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Crop Rotation Effects on the Seed Bank and Population Dynamics of Annual
Bluegrass (Poa annua)

INTRODUCTION

Annual bluegrass (Poa annua) is an adaptive plant species growing in many
climatic regions. The importance of annual bluegrass to agriculture is due to its high seed
production, persistence of seeds and presence in numerous crops (Holm et. al, 1997). This

species has great phenotypic and genotypic variability, rapid germination, a shallow root
system in response to soil compaction, and a highly efficient sexual reproduction system

which contributes to its success as a weed (Warwick, 1979 and Koshy, 1969). Annual
bluegrass is the most difficult weed problem in perennial ryegrass (Lolium perenne) in the

Willamette Valley. Adequate weed control of annual bluegrass has not been achieved by
chemical means in part because of herbicide resistance, which was confirmed for diuron and
ethofumesate by Dr. Carol Mallory-Smith in 1995 (personal communication).

Before the widespread use of herbicides, weeds in most crop production systems

were controlled mainly by cultivation and crop rotation.

However, the use of crop

rotation for weed control declined after selective herbicides became available during the

late 1940's. The decline in crop rotation practices and concomitant use of herbicides has
led to many problems now associated with chemical intensive crop production (Hill et al.,
1989).

For example, the Environmental Protection Agency (EPA) has identified

agriculture as the largest non-point source of groundwater pollution (National Research
Council, 1989). Increasing public concern about environmental quality and the long term
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productivity of agroecosystems emphasize the need for alternative methods to manage
weeds in crops. Legislation in many countries throughout the world now requires farmers

to reduce the chemical load in the environment, which could bring about an optimization

of herbicide use. The question of how to create a significant improvement in current

weed control procedures may only be brought about by better understanding of crop
improvement, weed biology and a management system that utilizes suitable techniques
to reduce weed populations. A possible alternative to the reliance on chemical control of
annual bluegrass may be manipulating microenvironmental stimuli through crop rotation

and thus promotion or inhibition of seed germination, emergence and survival. Crop

rotation also permits the use of different herbicides and other tools to control weed
populations resistant to herbicides (Radosevich, et al., 1997). Therefore, it is likely that
crop rotation will be beneficial in grass seed crops for annual bluegrass control.

The seeds are the only source for the maintenance and growth of new annual
bluegrass plants and for the initiation of new annual bluegrass populations. Thus seeds

must be produced for the proliferation of annual bluegrass. Annual bluegrass flowers
within 45 days after germination. Seed formation occurs throughout the growing season
and peaks during mid-spring (Beard et al., 1978). Individual plants can produce abundant

quantities of seed. Over a nine month period, Cordukes (1977) obtained an average of

1.8 g of seed from a single annual bluegrass plant. Law (1975) reported that seed
production of annual bluegrass was generally greater when it grows without competition.

Adequate exposure to light is an important factor in the seed production of annual
bluegrass (Beard et al. 1978). When crop rotation sequences include crops that differ in
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planting, management, and maturation dates, annual bluegrass may be confronted with an

unsuitable and unstable environment that prevents its proliferation through reduced

seedling establishment and seed production due to competitive and allelopathic
characteristics of the crops. Grime and Hunt (1975) reported that annual bluegrass is very

competitive during its active growth period; however, early season crops compete
effectively with annual bluegrass. The seedling establishment of annual bluegrass is
greater in the spring and the autumn and lower in the summer and winter (Law, 1975). It

is likely that if a fast growing crop is included in a crop rotation sequence either in the
spring or in the autumn, annual bluegrass would not establish and compete with that crop.
The specific objectives of this study were:

(1) To determine how crop rotations effect the plant population dynamics and seed rain of
annual bluegrass in five crop rotation systems.

(2) To evaluate the crop rotation effects on the seed bank of annual bluegrass.

(3) To determine the effect of the maternal plant environment on germination of annual
bluegrass.
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CHAPTER I
Crop Rotation Effects on Annual Bluegrass (Poa annua) Plant Population Dynamics
and Seed Rain

INTRODUCTION

Crop rotation has reemerged as an essential element in modern agricultural
production systems (Schreiber, 1992). Liebman and Dyck (1993) indicated that crop
rotation can be an important component of weed management strategies.

When crop

rotation sequences include crops that differ in planting and maturation dates, competitive

and allelopathic characteristics, and associated management practices, weeds may be
confronted with an unstable or unsuitable environment that prevents their proliferation.
Several weed scientists have documented the effect of different crop-weed management

practices, which changed the weed flora and the weed seed bank (Hume et al., 1991;
Johnson and Coble, 1986). For example, fewer weeds were found in a winter wheat
(Triticum aestivum)-fallow system than in continuous winter wheat, winter wheat-lentil
(Lens culinaris), or winter wheat-canola (Brassica campestris) rotations (Blackshaw, et al.,
1994). Blackshaw, et al., (1994) also noted that downy brome (Bromus tectorum) was more

prevalent under the continuous production of winter wheat. Crop sequences are the most
dominant factor influencing plant species composition in the soil and weed flora over time

(Ball, 1992). For example, crop rotation was found to reduce giant foxtail (Setaria faberi)
in a soybean (Glycine max)-wheat-corn (Zea mays) rotation as compared to corn grown
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continuously (Schreiber, 1992). Herbicides used in each cropping sequence produced a
shift in the weed seed composition in the soil, which favored the species least susceptible to
the applied herbicides.

Selection of a particular weed species due to cropping patterns has been
documented. For example, Ball (1992) observed that over 3 years of continuous pinto bean

(Phaseolus vulgaris) production, the crop was dominated by broadleaf weeds, particularly

hairy nightshade (Solanum sarrachoides) while in continuous corn production, fields
developed large numbers of green foxtail (Setaria viridis) and common lambsquarters
(Chenopodium album). Ball and Miller (1990) observed that a dense infestation of hairy
nightshade developed when dry beans were included in a corn rotation. Green foxtail and

wild oat (Avena fatua) densities increased in continuous cereal production (Fay, 1990;
Hume et al. 1991).

Crop rotation has a significant effect on weed biomass production; and therefore,
crop loss due to weed competition. For example, weed biomass production was lower in

oat (Avena sativa ) than in berseem clover (Trifolium alexandrinum) (Libeman et al.,
1996). Potato (Solanum tuberosum) yield loss due to weed infestations was 13 percent
following wild oat, as compared to 38 percent following berseem clover (Libeman et al.

1996). Martin and Felton (1993) observed that the most effective means to control wild

oat (Avena fatua) was crop rotation. Crop rotation caused a decline in the weed seed

reservoir in the soil regardless of which herbicide was used in the cropping sequence,
whereas continuous wheat using only herbicides to control wild oat was much less
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effective. It is quite likely that inclusion of crop rotation in other cropping systems will lead to

improved strategies for weed management.

The primary objective of this study was to determine the effect of crop rotations on
plant population dynamics and seed rain of annual bluegrass in five crop rotations.

MATERIALS AND METHODS

Experiments were conducted at the Oregon State University Hyslop Field
Laboratory (Site 1), Benton County, Corvallis, Oregon and on the Don Wirth Farm (Site

2), Seven Mile Lane, Linn County, Tangent, Oregon.

The soil type at Site

1

is a

Woodburn silt loam and soil pH and organic matter were 5.7 and 3.4%, respectively. The

soils at Site 2 are Amity silt loam and Dayton silt loam, both are poorly drained.

The

soil pH and organic matter at Site 2 were 5.8 and 4.5, respectively. Annual precipitation

at Site 1 is 102 to 114 cm and at Site 2 it is 102 to 127 cm. The five crop rotation
systems shown in Table I.1 were used in these experiments. An additional crop rotation

of continuous perennial ryegrass was included at Site 1. Once perennial ryegrass was
seeded in the rotation, it remained until the end of the experiment.

Each rotation was replicated four times at Site 1 and five times at Site 2. The
experimental design was a randomized complete block. Each plot was 6.7 by 6.0 m at
Site 1 and 9.1 by 6.0 m at Site 2. Following tillage (October 3, 1995), seed of annual

7

Table I.1. The crop rotation systems used in the experiments.

CPR= continuous perennial ryegrass, PR = seedling perennial ryegrass, M =
meadowfoam, SW = spring wheat, WW = winter wheat.
Crop Rotation

1997

1996

1995

CPR

Perennial ryegrass

Perennial ryegrass

Perennial ryegrass

M-SW-PR

Meadowfoam

Spring wheat

Perennial ryegrass

WW-M-PR

Winter wheat

Meadowfoam

Perennial ryegrass

M-PR-PR

Meadowfoam

Perennial ryegrass

Perennial ryegrass

WW-PR-PR

Winter wheat

Perennial ryegrass

Perennial ryegrass

Table 1.2. Crop rotation, cultivar, planting dates, herbicide application dates and rates in a
3 yr (1995, 1996 and 1997) study of annual bluegrass seed bank and plant population
dynamics. CPR = continuous perennial ryegrass, M = meadowfoam, SW = spring wheat,
WW = winter wheat, PR = seedling perennial ryegrass.
Rate
Herbicide spray
Seed- Herbicide
kg ai or dates
ing rate
'Site 2
(kg/h)
ae/h
Site 1
Site 1
Site 2
8
diuron
2.5
10/20/95 10/20/95
Delaware 10/19/95 10/19/95
2/17/97 2/17/97
bromoxynil
0.52
Dwarf

Crop
Cultivar
rotation
CPR

M

SW

WW
M
M

PR

WW
PR

Floral
Penawawa
Madsen
Floral

Planting dates

25

metolachlor
glyphosate

1.04
0.78

10/17/95 10/16/95
1/24/97 2/11/97

10/6/95
10/7/96

25

diclofop

1.04

10/17/95 10/16/95

10/6/95
9/30/96

31

metolachlor
bromoxynil

1.04
0.52

10/17/95 10/16/95
2/17/97 2/16/97

diclofop
bromoxynil

1.04
0.52

10/17/95 10/16/95
2/17/97 2/17/97

10/6/95
2/25/97

10/6/95
4/17/97

10/13/95
10/6/96

Floral
Delaware
Dwarf

10/6/95
9/27/96

Madsen
Delaware
Dwarf

10/13/95
9/27/96

31

31

8

10/6/96
9/30/96

25
8

8

bluegrass were spread at 25 kg/h over the experimental plots at Site 1. Site 2 had a high

natural infestation of annual bluegrass.

Date of planting, crop cultivar, herbicide

application are shown in Table 1.2.

Annual bluegrass population stand:
Six random sample areas, each 0.5 m 2, were permanently established in each plot.
Annual bluegrass plants were counted on November 11, 1995 and June 25, 1996 at Site 1

and December 7, 1995 and June 5, 1996 at Site 2. Following crop harvest and seeding of

each crop, the number of annual bluegrass plants were counted on December 20, 1996
and June 2, 1997 at Site 1 and December 17, 1996 and June 6, 1997 at Site 2.

Annual bluegrass seed production:
Annual bluegrass seed was collected from three sample areas each 0.5 m2. Seed
was collected at maturity from June 7 to July 25, 1996 and from May 6 to June 6, 1997.

