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ABSTRACT 

For successful strawberry production, weed control in the first 

four to six weeks after planting is essential to avoid reductions in 

vegetative growth and fruit yield from weed competition. The day

neutral strawberry has the potential as a commercial crop, but 

applied research into weed control is needed to determine tolerance 

to herbicides. Field experiments were conducted in 1984 and 1985 to 

evaluate the effects of herbicides (alone or in combination) on 

growth and development of two strawberry types, 'Hecker' (day

neutral) and 'Bounty' (June-bearer). All herbicide application rates 

are given as kilogram active ingredient per hectare (kg·ha-1). 

Trifluralin (1.1, 2.2 kg·ha-1); pendimethalin (1.5,3.0 kg·ha-1); 

napropamide (4.5 kg·ha-1) were preplant incorporated (PPI). 

Simazine (0.5,1.0 kg·ha-1); terbacil (0.25/0.15 k.g·ha-1, 0.5/0.25 

kg·ha-1); !':Hi:.tolachlor (1.68, 2.64 kg·ha-1), sethoxydim (0.25, 0.35 

k.g·ha-1); chloroxuron (5.6 kg·ha-1) were applied four and eight 

weeks after planting, respectively. Two combinations included were 
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trifluralin (PPI)/ terbacil (POST) applied at 1.1/0.5 kg·ha-1 and 

napropamide (PPI)/ sethoxydim (POST) applied at 4.5/0.25 kg·ha-1. 

Trifluralin applied at 2.2 kg·ha-1, napropamide/sethoxydim 

(4.5/0.25 kg·ha-1), pendimethalin applied at 3.0 kg·ha-1, chloroxuron 

applied at 5.6 kg ha-l; both rates of simazine, terbacil, metolachlor, 

and sethoxydim in 1984 reduced 'Hecker' fruit yield. No significant 

reductions in 'Hecker• fruit yield occurred in 1985 when compared to 

the untreated control. Trifluralin applied at 2.2 kg·ha-1 caused 

reductions in Bounty fruit yield. No significant reductions in 

'Hecker• runner growth occurred in 1984, however, reductions 

occurred in all treated plots in 1985. Significant reductions in 

'Bounty• fruit yield resulted from plots treated with trifluralin 

applied at 2.2 kg ha-l. Significant reductions in 'Bounty' runner 

growth occurred in all treatment plots in 1984 except 

trifluralin/terbacil and terbacil (0. 25/0.15 kg ha-l) treatment plots. 

In 1985, significant reductions in runner growth resulted from 

napropamide (4.5 kg ha-l), napropamide/sethoxydim, and terbacil 

(0.25/0.15 kg ha-1) treatments. The most effective weed control 

results were obtained from napropamide and pendimethalin 

treatments. All treatments were safe on Bounty, however Hecker 

had a lower level of tolerance to all herbicide treatments. 

Unacceptable levels of terbacil residue were detected in 'Hecker' 

fruit. 
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1. 0 INTRODUCTION 

The process to register a chemical as a herbicide is long and 

costly. Once the compound has been identified it must also generate 

sufficient interest, as well as being financially viable, for research to 

continue. This helps to explain the reason for the limited number of 

herbicides available for horticultural crops, such as the strawberry. 

The herbicides which are currently registered for use on 

strawberries in Canada are listed in Table 1 and the herbicides which 

have been recommended for registration on strawberries in Canada 

are listed in Table 2. It is evident from the tables that there are few 

herbicides available for use on strawberries. 

The purpose of this thesis was to examine the response of one 

day-neutral cultivar, 'Hecker' and one June-bearing strawberry 

cultivar, 'Bounty•, to various pre-plant incorporated and post-plant 

herbicides. The number of hectares of land in commercial 

strawberry production in western Canada has risen significantly in 

the past few years. However, there has been little research 

conducted in weed control in strawberries, under prairie conditions. 

The variations in climatic and ~oil conditions of the prairies warrant 

more intensive weed control studies if successful commercial 

production is to be achieved. Weed competition reduces vegetative 

growth and fruit yields since the strawberry plant is non

competitive with weeds. 

Cultivars from two strawberry types were chosen for the 

study to determine if there were any differences in tolerance levels 

between types. The day-neutral type is of interest to growers in the 



Table 1. Herbicides Registered for Use on Nevly- Planted Strawberries .. 
( 1983 OMAF Recommendations). 

Weeds Generic Name Rate Application 
Trade Name kg ai/ba 

( ft)rmulation) 

Planti aa Year 2-6 Weeks After Planting 

Germinating Weeds Chlorthal Dimethyl 9-11 Apply pre-emergence to \v'eeds 
Dacthal ( 75 WP) or following cultivation .. 3X/yeer. 

Di phenamid 4.5-6.75 Same as Dacthal + 1 2-25 mm 'w'ater 
E.nide (50 WP) prior to or after application if soil dry. 

Broadleaf Annual Chloroxuron 4.5-5.5 Apply 1 n 300 L/ha 'w'ater before weeds 
Seedlings Tenoran (50 WP) 3-5 em. high,. maximum 3X/year. 

2,.4- D (Amine) 0.55 Apply in 1 00-200 L/ha 'vlater .. avoid 
spreyi ng during runner and flo\o~er 
bud initiation. 

Planti ag Year 4-6 Weeks After Plantt ng 

Germinating and Terbacil 0.22-0.44 Apply in 300 L/ha water \v'hen mother 
Seedling Weeds Si nbar plants established,. before extensive 

runneri ng and rooting of runners. 

N 



Table 2. Recommended • Herbicide Treatments for Nevlg-Planted Stravberries. 
( 1984 Expert Committee on Weeds Report .. Western Section). 

Time of Application Herbicide Rate Weeds Controlled 
kg ai /ha 

Pre- Pla;~t Chloramben 4.5 Grasses 
I ncorpon;ted Napropamide 4.0 Grasses + Broadleaf 

Propyzamide + 1.7 Grasses 
charcoal 
Simazine + 0.56/5.0 General 
Diphenamid 
T ri f1 u ra 1 i n 0.75-1.0 Annual Grasses + Some Broadleaf 
Terbacil 0.3-0.5 Annual Grasses + Broadleaf 

Post Pla nti ng Chlorthal/ 9-13/4.5-5.6 Seedling Grasses + many Bloadleaf 
Chloroxuron Chlorthal immediately after· planting 

Chloroxuron 2-4 weeks later. 
Chloroxuron 4.4-5.6 At first leaf stage 
Terbacil 0.3-0.6 4- 5 weeks after planting 
Terbacil/ 0.3-0.6/4.5-5.6 4-5 \!leeks after planting 
Chloroxuron 
Nap ro pa mi de 2.5-4.0 Immediately after planting 
Napropamide/ 2.5- 4. 9/1.0 6 weeks after p la nti ng 
Si mazi ne 
Napropamide/ 2.5-4.0/5.0-6.0 6 weeks after planting 
Chloroxuron 

* recommendations based on : 
1) t'-'1inirfaum of 2 years with consistently high degree weed control, and good orop tolerance. 
2) App lioatiora rate(:;) and conditions under which rate is required have been documented. 
3) Conditions undet· which treatment failure or orop injury ma•J ooour are known. 
4) Information on resid•Ja 1 ~ro~erties and soil carry over h~s been provided. 

u.a 



Canadian prairies because of its unique growth characteristics. 

However, there is no information with respect to the tolerance of 

day-neutral cultivars to registered herbicides or those with potential 

for registration. 
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2. LITERATURE REVIEW 

2.1 The strawberry nlant 

2. 1. 1 Mornhology and Physiology 

The modern strawberry, designated as Fragaria x ananassa 

Duchesne, arose from the hybridization of the South American 

Fragaria cl1J1oensis (L.) Duchesne and the native North American 

species, Fragaria virginiana Duchesne in Europe around 1750 

(Darrow, 1966). 

The strawberry plant is an herbaceous perennial, consisting of 

a number of crowns, each of which grow leaves, runners, branch 

crowns, inflorescences and adventitious roots. The strawberry plant 

is shallow-rooted with most of the roots in the top 15 em. of the 

soil. The root system is fibrous and is regenerated annually by 

replacement of roots higher up on the crown (Figure 1) (Childers, 

1980). 

There are three types of strawberries consisting of June

bearers, everbearers and day-neutrals. The types have been 

categorized based on their response to day-length or photoperh.~d. 

The length of daylight to which the plants are exposed influences a 

number of developmental processes including, flower bud formation, 

stolon elongation, leaf size, petiole length, crown branch formation, 

a:"'ld possibly root initiation and development of cold tolerance 

(Childers, 1980) . 

With June-bearing types, flower bud induction and branch 

crown formation occurs under short days, while stolon production is 

a long-day response (14-16 hours). Thus, June bearers flower in the 
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Figure 1 . The Strawberry Plant. 

(Adapted from 'The Strawberry Plant and Its Environment'. N. Childers, 1980). 
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spring, produce a single crop, and develop flower buds in the fall. 

Everbearers can produce two or more crops of fruit in a season and 

produce flower buds when daylength is greater than 12 hours. The 

day-neutral types differ significantly from the other two types in 

that flower bud induction and runnering is not influenced by 

daylength, but by temperature (Figure 2). 

2.1.2 The day-neutral strawberry 

Fragaria virginiana glauca , a wild strawberry collected in 

the Wasatch mountains of Utah, served as the genetic source for the 

ever bearing character. The day-neutral cultivars were bred by 

backcrossing hybrids of the wild strawberry with standard short

day cultivars to produce varieties such as 'Hecker'. The first 

commercial varieties of day-neutral strawberries were released from 

a University of California breeding program in 1979 (Himelrick, 1984). 

The day-neutral type differs from other types in that fruit 

production· can occur approximately three months after planting. 

Figure 2 illustrates the bloom, fruit and flower initiation patterns of 

the different strawberry types. As the diagram shows, flowering and 

runner production are continuous from early spring until fall when 

growth is stopped by cold temperatures. Also, runner plants will 

flower and fruit in the year of planting. Because of these 

charact~ristics, there has been great interest generated in the 

prairie provinces in growing the day-neutral type as an annual 

crop. This would avoid overwinter damage, as well as damage by 

spring frosts, since the first flush of blossoms in the spring are 

removed. 



EVERBEARI NG 
STRAWBERRY 

JUNE BEARING 
STRAWBERRY 

DAV- NEUTRAL 
STRAWBERRY 

....................... ........................................................................ -
~ef~ ~--- flower I nitietion 
~<3~~~<1~<1 1 for Next Veer .... _ 

·----- Flower Initiation 
For 2nd Fruit 

Bloom 

I \. 1

1 - ..... , • • ,_,. ·"""'''"'''"~---Flower 1 nitiation 
I o '"""" ~ Dormoncu • 0 0 0 0 

•• 

1 

KUnners~<311<3<3<3S}~ For Next Year 

I B\:~1 Q::~::I!~:::9-
Dormoocu I~~ ~2$:7i8~ "'Runners''"" 

Plant flower Initiation 

Jan. Feb. Mer. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Figure 2. Grovtb Patterns of Fverbearing., June-Bearing, and Dag-Neutra1 
Strawberries (Personal Comm. C. Stushnoff., 1985). 

co 
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There are many advantages to growing the day-neutral 

strawberry in the prairie provinces. Because of the unique climatic 

conditions, successful production of sta11-dard June-bearing types has 

not always been possible. Severe winters, coupled with the chance of 

spring frosts, are two reasons alone why there has been an interest 

in growing the day-neutral cultivars. 

The day-neutral strawberry was first introduced to the 

Canadian prairies in cultural studies conducted at the University of 

Saskatchewan in 1982. A density/cultivar trial was carried out in 

1982-1984, as well as a summer mulch trial and feasibility study 

(Personal Comm. J. Turner, 1985). Basic cultural information on 

planting density, fruit quality, fruit number, fruit size, and total 

fruit yield, as well as economic potential, were established. Results 

showed that the cultivar 'Hecker' produced the greatest fruit yields 

(10,897 kg ha-1 ) when plants were spaced 15 em. It was concluded 

that, although a substantial amount of information still needs to be 

collected, there is a place for day-neutral strawberry production in 

the prairie provinces. 

2 .1. 3 Strawberry production in the prairie provinces 

There has been considerable growth and development in the 

strawberry industry on the prairies within the past five years. 

Production in Manitoba is estimated at 142 hectares, Vv"ith an annu:> 1 

gross income of $1. 4 million (Anon. , 1985) . There are approximately 

50 hectares of strawberries in Saskatchewan, worth an annual gross 

income of $400, 000 (Personal Comm. C. Stushnoff, 1986). In Alberta 
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there are under 50 hectares of commercial strawberries in 

production. 

The majority of the crop is marketed on a U-Pick basis, and 

the expansion potential far exceeds the number of hectares 

currently in production. 

2.2 ComPetition between the strawberry nlant and weeds 

Few research projects have been specifically designed to 

measure the direct and indirect effects of competition from weeds on 

the strawberry plant, although the adverse effects of weeds on 

cultivated plants have been well documented. Generally, the adverse 

effects of weeds on fruit and ornamental crops may be grouped as 

follows, according to Lawson, (197 4) : 

1] Competition for water, light and nutrients during crop 
establishment and in the established crop, 

2] Interference with harvesting, handling and quality, 
3] Interference with routine management operations, and 
4] As hosts for pests and diseases and divert 

pollinating insects. 

The presence of weeds in a crop can have a major impact on 

overall crop production. It has been estimated that weeds are 

responsible for an overall reduction of 10% in yield of the major 

world crops (Roberts, 1982). This loss occurs mainly because of the 

competition for light, water and nutrients. In the United States and 

Canada, the cost of controlling weeds, and the losses by not 

controlling them, represent an estimated loss of $200 million 

annually (Frankton and Mulligan, 1980). 

There are at least two significant factors which ultimately 

determine to what degree crop growth is affected by the presence of 
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weeds; the number of weeds oer unit area and the time oeriod theY 

are present. This is especially important with the strawberry, since 

the plant itself is small in size and non-competitive. The rate of 

growth and growth habit of certain weed species often causes 

shading and possibly crowding out the crop plant by further 

competition for moisture and nutrients. Interference from weeds 

becomes evident for most spring-planted crops within 3-5 weeks 

after planting (Roberts, 1982). If the weeds remain much longer 

than this period irreversible effects on growth and development have 

most likely occurred. This appears to be true with the strawberry, 

as evident from the extensive research conducted by Lawson and 

Wiseman (1976). Their paper appears to be the only one dealing 

specifically With the effects of weed competition on spring-planted 

strawberries. 

In spring-planted strawberries, there are several adverse 

effects from weeds on crop productivity in the establishment year. 

Failure to control weeds for the first 8 weeks after planting can 

result in a loss of fruit yield by 13% and a loss of 34% if weeding is 

delayed a further 6 weeks (Lawson and Wiseman, 1976). Because 

there was no effect on the number of berries per fruit truss or 

mean berry weight, crown production and the percentage of crowns 

initiating fruit trusses were probably affected by competition. It 

was suggested by Lawson and w;seman (1976) that '!\feeds in the 

early summer could affect main crown growth, while prolonged 

weediness might seriously affect both the number and size of branch 

crowns produced. 
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It was also noted in the study by Lawson and Wiseman (1976) 

that the most adverse response to weed competition from newly

planted strawberries was a reduction in stolon growth if weeds were 

not removed by tne time- the stolons first emerged in mid-June. If 

the weeds were removed before this time runner growth was not 

affected. Crops intended to be grown in a matted-row system were 

severely affected by reductions in crown number and runner 

growth. There were also signi11cant reductions in yield. Results 

emphasized the importance of the timeliness of weed removal if 

runner production was to be encouraged. 

2. 3 Weed control methods 

In the past 30 years chemical herbicides have largely replaced 

mechanical methods or weed. control, espectally where tntenstve _ana 

highly mechanized agriculture is practiced. The main advantages of 

using herbicides as part of the overall system of crop protection, as 

compared to traditional weed control methods, are increased speed 

and efficiency of the operation and low cost (Roberts, 1982). Since 

strawberries are such poor \,.;ompetitors, the control of weeds is 

essential from the time of planting if successful plant establishment 

and production is to be achieved. 

The concept of using chemical compounds for plant protection 

was stimulated by the discovery of the fungicidal properties of the> 

Bordeaux mixture for control of Vine downy mildew in 1885 by 

Millardet (Walker, 1957). Since that time, the number of chemicals 

used in plant protection has grown considerably. Inorganic 

compounds were the first chemicals to be utilized for weed control in 
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crops. copper suirate was the nrst cnemtcai compound. to ne useel ror 

selective weed control in cereals in 1896. Other compounds such as 

sulphuric acid were used, but it wasn't until the discovery in 1941 

that the salts of chlorinated phenoxyacetic acids had herbicidal 

properties that the chemical weed control industry really started to 

grow (Roberts, 1982). Many new herbicides have been produced since 

this discovery, with 11 chemicals (104 products) approved by the 

Agricultural Chemicals Approval Scheme (Great Britain) in 1958 and 

80 chemicals (437+ products) being approved in 1982 (Roberts, 1982). 

The discovery of selective chemicals in cultivated crops in the 

early 1940's marked the beginning of a new era in agronomic and 

horticultural crop production. This was especially true for the 

strawberry industry, since large amounts of hand labour had been 

required in the past for manual weed control. Strawberries require 

considerable hand labour for weed control in the absence of 

herbicides. Ahrens (1982) estimated that, with a minimum of three 

weedings per season, weeding costs easily approach $2470 per 

hectare, but by applYing herbicides in various combinations or 

sequentially, weeding times could be reduced by 96-99 %, thereby 

reducing the overall cost of production. The costs of herbicide 

application is approximately $130 per hectare. 

Although mechanical weed control methods will provide 

adequate cont;ol for a short period before runner plants are formed 

and rooted, after this period, cultivation is difficult. Herbicides 

appeared to be the answer to the problem of weed control in the 

matted-row, the planting system most widely used in commercial 

strawberry production (Childers, 1980). The major problem in 
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strawberry production under the matted-row system is that of 

controlling weeds during the period of runner production. It is also 

important to have the weeds under control after the rooting of 

1 unner plants, since traditional methods of weed control are 

ineffective once the matted-row has been established. 

The first soU-acting herbicides to be used in fruit production 

were 2, 4-DES and chlorpropham (Isopropyl m -chlorocarbanilite) 

(Roberts, 1982). However, the introduction of the more persistent 

herbicide, simazine, replaced the preViously-mentioned chemicals. 

Since the introduction of simazine as a herbicide in 1956 by Ciba

Geigy Ltd., it has become one of the most widely used herbicides in 

fruit production today (Roberts, 1982). 

Early research conducted with sesone (2,4-

dichlorophenoxyethyl sulfate), DCPA (dimethylester of 

tetrachloroterephthalic acid) and EPTC (ethyl N,propyl 

thiocarbamate), on strawberry plantings resulted in 28, 42 and 55 % 

reductions, respectively, in hoeing time, with no significant 

differences in yield and plant survival when compared to the control 

(Hill and Alt~n, 1963) . Although these early trials did not eliminate 

the need for hoeing, significant reductions in hoeing time resulted in 

more efficient production systems because of the use of herbicides as 

part of the weed control program. 

2. 4 Herbicides in nlants 

2. 4.1 Absorntion and translocation 

The absorption and translocation of a herbicide by a plant 

depends primarily on the molecular configuration of the herbicide, 
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which in turn determines its chemical and physical properties 

(Ashton and Crafts, 1981). Plant characteristics, environmental 

conditions and site of application have also been shown to influence 

uptake and movement Within the plant, (Figure 3). 

Foliar-applied herbicides must pass through the cuticular 

layer, cell wall and the plasmalemma before they reach the 

symplasm. Symplastically-mobile herbicides are those which are 

absorbed by leaves and move along with photosynthate vta the 

phloem (Kirkwood and Fletcher, 1983). Since most of the herbicides 

used in this study were soil-applied, the discussion on absorption and 

translocation will focus on soil-applied herbicides. 

The mechanisms of herbicide uptake by roots are not well 

understood. The numerous factors that can affect the rate of uptake 

of herbicides by roots are primarily related to the molecular 

properties of the absorbed herbicide and not necessarily to any root 

characteristic. The uptake and translocation of xylem-mobile 

herbicides are thought to be passive processes that are closely 

associated with the mass flow of water (Hess, 1985). Hess further 

added that any substance, such as a herbicide which is dissolved in 

the water around the root zone, can be absorbed into the roots 

along with water. 

