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1. INTRODUCTION

Rice {Oryza sativa L.), popularly known as the "King of cereals" is the

staple food crop of majority of the population of our country. India ranks second

in global rice production accounting, 157.2 million totmes per year (FAO Stat,

2017). It is a tropical crop capable of growing in wetlands and freshwater

marshes. About 10 per cent of the world's cultivable landmass is accounted by

wetlands. Due to the shrinking area under cultivation, the greatest potential for

expansion of cultivable land under rice lies in these wetlands. As long as the

population tends to increase in the developing nations, the demand for food

production also grows. Efforts have to be put in for expansion of the area under

rice cultivation and thereby stabilise food security. Wetlands are potential areas

for future cereal production. Crop productivity enhancement in cultivated lands is

also a strategy. Rice is the major crop suited for the wetland ecosystems. Proper

emphasis has to be laid to improve and expand rice production in these

unexplored new areas.

Kaipad, characterized by the unique saline hydromorphic tracts covers the

north Malabar districts of Kozhikode, Kannur and Kasaragod of Kerala. These

coastal wetlands are located approximately between the GPS coordinates 11.25°N

to 12.5°N latitude and 75.0°E to 75.77°E longitude (Vanaja, 2013). The Kaipad

tract covers an area of about 4100 hectares (Vanaja, 2013), a major part of which

about 2500 hectares is located in the Kannur district of Kerala. These are

brackish water tracts enriched with high inherent organic matter content and

essential nutrients thereby having a high production potential. Salinity, toxicity of

iron and aluminium are the major hurdles in enlianced productivity here.

Pedologically, these soils are dominated by the presence of different iron and

sulphur containing minerals like pyrite and jarosite.

An integrated farming system of rice cultivation and aquaculture is

practised in Kaipad. Rice cultivation is practised during the first season in the low

to medium saline phase of production cycle during June to October after the onset



of monsoon showers. These areas are subjected to periodic floods in the monsoon

and prevalence of high salinity during the summer season. The 'Kaipad' rice

which is cultivated in the coastal wetlands of Kerala has been included in the

Geographical Indications (GI) registry which is a part of the Intellectual Property

regime. 'Kuthiru' and 'Orkayama' are the popular traditional land races widely

grown in these tracts (Vanaja and Mammootty, 2010). Ezhome-I is a high

yielding variety which has 60 to 70 per cent more production potential than that of

traditional land races.

The coastal wetlands of Kerala account about 13 per cent of the total

geographical area of the state and plays important roles in ecological, economic

and social well-being of the people. Large quantities of carbon are sequestered by

Kaipad lands and thereby acts as a terrestrial carbon sink. All wetlands avoid

accelerated emission of carbon as carbon dioxide and thus act as a promising

option for alleviating climate change (CPGD-Kerala).

The growth and yield parameters of rice in wetlands are greatly affected

by excess concentration of certain nutrients including iron and aliuninium. Iron

toxicity is a nutrient disorder which occurs in submerged soils and is associated

with large concentrations of reduced iron in the soil solution. Iron induced yield

reduction is frequently associated with a poor nutrient status of the soil (Benckiser

et al., 1983). The typical visual symptom is the "bronzing" of rice leaves and

associated yield losses. The severity of iron toxicity depends on the content and

type of the clay minerals, exchangeable soil iron and soil pH.

High amounts of soluble Fe-"" (100-1000 mg L"') is found in acid soils

(Ponnamperuma, 1972). During reduction of Fe (III) oxides, the availability of

aluminium also increases to toxic levels (Fischer, 1983). Rice yields were

reduced by 12 to 100 per cent, depending on the intensity of iron toxicity stress,

soil fertility and the iron tolerance limit of the genotype (Sahrawat, 2005). The

appearance of iron plaque on the roots of aquatic plants is a common feature in

such soil. Antagonistic effects on the uptake of many essential nutrients such as



P, K, Mn and Zn has been reported due to the presence of higher concentration of

ferrous ions. This has resulted in an increased presence of deficiency symptoms

>  of these nutrients and consequent reduction in yield in lowland rice(Fageria et al.,

2008).

Aluminium is one of the major constraints that limit nutrient uptake,

growth and rice yields (Fageria and Carvalho, 1982). It limits the root growth in

acid soils, exhibits a variety of nutrient deficiency symptoms, with a consequent

decrease in yield. Prolonged exposure of the roots to varying concentrations of

aluminium leads to nutrient deficiencies like phosphorus, potassium, calcium and

magnesium (Haug and Vitorello, 1996). At soil pH below 5.0, aluminium

speciates into its various soluble forms, among which Al^^ is the most

predominant form that is highly toxic to plants (Florst et al., 1983) and thus makes

^  the plant susceptible to lodging and nutrient deficiencies.

Some wetland soils are characterised by specific problems such as salinity,

high sodium content, low pH or poor physical properties following drainage

(Guthrie, 1984). The rice growing areas in the Malabar regions are not

completely protected against periodic salt water intrusion during the rainy season.

It rainfall is low, saline water will enter the field during high tides and destroy the

crop. Salinity level of < 8 dS m"' is considered critical for rice (Maas, 1986).

Excess salinity within the plant root zone has a deleterious effect on plant growth

by causing reduction in transpiration and growth rates. Silicon is reported to play

a significant role in reducing iron toxicity, aluminium toxicity and also various

abiotic stresses including salinity and drought (Liang et al., 2007). It also imparts

resistance to various plant diseases through its defensive reaction mechanisms.

Even though salinity is a constraint limiting the production, it can be

overcome by the use of proper amendments, management practices and salt

tolerant varieties.

With this background, the present investigation is proposed with the following

objectives:



1. To investigate the status of iron and aluminium in saline hydromorphic

soils of Kaipad

2. To evaluate the performance of popular traditional rice varieties to varying

levels of iron and aluminium concentration at different salinity levels and

3. To examine amelioration strategies for iron and aluminium toxicity.

yK
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2. REVIEW OF LITERATURE

The present study entitled "Dynamics of iron and aluminium toxicity on

rice (Oryza sativa L.) in saline hydromorphic soils of Kaipad" was undertaken to

investigate the status of iron and aluminium in saline hydromorphic soils of

Kaipad, evaluate the performance of popular rice varieties to varying levels of

iron and aluminium concentration at different salinity levels, and examine

amelioration strategies for iron and aluminium toxicity. A short review of the

above aspects is presented in this chapter.

2.1 Rice statistics in India and the world

Rice is a staple cereal food crop of about half of the world's population. It

is grown throughout the tropics and sub tropics. More than 42 per cent of the total

calories consumed by the human population are supplied through rice. Asian

population depends more on rice for their dietary requirements than other

countries (Chand, 1998). Even though India has the largest acreage of about 45

million hectare under rice, it stands second in production next to China. The

world rice production accounted for about 472 mT in 2015-16. According to the

second advance estimate of 2016-17, rice production in India accounted for about

110 mT (Directorate of Economics and Statistics, 2017).

2.2 Rice production in wetlands

Wetlands are potential regions for successful production of rice. About

one fifth of the area in Kerala is accounted by these wetlands. Due to their high

adaptability to these regions, rice is the major crop grown here. About 37 per cent

of the rice production in Kerala is accounted by these wetlands (Joseph, 2016).

The major rice cultivating lowlands of Kerala include Kaipad, Kuttanad, Pokkali

and Kole lands. Kaipad tracts is characterised by the presence of saline

hydromorphic soils and covers the North Malabar districts of Kozhikode, Kannur

and Kasaragod. The growth and yield parameters of rice in these wetlands are

greatly affected by various abiotic stresses such as salinity, excess concentration



of certain nutrients including iron and aluminium (Boyer, 1982; Dobermann and

Fairhurst, 2000).

2.3 Rice cultivation in Kaipad lands

Kaipad, characterized by the unique saline hydromorphic tracts covers the

North Malabar districts of Kozhikode. Karmur and Kasaragod of Kerala. Rice

cultivation is practiced during the first season in the low to the medium saline

phase of production cycle during June to October after the onset of monsoon

showers. These areas are subjected to periodic floods in the monsoon and

prevalence of high salinity during the summer seasons. The entry of salt water

from the sea during the summer months leads to the salinization of these soils.

Further, this salinity gets washed off by the south west monsoon leading to

decline in the salinity levels. Rice cultivation is carried out by the preparation of

mounds during the month of April/ May. Then, after the first showers of

monsoon, the sprouted seeds are sown on top of these mounds. After 45 days, the

mounds are disassembled without causing any damage to the rice roots and spread

uniformly. The rice crop is harvested in November-December after which shrimp

culture is taken up in these lands.

2.4 Iron toxicity and its effects

Iron toxicity commonly occurs in acid sulphate soils that are rich in

reducible iron with low to moderately high organic matter (Pormamperuma,

J- 1972). Ponnamperuma et al. (1955) also reported that iron toxicity is a nutritional

disorder caused due to the immobilised ferrous (Fe"^) ions in soil solution. The

iron toxicity affected roots appear scanty, coarse, blunted and dark brown in

colour. On flooding, the iron reducing bacteria oxidises the organic matter and

reduces Fe^^ thereby the concentration of ferrous ions (Fe*^) in soil solution

increases (Sahrawat, 2003).

Bronzing in wetland rice was first reported by Woodhouse in 1913 from

the rice grown in wetlands of Champaran and Dharbanga districts of Orissa (Sahu,

1968). According to a survey of the rice cultivating areas, about 42 per cent of the



wetland rice showed bronzing symptoms (Verma, 1991). The formation of iron

plaque, as an exclusion mechanism in the roots of rice plants limits the absorption

of minerals, such as iron itself (Snowden and Wheeler, 1995; Deng et ciL, 2009).

The important criterion for iron toxicity in submerged rice soils includes a pH less

than 6.5, high reserve acidity, reducible iron content, salt content etc.

(Ponnamperuma, 1976).

Sahrawat et ol. (1996) reported a decline in lowland rice yield by 12 to

100 per cent depending on the intensity of iron toxicity and tolerance of the

cultivar. Sahu (2001) reported that iron toxicity in wetland rice is a complex

nutrient disorder and the deficiencies of various other nutrients viz. P, K, Mg, Mn

and Zn plays an important role. Ottow (1981) stated that as the organic matter

content of the soils increases, the more intensive will be the ferrous ion

accumulation.

Singh and Singh (1988) reported that the symptoms of iron toxicity occur

in rice in about 50 to 55 days after transplanting. Iron toxicity during the

vegetative stages showed reduced plant height and dry matter accumulation with

the shoot being more affected than the root biomass (Fageria et al., 1984).

The amount of iron plaques on field-grown rice roots were significantly

related to the type of soil, growth stage and the rice cultivars (Chen et al., 1980a).

Chabbi (1999) testified that iron forms a precipitate on the surface of roots in

Junciis bulbosus, which mainly consists of goethite. Predominance of ferrihydrite

precipitates was reported on Phalaris arundinacea (Hansel et al., 2001). They

also reported that iron plaque existed as a continuous precipitate or as an

amorphous coating with an uneven distribution on the roots in the field and

laboratory conditions.

Culture solutions with iron concentration in the range 10 to 1680 mg L"' or

higher showed iron toxicity symptoms (Narteh and Sahrawat, 1999). They also

reported severe iron toxicity symptoms in the soil solution during the field

experiments with Fe^^ ions in the range of 50 to 150 mg L"'. Appearance of iron



toxicity is also influenced by the reduction products such as sulphides and other

organic acids apart from the excess ferrous ion concentration in soil solution

(Breemen and Moormann. 1978).

Field experiment studies on iron toxicity in West Africa showed that both

iron tolerant and susceptible varieties had high concentration of total iron ranging

above the critical limit of 300 mg kg"' plant dry weight (Sahrawat, 2000).

Audebert and Sahrawat (2000) reported that the best and the sustainable results

against iron toxicity could be obtained by a combination of iron tolerant varieties,

improved soil, water and nutrient management practices.

Sahrawat et al. (2001) concluded from his field experiments that iron

toxicity can be reduced by the application of nutrients such as P, K and Zn whose

requirement is increased under iron toxicity situations. The reduced condition of

submerged soils is highly related to iron toxicity, which increases the

concentration and uptake of ferrous form of iron (Fe'^). Iron toxicity has been

observed in flooded soils with a pH below 5.8 when aerobic and pH below 6.5

when anaerobic.

Indirect iron toxicity is caused due to the nutrient imbalance in plants and

this is more common in lowland rice compared to direct iron toxicity (Fageria et

al., 2006). The major form of iron uptake by plants is ferrous (Fe"^) ion (Lindsay

and Schwab, 1982). So, iron has to be reduced to Fe^^ form for uptake by crop

plants. The lower pH of the rhizosphere solubilizes Fe^^ to Fe'^ form.

