
 

 

 

 

Emergence timing and the effect of fertilization on the recruitment of large 

(Digitaria sanguinalis (L.) Scop.) and small (Digitaria ischaemum (Schreb.) ex 

Muhl.) crabgrass in residential turfgrass. 
 

by 

 

Fawn Turner 

 

 

 

 

 

 

A Thesis 

presented to 

The University of Guelph 

 

 

 

 

 

In partial fulfilment of requirements 

for the degree of 

Master of Science 

in 

Plant Agriculture 

 

 

 

 

 

 

 

Guelph, Ontario, Canada 

© Fawn Turner, May, 2012 

 

 



ii 

 

ABSTRACT 

 

 

EMERGENCE TIMING AND THE EFFECT OF FERTILIZATION ON THE 

RECRUITMENT OF LARGE (DIGITARIA SANGUINALIS (L.) SCOP. ) AND SMALL 

CRABGRASS (DIGITARIA ISCHAEMUM (SCHREB.) EX MUHL.) IN RESIDENTIAL 

TURFGRASS. 

Fawn Turner Advisor: 

University of Guelph, 2012 Dr. Rene Van Acker 

 

 

Turner F.A. and Van Acker R.C. 2012.  Large and small crabgrass are problem 

turfgrass weeds.  Due to increasing cosmetic pesticide bans, assessment of crabgrass 

recruitment timing and cultural management response is important.  This project 

determined that natural populations emerged later than cool season turfgrass 

typically establishes.  While turf vigour may affect the survival of crabgrass through 

competition, it does not directly impact crabgrass recruitment.  Considering 

fertilization, chamber experiments confirmed that KNO3 increased fresh seed 

germination.  This effect did not occur with aged seed suggesting that KNO3 affects 

seed dormancy and not germination per se.  Experiments with a model turfgrass 

system showed similar results where fresh seed recruitment increased with increasing 

fertilizer rate.  Fertilization had no significant effect on recruitment in field trials.  

Although fresh seed was spread in the fall, recruitment did not occur until spring 

when seed is considered non-dormant.  This suggests that typical home owner 

fertilization will not have a direct impact on crabgrass recruitment. 
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1.0.0. General Biology of the Species 

Crabgrass (Digitaria spp.) is a summer annual grass propagated by seed (Mitich, 1988; 

King and Oliver, 1994; Ontario Weeds, 2010a, 2010b; Royer and Dickinson, 1999) and grows 

erect or more commonly, prostrate (Ontario Weeds, 2010a, 2010b; Peters and Dunn, 1971; 

Royer and Dickinson, 1999).  It can root at its nodes (Ontario Weeds, 2010a, 2010b; Peters and 

Dunn, 1971; Royer and Dickinson, 1999) and by this method crabgrass can form thick mats in 

moist soil (Cudney and Elmore, 2000; Mitich, 1988).  The genus is characterized by its one 

flowered spikelets which may be solitary, in two’s, or in three’s and form simple racemes on one 

side of a continuous narrow or winged rachis (Peters and Dunn, 1971).  Previous reports on the 

genus claimed that Digitaria was comprised of about 60 species, thirteen of which were 

commonly found in the U.S. (Mitich, 1988).  However, with the addition of newly described 

species and a broader consideration of the genus, more recent reports claim that 200 species 

comprise the genus with 29 species occurring in North America (Wipff, 2003).  In Canada, only 

three species are reported to exist with the two most common species both here and in the U.S. 

being Digitaria sanguinalis (L.) Scop. and Digitaria ischaemum (Schreb.) ex Muhl., commonly 

called large or hairy and small or smooth crabgrass, respectively (Mitich, 1988; Ontario Weeds, 

2010a, 2010b, Peters and Dunn, 1971; Royer and Dickinson, 1999; Wipff, 2003).  These two 

species were first described in Europe in 1772 and 1804, respectively (Mitich, 1988).  Large 

crabgrass was brought into the United States in 1849 as a forage crop and was reintroduced by 

European immigrants as a grain crop around the turn of the 20
th

 century (Foy et al., 1983).  In 

Canada, large and small crabgrass incidence was first reported in 1845 (in Essex County, 

Ontario) and 1860 (in Prescott, Ontario), respectively (Dore and McNeill, 1980). 
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In general, large crabgrass has larger stems, leaves, inflorescences and seeds, than small 

crabgrass (Peters, 1964; Peters and Dunn, 1971).  Ontario Weeds report both large and small 

crabgrass stems can reach 5 to 120 cm, with small crabgrass appropriately being the shorter of 

the two (Ontario Weeds, 2010a, 2010b).  More specific estimates range from 10 to 60 cm 

(Bouchard et al., 1999) or 30 to 122 cm (Peters and Dunn, 1971) for large crabgrass and 2 to 40 

cm (Bouchard et al., 1999) or 10 to 40 cm (Peters and Dunn, 1971) for small crabgrass.  Both 

species have membranous ligules (Royer and Dickinson, 1999) which are angular at the top 

(Bouchard et al., 1999).  Counter-intuitively, these are generally smaller in large crabgrass (less 

than 2 mm) and larger in small crabgrass (2 to 3 mm) (Ontario Weeds, 2010a, 2010b; Royer and 

Dicskinson, 1999).  Crabgrass has no auricles (Royer and Dickinson, 1999).  Large crabgrass is 

thought to grow the most upright of the two and, after the fourth leaf stage, both species sprout 

multiple tillers (Peters, 1964).  The difference in size between species originates from the length 

of internodal stem space, rather than a difference in the number of tillers produced, however 

(Peters, 1964).  The roots of crabgrass are fibrous and can extend 2 m in depth (Royer and 

Dickinson, 1999).   

Seedling leaves of large and small crabgrass are approximately 4 and 2 mm wide, 

respectively (Peters, 1964).  The first leaf of large crabgrass is short and wide with a blunt tip 

(Royer and Dickinson, 1999).  Leaf blades of mature large crabgrass are 5 to 20 cm long and 4 to 

10 mm wide (Royer and Dickinson, 1999) and are bent back towards the soil in both species 

(Bouchard et al., 1999).  In large crabgrass, the leaf blade is enlarged at the base (Bouchard et al., 

1999).  Leaf sheath cross-sections of large and small crabgrass are rounded or oval and new 

leaves appear rolled up upon emergence (Bouchard et al., 1999).  The leaves of large crabgrass 

are light green and often tinted with red or purple, whereas leaves of small crabgrass are darker 
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green and may be purplish at the tips (Bouchard et al., 1999).  However, other sources describe 

large crabgrass as grey-green or dark green and small crabgrass as yellow-green to blue-green 

with red occurring in older plants (Mitich, 1988; Peters, 1964).   

Large crabgrass flowers are hermaphrodite (Cruden, 1977).  For pollination, they exert 

their anthers and stigma together from the tip of their florets, with dehiscence occurring 

simultaneously, or just prior (Cruden, 1977).  However, these reproductive structures may 

remain within their flowers on occasion (Cruden, 1977).  Based on the comparison of their 

average pollen-ovule ratio (1234.0 ± 19.5) to those typical of breeding systems, large crabgrass 

appears to be facultatively xenogamous.  This suggests that large crabgrass has a mixed mating 

system and may cross-pollinate when conditions permit, otherwise it self-pollinates.  Although 

this information is not available for small crabgrass, it is likely that it has a reproductive biology 

similar to that of large crabgrass.   

Spikelets of both species are single-seeded and arranged closely on only one side of 

flattened finger-like spikes (Ontario Weeds, 2010a, 2010b; Royer and Dickinson, 1999).  Spikes 

of large crabgrass are 5 to 15 cm long, centered on a terminal whorl and may have an additional 

whorl below, while spikes of small crabgrass are 4 to 10 cm long and scattered instead of 

centered (Mitich, 1988).  The inflorescences produced by each tiller (Peters and Dunn, 1971) of 

large and small crabgrass can consist of 3 to 13 and 2 to 6 spikes, respectively (Royer and 

Dickinson, 1999).  Another source estimates 3 to 7 spikes for large crabgrass (Bouchard et al., 

1999).  The spikelets of large crabgrass are 3 to 3.5 mm long with their outer glume 

approximately half of the size of their sterile or fertile lemma, while the 1.5 to 2 mm long 

spikelets of small crabgrass have uniformly sized glumes and lemmas (Peters and Dunn, 1971).  

They are also approximately double the length of the second glume (Royer and Dickinson, 
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1999).  The lemmas of large crabgrass are five-nerved and pale brown (Royer and Dickinson, 

1999).  Seeds of large crabgrass are lance-shaped, 2 to 3 mm long and less than 1 mm wide 

(Royer and Dickinson, 1999; Bouchard et al., 1999), while seed of small crabgrass is 2 mm long 

(Bouchard et al., 1999).  Seeds of large and small crabgrass are straw-coloured (Bouchard et al., 

1999; Peters and Dunn, 1971; Royer and Dickinson, 1999) and black, respectively (Bouchard et 

al., 1999; Peters and Dunn, 1971) and ridged lengthwise (OW, 2010).  Weight of 1000 seeds of 

large crabgrass from Pisa, Italy has been reported to be 0.508 ± 0.052 g (Benvenuti et al., 2001), 

resulting in a mean seed weight of 0.456 to 0.560 mg.  Similarly, an average large crabgrass seed 

dry mass of 0.58 ± 0.09 mg has been reported for plants from Burgundy, France (Garadin et al., 

2010).  As reported by Terpstra (1986), small crabgrass has a mean seed weight of 0.59 mg. 

Coinciding with their descriptive common names, large crabgrass has pubescence on its 

sheaths (is `hairy`), while mature small crabgrass, in contrast, lacks this characteristic (is 

`smooth`) (Bouchard et al., 1999; Peters, 1964; Royer and Dickinson, 1999; Uva et al. 1997).  

Although primarily hairless, small crabgrass may display pubescence in its seedling stage with 

loose hairs up until the third or fourth leaf stage (Bouchard et al., 1999).  This typically occurs on 

the lower leaf surface with the upper surface remaining smooth (Cudney and Elmore, 2000).  

While the degree of hairiness may also vary in large crabgrass or seedlings of small crabgrass, 

hairs are always present at the base of the leaf blade in both species and tend to be long and 

white (Royer and Dickinson, 1999).  

It is not known whether differences between species are perpetuated among all large and 

small crabgrass collections, or if some differences are an artefact of biotype.  As much of this 

information is collected from sources across different regions, reliance on all characteristics for 

contrasting these two species should be done with caution. 
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1.1.0. Large and Small Crabgrass as Weeds 

Originally grown as a grain or forage crop, crabgrass was introduced to the western 

hemisphere from Eurasia and has since spread throughout most temperate and tropical regions 

extending from latitudes of 50 °N to 40 °S (Cudney and Elmore, 2000; Holm et al., 1977; Peters 

and Dunn, 1971; Simpson, 1990).  Crabgrass (particularly large and small) has been noted as one 

of the most common weeds to infest managed turfgrass throughout the world (Hoyle et al., 2008; 

Melichar et al., 2008).  For example, large crabgrass has been found to be a particularly serious 

competitor in turfgrass when adequate soil moisture is available (Wiese and Vandiver, 1970).  In 

addition, these species are often more robust under adverse conditions (such as low fertility) and 

by their rapid growth can dominate weakened turfgrass (Melichar et al., 2008).  Likewise, 

crabgrass can tolerate hot, dry summer conditions that many other species, such as cool-season 

turfgrass cannot (Danneberger and Code, 1993; King and Oliver, 1994).  This is largely 

attributed to crabgrass’ C4 photosynthetic pathway (Dannberger and Code, 1993) which enables 

it to use resources such as water and nitrogen (N) more efficiently, and achieve higher maximum 

dry-matter yields, compared to C3 photosynthetic species (Long, 1983).  For example, small 

crabgrass has been found to sustain the lowest soil water content before unrecoverable wilting 

occurs, when compared to Kentucky bluegrass (Poa pratensis L.) and its five other dominant 

weeds (Viola prionantha,Geranium sibiricum, Potentilla anserine, Inula britanica and Potentilla 

supina) in China (Wang et al., 2005).  The competitive resource use of these weed species is 

particularly notable when comparing the effects of stress on turfgrass in monoculture stands 

versus those grown with crabgrass.  For example, when perennial ryegrass (Lolium perenne) is 

infected with the fungal endophyte Neotyphodium lolii, little or no effect on tiller production, 
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above- or below- ground biomass, or root:shoot ratio is observed, while both tiller production 

and above-ground biomass is reduced when grown with large crabgrass (Richmond et al., 2003).  

Alternatively, large crabgrass grown in polyculture has a significantly lower root:shoot ratio as a 

result of increased resource assimilation to above-ground tissues and consequently produces 

more seed (Richmond et al., 2003).  From these examples it is evident that the less competitive 

nature of many C3 turf types can be exacerbated when exposed to a variety of biotic or abiotic 

stresses and grown in conjunction with crabgrass.  However, under cooler conditions, this C4 

pathway may also result in photoinhibition as a consequence of the reduced ability to assimilate 

CO2 and without an alternative pathway to utilize light-generated reducing power (Long, 1983).  

This could disadvantage crabgrass against early establishing C3 turfgrass.  

In addition to its tolerance of heat and drought, crabgrass has also been shown to tolerate 

a wider pH range than many other species.  When grown in soil with a pH ranging from 4.8 to 

6.4, its yield is not significantly affected, although some plants appear stunted below a pH of 5.6 

(Buchanan et al., 1975).  Reaffirming this observation, Johnson and Burns (1985) have reported 

that large crabgrass growth is greatest at a pH of 5.6 compared to 5.0 or 6.4.  Large crabgrass 

growth and germination level is decreased by increasing pH from 4.8 to 7.8 (using MgCO3), 

while both are unaffected when increasing calcium (Ca) in conjunction (using CaCO3) or 

independently (using CaSO4) of with changes in pH (Pierce et al., 1999).  This may suggest that 

Ca has some form of buffering affect against the reduction of growth under conditions of high 

pH.  Crabgrass has also proved highly tolerant to Al, unlike other species studied (including 

Kentucky bluegrass and several weed species) (Gilbert and Pember, 1935).  Both of these 

features could provide crabgrass with an advantage against other competing species under these 

scenarios.  
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Often noted as a dominant or primary weed in field experiments, both large and smooth 

crabgrass are particularly prevalent when herbicides are not used (Fu and Ashley, 2006; Johnson 

and Coble, 1986a; Norsworthy and Olivera, 2004; Teasdale et al., 1991).  As the dominance of 

crabgrass has been widely attributed to its high seed production, attention should be given to the 

potential of crabgrass dominancy relative to other weed species in pesticide-free turfgrass 

environments.   Greater detail on the fecundity and prolific nature of seed production (Aguyoh 

and Masiunas, 2003; Johnson and Coble, 1986; Melichar, 2008; Mitich, 1988; Peters and Dunn, 

1971; Royer and Dickenson, 1999) by large and small crabgrass is discussed when considering 

their recruitment biology below.  In field corn (Zea mays L.) trials, large crabgrass has been 

shown to have the ability to emerge continually at high densities throughout the season under 

suitable conditions (Norsworthy and Olivera, 2004).  This could be especially threatening in 

turfgrass systems when turf may come under the stress of summer conditions, providing an 

opportunity for crabgrass establishment. When grown with sorghum in wide rows (91 cm), large 

crabgrass has demonstrated a competitive advantage three times that of barnyardgrass 

(Echinochloa crusgalli (L.) Beauv.) or Texas panicum (Panicum texanum Buckl.)  (Smith et al., 

1990).  This may indicate crabgrass’ ability to move into open patches of turf caused by poor 

management, activity or compaction to a greater degree than other weeds.  In watermelon crops, 

large crabgrass has also been reported to be difficult to control when it reaches a height of 8 to 

10 cm or when it forms adventitious roots at its stem nodes (Monks and Schultheis, 1998).  This 

could also be relevant in turfgrass systems when determining appropriate mowing heights 

(discussed below).  If allowed to root at the nodes, crabgrass may have a competitive advantage 

over preferred turfgrasses for establishment and successful seed setting.  Furthermore, due to 
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crabgrass’ sprawling habit and tillering capacity, Peters and Dunn (1971) suggest that as few as 2 

to 3 plants per 91 cm
2
 have the capacity for complete ground cover.     

Crabgrass has proven to be a problematic weed in a broad variety of systems; ranging 

from orchards and vineyards, to gardens and groundcover, shrubs and ornamental plantings, field 

and row crops, as well as turfgrass (Mitich, 1988).  In Canada, crabgrass is considered a serious 

weed in row crops, cultivated fields, and turfgrass (Royer and Dickinson, 1999).  Although large 

crabgrass is found in most provinces of Canada, [excepting Saskatchewan and Newfoundland 

(Royer and Dickinson, 1999)], minimal research on either large or small crabgrass has been 

conducted in Canada.  This is especially surprising in southern Ontario where these species are 

common (Ontario Weeeds, 2010a, 2010b; Royer and Dickinson, 1999).   

Considered a weed in 33 different crops in 56 countries (Mitich, 1988) and previously 

described as the world’s fourth most serious weed in a variety of these systems (Holm et al., 

1977), much of the existing knowledge pertaining to crabgrass has originated from 

agriculturally-centric investigations.  This has been motivated by crabgrass (either large or small) 

yield reductions in a variety of crops including bell pepper (Capiscum annuum L.) (Fu and 

Ashley, 2006), watermelon (Citullus lanatus) (Monks and Schultheis, 1998), soy bean (Glycine 

max) (Ontario Weeds, 2010a), cotton (Gossypium hirsutum L.) (Robinson, 1976), tomato 

(Lycopersicon esculentum) (Monaco et al., 1981), snap bean (Phaseolus vulgaris L.) (Aguyoh 

and Masiunas, 2003; Lugo and Talbert, 1989), corn (Ontario Weeds, 2010a), peanuts (Aracbis 

bypogaea L.) (Mitich, 1988;), sugarcane (Saccbarum officinarum L.) (Mitich, 1988; ), and 

sorghum (Sorghum bicolor L. Moench.) (Mitich, 1988; Smith et al., 1990; Weise et al., 1964).  

In many of these cases, a solid relationship between crop yield reduction and crabgrass density, 

as well as the timing of its emergence and continued presence (relative to crop planting and 
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growth) has been demonstrated.  Compounding crop yield reduction by direct competition, large 

crabgrass is also an alternate host for barley stripe, wheat streak mosaic, sugar cane mosaic virus, 

and lucerne dwarf viruses (Royer and Dickinson, 1999).  In the United States of America (U.S.) 

both large and small crabgrass are considered important at least occasionally in nearly all 

cropping systems (Kim et al, 2002; Peters and Dunn; 1971, Mitich, 1988), with large crabgrass 

being one of the most common weeds in vegetable crops (Bridges and Baumann, 1992).   

1.1.1. Crabgrass in Turf 

Crabgrass is among the most common and competitive weeds of turfgrass (Bhowmik, 

1987; Dernoeden et al., 1993) and has been considered more problematic there than in field or 

row crops (Kim et al., 2002).  Some sources report small crabgrass to be a greater issue in 

turfgrass than large crabgrass (Cudney and Elmore, 2000; Kim et al., 2002), however, large 

crabgrass has also been described as a problem weed in turfgrass (Masin et al., 2006).  As of 

April 22, 2009 a ban on the use of cosmetic pesticides (including herbicides) came into affect  

across Ontario restricting their use on lawns, parks, school yards, vegetable and ornamental 

gardens, patios, driveways, and cemeteries (ME, 2009).  Consequently, the importance of 

understanding the recruitment biology and ecology of large and small crabgrass has increased 

substantively in order to devise best management practices without the aid of chemical additions.  

However, even without the ban as motivation, the persistence of crabgrass infestations in light of 

available pre- and post-emergence herbicide treatments (Bhowmik, 1987; Chism and Bingham, 

1991; Cudney and Elmore, 2000; Johnson, 1997a, 1997b) and their tendency towards annual re-

infestation (Peters and Dunn, 1971) is good rationale for better understanding these species.  

Prior to their adequate control with herbicides, crabgrass was able to take advantage of the 

ecological gap created by the control of other weed species in turfgrass (Peters and Dunn, 1971).  
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But even in the presence of other weeds, crabgrass can be competitive and invasive and 

unmanaged areas such as roadsides and wastelands act as ideal crabgrass seedbanks (Mitch, 

1988; Ontario Weeds, 2010a, 2010b).  It is intuitive to expect crabgrass prevalence to increase 

within turfgrass systems now under herbicide-free constraints.   

Unique from most other forms of vegetation, turfgrass is often heavily trafficked or used 

recreationally and may consequently suffer the effects of compaction and wear.  Activity on wet 

soil or soil near field capacity can be especially damaging, resulting in soil displacement and 

harm to turfgrass crowns and root systems (Harivandi, 2002).  The subsequent increase of soil 

bulk density by compaction also has an array of secondary effects on the health of turfgrass.  For 

example, decreased water infiltration can result in both the submergence of vegetation or 

conversely, severely arid conditions when water is limited (Harivandi, 2002).   Likewise, soil 

oxygen diffusion is restricted, and may result in decreased root growth and development, as well 

as potential nutrient deficiencies (Harivandi, 2002).   Although a hardened soil crust can decrease 

the emergence of crabgrass in some cases (Mohler and Calloway, 1992), as a compaction-

adapted weed, crabgrass is generally more tolerant of these adverse conditions than are other 

preferred turfgrass species (Harivandi, 2002).  As the removal of plant material creates an 

opportunity for weed species to recruit (Boyd and Van Acker, 2004), crabgrass infestation may 

furthermore increase in areas affected by compaction or wear (Cudney and Elmore, 2000).  This 

may be exacerbated under conditions of activity by enhancing physical dormancy breaking of 

seed, or moving seed to more favourable microsites for germination (Feldman et al., 1997). 

In practical terms, crabgrass not only competes with desirable grass species for moisture, 

light and nutrients, but it also disrupts the uniformity of the vegetative surface (Masin et al., 

2006).  This can be an important aspect aesthetically (in residential or park lawns) or functionally 
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(on sports field or golf courses).  Specialty turf (e.g. used for commercial sports including golf) 

is currently exempt from the Ontario pesticide ban, as are athletic fields used to host national or 

international competitions (ME, 2009).  Crabgrass is a successful weed not only because of its 

prolific seed production and environmental tolerances but also because of its comparatively rapid 

growth which can crowd out other typical fine-leaved turf grasses (Mitich, 1988).  As such and 

also because of its reputation for persistence (Mitich, 1988), the control of crabgrass is essential 

to maintaining good quality turfgrass (Bhowmik, 1987). 

Crabgrass is an annual and its success in turf is in large part a function of its ability, and 

opportunities for it to establish in turfgrass from year to year. Understanding the recruitment 

biology and ecology of these species, therefore, leads to a better understanding of how these 

species are successful weeds of turfgrass. 

1.2.0. Ecology and Recruitment Nature of Crabgrass 

In general, recruitment is the product of successful seed germination and seedling 

emergence (Boyd and Van Acker, 2003; Harper, 1977).   This depends on several factors 

including seed persistence in the soil, dormancy status, the ability to germinate, and ability of 

seedlings to grow towards the soil surface (Garadin et al., 2010).  As the first process in the life 

cycle of annual weeds, seedling recruitment functionally shapes all subsequent demographics of 

a species (Leguizamon et al., 2008).  Consequently, understanding weed biology and its 

reciprocal relationship to management is a valuable resource for employing practical solutions in 

the field (Cici and Van Acker, 2009; Van Acker, 2008).  The seedling recruitment microsite 

refers to the collective biotic and abiotic conditions surrounding seeds that enable and allow for 

successful seedling recruitment (Boyd and Van Acker, 2004; Dyer 1995; Grundy et al., 1996). 
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Soil temperature, moisture and light are often the most influential microsite characteristics (Cici 

and Van Acker, 2009). Although not directly a microsite condition, burial is often a key 

influence on other microsite factors including temperature, moisture and light (Reid and Van 

Acker, 2005; Van Acker et al., 2004).   

Total seedling recruitment, however, depends not only on adequate microsite conditions 

but also on plant fecundity (quantity of seed rain) and seed longevity (Boyd and Van Acker, 

2004; Cici and Van Acker, 2009).  Together, these elements shape seedbank dynamics.  

Seedbanks may be depleted over time by germination or seed mortality and will persist as long 

as there is a replenishing source of seed rain (Baker, 1989).  Characterization of seedbank 

dynamics is important for understanding both a weed’s impact to community ecology as well as 

to the development of sustainable management strategies (Cici and Van Acker, 2009; Hill et al., 

2001).   

1.2.1. Fecundity 

Species fecundity can be an estimation of infestation potential.  However, knowing the 

amount of seed rain and soil seedbank densities alone have proven insufficient for predicting 

crabgrass recruitment levels (Webster et al., 2003).  Ultimately, it is the dormancy status and 

microsite conditions which determine whether seeds will be recruited; however, the probability 

of recruitment success increases as more seed is contributed to the soil (Boyd and Van Acker, 

2004).  Large crabgrass plants have been estimated to produce up to 150,000 seed per plant 

(Mitich, 1988; Royer and Dickinson, 1999).  Similarly, Peters and Dunn (1971) reported that 

large crabgrass was able to produce 145,000 to 154,000 seeds per plant at a spacing of 91 cm.  

They also reported that small crabgrass produced 188,000 to 210,000 seeds per plant.  In 
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contrast, Aguyoh and Masiunas (2003) reported that small crabgrass seeded at 0.5 and 8 plants 

per m
2 

could only produce 3160 and 909 seeds per plant, respectively, although they did not 

account for shattered seed. Other factors, including competition from surrounding plants 

(Crawley and Ross, 1990; Peters and Dunn, 1971) and time of emergence (Cici and Van Acker, 

2009) can greatly affect the overall fecundity of a weed species.  Aguyoh and Masiunas (2003) 

also reported that for small crabgrass, seed production per plant decreased for plants that 

emerged later in the year. In general, reports on crabgrass fecundity are very limited and there is 

little information on the range of seed production under various conditions, and how fecundity is 

affected by management strategies. 

While crabgrass has high seed production, its prostrate architecture and the barochorous 

nature of its seeds limit seed dispersal.  In addition, seed predation can reduce the number of 

viable seeds among seasons.   There are a variety of seed predators which may be responsible for 

the removal of weed seeds including invertebrates such as ground beetles, crickets, gastropods, 

millipedes and worms (Cardina et al. 1996; Carmona et al. 1999; Lundgren et al. 2005) and small 

vertebrates such as birds and rodents ([Hulme 1994; Hulme 1998).  Exclosure experiments in 

field crops have reported large crabgrass removal at a rate of 11% per day when only 

invertebrates were allowed access and approximately 13% when both invertebrates and 

vertebrates had access (Menalled et al. 1999).  Lundgren et al. (2005) found granivorous 

arthropods consumed approximately 13% of crabgrass seeds per week.   In non-agricultural 

ecosystems, seed predation may be buffered by recruitment from the seed bank and may not have 

as great an impact on weed recruitment (Crawley and Nachapong, 1985), although this has not 

been specifically studied in turfgrass.  Ground beetles, considered a major seed predator, were  

six times more abundant in a 10 year old cool-season turf stand than a newly established lawn   
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(Rochefort et al. 2006).  Seed predation experiments in unmanaged grasslands demonstrated that 

seed removal was greatest due to rodents compared to invertebrates (Hulme 1994).  This 

suggests that seed predation may be high in some lawns, particularly well-established ones; 

however, the preferences of seed predators for turfgrass seed versus weed seeds such as 

crabgrass and whether this has a significant effect on crabgrass recruitment in turf has never been 

studied. 

1.2.2. Seed Dormancy 

 Seed dormancy is one of the main factors which affect weed emergence levels (Forcella, 

1998) and it is strongly associated with the persistence and success of annual weeds (Fenner, 

1995; Li & Foley, 1997; Finch-Savage and Leubner-Metzger, 2006).  Seeds are considered 

innately dormant when intact viable seeds are incapable of germinating under otherwise 

favourable conditions (Bewley, 1997; Foley, 2001; Grundy, 2003; Li & Foley, 1997).  This 

characteristic has evolved to prevent seed germination when the probability of seedling survival 

is low (Fenner and Thompson, 2005; Foley, 2001; Li & Foley, 1997) and is consequently typical 

of plants which inhabit variable or unpredictable environments (Baker, 1989). 

Dormancy may be regulated by morphological, physical or physiological mechanisms.  

Morphological dormancy is a result of immature seed embryos which require a period of growth, 

physical dormancy is imposed by impermeable seed covering structures which require 

breakdown for water entry, and physiological dormancy is overcome by chemical affects in the 

seed (Fenner & Thompson, 2005).  As dormancy is maintained by a variety of, or a combination 

of different mechanisms, overcoming dormancy proceeds by various means.  When the seed coat 

acts as a protective barrier, dormancy may often be overcome by a form of physical (e.g. cutting, 
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sanding) or chemical (e.g. acid scarification) treatment (Adkins et al., 2002).  Embryo-imposed 

dormancy, however, is often due to the immaturity of the embryo at seed rain and requires a 

period of after-ripening before the embryo is sufficiently mature for germination (Adkins et al., 

2002).  After-ripening often requires specific conditions (Adkins et al., 2002; Foley, 2001).  

