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Abstract 
Italian ryegrass is an annual/biennial grass that is typically used as a pasture crop or a cover crop 
along roadsides, rights-of-way, and industrial areas. Glyphosate-resistant (GR) Italian ryegrass 
populations have been documented around the world, mostly in orchard and vineyard situations. 
The first evidence of evolved GR Italian ryegrass in row/agronomic crops was reported from 
Washington County, Mississippi in 2005. GR Italian ryegrass populations can jeopardize preplant 
burndown options in reduced-tillage crop production systems, thereby, delaying planting opera- 
tions. The effects of competition of Italian ryegrass on crop growth and yield are poorly under- 
stood. A field study was conducted in the 2012 growing season and repeated in the 2013 growing 
season. GR and susceptible (GS) Italian ryegrass populations were established in the greenhouse 
and transplanted in prepared corn row beds in the fall of 2011 and 2012 at 0, 1, 2, 3, and 4 
plants∙meter−1 of crop row. Italian ryegrass plants overwintered and developed over the following 
spring-summer. Glyphosate was applied at 1.26 kg∙ae/ha (1.5× of labeled rate) in the spring to 
burndown the Italian ryegrass plants and corn was planted into the ryegrass residue 2 - 3 wk later. 
Current corn production practices were followed. Corn density (early and late season), height 
(early season), and yield and Italian ryegrass biomass (early-mid season) measurements were 
recorded during both years. Corn height was greater in 2012 than that in 2013 at comparable 
stages of the growing season, due to a cooler and wetter early season in 2013 than that in 2012. 
Averaged across weed densities, corn density (both early and late season) and yield were higher in 
the GS than those in the GR population, but Italian ryegrass biomass was similar for both popula-
tions. Averaged across Italian ryegrass populations, corn density (both early and late season), and 
yield were inversely proportional to Italian ryegrass density. In summary, Italian ryegrass signifi-
cantly reduced corn density and yield and reduction was greater with the GR than that with the GS 
population. Studies are underway to study inter population competition in Italian ryegrass and  
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investigate allelopathic effects of Italian ryegrass on selected crops. 
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1. Introduction 
Italian ryegrass is an annual/biennial grass that can germinate, emerge, and establish over a range of environ-
mental conditions [1] [2]. Annual ryegrass (Lolium spp.) is typically used as a pasture crop or a cover crop along 
roadsides, rights-of-way, and industrial areas [1] [3]. Italian ryegrass has become established along roadsides 
due to its ability to hybridize with cultivated annual ryegrass species, escape cultivation, and possessing a net-
work of broad and shallow fibrous root system [4]-[8]. 

Italian ryegrass has developed in to an economically important weed affecting small grain and vegetable crops 
[9]-[11]. For example, winter wheat yield was decreased by 4700 kg∙ha−1 when Italian ryegrass density in-
creased from 0.7 to 3 plants∙m−2 [9]. Italian ryegrass densities of 600 to 1000 plants∙m−2 caused 100% yield loss 
in broccoli (Brassica oleracea var. botrytis L.) [10]. Competition from Italian ryegrass reduced winter wheat 
(Triticum aestivum L.) yield up to 92% [11]. 

Corn is an economically important crop in Mississippi. It is the first of the spring planted crops. Hence it is 
prone to competition from established weeds such as Italian ryegrass, especially, glyphosate-resistant popula-
tions. 

Control of Italian ryegrass has traditionally been realized by chemical means [1]. Relentless selection pressure 
from herbicides has resulted in the evolution of resistance in Italian ryegrass to several herbicide mechanisms of 
action across varied cropping systems and many countries [12], thereby, making management difficult. Resis-
tance to acetolactate synthase inhibiting herbicides in certain Italian ryegrass populations from Mississippi in 
1996, Arkansas, Georgia, and Idaho was reported [12] [13]. Historically, glyphosate was frequently in use for 
controlling Italian ryegrass and other weed flora in orchards and vineyards. Original reports of GR Italian rye-
grass were from orchard situations in Chile in 2003 [14] and Oregon in 2005 [15].  

