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ASSTRACT

Dobson, Conor John. M.Sc., The UniversiËy of Manitoba, Oct.ober, 1981.

Efficacv of Herbicides Applied with VarÍous Nozzle Tips. Major

Professor; I.N. Morrison.

Fíe1d and laboratory experiments

effect of. nozzle type on Ëhe efficacy

difenzoquat, bromoxynil octanoaÈe and

sprays to susceptible weeds.

were conducted to investigate the

of propanil, diclofop methyl,

metribuzin applied as posËemergence

The nozzLes used in these experiments hTere the flat fan 80015, flat

fan 80015LP, flooding TK 0.75 and TK 1.5 and Raindrop RA-2 rips. Appli-

cations with the 80015LP tip were at a Low (150 kPa) and high (275 læa)

pressure, while applications with all other tips were at 275 l<Pa. The

TK 0.75 tips hrere spaced on the boom Ëo give an overlapping pattern,

FÍeld Ëreatments !'¡ere applied at an optirnal and sub-optimal leaf

stage of the susceptible weeds. The effect of nozzLe efficacy was

recorded by comparing Èhe differences in crop yield, weed dry weíghts and

weed counÈs to a weedy check.

I.¡iÈh all herbicides tested levels of weed control were highest with

the fLat fan 80015, flat fan 800l5LP applied at 275 kPa and the TK 0.75

tips. Application with the 800L5LP at Ëhe Lov¡ pressure (150 kPa) resulted

in inconsisËent levels of control. Least satisfactory weed conÈrol

consistently occurred with the flooding TK 1.5, and Raindrop RA-2 nozzLes.

The laboratory experiments included an efficacy study where differ-

ences s¡ere assessed by recording weed dry weight reductions compared Eo

a check, a retention study where retention $)as measured by use of a
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fluorescent tracer and a droplet contact angle study. Results analagous

to the field studies were found in the efficacy experiments. Differences

in retention betweert nozzLe types occurred, which corresponded to the

results of the efficacy studies. In the contact angle studies differences

in wettability were found between grass and broadleaf species.

The differences in nozzle performance vrere attributed to different

spray patterns and droplet sizes produced among the nozzles.



INTRODUCTION

The majority of herbicides used in Manitoba are applied as post-

emergence treatments with a pul1-type sprayer. The proper selection and

maintenance of Ëhe nozzles on a sprayer is probably one of the most

criËical- factors in an effective spraying operation. A number of hydrau-

Iíc nozzle types are available t.o the farmer. These include Èhe conven-

tional flat fan, low pressure (LP) flat fan, flooding and Raindrop nozzle

tips, each of which produce different, dropleÈ size distribution and spray

patterns. Numerous studies have shown that both these factors influence

the activity of herbicides under Laboratory conditions, but there have

been few reports on what Ëheir effect is under practical field conditions.

For the farmer, a primary objective is to obtain Èhe highest Levels

of weed conËrol at Ëhe leasÈ cosË. In view of the fact that litrle

information was available on the effect várious nozzLes might have on

herbicide performance in the field, this study was undertaken to determine

if appreciable differences in 1evels of weed control could be distinguished

when a number of different herbicides were applied with a variety of

commonLy available nozzle tips. Field studies were conducted to study

the effect of nozzle type on the efficacy of propanil, dÍclofop methyl,

difenzoquaË and bromozynil in wheat and metribuzin in barley. Further

experiments were conducted in Èhe laboratory t.o assess the performance

characteristics of the nozzLes under controlled conditions. The finaL

objective of the study r¡as to help develop reconrmendations which would

assist farmers in maximizing t.he effectiveness of their chemical weed

control program.



LITERATIJRE R-EVIEW

The biological activity of pesticidal sprays is a function of many

factors relating to Ëhe physico-chemical interacEion of toxicant formu-

lation and plant material (Johnstone L973). physical factors of the

sPray such as droplet size, spray volume and surface tension have been

shown to affect the efficacy of herbicides applied whenever entry is

mainly via the foliage. These properties interacË wíth the gross mor-

phology of the plant and physico-chemical properties of the leaf surface

to affect herbicide effÍcacy by determining the amount of spray on the

1eaf.

Droplet Size

Dropl.eË size is a critical facÈor Ín determining Èhe biological per-

formance of herbicidal sprays (McKinlay et a1. 1972). Ennis and Williamson

(1963) point out however, that droplet size has a greater effect on the

biological activity of herbicidal sprays applied in low volumes compared

to those applied in high volumes. I,Ihen foliage is sprayed to the satura-

tion point, dropLet síze generally exerËs a reduced effect on herbicidal

performance.

A mixture of the translocated herbicides, dicamba, mecoprop and

MCPA, applied with a controll-ed droplet application (CDA) sysrem in uni-

form dropLet sizes of. 250 um or 350 um in diameter resulted in there beíng

no differences in control of Stellaria media and Polvgonum persicaria r¿hen

the chemical was sprayed in volumes of I 5 L/ha or 65 L/ha (Ayres and

l{erritt L978). At a voLume of. 5 L/lna, increased herbicide efficacy



resulted wíÊh the 250 um drops. However, control at this volume \,Jas not

as effective as at a volume of 15 L/ha or 45 L/ha regardless of droþIet

size. The CDA system htas compared to a conventional appLication of t.he

herbicide mixture with a Tee.fet 6502 nozzle tip. This tip has a Large

droplet size spec!¡rrm ¿nd delivers a spray volume of 225 L/ha. Applíca-

tion with the conventional nozzle resuLted in simiLar broadleaf weed

control to that obtained with the cDA system at 45 L/ha and LSL/ha.

sÈudies of the inhibitory effects of 1-arge (2,900 - 7,2oo ¡rm) and

smal1 (200 - 600 um) dropl-ets of sol-utions of the triethanolamine salt of

2t4'D and the ethyl ester of 2r4-D applied at a volume of 23.9 L/ha showed

the sma1l dropleË sPray reduced yields of soybeans more than the corres-

ponding larger droplet sprays (Ennis and Williamson 1963). ÞtcKinlay er

aL. (L972) reported similar results with sunflower. Baeed,,on measure-

ments of stem curvature, drops of 100 Um úrere more effective than larger

ones (200 pm and 400 prn). MCPA applied at sub-lethal doses in droplers

of 100 um or less caused significantly more damage to lettuce leaves than

when applÍed in droplets of approximateLy 500 um in diameter (l.Iay 1969).

ülhen the dosage of MCPA was increased and applied as small droplets (100

lrn)r the fresh weight of the lettuce decreased significantly compared to

the same application with large dropleËs (SOO yn¡.

Ennis and l{illiamson (1963) investigated the effecÈ of various

herbicides applied with different sized droplets on crop plants differing

in morphology. soybean and flax treated wiËh 2 r4,5-T butyl ester, sugar-

beet treated wÍth 2r4-D butyl ester and wheat treated wíth crpc at

volumes ranging from 24 to 60 L/ha resulted in greater inhibition of

growth as dropLet diameEer decreased from 800 Èo 100 urn.



A míxture of the contact herbicides, bromoxynil and ioxynil, applied

wiËh a conventional TeeJet 6502 at 225 L/ha or with a CDA unit aE 5, 15,

and 45 L/ha with either L50 um or 250 pm droplets showed that the 45 L/ha

volume compared in leve1 of broadleaf weed control with the conventional

nozzLe regardless of droplet size (Ayres and MerriËt 1978). As with the

translocated herbicide mixture of dicamba, mecoprop and MCPA reported

earlier (Ayres and MerritÈ 1978), lower volume rates of the contact

herbicide mixture resulted in poorer broadleaf weed control. Differences

due to droplet size appeared to be more pronounced at the Lower volume

rates (15 L/ha and 5 L/tra). Ilowever, in contrast to the translocated

herbicide mixture, the larger droplet size of 250 um resulted Ín Ëhe most

effective control wíth the contact herbicide mixture.

McKinlay et al. (L974) applied paraquat to seedling Helianthus

annuus at rates of 35 g/ha and L40 gltLa in volumes of 5.5 L/ha or 22 Llía

in 100 Um or 350 pm droplets. At all volume and herbicide rates, with

the exception of 35 g/ha paraquat in 22 L/ha of waEer, homogeneous sprays

of 100 pm droplets were more phyÈotoxic than equivalent sprays rrade up

of larger, 350 ¡rm droplets. At 35 Elha, r¡¡Íth both drop sizes the lower

spray volume (S.S t/¡a) produced significantly more damage than the more

diLute spray (22 L/ha). This effect was especially evident when 100 pm

drops were used.

Douglas (1968) calculaÈed that there was an optimum droplet size for

the bipyrídyl herbicides, paraquaË and díquat. A droplet size range of

250 - 1000 Urn vras tesËed and optimum efficacy occurred with droplets of

400 - 500 um aE concentrations of 0.09 - 0.347. diquat and 0.25"/. paraquat.

Towards each end of the droplet size spectrum the dropleËs became con-

siderably less efficient in causing Leaf l"esÍons.



Barban and difenzoquat applied with a CDA unit at 5, 15 and 45 L/ha

with small and large drop sizes performed similarly at reconnnended rates

and aÈ reduced rates of active ingredient (l{ilson and Taylor 1-978). Bar-

ban v¿as applied rrrith 150 llm and 250 ¡rrn droplets and difenzoquat with 250

Um and 350 um droplets. Drop size had little influence on the leve1 of

conËrol of wild oats except at 5 L/ha where betEer control was achieved

with Ëhe snaller drops. Barban appl-ied with a TeeJet 650015 nozzle at

L75 L/ha and difenzoquat wÍth a TeeJet 6502 at 225 L/ha performed signi-

ficantly beËter than CDA appLications at 5 L/ha. At 15 L/ha and 45 L/ha

comparable wild oat control was achieved with both 1-arge and sura11 droplet

sizes. The same type of response was observed by Lake and Taylor (L974)

with barban applied to q¡ild oats. They showed that barban was more

effective at low volumes when applied as smaLl droplets.

McKinlay et al. (1972), Ennis and Williamson (1963) and Behrens

(1957) concluded that there are at least two factors tending to make

translocated herbicides eprayed in smaller droplets more effective: (1)

the total area of leaf contacted by a given voLume of herbicide is

greater when it is applied in smaller droplets, and consequently the rate

of penetratíon of the herbicide is increased and (2) the very high

locaLized coricentrations of herbicide beneath a larger droplet could

possibly injure or kiIl the underlying cells and reduce the rate of Èrans-

location out of this area. The effect of droplet size is no longer

apparent when these herbicides are applied at hÍgh volumes with CDA or

conventíonal TeeJet nozzles. Good weed conËrol is achieved because the

high volume provides good contact over a large leaf area with a dilute

solution of Ëhe herbicide.

The reported effects of droplet size on performance of contact type



herbicides is somewhat contradictory. The results of McKinlay et al.

(L974) indicate that a smaller droplet size is more phytoËoxic while Ayres

and I'ferrítt (1978) and Douglas (l-968) conclude that a larger droplet size

is most effective. But an observation by McKinlay et al. (L974) would

supporË the findings of Douglas (1968) and Merrirr and raylor (1977).

They observed that 35 g/ha of paraquat applied at 5.5 L/ha in large drop-

lets (350 pm) resulted in necrotÍc lesions surrounding each dropLet. By

contrast, when 35 g/ha of paraquat was applied in l-00 ym droplets at 22

L/ha the danage was limited to the upper surface of the cotyledon, while

celLs of the l-ower surface remained healthy. These observations would

suggest that local-ízed concentrations of paraquat on the surface ri6 of

major importance. A single, concentrated drop of paraquat applied to a

liurited area resulËs in lethal effects, while the same amount of paraguat

spread over a large area rnay never exceed the lethal threshold and result

in minimal damage.

The majority of experiments reported Ëhus far have been conducted

under laboratory conditions. Field data is very limited.

Ashford (I974) reports that under field conditions herbicide efficacy

is not necessarily increased when droplet size is decreased. Comparable

doses of 2,4-D amine applied as 200 pm droplets were just as effecËive in

controlling suscepÈible vreed species in a wheat crop as sprays applied

with 100 pm droplets. This discrepancy with laboraÈory results could

relaÈe to the fact. under field conditions 100 pm dropleEs are more readily

deflecËed away from the target area by air currents than 200 ¡rm droplets.

Retention of Herbicidal Spravs

The two principle factors involved in retenËion of herbicidal sprays

are: (1) the physicaL characteristics of the spray, and (2) the physical



characteristics of the Ëarget plant and the nature of the leaf surface.

Sprav Characteristics

The síze of spray dropleËs and surface tension of the spray solurion

can exert a considerable influence on the retention of herbicides.

BrunskiLl (1956) found Ëhat for any given spray fluid a certain critical

droplet diameter exists above which retention is very lorv and below

which retention is very high. Iclhen the surface tension of the spray

solution was high, the larger droplets (250 - 350 um) tended Ëo bounce

off the Leaves whereas retention of smaLl droplets (80 - 95 um) was

nearly complete. A sharp rise in the number of 1-arge dropleÈs retained

occurred when the surface tension of the spray liquid was reduced below

a critical value of 45 - 50 dynes/cm by addition of surface active agents.

In support of the work by Brunskill (1956), Furmidge (L962a) found Èhat

retention on artificial surfaces of beeswax and cellulose acetate increased

when the mean droplet size of the spray was reduced.

In an examination of spray deposits on leaves of v¡ild oat and barley,

Lake (1-977) found that sma11 uniform droplets of 100 um diameter pro-

duced the greatest deposits of spray on Èhe leaves. As drop size was

increased to 200 pm, retentíon decreased considerably, followed by a

graduaL decrease in amount retained as droplet diameter \¡tas increased

from 200 um to 600 un.

Retention is dependent not only upon dropLet size and surface tension,

but the nature of the surface that Ëhe dropl-et contacÈs. A general ruLe

is that surfaces which are $ater repellant or hydrophobic in nature tend

to retain more spray as surface tension is lowered, while more hydro-

phyllic easy-to-ü7et surfaces tend to retain less spray solution as surface



tension Ís Lowered due to increased runoff (Brunskill 1956; Furnidge 1962b).

Runoff occurs when droplets begin to overlap and coalesce resulting in

the droplets becoming gravitationally unstable and rolling down the

inclined surface of a leaf to discharge from the lower edge (Johnstone

L973).

On a given surface, as the volume of spray increases Ëhe amounË of

solution retained r.¡il-l increase up to a maxímum value (Furmidge I962a).

As descrÍbed by Johnstone (L973), Ehe point of maximum retention is when

dropleE runoff begins Ëo occur. The point of maximum retention is very

dependent on the nature of the surface and surface tensíon of the spray

solution. Lake and Taylor (I974) further established that as spray volume

increased the maximum value of retention is influenced by droplet size.

Using a fluorescent dye as a tracer, barban lJas applied to wild oats at

the two-leaf stage with L10, 220 and 440 pn droplèts. At spray volumes

ranging from 50 to 90 L/ha the largest amount of herbicide solut.ion was

retained with the 220 ¡rm droplet foLlowed closely by the LlO um and 440

pm dropleÈs. I.Ihen volumes \,rere íncreased from 90 to r50 L/ha the 440 um

droplet diameter sPray reached a maximum retention at 95 L/ha and the 220

um droplet spray at 115 L/t.a. I.IÍth the 11o pm dropleÈs, the amount of

spray retained was stiLl increasing at l_50 L/na.

l{aximum retention will occur with a minimum size of droplets ímpactíng

at negligible velocity (Brunskill L956; Furmidge L962b; Johnsrone 1973;

Lake L977). Large droplets at a high rerminal velociry will exhibir
rrdroplet bounce' (BrunskÍll 1956). Once a droplet strikes the surface ir

is flattened out into an unstable state. If impact momentum is insufficient

to shatter the droplet, elastic recovery follows, and at this stage the

recoil ur,ay in certain instances cause detachment from the surface



(Johnstone 1973). Smaller droplets have a redueed tendency to bounce

because at impact they will not have sufficient momentum Ëo overcome the

surface energy of Ëhe droplet and retract from the surface. Conversely,

larger droplets will be more 1ikely to have enough monenLum upon impacË

to overcome the surface energy and retract from the surface. These

generalizations are further complicated by such factors as surface tension

of the sPray liquid and ¡.¡ater repellancy of the leaf surface (Furnidge

L962b; Johnstone L973). Decreasing surface Èension increases retention

by causÍng the droplet at impact to spread irregularly over the surface

!üith little or no retraction. A droplet falling on a highly water

repeLlant surface would have a reduced tendency to flatten out and would

quickly retract increasing the tendency for dropl-et bounce. The tendency

for droplet bounce to occur on a repellant surface,would, of course, be

related to the surface tension of the spray solution.

Plant Characteristics

The amount of spray retained by

gross morphology of the leaf and the

leaf surface.

a plant is dependent on both the

physical and chemical úature of the

Leaf angle Ís of particular importance in influencing retention of

droplets (Davies et al. 1967; Hibbirr Lg69). Davies er a1. (1967) applied

ioxynil with a fan type TeeJet nozzLe at 325 L/ba to barley leaves posi-

tioned at angles ranging from 0 to 80 degrees from the horizontal. The

amount of iorynil ret,ained per gram of plant dry weighË declined margin-

ally as leaf angle increased from 0 Èo 40 degrees with a sharp decline in

retention occurring fron 40 to 80 degrees. This decLine in reÈention is

attributed to both droplet bounce due to reflection, droplet ro11-off, and
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a reduction in Projected leaf area available for contact with the spray.

In a similar experiment, HibbitË (1969) applied e¡ater Ëo wild oat leaves

with a fan jet nozzle at a volume of 220 L/ha. Volr:me retained per unit

Leaf area decreased steadily from 1.25 m1/c¡n2 at O degrees to aLmost zero

at 90 degrees from the horizontal. To single out the effect of leaf

angle, HibbítË (1969) also measured retention based on volume retained

per unit projected leaf area. These measurements revealed Ëhat íf the

leaf was horizontal or at a slight angle from Ëhe horizontal (15 degrees)

the spray retained per unit projecËed area ú¡as the same. Between 15

degrees and 45 degrees Èhe volume retained feLl considerably, buË leaf

strÍps he1-d at 45, 60 and 75 degrees retained a similar quantity of spray.

The decline in reËention as bhe leaves became more vertical in position

!ùas aËtributed to increased dropleÈ bounce and runoff of droplets, The

slight deviations between the results of HibbiÈt (1969) and Davies et a1.

(1971) coul-d be attributed to differing leaf surface characteristics

between wild oats and barley, differences in the type of spray solution

used and volumes of spray applied. Even though minor differences do

exist, it can be concluded that increasing Leaf angle from Èhe horizontal

does result in lower retention values.

