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A STULY OF Thi SUSCERTIBILITY TO DalLArCl OF HOUR COMMON FASTURE SriCIES

Helle Lawson,
pohls Table II. The first F ratio is <

Pelt6 Line 2, This sentence implies that randomization overcame
the effectis of decreased plot area.

p.U49 Line 24. In cases where bulked treatment yields were used to
give common dry matter percentages, analyses should
be ong Greenweight if this applied to all treatments,.
It is assumed that this happened only on odd
cccasions for a single treatment,

In some of the tables of means (e.ge. Table XVI p 77) d.05, d.o0l,
deooi are given where the analyses show no significant differences
between the treatments, Where the treatments range from 31 to

L4 with SEs + 6.2 there is no point in putting in the 3"d"values,

P80 The test "High v Low" has not been carried out on Totals,
and may give the same resilt as that for Live Herbage. It
is not necessary tc have a significant F for the overall

treatment comparison before carrying oub such a teste.

Appendix IIIb. Mispring in "O v Rest" line of Table.
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EXPERIMEHETSIL S T EMaRTY,

The tolerance of four pasture species te treaitment with
dalapon in autumn was studied on single species swards. Perennial
ryegrass vas found te be the most telerant speciss et 211 retes of
application, followed in order of susceptibility by white eclover,
cocksfoot and browntop.

2 1b. per acre caused moderate damage {o perennial ryegrass
and severs damage to white clover and cocksfoot during winter.
Considerable mortality resulted with brewntoep, but all species recoverad
vigoreusly in esrly spring.

4 1b. per acre completely killed all browntop and left enly
a few survivers sf cocksafoet. Perenniasl ryegrass and white clover were
severely damaced and many plants failed to recover. Hegrowth from
surviving plants was less vigorous than a2t 2 lb. per scre.

6 and & ib. per acre gave esgually efficient reasulis with
all species. Unly & few isclated planits of perennisl ryeprass and white
clover survived treatmeni. The centinoued inhibition of srewth of
surviving while clever planis was observed.

Environmental and sward facters influencing the resultis
are discussed. Frost domapge was found to be of considerable

importance in the recovery of itrssied plants,
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CEAPTEER Is

Gonernl Introduction.

Une of the more inportsnt developmenis of recest years in
Hew Zealsnd agriculture has been the introduction of herbicides

seloctive apeinet gress species. UOrigisnally intendsd for the contrel of

grass weeds in arable crops these herbicides have proved capable of

being utilized in meny other aspects of farming practice, the meost

speetacuiar of which is *@é%ﬁgﬁgi ploughing®. This popular neme has

been coined to describe the process whereby pestures

with the sid of herb zgiéﬁg on laznd which cannot
cultivated by conventional means. Extension of this technique to

only accessi ible to the sereplang is being investigated by

pore (1938) and the preliminary reports suggest that ‘chemical

2

ploughing’ may be a useful aid to aesrial top-dressing

Byvery nev develomsent,

, . o+
blend =ith B reviasce existing praci

properiies of

under a

the hubbicides snd the faclors affecting thelir e

wide range of field conditions iz esmssntisl.
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CHAPTER II

REVIEVW OF LITERATURE

This vevisw will be presented in three ssetions as

folliows:
PART 1 bspects of the utilization of dalapon in
Hew Zealand.
PART 11 Aspects of plant and species susceptibility teo
dalapen,
PART 111 The folerance of ¥How Zealand pasture spescies te
dalapon,

4 list of common noames and chemical abbreviastions of harbicides

mentioned in the review of literature is presented in 4Appendix I.



PART 1

Comparisons of chemical and conventiopal metheds of pasture
replacement and pasiure lmprovesent in ferss of economiecs or efficisncy
do not come within the scope of this thesis. Extensive itriasls by the
Hew Yesland Deparitment of Agriculiure have demonsirated that, sithough

the technicues involved are still largely in the eyperimental stage,
chenical methods of pasture replacesmsnt and pasture improvesnsnt can be
succeasfully used in thiz couniry.

The purpose of this section of the review iz io discuss the wide
range of field conditions under which the chemical may be reguired tso
fonction efficienily,

4. Pasture Heplacement

i} fBeplacement with a2 new pasture.

This involves the complete killing of the existing sward
followed by the oversowing into the decaying twrf of a new pasture
mizture. For this purpeses, dalapon may be used slone or in conjunction
with other chemicals, depending on the betanical composition of the
sward.

fne of the move imporiant sreblems is is decide the time of
year at which sprayving and sowing will be meost sucesssful. In the
forth Island {(Blackmore and Matthews, 1958} good results were obtained
from both autumn and spring sowing, whiles in %%é Sputh Isiavd early
avtuen and late winter sowing have shown most promise. Huch depends
en the leecal variations in climate from one area te another,

Blackmore (1958) pointed out that if pasture was sprayed after
autumn recovery in districts where February and Hereh are dry months,
iittle time was left for sown species to establish before winitar.

Spraying before the autumn raine gave a very poor grass kill and
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regulted in a thick braird of volunteer weed seedlings as scen an the
raing coms,

Trials by Blackmore and by Thompson (1858, 1959) showed that
the susceptibility of = sward to chemical treatment varies considerably
at different times of the year. The gward was leasti resistant if sprayed
in early summer or in late autumn - early winter. Results in early spring
were variable., To combine the best resultis of spraying and sowing,
Blackmore {1958) advocated spraying in mid-autumn or early winter and
delaying sowing until eariy sprivg. It iz noi ceonsidered advisable to
have a long interval betwsen spreving and sowing because of wesd
colonisation (Maclean, 1856),

Aspect can be a complicating factor in hill country.

Blacimore (1958) suggested that the differences between sunny and shady
faces were probably as great as the average differences in climate
between one distriet and another. He found that chemical controel might
be a complete success on a susny face, while on the corresponding shady
face it was a comparative failure, To add to this difference, ssediing
establishment on shady faces following autumn spraying and sowing was
not particularly geod in many of the trials carried out.

The condition of the sward at the time of sprayisng snd sowing
is another important factor. Excessive folisge in & sward may prevent
broadesst seeds. especislly grass seeds from reaching the s0il and nay
cause smothering of those which do germinate. Blackmore and Matthews (1938)
also reported that the slug damage to new seedlings was mere severe where
the sprayed feoliage had been rank. On the other hand, they found that
the resulte of oversowing on to bare ground were peor. & moderate amount
of foliage was reguired to protect seedlings from wind, drought and

exposure, especially on hill land. Thompson (195%) found that early
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spring applications of dalapon were more severe on bare er short pasture
than on medius length pasiures. e sugpesied that a subsisntial part of
the effect was caused by root absorption. However, where oversowing
folliows soon after spraying, it is éagiéa%§§ that as puch of the
herbicide be interwepted by the foliage as possible te reduce the chances
ef havrmial residual effect in the soil en ssedlings. Blachwore {18358)
recommended that pastures should be grazsed herd by sheep or cattle feo
allow the recevery of a short even ceover for spraying. One to twe inches
ef recoevery growth in the case of 2 browntoy dominent sward should provide
sueitable conditiens for sprayving end ensure profeciion withouil smelthering
sf the ssedlinzs.

Blackmere (1957) at first considered that rain soon after
applicatisn reduced the effeciiveness of the chemical. However, it @ag
observed in subsequent trials (Blackmore, 1958} that moderate amounts of
rain shortly after sprayisngz did noi adverssly affect the degree of sward
killing. This was taken to indiecate that rooi absorption contributed
substantially to the resulis ebiained. If oversowisng is tv follow scon
after spraying, actien of dalapon through rost absorption from the ssil
is net desirable, since the residual effects of the chemical in the soil
ean at times take a heavy toll of seediings.

Ideally. to achieve a satisfectory killing of the awerd with
a minimos amount of damage to seedlings, there sghould be & short esven
sward to intercept the spray, Tipe weather lmmedistely afier spraying teo
facilitate leaf absorption and fairly wet weasther subseguently, to flush
%ﬁ? remaining chewieal from the surface layers of the saili.

The rate of é&}&?ﬁ% to be used depends on the seasmon, ih
botanical compesition of the sward and vhether or not another chemical
is included in the spray. Sinee a hiph degres of moritality is essential,

the rates at present recommended are sufficiently high to allew & ressonable
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margin of safety under most field conditions. Blackmore (1957} gave
as a general recommendation for browntop dominant swards a rate ef net
isss than 5 1b per zove of dalapen, with the addition ef %ﬁ% i per
acre of amitrel where flsiweeds sre present. Yhers grase speciesn such

as paspalus {Paspalum dilatatum) are present, higher rates of chemical

may be reguired,

{ii) Bewplacement with a erops

Zhen 2 crop iz %o be smewn direetly on to g chenically trested
sward, the procsdure is essentially the same ns that for a new pasture,
except that extrs cers must be taken to ensure the complete death of
the ¢ld sward, The recovery of & asmall fraction of the gpraved sward
would not prevent the establishement of 2 nevy pasture but would bs an
embarrassment in a crop. Numerous trials {(Blachkmore and Matithews, 1858;
Dawes, 1958) have been reported in which cropping failed because of the
recovery and subssguent cempetition of spscies such as pereannisl

ryegrass (Lolium peremne) and cocksfoot {(Daciylis glomerata) which were

only minor constituents of the eoriginal sward. 4 rate of 10 1b per acre
of dalapon and 2 1b per acre of amitrel weas recommended for safety. The
denirability of sowing the erop &8s sosn as possible after spreyving iz order
to avoid weed competition was demonstrated. Most of the trials invelved

gpring-scwn crops wshich necessitated spraving at a time of year when the

results of chemical treatment were very variable.
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By - Pasgture ITsnrovenenis

(i)} Control of grass in lucerne stands.

Imcerne is not completely immune to the effects of dalapen.
Trials at Invermay by Meeklah (1958} indicated that the mest suitable
time for the conirsl of grass species in g lucerne stand was at the
onszet of spring growth,. 4ithoush inidipl suppressicen of ithe Iuncerns
was savere at this time, recevery was very rapid. Plants sprayed esriier
wvhen the lucerne was in a dormanit condition, did net recover fully that
vyear. It was suggested that the incrsased lucerpe demage fron wintew
treatment was the result of the slow decompesition of dalapon in cold
z2o0lilps This exposed the plant rootsg to the chemical fer a longer period
of time., Treatment at times of the year other than early spring tended

te incresase weed infeststion because of sloew lucerns recovery. 1t was

neted that grass wefdseonirsl as a result of winter %??iﬁ%&%%ﬂﬁ'@ﬁ
dalapon was extremely good. Meekiah recommended rates of up to 10 1b
per acre of dalapon, to be applied in late August or early SBeptember,
for the eoptimunm contrsel of weeds under conditions which would cause the

minimus dosage to lucorne.

(ii) Barley Grass control..

Barley grass (Hordeunm murinum)} is a troublesome weed which

cnuses considerable demage to sheep pelis and lsub cavrcesess Because
it is an annual, it must be sprayed in the seedling or ecarly vegetative
stage for effsciive controls This necessitates spraying either in early
spring or in autumn after the rain has germinated the bulk of the barley
grasg seed in the seil.

- Merry (10658} foumd that chemical treatment wes less effective
when the young barley grase seedlings were sheliered from the spray
by a canopy of taller grasses, bul resulis were best which were obtained

on a short, evenly grazed pasture. Although sutumn spraying gave very



good controel of bariey grass, the pasture specles were zlso exlremely
susceptible a8t thisg {time and considerable damage io the swsvrd resulted.
Herry preferved to avoid pasture demage by spraying is sprisg at a tise
when pasture species are not as vulnerable {to dalapon. Ideally,
spravivg should be cerried cut at g fime of year when the spesific
diffsrences in tolevence betwsen the barley grass and the pasiure
gpecies asre at & maxiswve. Hovmally, spreying should be followed by
avergowing with desivrable species to prevent further infesiation by
bariey grass or other weeds. 1-2 1b per acre of dalapon iz the
generally recommended rate for applicatieon in early spring.

{iii) Pasture rencvation.

This teram is used to deseribe the conceptl, introduced by
Blackmore (1838}, of pericdieally purging pastures to arvest
deterioration by the removal of undesirable species and te allow the
introduction of high preducing species in thelr place, He found that

spacies such as browntop {ég%%gﬁis tenuis) and annual meadow grass

{Poa annua} could be selectively removed from a sward at rates of
herbicide which caused lititle or no chesk to perennial rye grass,

cocksfoot or white clover {Trifelium repens)s The sward could then be

everdrilled or broadecast with desirable pasture species. Trials have
given variable resulis due to insufficient knowledge of the seasonal

differences in tolsrance belwesn grass spsoeies.
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PART 11

Uverseas work with dalepon hes been mainly concerned with the
removal or contrsl of grass wesds in srable erops. ISmericsr vorkers in
particular, have carried out detailed investigations ¢n rhizomatous and

steloniferous grass species such as gquackprass §§§F$; ron repens),

Johnason grass (Serghum halepense) and Bermuda grass (Cyncdon daetylen).

Atitention has alse been pald to the action of dalapon on susceptible
erops including maize, cotion, serghus and beans., Huoeh of ihis work has
been of & fondomental nalure and has therefore a direct bearing on the
use of the chemiecsl on Hew Zealand pasture species. In this section,
present kmowledpe on the pdvement of dalapon from the sutside of the
plant to the site of inhibitive action insids the plant, and the variscus
envirenmental and other faciors which con wmedify the efficiency of
dalapon, are reviewed.

Ay Bvray Hetention.

If the entry of a pariicular herbicide is mainly via the
foliape, then the absclule amount retained by the folispe is of prime
importance. Spray retention is dependent on plant characteristics such
as growth habit, leaf morpholopy and stase of growih, and on spray
properties such as droplet size, surface tensioen and spray volusm
Blackman et al. (1838) studied the interaction of these factiors on spray

retention and selecitive tozicity. They found the gresitest difference

in spray retenitlicen betwesn twe species i occcuy en the szypray econsisted

of large droplets with a high surfsce tension, and the leafl surfaces of

one species repelled the dropleds while those of the other did noi.
Their conclusion was thal the optimum smelectivitiy in 2 mixed populatien
would be obtained if the lethal guvenitity of herbicide for the unwanied

speciss was spplisd under conditiens in which the specifiec differences in

spray retention were at & mazinmus.



Yetiing agents reduse specific differences by lowering the

surfece tensicen of the spray drepletis, thus incressing spray retentis
on normally repellent leaves. Dow Chemical Company {(1953) reporied that
the addition of & watiing asent iv dalapen solutions ineressed the
toxieity of the chemical. They considered that inadeguate wetiing
ahility of dilute scliutiocns of dalapon may affect herbicidal efficieney.
Yhen dalapon is used to give a genersl kill eof herbape, the
ineorvoration of & weiting agent is recewmended.  Hosever, vhere ithe
seiective preperties of the chemical are te be utilized, as for exzample,
in the remeval of undesivable species from & pasture. it may be advisable
‘o omit the weitiing agent in order to obisin smevisws speciss selectiviiy.
#e informstion regerding the effect of varyving the spray voluse

an the toxicity of dalapon is sveilable.
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B, Polisr pepetration and sbsorpiion.

(i) Bate and duration of venetration snd sbzerptione

The pensivraiion and absorpiion eof herbiecides ints plant
folisre has been siudiesd by a varieiy of ftechnicwves. Home of thess is
considered completely reliable and caution is needed in the interpretation
of results (Yoodford et al., 1838). Reporis of work with dalapon, using
different technigues are, bhowever, in falrly gooed agresement.

Hauser and Thompson (1858) feund the greatest relative absorption
of delapon by Jelmson grass o secunr within the first 60 misutes after
treatment. Laning (19358) estimated that as much géﬁ « fabeiled dalapon
was sheorbed by maize plants within ftwe hours ss within seven davs of
application. Feliar uptake of dalapon was sbserved by Curvisr snd

59} within 5 minutes of application t¢ quackgrass and a

42&'3&

ybing (1

g

lethal gquantity had entered within 30 minutes. Crafts and Foy (195¢)
noted the abserpitisn of z small smount of the chenmiesl 15-30 geconds
after application to maize.

Although sheorptioen ef the herbicside takes plece very rapidly
following arplicetlien, ithere ave indicsiions that the srocess sey
continue for several days. Standifer and Ennis (1956} found that
abs sorption of dalapon by maize planis was 2111l eeccurring 48 hours after

treatment, Other workers have observed absorpiion up to twoe weeks after
treatment. {(Crafts and Foy, 16583 Hauser and Thompson, 1988).

{ii) Variations due to plant faclors.

There is considerable controversy as to whether the path of

entry of herbicides inte the les? is via the enticle, the ztonats

both. {(¥Yoodford et al.,; 18883 Currier and » 59 Uvbing and
Currier (1839) found that agueous sclutions of herbicides eontaining
surface scitive agents could pesetrate rapidly through open stomata.

hen stomata were closed or when ne surface active spgeni was added,
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ahacrption was much slower and ocewrred mainly through the cutiele,

If penstration iz vis the eunticle, the struciture 2f the euitiele is of
importance in determining the rate of entry. Similar resulis with

1§$ ~ labelled dalapon were reported by Crafts and Fey (1659). g%gié
esniry aliss teck place through ecut velns of lesves. These werkers found
that dalapon was equally readily absorbed by telerent and susceptible
species and concluded that absorptien was not a major factor in
determining spscies selectivity to the chemical.

($ii) Variations due to environmental factors,

Warz temperatures, adeguate light and velatively high
homidity will promote the pemetration of herbicides by encouraging
stomatal opening. Uind and hich femperatures combiped with lew
humidityy by sssisting %&@fgagié %?ﬁ?@?ﬁ%i&ﬁ of spray droplete will
depress absorption {Currier and Dybing, 1959). BRain, if it oceurs soon
after application, can wash spray deposits off the leaf, thus reducing
foliny penetraticn. *

Hauser and Thompson {i%%%} found no significant difference in
abmorpiion betvween Johnson grass planis sprayed with dalapen at aip
temperatures of 60°F and 78°F, There is an indication that at higher
temporatures absorptien may be reduced by scorech éﬁ%%gé to the
leaves (Seuthwick, 1985).

Btandifer and Ennis (1936) exposed corn plants to dalapen
goaiution for wvarviog lengths of times 2l relative humidities of 20 per
eent and 88 per cent. ¥ith the fermer, only plants szposed for more
than 24 hours were severely damaged, while with the lstter, exposure
f%; only 6 hours caused ss much dsmage as exposure for any longer p@?i@é.

Exposure of plants to & perisd of derkness before spraying
with dalapon apparently had peo adverse effect on absorption {Crafts and

Foy, 1959; Hauser and Thompson, 1858).
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{iv) 9¥oristions due to svray factorse

Investigations %é%%y%&ﬁy derivatives of 2,2-diichleroprepienic
acid have reveaisd none %é%%ygyaﬁiég éi@iagéggi sotivity than the
sedivs galt. This salt is readily soluble in water, and @%@%é?@igz
falzpon iz distributed for application in %g&%é%gkgﬁé ien (Dow Chemical
Company, 1953}, Crafts and Foy (195%) considered that the formulation
of dalzpon iﬁfi%@%@%é penetration, but geve ne deitails.

Currier and Dybing (1959) reported that the pH of the spray
éeé%%é&&% affects cuticulay peneiraiion of 2 number of herbicides. 4n
increase in pll from 4.0 to 6.5 fto 9.0 moaviedly decressed the absorpiicn
of dalapon selutiorn by éééﬁgéﬁ grass {%&ﬁ%&f and Thompson, 1958).

The purpese and mode of sctien of verdous additives to spray
éézk tions hes been reviewed by Currier and Dybing (1858). Some

confusion exists as to the difference belween a wetting agent and o

surface active agent (sometimes termed surfaetant).
assists the toxicity of the chemiecal by reducing the surface tension of
%‘@ spray droplet, thereby inersasing spray retention by the foliage.
£ surface aciive sgent appesrs to incrsase herbicidal efficiency nainly
by assisting the setual penedfration of the spray scliutisn.
The two terms are interchanged guite often in the literature

and pavt of the confusiecn avises beesuse soeme additives appavrently act

both as weiting asgpente and as surfsce zetive agenis. There is ne

ente per se affect pensiration and absorpiion,

gvidence that wetiing
Dybing and Currier {(1858) investigated the effects of the

addition of surface active agents tc herbicides., They were found to

enhance cuticular pensiration and were appavently necessary for the

stomets,s, Similasy resulis with

penetration of herbi
dalapon are reported by Crafis and Foy (1958).
High rates of dalapon have been observed to decrease abserption

and translecation by scorching the leaf tissue (Scuthwick, 18553 Hauser




and Thompson, 1959}, whereas repeated applications of smaller guantities
gave beiter resulis with very 1litile scorching. ?&i@ygﬁigﬁ iz of
particular impsriance where rhizoematous or stelonifercus species arve
involved., These ?%%%é?%kféiﬁéi¥%§§ laree zmounts of the herbicide 4o

be absorbed and {ransiscated throughout the stenm for efficient conitrol.

{v) Variations due toc mixing herbieides.

1ittle doetailed information iz availabls about the effset of

wm

miztures ef sther chemiecals wi dala; in the spray sciuitionsm. Several

®

workers have reported that the addition of contact herbicides such as

fod
o

P.CoPo ggaysésg herbage and reduced the abserpiien and translicestion of
dalapon (Dow Chemical Dompany, 1953; Coulter, 1054; Southwiek, 1955:
Dawes, 1958}, but the position requives clarification.

Balapen is often used in conjunciion with amiitrel for herbage

control where dicotyledonous weeds are present. Sheets snd Leonard (18958)

ﬁz@#

investigated reports of herbicidal synerpism between these two chemicals.
In triazls with & range of spscles, they found that the effpeis of various
combinations of dalapon and amitrel were never more than additive and in
some cases were less tharn additive. The typlcal leaf-chioresis sysptoms

caused by amitrel were apparently reduced when dalapon was added. There

ra%za& af smitrel inte

was sowme indicatien thet dalspes
the leaf, sud it was aﬁzg@@é%é that the pH of the spray scolution might be

& move than additive

invelved. This did not appear, however, to ca

i3

aeffect. Wore inforsaticon is reguirved here,

W

Peas and various weeds growing in soil which had previously
been treated with TeC.h. or dalapen showed greater susceptibility to
subsequent applications of dincseb (Dewey et al., 1956). These workers
postulated that T.Cohe @ﬁ% dalapon, which are closely related cempounds,
might have some effect on the permeability of the cuticle and perhaps of
the protoplasmic surface layers. Pfeiffer et al. (1957) suggested that

gome changes in the wax formation of the cuticle are involved,



€. Herbicidal gsectivity in the seil.

{i} Boot Abserption.

Yery little information is available regarding the manner of
entry of herbicides inte rosts. Althouzh much resesreh has been dirceted
to the study of the entry of iporganic ions inte roots, surprisingly
little attention has been paid to the entry of organic meolecules. It is
reporied, however, thai nmost herbicides can be absorbsd by plant rosts
(Woodford et al., 1958). Blackman (1957) suggested that differences in
root uptake might be invelved in spescies suseceptibility te Z,4-0., Toests
with seedling roots dipped ip dalapon solutions showed that the chemieal
was readily absorbed (bow Chemical Company, 18853}, but no compariseon
ef root and fellar sbsorpition iz availeble.

& mtudy of root upiske of 2 herblelde in the fisld is
complicated by the fact that applicatien is not te the root, but to the
s0il wazs. Soss hnowledge of the aveilabilidty of the chemicsl for

therefore of importance.

w

root vpiake under a variety of =il conditions is

{ii} Insctivetion of dalapen in the seil.

One or mors of four processes sre usunlly ceonsidered to be

involved in the insctivation of herbicides in the soil., These sre

decomposition, leaehing, adsorpiticon and wveigtilisation.
{a) Decomposition.

Zeveral factors combine 1o influence {he rate of herbicidal
decomposition in the seil. Contreiled greenbouse sxperiments have been
conducted to determine the separails and cumunlstive effedts of these
f@gﬁgyg on dalapon. Two wmain methbods of measuring the guantity of
herbicide in the soil are available. Detailed chemieal analysis of the
scil may be 3&??2%&V&§%§ or & suscentible plant species may be used as

an indicator = the bicasssy meihod.

Thiegs (1953) treated a group of meist loam soils with
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dalapon and stored them at ihree temperastures for a peried of eight weeks,
Chemical analysis demonsirated that 1ittle decompesition tesk place in
goils maintained at %ﬁgg.g while considerable é@e@%g@%i%i@% sccurred

in the 60°P, treatment during the second four wesk peried and at 80°F,
dalaron had dissppesred from all soils within three or fsur wesks afier
treatment. This agrees with results in a similar experiment by Holstun
and Loomis (1836} in which bicassay techanigues invelving several plant
species were used. in loam soil stored at 0,5°C. {approxzimately 33°F.)
very little decomposition of dalapon had eccurred by the end of sixteen
weeks after treatment.

These workers also investigeted the rate of breakdown of
dalapon applied to a silt loam seil stored at 27°%¢ (80.6°F.) and four
izvels of seil wmolsture. 4% Q.25 fisld @g§a€i%§ there was ne significant
decompesition by the end of siztesn weeks. Decomposition at field
capacity and 0.75 field capacity was essentially complete at both levels
in eight weeks, At 0.5 field capacilty, breslkdown was much slswer, butl
wap compliete by the end of sixteen weelks.

Trizls with different soil types showed wide weriatisns
in rate of decompesition of dalapen. BSoil reaction differences appeared
te be important and experiments indicated that raising the pH of an acid
goil from 5.1 to 7.5 increased the rate of breakdowsn of the chemieal,
Fesulis f?%ﬁ‘%%é addition of organic metler io soils were variable. The
highest overall rate of decomposition was observed in a wedium silt loan
with a low organic matter content and a pH of 6.5,

Seil sterilization was found to halt almost indefinitely
the docompesitien of dalapen in %%@;%§i§§ regordiess of any of the factors
already reviewed {Thiegs, 1955; Holsiun and Loomis, 1938). Thizs was
taken to indicete thet the @?@&§é$%2 of the chemieal in the seil iz

primarily due to the sctivity of soil smicro-srganisme. Similsr



conclusions have been arrived at concerning several other herbicides

{Hernandez and Warren, 1950; Harvey and Crafts, 1952; Aldrich, 1953;
Hill et al., 1853},

It has beoen supgested that different soll types and ssil
envirenmental comditions influence the breakdown of dalapon indirectly
by their effect on the appreprisie section of the seil mieroflors. If
conditions faveour the activity and muitiplication of the migro-erzenisms
which are invelved in the decomposzition of dalapen, the rate of disappear-
ance of the chewical from the seil will be rapid. In unfaveurable
conditionsy on the other band, breshdosn will be much slower eor may sven
coase entirely. Soil ltempersature and moisture levels appesr te be the
most eritical of the indirsct factors imvelved.

Thiegs {(1955) interpreted the rapid disappearance of dalapon
from soil onder favoureble conditions sfter an initisl "las" pericd of
a wesks or wmore, and the more rapid breshkdown of fresh additions of the
chemical, 28 indicative of 2 gradial buildeup in the seil affer treatment
¢f 'z bacterisl pepulation s§§§%2% of wtiliging dalepon. It is thought
that some microe-srgenisus é@%@xﬁfg dalapon by removing and utiliszing the
pyruvie acid resulting from hydreolysis of the chemical in the soil.

