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ABSTRACT

On- Farm Evaluation of
Cultivation, Cover Crops and Chemical Banding
for Crop and Weed Management in Integruted farming Systems

Roger A. Samson M.Sc. Macdonald College of
McGill University
Econonmic and environmental concerns with the
sustainability of high external input systems of crop
production are creating interest in more resource efficient
farming methods.

Exper iments were conducted over two years on selected
farms in Southern Ontario to evaluate integrated technliques
of crop and weed management in mixed grain, corn and
soybeans.

In a mixed grain underseeding study, single and double
-cut red clovers showed a trend to suppressing weeds at
mixed grain harvest while having no effect on grain yield.
After-harvest, red clover cover crops almost completely
eliminated wveeds while providing a substantial fall
plowdown. 1In 1987, the combination of a relatively dry
spring, followed by outstanding crop growth and crop lodging
caused 1little growth of either weeds or interseeded cover
crops.

In the second main experiment, corn was grown using
various weed control methods and interseeded with ryegrass,
red clover, or red clover-ryegrass mixtures. The effects of
these treatments were tested in rotation to soybeans grown

in 53 cm rows receiving two rotary hoeings and one

v



cultivation.

When corn followed mixed grain in 1986, two row crop
cultivations and a 15 cm herbicide band provided more cost
effective weed control than cultivation or herbicide only
veed control. When corn followed alfalfa in 1987, ¢two row
crop cultivations only was th: most cost effective systenm.

Undersowvwn ryegrass in the herbicide banded treatment in
1986, provided larger quantities of forage biomass than
red clover or red clover ryegrass mixtures prior to spring
plowdown in 1987. Weed pressure wvas nminimal 1n all
treatments in the soybeans and no effects on crop yield or
wveed growth were observed. In 1987, interseeded cover crops
in corn produced low guantities of biomass when corn grain
yields of 13 t/ha. were obtained.

The integrated farming techniques 1included in these
trials reduced preharvest costs by $171.78/ha in corn and
$115.60/ha in soybeans compared to conventional

recommendations.



RESUME
Evaluation au champs des méthodes de culture, tels que
cultures de recouvrement et d'épandage en bandes de produits
chimiques dans les systemes de fermes int&€grees
Roger A. Samson Collége Macdonald
Maitrise en Science de L'université McGill

Les problemes &conomiques et environnementaux crees par
le systeme de production intensif a stimule le developpement
de methodes de culture axees sur l'utilisation plus efficace
des ressources.

Les experiences ont @te effectuées sur des fermes
selectionnées dans le Sud de 1l'Ontario, durant deux salsons.
Des techniques integrées de gestion de cultures et de
gestion des mauvalses herbes ont ete evalue sur des cultures
de mais, de feve soya et des cultures mixtes d'orge et
d'avoines.

Dans la culture mixte, le trefle rouge a aide a réeduire
les mauvaises herbes sans affecter le rendement. Apres la
recolte, le developpement du trefle 1rouge a reduit
substantiellement 1la pousse des mauvaises herbes. En 1987,
les faibles precipitations au printemps, 1la croissance
vigoureuse des cereales ainsi que la verse des cereales ont
réduit considérablement la presence des mauvaises herbes et
des plantes fourrageres.

La seconde experimentation consistait a faire pousser
du mais en utilisant differentes methodes de controle des
mauvaises herbes ainsi qu'en intercallant le mais avec des
cultures de couvertures telles que 1'ivraie, le tréfle

rouge, et un melange de trefle rouge et d'ivraie. L'annee
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suivante, 1l'effet de ces traitements a 2té evalue sur des
feves soya cultivees sans l'emploi de fertilisants ou de
pesticides.

En 1986, 1la culture de mais a suivie la culture de
cereales en 1985. Le desherbage mechanique et une
application d'herbicide en bandes a permit un contrdle plus
®conomique et aussi efficace que la methode reposant sur
l'utilisation des herbicides ou le desherbage m@chanique
uniquement. En 1987, quand la culture de mais a succéde a la
luzerne, le desherbage mechanique s'est avére 1le plus
rentable. En 1986, la culture intercallee de l'ivraie et du
mais avec une application d'herbicide en bande, a preduit la
plus grande quantité de biomasse comparativement aux autres
traitements durant 1le printemps 1987. Les cultures de
recouvrement de mais ont produit des quantitées inférieures
de biomasse en 1987 au moment ou les recoltes de mais
etaient de 13 t/ha.

En moyenne, les techniques intégrées ont reduit 1les
couts de pre-moisson de $171.78/ha pour le mais et de
$115.60/ha pour 1les feves soya, comparativement aux

recommendations conventionnelles.
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1 1. INTRODUCTION

The continued pursuit of high external input or
intensive systems of production is a philosophy of farm
management that is facing increasing criticism and
challenges. The terms ‘high external input' or ‘intensive

systems' of production are used to describe current farming

methods or ‘conventional agriculture' in which reliance on
high 1levels of use of chemical fertilizers and pesticldes
predominate In crop production in industrialized countries.

Critics point to intensive farming methods as the main
reason for grain surpluses, lov commodity prices, massive
government subsidies and large numbers of farmers leaving
the 1land. From an environmental perspective it 1is claimed
that intensive productlion systems have 1lncreased problems of
soil erosion, soil degradation, phosphorus eutrophication of
lakes, surface water contamination from nitrates and
pesticides and damage to the atmosphere from emissions of
nitrous oxide (Sargent, 1986; Verijken, 1986; and Wagstaff,
1987).

The adoption of new crop production technologies has
occurred rapidly in Canada in the last 15 years. Over an
eight year period from 1976-1983, farm input expenses
Increased by 191% and 110% for pesticides and fertilizers
respectively (Samson, 1986). This increased reliance on off-
farm resources has meant that farmers have become less self-

- sufficient and more vulnerable to changes in both input and

commodity prices.
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Organic farming systems represent a completely
different farming philosophy than that of high external
input systems of production. Organic farming systems are
advocated as systems that promote farmer self-reliance and
have fewer negative impacts on the environment. The United
States Department of Agriculture has provided a definition
for organic agriculture:

‘Organic agriculture is a production system which avoids
or largely excludes the use of synthetically compounded
fertilizers, pesticides, growth regulators and 1livestock
feed additives. To the maximum extent feasibie, organic
farming systems rely on crop rotations, cropr residues,
animal manures, legumes, green manures, off-farm organic
wastes, mechanical cultivation, mineral bearing rocks, and
aspects of biological pest control to maintain soil
productivity and tilth, to supply plant nutrients and to
control lnsects, weeds, and other pests'(U.S.D.A., 1980).

However, several factors limit the widespread acceptance
of organic farming : increased labour requirements , the
potential for substantial yield reductions while going
through the conversion process (typlcally 2-3 years), lack
of favorable government policies and lack of serious
recognition and research support from the scientific
community (Peters, 1986; Patriquin, 1988).

The main argument against organic farming is that the
increased savings in input costs do not compensate for the
reduced yield. The literature suggests that this is true for

soil exhausting crops such as potatoes (Solanum tuberosupm




g

L.) (Pimental et al.,1984; Fischer and Richter,1986) and
vinter wheat (Triticum aestjvum L.) (Vine and Bateman, 1981;
Lockeretz et al., 1976) particularly under Eur opean
conditions . However, in the case of much 1less demanding
crops such as grain legumes (Patriquin, 1988; Culik et al.,
1983; Roberts et al., 1979; Lockeretz et al., 1976), and
legqume based forages (Lockeretz et al., 1976; Culik et al.,
1983; Karch-Turler, 1983; Murphy,1987) research 1indicates
that organic systems are generally as profitable or more
profitable than conventional production systems.

With some crops such as corn (Zea mays L.) (Lockeretz et
al.,1984; Peters,b1986; Helmers et al.,1986 ) and spring
cereals (Sahs and Lesoing,1985; Lockeretz et al., 197s6;
Rydberg,1986; Culik et al., 1983) neither conventional or
organic systems appear to be consistently superior.

Integrated farming systems which emphasize efficient use
of on-farm resources and reduced dependency on off-farm
inputs are currently being evaluated as an approach that
offers considerable reduction of inputs without 1loss of
income for the farmer. El1 Titi et al., 1988, defines
integrated farming as "a system with the best possible
adjustment of farming techniques to £it the natural
regulation components on a growing site", Recent farming
system reports from Europe (Steiner et al., 1986;
Vereijken,1986) indicate that integrated systems are more
profitable and less labour intensive than either

conventional or organic farming systems.
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Integrated farming systems differ from conventional
production systems in that energy use 1is reduced, ground
cover is increased and inputs are used to complement, rather
than sustain the system. The integrated approach emphas!zes
organic management technigques such as: crop rotation,
mechanical weed control, cover crops, intercropping, disease
resistant and wveed suppressive varieties, reduced tillage
and modified row spacings. It differs from organic systenms
in that pesticides and fertilizers are used as efficiently
as possible when required through techniques such as
herbicide and fertilizer banding.

In May of 1984, the author met several farmers in the
Tavistock area of Ontario who were practicing integrated
techniques but were wishing to develop them further. Several
of the farmers were producing higher than average yields at
lower than average costs. In May of 1986, on-farm studies
were conducted to better identify why the cropping systems
were successful and to improve them. Since weed control is
regarded as the most difficult aspect of using lower
external lnput systems of production (organic and lntegrated
farming systems) this was the focus of our research (Peters,
1986). The specific objectives were:

1. To evaluate interseeded cover crops as weed suppressants
within current row crop and small grain systems on selected
farms in Southern Ontario.

2. To identify and evaluate integrated systems of crop and
weed management that could produce high ylelds at a reduced

cost in Southern Ontario with reduced environmental impact.
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2. LITERATURE REVIEW

"Most research in weed control begins with the assumption
that control is economically worthwhile , or that the weed
has a negative economic effect" (Altieri, 1988). As a
result, much of the research has been directed at the use
of herbicides to eliminate crop losses due to weed
competition and to provide season long, weed free crops.

In recent years, more effort has been given to the
concept of integrated weed management, which extends beyond
the idea of the need for removal of all undesirable
vegetation. In this approach, weeds are considered part of a
crop-weed ecosystem and a variety of measures besides
herbicides are used to keep weeds in check. However,
since most of todays weed researchers are weed specialists
the weed - crop ecosystem concept does not give a balanced
approach to both crop and weed management. The researchers
emphasis by training will put the importance on the weed ot
weeds under study and knowledge of crop and soil
manipulation to benefit crop performance and reduce weed
growth is generally absent. Obtaining a better
understanding of the techniques used in crop production and
weed management and their interactions may help develop
systems that improve crop yield to the detriment of weeds.
Manipulating the farming system to benefit crops may not
only 1increase crop yield, but at the same time reduce crop
production costs, veed control requirements, and

environmental impacts from croppling systems.



This review will focus on crop and wveed management
systems for corn, spring cereal and soybean (Glycine max L.)
production. It will be broken into three sections. The first
will examine integrated measures of controlling weeds which
emphasizes 1low cost mechanical weed control systems. The
second section evaluates howv crops can be manlipulated ¢to
improve crop growth to the detriment of weeds. Intercrops
and cover crop systems are evaluated in the final section
with reference to their use as weed suppressants. These
green manure systems are also discussed in their short term
and long term benefits on the farming system in the effort
to improve crop growth and reduce weed growth through better

soil management practices.

2.1 Integrated Methods of Controlling Weeds in Rov Crops

The majority of studies indicate that the foundation to
an economical and effective integrated weed control system
is Jjudicious use of cultivation. In its broadest sense the
term cultivation refers to all mechanlical operatlions
performed on the soil. These include seedbed preparation,
intertillage of the crop after it is planted and the tilling
of the soil after harvest. This discussion will emphasize
the use of cultivation after the crop has been planted as a
weed control and a crop management measure.

While many advantages can be realized through the
cultivation process, there are several disadvantages. The

process of cultivation exposes the soil to oxidation and



promotes organic matter breakdown. Extra trips over the
field may also increase compaction particularly if heavy
tractors and cultivators are used. Methods need to be
developed that reduce the number of cultivations required
and disturbance of the soil. One such method 1is ridge
tillage where row crop cultivation eliminates the need for

primary and secondary tillage. It is receiving considerable
attention as a cost effective so0il conservation measure

(Randall, 1987; Selley and Eisenhauer, 1987).
2.1.1 Non-Weed Control Benefits of Row Crop Cultivation

Through an age when the technology of chemical
pesticides has advanced greatly and farmers are often
advised not to cultivate, surveys show that most row crop
farmers cultivate (Johnson, 1985).

Early studies showed that the practice of cultivation
did not usually increase yields. Cates and Cox (1912)
tabulated the results of 125 experiments from 1906-1911 and
concluded that cultivation was not beneficial to the corn
plant except in the removal of weeds. Mosier and Gustafson
(1915) covering a period of 8 years, found corn yields were
no higher where cultivation was used than where the soil was
scraped to remove weeds.

These investigations were done on friable, humus laden
soils characteristic of that time period. After 70 years of
degradation from intensive row crop production, the soils in
some of these areas have changed dramatically. Presently

many researchers are finding increased yields from inter-row



cultivation even in the absence of weeds and are attributing
other benefits to it aside from its value as a weed control
measure including increased soil aeration, reduced dlsease
incidence, 1increased root development, improved fertilizer
uptake , improved water infiltration and reduced erosion
(Beattie et al., 1985; Coote and Saldak, 1984; Meggitt,

1960; Johnson, 1985).

2.1.1.1 Increased soll aeration

Schriefer (1984) states that on difficult to manage
soils, such as those of medium and heavier texture,
cultivating row crops should be considered a permanent part
of a total tillage system. His reasoning 1is that with the
loss of topsoil and the depletion of so0il humus, air
management is more difficult in soils with increased soi1l
density. Thus it is important to increase soil aeration for
oxygen demanding processes such as the uptake of nutrients,
root vigor and microblological activity.

Meggitt (1960) evaluated the Influence of cultivation
on corn ylelds when weeds were controlled by herbicides.
Where <corn followed two years alfalfa (Medjcago sativa L.)
on a sandy loam soil, there was no significant vyield
increase due to cultivation. On two seperate loam sites,
corn following two years of corn required one cultivation
and corn following two years of tomatoes (Solanum
esculentum L.) required two cultivations to provide maximum

corn yields. Meggitt observed that on lighter soil types and
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in situations such as corn following a meadow crop where the
soil is in good tilth, there appears to be no yield
advantage from cultivation as long as weeds are controlled
by other means.

Chaudary and Prihar (1974) found cultivation to enhance
root growth in the upper 15 cm of soil and to increase the
lateral spread of roots. The height of 48 day cultivated
corn plants was 13 and 34 cm more than that of the control
and inter-row compacted plots respectively. Similar results
were reported by Prihar and VanDoren (1967).

In a one year study, Coote and Saidak (1984) found
surface soil bulk density was lower and air-filled porosity
was higher after a single inter-row operation. Grain yields
were negatively correlated with bulk density suggesting that
some of the yield improvement from inter-row tillage was the
result of better soil physical conditions. They suggested
that so0il structure problems could occur where certain
herbicides are used without adequate tillage. Walter (1970)
also observed that triazine post-emergent herbicides and
pre-emergent (granular soil incorporated) herbicides had
measurable negative effects on the top 15 cm. of the soil.

Plant diseases have also been reported to be reduced
with the use of cultivation (Beattie et al.,1985). Schriefer
(1984) recommends a modest 5-7.5 cm. hill around a bean
plant to prevent certain root and lower stem rots in beans
that appear in tight anaerobic soil conditions around the

plant.



2.1.1.2 Improved fertilizer use efficlency

Hilling can permit corn to increase underground root
development by setting extra sets of brace roots. Schriefer
({1984) suggests that these upper roots are important because
they feed phosphorus to the upper part of the plants late in
the season which may enhance maturity, grain £ill and welght
in corn. Mcleod and Swezey (1979) in their survey of weed
problems and management techniqgues of organic farmers also
found producers who claimed that hilling corn not only
improves weed control but also covers the adventitious roots
on the corn stalks, making the crop more stable, preventling
lodging, and ©fproviding more covered root surface for
nutrient uptake.

Chaudhary and Prihar (1974) state that grain yield
increases from cultivated corn having greater lateral spread
and root proliferation at shallow depths may be a result of
more efficient utilization of the applied nutrients. Lack of
roots in the topsoil in widely spaced rows is 1likely to
result in 1less efficient utilization of surface applied
fertilizers, particularly of the non-mobile nutrients like
phosphorus.

The process of cultivation may also help reduce
nitrogen requirements. Lyon (1922) presented evidence in
favour of the assumption that the nitrate content of
cultivated plots is higher that that of scraped (surfaced
hoed) plots because of the aeration produced by stirring

with the cultivator. Call and Sewell (1918), stated that it
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was through preventing weeds from using nitrates in their
growth that the cultivation process had positive effects on
soil nitrate 1levels. Merkle and Irvin (1931) £found an
increase in only one of four years of the nitrate content of
the surface soil from inter-row cultivation. Limited
research on the release of nitrogen from cultivation has
been performed since these experiments. However, Blevin et
al. (1972) found nitrogen stress in corn plants under no-
tillage was greater than that of similar treatments under
conventional tillage.

Perhaps a more significant role of the row-crop
cultivator in reducing nitrogen requirements can be made by
using it for nitrogen sidedressing operations. Schriefer
(1984) recommends that a cultivator should have the
capability of applying a liquid or dry nutrient close to the
plants while cultivating. Accecrding to his system, the key
to reducing nitrogen requirements and costs by 40% is
preventing the over exposure of nitrogen to the entire soil
system by locking the mobile nitrate 1into the =zone of
updraft (a region approximately 15 cm below and surrounding
the base of the corn plant). The zone of updraft 1is an
extremely efficient place to position fertilizers because of
the presence of roots and the influence these roots have on
soil aeration and the movement of water and nutrients

(Schriefer,1984).

2.1.1.3 Increased soil moisture and reduced erosion

Intertillage during a very dry year can help conserve

11



soil moisture. The theory being that it creates a loose dry
layer of soil- a soil mulch, which prevents the wupvard
movement of moisture and thereby reduces evaporation of
wvater. Merkle and Irvin (1931) in a very dry year found
intertilled plots to contain from two to four percent more
moisture in the surface soil than was found on scraped
plots.

Johnson (1985) in a review on cultivation states that
it has videly been shown in previous research in
conventional tillage systems that breaking a soil crust will
increase water infiltration and this can increase available
soil moisture for crop growth. In addition, breaking a soil
crust results in reduced erosion due to 1increased wvater
infiltration unless an unusually intense long duration of
rainfall occurs. Johnson (1985) also states that this holds

true under today's systems of conservation tillage.

2.1.2 Row Crop Cultivation and Herbicide Banding

An effective and economical method of controlling wveeds
that has been supported through the years 1is herbicide
banding combined with row crop cultivating. Band spraying
eliminates early weed competition with the crop and the
wveeds between the bands can be eliminated when the corn or
soybeans are large enough to allow high-speed cultivation.
This system also saves the time and expense required for the
operation of broadcasting herbicides because pesticide
applications can be made with the crop planter or

cultivator.
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2.1.2.1 Soybeans

In wide row soybeans, studies have found that band
applied herbicides and cultivation provides as effective or
more effective weed control than overall herbicides while
reducing chemical weed control costs considerably (Peters et
al., 1961; Beattie et al., 1985),.

Peters et al. (1961) banded several herbicides in 30-35
cm bands in soybeans grown in 101.6 cm rows and obtained
comparable weed control and yield to overall sprays when
more than one cultivation was used. Cultivations alone gave
poorer veed control and lower yields than combinations of
herbicide band treatments and cultivations.

In 75 cm. row soybeans, Beattie et al. (1985) found weed
control to be improved considerably in herbicide plus
cultivation treatments (94%) as compared to the herbicide
only (68%) or cultivation only (66%) treatments. The most

6 cm. band of a single

[\9]

economical treatment was a
broadspectrum herbicide ( metribuzin (4 -amino- 6 -(1,1-
dimethylethyl) -3- (methylthio) -1,2,-triazin-5(4H)-one) at
0.84 kg / ha) plus two cultlvations which provided 96%
weed control and had a gross margin of $§ 273.44 / ha
vs, $79.75 / ha for herbicide only treatments.

In ridge till-planted soybeans and corn, List and Kells
(1985) testing numerous chemical combinations, found banded
herbicide applications along with two cultivations gqave
equivalent weed control to broadcast herbicide applications

and one cultlvation. Weed control in these systems were
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superior to that of a no-herbicide two cultivation system.
Howvever, no significant yleld differences were observed |in

either crop from the treatments.

2.1.2.2 Corn

In a two year corn study in India, G111l et al. (1984)
showed that both early and 1late band applications of
atrazine at 0.22 and 0.33 kg/ha followed by inter-row
cultivation showed@ the same 1level of effectiveness as
blanket applications of atrazine at 1.0 kg/ha and two hand
weedings, Data on grain yields indicated that the dose of
atrazine can be reduced to 1/3 by application in a 20 cm
band over the crop row (without sacrificing yield in 60 cm
row spaced corn).

In 75 cm row corn , Hamill (1983) found a 25 cm band of
1.0 kg / ha atrazine (6-chloro-N-ethyl-N'-(l-methylethyl)-
1, 3, 5 - triazine -2,4-diamine) + 2.5 kg/ha alachlor {2-
chloro-2', 6'-diethylphenyl)-N-(methoxymethyl) acetanilide)
+ .5 kg / ha dicamba (3, 6-dichloro-Z2-methoxy benzoic acid)
combined with two row crop cultivations to provide more
effective wveed control in a four year continuous corn study
than broadcast herbicides or two cultivations only. The
system with two cultivations only provided weed control
similar to the intensive herbicide system at approximately
1/4 the cost. No corn yields were reported.

In another 1long ¢term continuous corn study, Ammon
(1986) evaluated atrazine vs. a band spraying and

cultivation ¢timed for when corn most benefitted from weed
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free conditions (at the 2 to 10 leaf stages). The
combination treatment provided more effective and economical
weed control over the 1long term. The continuous corn
treatment with atrazine showed an 1initial increase 1in
field bindveed (Convolvulus arvensis L.) and hedge bindweed
(Calystegia sepjum L.) followed, after 4 years, by the
appearance of horsetail (Echinochloa rusgallj (L.) Beauv.)
and yellowv foxtail (Setaria verticillata (L.) Beauv.) and,
after a further year, by such atrazlne resistant speclies
as redroot pigweed (Amaranthus retroflexus L.).

Meggitt (1960) evaluated various widths of herbicide
bands in a corn trial that followed two years of tomatoes. A
30 cm. herbicide band and one cultivation was inferior to a
60 cm. band or an overall spray when only one cultivation
was used but provided equal yields when two cultivations
were used. However, the system with two cultivations and no
herbicide band performed similarly.

In a corn study in the Phillipines, banding a herbicide
followed by cultivation and one hand weeding reduced weed
control costs by 47% compared to an overall herbicide system
and one hand weeding and provided more effective weed
control (Fisher et al., 1985).

Several other studlies have found broadcasting
herbicides along with cultivation systems to provide
economical and effective weed control in corn. In Russia,
integrated systems were found to be superior to herbicides
alone 1In terms of weed control and gave similar vyields

(Rybka et al., 1986). A premergence harrowing and inter-row

15



cultivation and herbicides was the most economical treatment
and also gave the lowest energy consumption/100 kg grains
produced. Similar results with corn were reported by
Zatuchnyi et al.(1985) in Russia.

Prasad and Mani (1986) found earthing up (hilling soil
around the plant base) 25 days after crop emergence to
suppress weeds in 1India. Atrazine at 1.25 kg/ha in
combination with earthing up gave the best weed control and
the highest two year average corn yields of 6.06 t/ha
compared with 5.00 and 2.58 t/ha with atrazine and earthing-

up respectively.
2.1.2.3 Control of Problem weeds

Cultivation often helps control problem weeds in row
crops more effectively than herbicides. Glaze et al.(1984)
reported that yellow nutsedge (Cyperus esculentus L.)
increased rapidly in all herbicide programs tested but not
in cultivated plots. Velvet 1leaf (Abutjlon theophrasti
Medic.) was controlled better by cultivation and herbicide
banding or two cultivations alone than a broadcast system of
1.0 kg/ha atrazine + 2.5 kg/ha alachlor + .5 kg/ha dicamba
in a four year continuous corn study (Hamill, 1983). Fisher
et al.(1985) found Rottbhoellia exaltata(L.F.), an aggressive
annual grass, to be more effectively controlled by two
cultivations and one hand weeding or herbicide banding,
cultivation and one hand weeding than herbicides overall and
one hand weeding.

