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"Band spray i ng o..nd dire ct drilling", e te chnique 
in which b o.nds o.re s1:i r ayed i:1 a p o.,s t ure with pm"c..q_u at, f' oll• ·ma. 
by the di:ce ct drillinc of se c,a i n to t he c e ntre of t he b c.nds , 
wns i nvestigo.t ea, ni t h t he ni ,u of i ncPensin;:_~ the ui nter y i e lcl 
of' p a.sture s . 

'I'he nark wa s divided i nto t rrn p arts . In the f ir.3t, 
a b and. s1,r aye r wc.s c onstr u c t e d and tested, a.Dd with it a pastu.re 
band sprc..yecl and direct u.ri lle d i n o.ut unn . Th o r e sul tin f; p ro-
duction wna me n su.r.e,l ov e r the :2ol l ovri ng wi nte r p0ri od . ~·110 
s e c ond p o.rt cons i s t ed of ::'.n i nvestigc.,t i on i n t o the distributi on 
of spray nithi n t he h c,nds c.nd s pr o..y b ounce outs i d e the b c, nds , 
usi n g t he s ar11e !1oz zles anc~. ope r o. t in6 he i g.~ts a s i n the e arli e ::.· 
w m,k. 

'l'he t a.nd sp :..~2.yer r:as c ons cruc t ecl on o. disc - drill 
so t h a t b .:-mcls c oulc.1. 0e s pr n,yed o.nd dri l l e d i n t he same oper a tion , 
t he c oul t e1' s pac ing 1)e i :15 6 i 11. . I.ie :.,s 1..rr·emer1ts were t c1 .. -1<:e r: of 
several po :;_-formc,nce c h a1°nc t e r i stic s of 2. v ai·i ety oF no.z zl~s i n 
orde1° t o s e l e c t three s :. ze s sp r ay i ng 1 in ., 2 i n ., c.nc1 3½in . 
bami s n.t 30 Gn.l . liq1..lic,. p er spr,,.y ed -~c:.·-::• . 

Seed. c o[',t ing wi t h bentoni t8 with t he Di.1.1 of reduci ng 
p 1i.ra qua t d.nrnn1sc (if thi s vms a proble"1) H2.s lJriefly e x ::tr.1ine d, ancl 
2.b o.ndonc:a. after fincU.:1[:; t hat the c c~t r :) '.luc e o. s eed. ge n 1i n:::~ti cn 
o ons i de r c.bly r,1ore t h2.n i.' .. n;_;' pu.:r-c,cJUG:c ~!.:::u"lra. g~ tho, t mo.y h '.We resulte d . 

L>1 t he ;_,,ut1.:.•m - u i nter t :ci a l , tho f ac t o:.'s i nclu ded. 
ne1"€ : 4 band v;idth s ( "blanke t " :J l u s t h ose me nt i oned ab ovc ); 
3 ~) n:caqua t application rat e s (·1 , 2 , 2.nd 4 oz . e, . i . /acre ) ; 
2 v arie ties ( "Grassl ands Tr.:nc.. 11 1l'Te stern Wolth s :;_7e gro.ss and rye­
c orn); and. D.. ni trogcn sub-pl ot treatment (e e..ch h 2.l f of ev e ry 
plot had e i ther O o:c 1 cv;t . nitrolirne/ac x·e p l aced wi t h the seed). 

Irriga t i on -r;•r"s c arr i ed out p:ci or tc :::l l)l"ayin0 and 
dJ."illing, n.·1el was follorie d by o. dr y spe l l of fo u.:r ,1eeks . This 
c omb i na t i on nppear ecl to hcw e a dele t o..r i ous effe c t on t he r e su l ting 
e s t ['.blishmcnt of' t he sCJl.7~ spec i es , nh ich t ogether ni t h the -we t 
v;inter period were parti ally t o ule.me f or the ::,i o m.:e r y i elds i n 
all treated plots (comp ar eo t o control plots ). 

i.ie a suremsnt ;3 t aken rrere ma inly of s oil mois ture , 
s eecllin g e a~erge ncc , b otanic a l comp os i ti on am:!. clry mo.t t er yie l ds . 
Re sults wer e anal ysed by me ans of t-te sts and analys i s of 
variance whe r e t hese te sts were s u itable . 
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The results and literature suggested various byp-0theses as 
to the fate of bands and the gr-owth of' plants within them and it 
uould appear that def'oliation f'requenoy and intensity a.re important 
factors. The defoliation treatment in the trial (i.e. at 6-8 in. 
height) uas considered inadequate. 

The investign:tians from the seoond part of the tre sis work 
led to the use of' two techniques ~hich could have further use in spray 
distribution analysis. In the f'irst, the spray liquid incorporated a 
metal salt (e.g. copper sulphate) in solution and was colleoted on 
narrcl'.7 blotting paper strips. The metal concentration was measured 
by an atomic absorption spectrophotometer. With this roothod, a graph 
could be dram. of' the m.thin band spray distribution, an:l with log. 
transformation of' the results, spray bounce outside the edge of a 
band width pasture strip could be conf'idently me asured to 3½ in. from 
the band. The total amount of spro,y outside the b and was small 
houever. (ro.rely above 1Wo), and largely within an inch to either side 
of the b and wi th the nozzles used. 

In the other technique, the spnoJ: nozzle ,ms photographed 
in action, the lighting and exposure methods used enabling the extent 
of spray splash to be observed. 

---•-
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1 • INTRODUCTICN. 

Winter f eeding of livestock is becoming an increasingly 
major operation on New Zealand farms. With incre a sed stocld.ng rates 
and a gr-e a ter d.r:i.ve fco:- efficiency, farmers and resea..i.""'Ch workers have 
tried many systems. One system however, whi ch m s not undergone 
extensive evaluation is tha t of "b and spraying and direct drilling". 

The t erm ''band spraying" is now 11ell es-wblished i n crop 
production work , vrhe re t he technique involves spraying either a non­
selective herbioide between crop rows or a selective herbicide in the 
orop r0\7S (with mechanical need control between rmrn ). To da t e , fev, 
attempts have been made to band spray a plant free track into pasture 
with the object af subsequently sowing and establishing a new species 
in tha t s,1a.rd.. The concept is similar to t hat of overd.rilling, where 
a plant free tra ck is left by me c hanicnl means . Behind both af these 
techniques is the idea tha t a plant's closest ne ighbours are its 
greatest competitors, and ths. t uhen removing competition from m-ound 
a plant, diminishing returns presumably set in, the r emoval af the 
closest neighbours being af most help to the plant (in this c ase the 
sown one). 

Direct drilling, in which seed is drilled directly i nto t he 
mechanically undisturbed soil 0£t e1~ the e xisting ve ge t ation has been 
killed by a herbicide, usually pm~a.qunt, af'fers t he e.dvnntages of a 
quick easy establishment t e chnique for c e.sh, :fbra ge crops and pc..stures. 
Usu~, the technique offers che apness a.nd considernble management 
flexibility. It seems likely th a t the unknmms of the relationship 
b etwee n seed bed re quirements of pr eviously used species, drilling 
machinery p erformo.nce and. soil conditions, m,e keys to the success or 
fcilure of any crop drilled in this way. 

Nevertheless , band spraying a nd direct drilling has been 
shown to be fe asible Hi th r o gcrd to the mechanics of the operation 
(Blacla:nore 1962, Kay 1966). To be of acceptance hmever, any nen 
technique must h av e o.dvanta ges over other techniques. Because of its 
use of similar drilling machinery and operation in similar soil con~ 
ditions, direct drilling in conjunction ,.rith b and spraying is likely 
to suffer similar limitations to the technique of direct drilling. 
In direct drilling for regrassing purposes there has usually been a 
lovering of production aver the fixst winter . It is suggested that 
this could possibly be overcome with the use af fast gr-owing winter 
species such as "Grasslands :,.!.'ama" Western Wolths ryegrass or cereals 
such as oats or ryecorn. With band spraying tre aim woula. be tb­
kill only as much of the existing vegetation a s is needed for the 
establishment of the new species and so minimise the runount at' yield 
reduction. In this manner one would be changing only the botanical 
balance af the existing award. 

In common with direct d.r:i.lling after blanket herbicide 
application, band spraying would be expeoted to have the sa.ma advan,­
tages over conventional e stablishment methods with respect to speed 
and flexibili t:Y • and to have the disadvantage of the added risk of 
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establishment failure. Sor.1e gain in tota l winter crop or pasture 
production is likely in comparison with either blo.nket spraying and 
c1irect drilling or conventiona l este.blislu:ient methods in tha t the 
unspro.yecl aren.s could contribute to the total yie ld. Furthe rmore, 
re-establishment of the p a stw.--e mny be unnecess .s.:cy in the following 
season. 

A f2.ctor of vital i 1-:1p orta nco t o b and spr aying would therefore 
appear to be band width anC:l its effe ct on t ho yield af sown a nd exist­
ing species. A ccr:rpensatory effect betrre on the t wo is like ly as the 
gre a te1~ the yielcl. fro:J. the existing spe cies (re lated l a r gely to band 
width ) th8 less fror.1 sown species. As the t ot al yield is the sum of 
the yield fro• t he existing o,nd sown species, t he optimur.1 band width 
would be where t he y i eld c ane t o a peak . 

When c c.'nsidering the effe c tiveness of c. ce rta i n width of 
b and in reducing ccnpeti ti cn, the question of pasture r eaction tc a 
b and cf deed herbage must als c be cons i dered . The banc1 would 
initially leave a "vncuuu11 which vr ould subsequently b e follov,ed by a 
c mpeti tive struggle fr om rr,.2ny ple.nts to fill t he g::,,p . The initia l 
reduced cor.1.peti tion cdj o.cent to the existj ng plnnts rnf!.y a llow them t o 
spread l aterally ruid perho..ps cve rshn.don the b n.nd . With a narron b and 
this oay lead to a dark e nvir onnent which is cliffic1--u t for the new 
plant to inhabit. Cutt i ng fre quency n.nd. height may b e conside red ns 
associa ted and i nteracting f~ctors. 

Recolonisn.tion c oul d. b e expected from tlu."ee sourc es . 
(i) :B'l~oo seeds in the ground t hat h ad undergone b ,mcl trerotment. 
These rroul d include seeds fr CTI the p r e sent cmc1 p r evious inho.bi tants 
of the area as u ell o.s t hose so·.m by the drill. 
(ii) Frcra p l ants suppressed by t he ~rny, but i n the proce ss of 
recove ry fror.1 pn.r a quo.t spraying . 
(iii)Frori t he sp ecies outside the b and. Stoloniferous species 
might be expected t o make o. f a ster invasi on of the a r e8. while tufted 
species could 0l so recolonize the b a nd a s they tille red • 

.As in blc.nket sprnying, n f o.cto:c tho.t should be of impor­
tance is the r nte of paraqunt application within any one band . Both 
the economics o.nd r a te of in-band. recovery vrnuld be thus a.f'fected. 
The question raay well be asked, which is better, a. nar:i."OTT band and 
heavy rate, or wide band and lighter r a te ? 

From the vieW.Q.oint of the mechanics of creating bands of 
variable width, obviously a field requiring major attention, is the 
design of suito:ble equipr.1ent and the performance testing of spray 
nozzles in relation to eveness af application and -within pasture 
bounce. 
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2 . B.L\ND SPRAYING AND DIRECT DRILLTiifG FIBLD . '~J.AL_JVOPJ(. 

2 .1. JNrROIDCTION. 

I n t his secti on cf the ·,rork a b and spro.yer i·ms c onstructed, 
t ostec} and use cl t o exe cute o. :fie lu ti~inl. 'rhe l a ck of e or lier 'dork 
n.s c. suitable gui de line l ecl to a trial of a r ntlier extensive nature, 
,7i t h obse rva ti ons be in g lii:1i ted c,s o. r esult . 
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2.2. LITERATURE REVIEW . 

2 .2 .1 • INTRODUCTICT·J: PARAQUAT AND DIP.ECT DRILLD\!G. 

Para quat ho.s b een used a s :.t her bicide i n a gricul turo f or 
nearly t en yom"s ( Cel clorb o.nk 1968) ::incl. i ts o.dvanfo.ge s hc..vo r e sulte d 
in its use a s one of t he mo. j cr chenicols i n direct drilling . J cnes 
(1962) l:iste d the o.dv ant o.gos a s f ollow:-

1. Ne s oil r e sicluoJ. t oxicity , enablin g over sowi ng ::'..n u. direct 
drilling t c b e c o.r r i ofl_ out alrncs t i maedi o.t el y a.fter spr c..y ing. 

2. Quick up t oJ~o by t he pl ant , hence results o.r e n ot groo.tly 
af'fectecl by r nin f alling s oon a:fte r npplic".tim of the chemical . 

3. Ra.pi cl o..cti cn, c oup l ccl ni t h ( 1) o.1101 : esk.blishment i n o. 
sh ort time . 

4. Toxic a t l cr c onccntr .'.lti oDs of e:.c tivo i ngredient. 

5. Selectivity n.r:1 ong gras s spec ies, t he order of which is of 
pre;.ctico.l si gnificQnc e , a s t h e des i ro.b l c 3pooie s o.ro f av oured. 
Als oj it is s e l cot ii.re f o1-:. c l c;,re r s . 

1\t t his s tc.gc clirect drillint: sh l'uld b e d.ef i necl . Bo..ker 
( 1969) definocl d.i roct dr i ll i ng a s c nt cilin c.; "e r o.dicati en ( or sup­
pre s s i on ) 0f v e get::i.ti on n i th out nech cmicul d i s turba nce ( usint; spr ay 
o.ppl i od hcrbiciclo s , a nd m(1rc r e c ently fl un i n ;;) f olloned by dril lin g 
,:md positive p l a.c 01Jen t of socCL into the s cil". Thi s procedure ho.s 
been dovol oped. since the :-.1i c1 1950 1 s ( Bl nclm cro 1957) c.nr"L b e e n:. e r., or-e 
p opulo.r ui t h t ho av ·'.:ilnbili ty cf p:..-..r2.quat i n the c ['.l' l y ·1 960 1 s 
(Allen 1967, Charl es 1962 , Co.l derb o.nk 1968). 

Sinc e t hat timo nu ch expe rience hL, s boon gc..i nocl i n Bri t n. in, 
the U .S • .A. ancl Neu Ze o.1.7.n C:. i n t h o use of t he t echni que . Genoro;lly, 
it has b een frn.,ncl. t h o.t a.s o. "sll C'rt cu t" ne t h ccl (Bo.1:er 1969), succe ss 
depends ve r y nuch on t ho ful f il.men t of certai n c.gronouic c ondi ti on s. 
The s e h o.vc been sun;.1c.risecl by Jec.t e r ( 1966 ) f c:;_, t ho es t r.~blishne n t 
of kDle and cere c.J.s i n Bri t c..in: -

1. Suitable s oil c oncliti ons. .At p:;.--e sent t he li ghter, well-
drained soils are the r.10st sui t o.blo f or direct drilling . 

2. The nbili ty cf the he rbicide t o eradicate the existing 
vegetation. Thus , are r..s cl cminnt e d by plants with rhyzones or 
largo tap r oots Hhich enable the plo.nt t o r e c over from paraqua t 
treatments nre n ot at present suitable for this technique. 

3. A suitable ne ans of introducing the seed into the soil. 
The drill must b e adjusted so tha t it pr oduces the type of slit 
which is conducive t o seed germinati on and seedling development, 
and this slit must be close d n.fter drilling t o guo.rcl ngmnst slug 
and bird atto.ck . 

4. .Ade qua te levels of fertiliser, particularly nitrogen, 
oust be applied t o the crop. 



For pasture establishnent o. further point enUi~eroted by 
Charl es ( 1 962 ) in r efere nce to surface seeding (i.e. overs owing, 
overd.rilling f'.ncl cl.irect ru~illing ) must be ndil.eu. : 

5. Suitc.ble no.nnger,1ent b efcre, during, o.,nc1 o.fter es t c.b-
lish·.1ont. 
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Whoro t hese r equirements have been net , crops and 
p o.,s tu1"es as gcoc1 z,s , 0 1~ better than , th ose est,.,,,blished under c on­
vontionru. rn:;thcc1.s hc.ve r e sulte:d (Calderb cnk 1968, Blaclmore 1 %7) . 
Hanover, Bo.kc r (1 9G9) n ot e d the l a c k cf suito.b lo fund2.:.1ont a l clesign 
dCt.tC'. n i th rofor enco t o direct drilling uo..c hinory t o on o.blo tho 
L1ccting 01~ the t h ird rc quirencnt . Blo.cknorc ( 1955) ;-,mdo sinilm~ 
c orn:!ents i n r oferonco t c ovordrilling o..ncl goncr.:-.1.ly thurc e.ppcu .. :rs 
to bv o.. e;reator risk in this technique t hC'..D in c onvonticnol prc.cticos 
(.Anon . 1969) . 

It is net t he purpose of this r eviou to c ov e1° nll a spects 
of direct fusil l ing er tho use s of po.rnquc-;t, nhich hnvo '.)con reviewed 
by Allen ( 1967) nnd Ce.l clerb2.nk ( 1968 ). Rather, cork.in o.spc;cts 
y;ill be dc[\l t rti tr., in 111 c-;,ttorJp t tc sl1c\i. tl10 pr-esor1t lirll ts cf 
lmcr,ledgo i n the:sc fielcfa . Those as::_:iocts YJill b o t hos e relntoc1 t o 
the uo.,in field trio..l of t h0 tho sis . 

2 . 2 .2. CO, PE'I'rrICN :2·rn PLJJ'-T'i' ESTfillLISHP'iEN'l' m RJ:L!,TION TC' 
DIIU.-Wl' DIG:LLING . 

"C ompetiti on occurs nhcn ench of t-;o or nore or g:mi s~.1s 
socks t ho LlU'.SUl~L i t 1.12.nts of nn:v pnrticulo.r :fnotcr 01~ thing Gnd 

Hhon tlrn inned.i o.t o S'..lppl y of t ho f n.ct rn:> or thing i ;3 b Glow t ho 
c robinec1 denand of t hC; orgnnisos" (Dono.lc1 1 963). 

The Ct.ction of a herbicide , acc orcline; to Elliott (1 960), 
h o..s three r;ic.i n ph£:.se s : 

1 • 

2 . 
plnnt . 

3. 

The pGri od of direct n.oti on f ollon ing o..pplic c..tion . 

A stntic poriod due t o rosiducl activity in soil or 

The regt>owth t c a new snnrd oquilibriur.1 . 

Pho.so one ,Ii th paraquat is particularly rapid, the 
scorching being visible within 24 h ours af nppl ico.ti on , , lith the 
full effect m f olia ge b e i ng reached in 7-1 0 d ::i .. ys (Elliott and 
illon 1964). Acc ording t o Calderbank (1968) paraquc,t i s virtually 
non sele ctive , killing cll gi.seo n tissue oncl hewin g little , if o.ny 
effect, on r oots . Phase t wo can hnrdly b e said to exist for 
paraqua t because it i s r npidly absorbe d o.ncl inactivated on c en tact 
with most soils. Thus, the beginning of phase th1~ee is reached 
by all speci es soon after spraying. The foliage of tho sward 
is uniformly dead, ana regr:-owth starts frorn unht~ea. tiller buds 
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and surviving root systori1s (Elliott o.ncJ. fiJ.len 1964) ., r:iost perennial 
plants i n fo.ct regcowing c.fter tho firs t npplicnti on (Calderb c.nk 1968). 

The r esulting c o;:lposi t i on of the r e c overing srrc:.rd is then 
a:ffocted by the ~,bili ty of t he p l QD t t c wi thsto.nd the noti on of tho 
horb icido (by h,'._win g pc..rts undcno.ged. fr or:1 nhich i t c 8J1 gror.r ) end its 
o.bili ty t o re grew fr m t hose lJ.'.'..I"ts undc.;J,'.,gQd by the herbicide . 
Elli ott EIDd P..llen ( 1964) ,.mnti onod ether fnctors o..s Hell . Ape.rt 
fr or.1 t hC'so ngt'cno;:iic roquirer.1ents quot ed oc.rlio:r-, thcr-e is t ho c o.s o cf 
t he prcrp crticn [mcl pnttorn of t ho cJ.esirod specie ( or species) Viithin 
t ho po.sturc ( this ,ms i n po..rticulo..r reference t o tho p :txtico C'f selo c-
tivo c ontrol of grasses i n perr.mnent pns turos ). Thoy fol t t hnt the 
tufted ho.bit of L10s t s o co.ll ecl desir::i.blc g1•0..sses Ho.s porho.ps unf ortu­
nate o..s they ,rerc loss nblc t o recolonize vac t:'.Dt spaces v ege t ctive~ 
them nere t he stoloniferous ones , the :Jnjo.rity of uhich ner-o unde sirable . 
The se o.uthcrs felt tho.t nhi te clove r he'.(} 2.n i nport G.nt po.rt t o plc .. y i n 
the recol onizc.ti cn C'f t ho p nsture by desirable species b e c aus e of its 
stol oniferous he.b it. f The succes s c1' o.esir nble specie s i n c olonizccti on 
is reJ.ded to sc :::-..son~ native gr owt h , propo1"'ti cn of tho species i n the 
pasture , c.nd t ho patte rn of tho so species r:i t hin t ho p,n.sturo . They 
prcposed e, throsholcl pr e s ence of colonisers (v,"-l: i ecl. by the other 
factors nenti onecl ) c.bove v;hi ch the spnces c cul cl bo f illed in i n r ec.s on-
nblo tine cmd b e l or;- TThich they c oulcl nc,t. It wc.s nc1ded th:,t nlnost 
nothing is lmC'1:n nbout these thresholcl VMUes . 

Very little c.ppe::.r s i n the liter .:1,turc i n reference to t he 
pn,ttern of c cupotiti on su1Jpr ess i on . The f e1·: references thc.t nc.kc any 
attenp t at ;·;iec.suri ng c onpeti ti on suppression n.'.'.Jce no rc1c,mtinn of tho 
pattern of t his suppr ess i on . Sprc.gue ot o..l ( 1962) invcetigc.ted t he 
growth of sudo.n gr~ss i n c onpotiti onwi t h pnrtinlly ldlled gro..ss swc.rds. 
Percentage c cntrcl of i ndigenous species rr:s c alcuL,t ccl fr o~.1 nunber s cf 
squo.r e inches free of t he 3pecios i n o. 1 x 100 i n . s trip. They c on-
cluded tho..t gerr,ri.nnti on c.nd er.iergenco wns little ci'fectecJ. by live or 
de['..d sod gro..sses , but b oth t he growth c.na. clevelopnent of t he seedling 
fr or.1 t e n dn.ys c.f t er eoorge nce until h~est wo.s a l t ercel by o.. fo.c-tor 
up t c 20 tiDes. This severe cor.1peti t i on wns c onsistent wher e Pou 
J.?_rntensis, tinot hy, or cocksfoot vms pr esent. Coope titi on was--;[so 
evident t o tho snme relc..tive degree under concli tions of high or l ow 
nitrogen fertility, in yoc.rs of nbundnnt r c.info.11, n.nc1 in yonrs ·where 
s oil ooisture was lirai ting. S ooe idea of pnttern of c anpeti ti on 
suppression i s inplied in tho work tha t he,s been c1ono on bo.nd sprcying. 

BANDSPRAYING. 

Robinson and Cross ( 1960) described II ove:-cdrilling" as 
drilling seed into the soil Without pri er cultivati on of the estab ­
lished pasture . The norriw.l procedure usua.lly incorporates "a plant 
free track" with which overdrilling has been successful (Blackmore 
1955). The width of this plant free track h a s been variously 
quoted a s 2 in. (Blackmore loo.cit.) and 1½ in . (Cross 1963). 
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Successful prxtice h o..s h ingo c1 vory r,1uch on pest tro nt rn.:mt 1.10..nc.gement 
to keep tho conpotiti on :fr oT'.l t ho pc..sturo grovlin g be t ween the rows to 
o.. o iniow:1 , J lc..clmorc (1 955) sur;u.:u:isoc' th" situ2.t i on : "For on .. ch 
['.11,7 ovory specie s, th'--n, there is o., c1°i t ic .'.'.l l e v e l i ::-i ::1. givon s e t cf 
oc ologic ::u cir c u;Jst'.:-_nce s .'.:l.bovo which the opposing fm0 c os o..r o to o g:co C'.. t 
for tho soccUings to su1°vivo, This ostd)lishrn.,nt brn.0rior i ,'3 b y n0 
r.10,~ns fixcc1 but is i n :i. c r nst::,..nt stc.to of flux .::nc". is i nfluenc cc7. uost 
strongly by t hL. pr ev ailing weo..t ho r conc1i tions". 1;fi th r.7.ircc t <1rillin[ 
"che,.1ic o..ls us cc1. fo1.., crop os t ,.., .. blishrn.mt must c:i vu su:ffi oiontly l '.lstin1; 
c rntrol of t hL. p'.lsturu species to 1.;nsu.rc tr,,..,_t r c c cvC;ry Q'.' O'.rlth does 
not cmpot c with t~(_; 01"op" (Lrc..nl ey 1 962 ). 

I3o..nc1 spr ::o_y ing is '.'. c c.:'::)inn.ti0n of b ot h techniques: .~. d i rect 
drilline:, situ::..ti on ,;;ithin ro.rrn .-.:.nc"'. .~_YJ ov....iY7..rillint; sit u'.'. t ion cvor c .. 11 . 
Sevcro..l rro:rl~Cl'S h".Vc; invcstig::..tt..C b o..rnl c_.pr ~.yin , i nclucling Dl o..c ~anorc 
( 1962 ). Ho..r,rn::rton :.n•' Johnson ( 1962 ), Kr-.. y ( 1 S64, 1 966) ·:rn" Lo", /i s 
c.ncl l',fr:.rtin (1 967). 

:Dl: .. c l-c1c1",-' ( 1 S-62 ) c t:.rrie(' out hi,s ti·fr.l i n :-:,utw:m on c-.. 20 
·:lo:.:...~ ol,1 l'7/Gg1 .. ·_:ss- b:rorrnt c::· ·"'cr.1in -~:r1t :_J,:,.,stu.rlc . HG sprc..J7Ccl 2 i!1 bc' ..... Y}(:s 
of p :o1.'nquc..t ~\·c 1 2 lb. ,1 . i . in 10 [;Ccl , cf ,-r~t o i.: per si,r ::cyc-1 o.o:;:•c . 
Chounoelli c:c, tu1.·ni p s, c.. p c-..stU1·c.; uixtw~c , ~n ~ rye c or n rn:, r c sown nt 
t he S c!li(;; tii,10 n .. s c? r illinb • Th0 strike c-.n:', o::;t~--..0lislmcmt i n tho b tmc 
of c..11 spccius '.i"-3 gc c•r".., cspc ci :c-..l l y in th, C .'.'. S v of ::, sub-tr c,tncnt 0f 

r yo c c r n , nh0,~o 1 cr,t . /2..01'(.: of ::.::,ucniu ;--ni tr'.".tc line r.iixturc ,ns '.'..Cl'.0,'. 
to t he ::,lot ( not st".toi'.. · . ..-hc..tl1c1· (7.1°i lL,_- ni t h SZ-e;-1. or brorulc ,:,..st ). 
No yioL:. f i gu:..·os ucrC: t:c-J:cn . 

Hc;-1L101~ton <'21'1 Johnson (1 962 ) usul th\., "s oc1.- sc::t..clor" of 
Ellis0n ( 1 961) i n :, t ric.l cf s cvcr".l t r02.t ·,ents incluc'tinc 2 lb . 
par;::,qu0,t/ .'.'.Crc i n 6-7 i n . b ;,ncls nncl 10 in . r·aw v,iJt hs. I r.1u0 c3.i 0,t o l y 
o..ftc r sm-1int=,, spr ,cying WC'..s c c.rri0tl out. R::..po w, ,s sovm i n t r c.. 4 
yc o..r olc1. r yc gi.":1ss nhite: clovor l cy. Thu b -::.nc"\. ti·o~-..t ucnt ,yic l ckc1 6 .1 
crrt. versus 1 2 . 7 c-.Jt./ncre for the cult i v.'.' .. t ..... ,· c ontrol, b e i ng signifi­
c o..ntly c1iffcrcnt c t the.. 1% probnbili ty level. Tho b c:nc1ccl. yic.1;1 W,".D 

li ttlc d iffc:;_0 1.;nt frou t he pm~:-i.quat blc..nl~E:t ,".pplic" .. t i on . Yield 
r eduction in t he b 2.na.er: ror:s nc.s prob .1.bl y c:uo t c go..pp i noss i n cst :'..b-
lishnont o..rn~ possibly nlso t o inc rn:1plo te c ompGti tion rcr.10v c..l . Tho 
relevc..nt do.t i:'. is r cp1·oouc e c1 b e low: 

Tc;;frol~-Cul ~ P·oro..quo.f 
·-· ~.--~__,_., 

Parnqunt L. s. D. ,:, vated (2 lb./ (21b . / 
Control o.cro ncre P=0.01 P=0.05 

..... ..a::.------------ . bl~nkot)~~EncleJU_ ...... -.-.. -------
R::..pe 0.2 12 .7 8,8 6 • 1 .6.40 4.62 

Residua. 
sv1o.rc1 6 .3 o.6 0.5 6 .1 3.33 2.41 

.L - "'"' -- ...__.. ..... ~ -~--·-
* Control - cb.~illod into untreated p t:'.sturo. 

To.ble I. Bcmcl .s.Pro.ti-rlg Versus other Estnblishment 
Ai~ethods . (Hrunuerton o..nc1. Johnson 1962) 
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It will be noticec1 thct t he signif'ic nnt reducti on i n 
r esiduo..l swarc: y i olcl. thc..t t ock pla ce ,ii t h t he sp r 0 .yi n6 of 3- 4 in. 
ra0re pnsture i n t he bl[',nlrnt sprr.yed tre [', tr.1ent wo..s ncc ompc.ni ed b y o..n 
insignifico..nt i ncroc..se i n rq,o yiolc"l . This nC'uld supp ort t ho nrgu-
raent th.:'..t c oDpoti tion r ouov.---.1 is r:1or e iwport '.:!.nt cl ose to the intro-
duc ed p l c..nt . I t will ,.lso bu noticed t hc\t the cne t hird b o,nd of 
r e s i clu,:'.l sue.r d reno..ininL; in t he b 'mded treo.tiac nt :9r oducecl wor e t h.'.l. n 
one t h ird of t he c ontrol tc t ['.,l . 

KJ.y ( 1 j6~., 1966 ) tried b,:i,ncJ. sprriyi ng rri t h the i n tr oducti on 
of p_hnl m-i s t ~1beros~ o.nc1 subterrr'..no::m c lcvo:' on t o rnngol r'..nds in 
Cc..lifcrnic.. . 3cmcls t rice:. v :--xied fr on 5-½ i n . t (, 11 i n ., wi th o. 22 in. 
r e-.; spncing . I n the 0 -:',1.~lic :c v: ork nc.rrcr1 b :mc1s .rere found to be .::ts 
successf ul "'s blc..11kot "'PJ?lic :::i.ti ons cf :p , .rnqu,,t . I n t he l e1t ur work, 
wide b mids (11 i n . versus 5-½ i n .) wore f ound t c b o slightly b e ttor 
thc.n nGJ:'r c. one s , 1:Jut b oth t r o 1,t nonts norc n e t [li t,1illic '.:w.1tly l oner 
i n ::;ihcl.::,ril'1- cl ov 0.:-c 0s t c.bli3r1-1<1e:nt th'.'.r, t l:w bl".!J.:.rnt tro --: t:1ont . 

Senplin6 c1:,te* 

Gre:.zin[, tro:~t r,mnt 

P .'.' .. r c-.qu ,:. t treett nent 

Conplctc c cvc r n eD 

1 1 i n . b c.nc.1 (5(% 
c ovorec·g: ) 

5½ in . b cmc'l (2Jfo 
c ove r l,ge ) 

Check-no spr [:,y 

LSD .05 

April 22 , 1 964 
G1.~2-z o<J. N ct 

{7'l,ZCc1. 

Grr'..zc cl. 

+ Pe r cent stocl:ccl 

81 

80 

74 

48 
14 

87 

86 

75 

60 

58 
0 

17 

.01 21 

84 
6 

7 
11 25 

Not 
[;l."'C ZCd 

29 

19 

12 

0 

17 
24 

-- --~-~-·-·- .... --------~--~-~~-~-
• Pl~nt ed Cctober 25, 1963 . 
+ Per cent cf s n::1ple s v7i t h nt l enst one plont pe r fo ot of' r mv 

in r hn:J.m-is _tuperoso. c..na. per six-in . cf row Hi t h subclover . 

Tnble II. Phnlm'is tub e rosci, nnd Subclover Estoblishnent on 
B~,SFcyedPl;t71},YJ?ic c..i r ~sults fr0ra Ko.Y., .. 19661. 

The figures illustrnte the inportimce of c orrect post­
sowing mo.nngcrn.ent in the succes s of surfo.ce sowing prnctice s. 
Gro.ss wc.s r:iore f e:.vourc..b l y o.ffected thr'..n the clover . Ko.y ( 1966) 
mentioned the c ost s o.ving c.ncl. erosi ·on c ontrol o..ffortlec1 by t hE: use 



of band sprr,yi ng but he h c.s since c oncluded (pars .comm) thnt it is 
perhnps c. for1.1 of insui"Mce t c spr l',Y t ho enti~N 2.reG . 

She r:r- (1 968 ) rnonti on2d s everd refe 1•enccs c oncerning the 
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b onc.1 spro..y i ng cf mnize. I n one of the se ( LeHi s ;_md ifr1,rtin .1967 ), 
one third of the etre::1 no.s b c,nc1 sp1~0.ycd c.nc1 the unkillec1 s od wc .. s f ound 
t o c ompete hi ghl y rr.i. th t he corn, o specio.lly f 'c-1' m ,t e r . Triplett e t 
nl, ( 1964) uroto i n c onnocticn Yli th c orn ~ owing in the Unit ed St-'.:itos 
thc.t o,ln10st 110 c or.1poti ti cn fr rm n on crop pl o.,n t s c ould be tolerr;ted . 

Su.rnno.,rised i n 'l'nble III i s t he u or!c c oncluded t o d n,t e wi t h 
bctncl sp1~[',ying . The herbicide used i n n.11 c .'.1 s Gs h c,s b een i).'.ll'O.quc,t, 
v:hich [',ppeCTs t o be t ho 'n l y sui t c,blc n on r os i c1u c .. l gra.ss J:.illing 
herb icide nv o.il[',blo c. t riresent . 

It would .':.ppe r:.1• t h :-ct rrhen b c .. nd spr c,y i ng : DCi. d ire ct drilling 
hns b een succc,ssful , t her e hns been a,ck quf'..t :: c cnpcti ti cn r e r.ic.vo.l in 
rclnti on t o r:ie e ting tho ncods of tho other f c,ctors, i . e . e nsuring n 
go ccl st:cike ci' sor;n s e e d , C'..nd no,n -, ging this correctly s o th:ct i t c0n-
tinue s t o c cnpc t c succe s sfully i.rith the r (:; sidont species . There 
cppe :i.rs t o tic n ') ,.Km ti on in t he li t c r [',ture cf n. p r s aible: inte r action 
b Gu me n pa,rC'..qU.'.'..t r [',to -::mcl b r..nd r,j_clth . 

COhiPLICATICNS .ARISIHG FROE THE; USE or "SPH.1~Y-S01.;{" 
'l'ECHI'JIQUES VffI'H PAH .. 4Q"Ci\T c 

Co.ldorb C'..nk ( 1 968 ) in r ovim·ring t ho b i pyriclyliun horb icidc s 
n a,de r ef e r e nce t c m ,rk t hnt shovrs t h c,t pc..r.'.'..qu[',t i s quickly inl'..Ctivo.t ed , 
in b ot h t he p l .::mt [1,ncl s oil. Sono li t e r Cl.turc oxists in n h ich cbsorv::.-
ti cns r..r e 1:1::,clo cf t he si t u~,ti on 1:rhcn s owi nE.~ i s cl oso t o tho tine of 
spraying . 

I. 

Evans c t nl ( 1964) ~ r cyed. ono tri 2.l eithe r before c:::' o.ftor 
s eecling o.nd found th[' .. t sprnyinG before drilling n r..s bette r tho..n t ho 
l c.tter . It u n.s founc1 t h nt soil clisturbecl by t he d:dll ccverod herk,ge , 
preventing i t frou b e i n g t ouched by tho p[craquc..t . 

II. Re sidual Herbicid~. 

Ha.rru:.ierton and J chnson ( 1962) noted chlorotic rims on cotyle­
dons o.,nd chlorotic spots on the true le aves of r c..pe , v;hich appeo.red to 
b e f airly aafini tely due to r esi du nl pnrnqunt on the horbcge . It was 
p ostula t ed t h a,t gnppiness in tho es t ablishnent of these plants c oul d b e 
attributed to n. l e thal doe0 of pnrcqunt . They observed thC'..t this rms 
probably t he fir s t time t h2t this effect hnd been noted in the litera­
ture . Ho,0d et o.,l ( 1964) postulated t h at their poorer barley and whoa.t 
establishment with parnquc t mny h nv e b e en duo to da.mnge f rom r esidual 
po.rnqua t on the dead herbnge . 



f Autl'i-or Bond .. Caul.:. '.rinro.::------vcrie-Efos- -
I I uidth t er qm,t sown I I npo.c- r'lte* 

Origincil 
pcsture 

10 

' I ing 
tni;-!-C~~-o~r~o --t---2 in:---ri;:--6--o-z-.---p-a~s·t~-~pp :-~-~ 20 yr .- ·;ld l+Wo. 
! ( 1 962 ) brc..ssica s , brmmt op, l+=ffe 

r .. -
Hnmmerton J 6-7 

& J ohns on 1 
i ( 1962) I 

in. 
10 in. 2 lb. 

-~~~~-1!---~~-----

corco.la rye gr-a.ss, 1a}b 
white clover 

r ape 4 yr . old rye gr-uss/ 
white clover cut ! 
for hay 

Kny : 8 i n . Bi ... omu_s teotorum : 

~; v~y1~64~-+- -~~~~~~~~-~~~~~~-~~-t:~:nnt rm1gc- i 

22 i n . 0.5 Phnlnris 
lb. tuberose 
~~ 

& sub-clover 

r .[u_l, - . . ·--- - ·~, 

! ( 1 966) ; %.- in o I 22 in. 0.25 It 

-0.5 I 11 t~: .. i 
:r=v,i~ & 1 -½7f-~"-- · ritm.ze nve r c..ge "sod" i 
! Mc.rlln j t otc.l 
: ( 1967) I m-o c.. 
' I -Co~ts :-~ * P-;;"r o,cr-e---~~-~~-·~ · ' • - -

~ --~..,,. 

~_l~mq_rc (-13.G2l "shons c onsidur able p r mise in the successful 
introducti on of desiro.blc species i nto pc..sturos c.t 

c ornpo.ratively l ow c ost, but the re i s n o proof, h owever., thc..t the hlethod 
is superior t 0 recently developed techniques of nc.ld.ng wide , pl['.Dt free 
tracks mechanicnlly in the turf 11

• 

~:ime~.smynd J ohnJ?.c:il ID2?l: "yield of r c:pe on the b n.nded plots wns 
law, prob nbly due to the gnppiness of' 

the rape observed on t hi s treat ment, but possibly also duo t o in­
complete removnl of competition frcm the smircl" • 

.;_9:_ (196~ .12~6..§l: G:re c,t prc-ciso fer 1~~golanc'.s t~c steep far 
cultivation yet traversable by crcr1ler. 

Le-,;i.a c..n,~. 2,rtin C12§1).: Unld.llc l: pc.sturo c cr.:pctcc_ r;r-oc.tly rri t h 
orcp, especially fer ,;;a.tor . 

To.ble IlI. 

III. See~ D[UIIC,&: b_.y Pnragunt. 

Pelleting of seed with bentonite or montmorrilonite to a.void 
damage by paraquat nould be counteracted to some extent by o.. likely 
f nll in gerrnino..tion because of the l nok of a:s:ygen avnilnblc to the seed. 
Millier and Sooter ( 1967) noted this when working with the pelleting of' 
lettuce nnd other vegetcl>le seeds. 
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WJTRIENT LOCKUP • 

In New Zenlc.,nd, Blo.ckmore ( 1957) :first :·aentionecl the possi­
bility o:f nutrient l ock up frc:.1 the cheMic[:,l killing of herbo..ge . 
Theoretic ally, the micro- org~isDs in the soil brcoJ.c dc,m the doetd 
r:w.t eri nl , thus clepleting the nv::,ilo.ble nutrients nnc1 stm"'Ving the 
seedlings sorm . Nitrogen l:.l)pe:---.r: t 0 be tho nost is:1port ::i.nt . Bl C'..c knm."C 
(lac. cit.) noted tho.t there u o.s often ec b 003t i n gror,th o.pp:r CDCino..tely 
sue weeks ['.f t er sowi ng, poi::lsibly due to tho rele.'.:.sc of these nutrient s . 

Indic:.cticns sirrrilcr to this h :.l.vc been i n evidence in 
cheuiccl esto..blishment nork c-,11 over the r,erlc1 pc.rtict,l'.11:'ly on l or; N 
sta tus soils ( Cclde :r·bnnk 1968 ). In i'im! Zenlnncl thcro has nc-t been nuch 
quo..nti t o.tive investign.t. 0·.,. Three invosti c;~ti ons -::--.:c·c l1011evcr ,;orth 
n oting: 

Bl n.clc~10rc ( 1 961) studied tho relc2.se cf nutrients frcn the 
bre~krlc:\:n of turf on lcY.', r.1odiur:i, c..nd high fertility soils, ,':.Del tho 
effect of f 2.llowing o..fto:i'.' sprC'..yin[. on tho resulting crop . He concluded 
th2.t the P corer t he nc:ctu~c-.1 fGrtili tv t!1G C:.'.i..~c '..'.:ter tl:c f n.ll0u .~.nc1/ r-..:c 
fei~tilise~ :--.pplicr~ticn noedccl for su;cc ss . ~ Lf'.tcr, Blc.cknoro (1 '967) 
i nvcstigc.ted t ho est:::blislluont cf ·:.bec.t rrith chm,1i c nl fC'..llor; r.mthC'l'ls 
( t r:: o.llo,.c nutric:mt rninc r2.lis o.ti0n) , C'.. nr1 co,,1p ':.r0C7. this with c onventicno.l 
c ultivc.ti on techniquec . Eo c o!lclum th:,t soc c1bec1 pr opc,1Y.ticn by 
chenic c.ls led t C' o. signific '.:.nt incro.'.:.so in t h.:.. y-lclcl of r:hec:t over 
sprint; cultiv::1.ticn c.lcnc, , prcvid.ecl clover wns su-1-,pr essed r..nc1. fortility 
incre,, sec1 ei thor by prcc ('ncliti 0ninc; by cheuic,.l ;;10 ;n;:, (f c.llow ), or 
supplying nit1~ogon t c the, crop. He ,'..l ~,C' fou:.1c.1 th('..t c onventionc.l 
cul tivo.ticn rr ,,s equt' l t o direct Qrilling nhcr .) t hv fm'i.::ior no.s prGcodec1 
by o. !i1i c7.- r,into1' trc c:tuent of po.:cnquo.t t o p:..·o c cncliticn tho soil. 

