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A critical examination of the usefulness of Schotield’s
Phosphate Potential as an index of P availability in Soils *

by
T. R, SUBRAMANIAN!

. Synopsis: Some of tho limitations in the method of
determination of Schofield's phosphate potential are discus-
sed. It docs not seem to be a suitable index of svailable
T for paddy and wheat erops in the soils studied,

Introduction : Considerable clarification of our ideas on phosphate
availability in soils, owes its origin to the thermodynamic approach on this
aspect proposed by Schofield (1955). According to his hypothesis, the
availability of soil phosphate is mainly determined by the appropriate
chemical potential and by its rate of decrease with phosphate withdrawal,
He advocated the determination of the phosphate potential (3 p Ca+pm,P0,)
in o standard salt solution such as 001 M CaCl, Aslyng (1954) in
studies on lime and phosphate potentials in soils and availability
of phosphate, observed that the crop yield in P deficient soil was correlated
with total P concentration in 10—*M extract. Talibudeen (1957) pointed
out that Schofield’s concept of using the free energy of the mono-calcium
phosphate as the index of the phosphate status of the soils was incomplete
in some respects. Availability of a nutrient is a function of both intensity
and capacity factors while the phosphate potential is only an intensity
faetor. It is important to know, how soon desorption processes in soil could
replenish the equilibrinm phosphate level in the soil solution; for how long
the adsorbed phosphate reserve could maintain this level and when that
level falls-so low that the nutrient ions cannot be utilised by the plant.

TFor any index of available nutrient to be satisfactory, there are two
considerations. TFirstly, it must correlate closely with erop responses to the
addition of that nutrient and secondly, the measurement of that index must
be practicable. This paper gives an account of an investigation intended
to see how far Schofield’s phosphate potential satisfies these bwo conditions.

N Experimental methods: Seventeen soils from the control plots in the
agronomic trials conducted by the Indian Agricultural Research Thstitute,
in collaboration with the T.C.M,, were fakon up for the determination of
Schofield’s phosphate potential. The Schofield - Aslyng wethod is the one
described by Moser ef al (1059).
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40 and 80 gm. lots of soils were shaken with 100 ces. o1, 00LM Gak
for 30 minutes. The clear filtered solution is analysed for pH by Be.climu.n
pH meter and colorimetrically. The concentration of phnspharus in the
extracts is plotted against the reciprocal of the quantity of soil emp}ﬂ}',ed.
The straight line passing through the experimental points is e‘xtrapd]q,bad to
zero dilution. From the pH vzlue, the calcium ion &Gt-l“'i"lt-jf in -the 0-01
M CaCl, solution and the P concentration at zero dilution. tha '« nliasnhata

patﬁntm! " is calculated.

Two other ratios of soil to solution were used and tha filtered
solutions were analysed for Ca and Mg. by titration with - standard
versenate (U.S. Salinity Laboratory Staff, 1954), pH with a.Becl:man pH
meter and P colorimetrically.

Results and Discussion: The data of calcium and phosphorus in . the
Cacl, extracts at different soil to Eulutmn ratios are nresented in-fiahles

I and II.

Tasne I

Fhosphate and Caleium al di ﬁwenl soil ; solution ratios

. : 25 1:1:95°
Textural )
. i Yy Ca P Ca, P
Soil Soil Group 'ﬂ:‘:ﬂi PH molsx10-2 Hmma.t.nmsPE moleX10** microatoms
/ litre / litre [litre [ litre
Aduthurni  Alluvium Clay 56 108 2'098 57 198 - 2508
Karjat Medium black Clay loam 63 060 0807 . 63 060 . 1613
Hiragachi Recent o BB 080 0645 57 - (080 1:452
glluviom . _ ' .
Sahaspur - o G0 070 0720 50 063 0°R0G
Mankhand o Silty clay &6 060 1°129 61 058 1'613
Trivan- Laterite Silty clay 63 085 0488 008 0-60 1-371
drum loam
Raipur Red & Yellow Clay loam 652 085 0045 54 079 . 0887
Sabour Alluvinm Bilty loam 55 083 (565 56 (81 {857
Bagwai Medium black Clay. 62 LU T 8 64 050 0726
Obeidulla Medium blaclkt Clay 63 1:04 04726 66 006 0-a07
gonj .
Powar- Deep black " i) 090 (068 68 - 008 1512
khera
Bichpuri  Bemi arid Loam 67 073 - 1210 68 068 1'210
. alluvial
Varanasi  Indo.-Cangetic |, 61 081 1°129 62 078 1036
alluvium Grey
& Brown
Nasirpur Grey & Brown Silty loam 69 -85 1-613 66 0-81 2:339
Pura Form Grey & Brown Loam 65 075 1°200 G2 083 2258
Indo-Cangotie
-alluvium
Ujjnin Madium black Clay 60 053 2016 67 083 2410

