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ADSTRACT

"Band spraying and direct drilling", o technigque
in which hands are sprayed in a pasture with parcquat, folleved
by the direct drilling of sesd into the centre of the bands,
was investigoted, with the aim of inereasing the winter yield
of pastures.

The work was divided into two parts. In the first,
& band sprayer wos constructed and tested, and with it a pasture
band sproyed and direct drxilled in auvtumn, The resulting pro-
duction was measured over the following winter pcrioed. The
second port consisted of on investigation inte the distribution
of sprey within the hands and sproy bounce outside the bands,
using the same nocozzles and cperating heights as in the carliex
work,

The band spiayer was constructed on o disc - drill
so that bands could be sprayed and drilled in the same operation,
the coulter spacing being 6 in. lieasurements were taker of
several pcrformance characteristies of 2 variety of nozzles in
order to select three sizes spraying 1 in., 2 in., and 33in.
bands at 30 gal, liquid per sproyed nere.

Seed cceoting with bentonite with the ain of reducing
peraquat damage (if this was o prcblen) was briefly examined, and
cbandoned. after finding that the ccat rzduced seed germinotion
considerchly more then any paraguat Jdamage that may heove resulted,

In the subuwm - winter trial, the factors included
were : L band widths ("plenket" »lus those mentioned ahove);
3 paraquat application rates (1, 2, end 4 oz. a.i./acre);
2 varieties ("Grasslands Tema" Western Wolths ryvegrass and rye-
corn); eand o nitrogen sub=plot treatment (each half of every
plot hed either 0 or 1 cowt, nitrolime/acre placed with the seed).

Irrigotion wos carried out prior te svraying and
drilling, and was follawed by a dry spell of feuxr weeks, This
combination appeared to have a deletorious effect on the resulting
esteblishment of the sowmn species, vhich together with the wet
winter period were partially to bleme for the poorer yields in
all treated plots (compared to control plots).

leasurements taken were mainly of scil meisture,
seedling emergence, botanical composition and dry uatter yields.
Results were analysed by means of t-tests and analysis of
variance where these tests were suiteble.
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The results and literature suggested various hypotheses as
to the fate of bands and the growth of plants within them and it
would appear that defoliation frequeney end intensity are impartant
factors, The defoliation treatment in the trial (i.e. at 6~8 in.,
height) was considered inadequate.

The investigniions from the second part of the thesis work
led to the use of two techniques which could have further use in spray
distribution analysis. In the first, the spray liquid incorparated a
metal salt (e.g. copper sulphate) in solution and was collected on
naxrrov blotting paper strips. The metal concentration was measured
by an atomic absorption spectrophotometer, With this method, a graph
could be dravm of the within band spray distribution, and with log.
transformation of the results, spray bounce outside the edge of a
band width pasture strip could be confidently measured to 3% in. from
the band. The total amount of sproy outside the band was small
however. (rarely above 10%), and largely within an inch to either side
of the band with the nozzles used.

In the other technique, the sproy nozzle was photographed

in action, the lighting and exposure methods used enabling the extent
af spray splash to be observed.

———*—-ﬂ
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1. INTRODUCTIQN.

Winter feeding of livestock is becoming an increasingly
major operation on New Zealand farms. With increased stocking rates
and a greater drive far efficiency, fermers and research workers have
tried many systems. One system however, which has not undergone
extensive evaluation is that of "band spraying and direct drilling",

The term "band spreying" is now well esteblished in erop
production work, where the technique involves spraying either a non-
selective herbieide between crop rows or & selective herbicide in the
erop rows (with mechanical weed control between rows). To date, few
attempts have been made to band spray a plant free track into pasture
with the object of subsequently sowing and establishing a2 new species
in that sward. The concept is similar to that of overdrilling, where
a plant free treck is left by mechanical means, Behind both of these
techniques is the idea that a plant's closest neighbours are its
greatest competitors, and that when removing competition from around
a plant, diminishing returns presumably set in, the removal of the
closest neighbours being of most help to the plant (in this case the
sown one),

Direct drilling, in which seed is drilled directly into the
mechanically undisturbed soil after the existing vegetation has been
kKilled by e herbicide, usually paraguat, do'fers the advantages of a
gquick easy establishment technique for cash, forage crops end pastures,
Usually, the technique offers cheapness and considersble management
flexibility. It seems likely that the unknowns of the relationship
between seed bed reouirements of previously used species, drilling
machinery performance and soll conditions, are keys to the success ar
feilure of any crop drilled in this way.

Nevertheless, band spraying ond direct drilling has been
shom to be feasible with regerd to the mechanies of the operation
(Blackmore 1962, Kay 1966). To be of acceptance havever, any new
technique must have advantages over other techniques. Because of its
use of similor drilling machinery and operation in similar soil coné
ditions, direct drilling in conjunction with band spraying is likely
to suffer similor limitations to the technique of direct drilling.

In direct drilling for regrassing purposes thcre has usually been a
lowering of production over the first winter. It is suggested that
this could possibly be overcome with the use of fast growing winter
species such es "Grasslands i‘ama" Western Wolths ryegrass or cereals
such as oats or ryecorn. With band spraying the aim would be tb’
kill only as much of the existing vegetation as is needed for the
establishment of the new species and so minimise the amount of yield
reduction, In this mamner one would be changing only the botanical
balance of the existing award.

In common with direct drilling after blanket herbicide
application, band spraying would be expeoted to have the same advan~
tages over conventional establishment methods with respect to speed
and flexibility, and to have the disadvantage of the added risk of



establishment failure. Some gain in total winter exrop or pasture
production is likely in compariscn with either blanket spraying and
direct drilling or conventionoal esteblishment methods in that the
unsprayed areas could contribute to the totel yield.  Turthermore,
re-establishment of the pasture moy be unnecessary in the following
season.

& factor of vital importance to band spraying would thercfore
appear to be band width ané its effect on the yield of sown and exist-
ing species. 4 compensatory effect between the twe is likely as the
greater the yield from the existing species (related largely to band
width) the less from sown species. 4s the total yield is the sum of
the yield from the existing and sown species, the cptimun band width
would be where the yield came to o peak.

When considering the effectiveness of o certain width of
band in reducing ccmpetiticn, the question of pasture reaction te 2
band of dead herbage must alsc be considered. The band would
initially leave z "vacuuwa" which would subsequently be follawed by a
corpetitive struggle from many plants te f£ill the gop., The initial
reduced competition adjacent to the existing plants moy allow them to
spread laterally and perhops overshadow the band. With a narrow band
this nay lead to a dark envircmment which is difficult for the new
plant to inhabit. Cutting frequency and height may be considered as
associated and interacting factors.

Recolonisation could be expected froam three sources.
(1) Fron seeds in the ground that hed undergone band trestment.
These would include seeds from the present and previocus inhcbitants
of the arca as well as these soim by the dxill,
(i1i) From plants suppressed by the pray, but in the process of
recovery from paraquot spraying.
(iii)From the species outside the band., Stoloniferous species
might be expected tc make a faster invasion of the arez while tuf'ted
species could also recclonize the band as they tillered.

&s in blanket spraying, a factor that should be of impor-
tance is the rate of paraquat application within any one band., Both
the eccnomics and rete of in-band recovery would be thus affected.
The question may well be asked, which is better, o narrow band and
heavy rate, or wide band and lighter rate ?

From the viewpoint of the mechanics of creating bands of
variable width, obviously a field requiring major attention, is the
design of suitcble equipment and the perf ormance testing of spray
nozzles in relation to eveness of application and within pasture
bounce.,



2., BAND SPRAYTNG AND DIRECT DRILLING FIELD TRIAL WCRK.

P —————

241 INTRODUCTION ,

In this section of the work a band sprayer was constructed,
tested and used to execute a field trial. The lock of earlier work
as o suitable guideline led to a trigdl of & rather extensive nature,
with cbservatiocns being liiaited as a result.



2,2, LITERATURE REVIEV .
2,2,1, INTRODUCTICGH: PARAQUAT AND DIRECT DRILLING,

Paragquat has been used as 2 herbicide in agriculturce for
nearly ten years (Colderbank 1968) and its advantages hove resulted
in its use as one of the major chemicals in direct drilling. Jcnes
(1962) listed the advantages as follow:=-

1s Ne scil residual toxicity, enabling oversowing and direct
drilling tc be coarried out almest immediately after sproying.

2y Quiclk uptake by the plant, hence results are not greatly
affected by rain falling soon after applicatimn of the chemical,
3 Rapid actien, coupled with (1) allow esteblishment in o
shert time.

L, Toxic at lov concentrations of cctive ingredient.

B Selectivity among grass species, the oxder of which is of

practical significance, as the desirable speeoies ocxe favoured.
Also, it is selective for clcovers.,

4t this stoge direct drilling sheuld be defined.  Boker
(1969) defined dircet drilling as cntedling "eradication (or sup-
pression) of vegetation without mechanical disturbance (using spray
applicd herbicides, and more recently fluming) fellowed by drilling
and positive placcuent of seed into the scil", This procedure hos
been dcveloped since the mid 1950's (Blackneore 1957) and became nore
popular with the av~ilability of paraquat in the enrly 1960's
(Allen 1967, Charles 1962, Calderbonk 1968).

Since that time nuch experience has been geined in Britain,
the U.S.A. and New Zealand in the use of the technique. Generally,
it has been found thet as o "short cut" nethod (Beler 1969), success
depends very much on the fulfilment of certain agronoaic conditions,
These have been swuerised by Jecter (1966) for the estrblishnent
of kale ond cerecls in Britcin:=-

1e Suitable scil conditions. 4t present the lighter, well-
drained soils are the most suitoble flor direct drilling.
24 The ability of the herbicide to eradicate the existing

vegetation. Thus, arens dominated by plants with rhyzomes or
large tap roots which enable the plant to recover from paraquat
treatnents are not at present suitable for this technique.

3e A suitable neans of introducing the seed into the soil.
The drill must be adjusted so that it produces the type of slit
which is conducive to seed germination and seedling development,
and this slit must be cleosed after drilling to guaxrd against slug
and bird attoack.

Lo Adequate levels of fertiliser, particularly nitrogen,
must be applied tc the crop.



For pasture establishment a further point enuneroted by
Cherles (1962) in refercnce to surface sceding (i.c. oversawing,
overdrilling and direct drilling) must be added:

5. Suitcbhble nanagenent befere, during, and after estob-
lishuent.

Whers these requirements have been net, crops and
pastures as geod as, cr better than, these estrblished under con=
ventional nethods hove resulted (Calderbzmlc 1968, Blaclmore 15‘6?).
However, Bakcr (4 969) notcd the lack of suitablc fundenental design
data with refcrence to dircet drilling machinery to enable the
nceting of the third requirenent., Blackuore (1955) made similar
comzents in reference te overdrilling end gencrolly thore appears
to be o greater risk in this technique thon in conventicnal proctices
(Ancn. 1969).

It is nct thc purpesc of this reviow to cover all aspects
of direct drilling or the uses of paraguat, which have boen reviewed
by Allen (1967) and Calderbank (1968). Rather, ccertoin aspeets
will be dealt with, in an atberpt to shoew the present limits of
knewledge in these fields, These aspects will be those related to
the nain field trinsl of the thosis.

24242, COPETTITIC [ND PLANT ESTADLISHMENT IO RELATICN TC
DIRECT DRILLIIIG,

"Competitieon ocecurs when each of Lo or nore organisns
seeks the nensure it wonts of any particular facter or thing and
when the immediote supply of the factor or thing is below the
canbined denand of the orgmnisms" (Donald 1963).

The netion of a horbicide, nccording te Elliott (1960),
has three moin phases:

1e The period of dircet nction following applicetion.
2on A stetice period due te residual activity in soil or
plant,

e The regrowth tc a new sward equilibrium.

Phasc one with paraguaet is particularly ropid, the
scorching being visible within 24 hours of applieaticn, with the
full effect on folisge being reached in 7-10 days (Elliott and
Allen 1964). According tc Calderbank (1968) paraquot is virtually
non seleotive, killing all grecn tissue and having little, if any
effect, on roots. Phase two can hardly be said to exist for
paraquat because it is ropidly absorbed and inactivated on cantact
with most soils. Thus, the beginning of phase thiece is reached
by all species soon af'ter spraying. The foliage of the sward
is uniformly dead, and regrowth starts from unhormed tiller buds



and surviving root systems (Elliott and Allen 196#), most perennial
plants in fact regrowing ofter the first application (Calderbonk 1968).

The resulting composition of the reccovering sward is then
offeeted by the obility of the plant to withstand the acticn of the
herbicide (by hoving peorts undomaged fron which it can grow) and its
ability to regrow fromn those poarts undanncged by the herbicide.

Ellictt and Allen (1964) mentioned cther factors os well. Apart

from these agronemic requirenents queted ecxlier, there is the case of
the preperticn and pattern of the desirved speeie (or species) within
the pasture (this was in particular reference to the practice of selce-
tive centrel of grosses in permanent pesturcs). They felt that the
tuf'ted hobit of nest so called desirable grasses was perhaps unfortu-
nate as they werc less nble to recclonize vacant spaces vegetatively
than werc the stoloniferous oncs, the mejority of which wexre undesirable.
These authers felt that white clover hod an important part te play in
the recolenizeticn of the pasture by desireble species beceouse of its
stoloniferocus hebit. . The success of desirnble speeies in cclonization
is relcted to seascn? active growth, properbtion of the speeices in the
pasture, and the pattern of these species within the pasture., They
preposed o thresheld presence of colonisers (voried by the other
factors mentioned) cbove which the spoces could be filled in in reason-
able time and below which they could net, It was added thet almost
nothing is knewm cbout these threshold values.

Very little oppenrs in the literaturc in reflerence to the
pattern of copetition suppression. The few references thot noke any
attermt at neasuring competition suppression nake ne mention of the
pattern of this suppression. Sprague et ol (1562) investigated the
growth of sudan grass in competition with partially ldlled gross swards,
Percentage contrel of indigencus species woes calculated fron numbers of
square inches free of the species in a 1 x 100 in, strip, They con-
cluded that germination and emergencc wos little offected by live or
dead sod grasses, but both the growth and develcpnent of the seedling
fren ten days af'ter emergence until harvest was altered by a factor
up to 20 times, This severe competition was consistent where Poa
protensis, tinmothy, or cocksfoot was present, Competition was alsco
evident to the same relative degree under conditions of high or low
nitrogen fertility, in yeors of cbundant roinfall, and in years where
soil moisture was limiting. Sone idea of pattern of canpetiticon
suppression is implied in the work that hos been done on band sproyinge.

2.2 03. BANDSPRAYING’.

Robinson and Cross (1960) described "overdrilling" as
drilling seed into the soil without pricr cultivation of the estab-
lished pasture, The normal procedure usually incorporates "a plant
free track" with which cverdrilling has been successful (Blackmore
1955)- The width of this plant free trock has been varicusly
quoted as 2 in. (Blackmore loc.cit.) ond 1% ine (Cross 1963).



Successful proetice hos hinged very much on pest treatnent nancgement
to keep the competition frem the posture growing between the rows teo
2 ninimua, Blecknore (1 55) sumarised the situstion: "For each

anl every species, then, there is o eriticenl level in o given set of
ecologienl cirvewistances above which the opposing forces arc too grect
for the secdlings to survive. This cstocblishient borrier is by no
nerns fixed but is in 2 constant stote of flux ond is influenced nost
strongly by thu prevailing weather conditions” Viith direct drilling
"echenicnls used for crop cstoblishment must {nn, suffiociently lasting
centrol of the pasture up‘.cn_cs to ensure thnt reccovery growth dees
not campete with the crop" (Dromley 1962).

Bond sproying is o cezbination of both techniques: o direct
drilling situation within rows 2nl on overérilling situstion cvercll.
Several wverirs have investignted band sproyin s ineluding Bleoelmoere

(1065) H.l.‘nill"CC‘ﬂ cn” Jcohnson (196?), Key (1964, 1966) ~n? Lewis
and Hertin (1967).

(o

rial in autunn on a 20
cuinnn . He sproyed 2 in bonds
of pasoguet at 12 1b. c.ds in 10 gol. of woter per sproyed ocic.
Chounioellier, turnips, o posture mixtweu, anl ryecorn wcre sown at
the sae time ns drilling. The strike ond estoblishment in the brnd
of all gpecies wns good, especiaslly in the eose of o sub-trentsent of
ryceorn, where 1 cwu./ ere of cnmeniuwenitratc linge nixture wns 2ddel
te the plot (net stated a‘hu‘l’.".lt,l‘ drille” with sced or broadeast).
No yiecll figures werc tolen,

Bloclanore (1962) carried out his

yenw ol’” IYEErD c-n_brm‘rn'i‘p'\‘- Tominant no
O

Hamacrton mnd Jonnson (1962) uscd the "sod=-scoder" of
Ellisca (1961) in a triel of scvernl treatients ineluding 2 1b.
paraquat/cere in 6=7 in. bands and 10 in, rov wilths. Tnuedintely
after sowing, sproying wos carricd out. Rope wns sown inte 2 4
year old rycgenss white clover lcy. The band treatrent yiclded 6.4
ewt. versus 12.7 ciut./acre for the cultivate? control, being signifi-
cantly different ot the 1% prebability level. The banded yield wns
little diffexent frou the parnquat blanket ~pplienticon, Yield
reduction in the bonded rows was probably due te goppiness in estobe-
lishnent ond possibly also to incouplete competition removal.  The
relevont date is reproduced belaow:

[Control Culti~ Paraquat Paraquat | L“E“E“m
* vated (2 ./ (21b./ s
Control aerc acre P=0,01 P=0.05
o o _blanket)  banded) T
Rape 0.2 12.7 8,8 6.1 6.0 L.,62
Residuall
sword 6.3 0.6 0.5 6.1 3.33 2.4

* Control - dirilled into untreated posture,

Tcble I, Band Sproying Versus O'ther Establishment
y_gthods. E(-Ir{amr_ﬂ.er‘l:on 3 Johnson 1‘-9-6‘25




It will be noticed thot the significant reduction in
residual sward yield thet tock place with the sproying of 3-4 in,
more pasture in the blenket sproyed treatnent was accompanied by an
insignificant increase in rope yield,  This weuld support the argu-
ment that competition rencoval is mere inmportaent elese to the intro-
duced plant. It will zlsc be noticed thot the cne third band of
residusl sword renaining in the banded trentment produced wmore than
cne third of the control tetal,

Koy (196k, 1966) tricd band sproying with the introduction
of phalaris tubercss and subterrancon clever on to rangelands in
Colifornin. Bonds tried varied fron 55 in. to 41 in., with 2 22 in,
Poii spacing. In the errlier weork norrow bands were found te be as
suceessful as blanket applicaticns of pareguet, In the loter work,
wide bands (11 in. versus 53 in.) were found te be slightly better
than nerrc. ones, but both treatments werc net significantly lower
in phaloris-clover estobhlishment thon the blanket treotnent.

T

R T S T S T S S A A

. Speeics Subclover Phalesris tuberoso
i Serpling dote* ‘ Spril 22, 196k Jeonuory 12, 1965 !
| Grazing trentnent Grozed Not Grrged  Not ‘
grazed crozed

. Pornguet treatment | Per cent stocked”
| Corplete coverage I 81 87 75 29
" 41 in., bond (506 !

coverngs) ' 80 86 60 19 .
. 5% in. band (255 i
| coverige) /N 8L 58 12 l
| Check-no sproy LS 6 0 0 [
| 15D .05 I TR 7 17 17 |
| .01 o2 14 o5 oL, '

L i s

* Planted Octdber 25, 1963.

* Per cent of samples with at least one plant per foot of row
in Phalaris tubercsa and per six-in, of row with subclover.

T S

Table II., Phaloris tubercsa and Subelover Estoblishment on
Bond Sprayed Plots (Eypical results from Koy, 1966).

The fipures illustrate the importonce of correct post-
sowing monogement in the sucoess of surfoce sowing practices.
Gross wes nore favoursbly affceted then the clover. Kay (1966)
nentiocned the cost saving and erosion control afforded by the use



of band sproying but he has since coneluded (pers.comm) that it is
perhops a fori of insurance te sproy the entire arec.

Shecr (1968) mentioned seversl references concerning the
bond sproying of maize. In one of these (Lewis and ilartin 4 967),
one third of the aren wos band sproyed and the unkilled sod was found
to compete highly with the coim, especially o wobter, Triplett et
al. (196L4) wrote in conncetien with corn growing in the United States
thot almost ne capetition from non erop plonts covld be tolerated.

Sumiardised in Toble ITII is the work concluded to date with
band sprayinge. The herbiecide used in all cnses hos been paragquot,
which nppeors to be the mnly suitcbhble non residucl grass killing
herbicide ovailcble ot present.

It weould appera thot when band spraying -nd direet drilling
has been successful, there has been adegucts ceompetition yemeval in
relation to mecting the necds of the other foctors, i.e. cnsuring a
good strike of savn seed, ond nanaging this correetly so that it con-
tinues to ccmpete successfully with the resident specics.  There
cppenrs to be no nenticon in the litcrature of o pessible interaction
between paraquat rate and band width.

2.2, COMPLICATICHS ARISING FROI THE USE OF "SPRAY-SOF"
TECHINIQUES WITH PARAQGUAT.

Calderbenk (1968) in reviewing the bipyridyliunm herbicides
nade reference te work that sheows thot poraquat is guickly inectivaoted,
in both the plant and seil, Sone Lliterature exists in which cbservo-
ticns are mode of the situstien vhen sowing is close to the time of
Spraying.

I.  Sprayipg Befere or After Drilling.

Evans et al (1964) royed one trial cither before or after
seeding ond found thot spraying before drilling wes better than the
lotter. It was found thot scil disturbed by the dxill ecvered herbage,
preventing it fram being touched by the paraquat.

II. Residual Herbicide.

Homnexrton and Jchnson (1962) noted chlorotic rims on cotyle~
dons and chlorotic spots on the true leaves of rope, which appeared to
be fairly definitely due to residual poaragunt on the herboge. It was
postulated that goppiness in the establishment of these plants could be
attributed to a lethal deac of poraquat. They cbserved thot this was
probably the first time that this effect had been noted in the litera-
ture. Hord et ol (1964) postulated thet their poorer barley and wheat
establishment with paraquat may have been due to damage from residual
paraquat on the dead herbage.
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MAuther T Band  Coul~ Para~ Varicties Original 9
' width tor quat  sown pasture :
! gpac—~ rate®
' i ing
$4_,,,4a4_‘44kuﬁ‘ﬂfﬁ____LLFL o e e e L R B e
iBlackmore | 2 in. 7 in. 6 oz. Dpasturc spp. 20 yr. old 456 |
1 (1962) brassicas, browntop, L6 |
i cercols ryegrass, 1 |
i white clover f
Hamnerton - 67 10 in. 2 1b, rape L yr. old ryegross/

& Johnson : in, white clover cut!

(1962) E for hay |
Kay 8 in., 22 in. 0,5 Phalaris Bromus tectorum !

(196L.) 1b. tuberose dominant range~ |

& sub-clover lands !
formn i e ik ; — e _
| Kay 1
- (1966) ! 5% in, 22 in. 0,25 B
;M in. -0.5
| 22 in.

Lewis & T Lof - meize average "sod"
1 Mortin [ total =-
| (1967) | area |
; e Py S p—— . W ;
Conments: ik
Blackmare (1962) ‘"shows considerable prasise in the successful

intreducticon of desirsble species into pestures ot
comparatively low ccst, but there is no procf, however, that the method
is superior to recently developed techniques cof nclkdng wide, plant free
acks mechanicelly in the turf".
Hammerton ond Jchnson (1962): "yield of rope on the banded plots was
low, probobly due to the goppiness of

the rape observed on this treatment, but possibly also due to in=-
complete removal of competition from the sward".

moy (196, 196€): Grect previse fer rangelands tcoc steep for
cultivation yet traversable by crailer.

Leids and Laxtin (1967): Unkille: pasture coopeted proctly with
orcp, especially for woter,

Toble III. Swuary of Publishe’ Dandsproying Texrl,

1A Seed Damoge by Paraquat,

Pelleting of seed with bentonite or montmorrilonite to avoid
damage by paragquat would be counteracted to some extent by o likely
fall in germination because of the lack of axygen available to the seed.
Millier and Scoter (1967) noted this when working with the pelleting of
lettuce and other vegetchle seeds.
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2.2.5. NUTRIENT LOCKUP.

In New Zealand, Blacknore (1 957) first wmentioned the possi-
bility of nutrient lock up frem the chemicnl killing of herbage.
Theoretically, the micro-orgonisns in the soil break devm the dead
naterial, thus depleting the available nutrients and starving the
seedlings sovm. Mitrogen eppenrs to be the most important. Blacknore
(Loc. cit.) noted that there was often o boest in growth oppraximately
six weeks ofter sowing, peossibly due to the releasc of these nutrients.

Indications similaxr to this have been in evidence in
chemical cstoblishment worlk 211 over the world particularly opn low N
status soils (Colderbank 1968). In New Zenland therc hos not been much
quantitetive investigat: . Three investipgntions ore however worth
noting:

Blackmore (1961) studied the relense of nutvients fron the
brealkdoam of turf on low, nmediuwm, ond high fertility seils, and the
effcet of following after spraying on the resulting crop. He concluded
that the peorer the noturcl fertility the greater the fallew snd/or
fertiliser opplication needed for success. Later, Blaocknore (1 96?)
investigated the estoblishinent of vheot with chemical follow metheds
(te allow nutrient mineralisation), ond couprred this with conventional
cultivation technigues. He ceonelud thot scedbed preporntion by
chemicols led to o significant inerecsc in tho yleld of wheet over
spring cultivaticn nlecne, provided clover wos suppressed and fertility
inerensed cither by preconditioning by chenicenl mens (follow), or
supplying nitrogen te the erep. He olse found thnt conventionel
cultivatien was equal te direet drilling wherd the foimnexr was preceded
by a nid-wintesr trcotuent of povaguat to precenditicn the soil.

