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Abstract. The removal of the leaves from the plant as well as the toxic effect of heavy
metals cause, among other things, the speeding up of natural semescence as well
as chlorosis.

Lt is realized by experiment that the removed leaves from the tolerant genoty-
pes of Anthozanthum odoratum have shown a lower loss of chlorophyll as the time
passed and with the steady presence of 7 mM zinc in relation to the non-tolerant
genotypes. Just the opposite occurs with the absence of the foxic aclion of zinc,
There is a hypothesis that this is probably due to the adaplation of the tolerant
organiem so that it requires the presence of zinc for tis normal function and growth,
while its absence speeds up the natural senescence as well as the breakdown of chlo-
rophyll,

Therefore, the tolerance of various species which occupy ltowic areas 12 chara-
cterized by a generally inherited evolutionary copactiy rather thun an innate na-
tural tolerance,

INTRODUCTION

The waste or spoil from mining operations, often containing toxic
levels of heavy metals, has been dumped in haphazard heaps in the
vicinity of the mines. The heaps therefore offer an inhospitable envi-
ronment for plant colonization (Bradshaw 1971, Wild 1970). The degree
of contamination can be considerable, and although extraction proce-
dures may have removed the bulk of the metal involved, the spoil
generally contains at least 1%, of the metal. This may he accompanied
by other metals which were present in the ore at Iow levels and were
not worth extracting, but which are often quite toxic (Bradshaw 1971).

In spite of the inhospitable environment for plant growth, a num-
ber of plant species are able to colonize mine sites to varying degrees
and their distribution has been of interest not only to scologists but
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also to prospectors of metal ores (Persson 1956, Warncke 1968, Lam-
binon and Auguier 1964, Frnst 1965, 1958).

The investigafions of the past twenly years have shown that many
plant families contain species tolerant to heavy metals (Antonovics et
al. 1971). It is thought that these families contain some individuals
with the genes which enable them to tolerate unusually high and nor-
mally toxic levels of heavy metals. Consequently, when a contamina-
ted area 1s produced by mining activities or the natural processes of
erosion, these wndividuals are able to colonize the area. The severe
conditions prevalent at these siles exert very strong selection pressures,
they prevent metal susceptible species from growing in Lhe area and
maintain and possibly improve the mechanisms operating in the to-
lerant species.

It has been established that the degree ol tolerance is determined
by the nature of the soil. If the soil has high levels ol metal contami-
nation then Lhe species growing on that soll will have a high level of
tolerance (Wu and Antonovics 1975, Karataglis in Bradshaw 1976).
Metal tolerance in the majority of species is specific. Tolerance to one
metal does not incur tolerance to another.

Turner (1969, 1970) and Turner and Marshall (1971, 1972) have
shown that some tolerant strains of Agrostis femwis take up more metal
immto the cell wall roots than do the non-tolerant species.

The majority of invesligations undertaken are concerned with the
mechanisms oceurring in ihe roots of the plant, as this is where the
first signs of metal toxicity occur. In addition, roots are a much easier
part of the plant to work with than the shoot and so the shoot has
been for the most pari ignored.

Many heavy metals, including copper and zinc, cause chloresis si-
milar to that produced by iron deliciency, in addition te the usual to-
xicity symploms such as stunting and necrosis. However, it has been
shown that the loss of chlorophyll differs in tolerant and non-tolerant
individuals in the presence of heavy metals, demonstrating that chloro-
pbyll plays a part in the tolerance of a plant and so the estiroation of
chlorophyll levels should be a useful way of estimaling the degree of
tolerance of the plant shoot. This is the area which will be looked at
maore ¢losely here so as to see what the effect of metal on the chlorophyll
content is.

MATERIALS AND METHODS

Plants of Anthoxanthum odoratum were collected from zing flead
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mine soil of the Trelogan in North Wales. For comparison, plants of
Anthoxanthiwm odoratum were collected from an uncontaminated area.

Tolerant and non-tolerant genolypes were propagated in normal
soil in a glasshouse for at least eight weeks prior to testing, to provide
sufficient material for the experiment.

A test {or the soil pIf was made and it was found fluctuating from
6.1 10 7.6. Alsc the levels of contaminants have been measured by a
Unicam atomic ahsorption SP 90. After three measurements the mean
of contaminants were:

Zine 20,000 Lo ©0.000 ppm
Lead 2.500 to 3.600 ppm
copper 100 to 500 ppm

In order to measure the effect of zinc on the level of ehlerophyll
in the leaves, leal blades were cut off the plant just ahove the leaf node
and were placed in solution, with and without metal ions respeclively,
contained in 300 ml plastic beakers using plastic tubes held in an 8cm
square plastic top to support the leaves. Each plastic top held ten tu-
bes. The plants were in a cabinet lluminated continuously by flucre-
scent lights and the temperature was kept at 23-25° G under 80-90%,
humidity. Ten replicates were set up Lc reduce any variations in the
results and so that standard errors are calculated. Two genotypes cne
tolerant and one non-tolerant were used so that chlorophyll extraction
were carried every two days.

