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1. INTRODUCTION

Rice (Oryza sativa L.) is the leading cereal of the world and more than
half of the human race depends on rice for their daily sustenance. It is the staple
food for more than three billion people, over half of the world population. Even
though rice is grown in 113 countries, about 95 per cent of the crop is grown and
consumed in Asian continent where 59.69 per cent of the world population is
residing. In India, rice occupies 23.3 per cent gross cropped area (192 million ha)
of the country and contributes 43 per cent of the total food grain production and
account for 46 per cent of country’s total cereal production. India has the largest
area under rice crop (about 45 million ha) and ranks second in production, next to
China (DES, 2017).

Rice is the most important cereal and staple food consumed in Kerala
though the state’s production meets just 16.55 per cent of the demand. Presently
Kerala covers an area of 1.99 lakh ha in rice cultivation with an annual production
of 5.64 lakh tons and the productivity was marginal with 2827 kg ha' during
2014- 2015 (DES Kerala, 2016).

Kuttanad of Alleppey district, the rice bowl of Kerala is a unique agricultural
tract lying 0.6 to 2.2 m below the mean sea level on the west coast of India. It has a
geographic area of 0.85 lakh ha. This comprised of 50,000 ha of rice fields, out of
which 14,227 ha belongs to acid sulphate soils (typic sulfaquent) known as the ‘Kari’
lands which is the most problematic area of rice cultivation. The area in Kuttanad
constitutes the largest wetlands of the country and is unique among rice ecologies of
the world. Several parts of this area have subsoil layers containing pyrites which on
drainage and oxidation produce severe acidity. The rice cultivation in Kuttanad face
risks associated with waterlogging, extreme acidity and toxicities of iron and
aluminium (Thampatti and Jose, 2000). These problems usually limit the crop

production and even crop choice in these soils.



Rice production in acid sulphate soil can be increased by proper
management. The extent of acid sulphate soils in the coastal areas of Kerala is about
2.6 lakh hectares (Ray er al., 2014). Acid sulphate soil is the common name given to
soils and sediments containing iron sulfides, the most common being pyrite. When
these soils are exposed to air due to drainage or disturbance, pyrite is oxidized. These
results in production of sulphuric acid and subsequent release of toxic quantities of
iron, aluminium and heavy metals. The profile of these soils often contains yellow
mottle of jarosite which is an important pedological mark in classifying these soils
(Rattanapichai er al., 2013). Problems due to presence of toxic quantities of iron and
aluminium owing to the acidic condition of soil are widespread in most of the rice

growing tracts throughout Kerala.

[ron toxicity commonly occurs in a wide range of acid soils, particularly in
lowland rice with permanent flooding. Excess concentration of reduced iron (Fe’")
results in a range of nutrient disorders and results in deficiencies of other major and
micro nutrients. Mechanism of iron toxicity in rice might be due to its accumulation
in the roots and leaves. In high Fe’" concentrations in soil solution and rice roots
being oxygenated the iron precipitates as Fe’* on root surface and coats as a plaque.
This makes the roots physiologically inactive or less active. Rice yield losses
associated with iron toxicity ranges from 12 to 100% depending on the rice cultivars

and the prevailing iron toxicity levels (Abifarin, 1988).

Rice has the characteristic property ot forming iron plaque on its root surfaces
due to the plant’s capability to release oxygen to the rhizosphere. This results in the
oxidation of ferrous to ferric iron and the precipitation of iron oxide/hydroxide on the
root surface. In wetland fields, iron (Fe’") forms precipitates on root surfaces, which

is predominantly of ferrihydrite (approx. 63%) and goethite (Hansel er al., 2001).

Aluminum toxicity is also one of the major concerns of low rice productivity
in wetland acid sulphate soils (Fageria and Carvalho, 1982). Aluminum toxicity

affects about 40-70% of the world’s arable land, which otherwise has the immense



potential for food crop and biomass production. Aluminium toxicity impairs
productivity in soils having low pH (below 5.0). Free aluminium ions are solubilized
at low pH. The primary site of aluminium accumulation and toxicity target in plants
was reported to be the root meristem. A severe inhibition of root growth is the direct

major effect of aluminium toxicity on plants (Vasconcelos et al., 2002).

The occurrence of metal toxicity predominantly of iron and aluminium in
many cases can be overcome by the addition of lime (calcium carbonate), or slaked
lime (calcium hydroxide), magnesium carbonate or other alkaline/liming materials to
increase the soil pH and precipitate the toxic metals and thus increase plant growth.
Phosphorus deficiency is another problem in these areas. This is because of the high
P fixation capacity of the soil due to the occurrence of high concentration of iron and
aluminium. Availability of phosphorous is decreased in extreme acidic condition.

(Suswanto et al., 2007).

Since the acid sulphate soils of Kuttanad is an important problematic area
with extreme acidity, toxicity of iron, aluminium coupled with deficiency of
phosphorous, application of different amendments and other nutrients should be used
for successful cultivation in these area. Keeping all these points in view, the present
study on the flux and dynamics of iron and aluminium in wetlands of Kuttanad and

its management for rice cultivation has been proposed with the following objectives.

% Investigation of the iron and aluminium toxicity problem in rice grown on
acid sulphate soils of ‘Kari” lands in Kuttanad

% To evaluate the performance of two popular rice varieties to variable levels of
iron and aluminium concentrations at different stages

% To examine suitable amelioration strategies for iron and aluminium toxicity

problems
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2. REVIEW OF LITERATURE

Kuttanad is a unique agricultural tract on the west coast of India which is
dynamic and lying 0.6 to 2.2 m below the mean sea level. It extends between north
latitudes 9° 8" and 9° 52" and east longitudes 76° 19" and 76° 44" (Sregjith, 2013). It
is a deltaic formation and the region is crisscrossed by numerous water ways. It has a
geographic area of 854 sq. km comprises the area of 54 villages spread over
Alappuzha, Kottayam and Pathanamthitta districts in Kerala. The organic matter
transported from the high ranges makes Kuttanad a unique ecosystem in the world
due to its location near equator, equitable temperature regime, high rainfall and high
solar radiation throughout the year. Subsoil layers in many parts of this area contain
pyrites which produce severe acidity on drying and oxidation due to formation of
sulphuric acid (Nath et al., 2016).

2.1. RICE CULTIVATION IN KUTTANAD

Rice is the most important cereal and staple food consumed in Kerala. Kerala
covers an area of 1.99 lakh ha in rice cultivation with a production of 5.64 lakh tons
annually and the productivity was 2827 kg/ha in the year 2014- 2015 (DES Kerala,
2016).

Kuttanad is the rice bowl of Kerala. It includes 50,000 ha of rice fields. It is
the only system in India that practices rice cultivation below sea level. Kuttanad is a
major rice growing belt which has more than 145,000 of wetland fields under
cultivation.

Soils in several parts of Kuttanad is having acid sulphate soils which again is
having severe other problems like extreme acidity, iron and aluminium toxicity
coupled with very low base status (Beena et al., 2007).

The region is experiencing continuous decline in rice production which is

mainly attributed to deterioration of soil health. The rice cultivation in Kuttanad face



risks associated with water logging, acidity and toxicities of iron and aluminium
(Thampatti and Jose, 2000).

Rice production can be increased by proper management of acid sulphate soil.
The extent of acid sulphate soils in the coastal areas of Kerala is about 2.6 lakh

hectares (Ray er al., 2014).
2.2. ACID SULPHATE SOILS IN KUTTANAD

Acid sulphate soils are problem soils which, however, are suitable for various
crops under controlled water logging that keeps the sulphidic horizon reduced,
preventing oxidation of pyrite (Dent, 1986). They are usually formed under
submerged conditions. When these soils are drained, sulphuric acid is formed by the
oxidation of pyrite resulting in acidic pH varying from 2.6 to 4.0 (Attanandana et al.,
1986).

There are mainly three types of acid sulphate soils viz. actual acid sulphate
soils, potential acid sulphate soils and post active acid sulphate soils. Actual acid
sulphate soils contain sulphuric acid formed as a result of oxidation of pyrite whereas,
potential acid sulphate soils are poorly drained rich in pyrite having the potential to
produce sulphuric acid if drained and exposed to oxidised conditions. Hence, upon
drainage, these soils become extremely acidic in reaction. Extreme acidity causes
pronounced toxicity of iron and aluminium which directly affects the plant growth
and indirectly reduces the availability of phosphorous and other plant nutrients
(Thampatti and Jose, 2006). Post active acid sulphate soils are soils in which the acid
has been leached out or neutralized such that microbiological activation and root

development are no longer hampered (Breemen and Pons, 1978).

[t is estimated that world over 12.5 million hectare of potential and actual acid
sulphate soils are present in the world, out of which about six million hectare (almost

half the extent) is found in South East Asia. These soils are mostly located in swampy



coastal plains. In India, the acid sulphate soils extents to an area of 0.4 million

hectares in the west as well as east coastal lines (Langenhotf, 1986).

In the Kuttanad region of Kerala the acid sulphate soils covered an area of
14277.51 ha, comprised of six soil series viz., Ambalpuzha, Purakkad, Thottapally,
Thuravur, Kallara and Thakazhi. This area contained within the total of 54,000 ha of
wetlands in Kuttanad. Soils of this region are extremely acidic, deep, poorly drained
and waterlogged for most part of the year. Among the different soil series, the largest

area is occupied by the Kallara series (Beena ef al., 2007).

Beena (2013) conducted a study to confirm the acid sulphate condition in
Kuttanad soil. Soils from different series were collected and an incubation experiment
was carried out. The result revealed the potential acid sulphate condition of the soil

increased with reduction in soil pH.

Potential acid sulphate soils are rich in pyrite (FeS:), which upon drainage and
subsequent exposure to air oxidizes to sulphuric acid (H2SO4) by sulphur oxidizing
microflora and creates actual acid sulphate soils. Resulting from oxidation of reduced
sulphur compounds in pyritic mud, these soils are characterized by low pH, high

aluminium, iron and sulphate concentrations (Breemen and Pons, 1978).

Acid sulphate soils (typic sulfaquent) of Kuttanad are colloquially known as
‘Kari” lands. These are the most problematic cultivated area in the region. The
potential acidity of these soils ranged from 13.32 to 112.1 cmol kg'. The subsoil
showed higher potential acidity compared to surface soils. In the surface horizon,
potential acidity varied from 32.87 to 110.5 cmol kg™'. The highest value was shown
by Thakazhi series (Beena and Thampatty, 2013). The pH values of Kuttanad vary
from 2.4 to 5.9 (Thampatti, 1997).

Ferrugineous soils formed under humid tropical climate having high rainfall
are characterized by depletion of bases from the solum due to intense leaching and

accumulation of acid forming ions like H and Al’** leading to development of soil

—
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acidity (Beena and Thampatty, 2013). Fe and Al toxicity is very widespread in acid
sulphate areas of Kuttanad often leading to a decline of yield of 50 to 70 per cent for

rice production (Thampatti ez al., 2005).

The total Fe and Al contents ranged from 2.75 to 7.72 and 1.61 to 8.28 per
cent, respectively. The dithionite citrate extractable (DCE) Fe and Al also followed
the same trend as that of total content of nutrients. The percentage of DCE to total Fe
ranged from 62.2 to 90.2 and that of Al from 60.2 to 95.2, indicating majority of Fe

and Al exists in free form (Thampatti and Jose, 2000).
2.2.1 Iron toxicity problem in acid sulphate soil

[ron toxicity occurs in a wide range of soils, particularly in lowland rice with
permanent flooding. Excess concentration of reduced iron (Fe’") results in a range of
nutrient disorders and deficiencies of other major and micro nutrients. Mechanism of
iron toxicity in rice might be due to its accumulation in the roots and leaves in high
concentrations. Rice yield losses associated with iron toxicity ranges from 12 to
100% depending on the rice cultivars and the prevailing iron toxicity levels (Abifarin,
1988).

According to Chen et al., (1980) rice plant forms iron plaque on its root
surfaces by releasing oxygen to the rhizosphere which is a unique capability of rice
plant, which results in the oxidation of ferrous to ferric iron and the precipitation of
iron oxide/hydroxide on the root surface. Rice cultivars, growth stage and soil type

were significantly related to the amount of iron plaques on field grown rice roots.

Hansel et al., (2001) reported that in wetland fields, iron (Fe’") forms
precipitates on root surfaces, which is predominantly of ferrihydrite and goethite. In
field and laboratory conditions. iron plaque was present as a continuous precipitate or

as an amorphous coating on roots with an uneven distribution (Batty et al., 2002).

[ron toxicity is recognized as one of the major constraints to rice production in

the wetlands. The disorder is caused by excessive amounts of iron in soil solution.



The reduced soil conditions that cause accumulation of soluble ferrous iron also lead
to enhanced requirement for nutrients such as P and K needed to overcome the stress

(Sahrawat et al., 1996).

Mandal et al., (2003) reported Fe toxicity as one of the major soil constraints
of lowland acid soils. Fe toxicity in rice is associated with high concentration of

ferrous ion (Fe’") in the soil solution, mobilized in situ.

In humid tropical and subtropical area such as South Asia, Fe*" toxicity is one
of the major physiological disorders that limit rice growth (Zhang ef al., 2011). Fe*'
toxicity injures plants by inhibiting the elongation of rice roots. Batty and Younger
(2003) indicated that iron plaque on the surface of rice roots was harmful to the roots.
It decreases root activity and inhibited nutrient uptake (Zhang et al., 2010).
Moreover, the epidermal and cortex cells within rice roots died when iron plaque was

tormed (Zhang et al., 2011).

Thuvasan, (2010) reported that phosphogypsum and phosphogypsum-fly ash
mixture were effective in decreasing exchangeable Fe, Mn and Al contents in acidic
lateritic soil as evidenced in incubation study. Same author showed that ameliorant
(phosphogypsum and phosphogypsum-fly ash (@ 20:1) treated black pepper plants
had superior growth than control in pot and field study. Leaf P, N and K were

increased while Fe, Al and Mn contents were reduced.
2.2.2 Aluminum toxicity problem in acid sulphate soil

Aluminum toxicity is also one of the major concerns of low rice productivity
in lowland acid sulfate soils (Fageria and Carvalho, 1982). Aluminum toxicity affects
about 40-70% of the world’s arable land. which has the potential for food crop and
biomass production. Aluminium toxicity impairs productivity in soils having low pH
(below 5.0). Free aluminium ions are solubilized at low pH. The primary site of

aluminium accumulation and toxicity target in plants was reported to be the root



meristem. A severe inhibition of root growth is the direct major effect of aluminium

on plants (Vasconcelos et al., 2002).

The extreme acidity, iron and aluminium toxicity in acid sulphate areas of
Kuttanad leads to a decline in rice yield of 50 to 70 per cent. Even continuous
submergence fails to increase the soil pH beyond 4.5 in most of the areas of Kuttanad
and has influenced the dynamics and distribution of nutrients especially the

micronutrient cations (Thampatti et al., 2005).

According to Thampatti and Jose (2000) the extractable aluminium is very
high in Kuttanad soils. The aluminium saturation of total and effective CEC in these
soils is also very high and they are above the critical limits for rice. Both the
extractable and water soluble aluminium, showed a considerable increase during the
post monsoon period. The increase in acidity might have enhanced the solubility of

aluminium, which is responsible for its increase.

Azman et al., (2014) showed that the root length of rice seedlings was
affected severely by the presence of high Al concentration in the water. Reduction in
root length could have resulted in the decrease of nutrient uptake. The root length of
rice seedlings was affected by low pH. Rice root length was positively correlated with
pH (Azura et al., 2011). They established that the critical Al concentration of the
growth of MR 219 was 135 ppm.

2.2.3 Effect of different concentration of iron and aluminium on rice

Yu et al, (2002) conducted a pot culture experiment and reported that
addition of iron (Fe*”) to the soil resulted in a retarded growth of rice. Snowden ez al.,
(1995) studied the chemical changes in wetland plant species using different Fe levels
(10, 25, 50, 75 and 100 mg 1), with specific reference to root precipitates and Fe
tolerance. The results revealed that there was a significant increase in Fe
concentrations of shoots with increase in Fe supply while other elements (except Na

and Zn) showed a reduction of concentration in shoot.
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Liu et al., (2004) studied the effect of different iron concentrations on forming
iron plaque on rice roots and differences in uptake and translocation of arsenate
within the rice seedlings in nutrient solution. They used 500 ml of nutrient solution
with different iron concentrations (20, 40, 60, 80 and 100 mg L") for treating the rice
roots for 24 hours. The results showed a significant increase of iron concentration in
rice roots with the increase in iron concentration of the treatment solution which also
caused formation of iron plaque but did not cause as significant effect in plant
growth.

Mehraban et al., (2008) conducted an experiment on iron toxicity in rice
under different potassium nutrition. In their study two week old rice seedlings were
treated with 10, 50, 100, 250 and 500 mg L' of iron as Fe- EDTA and 200 and 400
mgl"' of KCL. In the study maximum growth of rice plant occurred at 10 and 50 mg
L' Fe and 250 and 500 mg L' of Fe caused reduction in plant growth due to Fe

toxicity.

Chen et al., (2006) conducted study by growing rice plants in one liter
nutrient solution containing iron (30 mgL™' ferrous iron as FeSO4.7H>O and Fe (II)-
EDTA). The rice root treated with FeSO4 showed yellowish coating indicating the
formation of iron plaque and Fe (II)-EDTA caused formation of iron plaque of
uneven distribution with a porous structure on the root surfaces. The FeSOy treated
rice roots seemed bulgy and the root tip turned to brown colour which showed that
the tips of roots were injured. The study also showed that there was significant
enhancement of aluminium after iron pre- treatment.

Olaleye er al., (2001) studied the effect of toxic iron concentrations on the
growth of lowland rice in Africa. According to them, in pot culture when different
concentrations of iron applied (1000, 3000, and 4000 mg L' Fe) the total N, available
P, Mg, Ca, and Zn levels obtained were below optimum except the exchangeable K in
the soil. They also observed that the number of tillers per pot, grain yield, dry matter

and plant height were decreased with increase in concentration of iron.
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Sharma and Dubey, (2007) reported that a relative decrease in root and shoot
length were caused by increased Al'" uptake when rice seedlings were grown in sand
culture with 2.16 and 4.32 mg L' AI’" for 5-20 days. Aluminium toxicity also causes

oxidative stress in rice plant.

Sheela, (2000) carried out a solution culture study using Hoagland solution to
identify rice cultivars tolerant to Fe toxicity situation (400, 500 and 600 mg L' Fe).
The study showed that content and uptake of P, K, Ca and Mg decreased in all
varieties when the concentration of iron was increased. Iron content in all the
varieties increased with increased iron levels in the medium. Maximum iron
concentration was obtained in rice roots than other parts. The uptake of iron increased

up to 500 mg L' then decreased in all the varieties.

2.2.4 Phosphorous deficiency in acid sulphate soil

Phosphorus is mostly available for plant uptake between 6.0 to 6.5 soil pH,
and decreases outside this pH range. In the acid sulphate soils of Kuttanad the pH
levels were less than 3.5, which are categorized as low soil pH (high acidity). Besides
that, these soils have high content of iron and aluminium which causes fixation of
phosphorus. The applied phosphorus would be unavailable to rice and will remain in
place due to its immobilization. This implies that the soluble phosphate fertilizer
applied will revert back to its less or insoluble form. Lack of phosphorus in the soil
can be somewhat alleviated by applying fused magnesium phosphate (Suswanto er
al., 2007).

2.3 AMELIORATION OF ACID SULPHATE SOILS

The amelioration of acid sulphate soils can be done by chemical neutralization
methods like application of lime, dolomite, calcite, magnesite etc.; minimizing the
disturbances like human intervention; reducing drainage thereby preventing oxidation
of pyrite. Addition of CaCO; decreases acidity and toxicity due to iron and
aluminium (Tho and Egashira, 1976).

12



2.3.1 Amelioration of acid sulphate soils using lime

The occurrence of metal toxicity predominantly iron and aluminium toxicity
in many cases can be overcome by the addition of lime (calcium carbonate), or slaked
lime (calcium hydroxide), magnesium carbonate or other alkaline/liming materials to
increase the soil pH and precipitate the toxic metal and thus increase plant growth. A
common treatment to reduce the solubility of Al, Fe and other heavy metals in soil is

to increase the soil pH, which is mostly done by liming (Haby, 2002).

According to Azman et al., (2014) after liming the soluble Al and Fe will
decline, while the exchangeable Ca and Mg will increase. Sanchez (1976) found that
Al toxicity can be reduced somewhat by the presence of extra calcium and
magnesium. The study of Azman er al. (2014), also states that application of ground
magnesium lime stone would increase the soil pH with the addition of Ca and Mg

into the soil.

The critical pH value for rice is 5.5 - 6.0. This can be achieved by applying
lime at high rate (>4 t ha') under acid sulphate soils (Shamshuddin ez al., 2015).
Suswanto et al., (2007) reported that liming together with judicious fertilizer
management improves rice production on an acid sulfate soil. According to same
authors application of ground magnesium lime stone increases the pH and decreases
the iron, aluminium toxicity. The exchangeable Ca also increased above the rice
requirement. Rice yield was negatively correlated with acid-extractable Fe and was

positively correlated with pH and calcium.

The use of lime material together with chemical fertilizer, particularly

nitrogen and phosphorus, can increase rice productivity (Rattanapichai, et al., 2013).

According to Ponnamperuma er al., (1973), toxic amounts of Fe?" would be
present in the water after two weeks of flooding. This Fe can, to a certain extent, be
eliminated by liming. Ponnamperuma and Nhung (1965) reported that activities of

water soluble AI’™ and Fe’* decreases to 100 fold for each unit increase in pH. The
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same authors also showed that calcium carbonate alone (@ 0.2% and 0.4%) enhanced
the pH of the soil and solution, reduced the redox potential of the soil, which

distinctly decreased the Fe**, AI**, Mn®>* and SO4* in the soil solution.

Ponnamperuma and Solivas (1981) studied the effects of MnO: (100 kg ha™')
and CaCO0;s (5t ha') on iron toxicity symptoms and yield of rice varieties on a flooded
acid sulphate soil. They reported that MnO» coupled with CaCOs, counteracting
physiologically the toxic effects of excess iron which can be used as an inexpensive

ameliorant for acid sulphate soils.

Toure (1981) reported that combination of lime green manure, and wood ash
decreased the toxicity of iron and acidity. Leaching followed by the application of
basic slag and lime at different rates excellently increased all the growth and yield

parameters of rice (Khan et al., 1994).

The acid sulphate soil was treated with ground magnesium limestone (GML),
hydrated lime and liquid lime at specified rates. The study showed that with the
application of 4 t GML ha'', the rice yield was 3.5 t ha''. Also the ameliorative effects
of lime application in the 1* season had continued to the 2™ season Azman et al.,

(2014).

Khouma and Toure, (1981) conducted a study using two levels of phosphorus
and three levels of lime and two varieties. They suggested that triple superphosphate
had an overall beneficial effect regardless of soil differences and varieties. Their
results showed that with sufficient fresh water and correction of phosphorus

deficiency and acidity, rice production is viable on acid sulphate soils.

The major methods used to ameliorate acid sulfate soil infertility are liming
using ground magnesium limestone (GML) (Elisa er al., 2016), applying ground
basalt (Shamshuddin et al., 2011; Shazana et al., 2013) or putting the soils under

continuous submergence (Mubhrizal e al., 2006).

14



Liming is a common approach to raise the pH of acidic soils so as to
precipitate aluminum as inert Al hydroxides, thereby reducing its availability to the
growing crops (Shamshuddin er al., 2010). Besides increasing pH, GML can supply
Ca and Mg, which are needed by crops in large amounts. To some extent, Ca itself is
able to detoxify AI’" (Alva et al., 1986). Likewise, ground basalt application can
ameliorate acid soil infertility through pH increase and Ca and Mg release when the

basalt is dissolved (Shamshuddin and Kapok, 2010; Shazana et al., 2013).

2.3.2 Amelioration of acid sulphate soils using magnesium sources

The presence of extra Mg contributes to alleviation of Al toxicity as had been
shown by Shamshuddin er al. (1991) for maize.