During et al (1963) studied veriocus intensities of cultiva~-
tion and the effect on scil nitratec levels. Conventionsl cultivation
was found to significantly affcct levels of nitrate in the topseil and
these levels were significantly rclated te crop yields. In the case
of chemicelly prepered secdbeds, yields werc as geod in the first year
as conventional cultivation but produced inferior crops in the second
yeer. Presumnchbly, in the first yeoar the crops bencfitted from the
presence of large amounts of decomposing ploant residue derived fron
grass=clover pasture, there being much less of this in the soil during
the second year,

With blanket sproying and oversowing, Cross ond Robinson
(1 96L) found slow esteblishment of permanent pasture species on ine
fertile hill country, ascribing this to lack of nitrogen during the
period before full deccuposition of the killed resident vegetction.
In conparison, overdrilling initially produced greater growth but
grass growth after 2o while seened retarded through lack of nitrogen.
Two years after sowing, the oversowm pasture was of better quality
than the overdrilled although clover levels werc similar, Whilst
the oversown area was dominont in perennial :7egross the overdrilled
area was dominant in browntop.
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In the United States more quantitative work has been record-
eds Much of this work rclates te stubble mulch practices, where
yield reductions are similaxly related to unavailability aof nutrients
from the dead herbagce present on the soil surface.

Ganmblc et al (1 952)_ using a double=cut pleough to produce a
mulch and a conventicnal "turn plough' as a comparison, investigated
microbioclogical activity in soil samples., They concluded that under
the conditions of their investipgation, the following microbiological
factors might be related to the plant food "tic up" prcblems:

(a) The environmental conditicns a better oxygen supply and morc

organic matier in the 0=6 in, horizon seemed te favour the
stimilation of the seil fungd in the mulceh plotz. This group of
scil micro-organisms might cause a temporary loss of nitrate nitro-
gen as a result of protein synthesis by the mould cells.

(b) Biochemical nitrification as determined with the perfusion

apparetus of Lecs and Quastcl showed slightly lower amounts of
nitrate nitrogen feormed from the muleh than from the turn plough
samples., They also thought that soil pil should be considered as an
environmental factor having considerable influence on the activity of
the soll population. Fungi populaticns were found to be higher in
the mulched plots than those ploughed vherecas bacteria were found in
similar nurbers in both trcatments. loody ct al (1952) also inves—
tigated the efiect of the double cut plough methed of muleh tillage
on fertility, and measured soil nitrate~N, scluble nutrients in the
leaf and other parts of the corn plant, grain yield, and physical
properties of thc soil, The standerd three year rotation of coyn,
small grain, and clover grass with mulch tillage practice during the
corn year was compared vith a similar rotation using conventional
clean tillage practicc. The percentage of N in the corn plant was
lover where mulch tillage was used. The diffcrences werce signifi-
cant (5% level) for high yield seasons. P in the plant was not
affected by tillage method. Differences in K content of corn plants
between tillage metheds, although usually large, were inconsistent.
In general, soil nitrate N and soluble N-P-K in leaf tissue was
lover during the early part of the growing season under mulch tillage.
Yiclds were equal when the planter was modified to push the mulch
from the row. They thcought that the changes in N status werc
chiefly due to changes in soil mioroflora due tc the different
tillage practices.

242,6. DIRECT DRILLING MACHINERY DESIGN.

Band spraying machinery has been described by Blackmore
(1962) and Xay (1966) largely in relation to the production of bands
rather than drill requirements. There is no reascn to suppose that
the drill requirements for band spraying are any different from those
for direct drilling. According to Baker (1969) it hed become in-
creasingly apparent that one of the major and most influential
variables in the short-cut seed establishment of direct drilling is
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the method and machinery used in drilling the seed. He also noted
the leck of fundamentel data availcble for the designing of suitable
direct drilling mechinery. Seed. placement, and roct ~nd shoot
developnent of seedlings, in reletion to the physical properties of
the drill slit require paxrticulsyr emphasis in design research,

It oppenxrs, however, that the use of direet drilling machinery inp
merginel areas (such os drier soil conditions) is helping in this
research (dnon 1969, Baker 1969).

24247 I PORTANT DEFICIENCIZS T BAND SPRAYTIIG LITERATURE .,

Threc main categories of knowledge deficiency relating to
band spraoying exist. These ore @

I. Competition ond Zstrblishment.

& poueity of mowledge cppears to exist with reference te
the relation of the level of competition removal te the results
achieved in direot drilling nnd overdrilling techniques. Virtunlly
nothing has been recorded describing the pottern of competition re-
noval ond its offect on the subsequent estiblishment. Kay (1966)
has been the oniy worker te publish investigotions into vorying band
width effects, Ly his cin wos to ohtoein the best establishient
possible he eventuslly used « blanket sproy opplieation for the ine-
sursnee it offorded (Kv.;,r pers. com) .

II. 3Band Spraying as an Estoblishment Technique.

To date no discussion has been published concerning the ways
in which band spraying could be used, However, trinl results suggest
that:

(i) In the instaonces vhere sown specics were of grestest importance

(eegs the growing of maize in pastwre, Lewis and ilartin 1967),
competition from the remceining herbage was such that the risk or
actual competition led to the abandonment of the technigue.

(ii) Existing species could 2dd to the resulting herbage yield

(eeg. in the case of stock feed)., The trials of Blackmore
(1962) and Hammerton and Johnson (1962) were in this category but
they did not mention the caoncept of o complementary effect between
sown and existing species, whilst only the latter pair quoted
quantitative results.

ITI. Drilling Machinery Requirements.

The lack of fundamental design data hos been briefly
noted.
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243+ MATERIALS AND METHCODS,.
24341+ DESIGN, COISTRUCTICN AND PERFCRHANCE OF BAND SPRAYER,
2e3e1e1s DBASIC DESIG RELUIREMENTS OF BAND SPRAYER.

The following four points were censidered important in the
design of the band sprayer:

I, The band width produced shculd bc censtant a¥ any one band
width setting regardless of changes in the microtopography
of the ground surface.

IT, Therec be means of adjustment so thet varicus widths of band
could be sprayecd.

III. All bands should bc sprayed at the same rate of water per
sprayed acrc.

IV. The spray nozzle and secd sowing coulter should follow the
same path, the coulter being centred to the band produced.

2¢3e142. DESICH OF BAND SPRAYER,
The above objeetives were aechieved in the following manner:
I. Even Band Width.

Band widths cculd cenecivably he produced by scveral
different mctheds:

(1) By maintaining the spray nozzle at & constant height shove the

pasturc, the resulting band width would depend on the nozzle
height and spray angle. This method was used by Blackmore (1962) and
Kay (1966). Blackuore (1962) trailed skids just in front of the disc
coulters of the drill, These were mountced on a long rod at the front
of the drill and swung in a vertical asre to follow the ground countour,
whilst springs ensured that ccntact was maintained on the roughest of
surfaccs. Kay (1966) used discs with depth bands, and had the nozzle
mounted on the disc assembly. The depth bands ensured that the well
loaded dises (157 1lbe on the 20 in. double disos) worked at an even
depth.

(ii) By the use of shields to allow only a certain width of spray to

reach the ground., These could be either horizmtal or vertical.
There are, however, complications: vertical shields lead to spray con-
centrations at the edge of the band and horizontal shields nced some
means of drainage as the liquid must nct be allowed on other then the
sprayed orea, This method was discarded as likely to be more compli-
cated and troublesome than the use of 2 nozzle mounted on a disc or
trailed skid.



The drill used vas a Connvr Shea disc drill that cculd be
ncdif'icd feor dircet drilling work by tipping the dlnCa sg that they
werc practically vertical (A*L”tlv il angle approx. 5 ) when in

contact with the soil (Plate 1).

Plate

-t
_

. Bandsprayer and Drill in Operaticn.

These discs did net have depth bands and so o trailed skid was con-
sidered 8 more relicble mount for the nozzle to enable a COhStRnt
band width to be kept. It was known that ground conditiens in the
trial area wore smooth, and thus it was decided that weighting
springs on the trailed skids would be unnecessary especially as the
operating speed would be low,

II. Producticn of Diffcront Bond Widths.

As methed (i) (above) was chosen for the production of even
bands, band widths were altered by changing the nczzle mounting
heights.,

IITI. laintenance of Spraying Rate.

So that rates (gallons of spray mixture per acre of area
sprayed) could be maintained at the same level, nozzles werc changed
when nozzle heights were changed. Higher output nozzles were
therefore uscd for the wider bands.
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IV. lLaintenanoc_ of Same Relative Positions of N > and Coulter.

The placement of the trailed slkids front of the

coulters enab adjustment so thot the

behind the skid The coulters ten unon placement
LK =

in the soil hut omount remalr conditions of

use, so that adequate for

corvection, "¢ sprayed before
the sced drilled:
t the germination of seed (]Zl-'-c'_i:l_uz-.'\rc.-, DEYS.

pray carricd down the drill slit to the

Therefore it was censidercd safer to -

i) Paraquat may &l

CCrle 1967) an

UpP
~ ety ] 3 LS e o AT - 1 +Jq19
SCuULlTelr 1 to ocover and thus

Plate 2.  Details of Bandsprayor Constructicn.
(-:'T..) Shawing skid mounting rod with skids
and collars, spray supply tubes, nozzle mounts,
movenent limit chains and proximity of skids to
dise coulters.



17

The shape of the skid was such that thce short mid secticn trailed on
the grounu, with the vertical part allowing for vertical nozzle ad-
Jjustment Nozzles were mounted on golvanised steel shecet biackets,
attached tv the skid by a % in, bolt, washer and wing nut. They were
serewed on te a plastic "Dclevan” nezzle mount which was clenped by
the nozzle mount lock washer te a "U" shaped slot in the galvanized

1.0

steel sheet bracket. The skids vere located

vterally on the 9/16 in.,

red by screwecd collars.

Adjustment of the nozzle was thus possible vertically and
laterally, and the trailing of the skid on the ground ensured that
nezzle height was maintained relatively constantly,

Plate 3. Details of Bandsprayer Constructicn.
(11) Showing Sklds nozzlc mot mounts,and nozzle
ocutput timing cperatlon.

IT. "Nozzle Supply" Equipment.
The equipment that supplied spray under pressure to the
nozzles was similar to that of a conventlcnal boom sprayer, The

power take off mounted pump ("Relmown") was supplied by a & in.
plastic hose and pumped through a % in, hose tc a "Sprayrite" pressure
regulator and o 0=30 p.s.i. reading gauge. A % in, hose led from the
pressure rcgulutor to the "distributor" and ancther acted as a return
hose to the drums. As the drill was tractor mounted, the supply

drums
three
drums

were attached by brackets to the front of the tractor. The
rates of chemical used necessitated the use of three 12 gallon
(Plate 4).
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Plate L.  Bandspreyer-Dircet Drilling Rig.

. - " 1 .= .
tributor was consdructed of brass pipe, 1z in. in

s
in, long, on te which was silver scldered ten z in.

o)

The di
dicmeter and Oy

diameter nipples. . nipples, % in. polythenc tube was
connected te the Delevan mounts,

2.3e1.4. NOZZLE SELECTICN PROCEDURE.
Three factars werc considered in nczzle selection procedure:
I. Band Width.

Band widths werc set at 1 in., 2 in., 35 in. and 6 in,, the
first threc of which were to be sprayed by the band spraycr (refer to
Seeticn 243.2.3. for the reasons bchind the selecotion of these bands).

II. Spraying Rate.

In the trial, the reccmmended rate of application of 20-30
gzllons of water per acre with gramoxone was followecd and the applica=-
tion rates of chemical were 1, 2 and L4 oz. a.i,/aorc.

TIT. Spray Distribution Within the Band.

The within band distribution requirement was that it should
be even in rate laterally with sharply cut off edges.
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The first twe factors may bhe ceonsidercd interrelated with
rigidly set limits, with thc third as a qualifying linit on any pro-
posed way of predueing a band,.

For convenience of design, construetion, and cperaticn of
the band sprayer, the varicbles leading te different band widths and
spray rates werc investigated, with the nim of helding as many as
pessible constant. The variasbles affceting band wldth and spraying
rate arc as fellaow:

(1) Forward speed of spraycr.

ii) Nozzlc characteristics.

iii) Pressuxe.

(iv) Tezzle height.

(v) Concentraticon ¢f the sproy mixturc,

These vearinbles arc alse interrelated: foo insta ncc, nezzle charac—

teristics determ i ¢ the cffect that pressure has on the resulting
nezzle spray anzle ond cutput, the first ’ii‘: c'tlnb trf‘ bond width,
the sceond the sproying rate (21l other varicbles remaining constant).

B &

Fron the ocutset, the fomraird specd of the sprayer wa
fixed as specd cculd possibly have an effect o the perxformance cof
the drill, For convenicnee and econcmy it was hoped to keep the
number of mixtures sprayed to o minimum, When tlic cperating pressure
of 2 nozzle is altercd tThe change in rate is roughly preperticnal to
the squure roct of the ehange in pressure. This meant that pressure
alteration alcene would not allew the adjustment of spraying retes
sufficiently for the sproy rate chongos reguived. Thus thrce nix-
tures were the minimum possible, i.c. cne for caech paraquat rate,

Seven different nuzzle sizes were selected by xforcnce te
the performence data given in manufacturers' catalcgues, and medified
by the aveilability of nczzles. As a result, oll were of the hollow
conc type., Fan nczzles specizliy designed for band spraying {(in row
crop work) werc available, but this was nct lmam at the time.
Initial work was with Deleven FS 2.5 fan nczzles, from which the pro-
cedure vas worked out, and were used in the initial bond spraying
pilot trial., The pexformance characteristics (such as pray sngle
versus pressure, ond rate versus pressure) werc fixed for any nozzle;
thus final selection was done with the remoining two variables,
neozzle height and pressure. Graphical results were requircd of the
effect of voricus pressurcs on band width at different nozzle heights
and the effect on spraying rate performance so that intermediate
values couvld be easily calculated. These were achieved in the
following manner.

Initially, output per nczzle at different pressures was
measured by taking the time the nczzle teck te £411 2 pint milk bottle
(Plate 3). Two or three nozzles of each size were tested -
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Appendix I incorperates a table of results for the three nozzles
eventually used. The nozzles were then sct ot different heights on
the nozzle mount skids and the band spreayer run over ncuspidint at
different pressurcs, sproying methylene blue (Platc 5) or Rhodamine
BlL50 (o red dye) solution, Bands were reasonsbly well defined,
with widths varying un to -é' in., but usually about 0,2 - 0,3 in,

The average width was token at the lover pressures (?, 10 and some-
times 15h p.s.i.), but coverage was not as geod as with the higher
pressures, Graphs drawn up from the results of these tests cnabled
the selection of the thrce nezzles used (Figs. 1, 2 and 3 illustrate
the results of the ilonarch 4.6 H C nczzle used for the 2 in, band).
It was possible to sproy the twe narror bands at 20 pes.i. but with
the 3% in. band it was nccessery to spray at 25 p.s.i..

The nozzles selected and other relevant date for the pro-
duction of the bands were as follow:

Band Nozzle TFoxrd 4000
width Nezzle height engine Pressure Gear  Speed
_(in.) e (in.) JEepelie . (peseil) _ mepeh.
1 #S,5. 2 1.5 1-7/16 1000 20 7th 2.6
2 ilonoreh 1=7/32 1000 20 7th 2.6
%% Monorelh 1=7/8 1500 25 5th 2.7
6.}-!- HC

#*Spraying Systeus

Table IV. Details of Band Preduction.

Difficulty was o&p erienced with thce nozzle angle variation of the 1 in.
band nczzlcs. Nozzles were thus set at e different heights (1-7/16
and 1-7/32 in.)s The cpplication rate used was 30 gal,/ocre (this
figure appeared te fit better than a lower one for the nozzles and
pressures used).
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Plate 5. Resulting B

o AT O AV ATYTIICON TmIna
& .3 o .5 . BAND SPRAYHEG ADJUSTIENDS .

The band sprayer was adjusted with the aid of tweo pilot

I. FPilet Zrieli

105 e

This trial was carricd
ccating of the seed used in the
paraquat domoge) would be worthuhd
pasture were as well defined ns those on
correct pesitioning of the skids in relaoti
Appendix IT for further detnils of this

t bands sprayed on
print, and to assist the
the coulters (refcr to

Conclusicns from the first pilot triasl:

The germination results shewed that 1f there had been any
gain from the use of bentonite coating in proteeting sced from para~
quat, this was well offset by the lowering of germinaticn due to the
coat. The germination cf uncoated secd was about double that of
coated szeed,. The !'mds produced (sprayed on short pasture) were found
to be of similer voriability to those on newsprint (i.c. up to % in, but
usually % in.). Measwements were taken of the position of the drill
coulter slit in relation to the band@ and the nozzle mounting skids
werc adjusted accordingly.

II, Pilot Trial No, 2,

After the first pilot txial, a second trial was oonsidered
necessaxry for the folloiing reasons:
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(2) Te drill in more ideal soil conditions, l.c. at 2
higher soil moisture thon in the first trial to allow
better penctration of the discs and therefceore better seed placement.

(b) Te test the possibility of keeping all nozzles at the one
height for the diff'erent band widths, A height of
1-3/16 ine was chosen. Three of each of the three nozzle sizes were
used,

(e) To see whether it was poessible to produce a 1 in, band.
(a) To sce whother the coulter would follow the nezzle accurately

encugh for it to keep in the middle of the band (cspeoially
with the norrower hands),

(e) Te spray at 1 p'b./ acre and comprye the ki1l with the 2 vte/
sorc sproyed. in the first trial (refer tr~ Appendix IT for
furthoxr dutails).
Cenelusions from the seecnd pilot twial:

(2) Givern suiteble scil conditicns and dlese drill performed
adeountely with regrad to penetrotion. Steps were token
in the main trial tc ensure that the soill was suffieiently moist foi
'th}'.S.

(b) The resulting bands were net of the widths required and sc
it was decided, =3 previously ncted in Table IV, te set the
nozzles at different heights. A gouge was conastructed to enable
height adjustments (for the different band widths) 4o be made quickly
in the fiecld.

(e) It was found thot satisfactory bonds of 1 in, width cculd
be produccd.
(a) There was scme movement of the coulter from side to side
thet was ncot followed by the nezzle, but as more even
ground was to be uscd in later work this was not f'elt to be excessive,

(e) Kill was satisfactory with 1 pt. of paraquat per ccre.

After this work was completed, the band sprayer was con-
sidered ready forr use in later tiial work.
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24342+ lIATIY FIELD TRIAL,

2.3.2010 SITE.

The site choscn was on the Linssey University Terrace sheep
farm. It was located in paddock 15, on slightly sloping ground with
a north=casterly aspect. A pine hedge on the south-western side was
separated from the plot by a road. This hedge tended to shade the
plot during the late af'ternoon, provide shelter from westerly winds,
and partially litter Block A with needles.

Soil type was Toliomaru silt loam which is prone to pan
formation and poor drainage. The area, knawn for its wetness in
winter, was also poorly drained, having been last tiled about 20-25
years ago.

Pasture was the main criteria in site selection., An
adequate clover-ryegrass balance was present in the site selected.
The aim was to try and improve the winter production of a good
pasture - the reasoning being that il the pasture was not a good one,
then other more permanent improvements should be undertsken first,
the betanical analysis at the start of the trial was, in summary :
clover 14%, ryegrass L%, other grasses 38%, weeds 6% (refer to
Appendix ITI for further details).

2.,342,2, SITC PREPARATICY,

Between February 24-=2L the site was fenced off, mown with a
forage harvester to bring the pasture to 2 common base height, and
plots were marked out. Rainfall was low in the early part of 196C
(Appendix IV) and thus the plots were irrigated at intervals until
March 8. Three 50 ft. perforated hoses were used. Decause of the
sheep farm daytime water demands most of this jrrigation was accom-
plished during the nights of March 1-8. Total water application
amountedto approximately 1z in. This enabled the blocks to grow
luxuriently and the soil moisture content to increase and ensure good
penetration of the drill,

Soil moisture- on Maroh 15, on a dry weight basis, was 30.7%,
compared with 17.7% in the non-irrigated area (refer to Aprendix V
for further details). liowing was carried out on February 29 with a
"Gravelly" mower and on March 4 with a rotary lavn mower. The drilling
date was postponed several days to allow further irrigation (it was
hoped that rain would fall earlier) and to enable its effects to be-
come apparent. It was perhaps unf'ortunate that the plots were not
mown again bef'ore spraying, -as the pasture started growing rapidly
by Harch 8 and was possibly too long at the time of drilling (Harch
13 and 14).
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203020,7)0 TRII‘-L DESIGTI.

I. Trial Design Factors.

The f'ollowing factors were chosen for investigation:

(1) Band Width. It was estimated that four widths would be
adequate to cover the range. Coultex spacing on the d=ill
was 6 in.:thus a blanket application to ensble comparisons with normal
direct drilling practice would represent the widest (i.e. 6 in.)
bend, The width of band chosen by Elackmore (4 962% of 2 in, was also
used, with a narrover one (1 in.) and wider (3% in.). This latter
band width was chosen in preference to 3 in. as it was closer to the
middle of the 2~6 in. range.

(11)  Spraying Rates. Priocr to the initiation of the trial the
I.C.I. Research team had achisved some success in pasture

renovation using low rates of paraquat application (Williams 1967).
Qf interest also, was the question of a possible interaction beteen
paraquat rate and band width and how the same amount of parequat
applicd in different ways (e.s. light rate, wide band versus heavy
rate, narrow band) would affcct results. Rates chosen therefore
were 1, 2 and L oz. a.i.*/acre (-};, % and 1 pte./acre of the liquid).,
The above two factors allowed 12 (i.c. & x 3) competition suppression
treatments, both arealy and in intensity.

(1ii) Varieties., "Grasslands Tama" Viestern Wolths Ryegrass
subseauently referred to as "Tama ryegrass" or "Tama")
and ryecorn (a ce:c‘eal) were chosen nmainly becsuse of the successful
experience of Barclay and Vartha (1966). Sowing rates were 30 1b,/
acre for Tama rycgrass and 150 1b./acre for ryecorn.

(iv) Ritrogen, The bulk of literature suggesting that nitrogen
deficiency was a factor of importance in pasture or orop
establishment where herbicides were used close tc the time of sowing
led to its consideraticn in the trial., It was incorporated as a
sub=-plot eff'ect, 1 cwt. nitrolime being sown with half of the seed.

(v) Fertiliser. Two ewt. of serpentine super was sown with
the seed on all plots that were drilled, and broadeast on
the undrilled plots.

IT. Layout,

(1) Replication. Past experience suggested the minimum re-
quirement of four replicatiocns, and the limitations imposed
by the treatment number actually resulted in four being used.

(i) Plot Numbere. With 4 replications (subsequently referred
to as blocks), 4 band widths, 3 spraying rates, 2 varieties,
and 2 nitrogen levels, 192 plots plus "controls" were necessary.

* getive ingredient
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In order to save some space the nitrogen level vias incorporated as a
split or sub-plot effeot. Control plots were of three types:

A, No drilling or spraying.
B, MNe spraying, but drilled with ryecorn.
C. lio spraying, but drilled with Tama ryegrass.

Each of these was split with the nitrogen sub-treatment. The resul-
ting sub-plot number was 224.

(1ii) Plot Size. Plot size was determined by drill width and

sampling arca, whilst eccnomical area use was oonsidered.

The resulting dosign is shown in Pige 4. The 25 £t. headland was

to enable easy nawewering of the tractor (Ford 4000), Ten feet

was considered adequate at the ends of the plot for the tractor to

pass from onc headland to the next. The drill width of 5 ft. and

the wheel tracking of the tractor used made a 6 ft. wide plot ideal.

W hen the plots iere band sprayed and drilled, the tractor moved from

the headland towvards the centre of the plot. Theel mark arcas were

oommon for adjacent plots. The subplot division in the middle of the

plot gave an "a" and "b" area to cach plot (see Fig. L). L subplot

length of 415 ft. was oconsidered suitable,

(iv) Randomisation of Plots. Plots were randomised with blocks
by drawing from a hat, whilst subnlot cnds were randomised

by tossing a coin. The resulting treatment plan is shown in Table V.

2.3.2.4, TRIAL EXECUTIQN.