Other bacteris may be able to utilize the chemical direct (Holstun
and Loomis, 1956).

Wersham and Giddens (1857} reported that rates of dalapon
up to 68 1Ib per acre had no adverse effeet on soil micro-organisss.
He effset op modulation was choerved apd any adverse effect of égég%@§
on the symbioctic relationship of rhizcbia on soyabeans was concluded teo
be a result of the sctien of the herbicide through the mediuvm of the
plant and not by direct aciien oz the baclerias.

(b) Leaching.

Upchurch and Pierce (1957) have pointed out that & number



of envirommental factors are involved in the process of igaching of
herbicides from the =oil. Leaching experiments have been mainly deveted
te the effectiveness of a given amount of water in frensporting a
herbicide inte and %%yaag%,&kgi?as soil. Feoctors such as intensity and
frequency of ?&iﬁf&il; soil tempersturs, soil densily, szeil moisiture
content and rate of herbicidal ag;éié&ié&% have received inadeguaie
attention in comparison witlh the volume of investizetion carried out
on decomposiiion,

It is also difficult to isolate the effeet of leaching
from the combined effects of lsaching and decompoesition in the seil.
There sre,; however, many ?&?@?ﬁ% that dalapon cen be readily lsached froam
the soil onder normal environmental snd eonditions
{Bow Chemical Company, 1953; Warren, 1954; Thiepgs, 1853; Holstun
and Loomis, 1958).

{e) Adsurption.

This has been found to be of little, if any impertance,
in the detoxifieation of dalapon in the seil (Warren, 18543 Helstun
and Loomis, 1936},

{ad} Volatilisation.

Dow Chemical Company (1953) and Kutschinski (19354) observed
some volatilisstion of dalapon breakdown products in the seil, but the
guantity was too small {tc meke this preocess of more than siner importsnce

in the detoxification of the chemical under field eonditions.
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e Transiecstion.

Reservations made about interpretation of the resulis of
absorpition experiments apply eunally e ftranslicestien eggéyiﬁ%ﬁégg in
addition, there &r&‘garﬁ few experimenis in which translecation
differences can be separated frowm absorption differences. The use ef
radioactive isotopes has provided workers with much new evidence abeut
the movement and accumulation of herbicides in plants. Hany workers
have shown that herbicides underge chemical changes within the plant
(woodferd et al., 1958). The distribution of the labelled element,
therefore, need not necessarily indicate the distribution of the
meléeule in which it was originally incorperated. Detailed studies on
the movement of é&2a§%§ within the plant have been made by Crafis and

3§&i = labelled herbicide. Their findings

Foy (19598} agiag M6 ana
are pressnited below, corroborated wghere possible by the reperts of other
workers using 4ifferent tochnioues.

(i} Mochenism of trenslocation,

Thers are two maip mechanisms by %hie%‘%@?%iaiéeg may move in
plants {van Overbeek, 1956). These arve with the transpiration stream
in the xylem and with the photosynthates in the phloem. Santelmann and
Willard (19834) and Crafts and Poy (1959) have reported the translecation
of dalapon following either foliar or root application by both these
ﬁ%t&@ég;' Woodford gt al. (1938} stated that any chemieal whiech could
enter plant roots could probably be translocated in the g§§$@¢ Crafts
and Foy {(1954) found that upward %P&%%lé&%%i%% of dalapen in the plant
sgcurred §&§a§§ in the mylem and éé%&%&?é translocation in the phloem.
There was also appreciable lateral interchange between the two, when
gufficient time was allowed. Indicsiiens were that dalapon is absorbed,
transliocated and accumulsted as the &rigiﬁai molecule or the dissoccisted

galt thercof. Dow Chemical Company (1959) gave the same opinion.



FTransloeation from trested lcaves is dependent on the
movenent of food materials {(Crafis and Poy, 185%). It was found that
the amounit of dalapon transiocated was directiy related to the age of
the leaf snd its pholesynthalte -~ cuporting ebility., Distribution
foliowing roct uptaks was rapid. Dalapon was fraced in 211 peris of
eotton and sorghome planis within ome hour of application to the root.
It was noted thet during the process of transleestion from one poyt of
the plant to another, some of the chenienl was retained by the tissues
throngh whiceh 1f passeds

These workers cobserved, as did Laning (1938), that transiocation
in both suscopntible and ftelerant speclies was primerily towards regions
of young active growith. However, in deormant or aguisscent tissues
dalapen could remain vnmeltabelised for long pericds. There wee alse
retransliocation of dalepon in yesvonse to changes in the mite of
metaboeliec activity. Dalapen sausetimes appsared in tissues or orgens

of the cetion plant vhich were net yet formed st the time of irzatumsnt.

{ii)} BRate and duration of translocatiocn.

Standifer and Bonis {1854) ent trested lesves from saize

1. moasuresmcni in

plante at various intervels of time after tre
terme of subsequent plant groewih shoved that the saxisom smount of
Hronslocation had not cccurved within 24 houwrs, and that some transioccatien
s#till continuwed after 48 hours. Although less than Z per cent of the
chenical was itransloeated out of the maize leaves within 8 hours,

‘B

20-30 per cent had moved oul afier 2 weeks,
The total smeunt of dalapsn iranslicocated incresses in direct
proportion to the rate of applicatiocn where there is no acuite toxieity

{Crafis and Foy, 1958).

{3441} VYariations dus to plant factors.

These plant faciers vhich influence the absorptien of



herbicides indireectly affeet translioccation alse. For the optimum
transiocation of an herbicide, active photsayntheses to provide
assimilates for phleem transpert, s favourahle water balance in the
plant to encourage rapid xylem {ramsport, and centres of active growth
in both rooct and shoot, are necessary (¥Woodford et al., 1858; Currier
and Dybing, 185%9).

(iv) Variations due to envirommental factors.

Light intensiiy, temperature snd wind, influsnce boih
photosynthesis and transpiration and through them the translecation of
%%?%ia%éeg {%éaéfgﬁé et al., 1858). However, the limited information
%vaizghie concerning the effect of envirsamental facters on dalapon
transloeation does not always fall into line with that conecerning other
herbicides. Hore deiailed investipsiions are required fte clarify the
situatien.

Hauser and Thompson {1958} asubjected one group of Johasen
grass plents e continuous sub-irrigation and another ¢to the absolute
ﬁ§§é§a% of moisture required for survival. There was little or no
effect an the movement of dalapon er zmitrel. These werkers zlso found that
transliocation of amitrol was significantly reduced by a 60 per cent
reduciien in iég&é intensity to treated plants. Little effect was
chserved with dalapon. The conditions under which these %xg%?iﬁeﬁis
ware carrisd oeut are not very clear from the text.

Santlmann and ¥illard (1854) reported that quackgrass
plants exposed to 48 hours dorkness to exbaunst the leaves of
photosynthates showed greatly decreased translocation of dalapen
gompared te plants kept in full Iight. A4 10 per cent sucrose soclution
added to the dalapon in an attempt to inerease tramslocetion from
depleted leaves had no effect. In a similar experiment with eticlated

bean seedlings (Jawerski etf al., 1955) transport of 2, 4 = D from treated
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leaves was promofted by the addition of susrose op glucese, bui nel by
& variety of other compounds.

{v} VYariations duse to spray factors.

£ fplisy berbicide 1if 1t iz te be itranslecated must not

destroy the leaf tigsue by contact toxicity. This is a major reasen

cation {Bsodford

e

for the poor trapslecation of T.U.4« after folisr sppl
2t al.s 1838}, Dalapon has litile contact %@giﬁi%g under noermsl
conditions,. However. at very hBigh rates of %??ié%%%i%ﬁ or where ailr
temperature iz high and husmidiiy é@%? some seorshing of tissve may ocour.
Crafts and Foy (1959) found that gggéggﬁtéﬁégfg from any source greatly
diminished or even preventsd frassliosatiscs of dalspons The herbicide
cannet be trassiecaied throuph dead herbage.

Hauser and Thompson {195%) did net g%%%?%% any apprecisble

increase in travnsisestien per se with the addition of 8 surface aciive

apent o a dalavon soclution,
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B, The effect on planis.

Balapon has been found to be more itexice to monccetviedonocus
plants than to dicotyledonocus planits. HNew growth of esztablished perennial
grasses is often malformed after the application of the checical and there
iz freguenily some proliferation of tissue., At suitable rates, old
feliage gradually becomes yellew and dies. The chesical also appesars
to indues crown and rhiszome bud dermancy for varvisng periceds of time

depending on the rate aprlied and o environmental conditions. If the

e

rate of application is sufficiently high, these buds feil to recover and
the plant dies. The toxic symptoms are net unlike those preduced by
TeCshe (Dow Chemical Company, 1933; Wocdford et al., 1958). Dewey et al.,
(1958) reported that dalapon induced changes in the chemiecal composition
of leaves.

Grass seedliings of many species ave aflten stunted for some
conaiderable pericd after a%§§r§iia& af dalaven via the fseliape or the
soil, There are indicalions ihat the chemiesl has less effect on scedliing
root growth than on shoot growth at sub=-lethal rates {Dow Chemical Company,
1953). Andersen and Helgesen (1936) found that dalapon caused no
affective reducition in the germination of seeds collected from planis

of wild cat {(Avema fatua) treated at the "boot™ stage. It did, however,

cause an initisl retardation of growth for a few days after germination,
Birect application of dealopon to cultivated oal and beel seeds 4id

nhibit mination (Olssen and Salisbury, 1957}, Seeds wers found teo

e

Ut ¥

L]

absorb effective amounts of herbicide in the first few hours of comntact,
Balapon-treated oat or heetl seeds permivsted is the dark goave only slightly
stunted plants s compared wiith contrel, while irested sats brought inie
the 1isght slwost csasmed te grovw affer one day. Tresisd beet sseds

brouzht inte the 1ight continusd o grow normaily.

Corns (1986) and Miller(1957) demonstrated that dalapon or
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Pelohe at rates of application beleow these which caused growih
inhibition were capable of é@yy%@éﬁg‘%%@ eeld resistance of the
seedling shoots of supar beet., Severed shools sere exposed for &
minutes to o t@%?&?&%ﬁ?ﬁ of -10°C. Untreated §2a§£g showed 18 per cent
suprvival, thess treated with dalspon 2% 4 pebem. showed BO per cent
survival and at B pe.p.me there was 71 per cent survivel. 12 pepem.
eaused some inhibitise of growih. If was thought thai cheserved
ingreases in the supey and dry maitier sontenits of the shoot were
invelved in the greater resisieance 1o low temperature of shoots

treated with dalapon.
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Fe Hochanism of asction.

Very little is known about the exact mechanism of action of
herbicides in plants. Woedford gt al. {1988 attribute this to the
present limited information abeut the phyvsislogical snd bicchemiesnl
processes in the plant, Untii there is grester knoviedpe a%ga@ the
growth of plants, an understanding of %&%V&eéézg of herbicides in
inhibiting grevwih cannet be ezpecied.

Grigsby et al. (1955) studied the effect of dalapon on mitosis
in meediings., At & copcentratisn of 1,000 pepem. of dalapen, mitosis
waz upset at the prophese stapge and the affected puclel reveried to o
§%@%§3*@%&%xﬁg atags z%g%%$§ af procesding normally through metaphase,
anaphasge and telophase. Dalapen cauvsed p secatiering of chromosomes
superficially resenhling that which follows trestment with celehicine.
The chemical ceused a merked retardation of growth of the seedliings
and retarded or killed the primery rool. However, extensive development
of appavently nersal secondary roovis was shserved

Salisbury (1957) concluded that the effect of dalapon in causing
flowering inhibition was due %o & genersl inhibitive effect and net ito
interference with the flovering mechanissm iiself.

Balapon and T.C«4. have beon shown to be protein precipitants

{Bedemann and Hamaker, 1854},

£t has been suggested that dalapen wmight be sypscded fo act
as an anti-metabolite to pyruviec acid and to inhibit e §m§ syatouns
using pyruvie acid as a subsirate. FRedemann and Heikle {1955) tested

this hypothesis with pyruvale oxidase and coarboxylase, but their resuits

iz was indeed the primery cause of

did not clesriy desonstrate thal

son inhibited the growih
of yeast, and that this inhibition could be partially reversed by high

concentrations of beta-alanine. Similar experimentis with germinating
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geeds were less decisive, but the uiilization of betis-slenine was
affected., It was thought that &@%&égzﬁgé%@ metaboliss might be involved
in the mechanissm of actioen of dalapon. This evidence has boon
substantiated by Dow Chemical Company (1958) who concluded that

dalapon interfered with an ensysaiic process in which bete-glanine

and pantoate were changed to panitothenic seide This peid is essential
for plant growith spd it wos suggesied that 1t is through the

dizruption of the formation of paniotbenic acid thet dolspon has iis

effect on planis.



- 2B =

PART 111

Perhaps the most imporiant prerequisite te the successful
ume of dalapon on pastures is o thorsuph understanding of the ftolsrance
of the constituent species. The previous sectiens of this review
iliustrate that the effect of the herbiecide on pasture speciss will
vary considerably with the stage of grewth of the planits and the
environmental conditions at the time of treatment.

Detailed information on the effects of varisus rates of

dalapon at different seasons and under different san ment practices is

therefore espentinl bhelfore the unse of the chemicsal can be regonmendesd
te farmers.
This section reviews what little information thers iz at

present on the subject with regard o some of the conmoner pasture spscises,.

i) Perennial ryegrass {(Lolius perenne).

Matthews (1958) in & series of pasture renevation trials found
that § 1k per scre of dalspon was reguirved to kill this speciss in spring,
while in susmer 15«20 1b per zere might be noeessary.

Thompson (1858, 1958) begar a series of experiments to study
the meszonal tolerance of 2 sumber of pgrass species to varicus rates ef
delapon. The fellowing resulis deal with the ryeprass f{raction of the
sward, 11 and 2% 1b per aere applied in September gave an initial de=
presasion in yield of 30 per ceni, wvhersss § 1b per acres ecaused & 70 per
gent reductien. Hecevery at all rates was, howsver, comnplete by sarly
Hovenber when all trested ?iﬁigﬂ%aga vielding move than contrel, due
partly to the removal of @s@g%%é%i%@ froem sther species. In 2 Hovewmber
trisl the effecis were mors severe, while tresiment in Decomber was

February,

guite drastie. 5 1b per acre had 1ittle effe

but in April thies rate csused severe dsmage which persisted throughout
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the winter. Lower rates gave moderate demege. 27 1b per acre spplied
in June had alwmost as much effect as 5 1b per acre applied im fpril.

5 1b per sore sppliied isp June removed praciically ail the &@géage during
winter, but slow redovery commenced in spring. Dalspon st 10 1b per
sere killed nearly all vyegrass plants st gll tises of year excent in
Pebruary.

It was concluded thatl treatment of ryegrass early in a
perisd of seiive growih had a relatively slight effect, whereas itrsaitment
before or at the beginning of & decline in grovih was wmuch more
effective. In general, avitumn ireatments were more severe than spring
treatments.

In ancther experiment the effects of the height of pasture
end its degree of maturity on %@ﬁe&g%iéééiﬁy were investigated.

Belapen was applied is & ryegrass é%%ég&ﬁ% srard at the beginuning of the
snying growth peried eor during the full spring flush perisd. HNe
gig§§§i§%§%~@§§%§%g due to pasture heizht or meturiily were chserved on

spring fiush growth. In early spring, however, 5 1b per mere pgave

significantly less control of ryegrass of medius heipght (6-7 inches;

[

representing 12 days® growth) than of short (2 inches, representing
7 days® growth) or bare {4 inch, mown the same day) pasture. The
similarity of the effect on short and bare pastures was siviking, since
the latter had little or no foliage available for leaf absorption of

the spreav. It was concluded that root abserniien nust have coenitributed

substantially to the effect of the chemical on the bare pasture.

"

v

{ii) Cocksfoot (B ?Eigf%ﬁageygéﬁég

Lynch (1955) reported that 40 1b per acre of dalajen

killed cockafoot. Motthews {1956} mentiscned that cocksfoot ecould be
killed with 10 1b per sore of dslispon plus 5 1b per acre of smitrel.

2o ~ 3+ e ig he beli tha hiz specie a5
Heports such as these gave rizse to the belief that i pecies was
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very resistant $o herbicides. Subsequeht informastion, however, has
indicated that the resisitance &f cochefoot can vary considerably. The
resulis reported by Thompson {E%ﬁ%,%%%%? in his secasonal tolerance and
stage of growth trials illustrate this point.

11 1b per acre of dalapon applied in September to a mixed
pasture caused no change in the §%¥$§ ef production of cochksfoot.
22 ib per acre gave a slight check, but 5 1b per scre was drastiec. This
rate &%%%%é ar initizl rodection of 80 per cent in productisn with
eventual recovery to 50 por cent sf control yield. FHevember treatments
were more severe, especially at the 2% 1b per acre rate.

4 trial was lald down on separate pure swerds of cocksfoot

and ryesrass. & 1b per asere of dzlapen was applied at thres stages of

growth:
Tall {10-12 inches}
Sedimm { 6=8 inches)
Sheort { 3«4 inches)

and at tve times of yoar:
izte Octlober, and late Decenber.

Onee spain the effect was more mevere on the shorit growth, especislly
with the sumwer itrestment. In spring, when short srowih was {treatsd,
dalapon damaged cocksfool more than ryegrass, bt as height at tresiment
increased, differences between the specles largely disappesred.

In a similer experiment dalapen was applied te an area of
mature clunpy cocksfooct al three regrowith heighits in MHovember., Hesulis
were most severe when applied to the tall regrowth, especially at
15 ih per scre. This rate goave 83 per cent kill of plants vhen applied
to tall growth and only 41 per cent kill on short growth. It was suggested
that mature clumpy cocksfoot plants, having deep root systems avre less

tible to dalapon in the soil than younper planis in

e}

iikely to be susce

plants with the most feliage

o BEArc.

will absorb the most dalapon from a spray applieation. This explanation

e ros elaboration and confirmation.
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(iii) ¥hite Clover i?ri%&ﬁiaﬁJ?% *%%33

%hen dolapon was first intreduced, it was reported te have
little effect on mature while clover plants. Lynch {(1958) stated that
although dalapon severely scorchsd young clover plants, mature planits
were much more resistant. Maclean (1853) condueted a series of experimen
to investizate the tolerance of clovers fto o numbsr of hevbicides.

1€ 1b per acre of dalapon severely dasmapged white clover seedlings

However, no suppression of maiure white clover was observed at this rate,

Workers at Oxford (Elliett and Fryer, 1958) found that while 4 1b per

acre of dalapon had an initial depressi
plants scon returmed (o normal and no significent reduction in yield
was obteined in cuils taken one month later.

There is no indication in either of the above tws reporis
about the time of yesr at which freatweni was applisd,

Results from the seasonal telerance trials by Thompson (1958)
did not agree with those detailed sbove. Even at a rate of 1} 4brper
acre of dalapon, applied in serly Bsptember there vas g noticeable chesk
to growth, smounting over the spring perisd to 20 per cent of yield.
Thereafter the plants returned to normal. Appliecation of 24 1b per
acre and 5 1b per acre pave reductions of 55 and 75 per cent respectively
over %éé period from treatsment vnitil the end of Octoher. Some reduction
persisted until well inte the sarly summer perioed when the normel
decline in ryegrass growth allowed the clover fo recover. Feollewing
normal clover growth during summer there was a decline in sutumn, due
in part to the increasing competition from ryegrass. Both the 2% 1b per
acre and the 3 1Ib per acre ireatments finished the sessen at about 7o per
cent the yield of the comirel sleits., Treatments in Hovenber affscied the
clover less severely and recovery was more rapid, presusably beesuse of

reduced competition frem prasees. Hovever, total yields werse azain lower

over the season than on econtrol plots. The effect of dalapon on clover




in thess was complicated by the competition betweesn grass

and clovers

{iv) SBrowntop {Aprosiis tenuis,.)

This species has received more attention than any other in
Kew Zealandbecause of the low ratss of dalapon which ars required to
kill it and because of the large acres of browntep dominant pastures whiek
it is hoped may be improved by chemical means. MNatthews {i036) and’
Blockmore {(1838) reported that dalapon at & rate of 24 ib= 5 1b per acre

her

suceessfully controlled browntop. It was suggested, however, that hig
rates might be reguired during the dry summer andearily sutusn perisds

more and ¥ntthews, 1958}, Thoupson {(1638) confirmed these rates

{(Blac
of application Yo brownion. Litile differores was sbhisrved bolwsen
Septembey and Bovember syplicstions.

{v} Other sveciss,

Bo satisisetery detailed information abont any of the sther
common pasiure spocies fs asvailable,

The follewing list, taken from Ellioit and Fruer (1838},
gives an indicatien of the ?%E@%i?@ toxicity of some pasture species to
dalapon. It iz only an indication.

fneespiiblie ¢ 5 1h ner nored

Perennial rysgrass lelios perenne
Italisn ryograss Loliy Eiflorum
Cockafoot Baetylis glozerats
Thuothy Fhliens ‘i@gga
Bent grasses Agrostis species
Rough stalled ﬁ%ﬁﬁ%@'ﬁ?&@% Poa trivisiis
Creeping foscue <§f%iﬁﬁ& Tubra
Croaszted dopsiaill Lynosurus cristatus

fussoriible fo 10 1% oy acrve:d

Lusarns Hedicago sativae
Fhite slover Irifelius repens

Resistant to 10 1b per acre:

Host of the common decotyledonous weeds of pastures.
Alsoc most rushes {Juncus speciegland sedges (Carsx &




CREAPTEER IIX

MATERIALS AKD HMETHODS

Four major experiments were conducied slmultanecusliy. Each
imvelved the application of dalspon e an esiteblished pure gward of a

common pastuore speciss at rates of iw

Code number in ftext

2 ib psr acre 2
4 ib per sere 4
§ 1% per sgrye 4
& 1t per ascre g
Contrel - ne delapon &

The speciss invelved in the experiments wereis
Peremnial rysgrass iolivs povenne
Cockalfoot PDactylis clomeraie
Browntop Agrostis tenuis
¥hite clever Trifelive resons

Thip chapiter desls with the planning and lavout of the
experiments, the spplication of tvresiments and the ftechnicues employed

te measure the eifcets of trestment with dalapon.



As Preliming Investisations.

%hen these experiments were planned (autumn, 1858}, the
information available on the telerance of pasture speciss to dalapon
was, a8 ean be seen from the review of litersture, exiremely limited
and vague. It was decided, therefore, that a series of sbservational
trials should be conducted to facilitate the cholice of a suitable range
gf rates of the herbieide for the investigatien of specific telerance.
Accordingly, small (15 inech square) observational plots en an existing
sward were marked out and sprayed on 23prd April, 1858, with rates of
dalapon varying from 1 to 30 1b per acre. At least three replications
of sach treatment ware apllied, to cover as wide a range of apecliss as
pessible. The plots were sited en an ares of rough grasing adjacent teo
the Crop Buxperimental Avea. Ancther series of similar irials on the same
field were laid down on 26th August, 1938,

The only recordings taken were of specific frequency within the
plot before spraying and two months after spraying. Heddle (1833)
reported that apecific freguency measuremenis, although they do not give
& guantitative analysis of the sward, are of value for preliminary
surveys and intreoductory investigations. It was felt that such measure-
ments would be sufficiently seccurate for a preliminary exgperiment of this
nature.

The following is & brief swmwery of the resulis obitained.

a) Hates of 10 1b per acre and ahove removed all grass
species frow the sprayed plois and invasion by flatweeds

followed.

B) tnly perennial rysgrass survived ism plets treated with
8 1b per acre.

e} He cocksfeot or crested dogstail remained on plots
treated gt rates above § 1b per adrs.

d) Mo Yorkshire fozr (Holecus lanatus) or sweet vernal

{(Anthexanthus odoratum) remained on plots treated
at rates above 4 1b per acre.
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e} Broentop was severely reduced by rates of 2 1b
per acre and was killed by rates of from 5 to 6 1b
per acre.

£} Ho conclusion as to the effect on white clover
was possible because only the oecasional plant
wae present in sprayved plotzs.

g) Results from the Augusi treatsent varied muech more
than those from the April ireatment.

Copeclusions

These results indicated that 10 1b per acre of dalapon was
apprroximately the upper limit of {tolerance for the species reported.

It was concluded thatlt & rax ef up toc 10 1b per sere should glve a

gsatisfactory indication of the tolerance range of a number of common
species and allow comparisen between species regerding the effect of th

herbicide on one species at raites lethal iteo another.
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Beo Planning and lavout of the exrerizentel ares.

(i} The experimental ares.

This was located on the Crop Demonstration fAres, Massey
Agricultural College and had been utilised for gpaced plant trials with

Yorkshire fog (Holens lanatus)} for the previous five years. Frequent

inter-plant cultivation of the aresz to eliminate weeds had resulted in

n s0il strusture. The zoll tyvve is classified

bl

a marked deterioration

{Bew Zealand Soil Bureau, 1954) as a Tokomaru silt loam. Investigations

to determine the so0il reasction rovesled a pl varving fren 4.7 te 3;3.
The experimental ares measured appreximstely 150 fzet by

70 fzet, bounded on one zide by & road and beyend this, a line of tall

gt

treez and on the other side by & regularly grased §é§$§¥%a The line of
trees prevented the sun from resching part of the ares for west of the
morning in wintery and clover frop the roadside verpge and from the pasture
continuanlly encroached on the edges of the experimentsl]l area. HSisnce
cutting with s moter mower was envisaged as part of the plot mansgement,
large guantities of stonss had to be removed before the experiments were
Iaid down.

{ii} Planning and Lavout.

An important eriticism of specifiec tolorance estimations
based on the effect of dalapon on mived swards is that the factor of inter-
specific competition has a prefound bearing on the disappearance or
recovery of species within the swerd. The suppression of the more
susceptible species aids the recovery of the more resistant species. For
this reason, and alsc because of the difficulty in maintaining uvnifermity
in a mixed sward, it was decided that for a critical examination of
specifiec tolerance 45 dalapon, it would be necessary to study pure swards
sf esch spscies.

Yo alterneiives were available in the layout of the

experimental area, Une large experisent could be designed with plois ef
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individual zpeciss randomised over the wvhsle experimentsl srea, or the
ares could bse split into seversl smaller zres, esch comprising &
separate but similar experiment.

Bince gdultsplants »ather than ssedlings were to be tested,
it was planned that %agéﬁg should take place in autumn 1958 for é%@&é%%%@
in sutwen 18886,

One large integrated experiment would allow direct
statistical comparison belwsen species at all levels of itreatment. Sueh
2 layout would, howsver, require the final decisions ss to plot size,
anumber of ifrsaiments and degree of replication to be made at sowing time,
Bafore any assessment of the unifermity of the ares could be made, and
a full year before treatment. As a result there could be no
manceuverability in experimental design in the event of pro-trastment
managerial 4ifficulities or in the 1ighi of new information which might
begome available befare treatment. FPurthermore, one large unii would be
anvieldy from the point of view of management and would impose an
impossible burden at senpling itime unless the number of irestments
envisaged was substantially reduced.

