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(NPK) ; BB +F5FF (NPKS) 3 ZUBE B IE + 55 T4 20 ( NPKSM ) 5 ZUR41IE + 4% F12E 95 58 (NPKB) ) F TR AR BR & A Ak
11 B (ammonia-oxidizing archaea, AOA) F1ZH T (ammonia-oxidizing bacteria, AOB) F B FIBEVE 45 I 19754k , 3878 T F&FF 8 MW AR
PR AL A W BE TR S5 AR AL 753 ( potential nitrification activity, PNA) BYS2MAMNLH . 455 & B 4 b CK FII NPK Ab 3 #5 T
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(NO;-N) FIEEASH(NH, -N) £ it i & 30, NPKSM AbBXT + 0 Ty 4 THas R e . AOA MM LIS 34 3 15 T AOB, % H] AOA
FHT HERVER . REFTE MR SRS T AOA A1 AOB 3= B U728 T #F % 41 A, Shannon F1 Chaol #5034 & TR TS INAS #1111
AL, SOC TN Al NH-N DL Iz AOA Fl AOB ZEEMEFEELS: 35 PNA o F PNA o, 2 0 IEASG . G544 7 BRI R I NH; -N 1
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Effects of straw returning on the ammonia-oxidizers and nitrification in the

rhizosphere of maize in a red soil
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Abstract: In the present study, a 9-year field experiment was conducted to investigate the effects of straw returning on the
rhizosphere ammonia-oxidizers and nitrification in a red soil. The field experiment included five treatments: no fertilizer,
CK; chemical nitrogen, phosphorous and potassium fertilizer, NPK; NPK fertilizer and straw, NPKS; NPK fertilizer and
straw combined with pig manure, NPKSM; NPK fertilizer and straw biochar, NPKB, which was located at the National
Agro-Ecosystem Observation and Research Station in Yingtan. Here, the abundance and composition of ammonia-oxidizing

archaea (AOA) and bacteria (AOB) in the rhizosphere of maize under different types of straw returning were examined by
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quantitative PCR and Illumina sequencing. The results found that the straw returning treatments significantly increased soil
nutrient contents and potential nitrification activity (PNA) compared with the CK and NPK treatments, with the highest soil
organic carbon (SOC), total nitrogen (TN), total phosphorus ( TP) , available phosphorus ( AP ), available potassium
(AK), nitrate nitrogen (NO;-N), ammonium nitrogen ( NH;-N) and PNA under the NPKSM treatments. AOA-specific
PNA (PNA,,,) was significantly higher than AOB-specific PNA ( PNA,., ), which indicated that AOA dominated the
nitrification in a red soil. The straw returning treatments presented significantly higher abundance and diversity ( Shannon
and Chaol indices) of AOA and AOB community than the treatments without straw returning. Furthermore, the straw
returning treatments significantly shaped the composition of AOA and AOB community. SOC, TN, NH;-N, as well as AOA

and AOB diversity were significantly correlated with PNA,;, and PNA, respectively. Structural equation modelling

OB »
showed that NH;-N and TN indirectly affected PNA_, through the AOA abundance and AOB diversity. The results indicated
that straw returning treatments could improve the abundance and activities of AOA and AOB community, and consequently

promoted the process of nitrogen transformation, with the best improvement achieved by straw and pig manure application.

Key Words: straw returning; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; potential nitrification activity;

