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I. INTRODUCTION

Iron is the fourth most abundant element in the earth’s crust, after oxygen, silicon
and aluminium, where it’s concentration is 4.7 per cent (by weight). The iron content,
expressed as percentage of Fe,O;, make up one to six per cent of many soils, which is
comparable to seven per cent in earth’s crust and one to seven per cent in various rocks
(Bear, 1964). Iron is subjected to increase in concentration through soil development
processes, as reflected by contents of 10 to 15 per cent in many soil colloids. In Latosols and
Laterites, the Fe,O; content is frequently 20 to 80 per cent. Soils containing higher

percentages of iron oxides are approaching towards low grade iron ore.

In plant, iron plays a role in the synthesis of chlorophyll, carbohydrate production,
cell respiration, chemical reduction of nitrate and sulphate and in N assimilation. Iron
deficiency symptoms appear on younger leaves indicating yellowish inter-veinal areas of
leaves (commonly referred to as iron chlorosis). In case of severe deficiency, leaves become
almost pale-white due to loss of chlorophyll. In cereals, alternate yellow and green stripes

alohg the length of the leaf blade may be observed. At later stage, complete leaf fall occur

and shoots may die also.

Plants are prone to iron deficiency in alkaline, calcareous soils, compacted fields,
coarse-textured soils, soils low in organic matter, eroded soils, in cold weathered area and
flooded rice fields being an exception. Some crops sensitive to iron deficiency are citrus,

field bean, grapes, groundnut, sorghum, soybean, vegetables and ornamentals
(Tandon,1998).

According to Scholtz (1983), the concentration of iron in soils, may range from 0.5
to 3.6 per cent. A concentration which in comparison with other plant nutrients such as N
and P is extraordinary high. Despite this large amount of soil Fe, plants may suffer from Fe

deficiency especially when grown on calcareous soils which cover 30 per cent of
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the earth’s land surface (Chen and Barak, 1982). This is not surprising if one considers
the strong dependence of iron solubility on pH so much so that one unit increase in pH
can reduce the solubility of iron by as much as 1000 times. If it is in aqueous media, the
concentration of iron in soil solution can never reach anywhere close to the level needed
by plants. But the majority of plants (which are normally green) get hold of the needed
iron, while others, grown under the same conditions, may suffer from Fe chlorosis. It
appears that plants have developed mechanisms (usually referred to in the literature on Fe
stress responses) by which they may mobilize Fe by their roots. So, as a whole, factors
causing Fe-deficiency include the factors like the genetic susceptibility to Fe-deficiency,

virus infection, root pruning by nematodes, insects and fungus diseases and other than the

- so1l and environmental factors.

Iron deficiency seems to be one fourth as extensive as that of Zn, amongst the
micronutrients. It is an important problem in Haryana and to a lesser extent in Tamil Nadu
and Punjab. In Karnataka state, the results reported by the research institutions and the

state Department of Agriculture, indicate that 39 per cent soil samples to be deficient in

1ron.

Iron chlorosis is emerging as a problem in groundnut growing sarea of
Andhra Pradesh and in several crops including sugarcane on black clay soils in
Maharastra and also in clayey soils of southern Rajasthan. Though research data are few,
iron chlorosis in fruit plants and ornamentals is also quite common. Importance of iron
deficiency can not be doubted in vast areas of alkaline calcareous soils. Iron deficiency
was very high (46%) in the shallow and dcep black soils of Madhya Pradesh but not so in
medium black soils there. Iron deficiency is an important problem in Kamataka and
Tamil Nadu, as well. Karnataka is one of the four states where 70 per cent of the area and
75 per cent of the production of groundnut are concentrated while, India occupies the first

position, both in regard to the area and the production of groundnut in the world.
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About 7.5 million hectares is put under groundnut annually and the production is
about 6 million tonnes. The total out put increased within ‘eight economic years was by
16.83 per cent (out put in 1990-91 was 75.15 lack M. T and in 1998-1999, 87.80 lack
M. T). Groundnut is one of the most important oil seeds and food crop, not only that,

among the oil seed crops, groundnut has first place in India due to various reasons as

follows :
1. It can withstand drought and is suitable for dry land farming.

2. It is a soil erosion resistant crop and being a legume crop, it can fix the
atmospheric nitrogen with the help of nodule bacteria and there by improves the soil

fertility.
3. lts shell, skin, haulm and hay can be used as fodder.
4. Groundnut cake is chief oil cake feed to animals and it is also used as manure.
5. The plant stalks are feed to cattle in the form of green, dried and silage.
6. It is an important cash crop and is useful as a rotational crop.
7. Moreover, groundnut is a chief source of protein.

A popular bunch type variety, JL-24, recorded lowest leaf chlorophyll content in
absence of iron amongst five varieties of groundnut (Tandon, 1998). An investigation on
chemistry of iron in soil solution and lime induced iron chlorosis to groundnut crop

(JL-24) was carried out under following objectives :

1. Characterisation of iron oxides in calcareous vertisols.
2. Solution chemistry with respect to iron and calcium.

3. lron availability to plants under varied CaCOj; and moisture level.
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II. REVIEW OF LITERATURE

Iron makes up about 5 per cent by weight of the earth’s crust and is invariably
present in all soils. The greatest part of soil iron usually occurs in the crystal lattices of
numerous minerals. The primary minerals in which Fe is present include the
ferromagnesian silicates (eg. olivine, augite, hornblende and biotite). The oxides and

hydroxides of iron found in lithosphere are as follows:

Hematite (a-Fe,03), the abundant form of iron oxide which gives pink to bright red
colour to soils, is coarsely crystalline and found in sand and silt fraction. Martite is

another oxide form of iron having same molecular formula as of hematite.

Goethite (a-FeOOH), the hydroxide form of iron endows brown and dark reddish

brown colour. Finely divided goethite particles are known as limonite which is more

hydrous than goethite.

Magnetite (Fe;0,) is the form of oxides of iron which shows magnetic properties,

whereas, maghemite (y-Fe,O;) is the more oxidised form of magnetite.

Though iron containing minerals are so abundant in earth crust, it’s avatilability to
plant is limited in alkaline and/or in calcareous soils. This incidence of Fe unavailability

in soil influenced by several factors which may be indigenous, environmental, nutritional

or microbial.

Literature on forms, distribution and availability of iron with specific reference to

calcareous Vertisols is presented in the following headings:

i} Characterisation and distribution of different form of iron in soil.
ii) Iron in solution and it’s interaction with different ions.

iii) Factors influencing iron availability to plant.



2.1 Characterisation and distribution of different forms of iron in soil

Cooling of magma formed igneous rock and a sequence of rocks, bearing
characteristic mineral species, containing iron as an element. From solid and residual
magmas it came into soil as the process of weathering follows and in soil it is found in
crystal lattices of primary and secondary minerals. The tendency of elements to replace one
another in crystal lattices depending on charge and ionic radius predicts about the
distribution of clements in a mineral. In which, higher charge is preferred and for iron of the
same co-ordination number, the smaller ion is preferentially selected (Goldschmidt,1954).
Ringwood (1955) introduced the added factor of electronegativity. The less electronegative
a cation, the greater the tendency to enter into ionic crystal lattice such as that of the silicate
minerals. For examples, iron bearing ferromagnesian primary minerals (olivine, homnblende,

biotite) and secondary clay mineral (nontronite) where aluminium is substituted by iron at

octahedral position.

2.1.1 Characterisation of iron in soil

2.1.1.1 Fe in secondary minerals

Mineralogy of Vertisols and Mollisols, associated in a hydrotoposequence in the
plateau of Morocco was studied by Badraoui and Bloom (1990) using X-ray diffraction,
interlayer swelling with alkylammonium cations, chemical analysis and infrared
spectroscopy.  After calculating the structural formula, they found that the clays are
beidellite in nature having high charge density and may contain Fe. Infrared spectroscopy

demonstrated that these beidellite contain substantial amount of Fe®* in the octahedral sheet.

‘Bigham et al. (1991) have analysed the origin of contrasting soil colour of two soils
formed from sedimentary rocks which were similar in clay content (50 to 65%)and

mineralogy (smectite). The colours were dark reddish brown (2.5 YR 3/4) vs olive (5Y 5/3).
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X-ray diffraction study of Fe-oxide-enriched specimen obtained through high gradient
magnetic separations of the soil clays showed goethite to be the only detectable Fe-oxide in
the pedon formed from olive (5Y 5/3) shale. Red pigmentation in the companion soil was
due to the presence of lithogenic hematite associated with varying amounts of goethite and
lepidocrocite. Ratios of dithionite extractable to total iron indicated that gocthite had formed
primarily by pedogenic weathering of stlicate minerals in the profile developed from ohive
shale.  In contrast, sufficicnt I'e was apparently mobilized by dissolution of lithogenic
hematite in the red soil to suppress the release of iron from silicates and to exceed the

solubility product of goethite and lepidocrocite on at least a seasonal basis.

2.1.1.2 Sedimented iron oxide

Barral Silva and Guitian Ojea (1991) have classified ferruginous sedimentation

(mainly goethite), on the basis of morphological and analytical characteristics.

Class-I : Hard laminar crusts of goethite cemented sand are thought to have been
formed in some cases by chemical diffusion of dissolved Fe®' to the capiliary fringe of a
former water table and in other cases by oxidation and precipitation of iron oxides at the
interface between sediment layers with different texture and aeration condition. During
formation, continuous deposition would maintain the dissolved iron concentration gradient

and hence give rise to a sink effect ensuring the continuance of the diffusion and gradual

thickening of the precipitates.

Class 1I: Globular accumulation consist of an indurated coat of goethite surrounding
blackish, acid reduced material containing iron sulphides namely pyrite and sulphate
metanterite (FeSO4. 7H,0) ; presence of carboniferrous organic matter in the sediments
produce gases that may form bubbles which under water-logged conditions, may deform the
texture of the deposit and mobilize large amounts of ferrous iron (Siuta and Motowicka,

1969). In this case the globular concretions can be seen. On exposure to



better aerated environment the ferrous iron would be oxidised and hydrolysed to produce

goethite as a hard coating, protecting the inner materials from oxidation.

Class III: Tubular goethite precipitates are most striking features which 1s due to
the redistribution of iron as the combined result of channeled horizontal flow and the
diffusion of dissolved iron towards the unsaturated zone where it would be oxidized and

precipitated.
2.1.1.3 Precipitated form of iron oxide

Iron oxide coating from ped surfaces and pores of three rice paddy soils and one
non paddy soil from Beaumont, Texax, provided samples for studying iron oxides,
mineralogy and the relationship of extractable Fe to extractable Al, Si and P. Chemical
analysis of iron oxides, sonication, centrifugation and magnetic separation by Wang er al.
(1993) showed that these iron oxide coatings cement clay minerals and quartz particles
together. Iron oxide coatings in all soils contained lepidocrocite and smaller amounts of
goethite. An improved differential X-ray diffraction (DXRD) method in situ DXRD
on a non reflecting quartz plate allowed the identification of ferrihydrite which is
otherwise difficult to identify because of its poor crystallinity and low concentration. The
DXRD and chemical data indicate that the paddy soils have more ferrihydrite in relation
to total iron oxides than the non-paddy soil. The P to Fe ratio decreased with each AOD
treatment (ammonium oxalate, pH 3, in the Dark) step for all soils, their study suggested
that physical separation and in situ AOD treatment can be used with the DXRD method to

identify ferrihydrite, lepidocrocite and goethite in soil clays containing extractable iron

concentrations as low as 10 to 44 g/kg.

White and Dixon (1996) in their two sequential studies, showed the distribution of
iron as well as manganese disiribution in nodules from a young Texas Vertisol and
described different types of banding of Fe and Mn in spherical nodules. Whereas, Golden

et al. (1997) at Texas described the precipitated form of iron oxides. They collected



precipitation of iron oxides on ped surfaces, desiccation cracks, pores of clay soil and also
the Fe-oxides on the roots of rice plants grown in flooded soil. They characterised two

types of iron oxides based on crystallinity :

1. The red precipitation found on the freshly exposed desiccated cracks and on surface of
pores of clay soil, which are poorly crystalline iron oxides. These iron oxides

precipitate directly from the bulk solution also contain Si and P as these anions are

soluble in the reduced medium.

2. The forms found in oxidising condition precipitated near the rice-root surface (Green

and Etherington, 1977) contains abundant, well-crystallized lepidocrocite that is free of
P and Si.

~ 2.1.2 Distribution of iron in soil

The distribution of iron is a function of the oxidation potential of the soil
environment. In soil, divalent form of Fe is less strongly held by soil surfaces than other
micronutrients like Cu, Zn but the property of being oxidized to higher valence states,
which can form very insoluble oxides and phosphates renders these elements much less
available to process of leaching. Distribution of iron in soil is mainly depends upon

organic matter content, clay content, oxidation-reduction state and drainage condition.

In India, while studying distribution, iron deficiency has been reported in the soils
of Punjab (Kanwar ef al., 1962), Uttar Pradesh (Agarwala and Mehrotra, 1963), Madhya
Pradesh (Rai, et al., 1972) and in South India (Shankarasubramoney et al., 1955).