Using ground magnesium limestone (GML) and organic fertilizer (rice husk-
based) at appropriate rate, rice cultivated on acid sulfate soils can produce higher
yield. The rice yield could be as high as 7.5 t ha™' using 4 t GML ha' in combination
with an organic fertilizer (Suswanto et al., 2007).

The application of ground magnesium limestone or basalt in combination with
organic fertilizer improved the productivity of acid sulphate soils and consequently
enhanced rice yield (Shamshuddin et al., 2015). Castro et al., (2016) reported that Ca,
Mg content, yield components and yield grains of wheat and maize were increased
with application of dolomite and calcium/magnesium silicates. The soil acidity was

also corrected significantly by them.
2.3.3 Effect of phosphogypsum as amendment

Phosphogypsum (PG) is a by-product of phosphoric acid plant and also is the
residue of phosphate fertilizer industry is etfective in correcting the soil acidity in
lateritic soil by reducing the exchangeable acidity mainly the exchangeable Al

content (Sumner, 1970; Reeve and Sumner, 1972).

Phosphogypsum can alleviate subsoil acidity even when it is applied to

surface because the Ca in phosphogypsum is soluble and mobile. Gypsum moves
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downwards much faster than lime which increases the soil solution activity of
calcium ion up to 0.8m depth in five months of initial application. Increase in soil pH
to the extent of 0.8 units in dark red latosols after gypsum application was reported by

many workers (Ritchey er al., 1980; Bolan er al., 1992).

The application of lime: gypsum combination (25:75 per cent) to groundnut
cultivated in acid soil improved the yield more than the application of lime alone
(Anitol, 1996). Alva and Sumner (1989) found that application of phosphogypsum
alleviated aluminium toxicity and increased soybean root growth in nutrient
solutions. Chang and Thomas (1963) showed that the amount of Fe and Al released in

to the soil solution depends on the application of gypsum.

Phosphogypsum and mined gypsum can alleviate the aluminium toxicity in
the sub soil horizon of highly weathered soil belonging to soil orders ultisols and

oxisols) and also in soils such as non allophanic andosols (Saigusa et al., 1996).

The ameliorating effect of mined gypsum or phosphogypsum is due to the
supply of calcium and also due to the enhanced mobility of gypsum (Hoveland,
2000). Repeated application of phosphogypsum reduced the exchangeable aluminium
(Alva er al., 1990) and increased cation exchange capacity of acid soil (Alva er al.,

1991).

Phosphogypsum improves soil structure as a result of increased Ca saturation
in soil (Mullins and Mitchell, 1990). The adequate sulphur supply, which can be
achieved with phosphogypsum, can protect plants from adverse effects of salinity

stress (Astolfl and Zuchi, 2013).

In acidic soils, it has been shown that phosphogypsum improves Ca, Mg, K,
Na and S accumulation in plants as a consequence of the intrinsic richness in these
elements of the amendment. The effects of phosphogypsum on the geochemistry of

nutrients in soil can affect their uptake by plants (Sancho et al., 2009),
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Phosphogypsum from the residue of the phosphate fertilizer industry can be
applied as a Ca amendment in agriculture (Mrabet ez al., 2003). The study of Nayak et
al., (2011) showed that 10% PG amendment is optimal for microbial growth and soil
enzyme activities. Phosphogypsum usually valorized as amendment for acidic and

sodic soils (Quintero et al., 2014).

Lee et al., (2007) used a mixture of fly ash and phosphogypsum (50:50)
mixture at 0, 20, 40 and 60 Mg ha' in rice cultivation. Their result showed that fly
ash and phosphogypsum mixture enhance soil fertility and reduce phosphorus loss
from rice paddy soils. The amended soils also exhibited increase in pH resulting from
increased applications of the mixture. They also suggests that the mixture was a very
good alternative soil amendment to increase rice productivity and fertility of paddy
soils of South Korea which also reduce loss of phosphorous during the cultivation of

rice.

Ayadi, (2015) evaluated the potential use of phosphogypsum as phosphate
amendment in soil by growing Arabidopsis. The study was conducted in a
greenhouse for 30 days using substrate containing different levels of phosphogypsum
(0%, 15%, 25%, 40% and 50%). The results displayed that 15% phosphogypsum
improved plant survival and leaf dry weight. There was efficient inorganic phosphate
uptake by the plant.

Crusciol et al., 2016 studied the effect of different amendments on soil
physical properties with the application of (2.1 Mg ha™' phosphogypsum, 2.0 Mg ha'
lime, and lime + phosphogypsum (2.0 + 2.1 Mg ha', respectively). Their results
indicated that surface liming effectively enhances the water stable aggregates. Lime
in association with phosphogypsum improved the microagregate stability in subsoil
layers. Ca, Mg and base saturation were increased with the application of these

amendments.

Crusciol ef al., (2016) reported that application of phosphogypsum reduced

the chemical activity of aluminium ion (Al'") thereby decreases the Al hydrolysis
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process and subsequently the displacement of H™ ion to solution, which causes the

reduction in pH.
2.3.4 Potassium - alleviating Fe toxicity

Potassium increases the root oxidation power which converts Fe’* to Fe*™ in

the rhizosphere and exclusion of this ion from uptake (Tanaka and Yoshida, 1970).

Wang et al., (2013) studied the effect of potassium on plant stature of rice,
production, acid metabolism and content in rice plant in a hydroponic study. Different
concentrations of potassium (100, 200, and 400 mg L") and Fe (250 mg L") applied
to the nutrient solution. The results showed that addition of potassium can alleviate
the iron toxicity. Application of potassium @ 200 and 400 mg L' increases the shoot
length, fresh shoot weight and dry shoot weight of the rice cultivar with 400 mg L'
showing superiority.

Ramirez et al., 2002 reported that application of P, K and Zn fertilizers
reduces the Fe toxicity in rice. Potassium was applied as KCI in two levels 58 and
116 kg ha' along with P (22 and 62 kg P ha') and Zn (3 and 7 kg ha'). The
appearance of iron toxicity symptoms and concentration of iron in the leaves were
reduced with the application of fertilizers.

Li, er al., (2016) reported that potassium plays a critical role in regulating the
development of plant roots in Fe toxicity conditions. They also showed that addition
of potassium alleviated the suppression of primary root growth and lateral root
formation in excess iron condition. Same authors suggests possible reasons for the
alleviation mechanism of potassium which are: in the root medium K™ may alleviate
the activity and availability of Fe*" in the root medium their by maintains the root
development; the transport of Fe’” root cells may be inhibited by K'; potassium may
act on the target of iron mediated root development or the enzymatic systems that

control Fe?* immobilization and detoxification.
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2.3.5 Effect of Boron application on rice production

Ehsan-ul-Haq et al., (2009) reported that the application of boron (200-400 mg L
"y improved growth parameters like tillering capacity, shoot and root length, weight in

solution culture.

Application of boron to rice improved all growth parameters i.e., tillering
capacity, shoot and root length, and shoot and root weight because of external boron

application (@ 200-400ng mL™' in solution culture (Mehmood et al., 2009).

Several studies conducted reported that application of boron to rice reduced
panicle sterility and enhanced the yield (Rashid ef al., 2004 and Hussain et al., 2012).
Foliar application of boron increased photosynthetic rate and grain filling rate and

decreased respiration rate in rice (Yu ez al., 2002).

The application of boron through different sources either through soil or foliar
spray was found to be beneficial in stimulating plant growth and in increasing yield
of rice (Sakal er al., 2002). Rao et al., (2013) reported that application of boron
resulted in increase in grain number and reduced the number of unfilled spikelets.

Application of 0.4 ppm boron resulted in significant increase in grain yield.

2.3.6 Effect of Silicon application on rice production

Silicon as a beneficial element in the soil can reduce concentration and uptake of
iron in the plant (Dufey ef al., 2014). Silicon (Si) application can reduce aluminium
toxicity to plants including rice (Hara e al, 1999). Silicon enhances the
photosynthesis of rice and increases rice resistance to several rice diseases and insects

(Ma and Takahashi, 2002).

Okuda and Takahashi (1962) suggested that large amount of Si is important to

promote the growth of rice (Oryza sativa L.) and to improve the grain yield.
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Application of calcium silicate showed an ameliorative effect on acid sulfate soil, i.e.,
an increase in soil pH, exchangeable Ca content, and Si content, and a reduction in

exchangeable Al in acid sulfate, rice-cropped soils (Elisa et al., 2016).

Gholami and Falah (2013) reported that application of Si enhanced the growth
parameters, increased yield, yield attributes and quality of rice crop. According to
Agarie ef al. (1992), the maintenance of photosynthetic activity due to Si fertilization
could be one of the reasons for the increased dry matter production. In terms of yield
components, silicon increases the number of spikelets per panicle, spikelet fertility
(Takahashi, 1990) and the mass of grains. Silicon and boron significantly improved
kernel weight, biological yield, protein and starch content in grain (Balastra er al.,
1989).

Silicon enhanced the oxidative power of rice roots, resulting in enhanced
oxidation of Fe from ferrous iron to insoluble ferric iron. Therefore, excess Fe uptake
was indirectly prevented by Si application (Okuda and Takahashi, 1962; Qiang et al.,
2012).

Application of soil conditioner which contains calcium compounds and
hydrosilicate compounds had effect on tillering of rice, shoot dry matter and grain

vield formation especially in the highest rate (Rattanapichai, et al., 2013).

Silicon is usually present in higher amount than other inorganic constituent in
grasses (Epstein, 1999). Silicon has a prominent role in plant growth. It improves
growth and yield of plants and provide resistance against lodging. Silicon helps in
enhancing the photosynthesis, has good effect on surface properties. It offer
resistance to disease causing organisms, herbivores, metal toxicity, salinity stress,

drought stress and protection against temperature extremes (Epstein, 2001).
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Materials and Methods



3. MATERIALS AND METHODS

An investigation entitled “Flux and dynamics of iron and aluminium in
wetlands of Kuttanad and its management for rice (Oryza sativa L.)” was carried out
at College of Agriculture, Padannakkad. The objectives of the study were to
investigate the iron and aluminium toxicity problem in rice grown on acid sulphate
soils of *Kari’ lands in Kuttanad, to evaluate the performance of two popular rice
varieties to variable levels of iron and aluminium concentrations at different stages of
the crop and to examine suitable amelioration strategies. The whole experiment was
carried out as laboratory and pot studies in three parts:

Part |

Collection of soil sample from the ‘Kari’ lands of Kuttanad and analysis of
their various physical and chemical properties.

As a preparatory study an incubation experiment was also carried out to get an idea
about the release of Fe and Al consequent to submergence.
Part 11

Solution culture experiment to study the response of two popular varieties of
rice to different levels of iron and aluminium.
Part 111

Pot culture experiment with two rice varieties

3.1. Collection and analysis of soil sample

Soil samples were collected from the ‘Kari’ lands of Kuttanad which is
included in the ambalappuzha acid sulphate soil series in Karuvatta region of
Kuttanad with the GPS coordinates (latitude: 9°:18':56.99'", longitude:
76:24":30.68""). The soil samples were drawn to a depth of 0 to 25 ¢cm from the
surface of a rice field in this region and brought to the College of Agriculture,
Padanakkad. Portions of the bulk soil sample were air dried, ground, sieved with 2
mm sieve and stored in air tight container for studying initial soil properties. The soil

physical properties bulk density, particle density, particle size distribution and the
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available nutrients such as N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B, Al and Si was

determined as per the standard procedures given in the Table 1.

Using this soil sample iron and aluminium flux as well as soil solution

concentration of these two elements were monitored at two levels of submergence

viz. 5 cm & 10 cm by conducting an incubation study.

Table 1: Analytical methods followed for initial soil analysis

SI. No | Parameters Method Reference

1. pH pH meter Jackson (1958)

2 EC Conductivity meter Jackson (1958)

3 Organic carbon Chromic acid wet digestion | Walkley and Black
method (1934)

4. Bulk density Undisturbed core sample Black et al. (1965)

5. Particle density Pycnometer method Black et al. (1965)

6. Textural analysis International pipette | Robinson (1922)
method

7. Available N Alkaline permanganate | Subbiah and Asija
method (1956)

8. Available P Bray extraction and | Jackson (1958)
photoelectric colorimetry

9. Available K Flame photometry Pratt (1965)
Atomic absorption

10. Available Ca Jackson (1958)
spectroscopy
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Table 1: Continued. ..

1. Available Mg Atomic absorption | Jackson (1958)
spectroscopy
12. Available S Photoelectric colorimetry Massoumi and
Cornfield (1963)
13. Available Zn Atomic absorption | Emmel er al. (1977)
(0.1 N HCI) spectroscopy
14. Available B Photoelectric colorimetry Bingham (1982)
LSt Available Fe Atomic absorption | Sims and Johnson
(0.1 N HCI) spectroscopy (1991)
16. Available Cu Atomic absorption | Emmel er al. (1977)
(0.1 N HCD) spectroscopy
17. Available Mn Atomic absorption | Sims and Johnson
(0.1 N'HCD) spectroscopy (1991)
18. Available Al Atomic absorption | Willis (1965)
(0.1 NHCD) spectroscopy
19. Available Si Photoelectric colorimetry | Korndorfer er al.,
(2001)

3.2 Incubation experiment
An incubation experiment was conducted using the soil sample collected from

‘Kari’ lands of Kuttanad at College of Agriculture, Padannakkad as a preliminary
study. The study was conducted using four different treatments at two levels of
submergence (5 cm and 10 cm). The treatment combinations are given below. The
treatments were incorporated and kept under submergence. The analysis of various

parameters was done at 30, 60 and 90 days after submergence.
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3.2.1 Design and layout
Design: CRD
Treatments: 8 (three treatments and one control in two levels of submergence)
Replications: 3
Treatment details
T\ Lime as per KAU POP, 2011
T2: Phosphogypsum (@ 500 kg/ha + %3 lime as per  KAU POP, 2011
Ts: Magnesium carbonate + ' lime (as per KAU POP, 2011)
T4 Control
3.2.2 Experimental soil analysis
Soil samples for laboratory analysis were collected from all the treatments at
30, 60 and 90 days after submergence. The samples were analyzed for pH, available

nutrients such as Ca, Mg, Fe and Al as per the standard procedures.

3.3 Solution culture experiment

A solution culture experiment was carried out by maintaining Hoagland’s
nutrient solution to study the response of two popular varieties of rice Uma and
Prathyasa to four levels of iron (200 mgL"', 400 mgL"', 800 mgL"' and 1200 mgL")
and two levels of aluminium (50 mgL"' and 100 mgL™') and to study the deposition of
iron and aluminium in different plant parts. The composition of Hoagland’s nutrient
solution used in the study is given in the Table 2.

Uma (MO- 16) is the most popular and commonly cultivated variety in
Kuttanad which is a medium duration variety released from Rice Research Station
(RRS), Moncompu. Prathyasa (MO- 21) is a newly developed variety from RRS,
Moncompu, which is a short duration variety that shows iron and aluminium toxicity
symptoms in the initial growing period and then recovers without affecting the yield.

The seeds of rice varieties Uma and Prathyasa were placed in the moistened
filter paper for germination. After one week the seeds were germinated and these are

transferred in to Hoagland’s nutrient solution and grown for fourteen days. Fourteen
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days old seedlings with uniform growth were selected and was transferred to
Hoagland’s nutrient solution (Hoagland and Arnon, 1950) blended with different
levels of Fe (200 mg L', 400 mg L', 800 mg L' and 1200 mg L") using Fe- EDTA
and different levels of Al (50 mg L' and 100 mg L") using aluminium sulphate and
was maintained for two weeks. The combinations of different levels of iron and
aluminium in the Hoagland’s solution formed different treatments. The treatment
details are shown below. The plants were transferred to the treatment solutions after
checking the pH of the solution and confirming the stability of the solution so that
there is on formation of precipitates.

3.3.1 Design and layout

Design: CRD

Treatments: 16 (4 levels of Fe, 2 levels of Al in two varieties)

Replications: 3

Crop: Rice

Varieties: Uma (MO-16) and Prathyasa (MO- 21)

Treatment details

Treatment 1 - Fe 200 mg L' and Al 50 mg L™

Treatment 2 - Fe 400 mg L 'and Al 50 mg L"!

Treatment 3 - Fe 800 mg L 'and Al 50 mg L™!

Treatment 4 - Fe 1200 mg L'and Al 50 mg L"!

Treatment 5 - Fe 200 mg L 'and Al 100 mg L'

Treatment 6 - Fe 400 mg L 'and Al 100 mg L*!

Treatment 7 - Fe 800 mg L'and Al 100 mg L'

Treatment 8 - Fe 1200 mg L"'and Al 100 mg L'

Treatment 9 — control - Hoaglanad’s nutrient solution
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Table 2: Composition of Hoagland’s nutrient solution

Nutrient stock solution Formula Per liter of nutrient solution

Potassium nitrate KNO; Smlofl1 M

Calcium nitrate Ca(NO3)> 4H-O Smlof1 M

Monopotassium phosphate KH>PO4 I mlof 1 M

Magnesium sulfate MgS04.7H-0 2mlof I M

Micronutrient stock solution 1 ml of stock solution

Iron chelate Fe-EDTA 1-5 ml of 1000 mg L'
Micronutrient stock solution Per litre

Boric acid H;BO; 286 ¢

Manganese chloride — 4 hydrate | MnCl>-4H->0 1.81¢g

Zinc sulfate — 7 hydrate ZnS04 7TH,O 022¢

Copper sulfate — 5 hydrate CuSO4:5H,0 0.08 g

85% Molybdic acid MoO; 0.02¢g

3.3.2 Biometric observations

The important biometric observations like root length, root dry weight and
plant length were recorded initially as well as 15 days after the plant’s exposure to
different treatments.
3.3.2.1 Root length

Root length of the rice plant of each treatment was taken from the base of the
plant to the tip of the longest root.
3.3.2.2 Root dry weight

Root dry weight of the plants was taken by separating the roots from the plant
and removing its moisture content by keeping it in the oven at 60 +5°C.
3.3.2.3 Plant height

The plant height was measured from the base of the rice plant stem to the tip

of the youngest leaf.
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3.3.3 Pattern of iron coating in root

The cross sections of the roots were observed in the microscope and variation
in iron coating in the treatments and control was determined using ‘Zen’ image
analyzer. The iron content in the roots was estimated after removing the plants,
washing in distilled water and subsequently with 0.1 N HCIl extraction. The
concentration was measured in AAS (Sims and Johnson, 1991). The cross sections of
roots were made and observed for iron coating around the root surface under a
microscope.
3.3.4 Root CEC

The cation exchange capacity of the root was determined after washing the
roots in distilled water and shaking with KCl and titrating against NaOH as suggested
by Mitsui and Ueda, 1963.

3.4 Pot culture experiment

The pot culture experiment was conducted at College of Agriculture,
Padanakkad to study the iron and aluminium toxicity problem in rice grown on acid
sulphate soils of *Kari’ lands in Kuttanad and to examine the effect of different
amelioration strategies. The experiment was conducted in completely randomized
design with seven treatments and three replications using two varieties viz. Uma and
Prathyasa. Uma (MO- 16), the most popular and commonly cultivated variety in
Kuttanad is a dwarf, medium tillering and non-lodging variety. This medium duration
(120-130 days) variety is having red coloured bran and medium bold grains with an
expected yield of 6-7.5 t ha”!, Prathyasa (MO-21) is a short duration variety (100-110
days) with long, bold and red-kernelled grains. It has an expected yield of 5.5 t ha'

The soil sample were collected from the *Kari’ lands of Kuttanad and brought
to College of Agriculture, Padanakkad. The soil was thoroughly mixed and equal
quantity (22.5 kg) of the soil was transferred to different pots of uniform size (40 cm

length and 20 cm breadth). Seeds of Uma and Prathyasa were germinated in
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moistened filter paper. After one week the seeds were germinated. The germinated
seeds were carefully transferred to nursery containing potting mixture. Different
amelioration strategies as amendments were imposed into the pot as per treatment
details shown below. The seedlings were maintained for two weeks in the nursery and
after that it was transplanted into the already filled pots which contained the soil
collected from Kuttanad such that each pot contains two seedlings. Nitrogen,
phosphorus and potassium application were followed as per package of practices
recommendations, KAU (2011) uniformly for all the treatments. Water level in the
pot was maintained as 5 cm from the surface of top soil. A PVC pipe, having a
diameter of 5 cm with perforations in the base portion was inserted in each pot to
collect the leachate from soil depth. The leachate in the pot enters into the pipe and
equilibrates through the holes in its bottom. Leachate samples were collected using a
syringe and tube attachment into the perforated PVC pipe in syphoning mechanism
and used for analysis.

3.4.1 Design and layout

Design: CRD

Treatments: 14 (six treatment and one control in two varieties)

Replications: 3

Crop: Rice

Varieties: Uma (MO-16) and Prathyasa (MO- 21)

Treatment details:

Ti: Lime @ 600 kg ha™! as per KAU POP, 2011

T>: Magnesium carbonate (@ 50 kg ha™' + ¥ lime @ 300 kg ha'' (as per KAU POP,
2011)

Ts: Phosphogypsum (@ 500 kg ha™' + %4 lime @ 300 kg ha"' as per KAU POP, 2011
Ts: Lime @ 600 kg ha' as per KAU POP, 2011 + Potassium silicate 0.25% + 0.25%
Boron

Ts: Magnesium carbonate (@ 50 kg ha + % lime (as per KAU POP, 2011) +

Potassium silicate 0.25% + 0.25% Boron
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Ts: Phosphogypsum @ 500kg ha' + ¥ lime @ 300 kg ha™' as per KAU POP, 2011 +
Potassium silicate 0.25% + 0.25% Boron

T7: Control

Figurel: Layout of pot experiment B -Vi-Uma

- V;- Prathyasa

TaR1 V2

T3R1 V2

T2R1 Vz

TiR1 V;

T2R3 V2

T5R3 Vz

T7R3 V2

3.4.3 Biometric observations

Biometric observations like plant height (¢cm) and number of tillers were taken
at 30, 60 and 90 days after transplanting. Emergence of boot leaf or panicle initiation,
emergence of panicle, grain filling and incidence of pest and diseases were recorded.
Number of panicles, number of grains/panicle, grain yield (g/pot). chaffiness (%), test
weight (g) and straw yield (g/pot) were recorded at the time of harvesting.
3.4.3.1 Germination percentage

Germination percentage of the varieties Uma and Prathyasa were noted at the

time of germination of their seeds in moistened filter paper.
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3.4.3.2 Plant height
The height of the plant from the base to the tip of the longest leaf was taken at

30, 60 days after transplanting and at harvest.

3.4.3.3 Number of tillers

Number of tillers in each plant of different treatments was taken at 30, 60
days after transplanting and at harvest.
3.4.3.4 Number of grains/panicle

Number of grains/panicle of each treatment was noted at the time of harvest.
3.4.3.5 Grain vield

Total grain yield of each plant in every treatments were taken at the time of
harvest.
3.4.3.6 Chaffiness percentage

Chaffiness percentage of each treatment was taken.
3.4.3.7 Test weight

One thousand grains were counted from the harvested grains of each pot at the
time of harvest dried and their weight was recorded and expressed in grams.
3.4.3.8 Straw vyield

Straw yield of each treatment was taken at the time of harvest by separating
the grains.
3.4.4 Root CEC

The cation exchange capacity of the root was determined after washing the
roots in distilled water and shaking with KCI and titrating against NaOH as suggested
by Mitsui and Ueda, 1963.

3.4.5 Experimental soil analysis
Soil samples for laboratory analysis were collected from all the treatments at
the time of harvest. The samples were air dried, ground, sieved with 2 mm sieve and

stored in air tight container. They were analyzed for available nutrients such as N, P,
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K, Ca, Mg, S, Fe, Cu, Zn, Mn, B, Al and Si as per the standard procedures as given in
the Table 3.

3.4.6 Plant analysis

Plant samples were collected at harvest and analyzed for various macro and

micronutrient content using standard procedures as given in the Table 4.

