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Effects of biochar and its aging on ammonia volatilization and nitrous oxide

emission from farmland
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Abstract: Biochar has an important potential to alleviate ammonia (NH,) volatilization and nitrous oxide (N,O) emission
from farmland, but there is often an “aging” phenomenon after biochar enters the environment, which brings uncertainty to
the long-term effectiveness in alleviating global warming. To explore the long-term effect of biochar, a variety of aging factors
such as water, temperature, oxygen, soil minerals, and microorganisms in nature were artificially accelerated, combined
with multiple characterization methods to compare the effects of different aging methods on the properties of biochar, and
used the principal component analysis ( PCA) method to establish new comprehensive indicators of biochar properties to
reflect the aging intensity. Through field experiment, the effects of aged biochar application on NH, volatilization and N,0O

emission from summer maize planting farmland were monitored by in-situ ventilation and static chamber-gas chromatographic
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techniques, providing scientific evidence for the sustainable application of biochar. The results showed that the aging
process increased the oxygen content, specific surface area (Sy;,), total pore volume (V,), and the number of oxygen-
containing functional groups of biochar ( BC), while reduced the ash, pH, carbon content, average pore diameter, and
aromaticity. The aging intensity was ranked as follows : oxidation aging biochar ( OBC) >mineralized aging biochar ( KBC) >
microbial aging biochar (MBC) >wet-dry cycle aging biochar (WBC) >freeze-thaw cycle aging biochar (FBC) >BC. The
addition of biochar reduced the NH, volatilization by 13.57%—29.50%. Compared with BC, OBC and KBC significantly
reduced NH, volatilization by 14.71% and 9.38%, respectively (P<0.05), while MBC reduced NH, volatilization by
3.38% (P>0.05). On the contrary, WBC and FBC increased NH, volatilization by 4.55% and 2.72% , respectively (P>
0.05). At the same time, the addition of biochar reduced N,O emissions by 22.36%—40.43%. Among them, BC had the
best emission reduction effect, and aging has weakened the emission reduction effect of raw biochar on N,0. Compared with
BC, OBC and KBC significantly increased N,O emissions by 30.34% and 26.36% ( P<0.05) , while MBC, FBC and WBC
increased N,O emission by 19.96% , 18.29% and 10.92%, respectively ( P>0.05). In summary, different aging methods
can cause different changes in the properties of biochar, thereby affecting the release of soil gaseous nitrogen. By comparing
different aging methods, OBC had the most significant impact, followed by KBC, with MBC in the middle, and WBC and
FBC had the weakest impact.

Key Words: biochar; aging; NH, volatilization; N,O emission
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500 °C FRAA G ALY (BC) o A N T g4k B R R AE W et A7 . (1) TR AR 21L (WBC) .
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Fig.1 NH; capture device by venting method
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Table 1 Performance parameters of biochar before and after aging

Qb TRy JCEA M Elementary composition/ %

Treatment Ash/% bl C 0 H N S H/c 0/C (0+N)/C
BC 20.26a 9.61a 62.55a 14.41e 1.54d 1.07¢ 0.17a 0.025d 0.23e 0.25¢
WBC 17.93b 9.27a 62.21a 16.46d 2.0la 1.10b 0.29a 0.032b 0.26d 0.28d
FBC 17.73b 9.05b 61.82a 16.87d 2.05a 1.05¢ 0.47a 0.033a 0.27d 0.29d
OBC 14.17d 5.75e 44.75d 24.48a 1.54d 0.74d 0.13a 0.035a 0.55a 0.56a
KBC 15.64¢ 6.90d 54.74c¢ 20.14b 1.87b 1.20b 0.16a 0.034a 0.37b 0.39b
MBC 16.40c 8.41c 57.23b 18.23¢ 1.70¢ 1.58a 0.12a 0.030c 0.32¢ 0.35¢
b3 WA ALE AL J5F T 48 Atomic percentage /%

