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Rationale Modeling the Soil Water Retention Curve Objectives Results Results, con't.
Anon-linear function for modeling the SWRC is given by van Genuchten (1980) Model fitting Soll properties (see Tables 1.2)
The soil water retention curve (SWRC) reflects a soil's pore-size distribution, which governs non-linéar function 1or modeling the IS given Dy van senuchten 3 o Fit soil drainage characteristic data from two tillage trials to the van Genuchten (1980 . et
infiltration, drainage, and profile(water s)torage in cropping systems. Characterizing thegSWRC equation ; ; = o Alldata converged successfully on three- and four-parameter van Genuchten (1980) ™ Ihn (? IPaC?ITtlsoﬂ, o ?jﬁetCte? ®IMACRO"t ®II’ PAV}LT’ Pf\wst" andt fﬁ DOfItIll?ge
! ! ' ' - ad Jess total, macro-, and structural porosity, lower % saturation at the inflection
s essential for imigation scheduling, estimating crop evapolranspiration and yield potential 0,=(0,,- 0, )[1+(ay)" T+ Evaluate SWRC ters and physical properties with respect to soil, il d land modelsalufons. ooint, fess PAW and higher p comparzd o dloan a¢ ;Iternating no-tilage
and constructing soil water balances. Particle-size distribution establishes the textural pore L e ° u:: EZ t?)ry parameters and prysical operiies WIth respect {0 sofl, fiage, and fan o A three-parameter van Genuchten (1980) model was adopted for all 72 SWRC T ’ | | -
framework, but management-sensitive properties, including organic matter, bulk density, and \yhere: ' curves based on AlC.-criteria wherein the model with the lowest AIC. was © Pacolet reference Ay ®O,4cro fraction was greater than in the A, horizon;
aggregate stability, modulate pore-size distribution and may substantially alter hydraulic _ ' . o | | o Evaluate differences in SWRC inflection point I(h), and the slope, S. oreferred. Pacolet reference A, = Pacolet no-tillage; Pacolet reference A, p, was lower, and
behavior without changing soil texture. * 0, is the soil volumetric water content (%) at a specific soil water matric potential. % saturation at the inflection point, and PAW; were higher compared with Pacolet
. . . . o 0. did not improve fit and was omitted from the final model. no-tillage.

Southern Ultisols, characterized by kaolinitic clay mineralogy and susceptibility to surface 8 s IS the soil volumetric water content at saturation (%). Our Approach ¥ dresl tors. infloct it and slope (see Tables 1. 2 ]

i i i i i odel parameters, Infiection point ana siope (see 1abies 1, il i :
sealing, present a challenging case in which hydrologic consequences of management are not 8 ... is the residual water content (%) as the soil water matric potential approaches infinity. o We sampled the crop interrow 7.6 cm deep from two, long-term (28 yr) tillage trials, both on fine, P p p o In a Wedowee soil, tillage affected ®yacro, ®p PAW;, PAW,, and py;

well understood. Productivity gains for rainfed corn and soybeans in North Carolina under

. . . . o In a Pacolet soil ®,, was lowest under no-tillage; highest in the Pacolet reference moldboard plow tillage decreased PAW; and PAWgcompared with other tillage
conservation tillage have been attributed to more efficient capture and profile storage of ¢ 1w is the soil water matric potential (hPa).

kaolinitic, thermic Typic Kanhapludults at the Upper Piedmont Research Station, Reidsville, NC. systems: % saturation at the inflection point was higher under disk tillage

Both experiments are randomized complete blocks with four replications and have controlled traffic Ao horizon and about equal among clean and alternating no-tilage treatments and