red soil

MRBRE YA R 38 Ui s h i i BR B B A g Mg 0y 2 — e LIRS R G 2 5 T
T AP EF IR MR LIS . 18 s A ) — AR PR A Dy AR st ik ik B2 S LR FE ML, X e AR P A 4 &
BRAE P S B OCH T AU A S R G s R AR K G SCHEBR B R TR AR PR R AR
UK LI RGP ARG SR M AR Ay PR Y R R 2 il A R AR WK . AR AE
FE H AR S AN L TR — IR EAR B AR S RGP R, LA FRAEAE R =0 1B
F SR A R i 22 AU T A 2 5 — ARG D 3R 2 3 A S A B L D (amoA ) 1Y 2 %846 1 T4 ( ammonia-
oxidizing archaea, AOA) FIZ L4 (ammonia-oxidizing bacteria, AOB) 3:[RUR B, 764 A5 = AL N
WANARER > . AR, SRR A AL A P (Comammox ) Y & I AATX G A 1 48 IR, (2 TR A
FEA IR Comammox AR [ B 339 1 A5 558, T 78 /3 IS ) Wk 38 19 A P 0 33 A A 3 b 80 ) 4P T A )
(AOA Fil AOB) B (¥ ffy €5 JF AN REBE Comammox FTHRARCT , R HIEL RGEh , FhEE I (pH  NH, IR B 5)
A FHAE LA (P =X A B ) P 4 L h B AU E W R A AL 00 S, SE WALV 1 R R AR AL
WA BRI R IMIE pH ORI NH, 4444, AOA 7E R ALl 2 vh & 4525 32 B, 1T AOB Ml ) F %
b A 4, DA R NH R B PR BT 1 U R Ak R 10 Wa SRR Su S5 RS & B, AS [ it I
72 W& R AOA Ml AOB YRR 45 A . m UL, BF5E AOA A1 AOB i & 3of A FH A7 B it A0 B 852 [ Py o
BB — B A AR S R GER SR RS Rl SRR AA TR AR AL A F 2

CUIER v [ R J M DX 0 TR R A L X AU A 0B, ol T LSRR ko, BORG B I0A o Bk
LG R ECE R R B A S IR A B A OIS, iR R Ak, S BUR R AL e
A F BE RIS R N B, AR T R 2B 7 0 R R 35 40 R % T B 3 2 X PR s £ 1101 F 9 36
W R ATk T R AC M ), 2R SR A Rk i 2 — o M R 3ESR 2 R AL ot i) E Bk IR, A AT o fik
BT B E TR e R IR R A I A RGN R E KR R E Y (AR E AR
JEE AR S VE Y BN BN SE AR R 2 S B v TR 5 A0 R AR ) PR 48 /R R AT A
) 0 SR R U, o S ST R T MR G N ) 4R R H A A SR (L

Tosti 5 ¢ IUFHFF 4 2 T A 2ok 38 5 5 FF o A e 0 L mT DU DR G2 B i AR VR T, Sl 3 2 s A ML AU
P50 5 R B A 0 S T IR i Yu SR RS FEAE W e T ARSIt L A B 0w P B
EYE YR R AEED | ORFRSFFIE B 7 s G5 R ) SR D REE i M HAT g e {1 H A
KT REFF A H Ak BT AR PR 2 e AR A eV AN RE IS I AL G AN A0 . Akt ASBIFSE LA g 80 5 b 21 358
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TR G RATRE AT AL A I 8 21085 (9 4F) 33 Mumina (&l 500 PR , BIFFEAS [R] A% FF8 H AL X £
KARPRZ B D) AR EFRETS A5 DAL F S0 18 46 7 AN [R) RS e T Ak 2 GH AR o S0 1 ok
AMIIREERLR , DU O S B A RS AR TG | B o RN P A B (R4 Al

1 #MREFE

1.1 W5 IXHENL

FH [R]85 1 2010 4150 8 7E VLG 44 T op [ R Be 2T A4 25 52 56 0 (116°55E,28° 13N) |, J& Hr Il #afy
AR 383 17.8°C AR B /K i 29 20 1795 mm , H 300 56 DU 20 21 6 + R 5 19 2148 (B 10 1R & 44
+) . HERRE/NXEFC 100 m®(5 mx20 m) , HIEERERGE ALK, K5I 46 7% )= 1 (0—20
em) FFEA L R . pH 4.73 , A HLEK 2.52 g/kg, 2 0.40 g/kg, W 0.23 o/kg, Bl % 38.30 mg/kg, 24
11.95 g/kg, HALHE 0.76 mg/kg, AN 47.58 mg/kg, HES T2 Hede 12.12 emol/kg,
1.2 AR ST

RIS E 5 AR, 230500k AR ( CK) BB AL (NPK) ; ZBEE0AE + A5 FF (NPKS) ; Z BB AL IR + 5
FFREZE e (FEFFAE 4% 9:1 POBRIEC ELIE ] , NPKSM ) ; ZUBEE7 AL +A5 FF2E 9 ik (NPKB) . IR EIEY B oK
(Zea mays L., 75% 24) BB4F 4 A pFpde, 7 AWGR, B0 E 3 NEE ML 4 S, B Ry x
TR R T ARFEFFEA Y s 450 CF 3t PR RIBEHI L. A FIFS T34 H AL 3 ( NPKS \NPKSM \NPKB)
REAE RS A A 1000 kg/hm? , 2 AL BRI ALAE 1 A 50 . JRZE (N, 150 kg/hm?) | B5EEREAE (P, 0,5, 75 ke/
hm?) , TTHLAAE (K,0, 60 kg/hm®) , I ZBEHI AL FEFT 838 A A 9 5 T KRBl i — v MR it A -+ B8+ Bl
HEZS
1.3 FRACRAES 1IN e