Weathering of parent materials releases significant amounts of nutrients in the soil

solution, including iron. When the Fe"^ concentration of reduced or submerged

soils is high, its uptake may be in excess than plant demand and becomes toxic to

rice plants. Ponnamperuma (1976) reported that the ferrous ion concentration in

most soils increases upon flooding and reaches a maximum after 2 to 5 weeks

after submergence.



The reduction of Fe^^ to Fe"^ is expressed by the equation:

Fe (0H)3 + + e- <=»Fe-'"+ 3H2O

The ferric ion in soil is converted into ferrous ion in the redox potential

range of +180 to +150 millivolts (Ponnamperuma, 1976). Apart from the

reduction of Fe^^ to Fe"^, manganese (Mn)"*^ is reduced to Mn'^, nitrate (NO3") to

dinitrogen (N?), sulphate (SO4"") to hydrogen sulphide (HjS), carbon dioxide

(CO2) to methane (CH4), and to H2 in submerged soils (Ponnamperuma, 1977).

Breemen and Moormann (1978) reported that high salinity caused due to

sodium chloride or magnesium chloride also increased the iron uptake thus

aggravating iron toxicity. Adams (1984) stated that soil pH is highly variable in

nature due to the dynamic nature of the different soil processes and the interaction

of these processes with plants and microorganisms. With the increase in soil pH,

iron gets converted to less soluble forms, and finally to the oxide forms Fe203.

Yamauchi (1989) reported that the reduction in severity of bronzing and

increase in dry matter production of rice plants could be achieved through the

application of potassium sulphate. As the severity of bronzing decreases, the

accumulation and concentration of potassium in the shoots were found to increase.

It was reported that the iron concentration was decreased by the dilution effect

caused by the increase in dry matter production.

Fageria et al. (1990) stated that the solubility and availability relationships

for iron are very complex and has not been defined completely. But, the principal

iron toxicity inducing factors are release of iron from parent material to soil

solution, change in redox potential, increase in ionic strength, low soil fertility,

low soil pH, soil organic matter content, microbial activities, interaction with

other nutrients and plant genetic variability.

Iron interaction with other nutrients may be antagonistic, synergistic, or

neutral depending on the growth response of plants. If the growth response is

greater with two combined factors when compared to the sum of their individual
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effects, then it is a positive interaction and when the combined effects are less,

then the interaction is negative (Sumner and Farina, 1986; Fageria et al., 1990).

Interaction of nutrients can be measured in terms of influence of one

nutrient on the uptake of other nutrients. Antagonistic interactions with other

nutrients were found to reduce the availability of iron to rice plants and vice versa.

Such type of negative interactions results from interactions that occur either

internally or externally to the root surface. The externally occurring interactions

are usually precipitation or similar reactions that reduce the chemical availability

of the nutrients. The interactions that influence absorption or utilization processes

alters the effectiveness of a nutrient by reducing its physiological availability

(Fageria e/a/., 1990).

^  Olsen and Watanabe (1979) reported that the interaction of iron with
manganese is antagonistic in nature. Fageria et al. (1981) reported that the rice

plants developed resistance to iron toxicity with the advancement of age of plants.

Ponnamperuma et al. (1955) reported iron toxicity in rice plants when the

soluble iron in soil solution was more than 300 to 500 mg kg"'. Wells et al.

(1993) reported that the critical range for iron concentration in the plant tissue was

in the range of 70 to 300 mg kg '. Fageria et al. (1981) reported from his

experiments that the toxic level of iron in the whole plant tops was 680 mg kg"' in

20 days old plants and 850 mg kg"' in 40 days old plants. But, the toxic

^  concentrations also depend on the rice cultivars.
f

Makerim et al. (1991) stated that the clay content of iron toxic soils

grouped under Ultisols and Oxisols were normally high. Complexed iron fraction

constituted 15 to 40 per cent of the total iron in reduced paddy fields (Yu, 1976).

Zhang et al. (1998) reported the inhibition of zinc uptake by rice roots due

to the adsorption of Zn'^ on the precipitates of iron hydroxide as iron plaque on

roots. The presence of high iron content in soil suppresses the absorption of

copper by rice (Das, 2014).
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2.5 Alleviation of iron toxicity

The presence of adequate amount of silicon and potassium in the soil

solution were found to increase the oxidizing power of rice roots and thereby

decreased the excessive iron uptake by the plants (Tadano, 1976; Yoshida, 1981).

Application of potassium in higher doses increases the root oxidising

power of rice, and results in oxidation of ferrous form to ferric form and thus

excludes this ion from uptake. But, the application of potassium chloride to iron

toxic soils adds up the problem whereas, application of potassium sulphate helps

in alleviating the problem. Proper application of fertilizers helps in improving the

productivity of iron toxic soil (Ismunadji et al., 1989). The rice yield was found

to increase from 2958 to 5594 kg ha"'. They also reported that the percentage of

empty grains or chaffmesss can be reduced up to 30 per cent on application of

potash in these iron toxic soils.

Breemen and Moormann (1978) opined that iron toxicity can be alleviated

by liming the soil, delaying the planting or through late flooding to avoid excess

iron in the early stages and providing sufficient iron in^ the reproductive phase of

the plant development.

Nurlaeny et al. (1996) reported that liming increased the shoot dry weight

in soyabean and com grown on acid soils of tropical regions. Zaini et al. (1990)

suggested that intermittent drainage could help in reducing the severity of iron

^  toxicity. Benckiser et al. (1984) suggested that calcium and magnesium plays an
important role in alleviating iron toxicity in rice.

Immobilisation of phosphorus by iron and aluminium can be reduced by

application of lime in acid soils and thereby improve the phosphoms in soil

solution (Fageria and Baligar, 2008).

2.6 Aluminium toxicity

Aluminium toxicity is a major constraint limiting the crop production in

the acid soils of tropical and subtropical regions. About 25 to 80 per cent of yield
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losses are reported depending upon the species of the plants (Sade et al., 2016). It

is severe in soils with low base saturation and poor calcium and magnesium

contents, thereby leading to a reduction in rice yield (Vitorello et al, 2005).

When the pH is above 5, the water-soluble aluminium content is low and it

increases when the pH falls below 5 and becomes considerably higher at soil

reaction below 4.5 (Nomoto and Kisida, 1959). When the soil becomes more

acidic, aluminium is solubilized into the most phytotoxic form Al (H20)6^^

dominant in ion (Matsumoto, 2000).

Rice is an aluminium tolerant crop having different levels of tolerance to

aluminium (Ishikawa et al., 2000), and the tolerance level varies with the cultivars

(Jan and Pettersson, 1993). Aluminium toxicity is a major nutrient disorder which

affects the rice productivity in uplands and lowland acid sulphate soils

(Vasconcelos et al., 2002). Rice is not an aluminium accumulator (Chen and

Shen, Institute of Soil Science, CAS, China, unpubl. res.). Shen and Ma (2001)

reported much less accumulation of aluminium in the rice shoots compared to that

of buckwheat. Kochian et al. (2004) reported that aluminium toxicity is usually

localized to the root apex region.

Pavar and Marshall (1934) reported that aluminium toxicity causes poor

root penetration and reduced plant growth. The reduction in root growth restricts

the uptake of water and nutrients thus leading to poor growth of plants by

dismrbing the metabolism in plants. Roy and Bhadra (2014) stated that toxicity of

aluminium also inhibits shoot growth by inducing nutrient (P, Ca and Mg)

deficiencies, drought stress and hormonal imbalances. They also concluded from

their hydroponic culture studies on rice that the toxic levels of aluminium in the

nutrient solution was found to significantly reduce the seedling root growth and

shoot length, number of primary roots, number of leaves per seedling, seedling

fresh and dry weights.
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Wang et al. (2008) reported that aluminium could alleviate and Cu""^

toxicity. Root length is usually used as a criterion for determining the tolerance to

aluminium toxicity in rice (Zhang et al., 2007).

2.7 Alleviation of aluminium toxicity

Aluminium toxicity can be alleviated conventionally with the application

of phosphorus (Chen et al., 2012). Calcium application was reported to decrease

the aluminium content in root tips without displacement (Shen et al., 1993).

Aluminium toxicity could also be alleviated by the application of magnesium in

wheat which is similar as in the case of calcium application (Watanabe and

Okada, 2005).

Secretion of organic acid like malic acid from the roots of wheat was

A  reported as an aluminium tolerance mechanism in crops like wheat (Delhaize et
al., 1993), maize (Pellet et al., 1995) and citric acid in soybean (Yang et al.,

2000). But, Ishikawa et al. (2000) reported that secretion of organic acid from

roots is not a primary mechanism for aluminium tolerance in rice.

Watanabe and Okada (2005) reported that application of sodium at ionic

strength similar to calcium application was found to alleviate aluminium toxicity

in rice cultivars. Soil amendments help in reducing aluminium toxicity to an

extent, but are expensive and impractical due to the problem of subsoil acidity in

acid sulphate soils.

t-

Phosphogypsura contains the elements calcium, sulphate in major amounts

and phosphorus, silicon and fluorine in substantial amounts. It is a by-product of

the phosphoric acid industry and their addition as amendments helps in the

formation and retention of aluminium hydroxyl polymers (Illera et al., 2004b). It

contains mainly calcium sulphate and small contents of phosphorus and fluorine.

About 2.4 million tons of phosphogypsum are produced in Brazil every year

(Freitas, 1992). The use of phosphogypsum as an amendment in acid soils can be

an alternative option for the disposal of such a bulky by-product of the fertiliser

industry.
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Phosphorus application reduces the solubility of aluminiiun in the growth

medium resulting in reduction of its toxicity (Wright, 1937). The precipitation of

aluminium on application of phosphorus occurs not only in the growth media, but

also within and on the root surface (Vlamis, 1953).

Elisa et al. (2016) concluded from their study that application of calcium

silicate on acid sulphate soils induced a positive effect on soil pH by increasing

the pH from 2.9 (initial) to 3.5 and exchangeable aluminium by reducing it from

4.26 (initial) to 0.82 c mol (P^) kg Thus, calcium silicate can be used in

alleviating aluminium toxicity. Elisa et al. (2016) concluded from their

incubation studies that application of 2 and 3 Mg ha ' calcium silicate showed a

significant decrease in the exchangeable aluminium content at 30 and 120 days of

incubation.

Dietzel et al. (2009) recommended liming as a remedy for correction of

aluminium toxicity. The positive response of lime application to rice yield in

continuously flooded soils was experimented and confirmed by Khunthasuvon et

al. (1998). Reeve and Sumner (1972) suggested that aluminium toxicity can be

overcome by self-liming effect wherein, the hydroxyl ions are displaced by the

sulphate ions from hydrous oxides of aluminium and iron. Noble et al. (1988)

reported the reduction in Al^^ activity by the formation of soluble AISO/ ion pair
in roots of soybean grown in nutrient solution.

Rabileh et al. (2015) reported that the amelioration of infertile acid

sulphate soils can be done by application of appropriate rates of amendments like

lime, basalt, gypsum etc. alone or with their combinations. The application of

such ameliorants helps in increasing the soil pH, reduces aluminium toxicity,

supplies calcium and magnesium resulting in improved growth and development

of rice.

Addition of organic matter to the soil acts as an additional source of

nutrients, reduces fixation of phosphorus, aluminium and manganese toxicity, and

leaching of the nutrients (Baligar and Fageria, 1999).
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2.8 Effect of silicon on crops

Silicon is a beneficial element which helps in the growth of rice. It is

concentrated in plant tissues in quantities similar to that of macronutrients.

Significant reduction in the damages caused due to various abiotic stresses like

drought, salinity, nutrient imbalance, as well as biotic stresses like insect, pests

have been reported by the application of silicon (Nakata et al., 2008).

Famaz et al. (2012) reported that the application of silicon helps in

reducing the severity of fungal diseases like blast and sheath blight of rice.

Potassium silicate application at the rate of 12 gram per nursery bed was effective

in controlling the occurrence of blast of paddy (Maekawa et al., 2001).

Plants absorb silicon in the form of mono-silicic acid Si(OH)4 (Rodrigues

& Datnoff, 2005). The silicon content in the tissues of most terrestrial plants

varies from 0.1 to 10 per cent on a dry weight basis (Ma and Takahashi, 2002).

There have been reports of silicon deficiency in highly organic soils, as these soil

contain low amount of minerals (Elawad & Green, 1979). Silicon is regarded as

an "agronomically essential element" in Japan and hence, silicate fertilizers have

been applied to paddy soils.