During et al (1 963 ) studied vo..ri cus intensities of cultiva­
ti on o.....'1c7.. the effect on s oil nitro.t,1 l evels . Conventiono.l cultivci.ti on 
wo.s found to significc.ntly nf'foct levels of ni trc.tc i n tho topsoil nnd 
t he se levels rrcrc significantly rel o.t e:d. to crop yie:lds . I n the cnse 
of chcnicc.lly prepcrod seedbeds, yields m::re as goocJ. i n the first y1:;o.r 
o.s c onvention o.l cultivation but produced infe rior c rops in the sec oncl 
ye r.:r . Prestuno..bly, in t ho first yeci.:r tho crops benofi tted fro• t he 
presence of l arge n• mmts of de c ompc-s ing plc.nt residue dcrivec1 f r o• 
gi.~ass-clover pnsture , there being much less of this i n the soil during 
the second y e,2,r . 

With blanket spraying and overs ming, Cross and Robinson 
(1964) f ound slow est cblishment of perrunnent ,o.sture spec i e s on in­
fertile hill c ountry, ascribing this to l n.ck of nitrogen during the 
period be f ore full deccrapositi on of the killed resident veget~tion . 
In c onpn.rison, overdrilling ini tinlly produced greo..ter growth but 
gr~ss growth a.fter n. while s eemed r e tarded through l ack of nitrogen . 
Two yea.rs after sowi ng, the oversrr.;m pasture was of b e tter qunlity 
than the overdrilled although clover l evels werl, s imilar. Whilst 
the overs own nreo. YTO..s clomino.nt i n perennial :7 egro..ss t he overdrilled 
nreo. was dominant in brmmtop . 
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In the United States m01~e q_uanti tativo nark has been record­
Gd. Much of this work :relates to st·..1bbl0 mulch p ractices, where 
yield. roductions a1"e similarly related to unavailability of nutrients 
from tho dead herb ago present on the, s oil surface . 

Gar,1ble et al ( 1 952 ), using a double-cut plous,"l-i to p roduce a 
mulch and a c onventi onal "turn plou gh'; as a c omparison, inve stigated 
microbiological activi·cy in soil samples . They concluded that under 
thG conditions of their investigation, the follcning microbiological 
factors might be, rcla t ea to the plant food "tiG upn problems : 

( a ) Tho environmental conditions m b e tter oxygen supply and more 
organic mattur in the 0- 6 in. horizon sec1:1ed to fav our tho 

stimulati on of t h.:.: soil fun;p. in the mulch p lots . This group of 
soil micro-organisms mid1t c ause a temporary loss of nitrate nitro­
gen as a r esult of protein synthesis by the mould cells. 

(b) Biochemical nitrification as determined .-rith the perfusion 
apparatus of Leos and Quastol shoned slightly lower amounts of 

nitrate ni trogcn formed from t ho mulch t han from the turn plough 
samples . They also thc,ught that soil pH sl1oulcl be considere d as an 
env:i..ronmcntal f actor having considerable inf'luenoe en the activity of 
thG soil populatio::1 . Fungi populations wore found to b e higher in 
the mulch8cl plots t han these plough0<1 v1hc, 1•e as bacfol"ia were found in 
similar numbers in both treatments . T-.ioody ct al ( 1952) also inve s­
tigated the effect of tho cloublo cut plough method of mulch tillage 
on fertility , ancl measured soil nitrate- N, soluble nutrients in the 
leaf a.nc1 other parts of tho corn plant, gr a i n yiold, and physical 
properties of the soil. Tho standa:cd three yea:r rota·cion of corn, 
small gruin, and clover grass Hi t h mulch tillage practice during tho 
c orn yoar was comirn.red nith a similar r ot a tion usin g c onventional 
clean tillage prac tice . Tho percenta t;D of H in t he corn plant was 
loner where mulch tillage was used. The diffe r e nces ·.-rcr0 signifi­
c ant (.'3}:i level) for high yield se nsons . P in the plant was not 
affected by till age metho<l. Differences in !( c ontent of c orn plants 
b et.wen tillage methods, nJ.. though usuru.ly lar·go, were inconsistent. 
In general, soil nitrate !I and soluble N:-P··K in lea£ tissue vrn.s 
louer during the earl y pai"t of the growing season under mulch tillage . 
Yields were equal when t he plant er v1as modified to push the mulch 
from the raw. They thought that thE1 changes in N status were 
chiefly due to changes in soil microflara due t o the different 
tillage practices. 

2.2.6. DIRECT DRILLING MACHINERY DESIGN. 

Band spraying machinery has been describe d by Blackmore 
( 1962) and Kay ( 1966) largely in relation to the production of bands 
rather than drill requirements. There is no reason to suppose tha t 
the drill requirements for band spraying are a n:y diff'erent from those 
for direct drilling. .According to Baker (1969) it had b e come in­
creasingly apparent that one of the major and mos t influential 
variables in the short-cut seed establishment of direct drilling is 
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the method Qcic] rao.chine r y used in drilling t he seed . He also noted 
the lt:1.ck of fundc.r:1e nt r'.,l do..t 2. o..v a ilr.:blc fo:.c the de s i gning of sui t nble 
dire ct drilling rnl'..chinery . Seecl plr,cement , e.Df' roct ~.nd shoot 
deve lopoent of ;Jeedline,s, in r e l c.tion to t he physicc.l properties of 
the drill slit require pn.rt icul-':.::c er.1ph'.1-si;:; in de s i t,n r e so 2.rch . 
It o..ppet1.rs , h ov1eve1· , t hl'..t the use of direct dri l linc; rnc.chinery in 
narg:i..n • l are o..s ( such n,s drie1~ soil c ondi ti ons ) is he lpin2, i n this 
::cesen.i~ch (Anon 1 %9, :!~ruce:;; 1969). 

L :POI1.TN~T DEFICIENCIES TI! BAND SPE.AYIIJG LITERJ',TURE . 

'rhreo mo.i n c ci.t egories of kn owledge c1.eficiency rclcd;ing to 
bond spr ,"'..yi ng exist . 'l'he se ere : 

I. ,Con:!E_etit i on 2.nd Est<'..blishrnent. 

A p nuci t y of lmorrledge c.rp e ::,,rs to exist with r efe r enc e -cc 
t he r eL1t ion of the level of c o1,1pet i ti on r ernov c,l t o t he r osul t::1 
c.chieved i n dire ot dr·i lling "..Do. overd.rilli ni; techniques . Vi:i.~tu<'..lly 
n othing has been r ecol~decl. describing tho pnttern of c ompetition r e -
r;,. ov::Q <'.'•.nd its effe c t on the subsequent est,.b lishment . K:-iy (1966 ) 
h.::ts been t he only nol'ker to pub lish i nvesti c,~, tions i nto v c:..ryi n[; b cmd 
,'ri d th effects . _\s hi s :-- i r,1 F r..s to obt;,in t he b est est2.blislment 
possible he eventu,,·,l l y usec~. 0 1. bl:.:n!-cet spr:,y cepplic:-.tion for tho i n­
sur.:'.nce it dforcleC. (K2.y pers . coir1.-:i.) . 

II , Bc..nd Syr ayi ng ns, c.n Est8.bli s hrncut 'l'echniq_ue . 

To elat e no Oiscussicm h~~s b cei, publishec, concernin0 t ho ,,o.ys 
i n which b nnc1 r;p r r,ying coulcl b e usl::cl . Hm1c vor , t rL,l r c::rnl ts suggest 
t hat : 

(i) I n t he inst.'.'.nc e s ,,her e srnm spe cie s 1.1ere of i;,.~e c:tcst imp ort cmco 
( e . g . - the gr-ov;i ns of rMtize i n pns t u:;.:e , Le~:is [:.nd i lc.rtin 1967), 

c o1i1pe ti tion frorJ the rem,:inin t::, herbage nci.s such t h0.-t tho risk or 
ac tua l competiti on lecl. to the abo.nclonmcrnt oi the t e chnique . 

(ii) Existing species could a.dd to tho r e sulting he1·bage yield 
( e . g . i n the c a s e of stock fee d ). Tho trials of Blaclanore 

(1 962 ) c.nd Hnr.merton and Johnson (1 962 ) w:ere in this c a t egory but 
they did not menti on t he c m cep t of n compl ement nry effect b e tween 
sa,;m and existing species , whilst only the l nt t er pa.ir quot ed 
quantitative r esults . 

The l a ck of f'undrunent a l desi gn da.tn ha s been briefly 
noted. 
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2 . 3 . riATERIALS .fu'IJD HETH ODS o 

2 .3.1. DESIGN, CCNSTRUCTION .AND PERFOJU:U11'1CE OF BAND SPRAYER. 

2 . 3 . 1 .1. BASIC DESIGN RE~JUIREHEHTS OF BAND SPRAYER. 

The folloning four points nere c cnsiclor ed i mportant i n the 
des i gn of th0 b and. spr nyer: 

I . The band nidth p r oducecl s _culd b o ccnstc..nt at any one band 
,1idth setting regard.le ss of chan ges i n t he: microt 0pography 

of th:; ground surfac 8 . 

II . Thero b e me ans of adjustment s o t hat v rt:i:i cus n i clths of b and 
c ould bo sp r ayed . 

III. All b ands s hould be spr ayed. a t t he s:une r a te 0f 1.mtcr per 
sprayed e..cro • 

IV. The spr ay nnzzlo and seod soninG c oul ter shoulcl follow the 
same pat h , the c oult er b c i nc; centred t o the band p roduced . 

DSSICH OF Bill'TD SFJ..AYER . 

Th0 nbove objoctivus , 101~0 achievGc1. i n the folloning manner: 

Band nidt1rn c culcl c cnco ivnbly b o produced l)y s eve r a l 
different me th ods: 

(i) By mai ntai ni nt:: tho spray n 0zzlo :.it E, c onstant he i ght above tho 
pasture , the r esulting b and v1idth uould depend on the n0zzle 

he i ght a.nd spray angle. This method nas used by Blackmore ( 1 962) and 
Kay ( 1 966) . Blc1,ckmorc ( 1962) tra iled skids just i n front of t ho disc 
c oul t ors of t he dri l l. ThGse V,8re molmtcd on 8, long rod at the front 
of t he drill and snung i n a vertica l Rrc to f ollo-,i t ho ground c ountour, 
whilst springs ensured that c ontact Yr~s maintaine d on the rou ghest of 
surfaces . Kay ( 1966) used discs ni th depth bands, and had the nozzle 
mounted on the disc asscr.ibly . Tho depth bn.nds ensured that the rrell 
loaded discs ( 157 -lb . on the 20 in . double discs ) v10rkcd at an e ven 
depth . 

(ii) By the use of shields to allrn7 only o. certain n idth of spray t o 
reach the ground . The se could b e either h orizcntal or vertical . 

There a.re , however, complications: vertic al shields lend to spray c on­
centrations a t the edge of the b and and horiz 0ntal shields need some 
means of drainage as the liquid must net be a.llowed on other then the 
~,rayed are a . This method n-as discarded as likely to be more compli-
c ated and troublesome than the use of a nozzle mounted on a disc or 
trailed sld.d. 
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The drill used Yms a Connor Shea cliso drill that could be 
mcdi:fiod :f or dir Gct drilling i7ork by tipping the discs so that they 
wero prt:>.Ctically vertical (nc 6ative tilt angle approx. 5°) nhcn in 
con tact \7i th t he, soil (Pla tE, 1 ) • 

Plato 1 . 

Thosc discs dicl n ot ho.,ve depth bands and so o. tr'l.ile d skid n a s c on­
sidered n more reli2.ble mount :f or tho nozzle t o enable a constant 
band nidt h to b e: kept . It Hl\S knmm tha t ground conditions in t he 
trial area wore smooth, and thus it Ha s decided that weighting 
springs on tho trailed skids nould be unnecessa1sy especially as t he 
operating speed nould be lorr . 

II. Producti on o:f Di:ffcrcnt Bo.nd Yi.dth~. 

As method (i) (above ) was chosen :fo1~ the producti on o:f ov en 
bands, band nidths wore altered by changing tho nozzle mounting 
heights. 

III. Haint(mance _o:f i;l_pra,Yi,ng Rate . 

So that rates (gallons of spray mixture per acre o:f area 
sprayed) could b e maintained a t the same level, nozzles vrerc changed 
'ivhen nozzle he ights rrere changed . Hi gher output nozzles were 
therefore used for the wider bands. 
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The placement of' the trailed sld.cls on a r od in front of tho 
coulte rs enablecl adjustment s o t hnt the c oultcrs ciid i n fact tr r,,il 
behirn1 the skid0 . Tiw c oul t ors te nded tc move s i deuays u:ron pl a ce ment 
in t he soil but this rn,1otmt rema ined c ons t ant uJlder the c ondi ti ons of 
use, s o t hat initi al adjustmont s ideHay::', of thE:; sl:icl vvas a dequate for 
correcti on . 'rhe r e rro 1~e t hree r eanons y;hy ths 1)3-nds we re spr ayed b ci'ore 
the s ised drillE: d : 

(i) P ar aquat mc.y c.ffoct the., germine:,tion of seccl (Bl a c la11 0re, pers. 
c crmu . 1 967 ) and any spray c arried du-1,ri the drill slit to t he 

seed c oulJ l oYTer g::n-nination . The r efore it vms ccnsiclercd st:.fer t o , 
spray b cf' cro t ho s lit m,s op encd up . 

(ii) Disturbec,_ s oil :fror,1 the ccultcr i s lih,l;/ t o o cvc:r a.nd t hus 
1)rc.,tcc t s o,,1e 1Jas ture f'r orn the spray . 

(iii) I t r;as 02.sier 
of the m~in, 

discs ,.rhon mounted i n 

t o mc,unt :-i b8.r at ti10 front r :i.t he1· than back 
a.nd p ossiblc t 0 mount t ho nozzle s ol r.'ser t o t he 
front of them . 

2 .3.1 .3. DESCR.IPI'ICN OP. THE B.1-\NT) S PPJ1l'ER . 

I. Skids and r:Iounti ~ • 

.A 9/ 16 i n . steel rod rms mounted acr oss th,..: front of the, 
drill on t r n bracke t a t onoh end . Th(.; [;ki.ds wor"O r.iade out of 5/16 
i n . steel r ocl, illustrat e d in Plat es 2 and 3. 

Plate 2. De~~~Bands_pra,;y:er Const_EU~ti on . rn Shewi ng skid mounting rod with sld.ds 
and c ollars, spray supply tubes, n ozzle mounts, 
movement limit chains and proximity o~ sld.ds to 
disc coultors . 
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The shape of the skid ,ms such tha t tho short mid secti on trailed on 
the ground, vd th tho vertical part a llowing for vertical nozzle ad­
justment . Nozzle s were mounted on galvo.nised steel sheet brackets, 
attached t o t ho skid by a ¼ i n . bolt, washer ana wing nut. They were 
serened on t o a plastic "Dele van" nozzle mount nhich vms clc.r,1ped by 
the nozzle mount lock uasher t c· a 11U11 shaped slot in t he galvanized 
steel sheet bracket. The skid::; ve:co locat ed l a terally on t he 9/16 in. 
rod by scrovmd c ollars • 

.Adjustment of t he nozzle was t hus possib l e vertically and 
l ater ally, and the trailing of' the skid on th0 e;round ensured that 
nozzle he i ght was maintained re la ti vely c onstantly ~ 

Plat e 3. Details . af Bands~ra_yer Constructi on. 
(ii) Showing skids, nozzle mounts, and nozzle 
output timing operation. 

II. "Nozzle Sup_p~" . E~iJ?ment . 

The equipment t hat supplied spray under pressure t o the 
nozzles was similar to that of a c onventional boom sprayer. The 
power t ake off mounted pump ("Relmovm") wa s supplied by a ¾ in . 
plastic hose and pumped through a ½ in. hose to a "Sprayrite" pressure 
regulator and a 0-30 p . s . i . reading gauge . .A ½ in . hose led from the 
pressure regulator to the "distributor" and another acted as a return 
hose to the drums . .As the drill nas tractor mounted, the supply 
drums were attached by brackets t o the front of the tractor. The 
three rates of chemical used nece ssitated the use af three 12 gallon 
drums (Plato 4) . 
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Plde 4 . 

'ri1e distributor was c onstructed. of brass p i 1,o , 1¾ i n . in 
clicuneter and 8-½ i n . l on6, on tc nhich \l.'.1.S silver s clderocl t e n ¼ i n . 
diruno t c r ni pples . h orn thc 3c ni ppl es , i; i n . p olythene tuiJe rms 
c onnectocl_ t o t he Delevan nozzle m0unts . 

2 .3 .1 .4 . NOZZLE SELECTi m PROCEDURE . 

Three fn.ctors rrero c onsidered i n n czzle s e l ection procedure : 

I . Band Width . 

Band n idths nero set at 1 in., 2 in . , 3½ in . and 6 in,, the 
:first t hree of which were t r. b e sprayed by t he band sp r ayer (ref er t o 
Socticn 2 ,3.2 .3, for the reasons b e hind t he selection of the se bands ). 

II . ~ray_ing_ R_at ~. 

I n t he trial, the r ec cmrnended r nto of applicati on of 20-30 
gallons of Hater p e:c acre with grrunoxone nas follarmd and the applica­
tion rates of chemical were 1, 2 and 4 oz. a .i./aoro . 

III. §J?.~istribution Within the Band. 

The within b nnd distribution requirement was tha t it should 
be even in rate l a t erally with s harply cut off edges. 
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fho firs·c t rrc factors may b e c om\idorcc1- interrelut od. -r:i th 
rit;idly set lirni ts, rr.i. t h t he t hird 2.s o. qualifyins liri1i t on an;y pro­
p os ed way of pr cducins a b and . 

F or c onvoni onc o of clesi &"'1, c cnstruction, :mcl cp0rati L:n of 
tho b ancl sprayel~, tho v c..ri o.blo~; l e a.dine t c, different band n i d.ths o.nd 
spray r a t es were i nvo sti catod, Yti th t he ·~,in of h oldin1:; t,s mesny o.s 
possible c onst ar1t . The v aric:.bles rt.ffcctinc: b ,:::.Q wiclth C'.1Hl sp r aying 
r ato oro o,s f ollon: 

(i) FGrwru:-cl si1ood o:f sprayer . 

(ii ) Nozzle: charac turistic s . 

(iii ) Pressure . 

(iv) Hcz zlo hc. i sht . 

( v) Conccntr~;ti r-n ,.C' th;:; sprc .. y mixture . 

These Vm'.'i"b l o::: a :;,_0 0 alsr- i nterrela t ed: fo,. instcmcc , nozzle charac­
t eristics do t urmi ne the effect that pr e ssure l1n:s en t he r osultinc 
n.oz :e:: l e: spr ay o,r,~·lc: c,nd cutp;..1t, tho first o.ffc ctin 0 the b c .. ncl n iclth , 
t ho .:;c c onc1 t he S) r ctyi ::-,~, r a t e ( iJ.ll other vcri cib l c s remaininc c onst nnt ). 

lcr cr,i t he cuts;:;t, tl ,(, for r.12.wl spocc7 of the spr ayer nas 
fixec1- as s..., ood c cl.,lcl_ lJOssibly hc.vc... an effoc·~ or. the ~.1c rf ormanco cf' 
t he (1rill . Foi." c onveni enc e: i~ncl. oc0r:cmy it YiE,s }:opul t:-- Loc p tho 
nw.1b e r of mL'Cture:s spr::i.yocl t o a minimum . Vihon t lic C'j_)O :i.'c:tin c p res sure 
of c.. nozzlo is ::-,1 tcrcu t h:. chc!l1t)- i11 :..-ate i:; r ou1._;hly pr oporti cn<'..l t o 
the squc,._.ro r oct of -c:.H., clnnsc in p :;_~ussur e . Thi;:; moant th1..t 1~:i."OSSlll"C 
al t crati e'n etl cnc ,·,Qulcl net o.llon the aojustmGnt cf cpr::.yi ng r e.tes 
suff iciently f o:..~ t: 10 cpr c,y r a t e cho . .nu,s rc quh'cd . Till.ls thruo r,1ix-
tu:ccs norc tho mi nimum 1wssil)lc: , i . e . one fo1~ eo.ch pa:co.qu (:.t r a t e . 

Seve n diffc1~ont n c-zzl c sizes '\'iL: r c seloctccl by :;,_~(.fsronce t o 
t he :)orf orr11c,nc u cle.t o. [;iven i n m::i.nuf::i.c t urors ' c o.t o.l cgucs , cmd moclif'ied 
by t he o.vailo.bili ty of n cz zl os. An a rosul t , al l nore of t he hollou 
c one type . Fan n czzies specic.lly des i gned f or b o.nc1 s pr o..ying (in r ou 
crop work) nore av ailable , but t his y; as n e t lmci::n a t t he time . 
Initial nork nns n i t h Dolov o..n FS 2 .5 f nn nozzles, fr om nhich the pro­
cedure nas norked out, and nen: used i n t ho i nitial b c .. nd spray ing 
pilot trial. Tho performance characte ristics ( s uch as :pr ay angle 
versus pressure , c:md r a t e versus pr essure ) wore fixecl fer any nozzle ; 
thus final selecti on nns d one n i th tho romnininG t uo variable s , 
n ozzle height and pr e ssure. Graphic al results Hore r equired of the 
effect of vo..ri c.~us pr e ssures on b ond width at dii'f'or0nt n ozzle he i {;hts 
nnd th e affect on spraying r ate p erformance so t hat i n termediate 
values could bo easily calculated . The se were a chieved in t he 
f oll ov,ing rw.n;,,e r. 

Initially, output per n ozzle o.t di:ff'e 1~ent pressures ,ms 
measured by t o,king the time the nczzle tcclctc fill a pint milk bottle 
(Plate 3). Tuo or three nozzles of e a ch size uer e tested -
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Appendix I i nc orpor at es a t able of r e sul t s f or tho th.rec nozzles 
eventually u sca. . Tho noz zl es uo r e t hon sot o.t diffonmt hcd i)lts on 
t ho n ozzl e mount skids ctnd t hr: ba.ncl s:;:iraym· r un ove r- no,,;sp1·i n t nt 
di f fcrc,nt p r ossure: s , spro..yi ni:; me t hyl ene b l ue (Plnto 5 ) or RlwdOI11ine 
BrJ450 ( a red <l.ye ) sol uti on . B.:-i.nds 1.mrc r el;.sono.b l y well defi ned, 
r;i t h ~-,idths v nryin0 UJ? t c, ½ i n ., but u sually a.bout 0 . 2 - 0 . 3 i n . 
The ave r age n i d t h ,ms t 8.lrnn a t t he l oy;c:r:· pressures (7, 10 :i.m'i some­
times 15 :p . r, . i.) , but c cverCtge wns n ot c..s t;coc7 as n ith t he h i i)ler 
pressures . Gr aphs dr~EiD up fr cm t he results of those t 8st s enabled 
t ho s8lcc t i cn of tho tlu·oe nozzles used (Fi es . 1 , 2 and 3 i llustra t e 
t ho results 0f t ho Ifona.rch 4 . 6 H C n ozzle used for the 2 in . b and ) . 
It rro.s possib l e t o spr Qy t he tn c nn.rr o~-; bmx1s o.t 20 p . s . i . but with 
t ho 3½ i n . b o.r1cl it rms no cossnr y t o spray at 25 p . s . i. . 

The nozzles :5elect(;cJ_ and other r elevant dat a for th(; p r o­
ducti on of t ho bands rrerE.. a s follorr : 

Band Noz zle I-'ord 4000 
n i dth N czzl (; height engine Pr essure Gear Speed 
(in. ) (iE.~ ~~-· r..!.E_•E1..• ___ ie._._E..!.i~ .t .. ~ Il?.•J>_•.P.~ 

1 ,:, 3 oS . 1 
4Y 1 .5 1-7/16 1000 20 7th 2 . 6 

2 Hon:_'.J'.'oh 1-7/32 1000 20 7th 2.6 
4 . 6 HC 

3½ !-.ionc!.l,ch 1- 7/0 1500 25 :;th 2 . 7 
6 . 4 HC 

~Spray inc Systci,,s 

Tab le IV . ~i~ Bond Pr oduction . 

Dif'ficulty ,7Cts ~ eriencod nith thC; n(:Zzle nn[~le vo.ri ati on of tho 1 i n . 
b and nozzl es . Noz zles He r c t hus se t at tl1c different he i ght s (1 - 7/1 6 
and 1-7/ 32 i n .). Tho applic c..ti on r o,te us ed rms 30 g:i.1./n.cre ( t his 
fi 6ure appeare d t o fi t b e tter than a lmmr one for t he nozzle s nnd 
pre ssure s used) . 
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Plat e 5. 

DliND SPRKD1.l ADJU2-'I'i.iEIJ'2S o 

'.!.'he b nnc.1 s pi~ay e r -,;,o.,s E'..ujus t cd. u i th t he ni.tl cf' t-.-:o p ilot 
trials . 

I. :£:ilot '.'.'ri o.l i i" o . ~1, . 

This trial ,ms car1' i u l out t c· c.,sco:ctc.i n '.7hE.; t hor bent oni t e 
c c8.tini.i of t he s cocl usca.. i n t ho mo.in ·[;ri2.l ( t o p r ot e:ct i t n.gni r.s t 
p2.I'ctquat clo.r:1:i5c ) ,t0uld b o uorthut1ilc , t c checl-~ tht:'..t b and s spro.yccl on 
p o.stur0 n o1·0 a s uell dofinecl n. s t hos e on no\ ;sprint , 2.nd t c ass i s t t ho 
correct pcsi ti oning c,f the skids i n r o l c, t i cn t ,, the c ,"ulte:rs (:refe r to 
.Append.ix II f ol' furthc:;.~ Qe t ::-,ils cf t h is tJ.,fol) . 

Conclusi ons frcm t he i'ir~i.lot tri..£_1 : 

The germi~1[iti on r csul ts s hc.w;ocl t h,,t if the re ha d bee n any 
gain from the use of bentoni te c ontinG i n pr ote c ting seed from po.rn.­
qu[~t, this ,ms rrell offset by t ho lorrorin c; of sermina ti cn clue t o the 
c oat . The germinati on cf unc oated seed ,;o.s about d ouble t h at cf 
coated seed . The l<mds p1~oclu ced (sprayed on short p o.stu:re) were found 
t o be of similar v c..riabili ty t o th os e on nev,sprint (i . o . up t o ½ in . but 
usually ¾ in.). I-,ieo.suremonts nere to.ken <)f tho positi on of the drill 
c oul t er slit in relo.ti on t o the band and the n ozzle mow1ting skids 
~ero adjusted accordingly . 

II. Pilot Tr;i.o.l Nr- . 2 . 

Arter tho first pilot trial, a second tri.~l 11as oonsidered 
necessnry :for the follcHing r eo..sons: 
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(a) Tc drill in more ic1eal soil conditi ons , i,e . at a 
hit71er soil moisture thc'7,n in tho first tria l to allo,7 

be t te:..~ penetration of tho discs and there:fore better seec1 placement . 

(b) To te s t t h<,; possibility of keeping all noz zles at the one 
height fm:· tho diff'crcnt band. uldths . A hei@1.t of 

1-3/1 6 i n . rras chosen . Three of each of t he th.i.-·c,e nozzle sizes ,;:ere 
used. 

(c) To sec nhcthor it nm; pnssibl o to ~;:i."oduce o. 1 in . b and . 

(d) T o see nhothcr the c oultcr rrnulcl. follod the nczzle a oc111·0.tely 
e!1rugh for it t o keep i n the nic1cUc cf tho b rn1ll (cspe oi .21.l y 

Hi t h t he no.r1~ono;.:' 1) anrls ). 

( e ) Tc- sp ;.•ay nt 1 pt . /ncrn 2.nd compn.re t he kill nith tho 2 pt ./ 
a ero spray-co. in t he first trial (rofc:i.: t ,.., Appendix II for 

further details ) • 

.Q~s_n~~~..f.~C?::1ll)1u _E.8.~~~~~~t . t rial : 

( o. ) Given suitc,blc scil c onditi ons nnd. dieo drill p erformed 
n.d.cquc:bcly with r ce;,'J.'C. h , ponctrc,,tion . Steps Hero taken 

in t he main trinl t c ensure that the soi l wo,s su:fficiontly moist f o;: 
this . 

(b ) The; r osul tin /'~ b:.:i.nd.s \lGrc net of t:-io widt hs r oquil•cc"'. n!lCl so 
i t Y:D.s clocid0c1. , 2.s p;::,eviously nct od. i n Tab lo IV, tc1 sot the 

nozzles .1,t d.iff'e1·ent heights . A gnu[,O rn::.s c 0nstructed t o oncible 
he i ght n.c"'.. justmonts (fo:c· the diffo:cont bnm7. Piclths ) tc, bo ma clc quickly 
in thu field . 

( c) It vms found thi.tt so.,tisfac.tory b tmds of 1 in . wic1th oculd 
b o 1n•od.uooc1 . 

( ,1 ) Thero wo.s s crno movement of tho c oulter fr01.ri side t o side 
t h:.::t vms net follor;od by t he n<.'zzle, but as moro e ven 

grotmc"l was to b e used in later ·Hork t his was not fol t to b e excessive . 

( e) Kili,--rc::.s satisfactory \Tlt:1 1 pt . of pnrnquo.t i)e:r. acre . 

After this ·:1ork m.1.s c c.1v-•:ri l c t ed, tho b nnd sprayer Has c on­
siderecl re ady for use in lo.ter t :,,•ial uork . 
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2 .3 . 2 . LiAHJ FIELD TRIAL . 

2 . 3 . 2 . 1 . SITE. 

The site chosen \7o,s on the J.inssey Unive1~si t y Terrace sheep 
f arm. It rn1s loca t ed i n p rulclock 15, on sli[;htly slopi ng ig-ound with 
a n orth- easterly aspect . A p i ne hul0e on the south- western side was 
separated from t he p lot by a road . This hedge t ended to shade the 
plot during t he late afternoon, p rovide shelter from westerly winds , 
and partiall y litter Block A with needles , 

Soil t ype rras Tokomaru silt loar;: which i s prone to pan 
fm'lllat ion and poor drainage . The area~ knovm fo::..· its wetness i n 
winter, vrns also poorly drained, having been last tiled about 20- 25 
yen.rs aco . 

Pasture ,;,a::, the main criteri a in si t e selection . An 
adequat e clover-ryegrass balanc e was present i n t he site selected. 
The a i m was to try- and improve the winter producti on of a good. 
pasture - the re asoni n 6 beinc; t hat if the pasture was not a good one, 
then othe r more perraanent imp1~ovements should b e undert ak en first . 
t he b ctanical analysis at the start of the t1~i al rras , i n summary 
clover 14%, ryegro,ss l+2fb, other grasses 38fo, weeds 6% (refer to 
Appendix III for f urt her details ) . 

2 . 3 . 2 . 2 . SITE PRCP.AflATICN . 

BetvTeen Peb r uary 21-24 t he site r:as f enced off , movm with a 
forage harvester to bring the pasture to .'1. common bo..se height, and 
plots were marked out . Rainfall was lo•;r in the earl y part of 1968 
(Appendix IV) and thus t he plots we re irrigated at intervals until 
March 8 . Three 50 ft . perfo~at e d hose s were used . Bec ause of the 
s heep f a.rm day time nater demands most of t his irrigation TTas accom-
plished during t he nights a£ l,iarch 1-8 . Total ,mter application 
amountedto approximat e l y 1·± in . This enabled the l) locks to grow 
luxuriantly and the soil moisture c ontent t o incr ease and ensure good 
penetration of the drill . 

Soil moisture· on Haroh 15, on a dr-y ueight basis, was 30 . 7/o, 
compared with 17. 7fo in the non-irrigated area (refer to .Api: ~ndix V 
for further details ). Eming Has carried out on Februm~y 29 with a 
"Gravelly." mower and on Mai~ch 4 vri th a rotary 1mm mower . The drilling 
date u as postponed several days to allow further irrigation (it was 
hoped that r a i n would fall earlier) and to enable its effe c ts to be-
come spparent . It was perhaps unfortunate that the plots n ere not 
mown again before spraying, .· as t he pasture started grming rapidly 
by Harch 8 and was possibly too long at the time of drilling (:March 
13 and 14). 
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TRI.AL DESIGN . 

I . Trial Design Faotors o 

The f'ollOYrinc; fac tors nere chosen for i nvestication: 

(i) It was estimated that four 1,7idths -;-rould be 
adequate t o cover the r ange . Coulte r spacing on the c":·:>ill 

.:as 6 in .: thus .J. blanket application to en3,b l e comparis ons ni th normal 
direct drillint; prac tice would repr esent the rridest (i.e. 6 i n .) 
b 6nd . The width o:f b a.ncl chosen by Blackmor e ( 1962) of 2 in. vras also 
u secl, with a narroHer one ( 1 in.) aml wicler (3-½ i n . ) . This latte r 
band Hid.th nas chosen i n prefer ence to 3 in . as it nas closer to the 
middle of t he 2- 6 in. range . 

(ii) §pra_xinfi.J!: .. ~"tes_. Fri o:..~ t o the ini tiaJcion of the tri a.1 t he 
I .C .I. Rese2.rch t eam had 11ch.iev oci. some success in pastm"e 

renovation usi ng lou rates of paraquat aprilication C;vill i ams 1967) . 
Qf interes t also, uas t he question of ::i. possible inte,.0 acti on betneen 
paraquat rate and. bancl Hic1.-th and. ho\'l the same amount of par aquat 
applied i n di.ffere nt nays ( e . g . light rate, nide b ancl versus heavy 
r ate , narrou b and) \-{ould af':foc t results. Rates chosen theref'ore 
,;rere 1, 2 ancJ. L~ oz . a . i.*/acre (¾, -½ and 1 pt . /acre of' the liquid ) . 
The above -b.10 factors allcr:ed 12 (i. o . Li- x 3) compoti tion suppression 
treatments , l)Oth ar-e ::i.l y ancl in i nt ensity . 

Varieties . 11 Grasslands T.:imo." lie stern Tiol ths Rye grass 
(s~1bso.qu'°;;ntly r eferred to as "T ama rye€7'0.ss 11 or 11 Tama11

) 

and rye corn (a ce r eal) were chosen mainly be cause of the successf ul 
experienc e of Barclay o.ml. Vartha ( 196G ) . Saning r ates r:ere 30 lb . / 
a cre for To..ma ryograss and 150 lo . /acre for ryecorn . 

(iii) 

(iv) ~c:Ei_en . Th,3 buJJc of literature sugE;estin; that nitrogen 
deficiency was a factor of importanc e j n pas ture or crop 

establishment nhere he1~bic ides rro r e used close t c the time of sm1ing 
led to its considera ti r.11 i n t he trial. It ,ms i nc o:;:,porat od as a 
sub- plot ef'fect, 1 cnt . nitrolime b ei~1g s0\m u ith half of the seed . 

( v ) Fertiliser . Tvrn cwt . of serpentine super was s orm v.ri th 
the seed on all plots that were drilled, and broadcast on 

the undrilled pl ots . 

I I. 

(i) 

by t he 

(ii) 

and 2 

Rs~l i c at i_on . Past experience suggested the nun:unum re-
quirement of f our replications, and t he l imitations i mposed 

t reatment number actually resulted in four b eing used . 

P.!cot, Iiumber . With 4 replica tions ( sub s equent ly referred 
t o as b l ocks ), 4 b and wi dt hs , 3 spr aying rates , 2 varie t ie s, 

nitr ogen l eve l s , 192 p l ot s plus II c ontrols 11 were necessary . 

* active ingredient 
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In order to save s ome space the nitrogen l evel vms incorporated as a 
split or sub-plot effect. Control plots nere of three t ypes: 

A. No drillin~ or spr ayi ng . 

B. No spraying, but cl.rilled ni th rye corn . 

C. 1fo sprayi nc;, b1..:t drill&d nith T runa ryegrass . 

Each of these YiD.S split with t he nitrogen sub- treatment . 
t i ne; sub-pl ot number was 224 . 

The resul-

(iii) Plot Size. Plot size no.s determined by drill nidth and 
s ampli ng area, nhilst e c onomical area use m:i.s considered. 

The resulting closign i s shonn in Fig. 4. The 25 ft. headland \ms 
to enable easy nc,mourering of t he tractor (Ford 1~000). Ten feet 
u a s considered adequate at the ends of the plot for the tractor to 
pass from ono he adlan<l. t o t he next . The cl.rill Hid th of 5 ft. and 
t he v1heel tracking of t he tractor used made a 6 ft . wide plot ideal. 
W hen t ho plots uere band sprayed and drilleu., tho tracto1~ moved from 
the headland t orrn.rds the centre of t ho plot . V.1'heel mark areas nere 
common for adjacent plots . Tho subplot division in tho middle of the 
plot gave an 11 a 11 and 11b 11 area to each plot (see Fig . 4). 11 subplot 
length of 15 f t . uas c onsidered suitable . 

(iv) Randomisation of Plot s . Plots uere randomi.sed ni th blocks 
by clro,1·iinf, from ·a·1;~; nhilst sub~lot ends nere r andor.iised 

by t ossing a o oin . Tl:.e resulting treatment pla.D is shorm in Table V. 

2 . 3 .2.4. TRIAL EXEgJT:I:CTf. 

On Harch 12, 11 6 i n ." band. plots nere sprayed with a lmap­
sack sprayer. .All plots rrere drilled a:1d. other bn.nds sprayed during 
tho folloning ti7o clo.ys. Plots were drilled i n a predetermined order 
to reduce adjustments ancl nozzle changes to o. minimum . The Ji'ord 4!)00 
tractor (Plate 5) had a "select-o-speed11 transr:d.ssion and this nas 
used advantageously on a spoccl control b asis. The plot was approached 
at right angles alone; the far side of the hoadlancl ru1d t urning accom­
plished at t he spe cii'ic ~ome nt to ensure the oorreot directional 
approach to t he plot . The drill-band sprayer was :pl a ced on the gr-ound, 
seed and fertilser chute s checked for corre ct positioning, pov1er take-off 
engaged and t ho pressure brought up to the opera tine; l evel. The 
assembly nas then moved forward a t corre ct speed until it reached the 
bard.er of t he opposite subplot ru1d then stopped . The p.t.o. was dis­
engaged, spray valve turned off , t he drill lifted and nozzles allcmed 
to stop dribbling . The tractor 11as the n driven off across the 
opposite subplot (i.e . the tractor oontinuea. forwards). Arter the 
four subpilots of one treatment were sprayed, the concentr ation was 
changed for the following four. Arter another of these changes, the 
nozzles would be changed and heights adjusted. 
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Table V. 11:.Y,ouLof .J~~-lmenJ.s i1!._ Mai n Tri a!:_ . 
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In s ur.rr,1.'.lrlJ, t he order of ope i..Yition uas : 

r.iarch 13 mornin_g: Tama r ye grass seed, No (i.e. no n itrolime sovm 
rrith see d) 

(a) 

(b) 

(c) 

(d) 

All aovm- not-sprayec1 and blc:mket app lication plots 

3½ i n . b ancl, 1 oz. a .i./acre 
2 oz. a .i./acre 
4 oz. a .i./acre 

2 in . b and, lf- oz. a .i./acro 
2 oz. a .i./aore 
1 oz. a .i./ncre 

1 i n . b nnc1, 1 oz . n. . i . / acre 
2 oz . a .i./acre 
4 oz . a . i . /o,cro 

~:iarct, 1j___,Ef_tc~: Ryeoorn and No r,ith a reve rsed orde r . 
Open,tiono.l deto,ils for I.larc h _ 1.!t wer e t he s ame 

a s f o:,.• Mo.rc h 13, but in r everse orde r anc} ni th ni trolime added . 
In t his uay <1iljustments Yroi..~e minimised . All seecl nas drilled ni th 
eerpentine super; the ni trolime Ha s a lso mixed v;i th t he super and 
t ho s owing r at e increas ed a c cordi n&ly . 

Conoe ntr~ti on c hant,-es uore o.chiove d by a r ap icl change of t he 
inlet hose from one drun to anot her . Tl,e return hos e l oft i n t he 
ini ti8-l c onoentrati on e ventuall y r an nhi t o duo t o t he air entering the 
inlet p i pe in the ch::11G~ over. It n a s t hen u.ll Oiied to run on to the 
ground until oloa.r rrhen it rrns placed i n t h8 next concentrati on . 
Seed was changed by sucking the seed box out \Ii t l! o. vo.ouum cle aner 
driven off a petrol motor- gener ator set . 

ME.ASUREEEN'rS • 

The large number of p lots considerably limited the 
me a surements p ossible . Those t aken were : 

I. Soil Hois,ture Samnles . ~~---..... . ~ 

These were t a ken with a 1 i n . core sample r to a depth of 
4 in., the top ½ in. b e ing discarded. The remainder was weighed and 
dried in an oven (110°c.) for 24 hours b efore re-neighing . Soil 
moisture was expressed as a peroentatge of the clry weight. Ra ndom 
samples on the plots and headland vrere t a.ken on f'ive occasions 
throughout tho trial period. 

