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EAA®OAOTIA.— Phosphorus soil tests and their suitability for the
assessment of available phoshorus of soils, by A.D. Simonis*,

Sui Tob ’Axadnpainod x. "Twdwov IMamaddny.

INTRODUCTION

The assessment of available soil P and the development of a reliable
index of its availability - despite the vast amount of the work which has
been done as yet [3, 4, 6, 10, 17, 19, 20, 24, 26, 27, 28]— it still remains a
continuing objective of considerable merit. The complex nature of soil phos-
phates - multitude of different forms, reactions, compounds, complexes and
bonding energies of P in the soil makes the interpretation of the chemical
behaviour of soil P and the obtaining of a more definitive measure of soil
P supply, very difficult.

A wide variety of methods for assessing soil phosphorus status, dif-
fering to their general principles and technical details, have been employed
over the years. They include: widely different types of extracting solutions
- pure or carbonated water, dilute organic and inorganic acids, neutral, al-
kaline and buffered salt extractants - anion exchange resin and isotopic ex-
change methods, as well as, electro-ultafiltration (EUF) methods. The most
reliable methods account for about 60 per cent of the variance in the P re-
sponses in the field experiments and about 80 per cent in greenhouse expe-
riments, when the plants are grown under optimum fertilization conditions
with all nutrients, except P [5].

The need for a less empirical foundation of soil analysis has led the
research workers to specify the fundamental soil parameters of intensity,
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quantity and kinetic, which define phosphorus availability in soils [2, 12, 241,
The amounts of P determined by various empirical methods, usually, consti-
tute composite indices of the quantity and intensity parameters only. Fur-
ther reserch is needed to find ways od integrating quantity and intensity
parameters with kinetic parameters to give a more uniquivocal measure
of available soil P and its availability [21].

The main object of the present work was to study the suitability of
various methods —that are commonly practised worldwide— for the as-
sessment of available phosphorus in 21 soils, taken from various locations
in Northern Greece, as defined by K uptake and dry matter yield of ryegrass,
grown in pots.

MATERIALS AND METHODS

1. Soils used and their characteristics.

Twenty one surface soil samples, representative of the main soil
types of Northern Greece, were used for the laboratory and the greenhouse
studies. The samples were taken at 0-25 cm depth. The basic characteristics
of soils used, are given in Table 1. The determination of these characteristics
was carried out according to standard procedures [13].

2. Laboratory methods of P analysis used.

The main characteristics of the methods of P analysis used for the
assessment of available soil P, are given in Table 2. Determinations of P
concentration in the various extracts were made, in duplicate, by molybdenum
blue method in a sulfuric ac’d system with a mixture of SnCl, —ascorbic
acid— HCI, used as reducing agent [25].

3. Experiments with plants

For correlations between soil analysis data and P uptake by plants
and dry matter yield, the following pot-culture technique was employed:
One kg quantities of soil thorougly mixed with 400 g of properly washed
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sand and 50 cc of nutrient solution, containing 10 mmol N as NH,NO,, 5
mmol K as KNO, and enough water to achieve a satisfactory potting consis-
tency, were placed in plastic pots. The soi's were sown, in triplicate, with
1.5 g of parennial ryegrass seed (Lolium perenne-S23 variety) and the pots
were placed on a glasshouse bench. Each pot stood in a polyethylene saucer
which was used for watering.

The ryegrass was cut con ecutively (six cuts in total) every 30 days
at soil level. The folliage was dried immediately on alluminium trays at 80°
C. After weighing, the foliage was prepared for P analysis. Total plant P was
estimated by dry ashing at 550° C and colour development according to the
molybdate-vanadate method [13]. The absorbance was read on a spectopho-
tometer at 420 nm.

RESULTS

The range and mean P-values of soils determined by the different me-
thods used, for the 21 soils, are given in Table 3.

