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RN A NIRRT s R et
el W, EYR pH EA CEC (XU E P45 4 H X fg H
B RGEIE K WEOR, W R #EH E T AR
B A A7 T 2 5 A 0 BEREATUR N R GEHIT 9T

W FE R I A 9% (] CEC 32 H AR B e KUY, i
IR Tt S, A L 3R THTARURD FL R &5 F 3 K,
WP RE 35, e T A RO RE FF AR R B8 A R T NH,'
(TG PRt A 4 A T IR Ak B T R 1) F A K
BN, A2 ok 0 W oA s b 3 TR R 3 T R 1 R RE T 1
BN, SHEERE, X NH-N B8ORS 28—
A HERRP, [RI,  ARHIF FORE R AR N RIS AR
RO, FE A ] A T R 1 AR A S
BRI (pH H) , RSP0 e 248 R L FE 1)
VA IR AR, DA AR F G 28 A= P F s >
AN FH R PR e
1 MERE
1.1 R XERFR IS #

R4 T 2019—2020 FFAEPLPHAMY R 2R Ty H K FE
IGuk (122°67'E, 41°52'N) #E4T. ZAk A 108 oK
+, HHUR 11.46 g/kg, HAR 5.02 mgkg, AR 21.63
mg/kg, 2% 0.90 g/kg, AW 4.58 g/kg, 44 21.03 g/kg,
TR 80.90 mg/kg, T pH {EH N 7.04. KFEATE N
(1932 I B /KNP S50 B an Bl 1 s
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Fig.1 Daily mean precipitation and air temperature during rice
growing stages
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1.2 RIEgITANEE
1.2.1 AdrHé

SR E L Hl &R & AR AE K IR
BR824, A R SR E 4 3k B 300, 500 A
700 C, BAb/KPE pH MHIESE 5. 7 F1 9 =AIKF. AW
Wi g HETE TEAYRFNNE S+, £
g (SX-12-10, LRt XA AR A D AT #4
filemAt, FaE RREE 558 3004 500, 700 'C, FHiE
JHZ R 15 °C/min, fRIRINTEN 2 h, AR =R, 15,
i 100 H (0.15 mm) 7 5 730 % B4R A7, MArid & H .
1.2.2 REidfe

KA e RENLX ARG B, WEEMIR 10 ANMbE
(R 1D, 4508 3 NMEEE (300, 500, 700 'C) , 3
A pHAHE (5. 7. 9) 1 9 MLAAFF 1 M2 AR CR
FEIAEYIR) , 330 MNEAk. FEA 0.40m, 5 0.39m,
RRIEAE 3 JUKRE . IR IEZ AT, HUREHRE LI,
SRR Fodk. LRSS, RIRARAE 30 ke PRIESE AL
(FEFE) , PRI R 300, 500 F1 700 C AR
FERBE AR FIERER (1 mol/L) FR{k 48 h, FIIEKiik,
FRRICE MY, ERAEYR pH ELEE] 5. 7. 9 =AKT,
TESERERT 1 d HEZEY R AR, %08 20 vhm® B EbRE
P, MEREKEANED 3 cm, HH#ATF TH
i, AEAEYIR S 0~10 cm 2 8] LR &85, FBEE T
Sl AR R R (LA N 1) 5.48 g/#, T BEfRES (LA
P05 1) 7.54 g/ZEAEAE (DL K0 1) 3.14 g/7, HEE
(2019 4F 6 H 10 H. 202046 H 9 H) . 7 BEAE (2019
F£6 H23H. 20204 6 A 24 H) FEE (20197 A
22 H. 2020 47 A 26 H) 3 YUt LB 55y 4:4:2.
1:0:0 F1 5:0:5. HAh. B, eSS H 8 L i s ¥
K. 2020 FHEE 2019 Fik, HAHA.

F1 AEAIEEE

Table 1 Experimental treatment settings

L i ey

Test number temperature of plii\:ll}l:r()f amount of ,

biochar/'C biochar/(t-hm™)
C300P5 300 5 20
C300P7 300 7 20
C300P9 300 9 20
C500P5 500 5 20
C500P7 500 7 20
C500P9 500 9 20
C700P5 700 5 20
C700P7 700 7 20
C700P9 700 9 20
CK - - 0

1.3 MEEHR
1.3.1 A4 & CEC #gmlE

AR PH A8 e I 5 SR R # R BRI
100 H €0.15 mm) fiHIAEDKR 0.20 g, JoH pHAEA
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7.0 19 1 mol/L Z B =S 0> (3 500 t/min)  WRPEAY)
B 3K, FEIR 60 mL; FF /K LEEES 0 (3500 t/min)
WRBEAEMI IR 3 Yk, BFIR 60 mLs 55 FHZ& 187K W A= M e itk
Veid uE, WO TETR T AA3 EESEREN M (4 [E SEAL
AT ME I NH, WREE, THEAEY R CEC
CEC=C/(m-18)X 10? (D
A CEC NFHE FA2 &, cmol/kg; C NIIEFE M H 1)
NH, -N K, mg/L; m NHREUIEYIRFE, g
1.3.2 RBEAFHRRE
i P 2 PR I e A2 PO o e R R
K, FEME 2 Frn. EREMMNGHE 1, &% 24h
FRE 1R, FFCRSIEN 2 h, BLX 2 h B EEE N
YREIERNTFHEE T E AR EE R LS 2~
3, BERE 2~3 d REE 1 IRAME: SESHRERE T
Fes, BURERIMBEK R 5~7 d, BEEKRESE. Hes
il N e R S e S B ol = B | A W
(BUCHIK-360, i1 sPBLAE]) e oS & 4% & g
WIFEIR &, SRR N AR5
14V =Vy)-c . >
Vs, -—— x10 (2)
A Vg, o P9 S 8] B A AR b 2 Al R (BLAiS
) s keg/(hm*d); VORI AR T AR U R T 4 A
ML mLs Vo R E T AR TR HERR AR, mL; ¢ A
PRUEBRVE TR EE, mol/L; A4 RSB Mk m A,
m*; D NERRKERIER R, do BN EE R
TR AT AR 2 SROFTED AR B ARG 235 Rk &
5

LAt 28R 33U 4IRIER SRERHIIEMZE 6. HIRE
I.Flow meter 2.Vacuum pump 3.Gas bottle 4.Boric acid solution
5.Phosphoric glycerine sponge plug  6.Airtight chamber

