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A IREE R, BEE 4 M0 i/ NERFFEAH (S), 2ERFF AR (B), HmfiFrfa i
Bt B (SB) FIRHEATRSFFal A= Rk AT IR (CK), 12:EAT 3 a HEIRK . Xt/ | FRMAAK
Ze AR SR T o0, TR a1 B 8 2385 ( Terminal-restriction length polymorphism, T-RFLP )
FARFNTE SRR A A B ( Ammonia-oxidizing archaea, AOA ) FIZEILANE ( Ammonia-oxidizing
bacteria, AOB) FEELTHIFIZAEMEREAT /00T, GURR], 1E/NEZ, 5 SALPEMLL, B AW EFRIT T T4
R, PR T pH, AW (SOC) RN (AK) &t (P<0.05), {HIFREEEM HHKY . 45
A ( NH,-N) FfSA ( NOy -N) &ht; BRI SB AN fLIEH (Potential nitrification rate, PNR) 435l
7 0.58. 049 pghg! (LINO, i, FR), BEHT CK, 5S4 (040 pgh'g') ZRFARWE, Tk
%, B AR FEE T HHEKS . SOC Fl AK (P<0.05), #AbFEE KR PNR #IKKT/NEZ, B AbHif
B (027 pghg), WEETF CK M S AbFE (P<0.05), /N2 PNR 40515 AK. NH BRI+ 3645 &
FHG (P<0.05), 5 AOA 1 AOB FEEZHMIITC R E R F K PNR AU SHMLH T SOC WEMC, HiX
45 PNR 5 AOB FEESEH I E A, TUAT (RDA) EW, +3ESOC, %4, pH Ml AK &2 5 R4k
WCERETR AR 2R -, %) AOA F AOB FEVE 456 SVL S MRS 331K 76.4%F1 75.5%. REEK B>
Wik, AOA Ko &E T+ 14 Groupl.1b, AOB ZJ& T WAL Nitrosospira 7% 3. L7, SFEFFEE:
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HE 4 HEwk BT R BGE AR RO G RO
b 9 R R £ i PR s 4 U AR O A
HROR .

T ARAE R A S A T T 4 B S U A %
SPERCR S AR, AR
ZRFMFHT, A E AT H ( Ammonia-oxidizing
archaca, AOA ) M E AL M H ( Ammonia-oxidizing
bacteria, AOB ) # A\ N2 1 rh g b AE H 1y = 25K
shFU2, BT KRN A ) 5 e AN () 2 A+ 4
AOA Fl AOB REF& 45 ML DF S0 HE , LAKE IR
52, WEoT R BIAS [R) 2 BY AR W Jook B A [R) A s
INRER WS AL AR Y4k, IF BEAS W) 2 2 2 i 1=
HERSALVE T U315 A5 WIS DAk 2 00 T A 40 ) e
T ARSI AR, AN TR] 5T Hl - 498 SR B A ] 1 £ A%
OO gg b, By ekt 4 e Ak s kA
A WELW, AEEEE, Al B R A H X
T LA A R A s e R B AN, B 5T AN ]
75 AR 22 5 X+ ROR B i A2 Ak, R AR
FiAs S . GEAL I RE S AR U E M REVE Z R K&
A B TR B R A A 38 S R R E T
T o AUt i R L P U R 1 |
SN RO A T . WA A
EALTUEIRER AL nZm, T RIEFM T T T
HEE 3 a W HRE A RS, DU At XS F 5%
TEAL A PR AT 9 3 A2 RN R AR A

1 MRSk

1.1 RIE R

IR B B AR R AR B UE W S W A
1o XA BRI, ZE XA, DUZESH . F
YRR 16.7°C, TFEMIETY 233 d, FHRoKE
676.1 mm, F KFEKE 1083 mm, 6—9 H /KR
Hi R AERE KR Y 63%. FIARAR R FH AL L B i) 4
INEE TR K — PG . R AU Rb e £,
FEARHEYE T R . AP (SOC) 10.10 gkg™', Bk
fifF 2 32.62 mgkg, AW 9.3 mgkg!, B
45.0mg'kg', pH K 7.2; 0~60 cm +IEHLHRLA M,
g, Wbk 783 gkg !, MPRL 139 g-kg !, Bk 78 gkg !,
1.2 iRIigit

