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Effects of simulated nitrogen deposition on soil microbial community and
functional potential of phosphate-solubilizing microorganisms in a subtropical

Castanopsis carlesii forest

XIA Yun'?? XU Linglin"*?,YANG Liuming' >, YANG Zhijie">” ,FAN Yuexin">>* | YANG Yusheng'*”
1 School of Geographical Science, Fujian Normal University, Fuzhou 350007, China

2 Fujian Provincial Key Laboratory for Plant Ecophysiology, Fujian Normal University, Fuzhou 350007, China

3 Institute of Geography, Fujian Normal University, Fuzhou 350007, China

Abstract: Phosphate-solubilizing microorganisms are the key factors in driving phosphorus ( P) cycle in forest soil,
especially in subtropical forest soil where P is scarce. Although microorganisms are sensitive to environmental changes, it is
still unclear the changes in microbial function and their effects on soil P cycling in response to nitrogen (N) deposition. In
this study, a long-term N deposition experiment platform was established in the Castanopsis Carlesii natural forest at the
National Research Station of Forest Ecosystem and Global Change in Sanming, Fujian Province. Through the 16S rRNA and

ITS-based high-throughput sequencing and PICRUSt functional prediction methods, we investigated the effects of N addition
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on the community and functional potential of phosphate-solubilizing microorganisms in the soil. The results showed that the
N addition significantly increased the available N content of the soil, but significantly decreased Resin-P, NaHCO,-P, and
TPo, indicating that N deposition altered the soil nutrient balance and aggravated soil P limitation. In addition, N addition
significantly decreased the abundance of phosphate-solubilizing bacteria such as Rhizobia and Burkholder, while increased
the abundance of phosphate-solubilizing fungi such as Penicillium and Aspergillus. The prediction analysis of the function of
phosphate-solubilizing microorganisms by PICRUSt also further revealed 15 genes that are capable of encoding
phosphatases, the abundance of genes encoding enzymes such as acid phosphatase, alkaline phosphatase, and phytase
increased significantly after N addition. In conclusion, N addition induced P limitation in this subtropical Castanopsis
carlesii forest. The increased phosphate-solubilizing fungi and the associated increases in phosphatase genes might be
beneficial to organic phosphate mineralization, which may act as the main microbial mechanism driving soil P transformation

in Castanopsis carlesii natural forest under N deposition.

Key Words: phosphate-solubilizing microorganisms; phosphatase; high-throughput sequencing; PICRUSt function

prediction

Bt BRI il L 2E S RGN 72 T B SRR 40, e R PRl S R i IX | ol T 3 v XUk, R 43
PR E AL E , FBOZ X I AR 2 R G5 AEAE R R A S ARG XA 2 4 R fe ™ Y A
DR IX 2 — | K I U A UEE 1 A 25 R G0 00 U P17, 0 — 25 Jin i S0 3y 2R AR SR B 1 2, BT
JELIE ARATCRE T Sl J 2 sl AR K JCTRAE AL, X6 F0 00 I RS R AR 7 I n e 3 1 42 3Rk A8 A BAR 2 5

e A W e BRI AR v R SR T A R R IR h R IR R A R SRR L Hoh RS R
B 437 s OC AL AR B, 328 11 4 0 - Wi A kb O B i R el 9 . BRI 0 4 B iR T
MEREY B RN II6E, BRI EE ( Pseudomonas) AH 7828 /R84 J& ( Burkholderia ) 2 05T 1 &
( Bacillus) JF1FH# & ( Enterobacter) JXSCIKH & ( Erwinia) VY F5 & (Serratia) AT & (Acinetobacter ) Fll
I8 B8 & ( Rhizobium ) %35 A VSR (T REC7 L 554 pai 2L, 050 F0 1T (W0 35 1T (Aspergillus ) R 85 R
( Penicillium ) ) FIRE BLAG WEALBEAORE S . O A BF98 & B0 RUTRE 23 U b M RE 7 4540, I 3 4 BRI 119
Meta J3HT & B ) U I 2 B A it 2 0 26 0 e RURES o e A i A ' o A, 53
S, R IR T O R SR ([ LA T A AN B R A R LR ) R R R
5T R B RS N A A + SR E B VE 2540 U A RO X6 = SR 2 W T 45 ) 1) 5% T S A7 HE AN
EPE,

