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Biochar application improves ammonia oxidation microbial community and
increases net nitrification in vegetable soils
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Abstract: [ Objectives ]| Ammoxidation process is a rate-limiting step of nitrification and impacts the cycling of
nitrogen in soil. By analyzing the changes of soil ammonia-oxidizing microbial communities under the input of
biochar to reveal the influence of biochar input on soil nitrification and the biological mechanism. [ Methods ] We
set up biochar gradient (C,, C,;, C, s, C,,) soil incubation experiments in northern meadow district. PCR and T-
RFLP analysis technology were used for observation of ammonia oxidizing bacterial community dynamic under
biochar input soil and analysis of the relationship among biochar, soil nitrification and ammonia oxidizing bacteria.

[ Results ] The addition of biochar significantly changed the ammoxidation microbial community structure and
nitrogen nitrification process. Compared with C,, the Shannon and Evenness indices of the soil ammonia
oxidizing bacteria community were increased by 5.4%—18.8%, 26.2%—33.8%, and the Shannon index were

decreased by 20.7%—-34.2% in late stage. The biochar input had no significant effect on the AOA community.
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In the community of AOB, 256 bp and 58 bp represented species abundance were increased by 61.4%—56.0%,
60.6%-78.6%, and 488 bp represented species abundance decreased by 22.8%-26.9%. 21 bp represented
species abundance increase at early stage and decrease at the later stage, which was contrary to the change of
491 bp represented species abundance. In biochar added soil, the abundance of AOB amoA gene were increased
by 48.9%—-53.2%. The content of NO,-N were increased by 1.7%-25.6%, the content of NH,'-N decreased by
13.4%-31.1%, and the net nitrification rate increased by 21.8%—70.2%. [ Conclusions ] The input of biochar
improved the structure of soil ammonia-oxidizing microbial community dominated by AOB and stimulates the
activity of amoA enzyme. However, it has no significant effect on the microbial community structure of ammonia-

oxidizing archaea. The influence of biochar on soil net nitrification rate is closely related to the influence of

biochar on soil ammonia-oxidizing bacteria community composition.
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W LA R A b, b R R B
JEMZFEPE R E R Y, TEL0HE | PR s T HIK
FERE AT A R AN R R B OGN T B B (Thiobacillus) .
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B 5% 2.68 uS/cm, #ASA 28.6 mg/kg . A 191
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Table 1 Basic properties of peanut shell biochar and mass fraction of surface elements

pH NH,*N (mg/kg) CEC (cmol/k) SSA (m¥g) FLBRIE Porosity (nm) JK4} (%) Ash  #EK4) (%) Volatile matter [ 5% Fixed C (%)
7.92 0.83 40.5 19.36 0.89 3.00 0.66 96.3
FXT i F LE Relative atomic ratio (%)
C H o] S P Mg Cl K Ca
80.74 0.98 15.43 0.07 0.18 0.48 0.34 0.8 1.05

7 (Note) : SSA—LFETEFH Specific surface area; CEC—H 2 T 22 # it Cation exchange capacity

F= 7 Ko FREC200 g 3, WE 4 DMEREAEY KO,
0.5%. 1.5%. 4.0%, Zilbrich Cy. Cos. Cise
C.o, SERZEM (200 kg/hm?) R4 A +HE,
W 4REL, HE TSI (5 20 cm. HAE S
cm) W1, HUKZE W EHKEKER 55%, & T 25C
TR G SR RERR R AR E LK, S 0. 3. 5.
10, 15, 30, 55. 90 RiFATHURE, BSR4
BE T 4°C. —20°C . —70°C 1#47F, HF&RIEH
W5E
1.4 TIEBUMRNE

