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Effects of tillage on soil aggregates and crop yield on gentle
slope lands in Southern Ningxia
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Abstract; In order to explore the effects of tillage on the soil aggregate characteristics and crop yield under ro-
tation system in the gentle slope lands in Southern Ningxia, four tillage measures including the traditional culture
(CK) , the furrow without film covered( NH) , the half covered furrow with film ( HP) , and fully-covered furrow
with film (WP) were studied under corn-potato rotation in 2015-2016. The results showed that different measures
significantly affected the mechanically-stable aggregates and water-stable aggregates of 0 ~20 c¢m soil while the

effects on 20~40 c¢m soil was not significant. The contents of mechanically-stable aggregates > 5 mm and 2~5 mm
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of 0~20 cm soil were high under CK, WP, and HP treatments while the contents of mechanically-stable aggregates
of 1~2 mm and 0.5~1 mm were high under NH treatment, which were 16.25% and 13.38%, respectively. The
content of mechanically-stable aggregates was lowest under CK, and that of > 5 mm under CK treatment was
30.99% , which was significantly higher than the other three treatments, while that of 1 ~2 mm, 0.5~1 mm, and
0.25~0.5 mm under NH were significantly higher than the other tillage. The proportion of water-stable aggregates >
5 mm decreased sharply under each treatment. Under NH, HP and WP treatment, in the 0~20 cm and 20~40 c¢m
soil, the MWD of mechanically stable aggregates was significantly lower than CK, and the MWD of water-stable ag-
gregates were both higher than CK. Under different treatments, the fractal dimension of soil mechanically stable ag-
glomerates in 0~20 cm soil was lower than that of water-stable aggregates, and the order from low to high was: CK
< HP < WP < NH, respectively, were 2.65, 2.66, 2.67, 2.69, and 2.80, 2.85, 2.86, 2.87. Compared to CK,
yields under NH, HP, and WP increased by 10.5%, 13.3%, and 39.2%. It can be seen that tillage can affect the
composition and stability of soil aggregates structures by changing the surface micro environment. At the same time,

NH had an advantage in improving soil water-stable aggregates, but its stimulation was not prominent. This

asynchrony indicated that good soil aggregates construction forming needs a long-term continuous process.

Keywords:; tillage; soil aggregates; corn-patato rotation; crop yield
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Table 1  Physical and chemical properties of soil in study area

it 2H A
R EERiINDY AL AL TR Composition of particles/%
De}:h/ci Organic matter Available K Available P Available N
/(g kg™) /(mg -« kg™") /(mg -« kg™") /(mg -« kg™") fb4E Sandy BYkL Silt Kk Clay
2.0~0.02 mm 0.02~0.002 mm  <0.002 mm
0~20 19.2+0.92 147+13.26 10.3+0.48 71+£5.29 51.5+£3.31 32.0+2.72 16.5+1.21
20~40 15.5+0.34 132+12.34 1.5£0.16 53+1.26 51.3£3.22 31.5+2.54 17.4+1.86




248

T T XA TS

o538 &

JZ 20~40 cm T EHUMER E 1 A R AR R K ER A ] R
IR RIS B2 . CK WP 1 HP 4B F 0~20
em FELEEINHLL>S mm il 2~5 mm HEEYLHREE
FEEF R R B, 1 NH AAFE R 1~2 mm f10.5~1
mm IEHUR S E M A R AR &, 3 R 16.25% |
13.38%, Hit CK ZbHE T >5 mm +EHUMRR 2 A1 2R
A R 30.99% , BT i T A 3 FBEE = B
2R3 M NH AL 1~2 mm 0.5~1 mm £10.25~
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Table 2 Mechanically-stable aggregates composition of tested soils

R R
pm TR 2~ I~ 05~ 025~ <
- Soil >5 mm
I'reatment Smm 2mm 1lmm 0.5 mm 025 mm
depth/cm
CK 0~20 30.99a 16.71a 14.72a 10.40a 7.86a 19.32a
20~40 22.68a 16.03a 16.04a 10.77a 8.17a 26.32a
NH 0~20 13.78b 14.09a 16.25a 13.38b 11.52b 30.98b
20~40 9.53b 17.0la 18.36a 12.38a 8.91a 33.82b
WP 0~20 29.52ac 15.62a 14.21a 10.21a 7.85a 22.59ac
20~40 16.67¢ 16.59a 16.87a 11.4la 9.31a 29.15ac
HpP 0~20 25.77c¢ 15.17a 15.38a 10.38a 7.90a 25.40c
20~40 14.96c 18.70a 17.43a 10.48a 7.73a 30.69ch