T8 U TR T A DL LR R W A W IR BN 1 IR A R e IR A M R R R
IS A [ T A ) i o R S AN — 80, 85 AN [ % 81 %) Al A 0 O R R 1) R T R e A
FEZESNT . — A BRI B R R R T B BRI AR R, R L3R S 55 e (4 3 SR A
R 3= ok [ etk AR ), 7 2R DL L& b 2R e, TR R R 7 . A TR o R B R
(7= R BT A AU & i pH (AR YRR IR TR AR e, B T & St AUS A
WA R I A 34 0 -5 DT IR - SRR BRI A 56 (ELt A R 92 S B AR I At W 2 I 114 5 i P = B3 IR
W57, B AN T 52 AR -3 v i R il 1) 43 WA I e 1 i BR R (B i 1 S2 B BRI - S rh R e
RS T W A AR (IR | GO RA e 75 2 1 v ol 2 I 174 2% ek L e o 6 Sl 2 114 7% oK
G BEBR I ATERE o A, CA WS 32 B30 3 I S PR ol 2 it A O R T L % gt TR T 5 Tl 0% 1 1 722
AERAE L SR AV 7, 55 LA R Il | Wl P il St R I Bl A LB b 0 DG SR A I, %o - Sl Ak +
SYEEEL AH R TXERL B, H e i RS2 PR AR AL DL R S T T, R BUBER s 1 S T AN [R] B R
RS B B, B AR s B2 T Y248 Langille %5 (2013) #2449 PICRUSt ) i Bt T B4R (3L T %8
MRS 2 AT R G E (N 3 I 7 R R AR ) F ) BE A I AR 09 B i, T 2 Bk PR AH Y D RE 4
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R AT TR R R B A D B A XS AR Ak, R4S PICRUSE ZHAE TN JC 5 FAE 38 W T36 P 10 26 %o B0, (5
AT PR - R Ab 2 At L DR ) AP R T S B AR (5 R, ) 2 3R A - Wl R I 1 R SR P A B T 8 R s
W b RN IS T3 SRR IR A e LB

AT GT BB AT BRAR TRV 1 SR AR AR MO G2 X G2 ARFE I DT BN 52 - F5 |, i 5k
16S rRNA Fl1 ITS Wl JF , 454 PICRUSt DIREFHIN T B , 58 AU IIORH I P4y AR - S8 e il o A= W i s 2 B Ay
REWS 1052, BTESE R A DIETT 50T, K8 T IEEL A0 0 SIS A W 2 LA S AR A AL 73 e 1Y) 32 S IR
Bl RN, A BRAR LD T 5K 2 S BRHE FRMR - SERE G 0 1) A W 2R R B2 A U 45

1 #eFnrEE

1.1 AR IXHEN

RIGFE A TR — I MAE S R G5 2 ERARE E 5835 (26°11'N, 117°8'E) o LKA KSR MR BIF 52 X)
S E KA DTRIM A H, AEHAS IS S5 A — 350, SR I BEALIX H T, AR Ry AR DR i 75 5%
fl#7 38 kg N hm™ a™ ') S E X (CT,0 kg N hm ™2 a™') fK%(LN,40 kg N hm™ a™") Fl#5 % (HN, 80 kg N
hm™ a™')3 NMEEE, BEASAE 4 AR, R K/NA 20 mx20 m, B2 Z (B PVC ARSEF TR, 1% 10 m
DL b, 2012 45 11 AFFER, B H A ILABHE NH,NO, R 075 2, AT BRIMINZK B 52, X6 BEAE T WG
G EETK,

T 2018 4F 4 A L H45HL0—10 em A1 10—20 em 2K HFE AFHEEHIBENLE 5 SRS R RER L
BRE S VK AR it A i [T 9200 = K 6F 5 2 mm 5 20 8 = A0, — &R A3 CEE - 20°C VKAE IR A2, F T2 DNA |, —
BRI 4°CUKFE IR A A T E DOC A4 B B 5F 4845 ; 73— 70 B AR FH T T 39l 20 o A H:
fhIEA PRI IR BR
1.2 3R A e

