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The atudy Was. concerned with the influence of onvironmental factora auch as 1ight,>

temperature and nutrition on the production of tillera and infloreecenoes and

: induotion of cold hardiness in ryegrassea.

Fiold trials were oarried out to determine if nitrogen fertiliser altered the 8
degree of flowering in perennial ryegrass varieties._ Although tiller numbers |
inoreased due to nitrogen in one experiment the peroentage;kf;flownring tillerai
was not markedly altered. This applied to both an early (Pax ¢ tofte) and late

.(823)‘perennial ryegraeo.‘

A etudy of nitrate offeots on the produotion of leaf primordia, tillera and
: inflorescences under glasshouee conditions was oarried out. Nitrate increased -
laaf appearance in main axes and tillers as well as increasing total primordia .

produotion and tiller bud expaneion.f

An observation from field and glasshouse experiments that tiller production in Jﬂi“
\ryegrasses at the flowering stage decreased both in annual and perennial ryegrasseo.iw
This suggested that apioel dominance existed in ryegrasses.', Using surgical tech—
niques, removal of the apioal region and expanding leaves in annual and porennial
ryegraases inoreased the expansion of tiller buds. Emphoying tiller number and |

tiller bud expansion as oriteria apioal dominance was also fOund to exist in annual

ryograsses (Hesterwolds and Lolium temulentum) when the main axis was flowering,

bnt was most marked under conditions of low nitrate.; Results are disousnod in f'
terms of current theories of apioal dominance, partioularly witk relevance to

grasses.

" As well as apical dominanee lack of cold tolerance was: also a factor whioh 1imited“o“:
~the perennation of ryegrasses. Cold toloranoe was measurod hy survival or: |
regrowth after subjeotion to low temperatnres or by the degree of damege brought

about by -low temperatures, measured by the amount of electrolytes releesed from

* the plants.




Hardenlné of perennial ryegrasses was found to be dependant on low temperatures.
Long photopericds at low, but above zero, temperatures lnduced hardiness at a
faéferlrate than short photoperiods in some experiments._ However at higher
temperatures, the effect of daylength varied according to species and. variety.
Nitrogen fertiliser decreased hardiness in ryegrass in the field but the. reverse
was found under controlled environmental conditions. Roots were generally less

responsive to hardening conditions than shoots.

- Conclusions are drawn and are considered in terms of future research and, in

particular, the role of perenniality in determining persistence in ryegrass.
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TNTRODICTTION

A

T ds n cormon belief among pooctiding sgriculturalists That

appiications of high levels of witrogensus JVerbtiiiser delay the

anaent and reduce the depree of Ticowering in grasses. The aim o
this =ztuady was, initially, to deterwine if nitrvogen Tevitiliser
influenced flovering of gvasses, npaviticularly ryegrasses, under
conditions experienced in the West of Scehland.

The intention was to studv, also, the influaencs of aitrogen
and other envivomnental factors on the behaviour of the grass
nlant ond constituent tillers under controlled environmental
coqnditions. The degree of control the apex of a grass plant
exarts over the tillers, or tiller huds on the axils of its
leaves has not heen studied in anyv detail. 1t was considered thet
such a study woald allow.the role of flowsring on tillering to he
separated Troem that of environmental influences such as nitrogemn.

.

Kot only flowering, btut other aspects of behaviour of o gras:

[$H]

plant ox tiller influenced by enviroenment including cold hardiness
wvere counsidersd important. A conferernce held at the West of
Scotland College of Agricnlture in 1969 highlighted the lack of
knowledge'of the hasic problems associated with winter kiil of
pastures. Therefore, it was considered that this study afforded
an copporbtunity to determine gouwe of the factors which influence

cnld hardiness of the grass plant.




SECTTION 1. REVIEY OF JITERATURE




Tillering Patteirn

The errongement of possible tillers on a grass plont has
heen depcrihed by HMitchell (1953a)g Langex (1956) and Rawson
(1971). Bssentially on the wain axis, the coleopbtilo node may
o may not ghve risge to & tillex. This has been found %o be
under genotyple, as well as environmental contwrel, (Mitehell,

1953a; Patel and Cooper, 1961). Phleum pratense L. does not give

rise to tillers at this slte whereas lolium pevenne L. may or may

Yaviength has beeun fbund to incresse the incldence of coleoptile
tiller under winter conditionsg although not to the same extent
as the plent will produce under swummer conditicns (Patel and
Cooper, loc. cit.).

The behaviour ¢f a tiller at this site in wheat has heen
found by Rawson (1971) to differ from othexr tillers on the
main axis. Although it can appear about the same time es the
tiller at the first leaf nodey, it does not, at earing, have
the same dry weight. It is in fact, much lighter being of
- similar dry weight to the tiller dn the axil of the third leaf
et the main axis, although this tiller arose censidexrably later
than that of the coleoptile.

Seedlings from light sced bave been Found by Arnetd

(1965} 4o bo less able to produce a tlller in the coleoptile




.

e

axil in comparisoen to those Ffrom heavier sceds. Depith of

sowing alsoe influences the development of coleaptile tillers.

In S22l vrvegrass fewer seedlings have tillers at the coleoptile node
when seed is sown at a depth of 25 mm than seedlings Trom

seed sown at a depth of 6.2 mm, .

The tillers appear progressively up the main axis under
optimal autritional conditions. These are primary tillers and,
in turn tillers ave produced in the axils of their leaves and
are known as secondary tillers. The prophyll of these subseqguentd
tillers may also subtend a tiller, and although they behave
irregularly they are less anomalous than the-coleoptile tiller,
(Rawson, 1971).

As well as the coleoptile and prophyll tililers, cothew
tillers also are influenced by their pcsition.in relation to
the main axis. Cooper and SHaed (1.949) found that the leaf
number on the sgcondary tillers at heading was less than the
main axis, ie. the tillers flowered in a shorter time from
. origin than the main axis. Langer, (1956; 1957; 1959b) has
found in timothy that foxr the same time of ordigin, primary
tillers had hesvier flowering heads than coxresponding secondary
tillers. This has alsc been found at lewer pesitions within any
one ordex. Langer and Ryle (1959) found the length of

the panicle decreased in S48 timothy as the ordex was




increased, Davis and Laude (1964) found that in Iromug
mollis, the let, 2nd aand Jrd primapry tillexs on the main
axias maintained bthat ordoer with respect to tiller number,
caryepeis siwze and number of flowering heads. When these
tillers were removed and transplanted; these charactérs
increased in each instance, but the order was not changed.

In wheat, Rawsox (1971) has found that primary tillers
decrease in contribution to total grain yield with increase
in pesiticon (acrepetally) disvegarding the coleoptile tiller.
The relative contribution was 224, 20% and 8% for primary
tillers number 1L, 2 and 3 respectively and this was also the
order of the weight of the tillers at earing.

In timothy, Langer and Ryle (1959) labelled tillers
formed before July 23x»d aund diﬁﬁinguished hetween primary
end secondary tillers. Although 85.2% of primary tilliers
flowered, only hli 5% of the secondaries, formed before that
date, flowered. A simlilax situation has been found in cocks-
foot and meadow Fescue ile. the primary tillers although of
similar age to secondary tillers, ave move fertile. {(langer
and Lambert, 1959).

Moxrphology of Clowerding in grasses

The morphological changes which take place at the apex
of a grase plant at flowering bave been descxibed by Sharman
(1945). The first sign of flowering, ltermed Ffloral imltmtion,
involves an increase in the length of the apex due to
primordia besing laid down vepidly. In the vegetaltive apexn,
primordia comprising the apex would develop iunto 1@&?@3»
However, in the dnitdiasted apex, the bud primordisa in the axils

of the leaf pripnoirdia develop whereas the leal primordia remain
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as they ars. The stage at whioch these bhud primerdia hecone
abviocus whenl the apex is dissented cut and viewod down a
microscope, is ftermed the "deuble~ridge stage®.

I moany tomperate perenntal grasses, @ long pholtopesciad
1a nécesﬁary before Lmitation takes piace (Caopev and Caldow
L062) . Also in most of them the plants have toe be subjected to
o period at low tempewvalbures below 10 ¢ but above Gﬁﬁ
(Bveans, 1960) befowre they will wespond to long days. This
paricd of low tempsrature is kuown as vaxnaliaation and the
process which oc¢ours during vernalisation is known as
flowal induction (Lvawms, 1964).

Annuals, on the other hand, do not generally rasguire

vernalisation fto respond toe the dayliength which will initinte

Flowering, and in facet Loldium rigidum does not even reguire

€ !‘\‘Y’ ¢
an obligate vegetative phase prior to responding to long davs,

unlike most grasses. So it will respond immediately aftér
germination to the appropriate photopewiod and flower at a
stage where ﬁhé leat number corvesponds to the number of leaf
primoxrdia in the apex of the embryo.

After indtiation of Fliowering the bud primordisa in the

apex grow out to form the axes of gpikelets if the

inflorescence 18 a splke ox primary biranuches 1T the inflovescence

ig a panicle. These branches in turn bear primoexdia and foom
e gecondary branches and st on mntil the order of branching

i3 veached which besys the spikelets.,
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The primerdia which develop into the axeés of spikelets in
turn give rise to the gluwme primordia. In the axils of

the plunes the florets develop, eaoch florvet subtended

"

o

by a @emwao The parts of the flowelt whiclhh eventually
dgvelop are the palea, the carpsal, the stamens and the
lodiailes are the last to be formed. The apical dome of
the initiated apex also becomes a spikelet. When that
cccurs further spilkelst primoexdia initiation on the
main axis is not possible.

Internode eleongeation of the Inflorescence talkes
place simultanecusly with the development of the spikeleiba
resulting in ear emergence when the developing inflorescence

appears above the sheath of the flag leaf.

Effects of date of orxigin on tillexr hehaviouy

The effect of position of the tiller on ite behaviocur
ag deseoribed earlier tends to be confouwnded by the time aof

ordgin of the tiller. Wilson (1959) found in peremnial and




Ttaiian ovegrass, end dimothy tillers formed an wioler and

P .

sprly spring bad the higheet flowering ootenbisl viheveas A

A
cocksfoot, only winter formed tillers ad high fertiliiv.

With timoethy Langer {(1959b) observed that all tillers

remed 6 weeks aftey the experiment commenced uvuder bhigh W

treatment flowswed, whﬁreﬁsp of those formed on the 12th weel,
only 47% fioweved,

Langer and Lambext (1959) with meadow fescue and cecksioot
have found the earlilest formed tillexrs have the greatest
chance of beaving infloxescences. With cocksfoot, tillliers
present in November bear most of the heads ln the noxt growing
season, whereas those produced by mid.March in meadow fesons
plants are the most fertile.

Mexe recently, Lambert and Jeoewiss (1970)¢ have shown that
not only time of oxilgin but also cxder and position of a
tiller determines 1its fertility. Time of sowlng also has
been found to influvence the time of earing in tillers. Langew
and Ryle (1985%) with S8 timothy did not Ffind sny flowering
inn plants sown after the middle of May, yvet tillers on c¢ldsr
plants which avose after this tiwme were able to flower, suggesiing
conditiocns were suitable Tor flowering after this time,

The effont of nitroren on tiller behavicur when influenced by

pegition =nd date of criein

- .

Tho offect of poesifticn and time of ordgin of

ok

tidllevs




appiication. Jenger (1959h) found that the secondary tiller
production wars influenced by nitrogen moere than that of
primary tillers. In 348 timothy, increasing nitrogen gave

.

vine to an increase in piimary tiller number From 36 to 42

i

vhereas secondary tillers increased from 1Ll to 297.

Wilson (1959) found that nitrogen delayved the decline
in production of fertile tillers in Italian and perémnial
ryegirasses as the season progressed when grown under New
Zealund conditions ie. of tillers produced in November, 29
weré eventually Ffertile wnder low N conditions whereas 55%
viere Tertile when the N level was high. lLanger (1959b) alsc
found a similar situation in S48 timothy. Tillers Tormed
in the sixth week of the ewxperiment were 100% Teritile under
a high N level but only 89% under lower N conditions. The
effect was more marked on tillers formed im the 12th week.
Lyl were fertile under high N when harvested and none undexr

low N had initiated apices.

When the total percentage of Tertile tillers horne on

onn behaviour of tha $illevs can be influenced by nitlroegen ferblliser

a plant at any one btime is comnsidered, unitrogen has been Found

to have an effsct in a number of instances althoug: the effec

~t

has wavely been found o be gnificant . In spaced plaonts,

I

Ll
i)
3

~

t

lLanger

and Lambert (19§9) Found no differconce in the relative percentagse

Y

Feortility between ¥ tyreziments in S215 nesadow Fesoue. Yang

by digsecting tillers pricer Lo ear smevgence Jound in shE G




Lthat 20¢- of the tilisvs at hirh ¥ were iuitiated whereas 14%
werae initinted at low N, § weeks after the N Trsatwments commenced,
After 7 weeks 85% were initiated at high N and 68% at low N.

Therefore although nitvogen does wnot seem Lo exerdt a pariked
effect on the percentage of Tewrtile tillers produced at any one
time, it can grestly influence the vtotal number of tillilers produced
and also the number of fevtile tillewrs (Wilsuna 1959; langer, 1959b;
Ryie, 1964D)

These instances so far have been concerned with spaced plants
or plants in pots in greenhouses,. In the field under sward or dr;ll
conditions, the effect of nitrogen on fertility is not so straight
forward. Evans (1953} recorded a decline in fertile tiller number
when N levels were increasgsed in Sh8 timothy. However, S9%7 cocksfoolb
respanded positively to N with wrespect to fleoewering tiller number.
In another trial (Bvans, 1954) the same effect of N was recorded
in S48 and 837 as was noted in the previous trial. 823 was found
to regpond positively to N hy producing more Tertile tillers.
Lambert (1964) like Evans, found 348 timothy responded poorly to
vitroegen with regard te Tfertile tillery numbexr wder sward conditions.
Yambert found meadow fescue Lo have a small but positive response

to W,

Byle (1966} considers that the variable rvespense of plants
under sward conditions to nitrogen could be duse to the varying

avallability of nitrogen te the plants wnder these conditions.




A

aa well as the effecet of cowpetition brought about by the

pppearance of pew vegevative tillers and increcass in sive

of existing tillevs.

Effect of mitrosen on leafl avppeavance

The 1iterature cahcerning the effects of nitrogen on
leal appearancis somewhat confusing. Soeme ocongidey Tthat nitre-
cgen has no effect on the expansion rate of leaves, while
others have shown definite, though small, increases in leaf
expansion.

Langer (1959h)considered that in timothy, when the
rate of leaf appearance was measured in the main axis and on
the first two primary and secondary tillers, nitrogen had no
effect. Plonts which were supplied with 150 ppm N solution
did not have significantly different rates of leaf expansion
from those supplied with 30 ppm. Purvis, (1934) also found
that there was no effect of nitrogen on the rate of leaf ex-
pansion in Petikxwe winter xryve. Differences were recorded
but wexe not significant. Other reports of N not having an
effect on leaf expansion include Cooper (1951) and Bean
{(1961) cited by Anslow (1966)),

O'Brien (1960) showed thst im both cocksfoot and per-

ennial ryegrass,; those at the higher nitrecgen treatments had




andigher numbes of leaves nper plant., However the tiller

alse greater, and when the vatio of leal mumber

number was £

toe tiller number is calculated from the data presented it is
not greatly different for the varying N treatments.

In a survey of the effects of N and temperature on
the leafl expansion of seven pevennial forage grasses, Ryle
(196&&)f0und that high nitrogen treatment (150 ppm) increased
tihe rate of leafl axpansion when the seven species were
considered togethef compared to the effect of the sclution
containing 15 ppm ¥, Russian workers have shown that nitrogen
applied to goil of 80% moisture content gives rise to a
higlhier leaf mumber on the main axis of grass plants comparvred

to no N application. N treated plants have 11 leaves when

Ll

the plants without N have 10 leaves. (Lebeder and Mel'nik, 1965)

This topic has been reviewed by Asnslow in a paper considere

ing environmental effects on leaf growth in grasses (196G)»

Effect of nitrogen on the flowering of grasses.

The study of the fole nutyition plays in the flowering
of plants goes back to the time of Kraus and_Kréybill (1918}
who considered that the vatio of 1&r50n to nitrogen in the
plant was a factor involved in determinimg whéther the plant

remained vegetative or hecsme reproductive. If the ratio was




iow, they considered flowering was prevented whereas a high
ratio ephanced flowering. Turner (1922 obsesved that the
practice im horticulbture to delay the onset of flowering was
to anply nitrogenous fertiliser, as this was congidered a
neans of dincreasing vegebative growth at the expense of
flowewring.

A comparison in C-N rvatio in soya beans between those
grown under long and short photepeiriods was carried out by
Mugneek (1948). He found that up to the twelfth day of the

£y

live of the plants, when initiation had occurred in the plants

day
under short/conditions, the C-N ratio was smaller in those

initiated plants then in those under long day conditions.
By the 20th day, the C-N ratic was higher in the initiated
plants (Hexose sugar concentration was a measure of C, and

total nitrogen s measure of N)« Therefore, this experiment

suggested that C-N ratio increased after floral initiation,

{;rﬁ‘, ,l"::w% <

rather than prior to it.

On the other hand, in support of the C-N theory,
Grainger (1938) was able to assoclate dalay.im flowering of
a late-~Tlowering chrysanthemum cultivar to a delay in
transleocation. He Tound that translocation did not take place

o

vatil 5 hours after the onset of darkness, so the short nights

of summer may have prevented sulficient carbohyvdrate t¢ be

sranslocated to the apex, preventing floral initiation.

Grainger aere th Kraus and sraybill (1*18) that 4n

towato, the snenios alse used by them in thelr studies, the




higher bthe O-N ratio, ¥the mewve floxriferous le the plant.
However, Sheayd {3340) has found that this does mot hold fox

211 the plants e hag surveoved.

Hisgh nibtyrogen levels have been found to gilightly favouw
fiower induction by imm@raing loavaes iﬁ high aod low concene
tration of scelutions of various nitreate salts, each with
gincose added ( Cajlachjan, 19%4) and that both long end shoxt
day plants could be iunfliuvenced in the same way. Application
af nitrogen has been found by Withrow {(1951) mot 4o alter the
cxritical daviengith of plants growvn under low N, P and K
conditvtions.

Gott et 281.(19255) have been unabla to detect any significant
difference in rate of avttainlng imitiation in Pekkus winter
rye by varving the amomnt of N applied. However, in wheat, under
low nityogen conditions eay emergence vas observed 47 days aftex
sowing vheress the high nitrog&nvlavel reasulited in car emergenca
ik dave eariienr (H&ls@'gitgio 1969)0 Wilson (1959) has also
found nitrogen having a2 promeotive effsect on ear emergence.

In peremnial and Ttallan ryegrags ear emergence was advanced

b 7 dave by high nitrogen applicetion and by 20 days in

timothy. Tanger (19259b) 2id nob ovserve any significant effect

o
indy

nitragen on time of ear emergence in S48 timothy, although

heo fownd in anctber experiment thet severeo deficiency in




nitrogen could restrict flowerding to primary tillers or pravent
flowering entively in sh8 timotuy, (Lacper, 195¢nYe Savere
nitrogen deficiency Iras alsoe been Teoeund to prevent flowsaring
in BLSL2 cocksfoot (Calder amnd Coopar, 1961 )and S24 pevennial
ryegrass and 537 cocksfoot (Ryle 1964 b).

Therefore, it would seem that ia grasses, the level of
nitrogen appliecd can have an effect on floweir appearance.
However, rather than high levels enhancing flowering it is
apparent that it dis very low levels which delay or prevent
initiation taking place.

The effect of nitrogen on Llowering would seem to be
more marked after flower dnitistion i1e. during inflorescence
development. Lenger (195%) found that the length of the apex
in vegetative plants under high and low N levels was similaxn.
However, when floral initials were apparent, the low N gave rise
to a2 mean apical 1engthlof 3.56 mm in comparison to a mean
apical length of 13.33 mm at high N. Thereafter, the high
nitrogen gave rTise to a greater numbeyr of florets per ear.
This has also been observed by Ryle (1963). Florebt number
woulid scem te be move influenced by nitrogen than the number
of branches on the inflorescence, (Ryle9 196#b)9 Rylse fouud
in peremnial ryvegrass, meadow Tossue snd cocksfoeob that the
level eof nitrogern had to bhe very lew before the primary brasnch

numobaer was alfeebted.




T velation to thoe effect of time of owigin of tilliers
on inflorescence silme already discussed, increasing nitrogen
has a gireater effect on the number of florets in the eaws
of those late icwrmned 7 llers than on those dudtially Tormed.
Iy Htimothy (Langeﬂp 195G Ryle, 196Mb)‘n0t only does nitregen
incireaso the number oif floxets per ear, but it alsc increases
the weight of individual sceds formed from these plants

(Lambert, 1956; Sonmeveld, 1957).

Ryle, (1967) counsideredthat as an explanation For the effccts

of nitrogen on inflorescence development in the grass plant
coupled with the influence of light (Ryle, 1966) on this
same stage of development, the demand for nutricents by the
developing inflorescence must be inecveasing due Lo the rapld
growbth of earx and stem at this stage of development. So
deficiencies in carbohydrate and/or nitrogen will obviously
restrict the growth of the components of the inflorescence,

Effects of inflorescence develovment on tillerineg

It has been demonsbtrated in a number of instances that
the rate of tillering decreases at Tleoewering in perennial

grasses. This has been shown in L. peremne (Cooper and Saced,

D
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1949), Bromus inermis (Lawp, 1952} and P. puntonse (Langer,
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1959b), and in amuals eg. barley (Aspinallg 19¢

and a number of other cereals (Skripoinskii, 1858). However,

Thorne, 1962)



under certain conditions the reduction in tilleriag at
flowering oan he overcome (Iﬁniwallﬁ 1961; Joffe and Small,
1963). Aspinall with Piroline bavley was able to minimise
the effect of flowering on tillering rate and alsc give rise
to a flush of tillers after Tlowering-by mailntaining the plants
on a high nuitritional plaimn, Joffe and Small (1963) by prove-
iding the oat plant with coptimal nutriticenal and other
environmental conditions prevented flowering from permanently
inhibiting tillering.

Removal of these developing inflorescences had9 been
found to alter the tillering vrate in comparison to intact
plants., - Canfieids(&939) by removing the heads in’Tobosa

grass (Hilaria mutica) increased the basal area covered by

the plants due to an increase in vegetative tillers at the
base of the plants. Deheading crested wheat grass (éﬁgggzggg

descrtorum) has been shown to.give rise to an increase in

the number of tillers which develop (Cook and Stoddart,
1953) and Jameson and Huss (1959) found the mnumber of elong-
ating tiller-buds increased in little bluegrass {Agvepyron

Lolium multiflorun has been found to have a higher

number of developing tillers when cut. at 2 oms from greund

level than when cut at 6 cms, a greabter number of developing

<
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apless being rewmoved alt the lowew cueting bhedight (Maed& &@31

Whors, 3963). Pradshaw (1952) found an iucreass im tillew

nunbher per unit ares when indtiated aplces and developing
»

wepre removed in

n
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&
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roabis tennls by eubtvlng or when

Flowerlng was suppressad by choke diszase.

On the other hand, Ellisom (1960) counsgiderad that
alipping swards reduced tiller numbexs, The reason being that
tillers, with their aplces removaed, died. Xt was also for

this reasonn that Branson (1953) considered Switch-grass

(Pamicum vifgaﬁum) was more suzcepiable to grasing that big

N, 7

Qe

bilue stem {Androrpogon perardi) as the former had more elongating
o

stemg, the apices of which were vemoved abt grazing. Davies
(1969) has found that the tiller numbers of 524 plants
-elipped in May are greater than those of intact plants when
counted in July, uwder conditions of loew ¥ fertility.
In ordex to explain the effects éf flowering on the rate
of tilliering, & number of theories has been put fovward,
and all are more or less based on theories which have been
emploved to exmplain apical dominance, aad will be discussed
in the mnext subsection.

Apical Dominence in grasses

Althroupgh aplcal dominance hag boen studled in many

dicotyledonous species (reviewed by Phillips, 1970), few




studias have been carried ocut on monocotyledons, woartieoulsyiy
3Tis, woarvtdoaviexld

srasges. One rTeason, presumably, for this to be neglected in:

the Gramineae)is that the apex dis wather inaccessable priow

!

to ear emergerice, for any surgical work o be carried oub.

One of the first studies of apical dominance in grasses

was carried ocut by Leopold (1949). He damaged the apices of

3

barley and teoéinte nlants by punchturing the developing apex

with a needlgﬁgiving rise to increased tillering'in the

treated plants. However, moest of the other studies of apical

dominance in grosses have invelved plants at a more advanced
i, e

stage of developmenﬁ[where the apex is at least initiated

(Jewiss, 1972; Aspinall,1963; Thorne, 1962).

Hypotheses to explain the mechanism of apical dominance
have been reviewed by Phillips {(1970). He considers. that
four have been put forward at various times to explain the
influenée of the apex on the expansicn ol lateral buds, viz.
the nutritive theory, the direct theory, the indirect thecry
and the nutrient diversion theory.

It dis net the intention of this review te consider
these theories in detail. However they cvan be summarised
briefly as follows: The nutritive theory was the fivrst put
Forward to exnlain apical dowinance, The 2211y workers COvie
sideved thal the apex wa=e cowpsting with the lateral buds for

nuatrientsa, and thiess nuadtrients moved 2iong concenbtration
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oradients to the apex. The apex was in a preferontial poesition
as it was tormed before the ianteval buds, so could eowmand
the available nutrients, hence suppressing the growth of
lateral buds.

The directh thgory assumed auxin was produaced at the apex,
and entercd axillary buds, preventing their expansion (Whimanm,

1937) due to their higher sensitivity to anxin than the main

Snow, on the other hand, considered that due to the
basipital transport of auxin, it could not enter axillary
buds. Therefore it must be having an indirect e¢ffect on lateral
bud growth. This became known as the indirect theory.

With the increasing accumulation of knowledge conceyrnting
nutrient transport within the plant and how it is &ffected by
hormones the nutrient-diversion theory hins won strong supwport
in recent yeavrs to explain apical dowinance. It was firat put
Forwvard by Went (1936) who suggested that nutrients are directed
towards high concentrations of @xin by some physioclogical

effect, other than growth promwticn. This Itas been extended

i

to dinclude the diversion of the flow of other bhorymones. Phillips

(1970) suggests that it dis the cytolini®s which are dirxrccted

by apically preduced auxin, which regulate the growth of axillary

buds .
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Anienl dominance ivi the vegeltative stage of grasses

The studics so Tar considered, with tho excepuion of
jeopold's work in which it is not clear what state the apices
were in, have involved plants in which the apex was at owxr
beyond the double xidge stage. However, in mwmost of the studies
in dicotyiedonous plants, they were in the vegetative state.
The study of apical dominance in grasses has presumably bsen
confined te the flowering stage as flowering is accompanied
by a decrease in '{;illeringy suggesting that apical dominance
takes place at this stage. Also this stage is of econonilce
importance in the sward as it affects annual production.
Howevey, as nutrient has been found to determine the degree
of tillering in vegetative grass plants then this could be
considered as a demonstration of apical dominance being altered
in the vegetative grass plant.

During the early work on apical dominance, Sncw (1929)
found that removal of the expanding leaves in pea seedlings

(Pisumﬂﬁﬁﬁvgm“ﬁ) released axillary buds from inhibition, and

he postulated that the expanding leaves were the mource of
the "correlative inhibitor". It has been put forward that
TAA is present in high concentrations in the expanding leaves

eg. in Aster {Delisle, 1938) and the primary lcaves of maize

tvan Overbeskh , 1938)0 As Y8A iz considered hy some workers

L e
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to be the covrrelative imhibitor {Thimamn, 1937} then
possible that reuoval of the expanding lesaves reduced the
amount of correlative inhibitor present.

Theve i1s gome circumstanitial evidence that the vegetative
prrass plant la under the control of apical dominancs {Mitchell,
1955%b: Kirby and Faris, 1970; 19?2)0 By deoreasing light
intensity Mitchell found tﬁaﬁ the lateral buds in rvegirasg
species were suppressed. If the low light treaﬁﬁent vas
imposed early enough in the life of the plant; then total
suppression of the buds was possible.

Kirby and Faris found that in barley seedlings
from seeds scwn at high density, showling lateral bud suppression,
the tiller buds either graw out oxr did net when at a particular
stage, rather than exhiblt. the type of growth pattern

which would be expected if nutrient had been limiting

oo
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and causing the responsge. Thay considerﬁ%haﬁ this on-~off

gl fect suggests hoermonal confrol off tiller bud expansicn in

the yvoeung vegetativa bariey plant. HMorphologicsl charasteristiocs

¢f the seedlings at high sowing density have beeon intevpretced

by thew to suggest glibberslliin had increased withiln the seedling.
Concerning this on-0ff effect, Mitchell (1953b) aud

dwhy and Faris (l&?"

03
g’

fouvnd thav tiller buds, whoa sunpressed

were not cepable of growing oub after a fivited tiwme of




suppre S8 .

Efrfecet of dinorganic nubrition on apical dominance in grasses

Parlicr in this revisw, the effect of dnorganic nitrogen
ot the tiller number of grasses hasg been discussed, 1T¢ was
concluded that increasiug nitroegen gave rise Tu higher tilicr
number in many sustances. Therefore it can be coencluded that
the elongation of tiller buds te give wise Ho visible tillers

is increased by nitrogen application.

Gregory and Veale, (1957) found that in flax (Limnmp

levels, and could be ocvercome by removal of ﬁhe apex. T
barley Aspinall {(1961) was able to overcome the effect of
Tlowering on the tillering rate by increasing inorgauic
nutrient concentrations applied to the plants.

Meintyre {19645 1965) by subjecting Agropyron repens

‘plants to low N found the rhizomes exhibiting complebe apical
dominance but this could be overcome by increasing the
concentraticn of nitrcogen applicd to the plants.

At low levels of inorganic nutrient, Aspinall (1963)
found that remeval of a proportion of the spikelets in barley
increased tillering at a more pronounced yate than in plants
at high nutrient level, again Suggesting that apical deminance

was dnlluenced by inorpganie nutrition.




of poor vegrewth affer cubiting ander hidgh N levels in »yveqsrsss

han woen put forward {(Grassiond Resecarch Institute, 1969).

Othew ingtances arve quated by anli&ms'{l??@)a It has been
suggosted that although this level of nitrogen has given wilseo
to hipgh geowbh vrate, veserve assimilates may be lowv as

+ by

light ds limiting uwndoer sward conditlions. So thiz may

,u‘_-

ot
b

overizlde any offeclts of the releasse from aploal deminance
(Jewiss, 1972).

Mechanism of apieal dominarnce in grasses

Leopold (1949) was able to

,
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reproduce thae effecd of
anex in decapitated barley plants on tilliering by seplacing
the apex with NAA (an aualeopgue of IAA). He considered that
thie substantiated the wole of 144 in apical dominancs
(Thimanun, 1937).

However Aspinell (1962) aud Thowvne {(1962) with flowering
harliay plants have been unable t0 repeat the affect of anxin
whiich was observed by one of ils snalogues by Leopoeld.

Moxa vecently, Jewiss {1972) has shown that applicetilon
of sa aublauxin eg. TLBA or ACPI-455 at certain ooncentrations
can glive olce To a resumptlion in tillering wh&ﬁ tha rate ls

1

in L. temnienton snd Triple dirk wheat

FrirrnLa S S e, L e

decregned at Flowering




oy e
2 (B

RV ¥

A

This work howavey, does .nob attempt to assign the site of
auxin produvetion to any particnler pazxt of the plant. Therefoie
even if amxin.dis implicated in the suppression of tliler buds,
the apex may not be the gource.

Gibberellin has aliso been impliecaled in the suppression
af tillexing in girasses (Jewi&s; 19725 Kirby and Faris, 1970;

1972). Jewiss found that gibberellin application gave wise to
i A

premature internods elongation in Triple Dirk wheat and

oL

concomitant suppression of tiller bud elongation. Klirby and
Faris, by incrcasing plant density, internode elongation in
barley took place and tiller buds were prevented from growing
out at the bass of the zlongating internods.,

Although at various parts of this review, carbohydrate
levels have been suggested to be plaving an impoxrtant role
in determining the fate of tiller buds, one experiment by
Jewiss (1972) has shown that release of a #iller bud from
inhibition is not in the first instance accompasnied by increase
in carben transport into that bud in comparison to corresponding

s -
buds on conftrol plants. S0 xather than ¢ from leaf fed

AU . . . . . e
with © 'O2 passing into the ftiller bud in high guantities

prior to the bud extending, it enters when the bud is about tvo

|

extend; suggesting thot events taking place in the released

bud prioyx to extension are noit initiated by dincreased carbo-

.
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hverats. As cell divigilon takes plaen prioy o elongation,
Jewiss conasiders that some Ffactoer 1s present in the buds sub-
sequent to TIBA application. He suggests that cytokinins,
N

rresumably eom the rool are directed into the bud, giviaog risc
to coll division end is the first stage in the release of the
bud from inhibition, Therefore he postulates that osuxin diverts
cyvlomininon its passage, Lrom the roots, away fTrom Sillexr buds
and so inhibits their expansion. The resulls obtainced from
experiments involving gibbarelilin aprlication weuld suggest
that in those instances, gibberellin is diverting cyiolkinins
to growth cenitres other than the buds eg. elongating stem.

Bioassaye carried out on the xylew sap of maize have
shown that at leest thiree cytokinins and four gibberellins,
as well as four inhibitor substances are present (Abkin

and Baxton, 1971), The plants were grown for 7 weeks at a

range of tenpevatures. Hewever, the work so far carried out

in this field is far from conclusive,

Celd Hardiness

Gassner (1918) found that by growing winter plants at
low temperatures, the hardiness of these plants was increased.
He also Ffound that the low temperatures under which the plants
were growing gove rise to an dncrease in the soiuble cairho

hydrate content. Cassnoer concluded that the high carbohydrate
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coptent gave vise to the dncreasc in cold havdiness.

Trmanov {(1940) explained the induction of winter hardiness
in terms of phasic develoepment. He considered that while a
winter plant was still in the thermephase ie. vernalisation
was not complete, it was winter havdy, but if allewed to
-row afler the thermophase was completed, the wplant was much
less hardy. It was concluded that it was the completion of
the thermophase rather than the effect of the phqtophaﬁe which
was responsible for the decrease in hardiness as hardiness
decressed at the end of the thermophase whether the conditions
Favoured the photophase or not.

Kuperman (1936) attempted to explain the effect of vern-
alisation on hardiness by comparing the carbohydrate levels
hetween vernelised and non-~vernalised plants. He found the
vernalised plants had a lower soluble carbohydrate level, and
s0o considered that explained the lower hardiness of vernalised
plants. T umanov and Federovae, however, found that these
differences in solukle cairbohydrate level were not manifest
before the winter, a time when there would be a difference

1

expected if thiat was the canse of the differential in hardiness.

LAY
Since that {time, there has been a number of studies
o

cairried out examining the effects of envivomment on hardening,

and attempts have been made to elucidate the mechanism of

o}



5o othis study will be concerned only with
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cnvivornmental effeuts on the hoardiness of vyvegrassoesn, the

following review will be more or less confined to thesc eifects,

Cold hardiness ¢f Rvegrass specgies

Varotion in hardiness smong members of the genus

ium was found in Holland (Wassenaer eh al. A954), The shoxd

rotation rvegrsss, H.1L., was found te be less hardy thaon
Ttalian ryegrass, However, some of the hybriad ryegra&@es bred
from Dutch perennial ryegrass and Italinn ryegrass were hardier
than the New Zealand hybrid (H.T.). British and New Zealand
perennial ryegrasses were Less hardy thean the Dutch type,

Hay types were found to be less hardy than pasture types.
Comparing S22 Italian ryegrass and HI short rotation
ryegrass to S23 and S24 perennial ryegrass, Jones (195f

found that.the first two had better autumn snd winter growth
but, particularly undexr some defoliation conditions, they
did not survive the winter as well zs the perennial ryegrasscs.
Assessing hardiness by the lack of winter “"kilil",
Jones (1958) found $22 and Irish Italian rvegrasses weve hardier
than HI., Among the perennials, 524 suffered less than New
Zealand Mother perennial ryegrass,
The degree of hardiness amorg pevsnnial and ITtalian

ryvagrasses has been found to bs correlated to the intensity
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of cold reguirement wneceanary four Tlovering (witg 1854
Therelors Hhe herdlest cullbivars were thoses which had the

reeatest vernalisation vegulrement for flowering. The Italisns

"

gave wine tc 98% heading aftexr 60 days refipgeration of geeds
compared to B86% in the early haytype pér@nnialsg g7% din the
pasture types and kliidh in late hay types. Alsc the Tialians
were the lsast hardyeq

A 1less marked difference between Ltalinn and perennial
TYeErasscs was fouﬁd by Poln jakallio et al. {1963) in
Seandanavia where only some of the perennial rvegrass varieties
were mopre hardy than the Ttaliawns. Hunt {1962}, however,
found Manawa and $22 ITtalisw although cubyielding Presto
percimial yegrass in the esstablilshment yvear vwere adversely
affected by the followlng wintewx. Se Presto oubyvlelded
fanawe and S22 in the following season.

Yo Switzerland, Caputa (1956) found that both perennial
and Itallan ryvegrass did noet survive well over the wintars
and were much lass havrdy than grasses such as Phleum pratense

Ponm pratongils, FPoa ftrivialls, Agwostils spp. snd Festuca rubra.

On the other heand, both Tislian eand perepaial yyegranses have

baeen roecommended for growing in cold pegions of Coloumbisas

e

(Crowder, 19!
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It would seem from those comiiioting accounts of the

relative bavdiness of perennial and Xdealisn rvegyasses thal notb
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only ie there variaticon bestween cultivars and speclies, bu

B

the region in whiech the plants were Tested ag well as the
method of amssessment affects the comparison.

Recently, Lovenzetti et al. {1271) found that when
comparing havrdiness of ecotypes of perennial ryegrass uwnder
aviificial comditions, the north Europeaxn ecobypes wvere genewrally
merce hardy than thoese from thoe Medibterramean region. They
found a relationship beltween the degres of cold hapdiness
and the mean minimum temperature of the coldest wmonth of the
year in the veglon of cccurence of each evcotype, The hardior
ecotypes Ffrom Norbth Burape have been found to exhibit a lowerw
rate of leaf expmnsion than +the less cold resistant ecotypes
from the Mediteryanean yreglon at 50C under controlled
environment conditions (Cooper et al., 1962; Ceopex, 1964).
Thin Aifference in the rate of Jead sres increase has been
found to be due to increamsed cellulaxy elongsation rathexr than
cell division (Welsh Plant Preseding Statiom, 1964).

Although Robson and Jewiss (1968) and Chattervee (1961)
found that the net asslimilation rate in Noxth African ecotypes
o0f tall fescue was higher than 8170 in the winter, MoGall
and Coopsw (1967) Ffound no differences between net assimlilation
rates in winter bhetween Mediterranean and North temperate
ecotypes oFf ryegrass, cocksioot and tall fescue. Although

reiative growth rate has besn fouund to be highor in




Meditorranosan typeas then dn temnperate types of the game species

1961 MeCall and Cooper, 1967: Robson and Jewiss

o

1668) . MeCall and Ceoper have attvibuted this toe a highex
tead avesn yatice in the Medltervanean btype than kigher net
assimilation rate. .
Ir the Republie of Ireland, Crowley (1269) bhas clalmed
e has heea able to combine the winter hardiness of S321 and
the earliy-spring growbh characterdstic of an Algerian ecotypa
of L. POrenns. However ae has bsen found repeatedly, 5321 is
one of the least havdy of the British perenniazal ryvegrasses,
and although it may be relatively hoxrdy in the milder conditlons
of Bire, it could not be considered hardy by British standards.
Some of the examples of comparisonsg between various
yegrasses have been based on triasls caryied cut in the
field., Although this sbtudy isg concerued only with cold
hardiness, these examples from the field ave a measure of
fwinter hamrdiness", and could be counsiderad as a plant'a
ability to withstand wintex conditions. These conditions
noet ounly take inte account the effect of low temperature,
but also other {fattors such as Froagt hmavimgﬁ ilece covering,

susceptability to winter growing Tungl noet ssscciated diveoctly




witlh any physiological propevéies of ithe grass ahb Iow toemper-

There have been differences found among varieties of

in suscepbablility to winter Tungi. Valiage has

ween found to be fairly registant in Finland to Typhula

SPe o

Solerotinialprealis and Fugarium nivale (Jamalainen, 1954).

However, when ], perenune is compared to cther grasses svch as

Alopecusrus pratensis, Poa pratensis, and Festuca . pratensis

with respect to resistance to these pavasitic Tangi, L, perenne
is more susceptable {(Jamalainen, 1960).