However, both Hamill (1983) and Glaze et al.(1984)
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found plgweed to lIncrease in cultivated systems only.

Pigweed was also ranked to be the most frequent weed in row

crop situations in a survey of organic farmers in California

(Mcleod and Swvezey, 1979).

2.1.3 other Mechanical Weed Control Methods in Row Crops

2.1.3.1 Rotary hoeing

An alternative to herbicides for controlling 1in-row
weeds is the use of the rotary hoe. Patent records Iindicate
that a rotary-hoe type of implement has been 1in existence
since 1839 (Gray, 1929). It destroys annual weeds in the
germinating and early seedling stages, since they germinate
from shallow depths and have relatively small, shallow root
systems as compared to crop plants.

Scientific 1literature on the use of the rotary hoe,
particularly on corn, is limited and recommendations for use
are not well defined by published research data. However,
several experiments were performed ¢to evaluate its
effectiveness on solid seeded and row seeded soybeans in the
1950's.

Lovely et al. (1958) tested combinations of shovel
cultivations, chemicals, and rotary hoeings 1n 102 cm. rowvs.
The use of three timely rotary hoeings plus two cultivations
was equal to or superior to all treatments tested. The
inclusion of herbicide treatments did not improve weed
control except when only one rotary hoeing was used. The

researchers cautioned that the use of herbicide treatments
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may be expected to add considerably to the <cost of weed
control, barring the development of relatlively cheap
herbicides. In solid-seeded soybeans, rotary hoeing
performed well when weeds were germinating but not emerged,
When repeated once or twice at approximately £five day
intervals rotary hoeing reduced weed infestations 70 to 80%
and soybean stands about 10%. When hoeing was delayed until
weeds had emerged both weed control and bean vylelds were
reduced 50%. The effectiveness of the rotary hoe was found
to be reduced by wet soil conditions before or after hoelng.

In a similar study, Peters et al.(1959), made an
additional comparison of the timing of rotary hoeing. Timely
rotary hoeings were made when weeds were in the "white"
stage, less than 1/2 cm high vs. late rotary hoeings made
7-10 days later. Weed control wvas more influenced by
practicing timely rotary hoeings than by wet or dry soil
conditions. In these trials the rotary hoe was 1less
effective in controlling weeds than that reported by Lovely
et al.(1958). This may have been due to its slow operating
speed at 6.5-8 km/h ( vs. 16-19 km/h as used by Lovely et
al.(1958)).

In Georgia, Hauser et al.(1972) compared 1intensive
cultivation, herbicides only and herbicides plus cultivation
in soybeans. Their data agreed with those of Lovely et al.
(1958). Rotary hoeing in combination with a 1later sweep
cultivation controlled anhual weeds effectively and
economically in soybeans. Costs of weed control ranged from

$20 to $30 / ha for cultivation only, $55 to $73 / ha for
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herbicides only and from § 45 to § 53 / ha for herbiclides
combined with cultivation.

Rotary hoes are also commonly used by farmers to improve
emergence on crusted soils and to enhance herbicide activity
particularly during dry seasons. Knake et al.(1965), Peters
et al.(1965) and Lovely and Staniforth (1968) reported
improved weed control from rotary hoe-herbicide weed control
combinations.

The rotary hoe can be used over a considerable range of
fleld conditions, although it has proven less effective for
veed control wvhen the so0il is excessively wet or extremely
dry. Maximum weed control is obtalned when the soil |is
lightly crusted; when weed seedlings are germinating but not
yet emerged (in the white); and wvhen the machine is operated
at relatively high speeds of 16-24 km/hr (Coleman, 1954;
Hull, 1956; Lovely et al., 1958; Peters et al., 1959; and

Rea, 1955).

2.1.3.2 Finger Weeder

Several veed control devices have been recently
developed 1in Europe to control weeds in corn. The German
firm Rabewerke has introduced the finger or tearawvay weeder
wvhich 1is a very versatile instrument that can be used for
wveeding 1in row crops, and cereal grains, as well as some
vegetable crops. The device is also being built in Holland
and sold in canada by the Lely corporation,

This device 1is wused on a number of fleld crops

successfully on the Lautenbach-Integrated Farming Systems
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experimental farm in Germany. In the cereal fields it |is
used with a modified row spacing so that the tractor tires
do not run over crop plants (Steiner et al., 1986).

The implement is a spring tined harrow, with numerous
long, thin tines spaced at 4 cm. intervals. It has several
tension settings for each tine (including moving the tine
out of position) which makes the device flexible for
different crop growth heights, weed growth stages and soil
conditions. The finger weeder can be used both across and
along crop rows depending on the stage of crop growth at
speeds up to 12 km /hour (Reimann, 1987). The implement has
recently been 1introduced to Canada and 1is being used by
organic farmers primarily in Ontario and Prince Edvard
Island.

Scientific studies on other methods of mechanical weed
control in row crops 1s limited and exists primarily outside
of North America. Vogtmann (1985) reviewed some of the
research that has been performed in Europe. In a comparison
of costs for chemical and non-chemical weed-control in corn,
mechanical methods were found to be 1less expensive than

either thermal or chemical weed control.
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2.2, Crop Manipulation to Enhance Crop and Weed Management

In his conclusion on weed control in organic farming

systems, Patriquin (1988) states "Non-chemical weed control
in organic agriculture differs from that practiced 1in
conventional agriculture mainly in the degree of emphas&s on
positive measures (making the crop more competitive) as
opposed to negative measures (directly suppressing weeds)".
To improve weed control and crop growth while reducing

both chemical and cultivation inputs would undoubtedly
benefit all farmers as well as be environmentally desirable.
Crops can be manipulated 1in numerous wvays to be more
competitive with weeds and at the same time Iincrease crop
yleld. some of the technliques that can be used Include:

- modifying row widths

- adjusting seeding rates

- using aggressive varieties

- crop rotation

- mixed seedings
- changing fertility management

These methods are discussed through the following
section with reference to practices that may be relevant to

farming systems in Eastern Canada.

2.2.1 Rov Widths

Greater flexlibility exists in soybeans than in corn or
grain with respect to using different row widths ( farmers
can use conventional grain or corn equipment in its
productlion). Row spacings of approximately 100 cm, were

popular before the widespread introduction of herbicides and
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since that time widths as narrow as 18 cm have been used.
Current recommendations in Ontario are for using 18 cm
rows in short season areas (Ontario Ministry of Agqriculture
and Food, 1988) .

According to a reviev by Johnson et al.(1982), optimal
yields are obtained when the row width is sufficlently
narrow to close the soybean canopy by the time the plants
have bequn flowering. Soybeans planted in 15-25cm row widths
approximate the 1ideal pattern of equidistant spacings and
should result in maximum yields but lack of effectlive weed
control frequently limits the adoption of narrow rows. 1In
the northern U.S. states, the researchers suggest that the
majority of the advantages of narrov rows can be realized in
row widths of 37.5-50cm and leaving skips for the tractor
vheels.

It has been well documented that narrow-row soybeans
provide more shading than wide row soybeans and this can
improve control by herbiclides. The major difficulty arises
with narrow rows when weeds become resistant to the
herbicides used and cultivation is not available. McGlamery
and Wax (1966) found that a single uncontrolled specles such
as velvet leaf, can reduce narrow-row soybean ylelds 70 to
90%. Wax (1972), using a stale seed bed technique, found
that even the best treatments failed to provide the weed
control necessary to prevent substantlal yleld reductlons.
Wax recommended that if soybeans are to be grown in narrow

rows without cultivatlion, they probably should be planted on
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acreage free of herbiclde-resistant weeds and 1f these areas
are not available, row widths should be chosen that enable
cultivation. In a later study,Wax et al.(1977) found that
where a single herbiclide treatment controlled only annual
grasses, 76 cm rows (cultivated once) ylielded from 0 to
almost 50% more than the 18 cm rovs. Where combinations of
more advanced herblcides were used to effectively control
all weeds, soybeans in 18 cm rows averaged up to 9% higher
ylelds than those in the 76 cm. rows., However, the economics
of these systems were not compared.

Several studies have been performed which have compared
weed control methods 1in varliable row widths. Peters et
al.(1965) found that when herblcides were used, soybeans in
50.8 cm and 60.0 cm rows usually required no more than one
cultivaticn, while those in 81.3 cm and 101.6 cm rows
usually needed at least one and sometimes two cultivations
for good weed control and high soybean yleld. Over three
years, a system with three cultivations and no herbicides
produced approximately 1/2 the wveed density in 50.8 cm rows
as compared to 101.6 cm rows. Although cultivation was
per formed carefully 1in all treatments, root pruning was
noted on soybeans in 50.8 cm rows cultivated more than once
and in one year this accounted in a yield reduction.

Wax and Pendleton (1968) evaluated crop and weed ylelds
as 1nfluenced by mechanical or chemical weed control at four
row spacings. Compared to the 101.6 cm row, yield increases
¢f 10, 18 and 20% were shown for 76.2, 50.8 and 25.4 cm

rows respectively. Wweed control by either trifluralin (2,6~
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dinitro -N-N- dfipropyl -4- trifluoromethyl) benzenamine) or
cultivation was more effective in the two narrowest row
spacings than in the 101.6 cm rows. The authors concluded
that the 50.8 cm row spacing, which would allov at least
one cultivation was the most effective treatment.

Working in similar row widths in cotton (Gossyplum
hirsutum L.), Rogers et al. (1976) obtained an excellent
response to row spacing and wveed free maintenance perlods.
As little as six weeks of weed free maintenance was required
in cotton in 53 cm rows while wider row wldths of 79 and
106 cm required 10 and 14 weeks respectively to be weed free
for maximum yields.

Lovely and Staniforth (1968) developed a flexible
soybean production system using variable row spacing that
left 55 cm wide spaces for tractor tires. Either single or
palred rows could be planted In relatively narrov rows and
cultivated out to leave 76 cm 1inch spacings 1f there vas a
heavy weed infestation. Rotary hoeing, herblcides and palred
rows in cultivated treatments improved weed control and

yields,

2.2.2 Seeding Densities

Commonly, organic farmers exceed recommended seeding
rates by up to 25% to increase competition to weeds and
allowv for 1losses during cultivation (Patriquin, 1988).
Generally, research trials have proven that this not only

helps to reduce weed growth but crop yvield is Improved.
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In 50 field trials 1in sSweden during 1979-1983,
Andersson (1986) found the ylelds of winter and spring wvheat

(Triticum aestivum L.) and winter barley (Hordeum vulgare

L.) increased with sowing rate up to 25-50% above the normal
rates for the country. The weight of weeds decreased both
with 1increased seed rate and with reduced row widths (from
18 to 6 cm).

Barley seeding rates (180 and 90 kg/ha) had a much
greater influence on weed competition than two row widths
(10 and 20 cm) in a study by Cussans and Wilson (1975). At
the 1low seeding rate, 42% more seeds of wild oats (Avena
fatua L.) and 59% more new quack grass (Adropyron repens(L.)
Beauv.) rhizomes were produced than at the high seeding
rate. The authors stated that the tillering of a cereal crop
occurs too late to restrict early weed growth to the same
extent as having a high initial crop population. No crop
yleld data was reported to evaluate the influence on grain
yield.

In Norway, Skuterand (1977) found that increasing the
seeding rate in oats (Avena satival.) from 150 to 300 kg/ha
caused about a 50% reduction in quack grass growth, howvever,
grain vyield was slightly reduced from 3780 kg/ha to 3660
kg/ha. The researcher cautioned that increasing seeding
rates too much could create other problems such as 1lodging
and recommended a sowing rate of 250 kg/ha (30-50 kg/ha
higher than average in Norway) if fields are infested with
quack grass.

Staniforth and Weber (1956) evaluated the effects of
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annual weeds on soybeans of various density planted iIn 102
cm rovws. By cultivating betwveen the rows the average yield
loss due to weeds over several seasons research was about
10%. Studies on the relationship of soybean stand to weed
stand showed reduced yield loss from annual weeds vwhen
soybeans were planted at 29-49 plants /m of row than when
the soybean stand was 10 plants/m row (Weber and Staniforth,
1957).

Well (1982) evaluated the effect of planting density
and wveeds on corn grain yields in unwveeded maize in Malawi.
As population increased wveed dry matter decreased and grain
corn yield increased (Table 1).

Table 1. Yield of Grain Corn and Weeds as Affected by Plant
Density in Unwveeded Corn

- —— W - . —— —— M "y — - — T = S A ey St e S e A " e = —

Population Plant Spacing Weed Dry Matter Grain Corn
(plants/ha) (cm) (t/ha) (t/ha at 15.5%
molsture)
20 000 mean 6.47 A 4.92 ¢
40 000 mean 4.71 B 8.78 b
80 000 mean 2,10 C 10.21 a
Weil (1982)

2.2.3 Crop Varieties

Varleties, particulary with soybeans, differ in their
ability to compete with weeds. The majority of trilals 1in

soybeans, corn and cereals 1ndicate optimal cultivar
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characteristics include rapid emergence, a reasonably tall

ke
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height, slightly later maturity, high yield and possessing
allelopathic properties.

McWhorter and Hartwig (1972) evaluated six soybean
varieties in competition with common cocklebur and
johnsongrass. The variety Bragg, a higher yielding variety
competed best with johnsongrass (Sorghum halepense L.) and

wvas also competitive with common cocklebur (Xanthium

pennsylvanjcum L.). The authors suggested that wunidentified
varietal characteristics other than height and maturity date
influenced its ability to compete with weeds.

In a soybean trial evaluating various systems of weed
control, choice of cultivar proved to be as important as row
width and method of weed control (herbicide or cultivation)
in reducing weed growth. Wax and Pendleton (1968) found weed
biomass to be reduced by 65% using the Wayne cultivar
compared to the cultivar Harosoy 63. The authors suggested
that more rapid canopy closure and increased competition for
light in the Wayne canopy was responsible for the improved
veed control.

In the most comprehensive study performed to date, Rose
et al.(1984), evaluated 280 soybean cultivars to determine
competitive ability and also whether allelopathy functions
to 1inhibit surrounding weed growth. Later maturing soybean
cultivars tended to compete more effectively with weeds.
Competitive cultivars emerged quickly, rapidly formed a
canopy, and were able to slow the growth of competing weeds.

Allelopathy was identified as one mechanism for competition
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between soybeans and weeds.

Staniforth (1961) demonstrated differences among corn
hybrids in thelr ablility to compete with weeds. A late
maturing hybrid experienced a lowver yleld as weed
competition became pronounced at a more vulnerable growth
period. He suggested that the early maturing hybrid obtained
@ hlgher yield as it was past a critical period in growth
before the onset of intense foxtail (Setarja viridis (L.)
Beauv.) competition.

Patriquin et al.(1986) evaluated three modern and three
traditional oat varieties for their ability to compete with
weeds. All three traditional varleties competed well against
veeds while only one of the modern varieties was
competitive,

Fay and Duke (1977) screened 3000 accessions of Avehna
spp. germplasm for their ability to exude a naturally
occurring compound (scopoletin) shown to have root-
inhibiting properties. When one of the 25 high scopoletin
varieties 1identified was grown with wild mustard (Brassica
kaber (D C.) L.C. Wheeler), the mustard growth was
significantly reduced. Symptoms were indicative of chemical
rather than simple competition but analysis of culture
solution revealed levels of scopoletin too low to cause the
observed effects and the authors suggested that other
compounds were involved.

The response of 14 barley varleties used in Sweden to
conventional or organic systems was evaluated by Rydberg

(1986). Generally, the Dbest performing varieties 1in the
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organic systems were late maturing varleties that were high
ylelding and competitive against weeds. Larger differences
in weed biomass were found between growing systems (lower in

the case of the organic) than varietles.

Wicks et al.(1986) evaluated the impact of summer
annual weeds on 20 winter wheat cultivars in Nebraska. Most
cultivars that were 83 cm or taller were good competitors
while several cultlvars 73-78 cm tall were poor competitors.
Two seml-dwarf cultivars which were among the shortest
tested (72 and 75 cm) were among the best in
competitiveness with weeds. Certain cultivars and related
germplasm lines were identified as having either good or
poor weed competitiveness. The authors suggested that
selection of cultivars that are better competitors to weeds

could reduce herbiclde, fuel and labour costs.

2.2.4 Crop Rotation

It 1is well recognized by farmers and researchers that
crop rotations can make significant contributions to
improving weed control. However, much of the research on
crop rotation has focused on yield and economic performance
improvements compared to monoculture production systems.
Better performance in rotation systems has been attributed
to improved 1insect, disease, so0il structure and soil
fertility and the successful use of reduced tillage. From a
veed control perspective, the majority of studies have

focussed on wusing crop rotation as a means to rotate
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herbicides to improve weed control with little evaluation of
the cultural impacts of rotations themselves on weeds. The
most common cultural recommendations in {integrated and
organic systems include; a rotation of competitive and non-
competitive crops, increasing ground cover through the
alternation of winter, summer and cover crops, and use of
perennial legume based forages which restore soil fertility
and enable mowing or intensive rotational grazing to control
perennial weeds (Patriquin, 1988; Stelner et al., 1986;
Peters, 1986; Vogtmann, 1985).

In the majority of crop rotatlon studies, the diversity
of weed species increases while the total number of weeds
and weed seeds generally decreases compared to monoculture
production systems (Montemurro and Trotta, 1984; Tullikov and
Sugrobov, 1984). It is also well documented that perennial
veed species such as quack grass invade monoculture systems
more easily than multiculture systems (Conn, 1987; Kreuz and
Elsner,1986; Walker and Buchanan, 1982). However in Quebec
and Ontario, the strategy to reduce quack grass growth for
many farmers has been to switch to extended corn
monocultures and use atrazine for control. The Iimpact of
this approach is that 1t perpetuates the quack grass problem
and degrades the blological efficiency of the <cropplng
system on both cash crop and livestock based farms. An
example of how this can have negative impacts on a dalry
farm are outlined below.

The economic performance of the corn as well as the
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forage may decline consliderably. Second and third year corn

is lower ylelding and requires larger quantitlies of

purchased chenical inputs (insecticide and nitrogen

fertilizer) than first year corn (Curnce, 1982; Hicks and
Rehm ,1986). Weed control 1in corn can also become more
difficult when extended corn sequences occur and wveed
control is based on atrazine use (Ammon, 1986). Maintaining
the same acreage of crops within the farm, results {in the
life of the forage stand being lengthened (If corn and
alfalfa are grown on 40 % and 60 % of the 1land base
respectively then if the corn rotation is extended to three
years the alfalfa would be stayling in the field for
approximately 4.5 years). This declines both forage
quantity and quality as the alfalfa content declines and
invasion of perennlial weeds such as dandelion (Tarxaxicum
officinale Weber.) and quack grass increase with the age of
stand (Janke, 1987). As the legume content of the £forage
declines nltrogen fertilizer may be required on the last
several years of hay crops as well as throughout the three
years of corn production. This can perpetuate the problem as
large quantities of nitrogen fertilizer in the farming
system have been found to promote quack grass invasion
(Hoogerkamp, 1975). The corn-atrazine scenario, that has
been created because of the quack grass problem, no doubt
has had major negative impacts on so0il fertility, crop
rotations and the natural competitive advantage that

aggressive crop varletles planted in rotation have over

wveeds.
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Replacement herbicides to atrazine such as glyphosate
have major 1limitations for use in gquack grass control.
Glyphosate (N-(phosphonomethyl) glycine) is a more expensive
product than atrazine and farmers find it difficult to use
in an effective crop rotation. They can not delay planting
to wait for the optimal quack grass growth stage for control
by glyphosate (Lang,1986). Quack grass control by
glyphosate after harvest is frequently performed by waliting
one month after cereal harvest and spraying the quack grass
regrowth, However this system also has its disadvantages |in
that annual weeds have an opportunity to complete their
lifecycle prior to chemical kill, and there can be a loss of
nitrogen from the system (as opposed to conserving or
increasing nitrogen levels by growing cover crops).

With out major reliance on herbicides, a systems
approach using crop rotation as the key element 1s required
for the successful suppression of quack grass wlithin a
profitable farming system wlthout major reliance on
herbiclides. Careful selection of a crop rotation that
enables Judlclous use of tillage, the growing of niltrogen
depleting species with large root masses near the surface
such as ryegrass (Lollum multiflorum Lam., rye (Secale
cerealelL.) and Brassicaceae (particularly as cover crops
during reqular periods of crop production), grazing or
frequently cutting short rotation perennial grasses in
mixtures with forage legumes, and closing the nitrogen cycle

as much as possible within the cropping system are all
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methods that make the crop rotation effective against
invasion by quack grass and other weeds (Biniak,1983;
Cussans ,1972; Cussans and Ayres,1975; Janke,1987;
Hoogerkamp,1975; Patriquin,1988). Some of these methods will

be discussed further in section 2.4.

2.2.5 Mixed Seeding

Growing mixtures rather than pure stands of barley and
oats is a common form of intercropping used 1in Eastern
canada. Provincial agricultural statistics show that mixed
grain consistently outyields pure stands of barley and oats
(Ontario Ministry of Agriculture and Food, 1987b). 1In large
plot studies, Fejer et al. (1982) concluded that growing
barley and oats in mixtures produce some improvements in
yield and protein content when compared with means of pure
stands.

Some potential may also exist for mixtures of varieties
to provide greater crop yleld stability and keep crop
competition to weeds high by reducing disease incidence.
In Germany , Gieffers and Hesselbach, (1988b) tested
mixtures of winter barley in small plots and found disease
ratings approximately 30 % lower on average than in pure
seedings. Yields were higher in mixtures (1.5 % on average)
than 1in their corresponding pure stands particularly when
the epidemics developed <early in the season. In spring
barley, Gieffers and Hesselbech (1988a) observed greater

yield 1increases from mixtures than in the winter barxley
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studles. In small plots, yields were increased by 4 % on
average while in large plot studies increases of 10.5 % were
reported.

Simmonds (1962), stated that by reaching values of their
higher components, mixtures provide valuable insurance
against environmental hazards of year and 1location thus
assuring more stability in production. It is well documented
that mixtures reduce disease incidence (Browning and
Frey,1969; wWolfe and Minchen,1977; and Clark ,1980) however,
few studies have been performed to evaluate the effects of
cereal mixtures on weeds.

In New York, Llebman(Alteri and Liebman, 1986) found
weed biomass in a barley and pea mixture was 40-60% less
than that of a pea (Pisum sativum axvense (l1l.) Poir.)
monoculture and equal to or slightly reduced that of a
barley monoculture. Yleld advantages were substantial from
the barley and pea intercrops as land equivalent ratios of
1.84 and 1.91 were obtalned over the two seasons. However,
the results obtained were from additive mixtures of the two

components for the intercrops.

2.2.6 Mineral Nutrition and Soll Fertility

Walker and Buchanan (1982) reviewed the literature on
manipulation of sSoil fertility to favour the «crop and
disfavour wveeds. They concluded that manipulation of
phosphorus and nitrogen offer the most potential for
integrated weed management systems. Nitrogen was the more

easily managed of the two as it does not accumulate to the
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same extent as phosphorus does.

An adverse effect from nitrogen In a soybean varlety-
weed trial was observed by Staniforth (1962). Foxtail growth
vas increased due to residual nitrogen from a previous years
corn crop and this resulted in greater soybean yleld
reductions.

In a farming systems trial involving a rotation of
corn-soybeans-corn-oats(green manure) , soybean yields were
compared for an organic system to a fertilizer only system
and a herbicide-fertilizer system (Sahs and Lesoing, 1985).
The 75 cm rovw soybeans received two rotary hoeings (pre-
emergence and at the 2-3 leaf stage) and at least two
cultivations in the no-herbicide treatments and broadcast
herblcides in the herbiclde-fertilizer treatment. The seven
year soybean yield average was 2.08, 2.35 and 2.35 t/ha for
each of the organic, fertilizer only, and herbicide
fertilizer systems. The authors attributed the lower yield
for the organic soybeans to a severe grass weed problem that
was particularly bad in the last two years. During the trial
s0il nitrogen and phosphorus increased significantly from
manure applications to corn in the organic treatment. Total
nitrogen for the organic treatment was .201% compared
to .166% and .169% for the fertilizer only and herbicide-
fertilizer systems respectively. Total phosphorus increased
by over five fold in the organic system.

Patriquin (1988) 1in a review of the fertility-wveed

concept stated that he has observed excessive growth of
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wveeds on organic farms vhere large amounts of imported
manure are applied.