145 pH SR BB AR FE AR (LKL 1:2.5) Hilllig . I AR (SOC) FIA 2 (TN ) 2K HH i il A Ak i
FIH B BT R 43T ( Elementar Vario EL I11; Elementar, Langenselbod , Germany ) #ll 22 . 7] % #4453 #L#% ( DOC)
KHEE TR (AR A 4:1) FIH TOC 2L (Multi N / C 3100, Analytikjena, German ) Jl5€ , K
0.5 mol/L 1) KCl ¥=24& +FE 5 HIZE 2237 51 70 M X ( Skalar San++, Skalar , fif 2% ) I 5 38 A (NHE-N) FIRS
A (NO;-N) &4,

1.3 LIgEwkdlsy

M Hedley (1982) %545 LA K Tiessen FI Moir( 1993 ) Bt i I - H 7 325 54 0 2 3w 20 4027 K
AL A IR R AL (2 em x 3 em) BY BB 5 52 4 B 5 B 4%, 0.5 mol/L NaHCO,,0.1 mol/L NaOH
1 mol/L HCl ¥4, I 0.1 mol/L NaOH ¥ ¥ 8 3 /1 75 9 7 12 #2159 1) NaOHs ¥ W& . i FH Ui 2 43 BT X
(Skalar San++, Skalar, fif > ) I & £ R 2 B Fh JCHLEE (P1) BUMEEE . T 0.5 mol/L NaHCO,,0.1 mol/L NaOH
FI1 mol/L HCIIZHEIR , FH VA Bt IR 1 oy SR TH B AR B4 1= S8 W 10 B (TP ) , A3 MILIE (Po ) Wk g A B2 B 1
TP 5 Pi W2£{H., Klotzbiicher %5 (2019) &3, HA Fi P2 BUE R (1 HCO,JE 3K B B 728 #eb fig AN ki
SE T T AN A YR B BB ALY L TR, K Bl 4 43 J) 43 oA BRI B ( Resin-P ) | NaHCO, 42 U
(NaHCO,-P) AT 42 BUA HLBE (TPo, NaHCO,-Po ,NaOH-Po ,NaOHs-Po 11 HC1-Po [ 5 F1) 5 ] $2 BOCHLE
(TPi,NaHCO,-Pi NaOH-Pi NaOHs-Pi Fl HCI-Pi [1)5F1) .

1.4 DNA #£H PCR §"# 1 Tllumina MiSeq ¥

M=20°C fif £ 1 5 4 43 AR B 0.25 g #F &, 13 F] MoBio PowersoilTM DNA 43 254 %) & ( MO BIO
Laboratories , Carlsbad , CA,193 USA) $2 U= 97 DNA |, SR J5 1 FH 1% B 35018 B %8 12 B, K A1 Thermo Nano Drop
One 4366 E T (ND-2000, Thermo Fisher Scientific , Waltham , MA , USA) XT42HU% DNA #47 ]tk AE &, LU
i B 10 1510 DNA AMEAHGIEFT PCR 9748 (A5 9140 341F/806R Al ITS1F/ITS2R 4359 B4 41 & 16S rRNA
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BEFNETE TS X, P340 F8:94°C WIHAZEME 5 min, 2RJ5 94°C 30 5,529C 30 5,72°C 30 s, 7E 72°C N &Aif 10
min, e J57E 4°C T OR$F, HBENF Ik, BAHEAR 3 AELE I F—FA D PCR Y 17IR &, i H] Mlumina
Miseq *F- 5 ( Majorbio Bio-Pharm Technology Co0.206 Ltd.,Shanghai, China) ¥ PCR F=# 17 4b BRI w4k , IF-ff FH
QIIME F2 /5% 3 X 81 A7 F o i
1.5 ZdkabH

Y0 e A5 2] 4 F2E PR PP 0 R4 7 S s Rt 3, 5B < 200 bp AYFF 51, 435I STLVA F1 UNITE 0 4 4
SEEMEE Y S 18 97% AL EE K T 85 A1 AL 5 51 38 2 0 #1443 25 BT ( Operational taxonomic unit
OUT) , f#i Jil Microsoft Excel 2016 FIFGET 14~ OTU fAHXT = B 15 5 LA BB W 7 TR K P19 40 2605 B
K FH PICRUSE Ly i 0044 2 R 6 itk 260 Ak 380 e 1 56 D) = B 19 22 Ak, 28 5 1 BLAST JE A - Bl ik L X
KEGG $td P AT IR R o (] R A% psych” 43T A 55 IR 1 5 i Wl ol A= 40 IS Pk A AR Sk, O
B ggplot2” E i1, SCrh = 2EAH DI R.4.2.1 ZKAFF Origin 2018 #AF5E S TH A Al 14

