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Chapter II 

Influence of Several Herbicides on Visual Injury, Leaf Area Index, and Yield of 

Glyphosate-tolerant Soybean (Glycine max) 

 

The occasional failure of glyphosate to control all weeds throughout the entire growing season 

has prompted growers to sometimes use herbicides other than glyphosate on glyphosate-tolerant 

soybean.  Field studies were conducted in 1999 and 2000 to investigate potential crop injury 

from several herbicides on glyphosate-tolerant soybean, and to determine the relationship 

between soybean maturity, planting date, and herbicide treatment on soybean injury, leaf area 

index (LAI), and yield.  Three glyphosate-tolerant soybean cultivars representing maturity 

groups III, IV and V were planted at dates representing the full-season and double-crop soybean 

production systems used in Virginia.  Within each cultivar and planting date, 15 herbicide 

treatments, in addition to a control receiving only metolachlor preemergence, were applied to 

cause multiple levels of crop injury.  Results of this study indicate that glyphosate-tolerant 

soybean generally recovered from early-season herbicide injury and LAI reductions; however, 

reduced yield occurred with some treatments.  Yield reductions were more common in double-

crop soybean than in full-season soybean.  In full-season soybean, most yield reductions 

occurred only in the early maturing RT-386 cultivar.  These yield reductions may be attributed to 

the reduced developmental periods associated with early maturing cultivars and double-crop 

soybean that often lead to reduced vegetative growth and limited LAI.  Additional reductions of 

LAI by some herbicide treatments on these soybean may have coincided with yield reductions; 

however, reduced LAI did not occur with all yield reducing treatments.  Therefore, soybean LAI 

response to herbicide treatments does not always accurately indicate the potential detrimental 

effects of herbicides on soybean yield.  Further, yield reductions associated with herbicide 

applications occurred although soybean sometimes produced leaf area exceeding the critical LAI 

level of 3.5 to 4.0 which is the minimum LAI needed for soybean to achieve maximum yield. 

 

Nomenclature:  Glyphosate; soybean, Glycine max [L.] Merr.; 

 

Additional index words:  double-crop soybean, full-season soybean, herbicide damage, leaf 

area, soybean injury, soybean maturity group, soybean yield.   
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Abbreviations:  AS, ammonium sulfate; COC, crop oil concentrate; df, degrees of freedom; fb, 

followed by; INJ, injury; LAI, leaf area index; NIS, nonionic surfactant; PRE, preemergence; 

POST, postemergence; UAN, urea ammonia nitrate; WAP, weeks after planting. 

 

Introduction 

 

Herbicides are integral components of modern soybean production systems.  Herbicide 

selection is based on the ability of the chemical to control important weeds without causing 

significant injury to the crop (Hartzler 1996).  Although soybean herbicides vary in their margins 

of crop safety, it has generally been accepted that these products will not impact soybean yield 

potential when used according to label instructions and during favorable environmental 

conditions.  However, the validity of this assumption is now being questioned.  Several factors 

are responsible for these concerns including changes in herbicide use patterns, the growing 

popularity of yield monitors which provide an easy means to make yield comparisons, and the 

introduction of herbicide resistant crops that may have the potential to eliminate injury concerns. 

 

A gene encoding a glyphosate insensitive enzyme, 5-enolpyruvl-shikimate-3-phosphate 

synthase (EPSPS) was identified and introduced into soybean through genetic engineering 

resulting in glyphosate-tolerant soybean (Padgette et al. 1995).  Upon glyphosate treatment, the 

glyphosate-tolerant soybean remains little affected because the continued action of the 

introduced glyphosate insensitive enzyme, EPSPS, meets the plant’s need for the aromatic amino 

acids (Padgette et al.  1995).  Glyphosate used as a postemergence (POST) herbicide provides 

excellent weed control (Delannay et al. 1995) and has not injured soybean significantly (Padgette 

et al. 1995).  

 

In Virginia, approximately 60% of the soybean crop is planted double-crop following 

small grain and the rest of the crop is planted in a full-season system similar to that used in the 

mid-western United States (Holshouser 2001).  Double-crop soybean are usually planted later 

than is optimum for highest yields and encounter a shorter photoperiod than full-season plantings 

resulting in reduced plant height, branch development, days to flowering, seed fill period, and 

days to maturity (Board and Hall 1984; Board 1985; Dunphy et al. 1979).  Yields of determinate 
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soybean are often lowered from late plantings because of reductions in branch number, fertile 

node number, pod number and seed number per plant (Board 1985; Board and Settimi 1986; 

Boquet et al. 1982).  Because the detrimental effects of late planting are often expressed as a 

reduction in individual plant yield components, any temporary suppression in plant growth due 

to additional stresses may cause additional yield reductions (Harris et al. 1991). 

 

The use of glyphosate-tolerant soybean is very popular and has made a tremendous 

impact on soybean weed control in both double-crop and full-season soybean production 

systems.  Although glyphosate-tolerant soybean are not totally immune to glyphosate, they 

generally have a larger margin of safety than typically found with traditional selective herbicides 

used in soybean and potential risks associated with herbicide injury are reduced (Hartzler 1996).  

However, the resistance gene in glyphosate-tolerant soybean does not protect the crop from 

stress of other herbicides used on soybean.  Previous research has shown that a single application 

of glyphosate made to soybean did not control some weed species for the entire growing season 

(Gonzini et al. 1999).  This was due to a lack of soil residual activity with glyphosate, which 

allows weeds to emerge after herbicide applications have been made.  In addition, some weed 

species, including velvetleaf and ivyleaf morningglory, have exhibited some tolerance to 

glyphosate at larger growth stages (Krausz et al.  1996).  Because of this, additional herbicides 

are sometimes required to provide broad-spectrum weed control in glyphosate-tolerant soybean. 

 

In both glyphosate-tolerant and non-genetically modified soybean, canopy reduction and 

delay in canopy development has occurred due to herbicide treatments (Barker et al. 1984; 

Harvey 1995; Nelson and Renner 2001; Sherman 1981).  In order to approach maximum yields, 

at least 95% of incoming solar radiation (L95) must be intercepted by the soybean canopy 

(Westgate 1999).  It is currently accepted that a leaf area index (LAI), which is the ratio of unit 

leaf area of the crop to unit land area, of 3.5 to 4.0 correlates with L95 in soybean (Board and 

Harville 1992; Westgate 1999).  Board and Harville (1992) found that soybean planted in May 

invariably reached optimal LAI, however, LAI was always sub-optimum in soybean planted in 

July.  The effect of late compared with optimal planting was to shorten developmental periods, 

which resulted in decreased LAI.  Therefore, delayed planting may increase the likelihood of 
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soybean yield reductions if L95 or LAI is reduced below the critical level due to injury associated 

with herbicide applications. 

 

The use of early maturing soybean varieties may also increase the likelihood of yield 

reductions due to herbicide injury.  Early maturing varieties fill pods early in the season 

compared to full-season varieties.  The decreased amount of time between planting and 

flowering in early maturing varieties reduces leaf area (Holshousere 2001) and may limit the 

opportunity to recover from early season herbicide injury.  Late maturing varieties remain 

vegetative for a longer period before flowering compared to early maturing varieties and, 

therefore, produce more leaf area and nodes where pods can form.  This extended vegetative 

growth period results in greater yield potential per plant and in longer periods of growth to 

potentially recover from any herbicide injury that may occur during early growth stages. 

 

In Virginia, non-stressed full-season soybean usually produce a LAI of 4.0 or greater 

(Holshouser 2001).  Because of this extra foliage, a minimal loss in leaf area due to herbicide 

damage should not affect yield.  However, many double-crop systems do not achieve the 

minimal soybean LAI of 3.5.  Therefore, any decline in leaf area may result in a direct yield loss.  

In addition, concern has been expressed about the potential for injury from some herbicides on 

glyphosate-tolerant soybean (W. K. Vencill, personal communication).  As a result, objectives of 

this research were to (1) investigate potential for crop injury by various herbicide-based weed 

control systems in full-season and double-crop soybean using maturity group III, IV, and V 

glyphosate-tolerant varieties and (2) investigate the relationship between maturity, planting date 

and herbicide treatment on soybean LAI and yield.  

