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Effects of consecutive years of straw returning on soil quality and maize
yield in the Ningxia Yellow River irrigation area
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Abstract: To clarify the effect of straw returning years on soil quality and maize yield, this study carried out maize
cultivation experiments in the Yellow River irrigation area of Ningxia with straw non-returning plots ( CK) , straw returning
plots for one year (H1) , straw returning plots for three years (H3) , straw returning plots for four years (H4) , straw retur-
ning plots for five years (H5) and straw returning plots for six years (H6). The soil physical and chemical characteristics,

enzyme activities and maize yield characteristics at the maize harvest stage of different plots were analyzed, and the effects

of straw returning years on soil quality and maize growth
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were comprehensively evaluated. The results showed that

straw returning could improve soil physical and chemical

P BA (2022BSB03109) properties, increase soil enzyme activity and increase
BN .2 TH(2000-) , B, BepiH KON, B HRF 5824, B w5 maize yield. Compared with the control ( CK) without
Frla R EY AR A4l (E-mail ) 11026778625@ 163.com straw returning, the soil bulk density of the six-year straw

BIAEE  HEAUE , (E-mail ) kangjianhong@ 163.com returning treatment ( H6) decreased by 16.23%, the soil



728 H K&k 2% W

2026 4F 45 42 % 4

porosity and water content increased by 16.92% and 10.35%, respectively, the soil alkali-hydrolyzed nitrogen content, to-

tal phosphorus content and organic matter content increased by 43.21%, 42.86% and 21.33%, respectively, and the soil

urease activity and alkaline phosphatase activity increased significantly by 33.79% and 35.63%, respectively. With the in-

crease of straw returning years, the yield of maize showed an increasing trend. The yield of maize treated with H5 and H6

increased by 12.84% and 11.37% respectively compared with CK. The comprehensive score of H6 treatment was the high-

est, indicating that long-term straw returning was beneficial to improve soil physical and chemical properties and increase

maize yield. In summary, long-term maize straw returning is an effective measure for soil improvement and maize yield in-

crease in the Yellow River irrigation area of Ningxia.
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Table 1 Basic nutrient status of the soil at the experimental sites before straw returning (2018)

b3 RS T fire AL Lot i AL & TR R oH
(g/kg) (mg/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)

CK 0.38a 25.2a 0.37a 16.68a 62.47a 167.36a 6.33a
H1 0.36a 25.4a 0.38a 16.69a 62.48a 171.53a 6.42a
H3 0.37a 24.9a 0.36a 16.58a 62.44a 166.33a 6.43a
H4 0.38a 25.5a 0.37a 16.66a 62.45a 173.63a 6.54a
H5 0.39a 25.2a 0.39a 16.72a 63.01a 170.21a 6.24a
H6 0.38a 25.4a 0.38a 16.69a 62.82a 169.85a 6.63a

CK H1,H3 H4 H5 H6 735 A AL X B R FEATIE I 1 AR JESERSAT IR 3 4F GELERE A I 4 4F ESEREATIE I 5 4F JESAEFTIE I 6

AL,

ke/hm? , FiHE AT S AL , 36 5 225 ke/hm?*, 35715
92 A WL T8 it IR 150 kg/hm® 5 B A 0 AE
B it FH 543931 4 138 kg/hm® #1120 kg/hm® , ¥I1E K
SENE R . R i Oy SR AT VE R, S
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WIRNE S, 25 B B E /K 45 20% ¢ 25% ¢ 35% -
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Fig.1 Monthly average temperature and precipitation of maize

growing season in 2024

1.3 NEmMBESA*®

1.3.1  E3ERACHFe M BIRCER[13] 7
TRAEAT A SRR AR 5 A I < N FH PR D 3 R R A e
2 A A R TR (¢/em?)
M (o/em’), THE 3 B FLBE,; >R
PICO-BT AN #5584 18351 17 7K o3 O A o 458 55
KR FHPLCE ZE 2 LR AR & R SR A
St R FBRR- = SR (H,S0,-HCI0, ) BEA T fift 12

DU 38 4B 35 5 R FH E % R A0 AN i Rk D 22 +
BEANUT S AL 0.5 mol/ LER R Z 84 ( NaHCO,
pH 8.5) X HAEIR 52 f5 , >k IR BE T 4306 06 B k)
FE MG A 5 SR SRR AR B KA
I E AR PR 5 B BE) S mL oK < 1 g RRYE
R, R pHS-3E 5 2R BE 11 22 158 pH {5
i DDS-307A A0 E 144k B it
1.3.2  L3gEEraym e SRR &R AN 5
5 G BEVE I R - B IR I 0% 1 5 AR R 2R — 4k
A EAT A SR B I il 0 M 2 5 R 3, 5-
KA R LA 0 5 - SRR A 5 R R A TR
B A TR S A AU SR
133 ERZFHNE ORI M 4N X B
HUBE AT FEORAB AR HEATI0 7 #2725 R 2 DA T il
B R R BE LR 10 S FEAT A I 7
PR
1.4 HiEaE

i Excel 2019 #4748 31 5 %4l 4 Bt , 6 H
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P A] 22 5 B 2% M 40 (P<0.05) 5 A FH Origin 2021
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Fig.2 Changes in soil bulk density, porosity, and water content under different treatments
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Table 2  Soil chemical properties at the plow layer under different treatments