Table 3: Analytical methods followed for soil analysis

Sl. No | Parameters Method Reference

ls pH pH meter Jackson (1958)

2. EC Conductivity meter Jackson (1958)

3. Organic carbon | Chromic acid wet digestion | Walkley and Black
method (1934)

4, Bulk density Undisturbed core sample Black er al. (1965)

5. Particle density | Pycnometer method Black et al. (1965)

6. Textural International pipette method Robinson (1922)

analysis
7 Available N Alkaline permanganate method | Subbiah and Asija
(1956)

8. Available P Bray extraction and | Jackson (1938)
photoelectric colorimetry

9. Available K Flame photometry Pratt (1965)

10. Available Ca Atomic absorption spectroscopy | Jackson (1958)

11. Available Mg | Atomic absorption spectroscopy | Jackson (1958)
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12. Available S Photoelectric colorimetry Massoumi and
Comnfield (1963)
13. Available Zn Atomic absorption spectroscopy | Emmel et al. (1977)
14. Available B Photoelectric colorimetry Bingham (1982)
15. Available Fe Atomic absorption spectroscopy | Sims and Johnson
(1991)
16. Available Al Atomic absorption spectroscopy | Willis (1965)
17, Available Cu Atomic absorption spectroscopy | Emmel er al. (1977)
17. Available Mn | Atomic absorption spectroscopy | Sims and Johnson
(1991)
18. Available Si Photolectric colorimetry Komdorfer et al.
(2001)
Table 4: Analytical methods followed for plant analysis
SI. No Parameter Method Reference
L. Total N Modified  kjeldhal  digestion | Jackson (1958)
method
2 Total P Vanadomolybdate yellow colour | Piper (1966)
method
3, Total K Flame photometry Jackson (1958)
4. Total Ca Atomic absorption spectroscopy | Issac  and Kerber
(1971)
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3. Total Mg Atomic absorption spectroscopy | Issac  and  Kerber
(1971)

6. Total S Turbidimetric method Bhargava and
Raghupathi (1995)

T Total Zn Atomic absorption spectroscopy | Emmel et al. (1977)

8. Total B Azomethane — H colorimetric | Bingham (1982)

method

9. Total Fe Atomic absorption spectroscopy | Piper (1966)

10. Total Cu Atomic absorption spectroscopy | Emmel ef al. (1977)

11. Total Mn Atomic absorption spectroscopy | Piper (1966)

12 Total Al Atomic absorption spectroscopy | Willis (1965)

& Total Si Photolectric colorimetry Korndorfer et al.
(2001)

3.3.7. Statistical Analysis

The data obtained from incubation experiment, solution culture and pot culture

experiment was analyzed statistically and tested for its significance using WASP 2.0

software given by I[CARGOA.

34

-

=14)



uoda[[0d d[dwes [10s Jo uoned0  :[AL[J

L Taesl Seoamey. N 7

L s s e weos s av [

o ee wom wewvea < nav [

oy v 03y [

v o dpoes sz nav [N

BlIBANIEY

SLINDTYOIDOT003-08DY

(..89°0€: ¥T:o9L -apnu3uo|
".669S: 81 o6 :Opmne)

S1INN V21907023089V
1JI¥1SId YHZNddVY




Plate 3: Pot with PVC pipe arrangement for collecting leachate




Plate 4 a: View of incubation experiment with submergence level

Plate 4 b: View of incubation experiment with different treatments

Plate 4: Incubation experiment
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4. RESULTS

An investigation was carried out at College of Agriculture, Padannakkad
during 2015- 17 to study the toxicity problems of iron and aluminium in wet land rice
grown on acid sulphate soils of "Kari’ lands in Kuttanad. The study was undertaken
to evaluate the performance of two popular rice varieties to variable levels of iron and
aluminium concentrations at different stages and to examine suitable amelioration
strategies. The experiment was carried out in three parts, which included collection
and analysis of soil sample from Kuttanad, solution culture and pot culture

experiments. An incubation experiment was also done as a preparatory study.

The results of analysis of various parameters of incubation study, the leachate
collected from the pot culture experiment and solution culture were statistically
analyzed and the results are explained below. Along with this soil analysis, biometric
observations recorded and plant analysis values were also done, tabulated and results

interpreted.
4.1 CHARACTERISTICS OF KUTTANAD SOIL

The soil sample collected from Kuttanad were analysed for various
physical and chemical properties. The soil physical properties viz. bulk density,
particle density, particle size distribution and the chemical properties viz. pH, EC, OC
and available nutrients such as N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B, Al and Si are
given in the Table 5.

The soil was sandy clay with extreme acidity for dry soil which is indicative
of typical acid sulphate soil. There was no indication of salinity and the content of 0.1
N HCI extractable Fe and Al were higher. The available K, Ca and Mg were also
good whereas available N was medium. Available P and the water soluble B

indicated low while the available S content was high.
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Table 5: Properties of the Kuttanad soil (initial soil sample)

Sl. No. Parameter Value
I. Physical properties
1. Bulk density (g cm™) 1.19
2. Particle density (g cm™) 2.68
[I. Mechanical composition
l. Sand (%) 48
2. Silt (%) 10
3. Clay (%) 42
4, Textural class Sandy clay
[II. Chemical properties
L. pH (dry) 3.01
2. EC (dSm™) 0.43
3. Organic carbon (%) 1.38
4. Organic matter (%) 2.37
5. Available N (kg/ha) 489
6. Available P(kg/ha) 8.20
T Available K(kg/ha) 292
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8. Available Ca (mg/kg) 245
9. Available Mg (mg/kg) 20
10. Available S (mg/kg) 198.35
11. Available Zn (mg/kg) 2.01
12. Available B (mg/kg) 0.41
13. Available Fe (mg/kg) 192.00
14. Available Cu (mg/kg) 0.65
15 Available Mn (mg/kg) 27.10
16. Al (mg/kg) 93.00
17. Available Si (mg/kg) 21.40

4.2. INCUBATION EXPERIMENT WITH SUBMERGENCE

An incubation experiment was conducted using the soil sample collected from
“Kari® lands of Kuttanad at College of Agriculture, Padannakkad as a preliminary
study prior to the pot culture experiment. The study was conducted using four
different treatments at two levels of submergence (5 cm and 10 cm). The treatment
combinations are given below:
Ti: Lime @ 600 kg ha™' as per KAU POP, 2011
T1: Phosphogypsum (@ 500kg/ha + ¥ lime (@ 300 kg ha' as per KAU POP, 2011
Ts: Magnesium carbonate @ 50 kg ha™' + % lime@ 300 kg ha™' (as per KAU POP,
2011
T4: Control
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The treatments were incorporated kept under submergence. The analysis of
various parameters was done at 30, 60 and 90 days after submergence and the results

obtained were statistically analyzed and the results are presented below.
4.2.1 pH

The effect of different treatments on pH of the soil in the incubation study at
30, 60 and 90 days are given in Table 6. The soil pH was increased from highly
acidic to near neutral pH after the incubation period. There was no significant effect
with respect to the two levels (5 cm and 10 cm) of submergence on soil pH. Level of
submergence at 5 cm (L) showed higher pH (5.08) compared to 10 cm level (L»)
(4.88) on 30 days of incubation. But after 60 and 90 days of submergence with 10 cm
level showed higher value of pH than 5 cm level.

The treatments however had a profound effect on the soil pH values recorded
at 30, 60 and 90 days of submergence. Application of amendments significantly
increased the soil pH throughout the submergence period. T, was found to record
significantly higher pH (5.85) which was on par with T> (5.53) at 30 days after
incubation. At 60 and 90 days of incubation the treatment T> was found to be
dominated over other treatments. At 60 days of incubation T: showed a pH of 5.82
which was on par with T (5.79) and T; (5.22). After 90 days of incubation T> showed
a pH of 6.61 which was on par with T, (6.34). The lowest value of pH was shown by
T (control) at these periods of submergence and these values were significantly
lower to all the ameliorant mixed treatments.

The interaction of treatments and levels of submergence did not show any
significant effect. The treatment T, give higher pH for both L, (5.75) and L (5.94) at
30 days after incubation, whereas the treatment T, showed higher pH for L and L

during later periods of 60 and 90 days.
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4.2.2 Available Calcium

The available calcium content of the soil in different treatments at 30,
60 and 90 days after incubation are presented in the Table 7. The Ca content was
increased impressively during the submergence period. There was no significant
elfect with respect to two level of submergence L and L, on the available Ca in the
soil on 30, 60 and 90 days after submergence. The level of submergence L
dominated over L, throughout all the submergence periods.

The treatments showed profound effect on the available Ca content in soil
during the incubation period. Among the treatment T, showed significantly higher
amount of available Ca throughout the incubation period. After the first 30 days of
incubation the treatment T> showed 475.33 mg kg’ Ca and at 60 days it increased to
543.87 mg kg™ which was on par with T and Ts. After 90 days of incubation T> give
653.63 mg kg of available Ca which was on par with that of T (576.67 mg kg™').
The control T7 showed the lowest value during the entire course of incubation period.

There was no significant effect with respect to interaction between treatments
and level of submergence. The treatment T> showed higher Ca content in both level of
submergence L; and L, at all the periods of submergence.

4.2.3 Available Magnesium

The effect of different amendments on available magnesium content in the
soil at different days of incubation study is given in the Table 8. The available Mg
was increased after the submergence period. The two different level of submergence
is non-significant in case of available magnesium. Level L (5 cm) showed higher Mg

content in soil over L, (10 cm) throughout the incubation period.

The treatments exhibit a remarkable difference in magnesium content. T
which used MgCO; showed higher magnesium content (75.41 mg kg''), (89.18 mg
kg'') and (82.83 mg kg'') at 30, 60 and 90 days of incubation respectively. The
available Mg content increased during the 30 days of period. T4 control showed the

lowest Mg content in soil during the course of study.
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There was no significant difference between the interaction of treatments and
level of submergence. Ts (Magnesium carbonate + %4 lime) in both L; (5 ¢cm) and L,
(10 cm) showed maximum available magnesium content throughout the study and T

(control) showed the lowest.

4.2.4 Available Iron

The available iron content in the soil at 30, 60 and 90 days after
submergence experiment are presented in Table 9. The Fe content increased to three
fold from the dry soil which was 192 mg kg"'. Different level of submergence (L; and
L) did not express any significant effect on the soluble iron content throughout the
incubation study. The level of submergence L, was found to be dominant over L, at
30 days of incubation period. After 60 days of incubation L, showed higher level of
available iron content than L. Again after 90 days of submergence L showed higher
Fe content than Lo.

The treatments exhibit an introspective effect on available iron content
throughout the incubation study. The control, (Ts) showed higher amount of available
Fe at 30, 60 and 90 days of incubation experiment. The treatment T, showed lowest
amount of available iron in the incubation period. The available iron content was
found to be decreasing after the incubation period. At 30 days of incubation T,
showed lowest value for iron content (316 mg kg'') which was on par with T, (347
mg kg'') and T: (441 mg kg''). After 60 days the treatment T> recorded a decrease in
iron content (260 mg kg') on par with T (280 mg kg'') and T3 (421 mg kg'). The
treatment T> again show the least value for iron content (159 mg kg') which was on
par with T> (161 mg kg™") and T5 (294 mg kg'').

The interaction effect between treatments and level of submergence did not
show any significant effect on the available iron content. The treatment T> showed the
least value which was on par with T, and Ts in both L, and L, level of submergence

throughout the incubation period.
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4.2.5 Extractable Aluminium

The aluminium content in the soil in the incubation experiment is given in the
Table 10. The result showed increase in concentration of Al from dry soil upon
submergence. The different level of submergence (Li and L) did not show any
significant effect on the available Al content at 30, 60 and 90 days of incubation. The
level of submergence L; (5 c¢m) recorded higher aluminium content than L,
throughout the incubation experiment.

The treatments had a substantial effect on the soluble 0.1N HCI extractable
aluminium over control (Ts) which recorded significantly higher value of available
aluminium. The values were on par with T; at 30, 60 and 90 days of incubation.
However the aluminium content was found to be decreasing in the period of
submergence. At 30 days of incubation the Al content was least for T> (144.2 mg kg’
') which was on par with T\ (154.63 mg kg'). Same trend was followed during 60
and 90 days. T> had 130 mg kg ' available Al on 60 days incubation on par with T,
(151.07 mg kg''). On 90 days of incubation T> showed the least value of 105.35 mg
kg 'on par with T (161.58 mg kg'™").

There was no significant effect by the interaction of treatment and level of
submergence on the available Al content throughout the incubation period. T4 showed
highest value of Al for L and L,, and T> gave the lowest value which was on par with

T, for Ly and L> during the entire period of submergence.

46



wsauBe 1 (10T ‘dOd NV

"Pouapwqns 12w sAe(] SV ( ([onuo)) vl {1107 ‘dOd NV 12d se) aury 74 4 a1puoqIed

LY

Iad se awny 7, 4 ey 3Y o0¢ @ wmsdABoydsoyd T (1107 ‘dOd NV 1od se awry 1] 0N

SN v1'18 SN 9I'LY SN PEST LXT

0S€LI 8E'LS £8°001 PEEe 61S 6°LI 5

SN LSO SN 8C'€T SN 9°C1 1
(%S) dD (Fuygs (%S) ad (Fwgs (%S) D (Fwygs | vosuedwo)
IsT St 8¢ 18€ 00t 0Tt UBd
SLE 06€ 99¢ 99¢ 185 1SS 9¢¢ 678 £FS A
6T $6T 6T 1Ty 8LE £9F 17t 9Tt 9t L
651 191 8S1 09¢ LLT e 91¢ 143 483 iL
191 091 191 08¢ 6T 99C L¥E Y43 69¢ A

ueajy m]— T.— ueajn mwm _1— :muw\c mw— _J

SVYd 06 SVa 09 Svda og SIUIUIE |,

SUDWPUILER JUDIIJIP JO uonerodioour yim 108 jo (, 8y Sw) 2.9 ajqeeae ut aduey)) 6 2|qe
p P ! Ly _ 1q¢e! I q qel



wmisause|y £ 1107 ‘dOd NV

8

"aouadIawqns 1aye sAe( SV {Jonuo) 1 {1107 ‘dOd NV Jod se) aun| 4 + ajeU0qIed

Iad se auny 7 + ey/Bypos ® wnsdASoydsoyd Iy (1107 ‘dOd NV Jod se awry (1] 210N

SN St'LE SN 9009 SN rI0p L X7
LO08 L¥'9T Tr'8Cl LY'Th £8°68 8¢'8T X
SN L8l SN £0°0¢ SN LO'0T 1
(%S) ad (F)wgs (%S) Ad (F)wygs (%S) D (Fwgs | vosueduwo)
PT89T | 0S°SLI 78'€81 [ L0TIT LL'60T | 8€1TT uedy
9T 1€ €8'STC | OL'9ET 9b'SI¢E €8PIE  [0191€ | €9TIE | L8'86T | Ov9TE FL
8T 681 €9°6L1 £6'861 17661 78851 | 09'1€C 18°0ST 1£9vT | 0£'6ST tL
SESOI 9,901 £6°€01 T0'0€1 v8LTI 0T'TEl 4 ad LY'Trl | L6'SPI ‘L
8S191 €L°091 €791 LOIST LLEEL | LE8II £9°tS1 € IST | €8°LS1 5
ueay “1 s | Uea A g | s | ueay (45| 7
SV 06 SVa 09 SVa 0 GUETUITENY §

SIUSWIPUAWIE WAIIIIP Jo uonelodiosut s [10s Jo (|, 3y Sw) [y ur aBuey) g1 2qe L,



4.3 SOLUTION CULTURE EXPERIMENT
A solution culture experiment was carried out using Hoagland’s

nutrient solution as a base to which different levels of Fe and Al were added. The
objective was to study the response of two popular varieties of rice Uma and
Prathyasa to four levels of iron and two levels of aluminium. The treatment details
are given below:
Ti-Fe200 mg L' and Al 50 mg L'
T>-Fed400 mg L' and Al 50 mg L'
T; - Fe 800 mg L' and Al 50 mg L*!
Ts-Fe 1200 mg L' and A1 50 mg L'
Ts-Fe 200 mg L' and Al 100 mg L'
Te - Fe 400 mg L' and A1 100 mg L'
T7 - Fe 800 mg L' and Al 100 mg L'
Ts-Fe 1200 mg L' and Al 100 mg L'
Ty — control - Hoaglanad’s nutrient solution.
The result obtained for analysis of various parameters is statistically analyzed and the
data are given below.
4.3.1 Percentage increase in plant height

The influence of different treatments was recorded and growth was measured
and worked out as percentage increase in height from the initial height. The increase
in plant height of solution culture experiment is shown in Table 11. The varieties
didn’t show any noticeable difference in the increase in plant height. Prathyasa (V»)
(4.949%,) showed slightly more plant growth than Uma (V) (4.44%).

There was a remarkable effect of treatments on the growth of plant recorded
as height percentage. The control (Ts) showed maximum increase (7.69%) in plant
height after 14 days in solution culture. Minimum increase in plant height was

noticed in Ti (2.94%) which was on par with Tg (3.32%) and Ts (3.86%).
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There was no significant difference between the interactions of treatment and
variety. In both varieties T7 showed the highest value. T4 in V; and Ty in V> showed
the lowest values of 2.12% and 3.76% respectively.

4.3.2 Percent increase in root length

The relative increase in root length of the rice plants were worked out as
percentage increase over initial length in different treatments. The results are given in
Table 11. There was no significance by the varieties. V| (17.07%) showed more
increase in root length than V> (16.84%).

The treatments were significantly differing over the root length, recorded as
percentage increase. Control showed significantly higher root length (31.57%) than
other treatments. Ts (8.45%) showed the lowest increase in root length which was on
par with T (8.73%).

There was no significant difference between the interaction of treatments and
variety. The treatment Ts showed highest value for V; (31.46%) and V> (31.67%). T
(8.70%) in Vy and Ty in (8.11%) V1 showed lowest root length increase.

4.3.3 Root CEC

Root CEC of the rice plant grown in solution culture experiment is given in
the Table 11. The varieties did not show any significance in the root CEC of the
plant. Variety V> (7.9 ecmol kg'') showed slightly higher root CEC than V, (7.67 cmol
kg'!).

There was notable difference by the treatments on the root CEC of rice plant.
The treatment Ty (44.09 cmol kg') showed highest root CEC followed by T (35.87
cmol kg''). The lowest root CEC was shown by T.

There was a remarkable difference with respect to the interaction effect of
variety and treatment also. T4 in Vi (45.13 cmol kg') and V> (43.05 cmol kg')
showed highest root CEC. Ty showed the lowest value in both varieties.

4.3.4 Root dry weight

The root dry weight of rice plant grown in solution culture is given in Table

12.
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The varieties show remarkable difference in root dry weight. Prathyasa (V2)
showed more root dry weight (1.97 mg) than Uma, V (1.52 mg).

The treatments recorded noticeable difference in case of root dry weight. The
treatment Ty showed maximum dry weight (2.19 mg) and Tz (1.39 mg) showed
lowest value. The interaction of variety and treatments were also significantly
different Ts in V; (1.15 mg) and Ts (1.63 mg) on par with Ts (1.64 mg) in V2 showed
the lowest root dry weight. Both varieties showed highest root dry weight for control
To.

4.3.5 Iron content in root

During the experiment assessment of iron and Al coated on the root surface
was estimated by extracting these elements in 0.1 N HCL. The amount of iron coating
in root is given in Table 12. The varieties showed notable difference in iron content.
V>(2257.11 pg g'') displayed more iron content than V| (2038.89 ug g™").

The treatments Ty (4,489.67 ug g') showed significantly highest value and
control (159.17 ug g') showed the lowest value. Interaction of the variety and
treatment is also significantly different. T4 in V| (4309.67 pg g') and V1 (4669.67 ug
g'') showed the highest value. The lowest iron concentration was showed by control
(To) in both varieties.

4.3.6 Aluminium content in root

The amount of aluminium precipitated over root surface is presented in Table
12. The varieties showed significant difference in aluminium content in the root.
Variety V> (922.81 pg g'') showed more aluminium content than V; (871.39 ug g™').

The treatment Ts (1519.48 pg g') was significantly higher than other
treatments which was on par with Ts (1507.62 ug g'). The treatment Ts (186.00 pg g’
') showed the lowest value. The interaction effect of variety and treatment was also
significantly different. Tx in Vi (1513.99 ug ¢'') and V> (1524.98 ug g'') showed the
highest value and the lowest aluminium concentration was showed by (Ts) control in

both varieties.
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4.3.7 Pattern of iron coating

The solution culture experiment was monitored by observing the pattern of Fe
and Al deposition on root surface in treatments which provided graded levels of Fe
and Al in Hoagland solution.

[ron plaque formation was noticed on the roots of rice plant in solution culture
with higher concentration of Fe in culture solution. The cross sections of roots were
made and observed under the compound research microscope model Axio lab A-1
(made- Carl zeiss) and analyzed using Zen image analyzer. The thickness of the roots
was also measured using the Zen image analyzer by taking the average thickness of
iron coating around the cell. It was observed that there was no iron coating around the
root cells of control. Treatment containing 1200 mgL"' Fe showed more thickness of
iron plaque around the roots in both varieties (Plate. 10). Maximum iron coating
(38.32 um) around the root among the treatments was displayed by solution
containing 1200 mgL"' Fe and 100 mgL"" Al (Ts) followed by (37.34 um) 1200 mgL"!
Fe and 50 mgL'Al (T4). Minimum thickness (2.17 um) for iron toxicity was shown
by Hoagland’s solution containing 200 mgL"' Fe and 50 mgL"' Al followed by 200
mgL' Fe and 100 mgL™" Al. the details are shown in the Table 13.

Table. 13: Thickness of iron coating in the plant roots of solution culture

Treatments Thickness of iron coating (pm)

Vi V2 Mean
T, 2.14 2.19 2.17
Tz 10.37 10.32 10.35
T3 28.28 28.53 28.41
Ta 33.84 40.84 37.34
Ts 2.32 2.38 2.35
Ts 10.38 10.98 10.68
i 28.19 29.14 28.67
Ts 34.28 42.37 38.32

Ty 0 0 0
Mean 16.64 18.52 17.58
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4.4 POT CULTURE EXPERIMENT
A pot culture experiment was conducted at College of Agriculture,
Padannakkad, to examine the effect of different amelioration strategies for
alleviating iron and aluminium toxicity problem in rice grown on acid sulphate soils
of *Kari’ lands in Kuttanad. The varieties Uma and Prathyasa were grown on the
pots with seven treatments each. The different treatments were:
Ti: Lime (@ 600 kg ha™' as per KAU POP, 2011
T>: Magnesium carbonate (@ 50 kg ha'  + % lime @ 300 kg ha'' (as per KAU POP,
2011)
Ts: Phosphogypsum @ 500 kg ha™' + % lime (@ 300 kg ha”' as per KAU POP,
2011
Ts: Lime @ 600 kg ha' as per KAU POP, 2011 + Potassium silicate 0.25% +
0.25% Boron
Ts: Magnesium carbonate @ 50 kg ha'  + % lime @ 300 kg ha™' (as per KAU POP,
2011) + Potassium silicate 0.25% + 0.25% Boron
Ts: Phosphogypsum (@ 500 kg ha™' + ' lime @ 300 kg ha' as per KAU POP, 2011
+ Potassium silicate 0.25% + 0.25% Boron
T7: Control
The leachate collected in PVC pipe which was inserted in the pot was also
monitored for different parameters during different stages of crop. The results of
biometric observations of the rice plant and soil analysis data are presented below.
4.4.1 Soil characteristics
4.4.1.1 pH
The effect of treatment application on the pH of the soil at harvest stage of the
crop in the pot culture study is given in the Table 14.
The varieties did not show any significant difference among the pH of the

soil. The variety Vi (5.79) comparatively showed more soil pH than V> (5.72).

n
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There was significant influence by the application of treatments on increasing
the soil pH. The treatment T4 (6.02) showed higher pH in the soil over other
treatments which was on par with T, (6.01), Ts (5.96), T:(5.91). The lowest pH in the
soil was shown by T7(4.87).

There was no significant difference between the interactions. The treatment T,
(6.01) in V; and T4 (6.05) in V> showed higher pH. Treatment T; in both varieties
showed lowest pH.

4.4.1.2 EC

The effect of application of amendments on electrical conductivity of soil is
given in Table 14. The varieties did not show any significance on the EC of soil.
Variety V1 (0.56 dS m™') showed comparatively higher EC than V- (0.54 dS m™").

