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Fig.1 Temperature and rainfall during the period of test in 2021
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Table 1  Physical and chemical properties of soil
0~90 cm

wam e aow T sawn B0 mesw

kg™ (@kg") (kg Sty ERL G em’em?)
99 (gem?)

0.67 0.47 2319 3393 1.42 0.38 0.18

1.2 XBaptft

Tk S Ak . 958 CPIAEE T 130d), K
TR HITE 32 CEFAF 122 d, LAY
R FKRFEFT 450 C i C B AR A, WHIL T
SARELN I KA RA R, HEARBAMER R 2.
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Table 2 Basic physical and chemical properties of biochar

AR kgY) AR kgY) AR KgY) AHUEEE(Q Kg?) pH
10.2 8.1 15.7 515.0 8.5

1.3 R+
RIS AEY it AL & 2 MR R E
Wt E R AR (Co 0 tthm®). K% (Cy, 15
thm?®). B 5% (Cp, 30 thm®) 3 N/KF; FUIEHE &,
PR 4 MR S, REASHAE, T KB Mt =
(N3, 225 kglhm?®). % it Z R 20% (N,, 180
kg/hm?). & HUiE U 40% (N, 135 kg/hm?) 3 4
KV, RH Ly (35 EXRK, B (CK, A
MR, F£ 10 NP (£ 3), 3 kEE, 30 4
NX, FEARX 18 m? (B m>x3m).
k3 AWk B RJeBuik g £i%0t

Table 3  Application details of biochar and fertilizer

B IS MR E(thm?) R R (kg hm?)
CoN:  (-1-1D 0 135
CoN; (1,0 0 180
CoNs (1,1 0 225
CiN: (0D 15 135
CiN, 0,0 15 180
CiNs 0,1 15 225
CN: (1D 30 135
C2N, (1,0 30 180
C2N; (1D 30 225

KAERKGHREGME, K5 KEATHN
2.2, EXTEATIEN 1.8 m, KT N 40 cm,
FKEKENPE 70 cm, KE5KEZMPETEN
40 cm, T KPRER 15 cm, B0 —#k, KRG HKREE 20 cm,
KA 1. 20 1 7B HEHRAEY RIE R T 4R AT Y
ST R R E R, 5 0~-30 cm HIEMIAIRS .
Rt FH 22 LK 3, B IS o JE A e FH 5 it FH 5829 P05
90 kg/hm?. K,0 120 kg/hm?. ZEiREG AN, K ST
DL RAEDAE K TR R, ANBEATHEE, BEAKVENME—1)
W 7EKIE. TKAKE T 5 A 6 HREEEM, T 9H
25 H [Ergk.

1.4 MEMBSHZE
141 %

VEMIRGA G, X 5%/ NX A ok k. KE 3%
AEEE, FZ/NX ST, R 14% B K ER AT G A B
PR
1.4.2 #K 2 B AR, F) B3 E

KH TDR (AU S0 W5 0~90 cm ()35
RS KER, & 10 cm — 2, BAN/DNX & 3R Trime
E (RIfETKA, Eafar ), SRENEGAZ
KB IR 3 Uk, ARG 7 d IR 1 7R, FEKRG S .
FAh, R E TDR 338 5 /K R 50905 .
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FREME (mm); D NFREBRE (mm); K AT
KANE R (mmD. AIRIGTE W 7%+ T AT, We=0,
WRIG/NX P HA ZZRRIT, SOCHRAR#IKL, R=0,
90~100 cm T3 F KR BUAK, MOUCIRE BT, D=0,
R AR A 4.5 m, #OIGH R KRG B, K=0.

o, EIEREKETEN:

AW=2mPh (2

Pw
AA: G, N 0~90 cm EIAFIEKE (%); h Nt
JZEE (em); pp A 0~60 cm 12 1973 L3RR R
B (glem®); py FWKIIERE (glem®; h NHEESE
(ecm).