Often, over time, seed dormancy will be overcome by a broader range of conditions (Foley, 

2001), as has been seen by the affects of temperature on small crabgrass seed (Baskin and 

Baskin, 1988).  Dormancy breaking may involve breakdown of inhibitory compounds, 

expression of specific genes, signalling of plant growth hormones, activation of respiratory 

pathways or the mobilisation and utilisation of food reserves (Adkins et al., 2002). Of the 

processes associated with dormancy breaking, the after-ripening process is least understood 

(Adkins et al., 2002; Dyer, 1995).  After-ripening may be accelerated by a variety of 

environmental (i.e. temperature, light, storage) or chemical (i.e. gibberellins, nitrogenous 

compounds) treatments (Adkins et al., 2002).  When seeds become non-dormant but fail to 

germinate, they are termed quiescent (Foley, 2001).  This is usually the product of unfavourable 

environmental conditions and after prolonged quiescence, secondary dormancy may be induced 

(Foley, 2001).  The potential dormancy paths of a seed are outlined in Figure 1.1.  Ultimately, 

the characteristics of dormancy and how it is overcome, as well as its cyclical behaviour (if any) 

are unique to each species (Forcella, 1998). 

For large and small crabgrass, it appears that a combination of seed dormancy 

mechanisms are at play with both embryo immaturities at the time of seed rain and coat imposed 

inhibition contributing to dormancy maintenance (Hacker, 1984).  Evidence of dormancy for 

both large (Delouche, 1956, Gianfagna and Pridham, 1951; Taylorson and Hendricks, 1979; 

Toole and Toole, 1941; Gianfagna and Pridham, 1952; Gray, 1958) and small (Baskin and  
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Baskin, 1988; Taylorson and Hendricks, 1979; Toole and Toole, 1941) crabgrass has been 

known for decades.  Large and small crabgrass seeds experience primary dormancy after 

shedding and require a period of after-ripening before they are able to germinate (Gallart et al., 

2008; Gianfagna and Pridham, 1951; Masin et al., 2006; Peters and Dunn, 1971; Taylorson and 

Brown, 1977; Toole and Toole, 1941).  Secondary dormancy has also been reported for large 

crabgrass where seeds express a high ability to germinate in late spring and early summer, with a  

subsequent decrease in germinability from late autumn into winter (Masin et al., 2006).  

The time period to partial or complete after-ripening of large and small crabgrass has 

been documented in several studies (Table 1.1).  Temperature at time of storage has also been 

demonstrated to have a strong influence on dormancy status, with low temperatures acting to 

maintain dormancy (Table 1.1).  Crabgrass seed stored in the dark at room temperature has been  
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Table 1.1. Effects of time, temperature and storage conditions on seed dormancy in large and small crabgrassw 

Days after seed 

shedx 

Temperature (°C) Storagey Seed Origin Germ. Citation 

Large crabgrass 

5 10 Moist, light N/A PS (Delouche 1956) 

14x 50 Dry, darky MD 33% (Taylorson and Brown 1977) 

14x 50 Dry, lighty MD 94% (Taylorson and Brown 1977) 

30 Room temp. Dry, dark Barcelona 0% (Gallart et al. 2008) 

56 2-4 °C Moist, light N/A S (Delouche 1956) 

60 Room temp. Dry, dark Barcelona 4% (Gallart et al. 2008) 

60 15/25 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60 20/30 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60 20/40 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60-90 14 Dry N/A PS (Martin 1943) 

60-90 20-23 Dry, dark MS 73% (Egley and Chandler 1978) 

90-120z 5 Dry NE 6% (Burnside et al. 1981) 

90 20/30 (18h/6h) Dry WA S (Toole and Toole 1941) 

90 20/35 (18h/6h) Dry WA S (Toole and Toole 1941) 

120 Room temp. Dry, dark Barcelona >95% (Gallart et al. 2008) 

180 25 Dry, dark AL S (Biswas et al. 1978) 

180 5 Dry, dark AL 0% (Biswas et al. 1978) 

NA 15/30 (16h/8h) N/A N/A PS (Delouche 1956) 

Small crabgrass 

14x 50 Dry, darky MD 43% (Taylorson and Brown 1977) 

14x 50 Dry, lighty MD 70% (Taylorson and Brown 1977) 

14-28 2-5 Moist WA PS (Toole and Toole 1941) 

56 2-5 Moist WA S (Toole and Toole 1941) 

60 15/25 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60 20/30 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60 20/35 (18h/6h) Dry WA PS (Toole and Toole 1941) 

60 20/40 (18h/6h) Dry WA PS (Toole and Toole 1941) 

150 20/35 (18h/6h) Dry WA S (Toole and Toole 1941) 

150 20/40 (18h/6h) Dry WA S (Toole and Toole 1941) 

365 Room temp. Dry WA S (Toole and Toole 1941) 
wAbbreviation: N/A, data not available; S, successful; PS, partially successful.   
xDays after seed shed describes the storage time after which the temperature treatment was applied, unless denoted by `x`, then 

temperature treatment commenced with fresh seed for the period specified 
yStorage describes the conditions which seed was maintained prior to temperature treatment, unless denoted by ‘y’, then 

conditions describe those coinciding with temperature treatment.  All other seed was stored at room temperature. 
zTetrazolium chloride viable seed = 88% 

 

shown to overcome dormancy in 4 to 6 months, and dormancy can be broken more quickly when 

seeds are exposed to high or alternating high and low (room) temperatures (Table 1.1).  This 

effect has been reported for other Digitaria species as well (Hacker, 1984).  Warming and 

alternating warmer and cooler temperatures mimics spring microsite conditions and this 

characteristic represents a typical evolutionary strategy of summer annual species to maximize 

spring recruitment.  Additionally, crabgrass seed exposed to a period of chilling, which may  
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mimic overwintering, will also become non-dormant (Baskin and Baskin, 1988; Grundy, 2003; 

Table 1.1).     

Moisture can also influence seed dormancy.  For example, Taylorson and Brown (1977) 

found that after a 14 day period at 50 °C moisture loss from large crabgrass seed in unsealed 

vials resulted in a 91% reduction in seed germinability in comparison to seeds in sealed vials.  

Pre-soaking seed of large crabgrass can break dormancy in some cases (Delouche, 1956).  This 

was confirmed by Gallart et al. (2008) who pre-soaked fresh crabgrass spikelets for four days 

and increased germination by 20%.  Moistening crabgrass seeds may also overcome low 

temperature dormancy (Table 1.1).  It is unclear what affect moisture has in all cases, however, 

the dormancy breaking effect may be related to seed coat softening which reduces physical 

germination barriers.   

Light can also influence the after-ripening process of crabgrass although the effects are 

variable.  Partial success in dormancy breaking of large crabgrass by light has been demonstrated 

by Toole and Toole (1941) and Gianfagna and Pridham (1951).  Similarly, Taylorson and Brown 

(1977) noted an effect of light on crabgrass seed dormancy, with greater effects on large versus 

small crabgrass (Table 1.1).  And, Toole and Toole (1941) have reported that small crabgrass 

seed dormancy was unaffected by light.     

Chemical additions to seed microsites, including hormones, nutrients or other compounds 

can act to break seed dormancy.  The application of gibberelic acid (GA3) can overcome the 

requirement for light for seed dormancy breaking in some grass species (Adkins et al., 2002) 

including Digitaria species (Baskin et al., 1969).  For large crabgrass, GA3 co-applied at 100 or 

1000 ppm has been partially successful in breaking seed dormancy (Gray, 1958).  Nitrogenous 

compounds have also been demonstrated as effective for seed dormancy breaking and enhanced 
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germination in some cases.  Intact spikelets of large crabgrass treated with potassium nitrate 

(KNO3) two months after harvest resulted in 12% germination compared to only 4% in water 

controls after a 15 day period (20/30 °C in 12/12h of light/dark, respectively) (Gallart et al., 

2008).  KNO3 (applied at 0.25%) has also been demonstrated as a partially effective dormancy 

breaking treatment for large crabgrass seed (Delouche, 1956) with its effect even more 

pronounced when combined with various de-hulling treatments (Delouche, 1956; Gallart et al., 

2008).  In other experimentation with KNO3 and fresh large crabgrass seed results have been 

variable and inconsistent (Toole and Toole, 1941).  For fresh small crabgrass seed, KNO3 

(applied at 0.2%) has been found to promote the rate of germination of previously dormant seed 

at temperature regimes of 15/25 °C and 20/30 °C but, actually retard germination rate at higher 

temperature regimes of 20/35 °C or 20/40 °C (18h/6h) (Toole and Toole, 1941).  Gas flux can 

also influence seed germinability but although the seed coats of large crabgrass have been shown 

to restrict oxygen uptake in dormant seeds (Biswas et al., 1978), increasing oxygen partial 

pressure to 100% had no affect on seed dormancy breaking or germination of this species 

(Delouche, 1956; Gianfagna and Pridham, 1951). 

A range of other chemical treatments have been shown to affect seed dormancy in 

crabgrass species including chlorohydrins (a rotenticide), 1,2-Dibromo-3-chloropropane (a 

nematicide) and ethanol.  Ethylene chlorohydrin (500 ppm) broke seed dormancy in large 

crabgrass after 48 hr (Gianfagna and Pridham, 1951) and there is limited dormancy breaking 

when ethylene is pre-applied at 0.125 to 0.5% after 24 or 48 hr (Delouche, 1941).  1,2-Dibromo-

3-chloropropane (10 ppm) partially breaks dormancy in large and small crabgrass (Miller et al., 

1965).  Similarly, ethanol (at a rate of 50x10
-6

 per l) applied for seven days provides some 

dormancy breaking for both large and small crabgrass seed (Taylorson and Hendricks, 1979).   
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Crabgrass seed dormancy is substantively influenced by the caryopsis covering structures 

and its seed coat (Gallart et al., 2008).  Physical scarifying or de-hulling are successful for large 

(Delouche, 1956; Gallart et al., 2008; Gianfagna and Pridham, 1951; Gianfagna and Pridham, 

1952; Martin, 1943; Toole and Toole, 1941) and small (Toole and Toole, 1941) crabgrass 

dormancy breaking.  For example, rubbing intact spikelets with moist sand increased 

germinability by 30% (Gallart et al., 2008).  In addition, removal of the glumes and the lemma of 

the sterile floret increased germination by 15%, whereas the removal of the lemma of the perfect 

floret increased germination by 75% (Gallart et al., 2008).  Although puncturing the pericarp and 

testa increased germination of large crabgrass by 84%, dehulling the caryopses with emery paper 

is a very successful dormancy breaking treatment, increasing germination to greater than 95% 

(Gallart et al., 2008).  Chemical scarification of seed, however, has only proven partially 

successful with small crabgrass (Toole and Toole, 1941), and has been unsuccessful with large 

crabgrass (Gallart et al., 2008; Toole and Toole, 1941).  Over time, a decreased need for seed  

coat puncturing to enable germination of large crabgrass indicates that as seeds age permeability 

increases (Egley and Chandler, 1978, 1983). 

It is clear that a combination of mechanisms, relating to both the seed embryo and its 

covering structures act to maintain seed dormancy in both large and small crabgrass.  The seed 

dormancy pattern for crabgrass is generally primary dormancy in the months after initial seed 

rain, followed by a period of secondary dormancy if the seeds survive but fail to germinate. 

Based on the literature to-date, and as would be expected for a summer annual species, 

temperature appears to have a particularly strong influence on the maintenance as well as 

removal of seed dormancy in both large and small crabgrass.  Although these trends are evident, 

results have been variable between different studies.  This may be due to variation in maternal 
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environments (Cici and Van Acker, 2009) and differences among biotypes and seed dormancy 

nature cannot be too closely generalized for these species (Dyer, 1995). 

1.2.3. Seed Longevity 

If conditions for breaking dormancy are not met, crabgrass may remain in its dormant 

state for years (Peters and Dunn, 1971; Table 1.2). Understanding the longevity of seed survival 

in soil is important as the potential for reinvasion exists so long as there remains a viable 

seedbank (Egley and Chandler, 1978; Hill et al., 2001).  Although longevity decreases over time 

due to germination, seed mortality or removal by sources such as predation (Crawley and Ross,  

1990), crabgrass may remain a threatening weed long after parental plants are gone (Peters and 

Dunn, 1971). There is even one report of crabgrass persisting for 10 years (Burnside et al., 

1981).  Ultimately, the more seed that is preserved in the soil, the greater the probability that 

appropriate microsites will lead to recruitment (Boyd and Van Acker, 2004).   

Like dormancy, the environment in which weed seeds mature (Cici and Van Acker, 2009; 

Dawson and Burns, 1975; Masin et al., 2006), or differences among genotypes (Masin et al., 

2006) may result in seeds from the same species persisting for different lengths of time (Egley 

and Chandler, 1978; Masin et al., 2006).  Substantive differences in longevity have been reported 

for seed stored in dry conditions as compared to those buried in soil (Table 1.2).  For example, 

nearly 100% viability remains for seed stored in dry conditions after approximately 60 months 

(Comes et al., 1978; Egley and Chandler, 1983), while complete viability of seed buried in soil 

may be maintained for less than 6 months (Egley and Chandler, 1983; Masin et al., 2006).  Depth  

of burial in soil, however, has been shown to not significantly influence crabgrass seed longevity 

(Table 1.2).   
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Table 1.2.  Longevity of exhumed large and small crabgrass seed after burial or dry storage 

Months after seed shed  Storage or Burial (cm) Seed Origin Longevityz Citation 

Large crabgrass 

3 4 – 4.5y Italy 85 to 90% (Masin et al. 2006) 

3 to 4 Dry-stored, 5 °C NE 6% g (Burnside et al. 1981) 

6 8, 23, & 38x MS 83% (Egley and Chandler 1978) 

12 23 cm NE 12% g (Burnside et al. 1981) 

12 to 48 23 cm NE 3 to 4%g (Burnside et al. 1981) 

15 4 – 4.5 y Italy 50% (Masin et al. 2006) 

18 8, 23, & 38x MS 30% (Egley and Chandler 1978) 

23 4 – 4.5 y Italy <5% (Masin et al. 2006) 

30 Dry-stored, 4 °C MS 91%  (Egley and Chandler 1978) 

30 8, 23, & 38x MS 13% (Egley and Chandler 1978) 

40 4 – 4.5y Italy <1% (Masin et al. 2006) 

42 8, 23, & 38x MS 0 to 1% (Egley and Chandler 1983) 

48 to 120 23 cm NE 1 to 4 %g (Burnside et al. 1981) 

54 8, 23, & 38x MS 0 to <1% (Egley and Chandler 1983) 

60 Dry-stored, Rm. Temp. WA 97% (Comes et al. 1978) 

66 Dry-stored MS 99% (Egley and Chandler 1983) 

66 8, 23, & 38x MS 0% (Egley and Chandler 1983) 

Small crabgrass 

60 Dry-stored, Rm. Temp. WA 99% (Comes et al. 1978) 
zViability (total of independent germination, germination after seed coat piercing, and tetrazolium test, or resistance to forceps) 

unless denoted by (g) in which only germination of fresh seed is reported.   
yBuried under permanent turf.   
xDepth not significant. 

 

 

1.2.4. Germination and Emergence 

After the dormancy breaking process is complete, germination is permitted and 

progresses at variable rates according to microclimate conditions (Cici and Van Acker, 2009; 

King and Oliver, 1994; Leguizamon et al., 2008).  Like after-ripening, there are species-specific 

environmental requirements for germination to occur and consequently, germination should be 

considered a separate step in the development process (Baker, 1989).  Because they are often 

closely related, however, some studies fail to make this differentiation.  Likewise, emergence is 

often described in place of germination as it is the true product of interest from a management 

standpoint.  However, these also remain intrinsically separate steps.  Ultimately, the process of 

emergence culminates from several preceding steps including seed germination, shoot elongation 
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(to reach the surface), radical elongation (to ensure water uptake) and seedling survival (Durr et 

al., 2001).   

Soil temperature and water availability are the primary controls of crabgrass germination 

and emergence (King and Oliver, 1994; Masin et al., 2005).  To best predict emergence timing, it 

is therefore necessary to have a comprehensive understanding of microclimatic conditions 

(Grundy, 2003).  In addition to site differences affecting seedling emergence, seeds of the same 

species may also differ in their response to water stress (Masin et al., 2005) or temperature 

(Forcella et al. 2000) as an artefact of locally derived adaptation (Steinmaus et al., 2000).  As a 

consequence of these differences, variation in emergence timing can be seen across locations 

(Table 1.3).  Studying specific ecotypes of interest is therefore the most accurate approach to 

understanding their germination response (Steinmaus et al., 2000).  In field experiments, times of 

crabgrass seedling emergence appear to coincide with the onset of increased temperatures and 

decreased water potential (Gianfagna and Pridham, 1951; King and Oliver, 1994; Masin et al., 

2005; Myers et al., 2005; Peters and Dunn, 1971; Toole and Toole, 1941).  Although crabgrass 

exhibits continuous emergence throughout the summer (Cudney and Elmore, 2000), emergence 

may peak as favourable conditions occur several times throughout the season (Table 1.3).  

Because of this, even different site years can result in varied emergence patterns (Myers et al., 

2005).  In addition to observational studies, models have been used in several cases to predict the 

emergence of large (King and Oliver, 1994; Leguizamon et al., 2008; Masin., 2005) and small 

(Fidanza et al., 1996) crabgrass with some degree of accuracy.  Although other factors, including 

light and nutrients affect crabgrass seed germination there are no reports in the literature on how 

factors other than temperature or moisture affect emergence timing. The effects of temperature 

on crabgrass germination and emergence have been well documented (Tables 1.4 and 1.5).  The  
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Table 1.3. Emergence timing for large and small crabgrassz 

 Emergence  

Location xy Begins Peaks Ends Citation 

Large crabgrass 

Italyy Late Mar-Early Apr Mid-late May Early Aug-Sept (Masin et al. 2005) 

 DE, NJ, PN Mid- to late- April Mid-May & mid- to late-

June 

Mid- to late-July (Myers et al. 2005) 

CT Mid- to late-May N/A N/A (Peters and Dunn 1971) 

NY Late May N/A Mid-Sept (Gianfagna and Pridham 

1951) 

OHy* First: 211 GDD 50%: 692 GDD 80%: 1160 GDD (Cardina et al. 2011) 

OH* First: 306 GDD 50%: 693 GDD 80%: 1888 GDD (Cardina et al. 2011) 

DE, NJ, PN** 10%: 280 GDD 50%: 580 GDD 95%: 1500 GDD (Myers et al. 2004) 

Argentina*** 25%: 30-210 GDD 50%: 80-280 GDD 75%:160- 360 

GDD 

(Leguizamon et al. 2008) 

Small crabgrass 

CT Mid- to late-May N/A N/A (Peters and Dunn 1971) 

MDy**** Late Apr to Early 

May 

140 to 230 GDD Early September (Fidanza et al. 1996) 

MDy**** 25%: 310 GDD 50%: 445 GDD 75%: 945 GDD (Fidanza et al. 1996) 

OHy* First: 155 GDD 50%: 354 GDD 80%: 548 GDD (Cardina et al. 2011) 

OH* First: 178 GDD 50%: 347 GDD 80%: 448 GDD (Cardina et al. 2011) 
zAbbreviation: N/A, data not available; GDD, growing degree days.   
yObservations made in crop systems unless denoted, then in turf.   
xCounting of degree days begin in Jan, Tb10 (*); Jan, Tb9 (**); Apr, Tb13.6 (***); and Aug, Tb12 (****). 

 

 

 

Table 1.4.  The influence of temperature and water potential on non-dormant large and small crabgrass seed 

germinationv 

Temperature (°C) Soil Water Potential  Length (days) Germinationw Seed Originx Citation 

Large crabgrass 

8.4 ± 1.07 °C  -830 ± 255 kPa  N/A Base Italy (Masin et al. 2005) 

15.1 °C N/A  N/A Base CA (Steinmaus et al. 2000) 

10 to 13 °C N/A 3 Yes CA (Cudney and Elmore 2000) 

15 °C 0 kPa 10 to 12 12% MS (King and Oliver 1994) 

20/40°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

20/35°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

20/30°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

15/25°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

25 °C 0 to -200 kPa 8 60% MS (King and Oliver 1994) 

Small crabgrass 

30/15 °C N/A  N/A Basey N/A (Baskin and Baskin 1988) 

< 30/15 °C N/A  N/A Basez N/A (Baskin and Baskin 1988) 

10 to 13 °C N/A 3 Yes CA (Cudney and Elmore 2000) 

20/40°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

20/35°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

20/30°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 

15/25°C (18h/6h) N/A 14 Yes WA (Toole and Toole 1941) 
vMature seed used for germination tests. 

wBase: conditions at which germination first occurs. 
xAbbreviation: N/A, data not available.     
yBase temperature when seed first after-ripened.  

zBase temperature with additional after-ripening.   
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Table 1.5.   The influence of soil temperature and water potential on non-dormant large crabgrass seedling emergencez 

Soil Temp 

(°C) 

Soil Water Potential Emergence Seed Origin Citation 

5-10 N/A None China (Feng et al. 2004) 

< 10 N/A None Modelled (King and Oliver 1994 

N/A -30 to -100 kPa None Modelled (King and Oliver 1994 

N/A <-50 to -60 kPa Little to none MS (King and Oliver 1994) 

N/A -500 kPa Base Modelled (Forcella et al. 2000) 

9 N/A Base DE, NJ, PN (Myers et al. 2004) 

12 N/A Base Maryland (Fidanza et al. 1996) 

< 15 N/A Little to none MS (King and Oliver 1994) 

15 N/A 9-10 DAP Modelled (King and Oliver 1994) 

15-40  Yes China (Feng et al. 2004) 

20-30 60% Өm Max. China (Feng et al. 2004) 

>22.8 ave. N/A Max. MD (Fidanza et al. 1996) 

25 -30 kPa Max. (77%) Modelled (King and Oliver 1994) 

30-35 N/A 2 to 3 DAP Modelled (King and Oliver 1994) 

40 20% Өm None China (Feng et al. 2004) 
zAbbreviation: N/A, data not available; Base, conditions at which emergence first occurs; DAP, days after planting;  Max., 

conditions at which maximum emergence occurs; Өm, gravimetric water content. 

 

 

rate and percentage of crabgrass germination increases as temperature increases above some base 

germination temperature until an optimum temperature is reached (Feng et al., 2004; King and 

Oliver, 1994; Toole and Toole, 1941).  However, Baskin and Baskin (1988) have shown that 

base germination temperature may decrease as crabgrass seed continues to after-ripen (Baskin 

and Baskin, 1988).  In turfgrass, crabgrass emergence can be delayed by a lag in soil warming, 

compared to bare soil (Myers et al., 2005).  Fidanza et al. (1996) showed that small crabgrass 

emerges a week later in turfgrass versus bare soil.  This may also be the case in field cropping 

systems if minimum or zero-tillage is employed (Myers et al., 2005).  Consequently, there has 

been casual observation of crabgrass emerging first in thin or open areas of turf which warm up 

more quickly, or near heat sinks such as sidewalks (Cudney and Elmore, 2000).   

Water uptake occurs during three distinct phases of germination; seed imbibition, 

followed by a lag phase of little water uptake, and finally water uptake associated with growth 

and leading to emergence (King and Oliver, 1994).  Although non-dormant seed of large 

crabgrass has been noted to take up more water in 24 hr than dormant seed (Gianfagna and 
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Pridham, 1951), other studies have shown there to be minimal difference between dormant and 

non-dormant seeds provided there were no physical differences between the seed types (Biswas 

et al., 1978).  In non-dormant seeds, however, water which is absorbed is used in the synthesis of 

new proteins (Biswas et al., 1978).  Biswas et al. (1978) noted that seeds of large crabgrass can 

germinate within 24 hr of soaking in water and at 76 hr, produce green shoots, commence 

chlorophyll synthesis and behave as mature plants. Soil water potential and moisture availability 

plays a fundamental role in the initiation of and maximum levels of crabgrass germination and 

emergence (Tables 1.4 and 1.5).  As with temperature, germination percentage and rate is greater 

as available soil water increases above the base requirement until an optimum is reached (Feng et 

al., 2004; King and Oliver, 1994).  However, in many studies moisture availability is not 

measured directly but represented by the frequency or overall quantity of precipitation or 

irrigation and this makes it difficult to compare the soil moisture requirements for germination 

and emergence of crabgrass among studies.  In general, flushes of crabgrass emergence coincide 

with increased water availability.  For example, Peters and Dunn (1971) found that when soil 

moisture on bare soil patches was conserved by screening with saran cloth there was 

significantly greater emergence of both large and small crabgrass (Peters and Dunn, 1971).  In 

some cases, too much water can impede the germination of large and small crabgrass.  Comes et 

al (1978) found that germination of large crabgrass was reduced by approximately 50% after 3 to 

24 months of complete submergence in fresh water, declining to 0% after 60 months and the 

germination of small crabgrass was completely inhibited after only 3 months of submergence 

(Comes et al., 1978).  This may be relevant to poorly drained, compacted, or low-laying areas in 

turfgrass which regularly collect and hold water from irrigation or precipitation.   
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In general, the germination of large and small crabgrass seed will occur in either 

continuous light or dark when other conditions are not limiting (Cudney and Elmore, 2000; 

Peters and Dunn, 1971).  However, light exclusion has been shown to retard the germination of 

large crabgrass in some situations (Peters and Dunn, 1971; Toole and Toole, 1941), while no 

similar affect has been observed for small crabgrass (Baskin and Baskin, 1988; Peters and Dunn, 

1971; Toole and Toole, 1941).  Seedlings which do emerge into darkness do not survive for more 

than one week (Peters and Dunn, 1971).  The emergence of large crabgrass is significantly less in 

field trials when plots are fully shaded by corn (Mohler and Calloways, 1992; Peters and Dunn, 

1971).  Although these observations have been attributed to light intensity, an interaction with 

temperature may also be at play.   

Soil pH may also affect how germination proceeds.  For example, when pH is increased 

from 4.8 to 7.8 by the addition of MgCO3, the germination of large crabgrass seed is reduced 

(Pierce et al., 1999). When both pH and exchangeable Ca are increased using CaCO3, 

germination remains unaffected (Pierce et al., 1999).  However, when exchangeable Ca is 

increased alone using CaSO4, no affect on germination is seen (Pierce et al., 1999) suggesting 

that Ca has a buffering effect on the impact of high pH levels on germination.  

1.2.5. Burial and Crabgrass Emergence 

Locating the weed seedling recruitment microsite is important in determining 

germination and emergence timing (du Croix Sissons et al., 2000).  This is true in part because 

burial depth may influence microsite characterization and also because it may place physical 

limitations on the ability of seeds to germinate or seedlings to emerge (Reid and Van Acker, 

2005; Van Acker et al., 2004).  This may be a function of burial depth, soil composition, soil 
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texture or bulk density.  To-date, recruitment experiments conducted by placing weed seeds at 

specific depths in the soil (Benvenuti et al., 2001; Garadin et al., 2010; Peters and Dunn, 1971) 

have contributed to an estimation of the maximum emergence depth of crabgrass.  In general, 

emergence levels of both large and small crabgrass decrease with increasing depth of seeding, 

while time to emergence increases.  No experiments to-date have utilized natural weed seed 

banks to determine recruitment of crabgrass in situ.  However, the tendency towards shallow 

seedling recruitment is typical among many common weed species (Du Croix Sissons et al., 

2000; Forcella et al., 2000) with the reduced movement of seeds in the soil profile of turfgrass 

resulting in the accumulation of weed seeds primarily within the first 4 cm beneath the thatch 

and roots (Masin et al., 2006; Baker, 1989).  

Small crabgrass has been reported to have emergence levels twice as high as for large 

crabgrass when seeds were placed at shallow depths (less than 5 cm) while large crabgrass has 

greater levels of emergence versus small crabgrass when seeds are placed at depths greater than 

5 cm (Peters and Dunn, 1971).  In a study of large crabgrass (from China), emergence levels 

were highest for seed placed at a depth of 2 to 3 cm (Feng et al., 2004).  In the study conducted 

by Peters and Dunn (1971), the affect of burial on emergence levels is minimal for seed 

placement depths of up to 5.08 cm and 3.81 cm for large and small crabgrass, respectively,  

however, at depths of 6.35 cm and 5.08 cm, emergence levels are reduced by at least 50% for 

large and small crabgrass, respectively. Peters and Dunn (1971) recorded the maximum depth of 

emergence for large and small crabgrass as 7.62 cm and 5.35 cm, respectively. Benevenuti et al. 

(2001) found that the maximum depth of emergence measured was only 6 cm for large crabgrass 

biotypes from Italy.  They also reported that large crabgrass emergence was reduced by 50% at a 

seeding depth of 4.1 cm (Benvenuti et al., 2001).  In France, Garadin et al. (2009) estimated the 
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maximum shoot length of large crabgrass to be approximately 3 cm (at a base temperature of 8.4 

°C), and rationalized that this measurement corresponded to the maximum possible depth of 

emergence.  At depths at which no large crabgrass seed emerges, approximately 85% has been 

discovered as dormant (Benvenuti et al., 2001).  Consequently, movement of buried seed to 

microsites nearer to the soil surface may result in greater crabgrass infestation. 

Seed burial can also delay time of emergence. This has been demonstrated for large 

crabgrass where any increase of seeding depth of 2 cm or more significantly increased time to 

emergence (Benvenuti et al., 2001).  Mean emergence time in days for seed buried at depths of 0, 

2, 4, 6, 8, 10, and 12 cm were 6.0±0.3, 7.4±0.3, 9.6±0.8, 12.4±1.0, respectively, and 0 at 8 cm 

and beyond (Benvenuti et al., 2001).   

In addition to depth, soil texture can influence seedling emergence as well as seed 

survival (Bewley and Black, 1985).  With increasing size of soil particles (from fine to coarse 

texture, respectively), large crabgrass seedling mortality has been demonstrated to increase 

according to model simulations (Garadin et al., 2010).  At a 1 cm depth of burial, for example, 

seedling mortality increases by 22% and 37% in fine and coarse textured soil, respectively.  This 

trend is magnified when combined with deep burial depth (30 cm) where mortality reaches 35%, 

45%, and 50% for fine, intermediate, and coarse soil textures, respectively (Garadin et al., 2010).  

