ith B IR IR F IR

HRIENX

Vol.9 No.4 | Aug. 2018 ARTICLE
Journal of Earth Environment [v]e] BN\ WAT LA K:P11k1S

EL T T K ERIB X HIE 7K 53375

) 1 ~ 1> 2 \ 3
B A RAR , FEiAET, hEk
L RARE: NP, PI4E 710064
2.t EM TR 2E (dbat) KBRS 3REEARE, it 100083
3. MR TR ABRAF, F52% 314000

W OE: L5700 MAERETRIZAKR, HTRELERFZIAKRAEE, ABTAERAEKTRE
PRy EA KT, ALK TREEM, A A Hydrus-1D & SRR EL F Ve @RI R 5
HREIN: EOAF T, 40cm BALEERSyZARZRBARFAE S ATBZ, 50cm RATLE
KOBEUZHTRYMRE;, EERENERIA, RAXZEEABRZOIHA A 31%, TRFEREK
R T EE A 220.09 mm, b ERIEKEEN 37.9%; AT RV ERENSE, FRFRER, £S5
WFAIREN T, THFROEEZTR Y A RKSH 72%; W TFARALE T ELMK Y 2K H T KA
A, FREREES, BMEIN, B FHRTRILETHRE 147 cm ife, EREREREA AT,
R R TT A 21y 20 b R K 5 A R A S RBR PR E B IR A EAZ G

K§iE: Hydrus-1D; Koshd; A#A; T RAA

Field water dynamics in Mu Us Sand Land with shallow groundwater table
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Abstract: Background, aim, and scope The vegetation water consumption is one critical part composing the
transport processes of water and heat in the Soil-Plant-Atmosphere Continuum (SPAC), especially for the
arid areas. For the arid areas, water is not only the main factor restricting plant growth, but also vital for the
maintenance of the local ecological environment. The Mu Us Sandy Land (MUSL) in the northwest of China is
dominated by arid climate with relatively shallow groundwater table, and the MUSL groundwater variation is
closely related to that of soil moisture. Considering the critical role of water in the development of agriculture in
MUSL region, it will be of great importance to study the field water dynamics in the Mu Us Sandy Land. Since
spring maize is the primary crop in the MUSL region, here we examined the key water transport processes during
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the growing season of spring maize by combining model simulations with field measurements. Materials and
methods In order to quantify field water dynamics in the MUSL region, one typical field at the Hailiutu catchment
was selected to conduct this study. We collected in-situ measurements of hydrologic factors including soil water
content, soil water potential and groundwater table during the whole growing season of spring maize from May
to October (a total of 155 days). Soil water content was measured at the depth of 10—90 cm with10-cm-spacing
every 5 days using Time Domain Reflectometer (TDR). Three TDRs were set with the distance of 3 m in this
study. Soil water potential was measured with Watermark (with seven sensors) every 10 minutes at six depths. The
MiniDiver was applied to monitor groundwater table every 10 minutes. A Bowen-ratio meteorological station was
used to observe meteorological variables including wind speed/direction, net radiation, air temperature/humidity
and rainfall. On this basis, we parameterized and validated the Hydrus-1D model, and used it to evaluate the field
water dynamics during the growing season of spring maize. Results The soil water content above the depth of
40 cm strongly varied with influences of irrigation and rainfall events, while the soil water content below the
depth of 50 cm varied similarly with the groundwater dynamics. The simulation results from Hydrus-1D model
indicated that, evapotranspiration (ET) of spring maize during the whole growing period reached 580.32 mm, in
which 31% were contributed by evaporation, and the ET amount during the jointing, earing and filling periods
accounted for 71.8% of the whole ET amount. The dynamics of evaporation and transpiration were found to be
significantly related with the variation of leaf area index (LAI), with correlation coefficients of —0.599 and 0.712,
respectively. The contribution of groundwater for maize growing was 220.09 mm, which accounted for 37.9%
of the total ET amount. The model outputs showed that there were about 8.5 mm of infiltration under the present
irrigation amount (~30 mm). Meanwhile, simulation results also indicated that spring maize would not utilize the
groundwater when the average depth of groundwater table fell to 147 cm, and the irrigation amount thus turned to
be maximum (432.45 mm). Discussion The field soil water content varied dramatically during our study period.
However, the main factors influencing the dynamics of soil water content at different depths were different. The
soil water content at shallow depths was mainly affected plant growth and meteorological conditions, while
the variation of soil moisture at the deep depths was dominant by groundwater dynamics. The evaporation and
transpiration and their relative magnitudes varied along the growing season of spring maize due to influences of
LAI, which resulted in that the transpiration peaked during earing period and evaporation peaked during sowing
period. Conclusions The field water dynamics of spring maize in the MUSL region were closely related with
plant growth, meteorological conditions and groundwater table, and the main factors influencing the dynamics of
soil water content at different depths were different. The ET mainly occurred during the jointing, earing and filling
periods. In order to reduce the deep infiltration and meet the need of water-saving irrigation, the irrigation amount
could be reduced to 72% of the original standard at the present groundwater table. For the shallow ground water
table, obvious water transport process existed between ground water and soil water, and ground water contributed
to the water consumption of spring maize. However, spring maize would not utilize the groundwater when the
average depth of groundwater table fell to 147 cm. Recommendations and perspectives Understanding the field
water dynamics of spring maize in the MUSL region is not only essential in providing reference basis to the local
farmers to improve irrigation use efficiency, but also informative for the water-saving agriculture and ecological
environmental protection in Mu Us Sandy Land.

