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Introduction

In the current studies of the phosphorus status of some Lake District
woodlands {Merlewood Project 307), an essential requirament is & method to-
assay the ambéunt of readily-available phosphorus in seils.. The cﬁrreﬁtly
and’ rather extensively used extraction procedures, using 2.5% acetic aeid,
L00Z sulphuric &6id (Truogs) and 0.5 M sodium bicarbomate 4t pH 8.5 (0lsen)
saiﬂfibﬁé*weré*cbﬁéiﬁbréd-to be unsatisfactory for this study for the C

following reasons:

1} it is customary to air-dry soils before carrying out the extractions;
this is known to reducc the amount of labile and extractable phosphorus in

“'soils.and to refuce its availability to plants (1, 2, 3J.

2) - The degree of partition’of the phosphete betwsen the -seil phase and ™
the extractant solution varies from soil to soil (4). Neither the degrae of
partition nor its variation from soil to soil arc normally teken into accoiint,
3Y The extractant may hydrolyse "unavailable" soil phosphorus and. the dcgree
of attack may vary from soil to soil (&, 5).

Measurement of the quantity of availeble phogphorus in soils is perhaps best
cerried out By isobops dilution methods (6). Such mcthods;- particularly

if carried cut on fresh soil samples, may overcome the above oriticisms.,

- A'number of ‘methods for estimation of isotopicslly-cxchahgeable phosphate in
s0ils have been proposed (c.ge 7 =~ 14) ond some have been shown to give
cstlmatcs which correlate well with the amount of phosphorus available.to -t
plants (e.gz. 15~18) : o L

- Unfortunately one cennot assume that any method providing good estimates for
one soil series will give cqually rclieble date with afiother scries. = It was
necessary therefore toc sercen a number of methods for their applicability to
Lake District woodland soils. The tested methods were compared: by calculation
of the correlation coefficients between the values obtained and the aimount of
Phosphorus extracted from the soils by nettle (Urtica dioica L.) pIants during
a short growing period. '
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This brief report gives dctails of a} the best method, b) results obtained
with it, ¢) a compariscen of these results with those of the 2.5% acetic acid

extraction technique and d) general background experimentation and discussion.

Materinls and Methodg
SOILS

A total of 16 50113, wll broudly clnsszflable as brows earths, wcre used in

thls study. At lcast one 5011 samnle was taken durlng March from each of the
ten wcodlands belng studled in Progcct 307. The sumplcs, all from the D—5cm
horlzon (11tter layer was 5parse on sample arexs but where it occurrud 1t was
removed beforc taking soil sample) vigre selected to give 2 w1de range of pH &nd

organic matter conditions. Details of the soils are given in Table 1.

RDWTH OF THE NEETLE PL;NTS \ S e e L i
A1l the 30115 were 51eved ()nm) 1n tho fresh condltlon and an. amount equivalent

to 200 gms oven dry~wt. (105 c) was weighed 1nto 124 Sem dmameter plnstlc plant
pota, 8ix repllcates Were prepored for each soil. | Rhizome matarlal of the
nettle, a2ll from the same clone, was dug up in March.from Mcrlewood grounds
before any noticeable growth hed been formed. Sections of healthy rhlzome 1cm
.1n length each with at least onc bud and a small knot of roots were randomizged
_(ran&om nunber tables) among the pots and planteﬂ one per pot to a depth of
0.5cm. The pots were randomized (rdndom number tablas) on a bench in a glaaSH
house, without temperature control. The soils were maintzined at a moisture
content (r&ngo 68-96% WHC) approximately that on colleetion. . After o growth
perlod of nine weeks, from the end of March to early June, the total plant WS
harvested &nd the roof system clcaned of soil partlcles using 2 small palntbrush.

ISOTOFE-DILUTION METHOD L
Sub~-samples (2gm) of fresh sieved soil wore shuken for 30 mlnutes at 20 C in 20m1
distilled water. After this 80 mls of water contalnlng QOug phosphate

(KH l|_) and 1 microcurice of carrier-free P3 04 wa s ﬂddod. The suspension was
shaken for 30 minutes ut 20 C. Tho specific act1v1ty of the centrlfuged _
solutlon w&s then measured. Thc 1sotoglcally—exchangeable phosphorus wa.s
calculated from the formula [

B N T |
'j wherg A = amount of phosphate carrier (20ug)
Sa = sp001f10 act1V1ty of the phosphate added
Sb - STQlelc uctlv:l.ty of the solution after shaking
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The phosphate in soclution was measured by the method of Murphy and Riley

modified for soils by John (19, 20). The Pj? vas counted on planchettes

using an end—window.Geiger—ﬂillerftubg assembly.