B2 8FEARKEE

Fig.2 Ammonia volatilization collection device

1.3.3 @E\EmKKFERE

TEMEARIG 26 1+ 24 3+ 5. 7 RREE MK KEE, 28 2~
3 RN 3 d BU—IkFE, ZJERERE 5~7 d BU 1 IRFE, K
A FVE 5 240 EL 50 mL. F AA3 3SR 24 B A H i
IKEAR S EHATIE .
1.3.4 KigF=E&

IKFE R G T e, SO Bk, FRER 14%ARiE R
KA EA =,
1.3.5 KBREZEBERPRLEREAELE

WS, KREZE. MR, Sk, o, iR
A% (105 C, 0.5h) )5 70 CHTEEFE, KR
FiETtE. . 1380 Hif (020 mm) « ARG )S,
FRELZE . AR 0.20 g, SRATIK H,S0,4-H,0, 15

HATHE: KBRS, fEBANERP% 0~10 Ai>10~
20 cm B LERURE, BEREEM LR RT IE R A AR,
FREL 2.0 g A TH & - K H 42 H 3l LI e EUX (BUCHIK-360,
T B AED M Z R ERE . S50 TR E
HREGERM AR R R R,
1.4 BuESh

2 AR HE 43 R B DR 2R 57 A B AL IR AR W A
RBRGHEAT T Z 00T, EH R Al AR EH )G
P 2 SRR A Tukey’s HSD J5¥k, & 1E/KF R
P<0.05. >R Origin 2019 #AT1EE. AYRAHE 555 H
R RN 7 R B AT 450 7 R A, SR R 1B
= lavaan BELSZELET,

2 HBRE5SH
2.1 REAREEFIER (LK TR X FEE A 497K CEC &Y

=AU

AN [F) AL P R R AL /K S 2Bk 1] CEC Wik 2 fir
TNe HHFR W], PR ERER I AT X R A% CEC
M2 (P<0.05) « RASBRAAE G FAEY) )k CEC
73 H1H 46.30 cmolkg ' (300 °C).36.07 cmol-kg™ (500 “C)
A1 31.38 cmol'kg™ (700 C) , ZidEfbAbFE s, AHF8R
HAKFF, CEC BEHFIREA R EE EA (P<0.05) .
2z 300 °C, 500 ‘CAHl 700 ‘CHREEAEW K] CEC 437l #2
1 75.57%H1 14.43% (pH {=5) . 83.72%#125.81% (pH
fl=7) . 42.49%F1 16.41% (pH1H=9) . B HMHIESE,
FRA KT R RS A W5 CEC FSEM B A IR o A
T P5, P9 KPFARBELAN K CEC REHE 81.15%
(300 C) . 47.02% (500 C) . 49.56% (700 ‘C) , P7
ACEER R ) CEC B3R 34.62% (700 C) &

F 2 AREIAREREFIEL LK T & EHIR CEC
Table 2 Biochar CEC prepared at different pyrolysis temperatures
and acidification levels

Ab B CEC
Treatment /(cmol'kg™)

C300 46.30<1.17f
C300P5 48.97+2.01f
C300P7 57.3144.26ef
C300P9 88.71+7.82de

C500 36.07+0.81f
C500P5 85.9849.45de

C500P7 105.28+2.68bcd
C500P9 126.4149.56abc
C700 31.38+0.64f
C700P5 98.39+3.82cd
C700P7 132.46+3.90ab
C700P9 147.15£2.22a

7: CEC AFAE A #Hih. €300, C500. C700 FRAL BRI ED B AL
B, F—HIARFEFEERRAE 0.05 K FFEREE. TH.
Note: CEC is the cation exchange capacity. C300, C500, and C700 are biochar
treatments without acidification. Different letters in the same column indicate
significant differences at the level of 0.05. The same as below.

2.2 FREMMBEEMBUKEBEE YR ETEK
NH.-N 3% & B9 221

AN [R] AR R B R IR A K ST A ok Ak FER R FE TET K
NH, N iR 3 fios.
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Fig.3 Dynamic of NH4'-N concentration in surface water during
the whole growth period

TEHEAAEE WA ERK NH,-N KEAL 0.0l ~

66.28 mg/L Z [A1E 4k, WEE I HILAEMEIE/E /) 1~3d N.
ASTA] A= W o Ak T %o 366 IR 300 L o B IS 300 A0 A AES 399 P T UK
NH, -N WA E IR s IR 3. R aT s, B
EHASE, A [ jte A 3 P B T 7K NH, N 3R P2 AR A2 A o A
PR I TSR FE AR AL 7K P 2 s 28 (P<0.05) , 5T R
ARG, IR KPR T PR R . Bk
KNS B, 700 CHAYIR B FEIE NH,-N IR IE(E
16.90% GEAEH) | 35.60% (FrEEAEHT) , 500 #1300 C
WSy HIBRAR 23.85%F1 18.19% (3 BEAEID  MRiksK
AT OB, 700 CAW IR B PR NH, -N iR U
32.23% (HyBEREHD 5 BRA/KSF A 9 B, 300 ‘CAl 500 C
HEW R 43 0 5 2 B v T 7K NH,'-N IR 16.85%112.81%
(FENEHA) F124.55%. 22.16% (4rEEAET , 700 ‘C4E
Y RAE o BERE I R E 4R = 7 B IH K NH4™-N K&
14.15%. #-TF¥EME, KA 700 CHAYRAE T EEN
11 2 25 PR AR F TR K NH,'-N iR 24.08% (pH {H=5)
25.04% (pH fH=7) »

3 FEEYRLIETHRABE@EK NH, N iR EIEEFEE

Table 3 Peak and mean values of NH,-N concentration in surface water during fertilization periods

NH,'-N i FE I
Peak concentration of NH, -N/(mg-L™)