- E KR TR, A L
RS TR A R g, 4% pH SR A HALEE (K
T 2.5:1), SRS RN AE RS 0%
Mgen, ISR M E KA 0.01 mol/L CaCl,
RV s AT S GEI 22 Ff: HARHE Persson FlI
Wirén 22U TR ()2,

n[mg/(kg-d)] =

K, ¢ RIIRREL, n, 9 HENOL-N Wl HR & i
n, SEFRE ¢ Kbk H#E NO, -N i
1.5 *IEE DNA #ZEL

X Power Soil TM Total DNA Isolation i3] &
(Mo Bio Laboratories, Solana Beach, CA, USA) 7
B4 5 DNA L FREL 0.25~0.50 g {547 T—70°C ¥KA6

n,—n,

o R, e IR SR UL TR
5 H 100 pL ddH,0 PEME3RTS DNA Mo Friiis
f) 14965 DNA R A 1.0% B sk e B ik dk A7
R, FHRAETF-70°C P TR 258 5 507 o

1.6 E= PCR (qPCR) #1f

qPCR R MR R & L. FHEs1% (10 pmol/L)
£ 1 uL. 2 x PCR Master Mix 10 uL . ## DNA 2
pL. #M3E ddH,O % 20 uL, %> DNA FEf 4 3 IR
2, FFIE JCHEAU R (no template control, NTC).,
XA b amoAd FEPH LR AL ORI EAT 10 £5 46
HELRRRE, 1HEIRIEMNZ. R PCR AN 90%~110%,
MR EL > 0.98 bRHERZE . qPCR 51415 B AN
FAFIFR 2,

1.7 Kimk BIKE M54 (T-RFLP)

X T-RFLP $ORHF5E 13 AOB Hl AOA 1Y
amod W Z VA, S5 3N amoA-1F/
amoA-2R>fl Arch-amoAF/Arch-amoAR™ (5|15 B
3% 2), H LiF51% amoA-1F F1 Arch-amoAF ¥
53R 6-FRIEE L FRUOEER (FAM) Frid. PCR X
MAARZRASE: . MG (10 pmol/L) 45 1 L, 10 x
PCR Buffer (Mg** plus) 2.5 uL, dNTP Mixture 2 pL,
Bt DNA 1 pL, JZKE /KM 25 L, PCR 444>
WA BN B Yk )S , H Wizard SV Gel and PCR
Clean-Up System il fl & (Promega, USA) #17

%<2 qPCR 5|49F0 /% B &4

Table 2 qPCR primers and reaction conditions

FIprZENA 519 JP3I (5-3") IBKIEE (C) 7 R B (bp)
Target gene Primer Sequence (5'-3") Annealing temperature Product fragmentsize
A LA amoA (AOB) amoA-1F GGGGTTTCTACTGGTGGT 56 491
amoA-2R CCCCTCKGSAAAGCCTTCTTC
Z AN amod (AOA) Arch-amoAF STAATGGTCTGGCTTAGACG 55 629
Arch-amoAR GCGGCCATCCATCTGTATGT
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alifk.

AOB PCR ¥y 2ifj5 H BRI N VI Msp 1
(TaKaRa) #E{7EY], AOA PCR F=4alifb ) Rl
NI Hha [ (TaKaRa) EAFREEYT, BTSN 37°C
3h, EEUIYEEAE TAY TR (1) KRG A R H
AT A ST 5307 o EHE AT BTAH2E R + 1 bp B
BtH R [ — T-RF?", ZH Lukow S5 7 kT8 AH
£ (Relative abundance, Ra), T Ra KT
1% K T-RFs A & v Bt T T-RFLP 7347,
Ra KT 10% 1Y T-RFs R iZ ke it AR HFEE2, A
Y Z 1 Shannon 548 (H) F1 Evenness 544 (EH)
P, THEART

H = -XPilnPi
EH = H/InS

A fh. H &y Shannon ¥8%4; EH N Evenness 8 %(;
S M Fr BERIFREL; Pi MR @ A Bl AR %
o il B TR RR A L
1.8 Gitoth

K Fil MxPro-Mx 3005P v 4.00 (Agilent, USA) %k
TFUCSE qPCR W 5d , ARG FRuE il £ . B R
FHl Origin 9.1 1 SPSS 22.0 A HEATALFE , AN [H] 443
FE il 22 I 1Y) 22 57 0 PR FH BRI X (One-Way ANOVA)
) Duncan {47537

