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Abstract: Pesticide restrictions in Ontario, Canada have prompted research into weed 

control strategies for establishment of turfgrass areas in conjunction with overseeding 

programs. A greenhouse study and three field studies were conducted to determine if 

corn gluten meal (GM) or hydrolyzed corn gluten meal (HGM) could be used to reduce 

weed populations for establishment of Kentucky bluegrass, fine fescue and perennial 

ryegrass turf, and for overseeding with perennial ryegrass. In all studies the herbicide 

Bensulide was added as a positive control treatment. In the greenhouse GM was shown 

to decrease survival of all weed seedlings (white clover, black medic, dandelion, and 

prostrate knotweed). Prostrate knotweed was the only weed with reduced germination 

and survival in pots treated with HGM. Kentucky bluegrass and perennial ryegrass 

establishment were negatively impacted by Bensulide although there was no impact on 

grass establishment for GM and HGM, except for the 60% lower survival rate of 

Kentucky bluegrass seeded one week after treatment with GM. In grass establishment 

field trials the GM and the HGM did not negatively impact the establishment of Kentucky 

bluegrass, fine fescue, and perennial ryegrass turf. A significant reduction in weed 

establishment was observed in the fine fescue establishment as long as the seeding 

occurred between 2 weeks before to 4 weeks after application. However, there were 

high weed populations in all plots. GM reduced white clover establishment when it was 

overseeded into an existing turfgrass stand. The results show that while there is limited 

efficacy of either GM or HGM to reduce weeds during the establishment of turfgrasses, 

GM may reduce invasion of weeds into existing turfgrass stands. 
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Introduction 
In the 1990s researchers discovered that corn gluten meal, the protein fraction of corn 

extracted from the wet milling process, could inhibit establishment of many weed 

species that were associated with turfgrass stands (Christians, 1993). Gluten meal 

inhibits root development, making the seedlings more prone to water stress (Gardner et 

al., 1997). A suppressing effect was found on many species including dandelion 

(Taraxacum officinale), white clover (Trifolium repens L.), Canada thistle (Cirsium 

arvense (L.) Scop.), smooth crabgrass (Digitaria ischaemum (Schreb.) Schreb. Ex 

Muhl), catchweed bedstraw (Galium aparine L.), curly dock (Rumex crispus L.), 

purslane (Portulaca oleracea L.), redroot pigweed (Amaranthus retroflexus L.) and giant 

foxtail (Setaria faberi Herrm.) (Bingaman and Christian, 1995; Christian, 2001; Dilley et 

al., 2002). However, corn gluten meal is insoluble in water making it hard to apply on a 

broad scale through traditional spray equipment. Furthermore, a considerable amount of 

gluten meal is needed to achieve efficacy comparable to regular pre-emergent 

herbicides. 

Liu et al. (1994) discovered that enzymatically hydrolyzed corn gluten meal, prepared 

with a proteinase from a bacterial source, had a higher inhibitory activity to the root 

growth of germinating seeds than regular corn gluten meal and was highly water 

soluble. Unfortunately, hydrolyzed corn gluten meal was shown to be harmful to 

perennial ryegrass (Lolium perenne) and therefore turf managers did not adopt the 

application of this product. 

Since April 2009 the province of Ontario has banned the use of chemical herbicides on 

all lawns, gardens, schoolyards, athletic fields and parks. Therefore, a need for the 

development of weed management alternatives has become imperative for turfgrass 

managers in Ontario, with the focus being on biological herbicides like corn gluten meal 

and hydrolyzed corn gluten meal. 

The objectives of this study were to evaluate the efficacy of corn gluten meal and 

hydrolyzed corn gluten meal on germination and survival of weed species associated 



with turfgrass species, and the effect of these products on germination and survival of 

turfgrass species used on sport fields. Both objectives were evaluated in the 

establishment of turfgrass stands as well as in overseeded established stands. A series 

of experiments in controlled conditions and in the field have been performed to achieve 

these objectives. 

Materials and methods 
In 2010, three separate experiments that evaluated gluten meal and hydrolyzed gluten 

meal products, both in the greenhouse and in the field were conducted. The first study 

consisted in a greenhouse experiment, the second was an establishment study 

conducted in the field (grass seeding experiment) that was performed twice and the 

third was an overseeding study (weed and grass overseeding experiment). 

