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Variability of quackgrass (Agropyron repens ) biotypes in Québec 

François J. Tardif and Gilles D. Leroux 
Département de phytologie, Faculté des sciences de l'agriculture et de l'alimentation, 
Université Laval, Québec (Québec), Canada G1K 7P4 

(Received 1991-05-31 ; accepted 1991-11-12) 

Field experiments were conducted in 1985 and 1986 at Sainte-Foy, Québec, Canada, to characterize the growth 
variability of 10 quackgrass (Agropyron repens) biotypes collected in Québec. The growth variables and the pattern of 
biomass allocation differed significantly among biotypes. Three-fold différence existed among biotypes for the number 
of tillers and spikes. The number of daughter-shoots varied from 6 to 51. More than 1900 rhizome buds were formed by 
the most productive biotypes and fewer than 500 by the least productive ones. Biomass varied from 73 to 241 g dry weight 
between the least and the most productive biotype. The percentage of total biomass allocated to the mother-shoot and the 
daughter-shoots varied more between years and among biotypes than the percentage allocated to the rhizomes. 
Reproduction in quackgrass is predominantly végétative and sexual reproduction is more variable among biotypes and 
years. 

Tardif, F.J., and G.D. Leroux. 1991. Variability of quackgrass (Agropyron repens) biotypes in Québec. PHYTO
PROTECTION 72: 115-121. 

Une expérience a été menée au champ en 1985 et 1986 à Sainte-Foy (Québec), Canada, dans le but de caractériser la 
variabilité de la croissance de 10 biotypes de chiendent (Agropyron repens) originaires du Québec. Les variables de la 
croissance ainsi que le patron d'allocation de la biomasse ont varié significativement entre les biotypes. Les biotypes les 
plus productifs ont produit au moins trois fois plus de tiges et d'épis que les biotypes les moins productifs. Le nombre de 
plants-filles a varié entre 6 et 51. Les biotypes les plus productifs ont produit plus de 1900 bourgeons rhizomateux alors 
que les moins productifs en ont produit moins de 500. La biomasse sèche totale a varié entre 73 et 241 g entre les biotypes 
le moins et le plus productifs. Le pourcentage de la biomasse alloué aux parties aériennes a plus varié selon les années et 
les biotypes que le pourcentage alloué aux rhizomes. La reproduction végétative est plus variable que la reproduction 
sexuée chez le chiendent. 

Introduction 

Quackgrass (Agropyron repens [L.] 
Beauv.; syn.: Elytrigia repens [L.] Desv.) is 
a perennial rhizomatous species found in ail 
the major agricultural areas of the north and 
south temperate zones (Holm et al. 1977; 
Werner and Rioux 1977). In sexual repro
duction it is allogamous and autosterile 
(Palmer and Sagar 1963). Limited sexual 
reproduction allows recombination of char-
acters and thus provides the opportunity to 
respond to environmental changes and to 
invade new sites. Quackgrass reproduces 
mainly by rhizomes enabling those génotypes 
that are best adapted to local conditions to 
rapidly colonize a particular site. Since it 
tends to produce clones, a colony of quack
grass may include one or a few différent 
génotypes even though it is composed of a 
large number of individual plants. Ail the 
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individuals with the same génotype are then 
defined as a biotype (Stebbins 1950). 

Research conducted in Europe and the Unit
ed States showed that a large amount of varia
tion exists among several biotypes or clones of 
quackgrass (Neuteboom 1975; Westra and Wyse 
1981 ; Williams 1973). Characters thatconferto 
quackgrass the ability to invade fields and to 
compete with crops were found to differ among 
biotypes. 

