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INTRODDCTEON

Sutmerged fields are one of the requirements for successful rice cultiva-

tion. Rice fields have to be snaintained under sutmerged condition for a period

of at least three to four months. Submerged soils differ considerably in

electrochemioal ani biological properties from upland soils. Such submerged

soils are characterized by a scarcity of ozygen due to its initial displace-

ment from the soil profile hy water aixi rapid consumption hy various soil

microorganisms. Such a coixiition is often described as "anaerobic." Devel-

opment of anaerobic conditions in soil, temporarily or penaanently, plays a

marked role in determining the availability ajad uptake of essential elements

by plants. As it has a direct bearing on crop yields and plant welfare, the

availability aM subsequent changes in plant nutrients is of much economic

is^>ortanoe and considerable scientific interest.

Of the elements presently regarded as essential for plant growth, the

fate of phosphorus, either native or applied in soil, is intricate and as a

result workers are interested in it in different parts of the world. On

application of a readily available form of phosphorus (H2F0i^ or HFOp to soil,

it is converted into less solxible forms throu^ various agencies following

complex reactions. As a result the applied or even native phosphorus becomes

restricted in its mobility in soil and is rendered unavailable to plants.

In submerged soils, the behavior of phosphorus is peculiar and interesting.

The anaerobic condition prevailing in submerged soil has a txlgger effect,

i.e., it leads to peculiar ozidation-reductlon conditLozis and changes in such

cozxiitions do exert some influence on forms of soil phosphorus.

ISost of the inorganic fraction of soil, being predominately in an



oxidized state, is therefor© subjected to reduction under submerged conditions.

Iron and manganese are elements that may be reduced. Organic matter is mostly

in the reduced state axxi is therefore subjected to oxidation -v^en proper

conditions prevail. The oxidation-reduction processes are mainly due to

activity of soil microbes, which derive their energy from these processes

(Rabinovich, ^2). As a side effect considerable Fe(io) is reduced to Fe(ous)

which is more soluble. Consequently the iron-phosphates, which are considered

insoluble, stable and hence unavailable foims of phosphorus in soils, are

brought into solution to some extent. This phenomenon has significance in

suimerged soils, especially to the rice crop. There are evidence which show

that the phosphate combining with iron in soil is relatively more soluble in

submerged soil because of such reduction of iron from ferric to ferrous state.

The soils under subaerged conditions may therefore be more fertile from the

point of view of phosphate availability. Therefore investigations of phosphate

changes in submerged soils, which may prove valuable to rice culture, are

considered significant. £|y knowing the changes, one may direct attes^ts to

hasten or increase phosphorus availability under submerged conditions so as to

meet the demand for phosphorus b7 the rice crop during its vegetative growth.

In this connection a lot of work has been reported in Japan, India, China

and some in the United States.

The oxidation-reduction condition of soil, which can be measured with

reasonable accuracy by use of suitable electrodes, may serve as an index in

estimating the availability of iron-phosphate in soils and especially under

submerged conditions. Ihe changes in redox potential and available phosphorus

in soils and their interrelationships, are studied and discussed.
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mECRETICAl CONSIDERATIONS

Redox Potential

Oxidation is the process in which ions, atoms or substances emit nega-

tive electrons with the liberation of a definite quantity of energy. Redac-

tion is the process in which ions, atoms or substances accept negative

electrons. In a system oxidation is always accompanied by redaction and

vice versa.

+ e-

Oxidation or reduction state of at^y chemical system, is expressed in

terms of either an oxidation potential or reduction potential and abbreviated

as E^^ or E^ respectiveHy and is measured in volts or millivolts. In most

soils literature reduction potential (i.e., redox potential) is often used.

Hence redox potential will be used throughout this report.

Redox potential of a chemical system aiay be defined as a meastire of the

tendency for a reduction reaction to occur. jQie reduction process involves

acceptance of electrons, i.e., a change in valence state. Hence the presence

of an element or ion having variable valence is a necessazy prerequisite for

an oxidation-reduction reaction. The mineral part of soil contains iron,

manganese, phosphorus and others which can \indergo valence change and thus

may exist in an oxidized state in well aerated soils anl in a reduced state

in anaerobic soils. According to Herkle (36) the valence possibilities of

common constituents in the mineral and organic fractions of soils arei Fe,

2, 3, 6; Mn, 2, 3. ^, 6, 7; C, 2, 3. ^J N, 3. 5; S, 2, 4, 6; and P, 3. 5.



A greater positive value of redox potential of soil indicates more

tendency for reduction to occur in soil, or in other words, soil is in a well

oxidized state. Conversely for a greater negative redox potential value of

soils, there is less tendency for the soil to undergo further reduction, i.e.,

the soil is in a highly reduced state. Jackson (24) has suggested an

arbitrary scale of redox potentials of soils (Table 1 ) for classification

according to its oxidation condition.

Table 1 . Scale of reduction potentials measured with a platinum electrode.

For the soil conditions given, the measurement is in situ.

