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Effect of Aged Biochar on Greenhouse Gases and Maize Growth
under Water and Salt Stress

TONG Ling'®> DAI Yonghui'> CHEN Yang'? WANG Lu'? LIU Liping'*
(1. Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China
2. National Field Scientific Observation and Research Station on Efficient Water Use of Oasis Agriculture
in Wuwei of Gansu Province, Wuwei 733009, China)

Abstract; In order to reveal the effects of aged biochar on greenhouse gas emissions and maize growth
under different irrigation amounts and water salinities, two biochar addition rates; 0 t/hm” ( BO ),
60 t/hm’ (B1) , two irrigation water salinities: 0.71 g/L(S0) and 4.0 g/L(S1), and two irrigation
levels of full irrigation (W1) and deficit irrigation (W2,1/2 W1) were set and the field experiment of
spring corn was conducted at the National Field Scientific Observation and Research Station on Efficient
Water Use of Oasis Agriculture in Wuwei of Gansu Province from April to September 2022. The results
showed that the cumulative CO, emission of deficit irrigation was decreased by 24.13% ~ 52.68%
compared with that of full irrigation. However, there was no significant difference in N, O emissions
between the two irrigation levels. The cumulative emissions of CO, and N,O were increased by 9. 06% ~
24.79% and 9.95% ~18.03% respectively, due to brackish water irrigation. Under the four irrigation
treatments, aged biochar decreased the accumulated emissions of CO, and N,0 by 7.33% ~18.78% and
21.14% ~29.76% , respectively. There was no significant impact on CH, emissions among different

treatments. Deficit and brackish water irrigation inhibited the growth of crops. Aged biochar significantly
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increased the biomass of spring maize by 7. 86% ~25.82% , but its effect on the yield of maize under
W1S0, W1S1 and W2S0 treatments was not significant, and the yield of maize under W2SI1 treatment

was significantly reduced. At the same irrigation level, brackish water irrigation increased the global

warming potential, while using aged biochar and deficit irrigation reduced it. Brackish water and deficit
irrigation significantly reduced soil carbon budget by 17.70% ~ 65.36% and 37.30% ~ 71.96% ,
respectively. Under different irrigation treatments, aged biochar significantly increased the carbon sink of
farmland with a value of 15. 86% ~33.52% . In general, the application of aged biochar under W1S0,
W1S1 and W2SO treatments had slightly increased the maize yield, significantly reduced the global

warming potential and promoted the net carbon income of farmland. Therefore, under these three

irrigation methods, the application of aged biochar would increase the local economic and environmental

benefits.

Key words: spring corn; aged biochar; water and salt stress; greenhouse gas; carbon gain
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Fig.2 Dynamic changes of soil temperature, moisture content, electrical conductivity

and pH value under different treatments during growth period of spring maize
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Tab.1 Effects of aged biochar and deficit irrigation with

brackish water on soil physicochemical properties
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Fig.3  Curves of soil GHGs emission fluxes under different treatments during spring maize growing stage
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Tab.2 Correlation coefficients among soil GHGs emission flux and soil properties
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T, AR Yk X e G A g WS L 1S
15.86% ~33.52% ,
2.4 EXREKIER

LA W) B AR [FHE 7K AL B K 1 2% A K 98

x3 AELBEWNEERKBRESHEHN. 2K
BEBEEMSRTEENHIN
Tab.3 Effect of different treatments on GHGs emissions,
global warming potential (GWP) and net carbon balance

(NEP) in spring maize farmland  kg/hm’

€0,-C

CH,~C N,0-N
s CWP NEP

Hegesr e HRicE
WI1SOBO  4058. 15" -0.82* 3.00" 17659.47" 9.43"
WI1SOBl  3767.66" -0.80" 2.24° 15882.11° 10.90"
WI1S1BO  4421.87° -0.86" 3.53* 19488.19* 5.77¢
WISIBI  3806.00" -0.88" 2.47% 16243.46" 7.18°
W2S0BO  3042.07° -0.91* 3.21" 14132.95° 4.15°
W2S0B1  2468.11% -0.80" 2.48% 11341.65" 6.21
W2S1B0  3084.25° -0.87" 3.51° 14571.12% 3.38'
W2S1Bl  3079.95° -0.85" 2.77°" 13857.76° 5.06%
B ETY $kok *esksk ek
a W xS Hakk
W xB
SxB
WxSxB B *

