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Study on numerical simulation of soil moisture dynamic variation for
walnut orchard under drip irrigation

LI Dan, ZHAO Jing-hua, FU Qiu-ping, HONG Ming, MA Ying-jie
( College of Water Conservancy and Civil Engineering , Xinjiang Agricultural University , Urumgi, 830052, China)

Abstract: Eight-year-old walnut trees were used to study the effect of root system on soil water content in different
soil layers under drip irrigation. The root system was sampled from different soil layers. HYDRUS — 2D model was built
with consideration of water uptake by root system and checked. The results are described as follows: in vertical 2D pro-
file, the soil layer of 40 ~ 60 em being O ~ 30 cm away from the tree had the maximal fine root density of 1 618.216 m
*m~%. The RMSE value and ME of the measured and simulated values from HYDRUS — 2D are less than 0.0186 c¢m®*
em ™3 and 0.0108 cm®*em ™2, respectively, suggesting that HYDRUS model could be used in the actual experiment re-
search. The simulated results were different according to whether the effect of root system was considered, and the volu-
metric water content with root system considered is significantly lower. According to the simulated value for early stage of
walnut, the soil content decreased a lot 6 days and 7days after irrigation, indicating that the irrigation cycle in earlier
growing stage could be set 6 days or 7 days.
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B (1) A% MEAR &R 25 8] 0 A R3S 5 (2) PEAL HY-
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TR 5 (3) AR R XA X 135K 312 3l i 5%
M (4) BEFSKF HYDRUS 55U /E Sy FH 1] 38 7K 45 B Y
HHFEZ—.

1 MRS
1.1 REXER

TR0 DXL T BT B ] v 3 [X 2T SR R AR M R
FMERIRERFE N BE T IX 13 km, B B O R 22

80°14", b4 41°16', ¥4 1 133 m, HbAL K 1L B
FEA R 8 , 38 R b I 2%, &8 T A (3R K
Rtk S, 2 4F SF 3 K BH S 5RO R 544 115 ~
590.156 kJ-cm™*, ZAF-F-H494F H BEE4L 2 855 ~ 2 967
h, ToFE I 3K 205 ~ 219 d, ZAEFEH K G 42. 4 ~
94.4 mm, ZAEFHRE 11.2°C,

1.2 #R5iRmigit

PRI R 8 a Ak, B Al A “IE 1857, W4T
WrPU R ARAE 7 W FP AR, ARATIE N 2 m x 3 mo iR
DX A PR BE G SR TC )

R 7K T 2 b T R A R
#MERVES WK RIFECR 0.5 m, M HEAS ELAZ 0 20
mm, i 3.75 Loh ™ R A A A B 5 K
R ARTHHEAE BERY 0.5 m, 1230 Hh 1 B /K e AR 300
m®-hm~2,

1.3 MM B RNE FiE

1.3.1 3Rz R8I, 7E 2k sy
JEEIR A -4 BR8] Al 38 4 498 o b, = £y
D127 o AR e w1 2 R = M S G o TR N
JEA 120 em, 5 20 em H—)2 3L 6 )2, LIS
BrafRange 1 s 4 LA 3 45 5 % 1 )25
%15 K 3 2, Hb,0~40 em H—JZ,40 ~ 60 em A
—J2,60 ~ 120 em K5 )z, [FIE, AR 45 36 B
FE R H S CR21G PF 8 3Kk 250 HLIN 2 1 18
IRATRHE R R, TR BBOR [R] )2 S RRRFAE 2k .
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Table 1  Soil texture in the root zone of walnut

Tz A

+HERIAZE LB Ratio of soil particle size/ %

Soil layer Bulk density ié&é@ﬂ
Jem /(grem™?) <0.002mm  0.002~0.05mm  0.05~2 mm >2 mm Soil types

0~20 1.38 7 56.5 36.5 0 WP+ Silt loam soil
20 ~ 40 1.42 7.2 67.9 24.9 0 WL Silt loam soil
40 ~ 60 1.40 2.9 15.8 81.3 0 Heib + Toamy sand

60 ~ 80 1.38 0.1 1.7 98.2 0 4P Fine sand
80 ~ 100 1.35 0.2 8.0 91.8 0 4 Fine sand
100 ~ 120 1.43 0.7 12.0 87.3 0 4 Fine sand

1.3.2 2akFgEag KR EGwERYAE 2 TR LT I E KR SR A, Ik

Trime & 5 AR, 4710 3 AR, AR IA] 2 #2, X9 A T 4,
50 em A3 B —AMR, 21, 17 A% 3 R Trime 17 B 7
PR 150 cm Ab , #RIEI5E 2 AR Trime &4 B AE R 100
em &b AEBE R FEK AT HE K G W S, 43 B
TRIME — IPH 38 ) 1 &% 7K f 0 & R 4% A ] 12 )22
K ARG HEAT W, W B XA 120 em, 20
em N—JZ. BRI, 7EBERS 50 em BYTRSL TR, A1 HY-
DRA 1£J&%% 6 1>, 4 20 em H%—AS, B2 120 em +

