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. ABSTRACT

The dwarfing of Black Hulless barley (Hordeum

vulgare L. C.I. 666) infected with barley yellow dwarf
vifug is investigated. Estimation of cell number in the
third leaf blade of infected plants showed a marked
decrease in mitotic activity. There was no decrease

in mean cell size. Bioassay of‘endbgenous»gibberellins
indicated’ that there was a significant decrease, %n
infectell plants, of a suhstance corresponding to
§ibbe}ellic acid. Bioagsay of endogenous auxins revealed

similar levels oftthese compounds were present in

»

infected and healthy plants.

Black Hulless barley C.I. 66ﬁ was found to be
susceptible\to the growth retardant (2-chloroethyl)- '
trimethyl ammonium chloride (ccc), which has been shown
to inhibit the biosynthesis of gibberellins in both
higher plants and fungi. Estimation of cell number in y;
the third leaf blade indicated that a significagt
_decrease in mitqfic activity occurred in treated plants.
There was a small decrease in mean cell size. Bioassay -
of endogenous gibberellins indicated a significant
decrease 'in a substance cerresponding to gibberellic

acid! N *

Application of gibberellic acid to BYDV-infected
and CCC~treated plants reversed the dwarfing, but the

[y
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response was found to be due- to incrgased cell
elongation. There was no significant difference between

the response of healthy plants, CCC-treated plants, and

4

BYDV-infected plants. ,

‘ "Ethiopian barley C.I. 2376, wﬁ?ph has been
shown to'be resistant to BYDV-infection, ‘was found to
be similarly-resietaﬁt to CCC-treatment. ,

- " It is suggested that CCC and BYDV both induce
dwarfing in Black Hulless barley by an inhibition of
me?istematic activity whicﬁ is associated with
di%inished levels of endogenous’gibberellin8¢ The
decrease in mitotic activity may be the result of
de%?eased gibberellin blosynthesisg, but is not revers;d

g .

by exogenous gibberellic acid.

1
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The following abbreviations are used in the text.

AMO 1618,

B9,

BYDY,

cce,

DNA,

GAq,

IAA,

IAN,
Phosphon D,

-

RNA,
TMV,
TNV,
TXyV.
TWEEN 20,

v ’

Y-hydroxy-S-isopropyl-2 methylphenyl

trimethil ammonium chloride, 1-piperidine -

carboxylate

. N-dimethylaminosuccinamic acid -

barley yellow dwarf virus

(2-chloroethyl) trimethyl ammonium chloride
!

deoxyribonucleic acid

gibberellic acid o
indole~3~acetic acid #
indole-j—acetonitrile

2 4-d1chlorobenzyl-tr1butylphosphonium
¢hloride

ribonucleic ac1d3

tobacco mosaic virus

tobacco necrosis virus

turnip yellow jiosalc virus N

H
polyoxyethylene sorbitan monooleate .

F

A3

%



of

s iv i§§ ’

-

ACKNOWLEDGEMENTS °

Thanks are due to é;. M.E. MacGillivray, Canada
Depar;ﬁ;nt of Agriculture, Research Station,
Fredericton, N.B., for the gift of the cherry-oat
aphid, to Dx. C.C. Gill, Canada Department dfu
Agriculture, Research Station, Winnipeg, Manitqpa. for
the gift of'BYDV isolate, and to Drs. S.G. Jensen, U.S,
Department of Agrxc%}ture, Northern Grain Insects
Research Laboratory, Entomology and Crops Research
Division, Brookings, South Dakota 570%5. and
R. Loiselle, Canada Department of Agriculture Research
Station, Ottawa, for the glft of Blacy Hulless barley
C,I. 666. ) };? '

Special thanks are due to Dr. W.C. Kimmins
for his encouragement an3 unfailing willingness to
discuss the work.

The award of a Killam Scholarship is gratefully

i

acknowledged.




S

. 1

™

*Virus-disease revealed by research workérs in

artificial ways .... comes rather doubtfully into the

H

category of natural hisfory, unless of course one ,

regards the virologist as an ecological factor to be

* >

considered ‘along with the weather....." .

-

. C€.H. Andrewes @
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INTRODUCTION °

: Virus infections can give rise to many and varied %*
symptomg in the -znfected host plant. Topacco mosaic ) -
ﬁ;pus. for example, causes the production of necrotic e
ss:ts. called local lesions, on™-inoculated leaves ﬂﬁ(/

Nicotiana glutinosa (Holmes, 1932) while Sugar cane mosaic

virﬁs produces a short stripe mottled pattern of discrete
streaks in infected leaves of the sugar cane (Liu, 1950), .
and’potato plants ipfected with potato witch's broom b »
virus have purple tops and a bushy appearance (&mi@h}
1937) quite Fifﬁ;;gégﬂgzggNuninfeeted plants. Although
the symptoms of virus infection are d;v;}se. interference -
with the normal mope of, growth, of a plant is one pf tﬁ%
commonest signs, €.g. cocoa swollen shoot virus, strain,g.
produces swellings on the branches and roots of the cocoa
plant (Posnette, 1947) and rubus stunt virus causes
dwarfing of the loganberry plant (Prentice, 1950). I;

ié not uncommon for infected‘plants to be highly deformed,

Yk e
L
¥

’ T .. e.g. anemone, alloiophylly virus-infected anemone nemorosa
”"kgylants have misshapen leaves, thickened stems', suppressgd
~ flowers, and a -spreading habit (Smi'th, 1937). However,
‘one of the commonest growth deformations appears to be

the stunting of the ho?t plant, and this may not be
’aspociatedeith dny other growth disorder., The naming

of a large number of plant viruses demonstrates this
{




i

e.g. alfalfa.dwarf disease virus, tobacco yellow dwarf

virus, and sugar cane stunting disease'virus, to name only

a few. - ) L
‘Disturbances of normal growth,patterns are very

common in.blant‘?kthology. The fungus Synchytrlum

endobioticum attacks potato plants to produce«warts on

the tubers.corynebacterium fascians 1nfects many plants
vy

2

producing a syndrome of flattened St%PS and migshapen

leaves called fasciation. and many‘Smutgdiséasés cause

dwarfing of the host plants .e.g. Tilletla contraversa

LY

prmduces dwarf bunt o@'wheat. n s s
o ¢ ¥ °,

R 4

, Inyestlgation of some of these diseaseshas shown
awclear inwolvement of plant groﬁth regulators,: “Daly -
,and Inman (1958) showed that the rapldly elongating
hypocotyls of: Garthamus ‘tinctorius 1nfécted by Puecinia

carthami contained up to ten times as much auxin

equivalents as the more slowly growing uninfected
hypocotyls. They also showed that the growth rate of o
healthy hypocotyls, in vitro, increased in response %o
exogenously applied IAa. Similarly, wart tissue In
potatos infected with S. endobioticum, and tumor tissue

\\‘
from many ﬂiants infected with many dlfferenzrorganlsms,

have been shown to contain greatly inecreased (levels of
indole auxins (e.g. Turian and Hamilton, 1960). A aimilar
type of involvement was shown in the bakanae effecf in

rice by Kurosawa in 1926. “The rice seedlingslmypich

o

.
/ &)
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eldngated°mor§, and more rapidly, than normal seedlings

’uere shown to be infected with Fusgrlum.monlliforme. and

. the fingus ‘was then shown to nroduce. 1n vitro, a

. substance wiich’ promoted the elopgatlon'of uninfected ,

rice stedlings. This growth promoting substance was .
qpafaeteriaad‘as'gipberellin. and moée recen} work has '
showﬁ that the gibbeéellins are a wihespfead group ofﬂ
natural growth regulators in hlgher and lower,plants. \
This subject ié.éealt with more fully in a later section
of this 1ntroductxon. ‘,, . . o
In many cases the 1nfect10ns agent can be clearly
shown to produce the growth promoting agent, as in the
bakanae effect, but in many cases the relgtionship may
not be so clear, - Setty and ﬂheeier, 1@68, ghowed that
the galled roots of “tomato plants infected with root- -
knot nematodes contained more auxin than uninggééed ,
roots, but that the concentration was unaffected. They
algo showed that the nematode larvae infesting the roots
do not contain enough auxin to account for the extra°
found in galled roots. Infected roots w%;e*§ﬁ§§n3m3§
contain more free amino acids, inéluding'tryptophan, than
healthyﬁrbots. and“it $§¢Sﬂggested that the nematodes
secrete proteolytiewenzymes whlch hydrogyse plant proteins.
It is f:rtherlguggested that the free tryptophan produced

in this way react; w;th endogenous phenolic acids to

produce aux1n. which promotes gall formation. Proof of

k) [ 4 ¢
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this type of reaction chain is not easy to obtain, but
all the evipéﬁéé that is presented sughests that it is a
valid mechanism. \ ) ) -

" It has not been possible.to relate all growth

deformations to changes in growth regulator levels or
s s 1

concentrations. The auxin levels of all plants ‘infecdted .

with the curly top virus weré shown to be significantly
lower than in healthy control plants, but there was
little s§mptod expression in resistant hosts’ (Smith,'

McCall and Harris, 196%).

In general, a bathogen causeg a disruption in\the .

normal growth and development of Ehé host plant by it
“interference in the metabolic processes of the plant h
rather than by its physical presence“(WOoé, 1967). This
disruption may occur;in the specific :sphere of growth .
re§u1ation, as has been demonstrated in certain syndromes
described abovg; However, the interferéhce may be in
more general metabolic processes, so that no relation-
ship will berestablished“between growth regulators and
the pathogen. o
Non~viral parasitég}can induce metabolic changes
in host plants in several {ifferent ways. Jpost simply
the parasite may itself synthesise, and excrete into the
plgnt. a normal growth regulator, or its antagonist,
and thué directly alter the level of growth regulatog

in the plant. However, there ﬁre very many ways in which

124
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the’synthe products of a parasite could be inMlved
in altering the effective érowth regulator level at its
sife of action. Viral pathogensare particularly
intérésting because the sritxéf the vira} éengme renders
the virus incapable of synthesising any growth regulators,
per se, However, the genome of all viruses contains mo;e
information than is required to code for the coat -
protein, (Matthews, 1971) and the other product, or -
products, of viral synthesis could be involved in the
alteration of effective growth ;egulatqulevéls.

Barley yellow dwarf‘virLs was used in this study
‘because it causes dwarfing aé aiprimary 3ym§tom;of
i;fection, and by-a sultable cholce of growing conditions
this may be the sole sign of infection {(Oawald and Thung,
1955).

. BARLEY YELIOW DWARF VIRUS
’ L]
{

A. THE STRUCTURE OF THE VIRUS *

B

BYDV was first isolated from oats, and part;glly
purified, by Rochow and Brakke in 1964, and théy dqg&ribe&
it as a dense polyhedral particle about 30 nm in diameter.
They obtained a similar particle from BYDV-infected+
aphids. These particles had the same sedimentation

coefficient on sucrose density-gradient centrifigation,

-
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qigrated with the infectious entity in sephadex gel \
filtration, and were absent from uninfected oats, and so

were agsumed to bééthe virus. iensen. in 1969, demonstrated
the preaenceﬁermgéésely staining spherical.particles,
about 24 nm in dlameter, in certain phloe@.cells in the
leavea and roots of BYDV-infected barley, and was unable
to find similar particles in healthy barley. Although
the particles describe& by hensen are smalier than those
ﬁﬁolated by Roch;w and Brakke there are no other
contradictions. Jensen puts forward several possible
explanations for this discrepancy. The samples used by
Rochow mn; Brakke were air dried’'on collodion-coated
specimen grids and it is poasible that. surface tension
may ﬁave produced some degree of  flattening during the
drying process. Also, these specimens were tungsten
shadowed which may have increased the apparent diameter.
densen stained his sections with lead citrate and
points out that if the outer layer of the virus capsid
does not gbsorb the stain thié would lead to an under- ‘
estimatiog of the diameter of the virus, He also

suggests that if the virus particle was cut above or

below the centre it would appear smaller than it really

was. However, his photographs show many virus particles

" and it seems statistically unlikely that all, or ev;n

most of them, would be cut in this way. Palival and Sinha

)

(1970) demghstrateq‘the virus, in both infected plant
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and aphid, with a diameter of 22 nm to 25 nm« These
figures would-tend to confirm the diameter proposed by

Jensen.

B. TRANSMISSION OF THE VIRUS

BYDV is not mechanically transmissible (Oswald
and kouston. 1953) but is transmitted by several species
of aphids. It has been suggested that virus lnstability
is a factor in preventing mechagical transmission of a
virus. Heagy and Rochow (1965) showed that the thérmal
inaot{ration point of BYDV is between 65°C and 70°C, and
they conclude that the virus is stable, and that failure
*40 transmit BYDV mechanically must be due to some other .
factor. Since many viruses lose infectivity in the ‘
range 50-60°C it seems reasonable to conclude that BYDV
exhi?its above average thermal stability, but it seems
unwarranted tobextrapolate thiﬁ.to a conclusion of
general stability. E
e Aphid-transmitted viruses can be divided into
two classes, persistent and nonpersistent (watson, 1938; /
Watson and Roberts, 1939 and 1940). The nonpersistent
virus survives in the vector for only a short perlod,"
is acquired during a short a;quisition probe on an

infected plant, and does not persist through a molt.
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This type of virus is frequently termed stylet-bogne.
which suggests that the insect is acting as, a passive
carrier of the virus, but ‘the pietﬁ}e is not, perhaps,

as simple as this. A particular vector will vary in its
transmission efficiency depending on the virus atrain
involved, and although in some cases yhere is completeiy
independent tranémissiéﬁ of different virgses on the

same stylet, in other cases oné‘virus is only transmitted
in the preseﬁce of another virus.

The persistent virus is ingested by the insect,
passes through the hemocele into the salivary glands and
is transmitted, after a latent period of some days, from -~
the salivary giand during feeding by the insect. It is
retained through the insect molt, and since the skin,
foregut, hindgut and stylets are discarded during the \_,
molt the persistent virus is either in the midqut or
lodged within the aphid body: ﬁfﬁv is a persistent, or
-¢ireulative, virus in several Qﬁécies of aphids. ‘
rPaliva} ?nd Sinh; (1970) recovered BYDV from different )
reéions in infected M. avenae and found that the gut
was the best source of inoculum, and the salivary gland
was the worst., There was no infectivity in the brain.
They found that the level of infectivity in the gut
increased with’tge length of the acquisition feed, but
that for any given length of feed the infeetivity

remained at the same level for 6 hours to 24 hours and -
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.same conditions., Subsegquent work has revealed many

then declined. They concluded that the virug does not
multiply in the gut of the aphid, although ihey did not
exclude the posaibility that it may mnltiplyg to a

NP

limited extent, in.some other ti&gue. T :
- I
Oewald and Houston (1953) showed that five
different species of grain-infesting aphids were vectors

of BYDV: Macrosiphum avenae; Rhopalosiphum maidis,

R. prunifoliae, M. dirhodum., and Toxoptera graminum.

Not all these species were equally effective vectors’
however, for T. graminum infected only 37% of infestéd
barley plants while R. prunifoliae infected 100%4 under the
other aphid species which‘act«as vectors, but the actual
ligt of vectors is confused since .different names are
given to the same aphid by different worggrs. Kennedy,g
Day and Eastop (1962) named ten vectors of BYDV, but

R. padi, M. avenae and R. maidis appear to be the most

important vectors in the field,(slykhuis. 1967). .
Rochow (1960) observed that a clone of T. , graminum
obtained in Florida failed completely to transmit an
isolate of BYDV which other clones of the same specles,
obta;ned‘rrom Wisconsin and Illinois, transmitted 100%.
The greenbugs, from Florida were shown to have a slightly
difreréﬁ%\beak tip from the other two clomes, -but no
other anatomical differences were found, and Rochow

suggeéted that there were different strains of aphid.
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Similar specialisation was shown using clones of R. padi

from New York and Kansas (Rochow and Eastop, 1966).
Rochow (1961) suggested that there are different

‘ strains of BXD#. d1l as different strains of aphid.

