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 Effect of Tillage Systems on the Emergence Depth of Giant (Setaria fabern)
 and Green Foxtail (Setaria viridis)l

 DOUGLAS D. BUHLER and THOMAS C. MESTER2

 Abstract. The effect of tillage systems on depth of
 emergence and densities of giant and green foxtail under
 different environmental and cropping conditions were
 evaluated from 1985 to 1987 at Arlington, Hancock, and
 Janesville, WI. Mean emergence depths in no-till were the
 shallowest, followed by chisel plow and conventional
 tillage at each location. At least 40% of the giant and
 green foxtail plants emerged from the upper 1 cm of soil
 in no-till compared to about 25% in chisel plow and less
 than 15% in conventional tillage. As many as 25% of the
 plants emerged from greater than 4 cm in conventional
 tillage compared to about 10% in chisel plow and less
 than 5% in no-till. Seedlings emerged from greater depths
 in a loamy sand than in a silt loam soil regardless of
 tillage system. At Arlington, green foxtail was the
 dominant species in conventional tillage, while giant
 foxtail dominated in chisel plow and no-till. Foxtail
 densities were greater in chisel plow and no-till than in
 conventional tillage at all three locations. Nomenclature:
 Giant foxtail, Setaria faberi Herrm. #3 SETFA; green
 foxtail, Setaria viridis (L.) Beauv. # SETVI.
 Additional index words. Conservation tillage, no-till, weed
 densities, weed ecology, SETFA, SETVI.

 INTRODUCTION

 Conservation tillage crop production systems have been
 adopted in many regions of the United States to control soil
 erosion, conserve soil moisture, and reduce production costs.
 Difficulties in weed management that occur with elimination
 of tillage often overshadow these benefits (1).

 Foxtail species are among the most common and
 competitive weeds in corn and soybean production in the
 Corn Belt region of the United States (18). Population
 densities of foxtail species have been observed to increase as
 tillage intensity iS decreased (1, 2). For example, giant foxtail
 densities 5 to 10 times that of conventional tillage have been
 observed under no-tillage conditions. Control of giant foxtail
 has also been less in reduced-tillage than conventional-tillage
 systems with the same herbicide treatments.

 'Received for publication October 3, 1990, and in revised form February
 19, 1991. Contribution from Dep. Agron., Univ. Wisconsin Agric. Exp. Stn.,
 Madison, in cooperation with U.S. Dep. Agric., Agric. Res. Serv.

 2Res. Agron., Plant Sci. Res. Unit, U.S. Dep. Agric., Agric. Res. Serv.,
 Dep. Agron. Plant Genetics, Univ. Minn., St. Paul, MN 55108 and Res.
 Manager, Landis Int., Inc., Valdosta, GA 31601.6814.

 3Letters following this symbol are a WSSA-approved computer code
 from Composite List of Weeds, Revised 1989. Available from WSSA, 309
 West Clark Street, Champaign, IL 61820.

 Reduction or elimination of tllage has influenced weed
 seed distribution in soil. Under a conventional-tillage system,
 Fay and Olson (6) found 23% of wild oat (Avena fatua L.)
 seed in the upper 2.5 cm of soil, while under chisel plow
 conditions 60% was found in the same zone. In another study,
 Roberts (17) observed that the top 7.6 cm of soil contained
 37% of all seed in an undisturbed site, whereas in a plowed
 site 24% of all seed were in the top 7.6 cm. Pareja et al. (15)
 found 85% of all weed seed in the top 5 cm of soil in a
 reduced-tillage system, but only 28% in the same zone in the
 conventional system. Emergence depths of several annual
 weed species were also greater with conventional illage than
 no-till (5, 14).

 Differences in weed seed location in soil may influence
 interaction between germinating seedlings and herbicide-
 treated soil. Differential phytotoxicity has been observed due
 to the relative location of the herbicide and absorptive tissue
 in soil (13, 16). If a herbicide is taken up primarily by the
 developing shoot, control may be reduced when the seed is
 near the soil surface due to reduced contact between the shoot
 and herbicide-treated soil. On the other hand, if the herbicide
 is taken up by roots, control may be increased due to greater
 contact with herbicide-treated soil.

 Harper et al. (8) used the term "safe site" to describe the
 complex conditions required for successful seed germination
 and seedling establishment. When weed seed are not
 incorporated into soil with tillage, surface residue may be
 important in creating conditions favorable for seed germina-
 tion. Hamrick and Lee (7) pointed out that plant residue on
 the soil surface that prevented rapid soil drying increased
 musk thistle (Carduus nutans L.) establishment as long as the
 residue was not too deep. Dao (4) demonstrated that residue
 coverage associated with reduced tillage created key habitat
 requirements for establishment of Bromus spp.