Temperate regions have reported higher rice productivity compared to the

tropics (Rodrigues & Datnoff, 2005) because, the amount of silicon in the

temperate region soils is about 5 to 10 times higher than its amount in the tropics

(Foy, 1992). Bowen et al. (1992) confirmed that foliar applications of silicon

increase the resistance against pathogens in plant species which do not absorb

silicon efficiently. Silicon fertilization has found to increase both the quality and

quantity of crops such as rice and sugar cane (Komdorfer & Lepsch, 2001).

Barcelo et al. (1993) reported that silicon is efficient in reducing

aluminium toxicity. Ma et al. (1997) suggested that amelioration of aluminium

toxicity in com roots was due to the formation of complexes of aluminium and

silicon in solution, instead of any physiological effect of silicon on the com
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plants. They also reported that the concentration of phyto-toxic ion, was

reduced in the presence of silicon and this decrease was paralleled by an increase

in root length.

In some species, a high proportion of about 85 to 90 per cent of the

aluminium ions taken up by tlie plant roots remains in the apoplast (Clarkson,

1967). Co-precipitation of the two elements in the plant roots is considered as a

possible mechanism for the detoxification of aluminium by silicon (Hodson and

Evans, 1995).

Zsoldos et al. (2013) confirmed that application of silicon to the plants

growing in an acidic medium, not only helps in ameliorating aluminium toxicity

in plants, but also stimulates root elongation at low concentration of aluminium

Monocot plants generally contain higher concentration of silicon

compared to dicot plants. This can be related to the higher ratio of 'mineral cation

: mineral anion' uptake in dicots than in monocots. An increase in the

rhizospheric pH is caused by the excess of anions absorbed in the presence of

anionic silicon. This eventually leads to an efflux of hydroxyl ions and, thus

could significantly decrease the aluminium uptake (Wallace, 1992).

Ma et al. (1989) observed a remarkable increase / decrease in the

percentage of filled spikelets on addition / removal of silicon during the

reproductive stage. Okuda and Takahashi (1961b), based on their studies

suggested that application of silicon after panicle initiation stages had a

remarkable effect on the plant height, grain weight and uptake of silicon.

An increase in the weight of one thousand grains was reported by Mizuno

(1987) with the increase in the silicon content of the hull in rice. Silicon plays an

important role in alleviating various abiotic stresses viz. salinity, metal toxicity,

drought stress, nutrient imbalance etc. by the mechanism of accumulation of silica

on the surface of the tissues (Ma, 2004).
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Liang et al. (1994) reported that the grain yield, spike number and filled

grain percentage and grain to shoot ratio of the silicon treated rice in calcareous

^  soils showed a significant increase as compared to the control. Li et al. (2012)
reported that Mn toxicity in rice can be alleviated through silicon application and

thereby decrease the accumulation of manganese in the shoots.

2.9 Submergence of soils

The submergence of acid soils for a prolonged period decreases the

availability of nutrients such as sulphur, boron, copper and zinc (Karan et ai.,

2014). The availability of sulphur under flooded condition is reduced due to the

formation of sulphides. They also reported that liming of acid soils reduces the

availability of S, Cu, Fe, Zn, Mn and Al but increases the availability of boron

irrespective of the soil moisture regime. An increase in pH value to neutrality was

observed due to the continuous submergence of acid soils.

The sulphur availability in lowland paddy decreases due to the slower

mineralisation of organically bound sulphur (Bell and Dell, 2008). Patnaik and

Mandal (1982) reported that the submergence period and redox potential

influences the reduction in micronutrient availability due to increase in

concentration of iron and bicarbonate concentration. Ponnamperuma (1972)

reported that the submergence of soils increases the concentration of H2CO3,

HCO^' and C03"' in the soil solution which may lead to the precipitation of zinc

>
and copper as their carbonates.

2.10 Salinity as a constraint

Salt stress is becoming one of the key factors that restrict agricultural

productivity, especially in irrigated areas and in rainfed coastal areas (Castillo et

al., 2000). Boron has been found in toxic levels in saline and sodic soils

(Hutchison & Viets, 1969).

Rice is a crop which is tolerant to salinity during germination, becomes

sensitive during early seedling growth, and finally becomes more tolerant as it
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matures (Hakim et al., 2010). Rice production has mostly been observed to be

affected by soil salinity. In India, an area of about 4 million hectare saline soil is

under rice production (Paul and Ghosh, 1986). The soil in Kaipad tracts is saline

hydromorphic having an acidic soil pH throughout the depth of soil profiles

(Samikutty, 1977).

The typical symptoms of salt injury in rice include stunted growth, rolling

of leaves, white colour of leaf tip, drying of the older leaves, poor root growth

etc. (Fonnamperuma and Bandyopadhya, 1980). Noreen and Ashraf (2008) have

reported reduced plant growth rates, loss of turgor, premature senescence and

abscission of leaves due to the high concentration of soluble salts in the root zone

of sunflower plants.

Akbar (1975) reported adverse effects of high levels of chloride on nitrate

and phosphate uptake under saline environment in rice seedlings. Rahman et al.

(2012) reported that the growth of plumule as well as the radicle decreased

significantly with increasing arsenic and sodium chloride concentration.

Almansouri et al. (2001) reported that seed germination and seedling

establishment are inhibited or delayed by salt and osmotic stresses in wheat. High

salinity is detrimental to plant growth as it causes different nutritional disorders by

decreasing the uptake of cations, such as potassium and calcium, and also of

anions such as phosphorus and nitrate (Asch et al., 2000).

Ehrler (1960) dealt with the various effects of salinity levels on rice grown

'  in nutrient solution and found out that the grain yield was much more affected

than the growth. He also reported that the composition of the salt added (sodium

chloride, sodium sulphate or calcium chloride) had no specific effect on the

growth or yield of the plants.

Pearson (1959) reported that all growth criteria were not affected to the

same degree by salinity. He also found that the plant height, number of tillers,

straw dry weight, grain weight etc. were reduced at different extents when the

electrical conductivity was 1 IdS m"'.
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Maas and Hoffman (1977) reported that the germination ability of seeds

under saline conditions varies from one crop to another. 'Kuthiru and Orkayama'

^  are reported to be saline tolerant land races from Kaipad tracts of Kerala.
Ezhome-1 and Ezhome-2 which are saline tolerant, non-lodging and high yielding

varieties have been released using the local land races as donor parents (Vanaja

and Mammootty, 2010).

Ponnamperuma (1994) opined that the crop yield markedly decreases with

an increase in salt concentration, but the threshold concentration and yield

decrease vary with the crop species and cultivar. Khatun et al. (1995) reported

that the panicle lengths, number of spikelets per panicle and 1000 grain weight

were significantly affected by salinity.

Turan and Aydin (2005) opined that the uptake of nutrients like iron,

manganese, zinc and copper was increased in crop plants grown under salinity

stress. High salt concentration increases osmotic stress (Mohanty et al., 2002)

and leads to the accumulation of excess amount of sodium in plants (Zhu, 2001).

A drastic decrease in the potassium content of salt-sensitive rice varieties

was observed due to salinity. The salt susceptible rice cultivars have low ratio of

K/Na in leaves and high grain yield reduction under salinity (Asch et al., 2000).

The rice cultivars which are salt tolerant accumulates less amounts of sodium,

chlorine, zinc and proline and more amounts of potassium at roots and shoots than

salt-sensitive varieties. Transport of phosphorus from roots to shoot was inhibited

^  in the salt-sensitive cultivars.

Lipman et al. (1926) investigated, on the effects of varying concentrations

(0 to 15,000 ppm) of sodium chloride in solution culture on the growth of wheat,

barley, and peas, and found out that sodium chloride concentrations in the range

500 to 1,000 ppm suppressed the growth particularly in the early stages, but

higher concentrations may stimulate it. Adverse effects on spike length, paddy

and straw yield were observed due to salinity (Ehsan-Ul-Haq et al., 2009).
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2.11 Remediation of salinity effect on crop

External supply of boron significantly improved panicle length over

control up to 6.0 kg B ha"' in saline and up to 3.0 kg B ha"' in saline sodic soil. A

significant decrease in Na^ concentration was observed as a result of boron

application up to 1.5 kg ha"' in saline as well in saline-sodic soils over control.

Boron application at the rate of 1.5 kgha"' to salt affected soils (saline and

saline-sodic), improved number of tillers per plant, panicle length, straw and

paddy yield of all rice (Ehsan-Ul-Haq ei ciL, 2009).

The high level of Ca* in saline soil provides relief to boron toxicity (Lai

et al., 1979). Excess boron is assumed to combine with Ca"^ to form a compotmd

which is no longer toxic to the plant (Werkhoven, 1964).

2.12 Effect of gypsum as an amendment

The electrical conductivity and exchangeable sodium percentage values

were found to decrease on application of a mixture of farm yard manure and

gypsum (Abou El-Defan et al., 2005). Wong et al. (2009) proposed that the

adverse soil properties associated with sodic soils were found to reduce on

addition of organic matter in conjunction with gypsum.

It was reported by Raza et al. (2001) that broadcasting of gypsum reduced

the sodium adsorption ratio of soil by 59 per cent at 0 to 30 cm depth and 8 per

cent at 30 to 60 cm depth. Gong et al. (2006) have reported on the role of silicon

in alleviating salt stress in rice. Matoh et al. (1986) proposed that the deposition

of silica in the leaves reduced the transpiration and thereby helped in decreasing

the accumulation of salt.

2.13 Effect of phosphogypsnm as an amendment

Carvalho and van Raij (1997) concluded from their experiments that acid

subsoil containing low amounts of calcium or toxic aluminium contents can be

ameliorated by the use of phosphogypsum at the rate of 10 mmol Ca'^ dm"^ of
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soil. Calcium carbonate was reported to reduce the activity of by increasing

the pH.

Cameron et al. (1986) opined that application of phosphogypsum would

be more effective in reducing the toxicity caused by aluminium than by the use of

pure calcium sulphate due to the presence of fluorine in phosphogypsum.

Fluorine is an anion capable of forming more stable complexes with aluminium

than SO4"'.

The fresh root weight of Komatsuna Brassica rapa L. cv. Natsurakuten

was found to increase by 31 per cent on application of phosphogypsum at the rate

of 0.30 g kg"' compared to limestone (Takasu et al., 2006). Phosphogypsum has

calcium in soluble form which is capable of correcting subsoil acidity also when it

is applied to the surface (Deepa, 2008; Alcordo and Recheigl, 1993).

Alva et al. (1990) stated that the positive effects of phosphogypsum in

reclamation of acidic soils are related to the reduction in mobile aluminium

concentration. A reduction in mobile aluminium by 7 to 40 per cent was observed

on saturating the soil with 2 g L"' phosphogypsum solution.

According to Vyshpolsky et al. (2010), the negative effects of excess Mg^^

in soil structure can be overcome by the application of phosphogypsum in

irrigated areas. Vukadinovic et al. (2016) reported that phosphogypsum and

gypsum can be used as excellent substitutes for carbochalk and other liming

materials in neutralizing the excess of aluminium in acid soils or sodium in

alkaline soils.

The application of phosphogypsum as a fertilizer at the rate of 100 to 600

kg ha"' was reported to show a significant increase in yield in about 50 types of

crops (Hilton, 2006). Soratto et al. (2008) noted from his studies on rice

cultivation that the application of phosphogypsum when combined with lime

showed positive effects on the amount of sulphur in leaves and yield.

2.14 Effect of lime on soil

The role of different liming materials such as burnt lime or quick lime,

slaked lime, calcite, dolomite and limestone in reducing the solubility of
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aluminium, iron, manganese etc. and increasing the availability of nutrients like

calcium, phosphorus and crop yields were reported by Mandal et al. (\915) and

V' Tripathi et al. (1997).
Amelioration of acid soils by the use of conventional liming materials

such as calcium oxide, calcium carbonate, calcium hydroxide etc. in ameliorating

acid soils are limited to the depth of incorporation only, due to their low mobility

and solubility (Brown and Munsell, 1938; Pearson et al, 1973; Recheigl et al,

1985; Sumneretfl/., 1986; Farina and Channon, 1988).

Prasad et al. (1984) studied on the beneficial effects of application of lime

at the rate of 2.5 t ha"' in a strongly acidic soil cultivated with barley and maize

and reported that it helped in promoting the availability of calcium and

phosphorus with higher yield. Liming is one of the best management options in

ameliorating soil acidity for successful crop production. Liming at the rate of 2 t

ha" in laterite soil had increased the soil pH by two units by decreasing the

exchangeable aluminium content (Enright, 1984).

Application of lime at the rate of 18.4 t ha"' showed a significant increase

in the concentration of calcium, magnesium and potassium concentration in the

top soil (Blaszcyk et al, 1986). A reduction in the extractable and exchangeable

iron, aluminium and manganese in acid soils was reported on application of lime

(Bishnoi et al, 1987). Gama (1987) proposed that the release of non-

exchangeable potassium and slight magnesium fixation seen in acid soils could be

achieved through the application of calcium carbonate.

