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Effects of biochar on NH; volatilization, N,O emission and nitrogen fertilizer use efficiency in brown soil

CHENG Xiao-yi, LIU Xiao—lin, MENG Jun, LAN Yu, LIU Zun—qi, YANG Xu, HUANG Yu-wei, CAO Ting, CHEN Wen—fu"

(Shenyang Agricultural University, Biochar Engineering Technology Research Center of Liaoning Province, Shenyang 110866, China )
Abstract: A field experiment was conducted to investigate the effects of biochar on NH; volatilization, N,O emission, and N fertilizer use effi—
ciency in brown soil by acid absorption and static chamber method. Four treatments, including no N fertilizer (CK), N fertilizer(NB0O), N
fertilizer with 20 t-hm™ biochar(NB20) and N fertilizer with 40 t-hm™ biochar(NB40 ), were designed. Results showed that ; Compared with
NBO, NH; volatilization in NB20 and NB40 decreased by 24.07% and 37.62%, respectively, while N,O emission in these two treatments re—
duced by 21.67% and 19.57%, with no significant difference between them; Soil bulk density was decreased, but soil pH, total nitrogen and
organic carbon content were increased in NB20 and NB40; A significant positive correlation existed between NH; volatilization and soil bulk
density or ammonium nitrogen concentration, and between N,O emission and soil bulk density, whereas a negative correlation between NH;
volatilization and organic carbon content, and between N,O emission and nitrate —nitrogen concentration or organic carbon content; NB20
increased N fertilizer use efficiency and maize yield by 6.07%, while NB40 decreased the yield by 13.88%, as compared with NBO.
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Figure 1 Rate(a) and total amount(b) of NH; volatilization in soil
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FEHLEIH

NB40 4b 3 i 48 7 3809 pH, 45 H NBO 4b B
LR 4.08%F1 6.20%, 1fii NB20 1 NB40 2 [A] 22 52 A
BE . BN ER SR IENA YRS BRI
NB40>NB20>NBO, #b¥[h] 2% 5 5§ 2, NB20 Fl NB40
Ak P A ) 4 R/ T R 4 B B NBO R R 3.78% NI
9.09%, AP &0 E 23.85%F1 35.80%., 5
NBO 4 k. ,NB20 FI NB40 ¥ fE i & F& K H I A&
9.09%F1 16.53% .,

R 1 AR TEEAERIZ M
Table 1 Effects of biochar on physical and chemical properties

of brown soil

A3 pH HH/grem™  EH/g-kg?  AHURIg kg

CK 7.61+£0.11b  1.20+0.03a 1.29+0.02¢ 16.74+0.87¢
NBO 7.58+0.07b  1.21+0.02a 1.32+0.01¢ 15.22+0.01¢c
NB20  7.89+0.12a  1.10+0.04b 1.37+0.02b 18.85+0.54h
NB40  8.05+£0.22a  1.01+0.01c 1.44+0.03a 20.67+0.41a

T ARIE/NG FREFRIR 2 58358 5% R EKF, TR
Note ; Different small letters mean significance at 0.05 levels, the same

as follow.

135 NH, #5821 N,O HEjik 5 - 580" 5 0% YA
K, ARWFIEERER NI T A S A A A SR
WAk, 45 R ILIE 3. A FKREF M, 5 NBO
AHEE, NB20 A1 NB40 kb P -+ 38 il 25 &2 2 14 )
P 31.71% 1 33.16% , % 45 A F ¥ & B AR
30.02%F1 36.14% , 1fif NB20 F1 NB40 &b P ji] 2% 5 A~
B,

Xif FE A B il 0, At U G CK AP+ 345 5 R
SR S — B, BT 5 RS B0 i gh AR
£k XFT NBO .NB20 F1 NB40 — it A IEALFE | 76 )it
RIBJE , 3 S A & il T, 2055 4 d 45 4b
IR ENEAE , A5 W R, 2156 14 d 5 CK AR FEFRE,
B B PR 3 B A3 i, AR AR T80 , {2 2F NH;
RN N,O HE . 3RS A A U S TS
R, TH 8 d R FIE(E, ILEmA TR, HEET A
FEARA AR b

SIMTES AA  HR S RS A RS
18 NH; 4% & F1 N0 HERCR A SC G R (3R 2) &3, NH;
Stk S PSR R BN R IEA R
(R=0.870), N,O RYHERC S 5SS A 2 B 2 U
KR (R=-0.727) ,NH; 1K 2 N0 FHEHUS &
W57 R R E IR OC R (R=0.968,0.857), 5 1
A LA 2 A DCOE R (R=-0.899,-0.643 ) ,
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Figure 3 Dynamics of ammonium N(a) and nitrate N(b ) in soil

2 M/ TIEBAMRRS NHBL M N0 HEBIEX 47
Table 2 Correlation coefficient between soil physiochemical

properties and NH; volatilization and N,O emissions

REBIRS RE HHLER

HBANA WMAAY

kg-hm’z pH g-cm’3 g'kg’l mg-kg™ mg'kg’l
NH; 2if4#E k& -0.617 0968 -0.889* 0.870**  -0.273
NO Hiff s -0.567  0.857*  -0.643* 0342 -0.727*

T FORMSER R B E KT (P<0.05) 5 FoRAH &k B 8 %
IKF-(P<0.01),
Note : *indicates significant difference at P<0.05;**indicates very sig—

nificant difference at P<0.01.

