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1.1

INTRODUCT ION

The Teesdale rarities

The area of the North Pennines known as Upper Teesdale has
long been famous for its rare plants, which include pre-alpine,
alpine, arcticalpine and subarctic species; These plants are growing
in a climate which 1s only marginally subarctic (Manley, 1942) and
are believed to be relict members of a post glacial flora (B8cher,
1951).

Pigott (1956) gives a full description of the rare commun=-
ities. The two main types of substrate on which they are found are
the outcrops of metamorphosed rock known as "sugar-limestone" and
the wet flushes. ‘The communities on the sugar—-limestone are notable
for the numerous bares patches, the total cover often being 30%
(Bellamy and Tickle, 1965). Bellamy et al (1969) have also recognised
the existence of distinct boundary communities containing rare species,
between areas of wet and dry ground. Here, the oscillation of the
water table gives rise to a zone of vegetational instability, which
prevents invasion and establishment by the more common species from
the adjoining land.

In the same paper, a parallel is drawn beiween the Teesdale
plant communities and true alpine tundra ecosystems. It was demon-
strated that, although the production of the Teesdale communities
cannot be correlated with climatic or edaphic changes, the net annual
aerial production of all the communities containing arcticalpine
species was less than 150 grams dry matter per square metre, This
limit is not exceeded by most true alpine tundra ecosystems, However,

it must be noted that only those communities with 100% cover were taken




intg consideration.

The most widely accepted explanation for the persistence
of the relict communities is that competitive interaction with typical
lowland species is less severe than might be expected.

The fact that lowland grasses are found growing alongside
most of the rare species (Pigott, 1956) clearly supports this view.
There are two mechanisms by which the comﬁetitive interaction may
have been reduced:

(i) The Teesdale relict populations may be less

sensitive to cpmpetition than they are in
other regions

(ii) The lowland competitors are less vigorous in

this region.

The second explanation is the more feasible and is implicit
in the account of Pigott (1956).

Stress factors

Climate

Perhaps the most obvious stress factor which could depress
the performance and competitive ability of' the lowland grass species
is the almost subarctic climate of Upper Teesdale. However, several
of the surrounding areas of the North Pennines have an identical
climate so it is unlikely that climatic factors alone could depress
performance significantly, although they may reinforce the effect
of other factors, such as low nutrient supply. One interesting
demonstration should however, be borne in mind. Marshall (1971)
showed that a short term amelioration of climate, achieved by the

use of a cold frame in the field, significantly increased the prod-



uction of the lowland grdss species rather than the rarities.

Grazing

Pigott (1956) suggested that grazihg and trampling by sheep
in the sugar-limestone areas could maintain an opén habitat, so giving
a selective advantage to the shade intolerant rare species. However,
Marshall (1971) and Jeffrey and Pigott (1973) have demonstrated that
short-term removal of this pressure produces only insignificant
changes in the structure of the sward. Even so, it is still possible
that grazing could exert a long-term effect, by acting selectively on
those species which reproduce from seed, as it tends to cause a
reduction in the number of inflorescences (Jeffrey, 1970).

Heavy Metal Toxicity

Jeffrey (1970) also mentioned the possibility of the heavy
metals in the soil having a selective direct toxicity towards the
lowland species. This would seem unlikely as many of the lowland
grasses are known tc be capable of evolving tolerant races quite
rapidly (see e.g. Gregory and Bradshaw, 1965),

Nutrient Deficiency

Deficiency of a major nutrient is yet one more possible
stress factor. Jeffrey and Pigott (1973) demonstrated that, although
addition of nitrogen alone, did not lmve any effect upon a community
growing upon a flushed sugar-limestone soil, addition of phosphate
resulted in a large increase in the total production of the vegetafion.
This effect was exaggerated by simultaneous addition of nitrogen.

Thus, a primary phosphate deficiency is suspected.

It is interesting to see just vhich species contribute to
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1.3.1

the increased standing crop, The frequendy of the arctic alpine

sedge Kobresia simpliciuscula, which originally cdaminated the sward,

was substantially reduced, whilst the rare Carex specles remained
unaffected. Three species in *act gained to a far greater extent
than any others., These were all lowland grasses. Thus the height
of the vegetation was increased, résulting in a éritical reduction
in the amount of light reaching the Kobresia plants. The most

surprising observation was the vast increase of Festuca rubra, a

species which had been almost absent fram the original turf,

Festuca ovina, the nost abundant grass originally also showed a

great increase, but only just sufficient to retain its supremacy.

Agrostis stolonifel¥s made up the remainder: of the increase in the

standing crop.

It was therefore decided to investigate the competitive
interaction of these three species, using the principles of the
De V/it school to assess theilr relative competitive ability.

