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Soil moisture dynamics under pine needle mulch
and its HYDRUS simulation

LUO Haofeng, YANG Qiliang”

(College of Agriculture and Food, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract: In order to accurately reappear the dynamic changes of soil moisture covered by pine needle, one-dimensional
soil column vertical infiltration experiments were performed with 3 different pine needle coverage levels(0.29, 0.58, 0.87
glcm? denoted as Fy, F,, F) and 1 bare soil control group(Fo). The simulation of the infiltration process was based on the
van Genuchten model, and the corresponding hydraulic characteristic parameters of the model were set according to the
characteristics of the pine needle layers, and the infiltration and evaporation process of the soil column was simulated
using HYDRUS-1D software. The experimental results showed that compared with F,, the soil evaporation of pine needle
mulch treatments F;, F, and F5; decreased with the increase of the thickness of the pine needle mulch. The pine needle
mulch treatments showed a strong inhibitory effect on the reduction of soil moisture. The water inside the pine needle
mulch was preferentially evaporated, therefore F; maintained the highest period evaporation and cumulative evaporation
of the 3 coverage treatments and the period evaporation showed a trend of gradually decreasing over time in the period of
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0-300 min. The spatial distribution of soil water contents were mainly different in the shallow soil above 5 cm. At the end
of the experiment, as compared with Fq, the soil surface water contents of F;, F, and F; increased by 67.3%, 94.9% and
110.2%, respectively. At a depth from 7.5 to 17.5 cm, compared with Fy, the soil water contents of F, F, and F; were

higher, but the difference among them were not signifcant. Although the soil water contents were similar for the four
treatments under 20 cm, the depth of the wetting front showed a gradual increase over the coverage increase. The root
mean squared errors between the simulated values of the HYDRUS-1D model and the measured values were lower than

0.025, and their correlation coefficients were higher than 0.6, which indicated the simulation fitted well.

Keywords: pine needle mulch; soil moisture dynamics; soil evaporation; soil water content; van Genuchten model

parameters; HYDRUS simulation
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Table 1 Physical properties of experimental soil

{2 A Mk Bhiki b RS AN

dilbi%  HH% A% (geem™)  (geem™®)  FUKE%

38.16 35.53 26.31 1.20 2.67 47.30
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Fig.1 One-dimensional soil column vertical infiltration simulated

experiment device under pine needle mulch
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Table 2 Parameters of van Genuchten-Mualem model

g O 0s alcm™ n KJ(ecm-min™) 1
WEHEE)Z 0.004 39 0.969 0.226 0 1.98 500.000 0 -05
+3% 0.078 70 0.473 0.009 9 151 0.020 4 0.5
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Fig.2 Relationship curve between cumulative soil evaporation

and time after pine needle mulching treatment

M 3FLIE N, Fo T E I Ab 3, 7E 420
min ZRIXPAEE T8 m T B e & e, SEXRTBZR
KR 0.729 mm/h, FIUL, 420 min ZHIE BN
Fo ) EHEZE R EaE, T —ZE KRB M
TIETF RIS 2 R B, WBZE R IR T
R, 2 720 min, JKIrzE Kk 1HE 4% 2 0.252
mm/h.Fy 7 60 min N [ BEE & Bk 0.272 mm,
Z G BRI 2202 T RE, #RZE 720 min, FyAIRFEZE
KECZ FEZE 0.078 mm, F, Fil Fs7E 60 min Y

AFEEZE & 148 0.485 mm; 7£>60~120 min, F,H
It B 7% & A 3 0.194 mm, {% T Fy 1 . F5 7E 0~300
min I B IRLARAE 3 Tl 25 40 3 o /5 5 R i B
KR EMBITHE LR, BB L B AL FRE 2 I b
IR T/ N A3 HL F 1R BEZE & i A >300~
360 min JFLRIETF Fi iy, H>360~420, >420~480.,
>600~660 min 3 PMBART Fo 19, 1545 T 360 min
HIA R T B ZE R i, Py TR R BRI R T
3 Y17 B AL PR h e R 1) BT PR K
%3 MEEZNERE 12 h TENRERSE

