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Abstract : The character of tolerance that plants collecied from toxic soil show
against other toxic metals is placed under study. It was seen that these plants main-
tain their tolerance only against the eorrespondingly collected meials and may
keep this property unchangeable for more than 20 years. Crosses between tolerant
and non-tolerant genotypes against Cu have demonstrated that the selected cha-
racter of tolerance can be inherited. It is finally shown that the manifestation of
tolerance against a metal does not neeessartdy mean tolerance against metals which
were not collected and used in our experiment.

INTRODUCTION

At mine waste and the immediate environment of industries where
heavy metals are being manufactured, heavy metals such as Cu, Zn,
Pb, Ni, etc. are to be almost always found in small or larger amounts.
These are toxic to most plant species. The result of this toxicity is a
limited floral variety. However, there are certain species which deve-
lop satisfactorily under unfavourable edaphic conditions as tolerant
ecotypes against heavy metals (Turesson 1922, Gregor 1944, DBrad-
shaw 1952).

The ability of these ecotypes to settle in toxic areas is probably
attributed to their property of developing various mechanisms of to-
lerance against the particular ecological factors (in our case the pre-
sence of high concentrations of heavy toxic metals) which are respons-
ible for this suspension in growing (Antonovics et al. 1971, Snaydon
1970, Wu et al. 19756a, b, Mathys 1975, 1977, Karataglis 1980 ¢, d).

Tt has been ascertained that in such adjusted to heavy metals
tolerant plant ecotypes a wvariation degree fluctuating on several le-
vels has manifested itself among populations or even among indivi-
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duals of one and the same population (Karataglis 1978a, b, 1980b).
The seeds forming from these individuals or these populations con-
tinue {0 maintain similar or almost the same tolerance to the one the
progeny showed. (Gregory and Bradshaw 1965). Such a fact is a
clear evidence that tolerance against toxic metals happens to be
a hereditary property. Since the experiments were carried out by em-
ploying tolerant plants which had been cultivated on normal soil for
a relatively limited period of time, the question of whether and how
long they were going to preserve this tolerance after a prolonged culti-
vation on normal soil, soon arose.

We have endeavoured to pilot our work toward this direction by
using Agrostis tenuis plants selected from two different mines.

MATERIALS AND METHODS

Agrostis temuis plants collected from two different mines, from
Parys Mountain (ecotypes tolerant only to Cu) and from Goginan mine
(ecotypes tolerant to Zn/Pb) in N.Wales, were submitted to the Welsh
Plant Breeding Station, Aberystwyth, after their tolerance had been
tested. These plants had been cultivated for 20 perpelual years on
non-toxic soil. Seeds coming from. these plants were used for our expe-
riments. Malerial recently selected from the two corresponding mines
made a comparison with the ones deriving from the seeds feasible,
while materials from non-toxic areas were used as pasture.

All plant samples were grown on soils differing in origin:
1-. Normal soil (John Innes No 1).

2-. Soil coming from Parys Mountain mine, with a 430 ppm in
Cu concentration and

3-. Soil selected from Goginan mine of 590 ppm in Zn and Pd
concentrations.

Each of these three series of experiments were repeated 3 times
over and the given values made the average of our measurements.

The checking of tolerance was performed by means of a rooting
test which is described in detail in other papers (McNeilly and Brad-
gshaw 1968, Karataglis 1976, 1978a, b, ¢, 1980a, b}

An analysis of the rizosphere soil in recent samplings has given
ug the right to know the concentration of the toxic metals found in
their immediate environment. The soil analysis was carried out by me-
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ans of a Unicamn SP 90 atomic absorption spectrophotometer. The de-
tailed process is being described in another paper {Karataglis 1978b).
Finally, crosses between tolerant and non-tolerant genctypes e-
nabled a further verification of the f{act that tolerance against Cu can
be inherited. The index of tolerance of the non-tolerant genotype a-
gainst Cu was 6,89, while the one of the tolerant was 38,6%. The springs
of progeny I, and F, were checked by employing the rooting test method
employied and the wvariability of fheir tolerance was evaluated.

RESULTS

An examination of the results (Tables I, II, III) has shown that
none of the pasture populations developed on non-toxic soil presen-
ted any tolerance against Cu, Znor Pb, as it had been expected (TableI).

TABLE I
FResults from plants grown on normal sotl (J. Innes).

Pasture populations

Cu Zn Ph

5.1, 7,49 7,27 5,79
SJAR 6,99 6,39 5,02
T/J.1,, 6,88 5,24 4,42
T I, 416 7,55 5,78

Plants iolerant to Cu
P/, 38,25 5,88 6,09
P/I. 1, 43,77 5,78 7,81
PW /1.1y, 42,88 6,62 5,69
PW /LI, 49,64 6,42 5,72

Plants tolerant to Zn/Pb
G/, 8,24 41,89 16,19
GH.L, 6,96 47,07 17,14
GW/I.T, 8,30 3,38 18,76
GW /1.1, 7,10 48,60 20,40

3.1 and T/I.T Pasture populations growing on normal soil {J. Innes}.

P/I.1  Plants deriving from seeds from theWelsh Plant Breeding Station tolerant
to Cu and collecled {from Parys Mountain. These were grown on J. Innes
normal soil.

PW/I.I Plants collected during the experiment from Parys Mounfain mine and
grown on normal soil.

G/1.T Plants coming from seeds from the Welsh Plant Breeding Station, tolerant
to Zn/Pb and collected frem Goginan mine. These were grown cn J. Innes
normal soil.

GW/J.1 Plants collected during the experiment from Goginan mine and grown on
normal soil {J. Innes).
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TABLE IT

Results from plants grown on Parys Mountain mine soil.