Seed of annual bluegrass in 1996-97 matured about one month earlier than in 1995-96.

Collected seed was cleaned and weighed, thousand seed weight was determined per
sample area. The total number of seed per sample area calculated using the following
formula: Total number of seed = 1000 seeds/1000 seed weight * total seed weight.

Each site was treated as separate experiment and analysis was done separately

since the variances were not homogenous based on Bartlett's test of homogenity of
variance.

SAS statistical software was used for the analysis of data.

Means were

separated using Fisher's Protected Least Significance Difference (LSD) test at the 5%
level of significance.
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RESULTS AND DISCUSSION

Plant population dynamics - 1996. Crop rotation had a significant effect on the plant
popuation dynamics of annual bluegrass. However, the trend of population change at Site

2 was different from than that at Site 1. In 1996, the highest plant population of annual

bluegrass (12 and 29 plants /0.5 m2 at Site 1 and site 2, respectively) was observed in
winter wheat after germination of annual bluegrass at both sites (Table 1.3 and Table 1.4).

The lowest annual bluegrass population (<1 plants/0.5 m2) was observed in continuous

perennial ryegrass at Site

1

(Table 1.3) while the annual bluegrass population (12

plants/0.5 m2) in continuous perennial ryegrass was intermediate among the treatments at
Site 2 (Table 1.4).

The lower population of annual bluegrass at Site 1 as compared to Site 2 may be
because of diuron resistance. Diuron was sprayed to control annual bluegrass at both
sites during the establishment year (Table 1.2). Most of the annual bluegrass plants were

killed at Site 1, whereas most of the annual bluegrass plants survived at Site 2. The

annual bluegrass population increased over time (from germination to maturity) in
meadowfoam and winter wheat at Site 1 and in perennial ryegrass and meadowfoam at
Site 2 (Table 1.3 and Table 1.4) but decreased in winter wheat at Site 2 (Table 1.4). The

plant population decrease in winter wheat at Site 2 as compared to Site 1 may be due to
initial seedling density or may be to shading from closed canopy of winter wheat at Site
2. The overall growth of the crop was much more vigorous in both years at Site 2 than at
Site 1. Law (1975, cited in Warwick, 1979) reported that the increased mortality of
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Table 1.3. Plant population dynamics and total number of annual bluegrass seed / 0.5 m
at Site 1.a
Crop
rotation

Total seed production/ 0.5 m2

Total plant population/ 0.5 m2
1996

1996

1997

1997

after germination
62 ± 100 b

at maturity

1996

CPR

after germi- at maturity
nation
<1 ± 0.04 db <1 ± 0.20 d

54± 57 cd

20 ±710 c

M-SW

2 ±0.38c

7 ±2c

77 ±7b

41± 7 cd

3805 ± 1094 a 150 ± 300 c

WW-M

12 ±2 a

17 ±2 a

86 ±10 b

134 ± 20 b

2211 ± 590 a

M-PR

3±1b

16 ±2.0 a

312 ±62a

529± 91 a

5521 ± 2130 a 22300 ± 8260 a

WW-PR

10 ±1 a

1 ±2b

45 ± 23 be

69 ± 22 be

531± 184 b

382 ± 228 be

`CPR

<1 ± 0.06 d

<1 ± 0.08 d

21 ± 13 c

18 ± 18 d

9 ±72 c

122 ±200 c

1997

281 ± 365 c

1107 ± 320b

aData collected from six and three 0.5 m2 sample areas for plant population dynamics and
seed rain measurements, respectively, in each crop rotation treatment. For linearity, all
data were log transformed before analysis. Backtransformed data are presented. Means
followed by the same letter within a column are not significantly different according to
Fisher's protected LSD test at 0.05.

CPR = continuous perennial ryegrass, M-SW = meadowfoam-spring wheat, WW-M =
winter wheat-meadowfoam, M-PR = meadowfoam-seedling perennial ryegrass, WW-PR
= winter wheat-seedling perennial ryegrass.
"Numbers following ± are standard error for each mean.
'One additional treatment of CPR was added at Site 1.
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Table 1.4. Plant population dynamics of annual bluegrass and total number of seed / 0.5m2
at Site 2.'
Crop
rotation

Total seed production/ 0.5 m2

Total plant population/ 0.5 m2
1996

1996

1997

1997

after germination
1242 ± 123 a

at maturity

1997

1996

CPR

after germi- at maturity
nation
26 ± 6 a
12 ±2 IP

M-SW

4 ±2 c

9 ±5 b

0

0

4479 ±4636 b

0

WW-M

29 ± 9 a

23 ± 6 a

426 ± 96 b

344 ± 87 b

2992 ± 3057 b

615 ±757 c

M-PR

2 ±4 d

4±6c

256 ± 82 be

432 ±106 b 367 ± 2856 c

5313 ± 3147 b

WW-PR

22 ± 7 a

21 ±3 a

1078 ± 228 a

774 ± 119 a 1850 ±1760 b

13360 ±4253 a

673 ±69 a

32238 ± 10089 a 1007 ± 1653 c

'Data collected from six and three 0.5 m2 sample areas for plant population dynamics and
seed rain measurements, respectively, in each crop rotation treatment. For linearity, all
data were log transformed before analysis. Backtransformed data are presented. Means
followed by the same letter within a column are not significantly different according to
Fisher's Protected LSD test at 5_ 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam-spring wheat, WW-M =
winter wheat-meadowfoam, M-PR = meadowfoam-seedling perennial ryegrass, WW-PR
= winter wheat-seedling perennial ryegrass.
bNumbers following ± are standard error for each mean.
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annual bluegrass over time might be due to increased density of the initial stand. At
maturity, there were no significant differences observed among the populations of annual
bluegrass in perennial ryegrass and winter wheat at Site 2.

Plant population dynamics - 1997. At Site 1, the highest annual bluegrass population
(312 plant/0.5 m2) was observed in seedling perennial ryegrass following meadowfoam

and the lowest in one of the continuous perennial ryegrass treatments (Table 1.3). The

population increased in all crop rotation sequences except spring wheat following
meadowfoam, where, the plant population decreased over time.

The highest plant

population in seedling perennial ryegrass following meadowfoam and lowest in
continuous perennial ryegrass may be due to the respective seed rain production in
meadowfoam and continuous perennial ryegrass during 1996.
The highest plant population (1242 plants/ 0.5 m2) was observed after germination

in continuous perennial ryegrass followed by seedling perennial ryegrass following
winter wheat at Site 2 (Table 1.4). The lowest plant populations at Site 2 were observed

in seedling perennial ryegrass following meadowfoam and in meadowfoam following

winter wheat (Table 1.4).

The highest population after germination in 1997 was

apparently due to the high seed rain production in 1996. A high number of annual

bluegrass plants 569, 72, and 304 plants / 0.5 m2, respectively, died over time in
continuous perennial ryegrass, meadowfoam following winter wheat and seedling
perennial ryegrass following winter wheat rotations, however, the annual bluegrass
population increased in seedling perennial ryegrass following meadowfoam. There may

be several reasons for the mortality of the seedlings. Density dependent plant mortality
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has been reported by several authors (Harper, 1977; Radosevich et al., 1997; Silvertown
and Doust, 1993) and mortality of annual bluegrass was confirmed with increased density
of the initial stand (Law, 1975, cited in Warwick, 1979).

The high mortality of seedlings may be due to the interaction of submergence,
low temperature, and high initial density of the annual bluegrass at the two sites. Beard
et al. (1978) reported that annual bluegrass can be killed in areas where standing water

occurs prior to freezing, or during thawing of ice causing increased crown dehydration
followed by lethal low temperature stress. In a comparative study, intermediate tolerance
of annual bluegrass to submergence at 10, 20 and 30 C was confirmed (Beard and Martin,
1970).

The plant population increase in seedling perennial ryegrass following

meadowfoam at maturity may be due to low initial seedling density of annual bluegrass.

Annual bluegrass did not germinate in spring wheat in the spring wheat following
meadowfoam rotation which may be due to temperature and soil moisture or interaction

of both temperature and soil moisture in mid-April. Before planting spring wheat on
April 17, 1997, glyphosate was sprayed on February 11, 1997, which killed all vegetation

in the spring wheat plots. The soil was not cultivated for planting of the spring wheat.
There may not have been enough moisture for germination of annual bluegrass.

There may be several reasons why the trend of population dynamics of annual
bluegrass at Site 2 was different from Site 1. It could be due to genetically different seed

sources (as already discussed) and the differences in morphological and physiological
traits in annual bluegrass seed at the two sites. Lush (1989) studied the physiological and

morphological traits in annual bluegrass from golf greens, rough and fairways.
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Populations from fairways and roughs were similar but these varied greatly in growth
habit, biomass production, seed size and germination as compared to populations from

golf greens. Golf green plants were shorter, had more tillers, produced less biomass,
flowered late, had smaller seeds and germinated without being chilled.

Seed production - 1996. There were no significant differences among the total number
of seed produced in the meadowfoam plots and one of the winter wheat plots at Site 1
(Table 1.3). The fewest annual bluegrass seed were produced in the continuous perennial

ryegrass plot, which coincided with the lowest plant population at maturity. The high
number of annual bluegrass seed produced in the meadowfoam at Site 1 might be because

there was poor meadowfoam growth, which allowed successful colonization by annual
bluegrass.

At Site 2, the highest number of annual bluegrass seed was produced in the
continuous perennial ryegrass (Table 1.4). The lowest number of seed was obtained from

one of the meadowfoam plots. The low seed rain in that meadowfoam plot corresponded

to the lowest population of annual bluegrass at maturity. Annual bluegrass also may be

more competitive with newly planted perennial ryegrass in 1996. Vigorous growth of
annual bluegrass was observed in the seedling perennial ryegrass. Although the plant

populations of annual bluegrass in both perennial ryegrass and winter wheat were
statistically similar at maturity, significantly fewer seed were produced in the winter
wheat compared to the perennial ryegrass. This may be because annual bluegrass could
not compete well with the vigorous growth of wheat.
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Seed production - 1997.

Seed production of annual bluegrass was the highest in the

seedling perennial ryegrass following meadowfoam and the lowest in the continuous

perennial ryegrass rotation at Site 1 which corresponds to the plant populations at
maturity (Table 1.3).

At Site 2, the greatest number of seed was produced in seedling perennial ryegrass

(Table 1.4). The fewest seed were produced in meadowfoam following winter wheat and
continuous perennial ryegrass (Table 1.4). It is probable that the competitive ability of

annual bluegrass was much higher in seedling perennial ryegrass than in established
perennial ryegrass. It is likely that annual bluegrass may not have been able to compete

with the established perennial, although the plant population of annual bluegrass at

maturity in the established perennial ryegrass was the same as that in the seedling
perennial ryegrass following winter wheat. The growth of meadowfoam was vigorous in

1997 at Site 2; therefore, the annual bluegrass might not have able to compete with
meadowfoam.
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CHAPTER II
Annual Bluegrass (Poa annua) Seed Bank Response to Crop Rotation Sequences

INTRODUCTION

The seed bank is the store of seeds in the soil. It is composed of seed produced in
an area and seed that arrive from elsewhere (Harper, 1977). Seed often exist in the soil in a

dormant condition. Seed banks are often divided into a transient seed bank and a persistent

one (Thomson and Grime, 1979).