The application of different amendments fairly affects the EC. The treatment
Ts (0.59 dS m'") showed higher EC which was on par with T2 (0.57 dSm™"), Ts (0.56
dS m™), T7(0.56 dS m™), T3 (0.55 dS m™'). The lowest EC was shown by T; (0.48 dS
m™).

The interaction effect of different amendments and variety did not showed
any significance. The treatment Ts in V, recorded highest value of EC (0.59 dS m™)
and T, showed lowest EC value (0.48 dS m™'). Ts in V2 recorded higher EC (0.59 dS

m™') and T gave the lowest value (0.48 dS m') similar to V.

4.4.1.3 Organic Carbon

The soil organic carbon content at the harvest stage of the crop in the pot
culture is given in Table 14. There was no significant effect by the varieties on the
soil organic carbon content. V> (1.45%) showed comparatively higher organic carbon
content, than V (1.44%).

The effect by treatments over the organic carbon content was non-significant.
The treatment Ts showed higher soil organic carbon content in the soil than others

and T; recorded the lowest soil organic carbon content.



There was no significant effect by different amendments and varieties. The
treatment Ts in V| showed the highest amount of organic carbon content and T> in V>

showed the highest value. Both varieties showed the lowest value for treatment T5.

4.4.1.4 Available Nitrogen

The effect of different amendments on available nitrogen content in soils of
the pot culture experiment was done at harvest stage. The data were tabulated and
analyzed statistically and presented in Table 15. There was no significant effect by
the varieties on available nitrogen content in soil. V; (Uma variety) absorbed higher
nitrogen and left lower (322.75 kg ha™') soil available nitrogen as compared to V-
(Prathyasa variety) (347.18 kg ha™").

Among treatments control (T7) recorded lower available soil nitrogen
indicating very low biological activity whereas all the treatments were superior to this
in available nitrogen content. The treatment Ts showed higher available N content
(371.13 kg ha') which was on par with T, (368.68 kg ha™'), T> (365.18 kg ha''), T4
(344.61 kg ha'') and Ts(333.98 kg ha™").

While examining the effect of treatment and variety interaction it was noticed
that in both varieties application of amendments registered higher nitrogen values
over control. The response of varieties to treatments was almost uniform with no
appreciable differences, in general. However Ts in V; (360.61 kg ha') and T; in V>
(393.57 kg ha') showed superiority. The better values of treatments are indicative of

the better biological activities.

N
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4.4.1.5. Available Phosphorus

The effect of different amendments on available phosphorus content in soils
of the pot culture experiment was done at harvest stage. The data obtained were
tabulated and analyzed statistically and presented in Table 15.

The varieties did not have a reflective effect on phosphorus utilization. There
was no significant difference between the varieties for the absorption of phosphorus.
Comparatively Prathyasa variety V> absorbed higher phosphorus and left lower soil
available phosphorus than Uma variety V.

Among treatments T-, the control recorded lowest available soil phosphorus
for both varieties indicating very low mineralization of the total phosphorous whereas
all the other treatments were superior to this in available phosphorus content. The
treatment Ty showed highest value (22.29 kg ha'') for available phosphorous content
which was on par with treatment T3 (22.26 kg ha™).

While examining the effect of different amendments and variety interaction, it
was noticed that in both varieties with ameliorants registered higher phosphorous
values over control. The treatment Ts in V) (22.45 kg ha') and V> (22.13 kg ha'')
showed superiority. The better values of treatments are indicative of the better

utilization of total phosphorous by making them soluble and available in soil.

4.4.1.6 Available Potassium
The effect of different amendments on available potassium content in
soils of the pot culture experiment was done at harvest stage. The data obtained were
tabulated and analyzed statistically and presented in Table 15.
The varieties did not have a retlective effect on potassium utilization. There
was no significant difference between the varieties for the absorption of potassium.
Among treatments T, the control recorded lowest available soil potassium for

both varieties whereas all the other treatments were superior to this.
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There was no significant difference between the interactions. The treatment Ts
showed highest value (176.96 kg ha'') for available potassium content for variety

Uma and T>(171.63 kg ha') is better for variety Prathyasa.

4.4.1.7 Available Calcium

The results of available Ca content on different amendments were done at
harvest stage of crop. The data obtained by statistical analysis of the results are given
in the Table 16.

The varieties did not show any significant difference. Similar results were
recorded by the two varieties. The variety Prathyasa (V) recorded more available Ca
in soil compared to Uma variety V). The control (T7) is dominated by all the other
treatments in case of both varieties.

The treatments showed significant difference with different amendments with
respect to calcium content. The treatment Ts (779.08 mg kg'') showed higher amount
of available Ca in soil which was on par with treatments T (764.31 mg kg''). T,
(711.54 mg kg'') and T4(704.33 mg kg™').

There was no significant difference among the interaction. Both varieties
showed similar trend of result for each treatment. In case of Uma variety (V)
treatment Ts gave the highest value 784.83 mg kg' and Prathyasa variety showed
773.33 mg kg'' for treatment Ts which was dominated over other treatments. Control

(T7) showed the lowest value in both varieties.
4.4.1.8 Available Magnesium

The data obtained for analyzing the available magnesium from the soil at
harvest stage of the crop are statistically analyzed and presented in Table 16. The
varieties Uma (V) and Prathyasa (V) provide analogous results. There was no

significant difference between the varieties. All the treatments offer higher amount of
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available magnesium in soil over control (T7) for both varieties. V| (62.29 mg kg)
showed comparatively higher magnesium content in soil than V; (61.25 mg kg'™").

The treatments showed variation in available Mg values and are significantly
different. The treatment T’ registered higher magnesium content (74.27 mg kg'') in
the soil even after plant uptake which may be because of the magnesium that applied
through the treatment. Treatment T> (72.51 mg kg'') and T; (67.05 mg kg') gave
values on par to Ts.

The interaction effect of treatments and varieties did not showed any
significant difference. Treatment T> in variety Uma (V) showed higher value 74.42
mg kg and the treatment Ts in variety Prathyasa (V) was dominant over others with
7430 mg kg
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4.4.1.9 Available Sulphur

The results of analysis of available sulphur content in soil at harvesting stage of the pot

culture experiment is given in Table 16.

The effect of varieties Uma and Prathyasa did not showed any significant difference.
Comparatively the variety (V) Uma was recorded higher available sulphur (167.58 mg kg™")
over the variety (V) Prathyasa (166.01 mg kg™").

The treatments have significant effect on available sulphur content. The highest sulphur
content was showed by T7, the control (192.12 mg kg™'). The lowest value of available sulphur

was reported by the treatment T4 (155.79 mg kg''), which was on par with Ty, Ts, Te, T> and Ts,

The interaction effect of variety and treatment had no significant effect on available S
content. The control (T7) showed highest value in both the varieties. The treatment T4 exhibited
lowest value (158.82 mg kg™') in variety (V) Uma and Ts showed lowest value (152.71 mg kg™')
in Prathyasa variety (V).

4.4.1.10 Available Iron

The effects of different amendments on iron content in the harvest stage of pot culture
experiment were statistically analyzed and are given in Table 17.

The effect of treatments showed significant difference for available iron content.
Treatment T recorded highest iron content (371.33 mg kg™') which was on par with treatment Ts
and T>. The treatment Ts showed the lowest value of iron content (164.67 mg kg'') which was on
par with treatment T4 (171.00 mg kg'') and T5 (182.67 mg kg™').

There was no significant difference among the different amendments and varieties
interaction was not significantly different. Treatment Ts in variety V, (143.33 mg kg') and
variety T4 in V> (138.33 mg kg'') showed the lowest value and the treatment T+ control registered

the higher available iron in both varieties.
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4.4.1.11 Exchangeable Aluminium

The analyzed value for Al in soil at the harvest stage of the pot culture experiment is
presented in Table 17.

The variety Uma and Prathyasa have similar results and their interaction was
not significant. Variety Uma (V) showed higher values (145.59 mg kg'') than variety
Prathyasa (V>) (131.72 mg kg™).

The treatments had a significant effect on aluminium content in the soil. The
treatment T7 (212.54 mg kg'') showed significantly higher amount of exchangeable
aluminium which was on par with treatment Ts (167.87 mg kg'). The lowest value
for aluminium content was recorded by treatment T (100.82 mg kg'') which is on par
with T3 (103.12 mg kg'"), Ti (107.67 mg kg') and T4 (122.67 mg kg™).

The interaction of varieties and different amendments did not show any
significant difference. The treatment T-_control showed higher value (220.58 mg kg’
") for Uma variety likewise Prathyasa variety also showed higher value for treatment

T7(204.50 mg kg™").

4.4.1.12 Available Manganese

The effects of different amendments on the availability of manganese content
in soil at the harvest stage of the pot culture experiment are given in Table 17.

The varieties did not have any significant effect on manganese content. The
variety V> showed higher amount of available Mn than the variety V.

The highest available manganese content was observed in treatment T, the
control (33.50 mg kg') and lowest available Mn was shown by Ts (23.48 mg kg'')
which was found to be on par with Ty Ty and Ts.

There was no significant difference between the effect of varieties and

amendments interaction. Control (T7) showed highest available manganese content in
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both varieties. Ts recorded lowest (23.33 mg kg'') available Mn content in variety V,
and variety V> (23.6 mg kg™).
4.4.1.13 Available Boron

The resulits obtained for available boron content in soil after the harvest of the
pot culture experiment are presented in Table 18.

The available boron content of soil in both the varieties was same (1.22 mg
kg!).

The treatments had a very significant effect reflected on the availability of
boron content. The highest value of boron content was showed by treatment Ts (1.32
mg kg'') which was on par with Ty, Ty, T and T>. Control T- (1.06 mg kg'') showed
lowest value of available boron which was on par with Ts.

The interaction effect of amendments and varieties did not showed any
significant difference on the availability of boron in soil. The treatment T: (1.33 mg
kg') recorded the highest value in V, and the treatment Ts in V> (1.30 mg kg")
whereas control recorded the lowest value in both varieties.
4.4.1.14 Available Copper

Availability of copper in soil at the harvest stage in pot culture experiment is
given in Table 18. The effect of varieties did not show any significance on the
availability of copper in soil. Variety Uma (V) showed comparatively higher copper
content than variety Prathyasa (V>).

There is significant effect on the availability of copper by the treatments. The
treatment Ts (3.76 mg kg™') showed highest amount of available copper left in the soil
after the plant uptake in all the treatments except control (1.61 mg kg') were on par
with it.

There was no significant difference among the interaction of different
amendments and varieties. The treatment Ts (3.89 mg kg'') in Uma variety showed
highest amount of available copper and Ts(3.71 mg kg™') in Prathyasa variety showed

higher amount of available copper.
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4.3.1.15 Available Zinc

The effects of treatments on the available zinc content in the soil at the harvest
stage of the crop in the pot study are given in Table 18.

The variety V| and V; had no significant effect on the availability of zinc in
the soil. The variety (Vi) Uma is comparatively recorded higher available Zn (2.91
mg kg'') over variety (V) Prathyasa (2.57 mg kg™').

There was no significant effect on the available zinc content by the
treatments. The treatment T4 recorded the highest value (2.96 mg kg') of available
zinc content. The treatment control (T-) showed the lowest value (2.23 mg kg'') of
available zinc.

The interaction of different amendments and variety showed no significant
effect on the available zinc content. The treatment Ty in variety V| showed highest
value of available zinc (3.32 mg kg'') and the treatment T- reported highest value for
variety Vo.
4.3.1.16 Available Silicon

The silicon content in the soil at the harvest stage of the rice crop in the pot
culture experiment is presented in the Table 18.

The varieties Vi and V> did not show any significant difference. Uma variety
(V1) showed higher value of silicon (27.21 mg kg') than Prathyasa variety V> (25.65
mg kg'").

The effect of treatments showed significant difference on the silicon content
in soil. Maximum value for available silicon content (34.36 mg kg'') in soil was
recorded by treatment Ts which was on par with Ts, T, and Ts. The control, T,
recorded lowest value (14.16 mg kg'") of available silicon.

The interaction of different amendments and varieties showed significant
difference. In the variety V), treatment Ts showed highest value (35.83 mg kg'') of
silicon which was on par with Ts, T4, T> and Ts. In the variety V the treatment Ts
showed highest value (38.09 mg kg') which was on par with T,. Both varieties

showed the lowest value for control T-.
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4.4.2 Leachate Analysis

A PVC pipe with perforations at the bottom was inserted in to center of the
pots in pot culture experiment. Soil solution in the pot entered into the pipe through
the holes of the pipe at the bottom was collected and analyzed. The leachate was
collected at 30, 60 and harvest stage of the crop. The results of analysis of various
parameters in leachate are presented below.
4.4.2.1 pH

The pH of the leachate collected at 30 DAT, 60 DAT and harvest stage of the
crop in the pot study are given in Table 19. The effect of varieties did not show any
significance towards the pH.

The treatments exhibited an excellent effect towards pH. Ts showed the
highest pH on 30 DAT on par with T, T3, T4 and Ts. After 60 days of transplanting
T (6.67) showed highest pH which was on par with all the other treatments except
T7. At the time of harvest Ts (6.56) recorded highest pH on par with the remaining
treatment except T-. The control T; showed lowest pH throughout the crop period.
There was no significant difference among the different amendments and varieties.
4.4.2.2 Calcium

The effect of different amendments on available Ca content in leachate of the
pot culture experiment is given in the Table 20. The varieties did not show any
significance on the Ca content of leachate. V> recorded higher amount of Ca in the
leachate than V| throughout the crop duration.

There was significant difference among the different treatments. T3 (29.42 mg
L") showed maximum amount of Ca in the leachate at 30 DAT on par with T, T\
and Ts. On 60 DAT also T; (31.05 mg L") showed highest value of Ca on par with Ts
(30.21 mg L™"). At the time of harvest Ts showed 28.52 mg L' of Ca on par with T,

Teand Ts. T7 showed lowest Ca concentration throughout the crop period.



4.4.2.3 Magnesium

The available Mg content in the leachate is given in Table 21. The varieties
did not show any significant difference on Mg content.

There was significant difference among the treatments. Ts showed highest Mg
content throughout the crop period. T; showed the lowest Mg content at 30 DAT,
60DAT and at harvest. There was no significant difference among the interaction
effect of different amendments and varieties.
4.4.2.3 Iron

The effect of different amendments on concentration of available iron in the
leachate is given in Table 22. The varieties showed no significant difference on iron
content. The variety V| showed more iron concentration than V> in the leachate.

The treatment T, recorded significantly higher iron content over other
treatments at 30 DAT, 60 DAT and at harvest. The treatment T (16.75 mg L)
exhibited lowest iron content at 30 DAT on par with T3, T4 and Ts. At 60 DAT
treatment T (13.84 mg L") gave the lowest iron content. At the time of harvest T3
(10.89 mg L' showed lowest iron content on par with all the other treatments except
Ts.
4.4.2.4 Aluminium

The available aluminium content of the leachate at 30, 60 and at harvest stage
of crop are given in Table 23. The varieties did not show any significant difference on
the available aluminium content of the leachate. V showed higher Al content than V>
at 30 DAT. At 60 DAT and at harvest V2 showed higher Al content than V.

The treatments are significantly different at 30 DAT, 60 DAT and at harvest.
Ts showed the lowest Al content at 30 DAT (71.68 mg L"), 60 DAT (83.70 mg L")
and at harvest (81.54 mg L'"). The interaction effect of varieties and treatments did

not show any significance.
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4.4.3 Biometric observations
4.4.3.1 Plant height

The plant height of rice grown in pot culture experiment at 30, 60 and at
harvest stage of the crop are given in Table 24. The varieties showed a noticeable
difference in plant height throughout the crop period. The variety V. Prathyasa
showed significantly higher plant height than variety Uma (V2) in the experiment.

The treatments also showed remarkable effect on the plant height. At 30 days
after transplanting the treatments did not show any significant difference. The
treatment T4 recorded highest plant height (91.21 cm) and Ts displayed the lowest
plant height (89.25 c¢m). The treatments were significantly different at 60 days after
transplanting. Ts showed largest value for plant height (102.25 cm) which was on par
with all the other treatments except T control which showed the lowest value. The
treatment Ta (112.42 cm) recorded significantly higher value on par with Ts and Ts at
the time of harvest.

The interaction effect of different amendments and varieties showed non-
significant in relation to plant height. The treatment T4 (83.33 ¢cm)in V and T7 in V>
(100.58 cm) shows highest value in 30days after transplanting. After 60 days of
transplanting Ts (95.85 cm) and T (108.83 cm) in V; and V2 recorded highest values
respectively. At the time of harvest Ts (105.33 cm) and Ts (119.83 cm) displayed
highest value for plant height.
4.4.3.2 Number of tillers

The effect of different treatments on the number of tillers at 30 days, 60 days
and at harvest of the rice plant grown in the pot culture experiment are given in the
Table 25. There was no significant difference between the two varieties with respect
to number of tillers at 30, 60 and harvest stage of the crop. The variety V> is
dominant over V) in the whole crop period.

The number of tillers was significantly influenced by the treatments at 30, 60
and harvest stage. At 30 days after transplanting the treatments T> and Ts showed

highest number of tillers (21.58) which was on par with all the other treatments

T
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except control T; which recorded the lowest value (18.50). After 60 days of
transplanting the treatment Ts shows maximum number of tillers (23.8) in the plant
which was on par with T4 (22.58) and Ts (22.83). At the harvest stage of the crop Ts
(26.67) showed highest number of tillers which was on par with Ty (25.83), T,
(25.75), T3 (25.08) and Ts(24.92). T7 showed the lowest number of tillers (21.83).

There was no significant difference among different amendments and variety
interaction. The treatment T, in V; (21.83) and Ts in V2 (22.00) showed highest no. of
tillers at 30 days. At 60 days after transplanting the treatment Ts in V| and V>
recorded 23.8 tillers. After 90 days of transplanting also Ts showed higher value in
both V (26.5) and V2 (26.8).
4.4.3.3 Grain yield (g/pot)

The effect of different ameliorants on the grain yield of rice crop grown in the
pot study is given in the Table 26. The varieties did not have any significant increase
in the grain yield of the crop. V1 (68.13 g/pot) gave higher grain yield than V; (67.75
g/pot).

There was significant difference among the treatments. The treatment T,
(76.52 g/pot) showed highest yield among different amendment application on par
with Ty (74.17 g/pot) and T (73.28 g/pot). T7(54.65 g/pot) recorded the lowest yield.
The interaction of different amendments and varieties did not show any significance.
4.3.3.4 Straw yield

Straw yield obtained from the pot culture experiment are given in the Table
26. There was no significant interaction by the varieties on the straw yield. V (68.91
g/pot) showed more yield than V2 (67.71 g/pot).

The different amendments did not influence the straw yield significantly. T
(70.83 g/pot) showed highest straw yield and Ts (65.50 g/pot) showed lowest straw
vield.

The interaction of different amendment and variety showed significant
interaction. The treatment T3 (71.33 g/pot) in V, and Ts (71.33 g/pot) in V> showed

highest straw yield. Ts and Ts in V) and V- respectively showed the lowest value.
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4.3.3.5 Chaffiness percentage

The effects of treatments on chaffiness of grains are given in Table 26. The
effect of varieties, treatments, interaction of treatments and varieties did not showed
any significance. Variety V> showed higher chatfiness than V.

Treatment T: (11.97%) showed the least amount of chaffiness and T
(14.30%) showed the highest amount of chaffiness. T3 (11.67 %) in Viand T\ (11. 67
%) in V2 showed the lowest chaffiness percent.
4.4.3.6 Germination percentage

The effect of treatments on germination percentage of grains from the pot
culture experiment is presented in Table 27. The varieties did not show any
significant effect on the germination percentage of grains.

The treatments showed significant effect with respect to the germination
percentage. The treatment T (96.00%) showed highest germination percentage which
was on par with T3, T4, Ts and Ts. The control T7 recorded minimum germination
percentage. There was no significant effect by the interaction of variety and
treatments.
4.4.3.7 Number of grains per panicle

The influence of treatments on number of grains per panicle is given in the
Table 27. The varieties did not show any significance on the number of grains. V>
(157.54) showed more number of grains than V) (156.43).

The treatments show significant results on number of grains. Phosphogypsum
(@ 500kg/ha + '2 lime as per KAU POP, 2011 + Potassium silicate 0.25% + 0.25%
Boron (Ts) recorded maximum number of grains (160.67) which is on par with Ts, T4
and T3. Control showed the least number of grains per panicle (150.67)

The interaction of different amendment and variety also did not have any
significant interaction. The treatment Te in V; and V> showed the highest number of

grains per panicle. T7 showed the lowest value in both varieties.
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4.4.3.8 Root CEC

The effects of treatments on root cation exchange capacity of rice plants in
the pot culture experiment is given in table 27. The varieties did not show any
significance on the root cation exchange capacity.

Application of amendments showed significant effect on the root cation
exchange capacity. The treatment Ts (32.03 cmol kg™') showed highest root CEC and
control T recorded lowest root CEC (25.03 cmol kg'). There was no significant

effect by the interaction of variety and treatments.

4.4.3.9 Test weight

The influence of treatments on test weight of grains from the pot culture
experiment are given in Table 27. The varieties did not show any significance on the
test weight of grains.

The treatments had profound effect on the test weight of grains. The treatment
T6 (26.17 g) showed maximum test weight which was on par with T, T3, Ts and Ts.
The control T; recorded lowest value for test weight. There was no significant effect

by the interaction of variety and treatments.
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4.4.4 Nutrient content in plant
4.4.4.1 Nitrogen

The concentration of nitrogen in the plant at harvest stage of crop is given in
Table 28. The varieties Uma and Prathyasa did not showed any significance on the
concentration of nitrogen in plant. The variety (V2) Prathyasa showed higher nitrogen
content (5.35%) in the plant than the variety Uma (V1) (5.32%).

There was no significant difference among the treatments. The treatment T>
(5.76%) displayed highest nitrogen content in plant and the treatment T7 (4.98%)
recorded the lowest nitrogen content in plant.

The interaction of different amendments and varieties did not showed any
significant effect on the nitrogen content in the plant. The treatment T> in variety V,
recorded highest value (5.61%) and the variety V» also recorded highest value
(5.92%) for treatment T>.
4.4.4.2 Phosphorus

The percentage ot phosphorus content in plant at the harvest stage ot the crop
in the pot culture experiment is given in Table 28.

The varieties exhibit a reflective effect on the phosphorus content in plant.
The variety V, registered significantly higher value (0.16%) of phosphorus than V>
(0.14%) in the rice plant.

The treatments also give a profound effect on the phosphorus content. The
treatment Te show significantly higher amount of phosphorus in plant (0.22%)
followed by T4 (0.16%). The lowest concentration of phosphorus was recorded by T
control (0.11%).

The interaction of treatment and variety showed statistically signiticant effect
on the concentration of phosphorus in plant. The treatment Ts (0.26%) in V) indicate
higher phosphorus followed by T4 (0.21%) and in case of V> also Ts confirm highest
phosphorus content (0.17%) on par with Ts. While the control (T7) recorded lowest

phosphorus content in both varieties.



4.4.4.3 Potassium

The effect of treatments on the concentration of potassium in the rice plant at
the harvest stage of crop in the pot culture experiment is given in Table 28. The effect
of varieties was found to be significant on the potassium content in the plant. V,
showed slightly higher amount of potassium (2.24%) than V> (2.17%).

The treatment T> give significantly higher content of potassium (2.30 %) in
plant whereas control T- recorded lowest (2.08 %) content of potassium in the plant.
The interaction effect of treatments and varieties was also showed significant
difference. The treatment T (2.42%) in V; and Ts (2.22%) in V> recorded highest
potassium concentration.
4.4.4.4 Calcium

The calcium content in the rice plant at harvest of the pot culture experiment
is given in Table 29. There was no significant difference among the varieties.

Application of amendments had a prominent effect in the Ca nutrient content.
The treatment T3 contain significantly more concentration of Ca (1.82%) in plant
which is on par with Te, T4, Ty and T,. The control T7 showed lowest concentration of
calcium.

