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Availahilit}r of Phosphorus in Nilgiri Soils*

by
E. E. MATHAN' and D. JOHN DURAIRAJ®

. Introduction: Availability of phosphorus in soils is one of the factors
affecting crop prnduatiun In acid soils, though total phosphorus is high,
its availability is very low due to adverse environmental and resulting
pedogenic factors, An attempt was made therefore, to assess the phosphorus
availability in soils of Nilgiris, and to study the effect of rainfall, elevation
and various chemical constituents like organic carbon, sesquioxides, calcium,
magnesium, cation exchange capacity, on the availability of phosphorus.
Based on the observations made, a tentative division of the soils was done
with reference to availability of phosphorus and response to lime.

Review of Literature: An integrated action of the factors like organic
carbon, finer fractions of soil and pH has been emphasised by Mehta and
Patel (1063), Mcgeorge (1939) stated that pH was the principal limiting
factor in phosphate availability in Arizona soils. Raychaudhuri and Landy
(1960) reported the influence of pH on available phosphorus. Robertson.
Neller and Bartlett (1954) reported lower available phosphoric acid with
higher sesquioxides.

Hilgard (1907) found that liming favoured availability of soil
phosphorus.  Struthers and Seiling (1950) reported that increase in
phosphorus availability associated with Jiming of acid soils might be due
primarily to the presence of higher quantities of organic anion produced as
a result of stimulated microbial activity.

Work in the Chemistry Section of Agricultural College and Research
Institute, Coimbatore (Reporte for 1948-'51) showed that lime did not
confer any beneficial effect on potato crop. In 1951-'54 an increased yield
and higher availability of phosphorus was attained in low level laterite soils
2t Patfambi (Kerala) by the application of lime along with superphosphate.
Effect of lime was found to be due to rise in pH, reducing chances for
reversion on applied soluble phosphate. Naga Bhushana (1961) observed
increase in phosphorus availability due to liming brought about by better
oxidation of organic matter, decrease in iron and aluminium activity and
increase in pH.
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Chang and Jackson (1958) attributed the lack of crop growth, response’
added phosphorus, even though surface soils had low pH test, o hzghﬁr'
content of availablo phosphorus in the sub-soils and release of pht}ﬂplmmh
in the surface soils brought about by liming through decrease’ in iron and
aluminium activity. Kercszteny and Perjamosi (1961) observed a positive
correlation befween availability of added phosphorus and the available
phosphorus confent of the soil.  Durairaj (1960), working on Dewey,
Grenada and Hartsells soils in United States observed that phosphate
extracted by common extractants decrcased with passage of time. Forms
of soil phosphorus were fuund by Patel and Mehta (1961) to influence
availabilify.

Experimental details: Torty surface soil samples in the Nilgiris were
collected mainly from uncultivated areas representing the wide range of rain-
fall and elevation. The soils were analysed for physical -and chemieal
properties related to the present study ( Table I).

Tasig I

Range and mean values of chemical analysis, pH and
calion exchdnge capacity.

Range of values Mean of

b? _ Particulars of Chemical analysis Minimum Maximum 40 samples
1. Lime (Ca0) (Percentage) 0.05 1.80  0.28

2. Magnesia (MgQ) (Percentage) 0.01 0,76 0.28

3. Total P,0. (Percentage) 0.024 0.347 . . 0.142

4. Available P.0O, (Citric acid soluble) - _ -

(Percentage)  0.0003 ° 0,0194 0.0033

5. Bray and Kurtz No. 2 (ppm) 9,08 225.20 20.70

6. Olson’s method (ppm) 1.24 89.66 6.47

7. Cation Exchange Capacity (m.e. %)  8.05 17.06 9.52

8. ' Exchangeable cations-Ca (m. e. %) 1.74 10.68 4,36

9. Exchangeable cations-Mg (m. e. %) 0.29 8,08 3.54
10. pH | £2 69 =
11. §i0:/R:0; 0.15 3.16 0.847

Details of the soil samples, mean annual rainfall, elevation, organic
carbon, total phosphoric acid and the various fractions of phosphorus are,
furnished by Mathan and Durairej (1965). The methods followed in the
analysis were those deseribed by Piper (1950), Methods of Association of
Officials Agricultural Chemist (U, 8. A.) (1955) and Jackson (1958). The
data obtained from the above studies were annl:,raed statmtmally and
relationships were established (Table IIT),
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_ A soil incubation study was carried ont in backers to evaluate the
effect of superphosphate, Nanjanad mixture with and without lime on the
availability of phosphorus in the soil. Throughout the period, the soil was
-kep.t' at their respective water holding capacity. At regular periodical
intervals, representative samples were drawn from each of the incubated
beakers and analysed for available phosphorus by Bray and Kurtz No. 2
extraction method (Table IT),

Tapne II
Incubation Study - Availability of Phosphorus

Treatments ' Mean ppm. P
1. Erreor or TREATMENT:
A. Control 2.560
B. 3000 Ib. CaCO, per acre 3.160
C. Super alone at the rate of 214 1b. P,0, per acre 2.556
D. BSuper at the of 214 Ib. P,O, per acre+3000 Ib, CaCO,/ac.  3.834
E. Nanjanad mixture alone at 214 1b, P,0,/ac. 2.441
F. Nanjenad mixture at 214 1b, P,0, [ac+3000 Ib, CaCO, [ac.,  3.688
8. Ed. : 0.3980
C. D. (P=0.05) : 0.8040
Conclusion : D F BCAE
Periods Days Mean ppm. P
2. EFFECH OF PERIODS:
1 (3) 4359
IT (40) 2:529
III (60) 3-238
8. Ed. 1 02816

