Soil moisture drydown curves after flooding events across an irrigated farmland
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1. Introduction 3. Materials and methods 4. Soil moisture time series, decay, and threshold
. . . . . = Study site: Yaqui Valley, Sonora, México (Fig. 1 a). R o i mPPT —TDR — Sem -~ V_10cm — V_20cm —V_30cm - BS_5cm - BS_10cm — BS_20cm —BS_30cm
Soil moisture (@) is a key variable for agriculture, however 6 _ CrOp)'/Wheat (qTI’iticumyspp) ( Y ) ;nLDI?prc_)FBén Vegier:atggrgldgsi)l . PPT —TDR —CRNS v_5“ V_10 vzlollI vlse.- -BSS BS_10 BS_20 _es 30 y
monl|tor|ng has gaps alt intermediate scales which makes deCISI(.)n = Cycle 2019 — 2020: Mid-December to Late-Apri, furrow) (Fig.pambe). » TDR: sensible to irrigations and PPT (> 2 cm) (Fig. 2).
making challenging at field scale. Therefore, technology like cosmic- > ,
, , » Crop phenology proxy — NDVI (Landsat 8 USGS/Google « CRNS Calibration (Desilets et = | -
ray neutron sensors (CRNS) and time domain reflectometry (TDR) Engine). al., 2010; Rosolem et al 2013) £+ CRNS: sensible to irrigations and PPT (> 0.5 cm).
proylde a unique reseqrch opportunlty. An approach to analyze time 5 Drydown curve (Sanchez-Mejia and Papuga, 2014) (Fig. (Fig. 1b). | | | |
series of O observations is through drydown curves. After an 1 ¢) * Different spatial scales may explain the different observed
' [ . ] " 3 3 " . [
irrigation eyent, 6 decreasee gradually with time, the rate (cm./.cm / > Multivariate statistical analysis. \ magnitudes between CRNS and integrated TDR.
day) at which 6 decreases is called 6 ;¢.4,. When the remaining 6 — %, %, %0, Y0, % %, Yo, Y. % %, %0, Y. % % Yo, 0, %, %, Yo, %, e, %,
is 1/3 of the initial & we reach the 8;4,esn01a, Which could be close a) it C) R A A N N O O O O
h 1t . d h il £ d B X i Fig. 2 Time series of 8 from CRNS, 2 TDR (5, 10, 20 and 30 cm depth), TDR integrated (averaged 5-30 cm) and precipitation
to the wi tllng pOlnt an may € an in ICatOr.O . rYneSS' etter = 0N (PPT). Blue arrows indicate irrigation events.
UnderStandlng Qdecay and ch‘reshold can prOVIde InSIth for water gthresﬁi . TDR 1st Irrigation TDR 2nd Irrigation TDR 3rd Irrigation
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n u n A T ,“40 : g , Veg 20em b Veg 20cm Veg 20cm o
2- ObjeCtlve and hypOtheSIS Fig. 1 a) Yaqui Valley (240,000 ha) agriculture footprint in NW México, b) Main crop winter wheat with flood irrigation and CRNS (Hydroinnova®), Veg_30 cm | Veg 30 cm o — Veg_30cm
weather sensor (ClimaVUE™ 50, Campbell Scientific®), soil profilers (TDRs, SoilVUE™ 10, Campbell Scientific®) and radiometer (4-WR, Apogee Bare 05 c¢m ™= Bare 05cm Bare 05cm ™=
O1. Characterize the 6 through the use of drydown curves and the  Instruments®) andc) Conceptual diagram of a drydown curve, Gaecay, Gtnreshota and time to reach threshold (1/). pare 10 m  mm— Bare_10cm sare_10cm [
Oinresnold, at €ach irrigation event for the winter wheat crop year | Drydown analysis was performed for each irrigation event, from the day Bare_20 cm I Bare_20 cm Bare_20 cm |—
2019-2020. Adetgned set of of irrigation (0;,;+:4;) to the day before the next irrigation. The Bare_30 cm pare_30em I & pare_30cm Emmmm—
02. Quantify the impact of meteorological conditions and vegetative ~~ €duations can be exponential model in equation 1 was fit to obtain 84¢cqy and O¢presnota- R 0_decay (cmYem®/ day) = 8_inital (cm¥cm?) = 0_threshold (cm/cm’) m6_decay (cmcm®/ day) ® ©_initial (cm¥cm) m8_threshold (cmYcm’) = 0_decay (cm/cm?/ day) = ©_initial (cm¥cm?) m 6_threshold (cm/cm’)
greenness in @ after every irrigation event. found SCanning the p (t) _ ( 0. — 0 )e(_t /1) s (eq 1) Fig. 3 6 4ecay and B¢nresnora following each irrigation event, from vegetated and bare soil at different depths (5-30 cm). d G
QR-code L f * O4ecay tends to be higher for the vegetation site * 8404y, is Slow at depths beyond 10 cm (yellow * After the 2 and 3 irrigation 6gecqy from
H1. Drydown curves and 6,-.<no1q Will be different after every ol Hﬂﬁl Where 6 is the volumetric soil moisture (cm3/cm?), t is the time in days (ridge) than the bare soil site (furrow) for the 3  arrows), leading to a longer time to dry. Qeeper layers (30 cm) at the bare soil site
irrigation event and between observation methods due to spatial _.g}:'m e after the irrigation event, 6; is the soil moisture on the first day of the irrigations (green arrows) (Fig. 3). * On average B:n,,.sho1q for the bare soil site (0.330  increased (gray arrows).
scale. wﬁ-ﬂ!‘r..rﬂg irmigation event (cm*/cm?), 6 is the soil moisture on the last day of the + 0.145) tends to be higher than vegetation site
H2. Meteorological variables correlated with 6 will be different with r"l,.T;l-"' F-rf% drydown curve (cm®/cm?) and 7 is the exponential time constant. (0.266 + 0.126).
every irrigation event. Er « 05 . ., Airigation . 2imigaon . 3Cwrigation
yimg [o] g deoirisia T represents the value of 6;..4, and at time (1/7) we have our ! o TOR. g, N TOR, * Following irrigation CRNS never presents 0;,;¢i4; OVer
0, 1resho1qg Which represents 1/3 of the moisture left (Fig. 1 c). R S ] % RsEOl S, |0 TP e 1 fild capacity, contrary to the TDR (Fig 4).
O8] Ugpegy=0:13 I | 0% 0003 | * Bgecay is higher for CRNS after the 2" and 3™ irrigation
— _ 0. =0.16 —
u u u u u u u MEE 0.4r O— . cq‘EE 0.4t p decay . . MEE 0.4r - ] event
5. Multivariate analysis during @ drydown after irrigation events 3,4 . RS | R "+ In general. the RMSE for TDR vs CRNS from drydowr
Table 1. Spearman correlation coefficient matrix between 6 estimated from TDR and CRNS (6rpr and G,y s) With air temperature : 0.2f Vdecay”™ % T ‘ 0.2 0 =070 ' 0.2 \ammu ' curves are low desp|te the Spatlal ditference each sensor
(T.;), sqil temperature averaged 5-30 cm (1), evapog‘ransp'iration.(E'T), vapor pressure deficit (VPD), normalized difference ol iresa _ ol e L ol Ogeen=0-18 | Overseas.
vegetation index (NDVI), precipitation (PPT), short wave incoming radiation (SW, ) and difference between T, and T, (AT). | O , , o o . I 0, ., >19 days> | e Aeem 6 threshold and the time to reach it are different
1St Irrigation 2nd Irrigation 3rd Irrigation znd |rr|gat|0n L g}aYSQaﬂe::rrigLiion15 T | T Da‘_:s an‘tjr irrig1:.!:ti¢::~n13 N L ;EYSQEﬂe::FFiQLiiDn15 1? N between TDR and CRNS
O1or  Ocrns O1br  Ocrns O1or  Ocrns 3r ] | . t Fig. 4 Drydown curves with 8 gecq, and O¢presnoia following each irrigation event, TDR integrated (averaged 5-30 cm) vs CRNS.
rrigation
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6. Take home message and future work

