


INTRODUCTION

Whilst it is recognised that the availabiliiy of phosphate In soils is
a major facteor limiting the productlivity of many natural habitats or ecosystems,
it is difficult to get a really relisble measure of the availability of
the nutrient in a wide range of solls, Various laboratory procedures
{chemical, anion exchange resin, or isotope dilution)} can be used with

varying degrees of success, but no one method appears entirely adequate.

The problem of finding an adequate test largely results from the fact that
these tests are designed as " spot-tests”. An inherent failure of these
methods i1s that they do not take account of the complex and dynamic nature
of the soll phosphorus-plant relationship.

Obviously, therefore, where time and manpower permit, the best approach

to the assay of soil rphosphorus availability is that which employs a plant
response, In a recent article, Bowen {1971) has outlined a plant response
method which could have considerable potential. The method determines

the degree of rhosphate stress or deficiency in seedlings grown for a short
period in soills. In his research, Bowen has demonstrated large differences

in phosphate stress in Pinus radiata, Wimmera rye-grass, wheat and, subsequently,

sub-terranean clover, when grown for three to ten days on a phoaphate~deficient
seil and the same soll to which phosphate was added, The importance of
this technique is that it may allow the detection of deficiency in the

plants long before the symptoms become apparent externally.

We have followed up these findings using sycamore and birch seedlings and
confirm that the method can produce results which may be useful as a sensitive
bioassay ¢f available soil phosphate, The following is a brief interim
account of the work we have carried out and the conclusions which we have

arrived at, so far.

Experiment 1

Forty-two sycamore seeds, seven per pot, were sown (after storage in moist

sand at 200 for eight weeks) on 3rd February 1972 in phosphate-free silver




sand. 3ix levels of phosphate were added in a standard nutrient solution
(Hewitt, 1952); these were 0, 2, 5, 10, 20 and 50 ppm. Two litres of

these solutiong were used per pot and were replenished weekly.

The seedliings germinated in March and were grown until 23rd May, by which
time clear merphological differences between the treatments were becoming

evident,
Differences are summarised:
1. No phosphate - cotyledons entirely brown and

shrivelled.

Twe palirs of true leaves

developed.

2.  2-5 ppm phosphate - cotyledons yellow-green,
Three palrs of true leaves
developed.,

3. 10-EC ppm pnosphate - cotyledons green with

veliow tips.

Four pairs of true leaves

developed.

The seedlings were harvested and the root systems were washed thoroughly
in water. The seedlings were then placed in 5 x 10'4M calcium sulphate
solution for thirty minutes. Caleium lons stimulate phosphate uptake
(Miller, et al, 197”). They were then transferred to a solution of 3

x 1071 CaS0; and 5 X 1070 of potassium dihydrogen phosphate containing
approximately 100 microcuries PjE-POA/litre at pH 6.5 for fifteen minutes
at 1800 + lGG. Most of the unabsorbed phosphate was removed Ly a five
minute wash in running water. 200400 mg samples of the root system were
cut, usually from terminal ends of lateral roots, and these samples placed
in 15 ml distilled water in a counting vial. The P3204 content of the
root was counted usintg Cerenkov radiation in a Packard Liguid Scintillation
Spectrometer. After a first counting, the root sample was removed and
weighed accurately and the vial containing water recounted under identical
conditions. This seccond counting allowed & correction to be made for
any non-metabolically absorbed Pjgﬁq diffusing from the root surface to
the solution during the first counting. Quench corrections were applied

where necesgary using the sample channels ratio method (Stubbs and Jackson, 1967 ).




The fellicowing resulis were cobtained:

Table L
Ppm whcspnate 7. of Ne. rooi C.pams DeET
in sulicrs seedlings+ samples mg seedling
golution counted oot
3 L 20 366.4 + 44,2
e L 20 264,7 + 25.7
5 2 10 °h1.8 + 12.9
1.0 6 30 7.7+ 7.3
20 2 10 118,3 + 22.5
=0 2 10 58,3 + 0.39

variatior dus to poor gerrmination

Thegse results were very encouraging and skow thnat the PBEOQ Taken un during
the fifvteen xinute Immersion period is negatively related to the phosphzte
level added <o the culture sclution The overall difference betwesen the
zmounts of P5204 uptake was significant at the 0.1 per cent probability
level, using either a reciprocal or a logarithmic iransformation of the
data. Bowen {1971) nas already demonstrated differences between soils

itn ard witheut added phosphate, but this experiment demonstrates a progressive

x|

respunise over a wide range o7 phosphate levels.

