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 Weed Science, 45:276-282. 1997

 Influence of barnyardgrass (Echinochloa crus-galli) time of
 emergence and density on corn (Zea mays)

 Aca C. Bosnic
 Department of Crop Sciences, University of Guelph,
 Guelph, ON, Canada NIG 2W1

 Clarence J. Swanton
 Corresponding author. Department of Crop
 Sciences, University of Guelph, Guelph, ON,
 Canada NIG 2W1

 Barnyardgrass is a serious weed problem in cornfields in Ontario. Field experiments
 were conducted at two locations in 1994 and 1995 to determine the influence of
 emergence time and barnyardgrass density on corn yield loss, leaf area at 50% silking,
 and barnyardgrass seed production. Selected barnyardgrass densities up to 200 plants
 m-1 were established within 12.5 cm on either side of the corn row. Barnyardgrass
 seeds were planted concurrently with corn and at the 3- to 5- or 1- to 2-leaf stage
 of corn growth in 1994 and 1995, respectively. Barnyardgrass density and seedling
 emergence relative to corn influenced the magnitude of corn yield loss. Maximum
 corn grain yield loss ranged from 26 to 35% for early emerging barnyardgrass, and
 less than 6% yield loss occurred from barnyardgrass seedlings emerging later than
 the 4-leaf stage of corn growth. Changes in corn leaf area index at 50% silking
 reflected the level of barnyardgrass competition in corn. Maximum leaf area reduc-
 tion ranged from 21 to 23%. Barnyardgrass seed production varied with time of
 seedling emergence and density. Ten barnyardgrass plants emerging up to the 3-leaf
 stage of corn growth produced 14,400 to 34,600 seeds m-2 compared to only 1,200
 to 2,800 seeds m-2 from plants emerging after the 4-leaf corn stage. The results of
 this study are essential in the development of an integrated weed management strat-
 egy for corn.

 Nomenclature: Barnyardgrass, Echinochloa crus-galli (L.) Beauv. ECHCG; corn, Zea
 mays L. 'Pioneer 3902.'

 Key words: Integrated weed management, interference, time of emergence, weed
 density, weed seed yield, yield loss, ECHCG.

 Ontario produces approximately 5,000,000 t of grain
 corn per year (Anonymous 1995). In order to address en-
 vironmental concerns associated with the potential misuse
 of herbicides, research has focused on development of an
 integrated weed management system (IWM) for corn (Hall
 et al. 1992; Knezevic et al. 1995; Swanton and Murphy
 1996; Swanton and Weise 1991). IWM is a systems ap-
 proach aimed at minimizing the competitive ability of
 weeds, thereby reducing potential crop yield losses. In order
 to implement IWM systems, information must be provided
 to help corn producers reduce the weed management cost
 while maintaining economically viable yield. The founda-
 tion of an IWM system is the use of economic weed thresh-
 olds, i.e., the weed densities that can be economically tol-
 erated within the crop.

 Empirical models have been developed to describe the
 response of crop yield to one or more parameters with which
 weed infestations can be characterized (Cousens 1985; Cou-
 sens et al. 1987; Kropff and Spitters 1991). In quantitative
 studies on weed-crop competition, the relative time of weed
 emergence with respect to the crop was more important
 than weed density to determine the need for postemergence
 control (Chikoye et al. 1995; Dieleman et al. 1995; Kne-
 zevic et al. 1994). Cousens et al. (1987) proposed a hyper-
 bolic yield loss model that incorporated weed density and
 relative time of weed emergence. This model often best de-
 fined the relationship between crop yield and weed popu-
 lation (Chikoye and Swanton 1995; Dieleman et al. 1995).
 Therefore, both variables need to be incorporated into func-
 tions that can be used to calculate threshold values for spe-
 cific weed species.

 Barnyardgrass was ranked as the most abundant weed
 species in cornfields found throughout southwestern Ontar-
 io, with an average density of 9 plants m-2 (Hamill and
 Thomas 1985). Previously, the average density of seedling
 barnyardgrass was reported to be 3 to 5 plants m-2 (Alex
 1964). Barnyardgrass is also a troublesome weed in trans-
 planted tomato (Lycopersicon esculentum Mill.) (Bhowmik
 and Reddy 1988), potato (Solanum tuberosum L.) (Vangessel
 and Renner 1990), cotton (Gossypium hirsutum L.) (Keeley
 and Thullen 1991), sugarbeet (Beta vulgaris L.) (Norris
 1992), soybean (Glycine max L. Merr.) (Vail and Oliver
 1993), and rice (Oriza sativa L.) (Srinivasan and Palaniap-
 pan 1994).