Greenhouse experiment 

A completely randomized experiment, replicated four times was performed between 

April 1st and May 11th in a greenhouse at the University of Guelph. Twenty seeds or 

more (adjusted on the germination rate of each species) of different weed and grass 

species were seeded into 58 cm2 pots with a mixture of 80:20 sand:peat growing media 

mix. Grass species used were perennial ryegrass (Lolium perenne L.) and Kentucky 

bluegrass (Poa pratensis L.). Weed species selected were: dandelion (Taraxacum 

officinale), white clover (Trifolium repens L.), prostrate knotweed (Polygonum aviculare 

L.) and black medic (Medicago lupulina L.). Germination and growing conditions in the 

greenhouse were set with a temperature cycle of 24°C/16°C day/night and a 16-hour 

photoperiod supplemented by 400-W high- pressure sodium lamps (Sylvania HPS 

Lumalux 400W, Osram Sylvania Ltd., Mississauga, Ontario, Canada) at a minimum 50 

µmol·m–2·s–1. To ensure germination and growth, samples were watered for 15 seconds 

every hour with deionized water provided by automatic misters. 

Six herbicide treatments (including a control) were applied to each of the species tested: 

Liquid Hydrolyzed corn gluten meal (label and 2X label rate) (Environmental Factor Inc. 

Ajax, Ontario, Canada) (HGM-1 and HGM-2), dry corn gluten meal (label and 2X label 

rate) (GM-1 and GM-2) (Environmental Factor Inc., Ajax, Ontario, Canada) and 

Bensulide (1% v:v). Weeds were seeded just after treatment application (week 0) and 



grass species were seeded on five different dates (-1, 0, 1, 3, 5) weeks after treatment 

application. Percent survival following germination was assessed on multiple dates 

following seeding. Above and below ground biomass of each species was harvested 

and separated at the end of the experiment and dried at 70°C for 48 hours to determine 

root:shoot ratio. 

Grass seeding experiment 

This experiment was conducted twice at the Guelph Turfgrass Institute (Guelph, 

Ontario). The first experiment was conducted between May 3rd and July 30th on a 

sandy loam soil. Glyphosate (Monsanto Canada Inc., Winnipeg, Manitoba, Canada) 

was applied before the experiment to eliminate all plant species in the field. Three 

grasses species were used for this trial: perennial ryegrass, Kentucky bluegrass and 

fine fescue (Festuca rubra.). For each species, we implemented a strip-plot design with 

herbicide treatments striped in one way (main plot) and seeding dates striped in the 

opposite way (subplot). Plot size for each treatment x seeding date was 1 m2. Seeding 

was done with a drop spreader each week for eight weeks from 2 weeks before to 5 

weeks after herbicide treatment (WAT). Seeding rates for fine fescue and Kentucky 

bluegrass was 1 kg per 100 m2 and 2 kg per 100 m2 for perennial ryegrass. Native 

weeds were removed manually on each seeding strip prior to seeding. After seeding, 

we allowed competition between grass and weed species. Herbicide treatments were 

applied on May 17th, two weeks after the first seeding date (May 3rd). We used the 

same herbicide treatments (five + control) as those used in the greenhouse study. Corn 

gluten meal was applied by hand and hydrolyzed corn gluten meal and Bensulide were 

applied with a compressed air sprayer (20 psi, Teejet 8001VS flat fan nozzles, 20 ml 

sec-1). Following the final seeding date (5 WAT), weed cover was measured visually on 

each plot and a value between 0 and 10 was given (0: no weed, 10: 100% weed cover). 

Due to a considerable presence of weed species, 2,4-D was applied to all plots on July 

14th to perform a more accurate evaluation of grass cover. Grass cover was measured 

with the same method used at 5 WAT. 

A similar trial was laid out later in the summer (June 9th to Sept. 19th 2010) on a 

different field at the Guelph Turfgrass Institute on a similar soil (sandy loam). 