This concept was based on +theé ults of transmission

tests using M. avenae and R. padi in whic found one

BYDV isolate which was transmitted 100% by M. avenae

not_at all by R. padi, and a second BYDV isolate in which
" the reverse was true. On this basis he found four
different strains of BYDV. Gill (1968) showed the
;xistence of 22 different isolates, obtained in Manitoba
in one year, on a similar expérimental basis, The terms
isolate and strain seem to be synonymous in their work.
Smith (1963) suggested that it was best to assume that
there is only one BYDV which differs in adaptation.for
transmission by several aphid species. It seems'
abundantly clear that there are different strains, isolates,
or adaptations of BYDV existing in nature and for simplicity
fhese wiil now be referred to as strains, alth?ugh Rochow‘

" himself (1965) pointed out that there was little basis

for the use of the term except in virus-vector relation-
ships. 1t is also eyident that diffe;ent strains
pfedominate in dif:grent geographlc regions)(Rochow,
Jedlinski, Coon and Murphy, 1965). Rochow surveyed

the strains of BYDV found near Ithaca, New York, over a

ten year period and found that there was a shift in
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predominance of one strain during this time. .Gill

e

I

(1968) found a similar, annual, variation in  Manitoba,

4
}

. Véctor specifici%y - 2

- N
i

- Vector specificity can result from two different

o«

k™

causeés; either an inability of the aphid to agcquire the

wh g

K -
//y&rus from an infected plant, or’ the ifability of the

-~ aphid to transmit the virus. Using a technique of aphid
injection Rochow (19ﬁ\p4i;howed that aphi@g can acgquire

a strain of BYDV which they do not transmit. He also

showed~ (1965) that vector specificity was apparently
lost er oat plants were doubly infected with two
was at a loss to explalin this

all (19567) showed

strains of BYDV
’ phenomeﬁbn.‘ Later, Rochow &
serological differences between differeé trains of BYDV,
using the technique of Gold and Duffusl(1967). an
was the first validation of the concept of different
strains. All viruses produce antibodies when injected
.into suitable animals, mainly as a result of the antigenic
ﬁroperties of the surface layer of the yﬁrus. In a small
virus like BYDV, which has no envelope, ‘the surface layer
is the coat protein. There is expe;imental evidéﬁce
that turnip yellow mosaic virus RNA is. involved in the
antigneic reaction produced by TYMV since TYMV protein

is less immunoganiéh%han the whole virus (Marbrook and

&
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Matthews, 1966). It is possible that many plant viral
RNAs, including BYDV-RNA, enhance the immunogenic¢ role of
protein, but there is no proof of this. The antibodies,

- +therefore, are mainly a reaction to the coat protein, and
the production of two different antibedies to two different
isolates of BYDV indicates differences in the coat protein’
of the two isolates. The difference could be as small
as the replacement of a single amino acid residue,
provided this is near the surface of tﬂe virus. If
vector specifieity is associated with the coat protein
thgn loss of vector specificity after double infection
could be a result of the cga%ing of the viral RNA in the

"wrong" coat protein. This is only speculation, however.

EY

Site of infectivity

When aphids probe for any leﬁgth of time, the
stylet frequently penetrates the phloem,and anatomical
studies of BYDV-infected cereals show‘ﬁhat phloem

~—_degradation is the first sign-of infection {(Esau, 1957a).

. It h;;Nbeen\ggyclude » therefore, that BYDV is transmitted
directly into igz\iﬁieem\gpd is then transported in the
sigye tubes. If this is a;7$§BExrg§€'of translocation

“of virus should be equivalent to the rate ovement

of other sieve tube translocates, 1.5 cm/h, and altho

this is true in most of the plant it is not true for the \\\“\\\\_
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movement of the virus out of the indculated leaf, (Gill,

. 1968b) which has been shown to be relatively slow. Gill
suggests that the aﬁhid_i:giqggsf: the virus into the

phloem parenchyma rather than into the sieve tubes, and
that viral'passage,;igi?;arenchyma to sieve tube is slow.
In fact, thg&?at? of movement of BYDV ocut of inoculated
leaves is similar to that of mechanically transmitted
virus, which suggests very strongly that the two occur

3

in- the same manner, )
Until recently it was thought that virus nev;r
invaded the zone of tissue near shoot and root tip, and
one method of obtaining virus-free plant tissue has been
the culture of gxciseg.apicai~fifi§§§;ﬁik However Walkey
and Webb (1968) demonstrated the preséncé of cucumber -
mosaic virus in Nicotlana rustica apical meristems,

strawberry latent ringspot virus in Chenopodium

"amaranticolor apical meristem, and cherry leaf rgll virus
in the apical meristem of several hnag plantg. All these
viruses are small isometric partieles, similar to BYDV,

and it is possible {that a similar technique would reveal

BYDV in the apical meristem of cereals.
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C. REPLICATION OF THE VIRUS

?

"

The replication of bacterial and/animal viruses
has been studied, and detailed knowledge obtained about
the sequence of events in these hosts. @he processes
are so similar that a great deal was inferred about the -
replication of plant virdses, and although the assumption
that virus replication is basically the same in all host

}types seems rash, more recent work seems to sho that

this is indeed so, as is described below.

¢
0 -

'r

Uncoating of the virus

%

The first stage in the multipllication of any
+ ig thought Q:
involve the uncoating of the nucleic’ acid core, a :

virus, after it has penetrated the ce

prbceas which is clearly essential before the second
stage, replication of the nuclelc acid core, can occur,
The necessity for this stage is more clearly understood
than the éechanism, and until rééently there was no
definitivg‘evidence that this stage did occur with plant
viru#es. Infection of plants with TMV produces symptoms -
only/after a delay, which is considerably shortened by
use/of naked TMV-RNA as inoculum (Fraenkel-Conrat, Singer,
Veidee. 1958). This time lag was interpreted as thL time

neceasary to uncoat the nucleic acid, but Kassanis (1960}
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found that tobacco necrésis virug and TNV~-RNA produced
the first lesions stimultaneously on infected host
plants, altho@gh TNV-RNA produced lesions at a ‘raster
rate than TNV. He Suggested that some“pa}ticles”are
stripped immediately they penetrate the cell, but that
the whole process takes some hours. Bawden & Kleczkowski
(1960) disputed these conclusions and showed that TNV
and TNV bojh survive on the surf;ce of a leaf much
}onger than the naked RNA, so that the delay could be
otherwise explained. However, there now appears to be g
direct evidence for the uncoating of TMV in tobacco leave?
(Reddi, 1966; Hirasiiima a;xd Hirai, 1969; Shaw, 1970).

Shaw (1970) showed that some viral RNA was releaged within
minutes of inoculation, but that th%s was noninfectious )
pue to degradation. He also followéd the liberation of

protein subunits from the virus, and found no corre%;%ion

S

between this and the appearance of RNA. He concluded

that most virus particles lose some protein units very

[ !

rapidly. )

Assuming that uncoating does occur with all plant
viruses, its .mechanism is unclear. The time lag which
occurs after Infection with pox viruses, before symptoms
appear, has been shown to be sensitive to inhibitors of
protein synthesis, (Jocklick, 1964), and this suggested
that a protein, the uncoat;ng enzyme, was synthesised
during this pario;; but how the enclosed genome is trans- '

lated into i1ts own uncoating enzyme is not made clear.




Synthesis of RNA '~ ", v

. After the lag period which imme&iately follows

'inoculacion there is a considerable increase in the
nnclcic acid content of 1nfected material. Sjihce
all plant viruses, and all the small, isodiametric viruses

~ resembling BYDV, argngA~contain1ng. Only the replication

of this type of virus will be discussed here. The

replication of animal and bacterlal virus RNA has beenf

studied in detail and-: the sequence is clearly documented v

pét the v1ra1 RNA forms an association with riboscmes, L,

and acts as template for the synthesis of an RNA polymerase
called replicase. A second freqcent occurrence in animal
cells ic’the cessation of host RNA and protein .synthesis, . - .
but this is ndtfalway; go. The viral HNA ?hen”acts as .
tcmplate for the synthesis of complementcry RNA, reblicase

acting ag the Enzyme in a not clearly defined manner.

lementary gtrands then act as template for the L

Jparental-type RNA, again utilising replicase. The ’

) syntheses are thought to involve the formation of’ double~
stranded intermediates, the replicative form (RF) and the
reﬁl%catiye intarmediatc RI (Hofschneider and Hausen, .
1968) although it 'has also been suggested that ‘these are

°art5;acts of -the extraction process (FraenkelLCOnrat,'

1 . B :.‘ s
7 -

There is a great deal of evidence that a similar

a




rapidly labelled RNA in assotiation with plant ribosomes
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sequenceé occurs in plant cells. Babos (1969)ffnd Babog

-

r o

and Shearer- (1969) demonstrated the synthesis of a .

in TMV-infected fobacco leaves. Bradley and Zait}iqﬁ ]
(1971) showed that TMV-infected tissue contains a‘vi;al
replicase. and in vitro exparimentstwith thiq,Tﬁ&-RNA'
repricasa produced no single~stranded TMV-RNaA, but two -
high lecular weight«structuras which are sensitive to, | -
ribonuglease. It is suggested that ‘these are double- ;
stranded RNA forms. Bove. Bove and Mocquot (1968).

Ralph and Wojecik (1969) and Jackson, Mitchell and Siegel .
(1971) also claim to have ‘isolated a double-stranded
plant viral RNA. Yaspda and Hiral (1964) followed the
incorporation of ‘tritiated uracil, using microautoradio~
graphy. and found a large increase_in RNA synthesis in
the nuclei of TMv-infected cells compared 0 uninfected

vcellge Smith and Séhlegel ¥1965) using actinomycin D,
which suppresses DNA-dependent RNA synthesis, and a

similar techniqge&witﬁ 3H-uridineland mic}oautoradiography.
showed RNA synthesis in the nucleoli of clover yellow,
mosaie virus-infected root tips of Vicia faba but not in
uninfected root tips. This suggests that the)virus
,utilises the normal cellular apparatus for RNA synthesis.
However there is gome evidence which conflicts with this.
DeZoeten and Schlegel (1967) found ev;dence to suggest

that broad bean mottle virus, caused RNA synthesis in the

R’
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Golgi apparatus and endoplasmic reticulum. Ushiyama and
Matthews (1970) found RNA synthesis in cytoplasmic
spacés aspociated with clumped chlnropiasts in chinese
cabbage infected gith turnip nglow mogaic virus. These
vesicles 'were always found in TYMV-infected plants and
never in healthy plants. Uéhlyaméiand Matthews (1970)
also suggest that actinoﬁycin D may not suppress all
DNA~-dependent RNA synthesis so that post-actinomycin D
RNA ayntggais is not necessaril§ viral RNA synthesis.

] Since implication ofutha nucleolus as the site of viral
RNA synthesis has usually involved the use of actinomyéin,
these ngsulga Q?y reg?ire further confirmation. It is
possibl%. of course, that not all rlant viruses replicate °
in the Qame manner. Some may use the normal host cell
mechanism for RNA synthesis and some involve other

* mechanisms. Despite the large amount of similarity
between many viral reacfions there is reason for all to

»

be the same.

Synthesis of coat protein

2 -
", pusy
-

The third stage in viral repliecation involves
the translation of viral RNA and the synthesis of viral

protein, In vitro synthesis using an E. coli cell-free

system and £2 coliphage RNA as messenger produced a

protein product resembling the coat protein of the f£2
! .

1

«
F ¢ s
.
- -
bl
’ ’\\
°



& - ""20. : -
* ¢

.

coliphage. However, wi}h the same system using TMV RNA
as messenger no pfbduct resembling TH; coat proteingwas
obtained (Aach.‘Funatau, Niremberg, and Fraenkel-Conrat,
1964), It was.*pgfhaps. overoptimistic to expect plant
viral RNA to act aélmessenger in a bacterial protein
synthesising systemn, since the initiating factors might
well be different, but in vitrq ts systems proved to
be impractical. In vivop;}ndies hake not revégled much

information either, excepf that viral protein synthesis

appears to occur in unspecified regions of the cytoplasm.

It has been assumed by many workers that viral RNA is

translated in the cytoplasm, and viral protein synthesised.

using the normal cellular apparatus, in place of normal

plant proteins. This theory would explain the interrup-

tion of normal cellular metabolic processes and the synthesis )

of viral protein, but is so far un%roven.

4

Assembly of virus .

The final stage in viral replication is the
investing of RNA in coat protein. In vitro studies with
the RNA and protein of small virqges, like BYDV, suggest
that thia is a spontaneous process, occurring rapidly
when the concentration of RNA and protein reach a
sultable level. The site of assembly is not so clear.

Studies involving microﬁcopy suggest TMV assembly in the
H
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cytoplasm (e.g. Shalla, However it has also
been claimed that TMV is asgeémbled in the chloroplasts

and the nucleusg.- These cldims were based on the results

the evidencg;suggegts that éoth components are present

in the 9y§§plasm. the cytoplasm seems a likely location .
for asseéily. However, ~there 1ls convineing evidence that
pea enat§on mosfAic.virus As synthesised in the nucleus

(ShikataL& Maramorosch, /1966).

s

D. MACROSCOPY OF BYDV-INFECTED PLANTS »

Most plantsviruses are discofered as a result of
investigation of a plant whieh does not appear riormal.
Unrortu§ate1y widely differing causes can produce very
similar symptoms, so that diagnosis is never easy. :
According, to Oswald and Houaton (1953) BYDV+infected
‘plantg were probably o?served geveral years before these
workers fully investigated the abnormal plants, and showed
that the symptoms were transmissible by certain speciles o
of aphids, and thereéore certainly a result of infection.
No doubt the fact that nutritional deficiencies can cause
leaf yellowing and stunting prevented earlier investigation,

and it.was not until the symptoms reached epiphytotic
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'name of the virus teé%ifies. but the virus attacks other

-

dimensions, and caused 1arge'finanéial losses, that

Investigation was begun.

<

Age of plant and number of infesting aphids

4

The ﬁ.i'sih plants examined were barley, as the
cereals, in particular oats and wheat. In the field,

the severity of infection depends on the age at-which the
plant §s infected, younger plants showing far more

damage than mature ones. Dswald,and Houston (1953) state
that severity of the disease is wholly‘dependent on plant
age when infected, but Smith (1967) showed that the number
of aphids infecting a plant was also a significant

factor. He found that higher numbers of aphids could
produce as severe symptoms_im-older plants as small aphid
numbers in seedlings. ’Jon;s g@d Catherall (1970) found
that the degree of dwarfing of the plant was proportional-
to the number of aphids used to infest the plant.

€ - 3

Susceptibility

Oswald and Houston (1953)lsh9wed that different
varieties of a particular cereal exhibit different degrees
of. suéceptibility to the virus, regardless of the time
of infection. ‘They classified all varietiés they tested
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into four different reaction groupa: highly resistant,
tolerant, susceptible,and ext?emely susceptible, and
found that all four groups showed a diminished response
to the virus with increasing age at infection. Smith
(1967).tested susceptibility to BYDV in other &epéal
varieties, and found that some varieties exhibited more
resistance at the one leaf stage than at later stages of
devélopment, e:g. Fulghum oats. Bofh these workers
measured susceptibility to the virus in terms of grain
yielq. which is prgbably more meaningful than a system
ﬂased on leaf yellowing (Catherall and Hayes, 1967),

although the latter has thé¢ advantage of speed. '

v
?
-

Discoloration of leavés

-

The first sign of infection, according to
Oswald and ﬁouston (1953) is always a colour change in
. the leaves. Barley leaves turn a brilliant yellow, oat
leaves a yellow-green which changes through red-brown
to rad. and wheat exhibits ‘a darker green on outer
‘}eavas, followed by e¢hlorosis of new leaves. In barley
and oats the coloration starts atgthe tip and progresses
down the leaf., Although the symptoms are fully pescribed
by Oswald and Houston there is plenty of variation. Leaf
coloration appears to depend on illumination (Oswald and
Thung, 1955), and we found Biack Hulless barley C.I. 666,
grown with less than 2,000 ft C illumination, exhibited
dwarfing as the first sign of infection, followed much



later by a red colour at the leaf tip which turned yellow.
Still less illumination prevented any discoloragfon.

