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Effects of field—aged biochar on NH; emissions under wheat—maize rotation

LIAO Xia'?, LIU De-yan', CHEN Zeng-ming', HE Tie—hu', NIU Yu—hui', DING Wei—xin"’

(1.State Key Laboratory of Soil Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Using a continuous air—flow enclosure method, soil NH; volatilization under wheat—maize rotation was monitored to explore the
effect of different doses of field—aged biochar on NHj volatilization. The field experiment included five treatments : no fertilization ( Control );
conventional N application (CN); conventional N fertilizer and 3 t-hm?>(NB3), 6 t-hm2(NB6), and 12 t-hm>(NB12) biochar. Biochar
application after three years reduced wheat yield but had no apparent effect on maize yield. Additionally, biochar reduced the grain N
uptake by wheat, while the NB3 and NB6 treatments increased the N uptake. In the fourth year after application, biochar reduced the
cumulative NH; emissions and NHs emission factor of the applied N during the wheat season but increased these values during the maize
season. The NB6 and NB12 treatments reduced the annual NH; emissions. The NB6 treatment did not affect the yield—scaled NH;
emissions in the maize season but reduced the yield-scaled NH; emissions in the wheat season, thereby reducing annual yield-scaled NH;
emissions.

Keywords : biochar; NH; volatilization; fluvo—aquic soil; maize; wheat; rotation; air—flow enclosure method
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INIX, Bl Lk R DD 25 PN A B 05 25 S i ik 6 4 R
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Figure 1 Schematic view of the continuous air—flow

enclosure method
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o C AR MERRBR B, mol - L5 VA Vo 20 1 AR
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2N H NHaHER & S
NEAEMEIS S NHHEC R B (EF, %) 1A -
EF = fvfi x 100% (3)
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P B E. 53530 0 it IS FIAS T JE Ak B NH Z2 BRI
% D kg' hm™ H Napplicdjbﬁ@HEﬁfitpﬁHEﬁﬁﬁﬁi ,200 kg-
hm™, FLA7 7 5 NH HECE (g-kg™') o NHs R HE
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A 3R] NHHERCEE NHS HE R £ 507 )™ 5 NH,
Helct AR IR & i KO B 22 S5 55 R
75 22501 (One—way ANOVA) Fil LSD (P<0.05) #E1
oz 3, NHsHEICH 23 5 P58 A A9 AH DG S g 7K1
H Pearson A 53 1 4] % o 150 K4 FH SPSS 3k /462
(Version 19.0,SPSS Inc.) #4740 BE43#7, F Origin Pro
8.5(OriginLab , USA) 4R
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INFZRFRL PR CN AL PEAY 8 519 kg - hm? [ &
NB LB 7 307~7 792 kg - hm™, NB6 Fl NB12 [ 5 43
SR 13.2% F1 14.2% 5 it JE A 34 v 5 DK FF ™ 1
10 191~11 896 kg - hm™, &b B[] TG & 3 22 5 (& 2a) o
IINFE PR R T CN AR 35y 220.67 kg - hm ™ [
% NB AL FH ) 180.19~187.65 kg - hm™2, F&1E 7 15.0%~
18.3%, 1M1 T K R A 0 WA 3 J0) iy CN Ak B ) 143.68
kg + hm™ 34 i1 1) NB &b 2 (1) 153.39~163.95 kg - hm™,
NB3 1 NB6 &b HL 435I T 12.9% F114.1%(FE 2b) o
[ FE /N2 b B 30 43 0 M it B CN Ak B9 252.89
kg - hm™ [# A5 3] NB &b 2 (1) 208.06~220.93 kg - hm™?, [%
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Figure 2 The yield and N uptake of wheat and maize
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22 NH:E%(=
2.2.1 NH:#5 KR A1

JINFZ R A ZE A0 B NHL 35 & R 2 M A4k
PR A — S0, NHHER W A AL S5, Ho1~4 d Y
M H (B (E3) . /N ZEILAEFNGE IE NH; HEBGHE %
Ak B 3 591 M 0.15~6.26 kg » hm™ - d™ 1 0.23~0.54
kg-hm™-d™" s 7 LAt FH 5 10 3 d, NB AR 389 NHaHEL
R I CN A TS A S NHL 4% 4 3 R AR
H A AL AL FR R JC 5 25 5 o R R R JE N B JE it
FH G NHs HF il 2 4853 51 4 0.25~1.72 kg« hm™ - d ™' il
0.28~22.43 kg+hm2-d™'; NB &b H AR it F 5 26 1 d /Y
NH; HE 3 R AL T CN A B i 76 38 AR 5t F 5 A 2 d,
NB 4b P %) NH: HECGH % 7 F CN Ab2E
2.2.2 NH, ZAHERCR

