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Transport trends of soil water and salt of corn-field in black soil
region under straw mulching based on HYDRUS-1D
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Abstract; To reveal the influence mechanism of different straw mulch amounts on soil water-salt transport in
corn fields of black soil areas, the HYDRUS-1D model was used to simulate the soil water-salt transport process
under straw mulching and analyze the influence trends of different straw mulching amounts on soil water-salt dynam-
ics based on the results of field experiments.The results showed that straw mulching enhanced soil water retention
and inhibit soil salt accumulation, and the effects of straw mulching on soil water and salt transport were more sig-
nificant as the amount of straw mulching increased, the average water content of straw half mulch and full mulch in-
creased by 3.38% ~5.78% and 5.26% ~9.62% , respectively, and the average conductivity decreased by 4.61% ~
8.93% and 8.87% ~12.41% , compared with bare ground 40 c¢m soil layer during the whole fertility period of maize.
Based on the simulation results of the HYDRUS—1D model, it was known that the coefficients of determination be-
tween simulated and measured soil water content values ranged from 0.903~0.940, the standard errors ranged from
0.010~0.014 ¢cm® + ¢cm™, and the average relative errors ranged from 3.46% ~4.64%.The coefficients of determi-
nation between simulated and measured soil electrical conductivity values ranged from 0.817~0.853, the standard

errors ranged from 0.091~0.111 mS - em™', and the average relative errors ranged from 4.06% ~5.46%. The error
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analysis showed that the HYDRUS—1D model had high simulation accuracy and should be used to simulate the soil

water-salt transport processes in agricultural fields under straw mulching conditions in the study area.

Keywords: straw mulching;corn field; soil water and salt transport; HYDRUS-1D model; black soil region
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Table 1  Soil bulk density and particle size distribution
TR KA Particle size distribution/% T
Soil depth Soil bulk density

/em <0.002 mm 0.002~0.02 mm >0.02 mm /(g em™)

0~10 34.23 41.22 24.55 1.29

10~20 37.55 40.06 2239 1.34

20~30 39.38 38.74 21.88 1.38

30~40 41.07 38.42 20.51 1.41
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Table 2 Water absorption parameters of maize root system
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Note ;: P, is the upper limit of water potential at which the root system
can start to take up water; P, is the upper limit of water potential at the
maximum rate of water uptake by the root system; P,y is the lower limit of
water potential at the maximum rate of root water uptake under high evap-
oration; P, is the lower limit of water potential at the maximum rate of
root water uptake under low evaporation; P; is the upper limit of water
potential when the root system can start to absorb water; r, is the upper
limit of the atmospheric transpiration rate; ry is the lower limit of atmos-

pheric transpiration rate.
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Table 3 Soil hydraulic parameters and solute transport parameters

R K6 6. ;
Soil depth /(em + /(em® + /(em® - a n l Jem
/em ) em™) em™) i

0~10 17.53 0.0883 0.4728 0014 14710 05 15
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Table 4 Simulation accuracy evaluation

AR e R
Kb Soil water content Soil electrical conductivity
Treatment 5 RMSE MRE R RMSE MRE
/(em® + em™) /% /(em® ~em™) /%
CK 0.940 0.010 3.46  0.853 0.091 4.06

CM1 0.912 0.012 4.15 0.841 0.103 4.84
CM2  0.903 0.014 4.64 0.817 0.111 5.46
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Table 5  Average soil water content of 0~40 cm soil layer in different growth stages of each treatment
Qb Hi P kS M AL
Treatment Seeding stage Jointing stage Tasseling stage Grouting stage Maturity
CK 0.2504+0.0047¢ 0.2454+0.0017b 0.2471+0.0030b 0.2389+0.0031b 0.2936+0.0024b
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T R PR D AR R, R SNEOE R AN R 73 n A B B 22 57 .35 (P<0.05) , T 1AL,

Note: Data in the table are “meanzstandard deviation” , different letters after the data in the same column indicate significant differences between

treatments ( P<0.05) , the same below.

