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Effects of laser land leveling on soil moisture infiltration and
autumn irrigation quality in Hetao irrigation area

BAI Gangshuan'?, ZOU Chaoyu® . FENG Guanghui*, LI Zhixi*, BIAN Ligiang®, BIAN Lijun®
(1. Institute of Soil and Water Conservation, Northwest Agriculture and Forestry University. Yangling 712100, China;
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences/Ministry of Water Resources, Yangling 712100, China;
3. Ji’an Wetland Management Center, Ji’an 343000, China;
4. College of Life Science, Yulin University. Yulin 719000, China;
5. Dengkou Water Resources Bureau, Dengkou 015200, China;
6. Sandy Area Irrigation Experiment Station. Ulanbuh Irrigation Field Adminstration, Dengkou 015200, China)

Abstract In order to promote the popularization and application of laser land leveling technology and improve autumn
irrigation quality, compared with ordinary farmland. the effects of laser land leveling on soil bulk density. soil porosity.
soil moisture infiltration rate and autumn irrigation quality in laser land leveling farmland in Hetao irrigation area of Inner
Mongolia were measured. The results showed that: Laser land leveling mainly affected soil bulk density, soil total
porosity and capillary porosity in 0 — 10 cm soil layer. and significantly decreased air-filled porosity porosity in 0 —30 cm
soil layer, but had no significant effects on soil bulk density, soil total porosity and capillary porosity in 10— 30 cm soil

layer. Laser land leveling significantly reduced the stable infiltration rate of soil moisture and reduced irrigation amount

Wk BB . 2022-05-26
FATWH . EHRE S LR (2016 YFC0501602) 5 Bk 75 25 R4 T 5 a2 0F & 340 (2019 TSLNY03-03) 5 #fiy Ak 1l B £ & 7= 2= BF (2019-88-1)
H—1EH . KA (ORCID:0000-0001-5579-6032) , fIF 5% 51 » 32 %2 M2 Ak 85 45 4 H 2B 25 0F 5T . E-mail : gshb@ nwsuaf. edu. cn
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of autumn irrigation by 25.93% . In laser land leveling farmland., the irrigation water rate of autumn irrigation was faster

and more consistent, the field water storage depth was shallow and uniform, and the water recession rate was lower

and more consistent. In conclusion, laser leveling should be actively developed in Hetao irrigation area to save

irrigation amount and improve autumn irrigation quality.

Keywords laser land leveling technology; soil bulk density; soil porosity; soil moisture infiltration rate; irrigation

quality
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Fig. 1 Schematic diagram of sampling points and monitoring points in experimental field
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1 TELEHELENTERS

Table 1 Soil bulk density of topsoil with different treatments g/cm®
FREfL b 7 TR H Soil bulk density
Sampling position Treatment 0~10 cm 10~20 cm 20~30 cm 0~30 cm
3t A% 1.35£0.08 b 1.43£0.06a  1.54%0.05a 1.44£0.06 a
ek O X Ordinary farmland
Water inlet area s gy 1.4240.05a  1.4540.04a  1.54£0.04a 1.4740.04

Laser land leveling farmland

-3 A 1 1.38+0.

Ordinary farmland

o 3 DX 38,
Middle area

FOET Hy 1. 4440,

Laser land leveling farmland

06 b 1.48a+0.05a 1.58£0.04 a 1.4840.05 a

04 a 1.4840.04 a 1.58+0.04 a 1.5040.04 a

3 e 1.4640.

R IX I Ordinary farmland

Trail area

G- b 1. 44=0.

Laser land leveling farmland

07 a 1.5240. 06a 1.58+0.06 a 1.5240.06 a

08 a 1.5440.07 a 1.58+0.06 a 1.5240.07 a

L 38 7% 1. 40+0.
SE M Ordinary farmland
Average

Laser land leveling farmland

B e 1.4340.

07 a 1.4840.06 a 1.57+0.05 a 1.4840.06 a

06 a 1.49+0.05 a 1.5740.05 a 1.5040.05 a

I R RSB R /NG 2R 2 5718 B (P<<0. 05) k¥, £ 2 Mk 3.

Note: Small letters within the same column indicate significant difference at P<C0. 05. The same in Tables 2 and 3.
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Table 2 Soil total porosity of topsoil with different treatments %
RFEAL B Kb LS ALBR B Soil total porosity
Sampling position Treatment 0~10 cm 10~20 cm 20~30 cm 0~30 cm
3 A H 50.12+1.24a 46.14+1.15a 41.68+1.12a 45.98+1.17 a
M7k O X 38 Ordinary farmland
Water inlet area .
b o 47.26+1.02b 45.0640.98a 41.66+0.97a 44.66+0.99 a

Laser land leveling farmland

- 3 A H 47.86+1.