On the oither hand, thers were maeny facters in favour of

S

ts for eachk species, EBuperimental desige

o
W
ity

laying down separate expsrime

je

need not be finally fereulaited until Justi prier to treastment and could

hosen to asccommodate the condition end uniformity of the areas at

this time. York alt sowing time could bhe linited 4o the laving down of
an aves of sach spseies, and these avess gould be msnaged as seperate

large units in such & way as to faveur the sown species at the expense of

weeds. SBaupling could be spread ever & longey peried since sach experi

o

5“‘?

{

eould be sampled individually. OCbservational, as onposed to statistical
eomparison could be made beiween species since all the experiments would

be laid out in adjeining areces of the sawme field and the treatzentis as
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as well as the experimental design would be identiesnl.

In view of the factors discussed above, it was é%ééé%é
that separate experiments would be conducted for each species.
Subseguent management and wnilormity difficuliies proved thet this was

& wise choices
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€. Establishment and rouiine cars.

{i} Gemeral

The experimental ares was not é?&élﬁ%i% until mid-fpril.
It was ploughed, disced and rolled, and on the 13th April, 1958,
separate areas of five species were sown by hand. Seeding rates were
fairly high so that a dense and even pure sverd would be obtained. Each
ares was then reked over to cover the ssed. 2 ewit. per acre of
superphosphate was applied a few days lster. Each area was approximaiely
50 feet by 70 feet in sime., (See Fig. 1)

Five speciss were eriginally selected for investigastion.
Perennial ryegrass and cechafoot were chosen as repressntative of the
desgirable pasture grasses, browntep and ?@f%%%é?é for ns common constite
uents of run-gut pasture and white clover to discover whether the rates
of dalapon applied to the grass species hed any bermful eifect %3 ite
The availability of szed was aisayigﬁ%a inte meccount in the dhoice af
species., Taeble 1 shows the rates of seed sown and the scurce from which

it was shiained,

TARLE 1 Seving rates and source of the ssed uzed in the experiments.

Species sown Bate Bourcs

Perennial ryegrass 20 1b per acre HeZdo Certifisd seed
Cockafoot 20 1b per acre HB.Ze Coertified seed
Voerkshire fop 20 1t per acre Commercial seed
Cleanings
Browntep 20 1% per acre HeZo Cortifised soed
¥hite Clover 4 1b per acre HeZo Cortified

Fedigrees seed
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Establishment was slow and patchy, due in part to the late sowing
and the variability of the experimental area. 3 cwt. per acre of
nitrogenous fertilizer applied in early spring to all areas, ineluding the
clover, gave a rapid and substantial improvement; nitrogen and
phosphorus were applied sparingly throughout the pre-treatment peried
sinee it was considered désirable to study the effect of dalapon on the
sown species under conditions of low fertility approximating as nearly
as poessible to these under whieh it might be used on run-out pasture
in farm practice.

The areas were mown ai regular intervals from early spring until
two weeks before trestment with a §§§t@§ rotoscytbe. This type of cutiing
binde did not chew the sward and could e adjusted to shave off the teop
growth evenly at heights of from 4-6 iﬁﬁ%@g abeve ground level.

The glow establishment gver the winier ?aésé and dry eariy spring

period encouraged the ingress of weeds. Sheep's sorrel {(RBumex zecetosella)

in particslisy germisaied and spread over the whole aresas during sprisg and
summer. Hond weeding was able to keep @é%@% weedz fairly vell under
control, but this species spread rapidly by underground runners and
produced new shoots within a2 few days of weeding. Iz an atiempt e
ecntrel this weed, 1 1B §é§ acre of 2,4=-0 soluticnens applied on 8tk Dege
gmber, 1538, The %E@g@? ares was not sprayed in case of damapge ito the sowsn
gpecies, ?gé weed killer anpesred to have 1ittle if any effsct on the
s%%§§;% %@??@1 although it removed several othe eotyledonsus weed
speeies. Ho furither atitesnpt was nade to kill this weed by the use of 2
herbicide in case some effect on the resgponse of ithe sown species fo
dalapon resulied.
To save the exverimentsl ares frow dominencs by shesps servel,

hend veeding o cnife waa resoried te. This disturbed the sown

rick patches of weed occurrsed.

m\%

specise to some sxitent, especially where
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Iin all, the vhoele experisenizl sres wes handwseded four tisss over ths
summey period.
During the weeding process, the presence of & spubstentisl

population of army worms {(Pseudcletia sevarata) was ohserved. This was

thought to be contributing to the patehy growth, especially on the browntep
area. B.B.T.~superphesphate was therefore applied on the next manuring date

Uver the latier parit of the suvemer, sprinklsr irvigstion was
employed as an ald to management,

{31} Bopeecific arsas.

Perennial ryegrass was severely attached im esarly summer by

rust (Puccinia praminus), This, plus the wirtual cessation of growth in

summer, resulted in an open sward which encouraged weed ingress. Sheep®s
gorrel tosk conitrel of patehes of ?%a arsa and smothered the sown species
in places. Weeding left patches of bare ground and resulted in poor
uniformity over the area. When growth began again in autumn however, the
ryegrass sward thickened up comsiderably and ithe combination of cutting,
manuring and regular weeding finally produced a virtually puore and
%@é%r&%gig'ﬁﬁifs?% stand,

Cocksfoot, due to very slow esinblishment had the largest
weed populastion ef all sress in spring. g@%@?ﬁ?% its continued growth
over the summer peried, combined with lenient defcliation and adequate
nitrozen elininsied all weeds except sheeps sorrel. Hegulasr weeding
produced a pure and modsrately uniform stend for tresiment.

Yorkshire fog showed the best establishsent of all species,
rezulting ip a dense and relatively weed-free sward in spring. Unferitunsiel;
the whole sres completely disd cut in early susmer. The reasen for this
is unknown, but reporits of similer csecurrences al Grasslends Division,
Palmerston North and at the Grassland substation at Lincoln (Edmond, 1859)
together with personal osbservations over the Massey College area showed

that it was not an isolated phenomenon. The Yorkshire fog trial had to



be abandoned.

The browntop ares epensd pp ceonsidersbly during suswer, Ths
remaining herbage tursed brown and growih virdoally ceased. The ares was
rapidly colonised by weeds, especially sheep®s sorrel, mouse-cared

chickweek (Cerastium glomeratum) and Cotula species. Removal of these

woeds left large paiches of bare ground, which were seon ceversd with
weeds again. The weed g?é%i&% was so acuite on this area, that it was
contemplated abandoning this trial alsc. However, since browntop shewed
some recovery in autumn, weeding was persisted with and the swerd at
treatment time although browntop dominant was very unefen and patehy,
Litile weeding vas possible on the cleover area. Affter slsw
initial establishment, clever spread rapidly over the area. The majer
weeds were browntop and sheep's sorvel, both of whiech 1t wes found
impossible to remove without severely upsetting clover pgrowth., The active
growth of the clover eover the swwmer perioed allowed a reasonable degree
of weed contrel by cutiing menagement. Complete weed control was impossible
but ciover dominance was maintained,

Emphasis was placed on obtaining as pure a sward as possible
se that the competitien faclor wonld net interfere with resnlis dus to
dalanen, and the rapidiiy of weed ingress inte the sward after tresatsent
could be studied.

Plot maintenance wag a full-time cccupation over ithe zumer
and sarly sultume pevried. This prohiblted s series of greonhouse trisls
which had been planned te furnish infermation on the effect of dalapen

on sesdlings of the speciesn used in the fisld trials.
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 : Experimental design and sawmpling arvensements.

(i) Experimental design.

During the summer trial, cuts were taken @hé& t%e areas
were mown and an estimate of the degres of miforsily ebiained. Hesulits
indicated that considerable variabllity wes present. It wes considered
necessary to includedin the syperisenial desisn as many replications as

the limitations imposed by ﬁ%ﬁ?@ﬁ%@ét plet pize for

i hew

possible, gg%j%ﬁ% te
é@&giéﬁg and %&% area available fer the itrial.

An experimental design was therefore planned incerperating
five treatments replicated zix times in a simple randomised block 3@?@%%
{(after Cochran and Cox, E%ﬁ?}s This layeutl geve & total of 30 plets
per species, each measuring 11 feet by 51 feet and §§?$§?%§ an sctual
experimental area for sach species of 68 feet by 28 fest, leaving az spall
discard ares of the sown species arcund the periseter, %&géié@ﬁﬁ@gg ware
iaid out in a direction calculated to minimise variations due to fe?%éi%%g
trends er to shading effectis of the %fe%gg The areas were wmeasured off snd
plets marked out by wooden pegss

The final layout for the shite clover trial is seen in
Fig. 11, The lsyout for the other three species was similar. The five
%r%&%&%é%gnﬁé?e‘&13@@&@@@ at random within each block of each experiment.

To test vhether the proposed layout Tis gaﬁi%f%e%azgﬂgf
@%ggé'?@@éé?@sgsééfééﬁgigag %ﬁifé?%i%g trisls were conducied on the
eockefoont and whide ei@%&r aress on 6th Hareh, 1888, Peresnnisl ryegrass
and browntep were producing very little herbage at that time and mewing
was not considered advisable. Homple arsss of a§§?ﬁgéﬁ&%e§§ 7 feet by
2 feet were mown up the contre of each plet and the cut herbage collected
for fresh weight yield determination. After correction to unit area, the
results were statistically analysed. Table II indicates that while ne

significant trends appeared between blocks or treaiments, the individual
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of blocks and the randomisation of treatments

within blocks,

Bxperimental design for the white clover area illustrating the layout



TABLE 11

Cnifornity trisls conducted on 6th Hareh, 1858,
Cochnioots
dnalysis of Variance.

Varistion dus io CBeFe Bels Hela P Hesult
Blocks s 00,4087 0,0817 {1 H.8.
Treatuents £ B.4035 G BB08 2.8 igf%?} Helis
Brroy 20 B,8148 G.,41587
Total Z2e 12:. 1272

Yloan £.32
Standard ervor of the mean = .28
Egtimnted detectable diffsrence
botwesn treaitwments reguired for
aignificance at Gi08 level = 18 per gente
Thite Ulaver,
éﬁ&igﬁi% af Yarisnce

Yaviation dus to 2P BBy Mafa e Beanlit
Blacks g 1,778 0.3559 | 1.80 {2.71) Helio
Preatments 4 1.5810 0.3803 | 1.97 (2.87) H.2.
Error 26 S.8832 Geivaz e
Toatal 28 7 L3635

Yoan 2.28
Standerd evror of the mean = .48

Estimated detectable diflersnce
batween itroaimenis reguired for
significance at 0,05 level =

24 per cents
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piet variation wes considerable, In view of the large differences betusen
treatments which it wass sstinmsted would be reguired for statisticsnl
gipnificence, it was decided that a wider intervel helween {reaisent
vates, namely 2 1 per asre,; than had been originally plavrned should be
employed. Otherwise the propesed layout appesred to be as satisfaciery

as could be obtained under the circumstances.

{ii} Sampling arrangemenis.

The taking of field messurementis posed severasl problams.
Horbage yield from the ftreated plets apreaved to offer the mest reliable
mezgure of the effeet of dalapon on sown specissz., It provided an
ohiective method of ecomperisen in experimenis where the results of
treaiment might be difficult te assess by other methods of pasture
keasurement. It alse allowed field work to be reduced to a minimum - an
important point from the weather aspect during late autumn and winter,
considering the large number of plots - 120 in 21l %o be sannled.

The sismplest sampling meihed weould be fto cut the whels plot

{less discard areas) by motor mower and measure total plet yield.
Begrowth, if any, could then be cut at intervals, to nessure recovery.
However; it was not koswn to what extent cuiting and itrestment with dalspon
might interast in suppressing plani growth, and slse, such 2 samviing
methoed would not sllow econtinued messurement of the decline and recosvery
if anv, of the treaited foliaps. It was decided thet sach plet should be
divided inio sections and that one of these smeciionsg would beent at each
sampling date, Throughout the course of the experiment, This msthsed
provided for measurement of the effeet ¢f dalapon on sprayed uncutl
herbage at regular intervals and slsc allowed observation of the effect sf
removing treated herbage at variocus timss after {trestsent on subseguent
yvegrovth.

Sueh & procedure wos most likely to cause gresiter



experimental error becasuse of the decresased plot ares toe be sampled at
sach euts This was avoided %o ﬁﬁﬁ%r%%@%ﬁ% by reandos allocation of the
section to be ecut at ome particular sompling date on one varticular nist,
s & furiher safepuard, each plet was divided inte zlx seciisns. A% the
first sampling date, one of these sections would be cut and the resulting
yvields analysed as rapidly as pessible to find whether the sampling area
was sufficiently large. If it was not, then another one or, if necessary,
two sections could be cut and the yields bulked to give an adeguate
sampling area per plet. fggaé an arrangement allowed for a provisional
gizx, threse, or tws ggﬁ@iiﬁg dates depending on the sample size required
for experimental efficiency. As it hapremed, the single section sample
vroved sufficiently accurate on the first specises sampled {vhite clover).
It wastherefore decided that up to six sompling dates could be used if
desireds.

4 plan of the plot subdivision inlo six sections together
discard areas is seen in Fig. 11T, The size of ecach section was 47 féet
by 1} feet, giving a sampling area of .75 sguare yards per plat pep
eat. The rondom allocation of plet ssuple sections is illusirated in
Appendiz 1i.

4 wooden frame 4% feet by 1} feet was constructed to
facilitate sampliog, which was verried ocut with the aid of a pair of

¥ilkinson hedge shears. (Sse Fig. I¥}.
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B, Treatments

The experimental areas were mown for the last time 17 days
before itreatment. This produced & dense folispge cover op gll but the
e

browntop area for the intercepiion of the spray The height of the

gumanrds at treaiment wasi-

Perennial ryegrass 27 ineches
LCocksfont 4 inches
Browntep i dinch

¥hite Clover 24 inches

Dalapon was applied in the form of the mormal commercinl
preparation, containing BS per cent of 2,2 - Dichioreprepicnic acid,
sodive zalt. No weitting agent or surface active apent was added, ss that
specific differences in itolerance weuld be at a mavimus.

The guantities of the chemical applied to the trested plois

ware tw
§§§$§ ey plot 1b per acre
1:26 2
252 4
.78 &
B4 8
The method of application of the szail gquantities reguired

some consideration. Hone of é%@ apray pumps available could deliver the
spray with sufficient acouracy on 2 small sres and a smell residusl
amount was always Isft in the e« gﬁ&a&%?, The most suitable plsee of
souippent available was & %&ié?éggaﬁﬁﬁ with & very fine rese. This
delivered a fine spray, the disiributien of which conld bes fairly well
controllied. An avea the size of ome of the experimental plots was pegged
out on & lawn and spray delivery was practised with vericus volumes of
water to determine ths lsast volume which would give adevuste cover ef
the ares st & reaseneble walking apeed. Twe §§§é2 was found to suit
these reguirements best and some time was spent practising with this
guantity of water until an even and aceurate distribution of the whele

amomnt over the plei area was obiained.

Treatments were applied on the 4th Aprils 1858 in G.o  opny

weather,



Fs Field and laborstory sampling technigues and analysis.

(i) Pield semplinge.

I¢ was found convenient to sample the individual expsriments
on separate days. Every endeavour was made fo keep the sempling dates for
sachk species as close zs pessible for comparative purposes, but the
weather did not always permit this. The longest interval between sempling
the first and the last syecéeé ai any one pevised was Tifieen days. The
shortesnt was six days. The experisenis woere always cut in the order -
white elover, brownitop, cocksfeot, ryegrass, since this wvas the order in
which {restment respeases first appesred. The spampled eres was eunt fo
within half an inch of ground level and all cut herbage remsved. Samples
were put into polythene bags, numbered, and taken to the laboratory for
enalyeis.

(ii} ILaboratery analysis.

Samplen were weighed for teotal fresh weight and then
dizsedlted inte sewn species, monocotiviedonouns weeds and dicotlyiedencus
weeds, The seporate congitituenis were then weighed and pereeniasze by
@%ﬁg%% contribution to vield estimeted. Iz general, the complets ssmple was
dissectied. The wvirtusl sbsesce of weeds in the ryegrass and ceckafost
swards in the sariy slages of the experimeni made dissesction Tairly simple,
Separation of clover samples tock lomger and very weedy samples were
halved or guariersd for disseetisn after thorough miwing. Seme of the
browntey samples which had & large weed content were similavly treatsd,

The average time reguived for compleie dissectien was 20 minutes. Because
gf the large number of samples to be dissested, subdivision in the cases
montioned was necessary for eificisneye 7o test whether subdivision
cauvsed 2 loss of socuracy, one sach weedy sample was dissecied completely
afier therouch mixing spd subedivision inte four egual parts. Total
disseciion took three hours while dissection of one fourth of the sample

took approximately 43 mimutes. The small varistion caused by subsampling
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was considered of 1iittle consequence compared with the time saved and
the pumber of samples inveived.

is the experiments progrsssed, the vsiume of herbage
for dissection became much less and complete dissection of almest il
spunlies wase possible. Q%Vﬁg% ingt two culs for essch spscies, 1t wes alss
soseible to seporate the dead and livisng tissue frow the sown species
ééﬁéiﬁéﬁ%gﬁv

The percentage productivity meihed of boteniecsl anslysis
{after Frown, 1954) was the most suited to these experimenis. It is
shicctive and gives an estimetion of the intensiiy ef representation
ef zmpescies in a2 swvard.

FProgh weight of the separate constituents was used for
calcelation of percentage productivity, for the sake of convenience and
beeause several constituents, including the sown spocies st the high rates
af &%g%éea%gég af dalapon were too small i§ frosh yield for satisfactery
individual dry matter analysis.

ALl weights recorded during the experimentswere in grams
and weighing was carried out on an E.T.A. Triple Beam Balance which could
be read o an accuracy of 0.1 go.e

After botanical dissection, subssmplies of the
constituents (or bulked treatment yields where individual samples were
too small) wers dried in a ¥ileo oven at 100°F. for 24 hours for the
determinaticon of dry matter parcentage.

For the purposes of gitatistical analysis dry welght
yields were used in preference to {resh weight yields because of the
pessiblevariations in fresh weight caused by weather conditions.
Greenhill {1936} suggested that dry weight yield alliowed the most
accurate comparisons to be made within and betwsen species at different

gates.
£1% resuite are gliven in terms of yield is grass per



U.,75 suuare yavrds.

At the last tve sampling dates, vhers dissection
of sown speeiss inte dead and Iive tissue was carried out, an slement
of personal biss wae unavoidably introduced in the separstion of the
live and dead material. An arbitrary demarcation between the twe was
decided upon and adhered io as clossly as possible.

in gddition to plet ssmpling, regulsr detalled plet
notes were taken and photegraphic evidence was collecied te augment the

information eblained from sempling and yield analysis.




CHAPTER IV
RESULYE

Ao Intraduction.

The four experiments sre treated ssparately in the

presentation of resuiis. for convenlence, esch experiment is divided

into five sections the first of which covers the peridd fros trsatment
uptil the first ssupling daite, while the rewmaindeyr corrsavend te the
intervals betwesn successive sampling dates,

Ztatistical analyses have been carriesd sut on the dry satter

vield of sown species in graps per $.785 Bouare yard., Bince all other
meassurements taken conitribuied toe these data, po separate statistical

analyses for siher measurements were considered necessary.

The fellowing is g list of convenitionnl abbreviastiens used

in the presentatien of statisticsl resulis and thelr Tull meen

defs = Degrees of fresdos.

Sefis = Correcied sums of gouares.

HeBe = Mean scouare.

| " = The variance ratie, for specified
conditions.
o = Probability level.

Hean = The mean value, for specified characters
2f miz plets in any one experiment
at any sanpling date.

Genersl Mgan = The wmean value, for specifisd

characters, of the thirty plets in
any sane siperiment at any
sampling date.

BBy o = The stapndsrd erver, or the standavrd

= deviation of the mean as defined
ahove.

HafBe = Hesuli not stetistiesily siganificant.

* = Besult statistieslly sisnificant ail
the 0.05 (3%) level.
% = Hesult stetistically significant =t

the G.01 {i;%} level.
wEE = Hesult statistically significant at
the 0,001 {0.1%) level.
The diffsrence reguived helween tws
means for significanece at the

=3
o
#
@
&t
]
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3,08 level.

‘éé.ﬁi = The difference reguirsd between twe
means for significence at the
d 6,01 level.

Q. 0301 ‘ = The difference reauired beiwsgen twe
meang for significance st the
G001 level,.



B. Meteorological data.

Figures for rainfall, soil temperature at four inches depth and
grass sinimum temperature over the experimental pericd were cbiained
from the recerds of Grasslands Division MHeteorelegical Stations
situated approximately half-a-mile from the experimental area. These
figures are presented in Fig.¥. They serve fto give an indication of the

&

climatic conditions inflvencing plent growth and the persisisnce of

dalapon in the soil over the perisd from treatment vntil sarly sprisg.
The daily rainfall figures for the first fortnight after trsatment are
given separately in Table Iii.

Table 111. Baily rainfall during the first fortnizht after spraving.

at=

Days afterig 2 | 2 |3 4 1011 12 | 13 (14 |1

treatment

&
oy
4
L
G

Rainfall = (002 1.38 0.01 0,18 0,74 = 0,14 0,01 = o e | G008 $618 0,042,774
{inches) {

Treatment was applied on 2 wars sunny egﬁ%,é&yﬁf,ﬁée?e was no
rain that day and visrtuslly none the next day, but prolenged heavy rain
fell on the fellewing daye..

%?%gﬁ minimms frost doys figures have been compiled fo augpent
sheervational notes on the effeet of frosis on treated herbage. The

intensity and frequency of frosts are illustrated in Fig. V.



60 +
| FIG, V.
I WEATHER DATA. GRASSLANDS DIVISION METEOROLOGICAL
e STATION,
B : ;
850 /
4 " S
B ““wmwhkk 4 inch soil temperature (weekly mean), [ /S
o e /
a \”\\N e / M\Mm wwwwwwww e
t iR \‘"\\ /,/"” /\\\% /
g
g N e e N/
e ~ v
LY Te Grass minimum temperature (weekly mean), //
] . .
=1 e
: | \A | / ~ \\/ 3
e # w
Eﬁj . //i h\&K\“f ; Tt
T30 F I g | N2 i T }, | |
| 1 e } : |
| i . |
L ’ | | | |
L
;i)“‘
Grass minimum frost days (below 30,3°F), @
St 2
5
B
Rainfall (Inches), :k L
B
o
[$]
« 7 « A 4
APRIL MAY JUNE JULY AUGUST
5 10 iI5 20

Weeks after treatment application, Scale (1.5 m.m. = 1 day).




P

Lo Perennial ryegrass experiment.

(i} Pirst experimental peried.

{a} Preliminpry chservations.

A& small amount of leaf distortion was notedon dalapon-treated
plots within & fow days of itreatment. After the firet week the two higher
rates of treatment could be distinguished from thetwe lower ratez by a
g%%grﬁggi?% vellowing of fslisge: Control plote spusersd io be greving
more rapidly than treated plots. By the first sampling dafe these
affecis were guite marvked. ‘

(B} First sut {29th Anril = 25 davs after treatoentl,.

The percentage contribution of the sown species to plet yield
iz shown in Appendix Ills. The generel moan valus was 98.4 per cenit and
the loweat recorded value was 95.8 per cent, indicating that the sward vas
virtually wsed-fres,

?géivééﬁai plet date for dry maliter yield of the sown species
and details of statistical analysis of these data are shown in Appendix
IIib. The anszlysis of varissce indicaies that differences betwesn treat-
ments were significant {p = 0.001). Subdivision of the treatments sums of
squares indicates that treatment with dalapon caused a significant
{p = 0.001) check te growth at this stage.

Treaitment means together with the standavrd error and the
detectable differences recuired for sipnificance at three lovels are

presented in Teble IV.
Table IV, Comparison of treatwent wmeasns Tor first cuil.

Perennial ryegrass. (Dry matter yield.)

d 4

Treatment | Means [Gemeral Mean| S.Eey | 0.05 | “0.01 | %0.001
o 98,3 70.0 + 4,5 13.3 18,1 24.5
2 7443
4 67.3
6 61.9
8 48.4
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Pig. VIII and Table IV illustrate that at this stage in the experiment
the check te prowih cauged by dalapon incressed with incressing rates of
spplication.

{11} Second eyxperimentsl peried.

al Intermediate observations,

The firet frostis of the year occeurred beiween fthe first and
second cuis (see Fig, V). The ﬁégg of leaves of many planis were frosted.
The death of leaves and plants as & resull of treaisment with dalsvon
nrsgressed more rapidly §$i§?§§§%§§%% & and 8 plois t%aﬁ on treastment 4
plots. Contrel plots continved to grov vigorously, zs did trsaiment 2
plots, which appeared te have recovered from the effects of dalapon.

&t gaspling time these %%é treatments could not be distinguished visuslly.
Fige. ¥I illustirates the Q@ﬁéi%i%ﬁ 2f the herbage on sach ifreatment
immediately afé&f the ssecond eut had been talen,

b} Sedond cut (17th May - 43 days after treatment).

The percentage conitribution of the sown species te plot yield i=
shown in Appendix IVa. The general measn value was 97.8 per cent and the
logwest recorvded value was %2*3 per cent indicating that the sward was still
virtoally wesd-free,

Individual plot date for dry matter yield of the seown speciss
and details of statistical ansglysis of these data ave g%@@ﬁ in
Appendix IVh., The analysis of variance indicaies that differences
between treatments were significant {p = 0.001)}.

Treatment weans, together with the standard error and the
detectabls differences requlred for significence at three levels are

presented in Table V.
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Table Ve Compariscans of trestment wmeans for sscoend cul.

Perennial ryegrass. (Dry matter yield}.

Treatment | HMeans | General Mean S.E. - Y0.05 | %.01 | %.001
%' 5 83.0 | 58.3 + 3.6 108 14.5 1g.8
2 E4.8
4 €1i.2
8 47.5
g F9.8

Fig. VIIX and Table V illustrate that the increased check to growth
az rates of applications of dalapon increassed had becons more marked at
thiz cut. The cheervatisnal report that treatment 2 plots had apparently
recovered from the effect of trsatment is confirmed., The differsnce
between yields from control andtreatment 2 plots was less at this cut than
at the previcus ene. The severity of the effect of dalapon on treatments
4, & and & plets is mashed by the contributien to dry matier yvield of
dead and dying herbage, very little of which had decompesed by this
sampling date.

(iii}) ‘Third experimental period.

al Intermediate chservations,

& series of sharp frosts (see Fig. V) occurred between the second
and third sampling dates. The tips of leaves on contrel plots were
frosted. The first of these frests, on the Zist May causzed & visibls
check to growth on treatment 2 plots. There was a considerable increase
in the amount of dead ané dying tissue on treastments 4, € and & plots
over a periced of two or three days. Heavy raln during the latter half of
Hay led to considerable decomposition of dead material, especially on
trestments 8 and 8 plots. éi{%k@ time of sempling, a8ll treaztments,

except € and 6 could be visuelly distinguished from one snother,



b} Third cut {9th June - 66 days after treatment),

The percentage contributiocn of the sown species to plot yield
is phown in Appendix ¥a. The gemeral mesn value was 28.7 per cent and the
lowest recorded value was 82.1 por cent, indicating that the sward was
2till virtually weed-~fres.