The majority of weeds that invade crops are 
known to be very variable in growth and de-
velopment. In Québec, the range of biotype 
variability in relation to the growth character-
istics of quackgrass is not known. The objective 
of this study was to détermine the extent of the 
variability found in 10 quackgrass biotypes 
from différent localities of the province by 
measuring différent growth variables bearing 
agronomie significance. Furthermore, resource 
allocation between mother-shoots, daughter-
shoots and rhizomes was determined in order to 
acquire a better knowledge of the growth strat-
egy of this plant under the conditions of Eastern 
Canada. 
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Material and methods 

In 1984, more than 100 clones were collect
ée from quackgrass plants harvested in many 
rural localities of Québec. A rhizome section 
was taken from each clone and planted in a 1 - L 
pot filled with standard potting mixture com-
posed of peat moss, decomposed organic soil, 
sand, vermiculite and perlite (2:2:2:1:1; v/v/v/ 
v/v). Thèse plants were grown in a greenhouse 
where the natural light was complemented by 
high pressure sodium lamp for a maximum 
photon flux of 450 |Limol/(m2»s). The pots were 
fertilized once a week with a solution of 1000 
ppm of nitrogen, phosphorus and potassium. 
Température varied between 20°C and 25°C. 
Under thèse conditions, the biotypes produced 
many rhizomes after three months. 

Ten biotypes were chosen from the collec
tion according to the following phenotypic 
characters: awn length, hairiness of both rachis 
and leaf blade, leaf blade width and color (Table 
1). The expression of thèse phenotypic charac
ters remained constant for each biotype 
throughout the experiment. Thèse characters 
were measured on 10 plants of each biotype 
grown in the greenhouse. Biotype 2, which 
originated from Sainte-Foy near the expéri
mental site, was used as a local control. It was 
assumed that this biotype was well adapted to 
the climatic and environmental conditions that 
would prevail during the course of the experi
ment and that this would be a référence with 
which to compare the other biotypes. The 
chromosome number of the 10 biotypes was 
counted from root tips sampled on greenhouse-
grown plants. 

The experiment was conducted at Sainte-
Foy on the Laval University campus in 1985 
and was repeated in 1986 at an adjacent loca
tion. The soil at the expérimental site is a Saint-
Nicolas gravelly loam (pH 6.4; 2.5 % organic 
matter; 430 kg/ha P; 575 kg/ha K). Minerai 
feililizer was broadcast in spring at rates of 100 
kg/ha P20s, 100 kg/ha K20, and 75 kg/ha N. 
Annual weeds were controlled with 0.3 kg a.i./ 
ha of dicamba (3,6-dichloro-2-methoxy benzo-
ic acid) and 2.0 kg a.i./ha of metolachlor [2-
chloro-iV-(2-ethyl-6-methylphenyl)-N-(2-
methoxy-1-methylethyl) acetamide] applied 
prior to transplanting. Weeds escaping the 
treatment were handweeded. To minimize the 
stress after transplanting in the field, single 

node rhizome sections of the biotypes were 
planted in 5 cm x 5 cm peat pots. They were 
grown in the greenhouse until they reached the 
3- to 4- leaf stage and planted on 6 May 1985 
and 20 May 1986. The experiment had four 
replications in a split-plot design with two harvest 
dates as main plot and 10 biotypes as subplot, 
each with two single plants as subsamples. Each 
plant was spaced in a grid 2 m apart in order to 
avoid overlapping of the rhizomes between 
plots. 

Individual plants were harvested 75 and 105 
days after transplanting in the field. For each 
plant, a distinction was made between the orig
inal mother-shoot, the rhizomes, and the daugh-
ter-shoots that were produced from the rhi
zomes. The daughter-shoots were counted, then 
the mother and daughter-shoots were eut at 
ground level and placed separately in paper 
bags. The rhizomes were dug out to 15 cm depth 
and placed in paper bags. The total number of 
tillers andflowering spikes (referred to as spikes) 
of individual plants (sum of mother- and daugh
ter-shoots) was counted. The rhizomes were 
washed free of débris and the number of buds 
counted. Ail samples were dried at 70°C until 
constant weight for dry biomass détermination. 
Total biomass of individual plants was comput-
ed as the sum of the biomass of the mother-
shoot, daughter-shoots and rhizomes. The per-
centages of dry matter allocation to thèse plant 
parts were then calculated. The relative growth 
rates (RGR) of the biotypes were calculated for 
the whole plants (RGRt), the shoots (RGRs) 
and the rhizomes (RGRr). The basic formula 
was: 

R G R - 1/W, (([W2-W,] 1000) 1/t) 

where W] = biomass at harvest 1 ; W9 = biomass 
at harvest 2; and t = days between harvests 
(Radosevich and Holt 1984). 