/N FE 25 LR ] CN AL PE A NH, 2B HE i B R
19.39 kg - hm™, NB 4b B i@ 2 % Ik NH, 2 B HE il &
17.8%~60.1% ; 36 NEHA £5 4b 4 NH; RFHE R 1.37~
1.78 kg-hm™ , ZbFRA] L 5 22 7 (R 1) o BEAD/INE
Zs  NH; R HE i H CN 2R BEAY 21.05 kg - hm 2 fE &
NB AL Ff4 9.52~17.36 kg - hm™, B IR K 17.5%~54.8%;
FHIC , T oK Z= NHy RAHRAL & 1 CN AL FAY 24.71 kg-
hm™ 3% %2 NB 4b B ) 26.24~29.75 kg - hm™, 34 iiF ky
6.2%~20.4% . FKZEFLAE ] CN 4b P NH; 2 FUHE
N 3.51 kg - hm™, NB6 1 NB12 &b H 43 51 &A% T

25.2% F131.1%; 38 JE ] CN 40 3 NH; 2 BUHE & N
21.20 kg~ hm™, NB 4b 21U {2 25 38 i NH 22 FRHR ik 5
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AERE NHs RFRHEC R 53 710 4.99 .45.76 .45.76 .39.37 .
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2.2.3 i NHHEL &=

/NFZ 75 CN Ak LA 77 5 NHs HF i i 2.48 -
kg™, NB6 Fl NB12 &b 3 HE il & b 2 AR T 27.5%
47.9%. F K= CNALFEA ™ 5 NHHE Y 2.29 ¢
kg™, S5HAN ., NB3 FINB12 4bF 2 Z 480 T 22.4% Fi
19.9%. Control b FRAF & A7 7= 15 NH; HE 4 0.55
g kg, B AE AL HRIN K 2.10~2.55 g-kg™', NB6 AL B % CN
AbTR I PR 11.3%
2.2.4 NH.HE# 251

/INFZ 75 NHL HERL 2 80 CN A B 1) 9.5% % % NB
A PR 3.7%~7.6% , £ K ZE NHs HECER B0 By CN 4b
FRA 10.9% 34 5 NB AL PR 11.7%~13.3%, {HJE4F
NH, HEji 2 50 CN A1 NB3 4L B AY 10.29% [ %5 NB6 Hl
NB12 4bBEAY 8.6%
23 TEBUMRMSERZEX NHLEZEZNZN
2.3.1 HHEREERUK
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Figure 3 Seasonal variation in NH; fluxes during the wheat and maize season

F1 PNEFMERFEBENH, RRHHEMHEL R

Table 1 Cumulative NH; emission and the proportion of NH3 emission to N fertilizer during the wheat—maize growing seasons

C:Etéﬂ% e Ef*ﬁﬁifﬁi; Cumulanv;,-ﬁl\;:wmlsswn(kg-hm Z?%é Yli&ii%};iizji%on/ NHfﬂFbﬂl%iﬁl
Seasons Treatments = B . NH; emission factor/%
Basal fertilizer Supplement fertilizer Whole season (g-kg' grain)
N Control 0.75+0.01e 1.40+0.30a 2.15+0.31e 0.83+0.08d —
CN 19.39+0.35a 1.66+0.24a 21.05+0.54a 2.48+40.13a 9.45+0.18a
NB3 15.94+0.38b 1.42+0.26a 17.36+0.33b 2.2340.05a 7.60+0.25h
NB6 11.75+0.20¢ 1.37+0.32a 13.12+0.43¢ 1.80+0.06h 5.48+0.08¢
NB12 7.74+0.32d 1.78+0.34a 9.52+0.26d 1.29+0.05¢ 3.68+0.14d
Tk Control 1.35+0.23¢ 1.49+0.25¢ 2.84+0.11e 0.44+0.03¢ —
CN 3.51+0.16a 21.20+0.30d 24.71+0.43d 2.29+0.11b 10.94+0.22d
NB3 3.30£0.14a 25.09+0.44h 28.4020.29h 2.80+0.16a 12.78+0.19b
NB6 2.63+0.10b 23.62+0.43¢ 26.2420.39¢ 2.30+0.10b 11.70+0.25¢
NB12 2.42+0.12b 27.3420.28a 29.75+0.27a 2.74+0.15a 13.32+0.06a
AR Control 2.10+0.24e 2.89+0.28¢ 4.99+0.39¢ 0.55+0.00d —
CN 22.9020.28a 22.860.52d 45.760.76a 2.37%0.11ab 10.19+0.09a
NB3 19.25+0.28b 26.5120.20b 45.7620.46a 2.5540.11a 10.19+0.19a
NB6 14.38+0.23¢ 24.99+0.31¢ 39.3720.24b 2.10£0.03¢ 8.59+0.09b
NB12 10.16+0.20d 29.12+0.12a 39.28+0.08h 2.1620.11bc 8.57+0.12b

