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Abstract

The population biology of Galium aparine L. needs to be better understood, in order to
be able to rationalize decisions about the short- and long-term control of this weed species
for different cropping practices.

A population dynamics model was developed to simulate the basic processes of the
life cycle of G. aparine as influenced by environmental conditions. The effect of
temperature, light, moisture, nitrate supply and soil structure on germination and
emergence and on growth and seed production were investigated. Data were integrated in
a model simulating field emergence and an ecophysiological model on crop-weed
competition. The information was used to evaluate the effects of crop rotations, control
levels, cultural measures and timing and choice of soil cultivation practices on the
population dynamics of G. aparine. The ecophysiological model of competition between
G. aparine and sugar beet was extended to predict reductions in crop yield reduction and
increases or decreases in the weed population on the basis of the actual situation in the
field. The variation caused by weather conditions appeared to be small.

The results of simulations demonstrate the possibilities of reducing herbicide vse to
control &. aparine in both the short and long term, by adapting crop rotation and
cropping practice, increasing mechanical control in cereals and not controlling late-
emerging G. aparine plants in sugar beet.

additional index words: weeds, population biology, Galium aparine L., germination,
growth, seed production, weather, cultural measures, crop, control, model.



[NEN e el ) a2

Stellingen

1. "Wie één jaar zijn roet laat staan, moet zeven jaar uit wieden gaan” is in z'n
algemeenheid een onjuist spreekwoord met milieu-onvriendelijke implicaties.
Dit proefschrift.

2. Kennis van de strekkingssnelheden en de afsterving van gekiemde zaden op
verschillende diepten is onmisbaar voor de voorspelling van de veldopkomst van
grootzadige onkruiden.

Dit proefschriit.

3. Voor onkruiden met een variabel zaadgewicht is een éénvoudige aflometrische maat,
zoals de verhouding tussen zaadgewicht en plantgewicht, onbruikbaar voor de schatting
van het aantal geproduceerde zaden,

Dit proefschrift.

4. Het waargenomen effect van het weer op de door kleefkruid veroorzaakte
opbrengstreduktie van suikerbiet komt vooral tot stand door de weersinvloed op de
opkomstpatronen van gewas en onkruid en niet door de inviced van het weer tijdens het
eigenlijke concurrentieproces.

Dit proefschrift.

5. Om een soort als Kleefkruid in het bouwplan te beheersen met zo weinig mogelijk
gebruik van herbicide biedt mechanische onkruidbestrijding en de optimalisering van
keuze, dosering en toedieningstijdstip van de herbiciden meer perspektief dan het gebruik
van dynamische schadedrempels gedurende het groeiseizoen.

Dit proefschrift.

6. Een afname van het aantal typen pesticiden als gevolg van het zogenaarnde
stoffenbeleid, werkt risicomijdend gedrag in de hand en is contraproduktief ten aanzien

van de vermindering van het herbicidengebruik.




7. Gezien de hoge energiebehoefte voor de produktie van herbiciden, kan mechanische
onkruidbestrijding ook uit het oogpunt van zuinig energiegebruik wenselijk zijn.
Energiebehoeften uit 8.J. Clarke and W.H. Wilson (1974} Evaluating crop production systems by energy
used. SAE paper 740647, 6 pag.

8. Het is niet juist om een aardappelras, zoals recent de Bildstar, gifpieper te noemen.

9. Naarmate meer agrarische gronden uit produktie worden genomen en ter beschikking
voor natuurontwikkeling worden gesteld is het noodzakelijk om onkruidkundigen bij het
vegetatiebeheer te betrekken.

10. Ter vermindering van de uitstoot van roetachtige deeltjes door dieselvoertuigen is het

belangrijker de bandenslijtage te reduceren dan de motor verder te verbeteren.
Meetgegevens [ W.-T.N.O.

11, Uitgangspunt in de ruitersport is dat de ruiter het paard dresseert; in de praktijk
gebeurt het ook andersom,

12 Het salaris, dat AIO’s bij hun aanstelling moeten inleveren ten behoeve van

zelfontplooiing, is alleen terecht indien andere onderzoekers tijdens hun werk niets leren.

Stellingen behorende bij het proefschrift van Rommie van der Weide: "Population dynamics and population

control of Galium aparine L.".

Wageningen, 4 juni 1993.
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Chapter 1

General introduction

1.1 Background

Increasing concern about the environment has resulted in legislation requiring a reduction
in the amount of pesticides used in the Netherlands. The aim is stepwise reduce the
annual use of herbicides in relation to the mean annual amount for the years 1984-1988;
30 % by 1995, 45 % by 2000 and 55 % by 2010 (Ministry of Agriculture, Nature
Management and Fisheries, 1990). Similar restrictions have already been introduced in
other countries (Kudsk, 1989).