KM R R AN
Y
Wwu E—E—T, (3

e WUE KR RCR (kg/ (hm®mm)); Y
M8 (kg/hm?).
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FEFTR AR (kg/hm?) =F5FF - B <FE T & A&, (4)
R AR (kglhm?) =FPRL <R & B &, (5)

o LR Ckg/m®) KPR B PR R R

HEAFP iR & U (6)
FURAR % (kglkg) = CHEAUX PR - M X

R 8D it =, (D
RN A7 7 (kglkg) = 2 XCFRL™ B 2 R, (8)
FHERH R (%) = %X Hb FEB IR - AN it 2
X b IR AR /it %6 = <100%. )
1.6 MBS

5% A Microsoft Excel 2010 43 # 4,
OriginPro 2018b #f-%: &, SPSS 25.0 #f-4iit /i,
Matlab 2021b gt .
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s (B 2) , SR/ IMRICNTE R . %
WREAZHAEH . CoA Now Ng (IALA 535w T Hodth ik
#, He CIN, =Bk 5, 3 CoNs 7= 22.8%, 4
CiNs PR ZERAK, (HAly/b % & 45 kg/hm?, 5t
KRG =& T, LA, F—ixrAKFET,
bEE A R D, K E R TS . [
BAKFT, C B RKEER Co &b BIET
2.92%~27.55%, C, MM KE " EE Co AFIRT
0.73%~14.70%. SR KF , Jiti 2k fa KA KA 240 ),
BB AR B E I . RGBS AW S
K, R A IS 7.26%~26.41%. it 5% [F] IR 2 AR
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H24AmxFfR AR KFEESTERKREAERZASE

Fig.2 Yield of maize/soybean intercropping system under

combinations of different levels biochar and nitrogen
2.2 EMREERBI ERK/KXGEMERG KT FI A
eI

it At 200 A K T AR R MR B2, R
A HAEHEMARE (R 4) o 5 Ny AHEE, N Fl
N Ab B -3 kK FE R IR = 3.75%~12.44%; 5 C,
AEFEAHEL, Cy ARFRAN Cp AL PR 133k /K T A PRI
2.50%~9.36%. BEFE Mt EE N, FORKERN; EHE
Jti BN, AR RS EE . Cy AL C; it
i, B CiNg AbFRAN, TIEAEKIHAEE R SR ZE R
AR, Bl E R A B I AN BE HE— 5 PRAR 3Bt KT 4
B CoAbFRRI C, O WUE B35 T Co ke, H
Cilb¥ET Co b3, Horh, CyNp Ab3E ) 1358t /K VK
FEA AN AR R A B 22 e AN K, H i T R R
FreA WUE 2.2 & T H AR . Bz, APt
B2 i FORIK L IRE RGE M WUE, {H s AbFE 2>
S5 WUE B98I/ .
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R4 AR IR TRAKRFELETERRE
A4 R RALKAFIE B 5 ) R &
Table 4 Wiater consumption characteristics and
water use efficiency of maize/soybean intercropping
system under different levels of biochar and nitrogen

%E7J<5K‘H§/mnl ‘ B WUE/
B g DR RIKRIMM g am? o
JHFEE/mMm

CoN; 596.2 68.1745.49ab  664.3745.49ab 12.9840.27e
CoN; 596.2 74.2242.63a 670.4242.63a 13.0040.40e
CoNs 596.2 76.5343.41a 672.7343.41a 13.1340.32e
CiN; 596.2 61.79+42.22b 657.9942.22b 14.88+0.54¢
CiN, 596.2 68.1742.92ab  664.3742.92ab 16.5740.38a
CiNs3 596.2 69.48+4.00ab  665.68+4.00ab 15.860.40b
CoN; 596.2 66.4844.09ab  662.68+4.09ab 14.05+9.30d
C2N, 596.2 68.9744.26ab  665.17+44.26ab 15.1240.17¢
CoNs 596.2 71.2646.41ab  667.4646.41ab 14.5240.88cd

c 3.69" 3.69" 144,717

N 437" 437" 16.64™
CN 0.16 0.16 470

I OBEAR 3 EE MR 2. TR <0.05 /KT R 3,
TRIR<0.01 KFEE. TR

2.3 EYIREHEARNER/KIMERZEERAR
FIBZE (NUE) HISZNE

Jit 7 RV it LY B S 2 R M RS AT RO R R, (H
R FIR e TR (R 5) .« BEMEEREN, &
KRG FFIR U R R R e PR 2 T A B it 7k
BN, WEELINERD, KA C, AR
FR R T AR U, U B R A B EG n T A
FHR AR . R4S NUE [RI52m K T &, X EUEAR
5 3R IR R it A 6 2B (R R /T i
o [F—HEKFET, NUE Btz & 2 o
IERBEIRIESA, 7 CLKF FiE. 5 CiNa AL
Eb, CiNy AZLFEFI CiN, 4bFE NUE 2527 28.56%F1
16.03%. = BH 7 3E B e e & Al b el it =N R T
NUE R4 . BRI A 7 77 AR AR 5 303 52 R
Bt A8 Ak s e R AR, [ — il KSR, Bl i
BEMTE, BRI L= 138 2 N EEH.