IL Botanio.,.,al CoE11?.,osi tion of tl}._e Ori12:nal Pas.,ture Use9.:. 

A five wire vertical point frame was used to a3sess the 
oomposi tion of the pasture at the start of the trial. This was • 
carried out on J&oroh 18 on unsprayed plots. Te n positions were 
used per plot, 2 plots per block, giving a total of' 400 points. 
Classification consisted of "clover", "ryegi:-ass", "browntop", 
"Yorkshire 'f:og", "oooksfoot", "poa species" .'.'.nd "weeds". 
Summarised results are to b o found in Appendix III. 
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III. Seec:11~~ Counts. 

Seedli ng counts were tc.ken essentic.lly to check on pla.vit 
est2-blisbment. These were done on t wo occ c.s ions, :.iarch 21 ( approx . _ 
1 week post s owing) and April 1 (2½ weeks cl'tcr sowing). The 
srurr_plin[-5 11 ru:-Ni. 11 chose n Vias 24 in . of ron, ~- per subplot, 10 sub­
plots per block (at rand ow), and r epeat ed on eac h block for each 
variety. The Connor Shon dTill has t he c onc ave surfaces of t he 
discs f acing out from the centre , five 02.ch side of the centre line. 
I n the operati0n of t ho drill, the rosul ting fln~ tended to fa.oe in 
either a westerly or e e,storly directi on (Fie;. 5). Two of the four 
seed.line, oount smrrple::i per subplot were takon fron ec.st an<l. ;;rest 
f acing plots to test Hhether t his vms o. signifioont factor in t he 
este!.blishment of t he plc..nts. Presumnbly thE:; 11 oast 11 slot would hnve 
t he sun shining more dire c tly dorm it dryin[:; out the soil. At the 
second c ount ullon t h o plots were J.ryin::; out from t he edge , half the 
srunples Hore to.ken from t he edge nncl. ho.lf' from t he oiddle of the 
plots. 

D.;t.:y m.'.1tte r Pro<:luot_i_~• 

Dry- matt er production cuts r;c1"e t ~ken on different occas ions: 
April 18 - Hci,y 1 (5 t o 7 necks m'ter so·,-ring); 1iay 28 - Juno 5 (11 
,;eeks ); August G ( 21 Hecks) ; 2.nd September 16 (27 nooks ). Pasture 
he i [)it c..t t ho t i r.10 of cutting i! ~ts 6- 8 in . The sampling arec1 110.s 
i nitioJ..ly t uo 10 ft . by 1½ ft . arec.s from each subplot . Before 
sc.mplinc, tllu blocks \:or0 trimnccl to le cvo ['. 10 ft . strip over oech 

Proc:.cr.iinrmt ::-.ngle, of 
sun I s r -:.ys 

"E o.st 11 r oH - / ' 
sun shining clire c tlf / 
c1orm open slit ~ .... ('.:,,,-/ 
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rori of' subplots. On ec,ch subplot r:. mower was run to cut 2.ncl catch 
the herbage grown in o.n 13 in. strip (modifie d "Allen" sickle bar 
moYTor, l ater roto.ry 1mm mower). This included 3 rovrn of t he smm 
specie ana. 3 i n . to e i t hcr side of t he outer rm, (Pl a te 14-). Rows 
sornpled vrere numbe rs 2-4 and. 7-9. Rows 1 aml 10 rrere sm·m i nto 
g...~ouncl. that h cid in tota l 4 passes of the tra ctor f ront and r em, 
tyre s. Rows 5 and 6 ner e planted closer t ogether t !-lan t he r e st. 
There t endec:t to b o hrn bD.nks of 5 rows , sp aced D. t 6 in., with a 
4-5 in. gap i n the middle . This vms due to t he: sido thrust 0:.1 the 
discs tending t o bring them cll ton.o.rcl the cont:..,e -,1hen opera ting . 

Snmpl os , r;l~on cut , uere vro i ghed on tho spot end. sub-
s nmpled for a.r,y matter clo termination . This no.s o.cconrplished by 
neighing n 100- 200 g.":l . sample wet , dryinc nt 8o

0
c . in on oven 

overnisht, LncJ. ro-;.oighing, usinr; t he r e sul tir.t; dry mat ter percent-
ago to calcula tG tho ili"Y weight of t hu green f i e l d so.rnplo . From 2. 
lmouledge of the area s o.mpled, dry nw.ttei~ production/acre coul c. b o 
establish0d . Plot s wore ma:n off oi't0r scunrJling t o 1-2 i n . i n height . 

'l'ho bulk of matEJrial h.:mdled o.,;_1d the need for fine rrnather 
r,hcn sampli ng ( rnonorc chokocl oth0rniso ) lod. to tho abo,ndonment of' 
this t oc!mique "£to:;: the seo o:10 cut . Ir: the lnst t-10 c uts n 2 x 1 ft . 
qundr,::1. t ·_1,rxl handshoars nero usccl . Two S::'..r11pl0 s wore t:'Jcon per p l ot . 
Tho quc.clr- '.:- t rro.s placed pa.ro.llol to the rcn, o,nd. t hus n 2 ft . l ength 
oZ t1vo r or;s ner0 t:::.ken in each s ar,1ple . Tho mnt ei·io.l rms b o..ggcc1 c..nd 
noighou. gr'ee n i n t he field laborr,tory . Sub-s nnplc s rrn r e t aken for 
b oto.niocl 0.naJ.ysis c.."1cl c.i7 1ao,tte:c o,nclysis . Tho plots were gr'O..Zec1 
by sheep on J:uno 9 cmd Aucust 7 f or 2. c ouple: of clo.ys e '.1-Ch time to re­
move excess he:rbngo f r o• t he he.'.1..cllands . 

Diffi culty vn,s encountered wi t h this ruensurement ancl the 
met hod v~:rioc1 ovor the peri od . .At th e first cut n 1 sq. :ft. qund•· 
rail n ns t nkon :Crom cncb sub- plot, bullrnd over the plots and. in 
many c ases over blocks . Thi s nas l argely J.ue to t he diffioul ty of' 
s orting t he young Trunn ryogra ss l eaves from percmnial ryegro.ss . 
Due t o the l and of work o..t t h is pericx:1, not all plots were sampled 
and n more practical method wns sought. 

At t he s e c ond cut, the method u sed TTns ono of cutting out 
20 in. of r0v1 in nn n.rc o, not mown for the c1ry mD.,tter producti on cut. 
The dry weight of the se sample s wns conve rted to dry matter/acre 
relative l y easily because of the 6 i n . row spacing. By t he t hird 
and fuurth outs the ryecorn h ad virtually dis .'.\ppe a.re d from the sward 
and t he Tama ryegrnss could b e r e adily distinguished from the other 
ryegrasses, so they were sub-sampled :from the dry matter production 
cuts. 
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In all o a se s the so·,m species v;rere sorted from the rest of 
tho material, r;hioh was discarded . The aim of tho botanic al analyses 
was t o es timato the proportion of the production due to t ho i ntroduce d 
species . 

VL _E'hotok'£'.aphy . 

Phot ogcnphs noro t aken at intervn.ls t o enC1.blo a visual 
o ompo.rison of tr·eatments and to r e c ord tho "fading" of t he b ands . 
Hany of t hose were col0ured slides., some fro1:1 i7hich c oloured pri n t s 
have been mo.de for i nc lusi on i n thin thesis . Unfo:ctunately, tho 
colour reversal process used in t he printin6 from thosG t1~ru1spo.ronoios 
has led t o some c ol oUJ.' change in tho prints (fo:c inst1:,n oe , the "dead" 
b ands nerc in fact muoh more yellmv in tho slido ). 
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2 .4. RESULTS. 

2 .l;-.1. PERFOPJ:i.AfTCE OF BAHD SPJlAYER. 

I . 

G€ne r c.ll y , tho 1:rnrn.l sprc.yer per-formed o.doquo..te l y . The 
worn pump wo.s c"lif'i'ic1.:l t tc prime , but onc e runnir16 rras satisfactory . 
Difficulty rrn.s nls o expo1--ienoe;.:.:.. as a ro sul t of the di s t o..nce b e t ween 
the quick- acti on shutoff vn.lve emu nozzles . Tho pressure in tho 
system was r e l cns ec.l by tho nozzle dribbling aft er the vnlve held b een 
turned off, c ausing the 11 dead" patches b etneon the sub- plots . Caro 
had t o b o t D.ken when plc.cinc; th0 3•-pt . linkage ili"'ill on the ground t o 
ensure that the bancl sprC>.yor- skids nore not drunq;cc1 by Hei ght plo..cecl 
upon them nhen unablo to move c lon.r . The movement limiting cha.ins 
norc slightly sllor-t . I n futur-o nork a bottor pump noulcl b e used and 
the ski.d movemo nt limit chni ns sho1~tonuc'1. . The cent ering of the 
nozzles t o o oul t ors ;irl.S ctdoquo.te i n t his trial, but penetr2.ti on \70..S 

n o pr obl em, speed rn1s slon, :end ground surfo..oe sr110oth . .J.. more 
verse.tile machine might r equire skids i ndividually mount ed on each 
c oultor t c1 ensu1"e tho conterinc; of bo.Jxls o.,n,, drill slot . 

Immedi ately prior to spr::yinc the; pcl.sture c onditi on no..s fa.st 
groi7i ng, light gruon in c olour o.nd r;i th no n~:po.rent moisture stross • 
. Althou[_;h the plot s had been morm 5 emu. 6 days prier to nprnying, gr-ovrt h 
i7C.,f3 notioenble 3 do..ys o.fte1~ moriing . Sevor".l r easons nr,,y b 0 aci_vo..nc ed 
fol' the sprcwci:.1. bnncJ.s boin0 narrowe r · thnn expec ted . .At t he timo of 
sprr.yln,::; t he po..sturo ,ms 2- 2½ in . high a.ncl t he nczzlcs rnny hav') boon 
nount ed l ouer t ha.n thc,ir c orre ct heic;ht . 'rhe 12.ttor rras suspected 
as tho nozzl es of t he l ast b arnl..s sprnycd (3} in . ) nere slightly lar; 
rrhen the sprayer nns dismo.ntlec1 . Setti:,c: of tlic noz zle he ights in 
tho fieln i,ms not a.s s atisfactory n.s it migl1t have ber:: n . A gauge 
wns used t o measure tho space bctnocn t he; outlet of t he nozzle 3nCL 

t ho bottom of' the skid and a t times there was dif:Cicul ty in a ssuring 
that t he gauge was parall el to the bot tom of' t he skid . 

Plat es 6 and 11 shoo typ ical resulting bands . 
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The h i gher r c"t c.::; 'l}Jpcm·ucl to produce bottc:;: b~·ncls t h:1.n tho l it_;ht 
r o.t os o..l thou1)1 t hi::; uo..s not so cvicl.cnt in lntvi.' producti on results . 
I n tho b l o.n.1mt trc2.J.;rncnt s tlt0rc ·i:cis .::; o,,.:.: un0vci,nc ss :1:-1cl the kill 
poor nt ti10 l c.iOst sp1·-:i.y r ::to . The cclgcs of the b ane. ncro r o.ther 
i ndistinc t , o.ncl t his 17C'.s invcsti gc.tccl 1~urtllor in t he. l atter pC'.rt of 
tho t he s is . I n c c1,1paris on r.:i th t ho b cmds ini tic.lly p r oclucocl i n the 
pilot trial s , t ho he i ght of pc.stur c m1s consider oll t oo Q'.'CG.t f or 
r e nlly clistinct b :1nds . f!ioi s turo nlso 3.ppoo.roc1 to hnve an cf'fec t 
on the b onds ; t h i s i s discussed lo.t or •. 

AGRCNCTUC RESunrs . 

other results were a nalysecl in four main cla sses : 

soil moi s ture l ev e ls 
seed.line emergcnoe- count s 
botanic o.l analyses of di"'.Y matte r yields 
dry matter yields 

The tria.l was desi£91ed with the latte r t.10 observations a s top 
priori ties . The othe1· me asurements were made t o help explain some 
af' the di:ff'erences occurring in the dry matter yields and botanic al 
analyses . Further c onclusi ons d1~a.-m from results \7i t hin these t-vrn 
oategorio s a.re thorefor-e restricted . 
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2 . L:- . ? . ~ . 

i/~lG l)C l~i c•.~ ever t~:r_; ti ... ~ of 1.i .. :·h~- 3~)1 ... . .. : ... in:· · .. ~J :. ,-~u~-:..ct 
c.1.~illi::r· ~-.rec c!.~=·· , ·.::·_-~:-~ ,'_., j": .. ::.11..1. .. 2·.·r- : ).-~'..I'C~l tc1t--:.l 0/ 5. ;~:_. in . (:i.,,1..'l_l~tl1oi .... 
,lo t c .. iln ~n .L-J.~).:_)0:1(7.i:-:: I\ .. ) . =1r1•::. ,_:L.'.:'Ci.( 1~4 \;.,· ... ~ c ,_J.7 :i...,.ic~~ 01-:.t f'Ol"' 'l ;:ucl:, 
5 O:i..' G ,_., .. __, '-' 1.JL,;r'") Cl"·.J <.°i.::. illi:1 .:.\:~ _)1 c,Jci. ~o..tel:;- 1- 1-:-_ i:: . ·\:: /ce,::;_· -./~· .. n 
.~ .. :J·~· li0~.,_ . 

11 noticenbL., diffcr0nce in soil moisture c ontent in the 
top 4 in . duo t o i:i.·j:iga.tion no.,s obsei--ve,_7_ botrroon blocl'.:::i nm~ hoe::1-
l and s nbol,t tho tii.1c of' :c.:prc.yir.e::; (Pl '.is 7) . 'l'hc -i::.'f\,rcnce is 
illusti~n.te;d ir. 'fn1Jlc VI , 1;i10ro 0:1 bot: clnks , hcF,clland::i .:-,nd bl ocks 
hucl si0nific:,_,itly cliffc :cc,nt : 1c:ms . 

't-test 
. r esults 

D HoaJ.lanc.ls 

B V G C not si c;nific,.:,t .'.1--C 5~ -'. lcvc~. , ] V0 Hcc;,c..l;-.w1cl, 
Si;,",Lif'ic c,11t ~,J., 1% . 

'f:-JJlc VI. Soil aoistu:cc :'io1.sUi"L'ments ._. li) Dif'ferenoe:::; 
Betneen_ Block::i and i!u<'.:.cll.:mc.13 . 

Fla.to 7 . Pan_C?_rL~ ~o Bhoto_gr_ll;Eh o.f Ea.in Trial . m Taken Harch 21 • 



IL V(h_t hin o.ncl Betrwen _Block Unevenness . 

Tho month l one; peri od b 8 t-,reGn t he l ;,,,st ii~riga tion ancl 
first r eally netting r o.i n (~•.::)cndix IV ) nllo-.recl th(.; plots to clxy 
c onsiclci~::bly . This is r eflected in t he; di ffcru nc es botnecn the 
fi GtITcs nt the t-,10 dc~tcs of TC!.b l e VI . JD.s c n~•tice r.b l e is tho 
dif'forenco bo"\',"/Oen blocks . Block 3 .-::.:.s c·.ri01· t h['.n Bloc l: 1~ ( s i c;nifi-
c nnt c,t the 1% probnbili t y level ) at tho fi r st a arnpli ng dnto , but 
not o.t t ho sec ond . 

1,s t he blocks dl~:Lcd, t heir oclc;os o.11c~ oncls appoc.i~ocl t o 
dry cut o.t o. more r o.p i d r o.tc . Pla te 8 illustr::ct os this effec t . 
Soil moistur o sa mpler; trurnn on Apr il 5 ·,;er e r oc ordo<'l as b e int; fr om 
the eclgc nncl tile r:iicldlo of the plots . The mo::.ns of those clnssifi-
c cttions norc found tc be sic;nific r.ntl y cliffo1~ont o.t the; 5;% level of 
probctbili ty ('.i.'o.blc VII) . 

~--~~-- __ ... J~~linc position r~la~it· ·--~j 
1 No . in sample I 19 22 

I Lonn of snmpl,..; 1 G. 3* 19 . 2 

t- tost r e sults ! b"' a 
l~ --·~-·- ·~-~~~-. • i · --· · -· -·· ·- · --• • -•~• - -··--·~ · ~-~ 

* Soil moisture c ontm.t , ,·l.l"'y ut . b:,sis . 
• Dunc o.n 1 s ~.iultipl(.; Ro.ngo Tust (Dl:..'1.CtJ.!, 1955 ): C.:,,riitc.l 

lottei s clonotc signi:ficc..nt r~ii'f'0:.~cnco s c:\; t!1c 1~ level 
of pr cb ~bili ty; smu.11 lettoi'.s , (lifi'c r cnoe.s c,t 5% 
p l"'C'b o.bili ty luvol . 

T~lblo VII. Soil i-'ioistm--e. ~1l0:i.surements •~~ {ii) Dif:fO}'GACCs 
Be"b.:eon "S),d£'.'Y1fL "Hidd.lo" of' Pl ot~S tJ.mpliE_G. 
:p_c§j.~~.or,s . 

Plo.te 8 . Ed_g_o Dr_ying of _,Pl ots . ( Taken April 5) . 
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III. S oil Moisture nm-:. ))istinctiyonoss of B[!.ncls . 

Tab l o VIII ,-:-~,s c or.1pilcll from c1at ~: c ollc ctec'_ on :rii!'..rch 29, 
~met cle s cribco .s ornc c-f the c:.if:fc,re::nc cs b o t 1:oon thr~ ir-.cigat eci. nml non­
irri gn t c cl o,:...~c c_s ~ 

""1 ~~-~- .......... -~ ..._ & .... ..._ .... , ... __... ---- -~ ....... _ ..... --- --- • ~-~~~ 

I Ly~a t ec1: ~fot irri[~n t ccl 

r P,rnturc length c,t time. ·~i-LonG .(.up to ---Opc.n , r sl,ortc r --~ 

of spr [:,ying : 2-'-- 3 i n . ) 

Colour of b1,ni!. "::"cllrnl 3rrnm 
' II 

Wic1t:!1 of b.---,nd c.t Declinir_g due Still c_p.,:i t c 
29/3/68 (i.c . 2 vrocl~s to ,_11_j '1ccnt llistinct 
post sprn.yin ;_; ) cncro':.c hr.10nt 

To.blc VIII. 

Fu1~thcr i ll 1st:.:-'.'..tioi-, of tl iiD c,fi'ect c::c::--, be seen i n 
pcmor::.mic PlL:.tcs 7 ,'..ncl. 9. 'rllL b,~nc1s o::; t!iv hJ ';.Cllc:.11(1- ' TC still 
vory clistinc t ri10ro t hc_L tuo \;co; :s ~..f'tc1 :,11r:c:-L1 e, (Pl:,te 9) . 
Pla te [; Lls o s !1cr.:s this cliffc;l'Onc c . 

Plate 9. P o.norcunic Pl!_otoc2-:.:-pJ~ _of J idn Trial. 
(iiJ 'l'oJcen April 1 · • 



The soil ElOis t Ul'O f i e;ur os of both 15/3/68 ( c1o..y or tvrn 
c.ftor spr2yi nG) nn~' 5/4/GC 1.;e1'C ':.nnlyse:rl. To..blc IX illust r8.t es 
the r E: s ul ts : 

I s~-:Up1i~1c poi nt T 11TI::.nd 111 "!.3l c:nl~ot"
2 

"Un- sprayod"3 

c l c~ssi fic c1.tio::1 

15/3/68 . 
No . i n sample 

T,ie an of s c• .. mp lo 

19 

30 .o~" 
11 

30 . 0 

10 

32 .4 
t - test r esults "Do.rnl 11 vs "Blanket <'.'-.: "Dlnr,..1<:et" vs "Un- spr.'.'.yod", 

not sigr,ific o..Lt at 5'% prob::-,b ili ty kvc-1. 

5/4/60 . 
l'T o . in sa.rrrple 

i,ieo.n of nnmple ; 

t - tost r e sult s 

27 

17.4* 

10 

21 . 1 

3 

11 !3,'.'!,r,2. 11 vs "Bl n..11.kotn sit91ificf'.nt at 1% prob-
nbili ty l cvc.l . "Bl "'..D):c"..; ,: -,rs "Un- sprr\yed" 
ir.siL11if'ic;:i,nt ~,t .'3}s prcbc-Lili·cy level. 

I 
~.:S.. ----!"J.- ..,. - .. :. ..r.-..~ .---. • ., _ ... - · - · .. .. . _.,-.,,..-. - .. ... .- .... .., ... - •• - .. . . ... . ....... ..._ ...... .. _ . ... .. • -:.,,o- .... - - -- -~---......-..-----__..__.. 

* Soi l moistUl~c- c cntent , 1Jl7 1Jt . b c.,.si s 
1 Plots O.r, 1 r, ·--·' :,; 1 i' ·1 ,, .. n ,s 

~ l , c_ .d, _, 2 :. • u, ... J.l.L 

2 Plots c:2 G i·,-, . o:.: blc.nkct '•p;;lic.:-,ticl: 
3 Untre CJ,tecl pluts ~me. l)lot.::; ch·ill(.;(l but nu t .spr:\yocl. 

( i . c . " Ccnt:.' ols") 

- T'lblu I X. Soil Hoist u:cg_J.IE: c~~E.2.:lt.>?.• (iii) D_Hr"_?.£_once~. 
&~2?..u~SJJJ:':'.'{/i:i [i_Tr c_- tmer,ts . 

Figur c-s ,:ere c l:i..ssif:i.cc1 nccortlinc t, nhothcr -chc:r '\':C-l"C t 0 :kcn from o, 

p l ot ti"!.:-t.t Hr,s b n.m' spr-':'..yccl (i . o . 1 i n ., 2 ii: . , <,l l, 3½ i n . tl·c:1.t mont s ) , 
b lon.kct spro..yocl. or unspnryccl . At the first chtu there '.;ore nc s i g-
n ific cmt diffe r enc es bc ti::con any t r o;:i,t mcnts . By t he sec ond dnt e 
ther e nns n s i gnificc...nt differenc e ( n.t t he 1% probc.bili ty level ) 
b e -h:een t ho b lo..rtlrn t trc.'l.t ment mean rm~l the b o.rnl trec.tment mc o,n . 
The differenc e b ut wecn t ho blc.nket c..pplicc.ti on mc.-..n ancl th0 non-­
spro..yecl moan uc.s not s i gni f i c o..nt, .'.'.nd thi s c oulC:~ hc,vo been large l y 
duo t o the s mo.ll s o.mplo size ( r' .. nd hence l nrgc st,,nda.rcl e r ror f or .::i, 

given s t 2-ndc.rd ci.evie .. t i on ) . :~t t he t i mc. , no o.ttempt ,:o.s m(cdo t o 
rec or d ·::-hothor or not soi l s c.l!iples ,7ere tc.kun i n the b G.nds or 
b e -b.:een the,:i . 

v. 

o.r e 
the 
The 
t he 

Soil r'lloist ure Leve l s ove r t he Trial Period . 

Soil moisture mc nsuremcnt s t aken ov e r t he t rio..l peri od 
s wnmnrisec1 i n Table X. The b locks ,-.,ere i ni tinlly i7etter t hnn 
headlands , and stayed t h r~t ,my thr oughout t he tric..l period . 
e nt ire a.re n be c rune ve r y wet fr om J une t o virtuc.lly t he end of 
t rioJ. . 



So,m~~~~~g~~~t~o- ~-=-~-•~-5/3 ___ ~_2?!?_~---l!_4~---~:_~ --~ ~-72~ I 
.fulfi]?li ng P os i t i on: 

Hcmllo.nd : No . i n 
SC'.,mr, ::'..e: 

f!ionn 

Plot s .:. :JO . i n 
so.mplo 

Ho ,".:r. 

10 

17 . 7* 

40 

30 . 7~' 

5 

1 2 . 7 

:; 

17 . 7 

l f- 5 

Li13 . 2 

l..i.O l1. 

1 G,3 5~ . 7 

1 

51.5 

2 

56 . 5 

~, Soil moisture c ontent , dry Ft . lYt.si;; 
t - t usts of rnor,ns : ·i5/7; f..:.'c('. 5/1+ TofOl' to Tilblo 'v . ? 

9/6 , Flotr; vs ~kulL:ricls not s i g­
nificcut [,·c 5;:; 11r01J·,1J:i.lity le:vel . 

Soil ~.ioi stur'-' i.100.sm:-or:1cnt.'J . _, .(iv )Differences 
Over~_ the ;· ,rc·.in 'i'rio.l PoriocJ . 

2.4.2.2. SEEDLJJJG EIIBRC'rE::C}:; C(tfj,'J.'S c 

In c',11 :.,n:..lysis ()f y a,:L'io.ncv the !)loc~~ mo:.111 cliff01'cncos 
nero fou:-.,:. tc be, sicnifl.cC'..11t ,,~ th(.; 5;£ pr,•i::,'.b:i.li·cy l'-'v,. 1 , bulko,' 
CVGr v r-.rioti,-s , St'.r.:!1li:,e, J.r,tcs ,".] : t:. l' O",i orio:,Jc::-ciL':-: ('i\,b ll, XI ) • 
Ho t - t osts Her e c ,·.r1'ic:1. ,_clt tc, fin·.l ·:il1.LcL p:d."'.' of ri100.;1s d i ffE..rocl . 
'T'hoso t cnd o<.7. to f ollc.i tll,:; soil :.1oisturo ;no ·..ns of the blocks 
( Fi e . 6 ) . Soi lrnois t ur o 1.nJ. 3oodline:; 0rnc1·c'.;cnco IilO ~,SUl'Ciacmts 1101~0 
:-J:t t Q.kcn on exac tly tll .... sQ!:1c cl::.tcs . 

Truna :.."J'e g;.•a.s s 
21, 22/3 
1/4 

Ryoc orn : 
22/3 

2, 3/4 

I Bl ock A Ti C D i:•:Ico..-i ,--~~·~-~~-~-·-~~-~~ - ~~-· -~~-~ 

I 6.2* 4.5 5 • 4 4 ,Q 5.0 
5.5 5 .1 6.1 3.0 5.0 

1 3 . 9 
16 .6 

9 . 1 
11 .1 

9 ., 2 
12. 9 

11.5 
1 2 .5 

* Se edlin gs/ft. l ength of r an . 

Table XI. Block Effects . 

41 
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Whilst t he trm,d. of block scil moistu:c·c L.ovels ancl socclling, 
t;ormina.ticn u ns ic1 the (Lirocti nn cxpoctcc: (Fi r::; . 6), tllc c c:npOJ.~is on 
b c t nc.:cn "b nn1:l c.;1cl blc,nl:c-l.; spr["tyci. c1.rc as r1 f'.0 :10t . In To,blo XII tho 
only significc..nt diffe r ences o.,rc in o., i~cv c rsc 01~<1e r t o those above . 
The mo2r,s of the To.1:1':. r yec;c-:,ss tenc~.oc"'.. to f ollO\; th · moisture lcv0 l 
trcncl but me 'cn rJ i:ffe rcncc s rrc r c nc.'t signific o.:1t . 