Weeds can cause considerable losses to crop yield, both in quantity and quality,
and can interfere with harvest operations (Auld et a¢l., 1987). Although there are several
methods of managing weed populations, weeds are frequently controlled by the use of
herbicides. During the period 1984 - 1988 yearly application of active ingredient of
herbicides per hectare in the Netherlands was 4.3 kg for sugar beet, 1.0 kg for potato,
1.8 kg for maize and 1.5 kg for the other cereals (Ministry of Agriculture, Nature
Management and Fisheries, 1990). Ways of reducing this herbicide use can be found in
increasing the use of mechanical weed control and in adjusting the type of herbicides
used, their dosage and the method of application, Furthermore, weeds should only be
controlled when they exceed a density at which the costs of no control equal the costs of
the control measure (economic threshold). Improvement of farm hygiene and a deliberate
choice of crop rotation, cultivar, sowing date and density, row distance and fertilization
level can be helpful. Systems of integrated weed control use a combination of these
measures. Introduction of some measures is hampered by a lack of quantitative infor-
mation. Economic thresholds are not always available or are unreliable for different
situations. Furthermore, the old British adage "One year’s seeding means seven years’
weeding" or its Dutch equivalent "Wie één jaar zijn roet laat staan, kan zeven jaar uit
wieden gaan” is well known to farmers. However, it is not known whether this rule is
valid for different situations. Anyhow thresholds should emphasize the future conse-
quences of not controlling weeds too. There are also questions on the importance of
various cultural measures, how weed populations can be kept at a certain level and how
risks are affected by factors such as the weather. Information on weed biology, ecology
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and control is needed to answer such questions. Each weed species behaves differently
and studies are necessary to quantify at least some common traits in comparable weeds.
In the Netherlands the weed species Chenopodium album L., Galium aparine L., Poly-
gonum persicaria L. and Selanum nigrum L. are very abundant and greatly determine the
success of control (Ministry of Agriculture, Nature Management and Fisheries, 1990).
G. aparine is exceptional among these species, because it can cause problems in both
autumn and spring sown crops in the crop rotations popular today. Therefore G. aparine
was chosen as a target species for a study on integrated weed control based on sound
knowledge of its biology.

1.2 Galium aparine L.

Distribution and habitat

G. aparine is found in the temperate zones throughout the world and at higher altitudes in
the tropics. It has been reported as a weed in 19 crops in 31 countries, and is still
increasing in importance (Holm er gl., 1977). Its increase is caused by the use of soil-
applied or phenoxyacetic herbicides which are not effective against this species, the
decrease of mechanical control, the larger doses of nitrogen applied, the earlier sowing of
crops in spring and later harvesting of cereals, the trend towards cereals with shorter
stalks, the use of contaminated crop seed, and its ability to grow in both autumn and
spring sown crops (Réttele, 1980; Van den Brand, 1984). Beside its occurrence as a weed
in many crops, G. aparine is also frequently found in moist woodlands, waste ground and
hedgerows. G. aparine plants of arable origin differ slightly in their morphology and
ecological behaviour from those from hedgerows (Groll & Mahn, 1986; Auge & Mahn,
1988; Berkefeld, 1988; Niemann, 1988; Froud-Williams & Ferris-Kaan, 1991).

Morphology and biology

The species is a strictly annual and predominantly self-pollinating member of the family
of Rubiaceae. Moore (1975) and Malik & Vanden Born (1988) described the morphology
of G. aparine and its differences from the closely related G. spurium (not important in
the Netherlands). A characteristic of both species is their square stems which have short
downward-pointing hooked bristles on the angles, their whorled leaves, and the paired
spherical fruits with stiff hooked bristles, borne on straight stalks. The recurved spines on
stems and leaves enable them to become attached to other weeds or crop plants and fo
penetrate the crop canopy. The bristles on the seeds ensure the dispersion by animals. G.
aparine has been reported as one of the most winterhardy weeds. More information on
the biology of G. aparine can be found in the references mentioned earlier and in the
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other chapters of this thesis.
Control

G. aparine is resistant to phenoxyacetic herbicides (Malik & vanden Born, 1988), hardly
sensitive to triazines (Sieberhein & Seever, 1974) and escapes many soil-applied herbi-
cides because it germinates from relatively deep in the soil (Holm e al., 1977). In areas
used as catchments for drinking water, mechanical control of this species by harrowing in
cereals is advocated (Gerowitt, 1992). But in practice, G. aparine is still mainly
conirolled by applying herbicides (e.p. fluroxypyr, fenoxapropionacetic herbicides).
Which herbicide is chosen for a crop is often determined by the occurrence of this species
and sometimes special additional applications or measures arc taken for the solely to
control G. aparine.

The effects of G. aparine on crop production are significant and are economically
important. It competes with the crop, delays harvest in cereals, increases drying costs and
contaminates harvested seeds. Examples of significant sugar beet, winter wheat and maize
yield reduction caused by G. aparine have been reported to occur already at densities of
0.3 to 5 plants per m®> (Aarts & Dekkers, 1985; Neururer, 1987). In some situations
densities of 1 G. aparine plant per m’ are sufficient to interfere with the harvesting of
cercals (Wahmhoff, 1986). Furthermore, the reduction of crop yield reduction can vary
considerably between years and locations (Wilson & Wright, 1987). Because of this and
the unknown risk of population increase in the crop rotation, the introduction of
thresholds for G. aparine has been considered as unrealistic (Wilson & Wright, 1987), or
low thresholds have been set (in winter wheat 0.5 planis/m® by Wahmhoff in 1986, 0.01
plants/m? by Aarts in 1985). Such extremely low thresholds compared with other weed
species (20-30 grass weeds and 40-50 broadleaf weeds/m* by Wahmhof, 1986), restrict
the possibilities of reducing herbicide usage if G. aparine is present. More realistic
thresholds are needed to improve this situation. To set realistic thresholds, the background
for differences found in crop yield reduction caused by . aparine between years and
locations and the risk of population increase in the crop rotation should be known for
different cropping practices.

1.3 Objectives

The aim of the research described in this thesis was to integrate existing knowledge on
the population biology of G. aparine in models, to identify and fill in important gaps in
knowledge for improving the models and to use the models to evaluate the effects of
different management strategies both within and over years.