In transient seed bank, all viable seed in the soil

germinate or die in less than a year. Persistent seed banks have some seed surviving in the

soil for one or more years before they germinate. Seed banks are recognized as a primary
source of new plants of annual species that occupy arable land and can make eradication of

weeds very difficult. A weed species with a long persistent seed bank poses a much greater

problem to farmers because dormant viable seed may remain undetected in the soil for

many years and then give rise to a new population of plants (Radosevich, personal
communication). Seed are deposited in the seed bank by seed rain from seed production
and dispersal, whereas withdrawals occur by germination, death and predation (Radosevich
et al., 1997).

A portion of the seed bank usually germinates following each tillage operation.
Storage of the seed in the soil results from the vertical distribution of the seed through the
soil profile during tillage. Crop rotation, fallowing and other management methods may be
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useful ways to reduce weed seed banks. Regardless of the agricultural practices used, it has
been reported that most viable seed are lost from the seed bank within 1-4 years if the input

of weed seeds is prevented or is minimal (Scheweizer and Zimdahl, 1984; Radosevich et
al., 1997).

Several workers have documented the effect of different crop and weed

management practices on the weed flora and weed seed bank composition (Ball and Miller,
1990; Cardina et al., 1991).

Depth of burial of weed seed in the soil influences both germination and seedling
development. Seed at or just below the soil surface often germinate more readily than seed

buried deeper (Herr and Stroube, 1970). Seed placed deep in the soil by plowing may

remain dormant until further tillage places them where germination is more favorable.
Weed seed with long dormancy are favored by plowing and weed seed depth is one of the

factors affecting survival of small seeds in the soil (Yenish et al., 1992). Yenish et al.,
(1992) found that over 60% of all weed seeds were found in the top 1 cm of soil in a notillage system of crop production. As depth increased, concentration of weed seed declined
logarithmically. Reduced tillage from conventional moldboard plowing to chiseling to notilling increased giant foxtail (Setaria faberi) seed in the top 0 to 2.5 cm of soil (Schreiber,
1992).

Pareja and Staniforth (1985) reported that 85% of the seed in reduced tillage

systems were in the 0 to 5 cm soil depth as compared to only 25% of the seed in
conventional systems. The type of tillage also effects the microsite between weed seed and
soil which may influence germination and seedling survival.

Most weed infestations in cropping systems arise from the weed seed bank. Ball
(1992) determined that the cropping sequences were the most dominant factor influencing
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species composition in the seed bank. The seedling flora and the seed bank are influenced

greatly by the season of crop planting (Chancellor, 1985).

Differences in crop

competitiveness and plant cover also can affect the amount of seed germination.

Understanding the dynamics of the weed seed bank created by crop management
seems essential to improve decision-making for annual bluegrass management in grass seed

production. This study was conducted to evaluate the effect of crop rotation on the annual
bluegrass seed bank.

MATERIALS AND METHODS

The annual bluegrass seed bank was sampled from the crop rotation experiments

described in Chapter I. The first samples were taken at Site 1 from September 15 to

September 24, 1995, after tillage but before planting the crops. The samples at Site 2
were taken from October 17 to October 26, 1995 after planting. These 1995 samples
were the baseline for the seed bank studies. The second soil samples were taken from
September 15 to September 24, 1996 before germination of annual bluegrass at both the

sites. The third soil samples were taken from September 15 to September 30, 1997. Six

sample quadrats (each of 0.5 m2) were established randomly in each plot.

Five soil

samples were taken randomly to a depth of 20 cm from each sample quadrat using a 3.5

cm diameter soil probe. In this way, thirty random samples were taken from each of the
plot. Soils were separated into 0 to 0.1 (surface), 0 to 2.5, 2.5 to 5, 5 to 12.5, 12.5 to 17.5,
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and 17.5 to 20 cm depths. The five portions from each depth class were then combined.

Thus 30 soil samples were collected from each plot. The soil samples were frozen until
seed separation.

A flotation method of seed extraction (Malone, 1967) was used to separate the
seed.

This method of seed separation required a solution of 10 g of sodium

hexametaphosphate, 5 g of sodium bicarbonate, and 25 g of magnesium sulfate dissolved
in 200 ml of tap water for each 100 g of soil. After adding the solution to the soil sample,

it was agitated for 2 minutes. Organic debris was collected by sieving 3 to 4 times until

no further organic material was recovered. Once all organic debris was collected, the
samples were air-dried and the samples were then blown through a seed blower. The

annual bluegrass seed were identified and counted. To determine the efficacy of the
method, 100 seeds of annual bluegrass were mixed with 100 g soil containing no annual

bluegrass seed and this was repeated four times. On average, 99 seeds per test were
recovered.

SAS statistical software was used for the analysis of data. Logarithmic
transformation of the data were performed because variances were not independent.
Means were separated by Fisher's Protected Least Significance Difference (LSD) test at
the 5% level of significance.
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RESULTS AND DISCUSSION

Site 1.

Differences in the number of annual bluegrass seed were observed among crop

rotation treatments during each year of the study (Table II. 1 a). Prior to the establishment

of the experiments, there were no significance differences in the number of seed per plot.

In 1996, the lowest number of annual bluegrass seeds was observed in continuous
perennial ryegrass; however, this was not statistically different than the number of seed in

winter wheat. The number of seed increased in meadowfoam. In 1997, the highest

number of seed was obtained from seedling perennial ryegrass following meadowfoam

and the lowest in spring wheat following meadowfoam. The number of seed in spring
wheat following meadowfoam decreased in 1997 compared to 1996 (Table II.lb), which

might be explained by removal of the seed from the seed bank by germination or by
spraying glyphosate in the mid-February, 1997 and consequently the lower seed rain onto
the soil during 1997.

Crop rotation had effect in the number of annual bluegrass seed within each year
(Table II. lc, 1 d, I e, 1 f, 1 g, and 1h). In 1996, the highest number of annual bluegrass

seed was observed at the soil surface in one of meadowfoam treatments. Both continuous

perennial ryegrass plots showed a similar trend in the number of seed within each soil

depth (Table II.1e). At 2.5 to 5 cm depths, the number of seeds in meadowfoam and
winter wheat were similar. All crops were similar at the 17.5 to 20 cm soil depth. The
highest number of seed in one of the meadowfoam treatments apparently was due to the
large seed rain on to the soil in 1996 (Chapter I, Table 1.3). Moreover, each crop had
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Table II. 1 a. Effect of crop rotation on annual bluegrass seed / 100 g soils within each year
at Site 1.
Crop rotation

The average number of seed /100 g soil
1995

1996

1997

CPR

(baseline)
2 ± 0.36 ab

<1 ± 0.75 b

3 ±22 bc

M-SW

1 ± 0.39 a

3 ±0.56 a

1 ± 0.48 c

WW-M

2 ±0.50 a

2 ±0.36 b

4 ±1.4 b

M-PR

2 ± 0.41 a

3 ±5 a

36 ±138 a

WW-PR

2 ±0.50 a

1 ± 0.33 b

4 ±7 b

CPR'

1±0.37a

1±0.47b

4 ±10 b

a Averaged over six soil depths. For linearity, all data were log transformed before analysis.
Backtransformed data are presented. Means followed by the same letters within a column
are not significantly different according to Fisher's Protected LSD test at p 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,

WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
cOne additional treatment of CPR was added at Site 1.
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Table II. 1 b. Effect of each crop rotation on annual bluegrass seed/ 100 g soils within
different years at Site 1.
Crop rotation

The average number of seeds /100 g soil

CPR

(baseline)
2 ±0.36 abb

<1 ± 0.75 b

3 ±22 a

M-SW

1 ± 0.39 b

3 ±0.56 a

1 ± 0.48 b

WW-M

2 ± 0.49 b

2 ±0.36 b

4±1a

M-PR

2 ± 0.41 c

3 ±5 b

36 ± 138 a

WW-PR

2 ±0.5 b

1 ± 0.33 b

4±7a

CPR'

1 ± 0.37 b

1 ± 0.47 b

4 ±10 a

1995

1996

1997

a Averaged over six soil depths. For linearity, all data were log transformed before analysis.
Backtransformed data are presented. Means followed by the same letters within a row are
not significantly different according to Fisher's Protected LSD test at p 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,

WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
cOne additional treatment of CPR was added at Site 1.
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Table II.lc. Baseline number of annual bluegrass seed/100 g soil at each soil depth in
1995 at Site 1.a

Soil depth (cm)

Crop rotation
0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

17.5 - 20

4 ± 0.49 a

4±1 a

2 ± 0.34 ab

<1 ±0.19 ab

<1 ±0.40 a

3 ±1 a

<1 ± 0.13 c

<1 ±0.17 ab <1 ± 0.19 a

3 ±1 a

1 ± 0.28 be

<1± 0.15ab

2 ±0.31 a

CPR

0 - 0.1
(surface)
1 ± 0.31 cb

M-SW

2 ± 0.87bc

WW-M

2±1bc

M-PR

3 ± 0.74 ab 4 ±0.73 a

3 ±1 a

WW-PR

4± la

4 ±2 a

1 ±0.55 b

CPR'

1 ± lbc

4 ±0.6 a

2 +la

5±1a

3 ±0.62 a

<1± 0.20 a

<1 ± 0.06ab <1 ± 0.08 a

1 ± 0.34abc

<1 ± 0.27 ab

<1±0.16 a

<1 ± 0.20 be

<1 ± 0.29 ab

<1± 0.10a

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's protected LSD test at p 5 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,
WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
'Numbers following ± are standard error for each mean.
'One additional treatment of CPR was added at Site 1.
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Table II.ld. Baseline number of annual bluegrass seed /100 g soil at different soil depths
in 1995 at Site La
Soil depth (cm)

Crop rotation

0- 0.1

0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

17.5 - 20

CPR

1 ± 0.31 bcb

4 ±0.49 a

4±1a

2 ± 0.34 b

<1± 0.19 b

<1± 0.40 c

M-SW

2 ± 0.87abc

2±1a

3 ±1 a

WW-M

2 ± 1 bc

5 ± 0.97 a

3 ± lab

1 ± 0.28 cd

<1± 0.15 d <I ± 0.19 d

M-PR

3 ± 0.74 a

4 ± 0.72 a

3±1a

2 ± 0.31 a

<1 ± 0.06 b <1 ± 0.08 b

WW-PR

4 ±1 a

4 ±2a

1 ± 0.55 b

1 ± 0.34 b

<1 ± 0.27 b <1 ±0.24 b

CPR'

1±1b

4 ± 0.60 a

3 ± 0.62 a

<1 ± 0.32 bc

<1 ± 0.29 c <1 ± 0.08 c

(surface)

<1 ± 0.13 bcd <1 ±0.17 b <1 ± 0.19 cd

'For linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row are not significantly different
according to Fisher's protected LSD test at p 5 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,
WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
One additional treatment of CPR was added at Site 1.
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significantly different effects within the six soil depths (Table II.10. Both continuous
perennial ryegrass treatments showed a similar trend of decreasing the number of seed
with an increase in soil depths and most of the seed were deposited at the surface to 0 to
2.5 cm. No tillage was performed in the continuous perennial ryegrass treatment in 1996;
therefore, most of the seed did not move through the soil profile.

