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ABSTRACT 

On- Farm Evaluation of 
Cultivatlon, Coyer Crops and Chemical Banding 

for Crop and Weed Management in Integr~ted farming Systems 

Roger A. Samson M.Sc. 

Economie and environmental 

Macdonald College of 
McGill University 

eoncerns with the 

sustainability of high external input systems of crop 

production are creating interest in more resource efficient 

farming methods. 

Experiments were conducted over two years on selected 

farms in Southern Ontario to evaluate integrated techniques 

of crop and weed management in mixed grain, corn and 

soybeans. 

In a mixed grain underseeding study, single and double 

-eut red clovers showed a trend ta suppressinq weeds at 

mixed grain harvest while having no effect on grain yield. 

After-harvest, red clover coyer crops almost completely 

eliminated weeds while providing a substantial fall 

plowdown. In 1987, the combination of a relatively dry 

spring, followed by outstanding crop growth and crop lodging 

caused little 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 
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cultivation. 

When corn followed mixed grain in 1986, two row crop 

cultivations and a 1S cm herbicide band provided more cost 

effective weed control than cultivation or herbicide only 

weed control. When corn followed alfalfa in 1987, two row 

crop cultivatlons only was th,: most cost effective system. 

Undersown ryegrass in the herbicide banded treatment in 

1986, provided larger quantlties of forage biomass than 

red clover or red claver ryegrass mixtures prior to 

plowdown ln 1987. Weed pressure was minimal in 

spring 

aIl 

treatments ln the soybeans and no effects on crop yield or 

weed growth were observed. In 1987, interseeded caver crops 

ln corn produced 10w quantities of blomass when corn grain 

yields of 13 t/ha. were obtained. 

The integrated farming techniques inc1uded in these 

trials reduced preharvest costs by $17l.78/ha in corn and 

$1lS.GO/ha ln soybeans compared to conventional 

recommendat ions. 
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RESUME 

/ 
Evaluation au champs des methodes de culturp., tels que 
cultures de recouvrement et d'épandaqe en bandes de produits 
chimiques dans les systemes de fer.es int'gr~es 

Ro~er A. Samson 
Haitrise en Science 

Collège Macdonald 
de L'universite MeGill 

Les problimes iconomiques et environnementaux cr~es par 

le système de production intensif a stimulé le developpement 

de méthodes de culture ax~es sur l'utilisation plus efficace 

des ressources. 

Les expériences ont été effectuées sur des fermes 

selectionnies dans le Sud de l'Ontario, durant deux saisons. 

Des techniques intégrées de gestion de cultures et de 

gestion des mauvaises herbes ont été évalue sur des cultures 

de mais, de fève soya et des cultures mixtes d'orge et 

d'avoines. 

Dans la culture mixte, le trefle rouge a aide à réduire 

les mauvaises herbes sans affecter le rendement. Après la 

récolte, le developpement du trefle rouge a reduit 

substantiellement la pousse des mauvaises herbes. En 1987, 

les faibles précipitations au printemps, la croissance 

vigoureuse des céreales ainsi que la verse des céréales ont 

réduit considérablement la presence des mauvaises herbes et 

des plantes fourragères. 

La seconde experimentation consistait a faire pousser 

du mais en utilisant differentes methodes de contrôle des 

mauvaises herbes ainsi qu'en intercallant le mais avec des 

cultures de couvertures telles que l'ivraie, le trèfle 

rouge, et un mélange de trèfle rouge et d'ivraie. L'année 
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( suivante, l'effet de ces traitements a ~té evalué sur des 

feves soya cultivées sans l'emploi de fertilisants 
, 

ou de 

pesticides. 

En 1986, la culture de mais a suivie Id culture de 

céréales en 1985. Le desherbage mechanique et une 

application d'herbicide en bandes a permit un contr~le plus 

-economique et aussi efficace que la méthode reposant sur 

l'utilisation des herbicides ou le desherbage méchanique 

uniquement. En 1987, quand la culture de mais a succede à la 

luzerne, le desherbage mechanique s'est avéré le plus 

rentable. En 1986, la culture intercallee de l'ivraie et du 

mais avec une application d'herbicide en bande, a produit la 

plus grande quantite de biomasse comparativement aux autres 

traitements durant le printemps 1987. Les cultures de 

recouvrement de mais ont produit des quantitees inferieures 

de biomasse en 1987 au moment ou les r~coltes de mais 

etaient de 13 t/ha. 

En moyenne, les techniques integrees ont réduit les 

coûts de pré-moisson de $171.78/ha pour le mais et de 

$115.60/ha pour les fèves soya, comparativement aux 

recommendations conventlonnelles. 

VII 



- TABLE OF CONTENTS 

Chapter Page 

1. 1 NTRODUCTI ON . • • • • . • • . • • . • • . . • . . . .. 1 

2. LITERATURE REVIEW. • • . . . . . . 5 

2.1 Integrated Methods of Controlling Weeds in Row Crops.. 6 

2.1.1 Non-Weed Control Benefits of 
2.1.1.1 Increased soil aeration 
2.1.1.2 Improved fertilizer use 
2.1.1.3 Increased soi1 moisture 

Row Crop Cultivation 

efficiency ..... . 
and reduced erosion . 

2.1.2 Row Crop Cultivation and Herbicide Bandlng 
2.1.2.1 Soybeans. . . . . . . . . . 
2.1.2.2 Corn ......... . 
2,1.2.3 Control of problem weeds .. 

7 
8 

10 
Il 

. 12 
13 
14 
16 

2.1.3 Other Mechanical Weed Control Methods in Row Crops 17 
2.1.3.1 Rotary hoeing . . . . 17 
2.1.3.2 Finger Weeder . . . . . . . . . . 19 

2.2 Crop Manipulation to Enhance Crop and Weed Management. 21 

2.2.1 
2.2.2 
2.2.3 
2.2.4 
2.2.5 
2.2.6 

Row Widths .. 
Seeding Densities. 
Crop Varieties .. 
Crop Rotation .. . 
Hixed Seeding .. . 
Mineral Nutrition and Soil Fertility 

2.3 Intercrop and Cover Crop Systems 

2.3.1 BeneficiaI Effects ....... . 
2.3.1.1 Soil erosion and ground cover 
2.3.1.2 Soil organic matter additions. 
2.3.1.3 Soil physical properties .. 
2.3.1.4 Reduced nitrate leaching .. . 
2.3.1.5 Nitrogen production .... . 

2.3.2 Interseeded Cover Crops in Cereals 
2.3.2.1 Effect on seeding year grain yield. 
2.3.2.2 Ef fect on subsequent cr ops. . 

2.3.3 Interseeded Cover Crops in Corn. 
2.3.3.1 Effect on seeding year corn yield . 
2.3.3.2 Biomass production 

2.3.4 Interseeded Caver Crops in Soybeans .. 

VIII 

21 
24 
26 
29 
33 
34 

39 

39 
39 
40 
42 
43 
44 

46 
46 
47 

50 
52 
53 

55 



( 

2.3.5 Weed Suppressing Effects of Interseeded Cover Crops 55 
2.3.5.1 Weed suppress ion and crop suppress ion • .. 56 
2.3.5.2 Suppressing 1ate veed flushes and perennia1 

veeds . . . 58 
2.3.5.3 Weed suppress ion by clover and ryegrass . 62 

2.4 Conclusions .. 

3. GENERAL HATERIALS AND HETHODS . . . . . . 

3.1 Regional Setting and General Farm Practices 
3.2 Cl imatological Data • . . • 
3.3 Statistical Analysis .... 

4. EXPER 1 MENTS . . . . . . . . . . . . . . . 

4.1 Mlxed Grain Underseeding vith Legumes .• 
4.1.1 Mater laIs and Hethods 

4.1.1.1 
4.1.1.2 

Ruby farm 1986 • . . . 
Kalbfleisch farm 1987 . 

4.1.2 Results •..... 

. . . 

. . . 

4.1.2.1 Mixed grain yield, weed and forage biomass 
at cereal harvest in 1986 .. 

4.1. 2.2 Weed and forage bi omass at 
October harvest in 1986 ... 

4.1.2.3 Mixed grain yield, weed and forage biomass 
at cereal harvest in 1987 . 

. 

. 

63 

64 

64 
66 
67 

69 

69 
69 

69 
71 

72 

72 

74 

78 

4.1.3 Discussion. • ..•. 79 
4.1.3.1 Effect of i nterseed ing cover crops on gra in 

yield . . . . 79 
4.1.3.2 Forage establishment and biomass pr oduct i on. 79 
4.1.3.3 Weed contr 01 from interseeded clover . . . . 81 

4.2 Evaluation of Corn Weed Control Methods and Interseedings 
for use in a Lov External Input Corn-Soybean Sequence. . 85 

4.2.1 Mater ials and Methods . 
4.2.1.1 1986 corn and 1987 soybean site 
4.2.1.2 1987 corn site 

4.2.2 Results 
4.2.2.1 1986 corn yield, veed and forage biomass 

and 1987 spring v~ed and forage biomass 
4.2.2.2 Effect of 1986 corn treatments on 1987 

· 85 
· 85 
· 88 

91 

• . 91 

4.2.2.3 
4.2.2.4 

soybeans . 93 
1987 corn yield, veed and forage biomass . . 97 
Interseeding plant counts in corn, 1986 
and 1987 . . . 97 

IX 



4.2. 3 Discuss ion . . . . . • . . . . . . . . . . .. 100 
4.2.3.1 Economics of weed control systems in corn 100 
4.2.3.2 Effect of weed control method and inter -

seeded species on forage establishment 
and dry matter production. . . . . . .. 105 

4.2.3.3 Effect of 1986 corn treatments on soybean 
yield and weed biomass ... . . . . . . . 108 

4.2.3.4 Economics of integrated versus conventional 
corn and soybean production . 110 

5. GENERAL DISCUSSION • • • . 115 

6. SUMKARY AND CONCLUSIONS. . . . . . . . . . . . . 120 

7. SUGGI:S'l'IONS FOR FUTURB RBSBARCH IN INTEGRATED CROP AND 
WEED KANAGEKENT SYSTEMS. • • • • • • • • • • • • • • 122 

8. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . 125 

9. APPENDICES • • • • • • • • • • • • • • • • • • • • • • • 149 

x 



LI ST OF TABLES 

Table 

1. Yie1d of Grain Corn and Weeds as Affected 
by Plant Density in Unweeded Corn. 

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

3. Effect of Undersown Clover and Ryegrass on Quack 

Page 

26 

59 

Grass Growth when Undersown in Barley and Fababeans. 60 

4. Rainfall Data 1966-1967 at the Pioneer 
Hi-Bred Research Station . . 

5. Honthly Accumulated Growing Degree Days 1986-1987 

68 

at the Pioneer Hi-Bred Research Station. . . . . 68 

6. Effect of Interseeded Cover Crops and Herbicide 
on Biomass Production at Cereal Harvest in 1986 73 

7. Effect of ïnterseeded Cover Crops on Weed Density 
at Cereal Harvest. . . • . • • . . • 75 

6. Weed and Forage Biomass at October Harvest as 
Affected by Interseeded Cover Crops and Herbic ide.. 76 

9. Effect of Interseeded Cover Crops and Herbicide on 
on October weed Dens i ty. . . . . . . 77 

10. Effect of Interseeded Cover Crops and Herbicide 
on Biomass Production at Cerea1 Harvest in 1987. 78 

Il. 1966 Corn Grain Yield, Weed and Forage Biornass . 92 

12. 1987 Spring Forage and Weed Biomass Prior to 
Plowdown before Soybeans . . . . . • . . . . 94 

13. 1967 Soybean Yield, Quackgrass Shoot Biomass and 
Total Weed Biornass following 1986 Corn Systems . 95 

14. 1967 Corn Grain Yield, Weed and Forage Biornass 98 

15. 1966 Corn Interseeding Plant Counts (plants/sq.m.) 
of Red Clover and Ryegrass . . . . . .. 99 

16. 1967 Corn Interseeding Plant Counts (plants/sq.m.) 
of Red Clover and Ryegrass . . . . . 99 

17. Economies of Weed Control Systems in Corn 1986 ... 101 

XI 



18. Econom ics of Weed Control systems in Corn 1987 . . . 102 

19. Input Cost Compar ison between Integrated and 
Conventional Corn Production Systems (1986-1987) .. 111 

20. Input Cost Comparison between Integrated and 
Conventional Soybean Production Systems (1987) .. 114 

21. Potent ial Low Input Cash Grain System. . . 116 

XII 



List of Plates 

Plate 

1. 

2. 

3. 

4. 

Double-Cut Red Clover Almost Completely Eliminated 
Weeds After-Harvest While Providing an Excellent 
Fall Plowdown in 1986 . . . . . . . . . . . . . . 

Cultivator / Seeder Unit used for Interseeding 
Coyer Crops in Corn at Time of Second Cultivation 

Midmounted Beet and Bean Cultivator used for One 
Time Cultivation of Soybeans in 53 cm. Rows ... 

Soybeans Grown in 53 cm. Rows using Two Rotary 
Hoeings and One Cultivation Provided Relatively 
High Soybean Yields and Low Total Weed Biomass 

5. Two Row Crop Cultivations in Corn Eliminated almost 

Page 

76 

90 

90 

96 

aIl Weeds Except those Directly Over the Corn Row .. 96 

XIII 



List of Appendices 

Appendlx Page 

1. Analysis of Variance for Grain Ylelds, Forage 
Biomass and Weed Biomass in the 1986 Cereal Expt. 149 

2. Analysis of Variance for Weed Density at Cereal 
Harvest in 1985 • . . . • . • . . • . . • . . • . 150 

3. Analysis of Variance for Weed Density at Fall 
Harvest in 1986 Cereal Trial. . . . . . . . . 151 

4. Analysis of Variance for Grain Yield, Forage 
Biomass and Weed Biomass in the 1987 Cereal Expt. 152 

5. Analysis of Variance of Corn Yield, Forage Blomass 
and weed Biomass in 1986 Corn Experiment and 1987 
Spring Regrowth . . . . . . . . . . . . . . .. 153 

6. Analysis of Variance of Corn Yleld, Forage Blomass 
and Weed Biomass in 1987 at Corn Harvest. . . . . 154 

7. Analysis of Variance of Plant Counts for 
Interseedings in Corn in 1986 155 

8. Analysis of Variance of Plant Counts for 
Interseedings in Corn in 1987 156 

9. Analysis of Variance for 1987 Soybean Yield, 
Total Weed Biomass and Quack Grass Biomass. . 157 

XIV 



1. 1 NTRODUCTI ON 

The continued pursuit of high external input or 

intensive systems of production 15 a philosophy of farm 

management that is fac ing increas ing criticism and 

cha llenges . The terms 'high external input' or 'intensive 

systems' of productIon are used to describe current farming 

methods or 'conventional agriculture' in which reliance on 

hlgh levels of use of chemlcal fertllIzers and pesticides 

predominate in crop production in industrialized countries. 

Cr1tics point to intensive farming methods as the main 

reason for grain surpluses, low commodity priees, massive 

government subsidies and large numbers of farmers leaving 

the land. From an environmental perspective it ls claimed 

that 1ntensive production systems have Increased problems of 

so il eros ion, so 11 degradat ion, phosphor us eutrophicat 1 on of 

lakes, surface water contamination from nitrates and 

pes t le Ides and damage to the atmosphere from emiss i ons of 

nitrous oxide (Sargent, 1986; Verljken, 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 

respect ive ly (Samson, 1986). This i ncreased re 1 iance on of f-

farm resources has meant that farmers have become less sel f-

suf fic ien t and more vulnerable to changes in both input and 

commodity priees. 
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Organic farming systems represent 

different farming philosophy than that of 

input systems of production. Organic farming 

a completely 

high external 

systems are 

advocated as systems that promote farmer self-reliance and 

have fewer negative impacts on the environment. The Un1ted 

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 livestock 

feed additives. To the maximum extent feasibie, organic 

farming systems rely on crop rotations, cror res1dues, 

animal manures, legumes, green manures, off-farm organic 

wastes, mechanical cultivation, mineraI bearing rocks, and 

aspects of biological pest control to maintain soil 

productivity and tilth, to supply plant nutrients and to 

control insects, 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 g01ng 

through the conversion process (typlcally 2-3 years), lack 

of favorable government polieies and lack of serious 

recognition and research support from the scientific 

community (Peters, 1986; Patriquin, 1988). 

The main argum~nt 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 (Solanurn tuberosurn 
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t L. ) (PimentaI et al.,1984; Fischer and Richter,1986) and 

vinter vheat (Triticum aestivum L.) (Vine and Bateman, 1981; 

Lockeretz et al., 1976) particularly under European 

cond i t ions However, ln the case of much less demandlng 

crops such as grain legumes (Patrlquln, 1988; Cullk et al., 

1983; Roberts et al., 1979; Lockeretz et al., 1976), and 

Iegume based forages (Lockeretz et al., 1976; Culik et al., 

1983; Karch-TurIer, 1983~ Murphy,1987) research indicates 

that organic systems are generally as profitable or more 

profitable than conventional production systems. 

With sorne crops such as corn (Zea ~ L.) (Lockeretz et 

al.,1984; Peters,1986; Helmers et al.,1986 and spr 1ng 

cereals (Sahs and Lesoing,1985; Lockeretz et al., 1976; 

Rydberg,1986; Culik et al., 1983) neither convent10nal or 

organic systems appear to be consistently superior. 

Integrated farming systems vhich emphasize efficient use 

of on-farm resources and reduced dependency on off-farm 

inputs are currently beinq evaluated as an approach that 

offers considerable reductlon of inputs without loss of 

incorne for the farmer. El Titi et al., 1988, defines 

integrated farming as "a system vith the best possible 

adjustrnent of farming techniques to fit the natural 

regulation components on a groving 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 e i ther 

conventional or organic farming systems. 
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Integrated farming systems differ from conventional 

production systems in that energy use 15 reduced, ground 

caver is increased and inputs are used to complement, rather 

than sustaln the system. The lntegrated approach emphaslzes 

organic management techniques such as: crop rotation, 

mechanical weed control, cover crops, lntercropplnq, dlse~5e 

resistant and weed suppressive varleties, reduced tillage 

and modlfled row spaclngs. It dlffers from organic systems 

in that pesticides and fertilizers are used as efficlently 

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 ~ho were practicing integrated 

techniques but were wishing ta develop them further. Several 

of the farmers were producing higher than average yields at 

lower than average costs. In May of 1966, on-farm studies 

were conducted ta better identify why the cropping systems 

were successful and to improve them. Since weed control 15 

regarded as the most difflcult aspect of using lower 

external input systems of productIon (organlc and Integrated 

farming systems) this was the focus of our research (Peters, 

1986). The specific objectives were: 

1. To evaluate interseeded caver crops as weed suppressants 

within current row ClOp and small grain systems on ~elected 

farms in Southern Ontario. 

2. To identify and evaluate integrated systems of crop and 

weed management that could produce hlgh ylelds at a reduced 

cost in Southern Ontario wlth reduced environmental impact. 

4 



2. LITERATURE REVIEW 

"Host research in weed control begins with the assumption 

that control is economlcally worthwhlle , 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 lasses due to weed 

competition and to provide season long, weed free crops. 

In recent years, more effort has been given ta the 

concept of integrated weed management, which extends beyond 

the idea of the need for removal of aIl undesirab1e 

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 or 

weeds under study and know1edge of crop and sail 

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. 

Hanipulating the farming system to benefit crops May not 

only increase crop yield, but at the same time reduce crop 

production costs, weed control requirements, and 

environmental impacts from cropping systems. 
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This reviev will focus on crop and weed management 

systems for corn, spring cereal and soybean (Glycine ~ L.) 

production. It viII be broken into three sections. The first 

will examine integrated measures of controlllng weeds which 

emphasizes low cost mechanical weed control systems. The 

second section evaluates how crops can be manlpulated to 

improve crop growth ta the detriment of weeds. Intercrops 

and caver 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 

ta improve crop growth and reduce weed growth through better 

sail management practices. 

2.1 Integrated Hethods of Controll1ng Weeds ln Row Crops 

The majority of studies indicate that the foundation ta 

an economical and effective integrated weed control system 

is judicious use of cultivation. In its broadest sense the 

term cultivation refers ta aIl mechanlcal operations 

performed on the sail. These include seedbed preparation, 

intertillage of the crop after It is planted and the tilling 

of the sail after harvest. This discussion will emphasize 

the use of cultivation after the crap has been planted as a 

weed control and a Clap management measure. 

While many advantages can be realized through the 

cultivation process, there are several dlsadvantages. The 

process of cultivation exposes the 5011 to oxldatlon and 
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'l 
promotes organic matter breakdown. Extra tr ips over the 

field May also increase compaction particuIar1y if heavy 

tractors and cultivators are used. Methods need to be 

developed that reduce the number of cultivations required 

and disturbance of the 5011. One such method is ridge 

tillage where rov crop cultivation eliminates the need for 

primary and secondary tillage. It is receiving considerable 

attention as a cost effective soil conservation rneasure 

(Randall, 1987; Selley and Eisenhauer, 1987). 

2.1.1 Non-Weed Control Benefits of Rov Crop Cultivation 

Through an age when the technology of chemlcal 

pesticides has advanced greatly and farmers are often 

advised not to cultivate, surveys show that Most rov 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 vas 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 vhere cultlvatlon was used than where the 5011 vas 

scraped to remove yeeds. 

These investigations vere done on friable, humus laden 

50ils characteristic of that time period. After 70 years of 

degradation from intensive roy crop production, the 50115 ln 

some of these areas have changed dramatically. Presently 

many researchers are finding increased yields from inter-rov 
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cultlvatlon even ln the absence of weeds and are attrlbutlng 

other beneflts to It aside from Its value as a weed control 

measure including increased 5011 aeration, reduced dlsease 

incidence, increased root deve10pment, improved fertilizer 

uptake Improved water infiltration and reduced erosion 

(Beattle et al., 1985; Coote and Saidak, 1984; Meggitt, 

1960; Johnson, 1985). 

2.1.1.1 Increased 5011 aeratlon 

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 is that with the 

10ss of topsoil and the depletlon of soil humus, air 

management is more difflcu1t in soils with increased 5011 

density. Thu5 it is important to increase 50il aeration for 

oxygen demanding processes such as the uptake of nutrients, 

root vigor and microbio10g1cal actlvity. 

Meggltt (1960) evaluated the influence of cultlvatlon 

on corn yields when weeds were controlled by herbicides. 