The apoplastic system consists of all intercellular spaces, the 

cuticular membranes, cell walls and mature xylem. Apoplastically

mobile herbicidP~ r,:-e absorbed by the roots and enter the xylem and 

are taken up in the transpiration stream (Kirkwood and Fletcher, 

1983), thus the driving force for apoplastically-mobile herbicide 

movement is the removal of water from leaves by transpiration. 
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Most of the herbicides in these groups are soil-applied, and are taken 

up by the roots and moved into the expanding leaves where damage 

is attributed to the starvation and eventual death of lower plant 

parts (Ashton and Crafts, 1981). 

The herbicides belonging to the dinitroanilines are also readily 

absorbed by roots and shoots, but they are translocated poorly in 

the xylem (Ashton and Crafts, 1981). The amide herbicides have also 

been shown to be readily absorbed by plant roots and also appear to 

be apoplastically translocated, but some symplastic movement has 

been shown to occur (Ashton and Crafts, 1981). 

2.4.2 Mode of action of herbicides 

The purpose of using herbicides is to destroy unwanted plants. 

This is achieved by the herbicide either inhibiting or disrupting 

processes such as photosynthesis, respiration, and protein synthesis 

at a susceptible site. Nearly 50~ of the commercial herbicides are 

active in the electron transport system (Black, 1985). The ureas, 

uracils and triazine herbicides are all potent inhibitors of 

photosynthesis. The primary site of action of the urea herbicides 

involves blockage of electron transport between Q (primary electron 

acceptor for Photosystem II) and PQ (plastoquinone). This in turn 

prevents A TP and NADPH formation, which are necessary for carbon 

u1oxide fixation. The triazines and uracils resemble the substituted 

ureas in the mode of action by blocking the Hill reaction and 

Photosystem II in the photosynthetic pathway (Anon., 1983). 
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The amides (Ashton and Crafts, 1981), triazines and 

dinitroanilines (Roberts, 1982) have been shown to interfere with 

nucleic acid and protein synthesis. The amide herbicides have been 

classified as general growth inhibitors, but inhibition of root 

elongation appears to be the most apparent growth restriction. The 

dinitroanilines inhibit both root and shoot growth with the inhibition 

of root growth, particularly inhibition of lateral root formation, 

being the most observable symptom. It appears that these herbicides 

interfere with cell diVision, by binding to tubulin, which in turn 

prevents assembly into microtubules (Ashton and Crafts, 1981). 

2.4.3 Plant resnonses to herbicides 

Herbicides induce numerous changes in the growth of plants 

anct tnetr structures. Tne enttre plant may t>e arrectect t>y tne 

chemical. or only specific organs may be affected. Herbicides have 

been shown to alter cell diVision, cell enlargement and tissue 

differentiation, as well as cause cellular and tissue deterioration 

(Ashton and Crafts, 1981). These changes include, growth inhibitions, 

epinasty, formative effects (altered cell division, cell enlargement, 

tissue differentiation), foliar chlorosis, albinism, necrosis and reduced 

cuticle formation, as well as organelle and membrane modifications 

(Ashton and Crafts, 1981). 

With the urea herbicides, phytotoxic symptoms have been 

primarily observed in the leaves. Two types of symptoms have been 

reported; acute and chronic (Ashton and Crafts, 1981). Acute 

symptoms, characterized by leaves taking on a water-soaked 

appearance (develop quite quickly) before becoming necrotic, occur 
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when high concentrations or a herbicide have been applied. In 

contrast, chronic symptoms are characterized by leaf wilting and 

silver /gray blotches on leaves, followed by rapid yellowing of the 

leaves, take longer to develop, and occu:- at lower application rates. 

The primary phytotoxic symptom of the uracils and triazines are 

foliar chlorosis, with the inhibition of root and shoot growth being a 

secondary symptom in the uracils (Anon. , 1983). 

The primary symptom of the amide herbicides appears to be 

the inhibition of root elongation (Ashton and Crafts, 1981). Although 

the dinitroaniline herbicides have been shown to inhibit growth of 

the entire plant, the primary inhibitory response is the restriction of 

root growth, especially the development of lateral or secondary 

roots. This 11as been reported with experiments involving trifluralin, 

a d1n1troan111ne nerb1c1c1e (Schultz et a1 . 1968). 

2. 4. 4 Tolerance of strawberries to herbicides 

Differential crop and varietal responses may be explained in 

terms of the plant, the herbicide, the environment, and cultural 

methods. Differences in plant morphology, Ph':'siology, genetic 

makeup, age, and condition could contribute to variable varietal 

responses (Ashton and Crafts, 1981). Differences could also be due to 

inactivation of the herbicide by degradation,· lack of binding of the 

herbicide to the molecular site of action on the lamella, herbicidP 

formulation, and method and time of application of the herbicide. 

Environmental conditions, such as temperature, moisture, and 

humidity also could contribute to variations in varietal tolerance 

responses (LeBaron and Gressel, 1982). Time of planting (spring or 
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fall), planting site conditions (ridged or level soH), special cultural 

methods (polyethylene tunnels and mulches), and planting system 

(matted or rows) could also play an important part in variety 

responses to herbicides (Clay, 1982a). 

'Guardian· has been reported to be susceptible to terbacn and 

'Midway' to chloroxuron ( Genez and Monaco, 1983; Dana, 1984). With 

strawberries, there are several reports of differential cultivar 

responses to several herb1c1C1es. various culttvar responses have been 

observed with phenmedipham (Clay, 1976; 1981; 1982), a mixture of 

ethofumesate and phenmedipham, a combination of ethofumesate 

and lenacil (Clay, 1981; 1982); 2,4-D amine (Davison and Bailey, 

1978); terbacil (Jensen, 1976; Palfrey and Silver, 1976; Ricketson and 

Vandenburg, 1976; Lawson and Wiseman, 1978); simazine (Huston 

and Andrew, 1978); and chloroxuron (Dana. 1984). 

Differential cultivar responses in other crops have been 

observed as well and have become a problem in potatoes (Solanum 

tuberosum) and soybeans (Glycine max), (Gawronski et a1, 1977). 

Most of the time, however, differences in cultivar response go 

unnoticed during regular herbicide evaluations, since in many tr~cils 

only one or two standard varieties are used in the tests. 

2. 5 Herbicide losses in soil 

The dose of herbicide that actually reaches the root zone may 

only be a fraction of the amount that was originally applied to the 

soil. This is due to a number of processes which influence the fate of 

the herbicide once it has been applied to the soil (Roberts, 1982). The 

major processes which influence the amount of herbicide which is 
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taken up by the plant involve either physical removal of the 

herbicide and/or degradation of the herbicide (Roberts, 1982). 

Physical removal processes include volatilization, adsorption to 

colloidal material, and leaching out of the root zone. Degradation 

processes include photochemical, chemical, and microbial 

decomposition. The processes of herbicide inactivation are illustrated 

in Figure 4 (Roberts, 1982). 

The herbicides used for weed control in strawberry plantings 

and the processes by which they are lost from the soil are listed in 

Table 3. 

2. 6 Herbicides used for weed control ln strawberries 

2. 6. 1 Simaztne 

Simazine belongs to the triazine group of herbicides. The 

triazines are used for the selective control of annual grasses and 

broad-leaf weeds in crops (Spencer, 1981). The basic structure of the 

triazine molecule is a ring composed of nitrogen and carbon atoms 

(Ashton and Crafts, 1981). Within the triazines there are three 

major groups depending on the substitution at the R1 position. 

Simazine belongs to the chlorotriazine group and is characterized by 

having a chlorine at the R1 position (Ashton and Crafts, 1981). 

2.6.1 .. 1 Use in strawberries 

A notable advance was made in weed contrcl in strawberries 

in the late 1950's when it was discovered that simazine could be 

used on established plantings without causing excessive injury 

(Roberts, 1982). As early as 1960, trials were under way in the 

United States and the United Kingdom to determine the effectiveness 
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of simazine as a weed control agent (Schubert and Rogers, 1961; 

Hughes and Ivens, 1965). 

Schubert and Rogers (1961) applied treatments of simazine at 

1.68 k.g ha-1 followed by k.arsil at 4.48 k.g ha-1, EPTC at 6. 72 k.g ha-1 

followed by k.arsil+simazine at 1.68 kg ha-1, and karsil+simazine 8 

weeks after planting and noted that all of the treatments which had 

simazine as part of the treatment were effective in controlling a 

broad spectrum of annual broad-leaf and grass weeds. Further 

trials by Schubert (1962) confirmed the effectiveness of simazine as 

a weed control agent, although at higher rates (2.24 kg ha-1) 

interveinal and marginal chlorosis were experienced. 

In Canadian trials, along coastal British Columbia (Freeman, 

1964) and in eastern Canada (Collins and Everett, 1965; Leefe, 1965), 
I 

applications of simazine at 1.68 kg ha-1 provided an adequate 

margin of crop safety, as well as providing good weed control. It was 

observed by Collins and Everett (1965) that extreme caution had to 

be observed at any rate greater than 1.12 kg ha-1 to avoid 

phytotoxic symptoms and reductions in yield. Freeman also observed 

that poorly established and ·weak plants tended to be more 

susceptible to injury. One of the reasons for variations in cultivar 

response to simazine may be attributed to less vigorous growing 

plants which may be more susceptible to damage than their 

vigorous growing counterpart. Two ·reports indicated th~t 

applications of simazine to newly-planted strawberries should be 

delayed until the plants are established and growing well, in order to 

avoid possible injury (Freeman, 1965; Hughes and Ivens, 1965). 

Collins and Everett (1965) suggested the safest period would be 6 and 
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12 weeks after planting, although Hughes and Ivens (1965) reported 

no injury to plants which had been sprayed 3 weeks after planting. 

Continued research (Ivens, 1966; Schubert, 1966) with simazine 

used alone, or in combination with other compounds, resulted in 

continued successes without significant reductions in growth, 

although in some treatments slight marginal leaf chlorosis was 

observed at higher application rates. Schubert (1966) carried out a 

series of experiments on greenhouse-grown strawberries which had 

first been treated with activated charcoal prior to planting, followed 

by applications of simazine at rates up to 5.6 kg ha-1, to observe 

possible differences in runner growth. He reported no significant 

differences in weight or development of runner plants, the number 

of primary roots, the development of secondary roots or of the 

number or crowns aeveloptng. In aaattton, ne attrtt>utea tne ntgn 

degree of tolerance to the high rates of simazine, to the root dip of 

activated charcoal. There have been numerous reports indicating the 

possible benefits of pre-treating roots of strawberry plant with 

activated charcoal prior to spraying with simazine (Robinson, 1965; 

~lughes, 1966; Schubert,1969) .. 

Hughes (1970) reported that at low rates of simazine (0.56 kg 

ha-1), applications made 4 days after planting compared to 

treatments made 4 months later, there were no observable 

differences. Hov.:·ev€r:. control of two problem weeds, com'Tlon 

groundsel [Senecio vulgaris (L.)] and cleavers [Galium aparine (L.)] 

was not achieved with either treatment. Lawson and Wiseman 

(1978) reported some injury and plant death in strawberries treated 

2 days after planting at 2.2 and 3.4 kg ha-1, but not at 1.1 kg ha-1. 
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YelloWing of leaves was reported at all rates applied Within 3 weeks 

of planting, but plants treated with the two lower rates recovered 

by late fall. Because of significant reductions 1n mean height, 

spr~ad, fruit weight, stolon weight and the number of live plants 

per plot rates greater than 1. 1 kg ha -1 are not recommended 

(Lawson and Wiseman, 1978; Parfitt and Stott, 1978). 

Because of the effectiveness of simazine as a weed control 

agent, simazine used alone, and in combination, has been looked at 

for more broad-spectrum weed control (Clay, 1978a; Clay 1980). In 

both trials by Clay a trietazine/simazine mixture (1. 37/2.74 kg· ha-1) 

was found to be less damaging than simazine applied at 1-2 kg·ha-1, 

but still did not provide an adequate safety margin for the newly

planted strawberry crop. 

In trials With simazlne in Nova Scotia, Jensen (1975, 1976) 

reported significant yield reductions of all cultlvars grown on 

Somerset sandy loam soil when 3 applications were made in early 

summer, late summer, and late autumn. All three treatments 

applied at 0.5/0.25/1.0 kg ha-1; 0.5/0.25 kg ha-1 (early summer/late 

autumn); 0.5/~.33/1.0 kg ha-1. reduced yields, but in a later study 

on sandy soil with simazine applied at 0.5/0.33/1.0 kg ha-1 no crop 

damage was reported. The three applications also proVided excellent 

control of lamb's quarters, wild buckwheat, Canada fleabane, 

dandelion, sand spurry, sheep sorrell> hedge mustard ar:d shepherd's 

purse. 

It is evident from the research conducted on simaZine that its 

use on newly-planted strawberries can provide excellent control of 

certain problem weeds, but because of the variations in cultivar 
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response, extreme caution has to be used in order to avoid serious 

crop injury. It appears from past studies that its effectiveness as a 

weed control compound will always be overshadowed by its slim 

crop safety margin and will definitely restrict its use on some 

cultivars and in some areas. 

2. 6. 2 Terbacil 

Terbacil is a selective, xylem-mobile, photosynthesis-inhibiting 

herbicide which has been used to control weeds in tree fruits (apple, 

citrus, peach), alfalfa, blueberries, mint, sugarcane, and 

strawberries (Anon., 1983). Terbacil belongs to the uracil herbicides. 

The strawberry has been shown to be moderately tolerant to 

field rates of 0. 5-0.75 kg ha-1 of terbacil, with the basis of tolerance 

reported to be partially attributed to the restricted translocation of 

the root-absorbed herbicide (Genez and Monaco, 1983). Further 

research by Genez and Monaco (1983a) suggested that the tolerance 

of strawberries to terbacil can also be partially attributed to the 

metabolism of the herbicide to nontoxic derivatives. 

2. 6. 2.1 Use in strawberries 

Because terbacil showed promise in controlling a wide spectrum 

of annual weeds, as well as a few perennial weed species, Robinson 

(1969) studied its effectiveness and crop tolerance on established 

plantings and newly-planted strawberries. 

Rates used on established plantings were too high for ne'N"ly

planted beds. Jeffries and Stott (1972) found that 0. 25 kg ha-1 of 

terbacil applied on two-year old plantings, there were no significant 
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differences in plant size or yield when compared to the control. 

Uprichard (1972) found that terbacil applied immediately after 

planting in the spring !or control of Agropyron repens (L.) in 

strawberries, at 0.28 kg ha-1 and 0.56 kg ha-1, induced significant 

reductions in crop yield. However, when applied at both rates in the 

fall no significant differences were observed between the treatments 

and the control. Jensen and Craig (1975) found that terbacil applied 

at either 0.56, 0.84, or 1.12 kg ha-1 six weeks after planting resulted 

in leaf chlorosis, but that symptoms disappeared by late summer. 

They further found that there were differences in cultivar tolerance, 

with 'Bounty' being the most sensitive to terbacil, especially at the 

higher rates. 

It would appear from preVious studies, that by delaying the 

time of application, and by reducing the initial rate of the first 

application, a greater margin of crop safety could be achieved. 

More successful control was achieved when terbacil application was 

delayed until plant establishment in early summer (Jensen; 

1975,1976). In the 1976 study, Jensen made split applications, the 

first one reduced to o. 25 kg ha-:-1 and subsequent applications at 0. 50 

kg ha-1. In continued studies, Jensen (1976) further reduced the 

rate of the second application of terbacil while maintaining superior 

control of annual and perennial weeds. Differences in cultivar 

response were observed in these later !;tUdies, with susceptible plants 

showing signs of general stunting and some chlorosis on daughter 

plants. There have been numerous reports of variations in cultivar 

response to terbacil (Ahrens, 1982; Weller, 1981), with 'Guardian• 
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bein~ a known susceptible cultivar 'warnin~ on manufacturers 

label). 

Ahrens (1980) observed moderate to severe injury when 

terbacil was applied at 0.28-0.56 kg ha-1 3-4 weeks after planting. 

He concluded that at 0. 14 kg ha-1 effective weed control was 

achieved without causing injury to the crop. Weller (1981) observed 

little or no injury at the 0. 28 kg ha-1 rate, but severe injury at the 

0. 56 kg ha-1 rate. These results were similar to those obtained by 

other researchers (Uprichard, 1972; Ahrens, 1980, 1982; Kee, 1983; 

Clay et al, 1974). 

2.6.3 Trifluralin 

Trifluralin belongs to the dinitronaniline herbicide group. 

Trifluralin controls nearly all annual grass weeds and many broad

leaf weeds including chickweed, henbit, knotweed, kochia, 

lambsquarters, pigweed, purslane, and Russian thistle, as well as 

certain perennials, such as field bindweed and Johnsongrass (Anon. , 

1983). Soil incorporation of the herbicide is required to reduce loss by 

volatilization and photodecomposition (Ashton and Crafts, 1981). 

2. 6. 3. 1 Use in strawberries 

There was considerable interest in testing trifluralin on newly

planted strawberries, since few herbicides were available for grass 

weed control at the time of introduction of the herbicide. 

Stadelbacher and Riggleman (1963) applied trifluralin immediately 

after planting and found that daughter-plant production was 

inhibited. Lawson and Wiseman (1974) applied trifluralin as a 



30 

pr12plant-incorporat12d tr12atrn12nt at rates up to 4. 5 kg ha-l and 

they did not observe permanent injury or death, although there 

were early checks to growth and reduced runner production. Similar 

injury was reported (Rath and O'Callaghan, 1976), at 2.0 kg ha-1 

when the herbicide was applied and incorporated two days prior to 

planting. However, Lawson and Wiseman (1974) indicated that at 

1.1 kg ha-1 an adequate crop safety margin had been achieved with 

no signs of adverse effects when post-planting applications of 

residual herbicides followed PPI treatments of trifluralin, while Rath 

and O'Callaghan (1976) reported recovery of the plants which had 

initially showed injury. Bryant and Farrant (1974) applied trifluralin 

at 1.12 kg ha-1, 14 days prior to planting and incorporated the 

herbicide at a depth of 5. 0 em., and found no significant differences 

in plant size, runner number, or the number of flowering crowns. 

Further research (Rath and O'Callaghan, 1976; Clay, 1978; 

Lawson and Wiseman, 1980) has shown the effectiveness of 

trifluralin as a weed control agent, but some researchers have found 

that the greatest disadvantage in using this herbicide was the need 

to incorporate immediately, as well as to apply a residual herbicide 

after planting to control resistant weeds. It was reported by Clay 

(1978) that trifluralin was more effective than standard herbicides 

used on strawberries, such as chloroxuron and lenacil, in dry 

ccnditions.. 

2. 6. 4 Pendimethalin 

Pendimethalin is a residual, pre-emergence or preplant

incorporated herbicide. Sprankle (1974) obtained excellent control of 
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annual grasses and many broad-leaf weeds at rates of 0.6-1.5 kg 

ha-1 PPI in cotton, peanuts, soybeans and many other crops. 

Further testing of pendimethalin applied pre-emergence in corn, 

rice, and wheat at 1.0-2.0 kg ha-1 provided control of most grasses 

and certain broad-leaf weeds. It was observed that more consistent 

weed control was obtained if the herbicide was shallowly 

incorporated. 

2.6.4.1 Use in Strawberries 

Many of the herbicides available for use in strawberries do not 

provide satisfactory control of grasses in a number of situations. 

Most of the residual herbicides used have not been very effective if 

dry conditions persist after herbicide application. However, 

pendimethalin appeared to be effective in very dry conditions (Clay 

et al, 1974; Walker and Bond, 1977; Lawson and Wiseman, 1978; 

Clay and Davison, 1981), at rates normally used for annual weed 

control (0.6-1.5 kg ha-1). 

In preliminary field trials, the tolerance of newly-planted and 

established strawberries, to pendimethalin, was estab.Lished (Clay et 

al , 197 4) . In these trials, the herbicide was applied in the spring 

and no long-term injury was reported to the foliage, nor was there 

any significant decrease in growth and yield. However, at the higher 

rate, slight yellowing and curling of the leaves was reported 

immediately after spraying, but these symptoms were soon 

outgrown with no adverse long-term effects on runner production 

and crowns. 
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Continued field experiments confirmed pendimethalin to be safe 

for use in both newly-planted and established crops (Clay et al, 

1974; Loughall, 1977; Clay, 1978; Lawson and Wiseman, 1978; Davison 

and Bailey, 1980; Rath and o·callaghan, 1982; Rubin et ai., 1982). It 

was noted that leaf growth was checked (stunting due to the 

shortening of petioles and leaflets becoming convex). Slight yelloWing 

of the leaves occurred, especially at the higher doses (Clay et al, 

1974; Clay, 1978; Davison and Bailey, 1980). However, no long-term 

adverse effects on growth and yield were reported. 

