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ABSTRACT_

The genus Cynodon within the Chloridoideae of the P08ceae
is a small genus. Gynadon 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 uniform entities which are difficult to
distinguish at the cultivar level. Methods that are
traditionally used in cultivar identification vary
depending on plant type. Currently identification of turf
Cynodon cultivars is based on morphological,
physiological and cytological charaters. Althougti these
methods 01 cultivar identification are satisfactory, they
are not ideal, as the tests are fairly time consuming and
some of the phenot.ypic differences are difficult to
measure.

The aim of this project was to find a means of
charac:tari.sing the turf Cynodon in South Africa titthe
fiub$peci.$ or cultivar lllvel. It wa~ hapad to ~~hi.ve
this bi noting anatomy and morRholo~y of the grasses, and
to us. alectrophoresis in conjunction ~"ith chromosome

• iicytology, to .x.min. the ph.notypes o~ tn. r.pr·.s"l!nt.tiv~
varieti ••• Th. Qoal of this project W~~ to estAblish •
relativfltly simple and tim. I$illving..y.tltm wh.,rlt by turf
Cynodon could be identified in the futu,••

In the cytological ••ction a lim!ted ",.&Rtb.r1:31 gra.s
•• ,yec tiona w.r,w eXiilMinll,f'.. h~ tho.. .>I~lJIiheda canstant
chromo.ome number ofl(2n ..19 w•• i'!Iund.
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The data compiled in the morphology, microanatomy And
electrophoretic sections was analysed using the personal
computer software pac~ag~ NTsys. Data was analysed within
the specifi~ section, as well as the combined data~
Definite patterns emerged separating the grass selections
i~to groups. Two major groupings occurred, with the
larger of th~ two groups breaking down into smaller
groups.

From t~is study it was found that, by using the
techniques in this projec't, Cynodon turfgrasses could be
classified at a subspecies or ~altivar levelo More
characters would have to be included, however, to make
the cl'ltivar identification valid at the level of
indivi Jal selections. The original naming of th.." cvncidon

selections was found to be localized, and probably
inaccurate, this made the evaluation of classification
results difficult.
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.:l.. _ ~ INTR:ClI:JLJCTIc:Ji'I_

The genus Cynodon within the Chloridoideae of the
Poaceae is a small genus comprising specLes which are
highly valued as both forage and turfgrasses~ CynodDn

species are among th~ most widely used warm season
hJr-fgras;r:;ssin the world. ~he '\:~rm I '~urf Cynodon"

includes various cultivars not necessarily frum the same
spec-:ies(see pp 8 - 9). The turf Cynodon varieties are
used extensi~ely
because of their

for
good

sports fi~lds and home lawns,
drought resistahc~ and good

their high density and goodrecuperative potential,
colour (Beard, 1973).

Due to modern plant breeding efforts, cultivated plants
develop towards unitorm ~ntities difficult to distinguish
at cultivar level. l'he classification of such plants
should ~learly reflect genealogic relationships and must
be able to meet the remodelling caused by plant breeding
progress (MacKey e t: al., 19BB)e Cult~ tar as an additional
rank for cultivated plants must be given a fundamental
role, although in practice cultivars are grouped by open
sY$tems to give the nec~ssary flexibility_ Already,
country of origin and y~ar 01 release are used as an easy
way to accomplish some kind of numerical taxonomy, but
this does not present a very sound basi~ for
identi f ieation. Use of authorised gene sym." ~ in
combination with classical characters should present an
acceptable compromise in cultivar ranking. M~thod5 that
are traditionally used in cultivar identification vary
depending on plant type. Currently the identlfication of
Cynodon cultivars i5 based on morphological"
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physiological and cytological characteristics such as
leaf colour and texture, shoot density, growth rate and
habit, colour retention, smog tolerance, chromosome
number and low temperature hardiness (Beard, 1973).

Although these methods of cultivar id~ntification are
satisfactory, they are not ideal, as the tests are fairly
time consuming and the minute phenotypic differences are,
in som~ c~ses very difficult to measure. They are also
often otscured oy modification$ induced by different
environmental conditi~js. In order to meet qualifications
suitable fo~ cultivar identification, taxonomy of
cultivated plan~' must be more anticipative, less
hierarchical and ~'low open classification systems at
base level. Taxonomists should consider that knowledge
accumulated around cultivated plants to a large extent is
provide') by non taxonomic specialists. These researchers
are also the main users of the particular taxonomic
schemes. They demend schemes which reflect genetic
r~lationships and discontinuities; that is to indicate
the different accessibility within a potential gene pool.
An ideal scheme must be flexible enough to anticipate
~enetic remodelling events (Watson et sl. 1985).

In th~ pa~t three decades a new technique for laboratory
cultivar charAct~.risation has been provided by the
analysis of plant' proteins using various forms of
electrophore~is~ The electrophoresis of direct gene
products allows' the researcher access to the genome of

the plant. Together with morphological techniques, such
an identification of cultivars could be of qreat use to

IIboth the producer and Con5~~.r.

The aim of this project W46 fo 1in4 a mean. to
2



charactErise thE! turf Cynodon in South Africa at the sub-
species or cuIti val" level ~ It was hoped to achieve this
by using the classi!al means tor cultivar identification,
first by noting the ariatomy and morphology of the
grasses, then to use electrophoresis in conjunction with
some chromosome counts,
representative varieties.

to examine th~ phe~otypes of

The objective of this project is to estab~ish a

relatively simple and time saving symtem whereby turf
Cynodon can be i,",lentifiedin thE" future, combining the
above mentioned methods.

3



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 chromosomes, to examining the
morphology of the chromosomes at various stages in the
cell cycle.

Chromcsome 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 squashes ~re
usually the root tips. In order to examine chromosomes in
this region, freql.lentsquashes must be done to ascer·tain
the time when mitosis occurs in order to examine the
chromosomes at identifiable tages in the cell cycle. In
the reproductive organs within the inflorescence, anther
squashes are examined to find pollen mother cells for
counts of the meiotic complement of the plant. Most of
~, .! cytolog t.eal work done in the past on Cyrtodon has
been done in conjunction with other taxonomic studies in
an a.ttempt to !'.i!cl,,",ssifythe genus C:ynodon (TripAthi lit

e l ; !.977) •

In this study th9 aim is to astabliah the chromosome
number of turf Cynodon

used since many of the
complet.ly ~t.rile and

varieties. Root tip squashes are
turf Cynodon varieti~s are

reproduce vegetatively (Burton,

4



1969). In come cases when pollen mother cells do occur
pollen is aborted; it should be notRd that chromosomal
variations can occur, accounting for pollen abortions and
making chromosome counts unreliable.
are considereo since the

Chromosome
results

counts

cytological study
importcmt
will be

of the
compared with those of other

of theworkers and will aid in the interpretation
electrophoretic results.



Chromosome number and basic
previously been studied in
(1982), Oureckly, (1963) and

chromosome morphology have
Cynodcm.

Tripathi
Brilman

e i: e I ,
e t: c11.

(1977)
studied
Brilman

chromosome r.1orphology in Cynodon

et al. (1982) studied diploid clones of
species.
Cynodon

dactylon to determine their pachytene morphology.
Pollen mother cells were collected and stained using
standard
length and

acetocarmine squash techniques. Chr'omosome
arm length ratios, relative length and number

centromeres were noted. Little variabilityof prominer.t
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~~: w~o worked on maize.

Three species of CynocJor were cytologically studie'o by

Tripathi et al. (1977). Three species of Cynodon

Cyriodon aec tiv l on ; C. er-cue I ue and C. nlemfuens.is wer"e
studied ~ith a view to ascertain the extent of
morphological variation and the evolutionary tr~n•.s in
the genus. Standard acetoc~rmine staining procedures were
us~d ~nd pollen Was used as a source of plant material.
Hybridisation was attempted between C. ;an::uaJus anu
C. dactylon rR.ulting in the ~ermination and growth of
hybrid seedlings. These hybrids were cytogeneti~ally
investigated. The triploid hybrid was male sterile and
when back crossed yielded ~eedlin9s with different
chromosome numbers to the parents.

II

Harl~n ~~'.l. (19701, ~orb9s and Burton, (1962) and
Hurcombe, (1945) studied chromosoMe numbers in various
Cynodon species. Acetocarmine was used as the stair.
Both pollen and root tip materiel were u~ed AS plant

6



material. Harlan et al. (1970) did a biosystematic
analysis of Cynodon • It was found that in all crosses
between diploid taxa, the most common configuration was
2n = 18 (in pollen mother cells). The most common
configuratiQn in triploids are 9 pairs and 9 univalents.
Chromosome pairing in tetraploid hybrids was found to be
var"iable. Harlan e t: e I , (1970) pointed out that Cyrmdon

is difficult to tredt taxonomically and that no entirely
satisfacto~y classific.ation has yet been found.

Forbes and Burton, (1962) studied chromosome numbers in
Cynodon dactylDn using root tip smears. They found the
chromosomes to be small and in order to make the
chromosomos more visible, a colchicine pretreatment was
used. Chromosome numbers of 2n = 18, 21 and 36 were
observed. In hybrid plants, in most casEs, the chromosome.
number was found to be 2n = 27. According to Harlan et
al. (1970) these plants were triploid and nDt diploid.
There seems to be little doubt that the basic chromosome
number for Cynodon is n = 9.

One must however be careful when looking at polyploids,
as there may be unequal crossing and the cells resulting
will have different c"romosome numbers. Moffett and
Hurcombe (1943) fOund chromo.ome counts of 2n = 26, 27,
and 28. No mentio~ has ~een found in the literature on
any cha~ge5 occurrin~\ in the chromosome complement with
change. in th~ environment.

7



It was not in the scope of this project to study the
chromosome numbers of all the grass selections. Thus ~ive
selections were chosen, and f:;>xamined.The five plant
collections that were chosen were:
Table 1. Cyrtodcm selections for chr-omorrome study.

1 Na.tal Kokstad Golf Club 12-02-1988 Cynodc:n

dac:tylCX7 v.ar.
floridtiM

.", ... .-.
8 Cape Milnerton Golf 17-01-1988 Cynodon

,club dactylDf7 ~·:c'r.
kweek

10 Natal Pietermaritzburg 1.4-01-1988 Cynodoo

't:ountry Club ransv.aalensis

var. kweek~-
28 Transvaal (\IigelGolf Club 21-04-.1988 Cynoda7

dract.ylon var.

skraraplraiiJ5fYI'

34 Cap~ Graaff Reinet 26-02-1988 C},nodon

dtilCtylcn

wo Sources of chromosomes were examl.ned meloO, tic
chromosomes in anthers and mitotic chromo~omes in root
tip meristems.

2w3.1.1 Root tip QSrist ••s~
Small vegetative sections were removed from the main
sample, ~he roots cut away and
pot. containing 'Swurlit.' Can artificial tllbsorbent

8



'soil') and in darkened plastic bowls containing water
and 'chemicult' mix. The plants w~re grown in a
controlled chamber in the phytotron under the conditions
described (pp 11). After 1 month's growth, roots were
harvested over a 12 h period at 15 min intervals, from
06hOO to 18hOO. The roots were fixed in formalin acetic
acid alcohol (FAA) (Johansen 1940) until examined (see
Appendix 2). On examination root tips were placed in an
aceto carmine stain, squashed, heated, examined and
photographed using a Zeiss D-7082 compound microscope
(see Appendi~ 3) with camera attachment. llford PAN F 50
black and white film was used.

2.3.1.2 Pollen ..
Whe ~lant collections flowered, young anthers were
harvested and fixed for 4 - 5 hours in FAA (Johansen,
1940). This was found to ~~ quite difficult a$ plant
collections 8 and 34 did not flower. Plant collections 1,
12 and 28 did flowpr and the anthers were examined. No
suitable meiotic stages wer~ found and this technique was
abandoned for two reasonsl-

1. Not all turf Cynodon5 flower.
2. Many turt Cynadon ~ul~ivar. reproduce

ve9~tatively a~ the pallen aborts before
maturity. The p~llen aborts becaus~ of
chromosome .bb~ration ••

This being the cas_ chromo.om. numb.r. frum such 'material
would be inaccurate.

After
using ;II

iilceto

fixation pollen mother cells we,.e di••ect.d out
Zeiss disf&lIctinQ microllc::ope, aq.uash.d in iron

ctlU'mine and Itxam.i.nad unde,. the Zei". D-7082

9



2_4 RE:EiII 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 yi~lded the"following
results:

2.4.1 Meiotic counts.
Some of the ~ollections studied did not flower. Where
flowering did ~ccur no suitabl meiotic stages were
found. This method was consequently abandoned.

2.4~2Mitotic counts"
Good rewults were obtained in the five collections
.tucUed. A sui table stage (metaphase) was found to occur
btlrt"'1i!Em 06hOO and 06h20, and rOl:Jt tip squashes yielded
consistant results, that is all plants had a ~omatic
chromo.ome number compliment of 2n - 18. See Figure 1.

Figure 1. Metaph•••
plant collllctiOl,' 24
Club, Transvaal.

r.:hromoflOfa••
from N!Qltl
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2_ 5 D::t~Ic:::I'I

Five plant collections were chosen for this study. These
collections were chosen both for geographical and
phenotypic differences. As it was beyond the scope of
this project to determine the chromosome number of each
of the 36 plants collected, it was hoped that by choosing
the grasses showing the most divergence in morphology and
or geographical site, the cytological study would give
some indication of
for turf Cynodon

the representative ~·romosomes numbers
throughout Southern Africa, to see

whether there were simple ploidy level differences.

Resu1ts were obtained using root tip smears. The mitotic
metaphase chromosome numbers of these plant collections
were found to be the same, namely 2n = 18. These results
correspond to Forbes and Burton (1962), Harlan et al.
(1969) and Harlan et al. (1970), who showed that c.
dactvion and C. transvaalensis have a diploid
chromosome number of lS. These results suggest that at
least for these five collections, the chromo$ome number
is constant and thus the results for both the morphology
and electrophoresi~ will be based on at least a similar
set of loci within the genetic material. The reason for
this is that in Eome instances loci of a g~he are
duplicated and will sho~ Cvup in elestrophoretic
techniques, whereas no diff~r.nces will show in th~
chromosome numb"r. As the col11fc:tions selected ""fer.
I!t)ulmphlsshowinCj the wichlst phenotypic divergence and
g.ographic: sltparation and since only turf CynadCJl716 were
examinad, it 1. hoped, but not ."sumed that t.he...me
chromosome number will apply to the oth.r plant
collections.

11



CHAP"I"HR :3_

Electrophoresis is a fa1rly new techniq~~ 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 iso~ymes by Hunter and Markert
(1957), foilowed by the histochemical staining of the
isozymes has become an important part of research for
plant breed~rs, population geneticists, cytogeneticists
and developmental geneticists.

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

The popularity of using starch gel electrophoresis as a
tool of taxonomic identification stems from a number of
f~atun~s:
1. Ease of preparation
This applies to the pr'paration of both the plant extract
and of the starch gels. In thlitcas,1Iof CynC3f;Jon , crude
leaf extracts wer'.'!!found to lIiv.satisfactory results.
2. Visual results.
Electrophoretic hi~tochemical staining renders gp.ne
products 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
identification of specific cultivars
presence of ~ pa~ticular band.

mark~rs in the
by t.he absence or

The identification of cuItj-'ars is the charact£?risation
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 cultivar 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. Peroxidase, esterase, malate
dehydrogenase and its NADP derivative, malic enzyme cover
both cyto~olic and organelle reactions. These enzym~s are
however very general in their activities and very
abundant within plants. For example there are 24
different peroxida~e enzymes pre.ent in m.ize at 9 loci
found in the cytoplasm, microbodi •• and the chloroplasts
(Hamill and Brewbaker 1969}. The•• enzymes could b.
problematic in thtt sense th.a,twithout more in depth
studies one could not idllfntify the source of t""

"

individual bands. Enzymes such as olutam~t.
dtthydrogenatUf, alcohol dehydro-genafUt and b- phosphogluC''~'
dehydrogena.e are More specific .s to the locality of the

13



dehydrogenase is only found catalysir.g reactions in the
cytopl~sm (Scsndalios 1977).

