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Abstract: [ Objective] The objective of this study is to solve the problems of unscientific destruction of soil
structure, deterioration of soil quality and decline of crop yield in the semi-arid area of the Loess Plateau. The
effects of tillage methods and nitrogen application rates on the stability of soil aggregates and maize yield were
studied, in order to explore tillage methods and nitrogen application rates that can improve soil quality in arid

areas, and provide technical and theoretical support for sustainable production of maize in dry farming. [ Methods ] Four
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tillage methods [rotary tillage (RT) , ploughing (CT) , no-till (NT) , subsoiling tillage (SS) ] and two nitrogen
application rates [ N1(200 kg/hm*), N2(300 kg/hm®) ] on soil water stability aggregate content, stability index
and maize yield in 0— 50 cm soil layers. [ Results ] Compared with RT and CT, SS and NT significantly increased
by 8.3%, 10.7%, 16.7% and 19.3% , respectively, and N1 was significantly higher than N2. Tillage and nitrogen
application significantly affected the content of aggregates in different soil layers, NT increased the content of
aggregates with a particle size of =5 mmeach soil layer at 0— 50 cm, decreased the content of aggregates with a
particle size of <<0.25 mm, increased the content of aggregates with a particle size of 1 —2 and 0.25— 1 mm in soil
layers of 5— 10 cm with SS, and increased the content of aggregates with a particle size of 0.25— 1 mm in soil
layers of 0—5 and 5— 10 cm in N1 treatment by 15.1 and 9.1 percentage points, respectively, compared with N2.
NT can increase the average weight diameter (MWD) and geometric average diameter (GMD) of aggregates in
each soil layer at 0— 50 c¢cm, and reduce the aggregation fragmentation rate (PAD). The effects of SS on MWD,
GMD and PAD showed the characteristics of soil strata differentiation. The nitrogen application rate only affected
the PAD of 10 — 30 and 30 — 50 cm soil layers, and N1 was significantly lower than that of N2 by 4.4% and
3.3%, respectively. Correlation analysis showed that soil volume quality and soil porosity were significantly
negatively correlated with MWD and GMD, while maize yield was significantly positively correlated with GMD
and MWD.[ Conclusion ] Under the experimental conditions, the application of N 200 kg/hm” combined with no

tillage and subsoiling tillage can significantly improve the stability of soil agglomeration, improve soil structure and

increase yield, and it is recommended to apply it in production.
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Table 1 Soil chemical and physical properties
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0~5 1.21 7.63 0.85 1.89 13.3 349.6 8.4
5~10 1.23 7.46 0.81 1.92 11.9 330.2 8.3
10~30 1.32 6.93 0.78 1.82 4.9 244.0 8.4
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Fig.2 Effects of tillage method and nitrogen application
rate on soil water stability aggregate content
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Table 2 Changes of soil water-stable aggregates MWD, GMD and fractal dimension D under different tillage methods and

nitrogen application rates

0~5cm 5~10 cm 10~30 cm 30~50 cm
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MWD  GMD D MWD GMD D MWD  GMD D MWD GMD D
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ns ns ns ns ns ns ns ns ns ns ns ns
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SSN2 1.62+ 037+ 2794+ 119+ 0.314+ 284+ 1.28% 031+ 2.83+ 164+ 0.35+= 2.79+
) 0.49b  0.09b  0.07c  0.04c  0.02b  0.34a 0.33b 0.06b 0.23a 0.19a  0.14a  0.47c

sk sk sksk ns ns ns ns ns 3k k sk sksk

T PR A A i 2 s RIS /NG - B R AN ) b B ] 2 S

3 (p<0. 05) 33375 p<20. 054+ 5 p<0. 01; ns FRA R . T,
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Fig.4 Effects of tillage method and nitrogen application rate on

soil erosibility factor K of water—stable aggregates
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Fig.5 Effects of tillage methods and nitrogen application