322 FREARBHEEZZTTERESIS

K3 %

W T TR AT I A [R] L JZ A% 4k B R O 3h S

ARAEAE DL, 1A 3 AT ) — 2 A5 Ak P e R
WS P 1) 14 352 sl A AR, e 20 i 1 Bl )= TR 3



48 T XA 5T

941 45

MFEAR, ANRIFSFFE DS R N ok A F AT 0~40
em +JZ2FH S RUNE 6 FiR 78 T KA AT
P CM1 1 CM2 4h B 4 3857 2 iy GR35 B KT
CK Zb¥f, 5 CK 4b PR+ e 35 i SR A0 L, 1 )
CM1 Fl CM2 b3 53 5 BEAR 7.76% Fl 12.94% , 4515
B cM1 A1 CM2 AbFR A SIREAIR 7.219% F01 11.77% , 41l
HERR CM1 Fil CM2 Ab B 53551 BEAIK 6.64% Fl1 10.51%
HEAEI M1 A CM2 b FR3 5 FEAR 6.19% F119.53% ,
B CM1 FI CM2 b B3 I BEAIR 5.42% F11 7.82%

FHIE 2R T, e SR RS FF 7 25 1

INMREAS, 7 FoREEF B, CM1 F1 CM2 4b3E 0
~10 em 12 FIH S35 CK A FE 5351 P 41$8.93%
F112.41%,10~20 cm + 2 V¥ T 545 CK 4b 7
A3 HIREAR 7.08% F1 10.50% ,20 ~ 30 em + 2 F 1
SREE CK AL B4 B AR 5.53% Fl1 9.29% , 30 ~ 40
em T2 L S F A CK AL B> BIFEAR 4.61% Fl
8.87% , AIHrIN AR HG 17 55 0 1 B IO FE X + e
FIARSHEH , kD> 1 HEK 4y 78 %, SE K K 4378 2
FSE TR B TR 498 v n ] 3 1 R PR A TR AT
P IR ER AR Y |

30T (@) CK (0~10 em) _ 30T (b) M1 (0~10 em) 30T (@) CM2 (0~10 em)
= L =
5825 5% 5325
el = =
72 0=1 g K =
ES £8 E8
5520 M3 %520
5 o E i =
35 23 23
oS " sl
+H'5 -3 'z
1751 [0} 1751
1.0 A L A L ) 1. A A . . . 1.0 . A A A )
06-04 06-23 07-13 08-02 08-22 09-11 06-04 06-23 07-13 08-02 08-22 09-11 06-04 06-23 07-13 08-02 08-22 09-11
H ¥ Date (m-d) H 3 Date (m-d) H i Date (m-d)
%3-0' (d) CK (10~20 cm) >3~0 [ (e) CM1 (10~20 cm) %30' (f) CM2 (10~20 cm)
g2 25 5
55825 3523 §525
»n g o— o ° «»ng
ES E8 ° £38
@520 o © Py %»?320 . _E\?EZ.O'
= ° o g ° o ° o =
iU 23 ° 28
w5 5 ws 1S ws 15|
1z 73 -3
w2 w w2
1.0 . . . . . 1.0 . . . . . 1.0 . . . . .
06-04 06-23 07-13 08-02 08-22 09-11 06-04 06-23 07-13 08-02 08-22 09-11 06-04 06-23 07-13 08-02 08-22 09-11
[11 Date (m-d) 13 Date (m-d) [1 3 Date (m-d)
3.01 3.07 300 .
= (g) CK (20~30 c¢cm) B (h) CMI1 (20~30 c¢m) = (i) CM2 (20~30 c¢m)
= =z =
?22.5 o ggz_s :%‘22_5
= = ° =]
[ 7o 0] o, v g 7o °
£3 . o o &3 . S £
g0 s w20 . > w3200, , o °
oy S g ° o E .
3 23 23 °
mo 5] wo 15T wo S|
i H73 -5
w2 w w2
1.0 s . s . : 0 s : s s . 1.0 s : s s ;
06-04 06-23 07-13 08-02 0822 09-11 06-04 06-23 07-13 08-02 0822 09-11 06-04 06-23 07-13 08-02 08-22 09-11
H ¥ Date (m-d) H i Date (m-d) H ¥ Date (m-d)
2307 () CK (30~40 cm) 2307 o oM (30-40 om) 30T (1 oM2 (3040 em)
TS T3 TS
5 25 =
?;25- 5525¢ §;25
=l = =
[ 7o 0] v g v =
E8 b _° EB ° E£3 .
5200 P S gEMOM— o gy -
0r 2 = o o g ° L T v . o
3 B8 23
=05t wo 1St wo 1St
73 -3 T3
w2 w w
1.0 - 1.0

06-04 06-23 07-13 08-02 08-22 09-11
H i Date (m-d)

— Bl Simulated value

06-04 06-23 07-13 08-02 08-22 09-11
H i Date (m-d)

0 L L L L '
06-04 06-23 07-13 08-02 08-22 09-11
H # Date (m-d)

o Sl {H Measured value

B3 EREFHETERSEETUIEREUER

Fig.3 Change process and simulation of soil electrical conductivity during maize growth