The data of each year were combined and 
submittedto standard analysis of variance (SAS 
Institute Inc. 1985). The homogeneity of the 
variance was ascertained by using the Burr-
Foster test (Anderson and McLean 1974). Non 
homogeneous variables were transformed us
ing the square-root transformation. Pearson's 
coefficients of corrélation between ail variable 
combinations were determined using single 
observations of 1985 and 1986. 
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Results and discussion 

Comparison of the growth of the bio
types. Ail the biotypes of this study, except 
biotype 2 from Laval University, originated 
from 150 km to 250 km west of Sainte-Foy 
(Table 1). The chromosome number of the 10 
biotypes was 2n = 42 and this is the number 
usually reported for this species (Werner and 
Rioux 1977). Because significant interactions 
(P < 0.05) existed between biotypes and years 
for ail variables, the yearly data are presented. 
Significant différences existed among biotypes 
for ail variables studied. Biotypes 5 and 9 
produced the highest number of daughter-
shoots in both 1985 and 1986 (Table 2). Biotypes 
9 and 10 produced the most tillers in 1985 and 
1986, respectively. Biotype 9 produced the 
highest number ofspikes in both years. Biotype 
8 in 1985 and biotype 5 in 1986 produced the 
least number. Biotypes 5 and 9 produced the 
greatest number of rhizome buds in each year. 
The highest total biomass was produced by 
biotypes 5 and 9 in 1985 and 1986, respectively. 
Biotype 9 produced the highest daughter-shoot 
biomass and the highest rhizome biomass in 
both years. 

For most variables, the productivity of local 
biotype 2 was inferior to the average of the 10 
biotypes. Biotype 2 was always significantly 
différent than the most productive biotypes, 
except for the number ofspikes in 1985 and the 
mother-shoot biomass in both 1985 and 1986. 

1 NGL07 4.0 No Yes 5.3 

2 ULA02 0 No No 5.7 

3 RAW01 1.5 No Yes 6.0 

4 SALOl 1.0 Yes Yes 7.0 

5 MTL05 0 Yes Yes 7.0 

6 SBR01 0 Yes Yes 5.0 

7 MON05 0 Yes No 6.3 

8 SAL03 0 Yes Yes 7.3 

9 SDO02 0 No Yes 5.0 

10 SAL02 4.0 No Yes 4.0 

The number of spikes and the mother-shoot 
and daughter-shoot biomass differed signifi
cantly between years (P < 0.01 ). The number of 
spikes and the mother-shoot biomass was on the 
average higher in 1985 than 1986 (Table 2). 
Conversely, the mean daughter-shoot biomass 
was higher in 1986 than 1985. There was no 
significant différence between years for the 
other variables. A significant interaction be
tween years (P < 0.05) and biotypes was meas-
ured for almost ail variables. Most of this in
teraction resulted from the différent behavior of 
biotype 10 which had much greater growth in 
1986 (Table 2). 

Dynamics of growth. The relative growth 
rate (RGRt) on a whole plant basis significantly 
(F < 0.05) differed among biotypes (Table 3). 
The relative growth rate of the shoots (RGRs) 
did not differ among (P < 0.05) biotypes in 1985, 
but différences occurred in 1986. The values of 
the relative growth rate of rhizomes (RGRr) 
differed significantly among biotypes in both 
1985 and 1986. Différences between the most 
and the least productive biotypes were more 
pronounced in 1986 than in 1985. 

Allocation of biomass to plant parts. The 
relative importance of the aboveground and 
underground parts of each biotype is determined 
by the percentage of the total biomass allocated 
to the mother-shoot, daughter-shoot, and to the 
rhizomes. Significant différences (P < 0.05) in 
biomass allocation to the three plant parts were 

Blue Vegetable field New-Glasgow, (Montcalm) 

Green Waste land Laval University, (Sainte-Foy) 

Blue Corn field Rawdon, (Montcalm) 

Green Vegetable field Saint-Alexis, (Montcalm) 

Blue Waste land Montréal, (Lafontaine) 

Green Cereal field Saint-Bruno, (Chambly) 

Green Vegetable field Saint-Jacques, (Montcalm) 

Green Corn field Saint-Alexis, (Montcalm) 

Blue Corn field Sainte-Dorothée, (Laval) 