25 AMEFATRKFASTERIKEAFEZAERARZ MRS A A K E
Table 5 Nitrogen uptake and utilization efficiency of Maize in maize/soybean intercropping system
under combinations of different levels biochar and nitrogen

W 5/ (kg hm2)

s AR RE SRR BIEFIRE% BIRRZERFE (kg kg™ B 1/(kg kg ™)
CoNyp 55.8743.06d 54.97-+.50d 110.8342.56e 33.2540.57cd 25.1840.88¢cd 53.640.88¢
CoN; 53.98+43.73d 56.520.88d 110.5043.51e 26.23+1.95¢ 20.58+1.51ef 41.9341.51e
CoNs 60.914.05bcd 67.0143.94bc 127.92+42.94d 28.73+.31de 17.85:40 58f 34.9240 589
CiN; 67.7642.20ab 71.5743.28b 139.3345.47hc 50.6843.23a 33.6042.46a 62.07+42.46a
CiN; 62.54:+.94hc 83.0742.27a 145.60+4.11ab 45.7442.28a 32.30-1.75ab 53.65:+.75¢
CiNg 71.38:1.07a 80.60+2.27a 151.9845.3% 39.42+42.40b 24.2941.20d 41.3741.20e
CoNy 59.633.85d 55.6643.93d 115.3045.58¢ 38.53:4.14hc 30.26-.05b 58.72-1.05b
CoN; 73.3542.50a 61.303.43cd 134.654.20cd 39.6542.34b 27.39:0.64c 48.7440.64d
C2Ns 74.9743.88a 64.21+4.16¢C 139.1846.78hc 33.7343.56¢d 20.96:+1.00e 38.04:+.00f

C 2745 7853 80.16™ 81.80" 97.32™ 97.32"

N 1064 17.20™ 29.94™ 15.29™ 95.30™ 494.33™
CN 5.44™ 273" 377" 413" 311" 311"

24 AEIRFAAENERKIEERS =2 KKAE
FIAMENEEIEN
2.4.1 ZAIFMEH L

MR ®. KE7 8, KKEFR SR
(R E R AL % AR, R EHA TR E VR

Wit AHP Z TP R £ ok P B E A
N 0.32; KEF 8k, HN021; WUE 5 NUE fUE
%, H0.14; FARKREE N 0.11, FHEWA= 7]
{4 0.09.

R AER R S WUE BB, AliE 0.26;
TAEIRZ, N 0.16; KE7/=&E. NUE. FEKS:
BRI A= AU E M XA 0.100.0.158.0.155.0.169.

HT AHP IEFEBLER BIACE HAAFE, A5
TR IR L b g5 BT A, 535
CRARE. HHr, FORFFEMERE, N 0.28; HIK
KRG8, N 0.18; WUE Al NUE BLEZ 5N 0.14
A10.12; ZHEA R A A = )AL AR 2 0.12 F1 0,11,
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ARG, Cy AR 8 SR BEM BRI T Cp it
HA Co AbF. Rk, it FH I B AR T LR i oK
KEIEE R G0 B KoK B R

% 6 AT TOPSIS &4 2 69 TN Fl &% R 443
EOKIK B R Gtz 513 A5 R HE
Table 6 Ranking of watermelon comprehensive

maize/soybean intercropping system indexes under different
biochar and nitrogen treatments determined by TOPSIS method

AbERIEPIAEMREER (D+) SUEMEEER (D-) A0S 7

CoNy 0.45 0.25 0.36 7
CoN2 0.50 0.11 0.18 8
CoN3 0.52 0.08 0.13 9
CiN; 0.21 0.45 0.69 2
CiN; 0.08 0.52 0.84 1
Ci1N3 0.23 0.39 0.63 3
CoNg 0.32 0.33 0.51 5
CaoN; 0.23 0.35 0.60 4
C2N3 0.37 0.24 0.45 6
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WIS, o F SRR AT b R0, 453 o
55t 260 PR L R R AR ek B R R =X (1) 2 (12)
Fi7R:
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Fig.3 Single factor effect of biochar and nitrogen
application rate on comprehensive evaluation
index of maize/soybean intercropping system
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Fig.4 Marginal effect of biochar and nitrogen

dosage on comprehensive evaluation

index of maize/soybean intercropping system
25 BT =8 RKEFBYENRAE MG REHN
Fh

TR R EAME R G 45 & PN 15 70 FR EON T 1 1A

TR (B 5), ZREDFEEHEREE,
& A2 2 AT A /D BE BN B[R] I 42 v 1B 4 3%
GiLRETEE M . Matlab B0 FOLEIRR W], AWk
ey 0.19, EEHIL{EN-0.35 I, HIAHmit H]
N 20.7 thm?,  ZUIE it A& 164.25 kg/hm? B, R
KIREER GRS TN S 088w, 7y 0.84,
P 25 B 15 70 4R B KA 95% 1 i€ e £ T i Vi
o B R B AE 17.1~24 thm . it B 7E
154.8~173.7 kg/hm® I, K K/K G A AE R 4577 8 Kok
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Fig.5 Coupling effect of biochar and nitrogen dosage on
comprehensive evaluation index of

maize/soybean intercropping system
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33T 8
3.1 EMIRECHEREN R A ZEMERE 2RI