2 PRE

2.1 SRIMEMIRITT1E AOA F1 AOB ZHEME IS0

il i A= ) o S 2 O 3 AOB AR (3R 3).
5 CK (C) ML, AR (Cos. C.s C,o) HEFEWI
1+ 3% AOB Shannon #5442 % 5.4%~18.8%,
Evenness 550425 26.2%~33.8%, J&5i] Shannon 5

BUF R 20.7%~34.2%, 1€ AOA FEE Bl LY A 1)
WINEA KA AR, O A e 1) i A o AN
U
22 SRINEYIRXTT1E AOB 1 AOA BEELEHIRIEN

13 AOB B¥ 7% 45 A4 It A= 49 i< 1) s A\ 72 Ak 1 ik
(E'1), 5 CKAHLL, APmibi 256, 58 bp Bt
RKYFFEEEFRATH (0 X) 7452 61.4%~
56.0%. 60.6%~78.6%, 5 (90 KX) 435 £
14.8%~65.1%. 2.6%~65.7%, 488 bp A BAt KW Hh
B HTIFRA 22.8 %~26.9 %, J5 T AR b
B (Cis. Cuo) BMIAFIFRE, it B ab BT 491
bp i B A2 P B S AN B S S AR . 21
bp F BRI FERTIIE £ 1.7%~53.2%, J5 ]
KA EBE it FH AR R it 38 AOA BEE S5 F 1Y
S A BH S R
23 ARMEYIRIEENE amoA EEFEE RSN

NI A 00 i v 498 L AR A TR R el T
amod FFE (AR IR R) (B 2), 8301
(0 K), HEWHAbH i 30 1 AL H TE (AOA)
amod IEF W FE R, 5 CK (C,) MLk, WAy
0.5%. 1.5% F1 4.0% A3 73 513G 0 26.3% . 37.3%.
40.2%; Fifi 3G R0 AE A, it 0 2R W) XF AOA
amoA FEH B YA InA/E I, % AOB amoA F&
PR e A g ko s B3R5 0 (90 X)), 49
IRAL PR+ I FE AL (AOB) amod Fe[H =E FEHE N
48.9%~53.2%, %W CK FHHAN 6.23 x 10°
copies/g 1=, WHIHRIEEAEYI K (0.5%. 1.5%) AbFEAY
SERF B TRk (4.0%) 43,
24 FAMEMRT LB S =M

HHE 3 AT, Bl B9 RECWIE R, #5238

3 1535 0 71 90 KAT AOA F1 AOB £ Shannon 35#{F1 Evenness 35§
Table 3 Shannon and evenness index of soil AOA and AOB at incubation of 0 and 90 days

R RAEL (d) AOA AOB
Incubation day C, Cos C,, G, Cys Cis Cio
Shannon
0 0.76£023a 0.81+0.09a 0.77+0.19a 0.84+0.16a 128+0.56c 149+0.07ab 1.52+0.08a 1.35+0.01b
90 1.08+0.26a 1.08+0.03a 095+0.05a 1.04+0.02a 2.66+0.04a 2.11+0.10ab 1.90+0.07bc 1.75+0.10c¢
Evenness
0 0.53+0.12a 0.52+0.03a 0.54+0.06a 0.54+0.08a 0.65+0.03b 0.82+0.04a 0.84+0.02a 0.87+0.04a
90 0.68+032a 0.61+0.0la 061+003a 0.69+0.03a 086+00la 0.79+0.04a 084+00la 0.78+0.02a

H (Note) : [FATEMR G AR FEEFRIR Rl— B RIS R AE D s it 7] 25 57 2. 3% (P< 0.05) Values followed by different small letters in a row
indicate significant difference among different biochar addition amounts at the same time (P < 0.05).
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Fig. 1 Average relative abundance of AOB and AOA T-RFs in soils applied with biochar

[ (Note) : FIrfExy 3= BEAZRAA 7 B ERY RN B A X = B

The relative abundance in the figure represents the relative abundance of each species represented by the fragment.]

