE4IE OTUs FEEE i

(d) FEnii
] ® f ,.,,J" uf

Fig. 2 Venn c.l‘?giram of OTUs with different treatmqeﬂ'I

3 R FIRUSOKHERE AR SR
R 2 fi?‘é%ﬂt Tﬁ?ﬁﬁ.; Ffﬁ@ﬂﬂ%g*pu-.
Chaol—j’a A S,hanncrn ERIE iﬁﬂﬂ'iﬁl‘%}‘ E
Chaol %;ﬁzﬁgﬁh@n TR CK J’%JE
92Wﬂf%§ﬁ %@@w@mmqm&ﬁ%ﬁ

52 fy Chiol #6505 T CK 1) 0. ,50';%,&&41]11@%%@ |

@mimcmqﬁﬁpﬁ$cwﬁﬁmm&gxﬂ
A B D Chaot 5080 A0
Eﬁ,FZ ?ﬁ F3 Lfiﬁ'ﬂ’] Shannon $§ #4391l & F CK A9
0.64% Fi 2.86%, 1€ B B 1), FI FI F3 4b 3 f1g
Shannon 550583 T CK f9°0. 94% F1 1. 10% , 2 Ff

PEFRBOR WA 5 5 BRI 5 BE B 25 5 48 A, I AL Ak
£3 MIEAREEHLERE T EEHEHNMNSFEEY
Table 3 Richness index and diversity index of soil bacteria

in different growth stages of Lycium barbarum

IR SRR

2 b
L E =] Jifi A b 3 (Chaol) (Shannon)
CK 2960. 99 6.26
F1 3273.43 6.35
AL
1) 3810.27 6.63
F3 3891.40 6.84
CK 2509. 67 6.29
. F1 1841.02 4.94
SRR
2 2392.56 6.33
3 2444. 67 6.47
CK 3151.52 6.39
F1 2941.57 6.45
BRI
2 3009. 24 6.08
F3 2968. 00 6.46
CK 3100. 81 6.70
F1 2768.35 6.24
&
2 3116.37 6.36

F3 2984.17 6. 67

ﬁﬁMTzﬁﬁhﬁu%mMEmiﬁM?rgé
R ),

ﬁKn aywmy &?mwmﬁmﬁ%m
LT S R AN (PCoA) . 25 R 11
EEZ e 3).cRC1 i PC2 %%iﬁ%
514 29, 74%%11‘12 579, Bt Tk N 42,319 . 4

**@WT%M@%@wme?%@ﬁ%@mﬁ

22 B (ANOSIM, R=0.1814, P<0.05).
2.3 TIEMEE AR
MRS AE B P Y A i e A I ) 39 AT

AW

- FHEN

o LI
e R
.+ R

02 |

PC2 (12.57%)

-0.25 0 0.25 0.50
PCI (29.74%)
3 FAEEEHENHMEDE R TEMAE PCoA 577

Fig. 3 PCoA analysis of soil bacteria in improvement

treatments at different growth stages
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AR, TSR HEE T AN R A 4 TR R e P 2 1)
BT KOF 20 B VR AL RS R AN TR 4. SF- AR G
FERE T 10% MBI 2N T8, 2 B34
BT IRV IR B AR AR AL, A58 h DL A B 2 T T
I7(33.21% ~ 48.35% ), AT W ] (6.16% ~
19. 45% ) ML TR 1] (4. 88% ~ 12. 57% ) . JF L itE

Proteobacteria
Planctomycetes
Rhodothermaeota Firmicutes

100

b
80 | 'D"}l P
ki I
.'\“\'%'\ s
5 &
= 60 |
8
-
J.‘?
E 40 |
20 |
(a)
i}
CK F1 F2 F3
100
y Hy
g0 | : B
2 a0 -
=
o
“._‘?—-
E 40 |
20 |
(c)
0
CK Fl F2 F3

Bacteroidetes

Gemmatimonadetes

JE AL A A TR T TR X 2 BE 8 CK 3 T 11. 89%
~42.02% , A 52 g KA 22 v w19 it IS Ak 38 i) A5 T
P THXTERE R CK 3G/ T 1. 75% ~ 16. 27 %, B %
SR it FIES Ak L P LA B T AR N S R CK FBEAR T
3.34% ~61.28%.

