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Effects of Straw Returning and Planting Density on Nitrogen
Absorption, Utilization, and Yield of Maize
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(1.School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China;
2.Key Laboratory of Efficient Utilization of Agricultural Water Resources, Ministry of Agriculture
and Rural Affairs, Northeast Agricultural University, Harbin 150030, China)
Abstract: [ Objective] To explore the effects of straw returning combined with regulated planting density on
nitrogen use efficiency and yield of maize. [Methods] A field experiment was conducted in 2023, with 6
treatments established by combining straw removal (C, control) and full straw returning (X) with three maize
planting densities: 67 500 (D1, control) , 82 500 (D2), and 90 000 plants/hm?® (D3). The effects of straw
returning and planting density on nitrogen absorption, utilization, and yield of maize were investigated.
Additionally, the experimental results were compared and analyzed with the simulation results of the parameter-

modified Denitrification-Decomposition (DNDC) model to verify the reliability of the short-term experiment.
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[Results] 1) Under the same planting density, straw returning increased the leafl area index (LAI) and net
photosynthetic rate of maize at different growth stages, promoted nitrogen absorption and utilization by plants, and
improved yield. 2) Under the same straw management condition, increasing planting density effectively enhanced
the accumulation of dry matter and nitrogen in maize plants and increased leaf area. Specifically, compared with
D1, the D2 and D3 densities increased dry matter accumulation by 21.5% and 22.0% , nitrogen accumulation by
14.9% and 15.2%, and LAI by 5.7% and 11.3%, respectively. However, increasing planting density
significantly reduced the photosynthetic capacity of plants and affected the translocation capacity of dry matter and
nitrogen. Notably, dry matter translocation was more sensitive to changes in photosynthesis than nitrogen
translocation, showing a continuous decrease with increasing planting density, while nitrogen translocation first
increased and then decreased. 3) Under straw-returning treatment, the maize yield at the D2 planting density was
the highest, which was 46.4% higher than that of the control treatment (CD1). This treatment also achieved the
highest nitrogen translocation rate, grain contribution rate, nitrogen internal efficiency, and partial factor
productivity of nitrogen fertilizer. The key indicators obtained from the experiments under different straw returning
and planting density treatments showed a high degree of fit with the simulated values from the DNDC model.
4) The coefficients of determination (R*) for all indicators were above 0.92, and the normalized root mean square
errors (NRMSE) were below 13.4% , verifying the reliability of the field experiment results. [ Conclusion] The
combination of straw returning and a planting density of 82 500 plants/hm?® can effectively promote the
accumulation of dry matter and nitrogen in maize during the growth period, significantly increase the nitrogen
translocation rate of maize and its contribution rate to grain, effectively enhance the nitrogen absorption and
utilization capacity of maize, and increase yield. The research findings can provide a theoretical basis and technical
support for the practice of high-yield and high-efficiency maize production.
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Fig.1 Daily temperature and rainfall of experimental site
during maize growth period
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Fig.3 Net photosynthetic rate of maize plants at different
growth stages under straw returning and different
planting densities
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Table 2 Dry matter translocation efficiency and contribution rate of dry matter translocation to grain of maize under straw
returning and different planting densities %
DMTE CAVG
sl
i e F5 ) it e A

CD1 23.854+1.13a 15.27+0.84c 18.394+0.91b 9.71+£0.71a 10.8440.94b 20.56+1.21b
CDh2 15.7341.26b 11.494-0.78d 13.0440.94c 5.0740.52¢ 6.44+0.53¢c 11.524-0.88d
CD3 9.14+0.41c 6.97+0.33f 7.77+£0.37e 4.10£0.37d 5.34+0.41d 9.43+0.67¢
XD1 21.87+1.71a 22.80+1.84a 22.47+1.81a 8.18+0.63b 15.884+1.38a 24.06+1.49a
XD2 16.764-0.94b 18.534+1.17b 17.934-1.06b 5.014-0.49¢ 10.69+0.98b 15.7041.05¢
XD3 9.14+0.63c 9.18+0.68e 9.17£0.65d 3.72+0.32d 6.42+0.51c 10.15+0.75de
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Table3 Maize yield and composition under straw returning
and different planting densities
KhEE REATEC O RRRER TRIE/g
CD1 20.0£0.7a 754.2+9.1a 36.940.4b
CD2 18.7£0.8b 724.3+6.3b 37.1£0.3b 14 931.6+1077.4b
CD3 18.040.9b 664.745.2c 36.840.5b 12563.0+921.2¢
XD1 18.740.8b 749.6+9.1ab 38.140.6ab 12 867.34855.5¢
XD2 18.040.9b 738.549.2ab 39.640.7a 16 743.24+1058.7a