 Understanding the influence of tillage systems on weed
 population dynamics will allow for development of more
 effective weed management systems. The objective of this
 research was to determine the influence of tillage systems on
 emergence depths and densities of foxtail species under
 different environmental and cropping conditions.

 MATERIALS AND METHODS

 Field experiments were conducted during 1985, 1986, and
 1987 at Arlington, Hancock, and Janesville, WI. The soil at
 Arlington and Janesville was a Plano silt loam (Typic
 Argiudoll) and at Hancock the soil was a Plainfield loamy
 sand (Typic Udipsamment) (Table 1). The different tillage
 systems were established in 1984 at Arlington, 1982 at
 Hancock, and 1983 at Janesville. Conventional-tillae-t (CTh4
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 Table 1. Crop, soil, and herbicide information for weed emergence depth
 experiments at Arlington, Hancock, and Janesville, WI, from 1985 to 1987.

 Location

 Parameter Arlington Hancock Janesville

 Crop:
 Species Com Com Soybean

 Continuous Continuous
 Rotation corn corn Corn/soybean
 Planting dates May 5-15 May 5-15 May 20-25
 Row spacing (cm) 76 91 76

 Soil:

 Type Silt loam Loamy sand Silt loam
 Organic matter 3.8 1.2 4.2
 pH 6.3 6.2 6.8
 Primary tillage time Spring Spring Fall

 Herbicide teatment the year before sampling:
 Herbicides Alachlor + Alachlor + Alachlor +

 dicamba cyane cyanazme
 Rates (kg ha-) 2.8 + 0.6 1.7 + 1.1 2.8 + 1.7
 Time of application Preemergence Preemergence Preemergence

 plots were moldboard plowed to a depth of 20 cm, disked
 twice to a depth of 8 cm, and planted. Chisel plow (CP)4
 plots were chisel plowed (shanks spaced 30 cm apart) to a
 depth of 30 cm, disked once to a depth of 8 cm, and planted.
 In no-till (NT)4 plots, soil disturbance was limited to a
 5-cm-wide band created by the planting operation. Soil
 surface cover after planting was measured by an intercept
 method (10). Percent residue cover after planting averaged
 over years was 5, 34, and 79% at Arlington; 1, 23, and 56%
 at Hancock; and 2, 27, and 73% at Janesville for CT, CP, and
 NT, respectively.

 Plants from natural populations were exhumed by remov-
 ing 25-cm-diam soil cores to a depth of 20 cm from an area
 near the center of 4- by 10-m plots. All plots were treated
 with herbicides (Table 1) the year prior to sampling but
 received no herbicide during the year of sampling. A different
 set of plots was sampled each year. Soil cores were taken 50
 to 60 days after planting and all plants were in the vegetative
 stage of growth. The plants were removed from the core and
 the roots washed free from soil. Depth of gennination was
 determined by measuring mesocotyl length from the seed scar
 to the soil surface to the nearest 0.1 cm. Twenty or more
 plants from four or more cores were measured in each plot
 each year. All plants in each core were measured. Giant and
 green foxtail plants were counted in a 1-m2 area adjacent to
 the soil sampling area at the time of sampling.

 The experimental design was a randomized complete
 block with a split-plot treatment arrangement and four
 replications. Tillage systems were whole plots and individual
 plants were treated as subplots for emergence depth data.
 Data were subjected to analyses of variance and main effects
 and interactions tested for significance. Following analysis of
 variance, individual plant measurements were combined into

 4Abbreviations: CP, chisel plow-, CT, conventional tiuiage; NT, no-till.

 Table 2. Effect of llage systems on green and giant foxtail densities 60 days
 after planting at Arlington, Hancock, and Janesvie, WI, fom 1985 to 1987.