2. 6. 5 Chloroxuron 

Chloroxuron belongs to the urea group of herbicides, and can 

be used as a preemergence or postemergence treatment. It is 

effective in controlling many annual grass and broad-leaf weeds on 

celery, onions, soybeans, and strawberries (Anon., 1983). 

2.6.5.1 Use in strawberries 

Chloroxuron was first recommended for use on strawberries in 

1961 by Aebi and Ebner (Anon., 1983). Further field research by 

Lewis and Ayers (1964); DaVison (1964); Hughes and Ivens (1966); 

Hughes (1968); Schubert (1969); Schubert and Hickman (1971); Lay 

and Ilnicki (1972); Jensen (1979) and Hertz (1982) have confirmed its 

rela";ive safety when appHed in the spring to established or to 

newly-planted strawberries. Greenhouse pot experiments by Ivens 

(1964) and Schubert (1968) also confirmed its relative safety. 

Although no long-term detrimental effects on runner growth 

or yield have been reported, temporary checks to growth have been 
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reported. These include leaf chlorosis and plant stunting (Lewis and 

Ayers, 1964; Stephens, 1964; Cleary, 1966). It has also been reportea 

that chloroxuron applied at rates within the crop safety margin for 

strawberries (5.6 kg ha-1), were not effective for controlling grass 

weeds and on many of the broad-leaf weeds (Hughes, 1968; Jensen, 

1979; Hertz, 1982). 

2.6.6 Nanropamide 

Napropamide belongs to the chloroacetamide group of 

herbicides, most of which are used as either preemergence or 

preplant, soil-incorporated herbicides. Napropamide has been shown 

to be effective in controlling a wide spectrum of annual broad-leaf 

and most annual grass weeds in a variety of fruit and nut crops, 

vegetable, and agronomic crops (Anon.. 1983). Previous research 

indicates the need for herbicide incorporation to a depth of 2. 5-5. 0 

em. for the most effective results. 

2.6.6.1 Use in strawberries 

The use of napropamide for '"teed control in strawberries is 

restricted to certain portions of the growing season in the United 

States. Napropamide has not been registered for use in Canada, but 

the Expert Committee on Weeds, recommends its use as a preplant 

treatment at 4. 0 kg ha-1, and as a postplant treatment at 2. 5-4.0 

k.g ha-1 applied immediately after planting. Because of itsl 

effectiveness in controlling problem weeds, research has been 

ongoing since its introduction as a herbicide in 1979. 
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There have been rather con!llctln~ reports concernlns;( tne 

effects of napropamide on strawberries. It is important that 

herbicides recommended for weed control in strawberries do not 

interfere with the rooting or development of runner plants or cause 

injury to the mother plants. Therefore, information on effective 

weed control and on herbicidal effects on the growth and 

development of strawberry mother and runner plants is most 

important. 

Reports by Beste et al. (1980) and Freeman (1982,1983), 

indicated that the use of napropamide after planting caused some 

initial injury (stunting of transplants), as well as reduced numbers 

of rooted runner plants, but Freeman reported no effect on 

marketable yield between treated plants and control plants. Reports 

by Cain (1983), Kee (1983), Rath and o·canaghan (1982), Putnam and 

Hancock (1982), and Selleck et al. (1980) have shown an adequate 

safety margin when napropamide was applied three or more weeks 

after planting. Ahrens (1980, 1982) showed that rates of 3. 4-4.5 kg 

ha-1 were safe and effective when applied from one day to three 

weeks after planting. Excellent weed control was obtained in a sandy 

loam soil for three to four months. Weller (1984) found that 

napropamide was safe at both 4.5 and 9.0 kg ha-1 in the first year 

of the study, but severe plant injury occurred in the second year of 

the study. He also observed variations in cultivar response to the? 

herbicide, and suggested that the variation in response could be 

explained by differences in soil type, environmental, or genetic 

effects which influence the level of injury observed. It must be 

remembered that the biological activity of residual, soil-applied 
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herbicides is determined, in part, by a complex of factors which 

determine their behaViour in soil. One of the most important factors 

is adsorption of herbicides to soil organic matter, which influences 

herbicide availability to the plant, mobility Within soils, and 

persistence in the soil, and may help to explain the variation in 

results obtained by earlier investigators. 

Ahrens (1982) reported no injury With napropamide at 3.4-4.5 

kg ha-1 on a sandy loam son with an organic matter content of 2.3-

3.4 %. Beste et al. (1980), reported a decrease in growth at 3.36 kg 

ha-1 on a loamy sand soil With an organic matter content of 0.6 %. 

Weller (1984) reported no injury the first year on a silt loam soil 

With 2.8 % organic matter content. Wu et al. (1975), showed that 

soils with high organic matter content had larger retention 

capabilities; their data suggested that some of the napropamide may 

either be fixed or irreversibly adsorbed. Weller (1984) also suggested 

that the absence of damage in the first year could have been due to 

the loss of herbicide actiVity by photodecomposition, as hot dry 

conditions prevailed for the first 12 days after application. Under 

high light inten~icies in summer, loss of napropamide by 

photodecomposition can be as high as 50% within 4 days (Anon., 

1983). The results obtained by preVious researchers clearly suggest 

that soil and environmental factors strongly influence the level of 

injury observed. Romanowski a1.t.d B~rowy (1979) f0und that 

napropamide can persist for up to two years on some soil types 

when applied at rates of 2.24 and 4.48 kg ha-1. Previous reports 

have indicated marginal tolerance responses to growth and rooting of 

runners in sandy soil (Schubert, 1966). 
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2.6.7 Metolachlor 

Metolachlor is a selective, preplan t-incorpora ted, or 

preemergence herbicide which can provide control of annual grasses 

and some broad-leaf weeds. Metolachlor belongs to the 

chloroacetamide herbicides and has been used to control weeds in 

cotton, corn, peanuts, rice, soybeans, tobacco, turf and certain 

fruit, nut, ornamental, and vegetable crops (Anon., 1983). 

wnen tne nert>1c1ae 1s son-appuea tne compouna enters 

seedlings through shoots or roots, but has been shown to have 

limited translocation abilities. The recommended application rates of 

1.8-3.36 kg ha-1 have been shown to be required for selective weed 

control under most conditions (Anon., 1983). 

2. 6 . 7. 1 Use in strawberries 

Metolachlor has potential for use in strawberries because of 

proven crop tolerance and effective weed control. Studies conducted 

by Masiunas and Weller (1982) found that metolachlor applied 

preplant-incorporated to raised bPds at 2.2, 4.5, and 9.0 kg ha-1 

produced severe stunting and plant death. Post-plant applications at 

the same rates made to newly-planted strawberries on matted beds 

produced stunted plants, but no plant deaths. The most severe 

damage occurred on plants growing in sandy soils. These results can 

be explained by the findings made by Obrigawitch et al (1981). They 

found that metolachlor can cause crop injury or loss of herbicidal 

activity if it is leached into, or below, the crop root zone. 
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2.6.8 Sethoxydim 

Sethoxydim is a selective, postemergent herbicide which is 

used for control of annual and certain perennial grasses. Two 

monocot crops, asparagus and onion, as well as 50 broad-leaf crops, 

including strawberries are tolerant to sethoxydim (Kukas, 1983). 

Rates of o. 112-1. 12 kg ha-1 are necessary for weed control in most 

situations (Anon., 1983). Sethoxydim inhibits the growth of plant 

species Within the Gramineae family (Hess, 1983). 

2. 6. 8. 1 Use in strawberries 

Sethoxydim was selected for use in trials on strawberries 

because of its potential for control of grass weeds. It has also been 

shown that sethoxydim can be applied as a postemergent spray at 

all stages of crop growth without injury to the crop (Kukas, 1983). 

Jensen (1979) conducted a series of greenhouse experiments with 

sethoxydim and found that there was no crop effect at 0.5 and 1.0 

kg ha-1, but at 2.0 kg ha-1 plant stunting and number and weight 

of runners were reduced. Jensen (1979) also found that the damage 

w~~ more severe With the cultivar 'Redcoat'. 

In field experiments, Hertz (1982) applied sethoxydim 20 days 

after planting 'Redcoat' strawberries and observed excellent control 

of grass weeds, but, as expected, no control of broad -leaf weed 

species. No plant damage was reported at the rates which were 

used. 
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3.0 Materials and Methods 

3.1 Materials 

3. 1. 1 Location 

The trials were carried out at the Department of Horticulture 

Science Research plots, at the University of Saskatchewan in 

Saskatoon in both the 1984 and 1985 field seasons. 

3 .1. 2 Soil conditions 

Soil characteristics for the 1984 and 1985 field plots are listed 

in Table 4. The soil analysis was done at the Saskatchewan Soil 

Testing Laboratory, University of Saskatchewan, Saskatoon. 

3.1.3 Strawberry cultivars 

Various herbicide treatments were tested on two cultivars of 

strawberries in the 1984 and 1985 field trials; 'Hecker' (Fragaria 

virginiana glauca x ananassa), a day-neutral type and 'Bounty' 

(Fragaria x ananassa Duchesne), a June-bearing type. 

3.1.4 Herbici1.zs 

The rate, method of application, and date of application of the 

herbicides used in the trials are listed in Table 5. The trade name, 

chemical name, and formulation of the herbicides selected for the 

field trials are given in Table 6, and the physical, chelnical, and 

toxicological properties of the herbicides used in the study are listed 

in Table 7. Commercial formulations of the herbicides were used in 

both the 1984 and 1985 field experiments. Glyphosate was applied to 

the 1985 test site to control Canada thistle. 



Table 4. Soil Analysts Data Obtained from Horticulture Science Research Plots. 

Herbicide 
Trial 

1984 Field 
Trial 

1985 Field 
Trial 

Texture 

clay 

clay 

Organic 
Hatter 

pH Lime 

med1 urn · 7.4 very low-
( 4- 8%) absent 

medi urn 7. 9 very low-
( 4- 8%) absent 

Conductivity 
(mS/cM) 

0.5 

0.6 

Available Nutrients (ppm) 

N03-N p K 504-_5_ 

6.3 21 350 10.9 

9.1 8.0 360 1 0.1 

(.J..I 
\0 



Table 5. Pre and Poatplant Herbicide Treatments en Nevlg-Planted Stravberries. 

Treatment Rate Time of Date of Application 
( tg a.l./ha) Applica~ten 1984 1985 

Tr1f1 urali n 1.1 PPI May 25 May 24 

Tr1f1 ura11 n 2.2 PPI May 25 May 24 

Tr1f1 ura11 n/Terbaci'l 1.1/0.5 PPI/POST M 25/Jn 25/Jl 23 M24/Jn 27/Jl 23 

Napropamide 4.5 PPI May 25 May 24 

Nap ro pam1 de /Set hox yd1 m 4.5/0.25 PPI/POST M 25/Jn 25/Jl 23 M24/Jn 27/Jl 23 

Pendi methali n 1.5 PPI May 25 May 24 

Pendi metha11 n 3.0 PPI May 25 May 24 

Simazine 0.5 POST June 25/Jul y 23 June 27/Jul y 23 ~ 
Si mazi ne 1.0 POST June 25/Jul y 23 June 27/Jul y 23 

Terbacil 0.25/0.15 POST June 25/Jul y 23 June 27/Jul y 23 

Terbacil 0.50/0.25 POST June 25/July 23 June 27/Jul y 23 

Metolachlor 1.68 POST June 25/July 23 June 27/Jul y 23 

Me to 1 ac h lor 2.64 POST June 25/July 23 June 27/July 23 

Sethoxydim 0.25 POST June 25/Jul y 23 June 27/Jul y 23 

Sethoxydim 0.35 POST June 25/Jul y 23 June 27/Jul y 23 

Chloroxuron 5.60 POST June 25/Jul y 23 June27/Ju1 y 23 

Hand Weeded Check --- --- ............. --------- ---------~-- .. 
U n'w'eeded Check --- --- --------------

____ ... _______ 

M=May, Jn=June,. Jl=July. 



Table 6. Herbtctdes selected for testtng on strawberries tn 1984 and 1985. 

Cammon Name Trade Name Claemtcal Name formulatioa 

Trtfl ura11 n Treflen N,N-d1 propvl- 4- (trtfl uoromethvl)- E.C. ( 399 g/1) 
2,6-dt n1troanalt ne 

Nepropamtde Devr1 nol 2- ( - napthoxy)-N,N-dtethyl- 2 E.C. 
proptonemtde 

Pe ndt met ha11 n Pro'w'l N- ( 1-ethvl propyl)- 2,6-dt nitro- E.C. (480 g/1) 
3,4-xy11d1ne 

Stmaztne Prt ncep 2-chloro- 4,6,b1a(ethylam1 no)- 50" W.P. 
a-triazine 

~ 

Terbac11 Stnbar 3-tert- butvl- 5-chloro- 6- 8091 W.P. 
methyl uracil 

Metolachlor Dual 2-chloro- N- ( 2-ethyl- 6- methyl phenyl) E.C. ( 960 Q/1) 
- N- ( 2- methoxy- 1-methyl )acetamide 

Sethoxydtm Poe at 2- ( 1 -ethoxyt mt no butyl)- 5- [ 2- E.C. ( 184g/1) 
(ethylthto) propyl] 3- hydroxy 
cyclohex- 2-enone 

Chloroxuron Tenoran 3- [ p- ( p-chlorophenoxy) phenyl)- 5091 W.P. 
1, 1-dt methyl urea 

E.C.• emulstfteble concentrate. 
W. P. •wette b le powder. 



Ta-.le 7. Plaplcal, Clae~atcal, and Toxtco1oatca1 Properttea of Her•tctdea U••• 
I• Field Trials (Aalaton and Crafts, 1 981 ) . 

Common 11. W. Physical Coleur Sp. f1.P. B.P. 0c Y.P. Solubtlttu 
* LDSO 

Name State Gr. C.Oc> (IBmHg) (mmHg) ppm (veter) (mg/tt) 

chloroxuron 290.7 solid white - 149- - - 2.7 3,700 
150 

metolachlor 283.8 It quid white- 1.085 
lt. bro'w'n 

- 100 1.3x10 -~ 520 2,780 

nepropamtde 271.4 'Yihtte 74.8-
-6 

73 >5,000 ao11d - - 4.0x1 0 
75.5 

pendi methelt n 281.3 ao11d uello'YI- 1.19 54.58 330 3.0x1 o-s 0.5 1,250 
orange (25) 

sethox..,dtm 327.5 amber 1.043 -7 0.48 2,676-liquid - - 1.6x1 0 
(25) 3,125 

atmaztne 201.7 aoltd 'Yihtte - 225- - 6.1x1 o-9 3.5 >5,000 
227 

terbectl 216.7 so ltd 'White 1.34 175- - 4.8x10-7 7.0 >5,000 
(25) 177 

trtfl uralt n 335.3 48.5- 96- -4 
<1.0 ) 10,000 ao11d orange - 1.99x1 0 

49.0 97 

* Ll>so • 1cutt or11 toxioit'.t (r1ts) 

~ 
I\.) 
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3.1.5 Weeds 

There was an abundance of weed species present in both the 

1984 and 1985 test plots. The most prevalent broadleaf annual weed 

species were stinkweed (Thlaspi arvense, L.), flixweed (.Descurainia 

sophia (L.) Webb), common groundsel (Senecio vulgaris, ~L.), redroot 

pigweed (Amaranthus retroflexus, L.) and portulaca (Portulaca 

oleracea L.). The following weeds were also present, but were of 

lesser importance; lambsquarters (Chenopodium album L.), narrow

leaved hawksbeard (Crepis tectorum L.), wild buckwheat 

(Polygonum convolvulus L.), American dragonhead (.Dracocephalum 

parviflorum Nutt.). The 1984 test site had a severe Canada thistle 

(Cirsium arvense (L.) Scop) infestation in isolated sectors of the field. 

There was also a small area in the 1984 test site where green foxtail 

(Setaria virJdis, L.) had been grown for seed in 1983. The weed 

species which were found in the test plots in 1984 and 1985 are listed 

in Table 8. 

3.1.6 Small-plot sprayer 

Application of all field tr~atments in 1984 and 1985 were mad~ 

with a small-plot bicycle sprayer (Figure 5). The sprayer was 

outfitted with four TeeJet nozzles 51 centimetres apart on a 189 

centimeter boom. The height of the boom was set at 56 centimetres 

for ~praying and a fibre glass shield was placed around the boom to 

reduce spray drift. 

Air pressure was maintained at 2. 8 kg/m2 and was supplied by 

a quick-release air pressure tank. Herbicide solutions were made 

immediately prior to spraying and were held in 2. 27 litre plastic 
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Table 8. Weed Species Identified in 1981 and 1985 F1e1d Plots. 

Common Name Family Botanical Name 

Alfalfa Legume Medicago sativa L. 

American Dragonhead Mint Dcacoceghalum cacviflgrum Nytt 

Bull Thistle Composite Cirsium vu19§re ( Savi l Tenore 

canada Thistle Composite C1rsium arvense ~ L. 2 Scog. 

Com man Groundsel Composite Senecio vulaaris L. 

Common Pepper-Grass Mustard Legidium densiflorum Schrad. 

Cow Cockle Pink ~conacia vaccannia L. 
Dandelion Composite Taraxacum officinale Weber 

Field Bindweed Morning Glory Convolvulus arvensis L. 

Flixweed Mustard C~ur:acia ~cbia ! L l YYcbb 
ereen Foxtail Grass Setaria viridis ( Ll Beauv. 

Lamb's Quarters Goosefoot Chenogodium album L. 

Meadow Goat's Beard Composite Trggooon gratensis L. 

Narrow Leaved Hawks Beard Composite Creois tectorum L. 

Prickly Lettuce Composite Lactuca scariola L. 

Prostrate Knotweed Buckwheat Pol~ggnum aviculare L. 

Purslane Purslane Portul~ oleracea L. 

Redroot Pigweed Amaranth Amarantby~ cetrgf]~ys L. 
Russian Thistle Goosefoot Salsola gestifer Nels. 

Shepherd's Purse Mustard Cagsella bursa-gastoris! L.l Medic. 

Sow Thistle Composite Sonchus arvensis l. 

Spear-Leaved Goosefoot Goosefoot Monolegis nuttalliana 

Stink weed Mustard Tt1lasoi arvense l. 

Sweet Clover Legume Melilotus officinal is Lam. 

Tansy Ragwort Composite Senecio i acobaea L. 

Wild Buckwheat Buckwheat Pol~ggnum convolvulus L. 

Wild Mustard Mustard Sinagsis arvensis L. 

W11d Oats Grass Avena fatua L. 
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Figure 5. Small-Plot Bicycle Sprayer Used in 1984 
and 1985 Field Trials. 
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milk containers. Herbicides were applied at a volume of 824 litres of 

water per hectare. One pass of the sprayer was applied to each of 

the treatments. Trifluralin, pendimethalin, and napropamide 

treatments were preplant-incorporated immediately after application 

to a depth of approximately 5 em. with a rototiller. 

After each herbicide treatment was applied the sprayer was 

flushed with four litres of water to reduce the possibility of 

contamination. 

3.1. 7 Weed-count frame 

A wooden one metre x one metre frame was used to count 

weeds in 1984 and 1985. The frame was set one metre from the end 

of the treatment row and all weeds within the frame were counted 

and collected. 

3.1.8 Irrigation 

A solid-set irrigation system was used to supplement rainfall 

and to maintain the maintain soil moisture level at a minimum of 

50 % field capacity. The strawberry crop requires approximately 62 

mm/week of water during the growing season (Anon. , 1984). 

3.2 

3.2.1 

Methods 

Experimental d,esign 

A randomized, complete block design was used in both 1984 

and 1985 with a total of 18 treatments and four replicates. Each 

treatment block consisted of one row of 'Hecker' and one row of 

'Bounty' spaced one metre apart. Plants were spaced 22 centimetres 
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apart in a 3-metre row. Distance between treatments was 2 metres 

and distance between replicates was 2 metres. The total area of each 

trial was 936 m2 (18 x 52 metres). Guard rows of 'Hecker' 

strawberries were planted on each end of the treated plot in 1984, 

and 'Selva' strawberries were planted as guard rows in 1985. All 

weeds were hand-weeded from around the strawberry plants, 

weekly or as required, to reduce competition effects. 