17



1.4 Outline of the thesis

In chapter 2 the use of population dynamic models with different levels of complexity for
integrating knowledge on population biclogy is discussed. A preliminary model of popu-
lation dynamics of G. aparine is introduced, based on literature data. Simulations using
this model] stress the need for more reliable knowledge of the values of parameters used
in the model and their variation cansed by differences in management and environment.
Chapters 3 to 8 answer questions concerning the estimation of parameters for the model.

Additional data were collected on germination and emergence. In chapier 3
research on the dormancy patterns of G. aparine and the influence of temperature, light,
nitrogen, moisture, and bulk density of the soil on the actual germination process, is
presented. Chapter 4 reports on laboratory experiments on the effects of temperature, soil
moisture and soil resistance on the percentage and rate of seeds emerging after
germination at different depths in the soil. The information obtained on germination and
emergence is integrated and validated in a model of field emergence in chapter 5. This
model was used to predict emergence patterns in the field as influenced by the vertical
distribution of the seeds in the soil, the timing of seedbed preparation, the soil resistance
and the differences caused by weather.

To predict differences in growth, competition and seed production, additional
research on phenoiogy, growth and seed production was needed. Chapter 6 reports on the
findings of this research on influence of temperature and day length on the phenology of
G. aparine. A developmental scale was constructed to predict development of the first 4
whorls of leaves, the flowering date and shifts in dry matter distribution patterns in
relation to the day length and temperatures experienced. Predictions of flowering dates of
G. aparine plants with different emergence dates were compared with independent field
observations in the Netherlands and England. In chapter 7 research on the growth and
seed production of G. gparine with different densities and emergence dates in spring
barley, winter wheat, oilseed rape, potato and sugar beet in 1988 and 1989 is presented.
Data were used to relate the seed production of G. aparine to its mature dry weight
without seeds. Variability in growth and competitiveness of . aparine caused by weather
conditions, level of nitrogen supply and differences in emergence times and densities of
both crop and G, aparine, are analysed for a sugar beet crop in chapter 8.

Furthermore in chapter 8 a more detailed model is presented which predicts both
crop yield reduction and weed population increase or decrease, based on the findings of
the preceding chapters. The feasibility of reducing herbicide applications for G. aparine
control in sugar beet is discussed.

The final chapter is devoted to a discussion on the questions that arose during the
research in relation to the original goals of the research programme and the future
research needs.

18




Chapter 2

How useful are population dynamical
models: an example from Galium aparine
L.

Abstract Goals for modelling the population dynamics of weeds are prediction of a future
infestation, evaluation of different (integrated) control strategies (System level) or evaluation of the
possibilities to comtrol a problem weed species (population level). Methods for modelling the
population dynamics of plant species differ in the level at which they describe and at which they
explain. They differ in detail, in time interval and in the mathematical method used. This paper
deals with a problem weed species (Galium aparine L.). By simulating the population dynamics
with an extended demographic model, the necessary complexity of the model is investigated and
the parameters that need further specification are identified.

The annual rate of increase of a weed population can vary considerably depending on
agronomical practices, but also on the vertical distribution of the seeds in the soil (and in case of
high densities of weeds on density and spatial heterogeneity). More detailled demographic models
using time steps of one year are also too simple for evaluating the effects of various (integrated)
control strategies. Changes in sowing time or time of herbicide application can cause important
differences in the population dynamics of a species. In such cases a model is needed that describes
the processes during the year in connection with relevant agronomic practices. For accurate
predictions, the most important parameters have to be examined carefully and unexplained
variation in these parameters has to be small. In the case of large variation, more explicit models
based on physiological principles are needed, that have the advantage of making better predictions.
These models also offer the possibility to predict the effect of new aspects (e.g. changes in crop
density). If different and unpredictable weather conditions are the cause of important variation,
physiological models are best suited for dealing with such conditions on the process level, which
is necessary for risk analyses.

2.1 Introduction

The purpose of using models in plant population biology is to increase our understanding
of the dynamics of populations on the basis of the underlying processes that determine
life-history phenomena (Blom, 1988). Specifically in the study of the population dynamics
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of weed species in crops there are at least two related goals:

1) Current thresholds set in integrated weed control are based on annual damage to the
crop. Allowance has to be made, however, for the fact that in cases where weeds are
capable of forming an important seedbank, problems may arise in subsequent years. At
least for Alopecurus myosuroides Huds. (Doyie er al., 1986), Avena fatua L. {Cousens et
al., 1986; Vieeshouwers & Streibig, 1986), Viela arvensis Murray (Holzmann &
Niemann, 1988) and Abwiilon theophrasti Med. (Zanin & Sattin, 1988) it has been
calculated that long term economic thresholds are substantially lower than thresholds set
for a single year. Therefore, besides knowledge of future agricultural practices (especially
crop rotation and cultivation), information is needed on the population dynamics of weeds
in relation to agricultural measures, soil type and weather conditions.

2) Despite the availability of many herbicides and rigorous management practices,
particular species remain a problem or are even increasing in arable crop production.
Studies of the population dynamics of problem weed species can be useful in
understanding their dynamic behaviour and in identifying the stages and processes that are
important for their regulation. Models help to identify information gaps, to set research
priorities and to develop control strategies. As a part of an integrated control strategy,
besides reduction of chemical and increase of physical control, several biological
measures {alone or in combination) are proposed, like for example the use of cultivars
which rapidly cover the soil and produce abundant leaf area ; the use of green manure to
suppress weeds in the stubble; late sowing to combine seed bed preparation with weed
control; proper crop rotation and adapted nitrogen fertilization (Vereijken, 1989). With
the help of population dynamic models that take into account different integrated control
measures, the overall effect of several control strategies can be compared. In such cases
the model is used for strategic evaluation on the population or system level.