There have been a number of examples where nitrogen and
phosphorus have been managed to crop advantage in non-legume
crops. In Malawi, in studies of unwveeded corn, Weil (1982)
observed that corn was favoured over weeds when nitrogen
fertilizer was placed where crop roots could easily reach it
but weeds could not. In one of his trials using a ridged
seedbed system, weeds appeared to reduce grain yield by 24%
and 44% in dollop (banded) and broadcast fertilizer
treatments respectively. The most effective treatment,
produced excellent corn grain yields of 12.12 t/ha on
totally unwveeded plots where 120 kg nitrogen and 22 kg
phosphorus were band applied.

McBreath et al. (1970) and Sexsmith and Russell (1963)
investigated the effects of nitrogen and combinations of
nitrogen and phosphorus on the growth of wild oats in spring
cereals. Although the response was varied, generally it was
in favour of wild cats unless the crop established an early
competitive advantage.

Thurston (1959) found that wild ocats and cultivated
cereals benefitted equally from nitrogen fertilizer added to
the soil. Pfeiffer and Holmes (1961) suggested that drilling
the fertilizer with the desired cereal seed Iinstead of
broadcasting may lead to suppression. Reinertsen et
al.(1984) -evaluated this theory with wild oats in spring

wvheat. Surface applied fertilizer nitrogen significantly
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increased wild oat growth compared to the system where
nitrogen fertilizer was placed below the seed. In addition
banded nitrogen increased total dry weight, nitrogen uptake
and grain yields of wheat. The authors stated that these
responses indicated that banded fertilizer =nitrogen was
positionally more available to wheat than was broadcast
nitrogen. Surface applied nitrogen stimulated wild oat
emergence.

Rice (Qryza sativa L.) has benefltted more than weeds in
nitrogen manipulation studies by Smith and Shaw (1966). They
found that if nitrogen applications were delayed until after
barnyardgrass headed, the crop benefitted more. Smith and
Shaw (1966) also produced excellent results with phosphorus
manipulation in rice. When phosphorus was applied at
planting it stimulated weeds to advantage. When phosphorus
was applied to the rotation crop prior to rice, weeds were
not stimulated and adequate phosphorus was available for
rice growth. Another successful method the researchers found
was to place phosphorus several inches below the rice at
planting.

The natural fertility of the soil, although difficult
to manipulate in the short term is undoubtedly affected by
cropping practices. Patriquin et al.(1981) tested how the
natural fertility of the soil would influence growth of a
tababean (Vicia Faba L.) crop and weeds. The hypothesis was
that given the many advantages the crop has over weeds
(large seed size, large reserves of nitrogen in the seeds,

uniform germination, large leaves, optimai planting time;

37



the higher the natural fertility, the better the crop wlll
do and the fewver the weeds at harvest . The sites with
higher total biomass (higher natural fertility) had a ratio
of crop:veeds of approximately 8:1 while areas of lower
total biomass (lower fertility) had a crop:weed ratio of
approximately 2:1. Removing weeds at sites of 1low total
biomass did not significantly improve crop yields. When high
nitrogen fertilizer was compared to high natural fertility
it wvas found that the nitrogen fertilizer favoured the weeds
or detracted from the natural advantages of the crop

(Patriquin, 1988).
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2.3 Intercrop and Cover Crop Systems

One of the most under utilized methods of improving both
crop production and weed management is the use of
interseeded cover crops and fall seeded catch crops.
Numerous advantages to their use can be realized including
reduced erosion, increases in soll tilth, additions of
organic matter, nitrogen fixation, improved nutrient
cycling, and weed suppression. Lack of use of green
manuring and the resulting drop in natural fertility of <the
soil may be a major reason farmers have suffered declining
or stagnating crop yields while at the same time experienced
increases in weed problems.

Major problems appear to exist on current knowledge on
how to economically incorporate cover crops into present day
farming systems. Interseeded cover crops in particular need
to be managed properly so as not to compete significantly
with the main crop. Also a greater understanding of cover
crop management needs to be evaluated in rotations as much
of the research has been performed in either continuous

spring cereal or continuous corn systems.

2.3.1 Beneficial Effects
2.3.1.1 Soll erosion and ground cover

Intercrops and cover crops can have dramatic effects on
reducing soil 1loss. The over riding principle of erosion
control is the duration and intensity of vegetative cover
(Siddoway and Barnett, 1975). Mannering and Fenster (1977)

maintain that this 1is because of the direct effect of
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growing vegetation and its protective and stabilizing
influence on soils as well as the residual effects of
vegetation in stabilizing soil structure.

In Germany, Schifer (1986) evaluated the effect of
catch crops and reduced cultivation on soil erosion in corn.
Catch crops reduced runoff to 12% of that from bare fallow
and 25% of that from corn alone. In winter and during heavy
rain in early summer the cover crops were particularly
effective, reducing soil losses by 50% after closure of the
corn canopy.

Scott et al.(1987) performed extensive studies on ground
cover improvements from interseeding various 1legume and
grass species in corn used for silage. The most effective
species and mixtures for increasing ground cover when
standard corn populations and nitrogen fertilizer rates were
used were ryegrass or red clover-ryegrass mixtures. Average
November ground cover was improved approximately fivefold to
68-85% while May ground cover was increased 15 fold to 67-
88%. Rye seeded after silage harvest provided approximately
35% fall cover and 60% spring ground cover. An additlional
advantage of increased ground cover through undersown maize
is the reduction of soll compaction at harvest (Vogtmann,

1985).

2.3.1.2 Soil organic matter additions

Cover crops affect the rate of loss of organic carbon 1in

cropping systems through reduced erosion and Iincorporation
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of organic material. Pieters and McKee (1938) state '"the
main object of green manuring must be to maintaln rather
than increase the quantity of organic matter in soils".
However, this was at a time when many of our soils had high
levels of organic matter. More recently it |has been
generally accepted that green manures will maintain or
increase organic matter or maintain or increase soil
nitrogen 1levels but not both at the same time (Allison,
1973; Warman, 1980).

MacRae and Mehuys (1985), 1n a review on the effects of
green manures, 1llst more than 20 factors that affect
accumulation of organic matter. They concluded that the
relative influence of these factors and how they interact is
not well wunderstood. However, the majority of studies
indicate that organic-matter accumulation from green manures
is enhanced by plant materials resistant to ready
decomposition. This can be plant material typically low in
nitrogen i.e. 1.5% nitrogen or less on a dry weight basis
(Sowden and Atkinson, 1968; Warman, 1980) or material of
high percentage lignin (Leuken et al., 1962).

In the past 50 years organic matter 1levels have
declined considerably in intensively cropped areas and this
could perhaps be affecting the more recent conclusions.
Joffe (1955) suggests that once a cultivated soil reaches an
equilibrium 1level 1in soil organic matter, no management
practice can lowver it, and then it would be more feasible to
increase soil organic-matter content by incorporating green

manures.
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2.3.1.3 Soil physical properties

Aggregate stability tends to increase more rapidly
under grasses than legumes (Clarke et al., 1967; Tisdall and
Oades, 1979), particularly grasses such as ryegrass, which
has an extensive fibrous root system.

Working with summerseeded green manures in Ohilo,
Mortensen and Young (1960), found ryegrass to promote
greater soil aggregate stability than sweet clover
(Meljlotus alba Desr.) or alfalfa which had no signiflcant
effect.

Tisdall and Oades (1979) found that the root system of
ryegrass was more efficient than that of white clover
(Trjfoljum xrepens L.) in stabilizing aggregates on a loam
soil because ryegrass supported a larger population of
vesicular-arbuscular mycorrhizal hyphae in the soil to which
clay particles attached firmly.

After a six year period of green manuring in a
continuous spring barley system on a sandy soi1l in Denmark,
Stokholm (1979) found 1Itallan ryegrass and red clover
(Trifolium pratense L.) to give a significant improvement in
aggregate stability. At another site on a clay loam soil,
Italian ryegrass was followed by white mustard (Brassica
hirta Moench) as the best two green manures for increasing
porosity in the soil.

In a one year study, Ampong (1985) found no significant
effects on aggregate stability from either undersown red

clover or alfalfa. Benoit et al.(1962) working with a rye
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cover crop after corn found that annual additions may be
necessary for several years before aggregate stability

increases.
2.3.1.4 Reduced nitrate leaching

Schriefer (1984) states that the loss of broadcast
nitrogen in corn 1is approximately 40-60%. Leaching of
substantial quantities of nitrogen is a serlous loss in the
farming system and can increase the risk of pollution of
drain wvater and groundwvater. Cover crops can decrease the
leaching of nitrogen in addition to preventing surface loss
of nutrients by erosion.

In Denmark, Hansen and Rasmussen (1979) examined the
impact of using reduced cultivation and green manures to
prevent nitrogen leaching 1in a continuous spring barley
system. Traditional cultivation systems of fall stubble
treatment followed by a November ploughing resulted in
leaching of 39 kg nitrogen/ha in the first year when water
discharge was 400 mm, and 17 kg nitrogen/ha in the second
year wvhen water discharge was 200 mm. Reduced cultivation
through straw mulch lowered nitrogen leaching by 40%. A
system of straw mulching plus a second crop green manure of
white mustard resulted in a nitrogen loss reduction of about
80% with 8 kg and 3 kg nitrogen/ha being lost in the first
and second year respectively.

Scott et al.(1987) examined the effect of 10 different
intercrops and <cover «crops in a continuous corn silage

system and found that annual ryegrass and rye consistently
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lowered ear leaf nitrogen. This demonstrates the grass cover
crops potential to capture residual soil nitrogen and this
could prevent nitrogen leachling after corn silage harvest.
If the following crop was a nitrogen fixing legume such as
soybeans, the system could be used to advantage without

reducing the following crops yield.

2.3.1.5 Nitrogen production

The ability of plowdown legumes to supply nitrogen
within a farming system is well documented. It has been the
subject of considerable research interest in the past 10
years. However achieving nitrogen self sufficiency through
the use of interseeded cover crops in Eastern Canada is more
difficult than 1in more southerly climates where extended
growing periods are present after crop harvest and before
crop planting. This gives considerable advantage over most
Canadian conditions where fall seeding of forage legqumes 1s
rarely successful and the spring growth period of legumes
before timely planting of nitrogen demanding crops is
limited.

The 1largest quantities of nitrogen being produced from
interseeded cover crops are in spring and winter cereal
grain systems. Norris (1981) compared nitrogen production
of red clover from seeding under winter wheat, barley and
oats. Averaged over two stubble heights, the highest
nitrogen production was obtained from winter wheat at 146 kg

nitrogen/ha, followed by barley and oats at 122 and 105 kg
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nitrogen/ha respectively. He attributed the differences to
the time of companion crop removal which in the case of oats
was 13 days later than winter wheat and barley. The barley
plowdown system produced lower quantities of nitrogen than
winter wheat due to lodging at barley harvest which slowed
growth of clover seedlings.

Fulkerson (1982) found that nitrogen production could
be increased 20% from red clover plowdown in grain (even
though shoot biomass was reduced) under a post harvest
companion crop stubble height of 7 cm as opposed to along
stubble of 30 cm.

When oats were harvested as a silage (July 20),
Bruulsema and Christie (1987) found no significant
differences in nitrogen production between Mammoth red
clover , Medium red clover and early or late alfalfta,
Average nitrogen production was 140 kc/ha from 32 varieties
and common lots tested. However over a four vyear period
Fulkerson (1982) found different results when competition
was increased. Total nitrogen produced was 110 kg/ha from
Ottawa red clover while only 91 kg/ha was produced from
Saranac alfalfa when oats was harvested as grain. When both
plowdown species were direct seeded, nitrogen production
was similar with red clover and alfalfa (Medicago satjva L.)
producing 135 and 130 kg N/ha respectively.

Nitrogen production studies from interseeded legume
cover crops in corn production systems are just beginning to
be published. Scott et al.(1987) over three years found

that when conveutional rates of nitrogen were applied to
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corn used for silage, interseeded red clover was the best
performing species, producing approximately 55 kg

nitrxogen/ha by spring plowdown.

2.3.2 Interseeded Cover Crops In Cereals

Several systems of cover crop management can be used to
take advantage of the 2-3 month growth period after harvest
of vinter or spring cereals. Cover crops can be undersown at
planting in the case of spring cereals, oversown in both
established spring and winter cereals or grown as a second

crop after cereal harvest.

2.3.2.1 Effect on seeding year grain yleld

One of the concerns with interseeded cover crop systems
(i.e. undersown or oversown) is that they can compete with
the main crop. Forrest (1985) tested numerous species and
varieties sown at planting over a five year period and found
barley yields were not reduced while excellent plowdown
crops were obtained. The findings of nine trials over five
years found barley yields of 3215, 3216 and 3271 kg/ha for
plots undersown to double cut red clover, single cut red
clover and not undersown respectively.

Neither barley or oat varieties were affected when red
clover was seeded at planting or when seeding was delayed
until 10 days after planting (Gamble, 1980). However the
red clover plants showed reduced vigor and particularly poor

forage establishment occurred with the delayed seeding.
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Italian ryegrass, seeded at 20 kg/ha, was found to give
over a 25% yield reduction in a one year barley study 1in
England by Cussans (1972). Undersown red clover at planting
and oversown white mustard and ollseed rape (Brassica
campestris L.} in mid-June tended to increase barley yield
and the increase reached a statistically significant 1level,
in the case of one of the varietles of oilseed rape. In the
second year of the study Italian ryegrass was replaced by
perennial ryeqgrass (Loljum perenne L.) and the varieties of
oilseed rape changed. No significant yield differences were
found although there was a tendency for vyields to be
depressed by undersowing red clover or ryegrass as compared
to oversowing the brassica species in mid- June.

In Australia, Brownlee and Scott (1974) tested the
effect of different sowing rates of wheat and undersown
black medic (Medicago lupulina L.) on yields of grain and
subsequent forage production. For maximum economic benefit,
wheat densities and medic densities were suggested that
would result in a wheat yield reduction of 131 kg/ha.
Studies of manipulating seeding rates in cereal plowdown

systems have not to date been performed.

2.3.2.1 Effect on subsequent crops

Improved crop performance and/or 1lowered cost for
nitrogen can result from using a cover crop. In a continuous
barley production system in Denmark, Stokholm (1979) studied

the effects of cover crops on grain yields on a sandy soil
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and a clay loam soil over a six year perliod. Yield
reductions of 1030, 620 and 300 kg/ha were obtained from
underseeding Italian ryegrass, black medic, and red clover
respectively. White mustard and fodder rape (Brassica napus
L.) had no significant effect on crop yilelds. Stockholm
attributed the yield reductions in the case of red clover
and black medic to poor weed control. In the seventh year of
the study, the effects of the six years of cover cropping
vas determined on a barley crop seeded with no cover crops.
All previous systems with cover crops had positive effects
on yields with white mustard, red clover and fodder rape
being superior. At the lowest nitrogen level (30 kg/ha) the
yield was increased 880, 800 and 670 kg/ha for each of the
three specles respectively.

On the clay loam site similar responses were obtained
in the final year with average yield increases across
nitrogen 1levels of 410, 400 and 380 kg/ha respectively for
each of fodder rape, red clover and white mustard. 1In the
six previous years. none of the species had significant
yield effects on barley although the red clover 1increased
yields 290 kg/ha at the lowest nitrogen level used.

Kundler et al.(1985) evaluated the effects of stubble
crop green manuring with crucifers and different methods of
tillage on yield of continuously cropped winter wheat and
continuously cropped spring barley over a nine year period.
The highest yields in both cereal systems were obtained from
the intermediate tillage system (protective tillage with

medium deep (25cm) plowing after the cereal harvest and
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subsequent rotary tillage or discing 10-15 cm ) combined
with stubble crop green manuring. Yield increases of 22% in
winter wheat and 16% in spring barley were obtained over the
conventionally tilled system without green manure use.

More frequently 1in Eastern Canada, studies have
compared corn growth following cereal grain plowdown
systems. Fulkerson (1982) evaluated corn yields from
plowdown of Ottawa red clover and Saranac alfalfa managed as
direct seedings or undersown under oats harvested as grain.
Corn ylelds were slightly higher for the alfalfa at 6650 and
7650 wvs. 6400 and 7275 kg/ha for the red clover following
the companion crop and direct seeding methods respectively.
No check yields were reported.

When forages were direct seeded or undersown to oats
harvested as silage, Bruulsema and Christie (1987), compared
alfalfa, double cut red clover and single cut red clover for
their effects on corn. Corn grain yields were similar for
all species and cultivars. In general, legume plowdown
supported corn yields equivalent to those receiving 90-125
kg/ha of nitrogen., Maximum economic corn yields vere
achieved with approximately 150 kg N/ha in check plots. The
researchers reported there appeared to be no association
with succeeding corn yield and plowdown N yield.

Fulkerson (1983) and Bruulsema and Christie (1987) have
found that approximately 2/3 of this nitrogen is available
to the following crop. Bruulsema and Christie (1987)

reported that this was substantially higher than that
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reported by others working with different species.

Forrest (198%5) carried out numerous trials on plowdown
species established under barley and their effect on corn.
In a trial comparing single cut red clover, double cut red
clover, alfalfa and an annual alfalfa, double cut red clover
produced the highest shoot biomass and subsequent corn
yield. A summary of nine trials over five years found corn
yields of 7965, 8322, 6524 and 8775 kg/ha for ©plots
receiving a plowdown of single cut red clover, double cut
red clover or nitrogen rates of 0 and 150 kg nitrogen/ha
respectively. Although the yield was slightly lower with the
double cut red clover there was a $26/ha advantage in net
farm income from using the clover to supply nitrogen to the
corn. Forrest reports that additional trials are currently
underway that suggest economic yield 1increases can be
achieved by using small quantities of nitrogen fertilizer

along with the plowdown.
2.3.3 1Interseeded Cover Crops in Corn

Interseeding of legumes and grasses in corn crops was
commonly used in the United States before the widespread use
of herbicides. 1In Pennsylvania in 1840 it was reported "A
first rate agriculturalist and a member of the state senate
is accustomed to sow a full crop of red clover in his corn
at the time of the last cleansing... He has obtained heavy
crops without the least injury to the corn." (Stevenson,
1955). 1In the following years a variety of other crops wvere

used, both legumes and non-legumes, such as crimson clover,
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hairy vetch, sweet clover and rye. By 1935 domestic ryegrass
largely superseded other species for use as a winter cover
because of the ease with which a stand may be secured and
the 1large amount of organic matter added to the soil
(Stevenson, 1955).
In the 1950's extensive research was done on corn-
forage intercropping, primarily to evaluate corn as a
companion crop for forage crop establishment. Many
recommendations were produced:
-planting wvide spaced corn rows of 60-80 inches
(Stringfield and Thatcher, 1951; Larson and Willis,
1957; Schaller and Larson, 1955)

-drilling and packing alfalfa over a fertilizer band
(Tesar, 1957)

—-cultivate twice and seed alfalfa in corn with a
cultipacker type seeder up to the six 1leaf stage
in corn (Jackobs and Gosset, 1956).

-prevent excessive ridging on the corn rows by planting
In the tractors wheel tracks, cultivations then £ill
in the depression 1in which corn is planted
(Vandoren and Hays, 1958).

-plant corn at the same rate as recommended for normal

rov spacing to obtain maximum yields from wide spaced

rows (Vandoren and Hays, 1958)

More recently Nordquist and Wicks (1974) evaluated
establishment of alfalfa in irrigated corn conditions,

Alfalfa stand and yield were increased 27% and 9%
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respectively, when alfalfa was planted simultaneously with
the corn and the corn harvested as silage as compared to
interseeding at final cultivation in grain corn. Scott et al,
(1984) evaluated the feasibility of establishing short term
red clover hay crops by intercropping and obtained yields

87% that of direct seeded red clover stands.

2.3.3.1 Bffect on seeding year corn yleld

The feasibility of using interseeded cover crops in corn
production systems for purposes of green manuring has
received considerable attention since the late 1970's.

However, a major constraint to farmer acceptance of
this system is that the intercrop should have little Iimpact
in the seeding year on the corn yield. Studies evaluating
the seeding of corn and forages at the same time showed
substantial yield reductions averaging approximately 25%
(Ampong, 1985; Nordquist and Wicks, 1974; Jackobs and
Gosset, 1956; Schaller and Larson, 1955; Tomar et al.,1988).
Alfalfa may be more competitive than red clover when seeded
at this time (Ampong, 1985; Tomar et al., 1988).

Studies have also shown that corn yields were not
affected by intercrops during the year of establishment
provided that corn was .15 to .30 m in height (approximately
35 days after planting) at the time of intercrop
establishment (Ampong, 1985; Hofstetter, 1984; Jackobs and
Gossett,1956; Nanni and Baldwin, 1987; Scott et al.,1987).

Under irrigated conditions, Nordquist and Wicks (1974) found
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yield reductions of 3% when alfalfa was interseeded at the
final cultivation in corn. However dwarf corn hybrids were

included in the average.

2.3.3.2 Biomass production

In New York, Scott et al. (1987) performed extensive
studies evaluating 18 species and varieties as 1intercrops
and cover crops. When seeding at .15 m - .30 m corn height,
ryegrass and medium red clover and a combination of the two
were the most effective in terms of ground cover and Adry
matter production. Perennial ryegrass and rye (Secale
cereale L.} could be successfully seeded at mid-siik and rye
and rye-hairy vetch (Vicja satjva L.) mixtures were the best
performers when seeded after silage harvest. In systems
where conventional seeding and nitrogen rates for corn were
used, annual or perennial ryeqrass seeded at .15-.30 m in
height or at mid silk produced the largest total biomass.
Total biomass produced by the ryegrass treatments averaged
3300 kg/ha while the red clover produced approximately 1800
kg/ha. When the system was managed in a continuous corn
s1lage system without nitrogen over five years, corn yields
dropped substantially particularly in the annual ryegrass
treatment where leaf ear nitrogen was consistently lowest.
Without nitrogen, red clover and red clover-ryegrass
mixtures provided the greatest dry matter production and
produced 79 kg nitrogen/ha by spring plowdown. From these

plots ear leaf nitrogen was the same as that of the control
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receiving 17 kg nitrogen/ha. As the corn wvas a poor
competitor due to nitrogen deficiency, part of the poor
nitrogen response from the clover may have been due to the
interseeded forage <competing with corn for moisture and
nitrogen as previously found by Kurtz et al.(1952).

In a one year study in Ontario, Ampong (1985) found
that 1red clover seeded in grain corn after one cultivation
produced approximately 425 kg/ha of shoot biomass by fall
compared to 200 kgsha for alfalfa. A system with no
cultivation provided 340 kg/ha and 230 kg/ha of shoot
biomass for red clover and alfalfa respectively.

Working with sweet corn, Vrabel (1980) obtained fall
shoot biomass yields of 760, 720, 675 and 660 kg/ha for
white clover, red clover, ladino <clover and alfalfa
respectively, interseeded five weeks after planting. However
some seeding rate errors were made with ladino clover being
seeded at 22.4 kg/ha and red clover at 6.7 kg/ha.

Hofstetter (1984) interseeded several species of forage
in corn having an average height of 38 cm (time 1} and 84 cm
(time 2). At time 1, spring shoot biomass of 970, 325 and
470 kg/ha were produced from hairy vetch, red clover and
annual ryegrass respectively. At the second seeding time,
spring shoot biomasses of 1188, 840, 474 kg/ha were produced
for each of the three species. Corn grain yields following
plowdown were influenced by the cover crop speciles and
nitrogen rate. Highest yields were obtained from the hairy
vetch plowdown treatments that received 110 and 165 kg/ha of

nitrogen.

54




2.3.4 Interseeded Cover Crops in Soybeans

The most common interseeded cover crop used in soybean
production systems in Canada ls winter wheat either direct
drilled or aerial seeded into standing soybeans. No research
has been done on the aerial seeding system to date but
farmer recommendations are that a 1late soybean variety
should be so0lid seeded and wheat flown in at a seeding rate
of 150 kg/ha (Crabbe, 1986). A late variety enables wheat to
be aerially seeded when leaf yellowing in the soybeans
coincides with the optimal wheat seeding date.

In areas where soybeans are grown in wider rows,
interseedings of forage legumes and grasses have been
successfully established (Palada et al., 1982; Robinson and
Dunham, 1954). However, in row widths of 75 cm or less,
aerial seeding at leaf drop may be the only way of
establishing forages in soybeans. This method of
establishment would likely be restricted to longer season

areas only.
2.3.5 Weed Suppressing Effects of Interseeded Cover Crops

The use of live mulch and 1nterseeded cover crops as
methods of weed control appear to offer great promise as a
method of weed management (Altier: and Liebman, 1986). A
major problem wi1th the technique is that in addition to
suppressing weeds the main crop vyield can suffer
competition.