 

Materials and Methods  

 

Field experiments were conducted at the Eastern Shore Agricultural Research and 

Extension Center near Painter, Virginia in 1999 and 2000.  Soil type was a Bojac sandy loam 

with pH of 6.3 and <1.0 % organic matter.  Glyphosate-tolerant Southern States cultivars 'RT-

386', 'RT-446N', and 'RT-557N' were used to represent maturity groups III, IV, and V, 

respectively.  Utilizing different maturity groups was an attempt to insure multiple soybean leaf 
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area levels.  Current soybean production systems used in Virginia were represented using 

different planting dates.  To simulate “full-season” soybean production, soybean cultivars were 

planted into a conventionally prepared seedbed on June 24, 1999 and June 9, 2000.  Planting was 

delayed in 1999 due to dry soil conditions.  To simulate “double-crop” soybean production, 

soybean cultivars were no-till planted directly into wheat stubble on July 7, 1999 and July 6, 

2000.   

 

The experimental design was a randomized complete block in a split-plot arrangement 

with three replications.  Main plots were cultivars and subplots were herbicide treatments.  In 

1999, plots consisted of four rows 5 m in length and spaced 46 cm apart.  In 2000, plots 

consisted of five rows 5 m in length and spaced 38 cm apart.  Metolachlor at 1.6 kg ai ha-1 was 

applied preemergence (PRE) to all full-season soybean plots, and metolachlor at 1.6 kg ai ha-1 

plus glyphosate at 1.1 kg ai ha-1 was applied PRE to all double-crop soybean plots.  These 

applications were made on or within one day of planting to help suppress weed populations.  

Any weeds that escaped these herbicide treatments were hand-weeded as needed to maintain 

weed-free conditions throughout the growing seasons each year.  In 1999 and 2000, 

esfenvalerate was applied at 55 g ai ha-1 to reduce potential injury from any defoliating or pod-

feeding insects.   

 

Within each cultivar and planting date, 15 herbicide treatments representing several  

different modes of action were applied to cause multiple levels of soybean injury (Table 1).  

Herbicides were applied with a tractor-mounted compressed air sprayer equipped with nozzles1 

calibrated to deliver 234 L ha-1 at 207 kPa.  PRE herbicide treatments were applied on or within 

one day of planting.  Postemergence (POST) herbicide treatments were applied when soybean 

were at the V2 to V3 growth stage. 

 

Percent soybean injury was rated 7, 14 and 21 days after treatment (DAT) from 0 (no 

visible injury) to 100 (complete death).  This injury was visually rated by determining the 

                     
  1 Teejet 8003 spray tips.  Spraying Systems Co., North Avenue, Wheaton, IL  60188. 
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average percentage of stunting, chlorosis, and/or necrosis occurring to treated soybean plants 

compared to nontreated plants. 

 

Soybean LAI was determined using an LAI-2000 Plant Canopy Analyzer2.  This 

equipment has shown to accurately estimate LAI within 15% of directly determined LAI (Hunt 

et al. 1999; Welles and Norman 1991).  The experimental procedure used for determining LAI 

followed the recommendations by the equipment manufacturer for the unique conditions created 

in small plots of agricultural row crops (Welles and Norman 1991).  An opaque lens cap that 

reduces the field of view to 45° was used to prevent readings from being affected by the user and 

adjacent plots.  Following an above-canopy reading, four evenly spaced below-canopy readings 

were taken along a diagonal transect running between the center rows within each plot.  In the 46 

cm rows, a reading was taken at the following spacings:  directly beneath the second plant row, 

one-fourth the row width, one-half the row width, and three-fourth the row width moving 

towards the third planted row (Figure 1a).  In the 38 cm rows, each reading was taken the same 

distance apart, however, the narrower row spacing resulted in the readings being taken directly 

beneath the second plant row, one-half the row width, directly beneath the third row, and one-

half the row width moving towards the fourth planted row (Figure 1b).  Four transect lines were 

taken per plot to generate a complete representation of the plot with the restriction of the 45° lens 

cap.  Readings along the first two transect lines were collected by directing the opening of the 

lens cap in the direction of the row and readings along the last two transect lines were collected 

by directing the opening of the lens cap perpendicular to the row.  The plant canopy analyzer 

used the 16 collected readings to calculate a LAI for the plot. 

 

The plant canopy analyzer required that both the plants in the plot and light sensor be 

shaded to generate an accurate value for the LAI.  The calculations of the plant canopy analyzer 

assume that the leaves are a blackbody against a light sky.  Direct sunlight would filter through 

the leaf, causing the LAI detected by the plant canopy analyzer to appear lower than actual value.  

Direct sunlight striking the light sensor of the plant canopy analyzer reflects within the lens, also 

                     
  2 LAI-2000 Plant Canopy Analyzer.  LI-COR, Inc., Environmental Divison, P. O. Box 4425, 

Lincoln, NE  68504. 
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affecting readings.  Therefore, all readings were collected on a cloudy day, in the early morning, 

or late afternoon using a constructed shade that prevented direct sunlight from reaching the 

leaves in the plot. 

 

LAI measurements were obtained at approximately 5 and 9 weeks after planting (WAP).  

The earlier LAI measurements were collected two weeks after POST treatment when soybean 

were at the V5 to V6 development stage.  These measurements acted as an additional estimate of 

soybean injury.  The later LAI measurements were collected when soybean were at the R4 to R5 

development stage depending on planting date and soybean maturity.  At this time, maximum 

vegetative growth has occurred and dry weight accumulation relocates to developing pods and 

seeds (Ritchie 1994).  In full-season soybean, measurements were obtained at early R5, late R4 

and early R4 development stages for maturity groups III, IV and V, respectively.  In double-crop 

soybean, measurements were collected at early to mid R5 for maturity group III and IV and at 

early R4 for maturity group V.   

 

The center two rows of plots in 1999 and the center three rows of plots in 2000 were 

harvested at maturity with a small-plot combine equipped with a scale, moisture sensor, and data 

logger.  Seed yield was corrected to 13% moisture. 

 

The chi-square test for homogeneity of variance was used to determine if data could be 

combined over years or between planting dates within the same year.  Soybean injury, LAI, and 

yield were analyzed using mixed model SAS procedures (SAS Inst. 1997) and means were 

separated using Fisher's Protected LSD test at the 0.05 level.  In addition, protected pair-wise 

contrasts were made at the 0.05 and 0.01 significance levels to determine differences between 

treated soybean and nontreated controls for LAI and yield (Saxton 1998).  

 

Results and Discussion 

 

The chi-square test for homogeneity rejected the hypothesis that herbicide injury, LAI 

and yield between years or between planting dates within the same year were equal, indicating 
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heterogeneity of variance (p>0.01).  Therefore, data are presented individually by year and by 

planting date.   

 

Visual soybean injury.  Injury to glyphosate-tolerant soybean occurred with several herbicides.  

Injury was expressed as leaf chlorosis, necrosis, deformation, and/or plant stunting depending on 

herbicide mode of action and environmental conditions.  Injury from PRE treatments including 

flumetsulam, imazaquin, chlorimuron plus metribuzin, and sulfentrazone plus chlorimuron was 

often reflected as minor plant stunting.  Necrosis to lower leaves and eventual leaf loss resulted 

from the most injurious PRE treatments.  Soybean injury was expressed as bronzing and 

occasional spotting of soybean leaves when diphenylethers including fomesafen, lactofen, and 

acifluorfen plus either bentazon or 2,4-DB were applied.  Soybean height was sometimes 

reduced and slight chlorosis of the upper leaves resulted when the imidazolinone herbicides, 

imazamox and imazethapyr, were applied POST.  Cloransulam injury was low and was reflected 

as occasional minor reductions in soybean growth.  Injury from glyphosate and sulfosate 

treatments was also low; this was expected since all soybean varieties used were glyphosate-

tolerant. 

 

RT-446N and RT-557N were consistently injured more than RT-386 when treatments 

consisting of sulfonylurea herbicides were used including chlorimuron plus metribuzin, 

sulfentrazone plus chlorimuron followed by (fb) chlorimuron POST, chlorimuron, and 

chlorimuron plus thifensulfuron (Table 3, 4, 5, 6).  In addition to being glyphosate-tolerant, it 

was determined that approximately 75% of RT-386 seed was sulfonylurea tolerant which 

explains the increased tolerance of RT-386 to sulfonylurea herbicides.  Injury from sulfonylurea 

herbicides on susceptible soybean included chlorosis, necrosis, vein purpling, and in the most 

severe cases, terminal bud death. 

 

Full-season soybean. 

Significant interaction occurred between cultivar and herbicide treatment for visual 

soybean injury ratings at 4 and 5 WAP in 1999 and 2000; therefore, ratings are presented for 

individual treatments and cultivars (Table 2).  In 1999, visual injury at 4 WAP ranged from 8 to 

31, 7 to 34, and 7 to 30% on RT-386, RT-446N, and RT-557N, respectively (Table 3).  Visual 
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injury of soybean treated with only PRE herbicides was generally low and did not exceed 13%.  

