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Effects of combined application of nitrogen fertilizer and biochar on dry
matter and nitrogen nutrient accumulation characteristics in maize-
soybean intercropping patterns

CUI Wenfang', QIN Dezhi', CHEN Jing', LIU Jian', WANG Yanping®, QIN Li'
( 1.Inner Mongolia Agricultural University, Hohhot 010018, China; 2.Hulunbuir Meteorological Bureaw, Hulunbuir 021008, China)

Abstract: The study on the effects of combined application of nitrogen fertilizer and biochar on dry matter accumula-
tion and nitrogen use efficiency in maize-soybean intercropping systems is of great practical significance for achieving high
and stable yields in maize-soybean intercropping. This study designed three planting patterns: maize monoculture (M),
soybean monoculture (S), and maize-soybean intercropping (1), combined with three application gradients of nitrogen fer-

tilizer (165 kg/hm’, 210 kg/hm’, 255 kg/hm®) and three application gradients of biochar (2 t/hm”, 4 t/hm”, 6 t/hm”).

An orthogonal experimental design was adopted to explore
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with a nitrogen fertilizer application rate of 255 kg/hm” and a biochar application rate of 4 t/hm”) demonstrated superior

performance, achieving a combined maize-soybean yield of 13 395 kg/hm’. The IN3C2 treatment effectively alleviated the

negative effects of intercropping on dry matter accumulation and nitrogen accumulation in maize. Although the dry matter ac-

cumulation in maize under intercropping mode was significantly lower than that under monoculture mode, the nitrogen accu-

mulation per plant in maize was significantly increased by 42.42% compared with monoculture ( P<0.05) , highlighting the

advantage of nitrogen absorption capacity. In conclusion, the combined application of nitrogen fertilizer and biochar can pro-

mote nitrogen accumulation in intercropped maize plants, improve nitrogen use efficiency, and achieve the goal of nitrogen

reduction and efficiency enhancement.
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Table 1 Orthogonal experimental design and fertilizer application
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Table 2 Orthogonal analysis of the effects of nitrogen fertilizer combined with biochar application on crop yield under different planting

modes
wa k;ﬁ | Kij K2 K3 KB K PEME KRG R BE
MNIC1 13 650b ARZE 46 505 14 430 33 375 15 502a 4 810c¢ 11 125b 10 692 M
MN2C2 16 770a B K% 28 485 33 255 32 570 9 495hb 11 085a 10 857a 1 362 C2
MN3C3 16 080a CHE 27 240 35 520 31 550 9 080c 11 840a 10 517b 2 760 N2
SN1C2 5 955e
SN2C3 5 385e
SN3C1 3 090f
IN1C3 9 480d
IN2C1 10 500¢
IN3C2 13 395b
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18, FHVEEE G AR R/NG 55 R A B 0] 25 5 1 2 (P<0.05) o A PIZE Filsiat B 2 A Z &, C R . AR iE,
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Table 3 Statistical analysis of main processing factors in the intercropping system
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Fig.1 Dry matter accumulation in maize at different growth stages under monoculture and intercropping systems
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Fig.2 Nitrogen accumulation in maize at different growth stages under monoculture and intercropping systems

23 FIEEREBEVRETARAEXNKREFTYWRRE
bR LA

DA77 o 2R R X 5 - 1Y) R WL BRAE A B SN T C2
5 3 AR BT LA, S b 45 A I T 2 R
KRG T YRR B 45 0 &l 3 for, Bk 5 )
R R TY R BB A ERKRESR ., K
GIFAEH], SN1C2 Ab B2 Bk K G T4 L &
WP E R T INIC3 A Hh 4T (IN1C3 Ab 3 A 4T
IN2C1 A 47 IN3C2 Ab #3047 IN3C2 Ab B
(477 ¥ Bk K& T 9 i L 8 i (P<0.05),
IN2C1 b3 a4 7 24 B bk K G4 B R R
F i T HABAL IR (P<0. 05) , JF AL 6] £ &b B 4 34
FFRGTY R BRI BRI PR, KD
I AL B R & T B AR B T )
YEALFE (P<0.05) ,3 AR H L IN3C2 b3
KB BRI, DT RGP EAT RS 95
FREE T 42.37% , KA, IN3C2 4k 357
PRk K G T AR R 5 SNI1C2 AbBEIG g 3 2
F(P>0.05), {H I 2 m T H A 18] £F &b 2 (P<
0.05), IN3C2 ZbBAE K & A6 1]+ 9 B fH B oK
R OCH BREE A F IR HESE, 46520 T
FUERE g it an |, H 2B PRk v, )+
YA 285 SN1C2 AP JC B # 22 5% (P>0.05)