Individual plot dete for dry matier vield of the g%@% specics
and detailes of statistieal analysis of these deta are shown in Appendix V.
The analysis of veriance indicates thai treatwent ééff@?&%ﬁéﬁv§%?%
significant. (p = 0.001}.

Treatwent mesns, together with the standard error and the
detectable differences required for significsnce at three levels are
presented in Table Vi

Table Vi. Comparison of treatment means for third cut.

Perennial ryegrass. (Dry matter yield.)

Treatment | Means | General Mean | S.E.o %.05 | %0.01 | %.001
0 108.1 64.7 + 9.4 27.8 | 36.0 51,5

2 80.1

4 54,9

6 48,0

8 31.5

FPige ¥III and Table ¥I illustraite thet the trend of lower

vield with increasing rates of dalapon continued. The gap betwsen yields

%

e

from control and treatment 2 plois was greater at this cut thanm at the
previous one. The full severity of theeffect of dalapon was masked at
this cut alsc by the contribution to dry matter yield of dead and dying

barbage.

(iv) Fourth experimental period.

al Intermediate shservotions.

1ittle change was observed on deslapon~trasted plets belween



the third and fourth cuis, apert from the gradusl desrease in the seount
ef dead herbage. Considerable variation in the rate of decomposition

of dead herbage within treatments wes noticed, especially at the twe
hirher raies of tresimenit. Orowih continued %ﬁ gontrel plots but there
was a tendency for the taller foliape ite flag over by the time sf the
fourth cut, and some of the older leaves began to turn yeilew. The three
sharp frosts on Z5th and 30tk June and 7th July 4id not appssr to have
any Turther sffect on itreated plstis.

b} Fourth cut (Tth July - 94 days after treatment].

The porcventage coniribution sf the sown species te pleoi yield
is shown in Appendix Vie., The general mesn value was §6.7 ner cent and
the lowest recorded value was B8.8 per cant. 4t this stage there was
Iittle weed, despite the low yield of ryegrass from higher treastments.

It was poseible at this sampling date to separate live and
dead tissue of the sown species in the labersiory. Data were then
caleniated znd anslyvysed for the égg aatter yield of the zown species
{iive Herbage} and the dry matter yield of the scwn species (Tetall),
Individual plet data and details of statistical amalysis for both these
measurensnits appear in Appendices Vib and Vic respectively. The
analyses of variance both indicate @%&% é?%g;ﬁgﬁé gifforences wore
significant (p = 0.001}.

Treatment means, together with standard errors and the
detectable differences recuired for gignificence at three levels are

presented in Table ¥il.
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Table Vil. Cowparisons of treatment mesns for fourth eut.

Perennial ryegrass. {(Ory matter yield).

General
Treatment Heasurement Means Hean S.Efgv 9,05 ég‘gg
Live & ? |
3] herbage 106.,0 47.3 + 78 22.9 31.3 | 42.3
Total 132.9| 695 T + 10.9  32.1  43.8 59.3
Live : §
2 herbage 81,12 |
Fotal 92,3 ' §
Live | §
4 herbage 34,4 !
Total 6.0 |
live
é herbage i7.4
Tetnl T OBE.0
iive
g horhage i7.7
Total G564
Zeparation of live om tetal herbaze slloved 2 mors acecurate esitimation

of the affect of dalapoesn on plot yield, Fig. VIII and Table VII give an
indicetion of the relastive smounts of desd herbape in each frestment.
The dead herbage in contrsl %i@%@ iz dus to the death of cld leaves,

ossibly accslerated by frost damege. These may have contributed in some

k.

measure to the amoupnt of desd herbage on treatments 2 and 4 plots algs.
The relative differsncesz belivgen trestuments remain the same vwhether

total yield or live herbage yield are considered. The trend of deereased
vield with ineressed rate of dalaven is still evident, although ihe twe

 higher rates have become indistinguishable. Total yield figures sugpest

& continued growih increase on conirsl plets and perhaps on treatument

2 plots. The gap betwoen these twe treastsents and the remsinder is
greazter than st the previous cut. Treatment 4 beth in terms of total
herbage and live herbage yield wvas intermediate between trsatment 2 and

treatnents € and 8,
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(v} Fifth experimental periocd.

a2} Intermediate observations.

Fourth cut until the end of July.

There weve very few signs of aaiﬁ%g growth on any of the
trested plets for about thres weels after the fourth cut, Fleot
inspection revealed a progressive increase in the moriality of old leaves
on contrel plets and, to & lesser exient on itreatment 2 pleots. This
coincided with a pericd of dry weather and frosts (see Fig.V). Most of
the dead herbage sn treated plets had decomposed and thers was ne
gvidence of any further deterioration of trested plete due te the effsct
of dalepon. A s@fﬁég af photographs wastaken to illustrate the stage of
growth and condition of the ryesgrass plants under the various treatments
at this tipe. They alse provide an indicatisn of ground cover and ihs

mmenced after the fourth cut. In particular

ingress of %éeé& which had co
they show the patehy nature of ryegrass plant survival under treatments
6 and 8., {see Fig., VII}. The photeographs were taken on the 28th July,
118 days after tresiment.

End of July until the fifth cut.

During the last week in July there wes svidence of the
slow commencement of growth of the surviving plants on 28ll plstz. The
death of old herbage continued on control and treatment 2 plots,
apparently accelerated by the sucecéssion of sherp frests which securred
during the last fortnight before the final cut. At the same time fresh
shoots were appearing through the maet of older herbage which by this time
had %%ﬁ%iéé éaéﬁ ﬁ$§%§§%§&§l§g’ Growth on ireatments 4, 6 and & ploits was
- due te the predoction of new shoots by surviviag plants. There was neo
indication of the gornminaiion of mpeedling ryegress plants, ner of frost
damage to new growth on any treatment. %¥eeds rapidly colonised the bare

ground belweesn surviving planits and it was considered that, although the
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purviving ryegrass §§a§%gfs%§%@é ne gigns of being suppressed by the weeds,
there vas no possibility of %&é sown species regeining sontrel of the
sward on treatments 8 and 8 plots. There were, bhowvever, sufficient
surviviag %iaﬁ%% close enough together on treaiment 4 plets to give the
sward a reascnable chance of recovering to complete ryegrass dominance
with sultables mansgemeni,

it was noted that the young growth of fyeg?%%§’%§ treated
plots was much darber green and appsared much healihisr than %é&% produced
by control plots. Accerdingly, a bulled sample of fresh young grevth

from each treatment was analysed for crude protein content,. {See Table VIII)

Table Viii, Comparison of ireatmenis for crude prodein centent

af Tresh young growth. Perennisl ryegrass.

Treatment H Z 4 8 g
Percentage Crude 1.2 12+5 13.4 13.3 i%.2
Profein

Bach Tizure is the average of two readings for eaech
bulked treaiment ssmples It is not pos ssible to ealculste & standard
error for these valuss, but the cerrelatisn between crude protein aznd rate
of dalapon (r = O0.832, p = 0,06) shows that the crude protein é@%ﬁ%&ﬁ
of the fresh berbage increased with rate of dalapen.

b} PFifth cut {7tk Sentember - 156 days after trestment},

This Iazst cut was delayed for as leng ss possible o
aliow treated plots every s§p§rtﬁ§i€§ to. show vhether or not they would
TECOVeT. |

The pervesniege conirvibution ¢f the sews species te plet
vield is shown in fppendix Vile. Pos annus was the %&é@% woed of contrel
plets, while {resiment 2 plets coniained few weeds. Troasiment 4 plots
contained & prepoviion of ééﬁs%gi%ééﬁ%ﬁg weeds. The weed population on

treatments 6 and € plots showed considerable veriastion between plotis,
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The weed cover was underestimated in these two treatments by laboratory

analysis, since many of the weeds were below sampling height.

The ryegrass

yield from these nlots resulted from the sampling of a few isolated plants

growing vigorously, but surrounded by a carpet of seedling

Cerastium species and Cotula species were the major weeds.

yvield data.

weeds

Dead and live herbage was separated for the caleulation ef

Individual plot data and details of statistical analysis of

dry matter yield of sown species for live herbage and for total herbage

appear in Appendices VIIb and ViIc respectively.

The analyses of

variance in both cases indicate that treatment differences were significant

(p = 0.001).

Treatment means, together with standard esrrers and the

detectable diffevences reoulired for sipgnificance st thres levels are

presented in Table IX.

Table IX. Comparison of treatment means for f£ifth cut.
Perennial ryeprass. (dry matter yisld.,)
Treatment| Heasure~| Heans General %$%¢§ éﬁ‘%é é@.%i gﬁeﬁﬁ
mant Hean
Live
{} %&f%&g& %ga? gisg -+ %33 3%«% 3393 %%ﬁ%
Total 138.0 F7:8 T4 13,9 41,1 58,1 75
Live
2 herbags 74,8
Total i15.8
4 idve 41 .8
herbags
Total 81.3
g iive
berbage | 31.91.4
Total 48,7
8 Live
herbage 28.6
Tetal 35.8

¥4 ' and Table IX give pn ipdication of, the relative,k ampunt of dead
§§§§§§§E§§ 28 FaRis 12 BV M. YEEE8 ropdretd FF Be2inBTBERs 8 ©

control and treatment 2 plois confirms theobservaltion that €onsiderable



death of folinge had eccurred. The produciion of new herbage on

=

treatment Z ploils had apparvently kept pacse with the desth of old herbape,
but on control plists, the rate of death of old herbage betivesn cuis was
gongiderably prester tharn the preduciien of fresh growth to replzce it

The yields from treated plots at this cut still reflected 2 linear

vereasing rates of applieation of dalapon, except

Jula

trend in regerd io
for trestiments 6 and & which, 28 at the previous cul were indistinguishable,
In terms of live herbage yvield, the difference betwesn sonitrel snd treat-
ment 2 had becomes much less st the L1714k cul than at the Tourth eunts In
all trested plets there was evidence of an increase in the preduction af
live herbage between the tweo ﬁﬁggg This confirmed the observatisnal report.
{vi} Regrowth.

Obgervations vere made on the regrowih of herbage on the previsusl
"eut areas of each plet. Repgrowth was rapid frem the first eut of contrsl
and trestmont Z pleois, and could be distinguisbed fros that of subsequent
euts until after the fourth sampling date. By the [ifth zampling date,
the rogrowth from the verieus cuis could net be distinguished. Very little
regrowth from eny previous out oceourved wiith the other itrsatments unitil the
end of July, Frosm then ocovards 1% was noet possible to distinguish betwesn
areas which bad or had net been previcusly cul on ireatmenis 6 and B plots.
fncut areas could, however, be distinguished en treaiment 4 plots.

A%t the Fifth sampling date the herbage on previcusiy cut areas en
treatzent 2 plots sppsared more wvigorous and was a derker colounr than that
on contrel plots, which shoved symploms of g lack of nitrogen. The herbags
on treatoent 4 plots wae sgimiler to that on tresisment 2 pliots, buit the
swayvduas less dense and contained more woeds. The herbape and the apmcunt
of weeds on previcusly outl arsss of treatsenis § and € plets were similar

4 thai on fthe unent ares vhich has bheen deseribed above.
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sriment.

&l Preliminary obhoervations.

ieanf distortion was wory noticesble o freatsd plolte within a
fev days of the application of dalepon. By the ond of the first fortnight
ieaf discoloration becpme visible on 21l treated plots, until by the first

nits

sampling date treatuments é and & could be distinguished from treab
2 and 4 by the degree of disecoloration. Further growth on treated plots
had apparently ceased as & result of treatment, whereas unireaied plotis
had continued to grow vigorously and ¢ould be distinguished from treated
plots by the grester volume of herbage present, as well as by folisge
colour.

b} PFirst cut {27th April - 22 deys after itreatzentl.

The perventage contribution of %g% sown speciss to plot
yield is shown in Appendix Viila. The general mean value was 88.5 per cent
and the lowest resorded walue was 4.4 per centy indicating thatl the sward
wos virioelly weed-Trec.

Individual plot data for dry matier yisld of the sown zpeciss
and deteils of sitstistical sualysis of these daip are ghoewn in dpvendix
Yiii%. The analysiz of verisnce indicstes that treatment diffeorences
were sigoificant (p= 0.001). Subdivision of the treatments sums of

souares indicates that treatment with dalapen csused a sipaificant

{p = 0.001) check to growth at this stage.

Tresteeni seeng, tozether with the gtandavd syrver and the
deteciable differences renuired for siznificance at three levels are

sressnted in Table 4.



Table X, Comparison of trestment means for first cut.

Cocksfoot.{Dry Matter 3&%1%.3
reatment | Mean General mean | S.Eus %505 | %0.01 | %o.001
0 123.6 9243 +5.9 17.5 | s2.2
2 50,8 |
4 84.5

é ?&¢§

g 83.6

Fig. XII and Table X illustrate that the main difference at this stage of

the ezperizent sccurved heitwess centrel and tresated plots. Ho treand

2%

within itreated plets sz o result of ineressing retes of applicetien of

dalapon could be detected. The effect of dalapon appeared to consist

- mainly of a check %o forther growihe.

(i1} Second experimental poriod.

al Intermedinte chservations.

The first four frosts of the vesr cocurred belveen the firet and

second cuts. Little damag from the first one {see Fig. ¥V}, but

&
ity
by
o
o
Jookw
i
%
&

the zecond frost on the 288k April csused considerable destl

and a severe check to growth on all trested pleis, inels

2 whiech up vntil thie time bad shown sigos of
tresteent with dslaveon. The chenge in th
evernight was remarkable. The third frost b May caused more
death of folisge on trestment 2 plots, the herbage on

I 8 plote turnsd breown overnipght snd inspection revesled

h the plants themselves were 51111 alive, all the top growth
The effect of these frosis on conirsol plots wes limited

to the desnih of the tive of the lsoves of some of the more motvre faliag

3



At the time of sempling, 1itile decompoaition of dead and dyinz herbage
had cccurred.  Hewever, (.38 inches of rain on the day after ssmpling
secelerstied the knochdown and decompesitien of dead materisi, Fig, 1%
iilustrates the condition of the &a?%agé just gri%§~é$ spampling. '

b) Second cut (14th May - 40 days after treatment).

The percentage contribuiien of ithe sown species fte plet yield
is shown in aggégééx I%a. 'The general =mean value was 97.9 per cent
and the §$§@$% recorded value was 350.1 per cent, indicating that few
weeds %%?éé§?%%%§%a

Individual plot data for dry matter yield of the sown speciss
and detoils of stetisticnl anslvsis of these dats are shown in Appendixz 14k
The ssalysis of varisnce indicates that itreatment differences ware
significant {p = 0.001).

f?%aéﬁgﬁ%’%e%aég'éﬁggzﬁégﬁwééé the standard ervror and the

detectable differences reguired for significance at three levels are

presented in Table XiI. !
Table XI, Comparison of treatment means for second cut.

Cocksfoot., (Dry Matter yield.)

%?@&i%%ﬁ% Heoan General %@é%x Beliog, | §§.%§ éﬁ‘ﬁé éﬁ.%&i
o i21.4 FB.8 + 58 17.2 23.58 ; 31.8
2 89,5
4 71.0
é 57.2
& 55.53

Fig, X1I and Table XI illustrate that at this cut yield declined as
retes of dalapen increased, slthough itresiments € and 8 wers
indistinguishable. The relative position of control plots in relation

to treated plots was similar to that at the first cut. Differences
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Cocksfoot.

The condition of the herbage at the second sampl

40 days after treatment.
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betwsen yislds of treated plots were, hoewever, sere mavked, since the
yields from treatmenis 4, 6 and € had declined. The ameunt of dead and
dying berbage on these é?@éé@%@és masked the full effect of the chemical

at this stage since relatively little decomposition had cccurred. This
herbage contributed ts dry matier yield., For all practicsl purposes

there was no live herbage in the samples taken from ireatments 6 and 8 plots

£345% Third ezperisental period,

al Intermediale observatisns.

Heawy rain during the latier hall of May asccelerated the
ggse%é&%% and decomposition of dead herbage: 4 sories of sgharp frosts
{see Pig., V) prior to the third cut caused further death of Herbage on
treatoents 2 and 4 plots. Froalt damage also é%aggéf%%% é%&%% of the top
twe or three inches of matore follage on contrel ploitse This contrasted
with the effsct on treated plots, whers the whole leaf turned brown,
rather than the tipe.

By ‘the third sampling date, eontrel plois were still producing
??%%%V%%ﬁatgg as were tresiment Z plots, althouzh much of Lhe originsl
folinge on the latder had died, Virtuslly 211 the ftop foliasze on
treateent £ plots was dead, but §£§§%$‘%$§é 3éii§ putting cut new %%%323g
alikough these grew very slowly. There was no indizcation gf regovery
growth from treaiments 6 and 8, but close investigation revesmled that many
vlents were still alive,

b} Third cut (5th June -~ 62 days after treatment).

The percentage contribution of the sown species to plot yield is
shown in Appendix %s. The general mean wvelue was 98.6 per cent and the
isvest recorded valus was B5.U per ecent, which was due te g clumy of
perennial ryegrass in the sampled sesction of the plot. Apart from this,
there were fow weods. There was virtually no live herbage from tresiments

6 and 8, and the majority of the live herbage from treatments 2 and 4 was
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new growth. Contrel plois contained mostly live originse}l berbage with
dead leaf tips and a §?$§§§tié§ of undemaged new grovth.

Individusl pleot data for dry matter yield of the sown speciss
and dotails of statistical anslvsis of these dats sre shown in
Lppendix Ib. The analysis of variance indieastes that treatsent
differences were significant {p = 0.001).

Treatmeni means, together with the standard erver and the
detectable differences reguired for significance gt three levels are
presenited in Table EIL.

Table Z17. Comparison of itresaiment seans for third cut.

Cocksfoot. (Bry matter yield}.

Treastment Hean General Hean S‘%e§< éﬁaéﬁ fégaﬁé § §§¢§§%
0 117.2 83.4 | +7.1 20.8 28.4 § 38,58
2 73,8 |
4 47,2
6 39.2
8 38.8

2

?ig; Xi1 and ?&%2@ EII illustraite the ineresasing gap between conitrel and
tresnted plots. é‘éaeéiﬁé in the yield of all treasted plots cccurred
beteween the second and third cuts. There was 1ittle change in the dry
matier yield of control ploftes., suggesting that the production of frégé
growth balanced the decay of dead herhapge. Ubservational neotes indieate
that the decling in yield of tresied nlets wes mainly due to the

decomposgition of dead herbage.

(iv} Fourth ekperimental period.

8l Intermediate shesrvations.

During this peried, increasing death of mature foliage on control
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plots was observed and much of the foliage was beginning to flag over,
These processes appearved to be acecsleraied by frest and rain. The desth
ef the original herbage on treatment 2 plots continued, but both these
treatments wereproducing fresh growth. HNew shoois from treatment 4 plots
continued to grow slowly. There was no visval evidence of distertisn of
new leaves produced by surviving plants on treatments 2 and 4 plets. In
contrast, there was no fresh growth from plants on treatments 6 and 8 plets
angd close Iinspsction showed that snly & few planis were sti1]l alive,

The bare ground resulting from the complete kill and rapid decomposition
of herbage on trsatsenis 6 and 8 plote encouraged the permination of

weed seads. Fig. X illustrates the condition of the herbage on
treatments 0,4 and B plote at the time of ssmpling.

b} Fourth cut (2nd July - 89 days after treatment).

The percentage contribution of the szown species to plot yield is
“shown in Appendix ¥ia. There were few wesds on conirel plois and verying
amounts of dicotyledonous weeds, mainly chickweed {Cerastiun species) in
treated ?ié%é* Gecasionsl clumps of weed had 2 considerable influence

onr the composition of samples because of the small contribution of sown
gpecies to yield eon treated plets. Sasmples from treatments § and 8 had
only an occasional live Isaf of cecksfosot. At this sasmpling date it was
possible to separate live and é@&é'ﬁiﬁggg of sewn speceies in the laboratory.
Bata weres then calsulated for the dry matier yield of the sowe speciss

{Live Herbapge) and of socwn species {(Tetall.

Because of the cleayr differences betwsen the contrsl data and
those for the dalspon treatments, both ig mean levels and varisbility, it
was nescessgary io excliude cenitrel plote frem %%e‘§%%§§$ig of variance teo
allow a-valid standard érror to be calculated for comparison betiween the
remwaining treatments.

Individual plet data and details of statistieal analysis for

dry matter yield of sown species (Live Herbage) and dry matter yield of
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sown species (Total) are shown in Appendices XIb and XIec respectively.

The analysis of variance indicates that treatment differences were

gignificant {p = 0.01},

Treatment means, together with standsrd errers and the

detectable differences reouired for significance st three levels are

presented in Teble XIiIi.

Table Xiii.

Comperison of treatment sesns for fourth cut,

Cocksfoot. (Dry matter yield.)
Trreat~ | Heasure«. General d d L.
ment ment Mean Hean SeBog 0.05 0.01 0. 001
&  iive herbage 72.9 L+ 10.2
Total 131.3 T % 14,2
2 | Live herbage| 14.0 6.6 4243 7.0 9.6 | 13.3
Fotal 61.8 42.8 + 564 i8.2 223 3.8
4 Live Herbage 10.2
Total 44.5
é Live herbage 1.1
Total 3643 |
£ Live herbage 1.1
Fotal 28,8

Separatioen of live from total

at this stage ito be assessed.

af the relative &%@a&ﬁg of desd herbage in each treatment.

herbage allewed the full effeet of dalapon

Fig. XII and Table XIII give an indicatien

Contrel and

treatment 2 plots contdined a large amount of undecomposed dead herbage.

The total yield figures for treatments € and B8 disguise the faet that

there was virtually ne live herbage on these plots,

The live herbags

figures for treatments 2 and 4 are derived mainly from new growth since

treatoment.

The low dry matter percentage of this materizal relstive to

that obtained for live herbage from control plots csuses dry matier yield



io show a greater difference betwsen control and these treatments than
fresh welght ligures suggested. There was little difference in live
herbage yield between treatments 2 and 4. Considerable variability
between plots within each treatment in terms of live herbage yield
existed,

(v} Fifth experimental pericd.

@} Internedinte ohmsrwvations.

Fourth cut until the end of July.

There were few signs of active growth on any plots for two or thres
weeks after the fourth cut. Continuing frosts coused more death of old
leaves in control plots. Live herbage on contrel or on treatments 2
4 plots was unaffected. The majority of the old herbage on treated plots
had decomposed, with the exception ¢f treatment 2 plots where many of the
dead leaves were still attached te the plant. Imspection revealed that
only an occasional cocksfoot plant remained alive on treatments € and 8
plots, and there was no evidence of the production of new shoots. Veeds
and rushes were rapidly celonising 211 the bare patches on these and on
treatment 4 plots. 4 servies of photographs was taken on the 28th July,
118 deys after treatwment, fto illustrate the condition of the pleis at
this tise. (See Fig. %I}.

End of July unitil Fifth eut.

Buring the last week in July there was evidence of the slow
commencenent of growth of the surviving plants on all §%§€s. Deterioration
of the old herbage on control pleots é&%iiﬁﬁeﬁg the canony began to seltils
down and new shoots a§§@§raé threugh ites Littie by way of weeds was
present in control plots; due to the dense canopy. Fresh gfa@té and dead

tissue on trestment Z pleots also gave 2 good canopy and although weeds

oceupied some areas of the ploits, there was a fairly even distributien

of live cocksfoot plants over theplots. By the fifth sempling date, it
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became apparvent ihet recovery would be sufficlently vwigerous to smether
most of the weeds in & relatively shert time. The swsrd was moch thinner
on treatment 4 plois and although surviving plants were showing vigorons
growth of new shoots, weeds had taken contrsl of large areas of the
plots. It was considered that the surviving plants were too far apsrt
and that the weeds had pained foo grest g foothsid for ecsehksfool to tals
contrel of the sward agaln. A& very eceasional plent had survived on
treatments 6 and 8 plots, and had produced a few small leaves. These
plants were not expected to survive competition from the dense carpet of
weeds which was rapidly covering the plots. There wae no indiestion of
seedling planis of cocksfoot on any plot.

b} Fifth cut {(8th September = 1535 dave after treatment,)

This last cut was delayed as long az possible to allew treated
plots every oppertunity to shoew whether or not they wvould recover.

The centribution of the sown species to plot yield iz showsn im
éggégééxV%Ean Contrel plots were still virtuwally wesede-frse except forsan
sccasional clump of perennial ryegrass. This was alse the major grass
weed in other trestments, especially treaiment 2. Betanieal dissection
date considerably underestimoted ihe weed cover for higher treaiments
since much of the weed population was below sampling height. The main
dicotvledonous weeds were Cersstlum species and Ceotula species. Live and
dend tissue of the sown species was soparated.

It was necessary to exclude conirel plots from the anaslysis of
variance at this cut %Eé@e Individual plet data and details of statistieal
anglysis for dry matter gisﬁé of the sown species (Live Herbage) and of
sown species (Tetal} are shown in Sppendiees XITb and ¥ilec respectively.
The snalysis of vearisoce égéieﬁiﬁﬁ that there were significant differences
hbetween treatments for beth live herbage yield (p = 0.01) and total

é?i%éé {? = %t%i}&
Treatment means together with standard errors and the detectable

differences reguired for significense a2t three levels are presented in

Table XIV.
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Table IIV, Comparisen of trestment means for £ifth eut.

Cocksfoots (Dry matter yield},
Troat- | Heasurg- General a a a
ent ment  Mean Bean Stg*g 0,08 D.0% G001
& Live herbape B3.7 iﬁ&%g a
Total 171.5 + 70T
2 iive herbapge | 3Z.6 18.9 4.0 | 12,2 16,9 23.3
Total 737 4.8 + 8,0 24.2 3.4 48 .2
4 iive herbage| 4.2
Total 27.4
& Live herbage| 14.1
Total 23,2
& fdve herbage 8.8
Total 15.0

Fips 21T and Table XIV give an indicasticn of the relative smounis of dead
berbage respining in sach troatment. The gop between total herbage and
Iive herbage in contrel plets haed ineresased beitwsen cuts, indicating that
the rete of vreductiion ¢f new herbage was not sufficient to replace the
deterioration in old ﬁef&agé. Trestment 2 plots ziso contaioed 2 large
smount of undecomposed dead herbage. The incresse in live weipght yield
of this {treatment confirms sbservational reporis on recovery. Comparisons
of live vield figures for itrestments 4, € and & avre inconclusive. This is
dus te the variasbility of plant éizériégiisg on ifreatment 4 plets and to

the encroachwent of cocksfost from discard areas on treatmenis 6 and B plets

{vi}

Reprowth.

Observations were made on the regrowth of herbage on the
previcusly cul areas of each plei. Becovery from the first cut was rapid
on contrel and treatment 2 plets, but very slow on the rest. By the fourth
eut, regrovth on ireatments § and 8 had died and cul areas were
indistinguishable from uncut arsas except for the larger proportien eof

undecomposed dead material on uncut areas. Regrowth on treatments 2 znd 4



- Fh
plots was similar to that on uneut areas. At the time of the fifth eui,
regrowth areas en conirel plots were indistinguishable and formed z dense
sward with fev weeds. Cut arsas on treated plols could net be distinguieshed

exeept for the amsunt of dead herbage, from uncul srsss.
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&}  Preiiminery shservations,

Some lenf distortion was observed on treated slots within a
few days of treatment and by the end of a week the herbage on all treated
plots wasturning yellew. Growth apparently ceased on these plots, while
conirel plots continued to produce a new foliage. By the first sampling
date contrel plots could be distinguished by their greater amount of
herbage and by their colour. HNHo difference betwesn treated plots counld
be sbassrved.