Sulfentrazone plus chlorimuron PRE fb chlorimuron POST caused 13, 22, and 19% visual injury 

on RT-386, RT-446N, and RT-557N, respectively.  Visual injury of soybean treated with POST 

applications of chlorimuron and chlorimuron plus thifensulfuron was 12, 19, and 18% and 14, 

33, and 30%, respectively, for RT-386, RT-446N, and RT-557N.  The lower injury to RT-386 

for these three treatments was due to the increased tolerance of approximately 75% of RT-386 to 

sulfonlyurea herbicides.  Treatments consisting of diphenylethers including fomesafen, lactofen, 

and acifluorfen plus either bentazon or 2,4-DB resulted in varying degrees of soybean injury.  

Injury among these treatments was generally high and ranged from 15% to 34% depending on 

herbicide and cultivar.  Visual injury ranged from 10 to 17% for soybean treated with 

chloransulam, imazamox, and imazethappyr.  As expected, injury from glyphosate and sulfosate 

was low and did not exceed 10%.  At 5 WAP, soybean injury was generally lower than injury at 

4 WAP due to soybean regrowth and recovery, however, recovery was not observed with 

chlorimuron plus metribuzin on RT-386 and chlorimuron plus thifensulfuron on RT-446N (Table 

3). 

 

In 2000, visual injury ratings at 4 WAP were similar to 1999 with soybean injury ranging 

from 7 to 33% on RT-386 and RT-446N and from 7 to 32% on RT-557N (Table 4).  As in 1999, 

injury of soybean treated with only PRE herbicides was low and did not exceed 12%.  Visual 

injury observed on RT-386 was generally lower than that of RT-446N and RT-557N with all 

four treatments containing sulfonylurea herbicides.  Again, the reduced injury to RT-386 was 

due to its increased tolerance to sulfonylurea herbicides.  As in 1999, the most injurious 

sulfonylurea treatment on RT-446N and RT-557N was chlorimuron plus thifensulfuron with 

injuries of 30 and 32%, respectively.  Among the diphenylether treatments, soybean injury was 

again generally high and the severity varied ranging from 14 to 33%.  Visual injury ranged from 

8 to 18% on soybean treated with chloransulam, imazamox, and imazethappyr.  As in 1999, 

visual injury ratings for glyphosate and sulfosate did not exceed 10%.  Soybean injury was 

generally lower at 5 WAP compared to injury at 4 WAP (Table 4).  At 5 WAP, soybean injury 

ranged in severity from 4 to 13%, 4 to 15% and 3 to 14% on RT-386, RT-446N, and RT-557N, 

respectively.  As in 1999, the lower visual injury ratings at 5 WAP are indicative of soybean 

recovery and regrowth. 
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Double-crop soybean. 

As in the full-season studies, significant interaction occurred between cultivar and 

herbicide treatment for visual soybean injury ratings at 4 and 5 WAP in 1999 and 2000; 

therefore, ratings are presented for individual treatments and cultivars (Table 2).  In the 1999 

double-crop study, soybean injury for all treatments was generally lower than that observed with 

the full-season soybean studies (Table 5).  In 1999 double-crop soybean, the highest injuries at 4 

WAP were 17, 24, and 21% on RT-386, RT-446N, and RT-557N, respectively.  Injury of 

soybean treated with only PRE herbicides was low and ranged from 3 to 7%.  Sulfentrazone plus 

chlorimuron PRE fb chlorimuron POST caused 5, 15, and 10% injury on RT-386, RT-446N, and 

RT-557N, respectively.  Visual injury of soybean treated with POST applications of chlorimuron 

and chlorimuron plus thifensulfuron was 2, 8, and 6% and 3, 24, and 21%, respectively, on RT-

386, RT-446N, and RT-557N.  As in the full-season studies, the reduced injury observed on RT-

386 was due to its increased tolerance to sulfonylurea herbicides.  Severity of injury on soybean 

treated with diphenylether treatments was variable and ranged from 4 to 17%.  Injury from 

imazamox and imazethapyr was similar with soybean injury ranging from 2 to 6%.  Injury 

caused by glyphosate, sulfosate, and chloransulam was minimal and did not exceed 2%.  At 5 

WAP, soybean injury was generally similar to injury ratings at 4 WAP, however, minor 

reductions in soybean injury were apparent for some treatments due to soybean regrowth and 

recovery at 5 WAP (Table 5).  Unlike full-season soybean, the amount of soybean recovery that 

occurred at 4 and 5 WAP was minimal.  

 

In the 2000 double-crop study, soybean injury from most herbicides was similar to that 

observed in the full-season studies and generally higher than that observed in 1999 double-crop 

soybean.  In 2000 double-crop soybean, visual injury at 4 WAP ranged in severity from 5 to 

29%, 4 to 32%, and 4 to 31% on RT-386, RT-446N, and RT-557N, respectively (Table 6).  

Visual injury in soybean treated with only PRE herbicides was low and ranged from 4 to 10%.  

Sulfentrazone plus chlorimuron PRE fb chlorimuron POST caused 7, 14, and 12% visual injury 

in RT-386, RT-446N, and RT-557N, respectively.  Visual injury in soybean treated with 

chlorimuron and chlorimuron plus thifensulfuron was 10, 14, and 14% and 7, 32, and 31%, 

respectively, for RT-386, RT-446N, and RT-557N.  Again, the reduced injury in RT-386 for 

these treatments is due to the increased tolerance of RT-386 to sulfonylurea herbicides.  Injury 
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ranged from 13 to 31% from treatments consisting of diphenylethers.  Soybean injury from 

imazamox and imazethapyr was generally low and ranged from 6 to 15%.  Injury from 

glyphosate, sulfosate, and chloransulam was again low and did not exceed 9%.  Soybean injury 

was generally lower at 5 WAP compared to injury at 4 WAP.  At 5 WAP, soybean injury ranged 

in severity from 2 to 20%, 2 to 19% and 1 to 18% in RT-386, RT-446N, and RT-557N, 

respectively (Table 6). 

 

Leaf Area Index.  At both 5 and 9 WAP, average LAI of double-crop soybean was generally 

lower than LAI of full-season soybean.  At 5 WAP, double-crop soybean were generally smaller 

than what was observed in the full-season studies.  Prior to soybean planting in the double-crop 

studies, a wheat crop was grown throughout the winter and spring and was harvested in mid June 

both years.  This wheat crop preceding soybean planting may have reduced soybean growth at 5 

WAP.  Previous research has indicated a possible allelopathic effect of wheat on soybean growth 

(Blum et al. 1992) and reduced soil water availability due to small grain utilization prior to 

maturity (Pearce 1993).  In addition, the lower average LAI at 9 WAP in double-crop soybean 

may be largely attributed to soybean photoperiod response.  Soybean in the double-crop studies 

encountered a shorter photoperiod than full-season plantings.  The reduced amount of time 

between planting and flowering in double-crop soybean shortened developmental periods, 

reduced vegetative growth, and limited LAI production. 

 

As expected, LAI at 9 WAP of RT-557N was generally higher than RT-386 and RT-

446N in double-crop and full-season soybean.  RT-557N was the latest maturing variety and, 

therefore, it had the longest period of vegetative growth.  RT-386 and RT-446N were earlier 

maturing varieties, and, therefore, periods of vegetative growth were shorter than RT-557N.  

Again, the reduced amount of time between planting and flowering limited LAI production. 

 

Full-season soybean. 

In 1999, significant interaction occurred between cultivar and herbicide treatment for LAI 

at 5 WAP; therefore, LAI measurements are presented for individual treatments and cultivars 

(Table 2).  Several reductions of LAI occurred at 5 WAP in treated soybean compared to the 

nontreated controls, however, none of these reductions were caused by treatments consisting of 
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only PRE herbicides (Table 7).  LAI of RT-446N and RT-557N was reduced from sulfentrazone 

plus chlorimuron PRE fb chlorimuron POST.  Reductions of LAI occurred from other 

sulfonylurea treatments including chlorimuron on RT-557N and chlorimuron plus thifensulfuron 

on all three cultivars.  The reductions of LAI that occurred with RT-446N and RT-557N were 

expected since these cultivars were more susceptible to sulfonylurea herbicides.  The reduction 

of LAI on RT-386 from chlorimuron plus thifensulfuron, although not as severe as the other 

cultivars, resulted because RT-386 seed was not 100% sulfonylurea tolerant.  Therefore, the 

reduced LAI was due to severe injury on susceptible RT-386 plants.  Reductions of LAI were 

common among soybean treated with diphenylether herbicides.  The severity of injury visually 

rated at 5 WAP was reflected as reduced LAI for several of these treatments.  LAI reductions 

occurred with acifluorfen plus bentazon and fomesafen on RT-386 and RT-557N and LAI was 

reduced by acifluorfen plus 2,4-DB and lactofen on all three cultivars.  Reductions of LAI at 5 

WAP occurred on all three cultivars with imazethapyr.  Visual injury ratings at 5 WAP for 

soybean treated with imazethapyr were moderately high.  In spite of low injury ratings at 5 

WAP, reductions of LAI occurred with chloransulam on RT-446N and with imazamox on RT-

557N.  No other treatments reduced LAI at 5 WAP. 