 Densities by location

 Arlington Hancock Janesville

 Tillage Giant Green Green Giant

 Year systean foxtail foxtail foxtail foxtail
 no. mf2

 1985 CT 19 154 89 180
 CP 389 224 185 578
 NT 300 78 223 850

 LSD (0.05) 45 33 35 105
 1986 CT 10 224 110 144

 CP 1550 89 233 690
 NT 1297 22 195 940

 LSD (0.05) 207 41 44 140
 1987 CT 7 132 114 178

 CP 1026 62 274 778
 NT 1257 14 249 1035

 LSD (0.05) 251 18 51 198

 aCP = chisel plow, CT = conventional tillage, NT = no-tal.

 depth increments of less than 0.5 cm, 0.5 to 1 cm, 1 to 2 cm,
 2 to 4 cm, 4 to 8 cm, and greater than 8 cm. Standard errors
 (P = 0.05 based on the F-test) were used to compare
 emergence depth means. Weed density means were compared
 using Fisher's Protected LSD Test at P = 0.05.

 RESULTS AND DISCUSSION

 Weed densities. Green and giant foxtail densities were
 influenced by tillage systems and years at each location.
 Interactions between tillage systems and years were usually
 significant. Therefore, data were not combined over years.

 The grass weed population was a mixture of green and
 giant foxtail at Arlington, only green foxtail at Hancock, and
 only giant foxtail at Janesville (Table 2). Green foxtail was
 the dominant species in CT at Arlington. Green foxtail
 densities in CT were greater than NT all 3 yr and greater than
 CP in 1986 and 1987. Giant foxtail densities in CT at
 Arlington remained less than 20 plants mr2 all 3 yr. Giant
 foxtail was the dominant species in NT at Arlington and by
 1987 green foxtail comprised only about 1% of the
 population. Green foxtail made up over 35% of the
 population in CP in 1985, but only about 6% by 1987. Giant
 foxtail densities in CP and NT were greater than in Cr each
 year at Arlington. At Hancock, green foxtail densities were
 less in CT than CP and NT all 3 yr. Densities in NT were
 greater than CP in 1985, but similar the other 2 yr. Giant
 foxtail densities at Janesville were greatest in NT followed by
 CP and CT each year.

 These data agree with previous research that noted
 increased densities of foxtail species in CP and NT compared
 with CT (1, 2). The shift between green and giant foxtail
 among tillage systems at Arlington has not been observed
 previously. Reasons for this response are not clear. Giant
 foxtail may be better adapted to conditions created by CP and
 NT than green foxtail. Further research on this response is
 needed.
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 Table 3. Effect of tillage systems on depth of emergence of foxtail species at
 Arlington, Janesville, and Hancock, WI, from 1985 to 1987. Data were
 averaged over years.

 Depth of emergence

 Tillage

 Location system Mean ? SE. Minimum Maimum
 cm

 Arlington Conventional 2.6 ? 0.06 0.0 7.2
 Chisel plow 2.3 ? 0.06 0.0 8.0
 No-till 1.1 ? 0.03 0.0 6.0

 Janesville Conventional 3.1 ? 0.10 0.0 7.8
 Chisel plow 2.3 ? 0.09 0.0 7.0
 No-till 1.3 ? 0.06 0.0 4.5

 Hancock Conventional 3.5 ? 0.16 0.1 10.0
 Chisel plow 2.5 ? 0.12 0.0 9.0
 No-till 1.8 ? 0.10 0.0 10.0

 Emergence depths. Emergence depths of green and giant
 foxtail were influenced by tillage systems, location, and year.
 Interactions of tillage and year with location were significant
 when emergence depth data were combined; however, within
 locations year by tillage system interactions were not
 significant. Therefore, data for the 3 yr from each location
 were combined.

 Mean depth of emergence in NT at Arlington was 1.1 cm,
 compared with 2.3 and 2.6 cm for CP and CT, respectively
 (Table 3). Emergence depths ranged from 0 to 6 cm in NT, 0
 to 7.2 cm in CT, and 0 to 8 cm in CP. In NT, 18% of the
 foxtail plants emerged from less than 0.5 cm, while only 5
 and 2% emerged from the same depth in CP and CT,
 respectively (Figure 1). Over 40% of the plants emerged from
 0.5 to 1 cm in NT, compared with 16% in CP and only 10%
 in CT. Tillage systems did not affect emergence from the
 1- to 2-cm depth. The 2- to 4-cm zone had the greatest
 emergence for CT and CP (42 to 44%) while only 10% of the
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 Figure 1. Effect of tillage systems on depth of emergence of green and giant
 foxtail at Arlington, WI, from 1985 to 1987. Data were averaged over years.
 Vertical bars represent standard error of the mean.

 plants emerged from this zone in NT. There was almost no
 emergence from greater than 4 cm in NT and more plants
 emerged from 4 to 8 cm in CT than CP. Overall, CP and CT
 were similar to each other and much different than NT at all
 depths except 1 to 2 cm.