Table 3 Interval soil evaporation in 12 hours after pine needle

mulching treatment

— I Bz it /mm
Fo F1 F2 Fs

0~60 0.660 0.272 0.485 0.485
>60~120 0.699 0.213 0.194 0.310
>120~180 0.815 0.136 0.116 0.194
>180~240 0.757 0.116 0.078 0.155
>240~300 0.737 0.097 0.097 0.136
>300~360 0.718 0.136 0.097 0.116
>360~420 0.718 0.116 0.116 0.097
>420~480 0.640 0.078 0.078 0.058
>480~540 0.582 0.097 0.058 0.097
>540~600 0.388 0.097 0.058 0.078
>600~660 0.291 0.078 0.039 0.019
>660~720 0.252 0.078 0.039 0.039

3.2 MEFEZABEXN IR KERTNHEIFIT
T8 S T RIS FR AL 14 AN [i] N 1] - 3 5 K
Az BTN 4 PR b, SoKE A R ]
A 47 EEALF 0~30 om VR, BiAb FE A
DT IR B Y0 1l A A S - 8 5 7K B A e AR

R4 MEESLEEAENELESKENTES

Table 4 Spatial distribution of soil water contents at different times after pine needle mulching treatment %
affan TR A K RS 8K R s 8K RS 8K R
cm cm

Fo Fi F2 Fs Fo Fi F Fs3

Fo Fi F2 Fs Fo Fi F2 F3

24 00 110 251 26.7 267 82 250 264 267
25 189 257 301 271 194 254 266 267
75 207 260 276 253 228 257 264 266

125 212 270 249 256 231 250 256 256
175 197 239 220 238 216 232 236 235
225 142 167 156 187 163 185 185 181
275 86 93 122 55 90 90 90 9.0
325 85 71 75 129 90 9.0 9.0 9.0
3r5 84 70 62 53 90 90 90 9.0
425 77 66 65 68 90 90 90 9.0
475 71 61 63 59 90 90 90 9.0

72 00 96 158 211 196 82 177 205 221
25 139 200 249 221 161 192 212 224
75 176 213 245 239 188 207 220 227

125 194 216 254 231 194 211 220 225
175 177 200 219 198 190 206 214 216
225 151 184 179 175 175 193 199 20.0
275 74 90 96 70 11.0 156 163 163
325 73 85 80 66 90 90 90 90
375 60 63 62 65 90 90 90 90
425 60 59 76 60 90 90 90 90
475 66 51 80 54 90 90 90 90
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= A4

%

YR RE Sl
. VR BT RSN TR
cm

Fo Fi F2 Fs Fo Fy F Fs3

YR e KBS
Sl 74;;;, TSR S THEE AR

Fo Fi F2 Fs Fo Fi F2 Fs

48 00 110 212 252 272 82 200 230 240
25 154 222 262 259 171 213 234 242
75 203 237 265 240 200 226 238 242

125 206 206 212 190 206 226 234 237
175 216 208 208 231 200 218 224 225
225 171 188 167 167 176 196 201 20.1
275 29 30 91 59 91 114 121 115
325 51 41 88 78 90 90 90 9.0
375 55 39 95 57 90 90 90 9.0
425 60 42 105 48 90 90 90 9.0
475 63 18 69 50 90 90 90 9.0

96 00 98 164 191 206 82 164 192 20.6
25 131 220 232 235 155 180 199 211
75 180 244 234 235 180 197 208 216

125 186 223 237 216 186 201 210 215
175 184 183 186 19.0 184 198 206 21.0
225 161 178 171 164 172 188 195 197
275 71 82 93 56 133 163 171 172
325 57 69 76 45 90 90 91 91
375 45 83 82 54 90 90 90 90
425 73 63 88 41 90 90 90 90
475 74 56 77 59 90 90 90 90

24 I, Fo IR T IE B /K B DA IR 11%,
2.5 cm V)2 HIER IS KRN 18.9%; Fi. Fo.
Fa (K335 357K 8l 25.1%~26.7%, 2.5 cm &2
TS KRN 25.7%~30.1%, FILAES, Fi. Fo.
Fs BTS2 RN 2 RS2, 13878 K i R IR
b, IS AKEAES AR EARE T Fo 9,96 h B,
Fo (R 2% 357K 5k 9.8%, 2.5 cm 12 TS /K
woh 13.1%; Fi. Fo. Fs BHR HIES/KE 5
16.4%. 19.1%. 20.6%, AHET Fo HY4RTH LA 535)
4 67.3%., 94.9%. 110.2%; 2.5 cm &2 HIFESIK
AN 22.0% ., 23.2%. 23.5%, HHILT Fodm T
67.9%. 77.1%. 79.4%,