 

In 1999, there was no cultivar by herbicide treatment interaction on LAI at 9 WAP, but 

main effects of cultivars and herbicide treatments were significant (Table 2).  At 9 WAP, RT-

386, RT-446N, and RT-557N were at early R5, late R4, and early R4 growth stages, 

respectively.  Average LAI of RT-557N (5.8) was greater than that of both RT-386 (5.0) and RT-

446N (5.1) at this time (Table 7).  Averaged across cultivars, several herbicide treatments 

reduced LAI at 9 WAP.  Chlorimuron plus thifensulfuron was the only sulfonylurea treatment to 

reduce LAI at 9 WAP.  Reductions of LAI at 9 WAP were common among soybean treated with 

diphenylether herbicides including acifluorfen plus 2,4-DB, fomesafen, and lactofen.  Again, the 

visual injury observed at 5 WAP by these treatments was reflected as reduced LAI at 9 WAP.  

The reduced LAI that occurred with imazethapyr on all cultivars at 5 WAP was still evident at 9 

WAP.  Imazamox was the only other treatment that reduced LAI at 9 WAP. 

 

In 2000, soybean LAI at 5 WAP was generally higher than that observed in 1999.  The 

reason for this increased LAI can be largely attributed to the abundant amount of rainfall 
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received throughout the early stages of the 2000 growing season.  In 2000, there was no cultivar 

and herbicide treatment interaction on LAI at 5 WAP, but main effects of cultivars and herbicide 

treatments were significant (Table 2).  Average LAI of RT-557N (3.7) was less than that of both 

RT-386 (4.4) and RT-446N (4.0) at 5 WAP.  In 2000, the number of herbicide treatments that 

caused reduced LAI at 5 WAP was less than that observed in 1999.  Averaged across cultivars, 

LAI at 5 WAP was reduced by only chlorimuron plus thifensulfuron, acifluorfen plus 2,4-DB, 

and lactofen (Table 8).  Visual injury ratings at 5 WAP were high with acifluorfen plus 2,4-DB 

and lactofen on all cultivars and with chlorimuron plus thifensulfuron on RT- 446N and RT-

557N.   

 

As in 1999, a second LAI reading was taken 9 WAP in 2000 when RT-386, RT-446N, 

and RT-557N were at early R5, late R4, and early R4 growth stages, respectively.  Significant 

interactions occurred between cultivar and herbicide treatment for LAI so LAI measurements are 

presented for individual treatments and cultivars (Table 2).  LAI of RT-557N was again 

generally higher than that of RT-386 and RT-446N at this time.  In 2000, the number of 

herbicide treatments that reduced LAI at 9 WAP was more than in 1999.  Of the PRE herbicides, 

flumetsulam and imazaquin reduced LAI of RT- 386 (Table 8).  Reduced LAI from only PRE 

treatments did not occur in 1999.  Unlike 1999, several reductions of LAI at 9 WAP occurred in 

2000 from treatments consisting of sulfonylurea herbicides.  Reduced LAI was observed with 

sulfentrazon plus chlorimuron PRE fb chlorimuron POST on RT-557N, chlorimuron on RT-386, 

and chlorimuron plus thifensulfuron on all three cultivars.  Of these sulfonylurea treatments, 

reduced LAI at 5 WAP in 2000 occurred only with chlorimuron plus thifensulfuron.  As 

observed in 1999, treatments consisting of diphenylethers caused several reductions of LAI at 9 

WAP.  LAI was reduced with acifluorfen plus bentazon on RT-557N, acifluorfen plus 2,4-DB on 

RT-386 and RT-557N, and lactofen on RT-386 and RT-446N.  Reductions of LAI did not occur 

from any of the other treatments. 

 

Double-crop soybean. 

In 1999, LAI of both treated and untreated soybean at 5 WAP was generally less than that 

observed in the full-season studies.  In 1999, there was no interaction between cultivar and 

herbicide treatment for LAI at 5 WAP, but the main effect of herbicide treatment was significant 
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(Table 2).  Averaged across cultivars, several herbicide treatments reduced LAI at 5 WAP (Table 

9).  Although visual injury ratings at 5 WAP were low, LAI reductions occurred with PRE 

applications of imazaquin and chlorimuron plus metribuzin.  Among the other sulfonylurea 

treatments, only sulfentrazone plus chlorimuron applied PRE fb chlorimuron POST reduced 

LAI.  Several reductions in LAI occurred from diphenylether treatments.  Reductions in LAI 

occurred with acifluorfen plus bentazon, acifluorfen plus 2,4-DB, fomesafen and lactofen.  

Similar to the full-season studies, the high number of LAI reductions on double-crop soybean 

treated with diphenylether herbicides reflects the severity of injury that was visually rated 5 

WAP.  In spite of low visual injury ratings at 5 WAP, LAI was also reduced with sulfosate, 

imazamox, and imazethapyr.  No reductions in LAI at 5 WAP were present with any of the other 

treatments. 

 

In 1999, there was no cultivar and herbicide treatment interaction on LAI at 9 WAP, but 

main effects of cultivars and herbicide treatments were different (Table 2).  At 9 WAP, RT-386 

and RT-446N were at the early- to mid-R5 development stage and RT-557N was at the early R4 

development stage.  Average LAI of RT-557N (4.0) was greater than that of both RT-386 (3.2) 

and RT-446N (3.1) at this time (Table 9).  Averaged across cultivars, no herbicide treatments 

significantly reduced LAI at 9 WAP, however, reduction of LAI to 2.8 by acifluorfen plus 2,4-

DB and chloransulam was marginally significant (P= 0.07). 

 

In 2000 double-crop soybean, significant interactions occurred between cultivar and 

herbicide treatment for LAI at 5 WAP; therefore, LAI measurements are presented for individual 

treatments and cultivars (Table 2).  LAI at 5 WAP was generally lower than that observed in the 

full-season studies, but higher than LAI at 5 WAP in 1999 double-crop soybean.  The increased 

LAI in 2000 is likely due to higher amounts of rainfall.  At 5 WAP, reductions in LAI occurred 

with several of the herbicide treatments (Table 10).  Within the PRE treatments, LAI was 

reduced with only chlorimuron plus metribuzin in RT-557N.  Decreased LAI in RT-446N and 

RT-557N was evident when sulfentrazone plus chlorimuron was applied PRE fb chlorimuron 

POST.  This trend of LAI reduction in only RT-446N and RT-557N continued with the POST 

application of chlorimuron plus thifensulfuron.  The reduced LAI found in RT-446N and RT-

557N for these treatments reflects the increased susceptibility to sulfonylurea herbicides of RT-
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446N and RT-557N compared to that of RT-386.  The increased amount of LAI reductions from 

sulfonylurea herbicides in RT-446N and RT-557N was common throughout 1999 and 2000 for 

both soybean production systems.  LAI reductions were found with acifluorfen plus 2, 4-DB in 

RT-386 and RT-557N and with lactofen in RT-446N and RT-557N.  The severity of injury that 

was visually rated at 5 WAP for these treatments consisting of diphenylethers was again 

reflected as reduced LAI.  As with sulfonylurea herbicides on RT-446N and RT-557N, LAI 

reductions at 5 WAP occurring from diphenylether treatments were common across years and 

planting dates.  In spite of low visual injury ratings at 5 WAP, LAI was reduced with sulfosate in 

RT-446N.  No reductions in LAI were present with any of the other treatments. 

