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ABSTRACT o

The genus CLynodon within the Chloridoideae of the Poaceae
is a small genus. Cynodon are among the most highly
valued warm season turfgrasses in the world, because of
their good drought resistance and recuperative potential,
their high density and good colour {(Beard 1973).

Due to modern plant breeding efforts, cultivated plants
develop towards unifarm entities which are difficult +to
distinguish at the cultivar level. Methods +thet are
traditionally used in cultivar identification Vary
depending on plant type. {lurrently identification of turf
Cynodun cultivars is based on morphological,
physiclogical and cytological charaters. Although these
methods of cultivar identification are satisfactory, they
are not ideal, as the tests are fairly time consuming and
some OF the phenotypic differences are difficult to
‘measure.

The aim of this project was to find a means of
chiractarising' the turf Cynodon in Bouth Africa at the
BUb speciss or cultivar level, It was hnpudztu schiwve
this by noting anatomy amd mporpghology of the grasses, and
, to uswe 'aluctraphnrnsil in condunction with chromosome
cytology, to wxamine the phenotypas c{hthu represertative
“varigtims. The goal of this project waw to wstabiish &
relatively simple and time saving  system where hy turt
Cynmdan could be identified in the futuree,
b ] ) i

In the cytnlnqicul iactinn a limited number of grass
sa’mctions vers wxamined. tn those wxamihed a constant
:hrqmnuﬁmu-qumbur ofi 2n = 1B was found. _
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The data compiled in the morphology, microanatomy
electrophoretic sections was analysed using the

specifins

personal
computer software package NTsys. Data was analysed within
the

saction,
Definite patterns emerged
into groups.

as well as the

Twe maior groupings occurred,
larger of the

two groups

breaking down into smaller
graups.
From this study it was found that, by using the
teckniques in this project,

Cynodon turfgrasses
classified at a subspecies or Jultivar

rcharacters would have to be included,
the cuvltivar identification

could be

leval, More

however, tc

valid at the Ilevel of

indivi ial selections. The original naming of the Cynodon
seiectiony was found to

make

be localized, and probably
ipaccurate, this made the evaluation of classification
results difficult.
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CHAPPTER .
1. GENEFRNL. INTRODUICTICN.

The genus Cynedon within the Chloridoideae of the
Poaceae is a small genus comprising species which are
highly valued &as both forage and +turfgrasses. Cynodon
species are among th? most widely used warm Season
turfgraswes in the world. “he term "lturf Cynodon "
includes various cultivars not necessarily from the same
species (see pp 8 — Z). The turf Cynodon wvarieties are
usied extensively for sports vYields and home lawns,
because of their good drought resistance and good
recuperative potential, their high density and good
colour (Beard, 1973).

Due to modern plant breeding efforts, cultivated plants

davelop towards uniform entities difficult to distinguish
at cultivar level. 7The <classification of such plants
shouid clearly reflect genealogic relationships and must
be able to meet the remodelling caused by plant breeding
pragress {Mackey et &l., 1i988). Euli: *far as an additional
rank for cultivated plants oust be given a fundamental
role, although in practice cultivars are grouped by dpen
systems to give the necwssary flaxibility. Already,
country of origin and year aof release are used as an easy
way to accomplish some kind of numuri:al.taxunnmy, but
this doms not p;asent & very sound - basis for
identification. Use of authorised geng svmyﬁ,g . in
combination with classical characters should present an
scceptable compromise in cultivar ranking} Methods that
are traditionally used in cultivar idénti?icatian vary
depending on plant type. Currently the identification of
Cynndbn cultivars is based on - morphological,

1



physicological and cytological cgharacteristics such as
leat colour and texture, shoot density, growth rate and
habit, colour retention, smog i{olerance, chromosome

number and low temperature hardiness {Beard, 1973).

Although these methods of cultivar identification are

satisfactory, they are not ideal, as the tests are fairly
time consuming and the minute phenotypic differences are,
in some casts very difficult to measure. They are also
cften obkscured oy modifications induced by different
environmental conditiuvis. In order to neet gualifications
suitable for cultivar jdentification, taxonomy of
cultivated plan+: must be more anticipetive, logs
hierarchical and « low open classification systems at
base level. Taxonomists should consider that knowledge
accumuliated around cuitivated plants to a large sxtent is
provide] by nontaxonomic specialists. These researchers
are alsoc the wain users of the particular taxonomic
schemes. They demand schemes which reflect genetic
relationships and discontinuities; that is to indicate
the different accessibility within a potential gene poul,.
An ideal scheme must be flexible enough to anticipate

=ggnetic remodelling events (Natson & al. 1985).

In the pa%tﬂghree decadeg a nen technique for labmratory”
ctultivar chargcterisation has been provided by - the
analyeis of plant proteins using wvarious fTorms of

- ejectrophoresis. The eluctfﬁphdrelis af direct gens

products allowes ° the ressarcher access to the genpme of
the plant. Together with mprphulnqical techniques, such
an identification of cultivars could be of great use to

bqig the producer and consumer.

<

The aim of this project was fto find a . means to
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characterise the turf Cynodon in South Africa at the sub?
sperias or cultiva& level. It was hoped to achieve +this
by using the classiral means for cultivar identification,
first by noting the anatemy and morphology of the
grasses, then fo use electrophoresis in conjunction wikh
some chromeosome counts, to examine the phenotypes of

representative varieties.

The ohiective of this project iz +to establish &
relatively simple and time saving system whereby turf
Cynodon can  be identified in the future, combining the

above mentioned mgthods.

!?/



CHAPTER 2.
2. CYTOGENETICS .
2.1 INTRODUCTT IO

Cytogenetic studies include the study of the chromosome
complement of an organism whether it is plant, animal or
fungus. The depth of such a study can vary from merely
finding and counting ohromosomes, to examining the
morphology of the chromoscmes at various stages in  the
cell cyole.

Chromesome duplication occurs in  the actively dividing
tissues of plants. These are the meristematic regions or
the reproductive organs of the plant. In grasses the
meristematic regions selected for chromosome sgquashes are
usually the root tips. In order to examine chromosomes in
this region, fregquent sguashes must be done to ascertain
the time when mitosis occurs in order to examine the
chromosomes at identifiable tages in the cell cycle. In
the reproductive orgamns within the inflorescence, anther
squashes are examined to find pollen mother cells for
counts of the meiotic complement of the plant. Most of
¥ a_cytelﬂgical wark done in the past on Cynodon has
Been done in conjunction with other taxonomic studies in
an attempt to raclassify the genus Cynodornr (Tripathi »¢
al. 1977). .

In this study the' aim is to westablish the chromosome
namber of tuf Cvnodon varieties. Root tf@ sguashes are
uweed since many of the turf Cynodon varietises are
completely starile and  reproduce wngetntiv.ly {Burton,

I //
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iv6%9) ., In some cases when pollen muther cells do occur
pollen is aborted; it should be noted that chromosomal
variations can occur, a;cnunting for pollen abortions and
making chromosome countws unreliiable. Chromosome counts
are considerec important since the results of the
cytological study will be compared with those of other
workers and will aid 4in the interpretation of the

electrophoretic results.



Z.2 LITERATURE REVIEW.

' Chromosome number and basic chromosome marphology have

previously been studied in Cynodon. Brilman et al.
(1982), Qureckly, {(1963) and Tripathi et al. (1977)
studied chromosome wmorphoelogy in Cynodon species.

Brilman et al, (1982) studied diploid clones of Cynodon
dactylon to determine their pachytene morphology.
Pollen mother cells were collected and stained using
standard acetocarmine squash techniques,  Chromosome
length and arm length ratios, relative length and number
of prominert centromeres were noted. Little variabiiity
was found in chromosome morphology among clones. This was
contrary to work done on other plant species, eg Ho and
Kasha, (1974) and Maguire, {19/~ who warked on maize,

Three species of Cynodor were cytologically studied by
Tripathi st al. (1977). Three species of Cynoadon ,
Cyneodon dactylon, C. arcuslus and C. nlemfucnsis were
studied with a view to ascertain the extent of
marphalogicall variation and the evglutionary tren/s in
the genus. Standard agetocarmine staining procedures were
used and pollen was used as a source of plant material.
Hybridigation was attempted between C. arcuslus anud’
C. dactylon resulting in the germination and growth of
hybrid seedlings. These hybrids were cytogenetically
investigated, The triploid hybrid was malwe wterile and
when back crossed yielded seedlings with different
chromosane numbereg to the parents.

Harlan péjaj. (19703, Forbws and Burtopn, (19623 and
Hurcombe, (194%) studied chromosome numbers in varfous
Cynodon  species. Acetocarmine was used as the stain.
Bath pollen and root tip material were used as plant

&



‘changes in ths environment.

material. Harlan et =21. (i970) did a biosystematic
analysis of Cynodon . 1t was foumnd that in all crosses
between diploid taxa, the most common configuration was
2n = 18 {in pollen mother cells). The mest common
configuration in triploids a&are 9 pairs and 9 univalents.
Chromosome pairing in tetraploid hybrids was found to be
variable. Harlan et al. (1970) pointed out that Cynodon
ig difficult to treat taxonomically and that no entirely
satisfactory classification has yet been found.

Forbes and Burton, (19462) studied chromosome numbers in
Cynodon dactylon using root tip smears. They Tound the
chromosomes to be s#mall and in order to make the
chromosomes more visible; a colchicine pretreatment was
uset. Chromosome numbers of 2n = 18, 27 and 34 were
ahserved. In hybrid plants, ih mosi cases, the chromosome
number was found tp he 2n = 27. According to Harlan et
al. (1970} these plants were tripleid and not diploid.
There seems to be 1little doubt that the besic chromosome
number for Cynodon is n = 9.

Ore must however be careful when looking at polyploids,
as there may be unequal crossing and the cells resulting
will have ditferent chromosoma numbers. Moffett and
Hurcombe (1943) fewund chromosome counts of 2n = 26, 27,

~and 28, No mentior has been found in the literature on

any changes n:currin&\ in the chromosome complement with

Wt

3y

e el iR o s LeE



2.3 MATERIAGL S AND MPMETHOIODS
.Sl CHROMOSONE. COLUNTS

It was not in the scope of this project to study the
chromosome numbers of all the grass selections. Thus fiwve
zelections were chosen, and examined. The five plant
collections that were chosen were:

Table 1. Cynodon selections for chromosome study.

i INa-tal Kokstad Golf Club liz-02-1788 Cynodon
' dactylon var.

florida

a8 Jcape Milnerton Golf 17-01~1988 Cyriodon
Ciub dsetylor var.

kweek

10 INatal EPietermaritzburg 14-01-1988 Oyrodon
Country Club *TEHSWﬁdHﬁﬂS

var. kweek

28 ¥Transvaal [Nigel .Galf Club 21-04-1988 Cynexdon
dactylon var.
skaaplaes fyis

341Cape jGraaff Reinet P&~-02—-1968 Lynodon
= dac tylon

wo sources af chromosomos WRre @xamined, meiotic
chromosomes in anthers and mitotic chromosomes in root
tip meristems.

Z+3.1.1 Root tip meristemss.
Small vegatative sections wers removed Trom ‘the main
sample, vha roots cut away and ﬁilllr: were placed in

pots containing ‘Seurlits’ (an artificial  abscrbent
W [\‘
g8



‘spil’) and in darkened plastic bowls containing water
and 'chemicult’ mix. The plants were grown in a
controlled chamber in the phytotron under the conditions
described (pp 1l1). After 1 month’'s growth, roots were
harvested over a 12 h period at 15 min intervals, from
0&6h00 to 18hQ0. The roots were fixed in formalin acetic
acid alcohel (FAA) (Johansen 1940) until examined (see
Appendix 2}, On examination root tips were placed in an
acteto carmine stain, squashed, heated, examined and
photographed using a Zeigs D-7082 compound microscope
(see Appendix 3) with camera attachment, Ilford PAN F 50
black and white film was used.

2.3.1.2 Pollen.

Whe nlant coliections flowered, young anthers were
harvested and fixed for 4 - S haurs in FAA {Johansen,
1240). This was found +to E} quite difficult as plamt
collections 8 and 34 did not flower, Plant collections i,
12 and 28 did flower arnd the anthers were examined., No
suitable meiotic stages were found and this technique was
abandoned for twp reasonsi-

1. Not all turf Cyrnodons  flower.,

2. Many turf Cynodon -ﬁulti?ars reproduce
vagrtatively aélthu pallen aborts before
‘maturity. The pojlen aborts becausy of
chrumnlnmaxibhpritiunl. )

This being the case chrospsone numbers ?ﬁam such material
would be inaccurate, -

WA

B

Atter fixation pulloﬁ mother cells were dissected out
using & Zeiss dissecting microucapn,'iqunshud in 4Lron
aceto carmine  and sxeamined under the Zwiss D-70B2

iL

compound microscope.
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et FRES LTS .

It was not in the scope of this project to study the
chromosome numbers of all the grass selections. thus five

selections were chosen, and examined (see pp 15).

The five turf collections examined yielded the following
results:

Z2.8.1 Meiotic counts.

Some of the rollectioms studied did not flower. Where
flowering did sccur no suitabl - meicotic stages were
found. This methad_waS'cbnsequently abandoned.

2.4.2 Mitotic counts,

Bowd results were obtained in the five collections
-tqued. A suitable stage (metaphase) was found to occur
bctﬁ@un 06h00 and 06hZ0G, and reot tip squashes yielded
caasistang'ruﬂultu, that iz 211 plants had a somatic

chromosome number compliment of 2n = 18. See Figure 1.

LY

i

Figure 1. Metaphass chromosones uf'
plant collection 24 from Nigel 8olf

Club, T ani :
| Likd ransviaal » 10



2.5 DISOrsSsSIOR

Five plant collections were chosen for this study. These

collections were chosen  both for geographical and
phenotypic difierences. s it was beyond the scope of
this preject to determine the chromosome number of each
of the 34 plants collected, it was hoped that by choosing
the grasses shawing the most divergence in morphology and
ar geographical site, the cvtological study would give
some indication of the representative - romosomes numbers
for turf Cyvnodon  throughout Southern Africa, to see

whaether there were simple ploidy level differences,

Results were obtained using root tip smears. The mitotic

metaphase chromosome numbers of these plant collections
were found to be the same, namely 2n = 18B. These results
:urfesnond to Forbes and Burton (1962}, Harlan et al.
{1949} and Harlan et al. (1270), wbo showed that L.
dact§jan and L. ¢ransvaslensis have a diploid
chromosome number of iH. These results suggest that at
least for ithese five collections, the chromosome number
is constant and thus the results.fnr bath the morphology
antt electrophoresis will be based on &t least & similar
set of loci within the genetic material, The reason for
this is that in some instances loci of a ;q@ha_ are
duplicated and will ihngwﬂﬂmp in 'alngtrdﬁﬁarlti:
techniques, whereas no differences will uhaw"'in the
chromosome number. As the collections selacted were
examples showing the widest phenotypic divergence and
gmographic separation and since only turft Cynodons nere
- examined, it is hoped, but not assuswd that the same
chromosome  numbear  will apply to the other plant
collwctions. ) '

7 " e
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CHAPTER 3.
S. B ECTROFHCEREES TS
Bl INTROON XCTICEN

Electrophoresis is a fairly new technique that is used
for separating mixtures of organic molecules based on
their ditferent rates of movement in an electrical field.
The use of this technique to separate multiple molecular
forms of enzymes, termed isozymes By Hunter and Markert
(1957}, foilowed by the histochemical staining of the
isopzymes has become an important part of researck for
plant breeders, population geneticists, cytogeneticists

and developmental geneticists.

To date electrophoresis hag also been the most widely
applied laboratory technique for the characterisation of
plant cultivars (Cooke, 1984). Much of the progress in
the field opf plant cultivar analysis has been made
possible by the introduction of impraved electrophoretic
procedures using starch as the medium of separation of

the varipus isczymes.,

The popularity o©f using sitarch gel elecirophoresis as &
tonl uf;taxnnamic idantification stems from a number of
featuress

l. Ease of preparation

" This applius te the preparation of both the plant e;tract
and of the starch qnis;_In the casw uf Lynodon , crude
l1eat extracts werw found to wivu satisfactory results.