The Phosphate Problem

Availability

As well as causing a small standing crop in the vegetation
on sugar limestone soils, it is quite possib;e-that 2 phosphate
deficiency could selectively inhibit the growth of the typical
lowland species,

The total phosphate conteat of the soil is, in fact,
not abnormally low (Jeffrey and Pigott, 1973) but its availability
must have been reduced in some way. The short cool growing season
may be reducing the rate of breakdown of organic matter and hence

the circulation of phosphate, but it could not have reduced the
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1.3.3

availability to the extent that would explain the observations
described in the provious section,
Lead

Jeffrey (1970) noted a positive correlation between total
inorganic phosphate content and lead concentration in the Teesdale
soils, This implies that the lead must be reducing the availability

of the phosphate. 7o test this hypothesis, he grew Festuca ovina

at different levels of added lead and phosphate. UGrowth was indeed
elevated by phosphate and depressed by lead. No similar effect could
be achieved with barium (the other main metallic cumponent of the
mineral veins which dissect the sugar limestone soils (Pigott, 1966)).

Marshall (1971) found a relatively high concentration of
exchangeable zinec:in some Teesdale scoils, although there was no
correlation with vegetation type. Even though high plant contents
were found (> 1C0 ppm), which correlated with low preductivity, the
plants did not ‘show symptoms of zinc toxicity. It seems likely,
therefore, that zinc could be acting in the same way as lead, i.e,
decreasing the availability of phosphate.

It was therefore decided to study the effect of a change
in the lead and zinc levels of the soil upon the production and the

competitive ability of the three grass species (Festuca rubra,

Festuca ovina and Agrostis stolonifera)imost gffected by phosphate

addition as described at the end of section 1.2.4.
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2.1

PRINCIPLES OF THE DE WIT SCHOOL ON CCMPETIEICN

Development of the theory

To find a basis for mutual interference in pastures De
Wit and Ennik (1958) studied competition experiments in annual
species., The resulting theories were put iorward by De Wit (1960
and 1961) and extencled to interpret competition experiments invol-
ving perennial species. The problems involved in these new experi-
ments were finally overcome by De Wit and Van den Bergh (1965).

The succesis of the theories in estimating competitive
ability hinges on the fact that fluetuations in growing conditions
are taken into account by growing the species concerned in both
mixture and monoculture., The basis of thg theory is the replace-
ment series. All experiments must be planted in such a Way that
the sum of the relative planting frequencies (or seed frequencies)

always equals one. See example in Table 1.

TABLE 1: A planted replacement series

seed seed

Pot No. No. seeds A No, seeds B

frequency Z frequency Z

B
1 0 4] 8 1l
2 3 «25 6 .75
3 B .5 4 .5
4 9 .75 2 .25
5 12 1 o 0
N.B, 2 + Z = 1 in each pot
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2.2

The relative replacement rate

De Wit and Van den Bergh (1965) defined the relative
replacement rate of a species A with respeét to a species B at the

nth harvest with respect to the mth harvest by equation 1.

o = n#ﬁ / mrA equation 1
JaB ~ . q
By /
B

mr,
‘B

where nrA is the relative yield of species A at the nth harvest
and the other terms have equivalent meaning. In general, relative

yields are defined by equation 2:

r = X /M

A A A equation 2

where KA is the yield of species A in the mixture and MA-is the
yield'of species A in the monoculture. It is usual for the mth
harvest to be a référence harvest against which all later harvests
are campared.

In the same paper, the.authors introduced the relative

yield total which in many cases is about eq?al to orie (equation 3).
RYT = r + r_ = 1l equation 3

Combining this with equation 1 gives:

n nmjpl . By n, 2
(a) r, = - A and (b) rp B

AB
nm m m nm m m
fAB' T, * Ty AB' Ta T Ty

equation 4




Van den Bergh (1968) gave perhaps the best description
of the relative replacement rate; He stated that it characterizes
the competitive interference, irrespective of the variable effects
of changing growing conditions on the yield of the species in
monoculture; The resultant of the ccmpetitive abilities of the
two species can be shown as a series of grdphs of yield versus
relative yield of reference harvest (replacement diﬂgramg) but it
is best illustrated by presenting theJ/,vaLues_as a course line,
by plotting them on a logarithmic scale against time,

The yields used in calculating‘/avalues may be measured
as any convenient parameter such as dry woight, leaf area or tilier
production, as De Wit and Van den Bergh (1565) have demonstrated
that the magnitude ofdfgis independent of the method of yield deter— I

mination,.

Exclusive species

When RYT = 1 the species are said| to be exclusive (De Wit
and Van den Bergh, 1965). This means that &he relative replacement’
rate is independent of the species composition, i.e, 1f & species
gains at one frequency, it will gain to the; same extent as another.
An estimate of the confidence limits is impossible, at no two sets
of yield data are independent, owing to the|results being obtained as
pairs from each pot (Van den Bergh, 1968).
If‘/oAB in equation 4(a) andx/DX; in equation 4(b) are replaced
by k and kBA respectively, then deviation of RYT from one is reflected

AB

in the product kAB . k2 These k factors are called relative crowding

BA.




coefficients (De Wit, 1960). When the two species are exlusive
then k,, is the reciprocal of ko, and ko : = /::'\B'

1f, however, the product deviatés systematically from
one, then the species are not oxclusive an? are iniluencing each
other in s&me way other than simply campeting for the same space,
Space, in this'cantext, refers to the factors essential to the
growth of both species and availaﬁle as a finite sﬁpply, such as
light and nutrients. The term was introduced by De Wit (1960).

