Tillage Effects on Field-Saturated Hydraulic Conductivity
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Introduction

The rate at which water moves into soll (infiltration rate) and through soll
(saturated hydraulic conductivity) depends on soll structure, pore size
distribution and pore continuity (Bouma, 1991). These soll properties are all
affected by tillage, which is one of the most influential management practices
affecting soil physical and hydraulic characteristics.
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saturated hydraulic conductivity, the reverse being true when wheel traffic causes The K, for soil surface and subsurface layers was measured using a pressure infiltrometer (P1) and a Guelph Permeameter are two standard errors of the mean.
soil compaction and subsequent destruction of soil macropores. Yet relatively few Research (GP), respectively.

studies have evaluated and compared the effects of various tillage systems on B Soil surface K, values were significantly higher

infiltration rate and saturated hydraulic conductivity of the soil. The objective of this Locations 3.0
study was to evaluate and compare the effect of conventional tillage (CT) and strip Subsurface K. Measurements than those at depths of 9 - 15 and 17 - 20 cm
. : . e . . fs Sandy Loam
tillage (ST) systems on field-saturated hydraulic conductivity in two contrasting soil — regardless of location or tillage system.
textures. In-situ subsurface K. (L T™") using a steady state flow rate of water from a cylindrical borehole augured to a given depth Lo 2.9 Nesson —
below the soil surface, was calculated using Richards' analysis (Reynolds et al., 1985): £ Bl K. decreased with depth regardless of soll type
K. - CQ g =4 or tillage system. The variation in K. values in
- N 1] S |5 soil at a depth of 9 - 15 cm were a likely a
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where C is a dimensionless shape factor that depends primarily on the H/r ratio and soil texture/structure properties and is a % 10 peculiar to the CT and ST systems.
Studv Sites and Soil Penetration Resistance function of both H and r (C = 0.803), Q is the steady-state flow rate out of the borehole (L’ T7), H is the steady depth of O | _
M y Conventional Tillage at Nesson Valley water in the hole (L), r is the radius of the hole (L), and is a soil texture/structure parameter (L™), setto = 36 m™ for sandy — 05 . The differences can be attributed to the fact that
easurements loam and = 12 m" for clay loam soil . | the GP measurements at a depth of 9 - 15 cm
The study sites were situated on two common soil types in two sprinkler-irrigated 00 tended to straddle the two CT tillage zones.
fields within a semi-arid region of eastern Montana and western North Dakota. Field- Soil Surface K. Measurements Soil surface 9- 15 17 - 20
saturated hydraulic conductivities were measured at two locations, one in North ) it
Dakota (Nesson) and the other in Montana (EARC). Soll penetration resistance was One-dimensional water flow in the infiltration ring, followed by divergent three-dimensional flow below the ring, was Depth (cm) . Soll “”age system had more effect on K values
measured by inserting a hand-held digital penetrometer into the soil at the center of calculated using | at _the 9 - 15 cm depth compared to values at the
the crop rows within CT and ST plots at both locations (Table 1). K = GO - Figure 2. Field-saturated hydraulic conductivity (Kfs) as affected by soll surface and the 17- 20 cm depth regardless
fs 2 =1 depth and tillage (conventional and strip) at the EARC location. Error bars : :
NOI'th Dakota (Nesson) Slte Gra +G(H+a ) are two standard errors of the mean. Of SOII type or tlllage SyStem-
The North Dakota research site is located at the Nesson Valley Mon-Dak where K, (L T7) is the field-saturated hydraulic conductivity at the soil surface, G is a dimensionless shape parameter 30 . Strip tiIIage p|OtS Iikely had better volume of
- determined by the numerical solution of Richard's equation, (Reynolds and Elrick, 2002) given as : : :
Irrigation Research and Development Project (approximately 37 km east of Y 1 (Rey )9 Clay Loam C ¢ | macropores than CT plots, producing higher
Williston, ND). The soil is mapped as Lihen sandy loam (sandy, mixed, frigid d 55 . EARC - onventiona water flow through the ST soil profile and
Entic Haplustoll). G=0.316—+0.184 3] —~ & mmmm STrip .
a - conseguently enhanced water storage capability.
The experimental design at the Nesson site was a strip block arrangement of a Q is a steady-state flow rate out of the Pl and into the soil (L*T™), is a soil texture/structure parameter (L") identical to that in “ g1 _
randomized complete block design with six replications. This study utilized data the Guelph Permeameter, d is the depth of ring insertion into the soil (L), and a is a radius of the stainless steel ring (L). E B Whether CT or ST, the tillage system chosen
from the suge_lrbeet plots under_both tillage systems. The measurements were E 4 significantly impacts soil hydraulic properties and
made approximately 1 m apart in the crop row positions within CT and ST o :
sugarbeet plots in June 2006. _ _ i@ may affect both crop growth and yield.
Results and D <o
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The MIOHtalﬂa resear;:]h site Is zocated) a(xt the I\/Iontanla Stste Um\r/]er?nydEastern ) The ANOVA results of log-transformed K. at three soil depths under each tillage system at the Nesson and
Agricultural Research Center (EARC) (approximately 1 km north of Sidney, MT). . . .
The EARC soil is mapped as Savage clay loam (fine, smectitic, frigid Vertic EARC sites are summarized in Table 2. 0.0

Soil surface 9-15 17 - 20
The values of K, as a function of soil depth under both CT and ST tillage systems at Nesson and EARC Depth (cm)

locations are presented in Figures 1 and 2, respectively. At both sites, K. measurements were higher in ST
plots than in CT plots at the 9 - 15 cm depth. The differences in K., under CT may have been the result of

Argiustolls).

The experimental design at the EARC was an unbalanced strip block
arrangement with six or eight replications of each crop rotation, varying by year.

The field-saturated hydraulic conductivity measurements were made variations in soil compaction within the 9 - 15 cm soil layer (Figs. 1 and 2). References
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Strip Tillage (ST . . .
P ge (ST) Soil penetration resistance (Cl) Table 1. 'El;rablfe 2|d e
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The ST operation was completed at EARC on 9/13/2005 and at Nesson on 9/28/2005 | ~ (MPa) ﬁe‘;?;?sfcgizgggt;ggex Location Tillage Field-saturated hydraulic saturated hydradlic
using a strip tiller set to a depth of 20 cm with a straight coulter in front of a semi- Location Depth  Conventional Strip tillage Cl) across the row of conductivity, K (mm h'l) Tt conductivity as averaged
parabolic shank followed by two wavy coulters and a crowsfoot packer wheel. A tube (cm) tillage two tillage systems at ’ h fs across two locations and two
mounted on the rear of the shank placed dry fertilizer 10 cm deep in the tilled zone. Ithe I\I)essgn (SandglI -------—----- Depth (cm) -------mmmm-- tillage Sdetelms- So”dterwfe
oam) and EARC (cla - - was sandy loam and clay
Nesson 0-5 0.33 0.27 loam) locations. ’ Surface J9-15 17-20 loam at the Nesson and
5-10 0.71 0.53 EARC locations, respectively.
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O _ 5 055 035 Fes<t.0.05 using the least square means
J.D. Jabro, W.B. Stevens, R.G. Evans, W.M. Iversen T 1728 0ses® 1oz o
10- 15 0.65 0.55 5 0.0 Laing the least Square means
- - - _ aA aB B test.
USDA-ARS Northern Plains Agricultural Research Laboratory, Sidney, Montana 5-20 073 0.6 ST 1756 1218%°  1082° i
= . . data.




	Page 1

