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CORRELATIONS BETWEEN BRAY 1, BRAY 2 AND ISFE! {Volume)
SOIL--P EXTRACTANTS

A J BUYS & G C H VENTER, FSSA

introduction

Since 1864 the soil analysis laboratories of the fertilizer
companies in South Africa have been using the Bray No 2
{1:7,56 extraction ratio) extractant {Bray & Kurtz, 1945} in
a standardised soil analysis programme (FSSA, 1974). Only
the extraction ratio was modified. At present altogether 15
laboratories — 10 from outside the fertilizer industry —
are using the standard methods of the FSSA.

The usefulness of the Bray No 2 extractant for alkaline
soils — defined here as soils with pH{KCI} - 6,0 — and for
soils that had received applications of sedimentary rock
phosphate, have for a number of years been questioned,

The Bray 2, citric acid, Truog and double acid North
Carolina methods have been done unsuitable for P determi-
nation in calcareous soils and soils that had been treated
with calcium rock phosphates (van der Merwe 1980}, The
Olsen bicarbonate method {Olsen, 1954), or Hunter's
ISFEI modification hereto {Hunter, 1974}, or the Bray
No 1 {Bray & Kurtz, 1945) weak acid extractant had besn
suggested as alternatives for Bray 2. Van der Merwe {1980)
maintained, on the evidence of correlation experiments,
that the ISFEI, Bray 1 and water extraction methods
should be considered in the choice of a method for soil~P
extraction with a view to reference and communication
Purposes. He suggested that the ISFE| method had to be
preferred for a standard reference method for the RSA.

An investigation has been done to compare Bray 2 with
Bray 1 and with ISFE! {volume} with a view to possible
chznge-over. To be acceptable, for purposes of crop vield
prediction and fertilization recommendations, a new me-
thod must be at least as reliable as Bray No 2 for acid soils
where no sedimentary phosphate had been applied. .

All P calibration work by the FSSA has been donz with
respect to Bray 2 on acid soils that had not received sedi-
mentary rock phosphate. As the Olsen type of method is
accepted as sufficiently reliable for alkaline soils, and
because ISFE! {volume) has béen accepted as a reference
method in the RSA {not necessarily a standard mathod)
the new method should be well correlated with the ISFE]
(volume} method. All P values are given in mg/kg soil
("ppm’) or mg/litre soil ('ppm’), the latter applying to
ISFEI (volume}.
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Results : Early work reviewed

Van der Merwe (1978) reported very good correlation
between Bray 2 (1:7,5) and ISFEI {volume} and between
Bray 2 {1:7,5) and Bray 1 for a mixed batch of soils. (See
Table 1}. Méhr {1975) also found very good correlations
between Bray 2 (1:7,5) and Bray 1 for acid soils {soils of
field trials), alkaline soils (soil analyses submitted by Fed-
mis’ soil analysis laboratory, Sasolburg) and soils to
which sedimentary rock phosphate had been applied (soil
analyses submitted by Chemfos’ soil analysis laboratory,
Meyerton). The regression equations for alkaline soils and
rock phosphate — treated soils are, however, quite dif-
terent from that for acid soils (See Table 2).

TABLE 1 Correlation between soil P extractants on
different soils {Van der Merwe, 1978)
(See Figures 1, 2 and 3)

n Methods Regression Correla-
equation _ tion co-
efficient, r
36 ISFE1 (voll{Z) vs Bray2 Z = 1,08 +0,63 X 086 **
{1:7,5) {X)
F
36 [oTElhollZ)us Z = 107+149Y 085+
Bray 1{Y}
36 Bray 1 (Y) vs Bray 2 Y = 1,44 +0,42 X

(1:7,5) (X)

(Y vs X was calculated from the other regressions, See Figures 1, 2
and 3}
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TABLE 2 Correlation between sofl P extractants Bray 1
(Y} vs Bray 2 (X) (Mdhr, 1975)
n Soils Regression Correla-
aquation tion co-
efficient, r
many Acid soils, FSSAmaize Y = -2,03 +0930X 0,88

trials

27 Soils treated with sedi-
mentary rock phos- Y =-1248 +0526X 030**
phate — ex Chemfos

{See Figure 3)