Glyphosate was applied before the experiment to eliminate all weeds. The same three 



grasses species were used for this trial, but this time all species were seeded at 2 kg 

per 100 m2 with a drop spreader. For each species, we implemented a split-plot design 

with the herbicide application dates (relative to the seeding date) in the main plot and 

the herbicide treatments as the sub-plot. Plot size for each treatment x seeding date 

was 1 m2. Due to problems encountered with grass seeding over an extended period in 

the spring trial, herbicides were applied on different weeks and all of the plots were 

seeded on July 21st. The same herbicide treatments at the same rates as the first field 

experiment were used. Herbicide applications were made every two weeks between 

June 9th and August 4th. Corn gluten meal was applied by hand and hydrolyzed corn 

gluten meal and Bensulide were applied with a compressed air boom sprayer. Native 

weeds were removed on each treatment plot prior to application. A second glyphosate 

application was done on July 21st in order to perform the grass seeding. Turf canopy 

reflectance spectrometry was evaluated using a Greenseeker 500 normalized difference 

vegetation index (NDVI) meter (NTech Industries Inc., Ukiah, CA). 

Weed and grass overseeding experiment 

We conducted two experiments, one in the summer and one in the fall of 2010. For both 

trials, we used a strip-plot design replicated four times with herbicide treatments as the 

main plot and seeding dates as the sub-plot. Plot size was 0.5 m2. Three species were 

used for each experiment: perennial ryegrass, white clover and smooth bromegrass 

(Bromus inermis). Unfortunately, we discovered that the germination rate of the 

bromegrass seeds was inadequate so only the results for perennial ryegrass and white 

clover are presented. Seeds were applied by hand at a seeding rate of 2 kg per 100 m2 

for perennial ryegrass and 3.91 kg per 100 m2 for white clover. We seeded every two 

weeks (0, 2, 4 and 6 weeks after herbicide application) in the summer trial between May 

28th and July 9th 2010 and 0, 2 and 4 weeks after herbicide application (Sept. 29th- 

Oct. 25th) for the fall trial. 

For the summer trial, we used the same herbicide treatments that we employed in the 

previous studies. Corn gluten meal was applied by hand and hydrolyzed corn gluten 

meal and Bensulide were applied with a compressed air boom sprayer. Prior to 

herbicide application, 2,4-D was sprayed on May 7th to ensure that no weeds were 

present at the beginning of the experiment. 



For the fall trial, we increased the corn gluten meal and hydrolyzed corn gluten meal 

concentrations to 2X and 4X label rate. To counteract the fertilizing effect of corn gluten 

meal observed on the summer trial, Nitroform® fertilizer (38- 0-0 N-P-K) (Agrium 

Advanced Technologies, Brantford, Ontario, Canada) was applied on all but the 4X corn 

gluten meal plots. Two weeks prior to the experiment, plots were mowed four times at 

lowest bench height setting on the walk behind rotary mower to scalp the turf, and a 

wear machine was used on three different dates. This procedure was done to simulate 

a highly worn turf field. We collected point quadrat weed and grass cover estimates on 

all plots at the end of each experiment (Sept. 27th and Nov. 18th). We did not include 

results for perennial ryegrass for the late fall experiment because the amount of 

perennial ryegrass present in each plot was below 5 % in every plot. 

Statistical analyses 
All data, except for the percent germination and survival in the greenhouse experiment, 

were analyzed by analysis of variance (ANOVA) for a completely randomized design 

with the MIXED procedure of SAS 9.2 (SAS Institute, Cary, NC, USA). Fisher’s 

protected LSD tests were made (Steel et al., 1997) when interactions were significant at 

α = 0.05. Differences for significant factors were determined using pairwise t-tests on 

least square means. Data were computed as percent of control, the control being set at 

100 %. For the greenhouse experiment, we utilized ANCOVA for percent germination 

and survival using the MIXED procedure of SAS. Normality and homoscedasticity of 

variance were verified for all data by visual analysis of residues. When necessary, we 

made natural logarithmic transformations. Back-transformed means and confidence 

intervals with bias correction are presented (Ung and Végiard, 1988; Végiard and Ung, 

1993). 

Results and discussion 
Greenhouse experiment. We found a significant decrease in survival rate after 

germination for all weed species with corn gluten meal (CGM) (Figure 1), but there was 

no difference between the two application rates. Therefore, we decided to present only 

the results the lowest CGM and HCGM application rates for Figures 1 and 2. 

Suppressing weed effect has been found in the past for dandelion, white clover, Canada 



thistle (Cirsium arvense (L.) Scop.), smooth crabgrass (Digitaria ischaemum (Schreb.) 