rates on soil aggregate PAD
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Table 3 Changes in soil volume mass, porosity and water volume fraction under different tillage methods and nitrogen
application rates
0~5cm 5~10cm 10~30 cm 30~50 cm
IR +HEK AR F 3K R o/ G + 3¢5
(grem™ 7 /Y (grem D ! /% (grem ™ T AEU/Y% (grem ™ T Y%
RT 1.25+ 53.01+ 17.88+ 1.24+ 53.68+ 1813+ 1.274+ 52.074+ 1811+ 1.23+ 5346+ 16.73+
0.01a 0.32a 2.03b 0.01a 0.40a 1.39b 0.02b 0.68b  1.06bc  0.0lab  0.52bc  1.46b
CT 1.244 53.22+ 15,53+ 1.23+ 53.66+ 19.29+ 1.26+ 51.28+ 17.63+ 1.254+ 52.80+ 17.20+
HEE 0.01a 0.34a 1.96b 0.02a 0.80a 1.05b 0.01a 0.54b  1.28¢ 0.02a 0.94c  0.54b
Jik(T 1.224+ 5298+ 2097+ 1.20+ 5462+ 21.01+ 1.244+ 53314+ 20.80+ 1.20+ 54.59+ 20.38+
0.02a 0.79a 0.42a 0.01a 0.39a 0.61a 0.01a 0.84a  1.17a 0.01c 0.19a  1.22a
sS 1.23+ 5297+ 1823+ 1.22+ 53.57+ 18.22+ 1.254+ 52164+ 1881+ 1.22+ 54.03+ 19.19+
0.04a 1.48a 1.69b 0.03a 1.31a 1.47b 0.02a 0.37a  1.93b  0.0lbc  0.37ab  0.92a
ns ns sk ns ns skk % % * K3k K3k Kok
NI 1.23+  53.774+ 19.14+ 1.21+ 5437+ 1940+ 1.254+ 52,66+ 18.71+ 1.22+ 54.01+ 18.09+
it 0.02a 0.70a 2.05a 0.01b 0.56a 1.70a 0.02a 0.88a  2.12a 0.01a 0.53a  2.20a
(ND N2 1.25+ 52.82+ 18.16+ 1.23+ 5340+ 1892+ 1.274+ 5225+ 18.59+ 1.23+ 5343+ 1791+
0.02a 0.87a 2.08b 0.02a 0.89b 1.57a 0.02a 0.62a  1.85a 0.02a 1.04a 1.29a
*ox ok ns ok o ns ns ns ns ns ns ns
RTNI1 1.254+ 5287+ 1934+ 1.23+ 53.60= 19.38+ 1.26+ 5257+ 1873+ 1.234+ 53.71+ 15.98=+
0.01a 0.37c  1.35ab 0.01a 0.23c 0.30b 0.02a 0.09p 0.8lab  0.02a  0.58b  1.74b
CTNI 1.234+ 5348+ 17.38+ 1.22+ 54.29+ 1993+ 127+ 5200+ 1741+ 1.22+ 5352+ 17.23+
0.06b 0.25b 2.41b 0.01a 0.40b 1.01b 0.01a 0.57b  1.19b 0.0la 029  0.12b
NTNI1 1.21+£ 5442+ 21.14+ 120+ 5489+ 21.29+ 1.224+ 53.86+ 2043+ 1.20& 54.59+ 21.06+
0.03¢ 0.02a 0.38a 0.03b 0.13a 0.56a 0.02b 0.88a  1.23a 0.01b 0.22a 1.02a
BEVE T SSN1 1.22+ 54314+ 1872+ 1.21+ 54.69+ 17.01+ 1.254+ 52.204+ 19.28+ 1.21+ 54214+ 19.08+
B X it 0.02ab 0.28a  2.07ab 0.05a 0.12ab  0.25¢ 0.0dab  0.18b  2.89ab  0.0lab  0.22ab  1.21b
Ak RTN2 1.24+ 5316+ 1642+ 1.23+ 53.77+t 16.89+ 1.284+ 51.58+ 1749+ 1.24+ 53.214+ 1748+
(THND 0.01b 0.25a 1.44b 0.02bc  0.58ab  0.28¢ 0.02a 0.63b  1.01b 0.01b  0.38b  0.78b
CTN? 1.25+ 52.96+ 17.68+ 1.24+ 53.03+ 18.65+ 1.264+ 52,56+ 17.37+ 1.27+ 52.084+ 17.17+
0.04b 0.16a 1.93b 0.0lab  0.49bc  0.70b 0.01b 0.40a  1.42b 0.02a 0.75¢  0.85b
NTN2 1.23+ 53,53+ 2081+ 1.21+ 5435+ 2073+ 1.254+ 5275+ 21.17+ 1.20& 5459+ 19.69+
0.02b 0.97a 0.47a 0.01c 0.36a 0.61a 0.01b 0.21a 1.24a 0.01c 0.22a 1.12a
SSN? 1.284 51.64+ 17.744+ 1.26+ 5246+ 1942+ 127+ 5211+ 1833+ 1.224+ 53.84+ 19.30+
0.01a 0.20b 1.47b 0.02a 0.75¢  0.99ab ~ 0.0lab  0.55ab  0.48b  0.0lbc 0.44ab  0.42b
ok ok ns ok Hok ok ns ns ns ns ns ns

32 £RWEGBEFERRZTHERTEZSHERE  WHIORE U EE R /A A ZEWS CAEY)

BEEXMERTE
B e T R XOK B ™ AN A, R

PR — B B R A RO B v K i S K o)
FHRCGE, ABIZ 0 X A AL 50 Bp S B b ek L b
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PARRER D) it B OK ORI RIOR 22 2 VR A 4 Hh R
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KT b5 TRRA DB AL SERERF | BB 0 8 e K
REATRC FPRL ™ B 5 A o o 0B FLISL R D TR P B
GeE ] A R T HELh R 1Y - AR OK BE T1 92D oK
Or &R R B AR MK 2 R IR AT AR i 3 0K
s AR e FORA KR SRR oA ] k)
BIRILR Z —  (H R B9 Bt T B 11 Sep 2 |