FE Th IS AR BRI & 1R,
1.3.3 MRAALZ HAEEE. AL THERN
FERRFE A BB Z2 A0 2 4>, 1 SR 7ERE R 150
em(1718)) () Trime 831, 1 N ECEAEFER) 100 em (£
[E]) (Y Trime 8 31, K 5L RE B E & SR 72
BAUT AL, S & LUINACTE 5B 1T 5545 H B iR A
T RIEREIZE A 1

FERRZE S R ) SF — G 454 A 2L 3 A0G T
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SE TRy S BodE A 4k, Hod B Ja) Ja) bR s 2 N 0 h=0
30 min. K(h) = KSL1 - (1 - S/mym]? (3)

1.3.4 Ak Zale  W5F 201547 H 7 HR
AT 257 BAAZ L AT AR R IR o TR, A
BEFIFLE, AT 32— 150 em PR 120 cm 1)
TR, I 30 em () x 20 em(7E) x 20 cm
(B BT ZHURE , 38 30 MTIRARIX H4E, # &4
TR MR TS, A B S A Bl S =
o KR B BHAS PR AR A AR (R A2 < 2 mm)
EPHAR (HRA2 =2 mm) 43 S TAR R 494, R &
4 HP Scanjet 8200 H 4%, S MK G, &t
Delta — T Scan ZX4F50 4T , 15 B [FIAR R AR K 08, A
AT AR 2 B 431

2 AR A

2.1 HRBETEE

THIE N AR X 3K 438 B LA fff ] HYDRUS -
2D HEATEUER . AESEPREERY b, 7T DL B
AN SR A R A VR T TR AT 1R A
A NGB LKA B 4E (3 1) - T 2 I8
Ao, Elmaloglou S LN g 40, — 4 5 R i 26
EAB BRI AT DA TR LB v,

HYDRUS #&AUii B Galerkin ZMR A BR T2 84T
23 (AT BSH, A B 22 43 v AT N TR B . K i 4a il
R B Y Richards J7 F# , BIi A I 30 DL 2%
JEAEYIAR R WG Bl o 388 3 0 7KL DX A T AN )
ZHIE MRS R 43, SR A2 X SOk iz 5l

B K A 1 A1 1 B0 2 4 T HYDRUS
BEAY RS AR RN WP A BT H 2% T8 T 4E S Darcian
AR, IR WA I Bl B A 2 A, U 4
AR RN 3 (Richards ) 72 AT 78 0 «

%}z,t) _ a%[]{(@)(ahT(Zm - 1)]+

Lk (2] - s M

K, 0(w,z,0) AEIFEEKE (end’ + em™);5 L
FETIK K (m) sz N E IR (m) ;o KB
(m); K(0) FAEMIAIK 15 5 8% (m - s71) 5 ¢ IS
] (s) 5 S ARRBAKICIEI (s71) 6
2.2 THESY

H3F Mualem(1976) F 43T %5 B R /M HY | van
Genuchten(1980) 133 T 3¢ T + 5K i B S50 3k
TR A SRR T 7 2 o 12 - 7K S R R AT ek
H

H m=1-1/n,n>1

PEAKXTEE S AL Z50:6,,0,,a,n F
K, X FREZE Ok UL, FLIR B S50 1 75K
T RE P EUYE 0.5,

R TG rp AR ) - 2 A O S K
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PP A IS i KRR 2 2
BB B AR BB I
2.3 WREWKSH

KB R IR S RN PR RAE
AT ] A MCBEAE - A H i B K B Feddes 25013
WS L

S(h) = a(h)S, (4)
Hrpr, S, = b(x,2)87T, (5)

HYDRUS 5 B i (1 M3 3R — 4 43 1 R 45 n] 3R iR

ﬂ{]“‘”;

P, o= Poyox
b(x,z) = (I_Z—z,n)(l_Xim)e_(ZT”|z —Z‘+Xm‘x _x‘)

(6)