Treatment SBET/(m?/g) Vi/(em®/g) APD/nm C—C/C—H c—0 C=0 0—C =0
BC 2.17f 0.010f 15.37a 78.67a 12.95¢ 3.98¢ 2.46b
WBC 5.98e 0.010f 6.82b 78.39a 11.70d 5.26b 2.93a
FBC 6.76d 0.013e 7.89b 78.52a 12.77¢ 5.08b 2.67b
OBC 32.32b 0.034b 3.92¢ 71.65¢ 17.00a 6.32a 3.12a
KBC 39.33a 0.042a 4.38¢ 72.92b 15.62b 5.77a 2.85a
MBC 9.87¢c 0.018¢ 7.27b 71.75¢ 15.91a 6.26a 2.94a

LB 3 WEL I TFIME, FSIARFERRZFR#E (LSD ¥, P=0.05) ;BC: JFAEY % Biochar; WBC: TG ZIL AWK Wet-
dry cycle aging biochar; FBC R R 35 24 B2 W) ¢ Freeze-thaw cycle aging biochar; OBC A EAL A Wk Oxidation aging biochar; KBC Nl
Y% Mineralized aging bi()ChM;MBC;ﬁﬁﬁE%%’f{ﬁE%ﬁ Microbial aging biochar
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2.73% i & F AT E BB EOR (B 3) , it AR (1) g7 i W Al s AR v 5 i g
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ARFNE, WA LR A e 8L Y B AR R E AR E , K/NHEF 4 OBC>KBC>MBC>WBC>FBC
>BC, A& BC {HE/N, OBC i K, 0BC KBC Fil MBC MZE G iTMF880E 2 T BC (#£2) .
2.3 ALY RATAR T NH, #8520

TPl 4 AT DL B FORZR 1 -4 NH, 7 & 3 i 2 DU AR fh i 3 45 it A b B 5 35 36 i T NHL, ¥ k&, SEAE
FREALJS , NH, #5 & G B0, TR At f5 5 2 R0 NH, #E R (e, JEAEJS 10 = R B0 . F>BC>WBC>
FBC>MBC>KBC>0BC>C B AL B 25 4 : F>WBC>BC>FBC>MBC>KBC>0BC>C 18 AR5 Y NH, 15 & I (i
TR, JEARALE LS A NH, 5 % shAS28 L3R — 80, A5 056 3 % NH I8 & R T I it 7 d )5, %%
AR NH, #5420 — 50, I8 15 d S5, 45 it AT Ak 3805 A% i I Ach B 2 i) G A 48 2 5 ik 6 ) A0
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W, &AL NH, 23H%E LK R/ FRIN : F>WBC>FBC>BC>MBC>KBC>0BC>C, AR W7k AR AN i 2 B AR 1 + 35
NH, 2l k5,5 F M, BT E A s AR T 13.57%—29.50% 1) NH, % % & (P<0.05) ,0BC &
Dz, HR i KBC fil MBC, BC Ji/> T 17.34% 1) NH 3% & B, % He B LR G A 9 Bt F X NH, 3% % 1052
Wi, A1 L BC,OBC 1 KBC 2351 W F#AK T 14.71%F1 9.39% (%) NH, 23HE K & (P<0.05) ,MBC J8/> T 3.38%
(P>0.05) 1M WBC #1 FBC 433340 T 4.55% %1 2.72% (P>0.05) ,

® FBC

® KBC

;\f ® MBC
- ® OBC
= BC

Q ® WBC

3 EH % biplot
Fig.3 Biplot diagram of PCA
C: = PN IR F AR ; BC: AR ; WBC: THRIEHZ LAY 5 ; FBC. tRAMIAIZ LAY ; OBC. Eb2 b A ; KBC. WL fbd:
o MBC : AL W & AL W ¢

R2 EMRELIEEEEEER

Table 2 Comprehensive index of biochar performance before and after aging

4 TS ERS2 HpFE BEAS HF BN HBE GARE b
Treatment Y, Rank Y, Rank Y; Rank Y, Rank Y Rank
BC -1.19 6 0.82 3 -1.10 6 0.41 4 -0.75 6
WBC -0.52 4 1.87 2 0.42 4 0.56 3 0.05 4
FBC -0.53 5 2.12 1 -0.54 5 0.27 5 -0.05 5
OBC 1.86 1 -0.95 6 1.98 1 -0.44 6 1.27 1
KBC 1.06 2 0.65 5 0.94 3 0.67 2 0.96 2
MBC 0.31 3 0.81 4 1.07 2 1.50 1 0.55 3