~-~~-~~ 

i Vc.riety 
Snr,1pling d a te 
Trc o.tment 
Sci.mplc me[m 

Vc-,ricty 
S r_;:r.1linc c1nt c 
Trcn.tmont 
So.mp le i-t!G .".11 

21 , 22/3/68 
Br:.nd Blo.nket 

l+. 8 • 5.3 

22/3 
I - • .- ~ , 
I __ ,<J.,1(J. 31::i,nket 
· 11 . 3 

Tamo. rye gt''lss 
1/4/68 

Unsprciyccl Banc:. Bln.nket 
4.9 4.7 5.9 

Ryo c orn 

Unspr~yed 
11 . 6 

2, 3/4 
Blm<l Bl:-.nke t 
·14 .1 12 . 8 

Unsprn.ycd 
l~ . 3 

Unsprayed 
10.6 

I 
' I 
I 

~~~- --=----------=---------..........__.__._..._..,.,.,._~,.__•_._---~, .. . _.::..a-.. .,_ __.. •~--.,__ ...._ ,._ _ , ... o L __,,......_....__:a_,.~~~ .......... .__.._...._. _ , 

* Se;c,dlincs/i't . lengtL of r m, . 
t - tcsts b o t, iO on b :cr:rJ D.ml blcnko t tre ·:trncnt moC1.ns of s o.mo 
v r1.riot;y c.nd sc.:apliDt c1r,tc : only sic;nific ant differenc e 
nt !J·iJ pr0b:,bili ty level for ryocorL, 22/3/ 68. 

T:cblc XII . Secdlin..£.. Count::; . ~ _(ii) . _ S_l)_r '.1.y Trv,uno:it E:ffcc t . 

Tho t hird. r oc C':t"dicic of soil moistl.J.rc ,..1x1 emo1~scc1c c r:,,s 
to.ke n in rel,.ti c1r. t n the.; si,;c (i .c. next tc hoC',c_lln,nc1s ) --:.rn1. :·11i c.l.d.lo 
( i . o . rnmy fr ee.: hc n,cU,:ncL..,) of the bloc k::, . 'rhis C:btc. is sui.1r,1~.ri::;ocl 
in Tnble XIII . The oocr conc o of both V''..riotios wc.s si[71ii'ic.'.' ... n tly 
bettor 1..,uc.1.:y frou tlK (1.ryin[; siclc of the block. 

Vrcrioty --~. -~l~'.l'.~.:-·;;,-:·;;~'1.;S ~~--- -~r~ Ryc~r rn 

Posi t~on in plot Side iliclJ.lo Side 
Seocllindf't . rmi 3. 9 6 .1 1 2 . 6 

r-ii dcllo 
14 . 2 . -~-~---~---...b..... ..... ~ ......... ... ~~-~-~-~~~ -~~~~~~~~~~~ 

t-tosts bet.mer. siclo ~,J. middle of p l ot o"bsc;rva-ti cns ,;ri thin 
v ::i.rieti es , s howed moons t o b e significantly different a t t he 1% 
p r ob ab i l ity l evel :for tho Tame. r.1cgr-ass am~. 5% :for tho rycc orn . 

Tab le XIII. §~eedlin_g _ Counts . _(iii) Ef:fect of' 
Sa.mplin6,_ Position l-E_El o~ . 

IV. Varioto.l_Di:ffefonc e~ . 

1.n analysis of' vcriance showe d v ariety di:ffo:conc e t o be 
signi:fico.nt at t ho 1rG pr ob o.bili t y l e vel (T ::tblc XI ). This wo.s 
partinll y a. reflection of seedinr; r a t es . i.Jo germinntion tests 
were cttrriecl out on t he seed samples used, but the "percentng-e 
emergence" rms c o.lcula t od usint; t he 1 , 000 s eed we i ghts , t heor e tic a l 
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sowing rate (i. e . assumins the d:rill sowed 30 lb ./ac:re ancJ. 150 lb . / 
acre for Tama ryegras0 and rye corn respectively) , and seedlinc 
emerc:;enc e a t the second count , non nitrogen tr-oatment. The result­
ing "percentage emergence " was 16% fo:c the Tama ryegrass and 4Wa for 
the ryec or n . These low figures c oul,l have been clue to a poor 
"potential" germination of the seed, poor seedbed conditions , or an 
actual soviing rate somewhat lower than the the orotical one . 

v. Orientation- Va.rietY Interactions . 
~ -~.._.....,_....__._ ....... _ ..... _.~-·---..,I:.~ ._........,.___.~~ - ~ -~ 

Tama rye grass r esponded in an opposite manner to ryec or·n in 
relati on to the orientation factor (see paragcaph 2 . 3 . 2 .5 . III and 
Fig . 5) . The results sre summarised in 'l'ablo XIV . The interaction 
was highly significant at the 1;& probability level . The combined 
varietal rcsul ts would prob2,bly t hus have led to an insic:nificant 
" orientation" effect in the analysis of variru.:ce . "Orientation" 
me ans v,i t h i n varicti,_,s nere not significantly cliffe:cent at the 5% 
;1robabili ty l evel. 

~ 
~--j·---~~;~;;t:tion 7 

_vari e ty --· --- · East __ . _ .. V:os~~ 

Tama l 5 .4* 4 .5 ; 
I Rye corn , 1 ·1 • 1 1 3 • 1 , 
1- •-- ----~-1..·-~---~~--- ·--~~ ~ 

* Seedlings/ft . of ro·.;. 
t-tosts of v ariety means at each orient at ion 
·.101~0 not significant at 5fb prcbabili ty level . 

Table XIV . (iv~)~_E_ffect of 

T-tests we:ce c arried out t o test the sub- plot treatment, 
and summarised i n Table XI!. The trend in all c ases was that no 
nitrogen sown with the seed uas better thnr. 1 cwt . /acre sown with 
t he seed . The effect nas less distinct at the se c ond count . 

---~-= \._ ---.. ........ 1 • ~~-~-
Variety Tama ryegrass Rye c orn 

--~ ~~ . -

Nitrogen treatment 
(cwt . nitrolime/acro 0 1 0 1 

Sample seedlings/ 1st* 2nd 1st 2nd 1st 2nd 1st 2nd 

Mean ( seedlings/ 5 . 6 5.2 3. 9 4.6 13 . 3 15.0 9 . 0 1 2 . 0 
ft . rm, ) l 

* Table XII for these dates . 

Table YJT . Seedlin Counts. v _ ~trogen Effect. 
Cont ' d . over page 



Table AVo (C 0nt ' d. ) t-te sts : pairs of me ans tested - both dates 
,,ith i n each N treatment aDd b otli IT treatraonts 

a t each d a te ( all ni tlli 11 varietie s ) -

At 5% probability l e vel (i) within 1 cwt . H troatment of 
ryecorn coun-i:;s signif'icantl:,' differed b otn.:;en date:::; ; (ii) i.rithin 
sec ond count r ~ e c orn, c ou..nt: s ig_n:i.ficantly differed. b o t r;eu1 i·J 
treatments . 

At 1% probability level , nithin fi:cst c ount rye c orn, 
c ounts significad,:;ly diff.3red b e tween n treatments . 

VIL Drill Slits and Ernm:fience • 

A proportion of the emergence dP.ta for t he fil~st count 
of the Tai:la ryev.~ass \ias s c ored in tuo subje c tive itay;; . Some of 
t hG drill slits ,,ero not ed. as 11 deeiJ '1, " rnediun 11 or "sl1allor-r'', 11 deep 11 

being the deopc3t ones and up t o 1-½ in . ir. c1.cpth . S 01110 slits ,;ore 
also ::;c ored as boi ng "open" and as such we r e mc:cc visually pronounced 
than t ho others . I n each c ase. , whore 2 ft . of rorr was t o.Len por 
measur eme nt, the classificatior, 1,7a;:; a c cording t o v,llat the majority 
of the rou u as jud[;Ocl to b e . These sorne\'liat subjective rcsul ts a r e 
i l lust:c·atecl in 'l'ablcs )':VI and X\TII . The mea:n CYi' "ope-:1 11 slits 
diffe red from those cf "less obvi ous " o:c "closed11 slits at tl1c 1?; 
probability lc vc,l . i.Ie·ms of "deep " and 11 :::hall0';;" slits r:ero diff -
ere nt a.t the 17; p r cbnoili ty k vol . Thero naR DC) interaction betuecn 
sli t openne ss r:.nd slit depth . 

- ·--- -·- -- --·----
' Slit clefiDi ti o:-: Ope::1 c-bvi ously open t. 

----- --------+---------------------
No . in sm.1pl0 

S.eed.lincs/ft . roi. 

HJ 
" n o . o 

22 

3 .8 

closed I 
:__Signif . oft- tests 

Table X:VI . 

Slit depth 

No . i n srunplc 

Seed.li ngs/ft . ror; 

Signif . of t - t ests 

Table X:VII .. 

A D I 
I 

Sued.lin Cm.mts •~(2i)~lit_ Definition 

Shallon 1:iediun Deep 

4 4 6 

2 . 0 5.3 7.7 
B .AB A 

S~~12ti. C oynts~(_vii) Slit Depth Effe c.t . 
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33 

32 

3 1 

30 

2 9 

28 

27 

19 · 0 

:n 18 · 0 

17 · 5 

0 

Tama 2 1/ 3 68 

0 

0 
Tama 1/4 / 6 8 

0 
0 

0 D 

0 

Ryeco rn 

22 / 3 / 6 8 

0 

D 

Rye<.orn 

2/ .c / 6 8 

D 

0 2 · 5 5 7 · 5 10 12 ·5 15 
F.mergence count (seedlings / 1ft of row) 

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

45 

D 

17 ·5 
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BCJr.AIJICAL AHALYSES . 

Data from the se c ond cut was ai1:,lyseo., whilst observ o,t ions 
on d a t a from other cuts has also been i n c luded rrhcre relevant. 

I . Di fferences . Beti;:con Bl ocks . 

Table XVIII illustrat es the; differ ences bctr;oen moans anc1. 
their oignificanco i n terms of the over all means . Blocks C and D 
would appear to be higher t han Blocks 1\ and B in bot h varieti es. 
I n relati on to soi l m0isturo in thE.: early pa:.: t of the tri a l , one 
might expec t Blocks A and C to lead, as soil rn°i sture in the: f i rst 
f e,_·i Y/Ceks after cov:ing c.ppear s te: bo important in plant es t ablish­
mc;1t . Hor,c vc r , Blocl':: 11 nas n8xt t0 a Pinus_radiata hed0o and had 
more late aft,~ rnoon shaue and. more nocdl,..,s f e ll on it than the other 
blocks . Thi,., might hc..vc n:fi e;ctcd growth . Cor:11,ctiticn r.iust account 
for the; r,1ajority of this di:Cfcrc: nce hm:cvE:r and thoc;e fiL,urcc; sLould 
be c0mparod with yield fic:urs s (T;.:,blc XXIII) . Whore the total 
y i e l d nas greatest, the yield of tho sorm vari ety ·,;c1s leas t and vic e 
vor.sa . 

i~~~ - "'~, -·-~. ---- - -~ . - · ~-· -~- --~ ~- -~---~~~~ 

Bl ock A B C D 
- --+- ------·- --- - -- - - --- - -- -----

Eean y.i.cld Tw:i.a 

II II ryoc orn 

Ove r all me ~ms 

66 . 1* 

47.8 

! 57.0 
I 

48 .3 9lf- . O 147 .6 

56 .4 101 .o 90 . 6 

52 .3 97.5 11 G . 1 

, Sigr..if . 0f oveJ.'all j' Be 
I moan dii'for0nces 

:SC Ab An 

l ~-~ ~----- - ~ -- ~ . ....i- -~~~~--= ------ ----..a ______ _ ---....:>IL_..,,,. ___ _ ·· ·-

* lb . ciry matfor/acro 

Tab le )(VIIL ~anical Jl.nal~s • . . (il Bl ock Ef'f22.! . 

II. Band 'Width Effec t .• - . . 

Differences be t ween band width treatment s nor e signifi-
c ant at t he extreme tre atments (Table XIX). The d iff e r ences 
b otvrnen t he blanke t ( 6 in . b and) treat ment and the ot he r treatments 
are clearl y not i c eabl e . 



Trco.tmont 
( ::Jc.m'l. niclt h in . ) 0 (Contr·ol ) 1 22 

Ove r all rnoan 

. _(b_.,o_-\1:. .Y.::~'_i_o_t_i_c.~). ___ . .. ~---·"·· · ·- .. ·-~ ~- _1_4:&. »~•§_ ~. )_8_.J_ . _ 
t - tcsts ccc dif'for-cnc us 
be trrccn ove r all 1,:oans 

'·· •• • --~ ~-• ' · · ·--~-- --~~ ~ - -~- · 

1 lb . dry r.1~ttcr/ aero 

Db 

* No ans sienific antl:1 dii'fcront :1t .5% prc:•babiJ. i t~, lovol 
*''• ,:100.ns 3i3ni:'ic antly differd,t e::c 1 % -.-n•c-b.::i.bili ty level 

'fo.blc.. XIX. Bot anicd Anal___.ycv_S . __ ,(u.) - Dm--.d. EffGct . 

4-7 

6 

A.a 

Whon t :.--.c unspr 0 yecl trC;at1,1cnt iiD.S c ctlJ)c"l.l'Ou. y;i th t:ic bandcrl 
trco.tmont (•r~•blc XIX) onl:.r t; c blc,,:r.kct spi'c,ycci. tr·c:--.tr:1cnt , : s signi.1. i-
cantly be t ter nt tl1e 1~6 p:ccbo.llili ty lcvC;l . T:x, s;,1c,ll so.r.r.9lc size 
(4 versus 12 ) oi' the unspr2.y,:_;d t r or,t;1cr,tc r.as c c:'1h'ibutary to thG 
l uck of s i t:,·nificancc i ,1 sorno of thu c cc1pw'isc::-i c:? mcn.ns . HoY:cvor, 
the ·force dirncnsi ono.l graphs (I ig:., . 7 <1:·,cl 8) a o i llus trn.tc the; 
o'Jvioun diffcrGnco bot·,:con tho bla:r,iwt sprnyC<l trcatrnents anr.l any 
othel'3 . Tho a:-,1ount of •rruria rycgi.~a.ss i n tho unsprayed treatment at 
t he 3rr::. and Lt.t h 01.:ts ·;,as oi thE.r nil m~ inni5:nific nnt . Ryo c orn hacl 
disc~pp0m1 od almos t c ori~1lotely a.rid no at·compt at mcosure;ment ,:as r.w.clo 
(Plat o8 10 ar1d 13) . 



6 

BOTANICAL ANALYSIS, 
2ND CUT : 

TAMA RYEGRASS YIELD UNDER 

DIFFERENT TREATMENTS 
( VERTICAL SCALE= l00LB. D.M ./ 

ACRE . > 

FIG 7 

0 

48 



80 TAN IC AL AN ALYS I S, 
2ND CUT : 

RYECORN YIELD UNDER 

DIFFERENT TREATMENTS 
C VERTICAL SCALE = 100 LB. D. M . / ACRE) 

FIG 8 

0 

49 



Plato 10 . C_onpa.ris cn1 of Band}lidth and Vc.rit:.tal _ Dii'forcnce s , 
S~ternbe:r 16 . 

On the loft, the 41R treatment shows little sign of 
rye c o1·n, whilst the 46'r tre ntment (T ar:1a rye grass ) 
on tho right i s qui to obvi ous • 

III. Pa.rag_1_1a t _ Ra tes • 

50 

The analysis of the se c ond cu t dat a i n r espec t of 
paraquat r a t es i s pre sented i n Table XX . In t h is c ase a negative 
response ( s i gni fi cant ove r means of both varie ties at the 5% prob­
ability l evel ) nas found t o 2 oz . / acre of paraquat· c ompared with 
t hat of 1 oz . /aore . Simi larly, 1 oz./acrc Has b fJ tte r than none , 
but t he difference b c t rmen 2 oz . and n one was n et signific a nt at 
the 5% l evel . Thero vms a similar trend of 1 oz . b e ing bette r than 
2 oz . a . i . /acre i n t he t h ird and fourth c uts but t histw a s not 
signific ant s t atistica lly . 
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45 .7 108 . 0 

t - t osts : Contr ol vs 
others 

1 R vs 2R c°; 4R i 

To.ma Tib . - a .• r;:r~~~-~-tn;g--- ~----~~ 71 ·.s ~~ 62~ if- -
I 

a cre ) : 

t - t osts: Contr ol vs 
othOl".'J 

* 

·1 T YS 2T i~ 4T ! "' ~( i 
- - -~---~----·--- . ___ _ J _____ . - - -~~ -----~-- ~--~-----~~~--~ 

j i1fonn of b_oth _ vaTieti os _:

1

·_ -~-. •- --- _ . - -~~- 70 . O ~ __ 54.0 ~ _ 1 20 .4 I 
• t - t ests of neo.n I 
! clif'fercmccc ---· -· __ ___ _ -~~-- ·-· __ . ·- _ .. Bb _. -~- · Be ...... _ Aa -• .J 

* Licm~s sit91ific u.ntly clifforcnt [1,t 5}o p r obabili ty l ovol 

Table XX o Boto.nico.l A..n.::i1.vse s . _.liii) Po.r o..9..ue.t lbtc 
Ef:fLl ct . 

The D.no.lysis cf the sc c onc1 cut c-:.o:cc:. ::;h0.:c,0 o. significant 
b and ,ridt h - chemi c al ro.tc intc r G.cti ::m (nt the 1?,~ lcvol) . A study 
of tho t.J.blo of fi€_.,1..11·es .fnilod t c ::;hon o.nyt hinr, nuanin{;f'ul so tho 
t hr ee dmcnsi cn.J.l g:i..~aphs (Fig::; . 7 ar.d 8 ) i:or c d r o:1:n up . 'l'hc figures 
fo::- those ~apho a ::~o ~hown i n Tab le XXI. Ro.t o oi' p.::.r.1,quat d ocs not 
appcm" t o b e 1:9-~oo.tly impc1~tcnt i r. t he b ondod applion.tions . On tho 
ot he r ho.nd, b and width i s more iuportcrnt ~:.nd t hc.: :ce i::; c. gr aduo.l ri s e 
in y i e ld of the introduced Vc'..l'iety ove r t ho 1 t o 3½ i n . bm1d trcr,t­
ment s . The high figure in tho 2 i n . "bo.nd 1 oz . / nc::i.~e '.i' runo. rycgr2.ss 
treatment uns due t o an ox cepti ono.l l y high 1,1eo.suron0nt o.nd over t ho 
meo.n of four in t he sc..r:1.plo t he effec t is still apparent . 1 o s ig­
nificant differenc es were found with t ho t - t e sts b ot \'leon t ho 1 oz . 
and othe r r ates vri thin v arietie s (To.ble XXI ) . The ro vrere h cr10vor , 
differences bet m:ien b o.nd tre a tments . Six in . b ands ',7erc m~t te s t e d 
v,i t h t h e one in . b o..nd but o.s sumed to be signific antly difforont as Q 

r e sult of c omparisons b e tween Figs . 7 a nd 8 . 



f~nd \lidth ~in. )~L 1 -~- -~~~ -- __ }t-~- --· 6_~ 

I 
Po..raqu n t r c..t G , ! 
( oz . a .i . / 2.Cro ) I 

To...1112. r ycgro.ss I 

. 1 4 . 2* 73.0 23 .7 185 . 9 I 
I 2 1G. 2 20 .4 33 .0 180 . 0 

~~ }' ___ ·~-- -> 16.8 -·- 4Y .5 •• 36.5 __ . 432 .5 ~-J 
1 

~oc~n I 
I 1 14. 11- 22.0 lµ'J . O 188 . 5 I 
I 2 22 . 2 19.li. U . l:. 96 .8 

4 , 14.3 2G.8 4£, . 6 340 .0 

* lb . a. .m./ .'.'..cre 
1.r~olG XXL Bot"-I1ic al Anc..lyAos . Ci._v) _ Band Wid_i-_;, 

Pc.ra.92:1c.t }bk _ Intor'.Lc t i on . 

2 . 4 . 2 .4 . D:LY r:'..ATr.SR PRC'DUCTrn; . 

Ini ti::cl plot dry mc,ttcr yields were nn,,lysod minuc the in-
clu si on of t he "control" and "s ovm but net spr,".y0cl 11 plots . Those 
wer e not inco:cporatod 'uec e.use they did not fit c onvoni e:1tly into the 
::mnlysis design . Tllo signii icc .. nt r e s 1.1l ts of these y;e r e o.c folloH : 

.first._Cu1: :Jlocks !lt 1% pr0bcbili ty level, b c.YHl vridths at 1% 
px•ob o.bili t y level, nitrq;on- vnrioty-parc.qunt r a t e 

i ntcra.cti on a.t 5% probn.1)ili t y lovol. 

Se c ond Cut: Paraqua t r o.te: at 5'1~ pr0b :~bili ty love 1. 

T12.?-rd Cut : Bl ocl:s at 1% probc..b i li ty leve l. 

fourth Cui: Blocks at 5% prob ability level . 

A serie s of t-t e sts were also c crried out be tween groups of treat-
me nts (To.ble XXII ). These result s will b e pr5 sented belc-w. 



1st : 125,-:i•:, 11 87 1080 
I 

2nd I 11 13 1063 1092 
I 

63C 609 3rd ! 

57:~- 95iJ-

1023 107(; 

620 

972 

1075 

618 

1230 

10GG 

623 
1 ~-th 476 505 490 
i -~~--~-~-~- ~-. ·~-~ ·------ --~~--------~~ -·--------~~-~~~ 

591 57l~ 

"' lb . d . m. /uc:i."'G 

Si r,;ci..ficon co of t-tc.; s ts .:..f 1:18 ·:r: d.if'fc.;:::'Onc c s . 
_ _,._ ~ ____ ,.. ... """- .. -" • 0- ----- ...,. .. :,, . • "" • .. .. ... .. • ,. ,,. . ...... "'---- ....... _.._ _. ...... _.._ • --- • _. 

I. 1 st cut : (i) 1 vc 2 vs 3 vs l~; 1 vs 3 t : 4 ~t 1% prob . lovol, 

II. 2na. cut : 

I II. 3rd cut : 

rv. 4tl-: cut : 

iJ- t. ot horn a.t ·\Jb pr ob . loVE:l 

(ii ) 5 vs 7; at 1% p r cb . level 

(ii i) 1 v s 6; :,t 17'~ p r cb . level 

(i ) 1 VS 2 vs 3 

(ii) 5 v~ 7; ~Ts+ _, 

(iii) 1 vs 6· , ns 
(i) 1 VS 2 vs 5; 

(ii) 5 VS 7; r~s 
(iii) 1 VS 6· , ITS 

(i) 1 VS 2 vs 5; 
(ii) 5 vs 7; NS 

(iii) 1 VS 6; NS 

vs 4; 3 vs l: 

NS 

I:S 

o,t 9% p r0b . lovel 

+NS = Not Signi f i c ant at 5% p r obo.bili ty level. 

Table XXII. DEL1:i:1:t ise r Yields • . (i ) V~i~2!A...§-roup_s of 
Tre a t monts . 

I . Differenc es Be tv,ocn Blocks . 

'rhe block moans were signific antly diffe r ent a t almost all 
cutting time s ( 'r o..blo XXIII ) . This is duo pru:tly to tho differenc es 
i n geowth peri od b o t necm defoli ati ons (plots 11erc not always cut on 
tho snrac day, r.nd gcowth periods v arie d up t o 13 do.ys ) . When the 
r anking of tho block mean mo.gni t udos a.r e c ompo..rod 11i th t ho x•anki ng i n 
regard to grcv,th periods, a similarity i.s ovidont . The fourt h c ut 
honevor , cloes n ot inc lucle this fact e:i.~, yet 8 0f!lC block moans arc 
significantly diffe 1~ent at tht: 1% :pr obability love 1. 



.Sh 

-~1 Block A ? C D 

1st c ut 8G2 (33 ),:· 91 6 (W+) 7 95 (39 ) 124-5 (46 ) 

2ncl cut 1065 (40 ) 1165 (39 ) 1 0l,.9 ( 36 ) 1025 (33 ) I 
3r d cut 774 (70 ) 47✓1 ( 63 ) 681 ( 69 ) 51.iJ+ (65 ) 

4th cut 515 (41) l~OO (4i ) 74-1 (41 ) 650 ( 4-1) 

* Days bccnoen cuts 

1 lb . ri. . ri1 . /ac r-o 

Sif;P~ific_anc c __ of t -tests bo-hmc_n all blocks o.t e::i.c l1_ outt in[i period . 

1 st; A diffG:;:'c.nt fro:: D, d 1% prc-b2.bility l,_;vcl 

2ncl; IJ o sit;1ific"nt cliffc r cmc os 

3rd; A v s ?, , ·1t 1% prcb .·bili ty level 

D vs A, l3 or, C at .517; prcb~1.bili ty level 

4th; A vs C o.t 1% pr0lJ8,bili ty level 

B vs C o.t 55~ p:;: ck:.bili ty levd. 

Table; XXIII. ,1)_1y _:.Ip_-1::t_c_r:_ )'j._o_l_ci, •.. . (_i_i) . _D,1_ o_cJ: .. ~.:f.f_o_c_t _. 

Wi thi::-:. t:K first cut thcr-0 ~.-.-· s little contribution f'ron 
srnm species t c' the yi eld ancl the :figures obt~incc1 illustrcttc c 
yiold. d.epr ossiun r elated to b and 1::idth (Tc-,blo XXIV) . 'l'hc g-:roatcr 
tho propo1~tion c,f t he ffi'(_;f:. sp1~ayccl the groo.te:1~ 1,: a~ t he rcd"J.cti on in 
yield . Dur-in[; the peri od bct\iOGn npro.ying ::md. the first cut , :-.n:.-
dif'forcncc bch:ean the 2 i r, . ::md 3 ~ i ,1 . bar.cl disappc:::rod . "\'!hen the 
t rc C!.tr,1cnts arc grouped c.s 11 c o:1tr ol 1

' , "scirn, DL't sprnycdn, "blanket 
spr~ycd", 2.nd "bano. sprnyod. 11 1:1oro signific nnt clifforcnces n.r e 
apparent ('I' nb l o XXII) . 

~:~u_:~~d~_(_':n .) - ~=r~ .. ---2 - . __ !2- -- ·---6 -·- ~~ 

1st cut 
Hean ( lb . d . m. / ncre ) I 111 0 982 980 574 

Si g,11if . of d i fference \ 
of means A B B C 

2nd out 
Meo.n (lb . d . m. / acre ) 11 06 1070 1099 10 27 

Signif . of diff erence I 
of means , There we r o nc s i gnificant differenc e s ' -~~~=-~~~~--~--~~ j 

Tab l e XXD! . 

• 



ifo i ther b o.n -C;d (nith th(.; e:,xc eiJticn of· 427 ), nor r y rc orn 
trGatments I"le1~0 sampled ai'tcr the s oc ond c ut and so c omparisons were 
made only Y,ith T.:::,1::0. :r·yog.cc,ss: i. G. blank,.:. t t reatme nts ,7i t h c ontr ol , 
o.ncl T ,L12- ryegr,e,,ss unsprayccl . Thu c ooparisms hc.vc been mad0 both on 
1.:,, totn.l b e.sis (Fig . 1O) E'..i1C1 on::-. iXT day grorrth (taking t ile. different 
lJlock gr·L'r.'fr: i ntorvals i:Y~c a c c01.mt) (Fi i:; . 9). The data for I:'ig:3 . 9 
and 10 is shewn. in Tr.blos XZVII o.r:.d X::0!III . 

III. Pcu"c,quc,t .A2J>lic :1tion . Ro:te:s . 

Difforcm cos bc-b.:cc.n :p2.ro.c~uo.t r a tes .. .-ror"' s igni :Cic o.nt only 
o.t the ::rn c cnd cut (T.,b l0 X:,{V ). Thero ·noulc. o.~)pcar t o be kss e:;ronth 
suppression uith t hu 1 oz . r o.tc than oi t hL, l ' of 2 oi~ l~ c, ;;, . a . i . /o..cro 
r ates , \il:i.ch r;oro nc,t sigi1ific,:mtly difi'orl.,nt frr.:.1 u :.el1 othcl" . J<,, t 
ti10 f'ii"st cut t!lL s·_:p_pr(,ssion Hr:.s i:10r L cqu, J:lo :'. ::.,:.. ~11 r at es . 

I Fm~~quo.t rc,tc , j 

r 1 ::• C:~\•~:l'C ~-~-1915* -~--· ·-99~ --~- - · 957 ~-
I 

Signif . of dif'fo:c·cnces I Th0r0 norc n:::, sigr,ific ant d:~fforcnccs 
b e t,mcn r.10:,ns I 7.:l c tviccn f'1<_;C.nn 

: 1142 101+1 
I 

2Dd cut T'.lC c11 1044 

Signif'. of .iffe r cnc os 

1
: 

bo·hiGon r,1cc..ns 
A B B 

"' lb . d . m. / ncr c . 

T.'.".blc D':'-T . 

~~-~----- .------~ ------~ · ..._ _.._ ._._., ~---.A--~ ---.....a.....=. ___, ... ~ 

Dry_ l,ii:,j;~tyr Yields . (_iv) Pa.rc.qU13.t~_R0_.i:;c 
Effec t . 

'l'hc ::i: c ,-, .::,s , nt t lcc ~ prcbnbili ty level, ~ 3ignific nnt 
n i trog0n - v c.:.:icty - p D.r Qqun.t r .:::.t(.; i nteracti on ('l'o..blo £WI) . 
When graphed, a r ather morminglcss p£,ttern er11ergccl . .At- the l ow 
p o.r nquo.t r ate , th(; niti· olir.,o t rco.tr.ient was fnv ow:',1blc to rycc or n 
b ut dele t eri ous t o T1;.r::o. ryegrn.::, s . At t he high ro.tu t he s i tuati on 
rms nltci·cd, nit rolino boinc; unfavourable t ,: both v c.rieti c s . 'l'hc 
dry ma.tt e :c producti on to U:.is date 1,ns lurgoly fron plants oth0r 
t ho.n t hose smm . Thi s ,rnuld indic c.to tha t oithGr a.n0thci·· or ot her 
:fo.c t oi~s nro invcl ved, or altornntivoly tlw.t this \!8.S n. r andom 
occurrcnco . 



Nitrogen trc e,tmcnt . ~1 ~ .~~--
1 

.~~ l 
(cnt . nitrolimc/acre ) 0 
Tre nt eo-nt& ~• : 

. -•-1 A•~~c--7~6-4~~--- -~~;8-~~ I 
1 oz. R 

2 oz . R 

4 oz . R 

1 oz . T 

2 oz . T 

4 oz . m 
..L 

L--- -~--~ ~~·~--

976 1015 I 

1053 923 

963 876 

975 1001 

' ~~- - ~--~·-~-·--~-·--~..l 
959 892 

* f01• key, soc To.ble; V, pa,80 30. 

'l\ilil.J XXVI. Dr:,Y:.Jlo.tkr . Yitlds . ( v) P .:-,.rag_uat r_~..::. 
~ ~i tr~n Tr C;; o.tmc:1t Intcro.c~. 

Dcfolio.ticn 

Control 

Tar.:a w-1spro.yod 

Bo.ndea. 

Dlc .. r,k0t 

TOli:o. blanket 

32 . 01* 

29 .1 2 

26 . 75 

1 L~. 04 

12 . 61 

30.77 

29 .1 7 

30 .03 

28 . 25 

29 . 58 

9 .52 

9 .08 

11 . 62 

12 . 30 

~{ Grorrth r ate , lb . c1 . ,!1. /dc.y 

Table XXVII . DryUllt~or _Yield~ . (.vi.) Growth Rn.to of 
Different Ti·eo.tmcnts ov0r V{intor Period . 
~~-·~-~ -~----- -

Def nli n ti on 1st 2nd 3rd 

3041 

2925 

4t h 

Control 

Tama unspr ayed 11 67 

Banded 

Blanket 

Truna Blanket 

1080 

574 

522 

* lb . d . m. /o.cre 

2404 
2317 

2172 

1603 

1249 1901 

3517 

3430 

2498 

Tab le XXVIII. D..r.Y._}Iatt oi~ _Yields • . Jvii )~tal Yields 
.f'2E._])iff'crcnt Treatments over 'V~C?.£ 
Pe_1j. ocl . 
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2. 5. DISCUSSI ON . 

2 .5 .1 . SOIL !WISTu'lIB . 

The irricuticn acc Clr.r_plishcd ( -::pp r CDCi m~, toly 11 in . rrat er 
on t he blocks ) , c o.used large diffc,renccs in t he soil moi s ture of 
block s ;:.ncl l,oo.dlands , crnc1 i n the ir tc.s turo [,ro,-rth . ,·,ppn;rcntly , 
u~ri gaticn b e t.-rco n bl ocl~s n.m'l n i t hi n blcc~:s •,-;o.sr; ' t oven . This 
was i ndic o..t od b~r tho s i [;r:i f icant dif ferenc es b e-ti.men bl ock means, 
b e t noen n s ide " rmd "rnidule " of block meo.s1.u~e!:lent3 , o.s vrnl l a s by 
t !10 vi s ual app earance of t he blocks 2. s t hey drie d out . The use 
of t hr co iif t y :Coot "sp r ay soak:11 hos e s for irrigation rr ould b e 
p lli-tially to i] l O~'Tlc . Seven hc1s c _posit i ons r:o r e r C;quired t o c ove r 
e ach bl ock . DiffeYcnce s i n irrigati on tir,1cs ( shif t s i.-w r 0 a;_,proxi-
mnt el y 1; hours) , hoso porf orr:iances ( quite vi ,; i blo oven al ong the 
l e n gth oi' ono hos e ) , hos e p os i t i oni n 0s (irri go.tion nas c arried out 
a t night ':,rhcn vis i b i l ity nc.s p oor), o.11 t ended to p r oduce s oil 
moisttu~o diffc r cr:oes bot h botnccn o.ntl 1.;ithir; bloc ks . 

Pla t e s 7, 8 c.nd 9 i llustra te the diffc1°cnc Gs b e -b.1ec.,::1 t ho 
r esulting b and s duo to soil ooi stu.rc . D:;._-io,r: o.nd Hc-:i.dfor-d (1 968 ) 
cbse rve::d tlu,t pl nD t s undo;.: nttt e 1' stress r:c 1·0 i,1c:..~0 o,ffcctcd b y po.r ;:,,­
qu r'..t , nhils t Br-o.nl oy ( 1962 ) nctvd tlwt c. botto:c ki l l -.,i tri p2.ra.q_uQ.t 
, ms cc h i '-" vecl undor- dr ougit c cndi t i ons. Prosuno,bly , the; p l cmt ' s 
ability to r-oc ovor rmc dYcc tcd. by r;nt c:;. sllor-t .::::,gc i r! t hi s i nstGncc , 
o.s t h,_, b 1nds d i so,p110~'..:i.'Gcl rc-,p i clly once t ho r.-:'.in had. f c-.llo:r: Lmd gr cr1th 
r esume d . 

No ox rnni no:ti on out s ide t he 11 l ot ci.rea r:o.s c arried out t o 
a s c erta i n nhc t ho r t her e Has ::i. s i milni~ of fo c t (i . o . b ond s r cmnining 
distinct at gc- ound lcvol) a s t ho,t i l l us trQt od i n Pl Gt o 14. 

III. 

Tho geoupin g of t he soil moistm"e r e sults in Table IX 
illustrate an i nteresting banding effe c t on tho soil r;1oisture . 
Tho c or e s wor e t akcD t o a depth of 4 i n . b ut mos t of t he diffe r en-
ces noro likely t o appear in t he uppe r lt;iy ors . Little effe ct is 
t o b e expe cted fr om tho b anded treatments a t tho first me asu:re~ent 
t ake n close t o spraying, but differences 1,-;ere apparent a t t he 
second measurement . Moro r e c e nt fie ld trial observations ho.ve 
indic a ted t hc.t direc t drille d paraquat spraye d a.re o,s at times of 
moisture stress have b oon highe r in moisture in t he surfac e l ayers 
a t least, than e ither c onventi ona l seedbeds (nhe r o presumably the 
l e ss c ompac t soil uould be a loss efficient c onductor of .soil 
moisture fr om tho subs oil), or untreated p a sture (Hhere the ev apo­
transpirati on rate from existing herbage appears t o dry tho soil 
more ). 



rv. Soil Moisture Levels Over the Trial Period. 

Tho general we tness experienced ave1" the winter pericd 
(illustrate d by Table X figures) r e sulted from t he winter r ainfall 
(Appe ndix IV) and poor soil drainage chara cteristics . The early 
disappearance of t ho ryec orn (Plat e s 10 and 13) could well be re-
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lated t o t his 1rn tness . At times, t he area was a1r11os t impos s i ble t o 
walk a cross , and soil smfuce samples t a ken in the l a t e r stages may 
have under estimated t he s oil moisture , as there wc.s often muc h free 
11ater ab out at the time of sampling. 

SEEDLTI'fG EhIERGENCE . 

I. Soil Moisture Le ve ls and Seeclling Ern?rgenc e . 

Tables VI and IX may b 0 c ompared ni th Tables XI and XII. 
The trial had n ot b een designed with such c orapc.risons in mind and in 
the c ases of 'rables IX arid XII , group sc.mpl es (i. e . "band", "blanke t" 
etc .. ) arc of unequal size . Furthe rmcr e , it 1,7as not rec orded whether 
soil samples ner e s e l e cted f r o• ni thin or b etween bends in t he "b and" 
gi.·cup • Ho,:evcr, seedlint;s nere found gr rn ;ing Hi thin the b ands . 
Therefore it is not surprising that t he gcrr.iination figures c ould b e 
related mcrG easily tc t he block differences in soil raoisture than 
to the band treatment diffe r ences . 

Al though c onclusions c an n ot be dra: . .rn readil y from l'Csul ts 
such c..s the se , it is l)OsBiblc to say thc.t s,:,il 111L'isturo is i mportant 
for sued gcrrnin,,tion . It Has difficult t o c stimo.to fr om the dc..ta 
avc..ilnblo , which variety responded more to moi sture . 

II. Effect of Ron ~~ten~aticnJ Drill Slit _ Dept h and Definition . 

In this section, mee.surements no:ro purely incidental. 
Thu rcsultn 2.re indi co.·c:Jd in To,bles XIV, XVI, and XVII. Table XIV, 
i ndicating t he slit orientati on effect would provi de tho most v alid 
of those , as 1~1oasurements uith both vn.rietios wer e t oken at b ot h 
seedling c ou..."'1t times , and over all s amples . Tho slit definition 
and depth eff ects were t aken f or one vai~iety ('l'ama rye gr-ass ), a t 
t he s e cond date only, and over one block (A) . The orientati on 
effec t would b e of sie,..11ifioanoe probably only when the slits Hero 
open, and unfortunately the me a surements were net scored for t h is 
effec t . 

Tables XVI and XVII indic ate t he relationship s between slit 
openness and s eedli ng emergence and slit d epth and seedling emergence . 
Hence ,-,hen c onclusi ons are dravm from this da ta tno observ a ti ons 
must b e kept i n mind : 

(i) tho extremely subje c t i ve nature cf foe d a ta, 
(ii) the dire c t and i ndil~c c t effec ts of slit openness and slit 

depth on seecllinganergence . 
Slit openness would, for instanc e , affe c t both soi l moirlure and 
t emper a t ure v,i thi n the slit as n ell a s the me chanical impedanc e 
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t o the seedling ' s er,10rgence . Under the circumstances it is difficult 
t o justify o, c aus e- effect relati onship . The r evers e trend may have 
been obt a i ned under a drie r si tuo.ti on . The difference s butucen the 
f'iguro s irnuld sugge st, hor10ve r , tha t furthe r nork is rmrrantod i n this 
field . 

III. N :j,_ tr o_ge n Eff o c~ .• 

Ni trogcn h a s boon suggested. as a li1:1i ting factor i n tho 
early growth of sorm vo.rie tios in direct drilling . The c ombinat i on 
in this i nstanc e of initial EJOist ctrnndi tions follo1.-re d b y a dry ing 
re gimo was more delc torious than helpful. The 01 030 p r oximity of' the 
seed to a high soil moisture: c oncentr ati on of f e rtiliser would presum-
ably b e the c r.:.use of t h is e:ffuct. Had r a in f'o.llon earlier, t ho :r-cs-
pcnso may have occurred iE t h, opposite directi on . Spr ague ( 1962) 
noted tha t o ompoti -cion frcn uxisting unlcillocl herb£'. gc.; oi'f8cted sudnn 
g1.10.ss seedlings by t he t i 1:10 t hey rmrc 10 d 2ys old. , so presur.mb l y 
r eadily av a il2,blo nitrogen nould bC; he l pful to y t'ung s eedlings i n 
u. b and sprnying s i tun.tion . 

BOl'.AHIC.AL AH.ALYS:SS . 

Grc o,t di:Cficult y '."Io.s expor-iencod i n separ ating Tai;12, ryegras s 
f'ror;i t he r onai n i ng p asture c~t the... f irst cuttinc . With a particularly 
he avy uork loD,d n,t t his time botanico.l analyses nc1·0 fo,·.r m1cl lL1itcd 
t o ryecorn only . At t Lo sec cnd cut o. i110r o dotc.ilod stucly ,:0,,3 c nrriocl 
out vri th botb.. w:.rietios . :i3y t h e third o.nc1 f curth sanl)ling do..tes t h o 
ryoccrn ho.cl virtually di::io..ppcxce d f :cou th0 sr.ro.rcl u.rn1 Tc.me. ryog.rc.ss 
fro!.! pro.ctically all treatrnont s except blo.nkot trc..:atr:10nts , so observo.-
tions c onsisted mo.i nly cf T~·1a, r yogrnss blcmkot sp:;.•ci,yocl plots . Over 
tilnc , obsorvations rre r e therc... f or c r ather lirni t ecl . 

The general e f fe c t of bo.nd uidth and par c,q_uat r ate ( tho tn o 
r,w.in v 2..i..~i nbles ho :;.~c ) o.ncl the ir i nte r a ction is illustr:i.t ed f or e.'.'-c h 
v o .. rioty at t he sec ond cut i n Fi gs . 7 a.ncl 8 . 

The obvi ously b a tter y i eld in t ho 6 in . bond tre o.~~ont is 
in sympathy r,ith the r:or k of otho:;.~s uho have found that 100 per c ent 
remov::i.l of t he existing herb age is nc cos s o.ry fer the successful 
est ablishment of v o.r ious species . S:eraguc ( 1962 ) f ounc1. this with 
sudo.n ·5I'ass , a nd Triplett ot o.l ( 1964) stated t hat i n esto.blishing 
"non- ploughed1' mai ze II almost no competiti on frow n on crcp plants 
c an b e tole r a t ed". 

It is also i nterestinc to ncto that t he r.ie o.n of the 1 in . 
band n i t h b ot h v arieti es Ym s lower t han t he unsprayed treatment , 
although t his rras not statistically signific ant . Tho go.i n from an 
inch width of c ompetiti en r emov a l c ould possibly b e of'fset by the 
nitrogen "loc k up 11 li..'kely from the de c omposition cf the turf killed . 
The sketchy evidenc e pr esented fr o• t ho f'irst cut with ryec orn illus­
trat ed this same t r end but be c ause of t ho small samples , t his could 
have b een oere coincidence . 



'.rho i nt eraction b etm:;en r a tes and. bnnd r:i dths c.1Jp oo.rs t o 
exi st prioerily ni th tho 2 cz . r a t e "dips " a t tho 6 in . b and i n b ot h 
va.riotios and at the; 2 in . b nnd vri th Tru-,1r.. ry0gr-c,ss . Apart from t his 
"di p " ni t h To.ma h oweve r , par a quat r r1.t os ui -chin the bonded applic a t i ons 
appe m~ t o be of lon signific e1,noe . On tho othe :c· hand the ef fe c t of 
b c.nd n idths is fa.r raor0 apparent , ·;-ii th t ho blo...11.lrn t npplicc.ti cn b e i ng 
vory much superior t o t he b ost band treatr.10nt . 

Tih&n o omp o.red ni t h t ot al y i eld~, t ho p r oporti ons of sOTTn 
spec ies ni thin t he pasture were very l oH (be l ow 5%, in r.1 cst b onded 
t r eatments at t ho s e c ond cut ) . The 1;mximur,1 occurred in t he highest 
r at e blanket To.ma trentr:1.ont at t he l ast cut (i . e . lµJfo ). 

SUIJr.10.ri sod below ar c the r c st~lts from t his se cti on: 

(i) Within b ands , pnrnquc.t r 2.t c::, o.r o n ot important . 

(ii) Thero i3 a significant br.nd r,idth ef fe c t , but blanke t 
appli c ati on is f ar superior to any br.nds . 

(iii) Thero i s r. b and ,;;idth - parC1.que,t r .'.lfo i nte r acti on which 
o.ppoc.rs to b e mo.i nl y in the "clip II at 2 oz . i n tlle blanke t 

o.pplicati cns , supporte d i n tho 2 in . b -J.nd by 'i'aon ryegi.~as s . 

(iv ) The ru-.10unts those s:)ec ios 2.ro contributing to t ho fir,al 
yield m~c smcll, but t orrn.rds t ho end of tho trial peri od 

Truan r'Jegrns.s i s c ontributing r::ior e in tho 4 oz . blr.mket nppl ic~ti ons . 

Tho r easons behind these r e sults mi/)lt b o r:ior o clec..rl y 
underst ocd by a discussion of t he l:.y:;:iot hu ticnl situc.ti c-n occurring 
ove r time \li t hin the barnl. Pa.rci.cluo.t is a desiccant with lm! r e sid-
u al pr op erties . The r e c oloniz ation of the va.co.nt spo.co (Plate 11) 
(left as n r csul t of sprnying p ar aquat on growing horbnge ) is therefore 
a mnt te1· of the ability cf tho v arious plants i :.1 t he pasture t o oobil-
ize and gi.·ovr tc fill t ho space . These plants c ould c ome f r oo thr ee 
s ources : 

( a ) Nmr plants frrn".l seeds in t he soil of tha t sp a ce i nc luding 
t hose s own . 

(b ) Rec overy of plant s t ho,t were sprayed. Paraquat is not very 
nell t r onsloo u.tod in the plant a,nd 1•olies on phot osynthesis 

and oxygen for its acti on (Ca,lderbank 1968 ) ancl so noody ancl tmdergr-ound 
port s of plan t s ore not M affec t ed as green loave s . If a p l nnt is 
c apable of grming fr om t hese l e ss affected port s it is possible t hnt 
it wi ll r e c ol onize tho spr cyeu. area. Whi to clover is ono such plant , 
nnd Blackmore (1 962) noted thc.t his b ands nere c lover dominant four 
necks aft e r spr aying . 



Plo.te 11 • 

(iii) Rccolonizo.tion c oulc1. result fro~J c..:.~e o.s unaffccted by tho 
3pro..y (in t his c r-.sc bet'.-.rc,en b c.nds) . Clover nncl other s t olon­

ifercus ( ol"' rhiZOi, atous ) plants have ~m 2..dvanto..g:, i n this r espect over 
the t ufted spocios , nhich c o,n_ onl y sproCtcl ve got~.tivoly by r,1cans of 
tille1~ production on tho periphery of the nroc. o,1.re .:~dy inhabi tod 
(Elli ott o..'1d .Allon 196li) . 

When tile band is oxOJ:1inud i :'.1 t llifJ light suge;cstions mecy b o 
ndvunocd t o o.oc ount for so• o of t ho effects n ct ocl . Initic.J..ly, ro-
o ol oniza.ti on occurr8d f1~os t ho sorm s eed n.nd fr-on cnoroo.chment of 
ne i ghbouri ng plo.nts (Flo.t o 12 ). Cl over c ovor od the bands rapidly, 
ospeoio.lly oi'ter tho c oncluni on of the dry spe l l. During this dry 
peri od the unsprayed o.re o.s grew slowly and vrcrc re ady and nblo to 
grow immediately rain oo.rao . Sown plants on the other hand, would 
probably h ave found tho si tun.ti on r a ther more diff icult . Growth 
from other seedlings were not gt."e at ly noticeable , n or ini tia.lly was 
there much grm7th fr om tho r e c ove ring sprayed plcmts . 

Once t ho environment bec ame mor e moist, t he pasture quickly 
grmr nnd t he cu t ting height of 6-8 in . meant t hat the bands tended t o 
b e c overed for quit e a proportion of tho time . At grouncl level, ns 
Plate 14 i llustrat es , tho bends were qui t c distinc t by the first c ut . 
An agronomy experiment conducted. two years previously with an .triki­
white clover pasture shoHe- ""'.. t he effec t of sampling at the same s ite 



Plate 13 . ff in . Bo.aj,_, 4 oz . a .idaore Ryecorn Treatment . 
iii) Three Months A~tcr Spraying, 14/5/38 . 



withou t r er:wving t he: ne i gh1)(\ur i ng shc<li ng horb o.go . One foot square 
quad.re.ts ,:oro cut 2.t intorv~;lf.J end gr-cv:th of initivicluo.l ringc::d 
tillers mc o.,surcc1 . Evontuclly t he :C ,,t square guc.dr nt bocn,nc b nr o 
gi.~ound , ni t h not hing src,1ing . ,\ s a.:o·,-1hc.t sin ilnr effect c ould ho.v e 
bcon opon'.tivc i c1 the bG111l,1 . The disti!10tiveness of b e:.nds nt ground 
l ovol ~rnulc1 indic r.!,te that tho,'.'c lnc1 boeri li ttlc r oc ovo1--y fror.1 tho 
spreyod plants 2-ncl tl lat fen no\; pl G.11ts lucl boc c,·1e C:St:1.blished . Tho 
stort go..i ned b;;; tho s0\1n plant s in tho ini ticl :-:1c,ist poric-d nsy hcwo 
enabled then t o gi.~rn, enough so th,:,t '.!hen gr cH·ch c:ocolorc t oc1 aft e r the 
clry spell., t hey rro:i.· ,:.:, -:-.blo to lrncp up . ?cssibl y th'-' l o-.-: } rcpcrti on cf 
of sonn species i 1~ the b cmclod trCJ-'.ctuents nt tho so o ond cut is so: .10 
i ndicati cn of o.n inc.bility t o k:8op u1J nith t ho unspr ayed. }J.'.,S.t7.U~e . 

Plate 14. ~~ncti_.yenoss yf B@ds Jat G:r:oundLevol 
at the First Cut . 

Tho presence of li ttlo ot her grmrt h within tho band excep t 
the s own species and clover t h o.t had grmm i n :from tho unsprf!Yod 
are a s ( enc ox ru;ri.nntion cn.rly aft er r mn lmd c one shouod little r oot­
ing of t ho clover within the bn:ndL 1-roulcl perha.p s b e t he re n.son :for 
the l a ck of di:ff orcnoe b e t neon rates of paraquat for tho b a nded 
tre a tments . I n t he blnnkct treo.tmont howeve r , t ho situati on nas 
di:ffe r ent ::,,ncl there n o.s c ompcti ti on from pl ants r ec overi ng n i thin 
tho sprayed a.ree . Thero ue r e no ne i ghb ouring plnnts shadi ng t he 
are a and suppre ssing r e growt h of the spro.yGd plants . The r at e 
suppressi on r e l o.ti onship of para.quA.t t o th.o..t p asture, which vms 
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rye gr-ass dominant, was t hus mcro irnp orto.nt in the blanket situations. 
In the light of • ore recent experienc e , LC.I. (H.Z. Ltd.) now re­
c ommend a higher r ate thc,n even 4- oz . n.i. (1 pt . of tho liquid) per 
aero for the introducti on of ne-11 plants into a pasture (i1non . 1969). 
The highest rcte of po.raque,t nas better than the other rates for the 
blanket applic ati on as i t gave a gre:::Jcer compe tition removal effect. 

The dip at the 2 oz . r2-te o.ppo;_:.rs more o.s a peak at the 
1 oz . rnte , and as montionecl ec.rli or, this W.J.S due to c, very high 
reading in this group of data . 

A different defoliation frequency might ho.vo produc ed 
entirely different re:mlts . Eore fre<1_uent clofolidion, follming 
the ob ovo ~gument, c ould possibly havo locl to n gr entor difference 
in response t o pc.raquat r at e ,-;i thin tho banded troo.t1:1ents . F o:.~ tho 
b anding to be effective in reducing c o,.1poti ticn these bands should 
be such that n c other herb a ge trespasses int c· tho light thett :falls 
on thc,t b2...11d . It noulcl soe11 that more frequent cutting rrnulii. help 
t mo.rds t his encl . 

2 . 5. 4. DRY I.iiiTTER. PRODUCTim . 

Differences betneen blocks ,. .'.'-y be oxpect0d in c.. design such 
n.s this Hi t h the blocks on different site s doun tli.e slope :from the 
pine hedge . Tho cli fforcnces in cutting tines, ;;,s shmicJ i n 'l'nble 
X.XTV would be r.. r.w,j or re ason for these differences. The r anking of 
cuttinr; tiuc s ::1nrl yiolc1.s in T,c.ble X.XTV ore in o.pproxi• ately the s aoe 
ordor . 

II. l3a.ncL Width Effect . . ~=- ~~-

The clry matter yield c.t the first cut (To.ble X~~IV ) illus-
tra t es n yield reduc tion where sprc.,ying rms carried out . This 
r eduction noulc!. inito.lly have b een directly proriortiono.l tc the a rec; 
sprayed, o.l though by t ho f irst out t here would hc.,ve been compensat-
ory grooth from the unsprayed areas . The r educed c ompe t ition for 
t he r emai ning plants would lnve nllowed thera to exploit the vacant 
are as , and ns Plates 13 and 14 illustrate , this v;ns noticeable in 
the aeml portions of th0 plant. The grouping of treatraents in 
Toblc XXII also illustrntes the difference betvreen tre a tme nts and 
t he nay in which they disappear over time as c o:-i1penso..t ory growth 
occurs. Fig. 9 illustrat es t he c ompensator;y grmTth. At the first 
cut grovrth rate c alculati ons :f or different treatnents differed 
gro o.tly. By the second cut these di fferences had l c.rgely disappear­
ed and over the winter period to the third cut, growth per plot ,ms 
very much the same. 



IIr. Effect ~ J?o.raouat Rate . 

I t i s suspected thci. t "rat e differe nces " a t t he first cut 
did n et occur a s all plot s vrnuld have b een r ec ovcri ne; fr oD the kill 
of gr-con herb age by paraquat . Table ll'V i llustr a t es thnt by the 
sec ond cut the l ouest r e,t o plot h e.cl tnkon t h e lerul . The greatest 
effect may hnve buon expected in t ho blanket treatncnt where ov e:t'­
shrulmi~ g cf the unsprayed hei-b o.go di cl not occur to nulli fy the 
effe c t , but t his did not prove to b o the c o.s u , o..s t h e effect na.s 
noted over all b and trentr,ients . 
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2.6. CCT1CLUSICNS. 

The m,ture ci' , nnC. r esults frorn this experiment noke 
conclusions of o.. definite n n.ture di:fficl1.lt to c1ro..w. Various questions , 
icleas OJ1L7. hypotheses have however c or:,c forwcrd which c ould direct 
further research in this field. As an exploratory trinl this work 
h e s therefore heen successful. Vari cus aspects of tho experiment 
in relation t c the c onclusi ons anc1 further nork nre d iscussed below. 

I. B.J.nd Width_, .. P.araSL,uat Rnte and. _ _Defoliation Tre a t_mE!Jnts. 

Al though evidence is sketchy, bnncl wic1th, paraqua t r r.,tc 
and defolii~tic:-n tre o.tnents appeD.r tc b e i nte1~rnlnte c1 f c.ctors. The 
results have i ndicated thnt "b and sprc.ying ana. direct drilling" is 
different frou "blnnket spraying o.nc"c direct c.1rilling". In blanke t 
spr aying, tho smm species f.\Ust c ontend nith coupetition fron 
r e c overing sprayed plru1ts arn1 ot her seedlings . I n bnnc1 spraying the 
.:i,dc1ed f actor of o onpetiti on frcn herbage grow-ing between the b .:mds 
must b e r e c ognised. In view of the c onpeti tion removc.l, this 
herbage is likely t o grov1 vigorously, and if net checked, swanp out 
ru.l growth rri t hin tho b c,m1 . Defoliati on fre quency anc1 intensity 
o.re therefore likely t o be i r.1p orto.nt f c.ctors. L>1 the trinl 
wiclor b ands gnve soac relief t o t he s orrn plo.nts frou this c oDpeti tion 
but nere cnly r eru.l y effec tive 11hen the b cnc'l become r1 bln.nket appli­
c ation where there were l ong peri ods b ctr;ecn cutting . DifferGntiru. 
effects of par·riqunt rates ~·;ere not obvi ous 0..'1cl possibly mnskecl by 
unsprayed her\ugc shru:ling the b :cnds 2.nc-i__ s o a llowing nc selecti on d.ue 
to rate to take place. 

It is a pity that u defoliation tre a tr,.ient was not 
included. in the trial. Further work however , should investigate 
these three factoi~s and their interrelationships within band spraying 
and direct drilling. 

II. Y,orieti~. 

It ,ms noticeable that Truna gre,1 better thun the untrea.ted 
p asture t o,;,a.rcls the encl of the experiment. This is indicative of 
the variety's gr-owth pattern which raay ha.ve been helped by 
earlier s owing. The look of moisture 3:fter sowing wa.s a footer 
mitigating against gr-ovrth. 



The ryecorn disappearance frcm tho pas ture was disappoi nt­
i ng, but may be r elated to the wet soil c oncli ti ons. 

Both varieties hnve yielded much hi gher t han t hey dic1 in 
t his t rial (Bo.re lay anrl Vartrw, 1 966 ). The blanket treatments 
yielded fo.r more t hnn the b anded treatments ,·1hich mu::,t be accounted 
for largely by c ot:1peti t i on . The relc,tive poor y i e l c1s from the 
blanket treat ments however, . vrnulcl illust r [',,t e t he dry c onditions of 
t he es t ablishmcr:t peri ccl. an~typicnl poor dire c t drilli ng results . 

With such r e sults it is not possible to definitely 
r e c ommend ,,hich vc,riot;y i s b e st sui t cc1 t o b .::md sprayi ng . 

The negative resp onse obtcinotl i n seodli:.~~ c ounts t o nit ro­
g,un led t 0 the abandonr.1ont of t his tre.:1tr.1ent ai'ter t ho first cut . 
One could assuee t hnt t ho clry c onditions lod to this r esponse but 
there is no oviclonce to suggest r:hat t he l onger t ern affect r;w,y have 
been . 

Tho banc1 sprayer built for the: trial \lC1rk :po:r:fo:;:Docl 
adequate l y . Tho loss satisf.xt01~y b c.,nds ::,ire>'bnbly rc s ul t ec1 frcrJ pasture 
b e i ng t ee l on[_; c'-ncl. fr 0~.1 inc orrect nozzle he;i g."1.t adjustnents . With 
the use of superior b rm,1 sprc.yi n s nozzles , r,hi ch p1~oa.uco n br-.nc1 ,;;i t h 
2. nor o distin c t cc1ge and nor o e v en r:i t h i n b cmc.1 patte:cn t k:.n those 
used, the pr cc1uc tir-n of b ettor b o,nds c an b e e,wis agcc1. for t he futu:c~e . 

This nork did not set out to o.::rness drill performcnce but 
some ob servations when seedling counts 1-rero made pointed to the ira­
portanc e of correct drill slit specifications for o,ny particular 
drilling s i tunti on . The f ac t t hat t he drill slit affects seedling 
germinaticn nncl emer gence d i rectly (e . g. cl osed slits nay i a pede 
eraergence ), and indirectly (e . g . closed slits may be more moisil 
thnn open ones , moisture affecting germina tion), v,ould suggest that 
a c ompl ex situation i s likely Hi th mmiy interacting f o,ctors . For 
the succe ssful y ield of any crop or pasture good establishment is 
vi tally important, and as this appears to b e one of t ho Henk points 
of direct drilling ( ancl ther efore b o.nc1 spr o.ying and dire c t drilling) 
further work is needed on t he effect tha t different drill slit 
parameters under different conditions have on the r esulting est ablish­
ment of the plant . 

VI. 

During the trial, cloubts v1ere r0,ise d o.s t o the .-,isd.om of 
irrigation. These doubts r esult ed from the dele t eri ous effects 
of the dry spell following irrigation (whioh c oulll n ot be c:ontinued 
with t he equipgent used after drilling). 



?O 

Without ir-..cigati cn the ope:;:-nt i on cf t he ili0ill and the 
pl2.ccnent of seed i:1 t he hnrd. ground woulcl.. hnve beon i r.ip ossi ble • 
.Als o, i:f' d.rilli:1g he.cl boon del ayed l.mtil su:ff icient r a i n fell , the 
tria l ,_my have been tC'c late for adequnte wi nter grCTl'7th . 

Had rdn fallen innocl.L ,t ely n.fter drilling, e lir:iinating 
noisture stres s , the question of irrig2.ti on would net ho.ve bee n a 
problem . 

VIL 

The nw.:be:c of t:re2.t1~1ent.:; no.Jc i t cliff icu l t tc toke as 
full o, net cf cl.at ::. as uas plo.nnec1. . I n :tn ini tL, l investi5,;ti on 
i nto o. li ttlc knovm fi e ld t he l o.ck cf ~)rc ccclcnco en rrh ich to rreight 
tho inportancc cf different f a ctors l e ads on t he enc ho.nc1 tc o. very 
broo.cl invcstignti0n ::.nd on tl1c, cthe1~, t o t} ic p oss i bility of :.1i ss i ng 
sct.1e ir-r9ort o.nt f a ct cr o.lt c6-eth e:i~. Doth h n~1pcnec7.. in this r1 0r k ::mcl 
it ~: 8.s unfortunc.t e: thc.t clcfoli ;:-,t i on frequency anC intensity , nhich 
nm✓ o.ppec.r so i; 1por t<"J1t , r:e1··,, clisc a:cded c.s tri rtl f n.c tcrs . 



71 

3. SPR.il.Y DISTRIBUTI CN l1NLLY_§_IS . 

3 .1 . INTRODUCTI ON. 

I n oo.rly oxpori .nonts , b t1nc7.. spr o.ying vri t h clyo on t o 
ner.rsp:r·int h ad ro sultocl in b a ncls of r e l ,:1,tivol y even ·wiclths , n ith ::i, 

"out off" dist ance a t t he poriphoxy of ¾ - ½ in . ancl little sp r o.y 
visiblo outs ide these lini ts . Visua l observati ons of the kill 
fron tho no,in tri o.l spr o,ying h o11cver , shcYrc cl thnt b n.ml edges n e ro 
i ndistinct. iH t he tine of spr:1:yi ng tho fi ol cl ·tried, c oncli ti ons 
nore hct ctncl c7.r-Jine;, o.ncl.. indi s tinct b ancl oclgo s c oul d possible h o.v o 
nrisen f rrJu c i thc :i.' t ho snall o.n ount of' sp1~0.y o.t t ho porip hory 
c a.usin[ t onp o:ro.ry l o cl' eclc;o burning, or- f r on [l,(Hocl spl .:--,s h out of 
tho bo.ncl clue t o tl1u surfo.oe c ho.r o.otc :cis tic s of t ho pasture ( t ho 
pc,stu.re -rn,s longer i:1 t his t:ric.l t hc.n i n earlie r '.lor k ). 

'l'h is s ecti on cf t he t }1o sis c1e scr·ib e s t h:J technique s o.ncl 
r e s ults of t he invosti gr,ti on i n t c, t he po.s turc ' s r ol e i n c o,using 
spro,y t o Sl)l o,::;h 01..~b: i cle t ho b ecnd, 2-nd the o,~;01..mt c:f' t he t c.,t o,l 
spr o,y c1epos i t od he r e . .!~ t the so.::1c tiue , the sprr.y po,t ter n n i thi n 
b o.nds wcis ob servoc.l t o chock t h,'.'.,t t he ne:zzlos 1JOr fcr !.locl ;',dequa t ol y 
r-.t t he lov; he i ght3 eupl oyod . 
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3.2. LITEIU\TURE REVIEVi. 

3.2.1. SPRJ,Y NOZZLE ACTION TI-IB ClRY . 

The ~:.cti on c,f spro.y nozzles i n o.cce l erati ng n.ncl disinte­
gr-o.ting a liqui d. :-i.nd. cUspersing tho l'esul ting drops has been nel l 
d oou.:1ented . Fro.ser 2.ncl. Eiseakla.c ( 1956) Pelij ( 1956), Courshee 
( 1953), Byas s ( 1963 ), o..ncl Yfostermo.n ( 1 956) ho.ve eac h described the 
theory o:f spray nozzle notion and t ho effec t thC'.-t t he vro-i ous parn­
me t ers (liqui cl pr essure , liqtii.d surf r..1.0 e tGnsion, liquid viscosity, 
s ho.pe of nczzle i nter nal p.'.'.ss6ges etc.) hc.vG on t he resulting 
populati r:n of n ovirlg dr opl e ts. 

EVLLUfiTIOT: OF SPRLY DISTRIBUTICN . 

L:ny t es ts hnve been c1evisec1 tc r.18c.sure c7.ifferent s p r o.y 
nozzle cho.ro.c teristics (e . g . out-put o.t different p ressures ), but i t 
would nppe :U' t hat t1.1e rn1j cri ty of ·,rnrl: en spray ncz.zlo perf orr.1unce 
ha s been y;i t h r eference t o spr Cl.y distribution . i;e t hcdc usecl to 
c.nnl yse this r.w.y be c l t,ssif'ied i n t o two groups : 

I. Those • e2surin['.; quanti tativoly t he spr c'.y deposi tec1 in different 
spro.y r egi ons (including drift r.1ee..sure;..1ents) c.nc1 t c:.ld.ng no 

c:-,cc ount of dropl et size . 

II. 'rhos e neasuring drop l e t sizes rmd nunbers o..t th0 sar.1pli ng 
p oints . Frc1r.1 these results , spr c.y v cl u:.1c c.ncl surface o.roo, 

n n.y b e c alculCl.to cl. . 

The clisti11cti 0n b ofa10en spray v oluno o.nc1 dr oplet size 
,.nd nuubor nust 1)3 not ocl . Spr .'.'..y dropl et volUJ-,e is r e l a t ed t ,·, 
cliDI'.leter cub ocl (u. ) , o.nc.1 surfo..co aro c.. t c dionct e j_~ squc:cccl. (d'-) 
(Byass 1 963 ). Thus a populnti on of sncil dro::_)lE;ts hns o. [9."eo.ter 
sur.fnce are n than t ho so.no v olune 0£' spr c .. y i !'l fcncr c1rop l ots . I n 
tore s of quantity ( v c,luno ), o. cloud of snCl.11 droplets c nn b o of 
li ttlo c onse CJ_ucnco . For oxnnpl o, t e sts on n. c cur_1crciC1.l nczzlo 
(.An on 1958) s horroc1 thd -.hilst 96% nf the spr c.y c:1.i~oplets fror.i the 
f an nozzle rrerc under 100 r.tlcrons in clianete~:, on::1.y l1--o1% of tho 
sprny by volurJo wa s repre sented . 

Reported techni que s r e l ating t c spray c1roplot population 
collection onc1 evaluation arc n 2t c onsidered in detml i n t his 
review . Hebble t hwaite o.nd R1chn.rdscn ( 1961) de scribed t he t e ch­
niques used by the National Institute of .i\gr-icul tur8.l Engineering 
in the iesting of soae of t he more comr,10nly usecl pr oducti on model 
sprayers. Courshee (19.54, 1959 o.nd 1961), Courshee and Ireson 
(19610.); Courshee and Valentine (1959), similarly discussed vari ous 
droplet collecting, sampling, ancl evaluati on t echniques, a nd deb ~ted 
the advantages anc1 disadvantage s of using diffe rent drople t sizes, 
and methods of producing these. Furmidge (1954) cliscussed the 
testing of several raethods of c alculating average di[U;J.eter, in­
cluding the mass median diameter, the Saute r mean diaraeter, and 
arithmetic mean diameter. Contour dio.gr-ams of spray distribution 



v olune p c.tterns illustr at ed tho differences between methods , which 
wer e clue t o t ho u s e of cl.ifferent s pr ay dr'_!l)let parane ters in t he 
c ru.culations . Frase1~ o.ncL Eisenklo.m ( 1956) discus s ed t he p r oblems 
i n f i nding c, truly :reprcsont ~-:.tivc p [~r2.r.1c tor t o do sc1~i b o c.. spr n.y dr op 
popul o..t i cn o.nc1.. n ot e cl t h n.t d.i spn.:..~i t i on b ot noon t he orion cmd notuL, l 
r o3ults ucr o oft en evident. 

I. Quc.Ati t ntive ~~ .Ann.l,7;s i s . 

LiljecLc..hl nnc1 St r o.i t ( 1 95-9) cle scribe cl tr;o co.t o gor ie s of 
spr c.y an ::-.J.ys i s ne t hods : 

(i ) 'I'l10s o u s e<l i n t he l nb or ett ory cmc1 c ollocting t he s p r ay 
close t o t ho n czzl c . 

(ii) Those t esti ng f i (:; l cl. perforo o.nce , t ho result s of nhich 
c .. r e influoncecl by gt' ouncl :r ough_'less , sp r ay surface 

cho.rnctor istics o.ncl wi nd . 

( i) L.o.b oro. t~Je chni ~YY,.s • 

'l'ho se uny b e s ubdivided i nto t no uni n t ypes : those 
enpl oyi n g pet.tter net.t or s ;1.c1d t hose us i nG sp1~nyo€9-~o.phs. 

A. Tho Pc.tfo rrw.tor . Li l j oc:_ci,hl 2.nd Strdt (1959 ) do scriboc1 t ho 
p nt·ccrn(~toi~ ns c, c crrugnt ocl dovide t o d ivide 

t ho s }Jr ay i nt o nc.rr rn: b nncls fo1· vol ui:1eti~ic r.1oc,su:..•or_,ont . It ' s 
functi c:-i is t , givo ~,r: i n lic c.tL-:: cf t he :;:i ct ent h '..l ,_l istributi u : 
lil~ol y f r c"l n. n cz zl c . There C,l) ~, o :'.l' t c be t-:: o b ·-. s i c t:;r:_)os of 
pt,tte :..0 n ,:/cc1·, co.ch er 1.1}1ich hes b e e n de s o:i:>iuod bJ :;obo l ot hrn:i t c CU1d 
Rioho.r cl3 on ( 1 961 ) ,,:le~. X.:cs ho.yo.p o.n,.1. Pa.ndyo. ( 1 :;;65). The II C!lO C.i mon-
sional" ( Ifobbl e t llwni t o o.ncl Richc,.rcls on ) or "ccyncuni c" p t.,ttc rrn,tor 
(Kci.shnyo.p Gnd Pandya ) c cnsi ste:c~ cf c. serie s of pnrn.lle l c ol lec t i n g 
troughs . It i:-iO~SlU:'<...; d t he s pr ay clistributi on i n one dire c ti on onl y 
and sh cwec.1 tho p a t t e r n pr cduoed by a n ozzle 1:1oving p c..ro.ll c l t o t he 
troughs . Trou gh wi clths h o.ve varied fr ou 1 in . (Anon 1958) t o 2 . 7 
i n . ( Borger o t nl 1948 ). Hebblethwaite nnc1 Richards on (1 961) f elt 
tho.t p ntternnt m•s t encl ec1 t o distort t he pattern, nc1.ki ng it appe ar 
n i der t han i n f a c t it rms, with o. decrease in t h o oentrnl re adi n gs 
due t o t he entr::ined nir b e i ng defleotecl h ariz ont nll y by t he surf o.c e 
and t hus to.ld ng droplets wit h it. Their desi gn, incorp or ating un-
c onnected po.rti ti ons an d trou ghs all arring m.i .. t o u ove d ownwards 
through t he p ntternator, was an approach t c solving t h is pr oblem ~ 

The other b asic t ype was t he "stntio" ( Iill.Shayap ruid Pcndya 
1965) or "tm :i-dilJonsionnl" p atterno.t or (Hebble t hwaite and Richardson 
1961),. and h a s app m--ently b een used for i ni ticl n ozzle design and 
deve lopment work . Kashayap a nd Pandya (1965) illustra ted tw o 
types. One c onsisted of o, circular plat e with colle ctors along 
several radii; t he othe r TTns n serie s of rows of collecting vessels. 
This l atter type ooulc1 y i e l d both "one " and ,it1to" dimensional pattern 
data . The p lotting of' iso-quant line s on a graph e nabled t he 
construction of a spray concentrati on surfaoe. 



i\ior o use nppe2.rs t o h ave b een 1:-inde h cv;ev or, of t he II one 
di.Densi on al" po.tterno:l:; or, pr ob ably b e c a use it yields cJ.a,t;:i. directly 
rol.:1tin~ t o t ho "n oving n ozzl o 11 s ituo.ti on . It has rJeen applie d t o 
p e:-.:-f ornnnce studies of s i ngle n ozzles ( Crosbie 1952, Nordby a nd 
Hcu:i.nn 1956, a.nc"i. Dr.:msfie l cl 1 965) o.s nell a,s b c o:.1 spr ayer s (Rice 
1967 r:.nc~ Gc.briilidos 1 96~-, 1965). IIebblot~1vrc,i t e r.rnl. Rich o.rds on 
( 1961) stat ocl t h -:-,,t '\mle ss r, n ozzle giv e s c, g ocd pe r-£' cruo.,ncc on t ho 
patternntor, it c annot appl y chenicals i n t he nes t oc cn c'!"i1icnl wo,y 
i1 os s iblo". 
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B. The _3,p_rcyo_gr;o,p~ . Sh2.112;:s rnc7- P o.t e rsm ( 1 952 ), clc.i ned t h o. t 1che 
spr ny ograp l: wns n~i gi nc,lly c1e s i gne(1 by Riley 

i n 1909 . It \ms clesc r ib e (l by Hebb l e t hm:cito c.ncJ Rich JXds on (1961) 
ns 11 0.n er:l['J.\':~ot"' .. ve r s i on of c.. fcc o.l plo.oe ::;hut tc r c o..,1err, wi t h n.n 
nb s orbent paper i n p l nce of o, f i lntl . 'i'he spr ayogrn.ph ' s ch i ef 
f uncti on i s s i nil n.r to t hat of t he " t v,r o-cli!Jens i cn al" po.tt8rno.t or, 
wi th r esult3 n or e of o, quo.litn.tivo (visual ) t hr.n ~u.:mtit .J.t i v e n a ture . 
Shanks a ru.7- P ntoo.~s ,:,n 1 s cles i gn (1952) h o.d a 3 i n . slit in a. c ontinu ous 
b elt rrhich oovecl a t 200 ft . /mi nut e . I !1k o::c :1 similar s ub s t anc e vms 
spr r.we c.1 on t o blot t i n g p a.:c1 er p l ncocl under the b e l t . E:x t:,.cp l e s of t he 
pntt erns pr od uced h rwe b ee n r epr oduc e{:. i n spr o.y n ozz l e ncmufacturers • 
c a tal o$11e s , ns well a s b y 7fatt (1 958 ), Coursh oe (1959), a nd Bn.i ne r 
e t a l \1 955 ). 

One pnrticulm~ conpl i c o. t i en 1:m s n ot c ,J. b y Hebb l ot lmni t o 2-n :1. 

Rich ar d.s en ( 1961). 'l'hi s rra s t he (7-istur i:itu:oe of t llo o,i rstr o2.1.:. b :,r 
t he ~-1ot i on cf t lw s l it, r;h i c!1 c cul i'.. b i ['.s t l:o s t::J.1p lo b y c.1eflecting 
s 1.10.ll cl.xop s L1G~e t h('..11 l a:c~e ones fr c•:·1. thoh · f li cJ:1t p ~1t h . 

(l· 1·) Fi l ' ~~ ,., 11n · 1 o a ~-·'~ <?._e._ l e e 1.c:i.ue a_. 

With t h,J exoopti cn of t ho direct ne i ghing :.1e t h ocl (c onsider­
od by Tay l or ( 1961) t o b o i naocu.rat e b ec o.u s e of spr ay ev a.por ati m 
[w'1d t he sr.wll ru.1 ount cl' spr ay c ollected), qu anti t o.tive fie l c1 o e t hods 
utilize t ho i n c orp or ati on of n subst.:mc c i n t he spr ay t h at c an be 
c ollectocl ancl r.1ensured, o.nc1 acc o:cc::.i ng t o the spray 's original c on-
centration, t he spr ay dep osit c:::Qcula ted . .At tir.10s, su i t o.ble 
c anmercinl spray mo.t eri:::Qs a.re used. for this purp os e . Suoh mnterinls 
are useful in r e l a tin['.; distr ibut i on r e:rnlts t o t he "control" or "kill" 
aohieve cl . 

Yates o.nd .Ake sson ( 1963) c onsidered the following factors 
to b e imp ortant when s e lecting a tracer: 

(a) High sensitivity af evaluation (sugc;e sted 0.01.fg). 

(b) Availability of a r apid quantitative analysis. 

(c) },lust be soluble in spro.y mixture with a minimun physical 
e~fect on atanizati on and droplet evaporation. 

(d) Distinctive property to dif'f erentiate froD b a ckground or 
naturally occurring substances. 

(e) Stable or prediotable conoentro.tion relationships under 
environments encountered during experiments. 



(:f) 1,ioder,,t o c ost. 

(g) Nm toxic. 

In acldi ti on, To.,y lor ( 1961) sta ted t hat trc,cors shoulcl b e free fron 
surfe,oe active pr opertie s . Fo:;.~ instnnce , nnterials which louered 
surface tensi on rrero c cncentra t od i n t ho suTface l c.ycrs and ,rero 
liable to b e clispr opo:rt i onntely r epre sont ccl i n t ho f i ne droplets . 

Collectinc rmteric.ls h c;.ve been of trrn gcnernl t ypes : 
th os e r:hich have st.'.:mdnrc1ise c1 surfnce s , such ns t he 9 x 4 i n . plexi­
glnss plo.tos used by Yat es ( 1962 ); and crop surfc.ce s, snrnpled 
adequc,t c l y t c b e repro s ent c.tivo . Pl2,nt l enve:s .'.1s spray collectors 
h::ive been used rw.rticularly Hi t h thos e mct hcx.ls u:i.ic h ev a l uate: spr o,y 
dis tribut i cn c-:.ireotly frou are al" spr.1ys (i '.ctrtin 1956) . Sta..DdardiGod 
sUJ."'.f nces t onc1 t o cverc or.1e t he probleu of t es t r u;:ioatnoili ty but t ho 
r e sults fr c,:1 leL:f' surf aces nny li e c,01~0 eo.,sily 1°o l at c c1 tc the a ctual 
fi0lcl si t uation . I !1 this respect, lfobble t ln1c.i to an:..1 Richc':rclson 
( 1961) d.i s cusno,l tlrn aclvo.nto.gos t hat night 110.ve o.ri3en fr on t ho use 
of :::.n o.rtificic.l tree , Hhich v10uld hnvc i noor ~)Ol"~.!.tcd the:: b est :foo.turcs 
of Thoth i;1c t hcc1s . I.ic.ny of those tcclmi quo s have :tlso boon u s ecl f er 
dropl e t cli stributi r n L,na.l ysi s . The :fluorescent t e chniques cf Sto.ni-
l ancl ( 1 959 ) nr.:·,. N orclby- anc1. Steenberg ( 1 9.59), rmc1 t ho cl:,refl cords of' 
De.vis .-:-.m1 Elli ott (1 953) csro such exor.1ples . 

Several t ype::; of t1~0,c e::..· nethocls he.VG bo o:::i r op ortoc1 : 

A. -~~ec i:;___'1) t:i.::c.tiS!2• 'i:ayl or ( 1961) clo s c:;: ii)c,·~ trr c "7.irect ti tro.-
ti on r.1e t hoc1.s . I n the f irst he spretyed. 

sodiu.r:i c:c.rb onnt e ( .".t 20 11 • hyc1.r a toc1 Hc i c;ht pe1· o.cre) and ti tro.tec:. 
agai nst sto.nclard u,cicl o.ncl ae t hyl-rcd i ntl..ic r-,t o:c . He :f ourl(l t lrnt n 
3fo error (rrhioh he o ons i J.ercc1 t he r,w.:x:L!llli'. ':.llormble) uo,s difficult 
t o at ta,i n . The t e chnique ho usocl eventually i n his aircro.i't spray-
i ng work utilizec:. no.gne~iu.:1 sulpha t e ( 10-20 lb . hydra,t ecl. weight pe r 
acre i n solutic~n). The ,·;ashed s .:-npl e uo.s ti trnt cd o.geinst socliuu 
et hylene d i nr,1ino totrn- ace t nt o (EDT.t, ) ,;i t h Eri ochrome Bl ack: T dye 
0,3 the i nclicnt or, nhich rms bu:f:fored t o pH 10. Error Has easily 
kept a s lor: as 3f of the uean . 

Technique s me o.sure eithe r the spray chemico.l directly, or 
alternatively, o. :factor of t his. Shc,rp (1 959), for exo.mpl e , out-
lined a procedure f or cstiaating sraall c oncentrations o:f lime sulphur 
in the range 4 . 8-0 .05p.l, titrating sequestric ncid aga inst the cal-
cium of the lime sulphUJ.~ . He di d n ot cor,1I:1ent on the accurncy of 
the methcd. . 

Direct titration methods appear t o be used :frequently for 
the setting up o:f other methods~ For exonple, the visual prGpara­
tion method of Davis ancl Elliott (1953), or for checking the cor­
relation between commercioJ.. sprays and other tra cers (Yate s and 
Akesson 1963). 



B. ~rj£_e_"t:r;Y:• Sc.nclcT ' s Coloriwotric r.io th cx.1 has been 8-dopt ecl as 
a standa.rc no thcr1 i n t ~,e United Stat es a cc orcLinG 

t o Tnyl o1~ ( 1 961 ). A str0nc: soluti on of c1yo is sprci,yecl over fled; 
gi.~ ound o..ncl c olloc tec1 on 6 x 3 in . rect::cn/;tllnr pla tes of sta inless 
stee l. These are ':; .:1shoc";. ·:1i t h cl_istillec1. ,mt o:::- c1..nd t he onount of clye 
prcse:1t i s me o.surc cl. by r.n elcctrophott',JG t er. S[mc1e:c' s ( 1953 ) 
original t c clmiquc utiliser2 20 i n . c:_i ar:1c k1· nluniniun p .'.1.ns c ont a i n ing 
500 c.c . rmt o:c as c olloctin[; v e ssels . Or:. lam1ing, the spray no.cle a 
dilute coloured s ol uti on, sc:.1e cf r;hic l1 ·1.-, .• c tr,:msfer.ce-:3. b y test tubes 
to t lw o.b:101~1)tion ce ll c,f t h(.; 1)hct or.1o tor. i, c c,.J.ibrntiC'D curve 
o.llor:ecl r r::.pid c v c:.lur:-.·ci cn but c o.r e h,:,/' .. t0 b e t c..kc,n to ensur e t h:1-t t he 
phot cvctcr d i cl rms c c'r:roctly r end o.s o.ny e~ ~cr rroulD. be r,1cJ.gnified by 
tho c alibro.ti on curve . 'l\ ... y l c,r ( 1 9G1) poi n t ocl nut th::-,c t he dyes used. , 
o.l though s4tlectoc':. f er light st c~bili t;y, nc ccssi t.'.'.tGC1 quic~c col l ecti on 
o.nc' :-tDro.i::;o i n tl1u clnrk. Yo.tos o.ncl 1'i!ms scn ( 1963) c onsi dered this 
t e chnique rtr.s i nsufficient ly o.ccur .1,t e for clrift uG r suro;_1ents . 

Seve1,o,l r.:e t hods c,::ipoor t o be: ci. c ombinntirn; of dire c t titra­
ti on rnxl c ::-l oriuetry in t lrn.t '.'1. c houicci.l o.nc.lysis i s usecl, nl th0ugh 
the r osult3 hecv c b oon Lcoas1.ll'.'c cJ. ".s r~ c olour dcvelopDent r o.ther t h~n ci,s 
titro.ti cn encl- 1)oi nt . The s e t c., chniques ofton clir octly ov~1,;.o.t e coruor-
c icl si)rci.ys , er r'. lmrn:n f nct l,:r p1~osent ut :--. stC'.n,,_['Xcl c c,ncontr'.:.ticn 
(c opper of b ord.oc.ux .. n(·: othor sprays , i'iD.rtin, 1 952, 1955, 1956; 
sulphU1', l\X'cnt ,, s e t al 1956; DJJ.r, g8.i--:u.m-rn:c , c hl crb e::-;side , I;c..rtin 
1952). In 1Ir:rtin 1 s t och."1i c:u;.; , the t hroo c.bcvo- aontic~10u. substrmces 
c ouJ.c.1 bo s ep.:u:-·~'.-toly c v olu1.:tec1 frou tho .:n:,c src,:1plo . Applic c:c i on of 
these.. t och .. "li <;: u os t (, sprc.:· r e t e:1ti en an~. -.reo.tl:io:rinc stuc7.i cs h e s b0t,n 
nc.clc ( S moi·s 1.mi~ Prine; 1966 ) on tho tonc.ci t :.,, cf c c.p tc.n 0:1 l o:£ s u.r-
f o.c os. ?.i ost -.-,0:;.0 kc i0 s O..l)PC['_Jx::cl. t o bo satisf iol1 with t he .-,c curncy cf 
t heir ne t hct:.s . Ji' oi · oxorpl c. , l•Jo..rtin ( 1 95G) i 11 (1.iscussin& the c ol our 
clevclopraent of the lJluo c opper c onplox, s-c.'.'.toc7- th :--_t i n tho 0-50 JJ-G 
rnncu, the r esult ,;C1.s uriclfoc te:<'1. b:,r .'.'.S nuch c.s 100 f1G ea.c h of q-c1i t e r\ 
l on,::; list of cl.ifi'crcnt i ons . 

C. ~l Appro.is.:'fl • I n this t e: chni que , t he deposit ( e ither o.. c.lye 
on po.-per, or s olvent o;_, c1yecl ~Ja:,er) sl10rmc1 

o.s a c ontrast t o t he c o.rd bo.ckgcouncl o.nc1 c oul11. be c omporocl rr.i. th stan-
dnrcl c ar d s t o cs t ih1:1te tho aucunt of' spro..y pr esent . Davis o.ncl 
Elli ott ( 1 953) de scribec7. a t e chnique using c..r, oil spray nnc:. o. r ed 
oil-soluble c1.ye in the collecting e n.rd, consideri ng it t c b e r.wre 
o.ccurate than using dye in the spray . Tho technique has s ubsequently 
b een used by othe rs i ncluding Ctlp ouz os ancl. Thei s t 1960) . It was 
c onsiclerec1 b y the se l e tter norkers to b e valuable ~,here l c,rge nur:ibers 
of saoples were t o be t aken ( ass essment could be rJ.or e r apid than .-ri t h 
other techniques); nhe1"0 clurabili ty of t he sample mts an asset (c . g . 
in fore stry spraying nhere t he r e trieving of thousarn1s of cards 
Bight t ake sev e r a l nee ks); and. thirdly Hhero high no cura cy wees not 
essential. 
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The s tai,cl.o.rcls used by Davis and Elli ott ( 1 953) 1vern created 
by sp r ayi ng cl osely s po.cecl. c c:.rcls nnc1 .'.:l.luniniuu p l o.t os . The cl..eposits 
on t ho plc,tes noro ano,l ysed chemically anc7.. as suraed t o h::wo t he sor.10 
ru:iount cf spr o,y o.s t hs ne i 91b ourin5 c c..rJ . Courshee :::.ncl Ireson 
(1961b ) c onsiderccl t hat st.'.'..Dcl.arcl.s slloulr'l be nCLk up for ench spr'.::,y 
tria l . The ir s o.r;ipl es no r u clo.ssifio<l i nt o gi.~oups ancl r., feu fr m 
e o..ch group ohe : ri.co.lly an::.lysed . As a r osul t , 80/~ of' t he subjec­
tive nssessocnts nere f ow,cl t o be Tir ong by l o s s t h .:.1; 15% ( t hoy 
o.ssur:1od t he c heuicnl ru,r-.ly si3 r osul t t c, b e c or-J.~oc t ) . 

Tayl or ( 1 961 ) c onsi der ec. t ho visual r:1e t hod i n e,ocurnt e • 
.Althoug.h it gave [',,D i nc~.ico.t i cn of t he size of tho drople ts nt <1if:fer­
ont parts of t ho :;;;nt h , ho t hought it t onclecl. to r:w.ke the u.i s tri buti on 
appeur nor e even ,,ml t l18 effective rmat: , '\7iu.th o..p;_Joo.r grei:.tor t han v.rns 
o.ctunlly so . 

D. Rc.,cli onc t i vo T1~c.c or s . 
~~~· . .._____, _ _ .-:.-=---~ - ...... -- .. . _._ .. : , or .J.by c.n(l. StGonbor g ( 1 95~)) usoc.1- those 