B} Firast cut {(Zist Anril = 17 davs after trestwmentl.

The percentage contribution of the sown species to plot yield is
shown in Appendix ¥illa. Considerable v&féa%isﬁ existed between plois due
to the lsch of uniformity of the arsa bafore trsetment. Very few
dicotyledonous weeds were present and the main impurities were perennial
ryegrass, Poa annua and various rushes and sedges. However, in 211 but
twe of the plots browntop was the dominent spscies. /

Individuzl plet data fé% dry matter yééld of gown specles and
details of statiptical asnslysis of %%@gé»é&%g'&re ghown in Appendix ZITIb.
The analysis of variance indicates that treatment éiff@?gﬁé%s‘%ey@ not
pignificent. SBubdivision of the treaiment swmme of sgusres, %e%e%@rg |
indicates that there was a gignificant difference (p = 0.01) betwsen
treatment with dalapon and no treatment.

Treatment means, topgether with the standsrd srror and the
detectable differences reouired for significance at three levels are

presented in Table XV.
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Table AV, Comparisen of ireaiment means for Tirst cut.

Browntop. (Dry matter yield).

Treatment | Mean | Gemeral Mean| S.E. _ 99,05 | %.01 %0.001
0 63.8 47,6 + 6.0 17,9 24,4  33.0
2 43.1
4 45.8
6 44,9
8 40,6

Fige AV and Table XV illustrate that the wmain difference at this siage was
between control and treated plots. HNo trend within treated plets as a
result of the increasing ratesef dalapon could be detected,

{ii)

Second experimental pericds

al Intermediate observations.

The first frosts of the year (See Fig. ¥) ceccurred between the
first and second cuts, but no effect on browntop plants, treated or
untreated, was cbserved. Progressive yelloving of trested herbage was
noted and by the second sampling date it was possible to distinguish the
two higher rates of application of dalapon from the twe lower rates by
the degres of disceleraiion of the herbage. Contresl plots continued teo
grow. Fipges ZIII illustrates the condition of the herbage on the day of
the second cut.

B Second cut (8th May - 34 days after treatment).

The percentage contribution of the sown species to plot yield
iz shown in Appendiz XiVa. The variabiliiy was less et this cut, dus fo a
marked decresse in the amount of grass wveed seedlizsips and rush seedlings
on treated plots which had apparently besn killed by dalapon.

in order io sssess mere accurstely the effeects of different



mpling date -

£y

|41 B
2
ST
oW
o g
Q9
A
o = £
Y O e
T
B
. i St
1 BT
£ B ek | G
@Boow
] K
o
=W
p by
a
o o
i <~
RS
)
Gl
o
o
o
ol
39
-
w3
m .
o
P S e o
o
Fed © oo A o
Sy Bt
I3
2
o]
[OT
B8 o
2y
@
e‘
St 02
£t i



rates of treatment with dalepon, contrel plets were szeluded fros the
analysis of variance. Individual plot data and details of statistical
analysis for dry matter yield of sown species are shown in Appendix XIVb.
The analysis of variance indicated ﬁ%éi differences between irsatments
were not significant. Ho gignificant difference could be detecled belwsen
the lower {2 and 4) and higher (6 and 8) rates of treatment, although
vield data suggested that treatasnismight be groupsd together in such a way,
Treatment means, together with standard errors and the
detectable differences reguired for significance at three levels are
nresented in Table VI,
Table Z¥VI, Comparison of trestment means for sscoend cutl.

Browntop. (Dry matter yield).

4

Treatment | Mean | General Mean SuFe 95,05 99.01  90.001

2 38.4 36.4 + 6.2 18.7 23.9 335.8
4 41.4
& 31.0
g 34.0

Pig. %V and Table X?Eliiiﬁsiyaié that the main difference at %%ig stage

wag still between treated and untreated plois. Ho itrend corresponding with
increasing rates of gggiﬁe&%iaa of dalapon was appavent. Yields from
treated plots tended t¢ be less than at the previocus cut.

{(iii)} Third experimental peried.

al Intermediate obhservations.

Frosts over this periocd (see Fig. ¥) killed the tips of a few
leaves on contrel plots, but no sharp effect on treated plots was cbserved.

Treated herbage slowly and progressively turned brown and died on treatwments
6 and 8 plots. Some clumps of more mature herbage on treatmentg
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2 and 4 plois were apvarently unaffected at this stege. By the third
sempling date, considerable death of folinpge on frested plats had secourred.
Thoere was no indication of the production of new shoots on any but

gontrol plets. Heawy rain during the letier part of May assvisted the
knockdown and decemposition of dead herbage.

b) Third cut {(3rd June ~ 80 davs afier treatmentl.

The perventage contribution of the sown speciss to plet yisld
ie shown in Avvendix E¥Wa., Very fow pgrass or rush weeds were present in
treated plots and the impuritiess consisted mainly of Cernstium species
and Cotule species which were colonising some of the bavre patches in the
sward resultiseg {ron pre-tresiment wesding. Honcecotyvledonous weeds were
the main jmpuritiss in contrel plois.

Control plots were excluded from the analysis of variance.
Individual plet data for dry maiisr yvield of sown spscics and details of
statisticnl aﬁalgaig of these date are shown in Apvendix ¥¥h., The
analysis of vaviance indicates that ireatment differences were not
significant. However, subdivision of the tresiments sums of sguares
indicates that a significant difference could be detected between low and

" high rates of dalapon.

Treatoent wmeans, together with the standard errers and the
detectable differsnces reguired for significance gt three levels ars
presented in Table ZVIL,

Teble IVii. Compariszsen of irestment mesns for third cut.

Browntop., (Bry matter yield).

Treatment | Hean General Mean Sefies 005 0. 01 0,001

73.5 7 + 1.1

2 30.2 22.3 + 4.7 14.1 1.5 27.0
4 27.0

6 18.5

g 5.0




Fip. LY and Table EVII illustraite that Lthe gap between contrsl and trested

plots was much greater than at previouns euts. Yields from treated plets

had declined considerably since the previous sampling date, and treat~
ments appeared for the first time in descending order of yield with
incressing ?&%&%4%% appiication of dalapen.

(ig) Fourth e

r§§§§§a£ z?ﬁﬁ%;

al Intermediante cheservations.

During this peried grass weeds such as perennial ryegrass and
Poa annua continued to colonise leass demse areas of control plets,
invrecging the variability of the distribution of spocies within these
plots. CGrowth of browntop on conirsl nlots appeared to have slowed down
considerably. On examination, all plants on treatments € and 8 plotsz
were found %o be dead. The vast majority of planis on @r@aéﬁﬁﬁi 4 plote
ware alss %%&%% but an sceasienal cluep of more mature herbage also
survived on freatment 2 pisis. lLeasves of plants oo beth these trsatsents
were, however, dying back from the tips, Hest of the deed herbage eon
treated plots bad decomposed by the fourth sampling date. There was no
evidance of the productien of fresh growth on any of the treated plets and
the weed pepulation of these pleis, especislily trestment 6 and 8, was
considerable.

b) Fourth cut (28th June - 86 days after treatment.)

The percentage conitribution of the sown mpecies to plet yield is
shown in Appendix Z¥ia. The presence of 2z nmuech higher weed population
than at previeuns culs is gonfirmed. The main weeds of conirel plets were
grasses, as indicated above, while the weeds in treated plets were &1@@3?
emclusively at this stage of Cerastium species and Cotula species. €§§
presence of isolated clumps of live herbage from treated plante %a§ 
present in samples from treatments 6 and 8 plets. The spread of browntop

Eren disecerd aress on to unoccupisd areas of tresied plots %gﬁ@v%?§



caused a small amount of live herbage o be recorded in these plots and

raised the yield of theother treated plots slightly.

At this cut, live and dead herbage of sown sg%ﬁéggigégéyg%aé in
the laboratory. Data were then calculated for the dry matter yield of
sown species (Live Herbage) %éﬁ of sown species {?&%&3}. Individaal
plot data for both %%%ga megsurensnts and details of stetistical
snalyses ave shown in Appendices %?E% and XVIe respedtively. Ceontirsl
plots were excluded from the anslysis of variance. In the case of sown
%§@$§é$ {Live Herbage) the analysis of variance indieates that treatment
differences were significant {(p = 0.03). §§§§i$§%§$ﬁ of the treatments
suns of squares iﬁéé@%ﬁ@g that low (2 and 4) and high (6 and 8) rates of
dalapon were significantly different (p = 0.01). The analysis of variance
for sown species (Total), on the other hand indicates that treatment
differences wers pot significant.

Troatuwent %@a&g%‘%sgg%ﬁ%? with stendard errors andthe detectable

differences required fer significance at three levels are presented in

Table XIVIil.
Table ZVIIY Comparison of treatment means for fourth cut.
" Browntop. (Dry matter yield).
Treat-  MNeasure- é General | a ) 4 ?g
ment ment Mearr Hean = S.Be.mg 0.05 0.01  "0.001
o Live herbage 44.7 16,5 |
Total 58.4 | +19.8 v
2 Live herbage 4.2 2.6 +0.9 | 2.7 3.7 5.1
Total 18,7 4.1 T +3.3 @ 10.0 13.9  18.2
4 iive herbage 3.8
Total 8,8
& Live hesrbare 2.1
Total 1Z.1
é Live herbage I
Total B.2
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Separation ef live from total ﬁeréég@ agllowed the full effect of dalapen
at this stage to be assessed. . Fig. IV and Table IVIIY illustrate the
relative amounts of dead herbage é@%aiﬁiﬁg in sach treatment. Live
herbage data for treatments 6 and 8 are not inecluded in the graph. The
considerable variability within conirel plots is indicated., Live horbage
 data for treatments 2 and 4 g%ﬁ%Vthat relatively 1ittle live herbage
remained on these plots. Estimation of survival in terms of yield must,
however, take into account the relatively small size and weight of
individual lcasves of this species compared with those of the species in the
previous experiments. Total herbage yvields were lower at this cut on
treated plots, indicating that the decomposition of dead tissue continued.

{v) Fifth experimental peried.

a2l Intermedinte sheervations,

Fourth cut until the snd of July.

There were fev signs of active growth of the sown species in
any treatment for several weeks after the fourth cut. A series of sharp
frosts (see Fig. V) caused considerable damage to mature herbage on
control plots, but had no visible effect on the remaining herbage on
treatments 2 and 4 plois. Some of surviving clunps on treatment 2 pleis
were 2till dying off slowly, while in others, the deterioration appeared to
have halted and & few fresh leaves wers produced. These did not show any
distortien or malformation due te delavon., HNeariy sll the nlants eon
treatment 4 plote were dead or dying, including the isclated clumps
noeted at the previcss cut. Fig. LIV, illustretes the conditioen of the
plots on the 28th July, 115 days afier treatment and indicates the extent
ef weod invesion on treated pleis.

Bnd of July until Fifth cut.
Buring the last week of July, there @&g‘eviéages af the
slow comencement of growth on egontrel and treaiment 2 plots but not en

the remainder. Deterioration of the mature herbage on contrel plots
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continued, but fresh shoots appesred through the canopy of slder herbags,
Head grasses, especislly perenniasl ryegrass were plentiful. On treatment
2 plots, old herbage continued ts die off, but fresh shoots appeared and
grew vapidly from the croens of the surviving plants. The vigour of
these shoots and the number of surviving plants on these plots suggested
that despiie the high %&%é population, browntep would survive and spread
to take contrel of the plots, Virtselly 21l plants on tresiwent 4 plots
wers desd and there was no evidence of recovery except for a very few
rather sickly shoots. It was considered that this tresiment had to all
intents and purposes completely killed browntop. There were no live
treated plants on treaiments 6 and 8., Ne seedling brownitop plants were
sheerved on any of the treated plois.

b} Fifth eut {4ih Septenmber - 153 days after treatment).

This last cut wvap delayed for as long as poessible to mllow
treated plants every opporiunity fo show whether or not they wenld recever,

The contributien of ithe smown zpecies fto plet wyiesld is shewn in
Aypendiy K?EI&Q The fﬁg&r&s/iﬁéigaiﬁ the exitent to which wesd invasion
had occurred by the 40tk sawmpling date. Conmiderable veriations in the
waed content of individusl plots existed, The ingress of browvanltop from
surrounding aress caused a g@&ii ameunt of live herbage fto be recorded
in treatments € andB®, and inereased slightly the amounits recorded in
treatnents 2 and 4,

Bead and live ftissuoe of the sown species wers separated and
data caleulated for the dry matter yield of sown species {(Live Herbage) and
of sown species (Total). Individual plet data and details of statistical
anzliyses are shown in Appendices XVIiIb and IVIi¢ respeciively. Conirsl
plote were excluded frowm the snalysis of varisnce. In both casss the
analysis of variance iﬁéigaieg that treatment differences were
gignificant {p = 0.01}).

Treatwent means, together with standard errors and the
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detectable diffsvences vequired for significasnce at three levels are
presented in Table XIX.
Table XIX. Comparison of iresiment means for Lifth cut.

Browntop. (Dry matter yield}.

i

Treatment| Measure- General SeEem a s a
ment Mean = HMean * 0,058 0,01 | 0,001
4 five herbage S2.3 +12.9
Total ~86.5 7 faB.s i
2 Iive herbage 13.8 5.0 | fg‘$ 7.0 D7 13.4
Total ’ g%ﬁ% ?o? i’ gé? 12»? igoé givg
4 Live herbage 4.3 |
Total | 6.6
é Live herbages 0.6
Total 0.8
&8 Live herbage lsd
Total 223

Fige XY and Table XIX iliustrate the considerable variability between
control plots which existed at this sampling dates Total herbage figures
for treatments 4, 6 and 8 indicate that decomposition of the dead herbage
was virtually complete., Live herbage data for treaiments 6 and 8 are not
ineluded in the pravh. & mavked incresse in the yield of live herbage
from treatment 2 ploits since the previous cut confirmed observations of
recoverys Little if any change in the asowunit of live herbage recorded on
treatment 4 ploits is indicated.

(vi) Regrowth.

Bopgrowth from cut arsas on conivel plot continued steadily
throughout the experiment. While regrowth from the different cutting dates
conld be distinguished at the fourth sampling date, there was ne visible
difference at the fifth sampling date. Some regrovihk frow the twoe sariiest
cuts was sresent on trestments 2 and 4 nlots at the ftime of the fifth cul.

This growth was very patchy, but showed signe of spreading on treatument



2 plots, The number of plants invelved was much less on treatment 4 plots.
Regrowth from later culs was much poorer. On treatments € and 8 pleots,

some ¢f the plants eut at the first sampling date produced fresh leaves,

but these died later and by the £ifth sampling date ne hrowniep

plants were alive on previcusly eul arsas.
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e Bhite Clover axperiment,

a) Preliminary observations.

Observations of the area on the day following spraying showed
that the leaves of red clover plants, which formed a small percentage of
the sward on most plots at the time of treatment, had all turned black and
shrivelled up on treated plets. This point was especially noticeable
because no such effect was visible with white clover plants. The treated
red clover plants apparently died very gquickly since none were found in
botaniecal dissection ten days later at the first cut. Three dayvs after
tyeatment leaf scorching became visible on %?&%éﬁ%ﬁzg 4y & and 8 plots.
411 treated ploits had apparenily received a check to growth, since
control plots boecase distimgulisheble within & fow dave becouse of the
rapidly ipecressing voluss of herbape. 4t the FTirst sampling date trestments
2 and 4 could be distinguished from tresisents 6 and € by the degree of
leaf scorching preseni.

b) First cut (14th April - 10 days after ireatment).

The percenitage contribution of the sown spseles to plet yield is
shown in Appendix XV¥iila, In all cases, white clover was the dominant
gpscies in the g%&r%;{ The main impurities were browniop and sheespnis
sorrel. Considerable variatieon in the weed content of plots exiated.

Individual plot data for dry matter yield of sown speciss and detalls
of statistical anslysis of these dats are shown in Appendix IVIIiIb. The
analysis of wariance indicates that ﬁr@géﬁaﬁt differences were significant
{p = §.01). Subdivision of the treatments sums of squares indicates that
there was & significant difference {p = 0.001) between control and
treated plois,

Treantment peans together with the standerd errer and the
detecteble differences regulred for sgignificence at three levels sre

presented in Table 4%,



w HE
Table Hi. Comparisor of treatment means for first cut.

¥hite clover. (Dry matter yield).

%?é@ﬁ%@ﬁ%» Hean  Gensral Hean gﬁgmg/ é%;%ﬁ éﬁ;@i éﬁ-@%i
8 764 83.2 + Sed 10.2 13.8 ie,7
2 633
4 57,1
8 58.1 .
& 60,1

Fig. EXI and Table %% illustralte that the mails diffsvrence a2t this stage
was belween confrel plots and %%ess treated with §%1é§§g. Bo trend withis
treated plots as 2 vesuli of incrsassing retes of %aéggsg could be detscted.
The efﬁee% of the chemica]l appeared as & check to further g%@%%%,

{ii}) Second experimental peried.

al Intermediate cohservationss

Leaf écﬁfe%éag beecane more apparent en all treated plots as
%iﬁ@@§?$§ggﬁsgé. The leaves were not usually killed since only part of
the lizaf wmizght be %ffeeﬁéé. This part turned brown &éé died, but the rest
of the lsaf remeined healihy and szhowed ne signs of trestsent effscis.

A11 itreated plots, wilth the exception of tresiment & plots anpsared o
recover f?%% the echeck to growth andproduced new herbage rapidly. Ko
further growith was visible on frsatwent 8 plots. Orowih on %r%&%%gaé 2
plots waes so vigorous that at one sisge 1t beceme diffieunlt o distisguish
s@&%réi from treatment 2 plots. ??ég% on the 30th April {(Bee Fig., V)
cheched g?ﬁ%ﬁ% on treated plots oversight. Contrsl plots were unaffected.
Avnether frost en the 4th May caused considerable dumpge and death of
folinge on all tresied plois, the severiiy of which incressed with higher
rates of appiicsiion of dalspon. Treaiment 2 plois showed considerable

death of both scorehed and uvnscorched lesves. Denaged follape turzed

black and shrivelled up. The degree of deomage on treatment 8 plots was
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such that all foliage turned black and appeasred to have been killed.
Trostments 4 and § showed intermiediste offects. Control plots were
unaffected. Fig. XVI illustrates the condition of the herbage on the day
of saspling. o |

b} Second cut (5th May - 31 days affer treatment).

The §§zegggﬁgé contribution of the sown species to plet yvield ia
shown in Appendix XIXa. The general mean value was 80.6 per cent and the
iowest value recorded was 69.1 per cent, 4 pemeral increase in the purity
of treated plot samples was noeted, mainly due to z desresse in grass
weeds which had presumably been hilled by dalspon. lLarge guantities ef
dead elover wers ??éﬁ%é% in trsated plot ssuples.

Individusl ploi date for dry malbtier yield of sown specles and
details of statistical analysis of these data sre shown in Sppendix XIXh,
The anslysis of verisnce indicates that treaitment differences wore
significant (p = 0,01},

Treatment mesns, together with the standard error and the
detectable differences reguired for significence at thrse levels are

presented in Table XXI.
Table I, Comparison of treatment means for second cul.

¥hite clover., (Dry matter yield).

Troatment | Hean General Hosn g,gﬁg é&;&ﬁ’ é%.@% é§¢$§§
& 104.1 6.2 + 10.2 30.2 41,2 58.8
2. 978
4 G584
6 £5.8
8 %3;%

Although much of the herbage on treated pleots was desad or dying, it had

noet had time to decompose and therefore contributed to dry matier yield,
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so that Fig. ZXI and Table XXI illustrate the degree of recovery whieh %gé
taken place on treated plots since the pevious cut. Yield on treatwent 8
nlote had declined, bui other tresisments, noiably treasiment 2 haed inevsased
in yield between cuts. éi'téis cut yield from trested plots decreassd

with incressed rates of éggiiegiiég of dalapon,

(iii) Third experimental peried.
a}l Intermediate observations.

Heavy ygé& during May {(see Fig. ¥) aided the knockdown and
decomposition ¢f desd herbages on treated plots. The detericratiion of
foliage on treatments 4, € and 8 plots continued and by the thixd sampling
date there was very little live or dead herbage available to cut.
Inspection showed, however, that the clover runners werse still alive.
Growth on contrel plots had apparently slowed dewn. Treatment 2 plots
ghowed signe of recovering and §?Q§ﬁee§ some nev leaves, but & series
of frosts prior to ﬁ%ﬁéiﬁg caused very considerable death of older foliage
%E%Qis two or three days, Hoat of the grassweeds in treated plots had
disappesyed by the third sampliing date. 1% is of interest to note that
sheen¥s sorvel reacted to dalapon &ﬁ% frost in the same way as cleover.

Be sheen¥s sorrel folispe vemained slive on itresimentsd, & snd © pleis.
Ciever in contrsl piots had Lo compete with {his weed and alse variocus
grass weeds. Flatweeds, which had been kept in chechk by the clover canany
on ireated niote, were now sble %o sprezed over the {reaied plots and sose
very large planis resulied. These weeds had presumwebly been protected
Iron the spray by the elover and sorrel canopy at the time of trszatoent,
gince they showved no signe of the offect of the herbdbicide.

'B) Third cut (2nd June - 59 days after treatment}s

The percentage contribution of the socwn species to plet yield is
ghown in Avpendix X¥a. In cosmpavring treatments, it iz necessery fo take
inte secount the sctusl yield ef clover ebiainedfrom each plet. The

pressnce of occasional large planits of weeds sueh sz dondelion and thistle
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contributed to piot varistion.

Because of the cleasr differences belween the control data and
those for the dslapon treastments, both in mean levels and variability,
it was necessary to ezxcliude contrel plots from the anslysis of wvariance
ts allew 2 wvalid standard errer te be czleulszied for comparison betwesn
the respining tresiments.

Individual plot data and details of statistical analysis for dry
matter vield of sown spscies are shown in Appendix X¥b. The analysis of
variance indicates that treatment differences were significant (p = 0.035).

Treatment means together wiih the stendard esrrors znd the
detectable differences reguired for significance at thres lsvels are

presented in Table HEIi.

Table XAl Compariscn of itreatmeni means for second cut.
¥hite clover. {(bry matter yield).

Treatment | Mean General Vean §‘§,§ é§¢§§ §§,§§ é%.%%%

G | 87.38 +13.5

2 32.0 6.1 +Be2 13.8 21,6 25,8
= 4 18.1 ‘ ‘

& Fel

a Tal

Fige XYY and Teble REIYT illustrate that 2 comsiderable decline in yield had
taken place since the previous cut., Little dead herbage, except on
treatment 2 plois was present to mask the effect of dalapon. Treatment
¥ields appear in descending order with incresasing rates of dalapon
except for itreatments 6 and 8 which are indistinguishable.

{iv} Pourth experimental peried,

a) Intermediate observations.

The canopy of mature clover leaves on controel nlots setiled down
as older leaves died. The growth rate had become much slower and new

jeaves were smaller. This coused a marked decline in the volume ef
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herbage on control pleots over the fourth pericd. ¥irtually all the
origninal herbage had died on treatment 2 plots and although new growth
from the clover runners was plentiful, the leaves were much swmaller than
those produced by contrel plots. Treatment 4 vleis g&s@%é very rapid
production ¢f new leaves but these, although they opened, were unable to
grow and ?%ﬁéiﬁ%é static for several weeks, 4 high mortality rate of
clever runners was noted on treasiments § and 8 plets., 4 few new lenves
were preduced but did not grow. ¥Weed seed germination was very rapid
on these pleots and they soon became infested with rushes and various
fiatweeds. Fig. XVii i%iagiratés.éﬁﬁ condition of treainments O, 4 and 8
plote at the time of ssapling.

b) Fourth cut (26th June = B3 days after sampling).

The p@geeﬁiggﬁregstﬁi%aiiag of the sown species to plot yield
is shown in Appendix XXia. The invasion of treated plots by weeds is
confirsed.

Contrel slois were excinded f?ﬁ% the azmalysis of %ari§§ﬁ$,
Individusl plet data for dry matter yield of the sown species and details
af 3%§§§gﬁiﬁgi ansiyeis of these dets sre shoen in Appendiy TIb. The
analysis of ?ari&§g§ indicates that irestmeni differences were
significant (p = 0.01).

Treatuent mesns together with standard errors and the
detectable differences recuired fag gignificance st three lavels ars
prasented in Pable XXITI,

it sty ’ ! ! =1 5 % e iin E |
Treatment Hean yﬁ%agfaé Hean | 8 % | é%,gﬁ ég.%i z é%.gﬁi‘

Fig. XXI and Table XXIZI illustrate that yield from contrsl piois was
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Control
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considerably lower st this cut than at the previcus one. The reasons for
this %g@% been reported sbove. The decline in yield of freated plsis
hatween cuits was due to the decompositiocsn ¢f the resmaining spraved herbare
and the yield data were dus slmosi entirely fo fresh growih. The effset
of dnlapon was, however, still evident in terms of decreased yield with
incressed rates of applisation.

(v} Fifth exverimental period.

a) Intermediste cobservations.

FPourth cut until the end of July.

Little mctive leaf expansiocn took place on trestments 4, & and 8
plots for almost a month after the Ffourth cuts %¥hat 4id bappen wasthat
survivisg runpers preoduced numercus disteoried new leaves which spened
and then died off after a few days without expanding any favriher. HNHew
isaves appsered in §r@§§géﬁg 2t all live nodes and a2t the growving point
ef affected runsers. The major difference beiween itreatments gt this
stage was in the number of surviving rusmers. 4 high mortaliiy rate of
new leaves was oshssrved on itreatments € and 8 plots, while that on
treatmesnt 4 plote was less and the leaves produced were able to expand
z 1ittle meore., Treaiment 2 plots were net nearly so severely affected and
slthough abnorasal &ﬂa&&%&gliﬁ@raiiaa and leaf distortion was evident,
many of the new leaves produced appeared to grow and expand normally.

Bamples of clover rusners and maiformed leaves were senit to
Pilant Diseases %i?i&i%&gygﬁﬁgiﬁﬁﬁg who confiymed that malfermation was not
due to a virus disease. This substantisied a %%s% made in the greesnheuse,
where malformed clover leaves were ﬁaség&égﬁ gﬁ% the extracet applisd fe
the leaves of young pea planis. Ko sympltoms of distoriison or disesse
during subsequent growih were neted, It was conciunded that the
inhibition of g?yﬁéﬁ/&aé distoriion of leaf tissue was dus selely te the
effect of tresatment. Personal observations made on white clover plants

en another experimentsl area, some 20 wmiles away, in which dalapon had
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bheen used to kill a hill sward; confirmed the conclusion that dalapon
was the ecausative facter. |

Fig. XVIII shows & clover rumner from a treatment 4 plot
exhibiting typical symptonms, as described abeve, of dalapon inbibition.
To illusirate the ae&g&ggiéya gffestns of the differsnt treaiment rates,
typical ruaners were taken from the areas cut at the fourth sampling
date {26th June)} one fortnight later. This ensured that only fresh growth
would be present on all ?%ﬁﬁé?ﬁ;ﬂiﬁsiﬁéiﬁg thoze from treatments § snd 2.
Since no original herbage was present, diapon symploms iﬁbgga lzaves must
have been due te the presence of the chemiecal in the runners. The
photogravhs in Fig. XIY were taken on the 10th July %7 days after
treateent, Haeh of the foliags é%giei%é had been produced during the
previsus fortnisht since any which had atiained sven %aif«aﬁaigeé i
heipght would have besn removed at the fourih sampling date and the
life-span of the move seriously disteried lesves was only a few dayse.