 Limited information is available on the effect of barn-
 yardgrass density and time of emergence on corn growth
 and yield, and resulting barnyardgrass seed production. In
 Europe, Spitters et al. (1989) reported corn yield losses of
 8 and 82% due to barnyardgrass competition. Corn yield
 loss variability between years was probably caused by differ-
 ences in emergence time of barnyardgrass relative to corn.
 Additionally, such variation in yield loss has been attributed
 to environmental conditions, soil quality, and greater plas-
 ticity of barnyardgrass to change dry matter partitioning
 among roots and shoots compared to corn (Honek and Mar-
 tinkova 1991). Reproductive output of barnyardgrass is also
 highly variable. Seed production values per barnyardgrass
 plant ranged from 2,000 to 100,000 (Holm et al. 1977;
 Norris 1992). Information on weed seed return as influ-
 enced by time of emergence and density is needed to predict
 future population changes. No studies have evaluated the

 276 * Weed Science 45, March-April 1997

This content downloaded from 132.239.1.231 on Sun, 18 Sep 2016 08:44:35 UTC
All use subject to http://about.jstor.org/terms



 TABLE 1. Monthly rainfall (mm) and the mean daily temperature (C) for Elora and Woodstock from May until September in 1994 and
 1995 and the long-term (30-yr) average.

 Rainfall Temperature

 Location Month 1994 1995 30-yr average 1994 1995 30-yr average

 mm C

 Woodstock May 124 96 63 11 13 12
 June 95 78 82 19 20 18
 July 124 51 80 20 21 20
 August 71 138 87 17 21 19
 September 34 27 78 15 14 15
 Total 448 390 390 - - -

 Elora May 94 68 78 10 12 11
 June 58 84 89 18 19 17
 July 103 96 79 20 20 19
 August 39 141 76 17 21 18
 September 44 28 72 15 13 14
 Total 338 417 394

 impact of barnyardgrass density and time of seedling emer-
 gence on corn growth, development, yield, and barn-
 yardgrass reproductive output. The study's objectives were
 to determine the influence of barnyardgrass seedling density
 and time of emergence on corn growth and yield, and to
 quantify the influence of density and time of emergence on
 barnyardgrass seed production when grown in competition
 with corn.

 Materials and Methods

 Experimental Locations

 Field experiments were established in 1994 and 1995 at
 the Elora and Woodstock Research Stations in Ontario. Soil
 types at Elora and Woodstock were a Guelph series loam
 (Orthic Gray Brown Luvisol; 29% sand, 52% silt, 19% clay,
 4.4% organic matter, pH 7.5) and a Guelph silt loam (Grey
 Brown Podzolic; 53% sand, 34% silt, 12.5 % clay, 3.3%
 organic matter, pH 7.5), respectively.

 Seasonal temperatures and rainfall varied between loca-
 tions and years (Table 1). Soil moisture at planting was ad-
 equate for uniform crop and weed germination and, in gen-
 eral, moisture was sufficient for corn growth throughout the
 growing season.

 Experimental Procedures

 Primary tillage consisted of moldboard plowing at Elora
 and chisel plowing at Woodstock in the fall of each year.
 Plots were fertilized each year according to the soil test rec-
 ommendation for corn. In both years, fertilizer (20-10-10;
 N-P-K) was broadcast before planting at rates of 100 and
 140 kg N ha-' at Elora and Woodstock, respectively. Ad-
 ditionally, 10 t ha-' of manure was applied at Elora in the
 fall of 1993. Recommended cultural practices for corn pro-
 duction were used (Anonymous 1994). Corn hybrid 'Pio-
 neer 3902' was planted using a 4-row planter in 76-cm rows
 at a density of 67,000 and 73,000 plants ha-' in 1994 and
 1995, respectively. The crop was seeded at Elora on May
 13, 1994 and May 8, 1995, and at Woodstock on May 20,
 1994 and May 16, 1995.

