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• FOREWORD

This thesis comprises five sections. Section one is a general introduction and literature

review. Section two to five are the body ofthe thesis. Section six is a general discussion.

Section two (part 1) and section three are presented as complete manuscripts. The thesis

fonnat has been approved by the Faculty ofGraduate Studies and Research ofMcGill

University and follows the conditions outlined in "Guidelines for Thesis Preparation,"

section three "Traditional and manuscript-based theses".

Faculty regulations
"Candidates have the option of including, as part of the thesis, the text ofone or more
papers submitted or to be submitted for publication, or the clearly-duplicated text of one
or more published papers. These texts must be bound as an integral part of the thesis.
If this option is chosen, connecting texts that provide logical bridges between the different
papers are mandatory. The thesis must be written in such a way that it is more than a mere
collection ofmanuscripts; in other words, results ofa series of papers must be integrated.
The thesis must still conform to ail other requirements ofthe "Guidelines for Thesis
Preparation". The thesis must include: A Table ofContents, an abstract in English and
French, an introduction which clearly states the rationale and objectives of the study, a
review of the Iiterature, a final conclusion and summary, and a thorough bibliography or
reference list.
Additional matenal must be provided where appropriate (e.g. in appendices) and in
sufticient detail to allow a clear and precise judgement to be made of the importance and
originality of the research reported in the thesis.
In the case ofmanuscripts co-authored by the candidate and others, the candidate is
required to make an explicit statement in the thesis as to who contributed to such work
and to what extant. Supervisors must attest to the accuracy ofsuch statements at the
doctoral oral defense. Since the task ofthe examiners is made more difficult in these cases,
it is in the candidate's interest to make perfectly clear the responsibilities of ail the authors
of the co-authored papers."

Although all the work presented here was the responsibility of the candidate, the project

was supervised by thesis committee members Dr. T. Paulitz, and Dr. K. Stewart,

Department ofPlant Sciences, Macdonald Campus ofMcGill University and Dr. D.

Benoit, Agriculture et agroalimentaire Canada, Saint-Jean-sur-Richelieu. Dr. D. Cloutier,

Agriculture et agroalimentaire Canada, Saint-Jean-sur-Richelieu, also supervised the

project. For consistency and convenience, manuscripts are presented in a generic format.



ABSTRACT

M. Sc. Marcella L. Trembley Plant Science

THE EFFECT OF MECHANICAL WEED CULTIVATION ON

CROP YIELD AND QUALITY, DISEASE INCIDENCE AND PHENOLOGY

IN SNAP DEAN, CARROT AND LETI'UCE CROPS

Inter-row mechanical cultivation was proposed as a supplement to or substitute for

conventional weed control methods currently used in snap bean, carrot and lettuce

production. Several types ofcultivators were assessed and compared. The effect of

mechanical cultivation on crop yield and quality was studied by counting, weighing and

grading bean pods, carrot roots and lettuce heads. The effect of mechanical cultivation on

disease incidence was studied by surveying fields during the season and by determining the

number and weight of diseased pods, roots and heads at harvest. The relationship between

the level of Cercospora blight on carrots and potential impacts on yield was also

investigated by measuring plant characteristics and the amount of force needed to separate

carrot foliage trom root. The effect of mechanical cultivation on the phenology of snap

bean flowering was studied by determining how long it took for a plant to produce 50% of

its flowers and counting how many flowers and pods a plant produced. In general,

mechanical cultivation did not affect normal crop production and may be used ta replace

or complement conventional weed control methods. There was little variation among

different cultivators within one season, but cultivator effects differed among crops and

from one year to the next.



M. Sc.

RÉsUMÉ

Marcella L. Trembley Phytologie

LES EFFETS DU DÉSHERBAGE MÉCANIQUE SUR LE RENDEMENT, LA

QUALITÉ, L'INCIDENCE DES MALADIES ET LA PHÉNOLOGIE DANS LES

CULTURES DE FÈVES VERTES, DE CAROITES ET DE LAITUES

Le désherbage ,mécanique entre les rangées a été proposé comme complément ou

comme substitut aux méthodes conventionnelles de contrôle des mauvaises herbes

couramment utilisées au niveau de la production de la fève verte, de la carotte et de la

laitue. Plusieurs types de sarcleurs ont été évalués et comparés. L'effet du désherbage

mécanique sur le rendement et la qualité des cultures a été étudié en comptant, pesant et

calibrant les cosses de fève, les racines de carotte et les laitue. L'effet du désherbage

mécanique sur l'incidence des maladies a été évalué en inspectant les champs durant la

saison et en déterminant le nombre et le poids des cosses, des racines et des laitues

malades au moment de la récolte. La relation entre le niveau de la brûlure cercosporéenne

de la carotte et les impacts potentiels sur le rendement ont aussi été étudiés en mesurant

les caractéristiques des plantes et la force requise pour séparer la racine du feuillage. Chez

les fèves vertes, l'effet du sarclage mécanique sur la phénologie de la floraison a été étudié

en déterminant combien de temps il fallait à la plante pour produire 50 % de ses fleurs et

en comptant combien de fleurs et de cosses une plante produisait. En général, le

désherbage mécanique n'a pas affecté la production normale des cultures et pourrait être

utilisé pour remplacer ou complémenter les méthodes de contrôle des mauvaises herbes. Il

y a eu peu de variation entre les différents sarcleurs à l'intérieur d'une même saison mais

les effets de ces sarcleurs différaient entre les cultures et d'une année à l'autre.
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THE EFFECT OF MECHANICAL WEED CULTIVATION ON

CROP YIELD AND QUALITY, DISEASE INCIDENCE AND PHENOLOGY

IN SNAP BEAN, CARROT AND LETTUCE CROPS

GENERAL INTRODUCTION

Green snap bean, carrot and lettuce are sorne ofthe most important vegetable

crops produced in Quebec and across the country. Quebec was the largest Canadian

producer ofgreen beans (Phaseolus vulgaris L.) in 1994, with 3,274 hectares harvested

(22,477 tonnes) at a value of7,648,000 dollars (Statistics Canada 1995). Production of

green beans in Quebec is highest on sandy loam sail (CPVQ 1982). Quebec was the

second largest producer of carrots in Canada. Carrots are grown on Many types of soils in

Quebec, but the best results are achieved on sandy loam or deep organic muck soils with

good drainage (CPVQ 1982). In 1994, 3,518 hectares of carrots (Daucus carola L.

subspecies Sativus (Hoffin.) Arcang.) were harvested in Quebec, representing a total

production of 121,817 tonnes with a value of more than 24,608,000 dollars (Statistics

Canada 1995). Quebec was also the largest producer oflettuce (Latl/ca saliva L.) in

Canada in 1994, with a total harvest of 1,741 hectares, (36,438 tonnes) valued at

19,364,000 dollars (Statistics Canada 1995). Lettuce is grown primarily on organic soils

(CPVQ 1982).

One ofthe major challenges in the production ofbean, carrot and lettuce crops is

weed control. Weeds are commonly defined as plants that have undesirable features and

grow in places where they are not wanted. Weeds are important elements in the agro­

ecosystem because they may interfere with crop production, reduce crop yield or affect

15
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crop quality, and increase costs of production (parish 1990). The percentage of lost crop

production due to weeds in North and Central America is estimated at 8% (Altman 1993).

Ifweeds are not controlled, the consequences can be economically serious. In bean

stands with natural weed infestations present for the growing season~ 104 and 580 weeds

per m2 reduced yields 13 and 27% respectively, but in a very dry season, 400 weeds per

m2 reduced yield 80% (Hewson et al. 1973). Carrot stands exposed to severe weed

competition experienced 30 to 60 % yield reduction (Shadbolt and Holm 1956). A study

investigating natural weed infestation in lettuce stands demonstrated that a weed density as

low as 65 weeds per m2 caused complete yield loss (Roberts et al. 1977). Nutrient

consumption by weeds and crops are very similar and in competitive situations~ nutrients

taken up by weeds are lost ta crop plants (Zimdahl 1993). Crop plants have been shawn to

be especially sensitive to the presence ofweeds during a critical period which occurs

within the tirst few weeks after crop emergence (Weaver 1984).

Vector-bome plant viruses May be carried by weeds that remain symptomless while

infected. For example, the virus causing carrot thin leafand carrot motley dwarfmay be

transmitted by insects from wild growing Dauclis species to cultivated carrots (Howell and

Mink 1977). Virus diseases May be vector spread from weeds growing in or near a crop

field. Direct evidence ofvinas transmission through seed or pollen is reported for 108

viroses (Mink 1993).

The tirst synthetic chemical developed for selective weed control was released in

the early 1930's. Since that time, development and world wide use of herbicides has

quickly increased. In 1978, 85 % ofail pesticides used in Quebec were for agricultural

purposes. Ofthis, 71 % (1,203,109 kg) were herbicides (MAPAQ 1991).

Herbicide use in itselfhas not solved the problem ofweed control.· Weeds May

develop resistance to certain herbicides. More than 100 cases ofweed resistance have been
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.' reported (Holt and LeBaron 1990). Also, shifts may occur in composition ofweed

communities towards species and genotypes that require more effort and expense to

chemically control (Froud-Williams 1988). Cost of chemical weed control may increase at

a faster rate than the unit priee for certain crops. Herbicides May pose an environmental

hazard in ground or surface waters, especially when applied to crusted bare soil or prior to

heavy rains (Flury 1996). Herbicides are commonly detected in ground waters near

agricultural activity even though their development has been directed towards less

persistent herbicides that have lower soil mobility and higher target specificity (Lamoreaux

1994). The negative effects of herbicides on non-target and beneficial flora and fauna are

also one of the primary concems in agriculture (Ferguson et al. 1996). Herbicide and crop

plant environment interactions are complex; positive and negative effects of herbicides on

sail-borne pathogens, hast susceptibility and the relationship between pathogen and sail

microflora have been reported (Katan and Eshel 1973).

Modem agricultural production systems rely heavily on herbicides to control

weeds. However, alternatives to herbicide use are increasingly being sought where

economic costs are high, weed control is incomplete, herbicides are not permitted for use,

weed resistance is observed and/or environmental impacts are of concem. In a recent

survey ofindependent crop consultants, investigators found that the majority of

agricultural producers desire to increase their use of non-chemical production practices

(Ferguson et al. 1996). The primary limitation to integrating non-chemical practices was

identified as a lack ofviable non-chemical tactics.

The present research was motivated by a desire to investigate alternatives to

conventional weed control methods. The study was designed to evaluate mechanical weed

cultivation in particular. In bean and carrot production, chemical weed control is

traditionally used. In lettuce, the objective was not directed towards replacing herbicides,
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but ta find an alternative ta a costly, time consuming and sail degrading weed control

system which involves a combination of rototilling plus manual weeding. The study was

designed to evaluate, in addition to solely weed control efficacy, other aspects ofthe agro-

environment, such as soil and crop response. In an attempt to make the results of the study

more accessible to producers, the cultivators that were chosen to be used in the study

were ones that producers Iikely already owned and used in sorne capacity, or alternately

could easily purchase.

Cultivation treatments were planned to replace herbicide use entirely in bean crops.

In carrot production, cultivation was integrated with a reduced application of herbicide in

which herbicide was band-applied on crop rows only and not on the inter-row. In lettuce

production, mechanical cultivation was used as a replacement for conventional weed

control which involves using a combination of rototilling and hand weeding, since no

herbicides are registered for use in lettuce grown on organic soil. Four different types of

cultivation treatments were used in each crop, in addition to weedy and weed-free checks

and the conventional weed control method.

Several groups of investigators worked on this project and the focus of each can be

roughly identified as weed, soil and crop response. The focus of the present study was on

crop and disease response ta mechanical weed cultivation. Mechanical weed cultivation

may prove to be beneficial in crop production, above and beyond weed control, such as

crop quality, disease control and/or phenology. For a similar or even lower level ofweed

control as conventional methods, mechanical cultivation may be preferred because of its

positive influence on other aspects of crop production. Results of the weed and soil studies

are not part of this particular investigation and are not reported here.

The objectives ofthis study were to determine ifmechanical weed cultivation had

any effects on specifie aspects ofcrop production. This was accomplished by assessing
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amount and quality of marketable plant products, estimating disease levels and following

developmental stages. Three broad domains ofcrop production were considered. Domain

one involved evaluating crop yield and quality. Domain two involved evaluating levels of

disease within each crop. One study in this domain focused on Cercospora blight of

carrots and possible relationships between disease levels, yield and foHage vigor. Domain

three involved a phenology study that consisted of collecting data on bean tlowering. The

study involved severa) types ofcultivators, three different vegetable crops (snap beans,

carrots and lettuce) and was conducted on two types ofsoils (clay foam and organic).

LITERATURE REVIEW

1. Mechanical cultivation in crop production

1.1 Mechanical cultivation

The mechanization of agriculture required that crops were grown in rows and

mechanical cultivation for weed control in the inter-row soon developed (Parish 1990).

Mechanical inter-row cultivation is used primarily as a method of weed control. Weeds are

killed by desiccation oftissues, depletion offood reserves and/or smothering. The action

ofcultivation implements breaks or cuts weeds apart, tears them out of the soil and/or

smothers them with soil (Ross and Lembi 1985). Most effective results are achieved if

cultivation is done when soils are dry, in order ta expose the damaged weed ta desiccating

conditions (Lovely et al. 1958).

Producers often cultivate on a regular basis for reasons other than weed control

(Cardwell 1982). Cultivation ofcrusted soil improves soil aeration and water infiltration

and a loosened surface layer May improve soil moisture by impeding the upward

movement of capillary water (Blake and Aldrich 1955; Buhler et al. 1995; Prihar and van

Doren 1967). Cultivation May also increase available soil nitrogen to varying degrees,

depending on the type ofsoil (Lyon 1922). Sail temperatures in the cultivated layers are
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higher than below the cultivated layer (Chaudhary and Prihar 1974) and this may

contribute to an increase in microfauna activity. Because mechanical cultivation is a

physical process and requires that weeding machinery closely passes along the crop row,

aspects ofthe crop environment maybe altered sufliciently to impact on crop yield and

quality, disease incidence and severity. The usefulness ofcultivation for purposes other

than weed control and ils impact on soil properties varies with crop type, weather, soil

texture, soil water content, soil crusting and compaction and timing ofcultivation and

depth and action of the cultivator (Unger and Cassel 1991).

1.2 Crop yieJd and quality

Studies involving mechanical cultivation in crop production are primarily

concerned with eflicacy ofweed control and subsequent impact on crop yield (Baumann

and Slembrouck 1994; Burnside et al. 1994; Coote and Saidak 1984; Gunsolus 1990~

Lovely et al. 1958; Mulder and 0011 1993; Peters et al. 1959). In most cases, increases in

crop yield were attributed to a reduction in weed-crop competition, but other factors such

as improved water conservation, increased water infiltration and soil aeration have also

been identified (Blake and Aldrich 1955; Buhler et al. 1995; Perry 1983~ Prihar and Van

Doren 1967). Cultivation may offer unintentional secondary beneficial effects such as

reduced disease incidence and/or severity of soilborne diseases (Shipton 1979; Perry

1983). On the other hand, sorne studies have detected no consistent benefit to soil physical

properties and no increase in crop yield (van der Werfet al. 1991). However, mechanical

cultivation may be ofmost benefit in integrated systems, where the advantages ofboth

herbicide use and mechanical cultivation can be retained.

Herbicide use was reduced 50 to 70 % in an integrated corn system that combined

a low concentration of herbicide with one or two cultivations and which gave good weed

control and increased yield in corn without affecting cost of production, weed control or

yield (Mulder and Doll 1993). Band application of herbicide combined with inter-row
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cultivation did not affect carrot yield or quality compared with broadcast herbicide

application and herbicide inputs were reduced by 50% (Baumann and Siembrouck 1994).

The potentiaI reduction from full herbicide application is determined by the width of the

band. In a study ofcarrots, minimization ofthe band width by cultivating very close to the

row did not impact yield (Ascard and Mattsson 1994). In corn, a combination of herbicide

at a reduced rate with two cultivations controlled weeds as effectively and increased yield

compared with a full rate of herbicide (Buhler et al. 1995).

1.3 Soil physical properties

Cultivation is a physicaI process that disrupts the soil at the surface to a depth of

approximately 15 cm. Cultivation ofthe soil is used most often in crops grown in rows and

so it is the inter-row zone where the opportunity to influence surface water retention and

infiltration takes place (Burwell et al. 1966). The random roughness of the soil surface is

the measure of the surface microrelief or the irregular peaks and depressions created by

aggregation of soil particles. The random roughness of cultivated soil is greater than

uncultivated soils (Burwell et al. 1966; Unger 1984; Zobeck and Onstad 1987). Random

roughness becomes important during rainfall since more water can collect on an irregular

surface compared with a smoother one and this decreases the amount of rain lost to run-

off and increases the amount which infiltrates the soil (Burwell et al. 1966; Unger 1984;

Zobeck and Onstad 1987). An increase in soil random roughness also decreases water

erosion of soil (Unger and Cassel 1991).

Soil bulk density which describes the total porosity and pore size distribution of a

soil influences soil water relationships and root development and thus is important in crop

growth and development and crop yield (Unger and Cassel 1991). Inter-row cultivation

reduces bulk density ofsoil in the cultivated layer (Coote and Saidak 1984; Unger et al.

1973), but excessive cultivation tends ta increase bulk density resulting in decreased sail

air space which may Iimit nutrient uptake (Blake and Aldrich 1955).
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to use cultivation as a primary method ofweed control. Incorrect timing ofcultivation

May result in soil compaction (Blake and Aldrich 1955). A certain amount of soil

compaction is desirable because it improves seed-soil contact, improves contact and

penetration of the soil by roots, and reduces water evaporation (Allmaras et al. 1988).

However, excessive soil compaction decreases soil porosity, degrades soil aggregation,

restricts root penetration and decreases soil drainage, which reduces soil structure and May

result in increased disease (Allmaras et al. 1988).