As well as discoloration of leaves-there is a
change in leaf texture, and infécted plants appear more

"

erect due to stiffness of the leaves. I

Dwarfing of plants -

-Plants also exhibit stunting, with shortened
internodes, and dwarfed leaves, and decreased heading.
The susceptibility of a plant is pﬁrhaps,most obvious in ¥
its degree of stunting, but piants infected when fully A
grown obviously exhibit no stunting. The degree of
dwaf?ing seems to depend on the growing conditions of
the plant, and fast growing barley plants exhibit more
resistanc; to the virus-induced dwarfing than slow growing
plants, althoug; the grain yield is less than normgl ’
ﬁ%gatherall and Hayes, 1966).
The roots of the plant are as retarded .as the
aerial parts, and in drought the abbreviated rodt*syééem .

"is unable to reach water.

Tillering of plants

BYDV affects the tilleririg of host plants, but
the effect varies with species. The tillering is
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- gtimulated in barley (0Oswald and Houston, 1953) but is

suppressed in wheat (Oswald and Houston, 1953.VG111.
1967).

S
u

Plant breeding for BYDV-resistance * e

Susceptibii;ty tests on barley show that many
varieties, mainly from Ethiopia, are extremely tolerant,

although not immune, to BYDV (Schaller, Rasmusson and

\Quﬁlset, 1963). This tolerance is genefically controlled,

and in Ethiopian barley only one gene, Yd2, is znvolved :
(Rasmusson and Schaller, 19593 Schaller, Qualket, Rutger,
1964), The whole picture is Bomeqhat confused by the fact
that envirgnmental conditions seem to altgr expression of

genetically~-controlled tolerance (Jones and Catherall, -

1970) and so far there has been little success in plant ¢

breeding for .BYDV tolerance.

T
™

g

E. MICROSCOPY OF BYDV~INFECTED PLANTS

The microscopy of BYDV-infected Graminese was studied
extensively by Esau (1957a; 19571}, who° found®that the
primary symptom of infection was phloem degeneration, and
that secondary effects may develop in other tissues. In

the normal development of healthy Graminese the first

' ‘'vascular elements in large vascular bundles differentiate

a
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whil; thnileaf is elongating and are then destroyed
during -the éhpsequent elongation proc;sses leav}ng a
i;éhna. The parénehyma is not obliterated in this way.
In BYDV-infected plants the obliteration of thé first- \
formed vﬁsculgr gieﬁents occurs earlier than in healthy
plants, angkisfissociated with necrosis. Frequently the
surrounding parenchyma cells undergo a similar obliteration.
Esau called BYDV-induced destruction necrotic obliteration,
to distinguish it from normal developmental obliteration.
The two processes differ in several respects. Necrotic
obliteration is associated with the accumulation of -
aafranin-staiﬁing material in the lumina of affected cells,
and this;is totally absent from control plants. Esau
suggests that ﬁhis material is wound gum. Developmental
gbliteréfion is limited to the protophloem and protoxylem .
eleLents of the larger vascular bundles, later-developed
vessels noé being subject to the st}esses;nf leaf-
elongation. Necrotic obliteration, holever, affects

phloem which is differentiated at any stage, so that all
vagcular bundles may be affected. The ‘development of

the whole bundle is inhibited in a highly susceptible

host plant, and the bundle may be totally collapsed. The
staining reactiondgf}$pe phloem parenchyma is altered in
BYDV-infected plants an&'Esau‘suggests that the deep
staining of the protoplésts is a sign of incipient
necrosis. Similar depth of stalning is sometimes seen

-
& o
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in xylem parenchyma.
The degeneration of phloem elements, assoclated

4

with an accumulation of safranin-staining material in
the lumina of cells, the deeper-staining reaction of- the
protoplasm of some phloem parenchyma, and the collapse
of selive elements and associated parenchyma cells also
oceurs in the roots of BYDV-infected plants.

Esau compared the gtructure of aeverg} BYDV-
infected specles and found that necrotic obliteration was
siore pronounced in barley than in wheat. Comparing the
Bfinting effectd of BYDV, Oswald and Houston (1953}ufound
that wheat was more damaged.than barley.-‘Esau does not
attempt to explain this lack of correlation and simply
points out that a very small number of rlants was used
in“ﬁer study. ) )

Esau observed an inhibition of leaf initiation by
the apical meristem in several BYDV-infected species, and
she interpreted this as a reduction invmeristematic
activity, but was unable to show this in barley or wheat
since the apices were ;gmianger”vegetattve at the time
‘of inspection. Confirmation of reduced meristematic
activity was obtain;d in these species by the obgervation
that the vascular elements éature in‘BYDV~infected plants
at a shorter plastochranic‘distance from the apex than in

controls. Apart from an increase in vacuolation in

immature cells, no changes were observed in the meristematic

5

.~
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regions of infected plants, exéept in barley whers the
initiation of the floral apex was delayed in severely
infected plants, and the cells increased in size. This
producéd thickened leaves.

T«

P. METABOLISM IN BYDV-INFECTED PLANTS

It has long been recognised that the symptoms of
virus infection must refi;ct a derangement of cellular
physiology and plant pathologists have attempted to
correlate the two by investigation of photosynthetic
rates, transpiration rates and any other metabolic -
ﬁrocesses capable of comparison and measurement. As
knowledge of celiular processes has® advanced the alm has 5
been to compare gspecific biochemical reactions in 1n{ected¢ii:¥i;‘
and control plants, and a large amount of information has
been collected. Unfortunately none of it appears to ~ | —— -——
relate directly to the symptoms of the'infection. The ,
physiological pattern uéually as;ociated with viral , -
infection includes decreased photoéyﬂkhetic activity,
increased respiration rate, accumulation of soluble -
nitrogen compounds} incgzﬁbed polyphenoloxidase activity,
and decreased activity of growth regulating substances
(Diener, 1963). None of these findings is specific to [

viral infection, and several are produced by nutritional
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deficiencies and adverse growing conditions. It seems
T—3ikely that these are the result, not the cause of the

moxre specif rimary changes caused by the virus,
\

—

Photosynthesis

- - gpgﬁgﬁfg of ?hotosyntpasis in BYDV-infected pl
was examined by Orlob and Arny (1961) and Jensen (1968)
and both found a marked decrease. Jensen found the rate
diminished to 12%-20% of the control value, depending on
the time aftér inoculation, and Orleb and Arny found a
value of 60% of that of healthy contralf.

-

Respiration

@

—Orlob and Arny (1961) observed that the respiration

T

rate in Bva-infecte& plants rose in the early stages of

infection and then declined to values lower than normal
after 39 days. Jensen (1968) found a similar incrque,
but did not take any measurements later than 21 days
after inoculation, so that there is no confirmation of
. the reverse trend which Orlob and Arny observed. It is
possible that this decline was a result of the general
inhibition of metabolic processes observed in highly
susceptible varieties infected with BYDV, or just the
characteristic decline in activity of aging leaves, which

" process is hastened by viral infection. Jensen (1968b)
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aobserved that there is an increase in percentage dr§ ]
matter in 'BYDV-infected plants and when he calculated
the respiration rate per uniy dry weight there was no
significant difference between infected plants and
controls:. The significance of this is not clear at the

-

present statenof knowledge.

Carbohydrate metabolism

-

watson and Mulligan (1960) observed an

accumulation of starch and soluble carbohydrates‘in
BYDV-infected le;;es. This was confirmed by Orlob agd‘
Arny (1961) who stated "that the degree of cargobydrate
accumulation can be ;orrelated with the macroscopic
symptoms, although they gave no figures to substantiate
this claim and no indication of how they assessed the
?acroscopic symptoms quantitatively. The accumulation
: QAts infected

¥ tewrtoa w2y

of carbohydrate materials is commoff

with yellow-type diseases but the son for this

phenomenon is not known. Jensen (1;@8) suggested that a
decrease in translocation would a%§§ﬁnt for both
accumulation of carbohydrate and Increase in dry matter,
but Orlob and Arny (1961) faﬁﬁd no reduction in trans-
location in BYDV-infected leaves. Jensen, 1969, himself
rejected the idea of reduced ﬁranalocation as the pasia

of the physiological derangment of the plant since he

prad

)
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found only a small number of damaged sieve tubes in badly-
stunted plants. Jensen obviously assumes that only

physical damage to the -cell will prevent translocation

and 1énorés the possibility of biochemical control. -

:

However, gljfseem to be agreed that decreased translocation
iz not involvéé in the production of virus-induced
symptoms. ‘

Jensen (1969) correlated the levels of “carbohydrate
in the infecéed“leaf with respiration rate, and ahégésted
that the increased reépiration rate is a result of
carbohydrate accumulation. He failed to find any
correlation between carbohydrate levels and rates of
photosynthesis and concluded that a simple feedback ,
mechanism was not in aption, although there might be some
indirect, or compl§x,%£§16$iohship.

Pl

Nitrogen metabolism °

) Orlob and Arny (1961) and Jensen (1969b) both
showed that BYDV-infection altered nitrogen metabolism
in the 1;aves. but the results were contradictory since
Orlob and Arny found.a reduction in both total nitrogen
and prot;in nitrogen whereas Jensen found an increase ‘in
total nitrogen and in non-protein nitrogenous compounds.
Since both workers used the same hogt plant, Black :
Hulless barley C.I. 666, and similar methods for determination

i
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of total nitrogonc(semimicro—xjéldahl) and protein
nitr;gan (ruptqfe of cells foi}owed by centrifugation
and ﬁfptein pgecipitation with trichloracetic acid} it
is difficult to explain this dfécrepancy: The rasqlff
described by Orlob and ‘Arny are-similar to the results
obtained by Watsoﬂ and Watson (1953) working with.beet
yeiléwurvirus. and they suggented-that the reduced levels
of nitrogen-containiné compourids could Ee the result of

destruction of, the photosynthetic centres. It has been

shown ﬂgiﬁ the iitrogen dbn;ent of the yellow part of

variegated leaves is lower than that of the green part
(McKee, 1958). The nitrogen content of chloroplasts is

-

‘would suggest that it is .only the protein«nitrOgen which

is reduced during BYDV-in:ectiog, However in Jensen's
experiments soluble;protein nitrogen is not reduced, an&\\>
may be inc}eased, during‘the course of infection. Jensen's
figures ghpw a significant rise in niérogenous comp&pnds

excluding ioluble protein, i,e. in insoluble protein,

nucleic acids. and 1ow molecular weight aminea andfamides.

" »It has boen suggested that nitrogen is translocated in

the plant in ?he form of glutamine (Bollard, 1956) and
Jensen- suggests that'an accumulation of glutamine in the
leavzs. as a result of'1mpaired’translocation. would
explain the :iservederisé in nitrogenous material., However

Jennun’(1969) withdrew his suggestion of impairéﬁ
% . )
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translocation, so that the invoivement(or glutamine
. may no longer bﬁrpostulated. and i1t would seem egsential
" to confirm the changes in nitrogenous-material levels in
B¥DV-§nfected cereals before indulging in any further {

a

spsculation,

Enzyme activities

_ Orlob and Arny (1961) observed a decrease in
. catalase activity and a rise in peroxidasg activity in
BYDV-infected plants. Farkas and Kiraly (19585 demonstrated
low catalase activity in virus-infected plants,’but many -
conditions #iter the activities of both these enz§mes so

that the effects are not at all viral apecific. - -

Plant growth regulators

¥

Orlob and Arny (1961b) investigated the effects of
plant growth reg&lators on BYDV-infected plants and found
that application of gibberellic acid partially overéame
the dwarfing effect of the virus, while application of
in&%le-B-acetic acid caused a slight increase in growth
of dwarfed plants, and a decrease ‘in £he yellowing of
leaves. They suggésted that IAA might increase the

“"tolerance éf the plant towards the virus, in a mechahism . ~

g

not specified, ~ .

} - - b g
[ N



=

. e e Yl

£

7

PLANT GROWTH AND DEVELOPMENT

A. MORPHOLOGY OF BARLEY GROWTH .,

The growth and differentiation of the plant
shoot‘ig determined by the growing point of the stem.
In the young barley plant the growing point is
hanisﬁherical and surrounded by leaf initials, er \.
primordia, and developing 1eaves:(qune%t, 1935). The
leaf initials are seen as single transverse ridges on
the growing point, or apex. Bonnett showed that all
the leaves which will be prusent.on'the mature stem are
observable as de;éloping leaves, or transverse ridges,
by the time the’second iéaf is well grown. At this
stage the growing point begins to elongate, and
differ;ntiation of the flower apiya begins. The first
sign of spike difrerenti;tiongia %he appearance of
double ridges on the growing point. The pariod between
germination and the appearance of double ridges is '
termed the vegetative phase of developmepnt (Nicholls ,
and‘May, 1963), and its durgtion depends on the growing -
conditions of -the barley. Nicholls and May (1963)
studied, the development of Prior *A® and C.I. 5611
barley and observed that the vegetative phase was
completed in under ten days when plants were exposed

to continuous illumination, bput that it lasted more
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thgﬁ 20 days when planta‘uere only illuminated for an
dwghi hour period duririg the 24 hour cycle. When
plante were given this reduced lighting schedule and
were also subjected to water stress the vegetative
phase was even longer.

Nicholls and May (1963) correlated thé)length
of the apex, which they measured from shoot tip to the
base of the ridge_?umndiately above the uppermost leaf,
with the number of primordia present. They found that
}he growing point elongated during the vegetatlive phase
but that there was no increase in interprimordial
distance. They attributed the increase in length of the
apex during this phase of growtgﬁiolely to the addition
of new primordia.

The transition from the vegetative phase of
growth to the aecon& stage is shown by the elongation
of the internodes and thé differentiation of spikelet
structures (Bonnett, 1935). Bonnett showed that the
upper ridge of each palr grows more rapidly and_forﬁi“
the gpikelet, and he suggests that the internode of
the'fz;his develops from the %pwer ridge. The upper
‘ridge‘differentiates to form two glume initials on the
sides of each spikelet. A ridge theﬂ’forms acrogs the
spikelet and dirferentis?es into the iémma. and this
is followed by the differentiation of the anther, the
platil and finally the awn. Bonnett calls this period

*

-~ .
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of spikelet differentiation, and nnturatioplin
readiness for pollination, the aoeond’phase of develop-
ment. Nicholls and May (1963) found it convenient to
givide Bonn?tt's second phase of developmént into two
stages. The stage starting with the appearance of

.- .double ridges and ending with the appearance of stamen
injitials they called the spiielet phase. Correlating ‘P'

the apex length with 1nterprinord;gl distanéﬁ they
showed that during the spikelet phase the. increasing
apical length ;as due to the acropetal addition of new
primordia, as during the vegetative phase. The -
appearance 0f stamen initials signalled the transition

to0.a period of increasing interprimordial distance.

work of Nicholls -and May {1963\ was in some disagreement

_ They called this the elongating phase. The original [/2

with-that of Bonnett (1935) who found a changeover to
elongating internodes at the end of the vegetative
phase. However, Nicholls and May (196%) presented more
results wh%ch showed that there was indeed some
elongation of the primordia during the spikelet phasg,
although they regarded this as a minor compaﬁent of :
apical elongation. . *
. o Nichollg and May (1964) further investigated the §
spikelet and elongating phases of growth and found that
the number of cells in a 40  um internode segment was
constant durins'thefspikelet phase and increased during
. ) /#—’#”‘/
“\k
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the elongating phase. They also showed that mean cell
length was at a maximum when stamen initials first
appeared. They suggested that the cells in the pith

.region of rapldly elongating internodes undergo

synchronous divisien. , i

Nicholls and May (1963) compared the rates of
increase of apical length under differqnt light regimes,
with and without water stress, and found that the
vegetative and spikelet phases‘of growth were both
influenced by light conditions but not. by water stress, .

B. THE ANATOMY OF BARLEY GROWTH

a

The growing point of the shoot is called the
apical meristem and is described as consisting of '
small, approximately-isodiametric, thin-walled cells
which-are rich in cytoplasm (Kaplan, 1937). )
Hsristenaticlcells are frequently said to be noﬁJ
vacuolated (esg. Sachs. 1965) but in 1932‘Zirk1e showed
that many meristems contain vacuolated cells. although ‘
the vacuolea are small, and dispersed throughout the

.

=}

cytoplasm. Reeve (1948) also showed that meristems
contain conapicuously vacuolated cells. In fact,
although meristenaéic cells are always relatively
undifferentiated, considerable differences exist in the

meristematic cells of different speciea in regard to



size, ;hape. wall tﬁickness, and nuclear size (Esau, -
1965). All the cells whicﬁ form the mature plant shoot .
originate in the apical meristem.