B AR NLACE £k R E A N2 542
8.6 %0 FF KL B N2 Wb 2 4 i 3.7 260 4 M LR mf
e B M A BN MR R RN AL L, FE 1
C/N 32 250, iV A A e A & 3 HL R T iR s 9
— 7T, TR X i EUK S VY 5 32 K A it 5
], (I R iR 28 T A A RS O A R TR R i R
FLIC A, BB — AR B I 0F A, (6 A 5k [l fb 2ot 2 A7 3]
M, FBOGE HREAK OCE =W B>, Tk 2

BEZ A He IR SR AL | R AR AR 1 7 A — R B W)
R4 BHER R SRR TR E R R H 0

Table 4 Effects of tillage methods and nitrogen application rates on yield and yield composition of maize

YEPIAE KK YR

RS WEY

G20 kS K- FEATHL/ 17 R EL [ER A VA Fho it/ (kg-hm ») A" 4/ (kg-hm *)
RT 16.34+0.28b 537.93+40.10b 26.8344.80a 8 457.6+360.9ab 22231.6+1755.3a
. CT 16.22+0.40b 544.20+40.65b 27.80+3.01a 7 763.4+899.8b 21814.8+2093.8a
PHETRCD NT 17.41+0.85a 629.744+-97.21a 30.2145.60a 8543.8£930.8a 23384.5+2587.3a
SS 16.64+0.40b 563.30+47.53ab  28.914-2.92a 8 804.4+449.4a 22521.5+1030.6a
ok ns ns * ns
- N1 16.61+0.48a 579.88+55.11a 28.77+5.27a 8270.9+770.03b 23035.8+1740.4a
TR N2 16.69+0.86a 557.69+79.94a 28.10+2.86a 8263.7£755.3a 21940.4+1989.3b
ns ns ns ns *
2022 RTN1 16.4840.67bc 569.69+107.96ab  28.574-8.65a 8 389.6+852.5ab 22 974.5+3 204.0a
CTNI1 16.0340.56¢ 529.41422.48ab  26.05+3.88a 7530.54+610.1c 21863.5+465.5a
NTN1 17.194+0.51ab  630.75+44.44a 31.85+2.61a 8409.5+599.5ab 24 067.7+615.5a
?éggifox SSN1  16.7440.50abc  589.69+32.92ab ~ 28.61+5.23a 8753.9-440.3a 23237.5+1792.7a
N RTN2 16.20+0.59bc 506.164-81.38ab  31.35+3.62a 7 854.9+756.4b 21225.7+1295.3a
CTN2 16.40+0.23bc 558.99+40.66ab  36.924-0.93a 7996.2+224.2b 21766.2+862.6a
NTN2 17.63+0.36a 628.724+20.56ab  35.71+0.83a 8678.1£136.8a 22 701.2+1406.7a
SSN2  16.53+1.69bc 536.91+121.64ab 36.514+4.13a 8525.6+657.7a 22 068.4+2 354.6a
* ns ns * ok
RT 15.53+0.50ab  610.184-65.76a 24.36+1.54ab 7552.44+481.0c 20116.2+1 121.0b
B CT) CT 14.73+0.88b 518.81+74.42b 22.7941.88b 7389.7+214.1c 19 689.7+221.3¢
NT 15.77+0.63a 580.69442.40ab  26.16+3.37a 8813.5£615.2a 23975.1+1752.4a
SS 15.52+0.54ab ~ 608.35426.10a 24.1441.49ab 8178.7+320.6b 21858.4+1582.7b
ns ns ns HoE ok
ML) N1 15.30£0.82a 578.56473.91a 25.374+2.81a 8255.6£1 088.0a 21207.9+3087.2a
N2 15.48+0.66a 580.45+55.87a 23.364-23.36b 7961.5+952.3a 21861.8+3007.5a
ns ns * * ns
2023 RTN1 15.70+0.46a 633.08£62.17a 24.9840.40b 7 835.84119.3cd 20489.0+1419.1b
CTNI1 14.2840.48b 487.58=+58.09b 23.12+2.41b 7258.8+200.4 ¢ 19 542.0+327.5¢
NTNI1 15.5840.92a 581.69461.59ab  28.70+2.83a 8978.5£529.2a 24 325.5+3443.5a
ﬁgggx SSN1  15.62+0.57a 611.91+21.35a 24.6842.09b 8949.3+599.1bcd 20475.2+3821.5b
(TXN) RTN2 15.374+0.59ab  587.2873.31ab ~ 22.47+2.15b 7 268.94568.4d 20 743.3+1543.5b
CTN2 15.17+1.07ab  550.04486.86ab ~ 23.62+1.80b 7520.74+151.2¢ 19 837.4+179.5¢
NTN2 15.97+0.21a 579.70+26.42ab  23.75+0.71b 8 648.5+292.2ab 23624.8+1310.9a
SSN2  15.4140.62ab  604.78+34.77a 23.6040.55b 8408.1+277.4abc 23241.6+554.7a

ns

ns

*

skok

*k
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Fig. 6 Correlation analysis between aggregate stability

index, soil volume mass, porosity, water volume

fraction and maize yield
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