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Impact of Combined Straw and Biochar Application on Soil Nitrogen and Soybean
Nitrogen Use Efficiency Dynamics in Northeast China’s Black Soil Region

YANG Aizheng' CHI Haocheng' WANG Qiuju’ WANG Xiaofang' SHA Yan' LI Mo'

(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Heilongjiang Province Black Soil Protection and Utilization Research Institute, Harbin 150030, China)

Abstract; Aiming to investigate the effects of combined straw and biochar application on soil nitrogen
pools, crop yield, and nitrogen utilization in the black soil region of Northeast China, a split-plot
experimental design was employed, incorporating three field return methods—control ( CK, no return) ,
full straw return ( SF), and combined biochar and straw return ( BS)—along with three nitrogen
application rates; 75 kg/hm’ (N1) , 60 kg/hm*(N2) , and 45 kg/hm’ (N3 ). The results showed that the
mixed application of straw and biochar alleviated the unfavorable impression of reduced nitrogen
application on soil nitrogen content and soybean plant growth, and the effects were more pronounced at
N2 nitrogen application. Compared with CK and SF treatments, BS treatment promoted the increase of
soil ammonium nitrogen and nitrate nitrogen contents by 7.58% ~ 78.08% and 19.02% ~ 95.56% ,
respectively, which significantly enhanced the net photosynthetic rate and nitrogen utilization efficiency of
soybean, and led to the increase of soybean yield by 38.62% ~ 60.97% . Comprehensive evaluation
using the entropy-weighted TOPSIS model identified the BSN2 treatment as the most effective, achieving
an average two-year yield of 3 058.48 kg/hm’ with a nitrogen application rate of 60 kg/hm’. This
treatment also recorded high nitrogen use efficiency (0.99 ), agronomic efficiency (9.34 kg/kg),
nitrogen recovery rate (0.98), and nitrogen response index (2.18). These findings can provide a
scientific basis for optimizing nitrogen fertilizer management and enhancing straw utilization in Northeast
China’s black soil region.
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Rainfall and temperature during 2022—2023
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Tab.1 Basic physical and chemical properties of test materials

- R/ BV B L/ A AU L/ A AR L/ A RO LG/ AL B i L/
(grem™?) (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™') (mg-kg™')
Vel 1.4 0.7 22.7 12.3 18.6 117.6
&5 BREE/(grem ) pH {H RA L Ao 5 B % 5 )5 2 53 B/ % 5T ) B %
BE 0.1 5.8 78/1 0.9 0.2 1.3
YIRS E A%/ mm Btk I 45 53 B/ % s -Woik ool Tl T 43 K/ % AR % K53 ik 53 %/ %
Bl 1.5~2.0 70. 38 1.53 0.78 1. 68 31.8

1.2 RIEi&it

KB K B A (S % Y oK
SR E AR ) Rk B A R, KON AR iR
7, B B 3 AN KF: X I/ 4k B (CK, 6 if | Ak
B RS FFIE H(SF 55 FF it 1 3% 580 40 1/hm )
A W) 5% 45 R FF A A TR ' ( BS, A T e A 2 3%
B R 20 vhm? R FE/ A W B¢ 7 2 35% ,20 t/hm’
T AT 28 P it J 22 BB A W 5 7 R 6 vhm™' )
P AR W e A 7 BLAS R Ak it A ) e kA 9 B
AR G g A AR T AR IR R & R
AR FT G o0 A W ok AR R R XM it R i
B3 AR H HUE AR 75 kg/hm® (N1) .60 kg/hm’
(N2) i1 45 kg/hm* (N3) , iR E I3 9 A ab B, 454
W3 REE, BRI E W& 2, 5D
XHLHE K 40 m* (5 m x 8 m) , FFA/NXK Z A1 ~
2 m ZE X, DLk G e A PR . KB ATHE N
50 em, BRI 10 cm FEFIREE K 5 om, B 7CHE 2 K,
Vi) T ) 45 B0 4 it 520 b A R — B T
2022 4E5 7 HAI2023 465 A 9 HIEF AT ,2022
9 H 25 HA12023 459 H 28 HIRE K E ., Ak
596 B 4 AN K 5 A4 B I I R W, 4300 A I AR
gk eI BRI RN R
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Tab.2 Straw, biochar and nitrogen fertilizer

application rate

. AR, YRR, AEHE/
(t-hm?) (t-hm %) (kg-hm ~*)
CKN1 0 0 75
CKN2 0 0 60
CKN3 0 0 45
SFN1 40 0 75
SFN2 40 0 60
SFN3 40 0 45
BSN1 20 6 75
BSN2 20 6 60
BSN3 20 6 45