Due to differing characteristics in morphology and leaf surface

characteristics, different species of plants retain different amounts of

spray per unit dry weight of tissue. Blackman et al. (1958) sprayed a

number of plant species at simiLar growth stages (2 - 3 leaf) vsith a

water soluble dye solution at LL6 L/tra. RetenËion was híghest with

Brassica alba (2.5 u'L/g) foll-owed by Helianthus annuus (2.0 r,I/g), Linum

usitatissimum (L.1 n1/g), Pisum aativum (0.4 ml/g), and Hordeum vulgare

(0.3 ml/e). Davies et al. (L967) largely aÈÈributed the differenrial
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phytottirxicity of ioxynil to barley and mustard to differences in retention

between the species. Based on shoot dry weÍght, mustard retained 26 a¡1d

L0 tirnes more ioxynil with and without surfactant, respectively, at equal

volumes of application. In a study of the differentÍal retention of a

water soluble dye solution on flax and wíld oats, Hibbitt (1969) dis-

covered that the amount of spray retained per unit dry weight changed as

Ehe plants became older. The amount of solution retained on flax decreased

at more advanced leaf stages. This is reLat.ed to the two morphologically

differenË types of leaves on flax plants. The coËyledons are readily

wetted by aqueous sprays and in early stages of growth retained a very

high proporËion of the total spray deposited. The true leaves of older

plants are very water repellant and reÈain a negligible amount of spray

while t.he cotyledons became increasingly shielded. In contrast, wild oat

plants retained more spray as plant age increased. When wiLd oat plants

become older the leaves bend horizontally exposing more area for the spray

solution to conÈact.

Sharma et al. (1978) sprayed asulam on wild oats and flax and found

Èhe same type of retenËion characteristics for each species as that

reported by HibbitÈ (1969). sharma eL al. (1978) point our rhar not only

are the cotyledons shaded as flax plants become older, but older leaves

tend to hang down allowing for greater droplet bounce and run-off. Davies

et al. (L967) obtained comparable results with barley which is similar ln

morphology to wild oats. Changes in retentitive capability in crop and

weed species coul-d be of significance in herbicide application. HibbÍrt

(1969) suggests that more effectíve control of wild oats withouÈ injury

to flax could be achieved by herbicide application at a laËer leaf srage

of the wíld oats.
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The morphology of the leaf, in particular the detailed structure of

Ëhe surface, is of major significance in affecting the distribution and

reËention of chemicals (BrunskiLl 1956; Challen L960; Holloway L969a;

Hess et al. 1974).

Trichomes are an obvious feature of certain plant surfaces and play

an important role ín the retention of spray solutions. Challen (1962)

explained the trichome patterns on a number of leaves and distinguished

two main types. The first is Ëhe open paÈtern. This type of paËtern

would enhance retention due to capil-lary action holding and drawing the

spray droplet.s Ëowards the leaf surface. The second type is a closed

pattern whích would produce a highly water repellant surface causing a

reduction in the potential for a liquid to be retained.

the stellaÈe hairs of the pubescent leaf surface of Eremocarpus

setigerus provided a good retaining surface for solutions of MCPA applied

at low and high volumes (Hess et al. 1974). At a volume of 748 L/ha the

distribution pattern indicated that the spray droplets had broken into

numerous smaller droplets upon impact wiËh the stellate haÍrs. Most of

the herbicide remained on the hairs; however, in some instances signifÍ-

cant amounts of herbicide reached the leaf surface in a given area. Lower

volume applicaÈions with nozzLes having smaller orifices resulting in

smaller dropLets at volumes of 117 and 23 L/ha resulted in most of the

herbicide adhering to Èhe hairs with none of the droplets breaking on

impact. Although retention was high with all volumes it is questionable

wheËher the application was effective due to the hairs causing a barrier

to herbicide contact wiËh the leaf surface.

Once the spray f.iquid reaches the leaf surface, retention is governed

by the lrettabiliÊy of the particular surface. A leaf surface that is
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easil-y wetted stould be expected Ëo have a high retentitive capability

whereas; a hard to wet leaf surface would have a reduced ability to retain

a liquid. Ebling (1939) concluded that the most effective way of assessing

the wettability of a surface is by ureasuring Ëhe conËact angle of a drop-

let placed on that surface. Holloway (1970) further observed that wetr-

ability is most conveniently measured by means of conËact angles which

give an inverse measure of adhesion bet\.reen a solid and a liquid.

WeËting of the leaf surface is governed by the same physicochemical

factors which control the wetting of any solid surface, these being the

nature of the chemical groups exposed on Èhe surface and the surface

roughness (Fogg L947; Holloway L969a). The naÈure of the exposed groups

depends upon Ëhe chemical couìposition of the groups which differs among

plant species (Holloway 1969a; Holloway I969b; Fernandes 1965).

By measuring contact angles of distÍ11ed water on indivÍdual wax

constiËuents of 1-eaf waxes, Holloway (1969a) estabLished rel-ationships

between composition and hydrophobic properties of leaf \daxes. The most

hydrophobic r"¡ax constituents are alkanes followed closely by esters,

ketones and secondary alcohols. The least hydrophobic classes are, o-ß

diols, sterols and triterpenoids. VariaÈions between classes are most

likely a result of the presance or absence of methyl groups and differen-

tial packing of these groups at the surface. For example, functional

groups in the chains prevent close packing and consequently close arrange-

ment of methyl groups resulting in a reduction tn water repellancy.

Leaf surfaces can be roughly divided into two groups: those with

contact angles above 90 degrees and those below 90 degrees (HoLloway

L970). He suggested that contact angLes below 90 degrees implied that

wax r,ras noË a prominent feaÈure of the leaf surface, and conÈact angles
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above 90 degrees signified that surface wax played a major part in wett-

ability. contact angles ranging from 90 - 1r0 degrees indicated that

the Leaf surface had a smooth, superficial wax layer. Contact angles

above 1L0 degrees signified Èhe presence of other factors which were

capable of modifying the hydrophobic properties of the leaf surface. IË

has been determined Ëhat the principle factor invoLved in Ëhis modifica-

tion is roughness of the wax layer on the cuticle surface (Challen 1960,

L962; Fernandes L965; Holloway L970).

The effects of roughness caused by veination or epidermal ce1ls have

been regarded as unimportant in affecting leaf wettabiLity by HoLloway

(1970), but could infLuence retention due to effects on herbicidal- dis-

persal patterns as reported by Hess et al. (L974). McpA applied to

Leaves of sugarbeets tended to accumulate in depressions above the anti-

clinal walls of the epidernal ceLls. This definitely would have an

effect on retention by providing an area for the spray to accumulate.

The same effect would most like1-y occur on leaves which are coarsely

ve ined.

Fernandes (1965) classified plants into water repellanr classes and

non-water repellanË classes by determining the concentration of surfactant

required to mnke a water droplet lose its hemispherical shape and spread

over Ehe leaf surface. The waxes on the leaf surface of the water

repellant pLants exhibited a microscopic surface roughness in the form

of crystalline rodleËs and threads evenly or irrégu1arLy disËributed on

the leaf surface. The non-repei-lant surfaces generally exhibited smooth

and flat wax surfaces. Holloway (1970) reporÈs thaË rrax surfaces that

exhibiÈ roughness characterÍsËics of rodleËs give contact angles greater

than 120 degrees.
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The significance of surface roughness is exemplified by the work

of Holloway (1970). Wax removed from leaves by chloroform washing and

then spread as smooth film only accounted for 50 - 60% of the original

contact angLe when measurer0ents were made. Surface roughness must,

therefore, have accounted for the remaining increase in contact ang1e.

Large reductions in the contact angle afËer wax removal demonstrate

the importance of wax on leaf wettability (Challen 1960; Holloway 1970).

For example, Challen (1960) reported a 34% reduction in contact angle when

the upper surface of Agropvron repens was washed v¡Íth ether and Holloway

(1970) reported a 12% reduction ín the contact angle of Trifolium repens

when the upper surface of Ëhe leaf was washed with chloroform. Usually

the contact angle of Èhe lower surface of most leaves was lower than the

uPPer, and nax removal from the Lower surface results in somewhat smaller

reductions in contact angle (Challen L960; Holloway L970). The reduction

in contact angle measured with removal of the superficial wax is due to

the resulÈíng exposure of the cuticle r.rhich is more hydrophylic in nature

(uolLovuay 1970).

Increased r.Jettability upon removal of surface \^raxes is generally seen

for all plant surfaces although a few exceptÍons do exist.. An example of

this occurred with Plantaso lanceolata (Hol1-oway L97O). Upon removal of

Èhe surface lraxes no change in contact angLe occurs. The reason for Èhis

sti11 remains unanswered.

A lower contact angle noË only increases reËention but also coverage

of Èhe target surface (Johnstone L973). Under a 1ow volume application

rate of L0 L/ha with 250 pm dropLets, a reduction in contact angle from

90 degrees to 35 degrees by addition of a wetting agent gives a 2h-f.old

increase in coverage. At the same volume and a droplet size of 125 um,
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the decrease in contact angle frorn 90 degrees to 35 degrees results in a

5-fold increase in coverage of the Ëarget surface. This increase in

coverage is attributed to greater spreading of the droplets as surface

tension óf the liquid is lowered by the lretting agent.

The signifícance of contact angle measurements in determining r^lett-

ability. and, therefore, spray retenEion is most cLearly illustrated by

Brunskill (1956). He states that no bouncing of droplets has been

observed where Èhe contact angle was less than 140 degrees. From this

he concluded, ttAs contacË angles greater than L4O degrees are never

encountered with the norrnal range of spray liquids on any smooth surface,

it can only be assumed that bouncing is associated with a certain rough-

ness of Èhe surfacert.

Due to the differences in wax chemical composition and surface

roughness among alL p1ant species, a wide variation in measured contact

angle exists (Challen 1960, 1962 Holloway L969a, L969b, 1970). This,

in combinaËion with variatÍon in gross morphology of plant leaves and

overall structure, probably accounÈs, in part, for the different retention

characteristics between plant species.

Performance Under Field Conditions

The majoriËy of the foliar-applied herbícides are applied with

hydraulic nozzLe tips. These include the flat fan, flooding and, to a

êesser extent, raindrop nozzLe tips. Droplet size, spray patËerns and

spray volume vary q¡ith the nozzle type used. From the l-iterature it is

clear that the physical properËies of the spray play a significant role

in determining herbicide efficacy, buÈ unfortunaËely data on the effect

of nozzLe types on herbicide efficacy under field conditions is limited.
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Schafer and Stobbe (L972) studied the effect of nozzle type on the

toxicity of barban to wild oats under both laboratory and field condi-

tíons. The sËandard TeeJet 560067 at 57 L/lna, the lov¡ profile TeeJet

650067 (a standard TeeJet 650067 appl-ication but at a lower boom height)

aL LJ4 L/ha and wide angle FloodJet TKSS 0.75 at 5LL/ha were compared.

Under greenhouse conditions at a rate of 0. LL kg/ha and an application

pressure of 3.L6 kg/cnz similar wild oat control was obtained v¡ith Ëhe

standard 650067 and TKSS 0.75 nozzle Èips. Application with the low

profile 630067 resulted in a much poorer wild oat control. In the field

study, 0.28 kg/ha barban was applied at a pressure of 3.L6 kþ/cm with the

three nozz1-e types under Low (0.9 - 4.5 krn/hr) and high wind conditions

(17 .4 - 19.2 kn/hr). Under low wind conditions the standard 650067 and

TKSS 0.75 produced satisfactory wiLd oat control, while control wiÈh the

low profile 650067 tip was variable. Under condiEions of high wind the

besÈ wild oat control occurred with the lovr profile 650067 and wide angle

TKSS 0.75. Control with the sËandard 650067 Eas erratic due to spray

drift being a problem.
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I'{ATERIA],S AND METHODS

General Procedures - Field Experiments

FieLd experimenËs were conducËed at the University of Manitoba

research site near Graysville, Manitoba in 1979 and 1980. The soil type

is an Almasippi very fine sandy loam containing 79"/. sand, 7% silt and

I4"/" cLay. The organic ña tËer content of the soil is 3.77". The r¡eather

data for May through September L979 and 1980 are Presented in the

Appendix (Tables I and 2).

In L979, the experiments qrere situated on land which was srtrnmer-

fallowed the previous year. In 1980 the experiments vrere conducÈed on

land which was sown to corn the previous year. TnL979 a broadcast

application of 258 kg/ha of 27-27-00 urea ammonium phosphate was applied

to the experimental area whil-e in 1980, 278 kg/ha of 27-27-00 urea ammo-

nium phosphate was broadcast on the experimental area.

The effect of various nozzle Èips on the efficacy of commercial

formulations of propanill, diclofop methyl2, difenzoquat3, bromoxynil

ocËanoateá and metribuzirr5 *a" evaluated in five seParate exPeriments.

1-stampede, 240 g a.i./L emulsifÍable concentrate (EC), Rohm and Haas Co.

2Ho"-Gra"s, L99 g a.i./L EC, Hoechst Canada rnc.

3Arr"rrg" 200-c 200 g a.i./L soluble liquid (sN), cyanamid of canada Ltd.
4Torch, 227 g a,i./L Ec, Allied Chemical Services.

5-S"ncor 5 flowable, 500 g a,í"/L suspension (SU), Chemagro LËd.
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The propanil, diclofop roethyl, difenzoquat and bromoxynil experiments

were seeded to Neepawa wheat at 98 kg/ha and the metribuzin experiment

was seeded to Bonanza barley at 100 kg/ha. All seeding was done with

a double disc drill. In L979 wheaË was seeded on June 5 and barley on

June 6. Both crops emerged on June 11. In 1980 both crops were seeded

on July 2 and emerged on July 6.

The nozzle Èreatments \,rere the same for each experiment and are as

follows:

1. Unsprayed check

2. TeeJet 80015 at 275 Wa

3. TeeJet 80015LP at 275 l<Pa

4. TeeJet 800I5LP at 150 kPa

5. FloodJet TK 1.5 at 275 l<Pa

6. Floodjet TK 0.75 at 275 lrfa

7, Raindrop RA-2 at 275 l*a

Díagramatic representations of the various nozzLe tips are depicted

in Figure 1. The TeeJet6 gOOtS and 8O015LP are both flat fan stainless

steel nozzLes producing an 80 degree fan type sPray Pattern with tapered

edges. The 80015 is designed to produce a uniform sPray PatËern at

275 lrJa, whiLe the 80015LP is designed to deliver the same spray Pattern

as the 80015 but at a pressure of 150 kPa. The 80015LP is designed to

reduce spray drift potential by producing a larger droplet size than

the 80015. In treaËment 3 the 80015LP is used at a higher than recommended

pressure (275 lrIa). At this pressure droplet size is reduced and the

spray pattern is dístorted giving an angle of slightly greater than 80

6-spraying Systems, Wheaton, Illinois' USA.



Figure 1. Diagramatic representations of the various nozzLe Ëips.



2L

Rogulor Flot Fon

Flooding Flot Fon
(fronl)



22

degrees. Droplet size distribution data for the 80015 and 80015LP tips

provided by the manufacEurer, Spraying Systems Co., are presented in the

Appendix (Figures 1 and 2). Volume median diamet,ers of the 80015 and

80015IP nozzle Eips are presented in Table 1. Volume median diameter

Ís the droplet diameter which divides the spray into two equal portions

by volume.

The FloodJet TK 0.75 and 1.5 stainless steeL nozzle tips both pro-

duce a wide angle spray pattern of approximately 120 degrees. The TK

1.5 deLivers Ewice the volume output as the TK 0.75 and produces a larger

droplet sLze. The TK 0.75 was spaced on the sprayer boom so as to give

an overlapping pattern (0.5 m spacing), while the TK l-.5 was spaced so

as to give a non-overlapping pattern (1.0 m spacÍng). Droplet size

distribution data for the Floodjet nozzLes provided by the manufacturer,

Spraying Systems Co., are presented in the Appendix (Figure 3). Volume

median diameters for the TK 0.75 and TK 1.5 nozzLe típs are presented

in Table 1.

The RaindropT RA-2 nozzle produces a ho1low cone shape spray pattern.

Droplet size distribuËion data v¡as unavailable for the RA-2 nozzle. The

Delavan Agspray Product,s catalogue reports that the RA-2 nozzle delivers

a spray v¡ith a volume median diameter of 330 um.

All treatments were applied using a sma1l plot bicycle sprayer.

Treatments 5 and 7 were applied using a 3 meter boom. For all other

treatments a I\ meter boom was used for application. The herbicides were

sprayed in a volume of approximately t10 L/ha of water. Details on nozzle

height, nozzle spacing and forward r^ralking speed are presented in Table

2. The TeeJet 80015 and 80015LP nozzles were directed 45o forward for

7'Delavan CorporaËion, lilest Des Moines, Iowa, USA.
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TABLE I. Spray droplet volume median diamerers
(VMD) of the va¡ious nozzle Èypes.

NozzIe tips Pressure
(kPa)

VMD
(roí crons )

800r 5

8001 5LP

800t5LP

TK T.5

TK 0.75

RA-2

275

275

150

275

a?!

275

370

375

410

400

300

330
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TABLE 2. Nozzle hefghÈ, nozzLe spacing on the sprayer
boon and foreward walking speed used in the various
ËreaÈntenÈs, 1979 and 1980.

Treatmentl Nozzl e
he i ght

(cm)

Nozzle
spacing

(cm)

Forev¡ard
s peed
(kph)

2 80015

3 800I5LP

4 80015LP (150 kPa)

5 TK I.5

6 ÎK 0.75

7 RA-2

45

38

45

44

44

35

50

50

50

100

50

100

5.5

9.0

5.5

7.0

5.5

4.0

lTreatment 
number 4 was applied at I50 kpa; all

other treatmenÈs eere applied at 275 ¡fæa.
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the applicaÈions of the wild oat herbicides (diclofop methyl, difenzoquat)

Each of Ëhe chemicals was applied at an optirnal and sub-optinal leaf

stage for effective control of the susceptible weeds. For the chemicals

propanil, diclofop methyl, bromoxynil and metribuzin susceptible weeds are

most effectively controlled when the chemicals are applíed at an early

leaf stage. !ùith difenzoquat susceptible weeds are most effectively con-

trolled at a later, more advanced leaf stage.

Weather condiËions including wind velocity, Eemperature and relative

humidity \dere recorded at Ëime of spraying. l,Ieather data for L979 and

1980 are pecorded in Table 3. Relative humidity was measured with sling

psychrometerS and wind velocity with an anemometer9.