BC.: JEUAEM B¢ ; WBC: THBAEI B AL A 5¢ ; FBC . YRRLE PR Z AL 4 Wk ; OBC: H, O, AL B AL AW I s KBC =i 8™ (L2 AL 4= ¢ s MBC. .
ER A A7

2.4 BAEYHIHAT N,O HEH
HIPE 5 T 0L, C AR BEAY N, O HERCHE 4620 4b TRARKF- (10.30—107.91 g m™ h™") , HA#S il AL b 2]
R ERIET N, AL N,O HEBsh Al SRR — 2, 2 S BB P sk 3 B B L =
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Fig.4 Impact of aged biochar on NHj; volatilization in farmland
PR B R P IE AR (n=3) s AR FEREFRORBEAR N 22 57 .3 (P<0.05) ;€. 25 (TG L AUE s BC. R4k ; WBC. TRIEH &1k
AW 5¢; FBC: UREMEIR &L 5¢; OBC: LB AL EYIIR ; KBC. 0 k&b A: W5 ; MBC - A= Wy Ak A= ¢

9 N, O HEff %2 I — 3 . F>OBC>KBC>MBC>FBC>WBC>BC>C, {H 1 0 5 AW 25 T30 . 78 [) 452 it T 45 12
T,BC 1 N,O WE{H AR, 2 &R B3I T N, O Helt el 7es e R, 245 0 3 N, 0 Rtk iR
A . F>0BC>KBC>MBC>FBC>WBC>BC>C,, £t il AE P AL #E A N,O0 RHHEAUE B 218 TR 19 F Ak
LAY R I T 22.36%—40.43% 1) N,O HEice: . Horp, BC AbBE I HERC R ek, 5 F A ELs > T
40.43% 1) N, O HERCE: , OBC AbFH F I HERC R S i fie 55 . AR AR 3 EI 85 T AP X N, O [l HEAL
W5 BC A, & ZAERB IR 2 T 10.92%—30.34% 14 N,0 Ei1HEicE (P<0.05) . i, OBC 14 hnfx
% H:K h KBC, ¥4 T 26.36% ,MBC .FBC 11 WBC 23 #3101 19.96% .18.29% F1 10.92% ( P<0.05) .
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Table 3 Pearson correlation coefficient between soil NH; volatilization, N, O emissions and biochar physicochemical properties

2R KAy . TLEH R Elementary composition/%

P
Tpye Ash/% C 0 H N S H/C 0/C (0+N)/C
NH, 0.68*" 0.84*" 0.86**  -0.80*" 0.21 0.27 0.37 -0.36  -0.82** -0.82%*
N,0 -0.86** -0.81*" -0.75*" 0.86*" 0.05 -0.11 -0.14 0.79**  0.78** 0.79**
2 LR BALE S FLAE JRFH 5% Atomic percentage /%
Tpye SBET/(m?/g) Vi/(em®/g) APD/nm C—C/C—H c—0 C=0 0—C =0
NH, -0.77 ** -0.78** 0.46 0.76 ** -0.86*" -0.48" -0.38
N,0 0.78 ** 0.78*" -0.84** -0.73** 0.54" 0.80*" 0.45"

s il s S BIRRAE P<0.05 Al P<0.01 /KT 3 5 Sy /238 H BET 3511380 HL R 10 AL V, 38 B FL % Total pore volume; APD #8515 fL4%

Average pore diameter

2.5 RH NH,#% N,O HEMCS A= 9 e BRAL PR B 1 O 2R

3 ONACH 58 NH, ¥ K (N, 0 HEJil 5 A= 9 o BAR 5 A9 AR S 434, o 8 mT A, AR 40 e (9 R 43 pHL
C% ,C—C/C—H $#H 43 b5 158 NH # & i B2 3 IEAHCOC R (P<0.01) Yk E) 0% ,0/C . (0+N)/
C.\Sper V. .C—O BEAH ST L5 NH A i B i AAHCOC R (P<0.01) ,NH, AR C =0 #H /T LR
FEHRAEKR (P<0.05), R H 4 N,0 Hiltw 54951 0% H/C.0/C,(0+N)/C Sy V,.C =0 #H
SRR B EEMELR (P<0.01), 5HEWRE C—0 0—C =0 # /L2 BFHFHLERER (P<0.05),5
B KAy pH C% SEYIFLAR C—C/C—H B 2r L 2 B E A LR (P<0.01)
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Fig.5 Impact of aged biochar on N, O emission in farmland
IR N P EREZE (n=3) ; R FRRRFEAR R 225 83 (P<0.05) ;C. 25 FIX IR FL UL s BC. RAEY R ; WBC. TRIGH &1k
AW 5 s FBC: URRMIEIR EAC W55 OBC: S B I EY IR ; KBC . AL B4 A W5 s MBC : IR Wy & A A= W ¢