1.3 MEIER
1.3.1 +HERZESE
TE R SLHT T A6 45 320 SOk A 28, F)
FA L5 BURE TR R AR /NX 0 ~ 20 em +HEFEAR
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KCI 2 $—Fe M i Lb 535 AR A0 20 66 B 36 I 2 |, R
FIYLIGE AL E B b m g i,
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FER G IFIE 45 323, R I LI — 6400XT 74 {# 45
AEAAL(LI- COR A A], 25 [ W 2 A8 0k 6 & 1
SRS ALT B . e FR I B TC = B KA E K
FOGA R 05 B A A Ak Bk B AR K K 7O T
Ml — B0 2L E =k B3 R B (E AR N
S E. ST
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Tab.3 Types of indicators for comprehensive

evaluation of different treatments
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1.4 HEFHITSHH

X Microsoft Excel 2020 yF47 %3 # 3, SPSS
19 #EAT b 3 PE 43 O FAR OC 1 2 A, 3 K
0.05, A Origin 2021 72K,

x4 HEITFMERE

Tab.4 Effectiveness evaluation criteria

AF T I 38 BN VT 5 2R
0.8~1.0 e
0.6~0.8 B
0.3~0.6 C
0-~0.3 %
2 #ERE5HWR

2.1 AELAEXNTERENEI

B 2 (B P OR R NG bR 3R Ab ) 25 55 I
FH(P<0.05), F[E) AT A &b+ 3 8 A8 A/ A
A ERA S B2 IR K S A E AR A B R ARAE
KRG R A AU e, R AR
2 W AT, T A A AN A A A )T )
I, EHOR A B 0 )5l T, SRS 2A
AR AR BRI O 3 22 &, {H SF R BS b BRAESS 2
AR R RS AT L, B R A R 12.85%
F114.88% . 5 SF A4b#EAA EL, BS Ab PR &g 2 F+ T
TGS A SR MRS E, BIE S 5N
25.46% 30.46% F120.77% , Mok, 3 Fl+ HEH &
o i it 0 D T A, B RIS S A W RS A
A BAE I 3 G T AR W8, 3 F AR i F
0% sl B R 19.32% , B AT CK(43.41% ) Al
SF(62.96% ), #£ N3 4hBE R, BS 4b B + LA R &
IR R, AHER CKOFn SF 435I 2 55 51.91% i
49.71% , 5 E T N1(26.41% 1 18.74% ) F1 N2
(36.94% H134.48% ) ,
2.2 AELERMAXEXESHENTIG

WK 3 s, 4% Ak BRI K G FF e 45 3 04 ot &
R AR AL T W AR PR AR A A AR — 3, AE AR
it S B A5 AT, BS AbEROK Tg e A BUOR S AL T
B3 F CK M SF b #, 4 4 & 29.97% .
10.21% F1 17.98% .4.39% , Itk 4b, 7640 [5) & H 77
HGEMET Bl it 2R Y BR AR, 45 Ak B K G e A 1
FHEREFE TGS, Hr, CK fl SF 4L FF 4
4 R [ i 4 ) R 28.52% 1 29. 64% | i BS Ab
PHRRWR A 15.87% , .29 /> . 4 N2 Fl N3 jifi & 7K
R, BS Ab B K Bgo6 A R K CK R SF Ab B 4y
W3R 37, 18% .23.00% F1 34.09% .23. 13% , 14 fin
MR FE AR HL W 2 T N il &K R Y 4R T e
(20.00% 1 10.54% ) ,
2.3 AELERMAXEFYREN I

WK 4B AR RS R RIRAER 22 5 0 %
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Fig.2 Ammonium nitrogen, nitrate nitrogen, and total nitrogen content of different treatment soils in 2022—2023
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f 20224 Tab.5 Effect of different field return treatments on
‘g 3 soybean yield and its components
32
=) | =N Vs L
2 G W sl by oo TR
el g (kg-hm?)
*}g 8 CKN1 33.67¢ 61.33" 22.30™  2310.52°
ﬁ CKN2 26.21° 51.45° 21.70°  2017.37¢
- . CKN3 21.67' 41.67" 19.80"  1716.46°
SF SFN1 44.19°¢ 75.33¢ 23.20°  2744.57"
) 2022 SFN2 34.33¢ 62. 00" 21.80° 2321.81°
0.24 | N1 N2 N3 SFN3 26.17° 48.00° 20.70°0  1901. 444
o 2ARLE BSN1 51.33°  91.67°  25.60° 3129.14°
w022 BSN2 48.33" 85. 24" 25.40*  3005.71°
é BSN3 33.67° 59.17¢ 21.20°  2253.14°
2 o CKN1 34.330  57.337  21.90°  2479.39°
iﬂ_y; - CKN2 24. 67" 49.22° 21.20°  1972.54¢
= CKN3 19. 00# 36.67" 18.70"  1672.21"
v 0.16 SFN1 46. 24¢ 73.00°¢ 23.10"  2814.45"
. 2023  SFN2 33.33¢ 58. 671 21.70°  2311.47°
qhym SFN3 25.00' 45.67° 19.90"  1841.40"
& 3 2022—2023 44 [A) b B R 5T A6 25 3 W gt & BSN1 58.33°  110.33*  25.70° 3 245.45°
RIS BSN2 49.33" 85.17" 25.11*  3111.25°
Fig.3 Net photosynthetic rate and stomatal conductance at BSNS 30. 677 59.62° 21,557 2147, 147