Different methods for studying and modelling the population dynamics of plants
are available. The next part of this paper distinguishes several models. Secondly, an
extended version of a model of the population dynamics of Galium gparine L. is
proposed. Thereupon special attention will be given to the necessary level of complexity
of the model in relation to the goals mentioned in the introduction. This will be illustrated
with simulation results obtained with the proposed model for G. aparine.

2.1 Models of the population dynamics of plant species

Several methods for modelling the population dynamics of plant species have been used
(Mortimer, 1983; Fernandez-Quitanilla, 1988; Van Groenendael, 1988). It is possible to
categorize these models on the ievel at which they describe and at which they explain.

A model that is descriptive on the population level consists of annual monitoring of a
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single component of the population over several years and calculating the annual rate of
growth of the population ( lambda ). The annual growth rate however, strongly depends
upon the density of the species involved, the cropping system, soil type and climate
(Mortimer, 1987; Fernandez-Quintanilla, 1988; Mortimer et al., 1989), Its predictive
value is limited and for every *new’ situation several years of monitoring in the field will
be necessary.

The next category models are explanatory on the population level and descriptive on
the plant level. Demographic models as reviewed by Mortimer (1983) belong to this
category and are at the moment most commonly used. Basis for this approach is the life
cycle of the species. The several stages in which the species can occur, are separated.
Transitions between these stages are described with mathematical formulas. For a ’new’
situation only the relevant transitions have to be reconsidered.

Modelling studies following this demographic approach differ a lot in detail, in
time interval and in the mathematical method used:

1) In some research mainly in Germany the seed, seedling and seed producing
plant stage are distinguished: Rottele (1980); Holzmann & Niemann (1988); Zwerger &
Hurle (1988). In one formula the future number of seeds is calculated using a) the present
number of seeds, b) a mortality ratio of seeds in the seedbank, ¢) an emergence ratio of
seeds in the seedbank, d) a mortality ratio of emerged plants and ¢) the number of seeds
produced by a surviving plant. Parameter values vary for different weeds and different
crops. The time interval used is a year.

2) In extended demographic models more stages and parameters are used.
Sometimes the plant population is divided into differently behaving cohorts of plants
which for instance emerge in different periods (Mortimer, 1983). The seed stage often is
divided into a) newly produced seeds on the plant, b) fresh seeds in the ground and ¢) old
seeds in the ground (Cousens er al., 1986} or a) deep and b) shallow seeds in the
seedbank { Doyle er al., 1986). Pollard {1982) divided the above ground plant population
in five different morphological stages, using circa 35 parameters and considering 16
factors (e.g. date of drilling, seedbed preparation and harvest; weather in September; crop
species and crop density, pre-harvest use of glyphosate). For every transition at least one
formula is used. In cases where density dependence is important,a patchy distribution of a
species can influence its population dynamics (Van Groenendael, 1988). For accurate
modelling it can be necessary to account for heterogeneity in space and changes in the
horizontal distribution of seeds and plants as a result of for example local dispersion. A
spatial scale can be added to the demographic approach by simulating population
dynamics for small plots separately and specifying dispersion as a function of for example
the direction of operation of the combine harvester (Ballaré et al., 1987). Neighbourhood
models (Pacala, 1986) which formulate the population dynamics (including dispersion) of
one individual as influenced by its surrounding plants, can also account for spatial
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heterogencity.

3) For more complex life cycles as with perennial weeds ( e.g. Agropyron repens
(L.) Beauv., Mortimer, 1983; Euphorbia esula L., Maxwell et al., 1988), projection
matrix models are often used. Good descriptions of these models and their special merits
are reviewed by Van Groenendael er al. (1988) and Caswell {1989). The mathematical
properties of such models correspond to specific life history characteristics like population
growth rate, stable age distribution or reproductive value.

4) Most models referred to in the preceding text have a time span of one year. For
evaluating the effect of timing of for example a herbicide spraying (often stage dependent
control), it can be advantageous to work with very small time spans, like days or weeks.
This is possible with matrix models (Mortimer et al., 1978) but for every time step a
projection matrix has to be constructed. Aarts (1986) simulated the process during the
year differently, using the boxcartrain method to mimic growth and development through
the several growing stages that were recognized. This method which was already used by
Janssen in 1974 for simulation of germination, is developed and reviewed by Goudriaan
(1986).

Models that are explanatory on the plant level can be obtained by basing the transitions
between the various plant stages on physiological principles (De Wit e al., 1978). Until
now this has only been done for parts of the life cycle. Spitters and Aerts (1983), Kropff
(1988) and Spitters (1989) describe the growing process of crop weed ecosystems based
upon photosynthesis, respiration and allocation of resources between competing organisms
as influenced by light, water and temperature. If it is possible to convert biomass into
numbers of seeds, their model can be used as a part of a population dynamic model.
Janssen (1974) and Spitters (1989) show how to model the germination process as a
function of for example dormancy, temperature and moisture.

These models offer a good base for explanation and prediction and make it
possible to account for the weather conditions in risk analyses. Because the time span of
these models is also very small, they can be used to evaluate effects of timing of
treatments too.