2. The enzymes were chosen to be QS economical of
ch~micals as possible, as the chemicals used in both the
histochemical staining
expensive.

and the buffer systems are

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



The term isozyme refers to multiple molecular forms of an
enzyme with similar or identical catalytic activities,
occurring within the same organism (Scandalios, 1969).
Isozyme research is currently used in a number of
different fields. Plant breeding, population genetics,
cytogenetics and developmental genetics being among them.
A large number of electrophoretic variants of enzymes
have been discovered (Shaw & Koen, 1965). With these
findings came the knowledge that
same organism in ~~re than
mti~tiple molecular forms of
designated isozymes (Markert and

enzymes may exist in the
one molecular form. Such

an enzyme have been
Moller, 1959). Isozymes

may differ in primary structure. The primary structure
may also be fUrther modified by conjugation Qf mo~ecules
with reactive groups such as amino, carboxyl or hydroxyl
groups of the amino acid residues on the polypeptide
c~ain (Scandalios, 1969)# This will affect the mobility
of the various prot~ins in the supporting medium, the
gel, when placeo in an electrical field. This will give
rise to the ven-ious bands on the gel slices.

In the 1950's Qxperiment.l studies firgt provided
eVideryce that enzymes existed in multiple forms. For
example MaJlette and D&~50n, (1949) obtained 5 purified
tyrosine prepanat.iof1. from tM mushroom fs.lliotril
ci!.unpenstris. Rob&rts, (1956) found that acid phosphatase
activity in leaves of wheat was caused by a group of
distinct enzymes. Bowman and Westland, (1936) examined
horseradish peroxida.e and acid phosphatase and concluded
that mu~~iple forms may .xist. ij

Early research workers used agar gels (Mallwtte and
15



Dawson, 1949). paper chromat~graphy (Calib, 1952; Giri et
ala 1952) or Dowex 50 chromatography (Buroughs, 1954). In
1955 Smithies made a major contribution to the field with
the development of Ltarch gel
con t.r-Lbu tLon was m(~cie in 1957
demonstrated that enzymes CQuid

electrophoresis. A second
when Hunter and Markert
be made visible directly

on starch gels when stained with specific histochemical
stains.

Co~traversy existed as to whether the multiple forms of
enzymes did actually exist~ or whet~Er these results were
due to artefacts. Refinements in the technjque of
electrophoresis led to ~onclus~ve evidence of the
existence of isozymes (M~rkert and Moller 1959).

Hunter and Markert, (1957; proposed the use of the t?rm

'zymogram' to refer to bands in which the enzyme IOL.tion
is observable. They found that the zymogram pattern for
mushrooms, potatoes and mouse melanoma were distinct,
suggesting that there were specific enzyme forms. In 1964
Scandalios showed the presence of tissue specific
variants of pnzymes of leucine aminopeptidase, esterase,
peptidase and catalal in maize by the use of zymogram
techniqUes. The data obtained gave evidence for the
ex':stence of multiple molecular forms of various isozyme!;
within the same organism.

Many researchaors have used isozymes for the
characterisation ot partiCular plant genotypes. Isozyme
and total protein band:i:ng patterns have been used to
identify spec~es (Bingham and Yen, 1971), r,ultivars
(Villamil .t al. 1992; Wehner' et .1. 1976; Wilkinson and
Bei!rd,

(Stuber
1972 and Weeden and Emmo J 1995),

and 199,?) and
inbred lines

an"up~oidsand Goodman, 1981
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(McDaniel and Ramage, 1970 and Moore and Collins, 1982).

Two types of supporting media are popularly used. They
are acrylamide and starch. Authors have UB~d these two
media for varying purposes. CHi and Chinnappa (1989) used
polyacrylamide gel electrophoresis (PAGE) to note gene
dupl ir.:ation of isozyme gE:?nes in Stell er i e longpipes.

Kelly and Adams (1977) used PAGE when testing extraction
buffers in juniper le~ves, as these leaves contain high
concentrations of phenols and tannins. Moustakas et al.
(1986) used PAGE and stained for general plant proteins
of Agropyron .iunc eum, This was used ,..0 obtain addi tional
data for a taxonomic study. Sheen (1977) used PAG~ in a
phylogenetic study of Nic:otii3ni3 tBbi3c:um.

Various authors have
purposes. Ferguson and

used PAGE for
Grabe (1986)

identification
used PAGE for

cu ltivar identification of Lo Li um per-erme ; staining for
general proteins. Other authors have examined enzymes
using PAGE in identification studies. Green et al. (1981)

used PAGE to determi~e the feasibility of using isozymes
for identification purposes. Wehner et al. (1976) and Wu
et al. (1984) used PAGE for cultivar identification of
Kentucky bluegrass, using different enzyme stains. Both
authors found that this technique gave suitable results
as different cultivars were identified. A number of
AuthQrs have used PAGE t~ identify .eed lots. Miller et
al. (1982) used disc PAGE to identify hybrid .e$d lots of
alfalfas. Vil.amil ~t al. (1972) used PAGE to identify
fin6!t'f••cue ....dlots.

The chemicals required for PAGE Ar. expensive and it is
th.r~fore not possible within the scope of thi~ work to
study lar~e numbers of plQnts u_inQ this technique. It i~
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also not feasible to study a large number of enzymes or
to replicate the results, as only a limited numbp.r of
samples can be tested at a time. Ar, ther solution would
be to study the total protein content, as this requires a
single g~l to be run and to be stained.

Hydrolysed pot~to starch has been frequEntly used as an
alternative medium in electrophoretic studies. It has

used.
of purposes

Authors have
in the

used
past and
starch

isbeen used for a number
still widely gel
electrophoresis to
plant or whole

obtain
plant

varying 1n10rmation ebout a

popUlations. Starch as an
electrophoretic material is advantageous as:-

1. The starch gel can be sliced into several slices
and each slice can be stained for a different
isozyme.

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

3. Starch is more economical than acrylamide.
One disadvantage with the use of starch is that the
isozyme bands do not stain as clearly as they do on
acrylamide.
Many studies have used electrophoretic techniques, either
on their own or in conjunction with other techniques to
support tbeories put forward either b~ the authors or in
the 1iterature. Smith - Huerta (1987) used starch gel
electl~ophore~is in isozyme diversity studies of Clarki ••

Evidemce from this study supported the postulated
theories of the origin. of the allotetraploid species in
CldrkJ •• Enzymes studied were acid phosphata$e, aspartate
amino transferase, esterase, glutamate dehydrogenase,
leucine amino tran$ferase and phosphoglucoi.~m~ras ••
'Vogelmann and Gastany (1987) used starch gel
electrophoresis to asse~s the genetic relationships ~mong

18



enzymes
studied

were
Agastache species in

used in this study.
North America. Eleven
Doyle et 131. (1986)

the seven

Glycine tomi?ntella and stained for
phosphoglucoisomerase while Vorsa et 131. (1988) studied
Vaccinium staining
dehydrogenase, 6

for isocitrate
phosphogluco

dehydrogenase, malate
dehydrogenasE and

phosphoglucoisomerase to aid their taxanomic studies.

BeCKman et 131. (1964)r Grant et 131. (1984), Gottlieb
(1970), Kahler and Lay (1985),(1987), Kahler and Allard

Nielsen (1980) and Scandalios (1963) studied the genetics
of plants by noting their isozyme patterns in conjunction
with some cytogenetic chromosome studies.

Gottlieb (1984), Oliver and Zapater (1984) and Staub et
131. (1987) used starch gel electrophor-esis in
phylogenetic studies on Clarkia xantiana, Solanum

tiuber-ossum and Cucumis sp. respec t.ively, by staining for.
various isozymes.

As far back as 1964 research workers found that enzymes
are tissue sp~cific. Scandalois (1964) ludied the tissue
specific isozyme vat'iations of Zea mays staining for
leucine amino transferase, once he had exami~ed the
genetics of. Zei;l mays, (Sc:and81ios 1963). MOI."ert'lcently
Gastony and Darrow (1983) used starch gel electrophoresis
in finding subcellular loc~lisation of isozyme. of
isocitrat. dehydrog~nase, malic ~nzyme. b- phosphogluco
dehydrogen!!lse, phosphog lucoiSOffiEl'raSe, shikimic
c:JliPhydrogen«uH!and in Athyf"ium filifemina. Pit..:herskyand
Gottlieb (1983) genetically an_lysed the mode of
inheritance of multiple rl~stid and cytosolic enzymes of
ClarkJ.i:J staining tor triose phos~hate isomerase.
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A number of authors have f~und starch a good mean5 by
which plant cultivars can b~ identified. Both plant and
sp.ed lots have been evaluated by various authors. Kut and
Evans (1984) stained for alcohol dehydr·ogenase in
evaluating the feasibility of seed screening of NicDtiana

tabacum.

Bassiri (1976), Cardy and Kannenber~ (1982), Mielke and
Wolfe (1982) and Weeden and Emmo (1985) used st8rch gel
electrophoresis in plant cultivar identification. Bassiri
(1976) stUdied HDrdeum vulgare (L.) for acid phosph~Ldse,
esterase and peroxidase. It was found that esterase alone
could be used to differentiate between most cultivars.
Whenever ~t failed to uhow diff~rences, either acid
phosphatase or peroxid~se could be applied for complete
identification. Cardy and Kannenberg (1982' sur~eyed the
allozymic variability to determine if enough variability
was present to be useful for cultivar identification of
Zea mays notllng over 10 enzymes:. ThE?Yconcluded that such
a method is useful in c~ltivar identification in Ze~
mays.

Gilliland et al. (1982), Mielke and Wolfe (1987.) and
Weeden ann Emma (1985) used starch gel electrophoresis
for cuttivar idE!'lltificationof Lo lium pen:mne, C.arYi3

.i1Jino£'nsis;

and K~ntucky bluegrass respectively with suces •• Various
enzyme. were studied.
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3.3.1 Plant material.
Thirty six selections of Cynodon were collected in South
Africa from December 1987 to July 1988, as shown in Table
2.

'able 2. Cynodon selections according to province
or country (in the case of Swaziland), and date
of collection.

---
No Province\ Location Date Name of grass

Country collected

8 Capt? Milnerton Golf 17-01-1988 Cynodon

Club dactylon ver ,
kweek

9 CClpe Zandvlei 18-02-1988 Cyncdon

Bowling Club dactylon ver ,
cape roy.a.l

14 Cape George Golf 21-02-1988 Cynodon

Club dactylem ver ,
cape royal

15 Cape Zandvlei 18-02-1988 Cynodon

Bowling Club d.actylcm Var ..

kwellPk

16 Cape Knysma Golf 19-02-1988 Cy-noo't:m

Club dactylon var ,
outeniqul!'

17 Cape (, 10sgel Bay Golf 21-02-1988 Cynodon

Club rl.actylcm var ,
out.nique
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No Province\ Location Date Name of grass
Country collected

23 Cape Zandvlei 10-02-1988 Cynodon
d.actylon var.

kweek

31 Cape Mossel Bay 26-02-1988 Cynodon
dactylon

32 Cape Brandford ~2\.J-02-1988 CynodDn
i

dactylon

33 Cape Caledon 26-02-1988 Cynodon- dactylon

34 Cape Graaff Reinett 26-02-1988 Cynodon
di3ctylDn-35 Cape Koekhuis 26-02-1988 Cynodon

dactylon

36 Cape Reddeorsberg 26-02-1988 Cynodon

dac:tylon

1 Natal Kokstad Golf 12"-02-1988 Cynodon

Club dactylon var..

kWfUJlk

2 Natal M..tatiele Golf 13-02-1988 CynDdon
.,

Club dactyl on var..
kWIl'gk

:..-~,
Piete,'"'maritz:burliO Natal 10-01-1988 CynDdon

U
(~

~ Country Club transv••l,m.is

'/ ver , duffy'.
II

1/

II
II
I'II
Ii
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No Provincl:' Location Date Name of grass
collectF?d

12 Natal Kloof 14-01-1988 Cynodon

dactylon var ,
kweek

13 Natal 15km north of 13-01-1988 Cynodon

Bulwer dec ty t on ver ,
kweek

18 Natal Escourt 16-02-1988 Cyriadcm

dactyl on var ,
kweek

19 Natal oouthbroom Golf 10-03-1988 Cynadon

Club transvr3alensis

var..mandy

20 Natal Underberg 15-03-1988 Cynodon

magennisii ve r ,
m3g&nnisii

21 h~atal Matatiele 14-02-1988 Cynodon

dactylon var ,
, florida

251/ Natal Underberg 15-0:5-1988 Cynadon

dactylon ve r ,
,

L' tLor id«
--1;'

Sani2f Natal Pass Hotel 15-03-1988 Cynodon/!i dactylonI' ver ,II

1/ florida"II
2~! Natal Hum.wood 17 15-02-1988 Cynodcm

:/I, dactylonII ver ,
Ii
ie, floridatr-
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No Province Location Date Name of grass
collected

2;2 ~waziland Royal Sltlazi 12-12-1987 Cynodon

Golf Club dactylon var ..
florida

24 3waziland Royal Swazi 12-12-1987 Cynodon

Golf Club dactylon ver ;
florida

3 ransvaal Straathofs 25-04-1987 Cynodon

Garden Cent.re transvaalensis.
ver , bayview

,

4 !rransvaal Top Turf 25-04-1987 Cynodon

Germiston .dactylon ver ,
t'Lar id«

5 ,ransvaal Top Tut ...f 25-04-1997 Cynodon

Germisbon d~ctylon var.

skaapliJas f},n

6 irransvaal _awn Indu~.tries 25-04-1987 Cynodon.
dactyl on ver ,
skiu,plaas fyn

25-04-·i987I Cynodonr irransvaal ...awn Indu5tries
d.-ctylon ver ;
c~p. royal

~
I'

,

11 Irransvaal Wanderers 20,r12-1987 C;ynodan
'I

Bowl irit;l Club (I dactylon var-,
-.j

skillaplr11.asl'yn-"ransvaal ' \.,27 Wandll!rer15 11-03-1988 Cyno,1on
Bowling Club dactylon v,;~r.

skaaplaas ;ryn
- ..,
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No Province Location Date Name of grass
collected

28 ransvaal Nigel Golf Club 21-04-1988 CynodDn

dactylDn ver ,
skaaplaas fyn

30 frransvaal Frankenwald 28-02-1988 CynDdon
Est,ate magenn.isii var ,

t'r enk enwe I d

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

The grass selec::tionswere grown ul,dar natural condi tion!;;
from the time of collection until June 1987. In June 1987
the selections were transferred to controlled
ehvironment chamber in the Unti verzi ty of the
Witwatersrand phytotron at 21/21~ C with a 14 h light and
10 h dark photo period. R&lative humidity was maintained
at 70X atm., with a light intensity of 400 micro
Einliteins (400 lux) supplied with vito tung"ten ..trip

,.,lights. These went the conditions thac 'If£","e available,
:not nec:••!ulir1y the optimum conoi ticn. for the IjJr<ilss

o

••1I!9ction••

The grass .elections were
fertilized once a month with

watered every third day and
a hydroponic cr.emical mix,

'Chemicul t·. Suggested amounts as directed were 10110\·.",d
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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 50, both
commercially available. The directions for use wer~
followed in both the fungicide and insecticide (see
Appendix 1). Maintenance of the grass selections i~cluded
cutting every two to three weeks depending on the growth
rate of the leavesr to a height of 3cm from the soil.

3_3.2 Analysis of the data using the computer software
package NTSYS.

NTSYS (copyright 1985 by Applied Biostatistics Inc., 3
Heritage Lane, Setauket~ New York 11933). This package
contains licenced program materials of Megagraphics
Software corporation. Copyright 1985, 1986 Megagraphics
corporation, Scotts Valley CA 95066.

NTsys is a system of programs which are used to find and
display structure in multivariable data. The program was
originally intended for use in biology in the field of
numerical taxonomy, although it has been widely used in

J:natural scienc~, engineering and hUmanitieS.

