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Effect of straw return practices on soil physico-chemical properties and maize
yield

WANG Zhitong', LING Jun', LIU Zixi', ZHAO Degiang', LI Zexue', ZHOU Shunli', YUAN Xingmao’,
LI Xiaohe’, WEN Yuan'"

(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China; 2. Hebei Agricultural Mechanization
Research Institute Co., Ltd., Shijiazhuang 050051, China)

Abstract: Highly intensive agricultural production has led to a decline in the quality of cultivated land and soil degradation. Straw re-
turn is an important method for improving the soil environment and increasing soil organic matter content. However, the current
method of straw return mainly focuses on the surface soil, ignoring its effects on improving the quality of the subsoil. Five straw re-
turn practices were investigated: deep-injected straw incorporation (DI-SI), straw mulching (SM), straw incorporation (SI), deep-
ploughed straw incorporation (DP-SI), and straw removal (SR). The objective of this study was to investigate the impacts of various
straw return methods on the physical and chemical properties of different soil layers and maize yield. The aim is to offer scientific
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evidence for the efficient utilization of straw resources and contribute to enhancing soil quality and crop yield. The results showed

that straw mulching increased soil water content, soil organic carbon, and N-acquisition enzyme activities in the 0—20 cm soil layer;

deep-plughed straw incorporation increased soil water content and P-acquisition enzyme activities in the surface soil. Deep-injected

straw incorporation significantly decreased soil bulk density and increased soil water content, soil organic carbon, total nitrogen con-

tent, mineral nitrogen content, and extracellular enzyme activities in the 20—40 cm soil layer. Compared with straw removal, straw re-

turn methods significantly increased maize yield by 13.4%—21.0%. Therefore, straw return is an important way to efficiently utilize

straw resources, which is conducive to improving the soil environment of farmlands, increasing soil nutrient content, reducing the use

of chemical fertilizers, promoting crop yield, and significantly contributing to the sustainable development of agriculture. Deep-injec-

ted straw incorporation plays an important role in improving subsoil quality, expanding the soil carbon pool, and improving cultiv-

ated land quality and productivity, and can be considered an effective measure to build a deep and fertile plow layer.

Keywords: Straw return; Soil physico-chemical properties; Maize yield; Soil enzyme; Deep-injected straw incorporation
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H 0~20 cm F1 20~40 cm + )2 3L S, B EE (D
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SIb) i H3EAE S iE AT o3 R A . FIRIEHLIE 58
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TFEAT I & . 3 EC RATHL SR UM & . SOC 3k
FHE B R0 Ak sk A Pl TN LR 2 A
Bz, NH,-N Fi1 NO, -N fH 0.5 mol-L™" 19 K,SO,
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43 SPSS 22.0. W H K I 2253 #T (ANOVA)
1 Origin 2022 AT /34 . R A A

2 EREHS

2.1 TEMELER

T£ 0~20 cm + 2 1, SM Al DP-SI + 3 & /K &= 4
S EE SR T 21.2% F1 19.1% (P<0.05), 20~40 cm + 2
i, DI-Sla + 3£ % /K & b SM Al DP-SI 4b B 43 51 =5
18.3% (P<0.05) H115.1% (P<0.05) (& 1), 0~20cm 12

1, SM A ®H N 1.51 grem ), 3 5 T DP-SI; 20~40 cm
121, DI-Sla 1y - 3 A X T SM. SI. DP-SI
H1 SR, 41 BIBEAR 6.9%. 62%. 3.7% Fl 6.2% (P<
0.05), DI-SIb 25 8 5 H A A B 22 R A 1 3% (&1 1),