In both 1979 and 1980, overall treatments of Buctríl M aE 0.55 ke/ha

active ingredient $iere necessary to remove broadleaf v¡eeds from the pro-

panil, diclofop rnethyl and difenzoquat experiments. In both years, wild

oats and green foxtail were removed from the bromoxynil and metribuzin

experimenrs by an overall application of Hoe-Grass at a rate of 0.7 kg/ha

active ingredient.

l.Ieed control was assessed by taking weed counts and weed dry weights

from plants sampled 6 - I weeks after treatment.. The sample síze in 1979

was Ëv¡o l/t+ n2 quadrants and in 1980 was one 1 m2 quadrant.

The experimental design in 1979 was a randomized complete block

design. In L980 the experimental design was a split plot design with time

of application being the main plots and treatments being sub-pl-ots. In

both years the treatments were replicated four times and plot size was

2,8 x 5.0 n.

8Tay1-or Instrument
9Borrowed from the
of Manitoba.

Ltd., Toronto, Canada.

Department of AgriculLural Engineering, University
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TABLE 3. !{eather condirions Et the
8nd 1980.

time of spraying, 1979

Experioent TreaÈEent
daEe

Temperature Wind
ve1 oc i ty

(c) (kph)

RH

(7.)

t979

Propanil

Diclofop treEhyI

Difenzoquat

Bronoxynil

Metribuzin

19 80

Propanil

Diclofop DeÈhyl

Difenzoquat

Brono:<ynil

Hetrlbuzin

El June 22

t2 July 3

E June 27

L July 7

E June 28

L July 5

E June 26

L July 5

E June 26

L July 5

nI July 8

L2 July 17

E July l0
L July 17

E July 15

L JuLy 24

E July 22

L July 26

E July 22

L July 25

18

22

30

23

29

28

25

29

25

30

25

25

30

¿4

28

27

27

22

30

23

65a
13 90

469
13 43

582
843

5 65

10 90

3 65

10 4s

577
486
040

10 58

053
Io 38

o46
022
o42
o22

lE"rly applicaÈion.
2Late applfcation.
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In L979, all experiments were harvested using a Hege 125 sma1L plot

combine. The yield results in L980 were recorded by taking total crop

dry weight samples of I m2 from each plot. Grain yields were not taken

in 1980 because the late seeding dates due to dry conditions in the spring

did not allow the crop to reach maturity. TreatmenË, sampling, harvest

dates and weed and crop leaf stages at time of treatment f.or 1979 and 1980

are presented in Tables 4 and 5.

The data collected l,las statisticaLly anaLyzed and the treatment

means compared usíng Duncanrs Multiple Range Test. Only differences

significant at the 10% leve1 of probability r^tere considered meaningful.

DeËaíls pertaining Ëo specific experiments are outlined below.

Propaníl Applied to Green Foxtail in l.Iheat

Propanil was applied at a rate of 0.98 kg/ha.

In both years green foxtail seeds were broadcast on the experimental

area at a rate of 400 seeds/m2 and light1-y incorporated inËo the soil r^¡ith

a harrow.

Diclofop Methvl Applied to Wild Oats and Green Foxtail in Wheat

Diclofop methyl was applied at a rate of 0.7 kg/ha.

Green foxtaÍl was broadcast at a rate of 400 seeds/m2 on the experi-

menÈal area and lighcly incorporated into the soiL r.rith a harrow in 1979.

In 1980 boËh wild æts and green foxtail were broadcasÈ on the experimental

area at rates of 100 and 400 seeds/m2, respectively, and incorporated into

the soil by a shalLow discing.

Difenzoquat Applied to l.Iild Oats in l.Iheat

Difenzoquat was appLied at a rate of 0.70 kg/ha,
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ÎABLE 4. Treatment dates, sreed and crop Etages, Eampling and hårveEt
dates, I979.

Exper inent TrealDent
date

Weed leaf3
stage

Crop leaf
s Èage

Dry matter sample
and weed count

Harves t
date

Propanil

Diclofop neÈhyl

DifenzoquaË

Bronox¡mi1

llet¡ibuz in

El June 22

l2 Jury 3

E June 27

L July 7

E June 28

L July 5

E Jt¡ne 26

I July 5

E June 26

L July 5

2-3 GF

3-5 GF

3-5 GF; 2-4 wO

5-7 GF; 5-6 W0

3-4 i.¡0

4-6 wO

2-4 YIB; 2-4 RRP

4 LQ; 3-4 wM

3-5 I{B; 4-7 RRP

7-I0 LQ; 4-7 \Iti

2-4 vIB3 4-5 RRP

5],Q;5wM

5-7 wB; 6-7 RRP

6 LQ; 6-7 wn

2-3

5

4

5-6

3-5

5-6

2-4

5-6

5-4

6

JwIy 27

JuLy 27

JuIy 31

July 31

July 31

July 31

JuLy 27

JuLy 27

July 28

JuIy 28

Septenber 10

September 10

September 10

September 10

September L4

September 14

September 14

SepÈember 14

Augus t 31

August 3I

lEarly application.
zlate application.
3GF = Gru"., Foxtail;WO = l.lild Oats; HB = I,Jild Buclcwheat; RRP = RedrooÈ Pigweed;
LQ = Larnb's QuarËers; WM = lli1d Mustard.
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TABLE 5. TreeÈEenr
sanpling dates,

dates, r¡eed and crop leaf stages and
1980.

Experiment lreã troent
da te

t{eed leaf3
sÈage

Crop leaf
s tage

Dry natcer sample
and r¡eed count

Propanil

Diclofop Eerhyl

Difenzoquat

Brouroxynil

Þfe tribuzin

nl ;uly 8

L2 J,rLy L7

E July 10

L JuIy 17

E July 15

L JuIy 24

E JuIy 22

I July 26

E JuIy 22

L July 25

2-3 GF

4-6 GF

2 i.¡0; 3 cF

3-5 I.l0; 4-6 cF

3WO

5-6 WO

3-4 w3; 4-6 RRP

5-8 LQ; 3-6 I.¡M

5-6 I{B; 6-8 RRP

8-10 LQ; 5-8 wM

3-6 tû1; 4-6 RRP

5-8 LQ

5-7 WM; 5-8 RRP

6-10 LQ

L

J

I-2
J

2-3

5

4-5

5-6

5-6

5-7

August 18

Augusr l8

August 19

August 19

August 24

August 24

August 21

August 21

August 25

August 25

lEarIy application.
2Late application.
3_GF = Gru"n Foxtail; WO = wild Oats; I.IB = wild Buckehear;
LQ = Lambrs Quarlers; WM = Wild Mustard.

RRP = Redroot Piglreed;
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In 1980, only wiLd oat seed was broadcast on the experimental area

aË a aate of 100 seeds/m2 and incorporated by a shallow discing.

Bromoxvnil Applied to Broadleaf t{edds in Wheat

Bromoxynil was applied at a Eate of 0.28 kg/ha.

In L980, wild buckwheat seeds at a rat.e of 50 seeds/*2 ""r" broad-

cast over Èhe experimental area and incorporated into Ëhe soil by a

shallow discing.

l'letribuzin Applied to Broadleaf Weeds in Barlev

Metribuzin !ùas applied at a rate of 0.2I kg/ha.

No weed seeds were broadcast over the experimental area in either year

General Procedures - Laboratorv Experiments

Nozzle Efficacv Experiments

Experiments were conducted to study the effect of nozzle type on the

efficacy of propanil applied to green foxtail, diclofop rnethyl applied to

green foxtail and wild oaËs and metribuzin applied to wild mustard. All

plants for these experiments !ùere grown in a wal-k-in growth room. Lighting

was supplied by VHO/i,Is Growlux Sylvania Lighting, which provided 230 Eum-2s-1

photosynthetic photon flux densÍty (PPFD) as measured by a quantum sensor.

The photoperiod and t,emperature was 16 hours of light at 20 C and I hours

darkness at 15 C. The pl-ants were grown in plastic pots containing a

L:1:1 soil, sand and peat mix, combined with 1.05 grams of 16-20-00 ammo-

níum phosphaËe sulphate fertiLizet/kg of. soil- mix. The planÈs were v¡atered

every 2 days.

Herbicide rates to be used in the experiments were predetermined by

establishing ED5g values for propanil applied to green foxtail, diclofop
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neÈhyL applied to wii.d oaËs and green foxtail and metribuzin applied Èo

wiLd mustard. The EÐ5g value is the rate at which there is a 50% reduc-

tion in plant dry nratter increase.over a 2 week period after herbicide

treatmenË compared to Ëhe untreated control. The TeeJeÈ 80015 nozzle at

a pressure of 275 k?a was used to determine these values.

The treatments were exactly bhe same for each experiment and were

as follows:

1. Unsprayed check

2. TeeJet 80015 at 275 l<Pa

3. TeeJeÈ 80015LP at 275 Wa

4. TeeJet 80015LP at 150 kPa

5. FloodJet TK 1.5 aE 275 l&a

6. FloodJet TK 0.75 at 275 l<Pa

7. Raindrop RA-2 at 275 Wa

Applications \¡rere made from a singLe nozzLe in a cabinet sprayer.

Due to an inability to adjust spraying speed, volumes of water output

varied beËween Ëreatnents. These are presented ín Table 6. Nozzle height

for each treatment is also presented in Table 6. Treatment with the TK

0.75 nozzLe required two sprayer passes to simulate the overlapping pattern

in Ëhe field experíments.

After herbicide treatment the plants vrere allowed Ëo grow for 2 weeks

in the grovrth chamber and Ëhen harvested for dry weight deÈerminatíons.

Control was based on dry weíght reductions.

The experimenËa1 design leas a randomized complete block design with

seven replicates. Each pot. represented a p1ot.

. The experimentaL results lrere statistically analyzed and the treat-

ment means compared using Duncanrs Multiple Range TesË. Only differences



32

TABLE 6. Voluroes,
treat.ments.

preosures and helghts used in nozzLe

TreaÈment 1 Volume
(1/hå)

Pressure
(kPa)

Nozzle height
( cm)

2 leeJet 80015

3 TeeJer 80015LP

4 TeeJeÈ 80015LP (150 kPa)

5 FloodJet TK 1.5

6 FloodJet IK 0.75

7 Raindrop RA-2

109.05

258.09

r86.04

LO7 .22

106. 1 1

116. 10

275

275

I50

275

275

275

45

38

44

44

35

Treatment number 4 was applied
treaÈmenls were applied aE 275

of 150 kPa; all orherat å pressure
k?a.
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significant at the 10% leveL of probabiliÈy were considered meaningful.

Detalls pertaining to êpecific experiments are given below.

Propanil Applied to Green FoxËail. The ED56 raËe for propanil

appLied to green foxtail at the three-leaf stage was 0. L9 kg/ha.

Propanil was applied wiÈh the various nozzle tips to PoÈs containing

l0 gfeen foxtaiL plants per pot at the three'leaf sÈage. The experiment

!üas rePeated tr.¿o times.

Diclofop Methvl Applied to Green Foxtail. The ED5g rate for diclo-

fop rnethyl appl-ied to green foxtail at the three-leaf sËage was 0.035 kg/ha

Diclofop methyl- was applied with the various nozzle tips to pots

conEaining L0 green foxtaiL plants Per Pot at the three-leaf stage. The

experimenË vias repeated tvro Èimes.

DicLofop Methvl Applied to l^Ii1d Oats. The EDtO rate for diclofop

rneÈhyl applied to wild oats at the three-leaf stage was 0.5 kg/ha.

Diclofop methyl was applied with Ëhe various nozzle tips to pots

containing five wild oat plants Per Pot at. the three-leaf stage. The

experiment vras repeated two times.

MeÈribuzin Applied to I.lild MusËard. The ED5g rate for metribuzin

applied to wild mustard at the four-leaf stage was determined to be 0.03

kg/ ha.

Metribuzin \,ras applied with the

Ëaining five wiLd mustard pLants per

experiment rras repeated two times.

various nozzLe tips to pots con-

pot at the four-leaf stage. The

Retention Studv

Experiments were conducted to determine the effect of various nozzLe
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tips on the retention of diclofop methyl appLied to wild oats and green

foxtail. AlI plants !ùere gror.¡n in the greenhouse in plasÈic pots in a

l-:1:1 soil, sand and peat mixture mixed with 1.05 g/kg of L6-20-00 ammo-

nium phosphate ferEiIízer. The plants were watered every 2 days.

The treatüents vJere exactly the same as in the nozzle efficacy

experiments. The treatments were also applied in the same cabinet sprayer

as in tL.e nozzLe efficacy experirnenËs. Nozzle volume outputs and heights

are presented in Table 6.

The supplemental lighting in Ëhe greenhouse was provided by CW 235

Lifel-ine Sylvania Lighting which provided 235 uE t-2"-1 PPFD. The photo-

period provided by supplemental lightÍng and temperature was 16 hours of

light at 18-23 C and I hours darkness at 18 C.

To determine the amount of herbicide retained on the leaf surface

the fluorescent dye, Fire Orange Red E.4 E Series Pigmentl0, was used as

a Ëracer. The meËhod used is similar to the meËhod described by Lake

(Ig74), who used the fluorescent dye, Saturn Yellow MF Seriesll, as the

tracer. A Turner Model 111 Fluorometerl2 was used to measure fluorescence.

The filËers used were a 7-60 primary filter v¡ith a cut-off of 365 nm and

a secondary 2A-L5 filter with a cut-off of 520 nn. The light source \"¡as

a general purpose #1L0-850 1amP.

First. a calibration curve was established from which Èhe amount of

fluorescent dye present in a particular test soLution can be determined by

measuring Ëhe fluorescence emitted from the test solution. The procedure

for preparing solutions from which the calibration curve is derived is as

foLlows:

lOsr"¡ada (London) LimiÈed.
llsroad" (London) Limited,
12c. x. Turner Associates,

London, England.

PaLo Alto, California.
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1. A stock dye sol-ution was established by mixing 0.1 g of

fluorescent dye r¡ith 100 nl of a 3.5% coumercial díclofop

methyl (Hoe-Grass) emulsion. This represents the amount

of comuercial diclofop methyl in a typical spray soLution

of 0.7 ke/n^ active ingredient applied in 110 L/ha of

wâter.

One ml of the stock dye solution was then added to 10 m1

of the commercial dicLofop methyl emulsion and mixed. The

fluorescence of this solution was then measured r,¡ith the

ïurner Fluorometer.

One ml of sÈock dye solution was mixed with 20 ml of the

commercial diclofop methyl emulsion and the fluorescence

measured. ThÍs procedure r,¡as continued in 10 ml increments

up to 250 ml. Before each measuremenÈ the fluoromeEer was

bLanked using the diclofop methyl solution with no dye added.

This assured Èhat only fluorescence from the dye was measured.

Froln this procedure a calibration curve with a correla-

Ëion coefficient (R) of 0.9874 vTas estabLished (Figure 2).

The vertical axis represenls fluorescence while concentration

of dye in parts per million Ís on Ëhe horizontal axis. By

determining Ëhe fluorescence of a sample solution, through

extrapol-ation the concentration of dye in that solution can

be det,ermined.

For retention measurements a 3.5% commerciaL diclofop Bethyl (Hoe-

Grass) emulsion was mixed with a known quantity of fluorescent dye and

sprayed on the tesÈ plants.

2.

3.

Immediately after spraying, the plants from each pot were cut at



Figure 2. Calibration curve for Fire Orange Red E.4 Series fluorescenË
pigment Ín a 3.5% commercial diclofop meËhy1 soluEion.
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soil 1evel and placed into a bottle containing 20 ml of the 3.57. commer-

cial diclofop methyl emulsion. The bottle Eas capped and shaken vigor-

ously for 5 seconds to r.¡ash the dye solution off the plants. The planËs

were then removed from the bottle and kppt for dry weight determinations.

A blank solution was prepared by the same procedure except that the plants

uere sprayed with the diclofop methyl emulsion without any dye added.

Before any measurements of fluorescence were taken, the fluorometer

was blanked with the blank solution. Fluorescence was measured for the

various treatments and from the values obtained dye concenÈration was

determined from the calibration curve. Fluorescence was measured from

samples contained in glass curvettes.

I(noroíng the concentration of the dye solution sprayed on the plants,

Èhen the amount of solution retáined on the plants was determined mathe-

matically by the formula

Concentration (ppml

106 = x (mI of solution retained)Concentration of fluorescent dye in the spray
solution (g/ml)

of

L0

in

ú¡as

of

The following is a sample calculation where 0.5% dye solution (0.5 g

dye per 100 mI of commercial diclofop methyl emulsion) was sprayed on

green foxtail plants at the three-leaf stage. The plants were washed

20 url of diclofop nethyl emulsion and the fluorescence of the emulsion

measured. From the calibratÍon curve it was determined that 2.44 ppm

x Volume of wash soluËion

dye was reEained on these plants.

Z4 x 20 mt = 4,8 x 10-6 g of dye
106

síon. The spray solution contained 0.5

emulsion or 0.005 g/ml. Therefore, the

foxtail plants was determined as follows

per 20 ml of diclofop methyl emul-

g of dye/100 ml of diclofop roethyl

amount (x) retained by 10 green
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5 x 10-8 e = 4.8 x 10-6: x = 9.96 x 1O-3 ml of solution retained by
I rnl - 

--;-'
10 green foxtail plants.

By determining the dry weight of the 10 green foxtail plants, reten-

tion per gram of plant dry mat,ter can then be calculated. In each experi-

menE leaf areas of. 20 represenÈative plants !ùere taken and an average

value determined. From this value, the amount retained/"r2 *t" calculated.

The experimental design for these experiments was a completely ran-

domized design with each treatment repeated six times.

Since the volume outputs of Ëhe various nozzLe treaËments are not

the same, retention was based on a volume output of 110 L/tra. For each

treaË¡oent 110 was divided by the output of that nozzLe treatment and a

value (X) was ca1culat,ed. The measured amount of spray retained by the

treatment vras then multiplied by X to give an adjusted retention value.

This procedure rdas necessary to make data couparison between treatments

meaningful.

The data was analyzed statistically, and treatment means compared

using Duncanrs l"fultiple Range Test. Only differences significant at the

10% level of probability were considered meaningful.

Details of each of the experiments are given below.

Retention of Diclofop Methvl Applied to Green Foxtail. The spray

soluEion contained 0.25 g of fluorescent dye per 100 mI of the commercial

diclofop methyl emulsion. This v¡as sprayed onto pots containing 10 green

foxtail plants per pot at the three- to three-and-a-ha1f-1eaf stage. The

experiment ltas repeated tr¿o tímes.

