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Effects of straw biochar and carbon—based fertilizer on ammonia volatilization and wheat yield in winter
wheat field

WANG Xiaofei"?, KOU Changlin"?, LI Taikui"?, LUO Xiaosheng"?, MAO Baomin', JI Jianhua™

(1. Institute of Plant Nutrition, Resources and Environmental Science, Henan Academy of Agricultural Sciences, Zhengzhou 450002,
China; 2. Henan Key Laboratory of Agricultural Resources and Environment, Zhengzhou 410105, China; 3. Henan Soil and Fertilizer
Station, Zhengzhou 450000, China)

Abstract: In order to explore the effects of straw biochar and carbon-based fertilizer on ammonia volatilization characteristics and wheat
yield in winter wheat field, and provide theoretical basis and scientific guidance for agricultural waste resource utilization and ammonia
emission reduction in farmland, from October 2018 to June 2021, a field experiment was conducted, under the winter wheat—summer corn
rotation system in the fluvo—aquic soil area of North China Plain for three consecutive years. Four treatments were set up : no fertilization
(CK), single chemical fertilizer (CF), single chemical fertilize+straw biochar (BF) and carbon—based fertilizer (BBF), for measuring and
analyzing ammonia volatilization rate and wheat yield of wheat season. The results showed that the ammonia volatilization rate of each
fertilization treatment showed a trend of increasing first and then decreasing at the base fertilizer stage, and gradually decreased at the
topdressing stage. In the wheat season for three consecutive years, the annual cumulative ammonia emission of BF and BBF treatments
decreased by 15.0% —27.3% and 25.9% —28.8%, respectively compared with CF treatment. The average annual cumulative ammonia

emission of BBF treatment was the lowest, which was 27.3% and 8.2% lower than that of CF and BF treatments, respectively. Straw biochar
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and carbon—based fertilizer could effectively reduce the ammonia emission coefficient and ammonia emission per unit yield of wheat

season. The annual ammonia emission coefficient and ammonia emission per unit yield of BBF treatment were the lowest, which were

2.11% - 2.64% and 1.06-1.51 g - kg™, respectively. Both straw biochar and carbon—based fertilizer could improve wheat grain yield,

compared with CF treatment, BF and BBF treatments increased by 4.4%-8.4% and 4.1%-13.2%, respectively. BBF treatment had the best

yield-increasing effect, and the average yield of wheat in three years increased by 5.7% compared with CF treatment. Under the

experimental conditions, the effect of carbon—based fertilizer on ammonia emission reduction and yield increase is the best, which can be

popularized as a new fertilization technology model for agricultural ammonia emission reduction and wheat yield increase in the fluvo—

aquic soil area of North China Plain.

Keywords: straw biochar; carbon—based fertilizer; ammonia emission flux; cumulative ammonia emission; ammonia emission factor;

wheat yield
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Figure 1 Dynamic changes of rainfall , average temperature and 0-10 c¢m soil temperature
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Table 1 Fertilization status of each treatment(kg-hm™)

RE T DEFRES A ER7VS BN
Kb FR Urea Superphosphate Potassium chloride Biochar Biochar bassed fertilizer
Treatment AL BN L B AL B L BN LA B
Basal dressing Topdressing Basal dressing Topdressing Basal dressing Topdressing Basal dressing Topdressing Basal dressing Topdressing
CK 0 0 0 0 0 0 0 0 0 0
CF 195.7 293.4 562.5 0 150.0 0 0 0 0 0
BF 195.7 293.4 562.5 0 150.0 0 3.000.0 0 0 0
BBF 0 293.4 0 0 50.0 0 0 0 600.0 0
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Figure 2 Changes of NHi—N content in 0-20 c¢m soil during the fertilization period from 2018 to 2021
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Figure 4 Changes in ammonia volatilization rate during wheat basal fertilizer period from 2018 to 2021
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Figure 5 Changes in ammonia volatilization rate during wheat topdressing period from 2018 to 2021
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(#£2),Hd CF AP % & F BF 5 BBF &b 2 (P<
0.05) . A7 Jita AE Ab B HF , BBF &b R A% 22 HE i 2R B0
AN o B i S HE R AT AR O R R R R S
2SR N R ) — 0 B B R AR, TR RN
PIRTHE T, FLAEBRAR TG B A IR 34 25 5 48 T Ak 2
[ bl . 2018—2021 4, firAg Ab B b, CK Ab B ) 2R
A7 7= G CHE R e % (1.06~1.51 g+ kg ™) , HVK J& BBF

