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Predicting soil water movement at a converted upland field by considering
charcteristic of root water uptake

Kato, Chihiro
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Though predicting and controlling field soil moisture are required to assure
a stable yield and the high quality of products, proper numerical model for predicting soil
moisture in croplands especially under high soil moisture conditions is still under discussion. Here
we evaluated a numerical model for predicting soil moisture in converted soybean fields. A
soybean-growing experiment with a converted field model was conducted and spatial and temporal
variation of soil moisture was monitored. Then a numerical simulation of soil water movement for
this growing experiment was conducted with the HYDRUS-1D model. The simulation results improved with
the consideration of root distribution variation, changes in evapotranspiration rate and LAl
values.



Cd

ha

(Bajgain et a., 2015)

( )
(Simunek and Hopmans 2009)

(Hague et al.,2014)

( ) 52.5cmx 34cmx 56.4cm
10cm
40cm
( Clay Loam )
3cm
0.89g cm® 20cm
AMeDAS
6 5 7.2mm 7 4 13.1mm 8 3
134mm 9 3 13.9mm
(i) G10 (
10cm) (ii) G40 (
40cm) (i) G10-40 ( 1
10cm 40cm) 3 1 2
1 2
( )
3 5 7 15 25 35cm
(METER  EC5) 5 15 25cm K
20 10cm
2016 6 9 G10 G40 2017 6 9 G40 G10-40
2017 G10 G40
2 ( Sand( 2018)
)
HYDRUS-1D

o=l (2] -5

S(h) =y (LS, )



Sp = b(2)T,

0 K(h) t h Sh)
7(h) S ]
Feddes (Feddes et al. 1974) HYDRUS Feddes Simlinek and
Hopmans (2009) Feddes HYDRUS
ho = -10cmH0
hopt = -25¢cmH0 hay = -750cmH20 ( Tp> Ton = 0.5cm d? ) ha =
-2,000 cmH20 (Tp < T2 = 0.1cm d? ) hz = -16,000cmH-0
D b(2) b(z)
60cm 20cm 40cm
40cm 2 10cm 1 10cm 40cm 2
3 van Genuchten Mualem
Rosetta Lite (Schaap et al., 1998)  ”Sand”
Durner-Mualem
Durner-Mualem 2 3 wo=0 (2) (3 vanGenuchten-
Mualem
S0 = 220 =y (L g k™) ™+ wy(L+ laphle) ™ @
1\™ 1ym2]\?
Ks(wlsel+w2582)l(w1a1[1—<1—521) +w2a2[1—(1—5‘22) D
K(Se) - wia,+woa, (3)
6 [L3L®] 6O [L3LT] Ks [LT
T S [] o | m(=1-n) nif-] Wi
Kato and Nishimura (2017)
SolphyJ (
2011) 2 (3 s 6 1 Ks a2z m ( )
ar  Mm  Akay etal. (2008) wo( 1-
W]_)
-100cmH20
ETp
FAO Kerop
(1997) 3
ETp
LAI Ep Tp (Simunek et al, 2013)
LAl Bagainetal. (2015) (2011)

1 2016 2017

=]

2016 G10 = 204
G40 G10 f;ﬂ
97 10 o o ~1
G40 S oo
10cm 85 ;UJ ~2
( 1(a) 2017 i ao i
G40 G10-40 100% P d0~5dom
10cm G10 G40 G40 G10-40
60 12016 (a) 2017 (b)
75 ( Lb))
2 2016 G10 G40 3
G40 ( 50 )
G10 5cm
G10 G40 5cm