1.4 Crop pathology

Few weed control studies deal directly with the effect ofweeding methods on

disease incidence. This is a valid component to investigate, since Many recent changes in

techniques of crop and soil cultivation, introduced for economic reasons, May also have

unintentional secondary effects on soil-bome diseases (Shipton 1979). The action of

specifie mechanical weed control implements that minimize contact between soil and

carrot foliage may reduce mycelial infection by Sclerotinia sc/erotiorum (Finlayson et al.

1989). Cultivation can potentially alter the plant canopy which May influence disease

development and spread. In Nebraska, macroclimatic conditions are not conducive for the

development ofS. sclerotiorom on beans, but microclimatic conditions within the crop

canopy have been shown ta favour it (Blad et al. 1978; Steadman 1983). If cultivation

takes place when crops are tao large, roots and fa liage May be damaged, possibly

contributing to reduced growth, stress and/or providing wound sites through which

pathogens May enter.
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1.4.1 Inoculum potential

Cultivation rnay be a rneans to reduce inoculum levels of sorne pathogenic fungi

that form sclerotia. Previous studies have focused on primary tillage, but sorne aspects of

these studies may be applicable to cultivation practices.

Primary tillage studies have shown that fewer sclerotia ofSclerotinia sclerotiorom

survive when buried under as little as 4 cm ofsoil compared with those at the soil surface

(Merriman 1976; Merriman et al. 1979). The percent of apothecia-producing sclerotia

was shown ta decrease with increasing depth of burial and apothecial production was

slower for sclerotia that had been deeper in the soil (Ben-Yephet et al. 1993). In general.

cultivation works the sail deeper than 4 cm, but since the time interval between

cultivations is short compared with primary tillage, it is Iikely that as Many sclerotia would

be brought ta the surface as buried. Another tillage study demonstrated that while fungal

sclerotia showed long tenn survival in both dry and wet soils, exposure to rapid

fluctuations in moisture promoted a decline in overall numbers of propagules by retarding

formation ofsecondary sclerotia (Williams and Western 1965). Soil moisture fluctuations

occur up to 15 cm below the surface (Williams and Western 1965) and this may be

promoted when soil is disturbed during cultivation.

The distribution ofwhite mold (S. sclerotiorum) apothecia and disease has been

shown to be correlated and spatially aggregated within a bean field (Boland and Hall

1988). Similar patterns of aggregation have been reported for lettuce drop sclerotia and

disease incidence within a lettuce field (Subbarao et al. 1996). Deep plowing reduced the

absolute numbers of sclerotia, but the distribution ofsclerotia within the field became less

aggregated and in consequence the disease incidence within the field increased (Subbarao

et al. 1996). Sclerotia produce apothecia primarily under a well-developed plant canopy

which restricts long-range dispersal (Steadman 1983) and promotes localized infection.

Mechanical cultivation may potentially create a more uniform dispersal of infection

propagules.
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.' 1.4.2 Dispersal mechanisms

Raindrops disperse inoculum from an initial infection source and redistribute it

when more raindrops repeatedly strike already dispersed inoculum (Fitt et al. 1989;

Reynolds et al. 1987). Plant canopies can reduce the distance rain-dispersed inoculum

travels during rainfall. In weed-infested pigeon pea fields, the severity ofPhytophthora

blight was reduced compared with weed-free conditions, apparently because the dispersal

orthe pathogen was I1Ûnimized (Chauhan and Singh 1991). Dispersal patterns of droplets

in dense stands offield beans (Viciafaba) were substantially smaller compared with

Ieafless stands (Stedman 1980). Soil under a dense canopy May be struck by fewer

raindrops than a sparse canopy. Pathogenic propagules May also be wind dispersed. For

example, conidia of Cercospora carotae can spread throughout crop plants by wind or

water splash (Sherf and MacNab 1986). Ifmechanical cultivation disturbs or thins the

plant canopy, it May have more impact on diseases that are typically splash drop dispersed.

1.5 Crop phenology

Agronomie yield is determined by patterns ofgrowth and development that occur

on an individual plant basis and at the field level. These patterns ofgrowth can be broadly

separated in to four stages: seedling growth, vegetative development, reproductive

development and partitioning ofdry matter (Sinha 1977). Total dry matter production is

detemlined by basic vegetative development, economic yield potential is determined by

reproductive development, and yield realization is determined by the partitioning of plant

resources between the two (Sinha 1977).

In snap bean production, the economically important plant product is the pod,

produced during reproductive development. In general, legume yields are limited by the

number offlowers produced per plant and the proportion of pods set. The amount of
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.' vegetative biomass accumulated prior to flowering has also been implicated as a factor

which may influence final yields (Egli and Legget 1973).

Cultivation May alter characteristics of the crop plant environment such that

growth and developmental stages do not follow those observed in conventional production

systems. This is of interest because it May have an impact on crop yield.

2. Description of cultivators

2.1 Rotary hoe. (Yetter Farm Equipment, Colchester, IL, USA).

The rotary hoe is made up of a series of disks with pointed digits. This eultivator

uproots smaU weeds out ofthe soil and exposes them to desiccating conditions. It works

best on firm, dry soil and on weeds just at or before their emergence. The rotary hoe

should be used prior to crop emergence or when erop is well-rooted. Optimum operation

speed is 7-14 km/h and soil disturbance occurs ta a depth of5 cm.

2.2 Tine harrow. (RabeWerk, Bad Essen, Germany).

Spring loaded tines disturb the soil at approximately 8 cm intervals, with tines

raised over the rows and no goosefoot. Tines vibrate back and forth under tension,

disturbing the sail and uprooting weeds. Tines can be adjusted independently and can be

raised ta accommodate crop rows. Operation speed is 2·8 kmlh and soil disturbance

occurs to a depth of 5-7 cm.

2.3 Torsion weeder. (Bezzerides Brothers Ine.).

The torsion weeder has two components, the "spyders" and the "torsion weeders."

Free tuming Spyder attaehment has staggered teeth that mulch soil in an uneven pattern.

Weeds are cut at the stem. The torsion weeders are arranged in pairs and their vibrating

action loosens and smoothes the soil surface. The Spyder wheels reduce the formation of

dirt clods. Operating speed is 1-3 kmIh and soil disturbance occurs to a depth of 5·10 cm.
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• 2.4 Danish tines. (Kongskilde, Denmark).

Cultivation with the Danish tine followed cultivation with the rotary hoe (described

above). The Danish tines are 's' shaped and vibrate over the soil surface. Tines eut and

uproot weeds and then bury them. Shields on the row limit soil contact with the crop.

Operating speed is 4.5 km/h and sail disturbance occurs to a depth of 10-15 cm.

2.5 Basket wheel hoe. (Buddingh Model K).

The basket wheel hoe has two sets ofrolling metal cages that disturb soil along

their length and act to break weed stems and strip leaves. The tirst set ofcages are larger

in diameter than the second set. The tirst set ofcages tums more slowly than the second

set. Cages ofthe same diameter are available in ditrerent widths and can be combined to

accommodate different inter-row widths. Operating speed is 2-7 km/h and sail disturbanee

oceurs to a depth of3-6 cm.

2.6 Rototiller

Fast tuming blades chop weeds into pieces. Covers proteet the crop plants from

blade action and possible sail contact. Operating speed 0.7-1 km/h and sail disturbance

occurs to a depth of9-11 cm.
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• PREFACE TO STUDY 1

Studies investigating mechanical weed cultivation effects on crop yield and quality

have focused primarily on corn, soybean and potatoes, and recently a few studies have

appeared on cultivation in carrots. Typically, only one or two cultivators are studied, but

many cultivators are available to producers and their mode ofaction and effects may

ditrer. The present study was undertaken to investigate if mechanical weed cultivation

affects the yjeld and quality ofgreen bean, carrot and lettuce crops. Four types of

cultivators were used in each crop and were compared to weedy and weed-free checks and

the standard weed control method. Comparisons were also made among cultivators.

Study 1 consists of two parts: Part 1 and Part II. Part 1is presented as a complete

manuscript, written in a generic format, and it wi1l be rewritten in the format ofa

particular journal at submission, and references to Part II will be removed. Part II is not

presented as a manuscript, but as a complement to the information provided in Part 1. The

difference between the two parts is that in Part l, the crops were grown using fungicide

application programs typically used in Quebec, while in Part II, the crops were grown

without fungicide use. The purpose of this was to grow crops under potentially low and

high disease pressure, which becomes important in Studies III and IV. Since producers

typically use fungicide programs in the production ofbean, carrot and lettuce crops, the

results from only those crops receiving fungicide applications were reported in the

manuscript (part 1). Note, however, that in 1995, environmental conditions were

unusually dry and producers utilizing fungicide spraying programs would not have applied

fungicide in both bean and lettuce fields followed in this study. In these cases, for 1995

only, Part 1 thus includes results from bean and lettuce fields that were managed under

fungicide programs but did not actually get treated with fungicide.

The"Abstract" pertains only to Part I. The "Introduction" and "Materials and

Methods" sections are common to both Part 1 and Part II but separate "Results,"

"Discussion," and "References" sections are given for each. To avoid redundancy, the

"Discussion" section ofPart II outlines only similarities to and differences from the results

observed in Part 1.
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STUDY 1. THE EFFECT OF MECHANICAL WEED CULTIVATION ON
CROP YIELD AND QUALITY IN

SNAP BEAN, CARROT AND LE'ITUCE CROPS

PART I-CROPS GROWN WITH FUNGICIDE APPLICATION

PART D-CROPS GROWN WITHOUT FUNGICIDE APPLICATION

ABSTRACT: PART 1

Several types ofcultivators were used as a weed control method ta replace or reduce the

use of herbicide. For each bean, carrot or lettuce crop, four kinds ofmechanical cultivators

were tested for effects on crop yield and quality compared with weedy and weed-free

checks and the typically used weed control method. Beans were grown on mineraI soil

without herbicide application and in bath yeaTS yield, quality and stand in cultivated beans

were similar to herbicide treated beans. Cultivated carrots were grown on organic sail with

band application ofherbicide on the row and in bath years had yield, quality and stands

similar ta the overail surface application of herbicide. Lettuce were grown on organic sail

without herbicide and cultivator treatments were compared with the conventional weed

control method which involved rototiHing and hand-weeding. In both years yield, quality

and stands were similar to the conventional treatment. When results were compared

among cultivators, effects were not always consistent from one year to the next or among

different crops. In general, mechanical cultivation for weed control can be used in bean,

carrot and lettuce to replace or complement conventional weed control methods without

affecting crop yield and quality.

INTRODUCTION: PART 1 AND PART II

Mechanical cultivation is primarily used as a method of weed control in row crop

production and is ofincreasing importance in integrated weed management strategies.
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Alternatives to herbicides are sought where chemical costs are high, weed control is not

complete, herbicides are not pennitted for use and/or environmental issues are ofconcem.

Inter-row cultivation may reduce the intensity and frequency ofchemical herbicide

applications and may aIso reduce the effort required for hand weeding. In integrated

systems on corn crops, herbicide use could be reduced 50 to 70 % without impacting

production costs, weed control or yield (Mulder and 0011 1993). Cultivation May help to

prevent the establishment of herbicide-resistant weeds and perennial weeds.

Timeliness ofcultivation is important in order to avoid negative effects on yield

since it is not only the duration of weed competition which may affect crop yield but,

perhaps more significantly, the time at which weed competition occurs in crop

development. It has been shown that a critical period exists during which crop tolerance to

weed competition is low enough to impact on crop yield (Weaver, 1984). Timeliness also

refers to the soil conditions at time of cultivation. Soil water content at the time of

cultivation is an important aspect ofeffects on sail physical properties, and improper

timing may result in degraded sail properties (Unger and Cassel 1991). Wet soil conditions

May also reduce the effectiveness of implements. Rotary hoeing when sail conditions were

wet at the time ofor after cultivation reduced weed control and soybean yields compared

to timely hoeing (Lovely et al. 1958).

In most cultivation experiments, increases in crop yield are attributed to a

reduction in weed-crop competition. However, sorne studies attribute the increase to other

factors, such as improved soil water conservation or increased water infiltration. Blake and

Aldrich (1955) attributed increased patato and corn yields to improved water conservation

over and above the effects ofweed competition. Yield increases in corn on soil susceptible

to crusting were attributed to increased water infiltration and a reduction in short term

water evaporation (Prihar and Van Doren 1967).
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Producers often cultivate on a regular basis for reasons other than weed control

(CardweU 1982). Cultivation of crusted sail improves soil aeration and water infiltration

which can significantly increase yield and a loosened surface layer may improve sail

moisture by impeding the upward movement ofcapillary water (Blake and Aldrich 1955;

Buhler et al. 1995; Prihar and van Doren 1967). Cultivation may also increase available

sail nitrogen to varying degrees, depending on the type ofsoil (Lyon 1922). Soil

temperatures in the cultivated layers are higher than below the cultivated layer (Chaudhary

and Prihar 1974) and this may contribute ta an increase in microfauna activity. The

usefulness of cultivation for purposes other than weed control and its impact on sail

physical properties varies with crop type, weather, sail texture, soil water content, soil

crusting and compaction and timing ofcultivation and depth and action of the cultivator

(Unger and Cassel 1991).

While in sorne crop production systems, complete elimination of herbicide

application may not be desired, substantial reductions from the current levels used may be

achieved by combining inter-row cultivation with band applications of herbicides. When

inter-row cultivation was combined with band application on the row, no decrease in

carrol yield or quality compared to broadcast herbicide application was observed and yet

herbicide inputs were reduced by 50% (Baumann and Siembrouck 1994). The width of the

uncultivated strip on the row is the factor which determines the potential reduction in the

amount ofherbicide required. In a study designed to test if the width ofthe uncultivated

strip could be minimized without an impact on carrot yield, no differences were found

between normal cultivation and cultivation very close to the row in weed-free carrots

(Ascard and Mattsson 1994). Also, no differences in yield were detected between the two

types ofmechanical cultivators used in the study. However, there was no consistent

influence on yield in cultivated carrots compared to uncultivated, but carrots had been
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kept weed-free using not only herbicides but also hand-weeding, aspects ofwhich may

have had interaction with cultivation treatments. In another study of reduced herbicide

input in a conservation tillage system, a combination ofone application of herbicide at a

reduced rate early in the season with up to two rotary hoe cultivations was shawn to give

similar weed control and corn yield was increased compared to a full rate of herbicide

(Bubler et al. 1995). Few studies have compared the effects among several mechanical

cultivators and in particular in vegetable crops such as bean, carrot and lettuce.

The objectives of the present study were firstly to use several types ofmechanical

weed cultivators in three types of crops to determine if there were effects on crop yield

and quality compared ta the conventional weed control regime. In bean and carrot crops,

the conventional weed control method involves the use of herbicides while in léttuce it

involves rototilling at thinning, followed by hand-weeding. We also wanted to compare

one mechanical cultivation implement to the next, in arder to determine if their affect on

yield and quality differed.

Snap bean, carrot and lettuce crops used in this study were chosen in order ta

assess mechanical cultivation effects on crops characterized by the location of their

marketable parts as above ground, at soillevel or below ground. Weed control efficiency

oftreatments is not reported here.

MATERIALS AND METHODS: PART 1 AND PART U

Field Plan

The green bean field site was located at the Emile Lods Agronomy Research

Centre on the Macdonald Campus ofMcGill University, Ste-Anne-de-Bellevue, Quebec.

The soil is a Chateauguay clay loam mineraI series. Carrots and lettuce were studied at the

Agriculture Canada research substation in Sainte Clotilde, Quebec where the soil is

organic muck.
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The experimental design was a randomîzed complete black design with three

blacks and seven treatments. In general, treatments included a weedy check which was

not weeded, a weed-free check that was manually weeded, a typical chemical herbicide

regime, and a selection offour mechanical cultivators chosen for suitability ta the

particular crop and soil. Cultivation was conducted as required for weed control only and

sa the number ofcultivation events in each crop and year represents the minimum required

for sufficient weed control (Table 1.1). No herbicides are registered for use on lettuce, but

the limitations of the conventional weed control system involve the rototiller which limits

production because of its slow working speed, the high effort required for manual weeding

and its negative impact on soil properties.

Sites were faU plowed. Fertilization took place in the spring, in accordance with

sail nutrient analyses. Crops were treated with the conventional fungicide regime (Part 1

only) and as necessary for insect outbreaks. Fields receiving fungicide applications were

located down wind offields not receiving fungicide, at approximately 20 - 50 m distant.

Crops were inspected biweekly, ta determine when to begin fungicide application.

Green beans, Macdonald site, minerai soil, 1995 and 1996

Bean (Phaseolus vulgaris L. cv Hialeah) seeds were sown in 1995 on June 7 and

in 1996 on May 31, 25 seeds per meter with a precision seeder 25 ta 30 mm deep. Rows

were spaced at 65 cm intervals and each of the treatment plots was 6 rows wide. The total

surface area for each black was 27.3 m by Il m.

Dean treatments at Macdonald site

The following treatments were performed: 1. weedy check; 2. weed-free check using

hand-pulling and hoeing; 3. conventional chemical: post-emergence 1.75 L/ha + 2.0 L/ha

Bentazon + Assist (ta enhance adhesion of herbicide ta foliage) in 300 L water at first

trifoliate. Bentazon controls certain broadleafweeds and sedges; 4. rotary hoe (Yetter) 10­

Il km/h, depth 5 cm; 5. tine harrow (RabeWerk) 8 kmJh, depth 5 cm~ 6. torsion weeder

(Bezzerides torsion weeder with Spyders) 1 km/h, depth 5-10 cm; 7. rotary hoe (Vetter)

to 4 true leaves, then Danish tines (Kongskilde) 4.5 kmlh, depth 10-15 cm.
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Beans were manually harvested on 2 m in the centre 2 rows of each plot. Harvest

was condueted every 2-3 days until pod production finished. Only those pods deemed of

market size were picked on any given harvest day. In 1995, beans were harvested on July

24, 26, 28, 31, August 1, 4, 7, 10, 14, 17 and 21 and in 1996 harvested on July 22, 24, 26.