In agronomic cropping areas across the US, including Mississippi, glyphosate was used as a preplant burn-
down and/or post-harvest cleanup treatment, prior to the commercialization of glyphosate resistant (GR) crops in 
the mid 1990s. With widespread adoption of the GR crops, multiple in-season postemergence applications of 
glyphosate have become common practice. This added selection pressure from glyphosate resulted in Italian 
ryegrass populations exhibiting increasingly less susceptibility. The first evidence of evolved GR Italian rye-
grass in row/agronomic crops was reported from Washington County, Mississippi in 2005 [16]. Currently, 32 
counties of the state contain GR Italian ryegrass [1]. States neighboring Mississippi such as Arkansas, Louisiana, 
and Tennessee and other states, North Carolina and California (non row crop), have confirmed cases of GR Ital-
ian ryegrass [12]. 

GR Italian ryegrass populations can seriously jeopardize preplant burndown options in reduced-tillage crop 
production systems, thereby, delaying planting operations. A plausible reason for the proliferation of GR Italian 
ryegrass in the midsouthern US (Mississippi, Arkansas, Tennessee) could be the concentration of resources to-
wards tackling the much broader problem of GR Palmer amaranth (Amaranthus palmeri S.Wats.). GR Italian 
ryegrass has the potential to affect multiple row crops such as corn, cotton (Gossypium hirsutum L.), rice (Oryza 
sativa L.), soybean (Glycine max Merr.), and wheat. The effects of competition and interference from Italian 
ryegrass on crop growth and yield are poorly understood. Therefore, a field study was conducted to determine 
the impact of GR Italian ryegrass competition on the growth and yield of corn. 

2. Materials and Methods 
2.1. Rationale for Glyphosate Treatment on Italian Ryegrass 
This research was conducted to strike a balance between a “scientific/academic” study and a “real world” sce-
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nario mimicking a grower’s field. The information generated by this research is expected to provide an estimate 
of real damage done to a crop from Italian ryegrass, especially GR, when its management is ignored or ne-
glected with continued belief in the effectiveness of glyphosate. 

2.2. Study Design 
Italian ryegrass has a biennial growth habit, in that, it completes its life cycle over two growing seasons. In gen-
eral, it germinates in the fall, overwinters, grows vigorously early in the following spring, and produces seed by 
early summer. A spring germination and emergence flush occurs, but it is the fall emerging plants that are more 
robust and competitive at the time of preplant field operations in the spring. 

A two-year field study was initiated in fall 2011, followed by 2012, by transplanting 6-week-old (15-cm tall, 
4- to 5-leaf stage with at least 3 tillers) GR and glyphosate susceptible (GS) [16] Italian ryegrass plants in to 
5-cm diameter by 10-cm deep soil core holes created with a hand-held soil sampler on 100-cm wide crop seed 
beds to simulate fall emerged plants, such that plants establish in the middle of crop row. GR and GS seedlings 
were generated as described before [16]. Transplanted seedlings were adequately watered through timely furrow 
irrigations until the first frost (~November 15). Crop seed beds were prepared on a relatively weed free Dundee 
silt loam (fine-silty mixed, thermic Aeric Ochraqualf; soil textural fractions of 26% sand, 55% silt, and 19% 
clay; pH 6.3, 9.0 g∙kg−1 organic carbon, a CEC of 15 cmol+∙kg−1) by commonly used procedures of disking, 
subsoiling, disking, and bedding [17] in the fall of 2011 and 2012. 

