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1D 1
1.2
1
4 (CK)
1.1 (N) + (IN+S)
+ (IN+PEM+S) 3 12
(107°45'E 35°12'N) 1200 m 6mx22m=132m’
580 mm 7-9 3 ( 2 «
60 % ~ 70 % 521”7 150 kg/hm* 2011 9 23
1 500 mm 9.1C 172 2012 6 25
®1 ABEXTIEERBUMER
Table 1  Soil basic physical and chemical properties in research area
pH
(cm) (g/kg) (g/kg) (g/kg) (g/em’) (%)
CK 0~20 281.5 711.6 6.9 1.23 53.58 7.57
20 ~ 40 263.2 729.0 7.9 1.35 49.06 7.67
40 ~ 60 2253 763.4 11.3 1.42 46.42 7.60
60 ~ 80 311.6 678.5 10.0 1.32 50.19 7.61
80~ 100 310.1 683.4 6.5 1.34 49.43 7.63
IN 0~20 294.7 697.3 8.0 1.21 54.34 7.57
20~40 332.6 659.6 7.7 1.34 49.43 7.61
40 ~ 60 293.1 695.6 11.4 1.38 47.92 7.59
60 ~ 80 348.4 643.0 8.5 1.32 50.19 7.58
80~ 100 3233 667.6 9.0 1.26 52.45 7.59
IN+S 0~20 341.0 654.8 4.2 1.22 53.96 7.55
20~40 333.8 657.3 8.8 1.39 47.55 7.63
40 ~ 60 330.0 664.0 6.0 1.40 47.12 7.65
60 ~ 80 274.2 719.8 6.0 1.37 48.18 7.65
80~ 100 343.5 649.7 6.8 1.31 50.40 7.64
IN+PFM+S 0~20 293.8 700.8 55 1.25 52.83 7.52
20 ~ 40 312.8 680.7 6.5 1.39 47.55 7.60
40 ~ 60 303.8 685.7 10.6 1.40 47.17 7.63
60 ~ 80 299.5 691.4 9.1 1.34 49.43 7.61
80~ 100 298.1 695.0 6.9 1.29 51.32 7.63
CK IN IN+S + IN+PFM+S +
*2 HEEKEIRIT
Table 2 Design of field experiment
CK (N) 162 kg/hm® (P,05)10° kg hm’ 15 cm
1 1 2
1 40 cm
N N 10* kg/hm* + P,0s CK
10° kg/hm’ N 34 kg/hm’ 220
IN+S IN 15 ¢cm
40 cm
IN+PFM+S JN 35 cm 30 cm
20 cm

40 cm
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1.3 (
1.3.1 HYDRUS-1D ) Penman-
HYDRUS-1D Monteith (23] I m
(
)
M= @
Oh
K+Ky )| —cosa |+
80 h ( vh ( j
_gt( ):aﬁ ox —s(h) (1) 3
* (KLT“‘KvT)a_T 1.4
& 2011
Or (cm’/cm’)
t (d) x
(cm) (cm) @ 3 Mualem-van Genuchten
T (C) S (em*/(ecm’-d)) K 26]
(cm/d) KV; 2 mm
(cm/d) Kir (em/('C-d)) K,r
(cm?/(°C-d))
C, (9)6—T+L0%—3(1(9)8—Tj—cwqa—T— ( 2.65 g/em) pH
ot ot Ox Ox Ox
oqT | 0 @ oH :
CV qV _LO qV
Ox ox
C,(0) (J/(em*C)) C, PR2
Jem™C)) L, (Delta-T Devices Ltd., Cambridge)
(J/Cm3) 0\/ (cm3/cm3) q 5 10 30 40 60
(cm/d) v 100 cm 3
(cm/d)  A(0) (J/(cm-d-C)) 3 9 2011 10
Chung  Horton!"! 2012 5 15 2012 6 6
A(8) = by +by +5,0° 3) (
b by, b ) 3 CK
[24] TidbiT v2 (onset
c, ( 9) —C,0,+C,0,~C 0+Ca, ~ computer corporation America) 1h 10 cm
6 4) 1 IN+
(1.926, +2.516, +4.18¢9)10 PEMAS
Co(0) 0
n o w a
HYDRUS-1D
1.3.2 2011 9 20
2012 6 30 285 10 0
30 40 60 100 cm 100 cm 60 m 0
AW D R HYDRUS-1D

CK JN IN+S
JN+PFM+S- 1.8
JN+PFM+S- 0.2

ET=P-AW-D —R;
ET (mm)
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%3 HYDRUS-1D {RE& th gy + 1K H FSH
Table 3  Soil hydraulic parameters in HYDRUS-1D Model
o, o, a n K 1