However, this trend is unlike that previously seen of large crabgrass in which soil depths of 8, 23 

and 38 cm do not result in different seed survival (Egley and Chandler, 1978, 1983).  In a study 

of jimsonweed (Datura stramonium L.), Benvenuti (2003) found that germination inhibition due 

to burial depth was directly proportional to soil clay content and inversely proportional to sand 

content.  This results in an increased time to emergence when weed seeds are buried in clay soils 

as a consequence of increased germination time, rather than greater difficulty penetrating the soil 
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(Benvenuti, 2003).  Although decreased gas diffusion is linked to increased soil clay content, an 

increase in germination time is more appropriately linked to an increase in fermentation 

metabolites than hypoxia (Benvenuti, 2003).  The study by Benvenuti (2003) may provide 

inferences applicable to the germination and emergence of crabgrass although the effect of soil 

texture on crabgrass recruitment has not been studied. The effect of soil clods on crabgrass 

emergence has been studied and using pre-germinated seeds buried to a depth of 2 cm Garadin et 

al. (2009) found that the percentage of seedlings blocked from emerging increases as clod size on 

the soil surface increases (40% to 70%) (Garadin et al., 2010).  Clods are even more effective at 

inhibiting emergence when they are buried under a layer of fine textured soil (65 to 90%) 

(Garadin et al., 2010).  Aggregates at the surface that are greater than 10.5 ± 1.8 mm and 5.0 ± 

1.4 mm in diameter have the capacity to completely block seedling emergence when buried 

under a layer of fine textured soil (Garadin et al., 2010).  Compared to twelve other weeds, the 

emergence of large crabgrass was significantly more frequently blocked by clods (Garadin et al., 

2010).  It was proposed that this was because large crabgrass has a smaller shoot diameter (0.41 

± 0.06 mm) and fewer stored reserves (as a monocot) compared to other weed species included 

in the study (Garadin et al., 2010).   Greater seed weight has been correlated with a greater depth 

of emergence (Van Acker et al. 2004) and this has been observed for large crabgrass (Benvenuti 

et al. 2001).  This may also point to seed stores as a limiting factor in determining the maximum 

depth of emergence or emergence capability when there is physical impedance.  In another study, 

the germination of small crabgrass was shown to be unaffected by increasing clod size on the soil 

surface (with diameters of 1.5 cm to 5.3 cm) or hardness of clods (with soft and hard clods 

having a dry bulk density of 1500 or 1750 kg/m
3
, respectively) (Terpstra, 1986).  The ability of 
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pre-germinated seeds of small crabgrass to emerge against soil clods or the effect of soil clods on 

the germination of large crabgrass has not been studied, however.  

1.2.6. Growth and Flowering 

In general, crabgrass growth is enhanced with increasing day length.  This has been 

demonstrated under controlled conditions when comparing 18 and 10 hour day lengths for large 

crabgrass (Peters and Dunn, 1971).  In the northern hemisphere, this suggests that the growing 

potential of crabgrass is greatest leading up to the summer solstice (June 21) and subsequently 

begins to decline thereafter.  Likewise, the rate of tiller formation and the length between nodes 

is greater for both species in late spring, compared to late summer (Peters, 1964).  Light intensity 

also affects the growth of crabgrass.  In field trials, when shaded by a corn crop canopy, the 

growth of large crabgrass is halted (Mohler and Colloway, 1992).  This has been correlated with 

measurements of decreased light intensity (Mohler and Colloway, 1992).  Similarly, dense crop 

canopy formation of narrow row corn (Norsworthy and Olivera, 2004) and sorghum (Smith et 

al., 1990; Weise et al., 1964) minimizes the competitiveness of large crabgrass by limiting its 

growth.  In the context of turfgrass systems, dense turf canopies may have a greater ability to 

limit crabgrass growth.  However, Peters and Dunn (1971) found that light limitation had to be 

quite substantial (down to 600 umol m-2 s
-1

) to significantly affect the growth of large and small 

crabgrass, and the effect was more pronounced on small versus large crabgrass (Peters and Dunn, 

1971).  For example, at 30 and 50% shading, large crabgrass dry matter accumulation decreased 

by 25 and 50%, respectively, while small crabgrass dry matter accumulation decreased by 90 and 

94%, respectively (Peters and Dunn, 1971).  Upon observation, however, light limitation may 

alter the growth pattern of crabgrass to be tall and spindly by comparison, while not affecting its 
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overall mass.  Even though growth may be affected, shading does not trigger flowering, instead, 

plant reserves are stored until the end of the season when they are converted to seed (Mohler and 

Calloway, 1992). Shading also does not affect seedling survival (Mohler and Calloway, 1992; 

Peters and Dunn, 1971).  This suggests that emerged crabgrass which is initially kept at bay by 

thick, light intercepting turfgrass may retain the ability to dominate if the turfgrass is affected in 

some way.  

Small crabgrass grows most quickly when there is adequate moisture and temperature 

ranges from 25 to 30 °C (Cudney and Elmore, 2000).  For large crabgrass, the base temperature 

for leaf appearance and the thermal time interval between the appearance of successive leaves 

have been determined to be 4.5 °C (T4.5) and 42.2 ± 2.0 growing degree days per leaf (42.2 

°Cd4.5/leaf), respectively (Gramig and Stoltenberg, 2007).  These values vary from those 

previously reported by Alm et al. (1988) in which a base temperature for mainstem leaf 

production of T7.0 and a requirement of 35 °Cd7.0/leaf, respectively, was reported for large 

crabgrass.  Gramig and Stoltenberg (2007) speculate that this may be due to a different 

classification of leaf appearance.  Rate of leaf emergence increases slightly with increasing air 

temperature (ranging from 11.5 to 25.5 °C), at a mean rate of 0.23 ± 0.06 (leaves/day) (Gramig 

and Stoltenberg, 2007).  This is similar to a previous report by Alm et al. (1988).  Garadin et al. 

(2009) also determine maximum shoot length of large crabgrass to be 30 ± 1.3 mm at a base 

temperature of T8.4.  Time to shoot mid-elongation is 67 ± 3.2 °Cd at a maximal growth rate of 

0.37 mm/°C/day (Garadin et al.. 2009).  The maximum radical length is also reported to be 12 ± 

0.5 mm with a time to mid-elongation of 35 ± 3.5 °Cd and a maximal growth rate of 0.19 

mm/°C/day (Garadin et al., 2010).   
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Competition for resources resulting from increasing plant density can affect crabgrass 

growth (Aguyoh and Masiunas, 2003)  This appears to be more true for large versus small 

crabgrass (Peters, 1964) and large crabgrass has a greater tendency to tiller to fill available space 

than does small crabgrass (Peters 1964; Royer and Dickinson, 1999).  However, late emerging 

large crabgrass has been shown to be unable to form a substantial canopy over competing crops 

including snap beans (Aguyoh and Masiunas, 2003) suggesting that early canopy development 

may be an effective strategy for mitigating the effects of competing crabgrass.  

Shorter day lengths trigger a shift to reproductive development and subsequent flowering 

in crabgrass (Peters and Dunn, 1971).  In Ontario, large and small crabgrass flowering occurs 

from July to September, and August to September, respectively (OMAFRA, 2008a, 2008b; 

Ontario Weeds, 2010a, 2010b).  Light quality can also affect flowering time and crabgrass 

growing under blue light is smaller and flowers earlier than plants grown under red or white light 

(Cilley, 1965).  Tillering, and subsequent seed head formation, can continue until cooler 

temperatures in the fall (Peters and Dunn, 1971), however, as the vegetative parts of summer 

annuals generally cannot tolerate temperatures below 5 °C or activate protective cold acclimation 

pathways (Kalberer et al., 2006), crabgrass plants typically die after the season’s first frost 

(Mitich, 1988; Royer and Dickinson, 1999).  In regions without a cold climate, crabgrass may 

live year to year (Cudney and Elmore, 2000).  Seed origin can influence time of flowering and 

seed formation for both species of crabgrass and Peters and Dunn (1971) found that flowering of 

large crabgrass from Maryland occurred three weeks later than crabgrass from Connecticut.  

Likewise, small crabgrass from Maryland flowered eleven days later than small crabgrass from 

Connecticut.  
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1.3.0. Management of Crabgrass in Turf 

 Weed management is an opportunity to apply the available knowledge of recruitment 

biology.  As such, management practices in turf systems can have an array of impacts to the 

ecology of crabgrass.  Traditionally, the application of synthetic herbicides has been an efficient, 

simple, popular and relatively successful method of achieving weed control.  In light of the 

movement away from synthetic pesticide use, however, the use of alternatives to synthetic 

pesticides, including bioherbicides is on the rise.  Although crabgrass control has been 

effectively achieved with synthetic herbicides, a desire for reduced input management 

(Dernoeden et al., 1993), as well as the ban on cosmetic herbicide use in many North American 

jurisdictions, including a province-wide ban in Ontario (ME, 2009) has created a greater need for 

effective cultural management techniques.  Often, these techniques target the improvement of 

turf vigour and act to reduce the incidence of crabgrass infestation via competition (Cudney and 

Elmore, 2000).  It is expected that this approach may facilitate reduced dependence on synthetic 

herbicides (Busey, 2003).  However, as weeds are often a consequence of improper site 

preparation or management (Masin et al., 2005), if techniques are not employed with the 

appropriate timing or method (according to site specifications and the turfgrass species/variety), 

crabgrass may have a competitive advantage.  For example, mowing, irrigation and fertilization 

can each work for or against the cultivation of healthy, crabgrass-free turfgrass.  Even the 

inappropriate application of synthetic herbicides can create a window for crabgrass infestation  

(Cudney and Elmore, 2000).  As crabgrass germination, establishment and growth is favoured by 

weak turfgrass (Cudney and Elmore, 2000), understanding appropriate turf management 



35 

 

techniques based on species’ recruitment biology and their interaction with turfgrass ecology is a 

practical strategy for preventing crabgrass infestation, competition and proliferation.  

1.3.1. Alternative herbicides 

In jurisdictions where synthetic herbicides are banned from use, alternative herbicides 

such as bioherbicides, natural or plant based products, or chemicals considered low-risk have 

become more popular.  Some of these products (e.g. corn gluten meal and hydrosylate) may act 

as new alternatives for crabgrass control (McDade and Christians, 2001).  Corn gluten meal 

(CGM) is a by-product of the corn wet-milling process, while corn gluten hydrolysate (CGH) is 

derived from CGM by the addition of amylase and protease enzymes (McDade and Christians, 

2001).    These products act on germinating seeds and, while seedlings emerge normally, their 

root development is inhibited and they die as a consequence of water shortage (McDade and 

Christians, 2001).  However, this is only effective if the supply of water is insufficient.  By 

comparison, CGH has demonstrated greater efficacy on crabgrass as an herbicide than CGM 

under greenhouse conditions (Liu et al., 1994).  However, other field studies have shown both 

bioherbicides to be effective on both large and small crabgrass (Christians, 1993; McDade and 

Christians, 2001; Table 1.6).  In addition to the herbicidal activity provided by CGM and CGH, 

they also offer a N supply in the range of 10% (Christians, 1993) and 10% to 14 % (Christians et  

al., 1994), respectively, of the bioherbicide product when applied.  This fertilization effect has 

been shown to improve the overall aesthetic quality of turfgrass in field trials when compared to 

untreated controls (Christians, 1993; McDade and Christians, 2001).  A desirable aspect of CGH 

(compared to CGM) is its ease of application because it is water soluble (Christians et al., 1994).   

However, this quality may also result in rapid microbial degradation or leaching and may explain 
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Table 1.6.  The efficacy of alternative herbicides on large crabgrass in turfgrassw 

Herbicidex Application Details Weed Control 

(%) 

Citation 

Natural Herbicides    

Allyl Isothiocyanate 10,000 nmol g-1 soil 98 (Earlywine 2009) 

Benzyl Isothiocyanate 10,000 nmol g-1 soil 86 (Earlywine 2009) 

Butyl Isothiocyanate 10,000 nmol g-1 soil 72-79 (Earlywine 2009) 

Corn gluten hydrolysatex 200 g m-2, 1st year 69 (McDade and Christians 2001) 

Corn gluten hydrolysatex 200 g m-2 ,2nd year 93 (McDade and Christians 2001) 

Corn gluten meal 200 g m-2 86 (Christians, 1993) 

Ethyl Isothiocyanate 10,000 nmol g-1 soil 72-79 (Earlywine 2009) 

3-Methylthiopropyl Isothiocyanate 10,000 nmol g-1 soil 100 (Earlywine 2009) 

Oriental MSMz 3360 kg ha-1 54 (Earlywine 2009) 

Phenyl Isothiocyante 10,000 nmol g-1 soil 96 (Earlywine 2009) 

2-Phenethyl Isothiocyanate 10,000 nmol g-1 soil 95 (Earlywine 2009) 

Propyl Isothiocyanate 10,000 nmol g-1 soil 72-79 (Earlywine, 2009) 

Yellow MSM 2700 kg ha-1 72 (Earlywine et al. 2007) 

Bioherbicides    

Curvularia eragrostidis QZ-2000yz 1.0 x 106 spores mL-1 99 (Zhu and Qiang, 2004) 

Curvularia eragrostidis QZ-2000yz 5 x 106 spores mL-1, 150 mL m-2    61 (Zhu and Qiang, 2004) 

Curvularia intermediay 500, 000 spores ml-1 75 (Walker and Tilley 1999) 

Dreschslera giganteay 5 x 105 spores m-1, 100 ml m-2 78 (Chandramohan et al. 2001) 

Dreschslera giganteay 105 spores ml-1 90 (Chandramohan and Charudattan 

2002) 

Dreschslera giganteay 2 x 3 107 mycelia fragments ml-1 95 (Shabana et al. 2010) 

Exserohilum longirostratumy 5 x 105 spores m-1, 100 ml m-2 91 (Chandramohan et al. 2001) 

Exserohilum longirostratumy 105 spores ml-1 83 (Chandramohan and Charudattan 

2002) 

Exserohilum rostratumy 5 x 105 spores m-1, 100 ml m-2 79 (Chandramohan et al. 2001) 

Exserohilum rostratumy 105 spores ml-1 83 (Chandramohan and Charudattan 

2002) 
xTested on crabgrass alone unless denoted, then tested on a turf/crabgrass combination (Nassau Kentucky bluegrass).  
yFungal pathogen; concentrations applied in amended water solutions; applications not described by area are applied in 

greenhouse until run-off; control described by foliar disease incidence unless denoted by (z), then biomass dry weight. 
zAbbreviation:  MSM, mustard seed meal 

 

some inconsistency in efficacy (McDade and Christians, 2001). 

Aliphatic (ethyl-, propyl-, butyl-, allyl-, and 3-methylthiopropyl-) and aromatic (phenyl-, 

benzyl-, and 2-phenylethyl-) isothiocyanates have also been shown to suppress large crabgrass 

(Norsworthy and Meehan, 2005; Table 1.6).   However, low rates of application may result in 

increased crabgrass density.  In nature, aliphatic and aromatic isothiocyanates are released to the 

soil by various mustard species.  Consequently, other effective biopesticide products include 

yellow mustard (Sinapis alba L.) seed meal (Earlywine et al., 2009; Table 1.6) and oriental 

mustard (Brassica juncea L. Czern.) seed meal which has been found to reduce large crabgrass 

density when applied at high rates (3360 kg/ha) (Earlywine, 2009).  Extensive research on a 
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variety of other potential bioherbicides (i.e. fungal pathogens) has been conducted for the control 

of crabgrass.  In many cases, however, the efficacy of potential bioherbicides remains 

substantively lower than what had been commonly achieved with synthetic herbicides.  For this 

reason, it is still critical to understand both the recruitment nature of crabgrass, as well as its 

interactions with cultural management strategies. 

1.3.2. Cultural Management 

Mowing is perhaps the most common cultural management practices for turf and mowing 

height can affect the success of crabgrass.  Generally, lower mowing height results in increased 

crabgrass density in turf, whereas mowing at heights of 4 to 8 cm can act to reduce crabgrass 

populations (Busey, 2003).  For example, Voight et al. (2001) found that unfertilized tall fescue 

(Schedonorus phoenix (Scop.) Holub) maintained at 5.2 cm and 7.6 cm had significantly less 

crabgrass than plots maintained at 2.5 cm.  This trend is the same as otherwise reported for tall 

fescue (Dernoeden et al. 1993; Hoyle et al., 2008) and also applies to cases of crabgrass 

infestation in red fescue (Festuca rubra L.) (Jagschitz and Ebdon, 1985) and Kentucky bluegrass 

(Dunn et al., 1981 as cited in Busey, 2003, 1981; Fidanza et al., 1996; Niehaus, 1974 as cited in 

Busey, 2003).  Consequently, crabgrass is often found around lawn edges or next to fixtures such 

as sprinkler heads, which are typically mown at a lower height (Cudney and Elmore, 2000).  

Although low mowing may in fact be harmful to crabgrass, relative to more sensitive turfgrass 

species it can provide crabgrass with a competitive advantage (Busey, 2003).  In some cases, 

crabgrass’ prostrate growth may allow it to avoid mower blades, contributing to its competitive 

nature (Mitich, 1988). For example, Cudney and Elmore (2000) found that smaller crabgrass 
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plants could tolerate mowing heights as low as 6 mm and still flower and produce seed (Cudney 

and Elmore, 2000).   

A common principle in turf management is to only apply nitrogen fertilizer when the 

turfrgrass is actively growing so as not to favour weed species that may be actively growing 

when the turfgrass is not, and this can include crabgrass (Busey, 2003; Cudney and Elmore, 

2000).  Interestingly, in field crop experiments N application ranging from 300 to 375 kg actual 

N ha
-1

 did not affect large crabgrass dry weight (Abouziena et al., 2007), and Swanton et al. 

(1999) found that N applications at rates of up to 200 kg actual N ha
-1

 did not affect large 

crabgrass densities.  It has, however, been shown that timely applications of higher rates of N 

can reduce crabgrass populations in swards of Kentucky bluegrass (Dunn et al., 1981 as cited in 

Busey, 2003; Johnson, 1981; Johnson and Bowyer, 1982; Murray et al., 1983), tall fescue 

(Dernoeden et al., 1993; Voigt et al., 2001), and red fescue (Jagschitz and Ebdon, 1985), even in 

the absence of herbicides.  Similarly, Hall (1977) showed that fall versus spring applications of 

N reduced the invasive success of small crabgrass in turfgrass maintained at a height of 2.5 cm.  

Fertilization through the application of composted waste (1 inch of 50:50 green waste:biosolids, 

approximating 8 lb actual N per 1000 ft
2
) has also resulted in a notable crabgrass population 

reductions in Bermuda grass (Cynodon dactylon (L.) Pers.) (Le Strange and Geisel, 2000).  In 

that study the greatest effect on crabgrass was achieved when the composted waste was applied 

quarterly in ¼ inch increments. The efficacy of fertilization as a means of cultural management 

for crabgrass may vary between systems and Johnson (1981) reported that that N applications 

could not provide effective control of large crabgrass in Kentucky bluegrass without the use of 

synthetic herbicides.  Because crabgrass grows rapidly and has a relatively large root system it 

has relatively high demands for phosphorus (P) and potassium (K) and limiting access to P and K 
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may limit crabgrass growth and competitiveness (Peters and Dunn, 1971).  For example, 

Hoveland et al (1976) found that growth of large crabgrass was sigificanty reduced (by as much 

as 40%) when K application rates were reduced from 213 kg/ha to 40 kg/ha.  Similarly, when P 

application rate was reduced from 90 kg/ha to 22 kg/ha, growth of large crabgrass was reduced 

by approximately 45% (Hoveland et al., 1976).   

Irrigation is a common practice on turf and even many residential and municipal lawns 

are irrigated. The quantity of water supplied and the timing and frequency of irrigation can 

influence turfgrass health, and the degree of crabgrass infestation.  Although crabgrass is 

competitive under drought conditions, its germination and growth is also favoured in turfgrass 

that is over-watered (Cudney and Elmore, 2000).  In addition, turfgrass that has frequent, light 

irrigation (e.g. daily), rather than infrequent, heavy irrigation (e.g. once per week) is more likely 

to favour crabgrass (Cudney and Elmore, 2000).  It has been suggested that in irrigated systems, 

subterranean irrigation may reduce weed seed germination by reducing seed contact with the 

moisture near the soil surface (Busey, 2003), especially if weed seed placement is all near the 

soil surface.  This has been demonstrated for small crabgrass recruitment in Kentucky bluegrass 

and tall fescue swards (Gibeault et al., 1985). 

Management practices which bury weed seeds in soil can greatly influence the ability of 

weeds to emerge (Benvenuti et al., Van Acker et al., 2004), as well as the persistence (Masin et 

al., 2006).  Crabgrass recruits preferentially from relatively shallow depths and in field crops, 

reduced or zero-tillage results in significantly greater crabgrass infestations (Cardina et al., 1998; 

Mohler and Calloway, 1992; Myers et al., 2005; Swanton et al., 1997; Zanin et al., 1997). In 

turfgrass systems horizon inversion is not an available management tool.  Instead, cultivation 

techniques such as slicing, grooving, spiking and core aeration are used primarily to relieve 



40 

 

compacted soils (Harivandi, 2002).  However, as the impact of tillage on seedling emergence is 

dependent on the seed’s initial distribution throughout the soil profile and its subsequent 

displacement, as well as the associated change in microsite conditions (Mohler and Galeford, 

1997), the effects of turf cultivation techniques on crabgrass recruitment may vary from those 

seen in field cropping systems.  Coring, for example, typically reduces the longevity of crabgrass 

seed by exposing it to light and encouraging its germination (Cardina et al., 1998; Feldman et al., 

1997).  Consequently, if cultivation occurs during an optimal time for crabgrass growth or into 

weakened turfgrass or bare patches, greater crabgrass infestation rather than control may be the 

unintended result (Harivandi, 2002).  For example, Neal (1994) observed an increase in 

crabgrass emergence after core cultivating Kentucky bluegrass in early summer, a time when turf 

species vigour is low and crabgrass germination levels are typically greatest.  Ultimately, the 

improvement in turf quality (and therefore competitive ability) by the reduction of compaction 

by cultivation must be balanced by an assurance of less crabgrass emergence as a consequence. 

There has been limited investigation however, on the direct effects of turfgrass cultivation 

techniques and their subsequent role in the persistence of crabgrass or potential infestation when 

practiced alone or in combination with other management practices. In one study, however, 

Watson (1950) found a significantly negative interaction of moisture and compaction on the 

infestation levels of crabgrass in turf.  He found that as soil moisture content increased, the 

crabgrass population increased, and alternately it decreased as compaction levels were increased. 

In greenhouse experiments he also found that heavy soil compaction significantly suppressed 

crabgrass germination.  Although this result is interesting, it is not clear how this information 

could be used to manage crabgrass in turf when heavy soil compaction and traffic can act to 

injure turf and create bare spots which are then susceptible to crabgrass invasion. Harivandi 



41 

 

(2002) recommends choosing turfgrass species tolerant to wear as a cultural weed management 

technique for highly trafficked lawns and where permitting, increasing mowing height will also 

increase the resistance of turfgrass to wear.    

To additionally minimize the risk of crabgrass infestation and proliferation, over-seeding 

turfgrass where thin or bare areas exist due to traffic or cultivation is another cultural 

management technique.  When seeding turfgrass, timing has been shown to have an effect on the 

ability to control crabgrass (Cudney and Elmore, 2000).  For example, in studies in California 

complete control of both large and small crabgrass was achieved among all varieties of tall 

fescue studied when fall seeding while control was only achieved in some varieties when spring 

seeding (Cudney and Elmore, 2000).  

1.4.0. Discussion 

 The recruitment of large and small crabgrass has been strongly linked to microsite 

characteristics, in particular, high temperature and adequate moisture.  Other factors, such as 

light, have demonstrated some influence as well, although its effects appear limited to large 

crabgrass.  Crabgrass emergence occurs continuously throughout the season, peaking with 

optimal conditions.  This can make crabgrass control especially challenging.  However, there are 

no reports on how factors other than temperature and moisture affect recruitment  timing.   

Preceding recruitment, dormancy of large and small crabgrass inhibits germination by a 

combination of seed-coat and embryo-imposed mechanisms for the first months after seed are 

shed.  This period of after-ripening can be accelerated by mechanisms which eliminate or 

weaken the physical barrier to germination (e.g. seed coat removal or scarification, or soaking in 

water to increase coat permeability).  In addition, the exposure to high temperatures or chemicals 
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(such as nitrogenous compounds) can also have an accelerating affect.  Like its effect on 

germination and emergence, light may also contribute to dormancy breaking of large crabgrass.  

Over time, the range of environmental conditions which crabgrass responds to may widen.  With 

the onset of unfavourable conditions, non-germinated viable seed experiences an over-wintering 

period of secondary dormancy, as has been demonstrated by experimentation with large 

crabgrass.  This may allow crabgrass seed to persist in soil for years.   

Although the viability of crabgrass seed declines within the first few months of burial and 

may be less than 15% after 1 to 2 years, one study has predicted a residual ability to germinate 

after 10 years.  Seed stored in dry conditions, however, can remain almost completely viable for 

60 months.  It is important to understand the persistence of the crabgrass seedbank as the 

potential for reinvasion remains as long as there is a viable seed source.  Although burial depth 

has been demonstrated not to affect the longevity of crabgrass seed in soil, it has a strong 

influence on the germination and emergence of crabgrass seed.  In general, the germination and 

emergence of large and small crabgrass decrease with increasing depth of seeding, while time to 

emergence increases.  This is likely due to the modifying affect of burial depth on the 

microclimate and, as seed buried at greater depths have been found to be primarily dormant, 

disturbance of the soil horizon may create an opportunity for crabgrass infestation.   

Although controlled experiments have shown crabgrass preferentially emerges from 

shallow depths and is inhibited from a range of 5 to 8 cm (small crabgrass having a greater 

sensitivity to burial depth), no experiments have determined depth of recruitment in situ using 

natural populations.  Physical barriers to emergence including soil aggregates and soil texture of 

increasing particle size can also impede emergence once crabgrass has germinated.  Paired with 

burial depth, the incidence of this occurring is increased.  
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In addition to these contributing factors, fecundity is an important factor in the 

establishment success of crabgrass.  Although crabgrass is often noted to have a high seed 

production there is substantive variation among studies.  Furthermore, these reports have not 

accounted for the impacts of management strategies on reproductive input.  The regulation 

between growth and flowering, however, has been most strongly linked to photoperiod.  Longer 

day lengths support the maintenance of vegetative development with the onset of shortened days 

triggering flower development.  Light intensity has also been demonstrated to affect the growth 

of crabgrass resulting in etiolated plants or decreasing overall dry matter when severely limited.  

As suspected, many of these results for crabgrass biology and ecology have been variable 

between different studies and may be genetically rooted by the development of regional biotypes.   

Ultimately, management practices in turf should be done in opposition to optimal 

crabgrass recruitment and growth.  These may include avoiding low mowing heights, frequent 

and light watering regimes, and cultivation during optimal crabgrass germination or into thin 

turf, as well as avoiding fertilization timing which favours crabgrass development.  In many 

cases the establishment of thick turfgrass swards early in the season and the maintenance of their 

health may be the best management practice to limiting the penetration of crabgrass later in the 

season. 

1.5.0. THE EFFECT OF FERTILIZATION ON LARGE AND SMALL CRABGRASS 

RECRUITMENT IN RESIDENTIAL TURFGRASS OF SOUTHERN ONTARIO 

1.5.1.  Project Introduction and Rationale 

Large and small crabgrass have become common weeds of most temperate and tropical 

regions throughout the world.  With high fecundity, rapid growth, and relatively high tolerance 

to heat and drought these species can often outcompete domestic turfgrasses.  Although herbicide 
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use can be successful for controlling crabgrass populations, in recent years several jurisdictions 

in North America have restricted the use of herbicides on lawns for cosmetic purposes.   In 

Canada this includes Quebec in 2006 (Government of Quebec 2011), followed by Ontario in 

2009 (ME, 2009) and subsequently New Brunswick (Government of New Brunswick, 2009), 

Prince Edward Island (Government of Prince Edward Island 2011) and most recently Nova 

Scotia in 2011 (Government of Nova Scotia 2010). Among these jurisdictions, Ontario’s 

regulations are the most strict.  Pesticide restrictions are ad hoc in municipalities throughout the 

remainder of the country, while Western Canadian provinces continue to debate the issue of 

provincial regulations (Manitoba Round Table for Sustainable Development 2011; Canadian 

Centre for Policy Alternatives - SK 2007; Government of Alberta 2010; BCME 2009).  

Consequently, in turfgrass scenarios there is a need to devise better cultural methods for 

crabgrass management and to this end there is a greater need for understanding the biology and 

ecology of crabgrass, especially recruitment because it is fundamental to the development of 

cultural management approaches for summer annual weeds (Van Acker 2009).   

Although a wide spectrum of their biology and ecology has been studied, there remain 

substantive gaps in scientific knowledge regarding crabgrass which merit further attention.   For 

instance, the accumulated research has a greater focus on large, rather than small, crabgrass, 

reflecting this species’ problematic nature in agriculture.  In addition, there has been less 

research focussing on the nature of crabgrass within turf systems.  Of the relevant research, much 

of it pertains to chemical control or emerging bioherbicide trials, rather than the effects of 

cultural management techniques.  These studies also tend to focus more on the condition of 

turfgrass rather than the direct effects of treatments on crabgrass itself.  As suspected, much of 

the characterisation of the biology and ecology of crabgrass varies substantively among study 
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locations and scenarios. This may be genetically rooted.  As many regions throughout North 

America have opted to restrict the cosmetic use of pesticides, the utility of this knowledge has 

grown increasingly more important.   

  In Canada, little research has been conducted regarding the nature of crabgrass.  