#Ho effect of frost was noted en the f?@g& growth of itreaied
or contrel plets. ¥Yeeds continued to celenise treaitments 4, 6 and B plots.
Srass weeds, especially ryegrass and brewntsp became more svident in
control égé treatment Z plois.

End of July until fifth cut.

Puring the last week in July and the first week in August,
there were indiecatiene that clover leaves on trested plots were able to
outgrow the symptoms of dalapon inhibition and expand normally. There
apresred to be no order or sequence asboutl the production of undomaped
lesves. Ome leaf wmight bevroduced and grow normally in the aidst of
distorted szall leaves produced before and after it from the same neode.

The lower the treatment rate the more normal were the leaves produced.
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sufficient normal foliange to form a canopy which hid the presence of
distorted leaves near the ground snd discourages the growth of weed
seedlings. HRecovery on treatment 4 plots was patchy due t¢ the uneven
distribuition and smailer mumbers of survivisg runners over the giaé arené
Helatively few normul clover leaves were greséﬁé on tresoitment € and 8 plots.
The survival of clover ruaners on these plots was in any case poor.

Fig. X4 illustrates {he cendition of the clover planis em treated plots

o the 6ih August, 124 days after treatment.

The last sampling date was delayed for as long as possible te
allow treated plants every opportunity to show whether or not they would
regover. |

By the fifth sampling date, rapid recovery had taken place
on Ltreatment Z ploits. é proportisn of ryegrass and flatweeds was present,
bui cbservations suggssited thet within 2 fevw wesks the clover would talke
complete conitrel of the sward. In contrast, contrel plois showed o
considerable increase in the grass weed content. Heceovery was still
patehy on {reatment 4 plsis. Some areas grev zs rapidly as those in
treatment 2, while on others growth was viriuaslly at a standstill, The
weed population, mainly rushes and fizitveeds, was highsr than in ireatment
2g,%ﬁ§ ghissrvation suggested that the clover would eventualiy recover
%ﬁmgiaﬁéig and smother competiiion. A very high weed population was
present on treatments 6§ and 8 ploits. The preductien of disteried small
lezaves from the scattevred surviving rumners still greatly sulnumbered
that of normal leaves. Observations suggested that clover could net
provide much competition for weeds and that the dense carpet of weeds
present was rapidly forming a canopy which would smother the small leaves
of the surviving clover planis. Hest of the clever leaves on treatments
4, & and & plets were still belew sampling height vhesn the last cut was
taken, Considerable leaf digtortion was stil]l vwisible at ground levsl on

all treated plots.
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B} Pifth cut {ist Septewber - 150 davs after itreatment).

The perecentage contribution of the sown apecies te plet yield
is ghown in Appendix Idiia. The impurities in controel and treatment
2 plois were mainly grass weeds. The considerable variability of samples
frowm higher treatment plots indiecaies the patchy distribution and
recovery of clover planis.

Copntrol pleis were exciuded from the anelysis of variance.
Individual plot data for dry matter yield of sown speecies and details
of stetisgtical anslysis of thoese data are shown in Appendix XHITEH,

The analysis of variance indicates that treatment differences were
gignificant {p = 0.001},

Treatment means, itogether with sitsandsrd srrors znd the
detectable differences reguired for significance at thrae E%ﬁéis ars
presented in Table ZXIV.

Table ZEIV, Compsrison of treatmesnt pesns for f£ifth eut,

Fhite clover. {(Dry matter yvield).

ooy % > 2 ffa £ Bellon ]
Treastment Heoon Genaral Mean B - éégég égfgg é6*§§§

2 37.9 17.8 + 4.2 12,7 . 17.6 24.3
4 19.1
8 8.5
8 5.8

Pig, 43I and Table §§§? illustrate that yield from treated plots was higher
at this ecut than at the previous cne. Yield had iaer@ag%é most raplidily

on treatment 2 plois. TFhe trend of decreassing yvield with inersasing

rate of dalapon was 2till visible at this stage.

(vi) Regrowth,

Gbheervations were made on theregrowih fronm previcusly ecut
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areas of vach gzﬁgs Begroeih afier the first oot wes repid on contesl
plots bol sew leaves prodused %y*g@%%%g sn treated %%%%5 exhibited the
lack of lsafl supension reporied ﬁ%@%ﬁ for unout sress %%éag the eriginal
foliage had been killed. Planis resained in this condition wntil the
commenconent of prowth ot the end of July. 4t the fourih ssepling date

it wos vot possibls to distingeish hefwesn areas which had or had net

besn cut previcusly on treated plets, since the eriginsl feliage had
deconpesed. The behaviour of regrowvth fyvos senmpled aresse wes identieal

to that reporied above for vneui arsass. Centrsl plots becsme se verishle
by the fifth cut that it was nel possible to distinguish between

proviensly cut sranes
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White clover. Dry matter yvield of sown

species. Treatment means.
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CHAPTER v

DISCUSSION

Thompson {(1959) aseribed the considerable varistions in
effeet which had been reported from applications of a given guantity
of dalapon to & sward to twe main foctersie

Seasonal changse in speeific tolerance and,
The height and maturity of the treated growth,.

Comparissn of present ?@@giig with those ef other werkers is made
difficult by the lack of information in many reports , on the season
and stage of grewth at which ireatment wae applied. In &ééi%é@ﬁg only
& very few ezxperimenis have been conductied @%yﬁﬁfé species gwards,

Ao The exverivents.

The ezperimenis were planned in such a way that onme facet
of the practical uitiliszation of dalapon - namely specifie tolerance =
might be stodied separately, free froem the @aagyvgréaéig factors which
are present in the normal mixed sward. In addition, the conflisting
influences of mixed herbicides, eversowing, fertilizer application and
grazing which lead to ggﬁ?ﬂgi@ﬁ in many of the fisld trials with this
ehemical were aveoided. The use of pure g@g@%@ is warranted in view of
the possible interaction of competition in & wined sward where varying
degrees of damage are sustsined by different species.

Treatment was applied in pid-sutumn and the plots were
mown previcusly te preducs fresh young herbage and the conditiens
advecated by Blackmore {1937} for seed germination and seedling
protection where a?arssgiﬁgyfsilgﬁs treatment. In addition, an effort
was made to maintain low fertiliiy conditions similar to those which
mirht be found in the type of pasiure upon which dalapon would be used
in farm practice. This last als was perheps carried too far snd wvas

noe doubt responsible for some, but by no means all of the weed problem




sncountered during pre-treatment management. Higher sesding rates of
the species sown would prebably have been advantageous in promoting
better initisl establishment.

The production of pure swards was successfully accemplished
with perennial ?gegrggégégé cocksfoots The majoriiy of the vesds
remaining in both sia@e? and browntep pi&gég was Billed by itreaiment wiih
dalanon and did not affect the recovery of the zmoun %gsﬁiegyy %ﬁé
original weed population in these two trials was, however, responsible
fgy considerable lachk of vniformity in conitrel plsots which ineveased as
the ezperimentsprogreased. Bxclusion of conirel plste from statistiesnl

snalvess, by remeving this complicating factor, ailowed g more ascourets

ni @fgéée differences between rates of application of dalapen

aEzes

to be made.

The ingress of %aeé seedlings towards the end of the
experimental period could not be aveided and did not influence the
recovery of the sown species to any great extient.

It is considered that the application of 24 -~ B in

Becember to control sheep’s sorrel had ne effect on the results obtained
from the subseguent a§§§§ﬁéﬁi%§ of dalapon.

The design and layout of the experiments proved to be
satisfactory with regard to ease of handling the material andthe
examination of resulits. The nusber of replicaiiens was sufficient
to allow major treatment differences to be established as statistically
significant, despite the increase in the variability of the trial areas

over the sxperisental pericd.

Mitechell and Coles (1933) pointed out that certain
experimental treatments, especially unfavourable ones, may increase
plant variebility and that this may inerease or decrease as the

experiment progresses, depending on the type of treatment. Variability

in plote treated with the tws lower rates of dalapon increased dus o
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the unsven distributien of surviving plants. At the twe higher rates,
woed ingross was g contribuiting faclor, while on 8ll plots, uneven
decemposition of dead herbage considerably increased the variastion
betweon and within plots. An inerease in ssmple size or in the mumber
of replications to allew for this increased variability would have been
impracticable and would not have been justified by the results obiained,

@@%g%géiﬁéﬁ from veeds on brownltey and vhite clover conitrel
plots and winterburn %f rank herbage in 21l speciss controel pleis
tended to %gg%gg the usefulness of control as & standard by which to
sasess the sffecis of the vericus lsvels of ireatsent with dalopon.
Explenation ef ths rensmons for the ssmpling procedure fallewed in theass
gzperiments has been given previously. The alternative would havebsen
te mow the vhole plsi and then mow the regrowih, 47 any, at interwvals.
Thompson (1859) uséd this technigue, and thereby removed excessibe growth
from control plots. However, if such a procedure had been adopted
in the syperiments under discussion, & grest denl of usefnl inforsation
pariticularly in relation to the recovery of treated heorbage and the
effect of frost would have bheen lest.

Oheerveiions sugpested that there was ne intersoticn betwesn

galapon and cuiting, except that slants Ifroem @%ﬁ@% the treated foliage
had been removed endeaveured te produce new folisge, while these on uneut
areas tended to preduce relatively little new foliage until a aﬁagéééra%éﬁ
praoportion of the treated herbage had died and decomposed. This did net
apply to the 2 lb. and 4 1b. per ascre treaiments or perennial ryegrass
and cocksfoot, where treasted plants continved to produce new foliaze
throughoni the experimental period.

Measurement of the effect of dalapen in terms of yield
was the most satisfactory methed of assessing the cheek to further growth
which osourred szcon afler ireatment and of the degree of resovery of

treated plots later in the experiments. An estimation of the number
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of plants surviving pey unit srss of trested plets weuld, however, have
sontributed to the assessment of the peotentiasl recovery of the sward.
Separation of live and dead herbage al every sasmpling date would have
allowed 2 more accurate estimstion of the severity of trestment with
dalapon at these cuits. This was a@iwgggéiézag however until the

fourth cutse




B The overall effect of dnlarpon on the sneciss
studied. '

(i} Perennial r

A1l rates of application caused an initial cheek to the
further growth of treated foliage. This check was short-lived on plots
treated with 2 1Ib. per acre and six weeks after spraving this treatment
had apperently fully recovered and plot yield was not significantly
dififerent from that of contrel. Frost domsge during the second hal?d
ef Hay resulied in the deathof much of the tresited foeliape. Litile
further growith scourred until the end of July, from which %ﬁ%@ recsvery
was rapid. Few plants had besn kBilled and by the first week in
SBentember yield from this tresinment was agein sppreaching thalt of centrel.

Pilots subjected to treatment with hisgher rates of
dalapon did not recédver in avtumn from the initial growth check. The
desth of treasted follapge end of plants during the winter resulted in an
extremely patchy sward which repidly becsme coleonised with flaiwesds.
Litile sctive zrowth of the sown species occurred wniill essrly spring
whes the surviving planits preduced new shoeots and began to grow
vigorousiy. Ffuificient suwrvivors remained en the 4 1b. per acre tresiment
to sunable ryegrass %g maintain conirel of the sward and it was considered

2,

that this treastment despilte the severe check caused by the applieation of
delapon would svenitually receover to Tull preoduction and a ralatively
pure sward. Only a few isolated plants survived the winter on plots
treated with 6 and 8 1b. per acre and although these gi&zig recovered
rapidly in spring and ghowed no signs of being suppressed by the dense
carpet of weeds, they were toe few in number to influeneces the future
composition of the sward.

These results are in genersl asgresment with reporis

by Thompsen (1859) who applied 1}, 24 and 5 1b. per acre at the same

time of year to a rysgrass-white clover pasiure.
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€ 1b. and 8 1b. per acre gave egually good resulis, buot neither
completely killed all plants, Thompsen found that 10 1b. per acre gave
& conplete kill and it is considersed that this rate would habe been
sufficient to ensure the same resull in the experiment under discussion.

{ii) Cocksfoot.

411 rates of §§§§i%éiig§,€&ageé & chechk fto further growih of
treated foliage within a few days of treatment. #4s in the ryegrass
experiment, the cheek was shori-~lived on plots freated with 2 1b. per
aere and plenits sere exhibiting signs of recovery when the first frosis
of the yesr caused considersble death of trested foliage. & progressive
decliine in yield from these plois was shiained during the winter peried
and all the originsl folisge was killed, bul vigorous resgrevih in |
early spring showed that few plents had died and the sward showed signs
of complete ToCoOYeEry. |

Bipher rates of dalapon, aided by frost causedthe desth ef all
the treated foliage during sutumn. Very few planis survived the %i%%ay
on plets treated with 4 1b. per acre, but ithe purvivers proceeded to grow
very rapidly in spring,. Weeds had colonised the bare patches beiween
suprviving planis however, and the cochsfosi planis were too isclated
to maintain conitrsl of the swerd. 8 and 8 1be of dalanon gave &
complete kill of cocksfoot plants en all plots during winter.

Ho reperits have been published concerning autumn application
of dalapen to cockesfeot. These resulis, however help to confire the
statements by Thompson (1958,1959) that the resistance of cocksfoot te
dalapon may vary considerably and that at certsin sessons the g%@ﬁi%é
iz smuch more susceptible thanm at others. The results from April
applicatien were more severe than those reported by hism from Seplember

and November applicationse.
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811 rates of application abeve Z 1b. per scre gave &
complete Bill of all planits of this species. € and 8 1b. per acre gave
& more vapid kill thes 4 1b. per acre, however. Considerabls %@?@&ii@§k”
of planizs scourved on plois treated with 2 1b. per asore, bul surviving
plants cosmenced to grevw wigsrously and spread over the plei ares in
spring. The distribution of gﬁ??iviﬁg plants and thelr rapid spread
sugpested that the species would meintain conlrel of the sward, dsspiis
weed invasion.

No detailed investigations regarding the g@@s&g&i
toierance of brewniep have been reparted. Generazl recommendations fer
contrel of this species range from 24 to 5 1b. per acre (Blackmore,1958).
Present resulis would g&gg@@% that in April the tolerance limit lics
between 2 1b. and 4 1b. pey aovre. Accurate assessment of this Iinmit at
varisus ssasons woeuld recuire 2 much spallier intervzl batween trestsent
rates than ey be praciticeble under Tield trisl conditions. Such an
asssssrent would, however, be of gresi value vhere selective removal
of this speciss frowm g mixed sward iz contemplatad.

(iv) White clover.

All plots received a check to growth from

sprlication with dalapon. HRecovery was rapid from all ewxcept the 8 1lb.

o

par acre iresiment and it appesvred thatl dolspon had had enly 2 slight
affset 2% 2 1b. per acre and s moderale effeet at 4 and 6 1b. per scre.

The checks to plents in the 2 1b. per acre itreaiment, was shortlived

and subssquent to itreatment they appesrsd to grow meore rapidly than scentrol
plots and by the secend ssmpling date, ons month after %?%&%%%ﬁ%; yield

significently differ fﬁ%* The first

$»§

from these twe irsatwmesnis was not
frosts of the yesy, however, caussd severe damsge to all frested nloisn.

433 the originel foliaps oo plois trepted with € and 8 1b. per scrs was
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killed within a few days, while that on plots treated with 2 and 4 1b.
ner acre died off gradually sver a pefiocd of several weeks., Hecovery
growth was poor on all plots during winter and many clever rumners died,
@gyéeiﬁéég at the higher trestments. In early spring, recovery of
all the swrviving runners commenced. Vigerous growth from the Z 1b.
per aere itreatment ensured the complete recovery of the sward and in
early Septomber yield was fast approaching that of contrel plots.
Recovery from the 4 ib. per aecrs itreatment was less rapid, due to the
continuing acticn of dalapon and the death of many runners during viniter
made the sward patchy. However, growth was sufficiently vigercus to
ensure that cleover would maintain contreol of the sward despite a high
weed populatien, Helatively few runners survived the winter after
treatment with € and 8 1b. per acre, The effects of dulapon were still
much in evidence and the continued inhibition of leaf growth made these
runners unable toe compste with the dense carpet of weeds wvhich eolonized
the plots. It is probably thet clever plante that survived the winter
on these plsts weuld eventually have recovered from the iphibitive
effect of the chemieal if %&% piots had been hept free from weeds in
springe

These resulis are in complete disagresment with those of
Maclean (1933) who reported that rates of up te 10 lb. per acre of
dalapon caused ne suppression of mature white clover planis. This
woarker conducied trials on clover at varisuvs siages of maturity and
gave the opimien that "clover sown in pure stands iz upsuslly sore telerant
and recevers more rapidiy than when it is competing with grasses in a
pastore.® It iz not evident from the text at what ssason these trials
were conducted, but 2 possible explinnatioen of the disparity in the results
shiained in ihe present eyperiment and thoss reperited by Heclean may lie

in measensl iolerance veristiens. Thompson {1958} found that clover in
¥
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a mixed sward was severely reduced by applications of 24 and 5 1b. per
acre of dalaspon in Seplsuber, bul recovered more guickly from a

Hovembsr application., These resunlis, however, reflect the factor of
interspecific competition as well as the effect of dalapon. The effect
of April applications of dalapon in the experiment under discussien was
more severe than that repeorted by Thompsen in his September and November
trials. This sugpests that clever shows the same trend of sesscnal

tolorence as has siveady been rveporited for grass specisse It could be

that a2 plant that is entering its peried of maximus

growth is lzas
suscepiible than one that is entering a low preduction periesd even apart
from the effects of frest.

{v}] Comparison of the fiur species.

al 2 ib. per acre.

This rate of application was sufficient to cheek growth of
all the species. Unly on ths brownton irial, hewever, did 1i¢ result
in the é@&%& of & substantisl number of plants in the sward.
Perennial ryegrass was the least affscted and continued io produce new
folicge throughout the winter, ¥hite clever and cocksfoof were more
severely demaped and lest mesi of theilr eriginael felisse during the late
autumn, Productien during winler was very lew, but recevery in spring
was repid and complete. ¥%hite clever recovery was sonmevhat betier than
that of cochksfeot. ALl the original herbape died off sleovwily during winter
en brownisp plots. In eavrly spring, however, surviving plants produced
vigorous pew shoots and spread rapidly.

B} 4 1b. per aecres.

&11 species received an initial cheek %é growth from which
brownter f2iled to racover. Considerable morislily asong ryegrass,
clover and cocksfoot plants during winter resulied in poaitchy rathsr open
swards. The surviving ryegrsss plants were sufficicently nmercus and

vigorous in early Bpring to maintain contrel of the sward, Uhite clover
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recovery was slower but the network of surviving runners gave a better
distribution of tillers over the pleol area. The few surviving cochksfsct
plants werse teo isolated fo retain contrel of the sward,

¢} 6 1b. per acres

This rate killed g1l plants on brewntepr and cockafect plois
and left only & few survivers oo perennial ryegrass plets. The majority
gf clover runners were Lilled and the continuing inbibitive effect of
dalapon prevenisd normal recovery in spring of the survivoers.

d} 8 1b, per acre.

Uo distinction betwesen 8 1b. and £ 1b. per acre, excent
possibly in speed of kill, ecould be made on any species trial.

e} General.

Perennizl ryegrass was the most resistant species at all
rates of application, with white clover nmext, folilowed by cocksfoot
and then browntop. The relstive tolerances of the ihres grass species
are in agreement with the report of Thompson (1958) on trials at other
smeasons of the yeare. The everall ranse of telerance ¢f the four species
in the present exg%yi&%ﬁ%é~§§$ %@%?5?&%&?@&3 small. 2 1b. per acre was
pot sufficient to completely BILI any speciesn, but & 1b, per acre killed
all browntop and cecksfoot planis and Ileft few survivers on while clever
and ryegrass plois. These results suggest that mid-autumn might be a
guitable time of year te obtain an econemical pgemeral kill of pasture
species, but would not be satisfactory for the seleetive utilization of
dalapen. This suggestion is in line with observaticns by Merry (1859).

The clasgification of white clover as being wmore suscepitible
to dalapon than perennial ryegrass in these experiments demeonstrates
that the reported selesctiviity ef the chemical agasinst sonecoiyledencus
plants is purvely relstive and may not ascesssrily spply at all times ef

the yoar.



Considerable variation in the tolerance to dalapon within & species
wss noted. Many ryegrass planis were killed at 41b. gaf acre, but & few
survived 8 1h. per zcre. The range for cocksfeot planits was loss =
few, if any planis were kilied at 2 1b. per acre but ail at 6 1b. per
acre, vhite clover planites died on 4 1k per scres plotzs and some
survived at 8 1bh. per serve altheugh still sufferiny frosm dalepon
inhibition. The range for browntop could net be determined since many
plants diad at the lowestl raite applied. The uwprer 1imit was however

4 ihe per acre.




Ce FPactors affeciing the efficioney and mode of action

af delanon.

The review of litersiure has illustrated the lmporitsnce of
environmental - and other faciters in deeciding the ef{ficiency of
utilization of dalspon., Any discussion of the effect of the chenieal
on the apecies siudied weuld therefere be of limiied value wilhout
an sasagsment of the manner in which the experimenisl condiiions
influsnced the resulis,.

{3} Environmental fasectors.

Envirepmental cenditiens during iresiment and for 48 hours
after, were conducive te the rapid sbsorpiion and transioscation of the
chemical (see VWoodferd et al., 1958}, Two factors which had a major
effect on the sebseguent vesctions of plants to treatment gere rain and
frost.

Gensral groving conditicns durispg the winter would not favepr
the rapid recovery of affected planis.

a) Rain,

1.38 inches of rain was recorded at Srassland Division
Meteorolopgical Station on the second day after treatwment (see Table III).
Thiz was followed by .92 inches over the mext thres deve. Heporis by
Holstun and Loonmis {15568} would suggest that this smount of rain and a
short peried was more than sufficient to wash any unabsorbed dalapon eff
the leaves ef treated plants and te completely leach it from the surface
layers of the soil. It is therefore considered probablg that rain
precliuded further foliar absorption some 48 hours afier itreatment and
lensched any remsining dslapon belew the root zones of trested plants
within 4=-3 deys after application.

B0il conditions were not opiimum for the scilivity of the

bacteria concerned in the decomposition of dalapen in the zoil (see

Holstun and Loomis, 1956). Im view of this and because of the rapidity
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of leaching as a vresult of heavy raisn, bacterial isasctivation of

=

dalapon in the spil is not considered {o have been of more than miner

heze sxpoerimenis,
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The burning of mature herbage during the winter menths is

z common phensmenon. 1t appesrs igi%é&éé§>iﬁ the death of leaf tips in

the langer leaves of grasses and the damage increases in proportisn =8
the foliage becomes wmore mature and the winter progresses. (Stapledon,
19283 Davies and Pagen, 19383 GCerdser and Hunt, 1988}, FRain, wind
zod frost sre the facters ré%§%§gi§z%a Hyeprass and cocksefoet are
known to be susceptible o winterbuwen, vhile severe frest may kill the
top growth of clover coumpletely. Little damage iz suffered by yeung
short growth., (Woodman, 1834). |

Sympitonse of winterburn became evident on s8ll comtrsl
plotz towsrds the end of ithe experimental peried. This vas sunphosised

by the maturity of the herbapge. The sariisr froszits which caused such

congiderable damoge to herbape on frested pleois had 1itile or no effect
on contrel plois.
There iz no repoert in any of the availables literature of

enhanced Bill ef plants.

"

the effect of sub-Ilethal

¥

in seedlings (Miller
and Corns, 1857). Althongh ne study of the action of froest waes planned

such 2 study to

vlots, snd sithoush

Station may be used

the rocords of Grassionds Division Meteorslie

te indicate zecursately the freguency of frest, intensity ef frosts on the

sxperizmenial ares cen only bes gauged approxi

ad treated herbapse

Proste in April and May
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on the perennial ryegrass, cocksiosl and white clover swards. The degrse
of tissue destruction inecreased wiilh higher rates of spplicstion ef

dalapon. This indicated a relationship betwesn {resitment with dalsapen
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and the suseeptibility of plant feliapge ¢
iower rates of applicastion, lsaves produced after troniveni were
endsmaged while leaves on the same plant which had received the spray
solution, and could be distinguished by the conmsauent disceloratisn,

ware severely demaged. Idilis pew foliape was produced afler tresatsent
gt the higher rates. Since presusmsbly dalapon was present in these new
iesaves also, because of iis reported rapid clreulastion ithreughout the
plant and translocation to regions of active growth {(Crafts and Foy,18328),
the mador d4ifference beiwesn ireatsd and subsecuently preduced folisgze
was that dalapon had been absorbsd by the former as a result of faliar
application. This suggests that ithere was no %§f@ﬁ%@§?gﬁs§ae§%@é

dalapon on susceptibility to frost. It is possible that dalapon

in the process of penstraition and abserptien inte the leafl may have
breught about chemieal changes in the siructure of the cuticle which
rendersd it more suscepiible to frost damapge. This appresrs to be a
feszible explanation. The grester severity of damapge to the lsaf in
higher treatments suggests that the effect of dalapon upeon the cuticle
‘i§ﬁ§%&§éé with higher concentraticons of the chemieal. Discussien

of the vossible chemical procssses invelved is beyond the scops of this
thesis.

The severity of frest damzge {o trealed herbage was different
with esch species. It appeared io be relasited more io their gér%aé
resistance to frost damage than fto their susceptibility to dalspon.
Maturity should not have been responsible since the treated herbage was
puch less maturs than that on conirel plots which were unaffecied.

It is not poessible to estimsie the severity of the effect

of dalapon had there been ne frost, or whether frost enhanced the
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efficiency of dalapon. HMany of the plots gave the appesarance of having
recoversd from the imitial growth check caused by dalapon before frost
demage scourved. This was especiaslly ithe case with 2 1k, per acre
treatments. HRegrowth from arsas sampled befors frost domape was
somewhat better than that produced by areas sampled later. This may,
however, have been dus to more favourasble prowing conditions in the
eariy stages of the experiment. V

{ii)} Sward factors.

Pre-troatment movwing had been directed towards gfgéasigg
2 dense canopy of young vigorsus folisge. This was accomplished
satisfactorily with 211 but the browniop trisl, vhere the foliage cover
was thin and the sward potchy. Host of the spray should heve been
retained by the folispe on the perennisl ryegwvass, cocksfest and while
elover trials. In the case of browntop, howeverfy much of the spray
golution reached ihe il surface.

