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Effect of Blochar Appllcatlon on| Blologlcal Nltrogen leatlon 1n Double Croppmg

Paddy Fleld 1n Northern Halnan 2y re y
ZHAO Yan, YUAN Xln sheng, TANG Rui-jie, SH-A@ X{E;)*}lul LI Kai-kai, WEN Chang li, CHEN Qi- ql WU Yan-zheng "/, M’ENC Lel -
TANG Shui-rong /=~ ' . 3 ¥ 2 r
(College of Tropical Crops, Halnan University, Haikon 579228 Cnna)’J : J J 4
Abstraet . Blcﬂoglca mlrogen flxallon contributes to the pool.of p laft-available N N_ift soil ‘and helps to minimize the use of inorganie:N fertilizer in agricultural ecosystems.
Biochar/ can regulate the physical and chemical properties of goil and mfprove‘the ab_pndgnce and activity of soil microorganisms through its special physical structure. However,
research dh the dlazotrophs of paddy soil by biochar is insufficient. This Eperiment consisted of three treatments: no nitrogen as the control (CK), conventional fertilization
(CON), ad conventional fertilization combined with 20 t+hm = biochar (B). gPCR and high-throughput sequencing were used to analyze the abundance and community
structure of nitrogen-fixing genes (nifH) and to investigate the effects of hiochar on soil diazotrophs in double-cropping paddy fields in northern Hainan province. The results
showed that the addition of biochar increased soil pH, soil organic carbon (SOC) content, and crop yield compared with that in the CK and CON treatments. Meanwhile, the
abundance of the nifH gene was significantly positively correlated with soil pH and SOC. Compared with that in the CK treatment, biochar treatment increased the abundance
of the nifHl gene and significantly changed the community structure of the soil diazotroph community in the early-rice seasons, whereas the conventional fertilization treatment
reduced the abundance of nifH genes and had relatively no significant effect on the diazotroph community. The application of biochar changed the dominant genus of soil
diazotrophs. Geobacter, Pelomonas, Azospirillum, Anaeromyxobacter, and Sideroxydans were the dominant bacteria in all the treatments. Compared with that in the CK
treatment, biochar significantly increased the relative abundance of Pelomonas, whereas conventional fertilization increased the relative abundance of Geobacter. The results
showed that biochar addition had the potential to reduce fertilizer application, which provides a theoretical hasis for reducing nitrogen fertilizer application and improving
nitrogen use efficiency in paddy fields in northern Hainan province.

Key words: double-cropping paddy fields; biological nitrogen fixation; biochar; nifH gene; microbial diversity; microbial community structure
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Table 1 Field fertilization management

1.1

. o A-H
i I 2019 4% 2020 4
BENE AL 04-20 05-01
BENE 05-13 05-08
LR 2 34T 05-31 ~06-06 05-20 ~05-27
AR 06-13 06-14
Wik 07-20 08-05
i 07-30 08-14
BEE 08-12 08-22
e i 2 F 3 G 08-26 ~09-03 09-15 ~09-22
TR 09-09 09-21
Wik 11-05 11-08

FREZME AR & ZAE ., 120 kg-hm > (JRE, &
R 46% ) . BEAC:90 kg-hm 2 (i BEERES, &% P,O,
16% ) FERAE .90 kg-hm > (EALA, & K,0 60% ) ;
W 2 A8 R it B 8 150 kg-hm > (AE) . 90
kg-hm > (HEHAE) #1120 kg-hm > (FPAE) . B A=)
FARE L7 2 FERAE : BEAE: FEAE =5:3: 2, B R 2 it
RUE L2 BENE: FEHE = 6: 4, 2% (1 40 BRAiE FH w1
JE, B A 28— U P it A, DA A

B+, pH B 5.9, o[ A (TN)] R 2.8
g-kg™, @ (SOC) M 15.7 mg-keg™', o [ W% &
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(AN) ] 147.8 mg-kg™', w [ BB (AP)] N
122.5 mg-kg ™', o[ HAHF(AK) ] 49.5 mg-kg ™'
CEC 4.0 cmol-kg™", w(HVKL) K 62.7%, w(#}
Hi) R 20. 5%, w(FHRL) 2 16. 8% ; HLif A4 i f
BEAE 600°C T PRI AL, pH 7 9.7, w(N) Ny
0.3%, FHES T3¢ (CEC) M 8.2 emol-kg ™', JK 43
35 1%, b RN 5.8 m* g™, w(AP) ] 99.6
mg-kg ™', w(AK)H65.1 mg-kg™'.