tc study tho .1istrilrnti cn cf spre,y 
cho1.1ic ,'..l,ls on orchc .. r c":. troos . fi fu.---:gicide wets ronc1-oroJ r adioactive 
by irrnc.linti on i n c.. reactor . ;,c t ivi t.r ucc..::mr oments qunnti t c.tively 
o .. e t orr:ri.not1

, t he c.n ounts of spro..y ckpositer":. Qr', the l e c•.ves nhilst r o.c1io---
D.ut cgi.02.r.1s illustrc1toc7.. t ht cli.c;tributi cn on ,'JiE [.,;}.O leavos . 'l'he 
,,ccurC'..cy of this t c chnioyo Hus not cliscu::;scc. . 

E. Fluor e scent 'l'r2.ccr[:l . 
~ ....... _.__.. A....., . ... _._ ... •-- - .,. _..._ _,.__, Fluorescent cl.yus h-~vo b oon usu7. fer 

b0tl1 qunnti t,~ .. tivo nssess;:1ont of spr ny 
•'o·)osi· t~ (y.-,+l," ··n' '~ 7-c·, "s o·1 1 963 r•--," Li"lJ°C'1 " 1 ll '"' 7 St--·,i·t 4nro) l.!. 1 U ..... v U L~ l- .O.J.\..0u 1 , . ... !.J. (.. \,_ ._1,..,J 1..i...J.•. .L ' ., .,1'.)J , 

nncl f 0 1' cvalu~,ti er:. of tho 0 :7.,tt0rn cf ,.-:.op osi t ( Str'..Diltmc:. ·j 959 , .. nc:. 
1 960 ) . Quo.ntitc1.tivo ::.nc-,lysis tcclmiquo s 'llso sonc fr:;_·:, of ultr ~-
vi olct (U .V.) illur.1inC'..,ci,::-1, f i l tors -;:;_ cut out ·ll licht except thc,t 
1:rhich ccrr(i:aponrl.s to tho 1)l~osenco cf ·clF~ tr,.c e:c , ,. se;1sor (photo-
clootric coll ) mi:. :ci-: inc1icc,tc1~ or r oc ol:c1o r . Li l j ocl.C1.lJ.l :,ml Strnit 
( 1 95 9 ) 2.llcuoc1 !~or c ontinuous c,cr oss sn8.t h cmc.lysis 1:horoas Yat'-'s 
m'1c:. Akos stm ( 1963) uso cl this no t hoc1 :,s r. srn.1plc ov cluation t e chnique . 
Tho J attcr usec1 .. v o..i"'.i.. ous filteYs i n t h\,,, light be o; 1 t ,• onnblc. t r,o cl.yo G 

t o b e sprnyod t ogo t h(jr but :'nc:.lysoc't scpm,0,tcly . Dot l:1 pr.ir::; fotmf1 
goocl c orrolo.t i ons b ot ueon flu m-esccnt v tJ.uos one" thG c..nounts of chera­
i c ol pr e sent . Yntos m,=;_ Nwsson (loo . cit .) c a.1po..roc1 fluoros ccnt dyes 
,tlth postic i r:.o chor,1ico.ls ( Todi on, Thiodo.n, Ethi on, D. D.T.) , colle c ting 
clrift clep osits on b ot h nylar sheets o.m1 l ucormn.nc1 found. correlo.ti ons 
to b0 ve ry clc::;o t o unity . 'J.'hcy c onsi cleru1 it c. "rc.p i cl highly s onsi-
t i vo , a.c curnte , nont C'xi c, ancl. r-1odero.te c ost proce cl..ure" . Liljcc1uhl 
o.nd Strni-t ( 1959 ) o stir.mtecl. t he r,1o.xir:1ui.1 inaccurac i es o:f thoir procedure 
under oovorsc c om1i tions t o be i n tho orc-:.er of 10 per c ent . 

F . SJ?._ectrqphotmet ;rx. The principles are s i milar to t hose of 
:fl u orir:1etry, except t h nt ,'.1 mo t cl i on is used 

as the t rxer a.ncl i s "burnt" in n :flrime t o eive ,'.l. c haracteristic 
emi ssi on, Hhich is nnnlysecl by s ome fo1n of photometer encl associn-
t ed equipment. 7lest ( 1 967) described a-t onic abs orption spec tro-
sc opy . Yat es (1962 ) used a Bechman DU flame spec trome t er . 



As trooors ho usod c ou1:1erc i n.l gre.de s cf n::.ngo.ne s e sulphate arul 
strontium chlc:rido bec o.uso of tho ir h.5- Gh intcns i ty G1:1ission sp:eotrn., 
s olubility, rarity in spr c,yi nr; s ituo.tims (tho1~oforo little likeli-
hood of c cnta.:una.ti on) , anc1. e:) onumy . Conountro.ti ons r ~mging from 
0 .1 p . p . 1:1 . t o s over ':.l t housru1ll p . p . u . rmre c..nclysod a.ncl c oLipn:t:oc1 
1i1ith s t a.ndc.rl1 noluti ons t c provide o. r .:7.pL !. quo.ntitc.tivo o.no.lysis . 
This technique n o..s c.clo..pt nble t o t he c onct:rront uso cf sovercl c o• -
pounds , Yntos using ti.10 t\ 1c montiono(l . 

USE OF PHOTOGltJJHY DJ SPPJ .Y TIWESTIGNI'IGN . 

'rhor u c.ppe::i.:i: t o h['..VG b een -bro r.w.i n c..pplicotions of 
phot ogr aphy t i sp1~0.yin6 : 

Ie Stuc.1i'-'s oi' spro..y c.7-e p o:=iiti cn . 

II ., Sturlio s of sprny o..t ouiso:ti cn . 

I • .fu?..r.9:.Y, Dev....03 ii=h~ • Sb.nil2..!1L'. (1 959, 1960) nr.C. Po.ttorson (1963) 
have ill usti~o.tecl_ nith photoc;rq>hs thEJ 

deposits of s o.turn ycllo1: o.nc1. ot he1° f luc1'El soent c.yes on l eo.f surf-
o..co s . ThE:: prL~coss is o. s i n},le ono . 'l1hl.. c1yo , eithe r in suspension 
or solution, i 3 dE::positeJ. 1·;itb t ho ('roplets on to t bd s:r, r cyocl surfc.co . 
Un<lor U .V c licJ1t in the.; c"'..a.rk, the clyt.: sto.i ns sho\7 ['.S h rightly 
c ol our ed spcts (roc7. yoll c-;cr, orc.ng0 , r_;r Gen or b lue cl_cpEmdi n[; on the 
dye , St nnilo.ncl 1959 ~. Fhc1tc,t,.;i~n.p~s c c.r. be tci.ko n provid.ing th0 
c ODor c. is fittu7. ·,iitl1 o u.V. filt o1' . Po.tterson (1 963) notc:c1 thr!.t 
c nr u hr,c" t c b o t etl<:O!'l in i nt e r pretat i on o.s t here.. rro1'0 s c::ie: ti,.1o s 
diffon,nces be: t ueon i 11prossi cn.'3 fron phct C'gi_"c.pl1ic nna. visuc.l i nspec-
ti cns . 'rhc plwtq;rophs ho.vo 1)cen u s o~~ i n test , :or }: ns n uothcc:. of 
prcviding o. por r.io.nont r oo o:r'\:. of l ovols of Si)l" .'.'..Y c over .'.'..[!;e (i. e . 
sto.ncl.::".rd) f or scorinc; purp oses . St::milo.nc'i. (1959) no.,l e o. thorough 
invest:;_c;;:.ti on of tho t e chnique anJ b .t or (1 960) o.ri:;ilicJ. it to the 
t esti ng of sprnyi n[; 1~1t:.chinos . 

II. 9,P_ra,y ~p.snt~ on . Much cf the r ecent vrnr-k on ci.t omi sn.ti cn ni th 
the use of phot c~~'o.phic neth cds h ns b een 

c oncluc t ocl at the Hi Gh Speed Fluic.l s Kine tic s ki.b 01" c1.t ory of the Depnrt­
racnt of Checical Engim:ering, I nperio.l Collogo of Science c?..ncl Techno-
logy, Lone.on (Fra ser, Donbr-orTSki, Eisenklc.r.1 ancl fuss on) . These 
studies have been on such subjects ns the disintJ ~ra.tion of liquid 
sheets (Dmbrovrnki ::i.nd Fro.ser ( 1 954-55 ), flaw cho.rnct e1~stics of 
single orifice fan nozzle s ( Donbrowski 1961) , ana. drop forr.10.tion fro:t!l 
rapidly raoving liquid sheets ( F-.c:1ser am:. Eisenklo.n, Dor:ibroosld ancl 
Ho.sson 1962) . Other studies of fluids in uotion and. sprays using 
photographic tec hniques include these of Bravm ~nd York (1962 ) who 
were interested in spro.ys formed by fl c.shinc; liquid jets, a.nc.l Thoma s 
ancl Pot ter ( 1958) vrho used n vi bra ting j et t c dete1"8ino c1.J,no.mic 
surfnce t ensions . 



.\..oy £'actors in using photogr-r.phy t o stuc.l:,.c sprays n.ncl 
hi gh spocc'c lig_uicls ~ .. r o lighting ancJ. oxp osu...""C r;:.ethocls . Frn.s er 
ancl Dombrowski ( 1956) J.oscribcc."'. ol c '1on techniques thl,t illus­
trc.t ocl o.ncl e lucicla.tc c;, ph0nori1o na c.ssocio.toc7. with the, cl.isintogr-ntion 
of liquid shoots . 