74t /(kg+hm )
11438.7+984.1c

XD3 17.340.8c 655.94+5.6c 39.440.5a 13764.34-1030.4bc
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Fig.5 Nitrogen accumulation of maize plants at different
growth stages under straw returning and different
planting densities
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D34 425 19.31% F132.68% , # FF 18 AL EE T D2
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Table 4 Nitrogen translocation efficiency and contribution rate of nitrogen translocation to grain of maize under straw

returning and different planting densities

%

e NTE NTCP
I = hss I 2 h5)

CD1 27.47+1.52b 32.00+1.88b 29.08+1.63b 10.8740.68c 6.96-+0.42ab 17.8341.05¢
CD2 31.82+2.11a 33.33+1.98b 32.3542.05a 12.56+0.75b 7.17+0.45a 19.73+1.18b
CD3 24.424+1.32¢ 28.2641.59¢ 25.76+1.42¢ 10.99+0.63c 6.8140.39b 17.80+1.02¢
XD1 29.004-1.83ab 34.554-2.04ab 30.97+1.78b 11.55+0.71bc 7.5740.48a 19.92+1.23b
XD2 36.614-2.37a 37.6142.25a 36.95+2.21a 15.08+0.92a 8.0640.51a 23.15+1.41a
XD3 27.904+1.61b 27.784+1.53¢ 27.8541.56bc 13.02+0.83b 6.9040.43ab 19.12+1.12b
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Fig.6 Nitrogen internal efficiency and partial factor

productivity of nitrogen fertilizer under straw
returning and different planting densities
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Fig.7 Comparison between simulated and measured values of dry matter mass and yield using DNDC model
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Fig.8 Comparison between simulated and measured values of nitrogen accumulation and leaf area index using DNDC model

32 MEZEMNEXREEZREANABSFEMEE
iV
BT, A H 5 R A B H AT D2 A D3
AEERR AR B A R B S T DL
Ab B FE AR )RS FE AL By 2CR A v 0 R % R
D2 F1 D3 4k 3 7E B A4S A= F 3 W i 2 9 4 5857 45

A Z, I B HEOC G e RS R &
HAE T DLAFR ™ &, R, TS AR
e D2 5 D3 % B 1] 22 5 JF A ik 3 (p<<0.05), A
D34k B 77 5 58 D2 AR TS T . R
5% N AR AR g AL A T R AL
R (R Ak ) 1) KR 52 3k R PIAR G i R

http. // stbexb.alljournal.com.cn



E

PN B 45 AT 340 T 5 Rl 23 2 ) 6 K 3R WO S A5 7 kY 5 161

T 505 WG A 3R 43 i) R Al 1 AT R [ Ak 28 AR
LA P BRECR I R AR AR, B2
0 A Ak B — 30, B SRS R N S o . Horp,
I T AR i 0 R A % R i R S K i ot S
R R R PN A, K e R R R BRI . PR
Wint, D15 D2 kb s ] i i o AR W 25 S (H 2K
¥ W E LT D3AEE . A, D2 4b BEAY ol A R
EETDLAMD3AE, Alfg Rl THEAFWM, D2
A2 e T R % TS R BRI NS IR R T
Rk IYEARE S T D3 AL FR P % 8 5 i , 4T 1)
Rt B RSB EZ RS .
W, 4 4b 2 o T RS B e R I Ik B
I R B E — 25 % T, D2 Pk 2 5 o il B AR
WK B A RO A VR T R TR B A R
WRE S EBAM, ZFILFEERH A0 WG RE
1, B % R AR A G A R BRI