flowering and podding stages of soybean in different

treatments in 2022—2023
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Fig.4 Dry matter mass of soybean in different

treatments in 2022—2023

A3 N 14, 22% (17.76% (13.08% F1 7.27%
1M CKN3 4bBEEE 2 AR T it 3% TP 7. 23% , HoAlh
Ab ) i R SR W AR PRAE AL
2.4 FELEBEMNAEFEREMBBEZNZMT
B35 AT, 45 Ab B OK B bR A, B RR R
B E R R R R BB R R AR — B fEM
[ b B 5 22610 T, Bl it &0 &L 9 820, 3X 4 T4
P2 S BT Bk # . 7E A W] it &K SF R, BS 4b 3
KRG 7= 5 i % & F CK M SF 4b #3817 4 5 A4
31.27% ~54.22% F1 14.01% ~34.00% . 5 J&
16 N2 jifi /K5, BS Ab LI 7 2R e ol 1835,
AR B PR CK AT SF A B 43 51 452 75 60. 97 % Fl
38.62% , M Ah,BSN1 Fil BSN2 &b 3 K o 7= 4 75 45
2 4F I 3 RGO, O fil kb B R 3R B AR R
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Tab.6 Nitrogen concentration, nitrogen uptake, total

nitrogen uptake and apparent nitrogen recovery in

soybean seeds and straw under different treatments

AEGH/ %  HERIHE/ (kg-hm %)

R e P I T T T
CKN1 5.17% 1.219 119.38° 44.61° 163.99° 0.37¢
CKN2 4.91% 1.00° 98.99 32.39¢ 131.38" 0.29
CKN3 4.68° 0.80" 80.33° 21.88° 102.21° 0.16"
SFNL 5.55" 1.36" 152.42" 59.72" 212.14" 0.59°

2022 SFN2 5.57" 1.22°¢ 129.32% 45.20° 174.52¢ 0.53"
SFN3 5.05% 0.99° 95.96' 30.02% 125.98¢ 0.34°
BSN1 5.85" 1.52% 183.05% 76.27" 259.32° 0.80"
BSN2 5.79" 1.53% 180.25% 76.33" 256.58" 0.98"
BSN3 5.31° 1.26° 119.64° 45.30° 164.94° 0. 63
CKNI 5.15% 1.17° 127.61° 46.28° 173.89° 0.42°
CKN2 4.79" 0.98¢ 94.42° 30.82° 125.24° 0.25'
CKN3 4.57" 0.72¢ 76.42" 19.17¢ 95.59" 0.12¢
SFNI 5.49" 1.29" 154.51" 58.09" 212.60" 0.59°

2023 SFN2 5.30° 1.12° 122.51° 41.54% 164.05" 0.47"
SFN3 4.97° 0.85% 91.46° 25.14" 116.60° 0.27"
BSN1 6.06" 1.54% 196.57° 80.14° 276.71° 0.87"
BSN2 5.91° 1.55% 195.69° 81.94° 267.63° 0.99°
BSN3 5.23° 1.23" 112.22% 42.14° 154.36* 0.55°
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Fig.5 Soybean nitrogen agronomic efficiency for

different treatments in 2022—2023

2.7 AEEMNKEREN AREME E WS
R

meE 6 fr o, A TR Ab B K G E R AR
(NUE) FI& 2K Wi i 45 B (NRT) SR e 5 25 5 7
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¥ SR, #E BS AR NUE 288 1 5%k LTS
TRERa%, Horh BSN2 4b 3 NUE fiz /5,35 %) 0. 99, 4%
CKN2 Fl SFN2 4b B 73 51| $& 5 82.09% F1 28.25% .
FEHH [F] fte 0 & 25, BS AbBE NUE & % 5 F CK Al
SF 4B, 4351 V- 35 155 61. 21 % 1 28.22% .

IAh, 7 NRI J5 i, BS 4h B NRI 43 28 & F CK
FSF kb B B8 E 4 B R 31.27% ~ 54.22% A
14.01% ~ 34.00% , H: " BSN2 &b ¥ NRI & &5, W
2.18, CK FI SF 4b ¥ NRI B % i %0 & MK 83 T

Wi, B 43 531k 34. 61 9% Fil 44. 34% , 4K 1fi , BSN1 F
BSN2 4bFf NRI JG i %45 4k, 1fif BSN3 4b ¥ NRI & 5
* T 38.88% ,{H 43 & F CKN3 1 SFN3 kb ¥, 43
W 31.27% 1 18.49% |,