Where corn fo110wed two years alfalfa (MedlcagQ satiya L.) 

on a sandy loam soil, there vas no significant yleld 

Increase due to cultivation. On two seperate loam sites, 

corn following two years of corn required one cultivatlon 

and corn following two years of tomatoes (Solanym 

esculentum L.) requlred two cultivations to provide maximum 

corn yie1ds. Meggitt observed that on lighter soil types and 
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in situations such as corn folloving a meadow crop vhere the 

soil is in good tilth, there appears to be no yield 

advantage from cultivation as long as veeds are controlled 

by other means. 

Chaudary and Prihar (1914) found cultlvation to enhance 

root grovth 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, eoote and Saidak (1984) found 

surface soil bulk density was lover and air-filled porosity 

was higher after a single inter-row operation. Grain yields 

vere negatively correlated with bulk density suggesting that 

some of the yield improvement from inter-rov tillage was the 

result of better soil physical conditions. They suggested 

that soil structure problems could occur vhere 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 ta prevent certain root and lower stem rots in beans 

that appear in tight anaerobic sail conditions around the 

plant. 
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2.1.1.2 Improved fertl11zer use efflclency 

Hilling can permit corn ta increase underground root 

development by setting extra sets of brace roots. Schrlefer 

(1984) suggests that these upper roots are important because 

they feed phosphorus ta the upper part of the plants late ln 

the season whlch may enhance maturity, grain fill and veight 

in corn. Mcleod and Swezey (1979) in their survey of weed 

problems and management techniques 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, preventlng 

lodging, and rroviding 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 likely ta 

result in less efficient utilization of surface applled 

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 ls hlgher that that of scraped (surfaced 

hoed) plots because of the aeration produced by stirring 

with the cultivator. CalI and Sewell (1918), stated that lt 
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was through preventing weeds from using nitrates ln their 

growth that the cultivation process had positive effects on 

sail nitrate levels. Merkle and Irvin (1931) found an 

increase in only one of four years of the nitrate content of 

the surface soil from inter-row cultivatlon. Limited 

research on the release of nitrogen from cultivation has 

been performed since these experiments. However, Blevin et 

al. (1972) found ni trogen 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 sidedre5sing operations. Schriefer 

(1984) recommends that a cultivator should have the 

capability of applying a liquid or dry nutrient close to the 

plants while cu1tivating. Acccrding ta his system, the key 

to reducing nitrogen requirements and costs by 40% is 

preventing the over exposure of nitrogen to the entire sail 

system by locking the mobile nitrate into the zone of 

updraft (a region approximately 15 cm below and surrounding 

the base of the corn plant). The zone of updraft i5 an 

extremely efficient place ta position fertilizers becaU5e 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 5011 moisture and reduced eroslon 

Intertillage during a very dry year can help conserve 
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50 i l molsture. The theory be Ing that 1 t crea tes a loose dry 

layer of 5011- a 5011 mu1ch, wh1ch prevents the upward 

movement of mo lsture and thereby reduces evaporat 10n 0 f 

water. Merkle and l rvin (1931) in a very dry year found 

intertil1ed plots to contain from two to four percent more 

moisture ln the surface soil than was found on scraped 

plots. 

Johnson (1985) in a review on cultivation states that 

it has wide ly been shown in prey i ous research in 

conventiona1 tillage systems that breaking a soil crust will 

increase water in filtrat ion and th is can i ncrease a va llab le 

soil moisture for crop growth. In addition, breaking a soil 

crust results in reduced erosion due to increased water 

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 weeds 

that has been supported through the years 15 herbicide 

banding combined with row crop cultivating. Band 

eliminates early weed competition with the crop 

weeds between the bands can be eliminated when the 

spraying 

and the 

corn or 

soybeans are large enough to alla ... high-speed cultivation. 

Th i s system als 0 saves the t ime and expense requ i red f or the 

opera t ion of broadcast ing herb i c ides because pes t ie ide 

appl icat ions can be made wi th the crop plan te r or: 

cul t i vator . 
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2.1.2.1 Soybeans 

In wide row soybeans, studies have found that band 

applied herbicides and cultivatlon provldes as effective or 

more e ffect 1 ve weed control than overall herbi c ides while 

reduc Ing chemica 1 weed contr 0 l costs cons Iderably (Peters et 

al., 1961; Beattle et al., 1985). 

Peters et al. (1961) banded several herbicides ln 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 cult i vat i on WàS used. Cul ti vat ions alone gave 

poorer weed control and lower yields than combinations of 

herbicide band treatments and culti vations. 

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 

econom ical treatment was a 26 cm. band of a single 

broadspectrum herbicide metrlbuzin (4 -amino- 6 -(1,1-

dimethylethyl) -3- (methylthio) -1,2,-triazin-5(4H)-one) at 

0.84 kg 1 ha) plus two cultlvatlons whlch provided 96% 

weed control and had a gross margin of $ 273.44 / ha 

vs. $79.75 / ha for herbicide only treatments. 

In r idge t ill-planted soybeans and cor n, Lis t and Ke Us 

(1985) testing numerous chemical combinations, found banded 

herbicide àpplications along with two cultivations gave 

equivalent weed control to broadcast herbicide applications 

and one cu l t 1 va t 1 on. Weed control in these sys tems were 
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5uperior to that of a no-herbicide two cultivatlon system. 

However, no signiflcant yield differences were observed ln 

either crop from the treatments. 

2 • 1. 2 • 2 Cor n 

In a two year corn study ln Indla, G111 et al. (1984) 

showed that both early and late band appl1cat Ions of 

atrazine at 0.22 and 0.33 kg/ha followed by inter-row 

cultivation showed the same level of effectiveness as 

b1anket 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 rov (vithout 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 atraz ine (6 -chloro-N-ethyl-N' - ( I-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-2-methoxy benzoic 

combined with two row crop cultlvatlons to provide 

effective weed control ln a four year continuous corn 

than broadcast herbicides or two cultivations only. 

acid) 

more 

study 

The 

system with two cultivations only provided weed control 

similar to the intensive herbicide system at approxlmately 

1/4 the cost. No corn yields were reported. 

In another long term continuous corn 

(1986) evaluated atrazine vs. a band 

study, 

sprayi ng 

Ammon 

and 

cultivation timed for vhen corn most benefitted from weed 
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free conditions (at the 2 to 10 leaf stages) . The 

combinat ion treatment provided more effective and economical 

weed control over the long term. The continuous corn 

treatment with atrazine showed an initial increase in 

field bindweed (Conyolyulus aryensis L.) and hedge bindweed 

(Calystegia sepium L.) followed, after 4 years, by the 

appearance of horsetail (Echinochloa rusgalli (L.) Beauv.) 

and yellow foxtail (Setaria verticillata (L.) Beauv.) and, 

after a further year, by such atrazine resistant species 

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 weedlng and provided more effective weed 

control (Fisher et al., 1985). 

Several other studies 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 

. 
1 

alone in terms of weed control and gave sirnilar yields 

(Rybka et al., 1986). A premergence harrowing and inter-row 
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cultivation and herbicides vas the most economicai treatment 

and aiso gave the lovest energy consumption/lOO kg grains 

produced. Similar results vith corn vere reported by 

Zatuchnyi et al. (1985) in Russia. 

Prasad and Mani (1986) found earthlng up (hiIllng soil 

around the plant base) 25 days after crop emergence to 

suppress veeds in India. Atrazine at 1.25 kg/ha in 

combination vith earthing up gave the best veed control and 

the highest tvo year average corn yields of 6.06 t/ha 

compared vith 5.00 and 2.58 t/ha vith atrazine and earthing­

up respectively. 

2.1.2.3 Control of Problem veeds 

Cultivation often hplps control problem veeds in row 

crops more effectively than herbicides. Glaze et al.(1984) 

reported that yellov nutsedge (Cycerus esçule~ L.) 

lncreased rapidly ln all herbicide programs tested but not 

in cultivated plots. Velvet leaf (Abutiion 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 alachior + .5 kg/ha dicamba 

in a four year continuous corn study (Hamill, 1983). Fisher 

et al.(1985) found Rottboe11ia exaltata(L.F.), an aggressive 

annual grass, to be more effectively controlled by two 

cu1tivations and one hand weeding or herbicide banding, 

cultivation and one hand weeding than herbicides overall and 

one hand weeding. 

However, both Hamiii (1983) and Glaze et al.(1984) 
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4 found plgweed to Increase ln cu1tivated systems only. 

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

crop situations in a survey of organic farmers ln Callfornia 

(Mcleod and Swezey, 1979). 

2.1.3 other Mechanical Weed control Hethods in Roy Crops 

2.1.3.1 Rotary hoelng 

An alternative to herbicides for controll1ng In-row 

weeds 1s the use of the rotary hoe. Patent records indlcate 

that a rotary-hoe type of implement has been ln existence 

s1nce 1839 (Gray, 1929). It destroys annual weeds in the 

germinating and early seedling stages, since the y germinate 

from shallow depths and have re1atively small, shallow root 

systems as compared to crop plants. 

Sclentlflc llterature on the use of the rotary hoe, 

particularly on corn, is limlted and recommendations for use 

are not weIl defined by published research data. However, 

several experlments were performed to evaluate its 

effectiveness on solid seeded and rov seeded soybeans in the 

1950's. 

Lovely et al. (1958) tested combinatlons of shovel 

cultivations, chemicals, and rotary hoeings ln 102 cm. rows. 

The use of three timely rotary hoelngs plus two cultivations 

was equal te or superior ta aIl treatments tested. The 

inclusion of herbicide treatments did not improve weed 

control except when only one rotary noeing was used. The 

researchers cautioned that the use of herbicide treatments 
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may be expeeted to add considerably to the cost of weed 

control, barr ing the development of relatlvely cheap 

herbic ides. In sol id-seeded soybeans, rotary hoe i ng 

per formed lie Il lihen weeds were germinatlng but not emerged. 

When repeated once or twice at approximately f ive 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 yields were 

reduced 50%. The e f fect i veness of the rotar y hoe was f ound 

to be reduced by wet sail conditions before or after hoeing. 

In a simllar study, Peters et al.(1959), made an 

additional eomparison of the timing of rotary hoeing. Timely 

rotary hoeings were made when weeds vere ln the "whi te" 

stage, less than 1/2 cm high vs. late rotary hoe 1ngs made 

7-10 days later. Weed control was more influenced by 

pract ie ing t imely rotary hoe i ngs than by wet or dry 50 il 

cond i t ions. In these trials the rotary hoe lias less 

effective in controlling weeds than that reported by Lovely 

et al.(1958). This may have been due ta its slow operating 

speed at 6. 5-8 km/h ( vs. 16-19 km/h as used by Love l y et 

al.(1958». 

In Georgia, Hauser et al. (1972) compared intensive 

cultivation, herbicides only and herbicides plus cultivation 

in soybeans. The i r data agreed wi th those of Love ly et aL 

(1958). Rotary hoeing in combination vith a la ter sweep 

culti vatian controlled annual weeds effectively and 

economically in soybeans. Costs of weed control ranged iram 

$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 herbicides 

comblned vith cultivatlon. 

Rotary hoes are aise commonly used by farmers to improve 

emergence on crusted soils and to enhance herbicide activ1ty 

paztlcularly during dry seasons. Knake et al.(1965), Peters 

et al.(1965) and Lovelyand Staniforth (1968) reported 

improved veed control from rotary hoe-herblcide weed control 

combinations. 

The rotary hoe can be used over a considerable range of 

field conditions, although it has proven less effective for 

weed control when the soil 1s excessive1y wet or extremely 

dry. Maximum weed control is obtained when the soil 15 

lightly crusted; when weed seed11ngs are germinating but not 

yet emerged (in the white); and when 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 Flnger Weeder 

Several weed control devices have been recently 

developed ln Europe to control weeds in corn. The German 

firm Rabewerke has Intzoduced the finger or tearaway weeder 

which is a very versatile instrument that can be used for 

weedlng ln row crops, and cereal grains, as weIl as sorne 

vegetable crops. The device is aiso belng built ln Holland 

and sold ln Canada by the Lely corporation. 

This device is used on a number of field crops 

successfully on the Lautenbach-Integrated Farming Systems 
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experimental farm in Germany. In the cereal fields it 1s 

used vith a modified rov spacing sa that the tractor tires 

do not run over crop plants (Steiner et al., 1986). 

The implement 1s a spr1ng tlned harrov, v1th numerous 

long, 

tension 

thin tines spaced at 4 cm. intervals. It has several 

settings for each tine (including mov1ng the tine 

position) vhich makes the device flexible for out of 

different crop growth heights, weed grovth stages and 50il 

conditions. The finger veeder can be used both across and 

along cr op rovs depending on the stage of crop grovth at 

speeds up to 12 km Ihour (Reimann, 1987). 

recently been introduced 

organic farmers primarily 

Island. 

to Canada and 

in Ontario 

The implement has 

1s being used by 

and Prince Edvard 

Scientlfic studies on other methods of mechanical weed 

control in row crops 1s lim1ted and exlsts prlmarl1y outs1de 

of North America. Vogtmann (1985) revleved sorne of the 

research that has been perforrned in Europe. In a comparison 

of costs for chemical and non-chemical weed-control in corn, 

mechanical methods vere found to be less 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-chemlcal weed control 

ln organic agriculture differs from that practiced in 
1 

conventional agriculture mainly ln the degree of emphasis 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 chemlcal and cultivatlon inputs would undoubtedly 

benefit aIl farmers as weIl as be environmentally desirable. 

Crops can be manlpulated in numerous ways to be more 

competitive with weeds and at the same tlme increase crop 

yleld. Some of the techniques that can be used include: 

- modifylng row widths 
- adjustlng seedlng rates 
- using aggressive varieties 
- crop rotation 
- mixed seedings 
- changing fertility management 

These methods are discussed through the following 

section with reference to practlces that may be relevant to 

farming systems in Eastern Canada. 

2.2.1 Row Wldths 

Greater flexlbillty 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 

production), Row spacings of approximately 100 cm. were 

popular before the widespread introduction of herbicides and 

21 
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slnce that time wldths as narrov as 18 cm have been used. 

Current recommendations in Ontario are for using 18 cm 

rovs in short season areas (Ontario Hinistry of Agriculture 

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 begun flovering. Soybeans planted in 15-25cm row widths 

approximate the Ideal pattern of equidistant spacings and 

should result in maximum ylelds but lack of effective weed 

control frequently 11mits the adoption of narrow rows. In 

the northern U.S. states, the researchers suggest that the 

majority of the advantages of narrow rows can be reallzed ln 

row widths of 37.5-50cm and leaving skips for the tractar 

whee ls. 

It has been weIl documented that narrow-row saybeans 

provide more shading than wide raw soybeans and this can 

improve control by herbicides. The major difflculty arises 

vith narrow roys when weeds become resistant ta the 

herbicides used and cultivatian 15 nct 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 ta provlde the weed 

control necessary to prevent substantlal yleld reductions. 

Wax recommended that if soybeans are to be grown in narrow 

rovs wlthout cultivatlon, they prabably should be planted on 
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acreage free of herbiclde-reslstant weeds and if these areas 

are not avallable, row wldths should be chosen that enable 

cultlvatlon. In a later study,Wax et al. (1977) found that 

Yhere a single herbicide treatment controlled only annual 

grasses, 76 cm rows (cul t 1 vated once) ylelded from 0 to 

almost 50\ more than the 18 cm rovs. Where combinations of 

more advanced herblc ides were used ta e ffect 1 vely control 

aIl veeds, soybeans ln 18 cm rows averaged up to 9\ hlgher 

yields than those ln the 76 cm. rovs. However, the economlcs 

of these systems vere not compared. 

Several studies have been performed whlch have compared 

veed control methods ln variable row widths. Peters et 

al. (1965) found that when herbicides vere used, soybeans in 

50.8 cm and 60.0 cm rovs usually required no more than one 

cultlvatlcn, whlle those ln 81.3 cm and 101.6 cm rows 

usually needed at least one and sometlmes tvo cultivations 

for good veed control and hlgh soybean yield. Over three 

years, a system vIth three cul ti vations and no herbicides 

produced approx imate ly 1/2 the veed dens i ty in 50.8 cm roys 

as compared to 101.6 cm rovs. Although cultivatlon was 

performed carefully in aIl treatments, root prunlng was 

noted on soybeans in 50.8 cm rovs cultivated more than once 

and ln one year thls accounted in a yield reduction. 

Wax and Pendleton (1968) evaluated crop and veed yields 

,15 Influenced by mechanical or chemical weed control at four 

ro,",' spac i ngs. Compared to the 101.6 cm r 0'1, yi e ld increases 

C,}f 10, 18 and 20\ vere shown for 76.2, 50.8 and 25.4 cm 

rows re3pectlvely. Weed control by either trlfluralin (2,6-
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dinitro -N-N- dflpropyl -4- trifluoromethyl) benzenamine) or 

cultivation was more effective in the two narrovest row 

spaclngs than in the 101.6 cm rows. The authors concluded 

that the 50.8 cm rov spaclng, vhich would allov at least 

one cultivation was the Most effective treatment. 

Working ln simllar rov vidths ln cotton (Gossyglum 

hirsutum L.), Rogers et al. (1976) obtained an excellent 

response to rov spacing and veed free maintenance periods. 

As little as six weeks of weed free maintenance was required 

ln cotton ln 53 cm rovs while vider rov vidths of 79 and 

106 cm required 10 and 14 weeks respectively to be veed free 

for maximum yields. 

Lovely and Staniforth (1968) ~eveloped a flexible 

soybean product ion system us Ing var lable row spac i ng tha t 

left 55 cm wide spaces for tractor tires. El ther s Ingle or 

pa lred rows could be planted in re lat 1 ve ly narro ... rO"'3 and 

cul tl vated out to leave 76 cm Inch spac 1ngs 1 f ther e vas a 

heavy weed infestation. Rotary hoeing, herbicides and palred 

rows ln cultivated treatments irnproved weed control and 

yields. 

2.2.2 Seedlng Densltles 

Comrnonly, organie farmers exeeed recornmended seeding 

rates by up to 25% to i ncrease campet i tian to weeds and 

allow for losses during eultivation (Patriquin, 1988). 

Generally, research trlals have proven that this not only 

helps to reduce weed gro ... th but crop yleld 13 Improved. 
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In 50 field trIals in Sveden during 1979-1983, 

Andersson (1986) found the yields of winter and spring wheat 

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

L.) increased vith sO..,lng rate up to 25-50\ above the normal 

rates for the country. The welght of weeds decreased both 

wlth Increased seed rate and with reduced rov widths (from 

18 to 6 cm). 

Barley seeding rates (180 and 90 kg/ha) had a much 

greater influence on lieed compet i tion than two row widths 

(la and 20 cm) in a study by Cussans and Wilson (1975). At 

the low seeding rate, 42\ more seeds of liild oats (Avena 

fatua L.) and 59\ more nev quack grass (Agropyron repens (L.) 

Seauv.) rhizomes were produced than at the high seeding 

rate. The authors stated that the tillering of a cereal crop 

occurs too late ta restrlct early weed growth to the same 

extent as having a high initial crop population. No crop 

yield data was reported to evaluate the influence on grain 

yleld. 

In Norway, Skuterand (1977) found that increasing the 

seedlng rate in oats (Ayena satIvaL.) from 150 to 300 kg/ha 

caused about a 50\ reduction in quack grass growth, however, 

grain yield was sllghtly reduced from 3780 kg/ha to 3660 

kg/ha. The researcher caut 10ned that increasing seed i ng 

rates too much could crea te other problems such as lodging 

and recommended a sow1ng rate of 250 kg/ha (30-50 kg/ha 

hlgher than average in Norway) if fields are infested with 

quack gr ass. 

Staniforth and Weber (1956) evaluated the effects of 
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.' annual weeds on soybeans of varlous denslty planted ln 102 

cm rows. By cultlvating betveen the rows the average yleld 

1055 due to weeds over several seasons research vas about 

10\. stud les on the re lat i onsh i p of soybean stand ta weed 

stand showed reduced yield loss from annual weeds when 

soybeans vere planted at 29-49 plants /m of rov than when 

the soybean stand vas 10 plants/m row (Weber and Staniforth, 

1957). 

Weil (1982) evaluated the effect of planting density 

and veeds on corn grain ylelds ln unweeded malze ln Malawi. 

As population increased veed dry matter decreased and grain 

corn yield increased (Table 1). 

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

Population 
(plants/ha) 

20 000 

40 000 

80 000 

Plant Spacing 
(cm) 

mean 

mean 

mean 

2.2.3 Crop Varletles 

Weed Dry Matter Grain Corn 
(t/ha) (t/ha at 15.5\ 

molsture) 

6.47 A 4.92 c 

4.71 B 8.78 b 

2.10 C 10.21 a 

Weil (1982) 

Varleties, particulary with soybeans, differ in their 

abil1ty to compete with weeds. The majorlty of trials in 

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

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 

was also competitive with common cocklebur (Xanthium 

pennsylvanlcum L. ). The authors suggested that unidentified 

varietal characteristics other than height and matulity date 

influenced Its abllity 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 dnd method of weed control (herbicide OI 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 

weed control. 

In the most comprehensive study performed to date, Rose 

et al. (1984), evaluated 280 soybean cultivars to determine 

competitive ability and aiso whether ailelopathy functions 

to inhibit surrounding weed growth. Later maturing soybean 

cultivars tended to compete more effectively vith 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 dlfferences among corn 

hybrids ln thelr abll1ty to compete with weeds. A late 

maturing hybrld experienced a lower yield as weed 

competition became pronounced at a more vulnerable growth 

periode He suggested that the early maturing hybrld obtained 

a higher yield as 1t was past a critical period in growth 

before the onset of intense foxtail (Setaria viridis (L.) 

Seauv.) competition. 

Patriquln et al.(1986) evaluated three modern and three 

traditional oat varieties for their ability to compete with 

weeds. AlI three tradltional var1eties competed well against 

weeds whlle only one of the modern varieties ~as 

competitive. 

Fay and Duke (1977) screened 3000 accessions of Ayena 

~. germplasm for their ability to exude a naturally 

occurr Ing 

inhlbltlng 

compound (scopoletin) shown 

properties. When one of the 25 

to 

h1gh 

have root-

scopoletln 

varleties identified ~as grawn vith wild mus tard (Brassica 

ka~ (0 C.) L.C. Wheeler), the mustard grovth vas 

slgnlficantly reduced. Symptoms vere indicat1ve of chem1cal 

rather than simple competition but analysis of cutture 

solution revealed levels of scopoletin too lo~ to cause the 

observed effects and the authors suggested that other 

compounds vere involved. 