25t R AE O A R AR )RR A A 2o B R
HIE AT Z R EERA A TY RS AR
6] KFRL I 55 3250 AR e B, Bl R A 4 R G
I, 14 i 32 5 28 R B 3R B O () 1 g i s
RO 4 J5 B 3 R 5 0 ok ) ST K R R R T R
B, 03 5 32 R 5 kR i B kR 0 2 TS B
B % N 2 R0l fE S T A T R 4K
FEANFA G, T9 ks 3208 T s 85
TSR0 Y 1800 6 A 7 ) BB T R R AR Y
XSG G 7 0 A N B AR R R R T R o R 2 R
8 T S Bk R AE B TR ™ R BRSO A R
BEAR , SO AT HF R0 2K 6 & = el D
T Yy 5 32 2R 5 X RE LAY BTk R L DR I i 2 R 4
i F . MR RS Z AR, A EEH
T 32 R AR L RE 0 el G i RhoR % R A A
B ARAE AT AN R 2 A E , a2
SR R R A Y R DR S R R R B
Brmea., Bk, ARFsR 0 ERE. A Y FHE
2 P I I R R R R R T AR R e A
PR R R BRI AR F s BT 1Y RE A, B
HRER¥IZR TR, TYHREiZ 5 AR %ic
AN 5] f o 7 s A UE B 8 S R R R AR
B A AEROR 22 5t 5 BOAS [) A 2 1) 60 R W9 FE AL
RAENC A A 7 S0 KNSRI BT . Horp &
ZNTESCRE I N D2>D1>D3, 1 A& R 2E 72 5
T M D2>D3>D1, “EHMESF EEARHALE DS
b B A R N AERCRAR T D1 AR B A0 3L ZUIE 19
A1 T DA EE, & i T D3 % BT B WA
TR AR R AT TR B B A LR B R

A AR AR b AR R B A SONE i A ) (EE
7 AR M AR T B R AN B R R E . D3
Ak BRI B O B A A (R4 B S RS
B RE ST, T BT W RS SRR )RR A9 0 T AR R
WA SR HE ) ) Dl 45 7 W FVR R Wl B TE IR A
BRI T S R R A S B

LT D2 AL B,
33 B CTHSMEZEREMENERREZRIEF A
=28 R0

il FE I 5 oA 5 B8 8 B A 500 X T oK R0 R R
WOR] A 8 B A B R . S W EAR
R A T o — it A S PR R AR S
L $E T 5 EE S . AR ALEIRE | 7Tk
P = 230 2 34N )23 1 5 PR % 7 AR BAEAON . 7E
- M2 B AR A H 0 A RO A A
TP AR R AR K B3 T A R R IR 21 =
PR S SO 4 S R A AR AR A AR )2 T
il FF 6 FH 3 a4 AR R X 3% 43 R R Y I, 3 43
M R TR A R R R 3 S A 0 R AT R 1 K
BANR [ o a ERE i R OGS DR % i Y
G A H R TR, EY s 2, B AL
FH 42 1t 1) 1 52 20 3R I 7 S P R T S 1 U R P e
ic ot B REARAE D2 R RO 5IE RS
YRR G G AR m AOR S T R R T
Prlal . 8245 B o D3I, R RS AR A AT AE A i 2
el N Al A 7 i A3 b A R B R B 2 R T
T A 0 R T A A R T B LR T AR Bk
WENE . R EH W EAERCR A — R,
FE 92 PR AR P v T AR Y S Rk R S A, XA AT
I 5 el R SR SR 7 1 8 47 4 it
3.4 DNDC #2833k 16 7l F M I I8 IE