FEIRIERE T IN3C2 Ab B K SR AR+ 4 5 2R
RE 7 1R ) A8 /0N IR 4 A R RN AR i i P TRD AR
KA LUK B 5 5 /E K A Y 1 T4 i B R g
1, 5 R AR FOR EE 5E R R T X KR
LEL7 B W Y S

KEHAE SN1C2 45 3 Al fE b B K 5 4%
AB AR A EE M IE 4 s, AR S )
ERA K T A R A ER R ESR, e
IN2C1 ZbFE 7T R G A R d i, 3% T HAth
FAEFE(P<0.05) , HUGE AR SN1C2 43, K&
G SN1C2 AbBR o B bk AU B it i 2 = T[]
4% TR VE AR FE ( P<0. 05) , Horpr  IN2C1 AbBR AT
IN1C3 Ab 3 rh 47458 SN1C2 Ab 3 I 2 [ A% 49. 09% |
51.28%,3 P AMEALE (Y IN3C2 ZhFER IS 3
BRI, T R BETRIT RE A &R
13.47% , KREJHBUY | IN3C2 Ab B2 80k K A
FER S SN1C2 Ab#H 22 RN 1 3 (P>0.05) ,{H 1
F T INIC3 Ab B AT IN2C1 40 B (P< 0.05),
IN3C2 b FRAE R & AL AR B R R34, bl %
A B IR AR RE B, B MG IE T
GHFRIL I BRRON , A 5 SN1C2 b H AR 2 G
T, A WA I O A= ) it ) o RO R 3G mT
PLKE 5 PR FA Y AR R AR T



BESCOTEE  RAERC I A ok oK 5 R SRR AR 4 T B B 37 4 BUR AR S 1513

60r Jrtem
50F

401

‘zﬂiiﬁﬂﬁﬁ

SN1C2 INIC3jZ INIC3H IN2C1i8 IN2CIH IN3C2i1 IN3C2H

T AR 2 (g, 19E)
=

fib
. 60r s 60 - i #h ]
£ sof £ sofF
5 =
~ =] .
i & 40
B B 30
= =
0 o— I || [ |
SNIC2 INIC3j INIC3H INzcnz IN2C17 IN3C2i8 IN3C2r SN1C2 IN1C3 IN2C1 IN3C2
bR bR

Wi @2 O93%
SN1C2,IN1C3.IN2C1,IN3C2 JL3 1;IN1C3 i1 IN2C1 1 IN3C2 3403145 IN1C3 \IN2C1IN3C2 AL FA4T R IN1C3 Hf IN2C1 1 IN3C2
A3 5IFE IN1C3 IN2C1 L IN3C2 AL B AIFT R E
B3 BRESEHEAESELEEHTYRARE

Fig.3 Dry matter accumulation in soybean at different growth stages under monoculture and intercropping systems
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Fig.4 Nitrogen accumulation in soybean at different growth stages under monoculture and intercropping systems
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Table 4 Determination results of nitrogen efficiency-related indicators of maize and soybean in the intercropping system

wn ROV e R e A I
MN2C2 1.12b 45.23h 50.68a 0.72¢ 3 650.57b 1 864.50a
SN1C2 2.54a 14.11f 35.90b 0.92a 1 839.72d 1 181.10¢
INIC3(EXK) 0.69d 41.55¢ 28.49¢ 0.74¢ 3 158.86¢ 1219.38¢
IN2C1( EK) 0.80c¢ 31.96d 25.43d 0.76bc 3 466.91b 1 485.99h
IN3C2( EK) 0.48e 59.61a 28.69¢ 0.76bc 5 429.75a 1 451.70b
IN1C3(K3) 0.74cd 10.97¢g 8.14f 0.82b 1 304.84e 314.84e
IN2C1(KE) 0.73cd 16.32ef 11.94e 0.91a 1 432.76e 317.18e
IN3C2( K3) 0.81c 17.21e 14.01e 0.89a 1 772.26d 828.49d
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1 500 kg/hm?*) 7EH BE4EK (-3 7K & S FH [E] 477K