29, August 1, 5. 8 and 12. Once picked, pods were classified by diameter, length, farm

and blemish or disease. Pods in each category were then counted and weighed. Canada A

category included weil formed beans in size c1ass diameters 2 (5.7-7.3 mm), 3 (7.3-8.3

mm), or 4 (8.3-9.5 mm). Canada B category included curved beans or scarred beans and

weIl formed beans in size classes 1 (4.7-5.7 mm), 5 (9.5-10.7 mm) or 6 (>10.7 mm)

(LaFlamme et al. 1995). euH category included beans that were diseased or insect

damaged. One week after harvest, ten plants in each of the yield rows were randomly

chosen, eut off at the soilline, placed in c10th bags and dried for 48 h at 75°C and average

dry weight (g) was determined.

Fungicide application (Part 1 only)

In 1995, environmental conditions and crop appearance did not require fungicide

application. In 1996, beans were sprayed on July Il with Benlate (Benomyl 50%) at the

rate of 1.75 kglha.

Carrots, Ste. Clotilde, organic soil, 1995 and 1996

Carrot (Dal/cus carola L. sativus cv. Six Pak II) seeds were sown in 1995 on May

31 and in 1996 on May 21, 12 to 20 mm deep at a density of 100 seeds per meter with a

precision seeder that places three seeds across a band 75 mm wide. Rows were spaced at

60 cm and each treatment plot was 6 rows wide. The total surface area for each block was

25.2 m by Il m. A 15 cm band of herbicide (linuron 3.25 kg/ha) was sprayed on the row

post-emergence at the 4-5 leaf stage in 1995 and pre-emergence in 1996.

Carrot treatments at Ste. Clotilde

The following treatments were performed: 1. weedy check; 2. weed-free check using

hand-pulling and hoeing; 3. conventional chemical: Hnuron pre-emergence at 3.25 kg/ha in

205 L water and post-emergence at 3.25 kg/ha in 205 L water when carrots 8 cm in

height; 4. tine harrow (RabeWerk) 3-7 km/h, depth 3-7 cm; 5. basket wheel hoe
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• (Buddingh Madel K) 2-7 krn/h, depth 3 to 5 cm; 6. torsion weeder (Bezzerides Torsion

weeder and Spyders) 2-3 km/h, depth 5-7 cm; and 7. rotatiller 1 kmlh, depth 9-11 cm.

Carrots were manually harvested in 1995 on Sept. 5-7 and in 1996 on Sept. 20-23,

on two 2 m sections trom the centre rows of each plot. Carrot roots from each row were

classified by crown size and appearance into either Canada No. 1 (19.8 mm to 38.1 mm),

Jumbo (>38.1 mm), Small «19.8 mm or <114.8 mm long) or euH (deformity, forking,

disease or pest damage). Roots in each category were then counted and weighed and are

presented as tonnes per hectare and number per hectare.

Fungicide application, (Part Ionly)

Starting in July, carrot crops were inspected biweekly to monitor foliage diseases.

Fjve carrots from each treatment plot were inspected for symptoms ofCercospora carolae

and if symptoms were present, fungicide spraying was initiated (part 1). In 1995, the

fungicide Dithane DG at 2.25 kg/ha was applied seven times (July 21,29, August 5, 10

17 and 25) and in 1996, eight times (July 18,23,28, and August 7,17,22,30).

Lettuce, Ste. Clotilde, organic soil, 1995 and 1996

Lettuce (Lactuca sativa L. cv. Ithaca) seeds were sown in 1995 on May 19 and in

1996 on May 21, at 10 seeds per meter with a precision seeder lOto 20 mm deep. Lettuce

were later thinned to 5 per meter. Rows were spaced at 45 cm and each of the treatment

plots was 8 rows wide. The total surface area for each black was 9 m by 31 m.

Lettuce treatments at Ste. Clotilde

The following treatments were performed: 1. weedy check; 2. weed-free check using

hand-pulling and hoeing; 3. conventional: rototiller at thinning, followed by manual

weeding; 4. tine harrow (RabeWerk) 2·6 km/h, depth 3-7 cm; 5. basket wheel hoe

(Buddingh) 2-6 kmlh, depth 4-6 cm; 6. torsion weeder (Bezzerides) 1-3 km/h, depth 7-8

cm; and 7. rototiller 1 km/h, depth 9 cm.

Lettuce were manually harvested in 1995 on July 13 and in 1996 on July 18, from

2 m sections on the 4 middle rows and then classified into either Canada No.l or CuH

categories. Canada No. 1 category lettuce is firm, weil shaped, ofgaod color and free of
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blemish or disease and weighs >450 g. Culliettuce is small «450 g), defonned, diseased

or blemished. For each classification lettuce number and fresh weight were recorded.

Fungicide application, (Part 1only)

In 1995, environmental conditions and crop appearance did not require fungicide

application. In 1996, Dithane DG was sprayed at 860 L1ha on June 29 and July 7.

Statistical Analyses

Analysis ofvariance was analyzed using the generallinear model (GLM) of

Statistical Analysis System (SAS Institute Ioc., Cary, Ne). Data were log or square root

transformed when necessary to satisfy homogeneity ofvariance. Where treatment effects

were significant (P<O.05) differences among means were detected using Duncan's least

significant differences test.

RESULTS: PARTI

Beans 1995. In the weedy check, yield, quality and number of pods per hectare were

significantIy decreased compared to ail other treatments (Table 1.2). There were no

statistically significant differences among the other six treatments, but cultivation with the

torsion weeder and rotary hoe (+Danish) had the highest yields and highest Canada A yield

compared to aIl other treatments, including the herbicide treatment. The mean dry weight

per plant did not significantly differ among treatments (Table 1.3).

Beans 1996. Yield and number ofpods per hectare were significantly reduced (P<O.05)

by the weedy check compared to the weed-free, herbicide, tine and rotary (+Danish)

treatments (Table 1.4). However, yield and number ofpods in the rotary and torsion

treatments did not differ from the weedy check. The weed-free check and cultivations

with the tine harrow and rotary hoe (+ Danish) gave yields similar to the herbicide

treatment. Canada Ayield was increased in the weed-free, herbicide, tine harrow and

rotary hoe (+Danish) treatments, but yields were decreased in the weedy check and
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cultivations with the rotary hoe and torsion weeder. The increased amount ofcull in 1996

compared to 1995 was a result of high incidence of white mold (S. sc/erotionlm).

The mean dry weight of plants in the weed-free treatment was significantly higher

than ail other treatments (Table 1.3). Cultivation implements that had significantly

reduced bean stands also had the lowest mean biomass per plant.

Beans 1995 and 1996. Differences among mechanical implements did not differ

significantly in 1995, but torsion and rotary (+Danish) treatments improved yield and

quality. In 1996, the tine harrow significantly increased yield and quality and results were

similar with the rotary hoe (+Danish). The torsion weeder and rotary hoe alone produced

significantly lower yield and quality compared to the tine harrow.

Carrots 1995. The weedy treatment significantly decreased carrot yield and quality

(Table 1.5). The weed-free treatment had the highest yield, but it did not significantly

differ from other treatments except the tine harrow. The herbicide treatment increased

Canada No. 1 yield, but this did not differ significantly from cultivation treatments except

the tine harrow. The number of roots per hectare for ail treatments were significantly low

compared to the herbicide treatment.

Carrots 1996. The weedy treatment significantly decreased carrot yield and quality

(Table 1.6). Total yields were higher with cultivation by basket hoe and torsion weeder,

but these did not differ significantly from other treatments. Also, yield of Canada No. 1

carrots did not differ, but the herbicide treatment had a higher yield than mechanical

cultivation treatments, ofwhich basket hoe was the rughest. The rototiller treatment

significantly increased culllevels over that of the herbicide treatment. The total number of

roots per hectare did not differ among treatments.
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Carrots 1995 and 1996. Differences among treatments were not detected for mast

variables. Differences among mechanical implements did not differ significantly in either

year, but best quality in both years was with basket hoe cultivation, while the rototiller

gave highest total yields in 1995 and the torsion weeder gave highest total yield in 1996.

Lettuce 1995. The weedy check significantly decreased lettuce yield and quality (Table

1.7). Total yield was highest in the torsion and conventional treatments, but this was not

significantly different from other treatments. The quality of the yield was significantly

increased by cultivation with the torsion weeder compared ta basket hoe, but other

treatments w~re similar.

Lettuce 1996. The weedy check significantly decreased lettuce yield and quality (Table

1.8). Total yield was highest in the torsion treatment. Canada NO.l yield was highest in the

standard treatment, but these were not statistically different fram other treatments. High

levels ofcull in 1996 reflect the high incidence ofdowny mildew in the field.

Lettuce 1995 and 1996. Differences among mechanical implements did not differ

significantly in either year, but for both years cultivation with the torsion weeder increased

total yield and in 1995 increased quality compared to other mechanical treatments.

Cultivator actions on difTerent crop types and sail types

Although data for the depth to which cultivation disturbed the soil were available

for ooly the 1996 season and in general, few differences among yields and quality were

detected, sorne generalizations can nevertheless be made about implement performance.

Cultivation in beans on minerai soil.

The rotary hoe disturbed soil to approximately 5 cm and the Danish tines 10-15

cm. The rotary hoe works by uprooting germinating weeds and exposing them to

42



desiccating conditions while the Danish tine cuts, uproots and bunes weeds that are more

developed. Cultivation with the rotary hoe 2 or 3 times plus once with the Danish tines

improved yield in both years, over rotary hoe alone. The torsion weeder with Spyders

disturbed the soil surface to a depth of 5-10 cm. The free tuming Spyder attachment had

staggered teeth that mulched soil and eut weeds in an uneven pattern, while the torsion

attachment loosened and srnoothed the sail. In wetter conditions, uneven sail penetration

and formation ofdirt clumps were observed. Spring loaded tines on the tine harrow

disturbed mineraI soil to a depth of 5 cm. Tines vibrate back and forth under pressure and

uproot weeds. In the drier year tines could not break the soil crust and may not have

disturbed the crusted soil surface as efficiently as a soil with higher water content.

Cultivation in carrots and lettuce on organic soil

The basket wheel hoe implement has two sets of rolling metal cages that disturb

soil to a depth of3-5 cm. Weeds are killed by a lateral slicing motion. In the wetter year,

sorne clumps of soil were observed tuming with the cages, but were broken up as the

second set ofbaskets passed by. Unlike results seen in beans on minerai soil, cultivation in

carrots on organic sail with the torsion weeder (5-8 cm penetration) gave better yields in

the wetter season, while in lettuce it gave similar results in both years. The rototiller has

blades which slice and eut weeds into pieces and disturbs soil to a depth of 9-11 cm.

Covers protect the crop plants from blade action and possible soil contact. Rototiller

effects were beneficial to carrots in drier conditions and lettuce in wetter conditions.

Dominant Weed Species

At Macdonald Farm, minerai soil, dominant weed species included Amarallthlls

retroflexlIs L., Chenopodium a/hum L., Echillochloa crosga/li (L.) Beauv., and Panicum

capil/are L. At Ste Clotilde, organic soil, dominant weed species included Amarallthlls

retroj1exus L., Chenopodium album L. and Ga/insoga ci/iata (Raf.) Blake.
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Table 1.1. Number ofcultivation events per crop in 1995 and 1996. The total amount of
precipitation occurring over the period ofcultivation is also given.

IMPLEMENT Bean Carrot Lettuce
1995 1996 1995 1996 1995 1996

Rotary hoe 3 3

Tine harrow 3 3 7 5 6 4

Torsion weeder 3 2 5 4 3 2

Rotary hoe + 2+1 3 + 1
(j. Danish tinesio.;'

Basket hoe 5 5 4 3

Rototiller 3 2 1

Rainfall (mm) 0.0 75.7 75.9 187.1 29.0 83.0
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Table 1.2. Bean harvest at Macdonald, 1995. Mineral soil. Tonnes per hectare and pod x
1000 per hectare. Numbers in brackets are percent Canada A oftotal harvest.

TREATMENT Yield tlha #/ha x 103

Canada A Canada B Cull Total Total

Weedy check 7.75 a 5.53 a 0.43 ab 13.68 a 3019.2a
(56.6)

Weed-free 12.35 b 7.35 b 0.28 b 20.00 b 4187.5 b
(61.8)

Herbicide 11.55 b 6.97 b 0.35 b 18.87 b 4214.42 b
(61.2)

Rotary hoe 11.50 b 7.15 b 0.42 ab 19.05 b 3988.45 b
(60.4)

1 Tine harrow 11.10b 7.22 b 0.42 ab 18.73 b 3923.05 b~.;

(59.3)

Torsion weeder 13.90 b 6.87 b 0.63 a 21.37 b 4424.02 b
(65.0)

Rotary hoe + 12.83 b 7.40b O.27b 20.52 b 4449.02 b
Danish tines (62.5)

Means within a column followed by the same letter are not significantly different at P<0.05
according to Duncan's multiple range test.
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Table 1.3. Mean aboveground biomass (g) ofbean plants.
Macdonald, 1995 (n=80) and 1996 (0=60). Mineral soil.

TREATMENT Biomass (g)
1995 1996

Weedy check 15.11 a 12.00 a

Weed-free 20.57 a 18.64 b

Herbicide 18.11 a 14.37 a

Rotary hoe 22.80 a 11.77 a

Tine harrow 20.19 a 13.35 a

Torsion weeder 22.28 a 10.70 a

t Rotary hoe + 19.11 a 13.24 a
Danish tines

Means within a column followed by the same letter are not
significantly different at P<0.05 according to Duncan's multiple range test.
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Table 1.4. Bean harvest at Macdonald, 1996*. Mineral sail. Tonnes per hectare and pod
per hectare x 1000. Numbers in brackets are percent Canada A of total halVest.

TREATMENT Yield t/ha #lha x 103

Canada A Canada B Cull Total Total

Weedy check 4.70 ab 3.24 a 3.78 a 11.78 a 2990.00 a
(39.9)

Weed-free 7.36 c 4.68 b 8.86 cl 20.90 d 4951.33 e
(35.2)

Herbicide 6.35 be 4.19 ab 7.84 bd 18.37 bd 4279.33 be
(34.6)

Rotary hoe 4.16 a 3.12 a 5.72 c 13.00 ac 3183.33 ad
(32.0)

1 Tine harrow 6.67 c 3.78 ab 6.99 bc 17.43 b 4152.67 bce
(38.3)

Torsion weeder 4.66 ab 3.28 a 5.69 c 13.63 ac 3400.00 acd
(34.2)

Rotary hoe + 5.89 abc 3.59 a 6.68 be 16.17 be 3897.33 bcd
Danish tine (36.4)

Means within a column followed by the same letter are not signifieantly different at P<O.OS
according ta Duncan's multiple range test.

*The ANOVA table for this analysis is shown in the appendix (A.!).
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Table 1.5. Carrot harvest, Ste. Clotilde, 1995. Organic sail. Tonnes per hectare and
number ofroots x 1000 per hectare. Numbers in braekets are % Canada Number 1 of total
harvest.

#/hax
TREATMENT Yield (t/ha) 103

Can.NI
(%) Small Jumbo CuIl Total Total

Weedy check 0.00 a 0.00 a 0.00 a a.OOa 0.00 a 0.00 c

Weed-free 37.47 b Lia ab 12.22 e 10.90 b 61.69 e 715.27b
(60.7)

G Herbicide 45.13 c 2.35 e 5.24 ab 8.46b 61.18e 926.37 a
(73.8)

Tine harrow 36.36 be 1.84 be 5.88 ab 9.60b 53.69 b 687.47 b
(67.7)

Basket hoe 41.66 be 0.94 ab 7.43 be 9.06 b 59.10 be 720.83 b
(70.5)

Torsion weeder 41.78 be 1.76 be 5.14 ab 8.33 b 57.01 be 776.37 b
(73.3)

Rototiller 38.94 be 0.89 ab 10.81 be 9.24 b 59.88 be 683.33 b
(65.0)

Means within a eolumn fol1owed by the same letter are not significantly different al P<0.05
aceording ta Duncan's multiple range test.
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Table 1.7. Lettuce harvest, Ste. Clotilde, 1995. Organic soil.
Numbers in brackets are % Canada No.l of total harvest.

TREATMENT Yield t/ha #/ha xlOJ

Can.#l (%) Cull Total Total

Weedy check 0.00 c (0.00) 8.25 a 8.25 a 56.48 a

Weed-free 30.28 ab (76.7) 9.18 a 39.46 b 61.11 a

Rototiller + 31.40 ab (77.9) 8.90a 40.30 b 62.96 a
maoual
Tine harrow 28.46 ab (84.0) 5.43 a 33.89 b 60.19 a

Basket hoe 24.35 b (65.2) 12.98 a 37.34 b 63.89 a

Torsion weeder 35.81 a (87.0) 5.32 a 41.13 b 61.11 a

C· Rototiller 28.67 ab (76.2) 8.94a 37.61 b 61.11 a

Means within a column followed by the same letter are not significantly different at P<O.OS
according to Duncan's multiple range test.
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Table 1.8. Lettuce harvest, Ste. Clotilde, 1996*. Organic soil.
Numbers in brackets are % Canada No. 1 of total harvest.

TREATMENT Yield tlha #/ha xl0J

Cao. #1 (%) Cull Total Total

Weedy check 0.00 a (0.00) 23.79 a 23.79 a 64.82 a

Weed-free 19.58 b (46.7) 22.37 a 41.96 b 59.26 a

Rototiller + 24.70 b (61.3) 15.58 a 40.28 b 63.89 a
manual

Tine harrow 20.19 b (53.7) 17.41 a 37.60 b 61.11 a

Basket hoe 20.44 b (53.6) 17.66 a 38.11 b 56.48 a

Torsion weeder 19.69 b (46.2) 25.26 a 42.66 b 61.11 a

Cot:'

Rototiller 19.64 b (48.6) 20.77 a 40.41 b 64.81 a

Means within a column followed by the same letter are not significantly ditferent
at P<0.05 according to Duncan's multiple range test.