2. Vigual results.

Electropharetic histochemical staining renders  gena

praducts visible in &« matter of hours in the dark, making

12



electrophoresis a rapid means of getting results (Cooke
1984).

3. Markers for specific cultivars.
The isozyme bands can Serve as markers in the
identification ©of spercific cultivars by the absence or

presence of a particular band.

The identification of cultsivars is the characterisation
of the genome of the different cultivars. The protein,
whicn makes up an enzyme is the primary product of a
structural gene and can thus act as a marker for that
gene. For analysing cul tivar relationships it is
necessary to study specific proteins using
electrophoresis. This can be done by examining either
seed storage proteins or proteins present in the leaves
in the case of vegetative growth (Cooke, 1984).

The enzymes in this study were chosen for the following
reasons

1. To cover . the widest range of reactions in the
biochemistry of the plant. Peroxidaze, esterase, malate
dehydrogenase and its NADP derivative,; malic enzyme covar
both cytosolic and organelle reactions. These anzymes ars
howaver very genweral in their acfivities and very
abundant within plants. For . example there arm 24
. different pernkidnmt snzymes presant in maize at 9. loei
 found in the cytoplasm, microbodies and thn“ chloroplasts
(Hamill and Brewbaker 196%9). Thesa snzymes could be
problematic in the senus that without wmore in depth
studiss one could Rot iduntify' the =mource of ghl

individual bands. ~ Enzymes such = ' as glutamete

" dehydrogenase, alcohol dehydrogenase and é&— phnuphagiurmif'

dlhydroqnnns- are more spntific ax to thﬁ locality of the -

13
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dehydrogenase is only found catalysing reactions in  the
cytaoplasm (Scandaliaos 1977).

2. The enzymes were chosen to be a5 economical of
chemicals as possible, as the chemicals used in both the
histochemical staining and the buffer systems are

expensive.

3. The enzymes were chosen according to their activity
levels. A number of enzymes showed either no activity at
all or were wvery erratic in showing any activity, and

were thus of no use.

i
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.2 LETERMATURE FREVIEW.

The ferm isozyme refers to multiple molecular forms of an
enzyme with similar or identical catalytic activities,
ptcurring within the same organism (Scandalios, 1949).
Ispzyme research is currently used in a number of
different Ffields. Flant breeding, population genetics,
cytogenstics and developmental genetics being among them.
A large number of electrophoretic variants of enzymes
have been discovered (Shaw & Koen, 1%95635). With these
findings came the knowledge that enzymes may exist in the
same organism i more than one molecular form. Such
mu.tiple molecular forms of an enzyme have been
designated isozymes (Markert and Moller, 195%). Isnzymes
may differ in primary structure. The primary structure
may also be further modified by conjugation of molecules
with reactive groups such as amino, carboxyl or hydroxyl
groups of the amino acid residues on the polypeptide
chain (Scandalios, 1969). This will affect the mobility
of the various proteins in the supporting medium, the
gei, when placed in an electrical field. This will give
rise to the various bands on the gel slices.

In the 1950's  experimental ustudins firﬁt) prnvided
evidence that enzymes existed in multiple forms. For
example Mallette and Dasson, (1949) obtained B purified
tyrosineg preparatibni_ from the wmushroom . FPsallictas
campenstris, Robmrits, {(19%4}. found that acid pﬁﬁiphatas:
activity in leaves of wheat was causs@_ by a group of
digtinct enzymws. Bowman apd Westland, (19855) sxemined
horssradish paroxidase nnﬁ acid phosphatase and tnnqludnd

=3

that sulfiple forms may exist.

Early research wurkirg used agar gmsls (Malletie and
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Dawson, 174%9), paps+ chromatography (Calib, 19523 Giri st
al. 1952) or Dowex 50 chromatography (Buroughs, i954). In
1955 Smithies made a major contribution toc the field with
the development of starch gel electrophoresis. A setond
contribution was mioe in 1957 when Hunter and HMarkert
demonstrated that enzymes could be made visible directly
on starch gels when stained with specific histochemical

stains.

Controversy existed as to whether the wmultiple forms of
enzymes did actually exist, or whether these resulis were
dgue to artefarts. RefTinements in the technigue of
electrophoresis led to =zonclusive evidence of the

existence of isozymes (Markert and Moller 195%).

Huriter and Markert, (1957 proposed the use of the term
‘zymogram’ to refer to bands in which the enzyme louation
is observable. They fTound that the zymogram pattern for
mushrooms, potatogs and mouse melanoma were distinct,
suggesting that there were specific enzyme forms. In 1964
Scandalins showed the presence of tissue specific
variants af enzymes of leucine aminopeptidase, esterase,
peptidase and catalas in maize by the use of zymogram
technigues. The data obtained gave evidence for the
axistence of multiple molscular forss ot various isozymes
within the same organism.

Many researchkers = have used  isczymes  For the
characterisation o7 partitular plant genotypes. Isozyme
and “total protein -bahdinq patterns have bpen used to
identify species {Binqham and Yabh, 19713, cultivaré
(Villamil w»t al. 1982) Wehner ei al. 1?76;'Wilkin§pn and

Buard, 1972 and Weeden and Ewmo, 1935}, inbred lines

(Btuber -and Boodman, 178t and 1982} and ansuploids
16



{McDaniel and Ramage, 1970 and Moore and Copllins, 1982).

Two types of supporting media are populariy used. They
are acrylamide and starch. Authors have usmd these two
media for varying purposes. Cai and Chinnappa (1989) used
polyvacrylamide gel electrophoresis (PABE} to note gene
dupliration of isozyme genes in Stellaria longpipes.
Kelly and Adams (1977) used PASE when testing extraction
buffers in juniper leaves, as these leaves contain high
concentrations of phenols and tannins. Moustakas et al.
11988) used PASE and stained for general plant proteins
of Agropyron junceum. This was used <o obtain additional
data for a taxonomic study. Sheen {(1977) used PAGE in a
pnylogenetic study of Nicotiana tabacum.

Various authors have used PAGE for identification
purppses. Ferqguson and Grabe (1986) used PAGE for
cultivar identification of Lolium perenne, staining for
general proteins, DOther authors have examined enzymes
usirg PABE in identification studies, Breen ot ai. (1981)
used PAGE to determine the feasibility of using isozymes
for identification purposes. Wehner ot 1. (19746} and Wu
et al. (1984i used PARBE for cultivar identification of
Knntuckﬂzbluagraﬁs, using gifferent enzyme stains. Both
authors found that this téchnique gave suitable rescults
as different cultivars were identified. A number of
authors have used PAGE to identify seed lots. Miller et
al. (1992) used disc. PAGE to identify hybrid sesd lots of
al*a}fas. Viilamil #¢ al. {1972) used PABGE to  identify
tine ‘fescue sewdlots. ' ' o

The chemicals required for PAGE are gxpensive and it is
therefore not possible within the scope of thin work to
study large numbers of plants_@iﬁnq this technigue., It is

17



also not feasible to study a large number of enzymes or
to replicate the results, as only a limited number of
samples can be tested at a time. An - ther solution would
be to study the total protein content, as this requirass a
single gel to be run and to be stained.

Hydrolysed potato starch has been freguently usaed as an
alternative medium in electrophoretic studies. It has
been used for a nunber of purposes in the past and is
still widely used. Authors have used starch gel
alectraphoresis to obtain varying information e2bout a
plant or whole plant populations. Starch as an
electrophoretic material is advantageous as:-

i. The starch gel can be sliced into several slices
and each slice can be stained fTor a different
ispzyme.

2. A larger number of samples can be tested at one
time (30 -~ 40) cumparéd to acrylamide (10 - 14).

3. Starch is more economical than acrylamide.

One disadvantage with the use of starch is that the

isozyme bands do npot stain as clearly as they do on
acrylamide. _

Many studies have used wlectrophoretic techniques, mither
on  their own or in conjunction with 'nthur technigues to
support theoriess put forward weither by the authore or in
the Jliterature. Smith ~ Huerta {1997} used starch gel
glectrophorexis in ispzyme diversity studies of Clarkia.
Evidence from this study supported the postulated
theories of the origins of the allntetrqplaid species  in
Clarkia. Enzymes studied were acid phosphatase, aspartate
amino transferase, esterase, glutamate dehydrogesnaswe,
laucine amino transferase  and phusphoglucoigrmerase.
‘Vogeimann ar Gastuﬁy {1987) used starch gel
electrophoresis to asse s the genatic relationships dmong

18



the seven Agastache species in North America. Eleven
enzymes were used in  this study. Doyle et al. (i984)
studied Blyecine tomentella and stained far
phosphogiucoisomerase while Vorsa et al. (1988) studied
.Vaccinium staining for isocitrate dehydrogenase, malate
dehydrogenase, & - phosphogiuco dehydrogenase and
phosphoglucoisomerase to aid their taxanomic studies.

Beckman et al. (1964), Brant et al. (1984), Bottlieb
(1987), Kahler and Allard {(1970), Kahler and Lay (1985),
Nimlsen (1980) and Scandalios (1763) studied the genetics
of plaﬁta by noting their isozyme patterns in conjunction

with some cytpogenetic chromosome studies.

Bottlieb (1984), Oliver and Zapater (1984) and Staub et
al. (1987) used starch gel electrophoresis in
phylagenetic studies on Clarkia xantiana, Solanum
tuberosum and Cucumis sp. respectively, by staining for
various isozymes. '

As far back as 1944 reséaruh workers found that enzymes
are tissue specific. Bcandalois {(1964) uiudied the tissue

specific isozyme variations of Zea mays staining for:

ieucine aming ‘transferase, once he hag :xgminaﬂ Lhe
genetics of Zea mays, {(Scandalios 1963);_ Muté recently
Gastony and Darrow {1983) used starch gel elncﬁrnphnrauis
in  tinding subcellular localisation of isozymes of
isocitrate dehydrogenase, malic enzyme, &— phasphogluco
dehydrogenase, phosphoglucoisonerase, shikimic
. dehydrogenase and in Athyrfum filifemina. Pichersky and
Gottlimh (i983) genetically analysed the mode of
inheritance of multiple plastid and cytosolic enzymes of
Clarkia staining for triose phosphate isomerase. |

~
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A number of authors pave found starch a8 good means by
which plant cultivars can be identified. Both plant and
seed lots have been evaluated by various authorg. Kut and
Evans (19941 stained for alcohol dehydrogenase in
evaluating the feasihility of seed screening of Nicotiana
tabacinm.

Basgiri (1974), Cardy and Kannenberjz (1982), Mielke and
Wolfe (1982) and Weeden and Emmo (1985) used starch gel
wlectrophoresis in plant cultivar identification. Bassiri
(1978) studied Hordeum vulgare (L,) for acid phasphalase,
esterage and peroxidase. It was found that esterase aione
could be used to differentiate between most cultivars.
Whenever it failed to show diffzrences, either acid
phosphatase or peroxidase could be applied for complete
identification. Cardy and Kannenberg (1982) surveyed the
allozymic variahility to determine if enough variability
was present to be useful for cultivar identification of
Zea mays noting over 10 enzymaes. They concluded that such
a method is useful in cultivar identification in Zea
mays.

Gilliland et al. (1982), Mielke and Wolfe (1982) and
Wesden and Emmo (1985) used starch gel electrophoresis
for cultivar identification of Lolium perenne, Carya
Ellinognsis

and Kentucky bluegrass reszspectively with sucess. Various
tnz;mns wmre studied,.

o

20



T.T MATERIALS AND METHODS

3.3.1 Plant material.

Thirty six selections of Cwvnodon were collected in Scuth
Africa from December 1987 to July 1988, as shown in Table
2-

Table 2. Cynodon selections according to province
or cauntry (in the case of Swaziland}, and date

of collection.

No Province Lacation Date : Name of grass
Country collected
g | Capr Miinerton Golf [17-01-1986 Cynodon
Club dactyvlon var.
kweek
& Cape Zandviei 18-02-1988 Cynodon
Bowling Club dactyion var.

capge royal

14 Cape George Golf Z21~02-1988 Cynadon
Club | dactylon var.
' cape reyal

15 | Ccape Zandvlei  |18-02-1988 Cynodon
Bewling Club dactylon var.
kwawk
i6 1 Cape Knysna Golf 19-02~1988 Cynogon
Club dactylon var.
ou tenigue
17 Cape PMosuwl Bay Bolf {2i-02-1989 Lyrodon
' Club vactylon var.
ciitenigur
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No Province) Location Date Name of grass
Country collected
23 Cape Zandvlei 10~-02-1988 Cynodon
dactylon var.
kweek
31 Cape Mossel Bay 26-02-19868 Cynadon
dactylon
32 | Cape Brandford 26-02-1988 Cynodon
dactylon
33 Cape Caledon 26—02-1988 Cynodon
dactylon
34 Cape Graaff Reinett-Zé—OE-l?BB_ Cynodon
. dactylaon
{1 351 Cape Koekhuis Z6—-02-1988 Cynodon
dactylon
36 Cape Reddersberg 26—-02-1988 Cvnodon
vactylon
1 Natal Kokstad Gelf {12-0zZ-1988 1} Lynodon
o Club dactylon var.
: kweok
2 | Natal Matatimle Golf [L13-02-1988 Cynodon
f Club dactylon var.
) kweek
ﬁﬂ. Natsl Pietermaritzbur {10-01-1988 Lvnodon
: g Country Club transvaalensis
f : ,
i var, duffy’s

N
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Name of grass

Province Location Date
collectrd

Kloof 14-0Q4-1988 Cynodon
dactylon var.

kwesk

Matal .

15km north of [13-01-1988 Cynodon
dactylon var.

13 Natal
Bulwer
kweesk

Escourt 16-02—-1708 Lynadon
dactylon var.

kweak

is MNatal

southbroom Golf Cyriodan
Club transvaalensis
var. mandy

19 Natal 10-03-1988

Cynodon

2Q Natal Underberg - 15-03-1988
magerinisii var.

magennisii

Matatiele 14—0ﬁ-1998 Cynodon
dactylon var,

21 Matal
florida

25/t Natal Underbery 15-08-1988 Cynodon
T dactylon var,

' ’ i florida .

Gani Pass Hotel 15-03-1985 Cynodon
; gactylon var,

2? | Natal
florida

Cghodan
dac t)}lan VaIra
florida

15-02~1788

Natal Humewood 17

N
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No | Province Location Date Name of grass
collected
22 Bwaziland Royal Bwazi 12-12-1987 Cynodon
Gol¥ Club dactylon var.
florida
24 Bwaziland Roval Swazi 12-i2-19a7 Cynodon
Golf Club dactylon var.
florida
3 f[ransvaal Straathots 25-04-1967 Cynodon
Garden LCentre transvadlensis
’ var. bayview
4 [ransvaal Top Turf 25-04~1967 Cynodon
Germistan dactylon var.
' florida
5 fransvaal Top Turf 25-Q4~-1207 Cynodon
[ | Germiston dartylon var.
I skaaplaas Tyri
& JFransvaal Lawn Industries [25-04-1987 Cynodon
B dactylon var. |
1 skaanlaas fyvn
7 Fransvaal Lawn Industries 25-08~1767 Cynodon
; dectylon var.
cope royal
_ 2 . -
11l Fransvaal Wanderers 204-12-1587 Cynaodon
Bowlirg Cilub | ¢ A dactylon var.
' skaaplaas tyn
27 Fransvaal Wandirers 11-03-1986 Cynadbnf
Bowiling Club dactylon vir.
l | skaaplaas fyn
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No | Province Location Date Name of grass
collected

28 [rransvaal Nigel Golf Club {21~04~1988 Cynodon
' ' dactylon var.
skaaplaas fyn

30 frransvaal Frankenwald 28-02-1988 Cynodon
Estate magennisis var.
frankenwald

Note: In order to achieve some sort of consistency in
naming the cultivars, the cultivar infitial was
placed in the lower case in all instances, even
when using names of people and places. There is
some laxity with tespect to this in the Turf
industry.