Chlorophyll determination

A weighed sample of leal material was ground in a pestle and mor-
tar in a solution of 80%, aqueous acetone. The solution was then cen-
trifuged at 3000 rpm for about {ive minules so as to precipitate cut
all the leaf fibre and chloroplast fragments leaving a clear, bright green
solution of chlorophyll.

The solution was then mads up to 10 ml with 80% acetone and
the chlorophyll concentration was determined by measuring the absor-
ption of the extract in a Unicam spectrophotometer at 663 and 645
nm. The two readings obteined and the specific absorption coefficients
for chlorophylls @ and » as determined by simultaneous equations are
used.

De63 = 82.04 Ca+9.27 Cb
D645 =16.75 Ca + 45.6 Ch
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where Ca and Cb are grams per litre of chlorophylls @ and b respectively
and D is the density valne at the respective wavelength as obtaimed
from the spectrophotometer.

By solving for Ca and Ch the tolal chlorophyll C can be deter-
mined.

(= Ca—+ Cbh.
(= 0.0202 D645 - 0.00802 DE63 g /htre or
C=20.2 D645 + 8.02 D663 mg/litre.

RESULTS

The resnlts are expressed in milligrams of chlorophyll per gram
fresh weight of leaf material. [n the resulls obtained, the levels of chlo-
rophyll in the 0.0 mM concentration are dilferent in the two genoty-
pes, so to allow for this, the chlorophyll concentration is also expres-
sed as a percentage of the 0.0 mM zinc control.

The ten leaves of each genotype [or each day were extracted se-
parately and an average chlorophyll concentration and its standard
error were calculated. The chlorophyll contenis were expressed as a
percentage of the O time control. The logs of the percentage figures
were plotted and a line of best fil was caloulated.

A comparison of the slopes for tolerant and non-tolerant genotype
produced from the percentage dala clear]ly show that there i1s a dif-
ference in the natnral senescence rates of the detached leaves. The re-
sults show that the toleranl leaf loses more chlcrophyll over the ten
day period than the non-tolerant leaf. The tolerant loses about 809,
of ils chlorophyll in this period whereas the non-tolerant loses only
60%, a difference of 20%, which iz sufficiently signilicant.

When 1.0 mM =zinc is present in the solulion 1t can be seen by a
comparison with the respeetive centrols that the non-tclerant leal loses
139%, more chlorophyll than this without zinc, due to the elfect of the
zine and that the losg is very similar to that obtainea for the tolerant
control. However, when tolerant genolype in the presence ol zinec i3
compared with its control it is found thal it has losl as muech chloropbyll
as the non-toleranl genotype which is about 13%.

The loss of chlorophyll has been quantified by calculating the
significance of the regression lines. The most significant are the cnes
oblained for the tolerant and nen-tolerant+1mM Zn genotypes, showing
that these have the greatest loss of chlorophyll. The line chtained for
the tolerani+1 mM Zn is significant at the 0.05 probability level in-
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dicating the loss of chlorophyll as slightly less and the line obtained
for non-tolerant genotype is nol significant at either level showing (his
has the lowest level of chlorophyll loss,

DISCUSSION

The ohservations reported by Wainwright and Woolhouse (1973)
that the effect of toxic metals on the chlorophyll content of grass
leaves is greater in the non-tolerant genotypes than in Lhe tolerant pe-
notypes has to some extient been supported here. The results given in
Tables 1 and 2 and their related graphs indicate that zinc has no effect
on the chlorophyll content of the tolerant genotype but it does cause
some of the chlorophyll loss which oceurs in the nontolerant genotype.

TABLE I
Chlorophyll concentration expressed per gr fresh weight and its standard error.
mg chlorophyll/g fresh weight, showing stadard errors.

DAY  Tolerant Tolerant+1mM Zn  Non-loleranl  Non-tfolerant+1mM Zn

v 2.18£0.16 2.18-40.16 2.094:0.13 2.0904+0.13

2 1.0140.14 0.954-0.09 0.9840.08 1.06 £0.12

4 0.9940.06 0.794-0.05 1.104+0.10 0.884:0.05

6 £.95-4-0.20 0.524-0.07 0.92-+0.08 0.68-4£0.40

8 0.534£0.06 0.6920.12 0.96+0.18 0.4740.07

10 0.434-0.06 0.70L£0.14 0.80--0.08 0531012
TABLE I

Chlorophyll contents expressed as perceniage of the 0 Hime gnd the logs of them.