The response of 14 barley varleties used ln S~eden to 

conventional or organlc systems vas evaluated by Rydberg 

(1986). Generally, the best performing varleties in the 
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organlc systems were late maturlng varletles that were hlgh 

ylelding and competitive against weeds. Larger dlfferences 

ln weed blomass vere found betveen growing systems (lower in 

the case of the organic) than varleties. 

Wlcks et al. (1986) evaluated the impact of summer 

annual weeds on 20 wlnter wheat cultivars in Nebraska. Most 

cultivars that vere 83 cm or taller vere good competltors 

while several cultivars 73-78 cm tall were poor competitors. 

Two semi-dwarf cultivars vhlch vere among the shortest 

tested (72 and 75 cm) vere among the best in 

competitiveness with veeds. Certain cultivars and related 

germplasm lines were identified as having either good or 

po or weed competitiveness. The authors suggested that 

selection of cultivars that are better competitors to weeds 

could reduce herbicide, fuel and labour costs. 

2.2.4 Crop Rotation 

It is weIl recognized by farmers and researchers that 

crop rotations can make significant contributions to 

Improvlng weed control. Hovever, 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 attrlbuted 

to improved insect, disease, soil structure and soil 

fertillty and the successful use of reduced tillage. From a 

weed control perspective, the majority of studies have 

focussed on using crop rotation as a means to rotate 
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herbicides to improve veed control vith little evaluation of 

the cultural impacts of rotations themse1ves on veeds. The 

most common cultural recommendations in integrated and 

organlc systems Include; a rotation of competitive and non­

competitive crops, increasing ground coyer through the 

alternation of vinter, summer and cover crops, and 

perennial legume based forages which restore soil 

use of 

fertility 

and enable mowing or intensive rotational grazing to control 

perennial weeds (patrlquin, 1988; Steiner et al., 1986; 

Peters, 1986; Vogtmann, 1985). 

In the majorlty of crop rotation 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; Tulikov and 

Sugrobov, 1984). It is also well documented that perennial 

weed species such as quack glass invade monoculture systems 

more easily than multlculture systems (Conn, 1987; Kreuz and 

Elsner,1986; Walker and Buchanan, 1982). However in auebec 

and ontario, the strategy to reduce quack grass growth for 

many farruers has becn to switch to extended corn 

monocultures and use atrazine for control. The impact of 

thls approach 15 that it perpetuates the quack grass problem 

and degrades the biological efficiency of the cropping 

system on both cash crop and livestock based farms. An 

example of how this can have negative impacts on a dairy 

farm are outl1ned below. 

The economlc performance of the corn as well as the 
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forage may dec11ne conslderably. Second and thlrd year corn 

1s lower y1elding and requ1res larger quant1t1es of 

purchased chemical inputs (insecticide and nitrogen 

fertilizer) than first year corn (Curnoe, 1982; Hicks and 

Rehm ,1986). Weed control in corn can also become more 

difficult when extended corn sequences occur and weed 

control is based on atrazine use (Ammon, 1986). Maintaining 

the same acreage of crops withln the farm, results ln the 

life of the forage stand being lengthened (If corn and 

alfalfa are grown on 40 % and 60 % of the land base 

respect1vely then if the corn rotation 1s extended to three 

years the alfalfa would be staying in the field for 

approximately 4.5 years). This decllnes both forage 

quantlty and quality as the alfalfa content declines and 

invasion of perennial weeds such as dandelion (Taraxicum 

officinale Weber.) and quack grass increase with the age of 

stand (Janke, 1987). As the legume content of the forage 

decllnes nitrogen fertllizer May be required on the Iast 

severai years of hay crops as weIl as throughout the three 

years of corn production. This can perpetuate the problem as 

large quantitles of nitrogen fertilizer in the farming 

system have been 

(Hoogerkamp,1975) . 

found to promote quack grass invasion 

The corn-atrazine scenario, that has 

been created because of the quack grass problem, no doubt 

has had major negatlve impacts on sail fertliity, CIOp 

rotations and the natural competitive advantage that 

aggresslve crop varietles planted in rotation have over 

weeds. 
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Replacement herbicides to atrazine such as glyphosate 

have major limitations for use in quack grass control. 

Glyphosate (N-(phosphonomethyl) glycind is a more expensive 

product than atrazine and farmers flnd It dlfficult 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). Ouack grass control by 

glyphosate after harvest Is frequently performed by waiting 

one month after cereal harvest and spraying the quack grass 

regrowth. However this system also has its dlsadvantages in 

that annual weeds have an opportunity to complete thei! 

lifecycle prior to chemical kill, and there can be a 1055 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 is required 

for the successful suppression of quack grass with1n a 

profitable farming system without major rellance on 

herbicides. Careful selection of a crop rotation that 

enables judicious use of tillage, the growing of nltrogen 

depleting species with large root masses near the surface 

such as ryegrass (Lolium multiflorum Lam., rye (Secale 

cerealeL.) and Brassicaceae (particularly as cover crops 

during regular periods of crop production), grazing or 

frequently cutting short rotation perennial grasses in 

mixtures with forage legumes, and closing the nltrogen cycle 

as much as possible vithin the cropping system are ail 
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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). Sorne of these methods will 

be discussed further in section 2.4. 

2.2.5 Mixed Seedlng 

Growing mixtures rather than pure stands of barley and 

oats is a common form of intercropping used in Eastern 

Canada. Provincial agricultural statistics show that mixed 

grain consistently outyields pure stands of barley and oats 

(Ontario Ministry of Agriculture and Food, 1987b). In large 

plot studies, Fejer et al. (1982) concluded that growing 

barley and oats in mixtures produce sorne improvements in 

yield and protein content when compared with means of pure 

stands. 

Sorne potential may also exist for mixtures of varieties 

to provide greater crop yield 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 % lover on average than in pure 

seedings. Yields were higher in mixtures (1.5 % on average) 

than in the!r corresponding pure stands particularly when 

the epidemics developed early in the season. In spring 

barley, Gieffers and Hesselbech (1988a) observed greater 

yield Increases from mixtures than in the winter barley 
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." studies. 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 thelr 

higher components, mixtures provlde valuable Insurance 

against environmental hazards of year and location thus 

assuring more stability in production. It is weIl documented 

that mixtures reduce disease incidence (Browning and 

Frey,1969; Wolfe 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(Alterl and Llebman, 

weed biomass in a barley and pea mixture was 

than that of a pea (Pisum sativum arvense 

monoculture and equal to or slightly reduced 

1986) found 

40-60\ less 

(1.) Poir.) 

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 ove! the two seasons. However, 

the results obtained were from additive mixtures of the two 

components for the intercrops. 

2.2.6 Mineral Nutrition and Soil Fertllity 

Walker and Buchanan (1982) revlewed the llterature on 

manipulation 

disfavour 

phosphorus 

Integrated 

of 30il fertility to 

weeds. They concluded 

and nltrogen offer the 

weed management systems. 

favour the crop 

that manipulation 

most potentlal 

Nltrogen was the 

and 

of 

for 

more 

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

An adverse effect from nltrogen ln a soybean varlet y-

veed trial vas observed by Staniforth (1962). Foxtail grovth 

vas lncreased due to resldual nltrogen from a prevlous years 

corn crop and thls resulted ln greater soybean yield 

reductlons. 

In a farmlng systems trial involving a rotation of 

corn-soybeans-corn-oats(green manure), soybean yields vere 

compared for an organic system to a fertllizer only system 

and a herblcide-fertl1izer system (Sahs and Lesoing, 1985). 

The 75 cm rov soybeans recelved two rotary hoelngs (pre-

emergence and at the 2-3 leaf stage) and at least two 

cultlvatlons ln the no-herbicide treatments and broadcast 

herbicides in the herbicide-fertilizer treatment. The seven 

year soybean yield average vas 2.08, 2.35 and 2.35 t/ha for 

each of the organic, fertillzer only, and herbicide 

fertl1izer systems. The authors attrlbuted the lower yield 

for the organic soybeans to a severe grass veed problem that 

Was particularly bad in the last two years. Durlng the trial 

soil nitrogen and phosphorus increased significantly from 

manure applications to corn in the organic treatment. Total 

nltrogen for the organic treatment was .201\ compared 

to .166\ and .169\ for the fertillzer only and herbicide­

fertilizer systems respectively. Total phosphorus increased 

by over five fold ln the organic system. 

Patrlquin (1988) in a review of the fertility-veed 

concept stated that he has observed excessive growth of 
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weeds on organic farms where 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 unweeded corn, Weil (1982) 

observed that corn was favoured over weeds when nitrogen 

fertilizer was placed where crop roots could easily reach it 

but weeds cou Id 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 fertillzer 

treatment, treatments respectively. The Most effective 

produced excellent corn grain yields of 12.12 

totally unweeded plots where 120 kg nitrogen and 

phosphorus were band applled. 

t/ha 

22 

on 

kg 

McBreath et al. (1970) and Sexsmith and Russell (1963) 

investigated the effects of nltrogen and comblnations of 

nitrogen and phosphorus on the growth of wild oats in spring 

cereals. Although the response was varied, generally it was 

in favour of wlld oats unless the crop established an early 

competitive advantage. 

Thurston (1959) found that wild oats and cultivated 

cereals benefitted equally from nitrogen fertillzer added ta 

the soil. Pfeiffer and Holmes (1961) suggested that drilling 

the fertllizer with the deslred cereal seed Instead of 

broadcasting may lead to suppression. Reinertsen et 

al.(1984) evaluated this theory with wild oats in spring 

wheat. Surface applied fertilizer nitrogen slgnlficantly 
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increased wild oat grovth compared to the system where 

nitrogen fertilizer was placed below the seed. In addition 

banded nitrogen increased total dry veight, nitrogen uptake 

and grain yields of wheat. The authors stated that these 

responses indicated that banded fertilizer ü!t~0~~~ vas 

positionally more available to wheat than vas broadcast 

nitrogen. Surface applied nitrogen stimulated vild oat 

emergence. 

Rice (Oryza satiya L.) has benefitted more than weeds ln 

nitrogen manipulation studies by Smith and Shaw (1966). They 

found that if nitrogen applications vere delayed until after 

barnyardgrass headed, the crop benefitted more. Smith and 

Shaw (1966) also produced excellent results vith phosphorus 

manipulation in rice. When phosphorus was applied at 

planting it stimulated veeds to advantage. When phosphorus 

vas applied to the rotation crop prior to rice, weeds were 

not st1mulated and adequate phosphorus vas available for 

rice growth. Another successful method the researchers found 

vas to place phosphorus several inches below the rice at 

planting. 

The natural fertility of the soil, although difficult 

to manlpulate in the short term 15 undoubtedly affected by 

cropping practices. Patriquin et al.(1981) tested hov the 

natural fertility of the soil would influence growth of a 

fababean (Vicia ~ 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, optimal planting timej 
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the higher the natural fertility, the better the crop will 

do and the fewer the weeds at harvest. The sites with 

higher total biomass (higher natural fertility) had a ratio 

of crop:weeds 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 low total 

biomass did not significantly improve crop yields. When high 

nitrogen fertilizer was compared to high natural fertility 

it vas found that the nitrogen fertilizer favoured the weeds 

or detracted from the natural advantages of the crop 

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

One of the Most under utilized methods of improving both 

cr op pr oduct i on and weed management 1s the use of 

interseeded caver crops and fall seeded catch crops. 

Numerous advantages to their use can be reallzed including 

reduced erosion, Increases ln 5011 tilth, additions of 

organic matter, nitrogen fixation, improved nutrient 

cycl1ng, and weed suppression. Lack of use of green 

manuring and the resulting drop in natural fertility of the 

sail 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 ta exist on current knowledge on 

how to economically incorporate cover crops into present day 

farming systems. Interseeded cover crops in particular need 

ta be managed properly sa as not to compete significantly 

vith the main crop. Also a greater understanding of caver 

crop management needs to be evaluated in rotations as much 

of the research has been performed in ei ther continuous 

spring cereal or continuous corn systems. 

2.3.1 BeneficiaI Effects 

2.3.1.1 5011 erosion and ground cover 

Intercrops and caver crops can have dramatic effects on 

reducing soil 1055. The over riding principle of erosion 

contro lis the dura t i on and intens i ty of vegetat ive caver 

(Siddoway and Barnett, 1975). Mannering and Fenster (1977) 

maintain that th1s 1s because of the direct effect of 
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qrowing vegetat ion and i ts pr otect ive and stabi 11 z i ng 

influence on solls as well as the residual effects of 

veqetati on ln stabi11z1ng 3011 structure. 

ln Germany, Schafer (1986) evaluated the effect of 

catch crops and reduced cultivation on sol1 eroslon in corn. 

Catch crops reduced runoff ta 12% of that from bare fallow 

and 25\ of that from corn a lone. 1 n vi nter and dur i ng heavy 

rain in early summer the cover crops ",ere particularly 

effective, reducing sail losses by 50% after closure of the 

corn canopy. 

Scott et a1.(l987) performed extensive studies on ground 

caver 

qrass 

i mprovements from i nterseed ing var i ous 

species in corn used for 5 i lage. The most 

legume and 

effective 

species and mixtures for increasinq ground caver ",hen 

standard corn populations and nitrogen fertilizer rates vere 

used vere ryeqrass or red clover-ryegrass mixtures. Average 

November ground caver was improved appr oximate l y fi ve fald ta 

68-85\ while May gr ound coyer vas lncreased 15 fo Id to 67-

88%. Rye seeded after silaqe harvest provided apprJximately 

35% fall cover and 60% spring ground cover. An additional 

advantage of increased ground cover through undersown maize 

is the reduction of sail compact Ion at harvest (Vogtmann, 

1985) . 

2.3.1. 2 So11 organlc matter addl t 10ns 

Cover crops affect the rate 0 f 1055 0 f or ganlc carbon 1 n 

cropping systems through reduced erosion and incorporation 
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of organic mater iaI. PIeters and McKee (1938) state "the 

main abject of green manuring must be ta maintaln rather 

than increase the quantity of organic matter in 50115". 

However, this was at a time when many of our soils had high 

levels of organic matter. More recently it has heen 

generally accepted that green manures will maintain or 

increase organic matter or malntaln or lncrease 5011 

nitrogen levels but not both at the same time (Allison, 

1973; Warman, 1980). 

MacRae and Mehuys (1985), ln a revlew on the effects of 

green manures, 11 st 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 weU understood. However, the majority of studles 

indicate that organic-matter accumulation from green manures 

i5 enhanced by plant mater ials res istant to ready 

decomposition. This can be plant materia1 typica11y 10w in 

nitrogen i. e. 1. 5% ni trogen or less on a dry we ight basis 

(Sowden and Atkinson, 1968; Warman, 1980) or material of 

high percentage lignin (Leuken et al., 1962). 

In the past 50 years organic matter levels have 

decl i ned cons iderably in intensi vely cropped areas and this 

could perhaps be affecting the more recent conclusions. 

Joffe (1955) suggests that once a cu1tivated soi1 reaches an 

equilibrium level in soil organic matter, no management 

practice can lower It, and then It would be more feasible to 

increase 50 i 1 organlc-matter content by incorporating green 

manures. 
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2.3.1.3 Sail physical properties 

Aggregate stability tends to increase more rapidly 

under grasses than legumes (Clarke et al., 1967; Tisda11 and 

Oades, 1979), particularly grasses such as ryegrass, which 

has an extensive fibrous root system. 

Working with summerseeded green manures in Ohio, 

Hortensen and Young (1960), found ryegrass to promote 

greater 50 il aggregate stabill ty than sweet cl over 

(Melilotus ~ Desr.) or alfalfa whlch had no significant 

effect. 

Tisdall and Oades (1979) found that the root system of 

ryegrass was more e f fic ient than that 0 f ..,h i te cl over 

(Trifolium repens 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 5 i x year per i od of green manur i ng in a 

continuous spring barley system on a sandy 5011 in Denmark, 

stokholm (1979) found Itallan ryegrass and red clover 

(Trifollum ~~ L.) to give a slgnificant improvement in 

aggregate stability. At another site on a clay loam sail, 

Italian ryegrass was followed by white mustard (Brasslc.;l 

hirta Moench) as the best two green mamlres for increasing 

porosity in the soil. 

In a one year study, Ampong (1985) found no slgniflcant 

effects on aggregate stability from either undersown red 

clover or alfalfa. Benoit et al.Cl962) working wlth a rye 
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cover crop after corn found that annual additions 

necessary for several years before aggregate 

increases. 

2.3.1.4 Reduced nitrate leaching 

may be 

stabi1ity 

Schriefer (1984) states that the 10ss of broadcast 

nitrogen in corn is approximately 40-60\. Leaching of 

5ubstantial quantlties of nitrogen 15 a ser10us 1055 in the 

farming system and can Increase the rlsk of pollution of 

drain vater and groundwater. Cover crops can decrease the 

leaching of nitrogen in addition to preventing surface 1055 

of nutrients by erosion. 

In Denmark, Hansen and Rasmussen (1979) examined the 

impact of using reduced cultivation and green manures to 

prevent nltrogen leaching in a continuous spring bar1ey 

system. Traditional cultivation systems of fall stubble 

treatment followed by a November ploughing resulted in 

leaching of 39 kg nitrogen/ha ln the first year vhen vater 

discharge was 400 mm, and 17 kg nitrogen/ha in the second 

year vhen vater discharge was 200 mm. Reduced cultivation 

through strav mu1ch lovered nitrogen leaching by 40\. A 

system of strav mulching plus a second crop green manure of 

white mustard resulted in a nitrogen 1055 reduction of about 

80\ vith 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 nltragen. This demonstrates the grass cover 

craps potential to capture residual soil nitrogen and this 

could prevent nltrogen leachlng after corn sllage harvest. 

If the following crop was a nltrogen fixing legume such as 

soybeans, the system cou Id be used to advantage without 

reducing the following crops yield. 

2.3.1.5 Nltrogen production 

The ability of plowdown legumes ta supply nitrogen 

within a farming system is weIl documented. It has been the 

subject of considerable research interest in the past 10 

years. However achieving nitragen self sufficiency through 

the use of interseeded caver crops in Eastern Canada is more 

difficult than ln mare southerly c1imates 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 legumes lS 

rarely successful and the spring grawth period of legumes 

before tlmely plantlng of nltragen demanding crops 1s 

llmited. 

The largest quantlties of nitrogen being produced from 

interseeded caver crops are in spring and w1nter cere~l 

grain systems. Norris (1981) compared nltrogen production 

of red claver from seeding under wlnter wheat, 

oats. Averaged over two stubble heights, 

barley and 

the highest 

nltragen production was obtained from wlnter 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 whlch ln the case of oats 

was 13 days later than winter wheat and barley. The barley 

plowdown system produced lower quantlties of nitrogen than 

winter wheat due to lodging at barley harvest which slowed 

growth of clover seedllngs. 

Fulkerson (1982) found that nltrogen production could 

be increased 20% from red clover plowdown ln 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. 

(July 20), 

significant 

When oats were harvested as a silage 

Bruulsema and Christie (1987) found no 

differences in nitrogen production between Mammoth red 

late alfalfa, clover Medium red clover and early or 

Average nltrogen production was 140 kç/ha from 32 varieties 

and common lots tested. However over a four year 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 claver and alfalfa (Medicago sativa 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 conve:ltional rates of nitrogen were applied to 
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corn used for silage, interseeded red clover was the best 

performing species, producing approxlmately 55 kg 

nitrogen/ha by spring plovdown. 

2.3.2 Interseeded Cover Crops ln Cereals 

Several systems of caver crop management can be used to 

take advantage of the 2-3 month growth period after harvest 

of winter or spring cereals. Cover crops can be undersown at 

planting in the case of spring cereals, oversown in bath 

establ ished spr ing and wlnter cereals or grown as a second 

cr op after cereal harvest. 

2.3.2.1 Effect on seeding year grain yleld 

One of the concerns vith interseeded caver crop systems 

(i.e. undersown or oversown) is that they can compete with 

the main crop. Forrest (1985) tested numerous species and 

varieties so",n at planting over a five year period and found 

barley yields were not redueed while excellent plowdown 

crops vere obtained. The findings of nine trials over five 

years found barley yields of 3215, 3216 and 3271 kg/ha for 

plots undersown ta double eut red claver, single cut red 

clover and not undersown respectively. 

Neither barley or oat varieties vere affeeted when red 

clover was seeded at planting or when seed ing was delayed 

until 10 days dfter planting (GambIe, 1980). However the 

red clover plants showed redueed vigor and partieularly poor 

forage establishment oecurred with the delayed seeding. 
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\ Italian ryegrass, seeded at 20 kg/ha, was found to give 

over a 25% yie1d reduction in d one year barley study in 

England by Cussans (1972). Undersown red clover at planting 

and oversown white mustard and oilseed rape (Brassica 

campestris L.) in mid-June tended to increase barley yield 

and the increase reached a statistically significant level, 

in the case of one of the varieties of oi1seed rape. In the 

second year of the study Italian ryegrass was replaced by 

perennial ryegrass (Lolium perenne L.) and the varietles of 

ollseed rape changed. No slgniflcant yie1d dlfferences were 

found although there was a tendency for ylelds to be 

depressed by undersoving red clover or ryegrass as compared 

ta 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 vere suggested that 

would result ln a wheat yield reduction of 131 kg/ha. 

Studles 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 lowered cost for 

nitrogen can result from using a cover crop. In a continuous 

barley production system in Denmark, stokholm (1979) studied 

the effects of caver crops on grain yields on a sandy 5011 
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and a clay loam soil over a six year periode Yield 

reductions of 1030, 620 and 300 kg/ha vere obtained from 

underseeding Italian ryegrass, black medic, and red clover 

respectively. White mustard and fodder rape (Brassica naDUS 

L.) had no significant effect on crop yields. 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 

was determined on a barley crop seeded vith no cover crops. 

AlI previous systems vith cover crops had positive effects 

on yields vith white mustard, red clover and fodder rape 

being superior. At the lowest nitrogen level (30 kg/ha) the 

yield vas increased 880, 800 and 670 kg/ha for each of the 

three species respectively. 

On the clay loam site similar responses were obtained 

in the final year with average yield increases across 

nitrogen levels of 410, 400 and 380 kg/ha respectively for 

each of fodder rape, red clover and white mustard. In the 

six previous years. none of the species had significant 

yield effects on barley although the red claver increased 

yields 290 kg/ha at the lowest nitrogen level used. 