TR A= 9 5k ) A R e = R A P RE TR PR

Al OB EORFEAT, LKA 450°C AL, HH
FEAPE T R BBk 530.5 gkg™', C/N Ny 58.0, pH Ky
8.3, /NESFIAEZE 17, F K FINHE 958,
2014 4F 10 H FARWOR G AT 8 1) 43 /N X
RIS E OLFEFTF A H( CK), Q&R FEAFEH(S),
@4 it FARFEF AL EY T AA T (B); @it
FEFF AR Y Rk D (SB) (—2fFREFF i A
Pk ), b 4 FORREIYENES 1772 AR
H3IANHEE, FEILXAHES], DA 6 mx3 m=
18 m*, HBHWIK A FFR4 RSB, /NMX R 3 mm
JE R IR BRI, FRARIREE S 60 cm. I TF RS,
TERFAE T RWOR G /N2 RERIAT, 125000 ik 4 F
W A3, T A= 9 5T A B KA S A A T A
MRS B IT HA /DR T ER Y TR . S/
DB T S A ERE 15 em I8, ALAEHG - —2,
Y1482 4l N 220 kg'hm ™, P,0s 120 kg'hm ™2, K,0
60 kg-hm >, ol 4 JIES 70 A 400 9 o et — YR PR RS, ZRUAES
60%EFENE , 40%EIBNE, 3 IFE /N 4815 WA oK
DWW S8 T VA it o At AR T R 35 45 P i 5 >
Mo BROAE B > 15—
KRR35k 2017 4F 6 H A1 2017 4E 9 H ,
BI/NZZ  FOKWGIRTT 1 SR “S” TR R oR 4R
Y 0~15 om 1) B, BA/DNXCRE 10
B R REIAE G, SR 5 T JC R4S % B R AE AT 0] 52 56
FAE IR B AT . TR B4 A i A
WS E T . —20°CI
1.3 TEEHIERSHEALERNE
+ g E KRR HIBE T E ;. + pH R pH
it (Delta 320, Mettler-Toledo, ¥ ) MsE, K+
Feol 2.5 0 1o HHERHUT . 25, AR08 R i
S (A adr) U7 EEEEES A ( NH, -N) Al
AR ( NO;-N) A2 mol-L'KClLIgH#E )5, Fiss
WAL ( SAN++, Skalar, fif>% ) W5 Hofk B .
+ 1A fb 78 #( Potential nitrification rate, PNR )
R 7 R PR R Y, PR FRELS.0 ¢
B - SERE BT 50 mL AYESOAE T, A 20 mL
W R Eh 2% vh i (8.0 gL 'NaCl, 0.2 gL 'KCI,
0.2 gL 'Na,HPO,, 0.2 gL' NaH,PO, ), Jf %5
1 mmol-L™" (NH,) ,S0, il 10 mg-mL™" i KCIO;.
BEOEETER (25C) F, 180 rmin' fRHE;
I 24 ho BiFEEHUS, A SmL A 2 mol- L

http: //pedologica. issas. ac. cn



6 3] ZEREIE A . REAT B -5 A i TN ) L B AR 0 B4 52 ) 1473

) KClE B NO, -N |, Hok B Do G 3 25 fiff i 1
a-Z5 W Wt , AR5 FE B FR {L ( Thermo Scientific
Multiskan, GO, Thermo Fisher Scientific, &H ) I
545 nm JFERK T
1.4 TEREY S DNA FJIRE

+HEM Y B DNA SR MoBio PowerSoil
Isolation Kit ( MoBio Laboratories, Carlsbad, CA,
FE) pyilRl &R, AL RN & By
AT, 40656 )E 1T (Nanodrop ND-2000¢ UV-Vis,
NanoDrop Technologies, Wilmington, DE, 3[E )
R BE PN SERE JS T—20 CORAFRE], IR DNA
Fi B2 10 ng-ul ™' F TJ54E PCR ¥4,
1.5 AOA 71 AOB amoA E&F ¥ it

fi 518 50 % 4 Arch-amoAF/Arch-amoAR!!
1 amoA1F/amoA2RPZY 48 AOA 1 AOB amod 3t
~PCR W& R 25 pL, 43 %% 12.5 pL Premix Ex
TaqTM ( TaKaRa, HZA ), 10 umol-L™" IF % [ 5|4
# 0.5 uL, DNA 8 2 pL, HAFHBZEKM =
25 uLo MM 3 IRER, KW SRR IE 2% 3
BR[21]0E47 o FRICAY PCR 7= 91 1% BB 4 i 9k
i A Be R /N FER — A, ¥ VR EESGIRAF ] T e Sk
VAR ie
1.6 RimPR#&/MEHRKEZESM ( T-RFLP ) #1352

