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Abstract: [ Objective ] Sand-layered soil is widely distributed in the Hetao Irrigation District of Inner Mongolia, and its water
and salt migration processes are more complicated than that in a homogeneous soil. Therefore, this study was designed to
investigate the effects of different thresholds of drip irrigation on water and salt re-distribution in a sand-layered soil profile and
on crop growth and water use. [ Method ] A two-year field experiment was conducted in a sand-layered soil field at the Hetao
Irrigation District during spring maize growing seasons in 2017 and 2018. For this soil profile, the depth between 60-100 cm was
sand-layer. The experiment included 5 irrigation thresholds under mulched drip irrigation, which controlled the threshold values
of soil matric potential (SMP) at —10 kPa(S1), -20 kPa(S2), -30 kPa(S3), —40 kPa(S4), and -50 kPa(S5)respectively, for spring
maize planting. The soil volumetric water content, water storage, salt distribution and storage in 0-120 cm soil profile, and maize
grain yield and water use efficiency were analyzed. [ Result ] The presence of sand layer affected the water and salt movement in
the soil profile. This resulted in a significant difference in the vertical distribution of water and salt in the soil profile. The soil
volumetric water content was relatively lower in the root layer between 0—60 cm depth, but higher in the sand layer between
60—100 cm depth. The soil volumetric water content in the sand layer was always kept around the level of field water capacity
during maize’s growing seasons. Due to the water movement in the soil profile, more salt was concentrated in the sand layer. The
abrupt transition points of distribution of water and salt in the profile appeared at an upper boundary of the sand layer. These
distribution characteristics of water and salt were consistent during different growth periods. Besides, different thresholds of drip
irrigation significantly affected the distribution and storage of soil moisture and salinity in different soil layers. At higher soil
volumetric water content, the lowest soil EC,.s (electrical conductivity of 1:5 soil/water extract) were observed in the root layer.
Nevertheless, the difference between the soil moisture content and salt content in the sand layer and below was not significant.
The grain yields of maize treated with S1, S2, and S3 were significantly higher than those of S4 and S5 (P<0.05), but the
difference among the former three was not significant. Also, the water use efficiency (WUE) of maize increased first and then
decreased with the decrease in irrigation thresholds, and S3 had the highest WUE. [ Conclusion ] Lower irrigation thresholds
favored grain yield relative to higher thresholds. Considering the water and salt environment in the root layer and WUE, it is
suggested that the threshold of irrigation should be —30 kPa when cropping spring maize in this sand-layered field using mulched
drip irrigation.

Key words: Sand-layered soil; Soil matric potential; Mulched drip irrigation; Water and salt environment in the root layer; Water

use efficiency
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M AR T 2017 #2018 4FMIFEEKRAEK S
(5—9 H) TEIERE X EEGIRE N ( EE R R I
WX\ 2 BE R, 40°46'N, 107°24'E, 1§ 4K
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TR IX 38w T B R -, g )2 P
0~60 cm NIE+JZ, FH EC,.s ( Tk 1:5F4%
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Table 1 The physicochemical characteristics of soil in the study area
k4R N AT F I 4 K ik
T2 T EC; 5
Particle size/ % Bulk density Field water capacity pH
Soil layer/cm Soil texture /(dS'm™t)

fibki Sand  Byki Silt  FAL Clay / (grem?) / (em’cm?)
0~20 322 47.8 20.0 e+ 1.44 0.29 1.76 8.7
20~40 252 49.8 25.0 e+ 1.43 0.31 0.81 8.3
40~60 29.7 47.2 23.1 %+ 1.45 0.31 0.65 8.2
60~80 93.3 4.2 2.5 W+ 1.51 0.22 0.61 8.1
80~100 78.4 14.7 6.9 b= 410 1.48 0.22 0.50 8.2
100~120 55.7 30.3 14.0 b 1.42 0.30 0.49 8.3

. EC:s AEKIE 1 5 IREEWH T3, Note: EC,.s, the electrical conductivity of soil/water 1 : 5 extract.
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Fig. 2 Evaporations and rainfall during growing seasons of spring maize in 2017 and 2018
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Fig. 3 Dimensions of planting pattern, the tensiometer installation and positions of soil sampling under mulched drip irrigation for cropping

spring maize
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Table 2 Irrigation times and amount of spring maize under mulched drip irrigation with different thresholds

2017 4 Year 2017

2018 4 Year 2018

pog:il
T UL THE T MU THE
Treatment
Irrigation times Irrigation amount/mm Irrigation times Irrigation amount/mm

S1 (-10kPa) 33 490 33 440
S2 (-20 kPa) 26 365 26 310
S3 (-30kPa) 23 300 21 240
S2 (-40 kPa) 16 200 17 210
S5 (-50 kPa) 10 130 9 100

WHRZE, THEKHTE THoALHET, FEREKA
AR UE A5 A 3 IS et — 350 JHC At FE () 7 38, AR e
I HL 3 B IR A ] JE i A — 3
1.3 MEERSFE

Oy AER TR T 2017 4F 6 A 30 H 12018
6 H 27 H). il (2017457 H 15 H 2018
7 H 15 H ), ¥R (2017457 H 31 H 2018
8 H S H) MR (2017 429 H 8 HAFI 2018
9 H 10 H) Bt BREAE LK 3. #85 LFEAE
105°C Rt T E T, I i oKk, FIHAET
AR AR E KL, AR S K A
BUREQ R YA . R AL H AR
PEWR G 2 mm 0, FREC 10 g, finZ B+ 7K 50 mL,

il LK EE 10 5 R, JHHEFHRIL (DDS-11A,
BT HTAERA BRA R ) P5E EC 50

P R KR (AR KR, %) FZ LR
AT

W =Y (W,xD,xH,;/10) (1)

Ko, W HEEOKE, mm; W, R R

S KE, gg's D NREEHEAEE, gom”;
H; j HIEERIEE, em.