Ontario, having implemented a cosmetic pesticide ban in April 2009, provides an optimal 

location for crabgrass research.  This will ultimately open the door to satisfying the issues 

regarding unequal knowledge among species, inadequate knowledge within turfgrass 

ecosystems, and in particular insufficient regional knowledge.  Initial research would best be 

suited to determining regional emergence timing of crabgrass within turfgrass ecosystems, as 

well as its recruitment response to cultural management techniques.  This research has the 

potential to determine effective application timing of existing and developing bioherbicide 

treatments, as well as to recommend cultural management practices to deter crabgrass incidence.   

Consequently, this project will first aim to determine the emergence timing of large and 

small crabgrass within turfgrass systems in typical Southern Ontario lawns and will be discuss in 

Chapter 2.  Based on reports in the literature, we hypothesize that crabgrass will emerge in mid-

May within our sites in southern Ontario and that large crabgrass will require a greater 

accumulation of heat and therefore that we will see its emergence later than small crabgrass.   

Secondly, this project will investigate the effects of fertilization and disturbance (raking) 

as cultural management techniques on the recruitment of these crabgrass species.  This interest 

has developed due to the response seen in previous research which has demonstrated a reduction 

in dormancy and overall increase in germination when fresh (considered dormant) large and 

small crabgrass seed is treated with potassium nitrate (KNO3) in vitro.  In this project we 

consider this effect at increasing scales from Petri dish experiments, to controlled environment 
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experiments using model turfgrass cores, and finally to field experiments.   The use of turfgrass 

cores as a medium will be done in an attempt to bridge the gap between the well controlled 

conditions of experiments conducted in petri dishes and the more biologically relevant field 

conditions.  With this experiment we attempt to determine treatment effects of fertilization, if 

any, while incorporating potential affects from a turfgrass environment (such as competition) 

under optimal conditions for crabgrass emergence.  Using seed collected from the Southern 

Ontario region in its dormant state (fresh seed), the first stage of this study will be to confirm 

previous findings using KNO3 under controlled environment conditions, as described in Chapter 

3.  The effect of KNO3 on non-dormant seed will also be studied, which has not yet been done.  

This will more accurately reflect the dormancy status of seed in the spring.  Using dormant 

(fresh) and non-dormant (aged) seed will simulate treatments in the ‘fall’ and ‘spring.’  The 

second part of this study will be to simulate lawn fertilization with five treatments (using a 

typical home owner lawn fertilizer product with a 32-0-10 analysis at 0x, 1x, 2x, 4x, and 8x the 

recommended rate) first within a controlled model turfgrass environment, a  novel approach 

described in Chapter 4.  This study will be conducted using both fresh and aged seed.  This will 

be complemented by similar field experiments which will allow us to determine whether the 

effects under controlled conditions translate to field (outdoor) conditions and it will allow us to 

consider the effects of fall versus spring fertilization, as described in Chapter 5.  For each of the 

three fertilization studies, we hypothesize that treatments (either KNO3 or the 32-0-10 

commercially available fertilizer used in Chapters 4 and 5) will increase germination and 

emergence of both fresh and aged seed of large and small crabgrass.  Furthermore, we 

hypothesize that emergence will increase with increasing fertilizer rate as tested in the model turf 

and field experiment.  In the field experiment we will also consider whether lawn raking (a 
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typical home owner activity) has any impact of crabgrass recruitment.  Our hypothesis is that 

disturbance will have a positive effect on crabgrass recruitment by increasing seed to soil contact 

and that there will be a positive interaction of raking and fertilization on crabgrass emergence.    
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CHAPTER 2.  EMERGENCE TIMING OF NATURAL POPULATIONS OF LARGE 

AND SMALL CRABGRASS IN RESIDENTIAL TURFGRASS SWARDS IN SOUTHERN 

ONTARIO. 

 

2.0.0. Introduction 

 There is a lack of research documenting the emergence timing of large and small 

crabgrass in turfgrass in Canada, including southern Ontario.  Providing further rationale for 

regional study, evidence of regional biotype differences have been demonstrated when large 

crabgrass has been grown out from seed from different locations within a common garden 

(Peters and Dunn, 1971).  It is necessary to determine when crabgrass emerges in order to 

appropriately recommend management strategies to mitigate incidence within residential turf.  

This includes cultural managements as well as available alternative natural or bio-herbicides, 

which are being utilized in place of previously available conventional herbicides.  For example, 

corn gluten meal has a small window of efficacy and it is recommended that it be applied upon 

germination and early emergence in order to act as a root growth inhibitor preventing crabgrass 

seedling establishment (McDade and Christians, 2001).  The purpose of this study was to 

determine the typical emergence timing of large and small crabgrass in turfgrass swards (lawns) 

in Southern Ontario.  We hypothesize that crabgrass would emerge in mid-May and that large 

crabgrass would require a greater accumulation of heat and therefore we would see later 

emergence as compared to small crabgrass. 

2.1.0. Materials and Methods 

2.1.1. Site selection 

 Observational sites were established at six locations each for large and small crabgrass 

within residential turfgrass swards near Burlington, Guelph, and Simcoe, Ontario (twelve sites in 

total for each species, four in each city; see Appendix 8.2.1).  Sites were selected which were 
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deemed representative of an average residential mixed grass sward and which were not currently 

being managed with herbicides and were moderately dense and appeared healthy upon visual 

inspection.  For each site, turfgrass species was a mix of perennial ryegrass (Lolium perenne L.), 

Kentucky bluegrass (Poa pratensis L.), and fine fescues (Festuca spp.).  Sites were surveyed in 

the previous year for the presence of crabgrass, each site having either large or small crabgrass 

(but not together) and plots were established in areas presumed to have emergence in the 

following spring.  Plots were established in areas of full or nearly-full sun on level ground.  

Three representative quadrats (625 cm
2
) were established per site by marking the corners with 15 

cm plastic yellow tent pegs driven into the ground to be flush with the surface.  Homeowners 

agreed to maintain their lawns as usual, mowing to approximately 6.5 to 7.5 cm approximately 

once per week and not treating their lawns with any conventional or bio-herbicides. 

2.1.2. Observations 

Weekly observations began in early April.  Turf was thoroughly parted to observe newly 

germinated crabgrass seedlings.  Seedlings were removed as they were counted. 

At each site, soil temperatures were recorded continuously throughout the observation 

period using small, self-contained temperature data-loggers (Hobo Pro v2 U23-004).  Data-

loggers were equipped with an internal and external sensor.  The internal sensor was buried to 5 

cm and the small external sensor was placed just below the soil surface at approximately 1 cm.  

To install each of these data loggers, a small area of turf was cut into and pulled back using a 

sharp spade and the data logger was inserted at the 5 cm depth.  Upon replacing the original turf, 

the external temperature sensor (a metal cylinder approximately 2 cm in length and 0.5 cm in 

diameter) was laid horizontally just beneath the soil surface.  The soil and turf was gently tamped 

down by hand afterwards.  Data-loggers were installed by Sept 30, 2010 and remained in place 
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until September, 2011.  For this study, temperatures were taken from the shallow soil sensor 

which approximately corresponded to the emergence zone for crabgrass (Baker, 1989; Benvenuti 

et al., 2001; Forcella et al., 2000; Garadin et al., 2010; Masin et al., 2006; Peters and Dunn, 

1971).  One data logger was placed randomly between the subplots and tied by a string to a peg 

marker for future retrieval.  Daily Growing Degree Day (GDD) measurements were calculated 

from January 1, 2011 until the completion of the study.  The following equation was used to 

calculate GDD: 

GDDdaily = (Tmax +Tmin)/2 –Tbase      [2.1] 

where Tmax is the maximum daily soil temperature, Tmin is the minimum daily soil temperature, 

Tbase is the base temperature at which plant growth and development was deemed not to occur 

(10  C in this study).  When Tmin < Tbase, its value was replaced by 10 and individual daily GDD 

values were summed to provide a cumulative daily GDD value.   

Soil samples were taken on May 9, 2011 using a 2.54 cm diameter metal soil corer to a 

depth of 8 cm.  Ten samples were taken randomly per site for soil analysis and an additional ten 

samples were taken to measure soil bulk density.  Turf and thatch were removed from the upper 

portion of the soil samples.  Soil particle distribution and fertility were analyzed by the 

Agriculture and Food Testing Laboratory Services at the University of Guelph, Guelph, Canada.  

Bulk density was determined by drying samples of a known volume in an oven at 105  C and 

using the following equation (Blake, 1965): 

 

Bulk density = massdry soil / volumesoil sample      [2.2] 
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2.1.3. Statistical Analyses.    

Statistical analysis was conducted using the SAS® System, Windows Platform (Ver 9.2, 

SAS Institute, Cary, NC).  Large and small crabgrass emergence data were expressed as a 

cumulative percentage of total emergence and analyzed separately.  An initial analysis of 

variance (ANOVA) test was conducted using a general linear model procedure (PROC GLM) to 

determine pooling.  The variance of percent emergence was partitioned into random effects of 

subplot and subplot(plot) and fixed effects of site and week.  Significance of the tests was 

assessed by F-tests.  For all statistical testing, variance was considered non-significant when p > 

0.05.  The assumptions of an ANOVA that the model effects are linear and additive and the error 

associated has a mean of zero, is independent, random, homogeneous (has a common variance) 

and is normally distributed (Bowley, 2008) were tested using the residuals (observed values less 

predicted values) of the model and were plotted against the predicted values, treatments and 

blocks to assess the independence, randomness, and homogeneity of the experimental error 

visually.  To assess the distribution of the residuals with a mean of zero, a normality plot was 

created.  Data were also analyzed for normality by the Shapiro-Wilk test and using ‘PROC 

UNIVARIATE’ in SAS.  In order to best meet these requirements, logarithmic and square root 

transformations were attempted and compared to the original dataset by inspecting the plots 

described above.  Arithmetic means were calculated with their standard error using ‘PROC 

MEANS’ in SAS and presented in graph form.  After inspecting the shape of the plotted curve 

using observed data, a logistic equation was fitted for experiments using fresh seed of large and 

small crabgrass and the coefficients of the regression equation and standard errors were 

calculated using nonlinear regression (PROC NLIN) as a function of cumulative soil GDD (De 

Corby et al., 2007).  The logistic model fitted was:  
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y= C + D / (1+(x/E50)
b
)      [2.3] 

where y is cumulative percentage emergence of crabgrass, x is the cumulative soil GDD, C is the 

lower limit (asymptote) of the response curve, C + D is the upper asymptote (maximum 

emergence), E50 is the x value (GDD) at the midpoint or the inflection point of the curve (not 

necessarily the GDD value at 50% emergence depending upon the values of the fitted C and D 

parameter estimates and the shape of the curve), and b is the slope (Burke et al., 2005; Seefeldt et 

al., 1995).  Means of the percent emergence were calculated using ‘PROC MEANS’ in SAS and 

were used to run non-linear regressions, therefore avoiding confounding the residual sum of 

squares with the experimental error (Gomez and Gomez, 1984).  GDD was not different among 

subplots and was retained as a class variable when sites were analyzed separately.  However, 

GDD was different among sites and since week was expected to be highly correlated with GDD, 

it was used to describe time of emergence in the final regression analysis.  The coefficients of 

determination (R
2
) representing the proportion of variability which is accounted for by the model 

were determined for each model by the equation: 

R
2
 = 1 – (SSerr / SStot)      [2.4] 

where SSerr is the error sum of squares and SStot is the total sum of squares (Kvalseth, 1985).  As 

detailed by Seedfeldt et al. (1995), SAS provides only one residual sum of squares value for the 

model as a whole, even when parameters for several curves are estimated concurrently.  Standard 

errors of the parameter estimates are presented (Table 2.3); the standard error of a parameter 

estimate is a measure of confidence, and if it is large, the parameter is poorly estimated (De 

Corby et al., 2007).  
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 For each species, a three parameter equation was fitted for Julian date and the coefficients 

of the regression equation and standard errors were calculated using nonlinear regression (PROC 

NLIN) as a function of cumulative soil GDD.  The model fitted was (Ratkowsky, 1983): 

GDD = A + (B x JDate
C
)      [2.5] 

where A is the intercept and B and C are parameters which determine the shape of the curve.  

The resulting best fit equation is appropriate for use only within the range of experimental Julian 

dates.   The resulting equation is used to determine the correct Julian date for a given GDD. 

2.2.0. Results and Discussion 

For small crabgrass, the ANOVA (Appendix 8.2.2) showed that site was significant when 

all six sites were included in the analysis (p = 0.0058).  However, upon graphing the raw data 

and seeing a divergence among the Simcoe 2 (SS2) site, removing this data and running another 

ANOVA (Appendix 8.2.3) resulted in a non-significant conclusion (p = 0.0514) and justified 

pooling the remaining five sites for non-linear regression.  All other conclusions were the same 

among analyses, with subplots being non-significant (p = 0.4689) and week, plot by week and 

subplot(week) being significant as expected (p = <.0001).  The R
2
 value reflected that 99% of the 

variability was accounted for by the model.  For non-linear regression, parameter estimates were 

determined for the pooled sites of Burlington 1 (SB1), Burlington 2 (SB2), Guelph 1 (SG1), 

Guelph 2 (SG2), and Simcoe 1 (SS1) and separately for the SS2 site (Table 2.3).  A logistic 

equation was solved for x (GDD) and two regression lines were plotted for the emergence data of 

small crabgrass in addition to the observed treatment means.  The R
2
 value of the nonlinear 

regression model reflected that it accounted for approximately 99% of variability (Appendix 

8.2.4).  Mean emergence of the SS2 site clearly diverged throughout the middle of the curve 

compared to the other sites reflecting the significance of this factor prior to site separation (Fig 
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2.1).  The remaining five site means displayed a very similar trend to each other reflecting the 

non-significance of this factor after site separation.  The reason for this divergence is not 

obvious, however, site conditions at SS2 were extremely wet early in the season and this may 

have delayed the emergence (Comes et al., 1978).  This was the only notable difference among 

sites.   

For the five pooled sites (SB1, SB2, SG1, SG2, and SS1) and SS2, the first emergence of 

seed occurred with a cumulative GDD of 144 and 170 corresponding to Julian dates of 133 and 

136, or between the dates of May 13
th

 and 16
th

 (Fig. 2.1).   Small crabgrass reached 25% 

emergence at 346 GDD at the five pooled sites while at the SS2 site it took 500 GDD (Table 

2.4).  Small crabgrass emergence reached 50% emergence at the pooled sites by 492 GDD and 

was delayed to 693 GDD at the SS2 site by which time the pooled sites had almost achieved 75% 

emergence levels.   For the pooled sites and the SS2 site, 100% emergence of seed occurred with 

a cumulative GDD of 1596 and 1560 each corresponding to Julian date of 236, or August 24
th

.    

Sites which accumulated greater GDD generally recruited the greatest amount of crabgrass in 

total, with SB2 and SS1 having the highest and lowest GDD and respectively recruiting the 

greatest and least amount of total crabgrass seedlings (Table 2.1).  This is a loose relationship, 

however, since observations were based upon natural populations of crabgrass whose quantity of 

total seed was expected to vary between sites.  By mid July, emergence had slowed to only a few 

seedlings per week and emergence ceased in some subplots by the first week of August.  By 

September there had been no emergence at any site for at least a week.   
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Table 2.1.  Average number of small crabgrass seedlings recruited at each of six sites in southern Ontario 

per 625 cm
2
 (standard errors in parenthesis).   

Plot  Number of seedlings recruited
z  

SB1 401 (67.2) 

SB2 767 (86.6) 

SG1 594 (23.8) 

SG2 629 (91.5) 

SS1 355 (54.1) 

SS2 653 (105.4) 
z
Emergence rounded to the nearest whole number. 
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Figure 2.1.  Emergence timing of small crabgrass across six site-years in southern 

Ontario (see Appendix 8.2.1 for locations) as related to cumulative soil growing 

degree days (GDD) Tbase 10 °C.  Emergence is pooled across SB1, SB2, SG1, SG2 

and SS1 sites (sites NS (p < 0.05); see Appendix 8.2.3).  Markers represent mean 

values for each assessment date, and lines represent the fitted logistic regression 

equations.  Refer to Table 2.2 for parameter estimates of the equation [y= C + D / 

(1+(x/E50)
b
)] and to the Materials and Methods for a description of the model.  

Corresponding days of the year (DOY) are indicated in the second x-axis. The 

initial DOY value corresponds to 50 GDD.  DOY 100 corresponded to April 10.  

Because sites were geographically close, temperature did not differ greatly 

between sites (see Appendix 8.2.7); hence, DOY was averaged over sites when 

determining values for the second x-axis.   

 

134                 166                          198                          229                          257

 

                                                                                                                                             

For large crabgrass, the ANOVA determined that site was significant (p = <.0001; 

Appendix 8.2.5).  However, the sum of squares value for this term was less than 1% suggesting 
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that this variation was not substantive enough to prevent pooling (Froese et al. 2005).  Graphing 

the averages of the original data confirmed the site similarities and sites were pooled.  Subplot 

was non-significant (p = 0.4424) while week, plot by week and subplot(week) were significant (p 

= <.0001, <.0001, and 0.0035, respectively) as expected.  The R
2
 value reflected that 99% of 

variability was accounted for by this model.  For non-linear regression, parameter estimates were 

determined for the pooled sites of Burlington 1 (LB1), Burlington 2 (LB2), Guelph 1 (LG1), 

Guelph 2 (LG2), Simcoe 1 (LS1) and Simcoe 2 (LS2) (Table 2.5). A logistic equation was 

solved for x (GDD) and a regression line was plotted for the emergence data of large crabgrass in 

addition to the observed treatment means (Fig. 2.2).  The R
2
 value of the nonlinear regression 

model reflected that it accounted for approximately 99% of variability (Appendix 8.2.6).  Large 

crabgrass emergence started at GDD 276 (Julian date 150), or approximately May 30
th

.  Large 

crabgrass reached 25, 50, and 75% emergence at 515, 725, and 1008 GDD, respectively which 

corresponded to the second week of June, early July and late July, respectively (Table 2.6).  

Emergence ended at GDD of 1715 which corresponded to the very end of August.  Sites which 

accumulated greater GDD did not necessarily recruit the greatest amount of large crabgrass in  

total (Table 2.2).  Since observations were based upon natural populations of crabgrass, the 

quantity of total seed was expected to vary between sites.  By mid August, large crabgrass 

emergence had slowed considerably and by the first week of September there had been no 

emergence at all in any plot for at least a week.  

While differences in emergence were only evident for one site for small crabgrass and 

were considered not to be substantive between sites of large crabgrass, variations (while 

minimal) may have resulted from a combination of environmental site differences, including  

temperature, precipitation, soil composition and turf quality and density.  Temperatures at the 
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Table 2.2. Parameter estimates (standard errors in parentheses) for emergence timing of small crabgrass across six site-years in 

southern Ontario (Fig. 2.1).  Percentage cumulative crabgrass emergence was expressed as a function of cumulative soil 

growing degree days (GDD) Tbase 10  C.  A logistic model was fitted to the data (refer to Materials and Methods for a 

description of the model fitted.) 

Site-year C D E50 b R2 

 

% GDD 

 

 

Pooledz -1.5826 (0.7812) 104.7 (1.2428) 497.2 (5.1629) -2.9737 (0.0931) 0.99 

SS2 0.0479 (1.4741) 108.6 (3.6445) 727.3 (17.4986) -3.2161 (0.2394)  
zPooled sites included SB1, SB2, SG1, SG2, SS1 

 

Table 2.3. Seasonal emergence of small crabgrass across six site-years in southern Ontario including predicted cumulative 

growing degree days (GDD)x Tbase 10  C from fitted regression equations (Fig 2.1; see Table 2.3 for parameter estimates) and 

associated day of year (DOY)y. 

 

Pooledz SS2 

Emergence (%) GDD DOY GDD DOY 

25 346 151 500 164 

50 492 163 693 178 

75 696 179 934 195 
xGDD thermal time began Jan 1. 
yDOY 100 corresponded to April 10. 
zSB1, SB2, SG1, SG2, SS1 pooled. 

 

Guelph site were higher than the 30-year norm for all months of the year (September, 2010 to 

August, 2011 inclusive), while they were lower for all months at the Simcoe site and higher for 

all months except November, June, July and August at the Burlington site (Appendix 8.2.7).  

Temperatures most closely approximated historical data at the Burlington site.  All sites 

experienced a high level of precipitation in the spring (approximately March to May, 2011 for 

Guelph and Simcoe and primarily May for Burlington) which was followed by a summer 

drought across all sites (Appendix 8.2.8).  In general, temperature and precipitation in 2011 was 

not dramatically different than the 30 year norm. In any case, temperature differences were 

accounted for with GDD measurements and rainfall levels, although higher than the norm in the 

spring of 2011, were not unusual and were not levels that caused flooding or abnormal ponding 

in residential turf (personal observation).   Higher soil moisture content is reflected at some sites 
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in accordance with higher rainfall in May when the soil samples were collected.  One exception 

was the SS2 observational site which had poorer drainage than other sites and remained saturated 

for several weeks in the spring.  There were large differences in soil fertility across sites for all 

factors tested including ammonium nitrogen, nitrate, extractable phosphorus (P), magnesium 

(Mg) and potassium (K) for both large (Appendix 8.2.9) and small (Appendix 8.2.10) crabgrass 

sites.  Soil texture was comprised of a similar distribution across sites and was determined to be 

fine sandy loam for the large crabgrass observational sites LG1, LB1, LB2, LS2, loam at LG2 

and loamy fine sand at LS1 (Appendix 8.2.11), while all small crabgrass observational sites were 

determined to be a fine loamy sand (Appendix 8.2.12).  While bulk density was determined to be 

similar (ranging from 1.42 to 1.52 g m
-3

 for small crabgrass sites and 1.41 to 1.55 g m
-3

 for large 

crabgrass sites), results suggest that sites of small crabgrass can be ranked by increasing 

compaction as SG2 < SS2 < SG1 < SB2 < SB1 < SS1 (Appendix 8.2.12), while sites of large 

crabgrass can be ranked as LG2 < LG1 < LS2 < LB2 < LB1 < LS1 (Appendix 8.2.11).  As sites 

were selected based upon turf similarity, turf ratings were not conducted as in the field 

experiment.  All turf maintained an acceptable quality and density throughout the season, except 

for a droughty period in late July.  During this time, turf quality at all sites was moderately  

 

Table 2.4.  Average number of large crabgrass seedlings recruited at each of six sites in southern Ontario per 625 cm2 (standard 

errors in parenthesis).   

Plot Number of seedlings recruitedz 

LB1 613 (71.0) 

LB2 617 (165.0) 

LG1 266 (94.6) 

LG2 581 (20.9) 

LS1 817 (102.2) 

LS2 659 (77.9) 
zEmergence rounded to the nearest whole number. 
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Figure 2.2.  Emergence timing of large crabgrass across six site-years in 

southern Ontario (see Appendix 8.2.1 for locations) as related to cumulative 

soil growing degree days (GDD) Tbase 10 °C.  Emergence is pooled across 

sites (sites NS (p < 0.05); see Appendix 8.2.5).  Markers represent mean 

values for each assessment date, and lines represent the fitted logistic 

regression equations.  Refer to Table 2.5 for parameter estimates of the 

equation [y= C + D / (1+(x/E50)
b
)] and to the Materials and Methods for a 

description of the model.  Corresponding days of the year (DOY) are 

indicated in the second x-axis. The initial DOY value corresponds to 50 GDD.  

DOY 100 corresponded to April 10.  Because sites were geographically close, 

temperature did not differ greatly between sites (see Appendix 8.2.7); hence, 

DOY was averaged over sites when determining values for the second x-axis.   
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affected with turf appearing stressed while the LS1 and LB2 sites for large crabgrass were more 

greatly affected with their turf turning straw brown.  After rainfall in early August, all sites were 

resilient and greened up, including LS1 and LB2 (although they maintained a slightly lesser 

quality than the remaining sites). 

Excepting one very wet site for small crabgrass (SS2), large crabgrass emerged later than 

small crabgrass with greater differences between species than between sites. This result matches 

the results reported in studies outside of Canada (Cardina et al., 2011).  This result highlights the 

importance of distinguishing between crabgrass species when developing management 
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Table 2.5. Parameter estimates (standard errors in parentheses) for emergence timing of large crabgrass pooled across six site-

years in southern Ontario (Fig. 2.2).  Percentage cumulative crabgrass emergence was expressed as a function of cumulative soil 

growing degree days (GDD) Tbase 10  C.  A logistic model was fitted to the data (refer to Materials and Methods for a 

description of the model fitted.)   

Site-year C D E50 b R2 

 

% GDD 

 

 

Pooled -6.50 (3.0) 117.70 (6.2) 746.80 (21.5) --2.70 (0.3) 0.99 

 

 

 

Table 2.6. Seasonal emergence of large crabgrass at six site-years in southern Ontario including predicted cumulative growing 

degree days (GDD)y Tbase 10  C from the fitted regression equations (Table 2.5) and associated day of year (DOY)z for.  

 

Pooled 

Emergence (%) GDD DOY 

25 515 167 

50 725 181 

75 1008 199 
yGDD thermal time began Jan 1. 
zDOY 100 corresponded to April 10. 
 

 

approaches.  In this study small crabgrass recruited later than has been reported for studies in 

Ohio (Cardina et al., 2011) and Maryland (Fidanza et al., 1996) according to GDD.  However, 

large crabgrass emergence was similar compared to that previously reported within turfgrass of 

Ohio (Cardina et al., 2011).   Emergence timing of small crabgrass between regions may be 

different because of differences in biotype.  Weed seeds of the same species may differ in their 

response to temperature (Forcella et al. 2000) as well as water stress (Masin et al., 2005) through 

locally derived adaptation (Steinmaus et al., 2000).  Peters and Dunn (1971) found that large and 

small crabgrass seed grown within a common garden from Maryland flowered 21 and 11 days 

later than seed from Connecticut, respectively.  However, there has not been adequate 

documentation across different regions of large and small crabgrass emergence timing within 

turfgrass which is comparable by GDD.  If accounts were available from more southerly regions, 

a greater difference in emergence timing for both species within southern Ontario may have been 

evident.  It is important to characterize emergence timing accurately for a region because there 
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can be management implications. For example, for conventional herbicides, 25% emergence is 

accepted as the latest possible time for application and activation of PRE herbicides, while POST 

herbicide applications will be effective against most of the weed seedlings likely to appear after 

approximately 75% emergence (Cardina et al., 2011).  The application of bioherbicide products 

such as corn gluten meal which is most effectively applied at the time crabgrass emerges to 

inhibit root growth (McDade and Christians, 2001), may target the periods of rapid emergence 

for each species in order to achieve the greatest results.  Crabgrass emergence begins after cool-

season turfgrass has established, making residential lawn stands which are not well maintained 

susceptible to infestation.  The ability of large and small crabgrass to emerge continually 

throughout the season makes these species especially difficult to manage.  For example, 

crabgrass continues to emerge during typically droughty periods within southern Ontario, which 

may allow it to establish within stressed turf.  These factors may contribute to the prevalence of 

crabgrass as a turfgrass weed within southern Ontario. 
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CHAPTER 3.  THE EFFECT OF POTASSIUM NITRATE (KNO3) ON LARGE AND SMALL 

CRABGRASS GERMINATION USING FRESHLY HARVESTED AND AGED SEED. 

3.0.0. Introduction 

Treatment with KNO3 has been demonstrated to increase the germination of both 

dormant large (Delouche, 1956; Gallart et al., 2008) and small (Toole and Toole, 1941) crabgrass 

seed when administered as a 0.2% solution compared to a water control.  There have been no 

reports of testing of the effect of apparent germination enhancers such as KNO3 on non-dormant 

large or small crabgrass seed, however.  We are interested in examining the effects of KNO3 on 

both dormant and non-dormant crabgrass seed from southern Ontario populations to see whether 

the effect of KNO3 on germination is only related to dormancy breaking.  We hypothesize that an 

increase in germination would be seen for both species using both fresh and aged seed which we 

considered to be dormant and non-dormant, respectively.  If this were true, it may have 

implications for the impact of fertilizer applications on crabgrass emergence and establishment in 

home lawns. 

3.1.0. Materials and Methods 

3.1.1. Seed collection 

Seedlings of large crabgrass were collected from mixed grass swards in Simcoe, Guelph, 

and Burlington, Ontario on June 15, July 5, and July 23, and of small crabgrass on June 15, July 

12, and July 23, 2010.  Seedlings were transplanted into pots kept outdoors and watered as 

necessary between rainfalls.  Upon appearance of chlorosis of the first transplants, fertilizer was 

administered and then at every watering thereafter.  Once ripened, seed of large crabgrass was 

collected from early August to mid-September and seed of small crabgrass was collected from 

late August to late September, approximately weekly.  Collections were made by gently 
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disturbing crabgrass spikes to allow for excess ripened seed to fall to the ground.  Pots were 

placed on mesh greenhouse mats to aid collection.  Using a soft bristled broom, seed was swept 

up and collected into paper bags.   Sheltered from rain and allowed to dry, collected seed was 

exposed to external temperatures up until the time of use in the first experiments (fresh seed).  

Prior to use seed was separated from debris including fine particles such as dirt and larger 

particles such as crabgrass spikes using a combination of sieves. 