PESTEE S #

[[] %5 PCR AT, B 5B bR ICY) 6-9¢
# (6-FAM) #RicHY PCR "3 7= ¥ 4 i Ak [ Wi i
FImEY) . VIR R 10 pL, ELEKRZ) 200 ng PCR
PRI 5 U RIRREIPEA DI . 0.1 uL A I & H A
1 pl 10 x F2 )W 28w ( NEBuffer ), AOA 1 JH A
VIl HpyCH,V, AOB MR N YIEGE Rsal, [
YK AW 152 SCRR[22)004 7 76 37TCEME TR
£ 3 0, 95CN VIR T , MDD 7™ ) i BEAE: ABI3730x1
DNA analyzer ( Applied Biosystems, Foster City, il
FER) B TIE . R R M B ( T-RFs ) AH
Xt 2 B GeneMarkerVv2.2 ( ABI, [ ) i if
HEAT 38T, 5317 Hh Uk RT3 v % U 114 e B K 32 R g T
o BEAFE A PR T IR R A 2% 06 DS 220 #
hHR, FBKEZES/NTET 1 bp KPIDIELE
R — AN UEREAT A B o A B 3% T-RFs A4 H L
AEXT B AT AR 2 F8 48 ( Shannon 841 ) 1Y
.

HR Y5 AR vty Bl B 2 AR R 45 L, i T-RFs
ZHMFEEER&N 3 1 DNA FEME AOA Fl
AOB amod FEMFEMESCE, AN 9ORICHI5 I -
H1 PCR Yz Vsifb)s, ##3% pGEM-T
Easy #/& I© ( Promega, Madison, WI, E[H ), &
JE B BAREAL A Escherichia coli TM109 15 L4 iy
oo BN SO S I BE LR IE 50 e TERE T,
I 150 P EpET, KNP AR Uik H
HEHFIIHH QUME K AF#A7 ¥ 5 734, 4% 14
97% [m] P Kl 43 AT #E: AE 43 25 B2 o ( Operational
Taxonomic Units, OTU), 437|345 19 1~ AOA #
16 1~ AOB ¥ 5 1E 781 AR5 ¥ 541> OTU RRIT
IHFSIK R T2 (BLAST) #47H{EUTFHE R L
Xt fJE R TN H MEGA 7.0 3 {42484
% (Neighbor-joining ) ## AOA Fl AOB ZRHE L H
W AT RN ICEYE AOA-amod I AOB-
amod RN C 2 2 EEHEFAEYHFAG LS 0
(NCBI), HJ¥ 41543 51 MK732036-MK 732051 #il
MK732052-MK 732066,

L7 BIESH

Jr Al 58 B e R H Excel 2007 8 F 47 3
g S A N T 1l 1 W 287 5 N o TN S b
amoAd FEN T-RFs (%22 5 i 35 M BRI 25 2250 i
WATIHE . T A G Hr i Al SPSS 19.0 A4
(IBM Co, Armonk, NY, J[E ) L8 . R IREE
( Pearson ) 5/ HEEHALIN T | HfLTED £
FEVEFR BORA ALV 2 R AR DG E R o P<0.05 BIA
AHAREEZES . HH RIEFTH vegan Fidif
X - PR B A TN [F] T-RFs AHXT = B2 A Ad ik
T W RE I S50 1) 56 R AT 04 43 ( Redundancy
analysis, RDA ).

