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Gaseous Nltrogen Emlssmn frff'm* Sonl After Appllcatlol’i Of NH, -N Loaded

Biochar . / i / 2 .
MAXiag-gang'*, HE Jian-qiao®, CHEN Yu 135’4, LI De-tian’, LIU'Yi®, DONG Jian-xin', ZHENG Xue—bof-;
(1 ]ﬁ"ey Ldboratory of Tobaceo Biology and Prouessmg, Mlnlstry of Agriculture and Rural Affairs,“Tobacco Research Institute of
Chinese Academy of Agricultural Sciences, Qingdao 266101 Chlna 2. Graduate School of Chinese Academy of Agricultural Sciences,
Beijing 190081 , China; 3. Nanjing Farmland Quality Protectlon Station, Nanjing 210036, China; 4. Tobacco Company of Liangshan,
Xichang '615000, China; 5. Key Laboratory of Agro-Environment in Downstream and Yangtze Plain, Ministry of Agriculture and Rural
Affairs, Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;
6. Biogas Institute of Ministry of Agriculture and Rural Affairs, Chengdu 610041, China)

Abstract: To safely and effectively transfer NH,-N from eutrophic water to soil, biochar was applied to adsorb NH,” -N from
wastewater, and this NH," -N loaded biochar (N-BC) was subsequently used as a soil amendment. Understanding the influence of N-
BC on N,0O-N emission and NH;-N volatilization is important for both decreasing the application of chemical fertilizers and reducing
gaseous nitrogen loss from soil. In this study, experiments were conducted in soil columns with four treatments, namely CK ( no
fertilizer ) , NPK ( chemical fertilizer) , N-BC + PK (NH,’ -N loaded biochar + chemical fertilizer) , and BC + NPK ( biochar + chemical
fertilizer) . Compared to both the NPK and BC + NPK treatments, N-BC + PK significantly reduced the cumulative N,O-N emissions
and NH,-N volatilization, as well as the total gaseous nitrogen loss from the soil (P <0.05). Relative to NPK and BC + NPK,
cumulative N,O-N emissions decreased by 33.62% and 24. 64%, cumulative NH,-N volatilization decreased 70. 64% and 79.29%,
and the cumulative total gaseous nitrogen loss decreased by 64. 97% and 73.75% . In particular, BC + NPK significantly enhanced the
cumulative NH,-N volatilization. Furthermore, the N,O-N emission flux and NH,-N volatilization rate were significantly positively
correlated with the NH," -N concentration, NO; -N concentration, and pH of soil (P <0.01). Overall, using NH," -N loaded biochar
can significantly decrease N,0-N emissions and NH,-N volatilization, relative to the traditional application combining biochar and
chemical fertilizer. This research provides solid theoretical support and data for the application of NH," -N loaded biochar in soil, to
reduce gaseous nitrogen loss.

Key words: biogas residue; biochar; NH, -N loaded biochar; N,O-N emissions; NH;-N volatilization
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Table 2 Application rate of fertilizer and biochar for different treatments

fb N/kg-hm =2 P,05/kg-hm 2 K, 0/kg+hm ~2 He Yy
fERA NH, C1( 73 Hr4li) KH, PO, (4r#r4t) KH, PO, /K, S0, (/3Hr4k) /t+hm =2
CK 0 0 0 0 0
NPK 0 90 135 270 O
N-BC + PK 90 0 135 L ' #9- 9
BC + NPK 0 90 135 270 X 1

1)N LA NH, Cl( 3 t726) T =it A 485 P,05 LA KH, PO, ( ﬁiﬂié@)ﬁ/ﬁrﬁ)\im K,0 L KH PQM%W@)%H K, S0, ( %ﬂ@)%fﬁr@/\;tti%

L5 EREbR kT ik

L5.1 EWIRFE Nk
i%ﬁpﬂﬁ%£ﬁ¥m&ﬁu$%ﬁym£1

10) HUOL IR IIE 5/ CL N Sﬁ*ﬁﬁ)ﬂﬁ?ﬁ*ﬁu

( Elementar Vario EL cube, Germany ) Jﬂ:ﬁ‘{'}-‘ A5 W

%’%ﬁ*ﬁﬁﬂéﬁ 71N SR H 2 L 1) B B A (ASAP )

2020 M4 ¢ ) Mdcromerltlcs USA){W% KIS ‘:j -

%‘zﬁjﬁiﬁﬁimﬁﬁi‘ﬂ#%?ﬁ%%(ﬂlﬂ ToM-
7800F/Prime, JEOL, Japan) 4% & X-4I 4k fig 1% X
( EDX, NORANTM System 7, Fisher
Scientific, USA) #EATIN5E ; R1HE REFA R H X-54k
ﬁ%%%ﬁﬁf‘%ﬂ((){f’s, Escalab 250Xi, Thermo Fisher
Scientific, USA) g FH-1E47 Mo
1.5.2 N,O-N FEfil RS2