Akobundu (1980) defines live mulch as a crop production
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technique in which a food crop is planted directly 1in the
living cover of an established cover crop without tillage or
destruction of the fallow vegetation. However, others
consider 1living mulch systems to include forage seedings
made at and after main crop planting (Hinton and Minott],

1982).
2.3.5.1 Weed Suppression and Crop Suppression

In Nigeria, Akobundu (1980) found weed infestation |in
corn was heaviest in unweeded conventionally tilled and no
tillage plots, but very low 1n unveeded live mulch plots of
centro (Centrosema pubescens Benth) and psopho (Psophocarpus
palustris Des.). Corn yield was reduced ln all ground covers
where weed infestation was heavy but not in the covers that
effectively suppressed weeds. He concluded that this
production system offers the opportunity for improving soil
fertility, crop yield and reducing weed 1nterference in
otherwise impoverished soils of the humid tropics.

Degragaric and Ashley (1986) screened 57 entries for
use as living mulches/cover crops for no-till vegetables and
selected several mulches that through timely mowing could
control weeds well and produce high snapbean (Phaseolis
vulgaris L.) yields. A rapidly maturing winter annual, field
brome (Bromus arvensis L.} required no mowing prior to
planting and produced high bean vyields. “Companion" a
commercial mixture of 80% "Elka" perennial ryeqrass and 20%

Ensylva creeping red fescue ( Festuca rubra L.) provided
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outstanding weed control, bean yields were not significantly
different from the field brome. Weed dry weight of
"Companion" was equivalent to that of the hand weeded check
and significantly better than that of the Altaswede red
clover. In an earlier study by Degregario and Ashley (1985)
sweet corn planted into "Companion" and 1Itallan ryegrass
living mulches produced the fewest weeds but 1lowest corn
yields. The researchers noted that weeds did not occupy bare
spots 1n "Companion" plots including dandelion which was
present in all other entries and the weedy <control. 0gg
(1983) reported that in a Washington orchard study, "Elka"
perennial ryegrass reduced dandelion by 95% and annual weeds
by nearly 100%.

In corn production studies in Pennsylvania, Hartwig
(1976) has found that a 1living mulch of crown vetch
(Corgnilla varia L.) can be a competitive form of weed
control that suppresses yellow nutsedge. Hartwig (1985)
reported that he has maintained crown vetch seedings 1in
excellent <condition after 10 years in a no-till rotation
vith corn, small grains and forages and almost totally
elimlinated soil erosion. Crop vields are reported to be
reduced not more than five to ten percent.

Vrabel et al.(1980) evaluated various legume mulches in
corn and found ladino and white clover most effectively
suppressed weeds while red clover was least competitive.
Seeding living mulch five weeks prior to corn seeding rather
than five weeks later provided better weed control but

lowest corn yields.
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Soybeans sown 1In narrov rows with wlinter wheat or
winter rye at time of planting yielded as much or more than
soybeans without companion crops in unweeded narrow rows or
normally cultivated wide rows in a study by Robinson and
Dunham (1954). Companion crop weed control was superior with
the rye and about equal to that achieved by cultivation.
Under Minnesota conditions they concluded that intersowing
vheat or <rye into soybeans was a relatively inexpensive
method o©f weed control that could reduce soil erosion and
organic matter losses associated with conventional soybean
production. However, the author has evaluated this technique
in Ontario with winter rye, a rust susceptible winter barley
and vinter wheat on farmers fields and found that
competition to soybeans was severe and interseeded species
vere not killed after establishment of the soybean canopy as
reported by Robinson and Dunham (1954).

In almost all of the above studies, 1if weeds were
adequately controlled by interseeded cover «crops, vyields
were reduced from cover crop competition. When herbicides,
mowing or growth regulators are used to suppress the cover
crop, vyield performance was generally 1mproved but the cost
of wusing the 1living mulch technique would also 1increase

(Vrabel et al., 1980; Hartwig, 1976; Akobundu, 1984).
3.3.5.2 Suppressing late weed flushes and perennial weeds
Perhaps a more practical objective to avoid reducing

the main crop yield is to interseed cover crops with the
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goal of suppressing late growth and flushes of annual wveeds.
Renius (1961) states that green manures can be especially
ef fective in reducing growth of late germinating weeds.
Palada et al.f1982) found that delayed overseeding of
legumes could reduce weed numbers without reducing corn

yields while providing 95% ground cover by fall (Table 2}.

Table 2. Effect of Overseeding Legume Cover Crops
on Corn Yield and Weed Stand, 1981

Time of Legume Grain Yield % Weed

Overseeding Species (t/ha) Reduction

A. 35 DAP medium red clover 7.30 76
(first hairy vetch 7.13 72
cultivation) control-no overseeding 7.49 --

B. 47 DAP medium red clover 6.96 40
(second hairy vetch 7.35 217
cultivation) control-no overseeding 7.13 -=

DAP = days after planting Palada et al.(1982)

Other researchers have found a reduction in perennial
weed growth and reproduction after harvest from the use of
interseeded cover crops. A number of studies have been
performed 1n England on the effect of interseeding cover
Crop species on guack grass growth and development.

In the first year of a three year study, Dyke and
Barnard (1971) planted 15 cm long quack grass rhizomes in
barley and barley undersown with Italian ryegrass and red
clover. Some of the quack grass could not be found in

December, particularly in the clover plots, and the
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researchers conld not be certain if 1t had dled. Assuming
the rhizomes were alive and egual in growth to those that
were found, the clover plots gave 2.2 g of dry quack grass
per station (a site within the sub-plot where individual
rhizomes vere placed .9m apart to prevent rhizome
competition), ryegrass plots 1.8 g, and plots not undersown
4.7 g. The undersown crops at least halved the final amount

of whole plant gquack grass, which was 1nitially planted at

third years of the study used underseeding in both fababeans
and barley and found large differences in quack grass growth

(Table 3).

Table 3. Effect of Undersown Clover or Ryegrass on Quack
Grass CGrowth when Undersown in Barley or Fababeans

1970 1971 1972
Treatment Barley Barley Fababeans Barley Fababeans

(guack grass dry matter in g / station *)

No undersowing 4.7 4.0 18.0 0.7 2.5
Italian Ryegrass 1.8 1.9 4.7 0.4 0.8
Red Clover 2.2 .5 3.4 0.5 1.9
(.79 dry quack grass Dyke and Barnard, (1976)

planted per station)

* a site within the sub-plot where individual rhizomes wvere
placed .9m apart to prevent rhizome competition)

The fababeans competed much less effectively than
barley. Undersown cover crops greatly suppressed the
development of quack grass. They suggested that some farmers
troubled by quack grass might delay 1ts 1ncirease 1n
successive crops of cereals or beans by undersowing.

Williams (1972) seeded quack grass seeds into the plots

60




of Dyke and Barnard in 1971 and found dreater suppression
from barley than fababeans and undersown red clover than
undersown ryegrass. Shoot dry weight of quack grass was
15.9, 2.4 and .4 g for fababeans not undersown and undersown
with ryegrass and red clover respectively. No quack grass
seedlings were found to have rhizomes in any of the barley
systems. All three fababean treatments produced rhizomes,
with the least being found in the red «clover underseeding
system.

In the first year of a study, Cussans (1972) £found
Italian ryegrass to reduce quack grass rhizome formed during
the year by over 70%, but the yield of barley was reduced by
over 25%. Undersown red clover and oversown rape varieties
performed similarly, not reducing barley yield but reducing
total dry weight of quack grass by 30-50%. In the second
year of the study, Italian ryegrass was replaced by
perennial ryegrass and had no significant effect on barley
yield but reduced total quack grass dry weight by 40%. Red
clover reduced quack grass total dry weight by 20% and the
oversown rapes from 0 to 25%.

In a three year barley study, Cussans and Ayres (1975)
compared the effect of oversown brassica (white mustard,
oilseed rape, and fodder rape) rotary cultivation, and
rotary cultivation and after barley seeding of brassica upon
the growth of quack grass. The mean reduction in dry weight
of aerial shoots of quack grass compared to the untreated
plots was 42.1, 91.3 and 93.3 % respectively for each of the

three systens.
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2.3.5.3 Weed suppression by clover and ryegrass

Bann Hofman and Ennik, (1982) studied the effect of root
mass of perennial ryegrass on quack grass. They concluded
that the growth of rhizomes of quack grass is restricted and
its spread is relatively small in perennial ryegrass swards
wvith a high root density, especially in the topsoil layer.
In a perennial ryegrass study, Cussans (1973) found that 1in
the first year of the study the number of live tillers of
quack grass declined from May to September but increased the
following season as the ryegrass stand thinned.

Hoogerkamp (1975) reviewed the 1literature on quack
grass growth in European leys and cited several studies in
which quack grass growth increased with increasing nitrogen
application and length of stand. In many cases an explosion
of quack grass occurred in the third or fourth year. One of
the guack grass control methods suggested was to use a short
term ley of Italian annual ryegqrass at a high seeding rate
and cut frequently.

Nagvi and Muller (1975) reported that Italian ryegrass
exhibits allelopathy on plants because of the presence of
toxins in root exudates and above ground parts.

Reports on the weed suppressing effects of clover
species have also been documented. Skeleton weed (Chondrilla
juncea L.), a species that reproduces from cut roots, was
reported by Groves and Williams (1975) to be reduced in leaf

area and root weight by root and shoot competition frcm

subterrannean clover (Trifolium subterranean L.).
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In Texas, Evers (1983) found that overseeding
subterranean clover in warm season perennial grass pastures
was as effective as herbicides in the first season for
spring weed control and completely eliminated weeds in the
second year of the study. Clover weed control reduced

pasture production costs by eliminating the cost of a
herbicide and its application, adding symbiotically fixed

nitrogen and in addition extended the spring grazing season

with high quality forage.
2.4 Conclusions

In evaluating the literature on crop and weed management
strategies there is overwhelming evidence that improving
cultural techniques reduces weed control requirements
through reduced weed growth. This not only enables weed
control costs to be reduced but generally improves yield and

reduces environmental impacts from crop production.
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3. GENERAL MATERIALS AND METHODS

The research involved two main experiments. The first
experiment evaluated the effect of underseeding different
forage legumes on weed growth and crop yield in mixed grain.
The second evaluated the effects of different corn weed
control systems and forage interseedings on yield and weed
growth in corn and the subsequent effects of these

treatments when rotated into soybeans.
3.1 Regional Setting and General Farm Practices

Four farmers , Lloyd Kalbfleisch, Edgar Mckay, Raymond
Ruby and Harry Wilhelm participated in the research project
with experiments being performed on two of the farmers
fields. The farmers resided in Southern Ontario In Oxford
county near the town of Tavistock. The area is at a latitude
of approximately 43020'.

The Kalbfleisch farm was the site of the corn trial in

1986 and the site of all three trials (corn, soybeans and
mixed grain) in 1987. The sites chosen were on a well
drained, stone free, Tavistock silt loam soil of the gray
brown podzolic great soil gtoup.

The site chosen for the mixed grain trial on the Ruby
Farm in 1986, was an imperfectly drained, stone free, Perth
clay 1loam soil. The weed flora present on these mixed
livestock farms was similar, with a diverse group of species
being present at rather low levels, rather than one or two

predominant weeds at very high levels. At the Ruby farm,
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wveeds generally found in noticeable gquantities in the spring
cereals 1included mustard (Sinapsis arvensis L.), wild
buckwvheat (Polygonum c¢onvolvulus L.) and 1lady's thumb
(Polydonum persicaria L.J. The farmer generally sprayed MCPA

to control these weeds in fields that were not undersown.
Undersown fields to alfalfa were generally unsprayed.

At the Kalbfleisch farm, nutsedge, and quack grass were

the two most troublesome weeds. Ragweed (Ambrosia

artemisifolia L. was considered to be the worst annual weed

on the farm. The farmer mainly sprayed his spring cereals
when mustard was present. No other weeds were a concern in
the spring cereal crop. In corn, quack grass and nutsedge
were the most prominent weeds. Row crop cultivation was
considered by the farmer to be effective in getting the
crop ahead of these weeds. Both farms had a tradition of
falll moldboard plowing. This may have been the reason few
winter annual weeds were present on these farms.

The experiments were conducted, as much as possible,
in conjunction with normal field operations on the farms of
Lloyd Kalbfleisch and Raymond Ruby of Tavistock, Ontario.
The farms were mixed livestock farms that traditionally
received a rotation of corn, small grains and forages.

Tillage, seeding, fexrtilizing , spraying and field
harvesting were performed by the farmers who provided the
land for the trials. Harry Wilhelm performed the planting,
rotary hoeing and cultivation of soybeans at the farm of
Lloyd Kalbfleisch in 1987. Edgar Mckay provided use of the

cultivator/ seeder unit. The only field operations that were
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not performed by the farmers were the overseeding of the
forages in corn and cereals, the two row crop cultivations
in the 1386 corn crop, the broadcast nitrogen fertilizer in

the 1986 mixed grain crop and the back pack spraying.

3.2 Climatclogical Data

Weather vrecords for the two year trial period wvere
obtained from the Woodstock research station of Ploneer Hi-
Bred Limited. The station is approximately 2 km east of the
Kalbfleisch Farm and 5 km south~west of the Ruby farm.

The monthly precipitation totals (Table 4) for May to
Oct. 1in 1986 and 1987 indicate a wvariation 1in rainfall
between the vears. Record amounts of rainfall were reccrded
in Sept. 1986 which flooded fields and made harvesting
conditions difficult.

Rainfall was particularly erratic in 1987. The weather
vas extremely dry in April (not shown) and also early May
after the forages were overseeded on the grain. On May
31,1987, the dry spell was ended by an extremely heavy
downpour that forced one of the experiments to be woved and
caused some changes in the timing of operations. aAfter the
interseedings were performed in the corn another dry period
was experienced followed by a more normal pattern of
precipitation for the rest of the summer.

The American system of growing degree days is used for
recording temperatures at the Pioneer Hi--Bred Station.

Monthly accumulated growing degree days for 1986, 1987 and a

66




nine year mean indicate 1987 was a significantly wvarmer
season than 1986 which was near normal (Table 5). After
forage interseeding in corn, only 5 days were recorded 1in
1986 with temperatures above 270 C while the 1987 season had

14 days (not shown).

3.3 statistical Analysis

Crop yleld, weed and forage biomass, and weed and forage
plant counts were statistically analyzed in the experiments.
An analysis of variance was carried out on this data. When
the F-test was significant (p< 0.05), Duncan's nmultiple

range test was used to compare means.
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Table 4. Rainfall Data 1986-1987 at the Pioneer Hi-bred
Research Station.

Total monthly precipitation (mm)

Month 1986 1987 9 Yr. AVG.
May 78.0 *(74.2) 72.2 *(27.9) 178.0
June 96.9 *%(36.9) 62.5 **(12.2) 85.2
July 61.7 93.9 82.9
August 65.3 84.5 100.7
September 178.5 64.5 102.1
Oct. 1-21 76.17 to Ooct. 8 20.4

**%Total 480.4 377.6 448.9

* rainfall within 2 weeks of forage interseeding In grain

** rainfall within 2 weeks of forage interseeding in corn
*** excluding October rainfall

Note: An extremely heavy rainfall of 120 mm was recorded on
May 31, 1987 at the Kalbfleisch farm while only 50 mm was
recorded at the Pioneer Hi-bred Station.

Table 5. Monthly Accumulated Growing Degree Days 1986-
1987 at the Pioneer Hi-bred Research Statlion.

1986 1987 9 Yr. AVG
May 327 372 275
June 72 866 691
July 13172 1525 1270
Aug 179¢% 2012 1789
Sept 2096 2337 2119
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4. EXPERIMENTS

4.1 Mixed Grain Underseeding with Legumes

The objective of this experiment was to test the
hypothesis that undersown forages suppress weeds without
affecting grain yields and also compete extensively with
weeds after harvest. The underseeding weed control system
was evaluated as an alternative to herbicide spraying when
weed infestations were light to moderate. This would provide
another conservation and economic benefit to the role of red
clover plowdown in addition to improving soil tilth,

reducing erosion and fixing large quantities of nitrogen.

4.1.1 Materials and Methods
4.1.1.1 Ruby farm 1986

A site was selected on the farm of Raymond Ruby, of
Tavistock , Ontario. The field history in 1983 and 1984 was
alfalfa-timothy <(Rhleum pratense L). hay followed by grain
corn 1in 1985. The field was fall moldboard plowed 1n 1985
and two spring cultivations were made prior to grain
seeding.

On April 28th 1986, 114 kg/ha of a Leger barley and
Donald oat mixture (0.5:0.5 w/w) were seeded 1n 17.5 cm
Yows. At seeding, 6-24-24 fertilizer was band applied at a
rate of 185 kg/ha. A randomized complete block design was
established on a section of the field with 5 treatments and

4 replications. The entire trial was 30 m in width x 50 m in
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length which provided an individual plot size of 6.0 m x

12.5 m. The 5 treatments were:

undersown alfalfa;

undersown single-cut red clover;
undersown double-cut red clover;
herbicide (no underseeding);

control (no herbicide, no underseeding).

D W+

On May 10th, when the grain had 3just begun emerging
from the fleld, common alfalfa, slngle-cut red clover (A
late maturing red clover that does not flower in the seeding
year) and double -cut red clover (early maturing) were
broadcast with a cyclone seeder at a rate of 8 kg/ha on the
three forage treatments. On May 29th, MCPA (4-chloro-2-
methylphenoxy acetic acid) 500 g/L was appllied using a back
pack sprayer at a rate of 1.0 L/ha or 500g MCPA/ha. On June
15th the qgrain appeared nitrogen deficient and fertilizer
was broadcast by hand at a rate of 133 kg/ha of 34-0-0 on
all treatments. This brought the actual fertilizer applied
to the field to 56.5-45-45 kg/ha of Nitrogen-Phosphate-
Potash.

Grain, weeds and forage legumes were harvested on August
1-5 by using hand shears and a 1.0 square metre quadrat. All
sampling was performed at least 1 m from the plot edge. Fron
a grid of 12 possible locations, four sites were randomly
selected for harvesting each plot . The quadrat was placed
over 7 rows of grain at each site. Weeds were removed,
counted and classified according to species prior to grailn
harvest. Each row of mixed grain in the quadrat was hand

sheared (at a height above the forage) and harvested |in
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sheaves. Forage legume harvest was obtained by hand shearing
at the ground level the same 1.0 metre squared area used for
grain and weed harvest. The remaining unharvested plot area
was then swathed to a height of approximately 7 om and
removed with a forage harvester (the farmer harvests all his
graln and straw in this manner and threshes it in the barn).

Weeds and forage were cleaned of crop debris before
oven drying and weighing. The grain was threshed, buffed,
cleaned and oven dried and the grain weight adjusted to 14%
moisture. In calculating the mixed grain yield the harvest
area was adjusted to 1.077 sq. metres as 7 rows of grain
required 7.7 additional cm. to be properly centered within
the gquadrat area. At the end of the growing season, from
Oct. 19-21 the forage and weeds were again harvested from 4
different sites within the plots.

4.1.1.2 Kalbfleisch farm 1987

Methodology and materials used in 1987 were virtually
ldentical to those used in 1986. However, the location was
changed and some modificatlions were made. The trial was
per formed at the farm of Lloyd Kalbfleisch of Tavistock,
Ontario. The site chosen was on a well drained silt loam
sall that had been in corn 1n 1986. Fertilization was made
before seeding by broadcasting 19.1-19.1-19.1 at a rate of
260 kg/ha which provided a total of 50 kg/ha each of
Nitrogen-Phosphate-Potash.

The farmer had cleaned and treated his own seed from the

the previous seasons crop of a certified planting of Leger
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barley and Donald oats (0.5:0.5 w/w). Mixed grain seeding
at 114 kg/ha was performed on April 25th. Forage seedings
vere carried out on May 6th and herbicide spraying on June
2nd. Quadrat harvests of grain weeds and forage were made on
July 24-26. Grain moisture levels were taken after threshing
and weights adjusted to 14% molsture. No fall harvest data
was taken due to lodging of the grain crop and poor forage

establishment.

4.1.2 Results
4,1.2.1 Mixed grain yield, wveed and forage blomass at cereal
harvest in 1986.

The mixed grain yield averaged approximately 4.3
t/ha. The application of MCPA herbicide did not improve crop
yield nor did competition from the interseeded cover crops
reduce crop yield (Table 6).

The establishment of the interseeded <clovers was
superior to that of the alfalfa. At harvest, the interseeded
alfalfa produced significantly lower biomass yields than the
single and double-cut red clovers. No significant
differences were found between the single and double-cut red

clover seedings. At harvest, the best weed control wa

w

obtained in the herbicide treated plot. A trend towards
reduced weed biomass in the interseeded single and double-
cut red clover plots was also observed. On averaqge the two
interseeded clover treatments reduced weed gqrowth by 41 % at
grain harvest while having no effect on grain yield.

Interseeded alfalfa had much less impact on weed growth than
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Table 6. Effect of Interseeded Cover Crops and Herbicide
on Biomass Production at Cereal Harvest in 1986

Treatment Graln Yield Forage Yield Weed Biomass
(t/ha at 14 %) ( kg/ha ) { kg/ha )
Alfalfa 439 63 b 166 a
Single-Cut R.C. 4.31 222 a 96 ab
Double-Cut R.C. 4.129 205 a 119 ab
Herb1icide 4.28 0 b 50 b
Control 4.35 0b 181 a
Mean 9.2 98 122
c.v 7.8 % 62.5 % 43.4 %

* means within a column followed by the same letter are
significantly different at P = .05
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other treatments as no significant differences were obtained
between undersown alfalfa and the control treatment at
cereal harves*t (Table 8). The dominant weeds in the trial at
cereal harvest were wild buckwheat and lady's thumb. The
density of these weeds or combined density of all weeds
harvested was not significantly reduced by the Iinterseeded
cover crops at the time of grain harvest (Table 7).
Application of the MCPA herblclde ellmlnated the few mustard

plants that were present in the trial.
4.1.2.2 Weed and forage biomass at October harvest in 1986

After grain harvest the double-cut red clover produced
the largest gquantities of shoot biomass. This was
significantly greater than that of the single-cut red clover
which was significantly better than that of the alfalfa. The
double-cut and single-cut clovers produced the lowest,
quantities of weed biomass after harvest of all treatments
(Table 8).

The double and single cut red <clover significantly
reduced the total number of after harvest weeds compared to
other systems. Weeds that were significantly reduced by the
double-cut red clover 1ncluded plantain (Plantage major L.,
dandelion, and mustard compared to the control treatment,
and annual grasses compared to the alfalfa treatment (Table

9).
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Table 7. Effect of Interseeded Cover Crops on Weed
Density at Grain Harvest.

Treatment LT WB LQ Mus KW Dn Ft **Total
(Weed Density # / Sq. M)

1.Single-cut R.C. 8.8 4.9 .6  .lbc .6 .2b .1  16.3
2.Double-cut R.C. 7.4 3.8 .7 .4ab .7 0b .1 14.4
3.alfalfa 18.4 5.3 .4 .3abc .6 .6a .1 27.0
4.Control 21.0 4.3 .8 .6a .1 Ob .6 29.2
5.Herbicide 8.4 2.4 0 Oc .1 .3ab .6 12.7
Mean 12.8 4.1 .5 .3 .4 .2 .3 19.9
C.vV 108 41 118 85 105 99 211 68.5

* means within a column followed by the same letter are not
significantly different at P=0.05

** jncludes weed species not listed in table due to their
low number (Pigweed, hemp-nettle - Galeopsis tetrahit L.,
plantain, barnyard grass, ragweed, quack grass).

LT - Lady's Thumb

WB - Wild Buckwheat

LQ - Lambs Quarters Chepopodium album L.

Mus- Common Mustard

KW - Prostrate Knotweed - Polyqonum aviculare L.
Dn - Dandelion

Ft - Green Foxtail- Setaria viridis L.
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Table 8. Weed and Forage Biomass at OQctober Harvest as
Affected by Interseeded Cover Crops And Herbicide.

Treatment Foaraige yield Woel Biomn

ok (ke b
Aeatta a0 ¢ b a ”
Jingle-tnt R.C, 1428 b Tl be
Donble ut RO, Jlel td
Herbicide 0 i1 oah
*ontrol noi Ty
oan 1o 17
(YA 13.5 2 FATEEA
v méaé: ;;é;1n<;—co{;$évé;£{;w;d {;-;ﬁ;-;dmw Tt e

Siniticantly ditterent at P-.05%

Plate 1. Double-cut Red Clover Almost cCompletely
Eliminated Weeds After-Harvest while Providing an
Excellent Fall Plowdown 1n 1986.
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Table 9. Effect of Interseeded Cover Crops and Herbicide on
October Weed Density.