2 45 R

2.1 HEHIEHARI TEEMEAERORE
MR 1 A, #LEUEAT 3 a FEAF RS FFAE W IR
iR M5, B Al SB ALBE+3E pH %, 435k 7.25
720, HoFERAEE, 5 SAMME, {XB
AbFRE E AN (P<0.05); FE/NEFIEKRMZE, 5 S
M, B F1 SB 4bFE+ 4% . NH,-N FINO;-N
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Table 1 Soil properties under different straw and biochar application treatments in wheat and maize season
TN SOC NH,"-N NO; -N Mo AK BD
b3 pH
/ (gkg™) / (gkg™) / (mgkg') / (mgkg™) /(gkg')  /(mgkg") / (gkeg!)
/A Wheat
CK 0.66+0.04a 6.29+0.24¢ 6.51+0.53a 11.0+1.6a 7.11+0.16ab  51.2+2.2a 39.3+8.1b 142+4a
S 0.67+0.08a 6.46+0.09bc  5.98+0.39ab 11.1£0.9a 6.79+0.06b 54.9+4.4a 42.0+12.0b 138+0ab
B 0.68+0.07a 7.52+0.26a 5.54+0.64b 14.0+2.4a 7.25+0.03a 56.0+3.2a 57.7+5.9a 126+3¢
SB 0.71+0.04a 6.82+0.19b 5.27+0.33b 10.9+2.0a 7.20+0.18ab  58.2+6.9a 52.7+1.2ab 136+3b
Tk Maize
CK 0.66+0.02b 6.52+0.04¢ 8.20+1.85b 15.6+1.3b 7.00+0.16a 72.0£0.5b 71.4+4.7b 143+3a
S 0.69+0.03ab  6.57+0.12bc  11.38+1.06a 18.1+1.9a 6.71+0.19b 73.1£1.0b 72.7+4.2b 143+5a
B 0.70+0.02a 7.61£0.26a  10.63+1.97a 20.0+1.5a 7.14+0.06a 75.6+0.5a 87.7+11.0a 133+12a
SB 0.67+0.02ab  6.86+0.20b 9.10+1.62a 18.9+3.3a 6.96+0.07a 73.6+1.5b 84.31+6.8ab 137+4a

e CK. S. B. SB & B /m AN HEATREFF 2 Az 9 J5 e 348 HH 1) % B

RE/NEREATIE N, 2R SR M, 2R RS A )

BIELH; TN, SOC. Mo. BD Z3HIFERAR . AU, Kr. AHE. RPEEFRSE, FIEHREARF/NG T 5L R AL B E 22 5

B3 (P<0.05), FI[A Note: CK, Control; S,

straw; B, biochar; SB, half straw replaced by biochar. TN, total nitrogen; SOC, soil

organic matter; Mo, moisture; BD, bulk density. Means with different lowercase letters indicate significant differences among biochar and

straw application treatments ( P<0.05) . The same below

1 AR W A NS REAR, B S CK A L b 3
WERN (P<0.05). 5 SAHILL, BALH R EH S
+ 4 SOC #i (P<0.05), 7E/NEFEKRBAFTT
Ay I T 19.6%F1 16.7%, T SB #2531 A B3
B AbHA AP T EORFE R HOK A (P<0.05),
(H/NZE 2o KA ST e .

SE ML MM, B B R ER S THE
T O O BRI T /NEE R A A E( P<0.05),
MSBY5SERARE.
22 FEFEEAXM T EEAEENZm

AN (R RS FF I8 FH 7 20 35 52 ) T - S A b v 34
(Bl 1), /NA2Z=, PNR [ K/NIUT 2y : B>SB>S>CK,

08

= /NFZ Wheat a
3
_E‘ 0.6 ab a
o
< 04F
"5 b
£
S o02r ""‘
Z
=
0
CK S B SB
AbFiTreatments
!

Fig. 1

B 1 SB ALFH 43514 0.58 1 0.49 pg-h g (LI NO;
i, FE), BERT CKALFE (P<0.05); BARFS
AW T PNR, {H25 CK ML ARLE 2SS
W EKE, X RUIAY AT IE 1 523 b
e A A . oK PNR BARME T /A2, 1
JEAS AL PNR 5 /N ZR R — 3, f S (ol B A3,
9027 ugh g T
2.3 AOA 71 AOB HYB X 45#
XN T KPR AOA Fil AOB amod H:H
F B4 T-RFLP 2081 (& 2), 3545 AOA 1 T-RFs
FBKBE 107, Y T-RFs MK h 204 bp 365 bp .
76 bp., 258 bp F1 250 bp, 7E4>Ab FE A L aEAS I 2],

04 -

T KMaize
03 a
' ab
02 L b
0.1 k- |—$—|
CK S B SB
AbFiTreatments

AV AR BRI A B OR A K A AL # (PNR )

Soil potential nitrification rate ( PNR ) during the wheat and maize seasons relative to treatment

http: //pedologica. issas. ac. cn



6 3] ZEREIE A . REAT B -5 A i TN ) L B AR 0 B4 52 ) 1475

/IN# Wheat AOB

100 -
X
5 80f
=
BE 601
funl=]
b+ <
=2 40r
B
g 20+
0 = - == =
CK S B SB
100 /NAZ Wheat AOA