K P S I 46 5 A0 €83 35 75 I 2 N,O-N
BEGL . ARG A B BB M AR T DR O
FUINRUBS SR A PR G 28 B SR AE O
HASSAR N, O-N FE SRR B LS5 2, 4.6
8 d, ZJaBEh 2 JE R — IR RAERTH] R & H
MK 0700, K IE)FEH 15 min, FPEEHRE 4
TN, O-N¥E i Fi] Agilent 7890 ( USA ) S AH {435 4%
WRE . N,O-N HEHCHE 5t M 48 AR e B2 Bl s ] 79 22 £k
MR TR AT .

F =p x (V/A) x (de/dt) x273/T
o, F A N,O-N HERGE &, mg-(m*+h) ™' p A
N,O-N 7EARZS F AU, 1.25 kg-m > V HERSHE
AR, m’; A AR EA, m*; de/de fRF

Thermo

%uﬁ@WNONT%* r&b@hrv?
WAL, KV v

N0-N 1 BB 45 5k N, 0N )
ﬁ;ﬁﬁ%i’a{*@ﬁﬂﬁmﬂ«ﬂélﬁﬂ el ] ) e AR 2 AT
1.5.3 NHENFRE RS SE 7
R P U R - R R AT U
HE a0 AR MR ( RN H, -N) SR H, SO0,
(0.01 mol-L~") AT . NH,-N RFHE & 1 0 W
T3] 5 HE R 22 AL - HENH,-NE & [ it iR 24 K
FEURINRE | 3% 2555 K W 28 NH, -N 2K TR FR
K Wi st 1] & 08 ;00 ~ 10 :00 £ 13 ;00 ~ 15 ;00.
1.5.4 RS CRE S E

5INH,-N#E R R R 5K 16:00 JrR5E 0 ~
20 em TAEIEM E pH( 2 K =1:2.5, VL) |
NH,” -NFINO; -N & & ( SKALARSAN * * SYSTEM i
A HTAL i 22).
1.5.5 MRS E

55 JRSCER B, K Hog AR AR AR S AR [, Ve R 5
SR BRI X 3 AN ER 4, 105°C A F 30 min,
T0°CHET 2 H T, AR5 4 SRR E , B AR ZE RN
Y.
1.6 T

T 15505 % i Microsoft Excel 2010 #E47 A3 |
fii 1 SPSS 23. 0 G it Hr A - A 7 R IR 3R T 2250 B
(One-way ANOVA) FlI Pearson # 5¢ % 43 #7, >k H
Duncan #7 & W% 25 J5 15 #E 47 22 5 W R 53T (P <
0.05) ,fii Fi] OriginPro 2018 X {F A4 4.



9 4 HENIAE : TUENH, -NAY S 38 N, O-N HEBCRINH, N4 %2 (1 50 4551

2 HFRESW

2.1 JHEAYIRGERNH, -NFG B0 07

1 WoR, HEA Y W HENH] -NJ5, pH
9.63 % 7.54. C JLEM S MEF HAMA K, H
NITE &M 0. 87% &= 2 2. 32%, BAWINH, -NC.
fEAY e AT T R R, NH, NGRS 208
B BET HR AR S ALFLA P £L42 0 5]
FEAIR T 91.53%., 82.50% 1 21. 15%, i —AE T
BBATNH, -NBE[ERE G HEA T A9k K.

ARG R RV [ K 1(a) I 1(b) ],

pm EHT = 5.00kV Signal A = InLenz
|' 1 WD 6.0mm Mag= SO0KX

NH," -NW {5 35028 9 e 3% DRSOk £ | £L1%
/N, 5 BET RS R (£ 1) — 2. M
EDX XAz 4 Jie 3% 181 70 F AH X & i AT oA [ A 1
(c)M1(d), %3], KINH, -NWRIHETE, £k
FmoeRH FELE C, 0 M Si, NH, -NIH S58%
I C TR MY &l 71.04% % & 56. 71%, F 1
O JCE AR & 2 i 20. 89% 1 & 29. 48%, Si L HE
AEXF & HE 1 7. 50% 15 3 12, 94% , HRAG I E] N J¢
RIHIT A XU, NH, -NW S A T
AW B, BT S T BET H 2 AU B L AL
2 EAR.