^  Martini et al. (1977) reported that increase of soil pH from 4.8 to 5.7 and
reduction of exchangeable aluminium content to 1.5 c mol (P^) kg"' soil is an

effective means of optimising the yield rather than raising the pH to neutrality.

Sumner et al (1986) reported that addition of lime deep into the soil helped in

increasing the development of roots and thereby resulted in higher crop yields.

2.15 Role of magnesium sulphate

The levels of magnesium present in the soil are declining over time due to

crop removal, soil erosion and leaching losses. High levels of potassium, calcium

v
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and low soil pH, temperature and dry soil conditions also contribute to

magnesium deficiency. Bhaskar et al. (2013) reported that the application of

magnesium sulphate at the rate of 3 g m"^ showed significant increase in growth

and grain yield compared to the control. The uptake of magnesium is highly

influenced by the availability of other cations like NH4^, Ca'^ and (Romheld

and Kirkby, 2007).

Yamauchi and Winslow (1989) based on their studies in upland rice

reported that nitrogen, potassium, silicon and magnesium were necessary to

produce high dry matter. They also reported that magnesium and silicon were

necessary for protecting the rice plants against grain discolouration and in

increasing the grain yield by an average of 34 per cent.
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3. MATERIALS AND METHODS

An investigation entitled "Dynamics of iron and aluminium toxicity on

rice (Oryza sativa L.) in saline hydromorphic soils of Kaipad" was carried out at

College of Agriculture, Padannakkad during the academic year 2015 to 2017. The

objectives of the study were to investigate the status of iron and aluminium in

saline hydromorphic soils of Kaipad, evaluate the performance of popular rice

varieties to varying levels of iron and aluminium concentration at different

salinity levels, and examine amelioration strategies for iron and aluminium

toxicity. The study was carried out in four parts.

Part A: Collection of soil samples and analysis of physical and chemical

properties

Part B; Incubation study to know the release pattern of nutrients in the soil

Part C: Solution culture experiment

Part D: Pot culture experiment

The various materials and methods falling under this study are given in this

chapter.

3.1 COLLECTION OF SOIL SAMPLES FROM KAIPAD AREA AND

ANALYSIS OF THEIR PHYSICAL AND CHEMICAL PROPERTIES

Kaipad tracts, comprising the saline hydromorphic soils are distributed

in the north Malabar districts of Kozhikode, Kannur and Kasaragod of Kerala.

These coastal wetlands lies between 11.25°N to 12.5°N and 75.0°E 75.77°E.

As a part of the study, representative surface soil samples were collected

from 15 selected locations of Kaipad areas comprising of Muttil and Chendcunnu

(Fig. 1) panchayath during the first week of April 2016 to assess the different

physical and chemical properties. The depth of sampling was 0 to 15 cm. The

GPS data for the site of sampling were also recorded. The soil samples collected

from each site was brought to College of Agriculture, Padannakkad, dried under

shade, labelled and stored in clean polythene bags. The moisture percentages of
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the fresh soil samples were estimated gravimetrically. The details of the location

along with GPS coordinates are given in Table 1. The various physical and

chemical properties of soil samples such as bulk density, textural analysis, pH,

electrical conductivity, organic carbon, available N, P, K, Ca, Mg, S, Fe, Zn, Cu,

Mn, B, Si, exchangeable Na and A1 and cation exchange capacity were estimated

using the standard procedures given in Table 2.

Table 1: Details of the location along with GPS coordinates

s.

No.

Locations North latitude East longitude

1. Punnachery 12° 016' .28 " 75° 17'20".88

2. Punnachery 12° 017'. 78" 75° 17 19".85

3. Punnachery 12° 015'.79" 75° 17 18".55

4. Punnachery 12°019'.15" 75° 17 16".09

5. Valiyamthuruthy Kaipad 12°012'.68" 75° 18' .056

6. Pallikkara 12° 032'.74" 75° 16' 14".06

7. Muttil Vadakk (Pallikkara

Moolaaykkil)
12° 029'.81" 75° 16' 15".01

8. Muttil 12° 030'.39" 75° 16' 17".42

9. Muttil 12° 030'.62" 75° 16' 18".72

10. Muttil (Fallow land) 12° 028'.40" 75° 16' 60".25

11. Muttil (Fallow land) 12° 020'.21" 75° 16' 20". 15

12. Muttil Vadakk 12° 014.80" 75° 10' 20".70

13. Muttil (Near Juma Masjid) 12° 013'.39" 75° 16' 34".16

14. Muttil 12° 019'.92" 75° 16'33".61

15. Dam road 11° 059'. 45" 75° 16'42".34
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Table 2: Analytical methods followed for soil analysis

s.

No.

Parameters iVIethod Reference

1. Particle density Pycnometer method Black et aI. (1965)

2. Bulk density Undisturbed core sample

method

Black etal. (1965)

3. Porosity* Derived Black etal. (1965)

4. Textural analysis International pipette method Robinson (1922)

5. Soil Ph pH meter Jackson (1958)

6. EC Conductivity meter Jackson (1958)

7. Organic carbon Chromic acid wet digestion

method

Walkley and Black (1934)

8. Available N Alkaline permanganate method Subbaiah and Asija (1956)

9. Available P Bray extraction and

photoelectric colorimetry

Jackson (1958)

10. Available K Flame photometry Pratt (1965)

11. Available Ca Atomic absorption spectroscopy Jackson (1958)

12. Available Mg Atomic absorption spectroscopy Jackson (1958)

13. Available S Photoelectric colorimetry Massoumi and Cornfield (1963)

14. Available Fe Atomic absorption spectroscopy Sims and Johnson (1991)

15. Available Zn Atomic absorption spectroscopy Emmel et of. (1977)

w
%
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16. Available Cu Atomic absorption

spectroscopy

Sims and Johnson (1991)

17. Available Mn Atomic absorption

spectroscopy

Sims and Johnson (1991)

18. Available B Hot water extraction method

(photoelectric colorimetry)

Lindsay and Norwell (1978)

19. Available Si Inductively coupled plasma

optical emission spectrometry

(ICP-OES)

Korndorfer et al. (2001)

20. Exchangeable A1 Atomic absorption

spectroscopy

Ciesielski etal. (1997)

21. Exchangeable Na Flame photometry Jackson, 1958

22. CEC 0.1 A/Barium chloride

solution

Hendershot and Duquette (1986)

*Porosity (%) = (1-Bulk density/Particle density) x 100

I.' ^ ' fiV •

Plate 1: Collection of soil samples from a depth of 0 to 15 cm (7.5 YR 3/4)

vA



28

Plate 2 (A): Kaipad field, an overview during April

Plate 2 (B): Mound preparation in Kaipad fields

"Cf)
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3.2 INCUBATION STUDY

The representative saline hydromorphic soil samples collected from the

Kaipad fields of Punnachery having GPS coordinates 12° 017'. 78" N and 75° 17'

19".85 E were used for the incubation study and pot culture experiment.

Incubation study was carried out to study the release pattern of iron and

aluminium from these saline hydromorphic soils under subsequent submergence.

The levels of submergence were 5 cm and 10 cm.

Plastic pots of five litre capacity (with no drainage holes) were used for

the incubation experiment. One kilogram soil was weighed and filled in the pots.

Five centimeter level of submergence was maintained for the treatments T| to T4

and ten centimeter level of submergence for the treatments T5 to Tg. The loss of

water through evaporation in the submergence levels were maintained by adding

water once in every three days. The amounts of water to be added to the pots

were measured by the difference in their weight loss at a specific interval of three

days. The duration of the incubation study was 120 days.

3.2.1 Treatment details

Duration

Design

Treatments

120 days

Factorial CRD (Factorial Completely Randomized Design)

8 (4 treatments at two submergence levels)

Replications : 3

The treatment details are:

T1- Lime as per KAU POP, 2011

Ti - Magnesium sulphate as per KAU POP, 2011 + '/2 lime as per KAU POP, 2011

T3- Phosphogypsum at the rate of 500kg ha"' + Vi lime as per KAU POP, 2011

T4- Absolute control

A
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The treatments T| toT4 were maintained at 5 cm level of submergence and

the same treatments were also maintained at 10 cm level of submergence. The

soil samples were analyzed for pH, electrical conductivity, organic carbon,

available N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn, B, Si, exchangeable Na and A1

using the standard procedures given in Table 2 at 30, 60, 90 and 120 days after

incubation. The procedure of wet analysis was carried out for the above

parameters. Gravimetric method was followed to find out the moisture content in

the soil samples. The initial fresh weight of the sample (W|) was taken. Then the

sample was kept in hot air oven at 105°C for 24 hours until a constant weight was

obtained. The weight (Wt) of the sample was taken after drying. The moisture

content was calculated using the formula.

Percent moisture = [(W|-W2)AV2] x 100

where, W|= Initial fresh weight; W2= Dry weight

The chemical composition of different ameliorants used in this study is

epitomized in Table 3.

Table 3: Chemical composition of ameliorants used in the study

S. No. Ameiiorant Composition

1. Lime Ca- 40 %

2. Phosphogypsum Ca-220gkg'

P-3gkg-'

S-I70gkg-'

F - 22 g kg-'

3. Magnesium Mg-9.1%

sulphate
S - 14%
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Plate 3: Incubation study to know the release pattern of nutrients
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Table 4: Physical and chemical properties of soil sample used for pot culture and

incubation studies

S. No. Parameter Value

I. Physical properties

I. Particle density (Mg m""*) 2.58

2. Bulk density (Mg m") 1.10

3. Pore space (%) 57.78

4. Moisture (%) 55.38

5. Mechanical composition

a) Sand (%) 50.90

b) Silt (%) 15.60

c) Clay (%) 33.50

d) Textural class Clay

II. Chemical properties

I. pH 3.60

2. EC (dS m"') 27.10

3. Organic carbon (g kg"') 23.4

4. Organic matter (%) 4.02

5. CEC (c mol/kg) 74.60

6. Available N (kg ha ') 756.40

7. Available P (kg ha ') 45.10

8. Available K (kg ha"') 3325.81

9. Exchangeable Na (c mol (P^) kg"') 1080

10. Available Ca (mg kg ') 1400
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11. Available Mg (mg kg"') 43.60

12. Available S (mg kg"') 926.84

13. Available B (mg kg"') 1.63

14. Available Fe (mg kg"') 728

15. Available Mn (mg kg"') 9.21

16. Available Zn (mg kg"') 3.33

17. Available Cu (mg kg"') 4.68

18. Exchangeable A1 (c mol (P^) kg"') 314

19. Available Si (mg kg"') 54.5

3.3 SOLUTION CULTURE EXPERIMENT

The experiment was conducted by maintaining a nutrient solution

(Hoagland's solution) containing 3 levels of iron (400, 800, 1200 mg L""), 2 levels

of aluminium (15 and 30 mg L"') and 2 levels of salinity (5 and 10 dS m"') along

with one control. The two selected varieties Kuthim and Ezhome-I were

evaluated for their tolerance to varying levels of iron and aluminium coupled with

salinity. Conical flasks of 250 mL capacity were used for the experiment. 200

mL of the Hoagland's solution containing the respective treatments were

transferred to the flasks. The pH and the stability of the solution were also

observed. The pH of the treatments was in the range of 2.4 to 2.8.
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Table 5: Composition of Hoagland's solution used in the study (Hoagland and

Amon, 1950)

Chemicals Formula Per litre of nutrient

solution

Potassium nitrate KNO3 5 mL of 1 M

Calcium nitrate Ca(N03)2.4H20 5 mL of 1 M

Monopotassium phosphate KH2PO4 1 mL of 1 M

Magnesium sulphate MgS04.7H20 2 mL of 1 M

Micronutrient stock solution 1 mL of stock solution

Iron chelate Fe-EDTA 1-5 mL of 1000 mg L"'

Micronutrient stock solution

Boric acid HjBOj 2.86 g

Manganese chloride — 4

hydrate

MnCLAHjO 1.81 g

Zinc sulphate — 7 hydrate ZnS04.7H20 0.22 g

Copper sulphate - 5 hydrate CUSO4.5H2O 0.08 g

85% Molybdic acid MoOj 0.02 g

3.3.1 Treatment details

Crop ; Rice

Varieties : Kuthiru and Ezhome-1

Design ; Factorial CRD (Factorial Completely Randomized Design)

4^
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Treatments : 26 (13 treatments and 2 varieties)

Replications : 3

The treatment combinations were as follows for each variety along with one

control for Vi (Ezhorae-1) and V: (Kuthiru).