ohE EREE Tl e 5 WA APLRER MRS AR oH A
(g/kg) (mg/kg) (g/ke) (g/ke) (mg/ke) (mg/kg) (g/ke)
CK 0.34x0.09b  36.17x1.76b  0.28:0.0lc  13.50£0.66d  39.68+1.92h  174.89+17.03c  8.14x0.40b 0.68+0.02a
HI 0.42+0.0la  48.53x1.76a  0.35:0.03b  14.82+0.18c  53.01%3.41a 210.12+18.27ab 8.60+0.44a 0.63+0.02b
H3 0.42:0.03a  49.70x0.70a  0.39x0.0la  15.30£0.65hc  55.63+2.77a  199.69+6.58b  8.05+0.30c 0.600.01c
H4 0.44:0.0la  48.77x0.40a  0.37x0.0lab  15.91%0.32abc 53.19+0.90a  211.41x13.97ab 7.59:0.02d 0.560.02d
H5 0.46+0.04a  50.87+3.59a  0.39£0.02a  16.49+1.15a  55.58+2.3la 222.29+3.17ab  7.64:0.01d 0.52+0.02¢
H6 0.47+0.0la  51.80x1.40a  0.40x0.0la  16.38+0.44ab 54.82+8.50a 228.02+4.66a  7.58+0.05d 0.450.01f

CK.H1 H3 H4 H5 H6 W35 1 i, [FFERE G AR/NG 713 m A8 /] 2% 5 18 3 (P<0. 05)
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Fig.3 Changes in soil enzyme activities under different treatments
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Table 3 Impacts of different treatments on maize yield and its constituent factors

] FEEL(A,1 hm?) IR £ HAE (g) 7 (kg/hm? )

CK 76 023.75+1 836.72a 620.67+16.44c 33.71+1.27b 14 703.65+237.30b
H1 76 429.15+2 737.47a 664.00+24.98ab 34.85+2.67ab 16 149.90+1 430.80ab
H3 73 370.30+2 192.22a 655.01+15.52b 36.67+0.67a 16 263.05+£699.63ab
H4 73 624.10+1 677.25a 672.00+12.17ab 36.34+0.60a 16 157.10+£584.72ab
HS 74 048.05+1 361.20a 690.06+11.36a 35.67+0.64ab 16 591.65+379.87a
H6 73 421.90+1 440.68a 689.20+6.56a 35.32+0.56ab 16 375.80+1 081.79a

CK.H1 H3 H4 H5 H6 WL3& 1 i, [FFEIREGAR/NG 73R A B /] 22 5 18 3 (P<0.05)
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Table 4 Index correlation

AN E, POR _SWC TN AN, TP SOM . SAP . SAK .
URE AKP .CAT .SUC 548 Fr 1 W Z 8] S 44 &2 91 AH
X, 5 BD .,pH TS 8t i AH K ; BD . pH | TS 54815
PR 2 [) 52 B0 T AH DG, 5 H A 45 A SR 2 R OG
KIARE FF 30 1 o] LUPE T - S HFE )2 TV AN TP,
SAP .URE AKP .POR .SOM .SAK .CAT .SUC %538 #F,
X AR AR oK™ i 2 3 ol 35 IE A0 5% BD
5K R W A OC, SRR IE B AT DAREAIR
ZAEP A —3, Bt KRS ATk B AT A
HERYGE , T K

SAP SAK pH TS URE  AKP CAT

SuC  jprh

EiEL7 BD  POR SWC TN AN TP SOM
BD 1.00

POR -0.99" 1.00

swc -0.86" 0.89" 1.00

TN -0.98" 0.97" 0.90* 1.00

AN -0.95" 0.91* 0.81* 0.97 1.00

TP -0.97" 0.93* 0.75 0.96™ 0.98** 1.00

som -0.93* 092 0.71  0.90" 0.84* 0.93* 1.00
SAP -0.91" 0.85* 0.72  0.93* 0.99" 097" 0.82"
SAK -0.94" 0.94™ 0.97" 097" 0.92° 0.88* 0.82"
pH 070 -0.74 -0.54 -0.63 -0.49 -0.62 -0.87"
TS 0.91* -0.95" -0.85" -0.89* -0.77 -0.81* -0.88"
URE -0.97" 0.94™ 0.77  0.96™ 0.94™ 0.98" 0.97"
AKP -0.91* 0.86" 0.76  0.93™ 0.96™ 0.94™ 0.78
CAT -0.94" 093 0.74  0.93* 0.88" 0.95" 0.99*
N -0.98" 0.98™ 0.88" 0.97" 0.91° 0.94™ 0.96™
Pt -0.92" 0.88" 0.79  0.96™ 0.99 0.97" 0.84"

1.00

0.85* 1.00

-0.43 -0.58 1.00

-0.68 -0.89" 0.81 1.00

0.93™ 0.89" -0.72 -0.87" 1.00

0.95** 0.89* -0.41 -0.77  0.91* 1.00

0.86" 0.85" -0.82" -0.89* 0.99" 0.84" 1.00
0.86" 0.95" -0.78 -0.94"" 0.97" 0.85* 0.97" 1.00

0.99™ 0.90" -0.48 -0.73 0.94 0.95™ 0.88* 0.90" 1.00

BD: 1IEATE  POR : LIEALBE  SWC . - EB /KR TN RS Bl AN BB SR & ik TP W &5 1k SOM . A LB 5 4k 5 SAP : MU 5 4k SAK ;. 7
WA TS Rfh & URE JIRBET AL  AKP . BRIEBE TR BG 1k 5 CAT: 3 8006 S BB 1 5 SUC : TREME BB T, ™ 43 B SRR 1R A AU AR DG 1 2 3%

(P<0.05) FFHSCHEAR .3 (P<0.01)
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Fig.4 Principal component analysis and comprehensive evaluation of different treatments
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