*The ANDYA output for this analysis is shown in the appendix (A.III).
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DISCUSSION: PART 1

Weed control is necessary in bean~ carrot and lettuce production since significant

decreases occur in crop yield and quality without weed control measures. In ail cases, crop

yield and quality were negatively affected by the presence ofweeds. In general~ when

mechanical weed cultivation was used, crop yield and quality were similar ta the

conventional weed control methods. Also, mechanical cultivation results did not differ

trom those of the uncultivated weed-free check. However, it is difficult to interpret

cultivated versus uncultivated effects since the hand-pulling and hoeing ofthe soil in the

weed-free check may have mimicked the physical effects of cultivation on soil physical

properties. In the weed-tTee checks~ the hand-pulling and hoeing ofweeds continued

farther into the growing season than cultivation, and this may have alleviated surface

crusting and allowed better water infiltration. In a study where potato and corn were

maintained weed-free without soil scraping or hoeing, consistently higher yields were

observed in the cultivated crops compared with uncultivated (Blake and Aldrich 1955).

Even though few differences were detected among cultivators, sorne trends could

be identified. In general, the performance of cultivators from one year to the next were not

consistent, the primary cause ofwhich may be related to the differences in precipitation

patterns between years. In 1995~ total rainfall during the weeks in which cultivation

occurred was less than half ofthat observed in 1996. However~ performance of cultivators

did not vary with precipitation aIone~ but aIse with crop type and/or soil type. In general,

in beans on mineraI soil, deeper penetrating cultivation tended to give better yields in the

drier year, and in the wetter year, shallower cultivation was better as long as soil dumping

did not occur. Large soil clumps may have caused damage ta crop plants or increased

contact between plant and soil which has been shown ta affect crop quality by increasing

the incidence ofwhite mold (Battenberg et al. 1997). However, in carrots on organic soil,

52



a relatively shallow cultivation with the basket wheel hoe or torsion weeder gave better

results in both dry and wet years compared to deeper cultivation with the rototiller.

Deeper cultivation may be more aggressive on young, developing taproots which rnay fork

or 5tub when cut or exposed to compacted soil (Olymbios and Schwabe 1977~ White and

Strandberg 1978). In lettuce, a relatively deeper cultivation (compared to others in

lettuce) with the torsion weeder gave better results in bath years. Cultivation may cause

root proning of shallow roots but may have no effect on over ail root weight or may even

increase it (Prihar and van Doren 1967). These variations may be the sum of cultivation

physical effects directly on plants and differences in soil properties and types.

In only two cases did mechanical cultivation affect crop stands, compared to

herbicide application. In 1995, the excessively high weed population in the carrots

required the application of herbicide over the row. Stand 10ss in ail plots but the one with

standard preemergence herbicide application was observed when herbicide was applied

postemergence directly on the row at the 4-5 leaf stage. Carrots were too young and the

herbicide caused sorne thinning. Thus, mechanically cultivated carrots had a significantly

lower number ofroots per hectare but their weight was not sirnilarly affected. In 1996,

beans cultivated with the rotary hoe and torsion weeder had a significantly lower nurnber

of pods per hectare, which corresponded with their significantly lower crop yield and

quality. It is difficult to know whether the lower number of pods per hectare is due to

direct damage or thinning by cultivators. Bean plants growing under higher seeding

densities have been shown to have a decreased mean number of pods per plant and an

increased number ofabscised pods (Maik et al. 1993). Inconsistencies in crop stand

response to cultivation frorn one year to the next and one study to the next have been

reported elsewhere (Burnside et al. 1993; Burnside et al. 1994).
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Mechanical cultivators operate differently under wet and dry conditions~ in

different sail types and for different crops. Nevertheless, consistent reductions in herbicide

usage can be achieved in carrot and bean crops without significant yield, quality or stand

losses. Herbicide use can be reduced by 63% in carrots and by 100% in beans. In lettuce

production, input costs can be reduced by using cultivators that operate at much higher

speeds than the conventional implement, which may subsequently reduce the manual weed

control effort. In most. experiments cultivation yield and quality exceeded conventional

production methods and while these increases were not statistically significant, they may

nevertheless represent important economic benefits.

RESULTS: PART U

Heans 1995. Since beans did not receive fungicide application in 1995~ and fields

designated "with fungicide application" and "without fungicide application" did not

statistically differ, results were combined and were presented in Part 1 above.

Heans 1996. Weeding treatments did not affect the tonnes ofpods or number ofpods per

hectare (Table 1.9). Also, the mean dry weight of plants was not affected (Table 1. 10).

Carrots 1995. The weedy treatment significantly decreased carrot yield and quality

(Table 1.11). Cultivation with the basket wheel hoe and/or the rototiller had the highest

yield, but it did not significantly differ tram other cultivation treatments. It was higher

compared to the herbicide treatment. Treatments did not affect the weight of carrot roots

in the Canada No. 1 yield category, but the torsion weeder treatment was higher. The total

number of roots per hectare did not differ among treatments.

Carrots 1996. The weedy treatment significantly decreased carrot yield and quality

(Table 1.12). Total yields were higher with the herbicide treatment and cultivation by
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basket hoe, but these did not differ significantly from other treatments. Also, yield of

Canada No. 1 carrots did not differ, but the herbicide treatment had a higher yield than

mechanical cultivation treatments. The number of roots per hectare did not differ.

Carrots 1995 and 1996. Differences among treatments were not detected for most

variables. Differences among mechanical implements did not differ significantly in either

year. Cultivation with the basket hoe or rototiller were beneficial to total yield and quality

in 1995 and in 1996 it was with the basket hoe.

Lettuce 1995. Lettuce did not receive fungicide application in 1995, but fields designated

"with fungicide application" and "without fungicide application" statistically differed for

the cuH category (?>O.05) and 50 field results were presented separately (in Part 1 above

and here in Part II). Differences in the thinning of lettuce between the two fields may have

influenced the differences in cull lettuce.

The weedy check significantly decreased lettuce yield and quality (Table 1.13).

Total yield was highest in the weed-free check and this significantly differed from

cultivation with the tine harrow. Ail other treatments gave a similar total yield. The quality

of the yield was not significantly affected by weeding treatments, but the weed-free

treatment had higher Canada No. 11ettuce.

Lettuce 1996. The weedy check significantly decreased lettuce yield (Table 1.14). Total

yield was highest in the hand-weeded check, but this was not significantly different from

the conventional treatment or cultivation with the torsion weeder. Significant differences

were not detected in the Canada No. 1yield, but the hand-weeded check was highest.

Lettuce 1995 and 1996. Differences among treatments were detected only in total yields

and in bath years, the hand-weeded check had the highest yields. Differences among

implements did not differ significantly in either year, but in 1995 quality and yield were

better with the basket hoe and in 1996, with the rototiller and torsion weeder respectively.
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Table 1.9. Bean harvest at Macdonald, 1996. Mineral soil. Fungicide was not applied.
Tonnes per hectare and pod per hectare x 1000. Numbers in brackets are percent Canada
A of total harvest.

TREATMENT Yield t/ha #/ha x 103

Canada A Canada B Cull Total Total

Weedy check 6.45 3.45 5.19 15.09 3742.67

Weed-free 8.51 4.40 6.95 19.85 4519.33
~..

Herbicide 6.59 3.54 6.01 16.14 3576.67

Rotary hoe 5.53 3.34 4.84 13.71 3305.33

Tine harrow 8.60 4.85 7.48 20.93 4952.67

Torsion weeder 5.32 3.54 5.14 14.00 3460.33

Rotary hoe + 5.20 3.04 5.96 14.19 3301.33
Danish tine
No significant differences (P>0.05) according to Duncan's multiple range test.
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Table 1.10. Bean harvest at Macdonald Fann 1996. Mineral sail.
Fungicide was not applied. Numbers represent the average dry
weight (g) ofone bean plant (n=30).

TREATMENT Biomass (g)

Weedy check 11.98

Weed-free 13.79

Herbicide 12.88

Rotary hoe 10.50

Tine harrow 13.07

Tonion weeder 9.85

Rotary hoe + Il.81
Danish tine
No significant differences (P>0.05)
according ta Duncan's multiple range test.
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Table 1. Il. Carrot harvest, Ste. Clotilde, 1995. Organic soil. Fungicide was not applied.
Tonnes per hectare and number of foots x 1000 per hectare. Numbers in brackets are 0/0
Canada Number 1 of total harvest.

Treatment Yield t/ha #/ha x 103

Can.NI
(0/0) Smail Jumbo Cull Total Total

Weedy check 0.00 a 1.51 a 0.00 a O.aOa 1.51 a 506.93 a
(00.0)

Weed-free 25.52 b 0.45 a 5.25 a 11.32 b 42.54 c 594.43 a
(60.0)

Herbicide 23.83 b 2.00 a 0.45 a 8.41 b 34.69 b 720.83 a
(68.7)

1 Tine harrow 26.14 b 1.10 a 2.85 a 10.84 b 40.93 598.60 a.~.'

(63.9) bc

Basket hoe 25.59 b 1.42 a 4.85 a 10.26 b 42.13 c 663.90 a
(60.7)

Torsion weeder 27.78 b 1.94 a 2.76 a 8.56 b 41.01 745.80 a
(67.7) be

Rototiller 27.42 b 1.59 a 5.58 a 7.72 b 42.32 c 706.93 a
(65.8)

Means within a column followed by the same letter are not significantly different at P<O.05
according to Duncan' s multiple range test.
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•• Table 1.12. Carrot harvest at Ste. Clotilde, 1996. Organic soil. Fungicide was not applied.
Tonnes per hectare and number per hectare x 1000. Numbers in brackets are % Canada
Number 1 of total harvest.

Yield t/ha #/ha x 103

TREATMENT Can. #1
(%) Small Jumbo Cull Total Total

Weedy check 13.18 a 7.75 a 0.38 d 10.15 a 31.50 a 959.67 a
(41.8)

Weed-free 20.47 a 3.53 b 6.63 ab 25.63 a 56.27 b 863.67 a
(36.4)

Herbicide 31.77 a 3.53 b 5.50 abc 19.93 a 60.73 b 1104.00 a
(52.3)

Tine harrow 21.87 a 4.55 ab 4.58 be 22.53 a 53.50 b 916.67a
(40.9)

~.. Basket hoe 24.10 a 3.45b 8.17 a 24.93 a 60.63 b 948.67 a
(39.7)

Torsion weeder 21.47 a 4.61 ab 5.65 abc 27.80 a 59.53 b 1005.67 a
(36.1)

Rototiller 23.83 a 6.42 ab 3.04 cd 20.13 a 53.40 b 948.33 a
(44.6)

Means within a column followed by the same letter are not significantly different at P<0.05
aceording to Duncan's multiple range test.

59



.''''.:
Table 1.13. Lettuce harvest, Ste. Clotilde, 1995. Fungicide was not applied. Organic sail.
Numbers in brackets are % Canada No. 1 oftotal harvest.

Yield t/ha #/ha x 103

TREATMENT Can. #1 (%) Cull Total Total

Weedy check 0.00 a (00.0) 12.32 a 12.32 c 55.56 a

Weed-free 39.00 b (75.6) 12.58 a 51.58 a 63.89 a

Rototiller + 28.58 b (69.9) 12.33 a 40.91 ab 61.11a
manual

Tine harrow 30.84 b (78.1) 8.64 a 39.47 b 59.73 a

Basket hoe 36.05 b (72.4) 13.72 a 49.77 ab 69.44 a

Torsion weeder 34.25 b (74.2) 11.88 a 46.13 ab 58.34 a,
Rototiller 34.85 b (75.4) 11.35 a 46.21 ab 62.50 a

Means within a column followed by the same letter are not significantly different at P<O.OS
according ta Duncan's multiple range test.
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Table 1.14. Lettuce harvest, Ste. Clotilde, 1996. Fungicide was not applied. Organic soil.
Numbers in brackets are % Canada NO.l of total harvest.

Yield t1ha #/ha x 103

TREATMENT Cao. #1 (%) Cull Total Total

Weedy check 7.89 a (32.4) 16.45 a 24.34 d 59.26 a

Weed-free 33.87 a (74.5) 11.57 a 45.45 a 60.19 a

Rototiller + 28.45 a (70.5) 11.89 a 40.33 ab 64.82 a
manual

Tine harrow 20.67 a (61.5) 12.96 a 33.62 be 58.33 a

Basket hoe 19.46 a (61.5) 12.20 a 31.66 c 53.70 a

Tonion weeder 22.77 a (58.2) 16.37 a 39.15 abc 63.89 a

~ Rototiller 25.72 a (72.7) 9.66 a 35.39 bc 61.11 a

Means within a column followed by the same letter are not significantly different at P<O.05
according to Duncan's multiple range test.
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.- DISCUSSION: PART D

Although crops were intentionally grown in a manner that producers would not

normally fol1ow, this study nevertheless provides valuable information about treatment

effects at potentially higher disease pressures and it is useful for organic growers.

Variability in disease levels occurs from one year to the next even when fungicidal

applications take place (Hunter et al. (978).

Weed control is a must in bean, carrot and lettuce production since significant

decreases occur in crop yield and quality when no weed control measures are used. In

carrot and lettuce crops where fungicide was not appIied, yield and quality were reduced

by the presence ofweeds. In beans, weeds had no effect on bean yield, quality and

biomass, but the weedy check was consistently 10wer than the herbicide treated check.

Mechanical weed cultivation treatments did not differ from those of the

uncultivated herbicide treatment nor weed-free check, as observed in Part 1. However, as

explained earlier, soil surfaces of"uncultivated" weed-free checks may be disturbed in a

similar manner during cultivation. Such weed-free checks are thus not necessarily

uncultivated (Blake and Aldrich 1955).

There were no statistically signiticant differences among treatments that received

cultivation with different machines, although sorne trends could be detected. Within each

crop, performance ofcultivators from one year to the next was not consistent, as seen in

Part I. In general, cultivator performance in the bean and carrot crop was similar to that

observed in Part 1. In beans in the wetter year, the tine harrow gave better results. In

carrot, overall for both years, the basket hoe gave better results. Cultivator performance in

the lettuce crops was not similar to observation in Part 1 where the torsion weeder gave

better results in both years. However, in this part of the study the torsion weeder' s

performance was second to the basket hoe in the dry year. In the wetter, year the torsion
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weeder had higher yields among cultivators, but in Canada No 1 lettuce it was lower than

the rototiller because it was the treatment with the highest euH. It is difficult to determine

what might be the explanation for the inconsistencies among cultivator performance in

lettuce between Part 1and Part II of the study. Fields were located close to one another on

the site. Fungicide application alone cannot account for the difference in these trends,

since in the drier year fungicide was not even applied to lettuce, and furthermore, in beans

and carrots, cultivator performance did not vary whether fungicide was or was not applied.

None of the cultivation treatment effects were statistically different anyhow, but even

small increases ofone or two tonnes per hectare may represent a significant economic

increase.

These results support the findings ofPart 1. Mechanical cultivation did not

significantly affect crop yield and quality. Mechanical cultivators performed differently in

dry and wet conditions, in different soil types and for different crops. In general, relative

performance rankings ofcultivators were similar ta those observed in Part J, with the

exception of lettuce. Mechanical weed cultivation performed just as weil in the absence of

fungicide. Cultivation treatments did not differ significantly from the conventional

herbicide treatments and thus cultivation can be used as an opportunity to eliminate

herbicide use in bean crops, decrease use in carrot crops and to provide alternatives to the

conventional weed control method used in lettuce.
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STUDIES ON DISEASE INCIDENCE
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PREFACE TO STUDY n

MechanicaI cultivation is a physical process ofweed control in the inter-row. In most

studies, mechanical cultivation is assessed for efficacy ofweed control and subsequent

impacts on erop yield and quality, but there May be other valuable reasons to cultivate

beyond agronomie aspects. There may he contact between crop foliage or roots and the

cultivator which May impact on crop pathology (Finlayson et al. 1989; Vangessel et al.

1995; Prihar and van Doren 1967; van der Werf 1991). Cultivation alters soil physical

properties in the inter-row and this may also influence disease levels (Perry 1983).

Determining whether mechanical cultivation influences disease incidence might provide

valuable reasons to cultivate even ifweed control or crop yield and quality are not

improved.
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STUDY D. THE EFFECT OF MECHANICAL WEED CULTIVATION
ON DISEASE INCIDENCE

IN SNAP BEAN, CARROT AND LETfUCE CROPS

ABSTRACT

Several types of cultivators were used as a weed control method to replace or reduce the

use of herbicide. Within each bean, carrot or lettuce crop, four kinds of mechanical

cultivators were tested for effects on disease incidence in fields where disease pressure was

potentially low (fungicide application programs were followed) or high (fungicide was not

applied). In one year, which was unusually dry, bean and lettuce crops were virtually

disease free. In the second year, beans were affected by white mold and lettuce by downy

mildew. In bath years, carrots were affected by Cercospora blight.

The tonnes per hectare ofbeans with white mold symptoms were significantly

reduced by cultivation in one field and reduced, but not significantly in another. The

increase in white mold was correlated to the number ofdays the treatment lasted. The

level ofCercospora blight was not affected by weeding treatments in 1995, but in 1996

cultivation with the tine harrow significantly reduced the percent of leaf area affected by

disease. In one case, increased disease was correlated to the number of days weeding

lasted, but in another it was not. Cultivation increased the number of lettuce with basal rot

in one field and decreased the severity in another.