\‘ \/\
3 g B 60% ~ 65% ) Jb TR RS T A6/ it | HLER TS B
30 FIEEEEMRNEXKSKSTEETFYWRR  F00HN 40. 48% 1 37. 1%, Kt Ip 22 BF 58 k&
E5FENFN P, 5 % B IR (300 kg/hm? ) Al EE, %008 6 &

RN 256 A= it FH AT R4y - 33 A SR AR 25
) AR T AR 7 e EUR R 1
P Feng 451V HFFTAE R, X RRAH L, it
FH 30 v/hm? A= 9 75 Al i 5 KOG G 3 R 5 16. 5%,
Mg R S RN 21.0%, BN AR R R
11.9%, k&S BT KB, (LIRSS A A W) e it
FH 55 A Wy e Bt FH AL L, AT dd 2 i o 1 1 BT
L, TRESEC W LB, 5 AN A ok HE AT b B
FHLE, Jitn FH A= 4 ¢ S RE Y 9 > Ab 38 (750 kg/hm® FI

15% (255 kg/hm*) gt 20 t/hm’ A= 4 7% Ab B 7 A7 )
TH/NECE A TY R R ELis ko= i Ft .,
T AR EE R, A= W) ¢ AT A3 S0 VR4 7 o 3
i AB R ENE I 45 G LR W i s /0 | BLAETRIAE
RS R AT S g b

Purakayastha 252/ #fF 58 A A, A5 9 ¢ ] 42 fifi 4
NEZZ 12 B, AN BC i A5 ) o HAT — 2 1Y B [ 184 2%
sCEAMER . 38 s T AR K 32 80 38 i
FIER T Z MR, R RO S E AR Y



M5  RLBCHE A= 5 0 3K A5 R TV E BSR4 T4 B e SR 57 20 R R AR R AR 2 ) 1515

1, 35 2K 224 sk i 250 A mT A2 A 5 K v 4 A
BRI, TS B, i
SRS EAEFXS RVER T TR G 7™ 5 1
IKER SR A 5, 5 50 T R Az Y
IR 25 SR IR — B, AR 45 SRR, 785 Bt
At 300 kg/hm® FEAl Wl A 15% (i & itk 255
t/hm*) &RV i B 4 v, Bk S5 KRG
[ VER R = i R M, 5 813 395 kg/hm’; 5
FORPAEFALL , BAR R FOKR T W B R i T R
{038 3 s A 4 e N RN it FED B A6 T A ek i P 4 %o
FRTY TR R R T 20, PR AR R
RS BRI, AT DR BBk U2 A 2B W it FH 1
R K S KGR R ™= &,
32 RIERBEMRTEKSAEEAERERXTE
FRAEMIR M