DNDC 5 B Sy — R ASE 400 A 9 b 35K Ak 2 0 35 11
B T © 8 TIE B 7R S [ o A 2% 5 RDRS FROA H 2%
PR BE A R HUVE 9 A K R R A o B
JTANG S5 2R b Hin X 4 HAS B ECHE X DNDC 45
RUGEATREOE , 3 F FOK ™ it Az W f R R A B A
PEATHGAIE o ¢ W 245 700 R 50 5 o b A H000% IX Il oK
A K Rk RIS ERAE IR L 55 T AR G X
FHIOC T 55 PPAh o ASBIE 58 ) DNDC A58 78 452 40 K
T4 R BB R RS A, JR A5 B AR L 4G
W BERLEGTESE R W on RS S S0 A Y
AEHR G, Ty ra A R R AT 5L
R TE R B R2E (43 34 0.944 7.0.952 6.,0.952 2,
TR R PE g 2 B A ) OG AR B AR S S AR 1 A 4
AN, WA R G R R EE., FIHA

http. // stbexb.alljournal.com.cn



162 KRR

840 %

i R4 6 A4 A Y A o M, 6 e 10 T ) G 4
WY AT FE R, AT SR W 52 2598 76 AR Bl A TH 3R 88 T 1Y
TP B At Y S

4 £ it
IO AT i FHOE 30 oK 7 ok - 1 i 280 3 Wl )

FEAT B35 520 o B AT i T 5 AR R i T AR S 8050t

BRENGH R ERS, EREFHANTHRSA

R ZAMBIN, B = 0¥ 05 6 1 Krm) K ORL B TR R

QR RIS s
2) 7 H () A5 AT Ak B0 07 50T, 312 o Rl R 8 B2 2 0

FEARAEFHN T RS AR R 0w RS B Tt

Fed 28 77 5 YN 4 5 0 E A AESEON o AR, KON

SARLMERRE 7R IR B B T AR E o RS AT iR

AR R %% B 82 500 Bk /hm ™2 52 B & 7 1 d

Ab TR ZH A, H R 16 743.2 kg/hm?, &% IR 4 B CD1

RFR R 46.37%

A LI 5 DNDC A5 AU DL (E 40 5
RA4r, T m R /R BB o B s B
i RATE0.92 L b o A ALk H ] 3 56 b RS AT il
FET -5 ol AL 5 B2 6T 5 K G038 WRMSORI T 7= 2598 1wl
FEPE BRI R A IE RO R R S A O R AR
DX R AR 7 B AR 204 it A0 A 4 A T S Y AR R Al
PR S
S E LWk
(1] Wkt a0, 95, % KA KR B 1R - 278

AR AT B H X R 5 R L ATFZE ] I ARk R

2E22R, 2021, 26(3) : 188-200.

HAN D H, ZHAO J Y, HU Q, et al. Analysis of

crop yield variation characteristics in northeast China

and the response to meteorological drought [ J].Jour-
nal of China Agricultural University , 2021, 26 (3) :

188-200.

(2] b, T )T, e, 5 .2000—2020 4F A b =4 #
Mo IR 5 RE I S A R AR 2 AT (] e R,
2024,55(5) :1205-1214.

XIE M, HE T T, FAN SH L, et al. Characteristics

of the spatial and temporal evolution of arable land

resources and production capacity in three northeastern
provinces from 2000 to 2020[ J].Chinese Journal of Soil

Science, 2024, 55(5) : 1205-1214.

[3] ZHANG P P, XIA L H, SUN Z H, et al. Analysis of
spatial and temporal changes and driving forces of arable
land in the Weibei dry plateau region in Chinal[ J].Scien-
tific Reports, 2023,13(1) :e20618.

(4] ZBEE, 5858, BEOC, 55 KRB MGG A BLHL I KN &
Rt gE LT ] AR A, 2022,48(8) : 1871-1883.

GUO Y, CHAI Q, YIN W, et al. Research progress

of  photosynthetic  physiological ~ mechanism  and
approaches to application in dense planting maize [ J].
Acta Agronomica Sinica, 2022,48(8):1871-1883.

[5] TIAN J G, WANG C L, CHEN F Y, et al. Maize
smart-canopy architecture enhances yield at high densi-
ties[ J | .Nature, 2024, 632(8025) : 576-584.

[6] SRE%, M4 e, 2508 %  FUAL M & XA HLTEHLAE

e BE T Bl v o X KO A R R e iy s [T
HLY) 8 IR 5 AL R4, 2020, 26 (5) : 806-816.
GUO X J, XIEJH, LI L L, et al. Appropriate nitro-
gen fertilizer rate and organic N ratio for satisfactory
photosynthesis and yield of maize in dry farming area of
Longzhong, Gansu Province[J].Journal of Plant Nutri-
tion and Fertilizers , 2020, 26(5) : 806-816.