Retention of Diclofop Methvl Applied to l.Iild Oats. The spray solution

contained 0.30 g of fluorescent dye per 100 nl of Èhe co¡rmercial diclofop
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methyl emulsion. This was sprayed onto pots containing seven wild

planËs per pot at Ehe two-leaf sËage. The experimenË was repeated

oaÈ

two times.

tr{ater Droplet Contact Angle Measurements

Contact angles were measured on leaves of green foxtail, wild oats

and wild buckwheat. Plants htere gror{n in a walk-in growth room and out-

doors at the University of Manitoba campus. All plants q¡ere grown in

plastic pots conËaining a L:1:1 soil, sand, and peat. mix, combined with

1.05 g/kg of. L6-20-00 ammonium phosphate sulphate fertilízer. The p1-ants

grov¡n outdoors were BrovJn during August 1980. Plants gro\^rn outside and in

Èhe growth room were watered every 2 days,

T,ighting Ín the growth roortr r¡ras supplied by VHO/I^IS GrowLux Lighting

which provided 230 uE-2s-1 ppfn as measured by a quantum sensor. The

photoperiod and Ëemperature was 16 hours of light at 20 C and 8 hours

darkness at l-5 C.

The appartt,r"l3 used to measure contact angles is shown in Figures 3,

4 and 5. The apparatus consisËs of a light source (A), specimen chamber

(B), specimen mounting block (C) and an f8014 lees (D). The light source

is mounted directly behind the chamber and the lens is mounËed on the

opposite side of the chamber 3-5 cm from Ëhe front.

For contact angle neasurements a piece of leaf about L/2 cm2 was

placed on the mounting block and affixed by tvJo-sided adhesive tape with

the adaxial surface facing upwards. Great care was taken not to touch

Ëhe adaxial surface during placement. A dropl-et of distilled luater from

microsyringe (E) was then formed on the leaf surface (Figure 5). The

síze of the dropleË was approximately I mm in diameter.

l3obtai.ted from
l4t"tarr,rfacturer,

the Department of Botany,
Carl Zeiss (Germany).

llnivers ity of Mani Èoba .



Figure 3. Apparatus for measuring droplet contact angles.

A. light source
B. specimen chamber
C. specimen mounting block
D. É80 lens

Figure 4. Light source (A), specimen chamber (B), specimen mounting
block (C) and fBO lens (D) used for measuring droplet contact
angles.
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Figure 5. A droplet of distilled water placed on a leaf in the specimen
chamber of the contact angle aPParatus.

B. specimen chamber
C. specímen mounting block
E. micro syringe
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An inverted magnified irnage of the droplet and the leaf surface on

the block tras projected onto a piece of paper mounted on the wall 1 ur in

front of Ëhe chamber. A horizontaL line along the edge of the leaf sur-

face was drawn. Contact angle (0) measurements were then made by drawing

a line tangent to Ehe surface of the drop at the point of contact with

the leaf surface (Figure 6). This contact angle is the advancing contact

angle (HolIoway L970). Further advancing contact angles rdere measured by

adding 2 Ul increments of disÈilled water Eo the droplet with a micro-

syringe. I,Iith each addition the conüact angle was measured. MeasuremenËs

were made on both sides of Ëhe droplet.

From tç¡o to five measurements were nade with each droplet. The number

of measuremenÈs made was dependent on how long the droplet remained on the

leaf surface before rolling off. Once measurements on one droplet were

complete a new section of leaf was used for the next seË of measurements

with a new droplet. The sides of Èhe charnber were coated with damp filter

paper to minimize vraËer evaporation from the droplets.

For measurements on green foxtail and wild oats, leaf sections were

taken from the niddle section of the leaf and measurements Þrere made from

the end view of the leaf. The mid rib was removed Èo avoid an uneven

surface for contact angle measurement.. Contact angle measurements v¡ere

made from plants gro!ùn outdoors and in Èhe growËh room.

The data was analyzed by determining means and standard deviations

of the measurements.

Details for the specific experiments are given below:

Contact Angle Measurements of Water DroÞIeÈs on l{ild Oat Leaves. Con-

ËaeÈ angles were measured on the following wild oat leaves:

first leaf of a 2 I/z-Leaf stage plant,



Figure 6. An illustration of a contact angle measurement made on a leaf
surface '
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Contoct ongle (8)
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second leaf of a 2 L/Z-Leaf stage plant,

third leaf of a 4 L/2-Leaf stage plant,

fourth leaf of a 4 Ll2-leaf stage plant.

Cont.act Angle Measurements of l^Iater Droplets on Green Foxtail Leaves.

Contact angles v¡ere measured on Ëhe following green foxtail leaves:

first leaf of a 2-Leaf sËage plant,

second leaf of a 3-leaf stage plant,

third leaf of a 4-leaf stage plant,

fourth leaf of a 4 L/z-Leaf stage plant.

Contact Angle Measurements of lJater Droplets on l{i1d Buckwheat Leaves.

ConÈact angles \.tere measured on the following leaves:

first leaf of a 2-Ieaf stage plant,

second leaf of a 3-leaf stage plant,

third Leaf of a 4-Ieaf sËage plant,

fourth leaf of a 4 I/2-leaf stage plant.
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RESI]LTS

Field Experiments 1979 and 1980

In L979t adequate weed populations existed in all experiments to

assess herbicide performance except in the difenzoquat experiment.

The spring of 1980 was exËremely dry resulÈing in poor and non-

uniform weed populations in all experiuents. The experimental area in

L980 contained high and 1ow areas where moisËure conditions differed con-

síderably. Generally fair weed populations existed in the Lower areas

and very poor populations occurred Ín Èhe high areas.

Propanil Applied to Green Foxtail in Wheat

Analysis of the 1979 data showed there was a time of treatment by

Èreatnent interaction with respect to green foxtail densitíes and dry

weights (Table 7). Reduction in green foxtail density was an average of 6%

greater when the ÈreaÈments were applied at the late applicaÈion date even

though the green foxtail was beyond the optimum leaf stage recommended for

conErol with propanil (Table 7). Weather conditions at the time of treat-

ment could possibly account for this unexpected response. The RH aÈ the

t.ime of application nas much higher than at the early treatment date (Table

3). The high huroidity at the time of spraying may have accentuated rhe

activity of the herbicide on the green foxtail.

At the early application date the greatest reducÈion in green foxtail

density occurred when propanil was applied with the 80015LP îozzl-e aE a

Pressure of. 275 kPa (Table 7). Performance with this nozzle was signi-

ficantly betÈer than with the TK 0.75 and 80015 nozzle tips. Late appli-
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TABLE 7. Densities and dry weights
applied with Èhe various ¡ozzle

of green foxtail plants rreated with propanil
tips, 1979 and 1980.

lreatnent2 Dens i tyl

Plant s /m2 7" Reduction

Dry Weightl

E/^2 7. Reduction

r979

Earlv AÞÞlication

I Check

2 80015

3 80015LP

4 800I5LP (150 kPa)

5 TK 1.5

6 TK 0.75

7 RA-2

Late AÞplication

1 Check

2 80015

3 80015LP

4 80015LP (150 k?a)

5 TK 1.5

6 TK 0.75

7 RA-2

19 80

1 Check

2 80015

3 80015LP

4 80015LP (150 kPa)

5 rK 1.5

6 TK O.75

7 RA.z

346 f
r85 d

T22 ab

I59 bcd

140 abcd

I82 cd

I52 bcd

346 f
99a

115 ab

132 abc

135 abcd

l1I ab

236 e

348 b

31 a

81 a

LO4 a

133 a

72a
L23 a

23.5 d

6.2 a

7,2 a

I0.2 bc

6.9 a

6.3 a

6.5 a

22.2 d

5.1 a

7.7 ab

7.6 ab

7.0 a

6.8 a

11.6 c

lt3.2 b

5.1 a
8.9 a

11,5 a

L9.4 a

LL.7 a
17.8 a

46

65

54

59

47

56

tt
67

62

6l

68

JZ

74

69

57

70

73

a1

77

65

66

68

69

48

9I
77

70

62

79

64

95

92

90

83

90

84

lFor 
".ch 

year values followed by Èhe same letÈer are not significantly
different (P = 0.10) according to Duncanrs Eultiple range test.

2TreaLrent number 4 was applied at a pressure of I50 kpa; al1 other
treatmenÈs were applÍed aÈ 275 kPa.
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cation of propanil produced a somewhat different trend r,iiËh the 80015,

80015LP at 275 kPa and TK 0.75 nozz'J-e tips performing the best. Propanil

applied with the RA-2 nozzle resulted in significantly less control com-

pared Ëo all other treatments at both early and late treaËment dates.

Dry weight reductions of green foxtail in 1979 were similar at both

the early and 1aËe application dates (Table 7). At the early application

daËe significantly poorer weed control occurred when propanil was applied

with the B0015LP nozzLe tip at 150 k?a compared to all other treatments.

Late application of propanil resulted in the 80015 nozzLe giving the

highest level of green foxtail conErol and the RA-2 nozzle gíving the

least satísfacËory controL.

The data in Table 7 shows that a discrepancy exists between weed con-

trol based on densíty and control based on dry weight reduction with the

conventional 80015 nozzLe at the earl-y application date. This nozzLe

resulted in the best performance based on green foxtail reduction in

weight but the worst performance based on reduction in densiËy. This

could reflect Ëhe fact that. the chemical did not kill a large portion of

the green foxtail present but those which survived were damaged severely,

inhibiting further growth.

Analysis of green foxtail control data in 1980 shows that there only

being a significant interaction between treatments. There v¡as no tÍme of

application by treatment interaction so the data for both early and late

applications !'¡ere combined (Table 7). No significant differences in green

foxtail dry weight or densities between Ëreatments applíed with the various

nozzLes occurred. Even though differences \¡rere non-significant, treatmenLs

2,3 and 6 reduced green foxtail density the most while treatments 5 and

7 reduced the density the leasË. A simiLar buË less pronounced trend in
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dry weight reducËion was observed. These results are similar to the

results found at Ëhe late application date ín L979.

Even though dry weights and densities of green foxtail differed

considerably between treatments in 1980, significant differences were

not evident. This is likely due to the high variability in green fox-

tail population in the experimental area.

Tn L979, analysis of grain yield showed that there \das a sígnificant

time of application by treatment interacËion, while in 1980 no significant

differences in crop dry weight occurred between the treatments applied

eÍther at the early or late dates (Table B). In L979, the early appli-

caËions with all nozzLes, except the 80015, resulted in significantly higher

yiel-ds than applications at the later date. No sígnificant differences

occurred between t}i.e nozzLe treatmenËs either aË the early or late appli-

cation date,

Tn 1979, there was a significant time of application by treatment

interaction for both weed conËrol and grain yield. Yields and levels of

weed control did not correspond at the early treatment date. The same was

true for the late application date except in the case of the 80015 tip,

where both good weed control and high yields occurred. The lack of yíeld

response to the treatments in 1980 could have been influenced by the vari-

able nature of Èhe weed populations.

Diclofop MethvL Applied to Green Foxtail and Wild Oats in l^Iheat

The weed conËrol data for 1979 Ls presented in Table 9 and represents

average values of the early and late applicatíons combined. Nozzle effi-

cacy daËa vas only collected for control of green foxt.ail because of the

exEremely poor wild oat populatíons in the exPeriment. Significant

differences between Ëreatments based on green foxtail density and dry
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TABLE 8. WheaÈ yield of plors treaÈed lrirhpropanil applied with the various rrozzletips,1979.

TreaÈment2 Grain Yieldl
gl^2 7" Increase

Earlv Application

1 Check

2 80015

3 800151P

4 80015LP (150 k?a)

5 TK 1.5

6 TK 0.75

7 RA-2

Late AÞÞlication

1 Check

2 80015

3 800l5LP

4 80015LP (r5O kpa)

5 TK 1.5

6 TK 0.75

7 RA-2

2LO

280 bc

315 ab

310 ab

325 a

308 ab

316 ab

215 de

255 cd

237 de

229 de

243 cde

240 cde

249 cde

32

48

46

53

45

49

20

1l

7

L4

I3

L7

'I-Values followed by the same letÊer are not sig_nificantly differenr (p = O.l0) according ro
Duncants multiple range tesÈ.

,)
-Treatnent number 4 was applied at a pressure of
150 kPa; all other treaÈments were applied a!
27 5 l<Pa.
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TABLE 9. Density and.dry weighE of green foxÈail plants treatedeirh diclofop meEhyl applied with the various nozzfe tips,L979.

TreaEment2 Ðens Í tyI Dry Weighrl

Planrs/62 % Reduction E/n2 % Reduction

1 Check

2 80015

3 80015LP

4 80015LP (150 kpa)

5 TK 1.5

6 TK 0.75

7 RA-2

L52 c

75 b

27a

59 ab

84b

49 ab

56 ab

65.8 d

37.7 c

9.1 a

31.9 bc

41.3 c

20.0 ab

33.6 bc

50

82

61

44

67

63

86

5I

37

69

49

I-Density or dry weight values follo¡,¿ed by the same letËer are not sig_nificantly differenr (p = 0.10) accordiíg ro Duncan,s multiple rangetes t,
2TreaÈrent 

number 4 was_applied at a pressure of 150 kpa; all oËhertreatments were applied at 275 kpa.
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weight occurred.

Based on green foxtail density, diclofop methyl applied r,¡ith the

B0015LP nozzle tip at 275 Wa resulËed in significantly better weed con-

trol than when the chemical- was applied v¿ith the 80015 and TK L.5 nozzLe

Ëips (Table g). The B0015LP at 275 k?a performed Ëhe best when dry weights

were compared. It performed signífícantly better than all other nozzLes

except the TK 0.75 flooding tip. Poorest performance consistently occurred

when diclofop methyl was applied with the TK 1.5 flooding tiP.

Although there r.,ere no time of applicatíon by treatment interactions,

Ëhe early application of diclofop methyl did provide significantly better

weed control. On average, green foxtail densities and dry weights were 36

and 49% lower, respectively, from the early treatments compared to the later

treatments. Thís would be expected since green foxt.ail is more susceptible

to diclofop meËhy1 at the earLy leaf stage.

In'L979, a significant Ëime of application by treatment interaction

between grain yields of the various plots occurred. In most cases greater

yield increases occurred with the early application of diclofop methyl in

L9l9 (Table 10). This would be expected since weed competitíon with the

crop is removed at an earlier date. At the earlíer application date the

TK 0.75 flooding tips resulted in significantly higher yield increases than

aIL nozzles except the 80015LP applied at 275 kPa and the RA-2. This trend

did not occur with the late application rvhere the greatest yield increase

resulted from applicatÍon v¡ith the 80015 nozzLe tip. Only the RA-Z nozzLe

tip resulted in significantly less grain yield.

Generally speaking, levels of green foxtail control did not relate

to yield response ín 1979. The only consistent trend occurred with the

fK 0.75 nozzLe which produced relativeLy high levels of weed control and
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TABLE 10. WheaÈ yields in 1979 and whear dry
sreight in 1980 of plots treated ¡rith diclo-
fop nethyl applied wiEh lhe various nozzLe
tÍps.

Treatment2 Grain Yieldl

El^2 /" rncreese

r979

1

')

4

5

6

7

Earlv Application
Check

80015

80015LP

80015LP (150 kPa)

TK 1.5

TK 0.75

Rá-2

l,ate Application
Check

8001 5

80015LP

80015LP (150 kPa)

TK 1.5
TK 0.75
RA-2

266.0 C

321.0 bcde

336.0 abc

308.0 bcdef
300.0 cdefg

350.0 a

343.0 ab

273.0 fg

336.0 abcd

299.O defg

317.0 bcde

3I5.0 bcde

324.0 abcde

289.0 efg

20

26

16

13

32

29

¿J

o

I6
15

18

6

1

2

J

4

5

6

7

Wheat Dry i{eightl

19 80

1 Check

2 80015

3 80015LP

4 80015LP (150 kPa)

5 TK I.5
6 TK 0.75

7 RA-2

210.0 c

344.O a

328.0 ab

307.0 ab

276.O b

326.0 ab

281.0 b

64

56

46

31

55

34

1-For each year values followed by rhe same letter are
not significantly different (P = 0.f0) according ro
Duncan's Eultiple range tesÈ.

2lreatrent number 4 was applied aÈ a pressure of I50
kPa; all other tleatmenEs were applied'at 275 l{Ja.
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grain yield.

In 1980, eÍ.fícacy data was collected for diclofop methyl applied to

both green foxtail and wild oats r"rithin the same experíment (Table 11).

Statistical analysis of the 1980 data showed that there was a time of

application by treatment interaction with respect to gt een foxtail density,

while dry weight ri¡easurements only showed signifÍcance between treatments.

Based on Ëhe variables, green foxtail density and dry weight, no

signifícant differences in weed control occurred when diclofop methyl was

applied wiËh the varíous nozzle tips. Reduction in green foxtail density

was marginally higher from the late treatment date, aLthough this rnay be

somewhat misleading due to the much higher densities in the check plots

at the later Ëreatment date.

TreatmenË values for green foxtail weed dry weight presented in

Table 11 are based on average values of the early and late Ëreatments com-

bined. Generally the least saLisfactory green foxÈai1 control occurred

wiËh the TK 1.5 and RA-2 tips.

From the 1980 data just presentéd, it can be seen that there are

large differences in dry weights and densities bet\¡reen treatmentsr but due

to the extreme variabílity of green foxtail populations significant

differences couLd not be shown.

Diclofop methyl applied at the early or late treatment dates did not

result in any significant differences in wild oat control based on density

and dry weight determinations (Table 12). There were only significant

differences beËween treatments when the data for early and late applications

uere combined. WiËh both variables, the 80015tP tips at 275 kPa performed

the best, providing significantly betËer weed control than the TK 1.5 and

RA-2 nozzle tips.
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TABLE 11. Density and dry weighr of green foxÈail
plants Ëreated v¡frh diclofop methyl appLied r.rirh
the various ¡ozzle tips, 1980.

Treatment2 Dens i tyl

Plants /ur2 7, Reduction

I

2

3

4

5

6

7

EarLv Application
Check

80015

80015LP

800I5LP (150 kPa)

TK 1.5

TK 0.75

Râ-2

Late ApÞlicalion

Check

80015

80015LP

80015LP (150 kPa)

TK 1.5

TK 0.75

RA-2

Check

800r 5

800r5LP

80015LP (r50 kPa)

TK 1.5

TK 0.75

RA-2

Dry Weíght1

136.0 a

I9.0 a

4.0 a

I3.0 a

22.O a

21.0 a

37.0 a

705.0 b

23.0 a

16.0 a

28.0 a

127.O a

I4.0 a

76.0 e

86

97

90

84

85

73

97

98

96

81

98

89

1

t

J

4

5

6

7

1

2

4

5

6

7

elø2 7. Reduction

81 .4 b

6.0 a

0.9 a

4.4 a

L5.6 a

2.5 a

9.5 a

93

99

94

88

97

81

1-Density or dry weight values follovred by the sane
letter are not significantly different (P = 0.f0)
according to Duncanrs rnultiple range test.