e KR B TR AL R S s 24 F

Actinobacteria Acidobacteria

Verrucomicrobia Chloroflexi
others

100

80
£ 60 L
=
Z
E a0 L
20 L
(b)
i]
CK Fi F2 F3
100
g0 |
£ 60
=
i
4=
=
E 40 |
20 b
(d)
]
CK Fl1 F2 F3

(a) JFAEH, (b) REEARIM], (c) BRI, (d) 04
E4 AESEETKENBEDENEE

Fig. 4 Relative abundance of microorganisms at the phylum level for different treatments

PN i A A 3 A R e A R A I R R
( Sphingomonas) (1.43% ~ 4.93% ) FIE ¥ it 1 J&
( Pseudomonas) (0.80% ~ 6.10% ). ¥£ H £ 1, F1 |
F2 F1 F3 BEH10 T #r#8 Z BEAT B ( Novosphingobium ) B
AEXEFBE  AHEL CK 20534 0 T 68.91% . 429. 15%
F1391.92%; TEARLMG R, F1 AN S A7 50w F 2
F 3K B T 2R [C T J& ( Rheinheimera ,13.32% ) . W54
B FF B ( Sphingobacterium, 5.94% ) . 75 ¥ 1 J&
( Erythrobacter, 4.45% ) H 3 # B @ & &
( Stenotrophomonas ,3. 54% ) , i CK, F2 Fl F3 4t B
A UL BRI RS EEARF 0. 2% ; TEBSRIN  F2
AL PRARAPAT 3 & (Arenibacter) BIAENT FEFE R 5. 71%,

T CK(0.01% ) . F1(0.19% ) F1 F2(0.17% ). It
Hh HEE CKL,F3 754 NMAEF NN T Gpo 1A
XFERESEYHETN 102. 73% 5 76 5 5208 K9] g S
W], AH% CK, F1 H4790 49. 85% ~ 429. 36% K JE % +T
W J& ( Pontibacter) FIXF=E 1 ; 78T AE A A0 A1
B CK, F2 ¥ 0 39.91% ~ 41.87% W) ¥ #T @
( Lysobacter ) FXF £ .
2.4 TIEANEE FAPROTAX ZhREFN

ARWF5E R F FAPROTAX Xof 4 3 41 i B 75 AT
IR AR, 23515 49 Fhahfiesr4a , eEA X
FEERT 0. 1% MIhAEVE R FE O BEA R 645
F27 A (E6) . BRI T i A 4 g A s £k
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unclassified Psendomonas Sphingomonas Pontibacter
Gplo Gpé Streptophyta Flavobacterium
Lysobacter Salinimicrobinm v Novosphingobium others
100
80+ \
!fzflg\\
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= 60 |
=
=
= 40
20 F
(a)
0
CK F1 F2 F3
unclassified Sphingomonas Pseudomonas Lysobacter
Arenibacter Flavobacterium Gph Gpli
Salinimicrobium Aequorivita Pontibacter others
100
80 +
=60k
=
=
E 40
20 F
(e}
0
CK Fl F2 F3

AT HE 2

HIXEE 1%

unclassified Rheinheimera Pseudomonas Sphingomonas
Sphingobacterium Ervthrobacter v Gpb Lysobacter
Gpll Pontibacter Stenotrophomonas  others
100
R0+
i
o
rpren
60 a0
40 +
20 +
(b)
0
CK F1 F2 F3
unclassified Sphingomonas Pseudomornas Streptophvta
Gpl0 Gph Acinetobacter Gp3
Pantibacter Chiryseolinea Gp2i others
100
80 [ 1
if I &
1 AN a7
\;‘,\.3{; iy
60 |- i
40 -
20
(d)
1]
CK F1 F2 F3

(oY FEAEIN, (b)Y, (o) BESEIN, (d) 5011

E5 ARLGEERKFENHBEDENEE

Fig. 5 Relative abundance of microorganisms at the genus level for different treatments

AN D) g £ Z R IR BE 57 5% (15. 07 %, A%
FH, TR M AL RE T 57 (13. 16% ) . BLAk, 4B
FERILI B = 1Y N G AH SC T RE , A iR I8
JEAE R (1.03% ) . W ALAE ] (0.84% ) . AW 1
(0.78% ) FIRHERERIFI (0. 77% ) %5, i AT Ab 35 PR AIK
T A EALBE IR TN RE BRI X R B, ELR i AE I £ |
ZIIRE AR R 2 F2 1 F3 AR T fRfE
FEFE B A X BE, 4y M BEAR T CK Y 2.83% FI
20. 99% . JLAE AL BRI N T LT B4 D e A sk ik
IHEERARNT 2R Hoh F2 A8 in B A v, 40 1) b
T CK 19 89. 11% F1301. 30% .
2.5 BN TS AN RIS AR A e