12 1.4

BN EN2 ON3 s [ N1 mN2 N3

1.0 1.2

0.8 T
Z o6
z

0.4

0.2

ol = . = -
CK SF BS CK SF BS
Ly fbpg

(a) 20224F ,NUE
“7[ ENT EN2 OON3

(b) 20234F ,NUE
EN] EN2 N3 4 8
b

NRI

CK SF BS CK SF BS
i1 fb3
(¢) 20224F  NRI (d) 20234F NRI
K6 2022—2023 4ER[R ALK A R FI
L& U TR R
Fig. 6 Nitrogen utilization efficiency and nitrogen response

index of soybean in different treatments in 2022—2023

2.8 ZEEM

FE TR AL TOPSIS A5 7Y %t 45 b 3 i) 4 192 0 &% 45
b HE AR ZR AR AR AR AR AR AR B A AR AT 2
BV (ET) o MR T ATHL AR B 7 X it & =
T 22 B A G - 38 0 38 R R 00 2B K 8 A 1Y) 52 )
F o TR D A AR, BS Ab BEAR X I 3T B R
f5 T SF R0 CK b3, 43 5 °F- ¥ 5 0.29 F10.49, 7
FH IR H 72 F, CK il SF b 33 Xof W 3T 2 Wi 25 it
ALY 0 D R B, N R IR B 40 0,35
0.37, 7 BS 4b¥ 4L #E BSN3 kb A ) B 2 2 T K&
(F&E 0.38) . BSN2 4b FH (it A1 XF W5 ¥ J& fe &, A
0. 837 , I8 vF b7 454k .

£7 FAEBEAENNNESR

Tab.7 Fit and effect sizes of different treatments

e EIE/P{%% ﬁﬁﬂff{%fﬁfé A X I W Y
i i bl 3
CKNI1 0. 094 0.061 0.393 6 'T'
CKN2 0.116 0.030 0.207 8 =
CKN3 0.138 0. 005 0.038 9 =
SFN1 0.059 0. 088 0.598 3 H
SFN2 0.082 0.062 0.428 5 Ly
SFN3 0.113 0.032 0.220 7 =
BSN1 0.026 0.129 0. 834 2 [
BSN2 0.025 0.127 0. 837 1 i
BSN3 0.082 0. 067 0.451 4 i

T« 3% R A5 4k RO O P AR 24



530 £k

DI

2025 4

3 itig

3.1 HEFMEMRTIANTEGRSSENEMN

A PR R R B E Y A K Ak ] RS
RIEEAERZE L AWK B, AR R it A 5%
HF, BSAbH B ER S T HIEAR S, TEME
TEY R SHEFRGWIFEER. 5%, Y rEfq
BRI L 2R AR RN = 5 R FLBR 2544 , BE 6% W B i 25
A ASR, BE WA A XL FME, EKAREN
ARNET S W FEFF S H R U R T
IR, B s T R W e, LR R T AR
Wy Je S TR W0 i B Y L A IR AL B AL T
TR INIRIE B T AT T RS A O A
PRI ERE B X Sk B b
FEER—F R 5 AV IR % W 5w LA
BLRR FN 4 05 i, T A 203 IR R A5, WPk
/R o N7 E o ) | W B i o e I S 1

5 SF 4bFRAAEE , BS AbFEAE K G2k F w0 B
e T RIEA A G . X AR T A i
FEVE RS S T RS AT o AR rh A R AR
e Bl D T R R AN N R R O 7RI — By
B A e o W B RN B 44y T HIETR AR
AR, R A W AR R AR AL TR 1Y R 4ok
WL FERGAT IR W, BEE Y RS S T
Tk, R EE R R B R L R A AT
ARG SR IE LA w2 b AR & T
TR R A R A Y SRR SR AL AR T
YR E AT RN AR R ORRE UL N, A B T2
EAVEY) 0 il R A R 4 B

AN, Bl it A RS, BS Ab R 7E FIEAR
B4 B8 5 T B E AL T CK Fil SF AR A= W o 1
R 2% A FHAE AR 280 5% 0 R B0 R 28 10 N 0300
DT RFR MR 38 o 0 A5 R RN T A ) R v
PR EPE  0m T /A XKL RE ) o[RBT, 76 AR
Fi 0 41,50 2 4F BS b B HIE R X S R
CK F1 SF &b £ TH i B2 51K, X Al gt T AE W) o
K EAVER , A9 el o Ak I PS54, olcst +
B MR K TR B A 5 U PR R SG 1Y 1) R
WA R R v, N i — 2L Pt s - R R
SR AR,
3.2 HHMEYRTHNXERAEGHE. FTHURRA

REMFENZ N

T R B A JR VPSR A K W R bR,
Wi Y 550 & 1E 8RR+ 3835 o ik 5 % D) A
S0 AW KB, R [ i 7 2 R K S
KECEVERN T B B ™ it 177 A i 2 52,