2
TreatmenÈ nunber 4 was applied aÈ a pressure of
150 kPa; all other ËreatmenÈs were applied at 275
kPa.
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TABLE 12' Densiry and dry weight of wild oars treated wirh dicrofopEerhyl applied wirh variouÁ nozzle rips, l9g0.

TreaÈmenÈ2 Dens i ty I Dry Weightl

Plants/m2 7. Reducrion 8/n2 7. ReductÍon

I Check

2 80015

3 800t5LP

4 80015LP (150 kPa)

5 TK I.5

6 TK 0.75

7 RA-2

26d

3ab

1a

6 abc

6bc

2ab

I0 c

89

95

78

76

90

61

92

97

87

86

95

80

45.5 d

3.6 ab

I.5 a

5.9 abc

6.5 bc

2.3 ab

9.0 c

I
values fol10wed bv the sa'e letter are noÈ significantly differenÈ(P = 0.10) according to Duncan's multiple range tesÈ.

2Treatment 
nr:mber 4 was.applied at a pressure of I5O kpa; all otherEreatrDents were applied at 275 l<pa.
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Crop dry weighËs in 1980 did not differ significantly between times

of application. Dry weight values presented in Table 1O represent average

values of the early and late treatments combined. The plots in which

diclofop methyl was applied with the conventional 80015 nozzle tips had

significanËly higher dry weighËs than those where the chemical was applied

wiËh the RA-2 and TK 1.5 flooding tips.

Crop dry weights in 1980 corresponded closely to the measured levels

of green foxtail and wild oat control. Both the lowest crop dry weights

and leveLs of weed control occurred where diclofop rnethyl was applied \^lith

the TK 1.5 and RA-2 nozzle tips.

Difenzoquat Applied to I,Iild Oats in trIheat

As previously mentioned in the Materials and Methods Section, efficacy

daËa for difenzoquat was only recorded in 1980 due to extremely poor wíld

oat popul-ations ín 1979. rn 1980, wild oat popurations were low, buË

suffÍcient to obtaín nozzle efficacy data,

Statistical analysis of the data in 1980 revealed that there were

signíficant differences between application tÍmes and treatmenËs based on

wild oat dry weight determinations and a time of application by treatment

inËeraction in the case of wiLd oaË densities (Table 13). No significanË

differences ín crop dry weight with respect to time of applicaEion or

treatmenË occurred.

Based on wild oat densiËies, the late application of difenzoquat

resulËed in excellent control of wild oaËs with all treatnents. Signifi-

cant differences between treatments leere on1-y seen at the early treatment

date. At the early date, excellent control of wild oats occurred with all

treatments except when the chemical was applied with the TK 1-.5 flooding

tip and the RA-2 tip. The 80015LP at 175 kPa resulted in Ëhe besr control
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TABLE 13. DensiËy and dry weight of wild oat
plants tteaEed ¡¿ith difenzoquat applied
v¡ith Èhe various nozzle tips, 1980.

TreatmenÈ2 Densityl

Plants /n2 7. Reduction

Earlv Application

1 Check

2 80015

3 80015LP

4 80015LP (150 kPa)

5 ÎR 1.5

6 TK 0.75

7 RA-z

Late Applícation
1 Check

2 80015

3 8001sLP

4 800I5LP (150 kPa)

5 TK 1.5

6 TK 0,75

7 R.A- 2

1 Check

2 80015

3 80015LP

4 80015LP (150 kPa)

5 TK 1.5

6 TK 0.75

7 RA-2

Dry Weightl

5r. 0

2.0 ab

0.0 a

2.0 ab

10.0 c

1.0 ab

9.0 bc

34.0 d

0.0 a

0.0 a

0.0 a

0.0 a

0.0 a

I.0 ab

96

100

96

80

98

82

100

100

100

100

100

98

g/^2 % Reduction

88. 4

4.6

0.0
L.2

8.4

1.6

7.5

95

100

99

90

98

91

IDensity or dry weighc values followed by the sarne
letter are not significantly different (p = 0.f0)
accordÍng to Duncanrs multiple range test,

2Treatment 
number 4 was applied at 150 kPa; all

other treattrents e¡ere appLied at 275 l<Ìa.
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of wild oats. The TK 0.75 flooding tip at 50 cm spacÍngs on the sprayer

boom resulted in significanEly better control than the larger TK 1.5

flooding tip at 100 cm spacings.

Difenzoquat applied at the Late leaf stage of wild oats provided

significantly better wild oat control than at the early leaf stage when

dry weíghËs vrere compared. On average, wild oat dry weights were 50%

lower from the late treatments. This difference would be expect.ed since

difenzoquat is more active on wild oaEs as they reach the four- or five-

leaf stage. The dry weight values in Table 13 are combined dry weights

of the treatments at the early and late application daLes. No significant

differences between treatments occurred but again the 800t5LP nozzle ti-p

at 275 kPa performed the best and the TK 1.5 and RA-2 Ëips the poorest.

No significant difference in crop dry weights occurred. Due to a

low initial populatíon of wild oats, competition with the crop was minimal

Bromoxvnil Applied to Broadleaf l^Ieeds in l,Iheat

In both L979 ar'd 1980, a number of broadleaf weed species were present

in the experimental areas. I.Ieed control in both years was assessed by

taking total dry weights of alL broadleaf weeds present.

Tn L979, the predominant weed was wild buckwheat. Other broadleaf

weeds present included wild mustard, lambrs quarters and redroot pigweed.

Significant differences in weed control were observed between treatments

ín L979 and are presented aB average dry weights of the early and late

treatments combined (Table 14). Broadleaf weed control was excellenË with

all treatmenÈs except v¡hen the chemical was appLied vrith Ëhe RA-2 tip.

The Ëiming of bromoxynil applications had no signíficant effect on the

level of weed control.
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TABLE 14. Dry weight of broadleaf vreeds treated çithbronoxynil applied \.rirh various iá..tå tips, 1979and 1980.

TreaEment2 Dry Weighrl

g/m2 7. Reduction

I979

I Check

2 80015

3 80015LP

4 80015Lp (r50 kpa)

5 TK 1.5

6 TK 0.75

7 RÁ-2

19 80

Ear1v Application
Check

8001 5

80015LP

80015LP (150 kpa)
TK 1.5

TK 0.75

RA-2

Late Application

Check

8001 5

80015LP

80015LP (150 kpa)

TK 1.5

TK 0.75
RA-2

L74.7 c

2.6 a

3.2 a

1.3 a
6.1 a

3.1 a

22.5 b

86.7 c

6.8 a

36.8 b

6.9 a

3.0 a

5.1 a

4I .9 b

3.9 a

5.9 a

3.4 a

9.4 a

3.1 a

L7.6 ab

98

98

99

96

98

87

I
2

J

4

5

6

7

;;
92

57

92

96

94

9l
86

92

77

93

58

1

2

3

4

5

6

7

lFor 
each year values followed by the same 1etter arenot signÍficanÈly differene (p = 0.10) according toDuncanfs multiple Eange Ëesc.

2T¡eaÈæenÈ 
number 4 was applied at a pressure of I50kPa; all other ÈreaÊnents were appliåa at 275 kpa.
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In 1980, broadleaf weed populations were low and variable. The

broadleaf weeds wiËhin the experimental area íncluded wild buckwheat,

wild mustard, lambts quarters and redroot pigweed, with no one species

being predominant. Statistical analysis of broadleaf dry weights in 1980

showed that there is a time of application by treatment ínteraction based

on broadleaf weed dry weights (Table 14).

On average the early application resulted in slightly better broad-

leaf weed control than the treatments applied later aLthough Ëhe differ-

ences were not significant. At the early applícaËion date, bromoxynil

applied wirh rhe 80015LP tip at L50 k?a resulted in significantly Poorer

broadleaf weed control compared to the other treatments. No significanË

differences between treatments occurred at the late applicatíon date.

Treatments 2, 4 and 6 gave the highest l-evel of weed controL while treat-

ment 7 resulted in the.Poorest leve1 of weed controL.

Tn L979, a significanË time of application by treatment interaction

with grain yield occurred, whil-e in 1980 measurements of crop dry weights

only resulted in signÍficant dÍfferences between treatmenËs (Table 15).

The treat.ment values for 1980 are based on average values of the early and

laËe ËreaLments combined.

I{heat yields Ln 1979 r,rere approximately 25% lni-gL,er ín ploËs treated

at the early date. This could be attributed to the early removal of

broadleaf weeds when they were at the most susceptible leaf stage. At the

earLy application date, there were no significant differences between treat-

ments although treatments 3, 4 and 7 gave somewhaË smaller yield increases

than the other treatments. At the late appLicatíon date, treatment v'iith

the 80015Lp tip ar l-50 kPa resulted in significantly higher yield increases

rhan eirher the conventíonal flat fan (80015) or Ëhe Raindrop (RA-2) tips.



65

TÄBLE 15. Yield and dry weight of wheaË plants in
plots treated eíth brornorynil- applied r.rith various
nozzLe tips in 1979 and 1980, respectively.

Treatment2 Grain Yie1dl

e/^2 % Increase

t979

I
2

5

4

5

6

7

1

2

3

4

5

6

7

Ear1v Application
Check

8001s

80015LP

80015LP (150 kPa)

TK 1.5

TK 0.75

RA-2

Late Application
Check

8001 5

80015LP

80015LP (150 kPa)

TK 1.5
TK 0.75
RA-2

238.0 e

357.0 a

330.0 ab

344.O a

357 .O a

345.0 a

323.0 ab

227.0 e

252.0 de

265.0 cde

296.0 bc

28I.0 cd

264.0 cde

25I.0 de

50

38

40

50

45

35

1I

L7

30

24

16

10

Dry I,Ie ightl

e/^2 7 Increase

1980

1 Check

2 80015

3 80015LP

4 80O15LP (150 kPa)

5 rK 1.5

6 îK 0.75

7 RA-2

164.0 b

232.O a

234.0 a

230.0 a

240.0 a

23L.0 a

239.0 a

;;
42

40

46

4t
45

.I

'YÍeld or dry weight values folloçed by the same
letter are not ståtistically (P = 0.10) according
to Duncanrs multiple range te6t,

2Treatment number 4 was applied at a pressure of
150 kPa; all other treatElenÈs were applied at 275
kPa.
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In 1980, time of bromoxynil application had no effect on dry weights

of the wheaË crop. Similar dry weight increases occurred wÍth all treat-

ments (Table 15).

Measurements of weed control and yield did noÈ correspond closely

ín L979. Weed controL v¡ith all treatments except with the RA-2 tip was

excellent while grain yields varied considerably between treatments. The

only sirnilarity between yield response and weed control occurred v¡ith the

RA-Z nozzre. l,Ieed control and grain yields were the poorest in plots

t.reated with this nozzLe. In 1980, crop dry weight response and level of

broadleaf weed control were not related. Levels of weed control- varied

between treatments while crop dry weights were uniform between the

ËreatmenLs.

Metribuzin Applied to Broadleaf l,Ieeds in Barlev

In both L979 and 1980, a number of broadleaf weed species were present

in the experimental areas. As in the bromoxynil experiments, weed control

was assessed by taking total dry weights of all broadleaf weeds present.

Tn L979, the broadleaf weed populations in the metribuzin experiments

were very low. The weed species present included wild buckwheat, wild

mustard, lambrs quarters and redroot pigweed. Metribuzin is not registered

for the controL of wild buckv'¡heat since the weed is relatively tolerant

Ëo Ëhe chemical.

In L979, a time of application by treatment interaction occurred when

the broadleaf weed dry weights vrere statistically analyzed (Table 16). At

the early application date the 80015LP tip at 275 kPa provided the best

performance, gíving significantly beËter weed control than application with

all other nozzTe tips except the 80015LP at a pressure of 150 k?a. The RA-2

nozzle tip resulÈed ín significanËly poorer weed control Éhen compared Ëo all
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TABI,E 16. Dry weight of broadleaf vreeds treaÈed eriËhmet.ribuzin applÍed vrith the various nozzLe ELps,
1979 and 1980.

TreatmenÈ2 Dry t{eighrl

E/n2 7. Reduction

L979

Earlv Application
I Check

2 80015

3 80015LP

4 80015LP (150 kpa)

5 TK I.5
6 TK 0.75
7 RA-2

Late AÞÞlication
I Check

2 80015

3 800t5LP

4 80015LP (150 tipa)
5 TK I.5
6 TK 0.75

7 RA-z

19 80

I Check

2 80015

3 80015LP

4 80015LP (150 kpa)

5 TK 1.5

6 TK 0.75

7 RA-z

I5.9 f
9.4 e

1.0 ab

2.4 abc

7.5 de

5.6 cde

13.6 f

L7.4 f
0.0 a

0.3 ab

0.0 a

1. 8 abc

4,7 bcd

L6.2 f

62.3 b

0.1 a

0.0 a

0.0 a

0,2 a

0.0 a

2.9 a

4T

o/,

85

53

65

L4

100

98

100

90

73

7

99

r00

r00

99

100

95

1-For each year values followed by Èhe same letter arenot significanËly differenr (p = 0.10) according to
Duncanrs nultiple range tesË.

ZTreatment 
number 4 was applied at a pressure of I50k?a; all oËher Ëreatmenri v¡ere appliåa aÈ 275 kpa.
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other rLozzTes Ëested. At the laEe appLication date treatments 2, 3 and

4 aLL gave excellent 1eve1s of weed control. Again, as at the earLy

applicaËíon date the RA-2 nozzle tip performed poorly. Although there

r¡rere no significanË differences between times of application, higher

levels of weed control occurred at the late treatment date. The early

Ëreatments averaged a 58% reductíon in r,¡eed dry weighË while the late

treatments averaged a 7B% reduction in weed dry weight.

rn L979, treatments 2, 3 and 4 resulted ín extremely high levels of

v¡eed control when metribuzin was applied at the later daËe, even though

the Ëolerant weed, wild buckwheat, rrtas present. As mentioned previously,

higher 1eve1s of weed control occurred at the l-ate treatment date. This,

together with the observed high degree of wÍ1d buckwheat control, would

not be expected since the broadleaf weeds \¡rere at a sub-optimum leaf

stage for conËrol. WeaËher conditions at, the ËÍme of Ëreatment could

possibly account for the unexPected response. The high temperature at the

time of spraying may have accent.uated the activity of the herbicide on

the broadleaf weeds (Table 3).

In 1980, broadleaf weed populations were low and variabl-e. The broad-

leaf weeds within the experimentaL area included redroot pigweed, lamb's

quarËers and wíld mustard. Tíming of metribuzin application had no effect

on broadleaf weed control. There were significant differences between

treatmenËs although these differences only occurred between Ehe nozzLe

treatments and the check (Table 16). The treatment values represent

average values of the early and late treatments combined. All treatments

resulËed in excellent control of all broadleaf although the lor,¡est 1evel

of broadleaf weed conËrol resulted from using the RA-2 nozzle tip.

Yield increases from control of broadleaf weeds by metribuzin in
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L979 were small due to lov¡ weed populatÍons (Table 17). Timing of appli-

caËion had no effect on barley yield, therefore the yield values in Table

L7 ate averages of the early and late trealments combÍned. Metríbuzin

applied with the TK 1.5 and TK 0.75 nozzles resulËed in significantly

greater yield increases than with the RA-2 típ. In L980, due to the poor

broadleaf weed population significant differences in crop dry weights

between times of appl-ication and treatments did noE occur.

The poorest yiè1-ds ín 1979 came from plots treated wiËh the 80015

and RA-2 Ëips. This result r¡ould be expected for the RA-2 rLozzLe since

it produced the poorest levels of broadleaf weed control. Since the

yieLd values on Table L7 are averages of the early and late treatments

the poor performance of the 80015 in increasing barley yield can be

attributed to its poor control of broadleaf weeds at the early treatment

date.

Laboratory Experiments

Nozzle Ef ficacv Experiments

The herbicide rates used Ín these experiments rdere ED5g values

r,¡hich had been determined prevíous1y. ED5g refers to Lhe herbicide

dosage required to reduce dry weiþht increases to 50% of. the control.

These rates were used sínce complete control of susceptible weeds was

not wanted. By using reduced dosages differences in level of weed con-

trol between the various nozzLes couLd be more readily observed.

PropaniL Applied to Green Foxtail. In the first trial the largest

when propanil was applied

This nozzle performed

reducËion in green foxtail dry

with the standard 80015 nozzLe

weight occurred

riP (Table 18).
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ÎABLE 17, Barley yields of plors Èreated
rliËh meÈribuzin applied !ríEh the various
nozzLe tips, 1979.

TreaÈmenÈ2 Yield I

Ela2 % Increase

Check

80 015

800t5LP

SOOI5LP

TK 1.5

TK 0.75

RA-2

3r7

341 abc

356 ab

358 eb

367 a

369 a

335 bc

I2

13

L6

I6

I
Values followed by the same letter are
not significanrly differenr (p = 0.10)
according to Duncanrs multiple range test.

2
Treatment number 4 was applied at 150 kpa:
all other treatments were applÍed at 275
kPa.
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significantly better than both the 80015LP ar 150 kPa and rhe RA-2 rip.

In the second trial significant differences only occurred between

the check and the nozzle treatments (Table 18). Green foxtail dry weight

reductions were similar with all treatments although the largest reduction

occurred with the 80015 Èip and 80015LP at 275 kPa and the least reduc-

rion i,ùirh the RA-2 tip.

Díclofop llethvl Applied to Green Foxtail. Application of diclofop

methyl in Ëhe first trial with the flooding TK 0.75 nozzLe tip resulted

in a significantly greater reduction in green foxtail dry weighE than when

the chemical was applied Ëith all other nozzl-es except the TK 1.5 (Table

19). The 80015LP nozzLe resulËed in significantly better control when

diclofop was applied at the high pressure (275 Lfa) compared to the low

pressure (150 kPa).

In the second tria1, as in the first, the greatest dry weight reduc-

tions occurred when diclofop methyl was applied with the fLooding TK 0.75

tip (Table 19). Diclofop methyl applied with this nozzle performed sig-

nificantly beËËer than all nozzLes except the 80015 and 80015LP at 275

kPa. As happened in the first tria1, green foxtail dry weight reduction

vras the least wiËh the 80015LP at 150 kPa and rhe RA-2 nozzles.

Díclofop Methvl Applied to I^Iild Oats. In both trials differences

between LreaËmenLs \Àrere not large (Table 19). In trial 1, the 80015,

TK 1.5 and RA-Z nozzles performed the best reducing wild oat dry weiþhts

by equal amounts. I,Iild oat dry weights were reduced the Least when

diclofop methyl was applied wíth the 80015LP nozzLe at both pressures.

Dry weight reducEions nere generally much lower in the second trial
(Table 19). SÍgnificant differences only occurred beEween Ëhe TK 0.75
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ÎABLE 18. Dry weights of green foxtail plants treated wirh propanil
applíed wíth the various nozzle tips.