55 XAk I A5 2T HYDRUS—-1D AYRSFT AL 25 1 T R o IX T oK HT R K ERam B ML 49
®6 HHABRAEEFH0~40 cm TEFHESE/ (mS - m™')
Table 6  Average soil electrical conductivity of 0~40 cm soil layer in different growth stages of each treatment
s HiY AT A T el
Treatment Seeding stage Jointing stage Tasseling stage Grouting stage Maturity

CK 1.947+0.026a 1.929+0.061a 1.988+0.033a 2.035+0.036a 2.212+0.021a

CM1 1.796+0.025b 1.790+0.045b 1.856+0.009b 1.909+0.062b 2.092+0.043b

CM2 1.695+0.043¢ 1.702+0.019b 1.779+0.042¢ 1.841+0.037h 2.039+0.009h

. of evaporation and water-salt in the saline soil[ J]. Journal of Soil and
4 5 -
A 9" Water Conservation, 2012, 26( 1) ; 246-250.

HYDRUS-1D BRI GRS 5 XA [ 35 A1
TR T FoRAF WA AR S RE R L 1K
RIZFE AR LSS R e s e T KR Bh
B MBEAEE B B AR LR 3K Bl
KR = T R RO B LB RS 2 5 ok 9 1
T 49K R AU R A RRAIR RS R B 35 T 42
TR A A IR R BERS AR
B AT R K AR S B 1 1 FH A% B in B
B, EYA T W S KRS B 5 R 1 I o) 1
Rt 2R BERE IR P, 0~40 em )25 FEFF
Vi B B VR AR 0 A T 3 S K R g
3.38% ~ 5.78%, L HEF- ¥ L T HEEAL 4.61% ~
8.93% ; T AT 4> 1 7 35 AR MV E 0 A B L 88
B IK AR 5.26% ~9.62% , V- G K FE L 8.87%
~12.41%,

5 % X k.
(1] B{be, Hlibk, 288, S5 ETREREIHE AR LR

F XA AWAUR I, 2010, 41(10) : 28-34.

JJAHL, MACL, LI HZ, et al. Tillagesoil protection of black soil
zone in Northeast of China based on analysis of conservation tillage in
the United States[ J]. Transactions of the Chinese Society for Agricul-
tural Machinery, 2010, 41(10) ; 28-34.

FEI, SR, etk ZRAC R b DX A SR A AR A A s 4
F— AR ], ASRTIRER, 2022, 37(9) : 2277-2291.
SUI H J, SONG G, GAO J. Spatio-temporal differentiation of
cultivated land ecologicaldegradation in typical black soil regions of
Northeast China:a case study of Fujincity[ J]. Journal of Natural Re-
sources, 2022, 37(9) . 2277-2291.

WANG S C, ZHAO Y W, WANG J Z, et al. The efficiency of long-
term straw return to sequester organic carbon in Northeast China’s
cropland [ J ]. Journal of Integrative Agriculture, 2018, 17 (2):
436-448.

PREET, SBEERH, 085, 55, SRNE X SR F e B o R
THOKGRIFFHEL) ], TRIXRAIFFE, 2021, 39(4) : 54-63.
CHEN G P, ZHENG D Y, GUO Y, et al. Soil water use characteristics
of maize field alternatively mulched with straw and plastic film in oasis
irrigation area[ J |. Agricultural Research in the Arid Areas, 2021, 39
(4). 4-63.

NG, R, TEUE, &5 NRIRSFFEL S s Eh st 128k kEhAs
PRI T ] KD, 2012, 26(1) ; 246-250.

SUN B, XIE J C, WANG N, et al. Effect of straw mulching on change

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

30T, PR, A, & RO R S B K &
FEAERIP=E AR [ )], KR, 2022, 36(3)  228-235.
JI W N, CHENG HB, LI'Y W, et al. Effects of mulching methods on
water consumption and yield of potato in dryland farming[J]. Journal
of Soil and Water Conservation, 2022, 36(3) . 228-235.

PENG Z, TING W, HAIXIA W, et al. Effects of straw mulch on soil
water and winter wheat production in dryland farming[ J]. Scientific
Reports, 2015, 5; 10725.
WS, PO, BULE, % FET HYDRU S SRR EE A - 0K
BB ] TRUXARIATTE, 2017, 35(1) ; 135-142.
PAN Y X, LUO W, JIA Z H, et al. The simulation of water and salt
transportation by HYDRUS model in Lubotan of Shaanxi, China[J].
Agricultural Research in the Arid Areas, 2017, 35(1): 135-142.
Zst, O, SKER, S ZET HYDRUS-2D FERIELNBE ek
HBEBMAL)]. TR, 2014, 32(1) : 66-71.
LI L, LIMY, ZHANG ] J, et al. The moving rule of salt and water in
cultivated land and saline wasteland based on HYDRUS-2D model[ J ].
Agricultural Research in the Arid Areas, 2014, 32(1) . 66-71.