/

Effect of Nitirogen oun Cold Hawrdiness in Grasses

One of the eariiest studies of the effect of nitrogen
on the cold hardiness of grasses was cayried out by Cavroll and
Welton (1939). They found that increasing the amount of
nitrogen applied in the autumn decrsased the hardiness of
the plants over the ensuing winter. However, differences in
hardening between the two N levels was not obvious until
November. More recently, the N response has been found to
be dependent on the time of application of the fertiliser.
Wilkinson and Duff (1972) by applying N fertiliser alt various
times in the autumn to Xentucky bluegrass found that the

prestest differernces in hoprdiness Lhroughout bthe winter were




betwsen tHhe trestwmeunbts which has not received any leviililsen

and ithe tresiment which hiad bheen given fewtiliser ab overy

date of application, the latter giving rise to less hardy
tilleors. tarly and late applications of M were Ffound to

have less effect than mid-autunn wpplications, although the

late applications gave rise to less hardy tillers in the spring.

Howell and Jung (1965) were able to show that at 12 cut

of 20 sampling dates throughout the winter, Dactylis glomerata

plants which had been given low N and cut at the bloom stage
(ie. less than 10% of the inflorescences at anthesis) were
the hardiest of all the treatments.

Comparing the performance of a number of ryegrass straing
at a range of nitrogen levels, it has been found that 580 units
of N/amnum have adverse effects on the hardiness of all varic-
ties in comparison to no N applied (Bresss =znd Foster, 1971),
At intermediate levels the later high tillering strains are
more resistant to the low LTemperatures imposed.

In Bermuda grass, winter hardiness has been found to be
agsociated with Jow nitrogen levels (Kresgc and Decker, 1965).
Applications of potash also enhanced hardiness, the ideal
ratio of N:XK being 2.4:1. Calder and Macleod (1966) have

ghown that wvhen total available carbohivdrates and winter




hardiness in alfalfa were reduced by frequent defoliation they
wers incereasced with potassium fertilisor application. Adams
and Twesky (1960) found that high N levels reduced winter
survival but when potash was applied in high doses as well
as the nitregen,the deieterjons effects of N were reduced.
They also found that high N levels gavesxise to increased growth
s0 potagsium deficiency was experienced , and they considered
that the lack of hawrdiness under high N levels dis-due o low
available amounts of potash relative to nitrogen at a time when
the plant needs potassium for hardiness.

Kolosova (1941), however, has found that timothy, Agrostis

pratensis and B inermls had higher winbter hardiness when N was

included dn the Tertiliser rather than when potash and phosphate

were applied alone.

In species cthexr than grasses, eg. Juniperus chinensis

Pillet and White (1969) have found that autumn nitrogen does
not have an adverse effect on winter hardiness and, in fact,
has been found to have a beneficial effect on spring growth
(Meyer, 1969),

Taking turf gquality and clipping weights as criteria of
winter growth of P prgtensis and I\ rubra , Ledeboer and Skogly,

{1973) nave obscrved autumnn N increases turf quality ie. greater




cover of groeennass. Adzo laber application
the romher of billers formed over bhe winte
was not adverseoely affected by the high N,

(1961) observed thai. avtwm fertilised Pan

s of N inoroased

. Winteor surviviol

Hanson aud Juska

rptonst s plants

had o slower growth vate in the apring. Po

observed increased winter colJour with high

well et al. (1967}

applications of

avtuny N, The high N also gave vise to a slow deprietion in

cavbohydrate over the winter. Top growth was not increased

in the spring. This lack of top growbth was

alsc noticed hy

Ledeboar and Skogly (loc.cit.) who considered that the

increase in tillering in winter increased t

rather than increasing growth above the c¢li

lateral growth was encouraged.

he basal growth

pping level de.

Effect of defoliation o1 the cold havdiness of grassces

As well as fertiliser application, de
other factor which can be controlled undexr

in agricultural practice and this factor ha

foliation is the

field contions or

s becn found to

have an influence on a plant's abililty to withstand the

temperate winter conditions.
Raker (1956) by delaying the last cut

s2lt perennial ryegrass found the ability of

stand the winter was increased. American work on Dactylis

glomerata haos shown that when cut at variou

of the vear of
the grass to wiii-
<

5 stages of

k¥4



development jo, vegeboative, ear cwmergence arnd anthesis,

those cut ob the stage approaching antheosis were hardiest during
the following winter (lowell and Jung, 1965)b Thomas and

Tavenby (1962a) found that the hardiness of Festusa arundinacea

(.

plants was veduced wheun cub 6 days prior to the cold trestwment
compared to dntact plants. Alse on dropning the temperature
to 167F survival was less in plants cut back to the level

of the scil than those cut to 3" or leflft intact.

Grandiield (1935) found that when alfalfa was eut in
automn, the greater the growth which had taken place between
cutting and the onset of winter, the greater was the vield in
spring. Red clover has also heen iFound to give smaller
spring yvields in the second year 1¥ thoe last cut of the previous
yvear took place on Seplember 15th or laterxr at Wisconsin
(Torrie and Hanson, 1955). Tt is difficult, however,; to
.datermine to what extent +the amount of vegetation entering
the winter period is affecting hardiness and to what extent
it is merely adding directly to the vield in spring. Spring
yields may in fact mot be a suitable measure of harvdiness in
suclh experiments,

A survey carried out after the severe winter of 1963 67
showod that generally, ithe amount of herbsge carried over

. . . o i BT e n 3 [
the aubumn determined the degree of damage of  the ensuing



<5,

o

Wintoer to the sward (Baker and David, 19063)., This was

applicable even when the herbage was cubt at the ond of autumn.

There was, hcwever; a few exceptions to this whiceh ceould not

bhe explained., The prosence of heorbage on swards throughount

the auvutumm having a detrimental effect on wintor survival

was also scen during a compavison of Westerwolds and Italian

ryvegrass vavieties (Baker and Chard, 196&)9 Survival of the

same winter of the North African ecotyvpe Syn IX was greétly

improved when it was out in late autumn ie. October (Rudnen

and Alder, J1Y6h). On the other haund, claims of late defoliation

or Trequent defoliation reducing winter havdiness of pasture

grasses have been made (Welsh Plant Dreeding Station Report?19ﬁha).
There is a possibility that the tyPe of frost may

determine whether defoliation or abundant herbage gives rise

to bketter hardiness. In Digitaria spp. it has been found

that less damage is encountered in winter if growth remains
on the swards when light frequent frosts are encountered
(Pripe, 1963). More severe frosts, however, cause less
dawmage to swards where the cover has been removed,

HBardiness and defoliaticn have been associated with
reserve cavbohydrates in the woots. Fulkerson (1907) found
that the system of cutting in the autuma which gave rise to
vhe highest veserves in the roots of vernal alfalla, gave rise
to the highest cold resistance. Similsy conclusions have

hean drawn by Calder and Macicod (1966),. They [lound thatl




Y,

when the ocultting Frequency was luereased 1n alfalfa the
eleoctricanl conductivity of the exudate, the tolal availaobhile
carhbohydrntz, and the cold huardiness decreased.

Other examples of defoliation giving rise to a decrvose

ivi eold hardincss include oat (West,~1952) and most of the

British posture grasses (Welsh Plant DBreeding Stationv,19éka)u

The effect of davlength and lieht intensity on cold hardinesg

of grasses

Daviength and light intensity have been shown to be
factors which determine the degree of hardiness of plants.
They are also responsible for controlling carbohydrste levels.
Howevexr, many of those studies have not separvated the effects
of a photosynthetic and a physiological daylength and so in
many instances, the two are confounded.

One of the first studies of daylength on hardiness was
carried out by Legter (1933) on wheat plants., He found that if
the plants were grown under short day conditions prior to
linrdening, they were hardier than those under long days.
Howeveir, long days during the hardening process, at OOC, had
a more proncunced effect on hardiness than the shori day

conditions, the long day being photosyntheﬁicélly long az well as

physiclogically so.




Tyadal {19330 frowing aifalfes under arvificisal coenditions
found shol dave bad a promoetive effoect ou hardinesas during
the hardening phase compared to long days. Red clover has
zlso bheen found to be induced to harden under short day

conditions. Polijakalitc et 2al. (3960) compared the effect of

davlength on the relative hardiness of ecolypes of red clover
when grown in Finland, Varietiecs adapted to morve northerly
conditions were hardier than those from a more souvtherly region.
However, when daylength priecr to winter was shortened, the nore
sountherly plants were hardier than those in the natural long
days at that time of tbe vear. It is gonsidered that the
short days of auvwtumn in thoseaplaceﬁ at a southerliy latitude
were inducing cold-hardiness.

Morley et al., (1957) studying a range of ecotypes of

Medicago sativa in Australia found that all ecotypes were

less winter dormant when the daylength was incressed. Hardy
strains of alfalfa have been shown to piroduce less top growth
when grown in greenhouses under short days compared to less
nardy types (Oaklev and Westover, 1921; Coffindaffer and

-

Burger, 1958; Seth and Dexter, 1958). 8mith (1961) found
less bardy ecotypes produced a high number of tall growing plants

in auvtumn wherceas the more hardy ecotypes produced a low

percenfage of these tall plants.




Hodgaon (196“) comparing fowr ccolypos of alfalifa found
that indigencus Dlants were not aifected Ly photoporied whon
growin in Alaska ie, they were equally bardy under long and
short day conditiens. The varieties from California (L1.2.
those from z lower latibude) did not horden under any of the
phetoperiods enployed, although there was a twace of hardineys
under short days. The variety Ranger, from a position not
as Far south as California hardened better underwshort days

ie. davlengtl similar to the area of origin in auvtusm. Hodgson

considered that, as a coasequence of this affect of daylength,

o

hardiness is under the conftrol of phytaiarome. He, however,
was basing this on thie daylenglth effect and neot on any photo-
reversibility evidence which characterises an event mediated
by phytochrome,

This effect of the cecotypes from more southerly latitudes
being less hardy under conditions of a highex Jlatitude has

v

also been found in grasses. Klebesadel et al. (1964) found

that in Festuca rubra ecotypes from areas cover a latitude of

o, . .. >

60 N the maximuwm percentage kill was 37% wherceas those frowm
. o . . ; e -

latitudes less than 507 had in the sawe dnstances 100% kill

. . o R
when greown in the north ie. over 60 N. A similar pattern was




Altering vthe natural nyolopeviod in Alasks, Kilebsssdel
(19%1) has been able teo demonstrate thai the mere southerly
evotypes of bromegrass and Kenbuecky bluegrass lumorease in

rdiness when the photonericd iz shortensd in the poricd prio:
to low Lemperatures vhercas the idndigenocus ecotypss ave much
iless alfected by either lengiths ﬂiﬁp or decreasing the photo.
poriod.

Prom these exampleas, 1% is not ¢lear whether bthe daye

ect ds operative before or during havdening ile. the

3
e

length e
period of low temperatures conduclive ¢ hardend g

More recent stuwdies of the effect of devliength during
the hardening pericd on hardiness have shown that long dave
during the hardening period inciease havdendng in a nmumbar
of ecotypes of L, perenne (Lavrence et al.). During the hardening
phase (200 a9 1/m ) Ffor two weeks) long days (16 hours) gave
vise to 52% tiller survival compaved to 36% survival when hard.
ened under short days (8 hours),

Knalin (1970) in Polaund has shown that the optimal photo-

.

period for inducing hardiness in Bromus inermis, Asxhensther um

elatitns, Phileum pratense and Alopecuvrus pratensis is of 12 to 1b

houwrs duratlon and Festuea protensie and Dactyviis glomerabn

had an eptimal daylength of 24 hours for inducing hardiness.

Rad ¢clover has also besen found o be hardened most efficientliy

% A8 to 21 hoves (Sidseth, 19647,




N . . . « 4 _ o~ g o
With respect to light intensity lLaveence en i“\i57j)

jgw]

Linve showii izt in the pexriod prior to havaening shori days
and high Lieht intensity give vise to greater hardiness than
long daves at low Lighl dintensity in a range of perennial

ryegrasses. towever during bardening, the longer days at low
light intensity confer gireater hardiness than short days at
the higher intensity, the total daily energy being similar in

both treatments.

The effect of werpholopgy on hardiness

Altlhough this study is concerned with the effacts of
environwent on cold hardiness, there are other factors which
contribute to the degree of hardiness of a plant. These
factors can be related to environment and so are worthy of
consideration in this review. One of these faciors is
morphology of the plant.

A list of instances where morphological factors are
associated with cold hardiness is given by Levitt (1956).
Smith in his review of cold hardiness of forage grasses and
legumes also mentions some moxrphological factors which can be
associated with the relative hardiness of plants and sco can
be emploved as a means of determining thoe poftential hardiness
withont Trecwing., Aplical meristems, axillevy meristems and
the vascular transition wmone have been conasidaered thiree

.

critical regions which determine the desree of suprvival of
f.,l ~2
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harley plants after rold treabment {Orier, 1964) znd siuiies

o

have bheen corsied out where The poation of those ecritical

ragions are considered in relation to degeree of exnosvre znd

~

cold hardiness of the plant.

Kolosova (194i) found that bhe nodes abt which tille:

wove Formed varied in depth frow 10 mm Lo 4O wm in some Fo-aze
arasses. She considered that thiis partly determined the
ability of the grass plants to survive the winter. DBromry =
inermis, a hardy plant had those nodes at 20 mm below the

soil surface. Dactylis glomerata and lolium perenne (French

strains), however, had their godeﬁ at 12 and 15 nms respectively
below the soil surface in those plants which survived and #
and 10 mms in those which were killed.

The importsmnce of the apex of cereals when damaged by
low temperatures has been stressed by livingstone and Swinbank
(1950) and they considered thet most of the damage to the apex
was done after floral initiation. The upright growth of cereals
at this stage has been considered as one of the Tactors which

malie cereals more susceptable in Australia as clongation of

.,

thoe dinterncdes exposcs aplcal and axillary meristems to fihie
upper, ccelder zones, (Gobt 1961)‘ This is related to the
responge of the whent vardety to daylength, Some variesios

heoome lers dependant on daviliength as thoe ear develoapis, <

o




during a mild spall in winter, deswpite Lthe short days, ths ar
may develop, vaising the growing point into wmoire exposcd
regions and-be damaged by the spring frosts.

Conpaxring spring and wi nter wheatb,

¥

bariey and oats,
Tavear (1L931L) fowmid that the varieties with their “vegetative
point of the principal stalk" above the level of the soil sure
face are less resistant to low temperaturees,

Single (1961) studyving the frost hardiness of variouvos
varieties of winter wheat found thet the less elongated the
stem, the more frost hardy was the plant. He found that the
laboratory results did not always correspond te those collected
in the field as some varietiss were seen to be yrelstively
hardiér in the laboratory {then in the fdeld. It is suggested
that these differences are duve to the girowth habit of some
’varieties whiqh are at a stage of development where their
gyrowing points and axillary meristems are in colder zones than
others in the field, whereas under the artificial conditicns
employed wmonstion does not occur.

Thomwmas and Lazenhy (1968@) suggest that the dilferences
in haxdiness encountexred between the three strains of Festuca

amundinacea (Syn i, Syn 2 and 3170) could e partly explained

by the relative position of the apex within the croewn. They,
however, aid not casryry ocvt any dissections to deternine the

PR

relative position of ithe apices in the ihree stirains,




SEROTTON 2. MATERIALS AND METHOD:I



vovreseusabives of bt genus Lolium,

Yoat of the oxwpesilmendtscaxried oeut i

wvolved ong

These incliiriaied

the arnuals Lo omaltdficeruom Lan, (var. Westervoldicum) and L. tewn

yloid) ond Perenuial ryoorass |

Hunaballe and S23 ite. an early, medirwn esrly aund 1at

¢

poerennital ryvegrass cultivar respectively) .

pratense 1.} was alsc used. The early fleowering

o
[ RS pte e

5 late flowvering cultivar S8 were ewplouyed.

T an daitial experiment laid dewn din plots, timothy

aul

3081), bldennisl Ttalisn vyegress . multi Tlorun

~orme 1. | Pam

e e

I DAL S
}:’.i'i.»x.! LR

e flovering

tivar 0352

ged was supplied by Messrs MeCGLll Smith, Ave oxcoept forx

L. temulentum seed (ov. Ba 3081) which was obbtainad

Welshr Plant Breeding Stetiocn, Aberystwyth.

Filevering characteriptics of the cultivarsg of

perenne

from fthe

DAl ernse (d&yﬁ after 1lst Mav to ranch ear @m@gﬁﬂnce)

{from

Me@ill Smith catalopue, 1972)

L. perenne Pax @tofte (T‘!m:.i n)
Hunsballe (Danish)
S22 (Dritish)

P. pratense $352 (British)
sha (Pritish)

1.

were obbained from the Scottish Plant Breeding Stati

*-%

(,)
3)

‘hase strains were S$321L and Avge, the former hoving

Aberystwyth, the latter in Poland.

jgs]

oty and Fottine Madio Secds wexre zown A plastic

o vemrmiculito,

Lol ER R - o3 = oY
OB NS00 ML UH

T one expsyriment, some tillers of twoe abrans of

16

on, Pentlandiield

heen bared

seed bGyays

bul Al was

and P,

fzo perenne

at

[o (¢}

LiT0nE



to o waber
vermioculi
netyicent
tray, it
gseed hed.
amately 1

of pradg

logping when excaoss water or nubvieot

was apnlicd and o

te was usad latterliy. The nedium was moistencd with

thhe seed

o

. .
mricy bto beding spresad in

ry e IIL'k?)’V

{

. When in the soed

was compressed te give rise to a smooth, Fflrm, level

After broadceasting the seeds (at a s

2
seed pexr cm” ) they weve covered with

¥ sand. Nutrient and water were added

eed rabte of Approxe-
1 ) / )
% dnch layver (approx.)

asg woeguired.

Whern the seedlings had reached the desired sltage, which wvaried
depending on the cxperiment, they were transplanted into pots.
Again the size of pet and the number of plants planted in each

pot was 4
mediuam ug

vermiculi

ependant on the nature of the experiment. The rooting

ed dnitially was perlite but in the ma

te was employed. The type of mediun u

jority of experiments

ged in each experi-

ment i1s given at the appropriate point dn the Results Zections

A fe

w experiments weire carried oul oo "Paystrat?® blocks.

This 1s a polymer wmaterial, each bloock being a

grouped i
immersed
diagramat
these blo
surface o©
hole and
the seedl
The level
level by
was full,
be in tha
of nmutrice
congstant

ataed woate

. sheets. They were placed in nuitrien
ite. 6 mms in the solution. The system

ically in figure Z.1l. The seedlings w

cube of gide 2.5 cms
t solution, partially
is represented

erce planted in

cks by malking a small hole in the centyre of the upper

f each bleck. The xoot of the seedlin
the block was compressed slightly roun

ing. The nutrient solution was taken

g wasas placed in the
d the hele to secure

up by capillarity.

of the nutrient solution was maintsined at a constant

a clstern vhich was positioned so that
the level was the same as that at whi

blocks. Therefore as growih continuc

when thoe cistern
ch the nutrienc shouald

é, the conecentration

nty decrzased. However, malatalining the solution at a

level prevented saiting out, which wou

» nad not been replaced.

~
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Piccks were placced inm oa twvay witix o perforated base

thie it onh

dnie, anathoen derav, whieh conhacdiied %
ed the nutrieat

thie waa
ed inte another tray which conbain

this

ci-

Tiiis dlower Txay was connected bo the cistern. dooe nubtrient vas

repienished at intervals depending oun {hie ewperiment.

Nutrisonh sojution. The solution used dn this study was ovne which

was nsed for general furposces at the laborvatory. L6 consisied of

5 stock solutions, based on moedified Hoagland'

oy
toi

Ca(NOB)Z.MHEO 160 gms)

KNOB 100 gms )

¥
-

IKH, POM 30 gms i iitre

Mgs0,, 7H,0 L5 gms)
N in 1 litre

.

Fe chelate (Sequestrene) 5 gms)

500 mls of each sbtock solution were added to water in a tub and
made up to 200 litres. The phesphalte solution was mnot mixzoed with
either of the other two stoci solutions hefore being added to the

water so that precipitation of imsoluble phosphates did not take

place. The tubs were covered to prevent alg

ral groewth on the
surface of the nutrient.

In pot experiments where nitrogen was varied, the normal
solution was considered the high nitrogen level solution and low
nitrogen solution had‘l/S nitrogen content of the normal solubtion.
NOB” was replaced by €1~ in the low nitrogen soliution. The stock

sclution which replaced NO, with CL™ wast-
J

KC1 108 gms)
i L litre
Call 7h gms)

Ta wrder to obvein 2 sclution with 1/5 the nitwvabe concentrabion ol

the rnormal solution, 4C0 mls of the chloride solution wore added

ot
=



o 100 mls

solntion revlaced the

normal solution.

It was
adversae

toc have

of the nitrate

stock solution and the wresulting

]

the

-

500 mls of nitrate stock wlion in

considered that chloride would mnot accumulate sulficlermtly
efTechs on the low N treatment, as it nas been
renorted that both Italian and pesrennial wyegrass have a high

tolarance

In nutrient experimeats,
pots in measured guantities generally 50 ml
at specified intervals.

measuring oylinder to

hucket of nutrient,
rise to efficient

In

wlazd mum

were kept bhelow field capacity whenever possible.

that the plants

to chioxids

appilication of nutrient to
those nubri

amount of 1

had to be watered vegularly, a

ions. (Cordukes and Parups,

the solutions were applied to the

~
[

s oxrv mulbtiples o
This was done by cutbting a plastic
slze so that it could be dipped into the
1.

and when full contained 50 m

the polte.

Sy

ent experiment care wag taken so that

&

eaching tock place from the pove iec. the pots

This meant

small amount of

wabtaered

water each time,they were generally/daily but when the potbs

wvere in the greenhouse under

strong sunlight in summer, they were

watered twidce daily.

Where nubtrient was not considered a variable the plants were

given naitrient

lavoul of ol

Lxperiments

solution ad libitum.

The layout of pot experiments was a

toetally randomised
regular intevrvals,

Exneriments

this

Bz

study.

heoadinegs:

The

arrangement, and the pots were wvearranged al
usually weeklyv.

There were four field expeviments carried out

se cann be considered under fthe Tellowing




(a) 4 comparigson of tillering at different witregen levels of

two btimethy and three pervesnnial ryvegrass cultivars and the effect
on the wvuber of tililers which flower{Expesiment 3.1).

(b) A cowmparison of tilleying at different nitregen levols of an
early and late Fflowering pevernnizl ryegrass cultivar and the
effect of nitrogen on the time of sary emergence and number of
flowering tillers. (Exgerimgri Fu2. )

{¢) A study of the effect of nitropen on the hardiness and winten
survival of L.perenne (cv. Pax @tofte).{Buperiment 6.b.o.).

(1) The effect of wemoving inflorcscences on tiller nwuber in

Westorwelds at four nitrogen levels. (Experiment 3.3.).
N D

-~
w
~—

A comparison of tillering at different nitrogen levels of two

timothy and three pevennial rycerass cultivars and the effect

on_the numbher of tillewrs which flower.

The cultivars chiosen for this experiment were:.

L, perenne Danish Pax ¢Jtofie (early flowering)
Hunsballe (medium eamrly flowering)

5253 (late Tlowering)

P. pratense 352 (early flowering)

348 {1ate flowering)

Seeds were sown in seed trays on k/3/70 and placed in growth
cabinet type A at 20°¢ and 7% hour day. On 1/4/70 the trays
.Were transferred to a growth cabinet (type B) at +7OC and a 7+ hour
day until 5/5/70. On this and the subsequent day, these seedlings
were planted in pots.

The layout of the plots was of a Latin squarve design and is
representod diagrammatically in fig. 2.2. The arrangement of
species end cultivars within a plot are represented in fig. 2.3.
feadow fescue (8215) plants which bhad heen grown from seed with

the experimental plants were used as guard plants.




FIG.2.2- ARRANGEMENT OF PLOTS.- EXPT 3.1
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The rews of plants within each plet were plentoed one foot

apart ad the distance between esch plant was 9 daches. There werse

i

o

10 pliants (e::x‘.p;z:.rix snbal) per row with a puard plant at either ond

af coch row. A vow of guard plants aleng eachh side of the plot

v

of egually

comnieted the perimeter of the plot which counsiaioec
spaced guard plants surrounding the 5 wows of experimental plants,
As the design of the plots was a Laﬁin sqguare each plot in
the first row of four plots was chosen at random to be treated
with wne of I nitrogen levels. This was repeated for the next
Tow within the limitatiomns that a nitrogen level could not be
vepeated more than once in each column (o rcw) of piotso Thercefore
after the third row hhad been allocated the four niitrogen levels,
there was only one possible arrangement for the fourth row. The
plots were separated by 3 feet wide paths,
The plots were lald down in the gerdens of the Botanyv Resesrch
Laboratories at Garscube. Soil analysis of the aven taken diun

ey

March of that year had shown that a dressing of potassic fertiliser

would be beneficial. A dressing equivalent to 2 cwts of mu wiate

-

of potash (6@% KZO) per acre was applied to each plot immediately
after the grasses were planted. Yor purposes of applying fertiliser
the perimeter of each plot was considered to be 6 inches to the
outside from the centre of each guard plant le. egquivalent to

half the distance between each row. The area of the plots were
calculated accordingly.

Nitrogen was applied to the plots in the form of Nitro challk
(quﬁ unnits N) at the equivalent rates of 100, 66.7, 33.3% and O
units per acre per application. Two applications ook place viz,
on 16/6/70 aud 16/7/70.
to thie Tirs

Prior ; nitrogen appliication, the tiller numbher of

.

cachn plant was recorded. The tillers were agein cowmbted abt a

time wvhen alimost all of the plants wers beaprdng flovers.




This was carried cud twe wesks afcer the second niityogen
application ie. on 30/7/7Uu Tillers wers considored as cithen
regetative” ie. at a stage prior to eav emergence or "flowveving"
when they were al or beyond ear emergence. A tilleir wes counsidered
to bhe at ear emexgence if any part of its inflorescence was
visible ahove the leafl sheatlh of the flag leafl.

o

A

(L) A comparison of tillerings at different nitrogen levels of an

aearly and late IJQWOang perenmmial rvegrass cultivar and the

effect of mitrogenn on the time of ear emergence and number of

flowering tillers.

Seeds of L.perennc (evs Pax Gtoflte and 823) were sown on 1/8,71

in the hieated greenhousce under natural iliumination. On 1/9/71
they were planted in small "Jiffy pota'" in a peatisand:soil
wixtuce {(1:1:1 parts by volume). They were transferred to the
mheated greenhouse on /0/f1 to become acclimaitiscd to ithe
increasingly colder davs of autumn beforse being plavted out in
plots on 15/9/71. They were kept in their Jiffy pots when planted
out as these decompose in the soil. This allowed the plants to be
planted cut at this time of year without disturbance of the rook
system.

‘The 1a&0ut of the plots is represented diagramastically in
figure 2.4, and the arrangement within each plot in figure 2:5.
The plants were planted 1' 6" apart in each row, 12 plants per
row. This allowed 10 experimental plants and 2 gvard plants, onse
at each end of the row. The 1ows were 1! 6" apart and there were
two wows perv plot, one of each cultivar. Guard plants weré the
same cultivar as the plants in the particular row. Asg there were
only two rows per ploet, it was considered unnecessary to have
guoxrd rows parallel to the experimental xows on either side of
pach plet. Plots were separated by 3' wide patha.

Results are described on pages T0-75. ‘
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*  O'viloo tIx0 nmumtiGi* of ]>lots Avei e plaiiteo. iriitially, as it 1wm..
realised th.cr'c oocuicl be a nigii co-sua Iy r ta duo to tho udvorsc
effects of the ensuing vinter. As the experitncni; aid .sit ccmme.ioo
iijikil the time the fii-st nitrogen treatment was applied, it vas
considered Jjustifiable to use the plants of ha]f tho number of
Payits to replace those killed in the other 8 plots. bead plants

wfi e T'eulaced on 13/3/72 and a til3ex’ count was tuiken.
I

A

Nitrogen was applied to half the plots in the form of Nitro-
chAilk (15.5 units N) at the rate equivalent to I50 units/acre on
24/4/72, The four rows o.f two pjots were considered as four
blbcks and the n.itrogen treated plots were decided by tossing a
coin to determine which of the t'o plots wi.thiTi each block
received nitrogen.

TiJ.ler counts were taken at intervals, initially weekly. The
daf:es of tiller counts are given at the appropriate point in the
Results section. As the plants flowered, the "flowering" o.ud
ve|getative" tillei-s were recorded. From 8/6/72 onwards
ha”.'vesting was €* mployod as the plants had gi-own to the extent that
cojiuiting tillers was too difficult to be carried out I=x

On 14/7/72, the second nitrogen application took place at the
some rate as on 24/4/72 and on 15/8/72, the plants whi.ch bad been
harvested cuid counted on 14/7/72 wore again hai'vested and tiller
counts i.'ac takc.u. During every harvest , the vegetative
artd flowcring til.lers wore weighed , v/.hen fresh dJid when dried at
1Cc5*0 for- 24 hours,

Harvc sting entailed clipping plants at 1" above g.round Jcve.l.
ji:l"::}:upc for the jjlants. hecevesLou. on 1‘—:/7/A72 , all others oftcr being
h*hvested were not furtlier considcred . ore" i 2 pl.ai—;ts per

pPl'xt were harvested at any one tir’e.
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R.)-"fC) A study ol' tbe effect of nitru”on on the hardiness =no snuer

ANY

survival (r 1,. Pfrenne cv, Pax 0Ololle

Seeds of 1. perorne c\-. Pax yUofte were so\m on 5/3/71
l]ood trays and gronn in the heated grecnheuso under natural &"''-
nigth iintii 9/4/71 Tvhen they wore transferred to a rofrigerator

#8'"C and lev intensi.ty lighting (8 hour day) for 3 weeks .

low temperature treatment was intended to vernalise the
codlings as they had in.i.tially been grown tor a flowering study
N V T.'hich they were to bo compared to Westerwolds 'orider a number of

n trogen levels. (ie. A comparison between an annual and a vernal.

i .ed perennial ryegrass). On 1/5/71 the Pax Otofte plants were

pi#t anted and Westerwolds seeds wore sown in plots, the Westerwolds

Lods being sown in positions which would give rise to sj.'accd

Irrnts. As the Pax j”<tofte plaints did not flower (presumatd.y

lo to insufficient vernalisation) they were used for a cold, hard-

Jpess study civa the Westerwolds for a decapitation study, the
atter being described in the next subscckion”

The layout of this experiment also applies no the decapit—
tion experiment. The sixteen plots were arranged according; to a
atin square with four nitrogen levels and four replicates of eac)i
litz'ogen level. The 1layout is shown diagramétically in figure

.6. The arrangement of species within plots is represented in

Mgiire 2 .7 . There v;ere 2,5 rows of Westerwolds and 2.5 rows of
fax Otofte. Each row was one foot apart and the plants within
ad't row were one foot apart . Each row comprised 10 experi mental

)lants and one guard i)lant at each end of each row. The guard
)lants comprised Westerwolds sown at the same time as the exper..
mental Westorwoid plants. Guard rows of WesterwoIds were also

own on either side of the " rows of experimental j*lants.



A dressin,: of rauvianta of pobash cosbveclent to 2oowbs /acre
- P P Y R - -y L . - S ?'-! v e
whno sorewad on eccly plod sl the fime of plaoting. MNilregon was

apliied Lo the piolts din three equal dressiopgs oun L5tk June, 271h
- o - E N . v K3 . B A N . e "y
July and 7th September, esch applicatiocn representing 100, G5 .7,

3%.3 aund O units of nidtrogen per acre on the appropriate plots.

The detnils of the experiments in whi tive Pax Qtofte plants
weroe invoelved are given at the apprepriate point in the Resulis

Sectivin.

{d) The effect of removing inflcre on tilley nnml

Weatarwolds at four nitrogen 1=

The details of plot layout and niltrogen applicaticns o

Fiven in the precading subsectien., When the seeds were sown,

N

L

three were sown ab each position so that afiter theyv lhiad veached
the second leaf stage, ﬁhgy could be gelecited for uwuniformity
and only one seedling be allowed to contimue to caecupy the
position. This was done on 18/5/71.

Decapitation took place on R7/7/71 and 12/8/71, and tillexr
counts were takenm oun 27/7/71, 12/8/71 and 28/8/71. The plants
waere numbered as in figure 2.7. Nuobers RgéplOglh and 18 were
decapitated and numbers L, 8 12, 16 and 20 wexe leflt intact in

each plot.

Apical Dominance

(i) Sureglcal Techndque

(a) Inpanding lenves Expanding leaves were removed by

making a small incision in the expanded leaf sheathia at a point
approximating to the position of the apex. The incision was made
withh a mounted needle which had been f£filed Ho Form a mibroscaSpelu
The itwo most advanced expandisng leaves wors remeved by cuttirg just

vhuve the apex. Occasionally, the tip ol the next oldestoxpanding

leald was also removed bub that was axcepticnal,
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Wflorescenoas Aplees which were at or beyond

tlhie "double ridase" stage of development were removed in a manner

similay to the cxpanding leaves. However, due to stem clongation,
at these stages, the position of the apex was nwore vaciable. 1Its
position was judged by touch on the upper porticen of the plant to

locate Lhic youngest developed node and an incision was made long-

Ptudinally just above this node. Theo apex was removed 2t the Lase
of the lowest developing spikelet.

(ii) Measurement of Expansion of Tiller Puds

Observations on bud expansion was more ox less confined te itlhe
rericod when the bud was enclosed by its prophyll. A% this stage
the prophvll is expanding, aad it was considered that measurcement
of this would be a reflection of tiller bud supansion. Prophylli
clongation was measured either by use of a rule oy, when too
small to be measured in this way, the bud prophyll was measured
using a stereoscopic miciroscope fitited wlth & calibrated eve-
plece graticule,

There were dinstances where the lirst leaf had elongated bpevond
the tip of the prophyll. In these iustances, not only prophyll
length but alaso the number of buds in which this had occurred was
recorded.

When the experiments were of a lenger term, the tiller numnber

was used as a measure of apical dominance,

Cold tardiness

(i) Comditions for havdening

Depending o the cabinet being used and the natuvre of the
L

cuperinent the tomperiture at which the placts were havdened varicd

. o ) O . L
betwoeen 45 and 47 C. The daylengih

.m!

RS

L"}

aisce dependesnt on the tvpo

i cabinet and the nature of the experiment, but was either 8 ov




16 hours, ie.

the 16 hour day wasz phyvsiclogically o

The duvation of the havdaening treatmwent was either

days but again this varied. VWhen it was

it is stated at the appropriabe point

pericds,

{ AsS Hardiness

s

1) essmentt of Cold

o

Cold hardiness was assessed by

to p yange of low temperatures then measuring

about bhy, or assessing the ability of the plant

the cold treatment.

Damage was measurcd by the electrolyte releasc method (Dexter,

hoth daviengths weve photosynthetically &

jong day

different

houirs but

&
10 ox ik
two

from thiose

inn the text.

Firstliy exposing the plants

e damage birought

to survive aflter,

1930) and survival by tiller counts either once or at regular

intervals after the temperature treatments.

(a)

were

Low temperature treatments The manner

as certaln stages in the procedure were
In the initial experiments (particularly those

material which had been growing outside in the

were placed in glass jars and stood upright in water. These jars
were placed in a Grant low temperature bath at avout 46003 filled
with 25% ethylene glycol. lThe material was kept in the dark in the
jars over night at thal temperature.

The fallowing morning, samples were removed Irom the jars, the
water was empitied out, the jars were dried and the plants were
veturned, and the temperature of the ethylene glycal was allowed
to dicop. The air temperature within the Jjoers dropned at the rate
of 2«306 per hour Trom the time of resetting the bhath,.

Meanvhile, the tewmperaturce within the cryvostalt was dropped
] (JGC° This fell at a slightly faster ralte thnre thai of the
waber batii. When the air temperabure ' within the Jjars had fallen

in

found to

which the plants

he unnecessary.,

involving plant

subjected to low temperatures changed as the wonk progressed,

Fleld), the tillers
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v O G, samwples of bho varicus tocasments veres transfoored o jars

wibhiin the cryvestat for 1 heur, allowlig 10 minuiles For edulls-
ibraticn, before being semoved. The temperntuyre was then dropped
to the noxt desired levil, weady forxr the transfer of anolher
group of samples vhen the aiyr wilthipn the Jjars in the hath had
rescued this veanerasture, and the procedusre was iepeated,
Comparative observations showed that the technicue using the
water bath gave wesulbts no different frow that obtained from materw
izl which was treated solely by reducing the air temperabture in a
cryostat. The procedurc adepted was to place a batceh of material
irn the cryvostat, lower i{he temperabture to the first set paint and
hnld foxr 1 hour at that temperature. A sample was removed aflor
the set expesure. The cryvostat wes set te the next temperature
at which a sample was to be taken and the procedure repeated.
When the sawples had been removed fixom the crvoestat, they

were loft on a clean glass plate On a bench at room tewmperaturae

to thaw, when necessary, and their hardiness was measuvred,

Maeasurement of Hardiness -~ Blectrolyvte Release Method

ITn crder that the amount of dawmage te cach plant, or plant
part, be measured the conductivity of the leachate was measured
after the samples had been immersed in a kunown amcunt of distilled
water for a standard length of time and was related to the total
gondnetivity which was measurad afier the plants had veen suto-
claved je. where it was assumed that the leachate was at maximue
conductivity due to complete release of electrolyles on disruption

0f the celliular membranes. Therefore the greatexr {he degree of cold

dawnge, the navyower would be the ratio between the roading vrios
te auboglaving sand afMer cutoclaving.

This was done hy placing the sample in a 15 x 150 mm testivhe

w1t had {tkhaved and ammorsing 36 in 10 wmils distilled wabter.




After 24 hoors at room temperature the watelr was made up to 10 mls
and the conducitivity measured wiln a soil conducitivitbty metar/
This expressad the sounductivity in OF units. These wiiits were
directly proportional to the concentraticn of dens within the

solution as had been Tfound when graded concentrations of sodium

chioride solution had been usad to calibrate the dnstrument.

The liquid was zeturned to the tube, and the conductivity cell
was rinsed with distdlled water ready for the liquid Lfrom the next

The mouth of the testtube was covered witlh aluminivm fodl

and the samples were auvtoclaved at 15 ibs/sq ineh Tor about 10
minutes to disrupt the cells totally, and the tubes were then
cooled to Toom temperature.

When cool, the liguid was made up to 10 mlds with dlstilled

ater and the conductivity was measured. VWhen this technique has

23]

beenn used by others the total cenductivity iz genexrally measured
2l bours after avicclaving (Polwart, 1970). However, it was

found that there was very little differencs in tetal conduvctivity
whether measured immediately after autcclaving (ailow1ng the tubes

to cool to woom temperature) or 24 hours after auvtoclaviang (Table

2.1).

Table 2,1

S A comparison in mean conductivity immediately after avtoclaving

and 24 hours after autoclaving in grass tillers (12 replicates)

Hrs after autcclaving O.-hrs 24 hxs
CF units I.9 5.2

The dnitial conductivity reading was related to the total
comductivity as » proporiion and expressed as the Relative Conducte
dvtiv,

- P - N I R . v . 2 g i " - i vy o 3 o=
% Goil "CRY moter Type MCGI Blectronic Switchpgoax {L_Qndon) bd.




A5V On

af Hardinsas - Survivaoi

Survival of thne treated plants was measured by plonting theny

after thawing, iv &Y pots, 4 plants per pot goenerally, and placed
in the heated greephouse. Modified Hoagland's nutrient solution
was applied twice per week snd the plants were watered when
necessary. Tillevs were counced at intervals cr cunce after a

get period of time Ffellowing the cold treatment .

The above appliied to tillers which had been removed from the
field. Hewever, in many of the experiments, voung plents were
used ie., 2-4 leaf stage. When the conductivity of those plants
was measured either the xoot or sheool oxr both were placed in the
testtube depending on the aim and nsture of the experiment. This

is specified at the appropriate poinits in the text.

Disseection of Apices

In some experiments, it was fournid necessary to dissect out the
apex of an awis in either the waian tiller coxr im some instances
& few of the tlllewrs and tiller buds. The apices were examined
wider a bincocular microscope wilith a zoom lens and were described
by assigning them to one of the categories in Table 2.2. Vhen
an apex was considered to be at a stage intermediate to two

stages 0.5 was added to the lower value.

Table 2.2

‘Stage Descrintion
1 Vegetative {(few ridges),
2 Vegetative (many ri@geﬁ)

3 Double »ridge |

Triple vidge - axes of spilelelts becowing
obvicus (particularly in the centre).
Reproductive primordio seen i more
advanced gpikelets.

Stomen and other repreductive primoxdis
seen dn all spikelets » lemnae develiopiug.