3.1.2. Experimental design 

Experiments were conducted using freshly harvested seed and aged seed which 

approximated dormant and non-dormant seed, respectively.  Two separate runs of the experiment 

with fresh seed of large and small crabgrass began on October 25, 2010 and November 1, 2010 

and were concluded on January 10, 2010.  Seed not used in the first experiment (the fresh seed 

experiment) was stored in dark, dry conditions at 5  C in paper bags until the second experiment 

(the aged seed experiment).  Two separate runs of the aged seed experiment using seed of large 

and small crabgrass began on April 29, 2011 and May 2, 2011 and were concluded on May 24, 

2011 and May 28, 2011, respectively.  For each experiment, sound seed (full, normal 

colouration, intact hull) was selected and counted into samples of 100 and placed into 9 mm Petri 

dishes.  Seed was rinsed with 5% sodium hypochlorite (NaOCl) for ten minutes and completely 

rinsed with deionised water five times for surface sterilization (ISTA, 1998).  For each 

experiment for each species, Petri dishes were arranged as a randomized complete block design 

with 5 blocks and two treatments (KNO3 or H2O) and each experiment was conducted twice for 

validation (Fig 3.1).  Treatments were either 3 mL 0.2% KNO3 or 3 mL deionised H2O as per 

Gallart et al. (2008) and Toole and Toole (1941).  Growth chamber conditions were regulated in 

12 h light cycles at temperatures of 20  C and 30  C.  Seed was monitored daily and water was 
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added as necessary to maintain imbibition.  Germination was recorded with the first appearance 

of the radical and once counted, germinated seeds were removed.  On the second experimental 

runs for both small and large crabgrass one Petri dish was spilled within the KNO3 treatment on 

day 26 and 48, respectively, and was removed from the analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

3.1.3. Seed viability 

Seed viability was determined using an imbibed crush test (ISTA, 1985) both prior to the 

start of experiments and at the end of the experiment on seeds that had not germinated.   Seed 

which collapsed under pressure was considered nonviable.  Percent viability was calculated 

using the equation: 

% SeedViable = [(SeedGerminated + SeedUn-crushed) / Seed Total] x 100      [3.1] 

 

 

Figure 3.1.  Experimental design of large and small crabgrass germination with potassium 

nitrate (KNO3) and water (H2O) treatments. 
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3.1.4. Statistical analysis 

 Statistical analysis was done using the SAS® System, Windows Platform (Ver 9.2, SAS 

Institute, Cary, NC).  An analysis of variance (ANOVA) test was conducted using a type-III 

general linear model procedure (PROC GLM) to determine pooling.  The variance of cumulative 

germination was partitioned into random effects of experiment, block, block (experiment), 

treatment by block and fixed effects of treatment and date.  Significance of the tests was assessed 

by F-tests.  For all statistical testing, variance was considered non-significant when p > 0.05.  

The assumptions of an ANOVA that the model effects are linear and additive and the error 

associated has a mean of zero, is independent, random, homogeneous (has a common variance) 

and is normally distributed (Bowley, 2008) were tested using the residuals (observed values less 

predicted values) of the model and were plotted against the predicted values, treatments and 

blocks to assess the independence, randomness, and homogeneity of the experimental error 

visually.  To assess the distribution of the residuals with a mean of zero, a normality plot was 

created.  Data were also analyzed for normality by the Shapiro-Wilk test and using ‘PROC 

UNIVARIATE’ in SAS.  In order to best meet these requirements, logarithm and square root 

transformations were attempted and compared to the original dataset by inspecting the plots 

described above.  Means of the cumulative germination were calculated using ‘PROC MEANS’ 

in SAS and were used to run non-linear regressions, therefore avoiding confounding the residual 

sum of squares with the experimental error (Gomez and Gomez, 1984).  After inspecting the 

shape of the plotted curve using observed data, a quadratic equation was fitted for experiments 

using fresh seed of large and small crabgrass and the coefficients of the regression equation and 

standard errors were calculated using nonlinear regression (PROC NLIN). The equation of the 

quadratic model fitted was: 
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y = ax
2
 + bx + c      [3.2] 

where a is the quadratic slope parameter, b is the linear slop parameter and c is the intercept.  For 

experiments using aged seed of large and small crabgrass, a logistic equation was fit to satisfy 

the data’s sigmoidal trend (De Corby et al., 2007).  The equation of the logistic model fitted was: 

y= C + D / (1+(x/E50)
b
)      [3.3] 

where y is cumulative percentage emergence of crabgrass, x is the day after treatment, C is the 

lower limit (asymptote) of the response curve, C + D is the upper asymptote (maximum 

emergence), E50 is the x value (day) at the midpoint or the inflection point of the curve (not 

necessarily the day at 50% emergence depending upon the values of the fitted C and D parameter 

estimates and the shape of the curve), and b is the slope (Burke et al. 2005; Seedfeldt et al. 

1995).  When convergence criterion was met, regression lines were plotted by solving the 

logistic equation using the appropriate parameters.  The coefficients of determination (R
2
) 

representing the proportion of variability which is accounted for by the model were determined 

for each model by the equation: 

R
2
 = 1 – (SSerr / SStot)      [3.4] 

where SSerr is the error sum of squares and SStot is the total sum of squares (Kvalseth, 1985).  As 

detailed by Seedfeldt et al. (1995), SAS provides only one residual sum of squares value for the 

model as a whole, even when parameters for several curves are estimated concurrently.  Standard 

errors of the parameter estimates are presented; the standard error of a parameter estimate is a 

measure of confidence, and if it is large, the parameter is poorly estimated (De Corby et al., 

2007).  

 The viability of fresh and aged seed pre- and post-experimentation was analyzed using 

the ‘PROC MIXED’ procedure in SAS with fixed treatment effects random block effects.  There 
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were six samples considered in each analysis: pre-fresh seed experimentation, post-fresh-KNO3, 

post-fresh-H2O, pre-aged seed experimentation, post-aged-KNO3, and post-aged-H2O.  A 

multiple means comparison was conducted for each analysis with the assistance of a ‘pdmix800’ 

macro (Saxton, 1998) which generates letter values according to significant differences of the 

least squared means relevant to one another. 

3.2.0. Results and Discussion 

For each of the four analyses using fresh and aged seed of large and small crabgrass, data 

were determined to be non-normal by the Shapiro-Wilk test.  However, normal probability plots 

appeared to reasonably meet the criterion and all other assumptions of ANOVA were reasonably 

satisfied.  In some cases, a few data points could arguably be considered outliers which may have 

resulted in an assessment of non-normality, however, they appeared reasonable and there was no 

justification for deletion.  In addition, their infrequency suggested that they would not affect the 

final regression analysis.  Ultimately, ANOVA tends to be fairly robust to minor departures from 

its assumptions (Ratkowsky, 1990).  Logarithmic and square root transformations did not further 

normalize the data and analyses proceeded with the original datasets.   

For the experiments using fresh seed of small crabgrass, the ANOVA (Appendix 8.3.1) 

determined that experiment and block were not significant (p = 0.5274 and 0.9723, respectively) 

which justified pooling these factors for further analysis.  Treatment was significant (p = 0.0003) 

and this was reflected by determining respective parameters of the quadratic equations for 

germination with both KNO3 and H2O.  As expected, day after treatment was also significant (p 

=  .0001) and was reflected as the x-axis in the plotted results.  There was a statistically 

significant interaction of treatment by block and block(experiment) (each p =  .0001), however, 

the sum of squares value was less than 1% of the model sum of squares value and this was 
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determined not to be substantive enough to treat the data differently (Froese et al. 2005).  The R
2
 

value reflected that 90% of the variability in the data was accounted for by this model.  For non-

linear regression, data prior to day 13 were excluded since they were primarily zero values.  

Parameter estimates determined for each treatment are represented in Table 3.1.  Quadratic 

equations were solved for x (day) and regression lines were plotted in addition to the observed 

treatment means and their standard errors.  The R
2
 value of the nonlinear regression model 

reflected that it accounted for approximately 99% of the variability (Appendix 8.3.2).  Plots of 

the germination of fresh small crabgrass seed display the significant effect of treatment with 

fertilizer (Fig 3.2).  While seed began germinating at approximately the same time, treatments 

began to significantly diverge after day 19.  Fresh seed treated with water germinated to a 

maximum average of 9% after 71 days, while the germination of small crabgrass seed treated 

with KNO3 was nearly double (17%). Standard errors of the means tended to increase as days 

after treatment increased and tended to be greater for seed treated with KNO3, although variation 

remained relatively low.   

 

     

 

Table 3.1. Parameter estimates (standard errors in parentheses) for the germination of fresh small crabgrass seed treated with 

0.2% potassium nitrate (KNO3) solution or a water (H2O) control.  Percent crabgrass germination was expressed as a function 

of days after treatment (DAT).  A quadratic model was fitted to the data (refer to Materials and Methods for a description of 

the model fitted). 

Treatment a b c R2 

KNO3 -8.0 (0.32) 0.6 (0.02) -0.004 (0.0002) 0.99 

H2O -2.7 (0.32) 0.2 (0.02) -0.0001 (0.0002)  
zTreatments are significant (p   0.05) 
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Figure 3.2.  Mean germination of fresh small crabgrass seed after treatment with 

0.2% potassium nitrate (KNO3) solution or a water (H2O) control.  Germination is 

significantly different between treatments after day 19 (p < 0.05; see Appendix 

8.3.1).  Markers represent mean values for each assessment date, and lines represent 

the fitted quadratic regression equations.  Refer to Table 3.1 for parameter estimates 
of the equation (y = ax2 + bx + c) and to the Materials and Methods for a description 

of the model.  
 
 

For the experiments using fresh seed of large crabgrass, the ANOVA (Appendix 8.3.3) 

showed that experiment and block were not significant (p = 0.2807 and 0.8249, respectively), 

justifying pooling of these factors for subsequent analysis.  Treatment was significant (p = 

0.0009).  As expected, day after treatment was also significant (p =  .0001) and was reflected as 

the x-axis in the plotted results.  There was a statistically significant interaction of treatment by 

block and block(experiment) (each p =  .0001), however, the sum of squares value was less than 

1% of the model sum of squares value and this was determined not to be substantive enough to 

treat the data differently (Froese et al. 2005).  The R
2
 value reflected that 93% of the variability 

was accounted for by this model.  For non-linear regression, data prior to day 11 was excluded 

since it was primarily zero values.  Parameter estimates determined for each treatment are 
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represented in Table 3.2.  Quadratic equations were solved for x (day) and regression lines were 

plotted in addition to the observed treatment means and their standard errors.  The R
2
 value of 

the nonlinear regression model reflected that it accounted for approximately 99% of variability 

(Appendix 8.3.4).  Plots of the germination of fresh large crabgrass seed display the significant 

effect of treatment with fertilizer (Fig 3.3).  While seed began germinating at approximately the 

same time, treatments were significantly different after day 15.  Fresh seed treated with water 

germinated to a maximum average of 13% after 71 days, while the germination of small 

crabgrass seed treated with KNO3 reached a maximum average of 19%. Standard errors of the 

means tended to increase as days after treatment increased and tended to be greater for seed 

treated with KNO3, although variation remained relatively low.  
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Figure 3.3.  Mean germination of fresh large crabgrass seed after treatment with 

0.2% potassium nitrate (KNO3) solution or a water (H2O) control.  Germination 

is significantly different between treatments after day 15 (p < 0.05; see Appendix 

8.3.3).  Markers represent mean values for each assessment date, and lines 

represent the fitted quadratic regression equations.  Refer to Table 3.2 for 
parameter estimates of the equation (y = ax2 + bx + c) and to the Materials and 

Methods for a description of the model.  
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Table 3.2. Parameter estimates (standard errors in parentheses) for the germination of fresh large crabgrass seed.  Percent 

crabgrass germination was expressed as a function of days after treatment (DAT).  A quadratic model was fitted to the data 

(refer to Materials and Methods for a description of the model fitted). 

Treatment a b c R2 

KNO3 -4.9 (0.44) 0.6 (0.02) 0.004 (0.0003) 0.99 

H2O -4.1 (0.44) 0.3 (0.02) -0.0014 (0.0003)  
zTreatments are significant (p   0.05) 

 

For the experiments using aged seed of small crabgrass, the ANOVA (Appendix 8.3.5) 

showed that experiment, block, treatment by block, and treatment were not significant (p = 

0.7539, 0.5023, 0.3404, and 0.5065, respectively), justifying pooling of these factors for further 

analysis.  The variance factor block(experiment) was reported to be statistically significant, 

however, its sum of squares value was less than 0.1% that of the model sum of squares and this 

was determined not to be substantive enough to treat the data differently (Froese et al. 2005).  As 

expected, day after treatment was significant (p =  .0001) and was reflected as the x-axis in the 

plotted results.  The R
2
 value reflected that approximately 98% of variability was accounted for 

by this model.  For non-linear regression, data prior to day 6 were excluded since they were 

primarily zero values.  Parameter estimates which were determined for the pooled data are 

represented in Table 3.3.  A logistic equation was solved for x (day) and a pooled regression line 

was plotted for all data in addition to the observed treatment means and their standard errors.  

The R
2
 value of the nonlinear regression model reflected that it accounted for approximately 

99% of variability (Appendix 8.3.6).  Mean germination for each treatment closely approximated 

each other, confirming their non-significance (Fig 3.4).  Variability around the means was 

greatest during the central portion of the experiment, as seen by standard error values, where the 

graph reflects the steepest increase in germinating seed over time, although variability was still 

low. 
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Figure 3.4.  Mean germination of aged small crabgrass seed after treatment with 

0.2% potassium nitrate (KNO3) solution or a water (H2O) control.  Germination is 

not significantly different between treatments (p < 0.05; see Appendix 8.3.5).  

Markers represent mean values for each assessment date, and lines represent the 

fitted logistic regression equation.  Refer to Table 3.3 for parameter estimates of the 
equation [y= C + D / (1+(x/E50)

b)] and to the Materials and Methods for a description 

of the model.  
 

     

 

Table 3.3. Parameter estimates (standard errors in parentheses) for the germination of aged small crabgrass seed.  Percent 

crabgrass germination was expressed as a function of days after treatment (DAT).  A logistic model was fitted to the data (refer to 

Materials and Methods for a description of the model fitted). 

Site-year C D G50 b R2 

   

DAT 

 

 

Pooledz -2.4 (1.47) 100.3 (1.76) 11.05 (0.08) -7.6 (0.37) 0.99 
zKNO3 and H2O treatments are not significant (p   0.05) 

 

For the experiments using aged seed of large crabgrass, the ANOVA (Appendix 8.3.7) 

showed that experiment, block, and treatment were not significant (p = 0.5738, 0.5367, and 

0.2971, respectively), justifying pooling of these factors for further analysis.  There was a 

statistically significant interaction of treatment by block and block(experiment) (p = 0.0031 and 

 .0001, respectively), however, their sum of squares values were less than 0.1%  of the model 

sum of squares and this was determined not to be substantive enough to treat the data differently 

(Froese et al. 2005).  As expected, day after treatment was significant (p =  .0001) and was 
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reflected as the x-axis in the graphed results.  The R
2
 value reflected that approximately 99% of 

the variability was accounted for by this model.  For non-linear regression, data prior to day 4 

was excluded since it was primarily zero values.  Parameter estimates which were determined for 

the pooled data are represented in Table 3.4.  A logistic equation was solved for x (day) and a 

pooled regression line was plotted for all data in addition to the observed treatment means and 

their standard errors.  The R
2
 value of the nonlinear regression model reflected that it accounted 

for approximately 99% of the variability (Appendix 8.3.8).  Mean germination for each treatment 

closely approximated each other, confirming their non-significance (Fig 3.5).  Variability around 

the means was greatest during the central portion of the experiment, as seen by standard error 

values, where the graph reflects the steepest increase in germinating seed, although variability 

was still low. 

The viability of both small (Table 3.5) and large (Table 3.6) crabgrass seed was significantly 

reduced after the experiment runs with fresh seed.  Although seeds were treated with NaOCl for 

surface sterilization prior to the start of the experiments, the development of fungus was evident 

throughout treatment blocks late in the experiment runs.  Maintaining a moist environment for an 

extended period of time greatly reduced seed viability.  For both large and small crabgrass, the 

KNO3 treatment resulted in a significant reduction in viability compared to original seed samples 

and those within the water treatments suggesting that KNO3 increased the degradation rate of 

seed. This may have been a by-product of increased fungal growth and decomposition within this 

nutrient rich environment compared to the water control, although there was not an evident 

difference between treatments visibly.  Viability was not significantly reduced after 8 months of 

cold storage and, as the majority of seed germinated in the aged seed experiments viability was 

not significantly impacted by either treatment. 
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Figure 3.5.  Mean germination of aged large crabgrass seed after treatment with 

0.2% potassium nitrate (KNO3) solution or a water (H2O) control.  Germination is 

not significantly different between treatments (p < 0.05; see Appendix 8.3.7).  

Markers represent mean values for each assessment date, and lines represent the 

fitted logistic regression equation.  Refer to Table 3.4 for parameter estimates of the 
equation [y= C + D / (1+(x/E50)

b)] and to the Materials and Methods for a description 

of the model.  
 

 

     

 

Table 3.4. Parameter estimates (standard errors in parentheses) for the germination of aged large crabgrass seed.  Percent 

crabgrass germination was expressed as a function of days after treatment (DAT).  A logistic model was fitted to the data (refer to 

Materials and Methods for a description of the model fitted). 

Site-year C D G50 b R2 

   

DAT 

 

 

Pooledz -4.5 (1.07) 106.1 (1.28) 8.2 (0.06) -4.2 (0.10) 0.99 
zKNO3 and H2O treatments are not significant (p   0.05) 

 

 

 

Table 3.5. Mean percent viability of small crabgrass before and after experimentation with fresh 

and aged seed. 

 Fresh Seed  

Treatmenty Mean percentz Standard error 

Original 100.0  a 0.00 

H2O 88.6    b 1.33 

KNO3 84.9    c 1.55 

 Aged Seed  

Original 99.7 a 0.21 

H2O 99.8 a 0.20 

KNO3 100.0 a 0.00 
yOriginal denotes seed tested prior to experiments.  H2O and KNO3 denotes seed tested after 

experiments within the respective treatment.  
zMeans followed by the same letter in a column are not significantly different (p   0.05). 
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Table 3.6. Mean percent viability of large crabgrass before and after experimentation with fresh 

and aged seed. 

 Fresh Seed  

Treatmenty Mean percentz Standard error 

Original 99.9  a 0.10 

H2O 87.9  b 1.57 

KNO3 84.8  c 2.31 

 Aged Seed  

Original 99.6 a 0.22 

H2O 100.0 a 0.00 

KNO3 99.6 a 0.22 
yOriginal denotes seed tested prior to experimentation.  H2O and KNO3 denotes seed tested after 

experimentation within the respective treatment.  
zMeans followed by the same letter in a column are not significantly different (p   0.05). 

 

Aged seed of large and small crabgrass reached 100% germination within 30 days after 

treatment.  However, average germination of fresh seed of small and large crabgrass ranged from 

only 9 to 16% and 13 to 19% of 100 seeds, respectively, after 71 days.  This reflects the primary 

dormancy period expected with fresh crabgrass seed (Baskin and Baskin and Baskin, 1988; 

Delouche, 1956; Gallart et al., 2008; Gianfagna and Pridham, 1951; Masin et al., 2006; Peters 

and Dunn, 1971; Taylorson and Brown, 1977; Toole and Toole, 1941).  The large crabgrass was 

harvested earlier than the small crabgrass seed and this difference in harvest timing may have 

allowed large crabgrass to after-ripen more than small crabgrass and could account for the 

slightly higher germination levels for the large versus small crabgrass fresh seed.  Both fresh and 

aged large crabgrass began germinating slightly earlier than small crabgrass seed.  Experiments 

using aged seed concluded in less than half of the time that experiments with fresh seed were 

run.  This suggests that the aged seed was completely non-dormant after approximately 8 months 

of dark, dry storage at 5  C and supports previous findings (Baskin and Baskin and Baskin, 1988; 

Delouche, 1956; Gallart et al., 2008; Gianfagna and Pridham, 1951; Masin et al., 2006; Peters 

and Dunn, 1971; Taylorson and Brown, 1977; Toole and Toole, 1941).  The effect of 0.2% 

KNO3 on fresh crabgrass seed resembled previous findings (Gallart et al., 2008; Toole and 
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Toole, 1941).  Using seed of small crabgrass immediately after harvest, Toole and Toole (1941) 

saw a definite hastening of germination, reaching approximately 7 and 11%, and 31 and 59% by 

84 and 112 days after treatment, respectively, under the same environmental conditions as were 

used in our experiment.  It took longer to achieve germination in this experiment than it did ours.  

This may be because our seed was collected over several harvests and experimentation did not 

begin immediately as it was harvested, thereby staggering the age of seed shed and therefore 

their dormancy states.  While primarily dormant, it appears that our seed may have been more 

advanced in the after-ripening process.  Our study was concluded within 71 days once we felt the 

data collected had sufficiently served our hypothesis, in which germination with KNO3 was 

increased by 7 and 6% compared to a H2O control for fresh seed of small and large crabgrass, 

respectively.  While Toole and Toole (1941) had variable results of large crabgrass germination 

with KNO3, Gallart et al. (2008) used 2 month old seed of large crabgrass (which they 

determined to be 96% dormant) under the same environmental conditions for experimentation 

with KNO3 and found that germination was increased from 4 to 12% 15 days after treatment.  

This difference is greater than the one seen at day 15 in our experiment.  This may be explained 

by a longer period of after-ripening in the Gallart et al. (2008) study which would have promoted 

a faster treatment response.  The seed used by Toole and Toole (1941) and Gallart et al. (2008) 

originated from Washington and Barcelona, and genotype may account for some differences in 

results between studies.  This study is the first reporting the effect of KNO3 on aged seed of large 

and small crabgrass.  The fact that there was no effect for aged seed is significant and has 

implications for the effect of fertilization on crabgrass management in residential lawns of 

southern Ontario.  
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CHAPTER 4.  THE EFFECT OF FERTILIZATION RATE ON THE EMERGENCE OF 

LARGE AND SMALL CRABGRASS IN TURFGRASS UNDER CONTROLLED 

ENVIRONMENT CONDITIONS USING FRESHLY HARVESTED AND AGED SEED. 

 

4.0.0. Introduction 

 This experiment is intended to determine the effect of fertilization and rate on the 

emergence of large and small crabgrass within turfgrass cores taken from the field under 

controlled environment conditions.  Previous studies which demonstrated a positive effect on 

germination when dormant seeds were treated with KNO3 (Delouche, 1956; Gallart et al., 2008; 

Toole and Toole, 1941) suggest that fertilization with commercial products in residential lawns 

may create a similar effect.  While field experiments have demonstrated that fertilization reduces 

crabgrass percent cover at the end of the season (Dunn et al., 1981 as cited in Busey, Dernoeden 

et al., 1993; 2003; Jagchitz and Ebdon, 1985; Johnson, 1981; Johnson and Bowyer, 1982; 

Murray et al., 1983; Voight et al., 2001), it is suggested that the primary mechanism behind this 

is competition from improved turf vigour.  We hypothesize that under controlled environment 

conditions which are optimal for crabgrass emergence, fertilization using a commercially 

available product will increase crabgrass emergence and that there will be a positive effect of 

increasing fertilizer rate. 

4.1.0. Materials and Methods 

4.1.1. Experimental Design 

 Seed was used from the collections previously outlined in section 3.1.1.  Experiments 

were conducted using fresh and aged seed, which approximated dormant and non-dormant seed, 

respectively.  Experiments with fresh seed began Oct 15, 2010 and Oct 20, 2010 and ended Feb 

3, and experiments with aged seed began May 5, 2011 and May 9, 2011 and ended May 30 and 

June 6, 2011, respectively.  All seed had not germinated at the end of the fresh seed experiments.  
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Seed not used in the first experiment (fresh seed) was stored in dark, dry conditions at 5  C in 

paper bags until use in the aged seed experiment.  For each experiment, sound seed (full, normal 

colouration, intact hull) was selected and counted into samples of 100 and placed into 9 mm Petri 

dishes.  For each species, experiments were arranged as a randomized complete block design 

with 4 blocks and five fertilizer treatments split by two turf types and each experiment was 

conducted twice for validation (Fig 4.1).  Fertilizer used for treatments was a commercially 

available 32-0-10 product (Scott’s Turf Builder Pro™, Scotts Miracle-Gro Company Canada 

Ltd. Mississauga, ON, Canada), which has a recommended rate of 155 kg ha
-1

 and translates to 

46.5 kg available N ha
-1

 and 15.5 kg K2O ha
-1

.  Nitrogen was available as urea and so was water 

soluble.  Treatments were chosen relative to the recommended rate including 0x (control), 1x 

(recommended rate), 2x, 4x, and 8x.  Fertilizer prills were ground to a powder using a ceramic 

mortar and pestle for even distribution.  Turf cores were taken from two sites (Appendix 8.4.1) to 

account for potential site/soil differences using a 10 cm golf course cup cutter on October 14, 

2010 and May 4, 2011 for experiments using fresh and aged seed, respectively.  Turf from the 

Guelph Turfgrass Institute (GTI) consisted of a mix of perennial ryegrass (Lolium perenne L.), 

Kentucky bluegrass, (Poa pratensis L.), and fine fescues (Festuca spp.), while turf from Simcoe 

also had some creeping bentgrass (Agrostis stolonifera L.).  Cores were cut to a 7 cm depth and 

potted.  Turf was cut to a 6.25 cm height to simulate mowing.  When the experiments were 

started, crabgrass seed was distributed evenly over the turf cores, followed by fertilizer 

treatments and all pots were then lightly watered.  Growth chamber conditions remained the 

same as our previous experiment (chapter 3) and were regulated in 12 h light cycles at 

temperatures of 20  C and 30  C.  Turf was lightly watered three times per week and turf was 

maintained at a 6.25 cm height via weekly hand cutting.  Germination was counted twice per 
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week and seedlings were removed when counted.  For the fresh seed experiments, turf was 

sprayed with Pymetrozine (Endeavor 50WG™ WG; 0.2 g product L
-1

, or 0.1 g active ingredient 

L
-1

) on November 28, 2011 to eradicate pest aphids. 

4.1.2. Statistical analysis 

 Statistical analysis was done using the SAS® System, Windows Platform (Ver 9.2, SAS 

Institute, Cary, NC).  An analysis of variance (ANOVA) test was conducted using a type-III 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

general linear model procedure (PROC GLM).  The variance of cumulative emergence was 

partitioned into random effects of experiment, block, block(experiment), turf and turf by 

fertilization and fixed effects of fertilization and date.  Significance of the tests was assessed by 

F-tests.  For all statistical testing, variance was considered non-significant when p > 0.05.  The 

 

Figure 4.1.  Experimental design of large and small crabgrass recruitment with five rates of 32-0-10 

fertilizer treatment within a model turfgrass system. 

 

 



80 

 

assumptions of an ANOVA that the model effects are linear and additive and the error associated 

has a mean of zero, is independent, random, homogeneous (has a common variance) and is 

normally distributed (Bowley, 2008) were tested using the residuals (observed values less 

predicted values) of the model and were plotted against the predicted values, fertilization 

(treatments) and blocks to assess the independence, randomness, and homogeneity of the 

experimental error visually.  To assess the distribution of the residuals with a mean of zero, a 

normality plot was created.  Data were also analyzed for normality by the Shapiro-Wilk test and 

using ‘PROC UNIVARIATE’ in SAS.  In order to best meet these requirements, logarithm and 

square root transformations were attempted and compared to the original dataset by inspecting 

the plots described above.  Means of the cumulative emergence were calculated using ‘PROC 

MEANS’ in SAS and were used to run non-linear regressions, therefore avoiding confounding 

the residual sum of squares with the experimental error (Gomez and Gomez, 1984).    After 

inspecting the shape of the plotted curve using observed data, a quadratic equation was fitted for 

experiments using fresh seed of large and small crabgrass and the coefficients of the regression 

equation and standard errors were calculated using nonlinear regression (PROC NLIN). The 

equation of the quadratic model fitted was: 

y = ax
2
 + bx + c      [4.1] 

where a is the quadratic slope parameter, b is the linear slop parameter and c is the intercept.  For 

experiments using aged seed of large and small crabgrass, a logistic equation was fit to satisfy 

the data’s sigmoidal trend (De Corby et al., 2007).  The equation of the logistic model fitted was: 

y= C + D / (1+(x/E50)
b
)      [4.2] 

where y is cumulative percentage emergence of crabgrass, x is the day after treatment, C is the 

lower limit (asymptote) of the response curve, C + D is the upper asymptote (maximum 
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emergence), E50 is the x value (day) at the midpoint or the inflection point of the curve (not 

necessarily the day at 50% emergence depending upon the values of the fitted C and D parameter 

estimates and the shape of the curve), and b is the slope (Burke et al. 2005; Seefeldt et al. 1995).  

When convergence criterion was met, regression lines were graphed by solving the logistic 

equation using the appropriate parameters.  The coefficients of determination (R
2
) representing 

the proportion of variability which is accounted for by the model were determined for each 

model by the equation: 

R
2
 = 1 – (SSerr / SStot)      [4.3] 

where SSerr is the error sum of squares and SStot is the total sum of squares (Kvalseth, 1985).  As 

detailed by Seedfeldt et al. (1995), SAS provides only one residual sum of squares value for the 

model as a whole, even when parameters for several curves are estimated concurrently.  Standard 

errors of the parameter estimates are presented; the standard error of a parameter estimate is a 

measure of confidence, and if it is large, the parameter is poorly estimated (De Corby et al.2007). 

4.2.0. Results and Discussion 

For all experiments data was non-normal according to the Shapiro-Wilk test.  However, 

normal probability plots appeared to reasonably meet the criterion and all other assumptions of 

ANOVA were reasonably satisfied.  In some cases, a few data points could arguably be 

considered outliers; however, there was no justification for deletion.  In addition, their 

infrequency suggested that they would not affect the final regression analysis.  Ultimately, 

ANOVA tends to be fairly robust to minor departures from its assumptions (Ratkowsky, 1990).  