The grass selections were grown under natural conditions
from the time af collection until June 1987. In June 1987
the selections were transferred to a controlled
shvironment chamber in the Univeraity - aff the
Witwatzrsrand pﬁytntran at 21/2%* € with a 14-h“11§ht and
10 h dark photo period. Relative humidity was maintained
at 704 atm., with a 1light intensity of -460: nicro
Einsteins (400 lux) suppiiad with vive tungsten =strip

lights. These were the conditions that were svailable,
ot necessairly the uptimuq conditions for the grass

swlactions,

@

Thae grass aplections were waterad every third day and
fertilxztd once a month with a hydrapunic chemical mix,
'Chamicult’. Suggested amounts as directed were tollow.d

23
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{see Appendix 1). Problems with aphids and rust were

found in certain selections. The selections were sprayed

once every 3 months with Funginex and Malathion 5@, both

commercially available. The directions for use were
followed in both the fungicide and linsecticide (see
Appendix 1). Maintenance of the grass selections included
cutting every two to three weeks depending on the growth
rate of the isaves, to a height of 3cm from the soil.

3.3.2 Analysis of the data using the computer software
package NTSYS.

NTSYE (copyright 1985 by Applied Biostatistiecs Inc., 3

Heritage Llane, Setauket, New York 11933). This package

contains licenced program materials of Megagraphics
Software corporation. Copyright 1985, 1986 Megagraphics
corporaticn, Scotis Valley CA 95046,

NTsys is a system of programs which are used to find and
display structure in multivariable data. The program was
wriginally intended for use in biclogy in the field of
numerical taxonomy, although it has been widely usad in
natural 5cienc%, engineering and humanities.

initially, one needs a dats matrix that cuntains
information about the characteristics of & number of
objects (OTU's). The OTU's in this study were the 3&
grass selections listed on pp B ~ 9. OTU's were
differentiated from sach other by using characters in
both micrunnitnmy and morphology and the ll!céraphnrntic
sections. NTEYH is then used to compute various measurts

i
i

D “ | J
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of similarity, or diguimilarity betwesn all objects
(OTW' s)}. NTSYS then summarizes this dinformation in terms
of gsimilar OTW's in a cluster analysis, or in terms of
spatial arrangement alony one or more axes (ordination
analysis). NTSYS consists of a numbher of separate program
modules coordinated by a menu driven main progras. Each
module reads one or more ing: £ files containing the
matrices tp be operated on and then produces one or more

af the following:—

i. An output listing operation.
Z. One or more output files.

3. Plot on a graphics screen.

The rcluster analysis was executed using a number of
program modules. The raw data matrix was piaced in the
QUTPUT program module. This checks that the input file,
in this case the rough data matrix was correctly prepargd
for NTSYS. The data was standardised using the
STANDARDIZATION program modulie, by placing +the data
matrix into the input file. This module was selected aw
it minimized the effects of different scales of
measuremant found in different characters in the study.
The default options” correspond . to the ususl
standardisation of a matrix ud%d in ﬁumcrical taroniny .
It results in a mean of O and a varinhdi,nf i.

Following the standardisatiun the SIMINT program module
is used. This modulwe computws various similarity orF

_dilnimiinritQJindicul for Lie int&rval_ mmasure of. data.

The name ussd for the input data patrix must follow from
- o . . :

n P i3 .
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_éhe STANDARDISATION program module., The coefficient
choser. was CORR.whi:h is & prdduct—mnmeht'ﬁﬁrrelatiun and
noted similarities. It does npt compare the desiynated
numbers, in the data matrix, to actual digtart
gifferences. The input is in the fuorm of a retsngular.

data matrix and the output is a symmetric matrix.

Following SIMINT the SAHN program module is used. This

module perfarms the various clustering algorithims that

Sneath arrd GHokal {1973) refar to  as Seguential
Agglomerative Hierachial and Nested «lustering methods.
This program searches the input matrix for the pair of
QT 's that arg most similar, merges them into a npéw
clustar. and then updates the matrix to reflect the
deletion of the pair of similar OTU’s and adds the new
cluster +to thz input matrix. This method is repsated
until all the OTU’'s are clustered.

A number of clustering mnethods were examined, wg. COMPL,
complete-link method, SINGL, single+link method, UPGMA,
unweighted pair-group, WREMA, ﬁeighted pair~group
arithmetic average and WPGMS, weighted pair-group method,
Spearmans average. As none of the resulis in this study
could be weighted without bias, the: weighted cluster
mwthods were discarded. UPGMA was used as the clustering
method in this study, in preference to SINGL as it
resulted in a more balanced tree. There was ° no
significant difference betwesn UFEMA and COMPL. UPGEMA was
swivcked by the sauthor for use in this study.

A syqﬂ;triclr= matr % of cophenetic similarity or
: . P _ y

ot .
r
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gissimilarity values was examinéﬂ using the progracne
module Cﬁ?H or cophenetic values. The MXCOMP 6r matrix
comparison program takes two symmetric similarity or
dissimilarity matrices and plois one matrix against the

‘other. 1t alsoc computes the product moment correlation, r
1

4id the Mantel test statistic, Z to measure the degree of
difference in the rélatianshiﬁfghown by the two matrices.
The r value can be used as a mpasure of goodneas of fig
for a cluster analysis where v € 0,7 is a poor fit.

3.3.3 Leaf matwrial.

The plant material was grown as describeﬂ'bn pp 24 =28,
Plant material was harvested from the ywunor=f and second
youngest leaves for the elecirophoresis. Tow ;éaves were
weighed. The material was ground in the extraction buffer
using a mortar and pestle. The plant material was kept wn
ice from the time of weighing. The extraction buffars and
the mortar and pestle were alao kept on ice. This was
done to prevent as much protein degradation as possibie.

'3.3.2 Starch.

SIGMA  hydrolysed starch was used (Product number S4301
.ot - number ﬁ#FO???} The starch was ﬁséﬁ; at thrae
different concentrations namely 10.5%, 1% and @ 19,5%
weight to volume. :

T
- 3
1l

3.3.5 Extraction buffer. .
" The effects of 5 different extraction buffers’ were

examined “in  order to ascertain  the  most mfficimat
wxtraction buffer.. (See Appendix 10}.. Diffarent

concantrations of tﬁéﬁiﬁtfactian butfer wers e%aminud in

i
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order to ascertain which gave the clearest enzyme bands.
The following voncentrations were examined p-—

i gram plant material in Z2ml extraction buffer.
2 1 pram plant material in 3ml extraction buffer.
1

3. gram plant material in 4ml sxtracticn buffer.

Various techniques for electrophoresis have been found in
the literature (Soltis et al. 1983, Shaw and Prasad 1970
and Shields et al. 1983). Here varicus percentages of
gstarch, various extraction buffers, wick sizes and tray
and gel buffers that were used for a large variety of
plant especies were included., As this avthor found no
mention of electrophoresis being used on  Cynodon it was
necessary tn_drtarmin& a method of electrophoresis _fur
this genus. The starch percentage, extraction buff#ru,
wick sizew and ratics of extraction buffers o plant
materiai were considered as variables and were examined
as mantioned pp 29 to pp 3i. '

The axtracted material was kapt frozen (st ~15*C) in
0.1m1¢.Aliquuts:in'Epp-ndarf tg?nl. Each tubs was thawe:d
once only and the excess -xtréc&idincardtd.
st o

3.3.6 Wicks. i o .

Two different qradéi,af fi!tir baﬁir ware uu.di;s wicks,
when Iuadiﬁb the saﬁgles into the gels. They werie Whatman
No.l and Whatman - No.3J filter papers. Loading different
numbers of wicks per wample was also wxamined.  Anocther
variable that was investigated with respect to wicks was

 the wetness of the witk, Three conditions wers looked at

-'.\'.\
o
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1. Completely air dry
2. Partially air dry
E : 3. Completely wet

" Different sized wicks werz tried in an attempt ¢to
determine the best~size wick to use. Sizes examined were

as Tollows -

i. 1.0mm x 20mm
2. 1.5mm x 20mm
3. 2.0mm » 20mm
4. S.0mm x 20mm
5. 4.0mm x ZOmm
b 5.,0mm x 20mm

3.3.7 Tray and gel buffers. )

Bix different buffer systems were examined in  an attempt
to find one or two systems which would aliow for clear
;taining of all the enzymes to be studied,

The buffer systems that were examined are as follows 1-

i. Lithium borate pH 8.3 (Shields =f al. 1983)

2. Tris citrate pH 7.2 (Boltis et al, 1783}

3. Tris EDTA borate pH 8.6 (Soltis £t al, 197683)

&. Tris citrate pH 8.0 ~ 8,5 (Soltis ot al. 1983)
5. Tris maleate pH 7.4_§prawn *t al. 1978)

&. Histidine citrate pH 5.7 (Shields et a1, 1983)
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See Appendix 5.

J.3.8 Bel preparation.

Two means of gel preparation have been attempted, one
using a microwave oven to heat the gel buffer the other
using a bunsen burner., Bel preparation was carried out as
foellows: Decant one third of the gel buffer. Heat the
ramaining itwo thirds in & volumetric +flask to boiling
point. Mix the remaining third with the full amount of
starch to b2 used, in & suction flask. Rapidly add the
boiling gel buffer to the well emulsified starch solution
in the suction flask. Heat the flask over a bunsen burnaer
until starch solution begins to boil. Apply & vacuum to
the suction flask to remove excess air. Immediately pour
into the gel mould. See Figure 2. Any lumps or air
bubblEQ ware removed with a Pasteur pipetie. The gel was
~allpwed to cool and soiidify, covered with polythena foil
and “left for twelve hours at room temperature to set.
Gels werem cooled at 4-8*C for 30 minutes nprior Yo
electrophoresis.

3.3.% Bel loading. .
After cooling the gel and removing the polythene foil the
gels vare trimm;d and sliced transversly between 4 and
gcm from the cathodal end and wicks were inserted
saguentially into the loading slice, Betwesn 20 and 34
wicke were loaded par gel, sufficient space was left
. between the wick to nliaw_fur wasy interpretation of tke
mnzyme patterns. A marker wick wes placed in the first

loading ;patit;oﬁ,' ta moniter front  movement. The

2

o g o
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bromophenol]l blue marker dye moved through the gei faster
than any of the enzyme bands.

- 343-10 Running of the gel.

The gel was plated on  the electrophoretic apparatus and
connecied Yo an electrical current as in Figura 2. A
short electrical pulse was used to elicit movement of
charged molecules from the trude extract in the wicks
into the cathodal or anodal section of the gel. In this
instance the gel was run at 16 watts {120V 80mA) for I35
minutes, Absorbent cloth was used to insure that good
contact was méde' between the éleatrulyte aw! the gel at
both the cathode and anode. Care was taken not to allow
the gel &o dry out or to heat up. The 3ol surface
temperature must be constantly checben, if the gel heats
up it can be cnoled by placing ice directiy onto the
surface of the yzl, or by lowering the curront  passing
through the gel. To prevent the surfece nf the gel from
drying out the gel was tovered with polytihens foil.
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Figure 2 Electrophoresis apparatus

3.3.11 Removal of wicks from the gel.

The wicksg must be removed sc that proteins arg not eluted
into the gel at the origin continupusly, causing
smearing. Thus the wicks are removed after the initial
electricel input. -

3.3.12 Electrophoresis. |

Folliowing the removal af the wicks, spacers were placed
between the gel and gel apparatus, to ensure contact
- betwesn the anode and cathode poriions of the gel. The
gels were genserally run at as high - an amperage  as
possible without heating thw gel. This was usually at 110
volits, 6Smn far 4-3 hmur:; except for lithium borate
which was run at 110 volts &UmA for 8~9 hours. Once the
marker dye *nnvnd at Imast Boem from the origing thus
sufficiwntly wmeparating the snzyme bands (in optimum
conditions), the gel . was removed from thn”electricai

ki
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current and pfepared for staining. The gel was trimmed
and marked, by nicking a corner, and then sliced into 2mm
thick s=slices {4-5 slices). These 4-5 slices were then
stained simultanecusly for different enzymes. Slicing was
carried out with & gel slicer consisting of a piece of
stainless steel wire held together by a frame. The gel
was immobilized between a piece of glass and  the
thickness template, while the slicer was slowly drawn
through the gel.

3.3.13 Staining procedures.
Two siaining procedures were used in the electrophoaretic

study, staining trays and agar overlay.

3.3.13.1 Staining trays.

This method was used in most instances, esﬁecially where
‘the staining chemicals were relatively inexpensive, or
the activity of the enzyme was weak, In this method all
chemicals are dissmlved in the staining buffer directly
before staining and placed in ovpen trays in the dgrk. If
the gel _héd to stain overtight,; polythene foil was placed
over the tray to prevent evaporation.

3.3.13.ztngnr ovarlay.

This muﬁhud was used when the stalning chamicals were
expensiva: or the activity of the enzyme was very strong.
In this @ethnﬂ the same recipe was used as fTor stalning
trays. _Iﬁgrediantu werg however divided in four and a
0.1%2 agar wmolution was made using 23ml of staining
butfer. This solution was dissolved on & hot plate,
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cooled

chemical

and mixed with 2ml1 buffer

tontaining

all

the

ingredients., This splution was immediately

poured over the gel, which was piaced in the dark.

3.3.14 Enzymes studied.

The abbreviations' are from Soltis

Shields

et al. (17963).

et al. (1983

Table 3.:~ The following enzymes were examined.

Enzymo fibbreviation

Acid phcsphataée ACP
Alcchol dehydrogenase ADH
Aldolase ALD

Catalase CAT .I
Esterase EST
Blutamate dehydrogenase BDH

Hexogkinase HEX -
Isocitrate dehydrogenasa IDH
Malate dehydrogenase ﬁﬂH

Malic enzyme Mﬁ

Peroxidase PER
F;Phnsphaglucn thydrnganasé &PED
PGM

Phosphogluct mutase

3t
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Abbreviation

Enzyme
Phosphogluc¢o isomerase PGIX
Shikimate debydrogenase SDM

For recipes of stains see Appendix &.
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T RESLALLTS .

Following the methou . described on pp 29 — 37 starch gels
were prepared, run and stained for the enzymes named. The
grass selections were run in batches one batch per
province in ascending order of collection number. Once
banding patterns emerged the gels were photographed and
sketches (zymograms) were made of the gels. Eleven out of
the Tifteen enzymes gave usable results. These resulis
were then used in  the analyses. The zymograms shown in

Figures 3 to 13 were produced using Harvard Graphics.
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The electrophoretic study was repeated twice, once when
all the field collecting had been completed and once
again after a three month interval. Duplicates of each
sample woere run. The results were fTound to be 1ldentical

in each case.

The results were placed inte a matrix by assigning
numbers to weach enzyme pattern Ffound in each specific

enzyme. See Tables 4 tog i4.
A Cluster analysis and a Principal components analysis

‘were produced using the personal computer program NTsys.

S Materials and Methods. See Figures 18 and 14,

Tables 4 to 14 show a graphical representation of how the

erizymes were number coded for the data matrix.

Table 4. Acid phosphatase (ACP)
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Table 8. Alcohol dehydrogenase (ADH).

Adh 1

' Tablw &. Emtwrase (EST).
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Table 7. Glutamate dehydrogerase (GDH).
L ]

Gdh 1

Gdh 2

1 2 8 4 & 6
Data matrix numbers

Table B. Isocitrate dﬁ"hydrogenase ‘(IDH) .

ih 1

“1 1
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Data matrix nombars



Table %. Malate dehydrogenase (MDH).
[ e T

Daia matrix numbers

Table 10. Malic enzyme (ME).

e i pe— —
Me 1
iy —
S e S
1.2 38 4 6 g 7

a3



Table 11. FPeroxidase {(FER).
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Data matrhx numbers

Tabhle 12. &~ phosphoglucose dehydrogenase {6~
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Different isozyme patterns were identified within each
isozyme examined, numbered accordingly, and placed into a
matrix, callied the data matrix. See ﬁppendix i1. The
matrix was set up using an editing program found in MS
Dos. Using the personal computer software program NTSYS
{Numerical taxonomy syskems), clustar and principal
component analyses were carried put. The grass
tollections were called Operational Taxonomic Units
(O0TU's} and listed 1-~3&4 as per Table 1, in columns, while

the enzymes waere listed 1-11, in rows.