INTRODUCTION

Incomplete control of sorne of the major diseases in green beans, carrot and lettuce

often limit production and can seriously reduce crop yields. Cultural methods of disease

control are often used as alternatives or supplements ta chemical pesticides. Alternatives

ta pesticides are sought where chemical costs are high, disease control is incomplete,

pesticides are not permitted for use and/or environmental issues are of concern. Chemical

and cultural crop production methods introduced for reasons other than disease control

rnay unintentionally influence sail-borne diseases (Shipton 1979).
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Studies involving mechanical cultivation in crop production are primarily

concemed with efficacy ofweed control and subsequent impact on crop yield. In most

cases) increases in crop yield are attributed ta a reduction in weed-crop competition, but

other factors such as improved water conservation and increased water infiltration have

also been identified (Blake and Aldrich 1955; Prihar and Van Doren 1967). Inter-row

cultivation has been shawn to reduce the incidence ofcavity spot lesions in carrots and

improve the marketable proportion ofthe yield (perry 1983). The effects were attributed

to improved aeration of the soil by cultivation.

In addition to cultivation effects on sail physical properties, cultivation may

damage crop foHage or roots, increase contact between soil and plants, or alter crop

architecture ail ofwhich May influence disease incidence and severity, perhaps by

predisposing plants to pathogenic agents. Carrot foHage that was in contact with mycelium

ofSclerotinia sclerotionlm resulted in more diseased carrot roots at harvest and following

three months of storage (Finlayson et al. 1989). Mechanical cultivation for weed control

with a flex-tine harrow has been shown ta cause injury ta pinto bean hypocotyls and

stems, but did not affect the severity ofRhizoctonia root rot (Vangessel et al. 1995). The

effect of root pruning by cultivation in corn enhanced inter-row root growth (Prihar and

van Doren 1967; van der Werf 1991).

Some of the primary diseases of bean, carrot and lettuce production in Quebec

include white mold (causal agent Sclerotinia sclerotionlm (Lib.) de Bary) and common

blight (causal agent Xanthomonas campestris pv. phaseoli (E.F.Sm.) Dye) ofbean,

Cercospora blight (causal agent Cercospora carotae (pass.) Solheim) of carrot and downy

mildew (causal agent Bremia /actllcae Regel) and bottom rot (causa) agent Rhizoctonia

so/ani Kühn) oflettuce (Sherfand MacNab 1986). These were the major diseases

observed during the years in which the present study was conducted.
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White mold affects pods, stems, flowers and leaves ofgreen beans and can cause

severe yield losses. Chemical fungicides and cultural practices such as crop rotation often

fail to control the disease (Hunter et al. 1978; Steadman 1983). Few bean cultivars are

resistant to this disease and integration ofseveral cultural practices are often required to

control this and other bean diseases (Hall and Nasser 1996). Tillage is recommended in the

control of several nematode, fungal and bacterial bean pathogens (Hall and Nasser 1996),

but information about possible relationships between inter-row cultivation and disease

control is Iimited.

In southem Quebec, Cercospora blight is a common disease ofcarrots and in fields

in the organic farming region its incidence may be up to 99% in sorne years (Arcelin and

Kushalappa 1991). Blighted foliage is covered with small necrotic lesions, reducing

photosynthetic capacity and vigor. Yield losses occur during mechanical harvesting when

blighted leaves break-off and roots remain in the ground. Control of Cercospora blight

requires several applications of protectant fungicides and infection models have been

developed to improve the timing and efficacy offungicidal sprays (Carisse and Kushalappa

1990). Cercospora blight has been shown to reduce the weight ofcarrot roots (Bourgeois

and Kushalappa 1992), but the threshold to which carrots can tolerate Cercospora blight

without yield reductions is unknown.

Downy rnildew of lettuce can cause serious crop losses since severely infected

heads are unharvestable and at relatively low severity, its presence can decrease crop

quality, require excess trimming at harvest and/or may promote rot during postharvest

handling ( Zink and Welch 1962). Fungicide applications and planting of resistant varieties

help in the control ofthis disease (Sherfand MacNab 1986), but frequent irregular and

unpredictable eutbreaks limit the successful integration ofother pest management

strategies (Scherm and van Brugen 1994). Bettom rot lesions appear at maturity and may
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invade the entire head. Spread of the pathogen is favored by wet or humid microclimate

conditions such as between bottom leaves and the soil surface (Sherf and MacNab 1986).

Cultural methods ofcontrol involve crop rotation with non-susceptible hosts and deep

tillage ta bury sclerotia (Sherfand MacNab 1986).

The objectives ofthe present study were ta determine whether several types of

weeding treatments affected incidence and/or levels ofdisease in snap bean, carrot and

lettuce crops. Also, we wanted to compare results among methods of weed control using

mechanical cultivation and finally ta compare cultivation treatments ta the conventional

methods ofweed control.

MATERIALS AND METROnS

Field Plan

The green bean field site was located at the Emile Lods Agronomy Research

Centre, Macdonald Campus ofMcGiIl University, Ste-Anne-de-Bellevue, Quebec. The

soil is a Chateauguay clay loam minerai series. Carrots and lettuce were studied at the

Agriculture Canada substation in Sainte Clotilde, Quebec. The soil is organic muck.

The experimental design was two randomized complete block designs with three

blocks and 7 treatments. For each crop, three blocks were treated with the recommended

rate and frequency of fungicide and three blocks remained untreated, in order to determine

whether fungicide application affected disease incidence and ta observe cultivation effects

under potentially low and high disease pressure. Crops were inspected biweekly in order to

determine when fungicide application was to begin. Cultivation was conducted as required

for weed control only and 50 the number of cultivation events in each crop and year

represents the minimum required for sufficient weed control (Table 1.1). No herbicides are

registered for use in lettuce on muck soil, but the limitations of the conventional weed

control system involve the rototiller which limits production because of its slow working

speed and the high effort required for manual weeding. Sites were fall plowed.

Fertilization took place in the spring, in accordance with soil nutrient analyses.
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Green beans, Macdonald site, minerai soil, 1995 and 1996

Bean (Phaseolus vu/garis L. cv Hialeah) seeds were sown in 1995 on June 7 and in

1996 on May 31, 25 seeds to a metre with a precision seeder 25 to 30 mm deep. Hialeah is

a medium upright ta slightly open detenninate type bush. Rows were spaced at 65 cm

intervals and each of the treatment plots was 6 rows wide. The total surface area for each

block was 27.3 m by Il m. Fungicide application did not take place in 1995 since no

diseases were observed.

Bean treatments at Macdonald

The following treatments were performed: 1. weedy check; 2. weed-free check using

hand-pulling and hoeing; 3. conventional chemical: post-emergence 1.75 L/ha + 2.0 L/ha

Bentazon + Assist in 300 L water at tirst trifoliate; 4. rotary hoe (Yetter) 10-11 km/h,

depth 5 cm; 5. tine harrow (RabeWerk) 8.3-8.4 kmIh, depth 5 cm; 6. torsion weeder

(Bezzerides torsion weeder with Spyders) 0.9 km/h, depth 5-10 cm; 7. rotary hoe (Yetter)

to 4 true leaves followed by Danish tines (Kongskilde) 4.5 km/h, depth 10-15 cm. The

field treated with fungicide was sprayed with benlate at 1.75 kg/ha on July Il, 1996, 3

days after tlowering was initiated.

Beans were manually harvested on 2 m in the centre 2 rows of each plot. Harvest

was conducted every 2-3 days until pod production finished. Only those pods deemed of

marketable size were picked on any given harvest day. In 1995, beans were harvested on

July24, 26,28,31, August 1,4,7,10,14,17 and 21 and in 1996 harvested on July 22,

24,26, 29, August l, 5, 8 and 12. Once picked, pods were classified by disease. One

week after harvest, ten plants in each of the yield rows were randomly chosen, eut off at

the soilline, placed in c10th bags and dried for 48 h at 75° C and mean dry weight (g) was

determined.

.Carrots, Ste. Clotilde, organic soil, 1995 and 1996

Carrot (Daucus carola L. sativus cv. Six Pak II) seeds were sown in 1995 on May

31 and in 1996 on May 21, 12 to 20 mm deep at a density of 100 seeds per meter with a

precision seeder that places three seeds across 75 mm wide band. Rows were spaced at
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60 cm and each treatment plot was 6 rows wide. The total surface area for each block was

25.2 m by Il m. A 15 cm band ofherbicide (Hnuron 3.25 kg/ha) was sprayed on the rows

post-emergence in 1995 and pre-emergence in 1996.

Carrot treatments at Ste. Clotilde

The fol1owing treatments were performed: 1. weedy check; 2. weed·free check using

hand..pulling and hoeing; 3. conventional chemical: linuron pre-emergence at 3.25 kglha in

205 L water and post..emergence at 3.25 kg/ha in 205 L water when carrots 8 cm in

height; 4. tine harrow (RabeWerk) 3-7 km/h, depth 3-7 cm; 5. basket wheel hoe

(Buddingh Model K) 2-7 km/h, depth 3 to 5 cm; 6. torsion weeder (Bezzerides Torsion

weeder and Spyders) 2-3 km/h, depth 5-7 cm; and 7. rototiIler 1 kmlh, depth 9-11 cm.

Starting in July, carrot crops were inspected biweekJy to monitor foliage diseases.

Five carrots from each treatment plot were inspected for symptoms of Cercospora caro/ae

and if symptoms were present, fungicide spraying was initiated. In 1995, fungicide

Dithane DG at 2.25 kg/ha was applied 7 times (July 21, 29, August 5, 10 17 and 25) and

in 1996, 8 times (July 18, 23, 28, and August 7, 17, 22, 30).

Carrots were manual1y harvested in 1995 on Sept. 5-7 and in 1996 on Sept. 20­

23, on two 2 m sections from the centre rows of each plot. Carrot roots from each row

were classified by disease. Foliage disease evaluations were also conducted. This involved

removing 10 carrots at random from each treatment, counting the number of leaves and

recording the amount of surface area on each leaf that was affected by disease

(Cercospora carotae). A key for measuring plant diseases was used to estimate 0/0

diseased tissue (Horsfall and Barratt 1945).

Disease evaluation for each treatment was also followed for carrot roots held in

storage. Fifty Canada No. 1 carrots were randomly selected from each treatment, stored

in plastic aerated bags and stored in a cooler at approximately 50 C. Ten carrots were

removed monthly for 5 months (1995) and 1 month (1996), stored at room temperature

for 2 weeks and then inspected for storage diseases.
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Lettuce, Ste. Clotilde, organic soil, 1995 and 1996

Lettuce (Lactuca saliva L. cv. Ithaca) seeds were sown in 1995 on May 19 and in

1996 on May 21, at 10 seeds per metre with a precision seeder lOto 20 mm deep. Lettuce

were later thinned to 5 per metre. Rows were spaced at 45 cm and each of the treatment

plots was 8 rows wide. The total surface area for each block was 9 m by 31 m.

Lettuce treatments at Ste. Clotilde

The following treatments were performed: 1. weedy check; 2. weed-free check using

hand-pulling and hoeing; 3. conventional: rototiller at thinning, followed by manual

weeding; 4. tine harrow (RabeWerk) 2-6 km/h, depth 3-7 cm; 5. basket wheel hoe

(Buddingh) 2-6 kmlh, depth 4-6 cm; 6. torsion weeder (Bezzerides) 1-3 kmlh. depth 7-8

cm; and 7. rototiller 1 km/h, depth 9 cm.

Disease evaluation in the field was conducted at or near harvest time by randomly

sampling and inspecting 15 (1995) or 12 (1996) lettuce plants per treatment. Basal rot.

caused by Rhizoctollia solani or possibly Sclerotinia drop (Sc/erotinia sclerotiorllm) in

the early stages was graded on a scale of 0 to 3, where 0 = no disease, 1 = rot present. on

lower leaves only and is dry, 2 = rot present, on lower leaves only and wet, and 3 = rot

present, advanced to inner leaves and wet. The incidence of other diseases, such as downy

mildew was recorded by counting the number of leaves with at least one lesion.

Lettuce were manually harvested in 1995 on July 13 and in 1996 on July 18, from

2 m sections on the 4 middle rows. Basalleaves were trimmed in the field, then lettuce

were classified. Type ofdisease was determined and number and fresh weight recorded.

Statistical Analyses

Analysis of variance was analyzed using the generallinear model (GLM) of

Statistical Analysis System (SAS Institute Inc., Cary, Ne). Disease percent data were

squareroot arcsiri transformed prior to analysis, but the values reported are untransformed

percentages. Where treatment effects were significant (P<O.OS) differences between

means were detected using Duncan' s least significant differences test. Linear correlations

were conducted using the robust straight line process with adjusted r2 degrees of freedom

TableCurve 2D (Jandel Scientific, San Raphael, CA).
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.' RESULTS

Beans

Beans were virtually disease-free in 1995 (data not shown), but in 1996 white mold

and baeterial blight were detected. Fungicide application did not significantly affect the

total yield of rejected pods, number of rejected pods and pods with bacterial blight (Table

2.1). However, fungicide application inereased the yield of pods with symptoms of white

mold and decreased yield of scarred pods. The mean plant biomass was higher in the with

fungicide field. The Mean proportion of euH pods in total pod yield with fungicide

application was 40.6% and without fungicide 36.6%.

Beans in field with fungicide application

The incidence ofwhite mold symptoms on pods was significantly affected by weed

control treatments (Table 2.2). Levels were lowest in the weedy check, likely because toUl1

yield was lowest in this treatment. The yield of pods with white mold was highest in the

weed-free check. Differences among cultivated treatments were not significant, but disease

levels in rotary hoe (+Danish) and tine harrow were higher. Herbicide increased white

mold compared to cultivation with rotary hoe and torsion weeder. The incidence of

bacterial spot was not affected by weeding treatments, nor was the incidence of scarred

beans or beans with symptoms ofviral infection.

When yield of white mold pods was compared to the number of times a weed

control treatment was conducted, there was a strong correlation (Table 2.3), but yield was .

not correlated with the nurnber of days between sowing and the end of treatment.

Beans in field without fungicide application

There were no significant differences among treatments for any of the variables

(Table 2.4), but sorne of the same trends occur as seen in the field with fungicide

application. The weed-free treatrnent had higher values for white mold and the weedy
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check had lower white mold values. Among cultivated treatments, the. rotary hoe and

torsion weeder had lower values.

Carrots 1995 and 1996

In both years, disease on harvested roots and roots held in storage was virtually

nonexistent (data not shawn). Levels ofCercospora blight on carrot foliage within fields

where fungicide was applied were lower than the field where fungicide was not applied

(Table 2.5). Mean root weight was not affected by fungicide, but in bath, root weight was

greater with fungicide application. The incidence of disease in 1995 did not statistically

differ among treatments within crops that did or did not receive fungicide (Table 2.6), but

differences were detected in 1996 and are presented below.

Carrots in field with fungicide application, 1996

In the field with fungicide application cultivation with the tine harrow reduced

disease (Table 2.7). Mean % surface area affected by disease was not correlated

(r2=0.056) to the number ofweeding passes (mechanical or manual) conducted during the

season, nor were the % disease and length of time the weeding period extended past the

sowing date (r2=0.230) (Table 2.7).

Carrots in field without fungicide application, 1996

In the field without fungicide application cultivation with the tine harrow and

rototiller significantly reduced disease compared to other weeding .treatments (Table 2.8).

The weed-free treatment had the highest level of disease. Mean % surface area affected by

disease was not correlated (r2=0.339) to the number ofweeding passes (mechanical or

manual) conducted during the season. However, the % disease was highly correlated ta

the length oftime the weeding period extended past the sowing date (r2=0.890) (Table

2.8).
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Lettuce 1995 and 1996

Lettuce fields were virtually free offungal diseases in 1995 (data not shown) but in

1996, downy mildew (Bremia lactucae) was prevalent. In 1996, in lettuce randomly

sampled from the field, the incidence of having at least one leafwith downy mildew

lesion(s) was 100% with or without fungicide applications. The incidence oflettuce having

at least 5 basal and/or upright leaves with downy mildew lesion(s) was 71.4% in the

fungicide-applied field and 90.5% in the field that was not sprayed. However, the

incidence ofdowny mildew did not differ in a similar manner for lettuce graded at harvest

(Table 2.9), likely because trimming prior to grading eliminated Many leaves.

Lettuce in field with fungicide application

Weed control treatments affected the severity ofbasal rot in only 1995 in the field

where fungicide was applied (Table 2.10). Cultivation did not affect severity of rot

compared to the conventional method ofweed control (rototiller and hand-weeding).

However, among cultivators, the basket wheeI hoe increased severity compared ta the tine

harrow and torsion weeder. Trends in 1996 did not follow those observed in 1995.

The weedy check increased the number of deformed lettuce and total number of

rejected lettuce but there were no ditferences among treatments for downy mildew (Table

2.11). Basal rot ofharvested lettuce was lowest in cultivation with the tine harrow

compared to cultivation with either torsion weeder or rototiller (Table 2.(1).

Lettuce in field without fungicide application

In both years, weed control treatments had no effect on basal rot severity (Table

2.10), but at harvest time, the number of lettuce with severe basal rot was increased by

cultivation with the torsion weeder (Table 2.12). Differences were not detected for other

disease categories.
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Table 2.1. Comparison of total rejected pod number and yield, beans with scarring.
mosaic, bacterial blight, white mold (1996) in fields where fungicide was applied or
fungicide was not applied. Mean biomass per plant of aboveground vegetative tissues
(n=I80). Number ofpods per hectare x 103

. Numbers in brackets are the rejected pod
yield percentage of the total yield.

Treatment N/ha x 1~ t1ha

Bad. White Biomass
Total Total Scarred Mosaic blight mold (g)

Fungicide 1300.2 a 5.94 a 1.08 a 0.016 a 0.57 a 4.30 a 11.04 a
notapplied (36.6)

Fungicide 1448.9 a 6.51 a 0.82 b 0.003 a 0.53 a 5.15 b . 13.07 b
was applied (40.6)

Means within a column followed by the same letter are not significantly different at P<O.CÏ5
according to Duncan' s multiple range test.
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Table 2.2. Rejected bean pod yield in field in whieh fungicide was applied (1996). Yield of
pods with searring, symptoms ofbean mosaic, bacterial blight or white mold and total
yield ofrejeeted pods. Numbers in brackets are the % of total yield that was rejeeted.