280 ‘Alkaling’ soils:
pH{KC1}>6,0

— ex Fedmis
{See Figure 2)

Y = —19,07 +0,793 0,84 “*

The difference between the regression equations in Table 1
and Table 2 may partly be ascribed to the possibility of
high pH and sedimentary rock phosphate applications in
the case of Table 1, since the soils used were a mixed batch.
From Table 2 it is clear that both pH (alkaline range) and
type of phosphate applied to the soil have significant in-
fluences on the equations, Bray 2 always giving higher
{probably too high?} values than Bray 1. Table 1 shows that
for a mixed batch of soils Bray 2 gives higher values than
both Bray 1 and ISFEI {volume). It also shows that ISFEI
{volume) gives slightly higher values than Bray 1.

Resuits : 1979 soil analyses
FSSA maize trials

Acid soils; no sedimentary rock phosphate applied; several
soil forms.

The P analyses of the individual plots of ten FSSA maize
trials conducted during the 1978/79 season were used in
this correlation study. Bray 2 and Bray 1 soil P were done
for zll ten trials, but {SFEI {vol} soil for only four of them.

The trials were situated in the Eastern Transvaal Highveld,
North-Western OFS and Western Transvaal. The regression
equations and correlation co-efficients are given in Table 3.
All the correlations are highly significant.

In Table 3 the earlier results are confirmed, viz that Bray 2
gives higher values than both Bray 1 and ISFE?1 {volume},
the latter two giving almost identical results,

Fedmis, Sasolburg — farm samples 1979

The results are given in Table 4.
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TABLE 3 Correlation betwsen soil P extractants for P
values between 3 and 65 mg/kg soil (Bray 2)

{Venter, 1879) (See Figure 1}

n Methods Correla

tion co-

Regression equation

efficient,
r

475 Bray 1 (Y) vs Bray 2(X) Y .=-0,465 + 0,920X 0,985**

174 ISFE] {voi} {Z) vs z
Bray 2 (X}

0,124 + 0,895X 0,963**

0,85 +0,963Y

N
t

174 ISFEL {vol} {Z] vs
Bray 1 (Y}

{Z vs Y was calculated from the regressions for Zvs X and Y vs X
both with n =174) ’

TABLE 4 Correfation between soil P extractants —
Fedmis® routine farm samples (to 50 mg/kg P,
Bray 2) : Bray 2 (X) vs Bray 1 (Y)

Soils Number of sample Regression equation Correla
pairs tion co-
efficient,
r
Acid 5 elass intervals
soils {10 mg/kg Bray 2] )
22 weights Y = 0,73 +0,681X  {0,996)
{See (228 individual .
Figure samples)
11
‘Alka
ling’
soils: 32 individual Y = 1,02 40,233X 0,489**
pH(KC1) samples
>8,0
{See
Figure 2)

{ } This r value represents correlation of data pairs within class
intervals.

The 228 acid soils of Table 4 represent a great variety and
may include some samples from lands reated with sedimen-
tary rock phosphate. :
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The correlation between the two methods for atkaline soils
is poor, probably due to erratic pH-dependant Bray 2 va-
lues, especially in the high P range {(Bray 2). The Bray 1 va-
lues are probably more reliable in this case. The few values
above 50 mg/kg P, (Bray 2} were not taken into account,
but nevertheless fit regression equation fairly well. This sug-
gests that the relationship holds for higher P values, prob-
ably up to about 70 mg/kg P, Bray 2,

Triomf, Potchefstroom — farm samples (1979}

The results are given in Table 5.
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TABLE 5 Correlation between soil P extractants -—
Triomf's routine farm samples : Bray 2{X] vs

Bray 1Y) up to 70/80 mg/kg P, Bray 2

Saoils Number of Regrassion Correla-
samples equation tion co-
efficient,
r
Acid solls 8 class intervals
(10 mg/kg P, Bray 2) ¥ =092 + 0,737 X (0,9997)
57 weights
(See {1 131 individual
Figure 1) samples)
Alksline” 7 class intervals
soils: {10 ma/kg P, Bray 2}
pH{KC1) 11 weights Y =122 +0,628 X (0,998}
> 60
{See {109 individual
Figure 2) samples)

{ )} These r values represent the correlation of data pairs within
class intervals.