* Ogecay aNd Orpresnoig Values indicate differences at spatial and temporal scales. Higher 6,44, Was observed in the vegetation site in contrast to the bare
soil site; and at the same time, average 6;,,-.sn014 fOr bare solil site is higher but with more variation.

Tair -0./8 -0./71 -0.35 -0.24 -0.22 -0.61

Tsoil -0.65 -0.55 -0.13 0.19 -0.30 -0.74

ET 0.15 -0.06 0.53 0.15 0.71 0.32
VPD 0.05 -0.21 0.62 0.13 -0.28 -0.81
NDVI -0.30 -0.42 -0.33 -0.24 0.45. 0.84
PPT  -0.04 -0.02 -0.53 -0.30 0.51 0.43

» Differences between TDR and CRNS are observable in 04ccqy, Otnresnora, COrrelations and PCA, which supports the idea of both sensors observing the
same at different scales. CRNS could be more suitable for water management at field scale.

SW;, 024 020 0.64 0.27 -0.19 -0.51 DIM 1 (38.24%,41.68%, 60.19%) * After each irrigation, meteorological variables highly correlated with 8 and the variables that better explain PC1 and PC2 changed. Potentially due to the
al 0.64 -0.67 -0.48 -0.53 003 0.16 Fig. 5 Principal component analysis (PCA) between O estimated from TDR (15t and 2" irrigation) and CRNS (3 irrigation), air seasonal Change (Wlnter-sprlng) ana Sef development.
CIESEMIE[ly), VEOHTPERSINE CEiel (VrD)) ommelRer ChiBiines VEREIaon HIeEy (DY), aiel preciianon (1) » Correlations between 6 and temperatures should be further studied to better understand the cooling mechanism.
» After each irrigation, the correlation of @ with NDVI and meteorological variables, - | . . L » Future work includes remote sensing, wind parameters, and analyzing another crop cycle (2020-2021).
L .  The variation explained by PC1 and PC2 increased with each irrigation event
varied in strength and signal (+/-) (Table 1). (63% < 70% < 75%) (Fig 5) References
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