Although logarithmic and square root transformations did not improve the normality of the data 

and analyses proceeded with the original datasets.   
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For the experiments using fresh seed of small crabgrass, the ANOVA (Appendix 8.4.2) 

showed that experiment, block and turf were not significant (p = 0.4882, 0.9287, and 0.6740, 

respectively).  Fertilization was significant (p = 0.0002) and this was reflected by determining 

respective parameters for the quadratic equations for each of the five rates (0x, 1x, 2x, 4x and 

8x).  As expected, day after treatment was also significant (p =  .0001) and was reflected as the 

x-axis in the plotted results.  There was a statistically significant interaction of turf and 

fertilization (p =  .0001), however, the sum of squares value was less than 1% of the model sum 

of squares value and this was determined not to be substantive enough to treat the data 

differently (Froese et al. 2005).  Similarly block(experiment) was shown to be statistically 

significant (p =  .0001), however, its sum of squares value was also less than 1% of the value of 

the model sum of squares which suggested that pooling block and experiment remained 

reasonable.  The R
2
 value reflected that 88% of the variability was accounted for by this model.  

For non-linear regression, data prior to day 19 were excluded since they were primarily zero 

values.  Parameter estimates which were determined for each fertilizer treatment are represented 

in Table 4.1.  Quadratic equations were solved for x (day) and regression lines were plotted in 

addition to the observed treatment means and their standard errors.  The R
2
 value of the 

nonlinear regression model reflected that it accounted for approximately 99% of variability 

(Appendix 8.4.3).  Plots of the emergence of fresh, small crabgrass seed display the significant 

effect of treatment with fertilizer (Fig 4.2).  Furthermore, increasing fertilizer rate increased the 

emergence of fresh small crabgrass seed, with 8x the recommended rate more than doubling the 

emergence of seed using no fertilizer.  However, treatment of seed with fertilizer at the 

recommended rate did not demonstrate a significant increase in emergence. Standard errors of  
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Figure 4.2.  Mean germination of fresh small crabgrass seed after treatment with 

five fertilizer rates in a model turfgrass environment.  Emergence is significantly 

different between treatments (p < 0.05; see Appendix 8.4.1).  Markers represent 

mean values for each assessment date, and lines represent the fitted quadratic 

regression equations.  Refer to Table 4.1 for parameter estimates of the equation  
(y = ax2 + bx + c) and to the Materials and Methods for a description of the model.  

 
Table 4.1. Parameter estimates (standard errors in parentheses) for the emergence of fresh small crabgrass seed after five 

fertilizer treatments within a model turfgrass environment.  Percent crabgrass emergence was expressed as a function of days 

after treatment (DAT).  A quadratic model was fitted to the data (refer to Materials and Methods for a description of the model 

fitted). 

Treatment A b c R2 

0x -1.0 (0.40) 0.1 (0.01) 1.5 x 10-4 (9.9 x 10-5) 0.99 

1x -1.5 (0.40) 0.1 (0.01) -4.0 x 10-5 (9.9 x 10-5)  

2x -2.74 (0.40) 0.2 (0.01) -5.6 x 10-4 (9.9 x 10-5)  

4x -3.8 (0.40) 0.3 (0.01) -1.2 x 10-3 (9.9 x 10-5)  

8x -5.8 (0.40) 0.4 (0.01) -1.8 x10-3 (9.9 x 10-5)  
zTreatments are significant (p   0.05) 

 

the means tended to increase as days after treatment increased, although the standard errors 

remained relatively low.   

For the experiments using fresh seed of large crabgrass the ANOVA (Appendix 8.4.4) 

showed that experiment and block were not significant (p = 0.5539, and 0.9617, respectively).  

Turf and fertilization were significant (p = 0.0093 and 0.0022, respectively) and this was 

reflected by determining respective parameters for the quadratic equations for each of the five 
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rates (0x, 1x, 2x, 4x and 8x) for both turf types from the GTI and Simcoe.  As expected, day after 

treatment was also significant (p =  .0001) and was reflected as the x-axis in the graphed results.  

There was a statistically significant interaction of turf and fertilization (p =  .0001), however, 

the sum of squares value was less than 1% of the model sum of squares value and this was 

determined not to be substantive enough to treat the data differently (Froese et al. 2005).  

Similarly block(experiment) was shown to be statistically significant (p =  .0001), however, its 

sum of squares value was also less than 1% of the value of the model sum of squares which 

suggested that pooling block and experiment remained reasonable.  The R
2
 value reflected that 

84% of variability was accounted for by this model.  For non-linear regression, data prior to day 

8 was excluded since it was primarily zero values.  Parameter estimates which were determined 

for each fertilizer treatment and turf type are represented in Tables 4.2 and 4.3.  Quadratic 

equations were solved for x (day) and regression lines were plotted in addition to the observed 

treatment means and their standard errors.  The R
2
 value of the nonlinear regression model 

reflected that it accounted for approximately 99% of variability (Appendix 8.4.5).  Plots of the 

emergence of fresh large crabgrass seed  in  turf from both the  GTI (Fig 4.3) and Simcoe (Fig 

4.4) showed the significant effect of treatment where increasing rates of fertilizer resulted in 

increased emergence.  In general, the emergence response of seed treated with the 0x, 1x, 2x, and 

4x fertilizer rates was greater for seed in turf from the GTI than for seed in turf from Simcoe, 

while the response to 8x treatments appeared relatively similar between turf sources.  It is not 

evident why fresh large crabgrass seed responded differently within turf from the GTI and 

Simcoe, however, differences in turf type may have affected the emergence of large crabgrass 

seed by intercepting light necessary for germination.  Turf from the GTI consisted of a mix of  
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Figure 4.3.  Mean germination of fresh large crabgrass seed after treatment with 

five fertilizer rates in a model turfgrass environment from the GTI.  Emergence is 

significantly different between treatments (p < 0.05; see Appendix 8.4.3).  Markers 

represent mean values for each assessment date, and lines represent the fitted 

quadratic regression equations.  Refer to Table 4.2 for parameter estimates of the 
equation (y = ax2 + bx + c) and to the Materials and Methods for a description of the 

model.  
 

Table 4.2. Parameter estimates (standard errors in parentheses) for the emergence of fresh large crabgrass seed after five fertilizer 

treatments within turfgrass from the GTI.  Percent crabgrass emergence was expressed as a function of days after treatment 

(DAT).  A quadratic model was fitted to the data (refer to Materials and Methods for a description of the model fitted). 

Treatment A b C R2 

0x -2.9 (0.41) 0.2 (0.2) -5.0 x 10-5 (1.2 x 10-4) 0.99 

1x -5.8 (0.41) 0.4 (0.2) -1.4 x 10-3 (1.2 x 10-4)  

2x -5.2 (0.41) 0.5 (0.2) -1.9 x 10-3 (1.2 x 10-4)  

4x -3.8 (0.41) 0.5 (0.2) -2.1 x 10-3 (1.2 x 10-4)  

8x -4.3 (0.41) 0.6 (0.2) -2.3 x 10-3 (1.2 x 10-4)  
zTreatments are significant (p   0.05) 

 

perennial ryegrass (Lolium perenne L.), Kentucky bluegrass, (Poa pratensis L.), and fine fescues 

(Festuca spp.), while turf from Simcoe also had some creeping bentgrass (Agrostis stolonifera 

L.) present which has a stoloniferous growth habit.    Previous studies have demonstrated how 

limiting light has limited large crabgrass germination (Taylorson and Brown, 1977). 

For the experiments using aged seed of small crabgrass, the ANOVA (Appendix 8.4.6) 
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Figure 4.4.  Mean germination of fresh large crabgrass seed after treatment with 

five fertilizer rates in a model turfgrass environment from Simcoe, Ont.  Emergence 

is significantly different between treatments (p < 0.05; see Appendix 8.4.3).  

Markers represent mean values for each assessment date, and lines represent the 

fitted quadratic regression equations.  Refer to Table 4.2 for parameter estimates of 
the equation (y = ax2 + bx + c) and to the Materials and Methods for a description of 

the model. 
 

 

 
Table 4.3. Parameter estimates (standard errors in parentheses) for the emergence of fresh large crabgrass seed after five fertilizer 

treatments within turfgrass from Simcoe.  Percent crabgrass germination was expressed as a function of days after treatment 

(DAT).  A quadratic model was fitted to the data (refer to Materials and Methods for a description of the model fitted). 

Treatment a b C R2 

0x -2.9 (0.41) 0.1 (0.02) 6.6 x 10-4 (1.2 x 10-4)  0.99 

1x -5.8 (0.41) 0.1 (0.02) 1.2 x 10-4 (1.2 x 10-4)  

2x -5.2 (0.41) 0.2 (0.02) -1.6 x 10-4 (1.2 x 10-4)  

4x -3.8 (0.41) 0.3 (0.02) -6.2 x 10-4 (1.2 x 10-4)  

8x -4.3 (0.41) 0.5 (0.02) -2.0 x 10-3 (1.2 x 10-4)  
zTreatments are significant (p   0.05) 

 

 

showed that experiment, block, block(experiment), turf, and  fertilization were not significant 

 (p = 0.0527, 0.3466, 0.8219, 0.2322, and 0.9457, respectively), justifying pooling these terms.  

There was a statistically significant interaction of turf and fertilization (p = 0.0408), however, the 

sum of squares value was less than 1% of the model sum of squares value and this was 
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determined not to be substantive enough to treat the data differently (Froese et al. 2005).  As 

expected, day after treatment was significant (p =  .0001) and was reflected as the x-axis in the 

graphed results.  The R
2
 value reflected that approximately 99% of variability was accounted for 

by this model.  For non-linear regression, data prior to day 7 was excluded since it was primarily 

zero values.  Parameter estimates which were determined for the pooled data are represented in 

Table 4.4.  A logistic equation was solved for x (day) and a pooled regression line was plotted 

for all data in addition to the observed treatment means and their standard errors.  The R
2
 value 

of the nonlinear regression model reflected that it accounted for approximately 99% of 

variability (Appendix 8.4.7).  Mean emergence for each fertilizer treatment was nearly identical, 

overlapping on the graphed plot and confirming their non-significance.  The experiments using 

aged seed of large crabgrass had similar results of aged small crabgrass in which the ANOVA 

(Appendix 8.4.8) showed  that experiment, block, block(experiment), turf, and fertilization were 

not significant (p = 0.5911, 0.3642, 0.2517, 0.7187, and 0.9558, respectively), justifying pooling 

these terms.  There was a statistically significant interaction of turf and fertilization (p = 0.0060), 

however, the sum of squares value was less than 1% of the model sum of squares value and this 

was determined not to be substantive enough to treat the data differently (Froese et al. 2005).  As 

expected, day after treatment was significant (p =  .0001) and was reflected as the x-axis in the 

graphed results.  The R
2
 value reflected that approximately 99% of variability was accounted for 

by this model.  For non-linear regression, data prior to day 7 was excluded since it was primarily 

zero values.  Parameter estimates which were determined for the pooled data are represented in 

Table 4.5.  A logistic equation was solved for x (day) and a pooled regression line was plotted 

for all data in addition to the observed treatment means and their standard errors.  The R
2
 value  
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Figure 4.5.  Mean germination of aged small crabgrass seed after treatment with 

five fertilizer rates in a model turfgrass environment.  Emergence is not significantly 

different between treatments (p < 0.05; see Appendix 8.4.6).  Markers represent 

mean values for each assessment date, and lines represent the fitted logistic 

regression equation.  Refer to Table 4.4 for parameter estimates of the equation  
[y = C + D / (1+(x/E50)

b)] and to the Materials and Methods for a description of the 

model.  
 

 

 

 
Table 4.4. Parameter estimates (standard errors in parentheses) for the emergence of aged small crabgrass seed after five 

fertilizer treatments within a model turfgrass environment.  Percent crabgrass germination was expressed as a function of days 

after treatment (DAT).  A logistic model was fitted to the data (refer to Materials and Methods for a description of the model 

fitted). 

Site-year C D G50 b R2 

   

DAT 

 

 

Pooledz 0.7 (0.50) 100.2 (0.59) 11.2 (0.03) -6.3 (0.09) 0.99 
zFertilizer treatments are not significant (p   0.05) 

 

 

of the nonlinear regression model reflected that it accounted for approximately 99% of 

variability (Appendix 8.4.9).  Mean emergence for each fertilizer treatment was nearly identical, 

overlapping on the graphed plot and confirming their non-significance. 
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Figure 4.6.  Mean germination of aged large crabgrass seed after treatment with  

five fertilizer rates in a model turfgrass environment.  Emergence is not significantly 

different between treatments (p < 0.05; see Appendix 8.4.8).  Markers represent 

mean values for each assessment date, and lines represent the fitted logistic 

regression equation.  Refer to Table 4.5 for parameter estimates of the equation  
[y = C + D / (1+(x/E50)

b)] and to the Materials and Methods for a description of the 

model.  
 

Table 4.5. Parameter estimates (standard errors in parentheses) for the emergence of aged large crabgrass seed after five fertilizer 

treatments within a model turfgrass environment.  Percent crabgrass germination was expressed as a function of days after 

treatment (DAT).  A logistic model was fitted to the data (refer to Materials and Methods for a description of the model fitted). 

Site-year C D G50 b R2 

   

DAT 

 

 

Pooledz -1.9 (0.50) 102.7 (0.60) 11.8 (0.04) -6.6 (1.00) 0.99 
zFertilizer treatments are not significant (p   0.05) 

 

For both crabgrass species, aged seed reached 100% emergence within 30 days.  

However, average emergence of fresh seed ranged from only 8 to 18% and only 12 to 26% for 

small and large crabgrass respectively, after 119 days.  This reflects the primary dormancy in 

fresh crabgrass seed (Baskin and Baskin, 1988; Delouche, 1956; Gallart et al., 2008; Gianfagna 

and Pridham, 1951; Masin et al., 2006; Peters and Dunn, 1971; Taylorson and Brown, 1977; 

Toole and Toole, 1941).  The aged seed experiments ended in a quarter of the time of the fresh 

seed experiments and small crabgrass began emergence slightly earlier than large crabgrass.  
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These results show that the aged seed had lost most if not all of its dormancy after approximately 

8 months of dark, dry storage at 5  C as noted in chapter 3.   The fertilizer definitely increased 

seedling emergence for the fresh seed experiments. But in practical terms this result may not be 

relevant, particularly in southern Ontario where fall emergence of summer annual grasses such as 

crabgrass is of no practical concern because summer annual weeds are all controlled by winter 

frost (Mitich, 1988; Royer and Dickinson, 1999). Using the 32-0-10 product at its recommended 

rate on aged seed (a simulation of spring fertilizer applications) resulted in no difference in either 

large or small crabgrass emergence.  This is a significant practical result which needs to be 

confirmed under field conditions. 
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CHAPTER 5.  THE INFLUENCE OF CULTURAL MANAGEMENT (FERTILIZATION 

AND SOIL DISTURBANCE) ON LARGE AND SMALL CRABGRASS EMERGENCE 

IN TURFGRASS. 

 

 

5.0.0. Introduction 

 In light of the Ontario-wide cosmetic use pesticide ban and a lack of relevant regional 

research, there is a need to understand the effects of cultural management techniques on 

crabgrass emergence in residential turfgrass in southern Ontario.  Under controlled conditions 

there is evidence that the application of fertilizer can impact crabgrass emergence but this effect 

has not been investigated under field conditions.   Raking is the other most common management 

activity homeowners perform and raking, because it may move seeds to more favourable 

emergence microsites, may also influence the emergence of crabgrass in turfgrass.  The purpose 

of this study was to investigate under field conditions the influence of fall and spring fertilizer 

application (at the recommended and 8x rates) and raking on the emergence of large and small 

crabgrass in typical lawns in southern Ontario.  We hypothesize that fall fertilization would 

result in a reduction in the dormancy period but that seed would not meet the necessary heat 

requirements for germination and therefore we would see earlier emergence of large and small 

crabgrass in the spring as compared to unfertilized seed.  For spring fertilization, we hypothesize 

that treatments may break any dormancy remaining and that we would see earlier emergence as 

compared to unfertilized seed and that this would occur later than seed fertilized in the fall.  

Furthermore, we hypothesize that the 8x rate will have the greatest affect on emergence 

compared to the recommended rate.  Regarding raking, we hypothesize that we will see an 

increase in emergence as compared to untreated plots and that there will be a positive interaction 

of raking and fertilization. 
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5.1.0. Materials and Methods 

5.1.1. Site Selection 

Field sites were established at three locations in southern Ontario in summer of 2010.  

Sites were selected based on two key criteria:   1) The site could not have any natural populations 

of large or small crabgrass and 2) the turfgrass must be typical of an average residential mixed 

grass sward (the stand should not currently be controlled by herbicides, be moderately dense and 

appear healthy).  Sites were located in Guelph, Woodstock, and Simcoe Ontario (see Appendix 

8.5.1 for specific locations).  For all sites the turf was a mix of perennial ryegrass (Lolium 

perenne L.), Kentucky bluegrass (Poa pratensis L.), and fine fescues (Festuca spp.) and the 

Simcoe site also had some creeping bentgrass (Agrostis stolonifera L.).  Prior to crabgrass seed 

distribution, all sites were treated with a broadleaf herbicide to help reduce possible variation in 

stand within and among sites.  In addition, at the time of seed distribution, any broadleaf weeds 

remaining were removed by hand. 

5.0.1. Experimental Design 

This experiment was designed as a 3 x 2 factorial (Table 5.1), split by species with three 

replicates per treatment and the statistical analysis was conducted for each species separately.  

Individual subplots were 25 cm by 50 cm.  The two treatment factors were fertilization and 

disturbance.   Fertilizer was administered at three levels: fall fertilizer, spring fertilizer, and no 

fertilizer. Fertilizer used for treatments was a commercially available 32-0-10 product (Scott’s 

Turf Builder Pro™, Scotts Miracle-Gro Company Canada Ltd. Mississauga, ON, Canada), which 

has a recommended rate of155 kg ha
-1

 and translates to 46.5 kg available N ha
-1

 and 15.5 kg K2O 

ha
-1

.  Nitrogen was available as urea and so was water soluble.  Disturbance treatments had two 

levels; raking in the fall and no raking in the fall. The raking treatment was applied with a 
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Table 5.1.  Large and small crabgrass field study treatmentsz 

1X Fertilization and Raking 

 Fall Raking (YR) No Raking (NR) 

Fall Fertilization (NF) NF/YR NF/NR 

Spring Fertilization (NS) NS/YR NS/NR 

No Fertilization (N0) N0/YR N0/NR 

   

8X Fertilization 

Fall Spring 
zRefer to Table 5.2 for dates of application 

 

 
Table 5.2.  Large and small crabgrass field study seed distribution and treatment timing 

 

Species 

 

Site 

Treated with  

Par IIIz 

Seed 

distributiony 

 

Raking 

Fall 

Fertilization 

Spring 

Fertilization 

D. sanguinalis Woodstock Aug 19, 2010 Sept 22, 2010 Sept 22, 2010 Oct 19, 2010 May 31, 2011 

 Simcoe Aug 30, 2010 Sept 23, 2010 Sept 23, 2010 Oct 18, 2010 May 31, 2011 

 Guelph Sept 8, 2010 Sept 24, 2010 Sept 24, 2010 Oct 17, 2010 May 31, 2011 

D. ischaemum Woodstock Aug 19, 2010 Oct 19, 2010 Oct 19, 2010 Oct 19, 2010 May 31, 2011 

 Simcoe Aug 30, 2010 Oct 18, 2010 Oct 18, 2010 Oct 18, 2010 May 31, 2011 

 Guelph Sept 8, 2010 Oct 17, 2010 Oct 17, 2010 Oct 17, 2010 May 31, 2011 
z2,4-D, Mecoprop and Dicamba 
yD. sanguinalis and D. ischaemum seed distribution for 8x fall and spring fertilizer treatments occurred on the same date as all 

other D. ischaemum seeding. 

 

common wire lawn rake with 15 strokes per treatment.  Two additional treatments were included 

in the experiments; an 8x fertilizer application rate applied either in the fall or spring. These 

treatments were not representative of common homeowner practice but were included to 

rigorously test the effect of fertilizer application on crabgrass emergence.  The 8x fertilizer rate 

would be equivalent to 372 kg available N ha
-1

 and 124 kg K2O ha
-1

. 

In the fall of 2010, approximately one thousand seeds were applied per subplot (see 

application dates in Table 5.2).  The large crabgrass seed was applied before the small crabgrass 

seed because seed application dates followed the last date of seed collection for the given species 

and large crabgrass matured earlier in the fall than did small crabgrass. Seed was distributed 

evenly using a standard parmesan shaker, mixed with Therm-O-Rock™ vermiculite and perlite 

mixed with the seed to provide bulk and facilitate spreading.  Disturbance treatments were 

applied on the same date as seed application.  The fall fertilizer treatments were applied only 
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after all the seed (for both species) was applied (see Table 5.2).  Control plots that were not 

meant to have any seed applied still received an application of vermiculite and perlite mix. 

At the time seed was distributed in field plots and after 9 months of storage 

(approximately when seed began germinating in the field), viability testing was conducted with 

the original seed samples.  Seed viability was determined using an imbibed crush test as per 

ISTA (1985). Ten random samples of 100 seeds were used for each test for each species.  

Percent viability was calculated using the equation: 

% SeedViable = [(SeedGerminated + SeedUn-crushed) / Seed Total] x 100      [5.1] 

5.0.2. Field Observations 

After the final seed was distributed, weekly emergence observations were made in the fall 

of 2010 until first frost.  Weekly emergence observations resumed in early April 2011.  Turf was 

thoroughly parted to observe newly germinated crabgrass and seedlings were removed as they 

were counted.  Field observations ended when emergence in all subplots slowed to a emergence 

level of two or fewer seedlings per week for two consecutive weeks.  In the final week of 

observations, there was no crabgrass emergence at all in the vast majority of subplots. 

At each site, soil temperatures were recorded continuously throughout the observation 

period using small, self-contained temperature data-loggers (Hobo Pro v2 U23-004).  Data-

loggers were equipped with an internal and external sensor of which the internal sensor housing 

the hardware was buried to 5 cm and the small external sensor was placed just below the soil 

surface at approximately 1 cm.  To install each of these data loggers, a small area of turf was cut 

into and pulled back using a sharp spade and the data logger was inserted at the 5cm depth.  

Upon replacing the original turf, the external temperature sensor (a metal cylinder approximately 

2 cm in length and 0.5 cm in diameter) was laid horizontally just beneath the soil surface.  The 
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soil and turf was gently tamped down by hand to closely resume its original condition.  Data-

loggers were installed by Sept 30, 2010 and remained in place for the entire observational period.  

For this study, temperatures were taken from the shallow soil sensor which approximately 

corresponded to crabgrass seed near the soil surface.  Two data loggers were placed randomly 

within the field plot rows and tied by a string to a peg marker for future retrieval.  The two 

shallow temperature datasets were averaged for each site before calculating cumulative soil 

growing degree days (GDD), except for the Simcoe field site at which one data logger was 

damaged and was inoperable.  Differences between soil temperatures recorded at the two depths 

were minimal (data not shown).  Daily GDD measurements were calculated from January 1, 

2011 until the end of the study.  The following equation was used to calculate GDD: 

GDDdaily = (Tmax +Tmin)/2 –Tbase      [5.2] 

where Tmax is the maximum daily soil temperature, Tmin is the minimum daily soil temperature, 

Tbase is the base temperature at which plant growth and development was deemed not to occur 

(10  C in this study).  When Tmin < Tbase, its value was replaced by 10 and individual daily GDD 

values were summed to provide a cumulative daily GDD value.   

 Turfgrass was mowed weekly to maintain it at a typical lawn height of approximately 6.5 

cm.  Turfgrass was evaluated at three times in the year (June 20, July 25, and August 22, 2011) 

for density and quality using a rating scale of 1 to 9 according to the guidelines of the National 

Turfgrass Evaluation Program (Morris and Shearman, no date).  For density, turf was rated a 1 

when there was bare ground and a 9 when there was maximum turf density.  Quality ratings are 

based on a combination of colour, density, uniformity, texture and disease or environmental 

stress.  Turf rated a 1 was considered the poorest quality and a 9 was considered the best, where 

a rating of 6 or above is generally considered a good lawn  
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Soil samples were taken at each site on May 9, 2011 using a 2.54 cm metal soil corer to a 

depth of 8 cm.  Ten samples were taken randomly per site for soil analysis and an additional ten 

samples were taken to measure soil bulk density.  Turf and thatch were removed from the upper 

portion of the soil samples.  Soil particle distribution and fertility were analyzed by the 

Agriculture and Food Testing Laboratory Services at the University of Guelph, Guelph, Canada.  

Bulk density was determined by drying samples of a known volume in an oven at 105  C and 

using the following equation (Blake, 1965): 

Bulk density = massdry soil / volumesoil sample      [5.3] 

5.0.3. Statistical analysis 

Statistical analysis was done using the SAS® System, Windows Platform (Ver 9.2, SAS 

Institute, Cary, NC).  Large and small crabgrass emergence data were expressed as a cumulative 

percentage of total emergence and analysis was conducted for each species separately.  An initial 

analysis of variance (ANOVA) test was conducted using a general linear model procedure 

(PROC GLM) to determine whether data could be pooled.  The variance of percent emergence 

was partitioned into random effects of subplot and subplot(plot) and fixed effects of site and 

week.  The significance of factors was assessed by F-tests.  For all statistical testing, variance 

was considered non-significant when p > 0.05.  The assumptions of an ANOVA that the model 

effects are linear and additive and the error associated has a mean of zero, is independent, 

random, homogeneous (has a common variance) and is normally distributed (Bowley, 2008) 

were tested using the residuals (observed values less predicted values) of the model and were 

plotted against the predicted values, treatments and blocks to assess the independence, 

randomness, and homogeneity of the experimental error visually.  To assess the distribution of 

the residuals with a mean of zero, a normality plot was created.  Data was also analyzed for 



97 

 

normality by the Shapiro-Wilk test and using ‘PROC UNIVARIATE’ in SAS.  In order to best 

meet these requirements, logarithm and square root transformations were attempted and 

compared to the original dataset by inspecting the plots described above.  Arithmetic means were 

calculated with their standard error using the ‘PROC MEANS’ in SAS and presented in graphic 

format.  After inspecting the shape of the plotted curve using observed data, a logistic equation 

was fitted for the experiments and the coefficients of the regression equations and standard errors 

were calculated using nonlinear regression (PROC NLIN) as a function of cumulative soil GDD 

(De Corby et al., 2007).  The logistic model fitted was:  

y= C + D / (1+(x/E50)
b
)      [5.4] 

where y is cumulative percentage emergence of crabgrass, x is the cumulative soil GDD, C is the 

lower limit (asymptote) of the response curve, C + D is the upper asymptote (maximum 

emergence), E50 is the x value (GDD) at the midpoint or the inflection point of the curve (not 

necessarily the GDD value at 50% emergence depending upon the values of the fitted C and D 

parameter estimates and the shape of the curve), and b is the slope (Burke et al. 2005; Seefeldt et 

al. 1995).  Means of the cumulative emergence were calculated using the ‘PROC MEANS’ in 

SAS and were used to run non-linear regressions (Gomez and Gomez, 1984).  GDD was not 

different among subplots and was retained as a class variable when sites were analyzed 

separately.  However, GDD was different among sites and since week was expected to be highly 

correlated with GDD, it was used to describe time of emergence in the final regression analysis.  

The coefficients of determination (R
2
) representing the proportion of variability which is 

accounted for by the model were determined for each model by the equation: 

R
2
 = 1 – (SSerr / SStot)      [5.5] 
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where SSerr is the error sum of squares and SStot is the total sum of squares (Kvalseth, 1985).  As 

detailed by Seedfeldt et al. (1995), SAS provides only one residual sum of squares value for the 

model as a whole, even when parameters for several curves are estimated concurrently.  Standard 

errors of the parameter estimates are presented; the standard error of a parameter estimate is a 

measure of confidence, and if it is large, the parameter is poorly estimated (De Corby et al.2007).  

A three parameter equation was fitted for Julian date and the coefficients of the 

regression equation and standard errors were calculated using nonlinear regression (PROC 

NLIN) as a function of cumulative soil GDD.  The model fitted was (Ratkowsky, 1983): 

GDD = A + (B x JDate
C
)      [2.5] 

where A is the intercept and B and C are parameters which determine the shape of the curve.  

The resulting best fit equation is appropriate for use only within the range of experimental Julian 

dates.   The resulting equation is used to determine the correct Julian date for a given GDD. 

5.2.0. Results and discussion 

For large crabgrass, the ANOVA (Appendix 8.5.2) determined that site, week, and site by 

week were significant factors (p = 0.0003, <.0001 and <.0001, respectively).  While block was 

not significant (p = 0.9881), block(site) and block by treatment(site) were statistically significant 

(p = 0.0239 and <.0001, respectively).  However, the sum of squares value for both of these 

terms were less than 0.1% suggesting that this variation was not substantive enough to treat 

separately (Froese et al. 2005).  Fertilizer and disturbance, did not significantly affect the 

emergence of large crabgrass at any site (treatment and site by treatment p values were 0.0752 

and 0.6109, respectively).  The R
2
 value reflected that 99% of variability was accounted for by 

this model.  For non-linear regression, parameter estimates were determined for each site and 

treatments were pooled (Table 5.3).  A logistic equation was solved for x (GDD) and a pooled 
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regression line was plotted for emergence data from each site in addition to the observed 

treatment means.  The R
2
 value of the nonlinear regression model reflected that it accounted for 

approximately 99% of variability (Appendix 8.5.3).  While mean emergence for each site 

displayed similar trends, a slight (but significant) divergence in emergence rate among sites 

occurred throughout the latter half of the season (Fig 5.1).  