Foliowing the procedure, a cluster analysis was produced,
Two daistinct groupings were found on examining the
results. The tirst group consizted of the OTU's 1, 12 and
2%, these DTW s were not closely linked (1.45). They were
however more closely linked to each other than to the
rest of the OTU's (1.62). The second grouping consisted
ot the rest of the OTU’'s, in this large group a numher of
skb~groups were recognised, oo Table 16, A matrix

comparison test was cerried out »~n the matrix data to
| determine whether the cluster analysis results gave a
true representation of the raw data. The . matris
correlatign for the electrophoretic results wes found to
be r = 0.70299, this number s in & mied Luim range  ancd.
suggests that the raw data is not entirely repressented by
the clusier analysis. '
Fiqur§ 4 shows a graphical rnprn;nnti%inﬂ af the data
presented in the form agﬂ& histogram.
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Figure 14 Showing the clustering of OTU'S onue
the cluster analysis had been performed.

Table 15. Table showing 0OTU groupings using the Cluster

_ Analysis Test.

aroﬁp Sub-group | aru’Number 
1 i 1,12,23
2 i N 14,24
ii 7,36
1 | 2,7.20,11
iv ] 3,19
v 10,16
I _ | vi 13,18
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Group = Bub-group O0TU Number
vii 20,22,26,29,31

viii 4,21 ,33
ix S5,6,34
8 8,32
®i 25,27

#ii 19;35

xiii 17

L diver
As OTU's 1, 12 and 23 were found to be in & completely
separate category to the main group of OTU s, these could
have interfered with the positioning of the other OTU's.
Thus thege 0O0TUW's were removed from the matrix and the
cluster analysis rerun see Figure 15. Noting the sub-
groupings of the UTU's it can be seen that fow
differences occurred. OTU's 2, 9, 22, and 33 did change
their suﬁ;ﬁruupinq, however the principle components test
showed that these changes were slight. Therefore OTU's i,
12 and 23 did not affect the overall groupings of the
antire OTU group. The matrix correlation cpefficient was
.fnund.tn vary from ¥ = 0,49946 when 07 23 was removed to
¥ o= Q. 78267 when UTU's 1, 12 and 23 were removed. The low
Téurrelatinn coufficients again suggest that the raw data
is not being truly reflected by the cluster analysis,

ue



2.00 1m0 100 ome 000

Figuré 15 Result of cluster analysis once OQTU'S
1,12 and 23 were removed.

. ‘s i, 12 and 23 were found *+tu form an sntirely
separate group from the rest of the OTU's. In figure i5
these three OTU‘s were removed to determine if - this would
atfect the groupings of the larger OTU group. From figure
1% distinct groupings were noted. When these groupings
were compared to figure 14 it can be seen that the
groupings are very similar. The ﬁnly OTU's that differ in
the groupings are OTU's 22 and 24, OTU 24 moves from the
group of OTU's B8, 10 and 19, to the group of OTU's 2 and
22 when OTU's 1, 12 and 23 were rempved. There were no
other diffarences in the OTY groupings.
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S50 DISCIESSTON .

A wide range of BenzZyYymes were examined in the
electrophoretic section. Thetir names and their
reliability are noted in Table lé6.
Takle 1a. Enzymes examined in the electrophoresis
section.
Enzymne ﬁhbreviatinnIUseﬂReliabilitv
Acid phophatase AGCP Yes KK
Alcohol dehydrogenase ADH Yes k%
Aldolase ALD No 3
Catalase CAT No ¥
| Lsterase EST Yes L ¢ 4
I Glutamate dehydraogenase GDH Yes L3 33
Hexukinase HEX .Nu X I
Isocitrate dehydrogenase IDH Yes kXK
' Malate dehfnrngenase MDH Yes xRN
. 3
. Ma.ic enzyme ME Yes XX I
Peroxidasz PER Yes - $
I&~ﬂhusphnglu:n dehydrogenase 4RED Yas £k %
~ Phosphogluco mutasé ) PEM No L3
B Phosphogluco isomerase FG1 Yes XXk
. Bhikimate dehydrogenase ébH Yes XX
Keyz— % = poor ¥X = jair ¥k& = good .
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The following enzymes :— Aldolase, catalase, hexokinase
and phosphogluco mutase were given a rating of poor and
wareg not used in  this study. Aldolase was found +o
produce a single monomor-nhiz  zeone of activity. Nc
variation was found within the plant collection. It was
thus discarded, Catalase and phosphogluca mutase o iy
showed activity sporadically and were thus discarded as
reliable activity was desired. Hexckinase showed activity
when usiny the wash technique for staining, but this was
extremely costly and hexckinase was discarded.

Esterase, peroxidase, glutamate dehydrogenase and
phosphogluco isomerase were given a reliability rating of
fair for the reagons discussed below.

Blutamate dehydrogenase (GDH) funct.ions in the
tricarboxylic acid cycle in hydrolysing hydrogen bonds.
In the Iliterature Oliver and Zapater {(1983), studying
Splanumn tuberosumy, found & single zone of polymorphic
activity when staining for GbH. No results were ¥ound for
moneocotyledons in the literatura. In this study 2 zones
of polymorphic activity were found, this being different
to that of Solanum tuberosum, & diunﬁy!ndnn. Not many
plant collections could be conclusively cl&?sifiad_ down
to cultivar level using the GDH banding patterns alone.
For example, plant collections 5 and & showed similar
banding patterns, both being . dactylon var, skaaplass
fyn Other L. dactylon var. skaaplaas fvn salections
© ware found to have different btanding patterns, for
sxample plant gollwctions 1Y, 13, 18 and 28 (.1+ ;C.
ﬁactylan var. skasplass) all had similar banding patterns
to each other but not to plant collections U and 6.
Peroxidase utilizes nhydrogen peroxide to oxidize a very
large number of hydrogen bonds inciuding pheneclic
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substances, cytochrome C, nitrate, ascorbic acid, indole
and certain organic ions such as iodides {Liv 1975). All
higher plants examined +to date have a very large number
of peroxidase enzymes. For example maize has 24
peroxidase enzymes coded by at least ? gene loci (Hamill
and Brgwbaker, 1949), barley has between 8 and 12
peroxidase enzymes (Felder, 19754).

The very  comnplex electrophoretic patterns obtained plus
the ogcurrence of peroxidase in a number of different
rrganelles means that the electrophoretic patterns cannot
be considered “good" in reliability, thus the rating of
fair.

The same is evident for esteraze. Esterase hydrolyses a
large number of compounds having different ester linkages
in vitro (Gottlieb, 198Z)., fPlant species also wuntain
high numbers af esteresz itozymes in many different
tissues, for example paize cuntaing 14 genetically
distinct forms (MacDonald and Brewbaker, 1974), and
barley has at ieast 10 y3neticalily separable esterase
isozymes, sxtractable from different tissues (Kahler and
Allard, 1970). Again, the diversity and oprigin is very
complex and %hué esterase was rated fair in reliability.

Malate dehydrogenase (MDH) and its NADP derivative malic
gnzyme {ME), were rated good in reliabjility, even though
different MDH erzymes have been found iocalised in
distinct cellular compartments  eqg. mitochandria,
microbodies and cytoplasm (Gottlieb, 1981). The resson
for a gond rating being given is that only 2 loci were
used in the genetic analysis of MDH and ME, and that théy
were found to be monomorphic at both thewe loci. '
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The other enzymes that worw rated good in their
reliability, namely ACP, ADH, 6PGD, and SDH, gave similar
results ito those recorded in the literature, where
genetics of the enzymes were studied and explained.

Acid phousphatase (ACP} enzymes hydrolyse phosphomonoester
bands in a number of different molecules. Flants may have
a dozen or more ACP isozvmes, but they frequently differ

i intensity and colour when staining (Gottlieb, 1981}.

Electrophoresis studies usually show 1-3 isozymes. Both
dimeric and monomeric forms have opeen reported. Studies
in maize by Efron, (1970); sunflaower by Torres and
Diadenhofen, (1976)3 EFucalypius opbligqua by Brown et al.,
€1973): and Avena barbata by Marshall and Allard, (1789)
showed dimeric forms of ACP. Hordeum spontanaum was
studied by Brown et al. 1978, showed both monomeric and
dimeric forms. Howaver monomeric forms of ACP were
described by Roose and Gattideb (1978}, using Tragopogon
artd Gottlieb (177%) studying Stepanomeria exigua. In this

study 2 regions of polymorphic activity were found, in

both cases monomorphic isaozymes were present, the results
being similar to those of other monocotyledons mentitned
in the literature, for example Roose and Gottlieb 197&6. A
number of grass selections on be classified down to
cuttivar level, For sxample plant collections 1, 12 and
23 which are £. dactyion var. kwewk o 0Other plant
tollections however cannot be classified down to cultivar
level, for example plant collections 3, 4, 5 and & show
the same ACP patterning and are all £. dactvion, but are
different cultivars. :\
Aleohol  dehydrogenase (ADH)  enzymes  appear to be
cytoplasmic as no ADH enzymes are associated with any
subcellular crgansiles {Scandalion 1977 ). Freeiing
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confirmed the 2 gene dimer model for maize ADH by
dissociating the SET I isozyme into its component
poiypeptide subunits, and reassociating them (Freeling
19743}, Results in this study show the presence of a
single polymorphic zone of activity, which appears to be
similar to that of SET I in Gottliebh's explanation of ADH
(Bottlieb, (198B1). All but eight of the plant colliectiors
showed a single 2and of ADH activity. The double ba.ds
could have represented a duplication in loci of the gene,
this however could not be proved in this project, as it
was veyond the scope of +the project. The two C.
transvaalensis grass collec*ions could be identified by
their banding patiern. Other studies on plants have shown
similar resuits. Kot and Evanz (1985) used ADH for a
genetic identification of parental species and hybrid
lines of Nicetiana. Torres (1974) working on maize, and
Zapater {1983) using Solanum ctuberosum in phylogenetic
studies found that ADH followed the two gene dimer model.

fﬁncitrate dehydrogenase (IDH) catalyses the oxidation of
isscitrate to : e~ketoglutarate and is generaliy found in
diploid plants as two dimeric isozymes one located in the
plastids and the other, more abundant form in the cytoscl
{Randall and BGivan, 198L). Irn this study IDH showed a
single zone of polymorphic activity. The banding patterns
resembled a monomeric isozyme pattern showing no 3 banded
results. Only two bhanding patterns exist, becth patterns
praesent in L. dactylon and only one present in both C.
mageng:*-':i:ki.i and L. transvaslensis: Thus IDH would have to
be used in conjunction with' ather isozymes to
- conclusively classify the plant collections to a species
or cultivar level. In the literature there is mention of

. munomeric IDH ispzymes, by Guries and Ledig {(1978)

working on Pinus rigida, and Yahler and Lay (1983)

P 2
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working on Pinus rigida, and Kahler and Lay {1983)
studying Heliant'us annuus (L. }.

&~ Phosphoglucose dehydrogenase (&PBR) is a glycolytic
enzyme. In plants for each endyme in the glycolytic
pathway there are normally 2 isozymes prasent, one in the
chloroplast and one in the cyteoplasm. The literature
shows &~ PGD to have similar results in both
manocotyledons and dicotyvledons. Two &6F&D  enzymes have
been reported by Buries and Ledig (1978) studying Finus
ponderosa. These were hoth dimeric which correlates with
Torres (1978a) discussing maize. In this study there were
a number of regions of activity which were both
manomorphic end polymorphic. Only the polymorphic region
was used in this study. Three banding patterns exist, and
although the banding patterns are similar in most
instances when classifying down to cultivar level, &PRED
would have to he used in conjunction with other isozymes
to conclusively siaksify the plant collections.

In the present study saikimate dehydrogenase (SDH) was
fuund o have cne ragion nf' palymorphic activity, while
‘the banding pattsn was similar o that of a munamnrig
isozyme, Staub et al, {1987), studying Cucumis, a
dicotyledpn, found 5PH to be conditioned by 1 locus and 3
aliwlims. Isozyme patterns were found to be both
palymaynﬁ?fjenﬂ monomorphic.

S

‘From the wrdtirophoretic r.mug\i used in this study and by
: _ 4

incorporating the data into NTSYS it can be noted that
the plant collections divided up into 2 main groups; 1
major and 1 minor, the major group breaking up into
Bmaller sub-groups. Although the raw data may not ke as
truly rupretuﬁtld A% it could be, the OTU groupings

™
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From the above discussion it can be seen. that to be abie

to wutilise the data in an effective way, a number of

" enzymes would have to be used. ACP, ADH, &PGD ani SDH

together with GDH could be effectively used, together,
but would not give sufficient data if used on their own
as din this study. This data however, in conjunction with
morpholpgical and microenatomical data may be a means of
classifying the plant collections down to cujitivar level.

bé

JO P S —



T
i

CHAPTER 4.
e MUEFRFHOLLESY AND MICROARNASTONY .
Ao INTFRODULAET ION.
Until appraximately &0 years ago classifications of
grasses were based —ainly on gross  mcyphology of

inflorescences and spikelets. Attention then turned to
the inclusion of 4+w» anatomy and cytrology of grasses. All

‘new classificati. " subsequent to Avdulav in i931

incorporate characters from these sources (Watson et al.
1945) , |

in 1980 Prat outiined the history of grass classification
and provided a comprehensive list of characters
rangnised at that Hate to have high level classificatory
§ignificanca, but the 1i5§;ﬁa$ continued to grow (Ellis

i

974, 19793 Clifford. and Watson, (9775 Wwatson and

‘Dallwitz 1980; Watson ef al. 1985). Watson &% al. 19685

réported . that the 1list now contains 728 generic
dni&fi%iinﬁ@# of grasses. which contain information oir
morphology,  &hatomy, physiclogy, cytology, ecology and
geography. “ T

In turf grasses, the characteristics of impartance
include persistence under close mowing, ceolour, low

growth, wear tolerance, drought resistance and cold

tolerence. Due te time and space limitations  such

cheracteristics kould not b’ sxamined.

) ¥
o
e B

In this section some easily accessible snatomical and

mnrphqlngical charactersistics are used, which can be

a7



combined with' the " eldctrophoretic and cytological
evidenced  in order to find a convenient means of
characterising South African turf Cynodon to the cultivar

IEVEI- )
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o LITERATULERE REVIEW.

Morphnlogical and cytological characteristiics, together
with hybridisation studies were used by Harlan and de
Wet, (19£9) in an attempt to reclassify the genus
Cynodon. Hybrids were identified on morphological grounds
and a number of characteristics were noted. They included
winter hardiness, noted especially in bybrids. The
averall structure of the inflorescence, stolon structure
and colour, leat profile and colour and the overall
growth habit of the plant. The number of seeds produced
and the percentage of seed producing plants was also
exanmined. These studies showed that this genus coule be
fairly easily divided up into taxonomic groups using
morphological gharacteristics. They found however, that
distinct and reasonably consistent mor-phological
discontinuities were not reflected in the cytological
studies, Harlan and dz  Wet, (192464%) stressed that
morphological evidence as a tool for classification must
be carefully used. They concluded that the genus Cynodon
is difficult to +treat taxonomically and that no entirely
satisfactory classification is possible, when using
morphological ond cyvtelogical evidence.