 Barnyardgrass seed was collected from local fields with

 ecologically similar habitats in the fall of 1993 and stored
 at 5 C. In the spring of each year, seed was placed at room
 temperature for 2 wk. Prior to sowing, seed was soaked in
 water for 48 h. Immediately after corn planting, and at the
 3- to 5-leaf corn stage in 1994 and 1- to 2-leaf corn stage
 in 1995, pregerminated barnyardgrass was planted manually
 within a 12.5-cm band on either side of the corn row. Corn
 development stages were based on the number of visible
 leaves per plant, where a leaf was included in the counts
 when its tip had emerged from the whorl (Tollenaar et al.
 1979).

 Barnyardgrass seeded at the same time as corn emerged
 at the 3-leaf stage of corn in 1994 and at the 1-leaf stage
 of corn in 1995, at both locations. Later seeded barn-
 yardgrass emerged at the 7- and 4-leaf stage of corn at Elora,
 and at the 8- and 4-leaf stage of corn in Woodstock in 1994
 and 1995, respectively. Emergence times were based on 50%
 emergence. Dates of barnyardgrass sowing were selected so
 that barnyardgrass emergence coincided with specific corn
 growth stages within the timeframe of the critical weed-free
 period (Hall et al. 1992).

 Barnyardgrass seedlings were identified and thinned to
 densities of 0, 10, 30, 60, and 200 seedlings m-1 of crop
 row. An additional treatment with an unthinned high den-
 sity of barnyardgrass was established at both locations in
 1995 in order to determine the maximum corn yield re-
 duction. 2,4-D [(2,4-dichlorophenoxy)acetic acid] was ap-
 plied at 0.56 kg ha-' in 225 L ha-' of water at 180 kPa
 using a bicycle-wheel sprayer equipped with flat-fanl nozzles
 for the control of broadleaved weeds. Any further weed es-
 capes were removed by hand hoeing.

 Experimental Design

 The experimental design was a randomized complete
 block design with four replications. Treatments consisted of
 the weed-free control and four weed densities in 1994, 5 in
 1995, and two times of weed emergence. Plots were 3 m
 wide (four crop rows) by 12 m in length with weeds estab-
 lished in two center rows. Observations were not recorded
 from the first 2 m at the front and back of each plot. Each
 plot had two harvest areas, one for harvest of corn at 50%
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 silking and the other for harvest at crop maturity. A 2-m
 buffer separated the two harvest areas within the row.

 Harvest at Silking

 Individual corn and barnyardgrass plants were harvested
 by hand at 50% silking of the corn from a 2-m length from
 the two center rows of each plot at Elora on July 25, 1994
 and August 2, 1995, and at Woodstock on July 28, 1994
 and July 22, 1995. Corn and barnyardgrass plants were cut
 at ground level and separated into leaf and stem compo-
 nents. Individual corn and barnyardgrass leaves (data not
 shown for barnyardgrass) were measured with a leaf area
 meter2 at Woodstock in 1994 and 1995, and at Elora in
 1995. Stems and leaves were dried at 80 C to a constant
 weight.

 Final Harvest

 Final corn harvest occurred at Elora on October 22, 1994
 and October 20, 1995, and at Woodstock on October 29,
 1994 and October 4, 1995. Individual corn plants were
 clipped at the soil surface from a 4-m section of the two
 center rows of each plot and separated into stover and ears.
 All corn components were dried at 80 C until constant
 weight. Ears were shelled, and dry matter and grain yield
 were recorded. Final corn grain yield was adjusted to 15.5%
 moisture content.

 Barnyardgrass seed production was estimated from all
 density treatments and for both times of emergence. Twenty
 barnyardgrass plants from a 2-m buffer that separated the
 two harvest areas within the row, for a total of 80 plants for
 each density treatment, were harvested. All seed heads were
 collected from individual plants (including tillers). Seeds
 were separated manually from the inflorescence and dried.
 A subsample of 200 seeds was used to estimate total seed
 production per plant by correlating a subsample with total
 dry weight of barnyardgrass seeds. Visual observation con-
 firmed that minimum seed shattering occurred prior to har-
 vest. However, any seed that had shattered onto the ground
 was not collected.