The models mentioned above increase in complexity, but even the most complex models
are a simplification of the real biological system. For managerial purposes however
redundant precision is a nuisance rather than an advantage. The goals of the study
therefore determine which level of complexity is needed (Zadoks & Rabbinge, 1985; see
also below).
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2.3 A population dynamic model of G. aparine L.

Despite very low thresholds used for the control of G. aparine, the agronomic
significance of this species has increased during the past decade in Germany (Rottele,
1980; Niemann, 1981), the Netherlands (Aarts 1986) and The United Kingdom {(Wilson &
Froud-Williams, 1988). G. aparine is an economically important weed. It competes
effectively with cereals, rapeseed and sugar beet, causes lodging of cereals, interferes
with combine harvest operations and contaminates grain and rapeseed with its seeds
{(Matik & Vanden Bomn, 1988). Some herbicides (e.g. fluroxypyr and mecoprop) have
been developed mainly for the control of G. aparine.

Biology and population dynamics of G. aparine have been studied and modelled
by Réttele (1980) and Aarts (1986). Based basically on their data, it was possible to
construct an extended version of the latter model (Van der Weide, 1987). This model can
calculate on a day to day basis during several years, the amount of seeds and perminated
seeds in several layers in the soil, the number of seedlings and plants in the one whorl,
two- to four- whorl and more than four- whorl stage and the quantity of seeds on the
plant and in the harvested product. By using the boxcartrain method (sce chapter 2.1)
growth and development during early plant stages are calculated depending on time in the
year and plant stage. Germination and emergence are functions of the depth of the seed,
time and method of cultivation and the time in the year. Depending on the surrounding
crop, time in the year and the emergence time relative to the crop for summercrops or in
absolute emergence time for wintercrops, plants suffer natural mortality and produce
seeds. Normally G. aparine is only tolerated at very low densities. Therefore density
dependence is not part of the model yet. Artificial mortality is dependent upon control
method and stage of the plant or depth of the seed or germinated seed. The timing of seed
production and seedfall is determined by time of emergence. Furthermore, seeds can be
imported with low quality crop seed or exported during combine harvest operations. The
vertical distribution of the seeds in the soil can be changed by tillage.

2.4 The level of complexity needed

With the detailed model introduced above it is possible to look at the consequences of
simplification. It is possible for example to neglect the vertical distribution of the seeds by
taking a mean value for germination and a mean value for mortality of germinated seeds
over different depths in the soil. Simulation, if necessary with estimated parameter values,
makes it clear to what detail a model has to be worked out to clarify the problem at hand.

Simulation results confirm that the explanatory and predictive value of a model descrip-
tive on population level is very low. The annual rate of increase of the population varies
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with crop and growing practices, but also within the same cropping practices (Fig. 2.1
and 2.2). Simulation gave an annual growth rate of G. aparine in winter wheat of 1.4 and
0.8 and in sugar beet of 13.6 and 37.6 for the first and second time in a subsequent
rotation with ploughing respectively (Fig. 2.1), dependent on the pattern of vertical distri-
bution of the seeds in the soil. Dependent on timing sowing of sugar beet, timing of
herbicide application and choice of herbicide, the annual growth rate of the population,
lambda, is between 2 and 26 (Fig. 2.2).

Fig. 2.1 Population dynamics of Galium aparine L. taking into account or neglecting the vertical
distribution of the seeds in two crop rotations with shallow cultivation or ploughing.
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a) Simulation results for a continuous culture of winter wheat.
b) Simulation results for a rotation of winter wheat; sugar beet; spring barley and potato.
In both cases seeds emerged directly following seedbed preparation.

2 with vertical distribution of the seeds and shallow cultivation,

%  with vertical distribution of the seeds and ploughing,

O neglecting the vertical distribution of the seeds.

Many models which are explanatory on the population level and descriptive on the
plant level mentioned under chapter 2.2 point 1, neglect the vertical distribution of the
seeds in the soil. Simulation learns that this can give considerable deviations (Fig. 2.1).
Starting with a homogeneous vertical distribution under ploughing and a monoculture of
winter wheat, there were two times more seeds after eight years in simulations when this
distribution was not taken into consideration, This is due to an underestimation of the
natural mortality of the seeds caused by the negative effect of burial on survival. In
contrast, after eight years of simulating a normal rotation of winter wheat, sugar beet,
spring barley and potato, there were three times less seeds in simulations when this
distribution was neglected. In open crops, many seeds are produced and buried by
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ploughing. If the vertical distribution of the seeds is neglected, this is leading to an
overestimation of the amount of seedlings in the next year and an underestimation after
two years. Open crops every other year intensify the multiplication, resulting in higher
numbers after eight years taking into account the vertical distribution. After shallow
cultivation newly produced seeds stay in the surface layer of the soil leading to a
progressive increase in numbers. This is alse known from field practice (Wilson &
Froud-Williams, 1988). Neglecting the vertical distribution of the seeds in this case,
causes enormous underestimations.

Many demographic models mentioned under chapter 2.2 point 2 contain density
dependent regulation. In the model used here density dependence is neglected, leading to
an unrealistic increase in numbers in some simulations. For more general predictive
models and for species where intraspecific competition is an important factor in practice,
density dependence but also a non-homogeneous horizontal distribution of the plants
(Ballar€ et al., 1987) cannot be neglected.