vailable moistur h re-scale mechanisms responsible have n n rigor . . . . . —— - compared with no-tillage and moldboard plow tillage.
ih:r:ct‘,)tgrize?j S'truhii,, sﬁ; tazdfgssesscti :t ngh:niztics aeSPO sible have not been rigorously |~ . oroportional to the inverse of the air-entry suction (hPa™). patterns. Pacolet reference A, horizon; in a Wedowee soil ®g, was lower under moldboard P g P g
' y gap. , o , , , o _ plow but overall tillage affected ®;; less relative to the Pacolet soil. o Tillage did not affect @,z in the tilled Pacolet or Wedowee soil, or in the
* n is a measure of the pore size distribution (dimensionless) and is related to the slope of the o On a Wedowee sandy loam soil, tillage treatments were no-tillage, shallow under-row (UR) _ . o Pacolet reference A or A. horizons
water release curve. subsoiling, spring chisel plowing with or without disking, spring disking, and spring moldboard © Parameters a.and n were not different for the filled or reference Pacolet soils; in the o |
N . plowing. On a Pacolet sandy loam, treatments were no-tillage, spring disking, spring-disking with in-  Vedowee soil, shape parameter n varied with tillage but o was indifferent. o Soil differences (tilled Pacolet vs Wedowee) were not detected (data not shown).
Anatomy of a Soil Water Retention Curve * 0 s subject o the Mualem constraint m = (1 - 1/n) (Mualem, 1976). ftivation and, alternati | basis, no-tilage and diski o - e
y season cultivation and, alternating, on an annual basis, no-tillage and disking. o Tillage influenced the SWRC slope (S) in the Pacolet soil; and inflection point 1(/
The adjustabl ters 6., 0 d be esti db l imization algorith g' i i i i i i |
A soil water retention curve portrays the relationship between soil water content and eha Juf' a ebparal\r/r|1 Sers dstat’ reS’GG’ anhtn m%lg 1e estimated by non-linear optimization algorithms -y o sampled one local, old-growth (100+ yr) hardwood forest Pacolet sandy loam to represent ~ ¢0ordinates in the tilled Pacolet and Wedowee soils; apparent soil physical quality, . | | lnterpretlve
matric suction forces (Figure 1). In soil, matric forces arise from the interaction of water and SU¢" 8 -evenberg-varquar (van Genuchten, 1991). a “virgin® never-tiled reference soil. Ten, independent 7.6 cm and 7.6-15.2 cm deep samples  Inferred from slope S, scored “very good” in the reference Aq horizon; about equally Figure 3. Fitted SWRCs (a) and 0-1,000 hPa slice (b) Summary
mineral-organic particles through adhesion and surface tension. Because these forces The matric suction at the inflection point I(h), and the slope (S) of the soil water retention curve, is representing the Ay mineral-organic and A, mineral horizons, respectively were collected. 9009 among clean and alternating no-tillage treatments and reference A; horizon,  °¢r 2 Fited 3-parameter |
express potential binding energy, they are also called the soil matric potential. estimated in terms of parameters a and n in the van Genuchten (1980) function, to which the Mualem . . . . . . . and “poor” under Pacolet no-tillage and Wedowee moldboard plow tillage. 0si T TN pacostsanay Semnaycayiam | O 11A0€ affected total, macro- and
. . ! o Soil samples were collected in the tillage plots by driving 7.6-cm dia. x 7.6-cm high steel cylinders P structural porosity, % saturation at
Figure 1. 8 constraint may be applied (Dexter, 2009): with an Uhland drive head assembly in the fallow season after grain harvest. o Proximate I(/) coordinates under Pacolet no-tillage (174 hPa) and in the reference SR s Diienn ot the inflection point, bulk density, and
. Soil water retention curve: example using fake data 1 . . . A1 horizon (249 hPa) infer close correspondence of modal pore size frequencies in %’ 03! EE{EEEEEEEQEE? water retention in Pacolet and
71 and spline interpolation ] 1 . [nj -1 [(1/n)-2] o Soil water retention was measured by desorption over 48 hr. at 0, -10, -50, -100, -200, -300, -400, the fine 12-17 um EPD range; and Wedowee spring chisel plow (28.3 hPa) and % . 1 Wedowee sandy loam soils.
I(h)=| — = — — — -500 hPa in a pressure outflow system (Figure 3). Bulk density was measured after dryin i i - : i o