: Redox Potential
Oxidation condition of soil : volts : millivolts

Veiy well oxidized soil 0.800 800
Well oxidized soil 0.500 500
^loderately well oxidized soil 0.300 300
Poorly oxidized soil 0.100 100

Much reduced soil -0.200 -200
Extremely reduced soil -0.500 -500

Lamm (30) suggested the term "redox level" in place of the term "redox

potential" as an expression for the mean reducing or oxidizing activities in

dzy soil samples. Recently Jeffery (25), while defining the state of reduction

of a paddy soil, has used the empirical terms (1 ) oxidizing conditions, (2)

healthy reducing conditions and (3) extreme reducing conditions.

Factors affecting redox potential in soils: The redox potential of a

soil-water system as it exists in nature, is an extremely variable physico-

chemical property and is influenced by numerous factors. They are as follows:



/

1

.

Nature and amotmt of poising agents* Substances capable of absorbing

electrons are oxidizing agents. Reverse is true for reducing agents. All

elements in the mineral aixL organic fraction of soil do itiot have the same

fugacily. Secondly if an element has two or more valencest each valence has

its own characteristLo oxidation potential as governed by the binding energy

of the electron in the atom and energy of solvation of the atom. The experi-

mental evidences, however, have shown that iron is easily oxidized, manganese

is easily reduced. Similarly sxilphur and nitrogen undergo reduction rather

easily. Thus the natxire and amounts of such oxidizing or reducing agents are

found to dictate the large variation in redox potential of soils.

2. Presence of fresh orgaido matter. Carbon, being capable of changing

its valence state under favorable conditions, comprises 56 percent of the

organic matter fraction of soil, and plays one of the major roles in determin-

ing redox potential of soil. In most reduction processes in soil microbial

activity is largely involved. Readily oxLdizable organic matter serves as

food material—energy source—for soil microbes. Thus the presence of organic

matter speeds up reduction of minerals in soil. Therefore the more oxidizable

organic matter, the more rapid the changes in reduction potential will be with-

in the first few days after submergence.

3. Soil aeration. Complete absence or scarcity of oxygen in soil air

necessitates the micro-organisms to derive their energy requirement from

other oxidized metals, ions or substances. It is supposed that under submerged

conditions (anaerobic) most energy required by microbes is derived by reduction

of elements like Fe'*'^ to Fe"*^ or Mn"*^ to Mn'*'^. In well aerated soils aerobic

micro-organisms do not have such a problem, consequently the soil redox

potential values are high azxl positive. In poorly aerated soils they are low



and in extreme oases negative. Soils saturated vith natural gas develop low

redox potentials and degree of natural gas saturation determines redox potential

of such soil.

^. Soil moisture. Soil air and soil moisture, present in voids, affect

the redox potential of soil simultaneously. Water is retained in soil after

partial or complete displacement of soil air depending upon moisture content

and time. With an increase in successive amounts of water in soil, soil

aeration decreases with an accompanying reduction in the redox potential of

soil. In brief the effect of soil moisture and aeration on redox potential

of soil cannot be separated, i.e., it is interdependent*

5. Soil pH. The soil pH seems to be very closely associated with the

redox potential of soil. The hydrogen ion concentration of soil-water ^stem

affects the degree of ionization and hence alters the redox potential of soils.

However the pH effect on redox potential of soil is inconsistent. It is

hypothesized that in mary soil-water systems, the £u values increase by about

59 fflv per each unit lowering of the pH value (Jig. 1).

6. microbial activity. Soil microbes, especially those thriving under

anaerobic conditions, are mainly responsible for oxidation of organic matter,

and in turn reduction of the mineral fraction of soil. Hence more activity

may lower the redox potential values at a rapid rate.

7. Climate. Redox potential variation in soils from season to season is

ultimately the sum total effect of the factors described so far. Mary soils,

in hxirnid areas, have high water tables in the spring but the l«vel lowers as

the season advances. Such variation in height of water table is also known

to influence the redox potential of soil. Sharapov (^^7) reported that when

the weather was hottest the Ej^ values of soils rich in organic matter fell to

-200 to -250 mv. Stobe (50) found the highest oxidation potentials of soils

in summer.
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Measurement of Redox Potential: The redox potential as defined before is

an expression of intensity of oridaUon and reduction conditions. The measure

of redox potenUal is a measure of electron pressure existing in the soil at

equilibrium. In oxidized soil, there will be more tendency to emit electrons

than to receive, and vice versa in a reduced soil. The electron pressure can

be measured if a platinum electrode is placed in close contact with the soil-

water system. The electrode, which has attained potential equilibrium, serves

as one half cell. Either a normal or saturated calomel electrode is usually

used as the standard reference half cell (Pig. 2). The potential difference

measured is the ratio of the total oxidizing intensity of system to the total

reducing power of the system.

It is expressed ly the following modification of the Nemst equation

adapted to concentration cells by Peters:

where

Ejj = the redox potential of a system measured

E. = the standard redox potential of the reference electrode

R = the gas constant

T = temperature °K (Kelvin)

n *= valence change

F = the Faraday of electricity 965OO electrons/equivalent

In = nat\;gpal logarithia to the base e

^ox] = the activity of the oxLdent

pled] = the activity of the reductant.