Stiff and Powell (1974) used the stem anatomy of 20
cultivars of wurfgrasses, including COvnedon dectylon , as
A means uf'seiecting specific cultivars. They looked at
vascular bundle size composition and location in  both
internodes and nodes. They also locked at the usual
tissue systemns, which includeﬁ epidermal, fundamental and
vastular systems. Threa types of stéms were distinguished
=~ Single ring, multiple rings and complex rings. Two
Eypem of nodes wers observed 1~ simple and cmgpﬁunq. |

. Btiff and Powell (1974} +found thai the 'cdmparﬂnan of

b? il.;:i i



internocdes and nodes revealed a consistency of
arrangement of parts and similarity of structural
features at correspending regions, They congluded that
stem anatomy shows turfgrasses to be a heteregeneous
giroup of grasses with varying evolutionary and
developmental histories. They suggest that these
anatomical differences must be considered in vegetative
propagation techniques and selection of improved

cultivars.,

Metcalf (19460} regards the study of sectione of culms to
have limited taxonomic value, because af differences in
the appearance of sections at different levels and
because the similarity of 5tructure does not always

indicate affinities.

Nittler and Kenny, {(1976) dinv.*iqated ¢tiller, rhizome
and crown characteristics in Kentucky bluegrass
cultivars, using their owr classification system of the
above mentioned characteristics. Using this technique
they could diatinquish between a number of cultivars. 1In
this work they concluded that sven thousv the technigues
used were not perfect, they could be useful in svalwe:ing

cultivar purity in seed lots.

Rogers et al. (1976) used SEM to note ulirastructural
wifferances in the storage organs of Cynodon dactylon L.
The study was h undartaken  applying scanning electron
microscopy in  order o show differences in tissue

components of rhizomes and stolons,

Horphplogical charac :ristics are td & large extent
Iy ) g .

determined by +the environmental conditicn= in  which the

piant grows, They also depend on the nutriuntl.uhxch the
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the plant may be subjected. It is thus important to

quantify the above conditions when locking = at

morphological c¢haracteristics. It is also important to
recoghise that morpholaogical characteristics should be
regarded as being of secondary importance when attempting
to characterise grass types. Morphology that is not
-enﬁircnmentally plastic should be considered first, that
iz, any morphological characters that remain stable and
are independent of the environment in which the plaﬁt iw

grown.

S

By
e
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2. MATERIALS AND METHODS .

4.3.1 BCANNING ELECTRON MICROSCOPY.

Care was taken to choose leat material that was of a
gsimilar age. This was done by sampling the 2nd vyoungest
leaf in all grass selections. A 1 cm long section of the
mig lamina section was cut from a point one third of the
way down.

The lIpaf material was prepared for Scapning Electron
ticroscopy (S8EM)} as follows :- The material was fixed
forr .24 hours in 2.5% glutaraldehyde in  0.1M phoespihate
buffer at pd 4.5, followed by 2 rinses in the same buffer
antd dehydrated in a graded series of wathyl alcohel (60%,
2702,' BO%, 904, 95%, 100%}. The specimens were stored in
'100% alcohol for critical point drying.

Critical point dried specimens were trimmed and mounted
on lerge stubbs using ACRO 17451 glue (Witcomb 198%5). The
glue and spscimens set avernight, were gold coated in a
sputter coster and examined vsing a Cambridge JS20.

4.3.2 LIGHT MICROSCOPY.

A.3.2.1 Frozen sectipag.

-

\\ ., 'I- .’.
Fresh plant material was used for frozen snctipns. “One
centimetre long sections were taken from one third of the
way from the tip of the leaf. The second youngest leaft in

wach grass selection was used,.

The matwerial was nounted on  the microtnma chuck using
‘Tissus Tek,' sectionked at 20-%50pm and the sections ware

flosted on distilied water in watchglavses. The sections
. ¢
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wereg mounted on slides, stained in toluidine blue and
viewed as temporary mounts, using a Z iss D-7082 light
microscope with camera attachment using Ilford PAN F 50
" film to take photographs of the slides.

4,3.2.2 Epidermal peels.
Two methods were used to obtain epidermal peels of the

lower surface of the grass selections.

1. A razor blade was used to remove all the leaf tissue
above the lower epidermis, with the aid of a dissecting
microscope. The leaf sectlion was kept moist with water to
ensure preservation of the epidermis. The epidermis was
mounted on & slide using water and viewed as a temporary

monsnt

2. The lower epidermis of the leaf was coated with clear
natl wvarnish, orce the varnish had dried it was pesled
from the lea¥ surface and viepwed as a temporary mount.

4.3.2.3 Wax embedding.

Fresh plant material was fined using formalin-acetic acid
alcobol (FAA) (Johansen 1940 see Appendix Z) for 18 h,
Some samples did not fix due to buoyancy. In such cases
1% Tween 20 was used as a wetting agent. QOnce samples
were fixed they were rinsed 4 times with distiiled water,

Samples were placed in a 0.1% hydrofluaric acid soluticon
fn( i% minutes to disscolve pilicen crystals. The presence
of silicon crystals when secticoning caused the leaf tu

 t@ar. This was found o  octur in some instances when

frozen sections were examined (Juhnnsnn 1940). °
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#4.3.2.4 Dehydration.

A dehydration series using tertiary butyl alcohol was
Used (see Appendix 4). In the 100%Z step enough dry
erythrosin dye was added to stain samples superficially,
to allow for easier orientation of samples during

embedding and nicrotoming.

4.3.2.5 Wax infiltration.

The gradual infiltration of the wax into the plant
material gave the best results. The plant tissues were
tranferred intec a mixture of equal parts paratfin oil and
tertiary butyl alcohol for 2 hours. The plant material
was placed on top of congealing Parawax and placed into
an oven at 60=C for 3 hours, until the sample became
fully infiltrated with the wax, and sank to the bottom of
the tube., This proctess was repsated in  fresh wax and
after the fimpal infiltration plant tissues were embedded

in paraplast and aligned for transverse sectioning.

A4.3.2.6 Microtoming.

Material was sectioned at 10pm «~ 20um using a rotary
micratome. Sections were flodted onto subbed slides and
warmed slightly for sections to adhere to the slide,

4.3.2.7 Staining and viewing.
Sections were stained in Safranin and Fast green and

permanehtly mounted in DPX.

Both wax - and frozen sections were examined. The frozen
sections were used as é quick tempotary means of noting
the morphology of the plant collections before they wers
all acclimatized to ~the same conditions, The wax
embedding technique ﬁas used in the final ssgsessment of
the irternal anat?my of the plant collections.
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.embedding technique was used in the final assessment of

the internal anatomy of the plant collections.
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4.9 RESUIA TS .
Results are given for the following characters:
4.4.1 LIGHT MICROSCOPY.

4.4.1.1 Leaf profile.

Two main leaf profiles were found, the first with a
definite midrib and main vein giving rise to a V - shaped
igeat. The second with a rounded midrib, which gives rise
to a more U -~ sghaped leaf. See Flgure 1é4. These
categories were subdivided and six leaf prafiles were
identified depending on the steepness of ths V or U shape
and on the shape of the emnds of the leaf arms. The legaf
profile was examined twice, when the plants were first
brought in  from the field, that is, before the
environmentel conditions had been stabilised and six
months later; when the plant cpllections had been grown
under constant environmental conditions. The leaves were
found to exhibit constant leaf profiles. Leat protfile was
éhms'cunmidered as a valid identifying character.

-]



Group 1

V — shaped with straight arm

/\ ends and definite midrib.
Wide V — shaped with straight

' //\ arm endr~ and definite midrib.
| V — shaped with curied orm
- A ends and definite midrib.

Group 2

Y - _shaped, no definite midrib
and straight arm ends.

and curling arm ends.

m U ~ shaped, no dsfinite midrib

Straight leaf, no daﬁnife‘midrlb
and stroight leaf arm ensde.

..

Figure 16 Diagrammatic sketches of leat shapes found
in transverse sections of Cwvnodon turt selectlons. See
“Appendix page 150 for micrographs.
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£.4.1.2 Vascular bundle distribution and number.

The number of, minor, intermediate and major vascular
bundlies were counted. The distribution types of the
bundie types were noted and each pattern designated a
number. Bee Figure 17. In cases where intermesdiate
vastular bundles were found, one group was designated as
differing in this respect as presence of intermediate

vasculiar bundles was the exception rather than the rule.

Rl

/

7t
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Figure 17 Diagrammatic sketches shawing both
positioning and numbers of various vascular bundles of
the plant collections. '
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4.4.1.3 Bundle sheath nnmber and bulliform cell numbae

and shape.

The rnumber of bundle sheath cells were cwounted around
lateral major vascular bundlew. These numbers were found
o vary, even » . 1in leaves. The numbers wese also found
to wary in botw counts, the one done when the plants
arrived from the field and th® second shen the plants had
bean grown in the phytotron for six months. Thus five
counts were done on each plant and averagas ltaksn. See

Appendix 8.

The same was found when the number of bulliform cells
were counted and the same precautians sare taken.
Bulliform cells ware counted from the same place in each

ca%e,
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4.4.5.3 Bundlz sheath number and bHulliform cell numboer
anyd shapw, '

The number of bundle sheath  cells wérg_ counted around
lateral maijor vascular bundles. These numbers were found
ta 'Qary, even within leaves. The numbers were alsco found
to vnr? in - both counts, the one done when the plants
arrived from the field and the second when the planis had
bean grown Jin the phytotron for six moosths. Thus five
counts were done on wech plant and averi s ‘taken, See
Appendix 8.

The same w;t found when the number of bulliform oells
ware counted and the wseme prescastions ‘were  taken.

Bulliform cells were counted from the same place in wach

cane,

R
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Platw 1.

T, Bhows - axsamples ot spickie shaped hairs, sae

' migrograpis & to D, Note the two shapes of spicklwe

hairs, buibous * In wmicrographs A, € and D, and
slongsted Iin micrograph C.

Plicrographs 4 and B show examplas of lopng hairs. Neote
that long hairs can originate from either a collar
like structure which disrupts the paplilise slightly
¢ {micrograph B} or straight out of the spidermis not
disrupting the papillas at all {(microgragh &).

e
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; Plate 2 -

Hicrugraphs showing the vnriitian in pumber and nhapn

of papillas present on the leaf surface, and the)

amount of ribbing on thb lea’ surface..
Micrograph A shows distincd ribbing “with two papilla

types, whichh totally cover the stomata and guard

cellxs. ‘
Micrograph B shows distinct ribbing with . very few

- papillas in betwewn. Spickle hairs are present,

Micraograph ©C- shows rihbxng, but with few Lo no
papiliae pressnt.

Micrograph D  shows ribbth prasent witH two diuhinct

typws of papilla presant, and an abundlncu nf spickle
hairs.

Micrograph € shows ribbing with two distin:t papilla
types. Long hairs are presant,

Micrograph F showe ribhing with two types of papilia
prnlnnt. both spickle and long hairs prunnntf

g2 .
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P

Showing papillawpatﬁﬁrning on the isaf surfaces.
iw represented by nicrugraphs

Broup 1 (ses pp 89)
and uppbr surfates respectively,

is repressnted by micrographs O

and B, lpwsr
Group 2 {saw
and D, lowsr
Broup 3 (ses
and F, lowasr

pp 90l

and upq o
pp 20) ie represented by micrographs

and upppr surfaces respectively.

|
|
|
i|
i
L
|

;

&

Plate 3

surfaces respectively.
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Plate 4.

Showling papiﬂla-pattsrning on the leat surfaces.

Sroup 4 (sed pp ¥0) im represertecd by wmicrographs A
and B, lower and uppsr surfaces respectively.

Group B (see. pp 90} is rporesentmd by micrographas C
and D, lowsr and upp™ ey -%su respectively.

Group & (sew pp  F0)\ iy’ ;F,i/;nfrqs-nt-d_ by micrographs E
snd F, lower and upyei- f_zr:g{'a:ns respectively.

\ cafi
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_ Plﬂt' Ly 1N
" Shawing papilla—patterning on the lea? surfaces.
Groug 7 (new pp 90} is repressnted by microqraphu 2]
and B, lowser and upper surfaces respsctively.
Sroup 8 (ses pp 70) is represented by micrographs C
and D, lowser and uppar surfaces respettively.
Grous § {see pp 90) is repressnted by micrographs E
and F, lowsr and upper surfaces respectively.
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. i . ’ (~~-'_:_"‘; ’
- Bhowing papilla-patterning on the leaf wsurfaces. .
Group 10 {mes pp F0) (is repressnted by micrographs & LQ:.__
and B, lower and uppsr surfaces respectively, C

LS
—
¢

o

.

_ # N ]
L1 : . \ﬂﬁ' IEQ\ ‘:’_,\i
" . N . e hvl
I ' A
: i : : . By :
o A '
@ W
i o .
- . bl

u

o W
o »
4 |""
RS
S
]
o
il
- 1
[¢ - kA
U
Uy Y
R i L‘c
Lt
N
L]
il




v L o T R G -

i .
%)
o
o
B
N
i
h)
s
i
T
[y :
¢ Q o

i

=r

(13



Plate 7.

,Qbauing pamillal arrangement araund stamata and guaed
""11'5 : T
‘?ﬁraup 1 having no papillae present arcund ﬁtBMHtl and
L gienrd cwlis, micrograph A.

Group 2 having papillae survounding stomata, but nsﬁf
overiapping the stomatal pore, micrographs B and E.
Group 3 having papilias surrounding and overlapping
the stomatal pore snd guard cells, but both are still
cimarly visible, smicrographs C and F

Broup 4 having papillaw overlapping the stomatal pore
-and guard cmllu, " making identification diffticulr,
micraqraph D. : o
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4.4.1.8 Epidermal cell wall structure.

The cell wall indentations of the epidermis were studied
by examining the  epidermal layer upder the light
microscope. The epidermal cells were found to bhave
varying levels of indentations on their walls. These
indentations were divided into five categories depending
on the number of indentations founo in ihe space of Oum.
Bee Figure 18.

1. No indentations within mdsured
distance.
2. o | A single indentation within

measured distance.

a, A single distinet indentation

A within measured distance.

4. Two distinet indeantations

M within measured distance.

5. Four or mora indantations

W within measure distonce.

i

Figure 18 Showing the various wall Iindentations found
in the epidermis studied by light microscopy.
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4.4.1.5 Cuticle thickness.

The cuticle thickness was measured with a micrometer
eyepiece, When cuticle was noticeably present it was
measured in various places on the adaxial surface. Five
measurements were made in each selection and the figures

averaged. See Appendix 7.
4.4.1.6 Baltglands and hair types.

Neither of these characters was @ easily identified wusing
the light microscope and eould not be used here as a
distinguishing character.

4.4,2 SCANNING ELECTRON MICRISCOPY .
Results are given far the following characters:

4.4.2.1 Papillas: presence and patterning. -

Px
if

Papiliae on the leaf surfaces were found te aﬁ&st in
various patterns, and grouped as followei-

Group 1 is characterised by a lack of papillae on both

_ Cupper and lower surfaces. )
Group 2 is characterised by a lack of papillas on  the
lower surface and papillas on  the upperwﬂ

suirface.
Broups I to 10 were Ffound to have papillas pn  both

surfaces. Hare differences in the shape and the patterns
Torned by the papilise are compared.

a9



Group

Gvoup

Group

Grnub

Group

Broup

Group

Broup

3 is characterised by papillae on the lower surface
with no ribbing. The papillae are very rounded.
‘On the upper surface both large and smaller
rounided papillae were present. Spickle shaped
hairs were present.

4 Few papillae are found on the lower surface with
an obggrvably larger number on the uwpper surface
and little or no ribhing.

S showed exactly the opposite situation to Group 4.
That is few papillae on the upper leaf surface
and considerably more pn the lower with little or
no ribbing.

& The papillae on both lower and upper surfaces lie
very flat against the leat surface, #ll sloping
strongly towards the tip of the leaf.

7 The papillae on both the lowasr and uppar surfaces
are smaller than those of Grpup 3 and have
distinctive shapes. There is definite rikbing.

8 The papiliae are oval in shape compared to Group
3« Unly one size was obgerved and distinct
ribbing was charaéteristic.

% Two types of papillae lxiat on both leaf? surfaces
characterised by distinctive ribbing in each
cane. Twn types of hailrs are preasent, long &nd
sapickie. - ' " .

10 papillawe present on the lower surface are
characteristically H — shaped. Papillas on the
upper surface show & definite ribbing pattern.
Both long and spickle hairs are prasent.