| Vo1 % uravailable water ~_clay (h) oc) (1) S=-n(0_ -0_) - ap outflow y (Fig ) y | ying reference .AO horizon (21.2 hPa) in the coarser 104-139 um range; I(%) f;oor_cllnates 5 AN o SWRC inflection point and slope
“=_loam n desorbed cylinders at 105 C; soil was ground to pass a 2-mm aperture sieve and desorbed over in other tillage treatments cluster in 40-70 um modal range approximating the % 01| % e, varied with tilage system, not soil
51 28 “wsand | | | =120 hr @ -1,000, -5,000, and -15,000 hPa in a pressure plate apparatus (Figure 4). Soil physical drained upper limit for sandy soil, an important finding we continue to study (see ® oo! .- e s type. |
TR Wiing s Our interpretation of I(h) and S for SWRCs Soil physical quality categories properties and indicators were estimated from the modeled SWRCs. We also computed available  Pacolet Figure 5a,b treatments). KB _ _ _
41 follows : based on S-theory (Dexter, 2009) water between -50 and -1,000 hPa, a range that may better reflect management-sensitive, _ _ | | a4 2,0 2 ws & 1 120 D;SP{teIaltermit Some (limpolrtant
. . . . > - : : : o Teel Sica roperties unaer Iong-
N N —— o At the inflection point curvature is zero 365?005(5} . ;S%good agronomically important inter-aggregate (structural) pore water content. o Van Genuchten (198Q) model parameters, slope and inflection point coordinates . Log (i) f ysi ”13 P ’d una g
i 0.035>5>0.020 poor were unaﬁeCted by soil type (data not Shown) - Inflection point coordinates érm no-tillage and non-inversion
e or, where it changes from convex to >22 P (b) ¢ P -
S - Drained upper limit? ! ] g 0.020>§ very poor e\t WALV UL LY B 0.50 | : tillage, average corn and soybean
= ' ] concave (Flgure 2A) TS AN X i Table 1. Tillage effects on model parameters, derived quantities, and soil properties in a tilled and never-tilled Pacolet soil. Mean comparison by 5 Dok season eutivation grain yield has been equal to or
= 3 A B N i ‘ Tukey's HSD test; means with the same letter are not different (a=0.05). Reference A, and A, tested separately by Welch's 2-sample test (a=0.05). &~ >*° ¢ Btemating no-tllage/disk b h P il
1t Vol % released by o In soils with bi-modal ore  size 51 57 Treatment Parameter SWRC-Derived Quantity Soil Property “E 040} o Pacolet reference A, M than clean ti age over a
gravity (drainage) d- t -b t. th . fI t. p ) t non-degraded (O a n I(%) EPD2 S| (OF Oyacro” PAW;S  PAW OuatriX’ 0,8 :—E' e O Pacolet reference A, quarter-centur}/. We infer that
0 . Saturation | Istrioution, € Inilection  poin soil mm’ hPal - APa pm - m’ m’ gom® 2 7 residue cover is the prime factor
: - - 4- 4- No-tilage 03052 0032 115 4742 169  0030° 0231 0035 0138 0078 0193 155 g _ —
171 N S [ S B cqaregaie) porcey s soureted and the ST G m @ e b wrom an en ) N g orodustiity i upland. NG
" _ ™ s 3840 0. 200 554 534 0.048° 0277 0094 0193 0122 0. A0 251 Py productivity  in  uplan
0 10 20 30 40 50 60 = ckeculvat : ; ; ; ; ; ; - E T 1P @ o : . .
structural (inter-aggregate) porosity is n_: 3 inﬂEFﬁtﬂ” E 3 ) Disk+cultivation ~ 0.409 0.074 1.22 53.8 547 0055 0291 0.114°  0208>  0.138 0.158 1.36 -uc—; 0_20_::;::?;9:[":5 i 9p 9 2: e Piedmont Ultisols, not tl[[age.
Soil water content (% vol) drained (Dexter, 2009) = F“:,"" = Prob > F <00001 NS 0018 0002 -~  <0.0001 <0001 00003 <0.0001 00003 NS  0.04 015 L oroae 11| L induced changes in pore size
. . S 2- 8 2 : o ReferenceA, 0520 0183 123 212 139 0069 0372 0125 0267 0161 0235 1.1 0.10 R . . distribution and attendant soil
The matric potential of soil under field conditions may span 3 to 4 orders of magnitude thus  © The equivalent pore diameter (EPD) may _ x i ; | ReferenceA, 0398 0022 118 249 118 0045 0204 0035 0206 0116 0247 145 200 0 200 420( - 60 800 1000 1200  quality inidicators.
soil water potential is usually expressed as the logarithm of the matric head 4 which in Figure D€ calculated from the value of h at the ] 1- A\ o N 1o v S ' S | S0 S0 O O 00
1 is in units of centimeters of water on the y axis. Examining Figure 1, we observe the lnﬂeC.thn p oint via the cap I{Iary I'I.SG 1 _ . deir:i:ied ". ' . o B . B o Table 2. Tillage effects on model parameters, derived quantities, and soil properties in a tilled Wedowee soil. Mean comparison by Tukey’s Fu rther Read|ng
