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Abstract:  Objective Loess is loose and porous, and hence contains much air. Soil water vapor movement in the soil is a
complex process, in which water and air, two phases of fluids, drives and affects each other in vertical movement in the soil. So it
is essential to get to know how dry air flow affects soil water and heat transfer to agricultural production in the Loess Plateau.

Method To explore effect of soil dry air on soil moisture and heat transfer in an apple orchard of loess on a hill, the STEMMUS
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model (Simultaneous Transfer of Energy, Mass and Momentum in Unsaturated Soil)was adopted to simulate soil hydrothermal
dynamic process. Numerical simulation is a feasible and economical method to reproduce the process. Result Results show:
(1) the model is a useful tool to well simulate the dynamic process of soil water and heat in the soil. By optimizing the soil
hydraulic parameters, in simulation of soil moisture druing the calibration and verification periods, the model varied in the range
of 4.7%-30.0% in normalized root mean square error and in the range of 0.83-0.96 in consistency index, while in simulation of
soil temperature, it did in the range of 0.1%-9.9% in normalized root mean square and in the range of 0.76-0.99 in consistency
index; (2) the simulation using the two-phase coupling STEMMUS model with the dry air mechanism taken into account was
more approximate to the measured value than the single-phase STEMMUS model without taking the dry air mechanism into
account. After 1 day of rainfall, the increment of soil moisture content in the soil profile of the coupled model was obviously
lower than that in the soil profile of the single-phase model. The coupled model was 0.07% in normalized root mean square error,
and from 0.93 to 0.97 in consistency index, while the single phase model varied in the range of 0.06%-0.2% normalized root
mean square error, and in the range of 0.95-0.96 in consistency index. Considering the existence of pressure infiltration in this
area, the coupled model can better reflect the actual soil water movement. Conclusion Compared with traditional models, the

STEMMUS model can better reflect the actual soil water and heat dynamics in loess by taking soil dry air mechanism into

account, which is favorable to designing optimal management strategies for orchards on the Loess Plateau.
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T R AR A R HERLX N
MRS, T3k 200 mo 3% X KH 8 T2 T 228
X, R AR 400~600 mm ZJE], G IR

. AR R BB FE 7 X, o 1 R
FEE T BRI 25%, HR i T R s
ZIRBAEAKEREL, KT E o, TR
K R ] 299% X R AR 7= 5 A A @R Y 32
Z —BL Horp - K R R R R AR R R T
T KB S T R AT O X A P T AR
BT LA o

A AR B O S A R —Fp T 17
Hig kg iy k™, 55T 8 IR sh i Ge A
FHEE, 3T 9 3 A ) 4 K AR A5 B A LA i
PR S, RIS R S KRR E, T 6l
Ml AR HEr, BAREAMREIET -
K R A B (] AR R RS A R A
FE B SRR S KA RGP, =5 A
M AR A, IRAh R R KIS,
22 - HE s S Bl A R B PR AR R SR
T, ORGSR . KA AT AL
PHEIREN Y E 22 B, B AR, BT
S ERH G LK B, TR L A
A STEMMUS B ¥CF 38 25 Oy FR R & F L 180K
HEHGE BT, ZaH T ROk, R A K

Z IR AR, a7, EEE
— R R LA I, ORI H R
B, MALBREE RS 30%LL EUS %K AE 7—9 A
EPEW S KA REN IS, W5 Y N8
B, PEREAS, 5 s R B E K
SRR s RS R0 B, HRT e T A
AR Y B 4 1 3K Bz B i RS L4k S

A SCKE LAEE e R R e 4, e b
BEK P E SRR [, R STEMMUS A5 RIS 4
AT EI TR G2 By - SN I/ S wk = S W I |
X K iE B s PR, DAOh 4 X 4
IR B LR A A

1 MRSk

1.1 ARXER

TR E B VE 2 I B35 7K VA AT L AT AL SR e
FEFEH( 37°26'N, 110°02'E AT, ME4K = 1051 m,
g MR 5 4 PRSI BT . 1% IX B K AR PR AR AL A
K, EFEW RN 450 mm, ZEETET—9 H, 4F
YRR 9.1°C, 24P eI 145 d, B TR
WRREERR A, X HIEFE NS L, BT
Uit HRIFRKE A8 22% (EBIEKE), F
FIEZE N 1.42 gem™,

http://pedologica.issas.ac.cn



2 B A RS T UL A B R Pes B A —— LA 9 SR el DAy 51 403

2018 4F 5 H frif s DR bl P BB HLIE % K A
HE 3 BRRW (CFIEFEEE N 2 mx 3.5 m)
M3 AERE, USRI E LA, R

10a( & 2019 4F), RIW M HHE A 2018 4E 6 H
1 HE 2018 49 H 28 H. FAHEHMAKM E A KI5
PR 1,

x1 RREKER

Table 1 Apple tree growth index

73] JOEES S i LA

Plant height/cm  Diameter at breast height/mm

Canopy diameter/cm

Rz JroaE B R

Fruit diameter/mm Yield/ (kg'tree') Shoot growth length/mm

343+5.38 83.02+5.38 232+5.77

76.71+£3.90 7.22+0.82 31.99+5.60

1.2 QM E R *

TIEERRE R R . R EC-5 BUALIRG
( Decagon Devices Inc., USA ) M FEA AR X 11
ToKFEE LR . AT 40 om b FUEZFIET, B
e IS T HAH A IR 10 em. 20 cm, 40 cm,
60 cm. 80 cm &b, [AIE, 4 EC-5 Bl 337K 531
HET VR T IAR BB K i (R B K i T i & K i
WIS E AR R ) HAT LA, KIE
EC-5. ] RR-1008 #iic s AL (JLatmIMRBH AT R
v, WED) BB SR AR R I A A, W
RN EE 10 min JE%—R o B AK AT 1 /M +
HEIK BB )~ 34 1E

