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SUMMARY

The effects of banded nitrogen and phosphorus fertilizer on the
growth of poppies on a krasnozem soil were studied at three different
stages of growth; (i) you.ng plants fifty days after sowing (ii) mature
capsulec at dry commercial maturity eight weeks after full bloom,

(iii) total ylant and its components harvested at weekly iniervals between
full bloom an# dry commercial maturity.

Higher uptake of banded P and greater plant dry matter yield
50 days after sowing were recorded when the fertilizer was placed 40 wm
directly below the seed than when placed 79 mm below. Nitrogen had a
negative effect on both uptake and yield in this experiment.

2t 8ry commercial maturity N X P interaction effects were
recorded for capsule, seed and morphine yields. The pattern of yielids
giving these interactions was a lack of response to N at zero and low to
medium rates of P {0 o 40 kg/ha) and a marked positive response to N ai
high levels of P (90 kg/ha and greater). Between flowering and dry
paturity, N X P interaction effects were also shown at all times of harvest
for total plant, lateral capsules and stem and leaves. Terminal capsules
were an exception and the yield of this component was depressed by P aad
yield of seed from terminal capsules was also depressed by N and P
particulariy at the time of dry commercial maturity.

Broadcast and uniformly mixed Ca (OH)p gave maxisum yields of
capsule and seed at a rate of 25 t/ha and a bulk soil pH of 8.1. Bowever
banded N P fertilizer near the seed probably modified local pH and high
yields were associated with high tissue levels of magnesium, sodium,
nolybdenum and copper.

The concentration and yield of morphine in the capsules. and steam
and leaves was measured between flowering and maturity. Morphine

concentration gradually built up to 2 maximum at about six weeks after full

xiv



bloom and then fell in all components., In <ontrast to morphine the dxy
matter yieldé?all plant components except seed reached their maxima about
two weeks after full bloom and then declined successively towards dry
conmercial harvest about tight weeks after full bloom. Seed yield
achieved a maximum value about one month after full bloom and remzined
constarnt., The mutually compensating factors of decreasing ary matter
yield and increasing morphine concentration gave similar total plant

- morphine yields at any time of harvest from two to six weeks after full
bloom. The harvest of whole plants thus gave 55% higher morphine yield
than mature dry capsules alone. Capsuliés harvecsted semi-dry two weeks
prior to commercial harvest gave 18% greater morphine than capsules at
commercial maturity.

Simulated leaching experiments suggested that morphine couvid be
lost from dry capsules by this means but 2lso suggested that morphine
breakdov: occurred within the capsule wall.

An association was shown between high fungal infection and low
capsule morphine in the field and this was confirmed by artificial

inoculation. Eelminthosporium papaveris, Alternaria alternata and

Cladosvorivm herverum were identified on capsules but a regular application

of ﬁancozeb and benlate from petal fall failed to control their develorment.
Fungi were isolated from capsules less than three weeks after full bleom,
However the spray schedule increased the dxy matter yield of capsules and

stem a2nd leaves.

xv



1. LITZRATURE RIVIEY

1.1, Introduction

The povvy plant (Papaver sompiferum L.) has been cultivated as a

cron of esononic jmnortance for at least 5000 years (Neligan 1927).
Initially it is likely that it was grown in the Middle Zastern region

of the northern hemisphere for its seed which is high in both oil (50%)
and protein (Neligen 1927). However it is alsc clear that the medicinal
and narcctic properties of ovium ;r air dried latex containing the pcpoy

alkaloids were lmown at least 2000 years ago {Kritikos and Papadaki 1967).

tfhere Pavaver sompiferum is growr for opium production it is referred

to as the "opium'" ponpy. However when grown for the dual wurpose use of
alkalpid extraction and seed oroduction or seed production only it is often
designated as tze "oil" povry. Pomy seed is extensively used for
culinary purcoses, in beking and as a stock feed ("maw' seed), while poopy
seed o0il is used as a salad oil for margarine manufacture, in paint
manufacture, in varnishes ard verfumes. The distirnctions between the twe
designztions hinee on cultixar and ecotype selection. In Zurove
enerally *he production of seed for culinary purposes is the more
important facet of oproduction and this is particularly so in the cuisines
of the East Turoovesn countries. However in 1927 it was s-~own by the
Hungarian cherist Johann Kabay that morphine could be econoriiczlly
extracted from the mature dry popoy cepsule or vopzy 'straw' a2s it was
termed (Bayer 1961). Since then the dual purzose use of the crov as 2
source of seed and plant alkzloids has been practised in many of the
Buropean ponry zZrowing areas.

1.2. The Cultivation of Pavaver somniferum in Australia

Although the poppy had been grown as aun orrezrnsntal for many years

and the possibility of its comrercial production was canvassezd in New
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South Wales in the 19th century (Turner 1891) it was not until Yorld

War II that shortages of medicinal drwgs pronpted experimental work in

the Canberra district (Loftus Hills 1945). In addition field observational
trials on the adavtation of cultivars ':ere carrisd out by the Tasianian
Departmernt of Agriculture during %orld War II along with some preliminary
bulking up of poopy straw (¥Walker, Personal Communication).

After World War II no further experimental work with P. somniferwn
was undertaten in Taseania until 1960. At this time a research vrogramne
was initiated to explore various cultu»al aspects of popvy production in
the state. Commercial production was commenced in 1969 using tine technique
of harvesting mrnture dry capsules, extracting alkaloids from the capsules
and marketing seed as well. {Allen and Frappell 1970). 1In the 1976/77
season a tctal area of 7000 hectares was sown. ‘The crop is gro+m on
private farms under a contrzct system wnich is orerated by two commercisl
companies who also carry out the extraction of altkaloids. Initially
morphine is extracted znd this is utilised as such by the pharmaceutizal
industry but the bulk of the morphine is converted to codeine.

The overali operation of the commercial nroducticn and wtilisatinn
of P. somiiferum is covered %¥ the requirements of the Taswanian foisgons
Act 1971 (ict No. 81) and Tasrania is an avcroved signatory of the Urited
Nations Convention of 1951 which sets out thze requirements for the legsal
cultivation of P. szwniferun.  3ecause of a ommonwealth izriculturzl
Council agreement between the Australi-n states zhae chltivatgon of
P. soraiferun is restricted exclusively to Tasmania.

* 1.3, Merrholcsv znd Zcolorical Variation

Detailed descriptionsof the morpnclogy and climatic ranse of Panaver
Somniferunm have been given by Fulton (1944) and Vesselovskaya {1933).

Although the plant covers a wide geogracrhical range with consicderavle
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variability‘in flowers, seed and cansvle, there is nevertheless s general
appearance which is characteristic and casily recogrisable.

The brief deccription given ty Curtis and Vorris {1275) is useful as
a general guide .o..0 "An annual herb with erect s:iem, sipPvle or branched,
20 -~ 100 cm high. Leaves toothed or pirnrately lobed, the lower ones
shortly stalked, the upper sessile and stem clasping, glaucous, glabrous
or with gome stiff nairs, Petals pinkish-lilac usually with a dark blotfch
at the base. Capsule dehiscent or indehiscent, globular or oveid, 1.5 -
2.5 ¢m long, glabreus, the stigmatic disc with 7 - 15 stigma rays an¢ deep
marginal lobes.™

This description can be modified by the factsthat the plart can be up
to 150 cin tall and the flowers of P. somniferum can be single or dcubdle with
considera%le variation in shave and colour of vetals which can be uhite,
2ink, red, ourovle, crimson, violet or variegated. Seeds may also be vhite,
yellow, brownish, black, grey, blue or violet {(United Mations Pewort 1267},

The ocological-geogravhnical wvariation within the species has been
studied by Vesselouskaya (1933) whc classified the range fron sub-tropics
to Northern European in the following way: (i} Sub-tropical or Indian,
(ii) Scuthern - Persian and Afghan, (iii) Turkish, (iv) Tian -
hanian - Kirghizstan, {v) MHongolian, (wvi) Central Asiatic -
Zungaria and Kazakhstan, {vii) Northern.

The most important requirements for each m»f these ecotypes were day
length and rainfall.

1.4, Anatouv and Fhysiolory

Pavaver somnifernm is the only species of the Pavaveraceze which

oroduces morrvhine and this includes the arguably classified sub srecics

Papaver somniferun ssp. setigerum (D.C.). Corb, Although

at least twenty five other alkzloidsare also produced, morthine and coieine
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make up fifteen to twenty percent of the total and are by far the most
important ccmmercially. These alkaloids occur primarily in the latex
which is found only in specialised laticiferous vessels. Esav (1953
ard 1962) concluded that in the genus Pavaver the laticiferous vessels
or laticifei1s are develoved fron single vertical rows of cells in which
the horizontal end walls are absorbed. At a later stage lateral anastomoses
develop which join up with neighbouring tubes and hence an articulated
anastomosing system of latex vessels is vroduced. Laticifers occur in
the root and stem and are particularly abundant in the cansules of the
DODDY « They are exclusively restricted to the philoem and are never in
direct contact with xylem vessels (Fairhairn and Kapoor 1960} (Fig.1.
Fairbairn and Kavoor found thzt laticifers could be distinsuished frem
surrounding ohloem cells ty (i) their generally oval outlire and larger
diameter of 20 to 20 m compzred to 10 to 13 m for sieve tubes and (ii)
their slightly thickened and highly refractive walls.

Comparative aratomical studies of opium ~nd oil popry selections
have shown that the opium popoy has more numerous latex vessels of a
larger dizmeter (Aleks=udrov and Visloukh 1934; Aleksandrov and Alexenndrova
1932) . Ir addition the opium popoy capsule corwmonly has thicker walls
and a more proYific latex flow when incised (Shulgin 1969).

Latex vessels pass into the sepals and petals but are not present in
the starens, ovules or seeds (Fzirbairn and Kapoor 1960). ilika (1955)
concluzed likewise that laticifers were absent from stamens, owmles and
seeds but tnat they developed in young seedlings :wheu the first true leaves
formed.

The fact tnat the alkaloids of P. somniferum are restricted to

specialised latex vessels contrasts with the pattern found in many other
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rlants which also oroduce alkaloids. Thus in Atrova, Nicotiana and

Datura species the alkaloids occur in non--specialised livin, cells,
especially those where the rmetabolic activity is hizh such 8s shoot and
root apices {(James 19%3).  But although the laticifers are highily
specialised storage tissue they are not merely 'drain pipes' or storege
organs. In P. somniferum they also have the capacity to both synthesise
morphine from its precursors and break down some of the morphine once

formed (See 1. 6.59.

Fig. 8: Central bundle of pedicel. (X200). A. in transverse
section. B. in radial longitudinal section. laf. Jaticifer. ph.
I phlocm. k. f, phloem fibres. 5. L sieve tube. xy. v. xylem vessel.

ix]

ig. 1. Vascular bundle of pedicel showing the relationshiip betwcen
laticifers and surrounding tissue (From Fairbaira J.Y. and Kagoor L.D.

1960).
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1.5. The Alkaloids of Pavaver somniierur

The latex of P. somriferum contains at least twenty 7ive alkaloids of
which morvhine, codeine thebaine, narceine, narcotine and papaverine are the
most importont. Horphine formg 9 to 17% of the total alkaloid complex and
makes up 0.1 to 1.0% of the dry matter of the capsule depending on cultivar
and season (Pfeifer 1962).

Alkaloids may be briefly defined as nitrogenous organic bases which occur
naturally in plars {Swan 1967) and the siructural formulae of tne six main

alkaloids of P. somniferum are set cut below.
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1.6, Time of Harvesting

1. 6.1 Ontogenetic Chanzes in Plont Comvonents

The yield of mornhine from any of the veorwvy plz2nt componentse
is the vroduct of dry matter X morvhine concentration. Hence a consider-
ation of the effect of time of harvesting must include changes in both dry
catter and worphine concentration over time.

1.6.1.1 Dry Matter

In a very detailed study, Nikonov (19%8) wecrking with opium
cultivars in the Soviet Republic of Kirghizia found an increase in total
plant dry weight right up to dry harvest maturity. In this experiacnt the
only individual vlant comvonents which decreased in dry matter yield vere
the lerves. Other workers have found different natterns of dry matter
change to that of Nikonov. The general trerd was for dry wiizht of
capsules, stem and leaves to reach a meximum yield about %two weeks after
petal fall z2nd then decline up to dry harvest maturity. Tor cepsules
Kutn (1936) in Czechoslovakiz and Loftus Wills (1945) ia the Australian
Capital Territory botn recorded decreases of 10% in dry weight corocared to
the maxima previously achieved. In a very Zetziled s+tudy of the careules
of P. somnilerim over a rumber of years 2unting (1963) found similarly ihat
the decreace was 10 - 159 for a range of cultivars grown in soutkern Inglend.
In Bunting's exteriments the maximum dry weisht of capsules occurred 5 - 21
days after flowering when the dry matter content was only 1% - 20, In
the reprorts of %uhn (1936) and Loftus #ills (1943) ouly visuel descrip“ions
of stages of developrent were given but maxisum dry weisht appeared to occur
at 2bout the same time as that defined by Bunting (19€3).

Ir East Germzay a number of experimenters have studied dry
matter changes of the total plant and scrme of the individual components

(2omisch 1958, Hecger and Schroder 1959, Pfeifer snd Yevdenreich 1962).
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Feeger and Schroder found that maximum total plant dry matter yield
occurred at the hzlf -vipe stage about one menth after flowering and that
at dry harvest maturity vields were 10 - 15% less than the previous moxirur.
Pfeifer ar.d FEeydenreich foune maxiaum dry matter yield of total plant at
two to tharee weeks after flowering for a range of cultivars and that ihe
yield at dry maturity was 16% less than the maximum. Romisch obtained
much greater dry matter yield decreases for the same comparisons and at dry
harvest the total plant dry matter yields of two cultivars werc 40% and 33%
less than their previous maxima.

Changes in dry matter of the seeds of P. somniferum between
flowering and m~turity have not been studied in detail except for the work
of Bunting (1963). Sunting determined the moisture contents over a nurber
of periodic harvests 2nd concluded that maxizum dry matter was attaine: abcut
four weeks after full bloom at a dry matter content of S0%.

1,5.1,2, orchine Concentration

Reports on the pattern of morphine accumulation in capsules hzve
shovm large differcnces. HNikonov (1958) showed that capsule morphine
concentration increased right up to dry maturity. Hiram and Pfeifer (395%)
ard Hezger =nd Schroder (1959) also recorted steady increases. In contracst
to this pattera a number of other authors have shown that the levels build
up to a mzximum when the capsules are green or semi-ripe and then decline.
towards dry comwercial mzturity (Poethke arnd Arnold 1951, 'legrer 1951, Buating
1963, Schroder 1965). Loftus Hills (1345) ir his measurenent of morphire
concentration of capsules found small changes only during the ripening of
capsules in t«o out of three seasons.

The most detziled of these studies of morghine changes in capsules.

has been that of Bunting (1963). He concluded from investigation of a

number of cultivars over a range of seasons th.at under the conditions of
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southern England the levels in capsules built up to a maximum 27 - 40 days
after fiowering and then declined. The paitern vas sieilar for different
cultivars but varied widely betiseen seasons.

The pattern of rorphine concentration chnanges in the total
plant is ge.nerally that the levels are jreatest during the green or semi-
dry phase and then decline towards dry harvest maturity. Heeger and
Schroder (1959} found that at dry maturity the concentration was 20% less
than four weeks earlier while Romisch (1958) found total plant morphine
concentrations at dry maturity were halvid over the same periog.

1,6.2+ The Effect of Leaching on Plant Mcrphine

Popoy capsules are commonly harvested ithen their dry wmatter
content is about 85 - 90¢s. However if harvest is deiayed oy the onsct of
wet or overcast conditions capsule mordhine conceatrations will commonly
fall. Several authors have attrituted this fall to the leaching of morihine
from the capvsules (Loftus Hills 1945, Foethke and .Arnold 1951, 3Bunting 1953).
A signiricent reduction in morphine concentration was also reported &y Konv
(1957) wnen harvested capsules were merely stored in a moist environueut.

In his experiments Loftus #ills (19L5) applied tne equivalent
of 50 mx of rain by one overhead irrigation to a popp; crcp ut differsint
times. Tre treatments commenced at the green cansule stase nine dzvs
after petal fall and continued until dry harvest maturity. ornkin: losses
of 18% were recorded at each time of irrigation including the green capsile
stages.

Buntinz (1963) concluded that in dry seasons tae moisture
conter:t of carsules was least when tire morphine concentration i 12 cro=iles
was maximal. Jiowever in unfavourable wet years the levels of mor®hine were
only 30 to 79% of the former maxizram by the time the cansules were ripe.

In later glasshouse experiments Bunting applied simulated rainfall to ronzy

plants with a mist avvaratus. “/ith capsules about the stage of dry harvest
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maturity morohine losses of 20% were recorded. If the waxy “bloom’’ on
the surface of capsuler was removed by hand rubbing in the green stage
2 - & weeks after full bloom 35% loss occurred. However if the '"»lcom!
was not removed thea no significant losses of morphine were observed
{(Bunting, Persor.al Communication).

1,6.3a  The Rffect of Cavsule Fungi on lMorphine Content

The dacreases in the morphine content of poppy cansules which
have been laft in the field after the point of optimum dry maturity have
also been attributed to the effect of fungal colonisation (Kopp 1957,
Kleinschr:idt and Mothes 1958, Miczulska 1967). Kopp expressed the view
that fungi were also involved in the large seasonal variations - O.1Z%to
0.90% over a five year period - in capsule morpkine levels in Rumania.

In Poland, HMiczulska (1967) concluded that there were lar:e
cultivar differences in suscevntibilivy to fungal infection btut trat there
was a clome association between the extent of fungal infection and the
decrease in capsule morphine. ‘liere 50 percent of the surface area of
capsules was covered by fungi then the morphine concentration of catrsules
was about halved compared with non-infected capsules. In Miczulska's

experidents the fungi involved were Alte-mzria tenuis and Cladeusvoriunm

herbarun.
The pethogens of P. somniferum and other members of the
Papsaveraceae have been recorded in a detailed review by Schmitt ad Lipscomb

(1978). In tne FTuropean poppy growing areas elminthoscvorium navaveris -

the imperfect stage of Pleosvora wsapvaveracea - is widely recorded as teingz

one of the nost serious causes of yield decreases of poppies (Ballarin 195c).
It is referred to as Parasitic Leaf Drying or Popoy ¥'ire.
The perfect form of the disease can attack the grovins vplant

at all times and all organs, roots, stem, leaf or cavsule are all suscertibln.
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1.6.4. Iet:aw0lic Conversions of Morchine
The possibility that moryhit 7 be metabolised witkin the
plant is =y ralevsnt to any cons'.deration of harvestin; during the green

stage for morphine extraction.

The steps in the synthesis »f morphine from the vrecursor
amino acid tyrosine have been delineated in precise cetzils {Satiershr and
Harper 1958; ®ittersby &t al 1962; Battersby and Francis 19€kL;
Battersby, Foulkes and Binks 196S5; Battersby, Martin ard Brockuien iirossen
1967).  However the commonly held view {Caitseva 1959) that morphine was
an end excretory product of plant metabolism that accumulated in the latex
vessels curing active growth and declinad during senescence has changed.

It was stown by feeding poppy caosules with ladbelled tyrosire ond szr»ling
at frequent intervzls thet there was a rupid turnover of some alraloids and
th.at norphine disappeared periodically from the system (Fairpairn, £atorson
and Yassel 196L). This work confirmod and further clucicdated tas earlier
similar exreriments of Stermitz and Repoport (1961). TLater work oy
Fairbairn andtl-ilasry (1967) usizr radioactive =morxkins injected intc the
phloen regior: of the cavsule vedicel further confirmed zad exglzired %3
nature cf ~‘he chanres “hat involved morphine. The labelled merrhize was
guickly met2kolized in the latex to form two non-alikaloidsl golar sudstisnces

which were »avidl7 tr==nslocated out of the l=fex. Sutsequentl; thes:2

oo

substernices agpeared in the prericarp znd ovuies. Part of the lebell.:d
morphine was transformed into azino acids ond surars.
Fairbairn and Tl-Masry (19€8) later sturied the imtortont elfeck

of these morpiine hrezldown products on sged davelorment and gersin~tion

but found that no mcrvhine Rer se vas present in the seed. They rerresented

the general body of opinion that thie occasion:l accounts of mort:hine in

popoy seed (s.¢. Preininger, Vrublovsky az? Staspy 1965) were vrobably cue
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to cuntarinstion of the seed 'with trragments of capsule wall or surface
salears of la‘tex. “owewver Sarkany, !’icliels-Nyotiarkay 2nd YVerzar-Fetri
(1970} alihoush 2zreeins +that the seed lacked latex vessels did show the
presence in ceed of the alkaloids thebaine, narceine snd narcotine,
Also in contrast to the generally held visv that the seeds of P. sorwntterun
do not contain morphine as such, the recent work of Crove 33.2% (1976)
presented evidence that voppy seed did contzin minute guantities of free
morpnine and codeine (1.7 ppm morphine and 0.5 ppm codeine). These
authors felt that their technigue haa orecluded the possibility of coxntan~
ination from surface smears of latex. If the findings of Grove et al
are in fact eccurate then tley iray lead to a reassessment of the path.'ays
of morvhine setabolism in the vouvovy.

Further important work has focussed on the isolated latex
in vitro. Such work has more clearly explained the nature of thz synthesis
and brezk<own of morphine that occurs in the latex (Fairbairn and Vassel
196L4: Meissner and Yothes 196it; TFairdairn, Dj ote and Paterson 1965).
In addition it has helved define the precise latex particles (organelles)
on which the metabolism of morpkine occurs (Fai-sbaizrn et al 1968,
Fairbairn ard Djote 1970; TFairbairn, Hakim and 31 Kaeir 1974) and hes

revealed valuable analogies and comparisoas with the synthesis of rukber

in the latex of Hevea brasiliensis (Dickenson and Fairbeirn 1975). Cther

important coniributions have been studies of the enzlsmes of general
metabolism which are present in thé latex of P. soamiferum (Antoun ard

Roberts 1975).
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1.7. The Mutrition of Papaver somniferun

1. 7.1, Kitrogen
It is generally agrz=ed that popnies have a high requirsment for nitro-
gen and that nitrogen fertiliser application will give dry matter yield

incres.ses ¢ stem and leaves, capsule aad seed (Bagge 1953; zunting 1956,
Lecat 1956, sSherberstov 1956; Loof 1966). Rates of application giving
responses ranged generally between 30 to 70 kg/ha of N but rates as high
as 140 kg/ha # have been used with cultivars resistant to lodging (.umont
and Boulzagar 1962, Loof 1966),

In some experiments higher yields have been obtained by dividing the
total nitrogen oetween an initial pre-sowing application and a subsenvent
application after emergence. Dutch experiments have shown increases in
seed yield of 10-20;5 when two thirds of the nitrogen was applied tetween
one an' thres weeks before rlowerir.g (Vau Hoon 1958, 1959, 1962}, iowever
Bunting (1956) obtained yield increases ‘o later top-dressed nitrogea only
in cooler wet years and Ner.ririg, Rzymkowski and Schutte (1945) also found
that the effect was small and dependant on weather conditions,

Tne explanation of the difference between these responses to nitrogen
may well be the fact that the imtch cultivars were selected for seed vro-
duction an? not morphine,

The o0il content of seeds has been both decreased (Bunting 1555;
Szwadiak and i4ichna 1959) and increased (fucirolka and Kuzminskz 1959) oy
nitrogen appiication. Similarly the morphine concentrztion of catsules
has shown variable responses t0 nitrogen, Schroder (1963), doschke (1253),

Kuzninske (1566) and Zuraviev and Sherberstov (1970) all obtained increzs-
ses while Bunting (1956) and Lecat (1955) showed a minimal eff'ect of K
application. Similarly in earlier studies Annett (1920) concluded that
neither nitrogen nor any other fertilisers affected the morphine content
of opium.

The form of nitrogen application has had some effect on yield com-
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ponents, Kuzminska (1966) obtained greater morphine and codeine coacentrat-
ion in capsules with nitrate N than with ammonium N while Tacholka ancd
Kuzrinska (1966) recorded higher yields of stem, leaf zapsule and seeuy with
calcium nitrate than ammcnium sulphate. Eowever this may also have been a
response to calcium or pH as well as nitrate. In this experiment th:2 nitro-
gen and oil content of seeds was increased similarly by both forms of N,

In a more recent glasshouse experiment with flowing solution culture
Costes et al (1976) also obtained higher yields of capsule and seed with
nitrate than ammonium nitrogen using cultivars selected for alkaloid wvro-
duction.

1. 7.2. Phosdhorus

A ruuber of authors have shown yield increases of capsule ang seed
with phosphorus application (Sheberstov 1956, Jumont and Boulanger 1962;
Minkov 1964; Zuravlev and Shzrberstov 1970)° Yield responses in sthe
European experimnents have usually been to levels of application of 30-40
kg/ha P, However in the experiments of Bunting (1946) in southern England
no consistent responses to phosphorus were obtained but only in some experi-
ments, Available soil P levels avpeared to account for these differences.
In European rertiliser experiments the method of application was almost
exclusively broadcasting and uniform mixing. However Saeverstov {1956)
emphasised that because of its small seed size and slow rate of growtn tnat
the poppy had a high early requirement for phosphorus. Sheberstov obtained
early responses from a small amount (10 ke/ha) of superphosphate drilled in
contact with the seed,

In the French experiment with flow cultures already cuoted, Costes
et al (1976) concluded that the yield effect of phosphorus was primarily
on the number of capsules per plant with a small effect on weight per
capsule,

1o To3. The #ffect of Combined Mitrogen and Fhosphorus

In Russian glasshouse and field experiments Zuravlev and Sheberstov
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(1370) compared the effect of P alone with N + P using four different forms

of N. P alone increased capsule yield by an average of 21% compared with

.

zero fertilicer while the¢ N + P combination increased capsule vield by 323

These authors concluded that the addition of I improved the efficiency cf P

4y

and also enuznced merphine accwnulation in the capsule especially when
applied during rapid growth, There was no difference between the alicrn-
ative forms of K wused. liaumova and Sheberstov (1971) compared different
elemental ratios of N and P in a glasshouse experimeni and found that a
ratio of 1 : 1 gave the highest yield of capsule and total alkaloids,
Similarly Kinoshita et al (1960) fourd that the hignest yield of morphine
and seed was given by an N : P ratio of 1 3 1°

The increased absorption of banded phosphorus by plants when nitrogen
is added Yo the band has been a significant area of study in seoil plant

relatic s for more than twenty five years, The phenomena has been observed

witn a wide range of plants. laize \qba mavs) (iioborison 1954), oats

sativa; (Olsen and Dreir 1956), wheat (Triticum zestivum) (Rennie and Soper

. T e o N S
1958), sugar beet (Beta vulgaris) and potatoes (Solanum tuberosur) (Grunes

et al 1938).

Tnis "i P" effect has been the subject of three interesting and rictailed
reviews(Grunes 1953, Cope and Hunter 1967, Filler 1974) and Cope and =unter
(1967) also included harvested yield data which they felt were final expres-
sions of earlier N P uptake effects,

One of the most important factors involved in the "N¥ P" effect is <he
intimate mixing of N and P in a2 single band (#iller and Oalrogge 19 537
Duncan and Ohlrogge (1958) also investigated this aspect of intimate mix =
ing and band volume and found that there was na effect of N on P uptake if
the P was uniformly mixed through the soil. However subsequent work by
Mamaril and Miller (1970) showed that at very high application rates of
uniformly mixed N and P the enhanced uptake of P did occur. T@ey concluded

therefore that the concentration of P and not the volume of fertilised soil
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Ter se was the crucial point.

The ammoniwn form of nitrogen has been shown to give the greatest
effect on fertiliser P absorption (Leonce and Miller 1966) and the
mechanism of this effect is thought to be most probably related o the
physiological capacity of the root to absorb P. Iiller et o (1970)
showed that the pH at the soil-root interface of maize was an important
controlling factor in P absorption, Ammonium sulphate lowered this pH
giving a higher proportion of P in the more soluble HZPOE form rather
éhan EX04. HNitrate nitrogen had the reverse effect, Riley and Zarbex
(1971) found similar eiffects at the soil-rwot interface workirg with
soybean {Glycine mex).

1.7.4+ Potassium

The older literature recorded that F. somniferum required large
amounts of potash at the end of the vegetative phawe {Garola 1929) and
Schropp (1938) commented that potash deficiency in the poppy was shown by
daxrkening of the leaf, a delay in flowering and a general retardation of
development, Dumont and Boulanger (1962) and Loof (1966) also decided
that the poppy had high requirements compared with other crops, Heverthe-
less other workers have found liitle response or negative effects from
potassium apylication. Sheberstov (1996) found negative effects of
potassium on morphine content of capsules and Schroder (1%3, 1966)
recorded similar depressions in the yield of capsuls seed and morphine,
Bunting (1956) also could find no erfsct of potassium on the development
or dry matter yield of any plani component, In addition there was no
effect of potassium on either morphine content of capsule or the chenmical
composition of the seed.

In a German experiment the apglication of potassium chloride to a
loess soil resulted in heavy infestation of the poppy crop with the fungus

Helminthosporium pavaveris. Potassium sulphate had no effect and lime

applied with potassiwa chloride reduced the incidence considerably (Faturer
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1958).

Generally there are fewer published observations on potassium than on

nitrogen or phosphorus,

_1.7.5. Calcium Marmesium and Sodiuwm

There zre very few early reporﬁs on the effect € applied calcius: on the
vield of porvies. Bunting (1956) found that it had no effect on crop devel-
opment or yield, The experiment of Tucholka and Kuzminska (1966) already
noted {3,7.1) in which calcium nitrate outyielded ammonium sulphate could
conceivably be interpreted as a response to calciwm or sulphur rather than
a differential nitrate response. However the literature does not record
any responses %0 sulphur,

In a study of the mineral content of various components of the tonpy
Coic et al (1968) showed that the leaf, stem, flowers and seed had relatively
high levels of calcium and magnesium, Consistent with these resultus Costes
et 2l. (197€) also obtained growth responses from both calcium and magneg-
ivm in their flowinz solution culture studies, DBoth of these elerents
had effects on dry matter production rather than morphine concentratisn,
Costes et 21 (1976) also found that sodium increased bath capsule dry
weight and morphine concentration,

Although these results are irteresting the generalissd zecommendation
of the a2uthors that sodium ar.l calcium should be applied in fextiiiser
prectise for poppies seems premeture without field confirmation or consider-
ation of soil type.

1. 7.6+ ¥icronutrients

£part from one reference to molybdenum increasing capsule end seed
yield (Sheberstov and Arsjuhina 1968) the most widesprea# micronutrient
deficiency recorded for P. gomniferum is that of boron.

In the Duropean production areas boron deficiency of o0il poppies has
been noted frequently. In severe cases, growth ceases at an early sta~e

with death of the growing point, contracted internodes and rolling of the
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leaves, In less severe cases flowers and capsules are deformed and ovules
and seed decay (brandenburg 1942), \here boron deficiency is severe and
plant death occurs early, the region of the growing pcint takes on a aeep
blue or violet colouration and this may extend to the mid-rib of leaves
(Zozg, 1944, 1946). These descriptions of boron deficiency symptoms in
Furopean popry growing areas are very similar to those recorded in ‘fasmenia
as suspected boron deficiency symptoms (Ilaughlin ¥npublished Data).

The effects cf boron deficiency in the poppy can often be alleviatecd
by the application of borax at the rate «f 10 to 20 kg/ha either as a soil
application in spring or as a foliar spray (Kuzminska, 1970; Eergst:om,
1942; Zogg, 1946, 1954). However borax applied at rates higher than 20 >
30 kg/ha can depress the yield of capsules and seed (Kuzminska 1970).

£s with = number of other crops, boron deficiency of o0il poppies can
often be induced on some soils by the applicetion of lime (Fajewsky et al
1969) but Zogg (1946) could find no clear association with soil pH,

Reports of the effect of boron on the morphine concentration of poppy
capsules and other plant parts are conflicting. In Rassia, Sheberstov znd
Arsjuhina (1968) increased the morphine content of capsules in a pot experi-~
ment with zither boron or molybdenum applied at 1 mg/kg and in Polish exveri-
ments Michna and Szwadizk (1964) obtained similar increases in morphine con-
centration if boron was applied in faciorial combination with high levels
of N P K fertiliser., However when boron was applied alone there were nc
increases in morphine concentration of capsules, But in contrast to these
results solution culture experiments carried out in Yugoslavia by Mokrzijac
and Birmancevic (1964) showed thet although boron was essential for growth
there was no specific effect of boron on morphine concentration of capsules,
Similarly Voskerusa (1964) increased seed yield by the combination of boron
and complete N P XK treatment but in this Czeckoslovakian experiment there

was no effect on morphine concentration of capsulesa
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The possible explanation of these variable results seems to hinge on
the extent %o which factorial combinations of boron and WNPX treatments were
used¢ in the various experiments, On cerctain soils there zppear to be inter-
actions between boron and one or more of the major elements -~ possibly nit-
rogen = leading to higher morphine con¢entration of capsules.,

1.7.7, Soil oE

In the Russian literature the opinion is held that the oil poppy grows
best in soils of pH 6.9 to 7.0 (Shulgin 1969). Similerly Japanese s:orkers
(Kinoshits st al 1962) found in a pot experiment that the highest yield of

whole plant, morphine and seed occurced at pH 7.C.
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2. NOPRITICEAL, STUSILS WITH BARDTD WITRCGEN D PHOSPHCRUS WLTILISKRS

2.%. Introduction

A1l of the experiments whicn will be described in this thesis were
carried out on basalt derived krasnozem soil (Ge%4:# .Northcote 1971). “'hen
the introductory excveriments on the nutritional responses of P, somn:ferum
were undertaken in the early 1960's the me.hod of broadcasting and uniform
mixing oi fertiliser through the top 100 —~ 150 mm of soil was used. These
introductory experiments were modelled on com@mon Puropean practices and
rates of fertiliser application,; and recponses to P were demonstrated for
both carsvle and seed yield., Nitrogen fertiliser had no effect on dry
matter yizld bui generally it increased capsule morphine content by cbout
1055 while no resgponses were obtained with K fertiliser for either dry matter
or morphine content. ILater experiments gquickly established that banding
gave much higher yields (5C32) of capsule and seed than the brozdcast metrod.
They also established that when a small quantity (10 kg/heP) of phoschozue
fertiliser was drilled in contact with the seed in conjunction with 20 kg/
ha P bznded belo.. the seed then yields were increased 50,6 comrared with
30 kg/ha P all drilled below the seed. There was some evidence tha% wnen
the contact P was applied as lime superghosshate (50,» ground limestone +
505 superphosphate) taers were nisner yields of capsule than when
superghosphate 2lon2 was the form of ccntect P.

Sudse~uent experirents in which the basal fertilisers -were vara
drilled Ifurtiaer confir:med that response to P aprlication was ccmmonl;” ob-
tained tut there was no response to potassium, Verious forms aré tires of
application of nitrogen fertiliser tetiicen eumergence :nd flow~ering gave no
difference in dry matter yield of either capsule or seed compared with the
same quantity of nitrogen azplied t sowing time. A1l forms and times of
application of il aleo appeared to have tiie same effect on capsule morphine

content (i.e. asout 10, increase).
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A general view of Forthside Vegetable Research Station shoving
krasnozem soil and characteristically undulating land of the

North West Region of Tasmania.
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All of the yields in the above experiments were measured at dry
harvest matucity (85 to 90% dry matter of capsules) and this evidence
supported by field observations led to the following recommendations for
pcppies grown on krasnozeins fertilizer eitherjpre-drilled or band placed

40 kg/ha P,
directly below the seed to give 20 kg/ha N/\40 kg/ha k. Where pre-drilling
was used then 10 kg/ha P drilled in conta~t with the seed was recommer.ded
(Frappell. Personal Communication; Allen and Frappell 1970),

This earlier work with poppies provided the background for
these later studies of ways in which the composition and placement of
banded fertiliser could be manipulated to further increase yield.

The seed of P. somniferum is small (about 2 million/kg) 2nd the
seedling is slow to emerge and establish, Therefore on a krasnozem with a
high free ferric oxide content and high shosrhorus fixation capecity
(Craley and Loveday 1961) it was reasonable to assume that the placement
position of banded fertiliser with respect to the seed may be important.
In addition, factorizl experiments using 32? with onions (Allium cep2) on
the Tasmanian krasnozem had égdwn th;t when nitrogen in the ammonium form
was initially mixed and banded with fertiliser P thexre was very signific-
antly increased uptake of banded P when measured 50 days after seedins.
This enhaaced uptake occurred when the fertiliser band was drilled ciose
(15 o) directly under the seed but did not occur when the band was drilled
50 mm below the seed. Furthermore enhanced uptake only occurred at the
relatively high rates of 100 kg/ha K and 150 kg/ha P and the pattern of
bulb yields in subsequent glasshouse and field experiments mirrored that
of early P uptake (Laughlin unpublished data),

The pattern of banded P uptake in the experiment with onions
appeared to be similar to the general concept of the '"NP'" effect as
described by Grunes (1959) and Fiiller (1974). lioreover the pattern of
harvest yield of onion bulbs appeared to mixrror the uptake effects in the

way described by Cope and Hunter (1967). It was therefoxre hypothesized
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that P, somniferum may respond to banded WP fertiliser in a similar way to
that of onions on the krasnozem both with respect to early uptake of P
from the band and the final yield of capsule and seed at ¢zy harvest mat-
urity.

e bulk of the Tasmanian krasuozems on which voppies are
grown have a pH in the range 5.6 to 6.0. Therefore because of the
observations that poppies appear to have an optimum p# of 7.0 {Kinoshita
et al 1962, Shulgin 1969) it was also hypothesized that the crop would
respond to iime,

The various aspects of (i) early uptake of fertiliser (ii) depth
of banding (iii) harvest yield cffects of NP combinations and (iv) the
effect of lime application were studied in a series of glasshouse ard field
‘experiments.

2.2, Tne Effecy of N and Dapth of Placement on the Uvtake of Banded P

2.2.1. MNaterials and iiethods

Krasnozem soil from the Forthside Vegetable Research Station

was air dried and sieved to Tass a S mm screen. Xive kg quantiti=s of
soil taken from the top 150 mm depth were placed in 200 mm diam@fer plastic
pots with 20 mm of gravel in the bottom to give free drainage. The 2ii of
the soil was 5.9, available phosphorus 27 ppm and availabie potassism 159
me.e. per 0 kg of soil. Both elements were extracted with 0.5 M sodium
bicarbonate at pH 8.5 (Colwell 1965), This method was used@ for all scil
P and K contents quoted in this thesis,

Radioactive monocalcium phosphate was obtained from the fadio-
chemical Centre at Amersham England and had been labelled with 5 2P at a
strength of 0.1 millicuries per gram of monocalcium phosphate. MNonc—
calcivm phosphate was applied at the following levels: Pt = 50, P2 = 100
and P3 = 200 kg/ha P, and awmonium sulphate at: No = zero, N1 = 50,

¥2 = 100 and N3 = 200 kg/ha N.
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¥ull factorial arrangements of the NP treatments were banded at
two depths directly below the seed, either 40 mm (D1) or 79u£D2). The
width of the band was 20 am and all rates of application vere based on
row spacings of 200 mm., All treatments were replicated five times and set
out in a completely randomized design vhich was re-randomized periocically
during the course of the experiment. Poppy seed of a Tasmanian selection
was covered with 15 sm of soil and leached with 30 mm of water and subse-
quently kept at field capacity during the course of the experiment. Follow--
ing emergence all treatments were thinneé to seven plants per plot ard the
tops were harvested 50 days after sowing and oven dried,

2.2.2, 4&ssessment of Radioactivity

The guantitative assessment of radioactivity of the dried
poppy plants was carried out with a thin-window Geiger-liuller tube in
conjuancticn with an Ekco autonatic scaler (¥53%(i). The harvested tops
were oven dried at 7500, weighed and ground to pass a 1 mm sieve. Two
samples of 0,1 g were then taken from easch treatment, placed in a 25 mm
planchet and the level of radioaciivity counted,

2.2.3, Results and Discussion

The mean number of counts/second/plant is an index of the
relative uptake of applied fertiliser phosphorus and these results are
set out in Table 1.

Table 1. The effect of NP composition and placement position on the uptake

of banded phosvhorus (counts/sec/plant)

_(a) Fertilizer banded (b) Fertilizer banded
40 mm below seed (1) 75 mn below the seed (D2)
Pl P2 P3  Fean Pi P2 P3  HMean
N 47.4 65.8 56.1 56.4 47.0 32,7 45.2 41.6
N 50.1 58.1 76.5 61.6 27.4 27.1 46.0 33.5
N2 40.7 52.5 512 48.1 38.2 36.4 41.0 38.5
N3 23,2 56.4 36,0 38.5 18.7 25.1 43.5 29.1

bean 40.3 58,2 55.0 32.8 30.3 43.9
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L.S.D. Within tables P< 0.05 = 21,6 IMarginal means P< 0,05

10.8

. " P<0.01 = 28.6 P <0.01

[}
It

14.3

Table 1 indica‘tes that there was a marked effeci. of applied fert—~
iliser P on upteke into the plant while nitrogen had a generally depressing
effect which was more pronounced at tho lower levels of Po There was no
evidence of an N X P interaction but there was a marked effect «f depth of
banding (D) and a significamt P X D interaction., Implicit in this inter-
action is the conclusion that uptalke of tanded P reached its maximua at P2
when banded 40mm below the seed. \ﬂlenrhanded 75mm below the seed maximum
uptake did not occur wntil P3,

The oven dry weight of the plant material used in this experi-
ment is given in Table 2 and this shows that, in general, dry matter yields
mirrored the P uptake effects,

Table 2. The effect of NP composition and vlacement vosition on the mean

dry weight per plant (mg)

(a) Fertilizer banded) (b) Fertilizer banded
40 nm below seed (D) 75 ma below seed (D2)
P1 P2 P3 liean P1 P2 P3 dean
NO 235 305 244 261 221 158 191 190
N1 211 227 286 241 125 118 185 143
N2 155 188 183 175 126 142 151 140
N3 91 202 126 140 78 107 158 114
Mean 173 230 210 137 131 171
L.S.D., Within tables P£ 0,05 = 83 Marginal means P <€ 0.05 = 42
v P 0,01 = 109 P¢ 0.01 = 55

Blanchar and £aldwell (1966) have shown that 'N Pt uptake effects
-are often dependent on a leaching of the fertiliser dpand with at least 20 mm

of water. Although a leaching treatment was applied in this experiment it

may have been insufficient te avoid the retarding osmotic effects described
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by Carter (1967).

2.3. 74he EBffect of ¥anded NP Fertiliser on Dry Cavsule Yield

2.%«1., Materials and Methods

The experiment was laid down at Weslsy Vale in August 196%
on a krasnozem soil of pH 5,7, available phosphorus 95 p.p.r., and avail=
able potassina 125 m.e./10 kg of soil, Eoth elements were extracted with
0,5 14 sodium bicarbonate. (See section 2,2,1.)

Ammonivm sulphate was the form of nitrogen used and this wzs
applied at the following levels: NO = Z@ro, N1 = 28 and N2 = 56 kg/ha N,
Superphosphate was the form of phosphorus and this was applied at ¥0 =
Zero, Pt = 45 and P2 = 90 kg{hg& fuvll factorial arrangement of the above
was predrilled 25 mm below the seed and superphosphate (C}) was drilled
in contact with the seed on a split block basis to give CPO = zero and CEF1 -
34 kg/ha P. A full factorisl arransement of main plots was set out in a
randomised block desigr with three replications,

The fertilisers were applied pre-drilled with a lMassey ¥Ferguson
drill in rows 180 mm apart. Seed of a Tasmanian cvitivar was then drilled
in rows 180 mm apart but at right angles to the fertiliser bands. The plot
size was 9.2 metres long by 2.5 metres wide and a quadrat of 3.1 x 1,5
metres was taken as the final harvest unit., After harvesting the dried
capsules vere crushed and the yield of capsule and seed recorded separately.
Terminal and lateral capsules were bulked together.