80 L

60 |

LS E
Relative abundancel%
i
(e}
T

F_-I

B

= I -

i
i
S

Kb ¥ Treatments

CK SB

204 bp
W 207 bp
211 bp
251 bp

EKkMaize AOB
W 255 bp
260 bp

I m272bp
==

- e W379Dbp

B SB
204 bp

e AOA
. 218 bp
W250 bp
258 bp
265 bp

316 bp
W365 bp
W484 bp

CK

Maiz |76 bp

166 bp

- I
T TH

CK B SB

Kb Treatments

K2 ARumBRE R BB 24 (T-RFLP) Zpr ARIAL BN R PIRZ A0 (AOB) Flil i (AOA) HYRETE

Fig. 2 Relative abundance of Terminal-restriction fragments ( T-RFs ) of ammonia-oxidizing archaea ( AOA ) and ammonia-oxidizing bacteria

(AOB ) amoA gene during the wheat and maize seasons relative to treatment

BRI B LR 22 5, o i BE 204 bp 5
BB 34.2%~49.6%; EoKZE SB ALBRA EL 1)
EREAR, TR B 258 bp 195 FUAE FORFATR/INE
YR, L3R4 8 4~ AOB 1Y T-RFs A BtK &,
Hirh 269 bp. 255 bp. 251 bp N EEH B, 9l5
BB 18.5%~35.8%, 15.8%~31.7%, 18.0%~
37.9%; FEAZK AR A AL /N 2T I, Horp
R Bt 251 bp 78 CK. S. B Hl SB 4b# 5
27.1%. 37.9%. 20.2%7H1 24.3%.
24 AESEETEEVEFIMEDEELEN
g

FIH] RDA J7i 5300 53 B A RV E A= K 2215 +
SRR 7 AT P R T AR sz (18] 3)
AL, AOA HYRFIE A TE/ N E N E RIS T AL
JEE X5 (B 3a), SO0 ERN ERER
AL SR NE BREAR LA BT, /)
X EREFFRALIE AL BE B H1 SB A REA (i 1] B2 AE
—j2, AOB [ RDA 7 #ral LIFE H (&l 3b), /N&E .
FARPIZETT ARG, TR 27X 55
Jiti AP e b B B Al SB AL FHBES A —ie, FH
e R B A 5 25 R AR A o

+IEFF pH. SOC FIEsL K ( AK) #KIK 5351
WEL I AOA MRHEZEH, B —HFHh (Axis 1)
fif e THEATT 51.5%M748 5, 55 —HiFhh (Axis2)
e THEAR 24.9%M 78 5%, P G IR TREA
76.4%M BAE . H3 K (AK), pH. SOC Fil+ i
A (BD) BFEI AOB HIREIKL M, H—HF
Al (Axis 1) B TREAR T 55.2% 078 5, 28 —HEF
i (Axis 2) fERE TREAR 20.3%IMAE R, WA TR
BT REAR 75.5%10 B8
2.5 AOA 1 AOB EFEFIMARZ X B

i [ SR P 2R MUT S LU, ARAS 15 A
AOA WMEERFE R LT, RERBAREER (E 4)
R, AOA amod FEH 75 KR/ B AE Groupl.lb
( Nitrososphaera ) 2FfHh, L3 Bt 204 bp. 76 bp
#1258 bp ¥JJ& TiZ KM ; B 76 bp J& T Groupl.la
associated, 7ERFPIFAEEEF 7 EE 20% LT 45 8
A~ AOB WEFEAEFEIRIT, REKBWERE
BH, AOB amoAd F:H ¥ HRISHE Nitrosospira J& )
Cluster 3a, L% 7 Bt 269 bp F1 255 bp HIE7E Cluster
3a.2, i # A Bt 251 bp 1 211 bp B 2EAE Cluster 3a.1,
A D i BERISTE Cluster 4 1 Cluster 1,
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a) AOA
3
O CK
®
. AS J“B:’
< S
= A
g S. BB g
> 5 *SB
20 o-15 S8
& & ocKy
B = g
) &K as | 2
R = OB | ¥
QOSB
15 )

U431 RDAL(51.5%)

AOA a

Dots different in color represents AOA and AOB communities from different soil samples

Note

JUAYSIHT1 RDAL(55.2%)

