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Comparison of Various Extractants for Evaluating Phosphorus
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Abstra(ft. Twenty two soil samples from important agricultural areas in the Kingdom, chiefly in the cen-
tra.l region, were used in the present experiment. They show wide variability in chemical, physical as well
as in extractable P. Distilled water, NaHCOv NHAHCOS—DTPA and NH, F-HCl were used to determine
extractable P in the soils, The P soil test values were then correlated with various yield and P uptake
parameters obtained from a greenhouse pot experiment using corn as a test crop. With the exception of
the NH,F-HCl test, all the other tests yielded highiy to very highly significant correlations, indicating that
they were equally effective in evaluating the P status of the soils for plant growth. By relating the P test
values to relative yields, useful impressions of critical levels for the soil tests used were obtained.

Introduction

Soil testing is becoming increasingly more important in modern agriculture for the
purpose of controlling various cultural operations. Testing for rational fertilization
primarily involves assessment of the status of plant nutrients in soils relative to estab-
lished critical levels. Conventionally this is done by aid of chemical extractants found
suitable for a given plant nutrient under specific soil conditions. The soil testing pro-
cedures, their calibrations and interpretations are well outlined in the literature [1-3].

Soil testing for plant-available phosphorus has received wide attention. In gen-
eral, acid extractants e.g., Bray and Kurtz [4] are found to suit acidic soils most,
whereas alkaline reagents e.g. Olsen et al. [5] show best suitability for neutral,
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alkaline and calcareous soils. Thus numerous extractants have been used in P soil
tests. However, distilled water extraction (P-water) in use by European workers
e.g., Paauw et al. [6] and AB-DTPA [7] appear particularly sound for developing
countrics because the former is simple and incxpensive while the latter has the
advantage that it simultancously extracts several plant nutrients. Since none of the
two latter methods has been tested under Saudi Seil conditions, the present investi-
gation aimed to compare distilled water and AB-DTPA together with NaHCO, and
NH F-HCl for evaluating P availability to plants in Saudi soils.

Materials and Methods

Procedures adopted during the present investigation were basically those out-
lined by Hauscr [1]. Twenty two soil samples were included as a result of screening
a larger number of surface (0-20 cm) samples collected in bulk from important
agricultural areas, chiefly in the central region of the Kingdom. The selected samples
thus showed fair variability in chemical and physical properties (Table 1) as well as
in extractable P.

The 22 bulk samples (about 50 kg soil cach) were mixed well for homogeniza-
tion. Three sub-samples, about one kilogram each, werc then taken from each bulk
sample. These were stored in clean bottles and later used for the various laboratory
determinations. The major parts of the bulk samples were subsequently employed in
a greenhouse pot experiment. Six, 10 kp-capacity, polythene pots were allocated to
each sample (132 pots), and each carried 6 kg airdried soil after allowing [or bottom
drainage. The pots were sown to corn Zea mays L. in March 1986, ten seeds per pot,
but the secdling stage only the five most vigorous plants were allowed to continue.

All pots received nitrogen, potassium and a trace element mixture, but only half
of the pots pertaining to each of the experimental samples reccived phosphorus in
addition. The pots receiving the P treatment were labelled “Fert” and those without
it were given a “check™ label. Urea was given at the rate of 350 kg N/ha in three split
applications; 30% of this quantity before sowing then 50% and 20%% afterwards at
three and six weeks from germination respectively, Potassium was given as a single
basal dose at 35 kg/ha. A trace element mixture (Product of Greezit) containing che-
lated Fe, Mn. Zn and Cu was applied to the soils two, four and six weeks after germi-
nation as 25 mt of a 0.05% solution per dpplication. Phosphorus, where applied, was
given in two equal applications as NaH,PO,2H,0, at sowing and four weeks later;
total give as 70 kg P/ha.
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Table 1. Some physical and chemical characteristics of the experimental soils

Soil Texture*  Clay % ECe €aCO0%  OM% pH
No, mmbhos/cm (paste)
1 L 19.2 1.30 36.5 (.48 7.8
2 1.3 1.31 26.5 0.82 7.7
3 SL 16.0 2.25 32.8 (.56 8.0
4 SL 9.8 4.35 46.9 0.75 8.1
S SL 11.0 5.25 6.9 0.58 7.8
6 SL 11.0 6.25 48.3 1.23 8.4
7 SI. 9.8 2.25 35.1 1.15 8.0
8 SCL 26.0 3.15 34.9 1.30 8.1
9 L 16.0 2.40 9.8 1.05 7.9
10 LS 9.6 5.40 372 1.45 7.7
11 SCL 23.0 4.30 27.6 1.50 7.5
12 SCL 21.8 8.81 21.2 .68 7.6
13 LS 8.6 2.75 37.8 0.85 8.3
14 CL 440 3.66 57.8 1.64 8.4
15 CL 46.0 4.65 40.1 1.90 7.9
16 SCL 24.0 1.60 37.4 1.50 7.8
17 SL 12.6 0.80 29.5 1.15 8.0
18 SCL 23.8 3.30 20.7 0.95 8.1
19 LS 10.0 1.25 28.5 1.05 7.6
2 LS 12.8 1.75 4.6 0.76 7.5
21 SCL 21.4 6.55 35.8 1.25 7.8
22 SCL 24.5 7.15 28.5 1.17 7.6