2.1.2.1 Iron diagnosed by different extractants

To study the distribution of different forms of iron in soils of Uttar Pradesh,

Misra and Pande (1975) have collected soils from different agroclimatic regions of Uttar
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Pradesh. None of the soil was found to be deficient in available iron as soils were
analysed for exchangeable, reducible, available, complexed, organic, dil. HCI soluble and
free iron forms. The order followed by the different forms of Fe in respect of its
extractability 1s free Fe> 0.1 N, HCI soluble Fe> organic Fe> complexed Fe>reducible
Fe>available Fe>exchangeable Fe. The correlation with Fe was found positive to organic

carbon and negative to pH and CaCO; content.

Two Usterts picked out from middle and lower Narmada valley, namely Karanpur
(Typic Chromusterts) and Keshvi (Typic Pellusterts) were evaluated for their physico-
chemical properties and forms of iron. Study of different forms of iron by Thakur er al.
(1995) revealed water soluble, exchangeable and available forms of iron content decrease
with depth, it was probably due to precipitation of soluble iron at fower depth by
adsorption on clays and uncharged oxides as pointed out by Dubey (1982). Iron contents
were high when extracted through selective dissolution of IN HCI, 0.2M oxalate, citrate-
bicarbonate-dithionite and 0.5 N NaOI1 (boiling). IN HCI extracted more iron might be
due to increased solubility of iron compound in acid. For both the soils, the amount
extracted by dithionite exceeded the amount that extracted by oxalate. The lower values
were obtained with respect to amorphous free iron in Typic Chromustert suggested that
most of the free iron was crystalline in the form of goethite as pointed out by McKeague
et al. (1971). Crystallization of released iron oxides may have been encouraged by low
organic matter content and their ageing speeded up by relatively high pH (Blume and
Schwertmann, 1969 ; Singer, 1977). The value with respect to 0.5 N NaOH (boiling)
extractable Fe,O; showed an increasing trend with depth in both the soils. Similar

findings were also reported by Dubey (1982).

A very small quantity of Fe’" was found in these soils than Fe’* which might be
due to its transformation into ferric forms (Thakur ef al., 1995). The higher values in
lower layers and reduction to ferrous iron from the higher total iron was observed in

Typic Pellustert due to its basaltic origin as found in soils of Narmada valley.
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2.1.2.2 Fractionation of iron

Fractionation of iron revealed that water soluble, Mn-oxide occluded and
organically found iron decreased whereas, exchangeable, acid-soluble, Pb-displaceable,
amorphous iron oxide-occluded and residual iron increased with depth as found by
Yerriswamy ef al. (1995) in five typical Vertisol series of Karnataka. The percentage
contribution of different fractions to the total Fe was in the following order: residual >
amorphous Fe-oxide occluded > organically bound> Mn-oxide occluded > Pb-
displaceable > exchangeable > acid soluble > water soluble iron. According to their
study, the amount of iron in labile pools was very low and this could be the reason for the

frequent appearance of iron chlorosis in calcareous Vertisols of Karnataka.
2.1.2.3 Influence of soil properties on distribution of iron

To find out the cause for iron deficiency in the Vertisols (Typic Chromusterts) in
Maharashtra, Yelvikar et al. (1996) have analysed several soil samples and found
significant influence of pH, CaCOs, organic carbon and clay to different fraction of iron.
. The fractions of iron tested were DTPA-extractable Fe, exchangeable, reducible, dilute

acid soluble and water soluble iron.

Zhang et al. (1997) reported the sorption and downward transport of trace metals

and phosphate in soils are dependent, in part on the distribution of various forms of Fe, Al

and Mn. The objectives of this study were to investigate

i) The distribution of various forms (exchangeable, organically bound, associated with
Mn oxide, amorphous and associated with crystalline Fe oxide forms) of Fe, Mn, Al

and P in the surface horizons and

1i)] The distribution of these elements in different depth in six soil series in Flonida

representing Spodosols, Alfisols and Entisols. Variation in concentration of total Fe with
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depth of soil was significantly correlated with clay content. Greater than 60 per cent of
total Fe was present in the amorphous form in soils with pH < 6.5, while more than 80 per
cent of total iron was present in the crystalline form in soils with pll > 6.5. The
distribution of total and oxalate-extractable P was significantly related to the content of

amorphous Al and Fe and crystalline Fe oxides in the soils.
2.2 Iron in solution and its interaction with different ions

As weathering proceeds, Fe onginally present in the easily weatherable
ferromagnesian primary minerals appears in illitic clay minerals and ultimately in soil
solution. The inorganic iron species in solutions are Fe**, Fe (OH)*", Fe (OH);’, Fe(OH),
and Fe?'. The content of soluble Fe in soils is extremely low in comparison with the total
Fe content. In well aerated soils, however Fe*' contributes little to the total soluble
inorganic Fe except under low soil pH conditions. Iron solubility is largely controlled by

the solubility of hydrous Ferric oxides. These give rise to Fe’* and its hydrolysis species
(Lindsay, 1972):

Fe** + 3(0H) = Fe (OH); (solid)

The equilibrium is very much in favour of Fe(OH); precipitation and is highly pH
dependent, the activity of Fe’* falling with increasing pH. At higher pH levels Fe™*
activity 1n solution decreases 1000 fold for rise in each pH unit. In this high pH range

(7t0 9), Fe (OH)*', Fe (OH); and Fe (OH), are formed.
2.2.1 Iron in solution

According to Wada and Higashi (1976), the addition of fresh organic matter to
soils known to increase the water-soluble iron in soil solution. While solubility level
reaches a minimum in the pH range between 7.4 to 8.5 (Lindsay and Schwab, 1982).

Acid soils are thus relatively high in soluble norganic Fe than calcareous soils where
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levels can be extremely low. This may be the reason for Fe deficiency in crops growing
on these soils. According to Chen and Barak (1982) the solubility of Fe oxides/hydroxides
decreases in the following sequence: Fe (OH); amorphous> Fe (OH); in soils >
maghaemite (y-Fe,O3) > lepidocrocite (y-FeOOH) > heamatite (a-Fe,O;) > goethite
(a-FeOOH ).

When soils are water logged a reduction of Fe’* to Fe?' takes place accompanied
by an increase in Fe solubility. Reduction is brought about by anaerobic bacteria which
use Fe oxides as electron acceptors in respiration (Munch and Ottow, 1983). A closc
contact between the bacteria and the Fe oxides is required for this process. In soils
subjected to anaerobic conditions the ratio of activities of Fe*'/Fe?' can be an important
parameter in relation to crop growth. This is assessed by measurement of the redox
potential under anaerobic soil conditions. But the differences in redox potential can often
be observed in the same profile. In the deeper soil layers which are less well aerated, Fe**
is frequently higher than in the upper horizons. The observations of Wiklander and
Hallgren (1949) showed that at a depth of 2m, over 90% of the soluble Fe was present as

Fe**. The redox potential thus generally falls from the upper to the lower horizons.

El-Demerdashe ef al. (1993) worked on status of iron in a calcareous soil of north-
western coast of Egypt. Total iron range was between 2,500 to 55,250 ppm. They
extracted available Fe with different extractants and efficiency of different extractants to

keep available iron in solution was in the order: HCl > NI,HCO; + DTPA > EDTA >
NH4OAC > DTPA > H,0.

2.2.2 Concentration of bicarbonate in soil solution to induce iron chlorosis

With regard to the exact cause of lime-induced chlorosis, however, there is much
diversity of opinion. It is a well-known fact, that plant species vary in their susceptibility

to lime-induced chlorosis. Besides the inability of the plant to take up iron from the soil,
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iron deficiency may also be due to inactivation of the iron within the plant. Wallace and

Lunt stressed on the following causal factors:
a) Low iron availability as a result of high pH,
b) high soil moisture content and poor aeration,
c} high bicarbonate content in the soil,
d) extreme temperatures,
e} high phosphate, and
f) incorporation of organic matter.

The multiplicity of factors makes it difficult to evaluate each one for its
contribution to lime-induced chlorosis. Pot experiments and field trials were conducted by

Boxma (1972), to determine the direct cause of lime-induced chlorosis in

Netherlands.The findings were as follows:
1) High bicarbonate content in the soil was the main cause of lime-induced chlorosis.

2) There was a significant correlation between lime-induced chlorosis and the

bicarbonate content of the soil in the spring under field conditions.

Coulombe er al. (1984) also studied on bicarbonate induced iron chlorosis. Four
soybean (Glycine max (L.) Merr.) cultivars differing in susceptibility to iron (Fe) chlorosis
in wet calcareous soils were grown in nutrient solutions to characterise the effects of
phosphate (P) and bicarbonate (HCO;) in inducing chlorosis. NaHCO; (O or 10 uM),
P (10 or 400 uM) as NaH,PO,; and NH"; (0 or 300 uM) as (NH,),SO, were factorial

treatments in a nutrient solution. Low Fe availability was maintained by supplying 5uM
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Fe + 10 uM EDDHA and excess CaCO; (pH 7.5). With no HCO'; added, ‘T 203’
(extremely chlorosis susceptible) was green at 10uM P, but scverely chlorotic at 400 M
P; ‘Wayne’ (chlorosis susceptible) was green at both P levels. Addition of HCO'; caused
chlorosis in T203 and wayne at 10 or 400uM P. Chlorosis resistant ‘AP9’ and ‘Hawkeye’
remained green with added P on HCO;. Low Fe concentrations in young leaves
corresponded with high chlorosis ratings. Phosphorus concentration in young leaves did
not change with HCO;5 at 10 uM P, but decreased with HCO; at 400uM P. In the
absence of HCO; ‘Wayne’ was not chlorotic at either concentration of solution
P, although this cultivar is known to be highly susceptible to chlorosis in the field.
Bicarbonate induced chlorosis in wayne was not the result of increased solubility on plant

uptake of P. Thus, HCOj; was a direct factor in causing soybean chlorosis and likely is

also a cause in soils.
2.2.3 [Iron availability as influenced by other ions in presence of HCO;

Four pot experiments were performed by Inskeep and Bloom (1986), with five
calcareous soils from western Minnesota to determine the effects of soil moisture on Fe
chlorosis in soybean (Glycine max (L.) Merr.). The soil to CO, contents measured from
gas wells in pots increased from 0.16 to 16.4 ¢ mol mol™' as a result of decreased gas
diffusion when the air-filled porosity decreased. With increasing soil moisture, HCO;’
concentrations in soil solution attained values as high as 10 pM. Total chlorophyll
contents of Anoka soybeans decreased as soil moisture, soil pCO, and soil solution HCO5'
increased. The same response was not observed in all calcareous soils. Calcareous soils
with lower amounts of clay sized CaCOs, lower soil solution Mg®" and/or lower
bicarbonate extractable P did not produce severe chlorosis with increased moisture. This

suggests that clay sized CaCOs;, Mg or P may be additional stress factors associated with

HCO5™ induced chlorosis.
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Watanbe and Matsumoto (1994) studied effect of monosilicate, phosphate and
carbonate on iron dissolution by mugeneic acid. They chose ferrihydrite as a mineral of
Fe used to study dissolution rate by the phytosiderophore mugeneic acid (MA) suspended
in NaCl (aqueous, pH 4-9) containing orthophosphate, monosilicate and carbonate at a
range of concentration. The results showed inhibited Fe dissolution by MA in presence of
anions. Monosilicate inhibited > 80 per cent at > pH 8. The inhibition of iron dissolution
by monosilicate decreased significantly with decreasing pH. In case of phosphate, it

inhibited dissolution of Fe at low concentration and all the tested pH values.
2.3  Factors influencing iron availability to plant

Total Fe in Indian soils varied from less than 1.3 per cent to more than 8 per cent
with an average value of 3.3 per cent as mentioned by Katyal and Sharma (1991). But iron
chlorosis often occurs in calcareous soil. This lime induced chlorosis in not as a
consequence of too low availability of Fe in the soil, but is rather a physiological disorder.
Despite physiological disorder some specific cultivar may not face iron chlorosis. So, it

can be expressed that there are other factors which are related to iron chlorosis.

In 1975, Venkata Subrahmanyam and Mehta at Anand, Gujarat, studied on
availability of iron in presence of different levels of Zn, Fe and moisture in calcareous
soil. They found antagonistic effect of Zn towards Fe availability. Maximum available

Fe was present under flooding, least under field capacity and intermediate under

saturation.

Singh and Dahiya (1975) in Hissar, Haryana conducted experiment to findout the
effect of added CaCOj; and iron on the transformation of iron in a light textured soil in
laboratory. Exchangeable, available and reducible iron decreased with the increase in
added CaCOs;. Increase in time of incubation also caused significant decrease in all forms
of iron irrespective of addition of CaCQOs;. Addition of soluble iron salt resulted in

immediate increase in all forms of iron which also decreased with incubation time.

Th 6450
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Morris et al. (1990) have classified the factors influencing iron availability in to

four heads.
i) Indigenous soil
ii) Environmental
iii) Nutritional and
iv) Microbial

The indigenous soil factors are those parameters that remain relatively constant and
are not readily altered by cnvironinenlal condition on management practices. The major
indigenous soil factors implicated include concentration, mineralogy and crystalline
nature of soil Fe (Loeppert and Hallmark, 1985; Vempati and Loeppert, 1988) and
concentration, particle size distiibution, reactivity and composition of soil carbonate phase
(Yaalon, 1957 ; Inskeep and Bloom, 1987); soil organic matter (Chen and Barak [1982]),
exchangeable Mg and exchangeable Na concentrations (Inskeep and Bloom, 1984) ;

Loeppert and Hallmark, 1985) and soil solution composition, especially HCO'™

concentration (Brown et ai, 1959 ; Bloom and Inskeep, 1986).