Lakmapur Medium black Clay 71 076 1-613 70 085 2116
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Tapre IL
P and Ca at differént soil ; solution ratios

1:10 1:08
Soil pH Ca P pH Ca P
mols/; x10-*  atomx10-%/1 mols/,%10-* atoms/1x10-°

Aduthurai 53 082 1'65 56 2:10 2:067
Karjat 60 0°65 9-28

Hiragachi (] 8% 1-45 B0 140 1-654
Saharpir 52 080 124 40 0°73 1447
Mankhand 5'9 071 124 56 063 1447
Trivandrum 56 092 1°03 53 003 1034
Raipur 57 087 0°83 53 085 1-034
Sabour 56 084 1:03 58 0'85 0827
Bagwar 49 0706 108 02 0.98 0°827
Obeidulla ganj 45 0°90 124 68 103 1241
Powarkhera . 63 090 103 08 1715 - 0827
Bichpuri G5 (.54 1:24 Grd 0.70 1447
Varanasi 6'5 0°83 1-03 63 0°70 1034
Nasirpur 66 0°00 2:60 63 100 1654
Pura Form 60 0-00 2:69 71 095 92687
Ujjain 78 0-87 062 67 100 1034
Lakmapur 67 0'82 0-83 61 085 14654

The soils in this investigation belong to varying soil groups and range
from loam to clay in texture. One of the assumptions in Schofield’s phos-
phate potential is the constancy of caleium. It is seen from the above
table thiat when soils differing in their physico-chemical characteristics are
considered, this constancy of calcium is not kept up. The second
assumption is the linearity in the extrapolation of P concenfration o zero
dilation. The plot of the phosphorus concentration against the solution:
soil ratios show a non-linear increase in P concentration, as the ratio of
solution to soil narrows, except in soils from Hiragachi, Raipur and Pura
farm.

Tn Table IIT are presented ¥ p Ca+pH, PO, values at different soil to
0:01 M CaCl, solution ratios.

The phosphorus concentration in the extracts is often very small,
causing considerable difficulty in the estimation. According to Wild (1959)
the method is to some extent empirical, since both the soil solution ratios
and extraction time are rather arbitrary. This seems to be borne out from
the data in Table III. Consistent decrease in phosphate potential values
with decrease in soil : solution ratios are observed in some soils while it
doe 8 not seem to be the case in others,
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TanLy IIL
Schofield's phoaphale potentiel values at different soil solulion ratioe
4 p Ca + pH, PO,
1:08 1: 20 1:125 1:10.

Aduthurai 7007 7045 (-086 7116
Karjat = 7630 T-333 748
Hiregachi 7070 7551 7210 7127
Soharpur 7143 7573 7453 7202
Mankhand 7247 7300 7284 T-290
Trivandrum 7T-205 7770 7315 7272
Raipur 7313 7517 7398 7366
Snhour 7451 7:580 7406 7:201
Bagwai 7-522 7662 T-53l 7427
Obeidulla ganj 7028 7543 T 386 7378
Powarkhoera 706 7817 7459 7302
Bichpuri 7390 7565 7530 7-393
Varanasi 7208 75560 T-158 T473
Nasirpur 7472 T-H22 7172 7081
Pura Farm 7178 T 428 7006 6000
Ujjain 7647 T-243 7219 6607
Lakmapur 7400 7635 7471 7659

3 P Ca + pH; PO, values were caleulated {rom Ca and H, PO, ion sctivities.

The data on Schofield’s phosphate potential and paddy and wheat
crop responses to phosphatic fertilisation at 30 Ib. PO, per acre in the
complex manurial experiments (1958-59) are given in Table IV. Response
for 80 1b. refer to the average of that for 20 and 40 1b. P,0, per acre

(Bxperiment 2 for paddy and 8 for wheat).