On larch 12, "6 in." band plots were sprayed with a knap-—
sack sprayer, Al1 plots were drilled and other bands sprayed during
the follawing two days. Plots were drilled in a predetermined order
to reduce adjustments and nozzle changes to 2 minimum, The Ford 4000
traotor (Plate 5) had & "select-o=speed" transmission and this was
used advantageously on a speed control basis, The plet was approached
at right angles along the far side of the headland and turning accom—
plished at the specific moment to ensure the ocorreot direotional
approach to the plots The drill-~band sprayer was placed on the ground,
seed and fertilser chutes checked for correot positioning, pawer take-off
engaged and the pressure brought up to the operating level., The
agssembly was then moved forward at correct speed until it reached the
barder of the opposite subplot and then stopped. The p.t.o. was dis-
engaged, spray valve turned off, the drill lifted and nozzles allowed .
to stop dribbling. The tractor was then driven off across the
opposite subplot (i.e. the tractor continued forwards). After the
four subplots of one treatment were sprayed, the concentration was
changed for the following four. After another of these changes, the
nozzles would be changed and heights adjusted.
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In summary, the order of operation was :@

llareh 1% morning: Tama ryegrass seed, lo (i.e. no nitrolime sown
with seed)

(a) All soim-not-sprayed and blanket application plots

(b) % in, band, 1 0z. a.i./acre
2 0%, a.i./acre
L oz. a.i./acre

(¢) 2 in. band, L oz. z.i./a2cre
0z, o.i./acre

0z, a.i,/acre

-+

0Z. a.i./a.ore
0% a.i./;»cre
+t OZ . c'l..l.,/{‘.GI'C

(cl) 1 ine band,

[

[

larch 13 af'terncon: Ryecorn and Mo with a reversed order,
Operational detaoils for larch 4L werc the same

as for March 13, but in reverse order and with nitrolime added.

In this way aljusiments were minimised, All seed was drilled with

gerpentine super; the nitrolime was also mixed with the super and

the sowing rate increased accordingly.

Conoentrgtion changes were achieved by a rapid change of the
inilet hose from one drum to ancther. The return hose left in the
initial conecentration eventually ran white due to the air entering the
inlet pipe in the ohsnpge over, It was then alloved to run on to the
ground until olear when it was placed in the next concentration.

Seed was changed by sucking the seed box out with & vaouun cleaner
driven off a petrol motor—generator sct.

2¢342.5. MBASUREMENTS.

The large number of plots considerably limited the
measurements possiblc. Those taken were:

I. Soil Moisture Samples.

These were token with a 1 in, core sampler to a depth of
L in,,the top % in, being discarded. The remeinder was weighed and
dried in an oven (4110°C.) for 24 hours beforc re=weighing. Soil
moisture was expressed as a percentage of the dry weight. Random
samples on the plots and headland were taken on five occasions
throughout the trial period.

II. Botanical Composition of the Original Pasture Used.

A five wire vertical point frame was used to assess the
composition of the pasture at the start of the trial, This was .
carried out on Mexch 18 on unsproyed plots.e Ten positions were
used per plot, 2 plots pex block, giving a total of 400 points,
Classification oonsisted of "clover", "ryegross", "browmtop",
"orkshire fog", "oooksfoot", "poa species" and "weeds".
Summerised results are to be found in Appendix III,
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III. Seedling Counts.

Seedling counts were token essentially to oheck on plant
estcblishment, These were done on two cccasions, liarch 21 (approx.
1 week post sowing) and April 1 (2% weeks after sowing). The
sampling "erea" chosen was 2L in., of row, L4 per subplot, 10 sub-
plots per block (at ra.ndcm), and repected on each block for each
variety. The Connor Shea drill has the conoave surfaces of the
dises facing cut from the centre, five each side of the centre line.
In the operaticn of the drill, the resulting flap itended to face in
either & westerly or ecsterly direotion (Fig. ES. Two of the four
seedling oount samples pex subplot were taken from east and west
faoing plots to test whether this wos o signifiocont factor in the
oesteblishment of the plonts. Presumably the "east" slot would have
the sun shining more direotly dovn it dxying out the soil., At the
second count when the plots were drying out from the edge, half the
samples were taken from the edge and half from the middle of the
plots.

Ive Dxy matter Production.

Dry matter production cuts were taken on different oocasions:
April 48 - liay 1 (5 to 7 wecks after scm'ing); May 28 = Junc 5 (414
T.'c.-cks); August 6 (21 weeks); ond September 416 (27 wocks)e Pasture
height ot the time of cutting was 6-8 in. The sampling arca was
initially two 10 ft. by 1% ft. creas from each subplot. Beforc
sampling, the blocks were trimmed to leave o 10 ft., strip over each

Predeninant ongle of
sun's roys -~

s

/
/ ;
b J
"East" row - 7 /’H \r/‘ "West'row slit
sun shining directly / ";;>\ more in shade
down open slit 7y 7~ a‘(\

“h

Fige 5. Diogram of "Row Orientation” Effect.
(Effect exaggerated)
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row of subplots. On ecch subplot o mower was run to cut and catch
the herbage grown in on 18 in. strip (modified "Allen" sickle bar
mover, later rotary lawm mower), This included 3 rows of the sowm
specie and 3 in. to either side of the outer row (Plateil)., Rows
sampled were numbers 2-4 and 7-9, Rows 1 and 10 were sovm into
ground that had in total L4 passes of the tractor front and rear
tyres. Rows 5 and 6 were planted closer together than the rest.
There tended to be two banks of 5 rows, spaced at 6 in,, with a
L~5 in, gap in the middle, This was due tc the side thrust oa the
discs tending to bring them all toward the centre when operating.

Samples, when cut, vwere weighed on the spot and sub-
sampled for dry matter determination., This was acconplished by
weighing o 100-200 ym. sample wet, drying at 80°%C. in an oven
overnight, end re-weighing, using the resulting dry matter percent-
age to caloulate the dry weight of the green ficld sample., TFrom a
knowledge of the arca sampled, dry matter production/aere could be
established., Plots were mam off after sampling to 4=2 in. in height.

The bulk of material handled and the need for fine weather
when sampling (mowers choked otherwise) led to the abandonment of
this technique af'ter the seocond cut. 1In the last two ocuts o 2 x 1 ft.
quadrat »nd handshoars were uscd, Two samples were tolen per plot.
The quadrst was placed perallel to the ror, and thus a 2 ft. length
a? twe rovs were taken in each sample. The material was bagged and
weighod green in the ficld laborotory. — Sub-samples were taken for
botanical analysis ond dxy motter analysis, The plots were grozed
by sheep on June 9 and August 7 for o couple of days each time to re~
meve excess herbage frem the headlands,

V. DBotaniesl Composition of the Cut Hexbaue.

Difficulty was encountered with this measurement and the
methed voried over the periods At the first cut a 1 sq. £t. quad.
ray was taken {rom each sub-plot, bulked over the plots and in
many cases over blocks. This was largely due to the difficulty of
sorting the young Tamn rycgrass leaves from percnnial ryegrass.

Due to the load of work ot this pericd, not all plots were sampled
and a more practical method was sought.

At the second cut, the method used was onc of cutting out
20 in. of row in an arca not mown for the dry matter production cut.
The dry weight of these samples was converted to dry matter/acre
relatively casily because of the 6 in., row spacing. By the third
and fourth outs the ryecorn had virtually disappeared from the sward
and the Tama ryegrass could be readily distinguished from the other
ryegrasses, so they were sub~sampled from the dry matter production
cuts,
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In all oases the sowm species were sorted from the rest of
the moterial, which was discarded. The aim of the botaniecal analyses
was to estimate the proportion of the production due te the introduced
species.

VI. Photograophy.

Photographs were taken at intervals te enable a visual
comparison of treatments and to record the "fading" of the bands.
Many of these werc coloured slides, some from which celoured prints
have been made for inclusion in this thesis, Unfortunately, the
colowr reversal process used in the printing from thesec transparcneies
has led to some colour change in the prints (for instance, the "dead"
bands were in fact muoh more yellow in the slide).
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2.k, RESULTS.
2.4.1, PIERFORLANCE OF BAND SPRAYER,
I. Faults and Improvements.

Generally, the band sproyer performed adequately. The
worn pump wasg difficult te primc, but once running was satisfactory.
Diffiiculty was also experienced as a result of the distance between
the quick=action shutalf valve and neozzles. The pressure in the
system wos released by the nczzle dribbling after the valve had been
turned off, causing the "dead" patohes between the sub-plots. Carc
had to be teken when pleeing the 3-pt. linkage drill on the ground to
ensure that the band sprayer skids were not damazged by weight placed
upon them when unable to move elear. The movement limiting chains
were slightly short. In future work a better pump would be used and
the skid movement limit chains shortened. The centering of +the
neczzles to ooulters yins adequate in this trial, but penetration was
ne problem, spoed was slov, and ground surface smooth., A more
vergsatile machine might require sldds individually mounted on each
coulter tc ensure the centering of bands an? drill slct.

II.  Ihe Resulding Bands.

Immediately prior teo spraying the pusture condition was fast
growving, light green in colour anéd with no agparent moisture stress.
Although the plots had been mown 5 and 6 days pricr to spraying, growth
wos noticedble 3 days after mowing. Severnl reasonz nmoy be advonced
for the sprayed bands being narrover ' than expected, At the time of

» ) . .
spreying the pasture was 2-27 in, high and the nczzles may have been
nounted lower than their correct height. The latter was suspected
as the nozzles of the last bands sprayed (35 in.) were slightly low
when the sprayer was dismantled, Setting of the nozzle heights in
the field was not as satisfactory as it might have been., AL gauge
was used to measure the space between the outlet of the nozzle and
the bottom of the skid and at times there was difficulty in essuring
that the gauge was parallel to the bottom of the skid,

Plates 6 and 11 show typical resulting bands.
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Plate 6. One in. Bands: 1 oz. n.i./sore on the left,

432. eiv/a0re on the rl_gh’c.
(Taken liarch 16, 1968)

The higher rates appeared to produce better buands than the light
rates although this was not so evident in later production results,
In the blanket trestments therc was some uneveimess and the kill
poor at the lcwest spiay rate. The edges of the band werc rather
indistinet, and this was investigoted further in the latter part of
the thesis. In comparison with the bands initielly produced in the
pilot trials, the height of pasture was considered toc great for
really distinet bands. IHoisture also appeared to have an effect
on the bands; +this is discussed latere.

262, AGRONQIIC RESUITS.

Other results were analysed in four main classes:

soil moisture levels

seedling emergence counts

botanical analyses of dry matter yields
dry matter yields

The trial was designed with the latter two observations as top
priorities., The other measurements were made to0 help explain some
of the differences occurring in the dry matter yislds and botanical

analyses. Further conclusions drawn from results within these two
categorics are therefore restricted.



dircet
(f‘m*-thor

o

-~ - G
Wlly

I. DBlock-Headland Differences.

4 noticeable difference in soil moisture ocontent in the
top L in. due to iivigation was obscrved between blocks and head-
lands about the time of }“ﬂq-‘g (Plate 7). The difference is
illustrated in Table VI, wherc on both dates, hecadlands and blocks
had significantly different mcans.

s T N P e e T R R e e

Date I Block £ B G D T{Cull nds ;

1

L S D R G

Mer. 15 | 33.3* 26,9 3.6 30.9 17.7 |

| mean !
|

it=test . = : . . - ,

! ! Bvs A, & B vs Heo it at 1% level ?

pesults | ;

T

i April 5 | 10. Al 15.8 18.3 e B !

f mean i

|

| 5% level, B vs Headland,
results
Teble VI. Soil Hoisturc "'vaummeqi;a. (i) Differences

Between Blocks 'md L.dlmcw.

D T T e S P e S S S S S S S

+x

Ecn. 1n Tria.lo

Plate 7. Panoramio Bhotograph of
(i) Taken March 21.
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II. Within and Between Block Unevenness.

The month long period betieen the last irrigation and
first really wetting rain (Appendix IV) allowed the plots to dry
considerably. This is reflected in the differences between the
figures at thc tic dates of Teble VI,  Alsc noticeable is the
differcnce between blocks. Block B was drisr than Block & (sipgnifi-

cant at the 1% probability level) at the first sampling date, but
not at the second,

As the blocks dried, their edges and ends appeaved to
dry cut at a more rapid rate. Plate 8 illustrates this effcct.
Soil molsturc samplcs taken on April 5 vwerc recorded as being from
the edge and the middle of the plots. The means of these classifi-

cations were found te be significantly differcnt at the 57 level of
probability (Table VII),

} Sampling position on plot. ‘
P . Side . Hiddle |
! No. in sample 19 22 ;
|l lican of sample : 16 43% 19.2 E
| t-test results b* a l

G P I S G| N SR U D P P S S S RSP

* Soil moisture content :',' w‘t b' 8is.
# Duncan's lultiplc R’m se Test (Duncan 1955): Capita

letters dencote significan r.“_'_ui rences ob the 1% level
of prcbability; small letters, differences at 5k
cbability level.

m" park

Toble VII, Soil Moisture Measurementsa. (ii) Diffcrences

cen nE C and .lﬂ (, .L u 3 L
H "S d i dl " o ' Plot_Sampling
sitions.

Plate 8, Edge Drying of Plots. (Taken April 5).
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Table VIII was compilled from data collected on Msych 29,
differences between the

o

and describes some of the
irrigated arcas:

PSS U SV ST e

Pasture length at time
of spraying

Colour of band

Width of band at
29/3/68 (i.e. 2 wecks

post spraying

dim s aima m A maEE TR A %A A& A .

Table VIII,

Further illustz:
pancramic Plates 7 and 9.
very distinct hen v
Plate & salsc i

<
nioxre (%]
shoirs this

U
=

Differ
tion of

R ~ ol
o weelks af'tex
it

Soil Moisture and Distinctiveness of Bands.

irrigated and

B IR

| Lrrigated

SO SIS S SR S S

Long (up to Ope ¥ig

N .
y 25=3 in,

Not irrigated

R N R e

shorter

Yellaow Brown
| Declining duc i
¢ to edjocent distinet

encroachment

Band due tc Irrigation.

-4‘.‘-4;.;»

erences in DBro
sec¢n in
3 are still
aing (Plate 9).

cffect can be

JL;};i{)'
The bonds on

ference.

Plate 9.

Ponoramic Photograph of Main Trial.

(ii)

Token April 1 .
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IV.  Scil Hoisturo Differenoes betwecn Band Treatments.

The secil meisture fipgures of both 15/3/68 (doy or two
ofter sproying) and 5/L/68 viere analyscd, Table IX illustrates
the results:

P

e U R ikl

; . 1 2
| Sampling point "Bend" "Blonket" "Un-sprayc '3
classif 1ca‘b1m
15/3/63.
No. in sample 19 1 10
Mean of sample 30,.0% 30,0 J2 st 7
t-test results "Band" vs ”Bl'm1fot & "Blanket" vs "Un-sprayed",
not significant at 5% probability level.
»aa - TP L b e, RS L R ...;.._._._..;
5/l+/68 !
Mo. in sample 27 10 3
Hean of sample | 17 4* 29 47 17.6 ]
f . i
t-test results | "Band" vs "Blanket" significant at 1% prob- |
f LJllJ. 1p vele "Blanlet" vs "Un~-sproyed |
' insignificont at 54 pv )C‘ulll Ty lc,vel [

|
|

* Soil moistuxc ccrltcr;t, ¢U wte basis
1 Plots of 1, 2 and 3% in. bonds
2 Plots of 6 ine. or blanket applicaticn
3 Untreated plots and plots drilled but not sproyed
i.6e "Controls")
Pable IX. Soil Moisturc lMegsurements. Ll‘__)uD:ulcrcnceo
Between Spraying Tres tme*t::.

o x a. s

Figures were classificd according to whethor they vere taken from a
plot that was band upr yed (Le.ce 1 in.,2 in., and 3% in, treatments),
blanket sproyed or unsparyed. At the first date there were nc sig-

nificant dlffprcnceo between any treatments. By the second date
there was a significant difference (at the 1% probability level)
betireen the blanket treatment mean and the band trectment mean,
The diffeerence between the blanket epplication mean and the non-
sprayed mean was not significant, and this could have been largely
due to the small sample size (o nrl hence large stondard error for a
given standard devin tlon) 4t the timc, no attempt was made to
record whether or not soll samples were taken in the bands or
betwzcen then.

V. Soil Moisture Levels over thc Trial Period.

Soil moisture measurements taken over the trial period
are summarised in Table X. The blocks were initially wetter than
the headlands, and stayed that way throughout the trial period.
The entire area became very wet from June teo virtually the end of
the trial.
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- < x = AP

Sampling Date 15/% 29/3 5/k 9/6 7/8

Sampling Position:

Headland: No,
.

Plotsé Nos in !
sample | 4O 5 LO L 2
liean 30,7 177 183 51.7 56,5 °

I}

* Soil moisture content, dry wit. basis
t=tests of meons: 15/% aad 5/4 refer teo Table V
9/6, Flots Vs Acwu] '“;c.g nc'c sig-
nificant o

Toble Xo  Soil | 1101.)’6“1" hieasurements. (1'\()44Dj£fu‘1lc_n‘gks)
‘""1“1 T’u’lod

1C
el ik - SRR eSS e e e N Ca

2:k:2:2. SEEDLING EHERGEIICE CCOUNLS.

L. Differences Pobicen Blocks.

In on onalysis of variance the block mean differences
werc found to be significent ot the 5k probebility level, bulked
cver vz‘cieti* S, S Lli g dates and row orientation (Table X1)s
were carryied cut to find which pair of means differed.

Mo t~test 7
These te d 2d. to follew the soil meisture means of the blocks
(T._T:Lg. 6). Soilmoisture and scedling cmcrgence measurcments were

not taken on exactly the same dates.

| Blook A B c D Meon

- — N

Tama ryegrass
24, 22/3 642
1/ 5.5

5.4
4]

o P

>0 540
0 5.0

O“\kl

o

Ryecorn:
22/% 13.9 9.4 9.2 11.5 12.2
2, 3/k 1646 11 2.9 12,5 1243
® Seedllngs/ft long"’h of row.
Table XI, Seedling Counts. _ (i) Block Effects.




II. Differences Between Bond and Blanket Sproyed frens.

Whilst the trend of block scil meisture levels and seedling,
germination was in the direction expectcd (Fig. 6) , the comparison
between band and blanlket sprayed areas wos not. In Table XII the
only significont differences arc in a reverse orxder to those abovc.
The means of the Tamo ryegrass tended to follovw the moisture level
trend but mean diffcrences were not significant.

o s T S
Veriety Tama rycgrass
Sampling date | 21,22/3/68 1/1./68

Treatment Band Blanket Unspraycd Band Blanket Unsprayed

Somple menn ‘+4 LEB*® 53 L9 Le7 5.9 L3

Verdety | Ryecorn !

Sampling date | 22/3 2, 3/ ’
| Treatment ! 3and Blanket Unsprayed Bond Blanket Unsprayed |
{ Sample Mean ' 11.3 O uli 19,6 1L 12.8 10.6 ;

* Seedlings/ft. length of row.
t=tests between band and blanket treatment mcans of same
variety and sampling date: only significant difference
at 5% probrbility level for ryecorn, 22/3%/68,

Toble XII. Seedling Counts. (ii) . Spray Treotment Effect.

£k

III. Difforences Betueen L lifddle .c2 Dlcckse.

The third recording of soil meoisturc and emergence was
taken in relation to the side (i.c. next tc headiands) and middle
(i.e. away from headlands) of the blocks. This data is swmarised
in Table XIII. The opergence of both voricties wos significantly
better away from the drying side of the bleck,

W WS A e T PP

Variety Tama rycfrass : Ryer crn !

Position in plcet Side iliddle | Side Middle !

Secdling/ft. row Fe3 64 1246 14,2 !
P —— 3 i - - s ~ = _— ko= o . sz,

t=tests between side md middle of plot observaticns within
varieties, showed means to be significantly different at the 1%
probability level for the Tama ryegrass and 5k for the ryccorn.

Table XIII., Seedling Counts. (iii_) Effect of
Sampling Position in Plot.

IV. Varietal Differences.

An analysis of variance showed variety difference to be
significant at the 1% probability level (Table XI). This was
partially a reflection of seeding rates. HNo germination tests
werc cArried out on the seed samples used, but the "percentoge
emergence" was calculated using the 1,000 seed weights, theoretical
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sowing rate (i.e. assuming the drill sowed 30 1b./acre and 150 1b./
acre for Tama ryegrass and ryecorn respectively), and seedling
emergence at the second count, non nitrogen treatment. The result-
ing "percentage emergence" was 16% for the Tama ryegrass and L}-% for
the ryecorn. These low figures could have been due to a poor
"potential" germination of the seed, poor seedbed cconditions, or an
actual sowing rate scmewhat lower than the theoretical one.

Ve  Orientation-Variety Interactions.

Tama ryegrass responded in an cpposite manner to ryecorn in
relation to the orientation factor (see paragreph 2.3.2.5. III and
Fig. 5). The results sre summarised in Table XIV. The interaction
was highly significant at the 1% probability level. The combined
varietal results would probably thus have led to an insignificant
"orientation" effect in the analysis of variance. "Orientation"
means within varietiss were not significantly different at the 5%
nrobability level.

- - B

Orientation
Variety Bast Vest
S S S S S A g S S S g S
Tama Bali® L.5 |
! Ryecorn 111 131

besssas ssuase el vo s am v anmnn cimiaaay
* Seedlings/ft. of rov.
t-tests of variety means at each orientation

(ef

were nct significant at 5% prcbability level.
m - - - 2 e Nal
Table XIV. Seedling Counts.  (iv)  Effect of

VI. HNitzcgen Bffect.

T-tests were carried out to test the sub-plot treatment,
and summarised in Table XV, The trend in all cases was that no
nitrogen sown with the seed was better than 1 ewt./acre sown with
the seed. The effect was less distinct at the second count.

e 2 = o - S

Variety Tama ryegrass Ryecorn

S = P

Nitrogen treatment
(ewtenitrolime/aae |0 1 0 1

Samplo seedlings/ [1st* ond 1st 2nd|ist 2nd 4st 2nd

Mean (scedlings/ (5.6 542 3.9 4.6|13.3 15.0 9,0 12.0
ft. row)

* Table XIT for these dates.

Table XV, Seedling Counts. (v) Nitrogen Effect.
(Cont'd. over page)




Table XV. (Cont'd,) t-tests: pairs of means tested -~ both dates
. -

thin each N treatment and bothh I treatments
at each date (all within varieties) -

AL 5% prcbability level (i) within 1 ewt. N trcatment of
ryecorn counts significantly differed between dates; (ii) within
second count ryeccrn, count: significantly differed between N
treatments.,

At 1% probability level, within first count ryecorn,
counts significantly differed between Ii tirecatments.

VII. Drill Slits and Emexrgence.

A propertion of the emergence data for the first count
' the Tama ryegrass was scored in two subjective ways. Some of
thv drill slits werec noted as "dcc)' "medium" or "shallow", "deep"
being the deepest ones and up to 1% in. in depth. Some slits wvere
also scored as being "open" and as such were mcre visually pronounced
than the others. In each case, where 2 £t. of row was taken per
measurement, the classification was according to what the majority
of the row was judged to be. These somevthat subjective results are
illustrated in Tables XVI and XVII. The mean of "open" slits
differed from those of "less obvious" or "closcd" slits at the 1%
probability level. Ileans of "deep" and "shallow" slits were diff-
erent at the 1% probability level. Therc was no interaction between
slit openncss and slit depth.

Slit definition RT~ Open - I@us ﬂuvigi;ljrgéggtjiii;;%f
No. in sample 1 16 22 R
Seedlings/fTH. rou ; 3.8 3.8 !
Signif. of t-tests | A D i

Table XVI. Seedling Counts. (vi) S1it Definition

Effect.
Slit depth Shallow Hediun Deep l
No, in sample L L
Seedlings/ft. row 2.0 5.3
| Signif, of t-tests | B AB A |

Table XVII. Seedllng Counts. (vii) Slit Depth Effect.
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Emergence count (seedlings/1ft of row)

SEEDLING EMERGENCE VERSUS SOIL MOISTURE (COMPARISON OF
BLOCKMEANS) FIG 6



2.4.2,3., BOTANICAL ANALYSES.

Data from the second cut was analysed, whilst observations
on data from other cuts has also been included where relevant.

I, Differences Between Blocks.,

Table XVIIT illustrates the differences betiveen means and
their significance in terms of the overall means. Blocks C and D
would appear to be higher than Blocks A and B in both varieties.
In relaticon to soil meistuxe in the early part of the trial, one
might expect Blocks A and C to lead, as soil moisture in the first
fevi weeks after sowing appears tec be important in plant cstablish-
mente. Howcver, Block A was next to a Pinus radiats hedge and had
more late aftcrnoon shade and more needles fell on it than the other
blocks. This might have affected growth. Competition must account
for the majority of this differcnce hovever and these figures should
be compared with yield figures (Teble XXIII)., Where the total
yield was greatest, thc yleld of the sown variety was least and vice
versa.

% Bloeck - i % » B “__E> .-D
{Meanbdcld Tama i 66.1% L83 94,0  147.6
P " " ryecorn | 47.8 564 101,0 90.6
Overall means § 57:.9 B2<3 97.5 118 .1
|

! Signife of ovcralli Be B¢ Ab Az
mean dif'f'ercnces

RSP —— - - S
* 1b. dry metter/acre
Table XVITI. Botanical Analyses. (i) Block Effect.