 

In 2000, there was no cultivar and herbicide treatment interaction on LAI at 9 WAP, but 

main effects of cultivars and herbicide treatments were different (Table 2).  At 9 WAP, RT-386 

and RT-446N were at the early- to mid-R5 development stage and RT-557N was at the early R4 

development stage.  Average LAI of RT-557N (3.7) was greater than that of both RT-386 (2.6) 

and RT-446N (2.8) at this time (Table 10).  Averaged across cultivars, several treatments 

significantly reduced LAI at 9 WAP.  Within the PRE treatments, flumetsulam and chlorimuron 

plus metribuzin reduced LAI.  Other treatments consisting of sulfonylurea herbicides inluding 

sulfentrazone plus chlorimuron PRE fb chlorimuron POST, chlorimuron plus thifensulfuron, and 

chlorimuron reduced LAI.  Treatments consisting of diphenylethers including acifluorfen plus 

bentazon, acifluorfen plus 2,4-DB and lactofen caused reductions of LAI.  Sulfosate and 

imazamox also reduced LAI.  This was unexpected since visual injury was low and LAI was not 

reduced with  these herbicids at 5 WAP.  No reductions in LAI occurred with any of the other 

treatments. 

 

Soybean yield.  Full-season soybean yield was generally higher than double-crop soybean yield.  

Similar to LAI production, the increased yields that occurred in full-season soybean can be 

largely attributed to photoperiod response.  Previous research indicates that double-crop soybean 

often encounter a shorter photoperiod than full-season plantings and, therefore, individual plant 

yield components including branch number, fertile node number, pod number and seed number 

per plant may be reduced (Board 1985; Board and Settimi 1986; Boquet 1982).  The reduced 

photoperiod also limits LAI production.  In order for soybean to achieve maximum yield for 
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environmental conditions present, at least 95% of incoming solar radiation (L95) must be 

intercepted by the canopy (Westgate 1999).  It is currently accepted that a LAI of 3.5 to 4.0 is 

necessary to achieve L95 (Westgate 1999; Board and Harville 1992).  At 9 WAP, full-season 

soybean exceeded this critical LAI in 1999 and 2000 regardless of cultivar or herbicide treatment 

(Table 7 and 8), however, this level was not always reached in double-crop soybean (Table 9 and 

10).  The reduced yields in double-crop soybean may also be attributed to the wheat crop grown 

prior to soybean planting.  Previous research has indicated a possible allelopathic effect of wheat 

on soybean growth (Blum et al. 1992) and reduced soil water availability due to small grain 

utilization prior to maturity (Pearce et al. 1993). 

 

Full-season soybean. 

In 1999, significant interactions occurred between cultivar and herbicide treatment for 

soybean yield; therefore, yield is presented for individual treatments and cultivars (Table 2).  

Although all soybean achieved an LAI at 9 WAP of 4.0 or higher regardless of cultivar or 

herbicide treatment, yield reductions were caused by herbicide treatments (Table 11).  Reduction 

of yield did not occur in RT-557N and did not occur in RT-446N except with acifluorfen plus 

2,4-DB.  The majority of yield reductions due to herbicides occurred in RT-386.  RT-386 was 

the earliest maturing cultivar and, therefore, had the least amount of time between planting and 

flowering to potentially recover from early season herbicide injury.  Among the PRE herbicides, 

both flumetsulam and imazaquin reduced yields of RT-386.  Visual injury ratings and LAI 

measurements were not indicative of these yield reductions.  As previously stated, RT-446N and 

RT-557N were generally more susceptible to sulfonylurea treatments with respect to visual 

injury ratings and LAI reductions at 5 and 9 WAP, however, yield reductions from these 

treatments occurred only with chlorimuron and chlorimuron plus thifensulfuron on RT-386.  

Because RT-386 seed was not 100% sulfonylurea tolerant, the reduced yields could be attributed 

to injury on susceptible RT-386 plants.  Diphenylether treatments including acifluorfen plus 

bentazon and acifluorfen plus 2,4-DB also reduced yields of RT-386.  High visual ratings at 4 

and 5 WAP and reduced LAI at 5 WAP occurred with all of these diphenylether treatments.  In 

addition, reduced LAI at 9 WAP was observed with acifluorfen plus 2,4DB.  Imazethapyr 

reduced LAI at 5 and 10 WAP in all cultivars, however, reduced yield occurred only with RT-

386.  No other treatments caused yield reductions. 
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In 2000, soybean yield was generally higher than in 1999 likely because of increased 

rainfall.  Unlike 1999, there was no cultivar and herbicide treatment interaction, but  average 

yield of cultivars was different (Table 2).  Average yield of RT-386 (5039 kg ha-1) was higher 

than RT-586 (4568 kg ha-1) and yield of RT-446N (4886 kg ha-1) was not statistically different 

from RT-386 or RT-557N (Table 11).  Significant yield reductions from herbicides did not occur 

in 2000.  Average LAI at 9 WAP for RT-386 (5.5), RT-446N (5.5), and RT-557N (6.1) exceeded 

the critical level of 4.0 in 2000 as it did in 1999.  However, in contrast to 1999, minimal losses in 

LAI due to some herbicide treatments did not reduce yields in 2000.  According to these results, 

occasional reductions of LAI from herbicide treatments may not always be reflected by a similar 

response in full-season soybean yield.  

 

Double-crop soybean. 

In 1999, significant interactions occurred between cultivar and herbicide treatment for 

soybean yield (Table 2); therefore, yield is presented for individual treatments and cultivars.  

Unlike full-season soybean, the critical LAI of 3.5 to 4.0 was not always reached at 9 WAP in 

double-crop soybean.  Reduction of yield did not occur in RT-446 N and did not occur in RT-

557N except with chlorimuron plus thifensulfuron (Table 12).  LAI at 5 and 9 WAP was not 

indicative of reduced yield of RT-557N from chlorimuron plus thifensulfuron, however, severe 

injury was observed with visual ratings at 4 and 5 WAP.  Again, the susceptibility of RT-557N 

to sulfonylurea herbicides explains this yield reduction.  As in the 1999 full-season study, the 

majority of yield reductions due to herbicides occurred in RT-386.  RT-386 was the earliest 

maturing cultivar and, therefore, had the least amount of time between planting and flowering to 

potentially recover from early season herbicide injury.  Chlorimuron plus thifensulfuron was the 

only sulfonylurea treatment to reduce yield of RT-386.  RT-386 seed was not 100% sulfonylurea 

tolerant and, therefore, the reduced yield could be attributed to injury on susceptible RT-386 

plants.  Three of the four diphenylether treatments including acifluorfen plus bentazon, 

acifluorfen plus 2,4-DB, and fomesafen reduced yield in RT-386.  As in the 1999 full-season 

study, visual injury ratings at 4 and 5 WAP were high and reduced LAI at 5 WAP occurred with 

all of these diphenylether treatments.  At 9 WAP, reduced LAI from these treatments did not 
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occur.  Imazethapyr was the only other treatment to reduce yield.  Visual injury ratings were 

moderate and LAI was reduced at 5 WAP by imazethapyr.  

In 2000, significant interactions again occurred between cultivar and herbicide treatment 

for soybean yield; therefore, yield is presented for individual treatments and cultivars (Table 2).  

Unlike the 1999 full-season and double-crop studies, yield reductions did not occur in RT-386.  

Unexpectedly, all yield reductions occurred in RT-557N with the exception of chlorimuron plus 

thifensulfuron on RT-446N (Table 12).  RT-557N was the latest maturing cultivar, and, 

therefore, remained vegetative for the longest period before flowering compared to RT-386 and 

RT-446N.  Because of this extended period of growth, it was expected that RT-557N would 

likely fully recover from any early season herbicide injury, however, this did not occur in 2000 

double-crop soybean.  Reduced yield in RT-557N occurred when sulfentrazone plus chlorimuron 

was applied PRE fb chlorimuron POST and with chlorimuron plus thifensulfuron.  LAI was 

reduced at 5 and 9 WAP from these sulfonylurea treatments. Three of the four diphenylether 

treatments including acifluorfen plus bentazon, fomesafen, and lactofen reduced yield in RT-

557N.  Similar to the 1999 full-season and double-crop studies, herbicide injury was high at 4 

and 5 WAP according to visual injury ratings and reduced LAI was common at 5 and 9 WAP 

with most of these diphenylether treatments.  Similar to the 1999 full-season study, reductions of 

LAI by some herbicide treatments may be indicative of yield loss, however, reductions of LAI at 

5 and 9 WAP are not always reflected by a similar response in double-crop soybean yield. 

 

The occasional failure of glyphosate to control all weeds throughout the entire growing 

season has prompted growers to sometimes use additional herbicides on glyphosate-tolerant 

soybean.  This study was conducted to address concerns regarding the potential for injury from 

these other herbicides and subsequent yield reductions when applied to glyphosate-tolerant 

soybean.  Results of this study indicate that glyphosate-tolerant soybean generally recovered 

from early-season herbicide injury; however, reduced yield occurred with some treatments.  