TE: wex FRIRTE p <0.001 FERBH,
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B e TSR 52 (3R 4) o BUSUK F 5 i E I 4R
300l 3 A1 K 1 ok v R T B B, O HL R B
5k P TE 2 5 B0 F K 11 Ak v A TR AR 8 L R K
R BRI . BR T RUSUK 7 B B (W2ST) &b
HAN, A A Y BN T KBRS I HAE W1S1
1 W2S0 b H R Ik B B K (p <0.05) &k
W B W SRS N T A [ E A B R A oK i i AR 4
0,91 HAE WIS b3 R 3k 3] 227K 7 UK Al
7 RV I A 1 B T AR E K BB AT A R
B, IJFE T B E I - BRI i R, 78
W1S0 W1S1 F1 W2S0 4b¥EF , Z A4k A= Wy o ¥ £ oK 7=
YR 8 B W KO, B RO i 0.67% ~
4.62% ,7F W2S1 Ah PR Tk = = FEAIK 15.80% o A
b AR A Y i i 25 1SN T BT A AL B R OK
TH iR R W INYE S 7. 86% ~25.82% ,
T4 BUEMRIMMBKSREREEREKL BN
Tab.4 Effect of aged biochar and brackish water

deficit irrigation on spring maize growth

28 ¥R SOBO  SOBI  SIBO  SIBI EH{H

W1 279.77° 280.23% 241. 30" 249. 80° 262. 78

B/ em W2 224.80° 260. 70" 223.30° 206. 47" 228.82
SEH(E 252.28 270.47 232.30 228.13

W1 4.82" 5.04" 4.19™ 4,88 4.73

IH- i AR 35 B W2 3.76° 4.41" 3.66" 3.84 4.07
EHE 429 473 4.23 4.36

W1 14.51% 15.18% 13.42" 13.51" 14.16

i v
(Chm=?) W2 12.25% 12.45° 11.33% 9.54° 11.39
t-hm
SEHME 13.38 13.82  12.38 11.53
. W1 29.98" 32.60° 22.64° 24.42° 27.41
T/ ]
() W2 15.99" 19.29¢ 14.37" 18.08% 16.93
t-hm
SR 22.99  25.95 18.51 21.25
3 iFie

31 A HEBEAE 5 RO AL M R

1 0 2 5K 2 A B

LI K AR S 0 3 A5 8 A 1 K
e A TR R A 0 T AR AT
FELE AT BN 3 4 IR 9 & AL B0 B
BRI 1B MR IE . E A 0 25t AL IR I
IFL— S 650 4 R 75 4 B WA £ S0
4 T 8800 - 0 5 M B P T L8
o - R SO K M T K
LR T BOR K TR B TR T
TR KSR, 3 BB T — B
5 R R A K K T B SR T
SRV NCEER EHE Y A AR
S M T RS ) O b Y Mk R LI

2 R B 5 3% T S A 2R Wy % OB AR X T T et
A= - R KRR A aX R TR AR ) g Ak
Jei B3R AR K L BRI 2 R K M T A 8] B i
i B AR 1) ) LB (LB ) A4 i T T A W k1
FLBE CFLBR P ) ofe 52 i 4 88 fig 7K, DT 42 w5 ) £
e G AKR A T K4y . X T BE R T &1k
A R R IR A K, i FL &5 4 2, i 5 +
S URL Y BB/ 0N 11 AR 45 48, 38 58 T %t 38K 4 7
(14 W BEERE T, i T OBOK RS KR A R R
I FF 7K 1 T b W B T — 2B R 43, DT 4
T GRM N 1 pH {E, AR
BT 3 pH A AR/ MM R T pH fH T,
X AT 8 PR 0 JE] A0 3 AT i A W e 36 AR TH A7 A
FH A PUE R F R — 26 4 8 £ K g i A 4 e S
P W B e P B 3R R pH (T,
1M e HEBE A E T K e X B2 Lk E R
R PEAE T, Gl T pH (BT

w7 G R RN G K T S AR T RO Y R
Ko BRI T Kk I T R B AT R
F2FE R T SR IR R R K T R A A K -k A
BRI T RO VE . DIERIBISE R 2 e
BT AE W) AL Wy e R e 1 A1 A P 38 B e ) 1) S
T 22 B — 5 1) BNk R . B MAJOR 45 2% i) £ >k
R RV 0 25 SR R W, 3t FH 20 v/hm® 4k A= )
e FEBE IS (7 3 AF i 77 i B AR I 3 43 000 Lk R AR
B 28% .30% F 140% , A BF5E F W], fE WI1SO0,
WI1S1 F1 W2S0 4 ¥R, Z Ak A= Wy fie i T B oK 4
K mT s mryie, XRaeeEh Ay
S NG TN T A AR IR A T 4 K R
Mo ARFERUR K = B E (W2S1) T, & 44 W %
REEAIR T R R bk o RRE R = o, T S BN T A R
FRE, X EH A X F W2S1BO 4h £, W2SI1BI
b BT B A HE EC R BE 38 i) R st 3% T
eI B FK 53 o
3.2 EXE EBKBESMEULEMRITBESE

HE A B 3 I

TR W o3 A AR 22 PP I 48 CO, ™ AR I R
AR A T sh FAR R I8 1132 8 7 - e Ak ok
FE IR . AR, T8 W A 1 T ) 3 CO,
SRR R = T B A B, -3 CO, HE i &
5 e K SRR B L S IR A 56 56 &R [ A CO,
HEE 5 N, 0 1 CH, HE i & 5 00 3% 1 A ¢
KR (F2), HOU B gs 45 R W, + 4 CO, 3
03 R i S KR I BE TG K, fUsK BT L E
b5 b T G TR M E S e 48 CO, HE
o IR K 2 S v R, IR R MUE Y