The mean amounts (cumulative) of P obtained by the ryegrass plants
from the soils during the period of experiment (184 days), were estimated
from the individual amounts of P obtained by successive croppings - cuttingg
of the plants, and are represented, grafically, in Fig. 1.

The coefficients of correlation between P availability indices of soils
and cumulative P uptake by ryegrass and cumulative dry matter yield of
ryegrass plants - of the first cutting, as well as, cumulative of successive
cuttings - are given, respectively, in Tables 4 and 5.

Furthermore coefficients of correlation for P-values of soils with total
P uptake of six cuttings were culculated data from groups of soils, classified
on the basis of pH (<5.5, 5.5-7.0 and >7.0), texture (C, SCL and L, SL, LS),
cation exchange capacity (CEC) (<20, 20-35 and>30 me /100 g) and per cent
base saturation (<60 and>60 per cent). The results are given in Table 6.

DISCUSSION - CONCLUSIONS

Various amounts of P, differing, conciderably among themselves, were
extracted from the soils by the extractants-methods used (Table 3). Rela-
tively, small amounts of P were extracted with the weak extractants (water,
0.01 M CaCl,, 0.2 N ammonium oxalate - intensity methods), but much larger
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TABLE 3

Ranges and mean values of phosphorus of the soils determined by different

methods
No Extractant /Method Ranges of Ksan
values values
1 | Total P ppm 258.2 —1063.8 523.9
2 | 0,5M NaHCO, ppm 3.4 — 31.4 12.7
3 | Carbonated water ppm 0.04— 0.49 0.12
4 | Dist. water ppm 0.8 — 3.6 1.5
5 | 0,01 M CaCl, ppm 0.15— 1.1 0.69
6 | Bray I ppm 8.0 — 213. 40.0
7 | Bray II ppm 11.2 — 341.9 84.3
8 [ 0,5 M NH,HCO, ppm 3.1 — 30.2 11.3
9 10,002 N H,SO, ppm 12.0 — 118.0 35.4
10 | 0,2 N H,SO, ppm 17.5 — 308.0 145.6
11 | 0,2 N amm. oxalate ppm 1.2 — 12,5 2.6
12 | 0,4 N amm. lactate ppm 10.0 — 85.0 37.2
13 | Resin ppm 1.5 — 106.5 13.8
14 | Morgan ppm 1.5 — 22.8 7.4
15 | Organic P ppm 8.2 — 384.7 113.5
16 | 0,06 N HC1+0,025 N H,SO, ppm 12.8 — 289.6 110.8
17 | Rate phosphate release mgP /kgsoil /min 1 /2 0.0 4.4 0.54
18 | Phosphate potential 56 — 7.2 6.8
19 | P-requirement to give 0,2 ppm in solut. ppm | 61.5 — 330.6 199.2
20 | P-buffering capacity ppm 25.2 — T71.3 45.5
21 | EUF ppm 1.0 — 15.7 5.5
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TABLE 7
Coefficients of correlation between soil P values determined with different
methods.
g - S g 4 2
M A =] B — = Z Z = =
3= 8 5 2 » B o= n = g
# 3 4 & 3 & & 2 2 3 &
Total P - .b45 580 .475 .585 .515 .520 .692 .677 .649 ,702
0.5 M NaHCO, - - .745 715 .845 .670 .675 .755 .792 .677 .733
Carbonated water - .705 .780 .742 .702 .732 .768 .822 .749
Dist. water - .815 .735 .704 .645 .732 .818 .649
0.01 M CaCl, - .820 .820 .749 .737 .772 .713
Bray I - .659 .770 .612 .663 .704
Bray I1 - .698 .645 .768 .722
0.5 M NH,HCO, - .672 .777 .733
0.002 N H,SO, , - .668 .742
0.2 N H,SO, - .735

Amm. oxalate -

Amm. lactate

Resin

Morgan

Organic P

0.05N HC1+-0.025 N
H,S0,

Rate of phosphate release

Phosphate potential

P-required to give 0.2
ppm P in solution

P-bufferi n capacity

EUF

Coefficients of correlation >>0.652 are statisticallly significant at P<C0.001. Those between
0.537 and 0.652 are significant at P<C0.01 and those between 0.423 and 637 significant at
P<0.05.
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TABLE 7 (Continued)

g 2E L, 2.