]
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Table 17. Designation of plant collections to papiila—

patterning groups.

10 : 9,106,346

Group Plant collection number.
1. - 17,20,25
2 1,12,23,32

3 3,5,10,13,18,19,20
4 2,11,15,35
l 5 B

'_I 6 4,14;16,21,27,2é,31,34
l | 7 &3 26,29
l g ) | 3,22,30,33
| ? ' 7,24,25

q,.4.2,2 Papillae: arrangemént aroung stomata and Guard
cells. '

Four :harécturistic gruupﬁ were foundi-

Graup {1 no papillse pres&nt around stomata and guard
cells. i

Group 2 papillae surruunding stomata but not overlapping
the stomatal pnra.g

Group 3 papillae surronding and overlapping the stomatal
potres  and guard c*lls, but buth still clearly

B wvigible,

brnup 4 papillae nverlapp;ng the stomata and quard cells
making identification difficult. '

Pi



Table 1B. Assignment of plant collections to papilla-—

arvrangemnent around the stomata and Buard cells.

Group Piant collection MNumber
Lovwer Surface . Upper Surface

1 17 1,8,12,17,23,32

2 ANb,8,11,14,15,18 10,11,14,18,19,20,
l_ 19,24,28,348 24,26,29,33,36

3 152,4,7,9412,13,16, |2,4,7,9,13,21,27, |
- 21,23,27,34,35 34

4 5,10,20,22,25,24,29 | 3,5,6,15,22,25,26,

' ' $0,31,32,33 30,31,35

: i .
4£.4.2.3 Hair pressnce and types.

Tﬁa_ types of hairw wera found on the lmaf surfaces, both
npickld and long hairs. In some plant collections hairsg
Qarw {ound mnaunui surface and not the other (see Table
192. Nnrmallyltheé ware Tound more abundantly on the
uppar :urf#ce. Thi spicklie hair was more commoniy found
than tha long hahr type on both the upper and lower
éurfacll (Bea Plate%l & 2). | |
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Table 19. Flant collectios groupings based on hair type

and presence.

.'I Plant Upper Lower
collection Leaf Surface Leaf Burface
Number Spickle |Long hair Spickle Long hair
hair hair

1 A A A A

2 B P A ]

10 P A A A

11 A | P A A

12 a a A A

13 P A P

14 P [ A

13 A P A

- - T [ -

156 P P A

17 A A A A

23



Plant Upper. Lower

collection Leat Surface Leaf Surface

Number Spickle Long hair Spickle Long hair

hair hair

18 g A A A
I 19. £ A A A

I 20 P A A A |
21 o P A A
22 o A A A
23 A A A A
N A A A A
| 25 P Iip A P
24 P. P 2] A
' V= P P P P
_ 2d P P A A

| 29 | [ad P P A .

I . 30 P P 2] A _

' | 31 g F f .ﬂ _
32 P P [ £
33W P P B A

34 # a P A
i

33 P by A A A
346 P P A A

BYI— I = Dresence @ = SODREnCE .
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4.4.2.4 Salt glands,

It was virtually impossible to distinguish salt glands
from the papillas. Thus salt glands were excluded from
this study.

4.4.2.5 Cuticle.

Although cuticle presence was npied, this feature was
abiserved more accurately in the light microscope studies
and was excluded from the scanning electron microscope

study.

The numbered eresults of the 1light and scanning electron
microscopy studiga were placed into & matrix and a
Cluster Analysis test was executed, See Figure 19.
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Figure 19 Using the claudistic approach to show OTU

groupings.

Two main groupings were found,

caongisting only of three
23. )
(o3

DTu's. They were OTlU's %,

-

one large ., and the other
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A oD DISCHISSTON.,

The characters th~ were examined are listed in Table 20,

with scoring fo yiability.

Table 20. Morphological data.

Light Microscopy Scanning T1ﬂeliability tsed
' Electron
Micraoscopy
teaf profile KRk Yes
Vascular Bundle L e § Yasg
distribution
Bundle sheath ‘ Ak Yes

cell number

Bulliform ceil : § Yas
number

Bulliform cell ‘ ¥ No
shaps

Epidermal cell kkx Yas

wall structure

Vascular bundle AKX Yes
numbar :
8. }  Cuticle - ok Yes
i thictness
o
-\.I\I'.
!
. AU
(o | H

. . 97 )
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It was concluded that these

ILight Micrascopy Scanning !Reliability Used

Electron
Microscapy
Z Salt glands . K No
i0. Hair types : ¥ No .
Papilla~presence REX Yes
Papilla- hK Yes
patterning
Papilla-structure LRSS Yes

aropund stomata

Hair presénce Xkx Yes
Hair types XEx Yes
Salt:glands % Nm”]

Cuticle presence X No I

= qud repeatabllity
= Fair repeatability
¥ = popor repeatability

A.5.1 LIGHT MICROSCORY.

-~ In the light microscopy section the following characters

ware found toc be relisable, leaf profije, vascular bundle
distribution, epidermal wall structure and vascular
bundle - number. These characters remained constant
tﬁrnughuut the study. They were examined First using non-
permanent frozen sectiens and later using permanent

mounts.

]
N
f lara  ars were roanstant  and
.J -
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not affected by environment especially as the +irst
examination was carried out shortly after the plant
callections were brought in for study. This examination
was found to give the same resulis as the later etudy
that was carried out once all the plants were subjected
to the same environment for a number of aonths. No
mention of these features were found im the literature
fa~ the use of classification in Cynodon. C. dactylon was
howevar compared to other turf grasses examined by 8Stiff
and Powell (1974). They noted the stem anatomy in 20 turf
grass selections aind found three distinguishable
groupings. Cynodon dactylon was found to have multiple
rings rompared to sipgle rings or no rings.

The following characters; number of bulliform cells,
number of bundle sheath cells and cuticle thickness were
rated fair in reliability., The reason for this was that
there was some variation of celil number or cuticle
thickness within the: specitied plant collections.
Although this variation was not very noticeable, it was
large wenough to warrant a *fair repeatability’
clagsification. Replicates of these results were noted
and averages were uscd {see Appendix 7y BH and 9).

A specific ;eginn within the transverse lsaf section was
‘.u5ud vihen cuuntinqmbqth the numbuw of bulliform cells amd
the vascular® bundle numbers. Thic' was betwsen two. minor
vascular bundles, swe ?igu?u 14, The sane applied when
counting the number of bundie sheath cells. Thase were -
courrted anly on a l1ate al main vein, see Figure 15,

9%



Buliiform calls

Bundle shaath
celis

O

Figure 20 A diagrammmatic sketch of a hvpothetical

leaf showing where the bulliform and bundle sheath
. vells were counted. '
The =alt glands and hair types were given a poor
reliability classification and  were not used A%
chnractersg in the light microscaope study. This was
because th&ﬁsait glands were cften difficult to identify
and the hairs were often rempved in the preparation of
the section. Other authors have however axgminéd salt
glands in &, dactylon with success, Oross and Thompson
{1582) idaﬁtified galt glands using the scanning elmctron
microgscopw, and in 1984 the same authors investigated the

ultrastructure of salt glands in C. dactylon using the

transmission slectron wicroscope. Bulliform cell shape
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micrascope, and in 1984 the same authors investigated the
ultrastructure of salt glands in £. dactylor using the
transmission electron microscope. Bulliform cell shape
was noted in all the plant collections. These weré found
to be consistent throughout. ALl were found to be conical
in shape. Az there were no differences tiuis character was
eliminated. o other reference to bulliform cells in (.

dactyibn was found in the literature.
4.5.2 SCANNING ELECTRON MICROBCOPY.

The SEM study was only carriaed out once i this project,
That was aftier the plant collections were grown together
for six months. The reason for this was chiefly expense
and the time dnvolved. In this study +the following
characters were given a gqood ratingi presence of
papillae, patterning of papillae, papilla structure and
arrangesment around stomata: pubescence and hair types,
These characters were found to be clearly characterised.

The charéctars; saliglands and cuticle pressnte wersg not
useful at the SEM level as the salt glands were difficult

to discern. Once zgain they were often confused with
papillee. Only cuticle presence could be sxamined in the

SEM itudy, while the presence and thickness wﬁre alraady
. 7
noted in the light microscope study, ’ Ny

The characters were thin ctombined andﬁpluccd in a matrix
arz run through the NTsys computer package. Two distinct
grnupind‘ warn found as in tha_tlcctraphorntic section.

o
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The first group consisting of OTWs 1, 12 and 23 alil
being C. dac.ylon var. kweek . The second consisting of
the rest of the plant collections. This group is made up
of smaller groupings or subgroups. ARlthough these groups
sometimes divide up the plant collections by nane, for
wxample, plant collections 13 and 18 are found in a
subgroup and are both L£. dactylorn var. kwesek . Other
subgroups are not as accurate, for example plant
collections 2, 7 and 28 form a subgroup but looking at
their varieties they are totally different. Plant
collection 2 is C. dactyion var. kweek. Plant collzction
7 is L. dactyilen var. cape royal and plant collection 38
is L. dactylon var. skaaplaas fyn . 1t can also be noted
that plant collection 2 although similar in name is
tatally different to the smaller main group, that is
plant «copllections 1, 12 ans 23, These are in turn
difterent to okher O, dactylon var. kweek varieties such
ags plant collections 8 and 15.

Thus From this study it can be noted, that in using the
leat morphology as a ranking characteristic some grouping
of OTU'S are obtained, but these grouping are not
gsufficiently difterent to classify the cultivars down to
subspecies leveli. To do that the morphologiceal and
anatomical dats would have to be gombined with the
elecirophoretic data. '

5
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CHAPTER 5
AFFL . TELD AND CLASSICAL. COMBEINAT IO .
Sed INTROEXR T ION

In this project twa approaches were utilized in order to
classify wvarious turf Cynodon selections. The first
mentionad approach, the electrophoretic approach, was
examined in conjunction with the chromosome counts
results as far as pougsible. The chromosome counts did not
include all the grass selections, but results in the five
setections studied showed the chromoesome number to be 2n
= LEB.

The moerphology and microanatomical section covered both
light and scanning electron microscop, on the Cynodon
turf¥ sélectiuns. The resuits of the electrophoratic and
marphnlugical and micreanatomical sections were placed
intoc a data matrix and a cluster analysis was carried
out on the data, using the personal cotputer software

- NTsys. Each section waqﬁ\luukeﬁ at separately and the
{rusults from the two secﬂiénm were fauﬁd to give adeguate
&urrelatiaﬁ whan the analyses ware compared. The results
have been discussed in wmach swction. To Fful$il the aim of
this project in“ the use of both spplied and classical
:ﬁpﬁ%aa:has the data from the two sections were combined
ang the same tesis were carried out on the combined data
mELrix. | v
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The reasecn then for carrying out the analyses on egach
section. separately was to double check the results. it
was important +to see if the various selections gave
fairly similar results in both the applied and classical
approaches so that when the results were combined one of
the wmections wcul;__j not cause bias. This feature would go
unnoticed if +the two secti. s were combined and not

lopked at separately first.

,

rs
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S.2 RESLALTS

bBats from the electrophoretic and morphelogy and
microanatomical sections were combined and placed iIinto a
data matrix and a cluster analysis was produced, using
the NTSYS computer package. Figure 21 shows the Cluster
analysis results of .he combined results.

T A T

o . 1*352. [ .y [ s

c;ﬂ_ L - : s— g
. i e T e

Figure 21 Cluster analysis results of GTU grnup:an,

using the ulad;stic moude in NTSys.

A matrix comparison tn:t__wnﬁ produced and found to give a
correlation coefficient .(r) of 0.92i%. This number is.
Viaigh and  suggests that combined, the raw data is well
reprasented by the cluster analysis. v
..'.fl‘)"
o3
&
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Se2Z FESLLTS

Data from the electrophoretic and morphalogy and
microanatomical sections were combined and placed into a
data matrix and a cluster analysis was produced, using
the NTSYS computer package. Figure 21 shows the Cluster
analysis results of the cohbined results.

2T Lese

Ly .

Figurw 21 Cluster anaiysis results of OTU  groupings,
using the cladistic mode in NTSys.

A matrix comparisan test was produced and found to give a
correlation coefficient (r) of 0.9215. This number is

“high andd;ﬁuggn;tlvﬁhat combined, the raw dJdata is well

=

qrprusnntné ?y the cluster analysis. "
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Table 21. Showing 01d groupings using the Ciuster
Analysis Test.

I Group Sub—-graup OTU Number
1 i 1,12,23
2 - i 2,11,28
ii 3.7
| | iii 5,5,6 :
l iv g8,i0,14,19,24
| v 2,36,34
vi 15,14,25,30,31
i vii 13,18,29
viii | 29,33 I
ZA; P 22,26 l

OTU's 17, 27, 32 and {7 were found to remain separated
and not to fall intoc any of the sub-groups. Ten distinct

groups emerged as shown in Table 21, When comparing the .

combined cluster sanalysis to those perforned for the
elactrophoretic: and morphological and microanatomizal
sections, distinct grougings can be seen throughout. Twe
distinct“gruupinqu wera found in all three Canes, UTQ'B
1, 12 #nd 23 4n & separate group and all the other ~OTU's
in a larger group, which was subdivided into sub-groups.
Irn the larger group similar sub-groups were . noted for
p0TU s 3 and &3 % and 36y 22 and 263 13, 18 and GZO; 10 and
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19; 2, 1i, and 28. In all three instances ceritain O0TU's
in the large grouping, were found outside the sub-groups.
Performing matrix correlation tests on the data it can be
seen that all the rough data are well represenﬁed by
Figuresz 21, Refer to Table 22 for the matrix correlation

values.

Table 22, Showing matrix correlation values.

DM 'S) rempved Matrix correlation value ()
nane 0.89514
I 1 0.70144
l 4z _ 9.89372
I i7 0.8887%8 l
I< 23 1 0.904651
l 1,12,17 and 23 . 0.84972
§
> ‘ - '
4
T - - I
i
e 167
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Sa.3 DISCLESSLOMN.

An  extensive survey opf the literature, v+. 8 two on line

searches and constant surveillance of current literature,

showed no publicetions dealiny with turf Cyrodoen within

the aims of this project. Nob reference was found to any

Celgctrophoretic work on Cyrodon . This being so, no truly

comparative discussion is possible with reference to the

literature in the electrophoretic section.

f limited amount of literature was Tound, that dealt with

the cytelogical and morphological and microanatomicail

sections of this project. Some comparative studies of

Cynodon dactylon and othe.  grasses was made by Stiff and
Fowell {1974}, Akin and hLurdinR"£1973) and Rogers et al.
{1976)., SLiff andrﬁuwn3§ il??{} cﬁmﬂarvd the stem anatomy
of 2¢ ‘QEIEEtiDHS of . .

turfgrasses using light micragcopy

and found three types digtinguishabtie., Cynaodon was

classiftied as having multiple rings, and .was placed in
this categgria. Akin and Burdick (1973) investigated warm
ditferences in

SEA%0N Lpﬁrfgrnﬁxaﬁ for lignificetion

Ssites and micrnanatbmy. No hajor differences were found,

and although some of the turfgrasses could be categorissd

‘the Cynodons were broadly grouped together with other

turfgrasses. No divisions were made within

gtnuﬁ. " Rogers et al.° (1976} used scaqpinq sinctron

micrascopy to show differences in
of rhizomes  and stilons of Zoysia Jépanicacﬁ?gm Lynodor

dactylon . L. Here differesnces were Tound bntﬁﬁ\-}:wasia_

Japonica and Cynooon dactyion ., but once
catugorisation within the Cynodon genus itself.

"

the Lwriodon

the Ltissum componsnts

again  na



A number o©of auvthors have studied the chromosome numbers
aof Lynodon. For example Brilman ef al. {(1782), Forbes and
Burton (1962), Harlan et al. (196B), Harlan ef al.
(1970), Hurcomb {1945), Moffett and Hurcombe (1%43),
Oureckiy (1963} and Tripathy et al. (1977). Cynodon was
found to have a diplgid number of 2n = 18, It was
voncluded by Harlan et al. (1970) that CLynogon is
difficult +o treat taxonomically and that no entirely
satisfactory classification has yet been Found. None of
these studies however examined turf LJyreodon. 1t thus
appears that no previous work has been published on

chromosome numbers in L arf Cynogdon.