Schreb. ex Muhl), catchweed bedstraw (Galium aparine L.), curly dock (Rumex crispus 

L.), purslane (Portulaca oleracea L.), redroot pigweed (Amaranthus retroflexus L.) and 

giant foxtail (Setaria faberi Herrm.) (Bingaman and Christians, 1995; Christians, 2001; 

Dilley et al., 2002). Corn gluten meal suppresses weeds by an inhibition of root growth 

that reduces the root:shoot ratio of germinating seeds, therefore making seedlings more 

prone to water stress (Bingaman and Christians, 1995; Christians, 2001) However, in 

this experiment the root:shoot ratio of all four weed species in every treatment was 

similar to control plots. 

 

 



 

 

Figure 1: Effect of herbicide treatments on percent germination and survival over time of 

a) black medic, b) white clover, c) dandelion and d) prostrate knotweed in the 

greenhouse experiment. GM-1 = gluten meal at label rate, HGM-1 = hydrolyzed corn 

gluten meal at label rate. 

The low dissolution rate of the CGM allowed the product to remain at the surface of the 

growing medium, which could have limited the physical space available for seed 

germination. Furthermore, we noticed the formation of algae before seed germination 

that could explain a lower germination and survival rate of weeds. On the other hand, 

hydrolyzed corn gluten meal (HGM) increased survival rate of all species except 

prostrate knotweed (Figure 1). The low efficacy of this product can be attributed to an 



inappropriate application rate or to leaching caused by a high water supply during the 

germination period. 

Except for Kentucky bluegrass seeded one week after treatment application, neither GM 

nor HGM reduced survival rate of the grass species (Figure 2). Kentucky significant, 

there was a substantial amount of weed cover even if the grass cover was also higher 

(Table 1). HGM also reduced, although to a lesser extent, the amount of weed cover 

(Table 1). The weed suppressing effect of GM and HGM was not observed within either 

Kentucky bluegrass or perennial bluegrass seeded one week after treatment application 

had a 60 % lower survival rate in the GM treatment compared to control. Conversely, 

HGM had no influence on survival rate after germination for Kentucky bluegrass or 

perennial ryegrass (Figure 2). We found a lower root:shoot ratio for perennial ryegrass 

in the GM and HGM treatments but it did not translated to a lower survival rate (Figure 

3). We presume that could be due to the high water supply provided to ensure 

germination during the experiment. However, the effect of GM on perennial ryegrass 

root:shoot ratio could become an issue if this species is submitted to water stress during 

the germination period. 

 

Figure 2: Effect of herbicide treatments on percent germination and survival over time 
on a) Kentucky bluegrass (seeded WAT 0), b) Kentucky bluegrass (Seeded WAT 1) and 
c) perennial ryegrass (all seeding dates) in the greenhouse experiment. GM-1 = gluten 
meal at label rate, HGM-1 = hydrolyzed corn gluten meal at label rate. 



 

Figure 3: Effect of herbicide treatments on root:shoot ratio of perennial ryegrass in the 
greenhouse experiment. B = Bensulide, C 

Grass seeding experiment 
For the first field trial (spring), we found a significant reduction of weed cover in the fine 

fescue plots for the GM treatment, regardless of the amount applied (Table 1). The 

effect of GM on weeds in the fine fescue plots lasted up to a month after application. 

However, even though the reduction was statistically ryegrass stands (Table 1). For 

Kentucky bluegrass, the only effective treatment was the Bensulide although for 

perennial ryegrase the Bensulide did not reduce weed cover (Table 1). 

Bensulide, as expected, had lower grass cover at the end of the trial compared to the 

control plots for Kentucky bluegrass and fine fescue; however, the effect of Bensulide 

decreased four weeks after application (Table 1). Due to a faster germination and 

growth rate, perennial ryegrass seeded before Bensulide application was not affected 

(Table 1). All gluten meal treatments did not reduce grass germination for any of 

species studied (Table 1). 

For the summer trial, all GM and HGM treatments had no effect on grass cover as 

shown by NDVI values (Table 2). Like the spring trial, Bensulide reduced grass 

germination and subsequently cover for fine fescue, Kentucky bluegrass, and perennial 

ryegrass. 

The two trials indicate that gluten-based products did not impair turf establishment for 

Kentucky bluegrass, fine fescue and perennial ryegrass. However, our results also 



demonstrated that gluten based products were not effective as a weed suppressor in 

the context of a turf establishment. The lack of efficacy of gluten meal products could 

have been caused by an inadequate concentration of both products. Corn gluten-based 

products are suggested to reduce root growth and decrease stress tolerance when 

submitted to a water stress (Gardner et al., 1997). However, in order to achieve grass 

germination, water was applied daily, which may have canceled the weed suppression 

effect of gluten meal and promoted weed germination. We then conclude that gluten-

based products may not be the appropriate tool to suppress weeds in a seeded turf 

establishment program. 

