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SUMMARY

Relatively high levels of 137Cs from the Chernobyl accident in indigenous vegetation in

infertile upland habitats in the UK have been partly attributed to plant strategies that

permit efficient use of limited nutrient resources. This study investigated temporal and

spatial patterns of Cs allocation in root-labelled Eriophorum vaginatum plants in

relation to its well-documented nutrient retrieval and storage strategy.

INTRODUCTION

Many plant species indigenous to infertile upland habitats in the UK affected by 137Cs

from Chernobyl exhibit strategies that permit the efficient use of limited nutrient

resources. It is widely believed that the relatively high rates of 137Cs accumulation

observed in some plant species are due partly to those strategies. In deciduous

graminoid growth-forms nutrient concentrations change substantially during the

growing season (Chapin et al., 1980). Generally, leaves and roots do not over-winter

and spring growth is supported more by nutrients stored in overwintering stems and

rhizomes than by concurrent root uptake (Jonasson and Chapin, 1991). The stem

nutrient pool is then replenished during the summer by root uptake from the soil and

in the autumn by translocation of nutrients from senescing leaves. Moreover the

sequential pattern of leaf production in many deciduous graminoids allows the same

nutrient capital to serve several functions during one growing season (Jonasson and

Chapin, 1985). This study investigates temporal and spatial patterns of 137Cs

concentration in E. vaginatum plants in relation to translocation processes and its

well-documented efficient nutrient retrieval and storage strategy.
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MATERIALS AND METHODS

In April 1995 sixty rooted tillers of E. vaginatum were labelled with 137Cs by growing

batches of ten plants in a hydroponic system containing 2500KBq of carrier-free
137CsCl. Immediately before potting up the plants, and on four other occasions, ten

plants were randomly selected for dissection and analysis. Sampling dates and

components, when present, are indicated in Table 1. All leaves on a plant were

categorised and pooled according to the order in which they appeared. Leaves 1

(oldest) and 2 were present at the time of labelling whilst leaves 3-9 appeared

subsequently. The order of appearance of leaves on a plant was identified for

subsequent dissection by marking new leaves, as they appeared, with a small spot of

different coloured acrylic paint. Leaves of daughter tillers were included in the

appropriate leaf-age categories in later sampling dates. Plant components were oven-

dried and weighed in glass liquid scintillation vials and the 137Cs activity determined

by counting for 60 minutes in a Canberra Packard 5530 Autogamma counter.

Table 1. Leaves and other tissues present at each sampling date

Leaf 9
Leaf 8
Leaf 7
Leaf 6
Leaf 5
Leaf 4
Leaf 3
Leaf 2
Leaf 1 (oldest)
Stem
New tillers
Flowers
Live roots
Dead roots

23/05/95 12/07/95 14/08/95 20/11/95
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• / • / • /
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s
• /

• /

V

RESULTS AND DISCUSSION

An eight-fold increase in total plant weight occurred during the course of the

experiment. Live leaf weight rose to a maximum in August before decreasing to its

original level over the winter (Figure 1) whilst dead leaves increased in weight

steadily throughout the experiment. White live roots (Figure 2) increased steadily in.

weight before decreasing over the winter. The small quantity of black dead or dying

roots present initially, disappeared by August, probably through decay. Black roots
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Figure 2. Mean Root Dry Matter Per Plant
Bars represent ± 1 s.e.
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reappeared in November and increased markedly over the winter, coinciding with the

marked decrease in white roots.

The mean J Cs activity of each of the nine leaf-age categories are illustrated in Figure
i •5-7

3. It shows that Cs was translocated from other plant parts into new leaves that were

initiated after the labelling procedure. After initiation, new leaves continued to import
lj7Cs for a while and increased in activity. As leaves matured, 137Cs began to be

exported and activity declined. By the time they were entirely senescent, the level of

activity in leaves remained fairly stable. These observations are comparable to those

made of nutrients in E. vaginatum (Jonasson and Chapin, 1985). Translocation from

mature leaves of 137Cs from Chernobyl (Bunzl and Kracke, 1989) and pre-Chernobyl

sources (Bunzl and Kracke, 1986) has also been observed in other upland deciduous

graminoids.