EXTRACTABLE FHOSPHATE METHOD
. The extractable phosphate values were obtained by a standard Merlewood Chemical
Service analytical procedure. The analysis, as is cuatomary was carried out
on sir-dried 2mm sieved scils., The procedure iavolved shaklng'soil in 2.5%
agueous acetic acid {soil solution ratio 1:25 w/v) For 60 minutes at room |
.temperature. The phosphate in solution was ossayed by the stannous chloride/
HCl reduction method, :

RESULTS

The total uptakc of phosphorus by thu nottlc plants from the soils is given 1n
Table 2, together with the anount of isotoplcally~exchangeable phosphorus in
micrograms, The coefficients of correlation betwcen the means of total uptake
of P by the plants ahd the isotopically-exchangeable P on the basis of seil

weight and soil veolume respectively wore + 0,798 and + 0.85.

The amounts of phosphorus extractable in the 2.5% acetiec acid on a weight and
volume basis together with the extractable P values éxpreﬁéed as a % of the
isotopically-exohangcéblé P are given in Table 3, Coefficients of correlation
between the uptake of phoéphorus by the nottles and the extractable phosphorus
on soil weight and volume bascq wore =0, 38 ;ﬁd ?O 13 réspectively. The
extractable phosphorus valuss arc generally con31acrab 1y less than the
1sotoplcallyeexch@ngeublo figures.

DISCUSSION

The nettle Urtica dioica L. was selected for these expcriﬁents for the
following rcasonsi-— : _

1. The plant species is phogphorus—scnsltlvo and has been recommended for use
as an 1nd1cﬂt0r of 5011 phosphorus availa bility (21).

2, The plant oceurs on a w1dc range of soil tvpes and tol& rates o Wlde
'spoctrum of soil pH condltlons (22). _

3, It is a woodland plant and it produces easily obtained and cﬁltured clbnal
(rhizﬁme) material, o - -




-

Regerding growth conditions of the nettle plants, & number of points werc

taken into consideration. ' -

To reduce to o minimum the physioclogical disturbence to the plants, the rhizome
gections were planted before'Spring 5rawth.had bagun. The solls were not alir-
dried before thc potting coperation and were maintained at avproximatcely the
coriginal moisture content; salr-drying of soils rééucés phosphorus avaiidbility
'to'plaﬁts (3)e The plants were grown in & rustricted mass of soil to onsure
that tho plants'produced roots throughout the soile The growbh pericd was
limited to 9 weeks to roduce the time for possibl:.changos in P-availability to
Qccuf, though long encugh to demonstrote differenccs in plont response to the

acils,

The method for measuring the isotopleally~cxchangcable phosphorus in soils was
the "earrier-mothod” doscribed by dmer (93, medified as follows:

a) fresh soil was used instead of air-driod

b}  the phosphate in solution was measured by a nuch more scnsitive and

féproducible method (20).

T™e compratively short period for exchange (30 mins) was given se 2s to reducs
the effects of reerystallizaticn ond self-diffusion (9) and minimize the
iﬁterferencc of mioro»organism‘dnﬁ s0dl enzyme activity, Furthermore the a;m
was to find a method to cstimote the roadilyﬂavailéble:phosphorus; the most,

rapi&ly exchanging phosphaté is likely to be the most readily available to plants.

The rosults indieate that oﬁly a small prbportibn of the total phosphate
compliment of the soil (from 0.2-6.4%) is veadily-evaileble. This proportion
appears to be related to the soil pH, the smaller aroporticns being sssociated

with the lower pH's.

Tith most of the soilé, the extractable phosphatc values werc consi’erably lower
than the isotorically-cxchangeable figures (4.5~5&;4%). These Lower figures

coen be maiﬁiy attributed to a 1qﬁ degrce“ﬁf partition of ﬁhe phosphﬁrus froé.the
301l sclid phase to the extraction soiﬁtion._ To general the magnitudé.of the
differenee in valucs Gf the two nethods is rélated directly to the phosphate
fixing-capacity of the soils. Air-drying of the soils hss probably alsc
feéﬁced.the quantity of Qhasﬁhéte cxtracted by acctic acld, In the cese c£ 

scil number 3 howover, thce extractable value was uDO% greafér than the -
exchangeable figurc., This suggoests that the acctic acid had attacked unavailable

vhosphorus" in the soil. The same might apply to soil nunbor 8,




These findings indicate that the extraction method using 2,55 acstic scid is of
Iimited value in assaying the rcadily-availsble phosphorus in woodland soils.
The low negative correlations beticen the plant uptake of phosphorus and the

C 3 ] - I
2,5% Ha extractable zhosphorus rcinforces this view.