Part of integrated control strategies is the optimisation of timing and method of
cultivation as well as timing and method of control. If demographic models work on a
year to year basis, for every variation for instance in treatment time, the mortality and the
seed production of the remaining plants have to be determined again. Models that
calculate the effect of these processes during the year (see chapter 2.2 point 4), are better
suited for this purpose. If there are good estimates of the efficiency of a control method
on the various plant stages and if it is possible to calculate the distribution over the
various plant stages during the year, it is possible to calculate the overall effect of, for
example, a control measure at different times of the year (Fig. 2.2). From the simulation
results in Fig. 2.2 it can be leamned that the lowest number of G. apatine in sugar beet
can be obtained by late sowing of sugar beet (14/4 in stead of 22/3) and application of
fenmedifam and ethofumesaat (Betanal Tandem) 16 days after sowing instead of 31 or 5
days after sowing. After a late herbicide application early emerged G. aparine plants
escape. They produce the same amount of seeds as the, twice as many, late emerged G.
aparine plants that escape a fenmedifam and chloridazon treatment. They also start their
seed production earlier. This early seed production is important for crops that are
harvested before August. The quick drop in numbers of plants in Fig. 2.2 b is caused by
the assumption in the model that all outgrown plants die before 1 september or directly
after crop harvest. Extension on this point can make the model more realistic, but does
not affect the simulated population dynamics over the years. Dependent on timing sowing
of sugar beet, timing of herbicide application and choice of herbicide, the annual growth
rate of the population, lambda , is between 2 and 26.
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Fig. 2.2 Simulation of the number of seeds a) and plants b) of Galium aparine L. during one
season with different sowing times of the surrounding sugar beet crop, different herbicides and
herbicide application times.
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It is very important to have reliable estimates of parameters, especially if the
model is used for prediction. Simulation of a range of reasonable parameter values, can
inform us whether more details are needed (Fig. 2.3). Fig. 2.3 a shows enormous
differences in increase of G. aparine for simulations based on germination data of either
Réttele (1980) or Aarts (1986). Especially a lower mortality of germinated seeds on
different depths in the soil derived from Aarts (1986), is responsible for this. The year to
year variation in the timing of emergence of G. aparine (Van den Brand, 1984) can cause
quite different results as well. Multiplication of G. aparine in spring sown crops is
stimulated by relatively more spring emergence and the opposite in winter crops (Fig. 2.3
b).

When the effect of the variation in a parameter remains too great it can be advantageous
to replace this parameter by one based on the underlying (physiological) principles. At
least part of the model will be explanatory on the plant level then. The effect of new
crops, cultivars and/or crop densities on the relevant growth and seed production
parameters has to be investi-gated and incorporated in the models before it is possible to
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account for these aspects. More explicit models based on physiological principles have the
advantage of more precise predictions and sometimes of predictions of the effect of a new
aspect. Physiologically based competition models for example have shown to give a good
prediction of crop yield reduction caused by weeds under various conditions (Kropff,
1988). If different abiotic conditions are the cause of important variation, physiological
models are necessary for competent risk analyses.

Fig. 2.3 Sensitivity of the population dynamics of Galium aperine L. in a crop rotation (winter
wheat; sugar beet; spring barley and potato, with emergence following ploughing in awtumn) for
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a) The effect of differences in depth dependent germination, depth dependent mortality after
germination and for emergence and overall mortality of dormant seeds:
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parameters adapted from Rottele (1980)

parameters adapted from Aarts (1986)

parameters adapted from Rottele (1980) but depth dependent germination according to
Aarts (1986)

parameters adapted from Réttele (1980) but overall mortality of dormant seeds according
to Aarts (1986)

parameters adapted from Rottele (1980) but depth dependent mortality of germinated seeds
according to Aarts (1986)

b) The effect of differences in the timing of the germination and the emergence according to Van
den Brand (1984):

X
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A

70 % in autumn and 30 % in spring {mean of five years)
95 % in autumn and 5 % in spring (as in 1979/1980)
45 % in autumn and 55 % in spring (as in 1982/1983)
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2.5 Conclusions from the model of G. aparine L

An extended demographic model describing the processes during the year and taking into
account the vertical distribution of the seeds, is suited for strategic evaluation on the
population or system level.

The first results obtained with such a model for G. aparine indicate that:

1) G. aparine infestation is strongly influenced by crop and growing practices. A strong
increase especially occurs in open crops (sugar beet, potato) and after shallow cultivation.

2) Open crops every other year in a rotation with ploughing without sufficient control,
intensify the problems with G. aparine.

3) The model can be used for optimisation of the timing of herbicide application and
sowing of the crop.

4) Variation in germination and emergence parameters, especially depth dependent
mortality of germinated seeds, strongly influences the population dynamics.

Several aspects like new crops, different cultivars and/or densities and changes in
fertilization, form no part of the model yet. Additional research on the effects of these
factors on the relevant parameters followed by extension of the model, is needed for
evaluation of these aspects.

For accurate prediction of population increase at least some parameters especially those
that strongly fluctuate as a result of variation in abiotic conditions, need to be based upon
physiological principles.
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Chapter 3

The influence of microclimate and soil
conditions on dormancy and germination
of Galium aparine L. in the field.

Abstract The effects of temperature, light, nitrate, soil moisture and soil compaction on the
germination of different seed populations of Galium aparine L. were determined.

Primary dormancy occurred to various degrees, but always disappeared in one to three
months depending on storage conditions. Seeds collected from plants which had emerged in
autumn and seeds of plants which had emerged in spring were buried separately under natural
conditions at 20 cm depth in the soil. Germination tests at a range of temperatures, after
recovering part of the seeds every two months, showed that both origins could germinate in
autumn as well as in spring. Seeds of G. aparine could not germinate in winter because their
temperature requirements were higher than the actual field temperature {enforced dormancy). In
summer germination was restricted to temperatures around 10 °C and secondary dormancy was
induced. Secondary dormancy was induced by high temperatures but after this induction dormancy
was released at high temperatures too.