T8 2019 4E 7 A T KRBGIRT , R A FASFFA H AL ER A AR PR 44 (0—20 em) . R S BUBURE L | 7EBF—A>
AN BERLIERE 10 R FORAR R, B R0 13 RS M ARPR HIERE 2 ARSI B A% &, 8
T T UK SRR il B SE 96 % . T A RIERE AN RSy =0y 8 AR AT 2 0 S T T R B AL M S5 43
TRAET =20 CUKFEAE— S P9 58 B A R P 1 s AV 350 2 5 AR A7 T80 °C VKA AT H3ESE 4 &1 DNA
BT, 9 pH SRR RS AT (/K ol 1:2.5) |, T35 7K ( Moisture ) SR FHUE T3 A HLER (SOC)
R FH B AR R - A 2R (TN) SR B E R, 20 (TP ) SR H i SRR - B R PR 7 - SH B T LL (o k| sl Akl
(AP) SRR S AN IO , BOSCER (TK) SR IR WO e i B8 20 (NH, -N) AT A &L (NO;-N) R H
2 mol/L KCL &R , Wi sh s #rimE"",
1.4 iy 59008 & PCR 40

% Jil MoBio PowerSoil DNA ( MIBIO laboratories Inc., Carshad, USA) i3 & $2 B¢ 1+ 38 & 5 DNA, i o
NanoDrop® ND-2000 # il DNA ¥ 2 Fi &, SR 5 AT 1.2% (w/v) B9 BRSO BE I oL Uk, #6000 DNA Fr BE K/,
AOA 4 34 51 14 Arch-amoA 26F (5'-GACTACATATTCTACACWGACTGGGC- 3') Fl Arch-amoA 417R (5'-
GGTGTCATATATGGAGGCAACGTTGG-3") ; AOB I ¥4 514 K amoA- 1F (5'-GGGGTTTCTACTGGTGGT-3") Fil
amoA-2R (5'-CCCCTCKGSAAAGCCTTCTTC-3") , PCR MR FR K 20 pL:2xSYBR Premix 10 pL,0.8 pL - F
19,1 WL DNA BAz, i ddH,0 b, PCR §" 84 55144 . 94°C Fi A M 2 min, 94°C 281 30 5,55 CiB 2k 30 s,
72°C FEAH 30 s, 72°C AR GEH 10 min, JEFF 30 YK, PCR F=8alifb [mDE i &0 32 , 53 lumina Miseq -
BHFATEERENT . AW BB R A Mothur 2P IR 46 7 51 A7 T HE U1 48 , X OR B8 17 9 E AT 59
PEH Y barcode SE4VLHEL Y1), B4 H A Be 21 vty B8 AN 40 T8 A amoA FE R A B0 S b, i FrameBot T H.if
— AT S, R RDP 1 FunGene 2035 E%T AOA 1 AOB Y amoA BEATAIMRIER R, o, M MEEA
(SO T84 2% ] CD-HIT-EST 4 1 3T 979% MR oTU™ |

AOA il AOB 1 amoA FH#5 VI EUH 5t 8 e 2 , KW ZE ABI StepOne TM SEHT 255 it PCR X i
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7o TSI S kAR, R iR 2 4 :2xSYBR® Premix Ex Taq 10 wL, I F514#14% 0.5 wL,DNA iR 1 pL,
BJ5H ddH,0 #hZE 20 pL, KBFRF R :95°C FiAEPE 1 min,94°C 5 E 45 s,57°C 1B K 45 s, 72°C & 45 s, 72°C
LARFEM 10 min, BEIEIR 40 R, B 3 AEE I 3 A EKIE A Es XTI,
1.5 ZA AR nil e