Environmental factors that have been manifested in Fe availability include soil-

waler coiUcnt, soil gas phase composition and rooting volume.

Nutritional factors as it recognised to be responsible for iron availability include

P concentration, NH4/NO3s balance, K-fertilization and Mn / Fe balance.

Microbial factors implicable to micro-organism population that either increases or
decreases the concenlration on available Fc, mobilizing the labile Fe including O: balance
in soil atmosphere. Available Fe in calcareous soils extracted by DTPA-CaCla (pH 7.3)

DTPA-CaCl: (pH 8,0), EDTA (NH"OjCO., (pH ¢.s), DTPA-NII,HCO, (pH 7.6) and
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EDTA-NHsOAC (pM 7.0) showed significant correlation negatively with pH, free CaCOi
and active CaCOs, whereas positively with organic carbon. Clay content showed a

tendency of positive correlation with extractable total Fe in the experiment conducted by

Prasad and Sakai (1991) at Pusa, Samastipur, Bihar.

A pot experiment was conducted with calcareous vertic ustochrept in Junagarh,
Gujarat by Suthar and Patel (1992). They studied the effect of lime (0, 10 or 20%) and
soil water (saturation, 20 and 80% of soil water) on groundnut. Lime application
decreased pod yield, soil available iron and plant Fe, Mn and K contents and
increased plant P content. Pod yield was highest with 80% available soil water that with
20% ; no pods formed with soil saturation. With increase in soil water content, plant

I’ and K contents dccieascd and |)laiit i’c, Mn and Zn coiUciils increased.

Campillo and Torrent (1992) chose chickpea and sunflower as test crops and grew
in a growth chamber on 25 calcareous soils from Andalusia representing Xeroflurents,
Xerorthents, Xerochrepts, Haploxeralfs, Rodoxeralfs, Chromoxerents and Pelloxerents.
They found mean chlorophyll contents of the plants were most strongly and negatively
coiTelated with soil calcium carbonate equivalent and native lime and positively correlated
with acid ammonium oxalate extractable Fe, DTPA- extractable Fe. The Fe form most
closely related to Fe chlorosis was acid NHa.-oxalate-extractable Fe ; the critical level

separating soils with high and low probabilities of responding to Fe fertilizer was 0.63

g/kg of soil.

Rao el al. (1993) observed iron chlorosis of groundnut and studied on plant
nutrient content and soil factors on samples collected at different stages of the crop
(groundnut) and their yield in chlorotic and nonchlorotic plots. They mentioned
significant negative correlation between phosphorus content and ferrous iron in calcareous
soil of Andhra Pradesh which showed high P content in plant ; actually the reason behind

lesser iron absorption by plants, due to immobilization of Fe.
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Jagtap and Mohite (1994) came to know, the influence of level of moisture, organic
matter, CaCOj; and particle size of saline-sodic calcareous soil on release of sulphur and
iron from pyrite. During incubation release of Fe and S were increased up to 30 and 40
days respectively and thereafter decreased gradually. The release of available S and Fe
and decrease in soil pH was found with addition of organic matter (20 t/ha), and the
application of finer (>100 mesh) particles of pyrites during incubation. The soil pll

decreased initially in pyrites treated soil up to 7 days and thereafter increased slightly.

Khorsandi (1994) studied the effect of sulphuric acid on the availability of Fe and
P in two calcareous soils in green house experiment conducted with sorghum (Sorghum
bicolor). Addition of sulphuric acid increased soil acidity, salinity, DTPA-Fe, available
P (NaHCOjextractable) and crop yield. The change in soil pH was the key to the
increased nutrient availability and subsequent crop yield. Leaching after acid application
was beneficial in decreasing salinity during the germination and the seedling stages and

this directly affected the yield. The beneficial effect was maintained over two greenhouse

cropping seasons.
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III. MATERIAL AND METHODS

To study the distribution of different forms of iron and calcium in calcareous black
soils in relation to presence of different concentration of iron in soil solution, soils were
collected from Dharwad and Hebballi (from 15°19' N to 15°41' N and from 74°43'E to 75°15
E) and Hebsur (15°11' to 15°31 N, 75°01-75°28' E) in North Karnataka. Pot culture
experiment was carmed out to know the influence of moisture and free CaCO; on iron
availability to groundnut crop in a calcareous black soil. The material used and methods

followed for the study, mentioned above, are given below.

3.1 Characterisation of calcareous vertisols for form and distribution of iron

and calcium

3.1.1 Collection of soil samples

Samples at depth of 0 to 15 cm, 15 to 30 cm, 30 to 60 cm and 60 cm to 1 m of a
profile and fourteen surface samples surrounding the profile were collected from each of the
selected sites in Dharwad (main research station), Hebballi (Agricultural Research Station)
and Hebsur (farmer’s field). Collected soil samples represented vertisols and were calcareous
in nature. The soil samples were air dried in shade, mixed and powdered with wooden pestle

and mortar. After passing through 2 mm sized sieve the powdered soil samples were

preserved in plastic bags for further analysis.
3.1.2 Basic characterisation of soils

3.1.2.1 Soil reaction

Soil pH was determined in 1:2.5 (soil:water) suspension using a pH meter

(Jackson, 1967).
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3.1.2.2 Electrical conductivity (dSm™)

Electrical conductivity was determined in the supernatant solution of 1:2.5

(soil:water) extract using a conductivity meter (Jackson, 1967).

3.1.2.3 Organic carbon

Organic carbon was estimated by Wakley and Black wet oxidation method by
oxidising the organic matter in finely ground soil with chromic acid using sulphuric acid as

source of heat through heat of dilution of it. The procedure followed was described by

Jackson (1967).
3.1.3 Alkaline earth carbonate (free calcium carbonate)

Free calcium carbonate content of soil was determined by acid dilution method as

described by Piper, (1966).
3.1. Different forms of iron oxides
3.1.4.1 Free iron oxide

Citrate bicarbonate dithionite (CBD) method was followed to extract free iron oxide
from soil samples. Soil sample was heated at 70°C with citrate-bicarbonate buffer (1:5 to
soil : buffer) . At soil suspension temperature of 75° C, 1g of sodium dithionite was added
once and stirred intermittantly. The suspension was cooled, centrifuged and supernatant was
collected. The residue was washed with citrate-bicarbonate and NaCl (twice) and the
supernatant was collected. Iron in the washings which was made to a known volume was

estimated using atomic absorption spectro photometer (Mehra and Jackson, 1960).
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3.1.4.2 Amorphous iron oxide-occluded iron

One part of soil and 40 part of oxalate reagent (ammounium oxalate + oxalic acid)
was stirred and kept in darkness for 4 hours. Later centrifuged (30 r.p.m.)and iron in the

supernanant was measured in a atomic absorption spectrophotometer (Miller et al., 1986).

3.1.5 Estimation of iron calcium, carbonate and bicarbonate in soil solution

3.1.5.1 Water soluble iron

Soil was extracted with double distilled water maintaining soil to water ratio of 1:

40 and by shaking for 16 hours. Iron in the extract was determined by AAS (Miller et al.,
1986).

3.1.5.2 Water soluble calcium

Soil was extracted with double distilled water by maintaining soil to water ratio of

1:1. Calcium in the extract was determined by versenate titration (Black, 1965).

3.1.5.3 Carbonate and bicarbonate

1:2.5 (soil:water) extract was used for determination of carbonate and bicarbonate
ion. 0.05 N sulphuric acid was used in presence of phenolphthalein indicator iv iicuiralize
carbonate ion. At this stage, another suitable indicator methyl orange was added and
further titrated against sulphuric acid to get the neutralization point which indicate the

presence of bicarbonate ion (Jackson, 1967).
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3.1.6 Estimation of available forms of iron and calcium in soils

3.1.6.1 DTPA extractable form of iron

The method found to be useful for seperating soils into deficient and non deficient
categories for micro nutrients, developed by Lindsay and Norvell (1978) was followed for
estimation of available iron. DTPA (Diethylene triamine penta acetic acid) was used as

extractant and atomic absorption spectrophotometer was used for estimation as described

by Tandon (1998).

3.1.6.2 Exchangeable calcium

KCI-TEA(Tri-ethanol amine) buffer solution (pH 8.2) was used to extract
exchangeable form of calcium instead of using ammonium acetate to prevent
overestimation of calcium especially in case of calcareous soil. The extracted solution was

titrated against versene (disodium dihydrogen ethylene diamine tetra acetic acid) using

murexide as indicator (Jackson, 1967).

3.2 Pot culture experiment

3.2.1 Collection and preparation of soil sample for pot culture

Surface soil samples (0-15 cm) were collected from a site in MRS Dhamad which
represented calcareous vertisol (Typic Haplustert). Collected soil sample was dried,

powdered, passed through 2 mm sieve and included in pot culture study.

3.2.2 Experimental details

Different levels of calcium carbonate were chosen for pot culture experiment to get
five treatments. The levels chosen were 5, 7, 10, 15 and 20 per cent which represented the

wide variation of calcium carbonate in calcareous vertisol of North Karnataka. These
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treatments were combined with three different moisture levels (75, 150 and 200% of

field capacity of soil) to get a combination of 15 treatments.

Required amount of CaCO; (L. R grade) was mixed with 6 Kg of soil which was
filled in cleaned porcelain pots and these pots were transferred to green house, where the

added CaCO; was allowed to equilibrate with soil for 2 months by keeping the soil at

moisture level of F. C.

Groundnut (Arachis hypogaea L.), variety JL-24 (Phule Pragati) was used as test
crop. Five seeds were dibbled in each pot and three healthy seedlings were retained. The
crop was grown till the stage of ‘harvest, following all of the cultural practices except adding

gypsum.
The details of the experiment are given in Table 1.

3.2.3 Maintenance of moisture level

Using pressure plate apparatus, the field capacity of the soil was determined.
Depending upon the treatment, pot received different quantities of water at two pre
determined stages, viz., the flowering and pegging stage of the crop. While maintaining the
three moisture levels, three seperate pots with 500 gm soil were kept in same environmental
condition (in greenhouse) and reduction in weight due to evaporation was measured and

moisture was maintained in different treatments in accord with that.



Table 1. DETAILS OF THE EXPERIMENT

SI. No

Particulars

1

Crop variety

JL-24

2

Design

2 factor Completely Randomised Design

Treatments

T\~ Moisture level at 75% of F.C+5% of CaCO; (M,C,)
T,- Moisture level at 75% of F.C+7% of CaCO; (M,C,)
Ts- Moisture level at 75% of F.C+10% of CaCO; (M,C3)
Ts- Moisture level at 75% of F.C+15% of CaCO; (M,Cy)
Ts- Moisture level at 75% of F.C+20% of CaCO; (M,Cs)
Te- Moisture level at 150% of F.C+5% of CaCO; (M,C,)
T,- Moisture level at 150% of F.C+7% of CaCO; (M,(C,)
Tg- Moisture level at 150% of F.C+10% of CaCO; (M,C;)
To- Moisture level at 150% of F.C+15% of CaCO; (M,C,)
T1o- Moisture level at 150% of F.C+20% of CaCO; (M,Cs)
T\ ,- Moisture level at 200% of F.C+5% of CaCO; (M3C,)
T\,- Moisture level at 200% of F.C+7% of CaCO; (M;C5)
T3~ Moisture level at 200% of F.C+10% of CaCO; (M;Cs)
T4~ Moisture level at 200% of F.C+15% of CaCO; (M;C,)
T, s- Moisture level at 200% of F.C+20% of CaCO; (M;Cs)

Replication

Three

Date of sowing

31.12.1999

Date of harvest

18:04.2000
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3.2.4 Soil analysis
3.2.4.1 Iron and calcium content after harvest

After harvest soil samples were collected and analysed for different forms of iron,

calcium and bicarbonate ion. [procedure as mentioned in section 3.1(3.4.5.6)].
3.2.5 Dry matter yield and plant analysis

3.2.5.1 Dry matter yield

As soon as the crop growth period was over, plant sample was collected, washed with
water followed by 0.1 N HCI and distilled water and kept for air drying. Air dried haulm

samples were oven dried at 70°C for overnight. The weight of oven dried haulm and air dried

pod samples were recorded.
3.2.5.2 Preparation of plant samples

Dried samples were powdered in a grinder and pressured in paper bags for further

analysis.
3.2.5.3 Estimation of iron and calcium in plant samples

Plant samples were digested in diacid mixture (Nitric acid : Perchloric acid i
proportion of 9:4) and filtercd extract was used for estimation of iron by AAS and calcium

by versenate titration method (Tandon, 1998).



3.3 Statistical analysis

Completely randomised design (2 factor) was followed for pot culture experiment and
correlation study was made to analyse distribution of iron and calcium in soil samples

collected from three different places. Computed data was interpreted with critical difference

level at 5 per cent and 1 per cent.
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IV. EXPERIMENTAL RESULTS

Surface and profile soil samples, representing calcareous black soil
(Typic Haplustert) were collected from M.R.S., Dharwad (D-Block), Hebballi
(Agricultural Research Station) and Hebsur (Farmer’s field). A pot culture experiment
was conducted with groundnut (JL-24) as test crop in the winter season of 1999-2000 and
soil samples were analysed for different forms of iron, calcium and bicarbonate and plant

sarhples for total tron and calcium. The results of the survey work and pot culture

experiment are presented as follows:
4.1 Results of soil survey
4.1.1 Basic characterization of soils

4.1.1.1 Soil reaction

Surface soil samples (0-15cm) of Dharwad were neutral in pH, ranging from pH
6.50 to pH 7.16. In Hebballi, surface soils were having the pH range of 7.56 to 8.36,

indicating neutral to slightly alkaline soil reaction. Surface soil samples from Hebsur

were alkaline in pH ranged from 8.24 to 8.96.

pH of profile samples (table 2) did not follow any specific distribution pattern in
Dharwad and Hebballi and the range were 6.70 to 7.69 and 7.01 to 7.87 respectively.