Yield reductions were more common in double-crop soybean than in full-season soybean.  In 

full-season soybean, most yield reductions occurred only in the early maturing RT-386 cultivar.  

These yield reductions may be attributed to the reduced developmental periods associated with 

early maturing cultivars and double-crop soybean that often lead to reduced vegetative growth 

and limited LAI.  Additional reductions of LAI by some herbicide treatments on these soybean 
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may have coincided with yield reductions; however, reduced LAI did not occur with all yield 

reducing treatments.  Therefore, soybean LAI response to herbicide treatments does not always 

accurately indicate the potential detrimental effects of herbicides on soybean yield.  Further, 

yield reductions were observed when soybean reached or exceeded the critical LAI level of 3.5 

to 4.0 necessary for attaining maximum yield. 

 

.
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Figure 1.  Plant canopy analyzer data collection pattern used for determining LAI in 46 
 cm rows (a) and 38 cm rows (b) 

a b
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Table 1.  Herbicide treatment, application timing, and application rate for 1999 and 2000 full-

1 

season and double-crop soybean studies. 

2 

 

Herbicide treatment 

 

Timinga 

Application  

rate 

  
______ g ai ha-1 ______ 

Flumetsulam  PRE    56 

Imazaquin PRE  140 

Chlorimuron + 

   metribuzinb 

 

PRE       29 + 

175 

Sulfentrazone +  

   chlorimuronc 

   chlorimuron + NISd 

PRE 

 

POST 

   190 + 

  38 

    9 

Acifluorfen + 

   bentazone + COCf 

POST    280 + 

560 

Acifluorfen + 

   2,4-DB + NIS 

POST    420 + 

  35 

Fomesafen + COC POST 420 

Lactofen + COC  POST 218 

Chlorimuron + NIS POST     9 
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Chlorimuron + 

   thifensulfurong + COC 

POST      11 + 

   4 

Glyphosate  POST 1120 

Sulfosate + ASh  POST 1120 

Chloransulam + NIS POST    18 

Imazamox + NIS  POST    44 

Imazethapyr + UANi  POST    70 

Nontreated control - - 

1                      
  a Abbreviations:  PRE, preemergence; POST, postemergence. 

  b Canopy, Package Premixed herbicide.  E. I. du Pont de Nemours and Company, Agricultural 

Products, 1007 Market Street Wilmington, Delaware  19898. 

  c Canopy XL, Package Premixed herbicide.  E. I. du Pont de Nemours and Company, 

Agricultural Products, 1007 Market Street Wilmington, Delaware  19898. 

  d Induce nonionic low foam wetter/spreader adjuvant contains 90% nonionic surfactant 

(alkylarylpolyoxyalkane ether and isopropanol), applied at 0.25% (v/v).  Helena Chemical Co., 

Suite 500, 6075 Poplar Avenue, Memphis, TN 38137. 

  e Storm, Package Premixed herbicide.  BASF Corp., P. O. Box 13528, Research Triangle Park, 

NC  27709 

  f Crop oil concetrate: Agri-Dex (blend of 83% paraffin-based petroleum oil and 17% surfactant) 

at 1.0% v/v.  Helena Chemical Co., Memphis, TN 38137. 

  g Synchrony STS, Package Premixed herbicide.  E. I. du Pont de Nemours and Company, 

Agricultural Products, 1007 Market Steet Wilmington, Delaware  19898. 

  h Ammonium sulfate at 4.8 kg ha-1  

  i 30% UAN, urea ammonia nitrate at 2.0% (v/v). 
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Table 2.  Summary of analysis of variance for visual injury ratings, leaf area index, and yield of full-season and double-crop soybean 

in 1999 and 2000.a 

Full-season soybean Double-crop soybean  

 

Year 

 

 

Factor 

 

 

df 

INJ  

4 WAP 

INJ 

5 WAP 

LAI  

5 WAP 

LAI 

9 WAP 

 

Yield 

 INJ  

4 WAP 

INJ 

5 WAP 

LAI  

5 WAP 

LAI 

9 WAP 

 

Yield 
   _______________________________________ Significanceb _________________________________ 

1999  

Cultivar (C) 

Herbicide (H) 

C X H  

 

2 

15 

30 

 

* 

  ** 

  ** 

 

  ** 

  ** 

  ** 

 

  ** 

  ** 

  ** 

 

* 

  ** 

  NS 

 

* 

  ** 

* 

  

  ** 

  ** 

  ** 

 

  ** 

  ** 

  ** 

 

  NS 

  ** 

  NS 

 

* 

* 

  NS 

 

  NS 

  ** 

* 

2000  

Cultivar (C) 

Herbicide (H) 

C X H  

 

2 

15 

30 

 

  ** 

  ** 

  ** 

 

* 

  ** 

  ** 

 

* 

  ** 

  NS 

 

  ** 

  ** 

  ** 

 

* 

  NS 

  NS 

  

  NS 

  ** 

  ** 

 

  NS 

  ** 

  ** 

 

  NS 

  ** 

* 

 

* 

  ** 

  NS 

 

* 

  ** 

* 

 

                     
  a Abbreviations:  INJ, injury; LAI, leaf area index; df, degrees of freedom; WAP, weeks after soybean planting.  
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  b NS = Not significant at P value of 0.05; * = P value of 0.05 level of significance; and ** = P value of 0.01 level of significance by 

Fisher's Protected LSD test. 
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Table 3.  Visual injury ratings at 4 and 5 weeks after soybean planting for full-season soybean in 1999.a 

Visual Soybean Injury 

4 WAPb  5 WAPc 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

 
______________________________________

 % 
_____________________________________

 

Flumetsulam PRE 9 10 9  6 7 5 

Imazaquin PRE 8 9 8  4 6 5 

Chlorimuron + 

   metribuzin 

PRE 13 12 12  15 9 5 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

13 22 19  11 15 13 

Acifluorfen + 

   bentazon + COC 

POST 24 19 21  20 13 11 
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Acifluorfen + 

   2,4-DB + NIS 

POST 31 34 28  29 32 20 

Fomesafen + COC POST 15 15 17  13 11 9 

Lactofen + COC POST 24 28 24  16 18 23 

Chlorimuron + NIS POST 12 19 18  9 15 8 

Chlorimuron + 

   thifensulfuron + COC 

POST 14 33 30  12 35 25 

Glyphosate POST 10 10 8  7 5 2 

Sulfosate + AS POST 8 7 7  6 6 2 

Chloransulam + NIS POST 10 13 10  7 12 4 

Imazamox + NIS POST 13 10 10  9 9 7 

Imazethapyr + UAN POST 17 14 14  17 14 9 

Nontreated control - 0 0 0  0 0 0 
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1, UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting. 

  b LSD (0.05) = 5 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 5 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  c LSD (0.05) = 6 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 6 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 
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Table 4.  Visual injury ratings at 4 and 5 weeks after soybean planting for full-season soybean in 2000.a 

Visual Soybean Injury 

4 WAPb  5 WAPc 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

 
______________________________________

 % 
_____________________________________

 

Flumetsulam PRE 8 10 9  4 4 4 

Imazaquin PRE 7 11 8  4 6 3 

Chlorimuron + 

   metribuzin 

PRE 9 12 10  5 6 6 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

12 17 16  7 8 8 

Acifluorfen + 

   bentazon + COC 

POST 22 18 19  11 6 9 
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Acifluorfen + 

   2,4-DB + NIS 

POST 30 31 29  11 13 13 

Fomesafen + COC POST 14 15 16  6 9 8 

Lactofen + COC POST 33 33 32  13 15 13 

Chlorimuron + NIS POST 10 15 15  6 9 8 

Chlorimuron + 

   thifensulfuron + COC 

POST 10 32 30  5 13 14 

Glyphosate POST 8 9 7  4 4 4 

Sulfosate + AS POST 10 7 7  5 4 4 

Chloransulam + NIS POST 8 13 11  4 6 5 

Imazamox + NIS POST 11 10 9  6 4 4 

Imazethapyr + UAN POST 18 17 14  7 6 7 

Nontreated control - 0 0 0  0 0 0 



 

 51

                                                                                        
  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1, UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting. 

  b LSD (0.05) = 3 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 3 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  c LSD (0.05) = 3 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 3 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 
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Table 5.  Visual injury ratings at 4 and 5 weeks after soybean planting for double-crop soybean in 1999.a 