TABLEG Mean soil P values for P treatments (FSSA
Maize trial M3/5/78]) (Venter, 1973}

Mean soil P, mg/kg sail
{for all N and K levels}

P treatment

No Kg Pfha Bray 2 {(X) Bray 1{¥) Meanvisld
kg/ha
PO 0 17,6 159 6204
P1 a5 339 31,7 6 865
P2 190 564 52,1 6884

FSSA Maize trial M3/8/78 (Soatmelk series, Avalan form)
{Venter, 1979) -

Regression equation for Bray 2 {X) vs Bray 1 {Y) for all b4
plots {3 replications; N; P and K treatments:

Y =-0,185 + 0,837X {r =0,984"* ")

The correlation on this acid soil is very good. The experi-
mental results are summarised in Table G.

The correlation between P extracted and yield was also in-
vestigated. The correlation co-efficients are given in Table 7.
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TABLE 7 Quadratic correlation co-efficients (r) for P
extracted by Bray 1 and Bray 2 vs maize yield
for different N treatments (FSSA Maize trial
Ni3/5/78) (Venter, 1978) (n =54)

kg N/ha N N2 N3
Bray 2 0,595 ** 0681 ** 0,480 **
Bray 1 0,510 *~ 0,657 ** 0,453 **

Although it would appear that the quadratic equations {its
the data well, none are really good. The correlation be-
tween soil P (Bray 2 and Bray 1) and yield is not.very good,
although statistically highly significant. This may be partly
attributable to the fact that the initial P level is not very
low, '

FSSA Maize trial M1/W/78 {(Heidelberg series, Avalon
form — acid) (Venter, 1979)

Regression equations for Bray 2, Bray 1 and ISFE {vol) vs
one another are given in Table 8.

TABLE 8 Correlation between Bray 2, Bray 1 and ISFE!
{volume) soil P extractants. (FSSA Maize trial
M1/WV/78) (Venter, 1979] (n =54}

Methods Regression equation Correlation
co-efficient, r
Bray 2 (X) Y = 0,14 +0,966 X 0098 *+
Vs
Bray 1 (Y)
Bray 2 (X) Z =-0,64+0958X 0,951 **
vs :
ISFEI {vol} (2}
Bray 11{Y} Z =-1,70+1022Y 0,983 **
v§
ISFEL (vol) {Z}

The correlations between pairs of the three methods are
good. So is the numerical agreement, especially between
Bray 1 and ISFE (volume). The experimental results are
summarised in Table 9.
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TABLE 8 Mean soil P values for P treatments (FSSA
Maize trial M1/WV/78) (Venter, 1978)

P treatrnent Mean soil P, mg/kg or litre soil Mean
(for all N and K) yield
kg/ha

No  ka/Pha Bray 2 (X) Bray 1(Y,] ISFE!{vol}

(Yq)

PO 0 25 25 15 5115
P1 95 21.4 214 19,9 8,017
P2 1380 51,8 49,9 48,3 8 168

These relationships are near-perfectly linear and correspond
closely with regressions given in Table 8.

Correlation co-efficients for correlations between extract P
and the respective yields are given in Table 10.

TABLE 10 Quadratic correlation co-efficients {r) for P
extracted by Bray 1, Bray 2 and [SFE! {vol) vs
maize yield for different N treatments (FSSA
Maize trial M1/W/78) (Venter, 19789) {n = 54}

kg/N/ha N1 N2 N3
Bray 2 0,807** 0,025%* 0,787**
Bray 1 0,803"** 0,923** 0,788**
ISFE! {vol) 0,825** 0,941** 0,771%*

These correlations are all equally good, which shows that
for acid soils with no sedimentary phosphate there is little
to choose between these methods of P extractions. The low
initial P is probably partly respansible for the ‘good’ re-
sponses.