DI-SIa il DI-SIb 7£ 0~20 cm + JZ H + 8 pH %
SR 7.96 1 8.19, 1 E LT H A A H (P<0.05); 20~40
cm 1 )2, DP-SI it + 35 pH H H A AL 38 7 3.0%~8.4%
(P<0.05), DI-SIa, SI fI SR [8] JC i # 22 (K] 2A), A~
A & FF 38 FH 5 2% 0~20 em F1 20~40 cm + )2 1) + 15
HL SR IC B E W (K 2B). 0~20 cm +J2 SOC &
¥ 20~40 cm )2 . 0~20 cm )2+, SM Y SOC
Fri e (6.64 g-kg ), HLH DP-SI & 42.1% (P<0.05).
20~40 cm + JZ 7, DI-Sla () SOC & & 4 5.04 g'kg ',
l SM. SI. DP-SI Al SR 4 il 5 115.7%. 122.7%.
49.4% H1 139.5% (P<0.05), DI-SIb 5 HAth &b ¥ ¢ i %
22 5 (K 2C), B DI-Sla 4b, %% 4b B 0~20 cm 12
TN & E¥ET 20040 cm )2, 0~20cm +)Z TN &
0B 25 78 20~40 cm 1 )2 1, DI-SIa i) TN
TN 0.80 g-kg ', b SM, SI, DP-SI £l SR 4b #fi 53
5 116.8%. 167.5%. 102.2% F1 134.3% (P<0.05),
oAt A 3R] TGt 2 M 22 7 (K] 2D).

N [R) R AR 97 206 0~20 em 4 J2 45 28 A R
BRGELEFELMW ., 20~40 cm + )2 71, DI-SIa
ISR SR H SM I ST 20 B 5.5% Fl 5.4% (P<
0.05), H TS A & | A7E 20~40 em 1 )Z h il 2 i
i, A5 SM., SI. DP-SI #il SR J¢ 2 # % %, DI-
SIb iy - HEAY A A % 1 B KT DI-Sla, H 25 SI.
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a
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$1 S 020 F — —
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Fig. 1

Effects of straw return methods on soil water content and bulk density

ARVNE F b RR [ — £ B AR A P1 0] 25 5 .3 (P<0.05). DI-Sla: 5 #F & 4R IR Z 0 B 45417 |5 DI-SIb: 5 FF & 4 IR JZ 48 H 45447l SM: 75 FF 7
618 W SI: #5FF 1% i€ 18 5 DP-SL: F#5FFIR AR H ; SR: #5#TF RN iB Hl . Different lowercase letters indicate significant differences among different treatments

in the same soil layer (P<0.05). DI-Sla: deep-injected straw incorporation (sampled on the straw cluster); DI-SIb: deep-injected straw incorporation (sampled be-

side the straw cluster); SM: straw mulching; SI: straw incorporation; DP-SI: deep-ploughed straw incorporation; SR: straw removal.

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

¥
FN
&

FEIRGEAF ATy 20 e A 5 A K 7 S R

667

100

[T e

[IDI-Sla DI-STb B8 SM [J SI E9 DP-SI I SR

o

(T I e

e R

Soil electric conductivity (uS-cm™)

350

300

250

200

150

100

B

a

(T

6+ abcabc be

T HEH LA
Soil organic carbon (g-kg ™)
S

Soil total nitrogen (g-kg™)

o
)

N <
iN =)

e
S}

D

a

0~20 20~40
+J2 Soil layer (cm)

2 BFEHFAIS L pH.

a a
a a f
a a a g

a =

0~20

20~40
+J2 Soil layer (cm)

SR ARMNEENHN

Fig. 2 Effects of straw return methods on soil pH, conductivity, soil organic carbon and total nitrogen
AF/NE FERIR R — 2 2RI A 3R] 22 53 35 (P<0.05), DI-Sla: F5F & 5 IR 238 W 457 b DI-SIb: R FF & 42 R 254 T 255 I, SM: RS A1
T8 [ ; ST F5 FF & HELR H ; DP-SI: F5FF IR B8 H; SR: #5FF ASHE Hl . Different lowercase letters indicate significant differences among different treatments

in the same soil layer (P<0.05). DI-Sla: deep-injected straw incorporation (sampled on the straw cluster); DI-SIb: deep-injected straw incorporation (sampled be-

side the straw cluster); SM: straw mulching; SI: straw incorporation; DP-SI: deep-ploughed straw incorporation; SR: straw removal.