Whereas, profile samples in Hebsur showed pH in decreasing order as the depth increased
(pH 8.96 to pH 8.78).

4.1.1.2 Soluble salts

Electrical conductivity of surface soils of Dharwad, Hebballi and Hebsur ranged
from 0.43 t0 0.64 dSm’, 0.29 to 0.77 dSm™ and 0.57 to 0.68 dSm™ respectively, revealing

the wider range of E.C. values in the surface soils of Hebballi.
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Profile samples of all the three places/x/rle/c’:orded E.C. values which did not follow
any definite pattern with depth. Soil samples from Dharwad recorded E.C. values which
were in the range of 0.43 to 0.62 dSm™, E.C.values of Hebballi soils ranged from 0.50 to
0.72 dSm™ and E.C. of Hebsur soils were in the range of 0.65 to 0.68 dSm™ (Table 2). It

can be concluded from the results that soluble salt content in all the soils were quite less

and soils of all of the three places were non-saline.

4.1.1.3 Organic carbon

(o)
Surface soils samples of Dharwad/‘recorded the lowest value of 0.48 per cent and

the highest value of 0.72 per cent organic carbon content and in Hebballi soil it ranged

from 0.54 to 0.63 per cent. In Hebsur soil the values ranged from 0.39 to 0.63 per cent
(Table.2).

Organic carbon content in profile samples of all of the three places decreased with
depth. The range of organic carbon in profile of Dharwad was 0.60 to 0.36 per cent, in

Hebballi it was 0.60 to 0.45 per cent and in Hebsur it was 0.60 to 0.39 per cent.
In all the three places, the distribution of organic carbon was medium.

4.1.2 Distribution of water soluble iron, calcium and bicarbonate in soil solution

Water soluble iron, calcium and bicarbonate in soil solution were estimated in the

soil samples collected from different places. The results (Table 3) are as follows.

4.1.2.1 Water soluble iron

g
Surface soil samples of Dharwad,recorded water soluble iron from 0.28 to 0.76

ppm and it was in the range of 0.26 to 0.48 ppm in Hebballi. Whereas, Hebsur soils
showed a lowest value of 0.22 ppm and highest of 0.32 ppm.
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Water soluble iron of profile soil samples of Dhamad decreased with increasing
depth, ranging from 0.76 to 0.44 ppm. In profile samples of llebballi and Hebsur, water
soluble iron did not follow any definite trend and the values were in the range of 0.48 to

0.44 ppm and 0.36 to 0.22 ppm respectively.

4.1.2.2 W ater soluble calcium

Surface samples of Dharwad recorded water soluble Ca which was in the range of

220.0 to 333.3 ppm. In Hebballi, it was in the range of 20.0 to 130.0 ppm. Whereas, it

was 40.0 to 120.0 ppm in Hebsur (Table.3).

Distribution of water soluble calcium in profile samples did not follow any definite
trend in all of the three places and the values were in the ranges of 226.7 to 400.0 ppm,

40.0 to 150.0 ppm and 40.0 to 120.0 ppm in Dharwad, Hebballi and Hebsur respectively.

4.1.2.3 Bicarbonate

The bicarbonate concentration in surface soils of Dharwad were in the range of
152.5 to 457.5 ppm. A range of 457.5 to 762.5 ppm of bicarbonate iron concentration

was observed in soils of Hebballi and in Hebsur it was in the range of 305.0 to 915.0 ppm.

The profile soil samples of Dharwad did not follow any definite trend in the
distribution of bicarbonate iron but the concentration was more in all other depths except
surface. The values of bicarbonate ions concentration were in the range of 152,50 to
305.00 ppm (Table.2). Bicarbonate concentration in profile of Hebballi increased with
increasing depth and the values were in a range of 457.5 to 762.5 ppm. The profile
samples of Hebsur did not show any definite trend in bicarbonate concentration and the

values ranged from 305.0 to 762.5 ppm (Table.3).
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4.1.3 Distribution of different forms of iron and calcium

Amorphous iron oxide-occluded iron, free iron oxide, free calcium carbonate,
exchangeable calcium and DTPA-extractable iron content in profile and surface soil

samples are presented in Table 4 and the results are described as under:

4.1.3.1 Amorphous iron oxide-occluded iron

Amorphous Fe oxide-occluded iron was in the range of 1043.6 to 1264.4 ppm
surface soils of Dharwad (Table 4). It ranged from 1066.0 to 1466.0 ppm in Hebballi.
Whereas, it was in range of 445.0 to 1103.2 ppm in Hebsur.

Amorphous iron oxide-occluded iron content increased as the depth increased in
profile samples at all the three places which ranged from 1095.80 to 1434.0 ppm of soil,
798.8 to 1072.8 ppm and 479.6 to 1222.0 ppm in Dharwad Hebballi and Hebsur

respectively.

Average value of amorphous Fe oxide-occluded iron was more in Dharwad soil

and was less in Hebsur.
4.1.3.2 Free iron oxide

Free iron oxide content in surface samples of Dharwad was in a range of 175.6
ppm to 416 ppm. The surface soils of Hebballi recorded a range of 100 to 350 ppm. ii
was 89.9 to 210 ppm in the surface soils of Hebsur.

Free iron oxide content in profile samples of Dharwad showed positive relation
with depth, ranging from 175.6 to 210.6 ppm (Table 4). Whereas, Hebballi and Hebsur
did not recorded any definite pattern in distribution of free iron in profile samples and the

values ranged from 153.6 to 319.0 ppm and 76.1 to 112.7 ppm respectively.
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4.1.3.3 Free calcium carbonate

Free calcium carbonate content ranged from 1.5 to 8.0 per cent in surface soils of
Dharwad. In surface soils of Hebballi, it was from 1.5 to 8.5 per cent while in surface

soils of Hebsur it was from 8.0 to 18.5 per cent (Table 4).

The distribution of free calcium carbonate in surface soil samples of Dharwad

varied very narrowly whereas, the range was wide, in surface soils of Hebsur
(8.0 to 18.5%).

Free calctum carbonate in profile samples of Dharwad did not follow any definite
trend, and the values ranged from 2.0 to 9.0 per cent (Table 4). Distribution of free
calcium carbonate in profile samples in Hebballi was in increasing order as the depth
increased, ranging from 2.0 to 5.5 per cent. There was no definite trend followed in free

calcium carbonate content in profile samples of Hebsur and it ranged from 13.0 to 17.5

per cent.
4.1.3.4 Exchangeable calcium

Exchangeable calcium in the surface soils of Dharwad ranged from 24.8 to 36.8

c.mol (pkg". It was 18.6 to 45.0 c.mol (pHkg" in surface samples of Hebballi and 28.0
to 36.8 c.mol (p")kg" in surface samples of Hebsur.

The data of exchangeable calcium as given in Table 3, showed positive relation
with depth, in profiles of both Dharwad and Hebballi, where the values ranged from 24.6
to 28.4 c.mol (p“kg™ and 39.0 to 45.8 c.mol (p")kg™ respectively. Whereas, distribution
of exchangeable calcium in profile of Hebsur did not follow any definite trend and it

ranged from 26.6 to 42.6 c.mol (p" kg™ (Table 4).
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Table S. CORRELATION STUDY OF DIFFERENT PARAMETERS OF

SURFACE SAMPLES
SI. r-value
No.
Dharwad Hebballi Hebsur
1 | Free calcium carbonate vs DTPA-Fe -0.786** -0.766** ---
2 | Water soluble Ca vs DTPA-Fe -0.307 -0.010 -0.153
3 | Water soluble Ca vs water soluble Fe 0.039 0.177 0.158
4 | Exchangeable Ca vs Free iron oxide 0.413 0.051 0.345
5 | Exchangeable Ca vs Amorphous Fe 0.370 0.168 0.498
oxide-occluded Fe

6 | Exchangeable Ca vs water soluble Fe 0.098 0.024 0.142
7 | Bicarbonate vs Free calcium carbonate 0.631* 0.889** 0.644*
8 Bicarbonate vs DTPA-Fe -0.842%* -0.797** -0.374

*  Significant at 5% level.

** Significant at 1% level.
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4.1.3.5 DTPA-extractable iron

DTPA-extractable iron in surface soils of Dharwad ranged from 1.79 to 8.35 ppm.
Surface samples of Hebballi recorded 0.73 to 1.81 ppm of DTPA Fe and it was 0.23 to
2.62 ppm in surface samples of Hebsur (Table 4).

The distribution of DTPA-Fe did not follow any definite trend in profile samples of
Dharwad, which ranged from 1.75 to 5.19 ppm. The DTPA-extractable iron content in
profile of Hebballi decreased with depth and the values ranged from 0.30 to 1.64 ppm.
There was no definite trend found in DTPA-Fe content in profile of Hebsur and it ranged

from 0.44 to 2.34 ppm.
4.2 Pot culture study

Groundnut (JL-24, a bunch variety) was chosen as test crop and was grown in pot
till maturity of the crop. Availability of iron and calcium to plant was studied by
imposing different levels of moisture and CaCO; as different treatments to the soil.
Moisture treatment was imposed at flowering (7 days) and pegging (7 days) stage during
crop growth with seven days gap, while CaCO; treatment was imposed at the beginning of

the experiment.
4.2.1 Basic characterisation of soil

Chemical and physical properties of soil and different forms of iron and calcium

were analysed at the beginning of the experiment. The data is presented in Table 6.

4.2.2 Pod and haulm yield

Air-dry weight of pods (g/pot) and oven-dry weight of haulm (g/pot) are given in

Table 7 and the details are as follows.



Table 6. BASIC CHARACTERISATION OF SOIL USED IN POT CULTURE

STUDY

Treatments analysed Values Methodology
Physical properties
Coarse sand 18.10 % International pipette
Fine sand 26.00 % method (Piper, 1966)
Silt 22.44 %
Clay 30.0%
Texture clay loam
Chemical properties
pH 7.34 Jackson, 1967
Electrical conductivity 0.61 dSm™ Jackson, 1967
Organic carbon 0.63% Jackson, 1967
Free calcium carbonate 5.00% Piper, 1966
Amorphous Fe oxide- occluded
iron 1064 ppm Miller et al., 1986
Free iron oxide 423.4 ppm Mehra & Jackson,1960
DTPA-extractable iron 8.49 ppm Lindsay & Norvell, 1978
Water soluble iron 0.888 ppm Miller et al., 1986
Water soluble calcium 370.00 ppm Tandon, 1998
Bicarbonate 537.25 ppm Jackson , 1967

Exchangeable calcium

28.40 c. mol (pHkg

Black, 1965.
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4.2.2.1 Yield of pod (g/pot)

Moisture level had positive and significant effect on pod yield. At moisture level
of 75 per cent of F.C. pod yield was 11.25 g/pot. At moisture level of 150 per cent of
F.C. it increased to a level of 13.92 g/pot. Whereas, at 200 per cent of }F.C. (M) yield of
'pod increased further and it was 14.21g/pot.

Different CaCO; level also influenced significantly on yield of pod. At C, (5% of
CaCOQs) yield was 14.37 g/pot and it increased to a level of 14.93 g/pot at C, (7% of
CaCO3). Whereas, C; 1.e., at 10 per cent CaCO; content yield decreased, recording a
value of 12.37 g /pot. Yield of pod at C4 (15% of CaCQO;) showed positive effect over
C; and yield increased to 12.60 g /pot. 20 per cent of CaCO; content (Cs) showed
negative effect on pod yield (11.38 g /pot) (Table 7).

Interaction effect of moisture and CaCOj; level showed more yield in Ts-M,C, and
T7-M;C; than in other treatments (19.40 g/pot in T and 19.90 g /pot in T;). Whereas,
maximum pod yield was recorded in T,, at moisture level of 150 per cent of F.C. in

presence of 7 per cent of CaCO;,

4,2.2.2 Yield of haulm

Significant increase in haulm yield was observed with increase in moisture level
(22.35 to 23.73 g/pot). At M(75% of F.C.) yield of haulm was 22.35 g/pot which
increased to 23.11 g/pot at M(150% of F.C.) and further increased to 23.73 g/pot at M,
(200% of F.C.) (Table 7).

Significant influence was recorded in yield of haulm with increase in level of
CaCOs;. At 5 per cent level of CaCOs, yield was 24.29 g/pot and it decreased to 23.26
g/pot at C; (7% of CaCO;). Further decrease in yield of haulm was observed at C; and it
was 21.86 g/pot. The haulm yield further decreased (21.76 g/pot) at 15 per cent CaCO;
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content (Cy4). Treatment with 20 per cent CaCOj (Cs) recorded cxceptionally increased

yield of haulm (24.16 g/pot).