NH,"-N ¥ EEF-21H

Mean concentration of NH, -N/(mg-L™")

sl
Treatment %.HEHE . . %E}%HE% . Paniiiﬂi/filizer %H EHH . . %E}%HE% . Paniiiﬂi/filizer
Base fertilizer period  Tiller fertilizer period period Base fertilizer period  Tiller fertilizer period period
C300P5 61.13+9.74¢ 35.61+2.32¢ 10.62+3.16b 28.59+1.98b 12.32+0.99ab 2.20+0.13a
C300P7 62.68+4.49bc 42.94+2.04¢ 12.21+0.41ab 28.84+2.56ab 13.41+1.89ab 2.29+0.13a
C300P9 73.51+£2.03a 54.22+1.97a 13.22+1.09ab 36.28+2.54a 14.86+1.17a 2.41+0.10a
C500P5 60.25+2.67¢ 33.1542.57cd 10.57+3.20b 28.24+3.02ab 12.02+0.55ab 2.06+0.59a
C500P7 61.92+1.58¢c 42.45+2 .94b 12.44+2 54ab 28.98+4.09ab 12.73£0.89ab 2.38+0.58a
C500P9 70.98+3.10a 53.18+3.67a 15.74+2.50a 34.11+2.37ab 14.85+0.74a 2.43£0.28a
C700P5 52.28+4.37d 28.04+1.74d 10.77+0.64b 26.04+1.65b 10.46+0.91b 1.98+0.13a
C700P7 55.98+1.93cd 29.50+5.42d 10.13+1.31b 27.314£2.05b 10.32+0.42b 2.07+£2.25a
C700P9 69.71+4.43ab 49.69+2.17a 15.06+2.94a 32.85+3.21ab 13.81+0.90a 2.28+0.47a
CK 62.9142.93bc 43.53+3.68b 12.56+0.46ab 31.53+4.13ab 13.77+1.89a 2.20+0.08a
2.3 FAEABEEMBUKEEEEYRNEASIE  SRGQUECEEH I 3 MERERE, 208w
Al HEJEHY 1~3d it “PHNE, 3 MEE)S 5+ 10 A120d

2.3.1 RRIBRACKF A 4y ST 45 B RAFK 776

3 NI SRR AN R AR R BR AL KT O 7 2
SRS 2019 M 2020 4L H WA KO8 B3 H 4
Bl 4 Fone 3 NARIREEA R R T, FEEA

o--C500P7 -2 C500P9 800

WEIE RSB0 A  E R SRR 63.2%.77.0%
H192.9% (2019) , 55.9%. 72.9%F1 92.2% (2020) . #
AKFEAKZE, AR R B S Rl Bl A= R B AL
AP RIS s A, AEREARIE 5 d PRGN .
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Fig4 Dynamic of ammonia volatilization flux in paddy ecosystem under different biochar acidification levels in 2019 and 2020
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AN [E) B A 7K P 14D R e A 0 e S5 IS B 4 R 45 2K (1) 52
WL 4, ANFEFEAERT (2019 4F 3 M AERT. 2020 FEFEAE
) FHZIERIREZRE (P<0.05) . 2019 R
AT EEREHASIE R BIROR, T 2020 FENIEARIEIE K =
Ko M3 MR 3 K S BRE (2019) , WL
AW IR AT A R AN R B B AF TR, 700 CKF
T, BRAKT A S BRI R B T 31.76% (478E
REHD  [FIBSASE SRR AT o 2s, FRAL/KSEN 9 1kt

PRI N T S E R AR 19.54%~68.60% (L L A7) BE
REHAD o 2020 4, 7E 700 ‘C/KFR, BRALKTF N5 F7
HAL TR B0 /D T EIER 14.27%F 12.97% (FEAEHD
ARG AR IR pH EAE 7 £ 4, AFRERI/KTRIE
WIREGAR 7 3 pH M, BB S SR A KN S R
FERBEAEY) R pH E TG K. BEay L, R
IR G R IHE A R 5o, il in R o
R HI A4 5 BE 0 RS T AR 48R &% R A

x4 FREMRLEBTREEESRS 3 MEBHNSIFLRLE

Table 4 Ammonia volatilization loss in paddy ecosystem during three fertilization periods under different biochar treatments

2019 - ARHAZIE Kk &

NHj volatilization during fertilization period in 2019/(kg-hm)

2020 “FAEHASHE KB R &

NH; volatilization during fertilization period in 2020/(kg-hm)

b
Tre%tment %.HEHE . . %E'%HE'L@ . Panif?eﬂgeﬁlizer %H EHH . . %E}%HE% . Panif?eﬂgeﬁlizer
Base fertilizer period  Tiller fertilizer period period Base fertilizer period  Tiller fertilizer period period

C300P5 6.78+1.03¢ 21.59+1.88b 6.89:+0.50d 16.39+1.28bcd 11.76+0.44ab 4.58+0.09ab
C300P7 9.26+1.55bc 23.06£1.27b 7.09+0.12d 16.3340.43bcd 12.07+0.64ab 4.79+0.44ab
C300P9 12.62+0.17a 29.84+0.40a 9.64+0.70ab 19.59£1.07a 12.71+0.62a 5.70+0.51a
C500P5 8.24+0.83¢ 19.71+0.68b 7.06+0.49d 15.78+0.68cd 10.50+0.07b 4.12+0.31b
C500P7 8.37+1.02bc 20.52+0.57b 7.60+0.29cd 15.79+£0.53cd 11.39+0.52ab 4.76+0.55ab
C500P9 11.00+0.91ab 27.24+0.19a 10.03+0.33a 18.26:1.20ab 12.17+0.57ab 5.22+0.31ab
C700P5 7.82+1.08¢ 15.33+0.80c 7.13+£0.95d 15.19+0.10d 10.58+0.99b 4.49+0.21b
C700P7 7.97+0.82¢ 19.53+0.18b 7.74+0.94cd 15.42+0.29d 11.33+£0.27ab 4.81+0.42ab
C700P9 12.78+0.89a 26.86+2.76a 9.24+0.95abc 18.15+0.50ab 13.04+1.16a 5.68+0.40a

CK 7.58+0.26¢ 22.47+1.10b 8.30+0.19bcd 17.714£0.81abc 11.77+0.95ab 5.13+0.56ab

2.3.2 R ARRIR A FATAGH RIFL 70 (2019, C300P9. C500P9. C700P9) , 9.79% (2020,

3 PR KT AN [R] #A i L A ) o A 3R AR S
F45 2019 F12020 F44E H BRI KB =3B 4 an
Bl 4 Fs. HE 4 oA, ERRIGKT N S FT 8T,
2 a WIE R KMEHRILE 300 ‘C>500 CT>700 C; {HLE
FRAIKFN 9 IZRAE T, ASFIEAR R A A AE 2 5

UNGIELY TN E ERE Sty by (8L s o N D w R
R BENE WL 4. HE 40750, 52AREMLL,
YLK 5 I, 700 CHMm b TR R 3 AL EIE R
K 31.76% (2019, ZEEAEHDD . 14.27% (2020, FEE
B MK RN 7B, 700 CAhEFEE E BRICEIE KR
5 12.97% (2020, FEAEHD 5 BRILKFR 9 AT, 3
AN TSR P A 3 35 S5 S 0 T s R RN 4y BE R R R
RARFK (2019) , X A& RN I &35 Kk 22 B R
BRI, R X L BT R AR e/