In the cytogenetics section chromosomes were examined in
& very limited number of grass selections. In the five
plant collections that were studied, it was found that
the chromosome number was a constant 2n = 18. This could
give s general idea but noching -ororete. IT  this section
were to pe uwtilized to ithe maxisum, a more thourough
study of turf Cynodon genetics would have o be dono.
This could inglude chromosome counts, as wekl as
chromosame morphology, for example by using éénding
atains such as Gipmsa 3u¥azn1ng. This was not within the
scope  of this pﬁbject however, but would be interesting

I

foar furthargftudyn

in the morphology Smd microanatomical seatiaﬁ the numbar
of characters ussd was, once agein limited by the aim of

this proiect, which was to 'fin#aa quick and simple means

of :haracteris;ng turf Cynodan.\ Featurqﬁ such as salt

‘glands, togetter with uluctrun dszractinﬂ aralysis of x~

rays would mnku an int:rnstlng study, hpt mﬁy be too

“?-spe:iaixuud :ur mere :h;ractnrinntlnn nf turf Cynodan

varigsties, Other featuras such 3] papillne cmy xiso  be

109



too specialised for a study of this type.

In the electrophoretic section +the usefulness of the
enzymes should be investigated before use and only those
of importance selected. It would be of further interest
to discard those in this study that were given a rating
of fair, ond osing orly those with a good rating in the
N"sys computer package, to ses if tHe plant collections
could he further subdivided than the two main groups that
were clagsglified in this study.

Using the personal computer software package NYsys
gafinite patterns emerged separating the grass selections
(cellied OTU's when using NTays). The pattern that emerged
whan  combining the resulis was the same as that of the
separate results, where twoe main groups form, one large
and cne small one. The large group in all instances can
be further divided into subgrouwpings of OTWU's. The small
group that forms is the same in all  instances. It
consisted of OTU's 1, 12 and 23, which were Cynodon
cdactylon var. kweek of which UTUW's 1 and 12 were {from
Natal and OTU 23 from the Cape.  The smaller subgroupings
are not  identicsl but have marked similarities in many
instanves, for exanpgle OTU's 3 and 7, being £. dactylon
var. bayview and CO. dectylon var. cape roval , ars always
tound in & subgroup as are OTU's 4, 5 «nd &, being e,
dactyinon var. florida , and var. skaaplaa% respectively,
and OTU’s 10 and 19, being C. dactylon ver. duffy , and
var. marndy repectively, ard OTU's 13 and 18,

The charscters used in this study resulted in tﬁg
supnrnti&n "of +the gracs selections into twe main
graﬁpings one of wiich wan be  further divided into
subgroups. In the scale of this project this is as far as
thw cinssificntﬁan can be reconmanded.  Any furthear

1i0



classification based on subhgroups may noi give the
correct classification. This enables future workers to
take a Cynodon turf wvariety, gerform ti necessary
technigues and plate the grass selections into one of the
two groupings or to identify it exactiy with one of the
known varieties (that is one of those used in  this
prroject). In being able to do so the aim of this projfuct
is partially satisfied.

More technigques could be  used to characterise a plant,
not only the ones locked at in the scope of this project.
Caution is advised though, in that although many more
techniques may be available they are'nnt'all suitable for
the turf researcher wio wili use such techniques. Many
otherwise suitable techniques for charagterisation of the
turt Cynodon may be too time consuming or raqdiru
equipment that is not available, The eguipnent used in
this study is eaEily accessible, relatively cheap and the
chemicals :ommerciailksqvailgple. " ,

Sample size is of importance. In tﬁis scudy & homogenous
gample was important in ordar to clamsify the
furforasses. In many jnastances in this study xmall
samples ware ‘mollected from the place of origin, which
could mesn that a - 'de sample of ﬁhat specific grass was
not investigated. Nowsever, of the turf Cynodons that were
gxanined {(tc the suthor's knowlesdge), none of thi samples
produced 'viub;n semds angd some did not produce any sesd

- at all (they dnly reproduced vaq.tltivgly). 'Iﬁ mowt casek

the qrhun in guestion was ramoved from gol! course ygresns
vwhere the grass. wan:vigctgtivcly derived from & small
genstic pool, hmaogenocus in . origin, Tukinb these two
tactore into cnniiderltioh, samplinu‘au'dnn- Yin this work

'_shnqld';pvtr all the grass typss present in the selection

EXE
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chosen.

Ancther problem that will have +to be overcome is that of
Cynodon turfgrass paming. This was found to be susgect in
2 number of cases. For example OTU's 1; 12 ard 23, all C.
dactyion wvar. kweek , were qrouped in an entirely
saparate group +to the rest of the OTU's and yet there
were & number of L. dactylon var. kweek samples found in
the larger OTU grouping.
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SIFPPENDGEIX Ao
Directions for use:
1. Fungirnex. For orpameritals and cultivated lawns: iB5ml

per 10 000ml water.

2. Malathion 50. For ornamentals and cultivated plants:
13ml per 10 OQOMI water.

AFPENDIX 2.

Formalin acetic alcohol.

70% ethyl alcohoil _ 0m1
qugial aceiic acid Smi
Formalin ' Sl

f(Jnhansen 12401},

PIPENDIX 5.

Acatocarmine,”
Glacial acetic acid F0ml
Dimtillwd water | 110om1

i

Heat the gplecial acetic acid and the water to boiling
point. 'Remove the solgtion from Rhe heat and add jg of
certified carmin dvu. Cumi in ar¢1cn bax and decant. Add
a tew drops of an aquu&p! !alutiun of ferric acetate
until the colour is thet of dark wine red.

(Johansen 1980}, J
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AFPFPENDEIX 4.

Tertiary butyl alcohol series.

Total % alcohol 50 70 85 95 100
Distilled water 50 30 i5 - - i
3
?5% Ethyl alcohol 40 50 50 - 4% -
Tertiary butyl 10 20 35 55 75
alcohol
o4 Ethyl - - - - 25
aleohol

_(Jaﬁanaen 1940).
AFPENDEX S
Gl and t?ay buffer recipes.

1. Lithium borate pH 8.3,

Tray buffer Gel niffer
N 0,19 M boric eacid 0,05 M tris
! 0.08 M LiOH 0.007 M citric acid
PH 8.3 with LiOH pH B.3 with citric acid

Cal buffer can be made up by diluting the tray buffer at
A4 ratin 1 1 9 with distillied water. (Shislds sf al.
U“J- 933’ " . ) ) : W . !

2. Tris citrate pH 7.2. F N o
Tr“'.' bt f.r : N Gel bLutier

0.223 M trim ' D.008 M tris
1 . o : L.\l\
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0.069 M citric acid 0.002 M citwic acid
pH 7.2 with SN HClL. pH 7.2 with SN HCL.

The gel buffer can be made up by diluting 3I5ml of the
tray buffer to 1000ml of distilled water and pH 7.2 with

SN HEC1l (Soltis ei sl. 1983).

3. Tris EDTA borate pH 8.4,

Tray buffer Gel buffer

.18 M tris 0.04% M tris

0.004 M EDTA - 0,001 M EDTA

0.1 M boric acid 0.025 M boric acid

pH 8.6 with boric acid. : pH B.6 with boric acid.

LA
s e

The glfa#§¥f§r carn be made up by diluting 250mi of the
tray buffer to 1000ml of distilled water and pH B.6 with

‘byric acid {(Soltis <t af. 1983).

4, Tris citrate pH 8.0 ~ HB.35.

Tray buifer Gml buffer
G.135 M trie 0.00% M tris
Q.0%2 M citric acid 0.002 M citric acid

pH 8.0 with 3N HCl. pH 8.5 with BN HCY.

The gel buffer can be made up by diluting 6&7ml of the
tray buffer to 1000ml with distilled water and pH 8.5
with BN HCl (Soltis et al. 1983).

5, Tris smaisate pH 7.4. “ ' \
Tray’ buffer . Gel bufter
0.4 M tris g 0.008 M tris
0.1 M malwic acid 0.00% M maleic acid
Q.01 M EDTA ’ 0.000% M EDTA

0.01 M MgCle 0.0005 M MGCla
' 128 '



pH 7.4 with NaOH pH 7.4 with NalOH
The gel buffer can be made up by diluting the tray buffer
1 1 19 with distilled water and pH 7.4 with NaDH {Brown

et al., 1978).

6. Histidine citrate pH 3.7.

Tray buffer Gel buffer
0.040 M L~ histidine ¢.009 M L~ histidine
V.02 M citric acid 0.003 M citric acid

pH 5.7 with cifric acid pH 5.7 with citric acid

- Yhe gel buffer can be made up by diluting the tray buffer
1 : & with distilled water and pH 35,7 .;ith citric acid
(Shields of al. 1983).

SIPFENEDIX &S

Enzyme stains.

i. Acid phosphatase (ACP),

- 100ml1 9.05 < 0.2 M sodium scetate buffer
. {pH 5.0 ~ith NabH)
0.8 ml 1 M MgCly
Sml ~ acetone
iOOMQ . a -napthyl acid phosphate
80mg F:at Barnet GQC Salt |

Dissolve the a ~napthyl ac:taﬁ% phasphate in the aceione.
Store in the dark wuntil bands appuar (Scltis et al.
1983). .

E
it

2. Alcohol dbhrﬁruqtﬂtlu {ADH] . _
100m] : Q.1 M tria {pH 8.0 with NalH)
Bm) 9% athyl alecohol
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20 mg Nab

Hmy MTT

2img FPiss
Stowrr in  the dark until the bands appear (Soltis st al.
1983).

3. Hldolase (ALD).
100ml 0.1 M tris (pH B.0 with NalOH)

30mg NALD
30mg MTT
10mg PMS
izou Plyceraldehyde 3-phosphate dehydrogenase.

Store in the dark wuntil the bands appear (Shields et a7,
1983).

4, Catalase {(CAT).

Bml _ 3L hytdrogen psroxide
7ml 0.1 M phosphate buffer (pH 7.0}
78ml digtillied water

Incubate the gel slice in this solution at rcom
: temper-ature in' the dark for L to 2 hours. Pour off th@
rinse and add the following solution, staining in thﬁ
iiqht uritil the bands app=ar. :
50mi 0.0 R KI
s0ml distilled water
Wiite tands will appwar onn  the dark blus background. &
couple of drops of glacial acﬂti: acid will induge
staining. (Boltis et #i.1983)}. . ‘ ‘

3. Exterase {(EGT).

100m} i © Q.1 M phosphate butter {pH 6.0} _
%ml " acgetone . . . H%.
A40my - a-napthyl ‘acetate ) ' ; .
- A0mg h:‘?ﬁ*nupthyl acetate
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100mg Fast Blue RR Salt
Dissolve the B-napthyl acetate in the acetone before
adding to the staining tray. Store in the dark until
pands appear (Solitis st al. 1983},

&. Glucose a-phosphate debydrogenase {(G&PDH).

100m1 G.1 M tris (pH 7.5 with NaDH)}
iml 1 M MgCla

40myg giucoss 4—phosphate

15mg NADP : .
20my MYT ' '
aAmg ' PMS

Store in  the dark until the banda appear (Soltis ef a2,
1983}). '

7. Glutamate dwhydrogenase (GDH).

160ml : Col M trin (pH 8.0 with NaOH)
Z0ml w1 M L-glutamic acid {(pH 8.9 with NaOH)
20mg ~ NAD - '
, iomg MTY
2mg PNS

Store in the dark until the Dands appear (Boltis % al.
1?83} P ’ 4 g . . . s

8. Blutamate oxaloacetate transaminase (807).

100m} 1M otris (pH 8.0 with NeDM).

100mg _ Le-sspartic acid

100my | a~kwtoglutaric acid |

5@#-' ¢ pyridexal S-phosphate o
1000y T Fast Biae S Salt ' a '

‘Btore in the dark until the bands sppear (Soltis st &f.

hul
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7. Hexokinase

100mi
Sm1l
90myg
40myg
i0mg
2%mg
1i%mg
2mg
40U
Store in
198%).

4

{HEX) .

0.1 M tris (pH 8.5 with NalOH)
1 M MgClix

glucose

EDTA

NabDpP

ATP

MTT
PMS L
Slucose &-phosphate dehydrogensse

“he dark until the bands appear (Soltis et al.

'Y 10. Isocitrate dehydrogenase (IDH}.

- 100ml
5ml
100mg
10mg
13mg
2mg

1M tris (pH 7.5 - 8.0)
M Mgl

isocitric acid

NADP

MTT

PMS

Store in the dark until the bands appear (Bnltis et af.

1983},

11. Malate dehydrogenase (MDH).

Fomi

10mi
i0mg
- 10mg
2mg
Store in
1983).

12. Malic snzyme (ME).

FOml

1M tris (pH 8.0 - 3.5 with NaOH).
2 ™M DL~ malic wcid (pH 8.0 yith Na(lH)
NAD ' - ' '

MG

the dark until the ban&l sppear (Boltis w»i al.

%%

1M tris (pH B.0 - 8.3 with NaDH]
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10ml 2 M DL- malic acid (pH 8.0 with NaOH)

2ml 1M MgCl=
20mg NADP

20mg MTT

2mg PMS

Stpre in the dark until the bands appear (Soltis et al.
1983).

13. Peroxidase {PER)}.

FSmi 9.1 M serdium acetate (pH 5.0 with NaCH}
aSml dimethyl formamitde

2m1l Q.1 M Calla

2l ." 3% hydrogen peroxide

65mg 3~ amino 9- ethyl carba~ole

Dissolve the 3~ amino %- ethyl carbazele in the Sml
dimethyl formamide bmfore adding to the staining tray.
Stain the gel in the dark  until bands appear {(Soltis et
al. 1983}, Tl

14. Phaspnoglusoisomerase (PGI).

1C00ml .1l M tris (pH 8.0 Nith NaOH}
TS S LM MgCla
30mg fructose &5~ phosphate
10mg NAD
20mg MTT _
2ing PMS o
aou ‘glucose &— phosphate degyhrogenass e

Stain the gel in the dark until bands sppear (Boltis ot
al. 1983)._} *
' kY

15. Phuuphaqlucnmutaal (oEM) ., - V.
iCOm1 | Q.1 M tris (pd 8,0 e.s uith HGDV/
-2} S 1 % Mglla :
o $Osmg glucose i~ phosphate
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10mg
1Cmg
Zmg

&0H

NAD
MTT
PMS

glucose 1- phosphate dehydrogenase
Stain the gel in the dark until the bands appear (Socltis
et al. 1983).