There was no significant differences among the interactions. The treatment T3
in V; contain more Ca (1.82%) in the plant while Ts¢ in V> showed higher
concentration (1.82%) of Ca. The control showed lowest concentration of Ca in plant
in both varieties.
4.4.4.5 Magnesium

The effect of different amendments on magnesium content in the plant is
given in the Table 29. The varieties did not showed any significant difference on the
uptake of magnesium by the plant. Variety V; (0.21%) contains more concentration
of magnesium than V> (0.20%).

The treatment T> (0.34%) express significantly higher amount of magnesium

in plant, which is on par with Ts (0.32%). T3 (0.19%) showed the next highest
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concentration of manganese on par with Ts (0.18%). Control (T7) gives the lowest
concentration (0.11%) of magnesium in plants which is on par with T, (0.15%) and
T4(0.16%).

There was no significant difference by the treatment and variety interaction.
Treatment T: in V) (0.35%) and V2 (0.33%) recorded highest quantity of magnesium

on plant.

4.4.4.6 Sulphur
The effect of treatments on the uptake of sulphur by the plants is given in the

Table 29. There was no noticeable difference by the varieties on the concentration of
sulphur in plant. Variety V; (0.30%) contain more concentration of sulphur in the
plant than V> (0.29%).

There was significant influence by the treatments on the uptake of sulphur.
The treatment Ts (0.34%) contain more concentration of sulphur than other
treatments. [t was on par with T3 (0.34%) and T (0.33%). The lowest concentration
of sulphur was shown by T (0.24%) which was on par with T4 (0.24%).

There is no significant effect by the treatment and variety interaction. The
treatment Ts in V; showed the highest concentration of sulphur whereas Ts (0.22%)
showed the least concentration of sulphur. In case of V» the highest sulphur uptake
was displayed by T7(0.33%) and T, (0.24%).
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4.4.4.7 Iron

The iron content in the rice plant grown in the pot study at harvest stage is
presented in the Table 30. The varieties Uma (V) and Prathyasa (V2) did not have
any significant effect on the iron content in the plant. V> (225.29 mg kg'') absorb
higher quantity of iron than V,(215.71 mg kg'').

The treatments had a significant effect on the content of iron by the plants.
The treatment T7 showed the highest amount of iron in the plant. The treatment T,
(159.92 mg kg'') showed the least amount of iron content in plant which is on par
with T4 (165.58 mg kg'").

The interaction effect of different amendments and varieties also showed
significance on the content of iron. The treatment T7 in V (363.85 mg kg'') and V>
(420.18 mg kg'') showed dominance in iron content. The treatment T; in V, (159.32
mg kg'') showed the lowest value of iron uptake which is on par with T4 (165.45 mg
kg'). In variety, V> also the treatment T (160.52 mg kg'') showed the lowest value of
iron which is on par with T4 (165.72 mg kg™).

4.4.4.8. Aluminium

The effect of different treatments on content of aluminium in the plant is
given in the Table 30. The varieties had a reflective effect on the content of
aluminium. Variety V» (326.52 mg kg') recorded significantly higher aluminium
content than V, (301.94 mg kg™").

The treatments have a remarkable effect on the content of aluminium. The
lowest amount of aluminium content was showed by Ts (291.37 mg kg'') which was
on par with Ty (293.28 mg kg') and Ts (296.68 mg kg'). Aluminium content was
higher in the treatment T7 (374.32 mg kg'') control.

There was notable difference in treatment and variety interaction. The
treatment Ts in V (282.40 mg kg'') and V2 (300.33 mg kg'') showed lowest value of

aluminium content in plant which was on par with Tz and T, in both V; and V>.
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4.4.4.9 Manganese

The influence of treatments on manganese content by the plant is presented in
Table 30. The varieties did not show any significant effect on the content of
manganese. Variety V, (111 mg kg') contains more amount of manganese in the
plant than V> (109.97 mg kg™").

The effect of treatments had a significant result on the content of manganese
by the plant. The treatment T; showed highest concentration (168.35 mg kg') of
manganese content in plant. Lowest manganese content was shown by T4 (76.48 mg
kg') which was on par with T, (81.57 mg kg™).

There is notable difference for variety x treatment interaction. The treatment
Ts showed significantly lower value of manganese (79.27 mg kg') in the variety V,
which is on par with T; (82.63 mg kg''). The treatment Ts showed the lowest value
(73.70 mg kg™") also in V3 which is on par with Ts (75.83mg kg''), T3 (78.57 mg kg'")
and T (80.51 mg kg™").
4.3.3.9 Copper

The effect of different amendments on content of copper by the rice plant is
given in Table 31. There was a significant effect by the varieties on the content of
copper. The variety Prathyasa (V) recorded more copper (31.75 mg kg'') compared
to Uma (V) (21.60 mg kg™).

The treatment T> (36.13 mg kg') recorded significantly higher concentration
of copper which is statistically on par to treatments T3 (35.60 mg kg'') and Ts (34.81
mg kg'). The lowest concentration of copper was showed by control T7 (24.40 mg
kg') on par with T, (26.40 mg kg'') and T4 (27.34 mg kg™').

There was no significant difference among the interaction of variety and
treatment. The treatment T> in V) (36.17 mg kg'') showed highest amount of copper
similarly Ts in V> also showed higher value (37.50 mg kg''). T in V| and control (T+)

in V> showed the lowest value in both varieties.
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4.3.3.11 Zinc

The influence of different amendments application on zinc content is given in
Table 31. There is no significant eftect by the varieties on the concentration of zinc in
the plants. The variety V> (24.95 mg kg'') showed more concentration of zinc in the
plant than the variety V) (23.08 mg kg™").

The zinc content in plant showed appreciable differences among the
treatments. The treatment Ts (33.06 mg kg') recorded significantly higher
concentration of Zn in the plant which was followed by T: (26.05 mg kg') on par
with T4 (25.09 mg kg'), Ts (23.28 mg kg'') and T, (22.98 mg kg'!). The lowest value
for Zn is shown by control, T7 (18.07 mg kg™').

There was substantial difference in the interaction of different amendments
and variety. The treatment T showed significantly higher amount of zinc (26.62 mg
kg') in the variety V) which was on par to all the other treatment except T; and Ts. In
the variety V: the treatment Ts exhibited highest concentration (42.82 mg kg') of

zinc in the plant. T7 showed the least value in both varieties.

4.3.2.12 Boron

The result of boron content in rice plant at harvest stage of pot culture
experiment is given in Table 31. The varieties had a significant effect on boron
content. The variety V2 (49.31 mg kg') recorded more quantity of boron than the
variety Vi (47.91 mg kg'").

The treatments showed a superior and significant effect on the concentration
of boron in plant. The treatment Ts contain significantly higher amount of boron (52.1
mg kg') which is on par with Ts (51.60 mg kg'). Control (T7) showed the lowest
concentration of boron (44.12 mg kg™).

There was no significant interaction between treatment and variety. The

treatment Te (51.81 mg kg'') in V, showed higher content of boron and T (43.27 mg
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kg') showed the lowest boron content. In the variety V> the treatment Ts (52.73 mg
kg') showed the highest uptake and T7(44.98 mg kg™') showed the lowest.
4.3.2.13 Silicon

The data on the content of silicon by the plant at harvest stage of the pot
culture experiment are given in the Table 31. The varieties did not reflect any
significant change in the content of silicon. The variety Vi (2.46%) showed higher
content of silicon over the variety V> (2.40%).

There is a notable difference by the treatments on the concentration of silicon
in plant. Treatment T (3.36 %) contains significantly higher amount of silicon which
is on par with Ts (3.17 %). The control T (1.82%) showed the lowest silicon content
in plant which was on par with T3 (1.83%), T> (1.85%) and T (1.87%).

The treatment and variety did not have significant interaction. The treatment
T4 (3.37%) in V) showed higher content of boron and T with lower content (1.81%).
Similarly, Ts in V: also showed highest boron content (3.36%) and T, the lowest
(1.83%).

4.4 Correlation analysis
4.4.1 Incubation experiment

Correlation analysis of soil pH, available Ca, Fe and Al was carried out and
the results are presented in Table 32. There was positive correlation between pH and
Ca whereas it showed negative correlation with Fe and Al. The Ca was also found to
be negatively correlated with Fe and Al. There was positive correlation between Fe
and Al

Table 32: Correlation of pH, Ca, Fe, Al status in soil of incubation

Parameters pH Ca Fe Al

pH 1

Ca 0.97: 1

Fe -0.88 0917 1

Al -0.92" -0.94™ 0.89" 1
95
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4.4.2 Solution culture experiment
The correlation between iron content in rice roots and percentage increase in
root length was analyzed and the results are given in Table 33. The results revealed

highly negative correlation between iron content in root and root length.

Table 33: Correlation of Fe content in root and percentage increase in root length

in solution culture

Parameters Root length Fe content
Root length 1
Fe content -0.90™ I

4.4.3 Pot culture experiment

Correlation analysis was done for various parameters and the results are given
in Table 34. The results of correlation analysis showed that there were significant
correlation between yield, pH, available P, Ca, Fe, Al, plant Ca and Fe. The rice yield
from the pot culture experiment was found to be positively correlated with pH,
available P, Ca and plant Ca content whereas negatively correlated with 0.1 N HCI
extractable Fe and Al. The pH was positively correlated with available P and Ca
while Fe and Al content in soil Fe content in plant was found to be negatively
correlated. The available Ca in soil was negatively correlated with Fe and Al in the
soil and plant Fe concentration whereas positively correlated with Ca content in plant.
The available Fe in soil was found to be positively correlated to extractable Al in soil
and plant Fe concentration and was negatively correlated to plant Ca content. The Al
content was found to be positively correlated with plant Fe concentration and was
negatively correlated with plant Ca content. The plant Ca content showed negative

correlation to plant Fe content.
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Table 34: Correlation of yield, pH, available P, Ca, Fe, Al, plant Ca, Fe and Al in pot culture
experiment
Parameters Yield pH P Ca Fe Al Plant Ca | Plant Fe | Plant Al
Yield 1.00
pH 086" | 1.00
P 0.89" | 0.83™ 1.00
Ca 081" 096 | 0.89" | 1.00
Fe 0,90 | -0.717" | -0.90™ | -0.68" 1.00
Al 0877 | -0.757 | -0.89" [ -0.817 | 0.757 1.00
Plant Ca 0.89 | 0.79" | 097" | 0.82" | -0.92" | -0.89™ 1.00
Plant Fe -0.84" | 096" | -0.77" | -0.92" | 0.62"| 0.76" | -0.72" 1.00
Plant Al 028 -042| -038| -039| 0.36 0.14 -0.33 0.37 1
** Significant at 1% level of significance
" Significant at 5% level of significance
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Plate 8c: Control

Plate 8d: 400 mg L' Fe and 100 mg L' Al Plate 8¢: 200 mg L' Fe and 100 mg L™
Al

Plate 8: Cross Sections of rice roots showing iron plaque (100x) - Uma




Plate 9a: 1200 mg L' Fe and 100 mg 1" Al Plate 9b: 800 mg L' Fe and 100 mg L' Al

Plate 9¢: Control

Plate 9d: 400 mg L' Fe and 100 mg L' Al Plate 9¢: 200 mg L' Fe and 100 mg L' Al

Plate 9: Cross Sections of rice roots showing iron plaque (100x) - Prathyasa




Plate 10b: Best treatments of Prathyasa variety in pot culture experiment

Plate 10: Best treatments of the varieties in pot culture experiment
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5. DISCUSSION

The Discussion of the results on investigation carried out at College of
Agriculture, Padannakkad to assess the iron and aluminium toxicity problem in rice
grown on acid sulphate soils of *Kari’ lands in Kuttanad, to evaluate the performance
of two popular rice varieties to variable levels of iron and aluminium concentrations
and to examine suitable amelioration strategies are presented in this chapter. The
entire investigation was carried out in three parts. This include collection of soil
sample from the “Kari’ lands of Kuttanad and analysis of their various physical and
chemical properties, solution culture experiment to study the response of two popular
varieties of rice to different levels of iron and aluminium and pot culture experiment.
As a preparatory study an incubation experiment was carried out to know the release
pattern of iron and aluminium under varying levels of pattern.

5.1. Incubation experiment

In the incubation experiment the soils collected from *Kari’ of Kuttanad lands
and brought to College of Agriculture, Padannakkad were treated with different
ameliorants, maintained at two level of submergence (5¢m and 10c¢cm) and analyzed at
30, 60 and 90 days. The results of the incubation study showed that the treatments
had significant effect on soil pH, available calcium, magnesium, iron and aluminium
throughout the submergence period.

Soil pH was found to be increasing during the course of incubation study. The
level of submergence at 5 cm and 10 cm and the interaction between treatments and
levels of submergence were non-significant whereas application of different
amendments showed significance. At 30 days after incubation application of lime T,
(@ 500 kg ha') showed maximum increase in pH. This may be due to the ability of
lime to neutralize the pH. After 60 and 90 days phosphogypsum (@ 500 kg ha'! + !
lime (as per KAU POP) showed increase in pH which might be attributed to the

higher amount of Ca present in the t(reatment receiving combination of
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phosphogypsum and lime. Both phosphogypsum and lime are highly effective
amendments in reducing the soil acidity on submerged condition. Similar results of
lime and phosphogypsum in increasing the soil pH were reported by Lee et al., 2006;
Suswanto et al., 2007; Shamshuddin er al., 2015.

The available Ca was found to increase during the period of incubation. The
treatments showed significant effect throughout the incubation period. The levels of
submergence and interaction between levels of submergence and treatments were
non-significant with respect to availability of Ca. Application of phosphogypsum + 4
lime (T>) showed significantly superior available Ca after 30, 60 and 90 days of
incubation. It may be because of the higher availability of Ca applied through
phosphogypsum and enhanced pH due to lime. Moreover calcium present in
phosphogypsum is readily soluble form and thereby enhancing its availability in soil
(Deepa, 2008; Lee et al, 2007; Azman ef al., 2013).

The treatments were highly significant with respect to availability of Mg
whereas the levels of submergence and interaction between levels of submergence
and treatments were found to be non-significant. The application of magnesium
carbonate + 2 lime (T3) was recorded as the superior treatment with regard to
available Mg. This may be because of the availability of Mg through the treatment.
Suswanto et al., (2007), Shamshuddin er al., (2015) and Castro et al., (2016) also
reported that application of ground magnesium limestone containing Mg increased
the availability of magnesium.

[ron and aluminium concentration in the soil showed a decreasing trend
throughout the incubation period. The treatments showed significant effect in
reducing the toxic levels of iron and aluminium content in the soil from 536 mg kg™
to 161 mg kg''. The levels of submergence (5 and 10 c¢m) and interaction between the
levels of submergence and treatments showed non-significance for iron and
aluminium content. Since the pH of the soil increased significantly with the

application of amendments and submergence the concentration of iron and aluminium

100



100 ——

0
Initial

30 DAS

60 DAS

Incubation period

Fig 4: Fe as influenced by treatments in the incubation experiment

Al (mg kg!)

o
(=]
o

50

O L=

Initial

30 DAS

60 DAS

Incubation period

—TI
-T2
-4—T3
—>=T4

Fig 5: Al as influenced by treatments in the incubation experiment




showed remarkable reduction. This is in conformity with the antagonistic interaction
of these ions. Tran and Vo (2004) reported that Fe may be reduced in flooded
condition from Fe'" to Fe’” but flooding will cause increase in the soil pH which
results in concomitant reduction of soluble Fe. The present study also showed that
flooding causes increase in pH from the initial value which may result in reduction of
Fe content here the soil reduction results in conversion of Fe** to soluble Fe** forms
but the enhanced pH reduce the flux. Ponnamperuma and Nhung (1965) also reported
that activities of water soluble AI’* and Fe’" decreases for each unit increase in pH.
Application of lime alone and combination of lime and phosphogypsum showed
superior effect in reducing their toxic concentration in soil. Increase in Ca and Mg
added through amendments also favours the reduction of toxic Fe and Al. Azman er
al., (2014) also reported that after the application of lime Fe and Al concentration will
decline whereas Ca and Mg will increase. Phosphogypsum is a very good source of
Ca amendment (Mrabet er al., 2003) it also alleviate the aluminium toxicity and
increases plant growth (Alva and Sumner, 1989).

5.2. Solution culture experiment
The solution culture experiment was conducted using Hoagland’s nutrient

solution supplemented with different concentrations of Fe and Al. Fourteen days old
rice plant (Uma and Prathyasa variety) were maintained in the treatment solutions for
a period of 7 days and different observations were recorded and analyzed for various
parameters. Nutrient solution was changed in two days interval.
5.2.1. Effect of toxic Fe and Al on plant growth characters

The growth of rice plant was observed after maintaining them in the treatment
solution for 7 days. The relative increase in percentage of the growth parameters
(plant height and root length) were recorded and analysed statistically.

The effect of treatments on percentage increase in plant height was found to
be significant. Minimum increase in plant height was displayed by rice plant
maintained in Hoagland's solution containing 1200 mg L' Fe and 50mg L' Al

followed by the treatment solution containing 1200 mg L' Fe and 100 mg L' AL
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This may be due to the action of the toxic iron and aluminium in the rice roots which
would hinder the uptake of nutrients thus resulting in poor plant growth. Snowden
and Wheeler, (1995); Sharma and Dubey, (2007); Kang et al., (2011) and Wang et
al., 2013 reported similar results. The effect of varieties and interaction of varieties
and treatments were found to be non-signiticant.

The effect of different concentration of Fe and Al on percentage increase in
root length was found to be significant. Minimum increase in root length among the
treatments was showed by 1200 mg L' Fe and 100 mg L' Al which might be due to
the increased Fe and Al content in the root zone. Sharma and Dubey, (2007) reported
that as Al concentration increases, plant growth mainly root growth reduced
accordingly. High Al concentration in the root zone would reduce the root growth.
Kanger al, (2011) and Wang et al., 2012 also reported similar results.

The root dry weight of plants showed significant effect with respect to
treatments. Hoagland’s solution containing 1200 mg L' Fe and 100 mg L' Al
showed maximum reduction in root dry weight. This may be due to the effect of high
concentration of Fe and Al in the solution which inhibits the root growth. Sharma and
Dubey, (2007); Kang et al, (2011) and Wang er al., 2012 reported that high
concentration of Al reduces the root growth. The varieties and interaction of
treatment and variety also showed significance with respect to root dry weight of the
plant. Prathyasa variety showed higher root dry weight than Uma variety which may
be due to the varietal character of Prathyasa which puts in more vegetative growth as
compared to the Uma variety. The study also showed that the roots of treated rice
plant were able to withstand the Fe and Al toxicity even after the other plant parts
dried off.

The root CEC of plants showed significant effect with respect to treatments.
The highest root CEC was recorded in the Hoagland’s solution containing 1200 mg
L' Fe and 100 mg L' Al. This may be due to the presence of higher concentration of

Fe’* and A’ ions around the root surface. Alia er al., (2015) also showed similar
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results in a solution culture experiment where in the root CEC increased with increase
in Fe and Al concentration.
5.2.2. Effect of toxic concentration of Fe and Al on its content in rice roots

The concentration of iron in roots of rice plant was found to be significant
with respect to treatments. Hoagland’s solution containing 1200 mg L' Fe and 50
mgl™" Al showed maximum concentration of iron in the root surface. This may be due
to the formation of iron plaque on the root surface. In microscopic examination thick
iron coating was visible in the solution containing 1200 mg L' of Fe in both varieties
(Plate 7). Liu er al., (2004); Chen et al, (2006) reported that increase in Fe
concentration will increase the iron content in root. The varieties and interaction of
treatments and varieties showed significance. Prathyasa showed higher iron content
in the plant root surface than Uma variety. This may be due to the root exclusion
principle enabling the rice plant to with stand toxic levels of iron and aluminium,
more prominent in Prathyasa variety. Prathyasa variety exhibits more iron toxicity
symptoms on the plant but shows high recovery and thereby did not reflect any
adverse etfect on the yield.

The aluminium content in the roots of rice plant showed significant effect
with respect to treatments. The solution containing 1200 mg L' Fe and 100 mg L' Al
showed highest aluminium concentration. Sharma and Dubey, (2007); Kang et al.,
(2011) and Wang et al.,, (2012) reported similar results. The varieties also showed
significance with Prathyasa variety containing more concentration of Al in the root
surface than Uma variety.

The patterns of iron coating on the roots were also observed. Formation of
iron plaque on the root surface was found to be visible in the solution containing
1200 mgl™' of Fe in both varieties (Plate 7). The cross sections of roots were taken and
observed under the compound research microscope (model- Axio lab A-1) and
analysed using Zen image analyzer. The thickness of the roots was also measured

using the Zen image analyser by taking the average thickness of iron coating around
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the cell. It was observed that there was no iron coating around the root cells of
control. Maximum iron coating around the roots among the treatments was displayed
by solution containing 1200 mg L' Fe and 100 mg L' Al. This may be due to the
higher concentration of Fe in the solution which was precipitated and deposited as Fe
plaque on the root surface. Hansel er al., (2001) also reported that iron (Fe**) forms
precipitates on root surfaces, which is predominantly of ferrihydrite and goethite.

5.3. Pot culture experiment

5.3.1. Effect of different amendments on biometric characters

The treatment application and varieties exhibit significant effect on height of
the rice plant grown in pot culture. After 30 days of transplanting there was
significant difference in the plant height of Uma and Prathyasa varieties. This may be
due to the difference in morphology of the variety Prathyasa is a short duration
variety and it showed higher plant height than Uma which is a medium duration
variety. The treatments were non-significant at 30 DAT, however application of lime
+ foliar spray of 0.25% boron and 0.25% potassium silicate showed higher plant
growth. The treatments were significant at 60 DAT and at harvest. Application of
lime + foliar spray of 0.25% boron and 0.25% potassium silicate showed higher plant
growth during the course of experiment and control exhibited lowest plant height.
This may be due to the action of lime in alleviating the Fe, Al toxicity of soil and
improving the plant growth. The interaction of treatment and variety was found to be
non-significant. Similar results were also reported by Suswanto et al., (2007); Elisa et
al., (2016) and Soltani et al., (2016).

The different amendments showed significant effect on number of tillers of
the rice plant grown in pot culture. The treatments were significant at 30 DAT,
application of lime + foliar spray of 0.25% boron and 0.25% potassium silicate and
phosphogypsum + '2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate showed more number of tillers. At 60 DAT and at harvest application of

phosphogypsum + ' lime + foliar spray of 0.25% boron and 0.25% potassium
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silicate showed more number of tillers. Control showed minimum number of tillers
throughout the experiment. This may be due to the action of lime and
phosphogypsum in alleviating the Fe, Al toxicity of soil and improving the plant
growth and also availability of more Ca and Mg from the treatment application.
Similar results were also reported by Chang and Thomas (1963); Isabelo and Jack.,
(1993); Crusciol et al., (2016); Suswanto er al., (2007); Elisa et al., (2016); Soltani et
al., (2016).

The grain yield of the plant was found to be significant. Application of lime +
foliar spray of 0.25 % boron and 0.25% potassium silicate recorded highest grain
yield per plant and control showed lowest yield. This may be due to the ameliorating
effect of lime on reduced Fe, Al toxicity, increased Ca content and also enhancing the
soil conditions for better plant growth. Similar results were also reported by
Ponnamperuma and Nhung (1965); Chang and Thomas (1963); Martin ef al., (1988);
Isabelo et al., (1993); Suswanto et al., (2007); Elisa et al., (2016); Soltani et al.,
(2016); Crusciol er al., (2016) The varieties and interaction of treatment and variety
was found to be non-significant.

Number of grains per panicle was found to be significant with respect to
treatments and non-significant with respect to the varieties and interaction of
treatments and varieties. Maximum number of grains per panicle was given by
phosphogypsum + % lime + foliar spray of 0.25% boron and 0.25% potassium
silicate and minimum value was showed by control. This may be due the action of
phosphogypsum and lime in alleviating Fe and Al toxicity and enhancing the uptake
of available nutrients their by improving the quality of grains. Lee er al., (2007) also
reported that application of phosphogypsum enhances the grain quality and yield of
rice.