When Kap - kBA > 1, then the species are mutually
stimulating (De Wit, 1960; Bakhuis and Kleter, 196%5; De Wit, Tow
and Ennik, 1566). Cenversely, when k.. k. < 1 the species

are mutually suppressing (De Wit, 1960; Van den Bergh and Elberse,

1962).
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3. MATERIALS AND METHODS

3.1 Cumnetition experiments

3.1.1 Soils

[
]

Two peaty solls were used, one taken froam Upper Teesdale
(0S ref. NY 816295) and the other from the Sunbiggin Tarn

region of the North Pennines (OS ref, INY 675075).

To confirm that the Teesdale soil did have the higher
heavy metal content, & preliminary anglysis was carried
out to determine the concentrations of the most important
cations. Details of the technique are given in 3,1,3.

It can be seen f#ram the results in Table 2 that only in
the levels of lead, zinc and cadmium does the Teesdale soil

exceed twice that of the Sunbiggin.
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3.1.2

TABLE 2: Levels (ppm) of ammonium acetate — extractable

|
cations in the soils !

tiotal €Ca Mg Na K  Mn Fe
Teesdnle 6150 75 70 55 12 1.5
Sunbiggin 3500 77 a7 45 13 1.3
Uetal cu AL G4 P Zn
Teesdale 1.0 1.5 1.1 8.5 12.0
Sunbiggin 0.6 1.3 0.5 3.1 4.9

So that any effect due to the levels of lead or zinc
in the soil, could be isolated, it was decided to grow the plants

under the four soll conditions shown in Table 3.

TABLE 3: Experimental soil conditions

Source of soil Added metal 1%%%&%%%%
Teesdale Necae TO
Teesdale Lead TL
Sunbiggin None SO
Sunbiggin Zinc 52

S50il treatments

Lead was supplied as a freshly prepared solution of lead
acetate, and zinc, as a solution of zinc sulphate., These salts

were chosen for their high solubility and so that eny secondary

- 11 =



effect on plant growth, due to the anion, such as would have been
observed with nitrates, couldlbe avoided.

Four-inch plastic pﬁant pots, filled to within one inch
of the rim, were treated with 10 ml of these solutions at the
concentrations shown in Table 4.,. The corresponding resultant
levels in the surface of the soil several|days after treatment

are shown alongside.

TABLE 4: Preliminary soil treatments

Resultant level

Soil Solution added in soil

Teesdale 0.6 x 10 3m 14
-3 Pb(MeCOz)2 ppm Pb

1.9 x 10 °M 25

Sunbiggin 5.7 x 10 °m 27
Znso ppm 2n

4 55

17.0 x 10 °M
These results determined the initial treatment of the pots
in the main experiment, as given in Table 5. Soil analyses on
control pots, 1, 2, 3 and 6 weeks after plgnting determined the
subsequent additions which were necessary to maintain a level of
about 30pmm lead anc 50ppm zinc in the TL and SZ treatments respect-
ively. These analyses also confirmed that the Teesdale zinc and

Sunbiggin lead levwels remained unchanged throughout,

- 12 -



"TABLE 5: The solutions added to treatments TL

1 .
and SZ throughout the experiment

1 _week before planting 1, 3,5 and 7 weeks after planting
TL 10 ml 2.9 x 10 °M Pb 10 ml 2.9 x 10 M Pb (MeCO.)
2’2
(MeCO,),
. -3 -3
5z 10 ml 17.0 x 10 M 10 m1 8.5 x 10 "M 2nSO,
ZnS(Ml

Every addition was followed by 5 ml distilled water
which, whilst facilitating even distribution of the metals through-
out the soil, was not so great a volume as to cause direct loss
of solution through the base of the pot. At the same time, all
30 and TO pots were given 15 ml distilled water, soc that their
moisture content wculd not fall below that of the SZ and TL

treatments.

3.1.3 Scil analysis

The extraction procedure was based upon that of Mackean
et al (1269). Every result was obtained by taking the mean of
the analyses on three pots,

Approximately 10g of soil was abstracted from the surface
region (0.3 cm depth) of each pot. This was oven dried and
ground to a fine powder using a mortar and pestie. 1.00g was then
shaken for about three hours with 25 ml N ammonium acetate. After
standing for a further two hours the suspension was_filtered over-

night using "Whatman 42", quantitative grade filter paper. The

-13_



clear solution was then remade with distilled water to 25 ml in
a volumetric flask.