CHEN N, LI X Y, SIMUNEK J, et al. Evaluating the effects of bio-
degradable film mulching on soil water dynamics in a drip-irrigated
field[ J]. Agricultural Water Management, 2019, 226. 105788.
AR, T, b . T HYDRUS BRI KT +
BOKIBREI[ ) ]. KR4, 2013, 44(7) - 826-834.

YU G J, HUANG J S, GAO Z Y. Study on water and salt transporta-
tion of different irrigation modes by the simulation of HYDRUS model
[J]. Journal of Hydraulic Engineering, 2013, 44(7) : 826-834.
KANZARI S, BEN NOUNA B, BEN MARIEM S, et al. HYDRUS-
1D model calibration and validation in various field conditions for
simulating water flow and salts transport in a semi-arid region of Tuni-
sia[ J |.Sustainable Environment Research, 2018, 28(6) : 350-336.
At R, DIER, S5 NS ERE X R UK LIS R LA
BEULT]. Aol TR, 2010, 26(1) ; 31-35.

LI L, SHI H B, JIA J F, et al. Simulation of water and salt transport
of uncultivated land in Hetao Irrigation District in Inner Mongolia[ ] ].
Transactions of the Chinese Society of Agricultural Engineering,
2010, 26(1) ; 31-35.

TAFTEH A, SEPASKHAH A R. Application of HYDRUS-1D model
for simulating water and nitrate leaching from continuous and alternate
furrow irrigated rapeseed and maize fields[J].
Management 2012, 113 19-29.

DAHIYA R, INGWERSEN J, STRECK T. The effect of mulching

and tillage on the water and temperature regimes of a loess soil ; ex-

Agricultural Water

perimental findings and modeling [ J]. Soil and Tillage Research,
2007, 96(1/2) : 52-63.

ZENG WZ, LEI G Q, ZHA YY, et al. Sensitivity and uncertainty a-
nalysis of the HYDRUS-1D model for root water uptake in saline soils
[J]. Crop and Pasture Science, 2018, 69(2) : 163-173.



50 T E XA 5T ERAE S

[17] MONTEIRO A L N, DE A MONTENEGRO AA, MONTENEGROS M [21] TEHEb, S0, 251, %, 2T HYDRUS-1D AR Feibiaki
G, et al. Partial salt leaching evaluation in an irrigated fluvissol IREEBBI SR )], £l TAR2AHR, 2021, 37(8) ; 87-98.
through computational modeling[ J]. Engenharia Agricola, 2009, 29 WANG G S, SHI HB, LI X Y, et al. Simulation and evaluation of
(2): 207-220. soil water and salt transport in desert oases of Hetao Irrigation District

(18] {aFERE, #Hafs, A, T HYDRUS-1D AR AR LA - I using HYDRUS-1D model[ J ]. Transactions of the Chinese Society of
XA KRR £ KB AR T ). AR Agricultural Engineering, 2021, 37(8) ; 87-98.

AV, 2016, 24(8) : 1059-1070. [22] THEHH, RMotE, B3, 4. 5T HYDRUS-1D BEHHE r A3 5
HE K K, YANG Y M, YANG Y H. HYDRUS-ID model simulation FARATUKIIAIRENE T ] FEMEHK 0, 2020, 39(12) : 24-31.
of soil water and salt movement under various brackish water use DING CM, WU P N, YUE L, et al. Modelling the effect of tillage on
schemes in the North China Lowplain[ J]. Chinese Journal of Eco-Ag- soil water dynamics in corn field[ J]. Journal of Trrigation and Drain-
riculture, 2016, 24(8) : 1059-1070. age, 2020, 39(12) . 24-31.

[19] PR EETFPERIX N KSR TR R R ], BIETTKFIR [23] TAOZQ,LICF, LLJJ, et al. Tillage and straw mulching impacts
+, 2012, 40(8) : 199-200. on grain yield and water use efficiency of spring maize in Northern
YI D W. Sustainable development of groundwater resources in Acheng Huang-Huai-Hai Valley[ J]. The Crop Journal, 2015, 3(5) ; 445-450.
District[ J]. Heilongjiang Science and Technology of Water Conser- [24] VUTRTE, W, 5, & AP SRR S B
vancy, 2012, 40(8) ; 199-200. KA FURZCR R [ )], R HLE IR, 2021, 52(2) . 283-

[20] SKORME. KB R K SRS R SR G D], dbat. 293, 319.
rPERRRERE, 2015. FANLL, SHLHB, LIR P, et al. Effects of straw mulching on soil
ZHANG ] P. Coupling simulation of soil water-salt movement in water-salt transportation and water use efficiency of maize under
plastic film mulched cotton field under saline water irrigation [ D ]. furrow irrigation[ J ]. Transactions of the Chinese Society for Agricul-
Beijing : Chinese Academy of Agricultural Sciences, 2015. tural Machinery, 2021, 52(2); 283-293, 319.