AOB b

samples collected during the wheat and maize seasons

K3 LR T SR E MR ZREERTUA 0BT (RDA)

respectively

solid and vacant dots represent soil

Fig. 3 Redundancy analysis ( RDA ) of soil physio-chemical properties and microbial community of nitrifying microbes in the soil during the

wheat and maize seasons relative to treatment

4 GQ-AOA-OTUT(204bp)

a) _mEAimsiﬂ Mivaospin sy, M0 I Clusterd b) FRT73159 Nitrososphaeraviennensis ENT6
’_zz GOAOB.OTU10(272bp) e e s
[ AJ238697 Nitrosospira sp. Kad EU281320 Nitrososphaera :
o NIrososphaera gargensis
k) 100 ~A 6Q-AOB-0TUB(251bp) I Cluster 1 4 GQ.AOA-OTU16(2580p)
jog—A GQ-AOB-OTU211bp) " 4 GQ.AOA.OTU10(258bp)
UT6553 Nitrosospira briensis o 4 GQ.AOA-OTUS(258bp)
7 52\_,—‘ GQ-AOB-OTUG(269bp) Cluster 3b

49— 297858 Nitrosospira briensis C.57

A 6Q.A0B.0TU{211bp)

AJ298719 Nitrosospira sp. Nsp2

Cluster3a.1

0| 4 GQ-AOA-OTU3(250bp)
KC756646 Lake sediment clone
4 GQ-AOA-OTUS(76bp)

0 EU651089 Estuary sediments
4 GQ-A0A-OTU13(204bp)

1 JQ403805 grassland soil

% 56
0

@ GQ-AOA-OTU2(166bp)
 GQ-AOA-OTU15(204bp)

A GO.A0B.OTU12(211bp) \ KU365749 Wheat soilclone
—A GQ-A0B-0TU16(255bp) 4 GQ-AOA.OTU17(204bp)
A 0.A0B.OTU4269bp) ® 4 GQ-AOA-OTUG(204bp)
itrosospi 4 GQ-AOA-OTU11(2040p)
100 DQ228459 Nitrosospira sp. TCHT16 n
A GQ.A0B.0TU2(255bp) @ GQ-AOA-OTU12(204bp)

100 JN787046 Uncultured crenarchaeote clone

AJ293689 Nitrosospira sp. AF
A 0.A0B.OTU13(251bp) ! Groupl.1b
% A GQ-AOB-OTU11(251bp) Ni "
LA GQ-AOB-OTU3(251bp) @ GQAOAOTU19(258p) (Nitrososphaera)

k DQZ28454 Nitosospira multformis | cyyygter 3a,2 ® GQ.AOAOTU316bp)
57 A cor0B oTUszsp) DQ148902 Ocean sedments Groupl.la associated
2 DQ228455 Nitrosospira sp. 9551 100 MF566522 mangrove sediment clone
A 60.A0B.0TU15(255bp) 5 ® GQ.AOA-OTUS 76bp)

2582 DQ228457 itrosospira sp. PIAT 3| GRAOA-OTUI(T6bp)

A Q.A08-0TU1(255bp) 51— GQ-AOA.OTU14(250bp)

AF058692 Nitrosomonas europae g Nirosoea devaraters | Group1.1a
I S——— Niosomonas halophila | C1uster 7 ltz HM345609 Nirosopumilus mariimus
99 KU74T128 Nitrosomonas oligotropha % T

—
0.02
Kl 4

—
0.02

ARHEHEE AOB (a)) Fil AOA (b)) amod H RS KB W

Fig. 4 Phylogenetic trees, build with the neighbor-joining method, of archaeal amoA sequences (a)) and bacterial amoA sequences (b))

retrieved from the soil relative to treatments

PNR £ B FAMHICER, 1 NH, M+E%E (BD)
5 PNR & B E ML, 1X 4 MEFEL B E 0 T Y
VB, THAEZZEYT , AOB BETE B 4S5 S HL AT

2.6 TEEAET. HUETESHLMEDERE
EEEPS kS
FHRPEI TR (% 2), /N7 SOC. AK 5
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HILE I Z [ JC A G, AOA BEERATEES
SOC ZEMAHX, AOA. AOB BEVA45H) 5 PNR 2]
IR FMHE, FEEAZ, HLKNT SOC 5 PNR &

FAE, T pH 5 AOA VA AR FE AR 35 IEAIE,
SOC 5 AOB B4 B F1EAMSE, %275 PNR 5 AOB
HEE B AR AR E IEAG, 5 AOA TR EMIKAR,

x2 ARTHAETREBAER. HUMEMEESHLEDS (PNR) MEXREE (n=12)