Treatment Pl Dn Mus SP CC AG **Total
{Plants/Sq. Metre;

L. 5ingle-cut R.C. .4b 4.8bc  .1b .3 .4 Ob 6.3cd
2. Dbouble-cut R.C. .4b 2.8c .1b 0 L2 .1b 3.94
3. Alfalfa 1.2b 10.8a .4b .3 . 8 .4a 15.0ab
4. Control 4.3a 9.2a 3.6a .6 .4 .1b 20.1a
. Herbilcide 1.3b 7.7ab  .1b .1 .4 . 3ab 11.6bc
Mean 15 734 .9 .3 .4 .2 11.4
C.V 111 35 135 140 67 102 37

¥ means within a column followed by the same letter are
not si1gnificantly different at p = 0.05

**oTotal inc ludes weed species not 1n table due to their
low number ( hemp-nettle, ragweed, and lambsguarters)

Il Plantain

Pn - Dandelion

Mus  Mustard (Wormseed-Erysimum chelranthoides L. and
Common )

o Shepherd:s. Purse  Capgella burva-pastoris L.

e Cow Cockle - SA4aponaria vaccarla Medic,

At Annual Grasses (Foxtai1l and Witchgrass Pani¢cum
capillare L)




4,1.2.3 1987 Mixed grain yield, weed and forage biomass at
Cereal harvest

In the 1987 season few weeds grew and cover Crop
establ ishment was poor. Rainfall was only 27.9 mm in 1y
during the two week period after forage imterseeding  a«
compared to 74.2 mm 1n 1986. This delayed germination ot the
forage seed and enabled the qrain to be well establi hed
before forage seedling development occurred. Heavy lodging
occurred during the late grain fi1lling period. The  qgramn
crop yielded 4.64 t/ha on average at 14% moisture. No
significant differences were observed between treatmentos to
grain yield, weed biomass and torage biomass (Table 101 . At
grain harvest, both the forage biomass and weed bioma . wer

gJreatly reduced from that of the 1986 trial.

Table 10. Effect of Interseeded Cover Crops and Herbicide on

Biomass Production at Cereal Harvest in 1987

Treatment Grain Yield Forage Yield Weed Broma,s

(t/ha at 14% moisture) ( kqg/ha ) ( ka/ha )
1.81ngle-cut R.C. 4.64 E 2
2.Double-cut R.C. 4.78 9 11
3.A1falta 4.69 20 $1
4.Control 4.56 0 Y
5.Herbicide 4.50 0 1
Mean ;j;;_ '7_*A /4
c.v. 8 137 7H
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4.1.3 Discussion

4.1.3.1 Effect of interseeding cover crops on grain yield.

In both trials good crop yields were obtained with mean
yields of 4.3 and 4.7 t/ha being obtained from the two
di1fferent locations in two separate years. The forage
interseedings in 1986 had no effect on mixed grain yield
while providing a substantial fall plowdown., This is 1in
agreement with similar research in Southwestern Ontario that
consisted of nine trials over five years (Forrest, 1985) .
However, in the wet year of 1986, Tavistock area farmers who
seerded red clover at about 8 kg/ha or more at grain planting
time experienced significant problems with clover
interference by the time of grain harvest. They reported
losing yleld due to both clover competition with the grain
and increased combining losses, In moist European c¢limate:s,
come studies have also found red clover to reduce grain
yields, nnfortunately no climatological data was presented

in the studies (Cussans,197.; Stokholm, 1979).

4.1.3.2 Forage establishment and biomass production

In 1986, the alfalfa produced much lower quantities of

biomans  than  the red clover 1nterseedings. This was a
“nbstantially greater difference than has been reported in
most  other plowdown studies ( Fulkerson, 1982; Forrest,

Juss:  RBruulsema and Christice,1987) This may have been due

to the combined etfect of several factors @ the field was



imperfectly drained and it was a wet season; altfalta s o
poorer competitor than clovers in low light situations; and
an 8 kg/ha seeding rate for all species was used. Thi.
latter factor appeared to give a higher plant population to
the single cut red clover due to its relatively sSwmillen
seed size. This may have been the reason why the single cut
red clover produced as much dry matter at grain harvest  as
the double-cut red clover. The total biomass production
after harvest for single cut red clover and double cut  rod
clover was 1428 and 2162 kg/ha respectively 1n 1986. Thiu
vas slightly higher than the results obtained by Forre«t
(1985) in Centralia, Ontario (approximately one hour ca.t of
the Tavistock area in a similar heat unit area). Qver a tirve
year period, he obtained fall biomass of 1311 and 1740 kq/ha
for si1ngle and double-cut red clover respectively.

In 1987, a much drier spring was experienced and |1tt le
forage qgrowth occurred. Gamble (1980) also cuperiendedd
difficulty 1n obtaining a stand 1n a dry seanon with wurtacoe
seeding clovers approximately 10 days aftez planting. The

1987 mixed grain was hiqgh yielding and extensively lodqged

and neirther weeds or undersown forage ectablished.  Thee
problems have been frequently {iound to  reduce foraqg
establishment 1n green marure stadies 1n cercals, Dyke

Barnard (1971}, found that when barley qgrowth wa,  sery
vigorous neither undersown clover or weeds grew appreciably
Lodging of a heavy companion crop reduced ostablishment  of
undersnown  legumes 1n =spring cereals 1n o a Ltudy by Horra,

(1981).
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A dry period after overseeding, lodging, and a very
competitive companion crop appear to be a most deleterious
combination for establishment of forage seedlings. The
previously mentioned researchers experienced problem: 1n one
of these three areas. In the 1987 cereal underseeding study,
all these factors were present which explains the poor
performance of the underseedings. Suggestions for redncing
these problems could include :

1. Using an equally high yielding cereal crop of Rodeo
Barley and 0gle oats (cultivars of shorter stature and
greater 1lodging resistance) would likely have i1mproved
plowdown crop establishment. The traditional approach tor
forage establishment purposes is to reduce the secding rate
and nitrogen 1level but this may not be economical it the
clover is being grown for plowdown purpose:s.

2. A system that might be more compatible with A dry =&spring
would be to reduce the seeding rate to 4-6 kg/ha and sSend
clover at planting. This would reduce seeding costs, the
time and expense of making an additional pass for plowdown
overseeding and possibly the risk of foragqe competition

with the grain 1n a moist season.

4.1.3.3 Weed control from interseeded clover

More than 50 % of the time, herbicides Ao not

economically increase yield 1n qgrain fields in Kastern
canada (Samson, 1986). However, many farmer, .pray to beeep
weed sceds out of the grain and to prevent weed problem, n
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tuture years. It may be possible that clovers can be an
effective alternative to herbicides 1n this situation by
improving weed control while providing other economic
benefi1ts from 1t£3 use (rather than being a preventative
cost as is experienced by applying a herbicide at a low weed
infestation level).

From the data obtained at grain harvest, there was a
trend towards reduced total weed biomass at harvest with the
use of undersown single or double-cut red clover compared to
the control treatment or undersown alfalfa. Although there
were no signiticant differences between the single and
double-cut red clovers i1n weed biomass produced { 96 vz. 119
kg/ha per ha), the single-cut red clover appeared to pnssess
a more dense mulch than the double-cut red clover due ko
gJreater numbers ot seedlings established.

In the case of weed density there was no significant
ditterences between clover systems and that of the check,
This may suggest that the clovers are not affecting weed
establishment up to grain harvest but are reducing weed
growth by competing with weeds once the grain canopy open:.
Vicsnally there appeared to be a ‘“rare' between a late flush
ot weeds and the underseeded clovers for the 1light area
opened up by the maturing cereal crop. This ability ot
inndersown clovers to ‘keep weeds out of the grain' has
frequently been stated by farmers (Lang, 1986; ILapointe,
1986) but has recetved very little research attention. The
herbicide treatment appeared Lo eliminate most of the early

weeds  but enabled a late flush of weeds to be present at

82



-t

harvest. A combination treatment of MCPB herbiride and red
clover underseeding may have almost completely eliminated
weed growth. This approach wonld probably be useful in
situations where greater weed pressure was experienced than
in the present study. Mechanical weed control measures such
as the use of blind harrowing, rotary hoeing or f{inger
wveeding could likely be substituted tor the use of herbicide
if a non-chemical method of weed control was desirced for
control of early weed infestations (Patriquin et al., 19R8s;
Steiner et al.,1986). Seeding of the clover could then take
place either immediately before or immediately after the
shallow cultivation process. This delayed seeding technique
may also reduce the chances of too much clover competition
at cereal harvest.

After harvest, both the single and double-cut red clover
formed an excellent mulch against weed growth. However, dne
to its more aggressive growth after harvest, the double cut
red clover showed a trend to greater suppression of weed
density compared to the single-cut red clover treatment
(Table B8). On average, the two species suppressed atter
harvest weed 4rowth by 94 %. With only the competition from
some volunteer grain i1n the herbicide and non treated plot.,
veeds had a greater opportunity to set seed in these plote.
The main species that appeared to he setting need 1o the
trial were wormseed mustard, shepherd's purse, cow  cockle,
plantain, foxtail and witchgrass.

Several studies have been performed in Ensqgland to
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rvaluate the rtfect of undersown red clover in spring barley
on  guack grass  growth both before and after harvest
(Cussans, 1972; Dyke and Barnard, 1976; Williams, 1972).
The studies showed gquack grass growth to  be greatly
restricted by the barley crop until the c«¢rop began to
mature, In plots not underseeded, rhizome weight 1i1ncreased
dramatically during grain maturation and after the Dbarley
crop was harvested. Over a three year study period, Dyke and
Barnard (1976) found undersowing with red clover to reduce
quack qgrass growth by 57 % on average compared to plots not
undersown. They concluded that undersowing spring cereals
can appreciably retard the spread of quack grass and prevent
1ts rapid spread after harvest if cultivation or spraying is
delayed.

In addition to suppressing weeds, improving soil tilth,
and  reducing 3011 erosion, the major benefit of red clover
plowdown i1g its nitrogen fixation potential. The double cut
red clover plowdown in 1986 with a shoot biomass of 2160
kg/ha dry matter (and accompanylng root biomass produced
under a short stubble grain harvest of 7cm) would fix
approximately 160 kg/ha ot N or replace approximately 100
bv/ha of  fertilizer N for the following vyears corn crop
(Fulkerson, 1982; Bruulsema and Christie, 1987; and Forrect,

198%) .
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4.2 Evaluation of Corn Weed Control Methods and
Interseedings for Use in a Low External Input Corn-

Soybean Sequence.

Corn followed by soybeans is a very common crop seguence
in Southern Ontario. However, few studies have evaluated
this sequence within the context of developing a low
external input system of management. The objectives ot this

study wvere to:

1. evaluate various corn weed control methods to provide the
highest economic return to corn grown in a rotational

systemn.

2. evaluate different methods of weed control and
interseeded species in corn on Iinterseeded forage

establishment and dry matter production.

3. test the effects of the different corn weed control
methods and forage interseeding species on weed growth

and yield in soybeans grown the following year.

4. evaluate if high yields could be produced at a low cost

using inteqgrated farming methods.

4.2.1 Materials and Methods

4.2.1.1 1986 Corn and 1987 Soybean Site

A tvo hectare site was selected on a si1lt locam so1l in
Oxford county. The site had been in corn for two of the
previous seasons. In 1985, the field had been in mixed

grain (barley and oats) with red clover seeded for plowdown,
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In the spring of 1986, the cover crop was plowed on May 1l
and the field cultivated twice. On May 13 the field was
seeded to Pioneer 3790 corn at 70,000 seeds per ha in 0.77 n
rows. No insecticide was used on the field. Fertilizer was
applied at 260 kg/ha of 19-19-19, 8 cm off the row,
providing 50 kg/ha of nitrogen, phosphate and potash
respectively. The weed control and interseeding treatments

were:

Check - no herbicide, cultivation or forage;

- Herbicide overall;

- Cultivated tvice;

Cultivated twice and herbicide banded;

- Cultivated twice and red clover;

Cultivated twvice and ryeqrass;

- Cultivated twice, red clover and ryegrass;

- Cultivated twice, herbicide b.'unded and red clover;
- Cultivated twice, herbicide banded and ryegrass;
-Cultivated twice, herbicide banded, red clover and
ryeqgrass.

OO DND WD
| .

A randomized complete block design was used with three
replications., Plot size was 12.3 m x 52.6 m. The entire
tri1al size was 123 m x 157.8 m. On May 27, 1986, cyanazine
{2-{(4-chloro-6- {ethylamino) -1,3,5-triazin- 2 -yl-
Yamino)~-?-methylpropanenitrile) herbicide (Bladex 80 WP) was
applied  2.2% kg/ha overall in treatment 1 and applied in A
1% ¢m band over the corn row in treatments 3, 7, 8, and 9
with a back -pack sprayer to simulate a herbicide handinqg
with the seeder or cultivator. Two row c¢rop cultivations
werne made on the corn 21 days (with rolling shields) and 37
days (with no rvrolling shields) after planting on the

cultivated treatments. At the time of second cultivation
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June 20 (37 days after planting), a cultivator / gseeder unit
was used to seed red clover (8 kg/ha of Tristan) and
ryegrass (11 kg/ha of a 50:50 Lemtal annual and Bastlien
perennial ryegrass mixture) and 10 kg/ha of a 50:50 mixture
of the red clover and ryegrass seedings. The forage seed was
incorporated slightly with drag chains on the cultivator /
seeder unit to improve seed-soil contact (Plate 2). Forage
plant counts were performed with a 0.25 sq. m. quadrat
between rows of corn on July 26 (early count) and August 26
(late count).

On October 18-19, weeds were counted and weed and
forage biomass were measured four times for each plot. This
was done at random locations over the corn row using a one
square metre quadrat (0.77 m wide x 1.30 m to fit exactly
over one corn row). Corn ears were hand harvested on October
20, 1986, from two rows of 5 m in length from the centre ot
each plot. The entire field was then combined and the corn
stalks left on the surface unchopped.

A grain/ear weight ratio and moisture percentage from
each plot was determined from shelling 10 cobs from each

plot. Corn grain yields were determined using the following

formula:

Grain corn Yield/ha =

moisture

grain wt. 100- reading 16,000
Harvested ear wt. x -------- X —mrmem—oe-- D

ear wt. 100-14 5m x 1.54m

The following spring, weeds and forage were again harvested

over the row using the 0.77 m x 1.30 m quadrat on May 8,
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1987. On May 9, 1987 the field was plowed and
subsequently disced and cultivated twice prior to seeding.
On May 25, the entire field was planted to Pioneer 0877
soybeans seeded at 85 kg/ha in 0.53 m rows using a grain
dri1ll with every third run open. Grip brand inocculant was
used at triple rate as the field had not been sown to
soybeans previously. No fertilizer, herbicide or additional
seed protectant was applied on the field. The entire field

was rotary hoed two times June 11 when the soybeans wer

[t/

approximately 7 ocom high. A mid mounted beet and bean
cultivator was used to cultivate soybeans at a hei1ght of
approximately 17 cm on July 2,1987. On October 3, 1987, a
quack grass shoot harvest and total weed harvest was taken
at four randomly selected locations per plot using a one sq.
m. quadrat (0.96 m x 1.06 m) to fit exactly over two soybean
rows. On October 5, 1987, soybeans yields were obtained by
hand harvesting a single 5 metre row from the centre of
each plot. Soybean samples were threshed, cleaned and oven

dried and weights adjusted to 14% moisture.

4.2.1.2 1987 Corn Site

As a result of a severe rain on May 31, 1987 {120 mm in
2 hours) the initial site chosen in 1987 was abandoned due
to flooding and burial of corn seedlings. This caused some
modifications in the timing of operations, herbicide
selection, trial 1location and size as compared to the 1986

season. An adjacent site was selected that had been planted
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to corn on May 3 using the same cultivar, tillage, seeding
and fertilizer practices as in 1986. The field had been in
alfalfa for the past two seasons and was moldboard plowed in
the fall of 1986. Plot size was 6.2 m x 24 m and the trial
size was 62 m x 72 m. A mixture of bromoxynil (3,5-dibromo-
4-hydroxybenzonitrile) at .28 kg/ha and atrazine at 1.5
kg/ha was applied in a 15 cm band over the row on June 4. On
June 11 the broadcast herbicide treatment was applied using
the same mixture and rate. Tractor spraying was delayed one
week, initially due to so0il conditions too wet to support a
tractor followed by cold weather warnings for spraying and
high winds. The first cultivation was made on June 5 with
rolling shields on a damp soil and the second cultivation
the following day in a drier soil without rolling shields.
The cover crops were also seeded on June 6 (34 days atter
planting) using a hand driven broadcast-seeder as the plots
were reduced in size. To simulate similar conditions to the
previous year, the drag chains were removed from the
cultivator/seeder unit and manually dragged over interseeded
plots. Plant counts were performed on July 15 (early count)
and Auqust ll(late count), 1987. The corn was hand harvested
on September 28 and the cover crops and weeds on Sepl. 29

and 30.
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Plate 2. cCultivator / Seeder Unit for Interseeding Cover

Crops in Corn at Time of Second Cultivation.

O R
- .
adib 1. _einlam.

Plate 3. Midmounted Beet and Bean Cultivator

used for
One Time Cultivation of Soybeans in 5

3 cm. Rows.
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4.2.2 Results

4.2.2.1 1986 Corn yield, wveed and forage biomass and 1987
spring forage and weed biomass

Crop growth was excellent in 1986 with a mean corn
yield of 8.92 t/ha being produced across the ten different
treatments (Table 11). The only significant yield difference
was from the control treatment ( no herbicide, cultlvatlon,
or forage) which was significantly lower than the other nine
treatments.

Weed growth was influenced both by cultivation and
herbicides, while cover crops had no significant effects on
weed Dbiomass production in the corn. The treatments with
overall herbicide or herbicide banded with two cultivations
performed similarly. The herbicide systems provided superior
weed control to that of two cultivations only, however, corn
yields were not significantly different. The system with no
herbicide or cultivation produced the largest quantities ot
weeds and significantly reduced yields (Table 11).

Forage biomass was significantly higher on the ryeqgrass
treatment which 1included a herbicide band compared to the
system with two cultivations only. The ryeqgrass- red claover
treatment with a herbicide band also showed a trend towards
greater biomass than the ryegrass-red clover established
with two cultivations only. Forage biomass was significantly
higher for both treatments contalnindg pure ryeqgrass comp.ired
to red clover. The two ryegrass- red clover mixtures also
showed a trend towards 1ncreased forage biomass compared to

those o0f the pure red clover (Table 11). Red clover was
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Tablel . 1986 Corn Grain Yield, Weed and Forage Biomass

Treatment Corn Yield Weed Forage
{t/ha at 14%) Biomass Biomass
Moisture ( kg /ha Dry Matter )
No Weed Control 7.72 b 1146 a 0 d
Herbicide 9.15 a 54 cd 04
Cultivation (2X) 8.84 a 182 bc 04d
Herb. Banded + Cult. 93.54 a 9 4 D 4
Cult. + Red Clover 8.73 a 188 bc 20 cd
Cult. + Ryegrass 9.15 a 242 b 53 b
Cult. + R.C.-Rye. 8.97 a 158 bcd 50 b
H.B.+ Cult. + R.C, 8.77 a 56 cd 20 cd
H.B.+ Cult., + Rye. 9.23 a 64 cd 123 a
H.B.+ Cult. + R.C.-Rye. 9.12 a 61 cd 38 bc
Mean 5.92 206 30
Cc.v 6 39 45

* means within a column followed by the same letter are not
si1gnificantly different at p = 0.05

Cult. - Cultivation
R.C. - Red Clover
Rye. - Ryeqgrass

H.B. - Herbicide Band
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damaged heavily by slug feeding in the wet fall. In general,
forage biomasses were relatively 1low regardless of
treatment.

The following spring none of the treatments had a
significant effect on the above-ground wveed biomass
harvested on May 8, 1987. The herbicide banded plus ryegrass
system continued to provide the greatest quantitles of
above-ground biomass followed by the ryegrass mixture
treatments and pure ryegrass treatment established without a
herbicide band. In the spring the only significant effect ot
herbicide band on increased forage biomass was on the pure
ryegrass treatment (Table 12). The two cCclove. systems
experienced poor spring regrowth. Forage production from
the <clover wvas particularly poor in the wheel marks where
the combine had passed the previous fall as compared to the

ryegrass treatments.
4.2.2.2 Effect of 1986 Corn Treatments on 1987 Soybeans.

Soybean yields were not significantly different
following any of the corn treatments in 1986. The hand
harvested vyield averaged 4.04 t/ ha at 14% moisture. The
farmer reported an average combine harvested yield of 3.%6
t/ha (at 14% moisture) which he considered to be .an
excellent crop. The total above-ground weed biomass and
above ground quackgrass biomass were not significantly
different amongst any of the treatments. Mean weed biomass
of only 10.4 kg/ha for guack grass and 47.1 kg/ha for all

weeds were obtained in the trial.
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Table 12. 1987 Spring Forage and Weed Biomass Prior to

Plowdown for Soybeans

1986 Corn Weed Biomass Forage Biomass
Treatment (D.M. kg/ha) (D.M. kg/ha)
No Weed Control 22 0 4
Herbicide 11 0 4
Cultivation (2X) 13 0 4
Herb. Banded + Cult. 7 0 d
Cult. + Red Clover 8 23 ¢
Cult. + Ryegrass 10 137 b
Cult. + R.C.-Rye. 13 94 b
H.B.+Cult. + R,C. 13 28 c
H.B.+Cult. + Rye. 16 277 a
H.B.+Cult. + R.C.-Rye. 8 100 b

Mean 1 66

c.v 115 43

* means within a column followed by the same letter are not
significantly different at P = 0.05

Cult. - Cultivation
R.C. - Red Clover
Rye. - Ryegrass

H.B. - Herbicide Band
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Table 13, 1987 Soybean Yield , Quack Grass Shoot Biomass
and Total Weed Biomass following 1986 Corn
Interseeding Systems.

1986 Corn Soybean Yield Quackgrass Total Weed
Treatment ( t/ha at 14 %) Biomass Biomass
{ Dry Matter kg / ha )

et -y v o et e e ey e . - a4 om A . A e o e A e W G e e e b e e = e e e e e s = e b ne e

No Weed Control 4221 6.0 13.8
Herbicide 3673 10.9 110.0
Cultivation (2X) 4062 1.1 56.2
Herb. Banded + Cult. 4083 39.6 42.8
Cult. + Red Clover 4314 7.9 74.4
Cult. + Ryegrass 4305 1.6 84.7
Cult. + R.C.-Rye. 3631 6.5 21.4
H.B.+Cult. + R.C. 4030 13.6 27.7
H.B.+Cult. + Rye. 4251 0.0 16.0
H.B.+Cult. + R.C.-Rye. 3835 17.2 23.8
Mean 4041 1004 R
c.v 13 158 131
Cult. - Cultivation

R.C. - Red Clover

Rye. - Ryegrass

H.B. - Herbicide Band
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Plate 4. Soybeans grown in 53 ¢m rows using two rotary
heceings and one cultivation provided relatively
high scybean yields and low total weed biomass.

Plate 5. Twvwo row crop cultivations eliminated almost all
weeds except those directly over the corn row.

96




4

4,2.2.3 1987 corn yleld, weed and forage blomass

In 1987 corn growth was outstanding and no significant
differences wvere recorded amongst any of the treatments. The
corn grain yields averaged 12.93 t/ha across treatments ( at
14 % moisture) and this was the highest yielding field the
farmer had ever harvested. The only significant difference
in weed growth was that of the treatment receiving no
herbicide or cultivation which had a higher weed bliomass
than other treatments. Forage biomass was low in all
treatments and no significant differences were recorded

amongst interseeded treatments (Table 14).

4,2.2.4 Interseeding plant counts in corn 1986 and 1987

The early and late plant counts of red clover in 19386
showed significant seedling loss in both treatments where
ryegrass was sown with red clover. The pure red clover
seeding established without a herbicide band also showed a
trend towards reduced plant numbers at the late count. None
of the ryegrass treatments showed a trend towards reduced
plant numbers at the late plant count in 1986 (Table 15).