II. Band Width Effcct.

Differcnces between band width treatments were signifi-
cant at the extreme treatments (Table XIX). The differences
between the blanket (6 in. band) treatment and the other treatments
are clearly noticeable.
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P

S - = = D L e

Treatment
(Dand width in.) 0 (Control) 1 22 3% 6
1 Ryccorn TTTTTHEETTT 17.8 23 146.2 200 .4

t-tests: Control vs.
cthers ' 2 sesle
IR ¥s 2R & 3R *h

s e
Taina rycgrass !13.81 117 L47.7 3504 266 ,2
t=tests: Contrel vs. b R ‘

others
71 st s
Do MBvzzmazml e e ]

Overall mean
|. (Qooth vavicties) A8 35.6  38.3  237.3

'
B e = v-_-.1

t~tests on differences ;
between overall eans be Bb Bb Aa ;

L O o o WP S e S P . B WP S B S S PO e S S S SIR SPSE I N P e i 2 S Sy S P

1 ibe 4% natter/acre
* Means significantly different at _)/o prcobahility level
= I8

v

*% lieans significantly different at 1 % nrcbability level

(ii) DBand Effect.

i i e )

Table XIX. DBotanical Analyscs. |

When thic unspraycd treatment was compared with the banded
treatment (Table XIX) only the blanket sprayed trcatment was signifi-
cantly better at the 1% prcbability level. The simall sample size
(br versus 12) off the unsprayed treatnents vas contributary to the
lack of signifiicance in some of the compariscn of means, However,
the threc dimensional graphs (Figs. 7 and 8) do illustrate the
obvious difference betiieen the blanket sprayed trecatuents and any
others., The amount of Tama ryegrass in the unsprayed treatment at
the 3rd and 4th cuts was either nil or insignificant. Ryecorn had
disappcared almost completely and no atienpt at measurement was made
(Plates 10 andi13).
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BOTANICAL ANALYSIS,
2ND CUT:
TAMA RYEGRASS YIELD UNDER
DIFFERENT TREATMENTS
CVERTICAL SCALE=100LB.D.M./
ACRE.)
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BOTANICAL ANALYSIS,
2ND CUT:
RYECORN YIELD UNDER
DIFFERENT TREATMENTS
CVERTICAL SCALE =100LB. D.M./ACRE)

FIG 8
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Plate 10.  Comparison of Band Width and Varietal Differences,
Septenber 16.
On the left, the 41R treatment shows little sign of
ryecorn, whilst the 46T treatment (Tama rycgrass)
on the right is quitec obvious.

ITTI. Paraquat Rates.

The analysis of the second cut data in respect of
paraquat rates is presented in Table XX. In this case a negative
response (significant over means of both varieties at the 5% prdb-
ability level) was found to 2 oz./ acre of paraquat compared with
that of 1 oz./acre. Similarly, 1 oz./acre was better than none,
but the difference between 2 ocz. and none was nct significant at
the 5% level. There was a similar trend of 1 ocz. being better than
2 0z. @.i./acre in the third and fourth cuts but this'was not
significant statistically.



e RS
|
Treatment

(0ze aeie/acre) Control 1 2 N
I Ryecorn (1b. dem./ | T ’ T ‘*‘ﬁ
c?uCI”O) '18.8 68-2 4557 108.0 |
t=tcsts: Control vs i
Others * * i

AR vs 2R & LR
[Tama (1b. detie/ 3.8 TTTTTTTTTTHRLE T TGE 1328

P ) ?

t-tcsts: Control vs

Others |

1T vs 2T & 4T | % i ;
e . s i e R i A AL e i i e e
Mean of both varietics | 70 .0 5.0 1204

oo atie n o e A e e A RIS L Bl
i t=tests of mean |

; dif'ferences Bb Be As J

—. s Em E o mia W ommIm A R B E e A e EA A m_ A e AlWE o & A sim Mmoo At E m w m

¥ lleans significantly differcnt at 56 probability level

Tablc XX. Botanical Analyses. (iii) Paraquat Rate

e - - -

Hffcct.
V. Band Fidth - Chemical Rote Interaction.

The analysis of thc second cut data shoued a significant
band width - chemical rate interaction (a2t the 1% level). A study
of the table of figuwres failed te show anything mcaningful so the
three dimensicnal graphs (Figs. 7 and 8) were dravn up. The figurces
for thosc graphg aro shown in Table XXI, Rate of paraquat docs not
appear to be greatly important in the banded applications. On the
other hand, band width is more important ard there is a graduel rise
in yield of the introduced variety over the 1 to 3% in. band treat-
ments. The high figure in the 2 in, band 1 oz./acre Tama rycgrass
treatment was due to an exceptionally high measurement and over the
mean of four in the sample the effect is still apparent. No sig-
nificant differences were found with the t-tests between the 1 oz.
and other rates within varietics (Table XXI). Therc were hcwever,
differences betiveen band +treatments., Six in. bands werc not tested
with the one in. band but assumed to be significantly different as a
result of comparisons between Figs.7 and 8.



Band width (in.) i 1 g 3L 6
I e e e e e et

i Paraquat rate i
| (0ze aeisf/acre) |

, Tama rycgrass
| ’ L L.2% 73,0 23,7 18549
| 2 | 16.2 204 3.0  180.0
i . 16.8 L9.5 36.5 L32.5
. . iU vl R . WP - oy &
! ! Ryecorn
; 1y 22,0 45.0 185.5
% > 22,2 190 bk 96.8 |
. 14,3 26.8 46,6 340.0

* 11, d.m./scre
Teble XXIL, Bobanical Analyses., in_) Band Width,
Feraguat Rate Intcraction.

P

2.2, Y HATTER PRCODUCTICN,

Initial plot dry matter yields werc analysed minus the in-
clusion of the "control" and "sown but nct sprayed" plots., These
were not incorporated becouse they did net fit conveniently into the
analysis design. The significant results of thecse were as follaow:
First Cut: Blocks at 1% probebility level, band widths at 1%

probability level, nitrogen-variety-paraquat rate
interaction at 5% prcbability level.
Second Cut: Paraquat rote at 5k prebability level.
Third Cut: Blocks at 1% probability level.
Fourth Cut: Blocks at 5% prcbability level.

A series of t~tests were also carried out between groups of treat-
ments (Toble XXII). These results will be presented below,



A2l
AN

]Def011~; Greuped Treatments
ation ol s v ekt ot o A S I 2 s NS ]
[ Not Sovm but Band Blanket Sprayed Sown Un~ |
l | treat- not spray- Sprayed Sprayed (5) (6) sprayed [
! led (1) ed (2) (3) (&) (7) |
P st . 1268% 1187 1080 57 95 972 12383
i ! . |
{ Z2nd (1413 1063 1092 1023 1076 1075 1083 ;
 Zpd | 638 609 620 618 623
| 4th 476 505 591 57 k90

A e T L Nt e el g e B o P s b TR s e i s g e S e
® 1 ~ SR
1D e (ellle/ OLTE

Significance of t~tests of mean diffcrences.

B e P

I. dstcut: (i) 1 vs 2vs 3 vsl; 41 vs3 &L et 1% probe level,
L & others at 1% prd. level
(i1) 5 vs 73 at 1% prob. level
(iii) 1 vs 63 2t 1% prcb. level
IT. 2nd cut: (i) 1 vs 2 vs 3 vs L4y 3 vs L at 9% prcb. level
(11) 5 vs 7; 16s”
(i1i) 1 vs 6; NS
III. 3rd cut: (i) 41 vs 2 vs 5; N
(ii) 5 vs 7; NS
(4ii) 1 vs 6; WS
V., L4thcut: (i) 1 vs 2 vs 5; IS
(ii) 5 vs 73 NS
(1ii) 1 vs 6; NS

NS = Not Significant at 5% probability level.

Table XXII. Dry linter Yiclds. (i) _Various Groups of
Treatments.

I. Differences Betwcen Blocks.

The block means were significantly different at almost all
cutting times (Table XXIII). This is due partly to the differcnces
in growth period between defoliations (plobs were not always cut on
the samc day, cnd growth periods varied up to 13 days). When the
ranking of the block mean magnitudes are compared with the ranking in
regard to growth periods, a similarity is evident. The fourth cut
however, does not include this factor, yet somc block means are
significantly different at the 1% probability level.



| Block A B c D ‘4
st out Bz (33)° N6 () 795 (39) 1245 (46) |
2nd cut 1065 (LO) 4165 (39) 1049 (36) 1025 (33) !
3rd cut 77 (70) 471 (63) 681 (69)  Bhh (65)
Lth cut 515 (m) uoo (Lr) 741 (11) 650 (81)

* Days between cuts
1 1b. d.me./acre
Significance of %-tests between all blocks at cooh oubting pericd.
1st; A different froa D, at 1% probability level
2nd;

—i

o significant differences
3rd; A vs B, ot 1% prcbability level
D vs 4, B and C at Fh probability level
Lth; A vs C at 1% probability level
B vs C at 5% prcbability level
Toblc XXITI, Dy Matter Yield.  (ii) . Block Effect.

Il.  Dand Width Fifcot

Within the first cut therc was 1little contribution from
sown specics te the yield and the figures ocbtained illustrate a
yield depression related to band width (Table XXIV). The greater
the proportion of the area sprayed the grcater was the reduction in
yicld. During the pericd between spraying and the first cut, aony
difference betwecen the 2 i‘q. and 3% in. band disappeared. When the
treatments arc grouped as "control®, "sown, not sprayed”, "blanket
sprayed", and "band sprayed" more lgnlf_LO it differences are
apparent (Table XXII).

Band width (in.) L1 2 3% 6
, , A . e .
i
i 1st cut
Hean (1b. dem./acre) 1110 982 980 571
Signif. of difference |
of means | A B B C
2nd cut
Mean (1b. dems/acre) 1106 1070 1099 1027
Signif. of difference
of means | Therc were no significant diff'erences

Table XXTV, Dry ilatter Yields. _ Liii_)., Band Width
Effect.
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Neither ban’ed (with the exception of 42T), nor ryrcorn
treatments were sampled after the second cut and so ccmparisons were
made only with Tama ryegrass: 1.e. blanket treatments with centrol,
and Tama ryegrass unsprayed. The compariscns have been made both on
o tobal basis (Fig.10) and on & per day growth (teking the different
block growth intcrvals inte account) (Fig. 9). The data for Figs. 9
and 10 is shown in Tables XXVII and XXVIII,

IITI. Paraquat Application Rates.

Differences botivcen paracuat rates werc significant only
at the second cut (Toble XXV). Therc would avpear te be less growth
suppression with the 1 oz. rate than elthcy of 2 or 4 oz. a.i./acro
rates, which were not significantly differcnt froa each other. At

the first cut the suppression was more equakle for all rates.

Paraquat ratc,
oqLu§.i34§orc 1 _ _ B - .
1st cut mecan 91 5% 992 9517
Signif. of dif'ferences Thexrce were no significant diffcrences
between mecans between meong
2nd cut mcan ?1142 1027 1044,
Signif. of .Jifferences | A B B
betwveen means '

% 1h, d.n./acre.

Toble XXV. Dry lintter Yields. (iv) Parzguat Ratc
Effect.

IV. Nitrogen - Varictly - Paraguat Ratc Inkcraction.

Therc was, at the 55 prcbability level, o significant
nitrogen - veriety - paraquat ratc intcraction (Table XXVI).
When graphed, a rather meaningless pattern emerged. At the low
paraquat rate, the nitrolime treatment was favourable to ryecorn
but deleterious to Tama ryegrass. At the high rate the situation
was altered, nitrolime being unfavourable to both verieties. The
dry matter producticon to this date was largely from plants other
than those sown. This would indicete that either anctheirr or other
factors arce invclved, or alternatively that this was a random
occurrence ,



Nitrogen treatment

(owt. nitrolime/acre) 0 |
Trentnents * ‘

. . N e e e o )
1 oz. R 764 1058

2 oz. R 976 1015

L4 oz. R 1053 923

1 oze T 963 876

2 oz, T 975 1001 ;
L oz, T | 959 892

¥ forr key, see Table V, page 30.

Table ¥XVI. Dry Matter Yiclds. (v) _Paraquat rate =
Hitrogen Ireotment Interaction.

Defoliation 18t 2nd 3rd. Lth

Contraol 2 0% 30.77 9.52 44 62

Tama unsprayecd | 29.12 2947 9,08 412:30

Banded 26.75 30.03 v "

Blanket 10404 28+25 - -

Tapa blanket | 12,61 29.58 9.67 1%.58 i

¥ Grovth rate, 1b. d.m./day
Table XXVITI., Dry liatter Yiclds.(vi) Growih Ratc of

Pty

Differend Trecatments over Winter Period.

Defnliation 18t 2nd 3rd Lth
Control 1288% 2L0L 3044 3517
Tama unsprayed|1167 2347 2925 31,30
Banded 1080 2172 - -
Blanket 574 1603 - -
Tama Blanket 522 1249 1901 2498

* 1b, d.m./acre

Table XXVIIT. Dry liatter Yields. (v_ii) Total Yields
for Differcnt Treatments over Winter
Period,.
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2e5e DISCUSSION,
2e54 s SOIL IIOISTURE,

I. Effects of Irrigetion and o Drying Environment,

The irrigation accomplished (appraximately 1% in. water
on the blocks), caused large differences in the soil moisture of
blocks and hcadlands, and in their pasture growth. Lpparently,
irrigaticn between blocks and within bleclks wasn't even. This
was indicated by the significant differences betireen block means,
between "side" and "middle" of block measurements, as well as by
the visual appearance of the blocks as they @ried out. The use
of three fifty foot "spray soak" hoses for irrigetion would be
partially +to blame. Scven hose positions were required to cover
each block. Differcnces in irrigation times (shifts were approxi-
mately 1% hours), hose performances (quite visible even along the
length of one hose), hosc positionings (irrigation was carried out
at night when visibility was poor), all tended to produce soil
molsture differences both between and within bhlocks.

II.  Soil Moisturc Effcet on the Distinctivencss of Bands.

Plates 7, 8 and 9 illustrate the differcnces betwecn the
resulting bands due to scil moisture, Brian ond Heodford (1968)
cbserved that planis undex water stress were mcre affccted by paro-
quat, whilst Bramley (1962) ncted that o better kill with paraquat
was achicved under drought conditions., Presumably, the plant's
ability to recover was affected by water shortage in this instance,
as the bands disappcored rapidly once the rain had follen and growth
resumed.

No examination outside the plot area was carried out o
ascertain whether there was o similar effect (i.c. bands rcmaining
distinet at ground level) as that illustrated in Plate 1kL.

ITI. Effect of Bands on Subscquent Moisture Levels under a
Drying Reginme.,

The grouping of the scil moisture results in Table IX
illustrate an interesting banding effect on the soil moisture,
The cores were taken teo a depth of 4 in, but mest of the differen=-
ces were likely to appecar in the upper laycrs. Little effect is
to be expeccted from the handed treatments at the first measurement
taken close to spraying, but differences were apparent at the
second measurement. Hore recent field trial cbservations have
indicated thet direct drilled paraquat sprayed areos at times of
moisture stress have been higher in mecisture in the surface layers
at least, than either conventional seedbeds (where presumably the
less compact soil would be a less efficient conductor of scil
moisture from the subsoil), or untreated pasture (where the evapo-
tranipiration rate from existing herbage appears tc dry thc soil
more ).



Iv. Soil Moisture Levels Over the Trial Period,

The general wetness experienced over the winter period
Eillustrated by Table X figures) resulted from the winter rainfall
Appendix IV) and poor soil drainage characteristics. The early
disappcarance of the ryecorn (Plates 10 and 13) could well be re~
lated to this wetness. At times, the area was almost impossible to
walk across, and soil surthce samples taken in the later stages may
have underestimated the soil moisture, as there was often much free
water about at the time of sampling.

2¢5.2., SEEDLING EMERGENCE.

I. Soil loisture Levels and Seedling Emergencc.

Tables VI and IX may be compared with Tables XI and XTI.
The trial had not been designed with such comparisons in mind and in
the cases of Tables IX and XII, group samples (i.c. "band", "blanket"
etc.) arc of unequal size. Furthermore, it was not recorded whether
soil samples were selected from within or between bends in the "band"
group. Horever, seedlings were found groving within the bands,
Therefore it is not surprising that the germination figures could be
related more easily tc the block differences in soll molsture than
to the band treatment differences.

Although conclusions can not be dravm readily from results

such as these, 1t is possible to say that scil meisture is important
for seed germination. It was difficult to estimate from the data
available, which variety responded more to meisturc,

IT. Effeot of Row COrientation, Drill S1it Depth and Definition.

In this secticn, measurements werec purely incidental.
The results are indicaved in Tables XIV, XVI, and XVII. Table XTIV,
indicating the slit orientation effect would provide the most valid
of these, as measurements with both varieties were token at both
secedling count times, and over all samples., The slit definition
and depth effects were taken for one variety (Tama ryegrass), at
the second date only, and over onc block (n). The orientation
effect would be of signifioance probably only when the slits were
open, and unfortunately the measurements were not scored for this
effect.,

Tables XVI and XVII indicate the relationships between slit
openness and secdling cmergence and slit depth and seedling emergence.
Hence when conclusions are drawn from this data two observations
must be kept in mind:

(1) the extremely subjective nature of +the data,
(ii) the direct and indipcet effects of slit openness and slit
depth on seedlingamergence.
S1it openness would, for instance, affect both soil moisture and
temperature within the slit as well as the mechanical impedance
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to the seedling's emergence. Under the circumstances it is difficult
to justify a cause~effect reclationship. The reverse trend may have
been obtained under a drier situation. The differences betwecen the
figurcs would suggest, however, that furthcer work is warranted in this
field,

ITI. Nitrogen Effect.

Nitrogen has been suggested as a limiting factor in the
early growth of sown varietics in direect drilling. The combination
in this instance of iritial moist conditions folloved by a drying
regime was morc deletericus than helpful., The close proximity of the
seed to a high soll moisturc concentration of fertiliser would presum-
ably be the cause of this effeet. Had rain fallen earlier, the res~—
pense may have occurred in the opposite dircetion. Sprague (1962)
noted that competition from existing unkilled herbage affected sudan
grass seedlings by the time they werc 10 days old, so presumably
readily availeble nitrogen would be helpful to young scedlings in
a band spraying situation.

2.5¢3. BOTANICAL AINALYSES,

Great difficulty was experienced in separating Tama ryegrass
from the remaining pasturc at the first cutving. With a particularly
heavy work load at this time botanical analyses were fewr and limited
to ryecorn only. At the second cut a nore detailed study was coarried
out with beoth varieties. By the third and fourth sampling dates the
ryecorn had virtually discppeared from the sward and Tame ryegross
froa practically all treatments except blanket trcatments, so observa-
tions consisted mainly of Tama ryegrass blanket sprayed plots. Over
time, obscrvations werce therefore rather limited.

The general effect of band width and paraquat rate (the two
main variables hcrc) and their interaction is illustrated for each
vaoriety at the second cut in Figs. 7 and 8.

The obviously better yield in the 6 in. band treaiment is
in sympathy with the work of others who have found that 100 per cent
removal of the existing herbage is necessary for the successful
establishment of various species. Sprague (1962) found this with
sudan grass, and Triplett et al (196A§ stated that in establishing
"non-ploughed" maize "almost no competition from non crcp plants
can be tolerated".

It is also interesting to ncte that the mean of the 1 in.
band with both varieties was lower than the unsprayed treatment,
although this was not statistically significant. The gain frcom an
inch width of competition removal could possibly be of'f'set by the
nitrogen "lock up" likely from the decomposition of the turf killed.
The sketchy evidence presented from the first cut with ryecorn illus—
trated this same trend but because of the small samples, this could
have been mere coincidence.



The intcraction between rates and band widths appears to
exist primerily with the 2 cz. rate "dips" at the 6 in. band in both
varieties and at thce 2 in. band with Tama ryegress. Apart from this
"dip" with Toma however, paraquat rates within the banded applications
appear to be of low significance. On the other hand the effect of
band widths is far more apparcnt, with the blanket appliceticn being
very much superiocr to the best band treatment.

Ylhen oompared with total yields, the proporticns of sowm
speciles within the pasturc werc very low (below 5% in mest banded
treatments at the seccond cut)., The maximua occurred in the highest
rote blanket Tama treatment at the last cut (i.e.40%).

Sumnarised below are the results from this section:
(1) Within bands, paraquot rates arc not important.

(ii) There is a significant band width effect, but blanket
applicetion is far supericr to any bands,.

(iii) There is = band width - paraquet rate interaction which
appears to be mainly in the "dip" at 2 oz. in the blanket
cpplicaticns, supported in the 2 in. band by Tama ryegrass.

(iv) The amounts thesc species arc contributing to the final
yield are small, but towards the end of the trial pericd
Tama ryegrass is contributing more in the L4 oz. blanket applications.

The reasons behind these results might be more clearly
understoed by a discussion of the hypothetical situction cccurring
over time within thc band, Paraguat is a desiccant with low resid-
ual properties. The recolonization of the vacant space (Plate 11)
(left as a result of spraying paraquat on growing herbage) is therefore
a matter of the ability of the varicus plants in the pasture to mobil-
ize and grow tc fill the spacc, Thesc plants could come from three
sources:

(a) Now plants from seeds in thc soil of that space including
those sowmn.

(b) Recovery of plants that were sprayede Paraquat is not very
well translccated in the plant and relies on photosynthesis

and oxygen for its action (Calderbank 1968) and so woedy and underground
parts of plants are not as affccted as green leaves. If a plant is
capable of growing from these less affected parts it is possible that
it will recclonize the sprayed arca. White clover is one such plant,
and Blackmore (1962) noted that his bands were clover dominant four
weeks after spraying.



Plate 11, 3%-3931Banq:_4 0Z., a,j,/aqre, Ryccorn Trcatment.
(i) Immediotely Aftggl§2£gying<1§Z§[§§.

(1ii) Recolonization could rcsult from areas unaffccted by the
sproy (in this casc between bends). Clover and other stolon-
ifercus (or rhizomatous) plants have an adventage in this respect over
the tufted speceies, which can. only spread vegetatively by mecans of
tillexr producticn on the periphery of the area alrecdy inhabited
(Elliott and Allen 196l.).

When the band is examined in this light suggestions may be
advanoced to account for some of the effects ncted. Initielly, re-
colonization cccurred from the sown sced and from enoroachment of
neighbouring plants (Plate 12). Clecver covered the bands rapidly,
especially after the conclusion of the dry spell, During this dry
pericd the unsprayed areas grew slowly and were ready and able to
grow immcdiately rain camc, Sown plants on the other hand, would
probably have found the situation rather more difficult, Growth
from other seedlings were not greatly notioceable, nor initially was
therc much growth from the recovering sprayed plants.

Once the envirocnment became more meist, the pasture quickly
grew and the cutting height of 6~8 in. meant that the bands tended to
be covered for quite a proportion of the time. At ground level, as
Plate 414 illustrates, the bands were quite distinet by the first cut.
An agronomy expceriment conducted two years previously with an friki-
white clover pasture showel the effect of sampling at the same site



Plate 12. 3% in. Band,

L. oz. 2.ie/acre
Ryecorn Treatment, Tii Four
Wecks /fter Sproying and
Drilling,  11/k/60.

Plate 13. 3% in, Band, L oz. a.i./acre Ryecorn Treatment.

(iii) Three Months A®ter Spraying, 14/5/38.
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without removing the neighbouring shading herbage. One foct squarc
quadrats wexrc cut at intervals and growth of individual ringed
tillers mecasurcd., Eventually the foot square gquedrat becanc bare
ground, with nothing growing. A saewhat similar effect could have
been operative in the bands. The distinotivencss of bands at ground
level would indicate that therce had been little recovery from the
sprayed plants and that few new plants i1iaéd becone established. The
start gained by the sown plants in the initial meist pericd mey have
enabled them to grow enough so thoat when growth accelercted after the
dry spell, they werc nble to kecp up. Possibly the low proportion of
of sown species in the banded trecotiments at the second cut is sone
indication of an fnobkility to keep up with the unsprayed poature.

Plate 1h.  Distinctivencss of Sands at Ground Level

-

at _the First Cut.

The presence of little other growth within the band except
the sown species and clover thot had grown in from the unsprayed
areas (one examination carly after rain had come showed little root—
ing of the clover within the band), would perhaps be the reason for
the lack of difference between rates of paraquat for the banded
treatments. In the blanket treatment however, the situation was
different and there was compctition from plants recovering within
the sprayed area. Therc were no neighbouring plants shading the
area and suppressing regrowth of the sprayed plants. The rate
suppression relationship of paraquat to that pasture, which was
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rycgrass dominant, was thus more importent in the blanket situations.
In the light of more recent experience, I.C.I. (N.Z. Ltd,) now re-
oommend a higher rate then even L oz. a.i. (1 pt. of the liquid) per
acrc for the introduction of new plants into a pasture (inon. 1969).
The highest rate of paraguat was better than the other rates for the
blanket applicaticn as it gave a greater competition removal effect.

The dip at the 2 oz. rate appeors more as o peak at the
1 cz, rate, and as mentioned earlier, this was due to a very high
reading in this group of data,

A different defcliation frequency might have prcduced
entirely different results. Liore frequent defoliction, follaiing
the dcbove apgument, could pessibly have led to o greater difference
in response to paraquat rate within the banded treatments. For the
banding to be effective in reducing competiticon thesc bands should
be such thot nc other herbage trespasses inte the light that fells
on that band, Tt would scen that more frequent oubting wouldl help
tovards this end.

Z2e Be il DRY MATTER PRODUCTICY,
L. Diffexences Botween Blocks.

DifTcrences betwecn blocks moy be expectecd in o design such
as this with the blocks on different sites dom the slope from the
pine hedge., The differcnces in cutting tines, ns shown in Taoble
XXIV would be 2 major reason for these differences. The ranking of
cutting tines and yiclds in Table XXIV ore in cpproximately the same
ordor.,

IT. DBand Width Effect.