During the vegetative phase of growth of
monocotyledons, including barley, small reéions of
meristematic tissue are laid down at the base of each
leaf ingertion (Lehman, 1906) and these are termed
inter;alary mergﬁ%eugw The growth of the leaf is a
result of étll division -in the meristem at the leaf
base, and; during the elongation phase of growth.*
internode elongation is a result of cell division in
the intercalary meristem (Sharman, 1942). Anatomically,
the interkilary meristem differs }rom the apical
meristem. ‘‘Although both contain undifferentiated,
denshly-staininé cells }he intercalary meristem also
contains some vascular tissue; without which the
vagcular system of the plant would not be continuous.

The vascular elements in the intgrnodes of Sorghum

vulgare yave baeﬁ‘gkﬂﬁﬂ’;\\be capable of extension .-
(Artechwager, 1948) and-thus do not inhibit the

elongation of the internode. Thus,-although the apical
meristem is the origina} gource of all cells in the mature
nonocoty%edonous plant multiplication of these cells ‘
occurs mainly in the intercalary meristems.

Examination of the growth of most dicotyledonous

plants shows a similar type of picture. The apical
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meristem produces the initial cells which make up the
plant, but the multiplicafion of these cells occurs
some distanqp below the neris%on (&riscbach, 1843).
This rogibn is now called the sﬁbapical meristem.
Several points of similarity exist between the inter-
rcalagy and subapical meriséems. Both contain
differentiated tissue. Both exhibit maximum activity
at the phase of stem eloagation. and both act
1ndependent1§ of the apical meristem. Sachs (1965)
states that "the entire zone o} subapical meristematic
actiiity is an intercaléry meristeﬁtin its own right*.
&he role of the subapical meriétem has been
investigated in many plarits and greater subapical
meristematic actiéity was demonstrated in tall varieties
of tomatoes than in dwarf varieties (Bindless, 1942).
_Similar results were obtained frém a comparison of
long-shoot and short-shoot development in Gingko
(Gunckel and Wetmore, 1946) and from normal and dwarf
peach seedlings (Ledbef%er. 1960). Sachs, Bretz, and
Lang {1959) showed increased subdpical meristematic
activity in rosette plants which were elongating as a
result of either gibberellin treatment or long-day
treatment. In short, stem growth in response to
environmental manipulation, normal developmgnt or
exogenous‘chamieal treatment is associated with increased

activity of the subapical meristem; likewise inhibition

-
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of ste; growth for genetic or environmental reasons
is associated with a lack of activity in the subapical
maristem.

The role of the intercalary ;ﬁristeu during
vegetative growth of monocotyledonous plants has not been
examined at length but Fisher (19709 nasﬁihown that - . -
increased growth of the shoot of ICyperus zlternitolius
is associated with increased mitotic agctivity in the -
intercalary meristem and increasing length of the -
meristem. Cell elongation is also increased“dhring )

the stem elongation process. ' -

L

C. PHYSIOLOGY OF BARLEY GROWTH c g

L3
-

The growkh of a plant is a ﬁrocass involving the .
synthesis of new material within the plhntf an
irreversible increase of the‘piant as described by
Whaley (1961). This process usually invol;as an increase
in both size and mass of the plant, and growth of a
higher plant is aften correlated with increasing uizg
of’thc piant. or size of a part of the plant. In
many plants length of the shoot hasgproved a very useful
measure. of plant grow%h.

Early experiments in the field of plant growth
involved the ex;ision of various plant parts. Went

(1941) showed that removal of leaves from developing
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pea plants reduced internode elongation and it was
similarly shown that defoliated Hyoscyamus niger plants
do not form elongate atems (Sachs, 1965). Paal in 1918
(Sachs, 1965) showed that removal of the coleoptile tip
inhibited colecptile growth, and Kaldewey (1957) showed
that decapitated Fritillariafffiigg,do not elongate. ’
Grisebach (1843) showed that the presence of the flower
bud was essential for the elongation of 'the flower
gtalk. The abvioqs conclusion from experiments of tﬁis
type is ;hat one or more substances are produced in the
&excised organs which regulate the meristematic activity
of the stem and scape. f
*The first growth regulator to be isolated was
auxin (Went, 1928) and this was shown to reverse the
dwarfing ifiducea in Bellis perennis by removal of the
stem apex (Uyldert, 1928). gowever. auxin is not~
_éﬁgally effective in reversing the dwarfing of all '
shoots., Dwarf peas treated with auxin elongate, but are
8till considerably smaller than coritrol peas (Von
Abrams, 1953).‘ - ' .
The growth of a plant involves two distinct
processes, namely the production of new cells and the
elongation of the daughter cells. Inhibition of one,
or both of these processég‘qill obviously produce a
dwarfed stem. Examinati;n of the flower stems of

Fritillarlia showed that there were fewer cells in the

v -
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dwarfed scapes than in control scapes (Kaldewey, 1957).
However, -in the dwarfed shoot 6f many woody plants >

~

Tammes in 1903 found no diminution in cell nunber, and . .

-

& »only cell elonéation appears to be inhibited in the

> w

"dwarfed shoot (Sachs, 1965). Likewise, stimulation of

cell division ar cell elongation promotes stem elongation.
Examination of auxin-treated dwarféd scapes of L‘“\\
Fritillaria revealed that auxin promotes cell division to (;M .
only a small ext;péqand that dwarfing ie reversed by

increased cell elongation. . - |

. . The second growth regulator, gibberellin, was_

-t ~

“" jaolated in 1926 by Kurosawa, and this was shown to
reverse dwarfing in very many species. Dwarf bea;5 -
planta: Por example, are indistinguishable from normal
beans after ?reatment with giﬂ%ereilin. Examination of
the gi%bere;ii;~tréated dwarfs showed that cell diviaion

¥

' was markedly stimulated by/gibberellin, although cell
elungation was also promoted to a lesser extent.

" ;ﬂmhe two growth regulators, therefore, are very
di:terent in their mode of action in stimulating stem
elongation. and further investlgatxon showed that both
exert other influences on the growth and deve;opmant
of the planf. These other effects are frequently
mutually antagonistic. Gibberellins, for example,
promote maleneaiiin theaflowers of cucumber (Qalun.

1959) while auxins promote femaleness in the same plant.




D. GIBBERELLINS

The gibberelliﬁs were defined in 1954, as a
clasgs of naturally ccturring c;mpounds which exert,in
low concentration, an effect on the growth and Qevelop-
ment of plants, (van Overeck, Tukey, Went.'a?d Muir,
1954). 1In 1961 these gibberellins first isolated were
shown éo poséiss a glbbane skglbton. PFigure 1;} ?Cross.
Grove, ﬁéclosky, MacMillan, Moffatt.C;nd Mulholland,
"1961). . -4, 5 . l

400 4b

Figure 1.1, The structure and numbering of gibbane.

Paleg (1965) classified the thirteen gibberellins
T e

known in 1964 on the basis of the sgubstituent groupings
pregent at” the ? andu8 positions of the gibbane leleton.
and thé presence, or abserice, of a lactone configuration
on the A riég. , ’

1 In 1968, however, Rowe suggested thét gibberellane

(Figure 1.2) shou regarded as the parent compound

of all gibberellins. The number of gibberellane

a

Hermtnes
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- corresponds to that of other cyclic deterpenes, ;nd is

used by Lang (1970) in his review of the structure and
metabolism of gibberellins. . P

2 11
CH,
2 10 12,
.3 5 T
‘.. | '
’ HC CH . 16 . CH
© 319 13 3CH 17 3

Pigure 1.2, Structure and numbering of gibberellane.

(Broken lines indicate bonds, lying below
the plane of the ring system, wedges indicate .
bonds lying above this plane,) T,

A system of A numbers was introduced (Ma¢Millan
and Takahashi, 1968) in the naming of gibberellins and
by 1970 29 naturally-occurring, fully characterised
- gibberellins were thus numbered (Lang, 1970). ‘/Although
the structures of ﬁLeseNgibberallins are well-established,
the stereochemigtry is only assu;ned in many;%éses.
Lang divides all known gii:berellins ;{nto two -

R %
major classes depending on whether they have 19 or 20

o
.

A
4

a0
Y,

ca{"bon atoms. Those with 19 carbon atoms have a single
carbokylic acid grouping at C-7 of the gibberellane -

molecule and a lactone.ring. Those with 20 carbon atoms
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have two carboxylic acid groupinge, at poéitions 7 and
, 18, and may have an aldehyde grouping or a third ca;boxylic
acid grouping at C-20. A céqplete list éf known
.&ibberelling, with their str&étural formulae is given
 in Appendaix 1% ’ -
w0 .
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' Bfﬁsgéthesis’ot gibbereliins

%afThe biosynthesis of -gibberellins has been
astabiiehed in both higher pi;nts and fungus. Birch, ¢
Ricksrds, and Smith (1958) showed that both acetate and
ﬁavalonata are incorporated into gibberellic acid and
suggested that the biosynthesis followed the normal
route fér cyclic diterpenoids (Birch, Rickards, Smith, -
Harris and Whalley, 1959). Cross, Galt,and ﬁgnsoﬁ
(1964) ‘showed that (~)~kaurene was a precursor of GA3, ,
and Graebe, Dernis, Upper and West (1965) elucidated

- the several stages involved in the synthesis of (-)-
kaurene from acetate. They also showed that both
(-)-kaﬁ?ina. and its precursor, geranylgeranyl
pyrophosphate, were incorporated into gibﬂerellins.
Shechter and West (1969) showed that the cyclisation of
geranylgeranyl pyrophosphate to (~)-kaurene involved
the formation of éopalyl pyrophosphate as intermediate,
and that this also is incarporateé into tle gibberellins.

Dennis and West (1967) showed the incorporation of
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kaurenal into gibberollins. and Gelssmann, Verbiscar,
Pﬁinngy and Cragg (1956) showed the incorporation of

kaurenoib acid. The complete synthesibdia shown in

Appéndix 3.

€ d

®

‘ Three major -sites of gibberellin bioaynthoais e
hava been identified (Lang. 19?0). Lockhart (1957)
‘ﬁﬁﬁwed that application of GA4 reversed ‘the effects of -
decapitating pea geedlings and suggested that .
gibberellins are synthesised in the steé tip of pea
plahts. Kuraishl~ and Muir (1964) disputed these results.
but Jones and Phillips (1966), using a diffusion
techniqua. showed that gibberellin synthesis certainly
occurs in the young leaves in the apical bud of sun-
tlowgr plants. Jonqg and Lang (1968) also showed the
synthesis of gibberelline in pea shoot tips, and
Stoddart and Lang (1968) obtained the same results

using young leaves of rad clover. It is .now accepted

that young leaves in the stem apox are an important site

of gibberellin biosynthesis (Lang, 1970). Jones and
FPhillips 21966) also showed that gibberellin biogenesis
occurg in the root tips of ;unflowers. This is
recognised as an important site of synthesis in other

plants (Lang, 1970). The third site of gibberellin
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biosynthesis is in deveioping seeds, and this has been
dendnstrated in many plants (e.g. Corecoran and Phinney.
1962 aldev. Lang, and Agatep, 1965), iy

4
¥
Tranglocation of Gibberellins

oo

Wy,
s

. ) . 5
G&bberelling have been demonstrated in sgive

tubes (Kluge, Reinhard, and Ziegler, 1964) and ‘in xylem
(Phillips and Jones, 1964) using several techniques
(Lang, 1970). Bditen and"Wateing (1969) showed that
there is a dired? exchané;é%etwebn the two systems, /
probably invelving the phloem and xylem.ray cells. The
role of this circulating gibberellin is not known.
Bowen and Wareing'suggesf;a that it may be supplying
required gibberellins to the cambium, but Lang (1970)
asuggests that the circllating levels are;unneceesarily
high for this. Bowen and Wareing also suggested that
¥he transport may be for inactivation or storage, and
it has been shown that‘fnactive forms of gibberellins,
often called boupd. conjugated, or butanol-soluble
gibberellins, occur in 1argg amounts in immature seeds
of several species {Barendse, Kende, and lang, 19@8).
The translocation of gibberellins from the .
sites of synthesis, ie. xoot and shoot tips, to the

vascular system is a slow process which probably occuré

by diffusion.

-
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The Physiological Effects of Gibberellins .

The application of gibberellins to many plant

- e e

——

Eystems causes an observable effeck: For -sxample, -
gro;fh is promoted in many species and flowering is

induced in certain long-day planis, as described in an

earlier sectionﬁzf this thesis, biosynthesis of

a -amylase in the aleurone laye’r‘ cereal grain is
stimulated (Paleg, 1960a and b), as is the binding’of
invertase Eo ¢ell walls iq artichoke tubsrs(Edelman and

Hall, 1964). The nature of the response clearly depends .
on the plant, the developmental st f the plant, and |
the ‘organ of the plant; under consideration. ’

Not ail gibberellins are equally effective in
producing all effects (Brian, Hemming, and Lowe, 1964).
»GA3bdoes not induce flowering in Silene (Hichnieyiczc
and Lang, 1962) while GA, is very active in producing
this effect, and GA; does not promote the growth of
dwarf pea stem as GAj and GA3 do (Kende and Lang, I
1964). The activities of 26 gibbsrellins in 9 plant
assays have been compared (Crozier, Kuo, Durley, and
Pharis, 1970)‘and an attempt was made to correlate
structure and activity but little success was obtained.

The role of GA4 iff the bolting of rosette
plahts was investigated by Sachs, Bretz, and Lang (1959)
and Sachs and Kofranek (1963). They showed that the

i/
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gibberellin-induced bolting of Samolus parviflorus and,

E]
Hyoscyamus niger was associlited with an increase in
mitotic activity of the subapical meristem. They also
showed that subapical meristematic activity in

‘Chrysanthemum morifolium was stimulated by GA3. The mean -

-]
cell length in Hyoscyamus niger plants treated with GAg

was the same as that in untreated plants, and it was
concluded that GA5 is not involved in cp}laﬂ}ongatiohfin
this plant. Purvis (1960) showed that application of
GAq 1£ereased the growth rate of winter r&é,ang Barbat ‘
and Ochesanu‘k1963) showed that exogenous GA3 was
AJLociated with an increase in length of the growing
point in winter wheat. Nichols and May (1964) showed
that the highest levels of endogenous gib%erellin-like
substaﬁcas wore found, in.barley, during the period of
interno&e elongation. They also showed (Nichols and
May, 1963; Nichols and.yay. 1964) that internode
elongation was largely the result of increased cell
division, although cell length was increased te a small
extent, Arney and Mancinelli (1966) showed that GA;
stimulated both cell dixision and cell elongation in
dwarf Meteor pea. Lockhart (1956) shoyed that red light
tnhibited bothf cell division and cell elongation in
dark grown Alaska pea and Pinto bean, and that GAq
reversed both effects, It is possible that GA3 induces

cell elongation in some plants but not in all, however

“
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the role of GA4 in nellitiongation appears to be small,
even when it can be demonstrated. Brian and Hemming
(1958) showed that excised pea internode responded to
GA; to only a small extent, and severg} workers have
gtated that full expression of the growth-promoting
effects of GA3 depends on the presence of an-active, or ,
poteﬁ%i;ily-active. merigtem (Purves and Hillman, 1&58;

s

Brian, 1959). -

The mechanism of action of gibberelling in
promoting stem elongation is not clear. Kgnishi’(1954)
demonstrated that auxin was destroyed at a slower rate

in bolting Silene armeria plants and attributed the ‘stem

elongation to higher auxin levels. Nitsch and Nitsch
(1959) 8howed an increase in endogenous auxins in bean

shoots four hours after GAg-treatment. and Galston And !