In the autumn 137Cs accumulated in the plant shoot in stem tissues, new tillers (Figure

4) and in the youngest leaves (Figure 3) that will complete their growth in the

following season, in a similar way to nutrients. The data suggests that the autumnal

increase in plant lj7Cs activity was not just due to redistribution within the plant but

that some of the 137Cs lost through the roots earlier in the season was taken up again.

Jonasson and Chapin (1991) using tracer levels of 32P similarly found that storage

and re-circulation was the main source of annual nutrient supply in E. vaginatum.

As the growth and development of individual roots was not followed, only tentative

conclusions regarding the loss of 137Cs from roots (Figure 4) can be made. 137Cs was

probably lost initially due to abrasion and root death caused when the plants were

potted up and later by exudation and sloughing of cells associated with new root

growth (Curl and Truelove, 1986). Later, the mass and activity of white roots

increased, suggesting that 137Cs was being imported from the rest of the plant or that

the roots were taking up from the soil some of the 137Cs lost earlier. Roots seem to

represent an important route for 137Cs out of the plant biomass and further

investigation with a more refined methodology is required so that 137Cs loss can be

related to the seasonal growth pattern of roots and that import and export of 137Cs can

be determined precisely.
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The percentage of the 137Cs pool that was removed from or retained in leaves, stems

and roots are illustrated in Figure 5. lj7Cs was retrieved from the senescing leaves to a

lesser extent than that documented for K (Jonasson and Chapin (1985). Based on

seasonal changes in the 137Cs/K ratios of leaves, Bunzl and Kracke (1989) made

similar observations in Scirpus caespitosus and Molinia caerulea. 137Cs was

recovered to a greater extent from tissues that were present at the time of labelling,

than from tissues that were initiated after the labelling event. This may be due to the

fact that 137Cs was most likely transported directly to the original tissues in the

transpiration stream, whilst tissues that were initiated later imported 137Cs that was re-

translocated through phloem vessels. This may have had a bearing on the destination

of the I37Cs in leaf cells and its subsequent mobility. The fact that the maximum 137Cs

pool of the original tissues was much greater than that of tissues initiated later, may

provide an alternative explanation if the nutrient analogy can be extended. In general,

plants with a higher nutrient concentration re-translocate a greater proportion of their

leaf nutrients than plants with a low nutrient concentration (Chapin, 1980) as the

former have a larger percentage of their nutrients in soluble and inorganic forms.

Due to the loss of 137Cs from the biomass, the maximum size of the 137Cs pool

achieved in each of the leaf categories illustrated in Figure 3 declined exponentially in

successively-produced leaves (Figure 6). If an exponential model is valid, the rate

constant (k) and half-time (2% ) of the decrease in the maximum 137Cs pool in

successive leaves can be calculated according to Olson (1963). k = (In Pi - In P7) /1

and Th = (In 2) / k where Pi and P7 are the maximum 137Cs pools of leaves 1 and 7

respectively and t=6, the number of new leaves that appeared between leaf 1 and 7. At

this rate of decline, the maximum Cs pool is halved every time 1.3 new leaves are

produced. Retranslocation therefore prolongs the residence of 137Cs in the plant

biomass despite the apparent losses, but not indefinitely. In field conditions, the

concentration of 137Cs in E. vaginatum live shoots fluctuates very little from year to

year (Paul, 1995) as root uptake of I37Cs replaces that lost from the biomass. When

soil treatments designed to reduce availability and uptake of Cs in Eriophoreta were

investigated, the delay in reducing the Cs concentration of leaves may be partly

attributable to the retention of 137Cs in the plants demonstrated here. Despite the

observed loss of !37Cs from the biomass in this study via roots and senescing leaves,

the microclimate afforded by the tussock growth-form of E. vaginatum ensures that



179

nutrients lost from the biomass are retained in the organic soil in the lower part of the

tussock (Chapin et al., 1979) to be taken up again. Jonasson and Chapin, (1991)

similarly observed that little, if any 32P injected into tussocks was lost from tussocks

or underlying soil. Both internal and external cycling processes therefore probably

contribute to the relatively high levels of 137Cs in Eriophoreta.
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