T R B I E bR R (n=3) 5 RIS W) 7 B Fos b B R) 22 5 25 (P<0.05) . T

Note : Meansz+standard errors(n=3). Values followed by different letters within the column are significant different at P<0.05. The same below.
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F BN 5 (2017 463 A 13 H ) A E K Z LB
R (2017 4F 6 J1 13 H)#E1T#EE , K 5 K 294 40
mm; £KZE AL G5 1 d FEE 3 d BT 4 9 0.6
mm F128.6 mm , AT TE L .
2.3.2 +3ENH;-N fINO;-N % it

/NFE 25 B it S A 45 NHG-N & 2 A8 05
2.09~156.37 mg- ke, W H I AE L 555 3 d, CN 4b
PR 5 T NB AL s NOS-N % 5 A8 fL 5 N 8.69~
198.20 mg - kg™, A W5 2| B I i s (1€ 5a FIET 5b) o
ZARIRFZ 0, 38 A8 J5 £ 4 NH;-N FINO-N &5 B Al 1R
5%, 20 514 1.16~43.57 mg - kg™ H10.68~9.93 mg - kg™,
HEMEJE 55 1 d CN AL B+ 38 NHI-N & & 8 5K+
NBARFE . FOKZEFLACIA 445 NHI-N & AR LI oA
2.18~23.93 mg-kg™', i il 1 d Ji7 1 3E NH;-N 5 & il
R 295 5o (E, FNB AbFE & 5 B 5K F CN b FE 5 3B

wn
(=]

[ B [N Precipitation

199 1 38 NHI-N % 5225 1 4 4.88~53.88 mg - kg™, Jiti JIEt
J5 5 d N 58 NHI-N % 22 REIR 28 5B (K 5e) .
e K2 J AR A AR 4] 4 4 NOS-N &5 48 L 3 [l 43 531)
7 4.05~51.28 mg - kg F10.48~83.45 mg- kg™, K M2
FIH IR A (&1 5d) o

FE/NFZZE(F22) , CN AL BRI AL FIIB AE 143 NHi-N
SEA4 5 B 43 50 4 30.96 mg - kg F14.62 mg- kg™, NB &b
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CN 4b 38 5L AE A58 AP 1A 4 3 NOS-N -2 55 54 51 oy
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Figure 4 Variation of precipitation , soil temperature and soil water—filled pore space (WFPS) during the wheat—maize season
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R2 NESMEKEFMHILSF L1 NH,-N E NO--N EHE&EF L1 pH
Table 2 Average concentration of soil NHi=N and NO3—N during the wheat and maize seasons, and soil pH
HK T LbF NHi-N ¥ & NHi-N concentration/(mg-kg™) NO;-N ¥ J& NO3-N concentration/(mg-kg™) pH