The concentrations of the relevant cations in this sol-
ution were then wmeasured using a Perkin Elmer 403 Atomic Absorbtion
Spectrophotometer, and the values obtained, converted to the weight

of metal in unit weight of soil.

Cultivation of the grasses

(i)  Planting

The seeds were germinated in covered Petri dishes on
moist Whatman no. ; fi;ter paper at laboratory temperature., The
dishes were replenished with distilled water every two days.
Before planting each seedling was cut down, if necessary, to 0.5~
1 cm shoot length, Although each seed was pressed gently into
the molst prepared soil ;ndividually. the arrangement of individ-
uals of the same and of different species in each pot was random.

(ii) Replacement series

For each soil treatment sets of five pots were used.
These were planted with the numhors of seedlings given in Table 6.
Use of seedlings rather than seeds ensured a much greater probability

of each set remaining a replacement series.

TABLE 6: Planted replacement series

s) Agrostis stolonifera (A) series _
— Pot No,
T 2 3 4 3
No. of A.stolonifera plants 16 12 8 4 o
No. of Pestuca rubra plants o 4 8 12 16

- 14 -



TABLE € (Continued)

b) Festuca ovina (0) Series

Pot No.
1 2 3 4 )
No. of F. ovina pleants 16 12 8 4 (¢
No. of F. rubra plants 0 4 8 12 16

(iii) PFirst seed batch

The first batch of seeds were from the end of a merchant's
stock and only had 30% germination success. Whilst a second supply
was being ordereq two replicates of the O series were planted for
each treatment. Throughout these pots there was poor seedling
establishment by both species. The F. ovina plants also exhibited
low growth rate, dll being <4 cms high after three weeks growth.
Any further measurements were therefore abandoned but pots containing
a reasonable number of growing plants were used as control pots
and sacrificed at intervals for soil analysis, to give advance
information on the levels of the added metals in the different
treatments.

(iv) Second seed batch

Eighty per cent of the seeds taEép from the second
batch had germinated within a week, so confirming that the failure
of the first plants had been due to poor guality sced. Three
replicates of the A series weré then planted, followed by two
replicateé of the O series one week later, so that the times of

harvesting would be staggered.

- 15 -



(v) Maintenance

The pots were kept in a greenhouse with whitewashed
glass panels, Replicates of each treatmént and series were
placed in different areas of the greenhouse to aliow for any
variatioﬁ in 1light fegime, Watering was carried out almost every
day using the mininmum amount which would keep the soil surface
moist, so that significant leaching of metal icns ihrough the
base of the pots was avoided. Any possible transier of metal ions
between pots via the bases was prevented by starding the pots on

corrugated asbestos boards.

3.1.5 Harvesting

The planis in each pot were cut at 4 cm above the soil
surface at 3, 6 and 9 weeks after planting. The plant material
of each species in each pot was dried in small baper bags in an
oven at 105-11000 for about 40 hours, Each sample was then weighed

on an analytical grade balance, accurate to 1()-'5 grams.

3.2 Chemical analysis of plant tissue

3.2,1 Digestion
(1) Tissue Samples

To give @ reasonable amount of tissue for digestion, all
F. ovina material yielded from each soil treatment was bulked as
one sample. A. stclonifera was bulked in the same way., As
F. rubra had yielded a great deal more ti%sue thar: the other two
specles it was decided to compare the tiséue from plants grown in

monoculture with that of plahts grown in competition with (a)

_16 -
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3.2.2

A. stolonifera and (b) F. ovina. Thus, the 20 samples shown in
Table 7 were digested at the same time as a blank containing no
' |

plant tissue.

TABLE 7. Approximate weights (mg) of tissue for digestion

0 I so sz
A, Stolonifera 15 15 25 25
F. ovina . 40
F. rubra - monoculture : 130
" " - mixture with A. stolonifera 130
" " -~ mixture with F, ovina 65

(1i) Experimental procedure

Each sample was chopped and weighed to 10'-4 g in a
wide necked 150 ml conical flask. Approximately 10 ml snalytical
grade concentrated nitric acid was added and the mixture left
overnight at room temperature. 2-3 ml of analytical grade per-
chloric acid was then added, and the mixture heated on a sand bath.
After about one hour white fumes were observed, indicating that
ignition had taken place. As scon as the solution had become
colourless, distilled water was added to ﬁrevent evaporation to
dryness with the subsequent explosion. After removal from the
heat it was diluted to 25 ml in a volumetric flask, filtration being

unnecessary owing to the presence of only minute quantities of silica,

Lead and zinc analysilis

The concentrations of lead and Zinc in the digest solutions

- 17 -




3.2.3

were measured using a Perkin Elmer 403 Atomic Absorbtion Spectro-
photometer, with standard opereting procedure. The levels.of
calcium, magnesium, sodium and péﬁassium;were also checked in
this way but all proved to be too low to be able to give any
significant Broad Band Interference. Conversion of the measured
concentration to actual levels in the tissue was carried out by

multiplying by the appropriate dilution factor for each sample.

