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ABSTRACT

Analyses for iron, manganese, ash, and nitrogen are recorded for some plants
from salt marshes and shingle hooks. Ash is much higher, and iron and man- "
ganese are much lower, than in plants from underwater lake muds, woodland
soils of varying humus content and acidity, and semi-aquatic marsh, fen, and
bog soils. Since both lake muds and salt-marsh soils are deficient in oxygen,
with iron and manganese presumably mobile as divalent ions, the difference in
concentration of the two elements in plants from the two types of habitat requires
explanation. It is suggested that the much greater total ion concentration of the
salt-marsh soil solution may depress iron and manganese assimilation through
ionic antagonism.

INTRODUCTION

IN an earlier paper (Mayer and Gorham, 1951) submerged freshwater
plants were shown to accumulate much larger quantities of iron and

manganese than most plants in semi-aquatic and woodland habitats. It was
suggested that the anaerobic and strongly reducing conditions in the lake
muds were responsible for these high plant levels of iron and manganese, by
maintaining the two elements in their reduced and more soluble divalent state.
Since salt-marsh soils may also be largely anaerobic, and salt-marsh plants are
known to have a high mineral content, it seemed worth while to investigate
the amounts of iron and manganese in such species. Therefore, in the latter
part of August 1952, twelve samples of six characteristic species were collected
for this purpose on the younger salt marshes at Blakeney Point in Norfolk.
For comparison, three species were collected from shingle hooks in the same
locality. The earlier plant samples were analysed for total ash and nitrogen
as well as the metals; these determinations were also made on the present series.

THE AREA

The general ecology of Blakeney Point is discussed in detail by Tansley
(1939), who has summarized the extensive studies of Oliver and his collabora-
tors (cf. also Oliver, 1913; Oliver and Salisbury, 1913). Salisbury (1922) has
analysed the surface soils of the area for pH, ignition loss, and calcium car-
bonate. The shingle soils are circumneutral, those of the salt marshes are
slightly alkaline. The organic contents (as ignition loss) of both groups

[Annals of Botany, N.S. Vol. XIX, No. 76, 1955.]
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average between 5 and 10 per cent, dry weight. Their levels of calcium
carbonate are usually very low, the averages for the general areas examined
in this study being o-i per cent, dry weight for the shingle soils and 2-6 per
cent, for those of the salt marshes.

The profile morphology of Blakeney Point salt-marsh soils has also been
investigated; in conjunction with measurements of redox potential, tests for-
ferrous and ferric iron, and for sulphides (E. Gorham, in preparation). These
studies indicate that the extremely impervious muds of the main marshes are
largely depleted of oxygen within the rooting depths of the vegetation. Iron
and manganese must be rather freely mobile in such soils, to allow the exten-
sive accumulations of black ferrous sulphide observed where organic decay
has brought about extremely reducing conditions; or to account for the rusty
precipitations of ferric hydroxide where air or aerated water has been intro-
duced into the predominantly anaerobic soil. Such oxidizing conditions are
chiefly encountered along well-drained creek margins, around long decayed
root channels or worm tracks, and in more permeable sand layers which are
often found a short distance beneath the muds. The sandier soils of the
marsh margins are also well aerated.

METHODS

Whole-plant tops were sampled from typical habitats during August 1952 '
and were immediately water-washed very carefully. Their glossy surfaces ^
made cleaning relatively easy and efficient. The material was then dried in
an improvised oven at 70-90° C. Before analysis the plants were again dried,
at 105-110° C. A

Ash. The total mineral matter was determined by ignition at about 700° C, )
since a lower temperature did not dispose of all the carbon. ^

Nitrogen. This constituent was estimated by the usual micro-Kjeldahl <
method, on duplicate samples.

Iron. The dry plant material was digested with a mixture of nitric, per-
chloric, and sulphuric acids (Sandell, 1944, p. 278) and diluted to volume.
Iron was then estimated on an aliquot by the thiocyanate method in 50 per
cent, acetone, hydrogen peroxide being added as oxidizing agent and ethylene
glycol monobutyl ether for colour stability (Snell and Snell, 1949, vol. 2,
p. 310). A photocolorimeter with blue filter was used for the colour com-
parison. Duplicate samples were tested.

Manganese. Another aliquot digested as above was boiled with added
sulphuric and phosphoric acids and potassium periodate (Sandell, 1944,
p. 314), after which colour was read with a green filter. Again duplicate
samples were tested.

RESULTS

The analyses for both shingle and salt-marsh plants are given in Table I.
Iron and manganese are expressed as milligrammes per hundred grammes
dry weight, ash, and nitrogen as per cent, dry weight.
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TABLE I

Iron, Manganese, Ash, and Nitrogen in Shingle and Salt-marsh Plants

Species.
H o n c k e n y a p e p l o i d e s . . . .
S i l e n e m a r i t i m a . . . . .
L i m o n i u m b i n e r v o s u m . . . .
L i m o n i u m v u l g a r e . . . . .