TREATMENT t/ha
Scarred Mossic Bacterial White mold Total Cull

Weedy check 0.44 a 0.00 a 0.58 a 2.76 d 3.78 d
(32.1)

Weed-free 1.15 a 0.00 a 0.75 a 6.96 a 8.86 a
(42.4)

Herbicide 1.31 a 0.00 a 0.49 a 6.04 ah 7.84 ab
(42.7)

Rotary hoe 0.58 a 0.01 a 0.30 a 4.83 e 5.72 e
(44.0)

Tine harrow 1.00 a 0.01 a 0.65 a 5.32 be 6.99 he

~. (40.1)

Torsion weeder 0.58 a 0.01 a 0.46 a 4.64 c 5.69 e
(41. 7)

Rotary hoe + 0.70a 0.00 a 0.47 a 5.51 be 6.68 he
Danish tine (41.3)
Means within a eolumn followed by the same letter are not significantly different at P<0.05
according to Duncan's multiple range test.

~'.~.~..
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Table 2.3. Yield ofpods with white mold, number oftimes weeding treatment was
condueted and length ofweeding period which was sprayed with fungicide (1996). Weight
ofdiseased pods and number of passages were correlated (~=O.893) but weight and length
ofweeding period were not eorrelated (r2=0.386).

Pods with Numberof
Treatment white mold Weedin& Weeding

(tlha) passes period*

Weedy check 2.76 d

Weed-free 6.96 a 6 63

Herbicide 6.04 ab

Rotary hoe 4.83 c 3 25

Tine harrow 5.32 be 3 26

Torsion weeder 4.64 c 2 39

G Rotary hoe + 5.51 be 3+ 1 40
~;;.

Danish tine

Means within a column followed by the same letter are not significantly
different at P<O.OS according to Duncan's multiple range test.
*The number ofdays following planting when weeding treatment was fini shed.
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• Table 2.4. Rejected bean pod yield in field which did not receive fungicide (1996). Yield of
pods with scarring, symptoms ofbean mosaic, bacterial blight or white mold and total
yield ofrejected pods. Numbers in brackets are the % oftotal yield that was rejected.

t/ha*
TREATMENT Scarred Mosaic Hatterial White mold Total Cull

Weedy check 0.95 0.02 0.72 3.49 5.19 (34.4)

Weed-free 1.13 0.01 0.66 5.14 6.95 (35.0)

Herbicide 1.50 0.02 0.49 4.00 6.01 (37.2)

Rotary hoe 0.71 0.01 0.46 3.65 4.84 (35.3)

Tine harrow 1.45 0.00 0.68 5.34 7.48 (35.7)

Torsion weeder 0.78 0.04 0.32 4.01 5.14 (36.7)

Rotary hoe + 1.04 0.01 0.66 4.25 5.96 (42.0)
Danish tine

E *No significant differences (P>O.05) according to Duncan's multiple range test.
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• Table 2.5. Mean % foliage surface area affected by Cercospora blight of
carrot (n=180) and mean fresh weight ofcarrot root (n=180) for 1995
and 1996 in fields with or without fungicide application.

Field 1995
0/0 disease Root (g)

1996
0/0 disease Root (g)

Fungicide
not applied

Fungicide was
applied

21.22 a

4.24 b

10.79 a

13.35 a

23.88 a

2.17b

10.82 a

11.67 a

Means within a column followed by the same letter are not significantly
different at P<O.OS according to Duncan's multiple range test.
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Table 2.6. Mean percent surface area ofleafaffected by Cercospora
blight in fields with or without fungicide application (0=30), 1995.

% surface area*
Treatment No fungicide Fungicide

Weed-free 25.97 3.55

Herbicide 25.49 7.13

Tine harrow 24.62 3.88

Basket hoe 21.22 5.87

Torsion weeder 21.56 2.54

Rototiller 27.78 3.23

1 *No significant differences (P>O.05).
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Table 2.7. Mean percent surface area of leafaffected by Cercospora blight, number of
times weeding treatment conducted and length ofweeding period in field sprayed with
fungicide (n=30), 1996. Percentage ofdisease and number of passages were not correlated
(~=0.OS6) and neither were % disease and length ofweeding period (r2=0.230).

Means within a column followed by the same letter are not significantly
different at P<O.OS according to Duncan's multiple range test.
*The number ofdays following planting when weeding treatment was finished.
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Table 2.8. Mean percent surface area of leafaffected by Cercospora blight, number of
times weeding treatment conducted and length ofweeding period in field not sprayed with
fungicide (n=30), 1996. Percentage disease and number ofpassages were not correlated
(~=0.339) but % disease and length ofweeding period were (r2=0.890).

Number of Length of
Treatment 0/0 DISEASE Weedina weeding

passes period*

Weedy check NIA 0

Weed-free 33.00 a 6 58

Herbicide 30.74 a 0

Torsion 28.38 a 4 43

Basket hoe 23.15 ab S 43

Tine harrow 16.50 b S 36

C: Rototiller 16.41 b 2 37

Means within a column fol1owed by the same letter are not significantly
different at P<O.OS according to Duncan's multiple range test.
*The number of days fol1owing planting when weeding treatment was finished.

G·
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Table 2.9. Mean number ofrejected lettuce per 2 mat harvest (0=84) in fields with or
without fungicide application, 1996. Total number oflettuce and number ofheads that
were deformed, affected by downy mildew or basal rot (severity =3 on a scale of0 to 3)
or other blemishes.

Number oflettuce
TREATMENT

Fungicide not
applied

Fungicide was
applied

Total

2.35 a

3.27 b

Deformed

1.59 a

2.44 b

Mildew

0.10 a

0.48h

Basal rot

0.58 a

0.32 a

Other

0.08 a

0,03 a

Means within a column followed by the same letter are not significantly different at P<O,05
according to Duncan' s multiple range test.
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Table 2.10. Severity ofmean basal rot per lettuce in 1995 (n=15) and 1996 (n=12), where
0= rot not present, 1 = rot present on lower leaves ooly and was dry, 2 = rot present on
lower leaves only and wet, and 3 = rot present, advanced to inner leaves and wet.

With fungicide Without fungicide

TREATMENT Disease value
1995 1996 1995 1996

Weedy check 1.00 d 1.33 0.70 1.50

Weed-free 2.53 a 1.78 1.40 2.16

Rototiller + 1.87 abc 1.45 1.00 1.83
manual

Tine harrow 1.33 cd 1.67 0.90 1.33

~~
Basket hoe 2.33 a 1.33 0.90 1.83

Torsion weeder 1.53 bcd 1.44 1.00 1.83

Rototiller 2.07 ab 2.00 0.60 2.17

Means within a column followed by the same letter are not significantly different at P<O.05
according ta Duncan's multiple range test.

Ii;~
~~
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Table 2.11. Mean number of rejected lettuce per 2 m at harvest (n= 12) in field where
fungicide was applied, 1996. Total number oflettuce and number ofheads that were
deformed, affected by downy mildew or basal rot (severity = 3 on a scale of0 to 3) or
other blemishes.

Number oflettuce
TREATMENT

Total Deformed Mildew Basal rot Other

Weedy check 5.83 a 5.92 a 0.00 0.00 d 0.00 a

Weed-free 2.92 b 1.50 b 0.75 0.50 ab 0.17 a

Roto + manual 2.42 b 1.92 b 0.33 0.17 bcd '0.00 a

Tine harrow 2.75 b 2.25 b 0.42 0.08 cd 0.00 a

Basket hoe 2:41b 1.33 b 0.58 0.33 abc 0.08 a

( ,"

Torsion weeder 3.33 b 2.17 b 0.75 0.42 ab 0.00 a

Rototiller 3.25 b 2.00 b 0.50 0.75 a 0.00 a

Means within a column folJowed by the same letter are not significantly different at P<O.OS
according to Duncan's multiple range test.
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Table 2.12. Mean number ofrejected lettuee per 2 m at harvest (n=12) in field where
fungicide was not applied, 1996. Total number oflettuce and number ofheads that were
deformed, affeeted by downy mildew or basal rot (severity = 3 on a scale of 0 to 3) or
other blemishes.

Number oflettuce
TREATMENT

Total Deformed Mildew Basal rot Other

Weedy check 4.00 4.00 0.00 0.00 c 0.00

Weed-free 1.50 0.58 0.17 0.58 be 0.17

Roto + man ual 2.00 1.50 0.33 0.17 c 0.00

Tine harrow 2.33 1.33 0.17 0.50 bc 0.17

Basket hoe 2.17 1.08 0.00 1.00 ab 0.08

Tonion weeder 2.75 1.00 0.00 1.67 a 0.08

1 Rototiller 1.75 1.50 0.00 0.17 c 0.08

Means within a column followed by the same letter are not significantly different at P<0.05
according to Dunean's multiple range test.
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DISCUSSION

BeaDS

In 1995, beans were virtually free ofdisease, most likely because the season was

dry and the field was previously cropped cereals. Bean debris left in the field in 1995

probably provided inoculum for the following year.

In 1996, white mold was observed on pods for all treatments and was the primary

reason that pods were rejected at grading. Yield ofbean pods atfected by white mold were

unexpectedly high where fungicide was applied. On average, aboveground plant biomass

was greater in this field, which may have been a factor in the disease level. A greater

biomass, which indicates a denser canopy and greater leaf area has been shown to

contribute to a higher incidence ofwhite mold (Haas and Bolwyn 1972; Weiss et al.

1980). Air flow is reduced and humidity levels are higher in a dense canopy, creating

conditions conducive to white mold infection (Steadman 1983). A canopy structure that is

open and permits air f1ow, such as the smaller plants in the non-fungicide applied field, ]5

less prone to white mold infection (Schwartz et al. 1978). Among treatments, higher

biomass was observed in the weed-free treatment, which also had higher yield of diseased

pods. Another factor that may have contributed to incomplete control of white mold may

have been the timing of fungicide application. It has been demonstrated that in order to

sufficiently control white mold, fungicide application must take place 3-5 days prior to full

bloom (Hunter et al. 1978) whereas in our study, the application took place at full bloom. .

Alternately, fungicide treated fields had a lower amount of scarred beans. Late in the

harvest, when field conditions were dry, water soaked lesions on pods were observed to

dry out and crust somewhat and these pods may have been mistakenly graded as scarred.

On the other hand, many symptomless but infected pods may have been misgraded (Sherf

and MacNab 1986).
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Among treatments, herbicide application increased disease incidence compared to

cultivation at similar plant biomass. Herbicide usage has previously been implicated in

promoting disease caused by soilborne pathogens, by predisposing plants to infection,

stirnulating growth ofpathogens, increased exudation ofplant nutrients into the soil,

negative effects on antagonistic sail microorganisms, etc., (Altman and Campbell 1977)

and these May have been a factors here.

Where treatment effects were detected in the yield ofpods with white mold,

number of weeding events and disease levels were correlated. Treatment plots which were

weeded a greater number oftimes had higher disease. The distribution ofwhite mold

apothecia and disease has been shown ta he correlated and spatially aggregated within a

bean field (Boland and Hall 1988). Sclerotia produce apothecia primarily under a well­

developed plant canopy which restricts long-range dispersal (Steadman 1983) and

promotes localized infection potential. Increased disturbance ofthe plant canopy by the

action ofhand-pulling and hoeing weeds May have aided in a more uniform dispersal of

ascospores and thus contributed to an increase in overail disease levels.

Carrots

In both years, fungicide application reduced the level ofCercospora blight. Under

conditions ofhigher disease, root weight was not affected, although weights were

consistently lower in fields with higher disease, as has been observed elsewhere (Bourgeois

and Kushalappa 1992). Weeding treatment effects on the foliar surface area affected by

Cercospora blight were generally not consistent over the 2 year study, but effects in 1996

were consistent between fields where fungicide application was a factor. In both fields.

cultivation with the tine harrow reduced the amount ofdiseased plant tissue, which was

found to be correlated with the length ofweeding period, rather than the number of times
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weeding treatments occurred. Disease levels were higher when weeding treatments

continued longer into the season. However, tbis correlation was not weil defined at lower

disease levels, perhaps because plant response differences May not be detectable or useful

measures at low disease levels (Gaunt 1995). Cultivation with the tine harrow ended

earlier than any other treatment and it reduced the Mean disease level compared to

treatments such as the weed-free carrots wbich were weeded by hand relatively late into

the season. Unlike the situation with white mold ascospore dispersal in bean fields,

disturbance of the carrot canopy later in the season would not necessarily increase the

dispersal ofC. carotae conidia, which are wind dispersed over long ranges (Sherf and

MacNab 1986). Damage to foHage by weeding later in the season may have increased the

amount offoliage laying along the ground and thereby contributed ta creating

microclimates favorable for recurrent disease sporulation and infection. Infection and

sporu)ation ofconidia is promoted in warm weather by extended periods of leaf wetness

and/or high humidity (Carisse and Kushalappa 1990, 1992; Carisse et al. 1993).

Information on the economic lasses attributed ta Cercospora blight are not weil

documented, but yield losses are thought to occur when more than 10-15% of the leafarea

is blighted (Sutton and Gillespie 1979). In the present study, carrots were not mechanical1y

harvested, so potentia) yield loss at the observed disease levels cannat be directly

determined, although trends indicated that higher disease levels reduce root weight.

Lettuce

Except for basal rot, lettuce were disease free in one year and in the second year

downy mildew was an additional factor. In general, weeding treatments did not affect the

severity ofbasal rot or the incidence ofdisease such as downy mildew. A few differences

were detected for measures ofhasal rot, but not consistently. A two year study may not be
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adequately long enough ta detect effects ofcultivation on soilbome sclerotia fonning

pathogens. Deep primary tillage has been shawn to decrease survival of sclerotia

(Merriman 1976; Merriman et al. 1979) and apothecial production over 4-8 years

decreases with deeper soil burial (Ben-Yephet et al. 1993). These studies recommended

avoiding cultivation events that may redistribute sclerotia closer to the soil surface. but an

earlier study demonstrated that exposure to soil moisture fluctuations in the top 10- 14 cm

of soil decreased overall numbers ofsc1erotia by impeding formation ofsecondary

sclerotia (Williams and Western 1965). Inter-row secondary cultivation may create

adequate soil moisture fluctuations to achieve this, but the effect would have to be

followed over several years.

The incidence of lettuce with downy mildew lesions was lower with fungicide

application when sampling was done in the field, but at harvest, a greater number of

lettuce with downy mildew lesions were observed for the fungicide treatment. When

lettuce are harvested, excess basalleaves are trimmed and many infected leaves may thus

be left behind, so lesion detection during grading at harvest would have only been on inner

leaves. The apparent contradiction may have occurred because sampling size cou Id have

sirnply been too low. In a survey oflettuce fields at low incidence of downy mildew,

Schenn and van Bruggen (1994) sampled several hundred lettuce.

Conclusions

In general, cultivation does not detrimentally impact aspects of diseases that arose

in the course ofbean, carrot and lettuce production over a two year period. In sorne cases,

cultivation decreased diseas~ levels, but results were not always consistent. Effects of

cultivation varied with crop type and disease.

Disease development was unusually absent in one year, but higher levels in the

following year enabled comparisons to be made among mechanical cultivators and
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conventional treatments, especially in fields not treated with fungicide where disease

pressure was higher than typical production situations. However, when comparisons were

made at the field level, unexpectedly higher levels ofdisease were found in bean and

lettuce fields that had received fungicide applications.

Nevertheless, trends indicate potential benefits of incorporating mechanical

cultivation into conventional weed control strategies. More studies of this type need to be

conducted in order to elucidate patterns of crop and disease response. Under high disease

pressure, correlation of disease levels to timing ofcultivation indicate that crop canopy

disturbance may be one of the major contributors to the detected differences among

treatments, but this needs to be further explored.
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PREFACE TO STUDY ID

Cercospora blight of carrot is one of the important diseases in carrots grown on

organic soil in Quebec (Arcelin and KushaIappa 1991). Cercospora blight causes yield

losses because blighted carrots are smaller and the foHage may break during mechanical

harvesting, leaving foots behind. Disease models have been developed to minimize the

number of fungicide applications used to control the disease (Carisse and Kushalappa

1990). Carrots are thought to tolerate a small percentage of disease without yield

reduction, but exactly how much is not known. Determining whether there is a threshold

at which a minimum level of disease can be tolerated without carrot size reductions would

help reduce fungicide applications. Lasses ofcarrols during mechanical harvesting is

possibly reJated to the degree to which foliage has been weakened by blight and this May

be a useful predictor when determining potential loss by roots remaining in the ground.

Different types of weeding methods may influence potentiallosses.

Arcelin, R., and Kushalappa, A.C. 1991. A survey ofcarrot diseases on muck soils in the
southwestern part of Quebec. Canadian Plant Disease Survey. 71: 147-153.

Carisse, O., and Kushalappa, A.C. 1990. Development ofan infection model for
Cercospora carotae on carrot based on temperature and leaf wetness duration.
Phytopathology. 80: 1233-1238.
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STUDY m. THE EFFECTS OF MECHANICAL WEED CULTIVATION AND

CERCOSPORA BLIGHT IN CARROT PRODUCTION

INTRODUCTION

In southem Quebec, Cercospora blight (Cercospora carotae) is a common fungal

disease ofcarrots. In crops grown in the organic fanning region its incidence may be up to

99% in sorne years (Arcelin and Kushalappa 1991). Blighted foliage is covered with small

necrotic lesions, which reduces photosynthetic eapacity and vigor. Yield lasses occur

when blighted leaves break-off during mechanical harvesting and roots are left behind in

the ground. Control ofCercospora blight requires several applications of protectant

fungicides (Sulton and Gillespie 1979) and more recently, infection models have been

developed to improve the timing and efficaey offungicidal sprays (Carisse and Kushalappa

1990). Cercospora blight has been shawn ta reduce the weight of carrot roots (Bourgeois

and Kushalappa 1992). Yield lasses are thought to occur when more than 10-15% of the

leaf area is blighted (Sutton and Gillespie 1979), but studies have not been conducted ta

test what the actual threshold might be and it is not known if this refers ta a reduction in

mean carrot weight or lasses due ta breakage.