Interaction effect indicated more yield at T¢-M,C; and at T; -M,C, (recording
26.90 g/pot at T and 26.06 g/pot at T;). Whereas, maximum yield amongst all the
treatment was in the treatment of 150 per cent of F.C. + 5 per cent of CaCO; content
(26.90 g/pot).

4.2.3 Concentration of different ions in soil solution

Different ions viz., water soluble iron, water soluble calcium and bicarbonate were

estimated after harvest in the soil samples which were treated with different level of

moisture and CaCOs; (Table 8).

4.2.3.1 Water soluble iron

Increased moisture level influenced significantly on water soluble iron content after
harvest (Table 8). At 75 per cent F.C. (M,) water soluble iron content was 0.62 ppm
which increased up to a level of 0.98 ppm at 150 per cent and 75 per cent of FC, though
further increase was not found at 200 per cent F.C. (0.98 ppm).

Negative but significant effect of CaCO; level was observed on concentration of
water soluble iron. At C,(5% of CaCQO;) it was 1.80 ppm and decreased to 1.37 ppm in
Cy(7% of CaCOs). Increase of CaCO; content to 10 per cent (C;), decreased the
concentration of water soluble iron to a level of 0.94 ppm. Further increase in CaCOs to
15 per cent (C,), decreased the water soluble iron to 0.09 ppm, CaCO; over 15 per cent,

did not show any influence on concentration of water soluble iron (0.09 ppm at 20% of
CaCO;).
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Interaction effect showed presence of maximum concentration (1.80 ppm) of water
soluble iron at moisture level of 200 per cent of F.C. (saturation) with 5 per cent of
CaCO3 (T“-Mgcl).

4.2.3.2 Water soluble calcium

Water soluble calcium was significantly and positively related to moisture level.
M, (75% of F.C.) recorded the concentration of 84.00 ppm of water soluble calcium
which increased to 148.67 ppm at M; (150% F.C.). Further increase was observed at M;
(200% of F.C.) and it was 264.00 ppm (Table 8).

Calcium carbonate treatments showed positive and significant effect on water
soluble calcium. In C; (5% of CaCOs) it was 108.89 ppm which increased to 130.00 ppm
in C, (7% of CaCOs). 10 per cent of CaCO; (C;) showed more increase in water soluble
calcium (160.00 ppm). Further increase was recorded at C; (15% of CaCOs;) and the
value was 188.89 ppm. Maximum value (240.00 ppm) of water soluble calcium was

recorded at Cs (20% of CaCO;).

Interaction effect showed presence of maximum amount of water soluble calcium

(353.33 ppm) at moisture level of 200 per cent F.C. + 20 per cent of CaCO; (T;s-M;Cs).

4.2.3.3 Bicarbonate

Bicarbonate was positively and significantly related to moisture level. In M, (75%
of F.C.) bicarbonate concentration was 641.20 ppm which increased to 740.15 ppm in
M,(150% of F.C.). A concentration of 777.75 ppm of bicarbonate was observed in
M3 (200% of F.C.) (Table 8).

Increased level of CaCO; increased the concentration of bicarbonate showing

significant and positive effect. Under treatment of 5 per cent of CaCO; content



N
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bicarbonate recorded 627.72 ppm which increased to 678.17 ppm at C; (7% of C,COs3).
Further increase in CaCQ; level increased the bicarbonate level to 725.28 ppm in C; (10%
of CaCOs) and in C, (10% of CaCQO;), it was 770.94 ppm and 796.39 ppm in the
treatment of 20 per cent of CaCOs (Cs).

Interaction showed presence of lowest amount of bicarbonate (510.67 ppm) at
moisture level of 75 per cent of F.C. + Sper cent of CaCO; (T;-M,C;). Maximum
concentration of bicarbonate (838.75 ppm) was found at moisture level of 200 per cent of

F.C.+20 per cent of CaCO; (T15-M3C5).
4.2.4 Tron oxide

Two forms of iron oxides viz., free iron oxide and amorphous Fe oxide-occluded

iron were analysed and data is presented in Table 9.

4,2.4.1 Free iron oxide

Moisture level influenced positively and significantly on free iron oxide content.
In M (75% of F.C.) free iron oxide content was 364.770 ppm and it increased to 370.060
ppm in M; (150% of F.C.). Further increase in moisture level resulted in 381.980 ppm of
free 1ron oxide as in M3 (200% of F.C.) (Table 9).

CaCOs level influenced negatively and significantly on free iron oxide content and
it decreased from 395.060 ppm [C,(10% CaCOs)] to 378.260 ppm [C, (10% CaCO3)].
Further increase in CaCQOj; content, decreased the free iron oxide content to 370.100 ppm
and i1t lessened to 363.000 ppm as in 15 per cent of CaCO; (C;). Whereas, further

increase in CaCOj to 20 per cent(Cs), decreased the free iron oxide to 354.960 ppm.
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Interaction effect indicated maximum content (402.363 ppm) of free iron oxide in

soil at T;;-M3C;. Minimum amount of free iron oxide (350.023 ppm) was found at

Ts-M,Cs.
4.2.4.2 Amorphous Fe oxide-occluded iron

Amorphous Fe oxide-occluded iron was positively and significantly related to
moisture content in soil. In M, (75% of F.C.) amorphous iron oxide-occluded iron was
655.17 ppm which increased to 765.05 ppm in M, (150% of F.C.) further in M; (200% of
F.C.), it was 871.93 ppm. In 5 per cent CaCO; (C,), amorphous Fe oxide-occluded iron
was 1019.90 ppm which decreased to 926.40 ppm in C, (7% CaCOs). In C5 (10% CaCOs),
it was 779.29 ppm and further increase in level of CaCO; decreased the iron content and

it was 665.64 ppm in C, (15% CaCOs;) and 434.04 ppm in Cs5(20% CaCO3).

Interaction effect indicated highest amount of amorphous iron oxide-occluded iron

(1043.06 ppm) in 5 per cent + 200 per cent of F.C. and was lowest (319.093 ppm) in
Ts-M,Cs (75% of F.C.+ 20% CaCOs).

4.2.5 Other forms of iron and calcium in soil after harvest

DTPA-extractable iron and exchangeable calcium were analysed and the results are

présented in Table 10.
4.2.5.1 DTPA extractable iron

Moisture level influenced negatively on DTPA-Fe in soil. In 75 per cent of F.C.
(M,) DTPA-Fe content was 3.70 ppm and decreased to 3.35 ppm at 150 per cent of F.C.
(M3). Further decrease was observed at 200 per cent F.C. (M;3) where the valuc was 2.42
ppm of DTPA - Fe.
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CaCOj; also showed negative and significant effect on concentration of DTPA-Fe
in soil. In C,; (5% CaCO;), DTPA-Fe was found to be 4.56 ppm, which reduced to 3.51
ppm, 2.79 ppm and 2.60 ppm in the treatments C, (7% CaCOs), C3 (10% CaCOs3) and
C4 (15% CaCOs) respectively. The lowest value was recorded in the 20 per cent CaCO;
treatment (Cs), where the value was 2.31 ppm.

Interaction effect of moisture and CaCOj; resulted in maximum level of DTPA-Fe
(5.51 ppm) at moisture level of 75 per cent of F.C + 7 per cent CaCO;. The lowest
amount of DTPA-Fe (1.58 ppm) was found in presence of moisture of 200 per cent of
F.C. + 20 per cent of CaCO; (T5-M3Cs).

4.2.5.2 Exchangeable calcium

Moisture had a significant influence on exchangeable Ca in soil. It was
25.07 c.mol (p') kg at the moisture level of 75 per cent of I.C. (M,). The Ca level
decreased to 23.53 c.mol (p*) kg™ at 150 per cent of F.C. (M,) and a# 200 per cent of
F.C. (M;) the exchangeable Ca was 24.20 c.mol (p*) kg

Significant and negative effect of CaCO; was observed on exchangeable Ca
content in soil. Exchangeable Ca in C, (5% CaCOs) was 27.16 c.mol (p*) kg and it
reduced to 25.80, 24.78 and 23.16 c;mol (p') kg'at C; (7% CaCOs),Cs (10% CaCO;) and
Cs (15% CaCO;3) respectively. Further decline in exchangeable Ca was found in the 20
per cent CaCO; (Cs) treatment and the value was 20.44 c.mol (p') kg (Table 10).

Interaction effect revealed, presence of highest amount of exchangeable Ca (28.20
c.mol (p') kg™') at 200 per cent of F.C. with 5 per cent of CaCO; content (T);-M;C)).
Lowest amount of exchangeable Ca (18.4 c.mol (p') kg') was found in presence of

moisture level of 150 per cent of F.C. with 20 per cent CaCO; (T;¢-M,Cs).



48

4.2.6 Calcium content in plant samples

Calcium content in kernel and haulm was analysed after harvest and data is given in

Table 11.
4.2.6.1 Calcium in kernel

With increasing level of moisture, Ca content in kernel increased showing significant
and positive relationship. At moisture level of 75 per cent of F.C. (M,), Ca content in
kernel was 0.88 per cent which increased to 0.93 per cent at 150 per cent of F.C. (M,) and
further increased to a level of 1.00 per cent at 200 per cent of F.C. (M3).

Calcium carbonate content in soil increased the Ca content in kernel showing positive
and significant effect. In 5 per cent of CaCO; treatment, Ca content in kernel was 0.71 per
cent which increased to 0.81 per cent at 7 per cent CaCOj; content (C,). Further increase in
CaCO; level in soil, raised the Ca content in kemnel also [0.92% and 107% at C; (10%
CaCOs;) and C4 (15% CaCO;) respectively]. Maximum Ca content (1.18%) in kernel was
associated with 20 per cent CaCO; (Cs).

Interaction effect revealed presence of higher amount of Ca (1.23%) in kernel at
moisture level of 200 per cent of F.C. with 20 per cent of CaCO; (T,;5-M3Cs). The lowest
amount (0.65%) was found at moisture level of 75 per cent of F.C. and with 5 per cent of
CaCOs (T1-M,Cy).

4.2.6.2 Calcium content in haulm

Calcium content in haulm increased significantly with the influence of moisture. In
75% F.C. treatment(M,;) Ca content in haulm was 1.10 per cent which increased to 1.54 per
cent and 1.80 per cent at 150 per cent of F.C.(M;) and 200 per cent of F.C. respectively.
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In C, (5% CaCO3), Ca content in haulm was 0.95 per cent which raised to 1.21 per
cent to 1.44 per cent at 7 per cent of CaCO; (C,) and 10 per cent of CaCO; (C;) content
in soil respectively. Further increase in CaCO; content to 15% per cent (C,) and 20
per cent (Cs), increased the Ca content in haulm to 1.76 per cent and 2.05 per cent

respectively.

Interaction effect showed, presence of the highest amount of Ca (2.32%) in
T5-M;Cs [moisture level of 200% of F.C. (saturation)] and lowest Ca (0.56%) was
noticed at T,-M,C, ( 75% of F.C. and 5% of CaCQ,).

4.2.7 TIron content in plant

Total iron was analysed both in kernel and haulm afier harvest and is presented in
Table 12.

4.2.7.1 Iron in kernel

A significant positive effect was found between iron content in kernel and moisture
level in soil. In M,(75% of F.C.), Fe content in kernel was 192.49 ppm which raised to
195.44 ppm in M,(150% of F.C.) and further increase in moisture level at 200 per cent of
F.C. (M3) resulted in increased Fe concentration (199.95 ppm) in kernel.

CaCOs content in soil also showed positive and significant effect on Fe content in
kernel. In 5 per cent CaCO; treatment Fe content in kernel was 183.99 ppm which
increased to 189.78 ppm and 196.65 ppm in C, (7% CaCOs3) and in Cz (10% CaCOs)
respectively. Further increase in Fe.content .Was also observed [202.2 ppm at C; (15%

CaCOs) and 207.15 ppm at Cs (20% CaCQ3;)] as the level of CaCO; content increased in

soil.
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Study of interaction effect indicated, presence of highest amount of iron (211.66
ppm) in Tys-M3Cs (moisture level of 20% of F.C. + 20% of CaCOs). Lowest amount of
total iron content (180.78 ppm) in kernel was recorded in T;-M,C; 1.e., at moisture level

of 75 per cent of F.C. with 5 per cent of CaCOs.
4.2.7.2 Iron in haulm

Moisture influenced significantly on iron content in haulm. 634.07 ppm of Fe was
found in M, (75% of F.C.) and 766.62 ppm in M, (150% of F.C.).  Further increase in

moisture level in M; ( 200% of F.C.) decreased the Fe content in haulm to the level of

745.24 ppm.

Increased CaCOs; level, increased the Fe content in haulm showing significant and
positive relation. At 5 per cent of CaCO; (C,), Fe content in haulm was 532.68 ppm
which increased to 605.16 ppm in C, (7% CaCOs). Further increase in level of CaCO;,
increased Fe content in haulm to 703.81 ppm [in C5(10% CaCOs)Jand to 832.04 ppm {in
C4(15% CaCOs)]. At 20 per cent of CaCOs in soil, further increase in Fe content was
noticed in haulm (903.03 ppm).

Interaction effect showed presence of highest amount of total iron (1025.47 ppm)
at T;s (moisture level of 200% of F.C. with 20% of CaCOs). Lowest amount of total iron

(528.82 ppm) in haulm was found at T,-M,C,; (moisture level of 75% of F.C. in presence
of 5% ot CaCO; content).