DP-SI #l SR 7t i # 22 % (&1 3). 0~20 em - )21 +
HE ] s PR LA % 5 Y S T 20~40 em; 7E 0~20 cm
+JZ 1, DI-Sla A % PE A HLAR &5 4 181.61 mg kg,
It SM. SI, DP-SI 1 SR ZbH53 115 63.2% . 185.1% .,
84.2% Fl1 146.4% (P<0.05), DI-SIb 5 HiAth kb H ¢ i 2
Z£ 5% 20~40 cm 1 )2 - FE AT A PLER S AR A
AP 2 [A] A #A $5 0~20 em 24 {pL, DI-SIa . SM, SI,
DP-SI #1 SR 43l 39.3% . 135.9%. 131.3% #144.0%
(18 3). 0~20 cm F1 20~40 cm + 2 + R & B 5%
b B A — 3%, SR ¥ # 5y, & DI-SIb, DI-Sla,
SM. SI Fll DP-SI, 45 4b#i[f] 22 55 44 .3 (& 3),
22 TEREEM

0~20 cm + )2 H, SM Ab B 45 H Al Ak BRI 2 2 5
T ik S AT I 1, DP-ST A B ) B s 1 S e
¥ ¥ T DI-Sla Al SI ZbHi (& 4A); 20~40 cm + 2 i,
DI-Sla FI SR Ab3H 1Y) L8 R 22 B IR i 35 5 T SML,
SI 1 DP-SI 4k P, DI-SIa &b B i B L-52 2 R & JE ik
filg 71, HoAx 45 + HERE TG PR3 7 T SM. SI. DP-SI I

SR AL 3, DI-SIb H (1) B-1,4-A B 11 B . 1 S Ak il A0
o SE AL BT P T SM., SI. DP-SI il SR Ab
SR AbFRAY L5 2 W2 2 SRR S % =5 T SM.. SI. DP-
SI4b ¥ (/] 4B), DI-Sla 7F 20~40 cm + J2 £ 5k |
R WG AR DG il R A T T I T v T A Ak 3
[F i 5 0~20 em TG i 3 22 5%, HAR AL HLTE 0~20 cm +
J2 Wl PE Y 3 T 20~40 cm. 0~20 ecm + )2+
SRR G YA SC BV PR A 5 25 5, 20~40 cm L2
+- 3 v, DI-Sla Ab B AR P5 Al 16 M de s, BB 2 & T
SIAb B (K] 4C), SM Ab PR i % 15 24 B 75 2 7F 0~20
em 2 BB h R, 40 4 e STFT DP-SI & 57.6%
(P<0.05) F1 55.7% (P<0.05); DI-Sla 4b J 7£ 20~40 cm
+ )2 3 E G P AE G IS M fe i, B SML SIL DP-
SI Il SR Ab B 73 51| 5 114.3% (P<0.05). 201.5% (P<
0.05). 257.3% (P<0.05) Fll 134.7% (P<0.05), H.Ax kb B
6] 9% A B 2Pk 2 5 (K] 4D), 0~20 cm 1 )2 4,
DP-SI % 11 5 AH 5C i 1% 4 43 31| Lt DI-Sla A1 SI 42 /5
12.7% (P<0.05) F1 37.6% (P<0.05); 20~40 cm + 2,
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Fig. 3 Effects of straw return methods on soil NH,"-N, NO, -N, soil dissolved orgainc carbon and available phosphorus
RNREVNEG F R FOR R — £ B AR RIAL BRI 2 57 % (P<0.05). DI-Sla: F5#F 5 4202 18 W 4% I-; DI-SIb: A5 FF 14 8258 H 451 SM: REFFAL
TG A6 HE; SI: F% FF 7 i€ 18 I ; DP-SI: % AF IR 838 M ; SR: F#5FF A1 H . Different lowercase letters indicate significant differences among different treatments
in the same soil layer (P<0.05). DI-Sla: deep-injected straw incorporation (sampled on the straw cluster); DI-SIb: deep-injected straw incorporation (sampled be-

side the straw cluster); SM: straw mulching; SI: straw incorporation; DP-SI: deep-ploughed straw incorporation; SR: straw removal.