 Mean depth of emergence at Janesville was 1.3 cm in NT,
 2.3 cm in CP, and 3.1 cm in CT (Table 3). Maximum
 emergence depth observed ranged from 4.5 cm in NT to 7.8
 cm in CT. More giant foxtail plants emerged from depth
 zones 2 cm or shallower in NT than the other two tillage
 systems and more plants emerged from these zones in CP
 than CT (Figure 2). Within these three depth zones, 82% of
 all plants in NT, 46% in CP, and 27% in CT emerged.
 Similar percentages of plants emerged from the 2- to
 4-cm zone in CT and CP and both were greater than NT.
 Twenty-seven percent of the plants emerged from greater
 than 4 cm in CT compared to 12% in CP and almost none in
 NT. Contrary to Arlington, CP and CT were quite different
 from each other, while NT was distinct from the other tillage
 systems at all depths.

 Mean and maximum emergence depths were greater in
 each tillage system at Hancock than the other two locations
 (Table 3). Mean depth of emergence at Hancock was 1.8 cm
 in NT, 2.5 cm in CP, and 3.5 cm in CT. More plants emerged
 from the top 0.5 cm in NT than the other tillage systems at
 Hancock (Figure 3). From 0.5 to 1 cm, emergence from NT
 and CP was similar and greater than CT. Emergence from CP
 was similar to both NT and CT from 1 to 2 cm, but
 emergence from NT was greater than from CT. More green
 foxtail plants emerged from 2 to 4 cm in CT and CP than NT.
 Almost 25% of the plants emerged from 4 to 8 cm in CT
 compared to 12% in CP and only 6% in NT. Emergence from
 greater than 8 cm was observed in all tillage systems at
 Hancock, with greater emergence from CT than NT. In
 general, differences among tillage systems were not as great
 at Hancock as the other locations.
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 Figure 2. Effect of tillage systems on depth of emergence of giant foxtail at
 Janesvile, WI, from 1985 to 1987. Data were averaged over years. Vertical
 bars represent standard earor of the mean.
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 Figure 3. Effect of tillage systems on depth of emergence of green foxtail at
 Hancock, WI, from 1985 to 1987. Data were averaged over years. Vertical
 bars represent standard error of the mean.

 Seedling emergence from shallow soil depths with NT was
 due to several factors. Most iMportantly, when tillage was
 eliminated the seed remained near the soil surface (6, 15).
 This, combined with greater moisture near the soil surface
 (11) and protective effects of plant residue (4, 7), created
 favorable conditions for seed germination near the soil
 surface in the reduced-tllage systems. Greater bulk density of
 soil near the surface in NT may also have reduced emergence
 from deep seed compared to the other tillage systems (11).

 Interactions between tillage systems and locations were
 due to several factors. Differences between Hancock and the
 other two sites are probably associated with soil type. The
 loamy sand at Hancock had a lower moisture-holding
 capacity and therefore lower moisture content near the soil
 surface compared with the silt loam soil (12), reducing
 emergence from seed near the soil surface. The sandy soil
 also provided less physical resistance to emergence (3),
 resulting in more emergence from deep buried seed for all
 tillage systems.

 Reasons for the differences in foxtail emergence depths
 between Arlington and Janesville are less clear. Differences
 between the two sites included timing of primary tillage, crop
 sequence, and length of tillage history. The soybean/corn
 rotation at Janesville may have reduced the bulk density near
 the soil surface compared with continuous com at Arlington
 (9), allowing seedlings to emerge from greater depths.
 Performing primary tillage in the fall at Janesville compared
 to the spring at Arlington may have affected soil physical
 properties (3) and altered weed emergence pattems. Precipita-

 tion patterns were similar between the locations each year,
 therefore soil moisture did not appear to be a major factor.

 Weed emergence from shallow depths and higher weed
 densities are major contributors to the poor weed control

 often observed with soil-applied herbicides in reduced-tillage
 systems (1). Seedlings emerging from at or near the soil
 surface have little opportunity to contact shoot-absorbed
 herbicide and may not be controlled (16). However, uptake of
 root-absorbed herbicides may be increased when seedlings
 emerge from near the soil surface. Therefore, weed manage-
 ment systems in conservation tillage (especially NT) systems
 should not continually rely on soil-applied, shoot-absorbed
 herbicides to control foxtail and other annual grass species.
 Weed management systems that integrate multiple control
 methods are needed to control weeds in conservation tillage
 systems.
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