 Statistical Analysis

 The relationship of corn yield and corn leaf area index
 (LAI) to varying barnyardgrass densities and relative time of
 weed emergence were analyzed by fitting the data sets sep-
 arately for each location and year to the hyperbolic crop
 yield model proposed by Cousens et al. (1987):

 Y = YWF |l - 1 +ID I1 [1] W[ 100(eCT + ID/A)]

 where Y is the observed yield (kg ha-1), D is the density of
 barnyardgrass plants m-1 of row, YWF is the estimated weed-
 free yield, T is the time of barnyardgrass emergence relative
 to the crop in degree days (base temperature 9.7 C) (Wiese
 and Binning 1987), and L, A, and C are nonlinear regression
 coefficients. I is the percent yield loss per unit weed density
 as D approaches 0, A is the asymptotic yield loss as D ap-
 proaches infinity, and C is the rate at which slope (I) de-
 creases exponentially as T becomes larger. The larger the
 value of C, the more competitive the crop is against late-

 emerging weeds. The model parameter estimates were de-
 termined using a nonlinear curve fitting method (SAS
 1990). Analyses were performed for each barnyardgrass
 emergence date, year, and location. Because yield loss cannot
 be observed directly, Cousens et al. (1987) suggested that
 this equation could be expressed as follows:

 ID 2
 = eCT + ID/A [2]

 where YL is the percent yield loss and the remaining param-
 eters are as described in Equation 1.

 A test for lack of fit of the hyperbolic model was per-
 formed by partitioning the residual sum of squares into error
 for lack of fit and pure experimental error (Draper and
 Smith 1981). If an F-test value for lack of fit sums of squares
 was not significant at the 5% level, the nonlinear model was
 appropriate for that location and year (Dieleman et al. 1995;
 Draper and Smith 1981).

 In order to pool data sets across locations and years, pa-
 rameter estimates of Equation 1 were compared for each
 location and year using the method proposed by Chism et
 al. (1992). Comparisons were accomplished using dummy
 variables for each location and year and calculating differ-
 ences between the parameter estimates ("M" parameters).
 Significant differences between regression parameters existed
 (P < 0.05) when the upper and lower confidence intervals
 for the "M" parameters, provided by the SAS program, did
 not contain 0 (Chism et al. 1992).

 The relationship between barnyardgrass seed production
 and barnyardgrass densities and relative time of emergence
 was described by the following equation:

 aD
 Sd aD [3] Sd=eCT + aD/B

 where Sd is the barnyardgrass seed production (number of
 seeds m-2) as function of weed density (D) and time of weed
 emergence relative to the crop (7), a is the number of seeds
 per plant as D approaches 0, B is the maximum seed pro-
 duced m-2, and C is the rate at which "a" decreases expo-
 nentially as relative time of weed emergence increases. Re-
 gressions were performed on all data, but means were plot-
 ted for each site and time of barnyardgrass emergence.

 Results and Discussion

 Influences of Time and Density of Seedling
 Emergence on the Magnitude of Corn Yield Loss

 Corn grain yield and percent yield loss varied with lo-
 cation, year, time of barnyardgrass seedling emergence, and
 density. Observed weed-free corn yields ranged from 4,630
 to 10,500 kg ha-1, depending on location and year (Table
 2). Lowest corn grain yield and highest percent yield loss
 (57%) was observed at Woodstock in 1994. In this trial,
 the amount of nitrogen applied was less than in 1995. In
 addition, frequent and heavy rainfall in late May and early
 June may have leached nitrogen from the root zone (Table
 1). As well, barnyard-grass has been reported to be most
 competitive under moist soil conditions (Wiese and Van-
 diver 1970).

 The hyperbolic regression model, Equation 1, provided
 a satisfactory fit for all corn grain yield data sets (based on
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 TABLE 2. Observed weed-free corn grain yields and parameter estimates (? S.E.) of the crop yield model based on Equation I using
 degree days.

 Parameter estimatesa
 Observed mean

 Location Year weed-free yield YWF A I C

 kg ha-1 kg ha-1 % %

 Woodstock 1994 4,630 (430) b
 Woodstock 1995 10,040 (390) 10,070 (280) 32 (26) 0.25 (0.2) 0.01 (0.01)
 Elora 1994 10,140 (380) 10,170 (330) 26 (12) 0.90 (0.9) 0.02 (0.01)
 Elora 1995 10,500 (310) 10,750 (260) 35 (10) 0.49 (0.3) 0.02 (0.01)
 Pooled modelc 38 (15) 0.30 (0.1) 0.02 (0.01)

 a YWF represents predicted weed-free yield, A is the asymptotic yield loss at high weed densities, I is the yield loss as weed density approaches 0, and C
 is the rate at which I decreases exponentially as relative time of weed emergence increases.

 b " indicates that the data did not fit the model.
 ' Data combined using percent yield loss.

