





Introduction

The work described in this report was originally intconded to form the
preliming ary buckground to a more detailed study of the eirculation: of
potassium in the blenket bog vegetetion (dominated by Galluna vulgeris
Eriophorum vaginatum cnd Sghegnum spp. ) of the Hoor House ‘National Nature
Reserve.

The project arcse from the neced to collate information available on minersl
nutrient cycling in the blenket bog sites, us one of the objectives of

I.B.P. of which Moor House is a part, It was provosed to confine the study

to potassium, because other studies were under way for phosphorus end nitrogen
cycllng (3 J. P, Gorc and D. T. D‘Sylva ro spgctlvely) Iota531am has been

------

at Moor Housc. (Brown, Cﬂrllslc 2 ‘hite, 1964)

The information presentoed, thersfore, has boen cxtrected from ex1st1ng data, -
and from this a flow diasgram has becen obtained (Figurc 1), indicating the
turnover of potassium in 2 hypothcetieal your in the main component of the
vegetation, C. vulgaris. B80-90% of tho stending crop of ,vegctation on the
blanket bog is (. vulgeris. (In most cascs tlc figures have been sxtrapolated,
s0 any inadeuracics or misreprosentations wre my rosponsibility).

Theo Potassium Cycle

t.  Input

The main source of input of nutrient cations tc an arca of extensive blanket
bog is the rainfall, 2% the dcop pent doposits are assumed to cut off the
supply of nutrients from the mincral rocks below. 4 prcllmlnary investigation
(Smith: Moor Housc 9th Annual Progress Repert 1963) has showm, however, that
tritium, injceted 2t 25 cm deoth, h-d noved, over & period of 21 months,
through the whole depth of poat and into thu underlying clay. This may have
implications econcerning the movement of cotions upuards from the clay. In
the upper layers of poat, however, whers the.plant roots. are mainly confined,
the main scurce of nutrient supplv will be the decomposing organic mattor.
The cycle of production’and decomposition of organiée matter takos: place very.
stowly, becousc microbial action is hindcrod by the lack of available
nutrients, and by waterlogzed conditions in the peat.

Over a two-year perlod, the amount of potessium entering the system'via the
reinfell was 0.25 g/me/armum (Gore, 1968). This vos brsed on measurements
oh areas of the blank.t bog not likely to be affected by smoke contamination
from the field station. There was some seasonal variation in this input,
over & range of 35% of the average valuc, though this did not “npoar to bo
gorrelated W1th fluctuations in rainfall supply.




2. Output

Crisp (1966) measured the output of nutrients in a stream. The catchment
area, which included blanket bog, and limestone and alluvial grassland, was
83 hectares. The amount of potassiun in sclution in the stream water was
equivalent to a less of 0.9 g/hz/hnnum over the catchment area, and the
anount of potassium in the particulate peat matier wamshed dornstreom was
equivalent to 0.2 g/hz/%nnum. Both those figurcs mey be overcstimated for
an area of uniform blanket bhog. The loss through particulate peat matter
would be higher if erosion was serious, but in an area of full vegetation
cover, this loss would probably be unimportant. approximately 5% of the
catchment area was limestone grassland i.e. about 4 ha, Park, Rewes & Allen
(1960) cstimated by lysimetry that leachingz losses in the limcstone grassland
arcas Were equivalent to about 0,2 g/hz/annum_ This means that 0.9'g/h2/hnnum
would be lost from the remeining 79 ha. of blanket bog. The figure may be an
overestimate, howcver, duc to the action of the acid water in dissolving the
rocks forming the stream bed, which was conposed of alternating bands of
liméstone, sand, shale and glacial drift, Crisp (1966) estimated that the
limestone bands would contribute about 10 kg of the 744 kg 1055 from the
catchment per annmum.  Thercfore an estimated loss of 0.91 g/ /anmum would.
_have to be accounted for from the blanket bog and other roek bands,

3. Content of the Uppcr Peat Horizon

a) 0-5 en depth,  The exchangeable potassium content (extracted with N
ammonium acetate) was 0.036% dry wt. peat (#11en, 1964 ).. The bulk density
measurement of 0,03 g/cmd wns recorded by Iatter, Cregg & Heal (%96?),
- Bazed on thesc figures the cxchangeable potossium content of 1 m“ to a depth
of 5 em would be 0.54 g« This is of o similar order to the total potassium
~ content for this horizon, . Gore & Allen (1956) found that noarly all the
‘potassium present in the blanket pent was in cxchangeable form. o

b}  5=10 cm depth. The potassium content per unit dry woight of peat was
taken to be the same as for the 0-5 cm horizon {Allen, 1964), The bulk
‘density was 0.07 g/em” (Latter, Crage & Heal, 1967). This would correspond
to a potassium content of 1.26 g/in2 in 2 depth of 5 om. As the roots of
G._vulgaris aremainiy confincd to the top 10 cm of peat, a) and b) will
represent the zmount of potassium potentially available to this species.