The actual germination process was not influenced by fluctuations in temperature. The
presence of light during twelve hours each day was inhibitory to germination. Nitrate and water
availability needed for germination will be sufficient on the arable fields most of the time.
Increasing the bulk density of a soil, considerably reduced germination. This explains the reduced
germination of G. aparine at greater depths and the increased germination after soil cultivation.

In comparison with seeds from arable origin, seeds from G. aparine of hedgerow origin
could germinate at a broader range of environmental conditions (temperature, light and nitrate).

Together with knowledge on the emergence phase, the collected data on dormancy
patterns and germination can be used for modelling the field emergence of G. aparine on arable
fields in relation to environmental conditions.

3.1 Introduction

To minimize environmental risks and 1o decrease costs, the development of integrated
systems of weed control is promoted (Hoogerkamp, 1989). This requires better know-
ledge of the critical levels of weeds in crops and of the potential for increase in
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abundance on a longer time scale. This is especially true when dealing with weeds that
cause problems in several crops, like Galium aparine L. (Holm et al., 1977).

Differences between weed and crop emergence date are responsible for differences
in the relationships between crop yield and weed density (Joenje & Xropff, 1987).
Furthermore the phases of germination and emergence are important for the population
dynamics of annual weed species. Finally, knowledge on timing and levels of germination
and subsequent emergence are expected to improve timing and choice of control
measures.

The main environmental factors that determine weed seed germination under field
conditions are reviewed by Koch (1969), Harper (1977), Karssen (1982), Egley (1986),
Baskin & Baskin (1987) and Bouwmeester (1990). Whether a seed is able to germinate
depends on its state of dormancy and the prevalent environmental conditions. Release of
primary dormancy, induction and release of secondary dormancy and the actual germi-
nation process are regulated by environmental factors such as temperature, light, water
potential, nitrate and levels of 02, CO2 and ethylene in the soil. These factors vary
during the year as well as during the day depending on weather conditions, soil structure,
soil layer, cultivation, choice of crop and application of fertilizers, thus providing the
crucial stimuli that can initiate germination. Seeds originating from different plants or
ecotypes can react differently (Baskin & Baskin, 1989; Bouwmeester, 1950).

Germination of G. aparine under field conditions is very variable. In some years
more seeds germinate in autumn and in other years more seeds germinate in spring (Van
den Brand, 1984). Percentage germination differs with depth and between locations
(Rottele, 1980; Aarts, 1986). Differences between years and locations can have a con-
siderable effect on the population dynamics of G. aparine (Chapter 2).

To predict germination of G. aparine for different climatic conditions, for distinct
soils and for various agricultural practices, detailed knowledge of the factors that regulate
dormancy and germination is required. Therefore dormancy patterns during burial in the
soil, the effect of temperature on dormancy pattemns under controlled conditions and the
effects of temperature, light, nitrate, soil moisture and soil structure on the actual
germination process, were studied. Also differences in germination behaviour between G.
aparine seeds of different origin (collected in hedgerows, at arable fields from autumn
germinated plants or at arable fields from spring germinated plants) were studied to
evaluate whether these differences are important for the prediction of germination.

3.2 Material and methods

General information on the germination lests

Unless stated otherwise in the other paragraphs, the next conditions were used for the
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different germination tests. Observations were done with ’safe green’ light at 25 seeds on
a filter paper soaked with 12,5 mmol/l KNO3 at the start of the experiment and keep
moist with destilled water afterwards. Filter papers were placed in Petri dishes with
aeration possibilities. During the experiment seeds were placed in dark conditions at a
constant temperature of 8 °C. In the experiments which did not involve dormancy pat-
terns, dry stored seeds that were able to germinate at optimal conditions were used.

Seeds in the petridishes were considered germinated when the radicles were just
visible. To assess the time required for germination (mean and standard deviation of the
population), germination was recorded at least every other day during peak germination
and once a week afterwards. At the end of the experiments (after at least 21 days) the
vitality of the remaining seeds was determined using tetrazolium (Moore,1970). Per-
centages germination were corrected for dead seeds. Seeds that were buried in soil were
considered germinated if they could not be recovered in the scil after sieving at the end of
the experiment. In this way germinated seeds that died during emergence were included.

Means and standard deviations of 4 (unless stated otherwise) replicates were
calculated and analysis of variance were performed after arcsin square root transformation
of the percentages. Effects called significant had a unreliability less then 0.05. The data
of the influence of lightflashes on the germination were analyzed using the distribution-
free sign test. The data on primary dormancy were analyzed using regression analyses
with generalized linear models for binomials (Genstat, 1988).

Research on primary dormancy

In the summer and autumn of 1988, 1989 and 1990 bulk samples of mericarps (hereafter
referred to as seeds) with different degree of ripeness, were collected by hand from plants
of G. aparine growing in different crops in the vicinity of Wageningen (oilseed rape,
winter wheat, sugar beet and potato) or in the north of the Netherlands (sugar beet) and in
hedgerows in the vicinity of Wageningen. The level of primary dormancy was investi-
gated by scoring the percentage of not germinated and viable seeds after at least 21 days
under conditions adequate for germination (in preceding paragraph). Seeds were put under
these conditions immediately after collection in the field and in three replicates.