4.3 Observation of visual symptom on groundnut

During the first imposition of moisture levels at flowering stage (48 DAS)
prominent chlorotic symptoms in younger leaves was observed. With increasing moisture
level the more prominent yellowness was noticed (Plate 3). At 20 per cent of CaCO;

content and at moisture level 75 per cent of F.C. plants did not appear  chlorotic



Plate 1. Effect of different levels of calcium carbonate at same moisture level
(Saturation)

Sl. No. Treatment

1. Ty (M3C;) = Moisture content of 200 per cent of F.C. + 5 per cent CaCO;
2. T2 (M3C,) = Moisture content of 200 per cent of F.C. + 7 per cent CaCOs
3. T3 (MsC3) = Moisture content of 200 per cent of F.C. + 10 per cent CaCOs
4, Tis (M3C4) = Moisture content of 200 per cent of F.C.. + 15 per cent CaCO3

5. Tis (M3Cs) = Moisture content of 200 per cent of F.C. + 20 per cent CaCOj

Plate 2. Influence of different levels of moisture 75, 150 and 200 per cent of F. C. at

20 per cent of CaCO;
Sl. No. Moisture level CaCOj; content (%)
1. 200 per cent of F.C. 20
2. 150 per cent of F.C. 20
3. 75 per cent of F.C. 20

Plate 3. A general view of the symptoms appeared under different treatments with
three replication

Sl. No. CaCOj; content (%) Moisture content
1. 5,7, 10, 15 and 20 200 per cent of F.C.
2. 5,7, 10, 15 and 20 150 per cent of F.C.

3. 5,7, 10, 15 and 20 75 per cent of F.C.
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whereas, plants at moisture level of 150 per cent of F.C. and 200 per cent of F.C.
(saturation) showed chlorotic symptoms (Plate 1). Degree of yellowness increased with
increasing moisture level. In case of moisture level of 200 per cent of F.C. with 20 per
cent CaCOj; (T5-M3Cs) lamina of younger leaves was completely yellow whereas at
moisture level of 150 per cent of F.C. with 20 per cent CaCOs (T(-M,Cs), only veins

were yellow but lamina appeared still greenish (Plate 1).

On the other hand at saturation level [M3( 200% of F.C.)] yellowness was more
prominent with increasing level of CaCOs. In T(-M3C, (5% CaCO;) symptom was not
prominent, in Ty, -M3C, (7% CaCO;) two or three leaves in each branch showed chlorotic
symptom, in T;3-M;C; (10% CaCOs;) maximum of four leaflets in a twig were chlorotic
showing yellow veins, in T4-M3;C4 (15% CaCOs3) one or two leaflets in a twig appeared
totally yellow whereas, at maximum concentration of CaCO; [T5-M3Cs5(20% CaCOs)]
all the leaflets in every younger twigs were chlorotic showing yellow appearance of leaf
lamina (Plate 2). But second time, when moisture levels were imposed at pegging stage
(61 DAS) after a interval of 7 days, plants did not show any such chlorotic appearance,

even at the end of the moisture imposition period of 7 days.
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V. DISCUSSION

The results of ionic composition of soils with respect to iron, calcium and
bicarbonate at selected places of Dharwad, Hebballi and Hebsur and results of pot culture

experiment conducted in different levels of moisture and calcium carbonate are discussed

under the following headings.

5.1 Characterization of iron and calcium in soils of three locations in Dharwad

district
5.1.1 Initial properties of soils
5.1.2 Water soluble ions (iron, calcium and bicarbonate) in soil

5.1.3 Content and distribution of different forms of iron and calcium in profiles and

surface of Dharwad, Hebballi and Hebsur
5.2 Pot culture study

5.2.1 Dry matter yield of groundnut

S.2.2 lonic composition of soil solution with respect to iron, calcium and bicarbonate

after the harvest of the crop
5.2.3 Changes of different forms of iron and calcium in soil after harvest
3.2.4 Uptake and concentration of calcium and iron in plant in different treatments

5.2.5 Symptoms of lime induced iron chlorosis
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5.1 Characterization of iron and calcium in soils of three locations in Dharwad district

5.1.1 Initial properties of soils

Soil of Dharwad was neutral, that of Hebballi was neutral to slightly alkaline, while the
soil of Hebsur was slightly alkaline to alkaline in pH (Table 2). It is evident from result, pH
increased due to increase in bicarbonate concentration (152.5 to 457.5 , 457.5 to 762.5 and

305.0 to 915.0 ppm respectively in Dharwad, Hebballi and in Hebsur) and may be associated

with high concentration of sodium.

All the soil szimples (profile and surface) were found to be non-saline (EC range was

0.29 to 0.77 dSm™).

Organic carbon content in profile and at surface were medium in range in all the three
soils. Organic carbon content decreased with increasing depth of profiles in all the three
places. Presence of higher organic matter at surface than in sub surface soil could be

expected as a result of addition of organic matter through the decomposition of plant and

animal tissues which was confined to upper horizon only.

5.1.2 Water soluble ions (iron, calcium and bicarbonate) in soil solution
5.1.2.1 Water soluble calcium

Although the profile samples did not show any definite pattern in distribution of water
soluble calcium, the deepest layer (60 cm to 1m) contained highest amount of water soluble
Ca. Comparing surface soils of the three soils, the calcium concentration (226.7 to 400.0
ppm) in Dharwad soil was very high. It might be due to difference in particle size

distribution of CaCO;, substantiated by the work of Nandi and Dasog (1992).






<
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5.1.2.2 Bicarbonate

Subsurface soils contained more amount of bicarbonate than surface soils in all the

three profiles (Fig.1). Moisture might have contributed to higher bicarbonate concentration

in Dharwad.

Rao et al. (1993) found positive correlation (r = 0.96) of soil water with HCO'; in soil
solution. Once the profile is wet, higher moisture remains for a long period in the lower
depth and thus favours HCO’; formation which is one of the products of hydrolysis of
CaCO; (CaCO; +CO,+H,0=Ca’* + 2HCO).

5.1.2.3 Water soluble iron

Distribution of water soluble iron in profile samples (Fig.2) revealed less amount of
water soluble iron in subsurface layers (15-30 c¢cm, 30-60 cm and 60 cm to 1 m) than in
surface (0-15c¢cm). More clay content and less amount of organic matter in subsurface layers
could be the reason of this type of distribution. Yerriswamy et al. (1995) also found negative

relation of clay (r = - 0.792**) and positive relation of organic matter (r = 0.703**) with

water soluble iron.

Comparison of data of surface samples at the three places indicated the presence of
highest amount of water soluble iron in Dharwad (0.68 ppm). It might be due to relatively
less soil pH. According to Lindsay and Schwab (1982) each unit increase in pH, decreases

the solubility of iron as much as 1000 times.
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5.1.3 Distribution of different forms of iron and calcium

5.1.3.1 Amorphous iron oxide-occluded iron

It can be noted from the data presented in Table 4 that amorphous iron oxide-occluded
iron increased with depth of profile samples at all the three places. Yerriswamy et al.(1995)
noticed positive correlation of clay (r = 0.65**) with distribution of amorphous iron oxide-

occluded iron in profile samples.

. The concentration of amorphous iron oxide-occluded iron was less in surface samples
of Hebsur (445.0 to 1103.2 ppm) than in those from Dharwad (1043.6 to 1264.4 ppm). This
is evident from the higher of concentration of free iron oxides (76.1 to 112.7 ppm and 175.6
to 210.6 ppm in Hebsur and in Dharwad respectively) since the trend of distribution of
amorphous iron oxide-occluded iron follows the trend of distribution of free iron oxide.
Hawkes and Webb (1962) are of the opinion that amorphous iron oxide-occluded iron

remain sorbed on the surface or in interlayer spaces of free iron oxides.

5.1.3.2 Free iron oxide

Perusal of the data (Table 4) revealed that concentration of free iron oxide increased
with depth and maximum amount was found at the depth of 60 cmto I m (2106, 319.0 and
112.7 ppm in Dharwad, Hebballi and Hebsur respectively). This might be due to more
accumulation of precipitated iron oxide at this depth (60 cm to 1m) which later crystallized
to free iron oxide. The results are in confirmity with the ﬁndings of Thakur et al.(1995) who
found differences in amount of precipitated iron in subsurface layers which influenced

crystallization and ultimately indicated the age of soil.
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5.1.3.3 Free calcium carbonate

Results (Table 4) indicated that no definite trend was followed in distribution of free
calcium carbonate in profile samples of Dharwad (2.0 to 9.0%) and Hebsur (13.0 to 17.5%).
Amount of free calcium carbonate increased with increase in depth in the profile of Hebballi
(2.0 to 5.5 %). Generally concentration of calcium carbonate was high at 1 m depth (Fig.3) at
all the three places which might be due to leaching of calcium from surface horizons and
precipitation as CaCO”. This might also be due to higher concentration of exchangeable

calcium and solution calcium at lower depth.

5.1.3.4 Exchangeable calcium

Exchangeable calcium in profile did not follow any definite pattern of distribution
(Fig.4) but maximum level of exchangeable calcium was noticed at lower depth. This could

be related to higher clay content at that particular layer (Appendix Il).

Surface soils of Hebballi was found to have more exchangeable calcium content [18.6
to 45.0 c. mol (p™) kg'A] than those or other two places. This might be due to higher clay in

Hebballi soils. Mengel and Kirkby (1987) were of the opinion that exchangeable calcium

mostly remained adsorbed to inorganic soil colloids.

5.1.3.5 DTPA-extractable iron

No definite trend in the distribution pattern of DTPA-extractable iron was observed in
profiles of Dharwad and Hebsur soils (Fig.5). DTPA-Fe concentration was found to decrease
with increasing depth at Hebballi (0.30 to 1.64 ppm). The concentration was found to be
higher at surface than in sub-surface of all the profiles. It might be due to higher organic
matter content at surface than in sub-surfiice. Katyal and Sharma (1991) also observed
/josftive relation of DTPA-Fe with content of organic matter in soil in different climatic

zones of India.
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Surface soil samples of Dharwad contained maximum amount (1.79 to 8.35 ppm) of
DTPA- Fe than the surface soils of Hebballi and Hebsur (Table 4). This might be associated
with the concentration of bicarbonate ions, since, it was noticed that bicarbonate
concentration was lower at surface of Dharwad (152.5 to 457.5 ppm) than at Hebsur (305.0
to 915.0 ppm) and Hebballi (457.5 to 762.5 ppm). This result is in confirmity with the results
obtained by Rao et al. (1993) who noticed significant negative relation of DTPA-Fe with

bicarbonate concentration in calcareous soil of Andhra Pradesh.
5.2 Pot culture study
5.2.1 Dry matter yield of groundnut

Pod and haulm yield were recorded (Table 7) and the influence of different

treatments on these parameters are discussed as under.

5.2.1.1 Pod yield

Decreased pod yield was noticed (14.37 at C, to 11.38 g/pot at Cs) with increase in
CaCO; level which might be due to lesser iron uptake (ranged from 0.66 at C, to 0.59
mg/plant at Cs) as mentioned in Table 14. At 75 per cent of F.C, pod yield increased with
increasing CaCO; (6.10 at C; to 14.90 g/pot at Cs) since, pod formation is known to be
influenced by Ca content in soil. According to Hartmond et al. (1994) computation of soil
Ca content needed to satisfy pod calcium requirement, higher concentrations were needed
mostly for the bunch cultivars than for runners. They suggested higher dose of Ca to increase

radius of pod and yield of pod.

In a study, Singh and Singh (1996) found higher the Ca content, higher will be the
groundnut yield. So, it is cvident that higher concentration of soluble calcium at higher

moisture level is the reason for more yield of pod in 150 and 200 per cent F.C. than in
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75 per cent F.C. (yield of pod was 11.25, 13.92 &14.21 g/ha respectively in M;, M, and in
M3).

Amongst all the treatments, the highest yield (1043.6 to 1264.4 ppm) was noticed
where moisture content was 150 per cent of F.C. and CaCO; content was 7 per cent (T;-
M,C,) had greater effect on pod yield. Suther and Patel (1992) also found more yield of

groundnut in calcareous soil when moisture content was near 80 percent of available soil

water i.e 160 per cent of F.C.
5.2.1.2 Dry matter yield of haulm

No definite trend was found in haulm yield with increase in CaCO; level. Increase in
moisture level increased the haulm yield (22.35 to 23.73 g/pot) . It might be due to more Ca
uptake at moisture level of 150 and 200 per cent of F.C.than in 75 per cent F.C. . More water
content might have resulted in more calcium in solution which was ultimately reflected in

more uptake of Ca to produce more haulm yield.

Amongst all the treatments, the interaction effect of moisture and CaCO; showed
maximum dry matter yield of haulm at 150 per cent of F.C. with 5 per cent of CaCO; content
(T6-M;C,). It might be due to balanced uptake of Fe and Ca (4.779 mg/plant of Fe and
86.070 mg/plant of Ca) in an ideal condition with respect to water and oxygen supply
resulting in better growth and haulm yield. Patel and Patel (1985) also observed more yield

when ideal ecological condition was provided with respect to water and oxygen.
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5.2.2 Tonic composition of soil solution with respect to iron, calcium and bicarbonate

after harvest of the crop

5.2.2.1 Water soluble iron

Lesser concentration of water soluble iron was found at higher level of CaCO; and
the values varied from 1.80 to 0.09 ppm. High concentration of bicarbonate (627.72 to
796.39 ), might be the reason to decrease the concentration of water soluble iron (Fig.6).