The scitive growth on all ploizs should have ensured rapid

iy

P

transliocation, whether from foliar or root absorption, te all parts of

the plante

preduced by

The more vigorous and darker green folis
treated plots relative to control plots of perennial ryegrass in spring
was associsled with an inersassd cruds proiteln content. This was
atiributed to the readily available sourece ef niirogen in the form ¢f

decomposed herbage present on treated plets. This indirect effect of

s

dalapon may possibly detract from the direct inhibitive effect of the

chemical on plant recovery in spring.
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e The geticn of dalaspen on the plant,

The first noticeable effect was the distoriicn of o number

of leaves on the grass species trials, followed by a progressive yellowing

of felisge. Observations, corrchboraited by yield dalts at the first

sampling dates reported 2 check to the further

fady

treated plots of &ll speclies. Treated herbage, after an initial apparent
recovery in some cases, evenitually died off, the process being
accelerated on all but the hrowntop sward by the action of frost. The
posaible effect of dalepon on the susceptibility to frast of the treated
herbage has been discussed above.

The subseguent sbility of the plant fo produce nevw leaves

to replace those killed was related to the rate of application of

dalapon. In the grass species trials, 1ittle if any new foliage was

produced on treatments above 2 1b. per acre the winter and nany
plants died. The mortality rate increased with higher rates of treat-
ments. HNo evidence of distoriion was found on new leasves producsd by
treated plants ail any siage. In sarly sprisng surviving plants began
to recover, produce new leaves and grow vigerously.

The above sympioms and reactions of planis to dalapon
correspons to those cited in the literature {(Dow Chemical Company,19533

Yaodford et §3¢§§§§} for monocotyledonous plants. Unfavourable

i

o

envivenmental conditions and the natural tendency for lems active growih

[}
e

21 on treated

during winter would posslibly enhance the effect of the ch
planis. This may, in parit, be responsible for the mers efficient kill
of pasture species reported by Thompson {(1839) from autumn and early
winter applications.

The effect on clever recovery was somevhat diffsrent.

There was Little indication of the production of new leaves on trasted

plo ts until the original foliage died down and the now leaves when

5




unable to sxpand and prov. The effesct vas nosi severe

were nolsd on the

wth from

@'ﬁf&
®
-
@

tion te leaf sxpansien
persinted throughout the winter and many clover runners died. Recovery
of the surviving planis commenced at the end of July and frs%'i%ég«géﬁe
onwards considerable distortion and death of rapidly produced new leaves

e &

wee noted., Plants trested with 2 1b. per acre of dalapen overcame this

b

efifsct fairly ouickiy, while fthose irsated with 4 1bh. sere took

g

il

er

[

to recover. At higher r

tes of dulapen plants wers

s5till producing distorted foliage by the end of the experiment and

there was ne evidence of the effect sf

These results supggest that dalapon was

transported to siies of merisitepatic s«
cotten plants have been reported by Crafts and Foy{1958). No other
worker bhas so fav reporited the sffect of dalapon on white clover plants

chisined in this experimeni.

1




Coneral Conclusionss
The review of litersiure has shovn s :

1) The wide range of field cenditions under which dalapon may be used

and the occasional need to sacrifice the optimum conditions for dalapon

upiilization beecause of the reouirements of subssguent passliure man
2} The multiplicity of factors which influence the uliimate effect of
the echemical on the plent and the speecies.

3} The present paucity of infermatien about the tolerance levels of the

i

gifferent Eew Zenlend pesture species and the 2ffsct of sonsenal and
sther fociers on these tolerance lsvels,

The general conclusion which emerges from a study of the literature
iz the gresat need for basic ressadeh in Hevw Zenland on the properties of
dalapen and the faciters affecting ils efficiency uvndey the field
conditions pertisent to its use in this couniry., HMHuch goneral inforamstion
has been parnered from numerous field trisls througheut the country,
but this reauives to be supplemented by many mere detsziled investigations
inte separate aspscts of the wiilization of the chemical,

=

The susceptibility of the species in the pastures to be tresated

¢
"

at different times of the year and under various envirommental and sward
copditions iz one of the mest important of thessaspecis. Without a
thorough knowledge of the factors invelved, the amocunt of chemical
reguived to zive the desired results on a sward cannot be accurately
assessed, This mey zecount to a large exisnt for the considersble
variebility in the resulis from field trislis with dalapon.

The prezent eyperiments beave given an indication of the telerance

3

of four pasture species $o dalapon application in mid-antwn. The

w»

foilowing iz a brief summery of the conclusionsie

1} The pasiure species studied were extremely sensitive to the
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application of dalapon in sid-autumn.

2} vhite cleover was less tolerant than perennial ryegrass at this

time of year. Browniop and cocksfoot were the most susceptible species.
The relative tolerances were maintsined at sach treziment rate.

3} The range of tolerance between species was small,

} bPalapon affected the resistance of sprayed herbage to frest. This

i

factor may possibly be partly responsible for the enhanced kill of

pasture speciss obtained during sutumn and winter.
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Appendix iz

Table indicating random allecatisn of
plot sample sections.

Perennial Byegrass Experiments

W e3 W N e e 0N e

1 6 16 21 26
345162 | 534126 463521 236415 352146 | 312564
2 7 12 17 22 27
531462 | 6143523 435612 564231 124563 462513
3 8 18 23 28
621354 | 624351 315264 615243 653214 514263
4 9 14 19 24 29
213645 | 352641 426315 513624 543261 236145
5. ... .| 10 15 20 25 30
2164353 412356 | 431625 432615 165243 345216




Appendix ITIa

Perenniasl Hyeprass, First Cut.

Percentage Contribution of Sewn Speciss
te Plot Yield,

Blocks
I 11 i11 iv v Vi Heans
T 98,2 8.5 89,0 88,3 99,3 99.9
o
; 98,9
k4
e o 96,86 88,6 98,5 935.6 88,3 98,8
= 87.7
g N
t 4 28,1 98 .4 97.6 | 98.8 98,4 98,2
; 98,6
©
& % ‘§$.% %gg? g’?s% %gt? %?c%‘ g%tﬁ
98,4
B T
£ 8 C97.9 99,5 96,6 | 98,5 88,8 89,2
s GE,.4

Ceneral Means

88.4




Ar

seandis Iiib

Perennial BEyegrass, First Cut
Dry Batter Yield of Sown Species.
I iz s v v Vi Treatment Totals Heans
G | 8i.B2  101.3 88,0 | 82.3 112, 132,86 8B.3
588,.7
P 88,0  58.4 T6.0 | 82.5 78,6 | 101.5 743
446.0
4 FZ2:Y BB.E Hi.4 BY 7 T2.4 Gied 67 o3
A4 .0
Y BE.3 40,2 80,1 82.5 2.6 61,9
& , o
3F1.1
o 35.7 | 51.4 | 36.8 | 54.7 | 58.8 | 52.7 ; 48.4
280,11
Block Grand Total
ot . 330.8 | 323.0 273.4 |327:3 | 375.0 | 470.5 2,100.9
Totals ‘ ‘ . ;
Analysis of Variance
~ F reguired
ariation do.fd S.8. M8, ¥ i 4 1%  6.1%  Besult
| due to : \ ' ' ‘
; =
Blocks 5 | 4,515.56 903.11 . 7449 2,71  4.10 6,46  *#x
%f§§§» £ 8,165,.86 Z,041.47 16,88 287 4643 T.10 HHE
%% Rest ‘ ' 5,986.88 5,086.88 49.64 4.35 | 8,10/14.82  ##x
Error 20 | 2,412.74 120,63
Total 29 i§g§§%‘§%
| é 8. 8.001

i% 8.05 |

]
]
18.3 %

o1 |




Zeopenniel Byegrass,

Appendiz

I

‘Boeond Cut

Percentapge Contributiosn of Bown Species
to Plot Yield

Blocks
i ii EE?) v v% ¥I Hpans
7 87 .6 83 .8 84,5 , SB.0 /§§*% 1 888
‘ ’ 6.8
? k s = *
' ) ) ) ‘ 87 +3
&
& 99.1 88,8 | 98,6 & 98.7 07.2 | 99.2
e GE .G
o Sk
,ﬁ' 88,6 S8.2 | 89.1 86,89 83.B 8.8
a OF 8
%
= G8,.1 883 95.58 B84 7.2 G802
G7 &

%@%@?&2 Heans

97.6




Avpendix ive

Peresniasl Hyegvass, Becond Tut.

Pry Hatter ¥ield of Bown Bpecies,

X Iz 11z v ¥ Vi ‘Treatwment Toetals Heans
o | 94.4| 86.2 | 74,7 | 85.8 | 83.4 | 133.6 93.0
558.1
s | 84.2 | 79,1 | 64.8 | 95.5 | 79.8 | 105.1 84.8
508.5
a 73.3 | 351.4  33.6 54,0 : 64.8 88,9 61.2
- 367.0
6 | S57.9 | 39.4 | 40.0 | 46.5 | 32.8 & 68.6 47.5
/ 285.2
o | BL.5 | 43,3 32.1 | 316 | 48.7  57.3 39.9
. 239.5
Bleck : Grand Total General
Hotal8e1.3 | 200.4 |245.2 | 313.4 454.5 | 1958.3 Eas

ﬁaa%ygig of Yariance

%égiﬁgéﬁﬁ s % g% 5.5, Hefe F reguired %@g&%%
due to 8% 1% 0.1% '
i .,

Bilocks 4,830,553 884,12 12.67 2,71 | 4,10 § §.46  ¥F*

Tz oy 12,741.539(3,185.35 | 41,01 | 2.87 | 4.43 | 7.10 | ***
1,552,398 77 <67 | §
19,215.31 N | §

G,01 4.5 DL, 021 15.8

10.6

008




Appendiy

)

Perennial Eyepress,

Third Cut

Percentage Contribution of Sown Species
te Piet Vield,

Blocks Hoans
I i IXx v v Vi
by 99,4  98.2 | 09.0 08.8 99.6 | 98,0
g v{%%%
&
R 90,5 98,5 98,7 98,4 ' §0.4 98.8
: ' 99,1
t ,
. 88,3 | 98.5 $8.3 100.0 97,0 | 99,1
‘ 98,0
3
N 97.0 | 08.2 = 98,0 S8.9  98.2 & ©88.4
. ; 88,8
=2 %;g %goé §?Q§ %%Q? %@.% %@t%
‘ 97 .6

General Msan

98,7




Anvendin 5

Yereunnial Hysprass, Third Cut
Dry HMatter Yield of Sown Species.

I 1 iz iz v ¥ Vi Treatment Totals Boans

ol 189.9 | 75.3 70,4 @ 95.7 V82.4 | 134.7 . | 108.1
. L | easa

G008 | 84,9 %?fg T FTies %wé 1i5.1 ' %ﬁ%*% 86,1

b

4 58,7 37,3  48.8 42,3 28.1 12,9 54.9
; 326’&

38.0 57.4 48,6 @ SBl.4 56,9 48,0

204,1

8 21,2 | 21,3 | 18,7 | 35.3 | 45,1 3745 31.5
180.1

Blocks ~ %&&gé Total

8l |
Totalbo.e | 19a1.1

£

pevel Feans
647

Analyveis of Variance

Variation .f. Bs8a M. 8. P F ?%%%gyaé Result
dus to T % 0.1%

«10

43

Blocks S | 8,034.41 | 1,606.88 3.00 | 2.71
Treatments 4 21,380,581 5,340,133 9.98 | 2,87 §
Error 20 |10,704.13 535,21 |
otal 29 140,099.05 |

w\w @)@
J‘ m

@

e

o]
E
3

SE é L0 | @ | 27,9 %01 | 38.0 | %.00t | 51.5
x | ,_w,:wAA?,,,JA % %
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Perennisl Byegrass. Fourth Cut.

Percentage Contribution of Sown Specizs to Plet

Yield.
- Blocks
i x| 11z iv v ¥1 Means
T o 99.1 | 99.1 86.8 85.8 | 87.9 98,5
, ‘ : f 97.9
.
& ) 86,7 | 93.6 97.9 97.6 | 97.6 | $9.8
a , ~ 97.2
. 98,8 | §7.1 80,3 07.4 | 96.3 98.2
= 96,4
& n P o
-+ . %Zcrg %%c% %%yg §§#% a6 ﬁg @%sg
8 "
; gé}e%
t
s o 80.3 | 96.5 80,1 97 .0 95,7 | ©9.7
- ) %%;?

General Meany

58.3




Appendin

Vib

Perennisl Hysprass,

Pourth Cut.

Dry Matter Yield of Sown Species
(Live Herbagel.

z ir 11z iv v ¥i Treastment Toitals HMHeans
o 158.9 168,14 TO.0 76,9 ??,3 143 .8 08,0
: 636,00
5 62.2 36.7 43,2 57.9 64,5 162.0 61,1
3686.5
. 60,1 | 25,0 | 14,9 | 27.5 | 37.6 | 42.0 34.4
206,58
& ii.8 15,8 26.0 12.4 13.0 BT .3 i7.4
‘ ' 104.3
8 Fea? 13.8 12.8 B0 16.7 28,4 . 7.7
105.8
Block Grand Tetal | %%%%é
Totals 301.7 1419.2 | 47
Enalyvsis of Yariapce
Varistion d.f. 8.8, Hel, # ~ F required Fesult
due ts5 554 1% 3, 1% ‘
Blocks 5 | 4,627.42 | 925,48 | 2,56 2,?i§ 4,10 | §.46 H.8.
Treatments 4 | 33,454.68 | B,363.67 | 23,11 | 2,87 | 4.43 | 7.10 EL T
» i
Error - 20 FL238.84 361,81 §
Patal 29 145:320.24 j
“ " T ' d a —
S8 = + 78 .05 22.% 0,01 21,3 G001 42,3




Appendixn Yic

Perennial Hyegrass, Pourth Cut.
Dry Matter Yield of Sown Species
{Total).
E iz Iiz iy v ¥E Treatment Toelals Heans
o | 214.2 | 129.8 83.7 | 96,7 | 94,3 | 178.6 132.9
| 797.3
88.5 56.4 Gd.3 G2.5 | 101.4 1427 2.4
g i
88,3 44,5 26 .8 A7 2 84,0 83.2 ’ F8,0
4 .
; , ; V ; 338.7
6 27 o2 233 43,1 51.0 25.6 42.0 53.0
' ‘ igg.2 :
. 20.0 | 30.6 | 23.9| 53.5| 30.6 | 41.7 < 33.4
200,23
Bioch Grand Tetsl %gﬁgggé
Totais 447 4 284 .6 247.8 1 320,85  318.% 468,85 2085.3 885

Analysis of VYariance

Variation | defd  SeB8. M.S. F F required Result
duas ic i 5% 1% 0. 1%
Blocks 5 | 8,656.13 | 1,611.23 | 2.27 | 2.71 |4.16 | 6.46 K.S.
Treatments| 4 144,130.73 |11,032.68 | 15,57 | 2.87 | 4.43 | 7.10 o
Error 20 |14,168,85 708.44
Total 129 (66,355,721 [ - |
Ly e | omn ol g | ama dl % ant | =
SE. | +10.8 | “o0.08 E 3§.zyé 0.01 |~ 43.8 | 0.001 | 59.3
e i e e ; e e o : A e AT G i :




Perennial Hyegrass,

Appendix ¥ils

Fifth Cut.

Percentage Contribution of Sown Species to

Plot Yieid.

T EE YN

Blocks

1 11 111 v v v Means

85.5 | 84.0 $9.0 85,5 | 92.9 | 98.4
89.2
99.5 | 90.3 88.4 95.4 | 98.5 | 89.1 .
H ?ggig

72.4 | 92.9 89,6 90.2 | 92.8 | 95.2
| 88.9

66.3 | 88.3 58,3 56,1 | 88.0 | 80.7
73,0

81.2 | 72.4 38.7 52.2 | 04.3 | 39.5
63.1

i

General %e&ai 81.2




Lvpandis

Viib

Perennial Byegrass,

Fifth Cut.

bry Matter Yield of Zewn Species

{Live Herbage).
z ii i1 v ¥ Vi .Trestoont Totals lHeasns
o [L10.8 | 67.8 32.5 | 52.6 | 92.9 [139.4 82,7
' : 486,06
-~ 128.5 48.4 85.2 Gl.5 73.8 85,4 T4 .6
2 : -
447 .5
24.8 4.4 25,9 43,5 43,6 84,8 41.8
4 PR
BHGLE
6 25,8 T B7 .3 174 18,6 88,7 S7 .8 21.9
i5i,.4
g 21.53 28.8 Ga1 11,8 45.8 45,5 285
. ' 171.4
Block Grand Total
Totels 1587,

Apalyeie of Variance
Yoriations| d.84 B.8. HaBe g ¥ reauired Hesult
dus to b o 1% 0. 1%
giéi’}gﬁ & §2§2§§39{§§ 2,3%%»32% ge"%% gt?i Ly %%} %:%@ HHE
Treatwents 4 |15,048.48 3,761,386 8,65 Z.BY 4. 4% T il ko
Fotal 28 (24,576,.28
H i T i
~ § I a4 g , j g 3 @ )
gg? i D058 24.8 n 33.5 | 0,001 45,4




Block
Totals

Perennial Byeprass,

ip

endix

Yilie

Fifth Cut,

Bry Hattor Yield of Sown Speciss

{Tetall.
z i1 kX iy v Vi Heans
o | 175.1 |102.4 48,5 | 91,5 |153.7 |238.6 135,0
eau,.8
5 3117 Fi:8 BG.2 BR,L3Z 118,86 132,32 1i8.8
£694.9
a 3848 81.8 4.0 66,5 0.8  115.3 E1.5
‘ S67 .8
6 BLl.7 4753 22,3 23,2 81,9 43 .6 . 41,7
250.0
P g?:% g‘gcéﬁ %0% %%0% ?i}c? @§§0§ : g%c%
s ] -
fGeneral
: : : Grand Total Mean
494,98 i 161.5 283.7 485,7 ﬁﬁé‘é 2EET .4 Y78
Analysis of Varimnce
Yoariation | d.f. BeBa Hefis [ 4 F reguived Besult
due to 5% 1% Go 1%
Hiocks B [ 26,760.88 54352418 44,60 2,71 4,10 8 .48 w3
Treatuments 4 4B 823,18 12,980,838 10,30 ZLET | 4,43 T 10 e
Error B0 28,288.44 1,162.77
Total 28 |8B,338.8¢
a. .. ,; a . a
g8 P + igu§ {}sgé‘} %1‘3 ﬁggi a}%gi %c%ﬁi % ?59%
- K = ) ’ N ) ) ) o sseasy '



fopendiz  Yilis
Cackafont, Pivet Cut,
Bercentage Conitributlien ef Zown Species is Plat
'%’i%ié;
Rlecks
I iz 111 v ¥ VI Means
T 59,8 | 98.4 96.3 85,0 @ 99,1 92.3
98,0
e 08,6 | 99.7 96.8 98,0 | 98,3 | 998.7
la | 98,8
t 89.3 | 69.2 94.4 88,3 | 98.6 20.8
- 35,3’
e 99,9 | 88.3 97.7 85,8 | 99,2 59,7
" : : §%.§
% 98.4 | 89.5 97.4 99,6 | 98,3 | 100.0
& : ’ %gtg

Genevel Hoan

88.5




Appendix VIili

Cocksfoot, First Cut.
fry Hatter Yield of Sown Bpecies.

I Iz izz 1 v Vi Treatment Totals Means

174,83 | 87,6 111.3 83,1 | 118,.6 148.7 123.8
741.6

5 | 92.6 | 74.5 Thed 83.2 G4.4 124,55 ' 90.8
, , o 544.,5

113,8 | 74.5 | 70.4 | 83.3 | 70.0| 94.¢ 84.5
g 506.9 |

7.7 | 63.2 8i.8 T8 B2.,0 104.2 7.0
473.8

85,5 | ©65.6 68,8 93,8 88,0 98.2 83.8

: Genersl
Block g Grand Total Hean
Totalse B389 3?5;% 7 é%?,? ; %2§?% “éésfgw§?§¢%ﬁ Z788.6 ; 82.3

Applysis of Variance

*ggriasgggffé,f. ‘ 5.8, HeS. F | F required | Result
| due to o 5% i% 0.1%

Blocks 1.8 5,836,78 | 1,167.36 | 5.57 | 2.71. 4410 | 8.46 ok
Treatments 4 7775558 1,043,898 | .27 | 2.87 | 4.43 | 7.10 e

0 V Rest 1| 7,353494] 7,353,94/35.06 | 4.35 | 8,10 [14.82 | ¥

Error | 20 | 4,194,78 | 200,74
Total 29 | 17,807.11

SE

| Yo.05 | 17.5 | %o,

or |




Percentage Contributien sf Sowm

Aorendix

iia

Cocksfoot,

Bocond

Pilot Tield.

Cute

Bpecies fo

Bliocks
I iz i¥: iy v ¥ ¥Yeans
‘ 00,7 88.0 95,2 84,3 | 100.0 | 100.0
7o ,
97.9
¥ o ’ ;
% 88.7 | 98.1 852 | 08.8 | ©9.5 | 100.0
a 2 ,
e, |99.9 97.8 91.5 | .90.6 96,6 99,9 -
B $7.8
t
81 199.6 | 94.7 9642 | 90,1 | - 99,6 | 99.2
g : o
%Q*@
99.6 96,0 85.6 | 100,0 @ 100,0 | 100.0
8 08.7

General HMean | 97

2

.




Apnendis izn -

Cockaloont, Second Cut.
Bry Hatter Yield of Sown Species.

) | iz - I1¥ v i , Y1 Treatuont Totals  HMeans
o 126.8 8.4 118.8 | 97.7 | 130.7 | 183.1 i 1214
, « , ?2&.% ’
2 £R.8 83.2 2G4 T 88,5 | 124.8 88,5
4 0.0 48,5 46,2 FHLEB B7.7 | 108.7 7108
505 43.9 44..1 B88.4 T1.8 775 827 .2
8 343.5
8 83,5 <2 0% 88,9 i Bed G20 v B8.8
V 221,58
Gensrel
Block . Grand Total Hean
Totals 4087 310.8 B48,4 | TT70.8 | 408,10 Bi4.Z 23686,0 T FELE
s 6f VYavisncs
Variation d.f, Hells MeBs ¥ ¥ recuired Result
due to 5% 1% G, 1%
Bilocks g 4. 865,22 873.04 4,77 2,72 4,10 & 45 P
Treastuents 4 1B, 078,87 4.,518,82 22.:18 2.87 4443 718 o
Frror 20 4,078,142 208,91
Total 29 |27,018.61




Parcentage Contributisn ef Bown Hpeciss

Appondiz

Xa

Cocksfoot

to Plot Yield.

Third Cut.

@ B oo @

Blocks
) 4 iz i ¥ W v vi Heans
P lo G5.8 9845 4.0 GE2 100,00 100.0
88.8
r :
= P 48,8 84,7 8.1 8.2 8.4 £
8.1
A 84,8 GR,.2 2.8 88,4 89,3 85,9
- 86.9
- G983 85,6 8.8 BEL0 8.8 97,1
b & o
S4.5
A
s 8 80,0 875 O7 &2 160,060 83,83 100.9
T ' ) ‘ 864

Ceneral Hean

86,6




Avpvendix i

Cocksfoonty Third Cut.

Bry Hatter Yield of Sown Speciss.

I iz I3 iv ¥ ¥i Treatwent Totals Moans
g' 159.4 | 105.6 | 102.7 | 85,0 | 124.9 |127.0 117.3
: ! A ?%gg?
, | 68.7 | 33,7 81.5 | 66.8 | 71.1 |121.0 73.8
= 442.8
47.5 62.7 | 36.3 53.3 38.3 | 45.0 47,2
4 .
. . . £%3¥&
40.6 | 399 | 33.7 | 32.7 | 43.9 | 434 | 39.2
6 ? -
: ‘ ! : 2352
g | 57.9 | 37.9| 30.2 | 26.7  36.1| 49.8 39.8
238.6
| - General
Bioek g Grand Total Hean
Totals 374.1 4 ,

Analysiz of Yariance

Variation [def. 8.8, M.8. F F reguired Result
dus o aa 1% G 1%
Blocks 8 gggggagé ﬁZévﬁ? 175 271 4458 B 46 .8,
Treatments 4 26,512,530 &,.628.,08 32,17 287 4.43 710 wEE
ror 20 | 5,977.99 208.90
Total 29 | 35,113.63
o L d, A oo |l @ R d, e | .
ﬁ%'g + 7ol .65 0.8 .01 Z2.4 U001 38.5




Appendix ii=

Cocksfont, Fourth fot.

Pereentage Contribuiion of Bown Spseciss o
Piot Yield.

Blocks
i i1 IIT iv v Vi | Means

oy 87,1 | 97.8 01,9 | 97.6 80,2 | 80.3
N 97.2
® 3.3 | 84,0 83.8 92,5 92.1 | 82.0
a V 89.7
t 98.0 | 89.3 52.6 | B8.7 | 92.7 | 99.7
m ' ' ' : ' 86.8
= .
. 91.7 | 97.8 63.2 | B85.4 | 99.0 | 94.9

> ‘ = 80,7
. :
s 88.6 & 89,2 £§9.0 | 96,8 95.1 | 91,7

' 91,7

General %gggg 91,2




bovendix

Xib

Cockefont,

Fourth Cut.

Dry Hatter Yield of Sown Bpecies.
{(Live Herbage)

I iz i1z Iy v Vi Treatment Totals Heans
o 101,5 | 84.6 - S57.4 - 60.2  67.7 | 106.0 F2.53
i ' 437.4
58 = for 6 figures = + 10.2
s | 23.6 ] 17.3 | 10,7 | 12,0 6.4 | 14.2 14,0
- : 84,2
o | 298] 7.2 2.1 | 4.2| 13,7 | 4.0 , 10,2
é -
‘ 6,8
8 G5 0s1] 0.3 0:2] ©.5| 5.0 1.1
o
Gensral
Block  Grand Total:s Hean
Tetals iZs 1647 i : §
inalveis of Yoriance
Fariation def. BeBe HeBa F F reqguived | Besult
due to 5% 1% O.1%
Blecks 5 265,67 BE.17 1.58 Z.U0 | 4,58 757 H.5.
Treatments 3 F70.08 256,69 B.02 | 2,28 5.42 D34 W
Error is 480,08 32,00
~Motal 23 | 1,516.01
i i
. : i : é
SE _ s @3 é§‘$§ | 7.0 % é%‘ﬁz { D.8 G001 13.3
x - | | |




Apwmendix Eie

Cockelocot, Fourth Cut.
Bry Hatisr Yield of Sewn fpeciss
z R & 1 11X v ¥V ¥  Treatment Totals Heans
o| 167+5 | 92.8 |105.5 |112.1 | 127.9 178.9 | 131.3
o 1 7.7
8B .. for & figures = 4+ 14,2
g S
o | 58+6 | 70.9 | 54,1 | 50.9] 43.6 | 92.6 81.8
2707
TT.0 44 4 20,7 S840 454% 42,2 44,3
4 : : 267,06 ‘
6 38,7 48,7 20,8 28,3 45,1 5663 S6.3
. : . ‘ 2??#@
o | 28.9 i8.2 22.0 29.1 31.2 ] 42.4 . 28,8
£ , V . 172.8.
, - Genersl
Block Grand Total loan
Totals 201.2 788 11743 1475 1680 | 213.5 pRiz oy 42,8
_Apalveis of Variance
Variation |def. SeSe | HeS. | P F required Fesult
due to o o 5% 1% 00 15%
Blecks 5 ég«g%ig%g 312,22 181 280 £.58 %74 Hels
Treatments| 3 34611.61 [1,203.,87 | 6.55 | 3.29 | 5.42 | 9.34 i
Erreor 15 2,582.40| 172.16
otal | 28 | 7,755.10
sg ; {ké k d, . I
- 5.4 1 6,05 i8.2 .01 22.3 || T 30.9




Appendix Xiia

Cockafsot, Fifih Cut.

