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ABSTRACT,

The effect of pH, calcium and potassium on the performance

of Carex flacca and C, panicea is investigated using tillers growing

in solution culture, Performance is determined by changes in fresh
weight, dry weight, leaf length and the uptake of mineral nutrients
into the plants, Possible age response is taken into consideration
by using tillers of two different initial sizes and seeds, as
starting materiale

No differential response due to initial age of the plant
parts is detecteds pH affects the final fresh and dry weights
but not the relative concentrations of the elements present in
the plant leavess Above a certain external calcium concentration
(about 50 p.p;mb) uptake of calcium by the plants greatly increases.
Performance of both species increases with increaée in exterhal
calcium concentration until the influx concentration is reached,
and then it decreasese The germination and potassium variation
experimeﬁts show that both species are very efficient in removing
potassium from the culture solutions and maintaining a high internal
concentration of this element. These observations could have important

implications in natural plant communities. There is evidence to

suggest that Carex flacca and C. panicea exhibit different responses
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to calcium and pH which could lead to different ecological tolerances,
In a parallel study, the role of calcium and potassium in the
nutrient dynamics of the two species is investigated over the
two-year growing period, With progressive ageing, percentage
potassiuﬁ content decreasesy total potassium increases over the
first year, but falls sharply after flbwering; both percentage and
total calcium content increase steadily over the life span, but
tend to decrease after fruitinge Analysis of different plant
organs reveals considerable variation in the concentrations of
calcium and potassium between adjacent parfs of the same plant.
There is evidence to suggest that calcium and potassium
re-cycle in different ways. Potassium is probably being supplied
to the next generation of tillers from the parent plant, either by
absorption from the substrate, or by translocation from dying
leaves, Calcium, on the other hand, has to be absorbed by the

tillers themselves when they have established their own root systeme




Part, I.

INTRODUCTION.
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The literature on the calcicole-calcifuge problem
is extensive and conflicting, The existence of chalk plants and
chalk-avoiding plants has been recognised for a long time,,
(WAHLENBERG, 181k4; UNGER,, 1836,)s Much 'in vivZo' and 'in vitro!'

observation has been carried out, and many reasons have been advanced

to explain this division of plant tolerance, TANSLEY & ADAMSON,(1926),

‘aﬁd.§2§§EE, (1955), emphasised the varying degrees of fidelity of
certain speciés on either calcareous or acid substrata and they
suggested that the problem was different for each species; SALISBURY
(1920), and WEBB & HART, (1945), stressed that many factors were
involved, Comprehensive reviews have been published at intervals
over the last 4O years summarising the different points of view:
SALISBURY, (1920); LUNDEGARDH, (1931); WEBB & HART, (1945);

HOU & MERKLE, (1950); RORISON, (1956); GRIME, (1960)e
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Among earlier reasons given for the delimitation
of calcicoles (and calcifuges) was the physical nature of the soil
on which the plants were growing., Physical features of calcareous
soils are := better drainage; a tendency to dry out in periocds of
drought; good aeration; high osmotic potential and a high percentage
content of calcium carbonate with a correspondingly high pH, (HALL &
RUSSELL, 1911; KRAUS, 1911,).

In Calluna wulgaris, a species with mycorrhizal roots,,

" RAYNER, (1913), suggested that successful growth was dependent upon
infection of the roots_of the heather plant by the fungus at an early
stage of development, and also upon subsequent healthy growth of

thé funguse In this case the soil preferences shown by the plant were
reputed to be dependent on the maintenance of a biological balance
between the roots and the constituents of the microflora which
surrounded them, Any factor which affected the growth of the

fungal symbiont would indirectly influence the development of Calluna,

Current ideas on the calcicole-calcifuge problem
revolve round the mineral composition of the respective soils, i.e.
soil chemistry is takento be the most important factor, although

all other habitat conditions are thought to exert a modifying influence,
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(HOPE SIMPSON, 1938). The concept of the importance of chemical factors

is not new, although carefully controlled culture experiments, linked
with field data, are of more recent origin,

TRUOG, (1918),suggested that it was the calcium
ion which was essential for the growth of calcicoles, while LUNDEGARDH,
(1924.), proposed low hydrogen ion concentration and MEVIUS, (1927),

high hydroxyl concentration to be operative, PEARSALL & WRAY, (1927),

suggested the ratio Ca/R}Na, as all important, and, thereafter,,

numerous chemical elements were suggested as being important :-

potassium, (FLICHE & GRANDEAU, 1874); nitrogen, (BEAR, 1917, OLSEN,
1923); aluminium, (MIRASOL, 1920, CLYMO, 1962); iron, (MEVIUS, 1927);
manganese, (LUNDEGARDH, 1931); phosphorus, (GORE, 1961, JAMES, 1962,
HACKETT, 1965)e Different workers have put stress on different elements,
some of which are said to be required by certain plants, and others,,

if present in excess, are reputed to be toxic to plant roots leading

to death and subsequent exclusion of the species, (HEWITT, 1948a,

SPARLING, 1967).




CALCTIUM |

The two categories calcicole and calcifuge were

broadly defined by HOPE SIMPSON, (1938). He regarded™calcicoles

as species affecting the more importan#& types of calcareous soils
and rare or absent from acid soils, and calcifuges as the reverse",
It has generally been accepted that, on the one hand, the over-riding
common characteristic of the types of soil colonised by so-called
calcicoles is the presence of large amounts of calcium carbonate;.
on the other hand, calcifuge habitats can be typified by the absence
of calcium carbonate, No matter what other factors may be involved
they must operate against the large background factor of presence
or ébsence of calcium carbonate, and, consequently, high or low pHe
As a result of transpiant and culture experiments,
the Bgvel of exchangeable calcium in the soil has been shown to be

of importénce in the distribution of calcicoles by PEARSALL & WRAY,

(1927), DE SILVA, (1934), BRADSHAW ET AL, (1858) and JEFFERTES &
WILLIS, (1964)s However, many authors have found that in the case
of calcifuge plants the calcium level in the external medium had

little effect upon growth and development of such speciesy GORE, (1969, .
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SNAYDON & BRADSHAW, (1961), JAMES, (1962), HACKETT, (1965)

Inevitably, some exceptions to this generalisation have been reporteds,

JEFFERIES & WILLIS, (1964), found that in solution culture Juncus

squarrosus and Nardus stricta survived only in treatments containing

low levels of calcium, and PEARSALL & WRAY, (1927), obtained similar

results for Eriophorum angustifélium,

The results of experiments of different workers
using different plants and techniques have led to some rather
conflicting conclusions. RORISON, (1956 & 1960), SALISBURY, (1920),.

and PEARSALL & WRAY, (1927), found that there was a crucial phase

during seedling development when soil chemical factors had a dominant
influence compared with the physical nature of the soi1~or with
competition, and, for the species which they investigated, it was
the presence or absence of calcium, as calcium carbonate, with its
dual role of calcium source and soil neutraliser which was the
controlling factor. HACKETT, (1965), on the other hand, found that
widely different supplies of calcium had insignificant effects

on the establishment and growth of Deschampsia flexuosa ,a calcifugef.
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From the large volume of literature two general

facts emerge :=

1e Calcicoles usually exhibit a strong response to calcium level
in culture and transplant experiments, whereas calcifuges as
a general rule do not; and chemical analysis of plants has
indicated that the difference in response is due to an inability

of calcicoles to absorb calcium from low solution concentrationss

2, Plants from acid habitats tend, in most cases, to be indifferent
to calcium except in high dosage, when death may result,

(PERKINS, 1961)e
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HYDROGEN TON CONCENTRATION

The effect of calcium carbonate on the hydrogen ion
concentration of soils has been suggested as being an important
factor controlling plant distribution, (SALISBURY, 1925)s Many
culture experiments have been carried out to investigate the effect
of a variety'of pH levels on the growth of different plant épecies :
OLSEN, (1923, 1938a & t, 1953); DAVIDSON, (1927);'ARNON ET AL, (1942);
FAWZY ET AL, (195L4); BOATMAN, (1962); HACKETT, (1964 & 1965)e

ARNON, (1942), reported lower celcium and phosphate

‘absorption by lettuce and tomato.plants from strongly acid culture

solutions,, (pH 4 & 5), and also reduced phosphate absorption at

pH 9; but he detected no profound effect on the uptake of magnesium,
potassium or nitrate. In a later experiment, ARNON, (1942), also
reported that between pH 4 and pH 8 fluctuations in pH could be

tolerated by these plants, provided a sufficient supply‘of nineral
nutrients was availables Growth~(of tomato and lettuce) in acid

nutrient solutions was favourably affected by increasing the concentration.
of calcium (added as calcium nitrate) in the nutrient solution,

whereas at pH 6 the growth obtained at low and high calcium concentrations

" was equally favourable,.
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It would appear that in certain cases high calcium
concentration can compensate for low pH, and vice versa, Similar

responses to pH have also been reported by HACKETT, (1965), and

JAMES, (1962). However, OLSEN, (1938b), using Deschampsia flexuosa,
a calcifuge, (the same species was used by HACKEIT) observed that
although a high calcium concentration was not injurious to this
species it was a true "acid soil plant" in the sense that it required
a rather strong acid reaction in the culture medium in order to
develop normally, and did not survive at all well in neutral or
alkaline solutions,

It is now more fashionable to consider the effect
of pH on the availability of certain essential elements father
than the physico-chemical effect of pH alones It is generally
considered that decrease in the pH of a soil decreases the solubility

of iron to the point of deficiency (IRUOG, 1947), and, in fact,,

it has been shown that the iron content of plants has been increased

by liming soil, (HOFFER & TROST, 1923; BENDER, 1941)e The differential

absorption of potassium and phosphorus at different pH levels has

been studied by DAVIDSON, (1927), and the effect of pH on aluminium

solubility by OLSEN, (1923). In work described by HOU & MERKLE,
(1950); no effect of pH on aluminium uptake by plants could be detected,

and SHEAR, (1938), found no increase in the aluminium content of

plants as soil pH decreaseds
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ELEMENTS OTHER THAN CALCIUM

As stated above, deficiencies of elements necessary
for normal growth, and the presence of others reputed to be toxic
to plants-have also been sited as factors controlling the distribution

of calcicoles and calcifugese

Iron chlorosis is a well-known example of the formers
This has been investigated extensively by GRIME, (1960), but there is
considerable debate concenrning the exact mechanism involved,

(HEWITT, 1948b; BROWN & HOIMES, 1956; GAUCH, 1957)s

Phosphorus
More recently the lack of available phosphorus

has been taken to be an important factor in the failure of the
establishment of calcicole speciess BILLINGS, (1950), has described
caicifuge vegetation, which on acid soils in North America is
adapted to conditions of low available phosphorus which is a limiting

factor in the success of other local species; BEADLE, ( 1954),

has correlated the ecology of certain Eucalyptus species with their

tolerance of low soil phosphate; and RORISON,, (1956), has related
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the failure of seedlings of the calcicole Scabiosa columbaria

to establish themselves on acid soils to phosphate deficiency.

resulting from the external fixation of phosphate by aluminium,

Aluminium
Aluminium itself has come to be accepted as an
element which may be important in the delimitation of these two

categories of plants, (HOFFER & TROST, 1923; CLYMO, 19623

HACKETT, 196k & 1965; SPARLING, 1967,)s HARTWELL & PEMBER, (1918),

suggested that in very acid soils, certain quantities of "active
aluminium" were present which were held to be toxic to caleicolous

plants, but MATSON & HESTER, (1933), have cautioned against

simplification of the problem in this way and have proposed that

the relationship of "the effect of soluble aluminium to plants

is further complicated by the solubility and toxicity of manganese's
More recent work on this aspect has been published by CLYMO, (1962),

who carried out culture experiments with Carex demissa, a calcifuge,

and C, lepidocarpa, a calcicole, to study the effects of varying

levels of aluminium in the culture mediume His experiments showed

that aluminium was toxic to C. lepidocarpa, but that C. demissa
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was tolerant of fairly high levels, His experiments also indicated

that C. lepidocarpa required a high calcium concentration for best

growths SPARLING, (1967), showed that Schoenus nigricans was

capable of growing equally well in low and high calcium conditions
but that it was extremely sensitive to aluminium ions, a concentration

of 055 mge Al/litre causing a 50% reductdiion in root growthe

Manganese
Various workers have reported that the percentage

content of manganese in plants grown on calcareous or limed soils
was less, compared to that present in plants grown on acid soil :

MANN, 1930; McHARGUE ET AL, 1932; FRIED & PEECH, 1946;

HALE & HEINTZE, 1946; HEINTZE, 1946; FUJIMOJO, 1948; and HOU &

MERKLE, 1950, by analysis of plant material, determined that the
pgrcentage manganese in plants increased as soil pH decreasede

The indications are that plants which grow on acid substrates are
adapted to tolerate the higher concentrations of manganese available
to them, but calcicole plants, which normally are not exposed to

large amounts of manganese, cannot survive in such soilse
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ATM OF THE RESEARCH AND CHOICE OF SPECIES

It would appear from this brief survey of the literature
on the calcicole-calcifuge problem that, with regard to the
possible'explanations put forward by various authors, there is
much contradiction and still much confusion, Different workers have
used different species and methods of study, and have put more
emphasis on one factor than on another, Some of this confusion
may be due to the fact that culture experiments in the laboratory
have rarely been correlated with field experiments or chemical analysis
of field material to determine the behaviour of plants under natural
conditions,

Recent ideas on this subject have tended to move
away from the viewpoint, that calcium is the major factor delimiting
calcicole and calcifuge species and towards the concept of
" differential responses to one or more: of the other elements mentioned
above, There is, however, still the fact that calcicoles grow
in neutral to alkaline soils with high pH and high calcium content,
while calcifuges, generally, are intolerant of such conditions,
and are restricted to acid calcium deficient soils with a low pH,.

No matter how many explanations are put forward to explain the
effects of other factors or chemical elements, the fact that, on

the one hand, we have habitats deficient of calcium, and, on the
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other, ones with excess, with a reasonable sharp ecological boundary
between the two suggestg that calcium itself must exert a very large
influence, directly or indirectly, on the delimitation of these

two categories, It was in an attempt to gather the relative data

and to link these two essential aspects of the problem, the laboratory
and the field,that this investigation to study the ‘calcium effect'
was begun,

The purpose of the culture experiments was to test
the'tolerance! of a number of species to varying calcium concentrations
and pH levels, In order to control the ionic concentrations and pH
of the culture media within narrow limits, these experiments were
carried out in solution culture, It was intended to choose plants
which grow naturally in conditions ranging from very acid, calcium
deficient at one end of the scale, to alkaline, calcium-rich at
the other, with plants from intermediate conditions in between.

The classiq example of a cline of plant communities
in relation to a cline of calcium levels is the extreme-rich fen
to moss series of SJORS, (1948); DU RIETZ, (1949); & WIITING, (1947),
(FIGURE %»). This is a series of ecologically linked plant communities
spanning the extremes of calcium-rich to calcium-deficient habitats
and of pHe It was, therefore, decided to select a number of plants

which#ind their optimum habitat in different mire types, and to




e

test their performance against various levels of calcium and pH
under uniform environmental conditionse The fact that mire plants
grow naturally in waterlogged habitats should ensure that their
performance in water culture is not too far removed from their
behaviour in nature.

A major criterion of plants for such comparative
studies is that they should be similar morphologically(CLYMO, 1962),
and, towards this end, species of Carex were chosen which covered
the complete spectrum of the extreme-rich fen to moss series.
Originally six species were chosen whose ecological amplitudes
are indicated in FIGURE 2,. It was soon realised that only two species
could be dealt with, if sufficient data was to be obtained in the
time available for the investigation, The species chosen were

Carex flacca and Carex paniceas

Reasons for choosing these two speciess

1e They are similar morphologically and anatomically.
2 They cover the habitat range requireds
3e They can, and often do, occur togethere

Le Plants were easy to obtain in quantity within easy reach of Durhame

Se They can exist in relatively large populationse




FIGURE 1e

Extreme-rich fen to moss series of
SJORS, (1948), DU RIETZ, (1949), and
WITTING, (1947)e

(Maucha diagrams from BELLAMY, (1967)
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FIGURE 2,

Ecological amplitudes of the six

Carex species originally chosen

for study. (These have been determined

by inspection of relevant phytosociological
literature, SJORS, (1948 & 1950)

DU RIETZ, (1949), WITTING, (1947}

and BELLAMY, (1967).
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MORPHOLOGY

Plants of both species consist of a sympodial
rhizome systems, Each rhizome terminates in a swollen stock which
bears the leaves and forms a tufted aerial shoot with a phyllotaxis
if 4. Buds and roots are formed at the point where the stock
bends and turns upwardse The length of individual rhizomes is
very irregular (TABLES 2-5) ranging from practically zero to 15 Cme.
In all cases, the leafy shoots formed at the ends of these rhizomes

have been called 'tillers' throughout this investigatione.

A sty3lsed Carex flacca or C. panicea plant is shown

in FIGURE é, and the effect of the sympodial rhizome system on the
spatial arrangement of subsequent generations of tillers is represented
diagrammatically in FIGURE 4e Data on the number of leaves, number

of rhizomes produced and maximum leaf length of mature plants from

field populations is listed in TABLES 2-5,

Normally tiller development commences during the
autumn from axillary buds ofi the stocke These remain small and

below ground during the first winter, and elongate the following
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spring to form a tuft of glaucous green leaves. The plant does

not usually flower in this first summer, but overwinters above-
ground without dying back appreciably (a few of the outer leaves die)e
.In the second spring, further growth of the plant occurs with
simultaneous development of the flowering spike. Flowering takes

" place during May - June, with fruit formation from June - Auguste
After flowering, the mature tiller diess The vegetative cycle

of these two species spans two years and they may be referred to

as 'biennial perennials'e




FIGURE 3.

Diagram of Carex tiller at the end of
the first year's growth period.
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FIGURE L.

Diagrammatic representation of sympodial
rhizome system of Carex tillers.

A - presiht year's flowering plant,

B - tiller at end of first year growth period
(should flower in. following summer)

C - developing tillers (very young).

For clarity, the actual arrangement of tillers in
the substrate has been distorted, Subsequent tillers
can be produced in the axils of leaves directly

above tillers already formeds
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APPROACH TO THE PROBLEM

Preliminary experiments were designed to try to

answer the following questions.

1e What is the performance of these two species in relation to

calcium supply and pH level®

2+ Does calcium have a direct effect upon growth?
(a) Can the two species obtain sufficient calcium for normal
growth if it is in short supply?
(b) Do they absorb excess calcium if it is available and with
what result?
(¢) Is there an optimum calcium concentration in the external

solution for growth of these two species?

3e Does calcium exert an indirect effect upon performance by
influencing the uptake of other nutrients? (QLSEN, 1923;

RICHARDS & SHIH, 1940; COLLANDER, 1941; MIDDLETON & RUSSELL, 1958;

JACOBSON ET AL, 1960 & 1961; NIELSEN ET AL, 1963,). MNost of

the experiments studying the influence of calcium on the
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absorption of other ions have been carried out on detached plant

organs or tissue slices, Is there any evidence of a calcium effect

in experiments using intact plants?

