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Abstract: To investigate the effects of straw return and planting density on soil water-nitrogen
dynamics and soybean yield in the black soil region, a field experiment was conducted using two straw
management practices (with straw and without straw) and three planting densities (2.0x 10°, 2.5x 10°,
and 3.0%10° plants - hm™). Soil moisture and nitrogen dynamics were analyzed, and the DSSAT model
was employed to evaluate the impacts of different straw return and planting density combinations. The
results showed that NRMSE values ranged from 0.29% to 13.26% and d-values was between 0.81 and
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0.99.The DSSAT model provided accurate predictions of soil water-nitrogen dynamics and crop yield

under straw return and dense planting conditions in the black soil region. Straw return significantly

increased soil moisture content, ammonium nitrogen mass fraction, and soybean yield, while reducing

nitrate nitrogen mass fraction. Increased planting density enhanced ammonium nitrogen mass fraction

and soybean yield, but decreased soil moisture content and nitrate nitrogen mass fraction. The

combination of straw return and higher planting density improved water and nitrogen use efficiencies,

with planting density having a greater influence on soil water-nitrogen dynamics and yield.

Key words: DSSAT; straw return; planting density; soybean yield; soil water-nitrogen dynamics
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Table 1 Soil physical properties of the experimental area

IEVRBE (h)/em B HLbI% A% Wk % Fhiki/% MK R/ (em® em™)  HEAIE 7K/ (em® em™)
Soil depth Soil organic carbon  Sand content ~ Silt content  Clay content pH Field capacity Saturated water content
0<h<10 1.86 24.26 43.32 3242 6.55 0.34 0.47
10<h=<20 1.72 23.33 43.12 33.55 6.59 0.33 0.46
20<h<30 1.58 22.39 42.93 34.68 6.64 0.33 0.46
30<h=<40 1.46 22.02 41.73 36.25 6.67 0.35 0.45
REHR https://www.cnki.net
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Table 2 Experimental design of different straw return and planting densities
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Types of straw return Planting density
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Without straw
30 CM2: FEFFAEH + 30 J7#k - hm™
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Fig. 1 Rainfall, maximum temperature and minimum temperature during the growth period
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Table 3 Genetic parameters of soybean varieties

SRR SR X e R SHBOEE
Parameter name Parameter description Parameter range Parameter value
CSDL Il 9 H A< /h 11.78~14.60 13.00
PPSEN Bl EF TR AL, AR R T I L S N AR A3/ (1 k) 0.13~0.39 0.22
EM-FL H T IR AEB BT B R/ (°C - d) 9.00~28.90 26.26
FL-SH URAE AR I BT R B )/ (°C - d) 5.00~10.00 8.30
FL-SD A6 2 ORI s P ]/ (C - d) 11.00~22.00 12.45
SD-PM GOk 2 A BT AR )/ (°C - d) 22.00~37.70 29.38
FL-LF IRAE T 7 JT e P (E)/(°C - d) 18.00~26.00 28.00
LFMAX Bl S5 R B O G A (mg e m ™ -s™) 1.00~1.40 1.01
SLAVR PR R A T R (em®- g ') 300.00~400.00 392.80
SIZLF R (3 AN fom? 137.00~230.00 154.30
XFRT B HARKSD, SeE YA TGRSR L% 1.00~1.00 1.00
WTPSD IR B JoT /g 0.15~0.19 0.18
SFDUR PRl A K SR T S8 AP RLE SR R B/ (°C - d) 17.00~25.50 24.44
SDPDV FRIEAER S T 2% TSN 1R /A 1.70~2.44 1.84
PODUR SRR R AR B AR AR A5 i 18]/ (C - d) 10.00~12.00 12.00
THRSH A A B R B EL/ 9% 77.00~78.00 77.00
SDPRO FERLH YR BT A/ % 0.40~0.41 0.41
SDLIP FrE % 0.20~0.21 0.21
232 BRI & L SRR IR iR R R S B AT R L