A sub-sample of 100 grams of dried capsule was tzken for the
determinati'on of morphine. This was done by extracting it from the ground
capsule with calcium hydroxide solution. After raduction with iodic acid
at pd 1,5 the morphine was complexed with nickel in a buffered ammonia
solution at pH 8.0, The optical density was corrected for pseudo-morphine
by using the ratio of absorbances at 670 m,u and 520 m,u and the morphine
concentration was calculated with reference to a calibration curve of pure

morphine concentraiion against absorption at 670 mu (Pride and :itern, 1954).
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Tris method was used for all experiments in this thesis, By multiplying
the yield of dried capsule by its morphine percentege the yield of mor-
phine was obtained,.
2.3.2. Resuits

The yields of capsule seed and moxphine are given in Tabules
3, 4 and 6, It can be seen that the inveractions of N X P are most marked
and greatly modify any conclusion that can be drawn from the main effects
of N and Po The N X P interaction was significant (B¢ 0.01) for capsule,
sz2ed and morphine yield as was the linesir X linear component of this intexr-
action,

Table 3., The effect of banded NP fertiiicer and contact superphosrthate on

the yield of cepsules (kz/ha),

(i) Ho contact "super" (ii) "Super® in contact with seed
PO Pl P2  HMean PO PI P2 Mean
NO 618 725 683 675 791 818 646 750
N 618 739 781 712 695 818 840 T84
N2 631 704 941 758 747 812 898 818
Mean 622 722 802 744 816 794

L.S.D. P<¢0.05 within tables = 138

P4 0401 " " 192

It

For capsule yield, predrilled fertiliser (Table 3(i;) gave a
significant (P< 0,05) response to N and a significant response to P
{(P<0.01) with a significant N X P interaction (P< 0.01). Xeither the
effect of contact fertiliser (Tamle 3(ii)) nor the interaction mredrilled

X contact was significant,
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"Table 4. The effect of banded KNP fertiliser and co.tact guperphosphate On

she yield of seed (kg/ha),

(i) No contact “super" (ii) "Super” in contact with seed

P0 Pl P2 Mean PO P1 P2  Mean :

NO 932 1184 1027 1047 1334 1328 954 1205

N1 962 1212 1406 1186 - 1097 1334 1485 1306

N2 919 1069 1457 1148 1198 1392 1556 1382

Mean 938 1155 1289 1211 1351 1332

l.s.ds P< 0.05 within tables = 262
P<0.01 * = = 363

For seed yield, predrilled fertiliser (Table 4(i)) gave a
significant (P< 0.01) response to P and a significant N X P interaction
(P «0.01). The effect of contact-drilled fertiliser was not signific-nt
but the interaction between pregdrilied P fertiliser and additional contact
drilled f was significant (P< 0.05).

Table 5. The effect of banded }TP fertiliser and contact superphosphate

on the morphine concentration of capsules {%).

(i) No coniact “Super" (ii) "Super" in contact with seed

PO P P2 Mean PO P1i P2 lean
NO 1.11 0.95 0.94 1.00 1.04 0,97 1.03 1.01
M 1,10 1,05 1.04 1,06 1.02 1.08 1.12  1.07
N2 1.12 106 1.1 1.09 1.09 1.06 1.14 1.09
Mean 1.11 1,02  1.03 1,04 1.04 1.09

les.d, P<£0.05 within tadles 0,09
P< 0,01 within tables 0,32
With predrilled fertiliser (Tables 5(i}) morphine concentration
shovwed a significent response to N (P< 0.01). The interaction between

predrilled P and contactedrilled P was also significant (P¢ 0.01),
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Table 6. Tne effect <f banced NP fertiliser ana contact superphosphate OB

the morphine yield of capsules (kg/ha),

(i) No contact "cuper" (ii) "Super" in contact with seed
0 Pi P2 Mean PO P P2 lean

NO 6.86 60,88 6.39 6.73 8.18 8,16 6.59 7.62

X1 6.74 T7.72 8.16 7,51 T.13 8.84 9.41 8.41

N2 7.06 6.86 10,50 8.18 8.05 8,56 10.25 8.97

Mean 6.84 T.17 8.30 T.73 8.52 8.74

l.s.ds P< 0,05 within tables 1.75
P¢o.,01 " " 2.41
Table 6(i) shows that there was a significant effect of N and: P
on morphine yield (P 0.05) and a significant N X P interaction (P<0,01).
2.3.3, Discussicn &
The generalized pattern of response which gave rise to the
¥ X P interaction in this experimentwas due to lack of response to nitregen
at PO and P1 and a m2rkedly positive effect of nitrogen at P2, It could
be suggested that the rate of root development at PO and P! was too slow
to withstand the osmotic effect of nitrogen. However at ?2 the rate of
growth may have been just enough not only to withstand any detrimenial
effect of nitrogen but to benefit positively from nitrogen application,
The fact that the N X P interaction effect in terms of harvest
yield of capsule, seed and morphine w.s marked on a soil ranking very
high in available P(95 De.p.m.) appears to support the conclusions of
Miller and Ohlrogge (1358) that the effect of nitrogen on the uptake of
band drilled phosphorus is independent of soil phosphorus ievel.
In tables 4 and 5 it can bz seen that the interaction between
predrilled P and contactedrilled P was significant (P< 0,05) in the case

of seed weight an? percentage merphine, EKowever in no case was the main

effect of contact P significant although the mean yields were often
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nucerically higher, To a large extent this is attriwitable to the split
block design (Cochran and Cox 1965) used in this experiment because the
design was selected to measure the interactions with far more precision
than main effect.  Becaus? of this, the number of degrees of freedom for
the error te:;m applied to contact fertilizer were very low and made it
virtually impossible to show significance !o the main effect of contact P,
The interaction tetween contact P and P band drilled below the seed under-
lined the high phosphorus requirement of the oil poppy on the krasnozen.
Even thoush the predrilled fertilizer was only 25 mm below the seed it could
be displaced laterally up to 90 mm away, i.e. mid-way between two rr.ws of
seed spaced at 180 mm, In the short but possibly critical period before
the roots of the poppy tap the predrilled band the Icontact P m2y play a
vital rols, Thus the use of contact P might be most effective in the
situ‘ation of predrilling where the bande of fertilizer occur in all xandon
positions from directly below the seed to a lateral displacement of 90 mn
awvay, Where specialized placement drille are used to maintain a consistent
relationship between seed and fertilizer - e.g. fertiliser directly bvelow
the seed - then contact P may not have such a large effect.

The fact that the linear X linear component of the ¥ X P inter-
action for both capsule and seed yield was so highly significant suggested
that the adcitional yield responses might be expecved from high rates of
application. However the banding of higher rates of nitrogen near the seed
could also increase the possibility of osmotic injury {Carter i967). This
suggested that the higher rates should be placed at a greater distance from
the seed in subsequent experiments.

2.4, Tre BEffect of ¥P Comuosition and Depth of Banding on the Yield of

lMature Dry Cavsules

2.4.1, DMaterials and Iethods

The experiment was laid down at Forthside Vegetable Research

Farm on a krasnozem soil of pE 6.1 with an available phosphorus status of
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40 p.p.me and am available potassium status of 99 m.e./10 kg of soil (See
section 2.2,1,).
Nitrogen was applied as ammonium nitrate at the following levels:
NO = zero, N1 = 50 and K2 = 100 kg/ha N. Phosphorus %as applied as con-
centrated superphosphate contairi.ing 2¥5 P to give P1 = 50, P2 = 100 and P3 =
150 kg/ha P, A full factorial arrangement of the above treatments was
applied at two different depths directly below the seed: D1 = 15 and D2 =
65 mm.
A supplementary factorial experiment to test the efiect of
contact lime at rates of 10 = zero and L1 = 500 kg/ha of ground limestone
and contact superphosphate at CPO = zero and CP1 = 500 kg/ha of super-
phosphate was randomised throughout the main experiment. ®ach of the con-
tact treatments of lime and superphosphate had the treatment N1 P2 drilled
at depth D2 below the seed.
In addition to the main factorial experiment above, there were
additional plots to test:-
(i) The effect of Y1 P2 using alternative forms of W as
amnonium sulphate and P as ordinary superphosphate
(1G:%°) drilled below the seed at depth DZ.

(ii) The effect of N2 P3 drilled at an intermediate depih,
40 mm below the seed.

The full factorial arrangement oi’ N and ? banded below the seed
together with the contact lime and superphosphate treatments were set ou?
in a randomised block design with three replications, The experiment was
established on 3rd September, 1970, with the fertilisers and seed being
applied with an N.I.A.E. placement drill incorporating a seeding device
which operated simultaneously with the fertiliser. Poppy seed of a
Tasmanian selection was drilled in 400 mm rows 2nd the plot size was 11 m
long and 1.6 m wide. The two middle rows x 8 m long were taken as the

final harvest plot. After hand harvest, the dried capsules were threshed
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and the yield of capsule and seed recorded separately,

2¢4.2. Results

The Effect & Position of the Fertiliser RBand

Tne comparison of the yields obtained when fertiliser was
bznded very closely (15 mm) below the seed and 65 mm below is set out ip
Table 7 while 2 third intermediate distanc:: of 40 mm below the seed is alsg
compared in Tahle 8.

Table 7. The effect of depth of fertiliser band placement on capsule, seed

and morphine yields (kg/ha).

Depti: tvield {kg/ha) Morphine Capsule/
below seed (mm) Seed Capsule Morphine Content (%) Head ¢

15 (D1} 1258 2564 7.1 0.61 32.9

65 (DZ) 1201 2488 7.1 0.59 32¢5

l.s.d. N.S. N.Se N.S. N.S. N.S.

Yo significant differences were obtained for any production
characterintics at these two depihs, These results are the mezns of all
appropriate treatment included in tke factorial arrangements, In addition,
one extra treatment was included to ccmpare another depth, 40 mx below the
seed, at one NP combinaticn znd the results obtained for this coaparison
are given in Table 8,

Table 8, The effect of depth of fertiliser band belov seed using ®2 P3

mixture on capsuls and morphine yields (kg/ha).

Depth Yield (kg/ha) Morphine Capsu%e/
below seed (mm) Seed Capsule iiorphine Content (%) Head %
15 3250 1580 9.7 0.62 32,7
40 2340 1360 7.8 0.57 33.7
65 2820 1410 8.8 0.56 33.0

1l.s.d. N.S. N.S. ¥.S. N.S. N.S.
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Wnhen banded 15 mm below the seed the high concentration of
fertiliser may have inhibited growth vecause of high osmotic pressure,
Also at 65 mm it is possible that leaching of nitrogen could have occurred
before being reached by the plant roots., 71he response to the fertilizer
banded in the intermediate position 40 mm below the seed suggested tha%b
neither injury nor positional unavailability was of significance in this
experiment.

The Effect of N and P Fertiliser Banded Below the Seed

Because there were no differences in yield between 11 and D?
the yields of the various N P factorial combinations are set out below
as the mean of these two depths. The yields of seed, capsule and mor—
phine are set out in Tables 9, 10 and 12 and ths total capsulé moxyphine
concentration in Table 1t Table 13 records the percentage contritution
of the empiy capsule to the intact head containing seed.

Table 9, The effect of N and P banged fertiliser on the yield of seed (ks

[ha )

P1 P2 P3 Mean
NO 2310 2760 2585 2550
N1 2495 2425 2505 2475
2 2190 2425 3035 2550

Ilean 2330 2535 2710

L.S.D. P<¢0.05 within tables = 436
marginal means = 252

P<0,01 within tables = 584
marginal means = 337

For seed yield (Table 9) there was a significant (P< 0.05)

response tc P and a significant {P< 0.05) N x P interaction.
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Table 10, The effect of N and P banded fertiliser on the yield of capsules

kg/ha
Pi P2 P3 Mean
RO 1095 1260 1170 1175
m 1230 1180 1235 | 1215
N2 1165 1235 1495 1300
¥ean 1165 1225 1300 3690
L.S.D. P¢ 0,05 VWithin tables = 203
Marginal means = 117
P ¢0.0% Within tables = 272 .
Marginal means = 157

Although the mean responses to both N and P were significant

the linear component of these responcss were both significant {P< 0.05).

Table 11, The effect of ¥ and P banded fertiliser on capsule morvhine

concentrations (%)

P1 »2 P3 Mean

NO 575 612 .604 2598

Nt 604 .979 .561 . 581

N2 .622 597 622 614
Mean .601 597 - 596

There were no significant effects of either N or P fertiliser

application on morphine percentage.
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Table 12. The effect of N and P banded fertiliser on the yield of cansule

morphine (kz/ha)

Pi P2 P3 Mean
NO 6.3 1.8 1.1 To1
N 7.6 6.9 1.0 7.1
N2 T2 1.4 9.3 8.0
Mean 7.0 1.4 7.8

There were
fertilizer application
N x P interaction very

Tadle 13, The effect

no significant mean effects due to either N ¢r P
but the N qQuadratic x P linear component of the

closely approached significance,

.

of N and P banded fertiliser on the capsule to

head* percentage (%)
P1 P2 P3 Mean
No 32015 31,20 31,35 31.57
M 33.20 32.90 33.00 32,90
N2 34,70 33.65 33.00 33.78
Kean 33.39 32.45 32.45

¥ The head is the intact air-dried capsule contairing seed.

L.S.D.

P<¢ 0,05 within tables

P<0,01

marginal means
within tables

marginal means

. 0.82

0.48

= 1.10

= 0.64

In terms of capsule to head percentage there were siznificant

effects (P4 0.01) attributable to both N and P fertilizers, In most years

the capsule contributes 407% of total head weight,
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The Effect of Contact Fertiliser

A supplementary factorial design incorporating the effect of
contact lime and superphoniphate was randomised within the main experirent
and the results are recorded in Table 14,

Table 14. The effect of ground limestons and superphosphate placed in

contact with the seed on dry natter and morphine yield (kg[_h_a_l .

Contact Capsule Sced Korphine Capsule/
Preatment kg/ha kg/ha Yield kg/ha Morphine Head b

0 CPO 1180 2420 6.7 0.56 32.7

10 CP1 1250 2490 6.8 0.55 33.3

11 CPO 1120 2240 6.3 0.56 ’ 32,3

L1 cp1 1350 2690 8.4 0.62 3303

L.S.D, N.S. N.S. N.S. N.s,. N.S.

The treatment N1 P2 was band-drilled at depth 12 (= 65 mm)
directly below the seed of all treatments in the above 2 x 2 factorial
of contact lime and superphosphate (10‘,‘2 P). There were no signiiicant
harvest yield effects from contact fertilizer on any yield characteristic.

The Effect of Different Forms of Fertiliser

Tabvle 15. Yield effects from different forms of nitrogen and vhosphorus

(kg/ha)

Depth Yield (kxg/ha)

Treatment below Witrcgen Phosphorus Capsule Seed liorphine lorphine Capsule
seed % Yield iiead
(1m)

N1 P2 65 Ammonium Concentrated

nitrate Super (20;:P) 1180 2420 0.563 6.543 32.7

N1 P2 65  Ammonium Ordinary
Sulphate Super (i(f@) 1150 2320 0.570 6.555 33.0

L.S.D. N.S. N.S. N.S. N.S. H,5.




8.

For the treatment 1 P2 D2 there were no significant differences

betyieen the contrasting forms of nitrogen and vhosphorus used.
2.4.3, Discussion
In Table 9 it can be seen that there was a significant

{P<0.05) N x P interaction in terms of seed weight. Alse in Table 12
the N quadrzzic X P linear component of the N x P interaction closely
approached significance (P< 0,05) for yield of morphine. #%/ith respect to
capsule yield the N x P interaction effect was not significant although
the patterr. of yield responses tcv N and P followed the generalized pattern
which gave rise to the N x P effect. This yield pattern is best illustrated
by the seed yield of Table 9 in which vhere is a deprassing effect of
nitrogen at P1 and P2 but a marked positive effect at P3,

In this experiment ammonium nitrate was chosen as the fora of
N and concentrated superphosphate as the form of Pso that the level of
applied sulphur would be minimal, The reason for this was because it hes
been shown by Menary and Hughes (1967) on a similar krasnozem soil tha¥
S x P interactions may occur and could possibly confound the N x P inter-
actions. However subsequent experiments on the Tasmanian krasnozem showed
in the case of onions (Allium cepa L) that aithough marked N x P har-vest
yield effects occurred, S x P yield effects did not. (laughlin, Unpubiished
data). B

However it has also been shown {(Riley and Barber, 1969 and 1971;
Mitleret al, 1970) that the application of N as IIHZ ion resulted 1n a '
deorease in the pH of the rhizocylirder (i.e. roots + strongly adhering
soil) whilst fertilizatiom with N as N03— increased the rhizocylinder pk.
The direction and amount of pH change is attributable to the relative rate
of cation or anion absorption by the root. When N was taken up as the ;\EZ

. . . + .
ion, cation uptake exceeded anion uptake and H' ions were released to

3

- <
and OH or H CO3 ions were released to balance the excess anion abscr?tion.

balance the charge., if I was absorbed as NO; anion uptake was accentuated
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Riley and Barber (1969) found that the form of N absorbed could cause a
differencze in pH of the rhizosphere of as much as 2 pH units,

The significance of this localized change in pi of the rhizo-
cylinder, or the soil-root interface, is that phosphorus is commronly
absox-'bed from this small cylinder cf soil surrgunding the roots beciausec
P diffuses at a very slow rate through the soil (Barber et El. 1962;

Lewis and §uirk, 1967). As soil pH markedly influences P solubility, the
form of ¥ which is used will alter fertilizer P availability and uptake.

Riley and Barber (1971) fowié grezter uptake of banded fertil~
,izer P in roots and tops of soybean vhen NHZ was mixed with P than when
no; was used, A similar result was found by Blair et al (1971) wizh
maize ard they found a higher ratio of HZPO 4 ~/H PO 4=ions, when ammonium

=N was combinred with P than when P was used alone or combined with rnitrate

4
The significance of the references to the differential effoct

~N. The more soluble HEPO ion leads to greater uptake,

of ammonium and nitrate~N is that ty uveir,g ammonium nitrate as the form
of N in the field experiment with oil poppies, it is quite possible that
the N x P interaction effect may have been significantly lessened, This
is for the reasons set out above that ammorium N can have a far greater
effect on fertilizer P uptake than nitrate N, However the data in Table
15 suggest that in this particular experiment at least there was no marked
difference between the two forms of N.

One of the most striking features of this experinent was the very
low morphine concentration in capsules generally (Table 11). There was ro
effect of nitrogen fertiliser on morphine levels and the overall mean of
0.,5%5 was 1little mere than half that of previous seasons (e.g. Table 5).
The experimental crop experienced wet humid conditions prior to and about
the time of dry maturity, with some delay in harvest together with severe
fungal infection of the heads. The implications of both of these factorw

end the investigations undertaken to assess their possible importance will
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be discussed in Sestions 3.and 6.

2.5. Tne Effect of Liming on Plant Yield and lutrient Content

2.5.1. Materials _and lMethods

This glasshouse pot experiment was carried oui at the liew
Town Reseaxch laboratories of the Tasman.ian department of Agriculiture and
used the O -« 150 mn layer of a krasnozem from Forthside Vegetable Research
Station., The initial pH was 5.2 and the initial available soil phosphorus
was 36 ppm while the potassium status was 32 m,e./10 kg of soil (See sect-
ion 2.2.1.).

The air-dried soil was passed through a 5 mm sieve. Calcium
hydroxide was applied broadcast to the soil and uniformly worked thzough-
out. the whole soil volume in Quantities equivalert %o zero, 2.5, 9, 10, 19,
20; 25 and 50 tonnes/ha, 9 kg samples of these mixtures were placed in
200 mm plagtic pots with free draining crocks in the bottom.

All limed treatments had a band of superphosphate and anmoniun
sulphate piaced directly below the seed to give rates of 60 kg/ha P ani
20 kg/ha X based on 180 mm row spacings,

In addition to these treatmenis there was a separate set of
treatments in which Ca(OH)2 was applied only in coniact witrn the seed atu
the following rates of application:~ 100, 200, 400, 600, 800 and 1000
kg/hae These treatments also had the same basal N P fertiliser drilled
25 mm below the seed as with all other treaiments. The ratves of apolication
of contact Ca (OH)2 were also based on 180 mm rows. The full experiment
was set out in randomised blocks with six replications.

Fifteen seeds per pot of a Tasmanian cultivar were sowr: and
covered with 10 am of soil and all treatments were initially leached with
25 mr of water and subseaquently kept at field capacity during the course
of the experiment. A count was taken of germination and final survival

and the plants thinned to two per plot.
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At dry harvest maturity the number and weight of capsules was
recorded and also the weight of seed and stem plus leaves. At the com~
pletion of the experiment the final soil pH and the available soil phus~
phorus and potassium were determined. Both of these determinations were
done on a soil core taken vertically through the depth of the pot arnd 50 mm
from the central fertiliser band.

At dry hexrvest a chemical analysis of the stem and leaves was
also carried out. Phosphorus was determined by the molydovanodo-phosghoric
acid methsd (Quinlan 1955), molybdenum iy the colorimetric dithiol method
(Bingley 1963} and boron by the curcumin method {Dible, Truog and Befger
1954), pPotassium, sodium, magnesium calcium, manganese, zinc and copper
were determined by atomic absorption spectrophotometry.

2.5.2. Results
The main yield data of capsule and seed are set out in
Table 16 with that of stem plus leaves in Table 19 and some of these data
required logarithmic tramsformation., In Table 17 the soil P and K status
and the bulk soil pH at the completion of the experiment are shown. Because
of the drastic effect on survival the 50 tonnes/ha of Ca(0OH)2 brozdcast and
the 800 and 1000 kg/ha of Ca(GH)2 bznded treatments were excluded from the

statistical analysis of yield data in Tables 16 and 19.
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Table 16. The effect of broadcast and contact Ca(0H)2 on plant survival

and yieid of dry cawbsules (z/pot*)

Survival ‘frans—* Trang-* Capsule*¥
’ No. of fio, of Capsule formed Seed formed  korphine
Ca(OH)2 plants/ Capsules/ Yietd/ Capsule Yield/ Seed Content
Poi Fot Poi vield/ Pot Yield/ ¢

Yot Pot

(logs) (logs)
Broadcast
Zero t/ha 11.20 1.80 0.48 -0.80 0.83 -0.26 1.6
2.5 12,00 2.00 1.37 0.30 2.08 0.72 14
5 12,80 2,00 1.49 0.38 2.30 0.83 1.4
10 13,70 2,00 1.80 0.58 2.99 1.08 1.3
15 13.80 2,00 3.09 1.12  3.89 1.33 1.3
20 14.30 2.17 3.28 1.16  4.09 1.39 1.4
25 12,20 3.00 4,65 1.53 5.10 1.61 1.3
50 4. 50 ' 1.4
Contact
100 kg/ha 10,20 2,00 0.84 -0.19 1,26 0.19 1.5
200 11,20 2,00 0.82 ~0.21 1.28 0.20 1.3
400 7.80 2.00 1.00 -0.,02 1,52 0.41 1.3
600 8.50 2.00 1,14 0.13 1,53 0.42 1.4
800 3.20 1.3
1000 3.30 1.4
l.s.d.
P<0.05 2.51 0.20 0.24 0.28
P< 0,01 3.34 0.27 0.32 0.38

* The transformations used in Table 16 above are logarithmic transformations
to base e and hence yields less than 1g ars negative values.

**orphine analyses were not based on fully replicated data.
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The first noticeable effect of Ca(0H)2 application was on
emergence. Wwhen umniformly mixed throughout the soil there was no
detrimental effect up to and including the 25 tonnes/ha treatment. Tae
% tonnes/ha broadcast tceatment markedly reduced survival and those
plants wvhich did survive were on the very edge of the pots. They were
considered to be atyzical and were thereivre mnot included in the yield
analysis. Ca(0H)2 banded with the seed had a significant effect on
survival at the 400 kg/ha rate and survival was markedly decreased
(P<0,01) at 800 kg/ha., For the same reason as the 50 tonnes/ha, treas-
ment above, both the 800 and 1000 kg/ha contact treatments were exciuded
from the yield analysis,

In Table 17 it can be seen that there was a progressive chaage
in soil pH with the application of Ca(0H)2 so that virtual neutrality
{pH6.96) was achieved with the application of 10 tonnes/ha from an initial
pH of 5.3°, After the application of 15 tonnes/ha the rate of pH increase
slackened markedly and the krasnozem soil in this experiment appeared to
buffer over the range pH 7.4 to 8.2.

With rates of Ca(OH)2 application greater than 10 tonnes/ha
there was significent (P<0.01) increase in available soil P and this
increase continued up to the 50 tonnes/ha application. The effect on
available soil K was opposite to that on soil P so that there was a

terdency for soil K to decrease as pH increased.



44.

Table 17. The effect of Ca(0H)2 on soil vil and available phosphorus

and potassium five months after avpplication

Available Available
ca(oH)2 Soil soil s0il
pH phosphorus potassiua
(ppm) (m.e./10 kg)
Zero + N P 5.3 38 29.84
2.5 t/ha broadcast 5.9 39 17.00
5 " 6.3 36 Ti.34
10 " 7.0 40 15.59 :
15 “ 7.9 53 Ll
20 " 8.0 56 13,50
25 " 8.1 61 12.84
50 " 8.2 76 15.34
l.s.d. P< 0,05 0,10 5 2.53
P« 0.01 0.14 T 3.38

Tne mineral contents of stem and leaves harvested at dry
maturity are set out in Table 18 and these were based on four replic-
ations. Tne contents of most elements followed predictacle patterns
except phosphorus, copper and manganese.

Table 18, The effect of Ca(0H)2 apvlication on the mineral conuent of

stem and leaves

Ca(OH)2 P K Ca Mg Na Mo B tu Zn In
(t/ma) (3 (&) (%) () (<) (ppm) (prm;  Pam)  Gow  bom)
0 0.04 1.1 ©¥NA NA HA 1.5 HA 12.3 NA A

2,5 0,09 2.0 1.8 0.30 0.90 1.0 43.5 7.3  159.3 41.8
5 0.07 1.8 1.4 0.26 0.70 1.2 30.5 7.2 75.3 1.5
10 0.14 1.3 1.9 0.36 0.84 3.4 31.5 9.8 58,0 22.5
15 0,08 1.0 1.7 0.39 0.80 2.7 28.3 8.5 53.0 42.8
20 0.07 1.1 1.8 0.44 1.66 4.0 30.5 3.5 43.8 62.5
25 0.05 1.1 2.0 0.44 1.60 5.2  34.3 18.4 62.0 80.5
-50 0.02 1.1 1.4 0.44 0,79 6.9 29.0 23.1 40.5 85.0
56 NS 0.5 RS 0.07 0,71 .5 6.9 i8S 22,2 25.4
1.s.d1% 0.6 0.09 0.97 2.0 9.4 29,1 36.2

_ NA = lNct Available
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The yields of stem and leaves harvested at dry mawurity are
recorded in Table 19 and these are the means of six replications. The
pattern of yield response of the stem plus leaf component to Ca (QH)Z
ayplication was very similar to the effect on capsule and seed. aximum
yield octurred at 25 t/ha broadcast.

Table 15, Tne efiect of broadcast and cuutact Ca(0H)2 on mature dry

vield of stem and leaves (z/pot*)

Yield of stem plus leaves

calonye (8/pot) Transf%gg‘)ﬁ

Broadcast

Zero t/ha 1.94 0.61
2.5 6.00 1.79
5 6.83 1.88
10 8,42 2.12
15 11,63 2.44
20 12,73 2.54
25 16,36 2.79

Contact

100 kg/ha 3,32 1.19

200 3.30 1.19

400 4.56 1.49

600 4.38 1.47

l.s.d. P<0.05 )  0.201

pco.0t 0.268

* The yield transformation used in Table 19 is 2 logarithmic transform-

ation to base e.
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2.5.3« Discussion

Yields of capsule seed and stem plus leaves increased pro-
gressively up to the 25 ~/ha broadcast treaiment with a significant
(P< 0.01) difference between the 25 and 20 t/ha lewel for capsule and stem
plus leaf yields (Tables 16, 19). Yield of capsule was also increased by
Ca(0H)2 Sandod with the seed so that yield of the 600 kg/ha treatment was
significantly (P <0.05) greater than the 200 kg/ha treatment, However
Ca(OH)Z far more effectiveiy increased cspsule yield when broadcast and
uniformly worked through the soil volume of the pot than when banded with
the seed.

Fart of the capsule yieid effect of the 25 t/ha Ca(0ii)2 hrcad-
cast was attributable to the greater mean number of capsules per pot. The
number of capsules given by this treatment was significantly (P-<0.01)
greater than any other treatment (Table 16). There was insufficient ce.psuie
material available to perform a completely replicated series for mcrrhine
analysis so that statistical analysis was not carried out on these figures.
However the mean morphine contents in Table 16 suggest that bulk soir phk
even up *0 8.4 (Table 17) will not markedly affect morphine concentrztion
in the capsules. Therefore it follows that the yield of morphine in this’
experiment would probably have increased proportional to capsule yield
increase 2s pH rose.

Although the maximum yield of capsule and seed vas achievad In
this experiment at a bulk soil vH of 8./ it is very likely that the
localised region around the band was gquite different to this. The soil
was sampled 50 em from the edge of the band in this experiment and Isensee
and Walsh (1971) found that soil sampled close to & fertiliser band was
quite different to bulk soil pH. In the case of treatments approximately
comparable to the N P band im this experiment these workers four.d that pH
readings were one unit lower in the region 10 -~ 40 mm from tne centre of

the band than those in the bulk soil.
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The N P fertiliser band in this experiment was placed 25 mm
directly below the seeds Therefore it seems reasonable to suggest that
the treatments involvirg Ja(OH)2 in contact with the seed may have given
lower yields because of unfavourable localised pH effects rather than a
direct effect on seed per se. It is a general observation that there is a
dense proliferation of roots around an N ¥ fertiliser band (Duncan ard
Ohlrogge 1958, Miller and Vij 1962) and thus the region is probably
specially important in the uptake of many nutrients. This point should be
consider2& when assessirg the general plant nutrient status in Table 18,
Despite the relatively large increase in available soil P(Table 17) the
plant P levels did not increase. However plant K levels did decline in
concert with decreases in available soil K (Table 17).

The plant molybdenum levels in Table 18 show a consistent
increase with increasing rates of Ca(OH)2. Also the general pattern of
high magnesium and sodium at the 25 t/ha level of application appears <o
support the contention of Costes et al (1976) that the poppy will respond
to both of these elements. Boron levels fell with increasing Ca(OH)2
but even at the highest application rate, tissue levels were within
the range generally considered adeguate (Jones 1972). 4he high tissue
levels of copper for tne 25 t/ha Ca(OH)2 treatment are quite inconsistent
with the generally accepted effect of sharply decreasing available soil
copper levels as soil pii increases from pd 5 to 8 (Lindsay 1972).

2.6. Conclusions

The experiment on uptake of banded P (Table 1) failed to show
any positive effects from N application. In fact nitrogen depressed
uptake of banded P. However the two field experiments at Wesley Vale
(Tables 3, 4, 6) and Forthside (Table 9) both demonstrated N X P inter~
action effects in terms of dry harvest yield which conformed to a con-
sistent pattern: that is, no response to N at zero and relatively low

levels of P and a positive effect at relatively high levels of P. Tris
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pattern of harvest yield was similar to the harvest yield effects described

by Cope and Hunter (1967) and to the uptake effect of N on P which has bLeen

shown by a number of autrors (Grunes et al 1958, Werkhoven and l}Miller 1960,

Memaril and Miller 1970) - simi@ar in the sense that relatively high levels

of bothk N ani P were required for both increased uptake and increasedharvest
yield to occur,

The effect of depth of banding below the seed showed that
maximum uptake occurred at a lower application rate (100 kg/ha) from the
shallower oznd (40 mr) compared with the barid placed 75 mm below the séed
{(Table 1). In contrast to this there was no difference in terms of mature
dry harvest yield of capsule and seed bstween WP fertilizer banded 15 zm
and 65 mm directly below the seed (Table 7). One practical implication of
the data in Table 7 is that given that poppy seed is commonly sown at a
relatively shallow depth of aprroximately 15 mm below the soil surface it
would be bette; to drill the fertilizer 65 mm below the seeds In the case
of dry conditions and particularly with non-irrigated crops the deeper place-
ment would be in moister soil with a greater probability of being availatle.

The effect of increasing soil pd by calcium hydroxide applic-
ation had a marked impact on the yields of dry capsules, seed and sten plus
leaves at all levels of application. However it is difficult to be spacific
on the major reason or reasons for the significant increase in yield between
the 20 and 25 t/ha rate of Ca(OH)Z. The data in Table 18 suggest that

availability of magnesium, sodium, molybdenum or copver may be involved.
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3. THE DFreCT OF LEACHING ON TH#HE MORPHINE CONTENT CF POPPY CAPSULES

3.1. Introduction

The physical leaching of morphine from the capsules of the poppy
has been suggested as a cause of loss in wet weather (Loftus Hills 1945,
Bunting 1663). In the nutritional experiment carried out in the 1970/71
season and described in section 2.4. of this thesis, wet and overcast
conditions were encountered around the time the plants were approaching dry
maturity. Harvest was delayed for a number of weeks and capsule morphine
concentrations were little more than half the previous season or the
averages in subsequent seasons.

Two experiments were carried out at the New Town Research
Laboratories using simulated leaching techniques to assess the possible
loss of morphine from this cause.

Experiment 3.2. used ground capsule material while experiment
3+.3. used intact capsules.

3.2. Simulated Leaching of Ground Cavsules

3.,2.1. Materials and Methods

Samples of oven-dry ground capsule material weighing & g
were mixed with deionised water to give the following combinations:-~

(i) ) 50% capsule material + 50% water

{(ii) 20% capsule material + 80% water

(iii) Tue 20% capsule material + 80% water mix was aico
subjected to a simulated leacning with the equiv-
alent of 5 em of water which was left in contact
for two hours and then centrifuged at 7000 r.p.m.
for twenty minutes.

(iv) The 20% capsule material + 80% water treatment was
also subjected to two cycles of oven drying at &%

until 80% dry matter had been achieved. This was

to simulate the alternate drying and wetting which
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may occur in the field when rain falls just prior
to harvest.
(v) A control of air dried capsule.

All treatments (i) to (iv) were autoclaved at 118°C for 20 minutes
and were heid for ten days prior to analysis. There were three replications
of each trea:.ment set out in a completely randomised design.

After ten days the ground capsule material from all treatments was
analysed for morphine (Pride and Stern 195W4). In addition the leaciiates
from the four replications of treatment {(iii) were also analysed for morphine.

3.2.2. Results

The mean morphine contents of the capsule material from treatments
(i) to (v) are set out in Table 20.

Table 20. Mean morphine content of ground capsule subjected to simulated

leaching and related treatwerts (%)

No. Treatment % Morphine
f (after ten days)

(i) 50% Capsule + 50% water 0.497
(ii) 20% Capsule + 80% water 0.533
(iii) 20% Capsule + 80% water
! 0.217
+ leaching
(iv) 20% Capsule + 80% water 0.563
+ two drying cycles °
(v) Air dry capsule 0.560
(P £ 0.05) = 0.068
(P < 0.0%) = 0.095

e

The mean morphine content of the leachate from treatment (iii)
was 0.42% but was not included in the statisticzl analysis.
The simulated leaching treatment (iii) more than halved the

morphine content of the air dried capsule material (v) and this loss of



morphine was recovered in the leachate in the same chemical form as in the
capsule. The difference betiveen the morphine contents of the leached
treatment (iii) and treatnent (v) was highly significant (P < 0.01).

3.2.3. Discussion

Although the ground capsule meterial used in this experiment
was very different to the intact capsule iz the field the point was made
that morphine could be washed out of the capsule material and was recovered
in the leachate.

When a poppy crop is at or rear dry harvest maturity the capsulecs
very readily pick up and lose moisture. Bunting (1963) found that after
overnight rain the ripe capsules had a moisture content of 45% but rapidly
lost moisture to return to their previous 15% moisture next morning. In
this present experiment treatment (iv) was included to assess whether a
simulated drying cycle might be associated with a loss of morphine. The
results of Table 19 did not show any evidence to support this possibility.

Kopp {(1957) found that when harvested capsules were stored in
a moist atmosphere that a significant reduction in morphine occurred. This
observations implied that in the iield situation if harvest was delayed by
a continuation of humid weather - not necessarily rain - then capsule
morphine may decrease. Possibly this might happen by some chemical conversion
of morphine within the capsule wall perhaps involving hydrclysis. Treatment
(i) (Table 20) did show a trend towards lower morphine after ten days in %ais
experiment and in a related experiment 6.2. (Table 41) involving moistened
capsule material there were significant decreases in capsule morphine after
24 days.

3.3. Simulated Leaching of Intzct Cavsules

3.3.1s Materials and Hethods

A glasshouse experiment was conducted in which poppies were

grown in 200 mm plastic containers filled with 5 kg of air-dry krasnozem soil
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from Forthside Vegetable Research Farm. A Tasmanian cultivar was used with
a fertiliser bad of 40 kg/ha P and 40 kg/ha W nluced 25 mm directly below
the seed. The soil amalysis was pH 5.8, available soil P. 40 p.p.m. and
available K, 80 m.e./10 kg soil (Colwell 1965, see 2.2.1.). The soil was
maintained at field capacity during the course of the experiment znd the
plants were thinned to four per pot at emergence.

Capsules were harvested at two weeks (T1), four weeks (T2) and
six weeks (T3) after petal fall. The experiment was set up as a coupletely
randomised factorial design with four replications and was re-randonised
periodically during the course of the experiment. At each tise of harvest
the capsules were immersed in glass con*ainers with 100 cc of distilled water
for the following times:- LO = Zero, L1 = 6.7 minutes, L2 = 44.8 minutes
and L3 = %00 minutes. These times were chosen to give equal logaritauic
increments,

The base of each capsule was sealed with parafiin wax to prevent
loss of alkaloids from the severed ends and after immersion the cavsules were
chemically analysed for morphine. The impersion water was also analysed
for morphine. both analyses following the method of Pride and Stern (4954)
(See 2.3.1.).

3e3+.2. Results

Table 21. The morvhine content of leached cavsules harvested periodicallv

from petal fall to dry maturity (% of air dry capsule}.

iizizzigi ! Time of Harvest (weeks after full bloom) iﬁiﬁisifzod.
(minutes) 2 L 6 Hean P < 0.05
Zero 0.76 1.24 1.2 1.07 N.S.
6.7 0.59 1.11 1.16 0.95
44,8 0.59 1.15 1.1 0.95
300 0.74 1.02 0.98 0.91
tean 0.67 1.13 1.12

Time P < 0.05 = 0.16 Within P < 0,05 = 0.3
l.s.d.
Means P < 0,01 = 0,22 Table P <€ 0.01 = 0.43
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There were no significant differences in capsule morphine between
the various lsngths of immersion although%&he second and third time of harwvest
the trend was for lower capsule morphine as the period >f immersioa increased.

Table 22. Morvhine in the immersion water after the second and third

harvest {mg).

Length.of Time of Harvest (vieeks after full bloom) Imnex'sion Means
Immersion 1.5.d
{minutes) [ 6 Mean P< 0.05 DP<0.01

6.7 0.01 0.09 0.06 0.19 0.26

44.8 0.04 0.10 0.07
200 0.37 1.23 0.80
Mean 0.1k 047

Time P<0.05 = 0,15 ¥ithin P <€ 0.05 = 0.26
l.s.d.

Means  P<0.0% = }.21 Table P<0.01 = 0.36

The morphine content of the immersion water at T1 was so low that
it could not be measured reliably and was not included in the statistical
analysis.

The morphine detected in the immersion water was exprzssed as the
actual weight of morphine in milligrams, not as a percentage of capsule
weight because of the low levels involved.

It ié appParent that far greater quantities of murphine were
detected after the longest immersion time of six than after four weeks.

The interaction of Time of Harvest x Length of Immersion was also significant
(P<0.01) in that morphine moved more readily from the dry capsule at T3 than
T1 or T2 as immersion time increased.

3.3.3. Discussion

In this experiment, although the effect of length of immersion
on capsule morphine was not significant, there was a trend towards lower

capsule morphine as irmersion time increased (Table 21). Other workers
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have studied the decline in morphine when capsules become wet by a variety

of technigues, In a series of glasshouse experiments using mist sprays as

a simulation of overhead irrigation, Bunting (Personal Comnunication) applied
sprays at various times over a six weeks period after full bloom. He found
that the greatest decline in capsule movrphine occurred when mistiug was
applied over the period 4 - 6 weeks after full bloom compared with any time
before this. There ‘were also cultivar differences in the extent of morphine
loss but with all cultivars ihe greatest loss of morphine occurred o-rer this
time period. The decrease in capsule morphine compared to non-leached
controls ranged from 10% to 50%.

In a field experiment with voppies Loftus Hills {1945) applied
an overhead spray irrigation treatment equivalent to 50 em of rain al various
times from petal fall to dry maturity. He found that when the crop was
irrigated at dry maturity there was a decline of about 20% in capsule morphine
compared with non-irrigated controls. However, in contrast to Bunting's
results, losses of morphine of this order also occurred when irrigation was
applied to green capsules as early as nine days after petal fall. Here
again cultivar differences may be a significant factor as Loftus Hills usad
cultivars selected for opium production.

The depressions in capsule morphine recorded by Bunting and
Loftus Hills when dry capsules were leached six weeks after petal fall are of
the same order (i.e. 20% redaction) as the numerical decline recorded for
capsule morphine in the present experisent for the longest time of imuersion
(L3) (Table 21). The morpkine detected in the immersion water in the
present experiment (Table 22) also supplies corroborative evidence that some
morphine did in fact move out of the capsules and that this effect increased
with time of immersion.

However it does not necessarily follow that the depression in

capsule morphine recorded by Bunting and Lof{us Hills were attributable only
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to physical leaching and movement of morphine out of the capsule. In
neither of their experiments was it possible to measire morphine in the
leachate and thus confirm the hypothesis that physical movement of
morphine was the unique cause of loss. The simulation used in my
experiment is of value from this point of view and allows scope for
testing the alternative hypothesis that it least some of the decline in
morphine may have been due to chemical or metabolic conversion of worphine
within the wet capsule wall, Therefore, if it were assumed that the 20%
decline ir capsule morphine that occurred after the longest time of
immersion {L.3) were a real effect in this experiment, then the 1.23 mg
detected in the leachate would represent only one quarter of the cverall
decline in capsule norphine.

In a later laboratory experiment described in Section 6.2. air
dried znd ground capsule material was wetted and held at 50% moisture for
24 days. Analysis of the moist capsule after this period showed a
decline of 11% in morphine compared to ground capsule material held in
the air-dried condition. Similarly Kopp (1957) reported that harvested
intact capsules stored in a moist atmosphere showed a significant reduction
in morphine content. Both of these experiments support the view that
some form of chemical conversion of moxrphine could have occur:ed within
the capsules subjected to the present experimental treatments {Table 21).

In this present experiment (Table 21) the leaching effect was
studied with capsules in which the waxy ' ®oom' that covered the outer
surface oX the capsule wall was left intact. This waxy covering may
have been of significance in preventing morphine loss in the sense that
it was water repellent. In the field it has been observed that loss
of this waxy material can occur from certain areas of the capsule by

contact arnd abrasion between neighbouring plants in windy weather.
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The sherp edges of the stigmatic rays at the top of the capsile can
easily scratch the wvalls of neighbouring ~apsules (Plate 20).

In a further ;'lasshouse experiment Bunting (Personal
Communication) compared the effect of leachirg on intact capsules ('non-
rubbed') wilth those from which the waxy oloom had been removed ('rubbed').
then both groups were leached by overhead misting during the period two
to four weeks after full bloom, the 'rubbed' capsules were 35% lower in
morphine than the 'non-rubbed' capsules and these in turn were no different
to the non-leached controls.