< McCune (1961 ) -showed a decrease in extractable IAA~

oxidase and peroxidase ¥n GAj~treated dwarf peas and

dwar! corn. Halevy (1963) likewise demonstrated a GA3-

dependent decrease in peroxidase and IAA-oxidage N
activity in cucumber seedlings. Kuraishi and Muir (1963)
demonstrated a forty-fold inéfease'in the auxin levels

of GAB-treated Hyoscyamus niger plgnts Just before the
stem gtarted to elongate. It seems certain that GAs-
treatment produces higher levels of endpgenous auxin

in many plants, although the mechanism whereby the

auxin level is increased is not clear. Kogl and Elema
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(1960) reported a three-fold increase in the concentration
of polyhydroxycinnamic acids in peas after GA3-trea¢i§nt.
These compounds are oxidase inhibitors, and their action
would increase auxin concentration. Brian and Hemming
(1958) puggested that GA3 stimulated auxin-biosynthesis,
and Sastry and Muir (1965) showed that GA3-treated Avena
coleoptile iipa eonvegtgd tryptophan to [AA more rapidly.

' than untreated coleoptile tips. Valdovinos and Sastry ﬂ,ﬂ@
® <. P""-a% .‘?‘ &

(1968) showed that the GAj-stimulated synthesis of IAA

’involved the formation ;f tryptaminé as an iptermediate.

It is possible, therefore, that the auxin levels are ,
iﬁcreaaed as a result of both increased biosynthesis and
decreased degradations the latter posgibly due to the
effect of inhibitors on‘the normal degradative pathway.

-

However, Bolduc, Cherry, and Blair (1970) report that

-

GA3 promotes the activity of IAA oxidase.
It has also been shown that at least in some

casges, activi;auxin is required.for GAj-induced aymptom

expresgion (éleland.'196u; Kefford, 1962). However,

many GA3—s§i§hlated responses, including stem elongation, °

annot be produced by application of auxin, and Sachs

(1965) states that both GA3 and IAA are required for stem

elongation, and that the primary rdle of gibberellin is

not to increase the physiological level of auxin.

Cleland (1969) states that gibberellin acts in some

unknown manner in the activation of the subapical
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meristem, rather than through anywhlébration in the auxin

//

i
t

levels of th; plant.
Paleg (1960) showed that GiAy stimulated the

‘ synthesis of a-amylase in the aleurone layer of cereal

grain., Katsumi and Fukuhara (1969) showed that GA3-
treatment promoted u-a:&l&se,activity in the first
leaf sheath of t;e ds mutanta of malze, and that some,
at least, of the enzyme was produced in the leaf shea}h
itself. Chriapeels and Varner (1967) showed that GA,
promotes the synthesis of ribonuclease, and Cohen,
Le;hé'l, and Pinsky (1969) shnweci that GA3 promotes the
synthesis of proteased in germinating lucerme seeds,
;lthongh GA3 is not the only factor involved in this

‘gystem. Harmey and Murray (1968) demonstrated that GAq

promoted the synthesis of peroxidase in barley endosperm.

' Broughton and McComb (1971) found that the GAj-stimulated

increase in levels of amylase and B8 -fructofuranosidase
activity in pea 1nternodenparallaled the increase in
growth of the inte;node. They also f?und no GA3-
stimulated increase in cellulase and pectinesterase
activities, and concluded that GAj functions by providing
mors substrate for cell metabolism and wall synthesis.
Vaéner. Ram Chandr;. and Chrispeels (1965):showed
that the GA3-ind4c)) synthesis of o-amylase was sensitive
to protein synthesis inhibitors, and hence concluded that
GIA,3 prd;oted de novo synthesis of o-amylase. They also
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- showed that the process was sensitive to Actinomyein D,

an inhibitor of DNA-dependent RNA synthesis, and

N
suggested that GA3 acts as a gene derepressor, in a
method not explained, causing the synthesis of new

. messenger RNA which codes for g-amylase. Paleg (1965)

states that RNA-syntheslis inhibitors are not effective
in preventirig GAj-promoted synthesis of - ¢~amylase
unless isolated aleuronenis~d;ed, but he does not
dispute that GAj-acts at the gene level.

) Carlisle, Osborne, Ellié, and Moorhouse (1963)
showed that GAg was actiye in a locust moulting assay.
Although the activity wag small compared to that of
ecdysonie, the insect moultiﬁg hormone, it was suggested
that the two compounds were functioning in the same
manner in yhe assay. Since ecdysone has been shown,
cytologiQaily, to function at the'gene level, this has
been used to strengthen the argument of a gene
dgrepreasorafunction for gibberellins. B;mberger (1971)
showad that GA3 desta;ilises portions of native Dﬁg, . .
gnd that this occurs usiﬁg physiological concentrations
of GAj. Fellenberg (1969) suggests that subgtances
which destabllise native DNAwvare capable of initiating
RNA synthesié. and Bamierger (1971) suggests that GAq
acts by promoting RNA synthesis.

" ormrea and Williams (1960) demonstrated that GAs

increased the content of RNA in clover and Broughton

&-(
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(1968) demonstrated a GAj-dependent iﬂc:gasglig.RNA in
etiolated dwarf-pea sesdlings. Ecklund ang Moore ..
{1968) 1n;estigated the gquantitative eha;ges in
gibberellins and RNA assoclated with the senescence of
the shoot agex”in peas, and found a aecreasai;n both
' endogencus gibberellins and RNA. waéve;.'thcy were
unable to conclude thgi the changes in RNA level were
- the result of changes in GA5 lancsntration. Paulson and
Beevers (1970) showed that GAqg-treatment of etiolated
barﬁey leaf segments increased the level of endogenous
RNA. They also showed that GA3~treatment increased tﬂe
incorporation of radioactivity from 32P¢orthphosphate
‘in RNA, apd concluded that GAj promoféd the synthesis
of RNA, Jarvis, Frankland, and Cherry (1968) found ,
a similar increase in RNA synthesié{%p §A3-trea%ed»
hazel seeds. %ﬁwq ‘
Key (1969) states that the simplest explanation )
o{gthe regults obtained in these experiments "is tpét
GA3 is involved in the regulationsof“fha synthesis of
specific RNAs (transeriptional control). <€hese RNAs
would then serve as templayes for thg synthesis of:the
proteins.required for the physiological response in
question. ‘Theqevidence ssee i8 at best 1ndirect‘and
fragmentary.® Overbeek (1966) suggests that thete may

be_several gites of primary hormonal action, some .of

L3
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w?ich might be at the “translational level, while others
are at the transcriptional level, and still others are

L 4
not mediated by any mechanism involving DNA, RNA or

E. GROWTH RETARDANTS

The growth retardants are synthetlc compounds
which retard c-11 division and cell elonggtion and thusr
rq;ulate, physiologically, plant height (Cathey. 196#)
The more important of these compounds are AMO-1618, CCC,
Phosphon D, and BS (Lang, 1970). the chemical names and
styuctures of which are given in PFigure 1.3.

Structurally these compounds are very different.
and their action ig highly selective (Cathey, 1964).
AMO~1618 is active in only a small number of, plants
whereas CCC and B9 are effective dwarfing agents in a
wide range of plants (Cathey, 1964). It is impossible to
predict the response of any élven plant to a particular
retardant since related plants may exhibit wi{gly
differing responses to the same compound., Tolbert (1960)
showed'that wheat was very sensitive to CCC, but subse-
gquent work has shown that otherbeconomically important
Graminese are so much less séﬁsitivé that they can be

considered unresponsive (Cathey, 1964). There appear to

v
,
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Figure 1.3, Chemical structures and names of growth
retardants.
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be considerable differences in the responsiveness of
‘different varieties of the\game species (Tolbert, 1960).
Humphries (1969) states that barley does not resp;nd to
cCC, but ;e found that Black Hulless barley C.I. 666 was
;Egnificantly retarded by hié compound {Russell and ‘

» Kimmine, 1972). A similarly confusedl!picture is observed

in the responses to other retardants (Cathey, 196k).
Humphries (1969) suggests that the failure of a plant to

respond to CCC may be bécause the compound does not

penetrate the Llant. {

The pictuﬁe is even more confused -since some
plants respond to CCC by increased growth. Monselise,
Goren, and Halevy (1966) reported promotion of stem
growth in lemons, and similarfreports have been made for
Begonia (Heide, 1969), ?eaquédig;pe, Ormrod, and Maurser,
1968), gladiolus (Halevy 'and Sﬁ?lo, 1970) and barley
(Humphries, 1969). Lang (1970) tentatively suggests that
CCC may be broken dbwnirapidly in these plants and thus
provide additicnal nitrogenous material whicﬁ gtimulates
growth utritionall&. However, most plants respond to

CCC by an inhibition of internode elongation and, to a
&+

Lol

lesser degree, of leaf enlargement. . 7 -
Investigation at‘the nature of the stunting has

shown that in some ﬁﬁses there is an inhibition of cell

elongation (Wheaton, 1960), but thag in most cases the

dwaifing is a result of a reduction ‘in cell division
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(Sachs, Brets, and Lang, 1959).
) The application of gro;lh retardants produces
. ‘other physiological effeqts. CGC and B-9 induce fI@ral

initiation in Rhododendron (Stuart, 1962) and CCC promotes

the production of female flowers in cucurbitaceous plants,
. i1 -
(Ghosh and Boss, 1970). Metabolic changes have also heen

/

observed as a response to treatment with growth retardants.
Halevy (1962} demonstrated an 1ncrea§e‘inothe peroxidase and
.catalase activities of AMO-1618-treated cucumber seedlings
and Wheaton {1960) demonstrated an increase in pectin
nethylesterase activity in -AMO-1618-treated cucumber
seedlings. .
Tolbert (1960) showed that the stunting effects
of growth retaé&ants ate usually antagonised by the
application of GAs. Kque. Ninnemann and Lang (1963)
showed that AMO~1618 and CCC inhibited the biosynthesis
of GAy by Fusarium moniliforme without inhibiting the
" growth of the fungud. Zeevaart (1966) demonstrated a
- similar 1nhibitioz;gibborellin biosynthesis in CCO-
treated higher plant. Dennis, Upper, and West (1965)
showed that AMO-1618 inhibited the formation of kaurene

! from mGValonate by Echinocystis endosperm. and caused

accumulation of geranylgeraniol. Uaing the game system
Dennis and West (1967) showed that AMO-161B did not
inhibit the conversion of kaurene to GAsj. " Cross and
Myers (1969) showed that AMO-1618 and CCC both inhibit

¢
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the synthesis of kaurene and GA3 in Fusarium moniliforme.

More recentiy. Schechter and West (f§6§). using a-cell

free prepafatidnfof Fusarium moniliforme, showed that

AMO-1618 and CCC inhibited a-single reaction in the

(Y
W

biosynthetic pathway, namély the convers geranyl-

geranyl pyrophosphate t TZ palyl pyroph/fpz;it. Robinson
';ﬁﬁ West (1970) found th same results using a cell free
preparation of castor beaaneedlings. Phosphon D was™
shown %0 inhibit this step, and the subsequent conversion
of copalyl pyrophosphat: to kaurene.

- »‘ ’ While it is established that AMO-1618, cCC, anqi,f
Phosphon D are capable of selective inhibition of ]
gibberellin- biosynthesis it is not suggested that this is
the only-role for these compounds (Harada and Langy 1965;
Baldev, Agaxep, and Lang, 1965) waever. in the many —— ~
cases where the retardant effects are reversed by the »

. appliﬁﬁtion of exogenouéﬁGAa, the effects of the retardant
have been attributed to an inhibition of gibberellin

K biosynthesis. -
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MATERIALS AND METHODS °

- - -~
b -

A. CARE OF APﬁiES AND GROWTH OF PLANTS

. A virus-free clone of cherry-oat aphids

(Rhopalosiphum padi L.) was established by transferring

one adult to an isolated barley leaf for 24 h. The new

born nymphs were collected and transferred to a fresh

barley piant and a%lowed to develop there. This .
procedure was repéated until aphids were obtained which

produced no-sympfoms on barley plants after a five day

infestation period. Healthy aphids were maintained on

Hata barley (Hordeum vulgare L. var Herta) grown in steam
sterilised soil in well-drained eight-inch plastic pots, . -
watered daily with tap water. The pots were kept in a
cage at 6800 fi 2%) 30" be%gw four L4LB* Sylvaﬁ}a 4o W
cool white,fluorescent strip lights, Every week a fresh
‘poi of;iarley was introduced into the cage and’ the aphids
allowed to transf® to it. Regular inspection was made
for any parasitised aphids 86 that these could be
removed, however none appeared during the period of
. the investigation. a

Aphids were infected with barley yellow dwarf
virus (BYDV) by a three-day inoculation feeding period on

Black Hulless barley (Hordegg vulgare L. var C.I. 666)

ES
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1ﬁfbc§ed with a moderately severe strain of the virus.
The aphids were giveﬁ;in inoculation feediné peribd on
either a cqge& intact plant, ot an isolated leaf
supported in a test-tube with iys basal é;d immersea

o

in water. ) . R .
Black Hulless barley plants grown individyally

in steam sterilised soil in three-inch pots were used

as the test plants, except where otherwise mentioned: .

The plants were malntained at 18% in & growth chamber

with a 12 h period of 2,500 £t C of mixed incandescent

and fluorescent illumination per 24 h. Plants to be

inoculated were caged with foqr adult aphids on the

eighth day after plagting, and control plants were

caged similarly, without aphids. After three days all

plants were sprayed with 0.25% malathion and returned

) N
to the growth chamber until required.

B. SELECTION OF PLANTS FOR EXPERIMENTS
A ;

—

~

Sevgn days after seeds: were sown plants.were
chosen for experimental use on the basis of the height
of the unexpanded first leaf blade above the coleoptile
tip. This was generally between 60 ém and &5 mm,
Plants were measured and ass;gned into pairs, tripléts; R

or ‘the correct number for the particular experinment

v 2N @
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to be done. One plant was then selected réndomly from

each group for a particular treatment. In this way
the mean height of the plapts undergoiﬁg all treatments

wag the same ag that of the controls.

L]

R

* C. DETERMINATION OF DRY WEIGHT

+

The material was cut into-small pieces and
heated to constant weight at 98°C (+ 1°C) in a hot air

oven.

LY ’ }
D. DETERMINATION OF CELL NUMBER -
’ I

*  Cells were counted according to the method of

Brown and Rickless“(1949). The third leaf blade was

excised, weighed, and maceratediin 10 ml of 5% chromic
acid (GrOﬁJ‘Tor three days at room temperature. The
macerate was forced through a pasteur pipette several
times and then mixed on a Vortex mixerlfor two minutes.
Ten samples of each homogenate were &ounted using a
haemocytometer. The remainder of the plant was used

to deternine dry matter from which the dry weigﬁt of

the leaf was calculated.

x o o

Wiy
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E. EXTRACTION OF AUXINS .

Endogenous auxins were extracted from frozen
material in“two different procedures using different
solvents. ’ ’

(a) qual we@ghts of aerial parts of healthy

plants, plants infested with healthy aphids, and infected

plants were extracted for,1 hiat 0°C with ether, using

5 ml per g fresh weight. Thé:)ther‘wgs purified

according to the method of lLarsen (1956) and redistilled

immediately before use. The ether was decanted and the

residue extracted for a further 1 h with an equal volume ;

of ether. The combined ether fractions were redp;ed to

- 20“m1 underlvacuum. at a temperature not exceeding 4o%c,
and- were then extracted three times with an equal volume
of 1 M NaHCO3. The combined ether 1ay§rs were evaporated

to dryness, at a temperature not exceeding 40°C, and

" o
: the residue assayed as neutral auxins. , .

©

nel
e

e The aqueous layers were adjusted to pH 3.0‘witq/u/f-w«ﬂ%§;f
o - 5 N«H3P04 and extracted three times'with -an equal velume . ‘
"of ether. .The combined ether layers were evaporated -
to dryness, as before, ?nd assayed as free acidie

auxing. .

A The ﬁlant material left after the ether
extractions was treated at 100°C for 1 hr with N KOH,
using 2.5 ml per g fresh weight, The mixture was cooled

4 R °
e ‘ « . &
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to room teyperature. adjusted to pH 3.0 with 5 N HC1 ‘
and extracted twice with an egual volume of ether at
0°C for 1 h. The ether layers were partitioned with
> alkali ag before, adjusted to pH 3.0%nd re-extracted
with ether. The ether fractions were evaporated to a
: . dryness asAgggore and assayed as bound auxing. A flow

w;;”v:«rf:.ﬂ““"
sheet of the procedure is given in Figure 2.1.