(cm) (cm*/cm?) (cm’/cm?) (cm™) (cm/d)
CK 10 0.02 0.41 0.05 1.90 185.17 0.5
30 0.05 0.39 0.04 1.60 107.29 0.5
40 0.05 0.39 0.04 1.50 29.41 0.5
60 0.05 0.38 0.06 1.25 70.43 0.5
100 0.05 0.38 0.05 1.48 141.76 0.5
JN 10 0.02 0.40 0.05 1.95 441.24 0.5
30 0.05 0.38 0.07 1.42 283.42 0.5
40 0.05 0.38 0.07 1.56 81.12 0.5
60 0.05 0.37 0.075 1.42 166.29 0.5
100 0.05 0.37 0.07 1.42 84.98 0.5
IN+S 10 0.02 0.41 0.05 1.94 64.52 0.5
30 0.05 0.39 0.05 1.55 43.49 0.5
40 0.05 0.39 0.05 1.57 251.90 0.5
60 0.05 0.38 0.07 1.30 334.88 0.5
100 0.05 0.38 0.07 1.45 402.04 0.5
IN+PFM+S 10 0.03 0.45 0.05 1.90 224.00 0.5
30 0.05 0.41 0.05 1.45 220.09 0.5
40 0.05 0.41 0.05 1.42 477.74 0.5
60 0.05 0.38 0.06 1.22 159.17 0.5
100 0.05 0.38 0.06 1.30 187.02 0.5
IN+PFM+S 10 0.02 0.40 0.06 2.00 224.00 0.5
30 0.05 0.39 0.04 1.55 220.09 0.5
40 0.05 0.39 0.04 1.55 477.74 0.5
60 0.05 0.38 0.07 1.38 159.17 0.5
100 0.05 0.38 0.07 1.40 187.02 0.5

P (mm)
AW (mm) D 1.5
(mm) R (mm) Microsoft Excel 2007
Origin
WUE = Y/ET
WUE (kg/(hm*mm)) Y 2
(kg/hm?)  ET 2.1
(mm) HYDRUS-1D
HYDRUS-1D 1

10 cm

0~10cm
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Fig. 1 Soil moisture dynamics in different depths under different treatments
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0~ 100 cm
89.9 mm 75.2 mm
[2,27]
2.2 4 CK
0~ 100 cm
2 0~100cm IN+PFM+S 2012
CK JN 8.86%
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2 FEBZEHENXT 0~100 cm HIEFKENSEN
Fig.2 Changes of 0 — 100 cm soil water storages under different
covering modes

x4 TRBZRAMEBHFKERKD T AYENFME

Table 4 Effects of different covering modes on soil water consumption during growth period and on water use efficiency

(mm) (mm) (mm) (mm) (mm) (kg/hm?) (kg/(hm?-mm))
CK 328.0 —43.8 8.8 73.3 289.7 6475+57a 22.35+0.20b
N 328.0 -26.5 6.3 53.3 295.0 7049+ 181a 23.90+0.61 b
IN+S 328.0 -50.1 14.5 80.9 282.8 703242392 24.86+0.85b
IN+PFM+S 328.0 -16.1 16.0 113.5 214.6 6815+307a 31.75+1.43a
JN+PFM+S IN+PFM+S IN+PFM+S
P 0.05
2.3
3 10 cm

IN+PFM+S
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Fig. 3 Changes of soil daily mean temperature and intraday temperature dynamics with different covering modes at 10 cm soil layer
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Table 5 Effects of different covering modes on >0°C accumulative temperature at 10 cm soil layer
(kg/hm?)
JN 262.83 61.99 -76.16 2.36 217.99 253.07 469.18 492.76 7049+ 181a
IN+S 267.09 65.26 —64.93 1.99 213.69 250.13 462.21 471.92 7032+239a
IN+PMF+S 282.17 75.15 -38.07 0.32 220.11 244.39 458.06 468.70 6815+307a
IN+PMF+S 286.29 72.25 —52.65 7.51 266.38 265.78 475.01 498.55 —
3
=0T
HYDRUS-1D
[31] 5
IN+PFM+S IN+S
IN IN
IN+PFM+S
“ >80 IN+PFM+S
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Soil Water and Heat Dynamic Analysis Under Straw and
Plastic Film Mulching Modes

ZHAI Xia-fei, LI Qiang, LI Fu-cui, WANG Zhao-hui, JIANG Rui, ZHAO Ying*
(College of Resources and Environmental Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: A field experiment was conducted to investigate the effects of different covering cultivation modes on winter
wheat yield, soil water storage, soil water and heat coupling processes and water use efficiency in the dry land of loess plateau.
The experiment consisted of four treatments: conventional fertilization (CK), recommended fertilization (JN), recommended
fertilization + straw mulching (JN+S), recommended fertilization + plastic film mulching on soil ridges and straw mulching in
furrows (JN+PFM+S). The results showed that there are significantly different in soil moisture contents among all the treatments,
and soil water content of different soil layers fluctuated with rainfall and was influenced by different covering cultivation modes.
IN+PFM+S treatment had the highest water storage. Soil daily mean temperature differences were very small among all the
treatments, but the intraday temperature changes were significantly different, and warming effects of different treatments were
IN+PFM+S > JN > JN+S. Compared with the CK treatment, the wheat yield was increased by 5.25% and water use efficiency
was increased by 18.85% in the IN+PFM+S treatment. In summary, JN+PFM+S treatment was considered to be suitable mode for
the crop production in the local region. HYDRUS-1D model is capable of simulating soil water content dynamics well, so it can
be used for analyzing soil water and heat processes between different covering cultivation modes.

Key words: Winter wheat, Wheat yield, Water use efficiency, HYDRUS-1D model
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