S AR R 50 m 7S B Ab e B /N
K4l (Decagon Devices Inc., USA ), SAHHE
MW FEZ B RARE (T), 2308 HE (RH)., %
W (P)., KMH&S (PAR) KM 2 AKdb X#
(D), R%i4%E 30 min ids#— KB

A KGR RA LAL-2200C 762 50 H14Y
(Li-Cor, USA) XA nt i A5 %0 (LAL) BEATI
i, WERIFE R 7~10 d —K. RHA LI-6400XT 5t
A4 (Li-Cor, USA) il Rt i <AL B D
SERECHEHR 10 fi~12 gz, RS
FER B TR R Fpfae , MR MMy 1 A H .

R R B A SR ARG 0 A R R
R R AT SCPRIRE , BUREVRBE D 2 m, B i HORE
il 40 R, 2 NTHAR, ARG #HR &
K% (300 dpi ), Delta-t scan ¥4 ( Delta-T Devices
Company, UK) SR R EUR, o ERAr4s K5
FrREARKT 2 mm BHAR, REAREEK ., KR
(4% 1 )2 B AIAR AR A B UG 10 BBURE + (R AR FRAS 1Y IR
W&+ 2 QIR B

1.3 STEMMUS ##!

FEAR AR . IR, BERG s R
fili I, STEMMUS ##1 58 73 % 1 1 13 T2 3% +
Bz e, R e SRR — > hsr AR
H, AT s REsh RS, 2 RE R
WA LK R TR S s R,
Itz A R 207, @il Matlab X144 5 i
J7 S B )RR A B SR A o [RIE, AE B g
fill b, BF& A X4 A Feddes H3 2R W 7K #5571 241 )7
PP AS [T 55 vk 0 28 i R A ) ol REASE L £
Btk YR AR 7R X+ HEZE R 1) SPAC
AT

(1) RN AW LKz LR
AR AHE, GEARENS LRk,
I FE A TR b, dh3oFH, R K
K . TS A m b 5. #Rig
B Ll AR S R 2R, BB RN
SRR SR IR R . s SRR
WRHE,

(2) BRI S H A . 35 T RBURE L 0~
20 cm +FE, >R CR22G I ! 2.0 #1( Hitachi, Japan )
M 5E KP4 E 2%, 37 RETC ( RETention
Curve ) B4 VG ( van Genuchten ) #5581 A + 15
IKATHEAE 28 280 . FAER T 3L 52 1 3900 F kR
B S ZHOR LSS S5O SR, DL 46K
P AR o BAR, R R 1 0 S5 1
K FES R 6, 0, o, n HATSEOAM, K
Wi fIE Ak 23 8 0 Y £ K B S R, e itk 5
B EHEK I RRE S B R 58 B0 IE J5 45 SR n 3k
2 fiim. HEEBAHESES % Yo FUMEE, B
fH L% 2.

WY W

http://pedologica.issas.ac.cn



404 E I 58 %
x2 RENTBAKIFESHERTIRAFESH
Table 2 Soil hydraulic and thermal characteristics of the experimental orchard
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Fig. 2 Simulated values and measured values of soil moisture content relative to soil layer
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Table 3 Comparison of accuracy in simulation of soil moisture content
} 5 Laalad
R
Calibration period Validation period
Soil depth
ETina ETar ETina ETair
/em
NRMSE/% d NRMSE/% d NRMSE/% d NRMSE/% d
10 30.0 0.81 21.3 0.89 14.5 0.91 13.2 0.93
20 9.5 0.95 14.9 0.88 12.4 0.89 12.3 0.90
40 6.2 0.96 10.0 0.88 8.1 0.92 7.2 0.94
60 4.7 0.94 33 0.96 6.4 0.89 7.3 0.87
80 5.5 0.84 6.8 0.91 10.1 0.83 11.3 0.83
200 - - T 0 200 T TT Y 0
g
£
=
£ 180 20 180 Sz
%0 S
5 &=
2 40 8
g 160 160 &
<
=
.’;
= 140 140
%
4
B 1201 T 120
B ET,;ERMSE=5.6%.d=0.98 ET,.,;ERMSE=S.0%,d420.96
ET,,ERMSE=7.2%.d=0.95 ETy ERMSE=3.9%.d0.97
IOO 1 1 1 1 1 100 1 1 1 1 1
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
[} ] Time/h Ff ] Time/h

(a)R £ Calibration period

(b)% il Validation period

B3 K R BB S S

Fig. 3 Simulated and measured values of soil water storage
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Fig. 4 Simulated and measured values of soil temperature relative to soil layer
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Table 4 Comparison of accuracy in simulation of soil temperature
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Soil depth ETin ETair ETina ETai
/em NRMSE/% d NRMSE/% d NRMSE/% d NRMSE/% d
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Fig. 5 Measured values of soil moisture content and values simulated
with the ETy;, method taking soil dry air mechanism into account
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