T R 25 A RIBHE S =2 18] 1] — £ 3= Z [l Y b
B /INGFEREFRIR 0.05 K23, TR,

Note: The analysis of variance in the table is the comparison of the
same soil depth between different tillage practices. The lowercase letters
indicate significant difference at P<0.05. The same below.
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Table 3  Water-stable aggregates composition of tested soils

R R
b3 ;tggg 2~ I~ 05~ 025~ <
- Soil >5 mm
I'reatment Smm 2mm 1lmm 0.5 mm 025 mm
depth/cm
CK 0~20 1.96a 4.54a 5.96a 12.00a 18.1a 57.44ab
20~40 0.96a S5.14a 7.12a 13.90a 12.10a 60.78ac
NH 0~20 6.34b  6.16ab 8.12bc 11.26a 14.44h 53.68a
20~40 2.52b  6.92a 10.58a 16.84b 12.30a 50.84hb
WP 0~20 5.66b 5.10ab 7.66ab 10.86a 10.88c 59.84b
20~40 0.74a 4.74a 7.92a 11.84a 12.90a 61.86a
Hp 0~20 10.82¢ 7.84b 10.88¢c 7.60b 15.82h 47.04c
20~40 3.60c  4.92a 12.36b 11.56a 10.74b 56.82c

KR P SR A DU R B A 45 Ab 3 > Smm BT L A7)
2N, 0L 1~2 mm 0.5~1 mm F10.25~0.5 mm
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Table 4  The soil aggregates MWD and stability rate

MWD/mm
W =he 2% /O
bR DR e REE/
. A B A Stability
Treatment Soil depth/cm . Water-stable
Mechanically ) rate
stabile aggregates aggregates
CK 0~20 2.46a 0.50a 52.75a
20~40 2.05a 0.48a 53.22a
NH 0~20 1.57b 0.79b 67.11b
20~40 1.47b 0.70b 74.27h
WP 0~20 2.34a 0.70a 51.88a
20~40 1.79ab 0.46a 53.83a
Hp 0~20 2.16a 1.09¢ 70.99b
20~40 1.77ab 0.66b 62.31c

2.70
2,68
2.66
2,641

2,62+

3

LR e E

2.60
2.58+

2.56

I 2 IR ¥ Soil depth/cm

Ock

BNH

b 358 7K e M A 3R A 43 1 4k 5K

E: [Fl— 2 ZAF/NG FRFIRTE 0.05 KPR,

Note: Different lowercase of the same soil depth indicate significant difference at P<0.05.

1
Fig.1

Fractal dimension of soil
water-stable aggregates

20~40
I JZ2 R ¥ Soil depth/cm

B np
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T SEATU #3714 ] B A 7k R 1 R R R 43 TS 4R AEE

Fractal dimension of mechanically stable soil aggregates and water-stable aggregates
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Table 5 Corn yield and composition of conservation tillage experiment in 2015
Ab T B/ em Fi/cm FATEU AT TR £L/ No. HhiHE/ g P48/ (kg » hm™2)
Treatment Plant height Ear length Ear rows/row Spike grain number Grain weight per panicle Yield
CK 182a 16.0a 17.1a 407.9a 17.6a 3942.5a
NH 212h 16.7a 17.8a 501.8b 20.6ab 4354.5b
wp 228h 19.5b 14.6a 414.9a 23.7h 6374.5¢
HP 230b 17.6ab 16.4a 509.58b 23.1b 4935.0b

T RIS ENG PR R AE 0.05 KFRE, TIE,

Note: The lowercase letters indicate significant difference at P<0.05. The same below.

®6 2016 FARMBERE BN DRESENTIM
Table 6 The effects of different tillage methods on potato yield

FARREE ML

KPR/ %

b B . iRy i) ST FEBR /% PR/ (kg - 667m™2)
Number of potatoes . Large and medium-sized .
Treatment Plant potato weight/g Rotten potatoes rate The average yield
per plant/No. potato rate
CK 7.20a 828.2a 57.77a 2.82a 2262.3a
NH 6.93a 930.3ab 72.12b 0.00b 2505.3b
WP 6.73a 1061.0c 75.57b 6.63¢c 2868.1¢
HP 6.20a 975.3bc 76.61b 2.66a 2630.0b

PR R P AT R A A 0 T 24 IR T /K Bk [T SR A
4k, HY R Ml NH & BB 4e 8k i & & T
HP WP 1 CK, B35 A5 454 . CK<HP <WP<
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2.69, HERIKRIE AR S KRtk FI R 1k MWD Fifa
ERBA M,
2.4 AREBMEREBETEN=EREIHREZ
BHES T EY P R e %, & 5l
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