2.3.3 KRR AMBREFBIKF LY RSFGEELLEF B
RARL AR K70

HE MR IR AR FE R RR AL K P56 R 42 B R4
KRBV WL 5. AR A4 ok Ab B FE B = 45 R e R AR
30.27~52.10 kg/hm* (2019) . 30.25~38.00 kg/hm* (2020)
Z I, HEEEE (200 kg/hm®) K 15.14%~26.05%-
15.10%~19.00%. 2 a iX3esE REMH, EVR KRR
JE FNER AL K P X &A% K A 5 FE I (P<0.05) o 0 iR
B3 5), BRALAK A 9 F b B S5 R 43 2K o s 7E 48.27 ~
52.10 kg/hm? (2019) . 35.65~38.00 kg/hm? (2020) 2
8], B2 AR (CK) , BN 28.15%~38.01%

C300P9) ; C700P5 AbHEE ZEJk/b T 22.93% (2019) ,
12.61%(2020) FI 2% & 155 ; C500P5.C500P7 1 C700P7
MR ZERA T 12.21%. 7.74%H1 8.83% M & 4% K i 2k
(2020) o FHUETTOL, 3 2452 A B AR W AR 1) AR AR B A
FRAGAKT,  REf AR Rk P RS S R Bk

FT5 2019F2020 FARLETHEHEE BHLRIEARKE

Table 5 Total ammonia volatilization loss in the whole growth
period of paddy field under different treatments in 2019 and 2020

Ak Total ammonia volatilization loss /(kg-hm‘z)
Treatment 2019 2020

C300P5 35.26+2.92b 32.73+1.40def
C300P7 39.41+2.64b 33.20+0.63cde
C300P9 52.10+0.49a 38.00+0.47a
C500P5 35.00+0.62bc 30.39+0.72F
C500P7 36.49+0.70b 31.94+0.77ef
C500P9 48.274+0.70a 35.65+1.16abc
C700P5 30.27+0.36¢ 30.25+0.83f
C700P7 35.24+1.54b 31.56+0.75ef
C700P9 48.89+2.76a 36.87+1.18ab

CK 38.35+1.46b 34.62+0.35bcd

2.4 FEAMBEEFRUKEFEEEYRKIED
HAZRREREN=ERIZNT

AR AR AL ER R KRG M bR R R LR R R
BRARRIIEMIEK 6. 2 a WIRSREY], MR IIINE
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T E R B ALK XK Fa i R R R Bl B
(P<0.05) . HIFEAH, 5 CK A#EAME, BRILAN S5 K
FFR, 700 CHEYI R SR LR RN R
16.80% (2019) F1 24.84% (2020) , 500 CHA#x Ak
FEHE R 9.10% (2019) 5 F&fL 7 HIZKFR, 700 CAhb3
Rt EMEREMR R E 15.63%(2019).15.41%(2020);
TR 9 7KF T, AN ] i A8 S A B2, ot BB
ERABYLEENER. LERARRASEZEYR
P RIR T S % (P<0.05) o 5 CK 43 AHLEL, W
HEIE] 300 CHWIRAE 3 FHERAG/KTF B3 #2 1 HE R
R AR 14.55%~28.64%; 500 CEYRA PS F PT7

KR R 19.85%F1 17.85% (2020) , 700 ‘C4E
YIRAE PS F1 P9 /KPR ildEm 15.80%F1 13.19%
(2020

2 a WIGLE R —ER, AN [F IR RO R AL 7K Pl
B ED R KR A R (R 6) o MRIRTEERL
AR AR A RGP R B2 (P<0.05) » 5ANGEINAE
YIRACHEAR LG, BRAL/KSF R 5 FIAE MR A B 7 9 4 ) 1
7% 12.31%~13.50% (700 'C) ; FRALKFR 7 BIAEYIR
ASFR AR )3 77 9.92%~12.72% (700 'C) 5 BAL/KT N
9 ] (300 C. 500 ‘C. 700 C) Ab ¥4 [a] %} = &5k
B,

Fo KEMEMAFRRERTIERARZRE

Table 6 Aboveground nitrogen accumulation and soil nitrogen residual amount of rice

2019 2020
S KA W EHE R R TIEE R IKFE = o EHE R R E TIEE R E
Treatment Grain yield/ Above-ground N Soil N residue/ Grain yield/ Above-ground N Soil N residue/
(10°kg-hm™) accumulation/(kg-hm™) (gkgh) (10°kg-hm™) accumulation/(kg-hm™) (gkgh)

C300P5 14.18+0.38abc 147.70+6.71bc 0.91+0.05abc 10.36+0.60abcd 96.66+1.45bc 0.87+0.02a
C300P7 13.80+0.42abcd 144.38+3.34bc 0.92+0.04ab 10.10+0.71abced 96.61+2.98bc 0.82+0.01a
C300P9 13.33+0.34bcd 137.07+1.68c 0.94+0.03a 9.48+0.34d 94.24+3.57¢ 0.86+0.03a
C500P5 14.31+0.70abc 151.22+4.19ab 0.77+0.04bcd 10.65+0.30abc 98.25+6.08bc 0.86+0.05a
C500P7 13.81+0.32abcd 146.44+2.58bc 0.78+0.05bcd 10.26+0.19abcd 96.29+5.52bc 0.85+0.02a
C500P9 13.29+0.27bcd 139.81+4.58¢ 0.82+0.08abed 9.62+0.24cd 95.19+2.59¢ 0.80+0.04ab
C700P5 14.75+0.38a 161.90+1.75a 0.744+0.09d 10.92+0.12a 116.94+5.08a 0.83+0.03a
C700P7 14.43+0.47ab 160.27+2.43a 0.734+0.03d 10.85+0.52ab 108.10+2.14ab 0.78+0.05ab
C700P9 12.69+0.21d 138.13+5.43¢ 0.77+0.03d 9.73+0.19bcd 97.16+1.26bc 0.81+0.01a

CK 13.13+0.20cd 138.61+2.37¢ 0.73+0.01d 9.62+0.30cd 93.67+6.53¢ 0.72+0.03b

2.5 HYRLESHEHRIFELAFZWETXESH
N T B AN [ A 0 A BN A R R, R
2K 75 REASE R e A= 0 R AR R E AR AL /KT 5
R ZAWRLE T HRIERK R (&5, BERE B ForM
AR A RER G R R ES) o

R R KT
(P5. P7. P9)

M R B
~0.75%
(AN, N o % | 090"
"EM 5 CEC e -0.88" 0
(C300. C500. : PN T
C700)

e RN 2 NVERNA BE R EREI (P<0.05). {HAME R
Note: ** indicates a significant direct effect between two variables (P<0.05).
Values are path coefficients.