2 RS

2.1 EHERE PR

HiEU 133 pH 5 FRE#E#(P>0.05,56 1), 55 CT HilHe LN H1 HN 4bBEAE 0—10 em +J2IRAE 3.72% , 7E
10—20 cm EJZ5M VA 0.97% 81 1.45% . MR SOC. TN DOC S i AE R R i 52 57 (P>0.05) . {1
FRENIN T WA 200 NO3-N i, H HN>LN>CT(P<0.05) , ifii NH-N & A & AE i E 25k,

R1 RIS TR FRI R0

Table 1 Effects of nitrogen deposition on soil physical and chemical properties

bR 0—10 c¢m 10—20 c¢m

Indicator CT LN HN CT LN HN

pH (H,0) 4.03+0.05ab 3.88+0.18b 3.88+0.06b 4.14+0.08a 4.1£0.11ab 4.08+0.05ab
T HEE LK Soil organic carbon/ (g/kg) 33.46+7.7a 35.41+£5.25a  31.37+4.14a 15.26+1.54b 15.38+4.72b  14.37+2.67b
Eiifeff}:il( carbon /(me/ke) 92.05+£34.23a  96.76+25.85a  75.68+24.5ab  42.22+7.84b  31.34x+12.39b  33.93+8.79b
S Total nitrogen /(g/kg) 2.36+0.31a 2.41+0.51a 2.34+0.4a 1.09+0.07b 1.06+0.17b 1.07+0.13b
B A A Ammonium nitrogen / ( mg/kg) 24.16+3.57a 27.79+8.82a  23.21+7.39a 18.5+3.41a 16.62+4.63a  24.84+9.91a
A A Nitrate nitrogen/ (mg/kg) 1.68+0.46¢d 5.7+1.09b 7.91£1.69a 1.22+0.21d 3.32+0.49¢ 6.91+0.61ab

CT. X FEALFE Control treatmenl;LN;{E&fﬁﬂLl‘Iﬂ Low nitrogen treatment ; HN ; B A Ab High nitrogen treatment ; [EATAS ) Bl 22 7 Ak 3 ] 25 S i 32
(P<0.05) , RHEHE F T IEARIEZE (n=4)

2.2 HEEEEH ARk

Jii &5 ,0—10 cm +JZ Resin-P \NaHCO,-P Fll TPo ] i 2 ik ( P<0.05, % 2) , 5 CT AbBEAH FL , LN AL B
T3 BIREAR 23.53% .25.62% 27.63% ,HN Zb B 435I FEAIK 48.24% .24.35% ,20.05% , [R]R}, TPi 76 A [A) 4b B
A B35S TMEUG AR /TE 10—20 em 12BN E 2L BRE %A 5255 (P>0.05)
2.3 HEEREERUEY) R AR L

BT 16S rRNA FIITS 119 151 38 o I 15 T Bk 48 98 S0 DT X - 498 ik ol 1ol 2 00 BF 95 A B 0 = B 1) 52 T
(B 1) o S5 B 7RRME R IRAR A 498 A B A 0 S B G AU TR 1T (12 42 9% TR & ( Bradyrhizobium ) AH 568 7K
P54 J& ( Burkholderia) WP 1% A= AR I8 T8 J& ( Mesorhizobium ) ) JilZR WA 1] (4% B 781 J& ( Streptomyces ) FERER ] ( 2
FUFF T ( Bacillus ) JEZF AU ( Paenibacillus) ) | i W EL 0 250G %W 1) (7 % 88 ( Penicillium) %
& (Aspergillus ) 5] W I8 ( Fusarium) ) o il 5 AN [F 7 & 06 i B 604 9 F BE AR AL BT R — B, 78 0—
10 em )2, 5 CT AL, HN 18 A= MU TR A 58 2B /R B T 43 I AR 41.85% ,69.70% , 75 1 75 2% b A1
B BIE N 107.98% 99.59% 340.54% ; 7 10—20 cm 12, HN 18 A5 R i 2 BER#AIR 20.61% , BETE R L 2F
FONT 5 R AT SN T 0.53.6.22,12.29 .6.00 51 13.00 1%,
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F2 BRI T EBAS BRI/ (mg/kg)