The dry matter vield at the first cut (Teble XXIV) illus-
trates o yield reduction where spraying was carricd out. This
reduction would initally have been directly proportioncl to the arec
sprayed, although by the first out there would have heen compensat-
ory growth from the unsprayed areas. The reduced competition for
the remaining plants would lave allowed them to exploit the vacant
areas, and as Plates 13 and 14 illustrate, this vias noticeable in
the aernl portions of the plant, The grouping of treatments in
Table XXIT also illustrates the difference betiieen treatments and
the wey in which they disappear over time as compensatory growth
ocours. Fig. 9 illustrates the compensatory growth. At the first
cut growth rate calculations for difflerent treatnents differed
greaetly., By the second cut these differences had largely disappcar—
ed and over the winter pericd to the third cut, growth per plot was
very much the same.



IIL.  Effeot of Parsguat Ratc.

It is suspected that "rate differcnces" at the first cut
did neot occur as all plobs would have been recovering from the kill
of green herbage by paraguat. Table XXV illustrates that by the
second ocut the lowest rate plot hod taken the lead. The greatest
effect may have been expected in the blanket treatment where over—
shadowing of the unsprayed herbege did net ceccur te nullify the
effect, but this did not prove te be the casc, as the effect was
neted over all band treatments.
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2460 CQICLUSIOIS,

The nature of, and results from this experiment make
conclusions of o definite nature difficult to droaw., Various questions,
ideas and hypotheses have however comec forwerd which could direct
further research in this field. As an exploratory trial this work
has therefore heen successful. Varicus aspects of the experiment
in relation tc the conclusicns and further work are discussed below.

I. Band Width, Paraquat Rate and Defoliastion Treatments.

Although evidence is sketchy, band width, paraquat rate
and defoliaticon treatuents appecxr te be interrelated factors, The
results have indicated that "band spraying and direct drilling" is
different fron "blanket spraying and direct drilling"., In blanket
spraying, the sown species must contend with coupetition from
recovering sprayed plants and other seedlings. In band spraying the
added factor of coapetition from herbage growing between the bands
st be recognised. In view of the conpetition removal, this
herbage is likely to grow vigorously, and if nct checked, swanp out
all growth within the bond. Defoliation frequency and intensity
ore therefore likely to be inportont factors. In the trial
wider bands gave saiac relief to the sown plants frxai this competition
but were conly really effccetive when the band become o blanket appli-
cation where there were long pericds betviecn cutting., Differcntial
effects of paraquat rates were not cbvious and possibly masked by
unsprayed herboge shading the bands and so allowing ne selection due
to rate to take place,

It is a pity that a defoliation treatment was not
included in the trial, Further work however, should investigate
these three factors and their interrelationships within band spraying
and direot drilling.

IT. Varieties.

It was noticedble that Tama grew better than the untreated
pasture towoards the end of the experiment., This is indicative of
the variety's growth pattern which may have been helped by -
earlier sowing. The lack of moisture afier sowing was o factor
mitigating against growth.
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The ryecorn disgppearance frem the pasture was disappoint-
ing, but may be relatcd tec the wet soil conditions.

Both vorieties have yielded much higher than they did in
this trial (Barclay and Vartha 1966). The blanket treatments
yielded far mcre than the banded treatments which must he accounted
for largely by competition. The relative poor yields from the
blanket treatments however, would illustrate the dry conditions of
the establishment pericd an&?e typical poor direet drilling results.

With such results it is not possible to definitely
recommend vhich varicty is best suited to band spraying.

IIT. Nitrogen Treotment.

The negative response obtainced in seedling counts teo nitro-
gon led to the abandonnent of this treatment after the first cut.
One could assure that the dry conditions led teo this response but
therc is nco cvidence teo suggest whot the longer term effect may have
been.

V. Band Spuoyer Performance.
The band spraoyer built for the trial work performed
adequately. The less satisfactory bonds probably resulted Pron pasture

being tec long and froo incoxyreet nozzle height adjustments. With
the use of supericr bond sproying nezzles, which produce a band with
o more distinet edge and nore even within bond pettern than those
used, the producticn of better bands can be envisaged for the future,

V. Drill Performance.

This work did not set out te assess drill performance but
sone observations when seedling counts werc made pointed to the in-
portance of correet drill slit specifications for any particular
drilling situation. The faot that the drill slit affcets secedling
germinaticn and emergence dircetly (e.g. closed slits may inmpede
emergence), and indirectly (ee.g. closed slits may be more moish
than open ones, nmoisture affecting germination), would suggest that
a complex situation is likely with many interaoting faoctors. For
the successful yield of any erop or pasture good esteblishment is
vitally important, and as this oppcars te be one of the weak points
of direct drilling (and thercforc bond sproying and direct drilling)
further work is needed on the effect that different drill slit
paraneters under different conditicns have on the resulting establishe
nent of the plant,

VI L] I-r'ri 5 ﬂ-t_i_o,n, L

During the trial, doubts werec raised as to the wisdom of
irrigation. These doubts resulted from the deleterious effects
of the dry spell following irrigation (whioh could not be continued
with the equipment used after drilling).



Without irrigation the operation of the drill and the
placenent of seed in the hawrd ground would have becen irpossible.
Also, if drilling had been delayed until sufficient rain fell, the
trial nay have been toc late for adequate winter growth.

Had rein fallen immedicztely after drilling, elinminating
neisture stress, the question of irrigstion would net have becn a
problen.

VII. Experinent Size.

PR

The nuher of treatuments nade it difficult to take as
full o set of datc as was plenned. In an initisl investigntion
inte o little known ficld the lack of nreccdence cn which to weight
the importance of different factors leads on the cne hand te a very
broad investigation =znd eon the cther, to the possibility of :issing
scrie inportant factor ~ltogether.  Doth happened in this work and
it was unfortuncte that delcliation frequency and intensity, which
nov oppecr seo lipertent, wers discarded as trial facters,
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3.  SPRAY DISTRIBUIIQN ANALYSTS.

3¢1+  TITTRODUGTICNN,

In early experinents, band sproying with dye on to
newsprint hed resulted in bands of relatively even widths, with o
"out off" distance at the periphery of % - % in. and little sproy
visible outside these linmits, Visual cbservations of the kill
fron the naein trial spraying howover, showed that band edges were
indistinet. At the tine of sproying the ficld triasl, conditiocns
were het and drying, ond indistinet band edges could pessible have
arisen frou cither the small enount of spray at the periphery
causing tenporary lecof' edge burning, or fron adided splosh out of
the band duc te the surface characteristics of the pasture (the
pasture wos longer in this trizl than in carlier work).

This scotion of the thesis describes the technigues and
results of the investigotion intoe the pastuwre's role in causing
spray to splash outaide the bond, and the arount of the total
spray deposited here. At the sane tine, the sproy vattern within
bands was observed to check that the neczzles perforued adequately
nt the low heights employed.
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342s LITERATURE REVIEY,
3-2 Py [ SPRAY NOZZLE ACTION THECRY .

The aotion of spray nozzles in accelercating and disinte=
groting o liquid and dispersing the resulting drops has been well
doounented. Trascr and Eisenklar (1956), Pelij (1956), Courshee
(1953), Byass (1563), and Westermon (4 9563 have each described the
theory of spray nozzle asticn and the effect that the various paroe~
meters (liquid pressure, liguid surf'ace tension, liquid viscosity,
shape of nczzle internal passeges ctc.) have on the reaulting
populaticn of noving droplets.

36242, EVLALUATICN O SPRAY DISTRIBUTIGH,

Liany tests have been devised te mecsure different spray
nozzle ochorscteristics (e.g. output at different pressures), but it
would appear that the majority of work on spray ncozzle performance
hags beon with reference te spray distribution. lietheds used to
analyse this nmay be classified inte two groups:

I. Those nmeasuring quantitatively the sproy deposited in different
spray regions (including drift nessurcients) ond teking no
aocount of droplet size.

IT. Those neasuwring droplet sizes and nurbers at the sampling
olntse ~ori these re 3, sproy vclune and surface areo
oints From these results, sproy velun 1d surface area

nay be caleculated.

The distinetion between spray velume and droplet size
cnd nuaber nust b% noted. Sproyy droplet volwe is related
diameter cubed (a”), and surface arcs tc diuncter squored (A7)
(Byass 1963), Thus o population of snoll dreplets has o greater
surface arca than the same velwi o sproy in fewer droplcts. In
terms of quantity (volume), a cloud of snall dreplets can be of
little consequence. For cxanmple, tests on o commercial nczzle
(Anon 1958) shawed thet ¥hilst 964 of the sproy dxoplets from the
fan nozzle werc under 100 microns in dianeter, only L.oA% of the
sproy by volunc was represented.

Roported techniques relating te spray droplet populaticn
collection and eveluation are not considered in detail in this
review, Hebblethwaite and Richardscn (1 961) deseribed the tech-
niques used by the National Institute of Agricultural Engineering
in the ®©sting of some of the more commonly used production medel
sprayers. Courshec (1954, 1959 and 1961), Courshee and Ireson
(1 961a); Courshee and Valentine (1 959), similarly discussed various
droplet collecting, sampling, and evaluation techniques, and debated
the advantages and disadvantages of using different droplet sizes,
and methods of producing these. Turmidge (1954) discussed the
testing of several methods of calculating average diameter, in-
cluding the mass median diameter, the Sauter mean diameter, and
arithmetic mean diameter, Contour diagrans of spray distribution



volune patterns illustrated the differences between methods, whioch
wexre due to the use of different spray droplet varaneters in the
caleculations. Fraser and Eisenklam (‘1 956) discussed the problems
in finding o truly reprcsentotive porancter to deseribe o spray drop
populaticon and noted that disparities between thecries and actunl
results vere often evident,

I. Quantitative Spray Analysis.

Liljedahl and Streit (1959) described two categories of
sproy anclysis nethoeds:

(1) Thosc used in the laboratory and colleeting the spray
closc teo the nozzlc.

(ii) Those testing ficld performance, the results of which
cre influenced by ground roughness, spray surface
characteristics and wind.

(1) Lab orctory Techniqups,

These may be subdivided into two mein types: those
enmploying patternators and those using sproyogeophs.

4. The Potternotor. Liljedohl and Stroit (1959) deseribed the
patternctor as & coyrugnted devide to divide
the sproy into nerrov bands for volunetric necswrcrient, Itts
functiecn is tr give on inddcoticn of the petential distrdbuticn
1ileely frot a nozzle. There spsesy te be to basie types
poattesmater, cach of which hus been deseribed by fiebblethwaite and
Richordsen (1961) ~ac Xoshayap and Pandya (1965). The "one dimen-
sional" (Hebbletiwaite and Richardson) or "dynamic" pottermator
(Kashaysp and Pandya) ocnsisted of o series of parallel collecting
troughs. It measurced the spray distribution in cne directicn only
and shoved the pattern produced by a nozzle moving parallel to the
troughs., Trough widths have varied froan 1 in. (&non 1958) to 247
ine (Barger et ol 1945)., Hebblethwraite and Richardson (1961) felt
that patternators tended to distort the pattern, making it appear
wider than in fact it was, with o decrease in the ocentral readings
due to the entroined air being defleated harizontally by the surfoce
and thus toking droplets with it. Their design, incorporabing un-
connected partitions and troughs allowing air tc move downwards
through the pattermator, was an approach tec solving this problem,

The other basic type was the "statie” (Kashayap and Pendya
19653 or "two-dincnsional" patternator (Hebblethwaite and Richardson
1961 ), ond has apparently been used for initisl nozzle design and
development wark. Kashayap and Pandya (1965) illustrated two
types. One consisted of & circular plate with collectors along
several radiij; the other was a series of rows of collecting vessels.
This latter type oould yield both "one" and “t#o" dimensional pattern
data. The plotting of iso-quant lines on a graph enabled the
construotion of a spray concentration surfaoce.
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Liore use appears to have been made hewever, of the "one
dimensional” patternator, prcbably because it yiclds detn direotly
relating to the "moving nozzle" situatien, It has been applied to
performance studies of single nczzles (Crosbie 1952, Nordby anl
Haoman 1956, and Dransfield 1965; as well cs beou sprayers (Rioa
1967 anc Gobrdilides 196k, 1965). Hebblethweaite rnd Richardson
(1961) stated that "unless o nezzle gives o good perfornance on the
patternator, it cannot apply chemicals in the iicst eccncomieal way
nossible".

B. The Sproycgraph. Shenks and Paterson (1952), oloimed thoat the

sproyograph was originally designed by Riley
in 1909, It was deseribed by Hebblethwoite ond Richardscn (1961)
as "an erlorged versicn of o feeal plage shutter camera with an
cbsorbent paper in place of o filn"., The sprayograph's chief
function is similar to that of the "two-dimensicnal" patternator,
with results more of o qualitative (visual) thon cusntitative nature.
Shanks and Poterson's design (1952) had a 3 in, slit in a2 continucus
belt which moved at 200 ft./minute. Ink o a similar substance was
sproyed on to blotting paper placed under the belt, Ixamples of the
patterns produced have becn reproduced in spray nozzle nanufacturers!
catalogues, as well as by Watt (1958), Courshee (1959), and. Dainer
et al (1955).

One particular complication was noted by Hebblethwaite ond
Richardscn (1961). This was the disturbonce of the alrsirean by
the notion of the slit, which ccoulld biass the saple by deflecting
g0l drops ncre than loxge ones Trom thedxr flight path.,

(i1) TFicld _Pesftrmance Techniques.

With the excepticn of the direct weighing method (consider—
cd by Taylor (1961) +to be inaccurate because of spray evaporation
and the small anount of spray colleoted), quantitative field methods
utilize the inoarporation of a substance in the spray that can be
collected and measured, and according te the spray's original con-
centration, the spray deposit caloculated. At tinmes, suitable
camercial spray materials are used for this purpecse. Such materials
are useful in relating distribution results to the "control" or "kill"
achieved,

Yates and Akesson (4 963) considered the following fagtars
to be important when seleoting a tracer:

(a) High sensitivity of evaluation (suggested 0,04 )Jg).
(b) Availability of a rapid quantitative analysis.

(e) Must be scluble in sproy mixture with o minimun physical
effect on atomization end droplet evaporation,

(d) Distinotive property to differentiate from background or
naturally occurring substances.

(e) Stable ar prediotsble conoentration relationships under
environments encountered during experiments.



(f) Hoderate cost.
(g) TNon toxic,

In addition, Taylor (1961) stated that trocers should be free fron
surfooe active properties. For instance, naterials which lowered
surface tension werc ccnecentrated in the surface layers and were
liable to be dispropoxrtionately represcnted in the fine droplets.
Colleoting naterials have becn of two general types:
those which have standardised suirfaces, such as the 9 x L in. plexi-
glass plates used by Yates (1962); and erop suri'cces, sampled
adequately tc be representative. Plant leaves as spray collectors
have been uscd particularly with those necthods which cvaluate sproy
distribution directly fron "real" sprays (lartin 1956). Standardiscd
surflaces tend to covercome the prcblen of test repeatability but the
results from leaf suxfaces oy be more easily weolated te the actual
field situaticne. In this respect, Hebblethwaite and Richardson
(1961) discussed the advantoges that might hove arisen from the use
of an artificisl tree, which would have inoorveorated the best features
of both metheds. liony of these techniques have also heeon used for
droplet distributicn enalysis. The fluorcscent technigues of Stoni-
land (1959) ané. Nordby and Steerberg (1959), and the dyed cards of
Davis ond Elliott (1953) are such exanples,

Severel types of tiocer nethods have becn reported:

L. Divect Titration. Taylor (1961) desoribed two direct titro-

' tion methods. In the first, he sprayed
sodiun ecrbonate (ot 20 1lbe hydrated weipght pex .mc:cc-:j and titrated
against standard aeid and nethyl=red indiecntexr, He found that a
F% ervcr (which he oonsidercd the moximun llowable) was difficult
to attain. The technique he used eventually in his cireroft spray-
ing worlk utilized nagnesiun sulphate (10-20 1b, hydrated weight per
aore in sclution). The washed sorple was titrated ageinst sodiwa
othylene disninc tetro~acetate (EDTA) with Eriochrome Black T dye
a3 the indicator, which was buffered to pH 10, Error was easily
kept os low as 3% of the mean,

Techniques measure either the spray chemical directly, or
alternatively, o factor of this. Sharp (1959), for example, out-
lined a procedure for cstinmating small concentrations of lime sulphur
in the range 4.8-0.05ul, titrating sequestric acid against the cal-
cium of the lime sulphur. He did not coment on the accuracy of
the methcd.

Direet titration methods appear teo be used frequently for
the setting up of other methods: For example, the visual prepara-
tion method of Davis and Elliott (1953), or for checking the cor-
relation between commercial sprays and other tracers (Yates and
Akesson 1963).
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B. Colorimetry. Sander's Colorimetric liethod has been adopted as
a stondard methed in the United States according
to Taylor (1961). A strong solution of dye is sprayed over flot
ground ond colleeted on 6 x 3 in., rectangular plates of stoinless
stecl. These are washed with distilled weter and the amocunt of dye
present is measureld by an electrophotoneter. Sander's (1953)
original technique utilised 20 in,. diemcter cluminium pans containing
500 c.c. wator os collecting vessels, Cr landing, the spray made a
dilute coloured sclution, socue of which vios transferred by test tubes
to the absorption cc.ll of the photenetexr, 4 ecalibratien curve
alloved rapid evalustion but eore had 4o be taken to ensure that the
photeneter dial wias correctly rend as any ervor wrould be magnified by
the calibration curve., Tuylor (1961) pointed out that the dyes used,
although s@lected for light stebility, nceessitoted guickc collection
an® orage in the dark, Yotes and dkesson (1963) considered this
technique was insuffieciently accurate for dri:"'{: ueosurcients,

Several nethods anpear te be o combinaticn of direct titra-
tion ond eclorimetry in that n chewical anadysis is used, although
the results have been nmeasurcd ns o colour developnent rather than as
titraticn end=point. These techniques of'ten direetly evolunte comicr—
cial sproys, cr & knoun factor present ot o stbandard cencentration
(coppor of bordeaux .xnd other sprays, liertin, 1952, 1955, 1956;
sulphur, Xrentos et al 19563 DDT, gomio~BHC, chlcrbenside, ilertin
1952), In lartin's bechnicuc, the three chove-menticncd substonces
could be separctely "v"d.ubuec_ from the swwe sanmple,  Application of
these ‘t»c;;.‘.’ll{ ues to sproy reteution and vesthiering studics hes been
aede kS*\:‘.cr Pm.r & 1“6f) on the tenceity of eoptan on lewf sur-
focess 1 w:'h m.gk‘“s :‘,'mcrrcd to be satisfied viith the cccuracy cf
their methois,. Foy exorple, Iortin (1956) in discussing the colnur
development of the blue ceopper complex, stnted thot in the 0-50
rangs, the result wos unaffected by as much os 100}.15; each of quite £
long list of diffcrent ionms,

C. Visual Appraisal. In this technique, the deposit (either o dye
on paper, or solvent on dyed vever) showed
as a contrast to the card background ond could be compared with stan-
dard cards to estimate the ancunt of sproy present. Davis and
Elliott (1953) deseribed a technique using cn oil spray and a red
oil-soluble dye in the collecting card, considering it to be more
apcurate than using dye in the spruy. The technique has subsequently
been used by others including Calpouzos ancd Theis 1960), It was
considered by these latter workers to be valusble vhere large numbers
of samples were to be token (assessment could be more ropid than with
other techniques); where durability of the sample was an asset (eege
in forestry spraying where the retrieving of thousands of cards
might take several weeks); and thirdly wvhere high accuracy was not
essential,
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The standards used by Davis and Ellictt (1953) were created
by spraying closely spoced cards and aluminiun plates. The deposits
on the plates were analysed chemically and assumed to hawve the sane
anount cof spray as the neighbouring cord, Courshee ond Iveson
(1961b) considered that standards should be nade up foxr each sproy
trial., Their samples were classified into groups and a few frm
each group ohe:dcally annlysed, As a result, 804 of the subjco-
tive nssessments were found te be wrong by less thon 15% ('l:hc-y
assuncd the cherical anclysis result to be ccarect).

Taylor (1961) considered the visual method inaocurate,
Although it gave an indication of the size of the droplets at differ—
ent parts of the miath, he thought it tended to make the distribution
appear nore even ond the effective swath width appeor greater than was
actually sc.

D, DRudicactive Trocers. Tlondby and Steenberg (1959) used these
te study the distribution of spray
chemicnls on orchard trees. & fungicide was rendered radiocactive

by irradiaticn in o reactor.  Jdetivity neasurements quantitotively
deternincd the cnounts of spray depesited an the leoves whilst radio-
autecgrams illustrated the distributicn on single leaves. The
accuracy of this technicue was net discussod.

K, Fluorcscent Trocers. Fluorescent dycs hove been useld for
both guantitative assessaent of sproy
doposits (Yobes and Akesson 1963, ond Liljedahl and Stradt 1959),

and for evoluation of the patbern of Coposit (Stanilond 1959 and
1960). Quontitative anclysis technigues use sone fean: of wltra-
viclet (U.V,) illuminaticn, filters 4- cut out 11 light except that
which correspends to the presence of thu trocer, o sensar (phoboe
elcotric cell) and nn indicoter or reeovder. Idljedald and Strait
(1959) alleved for continucus ceross swoth anclysis vhercas Yates

and Akesson (1963) used this methoed ns o sauple evaluation technique,
The 1attcr used various filters in the light boann to enable bvo dyes

to be sprayed tegether but cnalysced separetely. DBoth pairs found

good correlations between fluorescent values and the ciounts of chem=
ical prescnt, Yotes and Akesson (loc.cit.) caupored fluoreseent dyes
with pesticifc chemicals (Tedion, Thiodan, Ethion, D.D.T.), ccllecting
drift deposits on both mylar sheets and lucerrcand found correlations
to be very clcse to unity. They considercd it o "ropid highly scnsi-
tive, accurate, nontoxie, and ncderate cost procedure"., Liljedahl
and Strait (1959) cstimated the maximun inaccuracics of their procedure
under odverse conditions to be in the order of 10 pexr cent.

F, Spectrophotaetry. The principles are similaxy tc those of
fluorinetry, except that 2 metel ion is used

as the trocer and is "burnmt" in a flame to give o characteristic

emission, which is analysed by scme fomm of photometer ond asscein~-

ted cquipment.  West (1967) described astumic absorption spectro-

scopy. Yates (4 962) used a Bechman DU flame spectrometer,



dAs tracers he used ccnmercinl gredes of nmonganese sulphate and
strontium chloridc becausc of their high intensity emission speotra,
solubility, rarity in sproying situaticns (therefore little likeli-
hocd of ccntamination), and esccncry. Concentrations renging from
O¢1 peDetite to severnl thousand p.pe.n. were analyscd and coupared
with stondard solutions te provide 2 »apil quantitative analysis.
This technique was adoptable to the concurrent use of seversl cone
pounds, Yates using the e mentioned,.

%.2¢3. USE OF PHOTOCRAPHY IN SPRLY TIVESTIGATICN,

There appeor to have been tiro noin opplicotions of
phetography t¢ sproying:

Iz Studicvs of sproy depositicn.
L] R W

II, Studies of spray otonisaticon.

I, Sproy Depositicn.,  Staniland (1959, 1960) and Potterscn (1963)
have illustrated with photogrophs the
depesits of saturn yellew and cother flucrescent dyes on leaf surf-
acess The process is o simple one. The dye, eithcr in suspension
or solution, is depesited with the droplets on te the sproyed surfacc,
Under U.V. light in the dark, the dye stoins shew ns brightly
colourcd spets (red yellecw, orange, pgxeen or blue depending on the
dye, Staniland 1959). FPhotographs can be taken providing the
comere is fitted with e U, filter. Patterson (1963) noted that
oore hod to be toaken in interpreteticon as there were scnetines
diffcrences betirecn inpressicons fron phetegraphic and visual inspec-
tiens., 'The photcographs have been uscd in test worl: as a wnethed of
providing o periianent reoord of levels of sproy coverage €L atss
standard) for scoaring puiposes. Stoniland (1959) nale o thorough
investigntion of the technique and later (1960) applicd it to the
testing of spraying mochines,

ITI. Spray Atomisation. luch of the recent werk on atomisaticn wvith

the use of phebogrophic nethods has been
conducted at the High Speed Fluids Kinetics Laboratory of the Depart-
nent of Chemiecol Engineering, Irpexrial Ccllege of Seience and Techno-
logy, London (Freser, Darbrowski, Eisenklan and thsson). These
studies have been on such subjeots as the disinti:ration of liguid
sheets (Dobrowski and Fraser (1954=55), flcow characteristies of
single orifice fan nozzles (Dombrowski 1961), and drop farmation from
ropidly moving liquid sheets (Fraser and Eisenklon, Dorbrowski and
Hosson 1962), Other studies of fluids in mction and sprays using
photographic teohniques include these of Brovm =nd York (1962) who
were interested in sprays formed by flashing liquid jets, and Thomas
and Powter (1958) who used a vibrating jet to determine dymamic
surface tensions,
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Xoy factors in using photography to study sprays and
high spocd liquids arc lighting and cxposurce methods.  Froser
and Dombrowski (1956) described elcven techniques thet illus-
treted and elucidatcd phonomene associated with the disintegration
of liquid sheets.