¢) 10-20 cm depth. The amount of potassium present per m? of this horizon
would be 3.6 g, bascd on % potassium content of 40 mg/100 g dry wht. and a
bulk density of 0.09 g/em” {lLatter, Crogeg & Heal, 1967).

More data are required on the variotions in potassium content within the top
10 em of peat., Iatter & Cragg (1967) found a very marked decrcase in the
pctassium content of the ash in the Juncus nmoor poat profile, so that the
percentage in the ash at 5-10 cm was only 10% of the percontage in the ash at
0-1 cn. As the proportion of ash in the peat increased down the profile,
however, the potassium content expressed 2s eoncentration per g dry wt. of peat
only decreased from 0.34% to 0,056%.
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If leaching occurs to o significant extent then there may be loss of
potassium to horizons below the recting szone. ~Converscly, since a
.permancnt_watervtable exists at thesc depths, leaching lossgs may not be
importart. . This requircs further study, which might be attempted with the
use of orgenic matter tagged with radiocactive tracers, or containing elements

related to potassium, such as lithium or rubidium.

A further factor affecting the nutrient availability of the upper horizons
at any one time is the rate of releass from the organic matter, which is
dircctly dcpendent om decomposition rates. As potassium is a readily
lcachable icn, howover, it is less dopendent on the rate of organic matter
breakdosm for its relcezse then cther important nutrients such as phosphorus.

Le The concentration in tho Reots and Annual upteke based on ?Tg&qption

The Toot standing crop has been estimated as approximately 80% of the shoot
standing crop, and the potassium content as 0.1% dry wt. -(Egrrost - personal
commumication)s . The amount of potassium in the 700-740 g/n” of root materia%
would, thereforc, be 0.70-0.74k g.  Root production was approximately 160 g/m
(Forrest — pers. comm.), sc the annual potassium uptake through production
alone would be 0,16 g/t é. This generalised annual uptake figure would vary
over the period of a year due to scasonal variztion in growth rates and
petoassium content,

Without further experimentation, no account can be made of the influence of
root death, root exudation and back-translocation from the shoots on these
figures. ' : . '

. The Concentration in the éh0ots and Annual Ubtakc based.on Production

The standing crop estimate of 860-g/h2 of G. vulgaris (Forrest - pers. comm.)
and the Botasaium content of 0.28% dry weight (a3len, 1964) would give

L 2.4 wg/m€ of potassium in the ‘standing crop. - Annual production of shoots was
100 g and potassium content 0,48% dry weight., Thereforo, 0.48 g/hz would be
taken up in shoot production, Wood production was 60 g per annum and
Potassium content 0,2% dry wt. (Forrest - pers. comm,) so an additional

0.12 g/ra2 would be taken up through this.

. To study the systems in detail, allowance would. be requirced for seasonal
variation in producticn and potessium content &f the shoots (Forrest - pers.
comm., found that the shoot potassium content was 0,.3%% dry wt. in spring,
0,59% dry wt. in summer and 0,487 dry wt., in autumn), Seasonal veriation in
c1litber fall and back-translocation, and the possibly considerable leaching

- effeet of rainwatcr om the loaves of the live vegetalion would alsc be
important factors. ‘These factors could be elucidated using radio-active
tracers, or reloted ‘‘marker’' substances. The extent of rainwash from tho
leaves could be studied by sealing small areas with o waterprcof substance,
and collecting and annlysing the run-off, Comparison of the potassium
content of this, with rainfall at the same point would indicate the importance
of the leaching of fect.



6¢ Return in the Litter

Litter productlon was estlmated ag. 120 g/b /hnnum, and the. Botassium content
as 0.07% dry wt, {(Forrest -~ pers. comm.), Thus 0,084 g/m</annur potassium
would be rcturned to the pent in litter from above-ground parts. This would
‘become incorporated in the peat over a, pericd of time, but more date are
required on the rote of loss of potassium from the litter. . This has been
showm to be very repid for Juncus (Latter & Crags, 1967) where only 554 of
the originsl potassium rumined after 2 months, and 10% after 6 months.