In 1997, the highest number of annual bluegrass seed was found in seedling
perennial ryegrass following meadowfoam and the lowest was obtained from spring

wheat following meadowfoam. However, the number of seed in seedling perennial
ryegrass following meadowfoam and meadowfoam following winter wheat were similar

to the number of seed at 2.5 to 5 cm soil depth (Table II.1g). Except for the seedling
perennial ryegrass following meadowfoam rotation, crop rotation sequences were similar

in the number of seed of annual bluegrass at 12.5 to 17.5 and 17.5 to 20 cm soil depths.
The high number of seed in seedling perennial ryegrass following meadowfoam was from

the large seed rain in 1997, similarly the lowest number of seed at all depths in spring
wheat following meadowfoam coincided with the lowest seed rain in 1997 (Chapter I,
Table 1.3). Similar trends of distribution in the number of seed were observed in seedling

perennial ryegrass following meadowfoam and seedling perennial ryegrass following
winter wheat. A high number of seed was deposited on the soil surface and 0 to 2.5 cm
depth in continuous perennial ryegrass,

seedling perennial ryegrass following

meadowfoam, and seedling perennial ryegrass following winter wheat, because tillage
was not performed in 1997. This finding was consistent with the observation at Site 2 in
1997. Each crop rotation sequence had different effects on the number of seed within six
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Table II.1 e. Effect of crop rotation on the distribution of annual bluegrass seed /100 g soil
at each soil depth in 1996 at Site 1.a
Soil depth (cm)

Crop rotation
0 - 0.1
(surface)

0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

<1 ± 0.27 b

<1 ±0.05 c

<1± 0.03 b

17.5 - 20

<1 ±1 b

CPR

4 ±3b1)

2±1b

M-SW

5±1b

4±2ab

4 ±1a

5±1a

2±1a

<1 ±0.19 b

WW-M

1 ±1 b

3±0.38ab

3±1 a

3 ± 1 ab

<1 ±0.14 b

<1 ± 0.10 b

M-PR

34±22 a

11±8 a

2 ±1 a

<1 ± 0.07 c

WW-PR

2+1b

2+1b

2±1a

CPR'

4±2b

2±1b

<1 ± 0.61 b

1 ± 0.41 ab

1 ± 0.45 a

2±1b

<1 ± 1 b

<1± 0.10 b

<1± 0.10 c

<1 ± 0.05 b

<1 ± 0.06 b

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's protected LSD test at p 5_ 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,

WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
'Numbers following ± are standard error for each mean.
`One additional treatment of CPR was added at Site 1.
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Table II.lf. Effect of each crop rotation on the distribution of annual bluegrass seed /100
g soil at different soil depths in 1996 at Site 1.°
Soil depth (cm)

Crop rotation
0 - 0.1

0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

17.5 - 20

CPR

4+3 ab

2 ± 1 ab

<1 ± 0.27 be

<1± 0.05 c

<1± 0.34 c

<1 ± 0.06 c

M-SW

5±la

4 ± 1 ab

4 ±1 ab

5±1 a

2±0.49b

<1±0.19 c

WW-M

1±1b

3±0.38a

3 ±1a

3±1a

M-PR

34±22a

11 ±8b

2 ± lc

<1 ± 0.07 d

WW-PR

2 ±1 a

2 ±1 a

2 ± 1 ab

2 ± 1 ab

CPR'

4 ±2 a

2 ±1 b

<1 ± 1 bc

<1 ±0.12 c

(surface)

<1 ± 0.21 bc <1 ± 0.10 c
1 ± 0.41cd

1 ± 0.44 cd

<1 ± o.36 bc <1 ± 0.10 c
<1 ± 0.06 c

<1 ± 0.06 c

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row are not significantly different
according to Fisher's protected LSD test at p 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,
WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
`One additional treatment of CPR was added at Site 1.
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Table II. 1 g. Effect of crop rotation on the distribution of annual bluegrass seed /100 g soil
at each soil depth in 1997 at Site 1.a
Soil depth (cm)

Crop rotation
0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

17.5 - 20

CPR

0 - 0.1
(surface)
74 ± 118 bb

5±2 bc

1 ±0.57d

<1 ±0.22 d

<1 ±0.07 b

<1 ±0.20b

M-SW

3 ±2 d

3

2c

2 ± 0.63 cd

1 ± 0.64bc

<1 ± 0.22 b

<1 ± 0.08 b

WW-M

10 ±4 cd

12 ±3b

9±3 ab

4±1b

<1±0.16b

1±0.28b

M-PR

750±351a

106 ±92a

18 ±5a

9 ±5a

8 ±7a

8 ±5a

WW-PR

44±35bc

9±6bc

4±1bc

3 ± lb

1±0.20b

1 ±0.15b

CPR`

65 ±41 be

8 ±4b

2 ± 0.50 cd

<1 ± 0.17d

1 ±0.34 b

1 ± 0.40b

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's Protected test LSD at p 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,
WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by seedling perennial ryegrass.
'Numbers following ± are standard error for each mean.
One additional treatment of CPR was added at Site 1.
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Table II.1h. Effect of crop rotation on the distribution of annual bluegrass seed /100 g soil
at different soil depths in 1997 at Site 1.a
Soil depth (cm)

Crop rotation

12.5- 17.5

17.5 - 20

0 - 2.5

2.5 - 5

5 - 12.5

74±118ab

5±2b

1±0.57bc

<1±0.22c

<1±0.08c <1±0.20c

M-SW

3 ±2a

3 ±2 a

2± lab

I ± lab

<1± 0.22 bc <1 ± 0.08 c

WW-M

10 ±4 a

12 ±3a

9 ±3a

4 ± lb

<1 ± 0.16 bc

1 ± 0.28 c

750 ± 351a

106 ± 92 b

18 ± 5 c

9 ±5c

8±7c

8 ±5c

3 ±lbc

1±0.20c

1±0.15c

<1 ± 0.17 d

1 ± 0.34 d

1 ± 0.40 cd

0 - 0.1
(surface)

CPR

M-PR

WW-PR

44 ±35a

9±6b

4 ± lb

CPR'

65 ±41 a

8 ±4b

2 ± 0.50 c

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row not significantly different
according to Fisher's Protected test LSD at p 0.05.
CPR = continuous perennial ryegrass, M-SW = meadowfoam followed by spring wheat,
WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam followed by
perennial ryegrass, WW-PR = winter wheat followed by seedling perennial ryegrass.
bNumbers following ± are standard error for each mean.
cOne additional treatment of CPR was added at Site 1.
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soil depths (Table II.1h). The number of annual bluegrass seed at the surface compared
to other depths was different in the continuous perennial ryegrass and seedling perennial
ryegrass.

Site 2. Main effects of crop rotation revealed differences within each year in the number

of annual bluegrass seeds present in the soil (Table II.2a). Furthermore, the total seed
bank showed a steady increase in all crop rotation sequences in 1996 and 1997 except for
spring wheat following meadowfoam and meadowfoam following winter wheat in 1997,

which underwent a reduction in the number of annual bluegrass seeds in the soil seed
bank (Table II.2b). In 1995, there were no differences in the number of annual bluegrass

seeds among the crop rotation sequences.

In 1996, the largest number of annual

bluegrass seed was obtained from the continuous perennial ryegrass treatments. The
highest number of seed in continuous perennial ryegrass and the lowest in meadowfoam

were probably due to the comparatively high and low seed rain, respectively in 1996
(Chapter I, Table 1.4).

In 1997, there were no differences observed in the number of annual bluegrass

seed among continuous perennial ryegrass, seedling perennial ryegrass following
meadowfoam and seedling perennial ryegrass following winter wheat. A higher number
of annual bluegrass seed was obtained from the perennial ryegrass treatments and a lower

number of seed was found in spring wheat following meadowfoam and meadowfoam

following winter wheat. The high number of seed in the perennial ryegrass coincided
with the high seed rain in these rotations in 1997 (Chapter I, Table 1.4).
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Table II.2a. Effect of crop rotation on annual bluegrass seed / 100 g soil' within each year
at Site 2.
Crop rotation

The average number of seed/100 g soil
1995

1996

1997

CPR

4+1ab

29 ±48a

17 ±42 ab

M-SW

3 ± 1 ab

6±3 bc

1 ± 0.33 d

WW-M

3 ± 1 ab

10 ±5b

4 ±4 c

M-PR

3 ± 1 ab

4 ±9 c

13 ±96 b

WW-PR

2±1b

9 ±5b

25 ± 104 a

(baseline)

a Averaged over six soil depths. For linearity, all data were log transformed before analysis.
Backtransformed data are presented. Means followed by the same letters within a column
are not significantly different according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
'Numbers following ± are standard error for each mean.
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Table II. 2b. Effect of each crop rotation on annual bluegrass seed /100 g soil' within
different years at Site 2.
Crop rotation

The average number of seed/100 g soil
1995

(baseline)
CPR

4± 1

1996

1997

29±48 a

17±42 a

M-SW

3±1b

6 ±3a

1 ±0.33c

WW-M

3 ±4 b

10 ±5 a

4 ±4 b

M-PR

3±1b

4 ±9 b

13 ±96 a

2 ±1c

9 ±5b

25± 105a

WW-PR

a Averaged over six soil depths. For linearity, all data were log transformed before analysis.
Backtransformed data are presented. Means followed by the same letters within a row are
not significantly different according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.

35

The effect of crop rotation on seed deposited at the six soil depths was different

at each year (Table II.2c, 2d, 2e, 2f, 2g and 2h). In 1996, the highest number of annual

bluegrass seed was obtained from the soil surface (0 to 0.1 cm depth) in continuous

perennial ryegrass with a similar trend at 0 to 2.5 cm depth. Except for continuous
perennial ryegrass, there was no significant difference observed in the number of seed

within any crop at the soil surface and 0 to 2.5 cm soil depth (Table II.2e). Each crop
rotation sequence had an effect on the number of seed of annual bluegrass within six soil
depths (Table II.2f). The highest number of seed was observed at the soil surface and the

number decreased with soil depth. However, no difference was observed at the soil
surface and 0 to 2.5 cm depths in one of the meadowfoam treatments and at 0 to 2.5 and
2.5 to 5 cm depth in both winter wheat treatments. The high number of seed deposited on
the soil surface and 0 to 2.5 cm depth in the continuous perennial ryegrass as compared to
other crops was caused by the lack of soil disturbance in 1996.

In 1997, there were no significant differences observed in the number of annual
bluegrass seed within each soil depth in the established and seedling perennial ryegrass
but a decreasing trend in the number of seed was observed with the increase in soil depth.