59 1)

P S5 ORERMD T B AR P p R = S F R A K I R 393

RN, 15 CO, HE AR B A E R X
AR 25 5K ), 3 0T R T IRUBIK 45 1 K
T SO, WA HL T A2 A A ML Ak 1 32 IR ARk
PR A PR T R COo, e A Y
MARTON 251 7 X 36 [ 7536 WM AR #3193 4% 1]
R NS kB, CO, HE il E = BE % £h B Y 1
T3 0 [0 Bk ol ol 7K T 0 Ak B R R R U T
1o B SR IR AR T P RN 7 e Y A 4
W T bR 1 CO, B A S HE Y . AR BRI &
B, S0 A 2R W R T 3 AR 4 COLHE, — T
i, PAETSCH 2 WF 58 & 00, A= Wy s 2 AL )5, B
0T R B RT K 43, R - 56 HIL T Y Bk RN
FE T 668 A W 5 K I 13% ~ 37% |, 4i i + HE AT HL R 1
B4k s 55— J7 T, XU 2850 BF 5 45 AR 9 e 1 pH
B KALHE T CO, 54t B+ 1) B s b, A< 8 56
IR AL A W e b BEAH X T BR AL, pH (B K TH %5
1, 31X AT e BOCE A A Y A AL BT CO, 1 I I 3 R
KFERGBI B R, AR5 LI, 5 BO 4
FRAH LG, BT A3 3 oK B 2 22 CH, M fie (3R 3)
XATRE R T2 F AR ZML RS, AP xRLiE
Al HE W 3% 2, L 2, X CH, B9 W 2 W B A R
6 5 7 PP o T 3% T 2 B ARG T o SR Ak T T AR 1Y
CH, ¥ /1,

- Sl AN B A 0 2 5 00 B AR R SR AR AR R AR
H 3 N,O =AW B2k A2, USOK FEME S in T
N,O RFHE &, X 7T A8 & i T USRS i 1
IS OK R MR ERE M T LS R, 1
N, Ol ik 3 5 il + 42 7 7K 38 14 396 T 486 K, Bt ol 5
KT N (% 2) o LINN 2557000 + 5
TR ERIE SR, A T AT 1 R SO R A W A O U
A, 1 HE O, B fE AH R IR/ S B0 A Ak 4 BB A,
SRS b FE R, AT B BN, O R HE
CHEN %5V /I 57 45 5 22 0, 1) Sk K i 45 90 18k +
HEJG , WOROK W A R K N, O ik 2 B
XA 3 AEA RIS 45 2K, UERF TR
A+ 396 ELA 2% oh vk, AOROK HE R I b B0 R 1k 5
BI{E (EC, s 1 130 wS/em) , i3 A& ¥y i -+ 1 i fik 3
T A I R R R T T A
A5 /Y S 44 + B i T 3R AE 215,98 ~ 784. 10 wS/cm
2Z M), Uk W AR Bl 7K VEE TR A 400 o A 0 R K 6 i - A
KR RN, 2 7E — o B R bl o 30 B Y i 1
ek 43 A 2F 1 B A A AN RS AR AE T 3 m N, 0
ERHE . I BBk IE & 23 g ny v he
P05 B N, O W R HE N, O HEd ™ Bl
Wy B AE S i 2 Ak, HEERAE A R 4 e A AR R

Bt R A B 7 AR S ) R 6 4 N, O Y HE
FEAERC . XA ] AR T AN IR b A A ) R
39 pH B 1 SE 252 55 WK TH A7 A, FLBR 5 K B
A ) FH 0 08 20 B AH G 19 U006 2 1 g ik 1R = AR fk
SRR N R A I R
3.3 EKEEBKESMELEYRITSIKIEER
BH(GWP) M F 1% (NEP) &
AN TR KB 2T 2 A A 4 o it o ok A4 FH 34
TSR X TR sk A HEZE N E L
ARG K B e AT LA A R U/ A T R
oo FBERED AE X O S X 6 /N 22 R AT R [
A E W7 K & I, 7 B AR TN
FE ) 38 R v 34, el T DL, A A v R A R L
VHE DX 20/ K T DL A A BRAR R o i AR
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AW AT 9K B W/ GWP B fig ). HAGEMANN
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b £ HEH CO, R N, O B HE ik, B AR 4> 8Kk 3 1R
SO R AR I CO, HE L Sk U (R A A T
FOAHARGE WML (R 3) . KR K
RO R AR A W i B 3 R I (p < 0.001) . 5
HHLHE I (W1S0) A Fb, 5 i VR RN B K T R
NEP 4333 /b 52. 12% F137.07% . WEI 25 %y 11
2 A1 oK H T 40 A 0 e TR R R K £ v
JNEEAL T NEP, X 202l T T 2 Eh 40 W 38
AT R AR, DT D8/ TR A e 1) [ e T T
S RHE ) BT RRER BE AR T AN . AR A e — Ty
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