In this study, carrots were grown with and without fungicide application in arder

to conduet the study with respectively low and high disease pressure. The objectives were

1) ta determine if different levels of blight had an effect on root weight, root crown

diameter, leafweight, leafnumber, petiole diameter and the amount of force required ta

separate roots from foliage;.2) ta determine the effects of mechanical weed cultivation on

these same variables.
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MATERIALS AND METHODS

Carrot production methods and treatments were the same as those reported in

Study ill, except that at harvest time, in addition ta the other measurements taken, an

assessment ofCercospora blight was carried out. In 1995 the assessment took place 26-30

September and in 1996 11-14 September. Ten carrots were randomly chosen from each

treatment in crops where fungicide was or was not applied. The amount of force (Newton

per square meter = Pa ) required ta remove carrot tops from roots was determined by

using a "carrot puller" apparatus (Appendix A.IV). Additional measurements taken on

each individual carrot included: percent surface area ofeach leaf affected by Cercospora

blight, root crown diameter, petiole diameter, number of leaves, root dry weight and total

leaf dry weight (I996 only). The percentage offoJiage surface area affected by disease was

estimated using a scale (Horsfall and Barratt 1945). Only carrot leaves that were fully

open were assessed and used to determine the mean disease level per plant. Roots were

chopped into small pieces and then dried for 72 hr at 75° C and leaves were dried for 24 nr

at 75° C.

Statistical Analyses

Data were analyzed using the generallinear model (GLM) of the Statistical

Analysis System (SAS Institute Inc., Cary, NC). Data were log or square root arcsin

transformed when necessary ta satisfY homogeneity ofvariance, but reported values are

untransformed. Where treatment effects were significant (P<O.OS) differences between

means were detected using Duncan's multiple range test.

RESULTS

Crops with fungicide application versus crops without fungicide application

1995

Fungicide application significantly affected the force required ta separate carrot

root from leaves, the Mean percent surface area of disease per leaf, the Mean number of
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leaves per plant, and the diameter of a1l petioles together at attachment (Table 3. 1). The

mean diameter of the root at its crown and the mean weight of a root were not affected.

1996

Fungicide application significantly affected the mean percent surface area of

disease per leaf, the mean leafweight per carrot, and the diameter of ail petioles together

at attachment (Table 3.2). Fungicide application did not affect the Mean force required ta

separate carrol root trom its leaves, number of leaves, diameter of the root at its crown,

nor Mean root weight.

Weeding treatment efTects

1995 Crops with and without fungicide application

There were no significant treatment effects (data not shown). Consistent trends in-

the data were not apparent either.

1996 Crops with fungicide application

Carrots cultivated with the tine harrow had the lowest disease level and the highest

dry weight ofleaves plus one of the highest measurements for the force needed ta pull

carrot leaves of the root (Table 3.3).

1996 Crops without fungicide application

Cultivation with the tine harrow had one of the lowest disease levels, but was

similar ta other treatments for the rest of the variables (Table 3.3).
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Table 3.1. Carrot force experiment at Ste Clotilde, 1995, in crops where fungicide was
applied or was not applied. Organic soil. Force is the mean Pascals required to separate
carrot root from its leaves. Petiole diameter is the mean width ofail leaf petioles together
where they join the root. Crown diameter is the mean width of the carrot root at the
widest part ofits crown. Root is the Mean dry weight of the root. Number ofleaves is the
mean number of leaves for each carrol. Percent disease is the Mean percent of leaf surface
area affected by Cercospora blight.

Force GA. Nor Petiole Crown
Crop treatment (Pa x 1ft) Disease Root (g) Leaves dia. (cm) dia. (cm)

Fungicide not 1.95 a 21.22 a 10.79 a 6.62 a 1.12 a 2.83 a
applied

Fungicide was 2.75 b 4.24 b 13.35 a 8.72 b 1.31 b 3.08 a
applied

Means within a column followed by the same letter are not significantly different at P<O.0.5
according to Duncan's multiple range test.
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Table 3.2. Carrot force experiment at Ste Clotilde farm 1996, in crops where fungicide
was applied or was not applied. Organic sail. Force is the Mean Pascals required to
separate carrot root from ilS [eaves. Petiole diameter is the Mean width ofa1lleaf petioles
together where they jaïn the root. Crown diameter is the Mean width of the carrot root at
the widest part ofits crown. Leaves is the Mean dry weight ofa carrot's leaves. Roots is
the Mean dry weight of the root. Number ofleaves is the Mean number ofleaves for each
carrot. Percent disease is the Mean percent of leaf surface area affected by Cercospora
blight.

Crop treatment Force Disease Root Leaves # of Petiole Crown
(Pax (%) (g) (g) Leaves dia. (cm) dia. (cm)
lOS)

Fungicide not 1.67 a 23.88 a 10.82 a 3.54 a 5.38 a 1.10 a 2.92 a
applied

Fungicide was 1.52 a 2.17 b 11.67 a 4.62 b 5.47 a 1.2lb 3.01 a
applied

Means within a column followed by the same letter are not significantly different at P<O.O·S
according to Duncan's multiple range test.

t:~':
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Table 3.3. Carrot force experiment at Ste Clotilde farm 1996. Muck sail. With and without• fungicide application. Force is the Mean Pascals required to separate carrot root from its
leaves. Petiole diameter is the Mean width ofallleaf petioles together where they jaïn the
root. Crown diameter is the Mean width of the carrot root at the widest part of its crown.
Leaves is the mean dry weight ofa carrot's leaves. Roots is the mean dry weight of the
root. Number of leaves is the Mean number of leaves for eaeh carrol. Percent disease is
the Mean percent ofleaf surface area affected by Cercospora blight.

TREATMENT Force Disease Root Leaf ## of Petiole Crown
(Pa x (%) Cid (g) Leaves dia. (cm) dia. (cm)
Hf)

With fungicide
Weedy check 0.85 e 4.47 a 5.05 a 2.55 d 4.50 a 1.02 a 2.35 a

Weed-free 1.14 c 2.32 a 10.83a 3.77 bc 4.90 a 1. 13 a 3.24 a

Herbicide 1.67 ab 2.76 a 11.85 a 4.84 a 5.30 a 1.06 a 3.03 a

Tine harrow 1.67 ab 0.71 b 12.31 a 5.35 a 5.40 a 1.20 a 3.10 a

Basket hoe 1.19 be 2.26 a 10.49 a 3.49 cd 5.10 a 1.18 a 2.87 a:

C Torsion 1.20 be 2.83 a 12.71 a 4.63 ab 5.60 a 1.25 a 3.21 a

Rototiller 1.86 a 2.19 a 13.34 a 5.01 a 5.35 a 1.26 a 3.13 a

Without
fungicide·
Weed-free 1.56 a 33.00 a 11.52 a 3.94 a 5.60 a 1.12 a 3.11 a

Herbicide 1.48 a 30.74 a 10.92 a 3.26 a 5.30 a 1.09 a 3.02 a

Tine harrow 1.74 a 16.50 b 9.97 a 3.34 a 5.17 a 1.05 a 2.79 a

Basket hoe 1.75 a 23.15 9.96 a 3.56 a 5.30 a 1.14 a 2.91 a
ab

Tonion 1.83 a '28.39 a 12.72 a 3.71 a 5.50 a 1.12 a 3.02 a

Rototiller 1.67 a 16.41 b 9.81 a 3.45 a 5.40 a 1.04 a 2.67 a

Means within a column followed by the same letter are not significantly different at P<O.OS
according to Duncan's multiple range test.

G(, ·The data were not available for the weedy check
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DISCUSSION

A significant increase in the percentage of foliage surface area affected by

Cercospora blight tended ta decrease carrot root weight and crown diameter. This is what

was expected, since as the percentage of leaf area affected by blight increases, the mean

photosynthetic capacity decreases because blighted tissue cannat photosynthesize. Thus,

root growth becomes Iimited. Results also suggest that leaves themselves become nutrient

Iimited. The diameter ofail petioles as a unit where they join the root was decreased with

increased disease levels and the dry weight ofleaves was found ta be lower.

The number of]eaves per plant was lower with increased disease, but this

measurement may not necessarily reflect disease effects because it was a measurement

taken only at harvest time and does not consider total leaf production.

Cercospora blight thus may reduce yields because blighted carrots tend ta have

smaller roots that weigh less. However, lasses can potentially exceed the sum of the

difference in weights because entire foots ofblighted carrots may rernain in the ground

when foliage breaks during mechanical harvesting. It is therefore ofinterest ta determine if

there is a correlation between breakage and level of blight.

The impact of disease levels on force values was not weil defined and in one case,

the results were unexpected. Increased disease levels significantly reduced the amount of

force required to pull offcarrot leaves in one year, as expected. However, in the second

year, even with a greater margin between low and high disease means, force values were

not different. In fact, the required amount of force was slightly higher in the carrot crop

that had more disease. It is difficult to determine why this might have occurred. It is

possible that other diseases may have contributed to the unexpected result. In the first

year, Cercospora blight was essentially the only disease affecting carrots, but in the second
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year the presence ofother diseases such as cottony soft rot (Sc/erolil1ia scierolionlm)

were observed in patches in the field.

The force measurement in controlled conditions may not accurately represent what

is happening in the field during mechanical harvesting. The carrot "putier" applies force in

a uniform straight line motion from a fixed point whereas in the field the force motion is

not uniform and the carrot is not held stationary by the soil. To obtain conditions more

similar to mechanical harvesting, perhaps the carrot "puller" could be redesigned to pull

carrots out of the sail.

If the disease threshold at which carrot foliage breakage occurs could be

determined, producers could tolerate Cercospora blight to this level without yield loss

during mechanical harvesting. However, irrespective of foliage breakage, trends indicated

that individual carrot weights decreased as blight increased, so control of the disease at the

levels observed in this study is necessary ta minimize yield losses ofcarrot roots that do

get harvested.

Detected differences amang treatments were infrequent. In general, cultivatian did

not consistently affect force values, level ofdisease, root weight, leaf weight, leaf number,

petiole diameter and crown diameter, but different Cercospora blight levels did. In most

cases, differences among treatments occurred for one variable only and no conclusions

could be made about possible relationships between disease level and foliage breakage .

However, cultivation with the tine harrow affected aspects of several variables and this

should be further investigated.
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PREFACE TO STUDY IV

Mechanical weed cultivation May have no impact on yield, but May alter normal

crop production by influencing aspects of plant growth and development. In snap bean

cropping, pod production is of primary interest and in a determinate bean plant, uniformity

offlowering and pod set is desired since mechanical harvesting can take place only once.

Legume yields are inherently limited by the number of flowers produced per plant

and the proportion ofpods set (Sinha 1977). The amount ofvegetative biomass

accumulated prior to flowering has also been implicated as a factor which may influence

final yields (Egli and Legget 1973).

In snap bean production, different weed control techniques may affect reproductive

development and ultimately yield realization. In arder ta investigate this, the following

study was undertaken. Flowering and pod set in snap beans that received different weeding

treatments were followed over two years.

Egli, D.B. and Legget, JE. Dry matter accumulation pattern in determinate and
indeterminate soybeans. Crop Science. 13: 220-222.

Sinha, S.K. 1977. Food Legumes: distribution, adaptability, and biology ofyield. Food
and Agriculture Organization of the United Nations, Rome, Italy. pp 124.
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STUDY IV. THE EFFECT OF MECHANICAL WEED CULTWATION ON

FLOWERING AND POD SET IN SNAP BEANS

INTRODUCTION

Yield realization in snap bean production is influenced by vegetative and

reproductive development and partitioning ofplant resources between the two (Sinha

1977). Reproductive development in legumes encompasses the number of flowers

produced per plant and the percentage ofpods which are set from flowering. In general,

beans demonstrate high percentages of flower abscission and pod abortion. Flowers that

open tirst are more likely to produce marketable pods than flowers that open later (Binnie

and Clifford 1981; Subhadrabandhu et al. 1978).

Flower and pod abscission

Flower abscission is one of the factors that limits the increase oflegume yields

worldwide (Sinha 1977). Flower abscission in 17 Phaseoilis vlIlgaris dry bean cultivars

ranged from 28-80% for greenhouse grown plants and 52-76% for field grown beans

(Binnie and Clifford 1981; Subhadrabandhu et al. 1978) and simiJar percentages have also

been reported in Viciajaba (Quagliotti et al. 1994; Soper 1952). Possible reasons for

flower abscission include various aspects of the plant canopy microclimate such as Iight,

temperature, gas exchange and humidity, and macroclimatic factors such as limitation of

photosynthesis or nitrogen availability, soil aspects and water stress (Sinha 1977), but it is

difficult to determine specifically what factors predominate (Quagliotti et al. 1994).

Pod abortion may be influenced by the same biotic and abiotic factors, but not

necessarily in the same way or combinations ofways as for f10wer abscission. In general,

earlier forming pods are larger than later forming ones (Sinha 1977). However, flower

removal from bean plants for up to 15 days after anthesis did not affect yield because
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comparable pods were set from later forming flowers (Binnie and Clifford 1981). First

fonning pods inhibit the development of later forming pods (Binnie and Clifford 1981).

Vegetative matter accumulation

Vegetative and reproductive development patterns determine dry matter

accumulation and yield potential respectively and it is the partitioning between the two

which determines yield realization (Sinha 1977). Egli and Legget (1973) demonstrated that

in soybeans with determinant growth the biomass accumulated prior to the onset of

flowering accounted for 77-80% oftota] vegetative production and that vegetative

accumulation increased only slightly afterwards. Once pod development begins, pods and

seeds are thought ta be the primary sink for photosynthates because at this time,

vegetative growth was 88-92% of total accumulated (Egli and Legget 1973).

Mechanical cultivation

The influence of cultivation on factors in the field and within the developing plant

canopy may impact on the vegetative and reproductive development of beans, in particular

aspects offlowering. The objectives of the present study were to determine ifmechanical

weed control treatments had an effect on 1) the tata] number of f10wers and pods

produced on individual bean plants; 2) the number of days to 50% flowering; 3) the

percentage of flowers and pods that were abscised and finally, ta relate these observations

to total pod production within the field.

MATERIALS AND METRonS

The field plan and weeding treatments are the same as those described in Study l, except

that observations on bean flowering were a]so taken. These are described below.
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Collection of flowering data

The developmental stage of beans was noted on a weekly basis. Once flowering

had been initiated (>50% ofplants with 1 flower open), 3 plants (1995) and 10 plants

(1996) per plot were tagged and followed throughout the season. The number of newly

opened flowers and developing pods were recorded every 2-3 days on each of the tagged

plants. Pods were manually harvested every 2-3 days. Dnly those pods deemed of

marketable size were picked on any given harvest day.

At the end of the flowering period the number ofdays up to 50% flowering was

determined using cumulative f10wer counts. After harvest, each tagged plant was eut at the

soil, placed in a cloth bag and dried for 48 h at 75°C and dry weight (g) was determined.

Statistical Analyses

Data were analyzed using the generallinear model (GLM) of Statistical Analysis .

System (SAS Institute Inc., Cary, NC). Data were log or square root transformed when

necessary to satisfy homogeneity of variance. Where treatment effects were significant

(P<O.05) differences among means were detected using Duncan's multiple range test. The

day of 50% flowering was determined by plotting day against cumulative flower count.

fitting a linear equation ofminimized sum of squares ofthe residuals with the software

TableCurve 2D (Jandel Scientific, San Raphael, CA), and then plotting the 50% intercept.

These values were then processed by ANOVA.

RESULTS

Flowering

In 1996, beans were sown one week later than in 1995 (Table 4.1). Initiation of the

flowering stage occurred at approximately the same number ofdays after planting, but the

flowering period lasted 8 days longer in 1996 (Table 4.1).
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• Within each year, weeding treatments had no significant etfects on the number of

days to the point of 50% flower production (Tables 4.2 and 4.3). Weeding treatments did

not affect the number offlowers produced in 1995 (Table 4.2) but cultivation with the tine

harrow increased flower production in 1996 compared to ail other treatments except the

weed-free check (Table 4.3).

The Mean number of days to 50% flowering was longer in 1995 than in 1996

(Table 4.4) and the Mean number offlowers produced was greater in 1995.

Pod production

The number of pods produced per plant was not affected by weeding treatments in

either year (Tables 4.2 and 4.3). The fresh weight of the pods was not affected by weeding

treatments, nor was the dry weight of aboveground vegetative parts.

The Mean number of pods produced per plant was lower in 1995 than in 1996 and

yet the total fresh weight was higher in 1995 than 1996 (Table 4.4). Mean dry weight

accumulation was also higher in 1995.

Flower and pod abscission

The percentage of pods and flowers that were abscised was not affected by

weeding treatments in either year (Tables 4.2 and 4.3), but the Mean percentage abscission

was higher in 1995 than 1996 (Table 4.4).
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Table 4.1. Snap bean flowering pattern, Macdonald fann, minerai soil,
1995 and 1996. Sowing date, number ofdays after plantîng that initiation
and end offlowering occurred and total days in f10wering production.

Sowing Flowering Flowering
Year date Start End period

(DAP) (DAP) (days)

1995 June 7 35 56 21

1996 May3! 37 66 29

DAP = days after planting.
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G Table 4.2. Macdonald fann~ minerai soil~ 1995. Number ofdays after the first flower.'
opened to the day when 50% of the total number offlowers had opened~ total number of
tlowers and pods counted~ percentage offlowers and pod abscised, total fresh weight of
pods and mean plant dry weight.

TREATMENT days to # 0/0 Yield Biomass
50% Oowers # pods abscised (g) (g)

Weedy check 9.65 25.22 13.00 49 115.84 29.75

Weed-free 8.06 33.44 10.11 70 117.68 27.64

Herbicide 10.26 36.11 13.00 63 124.62 31.57

Rotary hoe 10.06 33.78 8.89 75 106.31 29.66

Tine harrow 8.63 31.79 12.89 58 116.05 31. 75

Torsion weeder 7.99 29.44 10.22 64 118.80 31.93

t Rotary hoe + 7.96 27.11 11.22 54 118.27 30.87
!~'~.