Initially, one needs a data matrix that cuntains
information about ttle characteristics of a number of
objects (OTU·s). The OTU's in this study ~ere the 36
grass selections listed on pp B 9. OTU's were
differentiated from each other by using characters in
both microanatomy and morphology and the electrophoretic
sections. NTSYS is then used to compute various m.asur~s
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of similarity, or dissimilarity between all objects
(OTU's). NTSYS then summarizes this information in terms
of similar DTU's in a cluster analysis, or in terms of
spatial arrangement along one or more ~xes (ordination
analysis). NTSYS consists of a number of separate program
modules coordinated by a
module reads one or more
matrices to be operated on
of the following:-

menu Qriven main program. Each
inp t files containing the

and then produces one or more

1. An output listing operation.
2. One or mor~ output files.
3. Plot on a graphics screen.

The cluster analysis was executed using a number of
program modules. The raw data matrix was p!~ced in the
OUTPUT program module. This checks that th~ input file,
in this case the rough data matrix was correctly prepared
for NTSYS. The data was standardised using the
STANDARDIZATION program mt)duie, by placing the data
matrix into the input file. This module was selected as
it mi~imized the effects of different scales of
measurement found in different characters in the study.
The default option. correspond to the usual
standardisation of a matrix u~.d in numerical taxonomy.
It results in a mean of 0 and ..varianoe of 1.

Follo~"#ingth. Jit.andardisati""nthe SIMINT program module
,Y i. U led. This module compl,lt.s various .imi lar;-ity or

di••imilarity indic.. for t'i.interval measura ot data.
The n... uS!ld tor thit input dAta nr.atrixmust follow frOM

/j
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the STANDARDISATION program module. The coefficient
choseJ;"was CORR which is a product-moment i::.iJr·~elationand
noted similarities. It does not compare the designated
numbers, in the data matrix, to actual dist.at.t
differences. The input is in the form of a retangular
data matrix and the output is a symmetric matrix.

Following SIMINT the SAHN
module performs the various
Sneath and Sokal (1973)

program module is used. This
clustering algorithims that
refer to as Sequential

Agglomerative Hierachial and Nested clustering methods.
This program searches the input matrix for the pair of
OTU's that are most similar, merges them into a new
cluster and then updates the matrix to reflect the
deletion of the pair of similar OTU's and adds the new
cluster to the input matrix. This method is repeated
until all the OTU's are clustered.

A number of clustering methods were eX4p.iined,ego COMPL,
complete-link method, SINGL, single~link method, UPGMA,
unweighted pair-group, WPGMA, Weighted pair-group
arithmetic average and WPGMS, weighted pair-group method,
Spearmans av&rage. As none of the results in this study
could be weighted without bias, the weighted cluster
methods were discarded. UPGMA was used a$ the clustering
method in this study, in preference to SINGL as it
resulted in a more balanced tree. The~e was no
significant difference between UPGMA and COMPL. UPGMA was
~el.cted by the author for use in this .tudy.

A symmietrical of cophenetic ~imi 1arit,~·,or



dissimilarity values was
module COPH or c:ophenetic

examine.id using the pr(jgra~me
values. The NXCOMP or matrix

comparison program takes two symmetric similarity or
dissimilarity matrices and plo~$ one matrix against the
othere It also computes the product moment correlation, r
<l'f1dthe Mantel test statistic:~ Z to measure the degree of
rlifference in the relationship shown by the two matricEs.
The r value can be used as a measure of goodness of fit
for a cluster analysis where r < 0.7 is a poor fit.

3.3.3 Leaf material.
The plant material was grown as describen on P.' 24 -25.

Plant material was ha('vested from the Yvunp::::C'tand second
youngest leaves for the electrophoresis. n Jeaves were
weighed. The material was ground in the extraction buffer
using a mortar and pestle. The plant materi~! was kept wn
ice from the time of weighing. The extraction buff~rs and
the mortar and pestle were also ~ept on ice. This ~as
done to prevent as much protein degradation as pO$sible.

~.3..4 Starch.
SIGMA hydrolysed starch was used (Product number
t.ot number 64F0779) The starch was used at

S4~01
three

different conc~ntrations nam~ly 10.5%, 11% and 12.5"/"

weiyht to volum~.

3.3.5 Extraction bufferM
The effect. of 5 different .xtraction bu-ffers" were
.xaminlPd Gin order to ascer-tain thtt most efficil!'1t
extraction buf"'~,\7, I'. (S". Appendix 10). Dif'f~rent

"-1,L '; \ (

conc:.ntrations of tfl~?xtractian bu'ffer' were examined in
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order to ascertain which gave the clearest enzyme bands.
The following concentrations were examined :--

1. 1 gram plant material in 2ml extraction buffer.
2. 1 "~am plant material in 3ml extraction buffer.
3. 1 gram plant material in 4ml extraction buffer.

V~rious techniques for electrophoresis h~ve be~n found in
the literature (Soltis et al. 1983, Shaw and Prasad 1970
and Shields et al. 1983). Here varidUs percentages of
starch, various ~xtraction buffers, wick sizes and tray
and gel buffers that were used for a large variety of
plant species W~-e included. As this author fDund no
mention of elet:trophoresi~;being used on Cynodcm it was
necess~ry to d~termine a method oi electrophore.is for
this genus. The starch p~r~entagp, extraction buff~rs,
wick sizes and ratios o~ extraction buffers to plant
material were considered as variables and were examined
as mentioned pp 29 to pp 31.

The exir.cted material was kept frozen (at -15·C) in
O.lmt) Aliquot. in Eppendorf tube•• Each tube was thaw.d
dnce only and the exc••• extrect discarded.

(\

3 ..3.6 Wick••
Two diffei....nt g'·~de':Sof filter paper w.re us.d 'iaswick.,
when loadinQ the sQmples into th. 0.1•• Th.y w.r~ Whatman
No.1 and Wh.-tman No.3 filt.r papers. Loading diff.r.nt
numbers of wickg per sample was al.o ex.mined. Another
variable that was investigated with re.pect to wick. was
tha wetn.". 0 f the wick. Threo conoi tJ.ons w.. r. looft.edat
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L Completel yair' dry

2. Partially air dry
3. Completely wet

Different sized wicks wer~ tried in an attempt to
determine the best-size wick to use. Sizes examined w~re
as follows ~-

1~ 1.0mm x 20mm
2. 1.5mm x 20mm
3. 2.0mm x 20mm
4. 3.0mm x 20mm
5. 4.0mm x 20mm
b. 5.0mm x 20mm

3.3.7 Tray and gel buffers.
Six difterent buffer systems were examined in ~n attempt
to find one or two systems which would allow for clear
staining of all the enzymes to be studied.

• Lithium borate pH 8.3 (Shields et Ill. 1983)....
2. Tris citrate pH 7.2 (Soltis .t e l ; 1983)
3. Tris e:DTA borate pH 8.b (Soltis el: tIl.1. 198:!»
4. Tr'is citrattl'pH 8.0 - 8.5 (l301tis .t till. 1983)
5. Tr'ismal.at ..pH 7.4 (,Brown.t Ill. 1978)

\I

b. Histidintt citrat. pH 5.7 (Shield. ,..t .1. 1983)
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See Appendix 5.

3w3.8 Gel preparation.
Two means of gel preparation
using a microwave oven to heat

have been attempted, one
the gel buffer the oth~r

using a bunsen burner. Gel preparation was carried out as
follows: Decant one third of the gel buffer. Heat the
remaining two third~ in a volumetric flask to boiling
point. Mix the remaining third with the full amount of
starch to bg used, in a suction flask. Rapidly add the
boiling gel buffer to the well emulsified starch solution
in the suction flask. Heat the flask over a bunsen burner
until starch solution begins to boil. Apply a vacuum to
the suction flask to remove excess air. Immediately pour
into the gel mould. See Figure 2. Any lumps or air
bubbles were removed with a Pasteur pipette. The gel was
allowed to cool ami solidify, covered with polythene foil
and leoft for twelve hours at room temperature to set.
Gels wwre cooled at 4-8~C for 3(;) minutes nr'lQr to
electrophoresis.

3.3.9 a.l loading_
After cooling th& gel and removing the polythene foil the
gel. were trimmed and sliced transversly between 4 and
Scm from the cathoda~ end and wicks were inserted
sequentially into the loading slice. Betwe.n 20 and 36
wick. were loaded per gel, sufficient space was left
betw.en the wick to allow for .asy int9rpret.ticn of tNe
.nzym. p.tt.rns. A mark.r wick was placed in the first
10fl.dinQ po.i t.;ion , "to ..monitor tront moveml"1 t • Thill!
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bromophenol blue marker dye moved through the gel faster
than any of the enzyme bands.

3.3.10 Running of the gel.
The gel was placed on the electrophoretic apparatus and
connected to an electrical current as in Figure 2. A
short electrical pulse was used to elicit movement of
charged molecules from the crude extract in the wicks
into the cathodal or anodal section of the gel. In this
instance the gel was run at 16 watts (120V SOmA) for 15
minutes. Absorbent cloth was used to insur~ that good
contact was made between the electrolyt~ dnd the gel at
both the c~thode and anode. Care w~s taken not to allow
the gel to dry out or to heat up. The ~el surface
temperature muat be constantly cher~~ti: if thp gel heats
up it can be cool~d by placing ice directlY onto the
surface of the y~l, or by lowering the curr~nt passing
through the gel. n, prevent the surf~ce n~ the gel from
drying out the gel was covered with pclytt.Rn2 foil.
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3.3.11 Removal of wicks from the gel.
The wicks must be removed so that proteins are not eluted
into the gel at the origin continuously, eausing
smearing. rhus the wicks are removed after the initial
electrical input.

3.3,12 Electrophoresis.
Following the removal of the wicks, spacers were placed
between th. gel and gel apparatus, to ensure contact
between thwanode and cathode portions of the gel. The
gels were generally run at as high an amperage as
possibl~ without heating the g.l. This was usually at 110
volt9, 65mA for 4-5 hours, e~cwpt for lithium borate
which w~s run at 110 volt. 60mA for 8-Q hours. Once the
mark.r dye moved at l.ast acm from the origin.} thu.
suffiCiently separating the enzyme bands (in optimum
conditions), the gel wali r.unoved from th. electrical
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current and prepared for staining. The gel was trimmed
and marked, by nicking a corner, and then sliced into 2mm
thick slices (4-5 slices). These 4-5 slices were then
stained simultaneously for different enzymes. Slicing was
carried out with a gel slicer consisting of a piece of
stainless steel wire held together by a frame. The gel
was immobilized between a pie~e of glass an~ the
thickness template, while the slicer was slOWly drawn
through the gel.

3.3.1~~Staining procedures.
Two s1~aining procedures were used in the electrophoretic
studyl' staining trays and agar overlay.

3.3.1~.1Staining trays.
This method was used in most instances, especially where
the staining chemicals were relatively inexpen$ive, or
the activity of the enzyme was weak. In this method all
chemicals ar~ dissolved in the staining buffer directly
before staining and placed in open trays in the dark. If
the gel had to stain overr,ightl polyth"me toil was pla.ced
Over the tray to prevent evaporation.

3 ..3.13.2 Agar overlay ..
This method was used when the staining chemicals were
expensive or the activity of the enzyme was very .trong.
In this method the same recipe was used as for staining
trays. IMgredients were however divided in

!!0.17. aga~ solution W&s made using 23m!
buffer. This solution was dissolved on a

four and a

of stait")ing
hot plate,
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cooled and mixed w~th 2ml buffer containing all the
chemical ingredients. This solution was immeuiately
poured over the gelJ which was placed in the dark.

3.3.14 Enzymes studied.

The abbreviations' are from Soltis et ill.

Shields e i: e I , (1983).

(1983) and

Table 3.:- The following enzymes were examined.

Enzyme Abbreviation

Acid phosphatase ACP

Alcohol dehydrogenase ADH

Aldolase ALD

Catalase CAT

Esterase EST
-Glutamate dehydrogenase GDH

Hexokinase HEX

Isocitrate dehydrogenase IOH-.
Malate dehydrogenase MOH-

Mal.ic enzyme ME

Peroxidase PE1~

6 Phosphogluco dehydrogenase 6PGt)

Ph015phogluco mutase f'GM
.C -
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Enzyme Abbreviation

Phosphogluco isomerase PGI

Shikimate deh}/drogenase SDH

For recipes of stains see Appendix 6.
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Following the methoLJ 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-. Onc@
banding patterns emerged the gels were photographed and
sketches (zymograms) were made of the gels. Eleven out of
the fifteen enzymes gave usable results. These results
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 were run. The results were found to be identical
in each case.

The results were placed into a matrix by assigning
numbers to each enzyme pattern found in each specific
enzyme. See Tables 4 to 14u

A Cluster analysis and a Principal components analysis
were produced using the personal computer program NTsys.
See Materials and Methods. See Figures 15 and 16.

Tables 4 to 14 show a graphical representation of how the
enzymes were number coded for the data matrix.

Table 4. Acid phosphatase (ACP)

-----_- Acp 1

-- - ....-- -. -- - Acp2
1 2 3 4- 5 6 7

Data. matrix numbers
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Table 5. Alcohol dehydrogenase eACH).

---- ..... Adh 1

1 2 3 4-
Data matrix numbers

Tabl. 6. Estera •• (EST).

-- - ... ..,. .......... --- Est 1-- ...._ - - - ........ _--- -- - '-- ........ -- .... - Est 2

- - - _.. __ .......--- - - --......... __ .... "... ........ -- ... -,~,..., .. --- - ......... _- ... -_ ... - Eat 4-
1 I .. 4 8 I 1 8 I 10 1112181418 1111181'10

Data matrix number.
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Table 7. Glutamate dehydroger.ase (GDH).

--
Gdh 1

-- --- - Gdh 2-1 2 3 4 5 6
Data matrix numbers

Table B. Isocitrate d~hydrogena$~ (IDH).

--- 1<:I1l 1
1 2

Data matrix nuI'l1b4!tra

\\
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r

Table 90 Malate dehydrogenase (MDH).

-- Mdh 1-
-..-- Mdh 2

-------
•••••• Mdh3
1 234 5 6

Data matrix oombers

Table 10. Malic enzyme (ME)•

._..---- -...... _ Me 1

..... -- .... - -- Me 2- -- --1 2 3 ·4 5 6
Data matrix number&

7
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Table 11. Peroxidase (PER).

_, -- Per 1- ,._

Per 2

-- - - Per 3
Per 4

_ ... -- ...._-- ---.....,_ ..... _
-- ---- ....-- Per 5.._ .

1 2 ~ .~.~ ... T 8 9 10U121314151t.'17181920
Data matrb: numbers

Table 12. 6- phosphoglucose dehydrogenase (6-
PDe) • • • .- -

- 6f'gd 1

-----
--.- .... SPgd2
..,. __ 1iW ... __

'. .~ 2 a 4
Data matrix number,

I tiJkJl k u



Table 13. Phosphogluco isow~rase (PSI).