P
byl
7 ation of ﬂgfx bﬁtonilg-prominen%f
fonmae coverineg nwdile sypihkelelts.
8 Approeachiing eayv eumoergencs ( minge fully
covering spilelets).
9 Far emergence le. flrst signs of emergence.

10 Bapr fully emexgod.

The above stages were chosen as they were easily recognised.
At wno time was any attempt made to summate those nuubers or carry
cut any calculations on them as vhey do not xepresent equal inbtere
vale of time. They were only used as a counveunient means of
degeribhing an apex by a shorthand method,

o

These stages resemblie those described by Jeater (19%6) foxr

o
e
.
=
Z
'
v

snae . However, stage 5 here reseubles 5 and ( systai.

L. pe

Hence stages 6, 7, 8, and 9 described here correspond to
stages 7, 8, 9, and 10 respecbively In his system.

Byxamples of some of the stages ave shown in figure 2.8

Measurement of ear emergence

The development of inflorescences was wolated, in some
experiments, tce the number of leaves formed on the axis priox
Lo flowering. This technique has been employed by Purvis (1934),
and Gregory snd Purvis (1947) in ryve, and Cooper (1956) to

identifyv stradnz of loliwn pereune. The leaf number was easily

obtained as tillers were tagged according to position. By
velating to tillers on the axis, the leaf number at flowering was

easily counted.

Digsection of planbs to counlt expanding leaves.

!

Tn some enperimoents the tolal number of leavesz (including
expanding leaves) was feund. ‘The nuabsy of expanding leaves was

Fourd by using a "micvescalpal® previcusly describhed. The larger;




Fic. 2.5, Sows stages of developmant ol gpikelets on
Yoy T R T P ~opet ? P, TR Ty AN s '
IORCINI AT PULGT L0 eurgltfencs L Je@suerwoe las s §
imats wagnlfication Factors are in brackets).
3 Y L Parly doubls »ides store (215
& } e e Ja ALY QuDLE PALALE STaso xa.},.,) 2

n)
(e)
()

AT
@
S

v

]
4

o
Vo

RV

<

s

ao . Triple yidze stage (x15).

tage 5. Reproductlve primerdia becoming obvious (xB)m

tage 6 (late). Lemnae becoming obvicus. Blongation

ndorway « almost at astage 7 (x8).

tags 8. Distel spikelet with awns obvious on leminia
x8)
tage 8. ¥Proximal spikelet with lemina almosd

enclesing
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fully expanced leaves were rowoved by peeling e the avis unbtil
it was not feasable to peal off any more without damaging the axis
andd 2 lownglitudinal iuveision was then pmade alony the feal sheaoths.
Txamination vnder the binoculsr wmicroscope vevealed the number of
leaves as thev wers dissected cubt one Ly ome untill the avpex was

r

reached, A leaf was considered Lo be expanding if it bad reached

01 was beyond the stase where it was covering alt least one ridge

3

above its place of oxilgin.
Any primordium which was at & stage less than that just
desceribed was considered a "r»idge". A leaf was counsidered to be

Tully expanded when the ligule was above the top of the preceding

leaf sheath.

Description of ¢illers

Irnn a nwober of experdiments wheroe the welative number of

tillers beyond the ear emergence stage was belng studied, thase
tillers were described as "florifercus" and those not energed
Yvegetativel, This was, therefore not a description of the aper
but of the external morphology of the tiller.

VWhen tillers were counted,; any pazrt of the tiller whnich could
he seen above the subtending leafl sheath was considered:to be &
vigible tiller and was counted as a tillexr.

The description of the position of a tilier wos based on its
Aordmr and noede from which it awvose. Tillers arising from axils
on the main axids of a plant were considered to be primary, those

ariging from primary tiller axils were considered to be secondary

Presentation of yeosults and stabtistical analysis

Measurements from nutrient sxperiments in pote, apical domin

apnve experinceots ond cold hordincss sxperiments in pols, were

g - o o POCINN N . T - .
~aedeDresentod as means witl: standaipd RS ?n.:_»ud:c“ yhers
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oo copnprad, the sbudenls tetost wes emploved. Dihemifleaneo

I Ferent

Leswernyn means cuwpared is denoted Ly the wenns o

supnpseripos, usually ot vhe 5% Xoveld of siae il
wWhoere o group of sneans ave represeated, aebd oll may have been

two means could Lo shown to

comparaed to eacl othey o althew
So ey G Tatrent suabevaeeriobs Bhis mav 1ot mean that Lhev are
nhove Ghdleareny suaperseripios this may ot mem) vhat they are

AN

teoniTicont iy didferent. For example in cold hardiness studiles

@

wiipre there ave measurements at different temberatures, the eflect

T

cf different temperature treatments cannot Lae comparad stabilsticslly,

but, of course, comparisons can be made witlhiin any once tempewature

N

Crgatment . However, this will e cliearly wpeciiiad.wherever
appropriate,

Where results have beeor recorded on o presemncae or absence
bagia, the rosulis of the treatments are compored by a chilesguoyred
Contingency Test empleyving Yate's small number c¢orxection (Fishor
and Yates, 1983).

Results froem experiments whera plets have been laid out iz o
Latin square arvangement , are aunalyvsed in sccordance with the
procedure set down by Snedecox (1967). The means of Lhese expei-
iments are glven at the apprepriate part of 1the Hesults section
and the Analysis of variance Tables are inclivled din the appendices.

Analvsis of variance of means of difterent low temperature
treatments, when tillewr counts were taken aft weekly intervels,
weroe cavried ouvt and the analysis of varlance tables are presoentod
in bhe A poendix g1

Therc arc dunstences viere dabas have bsen in o foin where
they conld only e analvsaed by mon-porometirde mesvs ag, when :.-:‘1,';:':.0-@3

were =coroed for sitegse of developmoent enploving the coritoeria dog-.

aribond tu Tahles 2.2, In such evases the analysis touok the

a4 compuriasn h2uuvesn Lhe

devs of veinking of the irndividuale of
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were Llined with metaliland Melinew ., Supplomentaxry lightineg eg.

ot

wvhaon daviengtli was to be exbtended at low light indensitios, could
e obtained by the middles pair of tubes being operatsd independ-
was -
- ¢ . N . / - E o
antly of the other 20, Full intonsity fadiant £lux density/ 22 ul W/wm",
/

O

aad suppleunentapry radiated 2,05 W/mgo Temperature could bhe conbralled
te whthin ﬁoﬁﬁoca

Typo B Cabimevs of this type were manuleactured by R.¥. Saxion

(Sax Air) Ltd. They weve comstructod to Netional Inetitute of

Agricultural Unginesying specilfications and although of sophist-

e

icated design and operation, they vere less ascurebte than type
wilth xespect to conitrol of fempersture. Temperature fluctuation

. . “ .G
conld not be reduced below =-1i.5

Ce A double bank c¢f lights of

the same cowpossitien as type 4 cabinets viz. Dayiight zltermatiazg
with Wewm White, had a radiant flux density 19.30 to 21.99 W/m?

Tywpe C Wirereas fypes A and B weye housod at the Botany Department

Regearch Laboralories at CGavrscube, type € was in the Main Betany

Boparitment Bullding., This typs was of g groweh room deslen oo

L

whio platToerm ccounpded

-

oudy abouwt half of the hoxixonbal avea of

the chamber. This allowved recording of planis to bhe done within



the ehawbor when Devessary . This chasber was uwsad for dnduclag

:-“
Q2

negs i sowe i the Iatisy ool

hardiness exps
. . ; o o .
could maintain a tonposrature as low as <5 ¢ with a fluactuusion

of Y0.5%C. Lights redisted 92,00 W/u" (radiant flux density),

OO

wtloy gresnhwousoe dlvided into bayvs vas emploved. Mindman

tempervature was 15 0 and light was provided by elither wmerculyy wvapour

- - . s ; PR ; ; -
Idghts which emitled .2 W/m" ox a bank of sltermabing deylight

~y
. “
Y

and warm wihite Tiuvorescent tubes | emiting 11,19 W/m ™,




SECTTON 3. FIFID STUNIES ON THE RETATTONSHIP PETRVEN NTTROGEN,

FIOWRRING AND TITLER PROMUIICTTON,

RESUI TS AND NESCITSSTON




cing v Field exneriment 1.,

A £

SPfents of N on tilieying and

lefore embarking on a detailled study of the elfects ol
witrogen on the development of the grass plant, field studies
were cairied out in order teo defbermine the relative eifects of

o

nitrogen on the tillering and Flowering of o range of cultivars

withi two species. lolium perenue and Phnleum praltense were

used. The cultivars of L. Ppercnne were Pox Hrofte, Hunsballe

and $273 and of P, pratense were $352 and S48. These cultivars
vere emploved as thev represented a range of heading dates within
the two species. Details of these have already Dbeenn recoirded
(page 485 ). Experimental details are described in pages
49-51.

al

The number of tillers and the relative number of flowering
tillers were vecorded prior to the applicaticm of N on 1/7/70

and again in the first week of August in 1970.

Total tiller number Although the plots which were toe recelve

different N levels did not differ significantly (lable 3.1),
when the tiller number was recorded pricr to the first application
of nitrogen, there were differences between rows of plots, This
wvas due to the row next to the laboratory having a smaller tillew
number than the other three (figure'2=2yMaterials and Methods).
The laboratory cast a shadow for part of each day upon this row,
therefore; this may have contributed to the lower tiller number.
Species and cultivar differences were also recorded. The
two P. pratense culitivars had smaller mean tiller anumbers than any
of the 1. mercnne culbivars. Pax ftofl and Iunsballe had
significantly higher tTiller numbers than =29 which in vurn had

sirmificantly rore than 5352, and Sk,




The mean total 4iller mumbersol cachh of the cultivars at
thas second tillaer count are presented iwm table 3.2. Although
tobal tiller numbers aive consistently loewest at the lowest W
level die. where no N was appliied, the differences avye not signill
icont. Where ne W has been applied, the tdller counts ave

cre it is pessible that N has nult beexn

consistantly lowest. There
entirely ineffective.,

The differences in tiller number bebween some of the varieties
at some N levels are pronounced. There is little difference
hetweernn Pax Otcfte and S23 at auy one of the N levels, whereas
finsballe has congistently lower tiller nmumbers Luan the other
cwoe cultivars. The most neticeable difference ia bebween eiltherxr
of the P. pratense and L. peremne cultivars, the former having

markedly lower tiller numbevrs,

Plowering tillexr numbexr and percentags flowering tillers

Jugt as the total tiller number dififered only when cultivars
were considered so did the total flowering tillers (Table 3,3)0
However S5S23 was more akin to 8352 and $48 than the other two
cultivars of Lﬁmifrenuga When the percentage of Lliowering tillers

Fa)

wazs considered, $23 had the lowest percentage of tillers which

wepre at the stage bevond ear emergence at all N levels except

. at theiN level when Pax Ptofte had a slightly lower percenbage.




Fean totel billew nowoey

. g - .
Bpecles/Culliv

ax Eventual Nitwopgei leveld

Do pratense

=
2

The affect o

oH iM Ea 34

Pax Gteofte b2y I ey 5.13 k.89
Hunsballe - 4.55 L2y I, 20 3,08

523 2.95 2,80 2,95  3.50

S58 0.h3 Q.28 0.133 o.40

Shg G.75 Q.33 0.68 0.68

Table 3.2
nitrogen on the mean total tiller pumber

of = numbexr

O
=

cultivars of L. peremme and P, wowratense

The effect of

Nitrogen levels

ON 4w AN aN

Pax OBtofte 11k .0 15%.5 1h6.0 162
Hunsballco 0.5 9

S253 127.25 1ha.25  ihz.s5  1h1
$352 27 .0 36.5 Ly .0 40

W 3,25 850.45 55.5 Lg

o

Table 3.3

‘

nitregen on the mean nuniber of Tlowering

75
lO

<75

tilleis

of a pumber of cultivaers of 1. verenne and P. pratense

Por Gtofte 25,0 h. 5 21.0 21

Hunsballe 2l 2y 2225 20 .5 1é

S35z GR35 G735 0,25 10

sh g 8.%5 10,75 by 10

.25

PR
o (2



cand o L

F. vraternse
Ll

Nitrogen levels

ON IN 2N 5

Pax #tolte 26 .60 18515 23.53 22.04%

Hunsballe 36,20 28,38 26.98 22,61

$29 16.83 18.51 S 15,26 15.87

$352 35.36 30 .46 29.64 30.05
3

shs 28.33 26,4l 30.36 26,12




823

P PN
3
Y
AT}
2]




0o o
< —
SHIATIL ONIMIMOIE IOVLNIDUId
:«%
O |
I i
\
e it - Lk
o o o o
© ~ @ ¥

YIEWNN H3FTI L NVIW

200

667

1333 200

67

UNITS OF N PER ACRE PERANNUM

UNITSOF N PER ACRE PER ANNUM



It was considered tlhoat recording tiller wambers of diffevent
cultivnrs at voaryiog ndtiyogen levels dn groates detnil would Lo

beneficial in cxplaining the differouce in wvespoenses detected in

thie precoding exwperiment . I oxder that rocoerdings could be nadoe

often thhe cullivears were moduced to # Otofre nnd 227%, and the
LR

N lavels to ihe equivalent of O and 300 untts N/acre/ ayvuum.

Also, 14 was considered nore satisfactory to plant thoe grass plont:
in plots prior to winter so that vernalisalbion would occcur under
Tield conditions. Thersfore, ithe precedure adoepted for this
xperimant diffeored comsiderably from that of thes previous
expariment . Nevertheless they were both concerned with measuring

the effects of nitrogen on tillering and flowering in early and

1

I

late grasses.
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oha o N tillexing ana ficwering. Frield At 2.

ey
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3l en
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"

4, ™, 3 "+ g= R y .
By the ¢ of the winbevr, Pax proelte had o greater moan

numbey of till:rz per plawnt than $23. Hence when nitsogen was

d

cni ficant varietal diivierence.

appiied on 13/3/72, there was a si

o~

»;

Phie diCference persisted unhtil 2/5/7%. On 23/5/772, vavistal dif -
eTences vere again recorded, bebat that time 8273 had thae grester
number of tillers and continued to hrave up to the fHnal count in

= B S, - 4 e s e LYY

the primary growth phase on /772

Differing wenponses due to nitropgen were detected om the o=t

count after application ie. #30d April, and continued to increase
;

}.’.

v tiller number throughout the Auraetion of the experiment. The
relative response of the varietises bto nitrogen however, were difi.
erent . S253 responded more positively to the N applicalion thon

Paxw Btofte, and so significant interactions between nitrogen Jevols
aind varieties were obtained om 14/7/72.

The welative tiller numbers of plantg whichh were yvevorded on
15/8/72 having regrown since 14/7/72 wvevesled o similar pabtern to
that found at the last tiller count of fthe primary growth cycle.
However, the low E treatment of 823 gave rise Lo a tiller number
nearer the high N treatment of Pax Otofite then in the last primary
growth count. An interaction between nitrogen levels and varietics
was also detected at this time, due ta the greater response of
523 to NW.

The First recerded significant ducrease in tiller nunber of
323 welabtive to thobt of Pax fitofte followed the onsct of eax
smergence in Pax ltofte.
B

The tiller nunters of S23 afler the onsot of flowering was

somewhal erratiec eg. in the high N trestment there wes a sharp
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Mean

e P Htofte o2
O 300 Ox
17 Rareh L& 5,2 2.8

23 Anri ] le

2 May

9 May RE.6 38,0 30.6
16 May 354 53,0 ho.o

23 May
90 oy 51
prd éz‘

June

15 June

*19 June Gz 4 168.1 1h3.1
*40 June - - 182.8
¥l July L8L1 0 229,77 198.,9

15 August 286 6.6 3574

* Plents clipped to 1 inch above
Plants c¢lipped on

plants clipped on Jhth July.

N T e

vl or

total tiLllen numboer

300N

25.5

36.8
573, i
‘714 L J.

107 .0

k53,9

700 .3

ground

i5th August arve the

Tloweaerimne ) lops ol

Maan

Pax

ON

Al

O

0 X

-3
3
~J

no
-
[
—~
-

r)9

<

.12
2762
31,16
3148

26,24

level

same

S S T s [
percevttare Flowering

tillore

“toite S22
00w O 200N

1 0 o

O G O
O
O ¢
0
0 G

Q0

28 .54 h,62 5.32
26,03 1th.69 173,24
- 15.83 17.935

hiy .06 28.82 20,39

22,26  17.24  12.99

°
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Moan tiilor wumber per plant of vernalised Pax

T

Twe N levels-at intervals from

Pam Btoite) , )
; High nityogen {SGG units N/acrﬁ/&ﬁnum)

) Low nitrogen (0 units N/acre/anmum)
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increase 1w LLlica aumber boebwveern 15/0,72 »ond 19/6/72, vel bebwoess

19/6/72 and 30/6,72, the {iller oumior romainced more or less
constont . VWhethoo this wos due fo soawpling ox duae to sowmo othovw
Factor such as the onset of Tlowering, 4t dis not possiblie Lo

X

concuda,  The lovw ¥ treatment of 85273 gave rise to a gradval oa ERER A

.,_
o
I

~.

~
~3
3
&
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&
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i
fu
=
ad!
i
e
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By

ttlior numbar from 1976 6/72 %

wWas undarway.e

filower

Yereonto

-

Pax Ptofbte liad tiliers whiclh were at esy ocwergence in hobh M
treatments o 23/5/72. These had reached this stage between 16/5

hle

ey

and 23/5/72. The percentage of tillers which had ears vis
were similar at hoth N levels in Pax ﬁtofte at the tiller counts
vabtil 4 /7/72, when the high N level had a significantly higher
percentage of tillers which were fhwering than the low N level.

$23 did not have any Lflowering tillers uatil 15/6/72 and these
had not emerged before 29/45/72 As the percentage of lowering
tillers was so Jlow ie. aboub 5% at both N levels,; it dis unlikely
that ear omergence had been taking place long before 15/6/72.

By 14/7/72, the low N treatments of S23 and Pax @Gtofte and
the high N treatment of 8273 had similar percenltages of f{lowering
tillers. The high percentage in the high N treatment of Pax ftofie
gave rvise to a signlficant vaxrietal and N treatment diffecrence.

Although the intersction between N and varieties was not significant

\

the F ratio was clese to that at the 5% significante level ie. 4,20
compared Lo 5.12.

Tha weasor Tor this high percentage Tleowvering tillers 1in the
higlhh N 2Pasx $tofte trealmont is net ebvious. Perbaps the low

vunber of wegelaotive tillors appeaving after the onset of flowering

Lillers fermed ewely in the season which weye inatiated was
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i, 3.7 Pereentage Tlowewing tillers 1 vermalised Pax
tofte and SR3 at twoe nitiogen levels from

O/5/72 o Ab/7/78.

@ Pax Ztoftoe) '
Migh nitrogen (300 waite HN/acre/annum).

Low nitregen (0 wiits N/acre/annum)

© Pax ﬁ-tofteg
)
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Pie. 30 Moan tillexy wuwbhery of epzoed plants of vernallised
ppesady ot IS ol - -

Pax Htofte and 823 at two N levels onm 15/8/72

regvown sinnoe cliipped on IM/S7/72.

i percentagsz Tlewering tillers of spaced
nimits of vernslised Pox Htefte and 823

at twe N levels on 1L5/8/72 wegrown since
clipped om 14/7/72.

igh nitrogen {300 units
T Loy rvmpn 3 +
SHN 523 N/acre/axmumn )

tow nitrogen (0 uwnits
SHN $253 I\/c A ey C/é\Jmﬂl%,
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resnansible for the hipgh percentage compored to the lovw I treatment

Culttivar differcnces i pervecoentaoge tiller mumber woere

az

steonificont in the regrowth tiller count, Pax Otofte having a
graater percentage tha 52%. Thevefore even whien day longth is now
spparent ly the critical Ffactor, which it would aet be Ffrom mid July
to mid Avgust, the vrate of initiabion or floral development is

Nl

slower in S23 than in Pax (tefte.

Dy weleits of total vegetative and flowerdng tillergs {Table 3.6}

As the seascn progressed, the tillers duvring'the primary

[$14]
.
3
2
o
-
o

svowbh phiase appeared to become heavier; as woweld be expected.

The mean welght of ftotal tillers om 19/6/72 was greater in

(8-
Pax NHtofte than S$23. This however was not significantliy relflected

in the compongnts of the tetal tillier welght de. vegetative and

el

Tlovwering tiller welights. The high nitrogen treatment, however
g & & & P

dald give wise to a significantly grealter vegetotive tiller weight

than the low N level.

Om 30/6/72, when $273 alone was sampled, the mean weight of the

[

tokal, vegetative and flowering tillers was grealber at the high N

level. Heavier total and vegetative tillers were recorded atbt the
Chdgh N levels on 14/7/72 than at the low N tweatments, but the
differences due to nitrogen in the flowering tillers woere not

giegnificant . -

Varietal differencos were significant on 14/7/73 when the mearn

dry welght of vegetative bLillers were considered. AL Dothh N levelsy

8273 had heavilier vegetative tillers than Fax fPtofte alt the corresp-

opding M level. This held Tor floviving ©i1lers. The noavier

Tlowering tillers in 825 covld ke ruvae teo bhie Jongesr vegetative

saeriod of 523 vplants pricer o flowvering ewnrly in the seoson. The




vorchiative tillers of S23 being heavier than Pax Gtoilte €4 lier wmay
be due to the greater number of tillers in the Lormer which were
considered vegetative but were schually upproachiing ear emergence.

No significant differences beltween treatments within cach
group of tillers were deteoted in the vregrowth Lillew count.

The weighte of the vepetabive tillers ol sach twrealment were similay

-

te those of the vegetutive tillerws of the respective verietics at the

fivst bharvest in the primapry growth cyele. The wedght of the flow.-

o

ering tillexrs, howvever, was conglstently lower, than the Flivst
harvest in the primery growth phase. Presuvmably this was duec to

the short pericd of growil subsequent to clipping before Flowering

enguad,




remnving inflerosgooensen on illszyr muombor in Westope
waidas at four nitrogen levels.

aeffend

T exdor to Cetermine the effe of rencwal of the flowering

heads 4 a grass plont opr subseguent Villeriwyg whis expeviment
.

wag errvied ovt. The deteils are prasendced in "Matoriasls and
Methods™ page 5k

Vasterwolds was the yegrass sbtudied din this experiment as

it did not reguliss vernalisation as a preveguloite te Flowey so

LN

5
T e

was convendent for studlies involving floweving elffscts on vllleving.

s

It also hoes large tiillervs vhich lend thoemselves fto beidng easily
counted in comparison to pewrennlal rvegrass when larpge numbers
per plent are recorded,

The rasults are presented Jln table 3.7. Analysie of wvariance

tables are in Appendix L,
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Teral titler pumbi-r  Althoueh decapitation has o s igatiicant
oftoct on the tobal +illey number, nityogen has an effect al
Lot tiller counbs ie. on 12/8/71 and 2d/53/71. However, poesiticn
of the plots alse has a proneunced effect on tillering. This is
particularly so at 12/8/71 vhen both rows and colurmns oive affecting
tiller nunmber. From thne onalysis it seems that the wow of plots
neayvest the laboratonry (figure 2,6) has sigoificantly fewer tillors
than the other three plots. Also the most southerly column of
plots (the colurns. run norih west-south east, approximately)
containg a siganificantly Jower mnunber of tillers thgn the orvhex
three.

The row ncearest the Iaboratory may have becen effected by the
shadow of the labowratory heing cast over these plots and so

reducing the incident light intensity own the plote iz this row.

The cause of the column of plots mentioned to be giving o low

.t.

i

tller count is more diffdcult to cxplalin. JT¢ mey have heen due
to inhevrent fertility differences between the soll in this greoup
of plots and in the othexr 12.

The affect of nitrogen on the total tiller numbers is greator
at 28/8/71 than 12/8/71. Also, although not significant, any
difference between d@capitéted and intaclt plants is greatest at the
lowest N level, decapitated plants having the higher filler

nrmrer .

Jnerease aund percentage incresse in tiller numben

Increase arnd, in particular, percentage increase, in tiller
riunber are more meaningful measuvements of brestment effescts in sach
2y experinent, one nitrogen had beer. avplied fovy a considerable

#ime prior to the commencement of the decrpitoition trentments, so

infivencing tiller numbey prior to decapiiaticn.




Tncreace in tiiler namycr followe o aimilar pabtierr to that of

.

Laltal tiller suwnbary fe. niterogen having an effect as well as position

of plots (viz. vows and columns). Pervcentage jncrease is only
slenificant 1y dlfTerent at the various nitrogen levels st the
Ilater t3ller couwnt and position dogs not have a significant eflfect.
The latior suggosts that.the factor cr factors affectiag tiller
vionber inn some rows and coluwmns more Lhan others was more effective
pirdior to the commencement of decapibtation, hence affecting tolal
tililer mimber, and as a consequence incirease in.tiller number
without affecting percentage ilncrease.

At the later tiller count, the greatest N effect iz bebtween

the ON and IN treotment . Inereases to the higher N levels hrave

small and non significant elfects.




s
WAL
e Ty
Somar

Ui Tferencars iu Hidlieor numbor due to nitrogen, sound Lo Lo
gignificant in Pax Prtofite and 827 in experiment 3.2 wewre not
significant in woperiwent 3.1. However, there are Lasic differences
in procsdure hobuecn the two experinents which might exploin the
countradiction. I expewvinent 3.1 the plevnts were axrtificially
vernalised and planted al the beginning of May in plobs. This
vieuld give zdse to a) a smaller amount of vegebtative growtl, pricer
to flewering than would have ococurred had the plants been planted
prioxr to the previous wintor as was dune in expsriment 3.2 and

n

b} flowering in Pax @teite would be delayed due to the delay in

3 o~

filoyal initdietion. If it ig assumed thet Ffloral development
from initiation to ear emergence on thie main axis is of a miniynun
duratico of I weeks, then ear emergence in Pax @tofte would nat
occur until +the heginﬁing of June, at the carliest., This
assumption is based on the resulte of Ceopewr (1953) for S24.
Also, the critical daviength of 5273 would be reached in May,
(Cooper, 1951) sad, although 8273 has been found to develop inflioxr.-
escences slowly after initiation (Bvans, 19060), there would Le
only small differences in the dates of ear emergence hetween the
two varieties in experiment 3.1.

Tn experiment 3.2, it was found that tillexing vate decrezssed
at flowering in Pax Qtofte and, and zlso, but te a smaller extent
in 823. The reductlon in diffefences in time of ear emergence
vetwean the two varielbies ilun éxperjmenﬁ 3.1 could have given rise
te simllar elfects on tillering ot aroumd the same time. This woowuld
cxplain the similay tiller numbers of Pax Frtofte and S23 in expesr-
iment G.l when e bidllers were couvnted at the begilnaing of

- N
Ausast,




T obviecuw: Jdooreaso dn the raebtoe of

troantient s ab eary enesrienas in expeviment

partly account For the decrvase dn produciion in L. no;

flowering under spaced plant conditions Ffouud by Coopev and Sassl,

Amewrican work on Iromus iver mis has shown that two tilleriug

phases occur, one prior to ear ewmergence and ancther subseguent
io anthesis (Lamp, 1952). langer has.also found tihat a cessatiowu
in tillering occurs when Flowering bokes place in timothy,
althicush high N treatment can overcome the effoect,

That N can overcome the decrease in tillering at flewering
ls seen to an extent in S23. Althouph the curves in figure 3.2
are sowewhat ervabtic from sampling date 15 June onwerds, presumably
due to the sampling technique, distinet differences in curve slono
hetweeort the two N treatments for 823 are seen subseguent to the
onset of ear emergence in 3273.

The difference in respomnse to W of the two varieties is well
demanst?ate§ by the tiller number cof the regrowth where only

e

323 has a sigalficantly higher tiller number at the higher N level
than at the low N plain. The response of Pax Ptofte to N is
vesgitive when the percentage of flowering tillers is considered
at the 14/2/72 hsyvest. This may be due to the high tiller numbexr
wiiich was present early in the season when the inltial Tlowering
gtimulas was perceived, and so may have been proporiionately high
Ly comparison to the final total tiller nurber.

The slow development of inflorvescences of S23 found by Bvans
(1960} may explain the low percentapé of flowering tillers of 523

¥ leveis b the scecond harvest n wide-Augast §n comparison

o Pax Oluite, Tt.dis unlikely that daylengihh has been insufficienily




o

1oue Lo promovc flowering in 823, The daviength for the period ol

srowih declined from 17 heuvrs te 15 hours, (suncise 0 sunsed)

-
v

4

(PPOwnﬁ Naoutical Almanac, 1972). Although the critical daylonglh

.

fow S22

(G

g “ q F - IS v
5 4s considered to be groeator than 173 houwrs (Gucper, 15085,

n

jn ovder thnbt 1% be able o flower in ecoely June, inittiation wonla
have commencad by late April. The doy Lenptl for this period is
abuut 145 houvrs, Thevefore it counld be consideved that during
the period of vegrowth, daylength excéeded the eritical daylength
of 5273,

Moan tillex welghts of wegelative and Tlowering tillers of
823 ot the Lirst bharvest are heavier than the corresponding wpighﬁﬁ
of Pax Ftofte LHillers. However, dus to a greater nwiber of fFlower
ing tillers in Pax Phofte, the mcan total tiller waeighits are
similar. The high flowering tiller welghts in 5273 awe presumably
due to 823 having a louger vegetalive growbth period ovion to
initiation than Pax Ftofte.

Langerr(l9§7) has shown that in timothy tilleyr weight incremses
exponentially uwtll ear emevgence oiter which it appcsirs to
tail off and ultimately decrease. The significant offect of nitrogen
ornn total tiller mumber abt the end of the Tirst growitn cyele also

agrees with the findings of Langer (loc ¢

ot A

L:) in timothy, although

the differences between N levels ave less dramatic than those
found by him. Increasing the N level from 6 ppn te 150 ppn
Longer found ra- 20 fold increase in mean tiller woilght when
P and K were maintained at 2 high level.

The differences bhetweon specad plonts of those tve varietics
are roellecfed in thedr bebaviour undex ;ward conditicons (Aldrich,
19A8) ., Aldeich found Pax Obofte Lad o hich spring growih in

. . . . N
ccoapnrison to 8273, . o - : . Pax ptofte

{considered topctner wish fwe othor similser Dawish varieties of




Yoo vaioddod LG0% v bo el May in cowmpuriscu Lo 525
yvielding (f}l‘;rl‘ o sever in the period from Znd May Lo 1st July.
the Danisii pren; had 2 woeaa yield orf 974% thav of $2l, wilerens
823 gave rise ﬁo g viceld of 1173%. Although it can be Jangercus To

trapolate frow spaced plants to swapd cenditiens, the changes
in eanbow of $iliering moy be iwplicatred, al least pavritly in the
relative seasonnl vield of these cultivars.

I order to pursue further the effect of i"lowering on tilleving,

experimont 3.3 was cavvied cut. Despite the claims thatl the
developing inflorescenses restricts tlhe appearance of tillews

(l“.eview of Literatuxe, PP 16~ 18 ) tite removal of

at or beyomd the stage of eor emevgence at Forbtnightly

has ne effect on tillering. This would suggest that the

of those parts on the plant have no effect on tillering.

WVesterwolds, nearly all tillers flower (Paxol and Cooper,

therefore althongh these g2t or beyoend ear

tillers,

hawve their dnflorescences removed, there will be a lavge

tillers with developing inflorescences priox to ear cuerg

remaining on the2 plant. As it is not clear whioch stage
development is responsible fox the claimed ivnhibition of

it is possible that a stage prior to ear emergence could

an inhibitory eifeont.

Although not signilficant there is a greater

percentage tillsecing between intact

lovest N level than between treatments within higher RN

the decnpitated having the higher percentage increasc.

Rarular defoliation hos been found Hupt |

't

}._x

by 962

et al. (1965) to allow Westerwolds to persist into the
ime sensoin. This may be due to stlmalated tillering by
vemszval of apices, the additicenal tilters porhops boing

oy the continicotion iunte the next

SO0801) .

inflorescenc

stage

emergen

of

difference

and decaptitated plants at

naxt

RARCRE

es
nresencoe
I
1961)
BT
wvunher o
ice
floral
tillering,
creatae

113

the

levels,

(Table 3.7).

and laker,

A0 W en

the

sponsiiaie
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Thoeo rmange of nitrogen used in this exnsrimont has beoun Todnd

bo he wiihin thoe rarge whiitoh gives plse Lo Uincarity iv yvield uvndes

sward conditions (Daylow, 1965) . However it would scem that the

optimom level for tillerding is lower (Table 5.7).

Westerwelds would appesnr to diff firom wheat ia that

i tillexr

tis
-2

. i~ \ . . - _ . -
Aspinall (1563} ves able to induce iu wheab an incressc

muanber by removal of the spilkelets, the greater the nuwaber of

el
ey

spikelelts removed the gresbter the effect. Howewver, ihis was

Ta

nmriked only at the low putrxient levels. The Tertility ol the sail
ceven at the low N level in the expeviment described hiere may have
been insulfficiently low in N to give pige to any significant effec:
decapltation way have induced. As has alwready been mentioned,
decapitated plants had almogt twice the mean tiller number of
intact plants in ON treatment. Therefore it may be only at
deficiency levels of nubrition that decapitation has an effect

on tillering.




SECTLON 4: STUDIES OF EFFECTS OF NWITROGGEN ON GRASS PLANT
DEVELOPMENT UNDER CONTROLLED ENVIRONMENTAL

CONDITIONS .
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T haelt ad daeals i ol Mo oon thilesdng of apacad
PR ER W SN R - 3 L e FY % N . .

piantys wndey field conditions. However, dn erder o dedtoerndne

more Fully dhe effect of N om € nowy

a serles of experiments was carried out under semibe-controilad
cuvivounental conditions,
The firet cwseriwment was concerned with the effects of

-

8,

N oo the tiilecing patitesrn of an anneald and perommial Tvegrass.

it was considered that as the project was peyétly concerned
with flowexring, thean sromuals woeuld e move sulbtsbls’ than perew

mriials Tor suveh a study due to the Tormer noet reguiring vernale

soenbicn treatment. Alse aunuals tond to etbtain the flowering stave
more gquickly thsn 20Y of the perennial rvegrasses.

The annual rmvegrass used in the experiments ln this section

was L. multifiorum (ver. Vesterwoldicww, ov. Duteh). The

o

pevenuizl ryegrass cultivar was Pax @tefie, which was used in

experiments in the previous seoctlon,

e
b
-
Ciay

I the field, due to the rate of development of tillers,

wan not fomsable to mark the tillevs accorvding to onder and

position. Xt was considered that the expesrimenvs ocarried cud in
thias section would allow tililers to be marked, and N levels could
bhae comparved regarding thely effects on the organisation of ikhe

tiller hilevarchy in ryvegrasses.



Expariwont .o

trogsen on the (ilier

The effect of ni

T owdoar Bo determine te what exbtent nitrogen level infllusnced

o

.3

the tobtel primary, sccondary and tertiary tiller number in rye-

l.. perenneg ev, Fax Otofte and 1., multiflorum vac.

Westerwo ldicum gv. Dutch were studied under two wnitrote regimnes.

-

The experiment was terminated when it became obvious that some of

the Dutelh VWesterwolds plants were approaching flowering.

Seeds of Dutch Westerwolds and Pax ftofte were sown on
20/3/72 and the seedlings were planted in 33" pots on 8/k/72
in vermiculite. Throughout the duration of the experiment the
plants were under a 16 hour day in the heated greenhouse. On
b /b /72, no tillers were visible. Two weeks later, the tillers
were counted and thils was repeated at weelkly idntervals for a

further two weeks.

Nitrate levels were administered as aliquots of 50 mis sol-
ution at two nitrate levels, ie. 1N and 1/5 N, epplied once

per weel, the Ffirst application being on 8/4/72.

The following were measured:

(a) Total tiller number

{b) Primary tiller number

(¢) Secondary tiller number

(d) Position of each tiller (node)

.

The tiller numbers of the two species are presented in tables
4.1 and 4.2, the frequency at which primary tillers arisse from
the various nodes on the main axes are in table .73 and the

ruwmber of primary tillers bearing secondary tillevrs is presented

in table 4.4,
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Table 4.3

NMumiber of planbs which have pyimawy tillers ah

ou the moln axnis,

designated nodes

Treatment Node
Day 16 1 2 3 4 5 6
L8 - 1 X

Westerwo Lds HN bl 9C 5( B -
w58 10° 1% .8 - -

Pox Dhofte N 18P 10¢ 117 2€ - .
IN =P 12° 12 F -E - -

Day 24

Westerwolds  HN 52 12° 119 11° 38 -
o 6P 1.3 10¢ 1F .8 -

pax ptofte  EN 1% 10° 129 11° 38 -
v P 12° 13¢ 9¢ .8 .

Dayv 32

Westerwolds HN 6% 12° 13d 12° Sgh 51
N 62 13° 129 5% - d

Payx Gtofte HN lab J_OC 120 12'3 115 P.j"j
N P 12° 13¢ 10° e R

Numbers in the same column recorded on the same day without
a common superscript are significantly different at the 5%

level.




Tavila M4

<

vithin ench

Cillors

Lipoi

boeprius

Llor number

Westerwolds HN

LN b

Pax Ftofte HN

LN

Numbers without a common superscript sre significantly
different at 5% level.




fidler number. Al the second Liller count, the low nitrogoen
treatment of Westerwolds had a signani ficantly smaller mean total
+4 Ller number thenm the high nitrogen treatment of Yax Gtofte.
Iww the third count, the two low nitregen trestments had siwmiliar
Lotal tiller numbers, and those were significantly lower than those
of the two high N treatments. This was glso the case al tihe fourth
count .
When the components of total {tiller number were considered,

the plants of the high nitrogen itreatment in beth species had

significantly higher primary and secondary tiller numbers at the
fourth tiller counlt than the low N levels. The secondary tillex
nunber was seen to be more rTesponsive to nitrogen than the primar-
ies eg. at the fourth count, the high N treatments had less than
twice the number of primary tillers of the low N treatments,

but had more than ten times the number of secondaries.

Tiller position. Westerwolds, at both N levels had a higher number

of plants with tillers at node 1 on the main axis than Pax @Gtofte.
However, as time progressed, Westerwclds at the low N level had
no plants with tillers at nodes 5 and 6 at the last tiller count,
whereas 8 out of 13 of the high N level bhad a tiller at node 8
and 5 had one at node 6.

Pax Ftofte Lad a higber number of plants with tillers at
node 5 at the sccond tiller count ie., considering both N levels
together, there were 22 out of 25 plants with a tiller at that
node, wnereas Westerwolds had enly 6 out of 26.

It would appear therefore,; that although Vesterwolds had more
plants tillering at node one, Pax Pltofte gave xisce Ho tillers at
unde 2 enrlier Lhon Woesterwolds. Wegterﬁolds vas also affected

wie by lack of wmitrogen than Pax Gtofte, as this is rdlected in




Cthe slowesr production of Lillewrs, papticulariy ot Lo nodn o
. S Ay e

than bhe Llow 8 level of Pax fhefite.

Table U.5.

tillers bearing sceorvi cach
last tillier count

Number of plants with priwma:
o1 the main axils at

Hode

i 2 3 L

S

Pax Otofte HN 1 0% 11 2 (nut C ML S

LN = 3 3 - (()U.t &) Tt s )

N

Westerwolds HIY - 8% 9 (out ¢ ants)
LN o 2 - - (out « At s )

supersceripts within the same K2

(Humbers with different ersc
5% level)

signifilicantly different at

Most eof the plants at the high N level had second:- oIS
borne on the primary tillevs ab week# 2 and 3 in bo* Les.
Although 12 out of 26 Westerwold plants had tillers : i,
only one gave rise to secondary tillers. It would = the
development of the primary tillex at that node was ¢

restiricted,

In Pax Ftofte, the primary tillers at nodes 2 and formed
alt bhoth N levels by the second tiller count. Thoere: is
unlikely that the velative differyence in age of tnc cilloirs
at the two N levels is the only factoer rvesponsible I ~elative
low number of primary tillers bearing secondaries ot N
treatment . It dis Llikely that nutriticen is having o ffec.

on the growth of the secondary tiller buds.

Thie e=

roriment did not take dnto accouvnt the o

]
-~
-

K

on the oxpsnsion of tiller bLnds prior o becoming -~ PR




the subbending leal sheath. The following experinments were
dastipened to study the effact of N on the components of tillew
bud axpansioin.

)

Taperiment 4.2

The effect of nitromen on the leaf expansion of Pax Atofte

Seedlings of Pax @tofte at the thira expanding leal shtage were
potted in vermiculite in 24" pota. Two weekly applications of
50 mis of nutrient were applied to sach pot; halfl cf the group
receiving the high nitrogen solutien and the other half, the low
nitrogen solution. Two wecks after potting, the plants were
removed and the following characters measurocd,

1. Total number of tillers at each node.

2. HNumbexr of expandedrleaves~on the main axis.

3. Number of expanding leaves oirt the main axis.

4, Number of leaf primordia on the apex of the main axis.