. ‘
* : - (b) The second extraction procedure for auxins was
‘ that of Baillis and Wilson (1967). Equal weights of ‘the
"‘gerial parts of gealthy plants and plants infested with
BYDV-infected™aphids were frozen at -15°C‘for 8 h. The
tissue was then homogenised in a Waring blender, at slow
speed, for two mi;utes with 80% methanol, using 10 ml
’ tper g fresh weight. fﬂxtum*wa’«s left at 3°C for
'“1&h and then filtefd. The residue was reextracted with

» an equal volume of B0% methanol for a further 6 h. The

. combined filtrates were reduced. tg the 'aqueous phase

on a rotary evaporator, at temperature not exceeding )

T TRRAEE iﬂ@l i L] {!‘5&&‘;?

) 40°¢, and left for 18 h at 3°C. The agueous extract
was filtered through celite, adjusted to pH 3.0 with )
5 N HC1 and extracted four times with an eéual volume
of freshly redist?lled ethyl acetate. The extract was \“f/
reduced to half bulk, under vacuum, and extracted four
times with half volume 1% NaHCO3, The aqueous fractions

3 -

were combined, adjusted to pH 3.0 with 5 N HCl and

"
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RESIDUE SUPERNATANT -~ AQUEOUS LAYER ETHER LAYER
DISCARDED -
~ NEUTRAL AUXIN
ETHER EXTRACTION ETHER EXTRACTION
ETHER LAYER AQUEOUS LAYER ETHER LAYER
] _ DISCARDED FREE ACIDIC
N T, . AUXIN
M. NaHCO3 R -
/ ” - '
ETHER LAYER ' AQUEOUS LAYER  ~
DISCARDED ' ‘

£ -

ETHER LAYER " AQUEOUS LAYER
BOUND AUXIN DISCARDED

!
lr FIGURE 2.1. EXTRACTION PROCEDURE (a) FOR AUXINS
)
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FROZEN MATERIAL CUT IN SMALL PIECES

METHANOL
\///;,’/ ” -

RESIDUE
DISCARDED

.o ORGANIC LAYER AQUEOUS LAYER

2 DISCARDED
|
- AQUEOUS TAYER - -+ QRGANIC LAYER

DISCARDED

AQUEOUS LAYER ORGANIC LAYER
. DISCARDED . TOTAL AUXIN
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reextracted four times with-half volume of ethyl acetate.
The ethyl acetate extracts were reduced to dryness, as
before. No fractionation of the extract was performed
and the single extract was assayed as total auxins. A

flow sheet of the procedure is given.an Figure 2.2.

F. EXTRACTION OF GIBBERELLINS "

Endogenous gibberellins were extracted from
frozen material according to the second extrdction
procedure used for auxins, except that the pH was
adjusted to 2.5 prioy to extraction with ethyl acetate.
A blank extraction was performed simmltaneously in all

experiments. ,

-~ 3

e

G. CHROMATOGRAPHY OF AUXINS

All residues from the extraction procedure were '
4§ssolved in 300 pl of redistilied ethyl acetate and
.gtreaked on prepoured plates of silica gel G.F. (E. Merck,
Darﬁstadt). The solvent s&stem was isopropanol:28%
ammoniaswater (8:11:1) and chromatograms were de@elopéd
at room temperature in the dark. The solvent front was
allowed to travel 10 cm from the line of application.

-

75

R
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A marker spot of 1ndclé~3~acetic acid (Sigma Chemical
Co,) was included on chromgtogramssof free and bound
auxins‘and a marker spot of indole-3-acetonitrile
“iSigma Chemical Co.) was used with neutral ins.
These were detected as areas of U& absorband against

the fluorescent background of the plates, usi uv -

i * -
‘ illumination from a Harmer chromalite with Woods filter
(251}' nm)' ¢ |
N . |
. \
- N | ®
H, CHROMATOGRAPHY OF GIBBERELLINS i
i
- * The residue obtained_from:the extraction pracedure "
was dissolved in 200 pl of redistilled ethyl acetate and,
.chromatographed on prepoured plates of silica gel G.F.
using isopropanol:water (4:1 v/v) as the solvent system. -
&

The chromatograms were developed at room temperature and

o
-

the solvent front allowed to travel 10 cm from the point

qf.application. A reference spot of GAj (Sigmé Chemical .

Co.) was included and detected by spraying with ”
concentrated sulphuric acidsethanol {5195 v/v) and s
heating at 110°C for 10 minutes. Authentic GAj was .

. visualised as a grey-green spot,

°
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I. BIOASSAY OF AUXINS

a

Auxin activity in each cm of the chromatograms
w;s agsayed by the method of Nitsch and @1t8ch (1956)
ﬁsing Genésee wheat seedlings with coleoptiles between
20 and 25 mm léné. Four mm sections of coléoptilq,were
cut three mm from the tip and‘star;ed by floating in
distilled water for three hours. Auxin standards were
used with each bioassay, the IAA dissolved in ethanol )
and diluted to the .required volume with 0.01 M oitrate-
phosphate buffer pH 5.0 con;aéging 24 guerose. Material
from the chromatograms was éimilarly’aséayed in the same
sucrose-containing buffer. A minimuﬁ of ten coleoptilé
gections was ﬁsed %g‘t%g? the activity of each em of
the chromatographic plate, ;nd a control was included to
ascertain the lack of Zrowth promotion in the material
of the thin layer. The final length of ‘the coleoptile

sections was determined using a binocecular microseopg

fitted with a micrometer eye piece after incubating

_ for 24 h in the dark at 28°¢C.

3

J. BIOASSAY OF GIBBERELLINS' .

The gibberellin activity of each em of the

unsprayed portion of the chromatographic plate was

assayed using the lettucﬁﬁhypocbtyl bioassay of Frangland

’
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’aﬂﬁ wareing (1960). Lettuce seeds (var. Grand Rapids)

were germinated under constant light at 28°C and seedlings
used when the radicles were § mm‘logg“—“ﬁﬁy gtandards

were used with eaech bloassay anéqé/minlmum of ten seed-

lings was used to determine the attivity of each cm of

the plate. A control-was used to ascertain the lack

of growth promoﬁ}qy fn the .material of the’ thin,layer.
The final length o£ the lettuce hypocotyl was.determined
to the nearest mm after incubating the seedlings at

28°c for a minimum of 40 h.

K. APPLICATION OF EXOGENOUS GIBBERELLIC ACID

GA3 was applied to plants at a concentration of
10 ppm in an aqueous solution contaiﬁing 0.05% poly~
oxyethylene sorbitan monooleate (TWEEN 20). Control .
plaﬁfs were sprayed with water containingnTween 20.
Plants were sprayed with an'atymiser and approximately

0.75 ml was applied to eachhplant:

oy
-

- - =

,‘r

L. APPLICATION OF GROWTH RETARDANTS

€

-

;  Plants' were treated with growth retardants in two

different wﬁys: ’

o T -

SN g |
€




{(a) The plants were spr§yed with an aqueous solution
containing an appropriate concentration of the retardant
"and 0.05% Tween 20, Control(ilants were sprayed with
water containing 0.05% Tween 20. All plants received
approximately 0.75 ml. ‘ { N

» <
/’

~ (b) The retardant in suitable concentration in an
Y 4
aqueous solution was added to the soil around .the roots

of the plant using a pipette. The volume uséd is

-

indicated in thg,appropriate expegiments. Control
plants were similarly treated with water.
: -2

M.. ASSAY OF ENDOGENOUS ANTIGIBBERELLIN ACTIVITY

=

The aerial parts of virus-infected plants were
weighed, cut into small pieces, and homogenised at high
speed in a Virtis "23"9blender for oné minute with 2 ml
per g fresh'weight of 0.01 M phosphate buffer, pH 7fo?
The homogenate was gtrained through tripie thickness
cheqseelotiv A éimila: extract wasfpreparedlfrom control
p}ants. .
Tw; pieces of Whatman no. 1 fllter paper.were
placed in a 6 cm petri dish containing a 1.5 ml standard
solution of GAj3, or wéyer. and 0.5 ml of girained plant

extract. A minimum.of ten\léttuce seedlipgs, as used

L3

/‘

3
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. The final length of lettuce hypocotylcwas measured as

in the bioassay of GA3, was added to each petri dish.

in the GA3 bioassay. -
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RESULTS

&
- w
1

A. GROWTH AND DEVELOPMENT OF BARLEY C.I. 666 :

In order to obtain data on the growth and
development of barley C.I. 666 100. seeds were-planted
and the seedlings were measured weekly (Fig. 3.1). Under

the conditions described in the previous section the

1

.Iirst leaf bla e,%?s open and measurable two weeks aftér
planting and s%hsequent measurements showed that the
leaf blade opened at-its ful}y{expanded size. A new
leaf blade opened, fully® expanded, at weekly fh ervals
thereafter. The fresh weight and dry weight off a small
sample of seedlings were aléE/determined weekly (Fig. 3.2)
- and both were found to increase in approximately lineaf
faghion after three weeks. The dry matteeras reiatively
constant, at nine percent of the’fresh weight, at all

times.

v
w
? ¢
7
o - <
b v

B. GROWTH AND DEVELOPMENT OF BYDV-INFECTED BARLEY, .

SEEDLINGS NI

¢

The stunting effect of BYDV was first observed in
" the third leaf blade of infected seedlings before any
yellowing occurred (Plate 3.1, Fig. 3.3). At this
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left, 15 days after infestatlon with
healthy aphids.

-

~centre, 15 days after infestation with BYDV-
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Figure 3.3. The length of barley leaves.
@ ———® healthy plants

A———Aa plants infested v/uth healthy aphids
.m. plahts infested with infected ap}uds.

7

Leaf blades #3, #4, #5 of plants infested with infected

aphids were si?xificantly shorter, at thg 1% level, than

corresponding leaf blades of healthy plan s and plants
k’eated with “healthy ‘aphids. X
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C. EFFECT OF BYDV-INFECTION ON ENDOGENOUS GIBBERELLINS
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4 B

stage the fresh weight of the infected plant waé
significantly lower than that of control plants, and
the percentage dry matter greater (Table 3.1). Healthy

aphids wére observed' to have no-effect on the size of

the plants, fresh weight or dry weight. ° .

o )

QABLECB.i. The effect of BYDYV on fresh' weight, dry
( “‘weight and percentage dry matter of ..
barley C.I. 666.

Ed

R c HA © 1A
Fresh weight (§3 0.649 ’“6.713 } ﬁ,uéa*
Dry weight (g) 0.08 0.08 0.054*
Eercentage dry weight 1.1 | ' 11.1 éﬁz 8

13

a

-C , healthy plants
. HA, plants_ infested with healthy aphids
IA, plarits infested with infected aphids
» significantly different from HA and C at 1%
level. |

.

P

¢

! Plants were assayed 11 and 17 days after
infestation wifh aphids and gibberellin-like activity

_was found "at Rf .6-0.8 in all plant extracts. This

corresponded mo the position of the authenxip G43
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"~ ° healthy aphids and those from uninfested plants. In

"

o
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marker. No growth promoti activiiy was found in the
material obtained from the Ylank extraction-and no
difference was found ;e éen the extracts obtained’

from 20 and 26 day old plants (Fig. 3.4). The
chromatographic distribution of gibberellin~like activity
was the same in extracts from plants infested with- .
extracts from infected\planté. the distributiqn was ’

- qualitativeiy similar but s?gnificantly ;;ss activity

" was present. A .

The growth of :lettuce seedlings at varying
cnﬂéentratiQns*of authentic GA3 was determined
simultangoualy with the bigassay of plant ixtrac%s. and
a.standard curve was constructed (Fig. 3.5). Using ’
this standard curve it was p;ssible to calculat: the

th stimulant concentration, as G4 equivalénts. in
healthyrand infected plant extracts. ,This was done
using only the Rf values which’caused growth promoti;n
which was significantly higher, at the 1% level, tﬁan

w .« ythat caused by water controls (Table 3.2). .
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TABLE 3.2., % The growth stimulant concentration of

. e ) healthy and BYDV~infected plant extracts.
. ¢ )
. GAy equivalpnts (ug/Kg dry wt.) 58Q’ 345 o
¢, healthy ‘p;ants; IA, BYDV-infected plants .

o

It was not posaible to eompare the endogenous

a. gibberellln-lzks activity of plants befora the dnset

- ~- of dwarfing, sa“tﬁ&%"no causal relationghip can be ,
inferred. HOwever, a ;educfioﬁ in endogenous - s

£ glbberellins was clearly agsociated with. BYDV-induced
v - B B

’

v dwarfing. ) -

[y °
- s

o

' 4 > / <
D. ‘EFFECT OF BYDV-INFECTION dN/ENDOGENOUS ﬂUX{NS By

» N v

-

Auxins were ex@racted 20 and 30 days after .
ipfestation with aphids and the ether extract fractionated,
as described in the g%eviaus section, into free acid

auxins. neutral auxins and bound auxins. Bioassay of

t

-

the neutral auxin fractlon reveéf%d no growth promotion,
. from which ‘it wag concluded that neither healthy barley ' , |
‘nor BYDV-infected barley contain neutral auxins (Fig. 3.6).
In both. the free acid fraction and +the .bound acid
; extract growth promotion was detected at Rf 0.&-0.6,6

k1]
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. .plants is fully expanded before any yellowing symptoms
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corresponding to the Rf of t;e ;ﬁA marker. The, N ]
chromatographic tribution of the auxin-like activity >
was tﬁ; eame-iﬁre;tracts,from healthy plants, plantj/r . v ’
infested wiggapEQJthy apﬁtas. and plants infested with - \
‘B?Dv-inrectedfaphxgs{ and no quantitative difference
was observable (Fig%‘j %.and Fig. 3.8). The auxin—like
activity extrécted was very" low,: and for this reason a
sécond extraction procedure was attempted, using éthyl
a;cetate., In this case cons derably greater auxin-~like
growth pgomotion was obta}ned. but thereﬂwas no -

significant differencé Tetween the growth promotion

. obtaihed from healthy and infected plant-extracts .

(Fig. 3.9). o

* , Since there was no significant decrease in

24

extractable auxine from_ infected plant it.was coricluded
that BYDV-induced dwarfing of barley is not mediated °
by reduced levels of endojenous auxins.

£y 4 -4
. - . ,

¢

R, EP:FEC‘.L‘ OF BYDV-INFECTION ON CELL NUMBER . '
- _{ 2

The third leaf blade of BYDV-infected ‘barley s ==

develop on the plant, and this provides a suitable

gystem for the investigation of cell number. In ‘order

4 3

. to determlne the relatlonship between the number of
\‘Ja

- 4
~



*ry

e

ol

~ ARC - 374



-88- ” ) 3

s

cells piesgnt and the dimensions of the leaf blade a
preliminary experimeﬁt was done using only healthy f .
plants. From thése resuits.i% wag observed that the
number of cells is direc%ly propo;tional t0 the fresh
weight of the leaf blade, Figure 3.10. No simjilar
relationship was obsgrved4between the number of cells
and leaf blade length. -

The number of cells in healthy gpd BYDV=-infected

“third leaf blades was determined by the séme procedure

and the results of one such experiment aée shown in
Figure 3.11. " The total number of cells in BYDV-infected
third leaf blades was significantly reduced indicating

-diminighed meristematic activity. There was no

significant difference in'the number o6f cells per unit
fresh weight or dry weight, implyinglthat the cell

dimensions were not signifiecantly a}te}ed.

o
o~
< oo

e s
8

F. MECHANISMS OF REDUCTION OF ENDOGENOUS GIBBERELLIN
LEVELS :

“w

=

If BYDV-induEed dwarfing of barley results '

primarily from a geduetion in endogenous gibberellin

A3

levels thePé are two possible mechanisms by which this

a2

may be effected. The synthesis of gibberellins may be

depressed, and their removal may be stimulated. These

-

1
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NO OF CELLS x 10 °
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;

Figure 3.10. The relationship between the mean number
3 of cells in the third leaf blade of

_healthy barley plants and the fresh
weight df the leaf blade.

The correlation coefficient of the“1°“regression line is
277243, {n = 28), P = 1%.
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Figure 3.11. Effect vaBYDv-mfectlon on mean number
of cells in third leaf blade of barley.