Ordinary farmland

e B X 45
Middle area

02a 44.24+0.99a 40.54+0.99a 44.214+1.00a

T b 45.7840.98 b 44.15+£0.98 a 40.46+0.96 a 43.4640.97 a

Laser land leveling farmland

38 A | 43.65+1.

Ordinary farmland

& X 45

Trail area

FOGF Hy 45,8941,

Laser land leveling farmland

26 b 41.36£1.08 a 40.38+0.98a 41.80+1.11 a

16a 41.25%F1.12a 40.29£1.0la 42.48%t1.10a

-3 A H 47.2141.

Ordinary farmland

F 14

Average

BOEF Hy 46,3141,

Laser land leveling farmland

17a 43.91%£1.07a 40.87%£1.03a 44.00£1.09 a

TIEEE LR R LKA EEG . |
3 AIHN: 2 Y B Y 0 A LB B S B 1 2 IR
JEE A B A0 TG A0 PR K O XA TR S X B . Ot
Ml 2 (P<<0. 05) # i T aE K Xk 0~10 em
MO0~30cm +EZHHEEEAEE. HH 0~10 cm
+ R T 8.21%,0~30 cm + 24 T 5.18%,
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Table 3 Soil capillary porosity of topsoil with different treatments %
RFEA Ab 7 LEH LB E Soil capillary porosity
Sampling position Treatment 0~10 cm 10~20 cm 20~30 cm 0~30 cm
E A 30.57£1.03 b 32.76+1.02a 34.18£1.02a 32.50£1.02 Db
EK I Ordinary farmland
Water inlet area OG-l 33.08+£1.02a 34.14+1.02a 35.25+1.01a 34.16+1.02a
Laser land leveling farmland
3 A H 31.59+1.06 a 33.62+1.04a 34.67F+1.04a 33.29+1.05a
w3 X Ordinary farmland
Middle area b B 32.96+£1.02a 34.08%£1.02a 35.01%1.01a 34.02%1.02a
Laser land leveling farmland
L3 Ak H 33.74+1.12a 34.65+1.08a 35.92+1.08a 34.77%+1.09 a
X I, Ordinary farmland
Trail area OG- H 32.04+1.16 b 33.12+1.13 b  34.98+1.13a 33.38*+1.14 a
Laser land leveling farmland
LA 31.97£1.07a 33.68+1.05a 34.92%£1.05a 33.52%£1.05a
R Ordinary farmland
Average of ) 32.69+£1.07a 33.78+1.06a 35.08+1.05a 33.85%+1.06a
border field Laser land leveling farmland
F4 AEALEHELENFEEELEE
Table 4 Soil air-filled porosity of topsoil with different treatments %
FAEALE Qb3 FEBAE FLBUE Soil air-filled porosity
Sampling position Treatment 0~10 cm 10~20 cm 20~30 cm 0~30 cm
3 A H 19.5541.38 aA 13.38%1.02 aA 7.50%0.94 aA 13.48F1.11 aA
HE7K X 8 Ordinary farmland
Water inlet area #0565 #1 14.18+1.04 bB 10.9240.92 bB  6.4140.92 bB  10.5040. 96 bB
Laser land leveling farmland
-3 A% H 16.27+1.24 aA 10.6240.95 aA  5.87+0.95 aA  10.92+1.05 aA
rh 3 X 5 Ordinary farmland
Middle area WO - 3 12.8240.99 bB 10.07-40.96 bA 5.45+0.95 bA  9.4540.97 bB
Laser land leveling farmland
LA 9.91£0.96 bB  6.7140.94 bB  4.4640.92 bB  7.03£0.94 bB
0 X 48 Ordinary farmland
Trail area Oy 13.85+£1.16 aA 8.13£1.02 aA 5.3140.95 aA  9.10£1.04 aA
Laser land leveling farmland
L Ak 1 15.2441.19 aA 10.24740.97 aA 5.94740.94 aA 10.47+1.03 aA
A Ordinary farmland
Average of
b B ] 13.62+1.06 bB  9.71£0.97 bA 5.72+0.94 aA 9.6840.99 bA

border field

Laser land leveling farmland

T R RSB R 19 /NE RS 8 700 328 22 57 18 8.3 (P<C0. 05) Ml 8.3 (P<<0. 0D K. TR

Note: Small and capital letters within the same column indicate significant difference at P<C0. 05 and extremely significant difference at P<C