. For the purpose of this investigation the term
'performance' is used to relate to different aspects of the behaviour
of these two species under a variety of culture and habitat conditions..
The parameters used to determine 'performance' are :- change in
fresh weight and dry weight, fresh weight/dry weight ratio, leaf
length, and change in the total and percentage content of the elements
calcium, magnesium, sodium, potassium and phosphorus within the

plants,




Part IT

CULTURE EXPERTMENTS.
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' As stated above, conflicting results have been
obtained by workers employing different study techniques., For this
reason the techniques used in this investigation are described in
detail in the body of the thesis before describing the experiments

themselves,

No growth chamber was available for these experiments,,
so.a cheap but effective one had to be constructeds This was built
inside a large 'Dutch Light' greenhouse during October - December
1963, and the first experiments were commenced in January 196l
The chamber was subsequently enlarged in December 1964 to enable
a greater variety of treatments to be applied at one time,

Construction details of the growth chamber are given in detail

in APPENDIX{,
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THE CULTURE TECHNIQUE,

The substrate employed was colourless polythene
chips supplied by Imperial Chemical Industries Ltd,s These were
washed thoroughly with distilled water and autoclaved at 105°© for
one hour before use, 3" plastic pots were filled with the chips
and placed inside square polythene wash bowls, which were subsequently
filled with the appropriate culture solution (FIGIRE 5). Each
plant pot was covered with a circle of black polythene, held in
position with a rubber bands The edges of the circles of adjacent
pots overlapped to reduce the amount of light reaching the surface
of the culture-solutions, in an attempt to minimise algél growth,

The culture solutions were changed weekly, and to
simplify this procedure, the bowls of individual treatments were
connected together by means of polythene tubing,welded to holes
near their bases. To one end of each row of bowls a 40 litre
aspirator was connected, and, at the other end, a tap was inserted
to empty the bowls when requireds By this technique, the culture
solutions could be drained from oﬁeAend and fresh culture solutions
run in at the other, enabling a complete change to be carried out

in about half an hour for the whole growth cabinets In the enlarged
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growth chamber, there were 14 rows of bowls, five in each row,
allowing 14 different culture solution treatments to be applied at
the same time to plants growing in adjacent rows of bowls, The
complete unit contained 70 polythene bowls each with 9 plant pots
which could hold three plants eachs The capacity of the chamber
was 70 x 9 x 3, i.e., 1890 plants at any one time if requireds

Culture solution was run into each bowl until the
level was about one inch below the tops of the plant pots ensuring
that the polythene chips were kept permanently wet, To reduce further
the possibility of algal growth, the top of the whole system,
except for the plant pots, was covered with black polythene, as
were the stock aspirators themselves, Slits were cut in the top
of the polythene 'skirts' covering each plant pot, and through these
were inserted the tillers under investigation into the polythene
chips,

This technique is fundamentally one of water culture,
in which additional support is provided for the plants by the
sterilised polythene chips. This method has an advantage over those
employing vermiculite or sand in that it enables the root systems
of plants to be collected free from adhering substrate particles

after each experiment by simply rinsing in distilled water,
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Each change of culture solution required approximately
20 litres per treatment, and, as solutions were changed weekly,
each aspirator (40 litre capacity) contained two week's supply
of dulture solutione The fact that the bowls contained a large
excess of culture solution which was changed frequently, greatly

reduced several sources of error in the culture techniques

1, pH drift was small, 4.2 increased to 5, and pH 7 dropped

to 6.5 after a weeke

2, The nutrient concentration was maintained at a fairly constant

value over each weeke, (TABLE 1.)

3 It was thought unnecessary to aerate the culture solutions
because of the large volumes of solution used and because of

the large surface area of solution in each bowl,




FIGURE 5.

The culture technique.
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THE CULTURE SOLUTION.

T

In carrying out these experiments, it was decided
to use, as a basis, a well-tried and successful culture solution
which gives an adequate supply of all the macro- and micronutrients
required by plants for healthy growthe The culture solution chosen
to form the basie medium was a modification of that used at the
Long Ashton Agricultural and Horticultural Research Station (HENITT,
1952), The final concentrations of the ions in the solutions were
made up to be half of that recommended in the Long Ashton solution,
except in the case of the ions, calcium and potassium, the concentrations
of which were varied, Instead of supplying calcium as calcium
nitrate, it was added as calcium chloride, In the potassium
experiments potassium was added as potassium nitrate, As a result
nitrate concentration also varied and to -maintain the same nitrate
level in all treatments appropriate quantities of sodium nitrate
were added to make up the difference,

Concentrated stock solutions of each salt used
were prepared and stored in 2% litre Winchester bottles, The
concentration of these stock solutions was such that 100 ml, stock
solution on dilution to LO litres gave the required ionic concentration,

This basic medium was bulked with appropriate quantities of calcium




chloride or potassium nitrate to give the required concentration
of calcium or potassium for each experiment, pH was adjusted by the
addition of sodium hydroxide,

Details of the exact amounts of each salt used in
the preparation of the basic culture solution, and of the quantities
of calcium chloride and potassium nitrate used in each treatment

are given in APPENDIX 2,
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COLLECTION AND FREPARATION OF PLANT MATERIAL.

Prior to each experiment, plants of Carex panicea

were collected from blanket peat near Sunbiggin Tarn, Westmorland,

and from a transition mire at Cassop, Co, Durham, Carex flacca

was collected from a transition mire at Sunbiggin Tarn and from
limestone grassland at Cassop. (Plants from this latter site were
included to cover the extreme calcium-rich habitat, ) On all of these
sites, the species grow in large populations, and it is possible
that they may be of restricted genetical origin, After collection,
the plants were planted in boxes and kept in a heated greenhouse
until required, Before use, they were thoroughly washed, and the
tillers removed, Tillers of each species, selected by eye to be

of approximately similar initial size (2-3 cm.), were rinsed in
distilled water, surface dried, weighed and planted in the growth
cabinet in the manner previously describedy Before planting, any
roots growing from the tillers were removed, so that each plant

had to re-establish itself completely in the culture mediums
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EXPERIMENT 4,

The object of this experiment was to investigate

the performance of C, flacca and C, panicea tillers growing in

culture solutions containing dffferent calcium concentrations
at different pH levels,

Since any variation im the concentrations of nitrate,
potassium and phosphorus may produce pronounced effects on performance,,
the levels of these nutrients was maintained constant in all
treatmentse Calcium chloride was supplied in appropriate quantities
tq:;inal calcium concentrations of O, 10 and 50 parts per million

respectivelye All of these solutions had an initial pH of L2,

irrespective of the calcium concentration (BELLAMY & RIELEY, 196l )e

This pH (4e2) was maintained in one set of three 40 litre aspirators
(covering the calcium range), while in a duplicate set pH was raised
to pH 7 by the addition of sodium hydroxide solutions

The arrangement of the culture treatments within

the growth cabinet is shown in FIGIRE 6,




FIGURE 6,

Arrangement of culture treatments
inside the growth chamber,
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RESULTS

The results are detailed in APPENDIX 6, TABLES 7 & 8,

and are presented in graph form in FIGURES 7, 8 & 9

Fresh weight,

The graphs of Carex panicea from both collecting

gites are similar, There is little change in fresh weight between
© and 10 pep.ms calcium at pH 4; (plants from the acid site shgow
a slight increase, and those from the transition mire, a small

decrease at 10 p.Dems )y but there is a very large increase in the

50 pepem. calciumsm treatment, At pH 7, on the other hand, there

is a marked increase in fresh weight at the 10 pepems calcium
concentration (much greater than the value reached at the lower pH),
and a further increase at 50 peDelee It is interesting to note
that at the highest calcium concentration there is virtually no
difference between the final fresh weights of the plants growing

at the two pH levels,

Carex flacca from the limestone grassland site

(which was the only collecting site from which plants of this species
were used in the preliminary experiment) exhibited the same type

of response to calcium and pH as C. panicea over the lower
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concentrations (0 and 10 pep.m. ), but differed from C, panicea
in its behaviour at the 50 pepem. level, In this case, although
the standard errors overlap, the trend is quite obviously towards
an increase in fresh weight due to an increase in the external

calcium concentration and to increase in pH level,

Dry weighte
There is little difference in the final dry weights

of Ce panicea plants originating from the acid site and grown in
the extremes of pH, In plants from the transition mire, there is

a suggestion of greater dry weight at the higher pH at the 10 pepeme

calcium level,

C, flacca, on the other hand, shows a marked divergence
in final dry weight at the 10 p.pems calcium concentration due to
pH, and this pH effect increases at the 50 pspem. level, It is
notaeble that there is no increase at all in final dry weight im

of C, flacca plants at pH 4 between 10 and 50 pepeme calcium in

the external solution.

Fresh weight/dry weight ratio

In all cases the shape of the graphs is similar,

The ratio is higher at pH 4 than at pH 7 at the O p.pems calcium
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level, but, with increase of the calcium concentration to 10 pepPele,
positions are reversed giving a higher ratio, or increased
'succulence', at the higher pH, At the higher calcium concentration,

the ratio reached its highest values, and these appear to be independent

of pHe

Chemical analysise

The methods employed are described in full in
APPENDIX 3,

Analysis of dry plant material of both species did
not reveal any detectable differences in the concentrations of
Calcium, magnesium, potassium, sodium or phosphorus due to either,
difference in species, calcium concentration or pH, except in the
O pePeme calcium solution, and this may have been due to the poor
condition of the plants which survived this treatment, These results
do, however, show the percentage concentrations of each of these
elements presemt in the two species.

The most surprising fact about these results is
that they show that the calcium level inside the plants does not
increase (as a percentage of the total dry weight) with increased
concentration of this element in the culture solutions over the

range employeds This would seem to suggest that these plants exert
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a 'buffering action' against the higher levels of calcium external
to them, absorbing sufficient only to keep pace with increase in
‘dry weighte All graphs indicate an increase in internal potassium
and phosphorus concentration between O and 10 p.pems calcium, but,
as has already been mentioned, this may have been due to the poor
condition of the plants in the O pep.me treatment at the end of the
experiment, These plants were chlorotic and many were dead and it
is possible that leakage had taken place of these two elements

from such plants, giving rise to the lower values detected.




FIGURE 7.

Experiment 1. =

Fresh weight and dry weight data.
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FIGURE 8,

Experiment 1e =

Fresh weight/dry weight ratio.
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FIGURE 9.

Experiment 1, =

Chemical analysis data,
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DISCUSSION OF EXPERIMENT 1,

There was no difference between the mineral contents
of these two species attributable to difference in the pH of the
external mediume, However, some effect on the potassium and phosphorus
contents was evident at the O pepems calcium level, This effect
was'probably due to the absence of calcium from this particular
nutrient solution since a later experiment containing only Oe5 pepPeis
calcium did not give rise to a similar low potassium concentration
in the plantse Potassium and phosphorus are known to be very mobile
in plant tissues, and dying plants or plant organs lose a proportion
of both of these elements : JAMES, (1931); MITCHELL, (1936);

PETRIE, (1934); ULRICH, (1943); WILLIAMS, (1955); PERKINS, (1961);

PRITCHARD ET AL, (1964)e It is also interesting to note that very

high levels of potassium, compared to the other elements, were
detectede Other workers have also commented upon the high levels&

of potassium found in plant tissues : FAGAN & WATKINS, (1932);

THOMAS & TRINDER, (1947); OLSEN, (1948); MALMER, (1958)

There are two possible explanations to account for
this apparently anomalous potassium value obtained in the absence

of calcium from these culture experiments §
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Potassium tends to vacate dying tissues, (The plants in this
treatment soon showed signs of chlorosis and began to die, )
This aspect of potassium will be dealt with at greater

length in a later discussion,

It is possible that the absence of calcium resulted in diminished
potassium uptake by the plants, VIETS, (1944), showed that

a number of bivalent ions, including calcium, stimulated

potassium absorption by excised barley rootse OVERSTREET ET AL,
(1952), confirmed this effect of calcium on potassium uptake,
and suggeéted that calcium had a stimulatory effect on the
active transport of potassium, possibly by facilitating

the breakdown of a K-carrier complexe

Carex panicea plants cdllected from the acid site

were small and stunted, When tillers of these plants were grown in

culture solutions deficient in calcium at either pH level they

remained small, Tillers from the much larger plants collected from

the transition mire (higher calcium and pH) performed no better

on the calcium-deficient cmlture solution. C. panicea tillers

grew much better at higher external calcium concentrations irrespective

of original collecting site, These findings are in agreement with

results of ARNON, (1942), who observed that plants of lettuce and tomato
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could grow well under acid conditions provided sufficient nutrients,
especially calcium and potassium, were available, He concluded

that high calcium concentration could compensate for low pH,
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SUMMARY AND INFERENCES.,

1o

2

3e.

The results of this experiment suggest i

That C. flacca has become adapted to higher pH conditions
in which it attains maximum performance (expressed as fresh

weight and dry weight increase)e

That C, flacca requires a higher calcium concentration than

Ce_panicea, since even at pH 4 plants grown in the higher
calcium solutions exhibit a larger percentage increase in fresh

weight than those grown in the 10 pepems calcium solution at

PH 7.

That there may be a 'dehydrating' effect of low pH in the

presence of a low calcium concentratione

That C._ panicea is an adaptable species as far as mineral

supply is concerned being able to survive in a wide range of

calcium concentrations and pH levels, but with a different

.potential performance in each case, C. flacca,on the other

hand, shows a marked preference for higher pH at all external

calcium concentrations except the lowest ones
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That both calcium concentration and pH are important factors
influencing the performance of these two species in culture
solution, and it is possible that their occurrence in nature

is greatiy dependent on them also,
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QUESTIONS ARISING FROM AN ASSESSMENT OF THE RESULTS OF EXPERIMENT 4,

This preliminary experiment gave rise to several

important questions which determined the course of the investigations

1o

26

3y,

In all cases there was a large difference in the performance
of plants between O agpd 10 pepems calcium and consequently
this appeared to be a critical range of calcium concentration
to studye What would be the performance of the two species

at intermediate calcium concentrations?

Plants of both species continued to grow quite healthily at

50 pepeme, the maximum calcium concentration employed in this
experiment, What would be their reaction to higher calcium
concentrations in solution culture? Is there a maximum calcium

concentration for growth of these two species above which they

cannot survive?

There was no increase in the percentage calcium concentration
inside the plants but merely an uptake sufficient to keep pace
with additional dry weight increase due to growth of the plantse
Is there a maximum céncentration of calcium in the external

solution above which the 'buffering action' of the plants
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ceases to be effective, leading to an increase in the relative

calcium content of the plants?

As the chemical analysis graphs indicate, these plants contain
very large quantities of potassium in their tissues, and they
mist, therefore, be very efficient in extracting this element
from the growth mediume, What would happen to the potassium
content of plants growing in culture solutions in which potassium
is varied over a low concentration range, especially when

another essential element such as calcium is limiting?

Would the same responses to calcium concentration be exhibited

by these two species at different stages of development?

How do these two species behave in the field under different
conditions of nutrient supply? Is there a difference in

performance on different sites?

Is there any detectable nutrient cycling in these plants, and,

if so, cen this be related to nutrient supply?
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EXPERTIMENT 2, VARTATION IN EXTERNAL CALCIUM CONCENTRATION.

The growth cabinet was increased in size to accomodate
14 different culture treatments, In this experiment a range of
nine different calcium concentrations was employed, giving a series
of cencentrations in the range 0.5, 2.5, 50, 10, 20, 50, 100,
200, and 500 parts per millions In order to study the response of
plants grown in culture from different initiak stages of development,
the tillers were divided by eye into younger (tillers 2-3 cm. long)
and older tilkers (larger‘ones between 5 and 6 cme in length).
Because of the large numbers of plants used in this experiment,
no initial measurement of fresh weight was made because of the time

it would have involveds

So that a more complete study of the 'with age'
response could be made, a separate experiment was set up in a smaller
growth chamber, to observe the effect of calcium concentration on
germination and seedling establishment, Seeds of the'two species

were allowed to germinate on vermiculite, saturated with the culture

solutions used above,
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RESULTS.

Experiment 2,a. Performance of tillers of different ages,

(TABLES 9 & 10; FIGURES 10 = 12)

When removed from the growth chamber at the end of
the experiment, all plants were weighed fresh, then dried to constant
weightey Final leaf length and root length of all plants were measured,
and the ratio of final fresh weight to final dry weight at = each
calcium concentration was calculated,
There was great variation in the final fresh weights
and leaf lengths between plants at any one calcium concentration,
(Greater variability resulted from the use of tillers than was anticipated, )

Seeds were not used in the major experiements because of :=
(1) difficulty of germination, and,

(ii) plants grown from seed took a long time to reach a suitable

size to privide sufficient material for chemical analysis,
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Carex panicea,

(a) Fresh weight, (FIGURE 10, )

Performance of the plants from the acid site showed
an increase from the 0s5 pepems to the 10 pepems external calcium,
and then a gradual decrease at each successively higher calcium
concentration until in the 500 p.pems solution, the final fresh
weight was very low and, in most cases, the plants were dead,

With plants collected En the autumn before the experiment was set

up, the shape of the graph obtained for both young and old tillers

was similar, indicating that the original age of the tillers had

not made any appreciable difference to their performance, The plants
collected a year eérlier and kept in the greenhouse until required,
gave a similar graph for the larger tillers as before, but the perform-
ance of the younger tillers was rather erratic,

Tillers of plants collected from the more calcium-
rich transition mire habitat behaved differently from those from
the acid moorland site, in that thgy had a much higher final fresh
weight at lower calcium concentrations, with decrease in the final
fresh weight above 5 pep.m, calciume Both young and old tillers
responded similarly except that the younger tillers did not decrease

in fresh weight until the calcium concentration exceeded 10 DeDellee
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.(b) Dry weight,  (FIGURE 10, )

In general, the final dry weights of these plants
tended to follow the pattern of the final fresh weights but to a
lesser degree, As final fresh weight increased, so did the dry weight
but not always in the same proportion as is shown by the fresh weight/

dry weight ratio,

(¢) Leaf length, (FIGURE 11,)

The final lengths of the leaves of any one species
from all treatments was about the same, apparently unaffected by
calcium concentration, (There was, however, signs of chlorosis

in plants grown in the very high and very low calcium concentrations.)

(@) Fresh weight/dry weight ratio. (FIGURE 12,)

In Carex panicea from the acid moorland site, this

ratib was maintained at L4~5 up to an external calcium concentration
of 20 p.pem. after which it decreased at each higher calcium level,
The ratio obtained for C, panicea plants from the transition mire

decreased above 5 DeDele Calciume




Carex flacca,

(a) Fresh weight, (FIGURE 10,)

Plants collected from the transition mire site
exhibited a much greater response to increasing calecium concentration
than those from the limestone grassland, Older tillers from the
former site maintained a high final fresh weight between calcium
concentrations 10 to 200 pepems, with a sharp drop in fresh weight
at the 500 pepems calciume, This large increase was not so pronounced
in the younger tillers, in which there was a more gradual increase
in fresh weight from the 0,5 to the 20 pe.pems calcium, and then a
gradual decrease at subsequent higher concentrations, Plants from
the limestone grassland site reached their maximum fresh weight
at 20 peDPels, and then dropped to a much lower weight in each succeeding
calcium concentration, no plants surviving in the 500 pepem. solutione
The younger tillers of C. flacca from the limestone grassland site
behaved worse than.any'of the other plants of wither species in any
of the treatmentse Only a few plants survived in certain treatments
and from the results obtained it was nok poasible to detect any distinct

differences in performance due to variation in calcium level, No

Plants from this collection survived in calcium solutions containing

more than 50 p.p.m. caloiume
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(b) Dry weight, (FIGURE 10, )

As in the case of C, panicea, the final dry weights
tended to follow increases and/or decreases in final fresh weight R

but were not in proportion to them,

(¢) Leaf length, (FIGURE 11.)