From a practical standpoint, the isotope method i3 easy to carry cut and thus
amenable to routine worke It does however consume more time or manpower, than
the extraction methods. The significance of thoe resulis is however far greater

end thiz therefore compensates for thoe extra effort.
4 compubter program (FORTRAN) has been written to ealculate the quantitiss of

isotopically~exchangeable phosphorus by acil weight and/cr volume, from the

basic date,

STATISTTGAL AfPRNDIX

T Cerrelation between the total phosphorus content of the nettle plantsand
rnettle dry weight wes +0.88 significant at the > 0,1% level, d.f.77
2s There was no significont 2ifforence in the variation in phosphorus uptake
by nettles between szils,

F ratic 1.4 4f 1 anc 14
3+ Values for P uptake by nettles from any soil gencerally showed a normal
distribution about the mean 2s shewn by the ¥ tests for small samples (23).
L. The correlaticn coofficicnts between mean phosphorus uptake by nettles and
the isotopically-exchangeablo rhosphorus in the scils were significant at the
1% level.
5. The correlation coefficients between mean phosphorus uptake by nettles and
the 2.5% HA® extractable phosphorus weore not significant at the 5% level.
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Table 1

ﬁbodl&nd
of origin

Wintering bark
Bogle Crag
Town Znd

Monk Coniston

Low Wood

Intake

Birks Brow (a) )
Rirks Brow (b) )
High Birks
Honeybee (a)
Honeybee {b)
Meathop (a)
Meathop (b)
Meathop (c)

Meathop (d)

R

Meathop (e)

Grid
ref erence
(SD)

367368
359929
362962
325977
33705

342049

13092

420907

481903

435795

Trree specles associated
with area sampled

Birch, 0zk,

Qak

Holly

Qak, Hazel, Becch

. Hamlock

Fir, Sycamore, Beech

Beech, Pine

Sycanore

Sycamore, Eider

Oak, Birch, Ash

Hazel, Sycamore, Ash, Yew

Yew, Qak, Ash

Elm, Hagel,
Ash, Hazel,
Ash, Birch,
Hazel, Ash,

Cak, Hazel,

0ok, Birch, Ash
Birch, Yew

Qak, Yew

Oak

Elder

Solid Geology®

Slate
Slate
Coniston grit
Coniston grit

Borrcwdale
veleanic

Borrowdale
volecanic

Slate
Siate
Slate
Carb, limestone
Carb. limestone
Carb, limestone
Carb. limestone
Carb, limestone
Carb, limestone

Carb, limestone

* Take District soils are mostly derived from drift,

Soill
TH

.05
3495
4.05
4..50

La40

5465

425
3495
3.85
7465
7.85
5.95
6,05
5415
5.80

5.2

% Loss on
Ignit%on
(550°¢)

21.7
25¢4
3345
191

15.9

Thely

2745
27.6
2hab

16,8

1343
15.0

12.3



Table 2

So0il number

2

M~ v AT N

i
12
13
i

15
16

¥ean P
uptake
by
netties

163
75
75

123

261

296

269
30

266

108

18

483

337

316

265

138

Micrograms
isotopieally
exchangeable

phosphate
per gm.
{oven dry wt)

16,2 + 2,0*
8.0
1.5

14.9
6e2

15,7

27.3 & 545
2.6 + 0.5
6.1 + 1.0

12,2 + 1.0

Ghe3 1 1.5

35,0 + 2.0

30.6 + 2.0

1647 + 3.5

170 + 145
B8 + 0.5

— —
- .
40 T dn

A S

1.5
1.0
0.5

SO A A

Micrograms
Total
Phosphate
per gm
(oven dry Wﬁ?

500
890
790
73
920
660
620
900
720

Micrograms
Tsotopically
exchangeable

Phosphate

per cec

a2
1.9
0,8
Te7
3.2
8.9
1544
1.3
be3
846
18,7
274
1642
13.2
1046
7e2

Mic'rograms
total
Phosphate

per cc

222
206
393
374
L79
375
290
k55
506
690
362
429
296
339
287
302

% Total
Phosphate

readily
exchangeable

3e 24
.92
0,20
2,06
0,67
2.37
5.21
0.29
0.85
1.25
h89
€439
Self
3459
3.69
2.38




Table 3

¥icrograms HMicrograms bxt, P
Soil Ext, P Ext, P as %
PET Zli. PeT Ccom Labile P
1 144 0.62 8.65
2 2.6 0,62 32,5
3 7.2 3,2 400,0
k. 2,7 1.4 18,1
5 1,8 0.93 29.0
3 1.7 0.96 10.8
7 2.5 1.38 9.15
8 2.6 1430 100,0
9 2.1 1,48 Blaly
10 2t 1.69 19,6
11 1.9 0.80 b3
12, 1.8 141 515
13 2.4 1,27 7485
14 1:9 1.50 11437
15 2.1 132 12423

16 1.0 0.82 11,38