28
@ 26
8 24
a o
3E 22
S E 9
R
ﬁglfi
5—;;%16
=% 14
B/
10

r AOA 30 rAOB 0Oo0od O55d m90d
- Aa Aa Aab
L E3 Aa ACAa B A T Aa Aa
Aa ABal Ab } ‘Aa Aa a Aa, 3
L I;E 20 | [ ] [ Bb
- Bb Bd
15 |
- Ba 10 } Ca Ba Ba Ca
L . |
O 1 1 1
G, Cos Cis Cio Co Cos Cis Cio
KbFH Treatment

2 ERAIETIEAREIEFERE AOA 1 AOB B amod EFE 3 #

Fig. 2 amoA gene copies of AOA and AOB in soils applied with biochar at different incubation days
[ (Note) : # EAR/NG FRERIRE— i FRi A AR AP R AR [ 2 5 3, RIS TR 30K [l — A Wy s s i B ARG 3 R4

[A] 22 57 % (P< 0.05) Different lowercase letters above the bars indicate significant difference among different biochar addition amounts, and

different capital letters indicate significant difference among different incubation days under the same biochar addition amount (P < 0.05).]
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Fig. 3 Dynamics of soil NO,-N and NH,"-N concentrations under differnt biochar treatments with incubation days
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AAL A RSIRER™, A OCSCHRE £ 4itiE Comammox 7
HARFN T RGBT IR 2, AW & /b s)
OYFRA LT, A T S S i sh Bk
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A Ay TR AR R 2 B S T AR B A A R AR S P, AR
PERRIR B U E e B R RO, e T
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PR AAABAT B ST 2R B, A=W ek A 2x B i S 1+
e iy AOB MIE B, i AOA Bl
T AOA FJE, FEAIK AOB HEE, A5 h A9
B AN B 8 2038 T - HE AOB 2R ME RIRE IS 254,
A G AOA BEE &4 B WA AR L, Ui
AN ) A HE IS5 6 A5 W e 1 s AT RS AN TR, —
AN AOB FEV& 0 L B A0, AOA 55k iy R 1
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MR MR R, P, ABIFGE it Jin 25 49 g kit
At R R A 2, A 2 o A W i A
B AL O TR, O T A AL AN PR R 454

ARIREH, AOA HY amod FeIN F BEALAE N A=
YR AIAE — N, {5 AOB amod 3 £ 7F
SRR IR R B EE RN, X5 FRR A RIX A A
SO SR M A PO I S ORAE AR W ISR A SR
1, %13 AOA amod F:H 4= FE X I nl GE-5 4= ¥y ok i
A G S HE I MR A G, s AR S

MAEMAHTH (AOA) B FELIRI, Tk, Bl SFEYIREY, RIS K EE | WA E AR R
Z 35 ¢ Aa
2 1 ac,
= 30 F A Oc
E Ab mC,,
gy mc,,
g
g 20 BaBaAa
=
T 15t
g B CaCAa
% 10 | Ie Da 5
S a
5 5t CDbgDa Eb Ba
= b Dal Dab
i E D DbEb_ B2
% 0 1 1
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3572 K4 Incubation days (d)

4 EPIRAIET HIRS I R R SR A E A

Fig. 4 Changes of net nitrification rates in soils applied with biochar with incubation days

[ (Note) : # EARF/ING FREF Rl —55 IR0 RIS AR Y i ids 0 fi 0] 22 55 3, NIRRT Bk 3R () — A W 8 o e Ak JOAS [) 5 7
[A] Z [8] 22 5% .3 (P< 5%) Different lowercase letters above the bars indicate significant difference among biochar amounts at the same incubation

day, and different capital letters indicate significant difference among different incubation days under the same biochar addition amount (P < 5%).]
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