* L = Loamy. SL = Sandy loam. LS = Loamy sand. SCL = Sandy clay loam. CL = Clay loam.
OM = Organic matter. ECe = Electrical conductivity of the saturation extract.

The plants were grown for 8 weeks in a greenhouse, irrigatd as necessary with
distilled water. At harvest, all of the above ground portions were removed. They har-
vest, all of the above ground portions were removed. They were then washed in tap
and distilled water before drying at 70°C. The dry matter weights were recorded
before grinding to a suitable mesh size. Phosphorus in plant material was determined
by the ascorbic acid method [8] after wet ashing in a mixture of nitric and perchloric
acids.

Determination of extractable (available) P in the sub-samples was done with dis-
tilled water, NaHCO,, NH HCO, DTPA (AB-DTPA) and NH F-HCL. Extraction
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procedures are supplied in Table 2. Statistical correlations {total 30) were run
between the amounts of P extracted by each of the test reagents and each of the fol-
lowing parameters:

check yield (IDM yield of “check” in g/pot)

yield response (DM yield of “Fert” less “check” in g/pot)

P, uptake (P concentration X DM of “check” in mg/pot)

additional uptake (P concentration X DM of “Fert”. less P_ uptake (mg/

pot)
e: % relative yield (DM yield of “check” x 100/DM vield of “Fert.”

a a0 oe

Table 2. Soil phosphorus tests and extraction procedures used

Soil: Shaking pH
Extractant solution time Reference
Distilled water 1: 50 5hr 7.0 [9]
Distilled water 1:100 16hr 7.0
0.5 M NaHCO, 1: 20 20 min 8.5 [5]
0.5MNaHCO, 1:100 16hr 8.5 {10]
NHHCO,-DTPA 1: 10 20 min 7.3 [7]
0.03MNH F* .
4

0.025M HCI 1. 10 5min 3.1 [4]

Results and Discussion

The P test values (maximum, minum, mean and % C.V.) for the 22 soil samples
are given in Table 3 for the test methods used. Individual values varied considerably
between the soils as well as between the extractants. For the latter, they were in the
following descending order: NH,F-HCI, NaHCO, (1:100), NaHCO, (1:20), AB-
DTPA, H,O (1:100) and H,O (1:50). This variation is known to be due to the relative
efficiency of each of the extractants to dissolve different forms of soil P [3,9,11-13].
Thus NH,F-HCI resulted in the highest extractabie P chiefly due to the dissolving of
calcium-bound P by the acid in the mixture [12] and to displacement of phosphate in
iron and aluminium phosphates by the fluoride ion [9]. Unbuffered distilled water,
on the other hand, resulted in the lowest extraction (P intensity). However, the
quantity of P extracted by a given chemical reagent bears little significance to its
suitability as a soil test. This is normally derived from the ability of the extractant to
predict plant responses i.e. to distinguish between soils that require fertilization from
those that do not.



Comparison of Varicus Extractants 149

Table 3. Summary of extractable P by the different soil test methods and yeilds, and P uptake by corn

Maximum Minimum Mean % C.V.
Extractable-P (ppm}
H,0 (1:30) 24 0.2 1.04 57.70
H,0 (1:100} 3.0 0.4 1.62 53.70
NaHCO,  (1:20) 18.0 1.2 7.89 66.70
NaHCO,  (1:100) 20.8 31 10.56 57.50
NH,HCO,-DTPA 35 0.8 3.01 49.83
NH,F-HCL(P)) 85.3 36.8 66.05 20.21
Yield and P uptake
Check yield g/pot 19.2 1.6 11.55 45.50
Fert yield g/pot 36.20 82 20.69 29.90
Yicid response g/pot 222 21 9.13 53.00
Relative yield % 87.8 19.5 54,19 47.10
Check P uptake mg/pot 6.4 0.7 3.98 47.99
Fert P uptake mg/pot 8.4 34 6.63 23.53
Additional P uptake mg/pot 4.7 0.5 2.64 49.51