On evaluating constants namely R, T, n, F and converting natural logarithm

to the coiamon logarithm, the equation becomes:
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Ej^ = E^ + 0.059 log^fei]

This potential difference measurement is analogous to pH measurement.

The same pH meter, a potentiometric hook-up» can be made use of to measure

e.m.f., except that a blackened platinum electrode is used in place of the

hydrogen or glass electrode. The function of black, colloidal platinum on

the platinum electrode, is to absorb oxygen from the soil air and thus to

form an oxygen electrode (Ofl- ,103). A calomel half cell is usuaUy used

as a reference cell but the e.m.f. is finally referred to the normal hydrogen

electrode taken as zero.

Calculation of the Redox Potential of Soil: The redox potential of

soil is calculated b7 the equation:

E.M.F. " Ej^ - \
Observed 2 1

where

\ = redox potential of a ^stem undergoing reduction.

Eu = redox potential of a system undergoing oxidation.

The above eqxiation for a Beckman potentiometer using a saturated KCl

calomel half cell becomes:

E. (soil) = - E.M.F. + 0.2^15
observed

It is possible to calculate the hypothetical redox potential at some reference

pH value other than that existing. It can be calculated directly from the

following equation: (Jackson, 2^)

R = EL + 0.059 (soil pH - desired pH)

at desired pH at measured pH

Different practical methods of detenaination of redox potential of soils

and their instrumentation have been suggested by workers. Soils workers have
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used the procedure proposed try Brown (?) with slight modifications. These

modifications call for: omission of centrifagation, the extension of time

from insertion of electrodes to measurement, and use of an atudlliaiy

electrode to determine an approximate potential. Some investigators have

devised instruments for the measurement of soil redox potentials. lamanaka

(53) assembled a vacuum potentiometer, using ordinary radio-tubes.

Nishigaki et al. (3?) devised a floating internal-shielded E^ meter that

can be used to measure the redox potential of a very minute mass. Another

portable instrument for E^ measurement in situ, devised liy Matsuo and Kato

(32) consists of a single pentode 1T^ connecting as a single form, a ndcro-

ammeter working from to 5OO ;iA, two batteries and other parts. It has an

advantage because such portable meters eliminate the undesirable effects

caused hj disturbances of soil and changes in E^ during transport.

Yu ani Li (53) have described a method of characterizing poizing systems

of the soils based on the principles of depolarization. They used two types

of electrodes as the anode suni cathode, i.e., quinhydrone electrode in

1 N HCl solution and Pb-electrode immersed in lead acetate solution. The

elaborate practical procedtire of soil Ei. measurement in laboratory and in

situ is given by Jackson (2^).

In the interpretation of \ values of soil, utmost care should be taken,

because the Ev values are not concordant as soils are poorly poised. The

redox potential registers the balance or level of electron pressure, i.e.,

it determines the degree of oxLdation-reduction intensity in soil-water

system under a given set of conditions. It does not measure the capacity

value.
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Phosphorus Behavior In Soils

The forms of phosphorus compounds in upland soils do not differ much

from the forms of phosphorus in submerged soils, however, there seems to be

a significant difference in the forms which are doiainant.

In brief soil phosphorus forms can be summarized as follows:

A, Phosphate ions in soil solution

B* Organic phosphorus compounds
1. Phytin ard its derivatives
2* Nucleic acid and its cootpounds

3. Phospho -lipids

•

C* Inorganic phosphoirus compounds
1 • Calcium phosphates,

e.g., different types of apatites,
mono, di, and tri calcium phosphates

2. Iron and alundnium jdiosphates

3* Other phosphates of Kg, 1&, eto.

D. Phosphate ions adsorbed by colloids.

These various forms of soil phosphorus are somewhat dynamic and exist

more or less in equilibrium condition. Viihen fertilizer containing soluble

forms of inorganic phosphorus are added to soil, it is known beyond doubt

that fixation of added phosphorus takes place in soil* Such fixation of

phosphorus in soils may be defined as the process hereby readily- soluble

phosphorus is changed to less soluble forms by reaction with organic or

inorganic constituents of soil and its availability to plants is decreased.

The type of reactions of fixation of soluble phosphorus are mainly placed in

three general categories:

(a) Adsorption reactions

(b) Reactions involving isomorphous replacement

(o) Double decomposition involving solubility product reactions*
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HgPOr, HPO^ and POj ion spocies are involved in these reactions. All these

reactions occur in submerged soils with varying degree of intensity as the

electrochemical and biological properties of submerged soils and uplands

differ. So to date a lot of work has been reported in order to investigate

the various factors influencing the complex phenomenon of phosphorus fixation,

but much remains to be understood. Die various factors suggested so far mxy

be segregated into two main groups: (1 ) factors influencing the amount of

available phosphorus in soil, may be termed as "qaantily factors", and (2)

factors influencing the nature or quality of form of soil phosphorus with

regards to availability and may be called "quality factors".

Quantity factors are as follows:

1. presence of sesqui oxides

2. presence of organic matter

3. nature and amount of clay
k» soil moisture

5* soil aeration
6. soil pH

Quality factors are as follows:

1. time or aging
2. degree of crystallinity of product of fixation process

3. chemical nature of soil phosphorus fractions like alumini\aa

phosphate, iron phosphate and calcium phosphate.