(1) Exvosurc Mcthods, Fast moving objocets moy be photographed
' ' cither with the use of high specd

shutter mechonisms or by wecons of a light flesh o weyry short duration,
The fastest mechanical shutters have 2 durntion @f the owder of 500us,
during which time spray drops of an averase size may trovel as much
as onc hundred times their own diametesr. Rapid light flashes with an
effcetive duration of only o few micro-scconls can be produced by
clectrieal dischorpges, nnd were considered to provile the only
practical method of obbaining "still" photographs of spray particles
(Dombrowski n=ndl Froser 1954). Longer exposures have been uscd with
special lighting effects to shov different choxacteristics of sproys.
TFroscer ond Dombrowski (1956) illustrate! two sproy choractoristics
with longer cexposwi:s: vis. thickness of sheet and how it varied
as the shect expanded, and direetion of flow within thc shelt ns it
passed through the rim of the sheet inte the atmogpherc. In the first,
the expoeosure time was 0.02 sees., and in the sceen” 0.04 secg.. This
tite was neccossaxy in the first for the light to he réfleeted into the
camera. during scue period of the wave motion, and in the second, to
allow particlus refleeting light te move forr enough to ennble the
tracing of their pati: in the spraoy.

(:’Li) Iichting liethods. Fraser and Derbrowsld (4 956) cconcluted

from theiy voxk thot satisfactary resulis
from spray photozeaphy could net be a@hieved throuzh use of ocnly cone
- (%) Y J (& t}
lighting technique os ench methol shiowed different feabures of the
{ q
spray. They deseribed four lighting methods:

(2) Diffuscd front light.,  This method was considersd teo be of
Little value with liquids unless they

were milky or opadue as in emulsions or suspensions, or vherc a
particle streak photoguaph was desirced.

(b) Diffused rear illumination.used for transparent illumination,
the absorption being enhanced by

the additions of suitoble dyes.

(e) Speculer reflcetion. In this wmethol the arount of light
refleeted depends upon the reflect—
ance inoreasing as the anglec increcses up to o maximum at grazing
incidence. The width of the sheet will therefore be reduced
because of the lorge angle which the camera must be to the sheet,

(&) Rear lighting with parallel light. This is thc shedow or

"shadowgraph" technique
where parallel light (either with lenses or distant source) passes
through the spray on to a plate, leaving a shadow pattern.

Fraser and Dombrowski (1954) desoribed techniques used in
the photography of spray sheets and the effeet of different lighting
methods and exposure times, and in 1954 discussed many of the
faotors affecting the disintegration of liouid sheets.
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3¢5+ HETHODS AIID MATERTALS,

3.%341s THE SPRAYER.

To enable simulated field triazls to be undertaken an
experimental sprayer was constructed.

I, Important Jesign llequircments were:

(1) ILiquid pressure had to be adjusteble an’ in the 15-25 P.s.i.
ronge (in order that droplet velocity could be minimised,
thus reducing splash from low heights of discharge as had
been done in the field trdials).

(ii) The pover source should be conveniont for indoor usc.

(iii) Provisicn had teo be nade for sproying a vardiety of liquids
without the possibility of contamination from residue left
in the pump or regulatkor.

(iv) 4 means had to be found of simulating the field condition
of & moving nozzle at o constant height above o sprayed
pasture surfcoc.

II. Design etails,.

The lust nemed requircment was lergely fulfilled by the
availability of = tillage and tool testin. avporatus for turf
scuples (bekex 1969). This had o noving teel carrier suitcble
for the nouting of o swall sprayer and infinitely voaridble speeds
up to 2 m.peh. in beth &lredticong, Do .0Gd1 oo sobuilly” sldcd
than the 2.6 mebehs used in the ficld but was the uoximum ovailable
with this opparatus.

The spyoyer consisted of a 1 H.P. cleetric motor coupled
to a "Hypro 6000"" pump operating at 285 r.pem., and hose fed from
a 4 gallon kerosene tin modificd for quick filling. Dclivery was
via o conventional prossure regulator ond  in. hose to a quick
shut-off valve at thc bottom of the fluideisolating pressurc vessel.
Location of this velve on the exit side of the pressurc vessel would
have been desiroble, for when the valve was closed there was several
minutes® flow from the bag before the nozzle stopped spraying. It
was possible to minimise this discharge by switching the sprayer off,
and allowing the pressure in the pressure vessel to be released back
through thc pump, before turning off the valve, The pressure vessel
was specially designed to fulfil the third requirement noued cbove.
The moin cylinder was of 6 in, steel tube (¢ in, walls), 10 in. long,
with a % in. plate bottom and a 4 in. thick steecl flange at the top
with a 1 in, wide upper surfacec (Fig.11). The removable circular
1id of 8% in, diameter was 3 in, thick with & % in. brass liner.

1. lienufactured by Hypro Engineering Inc., liinneapolis,
I'-{i.rln', U-S..Ac
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All fittings at the top of the cylinder were brass, as they were in
contact with the sometimes corrosive sprayed fluid. Located at
the bottom of the vessel was o & in. nipple for water entry and a
% in. nipple and draincock; in the 1id a % in. outlet nipple and

a 1% in. filling plug. The 1id fittings wexre birazed directly to
the brass lining plate and passed loosely through the § in. steel
top plate. Gauze over thce outlet hose in the brass plate was to
prevent the bag from being squeezed tro'the hole together with its
contents, A removable bent metal strip served the same function
in relation to the filling plug when in operation,

The test nozzle was olamped to a steel rod, mounted on
to the tool carrier, thus providing adjustment of the nozzle verti-
cally, laterally and for orientation. A& large collection tiay of
galvanised iron was placed on the bed of the teool testing apparatus.
Dreinage from the tray was through a hole at its centre, into a
bucket.

IIT.  Operation.

In cperation, a 12 x 15 in. plestic bag (epproximately
1 gallon copacity) has its upper edges placed between the top
surf'nce of the pressurised flonge and the brass liner plate and is
sealed by means of rubber rings., All components are clamped with
five externcl "G" clamps. The top filling plug is removed, the
bag filled with sproy material, and the plug reploced. The pump
is turned on and the quick shut-off valve opened, Water, entering
the liquid isolating pressure vessel displcooes thetng and in so
doing ejects ith contents at the some liquid pressurce through the
delivery line to the nozzle.

IV. Testing the Pressure Vessel.

The pressure veasel output wos tested to ensure thot:
(1) Output did not vary as the bag emptied.

(ii) The sprayer output using the isolating bag did not vary
from that when the bag wos absent and the system was used

with an uninterrupted liquid passage. The pressure bag was filled
and the time taken for the first seven pints sprayed at 25-26 p.s.i.,
using a "Monarch 6.4 HC" nozzle. This was repeated three times.
The bag was then removed and four successive pints timed. 4n
analysis of variance showed that successive pints with the bag were
significantly differcent ot the b probobility level. (Appendix IX
for further details).

The greatest variation between suocessive pints was
between the sixth and seventh. It appeared that this was due to
the bag partially blocking the outlet when the bag was nearly emptye.
As the first 6 pints gave about 14 minutes' spraying time with the
largest noyzle used, it was considered that use of the bag was satis-
factory provided it was not allowed to discharge more than 6 pints
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bef'ore recharging, A subsequent test using the smallest nezzle
("Sproying Systems Y 1,5") did not show this trend at the end,
possibly bewause the flow rate was nearly quarter that of the lergest
nozzle used; thus cne would expect there to be less tendency for the
bag to be pushed over the gauze, Differences between timings with,
and timings without the bag were found to be insignificent at the 55
probability level (mecens differcd by 0,2 56C. ) Rates within the
safe ronge were thercfore assumed to be unaficcter by the pressure

of the bag.

30542,  SPRAY DISTRISUTICH ANALYSIS LETHODS INVESTIGAIE

In order te determine the extent te which sproy dischorge
in bonds from single nozzles close to the ground bounces on pastuxe,
sproy distribution analysis methods suiteble for worlk with pasture
viere investdgated,

I. [The Quantitative Method Used fox Heasurement of Deposit
on & Dletting Paper Surfacc.

The patternetor prirciple o leboratory work was considercd
valucbhle in establishing bounce patterns using plene surfaces, but
forr several reasons the conventionel design was discondeds

(1) As band widths vere as narrov as 1 ine in onc case, 3
troug;l11c"-_is’c::t*;ces would hove to have been no wider than
sbout 7 in. to yield meoningful results.

(i1) With a moving spray nozzle, it ims considered deubtful
thet there would be sufficicent volume of sprray collcoted
to measure accurately.

Collesticn Wechnique. — Because the questions being examined were of

an investigatory nature, rather than a
detailed study, it was felt that as simple a oollection and annlysis
technique as possible would be attempted, The experienoce goined in
devising and refining o simple technique would be invaluable in the
developnent of o more complex onc if needed at a later dnte, (In
this thesis work development would only taoke place if the simple
technique dicd not enable the guestion of degree of bounce to be
answered) . A technigue wasg svolved using a combination of the
patternator prineiple and a Techtron AL = 3 atomic absorption spectro-
photometer.

The use of the flame photometer first and the atomic absorp-
tion spectrophotometer later ensbled the measurement of small omounts
of sodiun or copper from the spray. (Copper soluticns could be
measurc to 0.1 pep oh.)e The simplest collector for this spray was
blotting paper. To encble a transverse distribution graeph to be
drown, blotting paper sirips were laid parallel te the dircetion of
travel of the ncozzle. The strips were % in, wide and were guillo-
tined from 17 in, long sheets and taped at their ends to 2 sheet of
glass; the glass was marked by parallel seratches at 15 in, spacings
to enable rapid placement of the strips).
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PRESSURE VESSEL:
CROSS SECTION DIAGRAM
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Collection on Llotting Poper. Initially, the 12 middle inches

of the strip were cut out for spray
evaluation, but during severcl trials, it was found thet the strip
length could be reduced to 6 in., and then 5 in.. With 6 in,
strips, two measurements of the sume strip could be taken; with
5 in, strips, three. It was felt that the extra informetion might
odd precision to the data., This data would shov the pattern within
the brond; whether it looked "conventional; and also give some
indication of the degrec of bounce outside the band.

Flame Photometer. In the initial treil vork o Gallenkamp flome
photometer wns used ond sodiwa chloride
solution sprryed. This instrument is less precise than the atomice
cbsorpticn spectrophotometer but wos movre quickly set up for opera=-
tion. In opzration, the sodium (or potassium) solution is burnt
in o flome and the intensity measured by o photocell, giving o current
displaycd Ly a gelvenometer.  Stendards vere used to encble the plot=
ting of = calibration owrve (golvonometer recching versus p.o.ei.) and
to ensure that the galvanometer noedle (1id not "drift". The degree
of drift was found to be tolercble for mecsurements within the band
deposits but cxcessive for measurements of the deposit outside the
band, Thus, the flame photometer ond sodiws chloride was abandoned
and replaccd by the ndoption of the atomic cbsoxrption spectropheto-
meter and coppexr sulphate.

Spraying Rote. By rough caleulotions of the wmaount of the element
required for analysis, dilution rates due to the
acid, collecting nwens, and spraying rate/ area, 10 gm., sodiun per
litre of distilled wober was thought to be o suitshle concentration
(25 gn. sodiwm chloride per litre). This selution wag found te be
sultcble and treils A, B and C were carvied out with this concentro-
tion, Leter, when copper was used, the rate of the element per
litre was doubled and 50 gn./litre of copper sulphate use@ (20 gn.
coppcr). This wos helpful because bounce nensurements were the
major consideration and deposits were naturally low in thesec outer
strips. Alsc, less orea was used at this stoge o collect the

spray (5" x &" versus 6" x z" versus the earlier 12" x %").

cboratory Techniques. After sproying, the strips were cut into
short pieces and placed in test tubes or

smell conical flasks, depending on the volume of acid used. The
strips hed been ruled into 12, 5 or 5 in. lengths before spraying.
The container was given the strip number and sequence (i.e. "a",

"b" or "e"). The ncid used to elute the salt from the paper wa
2N nitric for the eodium and 2N hydrochbric for the copper. Volumes
of acid used varied, depending on the position of the strip in the
spray swath. Fifty, forty, twenty-five, twenty, ten, five and two
ml, were used in different trials at different tines. (Sce Table
XXIX) Two ml. was about the lowest volume that could be evalucted.
The measurement was taken by sucking the solution through a2 fine

tube into the flame. The rate of flow was about 1 ml. every

7-10 sec. Needle stabilisation time with 2 ml. was limited but
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found to be sufficient after praetice. In between reading each test
tube, ceid wos sucked through, te both clean the apparatus oné prevent

any "memory" effect, ond to check that thers hed been no "drift".

Standard solutions were made up by weighing out the eorrect
amount of' salt for the strongest stondiwrd and éiluting with the right
gquantity of water, and {ro. this diluting for the other standerds.

IT. Thc leasurement of Spray Deposition on Pasturc,

A ai s a A s wa

(1)  Visuel or  Quelitstive Jiethods tricd Unsucecssfully.
A, Flucrcscent Trocers. It was hoped initially, that by sproying
: nusture with o suitable dye, the sproy
distribution pattern might be visible under U,V. light ond therefore
possible to record photogeraphicolly. Twe dyes, Fluoreseein nnd
Rhodamine BN 450 were chosen for trials becouse of their availnbility.
Very clecxr patterns were produced on blotting paper, but on pasture,
the pattern was only visible when the sproy was present os droplets.,
On drying there wns no fluorescence on either soil or pasturc.
Spectrophotenetric methods cppeared more prouising ot this steopge so
further trisls with other scluble dyes or dyes in suspension (such as
Saturn Yellow, uscd successfully on folinge Ly Stanilsnd (1959 ~nd
1960)) werc disonrded.

B. Paint Pignents nnd other "Visuol" Techniques. With the initial

Toilure of
fluorescent dyes in spray distribution investigetion, other substnnces
were investignted. Water plus the pigment of an orange ccrylic point
werc mixed to form & suspension and sprayed on o pasture, Oronge
wos chosen as the greastest coloux controst to green. When photegroph-
ed, the condrast possible would be heightened by the use of an orange
filter on the camera. However, the materizl did not shou up under
concentrntions of about 1:20 ond it was felt that the operating
chgrocteristies of the nozzle might change if either o gre~ter con=-
centrntion of pigment, or paint itself, werc used,

The above methods were discorded becouse of initinl foilure
and the promising ecxly results from the use of = metnl ion troacer
with quantitative evoluation by the flame photometer.

The use of the visual trocer substonces presented the
question of o true photogrephic indiecation of the sproy distribution;
the problem being that o portion of sproy wos deposited under the
leaves ond was therefore not visible from the camera situcted cbove.

(11) Quantitative Techniques.

A. Mecsurement Directly on to Pasture. Application of quantitative

methods directly to pasture
would have been diff'icult.s Sampling aress would have to be small to
encble a meaningful evaluation of the spray band, yet, with 2 spraying
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surfroe like pasture it would be extremely Aiff'icult to acccurctely
divide the sample up into these asrens. Perhops if' one sproyed o
substonce which was unknoun in the soil =nd ~ "gid core samplex"
constructed, this might be possible. The tera "grid core scmplex®
refers to - hypothetienl deviec designed to cut the posture ond soll
below into the required creas. Careful removel and elution for o
period of time with aon ~eid to renove tho trowecer might encble pre-
cise measurenents to be nnde, This ides wus not followed Up.
B. The Indirect llethod Adopted. Initial trdiols with spectro-
scopic work on blotter were so
proulsing th~t the oppliec~tien of this technicue to the collcetion of
sproy on pasture wns conjectured, Pasturc nnd blotting poper are
twre entirely differcnt surfrces. Posture is multiploned, with the
planes at 21l sngles ~nd o hoxd shiny surfree. The latter phenomenz
tends teo couse droplet bounce srhilst the angulordity of the plones has
the opposite effect of ~bsorbing bouncc. The blotting paper ecollec-
tors, on the other hond, have a horizontal plonc surfoece thot is
nbsorbnnt.

HMuch thought woas given to the ways in which the blotting

poper strips ocould be placed in the pasure. Al were complicoted
and of questionnble validity. —The simplest nethed wos thot event-
ually used. This experiment was confined to the use of the conejet
nozzle of the 37 in. bend (i.e¢. "Honoreh 6.4 HC"). A posture strip
of this width wos out ond placed ns necurctely ns possible, at the
corrcet dist nee bela: the nozzle (the neozzle centred to the strip
and its prth porcllel with the strip). Strips of blotter were
taped tec sheet gliss ns before, to cover Lz in. eithexr side of the
band nt the level of the so0il. This teook neo account of secondoxry
bounce i.c. drops which would bounce agnin in the pnsture.
The strips did however, collezct all sproy exccpt the cmount thot
might bounce beyend L in, from the bend edpe, thus answering the
question of the ameount o sproy thot bounced outside the band and
providing on estinntion of where it wos distributed.
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Procedure novy foirly foamilicre,
ridth = neot for splash.

Both sets of results lost due te unfmilicrity with

Dilutions found to be excessive, wasting of acid,

Technique suitable
Didn't plet stondords.

Plotted stondeords but couldn't obtoin linenr grophs so

diserrded results,

Trinl D:

Didn't plot standeoxrds but steadiness of dianl needle

enabled direct compnarison of results,

Toble XXIX.

Sumnary of Quantitotive Analysis Trials

Showing Development of Technique.
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3e3¢3. PHOIOGRAPHIC TECHNIQUES.

Requircments considered importont for o photegrophic
technique were:

(1) A fast shutter specd to "freeze" the sproy o8 much as
pessible, This weuld tend to elewify the spray ond
ollow drop size couparison within the sproy and te meke the sproy
nore distinet frou cny bnekground.
(ii) TIllumination of the sprry to moke it oppe~xr distinet

=

fron the hackground.

(iii) As small o ficld of view ns possible to ocllow the moximun
enlorgement.

These reouirencnts were met in the following woys:

(i) A brief survey of readily nvailshle photogrophic
equiprient leod to the use of o 1/900th sec. cxposure.
This wns achieved with 2 profcssional elecetronic flash unit set
on half pover, The shutter speed on the comers wins about 1/50th
of 2 secon? necessitoting the toldng of the vhotogrophs in the dork
so that expesure of the film teook place enly after the flash duration.

(ii) I1luminction of the sprey was diffiecult. Seversl uasuccecss—
ful attemots were cxperienced with the flosh unit set up on
the same side of the sproy os the comers, The optimal setting was
Tfound to be with twe flosh hecds set LS degrecs te the cxis of the
comera, 3 ft. from the spray and cn the oppesite side of the spray
te the eomera, (Fig. 11 (a).

i ¢-— flash lights—y
%)
. /
A
4§ ) a
P | 1 0_{'
/1"/50 flash 3T 1___1‘;?/’
I T L . . S L2~ |
. poth of nozzle # path of nezzle
3* & é '
Voo
o
‘ ") camera

Fige 11 (2). Diagrem of Flashlight and Camera Positions
related to the Photographing of the Moving
Nozzle,
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(iii) The ccmora used was on Asahi Pentox S1t with bellows ond
100 mz. lens. This resulted in o naxrco: angle lens, which
encbled the ommera tc be mounted o safe distance from the sprayer and
yet have o smell ficld.

In the procedure eventunlly used, the comern was mounted at
the same level os the sproyed surfoce and with o herizontal axis.
When the sprayer wos photogrophed with the teocol enrrier noving towards
the camern, the latter wos mounted on n triped just beyond the end of
the track on which the tecl corrier trovelled. The flash heods were
ploced either side of the track and both thoy and the camers pointed
at, =znd focuscd on the nozzle a~nd sproyed surfree when the tocl
corricr was stationary. 4 chalk merk on the roil at the peosition
of the leading tocl carricr whecl ennbled the firing of the ermero
and flosh units by coble ot the right moment.

When toking the photegrephs side en to the direetion of
travel, the comera was positioned on one side of the tool carrier
roils., Agoin, o chalk mark was used as 2 "firing peint". When
taking o photogroph the focussing and setting up was crrried out
with the toeol cnrricr and sproy ncozzle positioned carectly.  Then
the teol earrier was bocked down the treel, sproyer turned on, ~nd
the tool crrricr set in motion ot the corrcot speed. The vhite cholk
narl: could be only voguely seen in the gloom ond seo o toreh was set te
shine en it, yet not interfere with the photographic results. 4s the
leading wheel of the teol ecorrier crossed the chelk moxrk on the reil
the orble releaxe wes triggered nnd the hand- apercted clutch of the
tocl eorrier drive disengoged. Below (Table XXX) is 2 precis of
the trinls cairied out, and illustrates the gradutl development
of the technique,
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Compents on Results

Trinl Neg 12 Conern toc & an cngle te horizontal Splnsh
seen indisti: wctlv, on gl 185 but net on p: sture.

Trial No, 2: Background visible eoven when bloek ercpe poper
used as background., Splash visible in side on
shots, but indistinct.

Trial Hc. 3: CaC0O, powder in spray, but splash still not very
nillst%nct.

Triol No, L: Spray shoved up well, Stotionary shets indiented
that two flash hends could balance the illuminaticon.

Trisal Nc, B Better positioning of flash heads required for egusl
illumination on right and left sides of the spray.

Tricl No. 6: Results satisfactory.
Film Speed ASA 32 (trinl 1, 2 and 3) or 50 (trisl 4, 5 mnd 6).

omera - Asahi Pentex S14A, Flash units 3 fi. from subject,
1/900 sec. flash.

Table XXX. Summory of Detoils of Photographic Technique
Developnent.
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3e¢lte  RESULTS AiiD DISCUSSICN,

3eltets  SPECTROPHOTOMETRIC ANALYSIS.

I. Irial Results.

Results of Trinls & nd B were recsoncbly valid for the
"within bend" or "peck" areas of sproy distributicen, Deposit
outside the Luand limits wns much lower thon within band levels and
os the fleme photometer exhibited o tendency t¢ be unsteady ond
"apift", little reliance wos placed on the securncy of these figures
(Figse 12-20 ~nd Appendix IX).

In trinl D, the spectrophotometer wns much stendier, and
it wos thought thnt the use of stondords could be oveided, However,
it was impossible to plot 2ll volues on the one setting of the flome
slit as centre volues were off the dicl sonle, Overl-pping readings
of samplcs in the commeon area were recorded to encble the plotting
of correlotion ccefficients, These, hawever, varied so mueh (al-
though grophing showed the shopes of the curves to besimilar) that
there was no conversien of results from ome "scole" to the other.
Statistical annlysis woam concentrated on the runs thot recorded the
splash from pasture on to blotting prper, viz. runs 4, 5 and 6,

The stonder” cuxves pletted freox trisl C dotc were not
Iinenr due to cither on error in thoe noking uwp of stondards e te o
curvilincer relotienship betwecn the phetoaeter re-ding nnd the
elenent concontration, The e~use of thiz trouble wos net inves-
tignted. Buggested improvenents to the nnlysis technigue ineluded

(i) The use of copper SpPrays.
(ii) Anclysis with an otomic sbsorpticn spectrophotoneter,
(iii) The plotting of stondords anticipated,

(iv) Extre dilution of the higher velue somwles te enthle
them all tc be evaluated nt the mest sensitive (i.e.
pn.rzﬂlel) slit edge setting.

(v) Conversicn of all results to p.peie of conper to enchle
direct comporiscns te be made,

IT. Discussion.

(i) Distribution Within the Bond.

The grophs constructed from trials A, T =~nd D reveal
several important features (Figs. 12-21).

A, Distribution Graph Shopes. The distribution groph shapes
tended to correspond to thoese

obtrined by other workers, The hollow cone nezzles (with the

possible exception of the 1 in. band nczzle which had a single



spike shaped distribution (Figs. 12 ond 14)) hove o double pecked
distribution. These results correspond tc these of Crosbie (1952)
ond Anon. (1958) whilst Koshayop end Pandyo (1965) illustroted
similer grophs dxown froim hellow ccne nczzles, The fon nozzle used
7os of' the eliptical orifice type, deserived by Dobrowaki ond Froscr
(1954) ns "type D" with o single pesk. Graphs from the Deleven FS
2,5 nozzle tended to hove soveral peaks (usually 3 or 4) over o wide
ploteau falling shorply oway at the edges (FPigs. 19 and 20),

B, Bond Definiticn,. Distributicn wns diffioult te define, as

the boundary betweoen "high intensity" nnd
"low intensity" srens wos indistinet nnd covered several % in. strip
widths. The 3% in. banl, sproyed with o cone Jet nozzle (Figs. 17,
18 ond 21) moy be considered 2=k in, in width depending on the level
of sproy ccnsidered lethal, The 2 in. bonds (Figs. 13, 15 ond 16)
had edges vwiith & boundory over 2=-3 strips ench side and se varied
fron 15-2% in, in width. The 1 in. bands (Figs 12 ond 14) voried
in shipe cocerding to the trinle In tricl A (Fig. 12) there wos o
centre "spike'" with two smell spikes ot the edges, bonds varving in
width fron 12=-2% in,. In trial B (Fig. 14) there wos o centre
spike ond width veried from 1-1% in. depending ngoin on the point
token as the "edge".

Fon nozzle widths (Figs. 19 cnd 20) were slightly grecter
in these trisls thon initiclly calculcted, being run at 20 instend of
15 DPuasel Theoretical width from the colibration groph was there-
fore nenrer 4 in. ond it was this width vhich was token Lor later
ecloulntions. The ronge was 3~5% in.. 4 "boundaoxy" effeet was
cbserved in the initial work connected with finding the corrceet
nozzle heights. This wos o mixturce of dyed and blwnk poteches which
veried in ratie and colour intensity. The latter effect wias less
norked thon the former, Band width mengsurements were token to the
middle of the strip.