Pasture populations

Cu Zn Ph
8/P, 12,9 8,42 5,93
8/P. 14,11 5,37 7,25
TPy 12,78 6,78 6,61
T /P, 18,84 9,66 7,33
Plants tolerant to Cu
PPy 48,7 £15 6,95
PP, 424 6,67 8,03
PW/P, 59,4 6,0 5,49
FPW/P,, 48,6 5,2 £,77
Plants tolerant to Zn and Pb
GiPy 12,95 39,45 18,47
G/P,, 13,65 36,87 17,25
GW/P,, 12,80 42,28 19,55
GW /P, 11,35 40,99 17,95

Results from plants grown on soil of Goginan mine.

Cu Zin Ph
S/Gge 5,82 18,9 9,12
8 /Gy 5,49 15,2 10,66
TGy 6,83 17,23 12,55
T /Gyo 4,22 15,26 11,68
Plants tolerant to Cu

P/Cyq 39,88 13,71 10,81
P/C 38,17 18,74 10,04
PW /Gy, 38,87 13,69 10,25
PW /Gy 48,68 17,96 9,70

Plants tolerant to Zn and Pb
/G 8,95 44,68 16,49
GG 9,61 42,90 15,82
OW /G, 7,96 47,68 22,97
GW /Gy, 6,99 48,96 18,98

TABLE III

Paslure populations

When grown on soil collected from a Cu mine (Parys Mountain),
however, they showed a relatively inereased index of tolerance only
against copper. (Table II). When again grown on mine soil with an
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increased concentration in Zn and Pb (Goginan) they correspondin-
gly demostrated a rather increased index of lolerance against Zn
and Ph (Table II).

The tolerant to Cu genotypes of the Plant Breeding Station main-
tained the index of tolerance against Cu on considerably high levels,
whereas the tolerance against Zn or Pb was found on the Jevels of the
non-tolerant populations (Table ¥). But when tolerant to Cu geno-
types are grown on Zn/Pb soi, they present relatively increased tole-

Frequency
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Index of Cu tolerance
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rance against Zn and Pb (compare Tab. I, II, TIT}. Plants collected
during the experiment from Parys Mountain mine (PW) showed a
high index of tolerance only against Cu since they were grown on non-
toxic soil (John Innes) or on a Cu mine soil. Yet, when grown on
Zn{Pb mine soil these genotypes yielded a relatively increased index
of tolerance against these metals (see Tab. TIT).

A correspondingly similar behaviour was demonstrated by seve-
ral genotypes coming from Goginan mine (Zn/Pb).

Observations made upon crosses between a mnon-tolerant indivi-
dital with an index of tolerance of about 6,8% and a tolerant to Cu one
having an index of tolerance of about 3%,6% have shown us the follo-
wing: The seeds of the forst generation {F|) gave individuals with an
index of tolerance fluctuating between 20-40% (see Fig. 1) and with
variability limits of about 40,29, for the highest value and 21,1%, for the
lowest. The second generation (F,), however, presented a wvariahility
in the index of tolerance against Cu even higher, fluctuating belween
8,9-48,69% (see Fig. 1).

DISCUBSION

Tt 18 clearly seen from the experimental facts (Tables I, II. IIT)
that adjustment of selected planls preserves its tolerance against heavy
metals even after a period of 20 years has elapsed. Due to the results
from crosses between tolerant and non-tolerant genotypes we have
concluded that tolerance against Cu is an inheritable trend.

Ecological factors, and in our case the soil toxicity, are likely
to change the behavicur of the individuals (Barber 1964) by adju-
sting them to the environmental factors (ecotypes). Consequently po-
pulations developed in Cu mines were selected only against Cu while
populations of Zn/Pb mines only against Zn and Ph. The development
of tolerance of plauts in one or more toxic mefals does not necessarily
mean tolerance in other metals too which may either be completely
absent from the soil or may be found in it in very low concentrations
(Karataglis 1978a). When tolerant and non-tolerant genotypes are
grown on soil toxic to another metal which never existed in their soil
before, it 1s then possible for these genotypes to manifest a rather
increased tolerance against that metal in a short period of time (see
Bradshaw 1975 and Karataglis 1980d). It is thus obvious that the
selection of the tolerance character is a relatively rapid process. The
evolution of a well-adjusted population takes some generations before
1t can he fruitful in practice, though.
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ATATHPHEH KAT KAHPONOMHZH THE ANGEKTIKOTHTAZ
ENANTT TON BAPEQN METAAAQN OYTON AGROSTIS
TENUIS Sibth.

Tro

I, KAPATAT AR

*Epyastiipw Boravixse Havemarnulor Geooalovixne

*Epzuviirar & yapextipag g dvlextivétntus Evavtt Swpbpwy ToEdv
perdiiey it outd mob Emdyfnyxav dmd tofwwk &3don (Cu % Zn/Ph).
Awmorolnxe 8t te outdk advta Swrnpelv v avBextikbtyTd Toug pévo
ot avtlotorye péredie mob Emibybnuay ywels 7 1dmTe adti) va peta-
Banfel péoo ot ypovixd Sukotnua peyerbtepe dmd 20 ypbvia. [lupdAhnia 4
Swotabpwon petabd dvlewtiedv xal ph dvlzctidy yevordmwy Hvewtt Tou
Cu, &eife &t & mheyns yupuxthoug The ovlextidtmrag xAnpovousitaL.
Térog Belyveton b1 9 ExdNhwon THe dvlexticbtrtas of fva pétodio 8&v ou-
vemdyetar dvlexTuednTa wal of Ao B e vk T bmola S&v EmhdyDmeay.
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