As before, these results were rather inconclusive,
although the lengths of the leaves of older plants from the
limestone gra'ssla.nd site were greater than the final leaf lengths
of the younger tillers from the same site at each calcium concentration.
These older tillers also showed an increase in length between 0,5
and 20 p,pem. calcium, and a gradual decrease at higher calcium

concentrations,

(d) Fresh weight/dry weight ratio. (FIGIRE 12,)

In C, flacca, this ratio showed more variation than

was evident for C, panicea, With C. panicea from Sunbiggin Tarm,

the ratio increased from 0,5 to 10 pepeme calcium, reaching a value




FIGURE 10,

Experiment 242 =

Fresh weight and dry weight data,
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FIGURE 11.

Experiment 2,8e¢=

Maximum leaf length,
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Experiment 24a2. -

Fresh weight/dry weight ratio,
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of about 7 for both younger and older tillers, Above this concentration,
there was a drop in the ratio t§ about 2,5 at higher calcium levels,

The same pattern prevailed for C, flacca from Cassop, except that

the decrease in the ratio did not occur until the calcium concentration

exceeded 20 DePele

(e) Chemicel analysis of plants from Experiment 2,a.

The leaves of plants from each treatment were bulked
together and analysed to determine whether, over the increased range
of calcium concentrations there were any differences in the content
of calcium, potassium and magnesium, these being three of the major
eleménts liable to exhibit iariation under the conditions of the
culture experiments : calcium, because this was the element which
was varied in the principel experiment; potassium, because of the
large quantities of this element previously defected in these plants,
and also because it was varied in concentration in the subsidiary
experiment; and magnesium, because of its importent role as a constitu-

ent element of chlorophylle

The analytical results were calculated as milligrams

of each element in 10 grams of oven-dried plant material, and also
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as milligrams per 100 plants, Because of the large number of analyses
involved replicate analyses were not carried out on every sample,

but duplicate determinations were carried out on several different
samples to find out the degree of vériation which was likely to

occur (TABLE 11). The techniques used in the plant analysis procedure
are described in APPENDIX 3, and the results, which are detailed in

full in TABIE 10, are summarised in FIGURES 13 and 14 (for calcium)e

It was necessary to express the chemical analysis
results both on a percentage and on a total basis for the following

reasons -

1« The percentage approach enables the relative concentrations
of any one element to be determined in different plants or plant
organs, grown on different nutrient solutions or collected from

the field at different times of the year,

2 | The total basis indicates the exact level of any elemen¥w under
gimilar conditions to those listed above, This latter approach
is unaffected by what may be referred to as the 'dilution effect!
of growth of the plante During the active growth phases in a
plant's life cycle dry weight increase may exceed increased

absorption of nutrients from the substrate so that the same




proé?tion of chemical elements per unit dry weight of plant material
as before is not maintained, The consequence of this is that although
the total level of any one element mayvcontinue to increase during
these growth phases, results calculated on a percentage basis indicate
a decreases This, however, is not a real decrease (1oss), but an

apparent one due to this 'dilution effect’,

Most of the earlier work on the chemical composition
of plant mate;ial expressed the concentrations of the various elements
on a percentage dry wefight basis, which produced a fiése interpretation
of how the plant was actually reacting to the nutrients available to it,
Authors who have based interpretation on a percentage

basis only include : RIPPEL, (1927); JANSSEN & BARTHOLOMEW, (1929);

PENSTON, (1931); FAGAN & WATKINS, (1932); McHARGUE & ROY, (1932);

RICHARDSON, (1932); THOMAS & TRINDER, (1947)e Those who have stressed

the necessity for a total per plant approach include : SAMPSON &

SAMTSCH, (1935); EETRIE, (1934); MITCHELL, (1936); OLSEN, (1948)s
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RESULTS.

Potassium,
As in Experiment 1. this was the element preseiit in great-
est quantity in the plant tissues (between 200 and 350 milligrams
per 10 grams dry plant material)e No sharp increase in the
percentage potassium content of the plants, from the lowest im
external calcium concentration to the next higher one was detected,
and this might have been due to the fact that, in this case, the
culture solution with the lowest calcium concentration contained
Oe5 PeDems calcium, whereas, in the previous experiment no calcium
at all was added (PAGE 30).
With C, penicea from Cassop there was a suggestion
that potassium was being lost from the plants as the external
" concentration of calcium increased, but, in the case of plants collected

from the acid site, no distinct pattern emergede

Calcium,

Calcium was the element whiich showed the greatest
variation and this was where the results of this experiment differed

from the previous ones With increasing external calcium concentrations

there was a very marked increase in the moveitent of calcium into




the plants, In Experiment 1, the highest calcium concentration
used was 50 DeDPeMesIt was only above this concentration that there

was a marke@ influx of calcium in the second experiment,

Magnesium,
Magnesium, on the whole, remained constant throughout

the complete range of calcium concentrations, lying between 20 and

50 milligrams per 10 gm, dry plant.

Sodium,

In every series of chemical analyses, control flasks
were included to check for possible contamination duting the digestion
and analysis procedure, These flasks wmxz contained no plent material
but the reagents were added as in the normal technique, These controls
then underwent the usual processes of digestion, filtration, dilution
and analysise In the cases of calcium, potassium. and magnesium
there was no evidence of contamination, but in all control flasks
sodium gave a sufficiently high reading to cast doubts on the sodium:
values obtained for the plant material (TABLE 6)., In view of this

the sodium results were discarded;




FIGURE 13,

Experiment 2,2, =

Calcium content of Carex panicea leaves,
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FIGURE 1k

Experiment 2,8 =

Calcium content of Carex flacca leaves,
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Carex panicea from @assope (TABLES 9 & 10)

Te

3

Percentage potassium content decreased from 300 to 190 mg./10 gm.
in the younger tillers, and from 300 to 215 mg./10 gme in the
older tillers, The total potassium per 100 plants decreased from.
3 mge to 2 mg, in the younger tillers and from 7 mg, to 2,5 mg,

in the older tillerse

" Magnesium content was between 30 and 40 mg./10 gme in the

young tillers and between 25 and 40 mg./10 gm, in the older
tillerss, The total magnesium content per 100 plants exhibited

very little variation, remaining almost constant throughoute

In the very young tillers calcium content increased gradually
from 3 to 50 mge/10 gme dry weight over the concentration range
(FIGURE 13). (No plants survived in any of the treatments contain-
ing more than 50 p.pems calcium,) The actual increase per

100 plants was smaller, from 3 t® 39 mge. In plants grown from
older tillers the calcium concentration remained steady at about
10-12 mge/10 gm. up to an external concamtration of 20 pePele
calecium, and then showed a rapid increase in percentage content

up to 195 mge /10 gme at 100 pepems calcium in the culture solutione
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This increase in percentage calcium content was mirrored by a correge

ponding increase in actual calcium content per 100 plants which

rose from 8 to 242 mgee

Carex panicea from Sunbiggin Tarn,

1e

2

S

The concentration of potassium in plants collected in 1963,

and kept in a greenhouse until used was very erratic, fluctuating
wildly between successive external calcium concentrationse

In the plants collected in 1964 potassium content tended to

rise from the lowest external calcium concentration and then

fell again from about 20 p.p.ms at each successively higher

concentration.

Magnesium content of plants changed very little throughout

the experiment,

Calcium content increased as extermal calcium concentration
was raised, especially at the higher concentrationses This

increase in percentage calcium content was gradual in both

young and old tillers from plants collected in 1963} and

1964 up to about 50 pePems external calcium, and then a much
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greater increase took place above 100 p.pelee No plants from these
sites survived in the 500 pepem. calcium treatment, Similar results

were obtained on a total basis,

Carex flacca, (TABLES 9 & 10)

The results of chemical analysis of C, flacca plants followed the
same type of pattern as was shown by C, panicea, except that C, flacca

plants survived in the highest calcium concentration used,

e In all cases potassium exceeded all the other elements analysed
in percentage concentrations (Except in older tillers of C. flacca

from Cassop in the 200 p.pem. external calcium.)
2, Magnesium remained fairly uniform throughoute

3e Calcium also showdd similar trends to those in C. paniceas
In tillers collected from the limestone grassland site, calcium
content showed a marked increase in external solutions containing
50 peDems calcium and above, This increase occurred in both

young and old tillerss




52

Older tillers from the transition mire increased in internal
calcium from about 50 pepems external calcium, but in younger
tillers, the large increase did not occur until the external
concentration exceeded 100 pspemes This might suggest that
the younger tillers from this latter site exerted a greater
'buffering action' against excessive calcium (external)
concentration than older plants,

It should be noted that young tillers from the
limestone grassland site did not survive in culture solutions

containing more than 50 pe.pe.m. calciume This is not thought

to be due to an intolerance of external calcium but to an inability

of these tillers, collected from & relatively dry habitat to
survive successfully in solution culture, where conditions may

be adverse,
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Experiment 2,be Germination Experiment,

Since the percentage germination of Carex panicea

was very low sufficient material for analysis was obtained only

for C, flacca,

Root and leaf weight data are given in TABIE 12,
Chemical analysis results are detailed in TABLE 13 and the calcium

. results are shown graphically in FIGURE 15.

e  Potassium content was again high compared to the other elements,
and, as before, there was no regular pattern of variation
with change in the external calcium concentration.

2. Magnesium content remained more or less constant,

3¢ Calcium content of the seedlings increased rapidly when the external

calcium concentration exceeded 50 pepPeles




FIGURE 15

Experiment 2,bs =

Change in calcium content of developing seedlingse
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SUMMARY OF EXPERIMENT 2,

1e

e

e

Both species are indifferent to varying calcium concentration

in the external solution up to 20 pepelas

Above 20 pepems calcium is acculmlated in increasing amounts
as the external calcium concentration is raised, until the plants
can no longer tolerate the high calcium concentrations and dies

(This happens to tillers of both ages and to developing seedlings)

Potassium was the element present in greatest concentration
in the leaves of these two species, No distinct pattern of
potassium variation with changing external calcium concentration
was detected except in C. panicea tillers collegted from the

transition mire,

Performance was not affected by the original age of the tillers,

(But see previous comment on C, flacca from the limestone grass-

land site.)

Leaf length was not influenced by external calcium concentrations
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Calcium showed considerable variation in the leaves of these

plants especially when the external concentration of calcium

exceeded 50 DeDelles

No evidence was found of variation of internal magnesium content,
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EXPERTMENT 3. VARTATION OF EXTERNAL POTASSIUM CONCENTRATION,

Because of the very high amounts of potassium present
in all of the plant material analysed, it was thought probable these
two Carex species either require fairly large quantities of potassium,,
( iees they would grow only on soils which have a high exchangeable
potassium content), or else they would be extremely efficient in the
uptake of the relatively small amounts of potassium available to plant
roots in the substrate, Analysis of the soils from which these
two épecies were collected in the field, in most cases, showed low

exchangeable potassium content (TABLE 39).

The following experiment was designed to test the

performance of C, flacca and C. panicea in culture solutions in which

potassium was varied over a low concentration range, and in which
calcium was maintained at a low level, The range of potassium
concentrations chosen was 0s5, 160, 2¢5, 50 and 1060 PePellee
Calcium was maintained at the low concentration of 25 Pepeme in

all cases. The exact composition of these culture solutions is given

in APPANDIX 2,




57

RESULTS.

Fresh weight and dry weight date for this experiment
are given in TABLE 14e There was no correlation between increasing
potassium concentration and final fresh or dry weight,

Chemical analysis results are given in TABLE 15
and the data for potassium content is summarised in FIGURES 16 & 17

It can be seen that very low potassium concentration
in the culture solution resulted in a correspondingly low potassium

content in the plants (on a percentage and total basis)s At each

successively higher external potassium concentration a higher percentage

of potassium was found in the plants, In the highest potassium
concentration used (10 pepems ), the amount of potassium present

in the plants at the termination of the experiment was equal to the
greatest amount detected in planfs from any previous experiment

in which potassium had been supplied in much greater quantity., In
fwmewnthﬂpmm.mmwmmhwlthemumlwhﬁm,
there was as much potassium in the plants as had been detected in
some of the plants from other experiments. These plants must,
therefore, be extremely efficient in absorbing potassium even when

it is present in low concentration.
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The graphs of total potassium content per 100 plants
against potassium concentration in the culture solutions, although
not so regular as those obtained for percentage content, show the
same kind of increase in the plantse

Also in this experiment, calcium levels in the plants
decreased as external potassium was raised (falling from 6 to
2 mge/10 gme in most cases and from 10 to 2 mg./10 gm. in one
instance), There was also evidence to suggest that internal magnesium

content decreased as external potassium was increaseds




FIGURE 16,

Experiment 3¢ «

Change in internal potassium content
of Carex panicea with increase of
potassium in the culture solutione
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FIGURE 17,

Experigent 3¢ =~

Change in internal potassium content
of Carex flacca with increase of

potassium in the culture solution,
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Summary of Experiwment 3.

1¢  Percentage potassium content increased from the lowest external

potassium concentration to the highest,

2 Calcium content of the plants tended to decrease from its original
low value to an even lower one as external potassidm

concentration was raiseds

3«  Fresh weight and dry weight data showed no pattern of variation

with variation in the external potassium concentration,




PART III.

NUTRIENT DYN&MICS
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The object of this part of the investigation was to
determine the levels of each of the major elements calcium, potassium,

magnesium, sodium and phosphorus in the tissues of Carex flacca and

Carex panicea under different environmental conditions in the field,

and to determine whether or not the amounts of these nutrients
varied over the two-year growth periode It was also intended to

study the possibility of nutrient cycling within the two species,
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Methods,

(2) Increment cropping.

Plants of both species were cropped from three

.localitiesoner one growing periode The field stations which gave

a range of calcium-rich to calcium~deficient habitats at both high

and low altitude were Cassop Vale, Co, Durham; Send Sike, Upper

Teesdale, Co, Durhams; and Tarn Moor, Sunbiggin Tarn, Westmorlande

A brief description of these sites is given in APPENDIX L., XRkm

Plants were collected from all three sites on the
same day, at fortnightly intervals, over the active growing and flowering
period, from April until the end &f July, and at less frequent intervals
over the rest of the year, Whole plants were removed from the soil
by means of a trowel, and transported to the labotatory in polythene
bagse The plants were washed ﬁith tap water to remove adhering soil
(or stored overnight in a cold room if separation could not be carried
out immediately)s The plants were then separated into the various
parts: roots, rhizomes, dead tillers, young tillers, older tillers

and flowering or fruiting stems, Each group of plant parts was
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rinsed in distilled water, surface-dried, weighed, placed in paper

packets, dried to constant weight and stored prior to chemical analysis.
Measurements were made of the fresh and dry weights

of ‘plants of both species at each collecting period and from the data

obtained growth curves were constructeds

(b) Additional chemical analyses.

Plants from a stock collection kept in a greenhouse
for several months were used in this investigation, These plants
were separated into young tillers, mature tillers, roots and rhiéomes
as before, In addition, dead leaves were removed from some of the
meture tillers, the remaining leaves of which were divided into dead
leaf tips, photosynthetic laminas and colourless leaf sheathes,

All of these fractions were analysed separately, This procedure was
carried out to obtain a picture of the relative distribution of each

element within the plant in more details
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RESULTS.

(a) Increment cropping,

1e Growth curves,

Detailed results are given in TABLE 16, and these are
summarised in FIGURE 18,. As expected they all show the same growth
pattern differing in absolute values only, It can be seen from these
graphs that although the two species are perennials, the growth curves
 bear out the supposition that individual tillers act as biennials,
having two distinect growth phases with a resting period over the
intervening winter., The most active growth period is between May and
Aﬁgust in the first year, and between May and the end of June in the
second year, After flowering, the plants lose weight as they die back,

At all sitesm Carex flacca shows an initial growth

phase in the first year, maintains this level over winter, and then
increases further in dry weight during the second year, Performance
assessed as dry weight is greatest in the nutrient-rich Cassop sitee
Performance is rather péorer in the transition mire site at Sunbiggin
Tarn, and is lowest in plants from the 8and Sike site, However,
plants from all three sites show the two distinct growth pulsese

Carex panicea, on the other hand, does not have




exactly the same type of growth pulse as C, flacca,.During the first
year tillers increase in dry weight but they lose some of this during
the first winter, The following year they regain this'lost' weight
but plants from Sunbiggin Tarn and Sand Sike do not increase in dry
weight beyond the maximum value reached in the first year, Plants

from Cassop do show a marked second growth pulses

2,  Chemical analysis.  (FIGURES 19 & 20; TABLES 17 & 18, )

As with the chemical analysis results of plants from
the culture experiments,the chemical analysis data for the field
material was expressed as a percentage of unit weight of dry plant
ﬁaterial and as an absolute quantity per 100 plants,

| The increases in dry weight mentioned above are

paralleled by uptake of calcium, potassium, magnesium, sodium and
phosphorus into the maturing plants, Sodium analysis was discontinued
for the reasons given earlier, Phosphorus was determined in samples
collected at the beginning of the investigation, However, as the
study progressed it was not possible to keep pace with phosphorus
determination oﬁ every sample and consequently analysis of this element
was discontinued alsoe Of the remaining elements calcium and potassium
showed the most marked variations in concentration over the growing

period and the data obtained for these will be presented in greater details
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Calcium

It can be seen from FIGURE 19, that calcium, expressed
as total per plant is very low at the beginning of the first year's
growing period, maintains a low value until May and then, coincident
with the active growth phase, both species absorb more calcium, g
pfesumably, to keep pace with the amount required for increased cell-
wall formations Subsequently, the to#tal calcium content shows a
large increase from: August, after which both additional growth and
increase in calcium content stop during the winter, Percentage calcium
also increases over this period, but the results are more vaééble.
There is a further increase in total and percentage calcium during
the second growth phase, continuing until the seeds set, about July -

August,

Potassium,

The potassium content of Carex panicea and C, flacca

shows considerable variation over the growing period, Percentage
potassium content is high in the young plants (between 200 and 300

mg, /10 gme dry weight) and shows an increase at each succeeding collection
period, reaching a peak about May, and, thereafter, decreasing consistently
ovér the rest of the year, Analysis of mature tillers indicates

that they have a percentage potassium content at the beginning of
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the second growth phase equal to that present in the young tillers
at the end of the first year, There is a slight rise in percentage
potagsium coinciding with the advent of the second growth phase
(prior to flowering), and then it falls to a very low level after
flowering and death of the plant (as low as 10 mg/10 gm. dry weight)e
The trend of absolute potassium content differs from that for the
relative values, In developing tillerg total potassium is very low,
but percentage content is high, indicating that these very young
shoots have a high concentration of potassium in small dry weight,

Carex flacca always shows a pulse of potassium uptake with each

growth pulse, both at Sunbiggin Tarn where exchangeable potassium in
the soil is low and at Cassop where it is much higher (TABLE 21),

Carex panicea,on the other hand, seems to absorb potassium mainly

during the first growth phase and thereafter maintains this level,
exhibiting no regular bimodal cycle of either growth or potassium

uptake,

Potassium, calculated on a total K per plant basis,
reveals the difficulty of interpreting the results of the percentage
content of chemical elements in these plants, While percentage
potassium content is at its highest in very young tillers, (in which
one presumes there is much metabolic activity) total potassium per

plant is at its lowest; and, whereas, percentage potassium decreases
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as the tiller ages and increases in size, total potassium increases
until flowering, and then falls rapidly, There is, however, evidence
of a yearly rhythm in total potassium content, since the graphs
indicate a decrease at the end of the first growth phase and-an increase
again in the second year prior to flowering,

From the analysis results of tillers and mature
plants it cén be seen that there is a pattern of nutrient increase
and decrease@mm&:&eeﬁeesﬁ throughout the year in the case of calcium
and potassiume Neither magnesium, sodium nor phosphorus show any
marked fluctuation on a percentage basis; they tended, for the most
part, to remain within narrow limits for each cropping site. Magnesium
content is much higher in plants cropped from thé magnesian limestone
site at Cassope

Analysis results for roots and rhizomes proved to
be rather inconclusive, It is impossible to calculate the amount
of each element in a single root mx system or rhizome because of
the difficulty of removing complete root systems from the soil and
| also because of the irregularity of rhizome lengthse On a percentage
basis, the levels of all the elements analysed for, remained ratherx
constant and no pattern of variation over the year is evident,

The results of root and rhizome analyses have not

been presented in graph form but are detailed in TABLE 1%e e




FIGURE 18.