7.5~17.5cm RE T, Fo &K 32 B2 A FIA
B RS A, RS KEH 24 h B
19.7%~21.2%8/> & 96 h i f¥) 18.0%~18.6%; F;.
Fo. R EIZIRIE T3S /KM Fo 25 1T,
HF, Fo. FaZla)f) IS /K E 2 IR,

>20 cm VR, 4 FPAbEEAG SK 2R
AN, Bt TIRE 2z R AN, HAE K
AL FER TR AB K (HE A LY
AW R, RIS KR A I AR
MOTREE, BIRIEEERIUREE, 4 FhAbBREMIA X,
96 h B, Fo. Fi. Fo. Fa MUNBIEERIREE S350 295,
31.8. 32.3, 32.5cm, SMAREIHEWHE Y

- 38K Y A3 8] 3 AT 52 3 78 A RE ) AN - 0

ABH ﬁZﬁI%m%m WIE 5 om LU ERYER)E
HHEZ IR MK, FKEAXTEAL; 20 cm

DU IR 2 H 32 B B RE SRR, 3K &
WAL/N; 5~20 cm TREM T2 78 R I ABEE I 1
SMREREL/N, FKEEE . Fo H TIRA M 5
FERARCE, WR)E TR EOK AR, WP Rl
Fs T2 BIMEH B R 152 mm,  HIEZR & it KR
b, IR EKETES MR RS T FodH .24 h I,
Fo il Fa 1) 3O K AEAS TR BE IO | X2
T AR R R e ROk A E )2, RN
IKAYFE K AR/ N s Fy IR B 56 2 AE 24 h I EL 2855
H T, R R AN T R, IR
IR F M1 R AR Fo Fs B G RN LLER
MR, AR RS, TN RK S [ g
1 JLPAHIA , 96 h B, fHF HIER O 248 Lh i T,
TR RAES N, Fo HIESREIN &K iR 9.8%, B
BN )2 NI B>, Pl Fal Fa
IS KR ﬁﬁ%%#iéﬂ,xmﬁﬂk@mr
JIZLI Fuy Foo Fa Y 3ETH B /K AR KIS 5
BRI RN, K mgzwzgm&
FTYIABIKE, Fi. F. Fs MEEHESKE
BOMEER, MBIHEEEYA T 32.0~325em P, H
W, Ry F Pt PR R 85 K AR L —2L,
Je BATR)Z 438 b 1) - 8 S K Rt T

M5 AT, BALUE S S ] 4 7 A iR 22
BT 0.025, MHXRBIIET 0.6, KU 1%
Bk G ST AT, IR RE R U b T b
BRAM I RIS KRN b, BRI
BRI
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Table 5 The root mean squared errors and correlation

coefficients between simulated and measured soil

water contents at different locations

st R WirkiRzE MCERM
Fo 20 0.018 2 0.626 7
Fi 20 0.0180 06147
F 20 0.0240 0.6728
Fs 20 0.0195 0.6517

4 FHL5TTie
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() Bf it 5 7 o )2 K 3 3B 75 %, Emuien W
W BEE N 35 2N - 4878 d ™ AR RS I AR
FHBLS, FAEHE RS 251 T 19 5K 28 Rt fE T L
SRUE AR B OZ& RPN, IR
FEHEA S RS, Enuen B, HTHEEZEN
PRI EERCK, 1IERE 5 R NS ERR BE
BN, EZBVEGRANG]; QB 352N K
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BT 2R RN, AKIRER RS R, B iR
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Enuien 3T 0, EiRRIMRAE ; @REE H1ERZK
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R EPRTIR, WNEHE SRR BEINER T Rty
TR BRI K o 7E R A RUE B AR, I RER
AR KAy ZE R R A R . P T SRR — AR R K
e ZR Kk, (A5 T I A 48 P Y 2% & B
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