M HIEARE IS H b A SRR R . 78 = it &K F
(ND) 44 7F,3 Fod 1Oy N R I KRG H 66 3
TR R EoK . A A & R,
LR PRI B T R, (5 BS A HT B0 BE KT
CK Al SF AbFH | 7 et BS A P 5 Jh 49 9 352 43 (L 45 HL
A T BRI RE ) A AR TR AE KRR R -

TS A o0 A Ak R b R A SR AR A (DAL
W E) BEAEWE L AE Y AR KXW B e R oK, A
i 2 3B A BRI A 1R R R iR s .
U, HE W e S A L R 1) L 2% T FRRIAR S5 %) VR o 2
BEREME AT LIRS MBI AR, IR AN A 40 1% )
) R W 3 S v R AR R R Y L A, R
Wy 3 0HE g A (W FE 3k (—OH) | J& 3 (—COOH)
FFRFE(C=0) Ae g 1 i + R K e )y, 38 = 1
K E G K o3 38 X6 A AR TR B R R
RFZ L R b ek B HE— A T AR
IR 2 X 35243 0 8 O WA, O SR 6 5 7 W Il KR
IS 43 T, DT A RCHRE THRF R BUR & 201 B % 4R
R AR
3.3 BANMEMRIEMNKXEREZNANZE

AWFSE & B, BS b FRAE CK Fil SF b 38 i 32 42
T ROGARAHSFE, XFMEFTFES TEAR
B BRI AR B UM G, B4, CK
FISF A PRACR ARG, TR T ARMN
YE R TG SR AN UG i . CK Ab R 5 = A ALY Rk I8
AR A RER S AFYIBERGE S, il T
YE W WCRE ), 3 BOR & B R i 5 R SO ik
MITFEAE T A A Z MR M Z T, SF &
BEESRIMA T REFE, ABFE FF 53 2ok 72 v 5k 26 ) 6 R
R IYTEGRON B E . KA R HE YR T/
FEo0 i, (A5 R R RN 7E K A FRINA Z ,
77 B T R X AU A RO, i — BRI T A
KRR,

M Z T, BS A Bd i A RO i LI AR B
TS B Ak, 78 K G AR K o 78 b Wi B O 22 18 R T A
oA A R, LT REAEFAN RS
(R Bl A Sl , T i BT T AR R RCE . Bk,
BS Ab #UiH ioF $2 w8 AL B DAk K L SR AR i
JECERBE , A A VR A A R s Ak AT — 5,
BS 4b ¥R AN 3 (Y 18 B S R I T B A Ak
PEF e 1 A A i i AR R S R BUm ks B ok
I3 —J7 T, A2 W) ol e R W AR B b S AR
AR A (A N0 AN, HE, At/ T+
HErp R R I B RCRDY S AN R AT O i
AW RE TR U R A AR A R T e
MA ALER IR, B 58 T fE W s AR T e . X RR



%5 1

W Fe Vg 2 ARACRR b XA AT AL A W s R0 SRR 5 R E AR A 132 531

A s e A 1 i AN A o T R R B e,
T RE AT A B G 3 i 5 Al 6 DU g /R B
IR CIS I o NI ks 2 (TS A AN A 1)
TRV

BT, RS AT 5 22 1 e A 33 v 1) By 1) 4 D
FAL TR EIEEHLG] , A ROk A T R/ 3K 4F
KGR FERIEHTR B R E RS T LIRAR SR,
BETTHET: 1R G UL B ORA F AR . R, A%
R TSI 2 4 R Al 4 1 iR i 28 ) 5 MRS T
TR it 340 P X M A 285 28 0 19 A 0T 52 o R A XU o
DRLIHE , oA SR AP0 7 00 B 4 300 M R 2 5 V- 2 0
SR ARG e FAG TR BT A e v sh A AR W)
A7 ST RFEERE M, O HAE A AT RS2 A R N Tz

RE O i, Horp 4 0 B A R 1 RO RN R A L
Qb B 43 50 3% fn 26.41% ~ 78.08% il 7.58% ~
46.91% , + & A & & 40l $& H+ 70.18% ~
95.56% 1 19.02% ~ 44.53% , 3% W 5 FF 1 4= Wy ¢
TRl BE 06 A 4 e 1 R R R e M, VR W M B AR
KA T ]y A F 251

(2) FEFF 5 4 TR il 0 25 4 o K ot 45
4 S H KT BRI RS A PR it b B4R = 18.91% ~
38.09% F110. 16% ~23.74% , [FlT, TRt b 30 b 2412
HRGRRFMARE A TRETYRERR, R
TR Ay 4R 28.40% ~ 67.87% I 14.01% ~
43.25% ,

(3)id ik TOPSIS #5884 53 7 & 8K, A= Wy e 5 7 FF

JO7 FH 4 A3 B Sy 4 T R AT S A R AR AR

&t

4

[2]

[3]

(6]

[7]

[9]

TR 245 45 Wt FH 8N 60 kg/hm’ 4b B, 76 B A # A
(1 [ it 2 B 5 DL R0 0E 25 4, it P A i Ak B v
A R X R R R BT R B R R
(1) FEFF A A B R MG B 53 0 ~20 em £3E RAKG = BFTE,
z £ x W

XV, fBA, SEWET, 5. DRURUNC I A 4 S X - S Ty AN K AR 7 4 R B RBONE S LR [T ] Al AL A 4R ,2024,55(9) ¢
391 -401,469.