Release of primary dormancy was studied with green seeds of G. aparine collected
in a sugar beet crop in 1988. Seeds were stored dry at room temperature in light or
darkness and at 5 °C in darkness during 0, 6, 17, 30 and 100 days. Release of primary
dormancy was also registered in the research on dormancy patterns during burial in the
soil.

Research on secondary dormancy patterns

The induction and release of secondary dormancy during natural storage was investigated
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with three collections of seeds of G. aparine: A) collected in summer 1987 in winter
barley, B) collected in summer 1988 in oilseed rape and C) collected in autumn 1988 in
sugar beet. Lots A and B originated of plants that emerged in autumn, lot C originated of
plants that emerged in spring. The seeds were buried immediately after collection at 20
cm in compacted clay soil in pots buried in the field. Seeds were exhumed to test
germination at 8-8-1988 (A,B); 27-10-1988 (B,C); 6-1-1988 (B,C); 11-4-1989 (A,B,C);
20-6-1989 (B;C) and 4-9-1989 (A,B,C). Germination was tested at ten different constant
temperatures between 0 and 22 °C at a thermos-gradient bar (Grime and Thompson,
1976) in three replicates.

In an additional experiment the influence of temperature during storage under
controlled conditions on changes in dormancy was tested. Therefore seeds were stored
under moist conditions at 5, 10, 15 and 20 °C in incubators during 0, 2, 4, 6 and 10
weeks and subsequently placed to germinate at 5, 10, 15 and 20 °C. During storage at 15
and 20 °C without nitrate in the filter papers, seeds did not germinate. Germination was
only possible after placing the seeds at the different temperatires with nitrogen. However
during storage at 5 °C after 4 weeks and at 10 °C seeds partly germinated. Further
investigations on the not germinated seeds after storage at these lower temperatures were
not used because of possible effects of a selection of the population.

Experiments on the effect of environmental factors on the actual germination process

Seeds of arable and hedgerow origin were placed at a thermos-gradient bar (Grime and
Thomp-son, 1976) at constant temperatures ranging from 0 to 20 °C (in ten almost equal
steps) or at a fluctuating temperature with a mean of 12.5 °C and an amplitude increasing
from 0.5 to 9 °C (in five steps). In this experiment treatments were in duplicate.

The influence of light was investigated by eliminating light or varying the light
quantity between (.1 and 6.8 uE*m?s? with a correlated light quality in terms of a
red/far red ratio from 0.02 to 2.0 (in five steps) during twelve hours each day (Corré,
1983). Germination of two origins (hedgerow and arable) were tested in 5 replicates. The
potassium nitrate concentration used was 25 mmol/L.

In addition the effect of a weekly illumination period (+ 5 minutes daylight)
compared to absolute darkness on germination of 9 collections of freshly harvested seeds
(6 harvested before half auwgust and 3 later than half august) was investigated with two to
fifteen replicates per collection.

The effect of potassium nitrate (0, 0.25 or 25 mmol/l) on the germination of an
arable or a hedgerow population was investigated in 5 replicates. The effect of the nitrate
concentration (0, 0.25, 0.625, 1.25, 2.5, 6.25, 12.5, 25 or 50 mmol/l} on the germi-
nation of the arable population was studied again in more detail.

The influence of moisture on germination was studied comparing an arable and a
hedgerow population in an open greenhouse in autumn 1988 (5 replicates) and repeated
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for the arable population at constant temperatures of 8 or 14 oC., Seeds were buried at
two cm in a clay soil. Soil suctions (pF) from + 4 to 2 in five equal steps were installed
using previous determined pF curves for the used soils (regulating the gravimetric
moisture content accordingly from 15.5 to 34.0 % for the clay used first; 9.3 to 28.9 %
for the clay used secondly).

Seeds (only arable origin) were also buried at 2 c¢m in soil with different com-
pactions. Soil structure was influenced by compressing the sandy soil with 11 % gravi-
metric moisture content (+ pF 2.7 uncompressed) in cylinders. Measured penetration
resistances were 1.6, 4.9, 6.6, 9.5, 13.7, 18.3 and 23.3 kg/em2 (1.16 w0 1.60 g dry
soil/cm3).

3.3 Results

Primary dormancy

There was a significant interaction between the date of collection within a year and the
ripeness of the collected seeds on the degree of primary dormancy (Fig. 3.1). Differences
in primary dormancy between years were also significant but less important (standard
errors in Fig. 3.1 are mainly determined by the differences between years).

Fig. 3.1 Primary dormancy as observed immediately after collection of Galium aparine L. seeds
of varying ripeness at different times.
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Primary dormancy was released during dry storage of the seeds (Fig. 3.2).
Initially, relief of primary dormancy occurred best at 20 °C in the light, but after 100
days storage remaining primary dormancy did not differ significantly anymore. Under
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natural storage conditions (buried in the soil outdoor) primary dormancy also decreased.
Germination increased from 60 to 95% within a few months (Fig. 3.3).

Fig. 3.2 Release of primary dormancy {percentage seeds which can germinate) of Galium aparine
L. as influenced by the duration and method of dry storage. '
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Fig. 3.3 Temperature requirements for germination of Galium aparine L. collected in oilseed rape
in August 1988 and retrieved at different times after burial under natural conditions.
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The temperature requirements for germination (temperature window) of G. aparine seeds
changed with the duration of their stay in the soil. Seeds from autumn-germinated (Fig.
3.3) as well as from spring-germinated plants (arable origin) could germinate in autumn
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