Total numbery of lesaf primordia ever produced omn the main

1%

axis (dncluding 2. to 4. above).

Table 4.6

Comparison in characteristics between Pax Pltofte at hish and low W

treatments two weeks after commencement of tresatments

High Nitrogen low Nitrogoen
Mean tiller No. 2,658 1,250
o4 s

Mean No. of expanded leaves 4k.,0lo.0° h.0lo.0°
Mean No. of expanding leaves Molﬁ0019d B.Bthlée

X . . . L R A L F
Mean No. of Jeaf primordia 2,1-0.10 2210 ,10
Mean No. of total leaves and primordia 10.210¢20g 9uﬁi0017a

Numbers in the gsame row without a common superscriph are slegnifi-
cant Ly different at 5% level. :




The mean tiller numboer of the hich witroegen treatment was
aprproximotbely twice that of the Jow nitrogea level; whon the two
treatments had been odministered for two weeks. Bxpanded leaf
ninmher was not affected by nltrogen, the two treatwents bearing
the same vumber, vizm. 4., Oun the other hand, expanding leaf
nwabexr 1 the high nitrogen treatmwent was significantly greater

-

than in the lower N level., Although the number of ridges (leaf
primordia) vas the same i bhoth treatﬁents, the total number of
leaf primoxrdia Tormed was greater in the high nitrogen treatment .

This suggests that more leal primordia have been fFformed
under the high nitrogen level which was applied for two weeks
than in the low N level; but the increase in leaf primordia

1s cancelled out by the increase in leaf expansion so the

nuber of ridges in the apex has not changed.




> wmitropmon o the Droducetion and expoursic

o loanves

Seedlings at the third expanding leaf stage were planted in
24" pots in vermiculite avnd were fed !t weelkly applications of
50 wls nutricent solution, the fhirst being applied immediately
after potting. Az in the pirevicus sxperiument two nitrogen levels
were usced, The plants were koot in the heated greenthouse under
natural light conditions ie. dayliengthis were those of May and
Junte .  Fouirr weeks after potbting, the experiment was terminated
and the following measurenents were reccerded.

a) Number of buds expanded at each node (19 plants per

treatment ).

b) No. of expanded leaves on main axis.

-

c) No. of expanding leaves on main

I

KIS

d) No., of leaf primordia.

e) Total leaf primordia.

Table .7

No, of tiller buds expanded at cach node (19 plants)

Node 1

™
W
=

0. 13 19 19 h®

L. 3 17 18 2

¥ipures within fhe same column without a common supevscript are

sipniticantly differvent at 54 level.




sties of the main axis of Pex Quofte at high and low

)

High N Tow Il
) - o - v et B RNV, 2
Mean DExpanded leafl No. 5,35+« 0,107 | 5.0 O
. . - n ,)'%' N [ad )‘? <+ R &
Mean Expandings leafl No. 3553~ 0.11 F.47- 011

4 R >
Mean No. of ridges 3,653 Onle 2.84. ()..13e

i
o “+

+ . . o a8
Meainr Total leaf primordia 1R2.:52« 0.1L5 11.32. O:..L;iE

(Figures within same row without a common superscript are significant-

1y different at 5% level).

The high nitrogen treatment has given vise to a significantly
greater number of tiller buds to have expanded at nodes 1 and 4.
The difference in tiller buds to have expanded at nodes 2 and 3 be-
tween the two treatments is not significant.
Considering the leaf characters, there was a greater nunber
of leaves which had expanded over the four week period under
high nitrogen than in the low N treabtment. All of the low
, nitrogen plants had an expanded Jeaf number of 5 wheireas higher
N level gave rise to a nwuber of plants which bore 6 expanded
leaves. This cccurred despite the two batches of plants at the
boeginnine of the experiment bheoying two expanded loaves and
bheing selected for uniformity.
The small difference in expanding Jleal number was notl
slegniTicant, witlike the pidge number of the apices in which
the high nitropen trveatment geave rise to 5 mean ridge numbey of
G.8 preater than the lowen level. The higher expanded leaf
nazer and vidoes menher was reticcted In {he stgaificeantly higher
total leal primordis nambex at the hiegh W tevel which was 1.2

eyimosdis oveafer han the lover level.




LhTe gen O

old seedlings

day

in avsitrab at 2

later, the pilants

the Felliowing characters
a)
b)
o)

Expanding

l.eaf

Table 4,9

nitrogen
v‘{,

of

primordia (v

Total leaf primordia (a

(at the second visible leai sta

levels

e remot

buds wers

leaf mumben

idges ).

and b

af exnangsion

ed from tae

recorded

[

.

ie. IN

o
QL

anch
}le oy styrat

at

ge) weyre

/5. 2

hiloecks and

nodes 1 and 2.

at nodes 1 and 2

Meau number of leaves and leaf primordis of buds
of Wasterwvolds plants st high and low N levels
Position of HN
tid (dode)
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stapge of development of

LY axe hu

L
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Vesterwold seed was soww oun 20/6/72. On 2/7/72, the seedlings
wore planted in Payvsteat bloalks and grown undexr natural illumin-
ation in a hesated glasshouse, under two nitrogen levels ie. 1IN
arcd 1/5N. The nubrient was changed once je., on 24/7/72. On
08/8/72, those whose msin axes were at or just past car emergence
were chosen fvom eaclhh nitrogen level and dissected. The stape
of development of the first fouir primarxy tillers was recorded,
and it was noted whether the tiller had developed beyond the
prophyll (bud) stage. Nine plants were chosen from each nitrogen
level. In order to increase the number of observations in each
sample, the tillers at rnodes 1 agd 2 were treated together, as
were those al nodes 3 and 4. Contingency tables were drawn up,
the criterion for separation in each instance being mentioned
in the title of each table.

The number of secondary and tertiary tillers were also

recerded,

Table 4.10

ey

Tillers at nodes 1 and 2 a) whether apex is rapidly eloyigating
b) whether tiller is stiil at bud stage

. High N Low N Probability

a) Apices nolt eclongating O 1
N.S
Aplces elungating 18 17

b) hud stage ] 0

Levond bud stage 18 18




GO

High N Low N Probabi lity
a) Apices not cliongating 3 10
Apices cloasaiting 15 &
b} Rud stage 5 15
) %k
Beyornd bud stage i3 3

-

Whien the tilleis alt nodes 1 and 2 of the treatments are
considered, all but one of the tillers had developed beyond
the deuble ridge stage (Table ,10)., Otber separaticns were
attemptaed based on stage of development to d{scrimiﬂatu between
the two nitrogen levels, butaone wae significant, sunggesting
that the apices of tillers at nedes 1 and 2 at the two nitrogen
levels were similarly distributed throughuut the varicus stages.
None of the tillers was still at the tiller bLud stage.

At nodes 3 and 4, however, there were significant dilferences
tetween the two nitrogen levels (Table L,11)., Theve was a
significantly greater numrer of vegetative apices among the
tillers of the low nitrogen treatwment, and also the proportion
of tillers still at the bud stage at thal level of nitrogen was
greater thaa at the high nitrogen level. Unflortumately, the
sample was noit large enough to devermine whether there was a
direct association beltweon those tillers which were still at
the ind stage and those which had vegetative aplices.

The Mann-Witney non-parametiic test was carried out to
detevmine if the relative ranking of individuals in the two N
treatmentes with wespect teo stage of the developmenl of the apex
at cenoiy node, wis highor in one W leval +than the othoer. The

vesults ave presented in hable M1,

)




The conclusions from this test ore giwmilax to whet was Ffound
E 3 2. * I 1 T : oy S L 5 -
conloyings the X test, viz. the apices of Luds and tillers at
noedes 3 und 4 ave more advanced at the high N level thaen at the

low N level. Hovever, this test allowed the buds alt each nodc
H

to be considered separately.

Table % .12

Stage of development of the apex of each ftiller or bud at mnodes

L to It
Rank ordexr Node L Node 2 Nede 3 Node 4
HN TN HN LN HN LN N LN
1 g.1 9:1 9.0 9.0 7.0 5.0 5.0 k.0
2 5.1 9.0 8.9 8.5 6.5 h.0 .0 2.5
3 8.9 8.9 8.9 8.5 6.5 3.0 3.0 2.5
L 8.9 7.5 8.9 7.5 5.0 3.0 3.0 .2.0
5 8.5 6.0 8.0 7.0 h.0 2.5 2.5 2,0
6 7.9 6.0 7.0 6.5 2.5 2.0 2.5 1.0
7 6.5 5,0 6,0 5,0 2.5 2.0 2.5 1.0
8 6.5 5.0 5.0 2.5 2.5 2,0 2,5 1,0
9 6.0 4,0 3.5 2,0 2.0 1.0 1.0 1.0
T=70N8 T=76NS - T (1% T=GR, 5% T ot 54203

Analvsed by Mann-Witney non-parametric test.

o {ar, these experiments have involved transplanted grass
seedlings, and that they have been under a period of standard
conditons until the different nutrient solutions arve applied.
The follewing experimenl was designed to study the effects of N
on the tillering of Westerwolds from germination to post cas
emergence in an attempt to determine 1f N net only affected

tillering but also influenced the Flowerding of the plants,
7 5 ]




o ond duvins Plowerins

Two seeds of Dutch Westerwelds were sown in each of 48
JLENY pots oenm 145/12/71. 24 of the group received high nitras
soiution, 10 mis per 8 days whilc the other 24 received the same
amount of low N solution. On 26/1/72 tﬁe plants were planted in
338 pots containing vermiculite and the amount of nutrient sol-
ution was incireasced to 50 mls at each application. The plants
weire grown in a 16 hour dayv in the heated greenhouse, O 2/1/72
the seedlings were thinved to one seedling per Jiffy pot, and on
6/1/72, the first tiller count was taken. This was wepeated
every Lhitn day wntil '7/2/’72p vhen there was an interval of 8 days,
followed by another count on the 19/2/72, ie. after a further
L days. The final count was taken on 27/2/72. Ten plants Trom
ecach treatment were tvaken at random and the apices and tiller
buds dissected.

The following charécters were recorded atlt each tiller count.

l) Leaf number on main axis.

2) Primary and Secendary tiller number and leaf number of

aach.

L)
~—

Nodes Trom which each tiller arose.

~
S

Number of flowering tillers.

After 22/1/72, the nodes and leaf numbers were not recorded.

Leal mumber on the main axis {Table L.13).

by 3/2/72 the plants in the high nitrocgen treatment had a
significarntly higher nmunber of lecves than those of the low

nitrogen trentment and pzrsisted to the last tilller count on

- /o - S ‘., ~y L o " 1
19/2/72.  Trem 53/2/72 the leaf number increased in bobli brestment s
nt ¢ slower rale than the perioed previeous fto Lthat dato. Py that

time, woek of {he plonits weve s, or bevovid, ear emrevrrence.
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Mang nuaeil oo o 0 4 {Trbie 4. ’.“)
At the 2ast f3licoxn count, “he mresn worbal Lo number of

the high nitrogen treatment woe greater thave twice that of the
jow nitirogen treatment . ¥When the componeonts of the totnl {dillex
nunter were considered,; the secondary tillers were seen o he
siore affected by the N lovels than the primarics eg. on 19/2/72
the mrimary tiller numher of the treatments was 5.00 and 3,62

at the high end low N levels wespectively whereas the resrective

meanr secondary tTiller numbers were 5.33 and 1.20.

Mearn number of flowering tillers (Tab.‘iﬁl bo3y)

When the main axes were Tlrst seen to be at car emergence, the
low N level had a greater mcecan numbexr of flowering tillers.
This was dve toe a higher number of plants at this level having
reached esar emergence than those at the higher N level. Iy
5/2/72, the difference was not siguilicsant. ©On 15/2/72 the
high N had a greater nuwmbher of flowerdng tillers. This presumably

was due to the greater number of tillers per plant which had been

formed earlier in the experiment.

Dissection of plants

Onn 4/2/72, 10 plents from each of the N levels wore dissectod.
Due, however, to the wvardation in stage oi development of the
main axen six from ench N level were chosen. AllL had their main
1

axis at the stame where anthoesis had talken place and the seed

wan beglonding to 411 out, It wos eccngidered that due to the

Jairgw variation vhich existed even within those plants at tlhe

gane stage, thoe 12 piants were corngiderod together in most

ol leavors

The nesn Dunber o Losves on o the maty aXxes wos signttd sont Ty




hipgher dn ibhe high N trestment. The mean nomber o prianry

B llers en the main sxis was slse greater in the higlh N levels.

[‘uhi@- /4 ,.J/l

Leol number ond uppermost noede heasving n Tiller on the main axXis

nlanil s at the anthesls stape ab twe W levels

HN LN

L M ! b

Mean leaf No. on main axis 9.33- 0.37 7.02 0.46

) o e ot
Mean uppermost node hgayring 517w O.57 2.8% 0,49
a primary tillexr

Means in the same row without a cowmmon supercsceripb are significantly
different at 5% level. |

However, the difference between the leafl number and the
uppermost node bearing a primary tiller manged from 3 to U,
Therefore discounting the flag leafl, the node ol which, when
dissected did not appear to bear any buds, there were two or three
nodes which bore tiller buds but did not expand despite these

nodes having been in existence for a considerable length of time.

Relative proportion of vegetative apices in tillers and tiller buds

Due to the large variation among plants within the two N
treatments; the two treatments were considered together. When
the relative number of primary, secondary, tertiary and quateinary
tillers and buds which were vegetative were considered, all of
the primary tiller and buds were florally initiated. Among the
secondary tillers, less than 10% of the buds and tillers were
still vegetative. Considering the tertiary and quobsrnary tillers
together {there were only four in the latter owder), over H0%w%
were still vegetative.

Wihiernn Lie disvriovucsdon of vegetutive opleces wou counsldered

ivt Lhie twelve plants dissected, about 2057 of the vagetabive




)

Lildsors and buds were of the scoond oxdeyr, the remalindery Deling
ot Lary ald Guaternaly .
Therefore the majority of tillers and buds which were

£till vegetative were Tound among the tlllers of the leoewex orders.

Although this may have been parily due to those tillers being

younger, positilon may also have been influential in deltermining
the relative fertdlity of the apices. The primary tillers which
had net expanded ie. were still within their prophvlili and had

noet expanded beyond the subltending leaf shieath were initiated
whereas fthe tillers and buds of the lower orxrders, some beyond

the bud stage wewre in many instances still vegetative. Ther:forve,

time of appearance of a tiller did not seem to be the only

factor determining the stage of the apex.

Table 4,15

Relationship between orvders of tillering with respeclt to vegetative

apices.

Order of No. of vegetative apices Mean percentage of apices

tillering, within each orxrder. within each node still
vegetative,

Primaxry o] ]

. . . .,*. i
Secondary 10 8.99- 2.97

3 . “+
Tertiary and 38 43,582 7.81
Quat ernary




{ Tir oth Pax OGtofite and

Comhbsa o e

ids, {Lxnpt. 4.1) the sconndary 4 1ler numbor wos affccred

wmure by the nitrogen treabtment than primary tiller mumber eg. ab
the last tilier count, the primary tillers al the high N tweal-
ment were Jese thazn twice that of the low N tveated plant. However

the number of secondary tillers at high N level was greater than
10 tiwmes the vumber at the low N level. This xeg similar to what
was fTound in timotly (Langer; 1959@5 On a longer term basdis,
(Expt. 4.6) the relative difference hetween high and low N
treatments with respect to affeclt on primary and secondary tiller.
number persisted (Table 4.13).

Fewer pirimaries at the low N level supported sccondary
tillers. Most of the secondaries at the high N level were supp-
orted by tillers on the main axis ot nodes 2 and 3. Table 4.3
shows that at node 2, there were primary tillers - . . . ~ in
noslt of the plants at botﬁ N levels in boith species at the second
ceunt ie. day 16. In Pax Otofte this was aiso the case for tillers
at nede 3 at both N levels. Therefoxre by day 32, it would bhe
expected that secondary tillers would be wvisible on those tillers.
However 1t would appeayr that the low N treatments reduces the
numbesx of secondary tillers on the primary tillexr at node 2,

{(Mable k.l)
and node 3 in Pax Wtofteﬂ This would suggest thait N hes a direct
affeclh on the pro&uction of secondary tillers.

As vrimayvy tillers ave less affected by the N levels than

.

secundarics with respeclt to numbers expanding, it is possible

i

thalt thev are in a preferential positicon for any available
rtriaents within the plant. This has been considered at another
point in thie study vwhen concerned with tillering at the flowepr-

. ) 14 ) '
iv ¢, sbtage. Vark witlb © has shown that come

oF
s
D

m

&)

ering site

Luavae a greatey chance off tiheldr guoeta of crcbohydratce




than others when carbobydrate io limited {(Uyvile, 1971), This mav
~lso anply to thae distrlibution of nitrogen. Alternatively the
low o eowld ba ceducing the availability of cavbohydrabe due wo
reduning a) leat sime (Rirle, 1964) and b) the assimilaticn of
carbohydrate per mmit arez o leaf (Ryle and Heslceth, 1969).

That tlre secondary tillers are subject to a lowver nulbritional
plame may explain the lower contribution of secondaries to grain
vield than priveries appearing at the same time (Langer; 1956
1¢

Ve 1959 Rawsun 1971). Also, the lower primary tillers appent
3 275 3 3 ]

(623

to be less affected than the uppermest primary tillers. Again
thie may be explained in terms of relative preferential posiltion

for wnutiient, and has been shown that in Fromus mollis (Davis

and Laude, 1964) and in wheat (Rawson, 19?1) that the primary

tillers at the higher nodes yield less than those at the lowexr-

most positions.

Experiment 4.6 confirmed the effect of N on tillering corder
in Vesterwolds, ie. the scecondary tiller number was aflfected more
by nitrogen than the primary tiller numbeir. In this experiment,
primary tillers production decreased near the end of the exper-
iment, prezumably due to the onset of flowering.

Effect of mitrogen on leaf expansion

That N increases the numbexr of expanding leaves on the main

)

sxis (Cxpt., 4.2) agrees with the findings of Ryle {1964} for a

found the number of expanding

L

nuamber of perennial grosses. He

leaves in both high and low N treatments to be less than that

found in this studv., ITn a heated greenbouse, he found a mean of
Q

1.13 setivity growing Jeaves al haigh ¥ and 1.08 under low N

conditonsg, vherens the mean numho: of exvnnding leaveg found

in Lhis experiment were 4.1 and 3.3 at high and low N respechively.
However, Ryle did not eclearly state the oxilerion he employed for

diobivguishlng an expranding leaf Qvom & lon? primoerdiuve,. Therelore




whot waog considered a small expanding lont din this oxperxrismens
may have been considered by im bo be a leznt primoxdiunm.

When plonts were allowved to prow wunder the two N levels
for 4 weeks (Bxpt. 4.3) the number of sxpauding leaves was votb
signiificantly different between thie two N levels. However, the
expanded leal number was. greater al fthe high W level, as was
the number of widges. This effect of N'on the number of expanded
leaves has also been found by Ryie {(1964) in seven species of
perennial grasses, Coopor, (1951) in ryvegrass and by DBeawn (1961)g

When allowed to grow beyond ear emergence, Westerwolds has
a lower numbexr of leaves on the main axis at the low N level
after ear emergence is underway (Expt. 4.6, table 4.13)., This is
presumably due te a greater number of plants having flowered at
the low N level earlier Zhan those at the highey level of W.

There have also been rvreports that N has no eflfect on leal
expansion eg. Langer (1959).with timothy, Purvis (1934) with winter
rye, and Davies (1972) with perennial ryegrass. The reasons
for these differences are not obvious. Both Langex and Purvis
enployed N levels which differed widely, therefore it is unlikely

| VA )
that there m%ﬁ@ insufficient differences in N levels between
treatments. Perhaps ryegrass responds in this way to varying N
wvhereas timothy and rve do not.

Leaf primordia number on the main axis being alffected by
nitrogen agrees with the findings of Langen (1959) who found that
bhigh N cowld give wise to apical lengths of four times those
at plants given one third the level of N. This increase in
primordia number Prior Lo floral initiation hnrs been found in
timothy to be reflected in the number of spilkelets eventually
formed (Lnnger, 1959 5 Ryle, 1963)c In ryoegrass, however, as

well as cocksfoot and meadow fesure, the transiticen to the
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As alieady stated, in experiment 4.6, low nitrogen initialiy
gave risc to a significantly greater numbew of flowering tillers
phdove viae to a significantly greater nunber of Flowering LJ.J.]@J"‘P
AR RS b I L U RS pRh R G AR g it bt Sigeg 2

in the field (Bxpt. 3.2) where,

nuatber peior to dind

AT Y]

S

mnrkedly the offect

3]

tiotion (Ryle, 196h).

except for one inasbtance when Pax

Otefte had a higher proportion of flowering tillers at high N
level than at the low N level, nitrogen level did not influence
the proportion of tillers which were beyend ear emergence. There-
fore there may be either a difference in sponse to nitrogen
between l.perenne and L. multiflerum, or the difference in N
levels in the field wmay not he as wide as that under controlled

conditons. A similar effect of

N on flowering has bheen obsgerved

in rye by DBDerrie (pers. comm) under controlled envivonmental

conditons. The wveason Loxr this is not appavent, and, in fact,
the opposite effect is seen in some ax illary tillevs as will be
discussed undex the heading "Effect of nitrogen on stage of
development of buds'.

Effect of nitrogen on leafl exmnansion of axillary tillers

In experiment 4.3, the low

icantly lower number of tillers
at nodes 1 and 4, than the high
further study of the effects of
the role of expanding leaves in

.

5 was carried out. In this ex
and btwo had a greater number of
ogen level than those wundexr low
has been paid to tiller huds whe

hiave bpeon studioed. A

tillering

N level is seen to have a signif-

out of 19 plents in the treatment

N treatment. This prompted a

N on ftillexr bud expansion, and

bud expansicon; thus experiment

periwment, the buds al nodes one
leaf primordia at the high niteo-

N conditions. Little attention
n envivonmental effoots on
a conseqguence there does not seen

1
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the dnitial stoges of biller bud exveonsion aio aifected
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©the difTerend N lovols.
o signilicant difference was detected between the N levels

s5, this

n

with rospect to number of expandiang leaves. Neverthele

cousan nave bheen due ve saosuliicient time bLebweeon the beginainse

R E

-
o 3

o the N treatwments and dissection Lfor diffeirences to be manifesti.
There were differences between the two N treatments bulb they were
not significant. In exporiment L.5 a grester number of tillers

are beyvond the bLud stage at nedes 3 and 4 at the high N level.

I

This effect is also secen at the higher neodes of Pax-ﬁiofte and
Westerwolds at the high N level in experiment 4,1.

Therefore nitrogen influencesa the expoension of Hiller buds
on the main axie by dncreasing leaf primeordias, and by increasing
the rate of leafl expansion so possibly increasing the nuunber of
expanding leaves.

sl +

EiTect of nitrogen on stage of development of buds

That lack of nitrogen has a retarding elfect on the develop-

ment of the apex of tillers at node 3 and 4 in experiment 4.6
would suggest that mineral nutrition has an effect on morphogenesis
of apices. There have been instances where nitrogen has heen depl-
eted Lo the extent where the apex on the main axis has bheen
prevented from bLecowmning Florally initiated. Coocper and Calder
(1963) demonstrated this with cocksfoot. Ryle (1964) also quotes
instances of where nutrient can be sufficiently low to depress
Tlowering in the main axis ol ryegrass. This however, has
alroady been discussed in the gsecltion desling with the experiments
carreded out in the field {(Bxpt. 3.2).

Concarning the eoffeet of nitrogen oun the fertility of btillers,
2t been shown in the previocus sechion Lthal Pox Obtofte had o
sipguivicant iy hiecher pevocentase of tillieors at the ear emergsencoe

reoe whea oF i st o wrieLive bo Fhose plents ov the dow Woloncold,
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This has als

o

Leenn found 9 dmethy (Langer, 1959)e

ITre thoge instavces quotved, only tilliex whiech weres visible

have been considered. However in this experiment, buds ag welil
sy expouding tillers were taken intoe acecount. This gives a
move valid comporison between N levels as it vakes inte account
thie position and order of the tillers u?der study whethier they
be tiliers or buds. UnfFfortunately, there were too few tillewm
buds to determine i{ there was a relﬁtionship between plants with
buds and huds with apices still at the vegetative stage. There-
fore it is not possible to conclude whether the lack of mitrogen
was indirectly influencing the fewtility of the tillers by prev-
enting expansion or whether lack of nubtrition divectly delayed
the morphogenetic change of the aplices. As the fertility of
visible tillers is increased by the addition of nitrogen, as

was Tound in Pax %tofte in experviment 3.1, it is likely thau

N has a direct effect, although d@léy in expansion may also be

contributory.

Relative fexrtdlity of primary, secondary and tertiaryv tillers

and buds

EBxpewiment .6 demounstrates that the higher the cvder of

tillering, the greater is the percentage fertility in Westerwolas.

This d4s found when buds and tillers are considered. In timothy
(Langer, 1959 JTambert and Jewiss, 1970) and meadow Tescue

“ . . N + . o) ~
{(Lambert and Jewiss loc,cit.) primary tillers ave fertile beflore

P= a1

gecondaries, which in turn are fertile before tertiarics Langex

and Ryle (1959) found that in SUE8 timothy 85.2% of primary
o

tillers formed bLeofore 252d July flowewved whereas only kL. 5% of

secendaries formed befors this time were eventually lertile.

Fresumably, dioe tu keolerwoelds heing an annual aawd so biwe
apices of the tillers and buds ave Inltiated vapidly {(Bdmmenr, 196

1

~—
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percensage Tealility of Lhe wvaricus oxders woudd bhe erpecion

U

to be hiri., This is foumd to be Lhe case as the fertility of
the plants cliosen Tor diggseciion 1si-
primaries, 100%, secondaries 91.0% amd tertiary and quatoroaries

. g } <
r) 6',) st {;'l

It vould secws vhat wder the nibrogon regines euploved in
experiments in thia section, not only is leaf appearance aflfected
Ly nitrogen level, but so alsc are morphological changes of apices
of tillers. There scems to be a contradiction in effect of

~

mitfdgen hetweon the apices of the main stem and apices of ithe
tillers and buds, High N levels delay the app@aranﬁe of flowers
on plants indtially (Exptg 406)n However after initiation, apices
of tillers at given positions on the main axis are more advanced
at high than at low nitrogen levels. (Expt. MBS}W

As raesult of the apparent reduction in number of tillers

[\

i

appearing at flowering in lolium perenue (Expt. 3.2) and in

Westerwolds (Expt. 4.6), it was consgidered that apical dominance
may be a factor ilmplicated in the coptrol of tillering in grasses.
This has been discussed in the "Literature Review! pages 18- 26,

The following section comprises a series of experiments designed

to demounstrate whether apical dominance exists in grasses.




SECTION 5. STUDY OF THE ROLE OF THE APICAT, REGION OF A GRASS

PLANT ON TIIIER DEVELOPMENT,

RESULTS AND DISCUSSION




Mxpoesineat 5.1

Bffects of expanding leaves on_ tiller bud enlavgement

Removal of expanding leaves

Seedlings of Pax Ztofte and S23 at the thiprd visible leal
stage had their expanding leaves removed le. the third and fourth
leaves of each plant. Ten seedlings of each strain were subjected
to this treatment, another ten remaining intact. The 40 seedlings
were planted in Baystrat and one week later, the experiment was
terminated.

In order to count the tiller buds, the leaf sheaths were
pulled back at nodes 1 and 2. The tiller buds greater than 1 mm
were counted, and the resuits are presented in Table 5.1. The
effect of removing expanding leaves is demonstrated in Figure 5.1,
Table 5.1

Mean nunber of expanding buds pexr plant at nodes 1 and 2

(Expandiﬁg bud = bud > 1 m@l

Intact Defolisated
P.0 0.3% 1.6
523 0.1% 0.9%

Means within the same row withoult a common superscript are sig-

nificantly different at 5% level.

Removal of the expanding leaves in both $23 and Pax @tofte
reswelits in a significant increase in the number of tiller buds
per plant greoter than 1L mm.

This expeviment was repeated with L. temulent wa .,  Seedlings

at the third visible leaf stage wevre used. 14 had their expanding
lonves removed, white 1M remained imtact. The zoedlings were
planted in Pavetrat qnd one weeld later tlhie exporiment was termige

ated,

Int this oexporiment buds greater Thars onie min al nodes 1L oand




? worve recowdaed,  Thoese buds which had resched the siage vhere
Fhoedlr first lead wvas appearing above the tip of the prophyll

were also counted.

Effects on buds of

Faemoving expanding leaves on mpin axis

Vata from 14 plants ner Lreatment -

Intact Defoliated
Node 1 Node 2 Node 1 Node 2
Expanding tiller bhuds 5a -2 . 22 2
within prophyll

Expanding huds ; lst 1 1 12 7
leaf thro' prophyll

Total tiller budsy imm = 6% 14 s d

Mean No. of buds per . 0.5% 0.19T 1.50 0,218

plant

Numbers in the same row without a common superscript are signif-

icantly different at 5% level.

Although there is no significant difference between the two

treatments in number of expanding buds within thedx

prophyll,

there is a significantly greater number in the defoliated treat-
ment which have expanded beyond theinr prophyll. The tdal and

mean expanding tillex bud number are also greater in the defoliated

treatment .

i

The mean tiller bud number when compared to the results

1

n

the previous experiment follow a similar trend. Therefore the

el

Tect of removing the expanding leaves is similar in two cultivars
of L.perenne and in I.temulentum.

[

So far, only buds greater than 1 mm have Leen considered.
The followiung experiment was carvied out to #ind the effects of
removal ol bhie veouns oexpanding lesves on the expansion of all

tiller buds ab nodes 1 and 2. As well ng Pax (tofte, Woestevrwelds

wan also wsed dn und s experiment.




Kad =

Mhie seedlings wiich were at the bhiand visible lea? stnge woro
Lreated as in the previous experiments, ten plants ol each species
being defoliated, and ten remaining intact. They were nl anted in
Yaystrat and a?ﬁer seven days, the length of each bud was

measured in the 40 plants at nodes 1 and 2.

Table 5.7

Mean prophvil Jeneths (mm) of buds on plants intact and plants

with expanding lesves removed

Intact Defoliated
Arithmetic mean Trans mean Arith mean Trans mean
West. Node 1 0.83 0.256%0.0242 L.3k  0.665%0.094"
West. Node 2 0.95 0.280%0.035% 5.74  0.700%0.122"
P.0, Node 1 0.39 0.159%0,012° 2.8h  o.421%0.1288P
P.0. Node 2 0.43 0.152%0.014° 0.76 0.242%0,023%

Transformed means without a common superscript are significantly

different at 5% level.

Removal of expanding leaves in Westerwolds has a similar
effect on expansion of tiller buds at nedes 1 and 2 as in Pax
Pgtofte. Although the tiller buds of Westerwolds in the defoliated
treatment are larvrger than Pax Ftofte buds, the buds of the intact
plants of Westerwvolds are also bigger. Therefore for ncde 1,
there 1s approximately the same proportionate increase in tillew
bud size. For node 2 buds however, the Westerwold plants have
responded better than Pax Ftolfte buds 1o defoliationn

Thnerefore the same general pattern of response by tillew
buds when the gxpanding leaves ave removed ius demonstratad in two
apecies of rveecrass. The degree of variation in.?espenge, howeves,

seomz to differ between the speciocs.




No account has been taken of the effect of Lime on the
cxpansion of Liller buds in intact oxr defoliated plants. The
following experiment was designed to determine the rate of
expansion of tiller buds in defoliated plants relative to that

of intact plants.

Expeviment 5.2

Effect of time on tiller bud growth

Pax @tofte seedlings @ere used, just as in previous
experiments. 24 had their expanding leaves removed, and 24
remained intact. 8 seedlings were dissected at this stage
and the prophyll léngth of the bud at node 1 was measured.in
each plant. The 48 seedlings were planted in Baystrat and at
four day intervals, 8 plants were removed for each ireatment.

The prophyll of buds at mode 1 was measured and the number of

buds which had expanded beyond their prophyll was counted.

Table 5.4,

Prophyll lengths (mm) in intact plants and plants with expanding

leaves removed

Intact Defoliated
Davys Arith mean Trans mean Arith mean Trans mean
0 0,26 0.1006%0.0088 0.26 0.1006%0,0088
I 0.38 0.1373%0.0146% 0.68 0.2070%0,0133P
8 0.53 0.1791%0.0206° 2,94 0.5449%0 08459
12 0.55 0.1890%0,0127° 5.39 0.6921%0.1323%

Means within tbe same row  withoult a common superscript are

sigiificantly different at 5% level




Mean prophyll length of buds of Pax Ztofte
plants at node 1 when plants are intact

( -2~ ) or expanding leaves ave removed { -& )
at third leaf stage, at intervals up to

12 days subsequent to commencement of

troatments, .




.

[3
.

@ mex sac v RRoEWTACL KT

FiG.

=]

7O

5.0 |-
0.@

: !
O o
* e
2 . &g

IONTT TTAHDCHd NY3W

12

a...(mw

(DAY S)

=
o

IME




- A
T ¥

Table 5.5

B emn

No. of pilents (out of 8) which had buds at node 1 with lst lenf

above prophyvlil tip

Intact Defoldiated
Days
0 0 .0
L 0 0
8 0 3
a b

12 0 5

Pilant numbers within the same row withoubt a common superscript are

significantly different at 5% level.

Foux days after the removal of the expanding leaves, the
tiller buds were significantly larger than in the controls,
(Table 5.4%; Fig. 5.1). This difference increased with time, and
12 days aftexr the commencement of the treatments, the defoliated
plants had a prophyll lemngth on buds at node 1 of greater than
9 times the length of the corresponding proph&ll oni the contr ol
plants.

| The number of buds which had expanded to the extent where
their first leaf was appearing above the tip of the prophyll is
recorded in Table 5.5. 8 days after the start of the treatments,
the defoliated plants have a few at this stage and by the 12th
day, the number of buds at this stage 1s significant. None of

the control buds had weached this stage by day 12.




Experiment 5.7%a

Effects of the light passing througeh the incision on axillary buds

Seedlings of Westerwolds which wewe at the fourth visible
leaf stage werse chosen. 75 were selected and the Tollowing
treatments were imposed on the plaunts ie. 15 plants per treatment.

1) Intact controls .

2) Intact, but with a tightly fitting cylinder of aluminium
foil about 6 mms high surrounding the base of the leaf
sheaths.

} 3) Incésed. An incision made in the sheaths about 4 mms long

} extending from the lowesl intexnode in a longitudinal

direction.

Q) Defoliated. An incisjion made as in 3) and the young

expanding leaves removed ie. leaves % and 5, occasionally
a little part of 6.
5) Defoliated., With a cylinder of feil as in 2) which

covers the incision and preventing most of the incident

light from reaching the tiller buds.

The seedlings were planted in Baystrat. 8 days later the
plants were dissected and the expansion of buds at nodes 1, 2 and

3 was measured.by measuring the prophyll lengths.
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The meous ;f the prophyll lengthsas of the various treatmeunils
of nodes 1, 2 and 3, (Table 5.6) are presented along with
appropriate controls, iz, the covered treatments may be compared
with the covered contyrol (2)and the non coverved with the non covered
conbvroel (1}& ¥hile the intact plants which were covered with
foil (2)have mean prophyll lengths less_ tlhian the appropriate
contyol (1):he values do not differ significantly. It can be
concluded that covering does not effect bud expansion but because
of the consistently lower value of the covered material it might
be concluded that this treatment should not be thought of as being
without any effect.

The incised plants (3)have prophylls which aire larger than
the controls at nodes 1 and 2. The defoljated (covered) treatment{s}
has significantly longer prophylls at mnode 1 than in the intact
covered. Defoliation does not give rise to any significant
difference in prophyll length when compared to the intact plants
but were consistently longer than the intact treatment.

As the defoliated plants did not respond in the same way
as the defoliated (covered) treatment, the experviment was repeated
in order to determine if the responses obtained in this expexriment
were reproducible,

Experiment 5.7b

The experiment was carried out as bziore except it was
decided to change the xooting medium. It was considered that
the algal growth on the Baystrat may have been detrimental to
some of the treatments. Therefore vermiculite in Jifly pots was
usad., The treatments were the same as in the previous experiment,
10 plonts this time Leing subjecteda to each treatwent. The
experiment was bterwinated aftexr ¥ dave. The plents were dissecited

aud the prephyil & buds at nedes 1, 2 and 3 were measured.
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Table 5.8

Number of tiller buds \out of 10) which have expanded hevond

the prophvil

Node 1 Node 2 Node 3
Tntact 0 o® 0°
Intact (covered) - o® . 0° 0°
Toncised Sb 7d Sf
Defoliated L& 304 ite
Defoliated (covered) Bba 64 1fe

Numbers (within the same column ) without a common superscript are

significantly diffevent at 5% level.

In both experiments, the prophyll lengths of the covered
control plants are nobt significantly different from the intact
controls. However as in the previous experiment the consistently
lower wvalue of the covered prophyvllis suggest that covering may
be having an effect on prophyll length. In the second experiment
defoliated plants have larger prophylis than contrels at mnodes
1 and 2. The difference between the prophyils of defoliated
covered and the covered intact plants 1s marked in both experiments,
the former having the lafger prophylls. 1In Table 5.6, the diff-
erence is significant at the first two nodes and in Table 5.8,
the prophylls of buds at all 3 nodes are longer in the defoliated
covered treatment .

The dncised treatment also has an effect in both experiments.
Although in the fivrst experiment this treatment has levger
prophyils than control at node 1 in the second experiment, the
effect 1s pogitive at all 3 nodes.

Y¥hen the number of budz which have expanded beyoud the

rrophvil are considered in tha second experiment (Tuble 5.8)




incised 18 the most effccetive treatment as theo wuawber oi buds wirlch
have expanded beyoud this stage ds significant at all of the
3 nodes under consideration. The defoliated tresatment has an

effect at node 1 and the defoliated covered, an effect alt node 2




2
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¥rperiment 5.4

The wounding eflect of dincision on the expansion cf axillaxy

buds

Seedlings of L., wultiflorum in which the second leai was

almost fully expanded were selected and 10 were subjected To
each of the following treatments.

1) Intact control. -

2) Defoliated - young leaves removed.

3)€ Incision made on the leaf sheath of leaf number one

but expanding leaves left intact.

The seedlings were planted in vermiculite after the
treatments were administered and the experiment was terminated
8 days later. The prophyll of the tiller bud at node 1 was mea-
sgured. The Fflrst leaf of each bud was also measured ie. the
distance from the node of the leaf to its tip. The node was
easily seen under the digssecting microscape after the prophyll
had been removed.

Lengths of prophyvll and first leaf of buds at node 1 (uun)

(arithmetic and transformed means )

Prophyil Ist lear
Arith wean Trans mearn Arith wmean Trans mean
. a oo et SO o ot .
Control 0.81 0.285m.013 0.57 0.1950-0.00%
. "“ (S
Defoliated 1.78" o.h1t . 055 1,344 0.2898" 0053
Tncised 0.71® 0.208% 023 0.43° 0.1531%0.013

Means without a cowmon supervscript in the same column ave
gignificantly different at 5% level

The mean prophyll length of the defoliated treatrieal is
slgnificentliy greater than the mean prophyvll length of the buds

Fal

of either the intact or incised plants (Table 5.9). The inciw=ed

<



~

ploants, however, awve not sigrndficantly dilfYerent Ifrom the inface.
When the first leaf of the buds isa counsidereaed,; the same
pattern is seen; the defoliated plants having buds with longex
first leaves thsau either the intact ox incigsed treatments and
the incised and inbtact treatments being similar to each other,

This is countrary to the response due te incision found in previcus

experiments. This will be considered in {the discussion.




Removal of avices aud oxpanding leaves ia 1. multillorwn (Westor-

wo 1d5)

Seads of 1., multifiorum (Westerwolds) were sown on 1h/4/72,

under a 16 houyw day. 3 weeks later, the seedlings were nplanted
in 3% dnch pots in vepmisalite and tra@sferred to & growth
cabinet at 20°C aund a dayiength of 16 hours. The plauts through-
out the course of the sexperiment were watered with ¥Hoaglands
solutiomn,

One weegk after the plants had been placed in.the growth
cabinet, when they had five visihle leaves, the plants were
removed from their pots ensuring minimal disturbance of vroots.
30 had their apices removed (including the expending leaves
immediately surrounding the apex), and another 30 remained
intact. (The apices ranged from wvegetative to beyound the
double ridge stage). The plants were repctited and returned to
the growth cabinet. At this stage none of the plants had
tillers visihle above the subtending leaf sheaths. Tillex
counts were talken 5 and 10 days after decapitabion. By the
tenth day, a Tew of the intact plants had reached car emergence

stagae.