Percentage Contribution of Bown Spoeies
Plot Yielde

to

Bilocks
1 I | IIx | Iv | ¥ VI | Means
T |4 | 951 | 85,2 | 75.9 80.4 | 97.4 99,0
. 92,2
Bl | 7748 | 71.8 | 74.8 84,6 | 86.3 89,5
< ‘ 82.5
£
|4 | 6246 | 58.1 23.1 40.8 | 55.8 6344
- 50,8
£
n | | 841 | 47.5 0.4 20.1 | 54.3 47,2
. R 43,8
s g | 63e2 8.6 33.0 10.5 | 17.5 | 76.7
35.1
flanaral Meon 60,5




A ndiz X1 ik

Cockefont, Fifth Cut.

Dry HUatier Tisld of Sown
Species (Live Herbage.§

i iz iz . I¥ ¥ ¥  ITresteent Totals leans

o FEE | 7.1 | Bl.8 61,1 | B5,8 | 102.6 | 83.7
) ) ) . ) gﬁg ;%

8E ~ for 6 figures = + 6.2

o

5 | 24e1 | 310 24.5 31.9 | 23,7 | 60.3 § - 32,8
= ; ) P - 185,7 |

o] 17.2 [ 218 | 8.8 | 7.3 17.0 13.0 L 14.2
; | @ 851 |

28.9 | 23.0 @ 3.3 9.3 | 15.3 | 4.9 o 14.1
| 84.7 |

&
®
foe
o
¢
€
ol
&
L

o : 12.6 - : 16.1 | | 5.
| , ‘ | 40,7 ?

General

Block Grand Total | Mean

406.2 | 16.9

Totals | 753 | T7.1 | 45.2 48451 616 4.5 |

Analyeis of Variance

Variastion d.f. Bs8s BaBse 7 F required § Hesult
dus to 8% 1% Ga1% |

Blocks & 403,11 8062 i 1 A.80 4.58 Fo37 Hake
Treatments| 3 2,186,91 TEBLE7 | T.42 3.28 F.43 9.34 | wE

Error 15 |1,473.18 98,21
Total 23 |4,063.20 ,

SE~ |40 |%,05 |12.2 | %01 16. 9 23.3

3%

o Guior i g
T wiies e a———— i




Blioek
Totals

Avpondix Eilie
Cockafoot, Fifth Cuts
Py Hatter Tield of Zewn Spevies
{Totall.
I iI IfL iv v ¥I Trestmant Totals Heons
5| 154.8 |180.3 [145.2 ] 145.3 |178.0 | 227.6 171.9
7 : 1031.2
SE .. for & figures =+ 13,8
x
5 |. 582 59,7 B4.1 | 69.8 | 60,5 | 139.6 P37
441,58
2 28,8 | 38.0 18.4 7.4 | 33.83 | 31.8 274
- 184,53
6 48.5 | B7.0 5.8 138 | 2%.5 T ol 23,2
Y 135.2
. 235 B+ 5.8 8.8 - % | Ea3 | 24,8 15,0
. 89.9
Ceneral
4 , Grand Total Hean
3%2’% eé §i§§, ’2 «2; 3 5%3 & g 2324@ gg}f’é 5 % §3§a§ 3‘% if%
Analysis of Vaviance
Varistion def. Bofis H.B. B ¥ reguired 1 Begull
dus to : z 5% 1% 0.1%
Blocks 5 24,049,485 | 400 . 58 1.08 2.80 | 4.58 § T 57 Ha8e
Treantments & 12, 548.57 4,182,158 10.88 328 5442 | 0.34 eEE
: SR = - , [ ‘
: ; . ' i
Ervor i3 8,776.32 388,02 )
Total 23 | 204372.55
| | a . a, o la ",
88 . + B.0 0,08 24.2 | .01 3.4 .00 46,3
%




Appendix Xilia

Browntop, First Cute

Poreentage Contribution of Hown Bpscies {o
Plot Yisld. :

Blocks
i iz , i1z iy g v Hoane
T 62,2 | 53.1 82,9 50,9 79,2 | 89.8
. , 4 ‘ » . 69.7
€ 27,6 | 81,2 64,7 84.8 78,6 | 89.5
a , ; . V V e 71.0
£ f
; 88,9 | 42.6 579 63.2 87.5 | 94.9
72.5
&
n 77.9 | 53.6 86.1 83,7 74.2 | 89.4
' ‘ ’ ‘ 775
%} .
s 89.3 | 84.1 86.2 | 78.1 | 85.8 | 79.4
o B 85.8
. Genersl Mean | 74.%




Avpendix XIiib

Brownton, Firat Cuts

Dry Matter Yield of Bown Spscies.

z Iz Iri v ? ¥1i Treoatement Tolsls Veans
& 48,3 273 82,7 51.8 F55 $55.3 £3.8
2 187 44,3 16.4 45,13 61,8 75:9 43,1
' 2588
P 28,4 1.8 15,9 42.2 F2.9 | 107.8 48.8
il 274.6
6 8.8 20.8 E5.2 370 458 TP 8 £4.9
‘Eﬁ%.é
g 33&% gi t% é%&? 5§?Q§. %ii? g"%g? é‘%é@
B 243,.4
Cenoral
Block Total Hean
Totals

Lfpalveis of Yariance

Wariation d.f« | S¢S. M,S. o F required | Result
due to 5% 1% 0.1%

Blocks 5 |11,758.05 | 2,351.61 | 10.72] 2.71 4,10 | 6.46 | *#*

Treatments 4 | 2,051.80 512.95 2.34| 2,87 | 4.43 | 7.10 | N.S.

Control ¥ 1 1,956,908  1,956.98 8.92| 4.35 | 8,10 [14.82 | *x
rest ‘ ‘ §

Error 20 | 4,389,28 219.46 i

Total 29 - (18,109,153 ;




Annendin

Zivs

Srownion, Boeond Cut.

Percentage Contribution of Sown Speciss it

Plot Yielid,

Blecks
I 1 | IIX | I | ¥ | VI |Meanms
£ 53.2 | 78.3 71.6 | 79.1 | 89.1 |91.6 |
r ‘ ‘ | | | ' 77.2
| 81.1 | B81.4 76.9 | 86.7 | 92.4 | 90.2
2 ' | ‘ ' ‘ 84,8
. - ,
915 | 7342 | T5ed | B7.4 | 83.0 | 7.7
& s
I %é.%@% ?%*{3 ??s? g4 ;? ; ;?§¢§ §§§i§ :
. < | v « [ : 80,4
s 92.0| 53.0 84.0| 80.6 | B85.5 | 90,2
V , - 0 » 80.9

Censral %@@ﬁf
{

81i.9




Block
Totals

fx Xi¥h

Brovwantop,

Pry Hatier

iz i3z

Second Cuts

¥Yield of Sown Species.

Vi

b

G 3647

{30s2

BOe9

g ¥

85,0 74.0

118.1

Tro

% T B o
asitwmeant Totals

404.9

Heans

67,5

8E

z

for 6 figures = +

3.1

| 4248

15.8

733

48,3

- 236.3

120.8

§§o§"

61.1

248.6

414

B2

2845

2241

46,2

B4.4

186.1

31,0

35.2

g

24,53

23.8

45,7

6342

205.4

34.0

110.8 99.8 | 81.2

- 1478

207.8

227.0 |

Analweis of Yariance

Grand

£74.4

Sensral
Boan
56,4

Variation
dus to

Bels

HeBe

F required

5%

Oe1% |

| Result

Blocks
Treatoents
Tow ¥ High

Errar
Total

5 | 4,488,889
3 416.76

i 370.21

3346219

897,78
138,982
379.21

23G.81

3.88] 2.86

< 1] 3.29
184 4,584

4.56
5.42
8,68

757
9.34
16,58

84367.75

’ i i , ! ;
e | L6 .05 | 18,7 | %0.01 § 25.9 | %0.000 | 35.8
2 i | | §



Appendix iVa

Brovnten, Third Cute.
Percantagze Contribetion of Hown ESpscies
te Plet Tield.
Blocks
I i1 11X v ¥ ¥i Means
T 72.6 | 75.6 | 86.1 | 80.8 | 90.0 | 89.7
84,2
vl «
@ £81.9 | 84.9 | 83.8 | 83.1 B9.4 [80.1
& ' ) 85,8
% ‘ ' ' ;
81,7  80.7 81.1 #4.5 82,7 88,8
2 ]
% %ﬁ;i ggag ?293 ?gﬁg §§c§ %%%&3
. - ' ?iag
£
s 81.2 1564 | 66,4 | 64,4 77.5 | 64.9
' ‘ ‘ 68,5

T

H

i
§§ea@ggi HMean

g

o




Avnendiz

iVh

Browniop,

Third Cut.

Pry Matter Yield of Hown Species.

I I3 ii1 Iy v ¥i Treatment Tolals MHeans

o | 483 | 33.3 88.3 | B84.3 | 81,2 [105.4 ?3.5
440.8

SE - for 6 figures = + 11,1
z

2 44,2 25.8 £.3 18.53 | 34.7 52,7 35,2
i8G9

4 17 .7 G.8 8.5 26,86 47,7 52,0 7.0
182,98

6 4.8 29,8 8.9 Tl T8 | 41,7 i2.3
~ 110.7

8 10,7 3.5 8.3 8.8 23.8 24.4 18.4
80,5

General
Bieck , Grend Total Hean
Totals | F3.4 £5 65.6 zzgg? 1708 §§égé 22.2

Analysis of Variance

Variation |Hi¥s S.5. HoB. F F required Result
due to % 1% 0.1%
Blocks g 2,641,921 |528.38 4,82 @ 2,80 | 4.88 7.57 *
Treatmonts 3 1,664,684 354.88 B.70 | 3.28 0 8.42 $.34 H.8,
low V High i 058,87 B58.87 7T.28 | 4.54 | 8,88 16.38 ®
Errer 187211 | 131,47
Total 5,678,066
é % & § i é § § 4 g
85 o .7 : &.,08 i4.1 ‘39%3 I i {}aé}gi §§ 27 O
; H




Anmendis Z7is

Browntep, Fourth Cut.

Percentage Contribution of Sown Speeies to

Pilot Yield,

Blocks
A T ¢ I1X v v Vil | Heans
L , » ;
T 44.6 37.3 | 70.0 775 83.1 | 90.0 |
| | 67.1
¥ {
€ 3647 55.4 | 70,0 63.9 65.4 | 74,7
a 61.0
%’ .
71.9 64.3 58.4 61.6 50.4 | 68.1
Fo 62.5
e
n 70.5 34,2 42.2 22.1 34.1 | 64.0
24
t 44,5
8 31.7 | 290.1 | s0.0 18.0 69.5| 31.8
)

General Yesn
54 .7




Avpendix EVib

Browvnton, Fourth Cut.

Bry Matter Yield of Sown Epeciss
{i.ive Herbage).

1 1x IIx - IV v VI  Treatment Totals Means
o | 17+5 |16.9 50,1 | 16.5 43,8 | 121.1 | | 447
g | | 267.9
5% = for 6 figures = + 16.5
é 3.0 | 2.8 | 3.9 4.5 3.9 6.8 | 4.2
24.9
. 6.6 | 0.1 | 4.1 5.0 4.4 8.4 > 3.8
22,6 :
ﬁ ?a% 24% %p% : b . {}g i . 2&3 : 26 33
12.3
) %og {%&g - N %ii : icg : %b‘g é“’g
g . o
2.1
General
Bisck ' . : Grand Totia Hean
Totals g%:% g.é j ge@ , G.8 ] B o% | i7.8 81.8 - o 2.%

dpaivsis of Variance

Variation |83¥; Ee8. Hof. ¥ ¥ reguired 525%%%@5%%
due teo , % 1% 0.1% |
IBlocks 5 21,47 | 4429 (<1 | 2.90 | 4.56 | 7.57 N.5.
Treatments 3 54.76 | 18.25 | 3.83 | 3.20 | 35.42 | 9.34 *
Low ¥ High 1 45,65] 45.65 | 9.57 | 4.54 | 8.68 | 16.58 ok
Error | 15 71,61 |- 4.77
Total 23 147.84
SE +0.9 | %.05 | 2.7 |%.ot 3.7 %.001 |
- e &




Lovandix EVic

Browntop, Fourth Cut,.

Dry HMatter YVield of Sewn Specises

{Totall.
I Iz IX1 v - \i Vi Treatment Totals Means
o | 19+8 18.5 | 72,0 | 30.8 69.5 [145.5 59.4
SE = for 6 figures = + 19.8
, | 7a7 | 14,0 [17.6 | 15.0 | 19.7 | 38.1 18,7
. ‘ 112.1
L | 57 1.8 | 8.9 | 18.2 | 17.9 | 45.5 ‘ 16.5
98,1
6 | 25.0 9.7 4.6 5.1 6.8 | 21.3 , 12,1
72.5
g | 5ot 4.5 | 2.2 2,0 | 21.4 | 17.9 | 8.9
: 53.4
; , , ; . General
Block Erand Total Hean
%ﬁ%&i u% 3%51‘ b 4 éitg’ %f_‘;&% 22/&% 33?; . z‘%;%

é@@igsigkgf Yariance

?ﬁ&iaﬁisﬁ defa BeSe | op g ¥ reguired Besuit
dus to | ;4 1% 0.1%

%}%é&g s 5 1.827.28 | 305.48 4,39 | 2,90 § 4,868  7.57 o

Trestments 3 347,68 1i5.89 174 | 3.29 | S.42 | 9.34 -

Error 15 977.38 66049 |

Total 23 2,872.32 ’ ' - §

! a
8E t 3.3 §'é§.§§ Ci0.8 é%.%i i3.8 0,001 i9.2

Wi




A ndix i¥ii=

Browntop, Fifth Cut,

Percentage ﬁ@ﬁt?i%ﬁ%i@ﬁ of Sown Species to
Plot Yield,

fiocks
I iz i1z iv v ¥i Yoans
T 57 .8 48,1 T2.6 82,8 68,2 Ig1.B '
! 88,0
o
? 43.1 Bl.4 24,2 | 30,7 [B7.8 84.4 ‘
§3 {%isg
ﬁ .
8.5 C i8.8 i18.4 | i3. © - g 27 .4 »
5 i?ég
e
0 2.6 R P 1 H.7 2.5 2.5 | G.B '
o P d
s - 9.0 | 0.7 | 0.4 [14.8 | 2.0
4.3
General Hoan
28 .2




Bleck
Totals

Aopendix AVItH
Brownten, Fifth Cut.

Bry Matter Yield of Bown Species
{Live Herbagel.

i il 1i1 iV v £ g JHeans
ol 23+1 | 25.4 | 537 | 56.6 | 44.0 | 109.8 .| 523
- L 3135 |
ggﬂg for 6 figures = iriégéV
o | 11.9 | 13.9 4.0 2.3 (16,2 34.2 15.8
= 82,5
4 2.8 2.2 2,9 7.1 2.5 8.5 4.3
26,0
%‘ %té @«% géi {%’,Z : iui %eg %6%
3.5
8 - 0.8 Oel 0.2 563 1.9 1.4
’ Bt
: General
Grrand Toetal Poans
14.8 | 17.8 | 8.1 9.7 |25.1 44,9 120.4 5.0
Analysis of Variance
Varigtion - o 55 - " e o Besult
due to LI o %gw”s ﬁ%;;&s e g‘i %§§§§§§§§ 0. ig‘gj
Blocks 5 231,39 46.28 | 1.44 | "2.80 | -2.36 <287 #.8
Treatments | 3 656,83 218,94 | 6.82 | 3.29 | 5.42| 9.34 o
[Error 15 481769 | 32,11
Total 23 1,369,891 :
I a . a a §
SE _ + 2.3 || 0,08 7.0 .01 8.7 0,001 |  13.4
= C |




dnpendix ile
Browvnlop, Fifth Cut.
ey Hatier Yield of Sown Spseies
{%‘9%&}.}.;
1 T — 1Y, Tragtment To Yeons
. i
o 34,8 S5.3 108,7 | 100,82 T80 122B.4 88,8
578.1
S8 ~ for € figures =+ 2B.8
4
2 1B.9 | 21.7 5.3 3.5 23,6 54,0 , 31,2
127.0
4 @o% 2e§ 4.3 iiag ‘ 3&% gg:&% ’ 8.5
39.3
; D, | 0.8 1.4 0.2 Cil.d 0.8 .8
& )
4.5
B - 1.0 .1 G4 B8 P | 23
Grand Total fegeral
Biosk PR ¢ 26.0 1t.1 i5.6 37.8 V0.8 184,35 e
Totals » ,

adnalysis of Variance

Variation d. 5.8, MeSa F F required Result
due to - : 5% 1%
Blocks 587,99 117,60 | 1.44] 2.90 | 4.56 K.S.
Treatments 1,564.06| 521.35 | 6.36] 3.29| 5.42 3
Error 1,228.85 81,92
Total 3,380,90 ‘ ;
SE = | 1 3.7 99,05 |t | 40.01 | 15.4 | %0.001 | 21.3




Anpendiz

AViile

Yhite Clover,

Birst

Cut.

Percentage Centribution of Sewn Spscies to
Plet Yielid,

Blocks
""" I | iz ITX v v VI Means
T 80.2 | 78.7 | 70.8 76,1 | 84.1 67.4
» 76 47

o
€ 72,0 | 73.5 | 77.5 71.4 | 89.4 70,3
a Fha B
% - |
" 61.8 | 69.2 | 45.3 77,0 | 48,1 64.2
‘ 60.9
&
i 5’?3% g?z? y% %{E,g %*2 §3n§ %i a%

71.0
%
8 78,2 | 80.5 | 60.0 65.7 | 81.7 68.4

71.8

General Mean T1.2




“hite

Asvpendix

XViiib

Ciovery

First Cots

Ory Hatter Yield of Sown Epecles.

I ix I1l1 v 7 ¥I Trostment Totals Yonns

o [ 8048 | 78.2 | 6446 | 74.8 | 79.0 | 70.6 76.4
e LEB L

, | 518 | 72.8° | 64.3 | 62.4 | 66.2 | 62.2 63.3
s T E76.8

P 55.4 5.5 1.4 B2.3 48,98 B8.2 B7.1
= 342,7

& Gi.8 The4d BE.8 50,2 50,7 81,8 G58,.%
; 354.8

8 £Z2+8 858 G841 678 54,8 L 60,1
360.3

Genaral
Blosk , Grand Total Hean
FTotald 362,959 1364.5 30i.2 131Y.B zggﬁé 512.9 1895.4 ; @g,g

fnpiveis of Varisnce

Yaristion Aufs B+5s H.8a F F reguire Beault
dus to - 5% G 1%
Biocks 8 827,77 125,55 1477 2271 41D B.46 § H.8,
Treatments 4 1.,420.84 =88,.21 8,01 28T | 4,47 | F.iU § A
O V Rest 1| 1,300.87 | 1,300.87 | 18,33 4,35 8,10 14,82 | *
Error 20 | 1,419,32 70497 |
Total 20 | 3,467.93 | |
W dy oo S oA, s | %% 001 |
ot A = + Ged §.,08 16:2 | G.01 135 f 0,001 | 18,7
% i i {




Ervendix Zizs

Fhite Clover, Becond Cut

Papcentape Contribeution of Sswn Hpeeies
te Plet Tield.

e M@ B e B0 W e

Blocks

I 5 S 55 4 v | VI | Means

L 70,7 | 83.3 | 7942 | 75.2 | 80.7 | 71.8
4 | -
‘ TR.E

w | 77.5 | 85.2  92.1 | 86,8 | 70.5 | 86.0
2 | | 83.0
. 74.2 | 83.4 70,8 | 90.1 | 78.4 | 83.1 V
| | 80.0

s | 73.8 | 94.4 86.1 | 83.5 | 80.0 | 69.1
81.2°

g | 7743 | 75.3 81.7 | 86.7 | 80.2 | £0.5
, | | 80,3 .

Goneral Hsan

80,6




§§§§§éiﬁ iiib

Ehite Clover, Becond Cuis

Dry Matter Yield of Sown Species.

I o IIX iy % vz ygfgﬁﬁ%éﬁi Totals Moen

=

.- 2
1

0 [160.5 | 94.3 98,0 | 81.4 7/90.1 | 100.1 | 104,
, | 624,4

85,3 (137.5 82,9 | 77.4 | 45.0 | 149,5 | 97.9
A | | | 587.6 |

4 |53.6 | 86.4 57.8 | 78.9 | 66.4 | 73.1 | 69.4

. 1 sa,1 |118.8 56.2 | "B2.85 | 21.a 42,53 65.9

49,7 4645 48,5 E1.7 45,3 36.6 ‘ 43.9

General
Block ; : Grand Total  Hean
Totale 413.2 483,05 | 344,33 |321.9 | 322.2 éﬁéw% . 2286.7 7642

Avnalveis of Yarisnce

Variation dofe 858 Hefe ¥ | P required Beguit
due to , § % i% G, 1%

Blocks 5 | 4,052,890 | 810,58 | 1.20 | 2.71 | 410 | 6,46 | N.S.
Treatments 4 | 14,679.65 | 3,660.91 | 5.84 | 2.87 | 4.43 | T.10 | #=

Brror 20 12,588.94 B27.88
Total 29 | 314,252,289

g i - F
SE~ | g 102 | 40.05 | 30.2 |




Aunnendix

¥hite Clover,

Third Cut.

Percentage Contribution of Sown Bpeciss

to Plot Yieid.

Blocks
I 11 111 1y v Vi Means
T o | 778 785 75.9 | B6.7 | 96.3 | 78.1
' 82.4
¥ ad
¢ , | 90.7 | 86.89 | 76.6 | 57.5 | 72.4 |92.0 ~
5 = ~ | g N |
g i
by B 54.2 | 61.4 | 84.7 86.3 | 47.5 | 66.1 :
! 7147
e . f
n 31.2 | 71.3 82.9 &7§3  63.0 | 75.7 :
t
s , 19.8 | 64.3 | 39.9 52,5 | B86.5 | 60.2
8 % e
§ #3;}49%

/
General Mean 69.3
|




Avnendix

x%Zb

White Clover,

Dry Matter Yield of Sown

ix

Iii

Third

Cuts

Species.

Troeatoent Toeials

Hoeaneg

F8.1

%3;%

51.3

138,86

Y e
5238

87.3

5B

(L

21,1

31.8

30.8

21.5

81,7

32.0

i92.2
4 17.4 | 2.6 28,8 32.G GauB 16.2 ig,1
4 1084

i

78

10.0

12,4

70

T8

o 12

33,0

G.9

43.4

7el

Block
Totals

4002

33.1

§4.9

dus Lo

Yariation

730

donlvsic of Yorias

85.2 -

frand Total
388.9

ee

Gensral
Yeosn
16,1

5%

&

F roagpired

1%

5%@%@%@

Tlocks

Error
Total

Treatuents

i5
23

317.04
2,516,881

5,240.30

2480
Su28

0, 1%

%%g% i

S.42 |

%
§
|

7457

8,34

KeSe
*

SE _
=z

| 5.2

25,86

45,001

| 29.8

H




Enpendix iiis

¥hite Clover, Fourth Cut.

Percenitage Contributien of Sown Species
te Plet Yield,

Blocks
i II 1T IV vV | VI | HMeams
T 71.9 87,4 | 60.7  97.4 | 05.4 | 70.7
r g2.1
€ 40,6 71,0 64,1 87.0 | 41.3 | 48.6
2 55.4
t ,
" 24.3 49.1 64.7 58.8 | 38.3 | 49.6
47.5
124
n 36.7 R 27.2 14.3 2.4 | 62.2
25,1
g .
s 16.8 | 11.4 10.1 76 o & 0.0 | 14.3
: v , 31,7
Gensral %%&%ééésé




Lpoendin LIk

Thite Clover, Fourth Cut.

Dry Hatter TYield of Sown Species.

) 1 iz 3% S iv s ’ ¥YI ‘Trestuwent Totals Hoans
o | 3744 | 39.8 | 40,0 | 70.5 | 53.7 | 62.7 : 50.7
, , , . 'y 3035.9
BE ¥ for 6 figures = + 5.7
g g,@ iztﬁ ?t 1 2%3% 2‘{303 g@o% éga 2
| 7248
4 148 4.4 14,83 2.5 6.0 4.7 7o
’ 44,0
e ) éag {}‘3 3:{3 ’ i}tg %5? %;%'% ’ . %ii
] 12,7
8 1.8 | 0.4 0.5 | 5.8 | 0.3 2.0 1.8
16,8
‘ > ; General
Biock . Grand Total Hean
Totals | 14,2 | 17.7 | 24.0 | 20.6 | 17.3 | 37.5 140.3 | 5.8

Analysis of Variance

Variation | d.f. BeBe H.8. ¥ F required Result
due to ) ) 5% 1% 0.1%
Blocks S §7.58 18.80 116 2,90 | 4,88 | V.57 E.Bs
Treatwents 3 432,13 144 .04 BeBO | 3,29 | 5.42 | 9.34 o
Ervor 18 ' g%:zﬁ 18,85
Total 23 FE4 .40
SE — + 1.7 | %05 | s.aa | %.01 | 7.0 | %001 | 9.7




Apnendix i5iia

¥hite Clever, Pifth CTut.

Percentage Contribution of Socwn Species
: te Plot Tield.

e @ M e

m ek B @ B

Bioeks
X 11 I | IV v VI | Meens
o 859.8 63,4 61.7 . 27 .7 SB.4 808
Bled
B3.2 | HE.B B0 Ba,4 81.8 7.4
z -
£ §¢3
20,4 b 4 75,3 83,1 56G.3 54,8 :
4 s
o 12244 58.1 17.2 | 61,1 7+ 45,2
= 35.3
11.0 21.8 17,8 2B .7 10.86 48,8
1 ~ 5
E «QE;?.
General Bsan g%%*%
i




Avpendiy iy

¥hite Clover, Pifth Cut.

By Hatter Yield of Zown Srneciss.

) 1 Iz iiz iv ki i ?&%@%&%%ﬁ Totnles Moans

0 | 71.7 | 76.3 | 76.9 | 37.2 | 32.1 80.8 | | 625

.

SE for 6 figures g‘j;%.é

Wi

26,8 | 44.9 | 4101 28,3 22,4 | 64,0 37.9

4 Fe3 6.8 @ 30.8 3.8 2ZB.3 | 20.2 18.1
é 11444

3.2 | 8.9 | 3.5 | 24.6 2,4 | 7.6 _ 8.5

g | 243 7.7 | 3.0 | 105 1.2 | 10.9 , 5.9

General
Grand Totsl o F
2843 i7.8

Blsck ~ ? L
Totals |37.6 | 79.¢ 7.1

oo Anslvsis of Variance

Variation | d.f. S.8. M.S. F F required | Result
due to | C ' OB 1% 0.1%
@3 {2{3?&% g%ﬁgg igﬁg i1 ‘i#g{} gv% é*ﬁ% ?' 74 %gagj

A

freatments 3 | 34798.35 14266445 11,86 3.20 5.42 | 9.34

Error 15 | 1,801.58 | 106,77
Potal 23 | 6,201.48 \