79 

(i) EXDosuro mo thocls . ._~ .... .&..~------~~~ Fo.st moving obj e cts r,10.,y b 0 photogrnphocl 
o i then~ with the use of hii;.h spooc7-

s huttc1~ mc ch::'..11isri1s or by acC>ns of a light f lc.sh af' VOl"j• short ,::ura tion. 
Thn f0,s t est meohanic nl shutters hcw e P, dur r:.tim1 o:f the on:.e r· of 500µs, 
clu1~i nf; nhich tir:10 sprc,y drops of 1.n fWUl'C'.C,O s ize n P,y tr .~vol c.s muc h 
as ono hundrv1- t imes their own c."Liamo t e l· . Ro.pi c7.. li [;ht fl ::.shos with nn 
eff ective clm~c,tion o:~· onl)' n fovr mi cro -- scc on .7.3 c an b o proc.l.ucea. by 
ol ectric o.l c1ischcr·gcs , P.nc1 ·,wre cons i ,leret to p:covi ..-,o t he on l y 
pr [l,c tic o.l me thoc'.. o'i" obtC,i nin[; "still" photogcaphs of spro._y pm~ticles 
(Dombrorrski :~rnl Frc.so1' 1954). Longo ::..·· e:q:Josure s h8-vo lJoen u scc7.. wi t h 
spoci c,l lighti ng offo cts ·co s ho1

.; ,"'..i:f'fc..ru1t ch~,o,cturictics of spr c.ys . 
Pr·,s o1· c.n,_,_ Dornb1~owski ( 1956) illustr'.lte ·:' tv,c spr :'.y c ho.r[',c toristic s 
·.-,ith loni:::,ui' oxposUl', .. s : vi •. thickn0ss of sheet mc7. h 0w it vo.ri ccl. 
o.s t he nhc..c.,t oxp.:-mclcc7., 2.m:. clirc cti o:1 of' flow ni thin tl1c she :. t ns it 
pCaSS0L1 throug.1 t he, rim of the sheet i ntc the o.tn.ospht; r c.., . I n the f irst, 
the '.JJ::,osur0 time n::c.s 0 . 02 s e c s ., ::.mr, i n tho sc, c c1.YF

0 0 . 01 s oc s •• This 
ti1.10 '. ✓ 2.s nccuss~cl'Y i I: t he first for t l'w lit;ht t o 1> 0 r ..,floctcc:. i nto tho 
C[c!IlUl':l. during sc. ;r., ~Jo :t·io( of t h.., rw.v0 motion , .'.'\.rn7. i n t he s oconc~. , to 
c.llor: p.1.rticl "'s r cfl0ctin[.. l i Ght tc 111ovo f ~..:..' e,nou gh to Gn[7.b l c tho 
tracing of t hcil' ::_ni.t ~: i n t h.., s pr n;{ . 

(ii) Li : 11.ti n r; itcthOlls • .coo¼:i:......_ ___ _._ 2 .,._ ....... _._....,._ ..... .a::" ...... . .. 

i 'ror;, th0il r ·o:.. k t h.:,.-c s ~:tisfc.ctor:r r o sul ts 
from spr o.y photo.;ro.phy c oclc7. net be.. aohiovsc~ t h:rm .. ,;:-)1 uso of only one 
lightin;:·; t oclmiquo o..s co.ch moth er'~ sl1c\'ro c1 ,",_i ff'u r·ent f o.:-:.turus of t'. 10 
spr'.ly . They c'..oscrib c.:tl fc1J . .:c li[;htL-1g m"' t hccl..s : 

( a ) Dif'fus~l. frcn-'c l=b.EJlt. Thie mo t hcx7
. wo..s consit':.o :i. 3cl to lie: of 

li ttlo v ol uE. \;~_th liquitls 1..ml0ss t hey 
were milky o:;,_~ opaque ns i n e mulsi ons or suspensions, or nhero o.. 
particle s tron.k photog:;_•0,ph ·,ms cle siroc1. . 

(b) Dif'fusec1 r ea.r illu.ai nati on .usecl fo1~ t r nnspa.ront illumination, 
the absorption b e i ng e nhance<'! by 

the ac1c7.itions of suitn.ble c1yes . 

(c) l;,_p~ec~c.r reflection . In t his methc, .. '.. t he orount of light 
reflected depends up on t he r ef'lect­

o.nc e i ncreasing as tho angle i ncre o.ses up to a maximum a t gra zing 
incidenc e . The n i tlt h of the shee t will t heref'orc b e r educed 
because of t he lo.rge a ngle which t..11.o c 8.lllera must b o to tho sheet. 

( c1 ) Rear li_g!1tine; with _parolle :).. _ l~~• Thi s is t he shadow or 
11 sha.clon gr-a.ph 11 t e c hnique 

where parallel light (either with l ens e s or Qi sto.nt source ) passes 
through the S)?r o.y on to n plrd;e , le nving a shadow pattern . 

Fraser and Dombrm, ski (19.54) dosoribo~ techniqu es used in 
t he photogr-apey of spray sheets and tho effect of different lighting 
methods am} exposure times , o.nc1 i n 1954 di s cussed mo.ny of the 
faoto.rs o.ffecting the clisint egration of liquiQ s heets. 



3.3. LiETHODS .AiJD EATERI.ALS. 

3.3.1. THE SPRAYER. 

To enablo simulo..t e<J. fiolc7. trials t o b o unc1ortCl.k:cn ::m 
experimental sprayer wa s c onstruc ted . 
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(i) Liquid. pressure hnd to b e ncljustable an.-~ in the 15-25 p . s .i. 
range (in ortler t hnt c1roplet voloci ty c oulc1 b e minimised., 
thus reducing splnsh from lov: h e i ghts of discharge ns hn.1.1 
been cl one i n t ho field trials) . 

(ii) Tho por:or source shoul(7. be conveni ent for i nC .. oor use . 

(iii) Provi.'._; icn had to b e ,,1c-,do for sprnyi ng a variety of liquids 
ni t hout t he p ossibility of c ont ru,1i nc.ti o!1 from residue loft 
i n t ho pump or r e gulu~or. 

( i v ) .A me cms hacl to b e founcl. of simulating the fiel c:7.. conc.iti on 
of o.. moving nozzle at ,7. c onsto.n t height ab ovo r. sprayoc.1. 
p a sture sur f2-00 . 

The l :,st n 2,rJc(':. r-eguiroment 1ms lm'[;<.:ly fuli'illec1 by the 
avai l['_,bility of ['.. tilL1.gc ,'\.ncl tool t cstin< n.pp~1.1·atus for turf 
s c..rc1plos ( l.iclcc:;: 1 969). '.i.'his he.cl_ cc movinc; to ol c o,r-J.· i or sui tc.ble 
for the raoutinc; of n. s a,ci.11 spr2..yo r o..ncl i nfi ni t c ly vc:.ri ablc s peeds 
up to 2 m.p . h . i n 'Leth iirocti rnn'. 'l'\:c- '-' •~ -l1 . ,:: : .:.J ·:ctui,_:j_ly- slci,d:• 
thi'.n t h,~ 2.6 r., .~, .h. used in t ho fi olc'i. but wo.s -ch-:. 1.w..ximtu:1 nvaila.ble 
Hi th tl1is o.pparatus . 

Tho sp,'C1.yer c onsiste c.7. of n. 1 H.P . e l ectric motor couplecl. 
to a. "P..ypro 6000" punp opc r [;.tinr_, at 285 r. p . r,1 ., [Lnrl hos e f ci L7. from 
o. 4 gallon ke r osene tin noclificcl. for quick fillinc; . Deliver y ·11 :1.s 
via o. conventi onal p:-c0ssuro r egulator c.nd ½ in . h ose t o a quick 
shut-off v alve at the l)Ottorn of the flui(, .. i solating pr e ssure vessel. 
Location of this vclve on t ho exit side of t he pressure vessel woulcl 
h ave been cle sirnblc , fc:.: when the va lve 'H.'.l.S closed there was s everal 
minutes ' floYI from tho b ag b efore tho nozzl e stopped spraying . I t 
was possible to minimise this cli s chn.rge by sHi tching tho sprayer off' , 
ancl allowing the pressure i n t he p r essure vessel to b e r e l easoc'.. b o.ck 
through the pump , before turning off tho v olve . The pressure vessel 
wa s specially des i gne cl to fulfil the t hirLl requirement n c.rnocl o.bove . 
The mo.in cylim-:.o r ·Ha s of 6 in. stee l tube e~ i n . uo.11s ), 10 in . l ong, 
with n ¼ i n . pla t e bottom a.ncl a 1 i n . thick stee l flange a t the t op 
with a 1 in. wicle upper surface ( Fig .11 ). The r emovable circular 
1 . d f 8 1 • d. t 5 • t· . 1 . th ., . 1 · i o 2 in. i n.me e:i.~ was 8 i n . nic c rn n 8 i n . brass iner. 

1. Unnufactured by Hypro ~ngineering Inc., i.iinne apolis, 
Minn ., U.S .A. 
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All fittings at the top of the cylinder were brass, a s they were in 
c ontact with the sometimes corrosive sprayed fluid . Located at 
the bottom of the vessel was a½ in. nipple for water entry nncl a 
¼in.nipple and draincock; in the lie a½ in. outlet nipple and 
a 1¾ in. filling plug . The lid fittings uere b:c"azecl directl y to 
the brass lining plate and passed loosely through the j- in. steel 
top pl-:i,te . Gauze over tho outlet hose in the brass plate was to 
prevent the b [l,g from being squeezed it.0:-o' the hole togethnr- ni th its 
contents. A removable bent moto.l strip served tho same function 
in relation to the filling plug when in opero.tion. 

The test nozzle n a s olrunpecl to a steel rocl, mounted on 
to the tool c a.rrie:c~, thus providing o.djustment of' the nozzle verti­
c nlly, l nt erally nnc1 for orienta tion . A l arge colle ction tray of 
galvanised iron wa s plo.cecl on the b eG. of the t ool testing apparatus. 
Drcinage fro~ the tray TT ns through a hole a t its centre , into o. 
bucke t. 

I n operation, a 12 x 15 i n . plo.stio bag ( cpproximately 
1 g::i.llon c o.p aci ty) hns its upper ea.gos pl.:i.cecl b e tucen the top 
surfc..oe of the pressurised fl cngc ,".nc"!. t he bra s s liner- plate 2.ncl_ is 
sealed by means of rubber rings . All c omponents arc olo.mpe cl with 
five externc..l "G" clamps . The top filling plug i s r emovo cl, the 
b ng fille d n i th spray mc1teri o,l, o..nd tho plug replo.c e c'i. . The pump 
is tu:cned on ::i.ml. the quick shut-of£' valve oponGt"-• Wa.tor, entering 
the liquicl. isola.ting pressure vessol c1.ispln,oe s the lug n.rn'.. i n so 
cloing e j e c b it~ conte nts at the so.me liquic: pre ssure through the 
c.eli very lino to the n ozzle. 

N. Testing thb Pre~surcVe ~el. 

The pressure vessel output vm s tested to ensure t h::tt: 

(i) Output clicl not vary as t he b a 0 emptied. 

(ii) The spra..yer out1tut using the isolating bag di c.1 not vary 
from tha.t when the b a.g vms absent ancl. the system was used 

with nn uninterruptecl liquid passage. The pressure ba.g was filled 
and the timo taken for tho first seven pints sprayed at 25-26 p.s.i., 
using a "r:Iono.rch 6 .4 HCl1 nozzle. This was repented three times. 
The bag was t hen removecl and. four successive pints timed. .An 
analysis of variance showec1 that successive pints with the bag were 
significantly cliffcrcnt at the 5f6 prob ability level. (Appendix IX 
for further details). 

The greatest varia.tion between successive pints wa.s 
between the s:bcth and seventh. It appeared that this was due to 
the b ag partially blocking the outlet when the b o.g was nearly empty. 
As the first 6 pints gave about 14 minutes' spraying time with the 
largest nozzle used, it wa.s considered that use of the b ag was satis­
factory provided it vms not allowed to discharge more than 6 pints 
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bef'orc recharging. A subsequent test using the smcll est nozzle 
( "Spraying Systems ·lY 1 .511

) clic-':. :nc.,t shm-1 thL3 trencl o.t the end, 
p ossibly b0 1nuse the flor: :rnte 1ms neo.rly qu2rtor tho..t of the l a rgest 
nozzle used; thus one would ox~ect there to be less t endency for the 
bag to be pushecl over the gauze • Dii'ferences between timings wi th, 
o.nd timings ni thout tho b n.g we r e founc7 to be i ns i gnific2.nt 2- t the 5;i 
prob ab ility level (rilocns i:iffcrec7 by 0.2 sec.), RGtes ·within the 
safe r r..nge were therofo1"B a.ssumucl to b e w1aff'e:;cter',. by the p r essure 
of tho n ag~ 

SPR.,'W DISTH.LlUTICTT .MI.ALYS IS i.IETHODS IlWESTIGHl'ED . 

In order to determine the ext ent to trhich spro.y clischn.rge 
in bands from single nozzle s close to the ground bounces on po.sturo, 
spr2.y clistr-ibution -:m c.lysis mothoc~s suitable for no1°l~ i'li th pasture 
1-;or e invcst:t f;c.tod . 

I. .Til.c~. R,_u~ii t a~°!2-~thod U s ec.l £:~ Jie11._,s~l!£.e~cnt of De_p osi t 
.?R...~L.l,o.:cttnJ~ _P..2-l_l.~L Surfx~ . 

The p8.ttern2.tc,r princi:,l e f o:c ld,orc1.to:cy i/orl: wo..s considore(;. 
v.'.:.luo.b le in ostablishi ng bounce p2.tterns usin g pLmo surfn.ces , but 
f c-:i.· sovcr(~l reas ons the convcnti onr:l (1esii::,n '.ms c1isc L\:i.'C1ocl ~ 

(i) .As b .-,ncl ·.7iclths ·,rcre ns no.rrou a.s -1 in. in one c o.s o , 
trough c"..istu10es would 11-,.ve to h ::.vc.: been no u i c1cr than 
El.b out ¼ i n •. to yield mu,ningful l"esults. 

(ii) With 11 moving sp1·c,y noz~lo, it ·.rc.s consic7..orccl dcuu tful 
tho.t there r:ould bl; suff'icioJ:t volujJle of spray c olle c tc0. 
t o rne nsure acc\.u~o.tcly •. 

Collectic_1?,._1~~C!b.0.~•- i3e c auso tho question/:: boin[. exruninod vrere af 
an investiga tory nature, r11thor t han o. 

cloto..ilo .:'1. study, i t v;as felt thc.t as s impl e a collection and c.no.lysis 
t c chniqu0 as p0ssiblc Y,oulcl be attempt e r: . The expe rience gc.ined in 
clevising a nd r·efining n simple technique ·:;ould be invo.lucible i n the 
development of' c. more complex one i f neecloc1 at a later d:it e . (In 
this the sis work cleyelopment rrould only t 2ke pln.ce if tho simple 
technique clid. not enaule the questim of degree of bounce to b e 
ansrre r ed). ii technique 1.-ro.s 2volvec1. using a cornbinc.tion of the 
patterm,,toi~ }.}rinciple and a 'l'echtron 1\l, - 3 atomic absorption spectro­
photometer • . 

'I'hc use of the fl[une photome t er first e.nc1- t ho at omic absorp­
tion spec t rophot ometer l ater enablecl the meo.surement of sm:.::.11 o.mounts 
of sodium or coppe r from the s pray . (Coppe r solutions could be 
mcasu.retl to 0 .1 p . p . m.) • . Tho simplest collector for this spro.y wo.s 
blotting paper~ To enflbl e a transverse distribution graph to bG 
o..rawn, blotting paper strips were laiu parallel to the direc tion of 
travel of the nozzle . The strips Here ¼ in . ,ti.de o.nc. were guillo- · 
tinec1 from 17 in . long sheets fillt'- t aped at their ends to a sheet of 
glass; the glass r-ms marked by pa.i~allel scr a tches a t ½ in • . spacings 
to enable rapic1 placement af' the strips) • . 
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Q9llect~ion on _D):otting_fcyer . Ini tio.lly , the 12 mic1clle inches 
of the strip were cut out for spray 

evaluo.tion , but during seve r nl trio.ls , it wa s found thn. t tho stri1J 

length could b e reduced to 6 i n . nn cl then 5 in.. With 6 in . 
strips, t r; o mo c. surements of the srune strip could b e t aken; with 
5 i n . strips , three . It tms felt thn.t the extr'1 inform2.tion might 
add pre ci s ion to the rln.t n . This d o.t r-, nould sh a:1 the p r:,ttern u i thin 
the b :cnd; 1::he the r it looked "conventional "; nnd l'.lso give so1,1e 
indice .. tion of the degree of bounc e outside the b o.nd . 

Fl~8Jl1e Phot<?f11et~. In t he ini ticl trail n ork o. L-alle n'.c1:.mp flOl!le 
photome t er rms us ecl Qncl s odium chloride 

solution spr:~y ocl . This ins trument is les s pre cise them t he a tomic 
absorption sp e ctrophotome t e r but Wl,s r.10rG quic kl y set up f oi~ ope r a -
tion . I n op -J r ,'."1.,tion , t he s odium ( or pot c1Ssiurn ) s olut i on i s burn t 
i n ~'- fl .'7.De D.nd. t h e: i nt ensi ty rno .'.'..surec1 b y o, phot oc0ll , givin g o.. c urrent 
dispL,yC;c.. :.;y o. gulvc,n o:-1e t e1s . St o..n c"~o.rds 11e ::.:e u s eci t o enecblc t h e p lot­
ting of c'.. c a l:i.bro.ti on curve ( galv r.n or,1e t er r ec.ch ine:; ve :tsus p .1, . m.) cmd 
to ensure t ho.t t h e galvanometo1· noodle ,'_i cl not "drift". The cle grGo 
of dri:f t ,:::s f ou:xi_ t o b e tole r , .. ble for me :,s ur omonts ,;c1 i t h i n t ho b nnr_i 
cleposi ts b ut exce ssive for r.1eo.sure ments of t ho r1ep osi t outsicl.e t he 
b and . Thu s , -c he f l cime ph otome t e r· .::end s odim,, chlol"'ido HC'..s 2.,lrn.ndone d 
c.nd repl :1c o cl b:,r the :i dopti on of t he cttouic 2.bsorpti on s pectrophoto­
meter o.nd coppe i:· s ulph;1.t e . 

§F_n_.Y.in_g R['.,te_ . By r ough co.lcul,,.tions of t he :u,iount o:f t he e l er,1ent 
required f or [m ,:.l ysis, q.il uti on r .'.1t e.:; du e to t he 

o.cid, colle ctin r:; m0 e'.'.s, emu spr c.y i n g r .:cte/ nr oo. , 10 ~n . s odiu;:i pe r 
litre of' d i stilled wcet oi· 1,-;::,.,s thought t o be 2- sui t ,-:1;18 c onc e ntrati on 
(25 1::1n . sodiw:i chloride p e r litre ) . This solu·cion vic.s found t o b o 
suitc•.ble o.nd tr ['.,ils A, D o.nd C -, ,or e co..rried out ·,Ti t h t his conc e ntr o.-
tion. LP-ter, when coppe r '.m s used, t h0 r nte of t h e ele1:1Gnt pe r 
litre rrn.s c1ouble L~- r..nd 50 gm . /li tre of copper sulp hnt e used (20 @Tl • 

copper). Thi s no .. s he lpful b e c u.use bounce ne::i.surements we r e t he 
ma j or c ons ide r a tion and deposits rrn r e nnturnlly low in these oute r 
strips. J\13 0 , less o.re n wc.s use d c.t this sto.eo to col l e ct the 
sprny (5" x ¼n versus 6" x ¼" versus the e2.rlier '12" x ¼"). 

k.b o:rato:ry _ Tec~hniq_ues . After sprc.ying, the strips \7ere c ut i nto 
short piece s nnd placed in test tubes or 

small conical flasks, d.epending on the volume af o.cicl used. The 
strips ha d been ruled into 12, 6 or 5 i n . leng~hs before spraying. 
The container 1m s given t hG strip number and sequence (i. e . "o.'\ 
"b" or "c"). The acid used to e lute the salt from the p nper wo.s 
2N nitric for the eodiur.1 c.ncl 2N hydrochbric for the copper. Volume s 
of acid used v aried, depending on the position of the strip in the 
spray swath. Fifty, f'orty, twenty-five, tv-;enty, ten, five c..nd tvw 
ml . were used in different trials at different tir.ies . (Soe Tc,ble 
XXIX). Two ml . was ab out the lowest volume that could be e v aluB.ted . 
The me a surement wa s t aken by sucking tho solution through a fine 
tube into the flrune . The rate of flov; wns about 1 ml . every 
7-10 sec. Needle stabilisation time with 2 ml . was limited but 
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found to be sui'f icie nt n.fter ~)rMtice . 
tub o, o.c id 1'.'(7,S sucked t hrough , tc, bot h 
nny 11:1ernory" effe ct , C'.DL1 to chock th :..t 

In b e trmen re c.di nt; e o.ch test 
clc~n t he nppnro.tus o.nQ prevent 
ther a hc,c7. b oon no "dri ft ". 

Stc..ndm~d solutions r:c r e n'Jil.c up by r,c ig..riin [s O\;t tho e orro c t 
runount of' s n.lt fo:c the strongest st.::.nd,,rcl o,nc7 0iluting Fi th th G rii#lt 
g_ucmti t y of' rmt c:i: , anc:: f roi,, this diluting for the other stancl G.rds . 

II. !b._c i'_l~surer,1ent _o( Spr.0:,Yyc_ppsi tic:,n on_ Po.stU'..~o . 

( i) Visu[:. l qr ..... 'i~,:_;~Ji t :c.tivc 1.ie thod~t r-iod_ Unsuc ccssf1,,1l1z_ . 

A. Flu.0.1:.Sf?.~pt~~r . .:1.c ers. . It ,ms hoped i n i tinlly, thc:t by sprc:ying 
p·-..stUTe ·;ri th ~- snitJ.blc c'cyc , the spr ny 

d istributi on p2.tten1 mi~)1t bo visible unc1e1' U .V. li,:-;ht r:nd t her efore 
poss i ble to rec ord photog;.•nphic o..lly . Twr. dyes , F'luoresc Gi n '"'nd 
F_½od.ci.mine BN 450 t1o r 0 c hosen f or t ri .:,,l s bcc o..uso of their o.vniln.bili ty . 
Ve r :;- cl cc.r po.tte1~n s nerc p:.~cxluced on blot-tine, pc:p or , but on p~sturc, 
the p ~ttt8rn '.lr'.s only visible when tho spr ,w '\7(,s :;:i r e sent ~:.s droplets . 
On dryinr,: ther e -rn s n o fluores c ence on e i thE. r soil or pnsturc . 
Spec trophotc,,~et ric rncthe<"'.s Qppe nred mor0 p1·oi;lisi:1g c .. t this strc;G .:,o 
f urt!wr tritl.ls ,1ith ot he1: sclublc.. d.yes or cl.yes in suspension ( such o.s 
Saturn Yellon, usod nu ccessfully on foli.'cge by St:,.rlil:md (1959 ;'nc1 
1 960 ) ) rm r e d isc :u-do cl • 

B. Pai nt P:i.:,_@:i1ents . o..r:ift othey "Visu'.:'..}: _ _1'_cc_llni_g_ues_. ',,ri t '.1 t hr.,; ini tinl 
f[lllure of 

fluorescent dyos i n spr :,,y distribution i nvcsti b:.--,tion, other subst,---m ces 
we1·-o i nvosti gr'..t e(l. . Yfr1.te:c plus thC; p igment of nn or::mr,e acryli c po.int 
nerc ru...xed t o fo1·rn [,. susponsi 0n r'..D6 spr a.yod on t o po..sturc . Orr·.nf_:o 
,·.-c..s chosen r.s t ho grec,test colOUl' contr[:.st to green . 'When photog:r.:::.ph-
ed , the contrc..st possib l e \/ oulcl be heightened by th-J us0 of c.n ora nge 
filter on t he c o..'Tiern . Horrever, the r:mteri c:.l clid not shon up unde r 
c oncontr n. t i ons of o.bout 1 : 20 rncl it u c,s fo l t thc.t tho ope r c:tin[' 
chf;}J:' ~,c teristi c s oi' tho nozzle, might change if e ither C'.. gi.· e .. te r con­
centr~tion cf pigment, or p nint itself , were use c.1 . 

The nb ove me t h eds nerc disc~dcd b e c o.use of i ni tir..l f c'.i lurc 
:.1.nd t he promisi ng e rc:cl y results fr om the use of o.. mot:,l i on tr.'.'..cer 
with q_ul'..nt i t ntive e v o.luntion by t ho fl rune phot ometer . 

The u s e of the vi su nl t r o..cer s ub stc nces present ed tho 
question of o. t rue ph ot og:rl'..phic i ndicc .. t ion of t he sprr· .. y distribution; 
the problem be i ng t h nt n por t i on of s pr -.cy uo..s d.op osi t ed under t he 
le o..ves c..nd vms t herefore not vi s ible fr o171 t he c c.mero. s i t u nt ed o..bove . 

(ii) ~ n.nj;itntive TeQhni~es. 

A. l.iel,;§~~E:El,epLt~~irectl..x, on _toJ' .. P:!?ture. Applicntion of' qua.ntitntive 
meth ods directly to p o.sture 

vrnuld hnve b een diff icult. Snmpling IU'e['.S would hn.ve t o be smrll t o 
e n l'..ble n. me ani ngful e v nl uo.ti on of the spray b o..nd, ye t , with c. spr o.ying 
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surf'.'..Oe like pnsture it woulc1 b e extreQoly rlifficult to c.ccur ,'.'.tely 
c1ivide the sr .. mple up int o those .':'.reD.s . ? ol'h:cps if' one spr :,yecL '.'. 
sub s t :cnc e nhich wr,s unkn 011n in t hu soil ,,,nd ', " grid c oro s runp l e r 11 

c on3tructcd, this o ight b e possible . The te:;_~::1 11 gric"'.. c ore sr.mple;,, 11 

refers t o -.. hyi1othetic .,l clc·.ricc des igned t c c ut t ho pc.s ture ..--.nc1 soil 
belm1 into t he r equire (!. c.rec.,s . C:,.rcful rowov,:,l ,':'.1'1d elution fer C'.. 

peri 0cl of tiE1e with c-.n :'.Cid to r enovc t he tr:--.,ce1' :;right en:,b l c pr·e-
cisc 1~iG£:.sur-cr:1er.ts to b e n:cde . Th i s i cle:: n'.:s not follo·,-:e.d up. 

Initinl trio.l s ,d th spe ctro­
sc opic rrnrk on blotte r we :re:; so 

pr-011ising th "..t t he .'.'.pplic --'. t i cn of this techni e;uo t o t he c ollecti on of' 

., , 
D o The Inc'i.ire c t~ ?.lcthcd Ad_gp;ted • 

spray on :i,,asture ;1,1,3 conjecture d ., Pnstur-c; 0..ncl. blotting p c,per n.r o 
trr o entirely cl.if'fe r cnt surf"..c e s-. P n.sture i s mul tip l .'.'.ned, with the 
pln,no s ['.,t nll :-,_ngles ~.na. .:,. h ·.::;_~c1 shiny surf-,oo . 'l'he l r..tte r phen01:1enc~ 
tends to c e:,usc, cl..rop l e t bounce r,hils t the -:::.ngul c,rity of t ho p l c-,nes h :1s 
t he opposi t c effect of '.'.bsorbhig b ounce . 'l'ho blotting pr-.per c oll e c­
t ors, on -th0 othol' h"--Dd, hc:ve :1 horizont'.'.l p l C'..nL: s urf :,,c o t h .n .. t is 
0.,b sorb nnt . 

!liuch th c1ue,ht ,10.,s g iven to tho r: ,y :; in '.:.rhich the blotting 
p r-,per strips o oul(l_ b e pl:,,c ecl_ in the p ;:,sure . All ,!ere c 01:1p lic :,t ecl 
~,ml. of quc,:Jti on:-i.ble v r,licl.i t y . The simp l est r.wthod. nns tkt cvcnt-
UC'..lly usec:i. . Tl;is ex11,.:; riraont i"J['.,S c onfinGtl to t he, use of the conej e t 
n ozzle of tho 3f i n . b :-.,:1d (L G. 11 I:I0ncrch 6 .4 HC " ) . J'-, p:--.. sturc strip 
of t h i s wil1th u.-,s cut :_,nc:. p l :--,c ed :--.s 1,c cur,:, tely ::.s possible , ::.t t he, 
c orrect dist ·~ nce: b olO\: the nozzle, ( th8 nozzle centred to t h(; strip 
.--,,nd. its p r·.th }Jo.l'C.llcl Hi tll t he s trip) . Stripe of blotter we r e 
tC'..pocl tc sheet gl '.SS n.s b efore , to cover ~-2 in . cithu:i.· sit'l.e of the 
b cmcl nt the level of the ~; oil . ThiG tool~ 110 1.ccount of se c onu.2.ry 
bounce i . C; . drops uLich ,:oulc1. b ounc e 2.g:,in i n t lic J_).'.'.S tui"e . 
The strip s cli c: however , c oll ,:; ct ·111 spr ~y exc ep t the maount th'.,t 
night bounce b oyoml 4½ in . from tho b c~n<'t oc1E,D , thus ans,:c ring the 
que sti on of the ~mcunt of spr:--.y t h .n .. t bounced outs i tl.e t ho b end o..nO. 
provitl.ing r.n entim::'..ti c•!1 of ,:he.re it ,r:.s clistr ibutoc1 . 
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i I Element Length Sprc.y - An['.lys- Elution Noz zles Tot.'.'.l 

I' 'i '.'-nc7. Gen-· & No . ing i ne 
_ Tric.l ccntr rc- of -¼ in . Surf:,,c e H,,_,chino 

Vol1.lffics Usec1 No . 
of 

Rtms ,

1 

'j ti on strips 
ue r obs-

~-~~~~~~ ~rvnti on -~---~-~-~~~-----1 
: I ni t~ : l'T8., 10 12 i n, Bl ot- Fl:,ne 1 0i1l. Honf'Xch 2 
i i '.',l i gn . /1 1 ting phct o- 20111. 6 .4 HC 

I 
j pc.pei· E1eter 5081. 3½ i n . 
: b~~ r-~~--:-- -- ~. ·- ~ ·- -- ~. -·. - --» .. . ~- - - ---- ·. ·- ·- - · - · •.• - · -· ·~-~-~ ----

1 .A 1'h, 10 12 i n, Jlot- I<'l r:.r.1e 10ml. 4 . 6HC 3 
i gn . /1 1 -c;ing photo- 20• 1. ¾Y 4 .5 
~-~ ---~-------· ~--•--~ ---___._____E!:,por __ met~r __ 40r,1l. __ FS 2.5 _______ , __ _ 
; B , Nr.:. , 10 6 i n , Bl ot - Fl1.r.1c 5ml. G.l+HC C 

g: . /1 2 ting ph oto- 1 0r.11 . L1-- . 6HC 
p :..por 1,1otcr 25r.1l. ¾Y 1 .5 

1 

r::C~...._._.__.~- •-- •- •-·~--~-~ ·-- - ---~·----~·-- ·- ·- -· -- FS _~_ ·------• i 
j G l! :::. , 10 5 in, P:·.s tui~o Yl .";.;.10 2nL 6 . 4EC 3 l oft ! 

' g,·.1 . /l 3 c ollcc- photc- L1--Lil . & right 
tine ootor 6:nl . sidGs 
spl ··.sh 

on i 
r------------ --~-- ·---- ~--·~-- ·-~--~ b~t.J..~L,-Ol_'~~~~. ~ •••. -~ ~ ~- ~ ------· __ __ __J 
i D · Cu, 20 5 i n , :'Jl ot-

[9"-1 . / 1 3 tor, 
2ul . 6 . 4HC 

' 
,b.,_,._._~ - ~ - ~- ·~- -- - __ • • ·- ___ _ • ~pc--.sturo _ ~ ~ - •----•. ·- --~- ·- ~~--~ •--~----- _, 

~·· .Ator;1ic P..bscrpti 011 Spo ctx'cphotomoter 

T;r~"-1 g2£E.~ 
IJ:l_iti.::l: Doth sots of re :.rnlts l ost duo t c 1..utl' ·'lililfr.ri ty ·.rith 

prooer:lu:ce . 

Trio..l .A : Dilutions faun,~ t o b e excossivo, we.st i ng of ,'.'..Cid . 

Trinl B: Procedure n0\ :' f c-.irly f -"..milic:.r . 
for b c..nc1 nidth - not fo:;_s spl['..sh . 

Technique suitnblo 
Diem' t plot sto.nu. ".rds . 

Tricl C: Plotted stt'..nc1c.:;:·ds but couldn ' t obtr.i n linc::u~ gr-[',phs so 
cliscr.r<lcc1 results . 

Triru.__p: Didn I t plot sk.nc1cr-c.s but stendincss of dio.l needle 
eno.blecl cl.ire ct compo.rison of r esults . 

'l' o.ble XXIX. Surp.mnr_.Y, of _Quantito..tive Analysis Tri als 
~hor-virig Develgpmeni:; of Techni~e. 



PHaroGIU~HIC TECHN IQUES. 

Requirer.10nt s c onside r ecl irnport 0 ,nt f or ~ photogi.~,.phic 
t e c hnique ner 3 : 

(i ) A f o,st shutter specD. t o "f r ee ze " t he s p r .:,y :.-·.s much :--.s 
pos:1iblL: . Th i s ,7oulc1 t enet t o cl~,rif'y t l10 spr Ci,y c.,ncl 

allor.r drop s ize c oup ,:ris on v: i thin t ho spr::-,y Q,ncl tc ne.ke t ho spr[:,y 
nor o cli s tinct f r ou ,::,ny b n,c kground. . 

(ii) Illur:1in:1,ti on of the spr:-.y t o rrw.ke it c,ppc::c clistini}t 
fr er,; t he b .:tckg'ouncl . 

(iii ) .As s o<'.11 ,. fi c l cl. of vien :cs possible t o :o.llor: t he G'.'.Xi muu 
c nl r.rgomont . 

'rhoso rcqui1•ci,1,:mts ue r E: ne t in t ho follo,,ing \:,ys : 

(i) A brief survey cl r e:'.(1ily -C1,v-::,i l,.blo phot ogr,.)hic 
og_ui pr.1ent l e oil to t ho use of n, 1 / 900 t h sec . exp osuro . 

This ,:<'.s c,c h i ovu~ ,;ith ,,_ prof o::, sionc.l electronic fl:::sh unit set 
on h e1.lf poi·;er . 'i'h0 shutte r srieed on t he c :no r -: 1,;,s Rb out 1/50t h 
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of :: sec on,:l no c ess i t r.ti ns t he t c-Jdng of thc phntogr[:,phs in the dc.r k 
so th'.1-t exp osure of thc f ilr.1 took p l ~,c e onl::,r etft e ;.~ tho fL,sh dur:1tion . 

(ii) IllurniDect i on of t ho spr cy n-:s d iffi c ult . Scvcr .'.'l unsuccess-
f 'ul C'. tto::r'.Jts .-;e r e q cpe r i e nc oc1 ,:i t h tho fl Q,sh unit sut up on 

t hG s:',ne si(le of th" spr .".y o.s t he CC'.,nerC', . Tho optin18-l sc ttin 6 \iCcs 

f ound. to b o ·.:ith -b.;o fl ::'.s h hec-.ds set 45 degr-eos tc t ho cxis of the 
c .'.'.ITle r ::'. , 3 ft . frm t he sprecy ,rncl en the opp C'si t e s i clc of the spr "-.Y 
t r the c c-.r.1c r ec . (Fi g . 11 ( u ). 

/·rr­
/ \ 

I 

> <- _ -· fl esh lights -:/,.-
/ ,>-) 

,' CC'.rne r ,1, /o fl~sh / L:.5' lights 

3 ' 
.j,' 

':-·- ~ ------·--- ----- . ~ _) 

pnth of no~ ( 

)' ~'V 

7. 

,( ·--·- · ---------- --------~- - -
p o.t h of n oz zlo 

Fig. 11 (o.). DiQ;gt:~ 9f _Fl~shl.igqt o.nd C~era Positions 
Felo.t~ to tho _Photo1£:o.phiI1g__ of the Movin_g 
Nozzle . 
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( iii ) The c .'.'.::1or -2 used wc.s c,n 1\snhi Ponk.x S1 r:. wi t h b ellrnrs nnc1 
100 r.1u . l ens . Th i s r esult ed in o, nm0 r c'.: angl e l ens , whi ch 

e n o..b l cd tho oo..;11e r o, t c b e mounted '1 s cl'G dis t -J.nce fr c,:1 t he spr nye r ,:::..."ld 
y e t h 2v e c.. s mo..11 f i eld . 

I n t ho pr oc oclw.0 0 e vent u:-,,lly used, t he c .:-ner ci ,·ms mounted a t 
tho s ru11c l evel c,s the spr :i,yuc"t surf o,co [',nd \•ri t h c, hcriz ont o.l c:.xis . 
Whe n t ho spr nyer r: ::1.s photogrc.phoc1 n i t h the t ool c .".l.~rior noving to,7m'cls 
t he c amer a , t he l c.tte r Wf',s mounto(:'. en '1. tripocL j us t bcyoncl t ho oncl 0f 
t h8 tr :-tck on ~7hi c h t he t ool C.'.:.rrier t:;.~;:welloc;. . 'l'hc :fln.sh hc 2.ds rrere 
p l o..ced c i t he r s i d.o of' t ho tr[,c lc :mcl b ot h thC;y !7.nc"':. t he c o.mer .'.'.. poi n t ed 
nt , ;:-~nee :f ocusocl on the nozzle r,,•y;_ spr ~,yed su:-cf c.ce 0:rhen t h& tool 
c ~:ri c r W.'.'..S st :,,ti cn o.ry . ll. c hc.llc mc..rk en t he, r [',i l .'.lt t he p osi ti c,n 
of t ho lunclin g t ool c rcrr-icr 11hool cnr,blcc1 t ho firing of t he c '"'I.1or c. 
o..nc1. fl nsh un i t s b y C.'.'.ble c..t t he r i ght nment . 

Whe n t 1\ki ng t ho phot cgrr.phs s i llo on t c t he d ir0cticn of 
t r :-i.ve l , the c .-1mo r r, \; '.J.s positioned on one s i c7e of t he t ool c c..r1°i er 
r cils . Ago..i n , r chcll-:: rao..rk n:-i.s user"':. ,'1.s [', "firing i,oi nt ". When 
t ~ <.:in8 c-. phc,t ogrnph t ho focuss i n g ::md s 0tting up i7C'.s c w~ri ecl out 
wit h t he tool c rcrri cr ·,ncl sprrcy nozzle pos i ti once~ c orrec tly . Then 
t he t ool c c.rrio1° nc.s b 1,ckec7. clorm the tr,'.'.C ,:, sp r ::cyor t u r nec.. on , 'lnc"'. 
tho t ool c .".rrfo;:, set i n moti on fl. t the c or r e c t npcod . The ·1,h i tc c halk 
nc.rl~ c oul C be only v r~guely s een i n t he gl oom csncl sr ['., t orc h rms s o t to 
s hine on it, yet n0t int er:fere r.ri t h the photc,v.~-1.-phic r esult s . ,'i. s t he 
l oc.di ng r,hec l of the tool c -~,rrior cross cC. the chc.lk m::,rk on the rnil 
t he c ::.b lo rc l Gfl.XG nc,s t ri ggc r ocl !7.ncJ. t he h"-nc~~ operr-.t e:,c"',, c l utc h of the 
t ccl Cw"ricr r~:-dvc disenGC.[;EJG. , Bol0':: ( Tc.lJ l o XL'<:) i s ,,.,_ p r e c in of 
t he tri rJ. s C(:.:i:ri ccL out , rm, illust r'ltE:s the gco.c1u -~1 c1e vo l opm.en t 
cf t he t e c hnique . 



Flctsh pos-

I
i. Tri~l No . ! D1.yli ght 

01,. Dr~-1~ 
ition .'.1.nr::L ""Nozzles 

DC'· • cf USEllL 

Surf:,ces Hee.cl on or 
sLle on 

Comt,onts 0n Re sults 
~ - ~~--"' - • ...-.;:. · .., • .& _......,._.:. .c..S. - ---" • 

Tri :cl N c . 1 : 
~,__.,. ..... _._ ..... ------- _..,_~ _,, 

Trial He . J_: --- . 

TrioJ. No . 4: 

C~:no:cr-.. t cf' gro ·:.t c.n c,ngle t C' ho:cizont2.l . Spl::.sh 
s een indistinctly on gl::.ss but net on p '.~stur o . 

B<'.Ckgroun c;_ visible oven nhen blxk cr epe p.:'.:~e r 
u s eu o..s b :cckgrounQ . Spl~sh vi s iblo i n s i ~e on 
s hots , but inc! istinct . 

Co..C0
3 

p0Hde1' in spr~.y , "but splns h still n ot ve ry 
clistinct . 

Sprn.y shcrmd up we ll. StC1..tionnry sh ct s i nc1ic o..t et1 
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thect t rro flash he nds c oulcl b ci.l nn ce t he i llumine. ti 0n . 

Tri.al No . 

TriS). No . 

3_: 

6: 

Detter positi oning of fln.sh hc.'.".ds required f or equ ~i 
ill1.11:1.in,,ti on on right etnd left side s of t ho spr:w . 

Results s ntisfnct ory . 

Film Speed ASE 32 (tria l 1 , 2 nnd 3) or 50 (tri&l 4, 5 -:md 6). 
Co..rilern - Asahi Pentc.x S1 A, Fla sh uni ts 3 f t . fr or.i subje c t , 
1/900 sec. flash . 

Table XXX. Summ~ _of Dc,tc.ils of Phot o_g;:nJ?_hic Te c hniJLue 
Developme_nt . 
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3 .4-. RESULTS .AHD DISCUSSIQ."\!. 

3.4,1. SPBC'.J.'ROPHGrONETRIC .ANALYSIS o 

I. 

Results of Tri~s A ·rnd B ,mre r eo.s onC'..bly v o.liu. f or the 
"within bo.nd. 11 or "peel-.:" ci.reo.s of sprr .. y w.st:ri1rn.ticn. Deposit 
outsicle tho b :.:mc1 limits Hns much lorrnr t h:on ui thin b c.nC: levels c.ncl. 
l'.s tho fl CT:10 photometer exhibited. o. tem1ency t c b e unstGo.<ly o.nc1 
"c1rift", little reli::.nce n ,, s pln.cecl on the l1.CCtU'Mj7 of the se :figures 
(Fie,s . 12-20 ".Dd .Appendix IX). 