3 e

3.1 WAL B ONH, 35 & 5

-4 NH, 5 & 3Z FR BT P E | -4 5 R H R) 48 B it 55 22 T 19 B2 ], AEAR AR 76 - 38 NH AR 8 DL %
- HEXF NH; A1 NH, T RE S . ZUIESINZ )G, W 5 3 3 /K A Ons 2B i NHE AT O™, AT 4 2 -3 )2
NH;-N A5, A5 NH, 44 & e i 1) Pk 2 R, TRIUE, 45 Tt AE A B85 S BODUG i sl R s, A= ¢
HLA BRI e 2 TR A& 38 1 FLBR 2540, e IR K 19 3 SR BEFTXT NH, A1 NH, A5 R 58 1) W B, e A 1458
J5 T LA A A T 3498 NHL 3% & 45126 %) Taghizadeh-Toosi %5 3% FHI'SN R0 28 77% i 5 RWFSY T 4 4 ¢ i
SR 118 NH, 4 & (5200, W1 AE W 5 RENS 1 5 PRI - 18 NHL 9 %, [0 26.25%—28.219% ", 4R, &
A3t T 2 R A ) e 1% b R TR LB 3 R T Y e AT 0 S 5, DA e A A ) e R I R PR RE . AR 9 I
T AP EAL AL B NH, B35 &K R4 . F>WBC>FBC>BC>MBC>KBC>0BC>C, 7] IF 1, b4 7%
BRI 3 b T NHL % &, %t e BC, OBC  KBC Il MBC B 5 & %A T NH, #% & &, {H WBC FI FBC
BINT NH &8 (P>0.05) (K 3), X T il B2 2l A= ok 1) e T 45 44, foff L ELA o K ) b 3 i
L 22 () B RE TR = A FLIRDR 4R s 6 N Rl NH, AW BFF 6 7, 2R s /b 38 NHL #8 k E, A ARG
AYFTEE AT NHL % R = 5471 0% 0/C (0+N)/C Syep V,.C—0 . C =0 ST 43 L2 8% fAH G
KA BUE T _FRgsis,

XiF b ARG AR it FHASCRS , R TS [R) 3 Al A2 5 A 49 5 1 S0P AR B RS ], 25 52 i+ 8 X NH; Al
NH, (W FFHBE 77, SR AR B (0 B8 T A 5 A 4 e 3 T R 1A =2 ) P e L A 1 0 WOV P R SR A A
FH TR E A= o Xk NH A NH, B9 B, s/ NH 8 %27 L, 768 R A Ak i b, S0 P07 B 4 v 1)
OBC & i NH, 5 /b, Hoyk 9 KBC, MBC J& 1, FBC Fil WBC X | i 1 J5 A4 5 i R Xt 48 /N | 452 v W R A6 7 94
FAARXS AR5 (2 1), +HE pH R NH AW EERNEZ —, HHERAHAS NH; [ NH, % % +
HERR B A SE A, pH K, 8T B 4 NH, o RSPy 80 . Z280Ench T A & pH (HE R, i S 2
TE— R P 3 pH (E, S AT 3R BT 1 b Py, e iF 48 NHL 5 %, SR ARSI R 13
NH, % & 5 148 pH SIEHIE™  FRATAA S Hr e A NH, # & B 5 Y5 pH {H 52 8% 1A
KKZR M pH im NH, L Z . L, 2kl BEAR SRR AE Y 1 pH (H, Ak &1k 0k &L R Y &
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fead XS AWk pH AR IR T, pH A AY R 23k /L + 338 NHL #E %