3. 2. 2 Data collection 

Data collected from each field experiment included the 

following: fruit number, individual fruit weight, fruit yield, number 

of flower trusses, plant height, runner number, number of daughter 

plants per runner, number of daughter plants rooted, crop 

tolerance, herbicide efficacy, weed number, and weed fresh and dry 

weights. In the 1984 experiment, fruit and flower truss data from 

'Hecker' were collected, while fruit data and fruit truss numbers for 

'Bounty' were collected in 1985. In the 1985 trial, only fruit data for 

'Hecker' was recorded. All ripe fruit was harvested 2 or 3 times per 

week. to prevent any damage or loss from birds. Two weed 

collections were made during the growing season from each test site 

and were recorded in numbers per square metre. The fresh weight 

of the samples was recorded immediately after harvest and then the 

samples were placed in an oven dryer for 48 ho,"'rs at 90°C before 

the dry weights were recorded. Herbicide efficacy was visually rated 

by a rating system of 0-9, where O=no control and 9=complete 

control. A similar rating system 0-9 was used to rate crop tolerance 

to the herbicide, where O=no tolerance (plant kill) and 9=complete 
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tolerance. At various intervals throu~hout the season1 further visual 

observations were noted regarding extent of injury symptoms 

(chlorosis) and time of recovery. In 1984 and 1985 crop tolerance 

data was recorded three weeks after application of PPI herbicides, 

1, 7 and 28 days after the first application of post-plant herbicides 

and 7 and 28 days after application of the second post-plant 

herbicide treatments. Runner data were taken 100 days after 

planting in 1984 and .110 days after planting in 1985. The number of 

rooted runners was determined by counting the number of daughter 

plants which had rooted firmly in the soil. All measurements were 

taken from 6 plants per treatment. 

3.2.3 Climatic conditions 

Climatic data for the 1984 and 1985 groWing seasons were 

collected from monthly meteorological bulletins supplied from 

Environment Canada, Atmospheric Environment Service at the 

Saskatoon station, and are summarized in Table 9. Weather 

conditions during field planting and spraying are summarized in 

Table 10. 

3. 2. 4 Statistical analvsis 

All data were subjected to analysis of variance an~ when 

factors were significant at a probability level of 5% and 1%, a J~ast 

significant difference statistic (LSD) was used to compare means. 



Tabla 9. Cit matte Date Summery for Seatatoen, 1984aad 1985. 
( Envt ronment Ceneda, At•aphertc Envt rnment Service). 

Tem~erature (°C) 

Date Precl(!ltatton (mm) Maximum 11tDiiDUID 

1984 1985 1984 1985 1984 1985 

Meu 17-23 21.4 0.2 14.4 23.1 5.2 8.2 
24-31 1.0 22.4 20.5 16.8 5.8 6.6 

June 1-8 30.2 3.6 18.8 17.8 8.6 5.2 
9-15 1.2 1.6 22.3 20.3 10.6 7.0 
16-23 37.0 6.2 21.9 19.9 11.2 7.6 
23-30 1.6 0.0 27.4 17.4 12.2 7.4 

July 1-8 0.8 0.0 25.2 29.8 8.6 12.8 
9-15 7.0 16.8 26.4 27.0 10.5 12.2 
16-22 4.4 37.0 27.2 24.1 10.8 11.7 
23-31 1.2 4.8 31.8 24.1 16.0 10.2 

Auoust 1-8 4.7 10.3 29.0 26.1 14.9 10.9 
9-15 TR 1.8 31.1 19.5 14.3 7.4 
16-22 1.8 1.6 28.3 21.3 12.3 9.0 
23-30 1.4 11.0 25.5 23.2 10.6 8.2 

September 1-8 9.8 7.6 18.4 16.4 6.2 5.4 
9-15 10.2 5.6 13.2 19.2 2.9 8.8 
16-22 36.0 15.8 17.6 11.4 4.3 3.4 
23-30 2.2 13.0 8.2 7.8 -3.0 -0.9 

..f:a. 

...0 



Table I 0. Weather Con•tttona Durt ng Fteld Plentt ng end Spragt ng t n 1984 and 1 985 
( Envt ronment Canada. Atmospheric ER¥1 ronment Servtce). 

Prect ,ttatton • 
Date Treatment Temperature (mm) Wtn• 

(oC) Cendtttoaa 
-2 0 +2 (lcm/hr) 

1984 

Me~ 25 PPI Sprays 6.0- 2.8 Trace 0.0 9.0 s.w. 
Planti no 10.3 

June 25 18t Postplant 14.7 0.0 Trace 0.0 6.0W. 
Spre~ 

July 23 2nd Poatplent 8.3 4.4 0.0 0.0 9.0W. 
Spra~ 

1985 

Ma~ 24 PPI 14.7 Trace 6.0 1.0 18.8 N.E. 

Me~ 28 Plenti no 9.0 0.0 1.8 10.8 13.0 s. 
June 27 18t PostPlant 5.5 0.0 0.0 0.0 4.0 N.E. 

Spre~ 

July 23 2nd Poatplent 15.2 0.0 0.2 4.6 13.0 N.W. 
Spray 

* • -2, 0,. + 2: Days Before, Day of,. Days After. 

(11 
0 
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4. 0 Results and Discussion 

4.1 The effect of herbicides on the yield. fruit number. 
mean berry weight. and fruit truss number of newly
Planted strawberries. 

Overall fruit yields were greatly reduced in the 1985 test site. 

The harvest period in 1984 extended from August 14 to September 20 

in which 11 fruit harvests were made. In 1985 three fruit collections 

were made from September 10 to September 23. A delay in planting, 

and a period of dry weather following planting in June (Table 9), 

probably caused the yield reductions in 1985. 

All means have been compared to the hand-weeded control 

mean. Measurements were also taken from the unweeded control to 

observe the influence of weeds on plant growth. Highly significant 

reductions in fruit yield, fruit numbers, and flower truss numbers 

occurred in 1984 for 'Hecker' (Table 11-14) and in 1985 for 'Bounty' 

(Table 15-17). The reductions were caused by weed-crop 

cornpetition. In 1985, reductions in 'Hecker' fruit yield did not occur. 

This was due to the lower weed densities in the 1985 test site. 

'Hecker' plants treated with simazine at 0. 5 and 1. 0 kg ha-l 

gave reduced yields in 1984, but not in 1985 when compared to the 

hand-weeded control (Table 11). Fruit number per plot was 

significantly reduced with simazine applied at 1. 0 kg ha-l in 1984, 

but no differences were observed in 1984 at the 0. 5 kg ha-l rate, nor 

in 1985 for both application rates of simazine (Table 12). No 

significant differences were observed for mean berry weight of 

simazine-treated 'Hecker' plants when compared to the hand

weeded control (Table 13). The number of fruit trusses were not 
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Table 11. ·Hecker· Fruit Yields as Influenced by Pre- and Post
Plant Herbicides. 

Fruit Yield (g/plot) 

Treatment Rate 
1984x 1985 y (kg ai/ha) 

Mean Std Error Mean Std Error 

Triflura1in 1.1 707.4 108.63 278.4 51.42 
Trif1ura1in 2.2 552.0 107.11 186.7 70.73 
Trifluralin/ 1.1/0.5 744.7 101.80 241.8 81.73 
Terbacil 
Napropamide 4.5 792.6 149.42 247.8 57.98 
Napropamide/ 4.5/0.25 653.6 71.69 186.9 21.49 
Sethoxydim 
Pendimetha1 in 1.5 695.3 91.06 338.1 79.02 
Pendimethal in 3.0 664.0 245.56 297.5 23.06 
Simazine 0.5 603.0 119.31 236.8 35.36 
Simazine 1.0 474.7 50.57 236.5 54.72 
Terbacil 0.25/0.15 680.9 111.06 192.9 50.46 
Terbacil 0.5/0.25 714.5 93.22 156.5 43.68 
MetoJzachlor 1.68 52MI.8 89.71 19MI.2 23.93 

Metolachlor 2.64 511.6 95.89 153.5 46.48 
Sethoxydim 0.25 673.9 38.60 243.9 50.55 
Sethoxydim 0.35 421.0 129.27 167.9 16.19 
Chloroxuron 5.6 494.8 114.03 195.6 25.05 
Hand Weeded Check 974.2 106.74 345.0 66.36 
Unweeded Check 157.9 63.63 220.7 29.53 

LSD (5") 289.7 NS 
LSD (1~) 386.5 

Ana1ysis of Variance 

Source OF Mean square F 

1984 Trt 17 1.21804E+005 2.93 ** 
Error A 51 41519.5 
1985 Trt 17 13013.0 1.29NS 
Error B 51 10062.5 

x combined data from 11 harvests. 
y combined data from 3 harvests. 
* * = difference significant at 1?. level. NS = not significant 
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Table 12. ·uecter· Fruit Number as lnfl uenced bg Pre- and Post
P1ant Herbicides. 

Tot.a1 Fruit No./Plot 
Trt!tatmeont Rate 

(kg ai/h.a) 
1984x 1985 g 

Trifiura lin 
Tritlur ~lin 
Tr1f1ura 11n/ 
TErrbacil 
Napropamide 
Napropamide I 
Sethoxydim 
PErndimErtha lin 
Pendimetha lin 
Simazine 
Simazine 
Terbacil 
Terbacil 
Metolachlor 
Meto lach lor 
SErthoxy dim 
Sethoxydim 
Ch loroxuron 
Hand W'eeded Check 
UnweErded Check 

LSD (595) 
LSD (1%) 

1.1 
2.2 

1.1/0.~ 

4.5 
4.5/0.25 

1.5 
3.0 
0.5 
1.0 

0.25/0.15 
0.5/0.25 

1.68 
2.64 
0.25 
0.35 
5.6 

Ana 1y sis of Variance 

Mean 

103.0 
112.5 
11~.8 

127.8 
104.5 

125.8 
112.0 
126.8 
98.8 

118.0 
119.0 
97.9 

101.0 
122.5 
74.5 
85.8 

162.8 
20.0 

46.6 
62.2 

Std Error 

23.51 
13.25 
14.41 

22.86 
9.60 

12.33 
38.52 
22.48 

5.28 
10.27 
10.66 
14.89 
15.40 
10.14 
17.94 
16.00 
16.22 
7.95 

Source DF Mean Square F 

Trt (1984) 
Error 
Trt (1985) 
Error 

17 
51 
17 
51 

3342.54 
1075.89 
168.377 
130.028 

x combined data from 11 harv·?sts. 
'J combined data from 3 ilodr vests. 
* = significant difference at 590 leve 1. 

3.11 * 
1.29 NS 

H•.an Std Error 

36.0 6.15 
25.3 6..37 
32.:.3 9.6!:i 

32.5 7.40 
25.5 1.70 

41.8 9.06 
38.3 2.72 
27.3 3.33 
33.0 7.43 
26.5 4.70 
22.8 5.69 
26.0 3.14 
18.8 5.96 
30.3 6.94 
23.3 1.38 
27.0 1.73 
41.8 7.04 
29.0 2.83 

NS 
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Table 13. The loflueoce of Herbicides oo the Mean Berrg 
Weight of ·uecter· Strawberries. 

Rate 
Berr~ Veoight (g) 

Treatm•nt (kg ai/ba) 1984X 1985 g 

He an 

Triflur a lin 1.1 6.3 
Triflur a lin 2.2 5.5 
Triflur a lin I 1.1/0.5 6.4 
Terbacil 
Napropamide 4.5 6.2 
Napropamide/ 4.5/0.25 6.2 
Sethoxydim 
Pendimetha lin 1.5 5.7 
Pendimethalin 3.0 5.8 
Simazine 0.5 4.8 
Simazine 1.0 4.8 
Terbacil 0.25/0.15 5.7 
Terbacil 0.5/0.25 6.0 
Meto lach lor 1.68 5.3 
Meto lach lor 2.64 5.0 
SE'thoxydim 0.25 5.6 
Setho~dim 0.35 5.3 
Chloroxuron 5.6 5.7 
Hand Weeded Check 6.0 
Unweeded Check 6.1 

Ana 1y sis of Variance 

Source DF Mean Square . F 

Trt (1984) 
Error 
Trt (1985) 
Error 

17 
51 
17 
51 

0.681667 
0.483333 
1.41752 
0.896142 

x = combined data from 11 harvests. 
y = combined data from 3 harvests. 
NS = not significant. 

1.41 NS 

1.58 NS 

Std Error Mean Std Error 

0.58 7.7 0.36 
0.42 6.8 0.83 
0.20 7.1 0.11 

0.19 7.3 0.45 
0.39 7.6 0.13 

0.33 8.0 0.29 
0.43 8.4 0.45 
029 8.6 0.33 
0.42 7.2 0.60 
0.66 7.0 0.71 
0.49 6.9 0.51 
0.25 7.5 0.40 
0.35 8.3 0.23 
0.19 72 0.36 
0.62 8? ·- 0.35 
0.43 7.2 0.66 
0.09 8.1 0.52 
2.43 7.6 0.42 
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Table 14. The Effect of Herbicides on Fruit Truss Number 
of Newly-Planted ·Hecker· Strawberries. 

Number 
Fruit Trusses/Plant x 

Treatment Rate 
1985 kg ailh• 1984 

Mean Std Error Me•n Std Error 

Trifluralin 1.1 4.15 1.47 
Trifluralin 2.2 4.15 0.46 
Trifluralin/ 1.1/0.5 4.33 0.30 
Terbacil 
Napropamide 4.5 5.03 0.54 
Napropamide/ 4.5/0.25 4.23 0.56 
Sethoxydim 
Pendimetha1in 1.5 5.03 0.89 
Pendimethalin 3.0 4.05 0.83 
Simazine 0.5 4.35 0.24 
Simazine 1.0 4.80 0.58 
Terbacil 0.25/0.15 4.75 0.43 
Terbacil 0.5/0.25 4.00 0.38 
Melolachlor 1.68 4.40 0.48 
Metotachtor 2.04 3.93 0.89 
Sethoxydim 0.25 4.45 0.29 
Sethoxydim 0.35 3.23 1.04 
Chloroxuron 5.6 4.23 0.70 
Hand Weeded Check 6.13 0.72 
Unweeded Check 1.28 0.32 

LSD (5~) 1.89 
LSD (1~) 2.53 

Analysis of Variance 

Source OF Mean Square F 

Trt (1984) 17 3.66622 2.07. 
Error 51 1.77506 
Trt (1985) 17 2.06618 2.06. 
Error 51 1.00164 

x = estimated from counts on 6 plants per replicate. 
* = difference significant at 5" level. 

4.13 0.65 
3.68 0.43 
3.05 0.41 

4.30 0.27 
3.75 1.06 

5.10 0.54 
4.43 0.65 
3.80 0.15 
3.70 0.46 
3.98 0.20 
3.50 0.43 
2.88 0.36 
2.78 0.62 
3.08 0.49 
3.98 0.69 
4.90 0.60 
5.43 0.17 
3.48 0.20 

1.42 
1.90 
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Table 15. 1985 ·oeuot~f fruit Yield as I efl ueeced bg Herbicides Applied 
in the 1984 Season. 

Treatment Rate 
(kCJ ai /b.a) 

Triflur a lin 1.1 
Triflur a lin 2.2 
Triflur a lin I 1.1/0.5 
Teorbacil 
Napropamide 4.5 
Napropamideo I 4.5/0.25 
Sethoxydim 
Peondimethalin 1.5 
Pendimeotha lin 3.0 
Simazine 0.5 
Simazine 1.0 
Terbacil 0.25/0.15 
Terbacil 0.5/0.25 
Me to lach lor 1.68 
Meto lach lor 2.64 
Sethoxydim 0.25 
Sethoxydim 0.35 
Chloroxuron 5.6 
Hand \v'eeded Check 
Unw-eedeod Check 

LSD (5%) 
LSD (1%) 

Ana lq sis of Variance 

Source 

Trt (Yield) 
Error 
Trt (MB\1) 
Error 

Of Mean Square 

17 
51 
17 
51 

6 .02639E+005 
2.76145E+005 
0.255299 
.201582 

x combined data from 8 harvests. 

Fruit Vie ld 1985 
(g/plot) x 

Heoan Std Error 

1624.4 203.49 
1442.6 281.91 
1948.4 77.82 

2032.6 302.07 
2011.2 468.01 

1948.6 235.16 
2109.1 278.89 
2062.4 275.72 
1771.9 417.66 
2203.0 143.27 
2417.6 410.15 
2203.4 395.02 
1994.1 203.42 
1725.3 251.50 
1753.2 444.89 
1691 .2 359.28 
2481.7 552.61 

777.4 129.53 

1037.0 
1704.7 

F 

1.27 * 
2.18 * 

*=differencE" significant at 5% levE"l. NS =not significant. 

Berrg 'Weight 
(g) 

Heoan Std Error 

5.2 0.43 
4.9 0.27 
5.3 0.26 

5.4 0.51 
5.7 0.58 

5.4 0.47 
5.4 0.47 
5.5 0.33 
5.4 0.29 
5.7 0.19 
5.5 0.45 
5.4 0.33 
5.3 0.41 
5.0 0.24 
5.6 0.33 
5.8 0.32 
5.8 0.40 
5.2 0.32 

NS 
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Table 16. ·sounty· Fruit Number as Influenced by Herbicides 
App1ied in the 1984 Season. 

Treatment 

Trifluralin 
Trif1ura1in 
Trifiuralin/ 
Terbacil 
Napropamide 
N11propamide/ 
Sethoxydim 
Pendimethalin 
Pendimethalin 
Simazine 
Simazine 
Terbacil 
Terbacil 
Melolachlor 
Metolachlor 
Selhoxydim 
Sethoxydim 
Chloroxuron 
Hand Weeded Check 
Unweeded Check 

LSD (5~) 

LSD (1~) 

R•la 
(kg ai/ha) 

1.1 
2.2 

1.1/0.5 

4.5 
4.5/0.25 

1.5 
3.0 
0.5 
1.0 

0.25/0.15 
0.5/0.25 

1.68 
2.64 
0.25 
0.35 
5.6 

Analysis of Variance 
Source OF Mean Square F 

Trt 
Error 

17 
51 

17304.4 
7683.32 

x combined data from 8 harvests. 
* = significant at 5~ I-vel. 

2.25 " 

Fruit No./DJot 
1985x 

Me•n Sld Error 

299.8 59.76 
311.8 27.86 
369.3 10.28 

391.8 72.03 
362.8 72.99 

356.0 20.55 
387.3 21.50 
376.5 44.90 
329.5 70.11 
390.5 25.84 
436.5 63.78 
397.8 54.89 
412.8 37.90 
344.3 39.38 
315.8 71.48 
299.5 59.29 
419.8 62.11 
147.8 20.40 

124.6 
166.2 
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Table 17. The Effect of Herbicides Applied in 1984 on ·aounty· 
Fru1t Truss Number in 1985. 

Treatment 

Trifluralin 
Trifluralin 
Trifluralin/ 
Terbaci1 
Napropamide 
Napropamide/ 
Sethoxydim 
Pendimethal in 
Pendimethal in 
Simazine 
Simazine 
Terbaci1 
TerbaciJ 
MelolachJor 
Metolachlor 
Sethoxydim 
Sethoxydim 
Chloroxuron 
Hand Weeded Check 
Unweeded Check 

LSD (5~) 

LSD ( 1 ~) 

Rate 
kg ai/ha 

1.1 
2.2 

1.1/0.5 

4.5 
4.5/0.25 

1.5 
3.0 
0.5 
1.0 

0.25/0.15 
0.5/0.25 

1.68 
2.64 
0.25 
0.35 
5.6 

Analysis of Variance 
Source OF Mean Square F 

Trt 
Error 

17 
51 

4.96524 
1.42914 

* * = Different::e significant at 1 ~ level. 

3.47 ** 

Number 
Fruit Trusses/Plant 

Mean Std Error 

5.23 0.34 
5.18 0.37 
6.50 0.50 

6.70 0.88 
5.70 1.07 

6.00 0.58 
5.88 0.11 
6.33 0.67 
5.98 0.98 
6.40 0.90 
7.13 0.69 
6.75 0.73 
5.85 0.49 
5.18 0.50 
5.25 0.61 
6.05 1.11 
8.08 0.52 
2.63 0.33 

1.70 
2.27 
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affected by the herbicide in 1984, but reductions occurred in 1985 at 

both rates (Table 14). 'Bounty' plants treated with both rates of 

simazine showed no yield, mean berry weight, fruit number, or 

fruit truss number per plant reductions when they were compared 

to the control plants (Tables 15, 16, 17). The results obtained from 

the simazine-treated plots were variable in yield response between 

1984 and 1985. Simazine provided excellent control of a wide range of 

annual grasses and broad-leaf weeds, but the safety margin for use 

on 'Hecker' strawberries was not adequate. The results obtained in 

1984 for 'Hecker' agree with the findings of Collins and Everett (1965) 

Leefe (1965), Lawson and Wiseman (1978), and Parfitt and Stott 

(1978). 