Since, bicarbonate ions are known to induce higher pH which reduces the solubility of

iron as pointed out by Thakur ¢/ al. (1995).

Increase in water soluble iron was noticed with increase in moisture level at any
given CaCOs; level in soil. This indicated the fact that free calcium and moisture together
were responsible for higher concentration of bicarbonate in soil solution, which in turn
reduced iron availability (as indicated by lower water soluble iron). On the other hand,
moisture alone tendsto increase water soluble iron due to more reduced environment as

moisture changed from 75 per cent F.C. to 200 per cent F.C .

5.2.2.2 Water soluble calcium

Both the levels of CaCO; and moisture increased the concentration of water
soluble calcium. It is a fact that if Ca®" in exchange site is more, more will be in solution.
So also as the content of CaCO; increased, Ca®' in soil solution /ncreased. Further,
presence of CO, in soil environment induced more dissolution of Ca. When the moisture
content was 150 or 200 percent of F.C, it led to anaerobic situation where CO,

predominated due to root respiration and microbial activity and caused dissolution of lme

material in more amount.

Interaction effect also showed highest amount of water soluble Ca (353.33 ppm) in

treatment with 20 per cent CaCO; + moisture level of 200 percent of F.C (T;5-M3Cy).



5.2.2.3 Bicarbonate

Bicarbonate concentration increased with increase in moisture and CaCO; level
(Table 8). It might be due to formation of calcium bicarbonate in presence of CO, at high

moisture level which led to increase in concentration of bicarbonate in soil solution.

Ca(HCO,) 22 ca?'+2HCO,

Rao er al.(1993) pointed out positive correlation of soil moisture to bicarbonate
(r = 0.96). Interaction effcct showed, at moisture level of 200 per cent of F.C. (saturation,
M3) with 20 per cent of CaCO; level induced the presence of maximum amount of HCO';
(838.75 ppm). Correlation study also revealed positive relation of bicarbonate with free

CaCOj;(r = 0.889**) as found in Hebballi (Table 5).
5.2.3 Changes in different forms of iron and calcium in soil after harvest
5.2.3.1 Different forms of iron oxides

According to the data shown in Table 9, both the forms of iron oxides decreased
as the level of CaCQ; increased . Moreover, increase in motisture level from 75 per cent of
F.C. to 200 per cent of F.C. also resulted in presence of higher free and amorphous Fe

oxide-occluded iron content after harvest.

Initial free iron oxide content (423.4 ppm) was itself lesser than the initial content
of amorphous Fe oxide-occluded iron (1064 ppm).This supports the views of Yerriswamy
et al. (1995) who found the form of iron oxides mentioned later comprises about 4 to 6
per cent of the total iron which was just next to residual iron. Since, free iron oxide, the
form extracted by CBD was mostly crystalline (in the form of goethite) as pointed out by

Mckeague et al. (1971), was less soluble than amorphous form of Fe oxides.



T,(M,Cy)
T,(M,C2)
T3(M,Gs)
T4(M,Ca)
Ts(M,Cs)
Te(M2Cy)
T7(M,Cy)
Ts(M,Cs)
To(M,Cy)

T10(M2Cs)

T1(MyCy)

T12(M3Cy)
T13(M;3C3)
T14(M3Cy)

T15(M3Cs)

LEGEND

Moisture level at 75% of F. C +5% of CaCO,
Moisture level at 75% of F. C +7% of CaCO,
Moisture level at 75% of F. C +10% of CaCO,
Moisture level at 75% of F. C +15% of CaCO;
Moisture level at 75% of F. C +20% of CaCO,
Moisture level at 150% of F. C +5% of CaCO,
Moisture level at 150% of . C 7% of CaCO,
Moisture level at 150% of F. C +10% of CaCO5
Moisture fevel at 150% of F. C +15% of CaCO,
Moisture level at 150% of F. C +20% of CaCO4
Moisture level at 200% of F. C +5% of CaCO;
Moisture level at 200% of F. C +7% of CaCO;
Moisture level at 200% of F. C +10% of CaCO;
Mojstun'e level at 200% of F. C +15% of CaCOs

Moisture level at 200% of F. C +20% of CaCO;
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Fig.6 Concentration of bicarbonate ions in soil and concentration of ironin
groundnut kernel
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Interaction effect showed significant effect of moisture and CaCO; level to
decrease both of the iron oxides, but lesser availability of free iron oxide (only 17
per cent) to plant than amorphous iron (70 %) in Ts-M,Cs was observed. Since,
amorphous form of oxides or hydroxides were most soluble than crystalline (free iron
oxide) form (Chen and Barak, 1982). Despite least amount of CaCOj; content in treatment
T11-M;C, (with 5% of CaCQ;) the content of iron oxides both occluded and free iron were
found to be maximum after harvest (1043.06 and 402.363 ppm respectively ). This might
be due to presence of more concentration of bicarbonate at 200 percent F.C (777.75 ppm)
which related to lesser uptake of Fe by plant system. Similarly Rutland (1971) also
noticed lesser availability, uptake and translocation of iron to plant (4zalea) system when

concentration of HCOy was morc. Same observation was made by Rutland and Bukovac

(1971) in chrysanthemum.
5.2.3.2 Exchangeable calcium

Concentration of exchangeable Ca was found to decrease with increasing level of
CaCO; (27.16 to 20.14 c.mol (p") kg'). Exchangeable Ca, the major form which is
available to plant, that might be the reason behind presence of lesser amount of
exchangeable Ca in treatment with more level Ca. Isermann (1970) and Drew and
Biddulph (1971) were of the opinion that both uptake and transport of Ca is associated

with presence of exchangeable Ca in soil.

Interaction effect revealed presence of lowest amount (18.47 c.mol (p+) kg ') in
T10-MCs after harvest where plants were provided with ideal ecological condition with
respect to water and oxygen supply which affects growth and uptake, as indicated by Patel
and Patel (1985), who did not find formation of pod of groundnut at extremely high and
low moisture level maintained throughout the crop growth period and mentioned about

ideal ecological condition at 160 per cent F.C. where yield was also observed to be

highest.
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On the other hand presence of minimum amount of exchangeable Ca (18.47 c.mol
(p") kg'") was found in treatment with 150 percent F.C + 20 per cent of CaCOs. So it was
evident that more Ca was taken up by plant in Ts- M,Cs than in Ty5 -M;3Cs at same level
of CaCO;. Inskeep and Bloom (1986) were of the opinion that abnormally high or low
water content in the soil has 11l effects on the growth and physiological process of plant

which in turn affected the nutrient absorption by plant.

5.2.3.3 DTPA - extractable iron

Decrease in concentration of DTPA- Fe (Fig.7) was observed with increase in
moisture [DTPA -Fe decreased from 3.7 (M) to 2.42 ppm (M3)] and CaCO; (DTPA-Fe
decreased from 4.56 at C; to 2.31 ppm at Cs). This might be duc to more concentration of
HCO; 1on at higher moisture and CaCQOj; level (Table 8). Bicarbonate was found to be
negatively correlated with DTPA -Fe (r = - 0.892** r=-0.777** in Dharwad and Hebballi
as given in Table 5). The result was in confirmity with the results found by Rao ef al

(1992). In a similar type of experiment they observed negative correlation (r — - 0.94) of
DTPA -Fe to HCO; 1on.

As a consequence of this, interaction effect showed presence of highest amount of
DTPA -Fe (5.51 ppm) in moisture level of 75 per cent F.C + 5 per cent CaCO; and

lowest amount of DTPA - Fe (1.58 ppm) was noticed in moisture level of 200 percent of
F.C + 20 per cent of CaCOs.

5.2.4 Uptake and concentration of calcium and iron
5.2.4.1 Influence of calcium in soil on calcium content and uptake of plant

Calcium content in plant samples (Table 11) increased with increase in level
of CaCO; and moisture. Maximum concentration of Ca (1.23%) in kernel and in haulm

(2.32%) were noticed in Tys - M3 Cs (200 %of F.C + 20% CaCO3), Ca uptake by plant
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Ti(M,Cy)
To(M,C2)
T3(M,C3)
T4(M,Ca)
Ts(M,Cs)
Tes(MyCy)
T:(M,C,)
Ts(M,C5)
To(MoC)

Tio(M2Cs)

T1MsCy)

T12(M3Cy)
T13(M3Cs)
T14(M3Cy)

T15(M5Cs)

LEGEND

Moisture level at 75% of F. C +5% of CaCOs
Moisture fevel at 75% of 1. C +7% of CaCO4
Moisture level at 75% of F. C +10% of CaCO;
Moisture level at 75% of F. C +15% of CaCO,
Moisture level at 75% of F. C +20% of CaCO,
Moisture level at 150% of F. C +5% of CaCO,
Moisture level at 150% of F. C +7% of CaCO,
Moisture level at 150% of F. C +10% of CaCO,
Moisture level at 150% of F. C +15% of CaCO;
Moisture level at 150% of F. C +20% of CaCO,
Moisture level at 200% of F. C +5% of CaCO;
Moisture level at 200% of F. C +7% of CaCO,
Moisture level at 200% of F. C +10% of CaCO;
Moisture fevel at 200% of 1. C +15% of CaCO;y

Moisture level at 200% of F. C +20% of CaCO;
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samples also followed same trend as that of Ca content. It is evident from Table 13 that
uptake of Ca by kernel was more in T7 - M2 C2 (39,81 mg/plant). It might be due to high
concentration of Ca in soil solution (both in the form of water soluble and exchangeable)
which was adequate to meet the crop demand resulting in more uptake of Ca by plant

(Fig.8) and more pod yield (19.90 g/pot) as indicated by Mengel and Kirkby (1996).

S.2.4.2 Influence of different levels of moisture and CaCOj on uptake and

concentration of Fe in plant

It is quite clear (Fig.9 ), that pod yield increased with increase in iron uptake and
decreased with decrease in iron uptake. Iron uptake was influenced by both CaCOs and
moisture but the effect was opposite at 75 per cent of F.C.where increased uptake of iron
was noticed with increased CaCOa level. However, with increase in inoisture level (150

per cent and 200 per cent F.C) and CaCOa, iron uptake was decreased .

If we consider the concentration of iron, it increased with increasing level of
CaCO? and moisture, the concentration of Fe in plant was found highest at T 15 Cs
(Fig. 10 ), though symptoms of chlorosis was more prominent in same treatment. Chen
and Barak (1982) were of the view that Fe deficiency can not be determined by plant
analysis since chlorotic leaves may contain even more Fe than healthy leaves. The high
concentration of Fe in chlorotic plants occurs in the vein and in the apoplast but it can not
be translocated across the plasma membrane in to the inter costal cells if HCO'3 ion exists
in apoplast (Mengel and Bubl, 1983; Rutland, 1971). So, we have evidence to express that
the chlorosis is not due to Fe unavailability (less DTPA-Fe in soil solution) but because of
a physiological disorder (The ineffective translocation of Fe towards the younger leaves)
which is induced by excess bicarbonate ion concentration (Mengel and Kirkby., 1996). It
is supposed, that abundant HCO'3 ion in the root medium results in Fe immobilization in

the plant. Therefore, we can conclude, though the value of iron content in plant revealed
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T\(M,C))
Ty(M,C2)
Ta(M;Cs)
Ty(M;Cy)
Ts(M;Cs)
Te(MzC))
T+(M;C)
Ta(M;Cs)
To(MC)

T10(M2Cs)

T (M3Cy)

T12(M3Cy)
T13(M3Cs)
T14(M3Cy)

TlS(M3C5)

LEGEND

Moisture level at 75% of F. C +5% of CaCO,
Moisture level at 75% of F. C +7% of CaCOs
Moisture level at 75% of F. C +10% of CaCO;
Moisture level at 75% of F. C +15% of CaCOs
Moisture level at 75% of F. C +20% of CaCOx
Moisture level at 150% of F. C +5% of CaCOs
Motsture level at 150% of F. C +7% of CaCO,
Moisture level at 150% of F. C +10% of CaCO;4
Moisture level at 150% of F. C +15% of CaCOs
Moisture level at 150% of F. C +20% of CaCO,
Moisture level at 200% of F. C +5% of CaCO;
Moisture level at 200% of F. C +7% of CaCO,
Moisture level at 200% of F. C +10% of CaCO;
Moisture level at 200% of F. C +15% of CaCO;

Moisture level at 200% of F. C +20% of CaCO,
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T(M/Cy)
Ty(M,C2)
Ty(M,Cy)
TA(MC)
Ts(M,Cs)
To(MsC1)
Ty(MyCy)
To(MyCs)
To(MsCy)
T10(M2Cs)
Tr(MsCo)
1T12(M;C,)
Tia(MsCy)
T1a(MiC)

T15(M3Cs)

LEGEND

Moisture level at 75% of F. C 15% of CaCO,
Moisture level at 75% of F. C +7% of CaCO,
Moisture level at 75% of F. C +10% of CaCO;
Moisture level at 75% of . C 4:15% of CaCO,
Moisture level at 75% of F. C +20% of CaCO,
Moisture level at 150% of F. C +5% of CaCO,
Moisture level at 150% of F. C +7% of CaCO;,
Moisture level at 150% of F. C +10% of CaCO,
Moisture level at 150% of F. C +15% of CaCO,

Moisture level at 150% of F. C +20% of CaCO;