FPEAL BRI RE , I H— R AR R 22 T NRMSE R SAE YRR 5 S R AH X iR
(NRMSE ) Fl— 850 () XL S 52 ER 7= 22, d R E S S0 E i — 8ok
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Table 4 Simulation accuracy evaluation

b AR AR HHER R KE

AbsH Soil moisture content Soil ammonium nitrogen Soil nitrate nitrogen Soybean yield
Treatment
NRMSE!% d NRMSE!% d NRMSE!% d NRMSE/% d

JMO 0.29 0.93 2.84 0.99 1.28 0.99 1.87 0.81
M1 2.43 0.99 4.09 0.99 1.79 0.99 443 0.85
M2 4.65 0.97 13.26 0.99 1.75 0.98 5.98 0.85

CK 3.19 0.98 1.18 0.99 0.67 0.99 4.08 0.83
CM1 6.57 0.96 1.62 0.96 3.78 0.99 3.55 0.85
CM2 10.71 0.95 2.39 0.96 2.97 0.97 3.93 0.99

32 ARBEFEESMERENLIRSKRGPM KRN 3320 mm, 8 A A FEKEHN 69.8 mm,

WE 2 frn, ASERSFFE SRR % R 2k 1
T, A2 S ACR A BRE A .
g AR AR e o RO FE S, Hrp s A
FEK 8 7.3 mm, 6 A3 F%/K &4 100.2 mm, 7 /]
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Different lowercase letters indicate significant differences (P<0.05) among treatments within the same soil layer and growth stage.
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Fig. 2 Soil moisture content dynamics and simulation during the soybean growth period
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HH AL B AH R RS FF 0 H 250 T, 76 0<h<<10 cm,
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40 em )2, M1, JM2 % CK + 32 & K K FEK IR
53 98 0.01%~5.37% . 4.10%~10.24% . 3.38%~
8.78%. 4.27%~9.12%; CM1, CM2#;CK 135 KE
KA M 6.619%~11.98% ., 8.19%~15.02% . 9.12%~
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41.21%. 23.65%~56.91%. 32.45%~67.71%. 13.81%~
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AR —
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fN41.21% . 40.46% . 28.03%F19.93%, HEAA iR

https://www.cnki.net

RO HIFEAK 14.55% . 15.21% . 25.33%F137.06%
HFEFSFRE AT, M2 RER I, SEEF
YA [vi) Ak R s o A 8 498 e 2 RU RIS 25 R0 o
SYBCAE N . BEAE B IAEDSE, CM1 AT CM2 2 CK
FEA A AR B A B 28 A 40 B3 7.45% 1 11.11%
7.16% F1 11.03% . 10.89% #1 16.03% . 15.98% F
17.60% . 13.45% F1 22.17% . 10.60% F1 19.33% ;
JM1 I IM2 85 CK 76 AS [a] A 1 0 e 25 R0 43 31 34
13.78% 1 18.56% . 19.17% F 21.34% . 52.84% Fil
58.74% . 80.77% F 89.76% . 72.96% H 87.41% .
41.07%FN 56.11% ; i 25 R 53 1 43 B Bl ke %% 3 1
T Fh &, FEFF A SRR 2% R 4 A Ak R 3
BB . CM1 A CM2 8 CK 7E AT AL B IS A
A% 90 2D 10.26% F 20.31% . 3.51% Fl 4.66% .
27.72% F1 28.39% . 5.79% Fl 12.21% . 9.80% F
12.26% . 4.22%%15.06% , JM1F1JM2 %5 CK 1E A ]
T RS AT D 45.829%F1145.94% | 43.43%
M 43.69% . 25.54%H127.10% . 11.21%7H122.03% .
12.54%F1 13.04% . 24.05%F128.60% . 43 Hrik Ky,
il 285 R0 2 0 B L 2 R 3 I B AR, A AT A
FH -5 Fofo it 28 8 2 5 b BN R S U T RE B A S

34 AEARFEHSMEZERFEFK. &F
AR

ANTRIREFFIA FH RN R R 23 6 R W = e S E
BEUE R SR W 4 i, ANIRIFSFE AR 2%
JE xR E PRI R (P<0.05) . FEFTIL H AR
FEAAAPET, JMO, JM1, JM2, CMI1F1CM2 4k
PRASE CK AL = 43 T 4.56% . 14.21% ., 21.60% .
9.50%7F115.93%, FiAg kbBEH JM2 ZhBRAS CK Ab ™
SR o AHIRIRPAR 2 B A T, RS R FH AL 2
HOmVEY =i, HEIE A 4.309%~4.93%