Table 1: Mean grass and weed cover (% of control) for the spring grass seeding 
experiment at different dates when significant treatment by time interaction existed. 
Different letters indicates significant differences (α = 0.05) across all columns and rows. 

Fine Fescue 

Weed cover (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-2 weeks 100 d 100 d 35.27 a 41.96 a 51.34 ab 83.48 b 

-1 week 107.98 d 100 d 42.14 a 47.14 ab 66.83 b 70.20 b 

0 week (trt 
application) 

100 d 100 d 42.36 a 42.36 a 52.78 ab 89.58 b 

+1 week 90.28 b 100 d 46.82 ab 50.40 ab 66.47 b 100.60 d 

+2 weeks 86.01 b 100 d 48.81 ab 52.38 ab 63.38 b 83.48 b 

+3 weeks 90.64 b 100 d 41.20 a 62.93 b 59.25 ab 88.65 b 

+4 weeks 81.70 b 100 d 57.77 ab 51.52 ab 88.36 b 97.98 d 

+5 weeks 93.75 c 100 d 162.5 e 175.0 e 118.75 e 131.25 e 

 

Grass cover (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-2 weeks 49.29 ab 100 e 103.93 e 94.17 cd 86.19 b 103.10 e 

-1 week 45.06 ab 100 e 152.08 i 143.40 i 121.49 g 127.14 i 

0 week (trt 
application) 

27.98 a 100 e 166.07 i 169.05 i 161.31 i 149.41 i 

+1 week 23.15 a 100 e 133.33 i 149.41 i 124.11 h 103.33 e 

+2 weeks 20.24 a 100 e 104.17 e 111.31 g 91.67 cd 108.33 g 

+3 weeks 19.58 a 100 e 121.67 g 110 g 115.42 g 99.58 d 

+4 weeks 39.58 a 100 e 125 h 122.92 h 83.33 b 106.25 f 

+5 weeks 100 e 100 e 225 j 175 j 125 h 125 h 

 



Kentucky bluegrass 

Weed cover (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

 79.73 a 100 b 100.55 b 101.09 b 99.46 b 101.65 b 

 

Grass cover (% of control from ln transformed data) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-2 weeks 40.83 ab 100 bc 95.54 bc 151.97 c 63.89 b 151.97 c 

-1 week 27.30 ab 100 bc 66.87 bc 75.98 bc 66.87 bc 90.36 bc 

0 week (trt 
application) 

26.59 ab 100 bc 115.83 bc 113.85 bc 110.67 bc 131.61 c 

+1 week 42.04 ab 100 bc 88.91 bc 117.02 bc 70.71 bc 117.02 bc 

+2 weeks 34.33 ab 100 bc 75.98 bc 149.54 bc 86.33 bc 127.79 bc 

+3 weeks 42.04 ab 100 bc 65.80 bc 95.84 bc 50.00 ab 112.48 bc 

+4 weeks 70.71 bc 100 bc 110.67 bc 93.06 bc 93.06 bc 122.48 bc 

+5 weeks 70.71 bc 100 bc 70.71 bc 70.71 bc 70.71 bc 84.09 bc 

 

Perennial ryegrass 

Grass cover (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-2 weeks 101.64 c 100 c 105.66 c 105.21 c 76.19 bc 115.48 c 

-1 week 77.62 bc 100 c 98.10 c 105 c 85.12 bc 115 c 

0 week (trt 
application) 

23.96 a 100 c 69.10 bc 96.88 c 69.44 bc 91.32 c 

+1 week 27.68 ab 100 c 104.02 c 103.57 c 90.18 c 90.18 c 

+2 weeks 32.44 ab 100 c 104.02 c 98.12 c 78.18 bc 97.22 c 

+3 weeks 61.31 bc 100 c 112.5 c 112.5 c 94.64 c 97.02 c 

+4 weeks 30.48 ab 100 c 91.43 c 100.83 c 75.36 bc 106.43 c 

+5 weeks 35.83 ab 100 c 87.5 c 57.5 b 49.17 ab 96.67 c 

 

Table 2: Mean normalized difference vegetation index (NDVI) (% of control) for the 
summer grass seeding experiment at different dates when significant treatment by time 
interaction existed fine fescue and perennial ryegrass and for all dates combined 
(Kentucky bluegrass). Different letters indicates significant differences (α = 0.05) across 
all columns and rows. 