 the test for lack of fit), except for Woodstock 1994. Relative
 barnyardgrass seedling emergence time and density affected
 corn yield at all locations (Figure 1). Barnyardgrass seedlings
 that emerged at the 3-leaf corn stage in 1994 and at the
 1-leaf corn stage in 1995 caused greater corn yield reduc-
 tions than later-emerging weeds at similar densities at all
 locations. For example, at Elora in 1994, 30 barnyardgrass
 m- 1 emerging at the 3-leaf corn stage resulted in 14% yield
 loss compared to 4% for emergence at the 7-leaf corn stage.
 In general, observed corn yield losses from barnyardgrass
 seedlings that emerged later than the 4-leaf corn stage
 ranged from 0 to 6%. Therefore, barnyardgrass emergence
 time relative to corn is more critical than weed density when
 describing the affect of barnyardgrass on corn yield.

 The estimated weed-free corn yield values (YWF) varied
 between locations and years (P < 0.05) but did not differ
 from observed weed-free yields (Table 2). Differences among
 estimated corn yields may be attributed to differences in
 environmental conditions, soil types, corn densities, and lev-
 el of soil nutrients (Chikoye et al. 1995; Dieleman et al.
 1995; Knezevic et al. 1995; Weaver 1991).

 The initial slope, parameter I, which represents maxi-
 mum yield loss per barnyardgrass plant as D approaches 0
 (therefore at T = 0), ranged from 0.25 to 0.90% (Table 2).
 Estimates of parameter I did not differ between years and
 locations (P < 0.05). However, I values were poorly esti-
 mated as seen by the large standard error. Standard errors
 greater than half of the numerical value of the estimate are
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 FIGURE 1. Percent corn grain yield loss as a function of barnyardgrass density and time of barnyardgrass emergence (emergence date 1
 emergence date 2 = V -----V) at Woodstock and Elora in 1994 and 1995. Points represent mean observed values, and lines are the result of fitting the
 data to Equation 1.
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 FIGuIRE 2. Leaf area index of corn at silking as a function of barnyardgrass
 density and time of barnyardgrass emergence (emergence date 1 =
 emergence date 2 = - V) at Woodstock and Elora in 1995. Points rep-
 resent mean observed values, and lines are the result of fitting the data to
 Equation 1.

 considered to be too variable for accurate estimates (Kout-
 soyiannis 1973). Thus, difficulties in estimating corn yield
 losses at low barnyardgrass densities were indicated. Similar
 conclusions were reported previously (Chikoye et al. 1995;
 Dieleman et al. 1995).

 The asymptotic yield loss at high weed densities, param-
 eter A, which represents the maximum yield reduction,
 ranged from 26 to 35% (Table 2). Large standard errors
 were associated with these values. Based on the dummy vari-
 able analysis, estimates of parameter A did not differ be-
 tween years and locations (P < 0.05).

 The index of crop competitiveness, parameter C, ranged

 from 0.01 to 0.02 (Table 2) but did not differ with location
 and years (P < 0.05) based on the dummy variable analysis.
 This would suggest that corn was equally competitive
 against barnyardgrass at both Elora and Woodstock.

 The hyperbolic yield loss model (Equation 2) was fitted
 to a pooled data set since parameter estimates I, A, and C
 did not differ between locations and years (P < 0.05). Corn
 yields were expressed as a percent of YWF for each location
 and year. One barnyardgrass m- 1 of corn row emerging with
 the corn (T = 0) was predicted to cause 0.3% (? 0.1) yield
 loss (Table 2). Theoretically, as barnyardgrass density in-
 creased, a maximum yield loss of 38% (? 15) was predicted.
 This yield loss function can be used to estimate economic
 threshold values for barnyardgrass in corn.

 Changes in Corn Leaf Area Index at 50% Silking
 as an Indicator of Weed Competition

 Corn LAI recorded at 50% corn silking was an indi-
 cator of barnyardgrass competition on corn growth and
 development. Changes in corn LAI were described by
 Equation 1, where LAIwF represents predicted weed-free
 leaf area index, A is maximum leaf area reduction as weed
 density approaches infinity, I is leaf area reduction as weed
 density approaches 0, and C represents the rate at which
 I decreases exponentially as relative time of weed emer-
 gence increases. Corn LAI was reduced by all barny-
 ardgrass densities and by both weed emergence times rel-
 ative to the corn (Figure 2). The maximum estimated leaf
 area reduction, parameter A, ranged from 21 to 23% in
 1995 (Table 3). One barnyardgrass m-1 of corn row
 emerging with corn (T = 0) reduced corn LAI by an
 estimated 1.4 to 1.9%. However, in 1994 at Woodstock,
 under conditions of nitrogen stress, a maximum leaf area
 reduction of 65% was estimated (data not shown). Param-
 eter C was relatively constant among locations.