AbFR(1.50~2.11 g-kg™") &

2018—2021 4, BF 5 BBF 4b B = 4 43 %] It CF
AEFRIEIN T 4.4%~8.4% 5 4.1%~13.2% ., 1155 34/
32 S-S kF R e BBF 4R 4> 51 e CF Al BF Ab 33
JNT 5.7% 1 1.1% . BBF Zb ¥l /N7 7= i f i, Hoko:
BF 4bH
2.4 INEETFIHIESIELZ NN

2019—2020 4, /N2 Jifi 3 4= e 2 ¥4 e i R
SR 0~10 em 3R B RN 4 39 NHG-N &8 5 3% 1E
K ($£3,P<0.05), 2018—2019 4F , + HE & ¥4 &
RS 0~10 em 38R B SO A OG  (HR IR B B
FOKF o TEREN R AY 2021 At AR, 1 a4
R E 0~10 em B8RP SR 2 AUARDC (1
KIKF) B E K, 545 NH-N &5 5 5 & B
(P<0.05) ., #AbFREH% & WA 5 HHENO-N & i
HH S AR DG PE -

3 g
3.1 BEFEYRERER/NERESIES K

TE/INAZ B, 25 7t A Ak 34 ) 2 R g £
Se Tt I AR = AL AT HEEOK - R HE S 565 4 KA 2
WD) PRI, KK 260, B I SE=I7E ) + 41

R2 20182021 ENESF ERHMENHM AL

Table 2 Cumulative ammonia emission and ammonia emission factors during the wheat growing seasons from 2018 to 2021

P e 24 B FHEICE Cumulative ammonia emissions/(kg-hm™) /J\g*}*}jfﬂ.% ifﬁ ’t%ﬁﬁm{% SR ,% e
Period Treatment JLHE SR [ Wheat gralnﬁyleld/ Yleld.—S(faled ammonia 'Alfnmoma
Basal dressing Topdressing Whole season (kg+hm™) emission/(g-kg™)  emission factor/%
2018—2019 CK 4.60+0.43h 1.90+0.06g 6.50f 4311+141e 1.51+0.06ef -
CF 12.60+1.08a 3.59+0.19a 16.19a 5489+215d 2.96+0.26a 4.32+0.55a
BF 10.12+0.42¢ 2.89+0.11d 13.01c 5895+74cd 2.21+0.09bc 2.89+0.23cd
BBF 9.00+0.51de 3.00+0.11cd 12.00d 5717+189d 2.11+0.25¢d 2.44+0.27e
2019—2020 CK 4.28+0.29h 1.45+0.09h 5.73g 4 684+178e 1.23+0.11fg =
CF 11.19+1.18b 3.52+0.17a 14.71b 6 167+75bed 2.41+0.42b 3.99+0.60b
BF 9.36+0.79d 3.14£0.21c 12.50cd 6 684+108ab 1.88+0.11d 3.01£0.44¢
BBF 7.51+0.57g 2.96+0.16d 10.47e 6978+119a 1.50+0.11ef 2.11+0.32f
2020—2021 CK 3.47+0.39i 1.44+0.22h 491h 4611+104e 1.06+0.08g -
CF 11.58+0.68b 3.32+0.23b 14.90b 6 578+148abc 2.27+0.09bc 4.44+0.40a
BF 8.33+1.13f 2.50+0.13¢ 10.83e 6 867+200ab 1.58+0.22¢ 2.63+0.55de
BBF 8.62+0.45¢f 2.25+0.21f 10.87¢ 6967+122a 1.56+0.03¢ 2.64+0.29de
J5 2253 MT Variance analysis
Ab 3 ok ok ok ok . o
ARy > ib B ok *k * 3 ns o
TE : PR P AR HEDR (n=3) s [F] G A [7] 5B 2R AL B ) 22 5 1225 (P<0.05) 5% /RG22 2 (P<0.05) , ** FIR ML 2.3 (P<0.01),
ns FR AL E K-
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Figure 3 Correlation between NH; emission rate and various environmental factors