3.4. Conclusions

The two experiments on simulated leaching provided evidznce that
under wet conditions the morphine contents of ground capsules and intact
capsules can be lowered. The experimert on intact capsules in particular
(3.3.. showed that morghine did move cut of the capsule wall and that it
was detected as unconverted morphine in the immersion liguid. However
this experiment also suggested that some conversion of morphine may have
occurred in the capsule wvall. The two other workers who have studiecd this
questior (Loftus Hills 1945, Bunting 1963) did not measure morphine in the
overhead irrigation run off liquid. The contention that scme morphine is
converted in the capsule wall wvas also supported by the esvidexice oi the

decrease in wet capsule material in experiment 6.2. (Table 41).
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4. T2 J07ACT OF TInk 0 wadWiaSD Qi A2 MeTTIR oD 0 QiraTds YILD

4.1 Intrcductiocn

Varicus Jurope:n werkers have shown thzt tle woxchine contents
of poppy cegssules were higjher two or tihrce itvecks vefore dry harvest mat-
vrity (Poetake and ifirnold 1951, sunting 1963, Scaroder 1965). Other invest-
igations have reported the owcosite efi'ec., that capsule morphinc concen-
tration increassed steadily up to dry maturity (Eikonov 1958 tliram argd
Pfeifer 9959, ileeger ond Schroder 1959). 1o such detailed infor::ation was
available for Tesmenian conditions ~nd the very low moxnphine conter:t of
capsules in thne 1970/71 season {Table 11) prompted an investigation into
this aspect. “his is descriced in section 4.2. below,

1The sudden fluctuation of wmorphine levels of capsules in tae
Tasmanian enviromient in 1970/71 21so suggested that the alternative of
harvesting t:e whole green wlent should e investigated. This type of
investigation hus been carried ot in the Turocean porpy groving areas and
very much greater yield of morphine hss been shown relative to thet derived
from ca,suies (Romisch 1958, lieeger and Schroder 1959, Pfeifer 1962).
However in these Zuropean studies the individual coniributions from main
stem and lateral ca,sules have not teen distinguisned. 3ecause of this
an experiment was designed to study the way in which the dry matter,
morphine conceritration arnd yield of aill plant ccmponents varied between
flowering znd dry matiority, In addition, this experiment zlso included e
study of the effect of WP fertiliser and fungicidal spra,;s over ihe si.ie
time period. The method oy .hich this whole experiment wias carried out is
describeé veiow (4.3.) tozetiier with tae results of time of harvesting
Per se on tze .:ry matter ané morphine yields of various plant componentse
The results of ¥P fertilicer on ‘ry matter over time is described in

iy

section 5. and verious effects of fungi and fungicides in section 6.
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4.2, Chanses in €opsule torrhine Eetween Flowerinzg -nd Dry Maturity

4.2.1. Faterinls and ethods

A Tasranian culiivar was sown at fortnside Vesetabls lies-
earch Faxm on 17/8/72 to establish 2 density of 62 plants/m2 using a
basal fertiiiser apprlication of 400 kg/ha 6:14:14 (N P K) pre-drilled and
200 kg/he lime super with the seed.

At full bloor, plants were 1elected by the criteria of uniformity
of vesetative growth and sizilarity of the staze of flowering of the texiz-
inal czpsules to give a wniforw population. Trom thece tagged selections,
eighteen completely random plants were harvested at acproéozimately weexly
intervals commencin:; seven days after fuii ovloom (iid-.'¢cenber) and coatine
uing till after optimum dry maturity. ?Plants were left in the Field alter
optimum maturity to ieproduce the conditions of harvest delayed Gty rain.

At esca tise of narvest three replicaticns of randor groups of
plants were teren and used for dry weight end morghine deterrdnaticns.
‘Perainal and later:zl capsules were recorded and analysed separately.

After the sevsrction of the seed thi czpsules -ure oven iried at 95°C,
weighed, sround to pass a one un sieve and anelysed for morphine ¢y the
retr.od of Price and Stern (1954).

4.2.2. 2esulis
The céry weizat per capsule and rorphine concentrations for
botn ter.uinzl and l-terzl capsules are detailed in Table 23 and mor.aine
concentrations a2re 2iso shovm in rigure 2. It csn te scen that aftex
flouering the morgohine content of the capsule increassed rapicly urntil 2
maxinum wa2s rezcneé 2boul six weeks after petal fall., After this peint
the general tencency was for mor_hine levels to declire with successive
harvestss This gereral pattern of morphine vzrietion with time was

sizilar for hoth terminal and lateral capsules.
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Figure 2,

The effect of time of harvest
after full bloom on tke
worphine content of terwinal
and lateral capsules

© = Terminals; O = Laterals

L.S.De
Teririnals Laterals
P< 0,05 = 0,21 0.38
P¢0.01 = 0.28 0.52
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Table 23. The effect of tiine of harvest on the dry weishis and :mocobing

concenirations of cateules

fHarvest Horvest time Ty “eizht/Capsule(g) ‘tear Caisule i.copuize(t))

No. Pzys aftex Terminal Tertminal Lateral
full oploom

1 7 2.00 0.40 “
2 14 2.38 0.61 0.50
3 23 1.96 0.97 1.09
4 29 1.99 1,04 1.17
5 36 2.29 1.24 1.27
é 41 2.33 1440 1.32
7 50 2.17 1.31 -
8 57 1.93 1.37 1,29
9 64 1.84 1.C2 -
10 71 2,19 0.89 0.8
1 77 2.06 0.75 5.62
L.S.D. F<0.05 N.S. 0.21 0.38
P¢.0.01 0.28 0.52

4.2.3., Discussion

The pattern: o~ morgnine accumulation and depletion in thke
capsule of the oil poppy in this experiment -was very similszr in general oui-
line to that reported by Buniing (1963) for Southern England. Loftus-.ilis
(1945) found thot, with a limited rumger of harvest times, capsule ror.nirne
appeaTed to remain constant in two years out of three. GCenerzlly theu trere
has been disagreement in the literature.

Tne crop from which the experimental plants were drawn caere to
optimum dry harvest msturity and was machine hzrvested at avout the sanme

time as harvest 8. Veather conditions were suitable at commercial hiuirvest

tire with hot sunny weather in this psrticuler yeor. Jut in olher sersons
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harvest can be delayed by as much as two to three weeks by continued
rain ~nd overcest humid weather, arnd, as s~en in Figare 2 morvaine lsvels
in the capsule Zell steaﬂiiy over this erioc¢ zlter harvest 8.

In this 1972/73 seasons, the crop used for the experiment was
not seriousliy infected dy fungi, however in those years when fungzl infec-
tion is serisus, it is when the cepsule stzrts to iry out that inrection
is most a.parerit. Therefore the decliie in morphnine that occicrred after
harvest 6 in this experiment may be compounded and intensified by {irngal
effects in cvertain yesrs. This aspect will te considered in seciion 5.

The priiery aim of this initial experiiment was to establisn the
pattern of morphine concentration in cavsules tetween flowering and ngi-
urity. fThe more detziled investigations into dry matter chenges in cag~-
sules, seed, stex and leaves togetnsr 'with morphnine ;fields “were taxen ux
ia 1373/74 season. Tnese are described ir sectisn 4,3,

4.3, Chanyes in Drv Faiter and i'errhine Y:eld betuveen Floverin- ~ai

Dry Maturity

4.3.1, (nterials and ..ethods

The exgeriment was sown on the 24th August, 1973, at Yortnside

cion

Vegetoble Zesearch Stotion. The Station is lccated in the Ilorta est -
of Tasmania ai Lat. 41° 12' § Long. 1460 B, 150 metres zbove sca level,
The soil was a krasnozem with pH of 5.2, available P, 51 ppm, aveailzbol:s X
83 m.e./10kg/soil, {See Section 2.2.).

The aspect of the experimenti concexning dry matter accwrulatiion
and morphine production over time forzed part of a larger factorial experi-~
ment which also stadied the effects of nutrition 2nd fung;icidal sprays on
dry matter production and fungal colonisatica over time. A full 2 x 2 x 2
factorial arrangement of N, 2 and fungicides was set out in randowised
blocks with four replications. Ammonium sulvhate (205 K) was the fexm of
nitrogen fertiliser uscd and this was appli:d 2t zero and 100 ku/ka i.

Concentrated superphosphate (20,. P) was the fo:m of phosphoras fertiliczer
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and this was applied at zero and 100 kg/ha P. Al fertiliser was banded

35 ma below the sced and in addition all P treatwuents received i0 kg/ha P
as normal supcrphoschatz (10i, P) mixed in contact with the seecd et drilling.
After emergjsence the main plots were thinned to a stand of 50 plants/mz.

A fungicide spre.y treatment consisted of 2 kg/he "Beno:xyl" (50:.
active ingredieni) + 2 kg/ha "™iancozed" (80,5 active ingredient) ¢nd this
mixture was spraféd at intervals of 10 cays from the coumencer:nt of flower-
ing till the completion of the experiment asproxiiately one conth afisr
dry harvest naturity.

’The main plots were 36 metres long ond 1.6 metres wiie (8 rows
at 200 mm) =nd the effect of tiue of harvesting was measured by a split
plot design in which random sub-plots 1 metre long ard 1.2 meires wide (6
rows at 2.0 mm) were harvested at weekly intervals coumencing soon after
Mlovering. Toe rvelevant time of harvest data 2d plant developient stages
during; tre course of the experiirent sre set cut in Teble 24,

At each narvest the vlants were cut off at ground level ari the
total nuzber and fresii .eight recorded for each sub-plot. & random sz.cle
of ten plants was ther taken snd divided into the following componentsi-

vi) Terriral or main stem heads, seperated into carsule

Jaterizl and seed.

{ii) All other lateral heads, separcted into carsule mat-

erial a2nd seed.

(iii) Combined stem plus le»ves.

ALl plant cocporents were oven iried at 95°C ar.d seeds of zeruirzl
cagsules were also air dried for gerwination tests.

The samples of terminal capsule, secordary capsule &nda stem plus
leaves components were ground to a particle size < 1 mm. Lorphine ecritents
of each component were then determined by the rethod of Pride and Stexzn

(1954), The morphine content of the whole plants wias calculated using a

weigated mean of the three ccnstituent componcntis.
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The details of this experimeni on yield components 2nd morpnine
production at different tirmes of harvest are based on tne mean efifects of
sprayed and unsgrayed plots wihich received bovii nitroger and phospriorus

fertiliser mixed and banded together. As there were no interaction effects

beteen fetilisers zrid tiwe of harvest cr fungicide and time of nzrvgst

.

for either total cazsules or totzl plan

t the effect of time of harvest av
this fertiliser combination is indicative of the general effect of time

in this expe:riment.

The asgessment of full bloom was carried out daily on two raxlon
sub=-plots in ezcnh of tne main plots used in the exzperiment from the be-
ginning of f{lowering, Full blooa was then defined as the point unen 50,0

of all terminal and lateral inflorescences had eitirer opened or nad {crmed

cevsules and dropred their petals.

- h e e 2
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Table 24. The time oY hervest together wiin weekly meteorologiczl data
for eschn individuz.l harvest
ilarvest Date of lwzrter of Tays Meteorological vata Visual Capsule
Aftex Jduring narvesting period
Fumver Haxrves?t Sowirgg Pull  Rain/veck liean ‘Jeekly Jevelopment
Bloom il Temp., C*
¥ine lnax,
H 1 Dec 20 1973 118 10 68 1 20  Green caysule
H2  Dec 27 125 17 37 9 1 n
H3 Jan 3 1974 132 24 33 12 19 n "
H4 Jar. 10 139 31 25 11 2C " "
HS san 17 146 38 18 12 22  Semi-dry Cawsule
H6 Jar 24 153 45 8 13 21 (LT
H7 Jan 31 160 52 0 16 25 oo
K 8 Peb T 1974 167 59 19 12 22 Dry capsule
H9 Tev 14 174 66 4 12 23 " "
H10 Fev 21 181 73 5 i3 22 " "
H11 Feb 28 188 80 2 12 23 " "
*¥H12 Mar 14 1974 202 S4 3 14 23 n n

Gomercizl &ry harvest stage

Rair.fz11 and temperature figures are tne means of 2 weeks



Figure 3.

The effect of time of harvest
after full bloom on the

dry matter percentage of

poppy plant components.

Capsule and seed values are

the means of terminal and laterals.
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Plate 2.

66.

Poppy capsules harvested four (tottem), five
(middle) and six weeks (top) after full btloom.
Terminal capsules on left and. lateral capsules

on right (4.2.).
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d4.3.2, Results

4.3.2.1. Froduction of roppy heads

The number of flowers which set 2nd divelop into mat:.:ire
sized heals on the poypy plents are controlled by a variety of genetic arnd
cultural fictors. ZTut ¢f the cultural factors, plant density exexts tic
greatcst effect. 4t the density cf 50 fiants/m2 used in this exreriment
trze mean number of 2.2 heads/plant was »eached by the second harvest, 17
deys after fu 1 bloow. Ius each plant had oneiemninal or mzin stem head
anc a mean of 1.2 lateral heads.

4,2.2.2. Charges in cavsules

Tre percentase of dry matter in all cezsules remaincd
at a low level of less then 20, during the Zirst 30 des after full bloow.
After this there was a radie loss of water from the capsules and within
the next two to three weeks the vercenzge of dary mztter rose very ragicdly
s0 apprcximately 857 (Dizure 3). This level vas tren maintained for ias
duration of the experirent,

In contrast to the bercentage content of dry matter, the yield
of «ry rmaiter reacred a mexiru~ between tne second end third we -k follewing
full oloom. This was six wceks before com.zercial hervest (38) when ihe
dry matter yield of termiral capsules was 37;o less than the nayimun (Table 25).

Tne changes in prercentzse ary matter of latersl and termingl
ca;sules were ezzentially” similar but the dry wratter yield pattern of
lateral capsiiies contrasted 'with that of tihe terminals, s1lthouyn the —ox-—
imum yield patter:: of l:terals was reached at the sacue time as that of teru-
inals tnere was n¢ sigrificant caznse in lateral capsule yield tetween 112 zpa
E8, whereas terzinal capsule yields fell progressively after H2, However,
beccuse of the relatively zreater yieid of <erminal capsules at all tiwes
of harvest, the overall total caysule yield pattern followed that of tera-

inals quite closely. Thus the total capsule dry matter yield at comuercial

harvest was 29 less then at E2 (Table 253).
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Table 25. The effect of time of hzrvest on dry maitier yicld, morciiire

concentration ~r.d morvhine vield of ierminsl, lrtersl =nd ot~

1
opuy copsules

H:rvest Days after D?iﬁ?§:§er iorphine % Hor%;??;;}eld
Ho. full bloox Term. ILat. Tot. Term, Lat. Tot. Terms Lat. Tot,
H1 10 1001 251 1251 0.63 1.03 0.70  6.25 2.48 8.73
H2 17 1279 667 1946 0.48 0.70 0.£8 8.64 4.65 13,29
H3 24 1115 662 1777 0.71 0.88 0.77 7.88 5.94 13.81
H4 31 993 652 1646 0,76 0,78 0.77 7.61 5,18 12,79
5 38 912 512 1423 1,05 1,04 1.02 9,43 5,21 14,64
H & 45 873 574 1446 1,08 1,09 1.06 9,39 6.41 15.80
E 7 52 832 584 1415 1.03 1.09 1.06 2,49 €449 14.98
He8 59 811 568 1378  0.94 1.00 0.97  7.61 3.78 13.%e
HS 66 765 550 1315 0.84 0.82 0.S3 6.50 4.53 11.03
H10 73 832 50& 1338  0.90 0.89 0.88 7.51 4.48 11.99
H1 80 730 544 1273 0.79 0.93 0.85 5.75 5.10 10,85
H12 94 729 483 1212  0.83 0.87 0.84  6.18 4,24 10.51
L.S.D. P<0.05 118 179 233 0.12 0.14 0.10 1,47 .S, 3.27
$<0.01 156 235 307 0.16 0.16 0.14 1,95 N.S. 4,24
Pecause of the relatively close afreerent vetween the morrhinc con-

centration of terminal and lateral capsules, the corposite morphine concen
tration of total capsules followed a similar trend. This value reachec a
maximum at H6 and there was a small decline to H8 followed by a further
decline until the end of the experiment (Table 25.)

The morphine yield of terminal capsules reacn 2 maximum approi-
imately two weeks before dry com:u.ercial harvest {Table 25). However the

morphine yield of lateral capsules differed markedly in that there were no
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significant diffevences bstween any of the times of ha»vest, This is rainly
attributabie to the pattern of dry matter production of lateral éapsules
which chanzed li<ile between H2 and H8. In contrast to teruinzl cspsules and
due to the impact of laterals the total capsule morphine yield had not de-
clined significantly at #8.

4.3.2. 3, Chernges in seed

The seeds of the popry differed markedly fror capsules and
21l other plant components in that they eithexr do not contain morphine
(Fairbairn & El ilasry 1967) or arguably ccatain it in minute quantities of
3ppm (Grove et 21 1976), In contrast to carsule tissue also the per-
centzye dry matier of voth terminal and later:l seeds increased raypidly
fron the time of the Tirst harvest (figure 3). In asdition tetwesn %1 snd
ii3 the se.d vndervent msny -iriking colcur variaf:ions in changing {roz ne
initial vhite to verious shades of rust to browm then grey-blue. zrarirg the
next tnree to Zour weeks up to K6 the colour of the scod prosressively
deepened “o e flnal zixture of light ani dark blue. {*late 4).

By 113 the seed from terrinal capsules already had a laboratory
geTniration of 85,0 and total seed dry mattexr reached a2 meximwa yield at 24
when it had a dry mstier content of =ztzut 5C.. ©Cnce zchieved, maximin tcial
seed yield remained conztant unti. II12 (’i‘r.-.ble 2§}, ary motier yield oi seed
thus centrasted with the capsule end sten and leaf component in its lzter
maximuz (¥4 compared with H2) and the fact txzt tris yicld hzd not decrezesed

by the tize of commercial harvest.
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Plate 3. Longitudinal section of a poppy capsule two weeks after full
bloom. The parietal placentation of the white immature seeds
is shown and the method of attachment to the loculi.

Plate 4. The four samples illustrate the changes in seed colour which
occurred during the first four weeks after full bloom.
Immature white (top left) followed by rust shade (top right),
colours deepening (bottom left) to final grey blue (bottom
right). (4.3.2.3.)
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Tgble 26. The erfect of +i..e of harvest on ury matter yield of terminal

laotersl ené total oil rovny seed

Hzrvest Days after Sced Yield (kz/ha)
Yumber #ull tloom  Terminzl Lateral Tetul
H1 10 405 37 442
E 2 17 892 234 1127
K3 24 1126 362 1488
H4 31 1470 460 1929
HS 38 1505 494 2000
ueé 45 1406 714 2120
a7 52 1339 730 2069
8 59 1326 114 2035
19 66 1282 668 1950
410 13 1510 676 2186
EN 80 1232 572 1803
H12 94 1222 695 1917
L.S.D. P¢ 0,05 199 273 50
P ¢ 0,01 261 358 460

4.3.,2.4., Ch:nses in stem snd leaves

The ypercentage déry satier of stem and leaves was com—
paratle with i1t of cadsules in that it -;as 20,. or less For the rirst
30 days followinz full tloom (Fizure 3), &fter tais there 'was an accel-
erated loass of wvater from siem arnd leaves but the rate of loss was rot es
sreat 2s with the capsules (Figure 3).
“he catiern of ¢ry raitter sceumulation in stew aind leaves clesely
followed that of terminzl cavsules. Thus t'e maxitum yield of he sier =n(

leaf component was also achkieved two to three weeks after full bloom. after
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this, yields declined progressively until at 28 the mean yield was 3¢
less thon that reached five to six weeks earlier (Table 27),

The relative mcrpnine concentretion in stem angd leaves was
generally very much lower thzn in capsules but the maximum level of about
0.1,5 was reached about tae same time as tae much hisher ievel of 1.1% in
capsules. [lowever the chznges in morphine concentration of stem #nd leaves
at the later harvests contrasted strongly witn those in capsulec, Thus
between Z6 anc 18 the morphine concentration in ctew and .eaves halved
thile the level in total capsules fell by only about 10% (Tables 25,27).

Although tite mcrphine vercenicge of stew and leavee was relatively
low compared .ith capsules the yield of morphine frerm nis compononts was

~quite considerzole bpecause of its large dry matter yield. At H1 it virt-
nally equalled cagile morphine but it diifered from cairsules in that stew.+
leaf morviine yield dropped suerply beiween H6 and 18 {latle 27).

4.3.2.5., Charnves in total plont

The percentage dry riatter contenit of the totel plant
follo.ved very clozely <he percentage content of stem and leaf comzonen-.s
(Ei'sure %3’ . This was because of the great bulk of dry matter yield from
stem end leaves relative %o any other plant components (liables 25, 26, 275.

Therefore, beczuse of the predominating inZluence of stem and leaves zad

total capsules,
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Table 27. The effect of time of havrvest on mesn dry matter vield,

morphine conceniration and morphine yields of stem and leaves

Earvest Days after oty ratter lorchine Forphine Yield .

Number fuil Bloom (xz/ha) (s2) (1:6/na)
H 1 10 8420 c.09 7.86
H?2 17 9042 0.06 4,91
13 24 8440 0.09 7.46
H4 31 7227 0.08 5.49
HS 38 6738 0.10 6.40
H6 45 6832 0.08 5.06
H7 52 6469 0.06 3.65
H 8 59 5516 0.04 2.20
H9 66 5865 0.05 2.03
410 73 57217 0.03 3.03
H11 80 5784 .04 2.40
212 94 4160 0.06 2.33
1.8.3. F¢0.05 1057 0.02 1.80

?<0.01 1363 0.03 2,59
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Table 28. The effect o:' Tiice of haxvest ¢r dry matter vield, morshine

corncentrution 2nd norphine vield of totel plznt

~

Harvest Ligys «i'ter ory Matvter “forrhine 35 wiorphine Yield

Number 1l Bloom  (kg/ha) (+ seed) (- seed) (kg/ha)
B 1 16 10112 0.16 0.17 16.59
H 2 17 12112 0.15 0.17 18.20
¥3 24 11706 0.18 0.21 21,25
H 4 31 10808 0.17 0.21 18.24
g5 38 10153 0.21 0.26 21.05
H 6 45 10524 0.20 0.25 20.26
7 52 9952 0.19 0.24 18,63
H 8 59 9002 0,17 0.23 15.59
E9 66 9121 0.15 0.19 14,C3
E10 73 9267 0.15 0.20 14.01
E 80 8869 C.15 0.19 13,25
£12 94 7304 0.7 .23 12.84
L.S8.D. P¢ .05 1516 0.c2 0.03 3.98

P <0.01 1992 0.23 0.05 )

both of which reached a maxirum d&y matier yield =zt 32, ¥e yielc of tolal
plant also reached a madmun at this time. it dry comeercial harvest te
sield of total plamt was 26,) less than *:2t schieved six weeks esrlier.

“he morphine concentrstion of total plzut in Table 23 is ciiprecsed
in the rresence and absence of seed, .as the mor_ hine content of rongyr scad
is eitrier nil or negligivle tee morphine concentration of the wnole plant
will vary depending upon whether seed is separated prior to measurement.

In the earliier harvesis, during the green phase, seed separzation was

difficult 2nd impossible at a praciical level. However from 46 onwards
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as both seed =nd cepsule dricd out rapidly, the separation of seed was
accomplished -aich more casily. “he expression of morghine conceniratiion
of total plent inclusive aid exclusive of seed then covars toth of, tacse
situations,

In either situction the morphine concentration of total pl.rnt
tended to reach a2 peak about X5 or 6. In this it reflected the pattetn
of morphine accumulation in total capsul:s and despite the relatively
high levels of stex wnd leaves at earlier harvests the morrhine concen-
tration of capsules haé the deciding influance., At ccumercial harvest
¢nd later, the morphine concentration oi tctal planis was in a declining
phase (Tarle 28).

‘The morphine yield of total plant at L6 was 3J.. greater than
that at H8 but there were no significant differences in total morphine
yield betwe:zn any of the harvests for 32 o d6. Zowever there were
tremendous differernces in “rosh yield of total plont over the same gperiod
vzith fresh harvested yields renging frorm aprroximetely 77 t/ha down to
22 t/ha ('I‘able 29)., at 36 the fresh yield of total ulant was spproxirately

five times -the fresh yield of .oupy heads at H8 but the morphine yield

from total glent »t 36 was 55,5 creater than the morphine yieid from capsules

at 8.
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Tadble 29. The vield of ~orchine derived Trom 1atel -lant a8 it eor-

porents wish the w vercective Srosh: lorvester wi-1lis,
.
hervest lays ifter
rumver Full Sloon rorphin: (k:-’haj Frecir Yio1E (4/k2)
Total Total 3ilen Totel Yotanl “ter
+ +
olant  Copsules  Leaves plont Reed iLoaven

H 1 10 16.59 8.75 7.9¢ 82.9 1.2 7.7

n
no
-
-)
-t
5
n
o

13.29 4.21 77.2 5.8 €1.9
24 21.25 13.81 7.4 57.1  13.7 5.4
31 18.28 12.79 5.49 55.9 12.¢ 47,5
4.6 .40

N

ot 7.0 <40
45 2C.38 i5.50 5.06 21,7 S .7

52 18.€3 11,58 3.65 7.7 4.1 AEANH

ot |
[e4] -~ o w s A% )
w
[o4]
[)8)
-
.
(@]
w

59 15.59 13.39 2.20 1.3 3.9 1o

29 66 14,05 11.03 2.03 10.2 3.6 2.4
10 75 14.01 11.99 5.03 10.3 3.9 6.1

=N 80 15.25 10.8% 2.4C

-
N

s
~
AN N

. .
w o
-~

.
-

TR 94 12.84 10.51 2.53 S.7

L.S.2. 2¢ 0.05 3.2C 327 1.£9 7.0 1D 5.7
?¢0.C1 5-25 -1-3”.. 2039 9-2 2.0 705

4.3.3,%. D metzer vinlis

Urder the ciimatic conrd:itions in the ;oizy g30 ing o
of the lorth ezt Tegion of lasicnia, dr; cta.ccles are cor ercia 1

sbout eight w-eks =Tier fu'l bloom. 4t this tize (I8) a salient feature (7

this experimeni was the way that dry matter rielis of terminzl co;sules and
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the stem and leef corponent hzd declined from their forrer mazima est-
ablished six w-eks earlier. 7y the iime of <xy commercisi harvest term=~
inal capsules were 37% les: and stem and leaves 39,' less snd this gave

a decrerse of 26% in total vlent over the same period. Other workaers

have recorded sirmilar depressions in cry matter yield of either the tctal
poppy pleni or some of its componernits between flowering znd raturity.
Romisch (1958) found a 35/. decline in total plent dry matter yield while
Jeeger and Scrhroder (1959) found a 125 fall in total plant, 22% in stem
and leaves 3nd 40 in capsules dry matter yield. Both Bunting (19463) and
Schroder {1765) have recorded depressions of up to 25% in capsule dry
matter wita some cultivars over this period. Subsequent field experiments
in Tasmania have also shown that the individual stem.and leaf components
harvested separately both decline in dry matter yield over this period to
a similer extent as the ccupesite stem and leaf cc.iponent in this experirent
(Chung, Personal Communications).

This nett pattern of ary matier changes in the total yield of
the porpy after flowering seems to be unusual and contrazsts with a number
of other crops such as maize (Zea mays L.) and rice (Oryza sativa L.).

In tke case of both maize (Zume and Camobell 1972, Duncan 1375) ard rice
(lurata and Fatsushima 1975) total plent yield increased rignt wp to dry
harvest taturity primarily céuze to continuin3i irncreasee in head 2ad grain
vield in these two crops. Howiever both crops stere si.ilar to ihe porry

in thiet the &y me=tter yieid of the stems of both plents decreased by

20 - 25 in ‘ry matter yield in the post flowerins period.

Some Russian exgeriments suggest tiiat the Lcppy capsule at
least is the ceatre of intense pnysiologicsl activity after flo.ering.
Frokofiev znd Codneva (1957) have srnown that the photosyntretic activity of
poppy cagcsules for 10 to 12 days after flo.ering was ecual to that of the
leaves of the central stem zegion. Prokofiev and Zats {1761) also szcwed

that transpiration was greater in capsules tran in leaves, hysiological
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studies «ith otner oil sced crops mzy provide instructive cospariscens and
sugoest aspects winicn could help explain the dry matter charges i the
popoy in whe post-floweriyy period. Various studies with il sced rape

(Brassica rapus I.) have shown that both trhe pods and stem make sign-

ificant contributions to whole plart photosymthesis at fulld Ticom and
after.erdés (.-‘.llen et 21 1971, Inanzga and Kumura 1974), 1In particular
Inenzga and Kumura sihowed that the respiration rate of stem =2nd vods wes
high and that the respiration: photosynilesis ratio increased as tau
plent m:tured after {lowering. This rztio may also be typicelly very
high in tae stem «nd capsules of the poppy in the vost-floweriry periad
and thus contricute to dry matter yield decreases.

Another dhysiological aspect of the 0il poppy which may tarcs
ligat on the decrezse in dry weignt after flowerinsg is tne relative
efficiersy witn vaich it conwverts the translocated osrcducts of photos;mithesis
to structural comgoun.'s ani accownmalates cil . its szedz. Cn this »oint
Pennin: de Vries {1972, 1974) ranks oilseeds generzlly =zs more effic.ent
than cereals or Jegumes, <cut the literature on this area is sparsze and
despite the avernge efficiency of oilseed crops in gerersl it r=y well de
tnat oil poppies are 2 svecial case, This could bve ecsrticulariy so i the
case of the o0il pogpy stro.ins which have been selected for high morphine in
the capsule rather thon for seed production as was ‘e case of the cultivor
used in this experiuent. Plants such es this ziay have a very low effic’.ency
of conversion to porpy seed cil ona dresticslly devlete carbony-irate Tescrres
in tre process.

4,5.3.2, The yield ond .aaturity of vovnyr seed

In this experizent the roisture conient of the seeis of all
cavsules started to decrcase rapidiy 10 days after Zull dloom in contrest to
and independe:nt of the surrounding capsule tissue (Fizure 3). The seed
ripening pattern in this experiment was therefore very siziler to that re-

corded by Bunting (1963) for drier secasons in southern in;lend and that found



79.

-

in Russian evperinents Gy Prokofiev and itholodova (19€8),

‘e developmant of maximum dry matter yield of total seed at
a2bout 30 day= afte£ full tleem is 2lso consiotent "rith Sunting's results
for seed froa terminal capsules (fable 26).

This finel dry matter yield of seed initizlly occurred 2t H4
«hen its dry matter content was apprcximatily 55i. Two weeks later at
Harvest & the dry metter ccntent of seed had Teached 857> wnen the dry
matter content of capsules was only 60.c. Both of these factors of seed
yield and dry matter content are very pertinent to any consideration of
alternative rethods of harvesting a2t any time prior to dry commercial
harvest sirnce the seed is a valuable by-procuct in the Tasmanier culiur:sl
syste:i, Therefore thzse results indicate tnat if waole plants or cepsules
wvere taken at H6, for ex-mple, a significant rroportion of the seed could
probably be sepszrated either before or #fter zriificizl dryirz.

4.3.3.5. Tee vicld of moxchine

The most obvious difierence between the results of thnis
experiment and thiose of similar fuarogeszrn studies was the fact that mexinum
totel plant morcghine yield was sustained over a period of five to six weeks
from 12 (Table 28). Tais contrasted sirorgly with the sharp pezk cf total
plant Lorpnine yield wnich oceuarred during the green stege in these rurop-
ezn studies. TIn Tast Germany, Romisch (1953) found that maximem total
olzrt worchine yield occurred 4 weeks vefore éry asrvest netuyity. izegzr

& Schroder {1949) and Pfeifer & Heycenreich (1942) conciuded sinilerly thut

it occurrei th-ce %o four weexs before dry narvest., In addition sone eariicer,

less detailed studies -ith opium type cultivars in Justralia (Loftus sills
1945) cnd in the Soviet Jnion xeguviic of Kirghizia {ilikonov 1258) alco
suggested that total plawt morphine vas at 2 maximun winile tie plant wes

grecn,

It hus been pointed out b, sunting (%943} tnct cooprrizons of it

of poppy harvest wvetween differcnt environments are difficult to meke unless

3



moisture contents #re sprecified. 1In the case of the experiment of

Roriscn {1958) the nmoximum total plant morphine yield occurred ai a to%al
gl nt dry matter cor:tent <f Zbout 16, viile ilzeger & Ochroder (1959)

founé maximum morphine at 145 and 23,. in different years., Ffeifer &
FPeydenrcich (1962) do net give specific dry matter contents but treir
description sugg:ets thet maximum total plent morphine occurred =%t z com-
parable stzage to tire other ast German workers guoted. In this Tasmenien
exreriment totsl plont mor.hine was sustazined up to a total plant dry
ratter contart of approximetely 50:5 which cccurred at 16 (two weeks oefore
dry harvest maturity). In particular the results of the expeciment of
Rkomisch (1958) are strikingly different from the Tas:anian resulis, in
Romisch's experiment with the cultivar iichndorfer both the totzl plant
morrshine concentration snd total plant morphine yicld had decreaced greatly
by the dry comcercizi capsule stzge. ot thiis time the mocphine corwen-
tration -wvas only one-half and the morchine yield only onc~third of their
former mayira, established four weeks earlier.

The fact thet .axioum total pl-nt rorchine persisted ir this
experinent to a much lower moisture content than those quoted in tite lurop-
ean experiments could te of censiderable practical importznce. At E€ or
two weeks yrior to the averzze tise of commercial ripe cegrsule harvesy, the
pozpy Plen% is dring out very guickly in the Tasmanien environment (Fimvre
3). This aspect is very importrrt in any consiéeration of the practicel
feasibility of extrecting mezphine from the whole plen% or from sreen
capsules botn witin resrect to the cost of transport -rné the costv of drsir -

Fersistence of maximum total vl:nt morphine yield up o two
weeks prior to comaercial haxvest in this experiment was atiritutable ts =
number of factors. Tirstly the high morshine coriceniration of both ter imaj
and lateral capsules ¢id not reach a veak level until I6 (Table 25), <“hus
the raie of increase in total capsule worphine concentiztion up %o ::6 oifset

the decrease in .(ry matter sield of totcl copsuics and hence moxinum toisl
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capsule morphine yizld persisted (fadle 25).. In this experizerl, lateral
capsules coniributed 40F. of the morriiine comingy i{rom overall cispgule in-
pvt and the concentration of morphire from lztersl capsvles equzlled ihat
of terminat capsules at Ho. This is in contrast to the work of Xleinschmidt
& liothes {1958) who found that lateral capsules were 20 lower in movphine
concentration then terminal capsules. Secindly the morphine yield cont-
ribution from ine stem and leaf component followed a somevinat sir:ila=
pattern to thzt from czpsule sources in that it remained virtually constant
up to {6. But bevi.een this point and H8 the morphine yield of stem znd
leaves fell 10 less than half its former* volue, primarily due to a 535 decline
in morghinz corcentrztion (Table 27).

The relzative yields of morphine ottained in this experiment ¢ty
harvestins whele pl:nis or caysules czn e compared ,ith the results of sim-

n articulzr a cowonrison cen ce made vetwe=zn the

k)

ilar Suropean svudies,
morphire derived frce. vhole plants harvesied =t peak morphine yield with trat
derived frcm capsiiles glonre, harvssted at dry conzercisil maturity. :his ratic
was 1.5 : 1 in favour of vhole plents in this Tasmenian experiment and it noy
be compzred with ratios of 4 : 1 obtzined by Romisch (1950) ad 2 3 1 by
Heeger & Scaroder (19‘)9).

Generalily then tke relatise advantzge of hzrvesting fue wacls
plant or sreen czysules 'viti: sore proportion of stem is less in Tesmenia than
in the “urciean studies. dowever the later developzcnt of maximue ror_hine
in tke Yesmanian environment zndé the resulting lovier fresh catter yielé covld
be 2 prezctical =2avantsge (Tzble 2€)., 1f harvesiing of the zreen »l=nt or iis
comporeats were w.eériaken then tre use of »lant desiscants coulZ be a method
of decrecsing the fresh harvested weight. .otin & Segal (12€8) used rarasuat ,
diauat end megnesium chlorate to desiccazte ropyies in Ziucrsian experiments and
this uié not reduce sced vield, germinziion or the morchine ccrntent of cdsules.

Similarly in Yugoslavia, Gozeven (19%3) found %ot if perpy cup-

sules were harvested ~hile green the yield cf seed znd oil was only
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slightly reduced.
4.4, Ceonclusions

In botn experimenis 4.2 and 4,7 in which the capaules were
sequentizily harvested between flovering and maturity there was a common
pettern, fiorshine concentration of capsiles built up to a maximuz about
gix weeks aftexr full bloom. dowever in experiment 4.2., carried .cut through
the wet hervesting season of 1972/73, mcrphine concentration Geclineé ruck
wore shardly after the maximum had been rezched. Therefore in wet years,
popny crops :ould ;roonbly experience sericus losses of morphine if left
standins in the field long after optimuvr maturity,

when the wliole plant was divided into its com:ionents in the
experiment of 1973/74 the yieid of a:l components except seed rezcsed a
saximum coout twWo weeks after full vloom end thepdeclined successively
towards dr; narvest -awurity. ‘The rutually compencatin_ factozs of de-
crgasing dry aaticr yield and incressing mo.rhine concenirszticn gave
similexr total »lznt 2orinine yields 3t any time of narvest from two to
seven w ceks 2fzer full bloom. The morpaine extracted from tre wholie »lant
at these times of narvest was about 59,. greater than that derived from

capsules slone at the time of dry commercizl harvest. (Experiment 4.5-).
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5. THE EFFECT OF NP NUZRITION ON DRY MATTFR YIELD AT DIFFSRENT TIMiES OF HaRVES

S5«1. Introduction

In section 2.3. and 2.4. of this thesis it has teen shown that N
x P interaction effects occurred in terms of capsules, seed and morphine yield
when the plant was harvested at dry maturity. In these experiments the
various NP fei'tiliser combinations were banded eitner by pre-drilling or by
placing directly under the seed. No Tasmanian experiments had studied the
effect cf these banded N P fertilisers on the whole poppy plant or its
components harvested in the green stage nor did any appear to have been
reported in the literature. Therefore when the experiment of harvesting
the plant green for morvhine extraction wias considered, the aspect of N P
nutrition was included as one of the important variabies.

The object of this phase of the overall studies was therefore
to assess the ef{fect of combinations of banded N and P fertiliser on dry
matter yield of total plant and its various components when harvested at
weekly intervals between full bloom and one month after dry maturity.

5.2. MNaterials and lethods

The detailed description of the experimental method has already
been given in section &,3., however some of the :ore salient features of
the fertiliser rates are repeated here. Angionium sulphate was applied at
NO

zero and K1 = 100 kg/ha N and concentrated superphoszhate (20% P) at

[}
L}

PO = zero and P1 = 100 kg/he P. In addition all the P treatments received
10 kg/ha P as normal superphosphate (10% P} mixed in contact with the seed
at drilling. In 2ddition to the weekly harvests tae<xen after flowering two
additional harvests of the complete young plant {excludirg roots) were
taken eight weeks and twelve weeks afiter sowing. Tih.e experimental site
was a Krasnozem oftpﬁ 6.2, available phosphorus 51 v.p.m. P, and availabie

potassium 83 m.2./10 km soil {Colwell 1965. See section 2.2.1.).
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5.3. Results

5.3.1. Xarly growth respenses

The application of nitrogen fertiliser bandud with phosphorus
had a marked impact on dry matter yield in the earlier stages of growth.
However it can be seen from Tables ?® and 31 that the effect of N depencded
very much on the level of P at which it was applied. At the zero level of
P, nitrogen had a depressing effect on yield at eight ireeks and produced
a comparatively small growth response at twelve weeks. In the presence of
P, nitrogen gave a 43% increase in dry matter yield at eight weeks and @
74% incresse at twelve weeks. This pattern of yields gave marked N x P
interaction effucts which were significant (P € 0.01) at both times of harvest.

Flates 6, 7, 8 and 9 also illustrate the visual impression of
these treatments at the ten weeks stage of growth.

Table 30. The effect of banded N and P fertilisers on dry matter yield of

whole plants eight weeks after sowing (kg/ha).

PO Pi Mean
NO 25 64 ks
N1 21 g5 58
Mean 23 80

l.s.d. Zertiliser means 1l.s.d. within Table 30
P ¢ 0.05 =6 P < 0.05 =9
P (0.01 =9 P < 0.01 = 13

Table 31. Ths effect of banded N and P fartiliser on dry matter yield of

whole vlants twaive weeks after sowing (ke/ha).

PO P1 Mean

NO 708 1643 1176

N1 8ok 2871 1828
Mean 756 2257

l.s.d. fertiliser means 1l.s.d. within Table 31
P < 0.05 = 1 P < 0,05 = 222
P<oo15=a§g P < 0.07 = 328




late 5. A general view of the '"stringing'" method of splitting main
fertiliser vlots into sub plots for yield measurements at various times

of harvest.
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Plate 6. Nil fertiliser plots showing low relative vegetative grcwth ten

weeks after sowing.

Plate 7. N fertiliser plots with plant vigour about egual to a nil fertiliser

plot on the left (see also Flate 6 above) at the ten week stage.
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Plate 8. Flots with P fertiliser made gquick early growth relative tc nil

fertiliser {Plate 6) or N alone (Flate 7 at the ten week stage.

Plate 9. N + P fertiliser plots at the ten week stage showed obvious visual

improvement over P alone (Plate 8).
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5.30.2. Number of cavsules Per plant

In Table 32 the number of capsules per plant is set out
as a mean over twelve times of harvest. It can be se:n that the general
pattern of response is similar to that of early dry matter accumwlation in
that there was a small increase due to nitrogen at zero level of PO, a 30%
increase at P1 and an N x P interaction. All effects were significant at
the P € 0.01 level.

Table 72. The effect of banded N and P fertiliser on the mean numbers of

cansules ver plant.

PO P1 Mean
NO 142 1.67 1.55
N1 1.54 2.17 1.86
Mean 1.4é 1.92

l.s.d. fertiliser meaas l.s.d. within Table 32
P ¢ 0.05 = 0.07 P € 0.05 = 0.10
? ¢ 0.01 = 0.10 P €0.01 = 0.14

5.3.3. Tertiliser effects on cansule yisld

In the case of terminal, lateral and total capsule yields
there were no interactions between time of harvest and fertilisers nor
between fertiiisers and the svray treatment. Beczuse of tais the effects
of N and P fertiliser set out in Tables 33, 34 and 25 below are the nrcans
of the sprayed and non-sprayed treatients themselves meaned over twelve
times of harvest. In effect then, the mean capsule yields set out in these
. tab%gs are indicative of the general effect of fertiliser at any time of
har;est:_ “This observation vis-2-vis capsules also applies generally to
stea + le;;es (Pable 39) and total plant {(Table 40) but not to seed yield
(Tables 36 and 38).



&9.

5:3e3.1. Terminsl cassules

There was a sifmificant (?40.05) derressirng e‘fect
of F on terminal capsule yizld and no ei"ect of ¥, T the case o terainal
capsules tilere was 21so a time of nervest x soray x P interaction wiich was
barely significant, This was mainly atridbuiable to variations in the
spray effect 2t the earlier harvest and does not subsiantiully affect the
asswuptions £s to the generalised effect of {ertiliser.

Table 33. The renn effect of tornded "7 2rd P fertiliser on dry metter 7i¢i6

of termin=l crpsules (ke/he).