B 5 RE AR FBIKTH SO EDRE
BARHRY KR AT
Fig.5 Correlation analysis of biochar prepared at pyrolysis
temperatures and acidification levels with different indexes

HIE s /TR, SRR L YR CEC A
be, BRSPS T ZK i NH,'-N WREESE A 5o 23, B
KET 0.87, WHIERHAES RS, BEAYVIRBR
B0 A A A B K T HAARE (CEC) » AR
A % (pH {H=9) BA =) CEC, {ER AL
BEJ TR AN AR B S ST SR R A A RN 5 BUR 4 e

MR KEIER, H CEC WEIELM TR BIERZ
R /K F(B=0.9 1A FH H 7K NH,-N ¥ /% (B=0.89)
o R, RILHRFIEA S & R IR R KRS
i EEREM EE (B=—0.75) M/"& (B=—0.88) % &
EAHAHE, WIS 2 R R R AR T BUK R 3o
RETEN N, RAKWKRE7® (B=0.90) . Hikn]
Al RO R R SR A A Y % (CT00PS CT00P7)
FE R TRG & BEREEAY R pH H, 61 A K
RN, BEAR T HT/KA NH, N AR, HEimbl 2 #E K

WO TRERR, AR TR AR RE,

SEPLKAEIG

3 it i

3.1 AMREMBRLKTIEHI N EY IR CEC. HEK
NH,-N R EFFEHESIFE LRI

CEC MBI R INEE I M EE T bR, AR
WEFLARH, B R IE R AT i, AR R R IR I F e
Ak, CEC TR WAAWFR, A RN K
Wb NH (¥ B R FH BRI OB TR s ™. A
W SCRFRT B LR, (BB 2D &3, H 1 mol/L i
MRMATIRA AL B ), R LMK CEC BRI FZ 4R T M
WER. XA R BT AR R R I T
Z R T BRI, BRI e IR AR A R 1L AR R
FA SR B AR RS R FL R A A, B S A
PP RE TSR, b NH, MR HE S 5. (HRE A
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WG, H CEC % pH EFFK (FRIGFEESESD M
B, BOATERMEZAE R, HR NH, XAFE 4ok
2, pH EMB/N, HIREHUK, NH, W SN,

EFEH AR Z B ERIBE T, IR TIHERGTE
JEFR R EERF L — . AW PEIE R IR SRR
15.14%~26.05%, 1 1EH TG HEIE KRR TEEABS0, =
gl mem, EEFNERRLPEGBR, FHinEaa
Fk . FIERRAEARIEEH 10 d A4, 3 UUtAE
Ji 5+ 10 f120 d WRIE RS &S A St B INRIER S
B 63.2%. 77.0%H192.9% (2019 4E) , 55.9%. 72.9%
HIFT 92.2% (2020 4E) . iX[A] Sun ZPHFft EIEHL K
AEAE 3 KRR SE 1) 10 d P9, 5F H O &3 R SR 80% LA
FEA—F. HETAEYMROEEN S BHAESREGR
PR BISZ A (Lt PRI ANJERS M 25 3 Al AR [ o s o1,
ARHF TG TR, AL o el FH A R RS 2 7 B L
pH {EAT CEC (¥ 1E S X A F BT, A 8N B &, )
KON EIE K ; CEC W BHAF FH BH 5 0 SR B P &
YRR o AHIE T8 Ik o) 8 B A 4 0 AT R A /K T R0 A i iR
FERIE R, FEHET R ERIG KRB, BPEREEAE K (pH
=9) BN TRE (13 pH RN 7.04) , AR
BREAT, PRI R FI A KN, S KEIE R
AR T O R P B P P R A R T 5 8 o AR IR
FE, AR, [FIR IR AR CEC, B
WP BOR HOIFTH R, BIREIERBIR (RS .

F—Jr T, ARG AR B TE RS
SR PRI AT AR AKRE Db 2 0 4 AE R A K - 2019 4RIk A
BRI 24%, ALY R AL F 25%. 2020 IR
QIR b7 HEATIE B 18% , 1E ANt A 4 o Ak BRAAN 751 1%
FHUE AT, S R Ak N AEBR 3G, Hom Ik
R T LR TS B H RIS AR 55 rh ) &5 4 7 R R R
WR, RIERAAMUAAED RN pH EA CEC K, &
& FH 7K NH, N 3K EH XK. AFFRENH, HiEKhRE
F L NH, -N B AEE, NH, -N W JE S iE &% K
HONH, N R R EE RSB 2 5e 48 (E 3) .
AW X B R BIEER, R AR I L6 T 7K NH, N iR
FEREEER (3R 3) o Aok i 25 FAAIR 7 R I 355 I 4
Sy BEALIA IR HTH K NH, -N B R, ST HEAE 10 d JF378
B, YR pH E NS IE K IR B KT
CEC, Muimispf i Ly i Vigin % 2 R 500 C, H
pH fH KZ1E 9.0~10.5 2], FREXTHBAT—E MR
AbEE, PG AR AR ST, LUK B AR R AR A R
KA, BT 78 50 0R FE R Zg Re s K AR 6
FE AR A RGBS E R VAT I IR 3408
3.2 FREIMREBEMBELKENEEE YR KIGEE
ErMm

FHORHF R, AR e N BB E /KRR R AE K,
18 07K FE AR 2R 1F) TG AR AL TR R, 3 T 8 s 7K R R AL 7 49
e 7, KR ERY . KRR, EYREER
TR KRR B R R R E, SHER . o
2 W RAE R 8R G BORE AR 25 R 40 bl K FE IR I