'Hecker' fruit yields were significantly reduced in 1984 when 

terbacil was applied at 0.25/0.05 kg ha-1 and 0.5/0.25 kg ha-1, but 

not in 1985 (Table 11). Terbacil, when applied at 0.5/.25 kg ha-1, 

caused significant reductions in 'Hecker' fruit numbers in 1985 when 

compared to the hand-weeded control (Table 12). Mean berry weight 

and fruit truss number per plant (1984) were not affected, however, 

significant reductions in fruit truss number occurred in 1985 for both 

treatment rates of terbacil when compared to the hand-weeded 

control (Table 13, 14). Although 'Bounty' fruit yield and mean berry 

weight, and total fruit number per plot were not influenced by the 

postpla~1t "Creatments of terh~.ci.L, fruit truss numbers per plant were 

significantly reduced (p=0.05) at both treatment rates when 

compared to the hand-weeded control (Table 15, 16, 17). 

Terbacil is currently registered for use 4-6 weeks after planting 

when mother plants are established and before extensive runner 
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production and rootin~ of runners has occurred. The reductions in 

'Hecker' fruit yield obtained in 1984 agree with the results obtained 

by Uprichard (1972). Differences in cultivar response to the herbicide 

occurred, with reductions in yield occurring for 'Hecker~ but not for 

'Bounty'. These findings agree With those of previous researchers 

(Jensen and Craig, 1975; Jensen, 1976; Weller, 1981; Ahrens, 1982). 

Terbacil applications did cause considerable damage to the growth of 

both cultivars. Although it appeared that the plants had fully 

recovered by the end of the growing season, it is evident that the 

growth checks did influence the yields obtained from 'Hecker'. 

The effects of trifluralin on 'Hecker' and 'Bounty' fruit yield in 

1984 and 1985 were not similar. Trifluralin at 1.1 kg ha-1 and the 

combination trifluralin/terbacil (1.1/0. 5 kg ha-1) treatment did not 

cause any significant reduction in fruit yield of 'Hecker' or 'Bounty' 

when means were compared to the hand-weeded control. However, 

trifluralin at 2.2 kg ha-1 did significantly reduce fruit yield (p=0.05) 

of 'Hecker' in 1984 and 'Bounty' in 1985 (Table 11, 15). Significant 

differences in total fruit numbers were caused by treatments of 

trifluralin alone (1.1 and 2.2 kg ha-1), as well as the 

trifluralin/terbacil combination (1.1/0. 5 kg ha-1) in 1984 and plants 

treated With trifluralin at 2.2 kg ha-1 in 1985 (Table 12). Mean berry 

weight for 'Hecker' and 'Bounty' was not significantly affected by 

the trifluralin treatments (Table 13, 15). A significant (p=O. 05) 

reduction in 'Hecker• fruit truss number was observed on plants 

treated With 1.1 and 2.2 k.g ha-1 trifluralin in 1984., and on plants 

treated With 2.2 k.g ha-l trifluralin and t~-ifluralin/terbacil (1.1/0.5 

kg ha-1) in 1985 (Table 14). No significant differences for 'Bounty' 
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were observed for fruit numbers when means were compared to the 

hand-weeded control (Table 16). Highly significant reductions 

(p=0.01) in fruit truss numbers were noted for 'Bounty' treated with 

trifluralin at 1.1 and 2.2 kg ha-1 when compared to the hand

weeded control (Table 17). Previous reports of trifluralin use on 

newly-planted strawberries indicated that, despite temporary 

damage, subsequent cropping was not affected (Farrant, 1974; 

Lawson and Wiseman, 1974; Rath and O'Callaghan, 1976). The results 

reported in this study agree with earlier findings, although long

term damage (reductions in 'Bounty' and 'Hecker' fruit yield) was 

observed at rates greater than 2.2 kg ha-1. 'Bounty• and 'Hecker' 

fruit yields were significantly reduced by the 2.2 kg ha-1 treatment, 

and the reductions could, in part, be due to growth checks observed 

within the first 6 weeks of application. The reductions in 'Hecker· 

fruit yield obtained in 1985 could also be due, in part, to the poor 

condition of the transplants. 

Pendimethalin applied at 1.5 kg ha-1 PPI did not influence 

'Hecker' fruit yield, mean berry weight, fruit number, and fruit 

truss number in 1984 or in 1985 (Table 11, 12, 13, 14) nor did it 

influence 'Bounty' yield, mean berry weight, fruit number and fruit 

truss number in 1985 (Table 15, 16, 17). Fruit yield and fruit 

number were significantly reduced in 1984 for 3.0 kg ha-1, but not 

in 1985 (Table 11, 12). There were no significant differences between 

'Hecker( fruit truss numbers of treated plants and hand-weeded 

control plants in both years of the study (Table 14). 'Bounty' fruit 

yield and fruit numbers were not affected by pendimethalin applied 

at 3. 0 kg ha-1 (Table 15, 16). However, significant differences in 
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'Bountv' fruit truss number occurred With both rates of 

pend1methalin, when compared to the hand-weeded control (Table 

17). Pendimethalin was shown to be potentially safe on strawberries 

in sand culture tests performed by Clay and Davison (1978). Field 

trials conducted With pendimethalin at 2-4 kg ha-1 on newly

planted strawberries showed no adverse effects on yield (Clay et al, 

1974; Loughall, 1977; Clay, 1978; Lawson and Wiseman, 1978; Davison 

and Bailey, 1980). In 1984, reductions in 'Hecker' fruit yield were 

obtained, but reductions did not occur in 1985. Pendimethalin is 

subject to loss by photochemical degradation and volatilization 

(Anon. 1983). A possible explanation for the greater tolerance in 1985 

could, in fact, be due to some loss of herbicidal activity either due 

to weather conditions during, or after application, or to poor 

incorporation of the herbicide. 

Chloroxuron was applied at the registered rate of 5.6 kg ha-1 

for newly-planted strawberries. A significant difference in 'Hecker' 

fruit yield (Table 11) was observed in 1984, but there was no 

significant difference in 'Hecker' and 'Bounty' fruit yield in 1985 

(Table 11, 15). 'Hecker' exhibited significant differences in fruit 

number and fruit truss number in 1984, but not in 1985 (Table 12, 

14). There were no differences in mean berry weight for any of the 

treated plants when compared to the hand-weeded control (Table 

13, 15). No differences in 'Bounty• fruit number were noted (Table 

16), but there were significant reductions in fruit truss numbers 

(p=.05) when compared to the hand-weeded control (Table 17). 

Chloroxuron has been used on strawberries since 1961, and many 

researchers since that time have confirmed its relative safety when 
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applied to newly-planted strawberries (Ayers, 1964; DaVison, 1964; 

Hughes and Ivens, 1966; Hughes, 1968; Schubert, 1969; Schubert and 

Hickman, 1971; Lay and Illnicki, 1972; Jensen, 1979; Hertz, 1982). 

The results obtained for 'Bounty' are in agreem'?nt With preVious 

researchers, but not for 'Hecker'. 

There were no significant reductions in 1984 and 1985 for 

'Hecker' and 'Bounty' yield, total fruit number, mean berry weight, 

and fruit truss number tor napropamide applied at 4.5 k.g ha-1, 

when means were compared to the hand-weeded control (Tables 11-

17). On plants treated with two postplant applications of sethoxydim 

at 0.25 kg ha-1 made four and eight weeks after napropamide, 

significant reductions (p=O. 05) in 'Hecker' fruit yield and fruit 

number occurred in 1984 (Table 12), 'Hecker' fruit truss number in 

1984 and 1985 (Table 14), and 'Bounty' rrutt truss number 1n 198~ 

(Table 17). No differences in fruit number were observed between 

treated 'Bounty' and the hand-weeded control (Table 16). Previous 

reports have indicated variations in response to napropamide. Severe 

injury has been reported when the herbicide has been applied to 

plants growing in sandy soils (Schubert, 1966), while an adt::?quate 

safety margin was achieved on heaVier-textured soils (Selleck et al , 

1980; Putnam and Hancock, 1982; Rath and O'Callaghan, 1982; Cain, 

1983; Kee, 1983). Differences among cultivars have also been 

observed, and have been attributed to variations in soil type, 

enVironmental conditions, and genetic differences (Weller, 1984). 

There were no significant decreases in fruit yield of 'Hecker' or 

'Bounty' in both years of the study when napropamide was applied 

alone at 4.5 kg ha-1. These results seem to agree with previous 
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reoorts (Ahrens. 1982~ Freeman. 1982: Freeman. 1983). that 

napropamide does not adversely affect fruit yield. However, 

reductions in 'Hecker' yield, fruit number, and fruit truss number 

were experienced on those plants which were treated with two 

postplant applications of sethoxydim (0.25 k.g ha-1) (Table 11, 12, 

14). Results from the sethoxydim treatments revealed significant 

reductions in yield at the 0.35 kg ha-1 rate. Although yield 

reductions were not significantly different from control treatments, 

growth was slightly checked by the napropamide treatment and 

further growth checks (plant stunting and slight yellowing of foliage) 

were observed following the applications of sethoxydim. The injury 

which occurred from the combination of the two treatments 

probably reduced yields. 

Metolachlor was applied at 1.68 and 2.64 kg ha-1 to 'Hecker' 

and to 'Bounty'. Significant differences in fruit yield of 'Hecker' were 

observed in both years of the study, and for both application rates 

(Table 11). There was a significant reduction in fruit number for 

'Hecker', for both rates in 1984 and 1985 (Table 12). Mean berry 

weight was not affected by the treatment (Table 13), but fruit truss 

number of metolachlor-treated (2. 64 kg ha-1) 'Hecker' differed 

significantly from the hand-weeded control in both years of the 

study, and at the 1.68 kg ha-1 rate in 1985 only (Table 14). 'Bounty' 

did not show any differences in fruit yield when compared to the 

untreated control (Table 15). 'Bounty' had a reduction in fruit truss 

number with metolachlor applied at 2. 64 kg ha-1 (Table 17). No 

differences in 'Bounty' fruit number were observed. There have 

been few reports regarding the general plant safety of metolachlor to 
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strawberries, but the herbicide has shown promise in controlling a 

broad spectrum of annual grasses and broad-leaf weeds. Masiunas 

and Weller (1982) applied metolachlor as a postplant treatment at 

2.2, 4.5, and 9.0 kg ha-1 and results showed that plants were 

severely stunted, but that no plant death occurred. There were no 

yield reductions in 'Bounty' plants, treated in the year prior to 

harvest. However, the rates applied to 'Hecker', if fruit was to be 

harvested in the planting year, were too high and significant 

reductions in yield occurred. Obrigawitch et al. (1981) also has 

shown that metolachlor can be leached on soils low in organic 

matter and on coarse-textured soils into, or below, the crop root 

zone, causing crop injury. Further studies with metolachlor applied 

to a Wider range of soil and environmental conditions are necessary 

to evaluate herbicide performance and crop safety margin of the 

herbicide. 

Sethoxydim was applied at 0.25 and 0.35 kg ha-1 to 'Hecker' 

and 'Bounty' cultivars resulting in significant differences in fruit 

yield, fruit number, and fruit truss number for 'Hecker' (Table 11, 

12, 14). No differences were observed for 'H~f"ker' mean berry weight 

in 1984 nor in 1985 (Table 13). However, the effects on fruit yield 

and number did vary in 1984 and 1985, with significant reductions 

occurring at both rates in 1984 and reductions occurring at 0. 35 kg 

ha-1 in 1985 (Table 11). Also, differences in fruit numb{?r ,A!ere 

significant only at the 0.35 kg ha-1 rate in 1984 and 1985 (Table 12). 

No differences with fruit yield, mean berry weight, and fruit 

number were experienced with 'Bounty' (Table 15, 16), although 

fruit truss numbers were significantly reduced for both application 
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rates (Table 17). No Yield reductions were observed with 'Bountv·, 

but consistent reductions in yield were observed with 'Hecker'. 

Sethoxydim is a postemergent herbicide which controls annual and 

perennial grass weeds. Very little is known about the herbicides' 

reaction in soil, other than it persists approximately 4-11 days 

(Anon., 1983). Strawberries were proven to be tolerant of 

sethoxydim along with 50 other broadleaf crops (Kuk.as, 1983). In 

earlier studies performed in a greenhouse, Jensen (1979) observed 

reductions in growth (plant stunting) when sethoxydim was applied 

at 2. 0 kg ha-1, but no effects at 0. 5 and 1. 0 k.g ha-1. These findings 

agree with those observed by Hertz (1982). Because there have been 

so few investigations involving the use of sethoxydim on 

strawberries, further studies on time of application on day-neutral 

cultivars and herbicide application rates are needed. 

4. 2 The effect of herbicide residues on the yield. mean 
berry weight .. and fruit truss number of 'Hecker• 
strawberries (as influenced by herbicides applied in the 
previous season). 

Although the primary objective was to observe the effects of 

herbicides on first-year plantings of the day-neutral strawberry 

cultivar 'Heck.erJ, fruit data collection was continued for a second 

season. Although the feasibility of growing day-neutral cultivars as 

an annual crop was determined by Turner (1985), it is probable that 

growers will treat the day-neutral as they would June-bearing 

cultivars, by planting them in the spring, harvesting that same 

season, overwintering the plants, and harvesting for a second 

season, providing the plants are not winter-killed. 



67 

It did appear that 'Hecker' yields from herbicide-treated plots 

were generally lower than control plots, especially at the higher 

application rates (Table 18). Plants which were damaged from the 

herbicide treatments, in the season or spraying, did show signs of 

recovery, as recorded by plant tolerance ratings and plant height 

measurements (Table 24-27). To determine 1! there was any further 

suppression of yield potential, fruit was harvested in 1985 from plots 

treated with herbicides in the 1984 season. 

Fruit yields recorded from 12 harvests or 'Hecker' in 1985, from 

the 1984 trial, revealed yield reductions from plants treated with 

trifluralin, pendimethalin, simazine (0. 5 kg ha-1 only), and 

metolachlor when compared to the hand-weeded control (Table 18). 

There was no influence from any of the herbicides on berry size 

(Table 18). Decreases 1n rrutt numbers were observed wlth s1m11ar 

treatments as listed in Table 19. 

It appears that most of the reductions in yield observed in the 

year after application were on those plants which had suffered 

moderate, to severe, checks to growth in 1984. Treatments which 

produced these effects included simazine, trifluralin, pendimethalin, 

and metolachlor. It is also important to consider the soil persistence 

of the herbicide, or any other characteristic of the herbicide which 

may influence carryover. Simazine, trifluralin, and pendimethalin 

persist 6, 4-6, and 3-6 months, respectively, in soil depending on soH 

and environmental conditions. 
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Table 18. Effect of Herbicides Applied in 1984 on 1 985 ·Heeter· Fruit Yield 
and Mean Berrg Weight_ 

Tr•atm•nt Rat• Fruit Yi•ld B•rr'J 
X Y•ight(g) 

(kg ai/ha) 1985 (4J/plot) 

H•aa Std Error Mean Std Error 

Triflur a lin 1.1 2180.2 375.49 7.2 0.09 
Triflur a lin 2.2 1324.0 377.28 6.9 0.19 
Triflur a lin I 1.1/0.5 2336.7 323.21 6.9 0.39 
Terbacil 
Naproparnide 4.5 2737.3 474.17 7.4 0.34 
Naproparnide I 4.5/0.25 2795.9 400.51 7.6 0.13 
Sethoxydim 
Pendimetha lin 1.5 2294.9 661.15 6.6 0.16 
PendimE'tha lin 3.0 1951.4 474.15 7.0 0.23 
Simazine 0.5 2278.4 292.51 7.3 0.23 
Simazine 1.0 2635.8 602.30 6.5 0.24 
Terbacil 0.25/0.15 2444.0 423.55 7.1 0.19 
Terbacil 0.5/0.25 3175.1 647.38 6.9 0.29 
Me to lach lor 1.68 2148.9 191.35 7.1 0.30 
Meto lach lor 2.64 1913.7 107.38 6.8 0.35 
Sethoxydim 0.25 2784.2 182.50 6.6 0.26 
Sethoxydim 0.35 2636.2 398.13 6.9 029 
Chloroxuron 5.6 2410.7 413.27 6.8 0.33 
Hand Weeded Check 3297.4 470.61 7.1 0.18 
Unweeded Check 1517.5 148.33 7.8 0.36 

LSD (5%) 893.0 NS 
LSD (1~) 1191.3 

Analysis of \1 ariance 

Source OF Mean Square F 

Trt (Yield) 17 1 .04629£+006 2.65 ** 
Error 51 3 .94957E+OOS 
Trt (Berry 'w't.) 17 0.378867 1.41 NS 
Error 51 0269346 

x = combined data from 12 har'tests. 
* '* = difference significant at 1 ~ leve 1 '.iS - not significant. 
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4.3 The effect of herbicides on nlant growth and runner 
production of newly-planted 'Hecker• and 'Bounty' 
strawberries in 1984 and 1985. 

There were differences in herbicide effects between 1984 and 

1985 on 'Hecker' and 'Bounty' runner growth data, therefore, the 

results will be discussed separately. There were no significant 

differences between treated 'Hecker• strawberries and the hand-

weeded control in 1984 in items of runner number, daughter 

number, and rooted runners (Table 20). 

In 1985, all herbicide treatments, excluding pendimethalin 

applied to 'Hecker' at 1.5 kg ha-l and metolachlor applied at 2.64 kg 

ha-l, produced significantly different results from the hand-weeded 

control (Table 21). Trifluralin applied at 2.2 kg ha-1, 

trifluralin/terbacil applied at 1.1/0.5 kg ha-1, napropamide applied at 

4.5 kg ha-1, napropamide/sethoxydim applied at 4.5/0.25 kg ha-1, 

pendimethalin applied at 1.5 kg ha-1, terbacil applied at 0.25/0.15 

and 0.5/0.25 kg ha-1, metolachlor applied at 2.64 kg ha-1, 

sethoxydim applied at 0.25 and 0.35 kg ha-1, and chloroxuron 

applied at 5.6 kg ha-1 treatments caused significant reductions in 

daughter number per plant. All herbicide treatments caused 

significant reductions (p=0.01) in the number of rooted runners. 

The effects of herbicide treatments on 'Bounty• runner growth 

in 1984 are listed in Table 22. Effects of herbicide treatments on 

'Bounty' runner growth in 1985 are listed in Table 23. Napropamide 

effects for both years of the study were sir~.il<:u· for rooted runner 

numbers. Significant reductions occurred in 'Bounty' daughter 

numbers per plant in 1984 from the napropamide/sethoxydim 

treatment (Table 22) and from napropamide alone at 4.5 kg ha-l in 
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Table 19. The Effect of Herbicides Applied in 1984 on ·uecker· 
Fruit Number i a 1985_ 

Treoatmeont 
R.ateo 

(k9 ai/h.a) 

Tri1lur a lin 1.1 
Triflur a lin 2.2 
Tri1lur a lin I 1.1/0.5 
Terbacil 
Napropamide 4.5 
Napropamide I 4.5/0.25 
Sethoxydim 
Pendimeth.a 1in 1.5 
Pendimethalin 3.0 
Simazine 0.5 
Simazine 1.0 
Terbacil 0.25/0.15 
Terbacil 0.5/0.25 
Metolach lor 1.68 
Meto lachlor 2.64 
Sethoxydim 025 
Sethoxydim 0.35 
Chloroxuron 5.6 
Hand Weeded Check 
Unw-eeded Check 

LSD(S~) 
LSD (1~) 

Ana lysis of Variance 

SourcE' 

Trt 
Error 

DF Mean Square 

17 
51 

4 .27277E +005 
9026.66 

x = combined data from 1 2 harvests. 
* = difference significant at 190 level. 

fruit No ./Plot x 

Heoan Std Error 

319.8 59.18 
193.0 52.75 
345.5 59.57 

374.3 65.72 
398.0 61.49 

35t .3 99.36 
278.0 64.71 
314.3 46.29 
396.0 85.81 
349.8 63.84 
473.8 110.22 
300.0 24.51 
281.8 18.78 
424.8 20.19 
388.3 65.56 
362.3 75.34 
463.8 60.84 
193.5 10.47 

135.1 
180.2 

F 

2.78 ** 



Table 20. Effect of Herbicides on 'Hecker' Strevberry Runner Grovth in 1984. 