: s f cmw, 22fgiz

g 5 & § Znsf E55°3% &

§ & 2 & 3SEERRAZAE B
Total P .638 .670 .668 .565 .802 .780 .767 .702 .732 .720
0.5 M NaHCO, .697 .895 .663 .642 .812 .765 .789 .749 .755 .915
Carbonated water JTA7 715 .662 .558 .788 .776 .772 .780 .763 .730
Dist. water 743 .690 .615 .549 .782 .735 .784 .790 .798 .778
0.01 M CaCl, 742 705 .633 .545 .798 .842 .786 .746 .763 .782
Bray I 770 .725 .642 .515 .842 .752 .793 .787 .768 .779
Bray 11 772 .870 .677 .570 .804 .749 .742 .770 .732 .718
0.5 M NH,HCO, 744 825 .548 .542 .802 .735 .782 .749 .752 .723
0.002 N H,S0, 722 .820 .549 .572 .801 .742 .749 .766 .788 .740
0.2 N H,S0, 734 .845 .572 .515 .787 .736 .755 .798 .788 .709
Amm. oxalate 752 .870 .536 .520 .822 .770 .733 .742 .780 .745
Amm. lactate - .892 .605 .520 .780 .740 .733 .742 .780 .743
Resin = 582 515 .752 .748 .752 .751 .766 .875
Morgan - .520 .533 .550 .570 .545 .502 .585
Organic P - .632 .688 .655 .655 .649 .758
0.05 N HC14-0.025 N H,SO, - .675 .766 .763 .742 .748
Rate of phosphate release - .822 .860 .795 .780
Phosphate potential - .715 .690 .774
P-required to give 0.2 - .695 .718

ppm P in solution

P-buffering capacity - .802

EUF
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amounts with the strong extractants (0.2 N H,SO,, Bray II). However, as
far as practical fertilizer advice is concerned, it is not the quantity of P
extracted that is of primary importance, but rather if it is a good measure
of the soil P status of the ability of soil to release P to plants. For this reason,
correlations between plants growth parameters, such as P uptake and dry
matter yield and of P extracted by the different methods, were determined.

The correlations between the P obtained by ryegrass and P determined
by the fifferent methods, were statistically significant (Table 4). This means
that all methods employed, were good indicators of P availability of the
soils under investigation. The best correlations, however, with the total P
uptake of the 6 cuts of ryegrass plants were obtained by: resin-P (r=0.912%*%*),
NaHCO;-P (Olsen-P) (r=0.895***), 0.2 N H2SO,P (r=0.890***) and
EUF-P (r=0.841***), These correlations were, appreciably, superior to other
correlations (Table 4), whereas the poorest correlation was obtained with
the organic P (r=0.533*). Generally, better correlations were obtained by
the quantity methods (like the former ones), in accordance with the assump-
tion that intensive growing of plants, under the experiental conditions
in pots, is mainly depended on the quantity parameters [32].

The quantities of soil P determined by 21 tested methods correlated
less closely with yield (Table 5). Again, the resin, Olsen, 0.2 N H,S0, and
EUF methods proved to be most superior to other methods. The less close
correlations indicate, that there are factors other that P supply, such as the
chemical, physical and biological soil properties, which affect yield and must
have played a role in yield production, but which had a smaller effect on P
uptake. Also, since the plants were grown for only a short period (only 184
days) rather than to maturity, the yield recorded may not have been a true
reflection on the plant’s potential growth. Under these conditions, there-
fore, P methods should be evaluated by comparing their soil P-values to P-
uptake by plants.