If these quantity and quality factors are known it seems to be possible to

speculate~thou^ not accurately—as to the amount of added or native soil

phosphorus that may be available under a given set of conditions. But in

practice it is impossible with o\rr present knowledge. However with available

information, qualitative determination of soil phosphorus availability can

be made using the following expression:

,pH, O.M., clay, H^O, Oo^A P » f C- ~) t

\0y T, C, Kg
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where

z:^ P = quality of soil available phosphorus

pH - H ion concentration in soil

O.M. - organic matter content

clay = amount and nature of clay content

HpO <= percentage soil moisture

O2 = degree of aeration

R2O0 = sesqui o3d.de content

T = soil temperature

c = chemical nature of form of soil phosphorus

Kg = degree of crystalliniiy of P fixation product

t = time factor.

Fate of Applied Phosphorus

Soil phosphorus availability appears to be primarily a function of time

when other factors are constant. When soluble inorganic phosphorus is added

to soil two kinds of phosphorus compounds are formed immediately: (1 ) fresh

precipitates of calcium, iron, or aluminivua phosphates, and (2) similar

compounds formed on the surface of either CaCOo or Fe and Al oxide particles.

These freshly formed phosphorus compounds are still fairly readily soluble

and available to plants, since most of the reaction is limited to surface of

the particles. The total siirface area is high and consequently the

availability of phosphorus is reasonably rapid. Further changes result in

reduction of surface area of these phosphate compounds and corresponding

decreased availability. According to Chang and Jackson (9, 10) precipitated
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calcium and aluDdnium phosphates gradually change to insoluble iron and

calcium phosphates with time. This change in solubility with time is

considered as an aging effect. Iron activity in soil is associated with

a decrease in soil pH (Kittrick and Jackson, 29). Ultimately iron and

alufflini\tti phosphates are slowly converted into occluded (coated with an

iron o:dde) form. Generally this is the final product of applied soluble

phosphorus in course of chemical weatherings in acid soils since it is consi-

dered to be the most stable compound. Ihese chemical transformations of

soil phosphorus fractions are well noticed in acid soils, to some extent in

neutral soils axxi at times in alkaline soils to lesser intensities. In case

of calcareous soils, calcium phosphate forms like carbonate, hydroxy or o^

apatites are found most dominating.

In submerged soils the dianges are more or less the same, but due to

reducing coniitions there is a possibility of ferrous-phosphate formation in

place of ferric phosphate compounds. The ferrous phosphate compounds are

relatively more soluble and hence may be considered as more available to

plants.

The presence of organic matter in soil has its role in determining the

fate of applied axA native phosphorus in uplands as well as in submerged

soils. Applied soluble phosphorus in soil is likely to be utilized by soil

micro-organisms for building their own body tissue* Such utilization of

available phosphorus is commonly known as temporary fixation of phosphorus in

soil. With time soil microbial tissue and the orgAixLc fraction undergo decay

and thus temporarily fixed phosphorus is again released into the soil and

converted into available iz»rganio forms. This ;process is also called

"mineralization of phosphorus in soil," It has much practical significance
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from a phosphorus availability point of view. The chelating action of soil

organic matter also increases the phosphorus availability in soil by the

formation of complex organonmetallic compounds of iron and aluminium.

LITERATURE REVIEW

Changes in Redox Potential

In submerged soils the iron content, which determines the final fate of

soil phosphorus in acidio soils, is largely responsible for the development

of reducing conditions, i.e., ferrous-ferric system greatly influences

electro-potential differences in soil. Available literature iniLcates that

there is a definite effect of submergence on iron content of soil. Osugi

(38), Reed and Sturgis (^3) noticed that soil solution from water-logged

soils contained higher concentration of iron than aerated soil solution.

Pearsail (40) observed that in a marsh the exchangeable ferrous iron was as

high as Z^Q mg/lOO gm of diy soil. Poonamperuma (41) obtained 14? and 80 ppm

of Fe(ous) in the soil percolate after 6? days of submergence of a soil of

pH 6.0, treated with and without OA percent oat straw respecUvely. De and

Mandal (16) found a gradual increase in Fe ^ content of the percolate from

two soils kept under a water-logged condition for 90 days. Hence it can be

concluded that a siibmergenoe reduction of ferric iron to ferrous iron may

be the main reason for increased solubility of iron. The transformations of

ferric to ferrous iron may be due either to a chemical or biological reaction.