I n tri:1.l D, the spectrophot0Qete1· Wl'-s much ste .::-ilier, .:-.n r'l 
it \lt' .. s thought thM .. t the uso of' st:'.mki .. ·ds could b e ~woic1ecl . Hovmver, 
it ,10.s irnpossible t o plot nll VC'..lues on t ho one settin[: o:f the flc,me 
slit o.,s c entre v ::i.. luos rrei·e off the clic .. l so ::.l s . Overl"':pping rendings 
of s.'.:1.I:lplcs in the common ~c!'e_-1. ·.:e r e recorded t o en["..blo the pl0ttine; 
of correlc.tion c oefficients , 'rhese, ht•1,ever, vnriocl. so much ( ::i..1-
though gr' ,"..phin g shonoc1 the sho.pes cf tho curve s t o be si.mil .7-r) thc.t 
there ,.ns n0 c 0nversi rn of rc:sults frrm cno "sc ~J.0 11 t o the other . 
Sto..tistic .J.l ::mf'.lysis wo..11 c oncentr o..te cl on the runn th2t rec01sde c:l the 
splnsh fror.i p.1.sture on t o blottin(, p "..por, viz. runs 4-, 5 o..nd 6. 

The st.'.'·Dclccr,:. cui"Ves plrtted. frc,.: ti~i ::'.l C cl'.'..t c. ne r e nc,t 
line "-1.~ clue t c oi ther ''n ori or i n t h-.J u~ldn[; u p of st '..ride.rel~- 01~ to L, 

curvilinc ~,1~ r e:1 ::-.ti cnshi ::, hGt-1:e c.n the j_)hotc,:1e t er r c-.di ng :-;nr_: the 
eler,iont c oncon tr~ti on . The c '· .. use ,')f thi;-; t1·cublG '.:. · .. s not invos-
ti t~t e tl. Sua:,esto c7_ i r.1provernents to t l18 ,,n''..lysis t e chni'Jue include: 

(i) Tho use of c oppo:r sprC'..ys . 

(ii) .Anclysis r:ith :en c..t o:·,1ic :cbsorpti cr; spoctrophotmeter. 

(iii) The plotting of stc..ndc..n:.s o..nticip o.,tecl. 

(iv) Extl0 C'. c1ilu ti c,n 
the 1,1 ::i.11 tC' b e 
p o.r8.llel) slit 

of the hit;he r VC '.luc SC:.l,r.910 s tr. en·_· .. blo 
evclu.:.1te~"c '.'..t the rncst sensitive (i. e . 
cdg-e setting . 

(v) Conve rsion of o.11 r esults to p.p . r,1 . o:f c or)per to enc..ble 
direct cornpC'..riscn s t c be mJ.de . 

II. .PJ.s,,9,.uss_ion. 

(i) Distribution Withi~ the Bnnd. 

The grn.phs constructetl fr om trio.ls A, B '.' .. n c1 D revecl 
severc..l imp ortC'..nt fe~ture s (Figs. 12-21). 

A. Distributi on Grcyh Sh[1:Pes. The disb•ibution gro.ph shnpes 
tended to correspond to those 

The hollow c one nozzles (n ith the 
in . b c.nd nozzle ~-;hich h o.cl o. single 

obtcined by other u orke r s . 
possible exception of the 1 
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spike sh.'.'.ped di3ti·ibuti on (Figs. 12 c.,rn.l 14-)) h ~'..VO C'.. cloublo peo.ked 
distributi on . Thoso r e sults c orrosp oncl t o th ese of Crosbie (1 952) 
nnd An on . ( 1958) TThilst Kc.shnyc.p end P r..ncly o. ( 1965) illustrdod. 
similo..r g:co..phs d.r ::c,;n f r or.: hollo·,.; c cne nozzle s . Th.:, f :·.n n ozzle u se c7.. 
\"iC'.S of tho elipticc.l orifice typo , descri'0e cl by Doubr·m1aki ['.na F-.1.' ;-.sor 
( 1 954-) o.n 11 ty1Je D11 rri th n s i ~gl e po :::l..: . G1~,,phs fr ci!l t ho Do leV[;n F'S 
2.5 n ozzle t endec1 t o hc .. ve sovor c-.1 pe[',2cs (usU '.7.lly 3 or h ) ove;: c, Hi c1o 
pl:-,,to c.u f ctllin6 sh[~.rply c..nc,.y .:1t t ho ecle;e s (Fi s::; . 1 9 e,ncl 20). 

B. B;-·:.rn1 .Definitj, cn . Distribution ,;r~s c:iffioult t o define , o.s 
t he b ou ncl.c,ry b e t rwen "high i n tensity" :;,nd 

11 l on intcnsi t y 11 o.ro :'-s W".s indistinct ,,nrl c over0<.1 sovo~c"7.l ¾. i n . strip 
uic1ths. The 3½ i n . b o.n:l , spro.yod ,:ith r. c one J e-t nozzle (Figs . 17, 
18 [\nc'. 2·] ) mC'.;y b e c onsic7.orecl 2- 4- i n . i n r!i .:.7-t h clopencli ne; on the l ovc..l 
of spr ,.y c cns i cl.orr.:)cl lothd . The 2 in . bc'..ncls (Figs . 13, 15 :c.nc.;_ 16) 
h,'.:d e il.gos ·,ii th :.: bounc'.,:-:ry over 2-3 strips on.c h s i cl.o :inc'l so v ,::.riecl. 
fr m 1¼-2-& i n . i n ,;i dth . The 1 i n . b ,..nds (Fi gs 12 c,ncl 14-) v .".riecl 
i n shLpe 2.CC Cl"O.in g t o the t r i ,",l. In tr-i o.l A (Fig . 12) there TT('. S 2. 

centre " spike" r:ith t-.;o s r.1c.ll spike s ::.t t ho edge s , 11.:.:.nds v'.:.rying in 
widt h frou 1{~2{ i n .. I n trinl B (Fi g . 14) thc:;,~3 \; ~:s c. c e ntre 
spike .:ml. Hi clt h v t,riGcl fro:! 1-1 ½ i n . dependi ng 1.gnin on the point 
t o.Jcen o..s t he "edge 11

• 

F 2.11 nozzle :-ric1t hs (Figs . 1 9 ,- m1. 20) 1re:;,~e slightly gre.'.:'.te r 
in tho:::,e tri::l f. t hc.n i ni t fr.lly c n.lculc.ted, be i ng run o.t 20 i ns t ec.c.1 of 
15 p . s . i. The oretic c.l n i d t h fror.; t he c d ibr-'7.tion grc.ph r:c.s ther e-
fore ne.n.rer 4 i n . o.nC. it ·.rns t lii.s rriclth ,:hich 1;'7.s t nken for l r;t er 
C,':'..lculo..ti ens . The r ['.nge '\ ,'J.s 3-5¼ i n .. L "bounckw:y 11 effect , ;n.s 
ob scrvecl_ i n t ho ini ti ::cl Hork c onnected d. t h f inding tho c orr ect 
n ozzle height s . Thi s .. ,c.s Cc mixture of ci.yec1 ;:rn1 Ll :nk po.tc hos Ylhich 
v c.riec1 i n r n.ti r ::.nci. c olour i ntcmsi t y . Th\.) l r,tt0r effe c t n::.s l ess 
n ,::rb:,cl t h .'7.n t hu f orr.1or . B:,ru.l will.th r:1en.,Jurements wer e -t."1.ken t o t he 
middle of t he 3ti~ip . 

C. ~e_2fee_.12,,a'~c:!:_J!_i thtn Run Diff'or ?nce s , Dif'fe1~ence s u ere notic ed 
b e ·b::ee n and. ni thin runs 

of the sc . .mo nozzle prE:ssure c.nd height . These mc.y be e ither real 
or nppo.rent. An nppG.re nt difference c oulc;_ r E:.: sult frora unste o.di­
ness i n t he goJ.vnnometer rending of t he fl o..11e phot ouete r whilst o.. 
rectl difference might arise fr or.1 ~ chc.nge i n tho o.otu.'.7.l sprc.y 
distributi on over tii:1e. As stanc1P.rds we:;,•0 not satisf' .:1.ctorily 
t clcen a t D.:DY stc..ge , runs evaluated c.t different tines \':e re n ot 
strictly c onp nr ['.ble . Often, 2 or 3 "sequenc e s II of the s o.me run 
nppem-ecl. c ompnrnblc (Figs . 15 ruld 16). The differe nces b e ti.men 
sequences were mc:ce likely t o be due t o r ecl differe nces in the 
spray them ~,ere difference:::, b e t ween runs. When the t ool co.rrier 
vms moving at 2.0 m.p . m. a.nd the c1istnnce b e t ueen c entres of 
sequences 6 i n . the tir.1e lnpse v-ms c.ppr oxim::i.t ely 1/6 ~. ~ 
There o.ppeo..rs to h nve b een no work done with p ntternntors v1i th short 
sprCJ.y o ollec ti on ti;,ie s. With some exoepti ons ( e • g. Figs. 17 and 21 ) 
the gencr~l shnpes of sequence s within runs were similar. In this 
instance the exceptions n CJ.y have be£n due to u parti ~l nozzle blockag-e. 
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A further difference explic['..ble only by a p c .. rtic..l nozzle bloc k c.. ge 
is that between rlL'1 1 Md 2 of trio,l B '.,ith t ho 1 in. bc..ntl (Fig . 14). 
The s t nndll.l'.'ds tcJrnn e,t the tine would i nclicr:,t o t h::',t run "d; pe :.Jrnc:. o.t 
r.10re thc:n t wice t he v o.lue of run "b". 

The quest i cn cf how best to exrn~ess those differenc es 
Hi thin b c..ncls invdved sover::--,1 possible solutic.,ns . Hc,lly ( 1956) 
used n c c,efficiont of v e,r b.tion c -:,lcul l',ticn t .'.'lcing t he ;,1i clclle 11 in . 
of the: nozzle aw~th . This fi gure , ho expl t',i nor, 1,~,s not s tn.ti s tic-
nlly c orrect but g~ve sor.:o i dc, r: cf' the vo.ri c,bili tT . Gc..briilL1o s 
( 1 964) usGc. t h0 c oof ficiont of v2ri o:c i cn over ,-:'.. boo;;, sprr:y0 r patter n , 
t hus c lie i no..tint:_, the c1.e c isi on c oncerning bo..ru:l. 1ii cl.th . Hc,.-Gver, the 
choice of b .'.'.nd u i c1. t h i s likely tc, grec,tly c'..l t e, r t he result ~ .. nd 
theref ore a c oefficient c,~ v .~ ri 'l.ti cn h.-s little rc c,l r.1cc..nin 2, in t h i s 
b,,n;":_ spr.'.1yin s '3ituC'.ti on . 

A s i mple r c o.lculc,ti on expr esses t he r ~',nge [',S c., perc ent age 
of tho ,.1er:.n, but c..s t his offorecl no sui t :--.blc !:\l t 1::rnntive in t ho 
choosi ng of the b':.nc"',. .-.-ic1.th this ~.1e t hc,c1.. ,.-::..s :--,lsc c1isc ::Td.ec1- . 

(iii) 

.l' •• 

Distributi on Outside tht, :0':.n,' • 
....___ __ .._ _--=-...,, _____ _.._ ~ --.-... - ot.,a. ,o ...... _______._~ ,__., ------ _...........,..,__ _..__,. 

Tl1e unste::-~di ­
ness exhibi-

t ecl by ·c::e phnto;·_10 t el' ' :-; c;:1lv C'.Y1c:.1e tel~ r.i c,J.e t he r cli f'..bili ty of "outside 
b C',,.ncl. 11 depcs i t s :froi.; tri ··~l A ·:ml B lo 5S t11::tcJ c"1.esi.rr-,blG . Hor:evor, the 
d [',t l'. ~,v1:il '"'ble ::,llc;-;e:7.. ostir.;:,tos of' ths ::cnc,unt cf •kposi t f::.llen 
cut sicle the b ::.rn1s t r b e r.1"'..r'.o . The porcen ta.go c,f s-prc,~- f :,ll i ng 
outside tl c b2.ncl.s iK,s obt-,inec1 by t.:'.kinc ·'- "blC'nk pc.peril r e~,cJ.int:; 
fo1" the so..nc ffi"'e r, frcu Qll scr,1plos . Thu "bL,n~~" r e~1-i0g "\to.s n ot 
clno.ys av c..il.:1,,ble , but on t h0 b r,sis of l e/ee l ' r esults nhich i nc1ic c,t eC~ 
thnt 1,1cst c:f tho deposit ,.- ·:s ::bout 1 in . ei-U-1Cl' sicb of the b :'11e"L, the 
use cf ('..D osti t:10..to sli g."itly loner t ho.,n the l o·.-,:er figure obt,:i.noa. was 
c onsidered sufficient f rl' tho prec i s ion c,f t he oethoc1 • 

i-

Bc..nd 
Width 

1" 

2" 

3-½" 
4" 

. r .......__,_cca...-;... ___ ..a. _ ,a;;__.. .---. ..._. 

A ! . 

I 
i 

Bl.i-. 7 

6.4 

6.3 

T rinl (Series ), Run onc1. Seque nc e 
-~ -~~--~~~~~~~~-~ ~~-----~--~~~+ 

..__.L-..... .&.-....a.-

_B2n~ 2b k-1-;;-;-c ~2-~ 2b _!c- 3n -}b_ 3~ 

7 6.0 12.0 

1 ::i 1b 
.._ . ....._ ___ . 

7.6 4. 

2.8 2 . 

8 .9 3. 
8.-8 6 . 

-

0 2 , 9 3.2 

3 5.4 5.3 2.1 2.0 2.4 2 .1 2 .7 2 .4 4.8 4.8 4.2 

71.1 ,.-31 

1rable XXXI . Pe r centc. e of S r a · Lnndin ,,,. Outs i cl.e the Band . 
{s£rcying on~~iottin_g Pc£.,er • 
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All pe :i.--centnges of spr:,,y oubic1e t ho b imcls .'.U'O bel01,-, 1 ofo 
-r,i th the exception cf the 1 in. A serie:J nhich i s ne .'.'.re l" 33/o nn c1 hc.s 
o.. b ,.ncl widd;h of :->.l.!,1cst 2 i n . Th i s n0z zle HGS t r ouble3 orne o.ncl cJic.1 
n et ope:i.,..::, t o vrnll :ct 20 p . s .i. n:i. t h t ho c cnic nl shee t nften b e ing 
dr:--~wn i n r ~t hc r t lnn openi ng t,"' its fulle st extont (Pl,'ct e 25 ). 
Pre sur,10bly t he vri clel" t he svr[l.t h uensuroc1, t h::; gt"eo..t or t he spr :i,y c ~.tch . 
The r osul ts gener ::,J.l y c CTrob cr cit o t hi s . The no. j ori t y of s11r8.y out-
side t he b :mc";_ n r-.s in t he first quo.rt e r t c h o..lf i n . e i t hor s i de of 
the b nrnl . 

I n tric1ls C nnrl D 
p cisture stri ps 

n ere use cl (cs described ,'.1bove (Secti on 3 . 3 . 2 .II.B). Tric,l C results 
we r e d i nc c"T ~ecl b e dm:sc of t he. cu:rvi line:,,:r s t -.nc'.<:rds cu :i.--ves r esulting. 
Tricil D c or,1pnr ecl bounce on b ot h p .'.'.s ture icnc blot t i ng p~.pe:i.' . The 
rno.'.1.Sl,rc;::ient s cut sir'~e t he "becnd ...-riclth" f oi' r·uns 1, 2 .r.rn7.. 3 of t::ci o.l D 
we r e cb c.ndonc ,l b e c ause o:f the leek of c 0nf'i c1enc e t ho.t c oulc-; be pl o..ce c1 
en d o..t c" c onverted f rou t h ~, t obt ':.i ncc1 fror1 one s l i t setting tc t hat of 
t he ot her. Tho r E: s ul t ;:, of runs 4-, 5 ecn('.. 6 \,ce r o ocr c useful c,s t hey 
n e r e ,--,_11 r e,c1 ir i th t ho :;lit i n t ho s·:i..'..10 position . Observo.ti L•ns we r e 
::.s fallen : 

Ji c cnnis t ont :::.li gn­
r:1c,nt or ;:cr nc.s 

evident . The str i p s on th(:; le f t h~snrl side of th..:. gl'n.ss strip r:c re 
c cms iste ntly h i ghe :;.' t h r'..n t:csc ;-n t he riyit, o.nc1 shouu' i n c.n cmn.­
l ;ysi s of v :-·.ri o..nc c.; t c b e, h i c.;hly sisnific ~,nt . Whether this Y, .s c1uc, 
t o t he ncz zl c n 2t b e i n[; 11 nc,1'1".1:-1.l " t c- tnc s trip , er t he spr :--.,y c:.n {;l0 
of t he; nc zzlc b c i nc groc..t e r one s i C.e cf t ho c entre t h~m t he C't he r , 
is not knorm . 

The que sti on c.r os o ;,s t o whe t her tllG ri [ht hcnc,_ s ide 
c cllectec1 spr,--,_y b ounce fr o[1 t he edge of the pc.sture str i p o.ncl t he 
lef't h ecnd sic,_e c olloctec:. some spr::'.y directly fr0:·.1 t ho n c,zzlo :::.nd 
therefore r'.l s0 spr o,y b ounce fr 0u t he blotting pc..per . Al t e1~11~,ti vely, 
die. the l oft hrmc.1 s i c"'ce c olle c t bounce fr o;:i p ::.sturo only :-i,nd t he 
right h a.nc1 sicle c ollGct l os s thC'.n nll t he b ounce ? Furthe r i nvc s -
tigo.ti on by photogrc.phy noulcl b e nee ded t o 'J.cle que1.tely i•.nsuer thi s 
questi on . 

(b) Sheye of tho _Gycyh . Initially, the cmsvo running n.rmy frcra 
t he b nnc1.. edge fell r c.pidly but lo,ter 

bec o.rJe r.mch nore gr;i.clunl. This would inclicc,te thnt the majority of 
bounce H C'.S in t he first 1 in . frr,m the b nncl. , .nc1 i f both sides ere 
c onsi dered, withi n c, tct n,l b e1.nd width of 6 i n . - on ecver.'.'. ge of 1-if i n . 
e i thor sicle of t ho b o.nd (hcinc. \7idth 3½ in.). Co171pa.rison of 
similC'.r points ecncl v c,luos for the gr ,vhed results t o.ke n o. t t ho 
different slit positions sh oned the high vo..lues to be of little 
signific o.nce c omp o.recl wi th the tot o.l curve . For exnmp l e , strip 14 
of run 1, sequence "b", h eed o.. sinilnr v o.lue t o tho..t of run 5, l eft 
side , sequence II n" , Hhich wns o.b out 12-14% of' tho peak v nlue of 
r un 1, sequence 11b 11

, nnd nb out 2o7o of t he meo.n v ,,..,_lue of the b cmd 
itself (Appendix X). 
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(i) .A log. tr~cnsf orrn:, tion w0s c nrri e c1 
out on tho c1:,t1. f:c o!J runs 4,-6 of 

t rinl D b ec .1.uso cf th:_; r r.nr;e in v :--.lue s . The s o v ::.rh,c1 both from the 
clos-.st t o furthest strip fl"O!:l the b c,nfl_ G(-~gG :•.ncl. f r or;1 s i ail['.r strip 
p osi ti ens en t he ri ght anr:7.. left s i des . The r e sulting gr:.,ph i s 
illustr· .te d b y Fi 6 . 22 . The cmo..lysi s u sod vms c, 3 x 2 x 18 x 3 
f 2.ct ori~;l , t ho f :1.ct o1ss b e i ng bl oc!cs, side , l c. t e r ::1-l _0osi ti on (i. e.: . 
strip nunber ), c:.ncl s eq_ue nce . Blocks, s i rle ".ncl l r.t e r nl p os iti on 
ne ::.n sq_uC'..r 0 s r:ere t e sted ::. 6f'.. i nst s ic1o c.nc: l f'..t Gr ':.l interc..cti cns . 
Se quence .:-,ml. s eq uence intt,r ·,ti cns -.,-;i th sic' .. o ['.Del l c!.t or f'..l p osi t i on 
we r e tc s t u -:. c,c;.1.i :ns t e r1°or (:rcs iu.u:.1 ). Si clo s ·.n,7 l l'. t o r o.l pos ition 
\le 1°0 fmmcl t o b o h i ghl y s i snific ::-.nt : ncl.. bh~cl..:s C' nd s eq ue nce ve r y sig­
nii'ic r.nt '.:'.t t hl.; 1% p l 'ob ~.bili ty l ovo l (11pponc1 ix XI f c-1° lo t_ . trecns­
forr:ied figur0 s) . 

ThG us0 cf l''.if:fe: r '-- nt t cr:_~s f or deriving t llc r r :--.ti r' c.ppe::1.r 
t c h c.vo c.n effe ct en t ho r esu l t f'..nt r c-.ti 0, but in thi s c c.sc t he side 
L , t o1s.•-~l positi on inte: r l'.cti cn i ::; 1::-,r gor tll,.n c-,ny cf' t h,:, ct he:r- possible::: 
erl"C'r t e r ns cvon t hnu gh t hG l"e s ultinr l -,ti c8 ,~.r e r ~.th0 :1..s h i g,h . ThE: 
dii':foronc os b ot ,::eon the V:-'r ·i cus s i cks :::.m'. 1 ~,__ to r ·,1 ::-ios i ti.-,ns l'.r G 

s i lc.:ni:fiC C'.ffG s t f'..t i s ·ciC{'.lly . 
The c1iffe r cnccs 1)0-hro'-'n t h.::: :10 ~.ns ,.'f blocks t>.n cl soquoncos y;or o not 
hi gh 'out the s,:1f'..ll or:;.•or t o:cn h ."..s U':.rk t he (l i i':for c.nc es s i gnific e:.nt . 

( i i) 2..s.._nficlonco Le vels.. Confi c1e nc o l ovols :f m.' b e t h 997~ 2-nc"l 
9.3% l 0vol s rn, r o pl ctt <Jc_ for· b ot h 

tl''.'.J1sfor1:,oc1 :.,n,7_ untr·ms:f or :::::e:cl r.10::.n elect ::. (Fig . 22 ). The Vf'..lue: fer 
ble.nk pC1.po1' \l ... , s 2.s sur:1e,\.,_ t o h,,ve: nc- v :.tri ~.nc •~ . Wl10 :;.•o :,s , Ii t h t he l og . 
tr~.nsf or noc":. C, o.t ?., c c-nfido nco c culcl b e pl r,coc: :ct t he: 9<Jfo l evel cut t o 
the 14th strip fr cr.1 t he b :::,ml oclgo (i.0 . 3½ i n . ou t e ither siclo ), 
c onficlenco c oulcl n ot b o pl ecce c1 i n tho unt1·::ins:fcrnoJ cbtf'.. d'te r t he 
t hird stri p . 
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3.4.2. PHOTOG-ru\PHIC RESULTS " 

i3of or o drnni ng c onclusions fr 0r.1 t he phot ogr-<'.i.phic mtlteri :::,,l it 
is first ncc osso..r y to unc7.e rst r'.Da. t hE.! ef fe ct th r,t v n.ri o.b l es of tho 
t e chniquo hc..ve on t ho r csul ting phot og.c::.ph . 

(i) I,~tin_g: The c wbino..ti on of "'- f oc ussecl b eo.n rcnc"l c..n ob j oct 
trnVG lling a t 3 ft . /sGc. ollowecl little r-oon for 

error . This alig...Dment probleE1 would o..cc 0unt for soue of tho 
cliffe r ences b e t ween the l oft ::,ncl right hr.n c:.. sicle of the photogrc.ph 
(Pla t e 15). 

Pl at o 15. 

(ii) Drople ts whic,h nero out s i de t he fi e l d of 
focus o.ppeo.? f'uzzy or o.bn or u::i.lly lm~ge , 

depending on t ho position 0f t he droplet in r ol,.ti on to t he 
f oc '.:'.l point . 

(iii) Derk Room Te chni que: Negative films were developed in a. 
sto.ncl::'.rd develope1· . However, 

different enl nrgement size of t he prints nnd exp osures prcxiuced 
v c.rio.bl e r osul t s which c ould lead t o error in inte rpretc.ti on , 
(Plo.tos 16 o.ml 17). Plo.te 16 is enlCt.rgod. to r.. slightly gr-e c.ter 
extent nnd i s l os s exposed thn.n Plato 17. The sprny o.ppe o.rs t o 
bounce t o ,'1 gr-enter he ight in 16, but mn,ny of the droplets .'.'..re 
out of focus c oming townrcl t he c o.mer a rmcl t hus nppen.r higher 
b e c a.use of o.. "po.rallex" effect. 



Plat o 16. 

Plate 17. 

II. .§:Erny Bounch Results . 

Spray bounce varied according to the spr~yed surfo.ce , 
nozzle type, and nczzl0 height. 

108 



109 

(i) The different surfetces c ould b e broctll y 
geoupecl i nto flo.t surf' o.ces nncl p:,sture . 

Pas ture t one.eel tc o..bs orb the bounce. With the 1 in. b:mc1, en cl 
spr o.ying on to n hcrizont c.l glo.ss surf nee (Pl r'.t c 18), spl o.sh ,rC'..s 
observed ·tr o.. tot C'..l rlidt h of C'.. t lo ~:s t 6 i n , (i. e . 2½ in. c i ther side 
of tho b cmc"c). Vfuen pC'..sturo rms ·oprq.yecl (Plc.tG 19), the totl'..l r;i clth 
of splc.sh nc.s noc,ro:r 3 in.. With the 3-½ in. c one nozzle , the tct ,'.'..l 
nidth of b ".nd :-.nd splo.sh observed en o. pl:::.te sm"f .:::.ce (Plnto 20 ) wns 
ci.bout 12 in ., or raore t hem 1 b nnc1 Hidth either s i cle of the sprC'..yed 
b ecnc' . • 

Plci.t o 18 . §l?..reyiM_ Sxs.tens .;1¥ _j_.5..,.§ cno_ioi;_, 1- 1 6 i n . 
ho iJ$.t_,USJ?r~in_g on tc:;(ilQss Surf c..cc ,_ he .:~d. 
2!1.2.~~-, , • 

On po..sture t ho width w0s difficult t o e s tin ."..tc QS tho p o.sturo 
strip sprn.yocl.. \7"-S 3½ i n . u i do . Sp1"'0..y di:. u ounco cut 0:f the strip 
houever. Plo.tc 21 ( a.po.rt fr cr,1 sprny c ollecting devices ) illustr-c.tos 
this si tul:'.ti cn during trinl of tho qu..".nti t C1.tiv0 ~rnrk . Pln.t o 16 
illustrnt es t ho frm nozzle set 3 in . high o.ncl spro.ying a. 4 in . VIide 
b o.nd on felt , with bounce :::.nd c1rift o.t l ea.st this n i d t h e ither side 
of the b o.nd ectge . On pasture (Plnte 22) , spln.sh i s less obvi ous 
with ve r y little b ey onc7. one b c.ncl width froo the edge of the b c.nd. 
The plc,t c a.ls o shews t ho left hC'..ncl side af t he nozzle t o be working 
incorrectly. 
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Plate 23 sh (~'1S tho f nn n ozzle sprnying on p a.sture from the side. 
In this inst~ncc dropl ets (~pear t o hGve bounced t o nt le nst t he 
height of the n czzk , i. e . 3 in. 



FlL,tG 21 • 

Plo.te 22. 
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f'iicn.'."' .. rch _ 6 .JtJIC C om,js._t( 11; i n . JrniJ:t., S.,2r;_y i l_2.6 
on t o Pnstun, Surf ,:1,c e h co.cl on vier.' • 
~~ - ~ •- •....:.. ~ -~ -- ---- --· ~ ~ . ...... ------ .. .. --_,__......,_ 



Plat o 23 . 

( ii ) othor ob sc rv c:.ti cns . 
-~~ ..... __,,_ .. .... ~ ~ - - . &~~ 
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The fr on-1.; :i. spi oce shcn s thc f light 
of drop l e ts ovo;: 3 i n . i n f rf'nt 

of t he 1:10ving n ozzle . Somo phot ogr<"-phs shr'l.'0(1 tm~b ulc,nce in t hl.; 
streru:.1 of b ounco c',r opk ts (Pl:::,t8 20 ) nhicL r:ppe':.roc1 t o be d'foctoc:. 
b ;:, · su:rfc..c c irrogul::ritics (Pl .".t e 15). Sic~.e phot ogrc-.phs cf c one 
1wzzle s often s horroc1 t h,::, sn irling n2,turc.. of the b:c oken up sheet 
( Plc: t o s 21+ c..nt:. 25) . 
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. ,..,,........... • - • - A ... • _!/"lrL ... --- •~-'rf"!'~• ~....... · - • 

Pl.'.'.t o 24. 

Plate 25. 
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3.5. CCNCLUSI ONS. 

3 . 5 .1 • SUITAT::lILITY or TECHNI(}UES USED. 

I. Spe c tr o.E._h ot ometric. 

Iin.prove ,.1ent rf t ho qUAJ.it o.tive EJ.othocl ( S0cti cn 3 .4 .1 . I) 
woulc's h['..VG l o<1 t o more L1e <'..n ingful r osults , ~lthcugh the me th GX~ 
usocl di c1 C'nsner the quost i on cr i[,innlly c.skcc1- - 11 h0",, 1,mch spr·:y 
bounces or splo.shcs outside the b c..ncl ? 11 There wero p :c obl or.1s in 
i n <lete r t1ining t he ec1gc of the bo.nc1 ancl the:c~ofor c 1.1hich pa.rt cf 
t ho spr[',,y t o ov C'.lu[',,t 0 i n trc.il D, but t hG se r.'e ,x inherent b o c r,use 
of the chm"c.c t o1~istic s of t he spr'.w n ozzles usocl . 

A b e t ter c onpo.ris on of t ho splCtsh f1~cu t ho odges of thG 
spr .~,yrn:J. strip l'n p ['..s turo C'..nc:. bl otti ng pc..pe:c· • -'.'.y h!'.VO givC;;n sc'me 
i clon of the difforenccs bo t;;ecn the smf,':.cos t'.nc1. t hoil· p r opensit y 
t o c c.u se c.r t r. ~1b scrb spl ~sh . I n gcnornl t ho techni que n::,s sui t::.blo 
o.ncl wi th :further refincuent c culcl h c-,vo c. r;i c:',e r ,cpplic c..ti on o..ncl he l p 
ansv;or s oL10 o:f the questi c'ns tho.t ,1,r ose i n t his sec ticn of' the ',-;erk . 

Tho lighting t e chnique i s not sioil:--_r tc n.ny r eported i n the 
li t e r c..turo but :,.1::pc'.'-r-s t 0 h o ':.doo u['..t t.- ,1i th c n.rc..ful n.li gn;~1ont . 
Exposure: tir:10n of 1/9poth sec . y:ore n r,t bri0f enough t c "free ze" 
O':.ch r1roplct but to r1G cre!\sc oxposuro tiuc,s still f urth"r v:oulcl h~,vc 
ne cessi t o.tec1 t9-'o~te :c" e:x-9osu.ro intons i ty. Tho c'..:'.'oplet DC'tinn slE't;cc".. 
up ,;oll encugh f or os t iu::i.ting tho c1i s t rcnoc ,,hich t he splnsh tr ecvollcc'. . 

EXISTENCE l\i''ID EXTENT Qli' SPL!,SH WHEN SPRLYING 

1\ Pl,STURE SURFJ1CE . 

The phot og;,• 2.pl'B showoc". splc.sh tc exist for s c7e cist.:mcP-
fr n.1 t he b nrn.1 eclge c or.1pnrecl \:i t h t ho b o.nc1- r.'idth . Llso, splecsh on 
p o.s turo o.ppe:::T ecl l oss tho.n t hCtt on pl,:!.no s urfMes . The qu~tit.'.'.-tivc 
cfat n r evea,l ecl t h n.t t his nmount r,n.s l on i n c onpc..rison t o t he tot['.l 
sprci..y ::mc1 wns usunlly l e ss t h em 1 ofo depending on t ho width of t he 
b ond t c.kon . Th is suggusts thCtt nozzles uit h ;:, shnrp "f':lll off" nt 
thoir ec1ge s Qight be u seful, o.nu as such nozzle s C'.ru nv o.ilnb le, t ests 
with thos e noula_ b e a l ogical step in i nproving b o.ncl. def i niti on . 

Lognri thmio t r nnsfomc.ti on e no.blod c-.n3.lysis of r n.the r vnri eblo 
dnto. t o be unde1·t~ken cnC1 perm ttocl the plotting of c onfidenc e liL1i ts 
that mo.de the d~to. nt n 9<J/o c onfidenc e l evel cf' positive vo.luo out t o 
the 14th strip (i. e . 3½ in. e ither side of tho b cmd ). Use of rnr)rc 
clos ely rela t ed dnta mny r:w.ko it p ossible t o ha.ve c onfidence in 
r e sults even further- out fr c,m t he b nnd edge . This nssuraes th.'.ct 
pasture o.nd blotting pnper will nllow splc.sh t o trave l with equ f'.l 
f acility, which ncc ording t o t ho photogrnphic indic c.ti on, i s likely 
t o be incor-.rect. The development of Cl.D n.nclysis me th od using sprny 
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off pasture r:ould help t owar d s find i ng mor e npplicable r enults 
r e l cti ng t o t he d i s t nnc e t he splns h trave l s . Spr ayi ng of~ oetnl 
i on r :: .. r e l y found in t ho s oi l or p nstm't micl t hG use cl' o, sanpl o:c~ 
t ho.t noulcl slice t he p o.sture i n t o strips afte r spr o.ying would bu 
one c.ppr oach t o t his p r cble;;i . Splo.sh n ny not b e s o i oportcnt nith 
t he sprecyi ng of pnr::cqunt b ut n i t h s ystenc.t fo sjJ r C'.ys the 1 ofo 
r ec o1~c1e cl • .'.'.y b 0 of c onsidero..ble inp crt :mc o . 



.APPENDIX I. 

:a.AND SPRAYER NOZZLE CALIBRATION DATli 
..-.. c....a._.,,_... - · --~--"-'-- ...... - _ ....._.., ......... --. ......... - _..._......_,.~-~ 

( f or F'i g.c; • 1 , 2 & 3 ) 

(i) Rdo (gd/h:c ) ve rsus Prcssui~L; (p . s.i.) 

Nozzle A :::: Spro.ying Syste,:1s ¾Y 1 .5 

Nozzle B = :::.ien!1roh 4.6 HC 

Nozzle C = rii rmc.roh 6 .4 HC 
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,---.-~---~-~~~ ~ ~~~---
:-~!_re~s-~ ~~-- ~~ ~ - 7½ _ _ u ____ , __ 1~ - --• ✓-~ -,~?- ~-- -~ ~ -u '~- 25 1 
I l 11 : 20~• 9: 30 s : oo 8: oo ' 

Nozzi~ f.. 9:30 8:30 8:00 I 

Gcl/hr. 

_ ~~- ~-~~~ . . .. 8:5_0_~ 

~~~~~~0.66u~~ 0.77 ~~---~•82~~~u<:.~J 

I 

I 

l -~nl/hr=·~~~-
1 

Nozzle C 

L Gal/hr. 

6.45 
6:50 
6:48 

1 .125 
- -----....... 

4:27 
4:28 
4:27 

1.41i--

I 
5:48 4:55 4:20 3:50 I 
5:4-8 5:05 4:35 4:05 I 
6:07 5:05 4:20 4:00 

1.25 1.50 1 .68 1-.91--1 
- ~~~---...1 

4:05 3:20 3:02 2:40 
I 

4:00 3:22 2:58 2:40 

3:58 

1.875 

3:20 2:55 2:4D 

2.s41 2,25 2.52 
.J 

* tiue :for 1 pint, in minutes a.nd seconc1s. 
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l...~PENDIX I (C ont' a .) 

(ii) BCcnc1 Wi c.1t h (in .) versus Nozzlo he ight (in .) [1,)1(1 

Pressure (p . s . i .) 

Pressure 
~s . i .~ ~ 

Noz zle 
)Leig.ht Jin . L 

Nozzle i:.. 

:Me n.n 

Nozzle B 

1 2 3 1 
.• i .~~~~· ~· 

- 1 .5 - - - - j 
0.6*0. 9 2.8 0.1 1.4 2.8 1.0 1 .9 3.311.1 2 .1+ 3. 1+ I 
o.6 1.1 2.0 0.7 1.5 2.5 0.9 1.8 3.2 j1 .o 2.0 3.4 

o_:_~ ~ .o_~·-4 o_- 7 1.4 2 :6 ~-2 __ ~.8 !'.:;:!,_. 1_ 2 . 2 3~J 
I , 

1.6 3.24.51 .7 3.2 4.5 - 3.5 5.0 j - 3.5 5.0 
1. 5 3.0 4 .1 1 .5 3.2 4.3 1.8 3.5 5.0 :1.9 3.5 4.5 
1.7 3.3 4.8 1.8 3.3 5.5 1.9 3.7 3.0 !2.o 3 .8 5.5 , 

·-~-• ------~ · · -- · -~~-~-~~ ~ 1 
_ ~~'i.~~~=- ~~ 1.6 3.2 4.5 1 . • 7 3.2_. 4:.6 1.: ?~~~ 3.6 5.0 i 

Nozzlo C 
2.2 4.o 4.8 2.3 4.0 5.5 2.3 4.1 5.a 12.3 4.3 5.1 I 
2.4 4.o 5 .5 2.3 4.o 5.0 2.4 4.2 ·5.c j2 .3 4.3 5.7 

_ 2.~ 4. o 5S!~ ·2 4.o 5.5 !__•3 4 .3-2:s~2 .2 L~:o 5~ 

2.3 4.o 5.3
1
2.3 4.o 5.3 2.3 4.2 J .s :2. 3 4.2 5.1 I 

------. _.._"--,&-. ..- -.a ... . -. ...___ .... -- - - ·--- ... -.. ..__....___,.__ - -· ·-..,__···--·---~~~----- - ..J 

• Br:mc1 ·:1iclth, i n . E c..c h r:10r.suru1e nt for- ec difforont nozzle . 

(iii) Rat e ( s~l/ncre ) versus Pr€ssure (p . s .i.) c..t(2 .6 m. p . h .) 

~ · . ~ 1~1 ~ -- .- -- - ~~ ~~ -•--.~~· ::~ ........, 
' J:-'r e ssuro /2 1 u ·1 J c.v c.:J 

• ~-~i_J-&.~-
1* 25.4 ·-- 29 .6 -~ 33':2 3h. 

Nozzle J; : 2 12.7 14.8 16.7 17 .3 
2 ~---- - 8..-!2, . 3 -2 19.:5 __ __u__,!L_ 

1 43_4+ 48.0 57.7 64.5 73.2 
Nozzle B:2 21.8 24.0 28.9 32.3 36.7 

·--
) .~'!..4-..5. -~~ . 19 .2 21 .6 24~2 
1 55.3 72.2 86.4 96.8 109.2 

Nozzle C:2 27.7 36.2 43.3 48 .5 54.6 
3 18.5 24 .1 28.9 32.3 ,l.J+ 

~ .:a::...~-~--- --L. -- __.__.._.,~----· 

lit Band wic1th (in.) 
+ Ga.1/ncre (i. e . sprayed nrcn) 

Calculo.te c1 using eqUD.tions: acrea/hr. = in . nidth x o.p.h. 

gal/no:re = -~aJ.Jg;. -:. nc~s/hr . 



APPENDIX II . 

DE'l'~'Jµi OF' PJL0r TRD'J.,S. 

(i) 1,~t Trial_, J nnu2-rx 1~_20_, 1968 . 

C c_ncli t~on.s : 

Weather 

19th . Dull, r a i n <luring tho day but not cd:; tho ti r.io of 
spr~wing (4 . 30 - 5 . 4 p . n .). Thero ho.cl boon r e in during 
tho s everal days previously. 

20th. Wimly, c ocl , f nir to f i no . Sprnying 4 . 30 - 5 .30 p . o . 
Teraperc ture s r:oulc.-:. be in tho 50' s or 60 1 s. 

S_c_:ij.-1:Jois~ 

Five s mnplos Y:erc tok;~n on 20th, nhen s oil mc,istUl~o ll,'.:.S 

f ound t o b e 20 • 7/o • 

Pns_turo~ 1,9i:i.e._t_h 

Po.s turo length w '- S s l10rt, nb out one i nch to three inches 
in pl':ccn , Yli th r:fC £9.'"'r:.ss stclk:s of gi..,er~tor lcngtl-1 . Hncl 
b oon grc.zc c-:. o, week pr eviously . 

Rc.tos 

Po..rn.quc t - 2 p ts. ( or 8 oz . ai .) per 11pr;,,yoc1. ':.Ore 
( 12 .5 f l. oz . in 10 g:J.l.) 

Water -

Seecl -

32 gc.l./spro,yeC1. ,'.:.Cro (fr ci:1 gr2.ph using 
Dclevr.n FS 2 .5 nozzle ). 

To,i;-m ryegr2.ss, 10 lb ./o.cre . 

!is tho c c ~t cd s oci:-7. ho.c.1 some we i ght, it hncl to be put on 
nt 27 lb./o.crc t r give 10 lb. seed per ncre . 
Rye c orn - 134 lb./ncre ( 200 lb. coat ed seeu/2.cre ). 

other Detro.ls -..-...-..... - - . 

Pre ssure 15 p .s. i . 
Nozzle height 3 i n . 
Theoretica l bnnd width 3½ in . (fran gr-nph). 
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Results net inclucou in t ext: 
~~~~ ~-· ____ _...,___ ______ ,__~ 

13o___ntoni t c Coe',t i ng o( S!3od . 

Ground c onditicns c,,t s owing ,-;er e cl.r y cmd. ho.rel ancl. c.s n 
re sult, drill ponctr2.ti cn .'.'..DG. seed. c ovor o.r;c v.-a.s poor . Irr i go.ti on 
,-,c.s C <' .. rriec1 out until gocc,. r ai n ( 1 • 76 i n .) on !"tr-ruc'..ry 1 ['..rx1 3. 
Little rye c or n m,s cbscrve(1, but the, stri k8 0f rye grr.s s wc.s c on­
sidered good enough for s eedling c ounts t o 1)0 r:,r.cle . 

Five 
( 1 9 c1a.ys afte r 
c o.'.'..t ecl s eed . 

20 in . l engths of ro,-: nero c ou nt&cl. on Febru nr y 8 
scr;i n g), there b oinc; tHo rcws or,c h of c o1;.t ec. r.ncl. un­
The number of s eecllin bs in Oi'-Ch cf the 20 i n . r;o.s 

r e c orded. , t c 
l c1.t er c1c..te . 

ccr:ipcre r,i th pori odic i t y figures f rm t he clrill o.t c.. 

The so r e sults wor e o.s f ollor: : 

LTct nl f or 

Tot o.l f or 
------------ . ... . . 

C 

D 

14 

16 

8 

2 



(ii) 2nc1 trio.1-_, fabJ-:1:lqy . 4.L 1 968. 
C cndi ti ons : 

Wer'..the r 
-=--~~ 

2nd . Windy, s one r e.in . 
3rd . Wincl.y ":.Del. not . 
4th . Wi ncly, fine , c ool. 

Soil Moisture 
~~~-~··~~ 

Soil r.1 dsturo wns n0t OX};ectcc1 t o b e l on . Five sanplos 
,7ere t nken on e<"-Ch 5th rmc-1 8th with t ho r esulting s oil 
wcisturo fi gure s of 20 .2 2ml 30 .2}1a r Gspective l y . 

f 'l_sture L<?E~ 

Short, c..b out one t o t wo inches . 