. Q-—-—-—Q » IA, BYDV-infected plants
-#@i——8 » C, healthy plants

Each value is the mean obtained using 31 plants.
*Signi:!‘icantly different from,C at 1 per gent level,
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mechanisms could function independently or together.
It was decided to investigate these two poasibilities.
. o? ';
\ o
LU :

G. EFPECT OF BYDV-INFECTION. ON ENDOGENOUS LEVELS OF
- . <
GIBBERELLIN-DESTROYING ACTIVITY

Vs

While a great deal of detailed kmowledge exists - -

~on the :ioqu;heSih of gibberellins in lower and hjgher

plants there '‘appears to be little information on the
blodegradation of these compounds. It has been ahown.b
however, that higher levels of extractable gibberellins '
exist in young leaves than in older leavesd (Radley, 1958)

and it does not seem'unreasonablg to suggesrfyhat there o

exists, in those plants which contain gibberellins, a

_.normal mechanism for their inactivation, or removal.

Any increased activity in this normal metabolic pathway
would result in a lowering bf the endogenous gibberellin

concentration. There. are several possible mechanisms

. whereby virus infection could influehce the activity .

of a normal metabolic pathway, and these are diécuégid

[

in aother section of this ?hesis. It is also
theoretically possible for virus infection to promote new
metabolic pathways within a host plant, and lowered ,
levels of endogenous gihberq}l@q? could be obtained by

the activity of a virus-induced gibberellin-degradative

S

n
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" pathway. The mechanisms %y ﬁpich new metabolic pgthway§
may be péoducéd in a host.plant by virus infection are
discussed elsewhere in this“thesis: In the ?resent_ RS
gection the attempt is only to show that virus infection
could produce éiminished°1evels of gibberellinscin'barley‘
} by promoting the breakdown or remdval of gibberellin,
\ and that this coulp be brouéht about in several different

ways. However, if BYDV does promote this type of éctivity

£

then it should, be possible to demonstrate the presence

oé more gibber%llin-destrﬂy%pg activity in BYDV-infected -

barley than in’healthy plants, and th%s demonstration

should be independéﬁt of the p;thways involved.,

Preliminary experimentation Gas done using

healthy plants -only. An extract of the aerial parts

. of the plants was made using 2 ml of 0.01M pﬁ 7.0
phosphate buffer per\g fresh weight, as described in
the previous séction. -Serial dilutions of the strained
extréct were prepared using(the same phosphate buffer.
A standard GA3 bioassay was performed. as describved
in the preyious section, adding 1 ml of either buffeé;
plant ext;SQE\or diluted plant extract to the petri .
dishes. The final length of the lettuce hypocotylgadé
shown §9 be défendent on the concentyation of plant

¢ =2 - extract (Figure 3.12). These results confirm the

vr* presence of an endogenous antigibberellin system in

7 .
*
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bafley. Similar results were obtained using plants
7 which were 10 days old, 21 days old, and 36 days old.
. " Since similar results were obtained with all
. three eoncentrations of’GA3¢it was decided to assay
. plan?s in tq?‘presence of 10 mg GAq per litre and to
express the results in terms of/;ercentage reduction
in hypocotyl length caused by the extracts. ’ .
~ BYerinfecteq,and healthy plants were used when
20 dagys old. At this stage dwarfing was pronounced
"in BYDV-infected plants but no difference was found ;
between extracts, Figuré‘3.13. These results were -
- pbfgined from three separate expgriments. so that

different degréés of dwarfing were observed as a result,

# yap (W
P

’ _of_yinor variations in physical conditions. - Similarly, e et
the percentage rgduction in hypocotyi length varied
with each experé:ent due to slight differences in ] .
¢ ‘maturié& of the let%uce“seedL;ngg used in the bioasgsay.
However there was never{any significant difference ‘befween
healthy and infected plant extracts a?éayed simultaneouslyi
" It was concluded that endogenous antigi%berellin

activity was not involved in BYDV-induced dwarfing of
barley. " . ’ . A

”
" e
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L ]

Effect of BYDV-infection on endogenous
antigibberellin activity of barley '
plant extracts,

&

I3

healthy plant extract .,
BYDV-infected plant extract

Each plant extract prepared from a minimum of

6 plants. .

'Significantly differgnt at the 1 per ¢éent level. .
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H. EFPECT OF_GROWTH RETARDANTS ON THE GROWTH OF BARLEY.
PLANTS ' C

The syntheeis of‘éibberelliﬁ; w;s investiga%ed
using aﬁtigibbérellins. Since these compounds are
highly specific and the sensitivity of any cultivar of

"h plant to a particular agtigi£berellin cannot be
ﬁredicted. a preliminary experiment was performed to
find if any antigibberellin was effective in dwarfing
barley C.I. 666. The growth retardants were a}plied@by
sprayiqg, in the concentrations given in Table 3.3, %&
sev;ﬁ day old seedlings. The leaf blades were measured
weekly and dwarfing was first observed in the third -

leaf blade in plants treated™with CCC. No effect was
observed in g}ants treated with AMO 1618, and only CCC
was used in subsequent experiments. o ’

Plants sprayed witl/ CCC ;xhibited some chlorosis
near %he bage of the leaf blade and the experiment was
repeated, applying CCC as a root drench. This method

‘of treatment preve*ted chlorosig, and the resdlts were
otherwise unaltered. "In all subsequ?nt experimeqts

" oce wascapplied as a root drench. o ,

The dwarfing was found to be dependent on the
am;unt of ¢CC applied, Figure 3.14, Plate 3.2,an&
directly proportional to the logarithm of amount of CCC

- applied, Figure 3.15.? This was convincing evidence that
° Evs .

~

2,

%

‘gr

»
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TABIE 3.3 The effect of growth retardantsCCC and X

. AMO 1618 on leaf blade length, fresh ‘ o
weight, and gereentage dry matter of -

barl}ey C.I. 66 [ -

to

£ :."- ’ \
- AMO 1618 c cec -
[ ) . ‘ . . [ -
length of 3rd leaf blade (mm) 221 Y}, 215 171*
’ fresh weight (g) - ‘3,03 2.71+ :
e F © % dry weight - 10.5 9.7

[

, C, plants sprayed with 0.75 ml water congaining 0.05%
TWEEN 20. .

Y4 =
cce, planté%s rayed with 0.75 ml solution of ccC,
. , 3 ml, conteining 0.05% T ‘x,zo.

[
o

AMO 1618, plants sprayed with 0.75 solution of AMO 1618,
10-3 mg/L, containing 0.05% TWEEN 20.

@

*CCC significantly different from C at 1% level.

+
CCC significantly different from C at 5% level.
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the response was’diréctly duex to tﬁefgrowth retardant
«) ! L

. and not to any physical effects 6% the method ofi
- application. . )

o -

I. EFFECT OF CCC ON CELL NUMBER

®

. Eight day old seedlings were tréated with 3 mg
CCC, applied as a rooz_gﬁeneh. and the number of cells
in the third leaf blade of treated plants was found to
be significantly lower than in control plants, Figure
3.16. , ,
There was a significant increase in the numbe:
of cells per unit fresh weight in treated piénts,
implying that these gélls were smalley than in untreated
plants. ' It was concluded that CCC inhibits cell

division and cell expansion in barley. .

gt s
.
a .

=

' Wt
i
RS

J. EFFECT OF CCC ON ENDOGENOUS GIBBERELLINS
@ » - ' .

6 mg CCC was applied as a root drench to B dayu
0ld seedlings and plants were asséyed for endogenous
gibberellins 17 days after treatment. Gibberellin-like "
activity was found at the Rf corresponding ta the

authentic GA3 marker mnd no growth promoting activity
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The effect of CCC dosage on barley seedlings (X%)

4 =~ ungreated plant

B - 10 mg CCC applied in 1 ml solution
¢ - 10 mg CCC applied in 1 ml solution
D - 10° mg CcCc applied in 1 ml solution
‘E - 10~1 mg ccC applied in 1 ml solution.
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: - I
was fourid in the material obtained from the blank o -
e%traetion. The chromﬁtographle distribution of
gibberellin-like activity was the same 1n"extracts
from healthy and CCC-treated plants, Figure 3.17, but
there was ﬁ gignificant reduction in the GAj-activity
of CCC-treated plants./ The absence of CCC in ‘the
extracts of CCC-treated plants was confirmed4using )
Dragendoif's reagent 80 that the reduced activity could /
be aﬁtributa& solely to ‘the presence of less gibberellins -
in the extract. . '
. No causal relationship can be inferred since it
wag not found possible to demonstrate diminished levels
of GAj-activity in CCC-treated plants prior to tﬁe onset
of retardatinn.abut CCG-inducedﬂgrowth effects were )
¢learly associatéq(with a reduetion in endogenous

gibberellins.

~

K. EFFECT OF EXOGENOUS GA3 ON BYDV-INFECTED PLANTS

¥

PI;;ts were sprayed with a 10 ppm GA3 solution
immediately. after removal of the aphids. A single
application of GA3 was fouLd to, be as effective as
repea%ed doses at three~daily Intervals, and promoted
increased growth of healtﬁy and infected plants, Figure
3.18. | 4 ) -

M -
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Frsimilariy t}eated. and this gifferenge'was also

&
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2

‘ The increase in length of the third leaf blade
of both healthy and infected plants was significant
‘at the 1 percent level, but healthy plants treated with

GA3 were considerably larger than infected plants

significant at the ¥ percent level. In this experiment
theré was no significani d;fferenee in the lengthsa of
“third leaf blades of @ealthy plants and GAg-treated
infected plants, so GAj apparently reversed the BYDV-
ind;ced dwarfing. In some subséquent e;beriﬁents.
however, a difference significant at the 5 percent
level was observed, o that the;e.was not a predictable,
total revereal of dwarfing.

\\~ The increase in freg; weight of both‘healthyr
and BYDV-infected leaves was not significant, so that
the apparent reversal of dwarfing was mainly a result
of increased expansion of the leaves. Cell counts of -
the third leaf blades of aIl fbur groups of plants
showed that ex;genaus'GAg had no effect on the
meristematic activity bf either healthy or BYDV-infected
plants, Figure 3.19.

It was conc%uded that exogenous GA3 does not . A
‘revérse BYDV-induced dwhr}ing of barley but serves only

to mask the effect of reduced mitotic activity.

M
2
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Figure 3.18. Effect of 'exogenously applied GAg on
growth of healthy and BYDV-infected barley.

Cy O——¢ healthy plants
C/GA; @——@ healthy plants sprayed with 10 ppm GAs
IA A———4 BYDV-infected plants

IA/GA3m—m BYDVainfected plants sprayed with 10 ppm
N 3 -
Each value is the mean obtained using 15 plants.
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Figure 3.19. Effect of exogenously applied GA3 on mean
cell number of third leaf blade of BYDV-
’ ’ infected and healthy barley.

* ¢ O——0O healthy plants .
C/GA3 @ ——@ hezlthy plants sprayed with 10 ppm GA3
IA” A—i—a BYDV-infected plants
1A/GA3m——M BYDV-infected plants sprayed with 10 ppm GAj

Each value is the mean obtained using 24 planta.
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L. EFFECT OF EXOGENOUS GAg ON CCC-TREATED BARLEY
’ -~
Plants were sprayed with'a solution containing .. . .- -~ -

10 ppm GA3‘immeq;ételyvafter‘the application of £CC.
This treatment promoted the growth of both healthy and
CCC-treated plants, Figure 3.20. CCC-treated plants
sprayed with GAj were taller than healthy plants, but
not as tall healthy plants sprayed with GA3. Similarly
the third leaf blade of. GAj-treated plants was longer
and heavier than that of untreated plants, but the
CCC-treated leaf blades were still shorter. and lighter -
than those from control plants. Cell couﬁis showed

thdt GA3 had no effect on the:toﬁal number of cells in
CCC~treated R}ants. Figure 3.21. However.;GA3-treatment
markedly decresased the number of cells per ug fresh

weight and per ug dry weight in CCC-treated plantg,*

and it was concluded GA3 reversed the CCC-inhibited

cell expansion, but had{no effectvon CCC~induced reduction

in mitotic activity. .

M., EFFECT OF CCC-TREATMENT AND BYDV~INFECTION
SIMULTANEQUSLY ON GROWTH OF BARLEY

I

Eight day old barley seedlings were given a soil
drench containing 4.5 mg CCC and then infested with -
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Figure 3.21. -Effect of exogenously applied GA3 on mean
. cell number of third leaf blade af CCC-
. treated and Healthy barley. '
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Plate 3.3. The effect of GCC-treath t and BYDV~
. infection simultaneously ‘On the same
- plﬂnt . (X& ) -

A ‘healthy plant

B plant infected with BYDV

¢ plant infected with BYDV and treated with
mg CCC .

D plant treated with 4 mg CCC

E plant treated with 4 mg CCC and 10 ppm GAs.
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4 BYDV-infected aphids per plant. The growth anq
developmen;'of the treated plants were compared with

plants treated with CCC alone, BYDV~infected aphids

alone, and with control plants given neither treatment.

The double treatment produced considerably greater
dwarfing and growth retardation than either treatment
élone. The length of the third leéflbléde was considerably
di@inishgg, Figure 3.22, Plate 3.3. CCC treatment alone

,reduced the length of third leaf blade by 24.8 per cent,

and BYDV-infection alone produced a reduction of 26.8%.

The theoretical reduction of CCC-treatment on BYDV-
[

" infected plants would be a further 24.8 per cent

reduétion. giving a theoretical length‘to the third

1;af blade of }10 mm. Similarly the theoretical reduction
of BYDV-infection on CCC-treated plants would produce a
third leaf blade of 123 mm. The true length of the

third leaf blade given the double treatment was 113 mm,
which agrees well with the average of the two theoretical
values, 116 mm. This implies that there is no
synergistis effect between thé twontreatments, and that

the effects are simply additive.
N
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Figure 3.22. Effect of CCC-tréatment and BYDV~infection
separately and together on the growth of
< barley. ﬁ;t:p

C O—Qcontrol plants
IA @—® BYDV-infected plants
- TA/CCC A——a BYDV-infected plants treated with 4 g CGC
CCC (J—41 plants treatéed with 4 mg CCC
CCC/GA3 B— plants treated with 4 mg CCC and 10 ppm GAq

Each value is the mean obtained using 20 plan’cs. .
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N. EPFFECT OF CCC-TREATMENT AND BXQV—INFE;CTION .

o t

SIMULTANEOUSLY ON CELL NUMBER . % '

‘The number of cells in BYDV-infected plants
treated with CCC was grossly reduced, Table ﬁ.h. The
number of cells per unit fresh weight was only slightly e

lowered, imblying only a small increase in cell ‘dimensions.

-

TABLE 3.4, Effect of 4 mg CCC on,cell?éodnt of
BYDV-infected third leaf blade )
N .

o ‘ c IA 1a/ccCC
‘mean cell count 39g5x105 31.kx10°  15.5x10°

cell number per ug fresh weight ' 13.6 1.7 - 7 11.2

-
-
o 3

1t was congluded that CCC-treatment and BYDV-
infection act independently, and additively, on -

meristematic activity when applied together.
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0. ooupanxsou OF SUSCEPTIBILITY OF OTHER CEREALS 70
BYDV-INFECTION AND CCC-TREATMENT ' ' -

ﬁthiopian barley C.I. #2376 ﬁéa been shown to be
resistant to BYDV-inrection (Oswald and Hnuston. 1952)%
Eight day old seedlings of this cultivar, grown and l
sselectgd as described in the previous section for
C.I1. 666 seedlings were tr;ated with 6 mg“ccc Qppliéd—
a: a root,drench. A similar group of eight-day old
seedlinqg wae'infgcted with &4 BYDV—inrepted aphids per
geedling“fo? L days. The plants were all sprayed with -
] qusﬁ PalathiQn when twelve da&s old, and then allowéd to
develoﬁl BYQV—inrection produced a slight dwarf;ng of
‘the plant and third leaf blade was shorter than that of
untreated plants, aﬁd TCC-treated plants showed a
similar efféét. Figure 3.23. There was no significané
difference betwsen CCC-treated and BYDV-infeé%ed plants.
Detefmination of cell numbers showed no significant
ditrerence between the number of ceilsuin the third
leaf blade of control plants, cccntreated plants and,
BYDV-infected planta. Figura 3. Zh. and both treatments
produced a slight increase in the number of cells per
ug fresh weight. It was concluded that C.I. Z376 under-
. 80es some reduction in cell size as a result of both
treatments and exhibits a resistance to both'ccc—treatment
and BYDV-infection induced inhibition of meristematic

T A
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Figure 3.23., The effect of BYDV-infection and
- CCC~treatment on ‘the growth of
C.I. 2376 barley.