PRUL S5 g( S5 ht) 24,8 T 50 mL 2 mM (NH,),S0,#1 10 mM NaClO,HUE B T, FE IR 7215 25°C i 57
(150 rpm) , 7355 0 h 8 h 24 h 30 h 48 h 60 h F1 72 h BUEIFIK , J Griess IMFIEEIE F B A, B 7 32 10
mL A BIA 0 mLL ,0.025 mL.0.05 mL.0.1 mL.0.15 mL.0.2 mL.0.25 mL & NaNO, BIFRIEIR I, I2E 18
JKZE 5 mL, /i1 0.2 mL 1 0 mg/L.0.025 mg/L 0.05 mg/L.0.1 mg/L 0.15 mg/L 0.2 mg/L.0.25 mg/L Griess i&
), FEPEA 520 nm AbLAZEIRZK 2 LU AR U e WG AEL, 25 TA Ik 25 28 0] BRUS IVE PR 2, AR bm o il 26
THEARR] NO;-N ¥ B, e & A b AR 4 A e 1 b NOS-N B[R] ) RV AT, A T X4 AOA Al
AOB X il ALy A A BTk, A8 1= x5 AOB A4 3% P ELG W B A ikl 7 FH (B2 30 AR 2 520 AOA
AREPEY R, R 2 ARG, NI 12 B A SE R 2 v R AE AOA T AOB 9 BAAS AL Tl W i 12 ke
(4 pM) FSEERZ W] RAE AOA MIRHALEE ST , ERSIL RIS AN N 1R () SE B 4 AT 3RAE AOB RN ALRE T, DA
/NIRRT £ NOS-N RS IN#HE R IR (pg NOS-N ' T4 h™')
1.6 HdEab

fEFH Chao 1 8 £ AFE F & &, LI Shannon $8§ 50 R ME Z #EPE . R 2 28 A5 50 M7 (principal co-ordinates
analysis, PCoA ) TH5. PHPFEAR [B] Bray-Curtis B 25, WFSEFEASTEVE AR 09 25 S o AH S 3 A RN 22 3 B S5
SPSS 24.0 158 1, AN [l Ab #1228 K Tukey W5 #EAT BRI R 7 22 40 B, AR F Bk R b A 22 5 10 3% (P<
0.05) . ZIC/ Hr8eit7E Rstudio A b 58 B, b A= ) 2 A6 1E | 3 A8 45 43 At ( PCoA ) AR BL 1 43 By
(ANOSIM ) i1 vegan fU5C B, FEALERAR T8 1T randomForest 2 A3, I8 i +fUtilities 1 rfPermute 2
JPAL 3 A A B RN B NS B 1Y P AR, S5 T FEAHY (SEM) 7 AMOS 23.0 #fF 4347 .

2 EHRE5H

2.1 AN[RIFSFFIA FH AL 1 A SR L0 o R T 7k 3

SRV FF4 FH A FHEOGT 6 K AR B A 49 000 1 S5 ) s i) 3 (26 1) UG /N X 38 SR, NPKSM AT
NPKB Ab 3 I 282 5 T 3% pH(P<0.05) ,{H BIHES/KEBRAT B E 2 7 (P>0.05) , 5 CK LA L, A RIFFF
WAL BER +3 SOC TN TP AP HI AK 25 (P<0.05) , NPKSM AbF )+ TN TP F1 AP W& H T
HAl kb3 (P<0.05) , NPKB 4bBi SOC & & fiv i, NPKS AL FRAY AK & & . AR A5 AR AL 28 35 Y
NO;-N I NH;-N 2252 5.3 354 T 0.7—3.64 mg/kg Fl 12.62—20.35 mg/kg =[], NPKS 4bF T £ NO; -
N I %% T NPKSM NPK FI NPKB 4b3 ( P<0.05) , 1fif NPKSM 1 NPKB b3 F NH]-N i3 5 T NPKS I NPK
PR (P<0.05) , T HER IS IAAE AR RIS FRA H AL BRA) 3547 0 25 25 55 (&1 1,P<0.05) . AOA BEVE s 1L 34
(PNA ,,, ) /T 0.015—0.058 wg NO,-N g”' F + h™' 2 Ja], H:vh NPKSM FI NPKS 4b B i & & T CK . NPK F
NPKB 4LH(P<0.05) . AOB £ IR AL (PNA ) /8 T 0.007—0.033 pg NO;-N g™ T4 h™' Z ], Horp
NPKSM &b 355 55, NPKS \NPKSM 1 NPKB 4b 3L 25 T CK Al NPK 403 (P<0.05) . AN [FIF5 FFi8 H Ak 34
AOA T IR AL v o0t 13 Sl AL 3 (PNA ) B TTHR = T AOB,
2.2 AN[FIFEFFE HANEE ) Z A AL A amoA FEDR 2 B