Green Vegetable field Saint-Alexis, (Montcalm) 

Table 1. Phenotypic characters, original habitat and locality of the 10 quackgrass biotypes 

Laval Leaf 
University Awn blade 
collection length Hairiness width 

Biotype number (mm)§ rachis leaf (mm)§ Color Original habitat Locality and county 

§ Average of 10 samples of each biotype from greenhouse-grown plants. 
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Table 2. Growth of individual plants of 10 quackgrass biotypes in 1985 and 1986 at Sainle-Foy, Québec^ 

Biotype 

Year 1 2 3 4 5 6 7 8 9 10 mean S.e.d.'' 

Daughter-shoots (numker 1 plant) 

1985 10 15 7 16 38 18 12 9 51 24 20 7.4 
1986 17 20 6 14 49 12 11 15 

Tillers (number 1 plant) 

41 28 15 6.0 

1985 121 139 154 180 202 14 116 85 308 175 164 41.6 

1986 118 192 96 143 266 146 103 111 

Spikes (number 1 plant) 

258 351 178 37.6 

1985 26 38 49 56 30 49 37 21 58 28 40 9.6 
1986 17 18 26 35 15 42 23 23 

Rhizome buds (number 1 plant) 

61 32 29 8.4 

1985 855 948 1239 862 1783 869 846 643 2051 642 1096 244.0 

1986 926 1060 969 1092 1995 876 452 850 

Total biomass (g dry weight 1 plant) 

1925 1358 1150 249.0 

1985 83 137 124 151 212 179 117 118 203 83 143 33.0 

1986 73 116 86 109 220 183 77 157 

Mother-shoot biomass (g dry weight 1 plant) 

241 190 145 31.9 

1985 35 52 58 59 56 60 37 34 35 35 47 10.4 

1986 21 18 18 25 19 40 29 36 

Daughter-shoot biomass (g dry weight 1 plant) 

17 31 25 7.7 

1985 6 12 6 22 41 22 17 20 50 3 20 12.8 

1986 17 33 19 29 78 44 13 37 

Rhizome biomass (g dry weight 1 plant) 

87 52 41 12.1 

1985 42 73 60 70 115 97 63 64 118 45 76 16.9 

1986 35 65 49 55 123 99 35 84 137 107 79 16.0 

§ Each value is the mean of 8 observations (4 rephcations and 2 subsamples). 

t Standard error of the différence. 

Table 3. Dynamics of the relative growth rate for whole plants (RGRt), shoots (RGRs) and rhizomes (RGRr) of 10 
quackgrass biotypes in 1985 and 1986 at Sainte-Foy, Québec 

Year 1 2 3 4 
Biotype 

5 ' 6 7 8 9 10 S.e.d.' 

RGRt (mg/lg . dayj) 

1985 54 98 58 49 105 108 86 117 174 89 57 
1986 36 137 65 153 209 82 

RGRs (mgllg . day]) 

76 209 86 130 48 

1985 44 105 46 31 68 75 54 123 139 65 72 
1986 75 132 59 132 183 81 

RGRr (mg![g . dayj) 

58 245 74 103 45 

1985 77 105 71 91 173 166 158 116 210 115 56 
1986 45 147 70 151 218 101 198 188 88 168 59 

§ Standard error of the différence. 
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found among biotypes in 1985 and 1986. For 
the majority of the biotypes, the allocation to the 
rhizomes represented over 50 % of the total 
biomass (Fig. 1). In 1985, the allocation to the 
daughter-shoots was less important than in 1986 
for nearly ail biotypes. Conversely, the alloca
tion to the mother-shoots was higher in 1985. 

Corrélation between variables. Total bio
mass was highly correlated (r > 0.80) with 
rhizome and daughter-shoot biomass, but to 

a lesser extent with that of the mother-shoot 
(r < 0.50). The biomass of the mother-shoot was 
not significantly correlated with any other vari
ables except the number of spikes (r > 0.41 ). Both 
the daughter-shoot biomass and the rhizome 
biomass were highly correlated (r > 0.58) with 
ail other variables except the mother-shoot bio
mass. 