TaprLe IV,

Schafield's phoaphate potential and yield responses of paddy and wheat crops to P fertilisation

3

Paddy erop percent

Boil (micro atoms/1) at pH; PO; 4 p Ca+pH: PO, response to 30 b,
zoro dilution P, O, per acre

Aduthurai 293 G642 6812 82
Karjat 2+40 o827 6007 =35
Hiragachi 2:94 5:746- R 190
Saharpur 1:07 &-067 7237 52
Mankhond 2:07 6790 G068 178
Trivandrom 224 6765 G925

Rueipur 112 6050 7226 170
Jabour 125 G012 7182 120
Bagwai 1°68 6081 71851 278

r= 010
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Tasie IV. (Contd.)

. P Per cent response
{miero atom/1) at pH: FO, Il pCatpH, PO, of wheateropto

zoro dilution 301b Py Oy peracro
Oboidulla ganj 110 G009 78560 53
Powerklera 207 6073 7-243 10'8
Bickpuri 121 6182 7252 41
Varanasi 74 5720 63090 4-7
Nasirpur 3°18 5736 G006 G2
Tura Farm 320 5703 G873 193
Ujjain : 2°80 5818 G088 16
Lalkmapur 26 5842 7012 170
r=+ 00

The coefficients of correlation of Schofield’s phospliate potential with
both paddy and wheat crop responses are 0016 and 009 respectively which
are quite low and not statistically significant. Though the concept of
Schofield in respect of phosphate potential is admirable in some respects,
it has not proved to be a satisfactory index of P availability in the soils
studied and for the two crops, paddy and wheat. This is also in agreement
with the findings of Ramamoorthy and Subramanian (1960) who reported
low coefficients of correlations of Schofield’s phosphate potential with paddy
crop responses. This may perbaps be due to the fact that Schofield’s
phosphate potential is not an equilibrium value and represents one of a soil
disturbed as regards-its phosphate potential on the surface. The P availa-
bility does not also seem to depend on the P concentration under artificial
conditions of caleium constancy as in his method. Further, as Talibudeen
(loc ¢it) has rightly pointed out, Schofield’s plosphate potential seems fo
neglect the interaction of phosphate with organic matter and organisms
which may be quite important, pechaps in crops like paddy, which are grown
mainly under water-logged conditions. It is in this context that the
equilibrium phosphate potential, as suggested by Ramamoorthy and
Subramanian (loe cif) seems to hold promise, as it seems to take care of the
various limitations discussed.

Summery: A study of the method of determination of the phosphate
potential, as proposed by Schofield, has shown that in many respects, it is
somewhiat empirical. The two assumptions of constancy of ealcinm and
linearity in respect of extrapolation to zero dilulion do not gecm to be valid
in many of the soils studied. Schoficld’s phosphate potential does nul seemn
to reflect the available P status in the soils studied and with respect to the
two crops, paddy and wheat, as indicated by its low coeflicient of correlution
with crop responses.
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Book Review

1. ““Manures and Fertilizers™ by K. 8. Yawalkar and. J. P, Agarwal — Agri,
Horticultural Publishing House,  Nagpur—Price Rs. 8/- — Printod in India in 1962 by
Eapur Arl Press, New Delhi-5.

The Book embodies some of the facts and figures obtained throughout India in
the use of monures and fertilizors in tho different Research stations and State Departments
of Agrieulturo in the country. Dr. K. 8. Yawalkar who was for some time in charge of the
atatisticnl lay out and intorpretation of the results of the Model Agronomic Bxperiments
and simple cultivators’ fiold trials done through out Indin, has had access to all the data
available in these trinls at the Indian Agrieultural Rescarch Institute, New Dellii and has
mado a good review of the responso to N, P and K in different parts of India. With this
background knowledge he has propared a fairly comprohensive toxt book on manures and
fertilizors whinh should come in handy for students of Agriculture. It is priced fairly low
and should bo within the reach of every B. Se. (Ag.) Degree student.

& A g #*

2. ‘““Commercial Fertilisers in India —Some recommendations for efficient use ™’
by K. 8. Yawalkar, P. N. Jukate and M. M. P, Srivastava— Agri, Horti.cult»ﬁrnl'Puh]is'hing
houge, Nagpur. Prico Ra. 3. Printed in India in 1962 by Citizon Press, 11 A/I12 W E A.,
Now Dolhi. 5. . .

This is o good compondium of inorganic fertilizers in India. It gives the composition
of the major plant nutricnts presont in each fortilizer and tho doses in which they should
bo used. Besides, it has brought in all the fortilizer recommondations mads in the different
etaios in India for the various crops grown in the state. It should be a good roference book
for fertilizer mixing frms, their agents and salesmon. '

A. M. K.