_!_-- - -Pgl1-- ---- --
-- -- --- Pgi2.,._ -- -- ..... ._
1 2 3 4 5 6 7 8

Data matrix numbers

~~~ ..~..........~~ ......~ ...........
-,

Tabl.~J.4 .. Shikimic tfehydrogEmase (SDH)•.: .... '

-~j!1/ .... _ Sdh 1

:)
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Different isozyme patterns were identified within each
isozyme examined, numbered accordingly, and placed into a
matrix, called the data matrix. See Appendix 11. The
matrix was set up using an editing program found in MS
Dos. Using the personal computer software program NTSYS
(Numerical taxonomy systems), cluster and principal
component analyses were carried out. The grass
collections were called Operatiunal Taxonomic Units

t '

(DTU's) and listed 1-36 as per Table 1, in columns, while
the enzymes were ]ist~d 1-11, in rows.

Following the procedure1 a cluster analysis was produced.
Two distinct groupings were found on examining the
results. The HI~st group consL"ted of the OTU's 1, 12 and
23 these DTU's were not closely linked (1.45). They WRre
however more close1y linked to each other than to the
re~t of the DTU's (1.62}. The second grouping consisted
of the rest of the OTU's, in this large grollp a numbel~ of
sub-croups were recognised, 5e~ Table 16. A matrix
comparison test was cFrried out nn the matriH data to
dmtermine whether the cluster analY$is results gave a
true representation of thE' ....e~ data. Th61 matri.>-:
correlation for the electrophoretic r~sults W~~ found to
be r = p.70299, this number is in !I:\ mediUm range anti
suggests that the raW data is not entirely represented by
the ClWl~b:11r"nillysi.s.
FiQure 4 shows a graphical representation of the data
p~~spnt~d in the form offa histogram.

11

)\
,(

\\,
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FLgure 14 Showing the clustering of OTU'S once
the cluster analysis had been performed.

Table 15. Table showing OTU groupings using the Cluster
Analysis Test.

Group Sub-group OTU Number

1 i 1,12,23

2 i 14,24

ii 9,36
~ . .-

iii 2,7,28,11- ....
iv 3,15

v 10,16

vi 13,18

;, ,
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G....oup ~ub-g ....oup OTU Number
-

vii 20,22,26,29,31

viii 4,21,33

ix 5,6,34

x 8,32

xi 25,27,-1---
xii 19,35

xl-ii 17

As DTU's 1~ 12 and 23 were found to be in a completely
separate category to the main group of OTU's, these could
have interfered with the positioning
Thus theae OTU's were removed from
c:lU!:5"!:eranalysis rerun see Figure
groupin9S of the DTU's it can

of the other DTU's.
the matrix and the
15. Noting the sub·-
be seEm that few

differenc~s occurred. OTU's 2, 9, 22, and 33 did change
th~ir sub~grouping, however the principle components test
shoYled
12 and

that
23

OTU

these changes were slight. Therqfore OTU's 1,
did not affect the overall groupings of the
group. The matrix correlation coefficient wasentire

found to vary from x
x == 0.78267 when OTU's

== 0,69946 when Old 23 ~..as removed to
1, 12 and 23 were removed. The low

~orrelation coefficients again suggest that the raw data
is not being truly reflected by the cluster analysis.
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Figure 15 Result of cluster
1,12 and 23 were removed.

analysis once OTU'S

o 's 1, 12 and 23 were found to form an entirely
separate group from the rest of the OTU's. In figure 15
these thr$e OTU's were removed to determine if this would
affect the groupings of the larger OTU group. From figure
15 distinct groupings were noted. When these groupings
were compared to figure 14 it can be seen that the
groupings are very .imilar. The only OTU's th~t differ in
the groupings are OTU's 22 and 24. OTU 24 moves from the
group of DTU's S, 10 and 19, to th~ group of OTU'~ 2 and
22 whan OTU's 1, 12 and 23 ware remov~d. Thera were no
other differences in the OTU groupings.
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:5_:5 D ISCl...JEiSI c::JI'I_

A wide r.s.nge of enzymes WE!re examined in the
electrophoretic section. Their names 'inti their
reliability are noted in Table 16.

rable 16.
section.

Enzymes E!xamined in the electropl"loresis

Enzyme Abbreviation UseuRel.iability

Acid phDphatase ACP Yes ***-
Alcohol d<:hydrogenase AOH Yes ***

Aldolase ALO No *._
1--'

Catalase CAT No *
EsterasE! EST Yes **-,.._""'-

Glutamal-.edehydrogenase GOH Yes ***
Hexokinase HEX No *

Isocitrate dehydrogenase IOH Yes ***.
Malate dehYDrogenase MOH Yes ***1·-

MaJ.ic enzyme i"1E Yes ***
Peroxidasl:? PER Yes **

6-Phosphogluco dehydrogenase 6PGO Yes ***- 1'-'
Phosphogluco mutase PG~1 No *

Phosphogluco isomerase ~"GI Yes ***.
Shikimate dehydrogenase SOH Yes ***

" ".Key:- * = poor ** = fa~r *** = good
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The following enzymes:- Aldolase, catalase, hexokinase
and phosphogluco mutasa were given a rating of poor and
were not used in this studf. Aldolase w~s found to
produce a single monomo;~ph.u::zone of activi ty. No
variation was found within the plant collection. It w~s
thus discarded. Catalase and phosphogluco mutase ~ ly
showed activity sporadically and were thus discarded as
reliable activity w~s desired. Hexokinase showed activity
when usin~ the wash technique for staining, but this was
extremely costly and hexokinase was discarded.

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

Glutamate dehydrogenase (GDH) functlons in the
tricarboxylic acid
In the literature

cycle in hydrolysing hydrogen
Oliver and Zapater (1983),

bonds.
studying

Solanum tubero5um, found ~ single zone of polymorphic
activity when staining for GDH. No results were found for
monocotyledons in the literature. In this study 2 zones
of polymorphic activity were found, this being differF.nt
to that of Solanum tuberosum, a dicotyledon. Not m~ny
plant collections could be conclusively cla1iiSified down
to cultivar level using the SDH banding patterns alone.
For example~ plant collections 5 and 6 showed similar
banding patterns, both being C. dactyJon var. sk••pla••
fyn Other C. dactylon var. skaapl.as fyn selections
were found to have diff~rent banding patterns, for
exampl~ pl.nt ccll&ction. 11, 13, 18 Qnd 28 (.~r c.
dactyJon v.r. sk••pl•••) all had similar banding patterns
to each other but not to plant collections 5 and 6.
Peroxida •• utiliz ••

"lar;. number of
hydro~~n p~roxid. to oxidize a very

hydrogen bonds including phenelic
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substances, cytochrome C, nitrate, ascorbic acid, indole
and certain organic ions such as iodides (Liv 1975). All
higher plants eXdmined to date have a very large number
of peroxidase enzymes. For example maize has 24
peroxidase enzymes coded by at least 9 gene loci (Hamill
and Brewbaker, 1969), barley has between 8 and 12
peroxidase en7ymes (Felder, 1976).

The very· complex electrophoretic pattErns obtained plus
the occurrence of peroxidase ~n 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 esterase. Esterase hydrolyses a
large number of compounds having different ester linkages
in vi tro (Gottlieb, 1<?S2). Plant species also ,-ontain
high numbers of ester••2 isazymes in many different
tis$ues~ for example mai~e contains 16 geneti~ally
distinct forms (MacDonald and Brewbaker, 1974), and
barley has at least 10 ~~netic~lly separabl~ ester~=e
isozymes, extractable from different tissues (Ka.h!er and
Allard~ 1970~ •. Again, the d1verslty and origin is very

'\ ::-

complex and €hu~ esterase was rated fair in reliability.

Malate dehydrogenase (MDH) and its NADP derivative malic
~nzyme (ME) were rated good in reliability, eVen though
different MOH enzyme; have been found localised in
distinct cellular compartments ego mitochondria_
microbod;ie~ and cytoplasm (GottlilPb, 1981)" The reu\son
for a good rating being given is that only 2 loci were
used in the gen.tic analysis of MDH and ME, and that they
ware found to be monomorphic at both these loci.
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The other enzymes that HC~~ rated good in their
reliability, namely ACP, ADH, 6PGD, and SDH, gave similar
results to those recorded in the literature, where
gpnetics of the enzymes were studied and explained.

Acid phosphatase (ACP) enzymes hydrolyse phosphomonoester
bands in a number of different molecules. Plants may hav~
a dozen or more ACP isozymes, but they frequently differ

.in intensity and colour when staining (Gottlieb, 1981).
Electrophoresis studies usually show 1-3 isozymes. Both
dimp.ric and monomeric forms have oeen reported. Studies
in maize by Efron, (1970); sunflower by Torres and
Diedenhofen, (1976); £ucCllypi:us obl iqua by Brown e t: al.,

(1975); and Avena barb.ta by Marshall and Allard, (1969)
showed dimeric forms of ACP. Hordeum epon terieum was
studied by Brown et al. 1978, showed both monomeric a~d
climeric forms. However monomeric forms of ACP w~re
described by Roose and Gottiieb (19'76), using Tragopogon

and Gottlieb (1975) studying stepanameria exigua. In thi~
~tudy 2 regions of polymorphic activity were found, in
both cases monomorphic isozymes were present, the re~ults
being similar to those of other monocotyledons menti~ned
in the literature. f?r example Roose and Gottlieb 1976. A
number of grass selections c n be cla~sified down to
cultivar level, for example plant collections 1, 12 and
23 which are C. dactylon var. kweek Other plant
coll~ctions however cannot be classifi~d down to cultivar
l~vel, for example plant collections 3, 4, 5 and 6 show
the ~ame ACP patterning and are all c~ ddctyJan, but are
different cultivars.

Alcohol dehydrogenase (ADH) enzymes appear to be
cytoplasmic as no ADH enzymes are associated with any
subcellular organelles (Scandalio. 1977). Freeling
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confirmed the 2 gene dimer model for maize ADH by
dissociating the SET II isozyme into
polypeptide subunits, and reassociating
1974). Results in this s~Jdy show the

its component
them (Freeling
presence of a

single polymorphic zone of activity, wh~ch appears to be
similar to that of SET I in Gottlieb's explanation of ADH
(Gottlieb, (1981). All but eight of the plant collectlo~.
showed a single jand of ADH activity. The double balds
could have represented a duplication in loci of the gene,
this however cpuld not be pruved in this project, as it
was aeyond the scope of the project. The two C.

transvaalensis grass collec+~ons could be identified by
their banding pattern. Other ~tudies on plants have shown
similar results. Kut and Evan~ (1985) used ADH for a
genetic identification of parental species and hybrid
lines of Nicotiana. Torres (1974) working on maize, and
Zapater {1983) using Solanum cubar aeum in phylogenetic
stUdies found that ADH followed the two gene dimer model.

t.ocitrate dehydrogenase (IDH) catalyses the oxidation of
is~eitrate to ~-ketoglutarate and is generally found in
diploid plants as two dimeric iso~ymes one located in the
plastids and the other, more abundant form in the cytosol
(Randall and Bivan, 198:). I~ 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 banding patterns exist, beth patterns
present in C. dec ty l on and only one presE:nt in both C.

magemr;;1.sii and C. transvaalensis. Thus IDH would have tl1

be used in conjunction with other isozymes to
conclu~iv.ly clazsify the plant collections to a species
D~ cultivar lev~l. In the literature there i5 mention of
monomeric IDH isozyme., by Buries and Ledig (1978)

working on Pinus rigida, and Kahler and La,y (19135)
[,

64



working on Pinu!5 r.ig.id.a, and Kahler and Lay {19p.5)
studying Hel i ervt:' US annuus (L,,).

6- Phosphoglucose dehydrogenase .6PGD) is a glycolytic
enzyme. In plants for each en~yme in the glycolytic
pathway there are normally 2 isozymes present, one in the
chloroplast and one in the cytoplasm. The literature
shows 6- PGD to have similar results in both
monocotyle!oons and dicotyledons. Two 6PGD enzymes have
been r~ported by Guries and Ladig (1978) studying Pinus

pond~rosa. These were both dimeric which correlates with
Torres (1974&) discussing maize. In this study there were
a number fjf regions of activity which were both
monomorphic &~d polymorphic. Only the polymorphic region
was used ir this study. Three banding patterns exist, and
although the banding patterns are similar in most
instances when classifying down to cultivar level, bPeD
~ould have to he used in conjunction with other isozymes
to conclusively classify th. plant collections~

In the present study !i.nikimate dehydrttlgenasfP(SDH) WiltS

found to hav& ene region of polymorphic activity, while
~he banding p.tt~~n was similar to that of a monomeric

j\

isozyme. Staub .t .1. (198'1), sotudying Cucumi.IS, a

dicotyledpn, found SDH to be conditioned by 1 locus and 3
allel... Isozyme patterns w.r~ found to be both
po1ym0y.o-t.).r"'-\andmonomorphic.

'1, \
\.. ;'

From the"-.r.ctrophon,tic dat\\ ulu,d in this study and by
incorporatin9 the data into NTSVS it can b. noted that
tho plant collections divided up into 2 main oroup., 1
major and 1 minor, the major group breaking up into
~maller sub-groups. Although the raw data may not be as
truly represented as it could be, the OTU groupings
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From the above discussion it can be seen that to be able
to utilise the data in an effective way, a number of
enz}'mes would have to be used. ACP, ADH, 6PGD an SDH
together with GDH could be effectively used, together,
but would not give sufficient data if used on their own
as in this study. This data how~ver, in conjunction with
morpholpgical and micro~~atomicdl data may be a means of
classifying the plant collections down to cultivar level.
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CHAl?"I"ER 4_

4 • .::1. I~1:DI'I_

Until appraximately 60 years ago classification5 of
grasses were based '1alnly on gross mCt'phology of
inflorescences and spikelets. Attention then turned to
the inclusion of ty~ anatomy and cytology of grasses. All
new cla5sificati. subsequent to Avdulov in 1931

incor0orate characte~s f~om these sources (Watson et ale

19f:15) •

In 1960 Prat outlined the history of grass classification
and provided a comprehensive list of characters
recognised at that cl~te to have high level classificatory
g;ignificance, but the list ~'lascontinued to grow (Ellis
,\ :.. ,

','

1976, 1979; Cliffortl and Watson, 1977; Watson and
Q.,llwitz 1980; Watson ot: ale 1985). Watson et .1. 1985

(,reported that the list now contains 728 generic
de~cri~tiott.':iof grasses which contain information 0'1

morpi1olo<;!YJah~tomy, physiology, cytology, ecology and
geography.

In turf gras5es~ the characteristics of importance