The differences in redox potentials resulting from changes in the oxidation

condition of inorganic constituents of soil, primarily iron, have been

noticed by maiy workers. Osugi (38), Sturgis (51 )» Aomine (2), Mckenzie

et al. (33), Maaial (31) ani many others have investigated the effects of

submergence on redox potentials of soils and obtained similar results:
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(a) the redox potential of a surface layer appa^>aches a minimum redox potential

value within a few weeks after submergence; and (b) a fresh supply of organic

matter results in a rapid drop in redox potential. The soil structure and

rate of drainage were also found to affect redox potential of soil, Buehrer

et al. (8) noticed a marked decrease in redox potentials as a result of

pviddling particiilarly when the soil had been treated with alfalfa. Gillispie

(22) reported that the addition of 0.1 percent glucose to water-logged soils

caused very pronounced reducing conditions. Shiofi and Aomine (^) observed

a greatly accelerated decline in redox potentials when a soil was air dried

prior to water-logging. Patrick(39) recorded a drop in redox potential from

500 to -100 mv. and increased soil pH from ^,6 to 7,0. Rodrigo and Pollard

(^) reported that when normally dry soils were submerged in water the pH

increased and Ej^ decreased in both soils and supernatant liquid, reaching

equilibrium values in 80 days. According to Kawaguchi (personal communication)

a reducing condition of submerged soil is greatly influenced by a slight

change in moisture content of soil prior to water-logging. Smaller the

moisture content of a soil before submerging, greater the development of

reducing condition in soil after submerging. This is probabDly due to

dehydration and subsequent increase in decomposabilily of soil organic zoatter.

In rice soils, the A horizon shows a rapid decline in potentials in

comparison with subsoils and uplands, Mckenzie (3^) noticed that variations

in redox potential with space were correlated with soil horizon. Stobe (50)

found that oxidation-reduction potentials decreased with depth. Aomine (2)

observed that due to water-logging in well drained soil an oxidized layer was

sajjdwiched in between two reduced layers, but in poorly drained soil the whole

soil profile was reduced. Shiori ani Aomine (^) drew attention to the fact
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that oxidized portions are present around living roots in submerged soils,

and reported a little higher E^^ in soils in the presence of rice plants than

in the soils alone. This indicates that rice plants are capable of

03ddizing soils. Thus submerged soils are, in general, heterogeneous in redox

potentials vertically as well as horizontally—that is, in most submerged rice

soils oxidized and reduced portions coexist.

Changes in Soil Phosphorus

The formation of Ca-bonded, Al-boixied and Fe-bonded phosphorus is con-

sidered by Jnaiy to represent a path of phosphate fixation in soils, Metzger

(35) found that iron and aluminiim oxides (R2O3) contents of soil show a high

degree of correlation with phosphorus fixing capacity of soil. (2iani and

Islam (20) reported that more than 90 percent of the fixed phosphorus was

recovered as iron and aluzainium phosphates. They showed that chemical pre-

cipitation of soluble phosphorus as Fe-bonded and Al-bonded phosphates

accounted very largely for fixation in acid soils. EUis and Truog (18)

concluded that montraorillonite will not fix phosphorus when iron and aluminium

oxides were removed and the clay saturated with hydrogen. Chang and Jackson

(9, 10) reported that the final product of soluble phosphorus added to soil

is a complex iron-bonded phosphorus, which is more stable in acid soils,

Chang and Chu (11) noticed an increase in the amount of iron phosphate and

decrease in Alvaainium phosphate and calcium phosphate in rice soils with

passage of time. In Taiwan rice soils they noticed that iron phosphate

commonly dominates the inorganic soil phosphorus fraction.
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Hence it may be postvOatod that the availability of phosphorus in paddy soils

is a function of the magnitude and reactivity of the prevailing Fe-P systems.

Significant changes in electro- chemical and biological properties of

submerged soil result in changes in soil-phosphorus availability. Some workers

report inconsistent or no response to phosphoinis fertilization under submerged

conditions even where upland crops responded considerably to added phosphorus.

Aoki (1 ) noticed increased solubility of soil i^osphates when rice fields were

flooded. Kawaguohi (2?) concluded that the solubility of soil phosphorus will

increase with the development of reducing conditions in a submerged soil in

the case that iron-phosphate is the main constituent of the soil phosphorus.

Egawa et al. (I7) used p32 to trace the behavior of phosphorus added to water-

logged soils and noticed similar increased solubility of soil phosphorus.

Chin (12) found that the amount of water soluble phosphorus Increases with

the development of reducing conditions and equilibrium is likely to be attained

in 20 to 30 days after submergence. Shapiro (45$ ^) reported increased rice

yield and total phosphorus uptake under flooded conditions. He concluded that

the increase in available phosphorus could be due to either reducing conditions

or hydrolysis or both. Davide (I5) noticed that a beneficial effect of flooding

on phosphorus availability depended on the extent of reduction processes and

the Fe content of soil. Basak and Bhattaohaxya (^) found that the iron azvi

aluminium phosphates in puddled soil decreased from 8^7 lbs. to 42^ lbs./A with

the progress of rice crop growth from planting to maturity. Further they

concluded that water-logged soils tend to show a unique capacity of regenerat-

ing an increasing quantity of available phosphorus during the active period of

crop growth. Ghose et al. (21) and Chirkova (13) hold the same view. They

found that the reduced conditions prevailing in the water-logged soil increased

the soil phosphate availability.
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ThQ overall increase in soil phosphorus availabilLly of either native or

applied phosphorus under submerged conditions can be attributed to: (1) the

increased solubility of iron phosphate due to change from Fe(ic) to Fe(ous)

iron and (2) the hydrolysis of soil phosphates biwight about by reducing

coixiLtions of soil (Pajiwara, 19). Thus the findings suggest that the decrease

in redox potential of soil after submergence increases soil phosphorus avail-

ability. However limited infonaation is available on the relationship

between redox potential and available phosphorus under submerged soils. The

objective of the present experiment was to study changes in redox potential

and available phosphorus and their relationships under submerged soil conditions.