In 1987, early plant counts were generally lower than
those obtained in 1986, particularly in the case of
ryegrass. Plant losses were much higher bhetween early and
late counts in 1987 with much larger losses 1n ryegrass. The
ryegrass system established with a herbicide band 1n 1987
showed significantly higher plant counts than the treatment

with no herbicide band (Table 16).
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Table 14.

1987 Corn Grain Yield, Weed and Forage Biomass.

Treatment Corn Grain Yield
(t/ha at 14% )
Moisture
No Weed Control 12.43
Herbicide 12.64
Cultivation (2X) 13.42
Herb. Banded + Cult. 13.01
Cult. + Red Clover 12.92
Cult. + Ryegrass 12.59
Cult. + R.C.- Rye. 13.08
H.B.+Cult. + R.C. 12.86
H.B.+Cult. + Rye. 13.10

H.B.+Cult. + R.C.-Rye. 13.27

Weed
Biomass

442 a
176
101
56
125
70
135

16

o o (o4 o U U o U log

Forage
Biomass
(kg/ha Dry Matter)

* means within a column followed by the same
significantly different at P =

- Cultivation

- Red Clover

- Ryegrass

- Herbicide Band
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Table 15 1986 Corn Interseeding Plant Counts
(plants/Sq.M.) of red clover and ryegrass.

Treatment Red Clover Ryegrass
Early Late Early Late
Count Count Count Count
Cultivation + R.C. 148ab 108b - -
Cultivation + Rye. - - 189a 175%5a
Cult. + R.C.-Rye. 87b 66¢C 87b 80b
Herb. Band + Cult. + R.C. 175a 148a - -
Herb. Band + Cult. + Rye. - - 170a 156a
H.B. + Cult. + R.C.-Rye. 92b 49c 81b 80b
Mean 126 93 132 123
c.v 26 12 26 21

* means within the column followed by the same letter are not
significantly different at P = 0.05

Table 16. 1987 Corn Interseeding Plant Counts
(Plants/Sq.M.) of red clover and ryegrass
Treatment Red Clover Ryeqrass
Early Late Early Late
Count Count Count Count
Cultivation + R.C. 123a 82 - -
Cultivation + Rye. - - 118a 50b
Cult. + R.C.-Rye. 99ab 66 45b 27¢
Herb. Band. + Cult. + R.C. 128a 81 -
Herb. Band. + Cult. + Rye. - - 105a Tla
H.B. + Cult. + R.C.-Rye. 80b 52 49h 22¢
Mean 108 70 EC )
c.v 26 12 15 20

* means within the column followed by the same letter are not
significantly different at P = 0.05
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4.2.3 Discussion
4,2.3.1 Economics of weed control systems in corn

In the filrst year of the study, the combination =system
of narrow herbicide banding and two row crop cultivations
provided the highest economic return to weed control
performed (Table 17). 1In the second year, the row crop
cultivation only system provided a higher economic return
when weed pressure was lower (Table 18). 1In both ycars
herbicides only were the highest cost system of weed control
and provided the lowest economic return.

In 1987, the yield advantage from the best performing
weed control system on average (herbicide banding plus two
cultivations) compared to the check treatment was only & 5%
(which when statistically analyzed was not significantly
different). BAs a result the economic responze to weed
control measures was low in 1987 compared to 1986 (Table
18). SBeveral factors were likely responsible for this:

1. The field had previously been sown to alfalfa for the
past two seasons and a short term alfalfa  stand 15 well
known by farmers to reduce weed problems (Brusko, 1989%),
Megagitt  (1960) found yield reductions in corn when no  weed
control was performed of 37 % and 47 % following row ocrope.
and 17 % following atfalfa in three separate field: studies,
2. Reduced quantities of fertilizer were applicd to  the
tield  {tollowing legume plowdown) and this fertilizer was
banded  near  the crop row., Weill (1982) and Reinertsen of

11,0193 1) found crops took advantage of fertilizer more Lhay

weeeds when placed near the crop row.
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Table 17. Economics of Weed Control Systems in Corn 1986

Check *Cultivation Herbicide *Herb. Band +

(2X) Overall Cult. (2X)

Corn Yield 7.72 8.92 9.15% 9.17
(t/ha at 14%)

Weed Biomass 1150 190 50 50

(kg/ha)
Weed Control 0 83.5 95.7 95.7
( % )

Weed Control 0 16.10 42.85 25.60
Cost ($/ha)

Economic Returns 0 $ 103.90 $ 100.15% $ 119.40

to Weed Control

Measure ($/ha)

* average of four treatments

Cost of one cultivation = § 8.05/ha

Cost of herbicide overall (cyanazine at 2.25 kg/ha)= $35.00/ha
Cost of applying herbicide = $ 7.85/ha

Cost of herbicide band = § 7.00/ha

Cost of applying herbicide band = $2.50/ha

Corn at $ 100.00/tonne and labour at $ 8.00/hr.

Cost of mechanical weedings and herbicide applications was
adapted from Fisher (1985) using a 1lahbour charge of 3
8.00/hour.

Herbicide costs were determined from purchase involces from
Yantzi Feed and seed limited Tavistock, Ontario.

Economic returns to weed control measure was determined by:

Increase in corn yield Cost of Weed
from weed control X $100/tonne - Control Measure
practice vs. check (corn value) ( $ /ha)
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Table 18. Economics of Weed Control Systems in Corn 1987

Check *Cultivation Herbicide *Herb. Band +

(2X) Overall Cult. (2X)

Corn Yield 12.43 13.00 12.64 13.06
(t/ha at 14%)
Weed Biomass 440 110 180 30

(kg/ha)
Weed Control 0 75.0 59.1 93.2

{ %)

Weed Control 0 16.10 31.10 23.25
Costs ($/ha)
Returns to Weed 0 $ 40.90 $ (-10.10) $ 39.75
Control Measure

($/ha)

* average of four treatments

Cost of one cultivation = $ 8.05/ha

Cost of herbicide overall (bromoxynil at .28 kg/ha
and atrazine at 1.5 kg/ha) = $§ 23.25/ha

Cost of herbicide application = ¢ 7.85/ha

Cost of herbicide band = $ 4.65/ha

Cost of applying herbicide band = § 2.50/ha

Corn at § 100/tonne and labour at $ 8.00/hr.

Cost of mechanical weedings and herbicide applications was
adapted from Fisher (1985) using a 1labour charge of §
8.00/hour.

Herbicide costs were determined from purchase invoices from
Yantzi1 Feed and seed limited Tavistock, Ontario.

Economic returns to weed control measure was determined by:

Increase 1n corn yield Cost of Weed
from weed control X $100/tonne - Control Measure
practice vs. check {corn value) ( $§ /ha)
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3. A rapidly emerging, high yielding, later maturing, "stay
green" hybrid was planted at a relatively high population
in 75 cm rows. These are all desirable features for
increasing plant competition to weeds as reported by Welil
(1982), Walker and Buchanan (1982), and Rose et al. (1984).
4. The trial was on one of the most productive fields of a
well managed farm on class 1 land. Weed growth has been
found to be reduced 1in environments of high natural
fertility £favorable to high biomass production (Patriquin,
1981).

The two cultivations alone provided approximately 80 %
weed control over the two years with 83.5% in 1986 and 75 %
in 1987 when the two cultivations were within two days. The
weed escapes were observed to be almost entirely over the 1%
cm area over the crop row, which is the 20 % of the field
uncontrolled by the cultivator (Plate 5).

The herbicide band cver this 15 cm area appeared to be
effective 1n reducing weed biomass but only the weed biromas:
in 1986 showed significant reductions (Table 11). Mout
research on herbicide banding and cultivation has evaluated
wider herbicide bands of approximately one/third the row
spacing 1n continuous corn systems (Ammon, 1986; Hamill,
1983; and Gill et al., 1984). If precision row cultivating
can be performed to control 80 % of the weeds a wider
herbicide band would likely only i1ncrease the weed control
cost particularly i1f weed populations were reduced through
cultural management techniques. With current development of

cultivators with improved stability and enhanced guidance
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systems 1ncluding electronic systems and mirrors the need
for a wide herbicide band could be further reduced.

The overall herbicide treatments were poorer performing
economically than the cultivation and herbicide banding
treatments in both seasons which is consistent with all
research studies reviewed. However , the weed control of the
overall herbicide treatment in 1987 was impaired by the one
week delay in application (due to a series of unstable
weather events) compared to the herbicide banding system.
The annual grasses had passed the two leaf stage in that
week and escaped control from the overall herbicide
application. Weed biomass in overall herbicide treated plots
was relatively 1low in both years with 50 kg/ha in 1986 and
180 kg/ha in 1987

If the economic analysis was performed at the same yield
level as the cultivation based treatments it would remain
less economical due to the low cost of mechanical weed
control. Over the two years these results appear to indicate
that a system of using narrow herbicide band of 15 cm along
with two row crop cultivations can be a more cost effective
weed control system than broadcasting herbicides when good
cultural techniques are used to grow the corn.

If the suggested cultural manipulations (good <crop
rotation, reduced fertilizer use and efficient placement,
veed suppressive cultivar, relatively high population ) can
be untilized during a season conducive to outstanding crop

growth (such as experienced 1in 1987), it may be possible to
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reduce control measures such as the need for a herbicide
band or cultivation(s). The few weeds that do grow would
cause little yield reduction and act as a soil and nitrogen

conserving cover crop as suggested by Weil (1982) and

Patriquin (1988).

4.2.3.2 Effect of veed control method and interseeded
species on forage establishment and dry matter production
The pure ryegrass treatment established with a
herbicide band provided larger quantities of biomass at fall
and spring harvest in 1986-1987. Four suggestions on why
this treatment was superior to other systems in 1986-1987
are;

1. The herbicide band reduced weed populations 1n  the
row and this reduced competition to the forage seedlinqgu
compared to the cultivation only establishment method. This
is shown in Table 15 where significantly greater quantity of
established red clover plants were obtained at the Tlate
count date in the herbicide banded treatment compared to the
cultivated treatment.

2. The extremely wet field conditions 1in September 1986
(178.5 mm rainfall occurred) appeared to impair red clover
growth which was further reduced by substantial feeding by
slugs.

3. The red clover was heavily damaged by wheel traffic from
the combine and the biomass was greatly reduced in  Lheoe
areas which would represent almost half the field (.,i1nce

little forage growth appears 1n the corn row and a 4 row



combine warn used for harvest).

4. Grasses such as ryeqgrass generally grow better at cooler
s0il and air temperatures than legumes. The main growth
period  for interseeded cover crops 1n corn is during cool

periods of the year in late fall and early spring.

In the 1987 corn interseeding trial, biomass production
was extremely low and there were no significant differences
Aamonygst interseeded treatments. Four factors were likely
responsible tor the poorer establishment and hiomass
production compared to the 1986 corn interseeding trial:

1. For two weeks after the forage interseeding in 1987
only 12.2 mm of rainfall was received compared to 36.9 in
1986 (Table 4). This was most likely the reason why plant
counts  taken at the first date were reduced in 1937 (Table
16) compared Lo 1936 (Table 15).

2. The summer was much warmer in 1947 than 1%86. After
forage interseeding in corn, fourteen days were recorded 1
1987 with temperatures above 27° ¢ compared to only five in
1986. A particularly hot dry eight day poeriod Wt
experienced  between forage counts in 1987 in  which little
rainfall occurred and dajily high temperatures roocied  at
Lot 277 ¢ This may explain why the loss of foraqge
seedlings belween  counts was much higher in 1987 than  in
1398346, The pure ryegrass  treatments  appeared to be
particularly vulnerable to the hot Adry perind with 1
ecdling loss of 46 % in 1987 compared to only 7% in 1936,

The average red clover plant losses in pure seedings were 36
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% in 1987 and 27 % in 1986 (Tables 15 and 16).

3. The corn crop was extremely high yielding in 1987 with an
average yield on interseeded treatments of 13.04 t/ha
compared to 9.05 tonne/ha in the 1986 season. This would
increase competition to the undersown forage through intense
shading and greater competition for so0il moisture and
nutrients.

4. The forage biomass was harvested by an earlier date in
1987 (Sept. 30 wvs. Oct. 19 in 1986) due to an earlier
planting date and a record warm season. This may have
affected the quantity of forage biomass obtained as the corn
canopy had not yet opened because heavy frosts had not
occurred. In 1986 it was observed that significant growth of
the interseeded forage occurred on'y after the canopy opened
after several frosts. This could explain why the mean fall
forage biomass was reduced approximately 80 % in 1987
compared to 1986 while the late forage interseeding counts
were only approximately halved in 1987 compared to those of
1986.

In general it would likely be necessary to produce
greater quantities of biomass production than was obtained
in 1986-1987 or 1987 if the interseeding technique 15 to be
widely accepted for corn grain management systems. Biomass
production from the interseeded treatments in 1986 1987
could 1likely have been 1ncreased 1n several ways:

- by increasing the seeding rate of red clover , red clover
and ryeqgrass and pure ryegrass treatwments from 8, 10 and 11

kg/ha to 12, 16 and 20 kg/ha and running tubes off the qrane
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seed box to the inter-row area to avoid seed landing on the

herbicide band.

- the forage 1nterseedings being made at the 15 cm height in

corn 30 days after planting (instead of at the 30cm height,

34-37 days after planting) if grown in a high yielding

environment.

~ by planting corn earlier and not using a " stay green"

corn hybrid 150 heat units longer than the area.

- by incorporating the cover crop immediately prior to

soybean planting on May 25 rather than tilling it in on May

9th.

4.2.3.3 Effect of 1986 Corn Treatments on Soybean yield and
Weed Biomass.

Both soybean yield and weed control across all treatments
were excellent. The soybean crop and weed management sSystem
ot planting the crop 1n a row width of 53 cm rows and using
two rotary hoeings and one cultivation for weed control was
very effective (perhaps too effective to demonstrate
differences in total weed growth from the previous corn
treatments). Significant research exists that suggests that
this system should optimize crop yireld with low cost and
eftective weed control ( Lovely et al., 1958; Peters et al.,
1965; Wax and Pendleton, 1968; Hauser et al.,1972; Johnson
et al., 1982). The fact that soybean yield was not
significantly i1nfluenced by the previous corn treatments is
consistent with most research following plowdown of grass

Lype cover crops before soybeans. However, yields have been

108




found to increase following rye and ryegrass cover crops
with improved weed control being frequently cited (Cole and
Witt, 1983; Wrucke and Arnold, 1981). Yield reductions have
also been reported in soybeans following rye cover crops in
a dry spring (Hammond, 1984). Although the ground was dry in
1987, adequate rainfall was received after planting to
prevent this from being a problem.

During the course of the experiment it became evident
that the potential existed for the interseeded ryegrass
cover crops to suppress quack grass growth. Unfortunately
the natural stand of gquack grass was sporadic in growth in
the field and caused high co-efficients of wvariation tor
this measurement. There is a great deal of i1nformation that
suggests that corn interseeding with ryegrass could make a
very effective 1ntegrated crop and weed management system 1in
a corn-soybean sequence. Quack grass is a serious concern ot
soybean growers and ryegrass has been found to redunce or
delay the spread of quack grass due to its extensive rool
system Cussans, 1972; Dyke and Barnard, 1976; Bann Hofman

and Ennik, 1982). As well, excessive residual nitrogen from

corn has been found to increase annual weed growth n
soybeans as well as be an environmental threat due to
seepage into groundwater (S5taniforth,1962). Exten:sive

studies by Scott et al. (1987) found ryegrass interseeding,
in corn to provide high biomass production and reducse
nitrogen availability. Low nitrogen levels are  qgener.ally

desirable when planting grain lequmes -such as soybeans as
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they stimulate nitrogen fixatlion. sStudies by Cussans (1973)
and Hoogerkamp (1975) also found that lower soil nitrogen
levels help control quack grass growth.
4.2.3.4 Economics of Integrated versus Conventional Corn and
Soybean Production
Average corn yields of 9.17 and 13.06 t/ha were obtained

in 1986 and 1987 respectively, from crops whose only
chemical inputs were herbicide and fertilizer bands. Using
legumes as the main nitrogen source and rov crop cultivation
as the main weed control method enabled a substantial
reduction 1n corn input costs (Table 19). Hicks and Rehm
(1986) in a review on reducing corn production costs
concluded that for maximum profit corn growers should use
recommended levels of all production inputs. However within
the article they stated (summarized points):
- that only 1in the areas of herbicide and fertilizer |is
there major opportunity to reduce costs without reducing
yields (by wusing herbicide banding and cultivation for
weed control and fertilizer banding , legume plowdown or
manure to supply crop nutrients);
- that corn yields are 10-15% higher when corn 1is grown

following other crops;

cash costs are reduced in first year corn as no rootworm

insecticide is needed.
These were many of the methods used in the present study
that made the 1ntegrated corn production system a high

producing low cost system (Table 19).
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Table 19. 1Input Cost Comparison between Integrated and
Conventional Corn Production System (1986-87)

Integrated Conventional
System Recommendat i ons
(Cost $/ha) (Cont $/ha)
Tillage 57.25 57.25
Seeding 15.41 15. 41
Seed 70.00 70.00
Fertilizer 78.15 184.33
Fertilizer Application - 5.93
Herbicide 5.88 60.25
Herbicide Application 2.50 7.85%
Insecticide - 16.05
Row Crop 16.10 -
Cultivation (2X)

Pre-harvest Costs S 245,29 S 417.07

Field operation costs adapted from Fisher, 1985 to i1nclud.e
labour charge at $ 8.00/hr

Fertilizer and herbicide recommendations averaqr of
Ontario Ministry of Agriculture and Food 1987b, Dublication
60 and Ministere de 1l'Agriculture, des Pecheries et de
1'Alimentation du Quebec 1985, Mais Grain, Agdex 111/871
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The averaqe crop yield in soybeans of 4.04 t/ha at 14 %
molsture was an excellent crop particularly as no
ferti1lizer, or herbicide was applied. This would result in
substantial savings due to lower input costs and elimination
nf broadcast application costs for fertilizer and herbicide,.
The area of greatest savings in soybean production 1is on
weed control. The mechanical weed control system of two
rotary hoeings and one cultivation compared to a
conventional soybean weed control system of a brosdcast tank
mixture nf a grass and bronadleaf herbicide would cost
approximately $22.61/ha compared to $83.293/ha (Table 20).

Reduction in chemical weed control costs through the
substitution of mechanical weed control was one of the main
areas for savings 1n both corn and soybeans. This difference
conld be e¢ven more important when it is recognized that
frequently, cultivation i1ncreases crop yield (Johnson,198%5),
while wvery widely used herbicides (such as bromoxynil and
dicamba 1n  corn) decrease crop yields in  the absence of
weeds (Lanini, 1986).

The current study 1is in agreement with integrated
farming systems reports from Europe which have shown that
substantial reduction 1n input costs can occur with the use
ot 1ntegrated methods (Steiner, 1986; Vereijken 1986). What
1s  of particular i1nterest in this study is the 1level of
productivity that was achieved along with the reduced costs.
In 1987, yields of 13.0 t/ha corn and 4.0 t/ha soybeans were
whirved  withont the use of herbicides on the Kalbflei:sch

tarm. In 1987, provincial yields for corn and soybeans
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averaged 7.4 t/ha and 2.8 t/ha respectively while Oxtord
county yields for corn and soybean averaged 8.0 t/ha and 2.9
t/ha (Ontario Ministry of Agriculture and Food, 1987a"
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Table 20. Input Cost Comparison between Integrated and
Conventional Soybeans

Integrated Conventional
System Recommendat ions
Cost $/ha Cost 3 / ha
Tillage s1.25  s1.0s
Seeding 15.41 15.41
Seed 42.00 42.00
Inoculant (1st Yr.) 12.50 12.50
Fertilizer - 48.99
Fertilizer Application - 5.93
Herbieide - 75.44
Herbicide Application - 7.85
Rotary Hoeilng (2X) 14.56 -
Row Crop Cultivation 8.05
Total Preharvest $ 149.77 $ 265.37

Cost $ / ha

Field operation costs adapted from Fisher, 1985 to include
labour cost at $8.00/hour

Seed,  fertilizer and herbicide costs from Ontario Ministry
ot Agyricnlture and Food, 1987b, Publication 60.

114



5. GENERAL DISCUSSION

Through the <course of the study the system that was
identified by the participating farmers and the researcher

as an alternative to high external input systems was one

which included:

Crop Rotation
Cultivation
Cover Cropping
Chemical Banding

In this system: crop rotation was used to eliminate the
need for insecticides and to help provide crop nutrients;
cultivation equipment, consisting of rotary hoes and row
crop cultivators, 1is used not only for effective and
economical weed control, but to improve soil aeraliuvn,
reduce crusting and establish ryegrass intercrops; cover
crops are used to improve soil fertility, reduce tillage,
suppress weeds and increase ground cover preventing nutrient
leaching and erosion; chemical banding, rather than
broadcasting fertilizers and herbicides, enables smaller
quantities of chemical inputs to economically enhance the
systems weed control and fertility. The system emphasize.
the use of resources within the farm to lower production
costs, maintain high crop yields and reduce chemical Tnput
use in crop production.

Although alfalfa was grown prior to corn 1n Lhe <Seuond
year of the study, the system could work in exclusively cish
grain systems but likely not perform as well as if toraqge
was 1ncluded in the rotation. In cash grain systems,  winter

wheat overseeded with red clover prior to the corn-soybean
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sequence may be more effective than mixed grain and red
clover (as  was used in 1986). It would provide a higher
value cash qrain, fix greater quantities of nitrogen
(Norris, 1981) and increase ground cover as it would proavide
winter cover after soybeans. This potential low input cash

grain system is outlined below:

Table 21. Potential Low Input Cash Grain System

Year 1 Year 2 Year 3
Main Crop Corn Soybeans Winter wWheat
Cover Crop Ryegrass Winter Wheat Red Clover

The winter wheat would be aerially seeded at soybean leaf
vellowing or direct drilled after harvest in longer gseason
areas. Red clover would be frost seeded i1in late winter as
practiced by Norris (1981). In short rotations such as this,
the ability of interseeded ryegrass in corn and overseeded
red clover in cereals to suppress weeds could be important
a3 there 15 li1ttle to no opportunity for excessive tillage
or persistent herbicides between crops.

It shonld be stated that almost all  the techniques
nued  in the experiments have been scientifically proven to
he successful  for at  least 2% years and wmany of  the
technigques were marnstream farming methods in corn, soybean,
and small Jrain production before the widespread
1ntroduction of herbicides. The techniques of clover

underseeding in gyrain and ryegrass interseeding in corn were
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prevalent in the past (Stevensen, 1955) and may be again  1n
the future. The Ontario Ministry of Agriculture and Food 14
currently promoting these farming practices with grants tor
first time adoption of cover crop interseeding in corn and
cereals.

The herbicide banding technique in corn combined with
row crop cultivation 1s well documented to provide more
effective and economical weed control than broadcast
herbicides over many years and environments. However, almost
all the existing studies have used wider herbicide bands,
than the one-fifth the row width area used in the present
study. The idea of the narrow herbicide band came from one
of the participating farmers, Harry Wilhelm. He has used the

15 ¢cm herbicide band plus two cultivations successfully for

the past 14 years on a 60 hectare farm in which corn 1|,
grown in a corn- mixed grain -white bean -winter wheal
rotation. If weed pressures were more intense than in the

present study a wider herbicide band may be necessary.

For the past ei1ght years, Harry Wilhelm has also  been
using the mechanical weed control system of two rotary
hoeings and one to two cultivations tor weed control in 531
cm. row white beans and soybeans. Exclusive noe o of
rotary hoeing and cultivation for weed control 1n soybean,
has also been documented to provide more coot-ettective woed
control than herbicide only or herbicide cultivation sy.ten
in U.S. studies (Hauser et al., 1972; Lovely et al., 1998},
In extremely wet seasons, where weed seed banks are  larqge,

or where residual fertilizer is present in larqge  quantitaer
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this system will not likely be adequate to control veeds
particularly if soybeans are grown in wide rows of 75-102 cm
(Peters et al, 1959; Sahs and Lesoing,1985). In these cases
herbicide bands could 1likely be used economically to
improve weed control and crop yield. It is likely that use
of mechanical weed control systems will increase in the
future. The Ontario Ministry of Agriculture and Food has
recently announced a major program to reduce herbicide use
by 50% over the next 15 years.