No. 
Rate No. Runners I Daughter Plants I No. Daughter 

Treatment (kg ai/ha) Hoth•r Plant x Plant x Plants Rooted x 

Mean Std Error Mean Std Error Mean Std Error 

Triflur a lin 1.1 3.00 0.38 4.54 0.79 1.58 0.32 
Triflur a lin 2.2 2.83 0.30 5.42 0.70 2.50 0.43 
Trifluralin/ 1.1/0.5 3.46 0.40 5.55 0.85 2.88 0.45 
Terbaoil 
Napropamide 4.5 3.50 0.47 5.42 0.83 2.04 0.33 
Napropamide I 4.5/0.25 3.42 0.45 6.38 1.04 3.00 0.88 
SethoXIJ dim 

0.27 Pendirnetha lin 1.5 3.33 6.58 0.48 3.29 0.41 
Pendirnetha lin 3.0 2.96 0.40 5.38 0.77 2.21 0.52 

0.5 2.63 0.37 4.88 0.61 1.58 
....... 

Simazine 0.26 ..... 
Simazine 1.0 3.08 0.24 5.17 0.53 2.21 0.39 
Terbaoil 0.25/0.15 2.95 0.32 5.71 0.76 2.71 0.37 
Terbaoil 0.50/0.25 3.75 0.30 6.46 0.60 2.50 0.33 
Metolac:hlor 1.68 2.50 0.28 4.71 0.59 1.79 0.32 
Metolac:hlor 2.64 2.54 0.33 4.46 0.60 1.85 0.32 
Sethox!J dim 0.25 3.33 0.23 6.54 0.71 3.00 0.40 
SethoXIJ dim 0.35 2.67 0.31 5.46 0.67 2.42 0.39 
Ch loroxuron 5.60 2.96 0.38 4.79 0.77 1.96 0.39 
Hand 'vleeded Cheuk --- 2.98 0.25 6.13 0.65 3.38 0.56 
Unweeded Cheok --- 1.70 0.26 2.42 0.45 1.25 0.29 

Leve 1 of Significance NS NS NS 

x =estimated from oour.ts on 6 plants per replication, 100 days afttr planting. 
NS = differences not significant. 



Table 21. The Effect of Herbicides on ·Heeter· Stravberru Runner Grovth in 1985. 

No. 
Rate No. Runners I Daughter Plants I No. Daughter 

Treatment (kg ai/ha) Mother Plant x Plant x Plants Rooted x 

He an Std Errtr He an Std Error Mean Std Error 

Trifluralin 1 .1 2.18 0.31 3.55 0.69 1.05 0.37 

Triflur a lin 2.2 2.30 0.27 2.90 0.36 0.58 0.28 

Tritluralin/ 1.1 /0.5 1.53 0.52 2.75 0.93 0.63 0.40 

Terb.aoil 
Napropamidt 4.5 1.53 0.38 1.88 0.55 0.35 0.16 

Napropamide/ 4.5/0.25 1.68 0.34 2.13 0.19 0.43 0.22 

Sethoxydim 
1.5 0.43 Pendimetha lin 2.65 3.03 0.53 0.70 0.28 

Peradimetha lin 3.0 2.23 0.53 4.40 1.28 1.20 0.34 

Sim.azine 0.5 1.58 0.36 2.18 0.18 0.45 0.36 

Sim.azinEt 1.0 1.83 0.49 3.78 0.18 0.95 0.33 
...J 
N 

Terb.aoil 0.25/0.15 1.93 0.32 2.70 0.35 0.33 0.20 

Terbaoil 0.50/0.25 1.48 0.26 2.38 0.69 0.33 0.24 

Me to l.aoh lor 1.68 2.33 0.27 4.45 0.37 0.68 0.24 

· Metolaohlor 2.64 2.38 0.17 2.95 0.52 0.58 0.19 

Sethoxydim 0.25 1.90 0.27 3.10 0.55 0.65 0.22 

Sethoxydim 0.35 2.35 0.05 3.28 0.11 0.88 0.28 

Ch loroxuron 5.60 1.88 0.49 2.75 o.so 0.88 0.57 

Hand Weeded Check --- 3.35 0.22 5.45 0.39 2.23 0.17 

Unwe&ded Check --- 2.15 0.36 3.40 0.36 0.65 0.09 

Leve 1 of SignificancE' * * ** LSD (5%) 0.99 1.93 0.75 
LSD (1 %) 1.34 2.57 1.00 

x =Estimated from counts on 6 p~ants per replioationJ 110 days aftet· planting. 
* J * * = differEtnoe significant .at the 596 or 1 % lt<veo 1 resp&ct'f.te ly . 



Table 22. Effect of Herbicides on ·aountg• Stravberry Runner Growth i a 1984. 

No. 

Rate No. Runners I Daughter Plants/ Ne. Daugllter 
Treatmen Mother Pl.ant x Pl.ant x X 

(kt ai/h.a) Plants Rotted 

He .an Std Error He an Std Error Mean St4 Error 

Trifluralin 1 .1 11.48 2.09 6.80 1.44 1.88 0.46 

Trifluralin 2.2 8.70 1.52 9.35 2.44 2.73 0.91 

Triflur a lin I 1.1/0.5 14.20 2.68 10.95 3.00 3.65 1.74 

Terbacn 
Napropamide 4.5 10.90 1.36. 8.40 1.26 2.08 0.60 

Napropamide I 4.5/0.25 9.05 0.71 5.93 1 .19 1.50 0.77 

Sethoxydim 
Pendimetha lin 1.5 10.60 0.87 8.50 1.11 2.93 0.39 

Pendimetha lin 3.0 12.03 0.99 8.18 1.94 1.95 1.09 

Simazint 0.5 11.95 1.96 7.68 2.74 2.48 1.26 ...... 

Simazine 1.0 10.70 1.33 9.18 2.95 2.20 1.20 
()II 

Terbaoil 0.25/0.15 13.03 2.99 10.28 2.44 4.18 1.50 

Terbaoil 0.50/0.25 13.05 2.25 11.53 2.84 3.45 1.27 

Me~o laoh lor 1.68 9.70 0.98 8.48 1.82 2.38 0.84 

Me to laoh lor 2.64 8.90 1.29 6.70 1.56 1.30 0.47 

Sethoxydim 0.25 11.20 2.32 10.20 3.34 4.10 1.73 

Sethoxydim 0.35 10.23 2.49 8.45 3.75 3.45 1.92 
Ch loroxuron 5.60 11.15 2.33 8.93 2.43 2.73 1.07 

Hand \v'eeded Check --- 14.78 1 .18 11.03 1 .71 5.75 0.48 

Unweeded Cheok --- 5.80 1.29 4.40 1.52 1.25 0.69 

Leve 1 of Signifioanot ** * * 
LSD (5%) 3.49 4.52 2.18 
LSD (1%) 4.67 6.04 2.88 

x = Estimated from counts on 6 plants per replication 1 1 00 days after planting. 
*, ** = differerac:e significant at the- 5';l:S or 1% leve-l re-spee:th··ely. 
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1985 (Table 23). Treatments which significantly reduced runner 

numbers in 1984 included trifluralin at 2.2 kg ha-1, pendimethalin at 

1.5 kg ha-1, simazine at 1.0 kg ha-1, metolachlor at 1.68 and 2.64 

kg ha-1, sethoxydim at 0.25 and 0.35 kg ha-1, and chloroxuron at 

5.6 kg ha-1. There were no significant reductions in runner numbers 

in 1985. Treatments which caused significant reductions in rooted 

runner numbers included trifluralin at 1.1 and 2.2 kg ha-1, 

pendimethalin at 1. 5 and 3. 0 kg ha -1, simazine at 0. 5 and 1. 0 kg 

ha-1, terbacil at 0.5/0.25 kg ha-1, metolachlor at 1.68 and 2.64 kg 

ha-1, sethoxydim at 0.35 kg ha-1, and chloroxuron at 5.6 kg ha-1. A 

significant reduction in rooted runner numbers also occurred with 

'Bounty' plants treated with terbacil at 0.25/0.15 kg ha-1. 

It is essential that any herbicide treatment used on 

strawberries does not interfere with the development, or rooting of, 

runner plants, nor in any way decrease the development and 

establishment of early runner plants. This is an important factor to 

consider with day-neutral cultivars, since fruit can be harvested 

from daughter plants the year of planting. Day-neutral cultivars 

also tend to produce fewer runners per plant than June-bearing 

cultivars, therefore, lower yields could be due to the reduction in 

runner numbers and daughter plants. Runner production of both 

cultivars appeared to be unaffected by most of the herbicide 

treatments in 1984 (Table 20, 22). 'Bounty' plants treated Wlth 

napropamide/sethoxydim in 1984 and napropamide at 4.5 kg ha-1 in 

1985 showed significant (p=0.05) reductions in the number of 

daughter plants produced. Metolachlor applied at 2.64 kg ha-1 caused 



Table 23. Effect of Herbicides on ·oountu• Stravberry Runner Grovth tn 1985. 

No .. 

Rate No. Runners I Daughter Plants/ No. Daughter 
Treatment (kg ai/ha) Hoth•r Plant x Plant x Plants Rooted x 

H•an Std Error He an Std Error H•an Std Error 

Trifluralin 1 .1 9.25 0.73 9.23 0.96 6.20 1.39 
Trifluralin 2.2 8.23 1.27 8.68 1.40 3.93 0.97 
Trifluralin/ 1 .1/0.5 10.63 0.54 12.13 2.05 5.98 0.99 
Terbacil 
Napropamide 4.5 7.33 0.88 6.68 1.05 2.43 0.59 
Napropamide/ 4.5/0.25 7.78 0.62 7.43 0.56 3.25 0.18 
Settaoxy dim 
Pendimttha lin 1.5 8.23 0.82 7.92 0.84 4.43 0.47 
Pendimetha lin 3.0 8.00 0.43 8.18 1.07 3.93 0.63 
Sin-.azine 0.5 9.00 1.13 10.88 2.34 5.25 1.46 .....J 

U1 

Sirnazir•t 1.0 8.95 0.89 10.08 1.38 5.23 0.62 
Terbaoil 0.25/0.15 7.45 1.04 7.80 1.86 3.03 1.03 
Ttrbaoil 0.50/0.25 8.60 0.57 10.20 0.85 4.75 0.75 
1'1eto lac:hlor 1.68 7.80 0.44 7.65 0.53 3.75 0.41 
Me to laoh lor 2.64 8.48 0.72 8.75 1.28 4.85 0.84 
Setho~-<y dim 0.25 7.88 0.79 8.75 1.57 4.43 0.87 
Sethoxy dim 0.35 7.93 1.09 8.68 1.82 4.53 1.14 
Ch loroxuron 5.60 8.43 0.52 8.82 0.57 4.05 ~.32 

Hand W'teded Chtck --- 9.63 0.62 10.25 0.40 6.00 0.72 
Un··netded Check --- 9.30 0.57 9.03 0.36 5.25 0.38 

Leve 1 of Significance NS * * LSD (5%) 3.41 2.26 
LSD (1 %) 4.51 3.01 

x =Estimated from counts on 6 plants per replication, 110 days after planting. 
* :: difference significant at the 5% level. NS = not significant. 
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significant reductions in the number of rooted runners (Table 22, 

23). Further reductions in 'Bounty' runner growth (daughter 

number and rooted runners) were observed for plants treated with 

napropamide at 4.5 kg ha-1, and reductions in rooted runner 

numbers on plants treated with napropamide/sethoxydim at 4.5/0.25 

kg ha-1 in 1985 (Table 23). Most of the herbicide treatments applied 

to 'Hecker' plants in 1985 appeared to significantly affect runner 

growth (Table 21). One possible factor to explain this occurrence was 

the condition of the 'Hecker' transplants. The plants were in poor 

condition, most likely due to a prolonged storage period, and 

consequently plant establishment was slow. It is evident when 

comparing runner numbers of control plants that growth in 1985 did 

lag behind 1984 plant growth. The primary growth restriction of 

trifluralin, pendimethalin, napropamide, and metolachlor is 

inhibition of root elongation and development of lateral or secondary 

roots (Anon. , 1983). This may help to explain the reduction in 

runner growth and establishment observed for 'Bounty• plants 

treated with napropamide and metolachlor, as well as the reductions 

observed for 'Hecker'. 

Plant height measurements were taken at the end of each 

growing season to determine if plant growth was significantly 

checked by the herbicide treatments. Although it appeared that 

some of the herbicide treatments had checked growth soon after th~ 

herbicide applications, most plants did seem to recover by the end of 

the growing season. 

Plant height measurements were recorded once at the end of 

each growing season to determine if 'Hecker' plant growth had been 
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checked by the herbicide treatment (Table 24). Sethoxydim applied 

at 0. 35 kg ha-l was the only treatment to cause significant 

reductions in 'Hecker' plant height in 1984, however, no differences 

occurred in 1985 (Table 24). Plant height measurements were also 

recorded in the spring following the 1984 herbicide applications (Table 

25). Significant reductions in plant height occurred when trifluralin 

was applied at 2.2 kg ha-l and metolachlor at 2.64 k.g ha-l. 

Significant reductions also occurred when simaztne was applied at 

1.0 kg ha-1 and pendimethalin at 1.5 kg ha-l. 

In the 1984 and 1985 trials no significant differences occurred 

between 'Bounty• plant height of treated and control plants (Table 

26). 'Bounty• plant heights were also recorded in the spring of 1985 

from plants which had been treated in 1984 to determine if plants 

which had been affected by herbicides in 1984, had, in fact, 

recovered. This would be essential for the June-bearing cultivar 

'Bounty•, since the first fruit harvest would occur in the second 

season. It is also essential that the plants are in good condition 

before the onset of winter, since injured plants would be more prone 

to overwinter damage. The data recorded for ulant height revealed 

no significant differences between treated plants and the hand

weeded control plants (Table 27). 

4.4 The tolerance of· newly-planted 'Hecker• and 'Bounty• 
strawberries to herbicides in 1984 and 1985. 

Visual assessments of crop injury after herbicide applications 

were made 26 June, 3 July, 11 July, 31 July, 16 Aug., 13 Sept. in 
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Table 24. The Effect of Herbicides on the Plant Height of 
Nevl1J- Planted ·Heeter· Strawberries in 1 984 and 1 985. 

Plant H•i4Jht (em) x 
Tr•atmeont Rate 1984 1985 

kg ai/ha 
Mean Std Error Mean Std Error 

Triflur a lin 1.1 13.06 0.69 9.90 0.64 
Trifluralin 2.2 14.23 0.!56 8."38 0512 
Triflur a lin/ 1.1/0.5 13.63 0.58 9.50 0.87 
Terbacil 
N.apropamidEo 4.5 14.11 0.97 10.10 0.43 
Napropamide I 4.5/0.25 14.33 0.95 9.65 0.87 
SEothoxy dim 
P~ndimetha lin 1.5 15.46 0.54 10.03 0.91 
Pendimetha lin 3.0 13.50 0.67 9.90 0.44 
Simazine 0.5 13.61 0.55 9.68 0.82 
Simazine 1.0 14.51 1.12 9.40 0.63 
Terbacil 0.25/0.15 14.93 0.83 10.10 0.49 
TEorbacil 0.5/0.25 14.99 0.98 8.53 0.55 
Meto lach lor 1.68 1 !5.80 1.32 9.60 0.48 
M.;oto lach lor 2.64 13.17 0.86 9.98 0.96 
Sethoxy dim 0.25 14.03 0.41 10.53 0.58 
Seothoxy dim 0.35 12.74 1.17 9.48 0.40 
Chloroxuron 5.6 13.81 0.13 10.05 0.86 
H.and 'vi eeded Check 15.03 0.37 11.23 0.63 
Unwe~ Check 17.74 2.71 9.75 0.23 

LSD (5~) 2.50 NS 
LSD (1~) 3.33 

As:-~ lysis of Variance 

Source DF Mean Square F 

Trt (1984) 17 5.63574 1.83 * 
Error 51 3.08718 
Trt (1985) 17 1.32761 0.87NS 
Error 51 1.51958 

x = es-timated from counts on 6 p lan'ts per reo lication. 
* = diff~r~nce significant a-t the 5~ leve 1. NS = not significant. 
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Table 25. The Effect of Herbicides Applied in 1984 on the 
Plant Height of ·Hecker· Stravbernes 1 n 1985. 

Mean Plant Height 
Treatment Rate 

kg .ai/ha H•an 

Triflur a lin 1 .1 13.28 
Triflur a lin 2.2 11.10 
Triflur a lin I 1.1/0.5 14.35 
T~rbacil 
Napropamide 4.5 14.60 
Napropamide I 4.5/0.25 12.83 
Sethoxy dim 
Peondimetha1in 1.5 12.48 
Pendimethalin 3.0 13.88 
Simazine 0.5 15.10 
Simazine 1.0 12.58 
Terbacil 0.25/0.15 13.28 
Terbacil 0.5/0.25 14.68 
Meto lach lor 1.68 12.80 
ME>to lach lor 2.64 11.23 
SE>thoxy dim 0.25 14.60 
Sethoxydim 0.35 14.55 
Chloroxuron 5.6 16.25 
Hand Weeded Check 15.70 
UnweEodE>d ChE'ck 14.50 

LSD (5~) 3.04 
LSD (1 ~) 4.05 

Ana 1y sis of Variance 
Source OF Mean :.:.quare F 

Trt (1984) 17 11.0126 1.87 * 
Error 51 5.88758 

x = estimated from counts on 6 plants per rep lic.ation. 
* = differE-nce significant at the 5~ leve 1. 

(cm)x 

Std Error 

1.42 
1.79 
1.23 

1.68 
1.36 

2.52 
2.05 
1.63 
2.36 
1.57 
1.49 
0.74 
1.15 
0.69 
1.58 
0.82 
0.88 
0.83 
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Table 26_ The Effect of Herb1cide~ on the Plant He1ght of 
Nevl g- Planted ·oount~f Stravberries in 1984 and 1985_ 

Mean Plant H•1gbt (em) x 

Treoatmeont Rate 1984 
kg ai/ha He an Std Error 

Triflur a lin 1.1 19.53 0.62 
Triflur a lin 2.2 21.32 1.05 
Trffiur a lin I 1.1/0.5 21.18 0.72 
T~rbacil 

N.apropamidE- 4.5 21.04 1.10 
Napropamid~ I 4.5/0.25 19.07 0.95 
Sethoxydim 
PEtndi~thalin 1.5 20.94 0.33 
PE-ndimlf?tha lin 3.0 20.08 0.65 
Simazin~ 0.5 19.43 2.41 
Simazin• 1.0 21.16 1.63 
T~rbacil 0.25/0.15 20.85 1.78 
TEorbacil 0.5/0.25 22.02 0.96 
Meoto lach lor 1.68 19.03 1.28 
ME-to lach lor 2.64 20.43 1.35 
Seothoxy dim 0.25 19.98 0.96 
SE-thoxy dim 0.35 19.12 1.11 
Chloroxuron 5.6 19.54 1.51 
Hand 'WE-eded Chii?Ck 21.73 0.68 
Unw~~d~d Ch~ck 23.20 2.83 

Analysis of Variance 
SourcE- OF ME-an SquarE- f 

Trt (1984) 17 5.36411 1.26NS 
Error 51 4.24794 
Trt (1985) 17 3.70867 1.1sNS 
Error 51 3.15370 

x =Estimated from counts on 6 plants per replication. 
NS = differences not significant. 

1985 
Mean Std Error 

14.43 1.24 
13.43 1.48 
14.45 0.78 

12.65 0.75 
12.98 0.80 

13.60 1.36 
13.85 0.81 
14.23 0.90 
13.53 1.42 
13.18 1.29 
14.88 1.12 
13.93 1.36 
13.98 0.42 
14.45 0.64 
14.08 1.42 
13.78 0.68 
16.70 0.37 
15.79 0.46 
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Table 27. The Effect of Herbicides Applied 1n 1984 on the 
Plant Height of ·aounty• Strawberries in 1985. 

Treatment Rate Mean Plant Height (cm)x 
kg ai/ha Mean 

Trinuralin 1.1 17.78 
Trinuralin 2.2 19.80 
Trinuralin/ 1.1/0.5 19.88 
Terbaci1 
Napropamide 4.5 22.38 
Napropamide/ 4.5/0.25 18.20 
Sethoxydim 
Pend1metha1in 1.5 19.81 
Pendimethal in 3.0 20.70 
Simazine 0.5 18.90 
Simazine 1.0 23.83 
Terbacil 0.25/0.15 20.48 
Terbacil 0.5/0.25 23.80 
Metolachlor 1.68 20.20 
Melolachlor 2.64 19.95 
Sethoxydim 0.25 19.10 
Sethoxydim 0.35 20.05 
Chloroxuron 5.6 21.70 
Hand Weeded Check 21.03 
Unweeded Check 21.13 

Analysis of Variance 

Source OF Mean Square F 

Trt 17 8.08565 1.87 NS 
Error 51 4.56668 

x = estimated from counts on 6 plants per replication. 
NS = differences not significant. 