Table 5,10

Mean tiller numbar per plant

Davs Decapitated Intact

0 0 o

5 1.25 0,117 0.1 ¥ o.08P
10 1.5% 0,09°¢ 0.5 % 0,18°

Meams din The same wow withoul a common supsrsceript are siood -

Leantly adflerant at 5 level.




Within 5 davs of vemoving the apical region of the slewms
of Westerwolds, the number of tillers on the decapitvated plants

was siegnificantly greater than in the intact plants, and this
trend still persisted by the tenth (Table 5.10). By this time

a few of the dintact plants were at the stage where the distal
spikelets onn the inflorescence of the main axis were appearing
above the leafl sheath of the flaog leaflf. A few of the intact
plants by this time alsoc had started to tiller.

This experiment involved both vegetative and imitiated apices,
but irrespective of physioiogical stage, by day 5 211 of the
decapitated plants had tillers which emerged above the sub-
tending leaf sheath.

An experiment was designed tc study the effect of removal
of the developing inflorescence on the expansion of tillers
in ILolium. So that all 6f the plants would be at the same
phvsiological stage when the treatmenﬁs commenced, the inbreeding

L. temulentum .species was employed.
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Iy neriment 5.6

Benoval of - develoring infloxrescence and tiller expanslon

38 day olid L. temulentum plants were used in this exper-

iment. They were at the fifth vigsible leaf stage and had
been under continucus light in a growth cabianet at 2500, The
apteces wete Jjust prior to eawr emergence stage, and were
removed in 10 of the plants. Another 10 were left intact.
Subsequent to the removal of the apices, both selts of
plants weve planted in 35" pots iu perlite mnd were returned
to the growth cabinet. They were fed 50 mls, nutrient solution
every 3 days and watered regularly,
Five tiller counts were taken viz. at day 0, 5, 10, 15 and

20. At the second count, de. 5 days after decapitation, the

intact plants were al ear emergence, and by the 15th day, anthesis

had occurred.

Table 5,11

Mean tiller number per plant

Days Decapitation Intact

0 0 0

5 1.k Yoo, 308 oP

10 2.9 % 0.26° 0.9 * 0.136%

15 2.5 % 0.,22° 1.4 % o,uaf
-}- o + o

20 2.5 «» 0,227 1.8 - . b4

i

feans within the sams 1row without a common superscript are

significantly different at 5% level.

Decapitation de. removal of the developing inflorescence
Bosd nosimmaficant effcc! on tiller production nntil day 20

. N . g R N . . . - .
(Tahie 5.1 Fig. 5.4). Due to wapid inecrease in tiller numbez

in the intact treatitent, by day 20 the difTerence between the




Fige 5.2 Mean tiller number of Jolium temnlentum

plants at intervals aiter commencenent
of treatments either intact ( ® )
o with developing inflorescence removed

( 5 ) e
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two treatments was not significant. By this btime the seed was
beginning to i1l ocut on the heads of the main axes of the
intact plants.

Therefore although removal of the initiated apices prior
to ear emergence accelerated tiller producticen, the elfect wasg
not permanent. In fact very little effect was seen on tiller
numbers between day 10 and 20 in the decapitated plants die. 23
tillex: per plant at day 10 and 2.5 at day 20.

In order to determine what effects decapitation was having
on the tiller buds prior to appearance above the subtending
leaf sheath; and to whatl extent the position of the bud on the

main axis influenced the effect, the following experiment was

carried.out.




Uwperdment 5.7

oving the ospex on the eolongation of tilicr buds

effect of

e

i T, e mmylentum

Seedlings of 1. te . muleantum, which had been growing in
the heated greenhouse under a dayvlength of 16 hours were
sclected vhen they were 15 dayvs oild. They were at the stage where
they had two visible leaves. They were potted in vermiculite
and after 4 weeks, when they were at the fifth visible leaf
stage 48 plants were subjected to one of the Tfollowing three
treatments (16 plants per treatment)u

l) Apices were removed by surgery, They were al the

stage where the stamen primordia were beginning to
expand.

2) An incision was made through the leaf sheaths as

in 1) but the apex was left intact.

3) The plants wevre left intact.

The plants were repotted; and returned to their former
conditons. 10 days later the experiment waé terminatad, and the
prophyll lengths of buds at nodes 1, 2, 35 and % weve measured.
The number of buds which had expanded beyond their prophyll
was also recorded in each treatment.

Table 5.12

Mean prophwyll length of tiller buds at nodes 1 te 4 (in mms)

Arithmetic mean

Node Control Incised Decapitated
1 0.67 2,20 3, 50
2 0.83 8.49 10,32
3 1.23 15.26 17.94

L .15 17.20 15.97




Toble 517

Mean prophvil leneth of Hiller buds at nodes 1 te It (Trﬂnsform9£ 

data )

S

Node Control Inciscd Decapitated
1 0.197%0,0212 0.3730.072" o.5:4%0 085"
2 0.260%0.023% 0.859T0,111° 1.09150.034°¢
3 0.335%0.026" 1.166%0.036% 1. 2k6%0 ohh™
I 0.496%0. 048" 1.15750 0949 1.173%0.095%

Table 5.1k

o, of buds at each node, out of 16 per treatment beyond the

prophyvli stage

Node Control Incised Decapitated
1 02 3@ 5a
2 0? 11° 14°
3 0® 13° 14°
i 1 R 13°

Means withoul a common superscript are significantly dilfferent

at 5% level in tables 5.173 and 5.14.

The prophyll lengths of the buds at the first four nodes
in the thiree treatmenté 10 days after the plants had been
decapitated are presented in table 5.12. The transTormed means
are in table 5.13, with standard exrrors of the meaons.

At all four nodes the incised and decapitated plants had
glgnificantly longery prophyvlls than the intaclt plants. In all
of the treaiments, the mean prophyll length st nodes one was the
smallest. The prephyll lengths were progressively longer up to
nede three in the decapitated and incised treatments. Node 4
nad a prophyll of similar length to node 3. In the intact plantas
bBowever, Lhe mean prophyll at node 4 was gignificaatly longer

than that of the bud at node 3.




i

The incistion treatment was similar to the decapitated plants
in response. In that treabtment, the developing inflorescence had
died dn most insteunces, de. it was brown and shrivelled when
the experiment was Lerminated. Two were still living and in those
plants, the tiller buds weve gimilar in siwme to the intact plasnts.
This would suggest that the iuncised plagtg are ehaving as though
decapitated due to.to the death of the apex.

The numbexr c¢f buds, out of sixtéen, which had expanded
beyond the prophyll at each node is similar in the incised and
decapitated treatments. Atleach node they have a significantly
greater number of expanding buds than the intact treatment.

Although only a few buds at node 1 in the inecissed and
decapitated treatments had expanded beyond the prophyll stapge,
the majority of buds at the other three nodes in both treatments
had a leaf appearing aboveithe prophylil stage in {1he intact

treatment .
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Prperdment 5.8

The effect of removing the indtiated npex of the main axis in

L. mulbiflorum (Westerwolds) on tiltering under two nitro gen levels

24 davy éld seedlings-of Westerwolds kept in a heated
greenhouse at natural daylengths, at the third or fourth
visible leaf stape were selected for leaf sheath elongation.,.
This was considered to be the first sign of the plants' approaching
the flowering stage. U0 were planted each in 245 pots in vermicu-
lite, prior to which 20 cof the plants had their apices removed.
The apices were at the double ridge stage, or were at the stage
immediately prior where a greater number of primordia were being
laid down in comparison o pure vegetative, 10 of the intact
plants were subjected to the low nitrate level as were 10 of
the decapitated plants. The other ten of each treatment were
given the high nitrogen solution.

The solutions were applied at the rate of 50 mls, per week
in one application. Although the plants were watered every day,
care was taken that the water did not leak through the vermiculite
by ensuring as lititle water as possible drained completely through
the rooting mediuwm,

Tillers were couﬂteﬁ at intervals, and at the end of the
experiment the plants were dissected to determine the true

position of each Tillex on the plant.

Tig, 5.4 demonstrates the difference in %ill@ying between the high
N decapitated treatment and the low N intact treatment, 12 days
after commeancement of the treatments.

s

he pregregs in tillering is vepresented graphically in

i
Fig. 5.3




Fig, 5.3 Mecan tiller number of Westerwolds plants
at dntervals after commencement of treate
ments at twoe N levels with initlated apex
semovaed oxr plants left intact.

B Decapitated) gy .p N (50 mis HN

solution pexr week)

7

& Iotact

0 Decapitated

low N (50 mls LN
solution per week)

O Intact
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Fie. 5.4

Low N Higli N
Intact

Decapitated

Fig. 5»** Typical effects of decapitation and high N application
on Westerv/oIds (right hand side) in experiment 5*8

12 days after decapitation compared to intact low N
treatment.



Talle 5,15

o i B i AT 2 S

Mean tiller number alb intervals after

[ I

deﬁapﬁtntﬁcn

High HNitrogen

DNays Decanp Intact Dec
0 0 0

h 0 0

8 0.7%0. 217 o 0.6
12 1.9%0,18° o< 1.1
16 z.9%0.357  1.3%0.357¢ 1.5
20 b.6to. kgt 3.1%0.357 3.2

Means in the same vow withoubt a commo

cantly different at 3% level.

Table 5.16

Mean nuwnber of primary and secondary

JLow Nityupgen

ap TNgact

0 ‘ o

0. 0
To.22% oP
70.18° 0?
to.2v8 0.750. 21"

Yo.78td 2.4%0, 647

4

n superscript are signifi.

-
~

~

tillers 20 days after decap-

High Nitrogen

Decap Intact
. I . a+ at
Primary tillers 2.1 -0.18 2.7 0.3

bt

. . -+
Secondary tiller 2.5 -0.31 0.4%%0.1

Means within the same mow without a

significantly different at 5% level

Table 5,17

NMamber of primary tillers at nodes 1

low Nitrogen
Decan Iatact
-+ a .

ko 1.,8%0.33 2.2970.36

6 1.4%0.97 o.2%0.15°

common superscript are

and 2 which bave a visible

leaf number of 3 and over

Decspitated

High N 152
Low N gPe

dWombers without o cowmmwon superscrivnt

at 5% Iovael.

Intact

jb

Bb

care significantly differenc
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The meon Ltiller number ol 1thoe degcapitated plam
shenificantly greaterx than in the intact plants within 8 days
of the apices being removed in both nitrogen treatments (Table
5«15), Tilléring did molt commence in the intact plants until
after the 12th dav.

By the 12th day, the high nitrogen plants which had been
decapitated had a significantly greate% number of tillers than
the low nitrogen decapitated plants. However, by the 20th day,
the high nitrogen intact, the low nitrogen intact and the low
nitrogen decapitated treatments had similar tiller numbers.

The high nitirogen decapitated treatment had a sigﬁificantly
layger.ﬁiller nwumber than the intact plants at boith nitrogen levels.

At day 20, the decapitated tweatments at both nitrogen
levels had a greater number of secondary tillers thaun the
coxrrespounding intact {treatments (Table 5.16)‘ The high nitrogen
decapitated treatment also had a2 higher sccondary tillexr
number thon the low nitrogen intact plants. All trecatments had
a similar number of primary tillers.

This increase in secondary tillers could have been due to
the direct effect of removal of the apices or possibly due to
the removal of the apices inducing early expansion of primary
tillers and so indirectly inducing early secondary tiller
expansion. To determine which of those two possibililies were
respousible, the number of tillers at noedes one and two which had
3 or wore leaves was counted. This wae considered to be a
measure of the propovtion of primary tillers which had arisen
ecornn after the apices were removerd. Onlv the high nitrogen
treatnent had o significantly groeater number of primary tillees
at nodesg one and two in the decapitated treatment relatlive e

the intact plonts {(Table 5.17). Alihouph the Llow uilbrogen lavel




had a greater number in the decapitated group than the intact
plents with three or more leaves, the difference was rnotl
signayficant. (These results were statistically tested by
applying a }?"test in the form of a conltingency table. This
was employed by considering the maximum number of tillers at
nodes one ard two te have 3 or wore leaves in each prouprlto be
20, ie. 10 plante and 2 tillevring sites.) Despibe the low
nitrogen treatment not having significantly different tiller
numbers with 3 orxr more leaves between the two ltreatwents, the
decapitated plants did have a mean of 1.1 tillers at day 12 wvhen
the corresponding intact treatment had none. Therefore, this

would suggest that the primary tiller had arisen earlier in the

decapitated plants than in the intact group.



Lxparinent 5.9

Removal of elongating and flowering tillers of Westerwolds at

two nityrogen levels

Westerwolds seed was sown on 20/3/72 in vermiculite under
nabural light conditions in the heated greenhouse. On 7/4/72
je, 20 davs later, L& seedlines were selected and planted on
each in 34" pots in vermiculite. 24 received high nitrogen
solution at the rate of 50 mles per week, the other 24 receiving
the same amount of low anitrogen solution.

On 19/5/72, when the plants were flowering, the main tiller
appreaching anthesis stage, 12 from ecach treatment were cut at
a height of 4 cms from the vermiculite suxrface. Another 12 from
each nuérition treatment remained intact. Cutting at this
height removed. the emerged inflorescences,; a number of develop~
ing apices, and portions of the elongating stem.

The plants were placed in a 16 hour davlength cabinet (8
hours full intensity and 8 hours supplementary 1ighting). Tillexr
counts were taken at intervals during the month after transfer
to the long day cabinet when the experiment was terminated.

Table £.18

Mean tiller number

High Nitrogen Low Nitrogen
Days Intact Decap Intact Decap
0 6.2520.43%  6.hs5%o.u8%  2.54%0.57P  2.23%0.30"
" 9.50%1.03%°  9.75%0.95%  3.00%0.30% 4.23%0,3u°¢
1k 10.8551.35T 1042100 F s.u6%0.298  n4.ssto. P
21 1.6751.90  11.67%1.169  3.69%0.20% 45370, 37K
28 12,551,370 1z.esti.2at kl69to.38"  s.31t0.u6




Toble 2.19

Mean Lilley increase from day O

High Nitrogen low Nitrogeun
Days Intact Decap Intact Decap
0 0 0 0 0
v 3.2550.04"  g.53%0.v8%  o.héto.29”  2.0%0.24
1k h.ssti.25% 4loto0.91% o.92%0:25%  z.15%0.309
21 s.upty . 208 5.35%0,958  1.1570.37% 2.31%0. 32

" - I I ¢ :t K
28 6.25i1.2():’ 6»50"“.1.0_L6 2915"‘0-}9 3-08 0.3)

Means in the same vow without a common superscript are signifi-

’

cantly different at 5% level in tables 5.18 and 5.19.

Clipping the plants in the low nitrogen treatment gave
rise to a significantly higher tillex number than the intact
plants when tiller numbers were qpunted 7 and 1b days after clipo-
ing (Table 5.18). This is demonstrated more clearly when the
increase from the time of clipping is recorded (Table 5.19;
Fig. 5.5). The clipped treatment at low pitrogen level giveé
rise to a signiflicantly greater increase in tillex nunber than
the intact plants.at days 7, 14 and 21 after clipping.
Irfespecpive of how the data Tor the high nitrogen level
ls considered, the tiller number for clipped and intact plants

is similar.




Mean idncirease in tillexy number subsequent

to commencement of treatments of Westerwolds
plants at two N levels, elther clipped at
day O ox left duntact. 50 mls nutrient

selution appllied per weeld.
intact, High N
Intact, Low N

Clipped, High N

Clipped, low N
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The effect of decavitation on tiller bhud expangion and deovelopn-

ment in 1. Yewmulentim..

L. temulentun  plants which had been growing in the heated
greenhouse under natural daylengths (Nameune) were selected
whern thev were 5 weeksnolde 27 were chosen, and were subjected
to the fellowing tfeatmentsg 9 plants per treatment,

l) Incised and apex removed, the apex being at the

double »ridge stag

[

2) Tncised, but apex left intact.
3) Plants left intact.
The plants were planted in vermiculite and fed Hoaglands
solution.
10 days later, the plants were dissecled and the following
recorded: | -
a) Length of prophyll at nodes 1 and 2.
b) Number of expanding leaves in buds at nodes 1 and 2.
c) Number of unexpanded leaf primordia in buds at nodes 1 and
2
d) Mumber of apices in 9 buds at each node je. 1 and 2,
thch were florally initiated ie. at the double ridge
stage.
e) Number of expanding tillers ie. those beyond the prophvil

stage.
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The prophyil lengths of the buds at node 1 in the decapiltated
toeatment are significantly longer than in the intact snd incised
treatments, the latter two having mean prophyll lengths.which
do mnot differ significantly. At node 2, the decapitated treat-
iment hes the lougest mean prophyll, but the incisod treatimment
has a longer prophyll than the intact (Table 5.20).

The iuncised and decapitabted treatments have similar mean
unexpanded leaf primordia and mean number of expanded leaves at
woth nodes and in each case are significantly higher than the
intact means. The mean nuwber of expanding tillers has a higher
value iu the decapitated treatment than in the other two at both
viodes. The numbei of buds alt the double ridge stage is higher
in the decapitated treatment and incised treabtment than in the
contirels at node 2., At node l,ﬁthe decapitated treatment has a
higher number at the double ridge stage than Tthe control, the in-
cised trcatment not heing significantly difierent from either
of the othexr two treafmentse

The dincised treatment assumes an inltermediate position
between tlie other two treatments for all the characters considesred
at both nodes. There are instances where the similarity is
towards the decapitated and in other inslances, towards the
intact. This @fifect may be due to a lag in the time taken Tovr
thhe apex to diec due to drying out, and so tending to give rise
to decapitation effects but later than the decapitated plants.

The positive effect of decapitation onn the number of leaf
primerdia on the apex may have been due Lo the mornhogsenetic

change to the {lowering stage which was manifegt in the decapit-

Fur
ated trcatnent, Thiz chsnre dn the decapitated plants' buds firom
vegetative to initilated apices indicates the bud is not only

iaduged bto elongabte after decapitation bob alsoe is aovl

-

e toe wmiderpo
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thoco morplolsgsical chengos associoted with She opices of a pin—t

already induced to flower.




Discuansion

Removal of exponding lecaves. ALl of these experiments demonstrate

that by removing the expanding leaves in younyg vyeqrass plants
the buds in the axils of expanding leaves sxpand alt a faster rvale

in comparison to intact plants. This effect is not restricted to

L. percnne (Tab]esgulp 5.4 and 555) but is also seen to exiast in

(Table 5.2) and L, multitlorum (Westerwolds) (Tablie

When I.. temuleatum was used, not only was the number of
tiller buds greater than one mm, recorded, bub so also was the.
number ¢f buds which had their first leaf exponding bheyond the tip
of the prophyll. A significantly greater number of buds were at
this stage in the defoliated ftreatment suggesting that not only
was prophyll induced to elongate faster but the induction of
the expansion of the first leafl was also promoted.

The first part of Experiment 5.1 considers buds which ave at
the stage where they are at least one mm long. In the latter
part of the experiment involving Pax ftofte and Westerwolds, however,
all buds at nodes one and two were taken into account ie. the lenghh
of all the buds were recorxded,.

Measurement of the buds involved measuring the length of the
prophyll and counting fhe number oF buds which had their first
leaf proitruding above the tip of the prophyll. It was considered
that measurement of the prophyll was preferable to measuring the
extremities of the bud os prior te the first leaf expanding
thirough the prophyvll, the prophvll itself would be measured.
Bewever, after the first leaf appeared above the wrophyll, the
length measured would bhe from the base.of the prophyil to theitip
of the first 1leaf. Also, in some experimentas, the Liller buds

had given wise to visible tillera nnd more than one lTeuf was




appearineg above the prophyll. So the upper extrenity of the tiller
would be difficult to determine. Thevreforve, ag the project was
concerncd with the early expansion of tillexr buds, it was
considered that the prophyll length was a suitable measure of ex-
pansion.

When all of the buds at nodes 1 and 2 are considered in PFax
Otofte expansion of the buds in the defoliated plants is greatewx
than in the intact treatments. This is also true of Westerwolds.
When a time course on tiller bud expaunsion was carried out, the buds
on the treated plants had significantly longeyr prophylls than the
intact controls by the fourth day after the treatments commenced,
and by the twelfﬁh.day, significantly more buds had passed the
prophyll stage than the controls,

The rvresults of these experiments suggest ithat removal of the
expanding leaves by surgery accelevates the expansion of tiller
buds in at least three species of ryegrass. There are, however,
other possibilities which could be responsible for the elongation
of the buds. These include the effect of lipght passing through
the incision and impinging on the buds and/cr the weunding effect
of the incision.

These possibilities were studied further, and it was Found
that the exclusion of iight by enclesing’the base of the plant
in aluminium foil did not prevent the expansion of the buds when
the expanding leaves were vemoved. The feil seemed to have
excluded the light Trom thie part of the plant it énclosed as it
assumed a chlorotic appearance by the end cf the experiment. The
variation among replicates was grezter in the first experiment
int which light was excluded compared to the second. 7This may
explain the relative lack of respomnse to the trestments in the

Tormer axperiment.
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The positive effect of the incision in these two experiments
would suggest that injury to the sheath causcs elongation of the
tiller buds. However, it was notaed that in the incised treatment
vhen thie expanding leaves were left intact, that the expanding
leaves grew out of the incision in many instancés.rather than
ceantinuing to expand up the column formed by the expanding leaf
sheaths. This gave rise to disfiguration of those leaves as well
as an increase in the rate of expansion of the tiller buds at the
lower nodes, Xt was also noted that in the incised plants in which
this did not occur, the tiller buds were similar to those in the
control plants. However, in the experiment where the plants were
selected with their oldest expanding leafl almost Ffully expanded,
the incision was seen to have nce effect on the buds and the
expanding leaves did not grow oult of the incision. This was due
to the presence of the oldest expanding leafAfunctioning as a
guide for the younger leaves. S0 in the other two experiments
the effect of the incision was presumably indirect.

The removal of expanding leavesg, therefore, ijis responsible
for the increase in the expansion rate of tiller buds. This
suggests that under the circumstances in which the plants were
grown the presence of the expanding leaves exert an inhibitory
effect on the growth of axillary buds.

The removal of expanding leaves inducing elongation of
axdllary buds has been found in pea (Snow, 1929) and dwarf bean
(White, pers. comm, ). Howevexr, in those plants apical dominance
is apparent for a considerable time, ie. a lavrge rnmuber of leaves
are visible on the main axis before any axillary buds grow out under
"natural conditions". CGrasses, on the other hand, can have tillers
visible above tihe subitending leal sheath of the fivst leafl when
the third leaf is expanding. The plants in the experiments

caryried oulb in this study were kept in a seed tray uader very




doensely Wﬂﬁlﬁ@ﬁﬁitiﬁﬁﬁ%ﬁﬁj.thﬁ treatments commenced. Livby and
Faris (1972) fouad that when barlety ssedlings were grown uwnder

such conditvions, the elongation of the tiller buds was reduced.
Mitchell (1953§ observed inhibition of tiller bud expansion in
ryegrass when bthe plants were grown under low light conditions.
Therefore it is pessible that the plants used in the oxperiments

in this study were exhibiting apical dominance due to the condiitions
under which they were grown.

Nevertheless, when removed Lrom these condiftions and the var.-
jous treatments cemmenced,; the removal of the expanding leaves
allowed the plants to overcome this apical dominance effect sooner
than the intact plants. In fact, there is evidence in the time
course experiment that the tiller bud at the first node of the
intact plants was permanently suppressed, hardly exvanding
throughout the twelve days the experiment was counitinued aftexr
the treatments commenced.

The presence of the expanding leaves inhibiting the elongaticn
of axillafy buds has been concluded to be due to the expanding
leaves being the source of correlative inhibitor. There is strong
evidence to suggest that the inhibitor, or at lesast ome of them is
indolewacetic acid. Young leaves have been reported tc have high
levels of 1AA. Delisle (1938) found young leaves of Astor
are high in lAA and considered them to be the main source., Van
Overbeck (1938) found that the primary leaf in maize seedlings
was rich in 1AA ie. the Tirst leaf still within the coléGptile.

The terminal meristew including expanding leaves has been
found to be a sinl for carbohydrate assimilated in the youngest

exatndoed Laoail. i Ryt 1970a1 19706 1072 ).

aipacd

i, te mmlentum Ryle Tomd ihat in the eariy vegetbative stage, the

avical rvepion, incliuding expanding leaves claimed 15 to 20% of



the labelled carhbon, when the youngest Fully expanded leaf -was
. e - : ce . ) .
fed €770, 'nerefore it is pogsible that the removal of most of
the “"“terminal meristem' sink allows a greater amount of assimilale
to be available for the expanding tiller buds., In light of low
intensity, there is a greater proporition of the labelled carbon
retained in the fed leafl than in light of a higher intensity
(Rylef 1970b) but the terminal meristem contains a similar amount

b 1h
L

of under both light intensities. Therefore less ¢ is found
in the xoots and tiller buds in the low light treatment.

However, in the experiments described in this study, the plants
in both intact and defoliated tyeatments were grown under high
light conditions after the treatments commenced. Therefore
it is difficult to imagine that carbohydrate was limiting after
the plants hod been under those conditions for a period. It
is more likely that the removal of the leaves has removed a
factor which was preventing the tiller buds from expanding. This
is particularly so when the time course experiment is considered.
After the fourth day, the tiller buds in plants in which the
young leaves had been removed were significantly larger than the

; intact. Throughout the course of the experiment, the buds of the
intact plants hardly expanded at all, despite the plants being

f under high light conditons. Therefore itlis more likely that the

buds in the intact plants were inhilbited from elongating by some

factor other than carbohydrate, produced in the expanding leaves.

That the expanding leaves in grasses have no influence on
tillering hags been put forward by Jameson and Huss (1959) in the
introduction to theix paper. They quote the work of dMitchell
(1953b) and state "Mitchell (1953) founa that young'leaves cf

ryesraes {(lolium €pp.) were not effective in inhibiting lateral

Lo

buds' .  Bitehell;, however, did not show that the voung lesves
Eag

wors nel effretive, ond did not claim this. He did howevern coneclude

“hAlunougn perlbions of leaves al all stages of maturity were cut of7




B

hy bthe defoliations, it canuel be inferred that there was direct
removal of any major centre of auxin production... Thus cutting
at the one inch level will have removed no stem apices and little
if any expanding leaf tissue.,”

Therefore although Mitchell was able to show that by cuitting
to Tthe heighit of one inch the elongation of tiller bLuds was
reduced, withont removing expanding leaves and epices, this is not

evidence that those parts of the plant have no effect on tillering.
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nemoval of apices. In the expexriment where the apical vegion

(morphological apex and small expanding leaves surrounding the
apex) of Westerwolds plants were removed, a sipgnificantly greater
number of tiliars were horne on the decapitated plants. Some

of the apices of these plants were initialed when the treatments
commenced, as was obvious when the experiment progressed since
the inflorescences of some of the plant; were visible above the
leaf sheath of the flag leaf.

This experimnent resembles the type of surgical experiments
carried out in dicotvyvledons ie. where apex and expanding leaves
are removed, and the results are similar to what w&uld be
expected in dicotyledons jie. the axillary buds grow cut after
decapitation. However, due to the plents approaching the flowering
state, it was considered that the flowering apex may have an
effect on the elongation of tiller buds. In the experiment where

L. Ftemulentum at the stage just prior to ear emergence was

decapitated, the treated plants gave rise o an increase in
tiller number compared to the intact plants. However by day 20
the twe treatments were not significantly different.

The rvesults of this experiment show that removal of the
developing inflorescence.gives rise to tiller production.
However, it only accelerates what eventually happens in the
intact plants. This effect of the reproductive axis on tillering
is similaxr to what has been found in perennial grasses (Lamp,
1952; Langer, 1959) and in baviey, (Aspinall, 1961). In ail of
hose instances, the initiation c¢f inflorescences gave rise to a
temporary decrease in tillering. However, the'"TlushV of tillers
formed after decapitation is seen to be controlled, aa, between
day 10 and dav 20, thé decapitated plants only show an increase

of Q.2 tillexs per plant.




Therefore, it would scem that the inbulbitory eflfect of the
reproductive axis on tiller bud expansion comes to sn end at some
point after the ears have cwerged, probably mvboubt anthesis.

Also, as the increase in tillering brought about by decapitation
only lasts for a ldimited time, it is possible thal the apices
o

0f these newly expanded tillers are inhibiting further expansion.

Although no dissections were cariied oué to detemnine the state

of those apices, l.. fewulentuam ., being an amual, would be

initiated at a low leaf number, (Bdmmer, 1963). Therefore this

would allow the intact plants to approach the tiller number of tlhie
decapitated plants in the long term. This effect of the flushes of
tillers on floral initiation is seen in barley (Aspinall, 1961).

When nutrient was applied weekly, there were two flushes of tilleving
and this was reflected in the periods of ear emergence ie. there

wvere two periods, following each of the periocds of tillering.

Removal of the developing inflorescence in Andropogon cristatum

glives rise to the elongation of one, or occassionally two axillaxry
buds at the lower nodes of the axes (Cook and Btoddart, 1953).

The lag in flowering, has been found in barley not to be due
to the lack of buds (Aspinall Jloc. .cit) but due to these buds
not expanding during flowering. In the second period of tillering
only about one third of these buds did expand, another third
dyving before becoming visible above the subtending leaf sheath.
In the experiments reported in this study, lack of buds also does
not seem to be the reason for the inhibitery effect of flowering
own tiller productiocn, as the final tiller xuumber of the inhibited

plants approaches that of th

Q

decapitated plants.

Bffect of nitrosen on aviecal dominance in srasses. When the

expansion of tiller buds at the four lowest nodes was examined
prior to emergernce from the subtending leaf sheath it was found

that Lo prophvii lensths vere significantly longer and numboxn




of huds avppearing above the vrophvlii were significantly higher in
the decapitated plarnts at csch node.

Tillex buds at nodes one and two ia the intact plants were
small ie. mean length was less than 1 mm. This was in compayrison
to the buds at node 4 which were five times longer. The decapitazed
plants alse have smaller prophylls at nodes one and two than at
nodes three and four. This would suggest that l) the older bhuds
have been under greater suppression and 2) because of the length
of time they have been suppvessed, bthe less they grow out when
tlhie apex is removed.

This is similar toe what was found by Mitchell (1953b} when
he transferred ryegrass plants Trom low light intensity to
conditions of high light intensity. The buds which wexre supp-
ressed the longest were less likgly to grow cut when placed in
more conducive conditons. Likewise in this experiment, though
it d4s unlikely light was the factor limiting tiller bud growth,
the tiller buds at the lower nodes were less responsive to
decapitation of the main axis.

In the incised treatment, it was found Hthat the tilier buds
were similar to those in decapitated plants. However, as has been
pointed out, the developing intflorescences had died in all but
two of the plants, and in those two plants the tiller buds were
more like those of the intact than the decapiated plants. T3
is more than likely that the incision treatment was affecting the
growth of buds indirectly, by alillowing the develeoping infloresc-
onces to become dehyvdrated, than directly by giving rise to a
wounding respoiise.

Varyving the leval of niltrogen applied to intact and decap~
itated Westerwolds plents, the intact.plants alt both N levels
iritidally have lower (iller numbers than decupitated plants after
thhe decaplitation trecatwments cormumence, Howeowaw; by drov 20 the bioh

nitrogen decapitated treatment is Lhe only treacment with a




stegnificantly higher tilley number than the others. It is sig-
vificantly higher than the other ftreatments at all tiller counts
af'ter dav 8. This suggests that the combination of decapitation
and high nitrogen application gives rise to higher tillexr number
and so pPresumably has overcome apical dominance.

Although there are mavked differences between the two N levels
in the decapitated treatments, the intact plants are not aflfected
in this way, at least not significantly. This is contrary to what
has been found by Aspinall (1963). He was able to show that the
degree of release from apical dominance in barley by removing
the developing spikelets, was more noticable at the low nutrient
level than the high nutrient level, suggesting that at the high
leve]l apical dominance was less marked.

One explanation for the results of this experiment could be
that the plants, prior to decapitation had been kept in the sced
tray under severe nutrient gstress, both inorganic and carbohydrate.
Having been released from these conditions, and the apex having
priority over the other meristems for any available nutrient,
the tiller buds in these two intact treatments will be Jlow in
nutrient in comparison to the apex. However, in the decapitated
treatment, where the apex is not depriving tiller buds of nutrient,
the tiller nuwnber in those treatments could be a reflection of the
amount of availahle nutrient, particularly in the long term, as
igs the case ie. at day 8 the tiller numbers are not significantly
different, but from then un to at least day 20 they are.

Although by day 20, the mesan primary tiller number of each
trentment 1s similar, it 1z the secondary tillers which are
responsibhle Tor the differernces in tiller number between treatments.
foth the decapitated treatments have significantly higher tiller

numbees than the corresponding intact plants. This, however,
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could be due to the primary tillers oif the decopitated plants
expanding before the intact plants. The number of primary

tillers at nodes 1 and 2 with greater than thiree leaves substantiate
this, particularly at the high N level.

The results of this experiment suggest .strongly that putrition
ias implicated in apical dominance. Although this experiment, as
has already been pointed out, does net allow the same conclusions
to be drawn as frem thalb of Aspinall's the second mutritional
experiment does. In that experiﬁent it 48 found that olthough
clipping the plants at the high nitrogen level has no effect,
there is a positive effect on tiller number when those at the low
level are clipped.

One of the differences between this expervriment and the
preceding one is that the plants had been grown under the different
nitrogen levels for a considerable period prior teo the commence-
ment of the clipping treatments. It is possible that the plants
at the high N level were under optimal nutritional conditons,
and so there may have been sufficient nutrient available to
satisfy the requilrements of the developing inflorescences but
insufficient to allow optimal development of tiller buds. By
clipping ie. rewmoving the developing flowering axes, the sinks
would be reduccd, at least temporarily, hence allowing more tiller
huds to expand after clipping. That the difference hetween int=ct
and decapitated {(or clipped) pants is temporary could bhe explained
as has been mentioned in reference to a previous experiment, by
the formation of developing inflorescences in the expanding
tillers. These would exert an inhibitory influence on the
remaining buds. Hence the intact plaﬁts would bhe able to attain
a similar tiller number before they also were resbtricted in tlie

same wav f{row producing fTurther tiliers.




When the inflorescences which were at oxr bevound ear ewmenrg—
enece were renoved in the Field in spaced plants of VWesterwolds ai
a number of nitrepgen levels, the incresse in Liller mumibers over
the period was not significantly different to that of intact plants.
is could be explained by the fact that the inflorescences priox
Lo ear cuwergence were exerhing an effect, preventing any increase
in tiller number over the intact plants: Albernatively, the W

lev

o}

ls, even when no N was applied was not sufficiently low to

give rise to the effectse found in the greenhouse/growth cabinet
experiment . Earlier experiments in this study had shown that the
developing inflorescences in Westerwolds at stages prior te ear
emergence did inhibit the elongation of axillary buds. Alsc the

N Jlevels used din this plot experiment were seen te have an effect

onn the tiller mmumbers. Therefore the former explanation is probablv
the more reasonable, although the latter cannot be discounted.

Nitrogcen has been seen to overcome apical dominance effects

in flax, Jinum usiCéissimun (Gregory and Veale, 1957) and’ in

rhigmes of Agropyron repens (McIntyre, 1964; 1965). Inorganic

nulrients in total have also beenn found to decrease apical
dominance effect in barley (Aspinall, 1961; 1963)a Therefore
the results of the clipping experiment are in agreement with this
effect.

Although current theories in apical dominsnce involve the
diversion of autirients and hormones by other hormones within
the plant, as already discussed in the Literature Review, the resulzn:
of these experiments do not elucidate the mechanism of apical
dominance i grasscs. They do however agryee with whal hoas been
restuloted in atvdies in the changes in tiller pepulntions ocver a

numbher of

%a €

seasons de. in tall feseue (Festuca Brmdinacan)

(Mhaor, 1968), meadow feasgue (Festton pratensis) and timothy

(it paan menionse) (Taneer, Rvie and Jewiss, 1964). Rolson {(1969)

PR
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constdered that the velative competition between vegebtative and
reproductive tillers changed as the season progressed, and so
there were various times of the year when tiller death occurred
ingpaced plants, presumably due to this competition. lLangew,
Ryle and Jewiss (1964) consider that the decrease in tillering

at flowering is due to a) increased competition for assinmlate by
the developing inflorescence and b) horﬁonal control of flowering
apex on the elongation of tillex buds. Certainly Ryle (1970a;
19700, 1972) has shown that the developing inflorescence and elonga-
ting stem are a Jarge sink for assimilate from the flag leafl.
Therefore other parts of the plant particularly meristems will

be deprived during flowering.

However, Ryle (1964) found that uunder low N conditions,
branching in the developing apex was veduced in pereunlial ryegrass.
Therefore the apex was influenced by N level. It is difficult,
nevertheless, to debtermine whether the effect of N was direct or

whether it was influencing assiwilate level. It has been well

established that high nitrogen levels increase the mean leaf area

and so presumably the effective photosynthetic area (Ryle, 1964}.
Alsoe low nitrogen reduces the photosynthefic ability per unit
area of Jleaf in maize (Ryle and Hesketh, 1969). Therefore low

N may be giving rise to é reduction in the level of assimilate
within the plant, hence increasing competition among the wvarious
"ainks',

Morphological changes in tiller buds freed Ffrom suppression

Although it has been shown that nitrogen, oxr total inorgenic
nutrients can overcome the effect of flowering on tiller production,
the amount of nutrient required has to be at a high level,
{aspinall, 1961). From a study of the allocation of minervals
within the grass plant particularly at flowering, it has been

found bhat developing bharliey grains compete strougly with tiller




Puda ard that 16 takes o very hibpesh amount of nwtrients to be applicd
to overcome this strong competitive effect of the developing in-
Tlovescence (1anger9 1972 ) . Theivefore some mechanism must be
operating within the grass plant which controls the allocation of
nutrients to the various plant parts. So the partitioning of
nutrioents asioltg the various mer%btems cannet be explained simply

on the basis of relative competitive stréngth between the plant

o

parts for limited amounts of mutvient.
Tn the experiments where the developing tiller buds were

disscoted subsequent to decapitation in Lolium temulentum ., it

is seen that decapitation increases a) the total primordium number;
b) the number of expanding leaves, c) the proportion of plants
with buds at the double ridge stage and d) prophyll length.

The wiexpanded leaf primoxdiwun number could be due to the
transformation of the apices to the flowering state, as this
figure dncludes the primordia which subltend the spikelet primordia,
and it has been found that the rate et which primordia are laid
down ls increased immediately prior to the attainment of the
double ridge stage

A numbeyr of important points emerge from the results of this
experiment. First of all, it could be concluded that the general
activity of the buds is increased by decapitation ie. prophyll
elongation, leaf expansion and primordium Tormation are increased.

Secondly morphogsenetic changes are induced to take place in the

budes of the decapitated plants, particularly the transiticn from

2

the vegetative (o the flowering state. This suggests that there
could be mowe to the decanitation effect than just increaseced avsil-
ability of nutrients (orﬂunic and /o inorganic) for the tilley buds.
That the apex has bheen transformed in a number of the decapitated
plonts couldd iwplicate the role of plant horwones in the apical

dominance of grasses.




Cell division wather than cellular elongation in lateral buds

is dincressed in grass plaunts when they are released from suppression
gither with application of TIBA or naturally, {(Jewiss, }972)°

Jewiss argues that cytokinins are capable of increasing cellularx
inisiona Also as application of kinetin to suppressed axillaxy
buds frees thewr from suppression he considers coytokinins could be
the repulator within the srass plant which is responsible fox the
release of the buds from inhibition.

The morphogenetic change in the buds of decapitated grasses
would suggest that the release fircom the suppressed state was not
éntirely due to nutrition. It could bhe considered that the buds
were dormant and that the removal of the apex released them Ffrom
this dormancy giving rise to increased cell division, elongation
of the prophyll (presumably due to cellular expansion), and a
visible change in the morphology of the apex,

Jewiss considers that the elongating sltem of a flowering
axis could be playing a xrole in the inhibitlon of lateral dbuds.
In some of the experiments in this study, most of the apices
which were removed were too small to remove solely without
removing the uppermost expanding leafl le. they were removed
at a point below the uppefmast node. DBranson (1953) has found
that removal of the developing inflorescence below the lowest

spikelet but above the highest node in Andvoporin does not

intiibit the elongation of the stem. However, if the apex is
removed helow the uppermost node; the stem does not continue to
elongate. In the experiment where the developing inflorescence

was removed in . temulentum  just prior e ear emergencs=, the

—— v 2

developing apex was removed above the topmost node, and ohservabtions
althoush not guantified, substantiated what had been found by Breanson

viw. the satem elongated allber the apex was removed. This woidd

.
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guggest that the elongation of the stem was not coentrolied by

the develeoning inflorescence. A8 a counsgaguence, Lt is poessible
that the source of inhibhition dmposed by the Tlowering axis

is not the expanding stem but is the young inflorescence. However,

ci’-.

this is inconcluvaive as the stem length was not recorded in

any plants.
So faxr the influence of flowering on tiller bud behaviour

has been studied in annual grasses. Annuals by definition

generally complete their life c¢ycle within one veawr, le. they

lack perenwﬁalityo Nevertheless by studying annuals and the

characteristics which they possegs which is respoensible feoxr them

being annuals, information about per@n?ﬂality can be deduced.

