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LABORATORY METHIDS FCOR THE DETERM NATION

S e el ANS ek sy e o e e At e W Gt S g b mam S

N.R. Foy and E.C.C. Hyde,

Cficial Seed Testing Station,
PATMERSTON NORTH.

_ . Pollowing developments in the segregation
of superior types of pasture plants in many countries
attention is being focused on the associated problem cf
the establishnment of sinple and reliable nethods of tyre
or strain diagnosis in the | aboratory; the primary

obj ect in the-search for suoh nmethods' being a very con-
siderable reduction in the tinme required for'type iden-
tifioation in the field or in. plot trials.

o liany possibilities have been investigatcd;
-mainly by Seed Testing institutions in.the hope of
_establishing the existencs®seed Or ssedling character-

- istics which woul d prove to be oonsistent determinators
of plant type.

o Speci fic Qorphological differences 816
exhibited by the secds of nost genera , and manv of
these differences are obvious to the untrained e€ye, but
in. some instances they becone apparent only by critical
examnation or by special technique.

o _ On_the other hand mnorphological and

physi ol ogi cal differences within species are not usually
-associ ated with structural differences in the, seed, or
with form or growth behaviour -of the seedling..

Certainly; the relatively small Size of
the .seeds. of many wild forns of @sses and clovers is
-a-8ignificant characteristic., but 'a's size may be
influenced by various other factors- it cannot be
.-enployed with any degree Of certainty as a type determ-
"inator except possibly wth pure lines representing
extremes.

} .The absence of norphological differences
INn seed or I N seedlingshas resulted in a concentration
on the physiological and bio-chemcal fields and it hou
‘been. shown that with the application of certain physical
.8nd chemical treatmants, ocertaindefinite' differenticl
rosponses can be obtained. It is an interesting fact
however that the degree of success sbtained in the,,
‘application of the various methods is by no means thc
same Indifferent countries and would appear to be
dependent either on the honogeneity of type in the scecd
of commerce Of to the type standards adopted for the
comon  pasture plants.

I - The .scope-of this paper is not sufficicaily
~wide to permt of more than a passing reference to ths
use of phenol and chloral hydrate in specific and

" varietal differences I N seeds.of the Brassica family -~
"confined almost entirely to Europe and Russia, of ths
neasurement by--the speed of germnation, of the
absorption by seed of standard cane sugar solutions -
termed "suctionforce", of the differentiaticn between
seed sanpl es reﬂresent ative of early and 1ate flowering
red clovers by the respective photoperiodic reactions



in the seedling stagszs. Therefore di Scussion herein

W || pe confined t0 the .two nethods whi ch have proved %5
be of practical value in this country, namely the use of
screened Utra MViolet light. in the determination of
peienniality in rycgrass, and of the picrlc acid test i
type determination of white clover.

. . f! : )

In 1929 Gentner recorded the fagt that
most seedlings of ltalian ryegrass and spme seedlings of
Pérennisal, when germinated in contact with filter paper,
produced a substance which was fluoresce& in Ultra
Violet | i ght. Hs observations attracted the attention
of several workers, Who immediately either sought a msaxs
of exploiting the phenonmenon as a di agnostic chardcter-.
i stio, wegndeavoursd to show the ?enet ical relationship
of the factors responsible for Tl uorescence. I'n 1930
the work in New Zeal and of segregating superior types of
erennial had been attended wth success, and the possi-
pilities and the value particularly in the commercial-
isation of superior perennial types, of a sinple laboratory
method Of type diagnosi s werevery ObVi OUS. The  possi -
bilities of the U V. |ight exam nation were then investi-
gated and it was shown that'a relationship existed bstween
the content of fluorescent reactors presentin. |ine of
seed and its agronomc7 values

It was apparent that a high neasure of
corelstion existed between the proportion. of fliiorasdent
seedl ings and the ftgrostologist’'s type classificatlon,
and furthermore, that a.constant assooiatiqgn of low
content with a high degree Of persistence and that con-
versely a high content of resctors was associated wth
non-psrsi stenoe, chdracterised by poor types of falge
perennial or Italian.

, | I
The application of the test, therefore,.
appeared to be quite Sinple, the contéht of phsture
reactors was expressed as a percentagh , of the total
number Of seedlings and the position df the line of sged
fixed accordingly 1n the perennial sdale, which position
i ndi oat ed directly agronomic value.