A high number of seed was deposited at the soil surface and 0 to 2.5 cm depth in
continuous perennial ryegrass and at the soil surface in seedling perennial ryegrass
following meadowfoam and seedling perennial ryegrass following winter wheat (Table
II.2g). A low number of annual bluegrass seed was observed in spring wheat following

meadowfoam at the soil surface, 0 to 2.5, and 2.5 to 5 cm depths as compared to other
crop rotations. This observation was similar to the observation at Site 1. None of the
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Table II.2c. Baseline number of annual bluegrass seed/ 100 g soil at each soil depth in 1995
at Site 2.a

Soil depth (cm)

Crop rotation

0-0.1

0-2.5

2.5-5

5- 12.5

12.5 - 17.5

CPR

1±0.52ab

2±1a

3±1a

10±7a

8 ±2a

5 ±1a

M-SW

1±0.40 a

1±2a

2±1a

6±2ab

4 ±1a

6 ±4a

WW-M

1±0.38a

1±1a

3 ±3a

6±3ab

6±1a

3 ±2a

M-PR

<1±0.40a

1± 1 a

4 ±3a

6±3ab

6±4 a

2±1a

WW-PR

1±0.60 a

1 ±2a

3 ±2a

3±3b

4±5 a

3 ±2a

(surface)

17.5 - 20

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
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Table II.2d. Baseline number of annual bluegrass seed/100 g soil at different soil depths in
1995 at Site 2.a

Soil depth (cm)

Crop rotation
0 - 0.1

0 - 2.5

2.5 - 5

5- 12.5

12.5 - 17.5

17.5 - 20

CPR

1 ±0.52c"

2 ±lbc

3±1 bc

10 ±7a

8 ±2a

5 ±1 ab

M-SW

1±0.30c

1±1 bc

2±1 abc

6 ±4a

4 ±2 ab

6 ±2a

WW-M

1 ± 0.23 c

1 ± 1 bc

3 ± 1 ab

6 ±3a

6±1a

3 ±2 ab

<1 ± 0.20 c

1 ± 1 bc

4 ± 1 ab

6 ±2a

6+1a

2±1b

1 ± 0.20 b

1±1b

3 ± 1 ab

3±2a

4±1a

3 ± 1 ab

(surface)

M-PR
WW-PR

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row are not significantly different
according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
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Table II.2e. Effect of crop rotation on the distribution of annual bluegrass seed/ 100 g soil
at each soil depth in 1996 at Site 2 .a
Soil depth (cm)

crop rotation
0 - 0.1

(surface)
CPR

608 ± 119 a b

0 - 2.5

2.5 - 5

123 ± 70 a

23 ± 10 a

5- 12.5

12.5 - 17.5

17.5 - 20

5 ± 0.55 ab

6±2a

8±4a

M-SW

20 ± 11 b

9±9b

7 ± 7 ab

5 ± 2 ab

3±2a

2±1a

WW-M

17 ± 26 b

14 ± 15 b

12 ± 10 ab

7±5a

8±2a

5±2a

M-PR

25 ± 49 b

6±5b

2±4b

2±2b

3±3a

3 ±3 a

WW-PR

20 ± 19 b

14 ± 14 b

9 ± 9 ab

5 ± 2 ab

5±2a

5±3a

'For linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass - perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass
bNumbers following ± are standard error for each mean.
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Table 11.2f. Effect of each crop rotation on the distribution of annual bluegrass seed/ 100
g soil at different soil depths in 1996 at Site 2 .a
Soil depth (cm)

crop rotation

17.5 -20

0 - 0.1

0 - 2.5

2.5 -5

5- 12.5

12.5 - 17.5

608± 119 ab

123 ±70 b

23 ±34 c

5±1 d

6 ±2d

8 ±4 d

M-SW

20± 11 a

9 ±9 ab

7± 7 b

5 ±2 bc

3 ±2 c

2±1c

WW-M

17 ±26 a

14 ± 14 ab

12 ±10 abc

7 ±5 bc

8 ±2 bc

5 ±2 c

M-PR

25 ± 49 a

6 ±5 b

2 ±4 c

2 ±2 c

3 ±3 bc

3 ±3 bc

WW-PR

20 ± 19 a

14 ± 14 a

9 ±9 ab

5 ±2 b

5±2b

5 ±3 b

(surface)

CPR

aFor linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row are not significantly different
according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass
bNumbers following ± are standard error for each mean.
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Table 11.2g. Effect of crop rotation on the distribution of annual bluegrass seed/100 g soil
at each soil depth in 1997 at Site 2.'
Soil depth (cm)

Crop rotation

0 -0.1

0 2.5

2.5 -5

5- 12.5

CPR

387 ± 166 ab

80 ± 24 a

12 ±3 ab

5 ± lab

M-SW

<1 ± 1 c

1± 1 c

1 ±1c

2 ± 1 bc

1±1b

<1 ± 0.24 a

WW-M

15 ±20 b

9± 8 b

5 ±3 b

2 ± 1 bc

2±1b

<1 ± 1 a

M-PR

372 ± 529 a

36 ±52 a

9 ± 8 ab

4 ±2 abc

3±2a

2±1a

WW-PR

820 ±483 a

110 ±46 a

18 ±3 a

7 ±3 a

5 ±2 a

3±2a

(surface)

12.5 - 17.5

3 ± 0.48 ab

17.5 - 20

3 ± la

'For linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a column are not significantly
different according to Fisher's Protected LSD test at p 5 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
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Table II.2h. Effect of each crop rotation on the distribution of annual bluegrass seed /100
g soil at different soil depths in 1997 at Site 2.'
Soil depth (cm)

Crop rotation

CPR

0 - 0.1
(surface)
387 ± 166 ab

0 - 2.5

2.5 - 5

5- 12.5

80 ± 24 ab

12 ±3 bc

5 ± lcd

3 ± 0.48 cd

12.5 - 17.5

17.5 - 20

3±1d

M-SW

<1 + 1 a

1±1a

1±1a

2±1a

1±1a

<1 ± 0.24 a

WW-M

15 ±20 a

9±8b

5 ±3c

2±1d

2±lde

<1 + le

M-PR

372 ±529 a

36±53b

9±8c

4 ±2 cd

3 ±2 d

2 ±ld

WW-PR

820 ±483a

110±46b

18 ±3c

7 ±3d

5±2 de

3 ±2 e

'For linearity, all data were log transformed before analysis. Backtransformed data are
presented. Means followed by the same letters within a row are not significantly different
according to Fisher's Protected LSD test at p 0.05.
CPR = perennial ryegrass-perennial ryegrass, M-SW = meadowfoam followed by spring

wheat, WW-M = winter wheat followed by meadowfoam, M-PR = meadowfoam
followed by perennial ryegrass, WW-PR = winter wheat followed by perennial ryegrass.
bNumbers following ± are standard error for each mean.
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crop rotations had an effect on the number of annual bluegrass seeds at 17.5 to 20 cm soil
depth.

The number of seed obtained in meadowfoam following winter wheat was

intermediate at the soil surface and 0 to 2.5 cm depths. A similar trend in the number of
seed at different soil depths and the high number of seed on the surface and 0 to 2.5 cm
depth in established and seedling perennial ryegrass probably coincided with the absence

of soil disturbance in these rotations in 1997. The lower number of seed in spring wheat
following meadowfoam was due to the absence of a seed rain of annual bluegrass in 1997

(Chapter I, Table 1.4). Each crop rotation had a significant effect on the number of seeds

of annual bluegrass within the six depths (Table II.2h). The established and seedling
perennial ryegrass were different in the number of seed at the soil surface as compared to

other depths, and the highest number of seed were observed at the surface with each of
these rotations.
The two sites had differences in the number of annual bluegrass seed present in soil.
This was apparently because annual bluegrass was seeded at Site 1 whereas Site 2 had a

high naturally occurring annual bluegrass population. The annual bluegrass population at
Site 1 was susceptible to diuron and that at Site 2 was resistant to diuron which may

account for differences in phenology of seeds produced at the two sites. Such phenological
differences can influence seed germination, dormancy or longevity of the seed.
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CHAPTER III

Influence of the Mother Plant Environment on Annual Bluegrass (Poa annua)
Germination

INTRODUCTION

Various internal and external factors regulate the germination of seed in their natural

habitat (Mayer and Poljakoff -Mayber, 1989). These factors can determine whether a seed
will germinate in a certain place or time. The ecological conditions prevailing in a habitat

will affect germination with the determining factors probably being the microclimatic
conditions in the immediate vicinity of the seeds (Mayer and Poljakoff-Mayber, 1989). The

size, shape and composition of seeds can determine their germination behavior in different

environments. The development, maturation and drying of seed are complex processes.
The mother plant is the first habitat through which seed pass critical phases of development
and maturation.

In polymorphic seeds produced on the same plant, different ecological roles and
differences in dormancy and germination behavior are often associated with the different

seed forms (Mayer and Poljakoff-Mayber, 1989). Depending on the daylength, seed of
different germinability are produced on the same plant and even on the same branch, thus
ensuring temporal dispersal of seed germination (Gutterman, 1974). Position of the seed in

the inflorescence or fruit, age of the mother plant at the time of seed ripening, red and far-
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red light during plant development and seed maturation can influence seed germinability
(Gutterman, 1980, Radosevich et al, 1997). Even under similar daylength and temperature

conditions during maturation, seed produced on the same plant sometimes differ in their
germinability.

For example, terminal seed of Oldenlandia cotymbosa germinate much

better than those below them, and young plants produce fewer dormant seed than older
plants (Gutterman, 1980). In Portulaca oleracea, low intensities of red and far-red light

treatments during plant development and seed maturation influence seed germinability for
years (Gutterman, 1974).

Acharya (1989) found that both the total and rate of germination of Poa alpina
(alpine bluegrass) seed were influenced by the environment under which germination
occurred and by the population from which the seed were derived. Seed size influences
germination of alpine bluegrass but the maternal environment had a greater effect than that
of the seed size (Hermesh and Acharya, 1992).

Mayer and Poljakoff -Mayber (1989) found that the parent plant, by a phytochrome

mediated mechanism, influences seed development in a way that affects subsequent
germination behavior.

Hormonal effects also may be important in seed-parental

interactions at seed formation. Under different conditions of light and temperature, the
balance of growth promoters and growth inhibitors reaching the developing seed from
parent plants might be different. The temperature during seed maturation is an important
factor affecting seed germination. For example, seed of Syringa vulgaris from mother

plants grown at alternating temperatures of 18/24 C were partially dormant at 15 C but not
at 21 C, while seed from plants grown at 12 C were not dormant at all (Gutterman, 1980).