Experiment 2

Tre assay was repsated on 128 sycamore and 160 bireh seedlings, which had
beer. grown on thirteen different solls from Nerih Wales and Lake District
woodlands, in connection with another project (Helliwell, 1973} {see table
in that report for soil properties). Half the replicates had shosphate
added at the rate of 3 gm NaHEPoq.EHEO per pot. The seedlings were removed
from the scizs in the second week of September, the root systems washed
thoroughly, and immersed in Ca804 and Pjg-phcsphate sclutions as before.
Five roct samples were taken from each seedling for P}2 counting. The

results are sumnarised in Tabvle 2.




The counts per minute/mg rdot were, Within any one soil trestment, falrly
consistent. The'general level of P§2-phosphate uptake was greater with
birch than with sycamore. This result was surprising as birch is generally
considered to be able to grow better than sycamore on poor soils. However
an explanation may be that the roots of the bireh sesedlings were finer .

and therefore offered a larger surface ares/volume for absorption of the
Pje—phosphate.

The degree of correlation of the P3204-uptake regponse with the s0ll phosphate
variablés, isotopically exchangeable phosphate, total P .and P extractable

in 2.5 per cent acetic acid were not as high as had been expected; nor

was the correlation with height or weight of seedlings. It is possible

that the low correlations are assoclated with the development of mycorrhiza.

The nettle {Urtica dicica I.) which was used in the original testing of

the isotopic method, is non-mycorrhizal (Pigott, 1973, pers. comm. ), whereas
the sycamore and birch seedlings appeared to have mycorrhizal fungi on

their roots (Frankland, 1972, pers. comm.). Variability in the establishment
of mycorrhizae on these seedlings could have masked the relationship.

The relatively low concentrations could alsc be a result of the selection

of soils. In this experiment, the selected sclls fell within a pH range

of 3.9 to 5.5. This range of pH is much narrower than in.the soils used

to test the method to measure isotopically exchangeable phosphate (Harrison,
1971). Soil pH is important in controlling the size of the lablle pool

and phosphate ubtake by plants. Both tend to .be positively correlated
with pH. The omission of soils of high pH could therefore reduce markedly
the probability of detecting a correlation between the measured avallability
of phosphate and phosphate stress in the plants.

The avallable scil mass may also be an ilmportant factor. In the previous
work (Harrison, 1971), the nettles were grown on various soils the mass

of which was restricted to 200 g per plant. In this case the mass was

not so restricted, The amount of soll available for rcoting may affect
the relative importance of the intensity factor (given by mild extraction
techniques) and the quantity factor (given by isotopic dilution techniques).
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These points are to be investlgated in further experiments.

The correlations bhetween the P5204-uptake responses of birch and sycamore
seedlings were positive but not highly slgnificant indicating some difference
in response to the scils. It iz probkable That tne level of phosphate

stress in the seedlings grown on these different solls is influenceod to

some degree by factors other than that of phosphate availabiiity and that
these factors influenice the itwo species differently. This is indicated

by the results shown in Table 3. Only some 28 Lo 48 per cent of the variation
in Pjgoq-uptake response is accounted for in terms of the phosphate variables
(namely phosphorus extractable in 2.5 per cent acetic acid, the isotopically
exchangeable phosphate and the reduction in isotopically exchangeable phosphate
during plant growth), whereas between 76.5 and 98 per cent of the variation

in Pﬁeoq-uptake response is accounted for by all soll variables. This
suggests other soll factors ave influencing soil phosphate uptake by the

seedlings.

In almest all cases, the Pﬁgoh-phosphate taken up by the roois was markedly
reduced in the seedling repiicates receiving phosphate. This result conforms
to what had been eXpected. Bireh showed Lhis reduction in all cases and
sycamore in eleven out of thirteen cases. Resgponses to added phosphate

by the twoe species were however not correlated. The fact that a significant
correlation was obtained (Table #) between the growth of sycamore seedlings
and Pjeoa-uptake in soils with added phosphate tut not in soils without
added phosphate is, at first sight, somewhat surprising. However, by
reference to Table 2, it can be seen thal the variation in P§204-uptake

in soils withedded phosphate is greater than it is without added phosphate,
i.e. zome soils respond well to the addition of phosphate, whereas others
gilve no increase in growth; or, in two cases, even a slight decrease.

The additicn of phosphate has helped 19 show more clezsrly those solls which
retain phosphate in a form which is not avallable to sycamore seedlings.
Therefore, although the average amount of P520lL taken up is smaller in
seedlings grown in soils with added phosphate,-the amount which is taken
up is better correlated with the height and dry weight of the seedlings.
Nearly all the correlations beiween P3204-uptake and plant variables (Table
4} were negative, though most wers net statistically significant. These
results would suggest that phosphorus strese (i.e. deficiency) is greater
the poorer the growth of the plants, and this relationship agrees with

what was expected.
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These points zre to be investigated in further experiments.