The straw yield per plant was tound to be non-significant on treatment and
varieties. The treatment application of lime + foliar spray of 0.25% boron and 0.25%

potassium silicate recorded highest straw yield. This may be due to the enhanced
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plant growth by the action of lime and Si and B nutrition to rice. The interaction of
treatments and varieties was found to be significant.

Highest chatfiness percentage was showed by control and the lowest by
phosphogypsum + ' lime + foliar spray of 0.25% boron and 0.25% potassium
silicate. This may be due to the absence of amendments to alleviate the toxicity
problem in control. Phosphogypsum and lime was found to be very much effective
for alleviating Fe and Al toxicity and they also assist in excellent plant growth which
may reduce the chaffiness of grains.

The root CEC was significant with respect to the application of
amendments. The treatment Ts (Phosphogypsum @ 500 kg ha' + % lime+ foliar
spray of 0.25% boron and 0.25% potassium silicate) showed maximum root CEC.
The application of higher amount of Ca significantly increased the root CEC of
plants (Bolan er al., 1992). Repeated application of phosphogypsum reduced the
exchangeable aluminium (Alva ef al., 1990) and increased cation exchange capacity
of acid soil (Alva er al., 1991). Ram (1980) reported that the uptake of nutrients such
as P, K, Fe and Mn was positively linked with the root CEC in most of the paddy and
wheat varieties.

The test weight of grains was found to be significant. Among the treatments,
the treatment Te (Phosphogypsum (@ 500 kg ha™' + !4 lime+ foliar spray of 0.25 %
boron and 0.25% potassium silicate) exhibited a significantly higher weight for one
thousand grains. The higher thousand grain weight recorded with the application of
phosphogypsum + ' lime + foliar spray of 0.25% boron and 0.25% potassium
silicate might be due to its beneficial effect on yield attributes. The beneficial effect
of phosphogypsum may also be due to the presence of Ca, P, S, F, K, Mg etc.
Phosphogypsum is positively correlated to higher yield in rice as reported by Liu et
al. (2004).
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5.3.2. Effect of different amendments on nutrient content in plant

The nitrogen content in plant showed non-significance with respect to
treatment, variety, interaction between treatment and variety. All the treatments
showed superiority over control. Application of phosphogypsum + ‘2 lime + foliar
spray of 0.25% boron and 0.25% potassium silicate reported higher nitrogen content
in the plant than other treatments. This may be due to the action of Ca in
phosphogypsum. Fenn et al., (1995) reported that Ca increased the absorption of
NH*", consequently leading to the increased tillering, and thus produce higher grain
yields. Ca increases the use of N efficiency in the plant tissue by greater metabolite
deposition in seeds and it may increases photosynthesis also. Rasouli et al., (2013)
also reported similar results.

The treatments, varieties and interaction between variety and treatment were
found to be significant in case of P content in plants. The highest p content in plant
was recorded by phosphogypsum + ' lime + foliar spray of 0.25 % boron and 0.25 %
potassium silicate and control showed the lowest value of plant phosphorus content.
This may be due to the availability of phosphorus from the applied
phosphophogysum. Ayadi er al., (2015) reported that application of phosphogypsum
increased the inorganic phosphorus content and P uptake by plants. The variety Uma
showed significantly higher P in plant compared to Prathyasa variety.

The treatments, varieties and interaction between variety and treatment
showed significant effect in K content in plants. The highest K concentration in plant
was recorded by phosphogypsum + % lime + foliar spray of 0.25% boron and 0.25%
potassium silicate and control showed the lowest value of plant K content. This may
be due to the uptake of potassium by plants from the foliar application of potassium
silicate, effect of phosphogypsum and lime in improving the soil conditions. This
results might be also due to the production of hydrogen ions during reduction of Fe
and Al toxicity that caused the release of K from the exchange sites or from the fixed

pool to the soil solution. Similar results were reported by Patrick and Mikkelsen
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(1971). The variety Uma showed significantly higher K in plant compared to
Prathyasa variety

Application of amendments showed significant effect in uptake of Ca by the
rice plants. The treatment application of phosphogypsum + 2 lime recorded highest
Ca content in plants. The treatment with no amendment application, control showed
lowest concentration of Ca in plants. This may be due to the high concentration of Ca
available from lime and phosphogypsum. Mc-Cray er al., (1991); Mrabet et al.,
(2003); Astolfi and Zuchi, (2013) also reported similar results.

Application of amendments showed significant effect in content of Mg
by the rice plants. The treatment application of magnesium carbonate + " lime
recorded highest Mg content in plants. The treatment with no amendment application,
control showed lowest concentration of Mg in plants. This may be due to the high
concentration of Mg available from magnesium carbonate. Mann, (1930) also
reported similar results. Varieties and interaction between variety and treatment were
non-significant in case of Mg uptake.

Application of amendments showed significant effect in uptake of S by the
rice plants. Application of phosphogypsum + 2 lime + foliar spray of 0.25% boron
and 0.25% potassium silicate reported highest S content in plants. The control
showed lowest concentration of S in plants. This may be due to the high
concentration of S available from phosphogypsum (Alcordo and Rechcigl, 1993).
Varieties and interaction between variety and treatment were non-significant in case
of S uptake.

The effect of treatments on concentration of iron in plants was found to be
significant. The varieties did not show any significance with uptake of iron. There
was significant effect by the variety and treatment interaction. The treatment
application of lime showed lowest concentration of iron in plants. This may be due to

the action of Ca in lime and the increase in pH. Similar results were reported by
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Mann, (1930); Ponnamperuma and Nhung (1965); Tran and Vo (2004); Saha, ef al.,
(2008) and Azman et al., (2014). Control showed the highest uptake of Fe by plants.

The treatments, variety and interaction of treatment and variety showed
significance on the concentration of aluminium in plants. Application of
phosphogypsum + '2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate showed lowest uptake of Al by plants. Control showed the highest uptake of
Al compared to the treatment application. This may be due to the effect of
phosphogypsum in alleviating Al toxicity since it decreases acidity in soil and contain
soluble Ca which reduces the uptake of Al by plants. Similar results were recorded by
(Alva and Sumner,1989); Martin et al., (1988); Isabelo et al., (1993); Mrabet et al.,
(2003); Crusciol et al., (2016). The variety Prathyasa contained more Al
concentration in plant than Uma variety. This may be due to the morphological
character of Prathyasa which showed more toxicity symptoms than Uma but will not
reflect it on yield parameters.

The manganese content in plant was significant with respect to the
amendments applied. Highest Mn content in plant was reported by control and the
lowest Mn content in plant was recorded by application of lime + foliar spray of 0.25
% boron and 0.25 % potassium silicate. This might be due to the activity of lime in
soil which decreases the Mn content in soil thereby reduces the Mn content Saha et
al., (2008). The varieties did not show any significant effect on Mn content. The
interaction between treatment and varieties are found to be significant.

The treatments and varieties are significant in case of uptake of copper by
plants. The application of magnesium carbonate + '2 lime showed highest Cu uptake
whereas control showed lowest Cu content by plants. This may be due to the action of
Ca and Mg supplied through the treatment. Even though application of lime has
negative effect on Cu (Williams ez al., 2007) improvement of physical conditions of

soil and enhancement of plant growth might be act as the reason for high Cu content
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compared to other treatments. There was no significant effect on the interaction of
variety and treatment on Cu content by the plant.

The application of amendments showed significant effect on the content of
Zn. Treatment with magnesium carbonate + 2 lime + foliar spray of 0.25 % boron
and 0.25% potassium silicate showed highest content of Zn while control showed the
lowest content. This may be due to the increase in Ca and Mg content in soil which
provide very good physical and chemical condition in soil thus favored the content of
elements by plants. Similar results were reported by Williams et al, (2007). The
varieties were non-significant with respect to Zn content whereas treatment and
variety interaction found to be significant.

The application of treatments exhibited significant effect on the content of B.
Treatment with phosphogypsum + !4 lime + foliar spray of 0.25% boron and 0.25%
potassium silicate showed highest uptake of B whereas control showed the lowest
content. Boron nutrition of rice can be achieved etficiently by the application of
borax as foliar spray. The results obtained may be due to foliar content of B by plant
(Gupta and Cutcliffe, 1978 and Rakshit er al., 2002) and also the effect of
phosphogypsum which made the B in soil more available. The varieties and
interaction effect of variety and treatment also showed significance.

The silicon content in rice plant showed significant increase by the application
of treatments lime + foliar spray of 0.25% boron and 0.25% potassium silicate. This
treatment recorded highest Si content in plants while control recorded the lowest Si
concentration in plants. This may be due to the action of phosphogypsum and lime
that improves the soil conditions and fertility. Application of silicon as foliar spray
naturally increases the Si concentration in plant (Sing et al., 2000).

5.3.3. Effect of different amendments on soil characteristics
The effect of application of different amendments on soil nutrient status were

studied and found that pH, EC, available N, P, Ca, Mg, S, B, Fe, Cu, Mn, Al and Si
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were found to be significant with treatment application while OC, available K and Zn
status in soil were found to be non- significant.

The application of amendments had profound effect on pH of the soil.
Application of lime + foliar spray of 0.25% boron and 0.25% potassium silicate
showed highest value of pH at the time of harvest. Control showed the lowest value
of pH. Lime has the capacity to increase soil pH. Moreover the calcium present in
lime also helps in reducing the soil acidity. Application of lime to the soil surface is
the most efficient practice to reduce soil acidity and thereby increase soil pH
(Crusciol et al., 2016). Application of lime alone and lime + phosphogypsum also
recorded high pH values following lime + foliar spray of 0.25% boron and 0.25%
potassium silicate. The effect of lime + phosphogypsum to increase the soil pH is also
reported by (Crusciol er al., 2016). There was no significant effect with respect to two
different varieties Uma and Prathyasa on soil pH. The interaction effect of treatment
and variety also found to be non-significant. This may be because of the action of
amendments in soil was uniform which was not affected by the varieties.

The electrical conductivity of soil showed significant changes with respect to
the application of different amendments. The lowest EC was showed by lime
application. This may be due to the decrease in soluble salts in the soil. The highest
value of EC was showed by control. This might be due to the effect of amendments in
reducing the soluble salt content in soil by making them insoluble by forming other
compounds. Lipman er al. (1926) stated that the electrical conductivity of soil
solution was controlled by pH, sum of concentration of cation and anions and the
carbon content.

The organic carbon content in the soil was found to be non-significant with
respect to treatments, varieties and there was no effect on interaction between
treatment and variety also. Even though the effect was non-significant the highest
value for organic carbon was recorded by phosphogypsum + Y lime + foliar spray of

0.25% boron and 0.25% potassium silicate and all the other treatments also recorded
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higher organic carbon content than control. The inherent level of organic carbon
status of *Kari® lands is high.

Available nitrogen in soil was influenced by application of amendments. The
highest available nitrogen content was given by magnesium carbonate + 'z lime +
foliar spray of 0.25% boron and 0.25% potassium silicate and the lowest available
nitrogen content was showed by control. This may be due to the action of both Ca
and Mg which improve the soil physical and chemical conditions and also enhances
microbiological activity in soil and facilitates more nitrogen fixation also. Similar
results were showed by Castro er al.,, (2016). The varieties showed non-significant
effect for available nitrogen content. Uma variety recorded lowest nitrogen content
than Prathyasa which may be due to the higher nitrogen uptake of Uma variety.

The treatments showed significant effect on the available phosphorus content
in soil. Application of phosphogypsum + "2 lime + foliar spray of 0.25% boron and
0.25% potassium silicate recorded highest P content in soil. Control recorded lowest
available phosphorus in soil. This may be because of the action of phosphogypsum
which is also a good source of phosphorus in the soil. Ayadi et al., 2014 reported that
application of phosphogypsum increases the inorganic phosphorus content in soil.
Kordlaghari and Rowell (2005) also reported similar results. The varieties and
phosphorus content in soil showed significant relation. Uma variety reported higher
phosphorus content in the soil than Prathyasa. This may be due to the higher P uptake
by the Prathyasa variety than Uma variety which left lower available phosphorus in
the soil. The interaction between treatments and varieties were also found to be non-
significant.

The available potassium content in soil was found to be non-significant with
respect to treatment application, varieties and interaction of treatments and varieties.
However, all the treatments showed superiority over control. The application of
magnesium carbonate + '2 lime + foliar spray of 0.25% boron and 0.25% potassium

silicate showed higher potassium content in the soil which may be due to the effect of
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magnesium and calcium present in the amendments along with the boosting effect of
foliar spray. Kunishi (1982); Marykutty (1986) also reported that liming improves the
soil physical condition and Ca and Mg in soil also improves the concentration of
potassium availability Rasouli et al., (2012).

The available Ca content in soil was found to be significant with respect to
treatment application. Application of phosphogypsum + "2 lime + foliar spray of
0.25% boron and 0.25% potassium silicate in soil significantly increases the available
Ca content higher than other treatments. This indicates the capacity of
phosphogypsum and lime to increase the Ca content in soil. Sancho et al., (2009);
Crusciol er al., (2016) reported that phosphogypsum and lime increases the Ca
concentration of soil and also improves the soil fertility. The varieties and interaction
of varieties and treatments were found to be non-significant with respect to available
Ca content in soil.

The treatments show significant effect for available Mg content in soil.
Application of magnesium carbonate + "2 lime + foliar spray of 0.25 % boron and
0.25 % potassium silicate showed highest amount of magnesium in soil. This may be
due to the availability of magnesium through the magnesium carbonate which is a
good source of magnesium. Delmez et al., (1996) reported that the application of
magnesium carbonate will increases the available magnesium content in the soil.
There was no significant effect shown by varieties and interaction of varieties and
treatments on available Mg content in soil.

The available sulphur content in soil significantly increased with the
application of different amendments but it did not showed any significance on the
effect of varieties and interaction of varieties and treatments. Application of lime +
foliar spray of 0.25% boron and 0.25% potassium silicate showed the lowest value of
available sulphur. The highest value of available sulphur was showed by control.
Since the study was conducted using acid sulphate soil, treatment (T7) control

reported highest sulphur with the absence of ameliorative measures. Haynes and
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Naidu, (1991) and Astrom et al., 2007 reported that liming decreases the sulphur
content of the acid sulphate soils.

There was a significant reduction in iron content in soil caused by the
application of different amendments. Minimum iron content was recorded by
phosphogypsum + ‘2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate application. Maximum Fe concentration was recorded by control. Application
of amendments as phosphogypsum + 2 lime, lime alone, lime and foliar spray also
recorded lower iron content in soil. Application of phosphogypsum reduces Fe
content in soil Quintero et al., 2014. Chang and Thomas (1963) also showed that the
amount of Fe and Al released into the soil solution decreased with application of
gypsum. Ponnamperuma and Nhung (1965) reported that lime (CaCOs) decreases the
iron content of the soil. Benckiser et al., (1984) suggested that calcium and
magnesium plays a crucial role in alleviating iron toxicity in rice. The ameliorating
effect of mined gypsum or phosphogypsum is due to the supply of calcium and also
due to the enhanced mobility of gypsum (Hoveland, 2000). There were no significant
effect shown by the varieties and interaction of varieties and treatments observed for
the iron content in soil.

Aluminium content in soil was significantly reduced by application of
amendments. The lowest Al content was noted with the application of
phosphogypsum + ' lime + foliar spray of 0.25% boron and 0.25% potassium
silicate application. Highest Al concentration in soil was recorded in control
treatment. Calcium in phosphogypsum is more soluble and it plays a prominent role
in alleviating Al toxicity (Alva and Sumner, 1989). Similar results were recorded by
Ponnamperuma and Nhung (1965); Chang and Thomas (1963); Isabelo et al., (1993);
Crusciol er al., (2016). There were no significant impact by the varieties and
interaction of varieties and treatments on the Al content in soil.

The available manganese status in soil varied significantly with the

application of treatments. The highest manganese content in soil was recorded in
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control. The application of phosphogypsum + ! lime + foliar spray of 0.25% boron
and 0.25% potassium silicate recorded lowest concentration of Mn in soil. Similar
results were reported by Alcordo and Rechcigl, (1993); Saha et al., (2008); Rasouli et
al., (2013); Quintero et al., (2014),

The available boron content in soil showed significant effect with the
application of treatments. Application of phosphogypsum + %2 lime + foliar spray of
0.25% boron and 0.25% potassium silicate recorded highest boron content. The
lowest boron content was recorded by control. There was no significant effect by the
varieties and interaction of varieties and treatments. Quintero et al., (2014) reported
that application of phosphogypsum increased the concentration of boron.

The treatments showed significant effect on copper content in soil. The
highest amount of copper was recorded in the treatment magnesium carbonate + '
lime + foliar spray of 0.25% boron and 0.25% potassium silicate. The lowest
concentration of Cu in soil was recorded in control treatment. The varieties and
interaction of varieties and treatments was found to be non-significant.

The treatments, the varieties and interaction of varieties and treatments were
non-significant with respect to available zinc content in soil. Even though it was non-
significant, all the treatments showed superiority over control. Highest zinc content in
soil was recorded in the treatment lime + foliar spray of 0.25 % boron and 0.25 %
potassium silicate.

Application of amendments showed significant effect for the silicon content in
soil. The highest value of silicon in soil was recorded by phosphogypsum + 2 lime +
foliar spray of 0.25 % boron and 0.25 % potassium silicate and the lowest
concentration of Si in soil was recorded in control.

5.3.4. Effect of different amendments on nutrient status of leachate
The leachate collected from the PVC pipe with perforations at the bottom

which was inserted into the pots were analyzed for various soil properties at 30, 60
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days after transplanting and at harvest. The analysis of pH, Ca, Mg, Fe and Al was
found to be significant with the application of different amendments.

The pH of the leachate was found to be significant at 30, 60 days after
transplanting and at harvest with lime and combination of lime and phosphogypsum
showing highest values. At 30 days after transplanting application of phosphogypsum
+ 15 lime + foliar spray of 0.25% boron and 0.25% potassium silicate showed the
highest value of pH than other treatments. Application of lime alone recorded the
higher value at 60 days after transplanting and at harvest again phosphogypsum + 2
lime + foliar spray of 0.25% boron and 0.25% potassium silicate showed highest pH
among different amendments. The lowest value was reported by control throughout
the experiment. This may be due to the presence of Ca in the soil solution by the
application of amendments which reduces the activity of AI’" and H™ ions and their
by increased soil pH in the soil solution. Similar results were reported by Lee et al.,
2007; Shamshuddin et al., 2015 and Crusciol et al., 2016.

The Ca content in leachate was significant with respect to treatments at 30, 60
days after transplanting and at harvest with superiority by phosphogypsum + 2 lime
application than other treatments. Control showed lowest Ca content in the leachate
throughout the experiment. This may be due to the soluble Ca present in the
phosphogypsum. Application of phosphogypsum increases the exchangeable Ca
present in soil solution (Crusciol ez al., 2016).

The magnesium content in leachate showed significance with application of
different amendments. At 30, 60 days after transplanting and at harvest magnesium
carbonate + '2 lime + foliar spray of 0.25% boron and 0.25% potassium silicate
recorded highest content of Mg in leachate. This might be due to the release of Mg in
to the solution when magnesium carbonate was used as amendment.

The iron and aluminium content in leachate showed significant effect with
respect to treatment application. At 30 days after transplanting application of lime

showed lowest concentration of Fe in leachate. At 60 days after transplanting and at
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harvest phosphogypsum + !2 lime + foliar spray of 0.25% boron and 0.25%
potassium silicate recorded lowest amount ot iron. This may be due to the effect of
lime and phosphogypsum in reducing the iron content in solution and in soil
Ponnamperuma and Nhung (1965). Control showed highest concentration of iron in
leachate at 30, 60 days after transplanting and at harvest.

The Al content in leachate was significantly reduced by application of
phosphogypsum + ‘2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate throughout the experiment. The lowest value was recorded by control. This
may be due to the soluble Ca in phosphogypsum which can increase the soil pH and
their by reduced the soil acidity and also Al content in soil and solution. The release
of Al in to the solution also affected by the action of phosphogypsum. Application of
phosphogypsum reduces the toxic levels of soluble Al in soil solution.

5.4 CORRELATION ANALYSIS
5.4.1 Incubation experiment

There was positive correlation between pH and Ca whereas, negative
correlation was observed with Fe and Al. The Ca was also found to be negatively
correlated with Fe and Al. There was positive correlation between Fe and Al
Ponnamperuma and Nhung (1965) also reported that activities of water soluble Al**
and Fe’" decreases for each unit increase in pH. Application of Ca sources reduced
the toxic concentration of Fe and Al in soil. Increase in Ca added through
amendments favours the reduction of toxic Fe and Al. Azman er al., (2014) also
reported that after the application of lime Fe and Al concentration will decline
whereas Ca will increase.

5.4.2 Solution culture experiment

There was highly negative correlation between root length and iron content

concentration in roots. Sharma and Dubey (2007) reported that, as the concentration

of Fe and Al increases, root growth reduces accordingly.
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5.4.3 Pot culture experiment

There were significant correlation between yield, pH, available P, Ca, Fe, Al,
plant Ca and Fe. Application of lime (Ca sources) increases the pH and also decreases
the Fe and Al concentrations (Crusciol er al., 2016). Ponnamperuma and Nhung
(1965) reported that lime (CaCOs) decreases the iron content of the soil. Benckiser et
al., (1984) suggested that calcium and magnesium plays a crucial role in alleviating

iron toxicity in rice.
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6. SUMMARY

The salient findings of the present study on “Flux and dynamics of iron and
aluminium in wetlands of Kuttanad and its management for rice (Orvza sativa L.)"

are summarized in this chapter.

An investigation was carried out at College of Agriculture, Padannakkad
during 2015- 17 to study the toxicity problems of iron and aluminium in wet land rice
grown on acid sulphate soils of *Kari’ lands in Kuttanad. The study was undertaken
to evaluate the performance of two popular rice varieties to variable levels of iron and
aluminium concentrations at different stages and to examine suitable amelioration
strategies. The experiment was carried out in three parts, which included collection
and analysis of soil sample from Kuttanad, an incubation experiment as a preparatory

study, solution culture and pot culture experiments.

Soil samples were collected from the *Kari’ lands of Kuttanad which is
included in the ambalappuzha acid sulphate soil series in Karuvatta region of
Kuttanad. The samples were drawn to a depth of 0 to 25 cm from the surface of a rice
field and brought to College of Agriculture, Padanakkad. The soil collected was used
for analyzing various physical and chemical properties, conducting incubation study

and pot culture experiment.

The incubation study was conducted using two levels of submergence (5 cm
and 10 cm) and four treatments in factorial CRD. The treatments used were T): Lime
@ 600 kg ha' as per KAU POP, 2011; T»: phosphogypsum (@ 500 kg ha' + % lime
@ 300 kg ha! as per KAU POP, 2011; Ts: magnesium carbonate @ 50 kg ha™' +
lime @ 300 kg ha' (as per KAU POP, 2011); Ti: control. The soil samples were
analyzed at 30, 60 and 90 days after the submergence.

The results of incubation study showed that the treatments were significantly

different for pH, Ca, Mg, Fe and Al. After 30 days of submergence application of
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lime (T|) showed highest increase in pH. After 60and 90 days of submergence,
phosphogypsum (@ 500 kg ha™' + % lime as per  KAU POP (T:) showed the highest
increase in pH from control which reported the lowest pH throughout the
submergence period. There was no significant difference with respect to the level of
submergence and the interaction of level of submergence and treatments. The Ca
content in soil was found to be increased after submergence period. Application of
phosphogypsum @ 500 kgha' + ' lime (as per KAU POP) showed significantly
higher amount of calcium after 30, 60 and 90 days of submergence. Magnesium
content was also found to be increased after the submergence. The application of
treatment containing magnesium carbonate + % lime (as per KAU POP) was the most
superior treatment with available Mg content. The iron and aluminium content in the
soil decreased after the incubation experiment with the application of treatments.
Application of lime + phosphogypsum showed superior effect in reducing their

concentration in soil. Control showed the highest value for Fe and Al

The solution culture experiment was carried out using Hoagland’s nutrient
solution as a base with the addition of different levels of Fe and Al. The objective
was to study the response of two popular varieties of rice Uma and Prathyasa. The
experiment was conducted in factorial-completely randomized design. The treatments
were combinations of iron at 200, 400, 800 and 1200 mg L' and Al at 50 and 100 mg

L' with a control in Hoaglanad’s nutrient solution.