following: equation; the EPD at the inflection point | Source: Dexter ef Ia/.|(20|04)| o4 Matric suction is applied to a soil column via positive pressure (Figure 3). High matric suction (>1,000 hPa) is HSD test, means with the same letter are not diferent (=0.05). . . . , o . o .
' represents the most frequently occurring 0.05 0.10 0.15 020 0.25 0.05 010 015 020 025 measured with a pressure plate apparatus (Figure 4). The outflow is measured at different matric potentials freament 0. rerameter - SR ngt'ty 00 Ot pA3v°T'2Pr°p§Ltivsa Ourd S Dexter, A.R. asn d G. Richard. 2009.' Tilage of soils in relation to their bi-modal pore size
o Particle size distribution (aka ‘texture’) strongly influences the shape of the SWRC. (modal) pore size diameter in the bulk ® (kg kg™) 9 (kg kg) and plotted as in Figure 1. _ v e o e n - e wwe—— e gom distributions. Soil Tillage Res. 103:113-118. | |
| . L : : Fiaure 2A: An example of the inflection point and | | e e e 0248 002 - RTE e Dexter, A.R. 2004. Soil physical quality. Part . Theory, effects of soil texture, density, and
o At saturation, clay holds more water than loam or sand. ;S)glrl’an?ga,crh 's @ useful physical quality slogpe on the SWRC: F;he slope is given as i)anw ne © For each sample, water retention data were fitted to three- and four-parameter van Genuchten o uee~  ome o160 1166 o o 006 ca® i owee onsk ot 1z organic matter, and effects on root growth. Geoderma 120:201-214.
: : : : ' fihe i : : . QW 1980) functions with the Levenberg-Marquardt algorithm implemented in the NLIN procedure in  Dbisk 0396° 0077 12300 50 g 4 005 0281 o0109® 02012 0134 0152  1.30% 4 : ny
o The volume of soil water released to drainage is less for clay and increases as the | . | tangent to the curve at the inflection point. 2B: SWRCs (1980) . gvarg J b P . o Py AL i eyl Y e s Mualem, Y. 1976. A new model for predicting the hydraulic condugtivity of unsaturated porous
amount of sand particles in soil increases o The slope S is the specific water capacity  for the same sandy clay loam soil at two different bulk SAS 9.2 (SAS Institute, Cary, NC). To test the goodness-of-fit, we compared Akaike’s Information o (0 on o o156 1150 some 153 0035  o2sf™ 00Be 013 006% 0161 142 media. Water Resources Res. 12:512-522.
. co=-d0/dh and its modulus may be taken  densities. Note that the slope S decreases when soil is Criteria corrected for small samples (AIC.). Parameter estimates for the van Genuchten (1980) . 000t NS 005 08 — NS ool oo 005 00W NS 0001 van Genuchten, M.Th. 1980. A closed-form equation for predicting the hydraulic conductivity
o Clay has the most water held in soil between field capacity and the wilting point (‘plant as an objective measure of soil physical ~ compacted, indicating soil physical degradation. S is also function and, coordinates for I(%) and values for S underwent analysis of variance in the MIXED N of unsaturated soils. Soil. Sci. Soc. Am. J. 44:892-898.
. , . . . . . . . . . . it I i 101 I . : . 18, model estimate of total porosi 5 Plant available water, -50 to -15,000 hP:
available water’), which decreases with increasing amounts of sand particles in soil. quality, i.e. compaction effects on Seg,s't"’e tot pthys'ca' degradatt'ont ft;(')l'rtn ,Sold'c'“é (h',?h procedure with block and soil as random covariance parameters. We adopted a 0.05 level of 2Equivlent pore damler p_ y. ¢ Avaiatlo weter betweon 50 and .00 1P (=siuctral poewaten Van Genuchten, M.Th., Leij, F.J. and S.R. Yates. 1991. The RETC code for quantifying the
. . structure can be compared (Figure 2B, ~ Sodum content), poor aggregate stabilty in low-C solls, — propability to test main effects, and interaction hypotheses with the SLICE statement in SAS 9.2. aopwaterconen @ e nfectonpont " Matri porosiy, <3 m (>-1,000 Pa tensio) hydraulic functions of unsaturated soils. USDA Salinity Lab., Riverside. CA. EPA/600/2-
o Clay has a larger fraction of unavailable water compared to sand and loam. after Dexter. 2004 and tillage operations. ORISR, 7 SR B, S8 e RO "Bulk density 91/065: 1-85.
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