 The impact of barnyardgrass densities and emergence
 times relative to the crop on total aboveground corn biomass
 harvested at silking and corn dry matter at the final harvest
 showed a similar trend to barnyardgrass interference on corn
 LAI at silking (data not shown). Our results confirm earlier
 studies that indicated that the effect of weed interference on
 corn dry matter accumulation was associated with a decline
 in corn LAI (Tollenaar et al. 1994).

 Dependence of Barnyardgrass Seed Production
 upon Time of Emergence and Density

 Barnyardgrass seed production varied with time of seed-
 lings emergence relative to corn and barnyardgrass density

 TABLE 3. Observed weed-free corn LAI and parameter estimates (? S.E.) barnyardgrass-corn competition function based on Equation 1
 using degree days.

 Parameter estimatesa
 Observed mean

 Location Year weed-free LAI LAIWF A I C

 m2m-2 m2m-2 % %

 Woodstock 1995 3.9 (0.22) 3.8 (0.12) 21 (4) 1.4 (1.2) 0.02 (0.01)
 Elora 1995 4.1 (0.18) 4.0 (0.13) 23 (4) 1.9 (1.6) 0.03 (0.01)

 a LAIWF represents predicted weed-free leaf area index, A is maximum leaf area reduction as weed density approaches infinity, I is leaf area reduction as
 weed density approaches 0, and C is the rate at which I decreases exponentially as relative time of weed emergence increases.
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 FIGURE 3. Barnyardgrass seed production as a function of barnyardgrass density and time of barnyardgrass emergence (emergence date 1 =
 emergence date 2 = V-----V) at Woodstock and Elora in 1994 and 1995. Points represent mean observed values, and lines are the result of fitting the
 data to Equation 3.

 (Figure 3). Ten barnyardgrass seedlings emerging up to the
 3-leaf corn stage produced upon maturity 14,400 to 34,600
 seeds m-2 compared to only 1,200 to 2,800 seeds m-2 from
 seedlings emerging after the 4-leaf corn stage. The number
 of seed produced per barnyardgrass plant decreased as den-
 sity increased at both locations. For example, in Elora 1995,
 1 barnyardgrass plant produced 2,100 and 900 seeds at den-
 sities of 10 and 200 plants m-1 of row, respectively. Seed
 number per barnyardgrass plant was likely underestimated
 because of unavoidable seed shattering. These estimates of
 seed productivity within a corn crop were similar to values
 reported by Holm et al. (1977) and Barrett and Wilson
 (1981), but differed substantially from values reported in a
 barnyardgrass-sugarbeet competition study (Norris 1992).
 Differences in reproductive output of barnyardgrass may be
 attributed to several factors including differential plasticity
 among biotypes; environmental conditions, particularly nu-
 trient availability; daylength; plant density; and competitive
 ability of the associated crop (Maun and Barrett 1986). Our
 results confirm the importance of early season weed control
 to reduce weed seed production and thereby minimize long-
 term seedbank changes.

 In summary, the time of barnyardgrass seedling emer-
 gence relative to corn growth was fundamental in determin-
 ing the outcome of barnyardgrass-corn competition. Max-
 imum corn yield loss caused by barnyardgrass interference
 was estimated to range from 26 to 35%. However, barn-
 yardgrass seedlings that emerged after the 4-leaf corn stage
 resulted in yield losses of less than 6%. Corn LAI recorded
 at 50% silking was a good indicator of barnyardgrass com-
 petition in corn. Time of barnyardgrass seedling emergence
 relative to the crop influenced seed productivity.

 The results of this study can be incorporated into cal-
 culations of economic thresholds and used in the devel-
 opment of economic decision rules (Dieleman et al. 1996).
 These rules can assist corn growers with the implementa-
 tion of cost-effective strategies for barnyardgrass control in
 corn.

 Sources of Materials

 lFlat-fan nozzles, Teejet SS8002LP, Spraying Systems Co., P.O.
 Box 7900, Wheaton, IL 60189.

 2 Leaf area meter, LI-Cor Inc. Lincoln, NE 68501.
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