Table 4 presents simple correlation coefficients (and their levels of statistical sig-
nificance) between extractable P due to the various tests used and various yield and
P uptake parameters. High correlation coefficients usually refer to high suitability of
the soil test under the given soil conditions. These data suggest that with the excep-
tion of NH,F-HCl (Bray P.) all the other tests employed appeared equally effective
in evaluating the P status of the Saudi soils for plant growth, though the Bray P did
occasionally give weak significant correlations. Sodium bicarbonate, whether
employed in accordance with the procedure of Olsen et al. [5} or that of Colwell [10]
has regularly proved suitable as a P soil test reagent for neutral, alkaline and calcare-
ous soils [3,14] though the Colwell test proved more able to evaluate residual P in
these soils in comparison with the Olsen test [15]. Thus present results emphasize
more the value of NaHCO, for routine P soil test under the stated soil conditions.

Particular attention is directed to the distilled water and the AB-DTPA results
in Table 4 since they both evaluated the P status of the Saudi scils extremely well,
while neither has been tested before here. However, some data of Ayed and Chaud-
ary (unpublished) have shown significant correlations between NaHCO, and AB-
DTPA-extractable P in 54 Saudi soil samples. The AB-DTPA, originally recom-
mended by Soltanpour and Schwab [7] has proved quite efficient as a soil P test [16].
Because it allows for simultaneous evaluation of other plant nutrients in sdil, it is con-
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Table 4. Simple correlation coefficient (r)* between different extractable P and yield and P uptake by

corn
H,0 HO  NaHCO, NaHCO, NHHCO, NHF
1:50 1:100 1:20 1:100 DTPA HC1
* * ok ¥ * & & *
Checkyieldg/pot 0598 0.577 0.807 0.786 0.917 0.464
. . R *xk L * ok *
Relative yield % 0.716 0.739 0.832 0.789 0.868 0.452
* * * % * * * n.s.
Response gipot —0.506 -0.527 —0.561 -0.512 —{.580 -0.153
KR LX) & kK * 3k i *
P uptake mg/pot 0.680 0.738 0.789 0.744 0.851 0.420
. * 3k *E L) ok LEL] ¥
Additionaluptake  —0.567 -0.616 -0.712 -0.58  —0.705 -0.491

mg/pot

n.s. = Not significant. * = Significant at P < 0.05.
** = Significant at P < 0.01 and *** = Significant at P < 0.001.

sidered to be a useful soil test tool. Distilled water extraction is both simple and inex-
pensive and where it succeeds in evaluating the nutrient status of soils, this must be
considered to be a useful means of soil testing, particularly in developing countries.
Distilled water, like neutral salt solutions, can only determine soil P intensity. The
latter can become more important in predicting P uptake than P capacity under
greenhouse compared to field conditions, due to probable greater plant root density
under the former conditions. Soil solution P concentration (P intensity), in equilib-
rium with a pool of labile solid phase P, is known to be controlled by the soil’s buffer
capacity [17]. Thus P concentration in aqueous extracts of soils can only be inter-
preted in relation to the soils buffer capacity. Consequently distilled water extrac-
tions often fail to provide a useful P test. Contrary to this, distilled water extractions
proved to be as effective as the other tests in the present study. This may imply that
the soils used had buffering capacities that only varied within a small margin.

Although the primary objective of the present study was to test the compare the
reliability of various extractants for P tests under Saudi soil conditions rather than to
calibrate them, the data may throw useful impressions on critical levels (CL). Studies
designed to determine C L usually involve addition of increasing rates of the nutrient
to the test crop, ideally under ficld conditions. On the other hand, it is a basic concept
in soil fertility that soil capable of supporting a “check” (unfertilized) yield that
approaches that with fertilization, such soils contain enough nutrients and may not
show response to applied fertilizers. Thus, in a manner similar to the method of Nel-
son and Anderson [2] the relationship between relative yields (%) and extractable P
{dats summarized in Table 3) was graphically presented (Fig. 1) for distilled water,
NaHCO,, and AB-DTPA tests. The P test values corresponding to > 75% relative
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yield was considered to be the CL. These amounted to 1.9, 15.0,19.3and 5.2 ppm P
for distilled water, Olsen, Colwell and AB-DTPA tests respectively. These would
naturally vary for crops other than corn as well as under field relative to the
greenhouse pot conditions.

Acknowledgement., N.Y.Allam and A.Siddiq of the Laboratory Staff of the
Department were engaged in all laboratory and greenhouse determinations pertain-
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