A Ak 3 S 0~10 om -3k L HENH-N L HENO-N
Period Treatment Average temperature 0-10 c¢m soil temperature Soil NHi-N Soil NO;=N
2018—2019 CK 0.078 0.231 0.301 0.218
CF 0.582 0.418 0.751°%* -0.025
BF 0.029 0.385 0.617 -0.051
BBF 0.011 0.307 0.664 -0.121
2019—2020 CK 0.624* 0.641%* 0.809°* 0.601
CF 0.587* 0.681%* 0.760%* 0.123
BF 0.591* 0.646%* 0.823* 0.071
BBF 0.554* 0.641%* 0.587 0.006
2020—2021 CK -0.294 -0.191 0.801°* 0.449
CF -0.107 -0.035 0.761°%* 0.347
BF -0.079 -0.025 0.755% 0.024
BBF -0.026 -0.031 0.704* -0.060

R A (P<0.05) , *+F Rl i A0 ¢ (P<0.01)

FE R IFFE A 2 T A R A S HE oA, SO
RIELERE K 731 A B 3805 ZENR B RO VE R T 3R
R AR 7 AR, S B0 R A Rk R
WK B AR R S A5 k5
WEAG . AE/NZEB AR, B IR 5 A5 A B 5 R R
TR AR AL B , 5 3 A0 0 ) 5 e I T A
[F] , 33 AT B -5t I Jr =0 G, SRR NE Jy =24 AE et
50~20 em HHEHEA B TN 77 X, 25 +
HEIR A 5Bl L B 15 S N AT ] 24
P8 38 B it ARy RSO, O R R 5 T
N A9 82 B A7 T, AT 2 B0 S 208 A 00 G0 2 T K5 i
AR P AB AL R o it 25 ) e 5 e R T Ak 3L 1 i
i R T B A A AL B (P<0.05) , WA= W 0% fiE
% 1 RN R L 3 S T A BT A5 A 23
AW IR BRI A RO T Z A B U HUE XS T3 NHIA
J R P9 R B P 308 e o - NS A W B, A= 4 0 T
DA 0T - 58 25038 10 [ 45, ke 3] TRt ™ R, TR
it 23 AR b R A S 45 R L RP . AT A R R
2019—2020 4 /)N 22 Jita 2 HH 28 45 & 3 % 5 0~10 em -
SR B A NHI-N & = 52 B 25 E A OC, — i+
S TR PR Y 5 A S DR T 3 5, DA TN PR K
fif , e A R BRI &5 53—y TR T
JinbR NH; ) NH; (5% A i F2e,

AHEFE R R LR EE LI, R
HET I A7 A AN /N2 2 it AR Y 70.74%~85.59% , f6i B
SECILEBIE 9 /N 2 e W T 7 g v A B
TR EE TS, 3K AT RE SR BT SR/ NAZ i A T 2

http://'www.aed.org.cn

W1, X 0 BT R AR, RUIRAE 38 rp & A K AR, —3
3 b A2 T PR B A U A AT A &L T —
T 433 3 2 R TR ACHE A AR, i A=
s e AL, BRI 3 W i R R e N
FAHAL , X 4438 NHIFNOs HAT 2 35 0 45 B4 /R AR, A
M AR A R Ko FEFESE 3 4E ARG o, BF Ab BE
Y5 BBF Ab B AN /NG 72 1) 44 B AHE I 38 B T
CF b B, 158 W A5 9 ¢ RE % Sk 2 ok /D /N 32 23 B 4
FERIR X 5 B R R JE AR I 5T 45 R A
— 8, L 3FMIMIT LR R, BF 2 B 2 B
HETIC R L CF 2 R 43 53 BEAIK T 19.6% . 15.0% .27.3% ,
BBF 43 S FEAK T 25.9% . 28.8.0% . 27.0% , ¢ L 4 3
HERCR B0 AR o, 32 AR e S R B SR R
TAEY BT LI R A4 ol AR I, U
FRIRZAL & AT IR IR G218 B, A 251
T AR ZHE R BGE R 2.11%~4.44% , 5 4[]
WA 7 AT B A8 S5 i 5 25 AT (3.3%~
5.0%) A& AR - SRRt UK 2R SR A
(5.0%) JEEE42(3.68%~9.45% ) HIBFFE 45 5, — 7 THi
AT F A7 R 20 WOk AR I 5 R, 45
I 5 55— 5 ThT it RE Ao 28 A [ 2 % 2 HE A R s il
s, AW e S AR E RC R T 28 SRR & o, DI R
I8 T 2 HE R 5
32 BHEYRSRERT/NEFFENFNE