Std Error 

1.32 
1.15 
1.48 

1.61 
3.17 

1.41 
1.54 
1.21 
2.91 
1.91 
1.20 
0.94 
1.72 
0.84 
1.44 
2.36 
2.16 
1.50 
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1984 and 25 June, 9 July, 16 July, 30 July, 13 Aug., and 11 

Sept. in 1985. 

The results obtained for crop tolerance of 'Hecker' in 1984 are 

summarized in Table 28, and the 1985 ratings for 'Hecker' are 

summarized in Table 29. The ratings for 'Bounty' are listed in Table 

30 (1984) and Table 31 (1985). During the course of the experiments, 

general observations on plant behaviour (injury symptoms i.e. 

chlorosis), recovery from injury, and approximate time of recovery) 

were noted, although no actual data were collected. 

In both 1984 and 1985, 'Hecker' plants treated with simazine at 

0.5 kg ha-l did not appear to be affected by the herbicide. However, 

at the higher rate (1.0 kg ha-l) of simazine, 'Hecker' plant growth 

was checked after the initial application (Table 28, 29). Injury 

symptoms included slight yellowing of leaves and plant stunting. 

Simazine is a photosynthesis-inhibiting herbicide, the primary 

phytotoxic symptom being leaf chlorosis, followed by necrosis (Anon. 

1983). The symptoms observed in the 1984 and 1985 trials were 

similar to those reported by Schubert (1962), Lawson and Wiseman 

(1978), and Parfitt and Stott (1978). 

Plants showing initial damage had recovered by late summer. 

'Bounty' plants treated with the lower application rate (0.5 kg ha-l) 

of simazine were not affected by the herbicide, but plant growth 

-w·as slightly cb(:)cl':ed after 1. 0 kg ha-1 of simazine, with injury 

symptoms occurring within 2 weeks of spraying (Table 30, 31). 

'Bounty' plants initially showing injury had recovered by mid

summer. 
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Table 28. Tolerance of Nevl g- Planted ·necker· Stra,.,berries to Herbicides 
Applied in 1984. 

Treoatm•ot 
Rat• Crop Tolerance (0-9) * 

(kg ai/ha) 
June 26 .July 3 .July 11 July 31 Aug. 16 Sept. 13 

Tri11uralin 1.1 7.6 8.5 8.6 8.0 7.8 9.0 
Triflura lin 2.2 6.3 8.5 7.1 7.4 8.1 9.0 
Tri11uralin/ 1.1/0.5 7.5 9.0 7.1 8.1 8.8 9:o 
Terbacil 

N.apropamide 4.5 7.2 8.8 8.1 8.0 8.1 9.0 
Napropamide I 4.5/0.25 7.7 8.5 8.3 8.3 8.8 9.0 
Sethox\Jdim 

Pendimeth.a lin 1.5 8.0 8.5 9.0 7.9 8.5 9.0 
PEtndimetha lin 3.0 6.8 9.0 8.5 7.5 8.3 9.0 

Simazine 0.5 8.8 7.5 7.8 8.5 9.0 
Simazine 1.0 8.0 6.8 7.8 8.1 9.0 

Terbacil 0.25/0.15 8.5 7.1 7.4 7.9 9.0 
Terbacil 0.50/0.25 8.3 6.1 6.6 8.2 9.0 

Meto lach lor 1.68 7.8 8.0 8.9 7.8 9.0 
Meto lach lor 2.64 6.4 8.0 8.1 8.1 9.0 

Sethoxydim 0.25 8.0 8.8 7.8 8.3 9.0 
Sethoxydim 0.35 6.8 7.8 7.6 8.3 9.0 

Chloroxuron 5.60 S.5 8.1 7.9 8.0 9.0 

"Weeded Check 9.0 9.0 9.0 9.0 9.0 9.0 
Unweeded Check 9.0 9.0 9.0 9.0 9.0 9.0 

*Crop Tolerance Scale 0-9 ,~where 0 =no tolerance (plant kill) 
.and 9 = comp la?te tolerance (no injury). 

PP I treatments apo lied May 25. 
First postplant treatment applied June 25. 
Second postplant treatment applied July 23. 
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Table 29. Tolerance of Newl g- Planted ·Hecker· Strawberries to Herbicides 
Applied in 1985. 

Treatment Rate Crop Tolerance (0-9) 4 

(k9 ai/ha) June 25 July 9 July 16 JultJ 30 Aug. 13 SEopt. 11 

Tri11ur a lin 1.1 7.0 8.0 7.5 7.6 9.0 9.0 
Triflur a lin 2.2 5.8 6.8 7.3 7.5 8.3 9.0 
Tri11ura lin I 1.110.5 6.5 7.1 7.5 7.8 8.5 9.0 
TE"rbacil 

N.apropamidEt 4.5 6.4 7.0 7.0 7.5 8.0 9.0 
NapropamidE" I 4.5/0.25 6.5 7.4 7.5 7.3 8.0 9.0 
s~thoxydim 

PE"ndimEothalin 1.5 6.8 7.8 7.5 8.8 9.0 9.0 
PEondimEot.ha lin 3.0 5.9 8.0 8.0 8.3 9.0 9.0 

Simazine 0.5 8.3 8.3 8.5 8.3 9.0 
Simazine 1.0 6.8 7.8 8.0 8.5 9.0 

Terb.acil 0.25/0.15 6.6 7.3 7.9 8.5 9.0 
Terbacil 0.50/0.25 5.4 6.5 5.9 7.8 9.0 

Meto lach lor 1.68 8.5 8.0 8.5 9.0 9.0 
ME"to lach lor 2.64 6.4 7.1 6.5 8.5 9.0 

s~thoxydim 0.25 8.5 7.0 7.9 8.3 9.0 
SEothoxy dim 0.35 6.5 7.3 8.0 8.8 9.0 

Chloroxuron 5.60 6.1 7.5 7.8 8.0 9.0 

W E"eded Check 9.0 9.0 9.0 9.0 9.0 9.0 
Unw-e~ded Check 9.0 9.0 9.0 9.0 9.0 9.0 

*Crop TolerM~~ Scale 0-9 1 where 0 =no tolerMace (plant kill) and 9 =complete tolerance (no injurt~). 
PP I treatments .app liEod May 24. 
1st postp lant tre.atment applied June 27. 
2.-.A :--~stplant trEo.atment applied July Z3. 
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Table 30. Tolerance of Nev1g-P1anted ·sountg• StraYberries to Herbicides 
Applied in 1984. 

Tr•atment Rate Crop Tolerance (0-9) .., 
(kg .ai/ha) 

June 26 July 3 JUliJ 11 July 31 Aug. 16 Sept. 13 

Triflur a lin 1.1 8.0 8.3 8.6 8.8 9.0 9.0 
Triflur a lin 2.2 7.5 8.5 7.8 8.0 8.5 9.0 
Triflur a lin I 1.1/0.5 7.8 8.0 8.5 8.6 9.0 9.0 
Terbacil 

N.apropamide 4.5 9.0 8.8 9.0 9.0 9.0 9.0 
N.apropamide I 4.510.25 9.0 8.8 8.8 8.5 9.0 9.0 
Sethoxydim 

Pendimetha lin 1.5 9.0 9.0 9.0 9.0 9.0 9.0 
Pendimeth.alin 3.0 9.0 9.0 8.3 8.5 9.0 9.0 

Simazine 0.5 8.8 8.3 8.3 9.0 9.0 
Simazine 1.0 8.6 7.9 7.6 9.0 9.0 

Terbacil 0.25/0.15 8.5 8.0 7.6 8.8 9.0 
Terbacil 0.50/0.25 7.8 6.8 7.0 8.6 9.0 

Meto lach lor 1.68 8.3 8.5 9.0 9.0 9.0 
Me to lach lor 2.64 7.5 8.0 7.8 8.8 9.0 

Sethoxydim 0.25 8.3 8.8 8.3 9.0 9.0 
SEothoxy dim 0.35 8.8 8.8 8.4 8.8 9.0 

Chloroxuron 5.60 8.3 8.5 8.1 8.6 9.0 

'vi eeded Check 9.0 9.0 9.0 9.0 9.0 9.0 
Unweeded Check 9.0 9.0 9.0 9.0 9.0 9.0 

* Crop Tolerance Scale 0-9 .. where 0 =no tolerance (plant kill) and 9 =complete tolerance (no injury). 
PPI treatments applied Ma':J 24. 
1st postplant treatment applied June 25. 
2nd postp lant treatment .applied July 23. 
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Table 31. Tolerance of Nev1l]-Planted ·aount~f Stravberries to Herbicides 
Applied in 1985. 

Tr•atmeont 
Rate 

(kg ai/ha) 
Crop Toleranceo (0-9) ~ 

June 25 July 9 JulfJ 16 July 30 Aug. 13 Sept. 11 

Tri1lur a lin 1.1 8.4 9.0 9.0 9.0 9.0 9.0 
Triflur a lin 2.2 7.9 8.8 8.8 9.0 9.0 9.0 
Triflura lin I 1.110.5 9.0 9.0 8.8 9.0 9.0 9.0 
TIE'rbacil 

N.apropamide 4.5 8.5 9.0 8.8 9.0 9.0 9.0 
N.c.propamide I 4.510.25 8.8 8.8 7.5 9.0 9.0 9.0 
S€'thoxy dim 

Pendim€'tha lin 1.5 9.0 9.0 9.0 9.0 9.0 9.0 
Pendimethalin 3.0 8.8 8.5 9.0 9.0 9.0 9.0 

Simazine 0.5 8.5 9.0 9.0 9.0 9.0 
S1maz1ne 1.0 8.0 9.0 9.0 9.0 9.0 

Terbacil 0.25/0.15 7.5 9.0 8.8 '3.0 '3.0 
Terbacil 0.50/0.25 6.3 9.0 8.5 9.0 9.0 

Meto tach lor 1.68 8.8 9.0 9.0 9.0 9.0 
Meto lach lor 2.64 7.1 8.5 8.2 9.0 9.0 

Sethoxydim 0.25 8.8 9.0 8.8 9.0 9.0 
Sethoxydim 0.35 7.5 9.0 9.0 9.0 9.0 

Chloroxuron 5.60 8.0 9.0 9.0 9.0 9.0 

"vi eedEod Check 9.0 9.0 9.0 9.0 9.0 9.0 
Unweterdterd Chterck 9.0 9.0 9.0 9.0 9.0 9.0 

* Crop Tolerance Sc.c. 1e 0-9) \1/here 0 = no tolerance (plant kill) and 9 = complete tolerance (no in juriJ). 
PP I treatments app literd May 24. 
1 st postp L:.nt ~reatment applied June 27. 
2nd postplant treratmternt applied July 23. 
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Symptoms of injury were more noticeable in 1985, especially 

on the 'Hecker' cultivar (general observation). Although 'Bounty' 

showed signs of injury to simazine at the higher application rate, 

the plants appeared to recover. One reason that 'Bounty• recovered 

more quickly than 'Hecker• is due to the more vigorous growth habit 

of 'Bounty•. In addition, the 'Hecker' plant material in 1985 was in 

poor condition, with slow transplant establishment a probable cause 

of lower tolerance levels and greater injury symptoms. It has been 

noted that poorly established and weak plants are more susceptible 

to injury from simazine (Freeman, 1964, 1965; Hughes and Ivens, 

1965) and this may also be the case for other herbicides. Further 

delaying the initial application rate may have helped to reduce the 

injury symptoms, as has been suggested by Collins and Everett 

(1965), Freeman (1965), and Hughes and Ivens (1965). 

Both cultivars exhibited some degree of leaf chlorosis following 

the first application of terbacil at both application rates of 0.25 and 

0.5 kg ha-1. Injury symptoms were more severe at the higher rate 

for both cultivars, with 'Hecker' plants being more sensitive to the 

higher rate. Severe leaf chlorosis,· as exhibited in Figure 6a, was the 

primary injury symptom, as well as general plant stunting. Although 

injury symptoms had disappeared (Figure 6b) by late summer, 

'Hecker• plants had not fully recovered, when compared to the 

control plants. These results support the findings of previous 

researchers (Jensen and Craig, 1975; Ahrens, 1981; Weller, 1981) 

concerning the safety of terbacil on strawberries. For example, 

Jensen and Craig (1975) applied terbacil 6 weeks after planting at 

0.56, 0.84, and 1.12 kg ha-1 and showed that differences occurred 
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b. 

Figure 6. Injury resulting to "Heeter· 4 ,.reeks after the app1ication of 
terbacil at 0.5 kg/ha (a). and same plant shoving recovery 8 
veeks after application (b) in 1 984. 
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between cultivars and that injury symptoms (leaf chlorosis) 

disappeared by late summer. 

Trifluralin inhibits the growth of the entire plant, although the 

primary inhibitory response is- restriction of root growth (Anon. , 

1983). The tolerance ratings for 'Hecker' and 'Bounty' indicated that 

trifluralin applied at 1.1 kg ha-1 and trifluralin/terbacil applied at 

1.1/0.5 kg ha-1 were safe to the plants, as no injury symptoms were 

observed (Table 28, 29, 30, 31). The results support early findings 

that trifluralin applied at rates of 1.1 kg ha-1 and lower are safe to 

newly-planted strawberry transplants (Bryant and Farrant, 1974; 

Lawson and Wiseman, 1974; Rath and O'Callaghan, 1976). Severe 

plant stunting and leaf yellowing shortly after application was 

observed on 'Hecker' and 'Bounty' treated with trifluralin at 2.2 kg 

ha-1. Previous findings by Lawson and Wiseman (1974) and Rath 

and O'Callaghan (1976) showed that early checks often occurred from 

application treatments greater than 1.1 kg ha-1, but no long-term 

damage to growth was reported. 

Pendimethalin belongs to the dinitroaniline herbicide group, the 

primary inhibitory response being similar to that of trifluralin; 

restriction of root growth (Anon., 1983). Differences in cultivar 

response were observed, with 'Bounty' showing no signs of injury at 

either application rate of 1.5 or 3.0 kg· ha-1, and 'Hecker' showing 

injury at 3.0 kg ha-1 when compared to the hand-weeded control 

(Table 30, 31). As in most of the other herbicide treatments, injury 

symptoms were more apparent with 'Hecker' in 1985. Injury 

symptoms observed at the 3.0 kg ha-1 rate of pendimethalin 

included slight yellowing of the leaves and plant stunting within 3 
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weeks after application (general observation), although 'Hecker' 

plants showed signs of recovery by late summer (Table 28, 29). There 

have not been any reports of differences in cultivar response to 

pendjmethalin, but injury symptoms observed were in general 

agreement with other reports (Clay et al., 1974; Clay, 1978; Davison 

and Bailey, 1980). 

Chloroxuron was applied at the registered rate of 5.6 .kg ha-1 to 

'Hecker' and 'Bounty'. The tolerance ratings indicated no observable 

differences in gt=:owth between treatments and control of both 

cultivars in 1984 and 'Bounty' in 1985. In 1985, 'Hecker' growth was 

significantly checked by the first chloroxuron treatment (Table 29). 

The difference in tolerance ratings observed between 1984 and 1985 is 

probably due in part to the poor condition of the 'Hecker' 

transplants. although temporary growth checks nave Deen reported 

in the form of leaf chlorosis and plant stunting (Lewis and Ayers, 

1964; Stephens, 1964; Cleary, 1966) . 

Napropamide is a general growth-inhibiting herbicide, but 

restriction of root elongation is the most apparent growth 

restriction. Napropamide was preplant-incorporated at 4. 5 kg ha-1 

and a split application of napropamide (4. 5 kg ha-1) and sethoxydim 

(0.25 kg ha-1) was also made. Crop tolerance ratings, as well as 

general observations noted, indicated that 'Hecker' was generally 

more sensitive to the herbicide treatment than 'Bounty'. Some 

initial injury (stunting of the transplants) occurred With both 

treatments and to both cultivars (general observations). Recovery of 

injured plants was evident within 4 weeks of application (Table 28, 

29, 30, 31). The level of injury from napropamide has been closely 



linked to various soil and environmental factors. The result of hot, 

dry conditions is a loss of activity by photodecomposition and soils 

with high organic matter contents have larger retention capabilities, 

thus resulting in leRs injury due to higher tolerance levels (Wu et 

al, 1975). This may help to explain the variability in results 

obtained by previous researchers, as well as the variability in 

results obtained from year to year (Weller, 1984). The conditions at, 

and shortly after, application in 1984 and 1985 are listed in Tables 9 

and 10. The conditions in 1984 at the time of application were more 

favourable for loss of activity by photodecomposition, thereby 

influencing the level of injury observed. As well, the organic matter 

content of the soil of both 1984 and 1985 sites was classed as medium 

(4-8 % organic matter), which indicates potentially greater 

retention of the herbicide and possibly less herbicide injury. 

Metolachlor is also classed as a general growth-inhibiting 

herbicide, and root elongation is also the most prevalent growth 

restriction (Anon., 1983). Two application rates, 1.68 and 2.64 kg 

ha-1, which are required for weed control, were applied to both 

cultivars of strawberry. Both cultivars were tolerant at the 1.68 kg 

ha-1 rate, but injury symptoms, characterized by plant stunting 

and leaf yelloWing (general observations), were observed after each 

application of 2.64 kg ha-1. Plants recovered by the end of the 

groWing season (Table 28, 29, 30, 31). ObrogaWitch et al. (1981) 

suggested injury or loss in herbicidal activity of metolachlor can 

occur where the herbicide is leached into or below the crop root zone 

in soils low in organic matter and on coarse-textured soils. Masiunas 

and Weller (1982) reported severe plant stunting when metolachlor 
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was applied at 2.2, 4.5, and 9.0 kg ha-l. It is evident that rates 

greater than 1.68 kg ha-1 caused injury to day-neutral strawberry 

plants, but the margin of safety for use on June-bearing plants is 

adequate. 

Sethoxydim is a postemergent herbicide used to control annual 

and perennial grass weeds (Anon. 1983). Strawberry was proven to 

be tolerant of sethoxydim at rates necessary for weed control 

(Kukas, 1983). No observable injury symptoms were noted on 

'Bounty' and 'Hecker' at 0.25 kg ha-1, but a general reduction in 

plant vigour was observed immediately following the first application 

of sethoxydim at 0. 35 kg ha-1 for both cultivars (Table 28, 29, 30, 

31). Jensen (1979) observed similar symptoms at high rates of 

sethoxydim (2.0 kg ha-1), but not at 0.5 and 1.0 kg ha-l. Hertz 

(1982) found that when sethoxydim was applied at rates necessary 

for weed control (0.112-1.12 kg ha-1), no significant differences were 

noted between treated plants and hand-weeded control plants. 

4.5 Efficacy of herbicides to control weeds in 1984 and 1985 
strawberry herbicide triaJ!s. 

The weed species which were present in both 1984 and 1985 

field plots are listed in Table 8. Weed control, measured at various 

intervals throughout each growing season, was visually assessed. 

Values of less than 7 on a 0-9 scale indicated that the treatment 

was not commercially acceptable for weed control purposes. The 

herbicides efficacy ratings for 1984 are listed in Table 32 and the 

ratings for 1985 plots are listed in Table 33. All treatments were 

compared to the weeded check. 
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Table 32. Weed Control Ratings for Nevlg-Planted ·Hecker· and ·oount~f 
Stravberries in 1984. 