24 YR EXRFESRIEF ARRAFME

Jiti AL R L S 2 4 2 K A o, it A Y B AL it
AE A R AT E— 2 R R (3R 3) . il
AL FE NBONB20 il NB40 [ K= B 25 F
CK,NB20 H. NBO j= & i 2 55 6.07%, i NB40 [,
NBO 74 i & 5K 13.88% ., AS[al4b BHja) £ KX A &K
{49 R WAL AR ) 2 5 4 2%, NBO . NB20 1 NB40 4b 3 (1) /¢
YW R Y i R T CK,NB20 L NBO A9 19 I &L
B 5.59%, i NB40 . NBO [/EYW A=
FIRAK 15.32% . FAER TR BE 2 A 4 o0 T 2 oy 4
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Table 3 Rates of nitrogen losses from fertilization

SOH Treatment  Pebohme PR NHy SRR JRRUENH, SR NO HRRUB S AR NO HREC RO
kg-hm® kg+hnr? Bk 1% kg+hnr HiRI% HHI%
CK 5.932+0.092d  104.261+4.092d 0.179+0.019d — 0.165+0.014c — —
NBO 10.215+0.325b  177.357+4.874b 2.843+0.227a 1.665 0.359+0.017a 0.121 45.685
NB20 10.835£0.117a  187.283+3.649a 2.159+0.084b 1.237 0.282+0.024b 0.079 51.888
NB40 8.797+0.296c¢  150.190+7.891c 1.774+0.203¢ 0.996 0.289+0.013h 0.077 28.705

B E AR #S, 5 NBO AL, NB20 11y
AAEAFHRCRELE 6.21%, 1 NB40 T [% 16.97%,
M NH; B35 % 1 F0 NLO HE R K AR
AR H (K 3) 4007, 481~ 4E K 2= NBO.NB20 £l NB40
AR SR Z UK (NH; #1 N,0) B 43 5124 3.202
2.238.1.851 kgN-hm=, 5 NBO 4 [t ,NB20 #l NB40
A3 /b NH; 4% 8 F N,O HERC T 3 B0 & E Wk
30.106% 1 42.192% ., NBO .NB20 I NB40 AbHEAF AL
1 NH; 5 & 12 =45 5 R 1.665% .1.237% Fi
0.996% , T AERF & 2 9 NO HE BT 5 K 4 51 o~
0.121% .0.079% F11 0.077% . 5 NBO #f It ,NB20 #
NB40 &b 35 55 AT LA 50548 IR 0.47% 71 0.713% .

3 g

ARG FI , Ak T LAVS /D Y NH, #54
FEAIK NLO HEJ, HLFE A A= 9 o B i 34, 1338 NH,
PR B Z 0805 1 N0 HECR AR AZ . AR
PSR FEA AR, — 2 T3 5ok ik
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WO, TR A 45 B R R 1 NH, #k 255
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fi ] R & R SR RE /N X 22 (R AR S, [RIRE ]
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X} 2% AT, B T A kot RURE B R R s i 40 ¢
hm™ A=) i FH DG ™ a8 A B AR L 5w
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PR AE e AR T 3R mdte . A 5T b, 1 ik
— B4 1 i R AT B 5 2 A IR A A AR A 2 D) A
K, MAEHFZEE TR, 40 v-hm? AR AP R

T RIS E(1.01 g-em™) A AT RERS BERG N T+
BRI A AR ORS00 i AR W A R OK
T ARFEI M BB, X SO A SR
D TR AN, AR it A 3T, IR
40 t-hm? 2R AN BERS pH B 45K%] 8, AIREXT oK
(A A K 3 il — 5], e A B0 ™

AR R R — Uk Pt A NH %2 % B E il
£ N0 HEl i34 R —A~BH S A HE Ao, 55 e
TE S AL S RAR K . 0 T BB A= 90 ¢ PR HEIL
B 06T A S B S RN A R 2 DA A o6 - FA
PERRHEAT T 008 25 R0, A=W e T 42 = £33 pHL
R A LR & i, AR A . M
I, NH, #E A R 5 I s S R S A
BB EIEAHXKER, SHRE B ERAHXCR;
N.O (HER L 525 5 B E A OCC R L 5 R Y
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FH, LW NH, 485 IS ARE R IER
P56 25, 5 - VA R A B S SRR 25 U TR B 5 8
B, ARG AW e AR TR T R
EBASRSE, R TEUEY A PR NH, 15K I8
[ JE Rl 22— A0 e LAY ik R ) 2 T O o 12k g XoF
NH; FLAT W AR, 55 40 A e 38 i AF AE TR T 1
REA , BEMR B 398 i) NHL2, AT si/D T -3 NH,
FIFE R AR AR FEAR NLO HER LB AT BE5 HY
M) -3 1055 R RS A VE R 3 VIAH G o ZE RS AL 20 TR 1 A
AT, B P A NHIg R AR NOs, FLAERE = A=
A N0, 5 ILEEE, #53 NOs & 48 S fil A Ve A=
N0 B Noo — 5 TAE Y R BRAIR T 3P e 8
i, BRAK T RSEVE IR 180 NLO HERIBLZ:
Ti— 7 AR A B BB A FLBR S5, i A -
B RAR H IR AT, AR GE R E R,
Bt EE AR A SR, DA G,
TR S A =), 38 NLO ik R . 5540, domT
Al T AW 0% rP B SR 20 S 4 S T RS Ak D
SRS AR I, A A58 A R A= o )it A 3 - 4
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