DI-Sla W 11 2 A8 OC il 1 74 43 3 Lk SM AT ST 5 31.5%
(P<0.05) Fl 46.1% (P<0.05) (¥l 4E), SR F4 % Ak i 5
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0.05, [l 4F), 0~40 cm 1 )2 13 SOC ¥ & 5 il
Pl 5 A DG C &R (R'=0.77, P<0.01), 13 TN
5 AN R B IE MO R (R=0.73, P<
0.01) (K 5).
23 EXFF=E
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P 13.4%~21.0% (P<0.05). DI-SI 225 7 oK
KR 0 B ORL TR, 20 B e SM. SIL DP-SI 1 SR i
7 10.7%. 10.7%. 9.5% Al 22.9% (P<0.05), 4% 4k 3
MBSO BRI A B B2 (R D).
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Fig. 4 Effects of straw return methods on soil enzyme activities
ARIING FbE TR A — 2 R R A L) 25 52 35 (P<0.05). Z-score: Z BRifE 434K BG: B-1,4-4# 45 Wi 11 lf; BX: B-1,4-AMH 4 ii; CBH: p-D-£7 4 —
WK ARG NAG: B-1,4-N-Z BEAI AW 17 [ ; LAP: L-S2 & R & LI ; AP: BB RR G PhOx: My % AL 1i; PEO: i A (L. DI-Sla: ##F & R IR)Z 1L
25715 I ; DI-SIb: FFF & 52 U8R J2 40 B A I, SM: R FF 7 35 36 B SI: R FF V2 €A H ; DP-ST: R AF VR BH3A H 5 SR: FEAFAIEH . C-acq: BRAE il N-
acq: AN, P-acq: MG, Ox-acq: S fLf. Different lowercase letters indicate significant differences among different treatments in the same soil layer
(P<0.05). Z-score: Z standard score. BG: B-1,4-glucosidase; BX: B-1,4-xylosidase; CBH: B-D-cellobiosidase; NAG: B-1,4-N-acetylglucosaminidase; LAP: L-
leucine aminopeptidase; AP: alkaline phosphatase; PhOx: phenol oxidase; PEO: peroxidase. DI-Sla: deep-injected straw incorporation (sampled on the straw
cluster); DI-SIb: deep-injected straw incorporation (sampled beside the straw cluster); SM: straw mulching; SI: straw incorporation; DP-SI: deep-ploughed straw

incorporation; SR: straw removal. C-acq: C-acquisition; N-acq: N-acquisition; P-acq: P-acquisition; Ox-acq: Oxidase-acquisition.
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Fig. 5 Relationships between soil organic carbon (SOC) and total nitrogen (TN) with related enzymatic activity of C-acquisition and

N-acquisition

C-acq: TG ERMEE; N-acq: BAAGIFEF. C-acq: C-acquisition; N-acq: N-acquisition.

®1 BHEHAXNMERFEREMREZNZ N
Table 1  Effects of straw return methods on maize yield and yield components
AbF A EnRA HHRLE FPRL
Treatment Ear number (x10°* ears-hm ) Grain number per ear 100-grain weight (g) Grain yield (t-hm )

DI-ST 5.39+0.15a 659.07+£23.67a 30.10+0.27a 14.36+0.43a

SM 5.81+0.10a 627.97+£9.19a 27.21+0.06b 13.74+0.30a

SI 5.89+0.12a 613.89+8.75a 27.12+0.08b 13.48+0.11a
DP-SI 5.75+0.12a 621.44+8.68a 27.47+0.30b 13.85+0.37a

SR 5.64+0.11a 628.55+10.47a 24.46+0.27c 11.88+0.21b

[FFATR] /NG F-5) FoR 45 Ab B A] 22 57 . 25 (P<0.05) . DI-ST: A5 AT W SR )28 1 SM: F AT 3538 [ ; SI: RS AT IR BELL H; DP-ST: A5 FF G B ik

SR: FEFFANIE . Different lowercase letters in the same column indicate significant differences among different treatments (P<0.05). DI-SI: deep-injected

straw incorporation; SM: straw mulching; SI: straw incorporation; DP-SI: deep-ploughed straw incorporation; SR: straw removal.
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