S-metolachlor (Dual Magnum II, Syngenta Crop Protection, Greensboro, NC) was applied at 1.12 kg∙ai∙ha−1 
12 and 22 days prior to transplanting in 2011 and 2012, respectively. GR and GS Italian ryegrass populations 
were transplanted at 0, 1, 2, 3, and 4 plants∙m−1 of corn row. Plot size was 4 m by 10 m comprising of 4 corn 
rows with a row spacing of 100 cm. Glyphosate (Roundup Weather MAX, Monsanto Co., St. Louis, MO) was 
applied at 1.26 kg∙ae∙ha−1 (1.5×) on March 7 during both 2012 and 2013 when Italian ryegrass plants were at 
least 30 cm tall as a “rescue” treatment. 

Corn (Pioneer 33N55 RR, Pioneer Hi-Bred International, Johnston, IA) was planted at a density of 74,000 
plants∙ha−1 in Italian ryegrass residue on March 26, 2012 and March 20, 2013, corresponding to 19 and 13 days 
after glyphosate application in 2012 and 2013, respectively. S-metolachlor at 1.43 kg∙ha−1 and atrazine at 0.84 
kg∙ai∙ha−1 were applied on the same day of planting during both 2012 and 2013. 

2.3. Crop and Weed Parameters 
The following crop and weed parameters were measured: corn stand counts were recorded from randomly se-
lected 1-m plot lengths, one each from the center two rows for each plot (early-middle season on May 8 in 2012 
and May 29 in 2013; late season on August 6 in 2012 and August 26 in 2013); height of 10 randomly selected 
corn plants from each of the center two rows in each plot (early-middle season on May 8 in 2012 and May 29 in 
2013) with a pre-marked measuring stick custom made from PVC tubing; corn yield from the whole plot com-
prising 4 rows with a combine; and Italian ryegrass above ground biomass from a 0.5 m2 quadrat from each of 
the center two rows in each plot and dried for 12 weeks in a greenhouse set to ambient conditions (middle sea-
son on May 23 in 2012 and May 28 in 2013). 

2.4. Statistical Analysis 
Field studies were setup in a randomized complete block design with 3 replications per treatment each year. 
Data were analyzed by ANOVA via the PROC GLM statement using SAS software (version 9.2, SAS Institute, 
Inc., Cary, NC 27513). Linear and non linear regression was used to relate response of dependent variables (corn 
height, density, and yield, and Italian ryegrass biomass) to Italian ryegrass density. Data were pooled for vari-
ables where a significant year effect was not observed. Raw data, despite data duplication, is presented to help 
readers visualize specific responses. 

3. Results and Discussion 
3.1. Corn Density—Early Season 
There was no effect of year on influence of Italian ryegrass on corn density in the early part of the season. 
Therefore, data were combined across years. The decline in corn density with increasing Italian ryegrass density 



V. K. Nandula 
 

 
3917 

followed a linear pattern, best represented by an equation of the form y = a − bx, where y, a, b, and x are corn 
density, an intercept, slope, and Italian ryegrass density (plants∙m−1), respectively (Figure 1). There was a sig-
nificant impact of Italian ryegrass population and Italian ryegrass density on corn stand (Table 1). At each Ital-
ian ryegrass density, the GR population caused a higher reduction in corn density than the GS population. A sig-
nificant year by population interaction was observed (Table 1), which could be attributed to a greater reduction 
in corn density in 2013 (44% to 72% of no Italian ryegrass check) than 2012 (9% to 64% of no Italian ryegrass 
check) by the GR population (Table 2). 

3.2. Corn Density—Late Season 
There was no effect of year on influence of Italian ryegrass on corn density late in the season. Therefore, data 
were combined across years. The decline in corn density with increasing Italian ryegrass density was best repre-
sented by a quadratic equation of the form y = c + bx − ax2, where, where y, c, b, a, and x are corn density, a 
constant, linear coefficient, quadratic coefficient, and Italian ryegrass density, respectively (Figure 2). There 
was a significant impact of Italian ryegrass population and Italian ryegrass density on late season corn stand 
(Table 1). As with the early season corn density, late season corn stand tended to be lower at each GR Italian  
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Figure 1. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on early season corn density in 2012 and 2013 combined.        