Table 2 Effect of nitrogen deposition on soil phosphorus fractions

W2 4y 0—10 cm 10—20 cm
P fraction CT LN HN CT LN HN
T
Hjﬂﬁhﬁlﬁ 1.70£0.14a 1.30+0.14b 0.88+0.07¢ 0.30+0.03d 0.34+0.02d 0.36+0.13d
Resin extractable phosphorus
NaHCO, JET(E 18.15+1.87 13.50+1.49} 13.73+2.00b 7.88+0.45 7.65+1.78 7.43+0.45
NaHCO; extractable phosphorus AoEle PR oS oA ool o At
=TIk ’
FTHRIRATHLIE . 69.49+6.12a  50.29+2.82b 55.56+3.53b  35.90+3.35¢ 33.11+5.65¢ 37.27+3.29¢
Total extractable organic phosphorus
ST SR ICE ML

42.46+2.06a 32.29+7.23ab  31.91+4.35ab  26.15+1.78b 25.53+6.48b 24.02+7.26b

Total extractable inorganic phosphorus

[T ) B R R AL 2 ) 26 57 R 3 ( P<0.05) s R AU P AR EZE (n=4)

X R e R
A4 3 B The abundance of soil microbes
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A r THER]
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Fig.1 Effects of nitrogen deposition on the relative abundance of soil phosphate-solubilizing microorganisms

2.4 IERERREG Y RE AL K A B R AR AL

5T 16S rRNA WM ECHE , R FHSCAE ) OTU (S5 /NEEAE 4325 5050 ) Rl FASTA (A% 15 R 7 51 ) K 4% i i
PICRUSt Zb#FKH KEGG Ortholog( KO) 15 B (3 3) , R KEGG Ed 2 >4 Rk H 4 i e 192 il S 4 1) L) g
I AEAL, 25 SRR BIREE R IR b 5 15 R B DI RESE I L rh 56 12 Fhusia 5 g i A 3 Fhik

TR it 2R R AN [ AP FR B T RE S D A E R (R 2) . Hop, 5 CT A EE, LN i HN 2T

0—10 cm +ZRTEBERREG(A) B PEBEAREE(B) 4-FHRREE (C) (4 Z BEREFREE (D) 1 3-FHAREE (E) X 5 Fh
TR PP il LA B TR it P 114l s il ( ML) T B 35 R AFDG) =F 3 44 1 35 19 ( P<0.05) o #E 10—20 em £ )2, HN &b
PR 2 2 B A R T RN IR T R WA R B ( H) BRI = F 1 P AIK ( P<0.05)
2.5 HAERRBERUE Y E R K Rk AR R R R

ARG TR SG T 52 i S A ek 2 9 o R RN Ty BB R PR AR Ak i B R R ke B RS B R AR AR
fifem B (F&E W MM E ) 5NO;-N& % EAHC(E3,P<0.05) , 5 - HEpH I + #4153 ( Resin-P |
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%3 PICRUSt I#ETAT K KEGG H{#E B L3 R BB BB = 2
Table 3 Phosphatase information obtained by PICRUSt function prediction and KEGG database comparison

it 4 [l B R S i 44

KO %i%5 FEH . TR MR (1 2H 1
KO number Gene International System of Composition of phosphatase

enzyme nomenclature
K22913 FIG4 3.1.3. S"- WA R FR T R Al 5”-phosphoribostamycin phosphatase
KO1113 phoD 3.1.3.1 B PERERANE D.alkaline phosphatase D
K01087 otsB 3.1.3.12 T M BREE trehalose-phosphatase
K05602 hisN 3.1.3.15 2H SRR histidinol-phosphatase
K22223 pgp 3.1.3.18 R H MR BEAAHE phosphoglycolate phosphatase
K01078 PHO 3.1.3.2 R PERE R acid phosphatase
K01092 suhB 3.1.3.25 WLEE- 1( 2K 4) -SSR EE myo-inositol- 1( or 4) -monophosphatase
K01093 appA 3.1.3.26 3.1.3.2 A-HE PR T/ TR VERS BRI 4-phytase / acid phosphatase
K01096 pgpB 3.1.3.27 Wil B H M BEAREE B.phosphatidylglycerophosphatase B

