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l Effect of Zinc, Cadmium and Mercury on Root Elongation

l.Pf Picea abies (Karst.) Seedlings, and the Significance of
'·

These Metals to Forest Die-Back
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f.

Forstbotanisches Institute. Universitat Gottingen. Biisgenweg 2. 3400 Gottingen.
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ABSTRACT
Inhibition of root elongation K·as used to assess the toxicity of Zn. Cd and
Hg to Picea abies seedlings. The order of toxicity was found to be
Hg > Cd > Zn. A comparison of the let,els of these metals. shown to
inhibit root elongation in nutrient solution. with those in forest soils under
stands showing symptoms of die-back, suggests that metal lerels in such
soils are sufficiently high to influence root growth.

INTRODUCTION
The current die-back occurring in forests in the Federal Republic of
Germany has been attributed mainly to the effect of acid deposition
produced by atmospheric pollution. Associated with trees showing the
symptoms of die-back are high heavy metal contents in both roots and
aerial parts (Mayer & Heinrichs. 1981; Mayer. 198 3).
Similarly. Mayer (1981) has shown that the metals Cr. Fe, Co, Ni, Zn.
Cu, Cd and Pb accumulate in the humus layer of soils under tree stands ·
showing die-back. This soil layer has been shown to be an important area
for root growth of spruce Picea abies (Ulrich, 1983 ). However. it is not
known whether the levels of heavy metals found in this soil layer and the
trees themselves are sufficiently high to contribute to the decline of the
trees. Inhibition of root elongation has been shown to be a sensitive
parameter for assessing the toxicity of heavy metals (Hassett et a/ .. 1976:
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Godbold t?t a/.. 1984). and was used in this work to assess the relative
toxicity of Zn. Cd and Hg to spruce seedlings and to estimate whether
these metals could be a contributi ng factor to forest die-back.

MATERIA LS AND METHOD S
Culture of plants

All plant material was grown from seed under sterile conditions. Seeds
_were surface sterilised in I % w /V Ca( OClh and germinated on 1 % wjv
water agar. After 3 weeks. seedlings were transferred to sterile nutrient
solutions based on Ingestad solution (Ingestad, 1959) of the following
compositi on: (Jl.!d) Ca(N0 3 h, 450; MgS04 , 315; KH 2 P04 , 250;
NH~N0 3 • 225: FeCI 3 , 5: H 3 B0 • 5; MnS0 , I; Na Mo0 , 0·1; CoS0 ,
3
4
2
4
4
0·02: ZnSO~. 0·1: CuSO~. 0·1: pH 4· 3, and grown for a further 7 days.
Nutrient solutions were constantly aerated with sterile air. All work was
carried out at 23!21 ~c day night temperatures, 44·7Wm- 2 light
intensity ( Osram L 18 W. 25 lamps) and 16 h day length.

l
~k

Estimation of root elongation rate

-.,...

Seedlings were transferred from the sterile culture to non-sterile nutrient
solutions and allowed to equilibrat e for 2 days. The seedlings were then
transferre d to nutrient solutions containin g a range of Zn (0·1-60 Jl.!d). Cd
(0-60 pM) or Hg (0-15 w-.t) concentra tions for a further 7 days. Zn and Cd
were added as ZnSO~ and CdSO~. respectively. Hg as HgC1 . Plants were
2
withdrawn from nutrient solutions and root lengths were measured daiiy.
from a reference point marked with indian ink I0 mm behind the initial
root tip. using a binocular microscope fitted with a calibrated eyepiece.

RESULTS AND DISCUSS ION
The effect of metals on the rate of root elongation was used as a screening
method to estimate their toxicity to Picea abies seedlings. Root
elongatio n was greatly inhibited by 30 and ~0 JlM Zn (Fig. I) and
inhibition was evident after only 24 h of Zn treatrjtent. At 5 ang 1~JlM Zn
-a significant inhibition of root elongatio n could not be detected (data not
~
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Ftg. 1. Root elongation rate of 4-weeks-old seedlings of Picea abies grown for 7 days in a
range of Zn concentrations (0·1--60 JIM). Bars indicate the standard error. Each point
represents the mean of thirty replicates.