C.D. (P=005); 05688
(loneclusion I 11 111

Results and discussion :  The soils of Nilgiris in Madras State are acidie,
heving a very low percentage of available phosphoric acid inspite of the
presence of appreciably high amounts of total phosphoric acid, Rainfall
and elevation, through their various manifested effects cause a complex
phosphate problem throughout the district. The observed data, therefore,
have been digeussed with reference to the various factors which influence *
availability of phosphorns,
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.The Dyer’s citric acid extractable phosphorus gave positive correlation
with aluminium phosphate and occluded aluminium phosphate. This ig
presumbly due to the fact that citric acid is known to extract insoluble iron
phosphate also (Russell 1063) which in turn, was positively correlated with
aluminium phosphate in the present work. Citric acid extractable phosphoric
acid exhibited a positive correlation with calcium phosphate, QOlsen’s
bicarbonate extractable phosphorus correlated positively with occluded
aluminium phosphate and caleium phosphate. Similar results were
reported by Patel and Mehta (1961), Ghani and Islam (1946) reported a
positive relationship between  total phosphoric acid and the available
phosphoric - acid,  Similar results were obfained during the present
study also (Fig. 1),
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Fig. 1. Total P,0, - Available Phosphorus (Olsen's Mothod) Relationship

Ratnfall and elevation : - With increasing rainfall, available phosphorus
(Olsen’s Method) decreased (Fig, 2). This might again bLe an indirect
effect of lowered caleium, magnesium and pH due to increased rainfall,
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Magnesium positively influenced the available phosphorus (Fig. 8). Rudhra
Setby (1962) observed a similar effect of magnesiom 'on phosphorus
availability, : '
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Tig. 2. Rainfall- Availablo Phosphorns (Olsen’s) Relationship

Available phosphorus (Dyer’s method) increased with elevation.
This seemed to be the indirect effect of increase in the alumina content,
aluminium phosphate and iron phosphate. At higher altitudes, since caloium
and magnesium decreased considerably, the possibility of available phosphorus
being higher due to calcium and magnesium was ruled out, thus explaining
the indirect influence of alumina,

Clay : The silica, sesquioxides’ ratio (810, /R, 0,) usually never
exceeded two (Table I), the maximum limit for kaolinite, Mnrﬁc:ver, the
cation exchange capacity was within the theoretical value of 3 to 15 m. ¢
per 100 gms. for kaolinite, Thus the Nilgiri soils appeared to have kaolini
as the dominant clay mineral and the available phosphorus was observed'
be low in Nilgiris wherever the kaolinite clay minerals dominated,
could be accounted for by the fact that kaolinite is stable and )
restricted interface and low adsorptive capacity for cations, but
same time exibiting a higher anion exchange capacity, (Buckm
Brady, 1960). Low phosphorus availability in kaolinite has been -
by Murphy (1939).
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Fig. 3. Magnesia - Available P.0; (Dyer's Method) Relationship

Liming and time: A significant increase in the release of phosphorus
due to liming the low level laterites of Pattambi had been reported by the
Chemistry Section, Agricultural College and Research Institute, Coimbatore
in its report on the studies on the laterite soils of Madras State (1954),
Rai ef al (1963) also reported similar effects of liming. = In the present study
liming superphosphate and Nanjanad mixture seems to increase significantly
the release of available phosphorus carrier. Durairaj (1960) reported that
phosphorus became more difficultly extractable with time in acid soils of
South East United States. Similar effect has been obtained in the
present study.

Effect of pH and other factors: The available phosphorus was not
influenced by the pH or organic carbon. This was in line with the work of
Rajagopal and Idnani (1963) who stressed that pH alone could not be
assumed to be a major factor in soil phosphorus availability for Nilgiris soils.
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Ghani and [slnn (1340) reported a positive relationship babweun:
available phosphoric acid on the one hand and the cation exchange dapacity,
exchangoahle ealoium, total phosphorie acid content of the soil on the other.
Similnr results were obtained in the present study alse, The available
phosphorus did not correlate with sesquioxides. This was in line with “the
findings of Ghani and Aleem (1943).

Summary and conclusion: The study on the influence of ra.infal],
elevation, chemical components and various discrete forms of soil phosphorus -
present in the soils of Nilgiris on the availability of phosphorus revealed that
in spite of the presence of high amounts of total phosphoric acid only very
little was in the available form. Unreliability of the Dyer's cifric acid
extiraction method for estimating available phosphoric acid in acid soils of
Nilgiris was indicated by a positive correlation of citric acid extractable
phosphorus with aluminium phosphate. A positive correlation with caleium
phosphate was aiso observed in' the present work. -Olsen’s bicarbonate
extractable phosphorus correlated positively with calcium phosphate, cocluded
aluminium phosphate and total phosphoric acid.

Available phosphorus (Olsen’s method) increased with decrease in
rainfall. Available phosphorus (Dyer’s method) increased with elevation
indirectly due to rise in alumina content with elevation. Available phosp-
horus was observed to be low in soils when kaolinite type of clay minerals
dominated. This might be due to higher anion exchange capacity of
kaolinite and its low adsorptive eapacity for cations.

Liming laterite soils increased the release of available phosphorus.
Added phosphates decreased gradually in their availability with time.
Available phosphorus increased with magnesium, ecaleium, cation exchange
capacity, exchangeable calcium and the total phosphorie acid . content of

soil. No correlation was obtained between available phosphorus and pH or
organic carbon.
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