KTA o4 55 T /B b 55 AT iR I §

K02203 thrH 3.1.3.32.7.1.39 fﬁfﬁﬁ Eiiffﬁiiﬁimfeme
K02566 nagD 3.1.3.5 5" KA IR 5'-nucleotidase
K01083 — 3.1.3.8 3 HiMRHF 3-phytase
KO1114 ple 3.1.4.3 WENEAE C.phospholipase C
K18696 GDE1 3.1.4.46 Hr 3 i 1t — EE Wi H2 I glycerophosphoryl diester phosphodiesterase
KO01127 GPLDI1 3.1.4.50 Wi RN e LA B M5 B D. glycosylphosphatidylinositol phospholipase D
K01523 hisE 3.6.1.31 WRIRAZ I IE-ATP B R /K % phosphoribosyl-ATP pyrophosphohydrolase

FHRXS %
[ B
100 80 60 40 20 0
0—10ecm+ 2 P 10—20cm+ 2 P
b —0 0.098 (6] 0.945
1 N 0965 N 0.895
Y 0015 M 0.366
& L 0179 L 0.912
K 0223 K 0.958
J 0328 ] 0.281
I 0.117 I 0.095
= | H 0395 H 0.026
& | G 0411 G 0.673
® F 0.439 F 0.659
& E 0.001 E 0.626
D 0047 D 0.004
C 0.003 C 0.287
B 0.017 B 0.820
\_A 0042 A 0.457
CT LN HN CT LN HN

E 2 PICRUSt 747 T B EAES F E T
Fig.2 PICRUSt analysis of soil phosphatase abundance changes
A FRTEBERR G Acid phosphatase ; B ; ML TR D Alkaline phosphatase D ; C ; 4-H 2 B/ B2 VE B R 4-phytase / acid phosphatase ; D ; 21 28 BEBERR
fit Histidinol-phosphatase ; E ;3 fHF2M 3-phytase; I'; JJLFE-1( 2% 4) -8R Myo-inositol- 1 (or 4) -monophosphatase ; G » 5"~ Fi A% il 2% 1 1 192 it
5"-phosphoribostamycin phosphatase ; H ; B H {1l B B BB Phosphoglycolate phosphatase ; 1; 8 ik 22 % B/ 51 22 % FR W R % #S I Phosphoserine /
homoserine phosphotransferase ; J : 1 Ji5 ft -1 i B2 i B Phosphatidylglycerophosphatase B; K ; ¥ ¥4l i iR /il Trehalose-phosphatase ; L: 5'-#% H g
5'-nucleotidase ; M : i I§## C Phospholipase C;N . H i 15— Ee 52 & & Glycerophosphoryl diester phosphodiesterase ; O - i & i I9E LB G
fifi D Glycosylphosphatidylinositol phospholipase D, CT; %} #4bHH Control treatment; LN ; it Z AL BE Low nitrogen treatment ; HN; 755 (4L HH High

nitrogen treatment
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NaHCO,-P . TPo il TPi) & A&, T A ik 40 1 (A1 ve 28 /R P b A2 AR AR R 1 ) 5 3B 4 o SR IE AR OG . [RIAS),
Tt R 8 AR A Y G A W R I ( M R Tl 4 PR I | R M IR G | 2H S R R I |3 AR I | iR I ) SRR
5 NO;-N & i Z1EAHE {85 pH -4 #E ( Resin-P F TPi) & i Z A4 (8 4,P<0.05) . AN, ML 10—
20 em 1 )2 ,0—10 em 2 9 3 B RN 3 DR AR A X6 - 38 37 43728 Ak B i 107 B R

0—10 cm+: 2 10—20 cm 1 2

AR e R AR T
Burkholderia

1R AR
Bradyrhizobium
vrhR A AR R B
Mesorhizobium

W
Streptomyces m o

KHTOFH 0s &
Paenibacillus =

P RN
Bacillus 0.5 m

HEW M0
Penicillium :

ih 2
Aspergillus

PRITH

Fusarium

pH

SOC

TN

DOC
NH4*-N
NO;™-N
Resin-P
NaHCO;-P
TPo

TPi

pH

SOC

TN

DOC
NH4*-N
NO;™-N
Resin-P
NaHCO;-P
TPo

TPi

B3 MBMENFEFESHREEFHEIXR
Fig.3 Correlation between phosphorus-solubilizing microbial abundance and environmental factors
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Fig.4 Correlation between soil phosphatase gene abundance and environmental factors
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