 
Table 1. Summary of ANOVA analysis of main and interaction effects on response variables measured in a field study 
investigating competition between Italian ryegrass and corn.                                                      

 Response variable 
 Corn density Corn height Italian ryegrass biomass Corn yield 
 Early season Late season    

Main/Interaction effect      
 P valuea 

Year 0.4618 0.9791 <0.0001 0.0911 0.0344 
Population (Pop) <0.0001 <0.0001 <0.0001 0.3768 <0.0001 

Italian ryegrass density (Den) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Year × Pop 0.0021 0.0274 0.1174 0.0298 0.0003 
Year × Den 0.3229 0.0095 <0.0001 <0.0001 0.5607 
Pop × Den 0.1802 0.0351 0.0833 0.5752 0.7781 

Year × Pop × Den 0.1042 0.5557 0.3487 0.7113 0.9444 
aIndicates significance of main or interaction effect at a 95% level of probability, i.e., at a minimum P value of 0.0500. 
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Table 2. Response variables measured in a field study investigating competition between Italian ryegrass and corna.         

   Response variable 
   Corn density Corn height Italian ryegrass biomass Corn yield 
   Early season Late season    

Year Population Density      
  # m−1 corn row # ha−1 # ha−1 cm kg∙ha−1 kg∙ha−1 

2012 GR 0 78,333 63,333 127 - 13,354 
  1 71,667 63,333 89 68,695 10,989 
  2 56,667 63,333 65 104,966 9599 
  3 45,000 52,500 56 72,775 7329 
  4 28,333 35,000 56 88,596 5384 
 GS 0 83,333 62,500 127 - 14,383 
  1 70,000 68333 09 100,603 10,855 
  2 48,333 69,167 70 80,660 9691 
  3 55,000 75,000 60 85,905 9541 
  4 53,333 55,000 68 98,322 7372 

2013 GR 0 88,333 85,000 70 - 10,862 
  1 46,667 47,500 48 47,923 8892 
  2 50,000 48,333 44 101,453 7783 
  3 25,000 25,833 39 134,338 6058 
  4 30,000 34,167 41 179602 6822 
 GS 0 93,333 83,333 70 - 19,566 
  1 90,000 80,833 64 38,173 13,703 
  2 75,000 76,667 63 70,487 14,006 
  3 60,000 66,667 58 110,726 12,506 
  4 55,000 58,333 70 138,728 13,712 

aDetails in the text. GR, glyphosate-resistant; GS, glyphosate-susceptible. 
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Figure 2. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on late season corn density in 2012 and 2013 combined.          

 
ryegrass density compared to the corn density at corresponding GS density. Significant year by population, year 
by Italian ryegrass density, and population by Italian ryegrass density interactions were observed with late sea-
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son corn density (Table 1). The year by population interaction was a result of higher corn density in GS plots in 
2013 than 2012 and vice versa for the R plots. The year by Italian ryegrass density interaction was due to lower 
corn density in 2013 compared to 2012. The population by Italian ryegrass density interaction was attributable to 
greater decrease in corn density from GR (up to 54% of no Italian ryegrass check) competition than from GS  
(28% of no Italian ryegrass check) (Table 2). 

3.3. Corn Height—Early Season 
There was a significant effect of year on influence of Italian ryegrass on corn height in the early part of the sea-
son. Therefore, data were separated by year. In general, corn height was lower in 2013 than 2012 due to crop 
injury from S-metolachlor brought about by the cooler and wet conditions in 2013 (Table 3). The decline in corn 
height with increasing Italian ryegrass density was best represented by a sigmoidal logistic three parameter 
equation of the form y = a/(1 + abs(x/x0)b), where y, a, x, x0, and b are corn density, an intercept, Italian ryegrass 
density, asymptote, and slope, respectively (Figure 3 and Figure 4). There was a significant impact of popula-
tion, Italian ryegrass density, and year by Italian ryegrass density interaction on corn height (Table 1). Corn 
height was higher in the GS plots (75.3 cm) than the GR plots (63.4 cm) (Table 2). Italian ryegrass densities had 
the following influence on corn height: 0 (98.6 cm) > 1 (77.7 cm) > 2 (60.5 cm) = 4 (55.6 cm) = 3 (54.4 cm) 
(Table 2). The year by Italian ryegrass interactive effect on early season corn height was because of a larger re-
duction of corn height in 2012 (up to 52% of no Italian ryegrass check) than 2013 (up to 30% of no Italian rye-
grass check) due to ryegrass interference (Table 2). 
 