Kundler et al.(198S) evaluated the effects of stubble 

crop green manuring vith crucifers and different methods of 

tillage on yleld of continuously cropped wlnter wheat and 

continuously cropped spring barley over a nine year perlod. 

The highest yields in both cereal systems were obtained from 

the intermediate tillage system (protective tillage wlth 

medium deep (25cm) plowlng 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 

wlnter wheat and 16% ln sprlng barley were obtalned over the 

conventionally tilled system without green manure use. 

More frequently in 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 sllghtly hlgher for the alfalfa at 6650 and 

7650 vs. 6400 and 7275 kg/ha for the red clover following 

the companion crop and direct seeding methods respectively. 

No check yields were reported . 
. , 

d When forages were direct seeded or undersovn 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 vere similar for 

aIl specles and cultivars. In general, legume plowdown 

supported corn yields equivalent to those receiving 90-125 

kg/ha of nitrogen. Maximum economic corn yields were 

achleved with approximately 150 kg N/ha in check plots. The 

researchers reported there appeared to be no association 

wlth 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 substantlally higher than that 
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reported by others working vith different species. 

Forrest (1985) carried out numerous trials on plowdovn 

species established under barley and their effect on corn. 

In a trial eomparing single cut red clover, double cut red 

clover, alfalfa and an annual alfalfa, double eut 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 eut 

red clover or ni trogen rates of 0 and 150 kg ni trogen/ha 

respectively. Although the yield vas slightly lo~er vith the 

double cut red clover there vas a $26/ha advantage in net 

farm income from using the clover to supply ni trogen to the 

corn. Forrest reports that additional trials are currently 

undervay that suggest eeonomie yield increases can be 

achieved by using small quantities of nitrogen fertillzer 

along vith the plovdovn. 

2.3.3 Interseeded Cover Crops in Corn 

Interseeding of legumes and grasses ln corn crops was 

commonly used in the United states before the videspread use 

of herbicides. In Pennsylvania in 1840 it was reported "A 

first rate agriculturalist and a member of the state senate 

is aceustomed 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). In the folloving years a variety of other crops vere 

used, both legumes and non-Iegumes, 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 coyer 

because of the ease vith vhich a stand may be secured and 

the large amount of organlc matter added to the soil 

(stevenson, 1955). 

In the 1950' s extensive research vas done on corn­

forage Intercropplng, pr imar ily to evaluate corn as a 

companion crop for forage crop establ ishment. Many 

recommendat i ons vere produced: 

-planting vide spaced corn rows of 60-80 inches 

(Stringfield and Thatcher, 1951; Larson and Wil1is, 

1957; Schaller and Larson, 1955) 

-drllling and packing alfalfa over a fertllizer band 

(Tesar, 1957) 

-cultivate t...,ice and seed alfalfa 

cult i packer type seeder up to the 

ln corn (Jackobs and Gosset, 1956). 

in corn wi th a 

s lx leaf stage 

-prevent excessive ridglng on the corn rows by planting 

ln the tract ors wheel tracks, culti vations then fi 11 

in the depress ion ln whlch 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 

rovs (Vandoren and Hays, 1958) 

More recently 

establishment of 

Alfalfa stand 

Nordquist 

alfalfa in 

and Wlcks 

irrigated 

(1974) evaluated 

corn conditions. 

and yield ...,ere increased 27'\ and 9\ 
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respectlvely, when alfalfa vas planted simultaneously vith 

the corn and the corn harvested as si lage as compared ta 

interseeding at final cultivatlon in grain corn. Scott et al. 

(1984) evaluated the feaslbll1ty of establlshlng short term 

red clover hay crops by intercropplng and obtalned ylelds 

67% that of direct seeded red clover stands. 

2.3.3.1 Effect on seeding year corn yield 

The feasibility of using interseeded caver crops ln 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 ls that the Intercrop should have little Impact 

in the seeding year on the corn yield. Studies evaluating 

the seeding of corn and forages at the 

substantial yleld reductlons averaging 

(Ampong, 1965; Nordquist and Wicks, 

same time sho~ed 

approxlmately 25% 

1974; Jackobs and 

Gosset, 1956; Schaller and Larson, 1955; Tomar et al.,198a). 

Alfalfa may be more competitive than red clover when seeded 

at this time (Ampong, 1985; Tomar et al., 1988). 

Studies have also shawn that corn yields were nat 

affected by intercrops during the year of establIshment 

provided that corn was .15 ta .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 lrrigated conditions, Nardquist and Wicks (1974) found 
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yield reductions of 3\ when alfalfa was interseeded at the 

final cultlvatlon ln corn. However dwarf corn hybrids were 

Included ln the average. 

2.3.3.2 Biomass production 

In New York, Scott et al.(1987) performed extensive 

studies evaluating 18 specles and varietles as intercrops 

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 dry 

matter production. Perennial ryegrass and rye (Secale 

cereale L.) could be successfully seeded at mid-si:!.k and rye 

and rye-hairy vetch (Vicia sativa 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 ryegrass seeded at .15-.30 m in 

height or at mld silk produced the largest total blomass. 

Tata l b i omass produced by the ryegrass treatments averaged 

3300 kg/ha whl1e the red clover produced approximately 1800 

kg/ha. When the system was managed in a continuous corn 

sllage system without nitrogen over five years, corn yields 

dropped substantlally particularly in the annual ryegrass 

treatment where leaf ear nitrogen was consistently lowest. 

Without nltrogen, 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 was 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 molsture and 

nitrogen as previously found by Kurtz et al.(1952). 

In a one year study in Ontario, Ampong (1985) found 

that red clover seeded in grain corn after one cultivation 

produced approximately 425 kg/ha of shoot biomass by faii 

compared to 2 00 kg/ha for a l fa Ha. A s ys tem w i th no 

cu1tivation provided 340 kg/ha and 230 kg/ha of shoot 

biomass for red ~lover and alfalfa respectlvely. 

Working with sweet corn, Vrabei (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 

sorne 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 severai species of forage 

in corn havlng 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 claver and 

annual ryegrass respectively. At the second seeding tlme, 

spring shoot biomasses of 1188, 840, 474 kg/ha were produced 

for each of the three species. Corn grain ylelds followlng 

plovdown were lnfluenced by the cover Crap specles and 

nitrogen rate. Highest yields were obtained from the hairy 

vetch p1ovdown treatments that received 110 and 165 kg/ha of 

nitrogen. 

54 



2.3.4 Interseeded Cover Crops ln Soybeans 

The most common interseeded cover crop used in soybean 

production systems in Canada 1s winter wheat either direct 

drilled or aerial seeded into standing soybeans. No research 

has been done on the aer ial seeding system to date but 

farmer recommendations are that a late soybean var iety 

should be solid 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, 

1nterseedings of forage legumes and grasses have been 

successfully established (Palada et al., 1982; Robinson and 

Dunham, 1954). Ho ... ever, in ro ... wldths of 75 cm or less, 

aerial seeding at leaf drop may be the only way of 

establishinl." forages ln soybeans. This method of 

establishment would l1kely be restricted to longer season 

areas only. 

2.3.5 Weed Suppresslng Effects of Interseeded Caver Crops 

The use of live mulch and Interseeded cover crops as 

methods of ... eed control appear to offer great promise as a 

method of weed management (Altierl and Liebman, 1986). A 

major problem Wl th the technique is that in addition to 

suppresslng weeds the main crop yield can suf fer 

competition. 

Akobundu (1980) defines live mulch as a crop production 
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technique in which a food crop is planted directly in the 

living cover of an established cover crop without tillage or 

destruction of the fallow vegetation. However, others 

consider living mulch systems to 1nclude forage seedinqs 

made at and after main crop planting (Hinton and Minotti, 

1982). 

2.3.5.1 Weed Suppression and Crop Suppression 

In Nigeria, Akobundu (1980) found ..,eed infestation ln 

corn was heaviest in unweeded conventionally tilled and no 

tillage plots, but very 10.., ln un..,eeded live mulch plots of 

centro (Centrosema Dubescens Benth) and psopho (PsoDhocarQYs 

palustris Des.). Corn yield ..,as reduced ln aIL 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 reduclng weed Interference in 

otherwise impoverished 50ils of the humid tropics. 

Degragario and Ashley (1986) screened 57 entries for 

use as living mulches/cover crops for no-till vegetables and 

selected several mulches that through tlmely mowlng could 

control weeds weIl and produce hlgh snapbean 

vulgaris L.) yields. A rapldly maturlng "'lnter annual, fIeld 

brome (Bromus arvensis L.) requlIed no mowlng prlor to 

planting and produced high bean Ylelds. IICompan i on" a 

commercial mixture of 80% "Elka" perennlal ryegrass and 20% 

Ensylva creeping red fescue ( Festuca rubra L.) provlded 
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outstanding weed control, bean yields were nct significantly 

different from the field brome. Weed dry weight of 

"Companion" was equivalent ta 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 Itallan ryegrass 

living mulches produced the fewest weeds but lowest corn 

yields. The researchers noted that weeds did not occupy bare 

spots ln "Companion" plots including dandelion which was 

present in aIl other entries and the weedy control. Ogg 

(1983) reported that in a Washington orchard study, "Elka" 

perennial ryegrass reduced dandelion by 95% and annual weeds 

by nearly 100%. 

In 

(1976 ) 

corn production studies in 

has found that a livlng 

Pennsyl van ia, Hartw i g 

mulch of crown vetch 

(Coronilla varia L.) can be a competitive form of weed 

control that suppresses yellow nutsedge. Hartwig (1985) 

reported that he has maintained crown vetch seedings in 

excellent condition after 10 years in a no-till rotation 

w\th corn, small grains and forages and almost totally 

eliminated soil erosion. Crop ylelds are reported to be 

reduced not more than five ta ten percent. 

Vrabel et al.(l980) evaluated various legume mulches in 

corn and found ladino and white claver mast effectively 

suppressed weeds while red clover was least competitive. 

Seeding livlng mulch five weeks priar to corn seeding rather 

than bve weeks later provlded better weed control but 

lawest corn yields. 
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Soybeans sown ln narrow raws with wlnter wheat or 

winter rye at time of planting yielded as much or more than 

soybeans without companion crops in unweeded narrov rovs or 

normally cultivated wide rows in a study by Robinson and 

Dunham (1954). Campanion crop weed control was superlor vith 

the rye and about equal to that achieved by cultivation. 

Under Minnesota conditions they concluded that intersoving 

wheat or rye into soybeans was a relatively inexpensive 

method of 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 winter wheat on farmers fields and Eound 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 aIl of the above studies, if weeds vere 

adequately controlled by interseeded coyer crops, yields 

vere reduced from cover crop competition. When herbicides, 

mowinq or growth regulators are used to suppress the coyer 

crop, yield performance vas generally lmpraved but the cast 

of using the living rnulch technique would also increase 

(Vrabe1 et al., 1980; Hartwig, 1976; Akobundu, 1984). 

3.3.5.2 Suppressing late weed flushes and perennial weeds 

Perhaps a more practlcal objectlve to avoid reducing 

the main crop yleld 15 ta inter5eed cover crops with the 
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goal of suppressing la te growth and flushes of annual weeds. 

RenlUS (1961) states that green rnanures can be especially 

ef fective in reducing growth of la te germinating weeds. 

Palada et al. ( 1982) 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 
Ove rseed i ng 

A. 35 DAP 

( f lrst 

cultlvatlon) 

B. 47 DAP 

(second 

cultlvation) 

Legume 
Species 

medium red 

hairy vetch 

control-no 

medium red 

halry vetch 

control-no 

Grain Yield 
(t/ha) 

clover 7.30 

7.13 

overseeding 7. 49 

clover 6.96 

7.35 

overseeding 7.13 

\ Weed 
Reduction 

76 

72 

40 

27 

-------------------------------------------------------------
DAP = days after planting palada et al. (1982) 

Other researchers have found a reduction in perennial 

weed growth and reproductlon after harvest from the use of 

Interseeded cover crops. A number of studies have been 

perforrned ln England on the effect of interseeding cover 

cr op speCles on quack 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 

bar l ey and barley undersown with Italian ryegrass and red 

clover. Sorne of the quack grass could not be found in 

December, particularly in the clover plots, and the 
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researchers could not be certain if it had dled. Assumlng 

the rhizomes were alive and equal 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 were 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 quack grass, which was lnitially planted at 

third years of the study used underseeding in both fababeans 

and barley and found large differences in quack grass grûwth 

(Table 3). 

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

1970 1971 1972 
Treatment Barley Bar ley Fababeans Bar ley Fababeans 
------------------------------------------------------ ------

( quack 

No undersow 1 ng 4.7 

Italian Ryegrass 1.8 

Red Clover 2.2 

(.7g dry quack grass 
planted per station) 

grass dry 

4.0 

1.9 

.5 

matter in 9 1 statlon * ) 

18.0 0.7 2.5 

4.7 0.4 0.8 

3.4 0.5 1.9 

Dyke and Barnard, (1976) 

* a site within the sub-plot where indlvidual rhizomes were 
placed .9m apart to prevent rhlzome competitIon) 

The fababeans competed much less effectively than 

barley. Undersown cover crops greatly suppressed the 

development of quack grass. They suggested that sorne farmprs 

troubled by quack grass mlght delay lts In~lease ln 

successive crops of cereals or beans by undersowing. 

Wlillams (1972) seeded quack grass seeds Into the plots 
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of Dyke and Barnard in 1971 and found greater suppression 

from barley than fababeans and undersown red claver than 

undersown ryegrass. Shoot dry weight of quack grass was 

15.9, 2.4 and .4 9 for fababeans not undersown and undersown 

with ryegrass and red claver respectively. No quack grass 

seedlings were found ta have rhizomes in any of the barley 

systems. AlI three fababean treatments produced rhizomes, 

with the least being found in the red claver underseeding 

system. 

In the first year of a study, Cussans (1972) found 

Itallan ryegrass ta reduce quack grass rhizome formed during 

the year by over 70%, but the yie1d of barley was reduced by 

over 25%. Undersown red claver and oversown rape varieties 

performed similarly, not reducing barley yield but 

total dry welght of quack grass by 30-50%. In the 

reducing 

second 

year of the study, Italian ryegrass was replaced by 

perennial ryegrass and had no signlflcant effect on barley 

yield but reduced total quack grass dry weight by 40%. Red 

claver 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 cultlvation and after barley seeding of brassica upon 

the growth of quack grass. The mean reductlon in dry weight 

of aerial shoots of quack grass compared ta the untreated 

plots was 42.1, 91.3 and 93.3 % respectlvely for each of the 

three systems. 
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2.3.5.3 Weed suppression by claver and ryegrass 

Bann Hofman and Ennik, (1982) studied the effect of root 

mass of perenniai ryegrass on quack grass. They concluded 

that the growth of rhizomes of quack gras5 i5 restricted and 

its spread is relatively smaii in perennial ryegrass swards 

with a high root den5ity, especially in the topsoil layer. 

In a perennial ryegrass study, Cussans (1973) found that in 

the first year of the study the number of live tillers of 

quack grass declined from May ta September but increased the 

following season as the ryegrass stand thinned. 

Hoogerkamp (1975) reviewed the literature on quack 

grass growth in European leys and cited several studies ln 

which quack grass growth increased with increasing nltrogen 

application and length of stand. In many cases an explosion 

of quack grass occurred in the third or fourth year. One of 

the quack grass control methods suggested was to use a short 

term Iey of Itallan annual ryegrass at a hlgh seedlng rate 

and cut frequentIy. 

Naqvi and Muller (1975) reported that Italian ryegrass 

exhlblts ailelopathy on plants because of the presence of 

toxins in root exudates and above graund parts. 

Reports on the weed suppressing effects of claver 

species have aiso been documented. Skeleton weed (Chondrlila 

Juncea L. l, a speCles that reproduces from cut roots, was 

reported by Graves and Williams (1975) ta be reduced in leaf 

area and root welght by roat and shoot competition frem 

subterrannean clover (Trifolium subterraneao 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 veeds 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 

vith high quality forage. 

2.4 Conclus ions 

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 envlronmental impacts from crop production. 
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3. GENERAL HATERIALS AND HETHODS 

The research involved tvo main experiments. The first 

experiment evaluated the effect of underseeding different 

forage legumes on weed growth and crop yield ln mixed grain. 

The second evaluated the effects of different corn weed 

control systems and forage interseedings on yield and weed 

grovth 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 tvo of the farmers 

fields. The farmers resided in Southern Ontario ln Oxford 

county near the tovn of Tavistock. The area ls at a latitude 
o 1 

of approximately 43 20 . 

The Kalbfleisch farm vas the site of the corn trial in 

1986 and the site of aIl three trials (corn, soybeans and 

mixed grain) in 1987. The sites chosen vere on a weIl 

drained, stone free, Tavistock 5ilt loam soil of the gray 

brovn podzolic great 50il g~oup. 

The site chosen for the mixed grain trial on the Ruby 

Farm in 1986, was an imperfectly drained, stone free, Perth 

clay loam sail. The veed flora present on these mixed 

livestock farms vas similar, vith a diverse group of specip.s 

being present at rather low levels, rather than one or two 

predominant veeds at very high levels. Al the Ruby farm, 
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weeds generally found in noticeable quantitles ln the spring 

cereals included mustard (Sinapsis arvensis L.), W'lld 

buckwheat (Polygonum ~nvolvulus L.) and lady's thumb 

(Polygonum oerslcaria Ll. 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 (Ambros ia 

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 

cr op ahead 0 f these weeds. Both farms had a trad i tian 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 rotatio~ of corn, small grains and forages. 

Tlilage, seeding, fertilizing , sprayi ng and field 

harvesting were performed by the farmers who provided the 

land for the trials. Harry Wilhelm performed the planting, 

rotary hoelng 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 vere the overseeding of the 

forages in corn and cereals, the two rov crop cultivations 

in the 1986 corn crop, the broadcast nitrogen fertilizer in 

the 1986 mixed grain crop and the back pack spraying. 

3.2 Climatclogical Data 

Weather records for the two year trial perlod vere 

obtained from the Woodstock research station of Pioneer Hi­

Bred Limited. The station 1s approximately 2 km east of the 

Kalbfleisch Farm and 5 km south-west of the Ruby faIm. 

The monthly precipitation totals (Table 4) fOI May ta 

Oct. in 1986 and 1987 lndlcate a variation ln ralnfall 

between the years. Record arnounts of rainfall were recorded 

in Sept. 1986 whlch flooded fields and made ha~ve5ting 

conditions difficult. 

Rainfall was particularly erratic ln 1987. The weather 

was extremely dry in April (not shown) and al30 early May 

after the forages vere overseeded on the grain. On May 

31,1987, the dry spell was ended by an extremely heavy 

dovnpour that forced one of the experiments to be woved and 

caused sorne changes in the timing of operations. After 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 groving 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 warmer 

season than 1986 ~hich was near normal (Table 5). After 

forage interseeding in corn, only 5 days were recorded in 

1986 with temperatures above 27
0 C while the 1987 season had 

14 days (not shown). 

3.3 Statistical Analysis 

Crop yi e Id, weed and forage b iomass, 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 signiflcant (p ~ 0.05), Duncan's multiple 

rdnge test was used to compare means. 
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Table 4. 

Month 

May 
June 
July 
August 
September 
Oct. 1-21 

* * *Tota 1 

Ralnfall Data 1986-1987 at the PIoneer Hl-bred 
Research Station. 

Total monthly precipitation (mm) 
1986 1987 9 Yr. AVG. 

78.0 
96.9 
61.7 
65.3 

178.5 
76.7 

480.4 

*(74.2) 
**(36.9) 

ta Oct. 8 

72.2 
62.5 
93.9 
84.5 
64.5 
20.4 

377.6 

*(27.9) 
**(12.2) 

78.0 
85.2 
82.9 

100.7 
102.1 

448.9 

* rainfall withln 2 weeks of forage interseeding in grain 
** rainfall Wl thin 2 weeks of forage interseed ing in corn 
*** excludlng 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 Hl-bred StatIon. 

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

May 
June 
July 
Aug. 
Sept. 

1986 

327 
721 

1312 
179 1., 

20% 

68 

1987 

372 
866 

1525 
2012 
2337 

9 Yr. AVG. 

275 
691 

1270 
1789 
2119 



4. EXPERIHENTS 

4.1 Hlxed Grain Underseedlng vith 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 spraylng when 

weed infestations were light to moderate. This would provide 

anothe t: conservat i on and econom ic bene fIt to the ro le 0 f red 

clover plowdown in addition to improving soil tilth, 

reduclng erOSlon and fixing large quantities of nitrogen. 

4.1.1 Haterials and Hethods 

4.1.1.1 Ruby farm 1986 

A site vas se lected on the farm of Raymond Ruby, of 

Tavlstock , Ontario. The field history in 1983 and 1984 was 

alfalfa-timothy (Phleum pratense L). hay followed by grain 

corn in 1985. The field was fall moldboard plowed ln 1985 

and tvo spring cultivations were made prior to grain 

seeding. 

On Apr i l 28th 1986, 114 kg/ha of a Leger barley and 

Donald oat mixture (0.5:0.5 w/w) were seeded ln 17.5 cm 

rOllfs. 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 'Jas 30 m in width x 50 m in 
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, 
length ~hich provided an individual plot size of 6.0 m x 

12.5 m. The 5 treatments were: 

1. undersown alfalfa; 
2. undersown single-eut red claver; 
3. undersown double-eut red clover; 
4. herbicide (no underseeding); 
5. control (no herbicide, no underseeding). 

On May 10th, when the grain had just begun emerglng 

from the field, common alfalfa, single-eut red clover ( :'t 

late maturing red claver that does not flower in the seeding 

year) and double -cut red clover (early maturing) were 

broadcast wlth a cyclone seeder at a rate of 8 kg/ha on the 

three forage treatments. On May 29th, MCPA (4-chloro-2-

methylphenoxy acetie aeid) 500 g/L was applied using a back 

pack sprayer at a rate of 1.0 L/ha or 500g MCPA/ha. On June 

15th the grain appeared nitrogen defielent and fertillZp.r 

was broadcast by hand at a rate of 133 kg/ha of )4-0-0 on 

aIl treatments. This 9rought the actual fertillzer applled 

to the fleld ta 56.5-45-45 kg/ha of Nltrogen-Phosphate-

Potash. 