Te LOauCS through Burnlng

!llen (1964) estimated that approximately 0.7 g/h petassium would be lost
"threugh increascd lceaching and smcke in _one burn, 1f thu standing crop was

1000 g/m”, In the estimate of B60 g/h2 taken in this report, this would be
cquivalent to a loss of approximatcly C. 08-0,09 5/&2 in one bumm. If a burn
ocourred every 10-12 years this would average at approximetely O. 008 g/h Jfannum,
and correspondingly less with more infrequent burning., The major proportion
" of the potassium released. frok the organic matter by burning appeared to be
retalned through the adsorption proy ertlcs of the peat and SEhagnum.

8s 7 Th’e Ef‘f‘ect of G-I‘a;zing inimals .
No account has been made in Flgure 1 of the relative importance of grazing
pressure in modifying the nutrient turmover, However, Crisp {1966) estizated
that the sale of sheep and wool would correspond to a loss of 0.71%54 kg

potassium gver the 83 ha catchment arca of Rough Sike, i.e. approximately
0.0002 g/m“/annum. Most of this wuuld ‘represent 2 loss from thé limestone
grassland, since this is more heavily grazed. Invertebrate herbivores probably
constituto a more important part of the animal biomass. 4As they complete

thelr 1ife cyocle on theé heather, however, they are unlikely to constitute a

loss of mutrients to the system. Similarly grouse grazing may represent a

" ‘negligible loss to the -oyele, but be & significant alternative route for the

nutrients. Based on an estimote of one bird per twc hectares {onc bird per
L-5 acros), eating 100 g per uﬁy (¥oor House grouse file), . approximately
jum% of the shfot” standing erop would be consumed in one year, or 0.06-0.08
g/h of potassium. .

The .importance of the other dominant components of the veogetation .in modifying

he'ozcle

OFf the potassium, only thht eyeling through the d“mlnﬂnt compJnunt of the
vegstation, C. vulgnris, has been considered in this report. "To obtain any
a;ﬂr0x1mwt10n of what occurs in natural donditions, however, the cyole would
have to 1nclude E. voginmatum and Sphagnum species, 1lthourh the pattern of
nutrient’ turnover is 11kc1y t6 be qulte different in these plants. -

Ks BE. vaginatum is daoper rocting than C._vulg°ri§) the potassium content of
the deeper pe?t horizons may be available to this plant. (Tt may serve as o
means of removing potassium from the deeper horizons back to the surface peats).
The rete of decomposition is also more rapid (26.2% loss in weight in the
leaves in one yeer, compared with 14.7% lcss in weight in C. vulgaris leaves:
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Heal & Lattor 9th Annual Progross Report, Moor House, 1968). It mad been
found a2t other sites that there was a very marked concentration: of potassium
in the living tissues of E. vagiratum and that mach of thla was reteined in
the tussock over winter (Frodm?n % Pﬁrklnu, 1959). If this were generally
true, then the specics weuld act 2s a reserveir, and would, therofore be less
independent on external supplics than C, vulgaris.

Sphagnum spe01es arc known toact as catisn exchengers (Anschutz & Gessner,
195L;  Clymo, 1963 & 1966) =nd this mechonism has been well demonstrated for
the genus in oxporimental conditions (Clymo, 1963). Tt has been postulated
that this mechanism is of ecological 51gn1flc anee in an ares of nutrient
dcficiency such as blanket bog (Boll 1959),  Clymc, {(1963) predicted that,
with Sphagnum production of 100 &/m /ﬁnnum, and rainfall of 125 cm, containing
2 meq.71 of dissolved cations, about 2% of these would bec retained within the
exchange complex. s the rainfall is high at- ioor Heuse, and the growing
season short, the poercentage retained may be considerably less then 2,
Poianced against the smell rctention of caticns is the leaching effect of the
rainwater which may be considerable ﬂuring heavy storms.

Experiment to determine the effect of Sphagnum on the icnic CQEEOﬂlthn,M
of rainwater leached through it

An experiment was conducted in a groenhouse to deternine whether the net effect
of passing reinwater over Sphegnum species was 2n uplake of catiens by the
Sthagnum, or a leaching effect.

Methods and Materials

Four species were used: S, rubellum, S. paplllosum S. rOCUr vUR and

S. gvspidatum. They were trimmed to remove the dend stem bases,- blotted ary
and 200 g fresh weight of each speclios placed in bucketse  The buckets were
arranged in scts to simulzte the flow of water from hwmnock to hollow.  Thus
raimmter sithoned over from 8, rubel¢ur, t¢ 8. pepillosum, ond was eollected
for analysis after siphoning over from § S. cusgldatun. The heights of the
siphoning tubes were adjusted so thot only the bases of the stems of

S. rubellum, the 'hummock' species, were submerged, whercas the whole plant
wes submerged in the 'hollow' species, 3. cusgidatum.