Table 3. Weather parameters at Stoneville, MS in 2011, 2012, and 2013.                                           

  Average air temperature Precipitation 

Year Month Low High  

  ˚C mm 

2011 October 9.9 24.9 0.87 

 November 7.7 19.7 3.75 

 December 3.0 12.1 7.42 

2012 January 3.3 15.9 2.27 

 February 5.1 15.2 2.74 

 March 12.9 24.3 4.87 

 April 13.8 25.8 3.55 

 May 19.0 30.9 1.66 

 June 20.4 31.7 5.41 

 July 23.5 33.9 3.74 

 August 21.1 33.8 3.52 

 September 17.8 30.8 2.76 

 October 10.0 21.5 4.74 

 November 5.4 18.4 0.80 

 December 5.9 15.6 4.03 

2013 January 3.5 12.6 8.41 

 February 3.6 13.8 4.75 

 March 4.4 15.8 3.14 

 April 10.4 22.3 5.58 

 May 15.7 26.2 4.67 

 June 21.0 30.4 3.09 

 July 20.4 31.5 1.56 

 August 21.3 33.8 1.63 

 September 18.8 32.3 4.33 
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Figure 3. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on corn height in 2012.                                     
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Figure 4. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on corn height in 2013.                                     

3.4. Italian Ryegrass Biomass—Middle Season 
There was no effect of year on influence of Italian ryegrass density on Italian ryegrass biomass in middle part of 
the season. Therefore, data was combined across years. The increase in Italian ryegrass biomass with increasing 
Italian ryegrass density followed a linear pattern, best represented by an equation of the form y = a + bx, where y, 
a, b, and x are Italian ryegrass biomass, an intercept, slope, and Italian ryegrass density, respectively (Figure 5). 
There was a significant impact of Italian ryegrass density, and year by population and year by Italian ryegrass 
density interactions on Italian ryegrass biomass (Table 1). The number of Italian ryegrass plants per m of corn 
row had the following influence on the weed biomass: 4 (125,062 kg∙ha−1) > 3 (100,936 kg∙ha−1) = 2 (91,879 
kg∙ha−1) > 1 (63,849 kg∙ha−1) (Table 2). Italian ryegrass biomass was higher by 4% in 2012 than 2013 in the GS 
plots, but lower in the GR plots by 29% in 2012 compared to 2013 (Table 2). Italian ryegrass biomass was 
higher in 2012 than 2013 at 1 and 2 plants per m of corn row density, but lower at 3 and 4 plants per m of crop  
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Figure 5. Relationship of Italian ryegrass density and biomass accumulation 
in 2012 and 2013 combined.                                         

 
row, resulting in a year by weed density interaction (Table 2). 