Visual Soybean Injury 

4 WAPb  5 WAPc 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

 
______________________________________ % _____________________________________ 

Flumetsulam PRE 5 6 4  5 5 5 

Imazaquin PRE 4 7 3  1 3 1 

Chlorimuron + 

   metribuzin 

PRE 3 5 4  4 4 3 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

5 15 10  4 11 10 

Acifluorfen + 

   bentazon + COC 

POST 7 9 7  8 8 7 
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Acifluorfen + 

   2,4-DB + NIS 

POST 17 16 11  14 13 11 

Fomesafen + COC POST 6 4 4  6 4 3 

Lactofen + COC POST 12 14 12  10 15 11 

Chlorimuron + NIS POST 2 8 6  7 9 6 

Chlorimuron + 

   thifensulfuron + COC 

POST 3 24 21  3 22 21 

Glyphosate POST 0 1 0  0 0 1 

Sulfosate + AS POST 1 2 2  1 1 2 

Chloransulam + NIS POST 0 1 1  1 1 1 

Imazamox + NIS POST 3 6 2  2 3 2 

Imazethapyr + UAN POST 6 6 4  4 7 4 

Nontreated control - 0 0 0  0 0 0 
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting. 

  b LSD (0.05) = 4 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 4 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  c LSD (0.05) = 3 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 3 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 
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Table 6.  Visual injury ratings at 4 and 5 weeks after soybean planting for double-crop soybean in 2000.a 

Visual Soybean Injury 

4 WAPb  5 WAPc 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

 
______________________________________ % _____________________________________ 

Flumetsulam PRE 6 6 5  3 3 2 

Imazaquin PRE 5 4 4  2 2 1 

Chlorimuron + 

   metribuzin 

PRE 6 10 8  3 6 3 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

7 14 12  4 10 7 

Acifluorfen + 

   bentazon + COC 

POST 20 17 18  15 13 11 
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Acifluorfen + 

   2,4-DB + NIS 

POST 28 27 26  20 13 14 

Fomesafen + COC POST 14 13 14  11 10 9 

Lactofen + COC POST 29 31 27  15 19 14 

Chlorimuron + NIS POST 10 14 14  5 5 7 

Chlorimuron + 

   thifensulfuron + COC 

POST 7 32 31  6 18 18 

Glyphosate POST 7 5 5  2 3 2 

Sulfosate + AS POST 9 8 7  4 3 2 

Chloransulam + NIS POST 7 7 9  6 4 4 

Imazamox + NIS POST 11 11 6  3 6 2 

Imazethapyr + UAN POST 15 11 13  6 7 7 

Nontreated control - 0 0 0  0 0 0 
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting. 

  b LSD (0.05) = 3 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 4 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test.  

  c LSD (0.05) = 4 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 4 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 
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Table 7.  Soybean leaf area index at 5 and 9 weeks after soybean planting for full-season soybean in 1999.a 

Soybean Leaf Area Indexb 

5 WAPc  9 WAPd 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N Average 

Flumetsulam PRE 3.2 2.7 3.2  5.1 5.2 5.5 5.3 

Imazaquin PRE 3.5 3.1 3.5  5.1 5.7 5.4 5.4 

Chlorimuron + 

   metribuzin 

PRE 2.6 2.8 3.3  5.4 5.5 6.1 5.7 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

2.9 2.1* 2.3**  5.6 5.1 5.9 5.5 

Acifluorfen + 

   bentazon + COC 

POST 2.2** 2.5 2.4**  5.0 5.4 5.7 5.4 
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Acifluorfen + 

   2,4-DB + NIS 

POST 1.4** 1.5** 2.0**  4.3 4.6 5.0 4.7** 

Fomesafen + COC POST 2.1** 2.9 2.6**  4.2 4.9 5.3 4.8** 

Lactofen + COC POST 2.4* 2.3* 2.8*  5.0 4.8 5.5 5.1* 

Chlorimuron + NIS POST 3.2 2.8 2.9*  4.9 6.0 6.0 5.6 

Chlorimuron + 

   thifensulfuron + COC 

POST 2.4* 1.5** 1.9**  5.1 4.9 5.7 5.2* 

Glyphosate POST 2.8 2.6 3.1  6.0 5.4 6.2 5.9 

Sulfosate + AS POST 2.8 2.7 3.5  5.0 5.2 6.5 5.6 

Chloransulam + NIS POST 2.7 1.5** 3.5  4.5 4.9 6.5 5.3 

Imazamox + NIS POST 2.8 2.5 2.5**  4.9 4.8 5.6 5.1* 

Imazethapyr + UAN POST 2.0** 1.9** 2.6**  4.6 4.6 5.0 4.7** 

Nontreated control - 3.2 3.0 3.6  5.6 5.2 6.6 5.8 

Average      5.0 5.1 5.8  
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting; LAI, 

leaf area index. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 0.7 for comparison of treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 0.6 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  d LSD (0.05) = 0.6 for comparison of herbicide treatment differences averaged over cultivars according to Fisher's protected LSD 

test. 

    LSD (0.05) = 0.6 for comparison of cultivar differences averaged over herbicide treatments according to Fisher's protected LSD 

test. 
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Table 8.  Soybean leaf area index at 5 and 9 weeks after soybean planting for full-season soybean in 2000.a 

Soybean Leaf Area Indexb 

5 WAPc  9 WAPd 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N Average  RT-386 RT-446N RT-557N 

Flumetsulam PRE 3.8 4.5 4.0 4.1  5.1** 5.8 6.5 

Imazaquin PRE 4.1 4.4 4.0 4.1  5.0** 5.7 6.4 

Chlorimuron + 

   metribuzin 

PRE 5.3 4.2 3.2 4.2  6.1 6.0 6.2 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

4.5 3.6 3.6 3.9  6.1 5.4 5.7* 

Acifluorfen + 

   bentazon + COC 

POST 4.3 4.2 4.0 4.2  5.6 5.4 5.2** 
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Acifluorfen + 

   2,4-DB + NIS 

POST 3.5 3.7 2.9 3.4**  4.9** 5.3 5.4** 

Fomesafen + COC POST 5.0 3.3 3.9 4.1  5.8 5.2 6.2 

Lactofen + COC POST 3.5 2.9 2.7 3.1**  4.7** 4.9* 6.0 

Chlorimuron + NIS POST 4.5 4.6 3.5 4.2  5.2** 5.2 6.1 

Chlorimuron + 

   thifensulfuron + COC 

POST 4.2 3.1 3.1 3.5**  4.8** 4.5** 5.6** 

Glyphosate POST 5.0 4.7 4.1 4.6  5.5 5.6 6.9 

Sulfosate + AS POST 5.1 4.7 4.1 4.6  5.9 5.8 6.7 

Chloransulam + NIS POST 3.5 4.9 4.0 4.1  5.5 6.3 6.0 

Imazamox + NIS POST 4.3 3.7 4.0 4.0  5.5 5.5 6.3 

Imazethapyr + UAN POST 4.5 3.7 3.8 4.0  5.5 5.1 6.5 

Nontreated control - 5.1 4.5 3.8 4.4  6.2 5.7 6.6 

Average  4.4 4.0 3.7      
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting; LAI, 

leaf area index. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 0.6 for comparison of herbicide treatment differences averaged over cultivars according to Fisher's protected LSD 

test. 

   LSD (0.05) = 0.4 for comparison of cultivar differences averaged over herbicide treatments according to Fisher's protected LSD test. 

  d LSD (0.05) = 0.7 for comparison of herbicide treatment differences within each cultivars according to Fisher's protected LSD test. 