AN [RS8 HH -5 7 e 22 32 Ah 3% 7K 1) A
FRA R A BCEE R Z WA 5 s . JMO, JMI,
JM2, CM1 A1 CM2 AbBRAS CK AT, 7K A3 F IR 4y
BHRE 4.56% . 13.00%. 19.26%. 7.17%113.18%;
REF SRS B 4.56% . 1421% . 21.64% .
9.50%F1115.93% . FEFFIA H S IFMES AT,
BRI PR 7K 43 ] SRS R 2 R R 3 f 242
B, FEFFA T SR 2 B 2 A A BRI T B R

T2 AT AR, REAFA L BRI
HAZHAER, MRG58 KR HMEMER
FI RS = A A 5 (P<0.01, WL 5). H



5530 IMBRN, S5 FEFFI H S e 285 o B A X R 4 FH - Sk BRI 5 141

H, AR A PR = T TR RCR SR, I bR A R AR AT A B AL
AORCIR , T PR B S A AT I AR B AYSEMR, U I DA MR T S RS Rl A it
M U AEURR AP R TH R AGE JEUR AR

S AU Simulated ammonium nitrogen THAS AU Simulated nitrate nitrogen
A A IZIE Observed ammonium nitrogen T E S92 Observed nitrate nitrogen
g IJMO (0<h=<10 cm) g IJM1 (0<h<10 cm) g IM2 (0<h<10 cm)
~Z 16 =~ 216 =~ 216
‘?“’é ‘?D‘E ‘?o:é'
:ﬁgﬂ 1.2 ;ggﬂ_z ﬁ%ll
K2 RE R 2
1 B - e =
=308 B 708 = 7 0.8
=3 =T =2
= § =8 =5
g i g
= =0 = 0
AN RO eI BRI Rl HOU L Rl e skl Ul HEY A SR AESE SOkl Rl
AHY HEHH =g
Growth stages Growth stages Growth stages
Tgw(XWme) Tgw(mwmgmm Tgsmummwm
s B b
w0 0.8 e o [
SE 2E06 2E06
RE 06 R E R £
IF —= I8 —= I —
£ £ 304 E304
7304 s &2
EE §§ §§
2E 02 w202 = 202
g g g
= = =
0 0 0
W L SRl AE3E oRl AN ST AT AR BN SR il Y AR e EE SOk RN
AE W AHH AHH
Growth stages Growth stages Growth stages
s 1.6 =1.6 1.6
- go JMO (10 em<h=<20 c¢m) . gn JM1 (10 em<h=<20 cm) . gn JM2 (10 em<h=<20 cm)
TG—U '; Tbﬁ 'E Tm L,—-:
B £ £
2212 2212 2212
B2 B E =1
@?08 @Eos @Eos
S ®E E
= £ = =5
S04 Sos Sios
~— —~ o~
g Ay g
= = =
0 0 0
Y AN R AEYEN SR iy SR W VRN ZEIE) SRl oy AN MR RIS SR Ul
AHH EEY EY
Growth stages Growth stages Growth stages
s 14 £1.2 g
~ ] CK (10 em<h=<20 cm) ~ % CM1 (10 em<h<20 cm) ] CM2 (10 em<h<20 cm)
w22 2 E
£ Tz Te
<510 < g =
=2 =208 FPos
R £ 0.8 S RE
83 83 B
2 2 =
®= 06 K K
=g =504 =5 04
R'Z 04 RE RZ
BE L #®E
02 He He
< < <
= = =
0
T AR PR AESEN SR RN 0 HE AT R B3 skl Ul 0 S QT SR BN SR
AH =g AH
Growth stages Growth stages Growth stages