Danish tines

*No significant differences.

114



,~.:V·

Table 4.3. Macdonald farm, minerai sail, 1996. Number ofdays after the first flower
opened to the day when halfofthe total number of flowers had opened, total number of
flowers and pods counted, percentage of flowers and pod abscised, total fresh weight of
pods and mean plant dry weight.

TREATMENT daysto # 0/0 Yield* Biomass
500/0* Oowers # pods* abscised (g) * (g)

Weedy check 4.63 19.43 b 12.80 35 60.28 8.63

Weed-free 4.88 23.73 ab 22.10 Il 94.37 16.32

Herbicide 5.16 18.00 b 16.00 15 71.47 Il.00

Rotary hoe 5.93 18.77 b 19.00 7 84.79 13.21

Tine harrow 5.77 27.43 a 22.97 20 105.39 17.39

Torsion weeder 4.67 18.37 b 16.30 15 68.70 10.77

Rotary hoe + 5.95 20.13 b 20.00 Il 98.69 14.71
Danish tine

Ci
Means within a column followed by the same letter are not significantly different al P<0.05
according to Duncan's multiple range test.
* No significant differences.
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Table 4.4. Comparison ofbean flowering and pod set in 1995 and 1996~ Macdonald
Fann, minerai soil. Number ofdays after the tirst flower opened to the day when half of
the total number offlowers had opened, total number of flowers and pods counted~

percentage of flowers and pod abscised, total fresh weight of pods and mean plant dry
weight.

Year days to % Yield Biomass
50% # Oowers # pods abscission (g) (g)

1995 8.94 a 32.41 a 11.33 a 62 a 116.84 a 30.45 a

1996 5.28 b 20.84 b 17.14 b 16 b 83.48 b 13.15 b

Means within a column followed by the same letter are not significantly different at P<0.05
according ta Duncan~smultiple range test.
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O, DISCUSSION

Within years, weeding treatments did not affect variables of the reproductive

development ofsnap beans, whereas year to year changes did. Within a given year. the

number ofdays to 50% flowering, the number of pods produced, the amount of tlowers

and pods abscised and the biomass accumulation appeared unaffected by weeding

treatments. In one year, cultivation with the tine harrow increased tlower numbers, but

there was no subsequent influence on the number of pods produced, and the difference

was not realized at harvest. Previous studies have detected differences in flowering

production that ultimately affected yield, but these studies compared among several types

ofbean cultivars. not just within one (Binnie and Clifford 1981; Subhadrabandhu et al.

1978). In addition, the differences in the number of flowers produced may have been

affected when weather delayed one flower counting interval to 5 days instead of the usual

2-3. Patchy tlower production was observed in the field and this five day period may have

influenced the total tlower count by including or omitting a flush of tlowering.

Determinate bean cultivars, 5uch as the one used in this experiment, are grown for

mechanical harvesting and are bred for uniformity of pod set since harvesting can only take

place once in the season. It is not surprising therefore that relatively little variability was

observed among treatments versus between years. Individuals of a cultivar are expected

to respond similarly to the same environmental conditions. Weeding therefore did not alter

plant environmental factors within each treatment sufficiently enough to cause differential

responses in flowering and pod set.

Plant dry weights were higher and the time to 500/0 flowering was longer in 1995.

At flowering, bean plants have accumulated the majority oftheir biomass (Egli and Legget

1973), so presumably the plants in 1995 would have a comparatively larger photosynthate

source to provide nutrients for developing f10wers and pods, compared to 1996. However.
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the percentage ofabscission in 1995 was greater and on average fewer pods were

produced, but this did not impact the yield. The pods that were produced weighed more

on average than the ones produced in 1996. The number ofpods produced in 1996 was

higher than 1995, but the vegetative dry weights were lower and pods developing on these

smaller plants would presumably be more nutrient limited compared ot pods growing on

larger plants.

Differences in the percentage of abscised flowers and pods was also compensated

for at yield realization, as none of the differences seen in abscission percents appeared at

harvest. The percent abscission observed in 1996 may be lower than actual, since one

flower count interval was longer than ideal (explained above). Sorne flowers that were

produced may not have been counted.

Conclusion

Patterns of flowering, pod set, abscission, yield and biomass were observed

between years, but similar patterns were not detected at the treatment level. Environmental

differences in temperature and precipitation between the years probably accounts for most

of the differences. However, in a 5 year study on faba beans, no correlations could be

detected between weather patterns and flowering and pod set patterns (Quagliotti et al.

1994). The biggest influence on yield realization may be the amount ofbiomass

accumulated prior ta flowering, but this hypothesis would need to he further tested.

Different methods ofweed control used in this experiment did not affect the

reproductive development of this bean cultivar and where they did, differences were not

reflected in yield.
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Q.
GENERAL CONCLUSION

Modern farming practices depend upon chemical pesticides to maintain high crop

yields and low disease levels. Increasing awareness and concern about the use of chemicals

in agriculture, incomplete weed control and economic factors drive the investigation of

non-chemical alternatives. Producers report that one of the major factors limiting the use

ofnon-chemical methods is the lack ofviable options. In a way, this study rediscovers

sorne of the forgotten knowledge about cultural methods that farmers employed prior to

the advent ofchemical herbicides. Performance of technically engineered and improved

cultivation machinery used for inter-row weed control no doubt vastly exceeds the

performance ofthe original mechanized machinery. The present study found that

mechanical weed cultivation is beneficial to the production of snap bean, carrot and lettuce

crops in aspects of crop yield, crop quality, pathology and phenology.

Sorne form of weed control, whether chemical or non-chemical, is necessary to

maintain yields in snap bean, carrot and lettuce production. Overall, when mechanical

weed control was used, crop yields and quality were similar to or tended to be greater than

that obtained with the standard chemical methods (bean and carrot) or standard non-

chemical method (lettuce). Increases in yield and quality, even though statistically non-

significant, May represent important economic benefits. Cultivator performances varied

little within a crop or season, but differences were observed among crops and between

years. Mechanical weed cultivation can be used to reduce or eliminate herbicide

application without impacting bean and carrot yield and quality and can reduce production

costs in lettuce without impacting yield and quality.

Mechanical weed cultivation reduced disease levels compared ta herbicide

treatments in beans and carrots, but did not seem to affect disease levels in lettuce. Disease

levels were positively correlated with the length of the weeding period. Producers should
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therefore try to minimize working in the field late into the season. If late season weed

control must take place, it should be done in dry conditions.

A possible relationship between Cercospora blight levels and carrot foHage

breakage, ofinterest because roots may be left unharvested, was not found. Regardless of

weeding treatment, increased blight tended ta reduce root weight and leafweight.

Differences in Cercospora blight levels were not generally detected. but there were

indications that the tine harrow had an influence on the disease.

Stages of flowering and pod set in bean were not affected by cultivation.

Results ofthese studies demonstrate that mechanical inter-row cultivation for weed

control can be used as a substitute for or in combination with chemical methods to achieve

similar yields, quality and disease levels as herbicide use alone. Mechanical cultivation

provides an alternative to chemical weed control methods for bean and carrot producers .

who are concerned about the detrimental characteristics of herbicide use. In lettuce

production, cultivation can be used to reduce cost.s of production.

Mechanical weed cultivation is ofincreasing importance as a viable alternative ta

chemical weed control, but research is far from complete. Effects of mechanical cultivation

vary with the type ofcultivation implement used, crop type, sail type and from year ta

year. Future studies should be conducted over several years in different crops and on

different soils in order to better understand consistencies in how cultivation interacts with

the crop plant environment. Producers could then choose the most appropriate mechanical

cultivator for the crop and soil type ofinterest. Mechanical weed cultivation may also

prove to be important as a non·chemical disease control strategy. More work needs to be

conducted on this aspect, ideally in fields with a history of severe disease, in order to

elucidate specifically how mechanical cultivation interacts with disease development and

spread.
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.: A.I ANOVA output for the green bean harvest at Macdonald, 1996. Fungicide was
applied. Variable CANAW =Canada A category pods weight, CANBW = Canada B
category pods weight, REFW =refuse category pods weight, rOTN = total pods
harvested number, TOTW =total pods harvested weight.

General Linear Madels Procedure
Class Levels Values

BLK 3 123

TRT 7 1 2 3 4 5 6 7

Number of observation~ in data set =21

Dependent Variable: CANAW
Sumof

Source DF Squares
Mean

Square F Value Pr > F

Madel 8 29.2989524 3.6623690 3.49 0.0255

Error 12 12.5821714 1.0485143

1: Corrected Total 20 41.8811238

RfSquare C.V. Root MSE CANAWMean

0.699574 18.01103 1.02397 5.6852381

Source DF Type III S5 Mean Square F Value Pr > F

BLK
TRT

2 3.4314952
6 25.8674571

1.7157476
4.3112429

1.64 0.2353
4.11 0.0179

Dependent Variable: CANBW

Source DF
Sumof
Squares

Mean
Square F Value Pr> F

Model

Error

8 7.27929524 0.90991190 2.95 0.0448

12 3.70193333 0.30849444
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Corrected Total 20 10.98122857e:"'
RfSquare C.V. Root M5E CANBWMean

0.662885 14.99984 0.55542 3.7028571

Source DF Type 1 SS Mean Square F Value Pr> F

BLK 2 1.56140000 0.78070000 2.53 0.1211
TRT 6 5.71789524 0.95298254 3.09 0.0456

Source DF Type III SS Mean Square F Value Pr>F

BLK 2 1.56140000 0.78070000 2.53 0.1211
TRT 6 5.71789524 0.95298254 3.09 0.0456

Dependent Variable: REFW
Sumor

Source DF Squares
Mean

Square F Value Pr > F

Madel

Error

Corrected Total

8 48.9618190 6.1202274.10.68 0.0002

12 6.8737619 0.5728135

20 55.8355810

RfSquare C.V. Root M5E

0.876893 11.62758 0.75684

REFW Mean

6.5090476

Source DF Type 1 S5 Mean Square F Value Pr> F

BLK 2 0.0990381 0.0495190 0.09 0.9177
TRT 6 48.8627810 8.1437968 14.22 0.0001

Dependent Variable: TOTN
Sumof Mean

Source DF Squares Square F Value Pr>F

Madel 8 9032832.10 1129104.01 5.49 0.0045

Error 12 2468000.19 205666.68

124



e· Corrected Total 20 11500832.29

RfSquare C.V. Reot MSE TOTNMean

0.785407 11.82146 453.505 3836.2857
Source DF Type l SS Mean Square F Value Pr> F

BLK 2 403819.14 201909.57 0.98 0.4028
TRT 6 8629012.95 1438168.83 6.99 0.0022

Dependent Variable: TOTW
Sumof

Source DF Squares
Mean

Square F Value Pr > F

Madel

Error

Corrected Total

8 198.809200 24.851150 7.39 0.0012

12 40.375467 3.364622

20 239.184667

RfSquare C.V. Reot MSE TOTWMean

0.831195 11.53884 1.83429 15.896667

Dependent Variable: TOTW

1Tii.~.. ·.'lU"

Source

BLK
TRT

DF Type 1 SS Mean Square F Value Pr> F

2 6.640467 3.320233 0.99 û.4011
6 192.168733 32.028122 9.52 0.0006
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An ANOVA output for the carrot harvest at Ste ClotiIde~ 1996. Fungicide was applied.
Variable SMAW =small categol)' carrot weight, CANW = Canada # 1 category carrots
weight, JUMW =jumbo categol)' carrots weight, REFW = refuse carrots weight, TOTN =

total number carrots harvested, TOTW = total weight carrots harvested.

General Linear Models Procedure
Class Level Information

Class Levels Values

BLK 3 123

TRT 7 1 2 3 4 5 6 7

Number of observations in data set = 21

Dependent Variable: SMAW
Sum of

Source DF Squares
Mean

Square F Value Pr > F

Model

Error

Corrected Total

8 49.8959048 6.2369881 5.31 0.0051

12 14.0972762 1.1747730

20 63.9931810

R-Square

0.779707

C.V. Root MSE

33.96696 1.08387

SMAWMean

3.1909524

Source DF Type 1S5 Mean Square F Value Pr> F

BLK
TRT

2 2.5277238
6 47.3681810

1.2638619
7.8946968

1.08 0.3717
6.72 0.0026

Dependent Variable: CANW
Sum of

Source DF Squares
Mean

Square F Value Pr> F

Madel

Error

Corrected Total

8 1301.25143 162.65643 3.77 0.0194

12 517.72000 43.14333

20 1818.97143
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R-Square C.V. Root MSE CANWMean•(,.

0.715378 20.69240 6.56836 31.742857
Source DF Type 1 SS Mean Square F Value Pr>F

BLK 2 69.86000 34.93000 0.81 0.4679
TRT 6 1231.39143 205.23190 4.76 0.0105

Dependent Variable: JUMW
Sumof Mean

Source DF Squares Square F Value Pr> F

Model 8 805.429562 100.678695 4.22 0.0128

Error 12 286.570533 23.880878

Corrected Total 20 1092.000095

R-Square C.V. Root MSE JUMWMean

0.737573 34.49626 4.88681 14.166190

Source DF Type 1 SS Mean Square F Value Pr> F,.
BLK 2 66.304867 33.152433 1.39 0.2869
TRT 6 739.124695 123.187449 5.16 0.0077

Dependent Variable: CULW
Sumof Mean

Source DF Squares Square F Value Pr> F

Model 8 950.557486 118.819686 4.25 0.0124

Error 12 335.372895 27.947741

Corrected Total 20 1285.930381

R-Square C.V. Root MSE CULWMean

0.739198 25.23533 5.28656 20.949048

Source DF Type 1 SS Mean Square F Value Pr> F

BLK 2 23.171038 11.585519 0.41 0.6698
TRT 6 927.386448 154.564408 5.53 0.0059

G'.....,

'~,'t~
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• Dependent Variable: TOTN
Sumof

Source DF Squares
Mean

Square F Value Pr > F

Madel 8 113864.667 14233.083 0.69 0.6958

Error 12 248146.476 20678.873

Corrected Total 20 362011.143

R-Square C.V. Root MSE TOTNMean

0.314534 14.91054 143.802 964.42857

Source DF Type 1SS Mean Square F Value Pr> F

BLK 2 69476.8571 34738.4286 1.68 0.2274
TRT 6 44387.8095 7397.9683 0.36 0.8919

Dependent Variable: TOTW
Sumef

Source DF Squares
Mean

Square F Value Pr > F

Madel

Errer

Corrected Total

8 6329.90571 791.23821 45.57 0.0001

12 208.34667 17.36222

20 6538.25238

R-Square

0.968134

C.V. Root MSE

5.948120 4.16680

TOTWMean

70.052381

Source

BLK
TRT

DF Type 1SS Mean Square F Value Pr> F

2 93.12667 46.56333 2.68 0.1089
6 6236.77905 1039.46317 59.87 0.0001
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A.III ANOVA output for lettuce harvest at Ste Clotilde, 1996. Variable CAN = Canada
A category lettuce weight, REFW =refuse category lettuce weight, TOTN =total harvest
number of lettuce, TOTW =total harvest lettuce weight.

General Linear Models Procedure
Class Level Infonnation

Class Levels Values

BLK 3 123

TRT 7 1 2 3 4 5 6 7

Number ofobservations in data set = 21

Dependent Variable: CAN
Sumof

Source DF Squares
Mean

Square F Value Pr> F

Model 8 2910.25405 363.78176 3.48 0.0259

Error 12 1255.34281 104.61190

I~ Corrected Total 20 4165.59686
t:·

R-Square C.V. Root MSE CANMean

0.698640 39.85747 10.2280 25.661429

Source
BLK
TRT

DF Type 1 SS Mean Square F Value Pr> F
2 391.08526 195.54263 1.87 0.1965
6 2519.16879 419.86147 4.01 0.0194

Dependent Variable: REFW
Sumof

Source DF Squares
Mean

Square F Value Pr > F

Model

Error

Corrected Total

8 674.159324 84.269915 1.79 0.1742

12 563.594400 46.966200

20 1237.753724

R-Square
0.544664

C.V.
33.58074

RootMSE
6.85319

REFWMean
20.408095
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Source DF Type 1 SS Mean Square F Value Pr> F

Q. BLK 2 437.611267 218.805633 4.66 0.0318
TRT 6 236.548057 39.424676 0.84 0.5629

Dependent Variable: TOTN
Sumof Mean

Source DF Squares Square F Value Pr>F

Model 8 188.073838 23.509230 1.27 0.3435

Error 12 222.728543 18.560712

Corrected Total 20 410.802381

R-Square C.V. RootMSE TOTNMean

0.457821 6.989208 4.30821 61.640952

Source DF Type 1 SS Mean Square F Value Pr> F

BLK 2 13.960924 6.980462 0.38 0.6944
TRT 6 174.112914 29.018819 1.56 0.2399

• Dependent Variable: TOTW
Sumof Mean

Source DF Squares Square F Value Pr> F

Model 8 893.347581 111.668448 12.39 0.0001

Error 12 108.160876 9.013406

Corrected Total 20 1001.508457

R-Square C.V. Root MSE TOTWMean

0.892002 7.936418 3.00223 37.828571

Source DF Type 1 SS Mean Square F Value Pr> F

BLK 2 142.915657 71.457829 7.93 0.0064
TRT 6 750.431924 125.071987 13.88 0.0001
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Computer ---~I-+-----I

Hydraulic

Sensor

On/offswitch ---

Forie

CoUar

Canot

A.IV. Carrot pulling apparatus. Carrot is placed in stationary collar at the junction of
petiole and crown. A fork attached to a hydraulic is clamped onto petioles as close to the
crown as possible. The hydraulic is tumed on and pulls the fork upwards. A sensor on the
"st7 shaped metal abject records ta a computer the amount offorce (Newton per square
meter = Pa) required to pull petioles from the root.
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