HELE 3 AERF I 45 R, BF AL HUNE PR CF
Ab BRI 11 4.49%~8.4% , BBF 4bFHI 77 4.19~13.2% , 3%
B A= ) o RN e SENE RE A 12 = /N2 77 o it FH A= 9 o
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AL AR A Bl B AT R AR, 9 R A
e, BE i R R 2, T3 S AR it . sRK
SEWOL S 2 SE I Y A AR L VI 12.5~25.0 ¢
h ™ 8 2 ) A 2 A v A /N i T AR PH
ST A 7] A 32 3 56 A FH AR AR 20~60 t+hm™
W EEW e, /N2 P B TN 1.0%~5.9% . B L AT UL,
HE W) e Xof 7N 22 7 i R S e 5 A ) e T i FH A O
AR, B N3 o hm, RIS RS R A —
B, AT REE T AEW A T R TR], SRR X
S 2 SN0 2 v [ S 356 Ak B R A R A 4R
TESInA P AR AR ) e R YRR A Ik
BRI H . X TS Y S fE AR e B AR
FEFF AR 2 0F R it 2.25~11.25 t- hm > (9 £E )
2 NG PRI 4.99%0~7.3% , 9 F 55 AS BF 5% 4% R 1
T, AT A 5 A O AN RIS /N2 7 a1 5 T
SR AFTE2E T o AW B it AR BR X /N 7 s
FETE— 28 52, 0 52 48 S0 0 401 5 4 0 34 22 i
BT R I, LW it PSS 1 AR /N i
ANt AR ) e A BRVAT S 25 5, B 9 AR it AR W e
FRE T/NE R AR R 2.25 t-hm P 7K TR /)
AT 24.5% AWFFEAE R AR, % 22 3 4F BF 2b
INFE P 5 CKARBRAH HE, 43 538 I T 7.4% . 8.4%
4.4% ,BBF Kb BRAY BIBE TN T 4.1% .13.2% F15.9% . BF
5 BBF Kb B 11 /N 22 348 7 28 R i 5 it P 4 B g 34
BB M 5 3 A P ROR T B I
Al BB S CF AL FH/INZ 7= 5 A L FRIAE iR 8 T8
K, 43 Bk I 4R E (2021 4F ) 3—4 H B & 48
£, 30 2 WO R TR G 0 T A ARk R TR e =
S B BERE K B0, SEZZ T AL S5 v R,
FERL N 58 3 1, 42 256 & [R) A6 40 ] kL A R R
5z NG /N =g ARBIFSE i 4 3 4R 1)
SE DRI, A B A X B, o6 AR W it AR RGN
A2 77 R WS 0 i i RS R e i — 2
B

4 ZEig

(1) 2L 34 1R 0 25 T R W, 55 5 it £k I 4b 2
HHEG RS FF A2 40 ¢ REAE R /INZE A& HH 15.09%0~27.3% 1)
SHEL , B 77 4.49%~8.4% 5 ¢ HE B AT [ AR /N 22 4k
25.9%~28.8% B & HEHL , 377 4.1%~13.2% ., T FF 4
Y 0 S NE Y BETE CRUEVE D P AT T, B %
A A% % .

(2) it ol FF A 490 J 5 i i 35 NS A BRLRR L i i 3
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