C. Between ond Within Run Differences, Differences were noticed
betreen und within runs
of the some nozzle pressure and height. These may be either real
or apparent. An apparent difference could result from unstendi-
ness in the galvanometer reading of the flame photometer whilst o
real difference might orise fron ¢ change in the actunl sproy
distribution over time., As standerds were nct satisfactorily
token at any stoge, runs evaluated at different times were not
strictly compareble, Often, 2 or 3 "sequences" of the same run
appecred coamparcble (Figs. 15 and 16). The differences between
sequences were mere likely to be dus to renl differences in the
spray than were differences between runs., TWhen the tool carrier
was moving at 2.0 n.p.n, and the distonce between centres of
sequences 6 in, the tine lopse wos approximately 1/6 sea.:
There appears to have been nc work done with patternators with short
sproy oollection tines, With some exceptions (e.g. Figs. 17 and 21)
the general shapes of sequences within runs were similar, In this
instance the exceptions moy have been due to o partinl nozzle blockage.
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A further difference explicaoble only by 2 perticl nozzle blockage

is that between run 1 ond 2 of trial B with the 1 in, bond (Fig. 14).
The standards token at the time would indieate thot run"d' peaked ot
nore than twice the value of run "b",

(i1) AQuantificoticn of. Differences.

The questicn of how best to express these differences
yithin bands involved seversl possible solutions. Helly (1956)
used a occefficicnt of variation calculaticn toking the middle 11 in.
of the nozzle swath, This figure, hc exploined wos not stnfistic-
olly correct but gove sone iden of the varichbility. Gobriilides
(1964) used the coeffieiont of vorintion over - boou sproyer pattern,
thus eliminating the deeision conecerning bond width., However, the
choice of bond width is likely te grectly alter the zesult ond
therefore o coefficient of vorintion hos little resl necning in this
bant spraying situation.

L simpler calculation expresses the ronge as o percentage
of the nenn, but cg this of'fered no suiteble clternative in the

(111) Distribution Outsile ths Bond.
Lo Bproy Divected Towsrds o Blotting Proer Surfnec.  The unstesdi-
ness exhibi-
ted by the photeneter's pgalvanoneter nade the relinbility of "outside
bond" deposits from trisl & =nd B less than desirrble. However, the
date nveilcoble clloved estinctes of the cnount of Aepesit fallen
cutside the bands to be nnde. The percentege of sproy folling
outside thz bands weos cbbained by toking o "blenk poper" rending
for the sane ayrec froa oll somples. The "blonk" rending was not
olways aveilable, but en the basis of loter results which indieated
thrt mest of the deposit wis cdbout 1 in. either side of the brnd, the
use of on estincte slightly lower thon the lover fipgure obtoined was
considerced sufficient fer the preeisicn of the methoed,

Rl M A, B A A & A P A AS S AR W E.a A .A ks LB &N &3 S A E.A s .
1
Band

1 i nad - - >
Width Tr:l.o.l (Series), Run .r::c Sequencc

PO O T D
:r 1 4b 22 2b |92 1b 1e 20 2b 2¢ 3z b Fo

o | 6. | 2.8 2,0 2.9 3.2
34m 849 343 5. 5.3'2.1 2.0 2.k 244 2.7 26l 58 438 L2
li'" 6.3 868 6'? 1.1 503?

e R = " Wi

1" PBle7 | 746 447 640 12.0l

Table XXXI., Percentoge of Spray Landing Outside the Band.
(Sproying on Blotting Poper).
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A11 percentmges of sproay outside the bonds are below 406
with the exception of the 1 in, 4 serdies which is necrer 3% ~nd has
o brond width of 2lmeost 2 in. This nezzle was troublesome and did
nct cpernte well ot 20 pe.s.i. with the conieal sheet of'ten being
drawn in rother than opening to its fullest extent (Plate 25).
Presumcbly the wider the swath neasurcd, the greater the spray coteh.
The results generally corrcberate this. The majority of spray out-
side the bund wes in the fivst quorter te helf in., either side of
the band,

De. Spruy Specifically Directel on tec Pasture., In trials C and D
posture strips
were used os deseribed nbove (Scetion 3.3.2.II.B). Tricl C results
were discorded bedause of the curvilinear strondords curves resulting.
Trial D compored bounce on both posture and bletting poper.  The
measurcenents cutside the "beond width" for runs 1, 2 tnd 3 of trial D
were coondonct because of the lack of confiidence that could be placed
cen date converted frow thot chtained from eone slit setting teo that of
the other. The results of runs L, 5 and 6 were mere useful os they
were nll ve~d with the slit in the swae position. (bservotions were
a5 follow:

() Aligment of the Nezale with the Strip. & consistent olign-
LEnt errer wos

evident. The strips on the left hond side of the ginss strip vere
consistently higher thmn theose on the right, 2nd shoaved in on anoe-
lysis of verionce tec be highly significant. Whether this wis due
te the nezzle not being "nemmal" te the strip, or the sproy angle
of the nczzle being greoter one side of the centre thon the cother,
is not knowm.

The questicon crose ns teo whether the right hend side
collected sprny bouncc from the edge of the posture strip and the
left hond sicde ecllected some sproy dircetly fron the nczzle and
thereforc nlsce spray bounce frona the blotting poper. Alternotively,
did the left hand side colleet bounce fron posture only and the
right hand side collect less thon all the bounce ? Further inves-—
tigation by photogrephy would be needed to adequately onswer this
guestion.

(») Shape of thc Groph. Initially, the curve running awoy fron
the bond edge fell ropidly but later

beecane much nere gradual, This would indiccote that the majority of
bounce wos in the first 1 in. from the boand =nd if both sides are
considered, within o totsl band width of 6 in. - an overage of 1% in.
either side of the bond (band width 3% in.). Comparison of
similar points ond vnlues for the grophed results taken at the
different slit positions showed the high valucs to be of little
significonce compared with the total curve, For exomple, strip 14
of run 1, sequence "b", hnd ¢ similar value to that of run 5, left
side, sequence "a", which was about 12-14% of the peak value of
run 1, sequence "b", and sbout 20% of the mean vnlue of the band
itself (Appendix X).
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(e) Stotisticel Evoluation of Results.

(1) Analysis of Voriance. 4 loge. tronsformation wos earried
out on the datn from runs =6 of
trial D becouse of the ronge in volues. Thesce voried both from the
closest to Turthest strip from the band elge ond from similor strip
positiens on the right and left sides. Thc. resulting groph is
illustr.ted by Fig. 22. The annlysis used was o 3 x 2 x 1€ x 3
factericl, the faectors being blocks, SLL, lateral nosition (i.c.
strip number), @nd seouence. Blocks, side ~nd loteral position
menn squ‘r.rx.., were tested cgninst side ond laternl insernctions,
Sequence aond segquence internticns with side nnd laternl position
were tested ngainst ervor (residusl). Sides nd loteral positien
werc found to be highly sigmificont rnd blocks cnd sequence very sig-
nificant =t the 1% prcbrbility level (Appcm'l.‘i_x XI forr log. trans—-
formed figurcs

The use of differunt terus for deriving the F ratic cnpen

te have an effect cn the resultaont rotin, but in this cose the side
lotersl pesitieon interaction ic larger thon ony of the cther possible
erver terns even though the resulting z "tig. rre rrther high. The
difforences hetween the verdcus sides and loternl pesitions cre

N ,;“1.110:.-.u stotisvienlly.
The differcneces betiicen the neones of hlcchs ené seguences were not
high but the small erver tern has wnde the differcnces significont.

I’.’l

(i1) Confidence Levels. Confidence levels fog b-‘th 9% and
9% levels were pletted for both
tronsformed ond untransformed meon date (Fig. 22). Thh volue feor
bl-c.nk paper was assunicd te have ne varisncc, Whorens with the log.
tronsfomicé dotn, eenfidence cculd be placed at the 9% level ocut to
the 44th strip from the bond edge (i.ce 3% in. out ui“.:hf:;r side),
confidence eculd not be placed in the untronsfamed dzto ofter the
third strip.
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SERIES A: 2 INCH BAND
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SERIES B: HOLLOW CONE NOZZLE. 2 INCH BAND.
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Relative sodium level
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SERIES D: 35 INCH BAND
HOLLOW CONE NOZZLE
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3ekte2. PHOTOGRAPHIC RESULTS.
I, Effect of Recording Technigue,
Before droawing conclusicns from the photegraphic materisl it

is first necessary to understond the effect that vardiables of the
technique hove on the 1‘---r;ﬁ.':_"|_ti::g, photograph.

n of ~ feocussed beam and an cbjeet
3 ft./sec. allowed 1little roon for

I 5 @y

(i) Lighting: The conl ti
travelling t

error, Thi aent problen would account for some of the
diff'erences the left ~nd right hond side the phetogroph
(Plate

Plate 15. Delu.r ;:;_FS BeP Fonjet, 3 : Height, Bproying

» Felt Surfoce ﬁ@sﬂ-\,_r-_;., y_:ﬂj.

(i1) Droplet Size: Droplets whigh were cutside the ficld of

focus appeay fuzzy or sbnomolly large,
depending on the pesition of the c".i‘-u._'-plut in relation to the
foeol point,.

(1ii) Dark Room Techniques Negative films were developed in a

standord developezr, However,
different enlargement size of the prints and exposures produced
vorioble results which could lead to error in interpretation.
(Plates 16 ond “i?). Plote 16 is enlarged to o slightly greater
extent and is less exposed thon Plate 17, The spray appears to
bounce to a greater height in 16, but mony of the droplets nre
out of feccus coming toward the camera ond thus appear higher
because of o "parallex" effecet.




Plate 17. Delevon FS Faonjet in. height, Spraying on
tc Glass Surfoce (side on viu'-,'aj

T N el Bl el

II. Sproy Bounch Results.

Sproy bounce varied according to the sproyed surfoce,
nozzle type, and nczzle height.

L)

0
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(1) Sprayed surface. The different suxfaces ooulﬂ be broodly
grouped intc flat surflaces and pasture.
Pasture tended ©teo absorb the bounce. With the 1 in. ban(;., ~nd
spraying on to a herizontel glass surface ( late ‘b) splash was
chserved o o total width of ot lc;bm 6 in, (i.e. 2% in. either side
the band). ‘:Jh(;rz posture was oprayed (Plate 19), the totol width

of splash wos ncarer 3 in.. With the nozzle, the total
width of band '1110 splash observed on o : ce (Plate 20) was
cbout 12 in., or more than 1 band width either side of the sprayed

bond,

P]

laotc 48 %3“4" ng Systems ZY 1.5 Bcnejet, 1-7/16 in.
heig ht! S‘pr* ying on to Glass DLuf’ ce (head

on view).

On pasture the width was difficult to cstinat g
strip sprayed was 33 in, wide Spray did bounece cut of Ur st
however, Ploate 21 (apart il‘“‘: spray colleoting devices) illus
this situation during trial of the quantitative work. Plate 16
illustrates the fan nozzle set 3 in, high and spraying o 4 in. wide
band on felt, with bounce and drift at least this width either side
of the band ecdge. On pasture (Plate 22), splash is less cbvious
with very little beyond one band width from the edge of the band.
The plate also shows the left hond side of the nozzle to be working
incorrectly.




110

Plate 19. Spraying Syst
e ol 7 g S
height, Spraying

3 “|

(head on view).

Plate 20. Monarch 6.k HC Conejot, 1% in. height,

:Sér:"ﬁii}?ﬁﬁiﬂ o Blotting Paper Surfoce
2 :

ead on view).

Plate 25 shows the fan nozzle spraying on pasture from the side,
In this instonce droplets oppear to hove bounced to ot least the
height of the nczzle, i.c. 3 in.



i o

Flote 24 .

s L. JH_

I HC_Conejet, 1g in. height, Sproying
sure Surfnce (head iew

V-

Plate 22. Delevan FS 2.5 Fanjet, 3 in. height, Spraying
on to Pasture Surface (het ..ﬁi.'l..:{i.ﬂ?;ii-




Other observaticons.

ing nozzle,
bouncec

irregul

112




Plate 25,

Sproying Systems ZY 1.5 Conejet, 1-7/16 in.
height, Spraying on to Glass Surfrace
A\side on view).

-—

LY
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Sehe CCNCLUSIONS,
3.5+ 2 SUITABILITY " TECHNIOUES USED,
I. Spectrophctemetric.

Improveaent of the qualitative method (Scetion 3.4.1.1)
would have led to more meaningful results, althcugh the methed
used did cnswer the question criginally esked = "how much spray
bounces or splashes outside the bond 2"  Therc were vrcblems in
in determining the edge of the band and therefore which part of
the sproy te eveluatec in treil D, but these werc inherent beeruse
of the characterdstics of the spray nczzles used,

A better comparison of the splash from the odges of the
sproyed strip on posture ané bletting poper may hove given scme
iden of the differences betviecn the surfrees eond their propensity
to cocuse or te sbscrb splash. In gencral the technigue wes suitrble
and with further refineisent cculd hove a wider application and help
onswer some of the ducsticons that arcse in this sectien of the work.

II. Phctogrophic,

The lighting technique is not siniler te any reported in the
literature but mppenrs te be adeouate with enreful aldgnnent,
Exposurc tinces of 1/900th sec. were not bricf encugh tc "freeze"
gneh droplet but to decreasc exposure tines still further weould h-ve
necessitated grenter exposure intensity., The droplet notion shared
up well encugh for estinating the distonee vhich the splash travelled.

3e5.2, EXISTENCE AND EXTENT OF SPLASH WHEN SPRAYING
A PLSTURE SURFACE .

The photograople showed splash te exist for some distance

fren the band edge compared with the band width, Also, splash on
pasturce appeored less than that on plione surfoees. The guantitative
data revealed that this amcunt was low in conpariscon to the total
sproy and wos usually less than 10% depending on the width of the
band tcken. This suggests that nczzles with o sharp "fnll of " at
their edges might be useful, oncd as such nozzles prc availoble, tests
with these would be o legical step in improving band definitiocn,

Logorithmio transformation enabled analysis of rather voricble
data to be undertcken and permitted the plotiing of confidence limits
thot mode the dsta at o 9% confidence level of positive valuc out to
the 14th strip (iee0 3';_7 in. either side of the h:md). Use of mnore
closely related data may make it possible tec have confidence in
results even further out frcm the band edge. This assumes thot
pasture and blotting paper will allow splash to travel with equnl
faecility, which according to the photographic indication, is likely
to be incorrect. The development of an anclysis method using spray
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of f' pasture would help towards finding more opplicable results
relating to the distance the splash travels. Sproying of a metal
ion rorely found in the soil or pasture and the use of a sanplex
that would slice the pasture inte strips af'ter spraying would be
one cppreach to this prchlem.  Splash may net be sc importent with
the sproying of paraquat but with systenctic sprays the 10
recerded noy be of considercble impertance,
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APPENDIX I.

SAND SPRAYER NOZZLE CALIDRATION DATA
for Figs. 1, 2 & 3)

(1) Rate (gol/hr) versus Pressure (p.s.i.)
Nozzle A = Spraying Systens %Y 1.5
Nozzle P = lienarech 4.6 HC

Nozzle C = lionarch 6.4 HC
|  Pressurc 4 7% 10 15 20 25
*.‘4.- B e T e B N A Y S e S R S T T P S - -
[ ‘- 11 :20% 9:30 8:00 8:00 |
. Nozzie & 9130 8130 8:00 |

% 8:50

T T o T T T I

e T

Gel/hr. 0.66

L I —rur R

0077 0087 0.90

. T U P

6345 5:L8 4255 4128 3:50 |
Nozzle B 6:50 5:48 5:05 L35 4205
6:48 6:07 5105 4:20 1100

| o

e e S N RO

Gal/hr. 1.125 1.25 1,50 1 .68 1.9 |

= - = IS |

| 4227 4205 3220 2102 2140 |
Nozzle C 428 L:00 oz 2:58 2:40

L:27 3:58 3120 2:55 2:40 |
i e =
2,52 2.8, |

Gal/hr, 14 1.875 2.25

* tine for 1 pint, in minutes and scconds.
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LPPENDIX I (Cont'd.)

(ii) Bond Width (in.) versus Nozzle height (in.) and
Pressurc (pe.s.i.)

s i T - ot : :
Pressure 1= 10 15 i 20 !

(pesais) o | N

r--v P P P I ISP PR IR P AR SR |

 heramGmy |t 2 3|1 2 3]1 2 514 2 5 ]
- o ] o o B e e | o =
Nozzle 4 0.6%0.9 2.8{0.7 1.k 2.8[1.0 1.9 3.3[141 2.k 3ub |
0eb 161 240]0e7 1.5 245|049 148 3:2{1.0 2,0 3Lt
s . B A R i R A R A B e -_-lr.._-_n. s e i-- el - - 1
Meon 0.6 140 2.410.7 1ob 2.611.2 1.8 3,214 2.2 3.4 |
b amig e moa m s ma wm E.4 AW i Em 8 s A R Sa -_.1.-_. L s A A mlw s s s = A 2 mle sm v L‘_-‘u‘_‘l

1&6 302 14—.54107 302 ll—-5 )
Nozzle B 1-5 3-0 1’-:01 105 302 j—{-o}

8 ' :

1e7 363 5.8 1.8 3-3 55 9 ?20 8 545 I
B TP R T S R S SRS S R S - =t -.1'
lenn 1-6 3.2 ll—-5 1.? 3.2 }+06 1.8 5. )ao:“ -9 306 500 f
A . - ks 5 i % b " i -
. : 1
2.2 ‘,-I-lo 14-.8 2-3 L}-.O 515 2.3 ‘j-l-b1 50812.5 l{“l} 5.? |

Nozzle C 2ul 4e0 5.5{203 £40 5.0{24k he2 '5:81243 ko3 5a7
242 1eO 545[263 440 5:5[2e3 463 5481242 440 5.7 |
N e e e T v I M ST S| e Sy | [ e .4.,...‘..._._1'
Yenn 2.3 40 531243 4.0 5.3|2.5 k.2 5.8 2.3 12 BT |
g o SN S oy i A A Sl sl Al i A S o S e = i o i gl

* Band width, in, Ecch nensurement for o diffcerent nozzle,

(111) Rate (gol/acre) versus Pressure (pes.i.) at(2.6 m.p.h.)

R e T T e e T T R e R

| = o o A e
! Pressure 1= U D 0 )

.‘.ASRLS.L:'-;')- r e e ) i
¥ 2544 29.6 3342 3L.6

Nozzle Li:2 12,7 14,8 1647 TS
R 2 I . 9.9 105 _ 11.6

1 43..7 48,0 57.7 6L.5 73.2
Nozzlc B:2 21.8 24,0 28.9 32.3 36.7
ALS5 46,0 19.2 21 .6 21,

PRI e . e SN Gz X PSS |

1 5543 72.2 86 .1k 96 .8 109.2
Nozzle C:2 277 36,2 43,3 L8.5 5.6
3 18. 5 24 .1 28.9 32.3 ik
* Band width (1n )
+ Gal/acre (i.c. sprayed arca)

l‘mm-u;t.-éw.-_‘. e a

Calculated using equotions: acres/hr, = in, width x v.p.h.
gol/hr. ¢ acres/hr.

gal/aore
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APPENDIX TI,

DET.ILS OF PILOT TRIALS.

(i) 1st Trial, Janucry 19-20, 1968.

Conditions:
Weather

19th, Dull, rain during the day but not at the tine of
sproying (4430 = 5.4 pems). There had heen rein during

the several doys previously.

20th., Windy, cocl, fair to fine. Sproying 4.30 = 5.30 p.n.
Temperctures 1would be in the 50's or 60's,

Five snmples werce tak:n on 208h, vhen scil mcisturc wos
found to be 20,7%.
Pasture Length

Pasturc length ws short, about one inch te three inches
in places, with ryegeoss stolks of grestoer length. Hod
been pgrazed a weck previously.

Rates
Paraquat - 2 pts. (or 8 oz, .':.i.) per sproyed nere
(12,5 f1, o0z. in 10 gal,)

Water - 32 gnl,./sproyed nere (from groph using
Deleven FS 2.5 nozzle).

Seed - Tame ryegross, 10 1b,/ncre.

As the centedl sced had scme weight, it had te be put on
ot 27 1b./acre to give 10 1b. seed per cere.
Ryecorn - 134 1b./acre (200 1b, coated sced/sore).

Other Details

Pressurc 15 p.s.i.
Nozzle height 3 in.
Theoretical band width 33 in. (from groph).
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Results not included in text:

Bentonite Cooting of Seed.

Ground conditions at sowing were dry and hord and as o
result, drill penctrotion and seed ecoverage was poor., Irrigetion
was enrried out until goed rain (1.76 in.) on Fetruory 1 and 3.
Little ryecorn was rbserved, but thce strike of ryegrnss was con-
sidercd good enough for seedling counts to be mnde.

Five 20 in. lengths of row were counted on February 8
(19 days after sowing), therc being two rows coeh of conted ond un-
cooted seed., The number of seedlings in each of the 20 in. wos
recordeG, te compore with periocdieity figures from the drill at o
later date.

Thesc results viere os follow:

i i sk ; SR, -
{ Coated : Uncoated i
_ v e e i LB

Coulter Nc. j o | p 10
| S, P P ...;.r..._...u... PR N A S e :
Tetal number A 1 L 1| 6 12#—‘!
of scedlings '.'
per 20 in, 8 S @ 9 |
C 6 22 14 8 |
i D | 5 6 16 2 |
i |
E 9 1 10 29 |
:. R T T ...-m-_...-ﬂ
Tctal for 100 in. I 29 L2 70 60 [

i

Total for 200 in. ’ ™ '. 130 :
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(i1) 2nd trinl, February L, 1968.

Cenditicns:
Weother
2nd. Windy, some roin.
3rd, Windy -nd wot.
Lth. Windy, fine, ccol.
Scil Moisture
Soil nmedsturc wos not oxpected to be lar. Five samples
were teken on ench 5th and 8th with the resulting soil
neisture figures of 28.2 and 30.2% rospectively.
Pasture Length

Shert, cbout one to twe inches.

Poraguat - 1 pt. (or 4 oz. 2.i.) per sproyed cere
Woter - 30 gnl./sproyed ncre (fron grophs)
Sced - Ryecorn, ot 134 1b./nere (200 1b, conted seed)

Other Detodils

Pressure 20 p.S.i.

Nozzle height 1=-3/16 in.

Thearetical bond widths: 4+in,, 2% in., 3 in. froem band
width vs pressure grophs of SSEY 1.5, lienarch 4,6 HC
(Figs. 8, 2 =nd 3) and 6.4 HC nozzles,

Calibrotion
Colibration details as for Pilot Tricl Nee, 1.
Sowing

Coulters Nos. 7 and 8 were used for coated seed
(ndr dried) ond Nos. B and 6 for unco~ted seed.
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APPENDIX III.

Botaniccl compesition of originol pasture (totals for enoh
plot, using = five wire frome ond toking 10 fromes/plot,
with the exception of plet A7, where 9 were token).

e T . PP T PR —— P — T

Class Rye Browm— York- Cocks-= Pon
Plet Clover Grasses  top shire foot SPDe Weeds
No. fog
A7 1 26 L2 27 1 0 2
420 13 38 L3 12 0 0 21
B16 14 55 3 20 0 0 14
B2 13 57 58 Ll 0 0 10
ke b g 62 28 17 3 0 L
CiL 16 49 5 15 2 1 0
DL 20 63 45 1 0 1 6
D21 L7 83 15 0 1 7 3
Total 143 L33 293 96 7 9 60
% 13«7 Bl 28B4 9.2 0.7 0.9 5.8




APPENDIX 1IV.

RAINFALL, 1966.

e B
| (Jene Febe Ilereh Jpril
T A P o ¥
1 i 03 W77
2 i .05 0L .09
5 | .95
L |
5 |
6 Troce Totels for other menths
7 b of trizl perdod:
8 «20 e FsoD e
9 1.05 June 6.46 in.
10 40,08 1.00 duly 2403 Ams
11 .18 Troce bugust 2.69 in.
12 |Trace .08 Septesber Rafd ¥
13
14 35
15 .85
16 | .06 .03
17 «11 «09
18 |1.32
19 | O .08
20
21
22 i .02
23 .58
2L .03
' 25 o2k
| 26 .01
27
i 28 | .51 Troce
29 22 .11 o2 .07
' 30 37
2 _ N
2.31 1.97 1.00 L4,.83 Total for month (in.)
i — e e
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APPENDIX V.

SOIL JOISTURE MEASUREMEIIS.

| Bloock & | Bloek B | Block ¢ | Bloock D
| PLot H.C.*¥|Flot #.C. |Flot H.C. |
(1) 15/3/68.
2 35 7 2k.2] 1 334 1 290
5 34,6 | 10 25.6 L 33.4 T 35.2
i 7 354 | 12 24k 6 23.9 | 12 33,7
9 k5.2 | 13 24.7 | 9 27.2 | 14 36.k
12 3k | 16 33.9 | 11 25.8 16 28,3
16 3.9] 18 38.4 | 1. 33,0 19 32.8
18 340 | 20 27.6 | 16 37., . 20  19.8
20 30,2 { 22 32.2 | 17 29.3| 21 33uh
23 26,3 | 24 19.3 | 20 37.6 | 26 25.0
| 26 26.6 | 27 21.9 | 23 35.7| 28 35.0
DU IV AR M
il-.-Ie-:\.n 33.3 26,9 | 31 .6 , 30.9

(i1) 29/3/68.

He{"—dlf‘..na 12.5, 12.2, 12.5, 11 .2’ 14'9’ nean 12.7

B2z (dry spot) 11.2, B2a (wet spot) 17.4

A5 (three sites) 20.0, 16.2, 23.7

* 1i,C. = iloisture Content % (dry wts bosis),

i Heordlands
Flot HGe TG

|

1

|

L

A |

1.6
18.2
18.4
16.6
1941
18.6
17.5
174
17.5
19.4 |

-

Y77
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SIS .