Later work showed however that the metkcd
coul d not be used to distinguish betwesn regional gtrains
of perennial representative of the Hawke's Bay O Poverty
Bay types and of those saved from old pasture in the
Manawatu, Cant erburil], and  Southland districts. In brict
this means that although lines from Hawke's Bay and
Canterbury may both shoa an identieal proportion of
positive reactingsesdlings, the?/ represent  potentially
different types - norphologically and i n some respects
agronomical |y. However, although this difference
exists, it does not appecer to be sufficiently wide to
warrant condemnation 2s perennial types, of those lines
of low U.V. test Hrovvtn outside of the Bay districts.
Therefore al though the U.V. test has failed to providc
a neans of distinguishing the regional strains wthin
thé true perennial group, there IS more than ample scop
for its useful employment.  FOr some¢ years it has boea
used as a basis of classification as perennial of rysgrass
seed samples subnmtted by the Trade, which service hos
prcved t0 be Of a very real value to seed merchants.

~ Te fact that the content of positive
reactors IS expressed 'asS a percentage 1S responsible for
misinter pretation Of tho results when obtained by in-
gxperienced persons, who invariably apply them gquantit-
avely « that is, in terns of so much perennial and so
much NON perennial. Cbvi ously such an interpretation
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IS micleading, as the perceatage may be regarded gs
nothing nore than an index figure, by which the positisn
of seed mgy be indicated on the perennial scale, and
generally is therefore qualitative in its application.

There is however, one.exception to this
‘generalisatiod, when the test is allowed &' partial:
qualitative interpretation, and that is with seed which
has been produced fromregional strains. I1N€ proportion of
positive reactorsiis then used as ad indication of the
degree of contamination Dy hybrids-or Italian..

The present position in the agplication
of this test is that three aistinet-services are proviaed
by the Department of Agriculture, one, the testing of
sanmpl es of Certified seed of the Hawke's Bay type pre-
viously approved on plot trial and field inspection, and:
which is in effect aa estimation of the degree of con-
tam nation of the are8 producing the seed; two; the: test-
ing of officislly arawn sanples of seed provisionally
seal ed for the purposes of a decision as to qualification
or rejectioan of the line. fromCertified Commercial per-
ennial; and 'three, the testing of privately drawn samples
With a systemof classificatiocn designed to indicate tre
possi bl e chances of qualification as Commercial Certified.
For the two last named services the test results are
interpreted \qualitatively, qualification,
being deternmned by a fixed maximum allowable percentage
of positive reactors.

It is convenient-here to review various
hypotheses coaceraing thé nature of the fluorescent
raterial and inherited factors responsible for its
expression.

Dealing first with the nature of the
fluorescent naterial,. Gentner suggested that an exudstion
fromthe seedling rootlets reacted on the paper substratam
and effected the hydrclysis of some constituent, of the
paper 10 a dextrin compound which IS fluoreseent .in Ulwr:
Violet light. A ohémical study of this reaction would
prove of value agnd of interest.  Although the eXpressicn
of the characteristic is nade possible bg physi cal meang:
it is evident that it is fundamentally bia-chemcal, axnd
88 nost botanical ianvestigators are aware, bic-chemicsl
differentiation is not unusual in morphoslogically diff-
erent species and varieties, andthat characteristics ss
classified may readily be transmtted to hybrid progeny:

Both Corkill and Lineham and Isrcer shoved
by genetical studies that fluorescence is a sinple
¥ededszern Char acter dominant to non fluorescence.

Iineham and Mercer showed further that no genetical
linkage existed betwesn fluorescence and the presence of
the awn of the flowering glume, nor between fluorescencs
and the revolute wvernation characteristic of Lolium
multiflorum.  Trumble and Phipps have al so shown that
there i s no linkage between fluorescence and the annual
habit.. It is definitely established that Lolium pereans
and Lolium nultiflorumare fertile gad that hybridizetion ,
occurs readi ly betwesen the two sgscies.  From the pro-
geny Of such hybrids we may ia the light of the finaings
just stated expect to observe some plants in which the
mor phol ogi ¢c81 characters of Italian rysgrass have beccue
segregated, together With the character of non fluorss-
cenge; and other plaats show ng the norphol ogi c81
charactsrs of pereanial rycgrass assoolated with
fluorescence. Such plaats are nct infreguent and it is

reasonable to belicve that they take their origin from

interspecific hybri ds.
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T . No zcoeptable suggestion has so -far been
put forward -to render intelligible that where ryegrass
I'S,. preserved for maay years without reseeding, @nts
bearing the fluorescent character are almost entirely
eliminated. A suggestion which it is desired to offer
- 1ig founded on the presumption-that persistency is:based