[7] WANG Z Y, SUI P X, LIAN H L, et al. Tillage
with straw incorporation reduces the optimal nitrogen
rate for maize production by affecting crop uptake ,
utility efficiency , and the soil balance of nitrogen [ J].
Land Degradation and Development, 2023, 34 (10) :
2825-2837.

[8] WANG X K, WANG G, TURNER N C, et al
Determining optimal mulching, planting density, and
nitrogen application to increase maize grain yield and
nitrogen translocation efficiency in northwest China[J].
Bmc Plant Biology, 2020, 20(1) : e282.

[9] CAO Y J, WANG L C, GU W R, et al. Increasing
photosynthetic performance and post-silking N uptake
by moderate decreasing leaf source of maize under high
planting density [J].Journal of Integrative Agriculture,
2021,20(2) :494-510.

[10] DUAN F Y, WEI Z, SOUALIOU S, et al. Nitro-
gen partitioning in maize organs and underlined mecha-
nisms from different plant density levels and N applica-
tion rate in China [ J].Field Crops Research, 2023,
294 : ¢108874.

(110 VW, E &, 5w, 55 4 RS FF I8 B X gt 203 o+ X

ZNE-BEKRBEERRTFERAHELNEWIT]
FH P8 37 5 IR 4, 2025, 31(2) £ 213-225.
WANG H, WANG L, LU Y L, et al. Effects of long-
term straw return on crop yield and ammonia volatiliza-
tion of winter wheat-summer maize rotation system in
typical fluvo-aquic soil region[ J].Journal of Plant Nutri-
tion and Fertilizers, 2025,31(2) :213-225.

[12] LI Z W, KHAN K, YANG L, et al. Continuous
straw returning combined with nitrogen application
improve soil properties and yield of double cropping
maize in subtropical regions[J].Sustainability , 2024, 16
(12) :e5265.

[13] 3k, 4 1, W, %  FEATE | T 2Lz % %) 2 £k

http. // stbexb.alljournal.com.cn



&1

PN B 45 AT 340 T 5 Rl 23 2 ) 6 K 3R WO S A5 7 kY 5

163

[15]

[16]

[17]

[18]

[20]

AN TR B 3] A g S R K AN B RETE A M R [T ] A
) 37 5 BB A 4], 2020, 26 (2) £ 295-306.
ZHANG X, ZHOU W, Al C,

gen management on soil enzyme activities and bacterial

et al. Effects of nitro-

community structure in summer maize growing stages
under straw incorporation [ J]. Journal of Plant Nutrition
and Fertilizers, 2020, 26(2) :295-306.

A7, PN W, TR HENE | A5 AR AT 8 B 7 O0) 1 g B
AR B AR KT SZ [T, W) e Al B2, 2021, 60
(11):35-38.

YUE Y, SUN P P, ZHANG Y H, et al. Effects of
returning methods of straw on soil physical property and
spring maize yield[ J].Hubei Agricultural Sciences, 2021,
60(11):35-38.

JIANG L L, HE W T, JIANG R, et al.
DNDC and WHCNS Veg to optimize management

Using

strategies for improving potato yield and nitrogen use
efficiency in northwest China [ J].Agronomy, 2021, 11
(9):e1858.

SHAUKAT M, HOSHIDE A K, MUHAMMAD S,
et al. Predicting soil carbon sequestration and harvestable
C-biomass of rice and wheat by DNDC model[J].Crops,
2023,3(3):220-240.

TN, AR, 22 3CH & R R AR AR 7 SO0 £k T
BUARZ Sr BRI R [T ], kAR, 2021, 29(5)
128-136.

WANG J X, WANG H W, JIANG W Y, et al. Effects
of different planting patterns on dry matter accumulation,
distribution and yield of maize[J].Journal of Maize Sci-
ences, 2021,29(5):128-136.

TR, R BT B, A5 AU it X B R AR S A B
FRPER M [T]. AR, 2020,28(4) : 137-145.
ZHANG P P, ZHU Y P, HUANG L, et al. Effects of
reducing nitrogen applications on the physiological charac-
teristics after anthesis of summer maize [J]. Journal of
Maize Sciences,2020,28(4):137-145.