R SR R, RAR

S, =EC,5x3.7657-0.240 5 (2)
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Fig. 4 Volumetric water content in the soil profile at different growing stages of spring maize under mulched drip irrigation in 2017 and 2018
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Water storage in the soil profile at different growing stages of spring maize under mulched drip irrigation in 2017 and 2018
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Fig. 6 Distribution of salinity ( EC,:s) in the soil profile at different growing stages of spring maize under mulched drip irrigation in 2017 and

222 A[FEAF IR A R HRGE AN
b3 A R A L i AR O, 5 SO S
KA —3, W RIERIE 5 0~60 cm., 60~
100 cm 1 100~120 cm JZ, WA= (2), KL (3)
TR Z R . 2017 AT 2018 4R KA R AE
B K AN 7 iR BL 2017 45 A,
L A AR B A DL 5 HE KT BRA R A e
Bl EE A I A AT, R R AR T R
AT SN eI 00N o 3R R B R £
BlA AR, 205 R EBER, T K i b TS
BrBe, ZJ5 R R A B A, R I
WG A Z T B A R . b 0~
120 cm WYfifiEh LB B, BN EFUINEKRKRZ
1y S1. S2 abFRfifEh s B fhA/ N, WEK /) S5 Ak
FARME IR, M HEh a1 LR R, XA
ER oy B AR AR N 2 T B AZ KR R A K B RZ )

ANFEAE R ZFIRP R 3 R R 22 ek,
FAEFEZA] 0~60 cm AYARJZ H Bk B 22 S d K
(Bl 7a), BARRINFEEEK TR, Had
WirERZE AR, ST, S2. S3 AbPRAY L ZFLERR
BUAIL, FIH 0~60 cm HYARJZ T 16k L B4/,
FETE 60~100 cm MRV ZFER s S4. S5 4bFERY + )2
FRERRBCARRL, FE R 0~60 cm HYFRZFHEL, mifd
J2 KR 2 e fg R A D . AN AR PR A Y
BRSBTS AN IR ARG, X ik
AR AT 2 S 8 LR O e — 30
2.3 AREKATRIEEXRTEMKSFARE

) 2 N

AN TR R 7K Y- 388 ok 5 i) - 38 KRR 50 3 T 52
YEW = s MK AR, KSRV ECR (WUE ) H L
R ™ i SREK R ZRIPE R, I KH
Jiti f — 0 R FR AR KR PR B R AR K

http://pedologica.issas.ac.cn



34

Tz tE: TR KT BRI 2 A T SR ER A R R AR A 5 e

741

FriE (B 8). BEEHEK FIRMKEAL, FE K7 HE
WrREAR, b S1. S2 FI S3 ZHESARE, R
7E 16 200~15 500 kg-hm?Z[h], {H =% @& ST
S4 F1 S5 AbHE ( P<0.05 ). BlAHEK TRRAIFEM (A
S1 3] S5), HFE K WUE F£I R Sl ia AR Yt
(K 8), LL2017 4R, 2017 4F S1 4bHE WUE
H 375 kghm?>mm™', 7 S5 4 H WUE W
38.0 kgthm >mm™', FHAPBHAYHE K B2 REB A, H
WUE #1403, 156 BH HEWE K T AN bl i i gy, 3xn]

RE A A Ay 3K 5 ki vy 25 T B ORI R
2, FOKRAERK K AZ BIBRE], 10K 532 KA BE il
R RTK, M /IE . 2017 48 2018
4F WUE W (B I 97 7K T BR ¥4 8-30 kPa, WUE 4
o8 52.5 kg-hm 2 mm ' Al 47.1 kgshm >mm ™', i F
2018 4E7E FORAE B R WK KEL 2, T HLET F R XK
GRINEERBUIN, BERZ T R, FTRETE—E
TR L T ARIE KA B2 (B 25 5, i LAAb 3
) 25 5 AN 2017 4EEH B (& 8 ).

O 0~60 cm a) 20174F Year 2017
@ 60~100 cm

40 | ® 100~120 cm

30

+#Efi%ER A Soil salt storage/(t-hm 2)

Jointing stage | Heading stage

TS
Filling stage | Maturing stage

b) 2018 4F Year 2018

IR
Filling stage

e ]

Jointing stage

il
Heading stage

Maturing stage

H H I Growing stages

Bl 7 2017 4F, 2018 4F T i B KA [ A & A A 38 i 4k 2

Fig. 7 Salt storage in the soil profile at different growing stages of spring maize under mulched drip irrigation in 2017 and 2018
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Fig. 8 Grain yield and water use efficiency ( WUE ) of spring maize under different drip irrigation regimes in 2017 and 2018
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