The preceding experiments have shown that when the main axis flowers

tiller bud expansion is inhibited awud that tiller buds as well

as tillers can bte Tlorxally inittiated. These are factors which

may prevent a grass plant from peremuating. However, even 1if after

flowerding some tillers and buds remailn vegetativepAiu tempexate

conditions they alsc have to he able to withstand the low temperature

conditions of winter. The following section is concerned with

a study of sgsome of the factors which may influence the ability

of a grass plant tc withstand Jow temperatures.




SECTION 6.

ITUDY OF SOME FACTORS INFUJENCING COID HARDINESS

IN RYEGRASSES.

RESULTS AND DISCUSSTON



affect of some environmental Tosctors on cold havdingess of

e nen

It ls generally believed that short days and lower temperatures
of auntumn are responsible for the onset of hardiness of plants
allewing them to withstand the low temperaturcfof winter. It is
nlso conasidered that under (ield conditions,; hawrdiness is reduced

if N has been applied in the auvtuwmn. These factors important in
field conditions were considered to merit Turther study. In this
section, use has been made of controlled envivonmental facilities

to study in more detail the effects of davlength, temperature

and nitrogen nutrition on the induction of hardiness.

It should be emphasised that the following study is not
concerned with winter havdiness but with cold hardiness which,
as already mentioned, is Jjust one component of the foxrmer.

Most cold hardinessistudie3~of plants under artificial comne-
ditions involve the plants belng Subjected to low temperatures while
atill in their rooting medium . In order to ensure that the
roots reach the desired low temperature, the plants generally
have to be kept under the low temperature conditions for a number
of days. This method, however, imposes certain limitations on
experimenﬁs due. to a) plants in pots take up so much room that in
a small chamber {he number of plants tested at any onc time is
small and b) the length of time at any one lemperature is long
and so the risk of temperature fluctuation is increased.

The following experiment was designed to test if shoxt tern
treatment of bare roots was comparable to Jong term cold btreatment

of plants with roots In soil.




Experiment 0.1

Fal

Compaiison of amount of daumage causoed by two wethods of freezivg

Pax #tofte and $23 plants which had been growing in the
heated greenhouse and were at the fourth wvisible leafl stage
3 g . . o 2@ . e 16 Firs)
wvere transferred to a cold cabinet at +5 C undexr long days (1O LT85 .
They were grown in 34" pots, 4 plants/pot.
Q. - - JER
After one week at +5°C, 3 pots of ench strain were placed in
the refrigerator as were 12 plants of each strain which had been
1 . . 1N - e O
removed from their pots. The temperatiure was dropped to -5 C.
AfTter 1 hour at this temperature, the plants which were not in pots
were removed firom the refrigerator and the degree of low temperature
damage assessed by the electrolyte release method.
The plants which were in pots wexe kept in the refrigerator
. o R ; S .
for 3 days at -5 C, in darimess. At the end of this period, thev
also were assessed for damage. The results of the amount of

damage caused by the two systems were compared, (Table 691).

Table 6.1

Mean Relative Conductivity of Plants at Varions Treatmentis

Control QSOC —500
loose in pots
Pex Ptofie 24F 0,020 755,016 ot ozz
$273 272 0.009 .72% Los0 .76% Loz21

No significant difference in damage was found when the two
methods of freezing the plants were compared, which gave rise to
a relative conductivity of about 0.75. Therefore the vresults
obtained by the technigue employed in this project die. by removing
the plants from their pots and subjecting them for 1 hour to the
appropyviate temperature can be compared to those of other workers
who kept their plants in pots and subjected them Lo a longer

period ab low tempasraturc,
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Artificially asscasing the hardiness of plants can be carried
out in a oumber of wavs (Dexter, 1956; Smith, 1964). The two
nelhods used in this study were electrolvie release aud tiller
or plant survival (Materials 2and Methods pages ,), Preliminary
experiments had shown that when mean relative conductivity of
plants subjected to a range of low tempevratures was plotted against
the appropriate low temperature, there was usually a sharp
increase in the slope of the curve between two temperatures.
Plotting percentage survival against tewmperature also gave rise
to a steep slope in the curve between the same stwo temperatures.
The following experiment demonstrates such a relationship between

survival and mean relative conductivity.

Experiment 6.2

Comparison of Survival and Flectrolvte Rélsase as Methods in
n

Assessing Cold Hardiness in Pax #tofte

Plants with three visible leaves were used in this experiment;
They had been sown on 1/11/71 in a heated greenhouse undexr natural
light conditions. As the aim of the experiment was to compare
demage and ability to survive at a range of low temperatures,
there was no need for the plants to be hardened.

On 29/k/71, 100 were removed from the seed tray and were
subjected to the following temperatures, 20, 0, -2, -4, -6°C,
10 plants were removed at each temperature and their damage ass-
essed by the electroyvte release method. Anocther 10 were used to
measure their ability to survive at each temperature by counting

the number of plants living 10 days after the cold treatment.
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Relative condnativity and ¢ dead plants after low temmneoratuire

Rel. Cond. & dead
s} R
+20°C 0.18% 0.02 o
0°c o0.17% 0.02 0
-.2%¢ 0.33% 0.02 " o
-h%c 0.75% 0.03 86
) o+
~6%¢c 0.82% 0.0%3 100

The results presented in table 6.2 are not conducive to
statistical comparison. However, it is obviocus from bolth per.-
centage dead plants and rvelative conductivity figures that there
is a large increase in both when the plants are subjected to a
temperature of betwesen -2 and ~4%c (Fig. 6.1). These results
suggest that when a relative conductivity reading less than O.4C
is obtained, deaths are not encountered, but wvhen the mean
relative conductivity is greater than 0.70 the percentage survival

is about 20.

Experiment 6.3

Comparison in hardiness of Pax @Ftofte, S23 and Tetilu tetraploic

Seedlings thes three cultivars when at ne third expandin
Seedlings of these three 1ti wh t the third panding
leaf stage were transferred from the heated grasenhouse uvnder natural
davlight conditons (Marchwﬁpril) to a growth cabinet at 16 hours
. ¢ . -

daylength and +7 C. They remained under these conditions for 2
weeks aurl then were subjected to a range of low temperatures ie.
iy ] “ . O -t
7, 0, SH L, w6 and 870,

12 plants of each enltivar were removed at eoch temperature
and planted in 3, 4" pots (die. 4 pilants/pot). The +illers were
countad immediatelyv after bthe cold treatment and alb weekly invervals
theveafter for 73 weeks. The relative tiller numbers ior each

troatmont ave nresonted da fable 6.3
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Thge 06.2.A Comparlson between haxdened Paix ftofte
' (left) and 3523 plants 14 days after

subjection to -4°¢C.

Fig, 6.2.8 Effect of low temperatures on hardened
S23 pilants at 47, -4, -6 and ~8°C
1l days after subjection to low temper-

aturesg.




Fig. 6.2 .A.

Pax Otofte S23

Fig. 6.2.B
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The varicities have similar Hi3ter nmumhers at oill tiller
counts at +70C and 0°C, At »HOC; however, varietal differences
appear. At day 1h Pax #Htofte has a significantly higher rTelative
tiller number than S23 and Tetilia tetraploid. But at day 21
althought there are41arge differences bebtween the wvaricties, they
ave not significant. A demonstration of the comparative elffect
of -4°C on Pax #tofte and S213 can be seen in Fig. 6.2.A.

After the plants had been at «6°C the Pax Btofte plants
have =a significantl? higher relative tiller number on day 7 than
S273 plants which in turn have a significantly higher mumber than
those of Tetila tetraploid. The significant difference between
$23 and Tetila tetraploid is not persistent and so by day 14,
the difference is not significant. The effect of the temperature
range employed on S23 rvegrass is shown in the photograph in
Mg. 6.,2.B. The relative tiller number of Pax #tofte plants at
days 14 and 21 increases and so they remain significantly higher
than the S273 and Tetila tetraploid plants,

-8°C is too low a temperaturevfor any of the plants to swuwvive
and so obviously the wvarietal differences are not manifest at this
temperature.

These results suggest that Pax #tofte is more cold hardy
than S$23, which in turn‘is only marginally, if at all, more
hardy than Tetila tetraploid under the hardening conditions

emploved in this experiment.

Experiment 6.4, Effect of N on bardiness in the field

Experiment 6.4.a

Degree of hardiness of Paxw @tofte tillers in autvem of a season's

[

growth under different Nitrogen regimes

os

Semmilers of

ol o

.

Lliers were token on 5/9/71 Ffrom the Field ond
weye subjected to low temperature treatmevt. The temperatures at

O, -0 IYe] -
Cy, +27C, -2 C and ~-06"C. The

. . ; A1
witich somnies were removed were -0



o

results of the mean relative conduclivily of the samples are
rresented 54 table 2.3. There woere 4 tillers per nitrogen treotrment

at aach temperature.

Table 6.4,

Mean relalbive conductivities at wvarious Jlow tewperatures of Pax

ftofte at % W Jlevels

Temp °C ON 1N 2N 3N
ot 2 4 a ot & ot a.
+6 0.24~0 .07 0,19-0.0k4 0.20~-0.04 0,23-0.07
o o4 - o i3
42 0.3270.05"  0.25%0.03°  0.31%0.08"  o.3750.04P
- ; : : .+ ' ,
-2 0.735%6.02°  0.65%0.06° 0.65%0.05° 0.67%0.05°
el .. - . ' 2
-6 0.80%0.04°  0.90%0.019  0.93%0.02%  0.88%0.05°%]

There were no significant differences in mean relative
conductivity between any of the nitrogen levels at auny one
temperature except at -6°C at which temperature the Llowest
nitrogen level has a mean velative conductivity significantly less
than that of the 100 and 200 units N treatment (table 6.4.). To
what extent this result is meaningful is debatable as a relative
conductivity of 0.80 represents a high degree of damage. So from
the aspect 6f survival, the results may not have been as above as

at ~6°QW percentage kill could have been total.

Exreriment 6.4.0b

In mid-October, procedure similar to experiment 6.l.a was
repeated. Tillers were collected on 11/10/71 and were subjected
o o, v . - .
to 4606 and -3 C, Sufficient material was collected so that as

b

well as relative conductivity being measured, =0 also ccould the

munber of adventibious woets forwmed after a period in nutvient

selnticr. Tilierszs which had obviousiy slight stem etongntion




were selected, as there would bhe a greater chance ol there being
nodes, hence potential sites for root formation. Five tillers
were tested in each treatment by each test.

The tillers whiech were kept te determine the degree of root
formation were placed in 25 x 150 mm test tubes containing 16 mls
of nutrient soluticen. Roots were counted after one week, and
again, one week later. The results of the relative conductivities

and root counts are given in table 6.5,

Assessment of damage at a range of low temperatures
Test Temp. ON 1N 2N aN
: . 4 ‘ o+ -
Mean relative 46 0.19%0.01 ©0.18%0.03  0.19%0.04 o0.32%0.c0k
. 4 o 2 .

conductivity -3 0.6350.10 0.81%0.02 o0.75%0.0% 0.81%0.96
- + oy ., . - - + -/ -
Mean rocot +6 3.6 «0.68 3.4 0.5 2,6 ~0.2h 2.25-0.66
count, after - 0 e Qo 0
1l weel

_— + e T
Mean root +6 5.4 ~0.86 5.4 ~0.97 3.2 ~0.20 L.5 1,37

count after -3 0.6 to.40 0 0 0.2

2 weeks .

Relative conductivity

The relative conductivities in tahle 6.5. show that at a
small subzero temperature, the tillers are damaged quite severelw
the least damaged being the ON treatment. Due, however, to ihe

high variation the 0.63 value of the ON trealment is pnot signif-

]

jcantly less than the higher values of the other threce treatments
at -37C.

Adventituous roots

The unuwwbher of adventituous roots formed after subjection te the

; . o O .
two temperatures alsoe demonstrates the effect of «3°C, Nane of

4]

Lite Lreabed phaats had proeduced

nodsl rocts afteor o reviod st the
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low tewpoeratures whereas allthe nitrogen treatments which wexre
at +606 have a mean oot number of 2.25 or over., Two weeks alter
the cold bzeatment, the ON and 3N levels had a few roots visible

but were still appreciably lower than the control plants.

Pxperiment 6.4.c

Comparison in hardiness between plants at Jlow temperabure and plants

under natural conditions in autumn

On 5/9/72, & plants from the ON treatment and 8 from the 3N
level wevre planted in 6" pots and brought into growth cabinets
(Type A) at +7OC; % of each treatment were placed in a cabinet
at & hours davlength (8 hours full intensity)o : -

- . The plants were kept under those
conditions Tor one month afier which samples were btaken. Foux
plants from each of the two N levels in the plots were chesen at
this tiwe, and tillérs were removed from them,

10 tillers per N treatment wexe removed at +6OC, 0°c and
~6GC, 5 of the tillers were employved in relative conductivity
measurements, and 5 were repotted and the number of living tillers
were counted three weeks later. The results ave presented in

table 6.6.
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Table 6.6

Mean relative conductivity and tiller number aflter subijection to

low temnmerature traatment

Qutside Short days/low temperatur
ON N ON 3N
o 4 et
Mean +6%c 0.47%0.05  0.51%0.09 0.38%0.09  0.3820.0%1
Ed e . S 3 .
relative 0°c  0.40%0.07 0.5870.08  0.59%0.07 0.46Z0.06

b

- + e + .z
conductivity ~6°C 0.8550.04% 0.83%0,04% o.5770.05° 0.67%0.067"

4+ e de

Mean tiller +6°¢ 1 T o 1.8 Y0.970 2.2 *0.589° 2.8 T0.20°
o] “l"’ ; f - L “}' ..f ‘%‘ - :f' (()‘ ‘%‘ g

number 3 weeks 0 C 1.3 0.4 1.4 ~0.37 2,0 ~0.32"% 2.8 ~0.20
A A 3 . -
after coil -6%c 0.2 o 0 2.0 Yo.u59 o.u to.uoht

treatment .

Means within the same row without a common superscript are signif-

icantly different at 5% level,

" Table 6.7

Mean relative conductivity wand tiller number when 2N lovels are

considered together in each environmental treatment

ON + 3N
Outside SD /Lt
ate N
| Mean +6°¢ 0.49%0 .00 0.34L0.05%
. ' 0, + b + b
l relative . o C 0.49-0.05 0.52.0.05
| conductivity ~6°¢ 0.84%0.03° 0.6270. 044
; Mean tiller No.  +6°C 1.4 o, 22¢ 2.5 Yo,31%
3 weeks after 0°c 1.7 L0.268 2.4 To.228
cold treatment ~6°¢ o.1 0h 1.2 t0.391

Means within the same vyow without a common superscript are

significantly diffevent at 5% level.




Mean relative conductivity and tillexr nnmber when two envitoyuental

breatments within one N level are consjidered taorether

Outside + SD/IT treatment

ON I
benn 67 0.139%0 .05° 0.44T0 o5
relative o°¢ 0g5oﬁo.o5b‘ o.5270.02"
conductivity ~67¢c 0.71%0 .06° 0.75%0 00"
Mean tiller No. +6°¢ 1.6 *o.au¢ 2.3 To.,189
3 weeks after 0°¢ 1.8 to,25° 2.3 To.18°
cold treatment -6°c 1.1 to.38F 0.2 To.20%

Means within the same row without a common supevscript are

significently different at 5% level.

Outaide ON and 3N The two nitrogen levels arse not sipnificantly
different at any of the temperatures at which hardiness was
tested when relative conductivity was the ciriterion for hardiness.
The mean tiller numbers thres weeks after the low temperature
treatments had been imposed reveal differences at the +6°¢
trreatment. The high nitrogen level has a greater mean tiller
number . At «600, 211 the plants of the high nitrogen treatment
are dead,; whereas the low nitrogen Jlevel has a mean tiller number
of 0.2. The difference in this instance is wveryv small, 2ltheough
significant. Considering that the mean tiller wumber at +6°¢C

is small in the low nitrogen trealment, the relative differencs
in tiller nomber at ~6°C will bhe larger than the acbuval,

Short davs - low temperature, ON and 3N Mean relative conduct-

3

ivitles of the twe nitiogen levels at anv one ltemperature are

similar., lowever, the wmean tiller number thyee weeks after the

SO, ; . .
lew temperature treatment of -67C is sigifTicantly lareger ot thno




low nitrogen treabment, suggesting that the plants at this
nitrogen level have bheen less affected by the low temperature than
the bigh nitrogen,

Whether relative conductivity or tiller number is btaken as
the means of gauging hardiness, the Jow nitrogen treatment under
the shoert dav-low temperaﬁnre conditions is more hardy than the
plant s which had heen kept outside, dirrespective of nitrogen level.

Outside and short dayv-low ltemperatures Considering both nitrogen

levels together, the short dav-low temperature treatment has
significantly smaller mean relative conductivity at -6°C¢. The
smaller effect of ~-6°C on the short dav~low temperature treatment
i1s also reflected in the mean tiller number which is higher under
those conditions than for plants which had been‘grown out side,
Although bthe mean tillex number of plants which had been subjected
to +6°C was higher in the short day-low temperature treatment, -6°¢c
has reduced this by just over 50% whereas in the outside treatment
the low temperature (néoC) has reduced the mean tillexr number by
over 90°¢,

ON and 13N Niether relative conductivity noxr mean tiller number
reveal any significant differences between high and low nitrogen
treatments. However Wheq the tiller number after subjection to
~6°¢C is compared to that of the control plants, the mean decrease
in tillering caused by the low temperature is 31.3% in the low
nitrogen treatment and 91.3% in the nlants at the high nitrogen
level., Therefore the high nitrogen trestment has given rise to

a decrcasze in hardiness.

These experiments described are concewvned with the hardiness
of Pox Otofte in the antumn and early winter. In order to
determine the effecits of nitrogen on the cold hardiness in the

middle of wintew, the Tollwing experimant was carvied outl.



Fxoeriment 6. b, d

<L

The effeet of nitrogen on hardiness of Pax dtefte in wid winter

As in the previous experiment, only the two extrwome nitrogen
treatments were emploved ie., ON and 3N. On 29/12/7i, Lo tillers
from each of the two nitrogen levels were brought in from the plois.
The awmbient temperature at the time the tillers were collected
was +40C, and so the tillers were placed in &OC, this being the
first temperature at which the tillers were tested. The other

°¢, -8%

. , . 0

temperatures at which samples were tested were 0 C, -4
[o]

and -127C.

The mean relative conductivities for each treatment sare

presented in table 6.9,

Table 6.9

Relative Conductivities ON . 3N
+4%¢ 0.10%0.01 0.10%0.01
0°c o.08%0.01 0.14%0 .0k
~4O¢ 0.35%0.05 0.3670.03
~8%¢ 0.69%0.03" 0.79%0.01%
-12%¢ 0.79%0.01 0.64%0.073

Means within the same row without a common superscript are
significantly different at 5% level.

Down to thG, the relative conductivities for each treatment
are Tairly low, with very litltle difference between the two nitrogen
levels. However, at MSOC, the difference of 0,10 units between
the two nitvogen treatments ds significant, the low nitrogen
treatment having the lower ‘menn relative conduchivity. This
suggests that the damége inflicted on the tillers at ~8°C is
less in the low nitrogen treaﬁmenﬁ'thaﬂ at the higher level of

nitregen.
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At estimnte of the eaffTect of winter on the suvrvival of tillers

of Por rotle 1mder a ranee of nitrorsen levels

The intention of this experiment was to assess the effect of
2 winter in the VWast of Scotland on the survival and regrowth of
L. perenne Ltillers under a range of nitrogen levels., 7The resulis
of the previous experiment had suggeﬁtea that hardiness is greater
at low nitrogen level. This study was undertaken as ai extension
of those previous sxperiments.

The same plots as were emploved in the previous experiments
were used. 3 plants from each plot were uplifted (ie. 12 plants
per nitrogen level) on 23/3/72. By this time, spring growth
had commenced. The tillers of each plant were placed in order
of the following categories.

1. Overwintering tillers still living. These were distinguishaed
by bearing dead leaves lower down their axis, suggesting that

they had been present prior to the winter.

2. Dead tillers. A tillexr was considered dead if it did not

have any green leaves.,

3. Regrowth tillexrs. These were identified by bearing only green
leaves and were found in the axils of the older overwintering
tillers.

From these groups the following were calculated.

Mean number of overwintering tillers, mean number of regrowilh
tillers, mean number of dead tillers, mean.ﬂﬁmber of living tillcis,
(regrowth and overwintering), and mean total overwintevring tillers
(dead and living).

The dead tillers were also expressed as a percentage of the

total overwintering tiller. This was considered to represent




Table 6,10

The effect of nitsyopen on tiller vumbers subsequent to wiuten

ON T 2N IN Se (diff)
living overwinber R236.8 196.3 3%0.8 2597 33,40
Regrowth 51.3 hiv 5 717 95.0 195.03
Living (Total) 288.1  240.8 hiz.s 35k .7 52,34
Dead | 7ho 70.7 81.b 161.0 25.29
Total overwintexr 310.9 267 .0 hop, 2 Lz2o.7 35.90

Total tiller no. 362.2 311.5 Lg3,9 515.7 62.053
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measure of the tillers frow the previous vear which did not
survive .

In oxrder to determine i€ the nitrogen of the previcus yeaw
influenced regrowth the followlng vear, the regrowth tillex
number was expressed as a percentage of the overwintering
tillers. Dead tillews were included in this as some gave
rige to regrowbh tillers despite the fact that {they did noet
bear any apparently living leaves.

The results are presented in tables 6.10 and 6.1l and
in Pig. 6.3,

The analyses of variance for these data are in Appendixll
None of the treatments ls significantly different despite the
appavent tyrends whith seem to exist. The standard ervors
are large in most instaﬁcesp due to wide variation bebtween
plants wlthin the same treatment.

The numbers of tillers which were living afier the winter
tends to fluctuate thiroughout the nitrogen range. Comparing
“the ON and 3N treabtments, there is very little difference, but
the ifm treatment has Just over half of the tillers which sur-
vived the winter in comparison to the 2N level.

Regrowth, shows an upward trend with inecreasing nitrogen,
with one exception de. the IN level where it is slightly less
than ON. The ON treatment in this imstance has Just over half
the number of regrowbth tillers of 3N level.

When the total living tiller numbers are considered,; the
two lower N levels have a mean of abour 100 less tillers than

the two higher N levels.




g ey

Pead tillers are twice as frequent in the highest nltrogen
level than in the ON (reatment. Thexe is very Jitile diffevence
hetween the dead tiller number of treabtments ON, LN and 2ZN.

The total over wintering tiller number ls considered to
be a measure of the number of tillers which entered the winter.
jonsidering the two lower nitrogen tréatments together; they
have a mean of about 130 tillers less than the 2N and 3§ treaf
ments. This pattern also exists in the total tiller numbers,
where the two lower N levels togethexr have a mean of about
170 tillexrs less than the twe higher levels.

Due to the dependandeof one group of tillers on another
efg. regrowth being dependant on tillers which enter the winter,
dead tillers being dependant on total tiller number etc.,
the tiller numbers of one group expressed as a percentage of
those of overwintering group have been calculated and are
presented in table 6.11, aleng with dead tdillers expressed as
a percentage of the total.

The percentage of dead tillers expressed as a percentage
& the overwintering tiller number is considered as a measure
af the degree of damage caused by the winter conditions on
the tillers which entered the wintexr. There are no clear cut
trends throughout the xange of nitrogen treatments. Although
the 3N lJevel has the highest percentage kill, the 2ZN level has

the lowest. The percentage of dead tillers is of course the

halance.,




Bxpoeriment 6.5

The oflect of nitropon on the harvdiness of S32]1 and Avreo at the

end of Octolar 4rn the KBeeat of Seotiland

30 tillers at each of two nitrogen levels of Argo and S$S321
were collected at the Scottish Plant PBreeding Station at Pentblan.-
field, on October 27th 1971, As wuch roolt as possible was included
on each tiller when it was cubt from theeplant, The tillers were
brought to Glasgow in a polystyrene box with ice, 1o keep the
temperature at approximately the same level as it was in the
field when the tillers were cut (+700),

The treatments to which the plants had been sﬁbjected are
outlined. Thev were sown on 27th July 1970 and planted out on
7th September.,

The plots were of 12 plants per cultivar, 9 inches apart.
The cutting frequency and the fertiliser tireatment of the two

nitropgen levels were:-

Cut Date Fertiliser as units of N : P : X
N1 (Low N) N2 (High N)
15/3 20 : ho :+ Lo 80 :150:150
1 1/5 . 20: O : O 60 :+ 0: ©
2 26/5 0 : 0O O 60 : 0: O
3 21/6 20 + 40 ¢ ko 60.:150:150
| L 13/7 0: O : O 60 : 0: O
5 24 /8 20y 0O : O 60 3+ 0©: O
23/9 26 : 0 : O 60 + 0: 0
Tillers collected
27/10 Nt Nil

By roy . 1 < Qo O

fhe tiliers were suhjected to +7°C, -3 O and -7 C. 5 were
used for conductivity studied at sach treatment, another § were
planted in the heated greenhouse and the tiller number after

Thies weeks was recnrded,
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140
Phe results are presented in tables 6.12 and 6,173

Table 6,12

Mean relabtive conductivities at low bempgratures

Argo 5321
N1 w2 N1 N2
D) “+ a s a R a o s
477 0.1650.09 0.16%0.03 0. 20%0.02 0.19°0.02
4 s . - ] + de
-3¢ 0.37%0 . ou” 0.h7to . 09%P 0.34%0 . 03" 0.5250 .00
- o+ g L - 4 i
-8°%¢ 0.41%0.05° o.heto.onte 0.5150.04T¢  0.65%0.05"

Table 6.173

Mean relative conductivities at each temperature when both N

treatments of Argo ave compared to both of 8321 and when one N

level of both cultivars is compared to other N level

$321 Argo N1 N2
AN b 2N ' IN + 2N Argo + S321  Argo + S321

+7°¢ 0.16%0.02%P 0.18%0.02%%  o0.21%0.02° 0.14%0.027
~3°¢ 0.43%0 oncd 0.42%0.03°%  0.36%0.03° o.49%0 05
-8%¢ 0.58%0.04° o.44%0 . ont 0.46%0 04T 0.57 0. 507

Means' within the same rTow in tables 6.12 and 6.13 without a

common superscript are significantly different at 5% level.

T Table 6.14

{ Numher of piants out of 4§ vhich survived afler 3 weeks

: N l)
2N iN 5321 2N
=1 a
5 5 5%
U 2P 3P

C . T

3 0 or




T

akle 6,15

Number of plants (out of 10) which suxvive when the two N levels

of ench ocultivatr the two culiivars at
cach N Jlevel axe comnsidered as one treatment
Argo 5321 NL N2
IN 4+ 20 1N 4+ 2N Argo + 8321 Argo o+
) a La ) - a
+7 C 10 10 10 10
o b b b b
w3 C 3 5 6 7
o c d cd cd
~87C 5 0 2 3

5

Means within the same row in tables 6.14 and 6.15 without a common

superascript are significantly different at 5% level.

Whnen the tiller numbexys of plants which are surviving after
three weeks are consgldered,the nitrogen treatments dc not have an
effect on the hardiness of the plants, neither when the cultivars
are treated separately or together. Greuping the two nitrogen
treatments (table 6.15) of the one cultivar, the difference
between cultivars is significant at MBOC, Argo having a higher
number of plants alive 3 weeks after low temperature treatments

(-8%¢).

7
-/

s

1



The efiect of nitropgen on the hardiness of pgrasses under controlled

virornmant conditinons

o

In the previous experiments involving the effects of nitrogen
on hardiness, the nitrogen was applied to plants in the field.
Tt this experiment, however, nitrogen was applied in the form of

nutrient solution, and the plants grown in an inexrt rooting
medium vig,. vermiculite, This experiment was carried out with a
view to establishing a sysbtem wheve nitrogen effects could be
studied in more detail under more controlled conditions than could
he achieved in the fleld orxr in soil in cabinets.

The seedlings which were planted in 2" pols were fed 50 mls
nutirient solution per week. They were grown in the heated green-—
house for 3 weeks until they were transferred to the shert day
cabinet at +7OC. The planls were subjected to the hardening
conditions for 2 weeks, then the hardiness was tested at +7,

0, -2, -6, ~10 and --12°¢.

The relative conductivities at each of those tenmperatures are
presented in table 6.16,and Fig. 6.4,

At m60C, the low nitrogen treatment has a siegnificantly
higher mean relative conductivity than the high nitrogen.

These results are in conflict with what was found with plants
treated with different nitrogen levels in the field ie. hisgh

nttrogen level decreases the hardiness of the plants.

6l

N

There are two possibilities which could explain this apparent
contradiction. The Tirst is that the chloride dions mav have an
adverse eoffTect nn herdinesa. Conusidering that M/ﬁ of the nitrate
in the low mitwogen treatment is replaced by chloride, there is a

possibility that there may be physiclogical oftects of the chloride.
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tg. Coht, Comparigen in relative conductivity between
Pax Otofite plants at high N (@) and low
N (&) levels, hardened fox two weeks at
*700 and subjected tola range of low

tempexatures.
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The second pogsilLility is that at very low nitrogen levels,
the hardiness of a plant is impaired. Thevefore in those instances
it 4 possible thot the hieh nitrosen is low encusgh to be considereld
a moderate nitrogen level, at which the optimuam rate of hardiness
is obtained when the plants are subjected to hardening condiiions.
I Ghis second possibility were the case eitlhier a too low oxr too
high level of hardiness would have a detrimental effect on .the
rate of herdening.

Therefore as this ia 1n contrast to the situation in the
Tfield, it 4s considered that as a means of studying hardiness

factors under different nitrogen levels, it is unsuitable.

Table 6.16

Mean relative conductivity of hardened plants at two N levels

after subjection to a ranse of low temperatures

LN HN
o) PR L
+7°0 0.35%0.035 0.3250.03
o®c 0.41%0 .06 - 0.39%0 .04
+

-2%c 0.4150.06 0.39%0 .04
~6°¢ 0.72%0.052 0.59%0.04"
~10°¢C ‘ _ 0.82%0.01 0.77%0.03
-12%¢ 0.84%0.02 o0.84%0 .02

Means within the same row withoul a common superscript are

significantly different at 5% level.

i
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EBxneriment 6.7

The eftect of temperature on the induction of hardiness of Yax

Ao Tte and 5273

Plants f Pax Gtofte and 523 at the fourth expanding leafl
stage were subjected to the following treatments.

1. 24 of each cultivar were placed in the hested greenhousa
under 16 hour davlength for 10 davs. °

2, 24 of each cultiver were transferrved to a growth cabinet
(Tvpe A) at &700 for 10 davs, wnder a 16 hour davliength.

Prior teo transfer, all of the plants had been grown in the
heated greenhouse under 16 hour daylength. -

When the plants had been under the two conditions for 10 days
they were subjected to +7OC, a sample of 12 of esach cultivar was
removed, then the temperature was dropped to m?OC. Tite plants

were then repotted and grown in the greenhouse foxr 3 weeks when

the number of plants surviving were scored.

Tabhle 6,17

Number of plants surviving Number of plaunts surviving alter
3 weeks (out of 12 plants) 3 weeks (out of 2L plants -

$23 4+ PP considered together)

+ 70 ~7OC ’ ) +7°¢ ¢
PG HT 12" 1® PY 4+ S23  HT 21 P 2®
17 12° 10° 17 24P 17P
823 HT 12° 1.8
IT 12b 7&b

Numbers without a common superscript ave significantly different

at 5% level.




v

The number of plants surviving after three weeks although
Pax #tofte has a greater number of plants surviving at LT than
23 the difference is not significant (Table 6.17). Alsc, the
low temperature, when both strains are treated together has a
rositive effect on the induction of hardiness, as would be
expected (Table 6.18).

Tt has been assumed so far that short days have a positive
effect on the induction of hardiness. The wvalidity of this
assumption was tested in a muamber of experiments which were designed
to determine what effect day length had on the promotion of cold

hardiness in ryegrass, particularly at low LTemperatures.




Txperinent 6.8

The effect of daviength al low temperature on the induction of

cold hnrdiness

Pax Otofte plants at the 5th/6th expanding leaf stage which
had been growing in the heated greenhouse under natural dayilsngth
couditions {(ie. daylengihs of January and February)v were trans-—-
Terred to two pgrowth cabinets. These cébinets were at 700, one
at a 16 hour day (Type A) (8 hours full intensity plus 8 hours
suprlementary lighting), the other at 8 hours daylength., After
2 weeks under those conditions the plants were subjected to the

: iz
following temperatures and samples of/plants/photoperiodic treat-
ment removed at each ie. +7, 0, -2, -4, and -6°C.

Hardiness was assessed by the number ef tillers each plant

bere after 3 weeks in the heated greenhouse.

Table 6.19

Mean tiller numbers of plants 0 weeks and 3 weeks after cold

O weeks 3 weeks
Temp D SD 1D SD
+7°¢ 2.9%0.26 2.8%0.10 h.8%0. 35 4.9%o . us
0°c 2.3%0. 37 3.2%0. 40 n.uto, 50 5.3%0.59
-2°¢ 2.3%0.35 2.0%0.30 h.8%0.72 4.1%0.68
~40¢ 2.5%0.31 2.4%0.51 5.050.92 4.9%0.93
~6°¢ 2, 5%0 . 24 2.3%0.29 3.3%0.92 3.170.53

The tiller number abt day O, and 3 weeks after cold treatments
. ; . o , L
are presented in table 6.19. Onlv at -6 C is there a definite
reduckion in L4l lering, 2nd this applies to bhoth trentments de.

long and short davs. Therefore after 2 weeks at different day-




imilar hardiness. This

]

lengthis, st +7 C, the plants are of s
\ \ . , . . , -3
level of hardiness aseemns high, ie. after subjection te -6 C,

the plants were able bo tiller, although a Tew deaths wore

observed.,



Exneriment 6.9

The olfrct of wime on the dwvduction of havdiness of Pnx Utolte

undcer long and <hort dav condiiians

Pax‘ﬁﬁofte seedlings at the second visible stage were
transferred from the heated glasshouse, under 16 housr daylenglh
to 2 sroveh cahinets (Typ@ A), enme at 8 hours, the other at
16 hours daylength, at éOC‘ 10 plants were sampled at & numbher
of low temperatures on the day of the transfer. This was repeated
for each daviength treatment one week later, and again after a
further fortnieght.

The btewmperatures employed to test the hardiness of the planits
were +6;, 0, U, -8 énd ~12°C and on the third week under the
different daviengths, -2 and -6°C were also employed.

The results of the various treatments sre presented in

table 6.20 and figure 6.5,

Table (.20

Mean relative conductivities of plants at a number ol low temneir.

atures at 0, 1 and 3 weeks under long and short davs.
- 4 = 3 s

0 weeks 1 weelk 3 weeks

°c LD SB LD SD
+6  0.1450.01  0.26%0.03% 0.19%0.02" 0.32%0.03° 0.30%0.04°

0 0.16%0.02  0.26%0.09° 0.20%0.02° 0.25%0.0uF o0.31%0.017
“p . - - 0.93%0.03% 0.36%0.0u8
~4 o.71%0.04  o.u8%0.06 0.70%0.039 0.39%0.02% 0.35%0.02%
_6 - - -  0.78%0 021 o.81%0.04%
-8 0.89%0.02  0.89%0.0°" 0.93%0.09" 0.78%0.03° 0.83%0.0%°

; + et _ + T 4
L1200 0.9540,02  0.8620.037 0.86%0.04% o.8%t0.057 o.87F0.00%

Menme within orcll vow ot cnch weelk without o common superscrinpt

are siginlficantly differeuntd .



b

The results in talle 6.20 zhow that after ovne woek at the
iwo dayvliengthe, the wean relative conductivity of the plarits
under longdeys dis significantly lower than that of the short day
plants at ~uYe, At WHOC, however, the difference is nolt signi-~
Ticant.

ATter 3 weeks at the two doeviengths the difference in mean
relative conductivities of the treatments at any of the'temperw
atures employved is not signilficant. .The tenmperatures -2 and
~6° ¢ were included to make the comparison more accurate.

Therefore, it would seem that the long day treantmwent has
a relatively Taster promotive effect on cold hardiness at +670
than short days, but by three weeks they have both attained a
gimilazxr level of hardiness. Comparing lhe results at WINES
hetween 1 week and 73 weeﬁ time interval after the cold treat-
ment, the relative conductivities of the two treabments .
similar to the control ie. the relative conductivities at +6°¢
This suggests the degree of hardiness is quite fair advanced.

The findings of this experiment were f{aken further in the
next experiment where the relative hardiness of roots and shoots

of Pax Otofte were studied under long and shert days.

v,
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Rxperiment .10

The velative leaching rate of electrelvtes Lyrom roots and shoots

Paeftore any experimoents were carried out on the welavive
hardiness of yoots and shootls, it was considered necessary,; by
virtue of the difference:in cell type constituting roots and
shoots , to compare the relative leaching rates of roots and
shontea, bhoth undamaged and damaged.

Pliants of Pax #tofte which had been growing in the heated
greenhouse were uvsed in this experiment. They were at the fTourth
expanding leaf stage. 10 were removed from their pots, their
roots were washed, the roots were detatched Trom the shoots at
the first node, and the roots and shoolts were each placed in
test tubes, in the normal way.

Ariother 10 were lef{ intact and were placed in the refriger-
ator which was dropped to -4 C. They were kepf in the refriger-
ator for 1 hour at MMOC, then were sceparated into root and shoot
and were treabed in the same manner as the controls.

As soon as the plant material was placed in the distilled
water, the tubes were shaken (10U rapid shakes) and the conductivity
was measured. This was repeated at the fellowing times thereafter.

30 mins, 1 hour, 2 hours, 3 hours, & hours, 24 hours.

After 24 hours, the total conductivity was found and so the
relative conductivity at each point was calculatedO{Table_Ggai;Figoéu

In roots and shoots at both temperatures, the increasse in
relative conductivity after 3 hours is low and the increase from
8§ hwours to 24 hours is also low. Therefore, it would seem that
the wate of leaching by the 24th hour after the cold treatment
is ineornsecvenkbial,

The welative conductivity of the liquid in which the root

at the conbrol temporature was immersed i

< much i sher thoan that
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of the shoot after 24 hours leaching. This would suggest that the

voot loses a high proporition of electrolytes when not damaged
by low temperature.
Therefore any comparison of recots and shoots has to take

into account this difference in relative conductivity at control

-

temperatures. This can be achieved by applying the formula

which is discussed in the context of the following experiment.
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Fxperiment 6.11

&)

e raelative hardiness of

Atofre nlants

The last experiment was concerned more with the rate of
leaching of electyolytes from roobts and shools rather than the
hardiness of the two plant parts when subjected to a range of
temperatures. In this experiment, Pax Htolte plants were grown
in a greenhouse to the fifth expanding leaf stage. They were
removed from their pots, the roots washed and were placed in the
cryastat. The following tewperstures were employed to test
the hardiness of thé roots and shoots,

+20°¢c, +5%¢, o%c, -5°cC.

At each temperature, a sample of LO plants was removed; the
reots were detatched from the shoots at the first node, and the
relative conductivity was calculated,

The mean relative conductivities are wrepresented in table 6.22.

Table 6.22

Mean relstive conductivities of roots and shoots after subjection

to a raunge of low temperatures

Temperature oot Shoot
Standard 04770 .02 0.1170.03
. +
+59¢ o.54%0 o 0.1150.03
0°c 0.62%0 .0k 0.ko%o .ok
O Lo ok .
-5 C 0.93-0.04 0.89-0.01

Just as in the previouns experiment, after 24 hours of
leaching at room temperature, the ronis have given rise to a
higher relative cowlunctivity than shoots at standard temperatures,
T

herafore so that bhe resviits for yoot and shoot car Le comparted,

the Followine conversion is made.,




1. The mear dinitiel conductivity fovr the samples ot fhe
standard femperatnre is caleulated and expressed a2s a proportion
af the menn total conductivity.

2, As this nortion of the total conductivity is a=zsumed to
be a mensure of leaching due bo couses other than low temperaturc
damege, this will apply te all treatments. Therefere the tonl
conductivity for each sample in each treatment is multiplied by
this propoxticn.

3. The result is subtracted from the total conductivity
and from the initial conductivity.

bk, The remaining portion of the initial conductivity is
divided by the remaining powvtion of the total conductivity.

This new relative conductivity is the ratic of the amount of
damage caused by the low temperature teoe the maxismum amount of
damage which could possibly be caused by low temperatures.