¢ O0—0 control plants
CCC A—-——4 plants treated with 6 mg CCC
BYDV [ plants infested with 4 BYDV-infected aphids.

Each value is the mean obtained usifig 21 pléhts.
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‘Figure 3.24. The effect of BYDV-infection and CCC.
treatment on the mean cell count of the

third leaf blade of C.I. 2376 barley.

C, control plants
CCC, plants treated with 6 mg CCC
BYDV, plants infested with 4 BYDV-infected aphids.
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DISCUSSION

s

’

: When Black Hulless barley was infected with BYDV
there was a. significant reduction in the number of cells

in the dwarfed leaves. There was no difference in the

number of cells per unit fresh wéight or unit dry weight.

' Ij is concluded that cell size is no% involved in the

stunting which results from a virus-induced reduction in
mitotic activity. This finding is in agreement with

that of Esau (1957) who fouhd a suppression of leaf
initiation in BYDV;infected barley, and a shorter
plastochronic distance between vascular elements and the
apex, which she attributed to a reduction in meristematic
activity. ’ »

A decrease in extractable gibberellins was
consistently found in inggkted plantS as compared to
healthy plants. Tﬁe absolute concentration of ethyl
acetate soluble gibberellins extracted from healthy
plants was nearly six times that extracted from virus-
infected planta. Diminished levels of ?ndogenous growth
regulators of this order, and less, have been used té
explain the reduction of growth in other plant diseases.
Jahnel (1939), for example, conc¢luded that the 50%*
reduction in auxin extractable from potato tubers
infected with potato leaf roll virus accounted for the
diminished growth of the infected plants. ’

-
I

’
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The concentration of free gibberellins found in
healthy barley, was 3“-5’ﬁg GA3 equivalents per kg fresh
weight. Krekul® (1971) found the level of gibberellins
in young expanded 'cocoa leaves to be 0.5 to 2.0 ug GAj
gﬁuivalents per kg fresh welght, and Wheeler (1965) found

~levels of B0 ug GA3 equivalents per kg fresh weight of
7 day old primarxﬁlﬁaveé of dwarf french bean.
) All these values are very low in comparison to
the value of 1 to 10 ug GA3 equivalents per g fresh wéight
quoted by Cleland (1969). However, the absolute yvalue

_ depends on the plant under conslderation, its age, the

part of the plant being extracte&. and the extradtion
procedure, and is probably not a very meaningful figure.
The comparison of cbncentgations in two groups of plants
of the same age, extracted under identical conditions,
is nonetheless significant.

The'’gibberellin-~like éetivity was found }n all
chromatograms of the extracts at the Rf corresponding to -
authentic GAg.sugé;sting that it may have been due to
GA3. This would be in agreement with,the work of
Nicholls and May (1964) who ‘found GAz and GA; in

developing barley apices, and with Jones, MacMillan sand

Radley (1963) who found GA in immature barley and

other Gramineae. However, further work would be required

to ccn}irm this suggestion.
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Although no*causal relationship can be deduced, a
. reduction in endogenous gibberellin activity was
associated with the virus-induced reduction iﬂ mitotic
activity. Sachs, Breti. and Lang (1959) showed that the
mitotic aetivity of the subapical meristem in Hyoscyamus
niger 'is largely regulated by the glbbereliin level and
N{cholla and May (1964) showed that the highest levels
of endogenous gibberellins in barley are found at the
period of most rapid gell division. It is possible,
therefore, to suggest that: the virus-induced reduction
in meristematic activity may have resulted from a virus- .
induced reduction in endogenous gibberellins. However,
Bailiss (1966) showed that the dwarfing induced in
tomato plants by aspermy virus was the result of reduced
subapical mitotic activity which was not associated with
" diminished levels of endogenous gibberelling, so that'

other explahations’are possiﬁle. BYDV-infection may
induce, separ&tely. a reduction in endogenous gibberellins
and a reduction in mitotic activity. . , , 

There was no significant reduction in extractable )
aufin from infectéd plants, which implies that the endo-
genous gibberellin Is not acting. through diminished
levels of endogenous auxin. This agrees with the ,
conclusion of Sachs (1965) ‘that the primary role of
gibberellins is not to increase the physiclogical level

of auxin, and also with Cleland (1969) who suggests that

i
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gibberellin acts in some unknown manner in the activation N o

’ e

of the subapical meristem. .

The level of any substance in a plant system is
controlled by the relative ;ateé‘of biosynthesis,
utilisation, and degr;dation. cdnsideréng BYDV~-infected:

@

barley., t?e level of available gibbere;}ina would be

*effectively decreased by a decrease in the rate of |
“synthesis and by an ihcrease 'in biodegradation. These
mechanisms’could function separately or together. ,

A method was devised to examine the activitf of x ]
gibberellin degradative systems present in barley, and rb
did not demonstrate any significant difference between
the ac%ivity of extracts o} healthy plants and that of
severely dwarfed, BYDV-infected plants. It would be
presumptuous to conclude, after using one experimental
format, that there is absolutely no difference between g
the ability of healthy and BYDV~infected barley to
agsctivate gibberellins. It is entirely probable that
there is more than one pathway for the inactivation of
gibberelling, and it iaﬂalsblpossiblabthat net all ' -
ﬁathwaya were active in the extracts prepared as described. °

However, this latter §ugge£tion seems unlikely. In the
method used only the cell debris was discarded and
therefore both soluble and membrane bound enzyme systems
were present, and while maximum activity of ali metabolic

process would not be expected, one could expect to '
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ngon;:;ata some difference between hea and severely-
dwarfed plant exiracts, if such a difference exigted., It ‘
is concluded, therefore, that an 1nqreased rate of
© ~ gibberellin inactivation is not reaponsible for the
dininished levels of endogenous gibberellins found in

. BYDV-infected barley, although some small increase may

*

ocour. ) o~

The biosynthesis of gibberellins from acetyl-CoA
involves soluble and microsomal enzxyes and requires the
presence of magnesium ions, ATP, NADPH, and oxygen. The
biogenetic pathway'is given, in&detail.\in Appendix 2. "
If virus particlea&are present in cells actively
synthesising gibberellins it is possible to suggest many
ways in whicﬁ viral act%vity could repress gibberellin )
biogenesis.’ Most simply, a product of virél synthesis >
could ‘inhibit the activity of-any of the enzymes required
in the synthesis. Viral activity could repress the
gynthesis of some, or all, of these enzymes by the
repression of the tran;:biptibn of plant DNA, repression

X of the translation of plant RNA, or by sequestration of
amino acida required for the actual synthesis. Viral h ////—\

activity could limit the availability of magnesium ions
o

>
&

for host cell activities, and likewise could utilise

the limited supply of ATP for viral replication. Even
if virus particles are not present in cells synphe%ising
g%?bﬁrellins it is posgsible that a product of viral :
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aqtivity could be translocated to these cells and once
there interfere with the normal biosynthetic processes.
Whatever the mechanism involved, the physiological
. results of an inhibition of gibberellin biosynthesis
éthld be very similar in any given plant. )

When Black Hullese barley was treated with the
g;owth retardant, CCC, there wag a signiflcant decrease
in the level of extrattable gibberellins compared to ]
untreated plants. Therse was also a decrease in cell -
number and n;an cell size. Although it was not possible
to denonstra;e a significant reduction in extractable
gibberellins prior to the onset of dwarfing éhese results -
suggest that CCC inhlbits the synthesis of gibbérellins
in barley and that dwarfing results from a decrease in
gibberellin-promoted cell division and cell expansion.

There are striking similarities between the
response of barley seedlings to BYDV-infection and CCC~
treatment. Iﬁ both cases there is a marked réduction ‘
in meristematic activity associated with é’decrease in -
extractable. glbberellins. The timing of the response is
alsocyimilar: rlante given either treatmént ag seven
day old seedlings exhiblt the same order of rétardation
and a !grked st&nting of the third leaf blade. However
two points of difference are observamble. CCC causes a
significant reduction in cell size while BYDV-infection

does not and BYDV-infection causes an increase in
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percentage dry matter in infected plants while CCC does-

not. The increase in percentage dry matter in BYDV-
infected barley is probably quite unrelated to its effects
on gibg:rellin biosynthesis since it has been ;:monsirated
to result from carbohydrate accumulation (Watson and .
‘Mulligan, 1960), and one would not expect/ccc to mimic
this effect. ] | )

The differing effect on cell expﬁision is lessa
easy to under;tand. If both the processes of cell
division and cell expansion are’controlled by gibberellin,
or under the influence qf'gigperéllin, as the ;esults
of CCC-treatment suggest, then one would expect that the
“diminished letgls';f gibberellins produced by BYDV=-
infection would influence both processes. .It is possible
thg; the cell elonéation process is less sensitive to ¢
changes in concentration of gibberelling ‘than the process
of cell division, so that.the reduction in level of
gibberellins produced by BYDV is not sufficient to
inhibit cell elongation. It is also possible that both
processes are not under the same control in barley, and
that the inhibitory actioh of CCC on cell eipansion is
not mediated by any action onﬁgibberellin biosynthesis.

It has been observed (Harada and Lang, 1965) that growth
retardants are not solely inhibitors of gibberellin
bioaynthesis. It is also possible that there is a
spatial effect. The regions of cell division and cell

-
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expansion are spatially separate in monocotyledonous s
plants and it is possible that BYDV-induced inhibition of
’glbbirellin biosyrithesis is not occurring in that region
which produces gibber;llins for cell expgnsion{:yhile
CCC-treatmefit inhibits gibberellin biosynthesis in all
regions. The first explanatiénaggpears most likely,

and it should be possible to.apply varying quantities of
CCC to barley plants and observe whether the effect on
coli expansion 1s produced ohly when there is a great
diminution of endogenous gibberellins, 0

wWhen two treatments produce the same, or very
similar, effects on agliving system it is possib}e that
the effects may be produced by entirely different
mechanisms, or by the same. If Doth treatments are
applied simultaneously to the s;§:§§est system they may
interact, to produce aither a marked synergism or an
effect differing from that produced by iij?ar treatmen%
independeritly, or there may be no apparent interaction,
each treatment producing the expscted result, both
qua%if:fively and gnantitatively. Twol}nterpretatiqp§ are
possible when there is no interaction between the two
treatments. One can conclude that the treatments are
functioning quite independently along different pathways.
However, it is also possible that the same pathway lis
"used by both tfﬂgtments. and -that there is no limiting

factor in the pathway which prevents complete expregsion
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of both treatments. When CCC and BYDV-infected aphids
were applied simultaneously to*barley seedlings there
was no evidence of interaction betwsen the two treatments.
Since cce ia'recognised as an inhibitor of gibberellin
biosynthesis, and would appear to be actlng as such in
barley, and BYDV-infection has been shown t0 have little,
if any, effect on gibberellin inactivation it would seem
reasonable to infer from this lack of interaction that
BYDV-infection causes an inhibition of gibberellin -
biosynthesis in infected plants. While an experiment of
this type is n;t capable of providing any evidence that
BYDV-infection causes an inhibition of gibbegellin
biosynthesis the results are in agreement with this
thesis. .

Berry and Smith (1970) showed that high concentrations
of CCC inhibit the synthesis of ‘chlorophyll and protein
in barley leaf seéments. and they further showed that
these effects were not reversed by application of GA3.
They concluded.that CCC was acting ag an inhibitor of
protein synthesis, in the production of these effects.

'rather than through a direct effect on gibberellin

production. It is interesting, however, to observe that
plants which are severely infected with BYDV exhibié a
yellowing of the leaves and, according to Orlob and Arny '
{1961), a decreased content of protein. This great
similarity of symptom expression may be purely coinci-
dental, but a closer 1nspec;10n of both CCC-treated and
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BYDV~-infected plants\might well reveal further -,
infarm;tion which could be helpful in elucidating the
,meéhanism of action of both CCC and BYDV.

Barley seedlings C.I. 2376, which are resistant
to BYDV, were shown not to be susceptible to Ccc%treatmenf.
and this similar pattern of resistance is taken as further

jh?inference of a similar mode of action for the two treat-
ments. It voulg be informative to investigate the
reaﬁanee of other BYDV-resistant strains by barléy to
CCC-treatment. If all showed a similar lack of

+ susceptibillity to both™ treatments it would be hard to
avoid the conclusion that both treatments were involved
in the same mode of action. ‘ .

Exogenous GA3 had no effect on cell division in
healthy, ér BYDV-infected, or CCC~treated barley seedlings,
and the reversal of dwarfing was solely the result -of
increased cell elongation. GA3 stimulated cell expansion
to & lesger Extant in healthy than in ccafzééated plants,
but there Vﬁa no qifference between the reasponse of
BYDY-treated and healthy plants. The fact that exogenous
GA4 reverses the inhibitory actiomo;fg&%ﬂ on cell
expansion suggests that CCC inhibits éé&l expansion by
an effect on gibberellin biosynthesis. The fallure of
exogenous GAg to promote mitotic activity in any barléy
plants could be due to the inaccessibility of the
meristematic regions to applied gibﬁirallins. Since the "

2

[
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regions of cell division and cell .expansion are spatially
gseparate in grass 1ea;e§ this is enéirely possible. The
failure of exagenous GA4 to promote cell division in
healthy barley plants does not exclude the possibility
of endogenous GAg involveﬁent in meristemgtic tiésde. ‘
Cleland (1964), showed that although exogenéus auxin is
ineffegtiva in prom&ting the growth of oat leaf sections,
growth is inhibited by the presence of antiauxinst
Aiterngtively.DQQQOgenous GA3 may not be involved in the
control of mitotic activity in barley, in which case
neither CCC- no; BYDV-inhibition of meri;tematic'activity
would involve endogenous GA3. One would then be forced’

to conclude that the diminished levels of GA3 "in _treated

plants were either a coincidence or the result.not the
cause, 'of diminished gréwth. in he light of the known
ability of GA3 to stimulate mitotic activity, the presence,
of GAg in barley, and the inhibitory action of CCC on
growth and gibberelliﬁ biosynthesis, this explanation
seems very unlikely. It seems more probable‘th;t mitotie
_activity is under the contuol of endogenous GA3, and the
exogenous GA3 fails to promote -Mitotis due to a failure

of penetration.

The results of all the experimental work are in
agreement withqthe %hesis that BYDV inhibits thg synthesis
of gibberellins in barley and that the reductizitgf
mitotic activity in infected seedlings is a result of
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.. this. However none of the experimental work constitutes

L

o

proof of causality, nor, 1nd;ed. does this hypothesis
explain ;11 the sjhptoms of BYDV-infection. For reasons
of time the possible involvement of other gfbwth
regulators was not éxamined during this piece‘;f work,
.but thé&e js no suggestion, by this omission, that %heae
may not be involved, or, indeeq.‘important. in the h
pathology of the disease.
Cytokinine and abscisic acid are growth regulators
_which argggévoléed in the processes of extension growth
and senescence, and it is entirely possible that these
" could be involved in the BYDV-induced dwarfing of barley.
Both have been implicatad in the growth deformations
produced in plants iafected by bacteria (Thimann and
Sachs, 1966} Steadman and Sequeira, 1970). Siﬁoe both
cytokinins and abscisic acid are associated w&th 1egf
yellowiﬁg it is tempting to speculate that one orwother
is involved in BYDV-infection. waever* this is pure
speculation, and the yellowing of. thﬁ BYDV-j;fected
plant may result from nutritionai &eficiénc{es’without‘i/
the involvemant.of any furt?er growth regulators‘-

- s e e

Y
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APPENDIX 1. THE STRUCTURAL FORMULAE OF KNOWN GIBBERELLINS
: (LANG, 1970).
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APPENDIX 2. THE B;OSYNTHESIS OF GIBBERELLINS (LANG, 1970)
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2. From kaurene to all knc;wnfgibborellins.
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