3 G10-40 3cm



G40 G10-40
1) b(2)
0 90 4(a) 91
120 (23
4 (b)
5 2017 (5 ) G40
G10-40
G40 G10-40 G40 30 90
G10-40 60-90
Kcrop LAI
1 6
06 . .
i EE D R IKERE R IKERE
20_5 DFRE 0 02 03 10 10
"E 04 bamm %;Srf.m E 10cm __(a) 0-poR 61040 _= —+ LR
s 5
% 03 ﬁég 20cm + /’ - Za0 G40 & G10-40
g <~ 5em é‘ 30cm + 4 ]
w0 fe 40cm ’I
01 g 50cm */ T
6/29 /19 8/8 8/28 9/17
04 60cm
& (b) G10
503 ' . _ o |mE@Ess 4 b(2)
E SR H " . Ti A |DFRE
ﬁ? 02 WM \wnnb-g-wé»k\.un- — i(s)cm
£ L\.\\\Q.\\_\,\Muw \J\L\\\’L\_(_ 5
EOJ . —~ 4 +-G40 -e-G10-40
= 00 ) Ll -§ 3 L
6/29 7/19 8/8 8/28 9/17 o
2 G10 G40 3 W 2T
(2016 ) W oL
) 0\
06 € or °
o5 | BEL(GI0-40) -1 i " - 9.0 1.0
£ o g - 1
Dl [l BT I S 1B 1% A (H)
#o3 7 ; : 5
@ : 2017
L’LL \\\‘\“\\“ o
0.1 )
o ) ) \ 1 Kerop
6/2 6/22 7/12 /1 8/21
3 G10-40 ( ,1997) G40 G10
3cm (2017 ) 07 0- 30 0- 60"
11 31st- 90t 618t — 90t
0.5 91st-120t 918t — 120th
7(d (b) 6(h) K(6)
8 2017 G40 G10-40
3cm 25cm
G10-40 3cm
3 G10-
40 25cm 20 60 90 120
1 G40 ()
6 LAI
9 G40 3cm
LAI (Kato and Nishimura 2017)
8 LAI 6



91 120

Kcrop 0.7 108
06t @0 ——Kanagi-1 o L (b)M’Bf,/'"
E o5 ——Kanagi-2 T
G40 G10-40 NG Goa | o0
Soa N\ E
oo | o 10 ——Kanagi-1
G10-40 fm 03 g—j 105 ——Kanagi-2
gozf é ----- Gravel
10cm Tor b 107
25cm 0 A R e Lt oo
i 10 100 1000 10000 0 01 02 03 04 05 06 07
TRYwHORF UL (-emH,0) HREIKE (cm?em?)
3cm
7 @ (b)
P o m [rrigation « 3cm &0
Tos | + (@0C40 .+ 25cm ----3cm simulated
2 ——25cm_simulated 40
Fost . . . £
# o4 [ ATy _‘ %0 e
Durner- %0.3 wﬁ u RSN 20%
02 Fpeoteey Otk &
Mualem : o 10
o1 4
L L ,
07878 6/28 7/18 8/1 8/27 YALTR
. (b) G10-40
Tos |
|- /l— 1%
£ O s s 5
S, i 30 g
oo w‘U“ -_;kpkbp Ry g
&'E Z»z \ \\ SRR L ‘3."‘.‘;. SRR 20%
oL L] .
6/8 6/28 /18 8/27 9/16
Akay et al. (2008), Vadose Zone J, 7 (3
y (2008), 73, 8GA0(a) G10-40 (b) 3em 250m

909-918.
Bajgain et a. (2015), Field Crop Res, 180,
221-227.
(2011), 23
302-303.
Feddeset a. (1974), Water Resour Res, 10,
1199-1206.
(2011), , 80(1), 65-72.
Haque et al. (2014), Am J Plant Sci, 5,
3022-3031.
Kato and Nishimura (2017), Paddy Water
Environ, 15, 159-169.
1997,

()

07
oo | * 3om
[
%05 L ——3cm_simulated
v |
QOA H k
ggosf NIV
X & e LN g\ 1 o .
To2 PRV A R .,

L . N
0.1
0 . . . . .
6/8 6/28 7/18 8/7 8/27 9/16
9 LAI

Schaap et al. (1998), Soil Sci Soc Am J, 62, 847-855.
Simunek and Hopmans 2009 Ecolog Model, 4(24), 505-521

2
Kato

17(2), 55-61, DOI: 10.1007/s10333-019-00696-4,

Li, S, C. Sasaki, C. Kato, N. Matsuyama, T. Annaka, A. Endo, K. Sasaki: Reducing cadmium and
copper uptake of soybeans by controlling groundwater level and its impacts on growth and yield.

International Journal of Environmental and Rural Development, 8(1),77-84, 2017,

5
Kato

2018

2017

Kato, C., S. Nakano, A. Endo, C. Sasaki, T. Shiraiwa M odeling the effects of excess water on soybean
growth in converted paddy field in Japan 1. Predicting groundwater level and soil moisture condition
- The case of Biwalake reclamation area, 9th Asian Crop Science Association Conference (Jeju, Korea),

( ) 2017

C., C. Sasaki, A. Endo, N. Matsuyama, T. Nishimura, Predicting soil water movement in
converted soybean fields under high moisture condition, Paddy and Water Environment,

C., C. Sasaki, A. Endo, N. Matsuyama, T. Nishimura, Predicting soil water movement in converted
soybean fields under high moisture condition, PAWEES-INWEPF International Conference Nara 2018,



2017

2015

0
o 0
o 0
€Y

8

@

2016

2016

27