The correlations between the P§204-uptake responses of birch and sycamore
geedlings were positive but not highly significant irdicating some difference
in responzse to the soils. 1 is vrobable that the level cof phosphate

stress in the seedlings grown on these different soils is influenced to

some degree by factors other than that of phosphate availability and that

these factors influence the two specles differently. This is Indicated

by the results shown in Table 3. Only some 26 Lo 48 per cent cf the variation
in Pﬁgoq-Uptake response is accounted for in terms of the phosphate variables
(namely pnosphorus extractable in 2.5 per cent acelic acid, the ilsotopically
exchangeable phosphate and the reduction in isotopically exchangeable phosphate
during plant growth), whereas between 76.5 and 98 per cent of the variation

in P3204-uptake response is accounted for by all soll variables. This
suggests other soil factors are influencing soil phosphate uptake by the

seedlings.

In almost all cases, the PBgoq-phosphate taken vp by the roots was wmerkedly
raeduced in the seedling rerlicates receiving prhosphate. This result conforms
to what had been expected. Birch showed this reduciion in all cases and
sycamore in eleven oul, of thirteen cases. Responses to added phosphate

by the two species were however not correlated. The fact that a significant
correlation wag obtalned (Table %) between the growth of gycamore seedlings
and P§204‘uptake in soils with added phospnate but not in soils without
added phosphate is, at first sight, somewha: surprising. However, by
reference to Table 2, it can be seen that the variation in P3204'Uptake

in soils withealdded phosphate is greater than it is without added phosphate,
i.e. some zoils respond well to the addition of phogphate, whereas others
give no increase in growth; or, in two cases, even a slight decregase.

The addition of phosphate has helped to show more clearly theose soils which
retain phosphate in a form which is not avaiiable to sycamore seedlings.
Therefore, although the average amount of Pﬁgonr taken up is smaller in
seedlings grown in solls with added phosphate, the emount which is taken

up is better correlated witn the helgnt and dry weight of the seedlings.

Nearly all the correlations between P}204-uptake and plani variables {Table
4y were negative, though most wers not statistically significant. These
results would suggest that phosphorus stress (i.e. deficiency) is greater
the poorer the growth of the plants, and this relationship zgrees with

what was expected.
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The relationships between PB"Og-uptake responses and the nutrient contents

of the seedlings have yet to be investigated.

However, all the results available so far suggest that the method may be
a very useful assay for studying the plant-soil phosphate relationship

The method appears to have considerable potential, for it could be applied:

i) t¢ the classification of soils in relation to growth potential

e

and phosphate nutrition of a particular plant species,

ii) to the assay of phosphate stress of plants growing in their

natural envlronment, and

iii) to studies in the variation in the sources of available soil
phosphate to individual species and/or factors affecting phosphate
uptake by plants.

Further investigation of this assay 1s therefore Jjustified.
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Table 4

e . o o
Correlations between P5 Oy —uptake and plant variablies

Jycamore Birech Both Sycamore Birzh
-P - S0, +P T+
Mean height
Sycamore =P -, 02 .24 -.21 -.17 -.28
Birch -P ~ 43 - -,55% -, 58% ~.32 -.50
Sycamore +P -.31 -.53 -.36 -, 60% ~.33
Birch +P -.43 =47 -.51 - 36 -, Hg¥
Mean dry wt.
Sycamore =P - -.31 -. 02 ~. 56 -.28
Birch -P - 37 - 49 -. 52 -, 21 ~ 4
Sycamore +P “-.50 ~a 35 - A2 - Gox -.1g9
Birch +P -.24 -.15 -.59 =235 =033
Total Production
(no. seedlings
times mean seed-
ling wt.)
Sycamore -P .23 -.19 - 22 -. 54 -.12
Bireh -P -39 - 46 -, 40 -, 14 - 57
Sycamore +P -, 22 -1 -~ 20 =.35 -, 12
Birch +P -.49 -. -.55% -.35 -.54
Root/shoot
ratio Sycamore ~.13 a2l .15 .32 e 25
Change in R/S

with added P .02 .13 .12 « 25 -.16

Both
T 8P,

-.27
- 35
-, e

= 55¥

- 06




Sycamore P

Birch -P

Both combined

Sycamore +P

Bireh +F

Both combined

Table 5

5 L
Intercorrelations between P§ 0, —uptake by seedlings

Sycamore Birch Both
-P -F combined
1 A5 L63%
1 LG8
1

Sycamore

+P

5

ok s

. 6E%x%

Birch
© 4P

A0

OTlH

LT 1

Both

coimbined