Grain, weeds and forage legumes were harveste~ on August 

1-5 by using hand shears and a 1.0 square metre quadrat. AlI 

sampling was performed at least 1 m from the plot edqe. From 

a grid of 12 posslble loeatlons, four sites were randomly 

selected for harvesting each plot . The quadrat was placprl 

over 7 rows of gra ln at each site. Weeds were rem0ved, 

counted and classlfied aecording ta speCles prIor to graIn 

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 ta a height of approximately 7 cm and 

removed with a forage harvester (the farmer harvests aIl his 

gra ln and stra'J in this manner and threshes i t in the barn). 

Weeds and forage 'Jere cleaned of crop debris before 

oyen drying and 'Jeighing. The gr3in was threshed, buffed, 

cleaned and aven dried and the grain weight adjusted ta 14% 

moisture. In calculating the mixed grain yield the harvest 

area 'Jas adJusted ta 1.077 sq. metres as 7 rows of grain 

required 7.7 additional cm. to be properly centered within 

the quadrat area. At the end of the growing season, from 

Oct. 19-21 the forage and weeds were agaln harvested from 4 

dlfferent sites wlthln the plots. 

4.1.1.2 Kalbfleisch farm 1987 

Methodology and materials used in 1987 'Jere virtually 

ldentlcal to those used in 1986. However, the location was 

changed and sorne modifications 'Jere made. The trial was 

performed at the farm of Lloyd Kalbfleisch of Tavistock, 

Ontario. The SIte chosen was on a 'Jell drained silt loam 

solI that had been in corn ln 1986. Fertilization 'Jas made 

before seeding by broadcasting 19.1-19.1-19.1 at a rate of 

260 kg/ha WhlCh provided a total of 50 kg/ha each of 

Nitrogen-Phosphate-Potash. 

The farmer had cleaned and treated his o,*,n 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 

were carried out on May 6th and herbiclde spraying on June 

2nd. Quadrat harvests of grain ~eeds and forage were made on 

July 24-26. Grain moisture levels were taken after threshing 

and weights adjusted to 14% moisture. No fall harvest data 

was taken due to lodglng of the grain cr op and poor forage 

establishment. 

4.1.2 Results 

4.1.2.1 Mixed grain yield, weed and forage blomass at cereal 
harvest in 1986. 

The mlxed grain yield averaged approximately 4.3 

t/ha. The application of MCPA herbicide did not improve crop 

yield nor did competition from the interseeded caver crops 

reduce crop yield (Table 6). 

The establishment of the interseeded clovers was 

superlor ta that of the alfalfa. At harvest, the lnterseeded 

alfalfa produced slgnificantly lower biomass yields than the 

single and double-eut red clavers. No significant 

differenees were found between the slngle and double-eut rpd 

claver seedings. At harvest, the best weed control wa:':. 

obtained in the herbicide treated plot. A trend tawards 

reduced weed blomass ln the interseeded single and double-

cut red claver plots was also observed. On average the two 

interseeded clover treatments reduced weed growth by 41 % at 

grain harvest while having no effect on grain yield. 

Interseeded a1falfa had much less impact on weed growth than 
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Table 6. Effect of Interseeded Cover Crops and Herbicide 
on Blomass Production at Cereal Harvest in 1986. 

Treatrnent 

Alfal fa 

Single-Cut 

Double-Cut 

Herbicide 

Control 
---------
Mean 

C.V. 

Grain Yleld 
(t/ha at 14 %) 

4.39 

R.C. 4.31 

R.C. 4.29 

4.28 

4.35 
-------
4.32 

7.8 % 

Forage Yield 
( kg/ha ) 

63 b 

222 a 

205 a 

0 b 

0 b 
-------

98 

62.5 % 

Weed 8 i omass 
( kg/ha ) 

166 a 

96 ab 

119 ab 

50 b 

181 a 
-------

122 

43.4 % 

* means wlthin a column follo~ed by the same letter are not 
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 harvest (Table 8). The dominant weeds in the trial at 

cereal harvest were wlld buckwheat and lady's thumb. The 

density of these weeds or combined density of all weeds 

harvested was not significantly reduced by the interseeded 

cover crops at the time of grain harvest (Table 7). 

Application of the MCPA herbicide ellmlnated the few mustard 

plants that were present in the trial. 

4.1.2.2 Weed and forage blomass at October harvest ln 1986 

After grain harvest the double-eut red clover produced 

This was the larges t quant i t i es of shoot bi omass . 

significantly greater than that of the single-eut red claver 

which was signlflcantly better than that of the alfalfa. The 

double-eut 

quantities 

(Table 8). 

and single-eut clovers produced 

of weed biomass after harvest of a1l 

the Iowest. 

treatments 

The double and single eut red clover slgnificantly 

redueed the total number of after harvest weeds comparer:] to 

other systems. Weeds that were significantly reduced by thp 

double-eut red claver Included plantain (PlaotagQ m'jJor L.), 

dandelion, and mustard compared to the control treatmenL, 

and annua 1 grasses compared to t he a l fa 1 fa t r ea tment (Ta ble 

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

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

1.Single-eut R.C. 8.8 4.9 • G .1bc . G .2b .1 16.3 

2.Double-eut R.C. 7.4 3.8 .7 .4ab .7 Ob .1 14.4 

3. Alfa lfa 18.4 5.3 .4 .3abc .6 • Ga .1 27.0 

4.Control 21. 0 4.3 .8 • Ga .1 Ob .6 29.2 

5.Herbicide 8.4 2.4 o Oc .1 .3ab .6 12.7 

Mean 12.8 4.1 .5 .3 .4 .2 .3 19.9 

c.v. 108 41 118 85 105 99 211 68.5 

* means ~ithin a column followed by the same letter are nct 
slgnifieantly different at P=0.05 

** ineludes weed speCles not listed in table due to their 
low number (Pigweed, hemp-nettle - Galeopsis tetrahit L., 
plantain, barnyard grass, rag~eed, quack grass). 

LT - Lady's Thumb 
WB - Wild Buckwheat 
LQ - Lambs Quarters ChenQQQdiu~ album L. 
Mus- Common Mustard 
KW - Prostrate Knotweed - polygonum aviculare L. 
Dn - Dandellon 
Ft - Green Foxtail- Setaria viridis L. 
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Table 8. Weed and Forage Blomass at October Harv(~'jt .1:; 

A ft e ete d b yIn ter s e e d e d Co ver Cr 0 p s A Il li Il 1:' r b l (' 1 d ,_, . 

Tr,~ jtmt~nt F"r l'J.-' y!.~l.j 

k· J ~l 1 \ 

Hl <) (' 

:, 1 n 'J le - t'Il t R. (' . 

.~ 1 h .' 

Ht-:-rbtc"l.it-: Il o! 

"') Il t. r ') l Il 

, .. Il . l !"\ • <; " 

~ m~:H1:':; ',o/lthln.1 column Eollq...,,:d 
-, l '1 n J '- J r.1 n t l Y cl 1 t t p r p n t- "i t- r - . II 1) 

W '\.' 1 \"1" 'lll l 

( k q Il l 

1·1 \ 

) . 
\ 

1 i 1 

.' ~-hp -,.lm.- l,· t t "1 1'" 

Pla tel. Do Il b l e - c 1.1 t Red Cl.) ver A 1 m r) s t r:: () m pl.., t:" 1 1 

,1 ,1 

Eliminated Weeds Aftpr-Harvpst 'N'hlll' PUJ'/J'llfl'l 'jn 
Excellent F'al1 Plo...,rjo,*,n ln 1986. 
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Table 9. Effect of Interseeded Cover Crops and Herbicide on 
October Weed Density. 

'l' r Pd l ffif' Il t Pl Dn Mus SP CC AG 
(Plants/Sq. Metre) 

1. ::; 1 n q l ~ - C Il t: R. C . . 4 b 4 . 8 bc . 1 b .3 .4 Ob 

2. Doub1e-eut R.C. .4b 2.8c .lb o . 2 .lb 

3. AIEalfa 1.2b 10.803 .4b .3 . 8 .4a 

4. Control 4.3a 9.203 3.6a .6 .4 .lh 

",. HI~rblc Ide 1 . 3 b 7 . 7.) b . 111 . 1 .4 .3ab 

1.5 7.34 .9 .3 .4 .2 

(' . V . III 35 135 140 67 102 

Ir mp.ln~. \Jithln a C'olumn followed by the same 
n, 1 toI 'J niE 1 C.'I n t l Y d i f fer e n t a t p = o. 0 ') 

let ter 

* *Toto3 l 

6.3cd 

15. O.) b 

:? 0 . la 

11. (,br 

11 .4 

37 

drc 

~* TO!..I! im luopc; wel~(i specles not ln table due to thf'ir 
InlJ nllluber ( hpmp-nettle, r.:lglJeed, and lambsqllartprs) 

1'1 Pl,lntaÎn 
lin - Do1ndellnn 
MIl'; M\l'-~t.Hrl (Wormsped-Er:ysimum chelrantholdes L. anci 

(', 1 III 11\ Cl n ) 
:W :;tu'ptlf'nb rllr~l' (',l(l~!~H l1JlL:':~-i-...Qs!slQL!'3 L. 
,'t' (',)IJ etl,'kle - S."lpnn.irla vaCC.'1rl" Mpdlr. 
At: Allrllldl (;r,1SSl-'~; (FoxLnl dnù WltC'hgras5 E'1nli~!}!!! 

1 ~~l.J dl are L.) 
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4.1.2.3 1987 Mixed grain yie1d, weed and forage blomass at 
Cereal harvest 

In the 1987 season ft" ...... peds grp .... and ('ovt'r cr t'l' 

establ Lshment .... as poor. Ralnfall .... a·; ollly -::'7.'1 mm 11\ 1'1'l! 

during the t~o week perlod after foraqe 

compared ta 74.2 mm ln 1986, ThIS delayed 'JerI111n,'ltlt'l1 t'l tilt' 

forage seed and enable~ the qraln ta bp Wf' 11 

beEore forage seedllnq developrnent occllrrer1. Hp.1VY 1,),j'jll11/ 

occurred during the late graln fllllnq rprLod, Thl' '1 r ,Il II 

crap Ylelded 4.64 t/ ha I)n a ve raqe 

significant differencf's were obsf'rvpd bpt .... pen trl'oltml'n\.~ 1"1 

grain yleld, .... eed blomass and for..lqe blomass ('J'.lhl.' ln \, 1\1 

graln harvest, both the fOrdc)e hlomass iHld wPI~d l>lllllld-'. ''''''rl 

qreatly reduced from that of the 1986 tridI. 

Table 10. Effect of Interseeded Cover Crops and Herbicide CHI 

Biomass Production at Cereal Harvest in 1987 

Treatment Graln Yleld Fordqe Yleld 
(t/ha at 14% mOlsture) (kt]/ha 

1.S1ngle-cut R.C. 4.f)4 L 
-' 

2.Double-cut R. (~. 4.78 '1 

l.Alfalta 4.h'1 7.0 

4.Control 4.56 f) 

5.HerbIclde 4 . ~,n n 
-- - --

Mf-'dn 4.fi4 7 

C.V. 8 1 17 
- - -- - - - ------- -
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4.1.3 Discussion 

4.1.3.1 Effect of interseed ing cover crops on grain yield. 

rn both trIals qood cr op yields .... ere obtaineti with mean 

YU'lns of 4.3 and 4.7 t/ha being obtained from the two 

dl f Eerent locat Ions in two separate years. The forac;Je 

in 1986 had no effect on mlxed grain yield 

Whllt~ provldlnq a substantial fall plo"'down. This i8 in 

rlqreemf'nL with similar research in Southwestern Ontario that 

C0!1'31sted of nine trials over five years (Forrest, 198') ) . 

lIowPvf'r, in the wet year of 1986, Tavistock area fal'mers who 

:3f-~pdpd red claver at about 8 kg/ha or more at graln plantlnq 

t 1 ml-' P. xpe l' 1 e nced slgnlficant problems wit"h clover 

Int:t~rfArence by the tlme of ()raln harvest. They reported 

l()~)lnq yield due ta bath clover competition with the gr"ln 

dnd Incrr'ased combltllnq lasses. In mOlst European climate:s, 

havE'> also f.ollnd l'en r10ver to r e ct ure q r·, i n 

y l ,~ 1 li:;, Ilnfnrtunately no cl imatolo(]ical data "'as pre:3ented 

ITI t hl' ::;tudif's (('u5~;an5,197L.; stokholm, 1979). 

4.1.3.2 Forage establ ishment and biomass production 

III 19A6, the alf.31fa produc-ed much lower quantltIP,> (If 

III ,'m.l:,~; t hdn the red claver lnterseedlngs. This 

',Ilh:,ldnt ldlly (]rpater dlfterence than has bepn report~'d ln 

Fulkerson, 1982 ; F,)r r,' 3 t, 

t., ri\!' \~nmblned etfect of several factors: the flP.ld ''''.'13 
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imperfectly drained and it was a wet SeaSOl1i dlLJlt..:! l:3 .1 

poorer competitor than C'lovprs ln low li(Jht ~it Udt l\ln~;; .!nd 

an 8 kg/ha seedlnq rate for aIl species was ltsed. 'T'tu. 

latter factor appeared to glvP a hi<Jher pldnt popul..lttOI1 ro 

the single eut red claver due to its relatively :3l1ldtll:'1 

seed size. Thi~) may have l.H~en the reason why th,> '3inqlt' Cllt­

red claver produced as much dry mattt"r at gr.'lln h.-;!rvt'·~r .1:; 

the double-eut r(~d c lover. The tatd l bi ùmas!::) pr ndlwt i "II 

after harvest for slngle eut red clover and dOllbll~ CIl! rl_',j 

clover was 1428 and 2162 kg/ha respectively ln lCJBh. 'l'hl:~ 

'Nas slightly higher than the results obt,llnl .... d hy Forrl,·',t 

(1985) in Centralia, Ontario (approxlmately onE:' hour 1',1:,1 ,1/ 

the Tavistock area in a simllar heat unit arp,l). C)v'.'r cl flVI~ 

year period, he obtained fall biomass of 1311 dnd 1740 "''1/bol 

Eor slngle and double-eut red claver respectlve1y, 

In 1987, a mueh drler spring was experlt'nc'pcl r!lld lIt t JI' 

forage growth occurred. GambIe (1980) 

difficulty Hl obtalnïng a stand ln a dry SPc:lf,Un 'Nlt.h 'Jllr!.l(f' 

seedinq clovers approxlmateLy 10 days dfter.: pl,inl~lnq, Tt)!' 

1987 mlxed grain 'Nas hlCJh yieJciinC) and pxterlsivr>ly 

and nelther ..... eeds or Ilndp.r'-5o'Nn for,jg~~ 

problems hav~ frprlupn!:ly inllnrl 

~st03bllshment 

Ot=trnt=trd (1971), f 0 Il ri d t ha t 'N h I~ n bn r 1 P Y '1 r ') w t h 'fI, l', If' r 1 

viqorolls nelther undl~r'3own clover or .... ped:= 'JP"N' ,lp!HP('1,1I,l ï 

Lodqinq f)f r.l tH~A"Y companl0n crf)p rp(jlu:r-,rj ,,:;LJt)ll'~hml'nt '>1 

IJnu I~ r 3<1Wn 

( 1981) . 
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A dry period after overseeding, lodging, ,"ind ,"l vt~ry 

competitive companion crop appear to be a most df'll>h'rl()t1~; 

combination for establishment of forage seed l i nqs, TIlt' 

prev i OUS ly ment i oned researche r s exp€' r ienC"€'c1 pr () h l t'm:~ 1 ri /Ill!' 

o f the set h r e e are as. r n the 1 9 8 7 ce r e a l und ers 1:" e d i n g :3 t Il d Y , 

a1l these factors were present which explains the pour 

performance of the underseedings, suggestions Eor rl.!dl1cill'J 

these problems cou Id include : 

1. Us i n 9 a n e q 11 a 11 y h 1 <) h Y 1 e l d i n 9 CEl r e ale r 1) p 0 f I~ () li I~ 1) 

Bariey and Ogie oats (cultivars of shorter ~3Lüurf> ilnd 

greater 

plowdown 

lodglng reslstance) would likely 

crap establishment. The traditional 

have Imprl)l/ed 

approac:h tor 

forage establishment purposes i5 to reduce the ::H','clil1l) r,lt l' 

and nitrogen level but.. this may nct be p.conomir:ï1] i t- t h~' 

clover 1s being grown for plowdowl1 purpobes, 

2. A system that might be more compatiblp with d dry :";pr in'J 

wOllld be ta reduce the seed i ng rate to 4 -6 k'j/hA ,11113 :~I>"d 

cIo ver a t pla n tin g. Th i s wou l d r e duc p. 5 e P. d i n q c: ()!i t ~:> , 1 ~JI' 

time and expense of making an additiundl pas::> for pll)wdl)wll 

overseeding and possibly the rlfik oE EoriJqp compc!t II l'HI 

with the graln ln a maist season, 

4.1.3.3 Weed control from interseeded claver 

More than SO \ 

ecnn om i ca Il y i ncrease yleld ln 'Jraln j-IPld:-~ 

Canada (!3am'30n, 1986)" Howp.vpr, many Earm.:r', J[)[,iY I" }II""!, 

'lI p pd s(!f!ds out. of thf' grain and t.q prpvent: wped prrdil'"II\', III 
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tlltl1lP y('ar~. Il may be possible that clovE'rn can bl~ an 

e CE e c t i v,~ aIt e r na t l ve t 0 he r b l C l des 1 n t h i s s i tua ti 0 n b y 

imprnving weed control while providing other t>conomic 

beneEtts from Its use (rather than belng a preventatlve 

COtit as is experienced by applying a herbicide at a 10w weed 

Infestation level). 

From the data obtained at grtlin harvest, there was ,1 

trend towards reduced total ..,eed biomass at harvest !Jith the 

Il:..;e ot undersown 5 i ngle or double-eut red claver comparpd t 0 

the control treatment or undersown alfalfa. Althouqh then~ 

wprt> no signiticant differences betwer.n the single> and 

double-eut red clovers ln weed blomass produced 9 fi vs. l19 

kg/ha per ha), the single-eut red claver appearpd to posseC.s 

03 more den:3e ml11ch than the double-eut red claver due to 

C)n!ater numbers ot seedlings estahllshed. 

In the case of weed denslty there was no signiflc.=tnt 

ct i tferences bet..,een claver systems and that of the check. 

This may suqgest that the clovers are not <3ffect inlj weed 

pstablishment up to grain harvest but are reducing wepd 

qrowlll by competinq with weeds once the grain canopy open':,. 

Vi~,llal1y therp èlppeared ta be a 'racE" bctween a late flush 

nt- 'Nped::. .:lnd tlw Ilndersee,jed clovers (or the llqht ar~.3 

opf'nf'd up by the matur 1 ng cerea l crop. This dhj lit Y ot 

Ilndersnwn clovers to 'kt.:ep weeds out of thp 91:"03 ln' has 

frf'q\lI~ntly bep.n statect by farmers (LanlJ, 1986; Ldpnlntf', 

19Bh) hllt has received very Ilttle res.~arch attention. Thl~ 

hl'rhlrltip t-rpatml~nt appl~ared lo eliminale most of tht"> fl,lrl ';' 

'Jt'Pli:., bllt enablpd a late flush or \IIeeds to be pre'3ent .11: 

j 



. ' 

.' 

harvest . A combinat ion treatment of MCP8 IH~rbit~ Ide ,~nd 

claver underseerling may have almost completrly 

weed tjrowth. Th is approach ... ollid pr,)bably 1)1' 

pl iminLltt'd 

Iiseflli in 

situations ... here qreater weed pressure was expf'riencf'd t hdll 

in the present study. Mechanical weed control measures such 

as the use of blind harro ... ing, rotary hoein~ or f i nqf' r 

weeding cou Id Iikely be substituted Eor the use of ht-~rhic tdl' 

if a non-chemical mpthod of \IIeed control wa:=; (h~~ir('d 

control of early ... eed infestatlons (Patr iqllin et al., l')Hhi 

Steiner et al. ,1986). Seeding of the clovpr could then t.:lke 

place either lmmedlately before or immediatE'ly after tlH' 

shailow cuItlvation process. This dplayed s~edlnq t.('('hn 1 qlll' 

may aiso reduce the chances of too much clover cCJl1lpetitintl 

at cerea l harvE'st. 

After harvest, both the single and donble-eut rpd <:1('''''r 

formed an excellent mulch against ... eed qro ... th. Ho ... ever, dll'~ 

to its more aggresslve (jrowth after harvpst,thp nOllhlp 1.llt 

red claver sho ... ed a trend to greater <3uppre'3sil)n of WPt'd 

denE,ity c:umpared ta the single-eut l'en cl()vpr trpatmpnt 

(Table 8). On average, the two speci.:!·:; '5uppres'.:;~d dtt."f 

harvest WPf'd 'jrowth by ')4 %. With only th€' cnmpptitjnn fl'()m 

sorne volunteer grain ln the herblrldf:' dnrl non t:rl'at,~rJ plnt'" 

w(~pds hae] ri I)rpater opportunity to sPt. ::;ppr] ln Lhp~-;p plot· .. 

The main specles that appeared to hl" ;:;I~ttll\!l ;,,'.!d III t 1 II' 

tr ial wel'e wormseed mU~jtFird, ~jhf~phf'rd' ~ [Jllr~;I', "f)W ('()l'Y.l.', 

pldnt,31n, fuxt03lI and wltchqrds:.>. 

Spvel'a] studies h~ve t r) 
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"vdll1dt(~ the ,.tf0.ct of unrh>rsown red clover in spring b<3rl p y 

(CU!3sans, 1972; Dyke and Barnard, 1975; Williams, 197/). 

The studles showed quack grass growth to be qreatly 

rf'stricted by the barley crop until th!" crap hf'(Jiln l.r) 

mdtur~. In plots not underseeded, rhizome weight Increased 

dramatl{'ally dlHlng grain maturation and é)fter the> b.:lrley 

cr op was harvested. Over a three year study perlod, Dyke ~nd 

Barnard (1976) found undersowlng with red clover to rc!ducE' 

quack 1rass growth by 57 \ on average compared te plots not 

undersown. They concluded that undersowing spring cprpals 

can appreclably retard the spread of quack grass and prevent 

Its rapid spread after harvest if cultivation or sprdyinq i5 

de layed. 