F,A,S, F,A2S, F,A,S2 FIA2S2

F2A,S, F2A2S, F2AIS2 F2A2S2

F3A1S1 F3A2S, F3A1S2 F3A2S2

F] - 400 mg L"'

F2 - 800 mg L"'

F3 - 1200 mg L"'

A| - 15 mg L'

A2 - 30 mg L'

S, - 5 dS m '

S2 - 10 dS m'

The seeds were placed for germination in a petriplate with moistened filter

paper and 14 days old uniformly grown plants were selected from the lot for

solution culture. Different combinations of iron, aluminium coupled with salinity

were given as treatments to observe the tolerance of rice plants to these

treatments. The nutrient solution was changed once in every 3 to 5 days. Fe (III)-

EDTA was used as the source for different levels of iron, aluminium ammonium

sulphate for aluminium and sodium chloride for different levels of salinity

induction. The plants were allowed to grow and observations were recorded after

7 days.

The treatments were monitored for concentrations of iron, aluminium and

sodium in whole plants as well as in plant roots. The roots of the plants were

dipped in 0.1 N HCl and were analyzed for Fe and A1 in atomic absorption

spectrophotometer. Plant height, root length and root dry weights were recorded.

Whole plant analysis and root partitioning studies were also carried out for
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various parameters like total N, P, K, Fe, Mn, Cl, A1 and Na following the

standard procedures given in Table 6. The patterns of iron accumulation in roots

were observed under a microscope by studying the cross-section of the roots.

Root CEC (Mitsui and Ueda, 1963) and chlorine content (Volhard's method) in

roots were also analyzed separately.

Table 6: Analytical methods followed for plant analysis of solution culture and

pot culture experiments

-it

Parameters Method Reference

Total nitrogen Microkjeldahl method Jackson (1958)

Total phosphorus Diacid digestion of the plant samples

followed by colorimetric estimation in

spectrophotometer by Vanadomolybdate
yellow colour method

Piper(1966)

Total potassium Diacid digestion followed by filtration and

estimation using flame photometry
Piper(1966)

Total sodium Diacid digestion followed by filtration and

estimation using tlame photometry
Piper(1966)

Total calcium Diacid digestion followed by filtration and

estimation using atomic absorption

spectroscopy

Hanlon and

DeVore (1989)

Total magnesium Diacid digestion followed by filtration and

estimation using atomic absorption

spectroscopy

Piper(1966)

Total sulphur Turbidimetric method and estimation

using spectrophotometer
Massoumi and

Cornfield

(1963)

Total iron,

manganese, zinc

and copper

Diacid digestion followed by filtration and
estimation using atomic absorption
spectroscopy

Isaac and

Kerber(1971)
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Total boron Dry ashing of plant tissue followed by

determination using spectrophotometer
Berger and

Troug(1939)

Total silicon Microwave digestion and estimation using
inductively coupled plasma optical
emission spectrometry (ICP-OES)

Haysom &

Ostatek-

Boczynski

(2006)

Total aluminium Diacid digestion of plant samples followed
by filtration and analysis using ICP-OES

(Model: Optima 8000)

Piper (1966)

Total chlorine and

chlorine content

in roots

Volhard's method Volhard et al.

(1874)
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Plate 4: Solution culture using Hoagland's solution
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3.4 POT CULTURE EXPERIMENT

Pot culture expenment was carried out at COA, Padannakkad during the

month of July to October 2016 with the two selected rice varieties Kuthiru and

Ezhome-1 in the saline hydromorphic soils of Kaipad collected from Punnachery
region. Kuthiru is a saline tolerant land race having duration of 110 tol20 days.

'Ezhome-r is a popular high yielding long duration (135 -140 days) variety
developed by crossing Jaya and Kuthnu. Cement pots (with no drainage holes) of

diameter 42 cm and height 37 cm were used in the experiment. Each pot was

filled with 22.5 kg of the composite soil sample. PVC pipes of 45 cm length and

5cm diameter with small perforations at the basal region were erected at the centre

of the pots to collect the leachate. The leachate containing salts entered the pipes
through the perforations and the leachate was removed using a syringe connected

to a tube. The electrical conductivity of the soil in the pots had reduced to 3.9

dS m ' due to the continuous washing of dissolved salts in the heavy rain. The
respective treatments were imposed to the respective pots. The seeds of the two

rice varieties were germinated in a petriplate. The germination percentages of the

seeds were also observed. The germination percentages of Kuthiru and Ezhome-1

were 95 percent and 98 percent respectively. The germinated seeds were

transferred to a potting mixture containing sand, soil and vermicompost in the

ratio 3:1:1. When the rice plants attained a sufficient growth i.e., after 25 days,
the rice seedlings were transplanted to the pots and the water level in the pots

were maintained at 5 cm. Two healthy rice seedlings each were maintained in

respective pots. Fertilizer application to the plants was followed as per the KAU

Package of Practices, 2011. The biometric observations were recorded at 30, 60

days after transplanting and at harvest. Soil analysis for the various parameters

like pH, electrical conductivity, organic carbon, available N, P, K, Ca, Mg, S, Fe,

Zn, Cu, Mn, B, Si and exchangeable Na and A1 were estimated using the standard

procedures given in Table 2.

VP
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The plant samples were collected at the time of harvest. These plant

samples were then oven dried and analyzed for total concentration of N, P, K, Ca,

S, Fe, Mn, Zn, Cu, B, Si, Cl, A1 and Na following the standard analytical

methodologies given in Table 6. Data were recorded on agronomic parameters

such as plant height (cm) and number of leaves at 30, 60 days after transplanting
and at harvest.

The yield parameters like number of productive tillers, number of grains
per panicle, grain yield (g/plant), chaffiness (%), 1000 grain weight (g), and straw

yield (g/plant) were also noted down at the time of harvest. The high yielding
variety Ezhome-1 was harvested during the first week of October 2016 (110 days)
and the local variety Kuthiru was harvested during the second week of October

2016 (117 days).

3.4,1 Design and treatment details of pot culture experiment

Crop : Rice

Varieties : Kuthiru and Ezhome-1

Design : Factorial CRD (Factorial Completely Randomized Design)

Treatments : 14 (7 treatments and 2

varieties)

Replications : 3

The treatment details are:

Ti-Lime as per KAU POP, 2011

Tt -Magnesium sulphate + '/2 lime (as per KAU POP, 2011)

T3-Phosphogypsum at the rate of 500kg ha"' + 'A lime as per KAU POP, 2011

T4- Lime as per KAU POP + potassium silicate -0.25% +0.25 % Boron

Ts- Magnesium sulphate + % lime (as per KAU POP, 2011) +0.25% potassium

silicate + 0.25% boron
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T6- Phosphogypsum at the rate of 500 kg ha"' + lime as per KAU POP, 2011 +

potassium silicate-0.25% + 0.25% boron

T?- Absolute control

3.4.2 Biometric observations

3.4.2.1 Plant height

The height of each rice plant was measured using a metre scale from the

base of the culm to the tip of the shoot at 30 and 60 DAT. The plant height at

harvest was measured from the base of the culm to the tip of the longest panicle.

The mean was then worked out and was expressed in centimeter (cm).

Percentage increase in plant height = (initial value - fmal value)/ initial value x

100

3.4.2.2 Number of leaves

The total number of leaves was noted down at 30, 60 days after

transplanting and at harvest.

3.4.2.3 Number of productive tillers/panicles

The numbers of panicles bearing the productive tillers per plant was

counted at the time of harvest and the mean was calculated.

3.4.2.4 Number ofgrains per panicle

The total number of grains per panicle was counted manually and the

mean was calculated.

3.4.2.5 Grain yield

The weight of total grains from each plant in the pot was estimated in

grams and the mean of each treatment were worked out and expressed in grams

per plant.

\oV
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3.4.2.6 1000 grain weight

Thousand numbers of grains were randomly selected from the produce of

each pot and their weight was recorded in grams and mean was worked out.

3.4.2.7 Chaffinesspercentage

Chaffmess percentage was calculated treatment-wise from the given

formula and the mean was calculated and expressed in percentage.

Chaffmess (%) = (Total number of unfilled grains/Total number of grains from a

plant) X 100

3.4.2.8 Straw yield

The dry weights of paddy straw harvested from each plant in the pots were

recorded and mean was worked out and expressed in gram per plant.
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Figure 1: Schematic layout of pot culture experiment- (E- Ezhome-1; K- Kuthiru)

T,R,E T7R3E T6R3E T3R3K T,R3K T,R3K

TjR.E T5R3E T2R3E T4R3E T4R3K TSR3K

TsR.E T^R.E T1R2E T7R2K T7R3K T2R3K

T,R,E TtR'E T2R2E TsRjK TsR.K T,R,K

T,R,E T»R,E T5R2E T4R2K T7R,K T,R,K

TjR.E TtRiE T3R2E T2R2K T^RjK T3R1K

T.R.E T4R2E T.RzK TjRiK TjRiK T4R,K
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Plate 5 (A): Kuthiru rice seedlings

K

M.s,i.!

^mmmm

i

Plate 5 (B): Ezhome-1 rice seedlings

Plate 5 (A) & (B): Kuthiru and Ezhome-1 seedlings in potting mixture
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Plate; 6 (A)

Plate: 6 (B)

Plate 6 (A) & (B): Original and 3-D image of the PVC pipe arrangement for

collection of leachate
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Plate 7; Transplanted seedlings
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3.5 STATISTICAL ANALYSIS

The data obtained from initial soil analysis, incubation study, pot culture

and solution culture were analyzed statistically and tested for its significance

using OPSTAT software.

k-



^esuCts
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4. RESULTS

An investigation on "Dynamics of iron and aluminium toxicity on rice

{Oryza sativa L.) in saline hydromorphic soils of Kaipad" was carried out at

College of Agriculture, Padannakkad during the academic year 2015 to 2017. The

objectives of the study were to investigate the status of iron and aluminium in

saline hydromorphic soils of Kaipad, evaluate the performance of popular rice

varieties to varying levels of iron and aluminium concentration at different

salinity levels, and examine amelioration strategies for iron and aluminium

toxicity. The study was carried out in four parts.

Part A: Collection of soil samples and analysis of physical and chemical

properties

Part B: Incubation study to know the release pattern of nutrients in the soil

Part C: Solution culture experiment

Part D: Pot culture experiment

The statistically analysed results of the various physical and chemical properties

of soil, plant analysis studies, growth attributes, yield attributes etc. are given

below in this chapter.

4.1 COLLECTION OF SOIL SAMPLES AND ANALYSIS OF PHYSICAL

AND CHEMICAL PROPERTIES

Surface soil samples were collected from 15 locations of Kaipad

comprising the areas of Muttil and Cherukunnu panchayath during the first week

of April 2016. These soil samples were brought to COA, Padannakkad and were

analysed for different physical properties like particle size distribution, bulk

density and chemical properties like pH, electrical conductivity, organic carbon,

available N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn, B, Si, exchangeable A1 and Na and

cation exchange capacity. The mean and range values of the analytical results

obtained for different physical and chemical properties are given in Tables 7 and 8

respectively. The range, mean and standard deviation of chemical properties of

the samples are given in Table 9.
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4.1.1 Physical properties of soil

The bulk density varied from 1.06 Mg m"^ in location number 11 to 1.17

Mg m'^ in location number 9 with a standard deviation of 0.032. The textural

classification revealed that eleven of the sampled locations had sandy clay loam

texture. The texture varied from sandy loam to sandy clay loam as in Table 7.

The sand content varied from 47.32 to 68.32 per cent. The silt content ranged

from 12.14 to 27.31 per cent. Clay content varied between 17.15 to 28.14 percent.

The moisture percentage (Appendix 11) in the soil samples varied from 15.27 per

cent to 86.76 per cent in location number 10 to location number 7. The mean

(31.98 per cent) and standard deviation values (19.38) were also obtained.

4.1.2 Chemical properties of soil

^  4.1.2.1 Soil pH

The soil pH values of the sampled sites ranged from 3.40 to 6.48 with a

mean value of 4.85. The highest and lowest pH was recorded in the locations 5

and 10 respectively (Table 9). The standard deviation was 0.81.

4.1.2.2 Electrical conductivity

The electrical conductivity varied from 9.72 dS m"' in location number 2 to

29.00 dS m ' in location number 15 with a mean electrical conductivity of 18.55

and standard deviation of 5.96. The data is elucidated in Table 8.

4.1.2.3 Organic carbon

The organic carbon varied from 5.30 to 33.40 g kg ' (Table 9) with the

least percentages observed in location number 13 and highest in location number

11. The standard deviation in the values was 6.80.

4.1.2.4 Available nitrogen

Available nitrogen content of the soils varied from 173.47 kg ha"' to

1083.80 kg ha"' with a mean value of 544.95 kg ha"' and standard deviation of
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220.19. The highest available nitrogen was recorded in location number 11 and

the lowest in location number 13 as in Table 8.