Signal A= intens
Mag= SO00KX

um EHT= 500KV
WO = £.1 mm

., =
Date: T Oct 2020 FEINS
Time: 11:32:12

aid

(a) F1(b) 43 BJEA P s A G B NH, -NA= W) e R 1w 45

Cate: 7 Oct 2020
Time: 11:37.19
s

10KV WD: 5.6 mm

LAERETTERETE

(e) FI(d) 53 B Y M ZNH, -NAE Y R JC R 434 SEM-mapping BIR
E1 £¥xHAENH] -NAEHRAEMFEMRETREAR

Fig. 1 Surface structure and surface elements of biochar before and after loading of NH," -N
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Fig. 2 XPS spectra of biochar and NH, -N loaded biochar
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Table 3 Relative contents of surface elements of biochar and NH," -N loaded biochar%
PR A C 0 Si Ca Al Mg K p Fe N Mt
A=Wy H (BC) 71.04 20. 89 7.50 0.23 0.10 0.12 0.05 0.03 0.03 0.00 100
FENH, -NEYIR (N-BC)  56.71 29.48 12.94 0.23 0.13 0.08 0.16 0.19 0.08 0.00 100

AR UEINH, -NHTE 19 XPS EHE UL 2, 43
VLA 25 R L3R 4. AW W FENH, -NJ5, C—C.,
C—O0., C =0Ff—COOH Mz & REMr B KA T 48
A6, 505 h 284. 69 eV —284.70 eV, 285.69 eV —
285.70 eV, 286.99 eV —287.00 eV #i1 288.89 eV
—288.90 eV (&l 2). [T BE A A A X & fth &
AT AR (% 4) NH, -N W fff 5 % c—C #
—COOHE REHT & &0 M hn T 2. 86% 1 28. 55%,
ifii C—0 FIC —OE%‘EIU‘U/\”UWI&ET 11.94% FiI
7. 83%, VLBV AW b i) C—C MIE A E iR =
557 NH, -NIZEf. ¥

Fd EWRIGENH] -NEWIRE XPS g 5HRY
Table 4 XPS fitting results of biochar and NH,? -N loaded biochar

AN NH, -NALF . B4 4 F ) N,0-N &
FHHECER N 1. 03 ~2.35 kg-hm 2 (£ 5). Mt 4k
i, % NPK 4b 3, N-BC + PK At + 3 N,0-N
EHHE R B E S T 33.62% (P <0.05), BC
+ NPK ZbFEFEAR T 11.91% ; N-BC + PK 4b 3 4
HE N,0-N EFHE 48 BC + NPK b Pf i 2 F& K
T 24.64% (P <0.05). [dif, N-BC + PK £ ¥ +
HE N,0-N ZFUHEBCR 4 NPK F1 BC + NPK 4b #
Sy AR T 0.88 H10.57 A~ H 4F (P <
0.05). HULHLW, T4NH, -Nif@ﬁﬁ%%ﬁﬂ:
JIES R it 3% fi A 2% RIS 118 N, O-N ﬁtﬁﬁc,,\ LN
NH," -N4:= ¥y 9% 8% %JuﬁfﬁHE Y i ﬁmhj;réwi
%ﬁfkﬂlﬂ@aﬁﬁﬂjifwﬂﬁzﬁﬁi% N, c) N /JJH@IF

R BC £ N-B'(IZI“ : R 1 4
c—C /28469 (59.74) [ 284.70 (61745) i ¥ L L
#T=0  285.69 (22.86) 285 70/(20.45 )7 a0 | -4 CK
ce0 4 286.99 (10.85) 287,00,10, 96'; O NBCHPK
“L_Co0H "~ | /288.89 (6.55) 288190 (8. 42) = PR —— BC+NPK
1>$ﬁ%&b%ﬂﬂ=/¥%<ev»,ﬁ%mjﬁagwﬁxfﬂ<%> Vi e e
v Y J i E
szi;ﬁ/:\“ux%%?Jgi . = - g 1.0 k-
2,21 NONECEE K REscR T
=
A3 SRS T, S S o]
N, O-NHEM 3 B4 777 38 d, BB ALFE N, O-N H
JH & B KT CK 403, 2 )5 N,O-N HEjim & — 0 —
EAEFRFAEBAROKOT AL A BRAEREALES 2 d N, 0-N —
PG R BLEAEL0. 18 ~ 1,49 mg- (m”+h) 7' ], K M3 MRS EE ML N,ON HHE R
J j‘:’ N-BC + PK > NPK > BC + NPK. Uﬁ%ﬁ@ﬂeé}r Fig. 3 Soil N,0-N emission fluxes over the whole
i‘f:ﬁk %D E/J EH‘ IETJ Ij;J % i j( N O-N j:-HE ﬁi s tf'»% %IJ growth period of flue-cured tobacco
x5 TRAKLEMIBBRESSHREKY
Table 5 Soil gaseous nitrogen loss under different treatments
N,0-N N,O-N NH,-N NH,-N SRRE AEAE
st SRR SRR SRR B RRRR i e bR R
/kg-hm 2 /% /kg-hm 2 /% /kg-hm-2 /%
CK 1.03 £0.07c ND 3.38 £0. 34c ND 4.31 £0.35¢ ND
NPK 2.35£0.08a 2.61 £0.08a 12.84 +1.07h 14.26 = 1. 19h 15.19 =1.06h 16.87 = 1. 18b
N-BC + PK 1.56 =0. 20h 1.73 £0. 22b 3.77 0. 33¢ 4.19 £0. 36¢ 5.32 0. 52¢ 5.92 0. 58¢
BC + NPK 2.07 0. 36a 2.30 £0. 40a 18.20 £1.23a 20.23 £1.37a 20.27 £0.94a 22.52 £1.04a
1) FIFIARR/ING SRR ab Bl 22 57 B 3% (P <0.05) , F A
2.2.2  NH,-N#EAc i e RRIR = 4.12 kg (hm?>+d) =", F- 1 1.82 kg- (hm*-d) ~' ] *F