FIFH R D, EmemKRErEK R8T
Fi R B P R A A e N B R M R 3
IR FL BAARG T A AR RN, i W S 9 35 it FH 2 420 e s SR 11 72
TR AR50 5 [ o s e A A 1) RS 2 0 o LA T K R L R &4
PRI LE SR THIAR, ) 38 45 ) W B AP0 BH B8 28 e e ) B 5
A RER B A FH K B R G ) NH, N, b 245 R R,
W REHR KRB B R IR, KRR AR KR B PR
T RIFMIFR FAT. KT FRRE, AEVR e N %12
YR R R R R P, AR T 283872 10% 4 451
AHFFLARE, A PERG 3t A A R T DA R
KR P AR RE, BRUWKTRN S, IHREE
N 700 CHIERRIG = ROR B F . AR,
AW (pH [H=9~12) ANE LAk AL B H 32 it N g H 135
(pHAE=5~6) , &=L HARIRE L nT DL 25 38 oK g
B, AR, BRI ACT AN ] AR A R
FIRIR R, HBRARB R ERPRER, XS+
BT . ARAEA SR FAEEE VI, FA ek
W IR ) AR FE AR AL K P X K R = 1 R S WA e 9,
Rl AR L3, AR FFENLE A2 FhoE 2 /5
AT, BT AR P B A R R

4 2 ¢

A ATt B Nt B, E AN R A U R
K1) 25 F 2B W5 o TR 7K NH, N IR L &35 R A=
B, EELRWR:

D AKREEETYWAMEAK NHS-N KEE 001~
66.28 mg/L 2 [A]481k, C700P5 (FER{k/K¥E pH (=5, # i
TEE 700 “C ) LB rh A8 HH I T 7K NH,'-N B
JEE 3 o R B N IR, o T A A S I R - BE I A
NH, -N EAEIKE 16.90%F1 35.60%

2) 2a BHAEAFTFWHAELKMEERN 3027~
52.10 kg/hm?, [ HEECER 15.14%~26.05%. C700P5 4t
R ERICEE R 12.61%~22.93%. fEHZEKHE
55.9%~92.9%#8 R A FEMEAL G K] 5~20 d PN, 1% BLI [A] &
SREA S5CH e 4% 1) G R A0 R ) S T A

3) e HH 48 it A= ) ok e 0% S0 25 R R K R P R, T AETE]
%12 C700P5 Kb /=& fx s, HIE ™ R R T HEEE
RIERME, BIKTRARDE, &5 T KBERNEAEMAH
L

4) PR A R EA 2. HKBER
JRIEANRE 5 4 H 45 T X NH, 58 e E F AL - 3 IR 5%
BIR™T, 5P B R R K AR AR A e AL
SEAAE R A IS, BRI 75 12— P i 50 A 0 R A iR
J5E R R A 5T AR K A R

(& £ x #

[1] Zhang A F, Cui L Q, Pan G X, et al. Effect of biochar
amendment on yield and methane and nitrous oxide
emissions from a rice paddy from Tai Lake plain, China[J].
Agriculture, Ecosystems and Environment, 2010, 139:
469-475.



9 gk

F2AE: ANIRIRL B AR R A R o A P R R R AR R P R R S 107

(2]

[4]

[5]

[6]

(8]

(9]

A%, HEZE, mAEW, 5. 5T DNDC BB IR
R/ B 203K W R 0 A SR D). ARl TR ke
2012, 28(13): 127-134.

Li Hu, Qiu Jianjun, Gao Chunyu, et al. Simulation of
potential nitrate leaching in croplands of typical watershed
around Bohai bay using DNDC model[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2012, 28(13): 127-134. (in Chinese with English
abstract)

Arndt C, Misselbrook T H, Vega A, et al. Measured ammonia
from tropical pastures: A
comparison with 2006 IPCC, 2019 Refinement to the 2006
IPCC, and EMEP/EEA (European

Evaluation Pro-gramme and European Environmental

emissions and subtropical

Monitoring  and

Agency) inventory estimates[J]. Journal of Dairy Science,
2020, 103(7): 6706-6715.

Tan X Z, Shao D G, Gu W Q, et al. Field analysis of water
and nitrogen fate in lowland paddy fields under different
water managements using HYDRUS-1D[J]. Agricultural
Water Management, 2015, 150: 67-80.

XEM, FEE, BRI, 55 FEEE XSRS
AR AR EY R (7] Ak TR 244, 2020,
36(22): 246-253.

Liu Qingli, Li Zhihong, Chen Shunhui, et al. Ammonia
volatilization from winter wheat cropland in northern China
based on a literature analysis[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2020, 36(22): 246-253. (in Chinese with English abstract)

e, AT A AN FH T 8 H 388 S R P ) 2 L B
FL[D]. Bis: T K2, 2017

Zhong Ting. Influence Biochar Application on NH;
Volatilization from Paddy Soil[D]. Hangzhou: Zhejiang
University, 2017. (in Chinese with English abstract)

TG P, AR R %o G 39 A S Ak R A 1 B e
FL[D]. Bl WK, 2014,

Pan Yifan. Influence Biochar Application on Ammonia
Oxidation Microbial Community in Paddy Soil[D]. Hangzhou:
Zhejiang University, 2014. (in Chinese with English abstract)
TRAREE, BRIRAE, %%, % RACHXFESFAEY R HE
Jiv PR SR RIS AT FE[T]. AR, 2019,
52(14): 2406-2424.

Zhang Weiming, Chen Wenfu, Meng Jun, et al. Study of
straw-biochar on utilization potential, industry model and
developing strategy in Northeast China[J].
Agricultura Sinica, 2019, 52(14): 2406-2424. (in Chinese
with English abstract)

THEFE, EERBE XK, 55 AWR SRR
£ BRI U R[], R AR 24, 2018, 32(11): 2281-2287.
Ji Haiyang, Wang Yuying, Liu Yuxue, et al. Advance in

Scientia

preparation and application of biochar and modified biochar
research[J]. Journal of Nuclear Agricultural Sciences, 2018,
32(11): 2281-2287. (in Chinese with English abstract)

[10]

[11]

[14]

[15]

[16]

[17]

[18]

Meng J, He T Y, Edmond S, et al. Development of the straw
biochar returning concept in China[J]. Biochar, 2019,
1(2):139 - 149.

Shaukat M, Samoy-Pascual K, Maas E, et al. Simultaneous
effects of biochar and nitrogen fertilization on nitrous oxide
and methane emissions from paddy rice[J]. Journal of
Environmental Management, 2019, 248:109242.

wRRE, RE, B, & OBRAEMRNEBERIETEZE
AR R AENEA H Z RS [)). P E IR 5 0 2,
2017, 23(5): 1258-1267.