4.1.2.5 Available phosphorus

The maximum available phosphorus content observed was 50.27 kg ha"' (location

number - 9) and the minimum was 8.65 kg ha"' (location number - 6) as shown in

Table 9. The mean value of available phosphorus was 23.77 kg ha"' with a

standard deviation of 14.15.

Table 7: Physical properties of soil samples from different locations of Kaipad

Location Particle size distribution Texture Bulk density
(Mg m')Sand (%) Silt (%) Clay (%)

1 56.08 21.34 20.17 Sandy clay loam 1.15

2 58.64 19.95 21.41 Sandy clay loam 1.10

3 59.32 16.29 24.39 Sandy clay loam 1.16

4 59.64 17.56 21.20 Sandy clay loam 1.12

5 64.32 16.10 17.40 Sandy loam 1.15

6 60.14 14.32 24.28 Sandy clay loam 1.13

7 54.32 16.40 28.14 Sandy clay loam 1.16

8 68.32 12.14 17.15 Sandy loam 1.10

9 56.34 19.95 22.58 Sandy clay loam 1.17

10 47.32 25.14 26.12 Sandy clay loam 1.09

11 49.65 27.31 20.20 Loam 1.06

12 51.14 22.02 26.05 Sandy clay loam 1.13

13 61.90 13.20 22.70 Sandy clay loam 1.11

14 55.64 25.61 18.60 Sandy loam 1.15

15 48.57 23.17 25.20 Sandy clay loam 1.10

4.1.2.6 A vailable potassium

The available potassium was very high in the locations and varied from 1239.02

to 4630.05 kg ha"'. The mean potassium content was 2808.81 kg ha"' with a
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standard deviation of 1031.45. The highest value was recorded in location

number 10 and the lowest in 13 as specified in Table 9.

4.1.2.7Available calcium

The highest value of 3275.00 mg kg"' (location number - 10) and a lowest value of

826.25 mg kg ' (location number -13) of calcium was recorded in these sites. The

mean value of calcium recorded was 1919.67 mg kg"' with a standard deviation of

615.19 as revealed in Table 9.

4.1.2.8 Available magnesium

A maximum value of 43.60 mg kg"' (location number - 2) and a minimum value

of 21.30 mg kg"' (location number - 13) magnesium were observed on analysis of

the soil samples from these locations. The mean value and standard deviation

^  obtained were 35.71 and 5.85 respectively as shown in Table 9.

4.1.2.9 Available sulphur

The available sulphur content (Table 8) in the sites varied from 748.77 mg kg"' in

location number 7 to 1534.62 mg kg"' in location number 3 with a mean value of

35.71 mg kg"' and standard deviation of 277.08.

4.1.2.10 Available iron

The available iron content in these soils varied from 702 mg kg"' in location

number 13 to 1250 mg kg"' in location number 11. The mean value of iron

content was 1017.13 mg kg"' with a standard deviation of 195.24 as exhibited in

Table 9.

4.1.2.11 Available zinc

The available zinc values ranged from 1.81 to 11.50 mg kg"' in locations 6 and 11

respectively. The mean value of available zinc was recorded as 4.33 mg kg"' with

a standard deviation of 2.75 as disclosed in Table 9.
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4.1.2.12 Available copper

The available copper content in the sites ranged from 2.07 to 6.78 mg kg'' in

locations 6 and 4 respectively as indicated in Table 8. The mean value was

recorded as 4.41 mg kg' with a standard deviation ofl .31.

4.1.2.13 Available manganese

Location number 10 recorded the maximum available manganese content of 25.46

mg kg"' and the minimum (3.4 mg kg"') in location number 12 with the mean

value and standard deviation being 12.71 mg kg"' and 5.98 respectively as

specified in Table 8 and 9.

4.1.2.14 Available boron

The available boron content in the sampled locations ranged from 1.29 to 1.79 mg

kg"' in locations 15 and 12 respectively with a mean boron content of 1.61 mg kg"'

and the standard deviation observed was 0.13 as revealed in Table 9.

4.1.2.15 Available silicon

The maximum available silicon content of 195.00 mg kg"' was observed in

location number 11 and the minimum of 48.90 mg kg"' in location number 3. The

standard deviation was 45.14 and the mean value 109.52 mg kg"' as represented in

Table 9.
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4.1.2.16 Exchangeable aluminium

The exchangeable aluminium contents in the sites varied in their concentration

from 160 (c mol (P^) kg"') in location 6 to 434 (c mol (P^) kg"') in location 10 as

denoted in Table 8. The mean value of aluminium was 263.17 (c mol (P^)

kg"') and the standard deviation was calculated as 78.92.

4.1.2.17 Exchangeable sodium

Tables 8 and 9 gives the data on exchangeable sodium. The highest exchangeable

sodium content (1080 (c mol (P^) kg"')) was observed in location number 2 and

the lowest value (530 (c mol (P^) kg"')) was observed in location number 13. The

mean sodium content was 760 (c mol (P^) kg"')' among the locations having a

standard deviation of 146.93.

4.1.2.18 Cation exchange capacity (CEC)

Maximum CEC (184.46 c mol kg"') was observed in location number 10 and the

minimum (21.91 c mol kg"') was observed in location number 13 with the mean

value being 79.33 c mol kg"' as demarcated in Table 9.

4.2 INCUBATION STUDY

The representative saline hydromorphic soil samples collected from the

Kaipad fields of Punnachery were used for the incubation study. The study was

carried out to know the release pattern of iron and aluminium from these saline

hydromorphic soils under subsequent levels of submergence. The treatments Ti

to T4 were maintained at two levels of submergence (5 cm and 10 cm). The soil

samples were then analyzed for pH, electrical conductivity, organic carbon,

available N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn, B, Si, and exchangeable A1 and Na

at 30, 60, 90 and 120 days after incubation (DAI). The statistically analyzed

results were interpreted as given below.
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4.2.1 Effect of amendments on chemical properties of soil

4.2.1.1 Soil pH

Result of the effect of treatments, levels of submergence and their

interaction on soil pH at 30, 60, 90 and 120 days of the incubation study were

tabulated and analyzed statistically and is presented in Table 10.

The submergence levels S\ (5 cm) and S2 (10 cm) showed no

significant effect on the soil pH at 30 and 90 DAI. However, at 60 (4.92) and 120

(5.10) DAI, St showed significantly higher pH.

There was significant difference between the treatments at 30, 60, 90

and 120 DAI. On comparing the treatments at 30, 60 and 90 DAI, the treatments

T| showed significantly higher soil pH (4.91, 5.02, 5.09 respectively) which was

on par with treatment T3 (4.85, 4.98, 5.07 respectively). However, at 120 DAI,

the treatment T3 (5.14) showed significantly higher pH which was on par with T|

(5.12).

When the interaction of submergence and treatments was considered,

there was no significant difference found at 30, 90 and 120 DAI. However, at 60

DAI, the treatment Ti (5.07) showed a significantly higher pH which was on par

with T3 (5.05) at 10 cm level of submergence.

4.2.1.2 Electrical conductivity

The values of EC in response to treatments, submergence levels and

their interaction to electrical conductivity at 30, 60, 90 and 120 DAI is

represented in Table 11.

There was no significant difference with respect to electrical

conductivity between the two submergence levels at 30, 90 and 120 DAI

whereas, significantly higher EC was observed in Si (7.36 dS m"') at 60 DAI.
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The treatments showed no significant difference in electrical

conductivity at 90 and 120 DAI. However, the treatments Tj showed

significantly lower electrical conductivity at 30 and 60 DAI (6.67 and 6.00 dS m"'

respectively). This was on par with Ti (7.29 dS m ') at 30 DAI.

4.2.1.3 Organic carbon

The data on the organic carbon content of soil at 30, 60, 90 and 120 DAI are

given in Table 12.

There were no significant effect of treatments on the organic carbon content of

soil at both levels of submergence throughout the incubation period compared to

control.

As far as the effects of treatments are considered, T| recorded significantly

superior organic carbon content at 30 (19.2 g/kg) and 60 (11.1 g/kg) DAI.

Treatment Ti was on par with Ti (18.7 g/kg) and T3 (18.5 g/kg) at 30 DAI.

However at 90 and 120 DAI, T? (8.1, 6.8 g/kg respectively) had a significantly

higher organic carbon content which was on par with Ti (7.2, 6.0 g/kg) and T3

(7.1, 6.0 g/kg) respectively.

The submergence vs. treatments interactions was found to be non-significant at

30 and 60 DAI whereas, Tt at 5 cm submergence levels recorded significantly

higher organic carbon at 90 and 120 DAI (9.7, 8.0 g/kg respectively) whereas, at

120 DAI, Tt at 5 cm submergence level was on par with T1 (6.9 g/kg) at 10 cm.

4.2.1.4 Available nitrogen

Table 13 represents the data on available nitrogen at 30, 60, 90 and 120 DAI.

The submergence levels had no significant influence on the available nitrogen

status at 30, 60, 90 and 120 DAI.

On considering the effect of treatments, T3 (356.28 kg ha ') showed significantly

highest available nitrogen content at 30 DAI which was on par with T2 (356.26

kg ha"') and Ti (355.65 kg ha"') compared to control. The treatment T? recorded

%
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significantly higher available nitrogen content at 60, 90 and 120 DAI (367.74,

406.42, 416.36 kg ha"' respectively). At 60 DAI, T2 (367.74 kg ha"') was on par

with Ti (367.56 kg ha"') and T3 (366.33 kg ha"').

The interaction between levels of submergence and treatments were found non-

sigmficant at 60, 90 and 120 DAI. At 30 DAI, T3 at 5 cm submergence level

showed significantly high available nitrogen content (370.13 kg ha"') which was

on par with T2 at 5 cm (362.90 kg ha"') and T| at 10 cm (361.11 kg ha"').

4.2.1.5 Available phosphorus

The data on available phosphorus content as influenced by treatments are

presented in Table 14.

The submergence levels S| and S2 did not differ significantly with respect to

available phosphorus content at 30 and 60 DAI. At 90 and 120 DAI, S| recorded

significantly higher (36.55, 38.30 kg ha"' respectively) amount of available

phosphorus content.

When the effect of treatments on the status of available phosphorus was

evaluated, it was observed that T3 showed significantly higher available

phosphorus content (60.17 kg ha"') at 30 DAI. The treatment T3 showed

significantly maximum available phosphorus content at 60, 90 and 120 DAI

(42.29, 37.56, 39.43 kg ha"' respectively) which was on par with the treatment Ti

(40.46, 36.51, 38.08 kg ha"' respectively).

There was no significant difference between the submergence level and treatment

interaction at 30, 60, 90 and 120 DAI.

4.2.1.6 Available potassium

The statistical data on the available potassium content at 30, 60, 90 and 120 DAI

is given in Table 15.
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There were no significant differences between the submergence levels Si and S2

at 30 DAI with respect to available potassium content. The submergence level Si

(1226, 1247, 1224 kg ha"' respectively) recorded significantly higher available

potassium content than S2 (1185, 1203, 1182 kg ha"' respectively) at 60, 90 and

120 DAI.

With respect to treatments, there was no significant difference between the

treatments regarding the available potassium status at 30 DAI. At 60 DAI, T2

showed significantly highest available potassium content (1226 kg ha"') which

was on par with T3 (1221 kg ha"') and Ti (1211 kg ha"'). At 90 and 120 DAI, the

treatment T3 (1249, 1233 kg ha"' respectively) showed significantly higher

available potassium contents which were on par with T2 (1244, 1222 kg ha"'

respectively) and T| (1229, 1204 kg ha"' respectively).

The interaction effect was not significant at 30, 60, 90 and 120 DAI.

4.2.1.7 Available calcium

The data on available calcium at 30, 60, 90 and 120 DAI are tabulated as in Table

16.

There were no significant differences in the two submergence levels at 30, 60, 90

and 120 DAL

Among the treatments, T3 recorded significantly higher available calcium content

at 30 DAI (1699 mg kg"'), 60 (1744 mg kg"'), 90 (1783 mg kg"') and 120 DAI

(1790 mg kg ') and it was on par with Ti (1734, 1766, 1775 mg kg ' respectively)
at 60, 90 and 120 DAI. Significantly lower available calcium content was

recorded in control.

The available calcium content with respect to interaction effects was not

significant at 30, 60, 90 and 120 DAI.
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4.2.1.8 Available magnesium

Table 17 gives the data on available magnesium content at 30, 60, 90 and 120

DAI.

No significant difference was observed between the submergence levels at 30, 60,

90 and 120 DAI.