EXPERIMENTAL IffiTHODS

Surface sanqples of Cherokee silt loam and Colby silt loam soils v&re

used in the present study (Table 2).

Table 2. General characterization of original soils used in the

experiment.

: Sampling : : Organic : Available

Soil type : location : pH : natter ; P lbs. /A

Cherokee silt Coluiibus Expeirimental 6.2 2.0 13
loam Field

Colby silt loam Near Garden City 7.6 1.3 21

Five hundred grams of weighed soil were placed in polyethylene (about 1i pint

capacity) rectangular containers. The treatments* in duplicate, were as

follows:



21

1. >bisturo. (a) field capacity

(b) twice field capacity

(o) submerged.

Field capaci-ty of the soils was determined ty pressiire membrane apparatus

and accordingly calculated amounts of water were added. In sulmerged condi-

tion water level was one inch above soil. These moisture levels were main-

tained for 75 days.

2. Organic matter, (a) percent

(b) 1 percent

Dried and powdered alfalfa hay obtained from the kgror)Ojay Farm, Kansas State

University, was used as a source of organic matter,

3. Phosphorus, (a) lbs. P/A

(b) 200 lbs. P/A

Phosphoriis was added in form of mono-calci\aa phosphate (analytical grade).

The soils were sampled at 15 day intervals until the redox potential

of the soils reached near eqxiilibrium conditions. Following are the determina-

tions made on each soil sample:

1

.

Soil pH, It was determined using a Beckman glass electrode pH meter,

2. Redox potentials i\)» \ values were recorded in containers without

disturbing soil, using a blackened platinvmi electrode in place of the glass

electrode. Saturated KCl calomel half cell was used as standard cell having

\ of 0.2415 volts.

3. Available phosphorus. It was determined by Bray's method (0.03 N

NHj^F + 0.025 N HCl) using 1:20 as soil:extractant solution ratio. Simulta-

neously on each soil sample, moisture determination was made.
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EXPERIMENTAL RESULTS

Changes in Redox Potential

Most research has shown that in submerged soils the redox potential (Bj^)

of soils decreases as a result of strongly developed reducing conditions.

The changes in Eu values of soil which were calctilated with reference to the

original soil pH values, are given in Appendix I. The data show close agree-

ment with previous work reported. As indicated by Figures 3 and ^, E^^ values

at field capacity remained fairly constant in the Cherokee silt loam soil

from the Columbus Experiment Station and increased slightly (approximately

100 mv) in the calcareous Colby silt loam soil from Garden City. The effect

of sutmergence on \ values of both soils was the same. The soils at twice

field capacity had intermediate Ej^ values suggesting that intermediate reduc-

ing conditions developed. As a result of submergence a sharp fall in the

Ev values of the Cherokee silt loam soil was noticed within the first 1 5 days

and irithin 30 days in case of the Colby silt loam soil. Total reduction in

% values was from 63I to 1^7 mv and ^77 to 88 mv in the Cherokee silt loam

soil aid. the Colby silt loam soil respectively under sulxnerged conditions

without organic matter. In Colby silt loam, at twice field capacity after a

slight increase in E^ values up to ^5 days, the redox potentials started

decreasing.

The effect of addition of fresh organic matter (powdered alfalfa hay) on

redox potential at twice field capacity and unier submerged conditions was

more pronounced than at field capacity. At the end of the experiment, the

difference between E^ values, with and without organic matter under submerged

conditions was 52 mv and 63 mv in the Cherokee silt loam and Colby silt loam
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respectively. The sharp decrease in E^ values was accelerated b^ addition of

organic matter during the first 15 days in either soil (Pig. 3, ^). The decrease

in redox potential after the sharp fall in their values was gradual until the

end of the experiment. According to a scale of redox potential measured with

a platinum electrode, proposed by Jackson (2^), both soils were well oxidized

initially but after 75 days under submerged conditions, they were in a poorly

oxidized state.

Changes in Bray's Available Phosphorus

Changes in availabilily of native soil phosphorus and applied phosphorus

in the soils as measured by Bray's method, are summarized in Appendix II and

Figures 5 and 6. With some exceptions, available phosphorus increased with

time. At field capacity, changes in availability of native phosphorus were

less variable as compared to changes in availability of applied phosphorus.

Soil moistiire, with or without organic matter, had a definite influence on

availability of both native and applied phosphorus in Cherokee silt loam soil.

As indicated in Figure 5 for the Cherokee silt loam the overall availability

of native as well as applied phosphorus, as a function of time, ootild be

summarized as follows:

P available at field / at twice field / suJaaerged

capacity \ capacity \ condition

However, this sequence did not hold for phosphorus in case of the Colby

silt loam. The availability of applied phosphorus showed large fluctuations

and soil moisture had no definite relationship with phosphorus availability.