“on several or many independent genetical factors. o

Among a hybrid population few plants would occur in which
. all these factors had by chance becone reunited and at
the same tine associuted with the factorsfor flucrescence.
‘Eenoe in an old pasture 'the natural elimination of the
plants not bearing & full conplenent of the factors for
persistence would at the same tine greatly reduce the
proportion of glants bearing the factor for fluorescence.

It has been demonstrated that there is 1o
| i nkage between non fluoresceance and any of the morpho-
~logical characters which distinguish the species Lolium
perenne. Neverthel ass the possibility of the existencs
of an association between non fluorescence and Sone
physiol ogical character which under appropriate conditions
Is of material inportance in effecting the selective
survival of the plant, caniot altogether be 'disregarded.
This association m ght be of the nature of geaetical
linkage Or .possibly physiological dependence for as yet
nothing is kaowa of the physiclogical significance of the
chemical substance causing fluoréscence. .

N

In order to indicate the manner in which
an' obscure %hys_i ological or histological character may
.determine the incidence of -natural sel ection, reference
wll be made firstly to the-susceptibility of Lolium
perenne  to the fungus causing the |oss of viability of
the seed, and the r¢lative Immnity of Lolium nmultiflorum
to this disease; secondly to the differences iz suscept-
ibility of different strains of ryeerass: tothe attacks
of -the -rust fungus, and thirdly, the differences in
pal atability which marks the various stratns and result
In, selective- grazing- by stoak. .

"No evidence to' show that these characters
-are associated with fluorescence :or non fluorescence can
be presented, but it nust be enphasised that we cannot
,-dismss the possibility of the instance of sone obscure
character which is linked witr fluorescenee and which iy
the deciding factor wunder some conditions in determning
the survival "or non survival of the plant.,

The established relationship between, the
~eontent of fluorescent reactors and aﬁronom c val ue may
now be considered 'in the |ight of the hypotheses that
have been presented.  The suggestion offered by the
‘génior witer in nis first paper on this subject in 1931,
that the major cause of degeneration in.perennial rye-
grass 1s attributabls 1O ﬁybrldlzatlon wth. Lolium
miltiflorum has 'received support, from later work and is
now generally accepted.

, The d=greec of degeneration of a strain of
perennial ryegrass IS proportionate -to the extent to
which hybridization wth Italian ryegrass has occurred,
‘Furthérmore the percentage of fluorescent reactors is
dependent g the same factor.  Thus the percentage of
fluorescent reactors is a measurs of tho agronomic valuc
of the strain dcgpite the fact that fluorescence, 0WLNG
to the absence of genetical:linkage, may in individual
plants of a hybrid strain be associated with various
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_combinations of the chatacteristics of thc two specics.

The 17.V. test is therefore to be regarded
ag a gauge of the proportion of inheritanoce. of Italian
M"plood” « If the termis permissable - in .the hybrid

strain as a.whole. T

. This hypothesis i s advanced in respect of
“the Maj Or group wherein agrcnomic degeneration:is due in
. greater part %, hybridization; there- nay exist .a minor
.group wherein sagronomic degeneration of perennial would
be due to the effects c¢f uafavourable envircnmental
~influences, add inconsequence the centant of fluorescent
- reactors would nst be relative tc agronemic valus. The
fact that .lines c¢f seed produced in New 'Zealand are
alnmost  wholly ‘representative of the mjor hybrid group
and rarely of the degenerative group justifies the -
~applicaticn of the U,V, test in this country. Elsa~
~where, particularly in the Northern Hemigphere, nuch of
" .the seed of commerce appsars t0 be representative of the
mnor  degenerate  group. o

o The seccnd net hod of plant type diagncsis

referred t0o herein, the picric-acid test far white
clover,.is based upon the fact that ‘certain plants of
-Trifolium repens are cyanopheric and ‘that a .relationship
exi sts between s*rain and the H.C.N. content of the liae
as a whole. In 1912 idrande recorded the presence of
syanopheric glucoside in white clover and in 1913
-Armstrong and Horton reported that plants of Wild White

~~clover contained cyanide and that cultivated Dutch
white was free from it. Later Pethybridge carried out

© tests concurrently with germination tests, using the
-pleric acid nethod of determiration, with a view to
ascertaining whether the test could ke used to distinguish

1 bet ween sanples of wild white and Dutch white clovers.