Treatment T? showed significantly higher available magnesium content (67.75

mg kg"') at 30 DAI which was on par with T3 (66.36 mg kg"'). At 60 and 120

DAI, treatment Tt (72.68, 78.16 mg kg"' respectively) showed significantly

higher available magnesium content which was on par with Ti (71.06, 76.64 mg

kg"' respectively). The treatment T? also showed significantly higher available

magnesium content (75.07 mg kg"') at 90 DAI.

The interaction was found statistically non-significant at 30, 60 and 90 DAI.

However at 120 DAI, T2 (76.12 mg kg"') at 10 cm level of submergence showed

significantly higher available magnesium content which was on par with T2

(78.12 mg kg"') at 5 cm submergence level.

4.2.1.9 Available sulphur

The statistically analyzed data of the available sulphur content under two

submergence levels with different treatments at 30, 60, 90 and 120 DAI are given

in Table 18.

There were no significant differences with respect to submergence levels on

available sulphur content at 30, 60, 90 and 120 DAI.

The treatments T3 recorded significantly higher sulphur content at 30 (624.91 mg

kg"'), 60 (567.22 mg kg"'), 90 (453.1 Img kg"') and 120 (391.35 mg kg"') DAI.

However, at 30 and 120 DAI, T3 (624.91, 391.35 mg kg"') was found to be on par

with T2 (619.88, 387.87 mg kg"' respectively).

There was no significant difference between the submergence level and treatment

interaction at 30, 60, 90 and 120 DAI.
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4.2.1.10 Available iron

Table 19 illustrates the data on available iron content at 30, 60, 90 and 120 DAI.

There was no significant difference among the levels of submergence at 30, 60,

90 and 120 DAI on available iron content of soil.

At 30 and 120 DAI, the treatment T| (911.01, 937.62 mg kg"' respectively)

recorded significantly minimum value of available iron content which was on par

with T3 (919.20, 951.86 mg kg"' respectively). At 60 and 90 DAI, the treatment

T3 (907.17, 940.98 mg kg"' respectively) showed significantly minimum available

iron content. At 60 DAI, T3 was found to be on par with Ti (914.03 mg kg"')

whereas at 90 DAI, it was on par with T2 (944.99 mg kg"') and Ti (947.11

mg kg"') respectively.

No significant difference was observed between the interactions at 30, 60, 90 and

120 DAI.

4.2.1.11 Available zinc

Table 20 gives the data on available zinc at 30, 60, 90 and 120 DAI.

The submergence levels S| and S? showed no significant difference in available

zinc at 30, 60 and 90 DAI. However, at 120 DAI, submergence level St at 10 cm

showed significantly higher available zinc (0.88 mg kg"').

Among the treatments, T3 showed significantly higher available zinc (2.88

mg kg ') content at 30 DAI. At 60, 90 and 120 DAI, the treatments T| recorded

significantly lowest status of available zinc (1.33, 0.93, 0.61 mg kg"'

respectively). In case of 120 DAI, the treatment Ti (0.60mg kg"') was on par

with Tt (0.75 mg kg"') and T3 (0.82 mg kg"').

The submergence vs. treatments interaction was non-significant at 30, 90 and 120

DAI. However at 60 DAI, the treatment T4 at 10 cm submergence level had

significantly higher available zinc (1.75 mg kg"') which was on par with T2 (1.75

mg kg"') at 5 cm and T4 (1.62 mg kg"') at 5 cm.

0^>



7
1

Ta
bl

e 
18

: E
ff
ec
t o

f d
if

fe
re

nt
 a
me

nd
me

nt
s 
on
 a
va
il
ab
le
 s
ul

ph
ur

 co
nt

en
t (
m
g
 k
g"

')
 of

 so
il

 a
t 3

0,
 60

, 9
0 
an
d 
12

0 
D
A
I

T
r
e
a
t
m
e
n
t

3
0
 D
A
I

6
0
 D
A
I

9
0
 D
A
I

1
2
0
 D
A
I

Si
-5

S
2
-
I
O

M
e
a
n

8
,
-
5

8
2
-
1
0

M
e
a
n

8
,
-
5

8
2
-
1
0

M
e
a
n

8
,
-
5

8
2
-
1
0

M
e
a
n

c
m

c
m

c
m

c
m

c
m

c
m

c
m

c
m

T
i

6
1
4
.
7
3

6
1
5
.
1
8

6
1
4
.
9
5

5
4
3
.
2
7

5
4
1
3
2

5
4
2
.
2
9

4
3
7
.
4
9

4
3
8
.
9
0

4
3
8
.
2
0

3
8
1
.
3
4

3
7
9
.
0
1

3
8
0
.
1
8

T
2

6
1
8
.
4
3

6
2
1
.
3
4

6
1
9
.
8
8

5
5
4
.
3
8

5
5
2
.
7
0

5
5
3
.
5
4

4
4
8
.
3
1

4
4
7
.
3
7

4
4
7
.
8
4

3
8
8
.
5
1

3
8
7
.
2
2

3
8
7
.
8
7

T
3

6
2
4
.
5
0

6
2
5
.
3
3

6
2
4
.
9
1

5
6
6
.
2
8

5
6
8
.
1
5

5
6
7
.
2
2

4
5
2
.
5
6

4
5
3
.
6
6

4
5
3
.
1
1

3
9
1
.
3
1

3
9
1
.
3
8

3
9
1
.
3
5

T
4

6
1
3
.
0
9

6
1
4
.
2
6

6
1
3
.
6
8

5
4
1
.
5
6

5
4
2
.
9
1

5
4
2
.
2
4

4
3
7
.
2
1

4
4
0
.
7
5

4
3
8
.
9
8

3
7
6
.
8
0

3
7
5
.
3
8

3
7
6
.
0
9

M
e
a
n

6
1
7
.
6
9

6
1
9
.
0
3

5
5
1
.
3
7

5
5
1
.
2
7

4
4
3
.
8
9

4
4
5
.
1
7

3
8
4
.
4
9

3
8
3
.
2
5

S
E
m
(
±
)

C
D
 (
0.
05
)

S
E
m
(
±
)

C
D
 (
0.

05
)

8
E
m
(
±
)

C
D
 (
0.

05
)

8
E
m
(
±
)

C
D
 (
0
.
0
5
)

S
1
.
6
2

N
S

3
.
0
6

N
8

1
.
5
6

N
8

1
.
9
0

N
8

T
2
.
2
9

4
.
9
0

4
.
3
2

9
.
2
4

2
.
2
1

4
.
7
1

2
.
6
8

5
.
7
4

S
x
T

3
.
2
4

N
S

6
.
1
1

N
8

3
.
1
2

N
8

3
.
7
9

N
8

T
r
 L
i
m
e
 a
s 
pe

r 
K
A
U
 P
O
P
,
 2
0
1
1

T2
- 
M
a
g
n
e
s
i
u
m
 s
ul
ph
at
e 
as
 p
er
 K
A
U
 P
O
P
,
 2
01
1 
+
 V
2 
li

me
 a
s 
pe
r 
K
A
U
 P
O
P
,
 20

11

T3
- P

ho
sp
ho
gy
ps
iu
n @
 50

0 
kg
 ha

"'
 +
 I/

2 l
im

e 
as
 pe

r 
K
A
U
 P
OP

, 2
01
1

T
4
-
 A
b
s
o
l
u
t
e
 c
on

tr
ol



7
2

s
5
\

Ta
bl

e 
19
: 
Ef

fe
ct

 o
f d

if
fe

re
nt

 a
me
nd
me
nt
s 
on

 a
va
il
ab
le
 i
ro
n 
co

nt
en

t (
m
g
 k
g"
')
 of

 so
il
 a
t 3

0,
 60

, 9
0 
an

d 
12

0 
D
A
I

T
r
e
a
t
m
e
n
t

3
0
 D
A
I

6
0
 D
A
I

9
0
 D
A
I

1
2
0
 D
A
I

S
|
-
5

c
m

S
2
-
I
O

c
m

M
e
a
n

S
i
-
5

c
m

S
2
-
I
O

c
m

M
e
a
n

S
i
-
5
 c
m

S
2
-
I
O

c
m

M
e
a
n

S|
-5

 c
m

S
2
-
I
O

c
m

M
e
a
n

T
,

9
0
9
.
8
6

9
1
2
.
1
5

9
1
1
.
0
1

9
2
3
.
0
7

9
0
4
.
9
9

9
1
4
.
0
3

9
5
2
.
4
4

9
4
1
.
7
8

9
4
7
.
1
1

9
4
4
.
8
1

9
3
0
.
4
4

9
3
7
.
6
2

T
2

9
2
5
.
8
3

9
2
2
.
7
3

9
2
4
.
2
8

9
2
5
.
9
4

9
2
4
.
1
5

9
2
5
.
0
4

9
4
7
.
9
8

9
4
2
.
0
0

9
4
4
.
9
9

9
6
4
.
1
2

9
6
0
.
7
1

9
6
2
.
4
2

T
3

9
2
1
.
1
6

9
1
7
.
2
4

9
1
9
.
2
0

9
0
3
.
9
4

9
1
0
.
4
0

9
0
7
.
1
7

9
4
1
.
5
6

9
4
0
.
3
9

9
4
0
.
9
8

9
5
7
.
3
6

9
4
6
.
3
6

9
5
1
.
8
6

T
4

9
4
6
.
2
4

9
3
6
.
8
3

9
4
1
.
5
4

9
3
6
.
5
3

9
4
9
.
6
7

9
4
3
.
1
0

9
7
6
.
7
2

9
7
0
.
0
3

9
7
3
.
3
8

9
7
6
.
2
9

9
9
2
.
7
1

9
8
4
.
5
0

M
e
a
n

9
2
5
.
7
7

9
2
2
.
2
4

9
2
2
.
3
7

9
2
2
.
3
0

9
5
4
.
6
8

9
4
8
.
5
5

9
6
0
.
6
5

9
5
7
.
5
6

S
E
m
(
±
)

C
D
 (
0
.
0
5
)

S
E
m
(
±
)

C
D
 (
0.

05
)

S
E
m
(
±
)

C
D
 (
0.

05
)

S
E
m
(
±
)

C
D
 (
0.

05
)

S
4
.
1
6

N
S

4
.
6
6

N
S

3
.
6
3

N
S

5
.
2
3

N
S

T
5
.
8
8

1
2
.
5
7

6
.
5
9

1
4
.
0
8

5
.
1
4

1
0
.
9
9

7
.
3
9

1
5
.
8
0

S
x
T

8
.
3
1

N
S

9
.
3
1

N
S

7
.
2
7

N
S

1
0
.
4
5

N
S

Ti
- 
L
i
m
e
 a
s 
pe
r 
K
A
U
 P
O
P
,
 2
01

1

T?
- 
M
a
g
n
e
s
i
u
m
 s
ul
ph
at
e 
as
 p
er
 K
A
U
 P
O
P
,
 2
0
1
1
 +
 '/

a 
li

me
 a
s 
pe
r 
K
A
U
 P
O
P
,
 2
01

1

T3
- 
Ph
os

ph
og

yp
su

m 
@
 5
00
 k
g 
ha
"'
 +
 

li
me
 a
s 
pe
r 
K
A
U
 P
OP
, 2

01
1

T
4
-
 A
b
s
o
l
u
t
e
 c
on

tr
ol



73

4.2.1.12 Available copper

The results of the soil analysis at 30, 60, 90 and 120 DAI for the copper content

are presented in Table 21.

There were no significant differences in the content of available copper at two

submergence levels 30, 60, 90 and 120 DAI.

At 30, 60, 90 and 120 DAI, the treatment T| recorded significantly lowest (2.18,

1.09, 0.69 and 0.44 mg kg"') available copper content. At 30 DAI, the treatment

T| was found to be on par with T4 (2.27 mg kg"'). The available copper content

observed in Ti was on par with T? at 90 DAI. Thereafter at 90 and 120 DAI, Ti

was on par with Tt (0.48 mg kg"') and T3 (0.50 mg kg"') respectively.

The submergence and treatment interaction was found non-significant at 30, 60,

90 and 120 DAI.
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4.2.1.13 Available manganese

The data on available manganese in incubation study at 30, 60, 90 and 120 DAI is

represented in Table 22.

There were no significant differences between the submergence levels S| and Si

as well the submergence vs. treatment interaction at 30, 60, 90 and 120 DAI.

When the treatments were considered, T| exhibited significantly minimum values

at 30 (11.21 mg kg"'), 60 (7.09 mg kg"'), 90 (8.98 mg kg"') and 120 (9.74

mg kg"') DAI.

4.2.1.14 Available boron

The statistically tabulated data on available boron at 30, 60, 90 and 120 DAI is

-y, given in Table 23.