For the GTI, Simcoe and Woodstock sites, respectively, large crabgrass emergence 

started at a cumulative GDD of 313, 334, and 322 (this corresponded to Julian dates of 150, 151 

and 152 or, between May 30
th

 and June 1
st 

).    Based on differences seen in experimentation with 

simulated fertilization in a model system of potted turf cores from the GTI and Simcoe, we 

expected that differences may be evident across sites.  In that experiment, more large crabgrass 

seeds potted within turf of the GTI recruited than those within turf from Simcoe and it is 

speculated that this may be due to greater light exclusion in Simcoe turf due to its stoloniferous 

growth thereby limiting seed germination.  While large crabgrass seeded within turf of the GTI 

and Woodstock reached 25% emergence at approximately the same time, 549 and 547 GDD, 

respectively, large crabgrass seeded at Simcoe reached 25% at a GDD of 557 (Table 5.4).  At 

later stages of emergence, the difference between emergence of seed at the GTI increased 

reaching 50% emergence by 732, whereas seed at Simcoe was slightly later at 750, and 743 

cumulative GDD.  The largest difference is evident at 75% emergence where seed at the GTI 

recruited by 953 GDD and seed at Simcoe and Woodstock took more than forty additional GDD 

(995 and 997 GDD, respectively).  Corresponding Julian dates at which these growing degree 

days occurred can be found in Table 5.4.  While this model was accepted for its best fit of the 

data within the curve, it under- and overestimates the zero and 100% bounds of seed emergence.  

Consequently, regression lines appear to accentuate the difference between final emergence, 
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while actual means of percent emergence reflect a more similar trend (Fig 5.1).  For the GTI, 

Simcoe and Woodstock sites, 100% emergence of seed occurred with a cumulative GDD of 

1383, 1502, and 1565 corresponding to Julian dates of 231, 237, and 240, or between the dates of 

August 19
th

 to August 28
th

 according to the nonlinear regression model used.  The actual 

cumulative GDD at which emergence ended for each site was 1447, 1582, and 1654 for the GTI, 

Simcoe and Woodstock sites, respectively, corresponding to September 4
th

 for all sites.   

The average total emergence for the GTI, Simcoe and Woodstock sites was 353, 340, and 

376 (rounded to the nearest whole number), respectively.  This represents approximately 34-38%  

     

 

Table 5.3. Parameter estimates (standard errors in parentheses) for emergence timing of large crabgrass 

at three site-years in southern Ontario (Fig. 5.1).  Emergence pooled across treatments (treatments NS, 

refer to Appendix 8.5.2). Percent crabgrass emergence was expressed as a function of cumulative soil 

growing degree days (GDD).  A logistic model was fitted to the data (refer to Materials and Methods for 

a description of the model fitted).  

Site-year C D E50 b R
2
 

 

% GDD 

 

 

GTI -5.4 (2.66) 121.9 (6.87) 775.5 (20.70) -3.1 (0.30) 0.99 

SIM -8.2 (3.49) 123.8 (7.64) 780.8 (20.86) -3.0 (0.29)  

WS -7.9 (3.30) 121.1 (6.71) 766.2 (19.72) -2.9 (0.28)  

 

 

 

 

Table 5.4. Emergence levels and corresponding predicted cumulative growing degree days (GDD)
x
 Tbase 

10  C from the fitted regression equations (Table 5.3) and associated day of year (DOY)
y
 for large 

crabgrass emergence at three site-years in southern Ontario.  Emergence is pooled across treatments 

(treatments NS, refer to Appendix 8.5.2). A logistic model was fitted to the data (refer to Materials and 

Methods for a description of the model fitted). 

 

Site
z
 

 

GTI SIM WS 

Emergence (%) GDD DOY GDD DOY GDD DOY 

25 549 176 557 178 547 175  

50 732 191 750 192 743 192  

75 953 207 995 209 997 209  
y
GDD thermal time began Jan 1. 

z
DOY 100 corresponded to April 10. 

z
Site: GTI, Guelph Turfgrass Institute; SIM, Simcoe research station; WS, Woodstock research station
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Figure 5.1.  Emergence timing of large crabgrass across three site-years in southern 

Ontario (see Appendix 8.5.1 for locations) as related to cumulative soil growing 

degree days (GDD) Tbase 10 °C.  Emergence is pooled across treatments (NS) and 

site is significant (p < 0.05; see Appendix 8.5.2).  Markers represent mean values 

for each assessment date, and lines represent the fitted logistic regression equations.  

Refer to Table 5.3 for parameter estimates of the equation [y= C + D / (1+(x/E50)
b
)] 

and to the Materials and Methods for a description of the model.  Corresponding 

days of the year (DOY) are indicated in the second x-axis. The initial DOY value 

corresponds to 50 GDD.  DOY 100 corresponded to April 10.  Because sites were 

geographically close, temperature did not differ greatly between sites (see Appendix 
8.5.6); hence, DOY was averaged over sites when determining values for the second 

x-axis.   

 
 

 

emergence of seeded large crabgrass across sites (from an approximate 1000 seeds by weight).  

Viability was determined to be approximately 84% when seed was distributed in field plots and 

82% after 9 months of storage (approximately when seed began germinating).  Therefore, the 

effective emergence level was 41 to 46% of viable seed.   

For small crabgrass, the ANOVA (Appendix 8.5.4) determined that site, week, and site 

by week were significant (each p = <.0001). While block and block(site) were not significant (p 

= 0.5209 and 0.8608, respectively), block by treatment(site) was statistically significant (p =  
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Figure 5.2.  Emergence timing of small crabgrass across three site-years in southern 

Ontario (see Appendix 8.5.1 for locations) as related to cumulative soil growing 

degree days (GDD) Tbase 10 °C.  Emergence is pooled across treatments (NS) and 

site is significant (p < 0.05; see Appendix 8.5.4).  Markers represent mean values 

for each assessment date, and lines represent the fitted logistic regression equations.  

Refer to Table 5.5 for parameter estimates of the equation [y= C + D / (1+(x/E50)
b
)] 

and to the Materials and Methods for a description of the model.  Corresponding 

days of the year (DOY) are indicated in the second x-axis. The initial DOY value 

corresponds to 50 GDD.  DOY 100 corresponded to April 10.  Because sites were 

geographically close, temperature did not differ greatly between sites (see Appendix 
8.5.6); hence, DOY was averaged over sites when determining values for the second 

x-axis.   

 
 

<.0001).  However, the sum of squares value for this term was less than 0.1% suggesting that this 

variation was not substantive enough to treat separately (Froese et al. 2005).  Fertilization and 

disturbance did not significantly affect the emergence of small crabgrass at any site (treatment 

and site by treatment variance factors; p = 0.8487 and 0.7838, respectively).  The R
2
 value 

reflected that 99% of variability was accounted for by this model.  For non-linear regression, 

parameter estimates were determined for each site and treatments were pooled (Table 5.5).  A 

logistic equation was solved for x (GDD) and a pooled regression line was plotted for emergence  
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Table 5.5. Parameter estimates (standard errors in parentheses) for emergence timing of small crabgrass 

at three site-years in southern Ontario (Fig. 5.2).  Emergence pooled across treatments (treatments NS, 

refer to Appendix 8.5.4). Percent crabgrass emergence was expressed as a function of cumulative soil 

growing degree days (GDD).  A logistic model was fitted to the data (refer to Materials and Methods for 

a description of the model fitted). 

Site
z
 C D E50 b R

2
 

 

% GDD 

 

 

GTI -4.6 (2.01) 108.4 (3.00) 468.4 (8.52) -3.1 (0.18) 0.99 

SIM -5.0 (2.56) 108.9 (3.46) 522.0 (10.10) -3.4 (0.22)  

WS -3.1 (1.70) 103.7 (2.22) 458.8 (7.48) -3.5 (0.19)  
zSite: GTI, Guelph Turfgrass Institute; SIM, Simcoe research station; WS, Woodstock research station 

 

 

Table 5.6. Emergence levels and corresponding predicted cumulative growing degree days (GDD)
x
 Tbase 

10  C from the fitted regression equations (Table 5.5) and associated day of year (DOY)
y
 for small 

crabgrass emergence at three site-years in southern Ontario. Emergence pooled across treatments 

(treatments NS, refer to Appendix 8.5.4). A logistic model was fitted to the data (refer to Materials and 

Methods for a description of the model fitted). 

 

Site
z
 

 

GTI SIM WS 

Emergence (%) GDD
y
 DOY

z
 GDD DOY GDD DOY 

25 340 153 392 159 347 154  

50 471 168 525 173 465 167  

75 653 185 706 189 629 182  
x
GDD thermal time began Jan 1. 

y
DOY 100 corresponded to April 10. 

zSite: GTI, Guelph Turfgrass Institute; SIM, Simcoe research station; WS, Woodstock research station 
 

 

data from each site in addition to the observed treatment means.  The R
2
 value of the nonlinear 

regression model reflected that it accounted for approximately 99% of variability (Appendix 

8.5.5).   

While mean emergence for each site displayed a similar trend, the emergence pattern for 

the Simcoe site was quite different.  For the GTI, Simcoe and Woodstock sites small crabgrass 

emergence started at a cumulative GDD of 181, 224, 186, respectively (corresponding to Julian 

dates of 129, 137 and 130 or, between the dates of May 9
th

 and May 17
th 

).  While small 

crabgrass seeded within turf of the GTI and Woodstock reached 25% emergence at 

approximately the same time, 340 and 347 GDD, respectively, small crabgrass seeded at Simcoe 
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reached 25% at a GDD of 392 (Table 5.6).  While seed at the GTI and Woodstock sites 

continued to recruit at a similar rate up to 50% and 75% emergence levels, emergence at the 

Simcoe site took longer (a difference of approximately 100 GDD by the 75% level).  Emergence 

at the Simcoe site did not however, carry on longer than at the other sites with emergence ending 

at a GDD of 1374, 1380, and 1940 for the GTI, Simcoe and Woodstock, respectively (these 

GDD corresponded to Julian dates of 230, 231, and 256, or between the dates of August 18
th

 to 

September 13
th

 ) according to the nonlinear regression model used.  The actual cumulative GDD 

which each site reached concluded emergence within this experiment was 1447, 1463, and 1654 

for the GTI, Simcoe and Woodstock sites, respectively, and corresponding to September 4
th

 for 

the GTI and Woodstock and August 30
th

 for Simcoe.   

The average total emergence for the GTI, Simcoe and Woodstock sites was 535, 501, and 

523 (rounded to the nearest whole number), respectively.  This represents approximately 50-54% 

emergence of seeded small crabgrass across sites.  Viability was determined to be approximately 

91% when seed was distributed in field plots and 90% after 9 months of storage (approximately 

when seed began germinating).  Therefore, the effective emergence level was 56-59% of viable 

seed.   

Differences in emergence rates between sites may have resulted from a combination of 

site differences, including temperature, precipitation, soil composition and turf quality and 

density.  Temperatures at the Guelph (GTI) site were higher than the 30-year norm for all months 

of the year (September, 2010 to August, 2011 inclusive), while they were lower for all months at 

the Simcoe site and higher for all months except December, January and March at the 

Woodstock site (Appendix 8.5.6).  Temperatures most closely approximated historical data at the 

Woodstock site.  All sites experienced a high level of precipitation in early spring 
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(approximately March to May, 2011, inclusive) which was followed by a summer drought at the 

Guelph and Simcoe sites (Appendix 8.5.7).  As soil samples were collected in May, soil moisture 

percentage at the Simcoe site reflected heavy spring rainfall and a lower laying area.  Field plots 

at the Guelph and Woodstock sites had better drainage and were never saturated.  There were 

large differences in soil fertility across sites for all factors tested including ammonium nitrogen, 

nitrate, and extractable phosphorus (P), magnesium (Mg) and potassium (K) (Appendix 8.5.8).  

These factors may have contributed to differences seen in emergence rates of large and small 

crabgrass among sites.  Soil texture was similar across sites with a loam soil at Guelph and 

Woodstock and a very fine sandy loam at Simcoe (Appendix 8.5.9).  While bulk density was 

similar among sites (ranging from 1.42 to 1.47 g m
-3

), results suggest that the Simcoe and 

Woodstock sites were somewhat more compact than the Guelph site (Appendix 8.5.9).  Turf 

ratings were similar across sites (Tables 5.7, 5.8, and 5.9).  Fertilized subplots typically showed 

higher density and quality values than unfertilized plots, with plots fertilized in the spring 

generally showing higher quality values influenced by a darker green colour.  These trends are 

particularly evident from the June rating.  Most plots with a lower quality rating improved their 

score by the August evaluation.   Plots fertilized with the recommended rate (either fall or 

spring) or unfertilized were typically awarded a score of 6 or 7 for density and 5 to 7 for quality, 

and never exceeded the scores of plots treated with the 8x fertilizer rate which were all awarded 

a score of 8 or 9.  Subplots treated with the 8x fertilizer rate in the spring were identifiably 

denser and greener than subplots fertilized in the fall; however, all plots received the same high 

quality and density rating during the July and August evaluations and fertilizer was not a 

significant factor affecting emergence rate suggesting that even if it did affect turf density and 

quality, these factors were not impacting initial emergence of either large or small crabgrass.   
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Table 5.7. Turfgrass ratings of density and quality for large and small crabgrass treatments at the Woodstock field sitez 

  Date 

  6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

  NF/YR NS/NR N0/NR NS/YR NF/NR N0/YR 

T
u

rf
 R

at
in

g
 

Density 6 5 7 7 6 7 6 5 6 7 7 7 7 7 7 6 6 6 

Quality 6 4 7 7 4 7 5 4 6 7 7 7 6 6 7 5 5 6 

 N0/YR NS/YR NF/NR NS/NR N0/NR NF/YR 

Density 6 5 6 7 6 7 7 7 7 7 7 7 6 6 6 7 7 7 

Quality 6 4 6 7 4 6 7 6 6 7 6 7 6 6 6 7 7 7 

 N0/NR NF/NR N0/YR NF/YR NS/YR NS/NR 

Density 6 6 6 7 7 7 6 6 7 7 7 7 7 7 7 7 7 7 

Quality 6 5 7 7 6 6 5 6 6 6 6 7 6 7 7 7 6 7 

 NF 8X NS 8X NF 8X NS 8X NF 8X NS 8X 

Density 8 8 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 

Quality 8 8 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 
zRefer to Table 5.1 for a description of treatments 

 

 

 
Table 5.8. Turfgrass ratings of density and quality for large and small crabgrass treatments at the Simcoe field sitez 

  Date 

  6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

  NF/YR NS/NR N0/NR NS/YR NF/NR N0/YR 

T
u

rf
 R

at
in

g
 

Density 7 7 7 7 7 7 6 6 6 7 7 7 7 7 7 6 6 6 

Quality 6 7 7 7 7 7 6 6 6 7 6 7 6 6 7 5 6 6 

 N0/YR NS/YR NF/NR NS/NR N0/NR NF/YR 

Density 6 6 6 7 7 7 7 7 7 7 7 7 6 6 6 7 7 7 

Quality 5 5 6 7 7 7 6 6 7 7 7 7 6 6 7 6 7 7 

 N0/NR NF/NR N0/YR NF/YR NS/YR NS/NR 

Density 6 6 6 7 7 7 6 6 6 7 7 7 7 7 7 7 7 7 

Quality 5 6 6 6 6 7 5 5 6 6 7 7 7 7 7 7 6 7 

 NF 8X NS 8X NF 8X NS 8X NF 8X NS 8X 

Density 8 9 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 

Quality 8 9 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 
zRefer to Table 5.1 for a description of treatments 

 

 
Table 5.9. Turfgrass ratings of density and quality for large and small crabgrass treatments at the Guelph field sitez 

  Date 

  6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

6/ 

20 

7/ 

25 

8/ 

22 

  NF/YR NS/NR N0/NR NS/YR NF/NR N0/YR 

T
u

rf
 R

at
in

g
 

Density 6 7 7 7 7 7 6 6 7 7 7 7 7 7 7 6 6 6 

Quality 6 7 7 7 7 7 5 6 6 7 7 7 6 6 7 6 6 6 

 N0/YR NS/YR NF/NR NS/NR N0/NR NF/YR 

Density 6 6 6 7 7 7 6 7 7 7 7 7 6 6 6 7 7 7 

Quality 6 6 6 7 7 7 6 7 7 7 6 7 6 6 6 7 7 7 

 N0/NR NF/NR N0/YR NF/YR NS/YR NS/NR 

Density 6 6 6 7 7 7 6 6 6 7 7 7 7 7 7 7 7 7 

Quality 6 6 7 6 6 7 6 6 6 6 7 7 7 7 7 7 7 7 

 NF 8X NS 8X NF 8X NS 8X NF 8X NS 8X 

Density 8 9 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 

Quality 8 9 9 9 9 9 8 9 9 9 9 9 8 9 9 9 9 9 
zRefer to Table 5.1 for a description of treatments 
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While we selected sites that were apparently similar, we expected that differences due to 

environmental conditions among sites may have created significant site effects.  We originally 

hypothesized that fertilization and soil disturbance would stimulate large and small crabgrass 

emergence.  However, these treatments had no significant effect on emergence of these species.  

Since the seed microclimate has a large influence on crabgrass emergence (King and Oliver, 

1994; Masin et al., 2005), we expected that its modification via raking would affect emergence.  

In particular, we believed that through raking we might move seed to have greater soil contact 

and be shallowly buried.  Previous research has shown that crabgrass preferentially recruits 

within shallow surface burial (Benvenuti et al., 2001; Feng et al., 2004; Peters and Dunn, 1971) 

and that seed cover on the soil surface increases the emergence of large and small crabgrass 

(Peters and Dunn, 1971).  The tendency towards shallow seedling emergence is typical among 

many common weed species (Du Croix Sissons et al., 2000; Forcella et al., 2000) with the 

reduced movement of seeds in the soil profile of turfgrass resulting in the accumulation of weed 

seeds primarily within the first 4 cm beneath the thatch and roots (Masin et al., 2006; Baker, 

1989).  However, this treatment may not have caused significant differences if raking actually 

did not achieve greater seed to soil contact, or if it did not significantly increase the seed to soil 

contact compared to that achieved by seed settling naturally into the soil after seed is shed 

overwinter.   

The proportion of emergence for large (41-46%) and small (56-59%) crabgrass, may be 

considered relatively high for annual weed species (Forcella et al., 1992; Zhang et al., 1998).  

However, crabgrass has previously been reported to recruit in relatively high proportions.  For 

example, large crabgrass recruited up to 41% of its total seedbank from a study of arable fields in 
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Ohio (Webster et al., 2003).  This is similar to the emergence proportion seen in our study for 

large crabgrass and, for annual grasses within field crops this falls in between wide estimates in 

the literature.  For example, Forcella et al. (1992) reported emergence of 9% of the total 

seedbank, while Cardina and Sparrow (1996) reported approximately 80-90%.  However, there is 

insufficient documentation regarding the proportion of large and small crabgrass emergence 

relative to seed banks or seed rain within turfgrass.  As previously discussed, relevant literature 

within turf tends to focus on the percent crabgrass cover rather than the total number of seedlings 

recruited; and studies which do consider crabgrass emergence within turf, do not provide 

relevant links to its proportion (i.e. seedbank analysis or total seed rain).  Within our study, the 

high proportion of crabgrass emergence for both species may have allowed little room for further 

recruitment due to improvements in microsite conditions.  To homeowners, the proportion of 

recruitment in residential lawns would appear much lower as competition would limit the 

survival of seedlings.  A portion of the remaining seed which did not recruit may enter a period 

of secondary dormancy (Masin et al., 2006).  Although longevity decreases over time due to 

germination, seed mortality or removal by sources such as predation (Crawley and Ross, 1990), 

crabgrass can subsequently recruit beyond the first season(s) with the onset of favourable 

conditions (Burnside et al,. 1981; Egley and Chandler, 1978; Masin et al., 2006; Peters and 

Dunn, 1971).  There is even one report of crabgrass persisting in small amounts for 10 years 

(Burnside et al., 1981).  The longevity of crabgrass within turf is important to consider when 

managing residential stands because the potential for infestation exists as long as there remains a 

viable seedbank.  Ultimately, the more seed that is preserved in the soil, the greater the 

probability that appropriate microsites will lead to recruitment (Boyd and Van Acker, 2004).  

The lack of fertilizer treatment effects on emergence matches the results in chapters 3 and 4.  
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While fertilizer or disturbance treatments did not increase the emergence of crabgrass, it is worth 

noting that these treatments did not reduce emergence.   

Previous studies which have focussed on turf health have reported a reduction in 

crabgrass incidence with fertilizer treatment within Kentucky bluegrass (Dunn et al., 1981 as 

cited in Busey, 2003; Johnson, 1981; Johnson and Bowyer, 1982; Murray et al., 1983), tall 

fescue (Dernoeden et al., 1993; Voigt et al., 2001), and red fescue (Jagschitz and Ebdon, 1985).  

However, these studies often had inconsistent results between years and were dependent upon 

conditions such as mowing height.  For example, Dernoeden et al. (1993) found that when no 

herbicides were used, small crabgrass infestations were significantly reduced from 

approximately 55% to 30% cover with urea-N fertilization of 196 kg N ha
-1

 compared to 98 kg N 

ha
-1

 within tall fescue (Festuca arundinacea Schreb. cv. Rebel II) turf mowed to 3.2 cm within 

only one of three years tested.  Percent cover was evaluated only at the end of the season and 

small crabgrass was not significantly reduced within fertilized plots mowed to 5.5 or 8.8 cm.  

Within the Dernoden et al. (1993) study, fertilizer treatments were applied in increments of two 

and four to total the final low and high rate treatments, respectively.  Voight et al. (2001) 

determined that compared to no fertilization, crabgrass (species not specified) cover (evaluated at 

the end of the season) within tall fescue (Festuca arundinacea Schreb. cv. blend Apache, 

Bonanza, and Olympic) was significantly reduced from the control cover of 23% by 98, 195, and 

293 kg N ha
-1

 in one of two years of study, however, percent cover of each fertilization rate was 

not significantly different.  Fertilizer treatments were administered in two, five and seven 

increments throughout the season for the rates of 98, 195, and 293, kg N ha
-1

 respectively.  The 

mowing height was not specified, although other results in that study suggest that it may have 

been 2.5 cm.  Johnson (1981) determined that fertilization with 146 and 292 kg N ha
-1

 applied as 
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ammonium nitrate and 146 and 292 kg ha
-1

 applied as IBDU significantly reduced large 

crabgrass percent cover in two of three years studied when compared to no fertilization, with the 

highest rates having the greatest effect.  Ammonium nitrate treatments were applied in March 

and August, while IBDU treatments were only applied in March.  There were no significant 

differences between fertilizer types.  Turf was mowed every five to seven days, although height 

is not specified.  Jagschitz and Ebdon (1985) determined that small crabgrass percent cover was 

lowest with the highest fertilizer rate tested, 98 kg N ha
-1

 as NPK fertilizer, within red fescue 

(Festuca rubra cv. Jamestown turf) mowed to 3.2 cm, while there was no difference when 

mowed to 5.6 cm.  Fertilizer treatments were applied in four increments in the fall and 

occasionally three in the fall and one in April when the final treatment could not be made.  If 

mowing height had an effect then our high mowing height, which was representative of the 

average residential lawn, may have favoured no effect on crabgrass stands.  However, in a study 

by Murray et al. (1983) using Kentucky bluegrass (Poa pratensis L. cv. blend Merion and S.D. 

Common) turf mowed to 5.7 cm (which is close to the 6.5 cm mowing height in our study) it was 

found that small crabgrass percent cover (evaluated at the end of the season) was reduced with 

increasing fertilizer rate, decreasing by 38 and 76% with the 200 and 300 kg N ha
-1

 rate 

compared to the 100 kg N ha
-1

 rate.  This suggests that under some circumstances, crabgrass 

cover may still respond to fertilizer treatment under higher mowing regimes.   

What is most pertinent to differentiate between these studies and ours is that they 

evaluated percent crabgrass cover at the end of the season, while we have reported weekly 

emergence.  Consequently, their conclusions are actually commenting on the competition from 

turfgrass via fertilization on crabgrass incidence, rather than direct effects on the emergence of 

crabgrass itself.  Light exclusion has been shown to reduce large crabgrass germination 
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(Gianfagna and Pridham, 1951; Toole and Toole, 1941), while small crabgrass has shown 

variable results (Taylorson and Brown, 1977; Toole and Toole, 1941).  Consequently, we may 

expect that if crabgrass recruitment could not be increased by fertilization, that it may be 

decreased as a consequence of greater light limitation within fertilized turf.  Since this was not 

the case, however, turf height may also play a role in dampening this effect.   

The 1x and 8x fertilizer treatments used, corresponding to approximately 50 and 397 kg 

N ha
-1

 are on the low and high scales of those used in previous studies.  While the 8x treatment is 

not practical for actual residential use, this rate was decided upon to correspond with our highest 

rate in the controlled chamber model turfgrass experiment prior to our knowing anything about 

its emergence response.  It was our intention that while the majority of our study would simulate 

practical conditions of the average residential lawn, if no significant effects were seen there, they 

may have been seen within the 8x treatment.  As emergence was possible in both fertilized and 

unfertilized turf and was statistically the same across field treatments at each site, we might 

conclude that crabgrass has the same potential to successfully establish itself in turf in either 

setting.  This may be particularly true if turf were to come under stress.   
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CHAPTER 6.  GENERAL DISCUSSION 

 

This project has achieved a representative depiction of the emergence timing of large and 

small crabgrass in residential turfgrass of southern Ontario both through the observation of 

natural populations in situ as well as within field experiments via artificial seed rain.  Emergence 

timing within both settings were similar for both species.  While seed within natural populations 

of small crabgrass tended to recruit somewhat earlier than that within our field experiment, 

natural populations of large crabgrass recruited slightly earlier in natural vs. experiment 

populations but finished slightly later.  Of the two species, large crabgrass recruited most 

similarly between the two settings achieving 25, 50, and 75% emergence by 515, 725, and 1008 

cumulative GDD in natural populations and 549, 732, and 953 GDD within the field experiment.  

Small crabgrass reached the 25, 50, and 75% emergence levels by 346, 492, and 696 GDD (not 

including the SS2 site) within natural populations and 340, 471, and 653 GDD within the field 

experiments.  The similarity of these emergence patterns reflects the strong effect microsite 

plays, particularly temperature, on crabgrass recruitment.  Within both natural and experiment 

populations, the germination and emergence of small crabgrass started earlier than for large 

crabgrass.  This difference highlights the necessity of distinguishing between weed species that 

you want to manage.  It is surprising the amount of available literature which fails to do so.  

Emergence timing for small crabgrass was later when compared to results of studies conducted 

in Ohio (Cardina et al., 2011) and Maryland (Fidanza et al., 1996), however, large crabgrass 

emergence was similar compared to that previously reported within turfgrass of Ohio (Cardina et 

al., 2011).    Emergence timing of small crabgrass between regions may be different as an 

artefact of biotype.  Weed seeds of the same species may differ in their response to temperature 

(Forcella et al. 2000) as well as water stress (Masin et al., 2005) through locally derived 
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adaptation (Steinmaus et al., 2000).  Peters and Dunn (1971) found that large and small crabgrass 

seed grown within a common garden from Maryland flowered 21 and 11 days later than seed 

from Connecticut, respectively.  However, there has not been adequate documentation across 

different regions of large and small crabgrass emergence timing within turfgrass which is 

comparable by GDD.  If accounts were available from more southerly regions, a greater 

difference in emergence timing for both species within southern Ontario may be evident.  This 

suggests that it was worthwhile to characterize crabgrass recruitment in the southern Ontario 

region to serve management considerations within this region.  By knowing the emergence 

timing of each species, homeowners can better prepare a healthy and well established lawn to 

outcompete crabgrass prior to its emergence.  Furthermore, specific knowledge of the emergence 

timing of each species can aid in the application of available and developing bioherbicides.  For 

example, the application of corn gluten meal is most effective when applied just at the time 

crabgrass emerges (McDade and Christians, 2001). 

While this project confirmed the effect of KNO3 reported in other studies on freshly 

harvested seed of large (Gallart et al., 2008) and small crabgrass (Toole and Toole, 1941), in our 

study we determined that the same treatment effects are not evident when using aged seed.  This 

is presumably due to the difference in dormancy status, where fresh seed is initially dormant and 

undergoes an after-ripening process which may be accelerated to achieve earlier germination, 

while aged seed is non-dormant and its rapid germination overcomes any potential treatment 

effects.  The same trend was seen in the indoor experiments we conducted using turf cores.  This 

experiment was a new approach and our intent was to bridge the gap between controlled 

experiments with KNO3 in petri dishes and outdoor field trials.  In general, results showed that 

when using fresh seed, fertilization under conditions suitable for crabgrass increased emergence 
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for both species and accelerated the rate of emergence but there was no effect when aged seed 

was used.  This has practical relevance of course because homeowners in southern Ontario are 

dealing with aged seed (seed recruiting in the spring) and with aged seed there is no effect which 

we were able to confirm that with outdoor field experiments.  Here, we saw the emergence of 

aged, or non-dormant, seed in the spring once microclimate conditions permitted.  Consequently, 

the seed status under which we see treatment effects of KNO3 and simulated fertilization do not 

coincide with suitable environmental conditions for emergence in the real world.  It may be 

possible that these effects could be seen in tropical or sub-tropical regions which experience 

suitable environmental conditions for emergence year-round and could be an avenue for future 

investigation.  In this case, emergence would only be dependent upon the time to after-ripening, 

which may be hastened by such fertilization treatments.  However, as fertilization was 

deliberately administered for optimal seed contact, potential treatment effects in the field may 

not be as evident. 

 If the observational emergence study were to be repeated, a greater survey of areas 

throughout southern Ontario may be useful in order to assess the relevance of our findings.  