The sebs of buckets containing the Sphagnum  were roplicated three times, and
three empty sets acted as a control. Thcy were randomly arronged. The buckets
containing the Sphagnum were woshed through with rainwater once, to remove peat
and organic detritus, and to help to eliminate the influcnce of any bog water
left in the plants on the icnic composition of the leachates., The rainwater
used wrs collected in dustbins covered with 1 mi. terylenc gauze, in the
Merlewood grounds, The potassium content was shown by illen et zl, (1968)

to be equivalent ta 0.37 g/hg/hnnun for the year 1965-55, This was rather
higher than the 0.23 g/m2/annum recorded at lcor House by Gore, (1968),

althcugh the two ranges overlap. '
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2.5 1 of rainwater w:s passed through each set of buckets over a period of
about L5 minutes., This would be roughly squivalent to the amount of rain
during a heavy storm. A second washing was carried out on the following
day, and the two samples anslysed serarately. =

Experimental design : 2 treatmesnts x 2 times x 3 réplicates.

-
.

The rainﬁéter was filtered through Whatman No.42 filter paper and analysed
for soluble Na*, K'Y, Ca*t*t, Mg*t, NH&f and Noﬁ'. The experiment was carried
out in March. ! : : :

'Results:

The concentrations of soluble ions in the lcached and unleached rainwater
arg shown in Figure 2, and the results for the different ions are presented
in Table 1e .

It is apparent from the results that there was & heavy leaching effect in the
nonovelent cations Nat and K*, a lesser effect in the divalent cetions {the
difforence vas not significant din Cat+), nnd NHLY 2nd N0z~ ions were both
taken up. : :

It is also apparent that, for Nat, XK' and Mg'™, the leaching effect of the
rainwater was signifieantly greater on the first oceasion than on the second.

It appears, therefore, that under these conditions the leaching effect of
the rainwater on the Sphagnum may be particularly marksd in potassium,
The experiment was carried out in Moreh, however, before the growing season,
ond smaller differencss misht be recorded if it were repeated during the
- Summer,  Also, under ficld conditions the rate of rainfall would not be so
“consistently high. It might be expected that at a slower rate of addition,
the leaching woald be Less marked, These results do not agrec with those
obtained by 21len, (1964) who showed that ths Catt and Mg+t content of
synthetic minwater that had percolated through 2 colwan of Sphagnum species
Wwas lower than in the untreated solution.  The K* concentration was siightly,
though not much, higher. -

Purther investigations carricd out in the ficld would determine the
importance of the lcaching effect versus the adscrptive capacity of the Sphagnun,

Inferences

The flow diazgran presented in Figzure 1 is only & preliminary step in deftermining
the cycling of potassium in the blanket bog. The amounts of potasgsium
transferred within the cycle will vary conasicderably from year to year; and,
within any cne ysar, seasonal variationm is likely fto be important, However,
in presenting in this form the daots initially nveilable, the shortcomings and
missing links are more readily crnparent. 4 dynemie model of the type shown
by Gore & 0lson (1967) ints which seasqnal-variation; and other variable
perameters, e.ge rainfall input, can be built, would appecr to be the ideal
soluticn.  This was envisaged ~s the final 2im of this project., 4s mineral
nutrient uptake is dcpendent upon the growth of the plants and, therefore, upon
photesynthetic processecs, it mey be neccessary initially to understand how the
flow of ozrbon and energy occurs in the blanket beg system, and the factors
influencing their mteos of turncver.
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Prom Figure 1, however, certain features are apparent:—

i. The input in the rainfall is considerably less than the output in
run-of f and through ercsion, even if allowance is made for the fact that
these may be considerable over-estimates, Doeg this mean that the potassium
supply of the system is continually running down, and, if sc, how long will
it take?

2. The various mamagement techniques employed on the blanket bog, i.e.
burning and sheep grazing, result in insignificant losses of potassium compared
with the 'antural’ lcsses, though indireetly, they may be important if they
accelerate erosion.