1.3 RS CRAE S A

— KRG IR A, 78 R EER I/ NX, T i

TG IR S TR LRI R A, 5 AL |, A2 BN/

XPREL O cm ~20 cm B9 H3EREAS L BEEL 5 4-4E

AREHR— MRS, EEAE 1 kg 4, Hrp—

T3 e - PERE S R RE PR R TR SE R

JE A = 80°C VKA T ARAE , FH T B A 1 I

T 3 H AL 8 bR R & FEVE T 5230 % 4 \19?

ZHT e AT T b B 2Z R it 2 mm B ﬁﬁﬂ:{lﬂ

PO A B B RE (i, 60 A v VR TR 22

IRy JE A T AE ‘

L4 FESEhriy] i
pH ﬂﬁaamzok 02, 501)4 %
Wk m%ﬂmmm%# A HOICR

lmol L Z@z’%’ﬁ@?{ﬁl(pH 7) R4, H%)(ka;jﬁr”fr

WE ; 57128 T 2 et SR ) £ W 5 4R - 2 VR I 5

mﬂ'ﬁﬂﬁﬁ%wa ST I 31 A3 E%Wﬁﬂw &

5 g 600°C &5 ERIIEES h 2R AT
HURAR FH H Tk 2
1.5 TIERUEY DNA $2HL

K 11 DNA $2HUA 50 & DNeasy PowerSoil
Kit(100)12888-100 #2H £ 1% DNA , FRELZ) 0. 5 ¢ #7
it 198 e AR G B ICE I T A A T4, S B
SE5E I R IR 524043 66 3T (Nano drop 2000,
USA ) W78 A% 2 Wk B2 4 WO 487 T %) DNA 2 VR IR AE
( -80%C).
1.6 [ R = B

[ 260 2B BE PR AR BE R S B A O E i+
(qPCR) W& 7K A 38 vh ngfH HE PR 48 DUESL. Fir
51 ¥ A : nifH-FAAAGGYGGWATCGGYAARTCCACC
AC/nifH-RTTGTTSGCSGCRTACATSGCCATCAT "
BRI DNA BE SR B 10 554N qPCR gkt T
st AR R 20 pL, Hidh 10 wL 2 x TS Fast
qPCR Mix(SYBR Green 1) , iIFZ 51445 1 wL, 1 pL
DNA 4R , HA FHIC B /K AR5 466 B2 T B A o Jo oz ]
I EF TG e PCR 9788 318 nifH FEDR A 2
1.7 Mlumina MiSeq M7 5 A= W15 L2 5B

PEIURE S B DNA S5, AR 4 O 57 X TH A5 31 5

;@é%sﬁé”

Y e 5 AR s 7 43k ) #E4T PCR &34 9 X
Hr WA aift | 2 5 A — A0 O e SR gt
U 1 SC PR S AT SC R BT R, oA G A 1Y SC
Hlumina HiSeq 2500 47l /3. 1 48 & W /5 (40
Hlumina HiSeq 5576 ) 1521 (1) [ 1f R R SC
1, 2B ( Base Calling) 23 BT % 4k 4 [ 4 0 )5
J¥51] (Sequenced Reads) ; X £4s 47 70 #r , i 4 4%
P H)H QIIME ( version 1. 8. 0) Fl USEARCH ( version
10. 0) BRAFFEAT 434, 30 3k Boaf P A B | 5 o 5k U
X Jp A DR 2K Rt AR 519 AR BT 7 81, A
M5 2 XA 307 5. 985 I H FunGene Pipeline %
e IR, FAG S 3 A SR ST G nifH B2
(PR 75, T T (4 BR 97 % Jp AR AU A SF- 3l o
AR 5 FHRAE BTG (OTU ) . BB OTU ARG 7
B Fl MEGAN (version 5. 8. 1) B f:-4E NCBIHH 1
HEFTFE A LR TE A1 PRINA 810776 )85
ST AR 9 el 490 53 2. (1 QUIME i 4 %1
BEAT R fiil’g@ﬁ[( ACE ! Chaol | Shannqn %ﬂ,-slmpson
BEOIES ; 'y i
1.8 Hdlhba LY Vi