Dong Yubing, Wu Zhen, Li Bo, et al. Effects of biochar
reapplication on ammonia volatilization and nitrogen use
efficiency during wheat season in a rice-wheat annual
rotation system[J]. Journal of Plant Nutrition and Fertilizers,
2017, 23(5): 1258-1267. (in Chinese with English abstract)
K, R R, B AR e
IR LA R[], ZR R AR
JiZ, 2014, 36(2): 299-304.

He Feifei, Liang Yunshan, Rong Xiangmin. Effects of
biochar on ammonia volatilization and soil properties of
vegetable-planting red soil in a laboratory[J]. Journal of
Yunnan University, 2014, 36(2): 299-304. (in Chinese with
English abstract)

B, BERILL, FPEZ, S IR KK U
PRI JeK AT FE ], AR EERL 2 224R, 2017,
36(2): 299-304.

Duan Jingjing, Xue Lihong, Yin Aijing, et al. Rural
low-pollution wastewater purification in oenanthe javanica
with addition[J].  Journal  of
2017, 36(2): 299-304. (in

wetland biochar

Agro-Environment  Science,
Chinese with English abstract)
Wrili e, skEREE, 2. A AR T S R0 R[], T
ERM RN, 2013, 46(16): 324-3333.

Chen Wenfu, Zhang Weiming, Meng Jun. Advances and
prospects in research of biochar utilization in agriculture[J].
Scientia Agricultura Sinica, 2013, 46(16): 3324-3333. (in
Chinese with English abstract)

Hale S, Alling V, Martinsen V, et al. The sorption and
desorption of phosphate-P, ammonium-N and nitrate-N in
cacao shell and corn cob biochars[J]. Chemosphere, 2013,
91(11): 1612-1619.

R L. U R AR R e R CR M LELET 7T [D].
Wi IR, 2019.

Cao Yifan. Study on the Effect and Mechanism of Several
Ameliorants on Coastal Saline Soil[D]. Yangzhou: Yangzhou
University, 2019. (in Chinese with English abstract)

RE, ®RAL, BEF, & VRN BB T
WEFCHERET]. HEREL AR, 2014, 29(1): 68-79.

Wu Yu, Xu Gang, Lyu Yingchun, et al. Effects of biochar
amendment on soil physical and chemical properties: Current
status and knowledge gaps[J]. Advances in Earth Science,
2014, 29(1): 68-79. (in Chinese with English abstract)



108

A TFE2A3 Chttp://www.tcsae.org)

2021 4

[19]

[20]

[22]

[25]

[26]

VA, AT AR MR O] 26 SO B oxe 70 A b UK F) IR B 25
AEBFFE[D]. Me/RIE: IR/RIE TR, 2018.

Tao Mengjia. Study on the Preparation of Straw Biochar and
the Adsorption Efficiency of Nitrogen and Phosphorus in
Whastewater[D]. Harbin: Harbin Institute of Technology,
2018. (in Chinese with English abstract)

RERIL. AW B AR R A K oK AR KR IA[D ).
TERR: VERRARLRSE, 2016.

Cheng Xiaoyi. The Effects of Biochar on Nitrogen Utilization
and Maize Growth on Brown Soil[D]. Shenyang: Shenyang
Agriculture University, 2016. (in Chinese with English abstract)

THISE, ARERE, S, % EMRENE. St LHE
RS S b SR (R U EFE (D] AL TRERE, 2020, 39(S2):
352-361.

Wang Shenwan, Zheng Xiaoyan, Xiao Dao, et al. Research
progress of production, modification and application in
environment remediation of biochar[J]. Chemical Industry
and Engineering Progress, 2020, 39(S2): 352-361. (in
Chinese with English abstract)

FREUE, RE, FWE, & ONRSIEAYIR DR H R
AE R e B B RS R[T]. A A EREE AR, 2019, 28(5):
1037-1045.

Wang Siyuan, Shen Jian, Li Mengjun, et al. Functional and
structural characteristics of different modified biochar and its
impacts on ammonium nitrogen adsorption[J]. Ecology and
Sciences, 2019, 28(5): 1037-1045. (in
Chinese with English abstract)

FRARAL. SRR R X B AR A K S]], 3
RBRAFHL 2012(24): 43.

EORML, EEHE, ERE, 5 AR KHE SR
# 5 RN REL]. AQWIABER 2 E AR, 2015, 34(8):

1429-1440.

Lvu Honghong, Gong Yanyan, Tang Jingchun, et al.

Environmental

Advances in preparation and applications of biochar and its
composites[J]. Journal of Agro-Environment Science, 2015,
34(8): 1429-1440. (in Chinese with English abstract)

Bt B R T B3 O M) dbst: PERLH
fickt, 2000: 156-158.

A, WREWE, XA, S — R ENX R R S
FERMEA®E: TEELEH, CNI11272502A[P].
2020-04-02.

Rosseel Y. Lavaan : An R package for structural equation
modeling[J]. Journal of Statistical Software, 2012, 48(2).
WiklR, EME, DuE, & REX YR =200 S
R BRI [T]. AL B AR, 2017, 48(4):
284-290.

Yang Xuanmin, Wang Yajun, Qiu Ling, et al. Effect of
temperature on physicochemical properties of biochar
prepared by pyrolysis of three components of biomass[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2017, 48(4): 284-290. (in Chinese with English

[29]

[30]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

abstract)

WRHE. AR IEANE B B W IMRHERTFE[D]. #M:
JHR2, 2016,

Yao Xu. Study on Basic Properties and Nitrogen Adsorption
Characteristics of Biochar[D].
University, 2016. (in Chinese with English abstract)

AV, BT, RIRH, AF. BB MRS AR B Cr(VI)
PERERISZIMT]. BAEE AR, 2020, 38(6): 28-34.

Zhao Jie, He Yuhong, Zhang Xiaoming, et al. Acid and alkali

Yangzhou: Yangzhou

modification on the properties of biochar adsorption Cr
(VD[J]. Environmental Engineering, 2020, 38(6): 28-34. (in
Chinese with English abstract)

RIFEVK, Mte, HERA. BRORCSCIETE 1k 5 L s R B
FIsZm[T]. RN, 2016, 37(9): 3670-3678.

Liu Hanbing, Yang Bing, Xue Nandong. Effects of acidic and
modification on activated carbon for adsorption of toluene[J].
Environmental Science, 2016, 37(9): 3670-3678. (in Chinese
with English abstract)

Nguyen T T N, Xu C Y, Tahmasbian I, et al. Effects of
biochar on soil available inorganic nitrogen: A review and
meta-analysis[J]. Geoderma, 2017, 288: 79-96.