46

Different species have different temperature ranges within which they germinate. In
general, at very low and very high temperatures germination is prevented. The temperature
range within which different seeds germinate is determined by the source of the seed, by the

genetic differences within a given species, as well as by the age of the seed (Mayer and
Poljakoff-Mayber, 1989). In many seeds, germination is promoted by alternating

temperature changes, which may be either diurnal or seasonal. Germination of annual
bluegrass seed occurs over a wide range of temperatures (Warwick, 1979). Germination of

annual bluegrass increased from 38% at 2 C to 94% at 5 C and did not decline until the
temperature reached over 30 C (Koch, 1968 cited in Warwick, 1979), whereas the most
rapid germination was found with a 30 C day/20 C night temperature regime (Gibeault,
1966 ).

Standifer and Wilson (1988) studied dormancy in freshly harvested seed in three
populations of Poa annua and found that seed of a Louisiana population were dormant over

temperatures ranging from 5 to 25 C. In the same study, seed of a Maryland population

germinated well (78%) at 10 C and a Wisconsin population germinated over 50%
throughout the temperature range.

The objective of this study is to determine the effect of the mother plant
environment on germination of annual bluegrass at different temperature regimes.

47

MATERIALS AND METHODS

The annual bluegrass seed were collected from both sites in 1997 within the

spring wheat, meadowfoam, and perennial ryegrass canopies (See Chapter I for
experimental description at Sites 1 and 2 and see seed collection procedure in Chapter II).

The annual bluegrass seed were collected at maturity. Seed were collected on 5/8/97 and

5/28/97 at Site 1 and 5/6/97, 5/22/97 and 6/5/97 at Site 2. Seed were air-dried, cleaned,
and stored for two months to overcome the after-ripening requirement.

Germination tests were conducted in growth chambers maintained at constant 5 C

and at 20/30, 15/25 and 5/15 C alternating temperature for 16 hours dark and 8 hours
light condition. One hundred seeds from each mother plant environment were placed in
petri dishes with a presoaked filter paper. The petri dishes were then placed in the growth

chambers in a randomized complete block design with four replications. Germinated
seed were counted at 7 day intervals. The germination counts continued until no further
germination was observed.

A Tetrazolium Test (TZ) was performed to evaluate the dormancy and viability of

the ungerminated seed. To perform the TZ tests, the firm seed were separated from dead

seeds and placed in petri dishes. The seed were then pierced with a needle and 1 % TZ

solution was added to cover the seeds. The petri dishes were covered and kept at room
temperature for 16 hours (OSU Seed Laboratory, personal communication). After 16
hours in the TZ, the solution was removed and a few drops of lactic acid were added to
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the seeds for 1.5 hr to clear the seed coat. The seed were then examined under a
microscope. Seed considered normal and viable exhibited an even, uniform red to pink
color which outlined the embryo.

The experiments were repeated. Data from each replicate experiment were
combined for each site since the variances were homogenous based on Bartlett's test of
homogeneity of variance. Data were analyzed by seed collection date.

Means were

separated using Fisher's Protected Least Significance Difference (LSD) test at the 5%
level of significance.

RESULTS AND DISCUSSION

Site 1.

The date of seed collection and the mother plant environment (i.e. crop canopy)

had an effect on annual bluegrass seed germination at each temperature tested. However,

there were no significant differences observed in the germination percentage of annual

bluegrass seed that were collected on 5/8/97 and tested at 5/5 or 5/15 C. Crop canopy
environment did effect germination at 15/25 and 20/30 C (Table III.1a). At 20/30 C, the

highest germination percentage of annual bluegrass (90%) was observed for seed
collected from seedling perennial ryegrass in the meadowfoam-perennial ryegrass
rotation and the lowest germination percentage (69%) was observed from seedling
perennial ryegrass in the winter wheat-perennial ryegrass crop rotation sequence. At
15/25 C, the highest germination percentage was observed for seed collected from
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Table 111.1a. Effect of mother plant environment on germination percentage of annual
bluegrass seed at each temperature regime at Site 1.
Germination percentage by temperature

Date of seed

Crop rotation'

collection
5/8/97

5 /5 C

CPR

41 ±2 ac

5 / 15 C
72 ± 7 a

15 /25 C
88 ± 2 a

20 /30 C
78 ±2 b

WW-M

44 ±3 a

73 ±3 a

83 ± 1 b

80 ± 1 b

M-PR

48 ±5a

69 ± 6 a

92 ± 1 a

90 ± 1 a

WW-PR

49 ±3 a

65 ±2 a

77 ± 2 c

69 ± 2 c

CPR

27 ± 2 c

44 ± 2 b

74 ± 2 be

69 ± 1 ab

WW-M

58 ±3 a

69 ±2 a

78 ± 1 ab

75 ± 3 a

M-PR

25 ±3 c

31 ± 3 c

60 ±2 d

46 ±2 c

WW-PR

37± 6 bc

61 ± 4 a

70 ±2 c

63 ±3 b

M-SW

41 ± 6 b

65 ±5 a

81± 2 a

72 ± 4 a

5/28/97

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a column under each seed collection date are
not significantly different according to Fisher's Protected LSD test at p _.. 0.05.
`Numbers following ± are standard error for each mean.
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Table III. 1 b. Effect of each mother plant environment on germination percentage of
annual bluegrass seed at different temperature regimes at Site 1.
Date of seed

Crop rotation'

Germination percentage by temperature

collection
5/8/97

CPR

5 /5 C
41 ±2 cc

5 / 15 C
72 7 b

88

15 /25 C
2a

20 /30 C
78 ±2 ab

WW-M

44 ±3 c

73 ±3 b

83 ± 1 a

80 ± 1 ab

M-PR

48± 5 c

69 ± 6 b

92 ± 1 a

90 ± 1 a

WW-PR

49 ±3 c

65 ±2 b

77 ± 2 a

69 ±2 b

CPR

27 ±2 c

44 ±2 b

74 ±2 a

69± 1 a

WW-M

58 ±3 c

69 ±2 b

78 ± 1 a

75 ± 3 ab

M-PR

25 ±3 c

31 ± 3 c

60 ±2a

46 ±2 b

WW-PR

37 ± 6 b

61 ± 4 a

70 ±2a

63 ±3 a

M-SW

41 ± 6 c

65 ± 5 b

81 ± 2 a

72 ±4 ab

5/28/97

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a row under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
Numbers following ± are standard error for each mean.
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seedling perennial ryegrass in the meadowfoam-perennial ryegrass rotation which was
Similar to the germination percentage of annual bluegrass seed collected from established

perennial ryegrass in the continuous perennial ryegrass sequence. The lowest (77%)

germination percentage at 15/25 C occurred when seed were collected from seedling
perennial ryegrass in the winter wheat-perennial ryegrass rotation. There may be several

reasons why the germination of annual bluegrass was different. It could be that the
annual bluegrass plants were exposed to different microenvironment of the respective
canopy.

Variation in the red and far-red ratio of light and temperature within the

canopies also may have influenced the subsequent germination of annual bluegrass seed.

A difference in annual bluegrass growth in the established perennial ryegrass in the
continuous perennial ryegrass rotation versus its growth in the seedling perennial ryegrass

was observed. Annual bluegrass grown in established perennial ryegrass was covered by

a closed canopy of established perennial ryegrass compared to the open canopy of
seedling perennial ryegrass

Significant effects in germination percentage over temperature regimes were
observed for the annual bluegrass seed collected from each mother plant environment.

Except for perennial ryegrass following winter wheat, germination was similar at all
temperature regimes (Table III.1b).

A different trend was observed for annual bluegrass seed collected on 5/28/97. At

all temperatures, the highest and the lowest germination percentage of annual bluegrass

were observed for the seed collected from meadowfoam following winter wheat and

perennial ryegrass following meadowfoam, respectively (Table III.1a). With few
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exceptions, the highest germination of annual bluegrass seed collected from any crop
canopy tested occurred at 15/25 followed by 20/30 (Table III.2b). This observation was
consistent with the observation reported by Gibeault (1966).

Wells (1974) confirmed that variation in field temperatures during seed
maturation effects germination of annual bluegrass. The influence of mother plant

environment on the germinability of seed also has been reported by Hermesh and
Acharya (1992), Gutterman (1974, 1980), and Mayer and Poljakoff-Mayber (1989).
There also may be residual effect on the mother plant of the previous crop environment,
which effected the germinability of annual bluegrass seed.

Annual bluegrass seed collected from various mother plant environments had
different effects on the amount of total viable seed (germination + viable) at each test
temperature. Annual bluegrass seed collected from any rotation sequence on 5/8/97 had

the similar effect at 5/5 and 5/15 C. Annual bluegrass seed collected from continuous
perennial ryegrass on 5/8/97 had the highest total viable seeds at 20/30 C, although there

were no difference observed in continuous perennial ryegrass and perennial ryegrass
following meadowfoam at 15/25 C (Table III.1c). Except at 5 C, the lowest percentage of

total viable seed was observed in the seed collected from seedling perennial ryegrass in
the perennial ryegrass following winter wheat rotation.

The number of total viable seed on 5/28/97 was different than that on 5/8/97.

Except at constant 5 C, the annual bluegrass seed collected from spring wheat in the
meadowfoam-spring wheat rotation on 5/28/97 had the highest percentage of total viable
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Table III.1 c. Effect of mother plant environment on percentage of total viable seed
(germination + viable) at each temperature regime at Site 1.

Total viable seed (germination + viable) by temperature

Date of seed

Crop rotation'

collection
5/8/97

5/5 C

90 ±l a'

5/15 C

15/25 C

CPR

93 ±1 a

95 ±2 a

20/30 C
97 ± 1 a

WW-M

75 ±2 c

86 ± 1 b

85 ± 1 b

83 ±1 c

M-PR

84 ±2 b

85 ± 6 b

93 ± 1 a

91 ± 2 b

WW-PR

75 ±2 c

76 ±2 c

78 ± 2 c

73 ±2 d

CPR

72 ± 1 b

71 ± 2 c

79 ±2 a

76 ± 1 a

WW-M

77±1 b

78±2 ab

80 ± 1 a

77± 2 a

M-PR

64 ±2 c

63 ± 1 d

70 ±2 b

65 ±3 b

WW-PR

59 ± 2 d

74 ±2 bc

73 ± 2 b

74 ±3 a

M-SW

82 ±2 a

82 ±3 a

84 ± 2 a

80 ± 2 a

5/28/97

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a column under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
'Numbers following ± are standard error for each mean.
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Table III.1d. Effect of each mother plant environment on percentage of total viable seed
(germination + viable) at different temperature regimes at Site 1.
Date of seed

Crop rotation'

Total viable seed (germination + viable) by temperature

collection
5/8/97

CPR

5/5 C
90 ± 1 c`

5/15 C
93 ± 1 be

95 ± 2 ab

20/30 C
97 ± 1 a

WW-M

75 ± 2 b

86 ± 1 a

85 ± 1 a

83 ± 1 a

M-PR

84 ±2b

85 ±2 a

93 ± 1 a

91 ± 2 a

WW-PR

75 ±2 ab

76 ± 1 ab

78 ±2 a

73 ±2 b

CPR

72 ± 1 b

71 ± 2 b

79 ± 2 a

76 ± 1 a

WW-M

77 ± 1 a

78 ±2 a

80± 1 a

77 ± 2 a

M-PR

64 ±2 b

63 ± 1 b

70 ±2 ab

65 ±3 a

WW-PR

59 ± 2 b

74 ±2 a

73 ± 2 a

74 ±3 a

M-SW

82 ±2 a

82 ±3 a

84 ± 2 a

80 ± 2 a

5/28/97

15/25 C

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a row under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 5_ 0.05.
`Numbers following ± are standard error for each mean.
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seed at each temperature regime. However, the meadowfoam following winter wheat,

perennial ryegrass following winter wheat and spring wheat following following
meadowfoam rotations sequences had a similar effect on the total viable annual bluegrass

seed at 5/15 C. At 15/25 C, there were no differences observed among total viable seed

when seed were collected from meadowfoam in winter wheat-meadowfoam and from
spring wheat in the meadowfoam-spring wheat rotations. The lowest percentage of total
viable seed was observed in seedling perennial ryegrass following meadowfoam at 5/15,

15/25 and 20/30 C (Table III. 1c). Each mother plant's environment effected the total

viable seed over any temperature tested. The annual bluegrass seed collected from
continuous perennial ryegrass and perennial ryegrass following meadowfoam on both
collection dates had the highest number of total viable seed at 15/25 and 20/30 C (Table
III.1d). However, there was no differences observed between 15/25 and 20/30 C. Except
for 5 C, a similar trend in the total seed viability was observed when seed were collected
from meadowfoam following winter wheat and spring wheat following meadowfoam on
both seed collection dates and tested at any temperature regime.