FO F1 Kean
N0 963 939 951
N9 951 90€ 929

Iean 957 923

lss.d. fertiliser pesns

P<0.05 = %2
F<£C.01 = A%

5.3.3.2. Lateral causules

The efZect of ! ans P on laterzl cagsules contrzsizd
strongsly wisi. the effect on teraiinals in %hat tnere was a lerge yicid increasse
(P<0.01) due to botn of thece elevents ani & significant (I‘QCJ.:Z‘;) o 2

interaction. :lihcush this pattern of dry uetter yield was parzly =

reilection of tn. :.pact ¢ feriiliser on capsule numters {nere was 2130

pon

L]

another effect on weight per cipsule. 4is scen in Poble 32, V1 z..lind -f
P1 gave a2 30 increase in capsule numiers ever N0 at ®1 sut i1 gave a 57°
increase in dry matter yield of later2l cavsules for the same comisrienn in

Table 34, g :



Table 34. The mean effect of banded N and P fertilkser on dry watter yield

of lateral cavsules (kg/ha).

PO P1 Mean
NO 23k k8 291
N1 293 546 L20
Mean 264 L4y

les.d. Tertiliser means l.s.d. within Table 34
¥ <0.05 = &2 P ¢ 0.05 = 59
P £0.01 57 P «0.04 = &1

1

5¢3¢363.. Total cavsules
The effect of fertiliser on total capsules was con-
ditioned by the small depressing effect of P on terminal cavsules (Table 33)
and the large yiel-d increase of P witl lateral capsules (Table 34, There
were therefore significant mean effects (P < 0.01) of both P and N and
because the effect of P is much more marked at N1 than NO there was also
an N x P interaction (P ¢ 0.05) (Table 35).

Tavle 35. fhe mean effect of banded i¥ and Z fertiliser on dry matter wield

of total cavsules (kg/hal.

PO P1 Mean

NO 1197 1286 1242

N1 1243 1452 1348
Mean 1220 1369

i.s.d. fertiliser means l.s.d. within Table 35
P £ 0.05'= 5& P ¢ 0.05 = 76
P 20.01 = 73 P €0.01 = 103
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S5.3.4. Fertiliser effects on seed yield

5.3.4.1. Seed from tersinal capsules

The yield of seed from terminal carsules was affected
by both time of harvest x phosphoris and time of harvest x aitrogen inter-
actions. For this reason the mean yiclds of PO, P1 , NO and N1 were set
out in Table 36 for all times of harvest. ‘The P effects were meanesd over
all levels of nitrogen and the N effects were meaned over all levels of
phosphorus.  In contrast to the yieids of other plant components, ihe effect
of P was cevendent on time of harvest. {Up to harvest 5, phosphorus tended
to increase yield and after harvest 5 to depress yield of seed from terminal
capsules.

The application of nitrogen initially tended to increase yield
but after harvest 2 the effect of W was to progressively depress yield. &t
harvest 3 the mean yield of N1 was %% less than NO and by harvest 8 mean seed
yield of N1 was 17% less than NO. This may be compared with 2 simiiar but
lesser depressing effect of P of 11% at harvest 8.

Table 36. The effect of fertiliser treatment and time of harvest on the mean

dry mwatter vield of seed from terminal cavsales (kr/ha).

Harvesi: Days from
Number Full Bloom PO P1 + NO N1
H1 10 | 248 3ko 259 229
H2 17 741 885 803 823
H3 24 137 1211 1195 1153
H4 31 1385 1446 1468 362
HS 38 1542 1579 1624 426
H6 45 1523 1500 1614 1409
H? 52 1597 4487 1630 145k
H8 59 1649 %72 5 1709 1412
H9 66 1653 1442 1668 1427
H10 73 1768 1627 1792 1602
H1 80 1431 1407 1548 1258
12 e 1446 1349 1484 1312

Mean I 1343 1312 1399 1256




l.s.d. for fertiliser means of Table 36 « .« vo e 2o oo 2o P < 0.05 = 56
P < 0.0l = 76

l.s.d. within Table 36 for cOmMpParing se v. «e oo oo oo oo .. P < 0.05 = 222

yields of different fertiliser levels P < 0.01 293

either at any one time of harvest or at

two different times of harvest

l.s.d. within Table 36 for comparing s« <o ee ee «e oo .« «» P4 0.05 = 140

yields of any tvo times of harvest at P £ 0.01 = 185

any one fertiliser level

The calculations of standard errors and t values used for computing l.s.d.
figures for comvarisons of means and values within Table 36 followed the

method set wvut by Cochran and Dox (1966) for split plot designs.

5.3e4.2. Seed from latercl capsules

In contrast to terminal seed yield the yield oi seed
from lateral capsules was not affected by time of harvest x fertiliser
interactions. For this reason the effects of fertiliser could be exvressed
in Table 37 as the means of svrayed and non-sprayed treatments themselves
meaned over the twelve times of harvest. Phosphorus had a mean effect of
increasing yields of lateral seed by 44% (P < 0.01) znd nitrogen increased
lateral seed yield by 20% (P < 0.05).

The yield of seed from lateral capsules was affected by tiie
initial impact of fertiliser on capsule numbers (Table 32). However this
effect differéd to some extent from that on lateral capsules themselves
(Table 34). VMmen N1 was applied at P71 there was a 23% increase in yield
of seed compared with NO at P71 but the increase in cavsule rumbers per plant
was 30% and in capsule yield 57% for the same comparisons. Therefore
nitrogen decreased the weight of seed per cassule but increased the weight

of individual lateral cavpsules.
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Table 37. The effect of banded N and P fertiliser on dry matter vield of

seed from lateral cavsules (kg/ha).

PO P1 Mean
NO 311 L33 372
N1 261 53l 448
Mean 335 Lgk

l.s.d. fertiliser means
P ¢0.05 =98
P £0.01 = 79

5.3.4.3. Total seed yieid

The various factors influencing the yield of seed from
terminal and lateral capsules had a nettcompounded effect of giving a marked
yield incrzase with phosphorus but a spray x N interaction. For this reason
Table 38 sets out the mean yield of twelve times of harvest in the sprayed
and non-sprayed situation in addition to the effect of P meaned ove:r syrayed
and non-sprayed plots.

Phosphorus fertiliser had a significent (P < 0.01) effect in
either the sprayed or non=sprayed treatments. But although nitroger had
little effect in the sprayed treatiments it had a significantlz depressing
effect (P ¢ 0.05) in the non-sprayed treatments.

Table 28. The effect of fertiliser and spray treatments on the dry matter

vield of total seed (kg/ha).

PO P1 Mean Spray Non.sprayed Hean
NO 1712 1829 1771 1808 1754 1774
N1 1645 1760 1703 1837 1568 1703
Mean 1679 1300
1.s.d. fertiliser means l.s.d. spray x il effect within Table 33
P < 0.05 = 80 ) P ¢ 0.05 = 114
P €0.01 = 110 P < 0.01 = 155
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563.5. Fertilisecr effects on stem and leaves

The effect of fertiliser on the yield of stem and leaves
followed tne pattern found .ith capsules in that there were highly significont
effects of N and P (P ¢ 0.01) and a significant N x P interaction (P ¢ 0.05).
There waz also a time of harvest x spray x P interaction which will be
discussed in Seciion 6 of this thesis but which did not alter the basic
pattern of N and P responses set out in Table 39.

Table 39. The effect of banded N and P fertiliser on dry matter vield of stem

and leaves (ke/ha)

PO P1 Mean

NO 5031 5670 5351

N1 5381 6687 6034
Mean 5206 6179

l.s.d. fertiliser means 1l.s.d. within Table 39
P < 0.05 = 27% P ¢ 0.05 = 390
P <0.01 = 37 P < 0.01 = 531

]
"

Se3.6. Fertiliser effects on total vlant

Because of the dominzting influence of total carsules and
stem + leaves the effect of fertiliser on total plant yield was predictably
the s2me as that aiready shown for these two components. That was, a highly
significant effact (P ¢ 0.01) of both N and P 2nd a significant (P < 0.05)

N x P interaction.

Teble 40. The effect of banded N and P fertiliser on mean dry rmatter vield
of total vwlant (k=/ha)

PO P1 ifean
NO 7948 8785 8367
N1 8273 9210 9092
Mean 8111 9343
l.s.d. fertiliser means 1.s.d. ‘atiiin Tadle &C
P <0.05 = 375 P £ 0.05 = 520

P<0.01 = 510 P ¢ 0.01 = 722
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Plate 10,  The relative differences between plots without fertiliser
(nil on left) and plots with P (on right) had lessened at
the stage just prior to flowering (Expt. 5.)

Plate 11, it flowering the height difrerences between nil (at left) and
plots with P (on right) were narrowing. DBut overall vigour

and leafiness of the P treatment were still greater (Expt. 5.)
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5.4. Discussion
Solte1. General

It is qui’:e clear from Tables 30 and 3t that the banded N P
combination made a large impact on growth of the poppy in the early stages.
Eight and twelve weeks after scwing the N1 P1 treatment gave 48% esnd 74%
greater whole plant dry weight than P71 banded alone (Tables %0 and 21).
Later in the ontogeny of the plant and just prior to flowering the plants
without phosphorus fertiliser had reduced the large growth discrepancy compared
to those with phosthorus (Plate 10). However even on a soil of relatively
high available phosphorus and a cultural regime that virtually removed the
limiting factors of low soil moisture and competitive weed growth, sigpificant
differences were still maintained after flowering {Plate 1.

“he primery aim of this aspect of the study was to assess tze extent
to which N x P interaction effects were expressed when the poppy plant com-
ponents were harvested in the green stage bYetween flowering and dry matarity.
It can be seen from the data of Tables 34, 33,39 and 40 that there tere
N x P interaction effects for lateral and total capsules, stem + leaves and
total plant. Furthermore there was no interaction between fertiliser end
time of harvest for these components and therefore it may be concluded that
these mean effects are indicative of the general situation at any of the
twelve times of harvest.

Because of the N x P interaction effects which were expressed in
this experiment the W1 P71 treatment outyielced the NO P? treatment for lateral
capsules, iotal capsules, stea + leaves and total rlant by 57%, 13is, 1845 and
13% respectively. The effects on terminal cagsules and seed yieid were more
complex and the implications of the patterns of response which were obiained

with these components are set out in greater detail below.
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5.4.2. Capsule yield
Next to general vegetative growth of the wrole plant the

first noticeable effect of banded P fertiliser, and in particular the N1 P1
combination, was the effect on numbers of capsules per plant. The N x P
interacticn effect was expressed as a 0% greater number of capsules ver plant
at N1 P1 compared with NO P1 and this effect strong%y controlled capsule dry
matyer yields (Table 32).

The overall effect of the N7 i1 corbination was to give &z 13%
increase in dry matter yield of total co.psules cowpared with NO E1 (Table 35).
However this nett result was wade up of a large N x P interaction effsct from
lateral capsules (Table 34) and a small but significant yield depressing
effect of P application on terminal capsules (Table 33). HNitrogen also
showed a trend {not significant) to depress the yield of terminal capsules.

The fact that the yield of terminal capsules was depressed by
relatively high rates of P (100 kg/ha P) in tlis experiment may be a point of
potential practical iwmvortance. The numbers of cavsules per plant were
increased by P application from 1.5 at N1 PO to 2.2. at N1 Pt and this may
involve two possibilities: (i) A re-distribution of plant nutrients and
substrate within the plant which are then diverted to lateral capsules at the
expense of terminal capsules. (ii) A specific depressing effect of high
levels of N and P on terminal capsule yield. Cne possible implication of
the latter hyrothesis is that if poppies were drilled at a higher densily than
the S0 plants/m2 used in this experiment total capsule yield depressions rmay
result from the application of high rates of banded N P. Increasing the
plant density to a point where there was a situation of only one c;psule per
plant could be considered as a possible way of enhancing the uniformity of
seed dry matter content and hence seed maturity at the earlier times of
harvest. It may be that this manoeuvre would accomplish this end bdat at

the same time depress or at least minimise the capsule yield response to

banded N P fertiliser.
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No studies of the effect of factorial combinations of banded
N P fertiliser at different plant densities have been carried out in Tasmania
nor does such work appear to have been‘recorded 331 the literature. However
in a plant density study with oil poppies on a krasnozem at the same location
as this experiment, Frappell (Personal Communifation) has showm that there was
a slight tendency for total capsule yieid to decline as plant densi¥y rose
from 50 to 150 plants/mg. In this study capsules were not divided into
terminal and lateral components and N P fertilisers were banded only at
moderate rates of 20 and 40 kg/ha respectively. However this trend moy be
a reflection of the tendency for terminal capsule yield to decline as plant
density increases and this may be aggravated with increasing application of
banded N and P towards the high rate cf 100 kg/ha used in this experiment.

5.4.3. Seed yield

The effect of banded N P fertiliser on seed yield was more

complicated and differed markedly from :its effect on total capsules, stem +
leaves and total plant. ‘Whereas N x P interaction effects were shcowm at all
times of harvest for the latter comvonents the effect of these fertilisers on
terminal seed yield varied at different harvests. As seen in Table 36 there
were time cf harvest x P and time of harvest x N interactions for terminal
seed yield. And in these interactions both N and P progressively recuced the
yigd of seed from terminal capsules as the time of dry commercial harvast
aporoached. However this trend for terminal seed yield to fall was masked
by the effect of both N and P in increasing yield of seed from lateral
capsules {Table 37).

The nett outcome of the differing effects of N and P fertiliser on
terminal and lateral seed yields gave a total seed yield which was increased
by P application at all times of harvest. But the effect of N was medified

by a spray x N interaction in which N had a nil effect in the sprayed situaticn



99.

but a significantly depressing effect in the non-sprayed situation. The
implications of this effect will be discussed further in section 6 of this
thesis.

The effect of higher rates of banded N and P fertiliser on the
yield of seed from terminal capsules musy also have imgortant practical
implications. The data of Frappell (Personul Communication) also showed
that there was guite a marked tendency for total seed yield to decfease as
plant density was increased. Therefore the argument that was used to
predict decreases in terminal capsule yield under a high density culiural
system with high rates of N P fertiliser may also apply a fortiori to the
possibility of decreases in seed yield.

In addition to the possibility of high rates of banded N P causing
yield reductions at very high densities, the converse may also arply. That
is, the yield increases of capsule and seed achieved at the density of 50
plants/m2 used in this exveriment with N1 P1 combination were basically
attrihutable to the effect on number of capsules/plant. It is therefore
possible that still higher yields could be achieved at lower densitie: with
similar high rates of N and P. If this latter relationshiv did aoply to
such an extent that the larger capsule numbers were diffused over a g:reater
length of the plant then it may be disadvantageous for machine harvesting at
the dry capsule stage. It may mean that excessive guantities of stea would
need to be included to reap all the cavsules. This speculation raises the
further possibilities of breeding more suitably compact varieties or altern-
atively the possibility of harvesting the whole green plant or part of it as
discussed in Section & of this thesis.

S.4.4. Nutrient imbalznce

An alternative explanation of the decreases in yield of
terminal capsules due to high rates of banded P (Table 23) and the decrease

in seed from terainal cagsules due to high rates of banded N {table 36) may

~
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be partially related to nutrient imbalance. &lthough soil potassium levels
were relatively high in this experiment (83 m.e./10 kg of soil) K may have
become a limiting factor :t the high levels of 100 kg/tia for each of N and P.
When potassium was applied at 75 kg/ha on the krasnozem it failed to give a
response when broadcast in factorial combination with 15 kg/mna P sinilarly
broadcast (Fravpell, Personal Communication). However responses may still
be obtained from K application at the higher levels of P used in this experiment
5.5. Coaclusions

¥n this experiment W x P intexaction effects were recorded for dry
matter yield of total plant at all times of harvest after flowering {'fable %0).
Prior to flowering and when measured twzlwe weeks after sowing the N1 21
treatment exceeded NO P1 by 74% (Table 31}). N x P interaction effects were
also recorded for the components of lateral capsule yield, total capcule yield,
total csecsule number per plant and the yield of stem and leaves. For these
characteristics N1 P1 exceeded NC P1 by 57%, 13%, 30% and 18% respectively
(Tables 3%, 35, 32, 39).

Phosphorus fertiliser had a small but significantly depres:ing
effect and nitrogen had a nil effect on terminal cavsule yield (Table 33).
However the yield of seed from ter.zinal capsules was modified by a tiiie of
harvest x P and also by time of harvest x N interaction which resulted in
yields beinz devressed at the later harvests (Table 36). Hean seed yicid
from lateral capsules was increased by both N and P at all times of harvest

(Table 37).
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6. TH3 ITTCT OF FUFGL CH YI- D OF :ORFIDNS

6.1, Int:odaction

In the feriiliser experiment cdescribed iz section 2.4, the cepsules
were heavily infected with fungi and nmorghine levels were only abcut half
the expected average., This tyse of variation has been experienced in the
Buropean poppy srowing areas and some authci's have attributed a siznii-
icant part of the variation to fungal attack (Kopgp 1957, Kleinsckpidt and
Mothes 195.8, Miczulske 1967).

In the field fertiliser experiment at Forthside in 1970/71 {2.4.)
many of the capsules with surface growth of fungi also arpeared very sus-
ceptible tc bird aitack with obvious cracking of the cazsule wall., Tais
sug.;ested that tine fungi hed actually peneira.ted and veskened the carsule
wall anc¢ strengthered the susgicion that they may have teen significarnily
involwed in the low morpnine ccrnceniratior of capsules.

Semples of fun 'al-colonised capsi:les were taken from this field
exgeriment ior identification of the funzi involved, }icroscopic secticrs
of the cavs:ille wall were also taken from carsules free of funzi znd ti:ose
with heavy fungal growth. In addition the. fung;al isolates were inoculated
cnto ground cersule material to assess whether they could break cow zor-
thine., Tais exDeriment ard the idertificztion of capsules are dcscrited in
section €.2.

In the 1971/72 season, alihough fungal colonisation of czpstles
was ‘relatively low some associstions were drawn betwesn degree of funzal
cover and carsuls morphine cortent. |Msse studies are set out in secticn €.3.

In the field experinent of 1273/74 stud,ing tire of harves? iz
set out in detail in section 4.3., fungicidal sprays were also incluged.
The object of thnis wzs as Zollcws:-

(i) To assess the effect of funzicidal sprajs on the dry matier ard
morghire sields of the various glant couiponerts when the -twle

plant vas harvested at werkly intervzls after full bloom.
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Plate 12, 4y external view or 4 heavily infected capsyle (left) witn an
uninfecteq Capsule on the rign

t.

UTAS
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(ii) To monitor the development of fungi on terminal capsules at each tinc
of harvest.

The results of tiis study are set out in section 6.4,

6.2. The Lffect of Minri on the ilgrrhire Concentration of Ground

Crpsule 'eterial
6.2,1. Materirls ond lethods

6.2.1.%. Fun 2l identification

Capsules were exanined from the field experiment at
Forthside (section 2.4.). In all cases fuagi were sporulating on caps:les
1d readily identifiable. 1Isolates were maintained on slopves of potato
dextrose agar. Isolations from seed were 1rade by placing directly on PiA
plates cosmercially captan—dusted seed, undusted seed from infected cap-
sules and seed which Wwzs surfece sterilised for one minute with 0.1j
mercuric caloride.

licroscopic sections of fungal-colonised and non-colonised capaule

wall are shown in plates 13 and %4 at a magnification of x 300.

6.2.1.2. Funral inoculation of zround caosules

The ability of the three isolated fungi to utilise
morphine wag determined 3y growing them on a moist ground capsule wediuvm and
analysing this for morphire content., %“hole cadsules, not incluvding seedg,
were ground in a mill to pass a one mm sieve. This materizl was divided
into equivalent szmples of four grams by repeated coning and quartering.
Twenty nine samples of four grass each were plzced in glass petri diskes.
Jach sample was mixed to a paste with 5 ml. of deionised water. Samples
were autcclaved at 118°C for 20 minutes and morphine is stavle at this
temperature,

Inoculatiorn with the three fungi was carcied out by placing five
pieces of S5mm sguare PDA with actively growing mycelium on each dish of auto-
claved, cooled medium. I[nere were six replicates of cach fungus and contruls

of moist, uninoculated cepsulz materisl. inese were incubsted in a humid
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atmosphere at 24°C for seventeen days, when one repiicate was analysed to
indicate the rate of morchine breakdown. 7The remaining plates were exan-
ined for tre opresence of contaminants and arnalysed on the tventy-fourth
day.

Try, uninoculated powder was rateined for morphine anzlysis to
indicate whetr.:r hydrolys:s or generzl breakdown of morphine was occurring
in the moist semples. In this experiment the six replicates were set out
in a2 completely randoriised desigm.

6.2.2, Zesulis

5.2.2.1. Idertification of funci

The fungi occurring n»n tre surfaces of cagsules in
this experiitent were sent to the Comionwealth liycological Institute at Kew
in the Unitezd i.ingders. Whey .ere iccntified as follows:- Cladoswori-wa

adoszorium kerbarum (lers) Link ex 3. 7. Gray,

1
iltersariz zltornta (Tr.) Zeissler, Steachylivm vesicorium (.allr).

Sirocns, tne conidial stage of Pleospora vapaveracez (e Hot) Sacc.

Only alterneriz sp. and Yelminihiosvorium sp. (the imperfect

stage of Pleosvors vacaveracea) were isolated fron captan-dusted sndé sur-

iface sterilised sced.

£,2,2.2« licroscopic exaninetion of caosule wall secticns

A comparisun of inf'ected ard non-iniected capsule wall
sections showed that the furgl khad penetrated thae interior of the wall ind
dis upted the cellular structure (Plates 13 and 14). The fzct that seed

was 2lso infecied implied that fung! had penetrated right into thae inverior

of the capsules,

6.2.2.3. ilorohine concentration of dry sround ceusules inoc:loted
with fursi

The morphine concentration of ungal inoculated ard

uninoculated capsule material is set out in Table 41, 4&lternsria and
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Plate 13, A transverse section of the wall from an uninfected capsule
showing vascular bundles and related laticifers (see 1.4.),
Stained with haematoxylin. (x250).

Plate 14, A transverse section of the wall from an infected capsule
- showing surface colonisation by fungi and penetration of
hyphae into the interior with disruption of cells, Stained
with naematozylin. (x250).
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rielriinthognorium (J)endryphion) sp. aepressed :ogrpnine cenceniirations to

levels very significsontly (P<0.,01) less than either iie moist {autoclaved)
or dry uninozulated treatments or Cladosporiiua (Table 41).

T2ble 41, ‘The effect of isunci on the rornnine conceniraticn of édry srourd

cavdsules 24 days after inoculatiocn

Treat. Treatment Foxrphine %
No. 24 days 17 days¥

¢

Alternaria 0.5 0.23

2 Cladesporiua 1622 1.26

3 Heininthosporium 0.1C 0.1%

4 Y¥oist wrinoculsted 1.25 1.31

5 Dry inoculzted 1.40 1.40
L.S.3. P¢0.05 0.042
¥ <«0,01 0.057

*  The morgsr:ine conceritrations at 17 dezys after inoculaticn were ovisined
fron a sinsle replicetion.

6.2.2.4, Zete of srouth of fungi

.ita the method of inoculation used for the fucrgli showm
in Table 41 a tiize lavse was erpzrernt tetwesn inoculation eni complete cov-
erzge of the rlant «ith —ycelium. 7This tize differed between fun:i zni tre
ti..e tawen for coziplete ccverase oy the respective fursi ic cet out below
in Tz2ble 42,

Table 42, The tize intervel between initicl fupral inosulsticn ~nd

corviete coversse of Tetri disnk {Jzys)

Tungi Yo. of Days
Alternaria 8
Helzinthosporium 13

Cladosporium Incomplete after 24 days
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Flate 15, the hand surzy epparatus with toom and nrotective baffles used
to azply fuangicices te thr crrzy treated plets.

Plate 16, Petri dishes of srouné ccpsule ghowing grovth of
(1) Helminthosporium, (2) Alternaria, (2) Cladosporium,
(4) boist control, (5) Dry control.
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6.2.3. ‘iiscussion
It is quite clear from th: data giver in Tzble 41 that

both tle :lternaria sr and the _elnirnthosoorium so “ungsi drasticaily reducec

capsule morzhine to less that one tenth of the level in the dry, unincculated
controls. 21so the isolation of flterneris st and Ielminthosporiuxn sv from
the seed conf.raed the visual evidence of the microscopic ckservation (Pliste
14} that fungi do peretrate and disrupt the ceilular structure za¢ enter tae
interior of the capsule. i

The fact that Cladosvoriuwm did not reduce morvhirne concentrztion
significantly below trnet of the Jry uninoculeted control m=y be a reflection
of the exverimental zmetiod used. Cladosrporium had a slow rate of latent:l
spreaé on ithe surface of the ground capsule ard zven after 24 days dia not
completels cover tze surface. ‘The kigh roisture level of the capsule aelium
ray lave irhivited its siread arndé thus licited the poscibility of worrhire
brezkdctr, On this ssdect Tollstad (1966) re:orted that aeration -zs a
vital facler in the growth of Clzdosgorium herbarum. In addition to *hig,
Clzadosporium was tre dominant flunn3us colonizirng thae surface of czPsules in
the fiela trial at Fortl.side (section 2.4.) and one of the t.o reported by
Ficzulska (1967) as bein7 associated vwith morwhine losses in Tolish exier-
iments.

£ point of socie importerce in this exeriment was tiie fect it
tae moist, uninoculated corm:trol wes significantly lower in morghirc thon the
dry uninoculzted cspsule meterial (Table 41), This may imviy sorme forz of
hydrolytic breakéown of rmorphine and cen te co.pared with the observaticn c?
Kopp (1957) th2% harvested capsules stored in a moist at.rosphere srowed
significant reduction in morphine content.

6.3, Tne Association between Iun-al Colorisation =nd -orpnine Concer-

tration of Intact capsutes.

6.3.1. HMaterials snd ! ethods

The association betvieen degree of irtfection and worchine
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levels was studied in a 2 x 2 factorial at Forthside VesgetaXle iiesearch
5tation. Tae piots were drilled 3rd October 1971 with M0 = lero, and 31 =
200 kg/ha. M as anxonium sulphate. Concentrated supcrphesphote was agglied
to give PO = zero and P1 = 200 kg/ha P. All treatments had contact P
applied : witt the seed to _ive 20 kz/ha P. A Tasmanian cultivar was d.:illed
in 200 wn rews and the plot size ‘was 8.5 melres long and i.6 metres wide.
The plots were laid cut in a randomised bdlcck with four replications. =4t
harvest on tie 28th February 1972 tae com‘oi'ned termiral end laterzl causules
were givid<d irvo threse sut-plot categories Geprending on the percente.e of
the total curfuce arza which was colonised By fung£i. The three categories
were Jjudged by eye as follows :— 3Slight = 0-1055, Medium = 13-30,c, Cevare =
30,0
6.3.2. hesults

As there were nc interactions tetween fertiliser ireat.ent
exd iriection categories the morphine corncentraticns of ceypsules are set
out in Table 43 ss the neans of the four fertiliser treatment for each
infecticn category.

Table 43, The effect of level of infection on the ziean morthine content

of intact cacsules (1)

Infection Catescry Morghire (¢%)

Slight 1.34
Iiedivm 1.19
Severe 1.07
2.8.D., P¢0.05 0.07
P<0.01 0.09

Table 44 rccords the ocrcentage of the <total numder of ciapgsules ter plot

which were in the severe infection category.
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Tacle 44 The effect of fertilizer treatment on the nxonortion of totnl

oumber of capsules rer nlot in the severe infoction coteser: (s

Po P1 Fean

No 8.27 5.30 6.79

N1 12.88 21.55 17.21
Mean 10.57 13.42

J,.S.D, Vitnin Tabze P<¢0,05 = 4.95 P<0.01 T.12

rarginal means P <«.0.09

3.51 P<0.01 = 5.04
6.3.3. Piscussion

Table 43 shows thaet the higher the degree of fungal
colonisation the lower the concentration of morghine in the capsules. ‘there
were sigpnificant differeriices (P<.0.01) ovetwzen each of the categorizs aui
the severe c2tegory had 20,0 lower morphine than tne slight category. Table
44 shows that nitrojen was effective in increasing the cexcan%~ e cf zar~
sule mumcers in the severe category. There '.>s aglso a significant X

az

interzction wicreby tnis effect of » was reinforcei ~T i h levels of I,
‘‘he failure of : eituer to clearly incsreaies cayrsule morphine ox dry matier
yield of ca:sule in the fielz trizl of 1370/ 71 (‘feble 10 end 12) w2y nave
been =zssociated with Tre above effect in that year.

6.4. Th: 'ffect of Tunvicidal 3Soreys 24 iize of rrvest on Yield

Coatenents, .orchire rrsduction rnd sunzel Colorisaction

6.4.1. c2%terials and iethods

The full detzils of the wmetiicd of cerrying out thae oversll
field experiment have ceen set out in section 4.3, Yowever the esser:tial
detzils of the fungicidzl spray treatments are reveated nere %jogetner »izn
the lzborator)” method of monitori:z the development of fung;i on tzrmiaal

L e

cavsules at each time of harvest. In addition meessurements were cade of



the surface coloaisation of both termirial end. lateral capsuies st Larvests
10, 11 znd 12 as visuel control effects c¢f spraring ceccac 2 perent and
the geograzphizal orientation of the sporulsting lesions wae observed.
‘These aeasurerents comnsisted of the followindgs-

(i; The percentagze of the tntal surface area which was coversd
by sporulatin:; furgi was estimated. As grcss differences were agpparent,
visual estimates were con-idered adejuate, despite difficulties caused by
the share of the capsule and the patcry distribution of the fungi,

s

(ii) 3ecause the region of tle capsule wliich was superficially
colonised by fungi zgpeared to have = ruarticular geograriiical orientaticn
tais vas éefined by the followinZ nessuremantsi-

(2) "e "angular rasge" or the engle euncomiissed betwezn the
pargins of the cclonized area.

(bj Tae "central focus" uaick wzs the seograrhical bearing of
the line bisectin:; the angulsr rzn-e. The ceatral Zccus wes then used as a
swrzarising figu-e ¢efiningtheorierntation of colonisztion. ‘The method by
waich the angular range and central {ocus were weasured was to note tn-
field plot row orientation by inscribing 2 sz2ll mark on each side of the
cpausle. In addition the general locatior of the colonised prtck .itn
respect to g=nersl rortn or south was zlso noied. ‘the angular range #né
centrel focus .ere then located by the cowpase ring spo=ratus szown in
Plates 17 2rd 18 znd the results set out in Table 53. Cn this compass ring
device, the orientation of the experimental rows of povpies is shown by =
thick, broken line.

The fungicid:»l spray trezteent consisted of 2 k;/ha Xenomyl (50
2eis) + 2 kg/ha (80,) 201i.). Tre mixture with "zgral" weiting agent was
sprayed on tae whkole plznt at I3 day intervecls cormencing at flowering and
continuinyg wrtil the comvletion of the exveriment a2pproximately one morth
after dry hasrvest ri turity. The Blots were sprajed usizmg a hend beom wiih

protective baifles (Plate 15). This fungicide mixture was chosen to provile
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as wide a cover a pousitle. iiancozeb being a broad spectrum contact
fungicide ord Renonmyl za narrow sdectrum sysieric furgicide with i-om
activity against Cladocrorium.

The erfect of the fungicidal spray treatment on morphine concen-
tration 2rd morvhine yield is bzzed an the N1 P1 fertiliser tireataent only,
Zowever tne general effect of the swray treetment on 2ry mat.er yield is
given for %he fcur factorial combinations cf N and ¥ fertiliser,

€.4.2, Identificetion of capsule furci

’
In the situwatior where fungi were invading green znd lster

senescing capsule tissue, without forming discrete lesions it was not
possible *to wmenitor their developm:nt by rating size or rumber of super-
ficial lesions. It was therefore necessary to culture cepsule segrcuts
on agar to obtzin an estimete of fungal invasion.

Cownencin: 2t harvest 2, ten ants were selected 2t rsnior frem
the recrlicates of the M1 P1 sprayed and M Pt non-sfrzyed treatrents ani the
terminal capsules removed. A random position was selected on one sice of
the csosules and another position 180° awty on the other side and strive of
capsule wall 2-3 mm wide were cut from tite top near the stigaatic disc to
the base of the capsule at these vositions, Zach of these strips ol cavpsule
wall was cut into five ejual segments thus giving e total of 10 rieces rer
czpsule and 130 pieces per sub-~plot. Tne segmenis of capsule wall were
sterilised for 50 secords in 0.1 mercuric chloriée and 0.1)! Teefol. They
vere then washed twice with sterile ‘vsater for two minutes each and plated
orto water azer. Ten segmernits were used or. each pl-te positioned arcuni
the perimeter of th= dish. They were then incubated at 23°C aind exz2:inined

.

seven days later for the presence or absence of funri on each segiecni. nis

procedure of harvesting the i'i Pi szrayed ard x1 P1 non-sprz:eé treciments

was carried out from harvest 2 to harvest 7. 1In addition, a2t corzercizl

karvest 8, all funzi frov. these m»lois were subcultuied sna ideniified to

genus level,
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At harvests 8 and 12, plots of the full factorial ranse of

fertiliser and sgray ireatnanis were senpled ané examined for the prescrce

or absenice of fungal growth.

) — e s —— __..__——.i
g
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6.4.5. Results

e.443.1. Tunricidal syr-+ effects on couwagnles

Drr Iatten )

The me-n effect of the spray itreatmint (S) over all
fertiliser and all tires of harvest (T) was io give 72, 19% and 11% grester yiel:
of terminal, laternl and total capsules respectively (Table 45). Thore
were no interactions with fertilissrs as such btut *theres were some inter-
actions of T X S ¥ fertiliser for the firs: two or three harvests. These
were just significant and did not substentially modify the general effects
of spray yresented below, rarticularly in fhe pericds of dry commercisl
meturity und two or three weeks dbefore tiais,

Table 45. The mean efiect of fungicidal sproys on dry matter wvield of

poppy cavsules (k«/ha)

Capsule Yield 1. s. d.
Components Sprayed llon-Syrayed PL0.,05 P<0.01
Terminal (k3/ha) 973 906 32 43
Tateral (kg/he) 386 324 42 57
Total Carpsules (kg/ha) 1359 1230 54 73
Total Capsule no‘/m2 92.86 87.43 3.61 2.91

U"orpnine cocneentration and vield

The morunine concentration and yield oI cactsules meaned ovor
tiwelve tices of harvest zre set out in Table 46. sithough there zs a
trend for tae sprz; treatzent to give a higher ccncentration znd iclda ¢l
morphine in both terminal and lateral capsules this differeiice was not
significant. £4s noted in section 6.4.1. the observations on morrhine

concentration ané yield were based on the i1 P1 feriiliser treatrment onl%

whereas dry ratter was measured over the four factorial combinations. In
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, ma PN
this situation the 207 numerical difference ir total capsuie/vield could not
be shown as significant.

Table 46, 1he reen 2f“ect of fun~icidal svxoys on worpains centent (05)

2nd morgnine yield of voppy cavsules (kg/ha)

Mcrphiae Concentration(%) les.d. Forrhine Yield (ki/ha) 1l.s.a.

Capsule Sprayed .on-Sprayed F¢C.05 Sprayed Non-Spreyed P¢0.05

’
Terrinal 3.88 0.83% XS 8.1 7.10 XS

Lateral 0.96 0.90 rs 5.70 4.359 XS

Total .90 0.84 NS 13.81 1149 NS
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6.4.3.2. Funzicidal spray effects on seed

In the case of both terminal and lateral capsules there
is a trend (not significant) for the spray effect to vary depending on
whether it is applied in the presence or absence of nitrogen fertiliser.
This trend is compounded and expressed as a significant (P< 0.05) sprey
x N interaction for total seed yield. The implication of this spray x i
interaction is that N may depress secd yield of the non-sprayed plants at
all times of hzrvest (Table 47).

)
Table 47. The mean effect of fungicidal sprays on the dry matter yiold of

voupy seed (kg/ha).

Terminal Seed Lateral Seed Total Seed
Hitrogen
Sprayed Non-~Sprayed Sprayed Non-Sprayed Sprayed ion-Spraved
Bile) 1421 1377 386 358 1808 1734
N1 1320 1191 517 378 1837 1568
Mean 1371 1284 452 368 1823 1657

l.s.d. spray means l.s.d. within total seed table
P<0.05 = 56 59 P <0.05 = 114
P£0.01 = 76 £0 P<.0.01 « N.S.

6.4.3.3., Fungicidal spray effects on stem and leaves

Dry Matter Yield

The mean affect of the spray treatment on the dry
matter of stem + leaves was to give a 13i: greater yield and as ther2
were no interactions with time of harvest this was the general order
of difference at all times of harvest (Table 48).

lMorphine Concentration

The morphine concentration of stem + leaves was
affected by a spray x time of harvest interaction and this effect was

mainly attributable to a large increase due to spray soon after flower-

ing. However the interaction is also contributed to by a trend for a
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number of the non-sprayed treatments to have slightly higher morphine levels
than the sprayed treatments (Table 48),

Morphine Yield

Similarly to mozphine concentration the morphine yield
of stem and leaves was also affected by a spray x time of harvest inter-
action attributable to the same factors operating on morphine concentration.

Table 48. The effect of time of harvest and fungicides on dry matter yield,

norphine concentration and mourohine yield of stem an3d leaves.
#

Harvest Days after Dry matter (kez/ha) Moz-chine conc. (%) For. Yield(ke/ha)

Numbexr full bloom  spray ggg;y mean  spray ggggy mean  spray I.%?;giy mean

1 10 9078 7762 8420 0,12 0,06 0.09 10.85 4.88 7.86
2 17 8629 9454 9042  0.06 C.05 0.06  5.35 4.88 4.91
3 24 10221 6659 8440  0.08 0.10 0.09  8.40 6.53 7.46
4 31 7046 7048 7227  0.07 0.08 0.08  5.20 5.78 5.49
5 38 7198 6278 6738  0.11 0.08 0.10  7.75 5.05 6.40
6 45 7397 6226 6832 0,07 0.09 0.08 4,70 5.43 5.C6
7 52 6542 6395 6469  0.05 0,07 0.06 3,00 4,30 3.65
8 59 5788 S244 5516 0,04 0.05 0,04 2,08 2,23 2.20
9 66 6249 5463 5866  0.04 0,07 0.05  2.43 3.63 2,03
10 73 6792 4662 5727  0.04 0.03 0.03  2.48 1,58 2,03
11 80 5363 6205 5784  0.04 0.05 0.04 1,95 2.85 2.40
12 94 4593 3727 4160  0.06 0,05 0.06  2.80 1.85 2.30
Mean 7105 6265 0,06 0,06 4475 4,65
l,s.d, for
means spray  time spray time spray  time
P 0,05 = 552 1073 NS  0.02 NS 1.80
P 40,01 = 751 1363 NS  0.03 NS 2.39
1.s.d. within Table 48 for comparing morphine P¢ 0.05 = 0.03 P<0.05=2.55
P¢ 0,01 = 0.04 P&C.C1<3,38

concentrations and morphine yield of : :
morphine morphine

conc. yield
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sprayed and non-sprayed treatments either
at any one time of harvest o1 at two
different times of harvest,

60463.4, Fu.ngi.cidal spray effects on total plant .

Dry Matter Yield -

The spray treatment gave 14% greater mean dry mattel
yield then the non-sprayed treatrent as might be predicted from the
previous exposition of spray effects ¢n the component parts of the poppy.

?
And in the case of the total plants this mean effect was indicative of the
situation at each time of harvest. Seed weight was included in total plant

dry wt. (Table 492,

Morphine concentration .

The various compensating factors controlling morphine
concentration in the poppy components had the netteffect of giving the
same concenzration in the total plant whether sprayed or non-sprayed.
(Table 49).

Morphine yield .

The mean effect of the spray treatment was to give
a trend towards a 207 greater yield of morphine and as there were no
interactions with time of harvest this difference is indicative of tae
effect at each time of harvest. For the same reasons outlined for cavsules
this difference could not be shown to be signrificant (Tables46 and 49).

Table 49. The effect of time of harvest and funzicides on mean dry ratter

vield, morohine concentration and morphine yield of fotal olant

Dry isatter Morphine liorphine
Treatment (kg/ha) Concentration Yield
D) (kg/ha)
Sprayed 10576 © 0,18 18.56
Non-sprayei 9244 0.17 15.54
lnsldo P‘Ouos = 749 N'So N.S.
P<£0.,01 = 1020
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6.4.3,5. The fungal invasion of terminal capsules

Time effects

Tabl> 50 may be taken as an index of <the degree of
fungal infection of the terminal capsules and it is clear that as early
as harvest 2 the capsules were infected by a range of fungi which were
identical with those enumerated in Table 52, After harvest 4 there was
a noticeable trend for the degree of infection to increase ard this
may be compared with a sharp increase in the percentage dry matter of

?

terminal capsules. A similar increase of infection occurred after

harvest 7 (Table 50).

Spray effects

The application of the spray treatment appeared to be
ineffective in controlling the growth of fungi at any time that the
terminal capsules were examined between harvest 2 and harvest 8 (Tablie 50).

Table 50, The effect of fungicidal sprays and time of harvest on the

percentage infection of terminal capsule segments.

Harvest Days after Percentage Infection _Percentage Jry ¥estier

¥umber Full 3loom ~pray DMNon-spray lHean 3pray Non-Gpray ean
H2 17 46.7 44.5 45.6  16.9  16.4 16.7
13 24 43.5 50.0 46.7 17.6 17.5 17.€
H4 31 44,0 4245 43.2 18,7  18.3 15.5
H5 38 50.7 5565 53.1 45.7 51.4 48.6
H6 45 52,2 51,7 52,0  83.2  81.5 82.4
H7 52 60.5 55.0 57.7 81.1 8143 81.2
H8 59 737 7804 7601 85.4  84.3 84,9
H12 94 91,0 83a2 87.1 84.9 84.6 84.8

lfean 57.8 5746

-9.2

1
=
L
w
L]

l.s.d. P< 0.05

P40.01 = 1204
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In addition to the sequential examination of termiqal capsules
from the N1 P1 treatment, exeminations were also ma2de of the fﬁll factorial
range of fertiliser and spray treatments at harvest 8 (dry commercial har-
vest) and harvest 12, The data for the full factorial range set out in
Table 51 shows that {there was no significant differences between the
fertiliser and spray treatment at either of these times of harvest,

Table 51. The effect of fungicidal sprays and fertiliser on the percent-

age infection of terminal capsule segments (Mean ¢ of 8 and H12).
[

Treatment PO . bl Mean NC N1 IMean
Non-spray 81.3 T7.8 79.6 78.6 80.5 79.6
Spray 76.8 82.4 79.6 79.3 79.9 79.€
Iiean 79.0 80.0 79.0 80.2

l.s.do N.S. N.S. N.S. N.S.

6.4.3.6. Identification ef furzal sgecies

Capsules

From the first examination of terminal capsules at

harvest 2, fungi of Helminthosporium, Alternaria and Stemphylium species

were isolated. The large numbers which were isolated at each nzivest
prevented any close assessment of their relative contribution at each time

of harvest. However at harvest 8 a number of isolates were sub-cuitured from
the N1 P1 treatment and later the genera were identified, The relative

numbers of the isolates are set out in Table 52,
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Table 52, The number and identification of fungi isolated and sub-cultured

at harvest 8.

Genus Numbers
Helminthosporiimm spe. 151
Alternaria sp. 177
Stemphylium sp. 25
Sterile mycelium with black 171
pseudo sclerotes !

Unidentified 24

Detailed examination of typical ienlates of each group indicated
that the species agreed with identifications which had been made previously
by the Cummonwealth Mycological Institute (sections 6.2.2.1.). These
isolates from Tasmanian grown poppy capsules had been identified as the

following: Helminthosporium papaveris {more correctly the Dendryphicn

state of Pleospora papaveracea), Alternaria alternata, Stemphylium vesicarium.

Although Cladosporium sp. was the most frequently sporulating
fungus on the surface of capsules after harvest 9 it did not appear to
be present in any of the cultures identified at harvest 8. The two species
of Cladosporium which were identified as surface growths at harvests 9 and
11 were . macrocarpum and C. herbarum.