The major question remaining is can systems of crop
rotation, cultivation, cover cropping and chemical banding
be used consistently and profitakly on much of our crop
acreage ot corn, soybeans and small grains. What would the
tmpact of the technigques used in the experiments bhe on
larqger farms, on more moderately productive so0ils with
greater weed s5eed banks and 1n years with less favorable
weather conditions. It seems likely that greater levels of
inputs might be required and lower yields would be achieved
under these conditions. In particular, farms that have had
intensive cash crop production for the past 20 years may
requlire A more gradual reduction in inputs than those tested
{a slower pertod of chemical weaning). However, even |if
yields were slightly lower, the reduction in production
costs would more than offset small vyield reduction:s
particularly when commodity prices are low. The interesting
feature of the farmers participating in this study 15  that

they can  consistently achieve average to above average
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yields with reduced chemical input requirements.

The reduction in chemical input requirements 1s simply
not a matter of dropping inputs from the system. Farming
wvith less chemicals means that the biological efficiency of
the farm must be improved (if the aim is to maintain or
increase productivity and profitability over the long term).
The more we understand, improve and promote practices that
enhance the resource base of the farm , the more we will

move into an agriculture that relies on less chemicals.
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6. SUMMARY AND CONCLUSIONS

Interactions between weeds, crops and cover crops were
examined to identify and develop crop and weed wmanagenent
systems that reduce crop production costs and chemical input
use .,

Integrated farming technigques used by the farmers in the
immedlate area of the research were evaluated by following
normal farming operations as much as possible. Conclusions

from the experiments include the followving:

1. Interseeded double cut red clover in grain and ryegrass
in corn were the most suitable i1nterseedings for optimizing

dry matter production.

2. Interseeded cover crops of single and double cut red
clover in mixed grain appear to influence weed growth at
cereal harvest but their major role is in suppressing weeds
after harvest. Interseeded ryegrass holds potential as a
weed  suppressant in coxrn in a corn - soybean sequence hut
veed pressure present 1n the trials wvas not adequate to

determine this,

i, A narrow herbicide band (15c¢m) over the corn row

improved establishment and dry matter production of Eorage

Iinterseedings compared to cultivation only systems.
Herbicide banding 1n  corn improved the economics ot
herbtcide use and reduced application costs compared to

hroadecast herbicide systems.
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4, Inteqgrated farming techniques decreased preharvest costs
while producing high crop yields. Substitution ot mechanical
weed control for chemical weed control 1n corn and soybean

was a major component of this reduction.

5. High vyielding crops of corn and mwmixed qgrain were
associated with poor growth of weeds or interseeded foraqge.
This suggests the need for modifications of weed control
practices and of interseeding rates and timing for these

high yielding systems.
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7. SUGGESTIONS FOR FUTURE RESEARCH IN INTEGRATED CROP AND
WEED MANAGEMENT SYSTEMS

1. Test effect of mixed cereals and underseeding on crop and
veed yields in spring cereals.

Fvaluate a barley, oats and peas replacement series with
and with ont underseeding of a mixture of single and double
ccut red clover . Evaluate the influence of these practices on

wild oats and lady's thumb weeds.

2. Evaluate combinations of mechanical weed control and
cover crops for moderate -heavy annual weed infestations
in cereals.

Compare blind harrowing, rotary hoeing and finger weeding
with/without use of interseeded red clover, interseeded
hatry wvetch, interseeded crimson clover, after harvest
cultivation and after harvest cultivation and seeding of

oilseed radish (Raphanus sativus).

3. Mechanical weed control trials in corn.

Study the economics of rotary hoeing, rowv crop
cnltivation, disc hilling and use of the finger weeder in
various combinations vs. banded herbicides and two row crop

cultivat fons.,

4. Mechanical weed control trials in soybeans.

Study the economics of rotary hoeing, row crop
cultivation and use of the finger weeder in vdar it oue
combinations vis, standard herbicide treatments 1n 2% cm and

53 cm row soybeans.



5. Manipulation of soil nitrogen to reduce weed growth in a

corn - soybean sequence.

Evaluats broadcasting and banding various N levels 1n
corn and interseeding ryegrass or fall seeding zrye and
determining the =2ffects on nitrogen leaching and annual and

perennial weed growth in soybeans.

6. Ability of cover crops to suppress quackgrass.

Compare species and cultivars of annual ryeqgrans,
perennial ryegrass, winter rye, winter triticale, oilseed
radish, white mustard, fodder rape, buckwheat and red
clover. Evaluate the 1influence of the cover crops roobt mas.,

on quack grass rhizome development.

7. Crop and weed management in rotational farming systems.

Perform a long term study comparing crop vyields, woed
control and impacts on so1l quality of a three year rotation
of corn soybeans and wheat, with/without cover crops and

with /without herbicides.

8. Manure application in cover crop systems.

Evaluate different manure sources ( Triguid, aerated
li1quid, semi-solid, solid, and compost) in cercal managemert

systems. The manure could be 501l itncorporated after cereal

harvest with/without seeding of il radish, or surtfacs
appltied to graln stubble with/without red claseer
underseeding. Test the ettects on nitrogen reguirements  and
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weed growth in the subsequent corn crop.
9. Corn -ryegrass interseeding variety trials.

Determin. cultivars of annual and perennial ryeqgrass
which are heat tolerant, shade tolerant, winter hardy and

provide good weed suppression, ground cover and dry matter

production.

124



8. REFERENCES

Akobundu, I.0. 1980. Live mulch: a new approiach to weed
control and crop production in the tropics. Proc. 1980 Brit.

Crop Prot. Conf. - Weeds., Vol. 2, pp. 377-382.

Akobundu, T1.0. and B.N. Okigbo. 1984, Preliminary evaluation
of ground covers for use as live mulch in mairve production

Field Crops Res., 8:177-186.

Allison, F.E. 1973. S0il Organic matter and its role in Crop

Production. Elsevier Scientific Publishing Co. New York.

Altieri, M.A. and M. Liebman. 1986. 1Insect, weed and plant
disease management in multiple cropping systems. In Francis.

C. (ed.), Multiple Cropping Systems. p. 183-218,.

Altieri M.A. 1988. The impact , uses and ecological role of
weeds in agroecosystems. In M.A. Altieri, and M.7Z. Liebman.

(eds.) Weed Management 1n Agroecosystems Becological

Approaches, CRC Press, Boca Raton, Florida, p. 1-6.

Ammon, H.U. 1986. Long-term weed control] and costs 1n maize
monoculture. Proc. EWRS Symposium on Economic Weed rontral,

Wageningen, Netherlands, p. 371-378.

Ampong, J.A. 1985, Interseeding Legumes in Corn. Mater,
Thesis. Crop Science Dept. Univ. of Guelph, Guelph, Ont ario

74 pages.

Andersson, B. 1986. Influence of crop density snd <pacing nn

weed competition and grain yield 1n wheat and  Larley. In

125



Proceedings. EWRS Symp. Economic Weed Control. Wageningen,

Nether lands. p. 121-128.

Baan Hofman, T. and G.C. Ennik. 1982. The effect of root

mass of perennial ryegrass (Lolium perenne L.) on the

competitive ability with respect to couchgrass (Elytrigia

repens L.). Neth. J. Agric. 8ci., 30: 275-283.

Beattie, D., A.S. Hamill and C¢€.J. Swanton. 1985. The
economics of weed control in soybean. Ridgetown College of

Agric. Tech. Res. Bul., Ridgetown, Ontario.

Benoit, R.E., N.A. Willits and W.J. Hanna. 1962, Effect of
rye winter cover crop on soil structure. Agron. J., 54:419-

420,

Biniak, B. 1983. (Weed infestation of 1light so0ils with
rhizomes of Aqropyren repens during cereal rotations).
Zeszyty Naukowe Akademii Rolniczej w Szczecinie Rolnictwo.,

31:3-11

Blevin, R.L., G.W. Thomas and R.E. Phillips. 1972. Moisture
relationship and nitrogen movement in no-tillage and
convent ional corn production., No-Tilluge Systems Symp. Proc.

(Columbus, Ohio), p.140-145.

Brownlee, H. and G.J. Scott. 1974. Effects of pasture and
cereal sowving rates on production of undersown barrel medic
ind wheat cover crop in Western N_w South Wales. Aust. J.

Exper. Agric. Anim. Husb., 14:224-230.




Browning, J.A. and K.J. Frey. 1969. Multiline cultivars: as a

means of disease control. Annu. Rev. Phytopathol. 7:35%-387.

Brusko, M., G. Devault, F. Zahradnit, C. Cramer and I,,

Avers. 1985. Profitable Farming Now. Regenerat ive

Agriculture Association. Emmaus, Pennsylvania.

Bruulsema, T.W. and B.R. Christie. 1987. Nitroqgen
contribution to succeeding corn from alfalfa and red clover.

Agron. J., 79:96-100.

Call, L.E. and M.C. Sewell. 1918. The relation ot wend
growth to nitric nitrogen accumulation in the so01l. J. Amer.

Soc. Agron., 10:35-44,

Cates, J.85. and H.R. Cox. 1912. The weed factor 1u thoe

cultivation of corn. U.S5.D.A. Bur. Plant Ind. Bul. 257.

Chaudhary, M.R. and S.S. Prihar. 1974. Root development  and
growth response of corn following mulching, cultivation, or

inter-row compaction. Agron. J., 66:350- 355,

Clark, R.V. 1980. Comparison of spot  blotch severity an
barley grown in pure stands and in mixtures with oate . an,

J. Plant Pathol. 2: 37-38,.

Clarke, A.L., D.J. Greenland, and J.P. Quirk. 1967, Chancge:,
in  some physical properties of an impoverished  roed bLrown

varth under pasture. Aust. J. Agric, Rec. H:4%9 48,

Cole, R. and W. Witt, 1983, Soybean minimum L1llage us1neg



&
~ h.a.x

rye and ryegrass as cover crops. Proc. North Central Weed

rontrol Conf., 38:5.

roleman, F. 1954. The control of weeds by tillage. Jour.

Inst. of Brit. Agr. Eng., 10 (3):3-12.

Conn, J.S. 1987. Effects of tillage and cropping sequence on

Alaskan weed vegetation. Soil and Tillage Res., 9:265-274.

Coote, D.R. and W.J. Saidak. 1984. Influence of herbicide
nse and inter-row tillage on corn yields and soil

conditions. Can. J. Plant Sci., 64:405-409.

Crabbe, M. 1986. an aerial option when time runs short.

Country Guide Magazine. May, 1986., p. 28-29.

Culik, M.N., J.C. McAllister., M.C. Palada and 3. Rlieger.
1983. The Kutztown Farm Report. A Study of a Low- Input
Crop/Livestock Farm. Regenerative Agriculture Library,

Rodale Resecarch Center, Pennsylvania.

Curnoe, W. 1982. Crop rotation an old practice revitalized.

Highlights of Research in Ontario. Vol §, No. 4. p. 3-4.

Cussans,  GL.W. 1972, A study of the growth of Aqropyron
repens during and after the growth of spring barley as
inflnenced by the presence of undersown crops. Proc. 11lth

British Weed Control Conf., 2:689-697.

Cussans,  OLW. 1973, A study on the growth of  Agropyron

repens tn o4 ryegrass ley. Weed Res., 13:783-291.

128



Cussans, G.W. and P. Ayres. 1975. The influence of chemical
treatment:s and autumn cover crops of Brassicae, tollowing

spring barley, upon the growth of Agropyron repens. Droc.

EWRS Symp., Status and Control of Grassweeds 1n Enrope, p.

314-321.

Cussans, G.W. and B.J. Wilson. 1975, Some effects ot crop
row width and seedrate on competition between spring barley

and wild oat (Avena fatua) or common couch {(Ayropyron

repens). Proc. EWRS Symp., Status and Control of Gra.oweed

in Europe, p. 77-86.

DeGregario, R.E. and R.A. Ashley. 1985. Screening 1living
mulches and cover crops for weed suppression in no Lill

sweet corn. Proc. Northeastern Weed Sci. Soc., 39:80-84,

DeGreqgario, R.E. and R.A. Ashley. 1986. 3creening  living
mulches/cover crops for no-ti1ll snap beans. Proc,

Northeastern Weed Sci. Soc., 40:87-91,.

Dyke, G.V. and A.J. Barnard. 1971. Suppression of couchgrac.,
by ryedrass or red clover mddersowon tu barley. Aun.,  Report

Rothamsted Experimental Station for 1970, 1:237 27138,

Dyke, G.V. and A.J. Barnard. 1976, Suppression ot couchidgra, .,
by Ttalian ryegrass or broead red clover undercown tn bharley

and field beans. J. of Agqr. Sci., 87: 123-126.

El Titi1 A., H. Land, R. Vanderploeq, 1988, The inteqgrated

farming system of Lautenbach: A practical  cantributon
towards sustainable agriculture in FEurope, Abutract.




it

ITnternational Conference on Sustainable Agricultural

Systems. Sept. 19-23, 1988, Columbus, Ohio.

Evers, G. W. 1983. Weed control on warm season pastures with

clovers. Crop Sci., 23:170-171.

Fay, P.K. and W.B. Duke. 1977. An assessment of allelopathic

potential i1n Avena germplasm. Weed Sci., 25:224-228.

Fejer, 5.0., G. Fedak and R.V. Clark. 1982. Experimenlts with

4 harley-oat mixture and its components. Can. J. Plant Sci.,

62:497-500.

Fischer, A., and C. Richter. 1986. Influence of organic and

mineral fertilizers on yield and quality of potatoes, In

Vogtmann H, E. Boehnke, 1. Fricke (eds.), The Importance of

Biological Agricultnre in a World of Diminishing Resources,

5th IFOAM International Science Conference, University of

Kassel, Kassel, Germany. p. 236-249,

Fiuvher, G. 1985. Considerations in reducing corn production

costs, Ontario Corn Producer, April 1985, p. 36,

Fisher, M.M., F. Lopez, L. Margate, P, RElliot and L.

Burrill. 1985, Problems in control of Rottboellia exaltata

L. in wmarze in Bukidon Province, Mindanao, Phillippines.

Weoed Res., 25:93-102.

Forrest, R.E. 1985. Assessing the benefits of plowdown

torage crops, Highlights of Research 1n Ontario., 8(3):7-10n.

130

L




St

Fulkerson, R.S3. 1982. Red clover for feed, seed and so1ul,
Ontario Min. Agric. Food. Pub. 221. Agdex 122/10. oOntario

Ministry of Agriculture and Food. Toronto, Ontario.

Fulkerson, R.S. 1983. Research review of forage production.

Crop Sci. Dept., University of Guelph. Guelph, Ontario.

Camble, E.E. 1980. The effect of underseeding double-cut red
clover on yield performance of oat and barley varietie:s,
Annual Report Crop Sci. Dept. University of Guelph, sue 1 ph,

Ontario, Canada. p. 81-82.

Gieffers W. and J. Hesselbech. 1988a). (Disease 1ncidence and
yield of different cereal caltivars 1n pure Stands  and
mixtures. I. Spring barley). Zeitschrift tur
Pflanzenkrankheiten und Pflanzenschwetz.( Journal of Plant

Diseases and Protection), 95: 46 -67.

Gieffers W. and J. Hesselbech. 1988b.(Disease i1ncidence .and
yield of dAifferent cereal cultivars in pure ostand, and
mixtures. II. Winter barley). Zeikschrifd oy
Pflanzenkrankheiten und Ptlanzenschutz. (Journal ot DPlant

Diseases and Protection), 95 :63-69.

111, H.S., L.S. Brar and U.S. Walis. 1984. Tnteqrated weed

control in maize. J. Res. Punjab Agric. Univ., 2L:4906-500,

Glaze, N.C., C.C. Dowler, A.W. Johnson and D.R.  Summer,
1984, Influence of weed rcontrol  program,  n Lot e, e

cropping systems. Weed S5c¢i., 312:762-767.



iray, C.W. 1929. Hoe on Wheels, Breeders Gaz. 94:38

Groves, R.H. and J.D. Williams. 1975. Growth of skeleton

weer (Chondrilla juncea) as atfected by growth of

subterranean c¢lover (Trifolium subterraneum) and infection

by Puccinia chondrilla. Aust. J. Agric. Res., 26:975-983.

Hamill, A, 1983. Weed control in field corn with/without
cultivation. Expert Committee on Weeds for Eastern Canada

Research Report 1983. p. 42.

Hammond, R. 1984. Effects of rye cover crop management on
corn seedcorn maggot populations 1n soybeans. Environ.

Entomol., 13: 1302-1305.

Hansen, L. and K.J. Rasmussen. 1979. Reduced cultivation for

spring barley 1n Denmark. Proc.8th Conference of the
International Soil Tillage Research Organization,

Bundersrepublik, Deuntschland., p. 205-210.

Hartwig, N.L. 1976. Nutsedge control in no-tillage corn with
and without a crownvetch cover crop. Proc. Northeastern Weed

Sc¢1. Soc., 31: 20-23.

Hartwiqg, N.T,. 1785, Crownvetch and no-tillage crop
production for 01l erosion control. Proc. Northeastern Wend

Sc1. Soc., 39: 75,

Hauser, F W., M.D. Jellum, C.C. Dowler and W.M. Marchand.
1372, Systems of weed control for soybeans 1n  the coast.al

plain., Weed Sci., 20:%92-598,

132



Helmers, G.A. M.R. Langemeier and J. Atwood. 1986. An
economic analysis of alternative cropping systems for east-

central Nebraska. amer. J. of Alter. Agqric., 1:153-1h1,

Hicks, D.R. and G.R. Rehm. 1986. Corn Production Cousls, Can

they be reduced? Crops and Soils., 38 (10): 17-19.

Hinton, A.C. and P.L. Minotti, 1982. Living mulch, Initial
investigations in a grass sod ~ dry bean system. Proc.

Northeastern Weed Sci. Soc., 36:110-111.

Hofstetter, R. 1984. Overseeding Research Results 1982 1984,
Agronomy Department, Rodale Research Centre, Kutztown, D,

U.S.A.

Hoogerkamp, I.M. 1975. Elytrigia repens and its control n
leys. Proc. EWRS Symp., Biology and Control of Grassweed:, 1n

a

Europe., p. 322-329.

Hull, D.0O. 1956. Rotary Hoes. Towa Agr. Ext. Serv. Pan. 2.6,

Jackobs, J.A. and D.M. Gossett. 19%56. Seeding altalfa  over

corn with a cultipacker type seeder. Aqron J., 48:194 114,

Janke, R. 1987. Weed management 1n established 31falfa baed
on cultural control ot crop-weed interaction:,, Ph.D

Dissertation. Cornell Univ. I[thaca, New York. 197 page,

Joffe, J.8. 1955. Green manuring viewed by 4 pedologre

Adv. Agqron., 7:141-187.

1133



2R

Johnson, R.R. 1985, A new look at cultivation. Crops and

Soils., 37 (8) 13-16.

Johnson, R.R., D.E. Green and C.W. Jordan. 1982. What is the

hest soyhean row wildth. Crops and solls., 34 (4):10-13,

Karch-Turler, €. 1983- Betriebsw. Untersuchungen auf dem

Gebliet des alternatives landbaus. Agrarwirt. Studien No. 18,

ETH Zurich.

Knake, E.L., F.W. Slife and R.D. Seif. 1965. The effect of
rotary hoeing on performance of pre-emergence herbicides,

Weeds., 13:72-74,

Kreuz, E. and H. Elzner. 1986. (Influence of complex
intensi1fication measures 1n a cereal rotation on late weed
infestation of winter wheat stands on loam chernozem soil).

Nachrichtenblatt Etur den Ptlanzenschutz in der DDR., 40

:197-200.

Kundler, P., M. Smulkalski, R. Herzog and M. SeeboldbL. 1985,
(Etftects of stubble crop green manuring and different
methods  of tillage on soil fertility parameterc, deqree of
weed tinfestation and yield on a sandy so0il cropped
permaneontly with cereals) . Arch. Acker - Pflan_.enban

Bodenkunde, 29:157-1614.

Karto-, T., S.W. Melsted and R.H. Bray. 1952, Importance  of
nitrogen and water in  redncing competbition between

intercrops and corn. Agron., J., 44:14-17,




E

Lang, K. 1986. More mileage from every herbicide dollar.

Country GCuide Magazine. June 1986., p. 24-26,

Lanini, W.T. 1986. Tolerance ot 42 corn varietie«e to dicamba

and bromoxynil. Proc. Northeastern Weed Sci. Soc., 40: 42 43.

Lapointe, D. 1986. Panel Discussion. Proc. REAP. Cont.
Regenerative Agriculture - Resource Efficient Agricultnral
Production. November 22, 1986. Macdonald Colleqge, Ste. Anne

de Bellevue, Quebec. p. 68.

Larson, W.E. and W.0. Willis. 1957. Light, soil temperature,
so0il moisture, and alfalfa-red clover distribution between
corn rows of various spacings and row directions. Agron. .J.,

19:422-426.

Leuken, H., W.IL. Hutcheon and E.A. Paul. 1962. The inflnuence
of nitrogen on the decomposition of crop residues o the

soil. Can. J. Soil. Sci., 42:276-286.

List, G.A. and J.J. Kells. 1985. Weed control trategures tor
ridge till-planted field crops. Proc. North Central Weed

Control Conf., 40:95

f,ockeretz, W., R. Kleppexr, B. Couwmoner, M. Gertler, O . Facl

and D. O'leary 1976. Organic and conventional crop
produaction 1n the corn belt: A comparison ot  coopownge
performance and energy use for selected  Farmo.  CBN3S-AR 7.

NSF/RA-760084. ©ST. Louls, Missourl: Center tor the Biology

of Natural Systems, Washinqgton University.



Lockeretz, W. et al . 1984. Comparison of conventional and

organic tarming 1n the corn belt. In Kral, D.M. (ed.},

Organic Farming : Current Technology and its Rele in a

Sustainable Agriculture., ASA Special Publication No. 46,

Madison, Wisc., p. 37-48.

l.ovely, W.G. and D.W. Staniforth. 1968. System of weed
control for soybean production using variable row widthi,

Prouc. North Central Weed Control Conf., 23:28-29,

Lovely, W.6., C.R. Weber and D.W. Staniforth. 1958,
Effectiveness of the rotary hoe for weed control in

soybeans. Agqron. J., 50:621-625.

Lyon, T.L. 1922. Intertillage of crops and formation of

nittrates 1n soil. J. Amer. Soc, of Agron., 14:97-109.

MacRae, R.J., and G.R. Mehuys. 1985. The effect of green
manuring on the physical properties of temperate-area soil-s,

AMv. 1n Soil Sci., 3:71-94,

Mannering, J.V. and C.R. Fenster. 1977. Vegetative water
eroston control for agricultural land. Amer. Soc. of Agric.

Eng., 5 Joseph, Michigan., p. 4-77.

McBreath, D.K., D.A. Dew and H.A. Friesen. 1970. Competition
hetween barley and wildoats as affected by nitrogen, bar ban

and the time ot seeding. Can. J. Plant Sci., 50:541-550.

MoGlamery, M.D. and L.M. Wax. 1966, Weed control 1n  drilled

“eybeans. Rew. Rept. North. Cent. Weed Control Conf., 23:108.



Y

Mcleod, E.J. and S.L. Swezey. 1979. Survey of Weed Problem.

and Management Technologies in Organic Agraiculture. Qrganic

Agriculture Research Tnstitute, Graton, Cal:if.

McWwhorter, €.G. and E.E. Hartwiqg. 1972. Competition ot
johnsongrass and cocklebur with six soybean varieties. Weed

Sci., 20:56-59.

Meqgitt, W.F. 1960. The influence of cultavation on corn
yields when weeds are controlled by herbicides. DProc, N.F.

Weed Control Conf., 14:241-246.

Merkle, F.G. and C.J. Irvin. 1931, Some effect s ot
intertillage on crops and soils. Penn. State College Agr.

Exp. Stn. Bul. 272.

Ministere de l1'Agriculture, des Pescherieu e t. de
1'Alimentation du Quebec.1985. Le comite de roforencee
cconomique en agriculture du Quebec, Mair. «qgratn. Ao
111/821.

Montemurro, P. and L. Trotta. 1984. (Iniluaence ot three crop

rotations on potential weed infestation.).  Annalt el
Facolta d1 Agrariqa, Universita dir Barnr (198 814 coaAnd

469 .

Mortensen, J. L. and J.L.. Young. 1960, Ef fect ., of sUmmer

seeded green manures on 301l structure and vzarlabilaty o

nitroqgen., Ohio Agr. Exp. Sta. Re. RBul., No. 965,

127



P

Mosier, J1.G. and A.F. Gustafson. 1915. Soil moisture and

ti1llage from corn. TI11. Agr. Exp. 5ta. Bul. 181,

Murphy, W. 1987. Greener Pastures on Your Side of the Fence

Better farming with Voisin Grazing Management. Arriba

Publishing, Colchester, Vermont. 215 pages.