The relative effect of temperature regimes on the germination of annual bluegrass was

similar on both seed collection dates (Fig. HU a and Fig. HU b). Linear regression
indicated an increase in the germination percentage with an increase in the temperature.

The low germination percentage was observed for the seeds collected from perennial
ryegrass following winter wheat on 5/8/97 at the temperatures 5/15, 15/25, and 20/30 C
(Fig.III.1a). Seed collected from perennial ryegrass following meadowfoam on 5/28/97

had the lowest germination percentage at all temperature regimes tested (Fig.III.1b).
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Fig.III.la. Linear regression of mother plant environment and temperature regimes on

germination percentage of annual bluegrass seed collected on 5/8/97 at site 1. R2 for
CPR=0.48; R2 for WW-M=0.63; R2 for M-PR= 0.62; R2 for WW-PR= 0.45.
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Fig.III.lb. Linear regression of mother plant environment and temperature regimes on
germination of annual bluegrass seed collected on 5/28/97 at Site 1. R2 for CPR= 0.79; R2
for WW-M=0.47; R2 for M-PR=0.42; R2 for WW-PR=0.34; M-SW=0.42.
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Site 2.

The mother plant environment and temperature effected the germination

percentage at each date of seed collection. At constant 5 C, the highest germination

percentage of annual bluegrass was observed for the seed collected from established
perennial ryegrass in the continuous perennial ryegrass sequence and in the seedling

perennial ryegrass in the meadowfoam-perennial ryegrass rotation on 5/6/97 (Table
III.2a). At the temperature 5/15, 15/25 and 20/30 C, the highest percentage of annual

bluegrass was observed for the seed collected from continuous perennial ryegrass (Table
III.2b).

The mother plant environment effected the germination percentage over

temperature regimes.

Similar effects were observed for the seed collected from

established perennial ryegrass in the continuous perennial ryegrass sequence at 5/15,
15/25 and 20/30 C. In general, seed collected from each mother plant environment had
the highest germination at 15/25 C (Table III.2b).

Annual bluegrass seed collected from established perennial ryegrass in the
continuous perennial ryegrass sequence on 5/22/97 had the highest germination at 5/15,

15/25 and 20/30 C; however, similar effects in germination were observed for seed
collected from continuous perennial ryegrass and meadowfoam following winter wheat at

5 C (Table III.2a). The seed collected from seedling perennial ryegrass in the perennial
ryegrass following meadowfoam had the lowest germination at all temperatures (Table
III.2a).

The low germination observed at each temperature in perennial ryegrass

following meadowfoam may be due to the high number of dead seed observed at each

test temperature. A similar trend was observed for the seed collected from seedling
perennial ryegrass following meadowfoam at 5/28/97 at Site 1.
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Table III.2a. Effect of mother plant environment on percentage of germination of annual
bluegrass seed at each temperature regime at Site 2.
Germination percentage by temperatureb

Date of seed

Crop rotation'

collection
5/6/97

5 /5 C

51±5 a'

5/15C
86 ±3 a

15/25C

92 ±1 a

20/30C

CPR
WW-M

39 ±3b

69 ±5c

83 ±2 b

72 ±3 b

M-PR

58 ±3a

78 ±1b

82 ±2 b

73 ±3 b

WW-PR

38±3 b

72 ±2 be

79 ±2 b

73 ±2 b

CPR

55 ± 4 ab

91 ± 2 a

90 ± 1 a

93 ± 1 a

WW-M

62 ±4a

84 ±2 b

86 ±2 b

76 ±3 b

M-PR

51± 3 bc

65±2d

72 ±3 c

65 ±3c

WW-PR

41 ± 4 c

74 ±2 c

84 ±3 b

81 ±2 b

WW-M

47 ±3a

75 ±3 b

76 ±2 b

66 ±2 a

M-PR

50 ±6 a

87± 1 a

87± 1 a

71 ±4a

WW-PR

44 ±4 a

80 ±2b

84 ±2 a

67 ±3 a

5/22/97

86 ± 3 a

M-SWd

6/5/97

CPR`

M-SW

'CPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a column under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
'Numbers following ± are standard error for each mean.
dAnnual bluegrass plant did not germinate in spring wheat at Site 2.
'Perennial ryegrass did not produce seed after 5/22/97.
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Table III.2b. Effect of each mother plant environment on percentage of germination of
annual bluegrass seed at different temperature regimes at Site 2.
Date of seed

Crop rotation'

Germination percentage by temperature

collection
5/6/97

5/5C
51±5b`

5/15C

86±3a

15/25C

CPR

92±1a

20/30C
86±3a

WW-M

39±3c

69±5b

83±2a

72±3 b

M-PR

58±3c

78±lab

82±2a

73±3 b

WW-PR

38±3c

72±2b

79± 2a

73±2b

CPR

55 ±4 b

91 ±2 a

90 ± 1 a

93 ±1 a

WW-M

62±4c

84±2ab

86±2a

76±3b

M-PR

51±3b

65±2a

72±3a

65±3a

WW-PR

41 ±4 c

74±2b

84±3a

81±2ab

CPR'
WW-M

47±3c

75±3a

76±2 a

66±2b

M-PR

50 ±6c

87±1a

87±1a

71±4b

WW-PR

44

80±2a

84±2 a

67±3b

5/22/97

M-SWd

6/5/97

4c

M-SWd

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a row under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
'Numbers following ± are standard error for each mean.
dAnnual bluegrass plant did not germinate in spring wheat at Site 2.
'Perennial ryegrass did not produce seed after 5/22/97.
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Each mother plant's environment affected the germination over the test
temperature regimes when seed were collected on 5/22/97. Except for constant 5 C, there

were no differences observed in the germination percentage of seed collected from
continuous perennial ryegrass at any temperature (Table III.2b).

There were no differences in germination at constant 5 and 20/30 C when seed

were collected on 6/5/97 (Table III.2a). The germination of annual bluegrass seed

collected from seedling perennial ryegrass in the perennial ryegrass following
meadowfoam was the highest at 5/15 C and the seed collected from meadowfoam
following winter wheat had the lowest germination at 15/25 C. A similar effect on
germination was observed in meadowfoam following winter wheat and perennial ryegrass

following winter wheat rotations at 5/15 C. The seed collected from each mother plant
environment had the highest germination at 5/15 and 15/25 C (Table III.2b).

Each mother plant environment and test temperature affected the total viable seed
(germination + viable) over date of seed collection (Table III.2c). The highest percentage of

total viable seed was observed when the seed were collected from established perennial
ryegrass in the continuous perennial ryegrass rotation on 5/6/97 at all temperature regimes.
However, meadowfoam following winter wheat, perennial ryegrass following meadowfoam
or winter wheat did not have an effect on the total viable seed at test temperatures of 5, 5/15

and 20/30 C (Table III.2c). There were no differences observed in the total viable seed at

test temperature of 5/15, 15/25 and 20/30 C when seed were collected from continuous
perennial ryegrass (Table III.2d). The total viable seed of annual bluegrass collected from
perennial ryegrass following winter wheat were unaffected by any temperature regime.
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Table III.2c. Effect of mother plant environment on percentage of total viable seeds of
annual bluegrass seed at each temperature regime at Site 2.
Date of seed
collection
5/6/97

5/22/97

Crop rotation'

Total viable seed (germination + viable) by temperatureb

94 ±1a

15/25 C

94 ±1a

20/ 30 C

CPR

5 /5 C
90 ± 1 ac

WW-M

78±1b

83 ±2 b

89 ± 2 b

85 ± 2 b

M-PR

79 ± 2 b

81 ± 1 b

85± 2 be

82 ±2 b

WW-PR

79 ±2 b

82 ±2 b

81± 2 c

80 ±3 b

CPR

91± 1 a

96 ± 1 a

96 ± 1 a

94 ± 1 a

WW-M

82 ±2 b

87 ±2b

89 ± 1 b

84 ± 2 b

M-PR

68 ±2 c

69 ±3c

74 ±3 c

70 ±3 c

WW-PR

79 ±1b

83 ±2 b

84 ±3 b

85 ± 2 b

CPR'
WW-M

75 ± 1 b

81 ±2b

79±1 b

76 ±2 b

M-PR

88 ± 1 a

91 ± 1 a

89 ± 1 a

88 ± 1 a

WW-PR

87 ± 1 a

87 ±2 a

88 ± 2 a

86 ± 2 a

5/15 C

95 ±1a

M-SWd

6/5/97

M-SWd

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a column under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
`Numbers following ± are standard error for each mean.
dAnnual bluegrass plant did not germinate in spring wheat at Site 2.
'Perennial ryegrass did not produce seed after 5/22/97.
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Table III.2d. Effect of each mother plant environment on percentage of total viable seeds
of annual bluegrass seed at different temperature regimes at Site 2.
Date of seed

Crop rotation'

Total viable seed (germination + viable) by temperature'

collection
5/6/97

CPR

5 /5 C
90 ± 5 V

5/15 C
94 ± 3 a

15/25 C
94 ± 1 a

20/ 30 C
95 ± 1 a

WW-M

78 ± 1 c

83 ± 2 b

89 ± 2 b

85±3 ab

M-PR

79 ±2 b

81 ± 1 ab

85 ±2 a

82 ±2 ab

WW-PR

79 ±2 a

82 ±2 a

81 ±2 a

80 ±3a

CPR

91 ± 1 b

96 ± 1 ab

96 ± 1 a

94 ± 1 a

WW-M

82 ±2 b

87±2 ab

89 ±1a

84 ± 2 ab

M-PR

68 ±2 a

69 ±3 a

74 ±3 a

70 ±3a

WW-PR

79 ± 1 b

83 ±2 ab

84 ±3 ab

85 ±2 a

CPR'
WW-M

75± 1 b

81 ±2 a

79 ± 1 ab

76 ±2 ab

M-PR

88 ± 1 a

91 ± 1 a

89

1a

88 ± 1 a

WW-PR

87 ± 1 a

87 ±2a

88 ±1a

86 ±2 a

5/22/97

M-SWd

6/5/97

M-SWd

aCPR = continuous perennial ryegrass, WW-M = winter wheat followed by meadowfoam,
M-PR = meadowfoam followed by perennial ryegrass, WW-PR = winter wheat followed
by perennial ryegrass, M-SW = meadowfoam followed by spring wheat.
bMeans followed by the same letters within a row under each seed collection date are not
significantly different according to Fisher's Protected LSD test at p 0.05.
Numbers following ± are standard error for each mean.
'Annual bluegrass plant did not germinate in spring wheat at Site 2.
'Perennial ryegrass did not produce seed after 5/22/97.
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The trend in total viable seed was the same when seed were collected on 5/22/97

as compared to 5/6/97. The highest and the lowest percentage of total viable seed were

observed from established perennial ryegrass in the continuous perennial ryegrass and
seedling perennial ryegrass following meadowfoam, respectively, at each test temperature

(Table III.2c).