include persistenc. under close mowing, colour, low
growth, wear tolerance, drought re3istance and c~ld
tollllr7_:A\nce..Due to time and space limitations such
characteristics tould not b~examined.

/
In this a.etion some easily accessible anatomical and
morphological charactersistics are used, which can be
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combined
evidence

with the, electrophoretic and cytological
in order to find a convenient means of

chararterising South African turf Cynodon to the cultivar
level.
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Morphological and cytological characteric;t.ics, together
with hybrjdisation studies were used by Harlan and de
Wet, (19t9) 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 hybrids. The
overall structure of the inflorescence, stolon structure
and colour, leaf 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
examined. These stUdies showed that this genus could be
fairly ~asily divided up Into taxonomic groups using
morphological chara~teristics. They found however, that
distinct and reasonably con~istent morphological
discontinuities were not reflected in the cytological
studies. Harlan and d~ Wet, (1969) 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 cl~ssification is possible, when
morphological and c\'tologic.;)levidence.

u'-..iing

Stiff and Powell (1974) used the stem anatomy of 20
cui t.ivat-s of turfgrasses, inc ludil"lgCynodon dact'llon , as
a means of selecting specific cultivars. They looked at
vascular bundle size composition and location in both
internodes and nodes. They also lobked at the usual
tissue systems, which included epidermal, fundamental and
va~cular systems. Three types of stems were disti~guished
:- Single ring, multiple rings and complex rings. Two
types of nodes were Ol;:lserved1- simple arid cOlTiF'?uncl.
Stiff and Powell (1974) found that the comparison of
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arrangement of ~arts and
features at corresponding

similarity
regions. They

consistency of
of structural
concluded that

internodes and nodes revealed

stem anatomy shows turfgras~es to be a heterogeneous
group of grasses with varying evolutionary and
developmental histories. They suggest that these
anatomical differences must be considered in vegetative
propagation technique= and selection of improved
cultivars.

Metcalf (1960) regards the study of sectionE of culms to
have limited taxonomic value,
the appearance of sections
because the similarity of
indicate affinities.

because of differences in
at different levels and

structure does not always

Nittler and Kenny, (1976) in'_-~i1ated tiller, rhizome
and crown characteristics in Kentucky bluegrass
cultivars, using their Olt);' classification system of the
above mentioned characteristics. Using this technique
they could distinquish between a number of cultivars. In
this work they concluded that even thou! the techniques
used were not perfect, they could bp useful in evalus.ing
culttvar purity in seed lots,

Rogers st al. (1976) used SEM ta note ultrastructural
dj,fferences in the storage organs of Cynodc:m c1.sctylon L.

The study wa$ undertaken applying scanning electron
microscopy in order to show differences in tissue
components of rhizomes and stolons.

Morphological charae ~ristic$ are to a l.rge ext~nt
/idetermined/by the environmental conditiun~ in whiCh the

p~~nt ~rows. They al.o depend on the nutrients which the
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the plant may be subjected. It is thus important to
quantify the above conditions when looking at
morphological characteristics. It is also important to
recognise that morphological characteristi~s should be
regarded as being of secondary importance when attempting
to characterise grass types. Morphology that is not
environmentally plastic should be considered first, that
is, any morpholog1cdl characters that remain stAble and
8rc independent of the environment in which the pI.nt i5
grow" •

I)

'.(

(f

\
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4.3.1 BCANNING ELECTRON MICROSCOPY.
Care was taken to choose leaf material that was 01 a
s1milar age. This was done by sampling the 2nd youngest
leaf in all grass selectLons. A 1 em long section of the
mid lamina section was cut from a point one third of the
way down.

The Ip.af material was prepared for Scanning Electron
Microscopy (SEM) as follows :-. The material was fixed
fc~ 24 hours in 2.5% glutaraldehyde in O.lM phosphate
buffer at pH 6.5, followed by 2 rinses in the same butfer
and dehydrated in a graded series of ethyl alcohol (60%,
70%, 80%, 90%, 951., 1001.). The specimens were stored in
200% alcohol for critical point drying.

Critical point dried specimens were trimmed and mounted
on large stubbs using ACRO 17651 glue (Witcomb 1985). The
glue and specimens set overnight, were gold coated in a
sputter coater and examined using a Cambridge JS20.

~.3.2 LIGHT MICROSCOPY.

I.

4.3.2.1 Frozen ~ecti~~~.
( -.

Fresh plant material ~as ysed for frozen sections. One
centimetre long sections ~ere taken from one third of the

u way from the tip of the leaf. The second youngest leaf in
e&ch grass aelecti~n was used.

The matltrial was mounted on thll'mic:rotomfl chuck using
.Tissue 'fek,' sec: tion!&d CIt20-501-lmand thfiSlilctions were

f lo.ted on disti !led water in wCltchglai.,••a. The !lupc:tions
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were mounted on slides, stained in toluidine blue and
viewed as temporary mounts, using a Z ism D-7082 light
microscope with camera attachment using LIford PAN F 50
film to take photographs of the slides.

4.3.2.2 Epidermal peels.
Two methods were used to obtain epidermal p~els of the
lower surface o~ the grass selections.

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

2. The lower epidermis of the leaf was coated with clear
nail varnish, once the varnish had dried it was peeled
from the leaf surface and viewed as a temporary mount.

4.3.:l.3 Wax" embedding.
Fresh plant mat~rial was fiMed using formalin-acetic acid
alcohol (FA~) (Johansen 1940 see Appendix 2) for 18 h.
Some samples did not fix due to buoyancy. In such cases
1% Tween 20 was used as a wetting agent. Once samples
were fixed they were rin$ed 4 times with distilled Water7

Samples were placed in a 0.11. hydrofluoric acid sulution
for 15 minutes to dissolve silicon crystals, The pre.ence
of silicon crystals when sectioning caused the l~af to
tear~" This was found to occur in some instances when
frozen S4fctiOnliw~re examined (Johansem 1940) •.
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4.3.2.4 Dehydration.
A dehydration series using tertiary butyl alcohol was
used (see Appendix 4). In the 1001. step enough dry
erythrosin dye was added to stain
to allow for easier orientation
embedd.i_ng and lOicrotoming.

samples superficially,
of samples during

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 into a mixture of equal parts paraffin oil and
tertiary butyl alc?hol for 2 hours. The plant material
was placed on top of congealing ParaWd~ 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 process was repeated in fresh wax and
after the final infiltration plant tissues were embedded
in paraplast and aligned for transverse sectioning.

4.3.2.6 Microtoming.
Material was sectioned at 10~m - 20~m using a rotary
microtome. Sections were floLted onto subbed Slides and
warmed slightly for sections to adhere to the slide.

4.3.2.7 Staining and viewing.
Sections were stained in Safran!n and Fast green and
permanently mounted in DPX.

Bath Wax and frozen sections were examined. The frozen
sections w~re used as a quick temporary means of noting
the morphology of the plant collections before they were
all acclimatized to the same ~cnditions. The wax
emb~dding technique was used in the final assessment of
the irlternal anatt;-unyof the plant collections.
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embedding technique was u~ed in the final assessment of
the internal anatomy of the plant collections.
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Re5ults 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
lea7. The second with a rounded midrib, which gives rise
to a more U shaped leaf. See FIgure 16. These
categories were subdivided and six leaf profiles were
identified depending on the steepness of the V or U shape
and on the shape of the ends of the leaf arms. The leaf
profile was examined twice, when the plants Were first
brought in from the field, that is, before the
environment?l ~onditions had been stabilised and six
months later~ when the plant collections had been grown
under constant environmental conditions. The leaves were
found to exhibit constant leaf profiles. Leaf profile was
,;

thus con~idered as a valid identifying character.
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Group 1

Group 2

n
n

V - shaped with straight arm
ends and definite midrib.

Wide V - shaped with straight
arm end- and definite midrib.

V - shaped with curled arm
ends and definite midrib.

U - shaped, no definite midrib
and straight arm ends.

U shaped. no deflnlle midrib
and curling arm ends.

straight leaf, no definite midrib
and straight leaf arm ends.

Figure 16 Diagrammatic sketches of leaf shapes found
i~ transver$e sections of Cynodon turf selections. See
Appendix page 150 for micrographs.
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~.4.1~2 Vascular bundle distribution and number.

The number of, m:~nor, intermediate and major vascular
bundles were counted. The distribution types of the
bundle types were noted and each pattern designated a
number. See Figure 17. In cases where intermediate
vascular bundles were found, one group was designated as
differing in this respect as presence of intermediate
vascular bundles was the exception rather than the rule.
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1.

3.

5.

7.

9.

2.

Figure 17 Di,agrammatic:: sketcheUl showing both
positioning and numbers of various vascular bundles of
the plant collections.
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This group contained the
intermediate vascular
bundles.



4.4 ..1.3 Bundle sheath nUl.nber and bulliform cell number"

and shape.

The number bf bundle sheath cells were cDunted around
lateral major vascular bundle~. These numbers were found
to vary, even ~ lin leaves. The numbers were also fuund
t.o vary in bot,. counts, the one done when the plants
arrived from the field and the second when the plants had
been grown in the phytotron for six months. Thus five
counts were done on each plant and averages taken. See
Appendix 8~

The same was found
were counted and

when the number of bulliform cells
the same precaut.ions iere taken.

Bul1.:iform cells were counted from the same place in e"lch

( \
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4.4.1.3 Bundh! sheath number and bulliform cell number
and shape.

The number
lateral major

of bundle sheath cells were counted around
va,;cular bundle.. rhGl!se numbers were found

to vary, even within leave•• The numbers were al~o found
to vary in both counts, the one done when the plants
arrived from the field and the second when the plants had
been grown in thl! ph')'totronfor six mtlr,.tns.Thus five
counts werG! done on ...ch plant ,mo aver•.""leV. -I:aken.See
Appendix s.

Thttsame was fo'..md when tM. number of bulliform cells
were counted and th. liiameprecautions "".ret tak.n.
Bulli10rm cells were counted from the same place in each
ca,;e.
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Plat. 1.
Show. .".mpl.. of .pick!. tlh.ped hairs, ....
mfer-oorllphs A to D. Not. tn. two sh.p•• of .pickle
hairs, kl:u:tbou. in micrograph. A, C lind 0, and
Ifhmg.tlltd in m!cro;raph C.

~icrQ;raph. A and a show Itxampl.. of Ion; h~ir•• Not.
tl'UI1: lonljJhair. can,origin.t. from.1 th.r • collar
like structure which diarupt. the p.pill •• sli;htly
hdcro,;;r",ph B) or straight out of tn. IIpid.rmi. not
di.rupting the p.api11•• at 4111) (micrograph A).

\\
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Plate 2
Micrographs showing the variation in number and shQP.
40f papilla. prettl'tnt of:) th", 1.",1 surface, and thl't;
amount of ribbing on the::.-1l?Ar Bu1"'rae ••
Micrograph A !Shows distinct ribblnc;) with two p.tpilla
type., which totally COYllr th. ,.tolr.ata and guard
clltlh..
M.f.crQfJraph.s show.J distinct ribbing with yr.ry few

\\ papU hr. in bet.ween. Bpicki. hair'''' are pr':ts.nt.
iJ Micrograph C .how. ribb~,ngf but with htw to no

pap! l1a. pr••• nt. (
Micrograph D shows ribbihg'pre.ent with'two distinct
typtfa of p.tpill. prats.nt, and an ",bundanee of I6pickhf
hair".
Micrograph E .hows ribbing with two di!ltinct papilla
type •• Long hairs are p~ •• lInt.
Micrograph F' ShOWSi ribbing with two type. ot papilla
pr~sent. both .pickle and long hairs pr.sen~
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Plate 3

Showing papilla-patt.rning on the leaf surfAce ••
Group 1 (II •• pp 89) is represented by micrographs A
and S, lower and upp~r surfaces respectively.
Group 2 {IUt. pp 90)11 iii represented by micrographs
and D, lower .and uppl"r surfaces respectively.
Group 3 (••• pp 90)11 is rttpr •• ented by mic:rogr~phll
and F, lower and uppj~r surfaces respectiv .. ly.

I
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U
Plate 4.

Showing papiJlla-p.att.rning on thlt leaf surfacas.
Group 4 (se~~pp 90) is rllprl!liiltnted by micrographs A
and 13, .10w.r' .and upper surface. respectively.
610up 5 (.... pp 90) /,i">[7~esent.d by micrographs
and D, lower and up~ • ;..t,.;.~ "«cas rltspec:tiv&ly.
Group I:J (svG!'PP 90)\ ~mnts.nted by micrographs
.nd F, lower" .nd UE"7~'ffr--.;;l';"l"fac.srll.pec:tively.

'\t;_./,r '. ..~,:.:}
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Plate 5..

Showing lJapilla-patt..rf1ing on the l.af surf_c •• "
Group 7 (B.e pp 90) ~s reprlP.ented by micrograph!;; A
and B, lower and upper surfaces respectively_
Group a (ae. pp 9Q) is repreaented by micrograph" C
and D, lower and upp.r surf.c •• r•• pactively.
arou~ 9 (fUJi' PI' 9Q) is rwpr ••emt.d by micrographs E
and F, lower and upper surtace. respectively.

))

"
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ShowioQ pepilla-patteroin9 00 the leaf surfac •••
Group 10 (••• pp 90) lill repr •• emted by fRicrograp~'1S
and la, lower and uppfifrsurf.c •• respectively.

('
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Plate 7.
S~owin9 papilla. arrangement around stomata and Quard
..i?115" ~/
~r¢up 1 h.ving no papillae pre.en!t ar-ound stom..-1:.a and
9i..~:'"d cells, micrograph A. !