Phosphate_anglysis

The method was based on that of Kitson and Mellor (1544)
for determining .orthophosphate as a molybdivanadale complex.

(1) Phosphate standards

These were ell made by dilution of a 59ﬁg/m1 solution
which was made up as follows:

S0, made up

0.2195g EH 250,

oP0, in 500 ml distilled water + 25 ml 3.5M H
to one litre.
(i1) Reagent
This was made by mixing the two solutions @) and (b)
and making up to 250 ml,

(a) 0.3125g ammonium metavanadate in 100 ml 8M HN'O3

(b) 12.5g emmonium molybdate in 1CO ml distilled water
(iii) Method
1 ml of the above reagent was added to exactly 2 ml of
the digest or standard solution and the mixture made up to exactly
4 ml. It was allowed to stand for 20-30 minutes to allow the

yellow colour of the complex to develop.

- i8 -~




3.3

3.3.1

3.3.2

(iv) Specitrophotometry

The absorbanc?® of the mixtures was measured using a
Unicam SP§00 UV spactrophotometer. The phosphate concentrations
of the digests were in the range Z-V‘Yg/ml. &che (1971) recommends
a wavelength of 440 ﬂy for such meaéuramehts but at this wave-
length the}slight yellowish tinge of some of the digests gave a
small but significant absorbance. However, use of a 470 yr
wavelength for all measurements eliminated this piroblem, whilst

retaining linearity in the desired concentration range.

Germination experiments

Lead and zinc levels

As germination in the various soil treatments had been
avoided, the percéntage germination of each species was determined,
af levels of lead and zinc in ithe same range as thése experienced
by seedlings in the main experiment. Swaine et al (1960) have
shown that ammonium acetate extracts of séils contain approximately
25% of the lead and zinc removed by hydrochloric acid extraction.
It has also been shown that the zinc removed by the acid extraction
is equal to (Nelson et al, 1959; and Martens, 1968) or even slightly

!

greater than (Keefer et al, 1971) that which is available to the
plant, Accordingly, the highest ievels of lead and zinc used were

approximately four times the amounts extracted by ammonium acetate,

in the TL and SZ treatments respectively.

Method

The solutions used are shown in Table 8. Unlike thé main
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experiment; lead acetate could not be used; owing to the precip-
itation of basic lead carbonate when solutions are allowed to
-stand in air (Ephraim,1948).

Ten seeds of a single species we¥e placed on Whatman
No. 1 filter paper in Petri dishes, which were replenished with
the appropr'iatg solution whenever necessary so th:_!.t the substrate
was always moist. Twenty dishe;s for each solution.were used for
each species. The number of sé:(eds germinated in each of these

replicates was counted after two weeks.

TABLE 8: Germination.solutions

Metal concentration

Condition Solution -

ug/ml
Control distilled water Q.
Low lead 0.19 x 10™% Pb wo,), 40 Pb
High lead 0.58 x 10 4 Pb (NO,), 120 Pb 1
Low zinc 1.22 x 10 M 2n 50, 80 Zn ;
High zinc 3.68 x 10 ~M Zn 50 240 Zn

4

'
i
I
|
1
§
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4.1

RESULTS

Germination Experiments

Control

Low lead

High lead

Low zinc

High zinec

TABLE S: Percentage germination expressed as

mean t+ 95% confidence l:iJ%lit
F. rubra A, solonifera
87.5 + 5.3 64.0 + 7.3
85.5 + 5.3 49.5 + 7.3
84.0 + 5.0 40,5 + B.4
84.5 + 4.3 38.5 + 7.6
79.0 + 5.9 31.0 + 5.9

- 21 =

F, ovina
86.5 + 5.8

76.5 + 6.2

1+

76.0 + 6.3

I+

80.5 + 5.4

1+

78.0 + 6.4

t+



4.2

It can be seen from Table 9 that for every species
with each metal, the percentage germination is always greatest
in the control and lowest under high metal conditions., However,
the differenée between the hiéh and low con@itions in every case
never achieves the level of 5% significance. Certain of the
differences betweenn the control and cther conditions also fail to
reach this level, These will be considered for ezch species
separately.

{i) Restuca rubra

Lead never appears to affect germinatiorn. Zinc only
causes a significant reduction at the high concentration.

(ii) Agrostis stolonifera

Both levels of lead and zinc used gave z highly signif-
icapt reduction in germination, ranging from one—third to one=~half
of the control, This was the only species which showed a part-
icularly noticeab;e (though still not significant) difference
between the rgsults for the tvo concentrations of each metal.

(iii) Pestuca ovina

The reduction due to the presence of lead in the germ~
ination solution was clearly significant but, in the case of zinec,
the high level was needed before any significant change in the

percentage germination took place.