The results of solution culture showed significant effect with respect to
amendments. The percentage increase in plant height was found to be significant.
Maximum increase in plant height was showed by control. Hoagland’s solution.
Minimum increase in plant height was displayed by rice plant in Hoagland’s solution
containing 1200 mg L' Fe and 50 mg L' Al (Ts) followed by this 1200 mg L' Fe
and 100 mg L' Al (Ts). The control was found to be superior over other treatments in

root length increase and root dry weight also. Minimum increase in root length and
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root dry weight among the treatments was showed by 1200 mg L' Fe and 50 mg L'
Al

The higher concentration of Fe and Al increased their content in the root
surface. Control showed the lowest concentration of iron and aluminium around the
root surface. Hoagland’s solution containing 1200 mg L' Fe and 50 mg L' Al
showed maximum concentration of iron in the root surface while 1200 mg L' Fe and
100 mg L' Al recorded maximum Al content. Significantly lowest Fe and Al content
was found in control. Maximum iron coating around the root among the treatments
was displayed by solution containing 1200 mg L' Fe and 100 mg L' Al. The control
did not showed the Fe coating in root.

The pot culture experiment was carried out in College of Agriculture,
Padanakkad using the soil collected from *Kari’ lands of Kuttanad. The experiment
was conducted with seven treatments comprising different amendments along with
two varieties Uma and Prathyasa. The treatments were designed based on the
recommendations of KAU POP.2011.The treatment combinations were: Lime (T));
Magnesium carbonate + ' lime The treatment (T>); Phosphogypsum @ 500kg ha’!
+ ' lime (T:); Lime + Potassium silicate 0.25% + 0.25% Boron (T4); Magnesium
carbonate + ' lime + Potassium silicate 0.25% + 0.25% Boron (Ts); Phosphogypsum
(@ 500 kg ha! + % lime + Potassium silicate 0.25% + 0.25% Boron (Ts) and control
(T7).

The result of pot culture experiment showed that pH, EC, N, P, Ca, Mg, S, B,

Fe, Cu, Mn, Al and Si were found to be significant with treatment application while
OC, Zn and K content in soil were found to be non- significant. Application of lime
+ foliar spray of 0.25% boron and 0.25% potassium silicate showed highest value of
pH at the time of harvest while control showed the lowest value of pH.

The highest available nitrogen content was given by magnesium carbonate +

Y2 lime + foliar spray of 0.25% boron and 0.25% potassium silicate and the lowest

available nitrogen content was recorded in control. Application of phosphogypsum +
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' lime + foliar spray of 0.25% boron and 0.25% potassium silicate recorded highest
increase in P content in soil. The application of magnesium carbonate + 'z lime +
foliar spray of 0.25% boron and 0.25% potassium silicate showed significant
increase in potassium content of the soil.

Application of phosphogypsum + 2 lime + foliar spray of 0.25% boron and
0.25% potassium silicate in soil significantly increases the available Ca content
higher than other treatments. The treatment application of magnesium carbonate + 2
lime + foliar spray of 0.25% boron and 0.25% potassium silicate showed highest
amount of magnesium in soil.

The highest value of available sulphur was recorded in control. Application of
lime + foliar spray of 0.25% boron and 0.25% potassium silicate showed the lowest
value of available sulphur. Minimum iron and aluminium content was recorded by
phosphogypsum + '2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate application. Maximum Fe concentration was recorded in control.

The highest manganese content in soil was showed by control. The
application of phosphogypsum + 2 lime + foliar spray of 0.25% boron and 0.25%
potassium silicate recorded lowest concentration of Mn in soil. The highest boron
and Si content were showed by the application of phosphogypsum + /2 lime + foliar
spray of 0.25% boron and 0.25% potassium silicate. The highest amount of copper
was showed by magnesium carbonate + 2 lime + foliar spray of 0.25% boron and
0.25% potassium silicate.

The results of analysis of leachate also showed significant effect with the
application of treatments. The pH of the leachate was found to be significant at 30,
60 days after transplanting and at harvest. At 30 days after transplanting application
of phosphogypsum + 2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate showed the highest value of pH than other treatments. Application of lime

alone recorded the higher value at 60 days after transplanting and at harvest again
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phosphogypsum + '2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate showed highest pH among different amendments.

The Ca content in leachate is significant with respect to treatments at 30, 60
days after transplanting and at harvest with superiority by phosphogypsum + 'z lime
application than other treatments. At 30, 60 days after transplanting and at harvest
magnesium carbonate + 2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate recorded highest content of Mg in leachate. Control showed lowest pH, Ca
and Mg content in the leachate throughout the experiment.

The application of treatments significantly reduced the Fe and Al content in
leachate. Control showed highest concentration of iron and aluminium in leachate at
30, 60 days after transplanting and at harvest. At 30 days after transplanting
application of lime showed lowest concentration of Fe in leachate. At 60 days after
transplanting and at harvest phosphogypsum + ' lime + foliar spray of 0.25% boron
and 0.25% potassium silicate recorded lowest amount of iron. The Al content in
leachate was also significantly reduced by application of phosphogypsum + 2 lime
+ foliar spray of 0.25% boron and 0.25% potassium silicate throughout the
experiment.

The application of amendments showed significant improvement in biometric
characters, yield and yield attributes. Lime + foliar spray of 0.25% boron and 0.25%
potassium silicate showed higher plant growth, grain yield per plant. Application of
phosphogypsum + "2 lime + foliar spray of 0.25% boron and 0.25% potassium

silicate showed more number of tillers, maximum number of grains per panicle.

The straw yield per plant and chaffiness percentage were found to be non-
significant, application of lime + foliar spray of 0.25% boron and 0.25% potassium
silicate recorded highest straw yield. Highest chaffiness percentage was showed by
control and the lowest by phosphogypsum + !4 lime + foliar spray of 0.25% boron

and 0.25% potassium silicate.



The application of treatments showed significant effect on the nutrient content
in plant. Even though the N content in plant was found to be non-significant all the
treatments showed superiority over control. Application of phosphogypsum + 5
lime + foliar spray of 0.25% boron and 0.25% potassium silicate reported higher
nitrogen content in the plant than other treatments.

The treatments, varieties and interaction between variety and treatment were
found to be significant in case of P and K content in plants. The highest p and K
content in plant was recorded by phosphogypsum + 2 lime + foliar spray ot 0.25%
boron and 0.25% potassium silicate and control showed the lowest value of plant
phosphorus and potassium content.

Application of amendments showed significant effect in uptake of Ca, Mg and
S by the rice plants. The treatment application of phosphogypsum + % lime recorded
highest Ca and S content in plants and the application of magnesium carbonate + 2
lime recorded highest Mg content in plants. The treatment with no amendment
application, control showed lowest concentration of Ca, S and Mg in plants.

The effect of treatments on concentration of iron in plants was found to be
significant with the reduction in Fe content. The varieties did not show any

significance with uptake of iron. There was significant effect by the variety and
treatment interaction. The treatment application of lime showed lowest concentration
of iron in plants.

Application of treatments significantly decreased the concentration of
aluminium in plants. Application of phosphogypsum + Y2 lime + foliar spray of
0.25% boron and 0.25% potassium silicate showed lowest uptake of Al by plants
while control showed the highest uptake. The variety Prathyasa contained more Al
concentration in plant than Uma variety.

The manganese content in plant was significant with respect to the
amendments applied. Highest Mn content in plant was reported by control and the

lowest Mn content in plant was recorded by application of lime + foliar spray of
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0.25% boron and 0.25% potassium silicate. The application of amendments reduced
the Mn uptake.

The application of treatments increased the uptake of Cu, Zn, B and Si. The
application of magnesium carbonate + '2 lime showed highest Cu and Zn uptake
whereas control showed lowest uptake of all these elements by plants. Treatment
with phosphogypsum + "2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate showed highest B uptake. The silicon content in rice plant showed
significance by the application of treatments, lime + foliar spray of 0.25% boron and
(0.25% potassium silicate reported highest Si content in plants.

The positive effects of the amendment application and foliar spray of boron
and silicon in the reduction of Fe and Al content in soil and plant, increased pH and
uptake of nutrients indicate the need of their application to rice grown on acid
sulphate soil. The incubation and pot study shown that application of
phosphogypsum + "2 lime + foliar spray of 0.25% boron and 0.25% potassium
silicate significantly improved the available nutrient content of the soil, content and
uptake of nutrient by the plant and yield and yield attributes of rice. It was also
effective in reducing the toxicity of Fe, Al and Mn in the soil. This effect can be
further evaluated by conducting field study and also can be evaluated on other crops

grown in acid sulphate soil.

126



References



7. REFERENCES

Abifarin, A. D. 1988. Grain yield loss due to iron toxicity. WARDA (W. Afr. Rice
Dev. Assoc.) Tech. Newsl. 8(1): 1-2.

Agarie, S., Agata, W., Kubota, F. and Kaufman, P.B., 1992. Physiological Roles of
Silicon in Photosynthesis and Dry Matter Production in Rice Plants: I. Effects
of silicon and shading treatments. Jpn. J. Crop Sci., 61(2), pp.200-206.

Alcordo, I. S. and Rechcigl, J. E. 1993. Phosphogypsum in agriculture: A
review. Adv. in Agron. 49: pp. 55-118.

Alia, F. J., Shamshuddin, J., Fauziah, C. I., Husni, M. H. A. and Panhwar, Q. A.
2015. Effects of aluminum, iron and/or low pH on rice seedlings grown in

solution culture. /nt. J. Agric. Biol, 17, pp.702-710.

Alva, A. K. and Gascho, G. J. 1991. Differential leaching of cations and sulfate in
gypsum amended soils. Commun. Soil Sci. Plant Anal. 22(11-12): pp. 1195-
1206.

Alva, A. K. and Sumner, M. E. 1989. Alleviation of aluminum toxicity to soybeans
by phosphogypsum or calcium sulfate in dilute nutrient solutions. Soil
Sci., 147(4), pp.278-285.

Alva, A. K. and Syvertsen, J. P., 1991. Irrigation water salinity affects soil nutrient
distribution, root density, and leaf nutrient levels of citrus under drip

fertigation 1. J. Plant Nutr. 14(7), pp.715-727.

Alva, A. K., Asher, C. J. and Edwards, D. G., 1986. The role of calcium in alleviating
aluminium toxicity. Aust. J. Agric. Res. 37(4), pp.375-382.

128



Alva, A. K., Sumner, M. E. and Miller, W. P., 1990. Reactions of gypsum or
phosphogypsum in highly weathered acid subsoils. Soil Sci. Soc. Am.
J. 54(4), pp.993-998.

Alva, AK., Sumner, M.E. and Miller, W.P., 1991. Relationship between ionic

strength and electrical conductivity for soil solutions. Soil Sci. 152(4),

pp.239-242.
Anitol, A. 1996. Genetics of acid tolerant plant. Dev. Plant Soil Sci. 45:1007-1017.

Astolfi, S. and Zuchi, S. 2013. Adequate S supply protects barley plants from adverse
effects of salinity stress by increasing thiol contents. Acta physiologiae

plantarum, 35(1), pp.175-181.

Astrom, M., Osterholm, P., Barlund, I. and Tattari, S. 2007. Hydrochemical effects of
surface liming, controlled drainage and lime-filter drainage on boreal acid

sulfate soils. Water, Air Soil Pollution, 179(1), pp.107-116.

Attanandana, T. and Vacharotayan, S. 1986. Acid Sulfate Soils: Their Characteristics,
Genesis, Amelioration and Utilization (<Special Issue> Problem Soils in

Southeast Asia).

Ayadi, A., Chorriba, A., Fourati, A. and Gargouri-Bouzid, R. 2015. Investigation of
the effect of phosphogypsum amendment on two Arabidopsis thaliana

ecotype growth and development. Environ. Technol., 36(12), pp.1547-1555.

Azman, E. A, Jusop, S., Ishak, C. F. and Ismail, R. 2014. Increasing Rice Production
Using Different Lime Sources on an Acid Sulphate Soil in Merbok,
Malaysia. Pertanika J. Trop. Agric.l Sci. 37(2).

129



Azura, A. E., Shamshuddin, J. and Fauziah, C.I., 2011. Root Elongation, Root
Surface Area and Organic Acid by Rice Seedling Under Al and/or H
Stress. Am. J. Agric. Biol. Sci. 6(3), pp.324-331.

Balastra, M. L. F., Perez, C. M., Juliano, B. O., and Villareal, P. 1989. Effects of
silica level on some properties of (Oryza saliva L.) straw and hull. Can. J.

Bot. 67: 2356-2363.

Batty, L. C. and Younger, P. L. 2003. Effects of external iron concentration upon
seedling growth and uptake of Fe and phosphate by the common reed,
Phragmites australis (Cav.) Trin ex. Steudel. Ann. Bot. 92(6), pp.801-806.

Batty, L. C., Baker, A. J. and Wheeler, B. D. 2002. Aluminium and phosphate uptake
by Phragmites australis: the role of Fe, Mn and Al root plaques. Ann.
Bot. 89(4), pp.443-449.

Beena, V. 1., Thampatti, K.C. M. and Iyer, M.S., 2007. Evolution of a potential land
use pattern for acid sulphate soils of Kuttanad, Kerala, based on soil site

suitability rating. /ndian J. Crop Sci., 2(2), pp.423-424.

Beena. V. [. and Thampatty, K. C. M. 2013. Characterization of Acidity in Acid
Sulphate Soils of Kerala. J. Life Sci. 7(8), p.907.

Benckiser, G., Santiago, S., Neue, H. U., Watanabe, I. and Ottow, J. C. G. 1984.
Effect of fertilization on exudation, dehydrogenase activity, iron-reducing
populations and Fe*” formation in the rhizosphere of rice (Oryza sativa L.) in

relation to iron toxicity. Plant Soil 79(3), pp.305-316.

Bhargava, B.S. and Raghupathi, H.B. 1995. Analysis of plant material for macro and
micronutrients. In: Tandon, H.L.S. (ed.), Methods of analysis of soils, plants,

water and fertilizers. Malhotra publishing house, New Delhi, pp. 61-62.

130



* Bingham, F.T. 1982. Boron. In: Page, A. L. (ed.), Methods of soil analysis (2“d ed.).
Am. Soc. of Agron. Madison, USA, 438p.

Black, C.A., Evans, D.D., Ensminger, L.E., White, J.L., and Clark, F.E. 1965.
Methods of soil analysis. Am. Soc. Agron. Madison, USA, 156p.

Bolan, N. S., Syers, J. K. and Sumner, M. E., 1992. Dissolution of various sources of

gypsum in aqueous solutions and in soil. J. Sci. Fd. Agric. 57(4), pp.527-541.

Breemen, N. V. and Pons, L. J., 1978. Acid sulfate soils and rice. In: Soils and Rice;

Proc. Symp. Int. Rice Res. Inst., Los Banos, 1978 - p. 739 - 761.

Castro, G. S. A. and Crusciol, C. A. C., 2013. Effects of superficial liming and
silicate  application on soil fertility and crop yield wunder

rotation. Geoderma. 195, pp.234-242.

Castro, G.S.A., Crusciol, C.A.C., da Costa, C.H.M., Ferrari Neto, J. and Mancuso,
M.A.C. 2016. Surface application of limestone and calcium-magnesium

silicate in a tropical no-tillage system. J. Soil sci. Plant Nutr., 16(2), pp.362-
379.

Chang, M. L. and Thomas, G. W. 1963. A Suggested Mechanism for Sulfate
Adsorption by Soilsl, 2. Seil Sci. Soc. Am. J. 27(3), pp.281-283.

Chen, C. C., Dixon, J. B. and Turner, F. T. 1980. Iron coatings on rice roots:
morphology and models of development. Soil Sci. Soc. Am. J. 44(5),
pp.1113-1119.

Chen, R. F., Shen, R. F., Gu, P, Dong, X. Y., Du, C.W. and Ma, J. F. 2006. Response
of rice (Oryza sativa) with root surface iron plaque under aluminium

stress. Ann. Bot. 98(2), pp.389-395.

131



Crusciol, C. A., Artigiani, A. C., Arf, O., Carmeis Filho, A. C., Soratto, R. P.,
Nascente, A. S. and Alvarez, R.C., 2016. Soil fertility, plant nutrition, and
grain yield of upland rice affected by surface application of lime, silicate, and

phosphogypsum in a tropical no-till system. Catena, 137, pp.87-99.

Deepa K. K. 2008. Amelioration of subsoil acidity and al toxicity in laterite soils
under blackpepper. M.Sc.(Ag) thesis, Kerala Agricultural University,
Thrissur, 73p.

Delmez, J.A., Kelber, J., Norword, K.Y., Giles, K.S. and Slatopolsky, E. 1996.
Magnesium carbonate as a phosphorus binder: a prospective, controlled,

crossover study. Kidney Int. 49(1), pp.163-167.

Dent, D.L. and Pons, L.J., 1995. A world perspective on acid sulphate
soils. Geoderma, 67(3-4), pp.263-276.

Dent, D.L., 1986. Acid sulphate soils: a baseline for research and development (No.
39). ILRL

DES [Directorate of Economics and Statistics]. 2017. Annual Report 2016-17.
Department of Agriculture, Cooperation and Farmers Welfare, Ministry of

Agriculture and Farmers Welfare, Krishi Bhawan, New Delhi, 157p.

DES Kerala [Directorate of Economics and Statistics Kerala]. 2016. Agricultural
Statistics 2014- 15[online]. Available: http://www .ecostat.kerala.gov.

in/docs/pdf/reports/agristat/1314/ agristat1314. pdf [15 December 2016].

Dufey, I., Gheysens, S., Ingabire, A., Lutts, S. and Bertin, P., 2014. Silicon
application in cultivated rice (Oryza sativa L and Oryza glaberrima Steud)
alleviates iron toxicity symptoms through the reduction in iron concentration

in the leaf tissue. J. Agron. Crop Sci. 200(2), pp.132-142.

132



Ehsan-ul-Haq, M., Kasuar, R., Akram, M., and Shahzad, S. M. 2009. Is boron
required to improve rice growth and yield in saline environment. Pak. J. Bot.

13(4): 1339-1350.

Elisa, A. A., Ninomiya, S., Shamshuddin, J. and Roslan, . 2016. Alleviating
aluminum toxicity in an acid sulfate soil from Peninsular Malaysia by

calcium silicate application. Solid Earth, 7(2), p.367.

Emmel, R.H., Solera, J.J., and Stux, R.L. 1977. Atomic absorption methods manual.
Instrumentation Laboratory Inc., Wilmington, pp.67-190.
Epstein, E. 1999. Silicon. Annual review of plant biology, 5((1), pp.641-664.

Epstein, E. 2001. Silicon in plants: facts vs. concepts. Stud.in Plant Sci. 8, pp.1-15.

Fageria, N.K. and Carvalho, J.R.P., 1982. Influence of aluminum in nutrient solutions

on chemical composition in upland rice cultivars. Plant Soil, 69(1), pp.31-44.

Fenn, L.B., Hasanein, B. and Burks, C.M. 1995. Calcium ammonium effects on

growth and yield of small grains. Agron. J. 87(6), pp.1041-1046.

Gholami, Y. and Falah, A., 2013. Effects of two different sources of silicon on dry
matter production, yield and yield components of rice, Tarom Hashemi

variety and 843 Lines. Int. J. Agric. and Crop Sci. 5(3), p.227.

Gupta, U. C. and Cutcliffe, J. A. 1978. Effects of method of boron application on leaf
tissue concentration of boron and control of brown-heart of rutabaga. Can. J.

Plant Sci 58: 63

Haby, V.A. and Leonard, A.T., 2002. Limestone quality and effectiveness for
neutralizing soil acidity. Commun. in Soil Sci. and Plant Anal. 33(15-18),
pp.2935-2948.

133

e



Hansel, C.M., Benner, S.G., Neiss, J., Dohnalkova, A., Kukkadapu, R.K. and
Fendorf, S., 2003. Secondary mineralization pathways induced by
dissimilatory iron reduction of ferrihydrite under advective flow. Geochimica

et Cosmochimica Acta, 67(16), pp.2977-2992.

Hansel, C.M., Fendorf, S., Sutton, S., and Newville, M. 2001. Characterization of Fe
plaque and associated metals on the roots of mine waste impacted aquatic

plants. Environ. Sci. Technol. 35: 3863—3868.

Hara, T., Gu, M.H. and Koyama, H. 1999. Ameliorative effect of silicon on
aluminum injury in the rice plant. Soil Sci. and Plant Nutr. 45(4), pp. 929-
936.

Haynes, R.J. and Naidu, R. 1991. Effects of Lime additions on the availability of
phosphorus and sulphur in some temperate and tropical acid soils. In Plant-

Soil Interactions at Low pH (pp. 267-274). Springer Netherlands.

Hoagland, D. R. and Amon, D. 1., 1950. The water-culture method for growing plants

without soil. Circular. California Agric. Experiment Station, 347(2nd edit).

Hoveland, C.S. 2000. Achievements in management and utilization of southern

grasslands. J. Range Manag. pp.17-22.

Hussain, M., Khan, M.A., Khan, M.B., Faroog, M. and Farooq, S. 2012. Boron
application improves growth, yield and net economic return of rice. Rice Sci.

19(3), pp.259-262.

Isabelo, S.A. and Jack, E.R. 1993. Phosphogypsum in agriculture. Adv. Agron, 49,
pp.55-118.

*Issac, R.A. and Kerber, J.D. 1971. Atomic absorption and flame photometry

techniques and uses in soil, plant and water analysis. In: Walsh, L.M. (ed.),

134



Instrumental methods for analysis of soil and plant tissue. Soil Science
Society America, Madison, USA, pp. 17-37.

Jackson, M.L. 1958. Soil chemical analysis. In Cliffs, E.N.J. (ed.), Soil Sci.
University of Wisconsin, USA, Madison, pp: 89-102.

Kang, Y.L, Park, .M., Kim, S.H., Kang, N.J., Park, K.S., Lee, S.Y. and Jeong, B.R.
2011. Effects of root zone pH and nutrient concentration on the growth and

nutrient uptake of tomato seedlings. J. plant Nutr. 34(5), pp.640-652.

KAU (Kerala Agricultural University). 2011,

Package of Practices

Recommendations: Crops (14" Ed.), Kerala Agricultural University, Thrissur,
360p.

Khan, H.R., Rahman, S., Hussain, M.S. and Adachi, T. 1994. Growth and yield

response of rice to selected amendments in an acid sulfate soil. Soil Sci. and
Plant Nutr. 40(2), pp.231-242.

Khouma, M. and Toure, M. 1981, January. Effects of lime and phosphorus on the

growth and yield of rice in acid sulphate soils of the Casamance (Senegal).
In symposium on acid sulphate soils (p. 237).

Kordlaghari, M.P. and Rowell, D.L. 2005. The role of gypsum in the reactions of
phosphate with soils. Geoderma, 132(1), pp.105-115.

Korndorfer, G.H., Snyder, G.H., Ulloa, M., Powell, G., and Datnoff, L.E. 2001.

Calibration of soil and plant silicon analysis for rice production. J. Plant
Nutr. 24: 1071-1084.

Kunishi, H.M. 1982, Combined effects of lime, phosphate fertilizer, and aluminum

on plant yield from an acid soil of the Southeastern United States. Soil
Sci. 134(4), pp.233-238.

135

I6#



Langenhoff, R., 1986. Distribution, mapping, classification and use of acid sulphate

soils in the tropics: a literature studv (No. 74). Soil Survey Institute.

Lee, C.H., Lee, Y.B., Lee, H. and Kim, P.J., 2007. Reducing phosphorus release from
paddy soils by a fly ash-gypsum mixture. Bioresource Technol. 98(10),
pp.1980-1984.

Li, G., Kronzucker, H.J. and Shi, W. 2016. Root developmental adaptation to Fe
toxicity: Mechanisms and management. Plant Signaling Behavior, 11(1),

p.el117722.

Li, Y.C., Alva, AK. and Sumner, M.E. 1989. Response of cotton cultivars to
aluminum in solutions with varying silicon concentrations. /. Plant Nutr.

12(7), pp.881-892.