(L% 31 )

[37] B4, BRFF, SRERIE, 55 T-5WRBXH: JERF36 R At + [42] LESZCZUK A, SZCZUKA E, ZDUNEK A. Arabinogalactan proteins ;
IR SO AR [T ], MolbRlE, 2017, 53(5) : 8-15. distribution during the development of male and female gametophytes
HUANG J, CHEN C, ZHANG W X, et al. Effects of drought stress [J]. Plant Physiology and Biochemistry, 2019, 135 9-18.
on anatomical structure and photosynthetic characteristics of [43] DOMON J M, BALDWIN L, ACKET S, et al. Cell wall
transgenic JERF36 Populus alba x P. berolinensis seedling leaves| J ]. compositional modifications of Miscanthus ecotypes in response to cold
Scientia Silvae Sinicae, 2017, 53(5) : 8-15. acclimation[ J ]. Phytochemistry, 2013, 85: 51-61.

[38] WIEM, RIGE, B, 55 TRWHaxs 3 Ml seA: A [44] fiblgds, DAIEE, THA, &5 THXT B REIZEM K IRAE K %
GBI S U R ) . ZRAEMRL IR 274, 2012, 40(3) FIRFEREN () ). MR BEAEA, 2022, 58(5) : 937-945.

36-40. SHAO C C, LUO X Y, DING G ], et al. Effects of drought on hy-
CHANG Y Q, XU WY, MU L Q, et al. Effects of drought stress on draulic and anatomical characteristics of stem and leaf in Pinus mas-
anatomical structure of leaves of three species of shrubs and their soniana[ J]. Plant Physiology Journal, 2022, 58(5) : 937-M5.
drought resistances [ J ]. Journal of Northeast Forestry University, [45] TREBT, AL, Bk RIEXFE Fh H IS RS E
2012, 40(3) : 36-40. Hm[J]. FmELE, 2000, 17(2) : 105-109.

[39] #KR%, DEL, TR TREENET SR A @S E 2 XU C X, CHEN J Z, LIANG L F. Effects of low temperature on the
[J]. JTV4HES, 2011, 31(3); 332-337. contents of glycerol, starch and sugars in banana leaves[ J]. Journal
CUI D L, MA'Y X, WANG J. Changes on the anatomical characteris- of Fruit Science, 2000, 17(2) : 105-109.
tics of Amorpha fruticosa leaves under different drought stress [46] ZEUR, BAFF, X3, AHRRS AR sh BT H(A 22U R A E L
gradient[ J]. Guihaia, 2011, 31(3) ; 332-337. [J]. AR5 0 FAEF4i, 2006, 32(3) : 307-314.

[40] MBgFy, RIER, BIRZEE, & RIS FREE SOy ek 5 QIN Y, CHEN D, ZHAO J. The localization ofarabinogalactan-
FARF SR ]. TEAMEHE, 2007(2) ; 1-4. proteins in stigma and style of Nicotiana tabacum L.[]]. Journal of
YUJF,ZHULC, WEI' T J, et al. Research and demonstration of Plant Physiology and Molecular Biology, 2006, 32(3) . 307-314.
varieties characteristics and standardized cultivation techniques of [47] ELLIS M, EGELUND J, SCHULTZ C J, et al. Arabinogalactan-pro-
Ziziphus jujuba Mill cv. Lingwuchangzao[ J . Ningxia Journal of Agri- teins: key regulators at the cell surface? [J]. Plant Physiology,
culture and Forestry Science and Technology, 2007(2) . 1-4. 2010, 153(2) . 403-419.

[41] MARERI L, ROMI M, CAI G.Arabinogalactan proteins: actors or [48] MOTOSE H, SUGIYAMA M, FUKUDA H. A proteoglycan mediates

spectators during abiotic and biotic stress in plants? [J]. Plant Bio-
systems - An International Journal Dealing with all Aspects of Plant

Biology, 2019, 153(1): 173-185.

inductive interaction during plant vascular development[J]. Nature,

2004, 429(6994) . 873-878.