Growth of monocul tures

The total yield throughout the nine week period of
growth was calculated for each pot containing a monocul ture,

by summing the dry matter yields of its three harvests. The
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mean values for each treatment are presented in Table 10,

TABLE 10: Total yield (mg dry matter) of monocultures

expreased as mean + 90% confidence limits

F, rubrs A. stolonifera F. ovina
TO 35,1 + 6.4 3.8 + 1.2 12.5 + 5.8
TL 34,6 + 3.6 3.3 + 0.9 10.5 + 6.2
S0  32.6 + 4.5 12.5% 11.4 + 0.7
SZ 33.6 + 6.2 9.8 9.0 + 3.1

N.B. F. rubra values are means of 5 pots

A, stolonifera values are means of 3 pots

F. ovina values are mean@_of 2 pots

For the values marked ¥, inconsistent results combined
with the small sample size preventediconfidence limits
of any reasonable magnitude being given.

The production of F. rubra is unaffected by either
change of soil or addition of lead or zinc. A. stolonifera
cannot be proven to behave any differently owing to the unreliab-
ility of two of the results. However, F. ovina, whilst remaining
unaffected by change of soil and addition of lead, does suffer
a 20% decrease in growth (significant at the 5% level) when zinc

is added to the soil.

4.3 Analysis of the competition experiments

4.311 Verification of RYT = 1

In this and following sections general principles of

-2.“._




4.3.2

calculation will be illustrated by reference to the_égrastis
series, but they apply equally to the data of tﬁe Ovina series.

The mean yields of each species in monocul ture (MA and
MR) and in each pixture (xA andIXR) were calculated and are shown
in Appendix l.. Shown alongside are the r?lative yield values

(rA and rq) which follow from these by eqpation 2;

Ty, = XM,

The RYT value for each pair of r values was then calculated by

equation 3:

= o
RYT rA rR

!

and the mean value of the three harvests found for each ZA of

every treatment. The magnitude of these ﬁeans is shown in

Figure 1. They demonstrate gquite well th?t the RYT does not
{

deviate significantly from 1 in any treatment. Thus both pairs

of species appeat to be mutually exclusivae,

Estimation of
2 -
The most explicit explanation of this process is given
by De Wit (1960).
The ra and rR values obtained in 4.3.1 are used to give
the_/o values shown in Table 11 by using the equation 1.

n
nqu;R - Ty /' re
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4.3.3

"Harvest O" is used as reference harvest so that the efféct of the
treatments on seedling establishment will be shown. An unreligble
and inefficient estimate ofJ/Qis obtained for each harvest of

each treatment by simply taking the mean of values obtained from
each of the three mixtures. This estimate can now be improved

as follows. .It is first used to predict a relative yield value

for each see& freqﬁency of fhe exéeriment by employing the equation
¢, where the.q valﬁes are tﬁe pre&icted éelative ymélds.

no "

n 4. ° __AR " zA .and n = . “R.
A no AR'ZA + ZR R no A“.ZA +ZR

The actual experimental yields at each seed frequency
are then plotted against the correspondingfgvalues. If a good
straigﬁt line can bhe drawn for both species, then theu/?estimate
is satisfactory; If not, then slightly different values of,/oare
tried unfil the bes . straight lines for each species are obtained.
This process is illustrated in Figure 2 by oﬁe of the twenty-four
estimates ca?ried out, Where the two straight lines cannot be
drawn, the value of/f)must depend upon thelcomposition of the

mixture.

Construction of replacement diagrams

For each harvest of each treatmént; the yield of each
species was plotted against seed frequency in replacemeﬁt diagrams
(Figure 3). The semooth curves were drawn using the values of
xA and XR given in Appendix 2. These were obtained by substituting

the finalJf)estimate along with the MA and MR values from its "
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4,.3.4

estimation lines" (see example of Figure 2) into eguation 4..
This_/pvalue is given above each|replacemént diagram, It
can be seen that the diagrams for the SO treatmeni of A series harvest
2 and 3 and O series harvest 3 lack these values. This is because
A R

no straight lines were possible in their graphs of O, and O, against

q. and 1qQ

A R The points on these replacement diagrams obviously do

not conf am to the smooth curves of the adjdcent diagrams and hence
cannot be described q} equation_4.. Thus,lﬁhe species concerned have
not been proved to bs exclusive unﬁer these soil conditions and at
these stages of development. It is noteworthy that the RYT values
for the SO treatment did, in fact, tend to deviate to the greatest

extent from 1 (see Figure 1),

Course Lines

The curvature of the lihes of ihe rqiacemmnf diagiams is
only slight and hence does not give a very clear picture of the
prpgress of the competition experiments. 'i‘he caurse lines gown
in Figure 4 are much more valuable for any deducticns regarding the
outcome of competition,

_ no B | ' ' '
The '/ZA values which make up the third set of course

lines in Figure 4 were calculated b¥ the equation:
.)f;A = ¢/;R / JF;R Equation 5