Z5G M IATHT, FATIAH OBC KBC F1 MBC BEMS B A &0/ + 498 NH, #E R IR A . (1) xeeibid
TS RN T B AR e () LU SR TET R LU BRSE R B R 5k AR T X NH R NH, W FHE T 5 (2) ik g4k
IR ERRAR T A ) pH B, B T WO NH R NH, BFEAL AT, pH (AR A A T 38 NHL I K 5 (3)
TXE AL AR ) ) 3R T B T 1 AR RE AT, A R A A B T v AR A TR AR I AR
FRAER, R/ £ 48 NHL 5 4,

3.2 AEYRENTA H N0 HEB

4 A A S RS A PR A T 133 N, O HEOHY Bk IR ikt TR B A B S
TS NH, 468 NO; B # A N,O 774 | I bl B 2 S il AT AE e R A8 A5 1 T R 3 9 NOS (N,
WJFE N,O F N, i 2, PR - 38 o i R R A RS2 N, O HER i EZEHEDY ) i 4 ] 0L, 45 b B 7
FEREFE RS BT N,O HHEBOGAE , AE R it FH A i £k Fn B Al it B 7 o 8 12 IR, A FILF N, O 1 HE
o H T AR R R (A ST RN 25 R AR A5 B 85 A A5 BT R ) ML AR, BRI 48 9 U3 A5, i 2
N,O ] A M, BRAR T N, 0 HEC ™, Singh 25 % WA Y1k GE S 084> N, 0 AHERC, £ 25 14 NH;
FNO; WREEA G, AW mext NH WS 8 S TOHL A S BERRAIK, s 148 N, O iRk ™ .

ARWFFT R, AT G A W Bt A AR T N, O HEl: , BC AU HESICR Bl , R Il AL 24155 1 )5 A=
Py Xt N,O IS HERSCR , e, OBC Al KBC A 5k 2 r Il 55 1 S A= 1 o i s HERICR: , LYk i MBC 1 FBC, 55
S WBC (E 4) , MR, N,0 Hijilti S5 AR 1) H/C SR E IEASEER (P<0.01) , Efbid e o
AR HY C AR B S5 e e vk (A M H Re A 2, RBUEY il FE R Re 1 RRAR, IRt 2 ik 25
W AR RN N,O FIIEHESCR Y AN, B R 2 W BN AR W B Sy ANV, BREE T B Y38 A0IR
B, S S L AR T N, 0 B X M A R N, O HEBCR S A SV, S R IE
XK R ML ISR, pH tJE5m 138 N,0 f= A= MEFE M AR 52— Ao R 2L 9 5 e
A pH T, B9 T N, O I8 JE IS, A2 F RS A/ AT (15 B 209 N,0 i J5R N, , 3870 T N,0
Hegd > X S AT A R —5, 14 N, O HEE S5 A Y AR pH B B E T EE R (P<0.01) &1kt
PRI AR T A pH AR LR AR it FHASCR , 22 A0 A= W e R s I 0] 2384 o + 18 N, O HES e . IRl B,
A R AT B J5 — 10 S A TR it rh D RE BE PN nosZ ) i BL PR GHIR Y 1% pH B e sk, 0
pH {EREAS, S0 N,0 R 235, T30 N, 0 Helcat g m .

SEG AT, A TN R A A= 5 55 B A R 6 N, O BIUSHESCR BRI AT . (1) AR R AR P e
FF BRI R e PERRAIC, f AL B8 AR 70k 55 , AT 52 e o R K WG RE 5 (2) AR FBMRE KRR Ak
R S5 e R RS0 B R BRI AR BCBE B0 F = AR B4 N, 0, 0,/ M FZ &K &
AT FEE TN T AW I S e BNV, BRE T 30 S SRR U T RS fE I AR R Y NLO BRI (3) Ak AL
J& ,pH {E 23 1 A%, OBC Fl KBC XAk pH (1 REARASCR 5 b 25, 145 N, O i 5t il i M 32 204 ), 2 i
N, O He R,

4 #ip

Ay 5 18 2 P ARE N 368 2 AN [ B ATL A oA 2 A 0 0 4 P Jo R ke S F) 2 i, BT 5 25+ NHL 52 % N, O
HEg i 2253 . AEA R APE T, OBC Al KBC A< H 43 NH 4% Al N, O HERLA S e 0y 1.3, MBC &+,
MBC 1 FBC 5255 , (H 2 AL 9 LE B ATy BA X 18 NHL 3% AR N, O HERCHI I RIAE T
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