% chlorophyll content - log% conlent

DAY Tolerant Tolarant+1mbl Zn Non-tolerant  Non-tolerant+1ra
Y% log % log % log % log
0 100 2.0000 100 2.0000 100 2.0000 100 2.6000
2 46.3 1.6659 43.6 1.6393 46.9 1.6720 50.7 1.7052
4 45.4 1.6572 36.2 1.5592 52.6 1.7212 42.1 1.6244
6 43.6 1.6393 23.9 1.377 L4.0 1.6437 32.5 1.5124
8 24.3 1.3858 31.7 1.5004 5.9 1.6621 22.5 1.3519
10 14.7 1.2949 32.1 1.5006 28.3 1.5830 45.4 1.4041

Chlorophyll is continucusiy produced in the leaves and broken
down to various rates, something which depends on the age of the leal.
From the time, however, that the leal is detached [rom the planl, the
process of scenescence already begins. I the leaf were not delached,
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this process of scenescence would be prevented for quite a long time
owing to the existing balance of the different substances produced by
the plant. However, on detaching the leaf from the plant, we remove
this control and so the process of scenescence, which participales in
the break down of chlorophyll and proteins as well as many other
physiological metabolisms in the cells and cell wallg, already starts to
take place.

One of the first symptoms of metal toxicily in plants is the ap-
pearence of chlorosis. Heavy-metal induced chlorosis is similar in ap-
pearence to that due to iron deficiency and can be cured by applying
iron to the plant. Iron is involved in the [(ormation of delta-amincle-
vulinie acid, a precursor of protoporphyrin. The role of metal toxicity
is not so clear. An antagonism may exist between them and iron for
uptake or it may indirectly affect chlorophyll synthesis by interfering
with general metabolism (A. Reilly and C. Reilly 1973).

On comparing the behaviour of the two genolypes of Anthoxanthum
odoratum which were used in our experiments, we can say thal the
loss of chlorophyll occurring in the leaves of the tolerant genotypes
in case there is presence of Zn is probably due to the process of na-
tural scenescence rather than to the toxic effect of Zn. This may occur
because of the leaf adaptalion which requires the presence of Zn for its
normal function, while its absence causes a shock to the organism.

On the contrary, the loss of chlorophyll in the leaves of non-to-
lerant genotypes is greater when Zn is absent. Indeed, it has been no-
ticed that as Lhe toxic action increases, the overall absorption of Fe
from the plant is reduced resulting directly to the decrease of Fe con-
centration in chloloplasts. (A. Reilly and C. Reilly 1973). This accum-
mulation 18 probably essential for chlorophyll synthesis and this toxic
metal interferes indirectly with this process. Zine may inlerfere with
the permeability of the chloroplast membrane to limit entry to forms
of transport iron (1. Hulchinson 1968; A. Reilly and C. Reilly 1973)
into the organelle.
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TMEPIAHYIE

EIITAPAXEIE TOY YEYAAPI'YPOY EIIL TON OTAAQN
ANGEKTIKON KAI MH AN@EKTIKQN I'ENOTYIION TOY

ANTHOXANTHUM ODORATUM

Yrd
I, 2. KAPATATAH wai A, A, ITANATIQTOIIOYAOT-KAPATATAH

“H aroudxpuvors 1dv obihwy &nd t0 outd xeldg xul ¥ Tofuxy) Exldpe-
o TGV Bupfwy petdiray mpoueholy petefd TV Edav, Emtdyuvowy Tol
guood yheatoo xabde Emione xal yAdpwouw.

*Ex wév mepepatindy Sedopdvay ylveter dvtidnmrov Gt td amoxomévra
el Tév vleuTindy yevorimey Tob Anthoxanthum odoratum nepovaiu-
ooy pPuepoTépoy dmehelay FAwpopdidng pé v mapodov Tob yedvou xel ThHY
oralepdy mepovsiov ob 1 mM Jevdupydpou, &v oyéeer mpdg Tobg ph dvle-
wTikodg yevorimove, To dvrifietov dupiBde ouuPaiver ué v dmovsiav g
ToEwmie Spdozeg Tob Peudapydpov. Awwtumebtar 3 Srdbzoig bt mifavids Tolro
bopelhetar clg Thy mpoorppoyiy 7ol dvlexticol dpyawoupod dote vé dmonty
iy mapoveiay Tob endeeydpou Sud why novovikdy Asvtoupyiev kol dvdmTully,
2vdd # Eeubig wdrtol dmitayiver 75 ououedy vipag xeldg xal Ty Sidonaaty
THe Y rewpoolAhng.

‘H &dhhoocis owvendic mhe avbextindtntog Tév Srandpuy eldhv, T& dmola
ratochopevouy Tobixde meployfe, yopomtnellzton amd wley yeviude xAvpovo-
povpdvny SEehinniuy brovdrrre pEhAoy, Taps Gré ELpuUTov puaoAaYLXY &v-
Oertiebrnre.
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