Seed

Seeds from capsules taken at harvests 3, 4 and 5 were checked for
the presence of fungi. None were detected at harvest 3 or 4 but at har-
vest five, 35% of capsules had some fungi which grew from pnsterilised
seed samples on water agar,

In addition, laboratory germination tests of air-dried seed

taken 2t harvests 3 and 5 confirmed the finding that Helminthosporium

snfection was very common at harvest 5 but suggested that it also

. 0
occurred at harvest 3, In these tests carried out at 20 C, symptoms of
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Helminthosporium infection of the developing seedling occurred. When the

germination tests were repeated on seeds collected at harvest 8 similar

Helminthesporium sysptoms wera expressed at 20°C but not at 10°% or 15°c.

6.4.3.7. The orientation and severty of superficial fungal

colonisation of capsules,

Orientation
About ten days after full bloom circular shaped,

brownish black lesions up to 10 am irn dﬁﬁmeter vere observed on many
capsules. These were not associated with any supsrficial fungi and it
was noted that they generally appeared to be on the northern or western
sides of capsules. These black lesions (Plate 19) appeared within two
days followirg a very strong and persistent norta westerly wind which
had the indirect effect of removing a large quantity of the waxy bloom
from the surface of the tapsules, This was caused by the rubbing
together of plents and in particular the abrasive efrfect of the serrated
stigmatic disc at the top of the capsiales (Plate 20),

At and after harvest 9 when growth of fungi was observed on the
surface of capsules it was also noted that these appeared t? have a
distinct orkntation. The true geographical bearing of this superficizlly
colonised area and also its spread on the surface of the capsules are
set out in Table 53 as the "focus" and "angular range" of colonisaticn,
The focus of colonisation is approximately north north east and does not
appear tp be affected by either spray or fertiliser treatment. However
the angular renge of colonisation is less when the spray treatment is
applied. This is consistent with the data of the percentage of surface

area covered bj fungi (Table 43).
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ate 17. The compass rine apparatus used to measure the "central focus"

and "angular renge' of fungal colonisation. Ths row orierntation
of field »lots is represented bty the thick black broken iine and

P

o)

the capsule is pl:ced in the centre of the ring as shown,

Plate 18. The orposite siue of the capsule to tliat in Flate 17 alwucst
conpletely free of superiicial fun:gel colonisation, thich was
marxedly localised on the nortinern side.
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Table 53  The central focus and angular range of funeal colopisation on

the surface of terminal poppy cavsules at harvest 12,

Pertiliser Central focus lesede Angular range l.s.d.
treatment (Geograph. bear.) (Degrees)

Spray Non-spray P<0,05 Spray lon~spray P< 0,05 P<0.01

NO PO 34.3 27.8 N.S. 121 133 N.S. N.53.
Nt PO 31.3 28.3 N.S. 109 126 " "
NO P1 25.0 22.8 N.S. *101 129 0 "
NI P 25.5 25.3 N.S. 103 126 . "
I;an 29.0 26,1 N.S. 109 129 10 13
Severity

Apart from the lesions which were observed at harvest 1,
superficial fungi as such did not appear until harvest 9 and the mean
percentage of the surface area covered by these fungi at harvests 10 to 12
is set out in Table 49 for both terminal and lateral capsules., The spray
treatment significantly (P<0.01) decre:sed the percentage fungal cover
of both terminal and lateral capsules. Of the fertiliser treatments,
phosphorus had a mean effect of increasing (P 0.01) the pesrcentage cover
of all capsules, Nitrogen haeé a tendercy to decrease the cover of laueral
capsules at all harvests, while the effect on terminal capsules varied with

harvest, However the effect of phosphorus was more marked than nitrogen.
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Plate 19, The type of dark lesions which appeared on the surface of
capsules follewing sgtrerg winds soon after petal frall,

Plate 20. Part of the waxy bloom has been removedly cy contact between
capsules in windy weataer. The serrsted stigmatic disc at

the top of capsules can eassily scrzpe adjoining ce.sules,
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Table 54, The effect of fungicidal sprays and nitrogen and phosphorus

fertilisers on the superficial fungal cover of terwinal and

lateral capsules (4rgsin Percent)

Mean Treatment Terminal Capsules Lateral Capsules
Effects Arcsin Percent % Arcsin Percent A
Fungicides =
Non~-spray 16.24 7.8 11.93 4.3
Spray 5,21 ) 3.99 0.5
l.scde P <0.05 = 1.44 1.49

¥ < 0,01 = 1,96 2.03
Phosvhorus
PO 9.27 2.6 6.64 1.3
Pi 12.18 4.5 9.28 2.6
l.s.@. P« 0.05 = 1.44 : 1.49

P<0.01 = 1,96 2.03
litrogen
NO - 10,60 3.4 B.75 2.3
N 10.86 3'05 717 1.5
l.s.d. P< 0,05 = N.s. 1.49

P<0.01 = 2.04

6.4.4. Discussion

6.4.4.1. Svray effects on dry matter accumulation and morvhine

yield

The application of the fungicidal spray treatment in
this experiment had the effect of significantly increasing the dry matter
yield of all plant components except seed, With respect to capsules, the
spray treatment had its greatest impart on the yield of lateral capsuiles,

giving an increase of 1%4. Part of this yield effect is contributed to by
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a small but significant increese in the number of lateral capsules but the
bulk of the effect is on weight per capsule (Table 45).

Although the spray treatment had a similar effect on the morphine
concentration and yield of capsules this could not be shown significant
because of the limitations of the statistical design used.

T..e effect of the spray treatment on total seed yield in this
experiment depended on the level of applied nitrogen fertiliser. Nitrogen

had a depressing effect on the yield of seed from terminal capsules vhether

'

sprayed or rot. 4And in contrast to this, nitrogen gave a large yield
increase of seed from lateral capsules when sprayed but virtually no efrect
in the non-sprayed treatments, These opposing effects gave a spray x N
interaction effect for total seed yields in which there was a nil effect
of N when sprayed but a significantly depressing effect when not sprayed
{Table 47).

Tne effect of the spray treatment on the morphine concentration
and yields of the stem and leaf component was modified by a spray x time
of harvest interaction (Table 48), This effect may have been contributed to
by the fact that the stems of some plants were infected with Sclerotinia
sclerotiorum. The trend for higher morph.ine concentrations in the stems
and leaves of non-sprayed plants may have occurred because the fungus can
cause constriction of the vascular system. This may have limited movement
of latex and hence morphine from the stem to the capsules.

Similarly to the situation for capsule morphine the 205 numerical
difference in the morphine yield could not be shown as a significant effect
in this experiment,

6.4.4.2, Funegal invasion

The results of studies on fungi colonising capsules
indicate that colonisation commenced early in the growth of the capsule and
increased with capsule maturity and senescence, This colonisation of the

green capsules occurred about one month earlier tian any other obsarvations
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in Tasmania (l’fum':o, Persoaal Communication) and as it coincided with the
sudden appearance of lesions on capsules {Plate 19) it is likely that

demage to tissue allewed this early entry, The demaged areas of capsules
had an approximately noctherly orientation and in this respect the damage

was analogous to the tyve of localised high tempzrature injury which hss been
recorded for the circular flower heads {umbcls) of onion seed crops (Tamner
& Goltz 1972). However the severe and sustzined wind battering experienced
immediately prior to the appearance of the lesions and the concomitant
stripping of the waxy bloom from the surface of capsules (Plate 2C) also
suggest themselves as likely contributors to capsule injury.

The fungi which were present in the capsule wall when the plant
was green were not controlled by the agplication of the fungicidel spray so
that it is unlikely that the observed increases in overall plant dry weight
and morphine were conrected with intermal capsule fungal effects,

#lthough there was an effect of fungicides in decreasing the

superficial cover of capsules by Cladosporium spo. these fungionly agpeared

after dry commercial harvest and their control would not explain earliex
yield increases. Also these fungi fregquently only colonise surfaces fe.3.
sooty moulds) and this was confirmed by *heir absence from the surface of
sterilised capsule segments, This they would probably have little effect
on capsule or aay other plant component dry weight or on morphine product-—
ion, These superficial fungi would also be most likely to have a strong
sink effect for plent metabolites which might explain the dry weisht
increases that occurred in stem and leaves when the fungi were controlled
by spray application.

Therefore it appears unlikely that the dry weight and wozpirine
increases which were associated with the fungicidal spray application were
due to the control of fungi either in or on the capsules, There is no

obvious alternative explanation for these yield increases tut the fullowing

may bLe considered:
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(1) Hormone (cytokinin) activity of Benomyl
{2) control of fungi in plant components other than capsules e,g. (i)

sclerotinia sclerotiorum and (ii) delminthosporium papaveris.,

The cytokinin activity of Benomyl has recently been demonstrated
(Skene 1972} and caution in interpreting its effects has been recommended. .
The effects uf cytokinins include increasing growth rate, increasing leaf
area (Wensley 1972), retarding leaf senescence and reducing respiratory
rates (Wittwer 1971). Although no yield increasegs have yet been attributed
to the hormcne activity of Benomyl this a;pect has received little study
and because of the frequent spray applications in this trial the possibility
of an effect must be considered,

The non-target fungi which could have been controlled on com-

ponents of the plant other than capsules are Sclerotinia sclerotiorwa which

was moritored in this experiment and Helminthosporium papaveris which was

not monitored but appears to be very widespread in mature poppy crops in
Tasmania,

The disease of lower stem anda root induced by Eelminthosporium

papaveris has been observed to affect plants after flowering and all plants
may be affected by time of commercial harvest (Munro, Personal Commurnication).
Apart from its effect on seed yieldas (Mraz 1960, Ballarin 1950) the effects

of Helminthosporium on other uoppy plant components is not well documented,

Grusmer {1955) contends that the suscepiibility of poppy leaves to irfection
is dependent upon a chlorosis with zging that is associated with chlorophyll
reduction and in particularly protein degradation, Thus the retarded leaf

senescence associated with the possible cytokinin effect of benomyl may also

have had an effect in reducing Helminthesporium infection in this experi-

ment,

One must conclude that the reason that the dry weight and mor-
phine yield increases following application is not clearly evident from

this experiment but that both the cytokinin activity of Benomyl and the
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control of the fungus Helminthosporium papaveris are possible explanations.

6.4.5. Conclusions
Both the laloratery experiment with ground capsules (Table
41) and the field association between degree of colonisation and morphine
levels in intact dry capsules (Table 43) are strong evidence that fungi can
deplete morphine. In addition the fungi isolated from capsules of low
morphine content were the same or closely related to those involved with
similar iorphine losses in Furopean poppy'growing areas (Miczulska 1967).

‘When the colowization of capsules was studied between petal fall

and dry maturity Helminthosporium sp. was isolated as early as seventeen

days aftex full bloom (Table 58). there was also some evidence that this
invasion of the capsule was related to physical damage and wind battering
resulting in removal of the waxy 'bloom" from the surface of capsules. Also
at dry maturity there was notable orientation of colonization in which fungi
were localised on tne northern side of the capsule.

There were quite significant dry matter yield increases associated
with the application of fungicidal sprays (Tables 45, 47, 48, 49) but the
precise reasans for this were not clear. The effect may be partly related
to control of plant fungi other than capsule fungi (section 6.4.4.2.) or

possibly some hormone-like effect of Eenomyl,
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T. GENEMAL DI.ICUSSION AND CONCLUSI®NS

The high free ferric oxide content and high phosphorus
fixation capacity of the kxrasnowem suggested that the separation distance
bvetween seed and fertilizer tand could be important (L.aughlin 1960, 1968).
ind the experiment in which the banded fertilizer was labelled with 52}’
tended to cunfirm this hypothesis with respect to early upteke of vanded
P. There was greater uptake of banded P when it was placed 40 wa below
the seed than when placed 75 mm below the seed. In addition maximum
uptake of P occurred at an application rate equivalent to 100 kg/ha P for
the 40 mm bznd compared with 200 kz/ha P for the 75 mm band. Dxy matter
yield of plants followed this uptake pattern closely. Although the
field experiment on depth of banding showed a trend towards higher yields
of capsule ceed and morphine at dry maturity the differences were not
significant (2.4.).

Wnen nitrogen in the ammonium form was banded with phosghorus
in two field experiments there were N X P interaction effects in turms of
dry harvest yield of seed in both experiments and in terms of capsule and
morphine yield in one, The general pattern of plant response which gave
rise to these interactions was a lack of 1esponse to N application at
gero or moderate rates of P and a marked effect at high levels of P, In
one experiment (Pable 3, 4, 6)  rates of 90 kg/ha were required an¢ in
the other (Table 9) 150 kg/ha before the yield effect was observed. “he
ratesof N required to produce this effect were 50 and 100 kg/ha N
respectively. Thus a high concentration of both N and P appeared to be
an essentizl feature of the harvest yield effect as was found for the
early "N P" uptske effect from banded P (2.2.).

When the effect of banded N P fertilizer was measured at weekliy
intervals between flowering and dry maturity, N X P interactions were

recorded for total plant yield at all times of harvest. When this total
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yield was partitioned into the contributions from individual plant
components, N X P interaction eifects were found for lateral capsule
yield, total capsule yield, total capsule number per plant and the yield
of stem and leaves., For these characteristics thé combiration of
banded N and P exceeded P alone by 57'75, 13%, 30% and 183 respectively
(Tables 32, 34, 35, 39).

The yield of terminal capsules was an exception to this
pattern. Phosphorus fertilizer had a small but significantly depressing
effect and nitrogen had no effect on this ccmponent (Table 33). Onz
possible con-lusion from this result is that if poppy crops were grown at
high densities which produced only a single main stem capsule per plant
then capsule yields may be depressed by high levels of P. Similarly the
yield of seed from terminal capsules was modified by time of harvest X P
and time of harvest X N interactions in which yields were depressed at
the later harvests, In particular the depressions were maximal at the
time of dry commercial harvest when the mean cecrease due to P was 115
and that due to N was 17% (Table 36).

The application of lime in the form c¢f calcium hydroxide had a
marked and surprising effect, giving maximum yield of capsule, seed and
stem and leaves at a rate equivalent to 25 t/ha and a bulk soil pH of
8.1 (Tables 16, 17, 19). In this experiment the banding of relatively
high rates of N and P close below the seed probably gave a localised pE
which was effectively lower than 8.1 and probably closer to the pH of 7
which the literature records as optimum for poppy growth. Although
available soil phosphorus was increased by the application of Ca(OH)2,
plant analyses suggested that increased yields may have been more
probably related to increases in magnesium, sodium, molybdenum or copper

(Table 18).
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These results tend to corroborate the general observations on
the krasnozem that those areas where the pE increases with depth give
higher yields than *hose in which the pE dscreases with depth. On the
larasnozem in Tasmania poppies are generally grown at bH values which
range between 5.6 to 6.0 and below px 5.6 very poor growth occurs. In
their studies of the soils of the North West Region of Tasmania,Graley
and Loveday (1961) observed that in some profiles pH increased with deptin
to values between 6.0 and 7.0 although generally they decreased with depth.
It is on the areas where pE increased with depth that best commercial
yields have often been obtained,

The very low morphine concentration in mature dry capsules
from the fieid experiment at Forthside in 1970/71 (Table 11) prompted a
detailed stuly of alitemative methods of producing morphine in the
Tasmanian environment, The sudden lowering of morphine content was a
problem similar to that of the Buropean industry (Kopp 1957, Bunting 1963,
Miczulska 3967) and the lines of investigation followed were the possib-
ility of losses due to (i) physical leaching and {ii) fungal breakdown.
The results of section 3 of this thesis suggested that physical leaching
could probably occur but that some form of chemical breakdown protably
occurred within the wall of the capsule as well,

The fungal inoculationg of dryv, ground capsule material
{Pable 41) and the field association between level of fungal colonisation
and morphine concentration in intact dry capsules (Table 43) was more
conclusive evidence that fungi were involved in morphine losses. The

main fungi identified were Helminthospo:ivm (Dendryphion) papeveris,

Alternaria alternata and Cladosporium herbarum and 2ll of these fungi

have been similarly implicated in morphine losses in Zurope (Kopp 1957,

Miczulska 1967).
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Attempts to control capsule fungi by the application of a
regul.ar schedule of bencmyl and mancozeb com.méncing at petal fall were

not successful, Helminthosporium, Alternaria and Stemphylium species

were all isolated from terminal capsule wall tissue in large numbers as
eai‘ly as seventeen days after full bloom and this level increased towards
dry havvest maturity. The incidence *'as approximately the same in
sprayed ond :on sprayed treatments (Table 56).

The time of harvesting studies of Section 4. were undertaken
to explore the possibility that the whole plant or some component could
be harvesltec‘, green and thus minimise the losses from the effects of fungi
and leaching. These losses were thought to be greatest at the stage of
dry harvest maturity. This study involved a preliminary survey of the
pattern of morphine accumilation and decline in capsules between flowering
and dry maturity (4.2.) and this pattern confirmed that found by Bunting
(1963) in Southern England with maximum morphine levels occuxring about
two weeks before dry harvest. The pattern in the Tasmanian environment
also foliowed that of Bunting (1963) and Schroder (1965) in that when
rain and humid conditions occurred at and after dry maturity the capsule
morphine levels fell quickly — a 305 decline -~ over a period of two
weeks (Fig 2.).

The detailed investigations of the changes in morphinre yield
of capsules, stem and leaves, and total plant between flowering and dry
maturity did reveal some possible alternziives to the current system of
dry capsule harvest (4.2.). When the whole plant was harvested green
at any time from two to six weeks after full bloom it produced 5%% more
morphine than dry capsules at the conventional time of dry harvest eight
weéks after full bloom (Table 29). To achieve this yield. the fresh
weight of total plant material handled ranged from fifteen to five times
that of dry capsules. The moisture content of the plant two weeks after

full bloom was 80/ and a month later it was 50 (Fig 3.).
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The ratio of total plant morphine to capsule morphine at the

time of 4Ty commercial maturity was 1.55 : 1 in tinis experiment,

Similar studies in East Germany have produced much greater advantages

in favour of harvesting the gxeen plent. Romisch (1953) obtained a
ratio of 4 : 1 and Heeger and Schroder (1959) 2 : 1. However the
maxima in these European studies tended to occur as a sharp peak about

a month before dry harvest. In contrast the constant morphine yield
from totai plant in the Tasmanian experiment resulted from two mutually
compensating factors. A gradual decline in dry matter yield of total
plant from two weeks after full bloom which was offset by a gradual riece
in morphine concentration up to six weeks after full bloom (Table 28).
The econonics of this alternative were not investigated in this study ard
would probably be of doubtful current commercial advantage. However the
basic knowledge of the morphine derivable from the whole plant at arn
early stage could be of importance in some emergency situaticn of shorc
supply.

Possibly *he alternative of harvesting semi-ripe capsules
about six weeks after full bloom may be a more viable economic alternative
with respect to the cost of artificial drying. At that time in this
study, capsules yielded 18j more morphine than from commercial dry
capsule harvest two weeks later. One week after the time of commercial

harvest the advantege was 43, in this study {Table 29).
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APPENDIX

1.

NUTRITION.L STULISS WITH 8:f)I) NITR0GR! AND PHOSPHORUS FIRTILISIR

1.1 Effect of N P fertiliser and placement position on uptake of banded

P and dry wt. per plant

{31.1. The uptake of radioactive P (counts/sec/vlant)

(Data on which Table 1 is based)

e

Replication
Treatments 1 2 3 L 5
Depth (D1)
NO P1 22.187 k1,953 S5k ly3 57.825 56.685
NO P2 77777 72.689 78.591 52.371 47.395
NO P3 59.390 49,527 65.645 L6.159 59.85k
N1 P4 37.113 52.581 64.504 61.891 34,511
N1 P2 31.543 108.380 51.636 36.651 62.274
N1 P3 68.801 83.00L 67.765 90.155 72.692
N2 P1 28.03%0 57.278 37.774 3k.b72 45.753
N2 P2 28.360 70.311 $0.795 70.487 k2,689
N2 P3 37.97k 42,941 63.180 47.106 54.635
N3 P1 17.084 23.8L45 13.572 21,308 39.998
N3 P2 44,208 100.985 30.2uk 62.516 44,237
N3 P3 29.509 30.978 35.267 51.071 33.201
Depth (D2)

NO P1 108.240 32.468 21.029 3L4.860 37.919
NO P2 20.476 38.362 51.370 18.420 2k.921
NO P3 23.450 46.095 76.087 35.308 14,908
N1 P14 37.858 20.338 32.091 2k.973 21.935
N1 P2 45,286 48.539 36.352 16.259 18.162
N1 P3 31.253 28.790 49,517 55.878 6L4.405
N2 P1 23.852 34,382 75.033 19.376 Missing
N2 P2 19.485 33.336 57.L6L 23.037 L8.726
N2 P3 3k.225 10.292 28.904 56.509 64.619
N3 P1 15.168 20.405 22.392 16.652 Missing
N3 P2 20.75k 31.929 5.305 15.979 51.319
N3 P3 39.965 41,6326 36.231 51.296 48.219
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1.1.{» Analysis of Covériance - radioactive P uptake (Counts/sec/plant).
Source of Matrix of Corrected Sums Adjusted
Variance DF  of Squeres and Products Ss MS VR
P 2 4176.10 3231.79 1615.89 5.4ges
-7079 -0167
=7.79 L0167 .0167
N 3 4621.31 4109.35 1369.78 L 659+
-0. 90 .0250
-9.75 -0.0083 .0250
NxP 6 2408.81 2289.57 381.59 1.29
1.35 .0500
-6.34 -0.0167 .0300
) 4 8121.21 70€6.11 72066.11 24.01**
~-8.22 .0083
=8.22 .0083 .C083
PxD 2 1967.00 2327.13 1163.56 3.95°
3.02 .0167
3.02 .0167 .0167
NxD 3 1416.68 1698.54 566.18 1.92
2.14 .0250
2.86 ~0.0083 .025C
NXPxD & 1488.39 1331.86 221.97 .75
<2.01  .0500
-1.78. -0.0167 .0500
Error 94k  29098.97 27655.59 294.20
-30.92 .8000
-1k.92 .0000 .8c00
Total 117 53298.50
-42.93 .9917
-42,93 .0.0083 .9917
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{+1.2. Dry weicht per plant (i)

(Data on which Table 2 is tased)

Treatments Replication

N P D 1 2 3 L 5
1 1 1 .196 .217 .265 .288 .210
1 2 1 358 .358 .360 21 226
1 3 1 .256 .230 289 212 235
2 1 1 6157 253 258 2238 192
2 2 1 A33 Nl .208 .138 243
2 3 1 .270 .292 .239 <345 .285
301 1 .117 .215 <1l .129 172
3 2 1 A1k .270 .165 236 .156
3 3 1 140 .169 .239 <173 .195
L 4 1 .063 .092 047 -094 .18
b 2 1 .170 .351 -118 .213 .158
L 3 1 . 105 106 -116 .187 e
1 1 2 .502 146 .099 .182 -175
12 2 .152 177 .216 .126 121
1 3 2 113 .216 .287 154 .185
2 1 2 .176 .090 .157 .120 .082
2 2 2 .207 .089 .148 .068 .079
2 3 2 LAh2 -110 .200 234 240
31 2 .110 2129 .259 .093 «Gha
3 2 2 .079 2120 .210 .107 .135
3 3 2 .139 0k2 112 .2G8 .25k
L 1 2 .071 .085 .093 .061 0
y 2 2 .100 <126 .ok .073 .191
4y 3 2 <164 137 27 .186 <175

The raw data is taken from computer printout.

The lowest level of each variable is given as 1.

N = Nitrogen, P = Phosphorus, D = Depth of

Application Below Seed.
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1.1.2, Anzlysis of Teriance - dry weisht ver olont (g)

Sowi)rce of Var, DF SS MS VR

N 3 « 172680 «057553 13.17

P 2 .03001¢ .015005 3.43

D 1 . 104665 - 104666 23.95

NXP 6 .038988 .006498 1.49

NXD 3 023137 007712 1.76

PXD 2 .024044 .012022 2.75

NXPXD 6 .020267 .0033778 T
Error 96 +419549 .004370

Total 119 833321
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.
d.2. Sffect of Banded N P Fertiliser on Yields at Dry MNarvest Maturity

1.2.1.  iffect of bvanded ¥ P snd contact P on dry cousule yield (g/plot)
i

( Data on which Table 3 is based )

Treatmenz Replication ~ Mo Contact "Super"
1 2 3
NOPO 240 | 310 310
N1PO 250 240 370
N2PO 290 270 320
NOP1 - 280 340 390
NOP2 270 320 360
N1P1 310 350 370
N1P2 310 360 420
M2P1 280 340 360
N2P2 370 420 520
Treatment Replication = #ith Cortact "Super"
1 2 3
NOPO 370 350 380
N1PO 440 250 280
N2PO 410 260 370
" }OP1 400 270 470
NOP2 1 370 220 310
N1P1 460 360 320
N1P2 430 320 420
N2P1 430 320 380
N2pP2 520 340 390
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9.2.1. 4nalysis of Variaace -~ dry capsule yield (g/plot)

uisy

Soyrce of Var, DF SS VR
Replications 2 35744 17872.0
N 2 11033 5516.5 3.679%
Fertilizer (,) P 2 27753 13866.5 9.248%#
Predrilled NXP 4 33100 8275.0 5.519%*
Error (&) 16 23990 1499.4
Fertilizer Contact (B) 1 14016 14016.0 0.377
Error (B) 2 74345 37172.5
K X Contact P 2 145 72.5 0.056
AXB P X Contact P 2 8934 4467.0 54460
N X P X Contact P 4 3455 863.8 0.569
Error (C) 16 20655 1290.9
Total 53 253150
NOTE: * = 5% Probability
*%

146 Probability
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1.2.2. Effect of banded ¥ P and contact P on dry seed yield (=/plot)

(Data on which Table 4 is wased)

Treatnent Replication - No Contact "Suver"
1 2 3
NOPO 400 480 420
N1PO 390 380 570
N2PO 430 390 460
NOP1 420 540 690
NOP2 410 480 540
N1P1 500 580 610
NP2 560 630 740
NP1 450 530 510
iep2 620 730 680
Treatment Replication - «ith Contact "Super"”
1 2 3

NOPO 660 560 640
MPO 740 340 450
N2PO 720 390 560
NOP1 670 420 760
NOP2 510 290 530
N1P1 830 530 500
N1P2 780 520 770
N2P1 740 520 680
N2P2 940 520 710
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Ns202, Analysis of Varisnce — dry seed yield (g/plot)

Solirce of Var.

DF ss S VR
Replications 2 143077 71538.5
N 2 43911 21955.5 3.395
Fertilizer (&) P 2 118533 59766.5 9.243%%
Predrilled NXP 4 16722 41905,5 6.481%-%
Error (A) 16 103457 6466.1
Fertilizer Contact (B) 1 84807 84807.0 0.6%0
Error (B) 2 269360 134680,0
N X Contact P 2 6637 3318.5 0.919
AXB P X Contact P 2 26548 13274.0 3.676%
N X P X Contact P 4 19075 4768.8 1,321
Error ‘C) 16 57773 3610.8
Total 53 1040800

2.2. Analysis of Variance - dry seed yield (g/plot)

(Component Analysis)

Source of Yar. Components SS=18 VR

N Linear 37377.78 5.78%*

. N Quadratic 6933.33 1.01
P Linear 08900.00 16.84%%

Predrilled (&) P P Quadratic 9633,33 1.49
Fertilizer N Linear x P Linear 13437.50 17.54%%

NXP N Linear x P. Quadratic 26068.06 4.03

N Quadratic x P Lin, 27612,50 4.27

N Quadratic x P Quad. 504.17 0.08
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2.3, Zffect of banded N P_and >cntact P on capsule morphine content (i)

(Data on waich Table 5 is based)

Treatment Replication - Yo Contact "Supenr"
1 2 3
NOPO 1.08 1.12 1.14
N1PO 1.08 1. 20 1.03
N2PO t.15 1.09 1.1
NP1 0.91 1.01 0.93
N1P2 0.89 0.99 0.93
N1P1 1.09 1.04 1. 01
P2 0.98 1.14 1.01
2P 1.00 1.12 1.05
N2P2 1.03 1.09 1.16
Treatnent Replication - With Contact "Super"
1 2 3

woPO 1,10 1.00 1.01
N1PO 1,04 1,03 0.99
N2PO 1413 1.03 1.06
KOP1 1.04 0.87 1.01
0P2 0.94 1,06 1.09
N1P1 1.12 1,06 1.05
NP2 1.0y 1.13 1.14
W2P1 1.02 1.04 1.1
N2P2 117 1.06 1.18
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{42.3, Analysis of Variance - capsule mcrvhine content (%)

So;.zrce of Vaz., DF SS S VYR
Replication 2 0.00071 0.00036
N 2 0.07016 0.03508 8. 57702%»
Fertiliser (:.) P 2 0.C2456 0.01228 3.00245
Predrilled NXP 4 0.03455 0.00864 2.11247
Error (4) 16 0.08539 0.00409
Fertiliser Contact (B) 1 0.03031 0.00031 0.02314
Error (B) 2 0.02679 0.01340
N X Contact P 2 C.00096G 0.00048 0.31273
AXB P X Contact P 2 0.04047 0.,02024 3,22876%%
N X P X Contact P 4 0.00518 0.00130 0.84967
Error (C) 16 0.04444 0.00153
Total 53 0.29352
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A.2.4. Effect of bended ¥ P and contact P on cepsule morphine yield (g/plot)

{Data on which Table 6 is based)

Treztment Replication - Mo Contact "“Sup.:r"
1 2 3
NOPO 2.59 3.47 3453
N1PO 2,70 2.88 3.81
N2PO 3.34 2.94 3.55
HOP1 2.55 3.43 3.63
NOP2 2.40 3.17 3.35
W1P1 3.38 2.64 3.74
N1P2 5.04 4,10 4.24
X2P1 2,00 3.8t 3.78
312P2 4.03 4,58 6,03
Treatment Replication -~ With Cont~ct '3Super
1 2 3

HOFO 4.07 3.50 3.84
H1PO 4.58 2.58 2.77
2P0 4.63 2.68 3.92
NOP1 4.16 2.35 4.75
HCP2 3.42 2,33 3.38
N1P1 5.15 3.82 3.36
N1P2 4.69 3.62 4.79
N2P1 4.39 3.33 4.22
i2P2 6.08 3.60 4.6
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y, 2.4, Analysis of Variar.ce ~ cavsule morphine yvield (g/plot)

Sodrce of Vvar, DF SS S YR
Replications 2 3.754 1.377
Fertiliser (&) P 2 2.884 14442 5.400
N 2 3.741 1371 5.134
Predrilled NXP 4 6.854 1.713 6.415
Error (&) 16 4,273 0.267
Fertiliser Contact (B) 1 2,224 2.224 0.384
Error (B) 2 11,595 5.798
N X Contact P 2 0.003 0.002 0.0i1
AXB P X{ Contact P 2 0.430 0.215 1.244
¥ X P X Contact P 4 0.55% 0.138 0.779
Error (.) 16 2.843 0.177

Total 53 590 1 5 1
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1,-3» Bffect of Panded N P Fertiliser and Depth of Banding on Yields at

Dry Farvest Maturity

Key to Fertilizer Treatments in Tabulated daw Data

Treatment* Banded Contact Depth of
Symbol Creatment Treatment Banding
A NOP1 n
B NOP2 Dl
¢ NOP3 £ D1
D N1P1 Di
E NiP2 i
F N1P3 D1
G N2P1 D
H N2Pp2 D1
J N2P3 Bl
K NOP1 D2
L NOP2 D2
M NOP3 D2
N N1P1 D2
P N1p2 D2
Q N1P3 02
R N2P1 D2
S N2Pp2 D2
T N2P3 D2
v ¥1p2 L D2
W N1P2 P D2
x N1P2 L+P D2
Y N1P2 D2
z N2P3 D3

In treatment Y the form of N is Ammoniwa Sulphate and tne form of P is

Superphosphate (107P). Yields and analyses are in g/n’.z‘ but are converted
in the text/\xg/ha. There was no zero level of P in this experiment.
: to
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1% 3.1 Effect of banded N P fertiliser and depth of banding on seed yield

(a/n°)
* (Da"l;e on which Table 9 is based)
Replication
Ireatment
1 2 3
A 226 203 238
B 239 354 245
c 244 260 247
D 218 208 340
E 243 260 225
F 234 291 242
G 206 229 243
H 240 228 285
J 256 310 410
KX 232 264 224
L 258 233 328
M 252 288 262
N 190 214 327
P 207 237 281
Q 250 229 257
R 206 202 227
S 198 210 294
T 225 251 37
v 216 21 245
W 235 270 241
X 233 265 310
e 4 265 222 208
A 228 301 273
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1.3.1. Anelysis of Variance - seed yield (g/mz)

Source DF Ss M5 VR
Block 2 22856,43 11428.21 8.2
Treatments 22 40348,31 1834.01 1e3
P Contact 1 2054.08 2054.08 1.5
L Contact 1 6.75 6.75 .0
P X L Con%tact 1 1102.08 1102.08 .8
P Banded 2 129417.11 6475.55 4.63
P Banded Lireax 1 12920,11° 9.24%%
ZP Banded Guadratic 1 27.00 .01
N Banded 2 737.33 368.66 2.64
N Banded Lircar 1 1.00 00
EN Banded .uadratic 1 756,33 +52
NP Banded 4 16576.88 4144.22 2.96
D 1 793.50 793.50 56
P 2 197.33 98.66 .07
DN 2 2635. 11 1317.55 <94
Dnp 4 1216.88 504,22 .21
Brror 44 61480.39 1397.29

Total 68. 124685.65

Degrees of Freedonm (D.F.) do not add up to total due to common plots in

the L X P and N X P factorials
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1, 3.2, Effect of banded N P fertiliser and depth of banding on cavsule
yield jg{:nzi

(Dete on which Table 10 is based)

Treatment Replication
1 2 3
A 100 98 110
B 109 167 114
¢ 15 123 114
D 110 108 167
E 121 125 108
F 13 149 121
G 16 120 126
B 123 124 141
J 132 156 187
K 13 127 107
L 115 103 . 148
. 12 123 117
N 93 101 160
P 98 17 139
Q 17 112 129
R 110 107 119
S 9 110 145
T 13 128 181
v 107 105 125
e 116 136 122
X 17 137 151
¥ 130 114 100
2 115 156 137
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s 320 Analysis of Veriance - capsule yield (g/mei

Source P SS »s VR
Block 2 4890,78 2445.39 8.1
'Treatment 22 8907.27 404.87 1.3

P Contact 9 645,33 645.33 2.

L Contact 1 16433 16.33 o1

P X L Contact 1 192.00 192.00 .6
P Banded 2 1740.59 870.29 2.87
P Banded Lirear 1 1736.11° 5.72%
;P Banded Quadratic ¥ 4.48 0.01
N Banded 2 1422.48 711.24 2.35
(N Banded Linear 1 1369.00 4.53%
N Banded Cuadratic 1 53.48 =i
NP Banded 4 2866.18 716.54 2.36
D 1 439.18 439.18 1.45
DP 2 103.70 51.85 .17
DN 2 456.92 228.46 )
DXP 4 387.51 96.87 .32
Error 44 15344.55 303.28

TOTAL 68 27142,60

Degrees of Preedom {D.F.) Go not add up o toal due to common plois in

the L X P and N X P facotrials
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1¢3.3. Effect of banded W P fertiliser and depth of banding on cansule

morphine concentration (%)

(Date on which Table 11 is based)

Replication
Treaimentis
1 2 3
A 0.59 0.53 0.56
B 0.62 0,64 0,62
C 0.59 0.58 ‘ 0.61
D 0.58 0.58 0.70
E 0.59 0.66 0.53
F 0.62 0.64 0.56
G 0.64 0.63 0.62
H 0.56 0.60 0.67
J 0.52 0.61 0.72
K 0.59 0.61 0.57
L 0.61 0.56 0.62
M 0.59 0.64 0.61
N 0.53 0.60 0.61
P 0.51 0.59 0.59
Q 0.55 0.47 0.52
R 0.58 0.67 0.59
S 0.63 0.51 0.61
T 0.63 0.69 0.56
v 0.50 0.56 0.62
v 0.57 0.53 0.54
X 0.58 0.63 0.64
Y 0.60 0.54 0.57
2 0.57 0.60 0.55
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1.3.3. Analysis of Varisnce - cadsule morvhine concentration ()

{011 Povpies - Forthside)

Source DF SS S VR
Block 2 +004 .0022 1.0
Treatment 22 .058 .0027 1.2
P Contact 1 .001 .0012 o
L Contact 1 .003 .0033 1.5
P X L Contact 1 .004 .0040 1.8
P Banded 2 .0C01 - .000080 .03
N Banded 2 .0103 .00516 2.35
N X P Banded 4 .0115 .00289 1,31
D 1 .0052 .0052 2.36
P 2 . 0009 .0004 .20
R 2 .0G88 .0044 2.02
DNP 4 .0067 .0016 .76
Error 44 0963 .0022
Totzl 68 <1533

Degrees of “reedom {D.r.) do not asd up o total due to coammon plots in

the L X P and ¥ X P factorials
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fw3s4e Effect of banded I P fertiliser and depth of banding un capsule
2
)

morphine yield (g/m

{Date. on which Table 12 is based)

Replication
Treatment
1 2 3
A 0. 590 0.519 0.616
B 0.676 1,069 0.707
c 0.679 o.715’ 0.696
D 0.638 0.527 1.169
E 0.714 0.825 0.573
F 0,701 0.954 0.678
G 0,742 0.756 0.782
E 0.689 0.744 0,945
J 0.686 0.952 1.347
K 0,667 0.775 0.610
L 0. 702 0,577 0.918
M 0.661 0.787 0.714
N 0.493 0.606 1,008
P 0. 500 0.690 0,821
Q 0.644 0.527 0.671
R 0.638 0.717 0.703
S 0.624 0.561 0.885
T 0,712 0.883 1.014
v 0.535 0.588 0.775
W 0,661 0.721 0.659
X 0.679 0.864 0.967
Y 0.780 0.616 0.530
s 0.656 0.936 ©0.754




176

1.3.4. Analysis of Variance - capsule morphine yield (p;/:nz)

Source DF SS MS VR
Blocks 2 .26 <1319 6.3
Treatwent 22 .58 .0204 1.3

P Contact 1 .03 «0343 1.6

L Contact 1 .01 .0106 )
P X L Contact 1 .02 .0282 ted
P Banded 2 <052 .0260 1.253
(P Linear 1 052 .052 2.481
P Quadratic i 001 .00t 025
N Banded 2 .098 .0491 2.361
(N Lineer 1 081 .081 3.878
N Quadratic 1 .018 .016 845
NP Banded 4 .183 047 2.7283
N Quadratic X P Linear 1 .084 .084 4,044
D 1 .052 .0522 2.510
P 2 .009 .0049 240
DN 2 041 .0207 998
o 4 .03311 .0082 - «399
Error 44 .T€34 .0208

Total 68

Degrees of Ireedom (D.F.) do n>t a’d up, due to comron plots in the L X P

and M X P factorials
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1%.3.5. Effect of bended N P fertiliser and depth of banding on capsule

to_head percertage (%)

(Dita on which Table 13 is based)

Replication
Treatment

1 2 3
A 31 33 32
B 31 32 32
c 32 2 32
D 34 34 33
E 33 32 32
F 33 34 33
G 36 34 34
H 34 35 33
J 34 33 31
K 33 32 32
0 31 31 30
M 31 30 31
N 33 32 33
P 32 33 33
Q 32 B3 33
R 35 35 34
s 33 34 33
T 33 34 33
v 33 33 34
Y 33 33 34
X 33 34 55
Y 33 34 32
A 34 34 35
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1.3.5. Analysis of Varicsrnce - cacsule to hezd vercenia-e (%)

Source DF SS [ES) VR
Block 2 2.69 1.34 2.7
Treatment 22 71.15 3.23 6.5

? 1 33 o33 7

L 1 <33 .33 o7
PXL 1 33 33 7

P 2 9.48 4.74 9.49
N 2 45.03 . 22,51 45.100
NP 4 3.85 .96 1.86
D 1 1.85 1.89 z.708
P 2 .1481 0740 .14
N 2 1.03 +51 1,00
VP 4 4.96 1.24 2.48
¥rror 44 21.97 .49

TOTAL 68 95.82

Degrees of Freedom (5.F.) do not add up to total Jue to common plois in

the L A T erid i X P faciorialis
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{elt.  Effect of Iire An-lication on Pl-nt Zurvival, Vields znd Plent and

Soil Kutrient Status

1, L1, Effect of C2(0H)2 on nlont survival (Wo. rot)

(Deta on which Tuble 16 is based)

Ca(0H)2 | Peplication
1 2 3 L 5 6
Broadcast (t,//ha)
Zero - NP 12,00 12.00 14,00 12.00 14,00 11.C0
Zero + NP 12.00 9.00 10.00  14.00 10.00  12.60
2.5 13,00 12.00 11,00 12.00 14,00 10,00
5 12.00 13.00 15.00  13.00 12.00  12.00
10 13.00 13.00 15,00  15.00 15.00  11.00
15 14.00 13.00 13.00  15.00 15.00  13.00
20 15.00 13.00 15.00 15,00 14,00 14,00
25 10.00 15.00 12.00 15.00 13,00 8.00
50 9,00 13.00 2.00 3.00 7.00 .00
Contact ‘ke/hz)
100 10.00 11.00 12.00  11.00 | 9.00 R.,00
200 2.00 10.00 12.00  13.00 12.00  11.00
400 5.00 8.00 6.00  10.00 6.0  12.00
600 7.00 5.00 5.00 1%.00 8.00 13.00
800 3.00 9.00 - 0.00 5.00 1.00 1,00
1000 .00 5.00 2.00 1,00 8.00 0.00

Welt .1, An-lvsis of Ys»isnce - vlant survival (Gio/not)

———- ———— e ——— - a =

Source of Var. bF SS M3 ¥
Blocks 5 33.73 £.76 1.4
Ca(0H)2 1% 1205.29 86.09 18.1
Trror 70 333,28 k.7

Total &9 1572.46
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1. 4.2. Effect of Ca(OH)Z on numbers of capsules (No./pot)

(bate on which Table 16 is based)

ca(0H)2 Replication
1 2 3 4 5 6
Broadcast (:/ha)
Zero + N P 2,00 2,00 2.00 2,00 2,00 1,00
2.5 2,00 2,00 2,00 2,00 2.00 2.00
5 2.00 2.00 2,00 2,00 2,00 2,00
10 2,00 2,00 2,00 2,00 2,00 2.00
15 2,00 2.00 2,00 2,00 2,00 2.00
20 2.00 2,00 3.00 2,00 2,00 2,00
25 3.00 3.00 3.00 3,00 3.00 3.00
Contact (kz/ha)
100 2.00 2,00 2.00 2,00 2,00 2.00
200 2,00 2.00 2,00 2,00 2,00 2.00
400 2.00 2.00 2,00 2,00 2,00 2,30
600 2,00 2,00 2,00 2,00 2.00 2.00
N.4.2. Analysis of Variance -~ capsule numbers (lio./pot)
Source of Vaxr. IF SS MS F
Blocks 5 0.18 0.04 1.2
Ca(0H); 10 5.79 0.58 19.5
Error 50 1.48 0.03

Potal 65 7.45
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(Data on which Table 16 is mased)

ca(cii)2 Replication
1 2 3 4 5 6
Broadcsst (t/ha)
Zero + N P 38 .65 . .54 .23 .38
2.5 1.85  1.32  1.20 1.04 134  1.47
5 165  1.83  1.63  1.18 1,57  1.05
10 2,28 1,49 1.4T7  1.88 1.9T  1.71
15 3.92 2,97 3.08 2.76 3.24  2.54
20 2.87  4+45 4,17 296  2.89  2.36
25 4.62 5,78  5.04  3.79 441 4.23
Contact (kg/n2)
100 1.85 +99 .75 .80 .58 <95
200 1.10 .71 .90 .87 .71 .65
400 1,00 1.22 .86 1,08  1.18 .66
600 .02 1.23 .14 1.24  1.05  1.17

1.4.3.