3.5. Corn Yield 
There was a significant year effect on influence of Italian ryegrass on corn yield. Therefore, data were separated 
by year. The decline in corn density with increasing Italian ryegrass density in 2012 followed a linear pattern, 
best represented by an equation of the form y = a − bx, where y, a, b, and x are corn yield, an intercept, slope, 
and Italian ryegrass density, respectively (Figure 6); the pattern in 2013 was a quadratic response of the form y 
= c – bx + ax2, where, where y, c, b, a, and x are corn yield, a constant, linear coefficient, quadratic coefficient, 
and Italian ryegrass density, respectively (Figure 7). There was a significant impact of population, Italian rye-
grass density, and year by population interaction on corn yield (Table 1). Corn yield was higher in the GS plots 
(12,533 kg∙ha−1) than the GR plots (8707 kg∙ha−1) (Table 2). Among Italian ryegrass densities, the following 
pattern of influence on corn yield was apparent: 0 (14,541 kg∙ha−1) > 1 (11,110 kg∙ha−1) ≥ 2 (10,270 kg∙ha−1) = 3 
(8858 kg∙ha−1) = 4 (8323 kg∙ha−1) (Table 2). Corn yield was higher in 2013 (14,698 kg∙ha−1) vs. 2012 (10,368 
kg∙ha−1) in GS plots, but vice versa in the GR plots (9331 kg∙ha−1 in 2012 vs. 8084 kg∙ha−1 in 2013) (Table 2). 

The above results strongly support observations made recently [1] that dense stands of GR Italian ryegrass 
pose spring burn down challenges and soon to follow crop establishment in the mid southern United States. 
Corn density (early and late season) and height were both affected by Italian ryegrass density. There is very little 
information on the impact of Italian ryegrass competition on vegetative growth stages of crops. Italian ryegrass 
leaf area indices were higher than winter wheat at booting stage by 68%, thereby, reducing the photo syntheti-
cally active radiation available to wheat [11]. Winter wheat was a stronger competitor during vegetative stages, 
whereas Italian ryegrass was stronger in the reproductive stages. Thinner and fibrous roots of Italian ryegrass 
provide greater competitive edge over wheat [18]. 

Italian ryegrass has traditionally been associated with winter wheat, and hence, most reports on its influence 
on yield have been on this crop. Winter wheat grain yield was decreased from interference from Italian ryegrass 
amounting to 4100 kg∙ha−1 when the weed density increased from 0.7 to 93 plants∙m−2 [9]. Yield reduction was 
higher in shorter wheat cultivars. A greater yield reduction was recorded at higher nitrogen rates (168 vs 56 
kg∙ha−1) when Italian ryegrass densities were high [9]. Ability of Italian ryegrass to compete with wheat under 
limiting conditions of phosphorus was attributed to the weed’s larger root surface area [19]. Wheat grain yield 
was decreased by 33% with 9 weed plants per 100 wheat plants in a m2 [11], by 4.2% for every 10 Italian rye-
grass plants∙m−2 [20], and by 38% with Italian ryegrass at a density of 20 plants∙m−2 [21].  

Italian ryegrass densities of 600 to 1000 plants∙m−1 of broccoli row caused 100% yield loss [10]. Italian rye-
grass shading decreased corn yield under minimum tillage conditions [22]. Our results indicate severe yield loss  
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Figure 6. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on corn yield in 2012.                                     
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Figure 7. Influence of glyphosate-resistant and -susceptible Italian ryegrass 
populations on corn yield in 2013.                                     

 
in corn can occur from fall emerged Italian ryegrass, exemplifying the need for a robust Italian ryegrass man-
agement program. Italian ryegrass appears to have an allelopathic effect on corn. Previously, no allelopathic in-
teraction was reported between wheat and Italian ryegrass [18] [19]. However, an allelochemical isolated from 
decaying Italian ryegrass residue, benzenepropanoic acid, significantly inhibited the elongation of rice seedling 
shoots [23]. 

4. Conclusion 
Continued reliance on glyphosate for controlling fall emerged Italian ryegrass should be avoided by growers of 
the midsouthern US. Despite having reached a stage beyond active vegetative growth, Italian ryegrass has been 
demonstrated to severely restrict corn emergence and establishment. Future research should investigate inter- 
population competition between GR and GS accessions, effect on other spring planted crops such as cotton, rice, 
and soybean, and the role of allelopathy of Italian ryegrass in providing a competitive advantage over accompa-
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nying crops and weeds. 
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