.~. . G'~OI.."P'.2 having p.apil1 ••• uri"'oumHng stomata, but ~t
oy.~lappino ~he .tomatal pore, micrographs a and E.
Gro,t.Jp 3 hav.'i.ng papi l1a•• urrounding and oVlll""lappinQ
tr,t, stomata~, por. and guard c.lls, but both ant .till
cl••rly v~si~l., micrograph. C and F.
Group 4 having papill •• overlapping the stomatal pore
and guard C\'t lIs, making idttnti f icatiotl di f1 icul t'
mj,crograph D.

I
I
t!
f:l
~/
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4.4 ..1.4 Epidermal cell wall struc:ture.

The cell wall indentations of ths epidermis were studied
by examining the epidermal layer uhder the light
microscope. The epidermal cells were found to have
varying levels of indentations on their walls. Th~$e
indentations were divided into five categories depending
on the number of indentations founD in the spRce of 10um.
See Figure 18.

1.

4.
J\_j\__

5.
NVVV\_

No indentations within m H.I~l~red
distance.

A single indentation within
measured distance.

A single distinct indentation
within measured distance.

Two distinct indentations
within measured distance.

Four or mora indentations
within measure distance.

Fig;U;:."'18Showing th. various wall indentations found
in t.h..epidermi. studied by light microscopy.
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4.4.1.5 Cuticle thickness.

The cuticle thickness
eyepiece. When cuticle

was measured with a micrometer
was noticeably present it was

measured in various places on the adaxial surface. Five
measurements were made in each selection and the figure~
averaged. See Appendix 7.

4.4.1.6 Saltglands and hair types.

Neither of these characters was easily identified using
the light microscope a:1d could not be used here as a
distinguishing character.

4.4.2 SCANNING ELECTRON MICROSCOPY.

Results are given for the following characters:

4.4.2.1 Papillae. presence and patt.erning.

Papillae on th~ leaf surfaces were found to e~~st in
various patterns, and grouped as follows:-

Group 1 is characterised by a lack of papillae on both
uppar and lower surfaces.

Group:2 is characterised by a lack of papilla. on the
low.r surface and papillae on the upper
surfaclI.

,Groups 3 to 10 were found to have papillae pn both
surfac~s. Hllrediff&r.nc.s in the shape and the patterns
formed by the papillae are compared.
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Group 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
rounded papillae were present. Spickle shaped
hairs were present.

Group 4 Few papillae are found on the lower surface with
an observably larger number on the upper surface
and little or no ribbing.

Group 5 showed exactly the opposite situation to Group 4.
That is few papillae on the upper leaf surface
and considerably more on the lower with little or
no I~ibbing.

Group 6 The papillae on both lower and upper surfaces lie
very flat against the leaf surface, aU. sloping
strongly tolt'lard!Sthe tip of the leaf.

Group 7 The papillae on both the lower and u.{Jpersurfaces
are smaller than those of Group 3 and have
distinctive shapes. There is definite ribbing.

Group 8 The papillae are oval in shape compared to Group
3. Only one size was observed and distinct
ribbing was characteristic.

Group 9 Two types of papillae e~ist on both leaf surfaces
characterised by distinctive ribbing in each
case. Two types of hairs are present, long and
$pickle.

Group 10 papillae present on the lower surface are
characteristically H - shaped. Papillae on the
upper ~urface show a definite ribbing pattern.
Both long and spickle hairs are present.

'\':
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Table 17. Designation of plant collections to papilla-
patterning groups.

Group Plant collection number.

1 17,20,25

2 1,12,23,37

3 3,5,10,13,18,19,20

4 2,11,15,35

5 8

6 4,14,16,21,27,28,31,34

7 6,26,29

8 3,22,30,33

9 7,24,25

10 9,10,36

4.4.2.2 Papillae: arrangement aroung stomata and Guard
cells ..

Four charact.ristic group~ were foundt-
Group 1 no papillae pre5~nt around stomata and guard

cells.
Group 2 papillae surroundJng stomata but not overlapping

the stomatal pore.
Group 3 papillae surronding and overlapping the .tomatal

pores and gu~rd c~lls, but both still clearly
\

visibl ••
Group 4 papillae ov.rlappinQ the stomata ~nd guard cells

making identification difficult.
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Table lB. Assignment of plant collections to papilla-
arrangement around the stomata and Guard cells.

Group Plant collection Number..
Lower Surface Upper Surface

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

2 3\6,8,11,14,15,18 10~11,14,18,19,20,
I 19,24,28,36 24,28,29,33,36

3 1,2,4,7,9,12,13,16, 2,4,7,9,13,21,27~
21,23,27,34,35 34

4 5,10,20,22,25,26,29 3,5,6,15,22,25,26~
JO,31,32,33 30,31,35
//

(
4.4.2.3 Hair presence and types.

Two types of hairs were found on the leaf 5urta~es~ both
.pickle and long hairs~ In some plant coll@ctions hair1;
were found on onllP surface and not the other (!SeeTable
19). Normally the'Y.' were found more abundantly on the
upp~r .wrf.ace. The .pickle hair waS more cummonly found
than the 10n9 hair type on both the upper and lower
Burfac •• (See Plate: ..1 Ie 2).

\i
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Table 19. Plant collecti~' groupings based on hair type
and presence.

Plant Upper Lower
collection Leaf Surface Leaf Surface

Number Spickle Long hair Spickle Long hair
hair hair

1 A A A A

2 P P A A

3 P A A A

4 P P PI A

5 P A P A

6 P A A P

7 P P A A

8 P A A A

9 P P A A

10 P A A A

11 A P ~ A

12 A A A A

13 P A P A

14 P A A A

15 A P A A
1-'

16 P P A A

-
17 A A A A
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Plant Upper Lower
collection Leaf Surface Leaf Surface

Number Spickle Long hair Spickle Long hair
hair hair

18 p A A A

19 P A A A

20 P A A A

-
21 P P A A

22 P A A A

23 A A A A

24 f.\ A A A
I

25 P )ip A P
J

26 P P A A

27 P P P P

28 P P A A

29 P P P A
-

30 P P A A

31 P P A A

32 P fl A A

33 P P .'A A

34 P A P IJA
'I
'\

35 P _\, A II A A

36 P P A A

eYJ- t· ::lit prl!5&mCe A == abslEtnce.
I:
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4.4.2.4 Salt glands.

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

4.4.2.5 Cuticle.

Although cuticle presence W~$ noted, this feature was
observed more accurately in th~ light microscope studies
and was excluded from the scanning electron microscope
study.

The numbered results of the light and scanning
microscopy st.udies were placed into a matrix
Cluster Analy~is test was executed. See Figure 19.

electron
and a

J\
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FiQure 19 Using the claudistic approach to show OTU
groupings.

Two main gt~oupings W!ere found, one 1arge and the othwr
conui.sting only of three OTiJ's.They WerE! OTU's 1, 12 and
23 ..

{i
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4_5 DIm SSI~_

The characters t~~ were examined are listed in Table 207

with scoring to .iability.

Table 20. Morphological data.

Light Microscopy Scanning Reliability Used
Electron

Microscopy

1. Leaf profile *** Yes

2. Vascular Bundle *** Yas

distribution

3. Bundle sheath ** Ye5>
cell number

4. Bulliform cell ** Yes
number

5. Bulliform cell * No

shape -6. Epidermal cell *** Yes
wall strllcture

~
7. Vascular bundle *** Yes

number
, .-

8.

1
Cutie Ie ** Yes

thief.ness
........_ .
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Light Microscopy Scanning Reliability Used
Electron

Microscopy
,

9. Salt glands * No
.

10. Hair types * No ,

-
11 Papilla-presence *** Yes

-~.,':.2. Papilla- *** Yes
patter'ning

13. Papilla-structure *** Yes
around stomata

14. Hair presEmce *** Yes

15. Hair types *** Yes

16. Salt glands If( No

17. Cuticle presence * No
ey :- *** = Good re eetabl.lJ.typ

** = Fair repeatability
* = poor repeatability

4.5.1 LIGHT MICROSCOPY.

In the light microscopy section the following characters
were found to be reliable, leaf profile, va.scular bundle
distribution,

nur:lber.
ttpidermal

These
wotll structure and

bundle chc1lracters rmn«i\in~d
v.!5Cular
constant

throughuut the study. They were examined

permanent frozen sections and later
mount!&.

fir~t using non-..using permanent

I I1t was cone 1uded th..t these r lar.:t'!;!rswl!re rOrtstant and
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not affected by environment especially as the first
examination was carried out shortly after the plant
collections were brought in for study. This examination
was found to give the same results as the later ~tudy
that was carried out once all the plants were subjected
to the same environment for a number of months. No
mention of these features were found in the literature
10- the use of classification in Cynodon. C. ddctylon was
however compared to other turf grasses examined by Stiff
and Powell (1974). They noted the stem anatomy in 20 turf
grass selections
groupings. Cynadof1

[end found
dactylon was

thr'ee
found

distinguishable
to hnve multiple

rings compared to single 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 waG that
there was some variation of cell number or cuticle
thickness within the s~ecified plant collections.
Although this viu'iation was not very noticeable, it W('I$

large enough to wa~rant a 'fair repeatability'
classification. Replicates of thmse rEI/suIts were noted
and averages were u~~d (See Appendix 7, e and 9).

A specific region within the transverse leaf .ection was
used wh.n counting both the numb.~ of bulliform ~ells ~~d
the vascular bundle number'S. Thi~' WiaS betwllitntwo minor
vascular bundles, ••e Figure 16. The &am~ applied when
counting the numbllrof bundle sheath cell•• These were
counted only on a lat( ~l main vein, 511. Figure 16.
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Figure 20 A diagrammmatic sketch of a hypothetical
leaf showing wh~re the bulliform and bundle sheath
cells wer~ counted~

The salt glands and hair types ware given a poor
reli.bility cla~sification Mnd were not used as
characters in the light microscope study. This was
becau$e the~salt glands wer~ often difficult to identify
and the hairs were often removed in the preparation of
the section. Other authors have however examined salt
glanes in C. diJctylon with success. Dross and Thompson
(1962) Id~ntifi.d zalt glands using the scanning electron
micros~ope, a~d in 1984 the .ame authorG investigated the
ultralttt"uctureof salt 91and\J in c. d.ctylon ufJinq the
transmi••ion elllctron m.lcroscope..Bulliform cell shapfl'
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microscope, and in 1984 the same authors investigated the
ultrastructure of ~31t glands in C. dactylon using the
transmission electron microscope. Bulliform cell shape
was noted in all the plant collections. These were found
to be consistent throughout. All were found to be conical
in shape. As there were no differences t. .:i_s character was
eliminated. 0 other reference to bulliform cells in C.
dactyl'::mwas found in the 1iterature.

4.5.2 SCANNING ELECTRON MICROSCOPY.

The SEM study was only carried out once in this project.
That was aft~r the plant collections were grown together
for six months. The reason for this was chiefly expense
and the time involved. In this study the following
characters were given a good
papillae, patterning of papillae,

rating; presence of
papilla structure dnd

arrangement around stomata: pubescence and hair types.
These characters were found to be clearly char~cterised.

The characters; saltglands and cuticle presence were not
u$eful at the SEM level as the salt glands we~e difficult
to discern. Once again they were oft~n confused with
papillae. Only cuticle presence could be examined in the
SEM study, while the presence and thic~ne.~ Were alr.ady
noted in the light microscope study.

/1
'/

The char~cters were then combined and placed in a matrix
a~!:!!'''!Inthrough the NTsys cOflJPuterpollckaO•• Two distinct
~roupin9. wtlre found as in the electrophoretic: lIutction.
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The first group consisting of DTU's 1, 12 and 23 all
being c. dac~ylan var. kweek. The second consisting of
the rest of the plant collections. This group is made up
of smaller groupings or subgroups. Although these groups
sometimes divide up the plant collections by name, far
example, plant collections 13 and 18 are found in a

subgroup and are boch C. dactylon var , kweek • Other
subgroups are
collections 2, 7
their varieties

not as accurate, for example plant
and 28 form a subgroup but looking at
they are totally different. Plant

collection 2 is C. dactylon ver,
7 i.s C. dec iv l on ver: .. cape royal

kwoek , Plant coll~ction

is C. dactylon var , skaaplar3s fyn

that plant collection 2 although

and plant collection 28
It can also be noted
similar in name is

totally different to the smaller
plant collect~ons 1, 12 ans 23.
different to ot.her C. dec ty ion var ,

as plant collections 8 and 15.
Thus f~om this study it can be noted, that in using the

main group, that is
These are in turn
kweek varieties such

leaf morphology ~S a ranking characteristic some grouping
of DTU'S are obtained, but these grouping are not
sufficiently different to classify the cllitivars down to
subspecies level. To do that the morphological and
anatomical data would have to b~ combined with the
electrophoretic data.
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5_.:1.. I~ION

In this project two approaches were utilized in order to
classify various t.ur-f Cynodon selections. The first
mentioned approachs the electrophoretic approach, was
examined in conjunction with the chromosome counts
results as far as possible. The chromosome counts did not
include all the grass selections, but results in the five
selections studied showed the chromwsome number to be 2n
= lB.

The morphology and microanatomical section covered both
light and scanning electron microscoj:",'on the Cynodon,
turf selections. The results of the electrophoretic and
morphological and microanatomical sections were placed
into a data matrix and a cluster analysis Was carried
out on the dat~, u5ing the personal computer software
NTsys. Each section wa.; looked at s~parately and the
results from the two sec-t'ionf;were found to give adequate
correlatioA when the analyses were compared. The results
have been discussed in each section. To fulfil the aim of
this project in the use of both appli~d and cla$sical
i~ppfoach•• the data from the two sections were combined-r
(and the same t.st•..weH-tit carried out on thlf combined data
\.rilitrix.

)\

//
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The rea!5on then for carrying out the analyses on fi>.ach