Analysis of Variance — capsule yield (g/pot)

Scurce of Vax Dz SS S F
Blocks 5 .51 .10 2.5
ca(0H), 10 28.78 2.86 70.2
Error 50 2.05 Q4

Total 65 31.35
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%, 4.4. Effect of Ca(0H)2 on yield of dry seed (g/pot)

(Tata on which able 16 is based)

Ca(CH)2 Replication
1 2 3 4 5 6
Broadcast (+/ha)
Zero + N P 0.50 0,98 .38 0,99  0.48  0.66
2.5 2.43 2,22 2,06 147 2.16  2.13
5 2,67 2.1 2,23, 2.16  2.4T7  2.18
10 2,55 2,25 2,97  3.68  3.12  3.36
15 2.85 3.97 2.55 4.69 4.45 4.80
20 4.82 2.77 3.52 477 4.65 4.03
25 6.16  4.23 3.62 4.78 5.01 6.79
Conttact (kg ha)
100 1,25 1.69  1.22  1.53  0.65 1.23
200 199  0.91 1,57 1.22 0.91 1.04
400 .66  1.81 .29 1.77  1.26  1.32
600 1.62  1.39 1.4 1.72 1.59  1.4¢4
1:4.4. Analysis of Yariance
Source of Var IF 38 ¥S P
Blocks 5 0.23 0.G5 0.7
ca(oH)o 10 20,67 2.07 32.9
Error 50 3.14 0.06
Total 65 24.03
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1« bo5. Effect of C2(09)2 on soil of

{Data on wiich Table 17 is based)

Ca(0d)2 Nevnlication
1 2 3 4 5 6

Broadcast (t/ha)

Zero + NP 5.k 5.3 5.2 5.3 53 5.3
2.5 5.7 5.9 5.7 6.1 €.0 5,9
5 5.4 6.4 , 6.2 6.1 6.4 6.5

10 2.1 €.9 6.9 7.3 6.8 A |
15 7.8 7.9 7.7 7.9 7.8 8.5
20 8.0 8.0 7.9 " 80 8.0 8.0
25 8.1 8.1 8.0 8.1 8.1 R,1
50 8.3 8,2 8.1 8.2 2.0 5.3
1]
1: 4,5, A~=lveis of Wariance (30il v4)

Soiiia & ® e s ©g b

Blocks 5 c.13 0.04 4.0

ca(0H), 7 52.77 7.54 754.0

rror 35 0.39 0.01

Total L7 53%.34
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Effect of Ca(0%)2 on available scil ohosphorus {ropm)

1, 4.6.
( Pata on which Table 17 is based )
Cca(CH)2 Replication
1 2 3 4 5 6
Broadcast (t./ha)
Zero ~ NP 35 34 38 39 39 40
Zero + N P 35 34 I3 %9 40 40
2.5 31 33 34, 38 35 €1
5 33 35 36 36 37 41
10 37 38 39 45 42 41
15 51 54 54 59 56 53
20 56 56 56 52 57 57
25 67 58 59 64 60 53
50 kP 77 81 65 79 75
10 4.6, fnalvsis of Yarisnce — soil phosphorwis {(opm)
Source of Var } 1 SS S by
Blocks 5 205,3 41.1 1.94
Ca(0H)2 @ 9139.8 1142.5 55.89
Error 40 846.4 21.2
Total 53 10191.5




185

1:4.7. Effect of Ca(OH)2 on aveilable so0il pote.ssium (rn.e./10 ke)
{Data on which Table 17 is based)
ca(cH)2 Replication
1 2 3 4 5 6
Broadcast (t/ha)
Zero ~ H P 36 37 34 32 34 36
Zero + N P 24 31 23 30 31 30
2.5 16 16 19° 17 18 %6
5 18 18 16 18 18 16
10 16 16 16 14 18 13
15 13 12 13 1 12 12
20 13 12 18 14 12 12
25 15 12 14 13 11 12
50 13 15 18 16 12 18
144.7. Analysis of Vari-nce ~ Soil rotassinz (m.e./10 kg)
Source of Var DF SS M3 ¥
Blocks 5 6 1020 0025
Ca(OH)Z 8 3026 378.30 79.98
Srror 40 18S% 4.73
Total 53
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104.8. Bffect of Ca (0H)2 on vhosphorus conien:t of stem and leaves (.3)

{0ate cn which Yatle 18 is based)

ca(0H)2 Replication
(t/ha) 1 2 3 4
0 0.04 0.09 0.23 0.06
2.5 0,09 0.11 0.09 0.08
5 0,07 0.10 0,10 2.075
10 0.14 0,075 0,13 0.055
15 0.08 0.08 0.07 0.06
20 0,07 0.06 0.055 0.07
25 0.045 0.055 0,11 0.055
50 0.02 0.09 0.05 0.07
1s 4.8. inalysis of Variance (:12)
Source of Var. DF SS S VR
Blocks 3 0,007084 0.002361 1.915
ca(OH), 7 0.008847 0.001264 1.C2%
Error 21 0.025891 0.001233
Total 31 0.041822
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(Data on which Tsble 18 is bazed)
ca(cinez Revlication
(i faa)
\t/'r.., 1 2 3 L
0 1.7 2.7 1.0 1.5
2.5 2.0 25 1.9 1.7
3 1.8 1.8 1.8 1.9
1c 1.3 ) 0.7 1.2
15 1.0 1.0 0.9 0.9
29 1.1 0.9 0.9 0.8
25 1,1 C.8 0.6 0.9
S0 1.1 1.0 1.0 1.4
Fe .9, Arzlwveis of Verinnce (% X)
Scarce of Yar. oy SS por R
31ocks 3 0.64250 0.21417 2.1€0
Ca(0H), 7 5.51500 0.8021k 8.085
Error 21 2.08250 0.09917

Total 21 8.3L000
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hela10. Effoct of Ca(0d)2 on calcinm conient of sten and leives (%)

{Data on whick Table 18 is based)

ca(or)2 Dartlication
{+ /a2
(t/ha) 1 2 3 b
2.5 2.17 1.72 1.h40 1.75
5 1.50 1,45 1.h4o 1.25
10 1.72 1.53 2.12 2.10
15 1.50 .95 1.72 1.67
20 2.00 1.81 1.25 2.00
25 1.35 2.80 1.90 1.55
S0 1.60 1.60 1.23 1,32
1y 10, Anclweis of Yariance (¢4 Ca)
Sourcz of Var. o) SS MS IR
Blocks 3 0.3707 0.1236 0.955
ca(0H), 6 1.32225 0.2204 1.704
Irror 18 2.2288 0.12e;

Total 27 L, 0220
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1.4.11. Sffect of Ca(01)2 on macnesium content of sten and leaves (%)

(Data on whicn Table 18 is based)

cal01)2 Remlication
t/ha 1 > x o 4
2.5 0.32 0.2.5 0.31 0.32
5 0.23 0.26 0.3h 0.22
10 0.29 0.34 0.45 0.36
15 0.38 0.39 0.38 0.3
20 0.42 0.1 0.k 0.47
25 0.40 0.55 0.43 0.38
%0 0.38 0.45 0.9 0.U44

1 411, Ao vsis of Variance (¥ ¥7)

Source of Var. DF Ss MS VR
Plocks 3 0,017071 0.00L357 2.093
ca(0H)» 6 0.121150 0.020152 2.698 **
Error 18 0.037£79 0.002082

Total 27 0.47170C0
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1¢ 4,12s  Effect of Ca(0H)2 on sodium content a3f stem and leaves (vi)

(Data on waich Table 18 is based)

Ca(oH)2 - Replication
(t/ha) 1 2 3 4
2.5 0.95 1.25 0.60 0.80
5 0.70 0.75 0.60 0475
10 0.60 1.25 0.75 0.75
15 0.60 0.75 0,70 1.15
20 2.90 1.15 © 145 1.15
25 2.05 1,55 2,00 0.80
50 1.85 0.40 0.40 0,50

1, 4,92.  Analysis of Varianc: () Na)

Source of Var. IF SS B VR
Blocks 3 1. 1660 0. 5887 1.702
Ca(oH), 6 3.9946 0.6658 2.916%
Error 18 4.1096 0,2283

Total 27 9.2703
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1+4.13. Effect of Ca(0H)2 on molybdenum content of stem and leaves (pom)

{Data on which Table 18 is based)

Ca{0H)2 Rerlication
\t/ha) 1 2 3 4
0 0.90 1.20 1.20 2.50
2.5 0.30° 1,00 1,60 1.10
5 0.0 1,20 . 1.40 1,20
10 2.00 5.50 4.10 1.90
15 1,60 4.90 2.30 1,80
20 2.80 5.60 3.80 4.00
25 5.00 6.30 4.60 5,00
50 4.30 9.80 5.40 6.40

1.4:13¢ Analysis of Varianze (pom Mo)

Source of Var, DF s M VR
Blecks 3 20.3775 6.7925 6.831
ca(oH), 7 111.5200 15.9314 16.021%%
Error 21 20.8825 0.9944

Total 31 152,7800
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1.4.14. Effect of Ca(CH)2 on boron content of stem and leaves (ppg)_

(Data on which Table 18 is based)

ca(08)2 Replication
(t/ha) 1 2 3 4
2.5 46 51 33 44
5 33 31 30 28
10 39 27 31 29
15 23 33 T3 26
20 35 36 22 29
25 33 42 30 52
50 31 35 20 30

1o 414,  Analysis of Verisnce (vpm B)

Source of Var. DF SS S VR
Blocks 3 276.14 92.05  4.277
Ca(0H), 6 653.50 108.92 5.061
Error 18 387.36 21.52

Total 27 1317.00
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1¢ 4,15,  Effect of Ca(0H)2 on copper content of stem end leaves (ppm)

{Data on which Table 18 is based)

calo¥)2 Replication
(t/ha) 1 2 3 4
0 9.0 15.0 5.0 20.0
2.5 10.0 6.5 6.0 645
5 8.7 8.0 5.5 645
10 19.5 7.0 ‘ 7.0 5.5
15 8.0 6.8 1245 6.6
20 5.8 20.5 7.5 20.0
25 14.5 8.5 25.5 25.0
50 7.0 1444 9.0 62.0

4:4.15, Analysis of Verisnce (ppm JuL)

Source DF SS ¥S VR
Bliocks 5 4589 153.0 1.409
cafod), 7 910.9 130.1 1.198
Errcr 21 2280.4 108.6

Total 31 3650.2
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144,16,  Effect of Ca(CH)2 on zinc content of stem and leaves {vom)

(Pata on which Table 18 is based)

Ca{0H)2 Replication
(t/ha) 1 2 3 4
2.5 160 160 157 160
5 73 78 88 62
10 64 48 62 58
15 56 42 64 50
20 37 37 47 54
25 47 64 37 100
50 23 59 32 48

1e 4.16, Analysis of Variance (pnm Zn)

. Source IF SS ¥s VR
Blocks 3 380.7 126.9 0.622
ca(omn), 6 40196.0 6699.3 32.853
Error 18 367046 203.9

Total 27 44247.2




195

14.17. 2ffect of Ca(0H)2 on manganese content of stem znd leaves (ppm)

(Data on which Table 18 is based)

Ca(®H)z Replication
(t/ha) 1 2 3 4
2.5 55 32 30 50
5 5 10 5 10
10 30 15 3 30
15 32 35 64 40
20 80 70 30 70
25 75 117 80 50
50 67 112 83 78

¥, 4.17. Analysis of Veriance (ovm ¥n)

Source o' Vax. DF SS MS VR
Blocks 3 546.4 182.1 0.576
Ca{0K), 6 19946.4 3324.4 10.518
Error 18 5689 .1 316.1

Total 27 26181.9




196,

4,4.18, Effect of Ca(0i1)2 on the dry matter yield of ster. and leaves (g/pot)

{hata on which Table 19 is based)

ca(0K)2 Replication

1 2 3 4 5 6

Broadcast (t/ua)

Zero 1.65 2.60 2.75 2,18 1,07 .41
245 6.30 5.53 6.92 5.18 5.81 6.26
5 7.20 10.40 6-97 5.46 6.70 4.27
10 10.32 7.21 T.35 8.08 9.72 7.82
15 11,82 12.62 13,51 10.03 12,58 9.2
20 12.87 15.42 13,66 12.51 11.94 9.97
25 15.23 19.83 18.80 13.11 16.06 15.13

Centact (kg/ha2)

100 3.31 4,25 2.50 3.39 3.1 3.36
200 3.30 2.85 3.48 3.65 3.54 2,98
400 3.85 5.93 5.49 4.28 4,92 2.87
600 4.08 4.95 4.76 4,10 4.17 4.21

4,4.,18, Analysis of Variance - Yield of stem and leaves (Logs®)

Souzce of Var. P SS 1S P
Blocks 5 0.6392 0.1278 4.1
ca(0H)p 10 26,3782 2.6378 84.1
Error 50 1.5687 0.0314

Total 65 28.5861

* In this analysis yields (g/pot) are shown as the logarithmic trans-

formation to base e,
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APPEMDIX 2

' THS EFFECT OF LEACAING OW THE MORPHINE CONTENT OF CAPSULES

2.1, Effect of leaching and related treatments on morrnine concentration

of ground capsules (%)

(Data on which Table 20 is based)

Treatment Replication
1 2 .- 3
(1) 50% Dry capsule + 50% Water 0.50 0.48 - 0,51
(ii) eof ¢ " 4 80% Water 0.50 0453 0.57
(iii) 20% ™ " + 80% Water 0.19 0.22 0.24
: + Leaching
(iv) 20% " " 4 80% Water 0.54 0.60 0.55
+ 2 Dxrying Cycles

(v) 4ir Dry Capsule 0.55 0.55 0.58
Leachate from (iii) * 0.42 0,43 0.41

* The morphine percentages of the leachate from Treatment (iii) were not

included in the analysis.

2.1, Analysis of Variance — morphine cencentration of leached ground

capsules (%)

Source of Var. DF ss by Y F. Ratio
Treatment 4 0.257 0.064 64%*
Error 10 0.008 0.001

Total 14 0.265
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2.2.1.

198.

Effect of Time of Harvest and Leaciing on Intact Capsule Morphine -

and Iinmersion Yater Horohine

Effect of Yime of harvest and leaching on intact cansuie morphine

concentration

‘Data on which Table 21 is based)

Replicaticn

FWN -

FWN 2

WA

2.2.1.

Time of Harvest
Two vweeks after full bl.oom
10 L1 2 L3
0.69 0.64 0.75 0.43
0.88 0.54 0.60 0.70
0.54 0.48 0.45 0.56
0.94 0.70 0.57 1.25
Four weeks after full bloom
1.39 1.20 1.5  0.96
0.98 1.17 1.10 1.24
1.37 1.0% 0.89 0.90
1.21 1.08 111 0.97
Six weeks after full bloom
0.82 1.00 1.08 1.05
1.16 1.02 0.80 0.91
1.10 1.35 1.16 1.21
1.75 1.27 1.1 0.7k
I = Tength of capsule immersion time
L0 = zero minutes L2 = 44,8 minutes
11 = 6.7 & L3 = 300 "

Analysis of Variance - morphine concentration of leached

intz.ct cavsules (%)

Source of Var. OF SS MS §'23
Length of Immersion 3 0.1666 0.0555 1.099
Time of Harvest 2 2.1769 1.0884 21.539
Time x Length 6 0.1527 0.0254 0.504
Error 26 1.8193 0.0505

Total L7 4.3156
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2.2.2. Effect of time of harvest and leaching of intact cavsules on

weight of morphine in immersion water (mg).

(Data on which Pable 22 is based)

Time of Harvest
Replication
Four' weeks after full bloom
11 L2 13
1 0.00 0.07 0.07
) 2 0,07 0.03 0.93
3 0.00 0.00 0.40
L 0.00 0.07 0.07
Six weeks after full bloom
1 0.04 0.04 1,16
2 0.04 0.12 132
3 0.16 0.16 1.36
L 0.12 0.08 1.08
L = Length of cavsule immersion time
11 = 6.7 minutes
12 = 44.8 minutes
L3 = 200 minutes
26220 Analysis of Variance - weight of morphine in immersion water (mz)
Source of Var. DF Ss MS VR
Length of Imxmersion 2 2.8922 1. LL61 L5, hlyx=
Time of Harvest 1 0.6567 0.6567 20.64==
Time x Length 2 0.8482 0.4241 13.33**
Error 18 0.5728 0.0318

Total 23 4.9699




200.

AP NIIX 3
IO oy el o g G iy L,
3.1 Zhe Lffect of Tiwe of Tarvest on Cavsule . orvhire

3.1.1. DBffect of time of harvest on iry weisnt of individupl texrm-
inzi copauLies \.:)

{(Dztz on wnich Table 23 is based)

Harvest iumber

2 3 4 5 6 7 8 9 10 11

1,87 2.33 2.45 2.52 2.89 2.57 2,01 1.%83 1.74 2.02 1.80
2,25 %.99 1.73 1.91 2.32 2.05 2.04 2.65 2.04 1,10 2.31
2.86 2.37 %.82 1.53 2.45 3.17 3.19 2.95 1.76 1.84 1,21
1.44 3.3 1,72 .22 2.i0 2.42 1,90 1.77 2.03 2.00 2.17
1.85 1.51 1.68 1.71 3.16 1.95 1.76 1.93 2.58 1.76 1.99
3.48 2.49 2,73 1.76 1.97 1.43 1.36 2.21 1.46 1.57 0.99
1.4 3.15 .33 1,61 1.51 2.39 1..2 2.20 2.3 2.41 2.44
1,20 193 2,31 2,33 1,47 2.45 2.70 1.85 1.56 1.70 1.8
1.78 1.85 1.60 2.70 2.05 2.42 2.37 1.3€ 1.16 2.09 2.91
1.89 1.75 2.65 1.8 1.71 1,66 2.02 1.74 1.58 1.91 2.75
3.19 1.68 2.20 1.80 2.13 2,75 1.42 1.12 2.09 2.02
2,96 1.98 3.19 3.952 2.4% 3.57 1.195 3.03 4.39 1.97
2.43  1.45 1,55 2.495 3.5 2,90 1,77 2.5 G320 2.5¢9
3.25 2.19 2.07 3.05 2.34 1.34 2.5t 1,60 2.11 2.03
.72 2.05 1.79 2.52 2.74 2.12 2.08 1.46 2.11 1.9
2.2
2

\-l

PR
»

2.62 2.39 2.34 .29 1.78 3.10 2.21 1.62 2.54
1957 1.43 '.,88 22 2.24 1.71 1.38 2.45
2.15 1.72 1.95
Felel, inalysis of Veriasnce = dryv el it of tsrioingl cozsules ()
Source of Ver, o SS Tids il
Pize of darvest 10 5.3539 0.5354 1.6
Frror 169 57.4934 0.3402

Total . 179
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3.1.2. Lffect of tire of harve:t on morohine concentretion of terninal

cazeules (P)

{Date on vhich Tabli: 23 ard Tisure 2 are based)

farvest Replication

1o. 1 T2 3

1 0.36 0.42 0.43
2 0.58 0.65 0.60
3 0.79 1.16 0.97
4 1.05 1.14 0.94
5 1.17 .14 1.42
6 1.23 1,37 1.60
7 1.35 1.39 1.20
8 1.43 1426 1.41
9 0.92 1.08 1,07
10 1.00 0.82 0.84
1 0.94 0.73 0.59

3.1.2. Analysis of Vsrisnce - worshine concentreticn of terminal cansules(sh)

Source of Var, F S5 35 Vi
Time of liarvest 10 3.1152 0.3115 19, &%
Zrror 22 0.3465 0.0158

Total 32 3.,4618
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3,1.3. uifect of time of harvest on -orphine concentretion of lateral

cansules f !

(Data on which Table 23 and Fig. 2 are dbased)

Hazvest Replication

Yo. 1 2 3
1 R.A. NeA. N.A.
2 0.39 0.53 0.58
3 1.06 1.08 1.13%
4 1.16 1.36 1.00
5 0.85 1,61 1.35
6 0.92 1.43 1.62
1 K.4. N.2. Ko 1.
8 1532 1.14 1,40
9 Nasle . A, el

10 0.21 Q.70 0.90

1 0.84 0.53 0.48

N.A. = Mot =vsilable

3e1e3. Analysis of Viriznce - norchine concertrsiion of latersl cews:les(ls)

Source of Var, DF SS S VR
Time of grvest 7 2.2730 0.3247 8.6
Trror 16 0.7871 0.0492

Total 23 3.0601




203.

3.2. _fiect of tine of h~rvest on the iror.tire corcentration (1) and
morchine yieid {(z [ia) of *cx.jrely 1. teral onc teisl carsules from
the L1 P1 non-spraycd treatvent

(Data on which _2bles 25ag9, are besed)
’

aarvest aeplic—  lerminal Capsules  Laterel Caysules  Total Cageules
aticn orghine rorphine Forphine
o. % kg/ha % kg/ha % kg/a
1 1 0.58 5.7 0.92 2.8 0.66 8.5
2 0.56 6.0 0.74 2.7 0.61 8.7
3 0.72 4.8 1,01 2.0 C.77 6.3
4 0.69 6.7 1.29 3.2 0.81  10.0
2 1 0.66 9.1 0.69 5.6 0.67 14.7
2 0.5% 8.6 0.64 5.6 0.65 14.2
3 0.62 7.4 0.77 2.8 0.66 10.2
4 0.77 9.9 0.7* 7.9 0.74 7.8
3 1 0.62 5.0 0.80 2.1 0.6 7.1
2 0.62 7.0 0.86 4.4 0.70 1i.4
3 0.76 7.5 0.84 2.9 0.78 10.4
4 0.78 9.9 1.02 5.9 0.85 15.8
4 1 0.93 9.0 0.87 8.1 0.90  17.%
2 0.54 4.2 0.67 2.8 0.66 7.0
3 0.91 19.1 0.74 6.5 0.83 1%.6
4 0.79 8.1 0.74 4.8 0.77 12.9
5 1 0.99 8.3 1.12 8.1 1.05 15.4
2 0.77 3.8 0.82 3.3 0.79 9.1
3 iR 9.5 0.26 3.5 1,01 2.8
4 0.87 8.2 0.93 2.3 0.88  12.3
6 1 1.1 6.5 1.22 6.1 1.15 12.6
2 1.02 9.2 1.03 5.9 1.02 1541
3 1.11 11.5 0-96 5-6 1.05 17'1
4 0-97 895 0-97 3'2 0'85 11'7
7 1 1.14 8.6 1.0% 4.6 1.13  13.2
2 1.14 8.9 ©.09 5.0 .13 13,2
3 0.79 7.5 0.83 5.0 .81 12.5
4 1.10 9.9 1.12 9.1% 1.17  19.¢
8 1 0.83 5.9 0.83 5.9 0.83 9.8
2 0.98 7.6 1.0% 4.9 1.00 12.5
3 0.98 8.3 1.16  10.7 1.07 19.0
4 0.98 6.0 1.12 2.5 1.00 8.5
9 1 0-53 4-1 0-79 3-4 063 7'5
2 0.72 5.0 0.75 1.0 0.72 6.0
3 0.99 T.4 0.73 3.1 0.89  1C.5
4 0.75 5.8 0.86 5.6 0.80 1i.4
10 1 0.5¢ 5.5 0.60 2.2 0.63 7_.'_1
2 1.18 7.8 1.09 6.5 1,33 14,3
2 0.94 7.5 1.01 3.9 0.22 M.
4 0.70 5.1 1.01 1.1 0.74 6.2
11 1 0.60 3.7 0.78 3.3 0.67 7.0
2 0.75 4.9 0.85 3.9 0.79 8.5
3 0.89 6.6 0.94 5.1 0.91 11.7
4 0.69 5.7 0.81 5.3 0.74 11.0
1 0.6 7 0.75 2.9 0.66  6.G
' 2 0.7? 2.3 0.67 1,7 0.69 §.o
3 1.01 7.5 0.9» 5.5 0.9  1.C
4 0.82 5.6 0.96 2.3 0.86 7.9
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3,3, Effezt of time of harvest on the morvhine concentration (%) and
morpnine vield (ke/nz) of terminal,,laterzl and total cansules
from the u1r1 sprayed treatment

{(Data on whicn Tables 25,29,46  are based)

Harvest Replic~  Terminal Capsules lateral Capsules Total Capsules
N ation Morphine l¥orphine Morphine

- ¢ % kg/ha % kg/ha % kg/ha
1 1 0.62 6.6 0,91 2.7 0.68 9.3
2 0.60 6.7 1. 37 1.5 0.64 8.2

3 0.63 6.1 1.01 1.8 0.69 7.9

4 0.66 7.3 1.05 3.1 0.75 1044

2 1 0.71 8.8 0.64 4.1 0.69 12.9
2 0.65 8.1 .65 2.6 0.65 10,7

3 0.69 8.8 0.80 4.9 0.72 13.7

4 0.74 9.2 0,94 10.1 0.83 19.3

1 0.74 8.5 0.92 6.8 0.82 5.3

2 0.66 To1 0.88 10.4 0.78 17.5

5 0.69 8.8 0.80 4.9 0,72  13.7

4 0.74 902 0.94 10,1 0.83 19.3

4 1 0.66 T.3 0.70 6.0 0.67 13.5
2 0.75 T.4 0.83 3.4 0.77 10.Q

3 0.72 Te1 0.85 5.0 0.76 12.1

4 0.79 TeT 0.83 4.8 0.80 12.5

5 1 1.33 11.6 0.83 5e1 1.12 16.7
2 1.18 15.2 1.15 8.0 1.16 21,2

3 1.00 8.1 1.47 2.3 1.07 10.4

4 1.08 9.6 1.02 8.7 1.05 1843

6 1 1.06 2,6 1,15 8.9 1.10 18.5
2 1.22 12.9 1.40 13.0 1.30 25.9

5 1‘08 9.0 0a98 5.5 1.04 14.5

4 .03 9.9 1.0% 3.1 1.01 11.0

7 1 1.04 7.6 1.27 8.1 1.12 15.7
2 1.01 8.1 1.10 8.5 1.04 3.6

3 0.98 9.4 1.1 8.3 1.04 7.7

4 1.02 7.9 13 6.3 1.07 14.2

8 1 0.75 5.5 0.79 8.0 0,88 13.5
2 0.97 11.5 0.91 5.9 0.95 17.4

3 0.92 7.6 1.12 5.2 0.99 12.8

4 1.07 8.5 0099 5.3 1004 15‘8

1 0.89 6.G 0.9 7.2 0.90 13.2

? 2 0.82 T.5 0.80 4.8 0.81 12.3
3 1.10 8.2 0.96 4.5 1.04 12.7

4 0.99 8.0 0.74 6.6 0.86 14.6

1 0.80 6.7 0.69 3.0 0.76 9.7

0 2 0.99 8.2 0.85 9.2 0.91 17.4
3 0.93 8.8 1.06 6.3 0.98 15.1

4 1,03 10.5 0.84 3.6 0.97 144

1 0.8 6.7 1.14 7.8 0.98 14.5

! 2 '0.82 562 1.06 8.8 0.96 14,0
3 0.81 6.7 1.03 3.3 0.87  10.0

4 0.87 6.5 0.86 3.3 0.86 9.8

0.6 4.8 0.93 3.9 0.77 u.f

2 ; 0.9; 8.6 1.03 10.7 1.00 19.3
3 0.80 6.3 0.80 2.7 0.79 9.0

4 1.05 8.6 0.90 5.0 0.98 13.6
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3,4, o2ffect ol time of harvest on the nornvine concertration (95) and
[ . . 3 L
mor.haire ricle cl atca 4 lesven, tetfl plont and tote) nlact less
s¢ed fron -ne 1 P1 non-s.r-ved irsat.ent

(iata on which latles 27, 28,are based)
)
» 43, 49

29
narvest  hkeplic-  Stem and Leaves  Total Flant  Jotal Plant - leed
ation }iarphine osghire Lorgshine
Jx0. % kg/ha b kg/ha b kg/ha
1 1 0.06 4,9 0.14 13.4 0.14 13,4
2 0.07 £.3 0.1, 15.0 0.14 15.0
3 0.07 4.8 Y VN 0.15 1.6
4 0.05 3.5 0.15 13.5 0.15 13,5
2 1 0.04 3.6 0.15 18.3 0.16 18.5
2 0.4 4.0 0.14 18.2 0.15 18,2
3 0.06 5.0 0.1 15.2 0.15 15.2
4 0.05 65) 0.16  23.1 0.18 25.1
3 1 0.06 3.2 0.14 10.3 0.16 10.3
2 0.08 €.6 c.16 18.2 0.18 18.2
3 0.13 5.9 0.24 16.3 0.28 16.3
4 0,12 10.2 0.22 2%.0 0.25 26.0
4 1 0.C6 4.9 0.1 22.0 0.22 22.0
2 0.07 3.1 0.16 10.1 0.19 10.1
3 0.10 8.4 0.19 25.0 c.24 25.0
4 0.09 6.7 0.17 13.6 0.22 19.6
5 1 0.07 5.1 0.20 2°%.5 0.24 21.9
2 0.09 5.9 Cc.nm 15.0 0.20 15.0
3 0.07 3.8 219 16.7 0.25% 16.7
4 0.09 5.4 0.19 17.5 0.24 17.5
6 1 0.1 6.0 0.23 18.6 0.29 18.¢
2 0.08 5.4 0.1 20.5 0.25 20.5
3 0.10 7.6 .22 24.7 0.27 24,7
4 0.0 2.7 0.17 14.4 0.22 14,4
T 1 0.05 2.5 0.20 15.7 0.26 15.7
2 0.07 1.3 0.20 12,2 0.23 18.7
3 0..8 6.3 0.17 16.8 0.20 18.8
4 0.06 4.1 0.22 2341 0.27 279
8 1 0.04 2.9 0.15 11,8 0.20 1.8
2 0.2 2.3 0.17 14.8 0.21 14.8
3 0.04 2.8 0.19 21.8 0.25 21.8
4 .06 2.2 0.17 10.5 Q.24 10.%
9 1 0.08 4.8 0.14 12,3 0.17 12.3
2 0.06 2.7 0.1%2 8.7 0.15 6.7
3 .23 1,7 0.14 12.2 0.18 12.2
4 0.09 5.3 0.3¢  16.7 0.23 16.7
10 1 0.03 T4 0.13 9.1 0.1€ 9.1
2 0.C3 1.3 0.20 15.6 0.29 1S
3 0.02 1.1 0.'5 12.5 0.,2¢C 12.¢
4 0.05 2.5 0.12 8.7 0.15 8.7
11 1 C.04 2.2 0.11 o2 ORI 9.2
2 0.04 2.5 0.12 11.3 0.15 11.3
3 C.0q 2.7 0.15 14.2 0.18 1.1.4
4 0.06 4.0 0.1€ 15.0 0.19 15.0
12 1 0.07 2.1 0.17 8.7 0.22 11,9
2 0.03 1.2 0.12 7.2 0.15 22,2
3 0.05 2.0 0.20 15.0 0.28 12.2
4 0.05 2.1 0.15 10.9 0.20 14. .
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3.5, Lfiect of time of harvest on the morphine concentration (%) end
morphire vie.d (ko/ha) of stem + leaves, total plant and total
plant _ess sced frow tre N1¥1 sprayed treatz:ent,

(Data on which Tadbles 27, 28 29, are dased)

484 49
Harvest Replic—=  Stem & Leaves Total Plant Total Flant - Seed
. Porphine Morphine Morphine

No. ation % kg/ha % kg/ha % ke/ha
1 1 0,10 12,9 0.17 22,2 0,18 22,2
2 0.13 12,0 0,18 20.2 0.19 20,2

3 0.1 8.2 0.18 16.0 0,19 16.0

4 0,12 10,4 0.20  20.8 0.21 20.8

2 1 0.06 5.1 0,16 18,0 0.18 18.0
2 0.06 4,8 0,14 15,5 0.16 1545

5 0.05 5.3 015 20,4 0,16 20.4

4 0.08 6.2 0.6 16.9 0,18 16,9

3 1 0.07 5.7 0.%7 20,9 0.21 20.9
2 0.13% 16.7 0.20 34.1 0,22 34,1

3 0.0% 3.8 0.16 17.5 0.18 17.5

4 0.06 T.4 0,17 26,7 0,18 26,7

4 1 0.06 55 0.15 18.8 0.17 18.8
2 0.07 4.4 0.16 15.2  0.20 1502

3 0,07 5.0 0,13 17.1 0.20 17.1

4 0.08 5.9 0.16 18.4 0.21 18.4

5 1 0.08 5.7 0.21 22.4 0,26 22.4
2 0.07 6.2 0.21 27.5 G.26 27.5

3 0.16 8.0 0.24 19.4 0.29 19.4

4 0.14 10,1 0.25 28.4 0.32 28.4

6 1 0.04 3,2 0.18 21,7 0,23 21,7
2 0.05 4,9 0.20 30.8 0.26 30.8

3 0.08 5.6 0,19 20.1  0.24 20,7

4 0.10 5.1 0,20 16.1  0.26 16.1

7 1 0.04 2.6 0.19 18.5 0.24 18,3
2 0.04 2,5 0.17 16,1  0.22 16,1

3 0.05 3.9 0.17 21,6 0,23 21.6

4 0.05 3,0  0.15 17.2  0.24 17.2

8 1 0.08 4.1 0.20 17.6 0,27 17.6
2 0.02 1.4 0.17 18.8  0.21 18.8

3 0,02 1.1 0.16 13,9 0.20 13.9

4 0.03 1.7 0.17 15.5 0.22 155

9 1 0.05 3.3  0.16 16,5 0.21 165
2 0.03 2.0 0.14 14,3 0,18 14.3

3 0.03 1.6 0.17 14,3 0.22 14.3

4 0.04 2,8 0.16 17.4 0.20 17.4

10 1 0.03 1.8 0.13 1.5 0,16 11.5
2 0.04 3.2 0.16 20.6 0,21 20.6

3 0.03 2.1 0,16 17.2  0.21 172

4 0,04 2,8 0,15 16,9 0.20 16.9

11 1 0,04 2.2 0,18 16.7 0.24 16.7
2 0.04 2,1 0.19 16.1 0.24 16.1

3 0,04 2.4 0.14 12.4 0,18 12.4

4 0,02 1.1 0.14 10.9 0.18 10.9

12 1 0.07 3,2 0,16 1.9 0.21 11.9
2 0.06 2.9 0.23 22,2 0,33 i?.Z

0.09 9.2 0.18 13,2 0.23 2.2

Z 0.02 0.9 0.18 14,5 0.25 14.5
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of Warinnce - !'“fect

207.

of tine of

narvest. fe

riitiser an

“rein
in
soray ixecetwents on drs

metter vie:ld of

b

torrinel cou

sules (/")

Source of Varx, T Se M3 R
Treatments® 7 6095.146 870.735 3.910
Block 3 219,590 73.196 329
Brror (1) 21 4676.231% 222,707

Zime 1 73081.231 6643,748 45.589
Time X Treatments 17 16381.475 212,746 1. 460
Error (2) 264 38473.109 145.731

Total 383 138927. 411

In aopeniices 3.5. to 3.17.

spray treztments.

"Preatnenls’ = the four fertiliser and two

3eT. Analyesis of Variznce -~ 3f7%eci o tine of r.er‘veuu, fartiliser znd
S Tay irealuencs on ooy cziter vield ef lsterel caosules Lriw g

source M Ver. oF S5 S i

Treatinenis 51455.576 82G5.082 21.085

Block 2529.436 943,143 2,424

srror (1) 21 8172.054 389,145

Time 11 17550.974 1599.179 4.798

Tine X Tressienis 77 325:8,750 522.519 1.263

Zrror (2) 264 87984.525 333,276

Total 383 2C6569.759

3.8,

Source of ar, y S3 3 R
Treatrerts 7 52506.8€8 75C0.28 11,709
Llock 3 4578.,297 1452.7%5 2.320
EBrror (1) 21 12452, 65 440,403

Time 11 114222,256 10384.541 18.309
Time X Treatwents 17 58479.859 762.024 1.344
Zrror {2) 2¢¢ 1497355.802 567,161

Total 383 393079.429
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3.9 imalysis of Torisnce -~ . ffect of time of anrvest, Jertiliser snd
spray ireatwents o Ty tatter sioll of tereuivel seed (/mn)
Source cI Var. o 38 P VT
Treatinents 7 31584.760 4512.108 50532
Brock 3 939.190 313,063 453
Error (1) 21 14505.322 690.729
Time 1 560006,989 50909.726 123.905
Time X Treatments 77 46255.799 600.724 1.462
Error (2} 264 108741.894 410.878
Total 383 761763.996
3.10. _noiycis of Varicree - Zffect of tinse of ltarvest, fertilissr axd
spror treaticcnts on drr matter icid of lateral seed (v/m)
Source of Var, DF 8s s R/
Trezizents 7 37107.977 5301.139 6.245
Block 3 13401.642 3300. 59 4.909
irror (1) 21 16256.595 774,137 '
Time 11 10800, 1(7 9818, 560 14.217
Time . Treatrents i) £7496,722 74€.,710 1,001
Zrror (2) 264 182399.494 69C.207
Totel 383 41266€, 908
2e11.  amalysis ol Tariance — =Zfrect of Lize ¢l asrvest, Tertlliser and
Sproy trertiaonis ot fov center izl ol Aoial 3ced {/in")
Source of “/ar. B SS ¥S Vi.
Treatuents 7 53888.75 798,357 5.961
Block 3 16030.019 5545.335 4,157
Zrror (1) 21 27121.131% 1291, 482
Time 11 1138427.095 103493.372 80,953
LYime X iTeatments 11 110902.830 1440.296 1,127
Error (2) 264 337505.701 1272.430
Not-1 283 16£3275.543
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3.12. Analysis of Varisnce - Bffect of time of harvest, fertiliser and spray

treatment on dry matter vield of stem and leaves (g/ma).

Source o f Var. DF ss MS VR
Treatments 7 1796291.437 256613.062 15.195
Block 3 239891.939  79963.979 4.735
Error (1) 21 354657.907 16888.471

Time 11 3130175.866 284561.363 25.325
Time x Treatments 77 1493266.463  19393.070 1.731
Error {2) 264  2958209.595 11205.339

Total 383 9972492.410

3.13. Analysis of Variance - Effect of time of harvest, fertiliser and svray

treatments on dry matter vield of to%tsl plant (g/na).

Source of Var. DF Ss MS VR.
Block Stratum 3 452881 150960 6.309
Block Mainplot Stratum

Spray 1 698326 698326 22.400
P 1 1459494 146949k 47,137
N 1 504825 504825  16.153
Spray x P 1 32533 32533 1.044
Spray x N 1 40510 40510 1.299
PxN 1 154116 154116 L.oLL
Spray x P x N 1 7728 7728 &.248
Error (1) 21 654668 3175 1.303
Time 11 2198415 199856 3.353
Time x Spray 1 405100 36827 1.539
Pime x P 11 Lo7882 37080 1.550
Time x N 1 332686 302L44 1.264
Time x Spray x P 1 583683 53062 2.218
Time x Spray x N " 388076 35280 47k
Time x P x N 11 230863 20988 0.877
Error (2) 275 6580027 23927

Total 383 1914813
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3.1%. Analysis of Variance - Effect of time of harvest, fertiliser and

spray treatments on fresh head vield (g/ma).

Source of Var. DF SS MS VR
Treatments ? 1144534849 163504.978 7.526
Block 3 216977.497  72325.832  3.329
Error (1) 21 456229.104 21725.195

Time 11 55959743.853 5087249.441 209,027
Time x Treat.mert 77 2958900.411  38427.278 1.579
Errors (2) 264 6425171.600 24337.771

Total 383  67161557.316

3.15. Analysis of Variance - Iffect of time of harvest, fertiliser ard

sprav treatments on fresh yield of stem + leaves (g/m_'a_).

Source of Var. or Ss MS VR
Treatments 7?7 31165339,734 4455119.962 11.554
Block 3 €£685041.253 2228347.084 3,799
Error (1) 21 8089480.986 384260.999

Tice 11 1266333416.801 1151257€5.163 3h2.9Ch
Time x Treatment 77  59566675.643 773593.190 2.3Ch
Error (2) 264 88634754.958 335737.708

Total 383 146052509.378
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3.16. Analysis of Variance - Sffect of time of harvest, fertiliser ond svray
treatments on fresh yield of total plant (_5[@2).

Source of Var. DF sS 1S VR
Tyreatments ? 43469624.251 6209946.321 10.865
Block 3 91€1447.092 30532815.697 5.343
Error (1) 21 12002864.610  571564.984

Time 11 1808884937 .265164444085.205 322.18%
Time x Treatment 77 84691235.609 1099886.176 2.155
Error (2) 264  134746759.957  510404.393

Total 383 2092956868.788

3.17. Analysis of Variance - Bffect of time of harvest, fertiliser and soray

] . 2 2
treatments on number of carsules per metre” (HC/m ).

Source of Var. DF S8 1S VR
Treatzents ? 52544.166 7506.309 25.992
Block 3 1106.837 268.945 1.278
Error (1) 21 6064.678 288.794

Tine 11 9146.789 831.526 2.995
Time x Treatments 77 28022.859 363.933 1.31
Error (2) 264 ?73302.086 277.659

Total 83 170187.417
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3.18.  Analysis of Variance - Effect of time of harvest and spray treat—
ments on morphine concentration of terminal capsules (%)

Source of Var. DF SS us VR
Spray 1 .061 .061 3.061
Blocks 3 .069 .023 . 1.168
Error (1) 3 059 091

Time 11 1.887 171 12.702%*
Time x Treatments 11 .185 .016 1.249
Error (2) 66 .891 .013

Total 95 5-155

In appendices 3.18 to 3.28 the measurements were taken on the K1P1 sprayed
and ¥1P1 non-sprayed treatments only,

3.19. hnalysis of Variance - Effect of time of harvest and soray treat-
ments on morohine conceniration of lateral cansules (5s)

Source of Var. DF S8 MS VR
Spray 1 .079 .079 2,176
Blocks 3 .060 .020 +550
Error (1) 3 .109 .036

Time 1 1.379 .125 6.990
Time x Treatments 11 .152 .013 7171
Error (2) 66 1.183 .017

Total 95 2.964

3,20, inalysis of 7arience - Effect of time of harvest ang sSpray treat~
menis on morphine concentration of total cavpsules ()

Source of Vare DP SS MS VR
Spray 1 .069 .069 7.591
Block 3 .034 .011 1.267
Error (1) 3 .027 .009

Time 11 1.548 .140 12.790**
Time x Treatments 11 .109 .009 .906
Error (2) 66 726 .01

Total 95 2.516
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3.210 Analysis of Varience -~ BEffect of time of harvest and spray treat-
ments ou morvhine concertrasion of siem + leaves (50)

Source of' Var. oy SS MS VR
Spray 1 .000 +000 .000
Blocks 3 .000 .000 6.765
Ecror (1) 3 .000 .000

Time 11 .039 .003 7.867
Time x Treatments 11 .012 .00t 2.526
Error (2) 66 .029 -000

Total 95 .082

3,226 Anali-sis of Variance - Effect of time of harvest and spray trezt-
gents on moxrvhine concentratior: of total plant (70)

Source of Var, DF SS IS VR
Spray 1 .001 .001 1.585
Blocks 3 .001 +000 305
Error (1) 3 .0C3 2001

Time 11 033 -003 5.831%%
Time x Treatments 1 .008 .000 1.544
Error (2) 66 .034 .000

Total 95 .084

3.23e  Analysis of Vaviance - Effect of time of harvest and sovray treat-
ments on morvhine concentration of totzl onlant less seed (o)

Source of Var, oF SsS 1S VR
Spray 1 .003 .003 2.115
Blocks 3 .002 .000 <471
Error (1) 3 .004 .001

Time 11 .001 .007 7.785%*
Time x Spray 11 ,016 .001 1.582
Error (2) 66 .063 .000

Total 95 71
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3.24. Analysis of Variance — Effect of time of harvest and spray treat-

ment on moronine yield of terminal capsules (g/m2)

Source of Var. IF - SS NS VR
Spray 1 .246 .246 5.394
Blocks 5 .85 .061 1. 359.
Error (1) 3 .136 045

Time 1 1.356 -125 6.020%%*
Time x Spray 1 .209 -013 .929
Error (2) 66 1.352 .020

Total 95 3.486

3.25.  Analysis of Variance .. Bffect of time of harvest and sprey treat—
ment on morphine yield of lateral capsules (g/m<)

Source of Var. DF SS MS VR
Spray 1 412 412 3.932
Block 3 092 .030 .29%
Errox (1) 3 314 .104

Pime 11 1.054 .095 1.911
Time x Spray " +592 .053 1.074
Error (2) 66 3.311 .050

Total 95 5.776

3,26, Analysis of Variance . Zffect of time of harvest and soray treat-

ment on morphine yield of total capsules (g/m?)