Key words: Hydrus-1D; water dynamics; evapotranspiration; groundwater utilization
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Tab.1 Field observation items, method and time in Mu Us Sandy Land
i H (€ -5 2 iR s a]
Monitoring item Instrument Measuring height /cm Measuring frequency Monitoring time
j: Y7 Y
WPAER MiniDiver/MiniBaro ~150/-10 10 min =K 2011-04-30—2011-10-01
Groundwater depth Once per 10 minutes
ok =10, —20. -30. —50. 10 min —¥X
Wat k 2011-06-01—2011-10-01
Soil water potential atermar =70, —90 Once per 10 minutes
5 d g‘{j_’\ )
BES  EER
iJ‘/‘\ 3% T . _IPH N N N N
A (Trime-PH) 50" o 70, —go. ~OneeperSdaysand 0 00 2011-10-01
Soil water content Time Domain once before and after
-90 . S
Reflectometer rainfall and irrigation,
respectively
! SRty 100 2011-04-30—2011-10-01
Rainfall Automatic rain gauge
(E{%g Ejdg . 2011-06-01—2011-10-01
Irrigation Measuring weir
o bl o @ Q (=} < o o e o] o =] Q@ o =} < o o < o
T KA Watermark R KAZHEIAL  Groundwater level monitoring hole 40 cm
g o o 1 < o (=3 030 Clﬁ o o © o =] o l o o o o <] (<3
= SO U NS T N TZ N jf”
—| O kel o o o o < o o] o © o o] 380 cmo o (o] 0o [e] g
FI/KZFME  Soil water content measuring tube v
e} o o] 0 o] (o] /),Q o o] o o] 0o [o} o 0 ] (o} [ (o} ;l‘ e}
£k “Comn
K1 BERPHIKE I S 20 E R R

Fig.1
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_ 09,
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K. S, M TEENNARKD T 0 1K
KA (em®em™) 5 6, F1 6, 53 5 S 5% 42 A ity
1+ 1 & K (em™em”®) 5 n Al m 43 5 Ky Van
Genuchten I ZE, m=1-1/n; K, NI FAKEK
(em’-d")

Schematic diagram of instruments installation locations in the test site of Mu Us Sandy Land

MR ZR W KA AL R FH LA K #5022 Ry FE il 9 Feddes
Al ( Feddes etal, 1978)
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Tab.2 Soil-water characteristic parameters

HIEZREE  Soil depth /cm 0,/(cm’-cm™) 0./(cm’-cm™) d/em™ n K/(cm-d™")
0—10 0.054 0.392 0.0838 1.35 939.0
10—20 0.064 0.370 0.0793 1.38 834.2
20—30 0.056 0.365 0.0786 1.44 875.2
30—50 0.044 0.380 0.0536 1.65 351.4
50—150 0.046 0.440 0.0361 2.54 869.7
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Nash PR 240 ( Nash-sutcliffe efficiency coefficient,
NSE)
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Fig.2 Relationship between soil-water characteristic curves
and measured values at different depth
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Tab.3 Water flux changes at different growth stages of spring corn
Y & Up 36 H R
T . . - JEETH e
AR BE ; % . H 758 H#% H 751 L] . Yty
RE kAg ZRHL A . . ) s )
/ HH#) . o Daily Daily Daily Proportion of Daily
Days Infiltration of Evapotranspiration L . L L Bottom
Growth stage . evapotranspiration evaporation transpiration  evaporation in balanced
/d irrigation and /mm i o balanced
/Date . /(mm-d ) /mm /mm evapotranspiration at bottom
rainfall/ mm /mm -
/% /(mm-d )
&M Sowing
2011-04-30— 13 —95.77 35.42 2.72 2.72 0.00 100 —45.30 —3.48
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T Seeding
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# Jointing
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2011-10-01
4Hf]  Whole stage
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The negative sign indicates that the direction is perpendicular downward to the ground.
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