Our results indicate that the growth of the 10 
quackgrass biotypes varied widely under Québec 

1985 
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Figure 1. Percentage of the total dry biomass allocated to the mother-shoot (M), daughter-shoots (D) and 
rhizomes (R) of the 10 biotypes in 1985 and 1986. For each variable (M, D, or R) in each year, the 
bars with a same letter are not significantly différent according to the standard error of the 
différence. 
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conditions of 1985 and 1986. The 10 selected 
biotypes displayed similarranking ineach year. 
Biotype 2 which was collected near the expér
imental site was not among the most productive 
biotypes. It seems possible that it is a naturally 
low productive biotype and that some biotypes 
from other local ities were not adversely affect-
ed by the growing conditions that prevailed in 
Sainte-Foy. 

The variable production of daughter-shoots, 
tillers, spikes, and rhizome buds may affect the 
competitiveness, spreading ability or reproduc
tive potential of the biotypes. For example, a 
biotype that produces twice as many rhizome 
buds than another biotype is more likely to be 
difficult to control because there are many more 
regenerative organs to kill. The number of 
daughter-shoots produced by quackgrass clones 
was positively correlated with their ability to f ill 
up open patches in ryegrass fields (Neuteboom 
1981). 

The relative growth rates, either calculated 
on a whole plant basis or for the shoots and 
rhizomes, represent an efficiency index of the 
biotypes. The RGR for both the shoots and the 
rhizome were generally correlated with the 
whole plant RGR. However, there is no gênerai 
linkage between RGR and the absolute amount 
of biomass accumulated. Those biotypes that 
produced the most biomass were not necessar-
ily those with the highest RGR. For some 
biotypes the growth rates differed between years. 
This suggests that différences in climatic con
ditions that prevailed between years had more 
effect on certain biotypes than on others. Because 
the relative growth rates and the absolute pro
duction of biomass varied, it is expected that the 
behaviour of a quackgrass population under 
given conditions could differ depending on the 
biotypes. 

While the growth of the mother-shoots was 
superior to that of daughter-shoots in 1985, the 
opposite trend occurred in 1986. But in each 
year, the total of the mean mother- and daugh-
ter-shoot biomass were nearly the same, ca. 66-
67 g (Table 2). This différent behavior in bio
mass partitioning between years did not influ
ence the mean total biomass nor the number of 
tillers. As a resuit, there was no différence 
between years for the number of tillers and the 
total biomass. As compared to 1985, fewer 
spikes were produced in 1986 and this coin-
cides with the superior growth of the daughter-

shoots and the reciprocally weaker growth of 
the mother-shoots during that year. Daughter-
shoots were less mature than mother-shoots at 
harvest (because mother-shoots are planted) 
and they tended to produce less spikes. In our 
study, the production of spikes was highly 
influenced by climatic conditions. Thirty per
cent more spikes were produced under the dry 
1985 conditions than during the more humid 
1986 growing season. Westra and Wyse (1981) 
reported similar results with 10 quackgrass 
biotypes growing in Minnesota at two différent 
locations with différent climatic conditions. 
Thus it seems that in quackgrass, the sexual 
reproductive effort (indicated by spike produc
tion) is less prédominant and stable than the 
végétative reproduction (rhizome production). 

The corrélation coefficients between the dif
férent growth variables of the biotypes suggest 
that the biomass of the rhizomes is the best 
indicator of the overall growth potential of the 
plant. Growth of the mother-shoot is independ-
ent of that of the rhizomes and daughter-shoots. 
Moreover, the narrow positive corrélation be
tween the biomass of the daughter-shoots and 
that of the rhizomes is obvious: rhizomes must 
be produced before daughter-shoots can émerge. 
Therefore, biotypes producing abundant rhi
zome biomass, can produce a high number of 
daughter-shoots. 

In view of the variability existing among 
biotypes, the efficacy of différent control meas-
ures could vary depending on the biotype. When 
assessing any method of control, it is of prime 
importance to take into account the variability 
of quackgrass by using the most fréquent local 
biotypes. Over half the total biomass was allo-
cated to rhizomes and this was the most stable 
trait throughout the experiment. On the other 
hand, the growth of the aboveground parts and 
especially the spike production was much more 
variable. This indicates that quackgrass invests 
preferentially into rhizome growth than into 
sexual reproductive effort. 
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