presented),_ Cadmium was found to inhibit root elongation at all levels
tested (Fig. 2}. the degree of inhibition being dependent upon the
concentratio n of Cd in the nutrient solution. Similar to Zn. Cd inhibited
root elongation within 24 h. At the levels 30 and 60 pM Cd. root
elongation almost completely ceased after 5 days. Mercury was found to
be considerably more toxic than both Zn and Cd. Root elongation was
severely inhibited by 0·1 and 0·5pM Hg after 24 h (Fig. 3). At 5 and 15pM
Hg root elongation ceased completely within 24 h. and a radial shrinkage
was observed in 1-5 mm behind the root tip.
The data show that the elements Zn. Cd and Hg differ in toxicity to
Picea abies seedlings. although they are chemically similar. The order of
toxicity was Hg > Cd > Zn, with Hg being over a I00 times more toxic
than Zn. The same order of toxicity for Hg. Cd and Zn has been described
for inhibition of respiration in Saccharomyces cererisiae (Graft &
Schwantes. 1983). and may be a reflection of the higher stability constants
of Hg than Cd. and Cd than Zn. with negatively charged organic groups
(A vlett. 1979).
Many factors in soil have been shown to influence the uptake of hea\-y
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Ftg. 2. Root elonga tion rate of 4-weeks-old seedlings of Picea
abres grown for 7 days in a
range of Cd conce ntratio ns (0·1--60 JlM). Bars indicate the standa
rd error. Each point
represents the mean of thirty replicates.
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~
metals into plants. Cadm ium uptak e increases with decreasing
soil pH t:;
( Lagerwerff. 1971 : Miller et a/.. 1976) and decreases with incre
asing soil ~:.
cation exchange capacity (Haghiri. 1974). Com petiti on from
other ions ,
has been shown to both decrease (John . 1976) and increase
(Haghiri. ·
1973) Cd uptak e into plants. This effect tends to vary with
plant species ~.~.
and conditions of growth (see review in Jastrow & Koep
pe, 1980). t
f~
Combinations of high levels of heavy metals have also been show
n to be
more toxic to plants than single metals (Hassett era/.. 1976), and
panic ularly to micro-organisms (Hutchinson, 1973: Baldry era/., I 977;
Babich &
Stotzky. 1983). Thus . under conditions of lower nutri ent availa
bility and
low pH. and in comb inatio n with other heavy metals .. heavy
metals in
the soil solution may be more toxic than in nutrient solution.
When the
levels of metals shown to inhibit root elongation in nutri ent solut
ion are .
compared with those in the humus layer under stand s o\Picea
abies:.
showing die-back symptoms (Table 1). it can be seen that the Zn
and Hg. ·
contents of the humus layer are high enough to influence root
orr\ur t
Direct comp ariso n of concentrations of metals between nutrient
and
solution is difficult, as the speciation and activity of the metals
in the soil
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Ftg. 3. Root elongation rate of 4-weeks-old seedlings of Picea abies grown for 7 days
in a range of Hg concentrations (0-15 J.LM). Bars indicate the standard error. Each point
represents the mean of thirty replicates.

solution are not known, although, on some hea\ily polluted soils, Cd in
the soil solution was found to be mainly present as CdCI 2 (Tills &
Alloway, 1983). It is probable that Zn and Hg also exist as inorganic
complexes in the soil solution. For Hg, the concentration in the soil
solution is not known; however, if only a small fraction (2 ~~~)of the total
Hg in the humus layer were plant available, this would be sufficient to
influence root growth.
TABLE I
Zinc and Cadmium Concentrations in Soil Solution (J.IM) and Total
Soil Mercury Contents (tiM kg- 1 ) of the Humus Layer of a Forest
Soil at Soiling, FRG"
~!
4:. ~

-

H'"''

~:
.:

Zn
Soil solwion

Cd
Soil solution

5-l
2·2
I 1·4

0·01
0·01
0-02

Hg

Total soil content

~

Mean
Minimum
Maximum

4-5
4-i
4-8

---·------

"Source: E. Matzner !pers. comm.L
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Due to the problems of comparing data obta
ined from nutri~t
solution with data obtained in the field. it cann ot
be conclusively
·
that heavy metal toxicity is a causative factor in fore
st die-back. However,
the data show that the levels of metals are sufficien
tly high in the humus
layer that they can no longer be excluded as a poss
ible con tribu ting factor
to forest die-back. Furt her work is necessary to
investigate the effects of
heavy metals on tree physiology before this prob
lem can be conclusively
answered.
ACK NO WL EDG EM ENT S
We than k V. Gro they for excellent technical assis
tance, E. Mat zner fo¢
free access to the Soiling data , J. Worrall for
critical read ing of the
manuscript. This work was supp orte d by the
Eur ope an Community
(Grant ENV-726-D(B)) and the Royal Society
(London).
REF ERE NCE S

.

•

Aylen, B. J. (1979). The chemistry and bioinorga
nic chemistry of cadm ium. In
The chemistry, biochemistry and biology of cadm
ium, ed. by M.S . Webb.
3-43. Ams terd am, Elsevier Nort h Holland. Biom
edical Press.
Babich, H. & Stot zky, G. (1983). Synergism betw
een nickel and copp er in their
toxicity to microbes: Med iatio n by pH. Ecot
oxicol. Environ. Safety. 1,
576-87.
Baldry, M. G. C.. Hog arth , D. S. & Dean , A.
C. R. (1977). Chro mium and
copp er sensitivity and tolerance in Klebsiella
(At'robacrer I aerogenes .
Microbios. Lett .. 4. 7-16.
God bold . D. L.. Hors t. W. J .. Co!lins. J. C. Thur
m;m. D. A & Marschner. H.
(1984). Acc umu latio n of zinc anc organic acids
~n roots of zinc toler ant and
non- toler ant ecotypes of Deschampsia caespitos
a. J. Plant Physiol.. 116.
59-69.
Grafi. H. J. & Schwantes, H. 0. (1983). Der Einfl
uf3 von Cad mium . Zink , Blei
und Que cksi lber auf die Atm ung und Garu
ng von Saccharomyces
ceredsiae. Angew. Bot .• 51, 31-43.
Haghiri. F. ( 1973). Cad mium upta ke by plants.
J. em·iron. Qual., 2. 93-6 .
Haghiri, F. ( 1974). Plan t upta ke of cadm ium as
influenced by catio n exchange
capacity. orga nic matt er. zinc and soil temp eratu
re. J. em:iron. Qual.• 3.
J8(}-3.
Hassett, J. J .• Miller. J. E. & Koeppe. D. E.
(1976). Inter actio n of lead and
cadm ium by root s. Em·iron. Pollut .• II. 297-302.
Hutc hins on. T. C. ( 1973). Com para tive studies
of the toxicity of heavy metals to
phyt opla nkto n and their synergistic interactions.
Water Pollut. Res. Can.,
8. 68-8 9.

I

t
.;.

'