L i m o n i u m h u m i l e . . . . .

A s t e r t r i p o l i u m ( l e a v e s ) . . . .

A s t e r t r i p o l i u m 1 , . , ' ,' , .j (stems with flower buds) .
P e l v e t i a c a n a l i c u l a t e ! . . . .

Iron

mg./ioo g.

4
6

22
2O

19

7

7
2
8

Manganese
>dry weight.

2
7
2
4

2

4

2
2
6

Fe/Mn

ratio.
2
i

II

5

1 0

2

4
i
I

Ash

%dry

17
13
9

20

IS

38

42
25
19

Nitrog

weight.
i-o
29
2-O
2-O

' 2-3

1 9

i '4l
o-6J
1-2

Salicornia perennis .

Salicornia stricta

Salicornia stricta .

Salicornia stricta .

Salicornia stricta .

Salicornia stricta

Salicornia stricta .

39

44

44

45

42

2-6

i -7

i-6

Site descriptions. §
Sandy shingle, well aerated. j |
Sandy shingle, well aerated. ^
Sandy shingle, well aerated. g-
Aster-Salicornia marsh; mud largely 3_

anaerobic. ^
Aster-Salicornia marsh; mud largely ^

anaerobic.
Salicornia-Pelvetia marsh; mud largely

anaerobic.
Aster-Salicornia marsh; mud largely

anaerobic.
Salicornia-Pelvetia marsh, free-floating

in shallow pan.
Margin of marsh, with Halimione portu-

lacoides and Suaeda fruticosa; muddy
sand well aerated.

Edge of creek, with Halimione and Suaeda
maritima; sand well aerated.

Well-drained high-level marsh, with
Halimione and Suaeda maritima; sandy
mud well aerated.

Edge of shingle bank, few plants; thin
mud layer well aerated.

Salicornia-Pelvetia marsh; mud largely
anaerobic, inside edge of pan.

Salicornia-Pelvetia marsh; mud largely
anaerobic.

Aster-Salicornia marsh; mud largely
anaerobic.

3

s:
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Iron. The values for this constituent range from 2 to 22 mg./ioo g. dry wt. j
The lowest amount is that in the Aster flowering stems. The three Limonium '
species, including one from shingle and two from salt marshes, average more {
than twice the iron contents of the other plants. There seems to be little *
difference in iron level between plants of aerobic and anaerobic soils.

Manganese. The maximum concentration of this element is 7 mg./ioo g. ,
dry wt., in Silene maritima. Two samples of Salicornia stricta contain as *

' little as 1 mg./ioo g. dry wt. Again, there appears little difference in plants of
oxidizing or largely reducing soils.

Ash. Total mineral matter is generally higher in the salt marsh species than \
in those of the shingle, with Salicornia and Aster containing about 40 per cent,
of ash. Within the two types of habitat the genus Limonium provides the
lowest figures. There is little variation in ash content of Salicornia stricta,
whether on aerobic or anaerobic soils.

Nitrogen. As might be expected, the flowering stems of Aster exhibit the
smallest nitrogen concentration, o-6 per cent, dry wt. The highest value,
2-9 per cent., comes from Silene maritima. Plants of shingle and salt marsh,
or aerobic and largely anaerobic salt marsh, apparently differ little in this
respect. Salicornia stricta shows considerable variability in nitrogen level,
ranging from 1-3 to 2-6 per cent, dry weight.

DISCUSSION ' •

The main interest of the present results lies in a comparison with data from
other types of habitat. In view of the extreme variation and skewed distribu-
tion of iron and manganese concentrations in the plants examined earlier
(Mayer and Gorham, 1951), such a comparison is probably best made from
median values for each habitat type. Table II provides such a series of very

TABLE II

Nitrogen, Ash, Iron, and Manganese (approximate median values) in Plants from
Various Natural Habitats

Iron Manganese
Nitrogen Ash v '
v _ • mg. per 100 g.

Habitat. Soil pH. % dry weight. dry weight. Fe/Mn.
Salt marsh . > 7 1-7 41 7 3 2-6
Lake mud . 5-6-7-1 3-7 18 106 76 i-o
Marsh and fen . 4-6-7-3 2-2 6 25 35 0-7
Fen and bog . 2-9-4-5 i-8 4 19 55 0-3
Woodland. . 4-6-7-6 2-3 9 26 23 I - I
Woodland. . 2-5—4-5 2-1 6 24 44 o-6

approximate medians, obtained by fitting cumulative frequency distributions
for element concentrations roughly by eye, and intersecting at the 50 per cent,
level. While these medians are only rather crude approximations, it is believed
that the differences between habitat types are of sufficient magnitude to make
serious errors in the order of values unlikely.
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It appears from Table II that salt-marsh plants contain much less iron and
manganese than plants from other habitats, especially those growing on
reducing lake muds, which are high in both elements. This is true even on
other than dry weight comparisons. For instance, if iron and manganese are
calculated per unit of total mineral ash, or per unit of total nitrogen, the salt-
marsh plants are still very low. (The underwater plants also remain highest
in iron; but because of low ash and nitrogen contents the plants of acid fens
and bogs become highest in manganese on these bases.) A major problem

cidity of Freshly Ground

Species.
Lake plants:

Nitella .
Sparganium minimum
Potamogeton alpinus .
P. praelongus .
Elodea canadensis
Littorella uniflora
Nuphar lutea .
Isoetes lacustris.