Seasons  Treatments JEJIE Basal fertilizer B I Supplement fertilizer HE/IE Basal fertilizer JBJIE Supplement fertilizer (H,0)
INAE Control 3.53+0.11b 3.28+0.10d 11.12+0.54¢ 1.15+0.06¢ 8.40+0.14a
CN 30.96+0.34a 4.62+0.27¢ 111.28+3.04a 3.94+0.07ab 8.29+0.10a
NB3 27.91+2.52a 7.35+0.47a 98.46+2.94h 3.59+0.15ab 8.20+0.02a
NB6 28.62+1.15a 6.01+0.64b 106.58+2.67ab 3.50+0.37b 8.19+0.03a
NB12 28.67+1.54a 6.37+0.29ab 99.15+5.10b 4.09+0.07a 8.21+0.09a
Fok Control 4.48+0.11b 6.59+0.24¢ 7.06+0.03d 1.09+0.06¢ 8.43+0.02a
CN 6.03+£0.43a 13.45+0.66b 24.22+0.56b 32.55+1.01a 8.06+0.03b
NB3 4.55+0.20b 15.98+0.36a 23.83+0.68b 32.60+0.54a 8.14+0.05b
NB6 5.14+0.18b 16.05+0.54a 29.23+0.17a 29.08+0.63b 8.15+0.03b
NB12 4.57+0.17b 14.23+0.76b 22.45+0.17¢ 32.63+0.81a 8.12+0.04h

e NH-N A1 NO--N V-85 55 5 Ry [ 5 A fE i 35 AR S 3594

Note: The average contents of NH;=N and NO;=N in this table are the arithmetic mean of the values in figure 5.

W HENO-N 8 7.3% AW /N2 20 oK
Zx+ 3 pH I & T
2.3.3 NH: ¥ & #5152 00 5

/N7 ZE Tt N A PR NHa #5222 5 10 em F1 15 em
Ib 3R K - ENH-N & & B E B, 5 3%
Ko BRI SE (R 3) . FKRTELALFE NH;
PR HEARE 510,15 em 4b HIEIRE B A, 5
14 NHI-N & B 3 E ARG

3 g

3.1 TENHZEZNZEZ
PRI R, a0 3R B K5, S NH ¥ K I 8
MR T A RESR T R A, n

PRZE K A B NHE, U340 7 ¥ AH 7 NH/NHE ) 3 A
PHE R AL i 5 NH ) RAHE . RS
FERIN, /INFZ 230 N0 A SR S AR B AIC T DR il
PEE T PR ZE KSR, AT NH #EK , 3X] RE 2 A%
WFFE /N2 25 38 0 NHL #5202 7% 00 2500 1 3 I 44
FIE R 22— ZEABFTEH , NH 15 & R 5 1 3 i
B E IEMSE, IF FLB ARG 145 NHI-N FINO-N -1
i AT AR, 3 — 25 UE AR X R il
EOEIIEAS

Yan 2520 5% 3 BH , NH, 4 & %F 387K 43 1) gk
M TR, b HE K A X NHL 5 & B ff R R A
87.2% ; TEMA RN BE T, 38 i 38K 7 e FEAIR T NH,
ViR o BRI ANHERER A B 2K 12 A R 36

RT3 NLEXZERS5TERE FLEES/K=(WFPS) NH:-NFNO:--N & =RIHE KM

Table 3 Correlations between NH; flux and soil temperature , WFPS, soil NHi{=N and NO;=N concentration

AR b3 I Soil temperature + 1 WFPS +HENH-N +HENO:-N
Seasons  Treatments T T Soil WFPS Soil NHi-N Soil NO;-N
INFE Control -0.109 -0.330 -0.380 0.113 0.178 -0.515%

CN 0.440% 0.533% 0.508% -0.799% 0.726%% 0.198

NB3 0.454% 0.544 0.514% -0.801%* 0.625%% 0.344

NB6 0.413 0.506* 0.480% -0.713%* 0.536%* 0.329

NB12 0.396 0.493% 0.482% -0.772%% 0.825%* 0.217

/S Control -0.492% -0.350 -0.401 0.307 -0.05 0.026
CN -0.638% -0.488% -0.574%x -0.215 0.722%% -0.215
NB3 -0.634% -0.483% -0.571%% -0.218 0.791%* -0.286

NB6 -0.648% -0.501% -0.588:% -0.223 0.611% -0.382

NB12 -0.638% -0.488* -0.571%* -0.269 0.485%* -0.219

TR A E (P<0.05) , ##3R i B A1 56 (P<0.01) .