I OEE B PCR XA [RI RS FT A AL FE R +3 AOA 1 AOB 1Y amoA H& R F4 DU EHEAT /00, 45 SR 11
FIi A AL EEER AOA 11 amoA FEPH [R)F-245 D1 E(2.6x10°45 Il /¢ ) 1 & = T AOB(2.73x10*#5 Il /¢) ( P<0.05, &
2) . AOA 1 amoA FENHE DL EA T 0.31x10°—7.16x 10° ¥4 Dl /g, 5 NPK kb3 %5 % B, NPKS . NPKSM I
NPKB #ZbH R AOA 1 amoA FE [R5 DB BIBE AN T 4.88.9.64 1 1.93 %, AOB 1) amoA H& K ¥4 D1 $ 4 F
0.26x10*—4.93x10* ¥4 Il /g 2 [A] ,NPKS .NPKSM il NPKB 4bFE T~ AOB ) amoA R ¥4 UL H05y 5 b NPK &b 2
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WHNT 4.36 3.93 F15.42 15, NPKSM ZbFHF AOA 1 amoA K4 D18 & , i NPKB AP R AOB ) amoA
B SEC NG e d =i

F1 AEFREFITEBAAER T EBAER CFRERER)

Table 1 Soil physic-chemical properties under different straw returning treatments( Mean+SE)

fbm kit Ak £ 0 TRALE AL AR AR
Troatment pH Mot :"i; o S0¢/ TN/ TP/ AP/ AK/ NO3-N/ NH}-N/
reatments oisture/ 7o

(&/kg) (¢/kg) (g/kg) (¢/kg) (mg/kg) (mg/kg) (mg/kg)
Xt IR CK 4.49+0.02a  17.59+2.99a  3.48+0.26a  0.45+0.1a  0.25:0.0la  0.72+0.15a  85.83:8.7a  0.7%0.15a 12.62+0.38a
R NPK 4.48+0.02a  19.82+1.32a 4.26+0.21ab  0.57£0.01b  0.44+0.03b  8.08+0.41b 103.33+7.26ab 2.08+0.22h 14.50.52b
AW +E
Nﬂpﬁffﬂe it 45+0.04a  20.75+1.71a  5.8420.51bc  0.7¢0.02c  0.45+0.01b  6.38+0.09ab 149.17+22.93¢  3.64+0.26¢c 15.66+0.3ab
AR+
SRS RO 4.55+0.02ab  21.42+0.88a  7.62+0.76cd  0.79£0.02d  0.7£0.04c  40.11+4.02¢c 135.83+8.7bc  2.09+0.24b  20.35x1.41c
NPKSM
RBHIAC +
FEFT A= Wik 4.64+0.05b  21.45+1.21a  7.97+0.89d  0.7£0.03¢c  0.41+0.03b  7.56+1.88b 129.17+9.17hc 1.68+0.29b 18.91+0.77¢
NPKB

[F)—2H e 5 BRAS R N TR R R 2557 138 (P<0.05)  XHIR CK: no fertilizer; R BT NPK: chemical nitrogen, phosphorous and potassium fertilizer ; ZUBE#AE +
F#F NPKS; NPK fertilizer and straw ; ZUBHAE-+F5FF# 5B NPKSM ; NPK fertilizer and straw combined with pig manure ; ZBEHI AL +F5 #7245 NPKB; NPK fertilizer
and straw biochar; LBk SOC; soil organic carbon; 4% TN total nitrogen; 2 TP ; total phosphorus ; #ALHE AP available phosphorus ; A4 AK . available potassium;

HAA NO3-N: nitrate nilmgen;%ﬁ/ﬁifﬁ NHX—N ammonium nitrogen

2.3 A[FIRSFTIL AR 2R A AU B i I 2 B

0.08
GEA AL

EE PNAaoa
REFEFEIAR HANE ) AOA Fil AOB BEVE L RETE ) PNAsos <

I

=3

=N
T

Shannon H1 Chaol fi %75 #5 4b #0241 2% 0% (P <
0.05,183) , 5 CK AbHAH L ,NPK ZbHIHR 5 T AOA (1)
Shannon F1 Chaol 5%, HF¥ Mk T AOB 1 Shannon I
Chaol #5 %%, 5 CK Al NPK &b BEAH L, NPKS , NPKSM