14, b-'Phnsphngiuconate dehydrogenase (&4PBD).
0.1 M tris (pH 8.0 with NaOH)

100m1
2ml
40mg
10myg

10mqf

2mg

1M Mglla

&= phousphogluconic acid

NADP
MIT
PMS

Btain the gel in the dark until the bands appear {(Boltis’
et al. 19H3). . )

4

17. Shikimic dehydrogenase (5DH).
0.1 M tris (pH 8.5 with NaOH)
shikimic acid

100ml
190myg
i0mg

20mg

Zmg

NADP
MTT

" PMS

Stain the gel in the dark until the bands appear (Soltis
et al, 1983).

g
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CFFPENDE X .
CUTICLE THICKNESS.

iy

IPlant collection ‘Measurem ent Iﬁverage
Number
1 ]2 3 4 5
. 0.0}0.0 {0.0 {0.0] 0.0 0.0
2 o0lt.0 11.0 [z.0]1.0] 1.0
3 0.0li.0 {0.5 |o.s{0.5] 0.5
a Z2.0{2.0 }z.0 2.0} 2.0} 2.0
5 2.01z.0 {2.0 {z.0|2.5] 2.0
& t.0lo.0 j1.5 j1.3 t.0] 1.0 |
7 1.5{1.0 J1.0 J1.5 0.0} 1.0
g 1.0{1.2 {1.0 |10} 1,01 1.0
v 0.5)0.5 {1.0 {n.0lo.5! 0.5
10 t.0}i.0 J1.0 j1.0]1.0] 1.0
i1 0.910.5 {0.5 [0.5 | 0.5] 0.5
iz 2.074.0 |10 [2.0] 2.0 1.5
13 1.0{t.0 Ji.0 J1.0)1.0] 1.0
14 . 3.5]1.0 11,0 k.73 1.0] 1.0
. o
15 ©.3}0.5 Jo.5 Jous {05 0.5
18 0.3/0.5 0.5 Jo.5 0.5 0.5
17 fo.2870.9 fo.78jo.2]o0.5] o.5
18 2.8j2.0 {z.0 2.0 2.0| 2.0
19 2.0{z.0 |z.0 [z.0}2.0] z.0
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lPlant. collection Measurem ent Iﬂver‘age
Number

2b - 2.5{2.0 {2.0 {2.0}1.5{ 2.0
21 1.5§1.5 {i.5 1.5 1.5( 1.s
22 2.0|2.5 |2.0 |2.0] 1.3 z;o
23 2.0f2,0 12.0 |2.0] 2.0} Z.0
24 1.0{0.5 [0.5 |0.5]|0.5|] 0.5

- _
25 0.58l0.5 0.5 |0.5{0.5] 0.5
24 2.0|2.0 {2.0 2.0 ] 2.0 é.o
27 0.0[0.0 10.0 jo.0 0.0 0.0
28 1.0{1.0 (1.0 J1.0]|t.0] 1.0
29 | 1.5]z.0 |2.0 {2.5 | 1.0] 2.0
30 2.0)2.0 |z.0 {2.¢ 2.0 z.0
31 3,0l0.5 lo.a lo.5}0.8] oO.5
32 t1.0ft.0 11,0 {t.0)t.0] 1.0
33\ “ 2.5{1.5% {2.0 {2.,5} 1.8 2.0
34 a.0f0.0 |@.0 o,.f’b 0.0] ©.0 i |
35 2.0}z.0 {z.0 ?ﬁt.c 2.0{ 2.0 I

!w" 36 0.0{0.0 |o.o |0.0 0.0| 0.0 I
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AFFPENDIX 8.

;i
BUNDLE SHEATH NUMBER. §
3
lF‘iant collection Count Beerage :
- Nuinbar
1] 2 3 3 5 3
1 12 112 | 12 |12 {12 | 12.0
z 8 |9 8 a 9 4,5 ;
3 g | @ 8 a 8 8.0
4 9 1% 8 a 8 8.5
5 717 a | 7 7 7.0
& g |9 9 8 8 B.5
7 9|8 g | 9 3] 8.5
g g |8 9 8 ) 8.5
9 61 a & |7 7 6.5 |
10 sl |9 191 2] 90 l
| T 11 gala-1l9o |9 8 a.5
oz le v ]88l 7] a0 -
T 707 (e ]9 el so :
' I 14 wlwwte { 9] 9] 9.8
i . i vl7 {7z {7 {7 ¢{ 7.0
T 14 gsj919 o] o] 0
| 17 7 |7 a« | 71 & 5.5 I
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18 10 | 10| 10 |10 |0 [ 10.0
19 & | 6 s | 6 & &.0
20 sjle |8 8 8 8.0
21 e lit {9 {11 |10 | s0.0
22 817 g 7 7 .7.5
- 14 | 1a | 14 114 j14 }14.0
24 7 | 10 | @ 2 bio | 9.3
i 25 10 {10} 10 [10 |10 }i10.0
26 "t sls |68 8 @ 8.0
27 e|{8 |8 9 | < 6.5
28 T ele |8 |e g 8.0
29 717 |7 |7 {7 ] 70
. glw]|s {7 {10 ] %.0
T & le | o & & 5.0 I-
- 32 7 l7 17z 1721 71 7.0
ss | e9fe |e |9} 9] 90
34 . lele e |a}]e]|eo
35 0. 6 [as jar]oarfis b | 11,0
36 tle |6 | 5] e 55 I
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AFFPENDIX 9.

BULLIFORM CELL NUMBER .

{

n
il
o
I

i39

|P1aﬁt collection Count | Inverage_
Number -
2 3 2 5
1 P & 5 & &.0
2 7 7 & & 5.5
3 & & & & &.0
4 & b 64 & 6.0
5 & & .b & 6.0 |
& 6 o 1o/l s 6o
i 7 ) 7 17z 17 & 6.5
'L - A ] 3 L] 4.0
| 9 & & & b 6.0 |
10 4 7 g 5 | 6.5 I
11 s |5 | 5] 51 s.0
‘“ 12 & » 5 { 5| 5.0 I
'i 13 a2 s |a{ al) a0
@l 14 s {sls{s] s.0
:lﬂ 13 s {s |s]| 5| so
:5 16 s |5 {33 1|s 5.0
17 6 [ | 6] s} 60 I
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Plant collection Count Average
Numbear
18 4 | 4 3 4 S 4.0
19 sls |2 |5 | 6] swo
20 5 | s 5 s | 5 5.0
21 5 | 5 5 s | 5 5,0
22 & § s 5 & 5 | s.3
23 3 § 4 4 a 4 | 4.0
24 65 | & 3'01 3 4.5
25 3 4} a4 5 4 4 4.0 i
‘26 5 5 b 5 5 5.5
27 a1 s & & &t a.o.
| = | e}a | s lo| ol 60 |
29 343 3 3 3 3.0
" 30 sls Is s ] s} s.o0
31 NEERE 3 3 3 3.0
; {7 a2 cle lelalol] eo
33 e s |6 te & 4.0 l
“ . 34 1 & & | & & 6 8.0 I
| 39 {1 6l a & {6 & &.0 I
I_ 34 ' 6 { & & & & | 6.0 !
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APFPPENDI X 10.

EXTRACTION BUFFER RECIPES.

1. Tris - HCl grinding buffer.
0.001 M EDTA
0.01 M KC1
0.01 M MgCla
40% weight 1 volume PVP 40
25m1 O.1 M Tris pH 7.5 (with HClL) ‘

Btir into solution or allow to hydrate overnight. pH the
salution with HCl. This solution can bhe kepi in the cold
room for 3 ~ 4 weeks. _
Just before USH, acid b &4 volume : volume 2-
mercaptosthanol, ;

(Soltis st al. 1983).

2. Phasphate grinding buffer.
0.029 M sodium tetraborate
0.017 M sodium metabisulphate
0.2 M L~ ascorbic avid sodium salt
0.014 M diethyldithiocarbamic 2cid sodium salt
25ml 0.1 M phomphate buffer pH 7.3

Stir intg solution.or allow to hydrate overnight. pH the
aglution with HCi. This salution can be kept in the cold
ruqﬁ for & « 4 wanks . Just before use, add 1% volume 1@

143
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volume 2- mercaptosthancol.
{Soltis et al. 1983).

3. Phosphate grinding buffer I1.

0,00274 M sodium metabisulphate
0.00584 M dimthyldithiocarbamic acid sodium salt
0.00337 M dithiothreitol
0,005 M ascorhic acid
0.0423 M Naax HPOs
0.21 M sucrose
C.001i35 M EDTA modium salt
8% weight ¥ volume PVP 40
100ml distilled water
Stir into soiuvtion or aliow to hydrai® overnight. pH the
sniution with NaDH. Just before use, add 14 volume 1
velume 2- mercaptuﬂthanal. '
. (Soltis et al. 1‘?83}{:.
_ ) _ E_
4, Tris - H{1 nrindfﬁh buffer.,
0,1 M tris pH 7.3 (with HCI)
©.01 M KC1 |
0.001 M Mgiln v
0.01 M EDTA )
V.l M amcorbic adid

20% weight 3 vaiura PR 40

ks
_ _ . ;
Btir into soliutioni pH thp solution and juntﬁ@!fura usme
adgd 1% volume 1 volume 2- ﬂarcng}u&thnnnl. (Bhiwide »f

14z
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al. 1983).

5. Tris maleate grinding buffer.

0.2 M sadium tetraborate

0.02 M sodium metabisulphate

0.25 M L~ ascorbic acid sodium salt

0.0246 M diethyldithiocarbamic acid sodium salt
0.1 M maleic acid

C.1 M tris '

4% waight 1 volute PYP 40

Btir into salﬁtiqn or allow to hydrate overpight. pH the
solution with HCl. This solution can be kept in the cold
roon for 3 - 4 weeks. Just before use, add 0.1% volume
volume mercaptosthanol. {(Soltis of al. 1963).
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AFFENDIX 1L .

RAW DATA MATRIX
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Plant 1l 2ls(af{slal7! 8| 910 {1112
collection
I Number
I i 9.0 1,0p.5 [2.0(2.0{2.0]1.0] 1.0] 0.5/ 1.0f 0.5} .5
I 2 s{s|si{slsl{s{s]s]s|s]s]s
| 3 alololololecjolo]lo|lololo
4 tof{sls jel7lele]lal]eliz|ajzo
: 5 12.]9.58.0 B.817.0l2.5|8.5 8.5| 4.5 5.0} 8.58.0
' l b 6.0 6.55.0 |6.0 |6.0]6.015.5] 4.0] &.0] 5.5] 5.05.0
I 7 o] ade Jeleladlel el el els
‘ B ol 1fs jeji]airlofaf atajo
9 2] als |6 1719 5jioleo] al z]s
10 slafzlalzfelz]slelz]ils
i1 sl tlz]efsisfeloflzala]i]o
12 sl slzlslalz]slz|s]a]zls
13 1] slafsjajals]ofs]z}z]s
14 ol s e lelelefe]elalaltlo
15 ol oo 1ttt loetolofo}ato
14 ofsfe s |ela]s]e]sfu]zio
17 olojoajelz]lofolo]ofolo
- 18 s{ajsiza]z]s]=z] ezl s 4? 5
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Paant il 213 ta|slet 7 B8 9710 |11 ]
collection
Number
I il 1]z lslsle]elelalz]
| 20 of1]r jifzisf1lafs|s]s
21 s{s{s e tzlafz)vz]eals]
22 1{3f1 {11t 1] s 21z
‘ 23 7l ejr |1j2]s EIMEIE
24 1alslajilz]2]s]2{2]z2]a
I 25 2] 21 .1 il 211} 2
26 | .a ibi 2421 +r] 4§ 1] 1] 4} 4
27 el zle j2f2l3]afl2]s]2]s
- 28 |l 4§1 |2 -3“ 1|a]sliefrol s
29 1t atfr j2i2l2t1i2]2{3{z
| 30 sty afs o jsf2tzizlifziz
l 3 sy 2l j2)z2ls)s]lz}z2]z2]cz
I i
RAW DATA MATRIX !
Plant 33 [aa 1) 2al17 {18 |19 |20 |21 [ 22 |25 | 24
coliection | -
Number
1 1.0f 1.00.50.5}0.5]2.0{2.0] 2.0] 1.5 2.0{2.0p.5
2 spsjssfs|{syisf{sfs}s]s :s
3, ol ojojojojojolojofof7 o
e



Plant 13 114 .15 16§17 |18 19. 20 |21 {22 {23 | 24
collection
Number

s5.0| 5.5} 4.0B.5

W~
-
ot
o
[y
s}
a
[
[
pa
[
Y
[

™
[
-
poa
O
[
oy
Ll
[
|
Nl o
[

NI >

10 1

| -] 4 5 P.0{5.0}6.014.0]5.01 5.0

" 11 3l zi2 s lojz]3s)13]2)s]o
12 slzfjz s f{1|2]2)4]3]4a]z
| 3 41 214 131143212121 3] 4]0
1 st Jajodtafil sl o
' 15 1] o ;3 ofojaglofofajojo
16  § 1} 2 Isfobtaslaslals|[slo
47 tlojolefololojofzfelo
1 “u1s 5] alz s sjals|s}alafas
b 71 Istafulafalsiafsls| 8]
.20 tfsjs Jeystejerajrlafo

"y sf1ole fo |6 o frofar ] (KL
b BN - i BN ENENERE 1 zl sl
25 f1id17]ie]1a] 15‘_'-:-'1;5;;13 17 118 |15 |18



I 22 1t s jariaralz) ] 24 1'21
L .

23 iy f17 f1ef 14} o faz {13 117 {18 }15 {18 )16
28 al1felelslajzisalsfz]s]z
.25 -3 B2 B U EE O -2 BN O - -1 -
"za 1l e eyl afals

27 2l 2lzlz|3}zjz2]2z2]3]ea}s3

§ ze 12 {s7 {1ef1ofeo {8 | a {19 | 4 {13 |20 |14
7 ] -
29 {ijz2lejays)afpsfizlayz]i]s
so |stzisfas]z]stzie|s)z]s]z
I 11 stttz fjaj221vfa]2]alz
i
AAW DATA MATRIX
Prant 123 126 271 o6i2s IS0
collsction o
“Number "
. ¥

1 0.5{2.0p.0 i.0|2.0]2.0

2 s sjs is|3sts
O Jotelojoloe}o

'y , ? 14 ot &

s faofe. + s B.o}7.0}%.0]s

& fe.o|s * r ois.0in.0f

. T S
@ ke = ;{\\ . i

I i ' 3..'."ju ) .
i . {'i
s
£ AKY
ot
¥ .
e, - —————e T "u/ﬂ/..",v_ "1. . .. S
T oo P—
g ' v
Loeno e 7
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34 |33 |38
20 122 {23

i,

i

21

SLf

33

3.

&

18

&

M‘u

g

s

1l tey
]
vy

ek

i

i

3

4

25 [2a 1271 28l29 |30 [31 32

16 b1 ]s

I

Numbgr
i1
12
14
16

)19

23

Plant
collection
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26

L 4 §22 18
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Flant P {val27f 2829 |30 {31 132 |35 134 135 |38
callection ’

‘Numbir
27 2lelslstz]z{s]z2fa|7]a]s
2 sfzile 7]l e a1z B} al22]e
29 2 ufs Jejaf2]s)s)af )i
0 11l ilzlalaslzlelz|®] 2|9z
%0 i et J2trl2lilzlal 2] 1]

In the; table columns = the plant collection number and
rows = gata examined, see key below. i

KEY: 'No. ! = cuticle thickness, 2 = nu@bnr af large
vagcular bundies, 3 = number of medium vecul)r bundles,

4 = number Hf small vascular bundles, 5 = average number
o? bundle sheath cell around main vain,f b =  average

‘nusber of  bulliform cells, 7 = papillas presence or

absence on upper surface, B = papillae pressnce or
ahslﬁce on lnuir surface, 9 = papillae pngtafning, 10 =
papiile density on upger surface, 11 = papillae density
on  lower surface, 1) = papills structure arpund stomata
and guard <cells on  upper leaf surface, 13 = papilla

structure around st~mata and guard cells on  lower

surface, 14 = presence or absence of hairs on upper

,;urficn; 15 = presence or abssnce of hairs on  lower

surface, lé = hair types on upper surface, 17 = hair
types on lower surfacw, . 18 = epidermal cell wall
structure, 19 = lmat profile, 20 =< vascular bundle
distribution, 21 = ACPF patterning, 22 ='ADH patterning,
235 & EST patterning, 24 = BDH patierning, 25 = IDH
pattwrning, 26 = MDH patterning, 27 = ME patterming, 28 =
PER patterning, 29 = 4-PGD patterning, 30 = P&l

o | | 149
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patterning and 31 = SDH patterning.
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V = shaped with siraight arm
ends and Jafinite midrib.
IFo-

Wide ¥ ~-ghaped with siraight
arm ends and definite midrib.
A . ‘\J :
;‘Iégjlshuga;i yith curled arm
ends and gefinlie midrib.

U = shqped, no definite midrib
" 'and_sf%gh{ grm ends.

i

‘ - U —~ shaped, ::w dafinite midrib
and curling arm ends.,

° Straight leaf, no definite midrib

and stradght leaf arm ends.

oo
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