Nutrient dynamics -

Growth curves,




( suluow ) e1wIs  ewy)

AQNOSY ( TANYHNIITANOSY I T HNYNIITAGN GNOSY T ITHWYNI FrTONOSY T THNYRNIITON
[ T R v
PO 001
jooz booz
el Looe 00¢
aad 007

@

H

H

-

0

]

005 @

(dosses | eooe;  xeiw) =

2

g

K3

8
(Buw ) yurd

002

(ows purg ) wow) e

L T 1 1 - T L 1

sweid  sinpew 180 sjued eimew s

00€ 00€
{uwiep uildBiqung ) waowu xo1ey {die] uiBBiqung } esde); xaiwn




FIGURE 19,

Nutrient dynamics -

Variation in calcium content over
the growing period,
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FIGURE 20,

Nutrient dynamics -

Variation in potassium content over
the growing period,
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(b) Additional chemical analysess

The results are summarised in TABLE 20,, from which
can be seen the lafge differences in the concentrations of calcium
and potassium, and to a lesser extent, magnesium, that exlMist between
adjacent parts of the same plant, and even of the same leaf,

As an example, chemical analysis data for

Carex panicea from Cassop will be useds All results are expressed

onx a percentage basise

1o The plant as a whole, (FIGURE 21, )

Calcium

Calcium content is lowest in the roots, rhizomes
and young tillers, It is highest in mature tillers, When the dead
leaves mare removed from mature tillers and analysed separately
from the photosynthetic parts, calcium is found to be very high in

the dead leaves, and very low in the remaining photosynthetic parts.

Potassium

Potassium, on the other hand, is lowest in the
dead leaves and highest in the developing tillers, It is also

high in the photosynthetic parts of the mature tillers.
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Magnesium,

Magnesium does not vary so much in concentration
as either calcium or potassium, but it appears to be higher in the
mature tillers than in the roots,rhizomes or young tillers.
Rather surprisingly, a higher percentage magnesium content is detected
in the dead leaves than in the phoﬁpsynthetic parts of the mature

tillers,

2,  Leavess (FIGURE 22,)

Analysis of four leaf fractions, sheaths, lower
photosynthetic lamina, upper photosynthetic lamina and dead tips
show that calcium increases from a very low concentration in the
sheaths to a very high level in the dead tips, Potassium is lowest
in the dead tips and sheaths, and highest in the upper portion of
the lamina adjacent to the dead tipse Magnesium is also highest

in the upper lamina, and lowest in the sheaths,

From these results it is obvious that great care
must be taken in the interpretation of results obtained by chemical

analyses of whole plants, or even whole leaves, The average values
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thus obtained will be entirely dependent on the prog‘:rtion of living

to dead material in the sample,




FIGURE 21,

Chemical analysis of different organs
of Carex panicea,







FIGURE 22,

Chemical analysis of different parts
of individual leaves of Carex panicea.
(results are expressed as mg./10gm,
dry plant material,)
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DISCUSSION, o=

YFlow diagrams® have been constructed to represent
the levels of calcium, potassium and magnesium present in Carex

panicea and C, flacca plants at different stages of development

over the two year growth cycle, The stages of development which
were chosen for the various compartments of these diagrams were
selected subjectively, but they are comparable for each species

and element,
These stages are =

K, First year tiller - maximum value of each element at the end

of the first year's growth phase,
B. Mature plamf = maximum value immediately before flowering.
Ce Dead plant - lowest value detected after fruitings

b, Very young tillers - content at youngest obtainable stages
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E, Fruiting stem - maximum content,
yiis Seed « content per seed,

Because of the different habitat conditions prevailing
at each collecting site, plants matured and flowered at differemt
times, and, consequently, nomstandard collecting date could be selected
as a reference for the nutrient dynemics diagram data, FIGURE 23,
summarises the life cycle of these two species and appropriate
values for calcium, potassium and magnesium have been substituted

FIGURES 24 &a5
at each stages, From the difference in these values between adjacent
stages, certain tentative suggestions can be made about the supply
and diétribution of these three major elements, The diagrams do
not represent an exact picture since formation of new tillers and

flowering stems is not an abrupt occurrence as depicted, but parallels

the growth and nutrient absorption of the parent plant over a considerable

period of time, All values listed in these diagrams refer to the
average content of calcium, potassium or magnesium of 100 plants,
tillers, flowering stems or seeds as the case may be. BrExexemkrkErk
Indgeksxkaxe Because of the difficulty of expressing the chemical

anal&sis results of roots and rhizomes on a total basis these nutrient




FIGURE 23,

Nutrient Dynamics flow diagram.
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FIGURE 25,

Nutrient dynamics flow diagram -
Carex panicea,
(values expressed as mg./100 plants, )

In the case of plants from Cassop

the maximum values of the mature tillers
were not reached immediately before
flowering but occurred later, An
additional stage ha8® been incorporated
in this diagram to take this into
account,

Key -
Ca |

Mg
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tudgets have beem peesented for the above~ground parts of these

plants only (plus newiy emergent tillers)s

Potassiume

On the whole, the amount of potassiﬁm in the fruiting
stems corresponds to the potassium content per seed times the average
.pumber of seeds per plante The potassium confent per seed is relatively
low, a factor which could lead to difficulty of seedling establishment
and survival in areas with potassium deficient soils, or, in habitats
in which competition for available potassium is high. On the other
hand, the level of potassium in very young tillers is relatively
highe Analysis of plants from subsequent cropping intervals during
the growing season show that this value increases sonsistently as

the tiller develops.

A very rough comparison can be made between the
difference in potassium content of mature plants before and after
fruiting (taking into consideration the potassium level in the fraiting
stems), and the estimated amount of potassium potentially available
for translocation to developing tillers, If one divides this amount
of potassium by the potassium level detected in the very young tillers

a number is arrived at which could approximate to the maximum possible

number of tillers per plant,
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Examples,

Carex flacca - Sand Sike,

Potassium decrease in mature plants after fruiting = 40 mg,
Potassium level in very young tillers = 20 mg,
The decrease could supply enough potassium for 2 tillers of this age.

Average number of tillers observed in the field = 2,

Carex flacca = Sunbiggin Tarn.

Potassium decrease = 150 mg,
level in young tillers = 44 mg,.
decrease is sufficient to sapply 3-4 tillers per plant,

Kveragé number found in field = 2,

Carex panicea -~ Sand Sike,

Potassium decrease = 80 mg,
Level in young tillers = 40 mg,
Decrease is sufficient to supply 2 tillers per plant.

Average number found in field = 2,
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Carex panicea = Sunbiggin Tarn,.

Potassium decrease = 120 mg,
level in young tillers = 30 mge
Decreasge is sufficient to supply 4 tillers per plant,

Average number found in field = 2,

This is a very crude way of representing nutrient
- flux through a plant's life cycle, but it serves to illustrate what

might be happening in nature,

The availability of potassium to the roots of a plant
may be reflected in the absolute amount of this element detected in

the plant itself, as can be seen from the varying levels of potassium

found in the same species collected from different habitats, Thus

Carex panicea collected from the transition mire site , with a relatively
large supply of exchangeable potassium,contains a higher concentration

of potassium in its leaves than Carex panicea from the acid moorland

sites In this latter case, few seeds are set and the dead plants
contain very little potassium at all, The emergent tillers from this
acid site have a relatively high level of potassium and this is a

good case for suggesting a 'shunting' mechanism for relaying potassium
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to the actively growing parts where it is in greatest demand,

It is also possible that seed production is regulated
by the amount of available potassium in the plant, The level of
potassium in the seeds of plants from the acid site is similar to that
in seeds from the sites richer in potassium, but the number of seeds
produced in the former case is very much reduced, It would seem to
be the case that the vegetative cycle receives preferential

treatment with respect to available potassium,

Calcium

The flow diagrams for calcium differ from those for
potassium in that calcium content is much less than potassium in the
very young tillers and also in plants at the end of the first growth
pulses, Analysis of plants from consecutive cropping intervals reveals
that this low calcium level is maintained over the first 6 or 8 weeks
and then increases steadily until it reaches the first year maximum,
This increase corresponds with the time of formation of the root

systems of the developing tillers.

In the cases of Carex flacca from Sunbiggin Tarn

and C, panicea from Cassop, there is found to be a considerable
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difference in calcium content between the second year peak and that
detected after fruiting (60 mg, in the former and 100 mg, in the
latter), Very little of this difference could be accounted for

by new tiller formation, in fact, only between 6 and 10 mg, can be
accounted for in this way, Assuming 3-i4 tillers per plant, betweén 50
and 90 mg. (per 100 plants) calcium are unaccounted for and the most
likely explanation is that this amount has been leached from the
dead leaves and returned to the sofil, It was also found that the
fruiting stems and seeds contained less calcium than potassium, and
germinating seeds would have to absorb almost all of their calcium
requirements directly from the substrate,

Carex panicea plants from the acid site illustrate

the situation under conditions of nutrient stress (when one: or

more élements are probably in short supply)e In this case (for calcium)
the maximum content of 11 mg./100 plants is reached by the end of

the first year, drops to 10 mg, by:the end of the second year, and
decreases further to 7 mg, after fruiting, The difference of 3 mg.

can be accounted for, by the amount of calcium present in the fruiting

stem and seeds, The developing tillers has only 0,7 mg./100 plants,

and this increased very slowly with age.
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Magnesium

The trends in magnesium content over the year are
similar to those for calciume The concentration of this element

is very low in the developing tillers
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SUMMARY .

1e The growth curve data shows that although Carex panicea and

C, flacca are perennials, individual tillers act as biennials.

2, With progressive ageing, percentage potassium content decreases;
total potassium increases over the first year, but falls
sharply after flowering; both percentage and total calcium
content increase steadily over the two year period, but tend

to deecrease after fruiting.

3 Analysis of different plant organs reveals considerable variation
in the concentrations of calcium, potassium and magnesium

between adjacent parts of the same plant,

Le As the plants age there appears to be a change in their physiological
properties which enables calcium to enter in greater quantity and
accumulate prior to death of the plants, and, at the same time,

allows potassium to leak out or be translocated away.




PART IV.

GENERAL DISCUSSION.
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The culture experiments basically show :-

1e That both Carex panicea and EL flacca absorb the elements

magnesium, potassium and phosphorus very efficiently emen

when another essential element, such as calcium, is present

in very low or very high concentration, In both of these
extremes, plants maintained similar levels of these three
elements in their tissues, presumably because they were present

in more than adequate supply.

The reasons for these uptake patterms are not
altogether clear, but they may be connected with the permeability
priperties of the root cells and with the transport mechanisms
within plents (EPSTEIN, 1961)s JENNINGS, (1963), mentions that
cations (especially calcium) can have a very marked effect upon the
permeability properties of living cellss The 'antagonistic'

properties of such cations when present in low concentration in the
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medium external to the tissues involved is well known in reducing

the toxic effects of other solutes, VIETS, (1944), found, for
excised barley roots, that the absorption of potassium and bromide
ions from a 5 mM solution of potassium bromide could be increased

by the presence of calcium ions in the external medium up to a concentrat-
ion of 22 m.e./litre, (This could help to explain the very low levels
of potassium detected in plants from Experiment 1, in the absence

of calcium from the cylture solution,) Above this concentration

of calcium, there was a decrease in the uptake of both potassium and
bromide ionse VIEIS, (194)), also found that calcium uptake increased
with increasing concentration of calcium in the external solution,

These results were confirmed by OVERSTREET ET AL, (1952), who showed

further that potassium ions inhibit the uptake of calcium from an

0,0005N calcium chloride solution (i.e. from very low solution concentrat-
ions)s There was no evidence of stimulation of calcium uptake over

the range of potassium concentrations which they used (up to 100 mee./
litre potassium chloride)s This inhibitory effect of potassium on
calcium uptake in solutions containing low concentrations of calcium

decrease
could account for tthin calcium content of plants from the potassium

experiment (Experiment 3. )e
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2e Above a certain threshold concentration of external calcium
(about 50 p.p.m,) uptake of calcium by the plants greatly
increases, no longer keeping pace with growth of the plant,

but flooding in uncontrollably,

3 The germination and potassium variation experiments show both
species to be very efficient in removing potassium from the
culture solutions and amaintaining the internal concentration

at the critical level of 200 mg,/410 gm. dry plant paterial,

Upmto ang external calcium cincentration of 20 pep.me

it would appear that Carex panicea and C, flacca absorb only enough

calcium to keep pace with increase in dry weight, and they do not
accumulate excess from the pool of calcium available to them, They
exert what may be termed a 'buffering action' against excess calcium,
m&intaining a balance between what is available externally and what
is required for growth, Above a certain external concentrationm,
which, in these particular experimenté is 20 pepems for C, panicea
and 50 p.pems for C, flacca, this buffering property breaks down

and calcium is absorbed in greater quantity., The magnitude of this

influx of calcium increases with increasing external calcium
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concentration until death of the plant results,

Since analysis of different plant parts shows that
calcium is concentrated in the dead and dying tissues this could
be refarded as a 'DEATH REACTION', Because the levels of the other
essential elements potassium, phosphorus amd magnesium do not change
significantly in the calcium experiments it would seem that calcium
is having a direct effect, and is not acting through an effect on
some other major ion, i.e. the plants are only under calcium stress

in this experiment, In the field where other essential nutrient

elements may be in short supply, calcium stress could produce a much
greater differential effect between the performance of these species,

These culture experiments were carried out over a
period of 12 weeks only, and they do not provide an exact comparison
with field conditions, but they do give some indication of the possible
role played by calcium in, or during, the ageing of these plants.

In nature, it is evident from chemical analysis
of gdamples collected over a period of many months that the calcium
content remains steady at a low concentration for 2-3 months after
iemergence (which would be about the age of the tillers used in the
culture experiments); this is followed by a steady increase in calcium

content over the remainder of the two year life span, reaching a peak




about the time flowering finishes, Thus, progressive ageing of these
plants is associated with a corresponding increase in calcium content
until the plant dies, After reaching this maximum value, calcium
content decreases as the leaves gradually decaj, In the culture
experiments this 'calcium death effect' has been telescoped into
12 weeks bj applying high calcium concentrations to the roots of these
plants, This brings about an increase in uptake and accumulation
of calcium, a process which continues until the plant dies,

These observations could have important ecological
implications in natural plant communities, There is evidence from

the culture experiments that Carex flacca and C. panicea exhibit

different responses to calciums In C. panicea, accumulation of calcium
in the leaves commences at a lower external calcium concentration

then for C. flacca, In most treatments, C, panicea does not survive

in solutions containing more than 200 pe.pem. calcium, and, in one

instance, no plants survived above 100 pepem. calciume

Tolerance of a plant to calcium can be divided into three phases :-

1e The 'BUFFERED' phase, during which the plant maintains a
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balance between what is available and what is actually required.
If insufficient calcium is available, death results at this

stages

2. The 'INFLUX' phase, commencing above a certain threshold
level of calcium, (or after a certain age of the plant) at
the onset of which the plant's buffering power is destroyed
and calcium is absorbed in amounts greater than is normally

required for healthy grogthe

3 The 'DEATH' phase, resulting in the death of the plant, or
part of it, with subsequent loss of calcium from the tissues

by leaching,

Performance of Carex panicea and C, flacca increases

with increase in the external calcium concentration until the influx
concentration is reached, after which performance decreasess
Presumably different species have different influx points and death

phase concentrations, which, in turn, will give rise to different

ecological tolerances,
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Nutrient dynamics and nutrient cycling,

There is evidence from the field data to suggest
that the elements potassium and calcium re-cycle in different ways,
Potassium reaches its highest value, or very near to it, by the
end of the first year's growth pulse, and decreases to a much lower
value after fruiting, At the same time, as the potassium level
fall§ in the mature plants, it is increasing in the newly formed
tillers, and, also, to a lesser extent, in the fruiting steme It
would appear, at least in the earlier stages of tiller development,
until roots are formed, that potassium is supplied in sizeable

quantities to the developing tillers via the parent plant, and it

is possibly being transported from the dying leaves to the meristematic

regions in the tillers, PENSTON, (1931), determined the relative

concentration of potassium in different tissues of tomato by estimating

the density of cobalt hexanitrite precipitate in the cells, He found

that the tissués in which potassium was concentrated were =
1. Apical meristems of roots and shoots.

2e Outer regions of the cortex, especially in stems, and to

a lesser extent in roots,
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3e Phloem,
be Active green leaves,
5 Reproductive organs.