Source of Var. DF SS MS VR
Spray 1 1.295 1.295  4.489
Block 3 143 .047 .165
Error (1) 3 .665 .238

Time 7 ER -348 3.520
Time x Spray 11 1.213 »110 1,115
Error (2) 66 6.551 -098

z
Total 95 13.880
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3.27. Anslrsis of VYeoriernce -~ uffect of time of heTvest and soray

trestaent on corpaine yiele o stem + lcaves (o)

Source of Var, o S3 15 Vit
Soray 1 .15 115 4,323
Bleck 3 043 ,014& « 942
Erroz (1) 3 080 026

Time 1 5.879 352 10,742
Time X Spray 1 961 .087 2.662
Errex (2) 66 2.166 .032

Totol 95 7.246

3,28, anzly=ig of .ariance « .£f¢ct of time of htirvezi 208 spray

L=yl

treast:ent on nor hine

vield 27 tutal »laat (m)

Source of Var, or 35 3 Var
Spray 1 2. 161 2.761 44693
Rlock 2 . 324 .108 223
zrror (3) 3 1.454 482

Time 11 80499 ‘772 5-351
Qire X Sprey 11 2.1€2 .196 1.361
Error (2) 66 9.530 Ci44

Total 95 24,151

In av:endices 3.6. to 3.17. "iIreztments" = four fextiliser ard iwo ssray
treatments. ~ralysis of Variznce 3.6. to 3.28. were used to ovtain erzor
mean gjuszres of siigatly srester accuracy ithen those from £.19. to 4.31. »
in waich thc Dime £ Soray 4 3 X P interzction was ouiked in wish Zrror (2).
The error .:&.n s.uzres Ircm apvendices Z.C. 10 3.17. were wised in the
calculztion of l.s.d.'s in Zection 4.
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FTANTY
APFZODIX 4
Tan trreed CY B P NOIRTSLCY S99 -wle,wh medthy ¢ HAEVLIT.

4.1, EZffect of brnéed & P fertiliser on dry rnatier yield of whsle wnlents

g . 2
eizht weeks efter sowing (1/mS)

(Data on which Table 30 is based)

Trestrzents Revlication
1 2 3 4
ilo Po 2.8 2.3 2.3 2.7
M Po 2.6 1.9 1.5 ' 2.3
xo P1 7.9 6.3 5.6 5.9
N1 21 10.5 9.0 9.9 8.5

£ 4

4.1, Analysis of ‘fori-snce — _ffect o:" Ytznded N P ferfiliser on dry rziter

: = § s 5 ; 2
sield of tincle .lands cigth w=eks slter soninr (2/m“)

Source of Var, or SS VS TR
Blocks 3 3.64 1021 3.9

N 1 6.76 6.76 21.8 ==
P 1 127.69 127.69 11.9 #*
NXP 1 12.25 12,25 39.5 **
“rror 9 2.81 0.31

Total 15 155.15




42 «lfect of bonded I P lertiliser on dxy weitoer vield of wiole nlants

troelve csteks »f{icr ecuirz ‘.’:-"::2)

(»atz cr wlich Tedle 31 ic based)
{reatments Rerlication
1 2 5 4
Yo Po 65.7 71.3 67.3 79.0
i1 Po 88.0 78.3 66.3 £e.9
To F1 186.2 169.1 141.6 160.2
21 Pl 256.6 32C.4 260.4 280.8
426 snalrzig of Jariance = “.8fect of bended ¥ P fertiliser on dry nmatter

~igld ¢f vinlc 1lants twelve c8.8 orber sowin: (2w )

Souxce of Yar, g 33 ] i
Blocis 3 1608.0 536.0 2.79

X 1 17509.9 17509.9 91,2 %
P 1 9¢073.0 9¢075.0 469.4 *x
wXPF 1 12819.9 12819.9 65.8 #*
Zrror 9 1727.4 191.9

Total 15 123740.2
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4,3, Effect of time of harvest on the dry matter yield of terminal, laieral
and total cacsules and seed froa the ¥OPO non-sprayed treatment (g/m¢)
(Vata on which Tables 33 to 38 are basad)

Haxrvest Replic- Terw., Caps. Lat. Cacs. Tot. Caps.
No. ation Caps. Seed Caps, Seed Caps, Seed
1 1 85.8 20,3 13.0 1.6 98.8 21.9

2 91.8 20.8 9.4 1.3 101.2 22.1
3 60.4 19.4 1.4 2.3 71.8 21.7
4 71.0 9.4 12,0 1.6 89.0 11.0
2 1 117.2 88.2 21.4 1.3 138.6 99.5
2 117.7 70.2 27.5 12.2 14542 82.4
3 89.9 51.0 5305) 0.6 93,4 51,6
4 97.4 69.6 0] 0] 97.4 69.6
3 1 95.9 83.2 0 0 95.9 82,2
2 151.3 125.2 1.9 0.6  153.2  125.8
3 126.3 112.9 1721 8.5 143.4 1214
4 145.8 144.0 33.0 28,2  178.8  172.2
4 1 L1333 169.9 8.3 8.9 141.6 178.8
2 93,5 132,2 0 93,5 132.2
3 7941 118.6 4.7 4,7 83.8  123.3
4 101.5 151,1 13,1 1.1 114.6 152.2
5 1 86.3 163,8 23.9 30.2 110.2 194.0
2 88.5 175.3 39.2 57.7 127.7 2335,0
3 74.1 134.5 18.2 29,1 92,3 163,6
4 97.9  174.4  19.9 9.9  117.8  194.3
6 1 103.8 174.0 1.4 9.0 115.2 183.0
2 84.6 151.2 15.1 28.0 99.7 179.2
3 82.6 138,.1 4.7 0.6 87.3 138.7
4 78.7 145.8 17.1 2.8 95.8 148.5
7 1 78.0 1377 36.7 37,2 114.7 1749
2 115.9 173.6 24.1 26.3 140.0 199.9
3 90.3 154.6 15.5 23.6 109.8 178.2
4 86.4 169.4 13.8 17.1 100.2 186.5
8 1 105.8 211.1 71.7 146.7 177.5 357.8
2 89.1 182.5 49.7 85.3 138.8 2617.8
3 79.¢ 148.4 29,7 51.0 108.7 199.4
4 92.6 201.8 31.2 40.6 123,8 242.3
1 89.7 189.1 12,8 21.4 102.5 210,5
’ 2 1745 159.1 27.6 5.0  105.1  210.1
3 84.3 16448 18.0 32,9 102,3 197.7
4 102.6 175.6 14.8 27.4 117.4 202.9
10 1 105.0 174.5 29.5 5445 134.5 229.0
2 106.2 193-5 27-0 3101 132.2 224.0
3 99.8 183.0 29.6 34.8 129.4 217.8
4 99,1 184.2 14.6 27.4 113.7 211.6
1 1. 139.9 48.4 102.1 119.7  242.0
" 2 ;302 176.9 15.7 18.6 109.3 195.5
3 81.1 153.9 25.0 45,8 106.1 199.7
4 79.0 139.9 54.1 109.2 133.1 249.1
12 1 97.4  149.8  37.4 49.0 1349 128.7
2 74.8 145.8 9.9 23.1 84.7 168.9
4 66.2 137.1 13.8 23.9 80.0 16'1.0
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44, Effect «f %time of harvest on the dry matter yield of terminal, lateral
and total capsules and seed from the N1PO non-sprayed treatment (g/mz)

(Datz on which Tables 33 to 38 are based)

Harvest Replic-~ Term, Cavps. Lat., Caps. Tot. Caps.

No. ation Caps. Sced Caps. Seed Caps, Sead
1 1 82.0 28,9 3.5 0.6 85.6 29.5
2 108.5 31.6 17.4 1.2 125.9 32.9

> T4.3 2542 0 0 T4.3 25.2

4 108.2 27.1 13.2 363 121.4 30.4

2 1 13648 85.5 12,5 0 149.3 8545
2 118.3 86.9 16,7 1.6 135.0 88,6

3 122.6 73.0 25,1 7.4 147.7 80.4

4 128,3 79.C 30,7 4.2 159.0 83.2

3 1 112.8 90.6 35.0 18.0 145.8 108.6
2 123.6 125.4 69.6 54,0 193.2 179.4

3 134.0 116.9 3909 18.2 173.9 3541

4 123.8 134.7 77.0 5642 200.8 190.8

4 1 73.1  109.0  20.9 34.8 94,0  143.8
2 81.0 112.3 23,2 11.9 104,2 124,2

5 715.8 95.0 53.1 81.0 126.9 176.0

4 74.0 111.7 13.7 4.9 87.7 16,6

5 1 96.7 157.1 31.9 3743 128.6  194.4
2 93.1 153.3 23,0 19.6 1161 176.9

3 96.2 147.7 35.9 29.6 132:1 17763

4 68.5 112,0 25.0 3445 93.5 146.5

6 1 63.6 113.2 41,4 65.6 105.0  178.8
2 93.6  163.7  30.4 44,1 124,06  207.8

3 84.2  132.6 231 33.6  107.3  166.1

4 88,9  140.8  13.7 17,7 1026 158.5

i 1 93.0 172.2 37.2 66.0 130.2 238,.2
2 95.6 130.7 24.8 27.0 120.4 157.7

3 81.2 125.4 9.0 8.4 90,2 133.8

4 90.7 170.8 1.8 12,3 98.5 183.1

8 1 8159 134-3 1403 14=5 9602 14806
2 9903 181.0 54-8 5802 13401 23902

3 09,2 163.5  24.4 37.8  133.6  201.3

4 65.0  108.2 5.7 904 70,7 117.5

9 i 84.8 172.8 29.7 47.5 114.5 220.3
2 T71.4 13346 41,6 64.3 13,0 197.8

> 76.4 149.5 26.7 40.5 103.1 190.0

4 8345 127.2 19.2 24,0 102.7 151.2

10 1 3.5 165.2 291 41.4 122,6  206.6
2 27.4 155.5 16,6 28,6 104,.0 184.1

> 92.2 175.4 9.5 8.5 101.7 183.9

4 8063 154.0 2.8 T.2 83.1 161.2

h 1 6849 130.5  13.5 20.7 87.4  151.2
2 78.8 130.5 437 657 122.5 196.2

3 102,9 1411 48.5 73.5 151.4 214.6

4 71.6 119.7 50.0 7.4 121.6 197.1

12 1 85. 163.2 22.4 15.8 108.1 179.0
2 83,; 142,1 16,2 27.4 99.5 169,5

3 6697 129.7 2900 48=5 9507 178.0

4 65.9 126.4 32.0 34.3 97.9 160,7




4,5. Effect of time of harvest on ithe ¢rr- matter yield of terminal, lateral
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and total cavsules anrnd seed from the .10 P1 rnon-spraved treatment

(Data on wnich Tables 53

and 38 are based

Harvest Henlic~ Terr.. Cars. Lat. Carps. Tot. C2ps.

No. ation Caps. Seed Caps. Seed. Caps. Seed
1 1 96.7 32.8 44.2 6.2 140.9 39.0
2 77.8 24,3 14.6 1.6 92.4 25.9

3 108.6 29.7 26.3 2.2 134,9 31.9

4 85.8 24.4 11.0 1.2 96.8 25.5

2 1 131.6 113.3 34.8 16.9 166.4 129.8
2 118.5 76.4 54.1 19.8 172.7 96.2

3 118.0 69.6 5.9 0.6 123.9 70.2

4 99.2 76.9 25.4 13.0 124.6 89.9

3 1 105.1 12443 39.1 36.9 144.2 161.2
2 128.3  161.5 57.0 46.7 185.3  208.6

3 148.7 130.4 47.2 31.9 195.% 162.3

4 106.4 94.1 1.2 5.6 117,6 99.7

4 1 124.3 170.8 29.7 22.4 154.C 193.2
2 84.8 131.3 46.1 74.0 130.9 205.5

3 84.5 124.8 10.2 8.4 94.8 133.2

4 76.6 106.1 2.9 1.2 79.5 107.3

5 1 78.7 148.5 9.9 17.6 88.6 166.1
2 71.8 141.7 89.2 150.0 161.0 291.6

3 91,9 181.0 39.1 £0.6 131.0 23%1.6

4 91.6 159.5 17.4 01 109,06 178.6

6 1 76.4 139.1 46.7 €2.8 125.1 202.9
2 89,1 147.4 13,2 17.1 102.3 164.5

3 90.7 162.0 44.3 81.5 15580 243.9

4 84.1 158.3 24.4 31.9 108.5 190.2

i 1 97.0 1435.6 76.4 128.4 172.4 272.0
2 93.0 169.4 24.2 3.9 117.2 201.3

3 8.8 171.5 .2 89.2 13€.3 2411

4 107.5 197.7 17.4 26. 124.9 224.6

8 i 79.2 171.6 42.9 5C.6 122.1 222.2
2 78.0 15¢.0 18.2 35.¢4 96.2 1914.4

3 75.9 16641 19.8 57.4 95.7 203.5

4 57.€ 16.8 19.8 36.0 7.4 154.8

9 1 75.8 126.9 25.9 47.0 99.7 175-?
2 88.5 162.5 82.5 190.0 171.0 312.0

3 90.5 170.6 19.8 20.6 7110.3 1?1.4

4 96.8 194, 2 46.8 T4.3 143.6 265.4

10 1 79.5 163.8 14.7 147.9 154.2 311.6
2 78.4 162.4 21.3 3€6.4 99.7 1?8.8

3 76.4 164.6 19.6 33.3 98.0 123.0

4 92.8 155.6 29.1 535.6 121.9 202.1

11 1 69.9 149.5 41,9 57-0 116.8 296.5
2 84.2 174.9 40.3 62.7 124.5 237.7

3 81.1  154.0 12.8 20.9 95.9  174.9

4 92.6 162.2 49.4 69.6 142.0 251.8

1 75.9 137.8 13.9 25.0 86.8 1?;.8

1 2 76.3 126.2 12.5 20.6 £8.8  1546.9
3 64.8 1%20.7 28.1 25.9 92.9 1)@.6

4 94.9 198.8 65.3 83.7 160.7 BSSG)
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4,6. EZffect 9f time of harvest on the drv matter yieid of teirminal, lateral
and tct#l cavsules and seed from the N1P1 non-svrayed treatment (g/m<).
(Data on which Tables %3 to 33 are based)
Harvest Peplic~ Term. Japs. Lat. Caps. Total Caps.
No. ation Caps Seed Caps Seed Cavs Seed
1 1 98.3 24.3 20.7 2.6 129.0 36.9
2 107.4 36.4 26.4 5.2 43,5 41.6
3 66.7 27,6 19.8 0 86.5 27.6
L 97.¢ 49,5 25.9 1.7 123.8 51.2
2 1 137.8 71.7 80.6 20.8 218.4 102.5
2 130.1 81.1 87.7 29.6 217.8 110.7
3 118.6 87.3 36.6 '11.8 155.2 9%1.1
by 128.5 86.4 110.7 26.7 239.2 1231
3 1 80.3 86.8 25.9 14 .4 106.2 101.2
2 112.3  117.5 50.8 16.0 163.1 133.5
3 98.4 99.5 34,7 5.6 133.1 105.1
[ 127.2  126.1 57.8 42,9 185.0 169.1
1 97.0 153.6 93.6 63.8 190.6 217.4
2 78.2 95.5 28.3 14.9 106.5 110.4
3 110.8 168.0 88.5 79.0 199.3 247.0
L 102.1 187.6 65.5 56.1 167.6 243.7
5 1 83.5 141.6 72.5 73.0 156.0 214.6
2 75.8 105.5 39.8 19.6 115.6 125.1
3 86.9 159.5 40.7 34.7 127.6 194.2
b 112.8  1k46.2 2hL.Y 27.7 137.2 173.9
6 1 58.6 91.8 50.6 83.2 109.2 175.0
2 89.8 42,0 7.6 93.3 147.4 136.3
3 103.8 163.6 59.2 39.4 163.0 20%.0
[ 87.2 159.1 33.8 13.0 121.7 172.1
7 1 75.2 130.5 4.9 58.5 117.1 189.0
2 77.7 138.9 k5.5  56.1 123.2 195.0
3 94,6 160.4 59.8 42,7 154.4 203.1
L 89.6 103.5 72.9 89.1 162.5 192.6
8 1 70.5 138.2 47.5  74.3 118.0 212.4
2 77.4  121.5 47.0 82.8 124 .4 20L.3
3 85.2  14Lk.8 92.3 115.3 177.5 260.1
L 649.7 137.8 21.0 38.6 82.7 176.4
9 1 76.8 109.4 43,2 84.5 120.0 193.9
2 69.3 115.9 12.6 4.7 81.9 120.6
3 75.2  1h5.7 42,3 60.2 117.5 205.9
L . 76.7  °105.3 65.3 9.5 142.0 152.8
10 1 83.5 111.0 38.0 37.5° 121.5 148.5
2 66.3 124.1 60.5 93.8 126.8 217.9
3 80.1 146.6 39.5. k2.6 119.6 '1§9.3
L 72.5 123.8 115 12.5 84.0 136.3
11 1 62.0 121.2 43.2  66.0 105.2 187.2
2 65.1 125.6 L6.6 58.8 111.7 184 .4
3 74.3 11641 54.9  u8.6 129.2 164.7
L 83.2 98.7 65.8 55.0 149.0 153.7
12 1 574 79.9 39.9  53.1 97.4 133.0
2 60.6 95.5 26.2 51.6 86.9 147.1
3 24l 1362 58.5  86.9 132.9 221.0
L 67.9 119.5 24.9 25.4 92.9 k.9
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4.T7. uffect of tiie of harvest on ite freen ond dryv masier vrlus (z/n r2
of stem =11 iecver cna tawal vleni cnc. on fresn head rield (- i g
ond nurber of capeules/m” irom tic 0 Y0 ren~soraed treatnevt.
(sta on which Zables 32, 39 erd 40 are vased)
Eervest  Rleplic- Sten. & Leaves Totsl Plont Hezd o. of
Ko, ation Tresh ory vresh: ory Fresh  Ceps/m
1 1 5278.,0 624.0 6250.4 T44.6 972.4 57.6
2 4978.1 616.4 5882.6  T39.7 904.5 8T7.1
3 3796.2 50%.06 4480.2  599.1 684.0 T4.1
4 6052.8 799.2 Ti08.4 859.% 1055.6 i 6T7.6
2 1 4479.3  623.7 565T7.4 861.8 1178.1 81.9
2 3763.7 542.9  4959.3 T70.4 1195.6 85.4
3 3010.2 417.6 3799.0 562.6 788.8 63.8
4 3014.9  448.4  3864.5 615.4  849.6 59.0
3 1 2392,3 394.8 31208 5734 723.5  47.0
2 3304.6 564.2 4485.8 843.2 1184.2 T4.4
5) 2921.9 9991 3952.8 £823.5 1050.9 79.3
4 4068:0 752.0 5448.0 1086.0 1380.9 90.0
4 1 371171 601.8 4790.8 920.4 1079.T '10.8
2 2548.0 392.0 3404.8 621.6 856.8 56.0
5) 2424.9 401.2 3168.3 607.7 T43.4 64.9
4 2616.3 421.8 3568.2 689.7 951.9 7441
5 1 2142,0 516.6 2860.2 = 825,3 T18.2 81.9
2 1825.6  554.4 2587.2 918.4 761.6 89.6
3 1145.7 399.1 161%.1  615.4 467.4 79.8
4 1397.4 474.3 1353.3  785.4 555.9 7.4
6 1 1944,0 531.6 2%219.8 829.8 375.6 78.0
2 1M8T7.2  475.4 1524.3 75443 337.1 78.1
3 896.8 350.5 1193.0 576.5 296.2 70.6
4 660.0 377.3 975.2  621.5 315.2 71.5
T 1341.3 520.2 1705.9 809.8 364.6 96.9
2 1372.0 610.4 1765.6  950.3 393.6 78.4
3 1162,  413.0 15720.8 7C0.8 338.5 82.£
4 869.0 407.0 1205.0 693.5 336.0 77.0
8 1 817.6 649.6 1411.2 1187.2 593.6 112.0
2 523.8 496.6& 977.4 907.2 453.6 108.9
3 548.8 425.6 907.2 T733.6 358.4 89.6
i\ 603.2 468,0 1014.0 837,2 410.8 83.4
9 1 488.0 408.7 841.8 T25.9 353.8 7.3
2 462.8 405.5 811.2 T17.6 348.4 8.4
3 418.7 371.0 T747.3 6&7.8 328.6 68.3
4 501.6  410.4 855.0 T735.3 353.4 68.4
10 1 625.0 330.0 1030.0 8%5.0 405.0 75.0
2 531.0 445.5  922.5 805.5  391.5 63.0
3 678,35 998,95 1060.,2 946.2 381.9 79.8
4 498.4  425.6 856.8 T5€.0 358.4 T2.3
11 1 638.0 519.2 1056.4 880.0 4178.4 92.4
2 480.2  392.0 835.5 70C.7 352.3 58.8
3 546.0 452.4 901.7 T64.4 359.7 oo
4 614.8 508.8 1054.2 890.4 439.5 10€.0
12 1 537.6 48%4.8 910.6 798.0 373.0 8.6
2 389.0  357.5 672.7 616.0 287.1 {6.0
3 424.0 386.9 755.8 689.0 331.8 74.2
4 331.2 303.6 600.8  544.6 269.6 64.4
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4,8. Effect o tim=2 of harvest on the fresh and dry mester vields (g/m2) of
stem and leaves and total plant and on fresi head yield (ig/mé) and
numbers of capsules/m¢ from the K1FC non-sprayed treatment.

(Data on which Yables 32,39 and 40 are based)

Rarvest Replic— Stem & Leaves Total Plant Head No. of2
No. ation Fresh Dry Fresh Jry Fresh Capa/m

1 5256.9 601.8 6124.2 716.9 86743 70.8
62000 868.0 7328.4 1026.8 1128.4 86.8
5588.1 667.8 6369.3 767.3 781.2 63.0

7009.2 792,0 8157.6 943.6 1148.4 85.8

5244.0 775.2 6441.0 1010.0 1197.0  91.2
4660,2 691.2 5859.0 914.8 1198.8 75.6
4235.1  592.8 5437.8 820.8  1202.7 7441
3847.8 593.6 5C08.5 835.8 1160.7 90.1

3648.0 636.0 4788,0 888.0 1140.0 96.0
4260.0 744.0 5814.0 1116.0 1554.0 108.0
4292,1 786.6 5631.6 1100.1  1339.5 96.9
4659.2 863,2 6297.2 1258.4 1638.,0 104.0

2552,0 464.0 3311.8 701.8 759.8 81.2
2014.2 410.4 2781.0 63702 766.8 75.6
3748.5 567.0 4918.5 868.5 1170.0 81.0
2180.5 362.6 3062.5 568.4 882,0 58.8

1852.2 540.0 2484.0 864.0 631.8 81.0
1847.3 558.6 2420.6 852.6 5733 78.4
2236.0 613.6 3036.8 920.4 £0C, 6 88.4
1411.1  380.0 1846.1 620.0 435.0 75.0

967.6 471.5 1306.3 75543 338.7 73.8
1372.0 563.0 1851.2 894.8 479.2 83.3
1006.,5 412.0 1366.8 685.4 360.3 82.5

906.3 466.3 1238.6 127.4 332.3 79.8

1044,0 588.0 1468.2 956.4 424.2 102.0
1134.0 507.6 1462.2 785.6 328.2 86.4
1024.8 425.6 1285.2 649.5 260.4 T2.8
800.8 431.2 1122.8 712,.8 322,0 67.2

565.8 368.0 837.2 611.8  271.4  59.8
712.4 478.4 1123.2  852.8 410.8  88.4
921,1 463.6 1299.3  T799.1 378.2  19.4
407.2 291.2  655.2  438.6  208.0  57.2

480.6 421.2 847.8 756.0 367.2 81,0
508.2 453.6 852.6 T164.4 344.4 79.8
441.6 38604 768.2 676.2 326.6 69.0
537.6 422.4 820.8 676.8 283.2 57.6

520.8 464.8 884.8 795.2 364.0 109,8
42102 374.4  138.4  665.6  317.2  67.6
445.2 392.2  157.9 661.8  312.7  63.6
407.0 357.5  674.9 6018  267.9  60.5

400.5 333.0 679.5 571.5 279.0 67.5
603,0 495.0 976.1 819.0 37341 94.5
632.1 519.4 1060.9 886,9 428.8 98.0
585.0  486.0 958.1 805.5 37361 90.0

28. 467.7 747.7 754.3 319.3 76.5
§77.§ 451,.8 680,.6 72143 303.3 68.6
372.6 420.4 673.5 694.1 3009 78.2
390.0 354.9 678.6 612.3 288.6 70.2

10

11

12

-
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4.9. :iifect of tine of hervest on the froct, -~nd dry satter vields f:r,{r.t?'}
of stcr =nd leaves and *onnel gl pt =nd on irezh hend vield {(.:/n” )
and numoers o° causvles/mT fror. .6 LU 1 son-supayed trectment.

(Data on waich lables 32, 39 =nd 40 are baseq;

Harvest  Ileplie=  Stemn & Leaves fotzl Pl nt Head No, of,
No. aticon rresh ary Fresh Lry Fresh Capg/m
1 7649.2 873.6 8954.4 1053.5 1305.2 93.6
4428.0 567.0 5259.6 685.6 831.6 75.6

5857.6 744.8 078.4 911.6 1220.8 95.2

4002.0 522.0 48% 4.6 644.3 852.6 87.0

2 585€.1 857.8 T7209.8 1134.0 1551.7 106.2
4414.8  683.2 5813.6 950.0 1399.8 93.6

3463.3  489.7 4454.5 683.8 991.2 70.8

3937.0 570.4 5074.7 784.9  1137.7 80.6

3 4000 605.0 5324.0 907.5 1320.¢C 93.5
45365.1 741.0 6321.8 1140.0 1658.7 108.3

4088.7 684.4  5522.4 10d4.3  1433.7 8t 5
2671.2 448.0  3539.2  660.8  868.0

4480.0 694.4 5768.6 1047.2 1288.0 84.0
3405.%  563.5 4591,3 901.6 1185.8 83.2
2154.0  459.0 2736.0 678.0 642.0 73.0
1676.2  290.0 2267.8 481. 4 591.6 63.8

1254.0 451.0 1677.5 704.0 423.5 71.5
1628.4 685.0 2405.8  1135.8 777.4 115.0
2024.0 {65.0 278¢.5  1028.0 764.5 104.5
1235.4  429.0 1¢41.6 719.0 516.2 75.4

1254.0 52C.7 1706.0 852.7 452.0 102,€
1111.0 529.1 1477.9 795.9 366.9 137.5
1458.0 526.0 1999.1 904.5 541.1 97.8
951.2  469.2 1317.8 767.9 366.6 92.8

1326.5 833.0 1918.3 127843 521.8 107.8
1078.0  495.0 1456.3 813.4 378.3 93.5
1472.0  517.¢ 1992.0 594.9 3126.0 102.9
996.8 537.6 1399.4 886.9 402.6 72.8

o
)
.

[\ ]

8 605.0 489.5 990.0 830.5 385.C 104.5
483.6  468.0 800.8 759.2 317.2 72.8
374.0 363.0 715.0 665.5 341.0 82.5
270.0 252.0 540.0 436.0 270.0 78.0

531.1  460.6 831.9 753.2 3C0.8 65.8
795.0 590.0 1330,0 1075.0 53%.0 115.0
639.6 436.8 977.6 738.4 338,0 124.8
665.5 550.0 1422.0 962.5 456.5 159.3

689.0 593.6  1197.8 1G60.0  508.8  111.3
565.6  481.6 890.4  784.0  324.8 84.0
558.6  4.70.4 877.1  769.3  318.5 73.5
443.7  392.7 805.8  729.3  362.1 8.7

662.4 542.8 1036.4 861.1 374.0 105.8
632.4 610.0 1056.2 872.0 423%.8 102.0
459.0 377.4 7711 646.1 312.1 7.4
537.6 411.6 971.6 815.4 433.5 86.4

457.6  472.7 736.8  727.5  279.2 62.4
480.0 432.0 745.9  667.2  265.9 67.7
432.0  499.5 T11.2 7479  279.2 81.0
582.8 424.4  1074.4  B866.2 = 4916 94.0

10

11

12
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4.10. Bffect »f time of harvest on the fresh and dry matter yields Lg/mz) of
stems =2ad lcaves and total slant zp? on fresh head yield (g/m ) and
numbers of capsules/m= {rom the J1P1 non-soraved treatment.

{DPata on which Tahles 32, 39 and 40 are based)

Harvest Replic- Stem + Leaves Total flant Head No. of Caps

No. ation Fresh  Dry Fresh Dbry Fresh /m2
1 1 7196.8 816.4 8361.6 982.3 116348 1218
2 8210.8 894.4 9L95.2 1079.5 1284 .4 93.6

3 5901.8 690.0 6679.2 80k4.1 7774 73.6

N 5263.5 704.0 6297.5 879.0 103k.0 104.5

2 1 6036.8 896.0 7666.4 1216.8 1629.6 128.8
2 6981.9 989.4 8772.0 1317.7 1790.1 127.°5

3 5675.8 837.8 7032.8 1092.0 1357.0 1¢6.2

k 7192.8 1058.4  9050.4 1420.7 1857.6 156.6

3 1 3031.2 525.6 388u.k 7344 852.2 68.4
2 47i9.3 841,3 5607.1 1137.4 1287.8 112.8

3 23535.8 L448.8  z284.4  688.5 9u8.6 102.0

L L9gs.1 8L4B.0  6L55.4 1203.1 1489,3 100.7

b il 4569.6 806.k 5985.6 121k4.k4 1416.0 139.2
2 2812.,8 4322.0 3499.2 6L48.0 686.4 81.6
3 5109.2 837.4 6672.7 1287.9 1563.5 127.2

4 4377.8 7243.4 5805.6 1150.5 1427.8 135.7

S ¥ 2568.0 720.0 3331.2 1094L.4 763.2 124.8
2 1764.9 646.0 2268.L  88L.S 503.5 95.4

3 1809.5 544.0 2475.0 863.0 665.5 99.0

&4 2068.0 601.0 2%85.0 911.2 517.0 70.5

6 1 1353.6 539.5 1716.5 823.6 262.9 70044
2 1L38,9 674.5 1984,5 1058.2 545.6 101.2

3 1890.8 759.8 2400.1 1125.8 509.3 127.6

L 1279.2 532.5 1701.9 826.3 422,7 114 .4

7 1 1044.0 L86.0 1h06.2  792.0 362.2 103.5
2 1035.0 607.2 1405.2  925.4 370.2 9_6.6

3 1470.1 780.8 1893.9 1138.2 L23.8 156, 4

b 14ok.0 684.,0 1826.0 1039.0 L22.0 112.5

8 1 S07.6 479.4 878.6  809.8 370.4 9%.7
2 617.+ 563.5  989.8 896.7 372.4 182.2

3 765.0 693.6 1259.7 1132.2 Loy 9 127.7

L 382.2 361.2 672.0 621.6 289.8 67.2

86.4

1 672.0 595.2 1022.4 902.h4 350.4 06.

? 2 504.,0 L4h45.2 243.4 659.4 239.4 ;g.o
3 634.5 564.0 991.7 887.k4 357.2 ; .%

b 658.8 588.6  988.2 880.2 329.4 35.

105.0

10 1 500.0 Lu5.0 805.0 720.0 205.0

2 6.0 U414.8 853.L  765.0 377. 4 81.2

3 582.4 520.0 920.4 826.8 338.0 23.2

L 484,8 4L8L4.8 7234,k 705.6 249.6 .

92.0

1 672.0 53%2.0 1013.6 828.0 341.6

" 2 760.2 621.6 1110.0 919.8 349.8 1%’;-0
3 801.0 670.5 1146.2  967.5 345.2 103-2

L 799.0 658.0 1153.3 963.5 35k.3 -6

258.1 72.

12 1 455.4 299.0  713.5 526.7 :
2 460.4 390.0 7237 6222 e s

3 516.0 394.3 909.4  7Lk6.9 2,3.4 o

L L27.5 ho7.3  694.1 653.2 266. .
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Effect of time of harvest on the dry i%atter yield of terminal, lateral

total capsules and sead from the NO F( sprayed treatment (g/m?)

(Data on which Tables 33 to 38 are vased)

Narvest Replic~ Terw, Caws. Lat. Caps, ‘Tot. Caps.
No. ation Caps. Seed Caps, Seed Caps. Seed
1 1 11067 45.4 17.9 5.1 128,6 50,6

2 65.7 23,6 0] 0 65,7 23,6
3 97,2 26.2 17.9 2.6 115.1 28.8
4 87.6 29,0 0 0 87.5 29.0
2 1 141.5 69.0 11.0 0 152.5 69.0
2 135.6 66.6 19.8 3,0 155.4 62.6
3 12643 82.6 5645 23,6 182.8 106.2
4 139.2 84.6 60,0 18.0 199.2 102.6
3 1 119,6 11,6 6.2 6.2 125.8 117.8
2 121.8 107,4 39.0 34,8 169,8 42,2
3 9948 99.3 33,8 19,8  133.6  119,1
4 99.9 91.3 21,6 13.5 121,5 104.8
4 1 130,1 178.7 57.2 8604 187.3 265.1
2 99.2 151.4 30.2 26.1 129.4 177.5
3 98,6 139.2 7.0 12,8 105.6 152,0
4 114.7 170.8 13.4 6.5 128,1 187.3
5 1 83.2  144,7  21.1 29,2 104.3  173.9
2 92,1 158.0  48.2  78.1 140.3 236.1
3 101.5 168.2 63.8 98.6 165.3 266.8
4 102.7 158.3 38.3 377 141,0 196.0
6 1 100,1 184.2 6.6 13,2 106.7 197.4
2 103.3 187.6 34,8 36,0 138.1 233,6
3 106.8 187.9 34.8 62.8 141.6 250.7
4 76.0 137.5 13.5 14.0 89.5 151,5
7 1 117.1 192,0 25.6 39.7 142.7 231.7
2 85.5 137.9 15.4 18,2 100.9 156.2
3 105.6 187.6 17.7 23,0 123.3 210.6
4 77.8 147.4 23,8 36.7 101.6 184.1
8 1 121.5 189.3 1.7 0.6 123,2 189.8
2 94.1 163.5 32.5 43.7 126,6 ?97.2
3 92.4 179.2 26.9 59.4 119.3 258.6
4 88,7 163.6 8.1 16.8 96.8 180.4
1 95.7 188.1 33.6 39.6 12943 227.7
? 2 82.3 141.7 12.4 22.5 94,7 164.2
3 106,9 189,0 84,2 159.8 191.1 348.8
4 100.9 178.9 4.1 6.8 105.6 185.6
1 87.9 190,.8 33.8 72.8 121.7 263.6
" 2 93.2 17643 48,2 92.1 146.4 268.4
19, 33,0 112.3 236.5
3 93.0 203.5 9.3

4 94.1 167.4 20,8 36.4 114,.9 203.8
215.4

1 1 102,41 192,9 24.2 22.4 126.3 2
! 2 72.:8 129»5 3504 3604 108’2 165'9
3 81,3 139.4 20.3 36.4 101.6 175.8
4 75.6 141.1 30.8 47.6 106.4 188.7
1 84.9 181.3 18.2 36.5 103.1 217.7
12 2 81.6 174.9 19.4 3547 101.0 210.6
3 86.5 119,0 20.0 32,5 106.5 151.5
4 61.5 1161 13,3 21.2 74.8 137.3
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4.12, iffert of =ime of karvest on the dry matier yield of terminal,
loters . ~2a todzl caesuios and sced Iron iice nl FQ sprayed iroat-
=Cnt !ﬁéﬂ_!
(pata on which Tables 33 to 38 are based)
liexvest Rexlic- 'ernte CAaTS. Lat. Csos. Tot. Caxrs.
No. ation Carts. veed Cazs. Seed Caps. Sced
1 1 73.8 19.5 0 0 73.8 19.5
2 94.6 19.5 10.4 1.2 1C5.0 20.7
3 779 23.6 11.8 1.2 89.7 24.8
2 1 118.2 65.5 10.6 7.3 128.3 72.8
2 130.5 79.3 76.3 45.8 206.8 125.1
3 128.2 67.3 48.14 16.8 176.3 8701
4 114.0 65.5 19.5 6.9 133.5 72.5
3 1 115.6 114.5 42.1 23.2 157.7 137.7
2 152.3 152.3 27.4 26.9 179.7 179.2
o) 120.4 99.7 0 0 12¢.4 99.7
4 108.5 109.6 0 0 108.5 109.6
4 1 118.7 140.0 9.0 3.9 127.7 143.9
2 118.0 147.6 26.8 24.4 144.8 172.0
3 1274 152.2 59.6 56.1 187.0 208.3
4 102.6 135.0 42.7 40.1 145.3 175.5
5) 1 108.6 17:.7 13.4 20.2 122.C 194.9
2 93.6 131,2 41.6 54.7 137.2 187.9
3 95.6 157.2 4C.2 60.0 136.8 217.2
4 90.1 191.6 55.5 89.5 14°..4 2441
6 1 99.1 161.8 42.0 67.2 14141 223.0
2 80.6 103.5 14,3 20.2 94,9 128,9
3 91.5 146.9 33.0 49.0 124.5 195.2
4 101.1 161.8 13,0 16.1 114.1 177.9
7 1 97.2 163.1 28.3 55.1 135.5 218.2
2 9%.2 171.0 26.2 34.2 121.4 205.2
3 112.9 152, 20.C 7¢.2 1¢2.9 a7 ?
4 102.4 152.9 49.4 78.% 151.8 237.4
8 1 110.2 187.2 53.5 90.7 163.7 272.6
2 92.2 128.2 Gal 16.5 102.% 15065
3 89.0 1£4.5 29.7 38.1 118.7 182.6
4 94.1 150.6 56.0 72.8 150.1 222.4
9 1 68.9 166.9 31.7 51.0 120.6 217.9
2 107.3 199.1 29.7 56.1 137.0 25%.2
3 96.7 167.4 43.2 63.7 139.2 2311
4 4.2 140.4 24.4 39.0 8.0 173.4
10 1 96.9 201.0 42.7 58.8 139.3 259.8
2 86.9 1711 45.7 50.6 132.6 221.7
3 89.6 152.3 23.5 38.6 113.1 191.0
4 109.4 18C.1 1.6 Tée 1:7.0 Ll
11 1 95.1 158, 4351 68.6 158.2 227.4
2 76.9 116.8 49.6 84.0 126.5 2JC.8
3 74.8 141.9 18.6 36.3 93.¢ 178.2
4 105.3 135.5 37.5 42.0 ii2.8 177.5
12 1 T7.1 1<0.5 36.2 74,7 113.3 ?15,;
2 79.9 161,2 553 60.3 iIRSIeTe <21.5
3 80.1 151.4 39.2 46.2 119.2 197.6
4 59.5  105.3 3.4 €0.4 LUAR Ry
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4.13, Effect of time of harvest on the dry natter yield of terminzl,
lateral and total cawnsules and seed fiom the NO P1 spraved treat-
ment (g&/m”)

{Data on which Tadles 33 to 38 are based)
Harvest Replic- Texrw, Caps L2t, Caps Tot. Caps.
Noe. ation Caps. Seed Caps., Seed Caps. Seed
1 1 97.2 33.0 12.0 1.2 109.2 34.2
2 88.2 31.3 23,8 5.2 112.0 36.5
3 84.1 21.5 11.6 1.2 95.7 22.6
4 90.2 23.0 12.5 0] 102.5 23.0
2 1 107,0 80.6 86.2 28.6 193.2 109.2
2 133.8 105.0 34.2 12.0 168.0 117.0
3 123,9 82.6 13.0 1.8 136.9 84.4
4 107.5 96.9 56.0 34.2 163.5  131.0
3 1 126.5 195.9 78.7 85.6 205.2 281.5
2 138.5  106.0 13.5 43.3 212.0 149.3
3 133.0 133.0 24.4 6.7 157.4 139.7
4 138.6 90.6 21.0 12.6 159.6 103.2
4 1 131.1 133.4 2843 34.8 169.4 168.2
2 97.4 135.0 81.8 104.2 179.2 239.1
3 103.0 146.9 74.3 60.0 177.3 206.8
4 114.1 187.9 61.6 84.2 175.7 272.1
5 1 87.6 156.0 82.2 121.2 169.8 277.2
2 112.8 187.8 18.0 35.6 130.8 221.4
3 92,7 161.0 31.1 39.7 123.8 200.7
4 110.8 185.0 62.0 85.3 172.8 270.2
6 1 97.9 177.1 37.4 61.6 135.3 238.1
2 90.7 158.5 s 17.9 100.2 176.4
3 82.1 164.2 43,2 76.8 125.3 241.0
4 87.0 168,2 13.3 20.3 100.3 188.5
7 1 103.0 162.2 50.5 69.4 153.5 231.5
2 78.8 119.9 27.5 40.5 106.3 160.4
3 94.6 178.1 49.5 79.0 143.9 257.0
4 99.8 164.7 26.1 17.4 125.9 182.1
8 1 96.3 186.5 50.4 14.5 146.7 2§1.0
2 87.5 163.9 40.7 72.1 128.2 226.0
3 74.7 162.5 3.4 0 78.1 162.5
4 87.3 168.2 22.4 34.2 109.7 202.4
1 68.4  154.3 30.0 41.5 98.4  201.8
? 2 89.1 160.6 43,5 81.4 132.6 242.0
3 73.1 141.4 21.7 g 94.7 172.7
4 88.4 171.0 29.1 38.8 17.5  209.8
& 161, 39.4 64.8 119.3 226.5
0 ; 1;’)491.3 206.3 35.4 61.6 146.5 267.8
3 103,2 215.4 19.7 36.0 122.9 251.4
4 95.7 163.9 7.2 17.1 102.9  181.0
148. 45. 61.2 142.5 209.6
" ; gé‘é 12863 e 406 1289 201.5
3 93,0 168.0 49.3 94.6 142.3 262.6
4 78.1 139.2 10.5 12.1 88.6 151.3
66.6  130.1 34.7 64.4 101.5 1944
12 ; 79.9 173.9 27.5 37.8 107.4 ?11-7
3 87.5 161.5 35.2 38.9 122.7 204
4 59.2 121.8 0 0] 59.2 121.8
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4elli, DfTect of time of harvest on the dry matter vield of terminal, lateral
end to:al capsules and seed from the N1P1 sprayed treatment (gz/m<).