Nanni, C. and €.3, Baldwin 1987, Interseeding 1in corn,
Proc. SCSA Conf. The Role of Legumes in Conservation Tillage

Systems . Athens, Georgla, p. 26-27.

Nagvi, H.H. and C.H. Muller 1975. Biochemical inhibition
(Allelopathy) exhibited by Italian ryeqrass (Lolium

Multitlorum Lam.). Pakistan J. Bot., 7:139-147.

Nordquist, P.T. and G.A. Wicks. 1974. Establishment methods

tor altalfa in irrigated corn. Agron. J., 66:377-380.

Norris, C€.J.M. 1981, Evaluation of red clover for soil
conservation. Master's Thesis, Crop Science Department,

Univers ity of Guelph, Ontario.

Oqqg, A.G., Jr. 1983. Comparison of six grasses tor cover
Crops in orchards. Abstracts. Weed Sci. Soc. Anmer .,

Champatgn, 111., p. 58

Ontario Mimistry of Agriculture and Food. 1985. Agricultural
Statistaics for Ontario, 198", Publication 20. Torontao,

Ontarro.

Ontario Ministry of Agriculture and Food. 1987s Crop

Rudgetrng Ard. Publication 60. Toranto, Ontario,

138



Ontario Ministry of Agriculture and Food. 1988. Field Crop

recommendations. Publication 296. Toronto, Ontatrio.

Palada, M.C., 5. Ganser, R. Hofstetter, B. Volak, and M.
Culik. 1982. Association of interseeded legqume cover crop:y
and annual row crops in year-round cropping systems, In

Lockeretz W. (ed.), Environmentally Sound Agraiculture,

Selected papers from the 4th [.F.0.A.M. Conferenco,

Cambridge,Mass., U.S.A. p. 193-213.

Patriquin, D.G. 1988. Weed control 1n organic  farming

systems. In M.A. Altieri and M.Z. Liebman (eds.), Weed

Manadgement i1n Adroecosystems: Ecological Approaches, CRC

Press, p.303-318.

Patriquin, D.G., D. Burton, and N. H111l. 1981. Straleqgioe
for achieving self sufficilency on a mixed farm 1n castern
Canada. In Lyon J.M., R.C. Valentyne, D.A. Phitap., DLW,

Rains and R.C. Muffacker (eds.). Nitrogen Fixaktion .ind

Conservation of Fixed Mitrogen. Plenum, N.Y. p. 651 671,

Patriquin, D.G., N. Hill, D. Baines, M.Bishop and G. Allen
1986. Observations on a mixed farm during the tranaition  to

bi1ological husbandry. Biol. Agqric. and  Hort., 4:69 144,

Peters, E.J., F.S. Davis, D.L.. Klingman and  R.F.  Lar on.
1961. Interrelations of cultivation, herbrerde . and et hiod
nf application for wecd control in oybeans . Weedo o, 6
645,

1139



pliity

Petoer:s, E.J., P. Gebhart and J.F. Stritzke, 1965.
Interrelations ot row spacings, cultivations and herbicides

for weed control 1n soybeans. Weeds., 13:285-289.

Peters, E.J., D.L. Klingman and R.E. Larson. 1959. Rotary
hoe1ng 1n combination with herbicides and other cultivations

tor weed contraol 1n soybeans. Weeds., 7:449-458.

Peters, 5. 1986. Comparing low input and conventional tivld
crop farming systems. Proc. REAP. Conf. Regenerative
Agriculture: Resource Efficient Agricultural Production.
Nov. 22, 1986. Macdonald College, Ste. Anne de Bcllevue,

Quebec. p. 44-58.

Pte1fter, R.K. and H.M. Holmes. 1961. A study of the
competition between barley and oats as i1nfluenced by batley
serd rate, nitrogen level and barban treatment. Weed Res.,

1:5%-18,

Pireters, A.J. and R. McKee. 1938. Green manurces. In (ISDA:

go1ls and Men the Yearbook of Agriculture., Washington D.C.

p. 431 -444,

Pimwental, D., G. Berard:r and §S. Fast. 1984. Envrqy
stticrencies ot farming wheat, corn and potatoe.

orgqanically. Tn Kral, D.M. (ed.), 0Organic Farming : Current

N

Technology 1n a4 sSustainable Agriculture.  ASA Spectad

Publicatton 46, Madison, Wisconsin., p. 151-167,

Pra ad, K., and Vv.P. Man1. 1986. sStudies on weed management

tir tarnted mat o under mid-hil)l conditions of north weatorn

140



Himilayas. Tndian J. Weed Sci. 17:21-25.

Prihar, §.5. and D.M. VanDoren Jr. 1967. Mode of response ol
weed free corn to post-planting cultivation. Agron. J.,

59:513-516.

Randall, G.¥. 1987. Ridge Planting - A system for the

future. Crops and Soils., 39 (9):6-8.

Rea, H.E. 1955. The control of early weeds in cotton.

Southern Weed Conf. Proc., 8:57-60.

Reimann, W. 1987. Die mechanische pfleqe von qgetrerde  und
maitsbestanden. In Hoffman, M. and B. Geier {(eds.), DBeikrint

- requlierunqg statt Unkrautbekamptung. Rohr Druck Hildebrand

GmbH, Kaiserlautern. p. 51-64.

Reinertsen, M.R., V.L. Cochran, and L.A. Morrow. 1984 .
Response of spring wheat to nitrogen fertilizer placement,
row spacing dJond wild oat herbicides 1na no titl  wy.tem,

Agron. J., 76:753-756.

Renius, W. 1961 . Der Zwischentruchtbaa, . Autl o

Verlag, Frankfurt/M.

Roberts, K.J., P.F. Warnken and K.C. Schrechurger . 1979 Th
economics  of organic crop production 1n the westero  corp
belt . Agric Foon. Paper No.o 1979 €0 Dept. Aqgr. Fo o, ey

Mo. Columbia.



pihe g

Fobinson, R.G. and R.3. Dunham. 19%4. Companion «crops for

weed control an soybeans. Agron. J., 46:278 -281.

Rogers, N.K., G.A. Buchanan and W.cC. Johnson., 197%.
Influrnce of row spacing on weed control in cotton. Weed

NCh

., 24:410-413.

Roge, 5.J., 0.C. Burnside, J.E. Specht and B.A. Swi:her.
1934. Competition and allelopathy between soybeans .and

weeds. Agron. J., 76:523-528.

Rybka, v.s., A.I. Golovko, and A.I. Bublik. 1986,
(Ffficiency of energy harvesting technology). Zaschita

Risteniy No. 2, 16.

Rydberqg, T. 1986. The response  of barley varieties 1n

conventional and birological growing. In Vogtmann, H., &,

Boehncke, and 1. Fricke. (eds.) The Importance of  Brological

Agriculture 1n a World pf Diminishing Resources, Sth  IFOAM

International Sciecnce Confercnce, Kassel, Germany., p. 310

116,

Sahw, W.W. and G. Lesoing. 1985, Crop rotations and  wmoanure
Ve agriealtucal o chomicals dryland grain product ron,

Jooot 501l oand Water Cons., 40:511 %16,

Samson,  R.A 1986,  The 4 new Crop and Weed Managoment
System, Proc, RFAP Conf. Regenerative Agriculture Resource
Etticent Agrienltural Production. Now, 22nd e

Macdonald College, Ste Anne de Bellevue. Quebec. p. 14-,7

[

142



e

Sargent, D. 1986. Intcnsive Farming- The Producers D1 lomma.,

Qutlook on Agric., 15:151-155.

Schafer, K. 1986.(Experiments with catch crops tor erosion
control in maitze productionl). Wirtschaftseigne Futter. 32:60

1.

Schaller, f.W. and W.E. Larson. 1955, Eftect ot wide paced
corn rows on corn ylelds and forage establishment. Aqgron. !

47:271-276.

Schrietfer, D.L. 1984. From the Soil Up. Wallace Homestoad,

DesMoines, lowa.

Scott, T.W., R.F. Burt and D.J. Otis. 1984. Red clover and

corn rotations. Cornell Agron. Mimen B4-6, p 1-4.

Scott, T.W., J. Mt Pleasant, R.F. Burt and D.J. 0OLi1s. 1T,
contributions of ground cover, dry matter, and nitroqgen from
intercrops and cover crops in corn polycultuwie oy.tem

Agron. J., 79:792-7983.

Selley, R. and D.E. Eisenhaucr. 1987, Ridqge planting A path

to increased profits? Crops and Soils, 39 (9):9 11

gexsmith, J.J. and G.C. Russell. 1963. Etfect ot nitrogen
and phosphoru: fertilization on wild oats and  pring  whe at

Can. J. Plant Sci1., 43:64 69.

s1ddoway, F.M. and A.P. Barnett. 1974, Wiater el wind
erocion  aspects ot multaple cropping. p.3iA Y, 'no ¥

Papendick. PR.A. Sanchez and G.B. Triplett Coend o) Multopie

147

v



Cropping spec. Pub, No.27. Am. SocC. Agron. Madison, Wis.

Gimmonds, N.W. 1962, Variability in crop plants, its use and

conservation, Binl, Rev., 37:422-465.

Skuterand, R, 1977. Growth ot Agropyron repens at different
litght intensities i1n cereals. Proc. EWRS. Symp. Methods of

Weed Control and their Integration. p. 37-45,

smith, R.J. and W.C., Shaw. 1966. Weeds and their control in

rice production. USDA Bul. 292., 64 pp.

Sowden, F.J. and A.J. Atkinson. 1968, Effect of long-term
annual  additions ot various organjc amendments on the
organic matter  of 3 clay and a sand. can. J. S0il  Sci.,

18:323-330.

Stanitorth, D.W. 1961. Response of corn hybrids  to yellow

fovtart competition. Weeds., 9:132-136.

Stanitorth, D.W. 1962, Response of soybean varietins to weed

competaition. Agron. J., 954: 11-13.

Stanttorth, N.W. 4and C.R. Weber. 1954, Effoctas of  annuagl
weed soon the gqrowth aad yield of soybeans. Agron. J.,,4%:4n7.

11,

Sterner, H.o, A, E1 Ti1ti and 7. Bouch, 1986, tIntegrated
minagement of arable farming systems: the Lautenbach project
L. Fxperiment gl designdy . Zevtschratt fur Pflanzenkrankheiton

mnd Pt lan censchut ~ (Journal ot Plant Disease s and Plint

144




Protection.), 93:1-18.

Stevenson, W.F. 1955. Pennsylvania Agriculture and Country

Life. Vol. 1:130-132, Vol. 2:102-104.

Stokholm, E. 1979. (The influence ot grcen manure on yiceld
and soil structure)., Statens Planteavlsforsog (Danish 1. ot

Plant and Scoil), 83:543-549.

Stringfield, F.W. and L.W. Thatcher. 1951. Corn row “pace,

and sequences. Agron. J., 43:276-281.

Tesar, M.B. 1957. Establishment of alfalfa 1n wide row corn.

Agron. J., 49:63-68.

Thurston, J.M. 1959. A competitive study of the growth
wild ovats and of cultivated cereals with wvaried nitrogen

supply. Ann. Appl. Biol., 47:716-739.

Tisdall, J.M and J.M. Oades. 1979. Stabilization ot NIRD
aggregates by the root system of ryegrass. Auct. J. Sorl,

Res., 17: 429-441.

Tomar, J.S., A.F. Mackenzie, G.R. Mchuy: and 1. All: fass
Corn growth with foliar nitrogen, so1l applied nitrogen ond

legume intercrops. Agron. J., 80: 802 806.

Tulikav, A.M. and V.M. 3Sugrobov. 19134 CPhyt e et 4
rvaluation of spring barley cultivars grown 1n monocaltar.
or  rotation with long-term application ot tertaly . eer 110
lime). Tzvestiya Timiryazeuskon Selt Jkakhorsyaat onnon

Akademi1., 9:13-13.

144



usbA  ,  Study Team on Organic Farming, 1980. PReport and

Recommendations on Organic Farming. Washington, D.C.

Vandoren, C.,A. and 0O.E. Hays. 1958, Interseeding legumes 1n
corn. USDA So1l and Water Conservation Rescarch Division

Bulleting., Washington D.C., July 1958, p.1-6.

Verei jkoen, P, 1986. From conventional tao integrated

agriculture, Neth., J. of Agric. S5ci., 34:387-393.

Vine, A, and D.I. Bateman. 1981. Organic Farming Systems in
England and Wales: Practice, Performance and Implications.

Dept. of Agric. Econ., Univ. College of Wales, Aberystwyth.

Vogtmann, H. 1985. Research on Organic Farming 1n Europe. J,
Agr. Soc. 1984-85, Univ. College of Wales, Aberystwyth, p.

45,

Vrabel, T.FE., P.L. Minott: and R.D. Sweet. 1980. Secded
Tegumes a5 living mulches in corn. Proc. Northeastern Wensd

SCer. Soc., 34:171-175.

Wagatatt, H. 1987. Husbandry methods and farm systems 1n
tndistroal zed countries which itae lower levels of esternal

tnput o A review. Agric. Koosystems Environ., 19:1 77,

Walker, R H. and G.A. Buchanan. 1987, Crop Manipulatoon 1o
Tateqgrated Weed Mansgement Systoems. Weed Science. Supplement

o Vol W0:17-24.



Walter wvon, B. 1970, (The 1nfluence of some herbicides  on
the structure and microbhiology of t he Sorl,

Pflanzenkrankheiten Pflanzenschultz, 5:29-31.

Warman, P.R. 1980. The basics of grecn manuring. Macdonald

J.,41:3-6,

Wax, L.M. 1972. Weed control for close-drilled soybeans.

Weed Sci., 20:16-19.

Wax, L.M., W.R. Nave and R.L. Coouper. 1977. Wead control 1

narrow and wide-row soybeans. Weed Sci., 25:73-73.

Wax, L.M. and J.W. Pendleton. 1968. Effect of row .pacing on

weaed control in soybeans. Weed Sci., 16:462-465,

Weber, C.R. and D.W. Staniforth. 1947 Compet 1 bive
relationships 11 wvariable weed and coybean otand .. Agron.

J., 49:440- 144,

Weil, R.R. 1982. Maize weed competition and soi1l eraosion  n

nnweeded mairze. Trop. Agric., 59:207-213.

Wicks, G.A., R.E. Ramsel, P.T. Nordguict, J.W. Schmodt, el
Challatith, 1986, Impact of wheat culbtivar s on et bl hanent

and cupprescion of summer annnal weedo. Agron 1o, 1t by

Williams, E.D. 1972. Growth of Aqropyron repen oo dlang an
cereals  and f1eld beans. Proc. 11th Bratirah  Weed  Candral

Conf., p. 372-37.

147



Wolfe, M.5. and P.N. Minchen. 1977. Powdery mildew of
barley. Effects of variety mixtures. Ann. Rep. Plant Br.

Inst. Camb[[dqe, 1976., p. 112-114,

Wruacke, M. and E. Arnold. 1981. The effect of ten years  of
reduced  tillage  on weed species and soybean yield. Proc.

North Central Weed Control Cont., 36: 20-21,

Zatuchnyi, V.L., V.P. Livochten and V.I. Shtirbu. 1985,

(Weed control in maize). Zashchita Rastenii No. 9, 22.

148




9. Appendix:

Appendix 1.

Analysis of Variance for Grain Yields,

Abbreviated Analysis of Variance Tables

Forage

Biomass, And Weed Biomass in 1986 Cereal Expt.

Degrees

of Freedom

Mean

Squares

Grain Yield
Replication
Treatment
Model
Error
Corrected Total

Forage Biomass
Replication
Treatment
Model
Exrror
Corrected Total

Weed Biromass at Cereal
Replication
Treatment
Model
Error
Corrected Total

Fall Forage Biomass
Replication
Treatment
Model
Exrror
Corrected Total

Fall Weed Biromass
Replication
Treatment
Model
Error
Corrected Total

*, **  denote

respectively

W N bW

1
1

at Cereal Harvest

3
4
7
12
19

Harvest

3
4
7
12
19

O N J bW

3
4
7
12
19

signiticance at

149

t he

.030485
.001660
.014013
.021389

.001012
.007619
.004787
000606

.000566
.001816
.001280
.00n452

.007428
.559376
.3722827
.004260

.005044
.015%640
.010770
L002647

% and

1%

1 Value

1.43
0.08
0.66

1.67
12.0B%k
7.90%¢k

1.72%
LOLK
2.8

-

131,30«
Th . T8**

1.91
ook
4.01*

leged
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Appendix 2. Analysis

Source

Lady's Thumb
Replication
Treatment
Model
Error

Wild Buckwheat
Replication
Treatment
Model
Error

LLambs Quarters
Replication
Treatment
Model
Error

Mustard
Replication
Treatment
Model
Error

Knotweed
Replication
Treatment
Model
Error

Dandelion
Replication
Treatment
Mode 1
Error

Foxtarl
Replication
Treatment
Mode 1l
Error

Total Weeds
Replication
Treatment
Mode 1
Error

Y, ** Denote  si1gnificance

respectively

of Variance for Weed Density at
Harvest in 1986

Cereal

Degrees Mean F-Value
of Freedon Square
3 5049.6500 1.67
4 2546.4500 0.84
7 3619.2500 1.20
12 3017.3170
3 41.5166 0.91
4 85.4250 1.87
7 66.6071 1.46
12 45.7250
3 2.1833 .38
4 6.6750 1.15
7 4.7500 .82
12 5.8083
3 2.5833 3.26
4 3.4250 4, 33%
7 3.0642 3.87*
12 0.7911
3 13.5333 4.28%
4 4,.9250 1.5¢€
7 8.6142 2.73
12 3.1583
3 2.3333 2.95
4 4.32590 5.46%%
7 3.4714 3.47¢%
12 0.7917
3 15.2000 2.37
4 4.6750 0,73
7 9.1857 1.43
12 6.4083
3 6151.9167 2.22
4 3529.8250 1.27
7 4653.578% 1.68
2 2774.4583

1

at the 5% and 1%

150

levels,



Appendix 3. Analysis of Variance for Weed Density at Fall
Harvest in 1986 Cereal Trial

Source Deqgrees ot Mean F Valuae
Freedom Square
Plantain
Replication 3 1340.0500 2.85
Treatment 4 167.4250 J.67*
Mode 1 7 151.4071 3.30¢%
Error 12 45.5917

Dandelion

Replication 3 766.9833 T.T7a4xA
Treatment 4 673.5000 hH.BOKA
Model 7 7131.5643 TL.0AR
Error 12 99.0667

Cow Cockle
Replication 3 4.6667 1,20
Treatment 4 2.9250 2,01
Model 7 3.6714 2N
Error 12 1.4583

Shepherd's Purse
Replication 3 0.9333 0.4
Treatment 4 3.8750 1.9¢6
Model 7 2.6142 1.3
Error 12 1.9750

Mustard
Replication 3 28.573371 1.39
Treatment 4 149.5750 A R
Model 7 97.7214 4,776 kA
Exror 12 20.5416

Annual Grasses
Replication 3 0.6666 1.78
Treatment 4 1.9750 4.70%*
Model 7 1.1871 .10k
Error 12 N.3750

Total Weeds
Replication 3 1963. 2607 h.oaygex
Treatment 4 2745.8750 Y. nur
Model 7 2410.4714 B.a499
Error 12 283.8083%

*, *¢ Denote si1gnificance at the %% and L™ IRTAVITE

respectively

—
(G
[
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Appendix 4. Analysis of variance for Grain Yield, Forage
Biomass and Weed Biomass in the 1987 Cereal Expt.
Source Degrees of Mean F-Value
Freedom Square

Grain Yield

Replication 3 .005738 0.32
Treatment 4 .063256 0.3%
Model 7 .006074 0. 34
Error 12 .017857

Forage Biomass
Replication 3 .000009 0.68
Treatment 4 .000044 3.13
Model 7 .000029 2.08
Error 12 .000014

Weed Bromass
Replication 3 .000081 1.43
Treatment 4 .000047 0.82
Model 7 .000067 1.08

Error 12 .000057



Appendix 5. Analysis of Variance of Corn Yield, Forage
Biomass and Weed Biomass in 1986 Corn
Experiment and 1987 Spring Regrowth
Source Degrees of Mean F-Value
Freedom Square

Corn Yield

Replication 2 .612930 2.05%
Treatment 9 .709964 2.138
Model 11 .692321 g2
Error 18 .298420

Corrected Total 29

Forage Biomass at Corn Harvest

Replication 2 .000449 1.48
Treatment 9 .000719 23.73%%
Model 11 .000%96 19.69%%
Brror 18 .000030
Corrected Total 29

Weed Biomass at Corn Harvest
Replication 2 .002017 1.78
Treatment 9 .053987 47 .54% ¢
Model 11 .044538 39,02% %
Error 18 .011357
Corrected Total 29

Forage Biomass at Spring 1987 Harvest
Replication 2 .00012? 0.97
Treatment 9 .003839 30,40 %%
Model 11 .003163 2505 %k
Error 18 .000126
Corrected Total 29

Weed Biromass at Spring 1987 Harvest
Replication 2 .000030 0.99
Treatment 9 .000091 .30
Model 11 .0000173 0.4

Error 18 .00003n
Corrected Total 29

** Denotes siqgniticance at 1% level



Appendix 6. Analysis of Variance of Corn Yield, Forage
Biomass and Weed Biomass in 1987 at Corn Harvest

Sourece Deqgrees of Mean F-Value
Freedom Square

Corn Yield

Replication 2 .150040 0.50
Treatment 9 .299453 0.99
Model 11 .272287 0.90
Error 18 .301973
Corrected total 29
Forage Blromass
Replication 2 .000007 2.66
Treatment 9 .000013 S.11*%%*
Model 11 .000012 4.66%%
Error 18 .000003
Corrected Total 29
Weoed Blromass
"Replication 2 .000510 0.41
Treatment 9 .007793 6.25%%
Model 11 .006469 5.18*%
Error 18 .001247

** Denotes significance at the 1% level
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Appendix 7. Analysis of Variance of Plant Counts for
Interseedings in Corn 1in 1986
Source Degrees of Mean F-Value
Freedom Square

Early Ryegrass Counts
Replication 2 786.5833 0.68
Treatment 3 9276.55%% 8.03x
Model 5 5880.5667 5,.00%
Error 6 1155.1384
Corrected total 11

Late Ryeqrass Counts
Replication 2 327.0000 0.48
Treatment 3 7490.9722 11.065%x%
Model o) 4625.3833 6.82%
Error 6 678.2222
Corrected Total 11

Early Red Clover Counts
Replication 2 1975.5833 1.8?
Treatment 3 5550.4444 5.10
Model 5 4120.5000 3.79
Error 6 1087.3611
Corrected Total 11

Late Red Clover Counts
Replication 2 1001.2159 9..20%
Treatment 3 4767.2272 43.81%x
Model 5 3260.8227 29.97%*
Error 6 108.8136
Corrected Total 11

*, ** Denote significance at the 5% and 1% Teeveld,

respectively
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Appendix 8. Analysis of Variance for Plant Counts in 1987
Corn Interseedings
Sourece Degrees of Mean F--Value
Freelom Square

Replication 2 385.5833 2.62
Treatment 3 4287.4167 29 .18%%
Model 5 2726.6833 18.56%%
Error 6 146.9167
Corrected Total 11

Late Ryegrass Counts
Replication 2 47.0909 0.58
Treatment 3 1406.7828 17.34%x%
Model 5 862.9060 10.64%*
Error 6 81.1303
Corrected Total 11

Early Red Clover Counts
Replication 2 148.5833 0.70
Treatment 3 1483.4167 6.99%
Model 5 949.4833 4.,47%
Error 6 212.2500
Corrected Total 11

Late Red Clover Counts
Replication 2 108.5833 0.44
Treatment 3 561.6388 2.27
Model 5 380.4167 1.54
Error 6 247.1388
Corrected Total 11

*, ** Denote signiticance at the 5% and 1% level,
respectively
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Appendix 9. Analysis of Variance for 1987 Soybean Yield,
Total Weed Biomass and Quack Grass Blomass
Source Degrees of Mean F-Value
Freedom Square

Soybean Yield

Replication ? .016273 1.01
Treatment 9 .010024 0.64
Model 11 .011339 0.71]
Error 18 016037

Corrected Total 29

Total Weed Biomass

Replication 2 h.2950 0.01
Treatment 9 526 . 3662 n,86
Model 11 431 .8078 n.70
Error 18 613.1258%

Corrected Total 29

Quack Grass Biomass

Replication 2 89.5210 2.08
Treatment 9 65.140°2 1.51
Model 11 69.5730 1 61
Error 18 43,1263

Corrected Total 29
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