LIU Hui, JIAO Yan, DOU Wanyu, et al. Compensation effect and mechanism of nitrogen reduction combined with biochar
application on soil fertility and rice yield [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024,55(9) 391 -
401,469. (in Chinese)

B AL K, IR, A5 . D80 U 2 b AR R B X R AR AR K5 AR A ROR K 2 [ T]. 4Rl B 2 4
2024 ,55(3) :340 - 351.

XIANG Youzhen, ZHANG Wei, TANG Zijun, et al.
physiological growth, nitrogen use efficiency and yield of soybean[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2024 ,55(3) :340 —351. (in Chinese)

W, THUE, 24, % RERARE LN RE SE-HUEYAEM R m R R T]. iR, 2024,
55(2): 562 -572.

XU Ying, YU Zhenhua, LI Yansheng, et al. Research progresses on soil acidification and its effects on soil — microorganism —
crop systems in agricultural soil[ J]. Chinese Journal of Soil Science, 2024, 55(2): 562 —572. (in Chinese)
LIU W, LIU Y, LIU G, et al. Estimation of maize straw production and appropriate straw return rate in China[ J].
Ecosystems & Environment, 2022, 328 107865.

E¥RGE, wE, X TR, & RBHEH IR L EEAERMEREEZET] PEASR AR (PR,
2024, 32(4): 663 -674.

WANG Zhitong, LING Jun, LIU Zixi, et al. Effect of straw return practices on soil physico-chemical properties and maize yield
[J]. Chinese Journal of Eco-Agriculture, 2024, 32(4): 663 —674. (in Chinese)

WU G, LING J, ZHAO D Q, et al. Deep-injected straw incorporation improves subsoil fertility and crop productivity in a wheat-
Field Crops Research, 2022, 286, 108612.

RRFE, RiFEH, TIET, & E5oMEFER hEEZREEYEEMARENEmI]. % 5EY, 2023,
12(4) . 429 -438.

ZHANG Tianyao, WU Zelu, WEI Zhengyu, et al. Effects of straw returning on nitrogen use efficiency of major grain crops in
China: a Meta-analysis[ J]. Soils and Crops,2023,12(4) :429 —438. (iin Chinese)

B, WS, BN, . RPN R RS AT A R S AR AR £ X EAOLAERER R ARO[ T]. Y
I 5 R 2A R, 2023, 29(5) ; 840 - 847.

LU Yue, BAO Xuelian, HUO Hainan, et al.
characteristics and yield of maize in Mollisol of Northeast China under long-term no-tillage[ J]. Journal of Plant Nutrition and
Fertilizers, 2023, 29(5) : 840 - 847. (in Chinese)

FU X, SONG Q, LI S, et al. Dynamic changes in bacterial community structure are associated with distinct priming effect

patterns[ J]. Soil Biology and Biochemistry, 2022, 169 108671.

Effects of nitrogen fertilizer reduction and rhizobia inoculation on

Agriculture

maize rotation system in the North China Plain[ J].

Effects of different amounts of stover mulching on improving photosynthetic



532 fe Ak B M ¥ R 20254

[10] SHAN A, PAN J, KANG K J, et al. Effects of straw return with N fertilizer reduction on crop yield, plant diseases and pests
and potential heavy metal risk in a Chinese rice paddy: a field study of 2 consecutive wheat-rice cycles[ J]. Environmental
Pollution, 2021, 288 117741.

[11] FE4&, £F55, kE, 5. EYRBEHNEO T P00 PIRARKES GEE N[ J]. FER, 2020, 41(5)
2406 -2415.
WANG Shu, WANG Zifang, LONG Yi, et al. Effect of fertilizer reduction and biochar application on soil nitrogen loss in
purple upland[ J]. Environmental Science, 2020, 41(5) ; 2406 —2415. (in Chinese)

[12]  sRIBER, A% B, Ja & S0, . A W e B8 in % =5 i TE 0K D6 & 9% O AR B S B0 /bR AL [T Rl T2 % 4, 2024,
40(24) :89 -97.
ZHANG Xiaomin, YANG Wei, QU Zhongyi, et al. Compensation effect of biochar addition on the photosynthetic fluorescence
physiological parameters of corn under deficit irrigation[ J]. Transactions of the CSAE, 2024 ,40(24) :89 —97. (iin Chinese)

[13] BORCHARD N, SCHIRRMANN M, LUZ CAYUELA M, et al. Biochar, soil and land-use interactions that reduce nitrate
leaching and N,O emissions; a Meta-analysis[ J]. Science of the Total Environment, 2019, 651 . 2354 —2364.