TreatmenÈ2

Trial I TríaT 2

Dry i{eightl Dry Heightl

g/10 Planrs % Reduction g/10 Plants 7. ReducEion

1 Check

2 80015

3 80015LP

4 800I5LP (150 kPa)

5 TK 1.5

6 TK 0.75

7 RA-2

0.90 d

0.51 a

0.56 ab

0.68 c

O.57 ab

0.57 ab

0.64 bc

1.13 b

0,63 a

0.64 a

0.67 a

0.67 a

0.67 a

0,71 a

+J

24

3t

37

29

44

43

4t

4L

47

1/

lrn e""h Erial values forlowed by the same letter within a corumn are not
significantly different according to Duncanrs multiple range test.

2Treatment number 4 was applied ar 150 kpa; all ot.her ÈreatmenÈs vrere
applied at 275 Wa.
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TABLE 19, Dry weights of green
diclofop methyl applied with

foxtail and v¡ild oat.s treated with
the various nozzle Ëips.

Treatnent2

Trial 1 Trial 2

Dry t{eightl Dry Weightl

g/10 Plants % Reduction g/10 Plants % Reduction

Green FoxÈai1

1 Check

2 80015

3 80015LP

4 80015I-P (150 kPa)

5 TK 1.5

6 TK 0.75

7 RA.2

Wild Oats

1 Check

2 80015

3 80015LP

4 80015LP (150 kPa)

5 TK 1.5

6 TK 0.75

7 R-A,-z

1.36 e

0.65 bc

O.64 bc

1.01 d

0.45 ab

0.37 a

0.84 cd

52

53

26

67

t5

39

0.70 c

0.34 a

0.38 ab

o.44 b

0.41 b

0.32 a

0.45 b

51

46

3,1 37

4t

54

36

Trial I TríaL 2

Dry Weightl Dry Weightl

c/5 Plants 7. Reduction g/5 Plants % Reducrion

1.98 d

0.70 a

0.91 bc

0.98 c

0.79 ab

0.70 a

0.70 a

L.59 c

I.23 b

1.13 ab

1.16 ab

1.1I ab

0.99 a

L.zt b

65

50

54

60

65

65

¿J

29

27

30

38

l4

1I., 
"."h 

Èria1 values follor,¡ed by the same letËer within a colunn are noÈ
significantly different (P = 0.10) according to Duncanrs multiple range test.

2Treatmenc number 4 uas applied at 150 kPa; all otherd were applied at
275 Wa.



74

rLozzLe which reduced wild oat dry weights the most and the 80015 and RA-2

tips which reduced dry weights the least.

Metribuzin Applied to l{ild Mustard. In the firsË trial dry weight

reductions between all treatments varied less than ll% but significant

differences did occur (Table 20). Greatest wild muscard dry weight

reductions occurred v¡hen metribuzirì. was applied with the 8001-5LP at 275

liPa and the flooding TK 0.75 tip. Application with the 80015LP aE 275

kPa resulted in significantLy better control than application with the

RA-2 Èip and 80015LP típ at l-50 kPa.

A similar Ërend ín nozzLe performance occurred in the second trial

(Table 20). I^Iild mustard dry weighÈs were reduced the most when meÈri-

buzin was appLied with the flat fan 80015LP at 275 1&a. The performance

of this nozzLe v¡as followed closely by the nozzLes in treatments 2, 4 ar.d

6. Least satisfactory control occurred wiËh the RA-2 nozzle which resul-

ted in sÈatisticalLy less wild mustard controL than all treatments except

when the chemical was applied with the TK L.5 nozzle tip.

Retention Study

The retention values and retention ratios for the dye solution applied

with the various nozzLe tips are presented in Tables 2L and 22. Retention

measuremenËs are based on the amount of solutíon retaíned/gram dry weight

and / cm2 of leaf area. Both the acËual and adjusted retention values are

incLuded in the tables. As described in the Materials and MeËhods the

adjusted retention vaLue was determined by dividing 110 L/ha by the volume

outpuË of the treatmenL and multiplying this value by the actual measured
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TABLE 20. Dry weights of wild musterd plants treaÈed r,¡iÈh
metribuzin applied wÍÈh Èhe various nozzle tips.

Treatment2

Trial 1 Tria1 2

Dry Weightl Dry Weightl

g/5 Plants % ReducLion g/5 Plants 7. Reduction

1 Check

2 80015

3 80015LP

4 80015LP (I50 k?a)

5 TK 1.5

6 TK 0.75

7 RA-2

3.2L c

2.L7 ab

1.98 a

2.29 b

2.I7 ab

2.09 ab

2.26 b

2.54 c

1.19 a

1.0I a

I.25 a

1.34 ab

1,16 a

1.65 b

32

38

29

)¿

36

30

53

60

51

47

54

35

1rr, 
"ach 

Erial values folloç¡ed by the same letter ¡oithin a column are not
significantly different (P = 0.10) according to Duncan's multipre range
tesÈ.

2Treatoent number 4 was applied at a pressure of I50 kla; all other
treatments were applied at a pressure of 275 l<Pa.
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amount of solution retained for that Ëreatment.

I'Iith green foxtail, application of the dye solution wíth the g00l5Lp

Ëip at 275 L<Pa and Ehe TK 0.75 tip resulted ín significantly larger

amounts of acËua1 solution retained compared to all other treatments

(Table 21). The least amount of solution retained occurred with the

80015LP tip at 150 kPa and rhe flooding TK L.5 nozzle rip. A simÍlar

trend occurred when acËua1 amount retained/c*2 ras measured except that

the treaËmenËs with both the 800L5 and B0015LP at 150 kPa retained the

least amount of solution.

In trial I when both retention values /gra^ and /cm2 were adjusted,

application with rhe flooding TK 0.75 resulted in sÍgníficantly more

solutÍon being retained t.han from all other tïeatments. Based on green

foxtail dry weight, applícation with the 800151,P at 150 kPa resulred in

significantly Less solution retained and based on leaf area the B00l5Lp

at both pressures resulted in significantly less solution retained, when

compared to all oËher treatments.

The retention ratio for the TK 0.i5 nozzle tip was by

esr while applicaËion wiËh rhe 80015Lp at 150 kpa resulred

ratio. RaËios for all the other treatments \¡rere similar.

far

in

the high-

the lowest

In Ëhe second trÍal \,'7iËh green foxtail, simí1ar results were obtained

(Table 21). Based on actual amounË of solution retained/gram and. f cm2,

applications with the B0015LP at 275 lûa and TK 0.75 nozzle tips resulred

in the largest amounË of solution retained, wÍth the 8O015LP at 275 Wa

retaining signifícantly more solution than all oEher treatments. I.Ihen

retention/gram and, /cm2 were corrected for volume, the application vrith

the TK 0.75 nozzle resulted in significantly more solution retained than

$¡ith all other treatments. The lowest retention values resulted from
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application with the 80015LP at the 1ov¡ pressure.

In the second trial retention ratios were smaller than in the first

tríal. This was due to the green foxtail plants being smaller ín the second

trial although Ëþey were in the same leaf stage as in the first trial when

treated. The highest retention ratio occurred with the TK 0.75 Lip while

the lowest occurred with the 80015IP at 150 kPa and the RA-2 tips.

I^Iild oat plants retained much less dye solution (Table 22) than the

green foxtail plants as indicated by actual and adjusted amounts of solu-

tion reËained on retention ratios. In Ëhe first Erial, actual retentíon

measuremenËs/gram and /cm2 \¡rere significantly hÍgher when the dye solution

was applied rvith the RA-2 tip. The nexË highest amounts of solution re-

tained occurred when the wild oat plants \dere sprayed with the flooding

TK 0.75 tip and B0015LP at, 275 Wa. Based upon actual solution retained/

gram, application ¡rith the flat fan 80015LP at 150 k?a resulted in signi-

ficantly less solution retained compared to all other treatments. Actual

retenLíon/cm2 measurements showed that spraying with the TK 1.5 tip and

80015tP tip at 150 kPa resulted in the lowest levels of retention.

I,Ihen retention measurements/gram were adjusted in the first trial

the RA-2 nozzLe resulted in significantly higher amounts of solution

retained than all treatments except treatment 6 (Table 22). Lowest reten-

tion val-ues occurred with the B0015LP at both Ëhe high and low pressure.

Application with the RA-2 and TK 0.75 nozzles resulted in significantly

higher volumes retained when measurements were based on leaf area,

while appLication wiEh the 80015LP tip at boÈh Pressures again resulÈed

in significant Lower levels of retentíon than all other ËreaLments.

In the first trial reÈention raLios were highest for the RA-2 and

TK 0.75 nozzLes whíl-e applícation of Ëhe spray solution with the 80015L?
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nozzres at both pressures resulted in the l0west values.

In the second trial on r,¿ild oats measurements of actual solution

retained/gram showed Ëhat the 80O15LP at 275 I<Pa retained significantly

more solution than all other treatments (Table 22). The second highesË

amount retained occurred following application with the RA-2 tip. Appli-

caËion of the dye solution with the TK I.5 nozz]-e resuLted in the least

amount of solution retained. Actual retentionfcm2 on wiLd oat leaves

was significantly higher with the nozzles in treatments 3 and 7. All

other Ëreatments resulted in comparatively lower Levels of retention.

Adjusted leveLs of reËention in trial 2 showed that application of

the dye solution with the RA-2 tip resulted in significantly more solu-

tion being retained compared to treatment vrith all other mozzLes except

the TK 0.75 when measuremenÈs were based upon wild oat dry weights.

TreaËments 4 and 5 retained the least amount of solution. solution

retained/.*2 was significantly higher with the RA-2 nozzLe. SignificanË

differences did not occur with Ëhe other treatments but the lowest adjusted

levels of retention resulted from the LP tip at 150 kPa and the larger

TK 1.5 floodjet nozzle.

Retention ratios hrere somewhat smaller in the second tríal,

wild oat leaf areas r,¡ere similar in both trials. As in the first

the highesË ratio occurred wiËh the RA-2 nozzLe. similar ratios

a 1 though

trial,

occurred

thewiËh the nozzLes in treatments

800L5LP at 150 kPa and the TK 1

3 and 6 while applícation wirh

resulted in Ëhe lowesL ratios.

t

.5

I^Iater Droplet Contact AnÊle Measurements

ConËact angles were measured on leaves of wild oaEs, green foxtaÍl,

and wild buckwhea!. AËtempts vJere madê to measure conËacË angles on
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leaves of wild mustard, but due to the abundance of hairs on Ëhe leaf

surface it was impossible to obtain consistenË values.

The contact angles measured on the wíld oat and green foxtail leaves

were considerably higher than those measured on v¡ild buckwheat leaves

(Table 23). With all measurements except on leaves of wild buckwheat

gro\^rn in t.he growth room contact angles íncreased with leaf stage and

leaf number.

Contact angles on wild oat leaves were larger on plants grown in

the growth room compared to plants grol¡rn outside at all leaf stages

excePt the fourth. I{ith green foxtail and wild buckwheat the opposite

effect occurred. Contact angles measured on outdoor-gro\rn green foxtaí1

were larger with all leaves except the first, while with all wild

buckwheat leaves, contact angles were larger on plants grown outdoors.

I¡Iith all- plants the differences between the lowest contact angle

and highest conËact angle measured was greaËest for Ëhe plants gror¡ln

outsíde.
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DISCUSS ION

Field Experiments

Since the same amount of herbicide was applied to each plot in the

field experiments, large differences between treatments were not expected.

In studies of this type uniform weed populations are important to mini-

mize varíabí1ity and to show significant differences between treatments.

Weather conditions during the growing season of L979 and 1980 were very

different (Appendix Tables 1 and 2) and this is reflecred in the weed

populations Present in the two years. In 1979 good moisture conditions

occurred in the spring and weed populations rnrere generally uniform and

more than adequate for assessing herbicide performance except for ¡¿i1d

oats in the diclofop methyl and difenzoquat experiments. In 1980 weed

populations in all experiments were variable. This was due to the

extremely dry weather conditÍons in the spring and early sunmer of 1980.

Differences in crop yields and levels of weed control between times of

application and treatments T¡lere not always statistically significant even

though in some cases these differences were quite Large.

With each chemical the treatments were applied at an early and late

leaf stage of the susceptible weeds. The chemicals propanil, diclofop

methyl, bromoxynil and metribuzin would normally be expected to perform

Ëhe best in controlling susceptible weeds when application is at an early

leaf stage. Generally this did occur except in three cases. The firsË

exception was when propanil was applied to green foxtail in L979 (Table

7). Hunter (1980) reports that conEroL of green foxtail with propanil
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at a rate of 1.0 kg/ha is significantly better at the two-leaf stage

than the four-leaf sËage. rn L979, Ëhe treatments at the late applica-

tion (three- to five-leaf stage) reduced green foxtail densitíes by an

average of. 6% more than the early treatments (two- to three-leaf stage).

Control based on dry weight was similar with the early and late treat-

ments averaging 69% anð 66% control, respectively. This unexpected res-

Ponse could be attribuËed to weather conditions at the time of spraying

(Table 2). RH was substantially higher and temperature slightly higher

at the late date. Propanil is a contact type herbicíde and as reported

by Muzik (L976) the phytotoxic effect of contact herbicides increases as

temperature and RH increase.

The other Ëwo exceptions involved metrÍbuzin applied to broadleaf

weeds ín 1979 (Table 16) and diclofop methyl applied to green foxtail in

1980 (Table 11). In both these cases weather condítions did differ between

early and late application dates, but the effect of weather conditions

ís less c1ear. In the metribuzin experimení in L979, at the early appli-

cation date temPerature and wind velocity were lorver but the RH was sub-

stantially higher than at the late application date (Table 2). From

Ëhese results it would seem that metribuzin activiËy is enhanced by warm

and dry conditions. In the dicLofop methyl experiment in 1980 tempera-

tures were higher and wind velocity and RH lower at the early treatment

date (Appendix Table 1). The explanation of why diclofop methyl performed

better at the late treatment date may relate to the higher RH which

could influence the uptake characteristics. High humidity at the time

of treatmenÈ could slow evaporative loss of the spray from the leaf sur-

face and enhance cuticular penetration. Laboratory studies have confirmed

that upËake of many herbicides, íncluding a number of wild oat herbicides,
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is enhanced under conditions of high humidity (sharrna et al. 1916;

Miller et al. L978). control of wild oats with difenzoquat is best

when the plants are at the five-leaf sËage (Mirler et a1. L}TB). As

expected late applications of dÍfenzoquat provided the highest 1evels of

wild oat control. I^Ihen wild oat dry weights \^¡ere measured, the late

applicaËion resulted in an average of 99% control whí1e the early appli-

cation resulted in 92% control (Table 13). However, the data on wild

oat counts showed that difenzoquat applied at the late date resulted in

significantly better wild oar control (987. vs B7%).

As mentioned earLier, in each of the field experiments the same

amount of actÍve ingredient vJas applÍed in roughly equivalent volumes

(110 L/ha) to all plots except the weedy control, with the only differ-

ence being the way in which the spray was delivered onto the targer

plants. The differences in delivery of the spray solution are attrí-

butable to the varíous nozzLe types which have different dropLet size

distributions and spray patterns. Each of these factors could have an

effect on herbicide efficacy.

In a comparison of the flat fan nozzLes, the droplet size distri-

butions of the 80015 and 80015LP at 275 Wa are similar (Appendix Figures

1 and 2), with the conventional 80015 and 80015LP having volume median

diameters (vlD) of 370 pm and 375 pm, respecËively. The vMD of rhe

80015LP at 150 kPa (Table 1) is larger than thar of rhe BOO15 and B0015Lp

at the high pressure. At the lower pressure rhe VMD of the 800l5lp is

410 u ro.

The dropret size distribuËions of the floodíng nozzLes vary con-

siderably (Appendix Figure 3). The spray patËern of the TK 1.5 contains

l-arger droplets wíËh a wfD of 400 pm compared Èo the smalLer TK 0.75
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which has a VMD of 300 prn. The reported VMD of the Raindrop RA-2 ís

330 um (Table 1) but from observing rhe spray pattern of the RA-2 this

figure seems misleading. With all other nozzLe tips individual droplets

were difficult to observe due to their small size buE with the RA-2

nozzLe the dropleËs r{ere easily seen and probably were larger than the

VMD figure provided by the manufacturer v¡ould suggest.

From the literature it is well established that droplet size is

a critical factor ín the performance of herbicidal sprays (McKinlay

et al. L972), but has a greaËer effect aË Low volumes than at hÍgh

volumes of application (Ennis et al. 1962; Ayres and Merritt rgjj,

r97B; wilson and raylor 1978). Ashford (r974) compared rhe effecr of

2,4-D applied in L00 !m and 200 um droplets and reports rhat under field

condítions herbicide efficacy was not necessarily increased when droplet

size was decreased. He cited the reason as being that under field con-

ditÍons the 100 ttm dropleËs are more readily deflected away from the

target by air currents. However, in the nozzre efficacy experiments

conducted at Graysville in L979 ar'ð 1980, droplet sizes of r00 um or

less only account for less tlnan 2% of the spray solution with the 80015,

B0015LP and floodlr'g nozzLe tips (Appendix Figures 1, 2 and 3). Although

droplet size distribution inforrnation is unavailable for the RA-2 it is

most likely that the percentage of droplets below 100 um is also very

Iow. It would, therefore, be expected that moderate air currents would

not have much effect on performance of these nozzLes,

Fron 1973 to 1976, the Saskatchewan Research Council carried out a

series of deposit pattern studies with 80 degree flat fan, flooding and

Raindrop nozzLe tips and determined Ëhe coefficient of varíation (CV) for

each of tl:.e nozzLe types (data unpublished). The CV gives an indication
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of the uniformity of spray deposition. As the CV value increases the

uniformíËy of the amount of spray deposited across the width of the

pattern decreases. A CV of 20% indicates that L/6 of Ëhe area sprayed

receives less than 80% of the spray volume, while a CV of 50% indicates

t}:'at 1/6 of the area sprayed gets less than 50% of. the average spray

volume.

Tests on the flat fan 8002 nozzle which is similar Ëo the 80015

showed that it has a CV of L9% at 200 kPa whÍle the 8002LP ar 100 kpa

has a CY of.20%. It would be expected that these CV's would be similar

to the cvts of the 80015 at 275 k?a and 80015LP ar 150 kpa since the

nozzles are of similar desígn. No infórmation was available on LP nozzl-es

applied at a high pressure.

The flooding TK 0.75 nozzle was tested by the Saskatchewan Research

Councíl at 200 kPa and showed a CV of 28"/". Thís indicaËes that both the

flooding nozzLes (TK 0.75 and TK 1.5) in the experiments reported here

probably have higher CVrs than the flat far- nozzLe tips. CV determinations

of the Raindrop nozzre (type not specified) show Ëhem to be very high,

averaging 50%. Although the type was not specified in the work reported

by the Saskatchewan Research Council it r,rould seem likely that RA-2 CV

would be high.