Table 2 Correlation coefficient of potential nitrification rate (PNR) with of soil properties and nitrifier community relative to season and
treatment

TN socC NH; -N  NO;-N pH Mo AK BD PNR
/NAZ Wheat
PNR 0.045 0.822"  -0.673" —0.084 0.462 0.09 0.730"™ —0.693" -
AOA T 551" -0.354  —0.575" 0.218 -0.201  -0.212 0.013 -0.254 0.277 -0.356
AOB FA 84 0.397  —0.205 0.095 -0.035 0.264 0.218 -0.049 -0.353 0.404
E K Maize
PNR 0.475 0.815™ 0.491 0.486 0.152 0.24 0.465 —-0.419 -
AOA T 55" 0.13 0.157 -0.218 0.006 0.560" 0.219 0.530 -0.381 -0.074
AOB FHAIEH” 0.435 0.564" 0.414 0.073 0.408 0.343 0.520 -0.356 0.766"

* P<0.05; **P<0.01; (DAOA Shannon index, 2AOB Shannon index
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Effect of Straw Return, Directly or as Biochar, on Nitrifying Microbes in
Fluvo-aquic Soil

Abstract

LI Peipei

TONG Haotian HAN Yanlai'

JIANG Ying WU Chuanfa

(College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou 450002, China)

[ Objective ] Biochar has increasingly been used as soil amendment to increase soil carbon storage

and improve soil chemical and biological properties. However, so far little has been found in the literature talking

comparatively about effects of returning maize stalk, directly or as biochar on soil properties, nitrification and

ammonia oxidizer communities. [ Method ] A 3-year field experiment was conducted in a field of typical fluvo-aquic

soil under the wheat/maize rotation—system commons in the North China Plain. The field experiment was designed to

have four treatments: Treatment S (application of straw); Treatment B(application of straw-derived biochar);

Treatment SB(half straw and half straw-derived biochar) and Treatment CK (no straw or biochar applied). Soil

samples were collected in the wheat and maize seasons for analysis of soil properties and community structure and
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diversity of, ammonia oxidizing archaea and bacteria with the terminal restriction fragment length polymorphism
(T-RFLP) and clone library techniques. [ Result ] It was found that during the wheat season Treatment B significantly
enhanced soil pH, soil organic carbon (SOC) and readily available potassium (AK), while decreasing soil bulk
density, but did not affect the contents of total nitrogen (TN), NOj -N or soil, water as compared to Treatment S,
and PNR in Treatments B and SB was measured to be 0.58 and 0.49 pg-h™'-g ', respectively, significantly higher than
that in CK (0.22 pg-h™'-g™"), but did not differ much from that in Treatment S (0.40 pg-h '-g™"). During the maize
season, Treatment B significantly increased soil water content, SOC and AK, and PNR on the whole was relatively
lower in the maize season than in the wheat season, regardless of treatment, and much higher in Treatment B
(0.27 ug'h™"-g™) than in Treatments CK and S (P<0.05). During the wheat season, Potential nitrification rate (PNR)
was closely related to AK, NH, and soil bulk density (P<0.05), but not so to ammonia-oxidizing archaea (AOA) and
ammonia-oxidizing bacteria (AOB) community structure. During the maize season, PNR was significantly related
only to SOC and to AOB community structure as well. Redundancy variance analysis (RDA) shows that soil SOC,
bulk density, pH and AK are the main factors significantly affecting community structure of soil AOA and AOB,
which explained 76.4% and 75.5% of their total variation. Phylogenetic tree analysis shows that all archaeal amo4
gene sequences were exclusively clustered with group 1.1b (Nitrososphaera); and almost all the bacterial amoA
sequences in the fluvo-aquic soil belonged to Nitrosospira cluster 3. [ Conclusion ] To sum up, application of biochar
stimulates nitrification in the sandy fluvo-aquic soil by changing soil SOC, bulk density, pH and AK. The finding in
the sequencing and RDA further indicate that biochar application triggers changes of AOA and AOB in community
structure. The finding may serve as theoretical references in rational utilization of straw and its biochar.

Key words Fluvo-aquic soil; Ammonia-oxidizing bacteria (AOB); Ammonia-oxidizing archaea (AOA);

Straw return; Straw-derived biochar return; Nitrification
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