Fine Fescue 

NDVI (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-6 weeks 6.45 a 100 cd 88.47 cd 105.55 cd 93.70 cd 97.67 cd 



 B C GM-1 GM-2 HGM-1 HGM-2 

-4 weeks 13.67 a 100 cd 104.47 cd 104.41 cd 107.31 d 93.77 cd 

0 week 
(seeding) 

0 a 100 cd 108.19 d 106.19 d 86.72 c 90.53 cd 

+2 weeks 64.57 b 100 cd 120.67 d 113.10 d 98.03 103.55 cd 

 

Kentucky bluegrass 

NDVI (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

 18.72 a 100 b 109.50 b 121.63 b 111.14 b 105.21 b 

 

Perennial ryegrass 

NDVI (% of control) 

 B C GM-1 GM-2 HGM-1 HGM-2 

-6 weeks 78.05 bc 100 bc 106.68 cd 110.49 cd 106.43 cd 106.27 cd 

-4 weeks 55.79 b 100 bc 104.63 cd 102.59 cd 101.23 cd 107.22 cd 

0 week 
(seeding) 

2.21 a 100 bc 102.27 cd 117.45 cd 103.37 cd 102.98 cd 

+2 weeks 179.20 cd 100 bc 238.83 cd 251.10 cd 195.68 cd 198.04 cd 

 

Weed and grass overseeding experiment 
We found a significant effect of GM at 2X label rate (GM-2) on white clover cover in the 

summer trial, especially two to six weeks after treatment application (Figure 4). A similar 

trend was found for GM applied at label rate but the difference was not statistically 

significant. Surprisingly, Bensulide did not reduce white clover cover. Dilley et al. (2002) 

found similar evidence on a strawberry field but had better results with a conventional 

herbicide. All herbicide treatments did not reduce (or increase) perennial ryegrass 

cover, either in the summer or in the fall experiment. In fact, we measured a very low 

amount of this species (below 5 %) in all of the plots. The efficacy of GM and the low 

amount of germination of perennial ryegrass could be due to a reduction of water 

application on the field during the trial to prevent leaching of the HGM. We presume that 

less water, coupled with a probable lower root:shoot ratio of clover, could explain the 

efficacy of GM for this trial. The absence of difference between treatments in the fall 

experiment is likely due to seeding too late in the season. The only clover we could find 

was at the cotyledon stage. 



 

Figure 4: Effect of herbicide treatments on % of germination and survival over time on 
white clover for the grass and weed overseeding experiment. B = Bensulide, C = 
Control, GM-1 = corn gluten meal label rate, GM-2 = corn gluten meal 2X label rate, 
HGM-1 = hydrolyzed corn gluten meal label rate, HGM-2 = hydrolyzed corn gluten meal 
2X label rate.= Control, GM-1 = corn gluten meal label rate, GM-2 = corn gluten meal 
2X label rate, HGM-1 = hydrolyzed corn gluten meal label rate, HGM-2 = hydrolyzed 
corn gluten meal 2X label rate. Different letters indicates differences between 
treatments. 

Applied at a high rate, GM could be an efficient product to limit white clover germination 

and survival, but it has to be used as a pre-emergent herbicide. However, the lower 

clover cover in those plots could be attributed either by the suppressing effect of gluten 

meal on clover or by a fertilizing effect of gluten meal on perennial ryegrass, which 

favored the grass species and created a higher interspecific competition with white 

clover.  

The results obtained in the greenhouse and in the field revealed that HGM did not have 

any weed suppression effect on the different species studied. However, this product, 

and the GM seemed to be safe for turf establishment. We had better results in the 

greenhouse with GM in terms of weed suppression for black medic, white clover, 

prostrate knotweed and dandelion. Unfortunately, evidence of weed suppression in the 

field was discovered only for white clover. We need to increase the application rate of 

HGM on further experiments to see if the results found in 2010 were only the result of a 

“too low” product concentration. Even if those products are safe for establishing turf, our 

experiments showed poor ability to suppress weeds. 
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