Emergence could also be determined as a function of seed burial depth within natural crabgrass 

populations.  No experiments to-date have utilized natural weed seed banks to determine 

recruitment depth of crabgrass in situ.  While our study focussed on early stages of crabgrass’ 

recruitment, future work could follow crabgrass through its life cycle from initial recruitment, to 

the first leaf stages, to tillering and finally flowering and seed shed by tagging seedlings in their 

early stages.  We suspect that this strategy would not capture the full infestation potential of 

crabgrass throughout the season, as was our intention, but rather complement our study by 

incorporating competition from turf as a factor.  
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If the field experiments using large and small crabgrass were to be repeated, they could 

be conducted at a lower mowing height and incorporate a greater range of fertilization rates (i.e. 

2x and 4x the recommended rate).  A lower mowing height may allow fertilization effects, if 

any, to be captured and additional fertilizer treatments greater than the 1x rate may reveal effects 

on emergence while being within a more reasonable management range (compared to the 8x 

treatment).  Future studies could also administer fertilizer treatments on bare soil with crabgrass 

alone.  While this would never happen in a practical residential turfgrass setting, it may help to 

satisfy the questions surrounding fertilizer`s direct effect on crabgrass recruitment.  Like the 

observational emergence study, this experiment could also include following the life cycle of 

crabgrass throughout the season to capture the effects of competition.  However, recruitment is 

the basis for weed issues and it was the right place to start. 

Our results showed that crabgrass was able to recruit equally as well across fertilization 

and disturbance treatments.  This suggests that residential turfgrass of southern Ontario can 

retain a high crabgrass infestation potential within their early stages of development despite 

evident differences in turfgrass quality ratings.  While effects from field treatments themselves 

were not relevant to the management of large and small crabgrass, this conclusion emphasizes 

the importance of maintaining a healthy turf stand throughout the season in order to effectively 

compete with recruited crabgrass and to limit their growth and subsequent seeding potential. 

Studies on the effects of cultural management techniques on the recruitment of crabgrass 

remain limited and when these types of studies are conducted they tend to focus more on the 

condition of turfgrass rather than the direct effects of treatments on crabgrass itself.  With 

recently implemented bans on cosmetic herbicide use there should be a shift in research focus 



116 

 

pertaining to crabgrass recruitment systems within turf.  This type of research could be used to 

guide recommendations for the best management practices to deter crabgrass infestations. 
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8.0 APPENDIX 

Appendix 8.2.0 

 
Appendix 8.2.1. Locations of observational emergence sites for large and small crabgrassz 

 Large crabgrass sites 

 

LG1 LG2 LB1 LB2 LS1 LS2 

Latitude 43.5459 43.515656 43.319587 43.319043 42.858 42.854229,- 

Longitude -80.281045 -80.22577 -79.829007 -79.826016 -80.26691 -80.267862 

 Small crabgrass sites 

 SG1 SG2 SB1 SB2 SS1 SS2 

Latitude 43.544626 43.539699 43.319586 43.322138 42.857947 42.854547 

Longitude -80.279859 -80.258448 -79.829089 -79.826574 -80.266086 -80.267599 
zGPS coordinates adapted from Google Maps® 

 

 

Appendix 8.2.2 Results of ANOVA Type-III for the percent emergence of small crabgrass across six site-years in southern 

Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 125             519385.2531 4155.0820     325.16     <.0001 

Error 216       2760.1961          12.7787   

Corrected total 341      522145.4492    

Site 5 5948.687635      1189.737527        4.65     0.0057 

Subplot 2 272.513979       136.256989        0.76     0.4925 

Week 18 503332 27963 312.98     <.0001 

Plot by week 90 8040.860524        89.342895        6.99    <.0001 

Subplot (week) 10 1790.744315 179.074432 14.01 <.0001 

 

 

                                                                    

Table 8.2.3. Results of ANOVA Type-III for the percent emergence of small crabgrass across five site-years (SB1, SB2, SG1, 

SG2 and SS1) in southern Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 104 429698.9080        4131.7203      283.92     <.0001 

Error 180 2619.4239 14.5524   

Corrected total 284 432318.3319    

Site 4 3374.380264       843.595066 3.13     0.0514 

Subplot 2 346.177847       173.088923        0.83     0.4689 

Week 18 418801 23267 303.65 <.0001 

Plot by week 72 5516.867722        76.623163        5.27 <.0001 

Subplot (week) 8 1660.805204 207.600651 14.27 <.0001 

 

 

Table 8.2.4. Summary statistics of the NLIN model fitted for the observational emergence of small crabgrass across six site-years 

in southern Ontarioz. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 7 171752 24536.1 3778.57 <.0001 

Error 106 688.3 6.494   

Corrected total 113 172441    
zSB1, SB2, SG1, SG2 and SS1 sites pooled.  SS2 separate. 
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Table 8.2.5. Results of ANOVA Type-III for the percent emergence of large crabgrass across six site-years in southern Ontario. 

R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 107 390190.4984        3646.6402      362.71     <.0001 

Error 180 1809.7034 10.0539   

Corrected total 287 392000.2017    

Plot 5 2343.155815 468.631163 7.03 <.0001 

Subplot 2 49.021964 24.510982 0.89 0.4424 

Week 15 383844 25590 521.91 <.0001 

Plot by week 75 3677.278116        49.030375        4.88 <.0001 

Subplot (week) 10 276.688069        27.668807        2.75           0.0035 

 

 

Table 8.2.6. Summary statistics of the NLIN model fitted for the observational emergence of large crabgrass across six site-years 

in southern Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 3 21258.6 7086.2 1286.59 <.0001 

Error 12 66.093 5.508   

Corrected total 15 21324.7    

 

 

Table 8.2.7. Monthly mean air temperature ( C) and the 30 year norm for Guelph, Simcoe and Burlington, Ontariot 

 Guelph Simcoe Burlington 

 

Month 

2010 to 

2011u 
30-yr 

normv 
2010 to 

2011w 
30-yr 

normx 
2010 to 

2011y 
30-yr 

normz 

 ------------------------------------------------C------------------------------------------------ 

Sept 22.1 14.3 18.9 22.5 17.3 17.6 

Oct 13.0 8.0 11.7 15.6 10.7 11.0 

Nov 6.7 1.5 7.2 7.6 4.9 4.7 

Dec 0.3 -3.6 -2.7 1.5 -2.8 -1.2 

Jan -3.0 -7.4 -7.0 -0.4 -5.9 -3.7 

Feb -0.2 -5.9 -3.6 2.7 -3.8  -0.9 

Mar 4.6 -1.2 0.4 6.6 0.2  2.8 

Apr 12.9 5.1 9.7 13.2 7.1 7.5 

May 19.0 11.9 17.5 22 14.1 14.8 

June 21.4 17.9 16.7 25.4 19.8 18.8 

July 29.2 19.6 22.4 27.4 25.7 21.4 

Aug 25.7 18.9 19.3 25.3 22.5 20.2 
tTemperatures warmer and cooler than the 30-yr norm 
uGuelph 2010-2011 taken from the GTI: +43.6, -80.2 (Altitude: 325 m)  
vGuelph 30-yr norm taken from Fergus (TWN): +43.7, -80.4 (Altitude: 396 m) 
wSimcoe 2010-2011 taken from the Simcoe research station: +42.86,-80.27 
xSimcoe 30-yr norm taken from Delhi (TWN): +42.9, -80.6° (Altitude: 232 m) 
yBurlington 2010-2011 taken from Burlington (TWN): +43.3, -79.8 (Altitude: 77 m) 
zBurlington 30-yr norm taken from Burlington (TWN): +43.3, -79.9 (Altitude: 102 m) 
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Appendix 8.2.8. Total monthly precipitation (mm) and the 30 year norm for Guelph, Simcoe and Burlington, Ontariost 

 Guelph Simcoe Burlington 

 

Month 

2010 to 

2011u 
30-yr 

normv 
2010 to 

2011w 
30-yr 

normx 
2010 to 

2011y 
30-yr 

normz 

 ------------------------------------------------mm------------------------------------------------ 

Sept 61 86 133 98 N/A 82 

Oct 68 68 89 78 N/A 72 

Nov 42 71 80 91 N/A 79 

Dec 16 33 111 89 N/A 77 

Jan 10 24 32 74 11 66 

Feb 19 20 28 60 22 55 

Mar 87 42 115 78 49 75 

Apr 95 67 143 82 67 78 

May 134 78 140 83 126 76 

June 52 90 61 87 53 84 

July 10 85 32 82 12 86 

Aug 9 85 88 85 39 81 
sPrecipitation during November to March is frequently snow in southern Ontario.  The Weather Network (TWN) converts 

snowfall values to approximate rainfall equivalent values 
tTemperatures warmer and cooler than the 30-yr norm 
uGuelph 2010-2011 taken from the GTI: +43.6, -80.2 (Altitude: 325 m)  
vGuelph 30-yr norm taken from Guelph (private weather station): +43.5, -80.3 (Altitude 329 m) 
wSimcoe 2010-2011 taken from the Simcoe research station: +42.86,-80.27  
xSimcoe 30-yr norm taken from London Airport (TWN): +43.0, -81.2 (Altitude: 278 m) 
yBurlington 2010-2011 taken from Burlington (TWN): +43.3,-79.8 (Altitude: 77 m). Not Available (N/A) 
zBurlington 30-yr norm taken from Hamilton (TWN): +43.2, -79.9 (Altitude 238 m) 

 

 

Appendix 8.2.9. Soil fertility of large crabgrass observational emergence sitesy 

 Site 

 LG1 LG2 LB1 LB2 LS1 LS2 

Soil moisture (%) 20.47 20.36 16.46 11.36 9.41 13.11 

Ammonium-N (mg kg-1 dry) 14.1 25.8 3.79 4.13 3.92 2.97 

Nitrate-N (mg kg-1 dry) 6.64 10 3.75 2.47 5.09 4.61 

Extractable P (mg L-1 dry) 57 27 47 22 50 32 

Extractable Mg (mg L-1 dry) 220 320 110 60 67 86 

Extractable K (mg L-1 dry) 150 140 93 57 79 170 

Organic Matter (% dry)z 5.2 4 2.6 1.3 2.2 2.5 

pH 7.6 7.7 7.5 7.8 7.6 5.9 

Buffer pH N/A N/A N/A N/A N/A 6.7 
ySamples collected May 9, 2011 
zOrganic matter determined by the Walkley-Black method 
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Appendix 8.2.10. Soil fertility of small crabgrass observational emergence sitesy 

 Site 

 SG1 SG2 SB1 SB2 SS1 SS2 

Soil moisture (%) 19.09 22.89 16.46 22.25 17.19 24.94 

Ammonium-N (mg kg-1 dry) 5.37 5.13 3.79 4.99 2.01 3.91 

Nitrate-N (mg kg-1 dry) 9.34 6.65 3.75 4.44 5.07 4.21 

Extractable P (mg L-1 dry) 27 42 47 56 23 11 

Extractable Mg (mg L-1 dry) 170 310 110 66 93 82 

Extractable K (mg L-1 dry) 210 190 93 76 110 77 

Organic Matter (% dry)z 4 4.9 2.6 3.5 3 4.6 

pH 7.7 7.5 7.5 7.5 6 6.3 

Buffer pH N/A N/A N/A N/A 6.7 N/A 
ySamples collected May 9, 2011 
zOrganic matter determined by the Walkley-Black method 

 

 

Appendix 8.2.11. Soil particle size distribution of large crabgrass observational emergence sitesz 

 Site 

-------%------- LG1 LG2 LB1 LB2 LS1 LS2 

Gravel 3.9 2.3 1.8 0.2 2.6 0.1 

Sand 55.8 47.4 66.8 75.2 79.8 71.9 

Very Fine Sand 17.7 20 17.9 16.9 16.5 21.7 

Fine Sand 19.4 15.8 38.7 40.3 39.1 32.1 

Medium Sand 11.7 5.6 8.1 15.8 20.8 16.1 

Coarse Sand 5 3.4 1.7 2.5 2.6 1.3 

Very Coarse Sand 2.5 2 0.7 0.3 0.4 0.1 

Silt 33.4 40 20.1 15 13.2 20.4 

Clay 10.8 12.6 13.1 9.8 7 7.7 

Bulk Density (g m-3) 1.46 1.41 1.50 1.48 1.55 1.47 

Texture 

Fine sandy 

loam Loam 

Fine sandy 

loam 

Fine sandy 

loam 

Loamy fine 

sand 

Fine sandy 

loam 
zSamples collected May 9, 2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



131 

 

Appendix 8.2.12. Soil particle size distribution of small crabgrass observational emergence sitesz 

 Site 

-------%------- SG1 SG2 SB1 SB2 SS1 SS2 

Gravel 4.2 3.8 1.8 0.4 0.2 0.3 

Sand 53.4 53.6 66.8 75.8 75.6 75.5 

Very Fine Sand 19.3 19.7 17.9 13.8 13.6 18.2 

Fine Sand 18.4 16 38.7 50 35.4 38.1 

Medium Sand 8.5 10.4 8.1 10.5 25.3 18.1 

Coarse Sand 4.4 5.7 1.7 1.5 1.5 1.3 

Very Coarse Sand 2.2 2.3 0.7 0.4 0.3 0.4 

Silt 36.2 34.8 20.1 14.4 17.7 17.3 

Clay 10.4 11.6 13.1 9.9 6.7 7.2 

Bulk Density (g/m-3) 1.44 1.42 1.50 1.48 1.52 1.43 

Texture 

Fine sandy 

loam 

Fine sandy 

loam 

Fine sandy 

loam 

Find sandy 

loam 

Fine sandy 

loam 

Fine sandy 

loam 
zSamples collected May 9, 2011 

 

 

Appendix 8.3.0 
 

Appendix 8.3.1. Results of ANOVA Type-III for the response of fresh small crabgrass seed to treatment with KNO3 or a H2O 

control. R2 = 0.90. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 84 33462.044 398.358 131.56  0.0001 

Error 1289 3903.053 3.028   

Corrected total 1373 37365.098    

Experiment 1 17.704 17.704 0.48 0.5274 

Block 4 37.720 9.430 0.12 0.9723 

Date 70 26648 380.682 125.72  0.0001 

Treatment 1 6225.405 6225.405 136.09 0.0003 

Treatment by Block 4 184.640 46.160 12.35  0.0001 

Block(Experiment) 4 149.554 37.388 12.35  0.0001 

 

 

Appendix 8.3.2. Summary statistics of the NLIN model fitted for the germination of fresh small crabgrass seed when treated with 

KNO3 or a H2O control. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 5 1458.2 291.6 3574.42  0.0001 

Error 54 4.4058 0.0816   

Corrected total 59 1462.6    
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Appendix 8.3.3. Results of ANOVA Type-III for the response of fresh large crabgrass seed to treatment with KNO3 or a H2O 

control. R2 = 0.93. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 84 48737.435 580.208 201.35  0.0001 

Error 1310 3774.820 2.882   

Corrected total 1394 52512.255    

Experiment 1 306.593 306.593 1.55 0.2807 

Block 4 425.457 106.364 0.37 0.8249 

Date 70 40248 574.966 199.53  0.0001 

Treatment 1 7481.896 7481.896 79.23 0.0009 

Treatment by Block 4 378.361 94.590 32.83  0.0001 

Block(Experiment) 4 790.961 197.740 68.62  0.0001 

 

 

Appendix 8.3.4. Summary statistics of the NLIN model fitted for the germination of fresh large crabgrass seed when treated with 

KNO3 or a H2O control. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 5 1608.7 321.7 1714.92  0.0001 

Error 54 10.1314 0.1876   

Corrected total 59 1618.9    

 

Appendix 8.3.5. Results of ANOVA Type-III for the response of aged small crabgrass seed to treatment with KNO3 or a H2O 

control. R2 = 0.98. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 39 944444.670 24216.530 987.34  0.0001 

Error 479 11748.421 24.527   

Corrected total 518 956193.091    

Experiment 1 18.313 18.313 0.11 0.7539 

Block 4 657.554 164.388 0.99 0.5023 

Date 25 942800 37712 1537.57  0.0001 

Treatment 1 14.756 14.756 0.53 0.5065 

Treatment by Block 4 111.107 27.777 1.13 0.3404 

Block(Experiment) 4 649.889 162.472 6.62  0.0001 

 

 

Appendix 8.3.6. Summary statistics of the NLIN model fitted for the germination of aged small crabgrass when treated with 

KNO3 or a H2O control. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 3 54916.7 18305.6 2685.18  0.0001 

Error 38 259.1 6.817   

Corrected total 41 55175.8    

 

 

Appendix 8.3.7. Results of ANOVA Type-III for the response of aged large crabgrass seed to treatment with KNO3 or a H2O 

control. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 39 781363.079 20034.951 1135.27  0.0001 

Error 480 8470.904 17.648   

Corrected total 519 789833.983    

Experiment 1 58.894 58.894 0.37 0.5738 

Block 4 728.473 182.118 0.86 0.5367 

Date 25 779557 31182 8.82  0.0001 

Treatment 1 102.617 102.617 1.44 0.2971 

Treatment by Block 4 286.027 71.507 4.05 0.0031 

Block(Experiment) 4 629.635 157.409 8.92  0.0001 
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Appendix 8.3.8. Summary statistics of the NLIN model fitted for the germination of aged large crabgrass when treated with 

KNO3 or a H2O control. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 3 47208.8 15736.3 11625.2  0.0001 

Error 42 56.853 1.354   

Corrected total 45 47265.7    

 

 

Appendix 8.4.0. 
 

Appendix 8.4.1. Turf core origins for fertilizer rate experiments with large and small crabgrass seed 

 Guelph Simcoe 

Latitude 43.549703 42.852585 

Longitude -80.211788 -80.267374 
zGPS coordinates adapted from Google Maps® 

 

 

Appendix 8.4.2. Results of ANOVA Type-III for the response of fresh seed of small crabgrass to five fertilizer rates (0x, 1x, 2x, 

4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.88. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 48 54344.377 1132.175 376.08  .0001 

Error 2558 7700.815 3.010   

Corrected total 2606 62045.192    

Experiment 1 39.813 39.813 0.62 0.4882 

Block 3 27.244 9.081 0.14 0.9287 

Turf 1 7.599 7.599 0.21 0.6740 

Fertilization 4 16603 4150.839 112.04 0.0002 

Date 32 37435 1169.849 388.59  .0001 

Turf by Fertilization 4 148.188 37.047 12.31  .0001 

Block (Experiment) 3 192.411 64.137 21.30  .0001 

 

 

Appendix 8.4.3. Summary statistics of the NLIN model fitted for the recruitment response of fresh seed of small crabgrass to 

five fertilizer rates (0x, 1x, 2x, 4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 14 2757.8 197.0 1416.40  .0001 

Error 125 17.384 0.1391   

Corrected total 139 2775.1    

      

 

Appendix 8.4.4. Results of ANOVA Type-III for the response of fresh seed of large crabgrass to five fertilizer rates (0x, 1x, 2x, 

4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.84. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 48 193048.817 4021.850 285.75  .0001 

Error 2558 36002.519 14.075   

Corrected total 2606 229051.336    

Experiment 1 1629.151 1629.151 0.44 0.5539 

Block 3 982.703 327.568 0.09 0.9617 

Turf 1 18685 18685 47.70 0.0022 

Fertilization 4 29343 7335.778 16.62 0.0093 

Date 32 137201 4287.535 304.63  .0001 

Turf by Fertilization 4 1758.876 439.719 304.63  .0001 

Block (Experiment) 3 1118 3706.123 263.32  .0001 
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Appendix 8.4.5. Summary statistics of the NLIN model fitted for the recruitment response of fresh seed of large crabgrass to five 

fertilizer rates (0x, 1x, 2x, 4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 29 20770.7 716.2 1989.91  .0001 

Error 280 100.8 0.3599   

Corrected total 309 20871.5    

 

 

Appendix 8.4.6. Results of ANOVA Type-III for the response of aged seed of small crabgrass to five fertilizer rates (0x, 1x, 2x, 

4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 24 1377178.392 57382.433 6320.31  .0001 

Error 695 6309.940 9.079   

Corrected total 719 1383488.332    

Experiment 1 26.835 26.835 9.69 0.0527 

Block 3 13.649 4.550 1.64 0.3466 

Turf 1 35.113 35.113 1.54 0.2822 

Fertilization 4 15.010 3.751 0.16 0.9457 

Date 8 1376988 172124 18958.3  .0001 

Turf by Fertilization 4 91.117 22.780 2.51 0.0408 

Block (Experiment) 3 8.304 2.768 0.30 0.8219 

 

 

Appendix 8.4.7. Summary statistics of the NLIN model fitted for the emergence response of aged seed of small crabgrass to five 

fertilizer rates (0x, 1x, 2x, 4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 3 44121.2 14707.1 28688.6  .0001 

Error 31 15.892 0.5126   

Corrected total 34 44137.1    

 

 

Appendix 8.4.8. Results of ANOVA Type-III for the response of aged seed of large crabgrass to five fertilizer rates (0x, 1x, 2x, 

4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 24 1417193.244 59049.719 3616.61  .0001 

Error 695 11347.506 16.327   

Corrected total 719 1428540.750    

Experiment 1 8.022 8.022 0.36 0.5911 

Block 3 103.628 34.543 1.55 0.3642 

Turf 1 8.889 8.889 0.15 0.7187 

Fertilization 4 34.569 8.642 0.15 0.9558 

Date 8 1416733 177092 10846.3  .0001 

Turf by Fertilization 3 237.819 59.455 3.64 0.0060 

Block (Experiment) 3 66.967 22.322 1.37 0.2517 

 

 

Appendix 8.4.9. Summary statistics of the NLIN model fitted for the emergence response of aged seed of large crabgrass to five 

fertilizer rates (0x, 1x, 2x, 4x, and 8x) under controlled growth conditions within turf cores taken from two sites. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 3 50170.4 16723.5 2579.9  .0001 

Error 31 20.427 0.6589   

Corrected total 34 50190.8    
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Appendix 8.5.0. 
 

Appendix 8.5.1. Locations of field experiment sites for large and small crabgrass 

 Guelph Simcoe Woodstock 

Latitude 43.549703 42.852585 43.14445 

Longitude -80.211788 -80.267374 -80.785091 
zGPS coordinates adapted from Google Maps® 

 

Appendix 8.5.2. Results of ANOVA Type-III for the percent emergence of large crabgrass after fertilization and disturbance 

treatments across three site-years in southern Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 113 1440181 12744.97 1661.13 <.0001 

Error 966 7411.613 7.672   

Corrected total 1079 1447593    

Site 2 4828.534 2414.267 11.76 0.0003 

Block 2 1.396902 0.698451 0.01 0.9881 

Week 14 1429526 102109 659.58 <.0001 

Site by week 28 4334.66 154.8093 20.18 <.0001 

Block by treatment (site) 42 776.3499 18.48452 2.41 <.0001 

Block (site) 4 232.2939 58.07349 3.14 0.0239 

Treatment 7 261.2149 37.31642 2.02 0.0752 

Site by treatment 14 220.8369 15.77406 0.85 0.6109 

 

 

 

Appendix 8.5.3. Summary statistics of the NLIN model fitted for the emergence of large crabgrass after fertilization and 

disturbance treatments at three site-years in southern Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 11 59794.9 5435.9 1192.17 <.0001 

Error 33 150.5 4.5597   

Corrected total 44 59945.4    

 

 

Appendix 8.5.4. Results of ANOVA Type-III for the percent emergence of small crabgrass after fertilization and disturbance 

treatments across three site-years in southern Ontario.  R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 118 1524306 12917.85 2315.61 <.0001 

Error 1081 6030.463 5.579   

Corrected total 1199 1530337    

Site 2 11022 5510.765 16.08 <.0001 

Block 2 11.94679 5.973396 0.77 0.5209 

Week 16 1506268 94142 276.5 <.0001 

Site by week 31 10555 340.4711 61.03 <.0001 

Block by treatment (site) 42 1007.159 23.97997 4.3 <.0001 

Block (site) 4 30.99227 7.748069 0.32 0.8608 

Treatment 7 79.30439 11.3292 0.47 0.8487 

Site by treatment 14 226.8959 16.20685 0.68 0.7838 

 

 

 

Appendix 8.5.5. Summary statistics of the NLIN model fitted for the the emergence of small crabgrass after fertilization and 

disturbance treatments across three site-years in southern Ontario. R2 = 0.99. 

Source Degrees of Freedom Sum of Squares Mean Square F Value Pr > F 

Model 11 63328.9 5757.2 1719.55 <.0001 

Error 38 127.2 3.348   

Corrected total 49 63456.2    
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Appendix 8.5.6. Monthly mean air temperature (  C) and the 30 year norm for Guelph, Simcoe and Woodstock, Ontariot 

 Guelph Simcoe Woodstock 

 

Month 

2010 to 

2011u 
30-yr 

normv 
2010 to 

2011w 
30-yr 

normx 
2010 to 

2011y 
30-yr 

normz 

 ------------------------------------------------C------------------------------------------------ 

Sept 22.1 14.3 18.9 22.5 15.8 15.3 

Oct 13.0 8.0 11.7 15.6 9.8 9.0 

Nov 6.7 1.5 7.2 7.6 3.6 3.1 

Dec 0.3 -3.6 -2.7 1.5 -4.6 -3.0 

Jan -3.0 -7.4 -7.0 -0.4 -7.5 -6.3 

Feb -0.2 -5.9 -3.6 2.7 -5.3 -5.5 

Mar 4.6 -1.2 0.4 6.6 -1.1 -0.3 

Apr 12.9 5.1 9.7 13.2 6.5 6.3 

May 19.0 11.9 17.5 22 14.3 13.0 

June 21.4 17.9 16.7 25.4 18.4  18.0 

July 29.2 19.6 22.4 27.4 23.5 20.5 

Aug 25.7 18.9 19.3 25.3 20.5  19.5 
tTemperatures warmer and cooler than the 30-yr norm 
uGuelph 2010-2011 taken from the GTI: +43.6, -80.2 (Altitude: 325.0 m)  
vGuelph 30-yr norm taken from Fergus (TWN): +43.7, -80.4 (Altitude: 396.2 m) 
wSimcoe 2010-2011 taken from Simcoe research station: +42.86,-80.27 
xSimcoe 30-yr norm taken from Delhi (TWN): +42.9, -80.6° (Altitude: 231.7 m) 
yWoodstock 2010-2011 taken from Zorra (private weather station): +43.2, -80.746 (Altitude: 315 m) 
zWoodstock 30-yr norm taken from the London Airport (TWN): +43.0, -81.2 (Altitude: 278 m) 

   

 

Appendix 8.5.7. Total monthly precipitation (mm) and the 30 year norm for Guelph, Simcoe and Woodstock, Ontariost 

 Guelph Simcoe Woodstock 

 

Month 

2010 to 

2011u 
30-yr 

normv 
2010 to 

2011w 
30-yr 

normx 
2010 to 

2011y 
30-yr 

normz 

 ------------------------------------------------mm------------------------------------------------ 

Sept 61 86 133 98 94 98 

Oct 68 68 89 78 82 78 

Nov 42 71 80 91 63 91 

Dec 16 33 111 89 13 89 

Jan 10 24 32 74 18 74 

Feb 19 20 28 60 23 60 

Mar 87 42 115 78 73 78 

Apr 95 67 143 82 92 82 

May 134 78 140 83 111 83 

June 52 90 61 87 71 87 

July 10 85 32 82 82 82 

Aug 9 85 88 85 70 85 
sPrecipitation during November to March is frequently snow in southern Ontario.  The Weather Network® (TWN) converts 

snowfall values to approximate rainfall equivalent values 
tTemperatures warmer and cooler than the 30-yr norm 
uGuelph 2010-2011 taken from the GTI: +43.6, -80.2 (Altitude: 325 m)  
vGuelph 30-yr norm taken from Guelph (private weather station): +43.5, -80.3 (Altitude 329 m) 
wSimcoe 2010-2011 taken from the Simcoe research station: +42.86,-80.27 
xSimcoe 30-yr norm taken from the London Airport (TWN): +43.0, -81.2 (Altitude: 278 m) 
yWoodstock 2010-2011 taken from Zorra (private weather station): +43.2, -80.746 (Altitude: 315 m) 
zWoodstock 30-yr norm taken from the London Airport (TWN): +43.0, -81.2 (Altitude: 278 m) 
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Appendix 8.5.8. Soil fertility of large and small crabgrass field emergence sitesy 

 Site 

Fertility Guelph Simcoe Woodstock 

Soil moisture (%) 24.1 36.38 25.06 
  

Ammonium-N (mg kg-1 dry) 4.28 9.1 5.68 
  

Nitrate-N (mg kg-1 dry) 4.88 5.92 11.3 
  

Extractable P (mg L-1 dry) 44 44 67 
  

Extractable Mg (mg L-1 dry) 400 180 160 
  

Extractable K (mg L-1 dry) 78 41 160 
  

Organic Matter (% dry)z 3.9 5.5 5 
  

pH 7.6 7.6 7.4 
  

ySamples collected May 9, 2011 
zOrganic matter determined by the Walkley-Black method 

 

 

 

Appendix 8.5.9. Soil particle size distribution of large and small crabgrass field emergence sitesz 

 Site 

-------%------- Guelph Simcoe Woodstock  

Gravel 0.9 0.6 2.8 
 

Sand 49.2 52.5 49.1 
 

Very Fine Sand 20.7 21 12.2 
 

Fine Sand 19.2 19.1 16.3 
 

Medium Sand 5.7 9.2 11.3 
 

Coarse Sand 2.4 2.3 6.4 
 

Very Coarse Sand 1 0.1 2.5 
 

Silt 37.2 40.4 37.2 
 

Clay 13.6 7.1 13.7 
 

Bulk Density (g m-3)  1.42 1.47 1.46  

Texture Loam Very fine sandy loam Loam 
 

zSamples collected May 9, 2011 

 

 

 

 