Information on how spray pattern CV affecËs nozzle performance in

the fieLd is not available, but it rnight be expected that high CV's would

result in poor nozzLe performance. I^Iith a high CV certain areas along

the width of the spray pattern would receive less herbicide and control

of susceptible weeds would be reduced in these areas because of the

irregular spray pattern.

In the experiments conducted at Graysville all treatments r.lere
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applied at approximately 110 L/ha. This is considered ro be a fairry

high volume and as reported earlier droplet size \,nas generally less

critical in herbicide performance at high volumes. Differences in

nozzLe performance may be partly due to differences in droplet size

distribution but probably is also greatly influenced by the degree of

uniformity of the spray pattern.

tlith all herbícides rested, application with the flooding TK 0.75

with the overlapping paLtern, the 80o15lp at 275 wa, and the conven-

Ëional flat fan 80015 nozzle tips generally resulted in high levels of

weed control in both years. of Èhese nozzles the TK 0.75 and the

B0015LP at 275 kPa performed the best followed closely by the conven-

tional 80015 flat fan rip.

The TK 0,75 nozzle perforrned well in all experiments except when

diclofop methyl was applied ro green foxrair in L979. The gO015Lp at

275 l<Pa also performed well in all experiments except when bromoxynil-

was applied to a mixed population of broadleaf weeds at the late applica-

tion date in l-980 (Table 14). The performance of the conventional g0015

was somer¡Jhat less consistent Ëhan the other two tips. For the most

Part, results were good except in the following three cases: (l) when

propaníl was applied to green foxtail ín L979 (Table 7), (2) when

diclofop methyl was applied to green foxrail planrs Ln L979 (Table 9),

and (3) when metríbuzin was applied to broadleaf weeds ín L979 (Table

16).

The 80015LP aË 150 kPa ranked sLightly below the 80015LP at 275 küa,

80015 and TK 0.75 tips. Herbicide application with this nozzLe resulted

in a high level of weed control only on four occasions. These rrere,

(1) when green foxtail \^las sprayed with diclofop merhyL in 1980 (Table
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11), (2) when wild oats were treated with difenzoquat in 1980 (Table

13)r (3) when broadleaf weeds TiTere treated with bromoxynil in 1979 and

at the late trearment date in 1gg0 (Table 4), and (4) when broadleaf

weeds riTere sprayed with metribuzin in L979 and 19g0.(Table 16). rt

should be pointed out, however, that Ëhe results in the difenzoquat and

metribuzin experiments in 1980 were confounded by poor and variable weed

popuLations and that for the most parË, control was excellent with all

treatments, with no tip resulting in clearly superior results.

Application of all herbicides wÍrh borh rhe flooding TK 1.5 and

RA-2 nozzles consistently resulted in the poorest levels of weed conËrol

when compared to the other nozzles tested. On occasion each of these

nozzles performed as well as Ëhe other nozzLes but this was the exception

rather than the rule.

Generally, the performance of the flat fan nozzLes was similar. But

in comparing the Percent control- values in all experiments the 8001-5tp

at 275 kPa performed the best. The next best was the conventional flat

fan (80015) and Ëhe least satisfactory was the 80015LP ar 150 kpa. From

the coeffícient of variation information discussed previously, performance

of the 80015 and 80015LP would be expected to be similar, alËhough infor-

mation for LP nozzl-es at a high pressure is unavailable. From the infor-

mation avaiLable, the only differences between Eine nozzLes would be in

droplet size. The VMDrs of the nozzLes follow closely to the levels of

Performance. The least satisfacËory nozzLe was the 80015LP at 150 kPa

which has the largesE V¡'fD (Table 1). The slightly better performance of

the 80015LP at 275 l<Pa could possibly have been due Ëo an improvement

in spray pattern or to smaller droplets but no information is available

to support this contention.
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The TK 0.75 v¡ith the overlapping spray pattern performed similarly

to the 80015LP at 275 k?a when percent reductions in v¡eed dry weights

and densities are compared. tJhen compared to the larger flooding tip
(TK 1.5), the performance of the TK 0.75 v¿as superior. Both the TK 1.5

and rK 0.75 would probabry have similar cv's (reported to be 2g"/").

Mounting Ehe TK 0.75 nozzles on the sprayer boom so the patterns overlap

would improve its pattern uniformity compared to the TK 1.5 where no

overlapping occurred. The TK L.5 produces large droplets with a VMD of

400 ¡rm, while the TK 0.75 produces considerably smaller droplets with

a vMD of 300 pm (Table 1). The superior performance of rhe TK 0.75

nozzLe could be attributed Èo both an improved spray pattern due to the

overlapping and the smaLler droplet size produced. The improved spray

Pattern probably is the nnjor factor. Crop canopy penetration r¿ould also

be improved with the overlapping paEÈern since the spray is originating

from opposite directions.

The RA-2 tip produces a spray pattern ¡.¡ith a very hÍgh cv of approx-

imately 507". This is most probably the major reason for its poor per-

formance. It was also observed that the RA-Z nozzle produces a sizable

number of large droplets. Because of Èhe large droplets the possibility

of droplet bounce and run-off wouLd be increased as reported by Brunskill

(1956), and Johnstone (1973). Penetration through the crop canopy and

onto the target weeds would also be hindered by the large droplets. The

number of droplets over a given area would be less than when droplets are

smaller increasing the probability of reduced interception by the weeds.

These confounding facÈors along with the high CV would be responsible

for the poor performance of the RA-2 nozzle in the fieLd experiments.

It was expected that differences between rrozzle type would become



9L

more aPParent r¡7hen aPPlication r¡¡as made at suboptimal Leaf stages of the

susceptibLe plants, and under environmental conditions v¡hich were not

favorable for malfroum herbicide effectiveness. But tine by Ereatment

inÈeractions did not occur with all experiments and where they did occur,

differences in nozzLe performance vrere not necessarily more apparent at

the suboptimal leaf stages.

An important environmental condition that can influence the effective-

ness of a spray application is wind velocity. rn both years at all

spraying times v¡ind conditions were ideal (Tables 2 and 3 ). The

highest wínd velocity recorded was 13 kPh which is well within rhe range

of safety. spraying in hÍgher r¿inds of up to 20 kph would affect the

performance of the various nozzLes due to spray drift and paËtern distor-

tion. Drift potential would be highesr for rhe 80015, B0O15LP at 275 l&a

and rK 0.75 and lowest for the low pressure (Lp) nozzle at 150 kpa, TK

1.5 and RA-2 nozzJ.e tips. Under high wind conditions it might be expected

that performance of the 80015, 80015Lp at 275 kpa and rK 0.75 would be

reduced although the anticipated reduction in perforrnance of the TK 0.75

might be less than for the others because of the lower boom height (fable
2 ) which v¡ould help to minimize the drift hazard. Schafer and Stobbe

(1972) found that the low profile TeeJeË 650067 (a standard TeeJer 65006

but at a lov¡er boom height) and the TK 0.75 performed well when barban

was applied to l¡ild oats under conditions of high wind. The improved

performance was attribuÈed to the lower boom height.

The herbicides propanil and bromoxynil are contact herbicides, while

diclofop methyl, difenzoguaË, and metribuzín can be cl.assified as trans-

located herbicides, but with al-1 herbicides nozzLe performance r¡¡as simi-

lar. This does noE confórm with Èhe findíngs by Ayres au.d Merritt (L977)
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wtlo found that translocated herbicides t.end Eo perform better when

applied in smaller droplet sizes (150 um) while contact herbicides result

in more effective control with a larger droplet size. But the experiments

by Ayres and Merritt (L977) were conducted at low volumes of 5 and L5 L/

ha with uniform droplets, whereas the experiments in this study are

sprayed aË volumes of approximately 110 L/ha with nozzles producing

droplets of various sizes. This reinforces the fact thaË the effect of

droplet size is minimal and that the differences in weed control between

nozzles found in these experiments are probably due to a large extent

Èo differences ín spray pattern.

In those trials where a time interaction occurred with either crop

dry weights or grain yields higher yields occurred v¡hen the chemicals

were appl-ied at the early date. This result can be directly attrÍbuted

to earLy removal of weed competition from the crop.

The trends in weed control between the treatments did not correspond

to finaL grain yieLds in 1979 or crop dry weight in 1980. It is possible

that differences in weed control beÈvJeen the treatrûents úrere not large

enough to affect yield, and that oËher factors such as dífferenË moisture

Ievels across the experimental area had a greater influence on yields.

This r¡as especially true in 1980 when significant differences between

crop dry weight only occurred on t$¡o occasions.

l-aboratorv Experiments

Nozzle Efficacv Experiments

In the rLozzle efficacy experiments the differences in Levels of

weed control between treatments were not 1arge. This would be expected

since applicatíons lrere made at ED5g rates under stable environmental
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conditions. Furthermore, in Ehese experiments the chemicals were sprayed

directly onto the weeds without the influence of a crop canopy covering.

Differences between nozzles in the ability of the spray to penetrate into
the crop canopy as influenced by spray pattern or droplet size wourd,

Ëherefore, be eliminated.

Generally in the growth room experiments greatest dry weight reduc-

tions occurred when the chemicals were applied with the g0015, g0015],p

at 275 k?a and rK 0.75 nozz\es. on most occasions application wÍth

the 80015LP at 150 kPa and RA-2 nozzles resulted in the poorest levels

of control. The RA-2 tip performed well only on one occasion and that
was in the first trial nhen diclofop nethyl was applied to wild oats.

For the most Part, control v¡ith the TK 1.5 was adequate and the perfor-
mance of this nozzre usually ranked between the best and the worst.

The trends in nozzle perfornance in the laboraËory experiments

resemble the results found in the fiel-d srudies except rhar the g0O15Lp

aÈ L50 k?a did not perform as well and the TK 1.5 performed somewhat

better in the laboratory experiments.

A possible explanarion why the go015lp at 150 kpa performed poorry

in the laboratory r¡ay be found in the results reporred by Reipma (1960).

He showed that the ratio of volume retained and applied decreases as Èhe

volume median diameter of the spray increases. Similar observations were

recorded by Lake and Taylor (1974) who found that as spray volume increased

large droplets reached maximum retenÈion values at lor^¡er volumes than did

smaller droplets. In the laboratory the 80015LP at 150 kpa produced a

volume of 186 L/ha compared to approximatery 110 L/ha in Ëhe field.

The 80015LP at 150 kPa, having a large wfD of 4oo þn combined with rhe

high volume, would result in the Less active ingredient being retained
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than in the fiel_d. Evidence of this effect is

adjusted retention values and retention ratios

80015LP aE 150 kPa consisrently has the lowest

and retention ratios.

clearLy seen with the

on Tables 2L and 22. The

adjusted retention values

wírh rhe 80015Lp at. 275 lcpa rhe high vorume (z5g L/].,,a) apparenrly

had less of an effect on performance than it did at 150 kpa as shor¡n in
the nozzle efficacy experiments where weed control leve1s were high, and

ín the retention studies where actual retention and retention ratio values

were higher than the LP nozzle used at 150 kfa. The better performance of

the LP nozzle at the higher pressure can be attributed to Ëhe smaller VMD

(375 un) (Tab1e 1).

with the 80015, TK 1.5, TK 0.75 and RA-2 nozzles, volumes of output

were similar (Table 6). The only differences between the nozzles would

be in droplet size and pattern uniformity. As stated earlier, the effect
of droplet size on the performance of herbicides is less critical at high

volumes (Ennis eË a1. 1962; Ayres and Merritt Lg77, L97B; i{ilson and Taylor

L978). But the TK 0'75 and 80015 which both have smaller VMDrs rhan rhe

TK 1'5 and RA-2 did perform beËter; although performance was only marginally

better than the TK 1.5. The good performance of the 80015 can probably be

attríbuted to both droplet size and to low pattern CV. As discussed in

the section on field experiments both the VMD and CV of the g0015 spray

are lower than those of the TK 1.5 and RA-2. As pointed out earlier, Ehe

reported VMD for the RA-2 seems erroneous upon observation of the spray

pattern. The TK 0.75 which has a smaLler vMD (Table l) brt a higher

CV than the conventional 80015, performed better in all experimenrs except

when the contacÈ herbicide propanir was applied to green foxtail. The

slightly better performance of the 80015 in the propanil experiment could
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be ascribed to the lower CV or possibly the larger droplet size produced.

Douglas (L969) and Ayres and Merritt (L977) showed that contact herbi-

cides perform better when applied as large droplets. But Ëhe betËer

performance of the TK 0.75 in the diclofop methyl and metribuzin experi-

ments mighE not be expected solely on the basis of differences in CV

since the CV of the TK 0.75 is 287. which is higher Èhan thar of rhe 80015

(20%). Therefore, in these cases pattern uniformÍty must play a less

prominent role and droplet size musÈ be the major factor.

The Floodjet TK 0.75 performed better than the larger Floodjet TK

1.5. rn the cabinet sprayer, with the TK 0.75 the overlapping parrern

used in the field was simulated by making tvro passes wiËh the nozzle over

Ëhe plants. I¡Iith each pass the plants were positioned directly under

the middle of the pattern. The TK 0.75 spray produces a vMD of 300 pur

whereas the TK 1.5 produces a VMD of 400 lm. The results of the nozzle

efficacy experirnents show thåt in all cases except where the contact

herbicide propanil was applied to green foxtaí1 application with the TK

0.75 resulted in Larger dry weight reductions than the TK 1.5. As men-

tioned previously when comparing the performance of the TK 0.75 to the

standard 80015, thís excePtion rnay be explained by the findings of Douglas

(1969) and Ayres and Merritt (1974) who report that conËact herbicides

tend to perform better when applied in larger droplet sizes. In contrast,

the better performance of the TK 0.75 wÍth the translocated herbicides,

diclofop methyl and metribuzin supports the findings of Behrens (L957),

Ennis and l.Iilliamson (1963) and l"lcKinlay et al. (L972) who reporr rhat

translocated herbicides perform better when applied in small droplets.

Referring to the retenËi-on data (TabLes 21 and 22) application with

the TK 0.75 did result in hiþher retention values than applícation with
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the TK 1.5 with both wild oats and green foxtail. From Ëhese resulËs,

one might exPect that Þrild control v¡ould be better r^rith the TK 0.75

since more herbicide is available for activity. As menËioned previously

thÍs did occur wíth diclofop methyl and metribuzin but not propanil. The

enhanced activity of propaniL due to the larger droplet sizes produced

by the TK 1.5 must have been high enough to compensate for the differences

in retention.

Application wit.h the RA-2 in the growth room experiments consistently

resulted in low levels of weed control in all experiments. The reported

VMD of this nozzle is 330 um; however, droplets in the range of 500 um

to 1000 um can be observed in the spray. The reported cv of Raindrop

nozzLes is approximately 50% which is higher than all other nozzles. The

combination of high cv and large droplet size would explain, in parË,

the poor performance of this nozzle. However, this is somewhat comfounded

by the resuLts of the retention study which show Èhat the RA-2 treaËment

only resulted in relatively low levels of retention in the second trial
when green foxtail plants were sprayed (Table 2r). possibly due to rhe

placement of plants in rhe spray cabinet the effect of the high cv is

minimized. From the observations of Brunskill (1956) and Johnstone (1973)

retention would be expected to be reduced since large droplets tend to

bounce and run off the leaf surface more readily than small droplets.

The possible reasons for this anamoly will be discussed further in the

next section.

Retention Study

Green foxtail and wild oat leaves were chosen for these experiments

since they both have low leaf wettabilitíes. With low wettabiliËies it

is prebable that reËention differences between nozzles would be more
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readily observed.

Green foxtail leaves retaÍned much more solution than wild oat

leaves. Retention ratios (Tables 2l and 22) vere also hígher ín the

green foxtail experiment excePt on one occasíon where the retention

ratio of the RA-2 in the second green foxtail trial was lower than in
both v¡ild oat trials. From the wettabÍliries of green foxtail and wild
oat leaves as dictated by contact angle measureEents (Table 23), one

would expect that retention/gram dry weighË and. /cm2 and the retention

ratios roould be similar for the two species. The reason why they are

not similar has to do wÍth the leaf orientation of the plants at the time

of treaÈment. All three leaves of the green foxtail plants were positioned

horizontally while the leaves of the tv¡o-leaf stage wild oaË plants ü7ere

positioned vertically. The vertical posit.ion of the wild oat leaves

would, in effect, reduce the projected leaf area and t.he amount of spray

actually htttípg the leaf v¡ould be smaller than if Ëhe leaf was horizon-

taI. The wild oat leaf angles were approximately 70-80 degrees from the

horizontal and as reporred by Hibbirt (1969) and Lake (rg77), rerenrion
decreases as wild oat leaf tngi" increases from the horizontal. HÍbbitt
(1969) attríbuted this to increased droplet bounce and run-off.

The remainder of the discussion on retention differences between

treatmenËs wiLl center on the adjusted retentÍon volumes unless otherwise

indicated. These values depict a more realistic víew of what the

differences in retentíon between treatments are, since the values represent

the amount retained as if the treatments were applied in equal volumes of

110 L/ha. The retentíon ratios in Tables 21 and 22 which are closely

related to the adjusted values v¡ere included in the tables to give a

clearer pÍcture of retentÍon relaÈionships beÈween the treatments.
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In both green foxtail trials, based on amount of solution retained/

g dry weight anð /cm2 the TK 0.75 nozzle resulted Ín rhe highesr levels

of retention. In the first trial the lowest levels of retention resulted

from application with the 80015LP at 150 k?a while the tozzLes used to

âPPly treatments 2, 3, 5and 7 resulted in similar retention values. In

the second trial similar retenti.on values occurred ¡.¡ith the nozzles used

to apply treatments 2, 3, 5 and 7. As in the first trial application

wíËh the 80015LP at 150 kPa resulted in the lowest amounrs of solurion

re tained .

In both trials retention of the spray solution on wild oat plants

was highest after applicaÈion with the RA-2 tip. The 80015Lp at 150 kpa

consistently resulted in the lowest retention values. In the first trial

application wiËh the TK 0.75 resulted in hÍgher retenrion values than

aL! nozzLes except the RA-2 ¡,¡hile in the second trial iÈ performed

similarly to the nozzles in treatments 2 and 3 and betËer than the

nozzles in treatments 4 and 5. In the first triaL the 80015 and TK 1.5

performed beÈter than the 80015LP at 275 kPa, while in Èhe second trial

all three nozzles performed similarly.

Reimpa (1960) showed ÈhaÈ the ratio betr^¡een volumes retained and

applied decreases with an increase in the droplet median diameter.