AR BT K Bl 403 {8 1] SPSS A, 0
o B AT B R R AR 9% 43 HT ( Pearson correlatlon)
%n%%?ﬁiﬁ%ﬁ( Oné-way ANOVA) , P 20. 05 %
A DR R Vegan BPFRICIERE B 24k
U ( non-metric multidimensional scaling, NMDS ) 43
B, BEHLZRAR AT FIFEE. CANOCO 4. 5 B 4
T WU I8 4540 5 P58 K719 RDA 4347

2 HRE5H

2.1 ISINA R KRS - A I Y 52 e

FH2% 2 AT,2019 4F R g 2Rkl s, 148 AN
S AE CK A T E AR HAE 2020 4 R 2
HOAN FE U R R, EMAE 2= 5 A A B T
BEES MIT CK AFEF CON AbH, 7 P 4F 1Y
ZRRE, R RS N R E RS T 8 pH (P <
0.05) , HH7E 2019 4F W5 2= Fl 2020 4F FLFE % pH
BT ;5 CON ZbFRAHEL , B ACFRFEAR T 4 AP &
(2020 4ERLAFZ=BR A1) |, I H 19 A W R = 0k 3 i 3%
(P <0.05); BACFHAHLL CON AL 5 2 45 5 1 /K A
113 SOC & (P <0.05) ,#HLL CK 4bHE SOC 5 &
e Ot H A MRS R B B A CK
ALFAT CON A | AK 7 4 T 42 &5 (2020 4F B #
BRI ) ANTE 2020 AERFFZEIAFN B E (P <0.05).
2.2 IRINAEYIR XS nifH FEPR =F R 5

WE T B, [ A A Y B =F R
qPCR JE f& nifH FEPRRAA A , 75 2019 W Z=AF T A
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Table 2 Basic physical and chemical properties of soil
Gy WH A ot «(80C) w(AN) w(AP). (A
/g kg /mg-kg /mg-kg /mg-kg
CK 5.47 0. 19g 16.34 +0. 41de 216.79 +14.31a  101.13 £17.05ab 29. 81 +2.39de
Ly R CON 5.36 +0. 09g 15.36 0. 43e 199.79 +25.71a  120.41 +12.40a 20.51 +1.64e
2019 B 6.06 +0. 19¢d 17.30 = 1. 54cd 116.44 +10.12bc  117.22 +14.91a 44.53 +0.15d
CK 5.68 0. 09ef 17. 60 +0. 18cd 189.54 £27.42a  113.87 +5.49a 30.15 +8.92de
WA 2 CON 5.53 0. 0lefg 17.63 +1.03cd 113.51 £6.19bed  121. 68 £18.10a 26.84 +1. 12de
B 6. 40 +0. 29ab 21.20 +0.0la 140.99 +18.72b 83.02 £7.36bc 42.61 +4.96d
CK 5.83 +0. 04de 19. 95 +0. 26ab 81.37 £12. 12¢ 56.16 +3.21d 148.6 +12.02b
LGRS CON 5.56 0. 07efg 16.80 +0.72cde  114.11 +6.64bed  48.31 £2.71d 98.96 +12.61¢
2020 B 6.47 +0.02a 20. 47 +0. 06a 118.71 £5.72b 64.14 +3.34cd 168.51 £22.15a
CK 5.58 +0. 09efg 18.28 +0. 84bc 83.67 £3.56de  105.01 = 14.66ab 29.81 £2.39de
e 2 CON 5.34 +0.05¢g 18.33 +0. 73bc 73.73 £1.78e 115.92 +11.96a 20.51 +0.71e
B 6.16 0. 15bc 20.20 +1. 44a 85.13 +5.86cde  84.39 £1.27hc 25.61 +0.87de

1) =3 AR ING E8E R A B 25 5 835 (P <0.05) 3 CK FRANAEAREE , CON Zm 7 BUMGIEARRE , B 2R ZUIEFELHE 20 t-hm =2 49 0%

LB i R E B (UL B3, R IR Y B

(1.49 ~8.81) x 10" copies-g ™", 2020 4.5 | Wi A
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Table 5  Correlation analysis between rice yield and relative abundance of dominant diazotrophs
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