[14] DING S, LI C, HUO Z, et al. Combined applications of biochar and straw alter nitrogen ( N) allocation in a manure amended
soil-tobacco continuum system; a field N tracing experiment[ J/OL]. Journal of Soil Science and Plant Nutrition, 2024. https: /
doi. org/10. 1007/s42729 - 024 - 02164 -3.

[15] LIH, LIU Y, JIAO X, et al. Response of soil nutrients retention and rice growth to biochar in straw returning paddy fields
[J]. Chemosphere, 2023, 312, 137244.

[16] BXWNS, BTHE, M8, 5. 0 A5 ok & A2 W e F0 8 RS FF X L9895 4y Mo WL E rg 2 ma [ T]. W = B} 52, 2020,
53(1) . 12 =20.
ZHAO Yapeng, JIA Hui, FU Yunpeng, et al. Effects of biochar and decomposed straw at equal carbon content on soil fertility
and organic carbon pool[ J]. Tobacco Science & Technology, 2020, 53(1): 12 —20. (in Chinese)

[17]  XVEHEE, 43C0R, AEE, & R T2 S LY ISR AT [ T]. ol TAR2 4, 2018, 34(5) : 196 -203.
LIU Zhaoxia, NIU Wenjuan, CHU Heying, et al. Process optimization for straws pyrolysis and analysis of biochar
physiochemical properties[ J]. Transactions of the CSAE, 2018, 34(5): 196 —203. (in Chinese)

(18] THHA, WA, KoKW, & KEERE T LREARBIF S PNE/ERT R LRERIARLT]. R, 2025, 39(1):
157 - 169.
DING Shijie, HUANG Shaomin, ZHANG Shuiqing, et al. Study on the relationship between soil nitrogen indexes and wheat/
maize yield under long-term fertilization[ J]. Journal of Nuclear Agricultural Sciences, 2025, 39(1) : 157 - 169. (in Chinese)

[19] WA, #Br#e, Fg. Fhosba T 1F % & 5 W BoR) i Rz A0 & P i i AT sy e e [ ], b B R 2 4, 2024,
40(24) . 44 -50.
GAO Jingwen, GUO Ziyan, WANG Feng. The response mechanism of crop nitrogen absorption and utilization to salt and alkali
stress and related regulating managements: a review[ J]. Chinese Agricultural Science Bulletin, 2024, 40(24) . 44 - 50. (in
Chinese)

[20] VAZIRITABAR Y, FREI M, YAN F, et al. Enhancing nitrogen use efficiency and plant productivity in long-term precrop/
crop rotation and fertilization management[ J]. Field Crops Research, 2024, 306 . 109210.

[21] H#e. TR TOPSIS AL A L AR 2T [T, #BduRl R, 2019, 58(8) : 28 - 34.
MA Yan. Evaluation of land ecological security in Hubei Province based on entropy-weight TOPSIS modeling [ J]. Hubei
Agricultural Science, 2019, 58(8) : 28 —34. (in Chinese)

[22] SHAH F, WU W. Soil and crop management strategies to ensure higher crop productivity within sustainable environments[ J].
Sustainability, 2019, 11(5) . 1485.

(23] &M, #R, K&, % T Meta-analysis 1Y R0 TR AZ MR B EL MRrsZm [T]. FEHR S, 2022,
43(10) ;: 4658 —4668.
JIANG Zhixiang, CUI Shuang, ZHANG Xin, et al. Influence of biochar application on soil nitrate leaching and phosphate
retention ; a synthetic Meta-analysis[ J|. Environmental Science, 2022, 43(10) : 4658 —4668. (in Chinese)

[24] kiR, E0AR, DWW, & AFEFECHTXN L EMAEYZ MM R#RII]. RES5EY, 2020, 9(2):
150 - 158.
ZHANG Haijing, WANG Shaojie, LUO Shasha, et al. Research advances in the impact of different straw returning ways on soil
microorganisms[ J]. Soils and Crops, 2020, 9(2): 150 - 158. (in Chinese)

[25] f7@itst, £#, fF=ME, 5. SF USRS FERI A Yy R X LI e A A s i mA s [T, HEERL A, 2021,
42(1) . 450 —458.
HE Tiantian, WANG Jing, FU Yunpeng, et al. Effects of adding straw and biochar with equal carbon content on soil
respiration and microbial biomass carbon and nitrogen[ J]. Environmental Science, 2021, 42(1) ; 450 - 458. (in Chinese)

[26] AR/, 8 &5, XUE B, 55 F FF B 0 it A 9 e % 4 N S A0 Bl 12 S itk VR B LBk S A CH AR S AR A T R SR R AR

[J]. REERL 224, 2021, 41(9) :3777 -3791.
LIN Shaoying, LAI Qingzhi, LIU Xuyang, et al. Effects of straw and biochar on soil carbon, nitrogen, phosphorus and iron



55 W W Fe Vg 2 ARACRR b XA AT AL A W s R0 SRR 5 R E AR A 132 533

contents and ecological stoichiometric characteristics of jasmine garden in Fuzhou[ J]. Aeta Scientiae Circumstantiate, 2021,
41(9) :3777 -=3791. (in Chinese)

[27] ®EEM, EBER, R, & AWK EREEGR L LRSI #RLT]. HYE RS R R, 2021,
27(5) . 886 —897.