Rnt e s 

P ::,rcequd - 1 p t. ( or 4 oz . n.i.) per spr:-.yocl o.cr0 

Wdor - 3 0 gn.1./ spro.yocl -'.Lero (frm gt:'o.,phs) 

Seed - Rye c orn, c..t 134 lb . /ncre (200 lb . c on.t e~ seed ) 

other De t'.'..ils 

Pressure 20 p . s.i. 
Nozzle he i g..11.t 1-3/ 16 i n . 
Theor e tic c'.l b '.1.nc1 -;,i clt hs : 1+in ., 2½ i n ., 3 i n . f :r cr:1 bc..nd 
wic1th v s pr essur e g;.~ecphs of SS¼Y 1 .5, Mcnc'.rch 4.6 HC 
(Figs . S, 2 ::nc, 3 ) -'.'.nc'. 6 . 4 HC. n ozzles . 

Cc..librc..ti on 

C~ibr8.ti on cle t o..ils o..s for Pilot Tric.l No . 1 . 

S 9.w~2,_g 

Coulte rs Nos. 7 :::incl 8 norc used f or c oo.t e (1 seed 
( nir· c1ri od) cmc1 Nos . ~ ancl 6 f or unc o:-,_ted seed . 
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i.P:?ENDIX III • 

Bota.nic c.l c onposit i cn of origin:.:.l p c.sture ( t ot e.ls f or e'.:'.oh 
plot, using c.. five ,7iro fr :1-:;m nnd t ::-.king 10 f'r ·,.rnos/pl ot, 
with t hc:: exception of plot A7, ,rhor e 9 ·irnr o t r.ken). 

Clo..ss Rye Br orm- Yor k- Cocks- P o[', 
Plot Cl over Gr~sses t op sh ire f oot s pp . 

No . f og 

A7 

J.'i.20 

B16 

B12 

"17 

C14 

D 4 

D21 

'r ot r1l 

% 

11 

13 

14 

13 

9 

16 

20 

47 

143 

13. 7 

26 

38 

55 

57 

62 

49 

63 
83 

433 

42 

43 

31 

58 
28 

31 

45 

15 

293 

28 . 1 

27 
12 

20 

41+ 

17 

15 

1 

0 

1 

0 

0 

0 

3 
2 

0 

1 

7 

9.2 0.7 

0 

0 

0 

0 

0 

1 

1 

7 

9 

0.9 

Weeds 

2 

21 

14 

10 

4 
0 

6 

3 

60 

5.8 
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!iPPEN"DIX IV , 

_MJNFALL_J 1_968 . 

r- r -~-~~~~~~-~-

! ! J c...D . Feb. Hc..rch .;\pril 1.,~~-~--~-~ ~-~~~~-~~ 

1 I .03 • TI 
2 I .05 . 04 . 09 

3 l . 95 
1+ 1 

5 
6 

7 
8 

9 

10 

11 

12 Tr-C'..CC 

13 

14 

15 

16 . 06 

17 .11 

18 1.32 

Tr ':Ce 

.1 4 

. 20 

1.05 

• 10 . 08 1 .oo 
. 18 Tr:,ce 

• 08 

.08 

.35 

.85 

. 09 

I:~ I . 01 .os 

I 21 

22 ; 

23 

.02 

.58 

24 .03 
I 25 .24 

I 26 .01 
I 
I 27 
i 28 .51 Trc.ce 

29 . 22 .11 .24 . 07 

30 .37 
I 31 

L. _ 2 .31 1 .97 1 .oo 1+.s3 

Tot e.ls for other n onths 
of tric'-1 pe ri od: 

June 

July 

lmgust 

5.35 i n . 

6.46 i n . 

3.03 in • 

2 .69 in . 

2.73 i n • 

Totr,l for r.i onth (in .) 
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JIPPENDIX V. 

$.OIL . I.JOISTURE I:lliLSURENEi'J'I'S • 

~005-I. ~l Blee!, B _J.;1:~Y- + B;;k : --->~~~s 1 
Plot L1 .C. Plot u%C~Plo l, ~ 1., .C~Plot , .• c. -· 1-- · iI .. C. - ~~ 

I I I 

(i) 15/3/60 . 

2 35.4 I 7 21~ . 2 

5 34. 6 10 25 . 6 

7 35 .1 12 24 .4 

9 45.2 13 21 • 7 

12 34.1 16 33.9 

16 31. 9 18 38 .4 

1 

4 

6 

9 

11 

14 

33.1 

33.4 

23 .9 

27.2 

25.s 

33.0 I 
I 

1 

7 

12 

14 

16 

19 

29 .0 

35.2 

33 .7 

36 .4 

28.3 

32.8 

27 .6 16 18 34.0 20 37.4 ' 2~ 1) . 8 

20 30.2 22 32 . 2 i 17 29 .3 21 33 .L:. 

23 26 .3 24 19. 3 I 20 37 .6 26 25 .0 

1 26 26 .G 27 21 • 9 I 23 35 . 7 28 35 .o i 
, I I 
I----~--~ -- - ··-~ -- ~~~--~ ~~- ~.. ~r-
1 ' ' 

14.6 

18 . 2 

18.4 

16 .6 

19.1 

18.6 

17 .5 
17.4 

17 .5 

19 .1 

17. 7 
J 

i i,i00..n 33 .3 26 . 9 ! 31 .6 ; 30.9 
L - -----=--~~~-·------=---~ ... I ... ~~~~-~~~~-

(ii) 29/3/68 . 

Heo..cllo.nc. 12 . 5, 12 . 2, 12.5, 11.2, 14. 9, r.ic.'.'..n 12 .7 

B2c. (dry spot) 11.2, B2n (wet spot) 17.1+ 

~5 (three site s) 20 ,0, 16 . 2, 23 . 7 

• IL G,, = r.ioisture Content% (d.ry wt. b c,sis ). 
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1-.PPENDI.X V. (Ccnt'd.) 

Block .1\ Block B Blocl~ C Dlock D He c.dlo.rn:.s 
Plot N.C."' Plot :i::I .C. Plot H.C. Plot N.C. M .. C. 

(iii) 5/4/68 

1 

3 

5 
7 

9 

11 

21 .. 0 

17 .. 2 

21 .9 

20.0 

16 .• 7 

1~ .. s 
15 20 .• 3 

18 19 .2 

23 16 .• 7 

6 

9 

13 

15 

10 

20 

13.8 

21 . 2 

27 .6 

1 

1 

1 

3 

6 

9 

17 .8 3 

14.3 7 

20 .0 11 

23 .3 15 

15 . 4 17 

20 . 1 22 

21 .. 6 

17.3 

11 . 8 

18,.4 

17.4 

13.9 

22 18 .0 11 16.7 25 24.6 

26 16 .1 1 l~ 18 .1 28 21 .O 

Zi 16 .1 16 24.0 

23 16 .4 18 18.8 

20 20.0 

25 18 .9 

28 16.4 

12 . 1 

1 2 .• 7 

11.3 
11..5 

I 

~.--+-=-~- ~-~~-~~~~-~ 

11 ~9 _ __ I 18.4 17.7 ! 18.8 1s .3 
---------~-----------

(iv) 9/6/68. 

Her.dlc,ncl 43.9, 49.8, 49.7, 45.8, 51.7, 0e0..n 43 .. 2 

J. 51-.0, B 56 .1, C 50.1, D 49.7, uo:i.n 51.7 

(v) 7/8/68. 

Heodlnnd 51 .5, b14 64.7, n5 48.3 

"'Iil.C. = Moisture Content% (clrywt. bc,si3) 
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.1.'\PPENDIX VI • 

SEEDLING_ C<;UNTS. 

(i) "Gr[',ssl nncls Tc:.00.11 Western Viol ths Ryegrt:'..ss. 

21 , 22/3/68 1 /~/68 \ 21,22/3/68 
E,:, rr-=-· E w I E vr 

1/4/68 
E 

Plot :--~ -s~1 ri1 t rJ ;7 Plot ,=---- ~~~~- ~ - s 

! -~ - -~~-___J_.~-+-~~~- D 

.l'.1 :, i 7, o 3, 4 3, 31 5, 7 I ~ 3~ : o, o 1, o o, o 

.1.13<', !28,18 9,21+- 17,24 10, 5 I .u 6,. , 6,910, 8 16, 11 

I ' Il.C o. 1 3,20 4, 2 6,24 31,11 B 7'.'.. 9,16 10, 7 9, 29 

li.13'.'.. 24,13 24,16 5,20 10,12 B 9.'.'.. 3, 6 7, 1 10, 6 

.A15~~ 7,14 6, 8 2,23 35,15 ; B10n. 9,1 9 3, 4 
I 

1, ,o 
A16 t:'.. r5 , 3 21, 5 1,49 22, 8 : B1 7a. 

A21c.. p3, 3 15,24 8,12 7, 8 : B19r. 

l~2 c:. ! 0,18 3,10 0,17 15, 7 1 B20c:. 

4,10 14, 4 5, 30 

1,15 30, 3 5, 6 
6,32 6,1 0 27,1 1 

125 

m s 

o, D I 

I 
5, 12 

16, 5 

17, 15 

8,11 

25, 16 

7,11 

17, 2 
I i 

.A25::-.. !11.~,35 13, 3 0,14 5, 5 : :G21'.'. ' 4,51 22 , 7 29, 16 7, 3 1 
I : I 

~~,~~~ ~~6~-~-9: ~~6°~<-~~4
1t ·-~3~,'.'.."1 -~~s8 

~~ ~ -:~;~ - ~~o
3 ~ 

~,--~~~-~~ --k -~--~~~~~--~-L • ~ 
C2b I 4, 0 1, 1 21, 7 20,25 i D1b : o, 3 8,16 1, 4 10, 7 1 

C 5b I O, 8 1 3, 1 4 1 6, 1 0 ~, 15 ! D2b I O, 2 0, 0 0, 1 7 0, 2 I 
C7b I 7,1 2 19,11 15, 7 4, 4 i D5b 4,12 12,1 2 8, 4 4, 8 

C9b 123,10 6,1 6 14,27 10, 9 I D10b 22, 8 13,5 17, 6 3,20 

C11b 14, 8 6,17 6,15 9, 7 D11b 5, 4 9,18 4, 5 9, 0 

C12b ·H,. 3 4, 4 9,18 9, 8 D13b I o, 0 o, 0 O, 0 

C15b \5,12 5,21 15, 8 30, 1 D14b ! 17,15 3,15 6,12 

o, 4 

8, 7 
i C18b 15, 5 1,15 3,13 10, 4 ! D15b 112,10 12,17 12,13 14, 0 

C21b 25,21 24,14 22,13 14,19 j D16b , 15, 7 0,17 2, 3 4, 3 

C27b 12,11 4,17 9,17 5, ol D19b l 2, 9 6, s 5,16 1, o 
Tot e:. 216 213 259 228' I 147 171 135 104 

~~~~-~~~~.-l~~--- -•~~~-~-~·~~~----'-" 
• Row oriento.tion: "Ee.s t" or "Wost" 
+ "side" or "middle" of' plot . "Sicle" wc.s drying more tho..n 

"Biddle" o.t this time. 



lJJPENDIX VI . ~nt' c1 .) 

(ii) Ryoc or n 

,~~~2/3/68----~~3/ 4/6-;:- - 2~;;/6s~~~,;i 4/ 68- - ·. 

~

; E* ~ d-E + w i E I , "'E i"i ' 
Pl ot s n r.1 s ! Plot s u D s 

I 
~ ~~ ~ ~ ...,._.__.,__._..._ .,~ - a ~~- ~•--"'- &..._....IE....:.a...c;....,l_ .,._, &--"" ~=--i_..__....,._......._.___._ •. _~~ ~-~~ 

A2b )46,19 40,23 21,44 38,22 i B2b ;12*1 2 25,1 8 12,28 12,1 9 · 

1 .A.5'0 I 6,11 28,23 31,35 31,33 : n5b :13,11 24, 25 13, 25 23, 8 . 

i 1'.6b :17,31 17,20 18,43 9, 32 1 B13b l 6,13 12,1 2 14,17 24, 7 
I 

i .A.9b ;27,32 21,25 35,28 36,47 :i314b !27,22 30,32 26,32 50,35 , 

I 1~1ob :27,14 48,25 20,38 2s ,49 :a15b !38, s 14,1 0 22, 48 1s ,1 6 : 

I A11b !22,50 44,4£ 40,38 25,42 :318b i27,20 30,29 9,13 34,20 '. 
I 

.A12b l17,1 6 29,1 9 16,50 38,43 ::323b i22 ,1 9 ~1,22 39,35 28 , 3l~ . 

. il.1 4b ! 20, 20 36,22 2l~, 44 20, 24 B24b !11, 24 18, 19 42 , 19 20,38 
I . 
! .M 8b ;22 ,35 34, 34 27, l~0 27,56 B25b ;16, 9 33, 21 24, 7 28 ,.1 6 , 
: : i : 
i A19b ,29,31 39,4£ 38, 27 33,35 , B27b , 1, 3 o, 3 3,1 0 12,1 0 
J T~t o.1~492 ---·g1~9· - .. -6si- -Gi;s --T-· n ~---l.. 320 1+0s ~. 438 452 ~ 
!.-:::::. - --i----- -- -.=-c-.-- .- ... .._....__,~ _ ......,. _-=-=--- - ~ ___,.. _~~..........,-_;a-.. .... _ ~ _ ........... ~ - ---- ..... ~ -- ·~.,_._--=-=, 

C1 o. ! 3,1 6 16, 9 4,1 2 49,1 9 1 D5c. !20,1 7 17, 23 o, 2 o, O : 

C3c. 27, 25 28s 4l~ 15, 26 14, 15 D7o. 26, 42 25 , 29 9, 29 34,35 

. C4:'.. 7, 3 7, 3 10, 29 26,1 5 DB:: 33,1 9 34, 36 23 ,17 7, 24 ; 
I C6.'.1. 6,1 0 30,13 16, 22 23 ,24 D9:i.. 23, 22 36, 42 3~-,34 31, 23 

I 

C8 ,::,, 12, 9 19, 22 27, 21 28,24 

G10n 30, 8 19,22 17,25 25,38 

C13n 8,15 23,22 17,12 34,25 

G16n 28,14 20,25 20,4, 32,23 

C19o. 23,18 42,32 40,44 55,50 

C22o. 12,11 26,25 24,27 32,29 

D1 2~123,11 29, 42 22 , 38 46 ,54 
! 

D17a. 29,1 0 11, 9 20, 7 23, 36 : 

C1 8a. 22,34 16,11 28,34 27,29 · 
I 
I 

D20o. 13,11 25,10 37,22 19,23 j 

D22~ 32,16 22,16 33,35 40,20 , 

D230.115,18 20,27 22,37 21,31 . 
' -

~~-~~-~~~~~-~ ........... -~...-..~~~--~~~~~ . ......, 
447 451 580 i 

! 
,k 

436 480 473 

* Row oriento.ti on "Enst" or "Wost" 
+ "Side" or "middle" of plot. "Side" ,ms drying 

"midcU e II nt this tire • 

523 I 

norc t han 
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.APPENDIX VII • 

001'.i!NlCt.L 1.1-l"li.LYSES. 

( lb • dry rc1 ~,tt0r / c1,e re o ) 

127 

,~·~ -~ -~: : • 1 st cuti:• I ii. 2nc7. c-u-t>i<-. ~~~ ~~~~~N~e~~~ -~---

i Tre nt- : 1 i % t ot o..l 

~ Lmnt ; .A B, C,D L J. B .~C~~~D~"-f-""~icl cl 

I OOR+ --4 12 . 5 - U • 28 .8 .. . i ~ ---1.5 ~-
4 5:.8 11:- . 4 1.9 ~ 

I 

oa:r 
11R 

11T 

21R 

21T 

41 R 

41 T 

1 2R 

1 2T 

22R 
22T 

42R 

o.o 9.6 
14. 4 ' 12 . 0 

o.o 
14.4 
24.0 

o.o 
1 9. 2 

o.o 

43 .1 

111 .• 1+ 
2. 5 1 . 2 

42T 

1½-R 
13fr 
23½R 
23fr 
43fR 

4.½11' 
1 6R 

16T 

26R 
26T 

46R 

46T 

I 

! 17.3 
: 33 .6 

7.7 

I 9. 6 

o.o 
I 19 . 2 
I 

9.6 
11.5 

I 9.6 

9.6 
28 .8 

o.o 
88.8 

o.o 
78.8 

92.3 

57.6 

28 .8 

12 . 0 

28 .G 

I 120 . 0 

16 .8 

19 . 2 

24 .0 

33 .6 

81.5 

I 
I 

o.o 
53.0 

9.6 
26. 9 
27.4 

I 163 .O 
I l 240 .0 

I 28 .8 
I 
I 77.0 
I 

1 96.0 

408.0 

28 .6 

o.o 
9.6 
o.o 
1 .5 

36 .0 

31 . 2 

9.6 
31 . 2 

o.o 
48 .0 
5.8 

24.0 

14 .5 
45.5 
9.6 

96.0 
28.6 

19 .2 

67.2 
322.2 

l;.08.0 

+ 
See T:--,ble V, p nge 30 f or c ocle . 

o.o 
30. 4 
12 . 0 

14 .4 

4.8 
33 .6 

74.5 
24 . 0 

28 .8 

19 . 2 

86.5 

55 . 2 

62 .5 

33 .6 
52.8 

86.5 

38.4 
293.0 
115.0 

163.0 
216.0 

437.0 

437.0 

12 . 0 

16 . 8 

7.2 
28 .8 

14 .4 

42 .3 
24 .0 

62 .5 

5 . 5 

24 .0 
40 .8 

78 .0 

7.2 
26 .4 

67.0 
55 .0 
26 .4 

62.5 
202.0 

360.0 

1.76.0 
360.0 

505.0 

655.0 

• 1st cut,~ 22,23; 2 nd cut, Mny 28 - June 6. 
1 Block 

1 . 2 

0.3 
2 . 2 

1.5 
6.o 
1.5 
1 . 8 

7.2 
1 r, 

. o 

1.9 
2 . 9 

4.7 
4 .2 

1 . 9 

4 . 2 

I 3.2 

I 

4.5 
3.2 

I 18 .8 

117.0 

; 10.6 

I 16.5 
I 
; 33.0 

41.6 



lff__ENDIX vruc ontk' c1 .J 
Bor~ICAL M.il.LYSES. 

(lb. c1ry I:1 L'.tt er/:10r c ) . 

---~~~~~+~~~~~•~-~~-~- ~ - I 

Tro c.tmont 

L 
I 

i (iii) 

, 00T1 

42T 

16T 

26T 

: 46T 

: 00T 

1 42T 

: 16T 

, 26T 
: 

. 46T 

(iv) 

D L O C K ! ivioc,n [',S 
' I % 
~ - 1~ -]3 ~-~~~ ~ D -, af Yielcl 

-~- -~~-~-~~~---~ -·~· .. -~~·~~~~- +·-
3~cc1 cut, * 1\ugust, 6. ' 

2 .4 o .o 4 .8 o.o 0 

4 . 8 3.6 o .o 14.3 1 

9 . 8 2 -~- 143 .0 11 l~ . o 10 

6.o 35.7 71.4 105 .0 9 

167 . o 112.0 216 . 0 1c3 .o 28 
• ·• •--- - - - ---

4th cut, "' Sei)t cr_.bcr 16 . 

o .o o .o o.o o . o 0 

100 .0 7 .1 4.5 43 .0 7 

90.0 o .o 155 .o 221 .o 18 

38 . 0 172 . 0 95 .0 11 

190.0 114 .0 114.0 193 . 0 28 
.... ~..-......---~_..._~ ....___.,_..........,.__.,._ __ -=------- ·------

1 For key to tre o.tments, To.blG V, p ,:-;, ge 30 . 

128 



11.PPENDIX VIII. 

DRY N.1\TTER . YIELQS • 

( lb • cl.ry mo.tter / acre ) • 

(i) 1st cut (18/4 - 1/5/68). 

129 

-;;cC'..t~ No~~ni trogen* . . ] . - Ni~rogen i l.ie.'.1.n• 
mcnt ~: -A ,~B~~~C~ ~-D- . -----ir--7f~~C-~---,,,D~__,,1 

0001 ,~~8; 1l,.97 -733 - 1}60 iw 1/,.57 916 ~ 1930 r ~·-2-9-6=--

000 ~ 185 1430 1228 997 I 1202 1170 1398 1575 ! 1273 

00R 
1

1134 1497 857 1433 J 1105 1340 920 1373 : 1207 

0OT ' 642 1130 1012 1270 ) 1052 1043 880 2310 I 11 68 

11R 885 568 980 1336 1475 1270 690 1523 1092 

11T 
1

716 815 641+ 1450 1075 875 707 1440 965 

21R i 920 744 1207 808 1025 806 1152 1290 994 
I 

21T 1-106 1333 1234 1570 I 930 1285 1060 2335 ! 1357 

41R r460 957 1011 1240 : 1185 9()8 825 1413 1125 

41T 11-t.6 1217 1052 1620 1 1077 1305 617 1006 1126 
I 

12R 
! 12T 
I 

i 633 862 908 460 ! 1224 1460 685 1505 967 

: 175 1595 1138 1413 j 934 1l,.97 1007 898 1207 

I 22R 
' 

r 2s5 1185 1024 121 o 
1 

680 11 85 1024 1548 
1

1151 

; 22T h016 1080 989 1507 ii 11 23 1115 1034 1360 i 11 53 

j 42R ! 862 1007 990 1308 I 1213 11 90 1152 1763 ! 11 86 

42T ro67 1115 617 2147 ! 1235 1-1 15 1061 1590 11243 

13½R I 815 806 1172 598 
1
1700 806 930 1083 i 1002 

j 13tr ! 832 838 567 1062 : 739 554 708 1430 841 

I 23½R ; 796 990 908 1800 975 998 642 1450 1070 

23tr . 762 884 862 1270 985 1297 535 970 946 
I 

43-½R : 975 753 1020 2695 1 472 797 695 1475 I 1110 

43tr ' 795 763 767 1130 662 708 1224 1360 926 
I 

16R I 617 695 339 547 386 7e 175 1158 584 

1er ! 498 994 209 1460 I 435 925 88 700 664 

26R ! 435 741+ 640 925 I 805 453 1297 836 767 
' i 

26T : 386 453 466 680 ; 443 367 386 787 496 

i 46R 
1 
MD 358 567 1200 I 490 500 355 338 531 I L~T l!-~~~50~8~ 504 635 .l _ 226 372 265 442 405 j 

• sub (split) plot treatment. 
+ mean over subtrcatment & blocks 

1 for key to treo.tr.ients, Table V, page 30. 
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1.PPENDIX VIII (Cont I cl .) 

Pl(Y . ~jUiT.'.Q.".J1]~ LD§ 

(lb. dry liWt tor/o.c:;:o ). 

(ii) 2nd cut ( 28/5 - 6/ 6/68 ). 
.... ......... C-... ,._,. _ _ ..., _. .,._ ........._ -....... ---.. .. .. ~ - • "'-- , _ -~~---~. ........ , 

; Tro~t-t, B C D ' J!(; .'.2.D mont i . I 
I ---~~ . - ~ -- ~-~~L ~ •••1 • 

OOOll• 11070 1025 970 1435 11 25 

000 I 11 33 1025 1020 1165 11 01 

00R i 1050 880 1090 885 976 
! 

0OT : 1217 1265 990 1125 1149 

11R i 975 1250 1215 1200 11 60 

11T ; 11 43 1600 1385 920 i 1262 
! 

745 1405 21R 935 1010 1024 

21T 948 1080 1095 1 i 55 1070 

41R 930 1380 94D 1200 111 3 

411.' 895 1055 1175 870 1006 

12R , 1090 1340 1250 1175 1214 
1 12T 

' 
1090 898 1055 1005 1012 

I 22R 1005 1075 1000 11 45 1056 

22T 1350 1005 
' 

1270 745 1093 
' l+2R : 1090 1150 855 895 998 
I 

. 42r : 11 90 975 995 1040 1050 
I ~ ~ R , 1220 114D 1030 11 30 1132 i 1.T2 

I 1Yz'r 1180 1335 1230 1290 1259 

! 23½R 1150 124D 915 920 I 1056 

2YzT 11167 1050 900 980 1024 

4YzR 
' 

i 815 1320 875 1150 : 1040 
I I 

I 43tr : 1060 1150 1045 1070 1081 
I 
I I 

16R I 1007 1220 895 895 ; 1004-

1,6T j 1136 1095 1190 955 : 1094 

26R 
i 
1080 735 845 915 

I 26T 

1000 

1186 1005 1095 1070 1089 
I 
: 46R 1000 1060 1115 94D ; 1029 

! 46T 1074 1110 985 m 11039 
--~ 

* for k ey t o trent rnents, r efer t o Table 5, po.ge 30. 
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APPENDIX VIII (C 0nt' ::l .) 
(iii) 3rd. cut (6/8y68). 

..... .....--...-...-...- ..-:c ---~~-______ ,. _ .... _.,,,_ 

I T1°0[',t- : ' I 
~ B C D f1ec.n j , r,ient ~, 

I 

looo1 
I --- ·- -,~-- ~ .· 
. 960 680 490 420 638 

I 
1 OOT : 800 465 545 625 I 609 I 
I 

~2T ' 475 440 615 570 ' 525 
' 

16T 960 450 765 515 673 

1 26T 815 510 650 500 619 
I 

61 3 : 46T 820 490 830 51 0 

( iv ) 4t h cut (1 6/9/68 ). 

e~r--;-L;-~·-;· . D -~lfo:1 
011:~~-•~ V • · - • • • • • • - ~- ~ ~--- - .-~~/ . I • 

ooo : 270 670 440 525 . ~-76 I 
OOT i 605 345 708 360 505 ! 

4.2T I 570 420 7l,JJ 560 558 
16T ' 330 31 0 887 790 579 ' 

' 
26T i 600 585 720 780 671 

46T 470 340 650 71 0 ! 543 
~~~-•-- ,-~~ -•~ ••~-~- L-~~-~~~--•~•~-~-

1 fo1~ key tc tro ~:tconts, T<'cblc v, 30 . p ~~go 



.APPENDIX IX . 

PRESSURE VESSEL TESTS, 
- - - -=..-..-·~ · ~~--

Ti nes of succGssive p i nts fron nc-zzlos - 25-26 p . s . i. 

(i) Wi th out pl'."'.stic b [',G • 

•:<2 : 21 . 8+ 
2 : 22 . 4 
2 : 21 • 9 
2 : 22 . 3 

lfonc..rc h 6 .4 EC nozzle . 

,:, :.Iinute s 
+ Sec 0nc.s 

( i i ) With phstic b nr:;s . Sn,uc n ozzle . 

~~t -T-- Run __ ~·._ ----=R~ -~---~- i~? _ c __ _J ~~ecn -~, 

I 
1 2:22 .• 4 2:21 .o 2:22 . 3 l 2:21 .si 1 

i 
I 2 2 : 19,0 2 ; 22 . 0 2 : 21 , 0 2:20 , 7 
I 
I 3 2:22 . 0 2 :22 ,4 2 : 23 , 0 2 ; 22 , 5 

4 

5 

6 

7 

2: 21 .6 

2 : 23 . L~ 

2 : 22 . 5 

2 : 2l;. . 4 

2 : c2 . 4 

2 : 21 .1 

2 : 23 . 0 

2 : 22 . 6 

2 : 21 .4 

2:24.0 

2 : 22.8 

2 : 25 .0 

2 :2·1. 7 

2 :22 .0 

2 :22 .8 

2 : 21, . • o 

L.S .1, of i,e:~n : 5% lcv0l 0 : 01.8 ; 11/6 kvul 0 : 02 . 5 

( iii ) With pl n.stic b ,g :.n:7. Spr c-.ying Sys t ens ¼Y 1 . 5 nozzle . 

1 8:7.6 
2 8 : 13 . 5 

3 8: 6 .1 

4 8: 1 2 . 0 

5 8:8 .5 

6 8 :1 3 . 9 

7 8 : 9 . 0 

132 
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liPPENDIX X. 

SPPJ,Y DISTRIBUTICN ANLLYSIS DJ\TI . 
• -· •· ·_..._ .... .__,. . "---•·- ,._ ""--..-.--c.~.__._, ....,.,...__.,. .....__.._ ~ 

(i) Spr ~yi ng on to Blotter Sur f ace. 

Bw.c1 Trial 
wic1.th '~½ri es 

·1 in. 

2 i n. 

3½ in. 

4 in. 
(Fa.11 
Nozzle ) 

A 

J3 

L 

)3 

D 

A 

B 

B 

B 

B 

',\ 
_r.J 

B 

B 

E 

D 

D 

D 

D 

D 

D 

D 

D 

D 

A 

B 

L 

Run crn0. 
Sequence 

1b 

2a. 

2b 

1b 

2o. 

2b 

1n 

1b 

2c. 

2b 

1 ,'.], 

1b 

1c 

2a. 

2b 

2c 

3b 

3c 

1b 

2c 

2b 

1 2 3 

29~' 28 25 

15 16 -1 6 

15 1L~ 15 

27 23 23 

21 19 12 

4 5 

25 27 

15 15 

16 . 2 16 

34 130 

3l~ 120 

27 23 

6 

26 

7 

24 

15.5 18 

16 . 5 19 

215 150 

217 155 

21+ 25 

20 19.5 17 24 
15.6 15 

18 14 13 .5 18 11 14 16 .5 

29 28.5 17.5 18 16.5 15.5 16 

33 25.5 15 15.5 15 15 15 

8 

27 

37 
1+3 

l:-7 

26 

13 
1 I+ 

18 

14 

30 
16 

88 

66 

15 
18 

16 

9 

25 

190 

18 

18 

26 

1G 
20 

2~ 
I 

25 
29 

88 

66 
88 

66 

88 

132 

13 
18 

15 

1Lf-

14 

10 

14 

18 

26 

49 
60 

56 

78 

31 
20 

18 

32 

BB 

1i77 
88 

88 

88 

177 

13 
22 

20 

18 

15 

11 

36 
520 

530 

24 
187 
250 

225 
277 

110 

88 

269 

137 

177 

38 

155 

20 

52 

46 
4(, 

40 

12 

75 

12l:-

16E 

30 

330 

395 

350 

370 

90 

80 

58 
38 

269 

315 

655 

757 
458 

177 
200 

132 

269 

60 

306 

237 
190 

140 

Stl'ip Ne . 
'i3 1lf- 15 17 18 

80 

38 

ltl:-

32 

355 
340 
407 

370 

180 

330 

160 

150 

458 
506 

386 
2600 

3 010 

655 

655 
4-58 
605 

170 

3Li-8 

345 

315 

328 

110 

n 
20 

70 

315 

340 

372 

355 

310 
380 
220 

230 
2220 

1360 

2290 

6780 

4MD 
2·i 50 

31 90 
2080 

2370 

252 

31 0 

350 

263 

245 

90 

17 

16 

3~-7 

355 
400 

l+OO 

450 

415 
410 

365 

36 

15 

15 

255 

345 

31-:-7 

420 

505 
400 

425 
460 

305 

192 

152 

224 

152 

450 

350 
350 

350 

25 

210 

56 
16 

78 
~.6 

375 
325 
405 

395 
3980 6020 11 550 10969 

2680 8240 9210 10000 

5230 10000 10000 7700 
824.0 9210 82l;D 6990 

9210 821;.0 9210 6580 

5850 8360 1-1550 921 O 

5380 G2L!D 101~57 8540 
4560 8860 8540 6200 

4950 9590 ·\ 1550 9590 

282 3L:fJ 

360 426 

370 425 
285 290 

275 310 

3B0 
i,-37 

390 

275 

303 

335 
396 

365 

260 

305 

19 

25 

21 5 

20 

35 
23 
16 

3.55 
320 
360 
360 

6990 
6990 
7700 

7450 

7450 

7450 
7700 
5690 
7700 

300 

330 

355 
258 

325 

20 

23 

290 

18 

14 

425 
320 

335 
350 

8540 

7450 
7830 

7960 
7100 

7700 

6580 

5690 
6380 

300 

402 

"547 
265 

265 

21 

24 

210 

22 

24 

160 

lr-85 

23 

23 

38 

535 
325 330 285 
365 400 41-iI) 

315 415 li1+5 
8860 8540 11550 

8240 10969 10457 
7700 4200 6990 
7700 10000 10000 

7700 1 04 57 10000 

7210 7700 9210 

7210 6780 7450 

6020 6580 7450 
6990 5690 5690 

24 

22 

28 

505 
215 
420 

435 

10457 

921i0 

3100 

5850 

74-50 
8540 
8860 

9590 

7210 

285 

348 

315 
278 

285 

290 
402 

390 

310 

310 

300 290 

~-74 l#i­

¼D 375 
330 293 

:340 335 

25 

23 

365 
110 

195 
165 

4950 
1+690 

1940 

3570 
4560 
8240 

8540 

9590 

7960 

310 
333 

267 

278 

325 

26 

23 

25 

187 

85 

260 

2440 
2080 
862 

1490 

916 

5690 
921 0 

9590 

7L:-50 

258 

351+ 

345 
235 

275 

27 

130 

39 
136 
i 20 

1020 

862 

434 
386 
315 

2220 

6380 

5690 
5090 

218 

363 

352 
240 

280 

28 

29 

BG 

21+ 
50 

51+ 

434 
386 
177 
292 

223 
706 

2920 

2840 

1080 

248 

306 
220 

-170 

21 5 

29 

22 

42 
·n 
27 

33 
315 
155 
177 

88 

132 

315 

916 

969 
809 

136 

99 
108 

77 
94 

30 

20 

27 

15 

24 

32 
312 

132 

88 

132 

110 

177 
434 

386 

292 

so 
.50 

31 

37 
36 

31 

26 

23 

16 

18 

23 

312 

132 

88 

132 

~ 

200 

132 

251 

31 

19. 

16 

19 

32 

21 

21 

14 

17 

17 

132 

88 

177 

155 
88 

22 

27 

17 

15 

15 

33 

19 

26 

15 

110 

110 

88 

315 

20 

26 

16 

34 

22 

23 

14 

88 

88 

269 

18 

'4 
16 

35 

21 

35 
11 

132 

16 

28 

16 

22 

40 
10 

88 

14-
23 

21+ 

37 

23 

9 

14 
22 

38 

21 

15 
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.APPENDIX X. 

SPHl1Y DISTRIDUTICN l~P.LYSIS DATA ~----- -~---=:...& .-.-=.... ..... ~-----.......__-.....__._ .... ....______.a_~ 

(ii) Sprc.yin0 on t o P .:csturo Sur:f':ccc , ColloctinG :Gaunce 
cutsiu.o the :i3r..n-,1 WBth Strip on Blotting P ::per (Tri ,:,,.l D) 

Run Si tlo Sequence Strip Ne . (¾ in . increDents f'r-or.i b c..ncl edge ) 
1 2 3 l~ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

4 Right n 1490 655 434 458 410 434 386 292 292 269 246 223 200 200 223 177 177 155 155 
b 1550 706 506 315 482 :+5C 458 434 434 386 386 269 269 269 246 246 223 200 223 
C 1550 969 757 431~ 555 555 434 410 269 223 223 177 155 132 132 132 132 132 555 

Left ,.., 20000 10457 5808 3190 2220 1020 757 431~ 630 315 492 809 434 269 315 223 200 223 ,. 

b 15224 8540 3670 2970 2920 555 783 605 506 434 434 264 386 177 132 223 223 177 177 
C 101~57 9210 3980 3230 1550 1190 1020 706 757 458 386 269 269 269 458 2~.6 269 292 315 

5 Ri ght C':. 31+-7 337 143 862 809 506 410 434 339 386 41 0 41+-6 315 269 292 177 110 132 132 
b 319 155 862 458 531 434 41+-6 339 :315 315 223 269 269 200 223 177 132 110 155 
C 620 276 969 482 386 531 l+-34 434 3;5 315 410 269 292 200 155 155 132 11 0 110 

Left D., 5690 4.200 .¼io 1370 1550 835 835 731 757 506 458 315 269 200 223 200 155 11 0 132 
b 8060 5090 2920 655 915 458 434 434 506 246 315 292 292 223 177 132 132 132 200 
C 10705 5380 3720 121 0 1190 506 458 482 ,580 269 269 223 269 223 246 177 177 155 155 

6 Ri ght a 3670 11Li-0 706 458 410 269 269 177 177 223 177 200 155 223 177 177 132 155 
b 2150 969 809 757 434 292 246 223 223 177 132 132 88 88 88 1 ,·,, 

l_j1 _; C:0 110 

C 2760 1370 1080 706 506 386 223 246 200 177 110 132 110 132 88 80 88 H,0 

Lef't n. 10457 6990 3280 2290 12,50 757 450 434 352 269 200 223 2!3 177 177 177 132 88 88 
b 851+{) 2370 1770 1490 555 506 458 434 315 431+ 386 315 315 155 223 155 155 132 110 
C 5530 2010 21,50 1310 1280 482 41~ 453 315 292 315 177 155 110 132 177 132 132 132 
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12PENDIX XL ~-- -~-. 

LOG-. 'ERl,NSI'OPJ'LWIC'N 0:5' SPP.. ... W 
filSJ~IJ.IBUTIO>: i,Ni,LYSIS DfiTl:. 

(i) Ind i vic.u0,l Results (T:ci c.l D). 

Strip No . (1 · 4 i n . i n c;.~o::mnts froE"i b rmD ed ge ) 
Run Sic1..o Sequonce 1 2 3 L'r 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

4 Right 0, 3173 2816 2638 2661 2613 2638 2587 2465 2435 2430 2391 2348 2301 2301 2348 224B 224£ 2190 
b 3190 284-9 2904 2493 2683 2661 2661 2638 2638 2587 2587 2430 2lfj0 ·430 2391 2391 234£ 2301 

C 3190 2986 2879 2638 2741+ 271,l'r 2638 2613 2430 2348 2343 2248 2190 2121 2121 2121 2121 2121 

Loft " ,, 4301 4019 3767 350~- 3346 3009 2879 263G 2799 2498 2692 2908 2638 2430 2493 2348 2301 2343 

b 4182 3932 3565 3473 3465 27¥:- 2894 2782 2704 2638 2638 2422 2587 2248 2121 2348 2348 2248 

C 4019 3964 3600 3516 3190 3076 3009 2849 2879 2661 2587 2430 2430 2430 2661 2661 2430 2465 

5 Rig.ht Q, 351-+D 3528 3155 2536 29o6 2704 2613 263G 2530 2587 2613 2649 ~98 2430 2465 2243 2041 2121 

b 3504 3190 2936 2661 2725 2638 2649 2530 2493 2j+98 2343 2430 2430 2301 2348 2248 2121 2041 

C 3792 341+1 2986 2603 2587 2725 2638 2638 2498 2498 2613 2430 2465 2301 2190 2190 2121 2041 

Lett " 3755 3623 3559 3138 3190 2922 2922 ~86ii 2079 2704 2661 21+98 243b 2301 2~48 2301 ~190 2041 " 

b 3947 3707 3465 2816 2961 2661 2638 2638 2704 2391 2498 21+£5 2465 2348 221+[3 2121 2121 2121 

C 4029 3731 3571 3083 3076 2704 2661 2fu;~ 2763 2430 2430 2348 2430 2348 2391 2248 2248 2190 

6 Right c., 3564 3057 2849 2661 2613 2430 2430 22.48 2248 2348 221+8 2301 2190 2,348 2248 2121 2121 2190 
b 3332 2986 2908 2879 2638 2465 2391 2348 2348 22.48 2121 2121 1945 1945 1945 1820 1945 :.041 
C 3441 3138 3033 2849 2704. 2587 2348 2391 2301" 2?,li4 20:.:-~ 2121 2€4-~ 212~ 'f945 1945 1945 2041 

Lef't Q. 4019 38¼ 3516 3360 3097 2879 2661 2638 2547 2430 2301 2348 2.348 2248 2248 2248 2121 1945 
b 3932 3528 3248 3155 2741+ 2904 2661 2638 2498 2638 2587 2498 21+98 2190 2348 21 90 2190 2121 
C 3743 3303 ,3332 3117 3107 2683 2649 2661 2493 2465 2498 2248 2190 2041 2121 2248 2121 2121 

(ii) Moons ~nd Confiuenoo Lovels 

1 2 3 4 5 6 7 8 9 10 11 12 1.3 14 15 16 17 18 
+ 1% Confidonce Level 3988 3710 3502 3264 3196 3017 2948 2891 2853 2765 2741 2687 2646 2556 2562 2510 2456 2434 
+~ Tl " 3910 3632 34-24 3186 311 8 2939 2870 2813 2775 2687 2663 2609 2568 2478 2484 2432 2378 2356 

Mec.n 3703 3425 3217 2979 2911 2732 2663 26C6 2568 2480 21+56 2402 2361 2271 2277 2225 2171 2149 
- 1% Confidence ~el 3496 3218 3010 2772 2704 2525 21+56 2399 2361 2273 2249 2195 2154 2064 2070 2018 1964 1942 
- ~ " " 3418 3040 2932 2694 2626 241+7 2.37G 232~ 2?)33 2195 217i 21t7 207(;> 1'986 1992 1~ 1086 1864 
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