In early stages of development, he found that leaves
had a very dense precipitate in all green cells, In yellow leaves,
cells of the mesophyll lost their potassium and chloroplasts showed
signs of disfintegration, while elements of the vascular bundles

were full of potassium not yet conducted away,

Much evidence has accumulated over the last 30 years
indicating a decrease in potassium content of plant leaves with
progressive maturity, and for redistribution of this element to
other parts of the plant: RIPPEL, (1927); JAMES, (1931);

FAGAN & WATKINS, (1932); RICHARDSON, (1932); WAGNER, (1932);

~ PETRIE, (1934); SAMPSON & SAMISCH, (1935); ULRICH, (1943);

THOMAS & TRINDER, (1947); OLSEN, (1948); BLACKMAN & RUTTER, (1949);

THOMAS ET AL, (1952); GOODMAN & PERKINS, (1959); ALLEN & PEARSALL,

(1963)e
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GOODMAN & PERKINS, (1959), found that in Eriophorum

vaginatum potassium was much higher in living tissues than in dead
parts, and théy suggested that potassium might be translocated to

the roots or to the immediate vicinity of the roots in the soil as
the plants died to form a pool of available potassium, Analysis

of root and rhizome material of C, panicea and C, flacca -did not

reveal any marked changes in potassium content #&mm corresponding
to a loss from the leaves due to possible redistribution,
Since potassium appears to be washed out of dead
or dying leaf material very quickly, (LONG ET AL; 1956; STENLID, 1958;

TUKEY ET AL, 1958; BHAN ET AL, 1959; TUKEY & MORGAN, 1962;

TUREY & TUKEY, 1962; CARLISLE ET AL, 1965 & 1966.) it is possible

that redistribution within the plant may not be the only =g
pathway by which potassium can be re-cycled, Some potassium could
be remowed directly from the above-ground plant parts, to the substrate,
by the leaching action of rainwater. Potassium would then have to
be re-absorbed by the plant roots.

With the analysis of dead and living parts of individual
leaves, it was not possible to calculate results on a 'per plant'
basis, because many leaf parts of varying size had to be bulked for
analysis, but it is possible that in the field, potassiuﬁ is leached

from leaves immediately they turn yellow and commence to die backe
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However, these analyses were carried out on the leaves of plants

kept in a heated greenhouse for a considerable period of time and were
subjected to-accasional watering only, and, consequently, they would
not be exposed'to continual leaching, It is open to question whether
this irregular watering would be sufficient to remove the potassium
directly from the leaves and further investigation of this possible
effect will have to be carried out under controlled conditions.

The difference between the high levels of potassium
found in plants and the very low levels of exchangeable potassium
(compared with other elements) detected in many soils, indicates
that these plants must be very efficient in removing potassium from
their substrates, Even in the acid Sunbiggin Tarn peat with only
4 mg, potassium per 100 gm, oven dry peat, the concentration of potassium
within the plants is still relatively high, Until developing tillers
produce their own root systems, which may not be until several months
after emergence, they must be entitely dependent upon the parent plant
for their nutrient supplys Whether this supply comes from the soil

via the root system of the parent plant, or by translocation from the

dying leaves is still in doubt.

Evidence for and against translocation of potassium

from ageing plant organs to developing ones is not very conclusive,
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Most work on this aspect has involved estimating potassium as a percent-
age of the dry weight of plant méterial, and this does not take into
account fluctuations in the dry weight due to carbohydrate change,
and, in fact, what may be interpreted as a loss of potassium from
percentage results may disguise an gctual increase in total potassium
content,

On a percentage basis WAGNER, (1932), MASON &
MASKELL, (1931), and RIPPEL, (1927), have said that potassium accumilates
in successive young leaves, and as each leaf ages and finally dies
most of the potassium is translocated to leaves that are younger and
situated higher in the plant, PFinally they suggest that a certain
amount migrates to the inflorescence, but when most of the leaves
are senescent, the bulk of potassium in the plant is translocated
from the leaves into the stem and passes into the roots, and a portion
of it returns to the external medium,. Thexﬁmply tha® the later formed
organs derive their potassium partly or wholly from earlier formed
orgaﬁs. Support for this point of view was provided earlier by

JANSSEN & BARTHOLOMEW, (1929), who found that in potassium~starved

plants potassium appeared to be transferred and localised in the
meristematic and growing parts, and that dead leaves were relatively

free of potassiume Later, however, MITCHELL, (1936), found that
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in tree leaves total potassium increased throughout the year, while
at the same time percentage potassium decreased due to the 'dilution
effect' of growth already mentioneds On a total basis, he found
that all the elements he analysed for, increased during the growing

season and leaves fell before any backward loss was detected,

There is no direct evidence to support the translocate
ion theory that could not equally well be explained by direct leaching

from the plants and re~supply from the root system of established

parent plants,

‘Reasons against redistribution of potassium within these plants :-

1o High percentage potassium levels on further investigation

reveal low levels of total potassium.

24 No increase in the percentage potassium contents of the roots

or rhizomes was detected,

e Consiétent decrease in percentage potassium often disguises

an increase in total potassiums
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Yo In young tillers, very little increase in total potassium

takes place until after roots have formed,
Evidence for redistribution:-
1e Total potassium decreases after flowering.

24 There is a sharp boundary between high percentage potassium
in the living parts of the leaves and very low percentage

potassium contents in adjacent dead parts.

e There is a slight decrease in total potassium at the end
of the first year's growth period, coincident with the

emergence of new tillers.

Le Newly emergent tillers have no root system of their owm,

and must obtain their nutrient supply from the parent plant,
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Tt is well establisfied that the calcium content
of pddnts is low in new tissues at the beginning of their growth,
énd, as the plant organs age, there is an increase in total and
percentage calciume, Total calcium increases because the plant absorbs
this element continually throughout its life cymle; and percentage,
because this process of accumulation continues even after the plant
organs have reached their maximum dry weight, so that further increase
in total calcimm leads to an increase in percentage calcium, During
active leaf growth percentage calcium may remain steady, or even drop ,
as calcium uptake keeps pace with, or lagd behind, increase in dry
weighte

It is interesting to note that in plants collected
from regions representing the two extremes of calcium concentration
in the field, there are marked differences in the calcium contents

of the plants, Carex panicea collected from the nutrient-deficient

acid peat at Sunbiggip Tarn contains very little calcium, and the
calcium content does not exhibit any significant seasonal veriation
over the two-year growth cyclee Plants from the calcareous Cassop
Yale site show a very large increase in calcium content over the
life spane. Similar results are obtained for C, flacca from different

sitess. These results suggest that these two species can absorbd
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large quantities of calcium if it is available, but, when it is
present in very low concentration, they are not such efficient a
absorbers and accumulators of this element as they are of potassium,
The results of other workers also show this tendency of calcium

content of plant gaterial to increase with age: FAGAN & WATKINS, (1932);

McHARGUE & ROY, (1932); SAMPSON & SAMISCH, (1935); MITCHELL, (1936);

OLSEN, (1948); WILL, (1957); PRITCHARD ET AL, (1964)e

ALLEN & PEARSALL, (1963), found that calcium was

not withdrawn from the leaves of Phragmites in the autumn as were
other major elements, and they suggested that this might have been
due to the fact that calcium was mainly present in plant material
as insoluble pectates of the cell walls, and,as such, was immobile and
unable to be translocated,

PETRIE, (1934), analysed tree leaves at different
times during the growing season, He expressed his results both
on a percentage and on a total basise He found that calcium, as a
percentage, declined during adolescence, This he explained by the
fact that increase in growth must have exceeded rate of calcium
uptake, After this period, calcium content increased again, thereafter
remaining more or less constant. On a total basis, calcium increased
until late senescence and then underwent no appreciable decline,

He suggested that calcium was much less mobile in plants than potassium,
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Calcium accumulated in the leaves but did not migrate out again
so'that calcium supplies for each succesgively formed organ must be
derived directly from the external medium, He suggested further
that the drift in absolute amounts of both potassium and calcium
in individual leaves resembled the situation in the plant as a
whole and implied that mos) of the calcium in the plant was fixed
chemically and irreversibly in the living parts, and that loss of
calcium was probably prevented by 10& mobility and continued fixation,.
It may be that while leaves are still living and
attached to the plant, no calcium is translocated awayg, but after
death (and fall in the case of trees) calcium reverts to a soluble
form.and is leached out as the plant material decays, TAMM, (1951),
however, adds a note of caution about placing too much weight on
large percentage increases in calcium content of tree leaves, and
suggests that such increases may only be apparent and largely due to
a decrease in dry weight resulting from carbohydrate loss after

death.

In Carex flacca and C, panicea calcium content decreases

after the fruit have set and the leaves of the parent plant die,
This decrease cannot be accounted for by the amount of calcium detected

in the young tillers at this time, It would appear that calcium




96e

is not being 'shunted' into the developing tillers (or into the seeds)
but that the gradual decrease in calcium content after fruiting |
represents a direct loss from the dying leaves to the substrate,

from which subsequent generations must absorb calcium directly.

In habitats deficient in calcium this could lead to serious competition

effects,

If we regard the sedge tiller as a biennial we
would expect the following developmental scheme derived from the
results of the culture experiments and from analysis of different

parts of plants collected from the field,

GROWTH (1st. year) ‘ DEATH OF PARTS OF THE PLANT

Uptake of potassium to obtain and Slight decrease in potassium,
maintain the optimum levele

Buffering against calciume Influx of calcium into
dead partse
REGROWTH (2nd, year) DEATH OF PLANTS DECAY
Further uptake of potassium Efflux of potassiume] Leaching of
to maintain optimum level, residual
potassium and
calciume
Buffering against calcium Influx of calciume ‘

uptakes
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It is possible to postulate an overall scheme of growth and nutrient
dynamics for these two species with respect to potassium and calcium
(FIGURE 26), The data obtained from chemical analysis of field material

supports this scheme in general (TABLES 17 & 18; FIGURES 27 & 28).

One major problem remains unsolyeds Does calcium cause
death, or simply flood in during the process of dyings The culture
experiments point to the conclusion that calcium is the cause of deaths
Pefformance decreases at the higher external calcium concentrations;
calcium floods in, but all other nutrients are present in the plant tissues
in adequate quantity right up to the highest external calcium concentrat-
ion at which plants survived, If the supposition that calcium causes
" death of these plants is true, then high external calcium concentration
in nature could decrease the performance of a species at either growth
pulse (by causing early death of plants during the first growth
phase, but it may have more effect upon the second growth pulse
when natural influx of calcium is greater)e Consequently Carex
panicea with its lower threshold tolerance would suffer more under
conditions of high external calcium concentration than would Carex
flacca, and it is possible that the former species could be excluded

from habitats rich in calcium for this reason,




FIGURE 26

Theoretical nutrient dynamics and
growth histogram for Carex panicea
and C, flacca(calcium and potassium)e
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FIGURE 27.

Calcium/potassium histogram - Carex flaccae
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FIGURE 28,

Calcium/potassium histogram - Carex panicea
(mge /100 plants.)
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CONCLUSIONS.

This work has proved several things,

1o

2e

Se

The difficulty of working with genetically non-uniform
material, although the similar general trends obtained
with each species perhaps indicate that one should not be

too sceptical,

The difficulty of working with species which cannot be easily
grown from seeds However, such species have to be investigated
eventually, and one cannot solve all ecological problems

by working with 'perfect' material,

Interpretation of chemical analysis results must be approached
with the greatest caution., Not only must analyses be carried
out at each phase of the life cycle, but each part, both

dead and alive of every organ, should be analysed separately
if results are to be meaningful, What is required is a
complete and detailed mineral balance sheet for each stage

in the growth cycle, This would involve a tremendous
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amount of work and whether or not the results obtained
would justify the effort involved it is difficult to say

- at this stage.

This work has indicated that the calcium *DEATH EFFECT'

might be a fruitful sphere for further investigatiom and that
it might be helpful in explaining the diffeerent ecological
tolerances of these two sedgess One way of tackling this
problem would be by carefully planned fertiliser experiments
in the field and transplant experiments of the two species
into 'alien ground', linked with the use of radioactive
tracers to follow uptake and translocation of the major

nutrient elements in detail,




PART V.,

APPENDICES.




APPENDIX 1.

The growth chamber, (FIGURE 29, )
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The base consisted of four teak benches, the legs
of which were sunk in the floor of the greenhouse to make the
whole unit stable, and also to lower the working surface to a
convenient height, A framework of 33" x 33" angle iron was
bolted to the bench tops to hold the side panels in position,
These side panels were double-walled, consisting of black polythene
mounted on a wooden framework, and were removeable to facilitate
easy access to any part of the cabinet, The roof was maede of "Claritex",
polyglaze transparent sheet, supported at intervals by narrow wooden
strips, Them bench tops were treated with wood preservative and
covered with pojiythene sheet, to prevent water from the culture
bowls warping or rotting thems Heating inside the cabinet was
provided by a thermostatically controlled "Humex" air-heating wire
secured round the perimeter and across the centre of the chamber
on a wooden framework, Lighting was by 16 Phillips 400 watt mercury

vapour horticultural lemps, mounted at regular intervals on a gantry
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above the cabinet, There: were: regulated by three "Venner" time
switches to provide lighting equivalent in length to that of am
summer day, They were adjusted to switch on at 6 a.m,, and off
at 11 p.mme The spece surrounding the chamber was heated, or cooled,
by four 1% kilowatt fan heaters to keep the greenhouse temperature
just below the level of 20°C maintained in the cabinet, These heaters
were also thermostatically controlled, and two of them were fitted
with perforated polythene ducts to ensure a more uniform distribution
of heat throughout the greenhouse,

It was impossiblé to control temperature, light
and humidity within narrow limits inside this growth chamber, and it
was not intended to study the effects of these factors upon the growth
of the plants in question, All that was required for the purpose of
the experiments was that all plants in the growth chamber should
be subject to identical conditions throughout one experimental rune
Adequafe supplies of heating and lighting were available to enable
experiments to be carried out all year round, This technique
allows strict comparisons to be made between the results of any one

experiment only, and not between different experimentse




FIGURE 29,

The growth chamber,







APFENDIX 2,

The culture solutions




102,

1e Calcium experiments,

Basic medium

salt Wt, in gms. (for 40 litres,diluted
' nutrient)

KNOB Lo OL

NaHoP0, o 2H 0 . 13012

MgSOL,ZHZO 7438,

Ferric citrate 0.49

MnSOa,AH%Q : © 0,089

CuS0, ¢ 5H,0 0,0096

ZnS0) e THYO 0.0116

H3B0.3 0. 07l

(NH, ) Mo7By) o 4Ho0 00014

Calcium was added as calcium chloride (Ca012.6ﬁzoo in amounts

corresponding to the concentrations of calcium required in the

respective culture solutions.
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Wee of CaCl,e6H,0 (gme) parts per million Ca** in
: L0 litres of culture solutione

0s 14 : 065
0455 | 2,5
R 560
242 1060
holt | 20,0
10,95 5040
21,9 100,0
43,8 | 200,0
10965 5000

The final concentrations (pepems) of the other lements in the basic

culture solution was as follows :i=

potassium 39
sulphur 2,
nitrogen 20
phosphorus 20
magnesium 19
sodium 15

iron 208
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mangenese 0.55
éopper 0,064
zinc 0.065
boron 0. 37
molybdenum 04019

The pH of the resultant nutrient solution was 4e2e In half of the
treatments, in Experiment 1., the pH was raised to pH 7 by addition

of appropriate quantities of sodium hyfiroxide solution,

2¢ Potagsium experimente

The basic culture solution was the same as before,
except that calcium concentration was maintained at the low level
of 245 DPePelle by the addition of 0,55 gme ®alcium chloride per
4O litres of culture solution, Potassium was varied, as potassium
nitrate, and the concentration of nitrogen was maintained at the

same level as in the basic medium by the addition of appropriate

amounts of sodium nitrate,
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: +
Wte of KNo3 (gme ) PePelle K in 4O litres
of culture solution,

0s323 0.5

0. 646 1.0
14615 2.5
323 50
belib 10,0

Samples were taken from one batch of culture solutions
before they were run into the culture bowlse Similar samples were
collected from the culture solutions after one week in the growth
chamber, Both batches of samples were analysed for calcium and
potassium, and the results obtained are shown in TABLE 1.

The concentrations of these two elements changes
during the week in the growth chamber, but not always in the direction
that might have been expecteds Calcium concentrationz 'before
and after! in the lower concentration ranges, up to 50 pepem. does
not changeg very much over the weeks Above this concentration, the
level detected in the nutrient solution is greater at the end of

the week than at the beginning, and it is thought that this increase
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is brought about by evaporation of water from the solutions due to
the large surface area of the bowls, In fact, evaporation may be
compensating, to some extent, for removal of elements from the nutrient
media,

Most off the potassium figures show the same patterns
The solufions were all prepared to contain 39 p.pe.m. potassium, and
they all contain approximately this amount, The potassium
concentrations tend to increase slightly over the week in almost

every case,




APPENDIX 3..

Chemical analysis techniques,
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Determinations were made of the amounts of calcium,
magnesium, sodium, potassium and phosphorus present in plant and
soil samples, In the case of plant samples, this was calculated
as a percentage amount of each element present in unit dry weight
of dried plant paterial, and also as a tostal amount of each element
per plant (or per 100 plants)s In soild, each element was expressed
in milligrams per 100 gm, oven dry soils The methods employed were

modified from the techniques described by PIFER, (1950);

GORHAM, (1956), MACKERETH, (1963) and JEFFERIES & WILLIS, (1964)

Analytical grade chemical were used throughout, and individual analysis

techniques are described below,
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I, PREPARATION OF SAMPLES.

1o Plant material.

| Beaf material only was analysed from plants grown

in the culture experiments as this was taken to give a truer representat=-

ion of the nutrient status of the plants than the roots which were

in constant contact with varying concentrations of nutrient solutione
Field material was separated, by means of a pair

of fine-pointed dissecting scissors, into the various morphological

parts := roots, rhizomes, tillers, mature plants and flowering or

fruiting stems. Each plant organ was analysed separately. In certain

plant collections, the leaves themselves were sub-divided further

into tips, laminas and sheaths, prior to analysis.

(2) Culture experiments,

After each experiment, plants were removed from the
pots and washed in tap water to remove the polythene chips adhering
to the roots, and then quickly rinsed in distilled water. The
maxiﬁum:leaf and root length of each plant was measured, after which
roots were removed and both root and leaf portions were weighed

and then dried in an oven at 80°Cffor L8 hours.
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(b) Field collections.

After collection, plants were thoroughly washed
in several changes of tap water to remove soil particles, and then
rinsed in distilled water before separation of plant organs and drying

as described above,

(¢) Milling,
Prior to digestion all plant samples were ground

to fine particle size in an "Apex" cutter mill to facilitate easier
digestion of the material, and also to ensure homogeneity of the
samples, No account was taken of possible contamination of the

samples during milling (HOOD, 1944), since all samples were subjected

to the same procedurpe and any error introduced in this way should

have no relative significance,

(d) Digestion technique.

Approximately one gram of dried plant material
(where available) was weighed, transferred to a 250 ml, conical
flask and digested using a mixture of 20 mle concentrated nitric
acid, 5 ml. conc, hydrochloric acid and 5 ml. 60% w/v perchloric acide

Excess acid was removed by boiling on a heating rack in a fume
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cupboard until only a small amount of perchlorate remained, The
remaining solution was diluted with approximately 170 ml, of distilled
water and filtered through a sintered glass filter, under suction,

to remove silica, The fiultrate was then made up to 250 ml, in a

volumetric flask ready for analysis.

2e Soil samples.

After collection, the soil was spread onto cardboard
trays and dried for 72 houfs at 80°C and then passed through a 2 mm,
sieve to remove the larger fragmentse 2.5 gme. of dried soil was
packed into a glass column and eluted with 250 ml, of N ammonium

acetate solution (SCHOLLENBERGER & SIMON, 1945, FIGURE 30,).