ZHAO Zezhou, WANG Xiaoling, LI Hongbo, et al. Slow-release property and soil remediation mechanism of biochar-based
fertilizers[ J]. Journal of Plant Nutrition and Fertilizers, 2021, 27(5) : 886 —897. (in Chinese)

(28] &0, hsts, RKHT, 5. AL R R REH[T]. #deRb R+, 2021, 60(21) : 16 - 20.

XIA Ying, FENG Tingting, WU Maoqian, et al. The evolution and development trend of straw return to field technology[ J].
Hubei Agricultural Sciences, 2021, 60(21): 16 =20. (in Chinese)

[29] sk, skigse, XIAIN, 55 MM AW RN R H T AREACH T BMEmIT]. B ELILIE, 2015, 36(6):
709 -716.

ZHANG Xing, ZHANG Qingwen, LIU Xingren, et al. Effects of biochar on the key soil nitrogen transformation processes in
agricultural soil[ J]. Chinese Journal of Agrometeorology, 2015, 36(6) : 709 —716. (in Chinese)

[30]  CJRF, ZE5i5, M, % ANEASKATEASZOKRE M TR RA R ET]. MY E R SR8, 2022,
28(6): 1015 -1028.

ZHU Li, LI Guiyong, ZHOU Wei, et al. Dry matter accumulation and yield characteristics of high-nitrogen efficient rice
cultivars under different ecological conditions[ J]. Journal of Plant Nutrition and Fertilizers, 2022, 28(6): 1015 - 1028. (in
Chinese)

[31]  HRUH, SEHk, BREHFN. KFE- a4 50aEMZRNER[T]. EaPls, 2024, 36(10) ; 1305 - 1310.

CHANG Shuoqi, SU Lin, OUYANG Xiang. The relationship between the enhancement of rice grain yield and photosynthesis
[J]. Chinese Bulletin of Life Sciences, 2024, 36(10) : 1305 —1310. (in Chinese)

[32] . AREENCAKEX RAER TR R 78 A& MEmT]. miyRl, 2022, 16(22) : 23 -25,29.

FENG Fan. Effects of different nitrogen fertilizer levels on agronomic characters,yield and economic benefits of dryland soybean
[J]. Southern Agriculture, 2022, 16(22): 23 -25,29. (in Chinese)

[33] OBIA A, CORNELISSEN G, MARTINSEN V, et al. Conservation tillage and biochar improve soil water content and moderate
soil temperature in a tropical Acrisol[ J]. Soil and Tillage Research, 2020, 197 104521.

[34] DONG W, XING J, CHEN Q, et al. Hydrogen bonds between the oxygen-containing functional groups of biochar and organic
contaminants significantly enhance sorption affinity[ J]. Chemical Engineering Journal, 2024, 499 . 156654.

[35] 4pmm, ™, #hbesg, 55, FUIEX R S48 A AP R AE A B & [ J]. EYHE RS IR R, 2022,
28(8): 1457 - 1465.

Z0U Shi, YAN Jun, HAN Xiaozeng, et al. Effects of nitrogen application on nodulation, nitrogen fixation, yield and protein
content of soybean[ J]. Journal of Plant Nutrition and Fertilizers, 2022, 28(8) : 1457 — 1465. (iin Chinese)

[36]  xIpuse, BTilER, TRIET-, &8 FRFRZAGFFE HA BB Y KPR sgm [1]. 135169 ,2014, 3(3): 105 - 111.
LIU Siyi, JIA Shuxia, ZHANG Xiaoping, et al. Effects of corn and soybean residues return on microbial biomass and
respiration in a black soil[ J]. Soil and Crop, 2014, 3(3): 105 - 111. (in Chinese)

[37]  JFIHT. F5AF AW x4 W - e A F0 S i AR A A2 i [ D] JE s v R 2 e ks, 2017.

HE Lili. Effects of straw biochar on nitrification and denitrification in agricultural soils [ D ]. Beijing: University of Chinese
Academy of Sciences, 2017. (in Chinese)

[38] Eubthe, BEE, Bwi, & AWRN ZIEABEFOEZmIIEERLI]. EESH, 2016, 36(19) : 5998 -6011.
WANG Hongyuan, GATI Xiapu, ZHAI Limei, et al. Effect of biochar on soil nitrogen cycling: a review[ J]. Acta Ecologica
Sinica, 2016, 36(19): 5998 —6011. (in Chinese)