K, aCh) S KB 46 € i R (0 < o <
1) S, FEEBIKE R (s71) 5 b(x, 2) IR 4
ARSI (m™2) 5 S, 25 28 M 1 FRAH OC 1 12358
RIMFERE (m) 3 T, IIBTEAEBHE A (m - s7'); X, Z,
G300 X D55 Z i KRR R K E (m) 5002 X
Jila Z TR R (m) 5 p, \p, 2" x " AR S
B ARG, 1R I E S X, Z,, 7390 150
em 120 cm, S BAUE , p.pooz” o A HIR 1.1,
48 ¢m.2 cmg
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R ], O R AE 4 H AR BR 2815 i BR1A) 28 &
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KA T AR T, e+ 3 ih Rk B KRRk
T EEXTEEAS 50 em Y TR Sk, th A
PEREK & A B0 Sk R & ARl s i B, e
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IR RSB T Sk JR 0 A e
Q kAR
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Fig.1 Generalized 2D profile simulation zone boundary
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RMSE) il {H 1% 2% (Mean bias error, ME) [16] P4 T
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(P - 0)
RMSE = = N (8)
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Zigﬁ 0,) )
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3 RS0

3.1 HRBRKEE_%NH
TR A AR AR 2R o B T 4 oy A o1& 2
TN o N THFSE LR TR B 5 BE AR KT B B X AR 28
ISR, 0K AR AR 5 B (M) 5 - 53 K- B
B(X) HRRE(2) ik 2m A A, 15
FPRERISCR AT -
M = 0.061X> - 18.953X - 0.0692% + 9.2237 +
0.014XZ + 1396.705 (R =0.67) (10)

ME =

it FAECE LA AT LAE A T KB
BIRZIA , A 2R BT A AR AR K 28 R s i B K, K
VEEES S R UR B AR B2 R B U RIAE R, R
WA AR A3 A o (i FH 1stOpt HEATAE LR PE LRI 1155, 15
B DL AR AR A 2% B2 e R Ak ok B AR I e LA, HLAE 53
AR ES 2.075 em, 2R 48.345 em, LA,
MARPIMR B R 1 618.216 m-m ™, BHHLE R K
B, BEAR KBRS 0 ~ 30 em., T J2 IR JE 40 ~ 60 cm Jy
IR 25 B 407 B, 15 B I DX 3 A AR 2R A K A i BR
IFR A, [ ot R AR R RS SR A3 A T A R il e Ay
B 11 DX 3, A JE 7K I 3R 0 B 45 1y 36 T % B ) X
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Fig.2 Two-dimension distribution of fine root length density
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JimRe MEHRT LUE B AS ] 4 2 R R R K OoR
B 55 52 00 {8 400 2550 R A A, A8 B 5 4R A
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PrRECERE

IR 0~20 em )25 80,100 em )2, A
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Fig.3  Comparison between simulated and measured values of soil moisture in root zone
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Table 2 Statistics analysis for root samples Table 3 Paried samples test for root system
LEVWE e TR e e LERE FEXIEAMM et
oil layer Soil water Soil layer r Paired . P
depth Root content Standard Standard depth/cm difference mean T statistics
ept L . P
Jem distribution J(en+em™3) deviation error
0~20 0.972 -0.008 ~5.906 0.000
oL | HREBL - 0.305 0.022 0.005 20 ~ 40 0.9  -0.000  -6.133  0.000
JCARE B 0.314 0.187 0.005 40 ~ 60 0.984 ~0.014  -6.797 0.000
20 40 FARE B 0.312 0.020 0.005 60 ~ 80 0.984 -0.008 -5.393 0.000
B TR TE B 0.321 0.018 0.004 80 ~ 100 0.982 -0.009 -5.552 0.000
B ToHRF L 0.178 0.044 0.011
o5 MR 0.0% 0.035 0.009 4 e 51vHe
TCHRAE L 0.105 0.037 0.009 N
. R R & -5 5 KA R E, 7 SPAC
W0 e e RGHKHER T BB A 2R, R R
TR 5L 0.110 0.034 0.008 ;\"‘ /! N, MR T AR
r‘ i > \n R, =4[] N 1 i
e oo om ow LI im&aﬁ% B;l‘l‘?ﬁ}?ﬁ EARARRIE |
- jﬁﬂﬁ‘%‘(ﬂ‘ 0.115 0.036 0.009 EB%ZK{}ILJ\_/\j(_\% EE@%/\i&F#(ﬁd] o ﬁzﬁ

PR AR FR K A AN 2 52 PR 58 0 A 1Y

0.047.0.0760.105 0.1340.164 0.1930.2220.251 0.2800.309 0.3390.368 0.047 0.0760.105 0.1340.164 0.1930.2220.251 0.2800.309 0.3390.368

(a) #EJ5 2K (b) #EJi2d

Irrigation day 2 days after irrigation

0.047 0.0760.105 0.1350.164 0.1930.2220.251 0.2800.309 0.3390.368 0.047 0.0760.105 0.1340.164 0.1930.2220.251 0.2800.309 0.3390.368

() HE 6 d (d)#J57d

6 days after irrigation 7 days after irrigation

4 EXKEEXEIEEKEEL

Fig.4 The changes of water content in soil profile after irrigation
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