Moisture level at 200% of F. C +5% of CaCO,

Moisture tevel at 200% of F. C 17% of CaCQ,

Moisture level at 200% of F. C +10% of CaCO;

Moisture level at 200% of F. C +15% of CaCO;

Moisture level at 200% of F. C +20% of CaCOQO;,
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Ty(M,Cy)
Ty(M;C2)
T5(M,Cs)
Ta(M;Cy)
Ts(M,Cs)
Te(M;Cy)
T+(M3Cy)
Ta(M,Cs)
To(M;Ca)

T1o(M,Cs)

TnM;Cy)

Ti2(M3Cy)
T13(M1Cs)
T14(MaCy)

T15(M3Cs)

LEGEND

Moisture level at 75% of F. C +5% of CaCQO,
Moisture level at 75% of F. C +7% of CaCO;
Moisture level at 75% of F. C +10% of CaCO;
Moisture level at 75% of F. C +15% of CaCO;
Moisture level at 75% of F. C +20% of CaCO,
Moisture level at 150% of F. C +5% of CaCO,
Moisture level at 150% of T, C +7% of CaCQ;
Moisture level at 150% of F. C +10% of CaCO;
Moisture level at 150% of F. C +15% of CaCOs
Moisture level at 150% of F. C +20% of CaCQ;

Moisture level at 200% of F. C +5% of CaCO;

Moisture level at 200% of F. C +7% of CaCO;

Moisture level at 200% of F. C +10% of CaCO;

Moisture level at 200% of F. C +15% of CaCO;

Moisture level at 200% of F. C +20% of CaCO;3
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Fig.10 Yield of pod and Fe uptake by kernel as influenced by different fevels of moisture and CaCO,
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more concentration of Fe both in haulm and kernel, plant failed to assimilate Fe in system

which was reflected in yield.
5.2.5 Symptoms of lime induced iron chlorosis

During flowering stage, when moisture treatment was imposed plant exhibited
chlorotic symptoms. But when moisture treatment was impescd for the second time plants
did not express chlorotic symptoms, The reason for plant showing no symptom during

second time might be due to sudden increase in temperature.

At flowering stage, average temperature (Appendix 1) was 32.64 °C (max) and
14.71 °C (min) and in pegging stage (2" period of moisture control) temperature was
34.26 °C (max) and 17.21 °C (min) which might have increased the mobility of Fe in soil
and better translocation to upward position of plant parts. Similar results were found by
Benett ef al. (1992) and Shii ef al. (1980). The study revealed, in relation to iron stress
there was response of plant to elevated temperature in nutrient assimilation. It is also
found that after an adaptation period, the terminal leaves to be regreened and growth was

also resumed whereas temperature tolerant parent genotypes did not develop chlorosis in

same condition.






VI. SUMMARY

Distribution of different forms of iron and calcium in presence of bicarbonate ion in
calcareous black soils of Dharwad, Hebballi and Hebsur was studied. A pot culture
experiment was conducted to know the uptake of iron and calcium by groundnut crop
(Arachis hypogaea L.) (JL-24) using calcareous black soil collected from M. R. S., Dharwad
and which received three moisture level (M;=75% of F. C., M,=150% of F. C. and
M;3=200% of F. C) and five level of CaCO; (Ci=5%, C;=7%, C3=10%, C4=15% and
Cs=20% ). Possible iron deficiency to plant in moist calcareous soil (lime induced chlorosis)
was investigated. After the harvest of the crop characterisation of iron oxides, solution
chemistry with respect to Fe and Ca and iron availability to plant through uptake were
studied under treatment of different moisture level and CaCOs content . The summary of the

investigation is described as follows.

o Free calcium carbonate content was more in surface soils of Hebsur (8.0 to 18.5 %) than
that of Dharwad (1.5 to 8.0 %) and Hebballi (1.5 to 8.5 %). The profile samples of
Dharwad and Hebsur did not follow any definite pattern of distribution,whereas free

calcium carbonate percentage increased with increase in depth at Hebballi.

e Amorphous iron oxide-occluded iron and free iron oxides increased in profiles of
Dharwad, Hebballi and Hebsur, with increase in depth. However, the distribution of free

iron oxide in Hebsur profile did not follow any definite pattern.

e Exchangeable Ca increased with depth in profiles of Dharwad and Hebballi but

distribution did not follow any definite pattern in profile sample of Hebsur.
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« Amongst the different soluble ions, Fe, Ca and HCO 3 were analysed. Water soluble

iron in arange of 0.22 to 0,76 ppm in surface soil. No definite pattern was followed in

distribution of profiles.

High water soluble calcium was noticed in soils of Dharwad (220.0 to 333.3 ppm)

than at Hebballi and Hebsur.

The concentration of bicarbonate ions in surface was found to be high in Hebballi
(457.5 to 762.5 ppm) and Hebsur (305.0 to 915.0 ppm) than in Dharwad (152.5 to 457.5
ppm). In profiles there was no definite trend as it followed with respect to distribution of

bicarbonate ions although lower depths recorded higher concentiation of biocarbonate.

« DTPA extractable iron was found high in Dharwad (1.79 to 8.35 ppm) than in Hebballi

(0.73 to 1,81 ppm) and Hebsur (0.24 to 2.62 ppm).

The distribution of DTPA-Fe did not follow any definite trend in profile of

Dharwad and Hebsur. The concentration of DTPA-Fe decreased as the depth increased in

profile of Hebballi (1.64 to 0.30 ppm).

« After the harvest of groundnut crop, grown in pots, both of the forms of iron oxides in
soil decreased significantly with increase in CaCo3 level and moisture level. Minimum
concentration of amorphous iron oxide-occluded iron (350.02 ppm) and free iron oxide
(319.09 ppm) were noted in treatment with moisture level of 75 per cent F.C + 20 per

cent CaCOs indicating higher utilization of iron oxides by the plants.

Amongst water soluble ions, water soluble Ca and bicarbonate increased
significantly with increase in both CaCOs and moisture level in soil after the harvest of
crop. Interaction effect showed highest concentration of water soluble Ca and HCOj

(350.33 ppm of water soluble Ca and 838.75 ppm of HCO'3) in treatment with

moisture level of 200 per cent F.C and 20 per cent CaCO”. Concentration of water
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soluble iron decreased with increase in CaCOs level whereas, water soluble iron (0.62

ppm to 0.98 ppm) increased with increase in level of moisture.

The concentration of exchangeable calcium decreased after the harvest of the crop
as influenced by the levels of CaCO; (27.16 c.mol (p+) kg in 5% CaCO3 to 20.44
c.mol (p*) kg''in 20% CaCO3), whereas, no definite pattern was observed in the change

of exchangeable Ca concentration with increased moisture level.

DTPA-extractable iron decreased significantly with increase in level of moisture
and CaCO; in the treatments. Highest (5.51 ppm) and lowest (1.58 ppm) concentration
of DTPA-Fe was noticed in treatment with 75 per cent F.C + 5 per cent CaCO; and 200
per cent F.C + 20 per cent CaCO; respectively.

Calcium concentration in plant samples (haulm and kernel) and Ca uptake in haulm
increased significantly with increase in both CaCO; and moisture level. But more

uptake of Ca by kernel (39.81 mg/plant) was noticed in treatment with 150 per cent
F.C + 7 per cent CaCOj only.

Iron concentration in plant samples (haulm and kernel) and Fe uptake by haulm
was significantly increased with increased level of moisture and CaCOs; in treatments.
But maximum Fe uptake by kernel was noticed in treatment with moisture level of 150
per cent F.C with 7 per cent CaCO; (0.946 mg/plant).Results also indicated about 1ll
effects of higher concentration of Ca and Fe in treatment with higher level of CaCO;
and 200 per cent F.C moisture.

- Maximum yield of pod (26.07 g/pot) was observed in treatment with moisture level of
150 per cent F.C + 7 per cent CaCO;. Haulm yield did not follow any definite pattern

with changing pattern of CaCOs level and moisture level.
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It 1s evident from the study that though available iron (DTPA-Fe + water soluble
ron) was found less in treatment with more CaCO; and moisture, it did not show any
influence in Fe concentration in plant samples. However, balanced uptake of Fe (0.946
mg/plant) and Ca (39.81 mg/plant) as found in treatment with 150 per cent F.C + 7 per
cent CaCOs resulted in highest yield of pod (19.90 g/pot).
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APPENDIX | : Maximum and Minimum temperature of Jan, Feb, Mar, April {2000)

Jam'Jary Feb}uary Ma'rch Ar;ril
[ Date Max(’C) [ Min(°c) | MaxC) | MinCC) | Max(°’C) | MinC°C) [ Max(®C) | Min(°C)

1 28.3 12.2 32.1 13.3 32.1 16.2 37.1 20.1
2 273 13.0 336 17.4 33.5 16.0 37.3 21.0
3 27.4 12.3 33.0 14.8 24.9 18.1 36.3 216
4 27.3 12.3 32.2 16.0 33.9 18.7 36.6 23.2
5 27.9 13.8 33.4 17.2 34.7 18.1 36.8 23.0
8 27.9 11.1 33.2 14.3 35.0 17.4 37.2 228

7 28.0 11.1 32.0 13.6 35.0 16.3 37.7 21.2
8 286 11.5 30.7 14.2 33.0 15.9 37.1 20.0
9 29.0 12.9 31.7 11.5 33.8 16.7 35.9 22.0
10 30.5 15.2 31.2 15.9 328 17.5 38.7 22.0
11 30.6 16.1 32.3 16.1 33.0 15.9 39.1 213
12 31.5 15.9 27.7 15.9 32.8 16.3 39.4 21.2
13 31.2 18.8 29.9 16.0 33.8 17.0 37.8 20.8
14 31.2 18.0 323 16.5 236 16.5 37.5 20.7
15 316 20.0 32.5 18.1 34.9 16.4 37.6 20.9
16 32.4 19.6 32.9 17.6 35.0 20.9 37.1 21.6
17 32.0 19.0 33.5 18.1 35.6 18.5 36.8 225
18 33.3 14.8 33.9 16.5 36.5 18.1 36.6 22.0
19 31.7 14.3 34.0 14.0 37.7 18.2 37.2 18.0
20 30.1 16.0 33.9 12.7 37.7 18.1 33.8 21.5
21 325 17.0 | 286 1.5 36.9 18.1 35.9 215
22 341 17.2 30.6 15.9 36.6 21.0 35.6 20.8
23 33.9 14.8 32.7 19.6 36.8 20.3 36.6 21.0
24 341 13.3 231 17.6 36.6 20.2 37.2 228
25 32.2 14.8 34.1 18.1 36.0 23.5 37.3 23.2
26 31.6 15.5 31.7 18.8 36.2 21.0 36.8 20.3
27 30.1 16.6 30.8 16.9 36.9 19.8 38.8 21.1
28 30.4 14.7 31.9 18.1 36.3 21.0 38.6 21.8
29 29.3 14.5 32.0 17.5 36.2 20.7 39.2 20.9
30 30.4 15.0 36.0 21.0 38.0 20.1
31 31.1 14.6 36.6 21.0

Average temperature

17th Feb to 23rd Feb

Max(°C)

Min(°C)

32.64

14.71

2nd Mar to 8th Mar

Max(°C)

Min(°C)

34.26

17.21




Appendix I1. Data of mechanical analysis of soils of Hebballi and Hebsur

Place Depth Coarse sand | Fine sand Silt Clay Textural

(cm) (“0) (o) (“0) (“0) i class

Hebballi 0-25 11.4 3.9 157 69.i .......... ....... Clay .......

| 25-55 9.6 5.7 13.6 71 . ......... Clay -------

55-100 83 ............................ 43 ......................... ]22 752 .......... e C]ay .........

.Hebsur 0-15 | 12.6 3.8 | 15.6 N .66.1 ...... Clay

15-52 9.8 49 16.2 68.2 ........ Clay

............. 52- 140 ] 8.7 8.6 11.7 70.0 Clay
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Distribution of different forms ot iron aiicl cAtIUTTF in presence of
bicarbonate ion in calcareous soils of Dharwad, Hebballi and Hebsur was studied.
A pot culture cxperimcnl (imposing three moisture and five CaCOi levels) was
conducted at M.R.S., Dharwad to know the uptake of iron and calcium by

groundnut crop in calcareous soils.

Free calcium carbonate was more in soils of Hebsur while exchangeable Ca
was found more in Hebballi. Amorphous iron oxide-occluded iron and free iron
oxides increased with increase in depth. No defmite pattern was followed in
distribution of water soluble iron, whereas, high water soluble calcium was noticed
in soils of Dharwad. The concentration of bicarbonate ions in surface soils was
found least in Dharwad and did not follow any trend in profiles. DTPA-Fe was

found high in Dharwad.

After harvest of the crop, both forms of iron oxides in soil was found to
decrease significantly with increased level of CaCOs and moisture. Water soluble
Ca and HCO=3 increased significantly with increase in both CaCOs and moisture
level. With increasing level of CaCO], concentration of water soluble Fe decreased.
Decrease in concentration of exchangeable Ca and DTPA-Fe was observed with
increasing level of CaCOs and with increasing level of both of the factors

respectively.

Uptake and concentration of Fe and Ca in plant samples (haulm and kernel)

increased significantly with increasing level of moisture and CaCOs.

Balanced uptake of Fe and Ca resulted in maximum vyield of pod in

treatment with moisture of 150 per cent of F.C. + 7 per cent CaCOs.