In addition ta snppressing weeds, improving soil tilth, 

.-1I1rl reciuclng 5011 erosion, the major beneflt of red clover 

p!C)WOOWr1 1~. Hs nitrogen fixation potential. The doublf> rnt 

red claver plowdown in 1986 with a shoot blOmQS5 of 21bO 

kq/h.:l dry matter (and aC'companylng rOOf biomass produced 

Linder a short stubble qraln harve!.3t of 7cm) would fix 

dpprOXlmatcly 160 kg/ha ot N or replace approxlm.:ltely 100 

ferttJ lzer N for the followlnq ye.H:s corn crop 

1 ~J H c:; ) , 
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4.2 Evaluation of 
Interseedlngs for 
Soybean Sequence. 

Corn Weed Control Hethods 
Use ln a Low External Input 

and 
Corn-

Corn followed by soybeans is a very common crop sequence 

in Southern Ontario. However, few studies have evaluated 

this sequence within the context of developing a low 

external input system of management. The objectives of this 

study were to: 

1. evaluate various corn weed control methods to provide the 

highest economic return to corn grown in a rotational 

system. 

2. evaluate different methods of weed control and 

interseeded species ln corn on Lnterseeded 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 integrated farming methods. 

4.2.1 Hateria1s and Methods 

4.2.1.1 1986 Corn and 1987 Soybean Site 

A two hectare site was se1ected on a sllt loam 5011 ln 

Oxford county. The site had been in corn for two of thp 

previous seasons. In 1985, the field had been in mlXed 

grain (barley and oats) with red claver seeded for plowdown. 
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In the ~prln(J of 1986, the caver cr op was plowed on May 1] 

and the field cultlvated twice. On May 13 the field was 

seeded to Piuneer 3790 corn at 70,000 seeds per ha in 0.77 m 

rows. No insecticide was used on the field. Fertilizer was 

appli(~d dt 7.60 kg/ha of 19-19-19, 8 cm off the row, 

prov id 1 nI] 50 kg/ha DE n 1 trogen, phospha te and potash 

H'spectively. The weed control and Interseeding treatments 

werp.: 

o Check - no herbicide, rultivation or forage; 
1 - Herbicide overalli 
2 - Cultivated t .... ice; 
3 Cultivated twice and herbicide banded; 
4 - Cultivated tWlce and red claver; 
5 - Cultivated 
6 - Cultlvated 
7 - Cultlvated 
8 - Cullivated 
9 -Cultlvated 

ryeqrass. 

twice and ryegrassi 
t'Wlce, red claver and ryegrassi 
tWlce, herbIcide b.'nded and red clover; 
t .... 1CP., herbicide banded and ryegrass; 

tWlce, herbicide banded, red clover and 

A rdndomlzed complete black desIgn was used with three 

repllcat ions. Plot size was 12.3 m x 52.6 m. The entire 

trIal size was 123 m x 157.8 m. On May 27, 1986, cyanazinp 

{7-{ {4-('hloro-h- (ethyl."llnlnol -l, '3, 5-triazin- 2 -yl-

)dmlno)-7-methylpropanenltrile) hprbicide (Bladf'x 80 WP) WA~, 

.lppllt>d 2.2'1 kg/hd ov~r.311 in treatlllt"nt l ;-îl1d appll~(l ln :'1 

l', cm band over the ('orn raw in treatments 3, 7, 8, r1ncl q 

wLth .'1 b.lck -pack sprayer to simulate a herbicide b.Jndin(] 

wltll thp sf'pdt'r or c-ult.ivatar. Two ru'" crop cultivations 

wpr/~ m.,dl~ /)1) thp corn 21 days (with rol1in9 ::5hields) and 37 

Jdy~ (with no rulling shields) ~fter planting on thp 

L'Ill t iv,lt~t1 treatments. At the t im~ of :3t"cnnd rultivatlnn 
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June 20 (31 days after planting), a cultivator / seeder unit 

was used to seed red clover (8 kg/ha of Tristan) and 

ryegrass (11 kg/ha of a 50:50 Lemtal annual and Bastien 

perennial ryegrass mixture) and 10 kg/ha of a 50:50 mixture 

of the red claver and ryegrass seed ings. The forage seed ..,as 

incorporated slightly vith drag chains on the cultivator / 

seeder unit to improve seed-soi l contact (Plate 2). Forage 

plant counts were per formed w i th a O. 25 sq. m. quadr a t 

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 mea<;ured four times for each plot. Th is 

was done at random locations over the corn row using a one 

square metre quadrat (0.77 m vide x 1.30 m ta fit exactly 

over one corn row). Corn ears were hand harvested on October 

20, 1986, from two ro..,s of 5 m in length from the centre ot 

each plot. The entire field vas then combined and the corn 

stalks left on the surface unchopped. 

A grain/ear veight ratio and moisture percentage from 

each plot vas determined from shelling 10 cobs from each 

plot. Corn grain yields vere determined using the fol1owinq 

formula: 

Grain corn Yïeld/ha = 

graln wt. 
Harvested ear wt. x x 

ear ..,t. 

moisture 
100- readlng 

100-14 
x 

10,000 

5m x 1. 54m 

The following spring, weeds and forage were agaln harvested 

over the rov us ing the 0.77 m xl. 30 m quadra t on May 8, 
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1 1987. On May 9, 1987 the field was plo ... ed and 

subsequently disced and cu1tivated twice prior to seeding. 

On May 25, the entire fleld was planted to Pioneer 0877 

soybeans seeded at 85 kg/ha in 0.53 m rows using a grain 

drlll .... lth every third run open. Grip brand inoculant .... as 

used at tr iple rate as the field had not been 50 .... n to 

soybeans previously. No fertilizer, herbicide or additional 

seed protectant "'as applied on the field. The entire field 

.... as rotary hoed t,.,o times June 11 .... hen the soybeans .... ere 

approxlmately 7 cm high. A mid mounted beet and bean 

cultlvator was used to cultivate 50ybeans at a helght of 

approxlmately 17 cm on July 2,1987. On October 3, 1987, a 

quack grass shoot harvest and tota l weed harves t was taken 

at four randomly selected locations per plot u5ing a one sq. 

m. quadrat (0.96 m x 1.06 m) to fit exactly over two soybean 

ro .... s. 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 aven 

de ied and we ights adjusted to 14,\) moisture. 

4.2.1.2 1987 Corn Site 

As a result of a severe rain on May 31, 1981 (120 mm in 

2 hours) the initial site chosen in 1987 ",as abandoned due 

ta floodlng and burial of corn seedlings. Th i 5 caused sorne 

modIfications Ln the timing of opera t ions, herbic ide 

selection, trial location and size as compared to the 1986 

season. An ad jace nt site was se lected tha t had been p 1anted 

88 



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 Slze vas 6.2 m x 24 m and the tridi 

size was 62 m x 72 m. A mixture of bromoxynll (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 u~ln~ 

the same mIxture and rate. Tractor spraying was delayed one 

week, initially due to soil conditions too wet ta support a 

tractor fa Ilowed by co Id wea the r wa rn lngs for spray i ng . .:wd 

high winds. The first cultivation was made on June 5 wllh 

rolling shields on a damp sail and the second cultivation 

the following day in a drier soil without rolling shlelds. 

The coyer crops .... ere aiso seeded on June 6 (34 d.3ys .ltter 

planting) uSlng a hand driven broadcast-seeder as the plots 

were reduced in size. To simulate similar conditlons to the 

previous year, the drag chains were removed from the 

cllitivator/seeder unit and manually dragged over interseedp.d 

plots. Plant counts were performed on July 15 <early cOllnt) 

and August ll(late count), 1987. The corn was hand hdrve5tt~d 

on September 28 and the cover crops and veeds on Sept. 29 

and 30. 
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Plate 2. Cultlvator / Seeder Unit for Interseeding Cover 
Crops in Corn at Time of Second Cultivation. 

Plate 3. Hidmounted Beet and Sean Cultivator used for 
One Time Cultivatlon of Soybeans in 53 cm. Roys. 
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4.2.2 Results 

4.2.2.1 1986 Corn yield, weed and forage biomass and 1987 
spring forage and veed blomass 

Crop growth \lias excellent ln 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 

\lias from the control treatment ( no herbicide, cultlvatlon, 

or forage) which was signlficantly lower than the other nlnt> 

trea tments . 

Weed grovth vas influenced both by cultivatlon and 

herbicides, while cover crops had no slgniflcant efEect!3 on 

weed biomass production in the corn. The treatmf'nts vith 

overall herbicide or herblcide banded vith tvo CUlllV.ltion"' 

performed similarly. The herbiclde systems provlded superior 

veed control ta that of tvo cultivations only, hO\llever, corn 

yields vere not signlficantly different. The system with no 

herblclde or cultivatlon produced the larqest quantitle:5 'It 

weeds and significantly reduced yields (Table 11). 

Forage biomass was 31gnificantly higher on the ryeqrd:-i:J 

treatment which included a herbIcide band comparf'o to thp 

system vith two cultivations only. The ryegrass- red clover 

treatment with a herbicide band also sho\tled d t rpn,i t.f)"'drll·~ 

greater blomass than the ryegrass-red claver est a b lis tw d 

with t\110 cultivations only. Forage biomass was signlflCrHllly 

higher for both treatments COl1talnlnq pure ryegrd:3'3 c()mp.HI~d 

ta red clove't:. The tvo ryegrass- red clovf~r ml xturp!.i ab/) 

shoved a trend towards Increased forage blomass comp.Ht:!d tn 

those of the pure red clover ('rable Il). Red cl (Jve r Wd~, 
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Tab1el . H86 Corn Grain Yield, Weed and Forage Blomass 

Treatment Corn Yield Weed Forage 
( t/ha at 14% ) Bi omass 8 i omass 

Moisture ( kg Iha Dry Matter ) 

- - - ---- - ----- -- ----- - ---- - -- ---- - ----- ------- - ---- - ----- - ---
No Weed Control 7.72 b 1146 a 0 d 

He rbic ide 9.15 a 54 cd 0 d 

Cultivation (2X) 8.84 a 182 bc 0 d 

Herb. Banded + Cult. 9.54 a 9 d 0 d 

Cult. + Red Clover 8.73 a 188 bc 20 cd 

Cult. t Ryegrass 9.15 a 242 b 53 b 

Cul t. + R.C.-Rye. 8.97 a 158 bcd 50 b 

H. B. t Cul t. + R .C. 8.77 a 56 cd 20 cd 

H. B. + Cu l t. t Rye. 9.23 a 64 cd 123 a 

H. 8. t Cu l t. t R. C. -Rye. 9.12 a 61 cd 38 bc 
------ ----- - ------

Mean 8.92 216 30 

C.V. 6 39 45 

* means ..,1 thi n a col umn fo llowed by the same le tter are not 
5 Lqntftcantly dlfferent at p :: 0.05 

('U l t. - Cu l t 1 va t ion 
R.C. - Red Claver 
Rye. Ryeqrass 
H. 8. - Herblc lde Band 
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damaged heavily by slug feeding in the wet fall. In general, 

forage biomasses were relatively low regardless of 

treatment. 

The following spr ing none of the treatments had a 

significant effect on the above-ground weed biomass 

harvested on May 8, 1987. The herbicide banded plus ryegrass 

system continued ta provide the greatest quantitles of 

above-ground biomass followed by the ryegras5 mlxtul:e 

trea tmen ts and pure r yegrass trea tment es tabl i shed w i thou t .] 

herbicide band. In the spring the only signlficant effecl ot 

herbicide band on increased forage biomass vas on the pure 

ryegrass treatment (Table 12) . The two clovL_ systems 

experienced poor spr ing regrovth. Forage product ion from 

the clover vas particularly poor in the wheel marks wherf' 

the comb i ne had passed the prey 10us fa 11 as compared ta the 

ryegrass treatments. 

4.2.2.2 Effect of 1986 Corn Treatments on 1987 Soybeans. 

Soybean yields vere not significant1y different 

following any of the corn treatments in 1986. The hancl 

harvested yield averaged 4.04 t/ ha at 14% mOlsture. The 

farrner reported an average combine harvested yield of J. ':Jb 

t/ha (at 14% mOlsture) WhlCh he consldered to be .ll! 

excellent crop. The total above-ground veed biomass and 

above ground quackgrass biomass vere not signlficantly 

di f ferent amongst any of the treatments. Mean 'Weeù bl()md~;S 

of only 10.4 kg/ha for quack grass and 

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

Plowdown for Soybeans 

1986 Corn 
Treatment 

No Weed Control 

Herbicide 

Cultivation (2X) 

Herb. Banded + Cul t. 

Cult . + Red Clover 

Cult. + Ryegrass 

Cult. + R. C. -Rye. 

H. B. +Cult. + R.C. 

H.B.+Cult. + Rye. 

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

Mean 

C.V. 

Weed Biomass 
(D.M. kg/ha) 

22 

11 

13 

7 

8 

10 

13 

13 

16 

8 
-----
12 

115 

Forage Biomass 
(D.M. kg/ha) 

0 d 

0 d 

0 d 

0 d 

23 c 

137 b 

94 b 

28 c 

277 a 

100 b 
-----

66 

43 

* means wlthin a column followed by the same letter are not 
slgniflcantly 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 Yleld , Quack Grass Shoot Blomass 
and Total Weed Biomas5 following 1986 COIn 
Interseeding Systems. 

1986 Corn 
Tr(>atment 

Soybean Yield 
( t / ha a t 14 %) 

No Weed Control 4221 

Herbicide 3673 

Cult i vat ion (2X) 4062 

Herb. Banded + Cul t. 4083 

Cult. + Red Clover 4314 

Cult. + Ryegrass 4305 

Cult. + R.C.-Rye. 3631 

H. B. +eul t. + R.C. 4030 

H.B.+Cult. + Rye. 4251 

H. B. +eul t. + R.C. -Rye. 3835 
------

Mean 4041 

C.V. 13 

Cult. - Cultivation 
R.C. - Red Clover 
Rye. - Ryegrass 
H.S. - Herbicide Band 
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Quackgrass Total Weed 
Biomass Blomafls 

( Dry Matter kg / ha ) 

6.0 13.8 

10.9 110.0 

1.1 56.2 

39.6 42.8 

7.9 74.4 

1.6 84.7 

6.5 21. 4 

13.6 27.7 

0.0 16.0 

17.2 23.8 
------- -------
10.4 47.1 

158 131 



Plate 4. Soyb~~ns grovn ln 53 ~hl rows usinq two rotary 
hoeings and one cultlvation provldpd relatively 
high soybean yi~lds and lov tutal weed biomass. 

Plate 5. Tvo row crop cultivations ellmlnated almost aIl 
weeds except those directIy over the corn row. 
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4.2.2.3 1987 corn yield, veed and forage blomass 

In 1987 corn growth was outstanding and no signifiC'olnt 

differences were recorded amongst any of the treatments. The 

corn grain yields averaged 12.93 t/ha across treatments ( olt 

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 trea tment rece i v l nq no 

herbicide or cultivation which had a hlgher weed biomass 

than other treatments. Forage biamass was low in aIl 

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 1906 

showed significant seed1ing 10ss in bath treatments where 

ryegrass was 50wn with red clover. The pure red clover 

seeding established without a herbicide band also showed a 

trend towards reduced plant numbers at the late cOllnt. None 

a f the r yegras5 trea tments showed a tre nd towa rds reduced 

plant numbers at the late plant count in 1986 (Table ] 5). 

In 1987, ear1y plant counts were generally lower th,lIl 

those obta l ned in 1986, pa r tic u 1 a r l yin t h p cas f' 0 f 

ryegrass. Plant lasses were much higher between early dnd 

late caunts in 1987 with much larger lasses ln ryegrass. ThH 

ryegrass system establlshed wlth a herbicide band ln 1987 

showed significantly higher plant counts than the lredtmenl 

with no herbicide band (Table 16) . 
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Table 14. 1987 Corn Grain Yie1d, Weed and Forage Biomass. 

Treatment Corn Grain Yield Weed Forage 
(t/ha at H'" ) Biomass Biomass 

Moisture ( kg/ha Dry Matter) 
-----------------------------------------------------------

No Weed Control 12.43 442 a 0 b 

Herbicide 12.64 176 b 0 b 

Cultivatlon ( 2X) 13.42 101 b 0 b 

Herb. Banded + Cul t. 13.01 56 b 0 b 

Cult . + Red Claver 12.92 125 b 7 a 

Cult. + Ryegrass 12.59 70 b 8 a 

Cult . + R.C.- Rye. 13.08 135 b 9 a 

H. B. -I-Cul t. + R.C. 12.86 16 b 10 a 

H.B.-I-Cult. + Rye. 13.10 22 b 13 a 

H.B.-I-Cult. + R.C.-Rye. 13.27 11 b 9 a 
------- ----- -----

Mean 12.93 115 6 

C.V. 4 77 69 

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

Cult. - Cultlvation 
R.C. - Red Clover 
Rye. - RyE'grass 
H.B. - Herbicide Band 

98 



1 

" 

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

------------------------------------------------------------
Treatment 

Cultivation + R.C. 

Cultivation + Rye. 

Cult . + R. C. -Rye. 

Herb. Band + Cult. + R.C. 

Herb. Band + Cult. + Rye. 

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

Mean 

C.V. 

Red Clover 
Early Late 
Count Count 

148ab 108b 

87b 66c 

175a 148a 

92b 49c 
----- - ----
126 93 

26 12 

Ryegrass 
Ear ly La te 
Count Count 

189a 175a 

87b 80b 

170a 156a 

81b 80b 
----- - - ---
132 123 

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.H.) of red clover and ryegrass 

Treatment 

Cultivation + R. C. 

Cultivation + Rye. 

Cult. + R.C.-Rye. 

Herb. Band. + Cul t. + R. C. 

Herb. Band. + Cul t. + Rye. 

H. B. + Cul t . + R. C. -Rye. 

Mean 

C.V. 

Red Clover 
Early Late 
Count Count 

123a 82 

99ab 66 

128a 81 

BOb 52 

108 70 

26 12 

Ryegrd!5S 
Ear ly Lat,., 
Count Count 

118d 50b 

45b 27(" 

105a 71d 

49b 22r: 

79 41 

15 20 

* means within the column followed by the same letter arp nnt 
significantly different at P = 0.05 
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4.2.3 Discussion 

4.2.3.1 Economies of weed control systems in corn 

In thp first year of the study, the combln~tlon system 

of narrow herbicide banding and two raw crop cultivatinns 

provided the highe3t economic return to weed control 

performpd (Table 17) . In the second year, the rnw crop 

cultivJtion only system provided a higher economic return 

when weed prpssure was lower (Table 18). In bot Il yl'ars 

h~rbicides !Jnly were the highest cost system of weed ('ontrol 

dnd providpd the lowest economic return. 

In 19137, the yield adv.=tntage from the best performinlj 

weed control system on average (herbicide banding pills t .... o 

cultlvatlons) compared ta the check treatment was only 5 o 
? 

(Whll'h when statistlcally analyzed was not :;!IJniflcantly 

(lifferent), A:3 a r e S Il l t the e C' 0 n ami c r f> '3 Pl) n:3 f> t c) w ~~ e ci 

conlrol meaS\lrps wa::; low in ]987 compared to ]<)8(; (T,lb1c 

113), :3ever,Jl fdctors were likely re'=sponsible for this: 

1. ThE" fip.ld had prf'viollsly been sown to alfr:tlfa for t hl' 

[J,l:3t two '31",:1:30n3 and ,J '3h!)rt term aifaifa '3tand 

k nown by farmers to rpdllr'p wped problems (Brusko, ] 'Jfl51, 

Mp<]<Jltt (1960) round yield redl.lr.tiol1:.3 in corn when no wAPd 

('Ollt rol Wd~~ Pl'r formetl of 37 'it, ,-'lnci 47 % fol lowinq rllw CY\lp', 

) R"dl1cpd qlldntitips of fert-ilizer werp applir·d tll 

f 1 I~ l ci (fnlll)winq le<jume plnwdown) and tllL:3 fl~rt il izer Wd ';) 

t Id 11IJl'd 
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Table 17. Economies of Weed Control Systems in Corn 1986 

Check *Cultivation 
(2X) 

Herbicide 
Overa Il 

*Herb. Band + 
Cult. (2X) 

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

Weed Biomass 1150 190 
( kg/ha) 

Weed Control 0 83.5 
( % ) 

Weed Control 0 16.10 
Cast ($/ha) 

Economic Returns 0 $ 103.90 
ta Weed Control 
Measure ($/ha) 

* average of four treatments 

9.15 

50 

95.7 

42.85 

$ 100.15 

Cost of one cultivation = $ 8.0S/ha 

9.17 

50 

95.7 

25.60 

$ 119.40 

Cast of herblcide overall (cyanazine at 2.25 kg/ha)= ~J5.00/hd 

Cost of applying herbicide = $ 7.85/ha 
Cast of herbicide band = $ 7.00/ha 
Cost of applying herbi2ide band = $2.S0/ha 
Corn at $ lOO.OO/tonne and labour at $ a.OO/hr. 

Cost of mechanical weedings and herbicide applications waR 
adapted from Fisher (1985) using a labour charge of $ 
8. OO/hour . 

Herbicide costs were determined from purchase Invoic~s from 
Yantzi Feed and seed llmited Tavlstock, OntarlO. 

Economic returns ta weed control measure was determined by: 

Increase in corn yie1d 
from weed control 
pract ice vs. check 

X $lOO/tonne 
(corn value) 
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Table 18. Economies of Weed Control Systems in Corn 1987 

Check *Cultivation 
( 2X ) 

Herbicide *Herb. Band + 
Overall Cult. (2X) 

-----------------------------------------------------------
Corn Yield 
( t/ha at 14") 

Wf:>ed Biomass 
(kg/ha) 

Weed Control 
( " ) 

Weed Control 
Costs ($/ha) 

Returns to Weed 
Control Measure 

($/ha) 

12.43 13.00 

440 110 

0 75.0 

0 16.10 

o $ 40.90 

* average of four treatments 

12.64 

180 

59.1 

31.10 

$ (-10.10) 

Cast of one cultivation = S 8.0S/ha 

13.06 

30 

93.2 

23.25 

$ 39.75 

Cost of herbiclde overall (bromoxynil at .28 kg/ha 
and atrazine at 1.5 kg/ha) = $ 23.25/ha 
Cost of herbicide application = $ 7.85/ha 
Cast of herbicide band == S 4.65/ha 
Cast of applylng herbicide band = $ 2.50/ha 
Corn at $ lOO/tonne and labour at $ 8.00/hr. 

Cast of mechanical weedings and herbicide applications was 
adapted from Fisher (1985) usinq a labour charge of $ 
H.OO/hout. 

Herbicide costs were determined from purchase invoices from 
Y~ntzl Feed and seed limited Tavlstock, Ontario. 