BT EIRAN, £ S RS AT R AU B R
KRR R BT 82 [T] A9 7 41, 2025, 51(3)
696-712.

LI XY, JI XJ, WANG X L, et al. Effects of straw
returning combined with nitrogen fertilizer on yield and
grain quality of spring maize[J].Acta Agronomica Sinica,
2025,51(3):696-712.

BBME , TR, VLI, % O (6] 35 3% 07 300 3 4 o i
B R R A B R K A R T CR  sma [T]. h E A
b Bk, 2025,58(14) : 2751-2765.

WU L B, WANG L L, WANG J W, et al. Effects of dif-
ferent carbon returning methods on grain yield, quality and
water use efficiency of maize in dryland of the Loess Plateau

[ J].Scientia Agricultura Sinica, 2025, 58(14) : 2751-2765.

[21]

[22]

[23]

[24]

[26]

[27]

[28]

B B . R AT U6 26 A0 5 A AR RO AR T R 2 R
MR B m (D], BRVE 47 %« 79 L R AR BLHE R
%, 2025.

QIAN R. Effects of straw recycling on dryland mulched
spring maize production and multilevel utilization benefits[ D J.
Yangling, Shaanxi: Northwest A&.F University, 2025.
SONG F, LIU M, ZHANG Z X, et al. No-tillage with
straw mulching increased maize yield and nitrogen fertil-
izer recovery rate in northeast China [J]. Agricultural
Water Management, 2024 ,292:e108687.
YANG L, MUHAMMAD I, CHI Y X,

return and nitrogen fertilization to maize regulate soil

et al. Straw

properties, microbial community, and enzyme activities
under a dual cropping system [J].Frontiers in Microbiol-
ogy,2022,13:e823963.

HUANG T T, YANG N, LU C, et al. Soil organic
carbon, total nitrogen, available nutrients, and yield
under different straw returning methods[J].Soil and Till-
age Research,2021,214:e105171.

BTN, A, RIBZR A REATIE X T LKA 77
R BRI (D], 1, 2025,57(3) : 524-529.

HU W C, WANG B, WU X D, et al. Effects of maize
straw returning to field on growth, yield and quality of
next maize[ J].Soils, 2025,57(3) : 524-529.

T A RS FF R A ML IS X A AR KoK AE R K F A
AEWMCS T (D], B vy 47 8« 4 db g Rt
R, 2024.

YANG L H. Effects of straw and organic manure on
growth nitrogen uptake and utilization of mulched spring
maize[ D]. Yangling, Shaanxi: Northwest A&F Univer-
sity, 2024.

S S R - KK A AR AR R R B R AE M
IR A W [ D] 5 AW 1 A0 1 K%, 2024,

WU H N. Effects of soybean-corn composite intercrop-
ping pattern on photosynthetic characteristics and yield
formation of maize [D]. Shihezi, Xinjiang: Shihezi Uni-
versity, 2024.

R 6 R [R) 2 R0 RO R T E X S M T R R Ok
KR FAE R m D] BT 478« 78 LR AR
K2, 2025.

CHEN F. Effects of combined fertilization with different
fertilizer types on soil properties, growth, and productiv-
ity of spring maize in dryland agriculture [D]. Yangling,
Shaanxi: Northwest A&F University, 2025.

T AL SR WAL, AR RIS R AR R OK kR
7 RO A AR AL [T AR B o 4, 2025, 51
(11):3080-3095.

DING C, DU CH L, XIE J H, et al. Photosynthetic
physiological mechanisms underlying improved grain

yield and quality in dryland maize through nitrogen man-

http. // stbexb.alljournal.com.cn



164

PSRV R 3

840 %

[31]

[33]

[35]

[36]

[37]

agement [ J]. Acta Agronomica Sinica, 2025, 51 (11) :
3080-3095.

IR UK ER . UAE A2 2 Xl i TR I SR R A N e AR Y T
FEHLEHEFE (D] B8R A0 1 410 1 K57, 2024,

SU J X. Study on the regulation mechanism of nitro-
gen fertilizer management on the nitrogen efficiency
and carbon and nitrogen metabolism of drip-irrigated
sugar beet[ D ] .Shihezi, Xinjiang : Shihezi University ,
2024.