Available phosphorus at twice field capacity showed a continuous decrease in

presence of organic matter and an initial decrease followed by a slight

increase in absence of organic matter. However this increase was still below

the initial available phosphorus level determined Immediately after application.
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VJhen organic matter was added to the Colty silt loam soil the available

phosphorus curves were almost similar under field capacity and subnerged

conditions*

DISCUSSION

In concurrence with the findings of previous workers, Gillispie (22),

Sturgis (51), Buehrer et al. (8), Yu and li (55), Karbacb (26) and many others

the development of low redox potential, with an increase in soil moisture

content and under submerged soils, was observed. This might be due to partial

or complete displacement of oxygen from soil and rapid consumption of oxygen

by soil microbes, thus resulting in a phenomenon called "anaerobicsis.

"

Development of gases were noticed as a result of microbial activity. Itoder

anaerobic conditions it seems that anaerobic soil micro-organisms derive

their energy requirement through oxidation-reduction processes—i.e., transfer

of electrons. Mineral constituents of soil like Fe, Mn, S, etc. have variable

valence and are easily reduced in the absence of oxygen. The experiment

supports the finding that presence of fresh organic matter in submerged soil

speeds up the rate of decrease of the redox potential. In most of the treat-

ments, where fresh organic matter was added, the greatest intensity of reduction

developed within the first 15 to 20 days following submergence (Figures 3 aj^d tJ-).

These results agree closely with findings of many workers.

Calcareous soils usuaUy contain less active iron ions or oxides which

are involved in oxidation-reduction and phosphorus fixation. "Qie Colby silt

loam soil, being calcareous in xwitvire, did not show similar trends in Ej^ values

as observed in case of the Cherokee silt loam. The rise in £^ values of Colby

silt loam at field capacity and initial rise up to ^5 days at twice field

capacity with and without organic matter, might be due to activity of OH" ions
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as a result of hydrolysis of free CaCO-j. However the two soils showed

similar trends under submerged conditions.

The availability of phosphorus was found to be markedly influenced by

soil moisture and presence of fresh organic matter in soils. Under anaerobic

conditions, ferric iron is reduced to ferrous state, thus increasing the

relative solubility of iron phosphate existing predominately in acid soils

and, consequently, increasing availability of fixed phosphorus. The results

reported in Appendix U ani Figure 5 show simil ar increases in availability

of phosphorus in Cherokee silt loam soil. However, the availability of

applied phosphorus in calcareous Colby silt loam, showed inconsistent results.

At twice field capacity in presence of organic matter, the availability of

applied phosphorus decreased. A possible explanaUon that can be offered for

the decrease in available phosphorus, is a temporary fixation of applied

phosphorus by microbial acUvity promoted by favorable condiUons like moisture

aixi an abundance of fresh organic matter.

In acidic soils, fixation of phosphorus through double decomposition

reactions involving solubility products, is very common. These reactions are

mainly due to activity of iron and aluminium ions or hydrated oxides. The

changes in \ values of acidic soils, being closely related to oxidation state

of iron, have an iwiirect bearing on iron phosphate availability. In other

words, an inverse relationship should exist between available phosphorus and

redox potential values of soil. The relationships obtained between availability

of native and applied phosphorus and redox potential values of soils are shown

in Figures 7 and 8.

The regression lines had a negative slope indicating an inverse relation-

ship to each other in case of Cherokee silt loam soil. The slope as indicated

by regression coefficients i.e. 'b' values, was almost the same for native and
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applied phosphorus. However, the correlation coefficients 'r' of native

phosphorus and applied phosphorus were O.896 and 0,739 respectively i,e,,

they were different. This iwiicated that the availability of native

phosphorus was influenced more due to a decrease in soil redox potential

than was availability of applied phosphorus, A logical explanation could

be as follows:

The redox potential of soil measures the intensity of oxidation or

reduction state of soil. The path of phosphorus fixation proposed by Chang

and Jackson (9> 10) is:

Calcium _. Aluminium _^ Iron __;^ Occluded

Phosphate Phosphate Phosphate Phosphate

According to this proposal, under acidic conditions, native phosphorus

might exist predominately as iron phosphate, Wright and Peech (52) noticed

that the native phosphorus of soil, to which no phosphorus had been adied,

was present in the form of iron phosphate, Bhangoo and Snith (5) reported

7OG lbs, of P/A as iron phosphate and alvuninium phosphate out of 1090 lbs,

of total phosphorus (P) per acre in the Cherokee silt loam. Now under such

conditions, if reducing conditions are developed due to submergence, the

existing native predominating iron phosphates would become more soluble and

consequently more available. But in case of applied phosphorus fixation may

not be complete. Clark and Peech (14) showed that reactions between added

phosphorus and soil were not complete even after 18 months. If this is true,

the present experimental period was only 75 days, hence part of the added

phosphorus must have existed in forms other than iron phosphate i.e., calcium

phosphate or aluminium phosphate during the 75 days experimental period. Forms

like calcium phosphate or aluminium phosphate are not directly affected by a

decrease in redox potential of soil. Therefore, the availabillly of applied

/?
•
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phosphorus was not affected to the same extent as native phosphorus. This

is shown by the correlation coefficients in Plgure 7. Overall, in case of

Cherokee silt loam soil, when the redox potential decreased from about 625 ^

to 100 mv, the availability of naUve and applied phosphorus increased by 30

ppm but increase in availability of native phosphorus was more correlated to

decrease in redox potential of soil.