The correlations between total P uptake by ryegrass plants and soil
P analysis values were, generally, better on the fine texture soils (G, SCL),
than on the coarse textured soils (LS, SL, L), as well as, on the soils with
base saturation levels <609, than on soils withbase saturatioh levels >609,
(table 6).

The mean quantities of P extracted with 0,5 M NaHCO, were, nearly
as high, as the resin-P values (Table 3) and were highly correlated between
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themselves (r=0.895***) (Table 7). Resin, also, was highly correlated with
the methods of Bray Il (r=0.870***), ammonium oxalate (r=0.870%*%*),
ammonium lactate (r=0.892***) and EUF (r=0.875***). Very close rela-
tionships could be found, also, between Olsen-P values and 0.01 M CaCl,
(r=0.845***) and EUF-P values (r=915***) (Table 7).

Of all the methods tested, the extraction with 0,5 M NaHCO,; (Olsen
method) proved least sensitive to change in pH, texture, CEC and percent
base saturation (Table 6). Therefore, this method proves to be equally effe-
ctive to the calcareous soils, for which was, initially, proposed, as well as,
to the acid soils. The chemistry of the method is such that it should be of
value on acid, as well as, on calcareous soils, as there is extraction from the
surface of iron and aluminium phosphates, as well as, from the surface of
calcium phosphate [13].

It is impossible, in laboratory, to simulate the action of the root system
of the plants, and the neerest approximation we can develop, is with the
anion exchange resin. This is, generally, regarded as the best method for
the determination of the soil available P [28, 29], because conceptually the
resin method is sounder than the other methods, but it would be adapted,
in routine analysis, with difficalty. On the coutrary, the electro-ultrafiltra-
tion (EUF) method automates to a high degree the whole process of soil
analysis and provides, in addition, information relative to the availability
of many other nutrients in the same soil samples [15, 18, 30].

As far as crop response is concerned, the resin and Olsen methods are
about equal (Table 4), although one migh argue that the resin method is
more sound chemically. The Olsen method, however, is more capable of
simple automation.

On the basis of the present work results and taking the results of other
studies [28, 29, 30] into account, the Olsen and EUF methods are recommend-
ed to be use, after their calibration with adequate experiments.
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HEPIAHY H

MébBodor GvdAvong Tod &B8dpovg Yid @ocpépo xal ¥ ®ATAIAANAGTNTE Toug Y&k THY
éxtipnon tod Stabecipov @wopsdpov TOV Edapdy

Etxoot pio péBodor &xripmong wob Sixleoipov P tév E8apdv ouyxpiOnxay
ue T Sedopévar dmodoong ot Empd odolo xal mpbshndms P ué qura ryegrass,
mob mapOnxay amwd 21 dvrimpocwmevting Eddeyn, of mewpdpata otd Osppondmio.
Znpavtinds cvoyeriosts Bpélnray va dmdpyouy petald Tév TosotiTwy Tol P wod
mpooAplnue dmd T& QuTd ryegrass xal TGV TocOTATWY WOL mwpoodoploTnxay ue
Tig Sikpopeg pebbdovg. ‘H mpdodndm P dnd va gura ryegrass £€8wos tig xahdre-
peg ovayettoeig wE ) pnrivy -P (r=0.912%*%*), Olsen -P (r=0.895***), 0,2
H,SO, -P (r=0,890***) xai EUF -P (r=0.841%**), &v& % puxpbrepn ovoyé-
o mapatnenyne pE T dpyavikd xAdoux tob P (r=0,533%). Oi e -P 7ijc
enrivyg, Olsen xal EUF ouoyetilovrav oteva perald tovg. Arn’ 8keg tig pebé-
doug mod yenorpwomoryBynay, N wébodoc Olsen Ppébyxe vo Emmpedleran ENdyioTa
amd Tig ibmyreg Tob Eddpove (pH, pmyavid) obotaon, oAy Evalhaxtixd) ixavé-

e 6t xatiévie kol Badud xopeopod pe Baoeis).
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