!5ec:tion.separately was to double chec::k the result5~ .i t

was important to see if the various !5elections ~~;~v:?

fairly similar results in both the applied and classical
approaches so that when the results were combined one of
the sections wouLJ not cause bias. This feature would go
unnoticed if the two sect!)$ were combined and not
looked at separately first.
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Data from the electrophoretic and morphology 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 ~he combined results •

. _

I' ""P; I.; !._:::w:=:o:::::::::u:::::::::::::::c ...... ~__._ • __._. ....
Figure 21 Cluster aU'hllysisresul ts of OTU 9rcupjng~'!,
USil1Q thE cladistic mr.:ldtt in NTSY!I.

A ma~rix comparison test wa_ produc~d and found to give ...
correl.tion coefficient (r) of 0.9215. This number is

\ )JQh and tiugg.st..that cc.1mbinli!d, the raw d&t,_ is well
r.pr~s.nt.d by the cluster analysis.

c)
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Data from the electrophoretic and morphology and
microanatomic~l 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 combined results.
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Figure 21 Cluster anal ysi. resul tt!of--OTU -groupings,
using the cladistic mode in NTSys.

A matrix comparison test wa. produced and found to ~ive a
correlation coeffici~nt (r) of 0.9215. This number is

cr'high and Jfouggests':1:hat combineod, the raw data it<, well
/-:_:/

nj'iprflu;a>ntedby the clusteor analy&i!IJ.
U

1•.2.0
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Table 21. Showing
~Inalysis Test.

DiU groupings using the Cluster

Group ~ub-group OTU Number_,
1 i 1,12,23

2 i 2,11,28

ii 3,7

iii 4,5,6

i.v 8,10,14,19,24

v 9,36,34

vi 1.5,J.6,25,30,31

vii 13,18,20

vii,i 29,33

ix 22,26
.~

\

OTU's 17. 27, 32 and were found tQ remain separated
and not to fall into any of the sub-groups. Ten distinct
groups emerged as shown in Table 21. When comparing the
combined cluster analysis to those performed for the
electrophoretic and morphological and microanatomical
sections, distinct groupings can be seen th~oughout. Two
distinct~graupings Were found in all three cases, OTU's
1, 12 .nd 23 in a separate group and all the other OTU's
in ..lan;~.r group, which was subdivided into 'Sub-groups.
Ir. thlt large,.group similar flub-groups wltr.,'not.d for
OTU's 3 .nd 6~ FJ and 36. 22 and 263 13, 18 and [(20, 10 and
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19; 2, 11, and 28. In all three instan~es certain DTU's
in the large grouping, were found outside the sub-groups.
Perfo~ming matrix correlation tests on the data it can be
seen that all the rDugh data are well represented by

Figures 21. Refer to Table 22 for the matrix correlation
values.

Table 2~. Showing matrix correlation values.

DP..I(·S) removed MatriX' correlation "value (r")
!--<,

none 0.89516

1 O~90146

12 <,).89372
---- i--'

17 0.88898 .
23 0.90651

,......
1,12,17 and 23 0.84972

. ~.
.._

'\

(I
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An extensive survey of the literature, ~. ~ two on line
searches and constant surveillance of current literature,
showed no public&tions dealing with turf Cynodon within
the aims of this project. No reference was found to any
electrophoretic work on Cynodon • This being so, no truly
comparative discussion is possible with reference to the
literature in the electrophoretic section.

A limited amount of literature was found~ that dealt with
the cytological and morphological and microanatomical
sections of this project. Some comparative studies of
Cynodon dactylon and othe. grasses was made by Stiff and
Powell (1974), Akin and ~..tr'di~~(1973) and Rogers et r'!l1.

(1976). Stiff and ~owen \l97.tq ct)fJlparrdthe stem anatomy
of 20 sele~tions of turfgrasaes using light microscopy
and found three tYPE!S distinguishaLie. CynodQn was
classified as having multiple rings, and was placed in
this categ~rie. Akin and Burdick (1973) investi~dted warm

"season ',tdrfgr'a$s.~ for differt!nces in 1igni f ication
_itlt'Zand microanatomy. No m4jor differences were found,
And although some of the turfgras~.s could be cat~goris.d
the Cynodonflwere broad 1y' c;:ror..tp.dtogethfirwi th oth.,..
turfgra•••s. No divisions were made within the Cynodon
fjI.nul>.Rogers .t ..1. (1976) used iiciilnning .. htctron
micn~Gcopy ttl,..ahow di ffer.nct"li in th. tisau. componemt;s

of rhizOmtttJ, tlli'ld st'l.hona of ZOYfli. Jllponic"' ..""f'!d CYn.adon
"-. )/-'-~",., ..'

d.ctyion L. Hwre differ.nc •• w.re found l:uptWl' \ Zoy• .i.
I

.illponic.a ..nd Cynexion dllctylan , but onc. aQ.in nil.

c.ttagori ••titin wi thil'"!th. Cynodon gttnus i t••lf ..

loa



A number of authors have studied the chromosome numbers
of CYl7odon. For eHample Brilman et: el ; (1982), Forbe& and
Burton (1962), Harlan e t: e I , (1968), Harlan tet: e I ,

(1970), Hurcomb (1945), Moffett and Hurcombe (1943),
Oureckly (1963) and Tripathy et ai. (1977). Cynodcn was
found to have a diploid number of 2n = 18, It Was
concluded by Harlan et ai. (1970) that Cynodon is
difficult to treat taxonomically and that no entirely
satisfactory classification has yet been found. ND~e of
these stUdies howevp.r examined turf Cynodon. It thus
appears that no previous work has been published on
chromosDme numbers in " :1ri'Cynodcm.

In the cY1:ogenetics section chromosomes were examined in
Q very limited number of grass selections. In the five
plant collections that were studied, it was found that
the chromosome number ~taE> a constant 20 = 18. Thit. could
give a general idea but no,hing ·oncrete. If this section
were to be ul::ili<.ed to the maxir;l.!m, a more thou:-ough
study ~f turf Cynodon genetics would have to b~ donn.
This could include chromosome counts, as we~l as
chromosol'(\~ morphology, fo~~ example by using banding
st.ains such as Giemsa ·""taining. This was not within the
scope of this prpject however~ but would be interesting
for furthe:r<~tudy ..

In th. morphology ~~d microanatomical section the number
of ch.rae teJl"!6used waE>,i onc';'.gillin l:i..mited by the aim of
this project, which w~s to
of characterising turf Cynodon. n Featur~/) such a!> sal t

- . 1/glands, together with electron dtffractirin analysis of ~-
r.G:y-swould ~akQ an inter.sting stud.,., b\1t m,.y bi! too

Cynodoo·

'1.riati.,...Oth.r features such as prilpiIlal! <~ay al$o be
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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 using only those with a good rating in the
N~sy~ computer package, to see if tne plant collections
could b€ further subdivided than the two main groups that
were cl~~~lfied in this study.

Us~ng th~ personal computer software packag~ NTsys
oefinite patterns emerged separating the grass selections
(cCllled DTU's when using NTsy=>i. The pattern that emerged
wh::':t'lcombining the resul ts was the same as that of the
separate r.sults, where +wo mAin groups form, one large
and one small one. The large group in all instances c~n
bfl' further divided into subgrc:,u~ings of OTU·s. The small
group that forms is
consisted of DTU's
d.ctylon v.r. kWIIPek

Natal and DTU 23 from the Cape. T~e smaller sLbgroupings
are not identical but have mark~d similar1ti£s in m.ny
in$itan\o'es, for ~xamplEl.'DTU's 3 and 7, being C. dac:ty1.on

var. b.ayviewand C. dac:tyJon ver : cap. rove t , are always
found in a subgroup as are DTU's 4, 5 and 6, being C.
d.ctylon var , flori.da, and var. skaaplaaJ's respectively,
and OTU's 10 and 19, being C. d.aci:ylof1 ve.r , duffy, and
var. mandy repectively, and DTU's 13 and 18.

the same in all instanc:f"~. It
1, 12 And 23, (;';:'lichw~re Cyrtadon

of which OTU's 1 ~nd 12 were from

w!SIPd in this study resul t~d in tr·f!
'(

"II'Ptlratibn of the grat:·. selec:tions into
grOLi:tpinQs one of wnich i.,.dnbe f,Jrthll'rdivided into
subQroups. In th~ .cal. of this project this 1. illS far illS

tn.. classific:ation can be recommended. Any further
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classification based on subgroup~ may nol give the
correct classification. This enab]es fLture workers to
take a Cynooon turf variety, per fo,~m t;-~':" necessary
techniques and place the grass selections in~n one of the
two groupings or to identify it exactl~ with one of the
known varieties (that is one of those used in this
pr(,ject). In being able to do so the ~im of this proju:t
is partially satisfied.

More techniques could be used to characteri$e a plant,
not only th~ ones looked at in the scope OT this project.
Cautio~ is advised though. in that although many more
techniques m~y be available they are not all suitable for
the turf r••earcher wi-)o wi 11 Lise SUch techniques.. Many
otherwise suitable techniques for characterisation of the
turf Cynooon may be too time consuming or requir~
equipment that is not .nvailable* The equip,nent used in

this study is easily accessible, relatively cheap and the
chemicals commercial Iv ~v ..il"i::tle.

Sample si2e is of im~ortanc •• In this ~~udy • homogenous
sample l14a5

turfgrasses.
samphni werl?
could mtf.n that ..- "de ..al\lpleof that specific gra.1Iiwas
not inve.ti<;;Jeted. Mowever, of the turf CynoocJn'!ll that were
.xamin.d (to the 8iu'thor's knowl.dge), none of the sampl ••
produc~d viable ••• d•• n~ .ome did not produce any ••~d
at all {they only r.produc,d v.<;;J.tativ.ly). In most ca •••
that r.;rr"... in que.tion was f" .. Moved from gal f cour •• litre.n.
where the gr ••• was v.getatively derived from a small
gem.tic: pool, nomo<;;JlltnoulIin ori<;;J,~n.Takin<;;Jth... two
factors into con.ideration, .ampl in<;;J..~ d,onllt\Iinthis work
shot.,lldcovatr .11 th.. gra •• typ •• pl"'••• nt in the !'Iel.etian

important in order to classify the
In many instan:z::.s in this study sm/lll
c:olllJilct.dtroiT) th. place- of origin, which

.Hl



chosen.

Another problem that will have to be overcome is that of
CynodOn turfgrass naming. This was found to be suspect in
a number of cases. For exumple OTU's 1, 12 and 23, all C.
dactylon var. kweek were grouped in an entirely
separate group to the rest of the OTU's and yet there
were a number of C. dactylon var. kweek samples found in
the larger OTU grouping.

/'
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~l:X .1..

Dire~tio~s for use:
1. Funginex. For ornamentals and cultivated lawns: 15ml

per 10 OOOm! water.

2. Malathion 50. For ornamentals and cultivated plants:
15ml per 10 OOOml water.

~::rx 2_

Formalin acetic alcohol.
70% et.hyl alcohol
GI~ci~l acetic acid
For-malin
(Johansen 1940).

Ac.tocarmine.
Glacial acetic acid
.:... ,-~>-.

Distil leo ~waterr

90ml
oml
5t,ll

90ml
J.10ml

Heat the 91acial acetic acid and the water to boiling
paint. RemOvE the !lohltion from the heat and add ~g of

1!{

carti f lcd carmin dye. COC"! in olfrcc:tC. Cox and decant. Add
/1 (j,

a trtW drops of an aqUilft>IJSsolution of 1lfrr.ic acetat.
until th. colour is that of dark win ..red.

',I
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~IX4_

Tertiary butyl alcohol series.

Total % alcohol 50 70

Dis+:illed water 50 30

951. Ethyl alcohol 40

Tertiary butyl 10
i'llcohol

101. Ethyl
alcohol

(,.lofH~.n5en1940).

~:.tX 5 ...

a~l and tray buffer recipe~.

1. lithium bor~te pH 8.3.
Tray buffer"
0~19 M boric acid
0.04 M LiOH
pH 8.3 with LiOH

85 95 100

15

50 50 40

20 35 7555

25

aId bufhtr
0.05 M tris
0~007 M citric acid
pH 8.3 with citdc acid

Gftl buffer can bl! ",.dli up by d.i'1uting the tray buff.,. at
4 ratio 1 1 9 with di.till~d water. (Shi.ld. wt .1.
1~83)•

2* Tri. citratl! pH 7.2.
Tnt\t buffer
0.223 M tri.
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0.069 M citric acid
pH 7.2 with 5N Hel.

0.002 M cit~ic acid
pH 7.2 with 5N He!.

The gel buffer can be
tray buffer to 1000ml of

made up by diluting 35m! of the
distilled water and pH 7.2 with

5N Hel (Soltis et al. 1983).

3. Tria EOTA borate pH 8.6.
Tray bufflil'r
0.18 M tries
0.004 M EOTA
O. ~, M boric acid
pH 8.6 with boric acid.

Gel buffer
0.045 M tris
0.001 M EDTA
0.025 ~ boric acid
pH 8.6 with boric acid.

The ge !ft~r can be made up by diluting 250ml of the
distilled water and pH 8.6 withtr~v buffer to 1000ml of

boric acid (Soltis et ~1. 1983).

4. Tri. citrate pH 8.0 - 8.5.
Tray butf.r
0.13~ M tris
0.032 M ~itric acid
pH 8.0 with 5N Hel.

GPol buff.r
0.009 M tris
0.002 M citric acid
pH 8.5 with 5N HCl.

Th. 0.1 buff.r can b. m..d~ up by diluting
II

tray buffer to 1000ml with distilled water
~ith 5N HCl (Solti~ lIt .1. iC183).

67ml of thft
and pH 8.5

5. Trill maleat. pH 7.4.
TrAY) buffer

0.1 M tri.
0.1 M maleic Acid
0.01 M e:OTA
0.01 M M;Cl:a

\\
0.1 buffer
0.005 M trill
0.005 M mal.ie acid
0.0005 M EOTA
0.OC05 M McaC1:a
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pH 7.4 with NaOH pH 7.4 with NaOH

The gel buffer can be made up by diluting the tray buffer
1 : 19 with distilled water and pH 7.4 with NaOH (Brown
et ala 1978).

6. Histidine c~trate pH 5.7.
Tray buffer
0.065 M L- histidine
0.02 M citric acid
pH 5.7 with citric ~cid

Gel buffer
0.009 M L- histidine
0.003 M citric acid
pH 5.7 with ~itric acid

The gel buffer can be made up by diluting the tray buff~r
1: 6 with distilled water and pH 5.7 Jith citric acid
(Shields et eI , .1983).

0.5 ml
3ml
100mg

SOmg

1 M MgCl21
acatton.
« -n~pthYl acid pho_ph.tlt
Fast Garnet GBC ~alt

Enzyme s.tains.

1. Acid phosphatase (ACP).
100m I 0.05 ~ 0.2 M .odium acetate buffer

(pH 5*0 i)1i th NaOH)

Di".oIve the «-reapthyl ac..tllilf~phosph.ate in thlt ac.tcme.
Store in the dark until band. appear (Soltis .t .1.
19S~) •

amI

2. Alcohol dehydrogtm ••• {ADH).
100ftl 0.1 M tri. (pH S.O with NaOH)
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20 mq 1\1~u)

5mn NTl
2mg PI'1S

Store in thE dark until the bands appear (Soltis et al.

1983) •

3. Aldolase (ALD).
100ml
30mg
30mg
lOmg
120U

0.1 M tris (pH 8.0 with NaOH)
NAD
MTT
PMS
Glycer~ldehyde 3-phosphat~ dehydrogenase.

Store in the dark until the bands appear (Shields et al.

1983) •

4. Catalase (CAT).
5ml 37. hydrogen peroxide
7ml o .1 M phosphate buffer (pH 7.0)
78ml distilled water

:Incubate the gel slic. in this solution at room
temperature in thl! dark for 1 to 2 hours. Pour off t.h~1!
rin •• and add the following solution, staining in th~
light until the bands appear.

50mI 0.09 M KI
501ft 1 disti I htd water

White band. will appear on the datrk
coupl. of drops ot glacial ac.ti~
staining. (Soltis .t .J.1983).

blue baCkground. A
acid will induc~

3. Estera •• (EST).
1.00ml

f)ml

401ft;

40"'0

0.1 M phosphate buff.r (pH a.O)
acatone
cc-napthyl "Ac.tata

'S-napthyl acetate