+~As, ho&ever, he found that in later plantings a snall
proportion of the plants from -high cyanopheric testing
sanpl es were acyanopheric, and the reverse for low
testing . . sanples, he concluded that the test was
-not infallible and: could not re.used. .His conclusicns
al so suggestedt hat because of the:monconformity of the
reaction of i ndi vi dual plants the material used by him
was not pure.

) In 1933 ix. B.W. Doak, Of the Plant
Research Station, Palnerston North, published an account
of & chemical nethod for the determination cf type in
white clover, which nethod was based on the hydrocyanic
aci d content of clover herbage, measured ty ‘adistill-
"ation method evolved by that investigator.,, AS a resuit
of this work Doak concluded thrah @)there i S @ correlatiun
between H.C,N, content aad type of white clover.

, (b) thst the most highly
producing and persistent linees are invariably’ ussociutcd
with high H.C.N. content; while the poorer short-1lived
types are low in this respect. ‘

_ (¢c) that single plant
studi es supportthe <findings of &er workers,that all
‘the plants of the same line dao not contain the sane
anmount s of H.C.N.

o _ The difference betweeat he herbage

distillation and the picric acid nethod-s b-s that in the
last nanmed, the test is nade with sight day seedlings,
and that the HCN content is estinmated colorimetric-
ally whersas in the distillation nethod this content i=
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expressed as a. percentage of H C.N. in green herbage.

The techaique involved in the picrfc acid
test is a rclatively sinple one. Seed is germinated OnN
filter pads in full light and on the eighth day when the
exEosed cotyledons are a dark green,' fifty seedlings are
taken at random and inserted into .a three inch glass test
tube and firmy packed at the base of the tube,. Two or
three drops of toluense or chlorofcrm-are then added which
have the ‘effect of anaesthising the seedlings in which
condition the enzymes which l|iberate hydrocyanic acid
from the cyanogenetic gluccsides become active. A small
strip of picrate paper {filter paper imersed in, a sol-

- ution of pieric acid and sodi umcarbonate and stored only
partially dry) i s then inserted, and when the tube is
stoppered ‘the paper is held and lies along the length of
t he tubve.

Fat}ﬁ,{p’;‘yﬁés from edoh germinated sample are

prepag%d in this fdanet and then i ncubated for -48 hours

at 30 .

Upoa the completioa of this pericd, the
amount of B.,C.N. gas liberated is shown by the changes
In golour of the originally |enon coloured paper and the

tubes:.-are %hen classified -into groups sccording to the
degree of the oolour change fromdark orange to the
unchanged lemon.. As the greater proportion of the
sanples were supplied by the 4grostologist we have been
able to corelate colour classification with the plot
classifications reported by that officer, .. .

. . <.« Our results conform within reasonable limits
~to- those obtained by the herbage-distillation nmethod and
our conclusions arb in accord wth those-of Doak, that
for New Zealand white clover there: is a corelaticn be-

tween 'cyanopheri-c oontent and plant type. Approximately
one thousand tests have been made representing certific-
ation trial sanples'; trade samples, "and a.gonsiderable
nunmber of check tests for the purposes:of the development
and refinenent of .a consistent reliable technique.

. Tests<for ‘460 odd- sanples representi n%
lots submtted for certification trials,and for which the
Aﬂrost ologist's final plot classification is available,
'have been conpl et ed and summarised. SRS

Covering all plant type classification
recognised by the Agrostol ogist'these results show an
~amgreément of 85%, and on a pass-reject basis for the
purposes of certification, an agreenent of <94% which
mist be regarded as being reasonably satisfactory.

_ ~ The relationship of the cyanide content
and conbi nations of the standard plant types 1, 2, and 3,
represented in sone sanples; is being studied, azd the
result-s of this work, together with data relative to the
genetical status of the factors responsible for the
reaction will be .presented later in a published paper.
kL
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