ARFFCRIL, 500 ZIEM L, YR
JIEJ %o [V R G 7= B AN R RE B 3 i o 32 B2 A
N, ANEFE S RE AR b, AR AT AR —
PR DRI LIRSy, AR, R g
[ [ Z0RE o AR 5 SRR L e A7 76 B [ sl B b
MI9E&R: MERHEER T AMR 370 & BIRIGEE, 44
% PRIV A 4 A PR SR T R 2 e e, (H
IR A R S I CIN, 0] SR W 4y iR
FIGRUIE™ g 29, Sty it e B (07 B TH 85 TR
Jtiw B o TRIVEAR R, K AR AL DR T KB B f i i
ARSI, FRBER A I, KA K 2,
JHE B 25k SRk 55, K e S R o 3 L A Mt R
o K PRl ) A AR SR O 22 1) IR, R RS
g R B, Ik, E T CRIRE AR, Fok s
KRG R R A KB, ARafgeh, 4drm
SRR N R EAEH B3, U7 EIEA PR
N, B s IR R ] DR R
5 5 A PSR T S B R e g SR BRIk, T
DA 3o ok 28 - e 38 ‘B 2E W R (3R AR R v ok K S
[FIVE RS &
3.2 EYIREERBEST ERK/ KD EMERG KD FIA
MR

WAy R I B LR, — 7T, AR Bk
B, AN LR IFLRR, ol 7 3K
WP, 507w, SHiEEemLt, R SRR
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Optimizing Biochar Application and Fertilization for Maize-soybean

Intercropping System Based on Their Yields and Water-nitrogen Use Efficiency
YU Binhang®, JI Jianmei', BAI Weihua?, WANG Lixue®"
(1. College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China;
2. Liaoning Province Heku Management Service Center, Shenyang 110003, China)

Abstract: [Objective] Intercropping is a sustainable cultivation practice for improving crop productivity and
enhancing resource use efficiency. In this paper, we investigate the combined impact of nitrogen fertilization and
biochar amendment on vyields and water use efficiency of maize-soybean intercropping system. [ Method] The
experiment was conducted in plots. It consisted of three biochar treatments: 0 t/hm? (Cy), 15 t/hm? (C,), and 30 t/hm?
(C»), and three nitrogen fertilizations: 135 kg/hm? (N,), 180 kg/hm? (N5), and 225 kg/hm?® (N3). No fertilization and
biochar amendment were taken as the control (CK). Yield and water and nitrogen utilization efficiency were
measured in each treatment. The TOPSIS method combined with the game theory was used to determine the optimal
biochar and nitrogen applications for maximizing crop yields and water and nitrogen utilization efficiency of the
intercropping system. [Result] Biochar and nitrogen applications significantly influenced yields and water and
nitrogen utilization efficiency of the two crops. Biochar amendment had greater impact on corn yield and water and
nitrogen utilization efficiency, while nitrogen application impacted the yield of soybean more. The C;+N, treatment
gave the highest maize yield and water utilization efficiency, while C;+N; led to the highest soybean yield, nitrogen
utilization efficiency, and nitrogen partial productivity. Results obtained from the carbon-nitrogen regulation model
indicated that the comprehensive evaluation value of the synergistic effect of the carbon and nitrogen applications
initially increased and then decreased with the increase in biochar and nitrogen applications. We also found that
rationally reducing nitrogen application coupled with a biochar amendment had a positive effect on yields and water
and nitrogen utilization efficiency of the intercropping system. [Conclusion] For the regions in northwestern China
we studied, which have relatively sufficient water and fertilizers, amending the soil by 17.1~24 kg/hm?® of biochar
combined with 154.8~173.7 kg/hm? of nitrogen fertilization is optimal for yields and water and nitrogen utilization
of corn-soybean intercropping system.

Key words: maize/soybean intercropping; biochar; reducing nitrogen application; yield; water-nitrogen use efficiency
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