The only line to show a_steady.piogressive change is that
for the SZ treatment on the JF;A diagram, This continuous positive

slope could imply that Festuca ovina will replace ﬂgggstis stolonifera
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TABLE 11:: gp Values
|
Agrostis series
Soil z .
Treatment _R n=1  np=2 n=3
T0 .75 1.5 1.1 1.4
n5' 1.5 m's 1.5
.25 1.3 0.5 1.2
mezan 1.4 0.7 1.4
corrected 1.4 0.7 1.4
mean
'ﬂl .75 0'7 0.6 0.8
.5 1-6 0'75 1.1
.25 1.4 0.9 1.5
mean 1.2 0.7 1.1
I
corrected 1.0 0.75 1.0
mean
S0 .75 1.2 0.7 0.07
.5 100 1'3 0.18
.25 0.7 0.6 0.11
mean 1,0 0.9 0.12
correctecd 0.8 - -
mean
sz .75 0.7 0.2 0.15
.5 1.4 0.3 0.4
.25 1.2 - 0.4 0.4.
mean 1.1 0.3 0.8
corrected 1.0 0.5 0.5
mean

- 28 ~

Ovina. soeries

[ s

n=l n=2 n=3
0-9 2'2 0.5
0-8 2'4 0.8
0.6 1.5 0.6
0.8 2-0 0'6
0.7 2.0 0.8
0.8 1-3 1'4
0.9 0.6 1.1
0,8 0.6 1.6
008 0'8 1.4
1-0 1'0 1.1
0.8 1.2 1.7
°-9 0'7 0.9
0-6 1'6 1.8
0.8 102 1'5
0.8 1.2 -

0-9 0‘8 1.6
1-4 1'0 2.9
1.0 0.9 1.6
1.1 0.9 2.0
1-0 0.9 2.0
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4.4

4.4.1

4.,4.2

in time..
The only other line worthy of comment is that of the SZ
treatment on the ~/GLR diagram where theh/?value remains well below

one, implying that Festuca rubra is gaining on Agrostis stolonifera.

On- all the other lines, either theé slope is minimal or the
direction of the lin® i1s not consistent), so that neither species
can definitely be siiown to be replacing the other. It fol:l.bw.s therefore,
that it is impossible to deduce any differences due to change of

soil or addition of lead or zinc, in the result of competition.

Chemical zanalyses

All results in Table 12,
Zinc

The tissue content of all species when grown on the SZ
treatment is about 2} times that from the SO treatment, For each
species, tissue Irom Teesdale soil has an ihtennediate content.
Thewe are no startling differeh‘ces between ithe contents of different

species.

Lead

The reaction. of each species to the addit:ion of lead to the
soil is very di..fferent. Wﬁereas _E_ ovina shows ne change, the tissue
content of A, stolonifera grown or; the TL treatment iIs twice that
when grown on the TO treatment, Similarly, the content of F. rubra
is five times as great. However, it should also be noted that the
TO levels of A. stolonifora and E M.are., in fact, 'as gréat as the

TL levels of F. rubra (80 ppm),
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In contrast to this, all species, when grown on Sunbiggin

soil contain about 20 ppm.

4,4,3 FPhosphate

The soil treatment does not effect the phosphate content of
the tissue. The levels in A, stdlonifera seem to be greater than in
the other two species, This could have been caused by a combination
of the particularly high dilution factor for the A, stolonifera
samples and the inaccuracy of thq phosphate analytical method gt low
concentration.

In these, as in the zinc and 1eaq results, the tissue
content of F. rubra does not appear to change whether it was grown in

monoculture or mixture,
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TABLE 12: Chemical analyses of the plant tissue

All results are expressed as ppm

Stil
Treatment Zinc Lead Phosphate
Agrostis
stolonifera TO 200 70 3400
TL 250 150 5400
SO 80 1& 2000
Bz 220 18 4100
Festuca TO 140 80 11800
ovina
TL 170 80 1800
S0 100 5¢ 1800
Sz 200 21 2000
F. rubra
monocul ture

F. rubra in
mixture with
A, sodlonifera

F. rubra in
mixture with
F. ovina




5.

DISCUSSION




DISCUSSICN

The germimation experiments provided the most statistically
reliable results of the whole project. They can be used as a guide
as to which species will have the best chance of establishing seedlings.
Assuming each species population produces the same number of seeds,

then, if the lead content of the soil is increased, Festuca rubra

will be by far the most successful. As the zinc ccntent of the soil
increases, then ¥, rubra will again suffer least, but simulsiameously,

F. ovina will be increasing its lead over Agrostis stolonifera.

Of course, there is also the probability . that one or all of these
species wil]l evolve a tolerant race. 8See,for example, the work of
Wilkins (196C a and b) on F. ovina.