Lipman, C. B., Davis, A. R. and West, E. S. 1926. The tolerance of plants for NaCl.
Soil Sci. 22: pp. 303-322.

Liu, W.J., Zhu, Y.G., Smith, F.A. and Smith, S.E. 2004. Do phosphorus nutrition and
iron plaque alter arsenate (As) uptake by rice seedlings in hydroponic
culture?. New Phytologist, 162(2), pp.481-488.

Ma, J.F. and Takahashi, E. 2002. Soil, fertilizer, and plant silicon research in Japan.

Elsevier.

Mandal, B.A., Basu, K.A., Roy, B., Sheeja T.K., and Roy, T. 2003. Genetic
management for increased tolerance to aluminium and iron toxicities in rice.

Indian J. Biotechnol. pp. 359-368.

Mann, H.B. 1930. Availability of manganese and of iron as affected by applications
of calcium and magnesium carbonates to the soil. Soil Sci. 30(2), pp.117-142.

136



Marykutty, K. 1986. Factors governing response of rice (Doctoral dissertation,

Kerala Agricultural University).

Massoumi, A. and Cornfield, A.H. 1963. A rapid method for determination of

sulphate in water extracts of soil. Aust. J. Agric. Res. 88: 321-322.

Mehmood, E.H., Kausar, R., Akram, M., and Shahzad, S.M. 2009. Boron required to
improve rice growth and yield in saline environment. Pak. J. Bot. 41(3): 1339-

1350.

Mehraban, P., Zadeh, A.A. and Sadeghipour, H.R. 2008. Iron toxicity in rice (Oryza
sativa L.), under different potassium nutrition. Asian J Plant Sci, 7(3),

pp-251-259.

Mitsui, S. and Ueda, M. 1963. Cation Exchange Capacity of Crop Roots in Relation
with Ion Uptake: Part 1. Method of determining the cation exchange capacity

and intensity of plant roots. Soil Sci. and Plant Nutr. 9(1), pp.6-12.

Mrabet, R., Abril, J.M., Perianez, R., Manjon, G., Garcia-Tenorio, R., Delgado, A.
and Andreu, L. 2003. Phosphogypsum amendment effect on radionuclide
content in drainage water and marsh soils from southwestern Spain. J.

Environ. quality 32(4), pp.1262-1268.

Muhrizal, S., Shamshuddin, J., Fauziah, . and Husni, M.A.H. 2006. Changes in iron-

poor acid sulfate soil upon submergence. Geoderma, 131(1), pp.110-122.

Mullins, G.L. and Mitchell Jr, C.C. 1990. Use of phosphogypsum to increase yield
and quality of annual forages. Use of phosphogypsum to increase yield and

quality of annual forages., (01-048-084).

137

A\



Nascimento, C.W.A., de Melo, E.E.C., do Nascimento, R.S.D.M.P. and Leite, P.V.V.
2007. Effect of liming on the plant availability and distribution of zinc and

copper among soil fractions. Commun. Soil Sci. plant Anal. 38(3-4), pp.545-
560.

Nath, V.A., Aparma, B. and Manorama, T. 2016. Chemical and biological
characterization of acid sulphate Kuttanad soils. Asian J. Soil Sci. 11(2),
pp.269-276.

Nayak, S., Mishra, C.S.K., Guru, B.C. and Rath, M. 2011. Effect of phosphogypsum
amendment on soil physico-chemical properties, microbial load and enzyme

activities.

Okuda, A. and Takahashi, E. 1962. Effect of silicon supply on the injuries due to
excessive amounts of Fe, Mn, Cu, As, Al, Co of barley and rice plant. Jpn J

Soil Sci Plant Nutr, 33, pp.1-8.

Olaleye, A.O., Tabi, F.O., Ogunkunle, A.O., Singh, B.N. and Sahrawat, K.L. 2001.
Effect of toxic iron concentrations on the growth of lowlands rice. J. Plant

Nutr. 24(3), pp.441-457.

Patrick, W. H. Jr., and D. S. Mikkelsen. 1971. Plant nutrient behavior in flooded soil.
In: Fertilizer Technol. Use, 2" ed., ed. R. C. Dinauer, pp. 187-215. Madison,
WI: Soil Sci. Soc. Am.

Piper, 1966. Aging of crystalline precipitates. Analyst 77: 1000-1011.

Ponnamperuma, F.N. and Nhung, M.T.M. 1965. Effects of calcium carbonate,
manganese dioxide, ferric hydroxide, and prolonged flooding on chemical
and electrochemical changes and growth of rice in a flooded acid sulfate

soil. Soil Sci. 102(1), pp.29-41.

138

161 v



Ponnamperuma, F.N. and Solivas, J.L. 1981, January. Field amelioration of an acid
sulfate soil for rice with manganese dioxide and lime. In Proc. Bangkok

Svmposium on Acid Sulfate Soils. [ILRI pub (Vol. 31, pp. 213-220).

Ponnamperuma, F.N., Attanandana, T. and Beye, G. 1973. Amelioration of three acid
sulphate soils for lowland rice. In Acid sulphate soils. Proceedings of the

International Symposium, Wageningen, ILRI Publ (Vol. 18, pp. 391-406).

Pratt, P.F. 1965. Potassium in nmethods of soil analysis. (2" Ed.), American Society
of Agronomy, Madison, USA, pp. 1019-1021.

Qiang, F.Y., Hong, S., Ming, W.D., and Zheng, C.K. 2012. Silicon-mediated
amelioration of Fe’* toxicity in rice (Orvza sativa L.) Roots. Pedosphere

22(6): 795-802.

Quintero, J.M., Enamorado, S., Mas, J.L., Abril, J.M., Polvillo, O. and Delgado, A.
2014. Phosphogypsum amendments and irrigation with acidulated water
affect tomato nutrition in reclaimed marsh soils from SW Spain. Spanish J.

Agric. Res. 12(3), pp.809-819.

Ram, L. C. 1980. Cation exchange capacity of plant roots in relation to nutrients
uptake by shoot and grain as influenced by age. Plant Soil 55(2): pp. 215-
224.

Ramirez, L.M., Claassen, N., Ubiera, A.A., Werner, H. and Moawad, A.M. 2002.
Effect of phosphorus, potassium and zinc fertilizers on iron toxicity in

wetland rice (Orvza sativa L.). Plant and soil, 239(2), pp.197-206.

Rao, P.R., Subrhamanyam, D., Sailaja, B., Singh, R.P., Ravichandran, V., Rao,
G.V.S., Swain, P., Sharma, S.G., Saha, S., Nadaradjan, S., Reddy, P.J.R.,
Shukla, A., Dey, P.C., Patel, D.P., Ravichandran, S., and Voleti, S.R. 2013.

139

| 70



Influence of boron on spikelet fertility under varied soil conditions in rice
genotypes. J. Plant Nutr. 36:390—400.

Rashid, A., Yaseen, M., Ashraf, M., and Mann, R.A. 2004. Boron deficiency in
calcareous soil reduces rice yield and impairs grain quality. International

Rice Research Notes (IRRI) 29(1): 58-60.

Rasouli, F. Pouya, A.K. and Karimian, N. 2013. Wheat yield and physico-chemical
properties of a sodic soil from semi-arid area of Iran as affected by applied

gypsum. Geoderma, 193, pp.246-255.

Rattanapichai, W., Kren, J., Duangpatra, P. and Kanghae, P. 2013. Effects of soil
conditioner on growth and yield of rice grown under acid sulfate soil.

Mendelnet (1), pp.147-151.

Ray, P., Meena, B.L., and Nath, C.P. 2014. Management of coastal soils for
improving soil quality and productivity. Pop. Khethi 2(1): 95-99.

Reeve, N. G. and Sumner, M. F. 1972. Amelioration of subsoil acidity in Natal
Oxisols by leaching of surface-applied

amendments. Agrochemophysica, 4(1), pp.1-5.

Ritchey, K.D., Souza, D.M., Lobato, E. and Correa, O., 1980. Calcium leaching to
increase rooting depth in a Brazilian Savannah Oxisol. Agron. J. 72(1),

pp.40-44.

Robinson, G.W. 1922. A new method for the mechanical analysis of soils and other
dispersions. J. Agric. Sci. 12: 306-321.

Saha, J.K., Adhikari, T. and Mandal, B., 2008. Effect of lime and organic matter on
distribution of zine, copper, iron, and manganese in acid soils. Commun. Soil

Sci. Plant Analy. 30(13-14), pp.1819-1829.

140

)



Sahrawat, K.L., Mulbah, C.K., Diatta, S., Delaune, R.D., Patrick, W.H., Singh, B.N.
and Jones, M.P., 1996. The role of tolerant genotypes and plant nutrients in
the management of iron toxicity in lowland rice. The J. Agric. Sci. 126(2),
pp.143-149.

Saigusa, M. and Toma, M., 1997. Mechanism of reduction of exchangeable
aluminum by gypsum application in acid Andosols. Seil Sci. and Plant

Nutr. 43(2), pp.343-349.

Saigusa, M., Toma, M., and Nanzyo, M. 1996: Alleviation of subsoil acidity in
nonallophanic Andosols by phosphogypsum application in topsoil. Seil Sci.
Plant Nutr., 42, 221-227.

Sakal, R., Singh, A.P., and Sinha, R.B. 2002. Evaluation of rate and frequency of
boron application in cropping systems. Fert. News 47(10): 37-38.

Sanchez, P.A. 1977. Properties and Management of Soils in the Tropics. Soil
Sci. 124(3), p.187.

Sanchez, P.A., 1976. Properties and Management of Soils in the Tropics John Wiley

and Sons New York.

Sancho, M. ., Espejo, R. and Peregrina, F. 2009. Potentially toxic effects of
phosphogypsum on palexerults in Western Spain. Soil Sci. Soc. Am. J. 73(1),
pp.146-153.

Shamshuddin, J. and Kapok, J.R. 2010. Effect of Ground Basalt on chemical
Properties of an ultisol and oxisol in Malaysia. Pertanika J. Tropical Agric.

Sci. 33(1), pp.7-14.

Shamshuddin, J., Anda, M., Fauziah, C.I. and Omar, S.S. 2011. Growth of cocoa
planted on highly weathered soil as affected by application of basalt and/or
compost. Commun. in Soil Sci. and Plant Anal. 42(22), pp.2751-2766.

141



Shamshuddin, J., Fauziah, I.C. and Sharifuddin, H.A.H. 1991. Effects of limestone
and gypsum application to a Malaysian Ultisol on soil solution composition

and yields of maize and groundnut. In Plant-Soil Interactions at Low pH (pp.
501-508). Springer Netherlands.

Shamshuddin, J., Panhwar, Q. A., Shazana, M. A. R. S., Elisa, A. A., Fauziah, C. L,
and Naher, U. A. 2015. Improving the Productivity of Acid Sulphate Soils for
Rice Cultivation using limestone, basalt, organic fertilizer and/or their
combinations. Sains Malaysiana 45(3): 383-392.

Shamshuddin, J., Sharifuddin, H.A.H., Che Fauziah, 1., Edwards, D.G. and Bell, L.C.
2010. Temporal changes in chemical properties of acid soil profiles treated
with magnesium limestone and gypsum. Pertanika J. Trop. Agric. Sci. 33(2),
pp.277-295.

Sharma, P. and Dubey, R.S., 2007. Involvement of oxidative stress and role of
antioxidative defense system in growing rice seedlings exposed to toxic

concentrations of aluminum. Plant cell reports, 26(11), pp.2027-2038.

Shazana, M.A.R.S., Shamshuddin, J., Fauziah, C.I. and Syed Omar, S.R. 2013.
Alleviating the infertility of an acid sulphate soil by using ground basalt with
or without lime and organic fertilizer under submerged conditions. Land
Degradation & Development, 24(2), pp.129-140.

Sheela, R. 2000. Influence of iron toxicity on growth yield and plant composition of
major rice varieties cultivated in Kerala. M.Sc.(Ag) thesis Kerala
Agricultural University, Thrissur pp.52

Sims, J.R. and Johnson, G.V. 1991. Micronutrient soil tests. In: Mortvedt, J.J. (ed.),

Micronutrients in Agriculture (2™ ed.). SSSA Book series 4, Soil Sci. Soc. Am.
Madison, WI, USA. pp. 427-476.

142

173



Singh, K., Singh, R., Singh, J.P., Singh, Y., and Singh, K.K. 2006. Effect of level and
time of silicon application on growth, yield and its uptake by rice. Indian J.
Agric.sci. 76(7): 410-413.

Smith, C.J., Goh, K.M., Bond, W.J. and Freney, J.R., 1995. Effects of organic and
inorganic calcium compounds on soil-solution pH and aluminium

concentration. Eur. J. Soil Sci. 46(1), pp.53-63.

Snowden, R.E.D. and Wheeler, B.D. 1995. Chemical changes in selected wetland
plant species with increasing Fe supply, with specific reference to root

precipitates and Fe tolerance. New Phytologist, 131(4), pp.503-520.

Soltani, S.M., Hanafi, M.M., Samsuri, A.W., Muhammed, S.K.S. and Hakim, M.A.
2016. Rice growth improvement and grains bio-fortification through lime and

zine application in zinc deficit tropical acid sulphate soils. Chem. Speciation

Bioavail. 28(1-4), pp.152-162.

Sreejith, K.A., 2013. Human impact on Kuttanad wetland ecosystem-An
overview. International J. Sci. and Technol. 2(4), pp.679-670.

Subbiah, B.V. and Asija, G.L.A. 1956. A rapid procedure for the estimation of

available nitrogen in soil. Curr. Sci. 32 : 325-327.

Sumner, M.E. 1970. Aluminum toxicity-A growth limiting factor in some Natal
sands. Proc. S. Afr. Sugar. Technol. Assoc, 44, pp.197-203.

Suswanto, T., Shamshuddin, J. Omar, S.S., Mat, P. and Teh, C.B.S. 2007. Alleviating
an acid sulfate soil cultivated to rice (Oryza sativa) using ground magnesium

limestone and organic fertilizer. Jurnal Ilmu Tanah dan Lingkungan, 9(1).

Suswanto, T., Shamshuddin, J., Omar, S.S., Mat, P. and Teh, C.B.S. 2007.

Alleviating an acid sulfate soil cultivated to rice (Oryza sativa) using ground

143



magnesium limestone and organic fertilizer. Jurnal [lmu Tanah dan
Lingkungan, 9(1).

Suswanto, T., Shamshuddin, J., Syed Omar, S.R., Mat, P. and Teh, C.B.S. 2007.
Effects of lime and fertiliser application in combination with water
management on rice (Orvza sativa) cultivated on an acid sulfate
soil. Malaysian J. Soil Sci. 11, pp.1-16.

Takahashi, E., Ma, J. F., and Miyake, Y. 1990. The possibility of silicon as an
essential element for higher plants. Comments Agric. Food Chem. 2: 99-102.

Tanaka, A. and Yoshida, S. 1970. Nutritional Disorders of Rice Plant in Asia.
International Rice Research Institute, Bull. No.10, Manila, Philippines, 62p.

Thampatti, K.C.M. 1997. Morphological, physical and chemical characterization of
the soils of North Kuttanad, Ph.D. thesis, Kerala Agricultural University,
Thrissur, p.143.

Thampatti, K.C.M. and Jose, A.L. 2000. Characterisation of acid saline rice based
wetland ecosystem of Kuttanad, Kerala and their salinity protection by
Thanneermukkom regulator. Agropedol. 10: 108-115.

Thampatti, K.C.M. and Jose, A.L. 2006. Vertical distribution and dynamics of iron,
manganese and aluminium in rice soils of Kuttanad. Agropedology, 16 (1),
26-31.

Thampatti, K.C.M., Cherian, S., and Iyer, M.S. 2005. Managing iron toxicity in acid
sulphate soils by integrating genetic tolerance and nutrition. International
Rice Research Notes 30: 37-39.

Tho, H.C. and Egashira, K. 1976. Some chemical, physical and mineralogical
properties of acid sulfate soils from the Mekong Delta in Vietnam. J. Faculty

of Agriculture-Kyushu University (Japan).

Thuvasan, T. K. 2010. Amelioration of subsoil acidity and aluminium toxicity in
lateritic soils under black pepper. M.Sc.(Ag) thesis, Kerala Agricultural

University, Thrissur, 82p.

144

a®
o)
| "f‘ ""’""a



‘Tian-ren, Y. and Wan-lan, L. 1957. Studies on oxidation-reduction processes in
paddy soils. III. Effect of redox conditions on the growth of rice plants. Acta

Pedologica Sinica, 5, pp.292-304.

Toure, M. 1981. Improvement of acid sulfate soils: effects of lime, wood ash, green

manure and preflooding.

Tran, K.T. and T.G. Vo. 2004, Effects of mixed organic and inorganic fertilizers on
rice yield and soil chemistry of the 8™ crop on heavy acid sulphate soil
(Hydraquentic Sulfaquepts) in the Mekong Delta of Vietnam. 6 th Internat.
Symp. Plant Soil Low pH. 1-5 August 2004, Sendai, Japan.

Van Breemen, N. and Pons, L.J., 1978. Acid sulfate soils and rice.

Vasconcelos, S.S., Neto, J., and Rossiello, R.O.P. 2002. Differential root responses to

aluminum stress among Brazilian rice genotypes. J. Plant Nutr. 25: 655-669.

Walkley, A.J. and Black, L.A. 1934. Estimation of soil organic carbon by chromic
acid and titration method. Soil Sci. 31: 21-38.

Wang, Y.P., Wu, Y.H., Zheng, G.H., Zhang, J.P. and Xu, G.D. 2013. Effects of
potassium on organic acid metabolism of fe-sensitive and fe-resistant rices

(Oryza sativa L.). Aust. J. Crop Sci. 7(6), p.843.

Willis, J. B. 1965. Nitrous oxide-acetylene flame in atomic absorbtion spectroscopy.
Nature 207:49-98.

Yu, Q., Hlavcka, A.T., Matoh, D., Volkmann, D., Menzel, H., Goldbach, E., and
Balaska, F. 2002. Short-term boron deprivation inhibits endocytosis of cell

wall pectins in meristematic cells of maize and wheat roots apices. Plant

Physiol. 130(1): 415-421.

145

Va3



Zhang, S.Q., Shi, J.C., and Xu, J.M. 2010. Influence of iron plaque on accumulation
of lead by yellow flag (lris pseudacorus L.) grown in artificial Pb-
contaminated soil. J. Soil. Sedim. 10: 964-970.

Zhang, Y., Zhang, G.H., Liu, P., Song, JM., Xu, G.D., and Cai, M.Z. 2011.

Morphological and physiological responses of root tip cells to Fe*” toxicity in
rice. Acta. Physiol. Plant 33: 683-689.

* Original not seen

146

-
Vaa



FLUX AND DYNAMICS OF IRON AND ALUMINIUM IN WETLANDS OF
KUTTANAD AND ITS MANAGEMENT FOR RICE

(Oryza sativa L.)

by
EBIMOL N. L.
(2015-11-118)

Abstract of the thesis
Submitted in partial fulfillment of the

requirement for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY
COLLEGE OF AGRICULTURE
PADANNAKKAD, KASARGOD - 671 314
KERALA, INDIA

2017



ABSTRACT

The investigation entitled “Flux and dynamics of iron and aluminium in
wetlands of Kuttanad and its management for rice (Oryza sativa L.)” was carried out
at College of Agriculture, Padannakkad during 2015-2017. The objective of the study
was to evaluate the performance of two popular rice varieties viz. Uma and Prathyasa
to varying levels of iron and aluminium concentrations at different growth stages and
to examine suitable amelioration strategies. The entire experiment was conducted in
three parts, which included collection and analysis of soil sample from Kuttanad,
solution culture with graded levels of Fe and Al and a pot culture experiment using
the Kuttanad soil. As a preparatory to pot culture study, an incubation experiment
was also conducted using the bulk soil collected from Kuttanad so that nutrient
release pattern under submergence could be obtained.

Soil samples at GPS coordinates (latitude: 9°:18':56 .99, longitude:
76°:24":30"".68) were collected from the *Kari® lands of Kuttanad and brought to
College of Agriculture, Padannakkad and analysed for various physical and chemical
properties. It was observed that the soil has extremely low pH, very low available P
and toxic levels of Fe and Al. This soil was used tor incubation study and pot culture
experiment.

The incubation study was conducted with four treatments at two levels of
submergence (5 cm and 10 c¢m) in factorial CRD. The treatments were designed
based on the recommendations of KAU POP 2011 viz. lime @ 600 kg ha' (T));
phosphogypsum + ' lime @ 300 kg ha™' (T»); magnesium carbonate @ 50 kg ha' +
Y5 lime (@ 300 kg ha' (T3) and control (Ts).

During the submergence period among the various parameters monitored, a
steady increase was observed for pH, Ca and Mg of the soil. Application of

phosphogypsum + '2 lime showed the highest increase in soil pH and available

t29



caleium content and was highly effective in lowering the toxic concentration of Fe
and Al in the acid sulphate soils of Kuttanad.

The solution culture experiment was carried out using Hoagland’s nutrient
solution as nutrient medium in which four levels of Fe (200, 400, 800 and 1200 mg L
") and two levels of Al (50 and 100 mg L") were added in factorial combination and
experiment was designed in CRD. The treatment with 1200 mg L' Fe and 100 mg L'
Al suppressed the plant height, root length, root dry weight and recorded maximum
concentration of Fe and Al in the root and displayed thick iron coating (iron plaque)
around the root as observed in the root sections.

The third part of the investigation, pot culture experiment was conducted with
seven treatments as amendments and two varieties Uma and Prathyasa in factorial
CRD. The leachate was collected and analysed by placing a perforated pipe at the
centre of the pot. The treatments were designed based on the recommendations of
KAU POP 2011. The treatment combinations were: lime @ 600 kg ha' (T));
magnesium carbonate (@ 50 kg ha' + ' lime @ 300 kg ha™' (T>); phosphogypsum +
Y lime @ 300 kg ha' (T3); lime @ 600 kg ha' + potassium silicate 0.25% + 0.25%
boron (Ts); magnesium carbonate (@ 50 kg ha' + 1 lime @ 300 kg ha' + potassium
silicate 0.25% + 0.25% Boron (Ts); phosphogypsum + %2 lime @ 300 kg ha' +
potassium silicate 0.25% + 0.25% boron (Ts) and control (T7).

The application of amendments significantly improved the biometric
characters. The treatment Ts showed higher plant height and grain yield per pot
whereas Te¢ showed more number of tillers and maximum number of grains per
panicle.

The treatment Ts considerably reduced the Fe, Al and Mn content in soil and
leachate, which also recorded significantly higher of P, Ca, B and Si content in soil
and leachate. The treatment Ty also recorded highest plant nutrient concentrations of
N, P, K, Ca, S and B while significantly reduced the concentration of Fe and Al

whereas the treatment Ty reduced the Mn content, increased the Si content and
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maximum increase in value of soil pH. The highest soil available N, K and Mg was
recorded in treatment Ts which also showed highest plant content of Mg, Zn and Cu.

The acid sulphate soils of Kuttanad region are having constraints of extreme
acidic soil pH and pronounced toxicity of Fe and Al. This can be ameliorated using
amendments and can be made more productive. The results of the investigation
clearly indicate that application of phosphogypsum along with lime and foliar
application of B and Si enhances the grain and straw yield of rice. This treatment
also enhanced the available nutrient status of soil and plant nutrient content. It was

very effective in alleviating toxicity of Fe and Al.
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APPENDIX I

MONTHLY WEATHER DATA DURING THE CROP PERIOD

Period Maximum | Minimum | Rainfall | Relative | Evaporation |
temperature = temperature | (mm) humidity | (mm) I
('C) ('C) (%)

June 2016 | 32.62 23.94 126.10 | 78.03 3.29

July 2016 | 30.76 22.73 532.60 | 85.03 1.97

August 29.96 23.42 902.00 | 88.08 2.43

2016

September | 30.35 23.41 17.62 87.24 2.94

2016 7 )

October 31.21 23.44 12.51 87.91 3.48

2016 i

November | 31.35 23.62 265.70 | 84.57 3.15

2016 ) i

December | 31.39 23.05 106.80 | 81.75 2.95

2016

R

Yo
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