(Data on which Tables 33 to 38 are based)

Replic- Term. Caws. Lat. Caps. Tot. Cavs.
Harvest ation Caps. Serd. Caps. Seed Caps. Seegd
1 1 107.0 45.0 29.5 9.0 136.5 54,0
2 116.6 52.4 10.8 1.1 127.4 53.5
3 96.9 42,3 18.0 3.5 114.9 45.8
L 109.8  36.4 29.1 6.2 138.9 42.6
2 1 123.3 84.0 63.3 28.0 187.0 112.0
2 - 125.3 103.8 ho.6 6.4 165.9 110.8
3 140.8  103.0 724.9 20,7 215.7 133.7
b 117.6  96.3 39.2 13.4 156.8 109.7
3 1 1M4.2  163.5 73.4 54.9 187.6 218.4
2 107.3 92.6 117.6 76.0 2249 168.6
3 127.5  111.2 6147 29.5 189.2 140.7
L 124.3  103.6 107.5 9.8 231.8 153.4
4 1 1M11.2  136.8 86.1 46.7 197.% 183.5
2 98.k 146.9 £1.3 39.8 139.7 186.7
3 98.9 145.9 9.7 39.8 158.6 185.7
[ 98.0 141.4 58.7 27.4 156.7 168.8
5 1 87.2 145.9 61.2 58.1 1484 2040
2 112.2  189.8 69.9 78.1 182.1 267.9
3 81.4 148.5 15.k4 17.1 96.8 165.6
I 89.3 167.3 85.2 86.7 174.5 254.0
6 1 90.2 153.9 77.5 111.8 168.0 265.7
2 105.8 211.1 93.k4 140.9 199.0 352.0
3 83.7 155.0 56.2 62.4 139.9 217.4
n 78.4  147.3 30.2 27.6 108.6 174.9
7 1 73,4 112.3 66.7 100.8 140.1 213.1
2 80.4  133.3 0.0 74,5 130.4 207.8
3 96.3 168.0 74.5 125.4 170.8 293.4
L 77.9 12L4.0 55.4 26.8 133.3 160.8
8 1 73.0 110.4 79.7 97.4 152.7 207.k
2 118.8  12L4.2 65.3 86.9 184.1 311.1
3 82.2 132.0 42,2 62.5 129.4 94,5
L 79.4 151.3 53.6 61.1 133.0 212.4
1 67.2  130.2 79.4k  105.0 146.6 235.2
’ 2 91.2 1h5.2 6G.2 60.2 151.4 205.4
3 74,5  141.1 9.2 65.5 121.7 206.6
L 89.5 132.5 89.7 96.6 170.2 229.1
10 1 83.7 145.2 43,5 58.3 127.2 203.5
2 82.8 181.8 108.3 149.9 191.6 531.7
3 94.3  169.6 59.9 84.8 154.2 254.4
L 102.3 206.3 k2.9 61.1 145.2 267.3
11 1 9.2 153.0 68.9 67.5 148.1 220.5
2 gz.o 95.2 83.6 92.0 145.6 187.2
3 82.8 164.2 32.8 k1.7 115.6 205.8
L 75.0 111.3 39.0 2746 114.0 158.9
1 1. 112.2 42.1 67.6 113.7 179.8
* 2 go.g 147 14 104.0 160.2 195.0 301.6
3 78.5 143.8 34,7 20.1 113.2 173.2
4 82.3 150.9 55.9 80.9 128.2 231.
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4,15, Bffect of time of harvest on the fre:zh and dry matter vields (g/m2)
of stem and leaves and total plant ard on fresh head yield gggmi!:
and numbers of cansules/m? from the n0 FO sprayed treatment.

(pata on which Tables 32, 39, 40 are based)

Harvest Replic—- Stem & Leaves Tntal Plant Head Ho. of
No. atien Fresh Ty Fresh ory Fresh g/m2 Caps./m2

1 6284.8 729.6 7558.4 908.8 1273.6 83.2

3720.0 458,8 4402.0 548.1 662.0 62.0
4812.8 627.2 5817.6 T71.1 1004.8 76.8
4457,0 591.6 5266.4 708.2 829.4 58.0

4616.8 655.4 5817.4 876.9 1200.6 €9.6
4482.0 660.0 5742.0 885.0 1260.0 72.0
5197.9 778.8 6726.0 1067.9 1528.1 88.5
5760.0 858.0 7380.0 1159.8 1620.0 96.0

2932.6 483.6 4147.8 725.4 1215,.2 68.2
3534.0 564,0 4830.0 870.0 1296.0 90.0
2979.6 499,2 4071.6 754.0 1092.0 83.2
2521.8 410.4 3472.2 637.2 i950.4 75.6

1086.8 766.8 6733.8 1220.4 1647.0 91.8
3404 .6 522.0 4570.4 829.4 1165.8 87.0
2552.0 394.4 3433.6 649.6 881.6 63.8
3422,1 524.6 4520.1 841.8 1098,0 73.2

15012 421,2 2019.6 696.6 518.4 81.0
2311.9 622,2 3111.0 1000.4 799.1 103.7
2445.3 627,0 3271.8 1060.2 826.5 56.9
22217.2 713.4 3010,.2 1049.8 783.0 92.8

1894.0 556.5 2270.0 860.6 376.0 56.4
1333.4 538.1 1786.6 909.8 455.2 94.4
1512.8 575.2 1995.4 967.5 482.6 85.4
855.0 339.0 1162.0 580.0 307.0 65.0

1459.2  576.0  1889.9 950.3 430.7 §9.6
917.7  410.4  1237.9 677.3 320,2 79.8
1150.5  507.4  1537.4 841.5 586.9 76.7
923.4  442,8  1249.4 728.4 326.0 81.0

1176.0 504.0 1523.2 817.6 3417.2 61.6
828.8 504.0 1220.8 840.0 392.0 89.6
588.0 442.4 996.8 806.4 408. 8 84.0
719.2 394.4 1032.4 667.0 313,2 63.8

770.0  495.0  1166.0 852.5 396.0 99.0
496.8 3404 786.6 602.6 289.8 55.2
1123.2  750.6  1722.6  1290.6 599,4  118.8
452.4  400.4 780.0 691.6 327.6 57.2

598.0 520.0 1024.4 904.8 426.4 83.2
579.5 512.4 1030.9 9217.2 451.4 97.6
495.0 440.0 880.0 7192.0 385.0 82.5
410.8 364.0 759.2 681.2 348.4 72.8

531.0 436.6 926.9 778.3 395.9 94.4
514.8 426.4 834.1 700.5 319.3 88.4
478.4 395.2 802.3 672.4 323.9 78.0
476.0 397.6 815.9 692.7 339.9 89.6

547.2 481.1 902.9 600.3 355.7 79.6
438.6 462.6 7817.5 113.1 348.9 71.4
365.0  459.0 652.0 719.0 287.0 65.0
275.6  489.2 513.0 701.7 237.4 74.2

10
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4.16. =Zlest_oi time of hervest on the frest. »nd dry matter yialds (x/0)
of stzm ann leaves erid total wlunt oad on froan head wicid and
nuncers vl ceosules/m” from the N1 20 soraved ireatnenti

(Data on which Tables 32, 39, 40 are based)

Harvest  aeplic- Stem & ILcaves Total Flant Heod s Jo. of
o ation Fresh Lry Frech Dry Presh g/n“ Caps./m
1 1 5545.4 342.8 £03%9.3 636.1 713.9 59.0

2 5%47.5 683,2 6923.5 808.9 97€.0 13.2

3 5846.9 649.0 6714.2 763.5 867.3 88.5

4 3956.4 476.8 4743.9 601.7 787.5 75.6

2 1 4138.4 599.2 5224.8 800.8 1086.4 72.8
2 f441.6 9217.2 8222,8 1258.9 1781,2 122.0

3 3764.2 626.4 4941.6 886.8 1177.4 87.0

4 4032.0 592.2 5118.7 798.2 1086.7 75.6

i 4023.0 658.8 5302.8 955.8 1279.8 97.2

2 5353.6 862.4 63826.4 1220.8 1472.8 78.4

3 3274.5 542.8 4189,0 761.1 914.5 59.0

4 2871.0 464.0 3729.4 684.4 858.4 58.0

4 1 3752.8 560.0 4564.0 834.4 991.2 67.2
2 3751.5 597.8 4922.7 914.6 1171.2 85.4

3 4566,6 143.4 6088.8 1138.7 1522.2 106.2

4 3672.0 583.2 4843.8 907.2 1171.8 86.4

5 1 2156.0 537.6 2816.8 856.8 660.8 67.2
2 2775.6 648.0 3542.4 972.0 766.8 81.0

3 2028.0 588.0 2766.0 942.0 738.0 90.0

4 2052.0 638.4 2850.0 1C026,0 758.0 128.3

6 1 2128,0 729.2 2647.7 10992.3 519.7 £3.6
2 1911.0 537.2 2269.7 761.0 358.7 34.6

3 1132.8 522.7 1524.6 843.1 391.8 B€.5

4 1264.8 495.4 1621.3 787.4 356.5 T4.4

7 1 1209.6 572.4 1417.8 928,0 408.2 86.4
2 1128.6 558.6 1503.5 885.2 374.9 g1t.2

3 1848.3 655,84 2342, 3 110%.83 £9..0 122,20

4 1809.6 676.0 2276,0 1C59.7 466.4 98.8

8 1 939.6 718.5 142%.6 1161.0 486.0 162.6
2 763.2 379,2 1046.4 624.0 283.2 57.6

3 £60.8 470.4 1002.4 172.8 341.6 95.2

4 828.8 481.6 1248.8 85¢.8 420.0 295.2

9 1 582.4 483.6 956.8 8271.6 374.4 3.6
2 627.0 522.5 1056.0 913,0 429.0 82.5

3 696.6 550.8 1170.0 923.4 410.4 102.6

4 520.0 431,6 837.2 722.8 317.2 73.0

10 1 638.4 565.6 1080.8 96£,8 A22.4 112.0
2 489.5 440.0 880.0 792.0 390.5 SI980)

3 481.6 425.6 812.0 728.0 530.4 78.4

4 604.2 530.1 1048.8 934.8 444 .5 71.2

11 1 686.0 558.6 1116.7 924.2 430.7 93.1
2 600.6 487.2 984.0 814.4 383.4 79.8

3 456.5 385.0 770.1 656,2 313.6 77.0

4 588.0 492.8 961.0 813.1 373.0 95.2

12 1 484 .1 429.1 847.4 7571 363.3 1%.2
2 485.1 450.3 828.5 183.5 3734 83.3

3 435,6 395.6 787.6 712.4 352.0 74.8

4 365.5 384.4 689. 5 683.7 323.8 Ry I
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4,17, Effect of time of harvest on the fresh and dry matter yields (g/;.lz)

of ctem and leaves and total vlant aid on fresh head yield and numb-

ers of carsules/mc froa the }0 1 sprayed treatment

(pata on which Tables 32, 39, 40 are based)

Harvest Replic-  Stem & Leaves Total Plant Head ¥o. of
No. ation  Fresh oy Fresn oy Fresh g/m?  Caps./m2
1 1 6330.0 T714.0 17386.0 857.4 1056.0 84.0

2 5672.4 661,2 6722.2 809,7 1049.8 98.6
3 4193.4 568.4 5046.0 686.7 852.6 81.2
4 3388.0 481.6 4188,8 607.1 800.8 67.2
2 1 5605.6 924.0 7078.4 1226.4 1472.8 123,2
2 5225.8 708.0 6617.8 993.0 1392,0 96.0
3 7276.8 649,0 9126.4 870.1 1849.6 70.8
4 5185.6 T11.2 6482.0 1605.7 1296.4 112.0
3 1 5728.,8 1227.6 7681.8 1711.2 1953.0 161.2
2 4674.0 792.3 5252,9 1151.4 1578.9 125.4
3 3879.6 622.2 5061.3 921.1 1201.7 103.7
4 3186.0 516.0 4230,0 7680.0 1044.0 7840
4 1 4048.4 707.6 5196.8 1044.0 1148.4 92.8
2 4737.6 B8B4.8 5070.4 1304.8  1332.8  106.4
3 5557.0  775.5 6891.5 1160.5  1534.5  115.5
4 4867.8 768.,6 6514,8 1220.0 1647.0 122.0
5 1 32100 732,0 4194.0 1176.0 984.0 120.0
2 2076.0 588.0 27:4.0 942,0 678,0 78.0
3 1671.4  524,0 232401 847.3 652.7 97.6
4 3042.2 757.0 4006,.8 1202.2 964.6 95.4
6 1 1633.5 700.7 2107.7 1074.7 47422 93.5
2 1204.0 432.9 1559.0 709.5 355.0 67.2
3 1310,4 591.8 1800.5 958.1 490,1 81.6
4 1386.2 454,7 1741.17 T743.5 35545 715.4
7 1 1718.7 688.5 2166.9 1073.5 448,2 21.8
2 1047.6 486.0 1365.1 752.6 318.5 102,.6
3 2156.0 649.6 2669.4 1050.5 513.4 100.8
4 1653.0 527.8 2045.0  835.7 392.0 87.0
8 1 T11.2 604,8 1164.8 1008,0 433.6 72.8
2 687.5 473.0 1094.5 836.0 407.0 83.0
3 433,2  364.8 T706.6 609.9 273.6 62,7
4 584.1 389.4 932.2 708.0 348.1 88.5
9 1 562.4 414,2 896.8- 714.4 334.4 T2.2
2 T20.5 539.0 1133.0 913,0 412.5 99.0
3 339.0  347.7 695.4 615.6 296.4 4.1
4 661.2 467.4 1026.0 798.0 364.8 91.2
10 1 621.0 545.4 999.0 891.0 378.0 102.6
2 7015 T01.5 1152,9 1110,2 451.4 103.7
3 654.0 576,0 1068.0 948.0 44,0 84.0
4 544.5 412,5 854.2 696.4 309.7 71.5
1 1 780.3 642,6 1202.6 994.5 422.3 96.9
2 655.2 530.4 1055.1 868.4 399.9 104.0
3 621.6 504.0 1097,0  912.8 475.4 106.4
4 451,0 363.0 728.2 602.9 277.2 T1.5
12 1 522.0 407.3 852.8 659.3 330.8 76.5
2 464,4 496.3 814.9  809.5 350.5 81.0
3 577.5 497.8  944.4  822.3 366.9 93.5
4 290,0 533.6 490.1 713.4 200.1 58.0.
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L_18. Effeci of time of harvest on the fresh and dry matter vields (p:;/rnz)
of ste:: and leaves and total onlant and on iresh head yield and number
of capsules/m2 from the 111 suraved treatment.

(pata on which Tables 32, 39, 40 are based).

-Stem + J.eaves Total Plant . Head No. of

Barvest Replic- Fresh Dry Fresh Dry Fresh Wt. Caps.
«tion /m2 /2

1 1 9850.0 1115.0 11205.0 1%05.5 1355.0 90.0
2 7867.8 928.8 9028.8 1109.7 1161.0 81.0

3 5974.0 725.0 6977.4 885.7 1003.4 82.2

L 7100.8 862.4 §282.4 1043.9 1181.6 106.4

2 1 5605.6 8u40.0 7078.4 1139.0 1472.8 112.0
2 5225.8 794.6 €617.8 1070.6 1392.0 127.6

3 7276.8 1049.6 9126.4 1398.9 1849.6 nm7.2

b 5185.6 767.2  6482.0 1033.7 1296.4 112.0

3 1 4883.2 817.6 (6501.6 1226.4 1618.4 123.3
2 5762.4 1283.8 ?7501.9 1675.8 1739.5 142.1

3 3723.0 754.8 5028.6 1085.3  1305.6 1071

L 5659.2 1232.0 7420.0 1612.8 172L4.8 140.0

IR 1 5648.7 906.3 ?7153.5 1288.2 1504.8 136.8
2 3733.2  617.1 4875.6 943.5 1k2.h4 96.4

3 4319.7 703.8  5589.6 1047.5 1269.9 117.3

L Lo98.3  735.3 5152.8 1065.9 1054.5 119.7

5 1 2794.8  714.0 3508.8 1065.9 ?14.0 112.2
2 3432.0 880.0 4433.,0 1331.0 1001.0 126.5

3 2238.5 561.0 2777.5 825.0 539.0 77.0

L 2539.8 724.0  3457.8 1147.3  918.0 127.5

6 1 1620.0 790.0  2160.0 1223.6  540.0 124.2
2 264.0 971.5 3404.7 1522.9 758.7 145.8

3 1820.0 691.6 2351.9 1048.9 531.9 114 .4

A 1303.8 505.6 1700.2 789.2 396.4 84,8

Vi 1 1488.0 628.8 1898.8 982.0 410.8 105.6
2 4357 617.4  1827.7 955.5  392.0 107.8

3 1551.2 772.8  210L.4 1237.0  553.2 1344

L 1450.4 597.8 1808.0 891.7 357.6 116.4

1 595.2 508.8 998.,;  868.8  403.2 344

° 2 1317.6  691.2 1760.4 1085.4 442.8 113.4
3 954.0 551.2 13144 879.8 360.4 106.0

b 747.3 5640  1132.7 907.1 335.4 112.8

1 730.8 646.8 1155.0 1029.0 LaL.2 1320.2

? 2 733.2 639.2 1128.0 996.4 394.8 108.1
3 597.6 532.8 961.2 860.4 363.6 75.9

L 759.0 680.8 4200.6 1081.0 441.6 138.0

L

1 646.6 S72.4  1007.0 901.0  360.4 95.4

N 2 886.9 734.0  1465.1 138.3  578.2 147.0
3 768.5 678.h  1219.0 1086.5  430.5 121.9

4 795.5 682.0  1232.0 1100.0  43%6.5  115.5

679. 549.0 1112.4  917.6 432.9 117.0

v ; 632.8 512.0 1034.c 8uk.8 398.0 128.0
3 695.8 578.2 1067.2 89L.7 371.4 gi.i

L 630.2 506.0 928.3 759.0 298.1 75

8.0

62.6 L56.7 688.0 755.6 325.4 9

12 ; ;61».4 470.6 1317.7 96L.6 553.3 135.2
3 540.6  466.7 860.9 753.3 320.3 86.7

L4 612.5 Lh43.0 1023.6 820.3 414,14 12.7
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4.19. Analysis of Veriance ~ Z:ffect ol ii:ic of hrrvesi, funTicidal sunrivs
and '3 Fertiliser on wry xaticr yiclé ol terninal catsules (w/m”)

Source of Var. ¥ SS 3i Vi
Block 3 219.6 73.2 0.486
Spray 1 4182.4 4182.4 18.789
P 1 1169.4 1169.4 5.251
N 1 495.7 495.7 2.226
Spray X ® 1 0.9 0.9 0.G04
Spray X N 1 129.6 129.6 0.982
PXRk 1 100.8 100.8 0.452
Spray X P X ¥ 1 16.4 16.4 0.074
Trror (1) 21 4676.9 222.7 1.478
Time 1 73081,2 6643.7 44.097
Time X Spray 11 1882.7 171.2 1.135
Time X P 11 29245 265.9 1.765
Time X N 11 210%.3 191.4 1. 272
Time A Spray X P 11 3032.3 275.7 1.839
Tirie X 3Sgcay £ N 11 1627.9 148.0 0.922
Time i P I K 11 1849.9 168.2 1.115
srror (2) 275 414321 150.7

Total 383 138927.4
4.20. sralysis cf Toriince -~ flect of tire of narvesh, fun:cicic:l sornys

oné P Pertiliser orn dry matter vizid of .aterzsl coTsales tz/m

Source of Var. DF SS S =
Block 3 2829.4 943.1% 2,706
Spray 1 3714.5 3714.5 9.545
4 1 32360.2 32360.2 83.157
N 1 15840.2 15640.2 49.705
Spray X P 1 74.0 71.0 0.182
Spray X N 1 447.9 2447.9 1.151
PANR 1 4689.8 4569.8 12,000
Spray X P X 3 1 332.1 332.1 0.855
Zrror (1) 21 8172.1 389.1 1.116
Time 11 17591.2 1599.2 4.583
Tine X Spray 1 3053.2 277.6 0.79¢
Pime X P " 4142.9 376.6 1,080
Time X N 11 3C43.4 276.7 0.7¢4
Time X Spray a P 11 5331.0 484.6 1.320
Time X Sp ,, IR 11 7610.1 691.8 1.985
Time X P : 11 15C3.8 136.7 0.392
Error (2) 275 95857.2 348.6

Total 383 206569.8
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4.21. anz_vsis of Voriorce — Zifect el tine of harvest, furnicifsl_svrars
and 1 ferti.fser on ory neiter cdela of total ca zuies (/i)
Source of ¥ar, Xy Ss ¥s ¥R
Block 3 4478.3 1492.8 2.569
Spray 1 15790. 1 15790.1 24.649
P 1 27238.5 21258.5 32,154
N 1 10742.1 10742.1 16.7¢9
Sprey L P 1 86.8 86.8 0.136
Spray X i 1 1055.4 1055.4 1.647
PXi 1 3391.5 3391.5 5.2%4
Spray X P X i 1 02.4 202.4 0.316
Error (1) 21 13452.7 640.6 1,103
Time 11 41423%.0 10384.5 17.875
Time X Svray 11 7014.3 637.7 1.098
Time X P 11 8295.4 754.1 1.298
Tice X N 11 3104.5 282.2 0.486
Tipe X Spray X P 11 134948.3 1226.9 2.112
Tice X Spra,” T v 11 11874.9 1079.5 1.8%8
Time X P { N 11 48%5.9 441.8 0.760
Lrror {2) 275 159766.3 581.0
Total 383 3930795
4.22, ingZrzis ¢f Vorignce - -ffint of vl e cf aervest, furmicidel uuris
enc L¥ TertilissT on oy rmatter rieis Of sced LI Termingl cacsiules
E Elcl
Block 3 939.2 313.1 0.743
Spray 1 7293.2 7293.2 10.559
P 1 940, 3 940.3 1. 361
N 1 19644.7 19844.7 28.73¢C
Spray X P 1 886.6 88%.6 1.284
Sprey X 1 1 1738.7 1738.7 2.517
PXU 1 691.5 691.5 1.001
Copray L 2 X N 1 169.7 1€9.7 0.275
zrror (1) 21 1450°5.3 690.7 1.483
Zime 11 560007.0 50909.7 124.033
Time X% Spray 11 5752.7 523.0 ez
Tire X P 11 117111 1C€4.€ 2.50.
Tine X 11 11107.2 1009.7 2.460
Time X 3przy X P 1 5312.2 482.9 1.477
Tine X <ypray X N 11 2174.5 197.7 0.4382
Time X P X N 11 5795.0 52€.8 1.254
Error(2) 275 112874.9 410.5
Potel 383 761764.0
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4.23. Analysis of Variance - Lffest of time of harvest, fungicidal sorays

and N P Tertiliser on dry matter yield of seed from lateral camsules >
(g/x)

Source of Var. bF SS S VR
Block 3 11401.6 3300.5 5.394
Spray 1 6592.5 6692.5 8.645
P 1 20924. 20928.8 27.035
N 1 5479.0 5479.0 ?2.078
Spray x P 1 9.8 9.8 0.043
Spray x N 1 2436.5 2936.5 3.793
PxN 1 667.0 667.0 0.862
Spray x P x N 1 394.3 394.3 0.509
Error (1) 21 16256.9 7741 1.09%
Time 11 108004.2 9818.6 13.934
Time X Spray 14 7579.6 689.1 0.978
Time x P 1 7341.3 667.4 0.947
Time x N 11 7900.7 718.2 1.019
Time x Spray x P 11 4287.1 398.8 0. 566
Time x Spray x N 11 12565.4 112.3 1.621
Time x P x N 11 6346 577.0 0.819
Error (2) 275 193775.4 704.8

Total 383 412666.9

4,24, Analysis of Variance - sffect of time of harvest, funegicidal swrays

and N P fertiliser on dry matter vield of seed from total caecsules

(g/m)

Source cf Var. F SS uS R

Block 3 15311 5104 3.931
Spray 1 28032 28032 19.508
P 1 13028 13028 9.056
N 1 L4481 L84 3.418
Spray x P 1 712 712 0.4%6
Spray x N 1 9158 9158 6.373
PxN 4 0 0 0.000
Spray x P x N 1 1120 1120 0.779
Error (1) 21 30177 1437 1.107
Time 11 1133702 102064 79.379
Time x Soray 11 21039 1913 1.473
Time x P 1 13546 1231 0.948
Time x N 1 13413 1192 0.5148
Time x Soray x P 11 9624 875 0.§?1'r
Time X Spray X N 1 19861 1806 1.39
Time x P x N 11 11417 1038 0.799

0 1298
foiar @ B AR ’
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4.25. Analysis of Variance - Effect of time of harvest, funzicidal spravs

and N P fertiliser on drv matter yield of stem and leaves (g/mz)

Source of Var. DF Ss MS VR

Block 3 239892 79964 6.965
Spray 1 307083 307083 18.183
P 1 905636 905836 ' 53.636
N 1 L7317 Ly931p 26.487
Spray x P 1 22809 22809 1.351
Spray x ti 1 5212 5212 0.309
PxN 1 106004 106004 6.277
Spray x N 1 2029 2029 0.120
Brrer (1) 21 254658 16888 1. 471
Time 11 3132175 284561 24,787
Time x Spray 11 202727 28430 1.605
Time x P 1 202307 18392 1.€02
Tipme k¥ N il 242552 22141 1.929
Time x Spray x P 11 343603 21691 2.760
Time x Sprav x N 11 181484 16499 1437
Time x P x N 11 115716 10520 0.916
Brror (2) 275 3157087 11480

Total 383 9972492

L4,26. Analyvsis of Variance - Tffect of time of harvest, funeicidel sorays

>
and N P fertiliser on dry mattev vield of total olant (¢/m )

S

Source of Var. ¥ SS 1S VR

Block 3 L2831 1509€0 6.2Q9
Spray 1 698326 €98326 22.400
P 1 1469494 1469494 47.137
N 1 504825 504825 16.193
Spray x P 1 32533 32533 ‘1.oLlL
Spray x N 1 L0510 40510 1.299
PxN 1 154116 154116 4,Shi
Spray x P x N 1 7728 7728 0.248
Error (1) 21 654668 31175 1.303
Time 11 2198415 199856 8.253
Time x Spray 11 Los1co 36827 1.539
Time x P 11 Lo7882 37080 1,550
Time x N 11 332686 20244 1.264
Time x Spray x P 11 583683 52062 2.218
Time x Spray ».N 11 385076 35280 1.474
Time x P x N 1 230863 20983 0.877
Error (2) 275 6580027 23927

Total 383 151141813
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4.27. fnalysis of Variance — Effect of time of harvest, funsicidal sorays
and kP fertiliser on total fresh head yield (g/m?)

Source of Var. D2 SS Me VR
Block 3 216977 72326 2.877
Spray 1 453970 453070 20.855
P 1 570070 570070 26.240
N 1 69383 69383 3.194
Spray x P 1 8883 8683 0.409
Spray x N 1 839 839 0.439
PxN 1 24284 24284 1,118
Spray x P x N 1 18005 8006 0,829
Error (1) 21 456229 21725 0.864
Time 1 55959744 5087249 202.528
Time x Spray 11 571538 51958 2,061
Time x P 11 635873 57801 2.299
Time x N 11 194118 17647 0.702
Time x Spray x P 1 480254 43659 1,736
Time x Spray x N 1 380082 34553 1.374
Time x P x N 11 208060 18915 0.752
Error (2) 275 6914147 25142

Total 383 67161557

4.28, fnalysis of Variance - Effect of time of harvest, funeicidal svrays
anl WP fertiliser on fresh yield of stem and leaves (g x Exp.}*

Source of Var. IF Ss MS YR
Block 3 6.685E 6 2.228E 6 0.520
Syvray 1 7.486E 6 7.486E 6 12.482
P 1 1.246E 17 1.246E T 32,418
N 1 9.256E % 9.256E 6 24.087
Spray x P 1 4.939E 5 4.939E 5 1.285
Spray x N 1 4.,808E 4 4.808E 4 0.125
PxN 1 1.444E % 1.444E 6 3.759
Spray x P x N 1 9.096z 2 9.096E 2 0.6cQ
Error (1) 21 8.069E 6 3.843E 5 1.124
Time 1 1.266E 9 1.1951E 8 336.827
Time x Spray 11 8.934E 6 8.122E 3 2.576
Time x P 1 1.352E 7 1.229E 6  3.959
Time x N 11 1.509E 7 1.372E 6 1’4.0‘14
Time x Spray x P 11 4.75TE 6 4.525E 5 1.235
Time x Spray x N 11 5.915E 6 5.377E 5 1.?73
Time » P x N 11 5.993E 6 5.449E 5 14394
Error (2) 275 9.399E 7 3.418E 5

Total 383 1.461E 9

* In both appendices 4.28 and 4.29 the numbers preceding‘thg letter .E
in the sum of squares and mean square columns are multiplied by 1CG to

the power indiczied by the number following E to give the actual yield
in g/m2.
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4.29, Analysis of Variance -~ Effect of time of harvest, fungicidal sprays
and WP ferviliser on fresr. yield of total plant (g x =wp. )<

Source of Var. IF S8 M3 VR
Block 3 9.161E 6 3,054E 6 5.861
Spray 1 1.1628 7 1,1628 7 20,329
P 1 1.836E 7 1,836 7 32,123
N 1 1.0928 7 1,092E 7 19..14
Spray x P 1 6.345E 5 6.345E 5 1,110
Spray x i 1 6.,140E 4 6.140% 4 0.107
PxN 1 1.842E 6 1,842E 6 3,223
Spray x P x N 1 2.T16E 4 2,716B 4 0.048
Error (1) 21 1.200E 7 5.T16E 5 1,097
Time 11 1.8058 9 1.,644E 8 315.615
Time x Spray 11 1.37198 7 1.254E 6 2,407
Time x P 11 1.9682 7 1,789E 6 3,434
Time x N 11 1.7602 7 1,600 6 3,070
Time x Spray x P 11 7.9945 6 7.2683 5 1,395
Time x Spray x N 11 8.843B 6 8,039E 5 1.543
Time x P x N 11 8.2458% 6 7.498E 5 1.439
Brror (2) 275 1.4338 6 5.210E 5

Total 383 2,093 9

¥ See footnote for awpendix 4.28.

4.30, Analysis of Variance -~ Effect oi time of narvesi, fungicidal svrays
and NP fertiliser on total number of cansules Der metrec(.o.,/m<;,

Source of Var. oF SS MS VR
Block 3 1106.8 368.9 1.315
Spre.y 1 2833.5 2833.5 9.811
P 1 34958.8 34958.8 121,051
N 1 9269.9 $269.9 32.099
Spray x P 1 148,9 148.9 0,516
Spray x N 1 1184 .1 1184 .1 4,100
PxN 1 3766.9 3766.9 13.044
Spray x P x N 1 582,2 382,2 1.323
¥xror (1) 21 6064,7 288,8 1.030
Time 11 9146,.8 831.5 2.964
Time x Spray 11 3902,.3 354.8 1.265
Time x P 11 4559.0 414.5 1.478
Time x N 11 2728,2 248,0 0.884
Time x Spray x P 11 4602.4 418.4 1.492
Time x Spray x N 11 6161.4 560.1 1.997
Time x P x N [ 223%.9 203.1 0.724
Error (2) 275 T7137.7 280.5

Total 383 170187.4
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APPENDIX

THE EFFECT OF FUNGLI N MORPHINE PRODUCTION

5.1 LBff¥ct of fungi on mershine concentration of grcund capsules (%)

(Date on which Table 41 is based)

Repliction
PTraatment
1 2 3 4 5

Alternaria 0.18 0.1 0.19 0.13% 0,15
Cladosporium 1.26 1.19 .18 1.19 1.26
Helminthospoxium 0.13 0.1 0,11 0.1 0.06
Moist Uninoculated 1.24 1.29 1.27 1,26 1,20
Iy Uninoculated 1.40 1.38 1.40 1.44 1.42

5¢1s Analysis of Variance - morphine concentration of fungal infected

ground cavsules (%)

Source of Var. DF SS ms F. Ratio
Treatment 4 8.226 2.057 2057%%
Error 20 0.020 0,001

Total 24 8.246
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S0 Bffect of Tungi cn the Morphine Concentration of Intact Capsules

5:241. Effezt of level of funsal infeciion and fertilisef {reatment on

iorphine concentration of intact capsules ()

{Data on which Table 43 is bhaséd)

Replicaticu Infection category and fertiliser treatments

Slight

iloxe] R1PO K~OP1 NP1

1 1.42 1.54 1.29 1.49

2 1,27 1.25 1,15 1.24

> 1.39 1.39 1,22 1.39

4 1.31 1.48 1.21 1.43
Medium

1 0.96 1.31 1.29 1.24

2 1.13 1.12 1.23 1.20

3 1.21 1.30 1.23 1.26

4 1,08 9,20 1.10 1.22
Severe

1 1,07 1.28 0.78 1.12

2 1.1€ 1.1 0.83 1.09

) 1.13 1.12 1.10 1.21

4 0.79 1.26 1.01 1.18

5.2.1, Analysis of Variance - effect of fertiliser and fungi on morshine

concentration of intact capsules (i)

Source ci Var, DF S8 MS R
Blocks 3 0.0662 0.0221 1.1918
Fertiliser 3 0.2028 0.0676 5.874%*
Error (1) 9 0.103%6 0.0115

Infection 2 0.5734 0.2867 34 840%%
Fertiliser x Infection 6 0.0982 0.0164 1.989
Error (2) 24 0.1975 0.0082

Total 47 1.2418
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5.2:2. Effect of fertiliser on the provportion of total numbers of

capsules per plot in the severely fungal infected.category (%)

(Data on which Table 44 is based)

Treatment Replication
1 2 3 4
NOPO 9.4 8.2 9.8 5¢7
N1PO 10.7 16.2 T4 17.2
NOP1 3.3 6.9 6.5 4.5
N1P1 23.1 25,3 18.7 19.1

9.202. Analysis of Variance - Effect of fertiliser cn capsule numbexr

per plot in severely funcal infected category (:8)

Source of Var, DF ss 143 VR
Blocks 3 27.455 9.152 1.0

P 1 32490 32.490 3.4

N 1 434.723 434.723 45.2%%
NXP 1 135.723 135.723 ATk
Error 9 86,470 2.608

Total 15
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Fl

5e3e The }'ffect of Fungicidal Sprays at Different Times of Harvest

on Funmal Colonisation of Intact Capsules

56301, Effect of fungicidal svrays and time of harves’ on percentsge

infection of torminal capsule segments from Ni1Pt treatment (3)

(Data on which Table 50 is based)

Harvest Replication ‘
Number 1 o 3 4
., Non- Non- - Non- Non-
Spray Spray Spray Spray Spray Spray Spray Spray
2 49 49 - 41 44 47 43 50 42
3 4% 45 38 49 61 49 32 57
4 47 52 47 34 49 38 33 46
5 37 63 50 57 72 46 44 56
6 53 48 58 50 46 54 52 55
7 67 48 45 59 76 56 54 57
8 75 Mix 84 76 55 88 81 713
12 92 64 89 86 90 90 95 95

5.3.1. Analysis of Variance - effect of fungicidal spray and time of

harvest on Tercentage infection of terminals cavsule sesmenis

from N1P1 treatment (%)

Source of Var. DF S MS VR
Block 3 116.36 . 38.79 0.464
Spray 1 0.67 0.67 0.011
Error (1) 3 183,18 61.06 0.730
Harvest Time 7 13844.94 1977.85 23,649%*
Spray x Time 7 367.15 52.45 0.627
Error (2) 41 (1) 3428,91 83.63

Total 62 17941.22
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fezt of funzigidal soroys and fertiliser orn vercewtare in—

o
Fy
ection.of :erigindl cavsule segments from horvestis 8 and 12,

(Data on which Table 5% is based)

Harvest Replicate Sprayed Non~Sprayed
No. NO PO N1 PO KO P1 11 P1 N) PO N1 PO X0 P1 K1 P1
1 €3 59 83 75 46 €4 63 itiss
8 2 14 74 82 84 3 67 T2 76
3 81 65 55 55 62 73 80 88
4 58 72 71 81 94 87 Miss 13
1 90 83 Miss 92 85 94 90 64
12 2 87 93 94 89 97 90 85 86
3 77 85 76 90 90 94 98 90
4 80 S8 96 93 89 a5 77 ©%
56362, inalysis cf Veriance — efiect of funzicical sporas
and fertilis=r on narcenzcre irlection of t.rmin-l
capsule sefmertg “rom narvests 8 ~nd 12 (%o).
Source of Var. PR SS #S YR
2lock 3 498,85 166,28 2,666
Spray 1 0.17 0.17 0.001
o 1 17.48 17.48 0.105
N 1 24.00 24.00 0.744
Spray I P 1 329,67 329.67 1.978
Spray K N 1 T+45 7.49 0.045
PYN 1 18.93 18.93 0.114
3pray « 2 I L 1 4.05 4.05 0.024
Yrror (1) 21 3500.23 196.68 2,672
Harvest Time 1 5C38.94 5098.94 81.745
Time X Syray 1 0.32 0.32 0.005
Time X P 1 23.46 23,46 0.376
Time X N 1 10.438 10.48 0.168
Time X Spray X P 1 5157 51.57 0.827
Time .{ Sprey X N 1 40.9% 40.95 0.656
Time I P i N 1 56.06 96.06 0.839
Zrror (2) 22 1372.28 62.38
Total 60 11054.98
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I 5e3.3.- sffect of fungicidal syrays end N P fertiliser 01 the focus of

fungal colonisa.tion on the surfaces of temninal capsules at

harvest 12 (True geographic bearing in degrees)
(Data on which Pable 53 is based)

Replication
Treatment 1 2 3 L
Non- Non- Non- Non-
Spray spray Spray spray Spray spray Spray spray

NOPO Ly 16 10 27 48 35 35 33
N1P1 34 32 27 34 18 2k 45 23
NOP1 28 20 20 24 2 15 20 32
N1P1 16 19 27 43 Ly 29 15 10

Each value 3.3 is the mean of 20 capsules per plot

5e3.3- Analysis of Variance - effect of fungicidal sprays and N P

fertiliser on funsal colonisation on the surfaces of terminal

cavsules at harvest 12 (‘frue geogravhic bearing in degrees)

Source of Var. DF S§§ MS VR
Block 3 105.8 35.3 0.255
P 1 264.5 264.5 1.912
N 1 0.1 0.1 0.021
Spray 1 72.0 72.0 0.520
PxN 1 15.1 15.1 0.109
P x Spray 1 24,5 24.5 0.177
N x Spray 1 15.1 15.1 0.109
P x N x Spray 1 1.1 1.1 0.008
Error 21 2905,8 138.4

Total bl 3404,0
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5.3.4. Effect of funpicidal sprays znd N P fertiliser on the angular
range oi' funzal colonisation mn the surfaces of terminal cavsules
at_narvest 12 (PTr.e geograchic bearing in degrees).

{Data ¢n which Table 53 is based)
Replication
Treatment 2 > b
Spray  Non- Spray Non- Spray  Non- Spray lon
svray spray spray spray
NOPO ‘125 136 105 113 116 123 137 159
N1PO 121 121 98 10 96 113 119 149
NOP1 103 113 113 126 s8 117 89 161
NP1 1% 129 83 135 108 125 109 116
Bach value in 3.4 is the mean of 20 capsules per plot.
5.304s Analysis of Variance - Effect of fungicidal svrays and N P

fertiliser on the ansular ranse of

fungal colonisatioa on the

surfaces 0f terminal cavsules at harwest 12 (Degrees).

(Data on which Table is based)
Source of Var. OF S3 MS VR
Block 3 14733 491.1 2.775
P 1 413.3 L413.3 2.335
N 1 185.3 185.3 1.047
Spray 1 3300.8 3300.8 18.649
PxN 1 166.5 166.5 0.941
P x Spray 1 236.5 236.5 1.326
N x Spray 1 0.0 0.0 0.000
P x N x Spray 1 2.3 63.3 0.358
Error 21 3716.9 177.0
Total 31 9556.0
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56365, Effert of fun~icidel serays and X P fertiliser on the surerficizl
fun;tal cover of terwinal cavsules (Lrcsin nercent, )
(Data on wihich Tadle 54 is Based)
Hvst, Treatxcnt Peplication
No. 1 2 3 4
Sprzy Non- Spray Yon- Cpray iione- Sprey  Hon—
Spray Spray Spray Spray
10 NO PO 0.00 9,10 0.00 5,74 0.00 17.95 0.00 17.45
N1 PO 4.05 10.78 4.05 17.95 4.05 17.46 0.00 17.95
N P 4,05 20.27 0.00 16.95 5.74 12.25 7.03 18.91
M1 P1 9,10  13.56 12.91 20,27 9.10 18.91 7.03  16.43
11 30 PO 4,05 17.46 574 12.25 574 16.43 7,03 17.95
Wi PO 9.10 15.34 5.74 14,18 7.03 11.54 5.74 18.43
NO P1 8.13 16.43 7.03 16.95 5:.74 15.34 4.05 18.91
M1 B B TA. 28535 2. 74 19,82 5.74 15.89 S.74  17.95
12 30 PO 5.74 16.43 5.74 15.34 0.00 17,95 4,05 20.27
N1 PO 4.05 11.54 4,05 10.78 0.00 13,56 3.00 15.34
NO Pi 11.54 21.97 11.54 14.77 2,10 13%.56 9.10 16,95
N1 P1 7.03  19.37 5.74 19.37 4,05 14.18 4,05 16,95 °
505050 Analysis of Wariance - coffect of “un~icidol
sprays swi 0 U fertiliser on the suteriicias
fungal cover of terain-l caosules {irecsin
percent)
Scurce ¢f Var, or S8 S P
Block 3 21,888 7.296 1,193
Spray 1 2916.895 2916.995 254,630
1 202,827 202,827 17.705
i 1 1,586 1,586 0.1¢
Spray X P 1 3.110 3.110 0.272
Sprey X N 1 0.144 0.144 0.013
PXN 1 1.4 1.441 0.12¢
Soray X PX H 1 12.601 12,601 1. 1C0
Srror {1) 21 220,572 11,456 1.873
Hzrvest 2 37.411 138,706 3.059
Harvest X Spray 2 3.910 1.955 - 0.320
Harvest { P 2 35.300 17,650 2,626
harvest 1{ N 2 131,805 65,903 10,775
Harvest X Spray X P 2 42.618 21,509 3,464
Harvest X Szray X N 2 14,623 7.315 1,192
Harvest X P X K 2 3.598 1.699 0.273
Brror (2) 50 305,790 6.116
Total 95 397€.026
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Ye3.6. Bffext of funricial syravs and X P fertiliser on the suvericizal »
funeal cover of lateral cnvrules (Arcsin percent)
{Data on which Table 54 is based)
Hvst. Treatment Replication
Ko, 1 2 b 4
Spray Ncn- Soray FRon- Spray rion- Spray lon-
Spray Spray Soray Spray
10 NO PO 5.13 5,74 0.00 6.55 0.00 11.24 0.00  T.49
N1 PO 9.97 4.44 4+.44  T.49 6.55 9.10 0.00 0.00
NO P 4,44 20.09 0.00 16.43 6.55 8.13 T7.49 19.7%
NP1 7.92  6.80 5.74 15,89 8.53 10.14 VirSTid 1,00
1M NO PO 0.00 16.64 0.00 12.9¢ $.13 10.47 9.10 13.5¢
1 PO 6.02 15.34 4,44 12,92 0.00 9.97 4480, 19,37
NO P1 13.69 11.83 9.10 13.9§  4.44 11,24  0.00 16,54
11 P1 3,14 17,66 4,80 14,18 6.80  7.92 6,02 9,EC
12 HO PO 0,00 12,92 6.55 9.10 0.00 17,26 C.cO0 12.92
N FO 0.00 8,13 4,80 6.55 2.00 6.80 0.00 1Z.3°
10 P1 4,80 22.79 5.74 20.7C 0.9 12.92 0.£0 12.%2
. w1 Pl 0.00 11.83 C.0C 15,00 C.CQ g9.80 353 1T. 86
903,60 Annlucis of Vzrience — efTect of fareicidal
scrave on the saperiicici Jup el cover of
lateral czesnilos |\ .wresin percent)
Source of Var. e S8 1S T
3lock 3 27,75 9.25 0.52¢
Sorzy 1 1512,01 1912.01 122.504
P 1 166.08 1€6.08 13.455
N 1 59.20 59.20 1797
Spray X P 1 5.4% 5.41 0.,.238
Spray X N 1 5733 57.33 5.645
PXN 1 26.49 26,49 2.14¢
Sprzy X PX U 1 0.01 0,01 2,02
Residual 21 259,19 12.34 3,70
Karvest 2 81.30 £0.55 2.628
Harvest X Spray 2 153.C8 T€.65 4.9:8
Farvest X P 2 61.61% 30,81 T.601
Harvest X W . 2 37.64 18.82 1,297
Farvest X Spray X P 2 46,71 23,35 1,510
barvest X Syray X N 2 99.97 49.99 3.231
Harvest X P X N 2 3.717 1.89 0,722
Residual 50 T73.48 15.47
Total 95 3371,06