The seed collected from continuous perennial ryegrass, meadowfoam

following winter wheat, and perennial ryegrass following winter wheat did not have
affect total viable seed over all temperatures tested. The seed collected from seedling
perennial ryegrass following meadowfoam were not different in seed viability at all test
temperatures (Table III.2d). The highest percentage of total viable seed was observed

when seed were collected from perennial ryegrass following meadowfoam or winter
wheat on 6/5/97 at any test temperature (Table III.2c). The lowest percentage of total
viable seed was observed when seeds were collected from meadowfoam following winter

wheat on 6/5/97 (Table III.2b). Except for meadowfoam following winter wheat, there
were similar effects on the number of total viable seed at each test temperature in each
mother plant environment (Table III.2d).

The relative effect of temperature regime on the germination percentage of annual

bluegrass seeds was similar at all collection dates (Fig.III.2a, III.2b and III.2c).
Regression analysis indicated an increase in germination percentage with increase in the

temperature. This observation was consistent with the observation made for seed from
Site 1. The lowest germination percentage was observed for the seed collected from

seedling perennial ryegrass following meadowfoam on 5/22/97 at the test temperature
15/25 and 20/30 C.
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There may be several reasons why the trend of germination of annual bluegrass
seed collected from different canopies at different maturation dates at Site 1 was different

from Site 2. The difference could be due to genetically different seed sources. Annual
bluegrass was resistant to diuron at Site 2 whereas it was susceptible to diuron at Site 1.

Darmency and Aujas (1988) confirmed that two reciprocal hybrids of annual bluegrass

varied in germination, suggesting that differences in seed characteristics can influence
germination in this species. Moreover, growth habitat and genetic differences could have
a great influence on germination of annual bluegrass over different temperature regimes.
Wu et al. (1987) confirmed that seed from annual bluegrass plants in roughs (not irrigated

and frequently mowed) has less than 10% germination at 25 C with a peaks (70%) at 12
C.

Seed from fairway populations (irrigated and mowed moderately) had 50%

germination at 25 C and 85 % at 12 C. Standifier and Wilson (1988) observed similar
germination behavior of annual bluegrass seed collected from different maternal plant
environments.

This study indicates that the mother plant environment had an effect on the
subsequent germination of annual bluegrass. This study has an ecological importance.

Inclusion of meadowfoam or wheat in a crop rotation sequence can reduce the annual
bluegrass infestation by preventing germination.
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Fig.III.2a. Linear regression of mother plant environment and temperature regimes on
germination of annual bluegrass seed collected on 5/6/97 at Site 2. R2 for CPR=0.44; R2
for WW-M=0.48; R2 for M-PR=0.24; R2 for WW-PR=0.54.
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Fig.III.2b. Linear regression of mother plant environment and temperature regimes on
germination of annual bluegrass seed collected on 5/22/97 at Site 2. R2 for CPR=0.54; R2
for WW-M=0.17; R2 for M-PR=0.25; R2 for WW-PR=0.59.
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Fig.III.2c. Linear regression of mother plant environment and temperature regimes on
germination of annual bluegrass seed collected on 6/5/97 at Site 2. R2 for CPR=0.23; R2
for WW-M=0.23; R2 for M-PR=0.13; R2 for WW-PR=0.21.
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SUMMARY AND CONCLUSIONS

Annual bluegrass is the most difficult weed problem for perennial ryegrass growers

in the Willamette Valley. Adequate control of annual bluegrass has not been achieved by

chemical means partly because of herbicide resistance. Crop rotation may be a possible
alternative to the sole reliance of chemical control of herbicide resistant annual bluegrass.

Field studies were conducted to evaluate the effect of crop rotation on plant population
dynamics, seed rain, and seed bank of annual bluegrass over time at two different sites.
Growth-chamber studies also were conducted to determine the influence of the mother plant
environment on subsequent germination of annual bluegrass.

Plant population dynamics and seed rain - Site 1. Plant population dynamics and seed
rain production studies indicated that crop rotation had a potential effect on plant population

dynamics and seed rain of annual bluegrass. However, the trend of change of population
and seed rain at Site 1 was different from Site 2. In 1996, the highest population of annual
bluegrass was observed in one of winter wheat and one of meadowfoam treatments and the

lowest population was observed in continuous perennial ryegrass treatment. The highest
number of annual bluegrass seed was produced in meadowfoam and winter wheat and the

lowest in continuous perennial ryegrass.

In 1997, the highest plant population was

observed in perennial ryegrass following meadowfoam and the lowest in continuous
perennial ryegrass and spring wheat following meadowfoam rotations. The highest number

of annual bluegrass seed was produced in perennial ryegrass following meadowfoam and

the lowest seeds were produced in continuous perennial ryegrass and spring wheat
following meadowfoam.
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Plant population dynamics and seed rain - Site 2. In 1996, The highest plant population
of annual bluegrass was observed in continuous perennial ryegrass and winter wheat and the

lowest in meadowfoam. The highest and the lowest seed were produced in continuous

perennial ryegrass and one of the meadowfoam treatments, respectively.

In 1997,

continuous perennial ryegrass and perennial ryegrass following winter wheat had the
highest plant population both after germination and at maturity of seed. Annual bluegrass

did not germinate in the spring wheat following meadowfoam. A high number of annual

bluegrass plants died over time in continuous perennial ryegrass and perennial ryegrass

following winter wheat due to density dependent mortality.

The perennial ryegrass

following winter wheat had the highest seed rain, and continuous perennial ryegrass and

meadowfoam following winter wheat had the lowest seed rain, whereas no seed was
produced in the spring wheat.

Annual bluegrass was seeded at Site 1, whereas Site 2 had a naturally occurring
annual bluegrass population. The annual bluegrass population at Site 1 was susceptible
to diuron and that at Site 2 was resistant to diuron which may account for the differences
in seeds produced at the two sites.

Seed bank - Site 1. There were no differences observed in the number of seeds/100 g
soil among crop rotation treatments in 1995. This was the base line for seed bank study.

In 1996, the largest number of annual bluegrass seed was obtained from the soil surface
and 0 to 2.5 cm soil depth in one of meadowfoam. Annual bluegrass seed in the soil seed

bank decreased with an increase in soil depth. Most of the seed were deposited on the

surface and 0 to 2.5 cm soil depth in continuous perennial ryegrass which was
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uncultivated in 1996. In 1997, the highest number of annual bluegrass seed was found in

perennial ryegrass following meadowfoam rotation at each soil depth, whereas spring

wheat following meadowfoam had the lowest number of seed/100 g soil. Most of the

seeds were deposited on the surface followed by 0 to 2.5 cm depth in continuous
perennial ryegrass, perennial ryegrass following meadowfoam and perennial ryegrass
following winter wheat all of which were uncultivated. The number of annual bluegrass
seed in the seed bank increased over time in all crop rotation sequences except for spring
wheat following meadowfoam, where seed in the seed bank decreased over time.

Seed bank - Site 2.

Like Site 1, annual bluegrass seed observed in each crop rotation

sequence in 1995 was the baseline for seed bank study. In 1996, the highest number of
annual bluegrass seed was observed in continuous perennial ryegrass at both the surface
and 0 to 2.5 cm soil depth. In 1997, the highest number of annual bluegrass seed at each

soil depth was observed in continuous perennial ryegrass, perennial ryegrass following
meadowfoam or winter wheat , although most of the seed were deposited at the surface.

The greatest reduction in the number of annual bluegrass seed was observed in spring
wheat following meadowfoam in all soil depths. This observation was consistent with
the observation at Site 1. In general, the number of seed decreased with increase in soil
depth in 1996 and 1997.

Germination - Site 1. The highest germination of annual bluegrass was observed for the
seed collected from perennial ryegrass following meadowfoam and continuous perennial

ryegrass at 15/25 C and the lowest germination was observed for seed collected from
perennial ryegrass following winter wheat at 15/25 and 20/30 C at the seed collection
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date 5/8/97. At the second seed collection date 5/28/97, the lowest germination at all test

temperature regimes was observed for seed collected from perennial ryegrass following
meadowfoam. The highest germination, although not always different, occurred for seed

collected from meadowfoam following winter wheat.

The 15/25 C was the best

temperature regime for germination of annual bluegrass seed collected from any mother
plant environment on any date of seed collection.

Germination - Site 2.

At the both 5/6/97 and 5/22/97 date of seed collections, the

highest germination was observed for the seed collected from continuous perennial
ryegrass at all temperature regimes. Like Site 1, 15/25 was the best temperature regime

for the germination of annual bluegrass seed collected from any mother plant
environment on 5/6/97 and 5/22/97. At the third seed collection date 6/5/97, both 5/15
and 15/25 C were the best temperature regimes for germination of annual bluegrass seed
no matter from which mother plant environment seeds were collected. At 5/15 and 15/25

C, the highest germination was observed for the seed collected from perennial ryegrass

following meadowfoam and the lowest for the seeds collected from meadowfoam
following winter wheat.

Recommendations for future research. Most of the seed rain was deposited on the soil
surface in the perennial ryegrass plots, when soil was undisturbed. Field studies should
be conducted to explore the possible ways to destroy annual bluegrass seeds at the soil

surface and in the top soil layers. This study need to be continued at least three years and
with spring wheat need to be included in two consecutive years in one rotation.
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The two sites showed differences in plant population dynamics, seed bank and
germination.

More research should be done to determine the viability, dormancy,

longivity of seeds collected both from herbicide resistant and susceptible annual
bluegrass plants.

The mother plant environment had an effect on subsequent germination of annual

bluegrass seed.

We speculated that this could be related to phytochrome mediated

process and hormonal balance-imbalance system during seed formation and seed
maturation.

Future research on light quality and temperature in each mother plant

environment should be conducted to determine how the mother plant environment effects
subsequent germination of annual bluegrass.
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