0.01. The same as below.
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Fig. 2 Soil infitration rates of different regions under different land leveling styles
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Table 5 Soil infiltration rate in different infiltration stages of different treatments mm/min
. HT 30 min W38 1A 1] 1)
o IR UN SV s o
5 A7 4 5 Luitial ABHF FaE A% PN 3
nitia
Monitoring Infiltration Stableinfiltration Infiltration
Treatment infiltration
position rate in the rate rate during
rate
first 30 min the testing
18 AR H 5.64+0.45 aA  2.9040.21 aA  1.0840.03 aA  1.5040.04 aA
M7k X sk Ordinary farmland
- HOET 11
Water inlet area %27 4.8940.38 bB  2.3740.19 bB  0.9840.02 bA  1.29%0.03 bB
Laser land leveling farmland
3 A 5.18+0. 39 aA 78+0.21 aA 1.0640. 02 aA 1.4540. 04 aA
o 3 X 35, Ordinary farmland
Middle area WO 4.7640.36 bA  2.3340.18 bB  0.9740.02 bA  1.2740.04 bB
Laser land leveling farmland
W A H 3.9440.43 bB  1.9940.19 bB  0.91+0.02 aA  1.1340.03 bB
FE IR IX I8 Ordinary farmland
Trail area S AL ST - . .
O e 5.4740. 46 aA .72£0. 24 aA 0.93+0.02 aA 1.30£0. 04 aA
Laser land leveling farmland
3 A 4.92740.42 aA 5640.20 aA 1.0240.02 aA 1.3640.04 aA
S Ordinary farmland
Average WO 5.0440.40 aA  2.4740.20 aA  0.96740.02 bA  1.29+0.04 bA
Laser land leveling farmland
3.3 HAtFEHXEKEKRER HEMGKRE. FAALIBEL BN T R K AB R, bR X R

KRHBERRHEHMSERNZN

A FHJE K 1 7K I T3 K I T IR R AT 5k
FH -1 598 5 Ml 8 25 A4 D - b ST R A DA OG
WOt TR MR 2w TR LR

FE VB 7Kt 7K O 2R | T TR i 7K TR B R 7K 3 T 1R TR
By tE — g R, 22N SE L OGS A R RE I
S 40 min, 538 £ HFERT R 54 min, ¥ K &5 58
177.77 mm F1 239. 99 mm ., 30O% - b 552 34 38 4 [ Ay
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Fig. 3 Water advancing rate (a). field water storage depth (b) and

water recession rate (¢) of different land leveling styles

YHEIK i 25. 9300, AR B 3 (P<C0. 01) 2 5%,

FEI 70 3, K T R R . fR BT 3 Ca) AT
PO 1 Y 7K T S A 72 T 48 0 AE R R X 3k &)
PR S 5 3853 A R 2 W R ALK 7 R A X I 4 12 44
T, 5 A K R ST B Dl 0. 94, B0
BR 0. 97, 61 b 5 5 5m A H  T 3. 192, K
e 3 2 R, WOG T b K R RO B R
1. 25 m/min, 3@ & M & 0. 93 m/min, ¥ 5% 3 Hh 4
Wl A R T 34, 41% ., ik B F (P <C0. 01)
Z5,

FEI T T 3% T 7K R B B — 3, I 3(b)
A, 5 3 A P P T i 7K R B SR B R A L R
TR, IR 5 IR A A 2% 148 em, ¥ AT R
0. 84 P IEF Mo e VR 5 B IR AR A 22 0. 9 cm, ¥ 5
R 0. 99 5 38 - b P T i 7K TR R 349 50 3 3 A<
PR T 17.86% ik B 3 (P<0. 01) 22 55 Ok 7
Hby FH AT i K TR P ¥ 08 15, 88 em, i A H Ol
17. 28 cm, JOEF Ml Ak R & 1000, 35 B 3%
(P<<0.05) %%,

- 9 7 AT A AL BB, K U T R R

N R . F PR 3 (o) AT L B S M RN 3K 8 % FH R K
DL AR R S AR R R AR AR . OGO M
BAE 9 h ZE A VRREAE 11,0 h 247 J5 /K o3 B AR I
B E AR H AR 6 h 22 VRHERTE 29 h A4
Ja A AR . 3 AR K T IR MR A R
0. 76, 6ok 0. 95, ' - i 55 3% 3 AR H 42 75
T 25.00% iAo (P<<0.01) 2% 5%, ¥4 H K
TG TR B RSP P K 1. 87 em « h L OB E H
1.68 cm « h™" L SO M 5538 A RIS T 10. 16 %0,
A 3 (P<<0.01) 5%,

4 T g

TERR 23 ) ROBE Ly 398 72 TR - M LB 3= 2
SRR T S AR A S B B2 s TE RN R
JE b W) 3 B A2 ST M PR AR R A A A AR A R
M 2 R AL B AN LR e S L
FLRZ R - S R K AR K PE B SRR AR R A L
e B il R 23 18] ) R me S O R AR W
T R O 2 A 5] TR T R A Y o R
b K T XA Y SO VDRI & L AL EOR
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2023 4F 55 28 &