Ann example of conversion is demonstrated overleaf. The
results of this experiment subsequent te conversion are presented

in Table 6.22a,

Table 6.22a

Mean converted relative conductivities of roots and shoots after

subijection to a renge of low temperaturaes

Temperature Root Shoot
Standard O Q

¢ 0. 1540 .20 0.02%0.02
0 0.28%0 .20 0.32%0,13

oo by
~5%¢ 0.8750.09 0.75%0 .ok

o
st

v eneivding that port of w bokal leachate which was

2

indepondant of injury due vo low btemperatures, resulits forvr roots

and shoots for any one temperature trestment are approximatelvy

comparable.,
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ample of conversion o £ ecomduotivity data

Mean conductivity of plant »part of

(a) = 0.3CF units.

Mean total conductivity of plant

(b) = 1.4CF mmits.

La)

Ratio (b) = 0,21 = R

Initial,

totonl, convexrtaed initial,

standard temperaltuxre

converted total

part at standard temperature

and

contverted relative

conductivity after

samplies have been

subjectad

to low temmerature {(CF units)

Initial
Conductivity
I.c.

Total
Conductivity
T.C,

« L.5

Converted
Inittial 4
Conductivity

TC-RxTC
0.78

0.75
0.67
0.69
0.77
0.78
0.64
0.84
0.98

0.69

Converted
Total
Conductivity
TC-RxTC

1.18

Converted
Relative
Conductivity

0.66
0.79
0.77
0.87
0.89
0.66
0.48
0.63
0.83

0.87



Although ervrors arve high for means of roots at highew

temperatures {(ie., where the means ave low), these means are

reluatively unimpertant in studying hardiness,

the higher mean

values bheing those which differ when cold injury differs,

g
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Exreorimens 6,17

The effect of daviength ot low temperntures on the hardiness of

3

fexw Atolite and <

oot s

In this experiment, only one sub-zevce temperature was

o

P

emplovad, From 4 previous experiment, it was considercd that

490 was inmpertent in distinguishing daylength effects on
hardiness. ‘

The plants in this dinstance were at the third expanding leaf
gstage and were subjected to hardening condition in a cabinet (Typa

P

o
16 hours daylight at +5 C. Short days were obtained by

o

¢) a
transTerring the plants in the short day treatment-into a box

at 5 pm, and covering the caeprdboard box with bilack polythene.
They were removed into the open cabinet at 9 am each worning.

The box was kept in the cabinet and thermomeber readings within
the bLox revedled that the temperature inside the box was similar
to that within the cabinet ién ¢EOCa The hardening peried lasted
foxr 10 days, after which the plants from cach davliengtir were
subjected to +5°C and -4°C.

The results are presented in table 6.23

Table 6.23

Mean relative conductivity {converted)

Long NDays Short Days
Root Shoot Root Shoot

45 0 0 0 8]
P&,

2l 0.78"20 .09 o440 057 0,650, 12 0.62"%0.

)
ot

)

+5 Q 0 0 ]
525

ahb 15

4 o sota e nnt &L ot ) PR I
- 0.60~0,10 O 4.0 .00 0.69-0.13 0630 .06

rMeosns ab the same temperature without a conmon superscript are

ef i Monnnt T AP Perent at 5% level.
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In bothh cultivars of lolium pereune, 10 long days have a
promotive effect on hardiness relative to the same numher of
short days. 1t is the shools which are influenced in the culbtivars
rather than the voots.
A more meaningful compariscen of hawrdiness can be made if

a numbexr of low temperatures are cmploved to test the hardiness

of the plant parts of cultivars. The next experiment was

designed with this in mind.



Experiment 6,13

ot

The relintive hoxdiness of roots and shoots of Pax Btofte and SR3

Perennianl nyegrass

Seedlings of those two culbivars of perennial ryegrass were
placed in Long days fo& two weeks at +5°C (Cabinet Type C). At
the end of this period ithe plants were at fthe third or Tourth
expanding leaf stage. In order to test the reiative hardiness
of the roota and shoots of the twe cultivars, the plants were
subjected to a range of low temperatures viz. 45, 0, =2.5, =5
and m7n5000 Samples of 7 plants/treatment were removed at each
temperature and the roots were separaﬁed from the shoots at the
first nede. The relative conductivities were calculated.

The relative conductivities at +5°G and 0°C were bulked
as the means were mnot significantly different so the sample from
whiech the po v tion of the total conductivity due to factors
other than low temperature damage was calculated was increased
1n sigze.

The converted mean relative conductities are presented in
table 6.24 and Tigure 6.7.

At«205°c, the shoots of Pax @tofte had a lower relative
conductivity than the roots of Pax @tofte and 523, as well as tha
shoots of S23. This was alsc the case at mSOC, but the shoots
of S23 had a lower relative conduetivity than the rvots of eithexn
cultivar. At n70500, there was no gsignificant difference between
the mean wrelative conductivities of the shoots, but the difference
hetween yeots and shoots was significant foxr both cultivars, the
shoots having the lower relative conductivities.

These re&ultﬁ‘sﬁggast tualt at the Jower sube-mero btemperatures,

Paz @tofte is hardierx than $273, when shoots are considered, but in
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bobth cultivars, the shoots avre more hardy than the roots even at
e - g " B . Fad [y ;'0
the low temperature of 7.5 C.
This distinction bebtween S23 and Pax #tofte was not manifest
. . . o o
in the previous experiment at ~4 € treatment. This may have heen
due to The hardening pexiods being less in the previous experimentb.
The results of this experiment are what would be expected if the

results from experiment 6.3 were considered ie. where Pax tofte

were found Lo be more hardy than 523.




Syl

T

-

The eflfect of davienstin at low temveratures on hardiness of

roobs and shoots of Pax Ytoite

Seedlings of Pax @tofte which had been growing in the

heated preenhiouse were pianted in 2%“ pots and when they were
at the second expanding leal gstage a number was transferved

o) . . s
at +7 C at two daylenghths in growth cahinets, type A. The
two daylengths were & and 16 hours. A few were left in the
sreenhouse under a 16 hour davlength brought about by a bhank

ol
of fluorescent tubes emitting 1L1L.2 Wm ™,

Aftery 10 days under these condltions, the plants were
subjected to a range of Jlow temperatures, sampleg of six
plants per btreatment at each temperature being removed ie.
7, 0, =2, -4 and -6°C

75 g =2, <4 and -6 C.

The results after conversion are presented in table 6.25

and figure 6.7.

" »0 . . .
Shoots At «~2°C, the mean converted relative conductivities
for the shoots of the various treatments are siwmilazr. However,
o : o]
at =4 C the plants hardened at +7 C under a 16 hour day have
a significantly lowexr mean relative conductivity than ithoase
glo 1o v . .
hardened at 47 C under an 8 hour day and those yemaining in
, G .
the greenhouse. At -6 C, the two twreatments which involved
hardening at low temperatures have gignificently lower mean
relative conductivities than those remaining in tho greenhouse.
© Q e’
Betweesnn U and -6 C, the plants in the +7 C, 16 hour
dauylength hardening period have risen markedly ie. by 0.45
. ©ae ,C - .
unit s, whereas the plants havdened at the +7 C, 8 heur dayiength

have only wisen by 0.03 wunits.

P
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Roots A&t ~270, as in the case of shoots, the rootsz have
gimilar valuss in all treatments, but unlike the shoots at

SM90 the roots do not have sipgaificantly different values foxr

relative conductivity in any of the hardening treatments. This

\ . . o,
situntion pevsists at -6 C. .
Root s and shoots WVhen these are compared within treaitments

the long dayv, low temperature hardening treatment gives rise
to shoots with lower relative conductivities than reots atb
~49G,  This situation is reversed in the short day, low
temperature hardeniﬁg period where the roolts arve significantly
less damaged thaon the shoots. At ~6°C the rools and shoots
within the harxdening treatments have similax wrelative
conductivities., The shootsg of hardened plaants, however, have
slgnificantly lower welative conductivities than those of
plants which continued growth in the greenhouse.

lLong days, therefore, have a promotive effect on the hardw
inegs of choots when hardening temperature is +7OC. Roots of
rlants hardened under long days are not significantly different
from roots of plants of unhavrdened plants, althouglh in plants
hardened undex short da&s are hardier than the shoots.

These studies of the effects of daylength and temperature

ouﬁ'

on hardiness were carried/at temperatures which, although
above zerc, were; nevertheless low. It has been shown by
Rlebesadel (1964) that the daylength during the growing season
has an effect on the hardiness of lucerne plants in the sub-
sequent winter. To see if such hardening coenditions could
vary the degree of hardiness of ryegrasses; an annual, biennial
and two perennial ryegrasses wero expoesed to the folloving

experimental conditions.

£ 4%

RPN
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Experiment 6,15

=3

eot of daylenesth on the havdiness of an anmunal, ITtalian and

Peremnial ryvegrasses at a temperasture counducive to growih

: Seedlings of Dutch Westerwolds, Tetila tetraploid, Pax tofie
and 623 were transferrved to growbh cabinets (Type A) at 8 and 16
hours daylength at 20°¢.  Prior to this“they had been grown in &
hested greenhouse under natural daylengths {March-April).

A weeks later, they were removed from bthe cabinets and
subjected to the follewing range of temperatures: ZOOC, G, =2
- -8%C. Ten plants were xemoved at each temperature and were
planted in 4" pots, 5 plants ver pdt. They were allowed to continue
growth in the heated greenhouse, and weekly tiller counts were
taken for 3 weeks, and the rate of tillering was used as a measure
of survival ability at the low temperatures.

Due to the large differences bebtween species in tiller numbex
at the time of low temperature freatment, the tiller number at
each weekly count relative to the tiller count.at day 0 is used as

| a comparison between treatments and between species. These are

represented in table 6.26,

After a pericd at 0°¢ long davs appear to have a promotive
effect on the hardiness of S23. At «400, although the means

are not significant, there is a suggestion that short days have

promoted harvdiness excepbd in Tetila tetraploid. Temperature

of -8%C gives rise to complete kill in a numbexr of treatments.

However, some Westerwoelds tillers having been in short dayvs recover

after being at ~8°C as do some Pax Ftofte plants which had been

in long davs.
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Relative tiller numbers abt weekly intervals after subjection

to o vange of low tempsratures {(filler nwsber at day O is 5)

Hardenling daviength

16 hir - photoperidd & hi - photoperiod
Variety Day 7 Day 14 Day 21 Day 7 Day 4 Day 21
20°C Vesterwolds 6.41 10,70 20.54 6.1 16,08  18.08
Tetila 6.67 167 18.33 5.00 11.00 16,50
Pax @Gtofie 6.00 8.7 13.00 5.87 9.32 12. 5h
s23 6.50 12.50 20.25 5,78 13.25 17.25
0°C  VWesterwelds U.76  13.63  15.54  6.00 9,50 12.66
Petila 6.17 Q.17 1h.50 5.25 7.25 1i.25
Pax ¢itofte 7.83 14 .00 17.42 L,92 10,50 15,08
323 6.25 11.75 20,00 5050 .33 12,13
~2°0 VWesterwolds 5.33 12.59  16.67  h.75 13,71 15.91
Tetila 6.67 13.08 17 .50 .58 ik.62 16.08
Pax @tofte 7.39 4.08 16.88 5,00 12.12 13.71
523 5.50 12,00  17.25  5.75 14,92 19,58
~4°C Westerwolds 1.50 3.93 4,25 3,13 10.95  15.08
Tetila k,z5 9.00 14 .58 It .75 .25 .00
Pax ftofte 1.75 2,29 3.12 5,17 14 .66 1'7.91
523 1.00 1.50 3.50 2,00 4 .00 7.00
-8%¢ VWesterwolds O o 0 L, 60 6.99  11.03
Tetila o) 0 o e) 0 0
Pax ftofte 2.33 2.58 3.83 0 0 2.75
s23 o) 0 0 0 0 0

U,



VWestorwolds would anpoay to bhoe the haxdiest of the speciss
and varieties tested atb 070 when the velabive tiller numbers ane
considered. 1t appears thalt shoxrt dayvs are respousible for this
hardiness. 48 already stabed, the means at ~4°C are not si. giad £e
tcantly different. Nevertheless, the velative tiller number of
Vesterwold plants having been under short day coanditions, when
subjected %o -4°C 18 almost Fouw éimes that of plants which wesre
in long days prior to low temperaturs treatment, when scored Z1
dayvs later. This again suggests that shorlt daves haeve premoeted
haprdiness in Westerwolds.

The pattern of low temperature effects in Pax @tofte is not
so clear. At m&OCv the long day treatment has less than one
fifth the relative tiller number of the shoxrt day treatnent.
However at ~-8°C it gives rise to higher zelative tillexr numbexs
in the long day than the shoxt day treatment.

This experiment was concersned with photoperiod effects on
hardiness. The following experiment was carrvied out 4o delterminc
1f light intensity, prior ftc the hardening iunfluenced the

eventual cold hardiness of the grass plant.
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Bxpepivient 6.16

The elfecl of 1liphit intensityv prior to havdening on the cold

nardiveas of Tax Ptofbe seedliings

Seedlingssof Pax Otofite which, when at the third/fourth
vigsible leaf stage, were polted and placed in two growth cabinets
‘ . O . . :
(Tvpe A)u ‘Foth were at 207C but one had o light intensity of
05 Bl W /e ! s R ) N
22 .54 W/m™, the other; L.09 W/u~. Two weeks later, the plants

: o
were transferred to the growth cabinet at 5 C under a 106 hour
dav and remained uunder those conditions for two weeks., They were
. - ] A - i ['0 < "»0
subsequently tested for havdiness at +5 C;, -2, -5 and -8 C.

The results of the counductivity measurements are presented

in table 6.27.

Table 6.27

Mean relative conductivity (10 plants/ treatment )

High Light JLow Light
+5°¢ .34%0 .ol Jiito Lok
~2°¢ 340,03 .35%0.02
~5%¢0 7020 .ok .65%0 .05
~8°¢ .73%0.05 .64¥0 .05

At any of these temperatures, the two treatments are similar
ie. light intensity does not have an effect on the release of
solutes of the plants.

The light intensity difference,.howevarg had an effect on
plant growth. Plents which were left in the cabinet when others
were transferred to the short day conditon were romoved at the

same fiwme as the hardened plonts were tested, that is, thev had

been under the two light intensity conditions For U weeks.
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These were seprrated into roots and shoots, and dry weighits were

taken (table 6.28),
Tobie 6,28

D Wt of Reotbs T Wt of Shoots

. . . . } a . < "o e

High Lisht dintensity 2.279-0.024 mgs 7.20.0,73 mgs
4 8 b o cl

Low liehl intensity 1,36 -0Q.259 wmgs b, o5.G. 08 mes

The low light dintensity has given rise to signi
smaller roots and sheots, the higher light intensity treatment
having mean root and shoot weights of almost twice those of the
low lipht treatment.

It should be noted however, that those plants had beent
growing under these light conditons for twice as long as the
plants used in the low temperature treatments. Nevewrtheless, the
plants which were used in the experiment were morphologically
different,; the low light plants having paler foliage, longer

leaf sheaths and had evidence of slight etiolation.

The argument that carbohydrate level is important in deter-
mining the degree of hardiness of a plant is not confirmed in the
previous experiment. However, damage may not be ithe important
criterion of assessment of hardiness When considering the
influence of carbohydrate level on the cold tolerance of plantsf
Survival may be a wore important gauge of hardiness in this instance
ag utilisation of reserves may be a determining factor in the reco-
very and regrowth of a plant which has been subjected to low
temparatures.

The following experiment iunvolving clipping and its effect
on hawrdiness was carried out tv delermine whether there was

evidenne to subs=tantiate this argument. It was apprecistsd that




4
fr roor

clipping and low light intensity may not have didentical eflfecl=
on carbohydrate levels. Mevertheless, c¢lipnping has been shown teo
reduce the level of carbohvdrates in the plant (Grenfield, 10735,

West, 1962; Harum pers. comm.), parbiculary in the stubble.
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Txperiment 6,17

The effect of clinpins on the cold hardiness ol Paw Atoft e ardd

Secdlings of Pax Ftofte, and Teblla tedtraplolid were planted
in 4" pots, (4/pot) and when most of the plants were at the
7t expanding leol stage, and had been tillering For some time.
& pots of Pax Atofte and Tetila tef;rﬂ]j;_‘i_,oi.d were clipped at a
level 3.5 cms from the vermiculite surface. Another & pots of
Tax @tofte and Tetila tetraploid wers left intact. One week
later, the plants were braunsferred from the heabted greenhouse
to the growth cabinet (’l‘ype C) at + 500 and 16 hour davlength.
They woere kept under those conditions for three weseks,

The nlants were tested for cold hardiness at the following

o .0 . o
C, ~5C and 10 C and were then

temperatures ie. +5°C, 0O
repotted (4 plants/pot) and were placed:in the greenbouse. Jiller
counts were taken immediately after the cold tyeatments and

at weelly duntervals for 3 weeks.



Talative inerease A tille% nunber at weekliy intarvels aftexr

wrpky A etid ey by

Tow foamranshnveea {DHav O = '3(\,(‘:)

Intact Defoliated
Tivw 7 Doy Tetdila FPax Tetin
Atofte tetranloid Ftolte tebyraplaidd

+59¢ 107,85 123,10 114 .15

0%c 115.950 119.950 105,70
-5%¢ 100,40 111.85 111,550

=10°¢ 0 0 0

Day 1k

+5%¢ 133.90 125,05 138, 54
07 ¢ 130.85 11.6.25 105.7

C 122.70 158,25 116,85

~10°C O 0] 0

Day 21

+5°%¢ 152,45 134 .75 171.00
0o%c 133.35 114 .75 120.05
-5°C 128.05 155,10 119.15

~.10%¢C 0 0 0

134, 60
100,150
102,50

Q

175 .40
153.35
hé ., 50

Q

P
fot 50
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The mesults in table 6.29 veveal that thers are no varisibal
diffevences with respect te pattern of the tiller production
afiter L.T. treabtment when relative tiller numbey ip considered
in intact plants. The analvsiz of variance shows that defoliation
reduces the combined hardiness of the Two cultivars ab mSmC
at 2all tiller counts after day 0. Defeoliation also has =z signhe
ificant effect om relabtive tillex number.at day 7 after being
at 0069 but at subsequent counts, the difference is not signe
Floant .,

Sigunificant interactions at mﬁgo when ¢xamined more closgely
reveal that it 1s Tetils toirapleid which has a significantly
lewer relative tiller number in defollated plants than in those
which remain dntact. Thewrefore, tetila tetioploid is influenced
by defolliation whereas Pax @tofte is not, under the conditions
of this experiment.

At mlogcg the plants of both species do not recover and no
tillers survived as a COnNsLgUENco. Iﬁ would seem, therefoxe,
that m500 ies a suitable temperatuve to differentiate affects.

Inn order to study further the differences in hardiness
batween perennial and Ibtalian ryvegrass, 523 and Tetila tetraploid
were employed to this end in the following experiment. In
experiment 6.3 it had been demonsitrated that after 2 weeks of
hardening, thess two cultivars were similar in haydiness, although
the perennial ryegrass cultivar was slightly more haxdy than
Tetils tetraploid at mGOC when survival was employved as the

criterion for assessing hardiness.
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The celotive SR7% and Tetils tetyaploid
. e P £ et “ £ N
% oweelk old soc s ab the 298 visible leafl asbtage (2
- . |3

natural Light condltions {(in July) were transferred to the growth

cabinet (Type C) ab SQC'und@r long davs. A number of plants(ﬁﬁ
were removed at intervals and subjected o ;@w TempPeratures.,
On the day the tyransfer toolk place, and two weeks laber, the
temperatures employed to Lest hardin@és wersa %50@ and m&“cu
and after I wesks under the low temperature conditions, the
range was +5, ~2, =4 and -69C. At this time, the woots and
shoots were considered separately.

The relative conductivity of the treatments at day 0 and
after 1h davs hardening are given in table 6.72CG. The relative
conductivities after 3 weeks hardening are Im table 6,31,

Table 6,30

Mean Relative Condugtivity Tor ecach treatment at each temperaturs

at 0 weeks and 2 weeks af¥tor transfer to hardening conditions

O weeks 2 wesks

+5°¢ -5%¢ +5%¢ AL

529 0.bs5%0.03% 0.86%0.03P 0.43%0,01° 0.75%0.02%

& a n:-- n;»
TP, o.4b¥o 092 0.93%¢.02" 0.39%0.02° 0.85%0.02°

Means in the same columm withoul o common superscripl are

N

sligniiicantly diifevent at 5% level.

. . b3 g " o vy
The mean welative conductivity for 823 at -47C after 2 wecks
is significantly lowesr than that foxr Tetdila tetraploid, whereas

at the bhepinning of the havdenlng tweatment the differeunce in
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howrdiness was nob stenificont . Atler 3 wveelis At low bompreratares
{(table 6.31) when the roots and the shoot were considered
separately the two epecies hoad similoar wesn relative conduachbivicies
al each of the temperatures at which hardiness was tested.

Therelfore it would seém that 8273 hardens at a Ffaster rate than
Tetila tetranicid Hhut after three weels al +50C under long days,
they are bhoth at similar levels of hm::d"i_rt_ess at the various
temperatures at which hardiness was tested.

Abselute vather than converted figures are used Lo represent
relative conductivity as the data for roots were too variable
after preliminary conversion to give mesningful results. This
was due to the converted figurcs being negative in a number of
instances, particularly at the low tempevatures. The shootls
under bhardening conditions for three weeks bave similar levels of
hardiness in the two species. This contyasts with the wrelative
conducetivity figures after two weeks where at ~4°C the Tetila
tetraploid plants had suffered greater damage than S23.

O

Table 6.3%L. Mean relative conductivity after 3 weels at +5 C

Roots Shoots

low temp.

treatment 523 T.T. s23 .7
e o X ok
+5°¢ 0.79%0.03 o.74%0 .02 0.29%0 .02 0.26%0.03
Q .{.. ) a.‘... .-Jf n}.
-2 0.75-0.03 0.81~0.,04 0.34-0.03 0.40~0,03
4% 0.86%0 .0l 0.92%0 0k 0,540 ol 0.51%0.02
~6%¢ o,gﬁﬁo.oz 0.9hfo.0u 0.79f0,02 -0.77f0.03
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Trn experimens 6.1 vemoval of mlants froam poltes and subjcction
o1 those plants to a subzero temperature for one hour gave vise
to a similar nenn relative conductivity ss that for plants
remaining in thedir mols pnd kept alk the same temperature for 772
hours. Therclore by removing plants From their pots, they ore
capable of bhoing alftected Ly low temperature to the rame extentc
as being left in pots hut much more quickly. Lorenzetiti ¢t al.

(1971) have found that if plante are lelt in pots Tor a period
of 72 hours atb ~8°C it is sufficient for a temperature effect to
differentiate vardieties of lolium perenne. Thomas and Lazenby
(19680) found 12 hours at ~9DC was sufficient to drop the
temperature of the soil in pots to approximately that of the
air. PRoth of the ins:aﬁces referred to involved plants in soil
hoxes. However in experiment 6.1, 3.5 inch nots were nsed

ie. of less bulk than soil boexes. Therefore 72 hours would be

a sulficiently long period to assess the effect of temperature
on the plants.

Although electrolvte release is a method far removed Irom
hardinesg assessment in the field, based on survival, vield or
vigual means, some workers have Tound the two to bé highily
correlated. Frmert and Howlett (1953) found that deprec of
hardiness of some apple varieties in the field in autumn
corresnonded cionsely with the percentage velease of electrolvtes
after subjection to cold tyreatwmeont. However; althoupgh 16 wmav
Le desirable to aszess the ability of a plant to wilthstand
winter conditions by raplid means in the lahoratorv, this mav
1ol eliwavs Le possibiec.” The Jalovatory tiosthod is usually an

ascessmenlt of cold rardiness, wheresas the oldlity of o plart to




vithstand winter conditons elso ifnvolwes othoer Tfoctors o powe

lready been mentioned. Nevertheless, it would scem that oo ld

havdines« is a major factor int winter hardiness (]oronzotti ol

3

winter hardiness have bheen discussed by Dexter (1956).

N

The Jimitations of laboratory techniques in assesaing

Thorofore as most of the experimenits in this study bhave bheen

concervned with cold hardiness yather than winter hardiness, the

electrolvte release method has been cowpared to survival of

nlants after they have been subjected to low temperatures rather

than to plants which have overwintoered in the field. As a
conscquence experiment 6.2 was carried out. It was confirmed
that plant death and relative conduetivity were associated. 7Th
temperature range which gave rise to high percentage kill
corresponded to that which was responsible for high relative

+ R -3 L3 O b O .
conduetivity values ie. 2 temperature hetween -2 € and -4 0

in unhardened Pax @#tofte plants.
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At «4°C and -6°C, Pax ftofte has a greaber ability to
survive than the other twe cultivars. However, in a preliminary
experiment carried oul under sward candi?ionsg little difference
was Found between Pax @tofte and 523 wvhen percentage cover was
the criterion of assegsing winter hardiness. In thatb
experiment, both cultivars had 18 out of 32 assessments greater
than 50% cover. Iiowever, as winter hardiness involves moxe
than just sbility to withstend low temperatures, there may bhe
other factors which compensate Ffor the relatively lower cold
hevdihess of S$23. Albternatively, the stage of growil may have
an effect on cold hardiness in the field. In this experiment,
the plante were at an early developmental stage in comparison
to plants in the sward.

The reglonal trials of the national Instituie of Agricultural
Botany have shown $23 to be hardier than Pax Ftofte. However,
it is possible thiat lack of winter hardiness has been confounded
with lack of persistency, a characteristic of Pax gtofte.
Therefore the results from these controlled environment
experiments have to be interpreted with caution when attempting
to relate the findings of such experiments to the field situsation.
This has been found by lorenzetti et.al. (1971) with a range
of ryegrasses. Although a numbexr (under controlled conditions)
corresponded in hardiness to thelr behaviour in the fisld, there
wepre some exceptions eg. the Norihern RZuropean typess were less haxdy
than expocted in the Field, thoueh they had the greabest tolerancs
under contyrolled cenditions.

The apparvent lack of hardiness in the YTtalian vyegrass

cultivor is dn accordance wvith Tield obhsexrvations {Hmn%; 1003




Wit , 1955) and this has been cre of the coharactericltics wlhiich
howve beent considared to Conﬁ%ibut@ to tts hiemmial bhabit.
Therefore in cowparissn to Paxw #tofibe, the results avre simiisy
to what could bhe expected in the field. While =23 would seem
to he the wvariety which is beheving diffeventlyv Lo iis
performance in the field, the data of experiment 6.3 do net

offer any explanation Tor this.

Hordiness in Autumn

Tu Septembher, the damage hought about by low temperatures
was severe. Jt is nlikely that the differences in ralative
conductivity at ~6°¢ are veal. The damage is high even in the
least damaged plants. Therefore it is unlikely that at ~69¢
any of the plants would have survived,

By mid~Oectober, iﬂ;ere is o suggestion that the low nitrogeun
treatment ls influencing harvdiness je. the relative conductivity
ak MBOC at the low nitropgen level is the lowest and the number
of plsnts bearing adventitious roots is the highest abt the
lowest nitrogen level. Wilkinson and Dnff (1972) at Michigan
comparing high and low levels of nitrogen on the induction of
hardineés thiroughout the vesr have found that even when
hardiness is not induced, the high nitrogen levels have greater

relative conductivity than low nitrogen.

Comparison in _bnvdiness hetween short davs and low temneratnres=

to natural conditiorns in Sentenmler

Tow nitrogen gives rise tn egrespter survival and Jower
g P o . "
relative conductivity at ~6 ¢ in the short day-low temperature
treatwent commared to the low mnitrogen treatment, under outside
conditions. This suggests that under low nitroger conditions,

S

et dave and low GCemrmneratures have o promntive a2f Pect on
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heoprddvare of Pnx Zitofte An comparison to nobural corditions
encetmtered in Sepntember in the Vest of Scotbland.

P

High nitrogen treatment 1s less afiected by the artificial
conditions Imposed. Py considering the high nitrogen treatmencs
together at -6 and comparing to the total low nitropen treat-
ments ot wéoC, the twe N levels do not differ sipgrt ficontlyv.
However grouping the two nitrogen treatments together in the
outslde treatment and comparing te the two nitrogen levels under
short day, low temperature conditiong, the difference is signi-
ficant at -6°C. This, therefore, suggests that the low temperaturce,
gshort davlength conditions hasten the induction of hardiness in
comvarison to the natursl conditions in September (davliength of
12-13 hours).

There deces not seem to be any comparable literature on the
comparison of artificial and natural conditions for inducing
hardiness under varyving N levels. However rogavding the effecth
of nitrogen on the rate of hardening, where the wrelative
hardiness has been momnitored throﬁghout the vyear, in particular
the sutumn period, there is a time when the low mnitrogen is
hardening at a faster rate than the high nitrogen treatment.
(Wilkinson and Duff iﬁ&;ﬁik)' Even in midwinter when, presumably
the plants are at their hardiest, the Pax #tofte plants at low
nltrogen level have Jower relative conductivities at -8°¢ when

sampled at the ond of December. Thevefore, the nitrogen effect

would seem to persist at this point in winter,
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Assessment of hardivess over the winbter pevi

Scoot P and

The difference in iresults bebween trecatments in the
exporiments ave not significant jirrespective of which eriteria
were cmploved to asscss effect of the previous winter on the
herdiness of the plant. Trom an examinatbion of the wmeans for cach
teeatment it can be seen that the differences between trealments
are high in some inshonces, og. mean number of dead tillexrs

-

per plant at ON is 74,08 wheveas at 3N it is 161,00, The reason
for these larpe differences in means not being significant coulid
be due to the high degree of variation between blocks withiv
treatments. This may have heen due to dinsufficient replication
and also the difficulty in interpreting which c¢lass a tiller
should be placed. Although a latin sqguare way not have heen the
best design in retrospect, as the plots were laid cut in a2n arca
which was partially surrounded by a bullding, and walls, it was
considered that gradients could have been created along arnd across
the plots. So a latin sguare seemed most sultable experimental
design to adopt under those circumstances.

The number of dead tillers are not onlyv highest at the 300
units of N level but the percentage of dead tillers at this level
is also highest. However, the 200 units of N/acre treatment is
the lovest at 17.5%

Regrowth tiller mumber is highest at the 3N level as is
the percentage of regrowth tillewrs when related to the tillees
which have survived over the winter. It was considered that the
resvowth i1 ller numboer was dependant cn the number of tillers
survivine over the winter, herce the fegrnwth wag mtrezented dn

this way.




NG
2k,
o~?

Avtumm supnlied N has been found to dincrease winter tilliex .
nroduation in Pomratenae (Y edeboer and Skoglyv, 1973; Powell et

al., 1967) withoitt winter death of tillers being drastically
incrensed, the temperature in some instanceas being as low as
-237C (Powell et al., loc. cit.).

Although tiller death is higher Qt the high nitrogen level
in the ewperiment carried out, the effects are much less than those
found by McCloud and Creel (1958)e In Rermuds grass, they
counted more than 304,000 plants per acre when no nitrogen had
been applied the previous yvear. 24llbs/acre of N the previous
vear gave rise to-only 76,000 tillers at the end of the winter
ie. less than 4% the number in the low N treatment.

The plants in this experiment were not dlipped, therefore
the adverse effects of nitrogen on the soluble carbohydrate
content of the plant, (Reviewed by Davidson, 1988) may not be
s0 severe, resulting in a less marked effect on tiller survival
than may have occurred had the plants been lower in carbohydrates.
Ledeboer and Skogly (1972) and Powe 11 et al. (1967) argue that
with N being available over the winter due to autumn application,
the plants tend to grow more under the low temperature conditions
of winter than low N treated plants. Therefore photosynthesis is
allowed to continue and as respiration is low sl these low
temperatures,; they consider thaf N actually can enhance the
carbohydrate status for a period over the winter. Wilkinson

and Duff (1972) found nitrogen applied in mide-autumn had a

greater detrimental effect on the bardiness of P.oratensis

than early or late autumn applications. This also conld be
exnlainad on the bastz of Lime of ¥ application in relation o
rate of plant growth. If growth ds stimulated when the plant

ie erowing ab a rapid rate, then it couid bhe considered that (he
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hien N« civing rise to o derletion of carbobivdrates in the »oote,
ane the arrbohvdrate otherwise doatined fovr fh@ roots coulird he
at i sed For new sheot growthi. So less carbohudrate reserves
are posseasned by the nlant wvhon entering the winter phase.

Atthoveh 3N gave ise to a higher vegrowih tiller number,
than the othoer N 1@\!:’9'{%, it suffered most with respect to winter
damage of oxisting

Therefore, there are possibly two effects of N on the
hardiness of grasses. .

L. the detrimental effeclt on survival of Tillers.

2. the positive effect on regrowth 1ln spring.

2N treatment gives vise to the lowest percentage of over-
wintering tillers toc die whereas 3N has the highest level ot tiller
death. 3N also, however, has the highest tillerx vregrowth.
Therefore, it would szeem that the nitrogen efTect ov hardiness
with which it has been associated is prominent between 200

and 300 units of N per acre per anmum,

Nitrogen effects on cold hardiness cf 8321 and Areo

Nitrogen has given rise to decreased hardiness in S321
whereas Argo is not affected. Axrpo is alsmo hardier than S321
at the time of year the tillers were taken Tor sanwmples {ie. in
October)n The velative low cold hardiness of 5321 is in agree-
rent with what has been found when £321 has been compared o
other l.peranme cultivars, {(lorenzetti, et al,, 1971). On the
ather hand Areo has been bred in Poland and has been selectaed
tn withstond the viporous winters of that country.

Smith (1964) stntes that Wigh leavels of nitrogen ave more
likelv ta have an adverse effect on plante which zre not 90—

Berent iy very Trost havidy, He, howvever docs not staste an y
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veferennes o substanbiate the olai, Nevertheloss the resuli:

e

comparing $5321L and Argo would apree wilth his hypothesis,

I0 it is sssumed that the cornditions at the . end of Ochbobor
in the Bast of Scotland tend Lowards the optimum for ilnducing
hardiness in $321 wheveas Argo mayv vecquilre conditions similavc
to antumn conditions in Poland for oovtimamm hardening of that

cultivar, then this may explain why N -has onlyv an clfect

W

+
o]
=
99

L2
-
R
)
»

Tt dis possibile that the effects of nitrogen on the induction of
hardiness will only be manifest when the plants are under
conditions wvhich are similar to or tend towards the optimum for
hardiness of that cultiver. This is veinforced by the experiment
in which Pax ﬁtoffe was compared wmder natural JSeptember conditions
and vnder artificial havrdening conditions (Experiment 6.4.c).

The nitrogen effect was manifest in the latter situation only

le. conditions which had a positive eflfect on the induction of

hardiness.
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The studv of the el foeot of nidtrorson on hnrdinoss ader conibrold led

environment condinions

The resulss of such experiments ave contrary to what hes
beert found in the field in the previous experiments. Wherve
dif{ferent N levels wevre appllied in notrient solution, the low
nitroesan level had a consistently adverse effect on the
induction of hardiness.

The two nutrient solutions die. low N and bigh N, could be

conszidered veory low and mormal respectively as the Yow'? N

solution was only lN“d‘th@ 'Thigh'! level, the latter having
; YO

an N level equivalent to the noyrmal Hoaglands concentyation.
Therefore the low N could be considered te be at deficliency
levels. This level of N could be having an adverse effect on
hardiness, so the N effect could be real.

However, chloride was used to replace the nitrate in the
=N solution. Thereforae the effect of Cl17 cannoet be discounted.
Tt is possible that the plant, having access to high concentrations

of CL™ toolk up €17 and this could have had a physiological effect.

i. perenne avd J . multiflornm have been found to have a high
tolerance to C17 ions when wield is measured (Cordukes and Parups,
1972)., However, the effect of CL7-may be physiological and

could be inTluencing the permcability of the cells or some other

cffect in hardiress.
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urfeets of low Lemperature on the finduntion of havdiness A yve.reass

(3 l~0 N

{ow Lemperature ie, 7 0, has a »ronouneed offect on the
induction of hardiness in ryegrass., The two cultivars wider
test arve seen however, to hehave differventiy. Pox @tofte, after

L0 . \ . .

10 davs at +7 C, suwvvives hetter than S23 after haviag been
~ o 1
frowen to -7 C.

That low temperratures are capahle of dinducing havrdiness
has been well documented (reviewed bv Levitt, 1956), aund they
have been secen to induce hardiness in rvegrassaes, (Lorenzetti et
; . ; 0
al., 1971). Although temperatures above, but close to, 0 C arc
generally employved in inducing hardiness, eg. Torenzettl et al.

3 l‘;o S I - o - r-o : .

using +2 C to harden ryvegrass plants, +7 C does have an inducing
effect on hardiness.

Tysdal (1933) with.alfalfa, has found that temperatures during

is more rapid at the latler.



“ech of davienstl on the dndnehion of havdiness inv Par fhofto

al ) . . .
When Pax @tofte vas subjected to +7 C nnder 16 howvry daviength

For 7 woelks, the degrec of hardiness was similar to that of tho

o

cultivar undetr 8 hour dayliength, other conditions helng the same.
The total number of Llive tillers 3 weeks after the cold treantment
was o omeasonra of havrdiness,

In the following experiment, whert vrelative coenduactivity
was the exriterion for hardiness 3 weeks of hardening was also
similar for long and short dayvs. However, after one week under

; O ; . .
the two davliengths at 47 ¢, the long days gave rise Lo a lower
‘ : . C e . \ 1©
relotive conductivity than the stort days at -4 C.

This prometive effect of long davs on hardiness has aliso been
found by lawrence 42"310(1973) studying Toux varieties of
Le.perenne. During hardening, when the daylength was 8 hours, at

PR o . . s . alo’ w A
39.0 W/m™ light input, mean tiller survival was 34%. 14 days

2

after freewing, whereas a 16 hour daviength at 39.0 ¥W/m™ input
gave rise to 52% survival. It could be argued that total light
input over the period of hardening was greater in the long day.

- r R ; ,
However, when the long day unput was 19.5 W/m~ ie. half the input
of light at any one tiwme but giving equal doses of light at 16
hours and 8 hours the percentage survival was still higher than in
the short days ie. 40%. Khalin (1970) has found fthat long days
also have an jimportant effect on the induction of hardiness on a
nunber of Polish ecotypes of grass species. The ecotypes of

7

FPestuca pratensis and Dachviliis slomerata having optimum dayliengths

of 24 hours for the induction of hardiness. A Norwegian worker

2

has found that long days promote bhardiness in red clever (3jéseth,
196y 1971).

Dexter (1933) has alse found that a2 15 hour dav at 0°C nes

a sreater el fect on the promotion of hardiness thrav a 7 honr
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d=s under khe aame conditions, in wheol. This refevence has beeun
aunted in o mmher of instonces as evidence of short days hnviné
a promotive offect on hardiness. However, it was the phase

prior to hardening in which Dexter Ffound short days had a

greater effect on herdiness that long days.

Tt 4= nobt ohviors what adaptive advantngee Jlong dava at low
temperatures promoting hardening bestows on the plant. Hardening
takes place in autumn when the days are shortening and temperatures
are dropning, therefore it would be expected that short days would
have been more eflfechtive than long davs ot low fTemparatures.

In some grass species, short days seoem te induce hardiness
in autumn . Klebeéadel (1971) bv decreasing the daviength in
the autunm, has been able to induce southern ecolypes of
grass and Kentucky bluegrass to survive under noirthern conditions
in Alaska. A similar sitvuation has been found in soutbhern
ecotypes of wed clover.

Short devs prior to the harvdening periocd jie. during the
period of grewhbh have been shown to increase hardiness (Dexter,
19335 lawrence et al., 1973). Tt is possible that this effect was
responsible for the behaviour of those southern ecotypes . grown in
the morth. TDays were shortened in autumn when the plants were still
growing. Therefore this may correspond o the period prior tec the
low temperature phase in which under contrelled environment
conditions, short davs increased hardiness. Therefore there
could be two davlemgth responsive phases in the hardening process,
accumulation of ecarbohyvdrates will advance the hardiness of plante,
ie. long davs during low temperatures. Preese and Foster (]972),
baging their views on the data of lawrence et al., consider
that the increase in hardiness in long davs is done to the lenghh

of time over which the plant can accumuleabs carhbohvdrate. Vovever,



[

i Bypoeriviant 6.9 the lory dovy eoeprised 16 hours whiech consisteld

2 : . 5
of & hwurs at full intensity (2?.,5’4— W/mT) lighting and the other

/

2.
A bonrs at supnlerientory Tiehting (.03 W/m™ ) ie. supplementary

lighting was too low to have a phetosynthetic effect. It is
more lYikely, Trom these reaults that the long day effect ds
phivsiclopgical vether than photoesynithetic. Rlebesudol ( 194G4)
concluded that phviochrome was involved in the indnetion of
hardiness. However, he was of the opinion that it was the short
days rather than Jong dayvs which induced the effeact.