Jiti FH A 300 2 VR T S AR 1 7 R e T 4
ST 43R FH A 9 R 1 A 855 0 =X (8 B A R
Jit 2R e T R 40 o 0 5 RG5O BTF  KE Xo
Joi o AR E AN E 28 HY B — S A A 7 4, n
Liu 2 52 KB, RS KRG RER R R S51E
A TRERR i ik it FH A 4 ¢ mT D)3 i S RHE D)
[E e 1, HE AR 2E 20 3% A S RHE P 1] ) R 1 43 2%
VEVIEERS 4 REVE I I PR 25 . TSR
A BC ZUE AT DA i oK 5 R S MR R 0 T4
FR SRR T Y B0 o e L b 25 T
AT HC H R SRR T FOK S K G RVE R R e
WAL AR A T AR T EoRS R R R
Ryeht JRER GRS M e g 45 SRR
S AEN S T ERE X ARk 5 AR D i A 1
T,3 000 kg/hm® A9 7% 55165~ 210 kg/hm? 41 & Fic
it , T ST R30% ~ 45% , R e R T K S Rl R SR
P T+52.78% ~ 93.33% , B T se B 7wt
R R 28 A= W it FH , 7T DU B oK 5840
RV R WMCRR] A 34, DT A DRIE 7™ o 11 S il
ISP RS R, ARSI IN3C2 AbFE
KA PR B 5 R OoR A 3 42, 42% , A
N e R W UL A1 BRAR H) 55 (] V%R
SRR/ V&Vl R CyNEEE 3 TS
BAIRTAEE N 7y SN CIK (NI %28 U RS K (2 NI A
DI ERRE S, AL nT W, [ VER S B R
FRFIR G AR ECR RRCR I 3T B {HiE
AR5 BB it BE AR U T KAk A R

E MRS PNITR 2 2N 0EAY RT3 A 1S

AW B AR — b A e R i
B2 BN, S0 id o AR aed il R A T
ALK AR — E TR L SRR WA T
ZREPEACHHG A, i L S A W 35 e A e S
T SRR A I A ST 1 SV AR AR 9 A A
o AN IR S A 2 Al T, A I 9e4h
KR, AW 8 A 2 T SR A RO
H R R R 40 1 e A e AR R 1) 2B
WA, A= W it 3 20 S B0 SUBOW AR oK BV
ZRMEY) B GE BRI b 8D | i e —
HRAWE

4 45

ENVIENESE TP e o S NI M I K (=l
HIN3C2 AP EAROCR el iz A BEAT 3L 22 i 1 ]
VEXT T K9 B AR R B Ve, R4S oK T
Yy AR Z AR T A {H BBk U R 2R FURF KL
R B A B B PR T 42. 429% 0 48. 74% (P<
0.05), FRMKRE L #EiK13 395 kg/hm®, Hitk
AT, RUIE 55 A W o T it W] A R gk AR EoR AR
TR BT AR R, B S R, AR
ARG R HEFE E oK 5 R RERL T AU it H
oW 255 kg/hm® AEW RN 4 ¢/hm®

Sk

(1] M B iR, OB AR, 55 . RE AT 464 R ZUIE X KRG %)
WA R R [ T]. e a4l K 25 4, 2016, 39
(1):18-25.

[2] FEMBH. FEKRKEBEREETEEERR AR [D].
dbnt . EARL AR, 2012.

[3] BRims,2= B, M55 N/ SRR & i Z 0/
FREFRREEFRE L[ T]. B4, 2013,27(7) .
1020-1028.

(4] k&HE, I FL,E %5 WARTESTHEFRKR A M
WA Z e [ J]. B ARk R 224 4z, 2016, 39 (4) - 611-
618.

[5] ZREREL T Ho, M¥E55 4. /NE SR TN RS A0t
INFE R R A SR BB B [ ], AR A2,
2017,28(12) :3985-3993.

[6] FTI%,ikiE2, 2, % ANEMEEUKE T £k KGR E
ERRETYFR R AR WIS BRI T]. v E SR
#2,2019,27(9) :1354-1363.

(7] X 8, TR, w45 FRMEARESEY T2 R R
AR WR R[], b E R EY) 24z, 2020,42(6)



1516 VLA A % R 2025 4R A 41 % 5B 8 )
994-1001. [22] RiHIE 47 T BRRERK, 55, UL B A 1 5 4 LS X

[8] BEICH,BR ¥, BT, 5. EYR S AW R T AR BN RT Y BUE Rtk S i 152 [ 1] . 0%
FRAMFRRBCRDIIELI]. FARBL,2022,30(1) :123-129. #2,2023,43(3) :311-320.

(9] Bral% #03Ri 4% M, S5 GUISIH i A W SR 0 K R 7 [23] PURAKAYASTHA T J, BERA T, BHADURI D, et al. A review
FFR R AR T]. K ARR4R ,2022,36(6) :298-308. on biochar modulated soil condition improvements and nutrient dy-

[10] B WA BiLBR % FR-GRMED R B 1R 5% namics concerning crop yields: pathways to climate change mitiga-
SR B e AR E R R [ ] VEW 229, 2022,48 (6) : tion and global food security [ J]. Chemosphere, 2019, 227, 345-
1476-1487. 365.