hEXIM  hitps://www.cnki.net



142~ F R A S| A = %564

5 23 1MO (20 em<h<30 em) 27 IMI (20 em<h<30 em) £ IM2 (20 em<h<30 cm)
£, i i
e P20 pc20
L2515 Zss Zs1s
I8 —= IH —= i
i sz i
=3 L =3 1.0 =3 L
§.§ E.E ﬁ.é
R E 05 REO05 =Z0s
Hg Hg H g
< < <
=0 . = 0 =9
QU SR AR SR T Al SRl e SRl s BB s €U = G e T G ey
AH M AE AHH
Growth stages Growth stages Growth stages
30 CK (20 em<h<30 cm) 2.5 CMI (20 em<h<30 cm) _ 2.0 CM2 (20 em<h<30 cm)
&7 & _§
- =] ) =] - <]
t‘C:«:f “Ug 2.0 m%
£ e Ig LS
S520 55 =4
= e =2 10
B2 =2z B &
®3 ®E 1.0 ®3
ﬁ.g 1.0 §§ ﬁ? 05
B2 BE05 RE
H3 Hi HE
< < <
z = = 0
R A SRl e SRl il NH AR PR B3N SR Y H AR R B3N soR iy
R HETTH) A
Growth stages Growth stages Growth stages
= L5 =15 =15
g IJMO (30 em<h<40 cm) g ' IM1(30 cm<h=<40 cm) o IM2 (30 cm<h<40 cm)
[ - 9 -2
b b 0
£ £ e
&=/ ® 210 =
K2 &2 &2
1= I8 = 08 =
B2 =z = 2
®E s s w3
=20 =205 = 505
g Ay Hy
=, =, =,
O QIR RN B3N SoR e T AT R B3 sk Ul T R R E3E SRl il
Y=g ER AE
Growth stages Growth stages Growth stages

2.5  CK (30 cm<h=<40 cm) 2.5 CMI (30 cm<h=<40 cm)

2.0 cM2 (30 cm<h<40 cm)

g g £
TE TE oE
i‘i 2.0 ﬁ‘i 2.0 x'a
3.2 2.2 215
REIS KE 1S Sk
I8 —= I8 = IF =
B2 i % a0
== 1.0 ®=E 10 =3
g g 205
2205 23 05 oF
N H e
< < <
= 0 = 0 = 0
HHY A PR JEE ok RN A AN RN e SOl i O A RN e SOkl e
A AH AHM
Growth stages Growth stages Growth stages

ANl ING TR AN R A SR 7] L2 AR A 122 53 1 25 (P<0.05)

Different lowercase letters indicate significant differences (P<0.05) among treatments within the same soil layer and growth stage.

B3 £FHIESSRSHSERTHEERENER

Fig. 3 Dynamics and simulation of soil ammonium nitrogen and nitrate nitrogen during the growth period
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Fig. 4 Results of comparison of observed and simulated soybean yield
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Fig.5 Water use efficiency (WUE) and nitrogen use efficiency (NUE) under different straw return and planting densities
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Table 5 Analysis of variance and average of soybean yield, WUE and NUE under

different straw return and planting density treatments

e J i Yield KGRI WUE FAA IR NUE
Treatment Pl T kgeh™) e P (kgemn ) PR (k)
Average Average Average
F&FFi4 B Straw return 80 000.00%* 2 826.00 6.78%* 5.30 2.25%%* 8.81
FIHE % % Planting density 139 356.50%* 2908.50 1.47%* 5.59 8.26%* 9.50
EXTIR (7 23R A
FRATAE HIE A 3 573.50%* 3028.50 4.98%%* 5.89 1.18%%* 9.94

Straw returnXPlanting density

e P FRTREFAILE (P<0.01), IR FRO0 5 S AR T AL S

Note: ** indicates extremely significance difference (<0.01), means correspond to the average values under each main effect and interaction.

L FLBRRE . S SR IR FHRA R FREC™, MH
4o T SRR 8 B A LS AR, TR
B FF A0 T 5 R 2 B A T2 S0 MK DR R R A R A AR R 55 0 R UK 10
Sy SRR A 2 MR E . BEFRIR I 3R, IIHUKSMIEE™. B LRIREERI, REARAE
TR KR, AT T L PAL IR A KRR TR R AR, s
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