When discussing the results of the competition experiments,
it must be remembered that even if a gpecies can be shown to have a
relatively good compatitive ability, this does not necessarily imply
a high yield (Donald, 1963). The Montgomery effect is often exhikited
viz, under sub-optimal conditions, a species normally having low
productivity may have a selective advantage (Montgomery, 1912).
This is partly due to the fact that innate propertiss of the plant,
such as root growth and uptake activity, may not always be employed
to the fullest extent when growing in monoculture(Bradshaw, 1969).

In these experiments, A. stolonifera was always the least
procductive of the three species and F. rubra by far the most vigorous.

The relatively large seed size of F. rubra gutcmatically gives the
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seedlings a better chance of establishment under conditions where a
major nutrient is deficient (Lloyd and Pigott, 1967). The poor
performance of é..ggglonifera is consistent with the finding of
Bradshaw et a) (1960) that it is a species which has a relatively
high phosphate reguirement for vigorous growth. Indeed, it does
appeat to take up more phosphate than the other two species.

Neither the lead level, zinc_levei or change of soil could
be shown to influence the phosphatg content of any of the three species
studied. Ho&ever, it is possible that a more accurate analytical
technique or 'use of more concentrated digestion solutions would enable
the phosphate content to be correlated with metzl levels.

The lead ccntent of the plant tissue was certainly affected

by the amount of lead in the soil. ‘It is surprising that neigher

Agrostis stolonifera or Festuca rubra suffered a significant reduction
in production when the soil was tréated with lead, even though they
both increased tﬁeir lead content by approximately 70 ppm,'which,

in the case of F. rubra was a fivefold increase.

Festuca ovina did not appear to take up any of the added

lead but it must be remembered that analyses were carried out only

on leaf tissue. It is therefore possible that lead was indeed taken
up but that translocation from the roots to, the leaves was in some
way prevented. Here in the roots, it could immobilise phosphate.

This should then reduce productﬂon but no such decrease was observed.
However, this species, unlike F. rubra and 5. stolonifera, did suffer
a statistically significant 20% loss in production when zinc was added
to the soil. Exactly the same mechanism can be postulated for this

metal. Jeffrey (1970) did in fact achieve a significant reduction
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in the growth of F. ovina by adding lead but he was (i) working
with sand culture rather than soil and (ii) comparing a culture
medium of total ;ead content 10C0 mg/dm3 with one containing no
lead at all, These present emperimentis, however, have not been able
to show that it is the level of lead and zinc in thy soil which is
the cause of the unexpectedly pnor performance of these grasses in
Upper Teesdale,

The other nain object of the project was to determine
the relgtive competitive ability of the three species. Several
changes would have led to improved results, For instance, the amount
of time available prevented the use of 1ongpr intervals petween
harvests. This would have eased the problem of the decreasing prod-
uction in all species, which ha@ been caused by too frequent cutting.

Jeffrey (1970) found that a population of Festuca ovina derived from

Teesdale was ten times more productive per unit amount of phosphate
added than a population of the same species, grown from commercial
seed, Use of Teesdale material in this projectlwould almost certainly
therefore have resulted in more vigorous growth and hence a much

more reliable analysis of the competitive interaction. Unfortunately,
collection of seed firom the field was impossible owing to the time

of year when the work was carried out,

Frum the results obtained, it is impossible to deduce with
any reascnable degree of certainty, the effects of lead or zinc on
the outcaome of compeiition., The competition experiments should be
continued for longer periods-of time ico demonstrate any clear trends.,

It is also possible ithat during the nine weeks of the experiment,
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the individual plants had not developed sufficiently rapidly to
interact significantly through space, although Van den Bergh (1968)
shoved that the total density of seedlings in the pot could be varied
considerably without affecting the ocutcome of the experiment.

It is true that these experiments have been carried out
under greenhuse conditions and without the use & a closed sward,
so eztrapqlatidn to the field situation must be rather less than
straightforward. Field investigatjgns on ceusal ecological relations
however’ are very difficult due to the continuously changing environ-
ment (Van den Bergh, 1968), so experiments.such as these, under

controlled conditions, are essential,
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SUMMARY



SUMMARY

The percentage germination of thé three grass species

Agrostis stolonifera, Festuca rubra and F. ovina was determined at

different concentrations of lead and zin¢c. Both métals reduced
germination to some extent in all species. In geﬁeral, A, stolonifera
was the most adversely affected and F. rubra was the.most tolerant,

The.same species were grown in mixture and monoculture
in soils of different lead and zinc content, in such a way that a
mathematical analysis of the competitive interference could be
carried out, using the principles of the De Wit school. The results
regarding the influence of lead and zinc uﬁon relative competitive
abilities were incon:clusive,

Production of the monogultures was unaffected by the
metals in all cases except F. qrina, which suffered a small decrease
on zinc~treated soil. Phosphat? immobilization in the roots was
suggested as a possible explanation, It ciould not be demonstrated

that the level of lead and zinc in the soil is the reason for the

reduced vigour of these grasses in Upper Teasdale.
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