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100mg Fast Blue RR Salt
Dissolve the (3-napthyl acetate in the
addin':j to the staining tray. Store in
bands appear (Soltis et al. 1983) •

acetone before
the dark. until

1ml
40mg
15mg
20mg
4mg

1 M MgC12
Gluco~e 6-phosphate
NADP
MTi
PMS

6. Glucose 6-phosphate dehydrogenase (G6PDH)~
100ml 0.1 M tris (pH 7.5 with NaOH)

Store in the dark until the bands appear tSoltis.t aJ.

1983),.

7. Glutamate dehydrogenas9 (GDH).
100mI 0.1 M 1:ri. (PH 8.0 with NaOH)
20ml 1 M L-glutamic acid (pH 8.0 with NaOH)
20mg NAD

J

10m;
2mg

MiT
?MS

Store in th. dark until the bands App.ar \Solti~.t .1.
1983). «

B. Glut.mate 0)(..10.e.1:.t. tr.n.afl'lin••• (OOT).
100ml
l00fn;

1 M tri. (pH B.O with N&OH).

I..-... partie "cid
Q-k.toglutaric acid
pyridoxal '-phosph.t.
F.~t IHue ar:.' Sal t

th~ dark until the bAnd. appear
I'J

u

lOOttto
~
100m\)

Sto.... in
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9. Hexokinase
100m!
5ml
90mg
40mg
10mg
25mg
15mg
2mg
40U

Storw in ;"he
1983) •

aa " __!i4.:~"",a_""'!III.;t:

(HEX) •

0.1 M tris (pH 8.5 with NaOH)
1 M MgCI:z
glucose
EDTA
NADP

AlP
MTT
PHS

Glucose 6-phosphate dehydrogenase
dark until the bands appear (Soltis et dl.

10. lsocitrate dehydrogenase (IDH)~
100ml 1 M tris (pH 7.S - 8.0)
5ml
100mg
10mg
1~m9
2m;

1M MgCl:z
isocitric acid
NADP

MTT
PMS

Store in the d6rk until the bands appear (Soltis et dl.

1983) •

11. Malat. dehydrogena •• (MDH).
901'11 1 M l:ris (pH 8.0 - a.5 with NaOH).

10ml :2 M DL- malic: ..cid (pH 8.0 with NaOH)
101RQ NAD
10ta(il MTT
2MQ PHS

1983) •

90M1
12. M.lic: enzyme (HE}.

1 M tria (pH B.O - 8.5 with NaOHJ
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10m!
2m!
2vmg
20mg
2mg

2 M DL- malic acid (pH 8.0 with NaOH)
1 M MgCl:z
NADP

MTT
PMS

Store in th@ dark until the bands appear (Soltis et al.

1983) •

13. Peroxidase (PER}.
95ml
Sm!
2m!
2ml
65mg

0.1 M sorlium acetate (pH 5.0 with NaOH)
dimethyl formamide
0.3. M CaCl:z
3% hydrogen peroxide
3- amino 9- ethyl carba~ole

Di.solve the 3- amino 9- ethyl carbazole in the Sml
dimethyl formamide b~fore adding to the st~ining tray.
Stain the gel in the dark until bands appear (Soltis et
;:,,1. 1983).

14. P'ho.phoglu~oisomer.s. (PGI i.
100mi
Iml
30mo

10mQ
20mo
2,"9

40U

0.1 M tris (~H 8.0 with NaOH)
1 M MgCl::a
fructose 6- phosphate
NAD

MTT
PHS
gluco •• 6- phosphat. d.gyhrogenas.

Stain the gel in the dark until band. appe~r (Soltill .t
..1. 1983).

c

15. Phosphoglucomutas. (paM). /)

100.1 0.1 M tris (pH 8.0 - B.5 with NaOirf'>
1_( 1 M I"l9Cl:a

glucos. 1- phosphat.
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lOmg
10mg
2mg

NAD
MTT
PMS

40U glucose 1- phosphate dehydrogenase
Stain the gel in the d&rk until the bands appear (Soltis
et eI ; 1983).

16. 6- Phosphogluconate dehydrogenase (6PGD).
100mI 0.1 M tris (pH 8.0 with NaOH)
2ml 1 M MgC12
40mg 6- phosphogluconic acid
10mg NADP
lOme
2mg

MTT
PMS

Stain the gel in the dark until the bands appear (Soltis
lli't e i ; 1983).

17. Shikimic dehydrogenase (SDH).
100mI 0.1 M triSi (pH 8.5 with NaOH)
100mg shikimic acid
10mq

20mg
2mg

NADP
MiT
PMS

Stain the gel in the dark until the bands appear (Soltis
"t .1. 1983) •
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CUTICLE THICKN~SS.

Plant collection Measurem ent Average
Number

1 2 3 4 5 ~

1 0.0 0.0 0.0 0.0 0.0 0.0
-
2 0.0 1.0 1.0 2.0 1.0 1.0

3 0.0 1.0 0~5 O~5 0.5 0.5

4 2.0 2.0 2.0 2.0 2.0 2.0

5 2.0 2.0 :2.0 2.0 2.5 :2.0

6 1.0 0.0 1.5 1.5 1.0 1.0

7 1.5 1.0 1.0 1.5 0.0 1.0

8 1.0 1.'.) 1.0 1.0 1.0 1.0

9 0.5 0.5 1.0 -o .0 0.5 0.'5

10 1.0 1.0 1.0 1.0 1.0 1.0-
11 0.5 .0.5 0.5 0.5 0.5 0.5_.

"

.12 2.0 .( ~O 1.0 2.0 2.0 1.5
<,.

13 1.0 1.0 1.0 1.0 1.0 1.0

14 1 ..5 lwO 1.0 .75 LO 1.0
I. \

.1,5 "Q. 510• 5 0.5 0.5 0.5 ·O ..S

16 0.5 0.5 0.5 0.5 0.5 0.5
-17 [0.25 0.5 0.75 0.5 0.5 0 ..5

18 2.;; 2.0 2.0 2.0 2.0 2.0

19 :2.0 2.0 2.0 2.0 2.0 2.0
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1/

Plant colleci:ion Measurem ent Aver~age
Number

..-
20 2.5 2.0 2.0 2.0 1.5 2.0 .'

21 1.5 1.5 .1..51.5 1.5 1.5
"

22 2.0 2.5 2.0 2.0 1.5 2,0

23 2.0 2.0 2.0 2.0 2.0 2.0

24 1.0 0.5 0.5 0.5 0.5 0.5
:--
" 25 0.5 0.5 0.5 0.5 0 5 0.5

.-

26 2.0 2.0 2.0 2.0 2.0 2.0

27 0.0 0.0 0.0 0.0 0.0 0.0

28 1.0 1.0 1.0 1.0 1.0 1.0-
29 1.5 2.0 2.0 2.5 1.0 2,0

30 2.0 2.0 2.0 2.0 2.0 2.0

31 1.0 0.5 O.~ 0..5 0.5 0.5- ..
-32 1.0 1.0 1.0 1.0 1.0 1.0-
33 2.5 1.5 2.0 2.5 1.5 2.0
",' \.

34 0.0 0.0 p.O 0,,0 0.0 0.0

35 2.0 2.0 2.0 ...il 0 2.0 2.0AI. •,.. I:

36 0.0 0.0 0.0 0.0 0.0 0.0- \
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~~
Plant collection Count 'g.,,'erage

Nu;nb~r" . -
1 2 3 4 5

1 12 12 12 12. 12 12.0.. -
2 8 9 8 '8 9 8.5-
3 a 8 8 8 8 8.0

4 9 9 8 8 8 8.5
._._.__ ...__

5 7 7 6 7 7 7.0
- -
6 8 9 9 8 8 8.5-7 9 8 9 9 8 8.5

8 8 8 9 B 9 8.5
1----

<:) 6 6 6 7 7 6.5
1----

.1.0 9 9 9 9 9 9.0
1----

11 8 8 9 9 8 8.5
1-----

12 7 B 9 8 7 8.0
1--- ..

13 \1
:; 7 8 '9 8 B.O

I----....._ ,/

1:4 10 1'0 ~ 9 9 9.5
t- ........._ ......

.15 7 7 7 7 7 7.01---
:16 9 9 <;1 9 9 9.0

~~
17 7 1 6 7 6 6.5

~~

BUNDLE SHEATH NUMBER.

1S7



18 10 10 10 10 10 10.0

19 6 6 6 6 6 6.0

20 8 8 8 8 8 8.0

21 9 11 9 11 10 10.0

22 8 7 8 7 7 7.5

23 14 14 14 14 14 14.0

24 9 10 9 9 10 <;'.5
I-~-

1(~125 10 10 10 10 1()

.--
26 8 8 8 8 8 €3.O

-
27 8 8 8 9 c; (3.5

-
28 8 8 8 8 8 13.0--
29 7 7 7 7 7 7.0

-30 8 10 8 9 10 9.0--31 6 6 6 6 6 6.0
.--

32 . 7 7 7 7 7 7.0

33 9 9 CJ 9 9 9.0,_ .....

34 8 a 8 (3 8 8.0---35 11 11 11 11 11 ~.1.0

36 s 6 6 5 6 5.5
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aULLIFORM CELL NUMBER.

Plant collection Count Average
Number

,

1 2 3 4 5

1 6 b 6 J" 6 6.0

2 7 7 7 6 6 6.5

3 ·6 6 6 6 6 6.0

4 6 6 6 6 ~ 6 6.0

5 6 6 , M 6 6 6.0- ~.-... -..
6 6 6 6 6 6 6.0

7
)i

6 7 7 7 6 6.5
r

8 4-4 4 4 4- 4.0

9 6 6 6 6 ,f;t 6.0

10 7 4 7 5 :5 6.5

11 ;; :5 5 :5 5 5.0.. ...~I-

12 4 6 :; e 5 5.0

13 5"" 4 3 4 4 4.0

14 5 :; 5- :5 :; 5.0

15 , :; s :5 :5 :5 5.0

16 5 5 5 :5 5 !'S.o

17 (, 6 6 6 6 6wO



Plant collection
Number

Count Average

18 4 4 3 4 5 4.0

19 5 5 4 5 6 5.0

20 5 5 5 5 5 5.0

21 5 5 5 5 5 5.0

22 6 5 5 6 5 5.5

23 4 4 4 4 4 4.0

24 6 5 6 3' 3 4.5-
25 4 4 4 4 4 4.0

~6 5 6 6 5 5 5.5

27 6. 6 6 6 6 6.0

28 6. 6 6 6. 6 6.0

29 3 3 3 3 3 3~0

30 5 5 5 5 5 5.0.<-_
31 3 3 3 3 3 ~.O

32 6. 6 6 6 6 6.0
"

33 " " 6 6 6 6.0
.,.,'

.34- "' " " 6 6. 6. 6.0

35 13 6. 6 6 " 6.0

313 6. 6 6 6. 6. 6.0
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EXTRACTION BUFFER RECIPES.

Just before add 1'1. volume volume 2-

1. Tris - HC! grinding buffer.
0.001 M EDTA
0.01 M KCl
0.01 M MgC12
40'1. weight J volume PVP 40
25ml 0.1 M Tris pH 7.5 (with HCl)

Stir into solution or allow to hydrate overnight. pH the
solution with HClk This solution can be kept in the cold
room for 3 - 4 weeks.

merc;apto.thanol.
(Soltis et .1. 1983).

2. Phd.ph.tlt grinding buffer.
0.029 M sodium t&tr;aborate
0.017 M sodium met&bisulphate
0.2 M L- ;a~corbic ;acid sodium salt
0.016 M di.thyldithiocarbamic acid .odiuM salt
25ml 0.1 M phosphat. buffer pH 7.5

stir int~) solution. or allow to hydrate ovewnight ..pH thtl
solution with HCl. This solution can .be kept in the cold
room for 3 - 4 w••ks. Just before us., add 1'1.volume I
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0.00274 M sodium metabisulphate
0.00584 M diethyldithiocaroamic. acid sodium salt
0.00337 M dithiothreitol
0.005 M ascorbic acid
0.0423 M Na2 HP04

0.21 t1 $ucrO$f!
0.00155 M e:DTA sodium salt
5% weight » volume PVP 40
100ml distilled water

volume 2- mercaptoethanol.
(Soltis et al. 1983).

3. Phosphate grinding buffer II.

if

0.1 M tris pH 7.~ (with Hel)
0.01 M KC}
0.001 M Mgtla
0.01 M E£>TA

Stir into solution or allow to hydrate overnight. pH the
solution with NaOH. Just before usel add 1% volume:
volume 2- mercapto~t.hanol.
(Solti~ lit ..1. 1983}',.

(I I'

1

4. Tri!16- He} grindi:rl9 buffer.
!

I~0.1 M ascorbic a~id
,I

207. w4£ight I vOl~lm. PVP 40

II

Stir into sOlution~! pH

add 1% volume I v~~lum.
Ii
:!

il

IIthe solution and ju.tlib.1ore
2- mercaptoethano!. (Shi.ld.

"':

us.
et
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eL; 1983).

5. Tris maleate grinding buffer.

0.2 M sodium tetraborate
0.02 M sodium metabisulphate
0.25 M L- ascorbic acid sodium salt
0.026 M diethyldithiocarbamic acid sodium salt
0.1 M maleic acid
0.1 M tris
4% weight : volu~e PUP 40

Stir into solution or allow to hydrate overnight. pH the
solution with He!. This solution can be kept in the cold
room for 3 - 4 w~eks. Just before use, add 0.1% volume I

volume mercaptoethanol. (Soltis et al. 1983).
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RAW DATA MATRIX

Plant 1 2 3 4 5 6 7 a 9 10 11 12
collection

Number

:I. 0.0 1.0 p.5 2.0 2.0 1. .0 1.0 1.0 0.5 1.0 0.5 .5

2 3 3 3 :5 3 3 3 3 3 3 3 5

3 6 0 0 0 0 0 0 '0 0 0 0 0

4 10 a a 8 7 6 8 8 6 12 8 20

5 12. 8.5 S.O ~.5 7.0 8.5 8.5 8.5 6.5 9.0 8.53.0

6 6.0 6.5~.O 16.0 6.0 6.0 6.5 4.0 6.0 5.5' 5.05.0

7 1 1 1 1 1 1. 1 1 1 1 1 1

8 0 1 1 1 1 1 1 0 1 1 1 0

9 2 4 8 6 7 9 5 10 10 4 2 3

10 ;$ 1 2 1 2 1 2 1 2 2 1 3

11 C 1 2 1 3 3 1 0 :2 1 1. 0

12 3 3 2 3 4 :2 3 2 3 4 Z 3

13 1 3 4 3 4- if. 3 1 3 2 2 1

14 0 1 1 1. 1 1 1 1 1 1 1 0

15 0 0 0 .1 1 .1 0 0 0 0 1 0
'"

16 0 3 1 3 1 1 3 1 S 1 2 0
,-'-..-'-, -->, 1? 0 0 0 !~ 1 2 0 0 0 0 or 0

,
18 3 4 3 2 2 " 33 if. 13 ~ 4 5

,
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Pl~nt 1- 2 3 4 5 6 7 a 9 10 11 12
collection

Number

19 1 1 2 3 3 1 1 1 4 2 1 3

'20 0 1 1 1 .2 .3 1 4 3 5 l. 0

21 5 .3 1 1 .2 1 .2 7 6 .3 1 5

22 1 3 1 1 1 1 1 1 1 .2 .2 1

23 7 8 1 1 2 3 2 5 16 9 '4 10
,

24 4 5 1 1 :2 2 3 .2 2\ .2 4 < 4

25 2 2 1 1 1 1 1 1 2 1 2 2

26 6 1 1 2 2 1 4 1 1 1 4 6

27 6 2 1 2 .2 3 4 2 3 2 5 6

28 q 4- 1 2 3 1 4 a 16 10 5 11

29 1 1 1 :2 :2 2 1 .2 2 3 2 1

30 1 5 1 1 1 :2 2 :2 1 .2 3 .3

31 3 .2 1 :2 .2 .3 1 .2 2 .2 .2 .3
IC

)i
RAW DATA MATRIX

~
.'

Plant 13 I" 15 16 17 18 19 20 21 22 23 24

collection \

Number
\', 1.0 r't.5 p.5 0 ..5 2.0 2..0 1.5 2.0 2.0 :>.51 1..0 2.0

.2 :5 :3 3 .3 .3 3 :3 3 .3 .3 5 3

.3 II (l 0 0 0 0 0 0 0 0 0 7 0
..

;)
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Plant 13 14 15 16 17 18 19 20 21 22 23 24
collection

Number

4 8 8 b 9 6 10 9 b 10 8 15 8
!---,_.

5 8 9.517.0 9.0 6.5 10 6.0 to l It) 7.5 14 ~.5
.-

6 4 :5 ~.O 5.0 6.0 4.0 5.0 5.0 5.0 5.5 4.0 ~.5

7 1 1 1 1 0 1 1 1 1 1 1, 1

8 1 1 1 1 0 1 1 1 1 1 0 1
; ~

9 3 6 4 6 1 3 3 3 6 8 2 9

10 1 2 1 2 0 1 2 3 1 3 3 :2
",

11 3 2 2 3 0 :2 3 3 2 3 0 2

12 3 2 :2 3 1 :2 :2 4 3 4 J: '2

13 4 :2 4 3 1 2 :2 2 3 4 0 :2
/,

14 1 1 1 1 0 1 1 1 1 J. 0 1

15 1 0 0 0 0 a 0 0 1 0 0 0
"\
"

16 1 1 2 3 0 1. 1 1 3 1 0 1

17 l 0 0 Q 0 0 0 0 2 0 (f 0

,-
18 5 4 :2 4 '3 3 .0' 3 4 44 ·4 4

. \ ~
19 5 1 1 4 4 :5 1 :5 Z 5 5 1 ,~

20 1 3 1 a 3 1 '" : 3 7 1 0 4."

'".. Jkl " " ..,
6 10 Q 6 6 10 10 ' 11 1 6« 9 6

<, \'i. ~2 ' " . ... , .. _~.~~.'

1 1 1 3 1 1 2 1 :2 4 1 I

C .. -
23 11 ( 17 16 14 1 1~tl:j13 17 14 15 19 16I. r

.,
"
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22 i 1 1 3 1 1 2 1 2 4 i 2
c

23 11 17 16 14 1 12 13 17 14 15 18 16

24 4 1 6 6 5 4 2 b :5 2 :3 2

25 2 2 1 1 1 2 1 1 2 2 2 1

26 1 1 1 1 1 1 1 1 3 1 6 5-
27 2 :.2 2 2 3 2 2 2 2 3 6 3

28 12 17 16 10 10 e 8 19 4 13 20 14

29 1 2 2 J. 3 1 3 2 4 2 1 1

30 :5 7 5 3 2 5 2 a 3 2 5 :2
. ,-:;;>_

~;1 1 1 2 2 1 2 ····2 1 4 2 4 2

:,

RAW DATA MATRIX
"

Plant 25 26 27 26 29 30 31 32 33 ':S4 35 36

col h.c:tion .'
Ii

·'''Ju.~r :> I.'

1 0.5 2..00.0 1.0
f 2.0 0.5 1.0 2.0 0.0 2.0p.o2.0

:2 :5 3- -4 ;S :3 3 3 3 3 3 3'~ 3

:s 0 0 0 0: 0 0 0 0 0 C 0
~

I
f,~-

I! 4 ftJ • 14 6 " /; h 6 Zt 10 9 7
0

J
!t 10 S.~~.~B.O 1.0 9.0 ••0 7.0 9,,0 8.0 11 ~.5 ;;:'1,// i

/;::-- i. -z-:

6 4..0 5.9~..O jIb .. O 3..0 8.0 3..0 6.0 6.0 0.0 6..0!lI.O

i,

147



<1

( .

Plant 25 20 27 28 29 30 31. 32 1:$3 i ~4 35 36
collection

Number

9 ;/
9 7 6 6 ., a 6 2 8 6 4 10

10 :2 3 2 1 3 :2 2 2 2 2 1. ::3
....

11 2 3 1. • 1 2 2 0 2 2 1. 1.,l. ~

12 4 4 3 :2 4. 4- 4. 4 4. 3 :5 2
! i-13 4 4 3 2 :2 4 If; 1 2 3 4 :2

'.

RCC14 1 1. 1. 1. 1. 1 1. 1 1 1
, ',-'

"
f> 15 1 0 1 0 1 0 0 0 1 1 o 0

16 3 ;3 3 3 3, 3 ::3 3 ;3 1 1 3
'" ,...

17 :2 0 3 0 1. 0 0 0 :2 1. 0 0...
18 2 ::3 3 -4 At 4 2 ... 3 1 4- 1.

I
I,~ ,

19 1 5 0 4 4 1. 1 s e 1 1 J< 5
//--""

2Q B 3 9 3 ;3 ::3 3 3 1 6 e,~,3
" '. -"',-:-
21 b 4 3 1 6 4 5 7 6 4 e 9

I"~~, ~~
22 1. 5 • :5 1. 1 1 1. 3 1 :5 1.\ ;

...

23 16 19 :; 1 16 6 16 6 21 20 22 23
o

"
24, 6 5 5 6 :; :) 10 -6 6 4 3 5

25 2 Z 1 2 1 2 1 1 2 1 1 1

2b 1 '~ 4 e c:';c: ~ z 1(/j 1 t 3 1. ];:;:~~ 1.-

27 2 6 3 .;3 2 2 3 ...i 4 7 4 3..c.
"

Lz.,..15 21 6 ., 8 e 14 13 f:~' 4 22 8 I
14B



types on lowar surta~., 18 .. epidflrmal c:ltll wall

Plant 25 :26 27 28 29 30 31 32 33 34 35 36 ,
collec:tio.,

Number ,,.

- ,

27 2 6 3 3 2 2 ::5 2 4 7 4 3- ,

28 15 :21 6 7 8 8 14 13 8 4 22 8
, .,

29 2 1 1 1 .1. 2 3 3 .1 :\ ..:s .1.
1--- ...... ,

:;:50 .1. .1. 3 4 :> 2 -6 2 9 2 9 2
.s ,

r',

: 2 .1 2 1 .1.31 1 4 1 2 .1. 2 1

In the tabll'fc:olumns = th~ plant c:ollec:tic:lnnumber and
rows - data examined, see key below.
KEY, No. 1 l# cuticle thickness, 2" nWII\ber of large
v.a!6cularbundles, 3 = number of medium vtlicull)rbundles,
4 z number bf SMall vascular bundles, 5 = average numb~r
01 bundla sheath cell around main vein, 6 - average
number of bulliform cells, 7 ~ papil1a~ presence or
absence on upper surface, 8 .. papillae presence or
ab.en~e on lower surface, 9 = papillae patterning, 10"
papille. densi ty on upper surface p 11 JIll par"iHam density
on lower surface, lZ) = papilla structure around stomata
and guard cells on upper leaf surface, 13 .. papilla

and guard cell !Ii on lower
ab ••nc. of hair-. on upplitr

~
CJtructure around st"'ilTuata

'-:.r-
surface, 14 lit pnts6!nc_' en-

~urf.cft, 15 ~ pr•• ence or absence of h&irs on lower
surface, 16 .. hair type. on upper surfac., 17 .. hair

structure, 19 .. leaf profile, 20 ~ vascular bundle
distribution, 21" ACP patthfrni.r,g,22 .. ADH patterning,
23 # EST p$tterning, 24" SDH patterning, 25" IDH

p.tterning, 26 ..MDH patterning, 27 ..ME patterming, 28 ..
PER patt.rning, 29 ~ 6-PGD patterning, 30 - PSI
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patterning and 31 = SDH patterning.
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Group 1

1
V - shaped with straight arm
ends and dPlfinita midrib.

Wide V ..;;.'~hapad with straight
\\ "

orrn ends ond def:nite midrib.

Vl·J)~hap;3d ;I~t:curled arm
ends and ~~Iennnamidrib.

,//,1 \

d

u ~ sh~ped, no definite midrib
and sfr(JJght arm ends.

\\

U - shaped. no definite midrib
and curling arm ends.

Straight leaf, no deHnite midrib
and straight leaf orm ends.

Group 2

..,U
n

6
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