BRAR s A AN SR AR B A AL R K
6 787 LT B2 A X 28 /0 o T 2 38 DX Bl T AR g 4 8 4
ki L RN KMo, BE LI R IR . B
FLBRRE A X A T 5 AR KT X b T R R 4R
1% o &35 DX 3R V7K DX A 38 R A 1 = & X, )
TAEY A K . BOEF H LB 46 S AL AF 5= —
HHAERIL 6 900 kg, F Huad B rh AL E X 3 R
SR 3 n B B A L b R
FLBR B RN AR B LR B A 1S I - B A LB
S g R R K IO 42 7 X, B AR A BT X, H
- 2 A A E O, PR P S 3 K 1 IR
R X R A RGN, R AL AR B
AL RE R A o 6 A8 FL BB 3 s ~F- b J R 3 DX sk 0~
10 em 2 £ A Mt /K O X 4802 Sk 09 1+ 35, 76 F i
b A8 v A B A S AN A T B 8 TR R 22 AR R AR
AR BRFL B, HL gk 7K 11 DX 3 A 398 AH X i 4 o PR i HE
TR WA AR B AL EE AR B LB T
EE LB AR BT . B AR BOET X A FOR R X
A AL BE A AR A — o R H A
R AL B A AL S M
YIS B - o s e i + 8 &L +
B AL R R A I B A AL R R A .
P HIEAE BB SLBREAL, B LR
LB 5 S AT ARAE 1Y 52 W), - Mok B2 b AL X - 0
SO I 23 1 I R R BRI R R R B A AL
BRUO ol RS g R R K X s B A X
WAL TH2 0 KB 425 T )2 B AR X A T &
b gl B A LI EE B AR 5 = i 0 B Ty X3
ST o LA /N T 4% T DRI o LG ) K T R
Poge W+ 3R B A LB BE BRI

T K AN 5 AL R A5 2 U0 AR O L R il
AR B LB B VA, SO T M BRAIK T 3k K
R A 5 DX 3 P L R R B A LR R, 1
JT R ER DX R A g AL B R AR B LB A,
T 2 7K R X3+ 4 A8 R RIS B X
s x5eaMRGER L ELSILBEEMIES
LB R R BB R T A A )
TP b i A e AL A Y S A R e R e B
A BB LB AR, S ECE S I 3 A B R
FEAIG .

BOGT- My 1 AR B 9D T KRR T
R AR 17 7K D 2 4 T 1) 0 R /A O PR S o) T A 2
P T KU A I K I 0 B A T KO

T 41 7L 300 35 3 2 DA TR A 2580 4 o 4 /I IR 1] 9 L K
S WA P T A K R L B R T K R
FE . BOL T b B T ML LR R R
T e LR T LS AL AR B A AL
FEGE B K > AN B G KT T IR R R AT
TE WK o AR O B 22 O B AR B2 b R T
BEER L B v E K RORT S O s i HE K R
A A AT gD M T K O3 78 A i R Oy RN
T e b R A3 5 SO T S R I XA Y AR
AR, R AL W R B A LB RE B L T AT AL
o3 FE AR DX A - W B IR L B e R A DX Y 1
MR I3 O M R AR R AR AN TR X -
K33 A 35T B 1k S B S MR S B G T
/N SR PR AR A SR AR/ N A R IR R AR
INE PR

5 & g

B 5 38 3 0 OGO X e B - e L
LR E | A B K o3 A5 TUARIRK 58 o 5 45 14 52 1
FELRWMT .

DG FE A 0~10 cm + 2 HIERE  H 1
FLBR R S M 45 K X 10 em 4 J2 DA R Y 4 HE 52 i A
AN HOGE MR T AL THE T K XY 1
AEMEBE LB BT 27K 1 X3 4 3 S AL
Bt B2 AN B A8 AL B B 5 B AR 0 Ak T 38 5 1 e S IX O
T IEAEMBE LR R m 7R IX sy 1
AL RE AR B A LB S L B 3 (P<T0. 05) FEAIR T
FHARH 0~30 cm 4 2 M HE B AT FLIRE (B X0 R B
AR R E D FLBRE B LB E T R
ESALE

2) WO i 3 (P<<0. 05) REAIR T A H ik 1
DX S5l S DX 1 - 3K o AR e A B X R R Y
HHOK e A BRI R, B (P<C0. 05)
FEAIG T 3 B B K R e A B R

3) WG M T /D WE K B 25. 93 %6, WE R K Ui
AR AP H 5 — B0, H T A K R B AR L — KA
NEPESTES g N ELI fau N
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