The flow rate was adjusted to 1-3 ml, per minute, The eluate was
filtered and evaporafed down to 100 ml, to remove excess ammonium
acetate, 100 ml. conc. nitric acid and 70 ml, conc, hydrochloric
acid were added and the mixture heated to remove the remaining
ammonium acetate, Heating was continued until only about 5 ml.
remained; 170 ml. distilled water was added, and the solution filtered

and made up to 250 ml. as in the plant analysis procedure, (In




FIGURE 30,

Soil analysis leaching frame,
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later analyses when an Atomic Absorption Spectrophotometer became

available for the determination of calcium and magnesium, the addition

of the concentrated nitric and hydrochloric acids with subsequent

boiling to remove the ammonium acetate was ommitted, as it was then

possible to determine all of the cations studied in this investigation

‘on the original ammonium acetate leachate.) Phosphorus was not

determined in these soil samples.

II., ANALYSIS TRCHNIQUES.,

Calcium, magnesium, sodium, potassium and phosphorus
were determined fn the solutions derived from the above preparation
methods, Two different techniques were used during the course of
this investigation for the determination of calcium and magnesium,

The first was that described by JEFFERIES & WILLIS, (196#>,

employing ion-exchange chromatography to isolate individual ions,
followed by versenate titration to estipate the concentration of
calcium and magnesiume The second method used, which was much quicker
and simpler; waé by Atomic Absorption Spectrophotometry QEEEQE:

1958 & 1959; ALLEN, (1958); KERR, 1960; ELWELL & GIDLEY, 1961,)s
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In all cases, sodium and potassium were determined using an "Eel"
flame photometer (DEAN, 1960), and phosphorus by a modification

of the stannous chloride ammonium molybdate technique (MACKERETH, 1963 ).

1e Separation and estimation of calcium, magnesium, potassium,
sodium and phosphorus using ion-exchange chromatographye

(8EFFERIES & WILLIS, 1964, FIGURE 31,)

(.a) Cation exchange resin Zeo-carb 225, 15% cross-linked and mean
particle size 50u was freed from the cations under investigation

by treatment alternately with 41 litre of 2N hydrochloric acid and

1 litre of &N sodium hydroxide, followed by another 1 litre of

2N hydrochloric acide The resin was then packed into glass columms
11 cm. in diameter, to a2 height of 10 cm,, with glass wool plugs
at the top and base of the resin bedss Before addition of a sawmple,

the resin, in the hydrogen form, was first washed with distilled

water (250 ml.) to remove surplus acid,

(b) 50 ml. samples of the test solutions were transferred to the

colums and allowed to pass through the resin beds. Rate of flow
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was adjusted to 1-3 ml. per minute, the eluates being collected

for phosphorus analysis.

(¢) 30 ml. of distilled water was then passed through the columms

to remove phosphate present in the hold-up volume,

(d) The alkali and alkaline earth metals were separated by displace-
ment chromatography by passing the following volumes and normalities

of hydrochloric acid,&kx in turn, through the columns,

(1) 45 ml. N HCL to remove sodium,
(i1) 40 ml. N HCl to remove magnesium.
(ii1)70 ml. 143N HCl to remove potassium.

(iv) 70 ml. 1.3N HCl to remove calciums

(e) The bulk fractions were collected and excess acid removed

by evaporation almost to dryness. The salts were re-dissolved in

2 ml, of 2N hydrochloric acid and the solution made up to exactly
250 ml, with distilled water. The concentration of both sodium and

potassium was determined by flame photometry,and calcium and magnesium

by versenate titration (CHENG & BRAY, 1951; CHENG ET AL, 1952,).




FIGURE 31.

Ion~exchange chromatography columns,
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(f) In practice, it was found that the eluted fractions did not
separate completely and contained a mixture of ions, This may have
been due to slightly different particle size of the resin from

that recommended by JEFFERIES & WILLIS, (196k4), or to the fact that

the hold-up volume in the leaching arm of the columns was too
large, leading to overlap of the fractions coming off. In any case,
the latter part of this procedure was modified,

Instead of trying to remove the cations under
investigation as separate fractions, excess of hydrochloric acid was
added to the resin colums in two batches - 100 ml, of N HCl followed
by 150 ml. of 1.3NHX HCl - to remove all of the ions together,

This bulk solution was evaporated and treated as before,

2e Estimation of sodium and potassium by flame photometry,

(DEAN, 1960.)

An Eel Makk IT flame photometer was used for this
purpose, Standard solutions were prepared, and the instrument was
calibrated for sodium and potassium determinations respectively,
Two ranges of standards were prepared for each element, O=10 pepems

and 0-100 peDeles, for use depending on the concentration of wither
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~of these two elements in the sample solutions, In the preparation

of these standard solutions, potassium chloride was used for potassium,
and sodium chloride for sodium. From experience, it was found that

the range most suitable for plant digest solutions was 0-10 PeDellly

for sodium,and 0-100 pepeme for potassiume For soil leachates 4=10 PeDells
was quite adequate for potassium also, (In analyses of plant samples

at the beginning of the investigation eluates from resin colums

were analysed; later determinations were carried out on the plant

digest solutions themselves without further treatment,

3 Spectrophotometric determination of phosphorus,

The instrument used was a "Hilger and Watts"
Uvispek photo-electric spectrophotometer Mark 9 with a silica prisms
The method of phosphorus determination was modified from the technique
suggested by MACKERETH, (1963), for water analysis, which involves
the measurement of the kime mr optical density of the blue colouration
produced by the reaction of ammonium molybdate and stannous chloride

with the phosphorus present in the sapple.

The ammonium molybdate and stannous chloride reagents
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were added by means of x 1 ml. syringes, that for the latter being
drawn out to a fine point to enable delivery of very small quantities,
The spectrophotometer was calibrated using a series
of standard solutions. Each solution was transferred to a 1 cm.
silica absorption cell, and the extinction measured at 730u with
a slit width of 0,025 mm, at maximum meter sensitivitye From the
results obtained, a calgibration curve was constructed, It was found
that the graph was almost linear up to a concentration of 0¢6 pepems
phosphorus, but above this concentration the graph curved rapidly,
the instrument being unable to detect the difference between
successively higher phosphorus concentrations satisfacorily, In
practice, all sample solutions were diluted to lie within the range
0-0¢6 pep.ms phosphorus before measurement to ensure greater accuracye
Considerable difficulty was experienced with acid
digest solutions which were analysed ﬁithout being passed through
the resin columns, There was suppression of the blue colouration
in the more concentrated phosphorus solutions which could only be

attributed to the very low pH of these solutions,
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Le Calcium and magnesium determination = I,

In the plant digest samples which were eluted on
resin columns calcium and magnesium were estimated by titration

with disodiumdihydrogenethylenediamine (versenatel (CHENG & BRAY, 1951;

CHENG ET AL, 1952). To facilitate easier recognition of the end-

point of the titrations a photo-electric assessment of the end-point
was obtained using an "Eel" titrator coupled to a spot galvanometer,

The titrator unit incopporates a rotating magnet, which activates a %
stirrer pellet in the sample beaker, thus ensuring adequate mixing

of the test solution. A suitable narrow-band optieal filter is selected
from the range supplied, Readings are presented on the photo-extinct-
ion scale of the external galvanometer, the end-point of the titration

being indieated by a large change in deflection, followed by almost

constant readings.

Standardisation of the versenate solutiong

10 mle standard calcium solution were mixed with
10 ml, of distilled water and diluted to 1 litre; 1 ml. of this solution
contained 10 ugme cat*, To 20 ml. of this dilute calcium solution

in a sample beaker was added 5 ml. N/100 sodium hydroxide solution
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to raise the pH to between 10 and 12 (CHENG & BRAY, 1951,), and

ammonium purpurate indicator added, The magnetic stirrer was adjusted

to give a steady rate of mixing, and versenate solution was run in

from a 2 ml. burette until the end-point was recorded on the galvanometer,
Since 0.1 mg, calcium is equivalent to 1,00 ml. versenate, the burette
reading should be exactly 2,00 ml,. Any difference is corrected for

in the subsequent calculation,

Calcium determination.

20 ml, of unknown sample were measured into a sample
beaker, 5 drops of indicator and 8 ml. N sodium hydroxide added.

This solution was titrated slowly with versenate until the end-point

was reached.

Calcium + magnesium determination.

gk A 20 ml. sample was pipetted

into a sample beaker as before; a small spatula of eriochrome black T/
sodium chloride indicator mixture, and 8 ml, of N sodium hydroxide

were added, Versenate solution was run in again until the end-point

was recordeds
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Calculation of results.

Calcium was determined from the 'calcium alone'
titration, 1 ml. of versenate solution representing O.1 mg. Ca++,
subject to any correction which the standardis&tion titration might
have shown to be requireds Magnesium was given in mg., magnesium

per litre by X x 0,0608 x 1000, where V is the volume of the sample
‘ Vv

taken, and X is the difference between the calcium plus magnesium

and the calcium only titrations,

Diff'iculties encountered in this method,

The method as suggested by CHENG & BRAY, (1951),

for analysis of calcium and magnesium had to be modified because of
the very low pH of the sample solutions (pH as low as 1.5) which
tended to precipitate the indicator dye in the case of the ammonium
purpurate, while the eriochrome black T indicator did not disso;ve

at all, Cheng et al, (1952), stressed the importance of pH for
satisfactory determination by this methode They sfiggested a pH between
10 and 12 as most suitable, Consequently, the normal addition to

natural waters of N/100 sodium hydroxide in the calcium alone titration,
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and borate buffer in the calcium plus magnesium titration was inadequate
to raise the pH anywhere near this value, and, instead, sufficient

N sodium hydroxide was added in both cases to raise the pH to the
required value for successful titration This was found to be
approximately 8 ml., N sodium hydroxid;:A If, on addition of this
volume,'the indicator still did not dissclwe, then more N sodium
hydroxide was added until it dide This further addition of sodium
hydrbxide reduced the gensitivity of the titration and obscured

the end-pointe This proved to be a very unsatisfactory method of

determining calcium and magnesium in plant material,

e Calcium and magnesium determination - II,

Later in this investigation into the mineral nutrient
composition of plant material a 'Hilger and Watts' Atomic Absorption
Spectrophotometer became available for use, and this gave a much-
more accurate and satisfactory estimation of calcium and magnesium.
It also simplified the preparation procedure, eliminating the need
to pass the sample solutions through resin columns and enabling
many more analyses to be carried out in the same time as before,

The Atomic Absorption equipment mms used in
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conjunction with a suitable monochromator facilitates the evaluation
of the relative absorption occurring when radiation of an appropriate
frequency is passed through a population of free>atoms. The sample
solution is delivered into a spray chamber as a fine mist in an air
stream, and is mixed in the burner with the fuel gas which in this
case is acetylene, Free atoms are formed when the mixture is burned,
Pulsed light from a hollow-cathode lamp, emitting the spectrum of

the element to be determined, is passed through the flame and the
monochromator, and the change in the absorption at a particular |
wavelength is detected electrondially and recordeds Since the change
in absorption is caused only by the presence of free atoms, the degree
of absorption is generally propertional to the number of atoms

present (ALLEN, 1958; DAVID, 1958 & 1959; ELWELL & GIDLEY, 1961,).

Calibratione.

(1) Calcium

A stock solution of calcium carbonate containing
1000 pepems calcium was prepared by adding 2.5 gm. calcium carbonate
to 800 ml, of distilled water, adding 50 mls N hydrochloric acid,

and making the resulting solution up to 1 litre, A range of standard
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calcium solutions covering the range 0-8@ p.p.m. was prepared by
appropriate dilution from the stock solution, These were sprayed,

in turn, into the acetylene flame and a calibration graph prepared,

(ii) Magnesium,

A similar calibration curve was prepared for magnesium
in the range 0-10 p.pems using suitable dilutdons of a stock 1000 pepeme
solution of Mg++ prepared by dissolving 10,135 gme of magnesium

sulphate (MgSOl_l_.7H20) in 1 litre of distilled water,

Determination of calcium and magnesium in sample solutions.

The Atomié Absorption Speetrophotometer was set up
as described in the instruction manual using an air/acetylene flame,
Samples of plant digest solution were analysed directly, the scale
reading being noted and the concentration of calcium or magnesium

obtained from the calibration graph, Calcium was determined at

42262 and magnesium at 28528,
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Soureges of interference,

DAVID, (1959), found that the percentage absorption
for calcium was greatly reduced in the presence of phosphorus, The
magnitude of this interference was dependent upon both the calcium
and the phosphorus concentrations in the sample., He found that in
a solution containing 100 p.p.ms calcium, interference due to the
presence of phosphorus did not present a serious problem below
10 pepem, phosphords; in another experiment, however, he found that
in a solution containing only 25 p.pems calcium, phosphorus caused
marked depression of the percentage absorption of calcium in concentrat-
ions in excess of 4 pe.p.Mes Davis suggested the addition of

6000 p.pem. magnesium as magnesium chloride as an effective way

of eliminating this interference, Other workers (ELWELL & GIDLEY,196%)
have suggested the addition of strontium or lanthanum chlorides to
reduce phosphorus interference. It has also been mentioned by

ELWELL & GIDLEY, (1961), that the higher temperature of the air/

acetylene flame (compared with a2 coal-gas or propane flame),
combined with an efficient atomiser which allowed only the smallest
liquid droplets to pass into the flame, feduced further interference

due to phosphoruse From experience of analyses of plant samples
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it was found that both calcium and phosphorus contents exhibited
considerable variation, and , consequently, in order to overcome
possible interference sufficient 5% lanthanum chloride solution

was added to each sample prior to analysis for calcium to produce

a 1% solutione

DAVER, (1959), also detected a small reduction in
calcium absorption due to the presence of sodium and potassium, and,
to overcome this he sﬁggesfed addition‘of a large excess of these
two elemehts to'both standard and test solutionse For the purpose
of this invéstigation, since the reduction in percentagé absorption
due to sodium and potassium was so small, no additions were made

to minimise possible interference due to them,

Advantages of Atomic Absorption Spectrophotometrye.

Because of the large number of samples to be analysed,

the use of the atomic absorption spectrophotometer greatly speeded up

the analysis procedure, and, consequently the ion-exchange chromatography

technique was discardeds This latter method was very lengthy, tedious

and generally unsatisfactory, since the plant digest solutions had
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to be passed through resin columms, the eluates collected for phosphorus
analysis and the four ions,calcium, magnesium, sodium and potassium
eluted off before final analysis. This led to a five-fold increase
in the number of flasks required,andyas about 150 plant samples
-were analysed at a time this resulted in the used of 750 flasks,
by the time all the ions were removed from the resin columns., The
time in&plved was out of proportion to the number of results obtained,
It was possible to elute a maximum of 20 samples per day on the
apparatus available (any more would have been unménaggable anyway),
and this number was not always attained. It tock beteen 2 and 3 weeks
to elute the individual ions from the columns (for all 150 samples),
- and then 600 flasks had to be evaporated to dryness and made up to a
standard volume of 250 ml., prior to anslysis, This took another
week, Determination of calcium and magnesium by versenate titration
involved another week each, phosphate a week, and sodium and potassium
half a day eache This gives a total of 7 weeks in all, To this
must be added the time required to acid wash the glassware and
prepare the plant samples (drying, milling and weighing), another
3 weeks, giving a grand total of approximately 10& weeks for one batch
of 150 plant samplese This assumes that one has nothing to do but

chemical analysis,
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The use of the Atomic Absorption Spectrophotometer
reduced this time by almost 2/3. Calcium and magnesium could now
be determined at the rate of 40-60 samples per hour directly on
the initial plant digest solutions without further treatment, This
procedure saved 2 weeks in time that would have been required for
the versenate tdtrations, 3 weeks in eluting from the resin columns
and 1 week, by not habing to evaporate 600 solutions to dryness.
This saved a total of 6 weeks; a saving in both time and glassware,

with a resultant increase in accuracy,
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1o Tarn Moor, Sunbiggin Tarn, Westmorland,

Tarn moor is an area of undulating moorland lying
to the west of Sunbiggin Tarn in central Westmorland (National
Grid Reference NY 6707). It forms an uneven plateau about 250 metres
(820 feet) above ordnance datum with ridges to the north and west
rising to over 300 metres (980')e The drainage of the district is
complex and there are nugerous springs and swallow holes, The climate
is wet, the annual rainfall being about 55 inches,

The numerous hollows of the plateau may contain
deep peat, and support mires of different kinds, ;anging from acid

moss to mineral-rich fens,
Plants of the #wo species studied were collected

zx two different sites, Carex panicea was collected from

an area of acid blanket peat (formed on glacial drify) situated on
higher ground than the springses The peat on this particular area

had been eroded and it was being re-colonised, meinly by C, panicea,

Few other species were present except for Carex nigra, Eriophorum

angustifolium and E. vaginatume The vegetation surrounding the erosion

hollows was dominated by Calluna vulgarise

Carex flaceca was collected from a 'wet flush' which
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was constantly inundated by mineral-rich water from a nearby spring

(BELLAMY & RIELEY, 1967). In addition to C, flacca the most abundant

species present were Carex hostiana, C, lepidocarpa, C, nigra,

Eriophorum latifolium, Schoenus nigricans, Egquisetum palustre,

Primula farinosa and Succisa pratensis.

The vegetation of this area has been described in

detail by Ho@ TE, (1955 a & b)

2. Sand Sike, Upper Teesdale, Co. Durham,

The Netional Grid Reference of this site (1350 feet,
413 metres above ordnance datum) is NY 8330, Rainfall is between
50 and 55 inches per annume MANLEY, (4942), emphasises the sub-
arctic nature of the climate of the regione

The site from which Carex flacca was collected was

an area of flood-bank by the side of the stream known as Sand Sike,
This habitat consisted of a thin grassy turf on top of river-bed
gravel which was subject to flooding after periods of heavy rainfall,

Principal species associated with C. flacce were Primula farinosa,
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Sesleria albicans, Carex panicea,C, dioica, Juncus articulatus,

Saxifraga aizoides and Thymus druceis

K

Carex panicea was collected from a flush adjacent

to Sand Sike (on a south-facing slope) and draining into ite

Associated species were Carex nigra, G, hostiana, C, flacca, and

Sesleria albicans. A more detailed description of the Upper Teesdale

region is given by PIGOTT, (1956) and VALENTINE, (1965).

e Cassop Vale, Coq Durhame

This site is a disused quarry on magnesian limestone
in central Durhame (National Grid Reference NZ 3338, 600 feet,

180 metres above ordnance datume )

"Carex flacca was collected from an area of dry limestone
grassland covering the site of the‘former quarry workings.