AL (PNA)

Potential nitrification activity

(gNOyNg'F+h™)
o =
S b

b

FI NPKE AL AOA I AOR (Y 2 AL S5 50 £ "ok s wesw e
EWOIN(P<0.05), 7 AOA 7% ', NPKB 4b # AL BE Treatments

Shannon 5 ¥ i i, NPKS &b JRAY Chaol 45 455k 5 7 B 1 RERF A AR R 2

AOB ’ﬁi% LJF' NPKS 5&}_@ E/‘J Shannon :.F Eﬁ%% , NPKSM Fig.1 Potential nitrification activity under treatments with
B(J Chaol ;J:E' ﬁﬂair%'} ° straw returning

RS 6 LB AOA ETS % 1 Nirosoralea D EAARIRI RIVNTFI5 5 PNA o 1 PNA o G
(70.8%) . Nitrososphaera ( 25.1% ) 11 Nitrosopumilus (0.24% ) I l‘iﬂ‘\]é%ﬂ%& (<009 ),;CF : /1<ﬁﬁﬂli; NPK:j%W
HIL(E4) , RGBT 5T E K] Nitrosotalea Cluster 1.1 HNBI;I?I:Z@?ﬁ iﬂfri;j::;;lfjr§§§ﬁ£i+;it(ﬁjgzi
AYAEXT 3 BE 1570.8% , Nitrososphaera Cluster 9 A X} = & i
12 3%, H 4 FHEE Niirososphaera Cluster 1. 1
(4.5%) .Nitrososphaera Cluster 2(3.9% ) Fll Nitrososphaera Cluster 7.2(3.1% ) 20 i, H: "' Nitrosotalea Cluster 1.1
BYAIXT B AE CK AR B B 55 (90.1%) , Nitrososphaera Cluster 2 7F NPKSM Ab 3 v A7 X 32 B e 151 (8.5%)
Nitrososphaera Cluster 9 76 NPKB Ab# 7 i A XT3 B 52 155 (37.1% ) . AOB #E9% EE 1 Nitrosospira 4R, HiHp
Nitrosospira Cluster 9 FJ=E {5 61.9% , Nitrosospira Cluster 3a F=J& 518.3% , HiAx % Nitrosospira Cluster 10
(6.8%) . Nitrosospira Cluster 3b(3.86%) . Nitrosospira Cluster 9(1.9% ) %520 i, Nitrosospira Cluster 9 7£ CK 4b B

R (7.9%) , Nitrosospira Cluster 12 7£ NPK &b P v 3= i 1% 55 (85.8%) , Nitrososphaera Cluster 3a 7F
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Fig.2 The amoA gene abundance of AOA and AOB under treatments with straw returning

AWNE/ING FEF R4 Ab B R 25 57 18 25 (P<0.0)

NPKSM Kb B b 5 BE 5 755 (36.1% ) |, Nitrosospira Cluster 10 75 NPKB AbH b £ fe i (21.3%) . EARBR T &
IL(PCoA) ,PCoAl I PCoA2 B4 BIERE T AOA BEVKSEHY 45.27%F1 22.63% 125 5 il e T AOB BETE 45
44.49% 1 27.82% W22 55 (K 4) . AFRIFEFFELHALE T AOA A1 AOB BEE 45 H97E PCoAl %l Al PCoA2 %l P
5 ANOSIM 3 HT & B [FIFS 8 F AL B R AOA(r=0.752, P<0.01) F1 AOB(r=0.834, P<0.01) BEy%4%
PR ) 25 5 o 2 R TN 2E 57

3 r 200

c bc
: o T
T
b . 150 F ab l
2 F _— T a "|'
ab 100-T S
T <
a
E 1 2
e £ 50 f
S 2
g 2
<= <
73] —Lq) 0
ﬁz.s— & 400
g b &
§20- l b -E% ¢
g ab b 2 © 300 f be |
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a
- 200
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a T <
a
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Fig.3 The Shannon indices and Chao 1 richness of AOA and AOB under treatments with straw returning
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