In the exneriment carried out to determine the effect of
davlength on the hardiness of s=owme Iyegrass speciés at highevr
temperatures ie. 20°%¢ (Bxperiment 6.15),. when tested at mSOC,
the short dav effect is seen to be significantly greater than that
of Jong davs. This dis mostly due to the pronounced effect of
short days on the hardiness of Westerwolds. At mhocg although
not stenificant, short days alsc have a rproncunced effect on
survival of Westerwolds ie. greater than thiree times the number
of live tillers 3 weeks after the cold treatment are borne on
the short dev plerts than those having been under long davs.

Regarding the other species and cultivars, the effect of
davlength is somewhat confused and no pattern due to daviength
emerges.

Perhaps the effect of daylength during the prowing phase on
hardiness is not monifest unless succeeded by a period at low
temperatiires, s was found by Lawrence et al. .

. . I . o . . . .
The behaviour of Westerwolds after bheing at -8 C is difficuls

to explain. Tt is mmlikely that the plants of this treatment

did not receive a simid

Ay
-

r ¢hilling trcatment to thoe others, as
they were a) divided dinto two batches and randomly distributed
armaong the ofber treatuente nud L) orly the conire of the chamber

was used for chillings de. all the treatments werae within a small
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Aaren in the crvostst, so temperature praodients would bhave been

mivimal. Therefore, short dave may hoave, in foect, been

reaponsible Ffor inducing hardinsss, Westerwolds, if auvlumn sown,

is capable 0f wiltbhstanding British winters (Hunt, 1962). Being
ann annutal, ditfering Tfrowm the other thiwewe cultivaoars tested in

this experiwent, 41t may hove o different inherent havdening syvatem,

and so mayv be capable of hardening under short davs. The eco-

type differences found in RBrome grass and Poa Pratensis

(Kiebesadel, 19’71) already discussed,may be akin to this

o




Phe reloarive hardiness of pooils and shvots

Tula and Swmith (1954) compared hardiness of different speciocs
of legnumes hy measvring electrolyte release duce Lo damnage
(specific conductivity) without relating to total electrical
conductivity. The different types of tissue which could have
Trad a ) Adiffering vates of exosmosis and b) diffTering Lotal

conduretivities were rnot taken into account. V¥When damage o root s
and shoots were considered in this éﬁudyg allowvances were made
for these.

The differing rates of exosmosis were taken into account by
carrying out a time course to ensure thalt when cenduchtivity was
measured the rate of rapid exosmosis had been passed by xoot and
shoot (experiment 6.10). To allow for the different rclease
of electrelytes of roots and shoots at standard temperatures,
the relative conductivity of these plant parts was converted
(pape 1£9), These procedures were considered sufficient to compare
the relative damage of roots and shoots under. the conditions
imposed in the appropriate experiments.

The hardiness of roots -was found Lo be less than that of tha
shoots in Pax $tofte and S23. This has also been found in Poa

pratensis and Agrostis stolonifera (Peard and Oiien, 1963). In

i

these species when they had been submerged in an ice sheet in winter
for 60 days, the shoolts were living at the end of this period
whereas the roots had died,

Thamas and lazenby (19680) found that the hardiness of shoot=e

ir three racos of ., apmdinncen was less than that for the shoots,

This was found by subjecting the reobz and shoots indeperdiantly

®

ta Jow fempornfores, and then neoring Lho pisnts for sorvivnd

! Y

However *lhoe possibility of adventitious wroobts Leing formed could hoav:



compensated fopy anv rool damase, or death which could have occeursed

Resrd and Olien {loc.ecit.) Tormd that the plants of Poa

nratensi s

and Agrvostis tenuis under the lce sheet were able bto survive

due to adventitiocous voot formation, replacing the roots which

ned died. The same may have ocecurred in the races of Yestuea

arimdinacoen,

The relative lack of havdiness of vroots in other species

has been feound din Taxus enspidna (Mityga enid lanphiear, 1971) and

Juminerns chinensis (Pillet and White, 196%) . So the Ffindings

in the experiments involving S23 and Pax Mtofte ore in agreement
with these findings.

That The roots are less hardy than the sheols could be dne
to a) an inherent inahility to atbtain » comparable level of
hardiness of the shoots or b) the environment of the soil limits
the rate of hardening, or ¢) the root material could be seminal,
so may not be a true reflcection of nodal root behaviour.

Certainly the temperature of {the soil drops alt a lower rate
than the air, even in pots in growth chambers (Thomas and '
Lazenby, 1968c). So under controlled environmental conditions,
the length of time the roots are at the desired hardening

temperature will be less. However; in Juniperus chinensis, by

Decemher in Minosota the roots have been found to be unable to
witheatand temnevratnres Jlower than —1OOC whereas the shoots sur-ived
alt temperatures as low as MBQOC (Pillet and White, iloc.cita. Ry
December, if would bhnr expected that the roots would have been at
a temperature conducive to hardening for a considevable time,
This would suneeast they were unable to attain a proaler degvae
of hardenine, desnite heing in sn en%irnnm@nt snitoabhlie for harlen-
ine . |

Al=o dn the eoxrerimonts repovited dn bhis sty the roots of

the havdened nlonte wewro ot hoediope than thoen A0 the agandegld
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pinats, again wsugpesting fhat thay have not respondaed to The
fiardening condiltions in the same way as the shoots. The plaats
crntovnd in those exporiments wore at tho rd-lith leat atage.

Many of those wnuldhave nodal rools present prior to hardening

as nodal root anpearance has been found to be first observed
2-3 wecks after germinntion (Mcﬂill, 1974),  Therefore, nodal
roots wonld bhe present prior to hardebing.

The comparison between Pax fitofte and S23 confivrms the
resnlts of previous experiments ie. that Pax Ftofte nnder the
hardening conditions used in thisg study is more hardy than H273.
Tt wonld scem that the difference in hardiness of the plants is
due te the shoots rather than the roots as the rodts of the
two cultivars are similar in hardiness.

Also, the effect of daylengith on hardiness found in earlier
experiments is confirmed and 1is found fto affect the shoots rather
than the roots of Pax #Htofte, the plants under long days having
hardier shoots than those mnder short days.

Tt would seem that the mostAimportant effects of low
temperature in determining whether a grass plant lives or dies
is due to the hardiness of the shoots. As has been shown by
Beard and Olien, (1963) in grasses yroots can be vreplaced as
long as the shoots afe living. However, theyv have found these
newly formed rcots are unable to support.the growth of the shoots
if the plants are placed in conditions which allow rapid growth.
This mav also account forx the peculiar behaviour of some of the
varicbties Tfound by Torenzelbti ef al. (3971) which only survived
for a short time after they had been subjected to Jlow temperabure
conditions ie. roots may have heen killed by the low temperatures
and the adventitions roots formed alfter Tfreezing may have been
unable Lo supnovih the greowth of the shooly when nilsced in the

greentiounsa .,
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The

of Tnw Ntofhe

of Tight dntensibky prior to hardeniony, on the haydineass

I'mlile the effect of Lirht dvtensity prior to hardevning

found by l.awrence of al, on the hardiness of ryegrass strainsg,

1isht intensity was found to have no effect on hawrdiness of Pax

Otofta. However, the wmethod of hardiness assessment in this

experiment was the Fleotrnlvie ralease maoathod wherens Iawrence

et ~l, were using the survial of the grasses afiter Treewing as

a measure of hardiness. Theyvy found mean tiller survival
ranged Trom 30 to 49 depending on photeperiod as well as 1light
. . o . . N PR s v R
intensity (intensity vanging from 19.5 ¥W/m” to 78.1 W/m™).
However, +in ancother experiment where the growing phase had a light
. . ‘ 11 r /o 2 . N <
intensity of 9.8 -« 14.6 W/m" and was compared to an intensity
>
3 ~ - . . ;

of 48.8 W/m", there wes no difference in hardiness, but the
latter treatment had a lower light intensity treatument during the
hardening period. At the end of the hardening period the
percentage water soluble carbohydrate in both freatments was similer

Tt would be expected that had light intensity during the
growing phase been important in hordiness, the two levels emploved

o 2

in Experiment 6.16 ie. 22.03 W/m" and 4.09 W/m” would give rise
to different effects, particularly when at the latter intensity,
plants were exhibiting symptoms of etjiolation.

Although there is no evidence to substantiate it, there
is a possibility that the effect of low light intensity may not
be due to increasing the amount of damage by the low temperature
but rather it could be dune to lack of carbohydrate having a
detrimental effect on regrowth, hoence reducing thoe nercentarse

sutvival,



Thoe oftect of defolialion o co e

]

rapd i

e

ha daenirrease in hardiness asscoiated with defoilintion in

Pax #“rtofte and Tetila telbmpload ig in agresemont ity what has zen

found in alfalfa (Grantield, 1935), oat (West, 1962), rad clover

/
s N . o e N\ .« 4 ’ - - . . e - k
(Porvey and Manson, 1955}, tall fescue (Thomas and lazenhy, 196-a),

most roasture srasses grown in Pritain (Welsh Plant Frecding
Station {1964a)' Other insbances of defoliatior decreszsing
hardiness are reviewed by Smith (1964),

Inte to this experiment having been carried ouht undexr conthvrallad
envirommental conditions, ﬁhe resulbs cannot be compared divectliy
to experiments involving defoliation effects on hoardiness in tn
field due to the differences in micyoclimate which are created

by defoliation in the field situation and the muliitude of

factors which affect cverwintering. Therefore this experiment

ie more o measure of the effect of removal af leaves on hardiness

_~

rather the eflfect of

o

clipping on the ability of & swornd to
withstand winter conditions.

The time of cutting prior to the cold treatment has been
considered importent in determining the effect of clipping on
hardiness {(Granfield, 1935; West, 1962; Thomas and Lazenby, 19%%a).
West found that six davs after clipping, the carbohydrate level
iﬁ the oat plants was at a minimuam, and when the low tempereture
treatment was applied at this point, the clipped plants were
noticahbly less hardy than the intact plants. In this experimoent
invelving Pax ¢Vtofte and Tetila tetraploid, the plants were
transTerred to harvdening conditions one week after clipping.
Therefore 1i{ rvegrass is similear bo oat, the ceriobodrate
Teval in mthe aiipred Dlants would he low, hence entroring the
hayvdenines phase containing a low level of carbohvdrates., Hovesory,

it s poszsivhle that dorving the hoydenine phase, corboabvidente
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The higher degree of havdiness of 3273 compared Lo Tetlln

tetrantolid after one weelk under hardening conditions may bhe

refleoction of theii velntive cold havdiness in the Ffield,

Yomert ond Howlett (1953) found apple varleilics which were

o

considered hardiest were more hardy than the less hardy

o]

varieties in &the antumn., However Ly mid winter, the vapiocus

o

P varieties had simdiler degrecs of heardiness., This has also bhren

fornd in winter wheat varieties {Sunesonn and Kiesselbach, 1934).

National Institute of Agricultvral Potany wank S23 s)ightly higher
than Tetila tetraploid for hardiness in the field (Aldrich, 1968).
Therefore, rate of hardeuning in avtumn may he a factor determining

relative winter damage due to low tempepratures.

In experiment 6.0 y 98321 was less hoardy than Arge at the

end of October in the Eset of Scotland.

as alrveady stated

is one of the least hardy perennial vrvegrasses to be bred in

i

wvere made 1in

mid winter to determine whether the differences in hasrdiness

. persisted. Tetila tetraploid, however, has bheen found to attain

a similer level of hardiness to S23 undesr avtificial environwental

conditions herving enarlier been less hardy,., If this verc to occur

in the field, then it is 1osegibhle thnt it dis the laote outumm

frost vhich i1s responsibhle for desmage to least havdy grasses

nw

g

rather than the colder conditions of mid winter.
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flovering The lack of respones to sprines nitrogsen

vith resnsct to Floweringe v eithor enxrly ov late porenaisnl vve-

arass cin the Miedd wonld sopgeast vhob, in soeced ninnts at lesst,
nnder the range of nitrogen levels likely to be applioed in
practice;, floveriungs wonld be mmaffected, Certainly the ruumber
o Llovarines heads. was sereater -~ Aat the hicfsher nitroeen
levels, but the nroportion rwemained similtar at Ligh and low Iy

Jevels, Further svudy under sward conditions would determinc

wirethery this only applies Lo spaced plantsa.

Woestoerwolds under comtrolled envivoenmental conditions appeared

to flowver earlier under low nitrogen conditions. -3t is possible
that range of nitrogen level is dmpoertant in determining the
degreec of influence on Tlowvering =o that in the field a soil
would have to be of a very low Ne-status before flowering was
affected.

Degpite low~N treatmenl advancing flowering in the main
axis of pleants, when the apices of tillers and tiller buds were
examined in plsnts at hoth N levels which had reached the
Tlowering stage ot similar times, the apices of axillary tillers

on hirh-N plants were generally more advanced than apices of

corresponding tillers and buds on low-N plants. Jow nutrient

status within the plant may be giving rise to increased competiition

betweern apices and other meristems, hence decreasing the rate

of development of axilisvry tillers.

Nitrogsen and Lillaring Bxcept for experiment 3,1, when nitrosen

N

was anplied dn voarving amoints tiller numher per plant increascd

vith nitroger aroiication.  Under controlied onvirernmentsl

conditions soonndary £11lar number was afTrocbed more than yredimary

¥

tillers hy mnivrogen level. WNWilkrosen nlzo apncared to promote
would

cxpansio= of tiller huds which [atnerid ae hove remained deongord ;
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A died,  Chix dneresce dn B Tler il axnansion wae sacaainted

withh Faak

woprophvll oaxpanslon, a grecher nambor of denves ormoode
ine, and a Adgober wenber of Tenf primovdia laid down., Thicz 1«
rresumably whal would happernt under swanrd conditions when nihrogen

Ts applted.

Tlowepi=e ond Eijverine Floveringe spreared hto exert an intTlnencs
o tha dnhibhition of Ltiller bud expansgion in nerenmiall rverrasc
particularly Pax fitofte (E}.’..T:a eriment 3.2 \ . Xitrogen anpeoved

to compensante Tor the aoffect Lo S23.

Removal of the developing inflorescences in I.. temuientam

and Westerwvolds gave yise to a Ttempovrary jncrease in tillhring,'
Nitrogen also appeared to be able to cowpensate, at least partlv,
For this infinence of the apex on tiller bud growthi in this
instance., Pvidence was put forwvard which may dmplicate plant
hormones in fthe inhibition of tiller bud expansion by the deval-
oping inTlorescence viz, when tiiller buds were freed from
inibition by removal of the developing inflorescence in

T.. temulevnftum, the apices of the buds underwent morrhoegenic
change compared to the inbact plants whose buds remsined
vegetablve, Further worlk is necessawvy to determine bo what
extent nmusrition and hormones ave implicated within the plant

imn the control of expansicn of tiller buds by the developing
intflorescence. Also the evidence presented was not conclusive
regarding the paft of the flowering axis which controlied hnd
exprusion.  Fovrther wovk dinvolving maasurement of the dintevrnodes
snbeoguent to decopiitation would have te be carviod out to

debermine whis.



TrnFiresece of Fthe "anical

aiton on Filler nroduchion Bvidencs

hosw heen presented sugeeasting that the apical vegion of vagetabive,
or mewlv initiated nlante of Westerwolds exerts some conbrol owver
tiller Pnd expansion, when the plants have Dbeen grown From seeds
denseiv sovn. Lthe removal of exponding leaves, From vegetatlve
niants orovn rader such conditions gave rise to the welense of til11.
hadeae otherwise supnressced at low nodes. Therefore the grass
plant cnn be considered to resemble dicotyledonous plents in which
apical dominance has been Tound to exist during the vegetative
rtags .,

This phenomznon of apical dominanee which counld be considered
to have been induced in perennlal ryveprass because of the dénse
conditions wnder which thev were grown, may be an explanation

=~

Tor the inability of the first tiller bud te develop, or take

o
Ll
(=

a long time to expand in some grasses. An example of this ds t
feseues, Tall fescue establishes poorly. - Perhaps
research directed along such lines may elucidate and overcome

this establishuent problem in an otherwise useful grass species.

Nitroeen and cold hardiness Under field conditions, nitrogen

was found to reduce cold hardiness of grasses)
a) when hardiness was induced artificially in Pax gtolte

in autumm.

b) in Pax #BtoThe vhen tested +in wmid winter.

Howsver, under controlled envivronmental conditions the
raverse was found to be the case viz. low nitropgen reduced cold
hoardineaa, Further work shoeuld involve a wider range of N

Tevelae ninder contyolicd conditions to determine if there ds an




cobimum Jevel of aitrogen below and above which hoprdiness g

adversely atfected,

Temperatnre, lieht and defoliintion and cald hardinees The
foilowing hmve.been ol in this stadys
n) Tow temneratitites aroinid 500 induced hordineass in compar-
o
decon to 207C. .

L) Cold hardiness induccd by low temperaturce was achieved
at a faster rate undexr long davs.

¢} These long days (16 hours ) were not necessarily higher
liesht energy than short days (8 hourd)u

d) ldght iﬁtensity sufficiently low to give rise to
etiolation effects on the grass plants during hardening did not
increase the amount of damapge brought about by sub-zers temper-
atures compsred to plants hardened under higher light intensity
conditions.

@) Defoliation prior to hardening decreased recovery of
Tetila Ttalian rvepgraszs after subjection to sub-gzero temperatures
relative to inbtact plants but did not appear to affect Pax
ftofte.

) Roots were influenced, on the whole, Jless by hardening
conditions than shoots. This would suggest that damage by low
temperatures in the field may mnot be due entirely to lack of
hordiness in above ground plant parte.

It could be argued that insufficlient levels of envivonmentsl
Tactors were emploved, 1%t would have besen desirable to have
been able to impose A wide range of levels within an experiment
but limitations on the avallabhility pf Tacilitiers did not always

-

allow this, tlence dlevels which were Judged exbiemoe wern uoiallw

chosen .



Due to the commiextity of the enviwamment vmdader fiedid condition-
P weonltd alno have hos deairahle o dmpose o srumbier of uvnriahles
on nlants within sv experiment . Howeverr, thies ann he taken G0
Ehe extbent whers in orﬁer to handle the resnlt«, » methemabiconl
model has to be applisd. Nevertheless, an understanvding of the
derrer of intceraction bebween commonents of thae eunvirvonmont is
irportant in extraveleting from controlled envivoen it coanditions

to the field, Therefore, there is scope for Turther resezrch

(o)

in flowering, tllleving, and cold hardiness under more complex
svatems.

Flowering, tillering and ability to withstand low temper-
atures are tactors of pereamndiality under hemperatoe-conditions.
Parennieality is considered an 1wportant compenernt of norsistency’
af a grass sward, but the contribution of those Tactors to
persistency bas hot been quantified. A study based on close
obeservation of ithe bebaviour of individual tillers in eyegrass
swards of cultivars of varylng persistency over a periocd of years
may give rise to & cleaver picture of the role of flowering,
tillering and hardineses in determining productivity of a grass

LN}

sward Trom vear Ho vear,
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Brperiment T.1

WVH al tillers d.f,
(I’C“! o Lo N

applica t*on)

Total 79
Solunmns 3
HRows 5]
Nitrogen levels 3
Error 6
Varieties k.
Vars x Nitrogen 12
Brror 48
Total tillers 70
Total 79
Colunns 3
Rows 3
Nitxrogen levels 3
Brror G
Varieties Iy
Vars x Nitrogen 12
Srror 48

[41]
-
133

299 ,8089
1.1264h
8.0184
0. 8040
0.8717

)U=66 32
72T
27.6131

236699.95
1191.85
OULE .95
9298.,05
9308.70

162402075
3851.825
L 1200.50

Plowering tillers 1-8-70

Total

Co lumns

Hows

Nitrogen levels
Error

Varieties

Vars x Nitrogen

Error

Percentage

79
3
3

3
6

L

12
be

Flowering

5188,

281.57h

1918.95
394 .75
2250.30

3875
92.6380
234 . 7575
15.4375

LS,

0.43754
2.6728
C.2681
0.5

6l . 6658
O 2268
5752

397.28
3148.98
3099.35
1551.45

LOo&00 .52

320,78

8E8 .l

30.88

78,246
5,146

h5.929

L9.738
32.896
L6881

o

i..l

R AR ]
oo Eln
o~ &=
&3 O

2

EaR &l el

12 25

NS

Az M.

NS

0,39k2 WS

0.256
2.029
1.997

L3001
0.37k4

10.233
C.702

tillers (Transformed da@g)

Total
Colunms
Rows
Nitrogen
Eriror

Varietics
Vars x Nitxogen
Error

79

L
e

g

Léoh 556
Ik 39
321..292
313.093
119.523
R2073.,0669

472 bk
122,118

14 1k6
107.097
Lok 36k

19.92

550.917
21.035
27 . 5L}

L
Lo ~3 =
sNe e

&

Vil O
9
& Lo ~2

20,001
1.127

- NS

NS
NS

o ok
NS

NS
N3
NS

oo
NS

17(‘

geefdd

g.1204
0.120k
0.31204

12,4557

a2 kssy

2.b557

10,3582
20,7164

2,1663
R.18663
A;.Aé()

2,4208
4.8hk1s

1)



Exvoeriment 3.2

& X varremat

A

Ta 1 e nuwmboer

Total 1L
Niocks

Vaiieties

N Levels

e e VA%

Intoerachion
Error
23=h-72
Total tiller mumber
Total 15
Blocks 3
Varieties 1
N lLevels i
Interaction 1.
Errox 9
7-«'7?’
Total tiller numbery
Total 15
Blocks 3
Varieties 1
N l.evels 1
Interaction 1
Error Qg
95712
Total tillexr number
Total 15
Blocks 3
" Vardeties 1
N lLevels iR
Interaction (VxN) 1
Errox S

13372

25.49938
0. )1 Luc.)
16 .60562
0.390063
0.00569
5.98563

82 .854138
19.00688
18.27563
20.02562
0.005613
25, 5&065

1hi . 2975
Ls.7875
1.6900
64 .0000
7.0225
25.7975

h57.08937
117.17688
0.68063
244 ,1.4063
0.7256%
39.36562

LS,

0.170673
16.60562
oQBOOGJ
0.005673
0. 6050/

"

6.33563
18.2756%3
20,02562

0.00563

2.8378%

15.2625
1.6900

64,0000
7.0225
2.86639

39.,05896
0.680673
204 140673
10.725673
9.37396

0.25655

P& GHB26

£ \)7 3);
O 008&6

00198

5.32064
0.58959

22,3277

2. 44995

L,16675
0.07261
26,04k 56
1.144390

N L5766
Xe % . lQ'?/
NG 407/
NS 005766
NS 1.1912
* G.84279
* 0.8423
NS 1.1912
s 1.1972
5 0.8465
#%  0,8465
NS 1.1972
* 2.1640
Ng 1.5308
#x% 13,5308
NS 2.1649



L6 B9

dfl 8.8
Total Hiller nomber
Total 15 1h29.6175°
Nlocks 3 195.0225
Varieties 1 17.2225
NeLevels 1 1020.8025
Interection {VxN) 1 26.5225
Erioxr 9 170.0475
Percentage of flowvering tillers
Total 15
'locks 3 2,6023
Varieties 1 L.7b2
Nelevels 1 191.546
Interaction (VxN) 1.742
Brror 9 2.066
2REL.T2
Total Tiller number
Total 15 3050.4575
Rlocksa 3 107 .2125
Varieties 1 Lkp6. L2225
N~l.evels 1 1989.1600
V x N 1 2.8900
Brror 9 524 ,7725

Percentage flowering tillers

Total 15
Rlocks 3
Varieties 1
N-lLevels 1
V x N 1
Error 9
9mi=72

Total tiller number
Total 15
Blocks 3
Varieties 1
NelLevels 1
V x N 1
Error 9

122k

7019

54777
1206.1729

0
0.
11,

7715
353,
1887.
Layl,
0
801

6972
6972
6569

e 2700
73100
OQ')r'
7225

<3600

<575

LS, I

65.0075 3. 44061

17.2225 0.91152
1020.8025 54.,02739

26,5225
1886417

"

1.40374

1.260 1.2598
0.8473 g2 .7914
92 .751 0.8435
0.843 0.8433
0.230

35.7375 0.61291

Lp6. k225 17.31327

©1989,1600 34.13467
2.8900 0©.04956
58,30806
1.8259 1.b0g7
1206.1729 931.2638
0.6972 0.538%2
0.6972 0.5382
1.2952
117.90333 1.32381
1887.9025 21.197L17
4671a722f 2.45361
0.3600 0,00404

89,06389

Soe. (ALIf)

S
NS

ook E

WS

=

NS
b S
NG
N5

NS

o o R

Ju

NS
¥ ok
NS
NS

NS
s %
# e ok

NS

3.07%6
2.172%4
2,173

3.0736

0.3391
0.2398
0.2358

3391

5.3994
3.81&0
3.8180
5.3994

0.8047
0.5690
0.5690
0.8047

6.6732
L 7187
4 ,718%
6.6732



s B3 S, ® &a(diffJ‘
Peyoentagpe Tlowering tillers
Tatal 18 2202 .,0842
hlooks 3 135686 4 L3895 105715 NS 1.1952
Variebios L 2156.6730 2156.6796 754 .02673 ws% O,8451
Ne-ievels 1 3.1152 3.1152 1.0904 NS 0.8451
Vox KN 1 3.1152 3.1152 1.0904 NS  1.1952
Error 9 25,7116 2.8568
8-6-72 '

- . £ - y o
Total tiller number (Pax Jtoifte only)

Total 7 86LlL.u6

Llocks % L750.57 583,52 F.55 NS 12.8180
N-levels i 6497 .97 6hay .97 39, 54 E 9.063%
Ervomn 3 Lgz,92 164,30

Percentarge flowering tillers

Total 15 3191.6052

Biocks 3 60,1529 20,0509 2.1957 NS 2.1368

Varieties 1 3028.851=2 3028,8512 331.6889 %% 1,5109

N-levels 1 10.2080 10.2080 1.1178 N3 1.5109

vV x N 1 10.2080 10,2080 .+ 1.1178 NS 2.1368

Erroxr o 82.1857 9.1316

15-6~72

Total tiller numbexr

Total 15 L6763.16938

Plocks 3 shhly W18y 1814.81396 1.64117 NS 23.51138
Varietlies 1 17404 ,20563 17404 .20563 15.73898 #x 16,6268
N-levels 1 13800.37562 13800.37562 12.47997 *% 16.6268
V x N 1 161.925673 161.92563 0.145643 NS 23.5138
Error 9 9952.22063 1105.80229

Percentage flowering tilliers

Total 15 2275.8340

Blocks 3 56.8396 18.8465 2.1356 NS 2.1006
Varieties 1 2137.2129 2137.2129 242,1798 wxx 11,4853
N-Levels 1 2.6082 2.6082 0.2955 NS 1.48513

V x N 1 0.0484 0.0484 0.0054 NS 2,1006
Error g 79.4249 8.82L9

19w6-72

Total tiller nmumber

Total 15 13bhhn 80k

Ricchks 3 20939,60688 6979.86896  3.15G70 NS 33,2817
Verdieties 3 SHA00,07562 U000 97568 1542880 w 3 51y
Nelevels J 55377 8L562 555377.855 62 RL9uyha mew 29,5907
V oz N 4 LOKS o562 BO56,L0562 1L.84460 NS 33,2817

Srroge 4 19958 .05068  22145.733896



NS
e

Sl

vergentare flowering tillews

Total 15
Biocks 3
Varieties 1
Nelevels 1
V ox N A
Birror G
30-6-72 (823 only)

Total tiller number

Total
Blocks
N-blavaols
Brroxr

W = N2

1212.1667
62,8006
856,1476
h3,3622
13.5792
236.2773

62313.875
13583.375
hlggi, 125
4179.375

Pevcentage flowering tillers

Total 7
Rlocks 3
NeLovels L
Bryror ]

14772

Total tiller number

Total 1
Rlocks

Variety

N—lLevels

V x N

Erroxr

O R WWR

Percentage of flowering tillers

116.6582
101.1623
b.6513
10,8446

238009.33752
L3lLo.07250
75652 ,50250

113265.90250
20050.22250
1L700.6575%3

Total
RBlocks
Varieties
Nitrogen levels -
V x N
Error

15

O = b e 2

Total tdller number

Total 14
Hiocks 3
Vavieties 3.
Nelevels 1L
V » N 1
Eyrrox 9

941 . 8104
99,2869
266.8322
200.2225
121.2201
254 ,2487

543570 .44
13189.19
180€25.00
16301h .06
78506 .24%
106935.94%

}T.’nc.}'

20,9335
856 1476
by 3622
13.5792
26,2530

LE27 . 79167
Qhﬁﬁlrl2500 3L.97027 *
1393.1250G0

Lo

G

° o
G ONT
=R O
0 W ~3

AR

2
°

9.3285
1.2867

0.7973
32,6114 #
1.6517
0.5172

3.2

14L5,69083
75652, 50250
119265.50250
30050.22250
1633. 40k

33.0956
200 .2225
266.87322
121.2201

28,2498

h396.59
180625.00
1A3014,06
79806.25
11.881,77

1.1715
9, bl 5k
7.0875
L .,2910

fe(dire)

NS 3.26710

2.5619

NS 2,5619
NS  3.2630

37.3246
6.3925

5010 N3

NS 1,41lk2
NS 0.8021
0.88569 28,5750

L6.31585 #%420,2077
69.3413L6 %xx20,2077
18.39730 *% 28 5780

NS 3.7583
* L.bakz
# 1.1k
NS  3.7583
NS 77.077L

% 54,5018
k% 54 5018
x 77,0771
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dofo Bues, MaBe i gee{difd
Pevrocennase flowering tillers
Total L 28,5926
Liocis 3 5.60342 1.8947%7 0.050C1 NS 42287
Varieties 1 333.7929 333.7929  8.85390 #* 2.9901
Nwlevels 1 72,0156 T2 .0156  1.7892 NS 2.9901
Vox N 1 0.0756 00,0756 0.0020 NS h.2287
Erroir 9 321.8715 35.76358
Mean tiller dryv weights
8-6..72 (Pax Otofte omly)
Total tillers - meann dry welghis
Total 7 0.0172
RBlocks 3 0.0034 0.0011 0.3793 Ng 0.0538
N-levels 1 0.0050 0.0050 1.7zl NS  0.0381
Lrror 3 0.0088 0.0029
Vegetative tillers - mean dry weight
Total 7 0.0038
Blocks 3 0.0001 0 O NS 0.0245
N~-Levels i 0.0018 0.0018 0.0003 NS 0.0173
Frror 3 0.0019 0.0006
Flowering tillers - mean dry weight
Total 70,0522
Itocks 3 0.0027 0.0009 0.1125 NS 0.0894
N-Levels 1 00,0253 0.0253 3.1625 N3  0.0447
Error 3 0.0242 0.0080
19-6-72
Total tillers -~ mean dry weight
Total 15 0.okkh8o
Blocks 3 0.007231 0.002410 1.59 NS 0.0275
Varieties 1 0.021389 0.021389 14,146 w0 ,0194
N-Levels 1 0.002186 0.,002186 1.h4hs NS  0.,0194
VvV x N 1 0.000068 0.000068 0.0k4s NS 0.0275
Erroxr 9 0.013615 0.001512
Vegetative tillers mean dry weight
Total L5  0.008930
Blocks 3 0.001372 0.000457 2.135 NS 0.0103
Varictics 1L 0,000020 O.000020 0.093 N3 0.007%5
N-levels 1 0.095h02 0.005402 25,24 w4 0,0073
V ox N 1 0.00021% 0.0002173 0.995 NS 0.0103
Lirron 9 0.U0L%E] 0L0U021L



lowaertine

tiliers

d.

LS

mengr dyy welght

Total
Iloclks
Varieties
N-l.egvels
V x N
Briror

30-6-72

Total tillevs

i

D ok W

- @ &L

0.,100866
0.014487
0.0016M40
0.022801
0.000441
C0.L070h9Y

dry weight

Total
Plocks
N~levels
Error

Vegetative tillers -

7
3
1
3

c.o1he7s
0.003794
0.0094593
0.001628

mean dry

0.0048290
0.0016L0
0.022801
0.000441
0.007833

«

0.001265
0.009453
0.00542

welight

0.000154
0.005305
0.00024%

0.010971
0.061250
0.001606

0.0091.20
0.004761
0.032220
0.000100

Total 7 0.006486
Hlocks 3 0.000462
N-l.evels 1 0.005305
Error 3 0.000729
Flowering tillers - mean dyy weight
Total 7 0.09898R
Blocks 3 0,032913
N-Levels 1 0.061250
Error 3 0.004819
h-7-72

Total tillers - mean dry weight
Total 15 0.107186
Blocks 3 0.0271361
Varieties 1 0.004761
N=l.evels 1 06.032220

V x N 1 0.000100
Ervoxr 9 0.042732

Vegetative tillers

- mear diy

0.004748

weiaht

Total
Blocks
Varieties
Nwlevels
V x N

15

3
]

XL
1

G.021578
0.001752
0.00846h
0.009120
0.CGO0064

0.00058k
0.008L64
0.009120
0.000064

0.616
0.209
2,911
0.056

0.63
21.83

6.83
38.13

1.92
1.00
6.79
0.02

2.41
34,98
37 .69

0.26

se(dirTs,)

saEmaEx

et

NS

NG
e ok

NS5
NS
S

NS
s ook
s ok
NS

0.0626
0.0443
0.04413
Q.0626

0.0234
¢.0165

0.0156
0.0110

0.0L87
0.0345
0.0345
0.0h87

0.0110
0.007&
0.0078
0.03110

- -
W

P



Plowering tillers -

mean Jdiw

Bl e

N
wel ot

Tobal 15
Lrocks 3
Varieties . 1
N-levels 1
V x N 1
Error e

SE

15-8~72 (Regrowih)

0.240604%
G.071250
0.080089
0.073629

0.C0L337
0.091702

0.010416
0.060089
0.03629
LO0153G
0.01018%

0.000811
0,0001380
0.000049
0.000784

Total tillers - meall dryv weight
Total 15 0.004624
Rloelks 4 0.000811
Varieties i 0.000330
Nelevels 1L 0.000049
VXN 1 0.,00078%
Error 9  0.002600

Veretative tillers -

mean dry

0.000288

weleht

Total 15 0.002624

Illocks 3 0.000449 0.000149
Varieties i 0.00037% 0.000371
N~Levels i 0.000086 0.000086
V % N 1 O°000162 0.000162
Error 9 0.001556 0.000173
Flowering tillers -~ mean dry welght

Total 15 0.041056

Blocks 3 0.000605% 0.000202
Varieties 1 0 0
N-Levels 1L 0.002550 0.002550
V x N 1 0.003541 0.003541
Error 9 0.034360 0.003818
Experiment 3.5

Total tiller number 27-7-71

Total 31 2h495.715

RowWS 3 746,695 248,899
Co lwnns 5 5o, 745 183.249
Nitrogen levels 3 211.535 70,629
Error & 218.950 36,492
Decapitation 1 24,500 2L, 500
Decapitation x: . o
Nitrogen 2 190,190 63.397
Error 12 553,750 b6, 1hs
Tetal tiller numnber 12-8.71

Tetal 31 4£160.27875

Rows ! *“W:n!u;,, GLS, 15158
Couiuwne 3 1)0A,u9)71 Ll 95&;8
Nitregen levels 3 TO7VE93T7S 235,864
Lo G 3}h,?47:9 539, /A/QD

1.02
7.86
3.56
0.13

2.82
1.32
0.17
2.7

0.6679
0.927h

15.50

. !

10,94
5.97

i1

0.0731h
# 0.0505

—2
£}

NS 0.0505
NS 0.0714
NS 0.0120
Hs 0.0085
NS 0.0085
NS 0.0120
NS 0.0093
NS  0.0066
NS 0.0066
Ng  0.0093
Ns 0.0hn7y
NS 0.0309
Ng 0.01309
NS  0.0437
I

NS

NG

& r)u.lﬁ’j()
¥ 3.1538
* 3.1538



fr w0 &S

at. 8.5 LS. I sefdif L)
Dacapitation 1 39,16124 39.1601.25 0.28 NS h4.1278
hoeaptoiion = q 4gg.95975 12058458 0.9k N8 5.8375
NRTCIOEE
Frror 12 1635.47500 136.31217
Increase in tiller numcer from 27-7-71
Total 31 1419.01875
ROWS 3 282,71375  94.23792  8.890 * 1.6276
Columns 3 222,73000  7h.24330  7.006 * 1.6276
Nitrogen levels 3 208,.81375 G4 .60458  6.568 *® 1.6276
Reror &) H3.58120 10.50680
Decapitation 1 1.05725% 1.0572F 0.023 NS 2.3941
Decapitation x 3 £9.82375 29.94125 0.653 NS 3.3359
Nitrogen
Crror 12 550.,30500 45.85875
Percentange increase in tiller numbey from 27=-7-71 ﬁo 12-8.71
Total 31 5449.615
Rows 53 315,901 106,40 . 509 NS 7.2239
Co 1umns 3 265,017 88.3139 423 NS  7.2239
Nitrogen levels 3 1610.393 536.797 2.571 NS 7.2239
Lrror 6 1252.459 208,747
Decapitation 1 8.757 8.757 0.059 NS 4.2885
Decapitation x , _ - y . .
N3t 10 gort 3 228,616 76.205 0.517 NS 6.0645
Error 12 1765.475 147,122
Total tiller number 28-8-71
Total 31 17655.57875
Rows 3 3778.33375 1259 . 44458 11,067 xx  5,3327
Co lumns 3 2942 ,532400 980.77430 8.6217 * 5.3327
Nitrogen levels 3 313644375 L045.48125 9.1905 *%  5,3327
Error 6 682.53720 113.75620
Decapitation 1 172.05125 172.05725 0.31158 NS 8.3079
Decapitation x - R ~ o e o a1 , . .
N1 bro gon 3 317.69375 105.89792 0.19178 NS 11.7492
Error L2 6626.19505 552.18292
Incirease in tiller number from 27«7-71 to 28-5-71
Total 31 9257.549
Rows 3 1507.67h 502,558 8.032 * 3.9534
Co lumns 5 1151.854 383.951 6,141 * 3.9534
Nitrogen levels 30 2132.504 710.834 11,9369 # ok . G534
Exrpor 6 375.137 62.522
Decapitation 1 53,561 53,561 0.35h N&  h.3431
Decapitation x - ) . e : )
Nit o gen 3 39.814 13.271 0.081 NS  6.1k422
Brrorn 12 18L0.945 150.911L



Percentage

Total
Nowe
Co L s

increase in tiller

nwnher

fromnm

27771 to

e

2
L
et

2887l

31 RU015.362

3
-

Nitrogen level- 3

Error

6

Decapitation 1

Decapitation x

Nitrogen
Trroxr

o

12

Hiho2,.8272

2.968
311.182
4801.307

Lay .60
Gl , 84
2545 ,878
50k k60
9.568
103.727
Loo. 108

0.926
1.867
5.6h6

0.02
0.259

11.2299
131.2299

11.229¢

70719
10.001%

s
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6.3

v eald harddino e«

e 4 oo

NI

Iaa)

anecl Tenit s

Total
Varieby

Wrroar

Varietwv

Prror

Total
Vaziety

Brror

Total
Variety

Brror

Tot ol
Vardety

Woprery v
A

Ty

d.f.

Dav

IR A

i3

2

&

Dav

I~
7 s
an e

w

Ative HEilTer punbor

SEF;Q
-7 ¢
BR300

908,22

hoo3. 87

8

N

Nay

25933.70

772 .67

22161.03

8

I

5%

£

Dav

66519 .80

25380 5l

J=

31139, 30

(8]
7, 070

2

G

17964 .08
112473, 80

G720 ,20

1, o%c

12168, 80
373.731

1179549

e S«

131601

66731

1886.33

3693.51

126950.27

6856.55

56241.90

1120.05
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Total 15 287,680,771
Cotumns 1 10,608,364 3,536.1R2 0.30
Rows 5 91,121,653 TG0, 373.80 2,03
Nitrogen 3 116, 685,61 38,895.,20 3.37 NS
Error 6 69,265.11 13,58k 010

Mean dead tillers
Total 15 bWy, 673.78
Co lurmns 3 5,326.91 1,775.64 0,69
Rows 3 13, 248,36 hiolii6 .12 1.75
Witirogen 3 13,743.70 4,581023 1.79 N&
Error 6 15,354,821 2,559.14

Mean Jiving tillers
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Rows 3 50,709,673 16,903.21 157
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Frror 6 65,743,776 10,757.29

Monm averwvinterine Idivine £371ere
Total 15 92,291 .14
Columns i g,u60h, 34 3,154.78 0.71
Nows 3 11, 560,24 3,853.41 0.86
Titroeen 3 Ghohran 12 14, 800 .04k .32 N3

Trror G 26,776 Il e, lugn 7l
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