FSSA Wheat trial W19/NWV/78 (Dijkhuis, 1979)

Acid soil; four cultivars; N and P treatments
Regression equation (all 48 data pairs of one teplication);
Bray 2 (X) vs Bray 1 {Y): '

Y =2,30 + 0,716 X {r =0,897*")
The correlation is good and applies between 20 and 40
mag/kg P, Bray 2. ' ) -
Experimental results are summarised in Table 11.
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" "Solf P: Bray 1,'n;5|,'kg soil

TABLE 11 Mean soil P values for P treatments (FSSA
Wheat trial WI18/NWV/78), (Dijikhuis, 1979}

P treatment

Mean soil P, mg/kg Mean
Yield
No g P/ha Bray 2 (X} Bray 11(Y) kg/ha
PO 0 - 271 21,3 1885
P1 20 23,0 224 1966
P2 40 27,2 220 1915
T T T T T T T
SOILS WITH SEDIMENTARY ROCK PHOSPHATE ’
a0 L - -
Dijkhuis (1979} e
20 [ _
- —
Bhr {1975)
1wl . ﬁ‘e\% g M {2 1
d;(“‘z\'/ l;a'-' o
N S
ey 1 | |
20 [ 60
Soil P: Bray 2, mg/kg soil
FIG3 Regression lines of Bray 1 vs Bray 2 soil P

on soils to which sedimentary rock phos-
phate had been applied

The correlation between the two methods for the mean P
values is reasonably good, but does not correspond well

" with the regression of all individual data pairs. {It applies

to Bray 2 P values betwsen 30 and 60 mag/kg.

" FSSA Wheat trial W20/NWV/78 (Dijkhuis, 1979)

Very acid soil; four cultivars; N and P treatments; sedimen-
tary rock phosphate previously applied.

Regression equation {all 48 data pairs of one replication};
Bray 2(X) vs Bray 1(Y}:

Y =21,45 +0,1032 X (r =0,271 NS)

The correlation is poor, and applies between 30 and 70
mg/kg P, Bray 2 (See Figure 3).

Experirnental results are summarised in Table 12,
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TABLE 12 Mean soil P values for P treatments
(FSSA Wheat trial W20/NWV/78) (Dijkhuis,

1879}
P treatment Mean soil P, mg/kg Mean
Yieid
Ne kg P/ha Bray 2 {(X) Bray 1{Y} kg/ha
PO 8] 4256 241 2 583
P1 20 46,0 26.1 2840
P2 40 47,0 28,1 3163

- Conclusions

Bray 2 gives much higher values than either Bray 1 or
ISFEI {vol) for alkaline soils and soil treated with se-
dimentary rock phosphate. The correlation between
the methods for such soils is not as good as for acid
soils.

(i} For acids the correlations between the three methods
are good.

{iiif ~ The regression equations indicate that for acid soils
where no sedimenta'ry rock phosphate had been add-
ed the P values obtained by Bray 1 and ISFE! {vo-
lume} are similar. Both these methods yield slightly
lower values than Bray 2.

(iv]  Bray 1 extractable P is possibly pH dependent in the
alkaline range because the regression eguations far
the very alkaline soils {Fedmis” samples) are different
from that of moderately alkaline soils (Triomf's
samples). Further investigation is required.

{v}  The correlation between Bray 2 and Bray 1 extract-
able P s also possibly dependent on the quantity of
sedimentary rock phosphate applied and/or time
(‘contact/reaction” time in the soil). This could pos-
sibly explain the large difference between regression
equations obtained by Mdhr {1875} and Dijkhuis
{1978). It could also explain why both the Fedmis
and Triomf{ data give lower Bray 1 values with respect
to Bray 2 values than the acid soils with no sedimen-
tary phosphate history. (FSSA maize trials).

{vi} Routine laboratories using the Bray 2 method of ana-
lysing soil samples from farmers with a view to fer-
tilizer recommendations can immeadiately and confi-
dently change over to either Bray 1 or ISFE{volume}
for all types of soil, since good correlations exist for
acid soils and all the FSSA fertilization calibration
work had been done on acid soils with no sedimen-
tary rock phosphate. Both these methods are more
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acceptable for the alkaline and rock phosphate treat-
ed soils, although no calibration work had been done
with them. Further investigation is required on these
soils, using Bray 1 and/or ISFEI (vol}.
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