Ecunomie returns ta weed control measure was determined by: 

Inetease ln corn yleld 
from weed control 
pr~ctlce vs. check 

X S100/tonne 
(corn value) 
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3. A rapidly emerglng, high yielding, later maturing, "st.1Y 

green" hybrid vas planted at a relatively high population 

in 75 cm rows. These are aIl desirable features for 

increasing plant competition ta veeds as reported by W~ll 

(1982), Walker and Buchanan (1982), and Rose et al. (19841. 

4. The trial was on one of the most productive fields of a 

weIl managed farm on class 1 land. Weed growth has been 

found to be reduced in environments of high natural 

fertility favordble to high biomass production (Patriquin, 

1981). 

The tvo cultivations alone provided approxlmately 80 \ 

weed control over the two years vith 83.5\ in 1986 and 7S \ 

in 1987 when the two cultivatians were wlthin tvo days. The 

weed escapes were observed ta be almost entlrely over the 15 

cm area over the crap raw, which i5 the 20 \ of the fi el<l 

uncontrolled by the cultivator (Plate 5). 

The herbicide band over this 15 cm area appedrpd ta br 

effective ln reducing weed blomass but only the weed blomaS:3 

in 1986 showed signlficant reductions (Table lll. Mo!;t 

research on herbiclde bandlng and cultlvatlon has evaluated 

wider herbicide bands of approximatply one/third t.hf' row 

spacing ln contlnuous corn systems (Ammon, 198f)i HdmlIl, 

1983; and Gill et al., 1984). If precislon raw rultiv<..Jtlnq 

can be performed ta control 80 \ of the weeds d wldt!r 

herbicide band wauld likely anly Increase the WE'f'!d ('ord roI 

cost particularly If weed populatlons were rf-!duC'f~d tllrou/Jh 

cultural mdnagement techniquE's. with ClJrf(~nt d"vf'lopmf'rd. I)f 

cultivators with improved stability and enhanced 'juirj.Jn(·p 
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systems lncluding electronic systems and mirrors the need 

for a wide herbicide band could be further reduced. 

The overall herblcide treatments were poorer performing 

e~onomically than the cultivation and herbicide banding 

treatments in bath seasons which is consistent with aIl 

research studies reviewed. Hawever , the weed control of the 

overall herbicide treatment in 1987 was impaired by the one 

week delay in appllcation (due to a series of uns table 

weather eventsl compared to the herbicide banding system. 

The annual grasses had passed the two leaf stage in that 

week and escaped control fram the overall herbicide 

application. Weed biomass in overall herbicide treated plots 

was rel . .ltively low 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 

les~ econamical due to the law cast af mechanical weed 

control. Over the two years these results appear ta indicate 

that a system of using narrow herbicide band of 15 cm along 

with two row crap cultivations can be a more cast effective 

wped control system than broadcasting herbicides when gond 

cultural t~chniques are used to grow the corn. 

If the suggested cultural manipulations (good crap 

rotatlon, reduced fertillzer use and efficlent placemenl, 

wef'd suppressive cultivar, relatively high population 1 can 

bl'> Iltillzed durtng a season conducive to outstandlng crop . , 
'lrowth (such as experipnced in 198?), 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 qrow woulci 

cause little yield reduction and act as a sail and nitro<]PIl 

conservinq caver crop as suggested by Weil ( 1982 ) ,1 Ild 

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 establi5hen W 1 th d 

herbicide band provided larger quantities of blomdss dt [.)11 

and spring harvest in 1986-1987. Four suggestluns un why 

this treatment \Jas super ior ta other systems in 1986 -l'JIn 

are; 

1. The herbicide band reduced \Jeed population!; ln tttf' 

row and this reduced competitlon to the f () r a q e :3 e e cl 1 1 1\ '1 ;j 

compared to the cultivation only establishment mcthod. Thl;, 

i5 sho\Jn in Table 15 where significantly greater quantlty of 

established red clover plants were obtained at the 

count date in the herbicide banded treatment compared to th,> 

cultivated treatment. 

2. The extremely wet fiE'ld conditions in Septpmbf'r 

(178.5 mm ralnEall occurred) appe,.Hed to impair r~d elu'/,>r 

gro",th ",hich ",as further reduced by substantidl fCf'din(~ hy 

slugs. 

3. The red r.Iover was heavily damaged by whepl trafti(' fr()m 

the combine and the biomass was qreatly rl-'duc~d 

areas which wüuld represent almost half the fipld ,1 nr'" 

little forage growth appears ln the corn ro ... olnd ,) 4 rt)'" 
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(O()mhi IJI' Wr]~. 1]s("'(1 for harvest). 

40 Gr,):;.3e:3 such a::; ryegras:3 qenerally grolJ better ,3t cooler 

soi l and air temperatllres than legumes. The rndin growlh 

pe r lod Eor interseeded cover crops ln corn is dl1rinq cool 

[>f~rjodJ of thp yE'ar ln ldt.e fall and early spring. 

III thf~ 19137 corn int':r:3eeditlq trial, biotn.)s'3 prlJdur'tion 

IJ a s p x tIf' me 1 y 1 () IJ d n d the r e IJ e r e nos i g n if i C'a n t d i f f P. r en CE:' S 

.tmonq':.t treatments. Four {~ct0r5 were 

r .... :-; p() n ~ i b 1 f' tor the poorer establIshment 

production compared to the 1986 corn lnterseedlnq trial: 

1 . For two weeks after the forage interseE'dlng in 1987 

unly 12.2 mm of rainfall was received compared to 1~,9 in 

lc)8f) (Table 4). Thi~:; was most likely thp reason why plant 

COU n t:3 t ,J k f! n d t the f i r s t da te we r e r e duc e d i n 1'3 3 7 ( T d !J 1 e 

1 h) compareù Lo 1 Q G6 (Table 15). 

) , . The summer lJas m~ch warmer in 1 Q d7 than 1986. After 

fordCj(' lllterspeding in coyn, fourt.ef:'n days lJere rpcordC'd !r, 

" 1187 IJlth temperatures above 27 C compared te only five 

198b. A partl~u13rly hot dry eig ht duy 

r '_1 i 11 f ,\ l l 

1",1 . t 27 c. Th 1 :3 m.l y e x LJ 1,1 1 n wh y the 1 0:.3 '3 \) f 

!.t'f'clllnqs bplwf·pn counl-!; WêiS much hiqhpr in ]987 

1') n (, , to 

wi th 

,:> l' d 1 ln., 

10!; 

in 

in 
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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 !nterseeded treatments of 13.04 t/ha 

compared ta 9.05 tonne/ha in the 1986 season. This 'w'ould 

i ncrease campet i tian ta the undersown forage through intense 

shading and greater competition for soil rnoisture and 

nutrients. 

4. The forage biomass wa8 harvested by an earlier date ln 

1987 (Sept. 30 vs. Oct. 19 in 1986) due ta an earlier 

planting dyte and a record warm season. This may h~ve 

affected the quantity of forage blornass obtained as the corn 

canopy had not yet opened because heavy frosts had not 

occurred. In 1986 it 'w'as observed that siqnlflcrtnt qr!Jwth I)f 

the interseeded forage occurred on'y after the canopy opencd 

after several frosts. This could explain why the mean 

forage biomass was reduced approximately 80 % in 

fa Il 

198., 

compared to 1986 while the late foriige interseedinq COlin!:::; 

were only approxirnately halved in 1987 cornpared tu lho~e of 

1986. 

In general it wou Id li kely be necessary te produc(! 

greater quantities of biomass production than was obtdin~~d 

in 1986-1987 or 1987 if the interseeding tpchniqup. 13 to hf' 

widely accepted for corn graln management syStP.IO:3. BiomaS'3 

produrtion from the interseeded treatments in 1986 1~A7 

could likely have been lncreased ln several ways: 

- by increasing the seeding rate of red cluver ,red r.lr)vl'r 

r.ind ryegrass and pure ryegrass treatrnent:.:; from 8, 10 ,Hill 11 

kg/ha to 12, 16 and 20 kg/ha and running tubf.'s off the (Ir,j~;~) 
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sf'ed box to the inter-ro'W area to avoid seed landing on the 

herbiclde band. 

- the forage Interseedings being made at the 15 cm height in 

corn 30 days after plant ing (instead of at the 30cm he ight, 

34-37 days after planting) if gro'Wn in a high yielding 

environment. 

by planting corn ea~1ier and not using a" stay green" 

corn hybnd 150 heat units longer than the area. 

by incorporating the cover crap immediate1y prior ta 

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 a~d weed control across aIl treatments 

w~re excellent. The soybean crop and weed management system 

of p1anting the crop ln a ro ........ idth of 53 cm rows and ûsing 

t ... o rotary hoeings and one cultlvation for weed control was 

very effective (perhaps tao effective ta demonstrate 

dlEferences in total weed growth from the previous corn 

treatments). Siqniflcant rf'search exists that suggests that 

this system should optimlze crop yleld with low cost and 

effectivE' .... eed control ( Lovely et aL, 1958; Peters et al., 

1 Il 6 '); Wax and Pendleton, 1968; Hauser et al.,1972; ,Johnson 

al., 1982). The fa ct that soybean yield was not 

:3iqnlficantly lnfluenced by the previous corn treatments is 

consistent ..... ith most rf'search follo'Wing plowdown of graGs 

type cover crops beEore soybeans. However, ylelds have been 
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found to increase following rye and ryegrass cover crops 

with improved weed control being frequently cited (Cole élnn 

Witt, 1983; Wrucke and Arnold, 1981). Yield reductlons havp 

a1so been reported in soybeans following rye caver crops in 

a dry spring tHammond, 1984). Although the qround was dry in 

1987, adequate rainfall was received after planting to 

prevent this from be ing a problem. 

During the course of the experiment it became evidpnt 

that the potential existed for the interseeded ryegr.l'i:j 

cover crops ta suppress quack grass gro..,th. Unfortllnatply 

the natural stand of quack gra:,s ..,as sporadlc in gro..,th in 

the field and caused high co-efficients of v;1ri.3tion for 

this measurement. There ls a great deal of InEorm"ltion that 

suggests that corn interseeding ,*,lth ryegras~, could makI' d 

very e f fect ive Integrated crap and ..,eed management :5ystp.m ln 

a corn-saybean sequence. Quack grass is a serlOUS conn'tn ot 

soybean gro\tfers and ryegrass has been found to redllCp. ur 

delay the spread of quack grass due ta its extpn~:;ivp roo! 

system (CU5Sans, 1972; Dyke and Barnard, 1976; Btinn HnEm,)!1 

and Ennik, 1982). As ..,p11, eX('eSS1Ve resiolldl nitroq(:'n From 

corn ha::; been found to incre.::i':>e annl.l,.ll ,*,p.l-!d qro..,!.t. In 

saybeans as dll f' t Il 

seepage into ground..,ater (StdniEorth,1')f)2). Ext~n:3ivI~ 

studies by Scott et al. (1987) fOllnd ryegrass int('>r'il'I'd 1 rlll:, 

ln corn to provide hl<Jh blOmr.iSS prodllct ion .1Itd re']uI/' 

nitrogen dvaildbllity. 

desirable when plantlng grain legumes '3uch a:3 :31)yb'~,ln:.:; ,).; 
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l 
they 3timulate nitroqen fixation. Studies by Cussans (1973) 

and Ifoogerkamp (1975) also found that lower sail nitrogen 

levels help control quack grass growth. 

4.2.1.4 Economies of Integrated versus Conventional Corn and 
Soybean Product ion 

Average corn yields of 9.17 and 13.06 t/ha were obtained 

in 1986 and 1987 respectively, from crops 'Nhose only 

chemical inputs 'Nere herbicide and fertilizer bands. Using 

lequmes as the main nitrogen source and ro'N crop cultivation 

as the main weed control method enabled a 5ubstantial 

reduction ln corn lnput costs (Table 19). Hicks and Rehm 

(1986) in a revie'N on reducing corn production cost5 

conc l uded that for maximum profit corn gro ... ers should use 

recommended levels of aIl production inputs. However within 

the ,uticle they stated (summarized points): 

thdt only in the areas of herbicide and f€'rtilizer i5 

there major opportunity to reduce costs 'Nithout reducinq 

yi(~lds (by using herbicide banding and cultivation for 

control and fertilizer bandlng 1 legume plo'NdoW'n or 

m .. .lnurc· Lo sllpply crop nutrientsJi 

that corn YLelds are 10-15% higher ... hen corn i5 grown 

following oth€'r cropsi 

cash costs arf' reduced in first year corn as no root ... orm 

t n:3ectic Ide tS needed. 

Thesp 'viere many of the methods used in the present study 

t-hat made the Inteqrated corn production system a high 

producinlj lo'vl cast system (Table 19). 
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Table 19. Input Cost Comparison between Integrated and 
Conventional Corn Production System (1986-87) 

Tillage 

Seed i ng 

Seed 

Fertilizer 

Integra ted 
Syst.em 

(CQst $/hal 

57.25 

15.41 

70. 00 

78.15 

Fertilizer Application 

Herbicide 

HerbicIde Applicatlon 

Insecticide 

ROIN Crop 
Cultivation (2X) 

Pre-harvest Costs 

5.88 

2.50 

16.10 

$ 245.29 

Convent i ,1110"11 

Recommenda t i (ln~; 
( Ct):=, t $1 h ,:i ) 

57.2"i 

1 5 . 4] 

70.00 

184.33 

5.93 

flO.25 

7.AS 

J6.05 

$ 417.07 

Field op~ratLon costs adapted from Fisher, 19135 to lnr:-lllc]" 
Idbour charge at $ 8. OO/hr 
Fertillzer and herbIcide recommendatlOns aver.3ql! of 
Ontario Ministry of Agrlcultllrp. ano Food 1987!J, [>11hlic'"t!f)r1 
60 anl1 Ministere de 1'Agricll1tllr~, de'J Pecherles et .-jp 

l'Alimentation nu Quebec 1985, Mais C;rain, Agcl(-'x 111/1171 
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The avera1e crop yield in soybeans of 4.04 t/ha at 14 % 

ml) 1:3 t ure Illas an excellent crap partlcularly as no 

fertllizer, or herbiclde was applied. This would result in 

:3 U b 5 t .~ n t i a ] :3 a vin g :3 d Il e t 1) 1 0 we r i n p 1.1 t cos t san d I~ 1 i min a t i 1) n 

I)f broadc,:u;;t applicatIon costs ror fertilizer and herbicide. 

'J'hp area nE greatest savlngs in soybean production is on 

wppd control. The mechanical weed control system of two 

rotary hoe i ngs and one cultlvation compared to a 

conventional soybean weed control system of a broE~cast tank 

mixture of a grass and brnadleaf herb1cide wl)uld cast 

~pproximately $22.61/ha compared to $83.29/ha ('J'abl~ 20). 

Reduction in chemical weed control costs thrQ\l'3h tlw 

substitution of mechanjcal weed control was one of the main 

areas for savinqs ln both corn .:lnd soybeans. This dlffer!~I1<'I~ 

('01l1d be even more important when it is rp.co(Jnized that 

frequently, cllitivation Increases cr op ylelù (Jl)hn:3on,19R~I), 

while very widely used herbicides (such dS bromoxynll rlnd 

d 1Cdmba ln corn) decrease cr op yield:-; in the absence nE 

we eù 5 (L':Hll n i 1 1986). 

The current study is in agreement with inte1rat0~ 

f.lrmll1 l ] :3ystem~3 reports from Europe IIIh1Ch have shown th.ü 

:Hlb:..;t-dntlal reouC'tiOI1 ln input C(lSt~5 can occur wit-h LIli' U,I' 

nt Inte']rdted methods (Steiner, 198hj Vereijken lQSh). Wh.]t 

1'1 nE part-iclllar Interest in this study is the levcl oE 

prndllctivity th._lt WdS achleved alonq with the reduced co:=;t''3. 

T n 1 (Hl?, Y J P l r1 5 0 f l 3 . 0 t 1 ha cor n and 4. 0 t 1 h a ~; 0 yb ca n;, we r c 

\\:hlt'Vpd withnllt the use of herbicides on the Kalbfll?l.3('h 

farm. In 1987, provincial ylelds for corn and soybeans 
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averagcd 7.4 

coun ty Y lf~ Ids for cor n and soybea n ave r aged A. (1 t/h,l ,lnd 2. q 

t/ha (Ontario Ministry of Agricult.ure and Food, 1987d' 
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Table 20. Input Cost Compar ison bet ... een 
Conventional Soybeans 

Integrated and 

------------------------------------------------------------
Integrated 

System 
Cost S/ha. 

Convent i ona 1 
Recommenda. ri on'; 

Cost $ 1 h'3 
------------------------------------------------------------
Tillage 57.25 57.21) 

Seeding 15.41 15.41 

!3eed 42.00 42.00 

Inoculant (lst Yr. ) 12.50 12.50 

Fe r t i 1 i ze r 48.99 

F'f'rt1l1zer Appl i cat lon 5.93 

Il f~ r b 11' 1 li e 7'3.44 

Herbiclde Application 7.85 

RI) l,l r y Hoe i ni] (2X) 14.56 

Rn..., rrnp Cllltlvation 8.05 
-------- ---_._~--

'rll t.1 1 Prf'hdrvest $ 149.77 $ 265.17 
(' 1) :; t ,- f ha " , 

-- -. - - -----_._-------------------------------------

Pll'ld I)pl~rdllt)n costs adapted from Fisher, 1985 to in('lud~ 
],!I11111r CP!it ,lt $8.00/haur 
.'~"t>d, fprt-JlJzc;>r ano h<>rhicide costs from Ontario Minlstry 
lIt ÀIJllclIltllrro and Food, 1987b, Publication 60. 

l 1 4 



5. GENERAL DISCUSSION 

Through the course of the study the system that W,Hl 

identified by the participating farmers and the reSe.:lrCIH~r 

as an al ternat ive ta high externa l input systems ... as onp 

which included: 

- Cr ap Rata t ion 
- Cultlvation 
- Cover Cr oppi ng 
- Chemical Banding 

In this system: crop rotation ... as used tü el imlnate lhf' 

need for insecticides and ta help provide crop nutrients; 

cultivatian equipment, consistlng of rotary hoe~j and ro ... 

crap cultivators, is used not only Eor effective .:lnd 

econamical weed control, but to improvc soi l rlf'r,lt.ll>ll, 

reduce crusting and establ ish ryegrass intercrops; cover 

crops are used ta imprave sail fertillty, reduce t i Il,HJ!', 

suppress W'eeds and increase ground caver prevent lnq nutr ip.nt 

leaching and erosion; chemical banding, 

broadcastlng ferttlizers and herbicide::;, 

quantities of chemical inputs to ecanomically enhdnC(~ t Iw 

systems ... eed control and Eert1l1ty. The system emplld:3izf~:J 

the use of resources W'ithin the farm ta lower protluc'll (If) 

costs, mùlntatn hlgh crop ylf~ld:) and rt~duce chemlc.ll Input 

use in crop product l on. 

Although alfr.ll[a W'as gro ... n prior to corn HI t.ht-' '~f'l:()Tld 

year of the study, the system could W'ork in f~xcJu'5ively ('l~h 

grain systems bllt likely not perform as "",pl} as i f 

was lncluded in the rotation. In cash 9r-31n '3Y'3f.,'m:;, 

whpat ovprseeded ... ith red claver prior ta thp. corn-::;oyb,.an 
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c-;eq'Jf!nCI~ mdy be more effective than mlxed grain dnc] rF'd 

(~ll)'1er (as \tI<i!3 1J:3ed in 1986). It \tIollld provide a hlqher 

~rain, fix greater quantities of nitro~0n 

(Nnrris, 1981) and increase qround cover as it \Vol.lld prnvide 

\tIintpr caver after soybeans. This potential 10\tl input c~sh 

qr,.lin ::.ystem is olltlined belo\tl: 

Table 21. Patential Law Input Cash Grain System 

Ypar 1 Year 2 Year 3 

Md in Crap Corn Soybeans Winter Wheat 

Cover Crop Ryeqrass Winter Wheat Red Clover 

Th", \tIinter \Vheat \Vould be aerially seeded at soybean l~,lE 

yel l 0 li i n CJ a r d ire c t d r i Il e d a f ter ha r ve 5 tin Ion g e r ::; '..! cl ~,() n 

dreas, Red claver would be Erost seeded ln late winter a:3 

p r ,1 c tic e cl b Y Nor ris ( 19 8 1 ). I n 5 h 0 r t rot a t. ion f, 5 li C h cl~; t- hi:. , 

lh,~ ablllty of interseeded ryegrass in corn '3nd over'3eech2(1 

r !' d (' lu V t! r i n ce r e aIs t 0 S U P pre 5 5 \tI e E' d s C' ou 1 d b E' important: 

llttle to no opportunity for excessive tillcl'je 

or ppr~ji"tl'nt hf'rbicides betwPE'n crops, 

T t- s h 0 Il l d b e '3 t ,olt I~ d t ha t a 1 m ():3 t ,11 1 th~ techn i (lll~:; 

in tl1P f'Xl)('riments haVI" been c;cielltific"l1y pruv('n tn 

lea:st 2'5 yl~olr.:; and many or tlH' 

t('("lIlllqUI" \tI1'rt' mall1strpam farminy mpl:hods in ('orn, :,oyll(',lll, 

.\ Iitl '5 m" 11 prnduct ion be fur e t h,~ 

lllt rtHlllC't ion Tht> tE'chniqlH's uf c:lnv0r 

( 
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prevalent in the past (stevensen, 1955) .:wd m . .lY b.! .Jqdill ln 

the future. The Ontar io Minlstry of Agriculture ,lnd Food 

currently promoting these farming pract ices 'vil th <Jr.jllt~ tClt 

f i r s t t i me ad 0 pt ion 0 f co ver cr 0 pin ter se e d i n gin c () r n (HI\ 1 

cereals. 

The herbicide banding technique in corn comb i necl w i t h 

row crop 

effective 

cultivation 15 'vIell documented to prov icip. mnre 

and economical weed control lhan 

herbicides over many years and environments. However, . .llmo:3t. 

aIl the existing studies have used wider herblcide bdlld!, 

than the one-fifth the ro'vl width area usee:! in the pre:3t'nt. 

study. The idea of the narraw herbicide band came from olle 

of the particlpatlnq farmers, Harry Wilhelm. He ha::; ll:3~d thr! 