Note: * indicates significant correlation(P<0.05), ** indicates extremely significant correlation (P<0.01).
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YEA %5 NHE A IR BRI 5, W] ESF 380 T NHs 35S 1
I T T, X — 5 M RN A PR AR A B T 22 i b g 1
HOL IR, FEARRESE /N ZE NH R R R
3T KR R A S U I I 2 3B I JS NH;
PR SRR T SR A E R R . AT A R A R
FIK J3 X NHs 7 A& 28 19 i B8 2 00 51 R 3.99% il
82.4% , % WITHE T 5 56 FRT XoF N HL 472 % 38 55 1) 5 ) B 51

Jit N 5 =23 e ol 2 AR 5 A 4 A R
NH; ¥ % o 5 25t A b, 2008 T itk B4 A1 NH HE ik 2
617%™, =% 2t T IR 2 it A R F HoK £ 1
NH:-N 9 398 B 25 50 40 52 5 R W B, 385 4= 3%k
NHE: ) [ 2, [ B 3 o 1 R 38 0 7 DR 6 P 3 2>
3 b, BACHU S K BIPEEk Se i A s Re i — b
B A T NHER [ € , FEAR NH 3k 2, ARfF5E,
Jite A =X Ay e R0t i R R 3 A R0t J R ,
O I REA AR RAE B NH 5 & 0. SR1MT, oK
Z5 5 A T4 A 50 R, S B e AR o e/ HL AR S R
K, S ENH & i 2 TR . Ut P ot 2
NH, #% & W B 252 i R R, Y A0 T it 2
11 150 kg hm 2B}, /NFE 28 NHL 72 ko 23 g 25 14 ™,
TEASBIE 5T /N2 2w Bt /I (LA N3, R ) A 3
(200 kg - hm™) NH; 4% & (12K KK 9.45% , = T4 B
SR [A]— b o5, IR R R 150 kg - hn 2 B (493000 52 1
(8.09%) .

Wang S5 57 & 9+ 3% pH B &7, NHE 5 OH [
J7 A B NH (18 3 5, DR Mk - 39 4 o e A i
55k NHE K . A iF9E 00, b i -4 v
B NH. HE L R B0 19%~36%, i i 3 b H
109>, Felon £ 58 i 1 436 NHG B T B B
A, AT BN AT 250 Ml AR AV VA T NHG R R R b
NH,#21, AHEGE 14511 pH by 8.4 WKL 75 5 68%,
J& T8 5 5 K NHL 2 K 0 35, 2075 a3 A AP
NH: 35 K& 0 R B AR5
3.2 HEEN EY BT 1158 NHIEE B 220

A ) 5 e K e - 39 N 45 % K5 W0 3800 ¥ 77
TEA L 58t R AA L 22.5 - hn 27 6 A ) Jo ¢
15825 kg~ hm > BB Lt 8 2 FAIK 1 4/ IN22 AR B i
W1 NH#5% 14.9% , F 2257 K R HE W s e e B T+
b ) NHEATNHL® S AH S, 5528 U8 I 6 A= 9 Jo e o4
6T H e, B+ NHL 4% & 14 10292, H
224k 3 a )5, 20 t-hm 2 A= 9y 50 e i 2 (A T /NEE 2
NH; 4% & 36.6%, T 40 t - hm™ 4= 1) Ji ¢ ) 3 i NH 4%
7 20.3% , 7l RS R R A AR W B iR T

1% WHART]

8 pHL, TR 2 A 0 5 e Ak 3 A v 0 s 0 D T L
Xof 18 pH (5 M50, A B H) 1% 7 48 5 6 NHE-N
(A I BREBE J115% . ARBF 5T R 3~12 t- hm ™ A2 9 J5 S5 HH (]
EAL 3 aJ5 o BIFRAR/INZZE Z2 A0 1 oK AR NHs % &
2 B 17.5%~54.8% F1 6.0%~31.1% , 0 i /5 F Bt 1
FHEEB TR . W, NH 3% & 3R 5+ 3 NHi-N
O S5 ARG, IR 5] NB 4b B -3 NH;-N & = i
FART CN AL FRHL RS T A9 5t e % NHE-N A I 5,
XA R B AR FH I A 9 o e P e A B i v . A=)
Jo e HH () A S EL BRRN A2 o 349 % A ks, —
S8 ECE RE TGN IR I | R AL SR A R A
B8 T 2 T B H far AN PH S T s 4 o, 42 E NHG Y I
BRotel, R A it P e BB R NE R 55 A 5k 78 43 TR
57, HE W 5 R A 0 DR 28 K i A ) NS, [ A1
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SR, A= 0 e /N2 28 0 6 K 238 I A NHL 4
RIFEMHIA—30, AP oRIE I T 7Nz 2538 I
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