Rate Herbicide EfficaciJ (0-9) x 
Treatment (kg ai/ha) 

JunE- 23 July 3 July 14 July 27 Y Aug. 16 SErpt. 13 

Triflur a lin 1.1 8.0 6.1 6.0 9.0 5.8 5.0 
Triflur a lin 2.2 8.8 7.3 6.5 9.0 6.8 6.5 
Trifluralin/ 1.1/0.5 7.8 8.0 9.0 9.0 7.5 7.0 
Terbacil 

N.apropamide 4.5 9.0 8.8 8.8 9.0 8.8 8.5 
Napropamide/ 4.5/0.25 9.0 8.8 9.0 9.0 9.0 8.5 
Sethoxydim 

Pendimetha lin 1.5 9.0 7.5 7.2 9.0 7.0 6.5 
Pendimetha lin 3.0 9.0 7.8 7.8 9.0 7.5 7.5 

Simazine 0.5 6.3 8.5 9.0 7.8 6.6 
Simazine 1.0 6.8 9.0 9.0 8.0 6.8 

Terbacil 0.25/0.15 7.5 9.0 9.0 7.8 6.3 
Tt:orbacil 0.50/0.25 7.9 9.0 9.0 8.5 6.8 

Meto lach lor 1.68 6.0 9.0 9.0 6.5 5.0 
Meto lach lor 2.64 6.3 9.0 9.0 7.0 5.3 

Sethoxy dim 0.25 4.5 3.2 9.0 5.5 3.8 
Sethoxydim 0.35 4.8 3.6 9.0 5.8 4.2 

Chloroxuron 5.60 5.5 9.0 9.0 7.0 5.5 

'vleeded Check 9.0 9.0 9.0 9.0 9.0 9.0 
IJnweeded Check 0.0 0.0 0.0 9.0 0.0 0.0 

x =Herbicide Effic.ac•J Scale 0-9, where 0 =no weed control and 9 =complete control of weeds. 
y =an \Y'eeds harvested from all treatments July 22, prior to 2nd postplant treatment. 
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Tattle 33. Weed Control Rati o-gs for Nevl ,_Planted ·Hecker· aod ·souot~f 
Stravberries in 1985. 

Rate Herbicide Effic.acg (0-9) x 
Tr•atmeont (kg ai/ha) 

June 25 July 9 July 16 Jul\f :;oY Aug. 13 Sept. 11 

Trifluralin 1.1 9.0 8.5 8.5 9.0 7.3 5.0 
Triflur a lin 2.2 9.0 8.0 6.5 9.0 8.3 8.0 
Triflur a lin I 1.1/0.5 9.0 9.0 8.8 9.0 9.0 8.5 
Terbacil 

Napropamide 4.5 9.0 9.0 9.0 9.0 9.0 8.8 
Napropamide/ 4.5/025 9.0 9.0 9.0 9.0 8.8 8.8 
Sethoxydim 

Pendimetha1in 1.5 9.0 8.3 7.5 9.0 7.8 6.3 
Pendimetha lin 3.0 9.0 9.0 8.5 9.0 7.3 6.5 

Simazine 0.5 7.8 6.0 9.0 8.4 8.8 
Simazine 1.0 8.3 6.5 9.0 8.0 7.8 

Terbacil 0.25/0.15 9.0 8.8 9.0 9.0 8.8 
TEtrbacil 0.50/0.25 9.0 9.0 9.0 9.0 8.3 

Meto lach lor 1.68 7.0 5.5 9.0 7.8 5.8 
Meto 1ach lor 2.64 9.0 7.8 9.0 8.0 6.0 

Sethoxydim 025 6.4 5.8 9.0 7.0 5.3 
Sethoxydim 0.35 7.3 6.5 9.0 7.3 5.5 

Chloroxuron 5.60 7.5 6.8 9.0 8.0 7.3 

'w'eEtded Check 9.0 9.0 9.0 9.0 9.0 9.0 
IJnweeded Check 9.0 0.0 0.0 9.0 0.0 0.0 

x = Herbicide E ffic.acy Seale 0-9, where 0 = no weed contro 1 and 9 = complete contro 1 of 'deeds. 
y =an weeds harvested from all treatments July 23 .. prior to 2nd postplant treatment. 
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The strawberry is essentially non-competitive with weeds. 

Interference from weeds becomes evident for most spring-planted 

crops within 3-5 weeks after planting (Roberts, 1982), so early weed 

control is important to avoid reductions in crop productivity. 

Because all weeds were removed from around the plants in the field 

experiments, reductions in crop productivity from weed-crop 

competition should not have been a factor in crop yield and growth 

reductions. The most effective weed control treatments appeared· to 

be the preplant incorporated herbicides, with napropamide applied at 

4.5 kg ha-1 (Figure 7a and 7b) and napropamide/sethoxydim applied 

at 4.5/0.25 kg ha-1 being the most effective overall treatments when 

compared to the unweeded control (Table 7c). The weed spectrum 

and populations in each year of the study were very different. The 

1984 test site had a greater population of broad-leaf weeds than the 

1985 test site. The 1985 field had been treated with glyphosate the 

previous year to control Canada thistle ( Cirsium arvens~. Since 

glyphosate controls perennial and most annual weeds, subsequent 

seed populations were lower. This difference in weed numbers made 

the ratings in 1985 for herbicide efficacy seem higher than they 

would be with higher weed densities. 

Two weed collections were made in each year of the study 

(Table 34 and Table 35), in which weeds were counted and weighed 

(fresh and d4 y). The first weed count and collection 'A'as made 

approximately 4 weeks after the first postplant herbicide application 

and 8 weeks after the preplant-incorporated treatments in 1984 and 

1985. The second weed count and collection was made approximately 

4 weeks after the second postplant spray treatment in 1984 and 
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Figure 7a_ Weed control 1 n plots PPI vlth napropamide 
at 4_5 t41/ha .. 4 Yeets after app11cation or 4 
veets after pi anti ng in 1984_ 
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.. 

Figure 7b. Weed control in plots PPI 'll'ith napropamide 
at 4.5 tg/ha., 8 'll'eets aftt r application or 8 
veets after plantl ng in 1 984. 
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f'i4Jure 7c_ Unweeded control plot 8 weeks after planting in 1984_ 



Table 34. Effect of Pre and Post plant Herbicides on Weed Growth in 1984. 

Mean No.. Mean Fresh 'Weight HeaR Drg Veight 
Treatment ( Ra~/e ) Veeds/m2 Veeds (g/m2) Yeeds (g/m2) 

kg a1 ha 

.J~ly ~~xf.ie,t .. t~Y~-- Ju~v- .. ~;!=~~p~-~~~~--------~~ly~ 2~x Sept.13 Y 
---------- --~~--- -~-----------------------

Trffluriliri-~-·~-~---1.1 
56 3 35.5 233.2 728.0 49.6 171.6 

Triflur a lin 2.2 87 · 0 15.5 320.0 379.3 72.8 96 .5 
Triflur~lin/ 1.1/0.5 24 :3 25.3 83.4 302.2 11.5 66.1 
Terbac1l 
N.apropamidt 
Napropamide/ 
Sethoxy d;rn 
Pr&ndimetha lin 
Pendimetha lin 
Simazine 
Simazine 
Terbacil 
Terbacil 
Metolachlor 
Mr&to laoh lor 
Sethoxydim 
Sethoxydim 
Ch loroxuron 
Hand 'Weeded Chtck 
Un\v'eedr&d Cheook 

Leve 1 of Significance 
LSD (5%) 
LSD (1 %) 

4.5 
4.5/0.25 

1.5 
3.0 
0.5 
1.0 

0.25/0.15 
0.50/0.25 

1.68 
2.64 
0.25 
0.35 
5.60 

12.0 
9.3 

32.5 
44.3 
53.5 
17.3 
29.3 
25.0 
77.5 
33.0 
46.3 
20.3 
70.0 
0.0 

1261.5 

** 
115.9 
154.6 

9.0 
7.0 

35.3 
9.5 

47.5 
30.0 
83.0 

102.0 
131.0 
104.0 
58.8 
33.0 
71.0 

0.0 
178.8 

** 
45.5 
60.7 

79.0 
53.1 

133.3 
355.0 
111.0 
83.5 

147.5 
96.3 

350.1 
416.8 
199.6 
247.6 
179.6 

0.0 
478.8 

** 
210.5 
280.7 

75.6 
89.6 

473.8 
72.3 

650.2 
527.5 
681.4 
507.2 
889.2 

1216.1 
645.1 

1091 .3 
898.5 

0.0 
2358.6 

** 
492.3 
656.5 

15.9 
10.4 

25.8 
55.7 
26.5 
15.6 
28.1 
20.7 
72.9 
65.5 
37.3 
51.4 
37.7 
0.0 

118.1 

** 
37.5 
50.0 

x =weed harvest made 4 weeks after first pos:tplant herbicide trtatment or 8 weeks afttr PPI treatment. 
•J =weed harvest made 4 weeks after stoond pos:tplant herbicide treatment or 12 weeks after PPI treatment.. 
** = diffE'renoe significant at 190 · S'vel. 

37.2 
20.4 

112.0 
15.3 

152.3 
92.9 

140.4 
101.5 
154.8 
271.7 
127.2 
272.5 
222.4 

0.0 
512.9 

** 
118.9 
140.0 

1./J 
..0 



Table 35 .. Effect of Pre and Poatplant Herbicides on Weed Grovth i 1 1985 .. 

Rate 
Mean No. Hean Fresh Yeight Mean Dry Yeight 

Treatm•nt (kg ai/ha) 
Yeeds/m2 Yeeds (g/m2) Yeoeds (g/m2) 

July 22x Sept .. 12Y July 22x Sept.12Y Julg 22 x Sept .. 12 y 

Triflur a lin 1.1 7.5 4.3 204.4 227.0 29.9 52.8 Triflur .a lin 
Triflur .a lin I 2.2 7.3 0.0 294.8 0.0 44.5 0.0 

T erb.acil 
1.1/0.5 1.5 0.3 43.2 0.3 6.1 0.005 

Naprop.amide 4.5 0.0 0.0 0.0 0.0 0.0 0.0 N.apropamide I 4.5/0.25 3.5 0.8 29.1 7.1 4.3 2.8 Sethoxydim 
Pertdimetha lin 1.5 7.0 2.8 251.3 252.4 37.3 48.6 Pendimetha lin 
Simazint 

3.0 4.8 4.0 91.5 344.3 12.3 93.0 

Sir.-aazint 
0.5 11 .3 0.0 404.3 0.0 64.4 0.0 ..... 

T trb.acil 
1.0 10.5 1.5 312.2 73.8 46.2 21.7 0 

0.25/( .15 3.0 0.0 47.5 0.0 6.4 0.0 
0 

Tet·bacil 0.50/0.25 1.8 0.3 26.8 4.4 4.1 1.2 Me to lach lor 
Mtto l.ach lor 

1.68 12.0 3.0 304.1 195.5 54.1 53.0 

Stthoxy dim 
2.64 4.3 2.5 128.1 133.0 16.2 32.6 
0.25 14.5 3.3 478.3 159.3 81.2 44.6 Sethoxydim 0.35 16.0 2.3 354.2 106.2 50.6 30.1 Ch loroxuron 5.60 10.5 2.0 325.9 64.6 47.2 11 .8 Hand 'w'teded Chick --- 0.0 0.0 0.0 0.0 0.0 0.0 Unvltidtd Chick 

15.3 7.8 448.1 196.5 66.0 51 .1 

Leve 1 of Significance * ** ** ** ** ** LSD (5~) 10.8 2.7 272.3 178.5 44.6 42.2 
LSD (1 ~) 14.2 3.6 363.1 238.0 59.5 56.3 

x = weed harvest made 4 weeks after (;rst postp lant herbicide treatment or 8 weoeks after PP I treatment. 
y =weed harvest made 4 weeks after second postplant herbicide trtatment or 12 weeks after PPI treatmtnt. 
* 1 * * = difference significant at 590 or 1 90 leve 1 respectively . 
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1985. Results indicate that no significant differences were observed 

between trifluralin/terbacil (1.1/0.5 kg ha-1), napropamide (4.5 kg 

ha-1), napropamide/sethoxydim (4.5/0.25 kg ha-1) and hand-weeded 

control treatments for weed numbers, weed fresh weight, and weed 

dry weight for both weed collections and in both years of the study 

(Table 34, 35). Other herbicide treatments which showed adequate 

weed control were trifluralin (2.2 kg ha-1), pendimethalin (1.5, 3.0 

kg ha-1), simazine (1.0 kg ha-1), terbacil (0.25/0.15, 0.5/0.25 kg ha

l), and chloroxuron (5.6 kg ha-1) (Table 34, 35). The weed control 

ratings for sethoxydim included grass and broad-leaf weeds, 

although the herbicide only provides postemergent control of grasses. 

Because there were very few grass weeds in the plots, the ratings in 

Table 32 and 33 are not a good indication of herbicide efficacy for 

sethoxydim. The most effective overall weed control results were 

obtained from plots treated with napropamide (Figure 7a and 7b). 

4. 6 Residue analysis. 

'Hecker' strawberry fruit samples were collected and grouped, 

according to treatment, to be· analyzed for herbicide residue. 

Insufficient fruit was collected from each replicate, so analysis was 

performed on samples randomly selected from each replicate and 

grouped into one sample. The results of the residue analysis are 

listed in Table 36. Analysis was performed by the Environmentai 

Testing Centre in Vegreville, Alberta for all treatments except 

sethoxydim-treated fruit, which was analyzed by BASF in West 

Germany. 
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Of the fruit samples which were tested for herbicide residue, 

at this point, only terbacil was detected (Table 36). Normally 

terbacil would not be applied to newly-planted strawberries in which 

fruit would be harvested in the first year. The results indicate that 

certain precautions must be taken when using this herbicide on 

newly-planted, day-neutral strawberry cultivars. The acceptable 

level of terbacil residue for strawberry fruit is 0.1 ppm. Information 

on the acceptable level of terbacil in strawberry fruit was obtained 

from Dupont Canada Inc., the manufacturer of the product. 
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Table 36. Herbicide Residue Ana1gsis for ·Heeter· 
Stravberrg Fruit in 1984 and 1985. 

Treatment 

T rifl urali n 
Trifl urali n 
Trifl ura1i n/ 
Terbacil 
Napropamide 
Napropamide/ 
Sethoxydi m * 
Pendi me1ha1i n 
Pendi methali n 
Simazine 
Simazine 
Terbacil 
Terbacil 
Metolachlor 
Metolachlor 
Set hox ydi m * 
Set hox ydi m * 
Chloroxuron 
Hand Weeded Check: 
IJ weeded Check 

Rate 
kg ai/ha 

1 .1 
2.2 

1.1/0.5 

4.5 
4.5/0.25 

1.5 
3.0 
0.5 
1.0 

0.25/0.15 
0.50/0.25 

1.68 
2.64 
0.25 
0.35 
5.6 

N.D = results not determined. 
* = samples anal•Jzed by BASf. 

Herbicide Residue 
(ppm) 

1984 1985 

0.0 
0.0 

0.0/1.78 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.16 
3.07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

N.D/0.13 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.44 
0.35 
0.0 
0.0 
N.D 
N.D 
0.0 
0.0 
0.0 
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5.0 SUMMARY AND CONCLUSIONS 

There are few herbicides currently registered for use on 

newly-planted strawberries in Canada. The research conducted 

during 1984 and 1985 was initiated to examine the tolerance and 

herbicide efficacy of registered herbicides, and herbicides which have 

shown promise in previous studies, for weed control in a day

neutral and a June-bearing strawberry cultivar. 

Simazine provided good initial control of broad-leaf weed 

species in the treatment plots, although there was poor control of 

Thlaspi arvense L. in 1984 plots. Effects of simazine on general plant 

vigour and runner production appeared to vary with the season and 

cultivar. Newly-planted 'Bounty' appeared to be unaffected at both 

treatment rates, while 'Hecker' plants treated with simazine at 1. 0 

kg ha-1 showed yellowing of leaves and reduced plant vigour, 

runner production, and yield. 

The most significant crop injury was exhibited on 'Hecker' and 

'Bounty' following the first application of terbacil which was applied 

4 weeks after planting. Severe leaf chlorosis and general plant 

stunting were the most notice.able injury symptoms observed, 

although visible injury symptoms had disappeared by mid-August. 

However, runner production and yield of 'Hecker', and plant height 

of 'Bounty' and 'Hecker' (1985) were suppressed. Residues of terbacil 

were also detected on 'Hecker' fruit cri <1il plots treated with terbacil 

in 1984 and 1985. Despite the effectiveness of terbacil as a weed 

control agent, these data indicate that an adequate safety margin 

does not exist for use of terbacil on newly-planted day-neutral 
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culttvars un<ler the con<lltlons evaluate<! 1n 1984 ana 198~; ana that 

caution must be used when using the herbicide for weed control in 

June-bearing strawberries. 

Trifluralin applied at 2.2 kg ha-1 provided good to excellent 

weed control of broad-leaf and grass weeds present in the 1984 and 

1985 plots. However, significant reductions in yield and plant height 

of 'Bounty' and 'Hecker', and runner growth of 'Hecker', indicated 

that an adequate crop safety margin does not exist for use on 

newly-planted strawberries under the conditions in which the 

herbicide was evaluated. Trifluralin/terbacil showed promise as an 

effective weed control treatment for use in newly-planted 

strawberries, although terbacil residue was detected on 'Hecker' fruit 

in 1984 and 1985. 

'Hecker' plants treated with pendimethalin initially showed 

slight growth checks, but by the end of August, plants which had 

been injured had recovered. The data indicated that the effects of 

pendimethalin at 1. 5 kg ha-1 on yield, runner growth, and general 

crop vigour of 'Bounty' were minimal, and consequently the 

herbicide could be safely used at the suggested rates of application 

for control of weeds. More extensive trials to examine the response 

of 'Hecker' and other day-neutral cultivars under a greater range of 

environmental and cultural conditions, as well as a greater range of 

application rates, should be done before the- herbicide is 

recommended for use. 

Chloroxuron applied at the recommended registered rate was 

included in the trial to observe if there would be any variations in 

response between the day-neutral and June-bearing cultivar. There 
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were no appreciable long-term effects on 'Bounty' yield, runner 

growth of 'Bounty' and 'Hecker' (1984), or general plant vigour of 

'Bounty', but 'Hecker' yield, plant vigour, and runner growth (1985) 

were significantly reduced when compared to the hand-weeded 

check.. Chloroxuron gave adequate control of broad-leaf weeds until 

mid-summer, but by the end of September, weed control was not 

acceptable. 

Napropamide provided excellent control of broad-leaf and grass 

weeds present in 1984 and 1985 plots. Plants initially showed slight 

growth retardation, but both cultivars recovered completely from 

any visual injury within 4 weeks of application. General plant vigour 

and runner production data indicated that the effects of 

napropamide applied alone at 4.5 kg ha-1 to 'Bounty' and 'Hecker' 

strawberries was minimal and that an adeQuate safety margin 

exists for napropamide use on newly-planted strawberries. 

Napropamide/sethbxydim provided excellent control of broad-leaf and 

grass weeds present in the 1984 and 1985 plots, but significant 

reductions in 'Hecker' yield in 1984 and 'Bounty' and 'Hecker' runner 

growth indicated that the safety margin is not great enough under 

the conditions evaluated in this study. 

Metolachlor provided adequate control of weeds in 1984 and 

1985 plots. These data indicate that the effects of metolachlor at 2. 64 

kg ha-1 on yield, runner growth, and general plant vigour were 

significant, and consequ~ntly application rates greater than 1. 68 kg 

ha-1, under conditions tested in 1984 and 1985, did not provide an 

adequate crop safety margin for use in newly-planted strawberries. 

Although yield reductions were not observed in 'Bounty', significant 
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vield reductions were recorded for 'Hecker' fruit collected in the vear 

after metolachlor was applied. 

Grass weed infestations were light in 1984 and 1985 test plots, 

therefore accurate assessment of grass weed control for sethoxydim 

was not shown. However, important information regarding crop 

tolerance was collected. These data indicated that the effects on 

strawberry plant growth were significant under the conditions and 

application rates evaluated in 1984 and 1985. It appears that there 

may be cultivar differences in yield, runner growth and plant 

vigour responses to sethoxydim. However, results indicated that the 

herbicide can be safely used on 'Bounty'. Further testing of day

neutral cultivars is needed before similar recommendations could be 

made for its' use. 'Hecker' plants treated With sethoxydim had 

reduced yields in the year in which plants were sprayed, but 

differences in yields were not observed in the year after plants were 

sprayed. 

Although results indicated that the dayrneutral cultivar 

'Hecker' was more susceptible to injury from the herbicide 

applications, certain factors must be kept in perspective. Firstly, 

the 'Hecker' transplants were in poor condition at planting in 1985, 

planting was delayed, and a period of hot, dry weather followed 

planting in June, which caused a delay in plant establishment. 

These factors may account for the increased injury symptoms 

observed in 1985 on 'Hecker'. Secondly, yields for 'Hecker' were 

based on fruit which was harvested the season of herbicide 

applications, whereas 'Bounty' fruit was harvested the spring 

folloWing herbicide applications. A herbicide program for day-neutral 
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strawberry cultivars has to be developed that takes into 

consideration that flower initiation and fruiting occur throughout the 

groWing season, and fruit harvest Will occur in the year of planting. 

Because of the variation in results obtained in the two-year study, 

continued evaluation of day-neutral cultivars under a greater range 

of cultural and enVironmental conditions in the field is necessary. 
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