15 cm herbicide band plus two cultivations successfully fur 

the past 14 years on a 60 hectare farm in 'vIhich corn i, 

grown in a corn- mixed grain -white -wintpr whf'dt 

rotation. If 'vIeed pressures were more Intense than in th .. 

present study a wider herbiclde band may bp nC'cP:;sdry. 

Far the pas tel g h t ye ars, Ha r r y W 1 l he L m ha :3 a l S 0 Iw f-' Il 

using the mechanlcal weed control systpm of t wn roI ûry 

h 0 e i n q san don e t 0 t W 0 Cil l t i vat ion:3 for we e den n t r 0 lin r) 1 

cm. row white beans and 5()ybean~. Exc IU!i 1 Vf' Il:i l' () f 

rotary hoeinq and cultlvatlon for weed control ln 

has also bf'en documented to provldf-O morE' C(j<,t.-f:lh'ct.IVI' ·NI •• J 

control than herblclde only or herbiclde r.UltlV,]1.1'Hi '3y·,r'!1n 

in V.S. stuctles (Hauser et al., 11372; Lovely Pt. ,d., l 13 ') I~ ) . 

In extremely 'vIet seasons, where weed seed bdnk::; .,H'! l.Jr'l'·, 

or where residual fertillzer is prrJ~;p.nt. in lrirlJ" 1)lldnl.it.II'·, 
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this system .... i 11 not likely b€' adequate to control veeds 

partlcularly if 30ybeans are grovn in vide ro .... s of 75-102 cm 

(Pplers et al., 1959; Sahs and Lesoing,1985). In these cases 

herblclde bands could l1kely be used economically ta 

improve wp.ed control and crop yield. It is likely that use 

of mechanical ... eed control systems ... 111 increase in the 

future. The Ontario Ministry of Agriculture and Food ha~ 

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, cultivaUon, cover cropping and chemical bandinq 

be used cons1stentlyand profitatly on much of our crop 

acreage ot corn, soybeans and small grains. What would th0 

Lmpact of the techniques used in the exper iments be on 

larqer fùrms, on more moderately productive soilD ... ith 

'lre,üer ... eed seed banks and ln years with less favorable 

weathpr conditions. It seems llkely lhat greater levels of 

Inputs might be requlred and lo ... er Ylelds ... ould be achieved 

IIndpr these conditions. In particular, farms that havE' had 

Intensive cash crop production for the past 20 years may 

rt'C]11Irp rl mort" gradlldl [('ductlon in inputs than those tested 

(,) slo ... er per 11)!] of chemica1 ... ednlng). Ho ... ever, even if 

yil'lcts were slightly 10w0r, thp rN1uction in proc'lucti(ln 

,', 1:3 t:.3 "'0111<3 ml)re than offset smûll yield reduct lon:5 

lJartlculdrly whpn commodlty prjces are low, The interesLin\] 

fl! • .ltur,> t)f Lhl' f,Hnlpr-:3 particlpatin9 in thi"'~ '3tUclY 1:.3 th3t 

tht~y Cdn con~~ic;tC'rlt1y dchievp avprèHJf' ta above dverc:!tJl' 
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yields with reduced chemical input requirements. 

The reduction in chemical 1nput requirements lS simply 

not a matter of dropping inputs from the system. Farminq 

... ith less chemicals means that the bioloqical efflci~ncy of 

the farm must be improved (if the aim is to maintain or 

increase productivlty and profitability over th~ lon'.:! Lerm). 

The more we understand, improvp and promotp practirps t-h.tt 

enhance the resource base of the farm , the ml)rt~ we ... i II 

move into an dgricullure that relies on less rhpmirals. 
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6. ;]UMMARY AND CONCLUSIONS 

Interactions bE'tween weeds, crops and cover crops were 

examined to identify and develop clap and weed management 

systt:'ms that reduce clap production costs and chemical input 

use. 

1 ntegra ted falming techn i ques used by the fa rmer sin the 

lmml?dlate area of the research were evaluated by following 

normal farming operations as mu ch as possible. 

trom the experiments include the following: 

Conclusions 

1. 1 nterseeded double cut red claver in grain and ryegrass 

ln corn were the most sUltable lnterseedings for optlmlzinq 

dry matter productIon. 

'!. l nte r seeded cover crops of single and double eut red 

rlover ln mixed gr,ün appear to influence weed growth at 

cereal harvest but their major role is in supprcssing weeds 

,1 f ter ha r ve st. Interseeded ryegrass holds potentlal 03:3 ., 

weprl suppressant in corn in a corn - soybean sequence hut 

... eed press lire present ln the tr ia 15 was not adequ03 te to 

detcrmlne this. 

1. l\ narrow herbicide band (15cm) OVE'r the corn raw 

lmproved est.'lbllShment and dry matter productlon of forage 

1 ntf' r s(>pd i ngs ïompdred to cultivation only 

Ht>rblcide b.1nd1ng ln corn 1mproved the economlCS of 

ht>rbiclde Il'';(' <ln<.1 rpduc:ed application cosls compared ta 

hr(lad(~.'l,;t herbic Ide system:3. 
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4. Integrated Earming techniques decreased preh.'\rvest C0!3t:5 

while producing high crop yields. Substitution ot mechanil',d 

weed control for chemical lieed control ln corn and soybe.:I1l 

was a major compone nt of this reduction. 

5. High yieldlng crops of corn anl"\ mixed graIn were 

associated with poor growth of weeds or interseeded fard!J!'. 

This sl.Iggests the need for modifications of weed contrl)} 

practices and of interseeding rates ùnd timing 

hlgh yleldlng 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 
weed yields in spring c~reals. 

F.V,tllhlt!· il bi'uley, Odts and peas replacement series \tI]th 

and \nth ollt Ilnderseedlng of a mlxture of sinqle and double 

(;l1t red clover. Evaluate the influence of these practices on 

\tIlld oats and lady's thumb \tIeeds. 

2. Evaluate combinations of mechanical weed control and 

cover crops for moderate -heavy annual weed infestations 

in cereals. 

rompare blind harro\tllng, rotary hoping and fjnger weedjng 

\tIit:h/Wlthout use of interseeded red clover, in terseedeù 

hrllry vetch, interseeded crimson clover, a ft t' r ha r v e ~. t 

r Il l t 1 va t i 1) n and a f ter ha r ve ste u 1 t i va t i 1) n and se e d i n (J 0 f 

nj lseeri radlsh (Raphanus satlvus). 

3. Mechanical weed control trials in corn. 

st udy tht" ec'onomics of rotary hoejng, roVl crop 

('111 L lvat 1011, dise hilling and use of the finqer \tI~eder ln 

Vdrl(\I]!; cC1mblnatlons vs. banded hprbicidps and t\tlO rOIN ("r(ll) 

4. Mechanical weed control trials in soybeans. 

the eCt)nomlC~.5 of rotary hoelng, row crnp 

\lltlvdtlon dnd lise of thr fi nger in 

, ()mbllldtlnn'3 V
,, 

) . sL~n(;\.Hd lwrblc ide trA.Qtment'3 ln 3') CRI 
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.' 

5. Manipulation of sail nitrogen ta reduce weed growth in a 

corn soybean sequence. 

Evaluat'" broadcast ing and band ing var ious N Leve 1:; ln 

corn and interseeding ryegrass or fall seedinq ryp nnn 

determining the ,=ffects on nltrogen leaching and annual ,-llld 

perennial weed growth in soybeans. 

6. Abi l i ty of caver crops to suppress quackgrass. 

Compare spec ies and cultivars of annual 

perennlal ryegrass, ' .. nnter rye, winter tri t 1 Cd 1 ~~ 1 

radish, white mustard, fodder rape, buckwheat and r!'d 

claver. Evaluate the lnfluence of the cover crops rout 1I\o.1:3,J 

on quack grass rhizome deve10pment. 

7. Crap and weed management in rotatianal farming systems. 

Perform a long term study comparing crop yiplds, wl'f'd 

control and impacts on 5011 quallty of a three year rfJt.1tiull 

of corn soybeans and wheat, with/without covpr c:ro[J;' dfld 

with /wlthout herbicldes. 

8. Manure application in cover crop systems. 

Evaluate dlffp.rent manure source:') 11 qu Id, .l'" r, 1 t. ",1 

11qllid, spml-solid, 501i<1, and compost) in cpr('cll Indndql'mf'rll 

systems. 'l'he manure could be 5011 lncorpor.lted .]ftl!r Cf~ rp,l 1 

harvest. wiUI/without seeding of oil rac1Jsh, or SI] r f rH . ,. 

applled to gr.Hn stubble wlth/WlthOljt: 

121 



weed qrowth in the subsequent corn crap. 

9. Corn -ryegrass interseeding variety trials. 

Determin_ cultivars of annual and perennial ryegras3 

which are heat tolerant, shade tolerant, winter hardy and 

provide good weed suppression, ground cover and dry matter 

production. 
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9. Appendix: Abbreviated Analysis of Variance Tables 

Appendix 1. Analysis of Variance for Grain "fields, Forage 
Biomass, And Weed Biomass in 1986 Cereal Expl. 

Source 

Grain Yield 
Replication 
Treatment 
Model 
Error 
Corrected Total 

Degrees 
of Freedom 

3 
4 
7 

12 
19 

Forage Biamass at Cereal 
Repl icat i on 
Treatment 

Har ves t 
3 
4 

Madel 
Error 
Cor rected Tota l 

Weed B lomass a t Cerea l 
Repl i Cdt i on 
Treatment 
Model 
Error 
Cor recled Tata l 

Fa 11 Forage B l oma:3S 
Rt>plicc3tion 
Treatment 
Model 
Er rar 
Cor rf-'ctf-d 'l'ota l 

Fd 11 WI~ed Blnmas:::; 
RRpllcdllon 
1'rpatment 
Mon pl 
Er r or 
rorrected Total 

7 
12 
19 

Harvest 
3 
4 
7 

12 
19 

3 
4 
7 

12 
] 9 

3 
4 
7 

12 
1 <) 

* 1 j<o~: dpnuLp si<Jnl t lCdncp dt 

respect lvely 

1 il ') 

Mt>an 
Square.s 

.030485 

.001660 

.0140l3 

.0211B9 

.0010] 2 

.007619 

.004787 

.000606 

.000566 

.001816 

.001280 

.000452 

.00742R 

.5')9376 

.372827 

.004260 

.005044 

.01';.1,40 

.01 07'! () 
,DON;47 

F VJ.ll11' 

1 . 4] 
o . OB 
o . (, Îl 

1 , f, 7 
12,r;R*k 

7. 'lO'\' 1: 

1 . ) t, 

'1, n Ik 
:" Il l 

1 . 7., 
131.30*k 

7 ", . 7 fJ *}-

1 • (J 1 
l" f.n!' 1 

4 , fI P. 

1 P 'If' 1 



Appendix 2. Analysis of Variance for Weed Density at Cereal 
Harvest in 1986 

Sourcp 

Lady ,; 'J'humb 
R('pl j l"at ion 
Treatment 
Model 
Error 

Wild Buck..,hear 
Repllcatlon 
Tredtmenl 
Model 
Er ror 

Lamb:;; Qlldr te rs 
Repl i cat 1 on 
Treatment 
Mode l 
Er ror 

Mus ta rd 
Rppl icat IOII 

Treatment 
Mode l 
Error 

K no L wced 
Replication 
'rrea tmell t 
Mod (' l 
Error 

[),lndc>llon 

1"0''': t LI 1 1 

RqJlI ca t ion 
'J'rt-~atmt~nt 

Mlldpl 
Error 

Rt-'pl1calion 
Treatment 
Mod f' l 
Error 

'1'\11 ,-il W('f'ds 
Rt'pl1CiÜlon 
Trl~,Jtment 

Mode l 
Err!)r 

Degr ees 
of Freedom 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

Mean 
Square 

5049.6500 
2546.4500 
3619.2500 
3017.3170 

41.5106 
85.4250 
66.6071 
45.7250 

2.1833 
6.6750 
4.7500 
5.8083 

2.5831 
3. 4250 
3.0642 
0.7911 

13.5333 
4.9250 
8.6142 
3.1583 

2.3333 
4 . 3250 
3.4714 
0.7917 

15.2000 
4 .6750 
g.1857 
6.4083 

6151.g167 
3'J29.P250 
4653.578"> 
2774.4'J83 

" 1 ** Dt~nl)te ';lt:Jll1hcdllce at the 5% anci 1% 
r!·~,pp("t 1 Vf' 1 y 

1")0 

F-Va lue 

1 .67 
0.84 
1.20 

o . g J 
1.87 
1.46 

.38 
1.15 

.82 

3.26 
4 • 3 3 * 
3.87* 

4 .28 * 
1 . 1) C 
? .73 

2. ') t·, 

5.4G** 
3.47* 

:-:.1'7 
n.73 
1 . 4 ] 

7..22 
1. 27 
1 . f) 8 

le ve l s, 



Appendix 3. Analysis of VarIance for Weed Density at Fall 
Harvest in 1986 Cereal Tr ial 

Sour ce 

Plantain 
Repl i cat i on 
Trea tment 
Modf' l 
Errar 

Dandelion 
Rep li cati on 
Trea tmen t 
Mod f' 1 
Errar 

COIN Cockle 
ReplIcation 
Trea tmen t 
Mode 1 
Errar 

Shepherd' s Purse 
Replication 
Trea tmen t 
Mode 1 
Errar 

Mustard 
Replicatlon 
Treatment 
Mode l 
Errar 

Annua l GraSSf'5 
ReplicatIon 
Trea tment 
Mode l 
Error 

'['ota l WE'eùs 
Repllcatlon 
Trl~a tmen t 
Moùe l 
Err!)r 

Df'CJH!f'S ot 
Freedom 

3 
4 
7 

12 

3 
4 
7 

12 

3 
4 
7 

12 

:3 
4 
7 

1 2 

3 
4 
7 

12 

l 

4 
7 

12 

3 
4 
7 

12 

1340.0500 
167.4250 
151.4071 

45.")917 

766.9813 
673.5000 
711.")&43 
99.0b67 

4.6h67 
2.92')0 
3.f)714 
1. 4')8] 

0.9311 
3.87')0 
2.6142 
1.97')n 

2fl.')lJl 
14'3.5750 

97.7214 
20.541G 

o . h f, f) 1) 

1.57')0 
1.1871 
O.37S0 

l '1 fI l . 2 l, f, " 
274S.87,)() 
7410.4714 

2 li 3 . K r) fl 1 

* 1 * ~ Denote slqniELr:ance 03t the 1)% and l"', 
rpsppct J ve 1 y 

1 :. 1 

.~ • A", 
3. 6 7 * 
Î. 1:> * 

" . 74 * 'A 

Il. HOH 
" . :) n 'A "A 

1 . ,1 n 
" . nI 

() . " , 
1. ,) f, 

1 . l.' 

1 • 3 (J 
'7 . /:11< k 

4. '/1. kA 

1 • '7 fl 
4 . .'01-
l . 1 f, k 

f) • (J / t k 

'J • r) Il • 1 

fi . .,' l 1 1 

1.: /" 1 . 



Appendlx 4. Analysls of Variance for Grain Yield, Forage 
Blomass and Weed Biomass in the 1987 Cereal Expt. 

------------------------------------------------------ ------

Source Degrees of 
Freedom 

Mean 
Square 

F-Value 

-- -- -- ----.----- -------------------------------------------
Grain Yl~ld 

Rf'pllCi"ltion 3 .005738 0.32 
Treatment 4 .063256 0.35 
Model 7 .006074 0.34 

Error 12 .017857 

Foraqp Blomass 
Rf'pl1cation 3 .000009 0.68 
Trea tmp. n t 4 .000044 3.13 
Modl-' 1 

., .000029 2. OR 
Error 12 .000014 

WPf'rl Rlomass 
Repllcation 3 .000081 1 . 1\ J 

Treatment 4 .000047 O.B2 
Model 7 .000067 1 .08 
Error 12 .000057 

- - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - .- - - - .- - - - - - - - - ..- - - -



Appendix 5. Analysis of Variance of Corn Yield, Forage 
Corn Biomass and Weed Biomass in 1986 

Experiment and 1987 Spring Regrovth 

Source Degrees of 
Freedom 

Corn Yie1d 
Repl i rabon '1 

<.. 

Treatment 9 
Mode l 11 
Error 18 
Corrected Totd 1 29 

Foraqe Blomass at Corn Harvest 
Replicatlon 2 
Treatment ') 

Mode l 1 1 
Error 18 
Cor r f'cted Tata 1 29 

Weed Bi omass at Co!:"n Harvest 
Replication 2 
Treatment 9 
Model 11 
Error 113 
Cor! p.cted Tata l 29 

Medn 
Squa rp 

.61~,)30 

.709964 

.692]21 

.2913420 

.000449 

.000719 

. OOO','"!!) 

.000030 

.002017 

.053987 

.044518 

.011357 

Foraqe Biomass at Spr lng 19137 Harvest 
Repl i ca ti on 2 
Treatment <) 

Mode l 11 
Erro! 18 
Corrected Total 29 

Weed Blomass at Sprlng 1987 Harvp.st 
Rep1icdllon 2 
Trea tment 9 
Mode l 11 
Error 113 
Corrected Total 2q 

15) 

.000177 

.001839 

.003103 

.000126 

. ooon JO 

.OOOO'H 

.OOOOll 

.000030 

[<'--Va] IW 

7.0') 
2 • lA 
~ . 17 

1 . 4 fl 
.:L7l** 
l').f,fl** 

1 . 7 fl 
47.')4*' 
]Cj.n 1r * 

O. ')7 

30.4n kk 

2 r, . () '-, * Je 

O. ()') 

(). ln 
(] . ., ( 



Appendix 6. Analysis of Variance of Corn Yield, Forage 
Biomass and Weed Biomass in 1987 at Corn Harvest 

Sou r r::e Degree:3 of 
Freedom 

('nrn Yiplrj 
2 
9 

11 
18 

Correrted talaI 29 

Rf-' pli ca t ion 
Treatment 
Madel 
Error 

PIJr.)!]f:: BIOma:35 
Repllcation 2 
Treatment 9 
Model Il 
Error 18 
Corrected Total 29 

WPf~d Blomass 
ReplicatIon 2 
Tredtment 9 
Modp1 11 
Err!)r 18 
C()rrp('t~d Total 29 

Mean 
Square 

.150040 

.299453 

.272287 

.301973 

.000007 

.000013 

.000012 

.000003 

.000510 

.007793 

.006469 

.001247 

** [)pnolps significancp ùl the 1% level 

154 

F-Value 

o. SO 
0.99 
o .90 

;:> .66 
5.11** 
4.66** 

0.41 
6 . 21)* * 
5.18** 



1 Appendix 7. Analys is of Variance of Plant Counts for 
Interseed ings in Corn ln 1986 

- - . - - -- - - -- - - - - - -- -- - - -- - - -- - - - - - - ..... - ---------
Source Deqrees of Mean F - Va.ll1l~ 

Freedom Squan' 
-------------------------------------------------------
Early Ryegrass Counls 

Replication 2 786.5833 o . fi Il 
Tr eatmen t 3 9276.5555 8 .0 J* 
Model 5 5880.5667 ".09* 
Er ror 6 1155.1384 
Corrected total Il 

Late Ryegras5 Count:3 
Replication 2 377.0000 O. <1 fi 
Treatment 3 7490.9722 11.05** 
Model ~ 4625.3f113 h.B2* 
Er ror 6 678.2222 
Co r rected 'T'ota 1 11 

Ear 1y Red Claver Counts 
Replication 2 197~J.5f1]3 1 . Il:' 
Treatment 3 5550.4444 ') . 10 
Model 5 4120.')000 3.7<) 
Er ror 6 1087.3611 
Corrected Tata 1 11 

Late Red Clover Counts 
ReplIcation 2 1001.2159 g. /0* 
Tr ea tment "3 4767.2272 43.Bl*k 
Model 5 3260.8227 2 g . <)., * * 
Er r or 6 108.13136 
C'orrected Total 11 

--------- -------------------------------------- -

* , ** Denotp signlficance at the 5't dnd 1"0 1 f' VI' l , 
re'3pectlvely 



t 
4 

--- ----------------- ------------------------------

Append lx 8. Analys is of Var lance for Plant Counts in 1987 
Corn Interseedings 

Early Rypqrass Counts 

Degrpes of 
Freejom 

ReplIcation 2 
Treatmenl 3 
Madel 5 
Er r <) r 6 
Cor rl!ct.prl Total Il 

Mean 
Square 

385.5833 
4287.4167 
2726.6833 

146.9167 

F·-Va lue 

2.62 
29.18** 
18.56** 

L.Jle Ryf-~()!a3s Counts 
ReplH:ation 2 
Tre~tment 3 
Model 5 
Error 6 
Corrected Total Il 

Early Red Claver Counts 
Repllcatlon 2 
Treatment 3 
Madel 5 
Error 6 
Cor rf'cted Tolal Il 

Ldte Red Claver Counts 
Repllciltlon 
Treatment 
Mod p 1 

') 
L. 

3 
5 
6 Er r or 

rorrpctt'd Tata l Il 

47.0909 
1406.7828 

862.9060 
81.1303 

148.5833 
1483.4167 

949.4833 
212.2500 

108.S831 
561.6388 
380.4167 
247.1388 

O. S8 
17.34** 
10.64* 

0.70 
6.99.1: 
4. <17* 

0.44 
2. • 27 
] .54 

------------------------- ---------------------
* ** Denote slqnlt Icanre at thf> 5% and 1n'o level, 

rl'::; LW ct IVe l y 

1% 



Appendix 9. Analysis of Variance for 1987 Soybean Yield, 
Total Weed Biomass and Quack Grass Blomass 

SOIUC/:! De'Jree'3 0 f 
Freedom 

Soybean Yle Id 
Repllcation 7 
Treatment 9 
Model 11 
Error 18 
Corrected Total 29 

Total Weed Bi uma:35 
Replication 7. 
Trea tmAnt '3 
Madel 11 
Error 18 
Cor rected Total 7') 

Quack Grass Blomass 
Repilcatlon 2 
Trea tment '3 
Madel 11 
Er r or 18 
C'orrected Total 29 

l r) 7 

Mpan 
Sqlldre 

.Olh271 

.010024 

.01l33Q 

.016037 

h.2950 
526.3662 
411.8078 
613.1?c,r, 

89.')210 
6".1.110.") 
69.5710 
43.1263 

F' - V d llJt> 

l . 0 1 
n . f; 1\ 
II .. , J 

o. nI 
n. H r, 
n . 7 () 

I~ • n fi 
l . rd 
1 Id 