Associated species were Sesleria albicans, Carex caryophyllea and

Anthoxanthum odoratume

Carex panicea was collected from a transition mire,

downhill from the Carex flacca area, into which water from the
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magnesian limestone drains, maintaining a species~rich vegetation

in the mire, Associated species were Carex flacca, C. hirta, Juncus

articulatus, Je acutiflorus, Holcus mollis and Anthoxanthum odoratum,
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Tables of results,




TABLE 1o

Chemical analysis of culture solutions

before and after treatment,

(a1l values expressed as parts per
millions )
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Culture solutiom calcium potassium
( ¢a conc, )

0.5 b 05 375
O0e5 a O 4 5540
25 1) Lo O 395
25 a Le5 4he5
500 b 5¢5 40s0
50 & 5¢5 S5le5
110.0: B 11’.0 1}1]’0
1060 a 8,0 3%.0
20,0 b 18,0 39,0
20,0 a 19,0 510
5060 o) 5540 ' 395
- 50,0 =& 52,0 3660
10040 B 95.0 51,0
100,0 a 105.0 3Beb
200,0 b 90,0 3740
20,0 a 210,0 5i5¢5
50060 b Dl 0 375
500, 0 a 60060 53,0

b = before treatment
a = zfter treatment

TABIE 1, Chemical analysis of culture solutions before and
af'ter tireatments




TABLES 2 =5,

Morphological data.
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Plantt  No, of Length ef Nos ef Nos of Maxcimm
Noe Rhizomes Bhizomes Ieaves Dead leaves Ileaf length

1140 6

R 1 1 24,0
2e b Se6y6e5 10 3 137
3 3 1279595167 10 5, 12,3
be L 90551001,808 12 L T1e7
5 3 705968 394e O 11 L 1067
S 2 & 2,79 8 2 1ell
To Y] 5064 8 2 124
8 1 10, 1 7 2 13,8
% 1 1063 10 2 10a 4
10, 2 8o 2ylie 8 9 3 12,1
11e ¢ 12,0 1% 5 115
12 3 11604609801 10 L 138
13 2 Se 556wl 8 2 19,0
1he 2 T1e7ybulis 10 2 a2
15 2 Yoy 1e5 _ 9 1 133
16 ! Ce? ‘ 1 7 %2
17 1 » The0 13 & 09
18, 2 7o 5930k 7 2 155
19 2 9e3,8s 1 9 2 10e 5
20, | 10e7 6 ;lza. '51 g.g}
21e 3 502490 6p1s5 : . 's
22, 2 0?7 7 2 138
2% 1 93 8 3 165
2o L 151 13 6 %7
25 1 78 7 3 Lot
nean values 960 + 2,8 12,8 + %0

TABLE 2, Morphological data & Carex panicez, Sunbiggim Tarme
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Plant: Nos of = ILength ef Neo of Ne, of Mancimum:
Nes Bhizomes Rhizomes{cms) Ieaves  Dead leavess Leaf length
. (cm)
1o 2 365 16 10 82
Ze 3 308 15 3 8eli:
3 2 100 0,yLie 0. i1 b 98
ke 2 51 1l & 1267
5e 1 1o 3 _ 10 5 140
6o 3 1108y302, 162 13 6 The2
Te 2 360 9 5 11s7
& 2 Leb 12 6 %3
5 9% 2 309 LS 7 85
10, 3 502 : 9 L 1162
e 1 b3 10 & %02
12, 2 lin 2,206 9 b 8,8
13 2 360 12 5 1002
e 1] % 1.3 3o 33xtk 12,0
15 3 305920 1920l 12 3 J
16s 3 38 10 5 16,8
17e 2 - 12 L 10,8
18 2 - 11 5 56
1% 2 2y 14 5 8ot
20, 2 600ylie 0 10 i Te5
21e ) o 8 2 o3
22, 1 24 11 7 %9
23 1 e 10 5 &3
Zie 1 é 13 8 81
25e 1. - 7 3 8,0

mean values Lol + 23 1060 + 2,5

TABEE 3, Merpholiogical data » Carex panicea, Sand Silpss
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Flant Ne, of Iength of Nes of Noe, ef Masrimam
Nos  Rhizomess Rhizomes(cms) Leaves: Dead leaves ILeaf length
(cme )
IS 2 112 " 3 0.7
2 2 124,101 8 3 17
3 2 %0 12 /N 31e5
L 2 1001 12 5 1o 2
5 1 10e5 15 b 9.0
6 2 12065985 8 3 1601
7o 2 Tlie 15606 1 . 1862
& ] 9e5 8 3 18e2
%o 1 Lo 0% L 2%e8
10 1 11e7 9 3 196
Mo 1 Le5 11 5 1946
12, 1 30t 9 4 212
1% 2 Te9p1e7 8 b 16e3
ilie 2 T g b 195
150 2 0.5 9 3 20.8
16e 2 8 2 1602
178 1 15.2» 13 5 21s5
18 2 - 12 7 127
1% Ly li-b9f’260,1083 13 7 1l 8
20, 1 05 6 2 0o 1
2o 2 5005l 5 (0] 3 157
22 3 '1009)’9'09)’1 05 12 5 18, 5
230 1 %3 9 3 o6
Zie 2 508 8 2 155
25 2 Ee3 _ g L 17,0
mean values Gl xRS 1709 + heb

TABIE )ie Morpholegical data e Carex flacea, Sunbiggim Tarne
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Plant No, ef ILength of Ne, eof No, ef Mascimim
Nos Rhizomes Rhizomes(em,) Ieavess Dead leaves Leaf lemgth
- » (cme )
1o i %7 13 3 768
2 - & " b 5¢8
3 2 Lol 8 5 83
Lo 3 99 10 T &l'b
Be i 3ot - 8 %l
T 2 & 9 3 To7
& 1 T3 9 5 10e 3
T - - 10 8 6e3
11, '] - 9 3 1064
12 1 Led 9 3 %2
43 2 B 9 5 8e5
the 1 - S 3 19
1% - - 13 9 6ol
16s 1] %8 9 3 &7
LIS 2 1062555 1t L &7
18, P - 8 3 % &
19e - - 8 3 &7
21, 3 & 1,8 1,603 10 2 120
22 2 2ol 11 2 92
230 1 e 40 b B li:
i 2 38 10 L 10,7
25 : | - 10 b 10,8
mean values 5ol + 206 88 + 16

TABIE 5  Morphological data « Carex flacca, Sand Sike,




TABIE 6,

. Chemical analysis of eontrol solutionse
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Procedure K Ga Na P Mg
pllant analysis
1o 0 15 1ol 0,025 Os %
2 0e5 0e5 O 7 o 0s05
3o 0 (R - 0 o
Lo 0] O 1 o (4] Ot
50 0 0003 09 = 04025
6o o 0. 95 Lot 00025

0,025

TARIE 6, Chemical analysiss ef control solutimmss (parts per milliom)e




TABIES 7 & 8,

Results of experiment 4,

FC ~ Carex panicea from Cassope

Pl « Carex panicea from Sunbiggine

FC = Carex flacca from Cassops
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TABLIES 9 & 10e

Results of Experiment 2.a,

PT63Y - Young tillers of Ce panlcea fromxSunblggln, collected in 1963.

PT63M - older
PT6LY = young
Pr6LM « older

FC65Y = young;

FCH5K -~ oldexr

FT64Y - young
FT6LM - older
FC65Y = young
FC65M ~ older

tillers '
tillers "

tillers " -
tillers *

tillers "

:
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1964
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1965

tillers of C. flacca from Sunbiggin collected in 1964
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m
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tillers "
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Calcium concentration (PeDels )
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Results of Experiment 2,ae

9% (iw)

1
t

TABLE



W

Ref, Ney ca K Mg Ca: K Mg
mge/10gs m2s/10gs mge/10gs mge/100plts, mg,/100pd, mgs/100pls,

PI63Y 4 05 308 2660 8 L7k

| 40
20 20 200 237 62 620 (8
3 669 287 28l - 69 287 28
g. %2 308 28e 1 150 502 46
Iy o - - - -
G 20.3) 272 2ol 252 337 30
To 293 32 239 846 988 69
8¢ 11ke® 275 20,1 3762 908 66
PI63M 1 166 b1/ 3209 Seli 1078 %12
2 27 275 Zie 3 127 1293 il
3 8e8 25 3046 Libe6 1299 162
Le 1842 159 28,9 42061 1049 191
5p  28e4: 271 279 19360 1884 190
6s LBe3 238 2ie3 1590 85 80
Te L4965 2 23 1580 79 68
8 90,6 272 1766 3620 1088 70
PROLY 1o Oolih 237 29¢1 0,73 391 L8
2 53 291 348 Lia 61 184, 30.
39 62 230 3065 124 3 455 60
"~ he 87 263 321 257 776 95
50 128 243 315 11e5 192 28
6o 272 236 2306 8244 15 72
7o LHRT. 226 267 90,9 470 5
8 1350 191 196 19301 273 28
9¢ 1830 194 1863 183 #0 183 18
PIGLM 1o Te2 201 595 Theb 408 121
2 6o1 2590 5662 12,7 536 117
36 Se7 282 5007 20,0 987 177
Le 60 8 26)+ 391 37e 6 ‘ﬂhﬁo 216
5 101 287 506 2 293 82 146
6o 1ha7 240 3le0 67e6 1122 156
To L7600 193 3664 25348 1042 195
8 786 200, e 3 3796 985 2L3

TABIE 10e (i) Chemical analysis results for Experiment Zsae




e

N Ca. K Mg Ca K Mg
Befle New mge/10g mgs/10gs mgs/10gs mgs/400ple mg,/400 ple mge/100ple

FCOEY 1e 2.8 300 38el 27 288 37
2 81 - 28 38e1 8e3 294 32
3 Be2 260 392 90 286 L3
be 19 238 32 28,7 3t 55
5 2ot 227 3168 18 8 177 25
Y 239 336 392 196 28

FCO65M 1o 363 302 2501 Te6 695 58
2 8e6 il 2908 131 LTT- L5
3 Tk 269 2766 1e6 527 %
be 1167 246 298 12,6 82 32
5 10e1 285 e 1069 308 27
be 872 228 29¢5 1256 328 53
Te 1970 240 38e5 2123 22 Ld

HEB885%: '

'TABIE 10, (ii) Chemical analysis results for Experiment 2eae




U5e

Refly Noe Ca: K Mg Ca K iry
mge/10gs mga/10gs mge}#0z mgs/100ple mgs/100pLs mes/100pLe

FI6LY 1s 36 319 5869 366 6 58
2% 53 270 47,0 LeO 203 35

30 leb 309 524 & 502 349 59;

Le 647 328 483 L2 207 30.

S5 10,8 320 L7e2 1140 326 L8

6o 8u2 327 3247 502 206 21

To 1762 266 28,8 191 295 32

8¢ 518 297 2562 89,6 51%. Ll

9% 113,0 226 179 1370 1i 262 21

FTOLM 1e 264 278 29¢5 55 639 68
2 ok 256 29,2 168 581 66

3¢  5e5 267 253 14e O 681 65

‘e 53 285 2042 © 22,7 1242 81

5% 225 208 29,2 293 270 38

6o  LleO 190 238 203,0 1261, 158

7o TBeb 199 28,8 196e5 198 72

8e TeO 261 1148 31ke5 1156 52

% 220,0 195 18,2 33666 298 28
FCO5Y e . P - - P -
20 95 294 e 2 8e3. - 257 30

30 11e3 30, 3348 662 167 19

li». 190 313 4042 95 15¢ 20

20,0 266; 2841 450l 20%; 22

@.a Tle2 19% 4040 5167 5§29 27

FCOSM 1o  Le2 315 33e L 3e8 288 3
2 5ol 333 3246, 1103 699 69

3 52 31 30e6 bols 383 38

Le Sl 309 1%L 1246 1723 45

5 %k 302 179 2he9 800 18

6o T3e3 350 2060 13845 643 38

Te 709 279 2lie 7 1007 396 35

8 280,00 - 239 28,9 280,0 289 29,

TABIE 40e (iii) Chemieal analiysis results for Experiment 2,ae




TABLE 11,

" Duplicate chemical analysese




Thbe

Ref, Nos K Mg Ca
mg/10gs  mgs/10gs  mgs/102s

P 1. 11962 960 52,0
2 $12,5 100 3 53,8
FR 1‘. %.1 700 &5’7
2 19,8 Tot 453
P 1, 16508 215 3be Tl
2 15607 23k Uk
PTy 1 HMe5 109 10.6
2 950 1 »5 1060

M « Carex paixicea, mature tillers,

FR « Carex flacca, roots,

PT = Carex pamicea, tillerss

Py~ Carex panicea,, very young tillerss

TABIE 11e Duplicate chemical analyses,




TABLES 12 & 13

Results of Experiment 24D,




Ute

Ref, calcium % totall leecaf total root mean plant dryy
No,  conce(ppme) gerums  dry wte(gm) dry wie(gpe) whe (leaves)
i1 07 Oe 5 56 0,20 Os 14 0,014
2¢5 36 0. 19 0.17 0,021
5e0i 48 0e 26 0:27 0,022
10,0 52 0e 39 O 3. 0,030
20,0 32 0o 42 Qs 33 0.053:
50,0 4 (VRHY 0,38 0,036
100, 0 L8 0s26 0e 32 0,022
200,0 L0 Os 2 0e19 0e02L.
G 05 4 C0.029 0,066 0,029
2¢5 12 0e 13 Qo 14: 0,043
560 20 0e 25 Cs 314 0.050
1060 2 019 0e 24 0.032
20,0 2, 013 009 0,022
00,0 2 0e 19 0s 22 0,038
200,0 2 0,20 Os 21 0.033
500, 0 32 0. 27 0. 20 0,034

TABLE 42, Results, of Experiment 2,bs

FC - Carex flacca collected from Cassop, Cos Durham,
FG « Carex flaccay, collected from Germany,




Refe Wos ecalcium Ca. K Mg Ga K Mg

conce (ppme)  mge/40gme \ mge /100plants:

FC | (VY - V1182 - 60.'11 - 255 8,
25 2ol 202 558 Bot 426 126

560 = 188 50,8 e  4fL 112
10,08%KE 06 117 335 1¢8 351 109
20,0 0s3 156 L4O,O o6 87 212
5060 2.8 211 5641 102 768 20h.
100,00 - 176 6le - 387 13
20060 197 167 LSels 47e3 LOA 109
50060  38el: 160 60,9 672 280 407

G 05 = 199 5%8 6s2 577 173
245 20 BT 56,8 B3 1026 26
50 & 203 46 - 1015 238
10,0 0.7 216 4Bt 22 685 101

20,0 o1 163 531 264 353 115
50eC 3ol 208 139 302 1955 KO
10060 . 202 202 572 &l TEB 195
200, 0 Teb6 197 529 253 656 176
500,0 195 195 U262 659 669 W3

TABIE 43, Chemical analysis results for Experiment 2,bs




TABLES 1k & 15

Results of Experiment 3,




149e

Refle potassium mean fresh meam dry- fresh wt../ mean maximum
Nos  conce(ppme) wte(gm ) wte(gme)  dry wte leaf 1the (cme )

- Pr63Y o5 2,21 Ol Sels 403 + 2,2
' 10 0: 1o 34 0,305 Lol Zie2 ¥ 1065
25 2, 30 00 52 k5  350% 62
0 1665 0s 36 le6 2745 % 840
1060 To 7l 0637 Uo7 3607 % 502
PT63M 0s5 LS 0,83 5ol 358 # 847
' 100 1026, 0,39 362 2001 % 106
2e5 261 0,59 Lol 290 * 3.8
5eQ 3el0 0s72 Le7 276 4-. 660
10,0 2,72 0457 Le8 292 ¥ 346
PIELY 0s5 1e 70 0e29: 569 352 £ 369
130 1014-7 0033 1005) ' 31106 + zollr
206 - -
50 te13 0o32 3e5 20.14. + Le7
10,0 1085 Oals2 bols 2968 % 4303
PT6LME 0e5 243 O 5. Le5 2862 + 5o 7
160 2033 0,56 ho2 309 % foli
25 1o 84 0B 38 3067 _4_"_700
50 1679 Geli2 Le3 22,3
1060 - - @ -
RTSSY( 05 0. 81 0. 23 305 Zle3 * Le1
160 o Ui Oe1? 2.6 1603 -F 163
Ze5 0e 37 0 20. 1.9) 1807 4‘- 2.7
10,0 0s 56 0e 21 2,7 17,9 + 2.2
0 0,92 0623 4O 3002 + 365
FooS 11.3 140l 0.2& 367 27.0 = 2,8
5s0 182 Ol bo 1 3060 £ 509
10,0 1901 0,28 306 207 £ 5ol

TARIE the Results of Experiment 3%




$50.

Ref, potassium mean fresh mean d fresh wto/ meam maximum
Noe conce (ppe )  Whe (gme ) wto (gme dry wte leaf lth, (cme )

PTOLY 0.5 2,06 Celi5 Le6 3666 + Tot

16O Tolib 0630 LeS 20,6 + 8e3

265 16 69 Qe 37 Le6 3068 + 6ok

560 16Ol 0.29 366 el £ 5o 2

1060 1053 0¢35 Lol 319 £ 548
PIGLM 0e5 2.15 Ouli6 Le7 3Me3 + 1067

1e0 26143 0.57 Le3 U7e6 + 6o

205‘ 3018' _0065 1409 ll-oo6 + 1307
560 3699 Q77 52 362 & 1348

100 1o 70 0,38 bels F2eh £ 709

Fe65Y 05 0,65 e 16 Lot 19e1 £ %5
160 0s99 0s27 307 2105 * Le8

25 0s57 0 2i: 2oy 23,6 £ 243

500 0,95 0s 2 LeO 2068 £ 6o5

10,0 1600 0025 lho 2307 ‘F 307

. PC65M 0s5: 4619 027 Lok 2860 + o5
160 0693 0,30 Tl el * Leb

560 1605 0632 363 22,2 + 1ol

10,0 102 0,28 36 2307 * 301

TABIE 44e (ii)  Results of Experiment %
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Ref, ~ potassium meam drywte Ca K Mg Ca K Mg
Noe conc, (ppis ) per plant mga/10gne mgs/100plants:
(Leaves) 4 |

PIG3Y 0.5 0, 282, 57 119 1491 16,2 338 139
N 0, 20 2e5 227 L4.0 %52 L6484

25 Q33D 19 264 3.2 6ol 884 125

560 0,287 1.9 287 25,2 5¢5 82 72

10,0 06268 109 517 26,0 51 850 7O

PT63M G5 0s 557 Gel 103 52,8 357 5l 29k
B, ¢ 0e215 168 159 Lleb 3.9 32 89

25 0e 155 LeO 231 35,9 18,2 1051 1463

560 0, 600 2k %7 405 heli 1482 215

10,0 Oe LuliB 18 278 23,7 81 11245 106

05 06 270 6e5 132 T80 17.6 356 241

1.0 0,238 LeQ. 158 L4B.5 o5 566> 115

25 o e - e " -

50 Ce235 27 227 353 603 529> 82

10,0 0e 303 16T 297 206 592 900 62

PIGLE 0s5 Cali33 10,6 138 She8 L4%e3 598 257
25 Qe 377 Le5. 218 38,8 152 755 431

560 0. 423 2,0 277 29.4 8.5 1172 123

: 0.0 - - @ o o = v L

B <5) 05 Os 142 89 W Ghe2 12,6 138 A
160 0,078 6s0 123 398 Le7 96 31

25 0o 264 460 163 397 26 430 105

50 0,075 Ce8 204 3941 Oe6 1453 29

10,0 0e 930 08 225 28,8 1.0 293 37

FC65U (V) 0e 155 6e7 131 LBe6 1064 203 75
T 10 0. 193 5¢5 20k L4068 10s6 394 79
560 0s330 503 245 40.F 17ek 809 133