SUHARTO Y B, SUHARDIYANTO H, SUSILA A
D, et al. Artificial neural networks model for photosyn-

thetic rate prediction of leaf vegetable crops under

normal and nutrient-stressed in  greenhouse [J].
HAYATI Journal of Biosciences, 2025, 32 (2)
300-309.

PENG Y X, ZHANG F X, HAN W, et al. Modeling
long-term nitrogen utilization under alfalfa-corn rotation in
northeast China[ J ] .Field Crops Research , 2024 , 309 : €109313.
(EUIIR B A ek S Sy NICR K (S W S 3 2 AD0F
BRI B 7 RN FE (D] B 4% % - P b gk
Bk K%, 2024,

HOU Q M. A Study on the Effect of increasing maize
density on light resource utilization and yield increase
under the intercropping model of spring maize and soy-
bean in the Weibei arid plateau[ D J.Yangling, Shaanxi:
Northwest A&F University , 2024.

MENG C T, WANG Z Y, CAT Y, et al. Effects of
planting density and nitrogen (N) application rate on
light energy utilization and yield of maize[ J ].Sustainabil-
ity, 2022,14(24) :e16707.

AR AL RN 5 B2 X A 6 K ORF AL 98 AN e SR Y 52
WD ] Pk B DR B AR K2 2022,

REN H. Effect of nitrogen application and plant density on
grain filling and carbon nitrogen metabolism of spring maize
[ D ].Shenyang : Shenyang Agricultural University , 2022.
YAN Y Y, DUAN F Y, LI X, et al. Photosynthetic
capacity and assimilate transport of the lower canopy
influence maize yield under high planting density [J].
Plant Physiology , 2024 ,195(4) : 2652-2667.

B R AT AL s BN Bk S

[38]

[39]

[41]

[42]

[43]

[44]

ARFADHZ M [D . Bevq 5% - 75 LR AR
K2, 2025.

XIA 7Z Q. Effects of nitrogen fertilizer application on
senescence and nitrogen utilization of maize plants under
soil warming conditions [ D ].Yangling, Shaanxi: North-
west A&F University , 2025.

WU X Y, TONG L, KANG S Z, et al. Combination
of suitable planting density and nitrogen rate for high
yield maize and their source-sink relationship in north-
west China[J].Journal of the Science of Food and Agri-
culture, 2023,103(11) : 5300-5311.

GAO H X, ZHANG C C, VAN DER WERF W, et
al. Intercropping modulates the accumulation and translo-
cation of dry matter and nitrogen in maize and peanut
[J].Field Crops Research, 2022, 284 :e108561.

ZHANG D S, SUN Z X, FENG L S, et al. Maize
plant density affects yield, growth and source-sink rela-
tionship of crops in maize/peanut intercropping [ J].Field
Crops Research, 2020, 257 :€107926.

WU L Q, ZHANG G Q, YAN Z H, et al. Optimizing
maize yield and resource efficiency using surface drip fer-
tilization in Huang-Huai-Hai: Impact of increased plant-
ing density and reduced nitrogen application rate [J].
Agronomy , 2024 ,14(5) : e944.

B AE T DNDC A B f# A1 38 | N 4 5H HLaK
FAEY 7= BT (D). B 4% 22 - 94 db 4 bR}
k2, 2020.

LU H F. Simulation study on soil organic carbon and crop
yield under straw returning based on DNDC model [D].
Yangling, Shaanxi: Northwest A&.F University , 2020.
ZHANG J Y, FU Z P, ZHANG K, et al. Optimizing
rice in-season nitrogen topdressing by coupling experi-
mental and modeling data with machine learning algo-
rithms [J]. Computers and Electronics in Agriculture,
2023,209:€107858.

JIANG R, HE W T, ZHOU W, et al. Exploring man-
agement strategies to improve maize yield and nitrogen
use efficiency in northeast China using the DNDC and
DSSAT models[J].Computers and Electronics in Agri-
culture, 2019, 166 : €104988.

http. // stbexb.alljournal.com.cn