As indicated in KLgure 8, for calcareous Colby silt loam soil, the

negative linear relationship was negligible in case of native phosphorus and

practically absent in case of applied phosphorus. The situation can be

explained on the same basis. In calcareous soil, phosphorus fixation tlurou^

double decomposition reactions, involves formation of different types of

calcium phosphates. It has been reported that the phosphate in calcareous

soil is mainly bonded to calcium. Calcium does not change its valence and

remains unaffected due to changes in redox potential of soil, hence there

existed no definite relationship between availability of either native or

applied phosphorus ani decreasing redox potential in case of Colby silt loam

soil. However, a small change in phosphorus availability with decrease in

R value in Colty silt loam may be due to the beneficial hydrolytic effect

of soil pH and microbial activity. With the addition of organic matter, the

variation coxxld be due to the chelation effect of organic matter, microbial

activity and soil pH. However, it needs further investigation.



SUMMARI AND CONCLUSIONS

The available literature indicates a beneficial effect of development of

reducing conditions on availability of native and applied phosphorus in soil.

To study existing relationships between decreasing redox potential and

available phosphorus in soil a laboratory e3q)eriment was conducted. The

results for Cherokee silt loam and Colby silt loam soils indicated that:

1

.

On submergence of dry soil the redox potential of both soils

decreased.

2. A sharp fall in redox potential was noticed, within 15 "to 20 days

after submergence.

3. The rate of decrease in redox potential of either soil was accelerated

by presence of organic matter in the form of alfalfa hffly.

4. Redox potential values reached near equilibrium conditions 75 days

after submergence.

5. In general soil moisture had a beneficial effect on available phos-

phorus but there were some exceptions.

6. AvailabiHly of applied phosphorus showed large variations as com-

pared to that of native phosphorus.

7. The increase in availability of soil native phosphorus appeared to

be more closely correlated to the decrease in redox potential of soil than

was applied phosphorus.

8. A negative linear relationship between available phosphorus and

redox potential was distinct in Cherokee silt loam soil where as it was not

as significant in CoU^ silt loam soil.
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APPENDIX I

CHANGES IN REDOX POTENTIAL OF SOILS'

Soil

Treatfl^ent

Moisture
Org.

:matter

Redox potentials (my«)
Days

15 » 30 ^5

41

60 : ^5

Cherokee field 624 630 639 624 670 628

silt capacity 627 618 635 644 669 614

loam
twice field 631 5(>5 514 528 323 307
capacity- 628 368 357 332 275 273

submerged 631 295 316 286 150 147

632 138 153 142 99 . 95

Colbsr field 478 519 567 51f> 566 583
silt capacity 478 496 ^ 511 541 541

loam
twice field 479 449 496 547 424 398
capacity 478 401 454 ^3 363 334

STobmerged 477 411 171 119 55 88

476 245 112 67 14 25

* E^ values adjusted to original soil pH according to Jackson (24)
Average of two replications.
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Rice fields, when subaerged, develop reduoing conditions resulting in

low redox potential. The degree of development of reducing conditions is

largely determined by amount of soil moisture and presence of organic matter*

Availability of soil phosphorus, which is one of the limiting production

factors in rice growing areas in India, shows large variations. The

available literature indicates a beneficial effect on development of

reducing conditions on availability of native and applied phosphorus in

soil. To study existing relationships between decreasing redox potential

and phosphorus availability in soil a laboratory experiment was conducted.

Three soil moisture levels (field capacity, 2 x field capacity and subaerged),

two organic matter levels (O arvi 1^) and two phosphorus levels (O and 200

lbs P/A) were used in the present ejqperimant. The soil pH and redox potential

readings of soils were taken at 15 day intervals. Simultaneously available

phosphorus hy Bray's loethod (P-l) was determined on a separate soil sample.

The results for Cherokee silt loam and Colby silt loam soils may be

summarized as follows:

1

)

On submergence of dry soil the redox potential of both soils

decreased. At field capacity Ej^ values were practically constant where as

at twice field capacity the E values were intermediate.

2) A sharp fall in redox potential was noticed within 15-^0 days after

subaergence and then K values showed gradual change until the end of

e:q>eriment.

3) The rate of decrease in redox potential of either soil was

accelerated "by presence of organic matter in the form of alfalfa hay.

k) Redox potential values reached near equilibrium conditions 75 days

after submergence.



5) In general increasing soil moisture had a beneficial effect on

available phosphorus but there were some exceptions.

6) Availability of applied phosphorus showed large variations as

compared to that of native phosphorus*

7) The increase in availability of soil native phosphorus was more

closely correlated to the decrease in redox potential of soil than was

applied phosphorus.

8) A negative linear relationship between available phosphorus and

redox potential was distinct in Cherokee silt loam soil where as it was

not as significant in Colby silt loam soil.