Salt marsh plants:
Pelvetia canalicidata .
Suaeda maritima
Limonium humile
L. vulgare
Aster tripolium.
Salicornia stricta (lower
S. stricta (upper marsh)

Shingle plants:
Honckenya peploides .
Senecio jacob'ea.

TABLE III

Tops from Plants of Shingle,
Freshwater Lakes

Distilled water
added, % of fresh

tissue weight.

1 0 0

1 0 0

1 0 0

100.

1 0 0

1 0 0

2 0 0

1 0 0

50

marsh)

0

50
50

0

0

0

25
25

Salt Mai

pH glass
electrode

636
6 2 8
6 2 8
6 1 6
6-io
5 0 4
4 9 2
4-44

796
647
6-oo
5 96
5 9 1
5 9O
5-84

586
5-54

here is why salt-marsh plants, with a high mineral uptake and growing on
reducing muds where iron and manganese must be rather mobile, should be
so low in these elements, especially when plants on similarly reducing lake
muds are so high.

It was considered that the acidity of plant sap might differ in the two habitats,
thus affecting the movement of iron and manganese within the plant tissues.
An attempt was made to assess this factor by grinding fresh tops, usually with
the addition of some distilled water, and measuring the pH of the product.
The results, given in Table III, suggest that this factor is unlikely to be
decisive, although the crudity of the technique does not allow certainty on
this point.

It also seemed possible that air might diffuse more easily into the periodic-
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ally exposed salt-marsh soils than into the permanently waterlogged lake muds,
so that iron and manganese would be precipitated before reaching the root
surfaces of the salt-marsh plants. However, while rusty precipitations may
be observed around their roots, these are far from universal. Very many roots
show little or no trace of ferric hydroxide, while others exhibit rusty sheaths
over widely varying proportions of their length. Sometimes, it is true, new
roots grow along old rusty root channels, where the ferrous sulphide deposited
during intense decomposition has later been oxidized, upon the entry of air
once the organic matter has mostly decayed away. None the less, the surface
soils of the main salt marshes are in general highly impervious, and probably
remain anaerobic to within a few millimetres of the top, even during the
longer periods of exposure. In connexion with aeration, some of the analysed
species from both lake muds and salt marshes possess well-developed root
aerenchyma or air spaces.

A factor which may well be of great importance is the far higher total ion
concentration of the salt-marsh soil solution. Ferrous and manganous ions
will be of far less importance in the salt marsh than in the much more dilute
soil solution of the lake muds, i.e. they will form a much smaller fraction of
the total ions presented to the root surfaces. Thus these elements should
account for a much smaller proportion of the total mineral uptake of the salt-
marsh species. And in fact, as a percentage of ash, the median iron content
of underwater lake plants is more than 25 times that of salt marsh species,
while the median manganese value is more than 50 times as great.

The importance of ion antagonism for plant growth and nutrient uptake
has been stressed by Olsen (1942, 1950, 1953). There seems little reason to
Joubt that it will have a profound influence upon the accumulation of iron
and manganese.

The ratio of iron to manganese is also a matter of interest, since it varies
widely in different habitats. The median values in Table II decline with
increasing acidity of the soil. In the case of plants on woodland and semi-
aquatic soils in the Lake District, this is clearly due to a distinct increase of
manganese in the more acid sites, iron remaining much the same. Moreover,
Fe/Mn ratios are lower in plants of semi-aquatic soils than in comparable
woodland sites—again largely because manganese is higher. It is interesting
that in spite of great divergence in absolute levels, the Fe/Mn ratios of plants
on circum-neutral lake muds and slightly alkaline salt-marsh soils follow the
general trend in relation to soil pH.

To turn to total mineral content, the salt-marsh species are remarkable in
yielding up to 45 per cent, of ash. The maximum value recorded for the other
habitats was 21 per cent, in Littorella growing on lake mud. This high level
of mineral matter in the salt-marsh plants is responsible for making them
appear the lowest in nitrogen on the dry weight basis. If nitrogen is recal-
culated per unit of combustible organic material, it then becomes slightly
higher in the salt-marsh species than in those from woodland and semi-
aquatic soils. However, on this basis the submerged lake plants contain almost
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twice as much nitrogen as the other plants, which may of course reflect a
lower proportion of carbonaceous supporting tissues in the former.
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