(117 SREEER, BE S, 4 3F,%. EX/ K5 EK/AEERVEXE [24] LIB, LIY Y, WU H M, et al. Root exudates drive interspecific
YR R W B 298 R R [ D). R E A S AR #2019, facilitation by enhancing nodulation and N2 fixation [ J]. Proceed-
27(8) :1183-1194. ings of the National Academy of Sciences of the United States of A-

[12] DR oK AR, 45, M2 R FERRED AR ZM merica,2016,113(23) :6496-6501.

S5ERMAT]. HYE IR SR ,2018,24(3) :617-624. [25] XU Z, LIC J, ZHANG C C, et al. Intercropping maize and soy-

[13] Zflak 2305, &, 5. THET 2R Bt A P e o & bean increases efficiency of land and fertilizer nitrogen use; A me-
KR GEWERG AR = RAYR [ )], KER2,2024, ta-analysis[ J ]. Field Crops Research,2020,246.107661.
43(3):332-341. [26] Tehe, Wiy, (AR ME, 45 J6 T B FUK A TR 1 £

[14] ZEflk #3005, 05 &, %, FORKERWET Y B B A K/ REZINE FR G e RUBLHE J5 ZE Rk [ 1], W HEK 3,
WA TR 2 B 28O [ 0] 79 R ARl 27 4R, 2024,37 (3) + 552- 2023,42(7) :25-33.

560. [27] B&F, BUM RN, % RFEUKESAN T Y5 2 E oK

[15] #3055, @B, TEN, %, oKk A RERCRE R 22 575 TR EFR AR s [ )], BEBEHEK 241 ,2022,41(1) :72-79.
Hi[J]. FRAH,2013,21(3) :6-12. (28] VL Sr. AWHS EUIEHC Lo xS 35 S AR W e A 240 1y

[16] BT, MR, Saie, 55 AW SR X 35 R[], FEREHEK 244 ,2020,39(9) :81-86.

SYRAETI RN T]. PER AR 2441, 2021, 34 (11) :2429-2436. [29] LIUL, WANG Y F, YAN X W, et al. Biochar amendments in-

[17] #3055, B, TENT, 2. AEYHcS U0 b R 7 12 0 &R % crease the yield advantage of legume-based intercropping systems
TR SRR 1], IO RR 2023 ,51(5) :233- over monoculture [ J ]. Agriculture, Ecosystems & Environment,
240. 2017,237.16-23.

(18] BU/KE ARME, X . MY p B4 X R [30] Fht. AP o i U X FoR-K S (R R 407 i K A
HERKEEN ], R HRAR,2022,53(1) :291-301. FHRG RS D, e R T B A K2 2023,

[19] FENG WY, YANG F, CEN R, et al. Effects of straw biochar ap- [31] 3007, FF B, S5, 5. AP & FN0 IR Rk &
plication on soil temperature ,available nitrogen and growth of corn *ﬂ/ﬁﬂ(ﬁﬂgfgﬁuﬂ[ﬂ LWL 2417, 2022 ,34(2) 1 248-254.
[J]. Journal of Environmental Management,2021,277:111331. [32] k&M, E W B B EIAYBR I AS R 2 5 1 58

[20] ska&Je, BRERES, Z2/Ng , 4. AR ok 55 AR AT It %o 8 1 2T MR EA AR [T]. PR R,2019,52(7)
7 RAUEERUT R AR [ J]. 15,2021,53(1) :47-54. 1260-1271.

(217 FEWOH, EHELAKOE % YR IEENEFIK 43 38 X6 A 7 [33] #wte XIEW],

T K RIFR RSN [ 1], 7K+ B2, 2017,31(6)
285-290.

BEARHR 4. IS P AU BRI )
FIRER AR J]. R AL RHE 34, 2021,23(6) »

120-129.
(FTE%H .k 25