Brunskill (1956), Furmidge (1962b), Johnstone (1973) and Lake (L977)

shor^¡ed that reËenËion of a spray soLution was highest when the spray

was applied in srnall droplets. From these results one would expect that

the nozzLes in this experiment with the smallest. dropleE size would have

the highest retention values.

The TK 0.75 nozzle resulted in the highest retention values in the

green foxtaí1 experiment and second highest in the wiLd oat experiment.
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The good performance of this nozzle can be attributed Ëo drople t síze

sínce it produces the smallest WfD of aLL nozzLes tested. The other

flooding tip, the TK 1.5, produces a similar pattern Èo the TK 0.75 but

has a higher VMD (Table 1). This ís reflected in the lower retenrion

values compared to the TK 0.75.

Both the 80015 and rK 1.5 produce similar vMD,s being 370 Lrm and

400 ¡rm, respectively. I^Iith green f oxtail, ad justed retention values

and retention ratios were similar for both tips, but with wild oats some-

what higher levels of retention occurred with the 80015, These results
would indicate Èhat the high angles of the wild oat leaves had a grea¡er

effect in decreasing levels of retention wÍth the TK L.5 nozzle. This

resulË could possibly be attributed to the difference in droplet size

between these nozzles, although the dÍfference is small.

Lake and Taylor (1974) showed Èhat as the spray volume increesed,

larger amounts of solution !ùere retained with srnaller droplets compared

to larger droplets. Evidence of thÍs type of result can be seen in a

comparison of the 80015LP applied at 275 kPa and 150 kpa. This nozzle

at both Pressures delivered Ehe highest volumes of solution (Table 6 ).
ìfeasurements of actual amounts of solut.ion retained with wild oats and

green foxrail (Tables 2L and 22) showed rhar rhe go015j.p at 275 l<pa

resulted in the highest retenËion values, as would be expecÈed, but wÍth

the 80015LP at 1-50 kPa the amount of solution retained was similar ro the

ot.her treatments which were sprayed at considerably lower volumes (Table

6). The low levels of retentíon r¡iËh the 80015LP at 150 kPa are reflected

in low adjusted values and retention ratios. The poor reËention values

of the 80015LP at 150 kPa which has a vMD of 410 ¡.rm compared ro rhe

80015LP at 275 kPa which has a VMD of 375 ln is most likely arrriburable
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to the dif ference in VMDts beË.ween the nozzles.

The RA-2 nozzLe resulted in retention values similar to all others

excePt the TK 0.75 in the green foxtail experiment, and in the v¡i1d oat

experiment had the highest retention values. These resulËs r,¡ould not

be expected since this nozzle produces large dropleËs. Since the drop-

lets of the RA-2 are large, one droplet being retained on the leaf sur-

face in one Particular area would have the same effect of a number of
small droplets being retained over a larger area of the leaf. upon

observatÍon of the plants after spraying with the dye solution, applicaÈion

with the RA-2 resulted Ín spray deposits occurring sporadically over the

leaf surface. I.Iith the other nozzles the spray solution was spread

evenly over the whole surface. The retention experiments show that the

applicatíon with the RA-2 did resulÈ in high retention values compared

to other treatments but do noË relay the fact that spray distribution

was sporadic. The effect of uneven spray solution with the RA-2 is
reflected in the poor weed control result.s which occurred when chemicals

were applied with the RA-2 nozzLe. The RA-2 nozzle producing the highest
retention values on wild oats could possibly have t.o do with the vray the

sPray is delivered from the nozzle. The spray leaves Ëhe orifice of the

RA-2 in a wide cone shaped pattern. This means that the droplets are

moving outward in all directions. A certain percentage of the droplets

are moving horizontally while fal1ing. Droplets moving in rhis fashion

would have a better chance of contacting the vertical leaf surface of the

wild oats than droplets dropping with littl-e horizontal movemenË. With

the other nozzles the spray moves mainly in a downward direction, therefore,

having less chance of hitting the vertical leaves. This may explain why

application with the RA-2 resulted in high retention values in t¡ild
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oaËs, a sitr¡ation which would be analogous to the improved spray coverage

obtained when conventional nozzLes are directed 45 degrees forward to
improve the activity of numerous wild oat herbicides by increasing the

amount deposÍted on the leaf blades and sheaths.

I'Ihere a large number of droplets hit the wild oat leaves Ít was

observed thaË some must have rolled down the leaf into Ëhe 1eaf axil and

accumulated' Applying a wíld oat herbicide with the RA-2 nozzle ro two-

leaf stage wild oaË plants mây result in good levels of control since
coupland et a1. (1978) showed thaÈ the accumulaËion of the herbicide ín
the leaf axil may resurt in íncreased herbicide efficacy.

contact angles qrere measured on plants grown both Índoors in the
grovtth chamber and outdoors in the field to see if differences in wett-
ability occurred due to envÍronment. I.Iith wÍ1d oaÈs, large differences
between plants grown in the growth room and outside only occurred wÍth
the first and second leaves. From this you would expect that wild oat
plants at the 2 L/z-leaf stage would be more easily wettable when grown

outside' with green foxtail plants differences in contact angles between

pLants groqrn outside and in Èhe growEh room differed an average of only
2 degrees, therefore, wettabiLities would be similar. I.Iith all leaves of
wild bucls'rheat, contact angles of plants grown outside were about 19 degrees

higher than of pLants grown in the growth room. Therefore, planrs grolen

indoors are much more wettable.

l¡IÍld oat and green foxtail plants established similar contact angles,

therefore these plants should have similar wettability. In the retention
studies discussed previously retention lras different because of the posi-
Èioning of the leaves. BuE if boÈh wild oat and green foxtail leaves
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lrere positioned horizontalLy you would expecË retention values of the

two species to be similar. Wild buckwheat leaves are considerably more

wetÈable than both wild oat and green foxtail leaves. Wild buckwheat

leaves night be expected to have much higher retention ratios than both

wild oat and green foxtail leaves but these were not measured.

Since the contacÈ angles of wild buckwheat leaves are below 90

degrees, surface wax is not considered a prominent feature in governing

\,retËability (Holloway L97O). Wild oat and green foxtail leaves exhibit

contact angLes of greaLer than 110 degrees which implies that surface

nax as well as surface roughness are prominent features governing wett-

ability (Challen 1960, L962; Fernandes 1965; Holloway L97O). The rough

surface of wild oat and green foxtail leaves caused by the parallel

veination and wax deposition, therefore play an important. part in the high

conËact angles which were measured.

HolLoway (f969b) recorded similar observations between contact

angles of broadleaf and grass planËs. For example, on leaves of Hordeum

vulgare contact angles of 165 degrees were measured while on Leaves of

Polvgonum persicaria smaller angles of. 82 degrees were recorded.

These studies basically show that as expected r¿ettabiLity character-

istics do differ between planÈ species. These wettabil-ity characteristics

r¡ou1d probably have only minimal effects on retention of herbicidal sprays

due to Ëhe addition of surfactanËs and wetting agents. Attempts were

made to measure contact angles of a drop of water mixed with a counercial

dicLofop soluÈion, With all three species used in this experiment, the

dropleÈ once placed on the leaf quickly flattened and spread over the

leaf surface.
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SUMMARY AND CONCLUSIONS

rn the fierd experiments the effects of nozzle type on Ëhe efficacy
of propanír, dicrofop rnethyl, difenzoquat, bromo><ynir and metribuzin were
similar. The differences in performance between the nozzles can be
attribuËed largely to differences in spray pattern uniformity. As a rule,
the nozzres l¡hich produced the most uniform spray pattern resurted in the
highest levels of weed control.

DÍfferences in 1evels of weed control resulting from the different
nozzLe tips generally were noÈ reflected in dífferences in crop yields
in either 1979 or 1980. ThÍs was especially evidenË in 19go where weed
populations qTere extremely 1ow.

when tirning of application had an effect on revel of weed contror,
the highest leve1s of control 0ccurred when treaËments were applied at
the most oPtimal leaf stage of the weeds, except on three occasions. As
explained previousLy in the Discussion, on each of these occasions weather
conditions may have exerted an overriding effect on herbicide activity.
Irlhere timing of application had an effect on crop yield, the early appli_
cations resulted in the highest yields. This was atËributed to an earry
removal of weed competition from the plots.

As happened in the field trials rhe standard flat fan g0015, goolslp
aE 275 kPa and TK o' 75 nozzles performed the best in the Laboratory nozzre
efficacy experiments. rn comparison to the field results, the g0015lp at
150 lùa perforured relativery poorer and the flooding TK 1.5 performed
relatively betÈer. As ín Ëhe field experimenËs, Èhe *o-2 tip generalry
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resulÈed Ín Ëhe poorest level of weed control. Due Ëo the method of

herbicide application in the cabinet Fprayer, the effect of different

sPray pattern uniformities between the nozzLes was minimized. The differ-

ences in leve1s of weed conËrol between the treatmenÈs were therefore

largely attributed Ëo differences in droplet size. Generally, application

wiÈh the nozzles which produced the smallest droplet sizes resulted in the

highest levels of weed control.

The results of the retentíon studies carried out on wild oats and

green foxtail contributed to a better understanding of the reasons why

certain nozzLes performed better than others. For example, application of

the dye solution with the 80015LP at 150 kPa resulted in Èhe smallest amount

of solution being retained. Correspondingly, in the nozzLe efficacy exper-

iments carried out in the laboratory, dry weight reductions were Èhe least
with the 80015LP at 150 kPa. The retention studies confirmed thaË dropler

size does have an effect upon spray retention. Generally, retention was

highest with the nozzLes producing the surallest droplets. The effect of

droplet size on reËention is especially evident at high volumes, as seen

in a comparison of the 80015LP appLied at 275 kpa and j_50 kpa. Borh

nozzLes produced high volumes of output but due to the larger droplet sizes

produced by Ëhe 80015LP at 150 kPa compared to the same nozzle at 275 l<pa

reËention of the sPray solution et the Lower pressure on both wild oats and

green foxtail v¡as considerably lower.

The contact angle studies showed that the wettability of green fox-

tail and wiLd oat leaves is consíderably less Ëhan of wild buckwheat

leaves. The high contact angles recorded on the wild oat and green fox-

tail leaves útere a resuLt of the combined effect of surface lrax and leaf

roughness (cha11.en 1960, L962; Fernandes L965; Holloway L97o). The smoorh
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surface of wild buckwheat leaves, combined with a negligible effect of

surface wax, resulËed in the low contact angles (Holloway 1970).

As mentioned previously, the recorded differences in wettability

would not have much effect on herbicidal- activity in the field due to the

additionaL wetting agents and surfacËants included in commercial formula-

tions. The only possibility where differences in vJettability would have

an effect would be in situations where plant leaves are orientaËed

differently. Examples of this vJere reported by Hibbitt (1969) and Sharma

et aL. (1978). They found that more effective control of wild oats wirh-

out injury to flax could be achieved by herbicide applicatÍon at a larer

leaf stage of the wil-d oats. At a later leaf stage the more wettable

wild oat leaves are positíoned horizontally, exposing more area for

herbicide conËact; while the water repellant flax leaves tend to hang

down allowing for greater droplet bounce and run-off. The significance

of leaf orienËationr ltas illustrated in the retention studies with wild

oat,s' where retention values were low due to the verticaL positioníng

of the leaves.

These studies show Èhat spray pattern uniformity is the major factor

influencing herbicide efficacy in the fieId. Due to the differences in

uniformity the effect of droplet size was hard to distinguish. Herbicide

application in the laboratory tended to minimize differences in pattern

uniformity due to the application method, therefore the differences in

performance between nozzles under laboratory conditions can be attributed

mostly to differences in droplet size. The retention studies provided an

undersËanding why certain treatments performed better than others. This

$tas esPecially illustraÈed in the cases of the 80015LP at 150 kPa and the

RA-2 nozzles.
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From Ëhe resuLËs of these studies, the following reconmendat.ions

could be made. If a farmer intends to use a flat f.aa nozzle, he would be

well advised to use the conventional flaE fan. If a flat fan LP nozzle

was used the best performance would result if iË was used at a higher

pressure than normally recommended. When using flooding Eype nozzles,

Ëhey should be spaced so that the patterns overlap to improve pattern

uniformíty. Postemergence applications with the RA-2 nozzle would not be

advisable. It should be poinEed out that the above recommendaÈions are

based on results where appl-ications were made under ideal wind conditions.

Under wíndy conditions it would be advisable to use a flooding nozzLe

with the overlapping pattern since Schafer and Stobbe (1972) showed a

lower boom height resulted in less herbicide drift.

The above recommendations are based on observations of weed control.

The results of field applications wit,h the various nozzle tips show that

in roany cases yield increases would not be expected if the recommended

nozzLe treatments \'rere used. However, the extra measure of control

attained by using these nozzLes would resuLt. in less weeds producing

fewer seeds, and over a number of years could result in lower weed

populations. t{ith lower weed populations yields may increase and the

amount of herbicide needed for control may be less.

Recommendations for Future Research

Future investigations into the effects of application techniques on

herbicide efficacy probabLy should focus on CDA (Controlled Droplet

Application). I{ith a CDA systern, droplet size disËribution can be

cLosely regulated. Numerous studies have been carríed out with CDA

units (OrKeeffe et al. L976; Cussans and Taylor L976; Wilson L976;

Grier and Reed 1980). Generally, the resulÈs shor¡ that in most instances
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aPPlÍcation of herbicÍdes v¡ith the CDA systen is equally effective as

application r¡ith convenÈiona1 hydraulic nozzles. The najor problems

associated with the cDA applicators are pattern uneveness (Lake et aI.
r976), design of the system and conversion of conventional ground sprayers

to accept the units (Grier and Reed 1980). once these problem areas are

solved and a greater understanding of how droplet size affects performance

of various herbicides in the field is achieved, cDA application may pro-

vide an acceptable aLternative to herbicide application and undoubtedly

will be the subject of intensive research in the next decade.
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APPENDIX ?ABLE l. 1979 Weather data.

Dsre Rain leuP. oC

m lfax. I'fin.
Rain ÎeÞp. oC

@ Ilax, Hin.

July

Raln Îæp. og

m t'f".. lfi*

Augu6t

*t" .-Ì"* 
-õ¡-

@ l{ax. Hf n .

Se p tenber

R¡in TemP. oC

m I'fax. Hin .

May June

I
2

3

4

5

6

7

8

9

10

1t
r2

I3
L4

15

I6
t7

18

l9
20

2I
JA

a1

24

25

)1

28

29 4.8

30 5.6
3]

Lz.O - 1,5
ó.0 - 2.o
5,5 - 4.5
5.0 - 5.0 7.6
6.5 - 4.5
ó.0 - 4.0 1.8
7 .0 0.0

6.0 - r.5
6.5 - 3.0
6.0 - 2.5
6.0 - 3.5 6.6

16.0 - 3.0
13.5 - 2.O

14.0 0.0 0,2
18.5 - 3.0
29.0 - 1.0

20.0 5.0

11.0 2.5
10.0 - 3.0
5.5 - 1.5 33.0

20.0 2.5 I2.7
19.5 4.0
16.0 3.0

26.0 2.0
24.0 3.5
26.O 10.0
23.5 5. 0

29.0 6.0 4.8

19.0 9.0
11.0 6.0
16.0 3.0

17.0 3. 0

22.5 5.0

26.0 8.0 2.8
r9.0 7.0

25.0 6.0
z5.o 7.O

1ó.0 5.0
20,0 4.5
22.0 6.0
23.O 7.0

26.0 4.O

30.0 6.0
38.0 10.5 1.0
29.0 13.0

24.5 7.0

25.0 5.0 2.5
26.5 3.0
28.0 5.0

22.0 7.0
17.0 11.0
L2.O 7 .5
19.0 6.0
23.0 4.5 15.2

27.5 5.0 1.3

24.0 4.o 10.9
26.0 11. 0
29.O 9.0
27 .5 10.5

30. 0 14 .0

29.5 12.0

27 .O 12.0
26.5 14.0

26.5 t4.5
30.5 7.5

29.O 9,5
29 .0 11 .0

24.0 10.5

33.0 12.0
32.0 14.0

33.0 15.0

33.0 14.5

32.0 17.0

?8.5 15.0

25.0 12.0

21.5 12.5

25.5 10.0

29.5 11.0

32 .O 15. 0

30.5 16.0
34.0 16.0
29 .0 17. 0

31.5 13.0

27 .5 15.0

27.O L2.5

24.0 13.0
24,0 10.0
27.0 tI.5
29.5 14.0

26.0 12.0

22.O 15.0
26.0 9. 0

30.0
26.0

24.O

22.O

22.0
26,4 2't.o

27 .O

25. 0

24 .5

22.0

26. 0

0.2 24.0

trace 15.5

19.0

23.0

25. 0

29. 0

30. 0

30. 0

30. 0

22 .0

23.O

trace 17.0

2.8 25.0

23.0
24 .5
28. 0

0.2 29.5

0.2 21.0

25.O

5. r 25.0

10. 5

15. 0

10.0 0.8

10. 0

8.0
10. 5

13. 5

8.0
9.0

lL0
1.0

9.0

6.5

4,5

2.0

9.0
11.5

L2.O

10. 5

tl.0
L2 .5

l1 . 0 12.7

r6.0

6.0
7.0 3.0
6.0

7.0

tr.5
4.0
5.0

23.O 15.0
16. 0 12 .O

2I.0 11.0

22.5 12.0

25. O

15.5 6.0
18.0 2,5

25.0 3.0
19.5 6.0
16.0 8.0

20.0 9.0
15.0 8.0

14.0 5.0
22.5 0.0
26.5 2.5

35.0 8.5
23.5 16.0

16.0 7.O

26.0 6.0
16.5 6.0
20.0 1.5

I5.0 7.5

18.5 3.0

20.0 4.0
22.5 8.0
23.5 5.0
r5.5 6.0
14.0 5.0

1i.5 5.0

20.5 1.s

I0. 2

20.6 L4.3 66.7 24.4 28.2 L2.9 34.97.L0.5 33.7 24.7 8.7 16.5 20.L 6.6
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Á-PPENDIIX ÎABLE Z. lgBO tsearher dara.

Hay June July Augua t Sep t enber
Dste Raln Te¡p. oC

m Max. Hln.
Baln Teop. oC

@ llax. Hfn.
Baln Temp, oC

@ UÂx. Min.
R¿in lenp. oC

@ !lgx. ¡ffn.
Raln

@

lemp. og

llax. Hin.

I
2

J

4

5

6

7

I
9

10

11

t2

I3
t4
15

l6
t7
t8
L9

20

2t
22

¿J

24

25 5.0
26

27 0.2
28 2.0

17,5 6.0
20.5 1.0
25.0 3.0
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