3. A greater cmount of potassiur is lccked up in the standing vegetation
than is found in thc top 10 cm of reat, This emphasises the importance of
the recycling of nutrients by decomp;iihion ¢f the littcr, and through lesching
of the live vegetation. It 2lsno ind¥ertes the pessible importance of

E. vaginotum which, because of its deeper rooting system, may return potassium
to the surface from the deeper psat layers. The higher eoncentration of
nutrients in the vogetation than in the top layers cof poat contrasts with the
situation found on heathland overlying o minerel scil, On the Dorsct heaths,
overlying soil derived from the Bagshot sands, Chapmon (196?)0found thet the
total gtassium content of the top 20 cm of soil wes 28.8 g/nm“, compared with
54 g/m” in the top 20 o at Meor House, and the amcunt in a 12 year stand of
vegetation, meinly C. vulgrris, was 3.4 g/m” (about the same ns at Moor House).

b, From Figure 1 it appexrs thot the untake per annum cut-weighs the loss
through the litter, This would imply 2n increasing concontraticn of the
potassium in the standing crop with incressing age. This dces not occur; in
fact, the concentration tends to decrsnse with age as the proportion of wood :
green shoots increzses and the wood contoins less potassium. dgein this may
indicate the necessity to study the leaching losses from the live vegetation,

is the concentration of potassiwm in freshly faller litter is low, (0.07% dry
weight}, the leaching effect may be rore pronounced from the older shoots before
they fall as litter.

5. The annual uptake of petassium by the plants is of the same order of
magnitude as the content in the top 10 cm of peat, This cgein emphasises the
impertance of recycling potassiur, arnd may bes an important factor in competition
between species, particularly in the case of trees planted on the blankst bog.
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Table 1. (continued)

++
i

b‘l Lﬁ

Experimental Tactors

Treatments -~
Times -

Interzctions -~

Treatments —

Times -

Interactions

6. NO,

Treatments -
Times -
Interactions

iMaan Standard error

Leachad .67 + 0,08
Contraol a.45 + 0
1 0.6l + 0,09
2 0.48 + 0,02
Leached 1 0,83 + 0,08

" 2 0.50 T 0.03
Control 1 0.L5 T 0

H 2 0.L5 Z 0
Leached 0.17 + 0,03
Control 0.55 T 0.03
1 0.57 & 0.03
2 0.36 + 0,09
- Leached 1 (.18 T 0.06
- 2 0,17 50,04
~ Control 1 0,55 T 0.05
- " 2 0,55 ¥ 0
Leached 0,38 + 0,03
Control 0.45 ¥ 0.02
1 0,40 + 0,02
- Leached 1 0,35 ¥ 0,05
- "2 0,33 + 0.06
- Control 1 0.4y + 0
- v 2 0.46 + 0,01

Significance from analysis
of variance
P =0.01

P = 0.05
A11 differences significant
at P = 0,05 except
between control
1 and 2.

F =001

Not significant

Not significant except
between leached 1 & 2 and
control 1 & 2 (P=0,05)

P =20.01
Not significant

Net significant except
between leached 1 & 2 and
control 1 & 2 (P=0,01)




Table 1, Resilts in the Sphagrum leaching experiment.
| (soluble don ccnoontreticns 40 pepem.)

1, Na*

Experimental faotors - ‘Mean- -Standard error - 8ignificance from analysis

Trogtments = Leachod 733 + 081 of varisnoe
« Contrel - &7 x"0.0G Pu 0,04
meﬂ . -1 6.05 :l:. 1.18
-2 S i -4 0.54 ' P = 0,01
Interactions = Leached 1 8,70 + 0.20 A1l differences significant
- "2 597 + O40 at P = 0.01, exoept
- Control 1 3.37 + 0 betwecen control
- " 2 3057 + 0,09 1 and 2,
2. k¥ . .
Treatments ~ Leached 1017 + 2.1
- Control 0,39 ¥ 0.0l P = 0,01
Times -1 7.35 + 3.83
-2 ot e 3019 t 1.?’-& P = 0.01
Interactions ~ Leached 1 14,37 + 0,80 411 differences
- " 2 5.97 +« 0.7 aignificant at P = 0,01
- Controt=1 G.36 ¥ 0,02 except between
- "2 0.41 + 0,06 control 1 and 2.
3. gt
Treatments ~ Lecched 1.92 + 0,54
-~ Control 1.62 + 0.07 No differences
Times -1 2.10 + 0,58 significant at
-2 1,43 ¥ 0.10 P = 0,05
Interactions - Leached 1 2,57 + 1.10
- " 2 1.60 x 0.12
=~ Control 1 1.563 + 0,82
- " 2 1,60 + 0.10




Concentration of soluble icns (ppm)
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Flgure 2, Concentration of soluble ions in rainwater lesched through a series of Sphagnum species.
Flein histogram ~ leached rainwater

Hotched hiatosrram - unireated rainwater,
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Pigure 1. Potassium circulation in the Moor Houso blanket bog and Calliuna vulgarin (sﬁz/aﬂmm)