X} OTUs 4l 47 2% 1 (DCA) |, 2538 1
ANHER Sl B KR B B Oy 4. 14, SRRk M AR AR
Y IAAE SC AT (CCA) FH T IR 8253 #r. 18R s Al
5 OTUs K-F4NHE Y CCA &5 K 7, 55— £ 5
X 1K A0 B R IE 7 22 A8 R oM 17. 41% 565
TR RN 14, 87 % , WGl i R AR S

32.28% . KL 7 ATLLE Y, 555 1 HEp Sk Ot
ROFREE R 7 MC(r =0.5574, P<0.01) ., Na* (r
=0.4221, P <0.05) Ffil OM (7 =0.3784, P <
0.05) , LI DL b R85 A 5 240 T B 9 2 Al LA b
EAR G 25 T A RV AL R R R

i3 Spearman AH 5 M B E] 3 B 4 IR EE Ak P4 R
XPAS R A B8 A SR 20 B ) KT B 2E B ) s i), <]
8(a). MC 5M#TF T ] ( Acidobacteria ) &% 25 1 ]
( Chloroflexi) % B FIEA (P <0.05) , SR W]
BRFEMIL(P<0.01); AN 52 2F
IEAOE (P <0.05). Ca" ST T RIS T ] 5
WEMMAE(P <0.05),80) BTFS5MITHENTED
FHAMIE(P <0.05) , Mg’ " SR b 1 T RE g 1]
( Verrucomicrobia ) & i 3 IEA & (P <0. 05).

M1 Spearman 5 #4443 BT A 3 B Ak P R
XS [ A B A 38 240 B i KT B 2H R () 5 i), 2 €]
8(b). WA HAMIE 5 HCO; 2 WFHIEAMIK (P <
0.01) , M. f¥§ 1k 24 B0 15 ( Streptophyta) 55 HCO; 5 4
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1k #E H: 38 (chemoheterotrophy)
4 fkfE 5 3% (aerobic chemoheterotrophy)
56 4 PR (nitrite respiration)
ATEHE 4 % xylanolysis)
| LB /b A (predatory or exoparasitic)
Je# 3 (phototrophy)
JEHE H 3E(photoautotrophy)
Fo K & H FE(anoxygenic photoautotrophy)
SF e 4 i cellulolysis)

38 3 (methylotrophy) '
404 (methanol oxidation) 2
FR 3 4 fit(ureolysis)

1 S 4 Ak (dark hydrogen oxidation) 1
14 & 4 {k{ aerobic ammonia oxidation)

¥ &k & P A% (aromatic compound degradation) 0

4800 A% £ % {k (aerobic nitrite oxidation)

A1t P 27 4 di(intracellular parasites) I =9
#2 #5# fit( hydrocarbon degradation)

hAF 4 sk 4 (animal parasites or symbionts)

N HEFT A H§ I (human pathogens all)

JLT J 43 B chitinolysis)

M-k (chloroplasts)

T4EAE Bl (nitrification)

i B (fermentation)

TR 35 J5 £ H(nitrate reduction)

SEFEUE (nitrogen respiration)

Tifj R £5 R (nitrate respiration)

CK
o = il
l f*‘ﬁ B sl mempdn
/_J Fig. Prediction of FAPROTAX flinc 1

ra 1w/ I

CCA2 (14.87%)

-0.6 =0.3 0 03 0.6
CCAL (1741%)
7 TEEMEEETE OTUs K5 HEREEFH CCA S
Fig. 7 CCA analysis of soil bacterial at the OTUs

level with soil environmental factors

FMAE (P <0.05),5 Mg*" R FIEME(P <
0.05). Gp6 5 Ca’* B B EHAE(P <0.001) ,5
SO, BREMMAEK(P<0.01),5 Cl- fitiE4eH:
HEDEAME(P<0.01); Gp6 5 AN 2 B EIF
HHI(P<0.01),5 AP F1 OM 2B FE EMH (P <
0.05).
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