1060 (O Py Le2 302 235 662 ik 35

TABIE 15, (i) Chemical analysis resulis for Experiment 3e
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Refy. meam dry wte Ca K Mg G K Mg
Noe potassium  per plant mgs/10gme mgs/100 plants
conce (ppme)  (leaves)

FI6LY 65 Qs 307 heb 129 48,0 tlet 396 447

1.0 O £79 Te7 239 3640 3.0 428 6l

2¢5 0,238 1o 267 313 38 636 75

560 Os 165 feb 281 2B 2.6 L6l 44

10,0 0s 250 1¢6 28L 2065 4O 790 51

FI6LM 0e5 00298 18 86 3he? Sl 257 103
140 Ol 7 301 185  3led 12,9 TI2 143

25 0. 425 Te7 805 23,2 Te2 871 99

500 Oulili5. 2,0 227 25,6 12,9 1010 165

10,0 0415 Jeb&6 229 23,7 50 3§20 75

FC65Y. Ge5 0,086 ol 119 678 beli. 102 58
1@ 0, 140 Sel 198 L0 ot 277 62

2¢5 0. 127 Le6 = 3060 568 = 38

.50 e 125 39 290 L40s6 Le9 363 51

110.0 O6 14:7 25 3% 302 301 LEO L)

FC65UL Ge5 0. 176 Le9 166 53k 86 292 9L
140 Qe 179 Sel 177 363 %1 317 L2

Ze5 - Ok 563 262 32,2 6e0 299 37

50 Qs 186 2ok 234 321 be5 L35 &0

10,0 0,186 Le 522 25,0 &9 9 w7

TABIE 45, (ii) Chemicel analysis results for Experiment 3




TABLE 16,

Growth curve data.v
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Sunbiggin Tarn Send Silke Cassop
Collection  fresh wte dry wte/ fre wte/ dry wte/ fre wte/ dry whe/
Date per 100plants: 100plants  400ple 4100ple 100p1 100pl,
(gme ) (ms) (gme )
20,1 11;‘64 - 57 Tols 29 0,8 - -
60 2.65 6.9 10 a8 05 - - g
3o 5e65 1e6 20 506 10 83 o7 13
17e5 65 18l 361 118 1e9 197 Le5 E
e 5065 3009 57 O 25 2046 M?E
13 6o 65 383 W6 166 Gk 330 %3 ¥
© 3e 7665 6967 1327 Tt 6d E57 10,9
P
20071 1661 Ll 130 1649 N | - - 8
6o 2465 38,0 13e5 T2 bl = -
3 5065 670 el M3 63 8LI 258 E
17, 5.65 8566 Tfele U365 767 1052 2Ll é
3a 5065 10163 2302 36,8  Te7 6B 27,8 g
130 665 955 199 485 1068 83k 27a0
e 7065 bTe2 82 350  7e5  T0s9 18,8

TABEE, 46 (i) Growth Curve data « Carex flaccas




15ke

Simbiiggin Tarm Sand: Sike Cassop
Collection. fre wte/ dry whe/ fire wty/ dry wte/ fre wte/ dry wte/
Date 100 ple  400ple ~ 100ple 100pls  100ple  40ODLe

. {em. ) (gme ) (e )
20¢ 116 611 Let Yol lie2 0.9 - - E’j
60 2065 )-i:oz 0'07 703 ' 103 - - =3
3s 5065 1he 108 10s 7 2,0 192 2,5 g
170 5665 2162 - 350 15,8 2l 183 3.0
e 5865 3663 - 60 18,8 35 Bleli.  1le7 5
130 6e6B 3666 7ol 38,0 6e6 10Le8 25,1

e Teb65 53eli 108 Slie9 95 128, 2. 300 6

Det1ebl 423 1365 b &6 = -

6o 2065 47,6 152 o - - -

3 5265 6149 &7 393 709 110:8  Zhie5
170 5065 2.8 1068  51e3 ol  T14e8 238
3o 5065 The0 el Lhfel - Jof 15164 B840
13 6065 - - 530 ok AGheb6  U0s6
3e. 7065 5245 7e9 - o= 9%3 190

TYITIIL YVEX ANOOES

PABIE 16s (ii)  Growth Curwe data e Carex paniceas




TABLES 17 & 18,

Nutrient dynamics datae
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Colleectiom Ca K Mg P C2. K. Mg P
Date mgs /10, mg,/400plant s

15 1665 3let 185 1769 = 307 2262 -

6o 2265 172 204 42,0 = 169 224y w = é
19 lLeb5 ol 215 2062 %6 206 LUlieO 362  1e5 EF-Q
3 5065 2363 250. 566 363 lLel 00 et 007
176 5665 29¢2 228 2068 1025 5u8 68uk 662 32 B H
3le 5665 28e1 234 2063 %2 152426 1140 5.0 B
13 6665 Lle6 214 19.8 9k 3562 201 1he? 740

1o 765 bhe7 159 2069 %3 T1e2 175 23,0 10,2

206 11665 720 103 10,7 o 93e6 135 139 «

15 1665 834 80 T2 e 108 107 %7 = 2
b 2065 6ol 117 106l = 892 158 1le0 = s
19 Leb65 o3 135 16eli 5ol 102 193 2305 To3 H%
3o 565 6509 122 174 705 9662 178 25,4 11,0 S
176 5065 6061 125 1561 5.7 102 213 257 %7 E
38e 5665 68,9 105 12,0 66 152 231 26,4 1le5 3
135 6065 63e3 96 1069 58 132 200 2.7 121

11e 7565 856 65 %6 3l 120 9 154 52

2le G 108 55 115 32 88045 %k 26
20.11.65 L9e9 16 o7 = o - - -

TABIE 47 (i)e Mutrient dynamics: data «
Carex flacea, Sumbigginm Tarme




1566

&h1 8003) &1'
1353 999 6e6
15163 5103 %8
6869 383 5¢6

31 5065 1078 983 0.4
26 6465 32,6 98 6e5
11e 7065 14569 57 1069
21e 8e65 o9 5% &5
20e 11665 1167 20. ?.5

Collection Ca K Mg P Ca K Mg P
Date: mgy/10gn, mge/100 plants

6o 2:65 191 191 11,8 = 10 96 =~ -

19 4o 65 3569 245 18e8 1301 29 196 1e5 1o1 g

3 565 36ely 2iA 1966 1661  Fob Uel 2,0 106 5]

17e 5065 b1e8 275 20e4 1666 TS5 AR5 37 3.0 H

e 5065 Wieh 752 18,7 1241 1027 60e5 ko5 2.9 g g

136 6e65 3062 239 1762 91 112 Tl 52 257 B

27e 6e65 el 197 1869 = 0 28,0 68,8 301 = :
11e 7065 €23 20l 4762 Sek  ZTol: 8948 Tob  2uk:

21e 8465 789 46 1360 668  UBe9 9055 8e1 Le2

20e 116 65 . 923 96 8e3 550k Hfe5 560

6o 2065 < 104eti 807 8,6 62:5 Lol 52 =

19 Le65 8le5 126 12,7 5007 7506 Tobr

3o 5665 93e1 19 12,1 599 Tleli 763 =

17e 5065 9le> 104 122 1360 7860 G2 =

I’l‘iﬁl‘ltl_l’
t

‘

SEITIIL
YVIX AONOOES

TABLE. 17 (ii)e Nutrient dynamies data -
Carex flacca, Sand Sike,
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~ Collection Ca K Mg P Ca K Mg P
Date mgs /10gm, mgp/100plants:
19 Le65 15.6 227 3het 25T 22 318 Le8 303
%o 5065 2Meb 216 28,8 18,7 305 3leb lLeb 2.9 E
170 5065 2%6 237 328 10e1 1360 0L el Lok 102
31e 5065 28,3 288 33,8 5,2 2168 133 156 bk B
130 6665 29,0 228 39,5 112 Fhels 174 29,6 8ok HEH
270 665 36e2 184 287 = Lol 198 273 B
11e 7065 Lok 198 Lhe7T Te2 5801 170 Llie7 Te2
2o 8s65 559 163 3508 66 58,1 175 362 649
19¢ Le65 Shef 131 2942 643 92,8 223 19,6 107 .aiig
3» 5065 5605 121 27aly 640 127 21 6lels 13el: Hg
1705 65 52,6 105 3348 5.8 Wh 287 923 1568 g
3o 5e65 5565 95  27ek 660 - 452 260 751 159 g
13 6065 €29 96 3661 58 172 263 98,9 137
ZB. 665 9505 82,6 L2468 509 262 226 17 138
41s 765 9Me3 107 52,0 20 2 120 o
e 8 65 66e5 85 L0 6;11 125 156  Tlet 1165

TABLE 17e (iii).

Nutrient dynamics data =

Carex: flacea, Cassops.
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Collectiom K Mg P Ca K Mg P
Date Ca  mgs/10gm mge/100plants:
15s. 1065 1067 178 1765 = 160 1660 = -
6o 2465 Teb6 161 96 = 0o 1269 « = & :
19 Leb5 50 216 2068 Ta7 Ou7 062 209 %o Hé
3o 5065 50 210 20k 6e7 0e9 3768 307 360 0a
170 5.65 5ol BT 2 68 Ak G6ek 5ol 109 5
e 565 769 99 258 502 L5 125 1363 3.0 E
1% 6665 ol 212 236 7O 5¢2 AUk 667 Le8 :
11e 7665 12,9 181 20,2 8,5 1166 1635 1862 7o7
2l 8665 Te2 123 20,5 8,6 768 133 2241 93
20,1165 5D 125 $.2 - el 92l 668 =
s S0 S A TR W SR NP IS0 A T S U S 0 S S S SR S SN S s B
150 1665 129 80 %2 366 1366 608 = B
6e 2065 e 99 70 & 361 60s0 5¢3 = HE
19 lLe65 7e7 120 1545 5eb 509 92¢4 1169 Le3 %
3o w65 8,9 413 the3 63 Toll 0ok 1lel 5s0
1% 5665 %6 Al 1501 663 %6 144 151 63 =
3%e 565 1065 109 13.0: 5ol 1469 425 1560 6e3 B
13e 6865 1162 114  15L 5eb 1260 422 1645 660 .
11e 765 91 53 9l 86 8e5 50:0 848 &1
21e & 65 9 5 ZZ 6.3 %35 = 67 154 Leik 25

TABLE; 18 (i) DMutrient dynamics data «

Carex panicez, Sunbiggim Tarm,
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Collectiom EximCa K Mgx P c2 K Mg P

Date mgs/40gme mgs/100plantss

6o 2065 1he7 191 1leT = 169 2506 = o

29, 214 65 212 A8 22,1 2,2 308 392 LeQ  Opl

30 5065 o2 209 220 %1 L6 ileB g.a 108 é
e 5065 220 2500 25,5 1047 5e3 60,0 246 2
e 565 42.7 217 22,5 8,3 137 6940 26

13 665 The8 216 2501 964 1965 121 11..1 Se1 E
Zlo 6265 57 183 21,2 = 388 12 Thelp =

41s 7e65 L6e5 115 22,7 9.0 3702 116 1862 To2 1
21e &65 5439 170 1865 605 L21 103 178 662
20011665 58,7 414 12,7 = 5005 9503 10s9 é
6o 2465 62,0 113 10e3 = 5Be3 9668 8e9 = %
190 Le65 56 131 1846 = 3%k 107 1503 3ok g
Je 5065 501 123 2948 78 L0e1 98k 1568 662

17¢ 5065 57¢8 125 2ol ol 48e6 105 18,0 62 g
3o 5065 68e3 104 1367 bolis 59e4: 9065 1169 5eb

13 6665 721 95  16eT 660 6603 8Bleli 150l 565 =
27s 6465 10261 35 97 = 100e% ket o5 = 3
1o Tob65 992 24 97 360 69l The7 68 21 =
210 865 58,9 25 128 0e9 295 128 6.k 05 &

TABIE 18, (ii)e Nutrient dynamies data =
. Carex panicea, Sand Sikes
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Collection €= K P G K Mg P

Date: ' mg./10gm, mge/100 plants

19 Leb5 1168 276 38,3 131 2,8 6662 902 3ot

S 565 457 26 WD D3 29 65 A6 Hi B
170 5065 25e1 296 3603 6e7 7o5 88,8 10,9 201 24
3e 5065 ihel 26 3%l 363 10k 190 2t 2.3 g
13e 665 1%9 255 38,2 8.5 3500 561 8lhet 18,7

e 6465 25,7 166 26,9 = G540 520 681 = =
1t 7065 2666 162 397 83 67e8 443 1015 21,2

21 8465 3he0 124 39,8 36 8lels 319 102,33 8,0

19 Le65 eb6 W2 42,4 5.0 58e1 349 10Lke3 123 B
3¢ 5e65. 2Zie2 108 3162 569 591 263 Tout fhel B8
17 5065 o3 103 3%2 69 Touh 251 98,0 16,86 E 8
3t 5665 3865 68 3306 4eO 10244 181 89k 10,6 H
330 665 o2 85 a6 59 138,0 285 106.0 1948 g
279 6e 65 55e2 3ol 23 = 19668 346 8949 - =~
11e 765 L6e7 69 391 Le8 1401 207 117e3 Thel

21e 8e65 LDef 66 368  1eO 8507 125 6949 7e6

TABIE 18, (iii)e

Nutrient dynamics data w

Carex panicea, Cassonme




TABLE 19

Root and rhizome chemical analysis
datae
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Collectiom ROOTS: RHIZOMES:
Date: Ca K Ca K
Mgs/10g7me mge/102me

15 1e6H L40eO 5768 8e7 255 102 %3

. 6o 2665 32s3 34e8 et 18s3 148 8.4

19¢ Leb5 2763 Ulie3 10.9 196 120 9,8

3e 565 2660 L7e3 1o 221 121 10,8

170 5065 1ol Lde2 Fiel 2ot 112 1162 G _flacca
3%e 5665 2500 L7e% 907 2667 103 942 Sunbigging
13 665 21e1 570 Sl 2%.% 119 9'.83

11 o065 28ely 536 %5 2l T 68

2o 8.65 S9B 52,0 %3 20 6 Teb

20, 11e 65 2065 637 110 134 9 T3
,6. 2,65 &5. 29%L4 969 68e7 Blheb 85

3e 5.6_5 Z6el 39 %7 29,7 128 949

17s. 5665 33,8 59 99 Wie8 86 93

31e 5865 Lie2 60 8.8 33.9 92 85

270 6065 3:602- I&B’ 702' 2705 85' 700- Sand Sikeo '
1te 765 Lbel 62 6o 570 113 Gel

21e 8465 49e1 L6 Te8 358 86 Tel:

20011665 55«9 50 70 373 8 4

19 Le65 §7e3 56 271 30e5 103 1765

3% 5e65. 357 63 2o 8 2e9 A 175

17o 5065 705 56 36.6 2ie0 115 21,2

130 6055 5805 80 29’9 2701 127 23.0 C}B.SSOP;
Zls 665 10303 87 653 2140 145 3045

14e 7«65 838 115 62,2 52,9 153 392

21e 8465 60,0 8%  L0e5 66e1 129 255

Root and Rhdzome chemical analysis datas
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Collection Ca K Mg , OCa K

Date mg,/10gm, mge/ 102,

15 1.65 %2 88 %3 39 107 83

6o 2665 19 93  6eb 24 117 6.0

1% Le€H 25 106 133 23 116 %5

3o 5e65. 26 85 10¢ 23 99 8.3

17e 5665 - - - 33 97 %7 _C_O___‘Eém-ceal

31e 5265 29 65 111 38 97 9,0  Sunbiggin,

130 6065 369 89 136 35 12 104

11, 7065 2 96 10e 7 706 98 803>

e 8,65 Le2 62 9,0 59 71T 65

20,114 65 30 T %3 39 107 &3

6o 2665 233 67 1245 - - -

1% Le65 17.8 &1 1Le0 10,8 100x 10,8

3¢ 5e65 194 Th  Thed 1le?7 122 12,0

17« 12.353 110.2 %‘ 13..5‘» 12.8 93 142.2 o

3e 5065 136 ) 12,5 21,0 90 106 6 w &

13s 6e65 2305 83  13el X%e8 118 10.7 Sand Sikey

11e 7465 22,1 T6 12,2 - -

2le 8e65 22,2 57  10.6 2ie7 99 7.l+

20p 11665 20,2 & 111 84 1L &6

1% Le65 12L 67 2749 8e8 131 20e1

3e 5eb65 1e3 60 1642 %3 103 18,8

17e 5665 1362 42 23,9 TeO & 219

31e 5065 1385 46 - 192 13,1 97 172

13e 6065 el 51 2060 126 93 191 Cs panicea
27 6e6H Met 122 18,9 78 66 4662 Cassepy

196 7665 1362 T4 191 17«5 & 1768

21e 865 1669 70 2640 10,0 120 17,9

TABIE 19 (ii)e Root; and Rhizome chemical analysis datae




TABLE 20,

Additional chemical analysis of
plant organs,
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Flant ergam Ca K Mg
mga/ 10 gy
very young tillerss 12e 1 27 18e 3
older tillers 15e 9 229 1665
mature tillers 98,8 125 2160
nature tillers:
&eaxgmmmnsl dead leaves) 58,1 183 2103
eaves 13 4t 3 16,8 Ce_panicea

leaf tips 192, 2 57 e -St_m:’biggj.n;
leaflamines 78e 6 181 28,0
leaf’ sheaths 22,2 481 16e7
roots: 18,8 107 7ok
rhizomes 6e2 116 %e O
young tillers 14e8 197 20,9
mature tillerss 924 105 26¢8
mature tillers:

(minus dead leaves)iit®s 4,22 179 22
dead leaves 13165 %6 378
leaf” tips 192,9 193 2342  Cv peniicea
leaf ]lamrinasgupperg 1155 170 L4 8 Cassops
leaf laminas(lower 37ek: 1197 258
leaf sheaths 660 ie 4 Le8
rootss : ~ 1262 86 1565
thizomes 309 125 1fe3

T

very young tillers 173 92 166l
older tillers 2566 236 1669
mature tillers 68,9 171 25,4
mature tillers
. (minus dead leaves) 40o7 212 2ie7 Co flacea
dead lsaves 1552 22,2 27,9 Cassops
Ieaf tips: 13540 The1 30,0
leaf laminas Li5¢2 411 259
leaf sheaths : 11k 143 296
roots 125 6708 250l
rhizomes 2363 140 1665

TABIE 20, Additiomal chemical amalysess of plant organs,




TABLE 21,

Soil analysis datae
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mg,/400gm, dry soil
C panicea site
Sunbiggin Tarm 15 L0 1.8 1600
(s paniecea site
Cassop 61365 85 96 178
Ce flacea site
- Suntiggin Tarm 3365 25 12,0 2845
Cy flaececa site
Cassop 113345 1060 21508  3he5

TABIE. 2,

Soil analysis datae




TABIE 22,

Concentrations of elements in tillers
before. treatment in culture solutions.
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Speciess and

eolleetion site Ca K Mg P
mgs/10gme

C flacea, Sunbiggin 302 49k 332 %2

Cy flacca, Czssop L5et 29 38,9 172

Co panicea, Stmbiggin 143 208 28,3 11e6

Ce panicea, Cassap 2165 352 e ks %t

IABLE 22, Relative concentrations of elements im tillers
before treatment,
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