    LSD (0.05) = 0.7 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 
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Table 9.  Soybean leaf area index at 5 and 9 weeks after soybean planting for double-crop soybean in 1999.a 

Soybean Leaf Area Indexb 

5 WAPc  9 WAPd 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N Average  RT-386 RT-446N RT-557N Average 

Flumetsulam PRE 1.4 1.3 1.0 1.2  3.0 3.2 3.2 3.1 

Imazaquin PRE 1.1 0.9 1.1 1.0**  3.5 3.7 4.4 3.9 

Chlorimuron + 

   metribuzin 

PRE 1.2 1.2 1.0 1.1**  3.9 3.6 3.8 3.7 

Sulfentrazone +  

   chlorimuron fb 

   chlorimuron + NIS 

PRE 

 

POST 

1.1 0.9 0.8 0.9**  3.5 2.8 3.7 3.3 

Acifluorfen + 

   bentazon + COC 

POST 0.9 1.1 0.9 0.9**  2.4 2.6 4.0 3.0 
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Acifluorfen + 

   2,4-DB + NIS 

POST 1.0 0.8 0.9 0.9**  1.9 2.9 3.7 2.8 

Fomesafen + COC POST 0.8 1.1 1.6 1.1*  3.0 3.2 4.9 3.7 

Lactofen + COC POST 1.1 0.8 0.8 0.9**  3.2 3.3 4.1 3.5 

Chlorimuron + NIS POST 1.5 1.2 1.4 1.4  2.7 2.6 4.4 3.2 

Chlorimuron + 

   thifensulfuron + COC 

POST 1.6 0.9 1.1 1.2  2.5 3.3 3.5 3.1 

Glyphosate POST 1.5 1.0 1.0 1.2  3.8 3.1 4.3 3.7 

Sulfosate + AS POST 1.2 0.9 1.4 1.1*  4.1 3.1 4.7 3.9 

Chloransulam + NIS POST 1.4 0.9 1.2 1.2  2.8 2.5 3.1 2.8 

Imazamox + NIS POST 1.2 1.1 1.0 1.1*  3.5 3.4 4.0 3.6 

Imazethapyr + UAN POST 0.8 1.1 0.9 0.9**  3.8 2.9 3.4 3.4 

Nontreated control - 1.6 1.3 1.4 1.5  3.4 2.8 4.3 3.5 

Average -      3.2 3.1 4.0  
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting; LAI, 

leaf area index. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 0.3 for comparison of herbicide treatment differences averaged over cultivars according to Fisher's protected LSD 

test. 

  d LSD (0.05) = 0.8 for comparison of herbicide treatment differences averaged over cultivars according to Fisher's protected LSD 

test. 

   LSD (0.05) = 0.5 for comparison of cultivar differences averaged over herbicide treatments according to Fisher's protected LSD test. 
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Table 10.  Soybean leaf area index at 5 and 9 weeks after soybean planting for double-crop soybean in 2000.a 

Soybean Leaf Area Indexb 

5 WAPc  9 WAPd 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N Average 

Flumetsulam PRE 1.7 2.5 2.3  2.4 2.6 3.4 2.8** 

Imazaquin PRE 2.0 2.1 2.6  2.9 3.0 4.1 3.3 

Chlorimuron + 

   metribuzin 

PRE 2.3 1.7 1.8**  2.9 2.6 3.5 3.0* 

Sulfentrazone +  

   chlorimuron fb 

   chlorimuron + NIS 

PRE 

 

POST 

2.2 1.6* 1.7**  2.9 2.5 3.3 2.9** 

Acifluorfen + 

   bentazon + COC 

POST 2.0 2.0 2.0  2.5 2.6 3.1 2.7** 
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Acifluorfen + 

   2,4-DB + NIS 

POST 1.3* 2.0 1.9**  1.9 2.7 3.6 2.7** 

Fomesafen + COC POST 2.4 2.2 2.6  2.9 3.1 3.9 3.3 

Lactofen + COC POST 1.4 1.6* 1.9**  2.1 3.0 3.5 2.9** 

Chlorimuron + NIS POST 1.8 2.1 2.4  2.2 2.5 3.6 2.8** 

Chlorimuron + 

   thifensulfuron + COC 

POST 2.0 1.2** 1.7**  2.6 2.0 3.0 2.5** 

Glyphosate POST 1.8 2.2 2.3  2.6 3.2 4.0 3.3 

Sulfosate + AS POST 1.8 1.7* 2.2  2.6 2.5 3.7 2.9* 

Chloransulam + NIS POST 2.2 2.1 2.5  2.8 3.2 3.7 3.2 

Imazamox + NIS POST 1.6 1.7 2.5  2.4 2.9 3.8 3.0* 

Imazethapyr + UAN POST 1.9 1.9 2.5  2.8 2.9 4.0 3.2 

Nontreated control - 2.0 2.3 2.7  2.8 3.2 4.3 3.5 

Average -     2.6 2.8 3.7  



 

 69

                                                                                        
  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE, preemergence; POST, postemergence; WAP, weeks after soybean planting; LAI, 

leaf area index. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 0.6 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 0.7 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  d LSD (0.05) = 0.4 for comparison of herbicide treatment differences averaged over cultivars according to Fisher's protected LSD 

test. 

   LSD (0.05) = 0.7 for comparison of cultivar differences averaged over herbicide treatments according to Fisher's protected LSD test. 
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Table 11.  Full-season soybean yield in 1999 and 2000.a 

Soybean yieldb 

1999c  2000d 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

_____________________________________ kg ha-1 _____________________________________ 

Flumetsulam  PRE   3255* 3255 3136  4913 5430 4581 

Imazaquin PRE   3275* 3341 3262  5423 5065 4734 

Chlorimuron + 

   metribuzin 

PRE 3567 3288 3288  5569 4906 4542 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

3460 3050 3288  5178 4581 4674 

Acifluorfen + 

   bentazon + COC 

POST   3235* 3216 3109  4926 5012 4422 
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Acifluorfen + 

   2,4-DB + NIS 

POST     2811**   2698** 2937  4999 4508 4435 

Fomesafen + COC POST 3434 3189 3056  4721 4595 4495 

Lactofen + COC  POST 3334 3070 3176  5026 4634 4396 

Chlorimuron + NIS POST   3235* 3090 2970  5430 5039 4548 

Chlorimuron  

   thifensulfuron + COC 

POST     2997** 3063 2891  5039 4349 4256 

Glyphosate  POST   3282* 3063 3269  4959 4953 4654 

Sulfosate + AS POST 3560 3467 2864  4866 5563 4939 

Chloransulam + NIS POST 3408 3156 2944  4323 5045 4681 

Imazamox + NIS  POST 3428 3196 2970  4900 4953 4177 

Imazethapyr + UAN  POST     3096** 3083 3222  5145 4422 4608 

Nontreated control - 3653 3342 2990  5218 5098 5006 

Average    5039 4886 4568 
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE preemergence; POST, postemergence. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 335 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 337 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  d LSD (0.05) = 355 for comparison of cultivar differences averaged over herbicide treatments according to Fisher's protected LSD 

test.  Yield differences between herbicide treatments were not significant (p=0.05). 
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Table 12.  Double-crop soybean yield in 1999 and 2000.a 

Soybean yieldb 

1999c  2000d 

 

 

Herbicide treatment 

 

 

Timing RT-386 RT-446N RT-557N  RT-386 RT-446N RT-557N 

_____________________________________ kg ha-1 _____________________________________ 

Flumetsulam  PRE 2566 2195 2506  2254 3116 3772 

Imazaquin PRE 2519 2175 2619  2705 2625 3753 

Chlorimuron + 

   metribuzin 

PRE 2944 2327 2148  2625 2347 3109 

Sulfentrazone +  

   chlorimuron  

   chlorimuron + NIS 

PRE 

 

POST 

2427 2022 2493  2639 2274     2771** 

Acifluorfen + 

   bentazon + COC 

POST   2128* 2042 2307  2586 2340     2751** 
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Acifluorfen + 

   2,4-DB + NIS 

POST   2029* 1956 2374  1783 1969 3301 

Fomesafen + COC POST   2148* 2374 2241  2513 2731   2871* 

Lactofen + COC  POST 2360 2082 2374  1936 2307   2771* 

Chlorimuron + NIS POST 2460 2241 2307  2360 2639 3308 

Chlorimuron  

   Thifensulfuron + COC 

POST   2148* 1684   2049*  2334     1439**     2320** 

Glyphosate  POST 2486 2334 2659  2606 2732 3460 

Sulfosate + AS POST 2758 2480 2506  2122 2234 3589 

Chloransulam + NIS POST 2294 2195 2466  2506 2639 3573 

Imazamox + NIS  POST 2632 2128 2340  2088 2446 3527 

Imazethapyr + UAN  POST   2108* 2486 2281  2393 2221 3070 

Nontreated control - 2625 2022 2466  2261 2407 3580 

Average     
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  a Abbreviations:  NIS, nonionic surfactant at 0.25% (v/v); COC, crop oil concentrate at 1.0% (v/v); AS, ammonium sulfate at 4.8 kg 

ha-1; UAN, urea ammonia nitrate at 2.0% (v/v); PRE preemergence; POST, postemergence. 

  b *, **, = significantly less than the nontreated control within each cultivar at the 0.05 and 0.01 significance levels, respectively, 

according to protected pair-wise contrasts. 

  c LSD (0.05) = 405 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 425 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 

  d LSD (0.05) = 615 for comparison of herbicide treatment differences within each cultivar according to Fisher's protected LSD test. 

    LSD (0.05) = 727 for comparison of cultivar differences within herbicide treatments according to Fisher's protected LSD test. 