IPPENDIX V. (Cont'd.)

Blcck B

N

Dlock D

Bleoek 4 Block C
Plot M.C.,* |Plot i.C. {Plot .C, |Plot MN.C. | M.C.
(iii) 5/4/68
1 21.0 6 416.7] 1 17.8 3 21,6 | 1241
3 172 9 235 1 kS T 17.3 | 12.7
5 299 |13 415.5] 1 20.0| 11  11.B | 11.3
7 20.0 |45 43.8| 3 23.8| 15 18.h | 11.5
9 46,7 |18 21.2| 6 15.4 | 17  17.L
11 12.8 200 27,61 9 20,1 | 22 43.9
15 20,3 |22 18.0|11 16.7| 25 2u.6
18 19.2 |26 164|144 184 | 28 21.0
23 16.7 Zr  16.4 |16 24,0
23 46.| 18 18.8
20 20.0 |
| 25 18.9 ; |
| 28 16k | i
. s G < o A b e e ias el
Vows 18.L £0.7] 18.8 : 18.3 | 11.9

Hendlonds

(iv) 9/6/68.
Hendlond 43.9, 49.8, 49.7, 45.8, 51.7, me~n L3,2
Jis 51-.0, B 56.1, C 50-1, D )+9-?, mean 51 af

(v) 7/8/68.

Headlond 51.5, 414 64,7, 45 48.3

* 1i.C. = loisture Content % (dry wt. bosis)

124
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APPENDIX VI.
SEEDLING COUNTS .

(1) "Grrsslonds Temo" Western Wolths Ryegenss.

- T . B -

21,22/3/68 1/L/68 1 21,22/3/68  1/4/68
E* i B W B W E W
Plot l“m 's:'a;fi— ) .s“' Plot B s ::1- n s
e
Ao (7, 0 3, &k 3,31 5, 7 | B 3e Qs ® 1,

0o 0, 0 O t:J
430 128,18 9,2k 17,24 10, 5 | | 6, 9 10, 8 16, 11 5,12
4
1

cd
(o
20

ABa | 3,20 L, 2 6,24 3,11 B T2 : 9,16 10, 9, 29 16, 5

i3a 24,13 24,16 5,20 10,12\ B9 | 3, 6 7,
M5a| 7,14 6, 8 2,23 35,45 B10a | 9,45 3, 4 1, 90 8,11 |

10, 6 17,15 |

| |

M6 5, 321, 5 1,49 22, 8, Bi7a " 4,10 14, & 5, 30 25,16i
| |

| |

| |

A21e 153: 3152k 8,12 Ts 8: 39 145 205 3 By 6 Ly

1;229.;0,18 3,10 0,47 415, 7| P20n | 6,32 6,10 27,44 17y 2
A252 114,35 13, 3 0,14 5, 5 p21n | L,54 22, 7 29,16 7, 3|
[dba g3 B2 &S O v ZEe 08 4,9 BE 83
SRR A RS el oR A o um

€2 |4 O 1, 121, 7 20,25 Db | O, 3 8,46 1, b 10, 7|
C5b | 0, 8 13,1% 16,10 28,45{ D2 |, 0,2 0, O 0,17 0, 2|
CTo | 7,42 19,11 15, 7 4, 4i D5 | 4,42 42,2 8, & L, B
C9b 123,10 6,16 14,27 10, 9 DIOb | 22, 8 13,5 17, 6 3,20 |
C11b 1k, 8 6,17 6,15 9, ?{ Db | 5, & 9,48 &, 5 9, O |
C12b 41,.3 4 b 9,18 9, ai M3 [ 0,0 0,0 0,0 o, k&
C15b 15,12 5,21 15, 8 30, 1! Dkb | 17,15 3,15 6,12 8, 7
C18b 15, 5 1,15 3,13 10, 4; D15 | 12,10 12,17 12,13 14, O
C21b {25,291 24,14 22,13 14,191' DMéb !15, 7 0,97 2, 3 L, 3
C27b 112,11 4,17 9,17 5, 0! D1% 1 2,9 6,8 5,16 1, O

Tota) 216 213 259 228 | 47 AT 135 104

PP SS— T e

* Row orientation: "Erst" or "West"

"side" or "middle" of plot. "Side" wos drying more thon
"middle" at this time.



126

APPENDIX VI. (Cont'd.)
(ii) Rycecorn
| 22/3/68 2 B/L/Bs 22/3/68  2,3/L/68
i E* e +u N W E W E W
| Plot ssm m s | Plot 8 1 1 s

et B 4_-.1.-.1-14—.!4-.4-.!.4—!.‘.\..;\.4.:4 e - " e -

!Azb 146,19 40,23 21,L44 38,22 | BZb 12,12 25,18 12,28 12,19
45 i 6,11 28,23 31,35 31,33 | D5b 13,17 24,25 13,25 23, 8

| 86b 117,31 17,20 18,43 9,32 | BA3b| 6,13 12,12 14,17 2k, 7
iASb 127,32 21,25 35,28 36,47 3 B14b}2?,22 30,32 26,32 50,35 |
| 2400 27,14 48,25 20,38 28,49 | B15b:38, 8 14,10 22,48 18,16
Eﬁﬂﬁb!22 50 Lh,k6 40,38 25,42 318b527,2o 30,29 9,13 34,20
iA12b 17,16 29,19 16,50 38,43 B23b122 19 24,22 39,35 28,3k
| £141]20,20 36,22 2l Lk 20,2 324b|11 2h 18,19 42,19 20,38
s 122,35 3L,3 27,40 27,56 | ne5b‘1f 9 33,21 2L, 7 28,16
I A9 29,31 39 h6 38,27 33,35 BB A, §OD, 3 3,10 12,10

N R T R A e

| Totel 492 619 657 668 | 320 LO8 438 452

fimae - e ASeTe R A AT ML AT E N am A s SR TR ACEURAEA S A A R CATA & A B LA A S e ETEAL e e

| C1a | 3,46 16, 9 4,12 49,19 = DSe {20,417 17,23 0, 2 0, O |
| C30 127,25 28,44 15,26 14,15  D7a 126,42 25,29 9,29 34,35
Cka | 7, 3 7, 310,29 26,45 | DBz |33,19 34,36 23,17 7,2k
 c6a ! 6,10 30,13 16,22 23,2 ' D9~ 23,22 36,42 3k, 34 31,23
82 [12, 919,22 27,21 25,24 « D120|23,11 29,42 22,38 L6,5L
€100 130, 8 19,22 17,25 25,38 : D172(29,10 11, 9 20, 7 23,36 ,
C13al| 8,15 23,22 17,12 34,25 i C182 (22,34 16,11 28,3k 27,29
| G162 (28,11 20,25 20,43 32,23 ; D202 (13,11 25,10 37,22 19,23 |
0192 23,18 42,32 LO,L4k4 55,50 | D222 32,16 22,16 33,35 40,20

€22012,11 26,25 2,27 32,29 ! D233 115,18 20,27 22,37 21,31 .

|Totol 285 W47 451 580 ? 436 480 473 523 |

e

* Row orientotion "Bast" or "West"

¥ nSide" or "middle" of plet.  "Side" wns drying  norc than
"middle" ot this tine.
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APPENDIX VII,

BOL/MNICLL [NALYSES.

(1b, dry notter/aere.)

(‘ - - B N I e Y

! 'i. 1st cut® ! ii. 2nd cut*® Mean as
TE;;:- L 3,6,0 | & B c p |% totel
R R S — SN 5. - S
0oR* i12.5 28,8 | 5.5 4.5 52.8 Ak | 1.9
00T | 0.0 : 9.6 0.0 43,4 2.5 g [
11R ! ok | 12,0 19.2 Ak 12,0 | 1.2
11T E 0.0 0.0 0.0 16.8 03
21R j 6e7 | Ak 28,6 384k 28 | 2
AT 17.3 | 2.0 0,0 12.0 28,8 | 1.5
MR 33.6 | 28.8 9.6 4L AL | 6.0
MT 7.7 | 12,0 0.0 4.8 42,3 | 1.5
12R 9.6 | 28.8 1.5 33.6 24L.0 | 1.8
12r | 1420,0 36,0 kS5 62.5 | 7.2
2R | 16,8 3.2 2k.0 5.5 | 1.8
2217 .« 0.0 ; 19,2 9.6  28.8 24,0 | 1.9
L2R  [19.2 | 240 3.2 19.2  40.8 | 2.9
2T | | 33.6 0.0 86,5  78.0 | k.7
135R | 9.6 | 81.5 48.0 55.2 72 | b2
1380 |11.5 | 0.0 5.8 62.5 26 | 1.9
23R | 9.6 | 53.0 2.0 33.6 67.0 | k.2
2357 9.6 | 9.6 4.5  52.8 55.0 | 3.2
L3R 128.8 57.6 ; 26,9 L45.5 86.5 264 | k.5
L3 | 0.0 274 9.6 3B 62,5 | 3.2
16R 88.8 1163.0 96.0 293.0 202.0 |18&.8
16T | 24,0.,0 28.6 115.0 360.0 '17.0
| 26R | 28,8  19.2 163.0 176.0 |10.6
| 26T | 0.0 | 770 67.2 216.0 360.0 [16.5
4R 178.8 . 96,0 322,2 437.0 505.0 . 33,0
461 92,3 483.0  408.0 L0B.0 437.0 655.0 1.6

B See Trble V, page 30 for code.
* i3t cut, &exril 22,23; 2nd cut, lay 28 = Junc 6.
1 Block
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APPENDIX VII (Cont'd.)

BOTANICAL ANALYSES,
(Ib. dry nmotter/acre).

e ataand ! 2 L 0 C K ii‘sioan a8
i A e A e ], B
B S A L.

: (iii) 3vd cut, * August, 6. 1
{ oot 2ol 0.0 4.8 0,0 | o0
| LT I 5.5 0.0 k3 | 1
§16T 9.8 2.k 143.0 114.,0 | 10
| 26T 640 35.7 7 ok 105.0 = 9

46T 167.0 112,0  216.0  163.0 28
| (iv) 4th out, * Septerboer 16. |

00T ! 0.0 0.0 0.0 0.0 0 |
427 100.0 7.4 ko5 43.0 7 |
L 46T 90.0 0.0 155.0 221..0 18 E
26T - 38.0 172.0 95.0 11 :
LET 190.0 114.0 114..0 193.0 28 !

J!For key to treatments, Toble V, poge 30,



APPENDIX VIII.

DRY_NATTER YIELDS.
(b. ary motter/azere).

129

(1) 1st cut (18/4 - 1/5/68).
Troo.t-! Non nitrogen* Nitrogen | Mean®
bl R W I T N R
000" 1185 1497 733 1360 | 1343 157 916 1930 | 1296
000 4185 1430 1228 997 |1202 1170 4398 4575 | 4273
OOR  113h 1497 857 1433 !1105 1340 920 1373 1207
00T 642 41130 1012 4270 {1052 1043 830 2310 | 1168
MR 885 568 980 1336 |1L75 1270 698 1525 | 1092
44T :7H6 815  6L4 1L50 (1075 875 707 L0 | 965
21R j 920 744 1207 808 |1025  BO6 1152 1290 | 99k
21T 1106 1333 123k 1570 | 930 4285 1060 2335 | 1357
MR AM60 957 1014 4240 [1485 908 825 1143 | 1125
JAT 4196 1247 1052 1620 14077 1305 617 1006 i1126
|12R | 633 862 908 460|122k 1460 685 1505 | 967
(120 4175 1595 4136 4243 | 93h 1497 1007 896 1207
|22R 1265 4185 102h 1210 | 680 1185 102 15L8 1154
| 227 3016 1080 989 1507 i1123 1115 1034 1360 51153
(L2R 1862 1007 990 1308 (1213 1190 1152 1763 1186
| 42T HO67 1115 617 2147 11235 1115 1061 1590 1243
|134R | 815 806 1172 598 14700 806 930 1083 | 1002
13T 1832 838 567 1062 | 739 554 708 4430 | 84
‘23R 796 990 908 4800 S75 998 L2 LSO | 1070
|23%1 762 88k 862 1270 | 985 1297 535 970 | 96
|L35R 975 753 1020 26951 72 797 695 LTS | 1110
(43S 795 765 767 1130 | 662 708 4224 1360 | 926
lusn 617 695 339 547i 386 T8 175 1158 581
(161 (498 99k 209 1L60 | 435 925 B8 700 661,
26R L35 7w 6w0 925 | BO5S 453 1297 836 | 767
| 26T 386 453 66 sao'i L3 367 386 787 196
(LER LWO 358 567 1200 | k9O  BOO 355 338 531
46T 290 508  50h 635 | 226 372 265 M2 | 405

* sub (split) plot treatment.

* meen over subtreatment & blocks
1 for key to treatments, Table V, page 30.



APPENDIX VIII (Cont'c.)
DRY MATTER YIELDS
(b, dry natter/sore).

(ii) 2nd cut (28/5 - 6/6/68).

ment

000*
000
OOR
| 00T
11R
11T
| 21R
247
MR
D% N
12%
12T
22R
227
L2R
yor
t 135R
o
i 234R
2557
L35R
L4551
16R
16T
126R
| 26T
!hén
§h6T

Treats

R e

.
d.

1070
1133
1050
1217
| 975
143
L5
i LB
| 530
. 895
11090
1090
4005
4350
14090
11180
1228
1180
1150
11167
! 815
1060
;1007
{1136
11080
i1186
41000
1074

B .

i

1025
1035

880
1265
1250
1600
1405
1080
1380
1055
1340

898
1075
10C5
1150

200
1140
1335
1240
1050
1320
1150
1220
1095
1000
1005
1060
1110

C

A P A S S

970
1020
1090

990
12156
1365

935
1095

940
1175
1250
1055
41000
1270

855

995
1030
1230

915

900

875
1045

895
1190

735
1095
1115

985

D

1165
885
1425
1200
920
1010
1155
120C
870
1175
1005
11LE
745
895
1040
1130
1290
920
980
1150
1070
895
955
845
1070
9LO
589

|

s | 11zs

|

Hean

1101

976
1M1L9
1160

| 1262
" 1024
' 4070

1113
1006
1244
1012
1056
1093

996
1050
4452
1259
1056

- 1024

1040

1081
100k
109
N5
1089
1029
1039

e

|
|
|
|
|
r

|
|
|
|
i
|
[
|
i
|

¥* for key to treatments, refer to Table 5, page 30.
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JPPENDIX VIII (Contt'a.)

| (iii) 3rd cut (6/8/68).

T;:n;ﬂ" A B c D | e
000" 960 680 49O 420 | 638 |
00T (800 465 BL5 625 | 609 |
12T 475 MO 615 570 ¢ 525

16T 960 450 765 515 673

| 26T 815 510 650 500 619.
| 46T 820 490 830 510 613

Emw e ma b A e e mmia s s sl wa s S,

(iv) 4th cut (16/9/68).

ot~ x =3 c D i |
nent : j
000 270 670 4O 525 |, L76 (
00T | 605 345 708 360 505 |
k2T 570 420 70 560 558
160 330 310 87 790 573
267 {600 585 720 780 ' 674 E
LET 470 340 650 710 1 543 |
1

for key te treatuents, Teble V, page 30.
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LPPENDIX IX.

FRESSURE_VESSEL TESTS.

Times of successive pints from nezzles - 25-26 ».s.i.

(1)

Without plastie bage Honarch 6.4 HC nozzle.

%2:24.6%
2:22 .4 ﬁ liinutes
2521 .9 Seconds
2192,
(1}) q13ﬁ_§bstlc bags. _11_Qﬂzzlg. _
Plnt i Run £ Run B Rua C i Heon i
1 | 2:22.h 2:21.0  2:22,3 | 2:21.9 |
| H |
2 | 2:19.0 2:22,0 2:21.0 | 2:20.7 |
3 | 2:p2,0 2:22,4  2:23.0 | 2:22.5 |
L 2:24.6  2:22. 2:21.4 0 2:21.7 j
5 2:23.0 2:21. 2:25.0 | 2:22.0 |
6 2:22.5  2:23.0 2:22.8 & 2:22.8 |
7 2:20.,0 2:22.6 2:25.0 | 2:24.0 |

L.S.D. of tesn: 5% lovel 0:01.8; 1% lovel 0:02.5

(iii) With plastic bag ~nd Spreying Systens 2Y 1.5 nozzle.

1

~ O W

8: 7.6
8:13.5
8:6.1
8:12.0
8:8.5
8:13.9
8:9.0

132



IPPENDIX X.

(1) Sproying on tc Blotter Surface.

Band Trizl
wicdth

1 in.

2 99y

3% in.

L in,
(Fan
Nozzle)

Laries

A

b

L=

| vs

oW oo b

&

=i =« B = B = — B - B B < S o~ B

.

= o

(or!

kun and
Sequence

1a
1a
1b
2a
2b

3a

1 2 3
29% 28 25
15 16 16
15 14 15
27 23 23
21 19 12
18 1L 13,5
29 28,5 17.5

25.5 15

33

SERAY DISTRIBUTICN ANLLYSIS DAT/.

L 5
25 27
15 145
16,2 16
3L 130
3 420
27 23
20 19,5
18 11
18 16.5
15.5 15

133

6 1
26 2l
1585 18
16.5 19

215 150
217 155
2l 25
17 2l .
15 15.6
14 16 .5
15.5 16
15 15

27
%
37
43
L7

26
13
1
18
1L
20
16

86
66

19
18
16

25
190
142

18

26
16
18
20
24
25
29

88
66
88
66

132

13
18
15
1L
14

W77
88
88

177
13
22
20
18
15

187
250
225
277

L5
L0
36
30

110

88
269
137
(¥4

33
155

20

EREY

75
421,
166

1.

40,

30
330
295
350
370

80
58
38
269
35
655
757
158
177

132
269

60
306
237
190
140

355
340
LO7
370
180
330
160
150
458
506
286
2600
3010
655
655
458
605

170
348
345
315
328

Strip Ne,
14 15
110 90
17 17
20 16
70 130
5 3L7
340 355
372 400
355 LOG
310 450
380 A5
220 110
230 365
2220 3980
1360 2680
2290 5230
6780 8240
L0 9210
2150 5850
3190 5380
2080 4560
2370 L4950
252 282
310 360
350 370
263 285
245 275

B N Y
L% R G B )Y

255
3LE
347
120
LOO

505

425
L60
6020
8240
10000
9210
8240
8360
8240
8860
9590

3L0
426
L25
290
310

305
192
152
220,
152

150
350
350
350

11550
9210

10000
8240
9210

11550

10457
8540

11550

380
L37
390
275
303

210
56
16
78
L6

375
325
LO5
395
10969
10000
7700
6990
6580
92410
G540
6200
9590

205
396
365
260
305

18

25

215
20
35
23
16

355
320
360
360
6990
6990
7700
7450
7450
7450
7700
5690
7700

300
330
355
258
325

20

25

290

18
14
425
320
335
350
8540
7450
7830
7960
7700
7700
6580
5690
6380

300
402
347
265
265

21

210

465
525
365
5
8860
8240
7700
7700
7700
7210
7210
6020
6990

285
348
315
278
285

22

24

160

4385
330

415
8540
10969
14200
10000
10457
7700
6780
6580
5690

290
102
390
310
310

23
23

38

535
285

L5
11550
10457

6990
10000
10000

9240

7450

7450

5690

300
L7l

330

2L

22

28

505
245
420
435
10457
9240
3100
5850
7450
&540
8860
9590
7210

290

215
293
335

25

16

365
110
195
165
4950
4690
1940
3570
1560
8240
8540
9590
7960

310
593
267
278
225

26

23

187
85
250
260
2410
2080
862
1490
916
5690
9210
9590
7450
258
35k
345
235
275

27

L5y

130
39
136
120
1020
862
L3L
386
315
2220
6380
5690
5090

218
363
352
240
280

28

29

23R A

L3
386
177
292
223
706
2920
2840
1080

306
220
170
215

29

22

17
27
33

315

155

177
83

132
5
916
969
809

136
99
108
77
9L

30

20

27
15
2l
32
212
132
88
132
110
177
L3
386
292

80
50
31
37
36

bl

26

23
16
18
23
312
132

88
132

200
132

25
5]
19
16
19

32

21

21
14
17
17

132

88
177
125

22
27
17
15
15

19

26
15

110

110
83
315
20
26
16

22

23
14

88
88
269

18

16

35

21

b1
11

132

16
28
16

36

22

88

1
23

37 38

23 21
9

1L 15

22
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APPENDIX X.

SPRAY DISTRIBUTION /NALYSIS DATA

(i1) Spreying on to Pasture Surface, Colloeting Dounce
cutside the Dond Witth Strip on Blotting Paper (Trinl D)

Side Seque Strip Ne. (% in. increments frem band edge) .
. 1O ERERRE 1 2 3 L 5 é 7 8 9 10 41 12 13 14 15 16 tL 16 19
L Right o) 1490 655 L3L,. 458 440 L3l 286 292 292 269 246 223 200 200 223 = s W 155 155
b 1550 706 506 345 L82 453 L58 L3 L3 386 386 269 269 269 246 2L6 223 200 223

e}

1550 969 757 L3l 555 555 L3l 410 269 22% 223 o B 155 132 132 132 132 132 555

Left o 20000 10457 5808 390 2220 4020 757 L3h. 630 315 492 809 L3 269 315 223 200 223
b 1522k 8540 3670 2970 2520 555 83 605 506 L3k 43L 264 306 ATt 132 223 223 AT AT
¢ 10L57 9210 3980 3280 1550 1190 1020 706 7 458 386 269 269 269 L5 2L6 269 292 315

5 Right a 307 337 143 662 809 506 L40 L3l 339 386 439 L6 315 269 292 177 110 132 132
b 319 155 862  L58 534 L3L L6 329 35 315 223 269 269 200 223 477 132 110 155

e 620 276 969 482 386 5% 1,30 43, 315 315 410 269 292 200 155 455 432 410 140

Left o 5650 L200 3620 1370 1550 835 835 731 757 506 L58 315 269 200 223 200 155 110 132

b 8360 5090 2920 655 N5 458 L3 L34 506 246 315 292 292 22% 477 132 132 132 200

¢ 10705 5380 3720 1240 14190 506 L58 482 580 269 269 223 269 223 2L6 177 177 155 155
6 Right a 3670 1140 706 L58 410 269 269 177 177 223 177 200 155 223 ¥ 7 : {7 132 155
b 2150 969 809 757 L3l 292 2L6 223 223 G 132 132 86 68 88 168 €S 110
c 2760 1370 1080 706 506 386 223 246 200 177 440 132 110 132 88 8o o 140

BaEs o A0L57 6950 3260 2290 1250 757 A58 ;. 350 269 200 223 283 AT7 AT? AT 132 88 68

b 840 2570 470 1490 555 506 A58 um m5 43, 386 M5 M5 155 223 455 155 132 140
° PN 20 A 430 1200 M2 M6 45y x5 202 M5 477 455 410 432 A7 432 432 432



(1)

Run

(ii)

4»1%
+ 5
Mean
- 1%
- 5

CPINDIX  XI.

LOG, TRANSICRIAIION (F SPRAY
DISTRIBUTICH LNALYSIS . DATA.

Individual Results (Txisl D).

Side Sequence 1 2 3
Right a 3173 2816 2638
b 3190 2849 2904
I 3190 2986 2879
Lef't ) L3074 4019 3767
b 1482 3932 3565
c L0419 396k 3600
Right a 3540 3528 3155
b 3500 3190 2936
c 3752 3L 2986
Left a 3755 3623 3559

39k 3707 3465
Lo29 3731 35T

356k 3057 2849

Q

Right o
b 3332 2986 2908
c 34 338 3033
Left a L0419 38LL. 3516
b 3932 3528 3248

3743 3303 3332

Meons and Confidence Levels

1 P 3
i Level 3988 3710 3502
Conflnence e"e e 4

3703 3425 3217
Confidence Lewel 3496 3218 3010

" " 3148 30,0 2932

2661
2196
2635

350k
3473
3516
2936
2661

2633
3136
2816
3083

2661

2879
2849

3360
3155
3117

3264
3186
2979
2772
269l

5
2613
26563
270y

3346
3465
3190
2908
2725
2587

3190
2961
3076
2613
2638
270L.

2097
27hdy
3107

3196
3118
2911
2701
2626

6
2633
2661
270,

3009
27h
3076

270L
2638
2725
2922
2661
2704

2130
2L65
2587

2879
2904
2683

3017
2939
2732
2525
2447

L%7]

7
2587
2661
2638

2879
289k
3009

2613
2649
2633

2922
2638
2661

2430
23N
2348

2661
2661
2649

2948
2870
2663
2156
237%

. e - ) + A e
trip No. (% in. inercisents from band edge)

8
2L65
2638
2613

2630
2702
2849
2635
2530
2638

Z86L
2638
263

2243
23L8
2391

2638
2638
2664

2891
2813
2606
2399
2323

9
2435
2638
2430

2739
2701,
2879

2530
2498
2496

2079
2704
2763

22,8
2348
2301
2547
2,98
21,93

2853
2775
2568
2361
2283

10
2430
2587
2348
24,98
26308
2661

2587
21,98
2498
2704

231

21,30

10

2765
2687
21,80
2273
21385

K

2391
2587
2348
2692
26383
2587
2613

2348
2613

2661
2496
2430

2248
2121
20448

2301
2587
21,98
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