Gul S, Whalen J K, Thomas B W, et al. Physico-chemical
properties and microbial responses in biochar-amended soils:
Mechanisms and future directions[J]. Agriculture Ecosystems
& Environment, 2015, 206: 46-59.

Cao Y S, Yin B. Effects of integrated high-efficiency practice
versus conventional practice on rice yield and N fate[J].
Agriculture Ecosystems & Environment, 2015, 202: 1-7.
MESE, FR8, XNLLIL, 5. F8H &R0 F = R
Hefg it i 7t R (7). AR S M=, 2020, 29(9):
1912-1919.

Yang Guoying, Guo Zhi, Liu Hongjiang, et al. Research
progress on factors affecting ammonia volatilization and its
in paddy fields[J].
Environmental 2020, 29(9):
Chinese with English abstract)

Feng Y F, Sun H J, Xue L H, et al. Biochar applied at an
appropriate rate can avoid increasing NH; volatilization
Chemosphere, 2017,

mitigation measures Ecology and

Sciences, 1912-1919. (in

dramatically in rice paddy soil[J].
168(2): 1277-1284.

Sun Y D, Xia G M, He Z L, et al. Zeolite amendment coupled
with alternate wetting and drying to reduce nitrogen loss and
enhance rice production[J]. Field Crops Research, 2019, 235:
95-103.

ik, RmE, FRET, & AVRITIKERAESSE
AR M K PR R R D). YE R IR, 2013, 39(8):
1445-1451.

Zhang Weiming, Meng Jun, Wang Jiayu, et al. Effect of
biochar on root morphological and physiological
characteristics and yield in rice[J]. Acta Agronomica Sinica,
2013, 39(8): 1445-1451. (in Chinese with English abstract)

TKEZ, XS, @S, S AR T B G S XOKRE



5% 9 ] gk RAE AR B RR R FORE B AR o R B A R R 7 B R 109

PR AREMHRRREW[I]. BYE RS IR R, Ecosystems & Environment, 2011, 144(1): 175-187.

2015, 21(5): 1352-1360. [41] 3K/, TktRiE, BiE, 2 RS & KRR A

Zhang Aiping, Liu Ruliang, Gao Ji, et al. Effects of biochar RN T T - 438 (] e ek % A D BV 4 R B 2 R (D], Y

on rice yield and nitrogen use efficiency in the Ningxia AN FH, 2019, 35(5): 1102-1111.

Yellow River irrigation region[J]. Journal of Plant Nutrition Zhang Sheng, Zhang Xujie, Zhao Yun, et al. Effects of rice

and Fertilizers, 2015, 21(5): 1352-1360. (in Chinese with straw biochar prepared at different pyrolysis temperatures on

English abstract) carbon sequestration and mitigation and microbial
[40] Jeffery S, Verheijen F G A, van der Velde M, et al. A community structure in paddy soil[J]. Jiangsu Journal of

quantitative review of the effects of biochar application to Agricultural Sciences, 2019, 35(5): 1102-1111. (in Chinese

soils on crop productivity using meta-analysis[J]. Agriculture with English abstract)

Effects of rice straw biochar with different adsorption characteristics on

ammonia volatilization from paddy field and rice yield
Zhang Feng’, Liu Chang', Wang Zhe!, Meng Jun®?, Chi Daocai®, Chen Taotao'*>*

(1. College of Water Resources, Shenyang Agricultural University, Shenyang 110866, China; 2. College of Agronomy, Shenyang Agricultural
University, Shenyang 110866, China; 3. National Institute of Biochar, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Straw biochar has various positive effects on soil ecology and environment improvement, soil water and fertilizer
conservation, and reduction of greenhouse gas emission. But the release of carbonate from some calcium carbonate (lime) can
increase pH and hence ammonia (NH;) volatilization in paddy fields. In this study, a two-year potted experiment with a
completely randomized design was conducted using different biochar for better ammonium absorption while less impact of
lime. The japonica rice (Oryza sativa L. cv. Da Li Nuo) and biochar deriving from rice straw were taken as the research objects.
Three pyrolysis temperatures (300, 500, and 700 ‘C) and three levels of acidification (5, 7, and 9) were selected in the
experiment. Prior to the test, the surface soil in the rice field was sampled and then air-dried. Biochar and basal fertilizer were
applied one day before transplanting. The concentration of ammonium nitrogen in surface water, ammonia volatilization loss
from a paddy field, and rice grain yield were measured under different biochar treatments during two rice growing seasons.
The results showed that the ammonia volatilization loss ranged from 30.27 to 52.1 kg/hm” (2019), and 30.20 to 38.00 kg/hm’
(2020) in the rice fields during rice growing stages, accounting for 15.14%-26.05% of N application rate (2019), and
15.1%-19.0% (2020). High temperature pyrolysis with acid and neutral straw biochar significantly reduced the volatilization
loss. Biochar at pyrolysis temperature of 700 “C, acidification level 5 (C700P5) presented the best performance of ammonia
reduction, where the ammonia volatilization was significantly reduced by 22.93% and 12.61% in 2019 and 2020, respectively.
The variation trend of NH,'-N concentration in field water was consistent with that of NH,"-N volatilization flux. The peak
NH,"-N concentration in surface water decreased by 16.90%-35.60% in the basal and tillering stages with acidic and neutral
straw biochar. The acidic and neutral rice straw biochar significantly increased the rice aboveground N accumulation by
9.10%-24.84% at three pyrolysis temperatures. High temperature pyrolysis combined with acid and neutral biochar (C700P5,
C700P7) presented a significant yield increase, where the yield increase rate was 9.92%-13.50%. The structural equation
showed that there were positive and negative effects of biochar pH value and Cation Exchange Capacity (CEC) on ammonia
volatilization, whereas, together with an obvious lime effect. But the obvious adsorption was to inhibit ammonia volatilization.
In addition, the ammonia volatilization in the paddy field was significantly correlated with NH,"-N concentration in surface
water. The effect of biochar on ammonia volatilization was also described in the regulation on NH,"-N concentration in surface
water. The combination of neutral and acid improvement with high temperature pyrolysis biochar (C700P5, C700P7) increased
production, because both ammonia volatilization and nitrogen loss reduced significantly, particularly providing for more
sufficient nutrients for the growth of rice. This finding can offer the potential application of biochar at different pyrolysis
temperatures and acidification levels in rice fields.

Keywords: soils; nitrogen fertilizers; biochars; pyrolysis temperature; acidification level; ammonia volatilization; rice yield