K5 NH,-N #& 3228 Kk A Fe it A 5 /T 10 d
(1 4), NPK[0.25 ~2.06 kg (hm*-d) ™", SF 1
1.28 kg+(hm*-d) ™' ] #1 BC + NPK 4t #[0.28 ~

Y NH,-N #£ & F W % KT CK[0.21 ~ 1.24
kg+(hm’-d) ", 3¢5 0.34 kg- (hm*-d) ~' ] fil N-BC
+PK 4L B[ 0.21 ~0.71 kg-(hm*-d) ", ¥ 0.38
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Fig. 4 Volatilization rate of soil NH;-N over the whole

growth period of flue-cured tobacco

kg+ (hm*-d) ~'],[AA} NPK 1 BC + NPK A4b ¥ NH;-
N 5 A8 AL B2 350K CK AT N-BC + PK b 34!
NH,-N #4 & R AER A A B N — B R ERRAK
- AR HOR K H AL AT, BN, N R
XF - ENH, -NAF & A T W Rl 2 5 A 5¢
(97 E Y R ALIERCE RV LA . 3% 5 Wy, Bﬁiﬂﬂ'&
HNH,-N %%ﬂﬁtﬁiif 3.77 ~ 18. 26 ke 2
il ok B BE 4/ NPK > NPK > NBGA PK, stt_.Ng_Lg
1 BC + NPK ALIEE N-BC + PK Ab%H NH{N OjfzfﬁﬁF
i &5! EE%WEET 70. 64% F179. 29% (P <0.05)

NHIIN BB ﬁkﬁﬂt}?ﬂ'ﬂ%%ﬂiﬁkﬁﬁT 10. 07, %u

16. 04 /\Eﬁa\ﬁ(P <0.05) . H5 I 0 1 e
NPK Liﬂ’g BC + NPK 4bFH 2514 fin 7 NH,-N 2
HE i R R (P <0.05) 43538 HN T 41. 74%
5.97 ANE G . UEERAE W e A N3 m T e
NH,-N #£ &84 | 1 6 28 NH, -N A= 4 5¢ (6 5 i ) it
AR T X P R A
2.2.3 HHEARKSHK

5 ATAL B4 A F ] N,0-N BRI R
M 1.73% ~ 2.61%, NH,-N ¥ & B KRNy
4.19% ~20. 23%, 4 Ab P NH,-N #5 & 2R3 K
FHRT N,0-N ZRHICE,, HAAEFE N,0-N ZEFHE
Jit# AR/ K NPK > BC + NPK > N-BC + PK, 1fii NH;-
N ## % 21 i& 9&17@ BC + PK > NPK > N-BC + PK.
JNE b RS R = BRI E N 5.32 ~ 20.27
kg-hm 2#7& %%{% RN 5.92% ~16.87% . H:
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A R 200 ) B R T 64.97% F110.95 A
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33.44% M1 5.65 1~ H 4r & 8 BC + NPK &b 3,
N-BC +PK5LIEWU/\”UE%V1EET 73.75% il 16. 6
ANEIF R EIREE R LG8 0 A Wy A N 2 ik

N R A NH,-N 35 & 4012 ok 1 2 8 i /IR
(RS RSS2 NH, -N AR 49 3¢ DU 5 1ok [ Bk
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REAEHK.
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Bl 5 o T8 R AR 5 AT 10 d 238 (0 ~ 20
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PIA AR AL BENH, -N 5 5 AR S5 28 4 d R4
Fhim, 54 ~9 d — B E & 5510 d FIHT3 d
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6(a) P <0.01], 3 5516 3 1 N,0 s R
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Fig. 5 Dynamic changes of soil NH," -N and NO; -N

contents in 1-10 days after transplanting

5(b) R, AR JEEE 1 d NO; -N& &3k 5|
IEE (25. 08 ~50.59 mg-kg '), %53 ~10 d, BC +
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Fig. 7 Effects of biochar and NH, -N loaded

biochar on the biomass of flue-cured tobacco
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