The submergence levels S| and Si showed no significant difference on available

boron content at 30 and 60 DAI. However, at 90 and 120 DAI, S| (1.07, 1.06 mg

kg"' respectively) at 5 cm recorded significantly superior available boron content.

The treatments Ti recorded significantly maximum available boron content (1.18,

1.11, 1.10, 1.10 mg kg"' respectively) which was found to be on par with Ti (1.16,

1.07, 1.05 mg kg"' respectively) at 30, 60, 90 and 120 DAI.

The submergence and treatment interaction was statistically non-significant at 30,

^  60, 90 and 120 DAI.

»£\
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4.2.1.15 Available silicon

Table 24 illustrates the data on available silicon content at 30, 60, 90 and 120

^  DAI.

The submergence levels had no significant effect on available silicon content at

30, 60, 90 and 120 DAI. Among the treatments, T3 (66.84, 62.79

mg kg ' respectively) exhibited significantly high values of available silicon

content at 30 and 60 DAI which was on par with the treatments Tt (66.49, 62.27

mg kg ' respectively). The treatment T3 presented significantly superior available

silicon at 90 DAI which was on par with the treatments T2 (55.53 mg kg"') and Ti

(54.48 mg kg"'). The treatments were found to be non-significant at 120 DAI.

The interactions also had no significant differences in the available silicon

^  contents at 30, 60, 90 and 120 DAI.

4.2.1.16 Exchangeable aluminium

The tabular form of the data on exchangeable aluminium content at 30, 60, 90

and 120 DAI are as in Table 25.

No significant difference was observed in between the submergence levels as

well as the submergence vs. treatment interaction at 30, 60, 90 and 120 DAI.

On considering the treatments, the treatment T3 (214.67 c mol (P^) kg"') recorded

^  significantly minimum value with respect to exchangeable aluminium content at
30 DAI which were on par with the treatments Tj (215.00 c mol (P^) kg"') and Tt

(222.00 c mol (P^) kg"') respectively. However, at 60 and 120 DAI, a

significantly mmimum value of exchangeable aluminium was observed in the

treatments T3 (172.17, 100.83 c mol (P^) kg"'respectively) which were on par

with Ti (178.17, 105.83 c mol (P^) kg"' respectively). In case of 90 DAI, the

least aluminium content was observed in soil treated with lime alone (137.67 c

mol (P^ kg"') which was on par with T3 (140.17 c mol (P^ kg"').
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4.2.1.17 Exchangeable sodium

The data on exchangeable sodium at 30, 60, 90 and 120 DAI are given in Table

26.

The submergence levels Si and S2 showed no significant difference with respect

to exchangeable sodium content at 30, 60, 90 and 120 DAI.

At all the intervals of 30, 60, 90 and 120 DAI, there were no significant

differences between the submergence levels S| and S2as well as the submergence

vs. treatment interaction with respect to exchangeable sodium content.

On comparing the effect of treatments on the exchangeable sodium content at 30,

60, 90 and 120 DAI, the treatment T| (1199.33, 1125.00, 1092.83, 1068.67 (c mol

(P^) kg"') respectively) recorded the lowest value and the highest values were

recorded in control.

4.3 SOLUTION CULTURE EXPERIMENT

The experiment was conducted by maintaining a nutrient solution

(Hoagland's solution) containing 3 levels of iron (400, 800, 1200 mg L"'), 2 levels

of aluminium (15 and 30 mg L"') and 2 levels of salinity (5 and 10 dS m"') along

with one control. The two selected varieties Kuthiru and Ezhome-1 were

evaluated for their varying levels of tolerance to iron and aluminium coupled with

salinity. The details of treatments are given in Table 27.

V
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Table 27: Treatments used in solution culture experiment

Treatment

number

Composition Combination of iron, aluminium

(mg L"') and salinity (dS m"')

respectively

T| F|A,S, 400, 15,5

T2 F1A2S1 400, 30,5

T3 F1A1S2 400, 15, 10

T4 F1A2S2 400, 30, 10

Ts F2A1S1 800, 15,5

T6 F2A2S, 800, 30, 5

Tv F2A,S2 800,15,10

Ts F2A2S2 800, 30, 10

T9 F3A,S, 1200,15,5

T,o F3A2S, 1200, 30,5

Tn F3AIS2 1200, 15, 10

T,2 F3A2S2 1200,30,10

T,3 Control Hoagland's solution

r/
\o^
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The results on the different biometric observations, plant analysis and root

partitioning studies are statistically interpreted as given below.

4.3.1 Biometric observations

4.3.1.1 Plant height

The statistical data on the effect of treatments on the two rice varieties and their

interaction are illustrated in Table 28.

There were no differences in percentage of increase in plant height between the

varieties as well as the variety x treatment interaction.

The lowest significant decrease in plant height (0.46 %) was observed in T^.

The other treatments followed the order Tg (0.51 %), Ts (0.60 %), T5 (0.64 %), T3

(0.65 %), T6 and Ti l (0.68 % each), T4 (0.76 %), T7 (0.79 %), Tio (0.82 %), T2

(0.89 %), Ti (1.06 %) and Tn (1.97 %). The highest plant height was observed in

control (Hoagland's solution).

4.3.1.2 Root length

The data on root length of the rice varieties is given in Table 28.

Among the varieties, significantly lower root length was observed in V2 i.e.

Kuthiru (6.42 %) over Vi i.e. Ezhome-1 (8.28 %).

The effect of treatments was significant with respect to percent increase in root

length. The results showed that significantly highest increase in root length was

recorded in control /.e.Tn (12.96 %). The lowest significant increase in root

length was noted in T12 (6.02 %). Among the interactions, lowest significant root

length was observed in Tn of V2 (5.01 %) which was on par with the treatments

T| 1 (5.08 %) and Tio (5.09 %) of Kuthiru variety.

4.3.1.3 Pattern of iron accumulation in roots

The pattern of iron coating on the roots is as shown in Plate 8 (A) and (B). The

roots of the variety Kuthiru (1994 pg g"') showed a significantly higher
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concentration of iron compared to Ezhome-1 (1881 pg g"'). Among all the

treatments, the highest iron content was in the roots of T12 (1200 mg L"' iron, 30

mg L"' aluminium and 10 dS m"' salinity). There was no iron coating in the roots

of control in both varieties.

4.3.1.4 Root dry weight

The dry weights of roots observed are statistically tabulated in Table 28.

A significantly higher root dry weight was observed in V? i.e. Kuthiru (3.75 mg)

over Vi i.e. Ezhome-1 (2.46 mg).

On comparing the treatments, the highest significant root dry weight was

observed in Tg (3.45 mg each), which was on par with T7 (3.33 mg).

From the variety vs. treatment interactions, it was noticed that the highest

significant root dry weight was observed in Tg of V2 (4.50 mg) which was on par

with T7 of V2 (4.40 mg).

4.3.2 Plant analysis

4.3.2.1 Total nitrogen

The nitrogen concentration in the plants is statistically represented in Table 29.

A significantly superior nitrogen content was observed in variety Vi (2.60 %) i.e.

Ezhome-1 compared to V2 (2.52 %) i.e. Kuthiru.

Among the different treatment combinations, the treatment T9 (2.86 %) recorded

the highest significant nitrogen content in plant which was on par with T12 (2.84

%) and Til (2.80 %) respectively. The lowest nitrogen content was seen in T13

(1.89%).

While considering the variety x treatment interactions, the treatment T12 of V2

(2.90 %) recorded the highest significant nitrogen content. This was on par with

VdV
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Table 28: Effect of different levels of iron, aluminium and salinity on plant height,
root length and root dry weight

Treatment Increase in plant height

(%)

Increase in root length

(%)

Root dry weight (rag)

V,(E) V2(K) Mean V,(E) V2(K) Mean V,(E) V2(K) Mean

T, l.Ol 1.12 1.06 8.81 6.88 7.84 2.60 3.80 3.20

T, 0.98 0.80 0.89 8.75 6.75 7.75 2.70 3.50 3.10

^3 0.68 0.62 0.65 8.43 6.68 7.56 2.60 3.37 2.98

0.59 0.93 0.76 8.36 6.40 7.38 2.53 3.23 2.88

T3 0.59 0.69 0.64 7.60 6.49 7.05 2.60 4.20 3.40

T. 0.79 0.56 0.68 7.56 6.32 6.94 2.40 4.40 3.40

Tv 0.89 0.69 0.79 7.51 6.48 7.00 2.37 4.30 3.33

Ts 0.76 0.44 0.60 7.37 6.30 6.83 2.40 4.50 3.45

T, 0.57 0.44 0.51 7.29 5.18 6.24 2.60 3.60 3.10

T,o 1.06 0.58 0.82 7.19 5.09 6.14 2.13 3.70 2.92

T,, 0.77 0.60 0.68 7.14 5.08 6.11 2.40 3.60 3.00

0.46 0.46 0.46 7.03 5.01 6.02 2.40 3.33 2.87

T.3 2.24 1.69 1.97 14.65 10.81 12.73 2.30 3.23 2.77

Mean 0.88 0.74 8.28 6.42 2.46 3.75

SEm(±) CD (0.05) SEm(±) CD (0.05) SEm(±) CD (0.05)

V 0.07 NS 0.096 0.194 0.024 0.049

T 0.18 0.36 0.245 0.493 0.062 0.125

VxT 0.25 NS 0.347 0.698 0.088 0.177

%
V| (E) - Variety 1 (Ezhome-1)

V2 (K) - Variety 2 (Kuthiru)

o
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Table 29: Effect of different levels of iron, aluminium and salinity on total
nitrogen, phosphorus and potassium concentration in rice plants under solution
culture

Treatment

Total N (%) Total P (%) Total K (%)

V,(E) V2(K) Mean V,(E) V2(K) Mean V,(E) V2(K) Mean

T, 2.37 2.16 2.26 1.37 2.60 1.99 0.42 3.62 2.02

T2 2.60 2.60 2.60 1.98 2.01 1.99 0.50 2.39 1.45

T3 2.73 2.29 2.51 2.01 3.22 2.62 0.60 3.36 1.98

T4 2.55 2.54 2.54 0.91 2.10 1.51 0.67 3.06 1.86

T5 2.68 2.57 2.62 0.95 0.75 0.85 1.24 1.37 1.31

Tt 2.41 2.61 2.51 0.90 1.70 1.30 1.29 2.36 1.82

Tv 2.70 2.45 2.57 0.38 0.91 0.64 0.83 2.24 1.53

Tg 2.66 2.55 2.66 0.81 0.99 0.64 1.24 2.88 2.06

T9 2.86 2.81 2.86 1.31 0.72 0.90 1.46 2.44 1.95

Tio 2.66 2.66 2.66 2.15 1.12 1.01 2.29 1.84 2.06

Tn 2.80 2.77 2.80 1.04 1.02 1.64 0.76 1.66 1.21

T,2 2.84 2.90 2.84 0.73 0.80 1.03 0.96 1.49 1.22

T,3 1.87 1.92 1.89 1.36 1.33 0.76 1.60 1.39 1.49

Mean 2.60 2.52 1.22 1.48 1.06 2.31

SEm{±) CD (0.05) SEm(±) CD (0.05) SEm(±) CD (0.05)

V 0.02 0.04 0.019 0.039 0.017 0.035

T 0.05 0.10 0.048 0.100 0.044 0.090

VxT 0.07 0.15 0.068 0.141 0.062 0.128

\v
\
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T9 of V, (2.86 %), T|2 of V, (2.84 %), T,, of V, (2.80 %) and T,, of Vj

respectively. The lowest nitrogen content was observed in of Vi (1.87 %).

4.3.2.2 Total phosphorus

The total phosphorus concentration in the plants grown in solution culture

experiment is shown in Table 29.

The variety Vi (1.48 %) recorded the significantly higher concentration of

phosphorus compared to V| (1.22 %).

The highest concentration of phosphorus was recorded in the treatment T3 (2.62

%). On the other hand, the lowest amount of phosphorus was in T? and Tg (0.64

% each).

Among the variety x treatment interactions, T3 of V2 (3.22 %) recorded the

significantly highest amount of phosphorus. The lowest phosphorus was noted in

Tq of V2 (0.72 %).

4.3.2.3 Total potassium

Table 29 illustrates the analytical result of potassium content in the plants.

Significantly highest concentration of potassium was observed in V2 (2.30 %)

over Vi (1.06 %). The significantly highest plant potassium content was

observed in Tg and T10 (2.06 % each), which was on par with T| (2.02 %) and T3

(1.98 %) respectively. The interaction effect was found to be significant. On

considering the variety vs. treatment interaction, the significantly highest

potassium content was recorded in T| of V2 (3.62 %). However, Ti of V| (0.42

%) recorded the lowest potassium content.

4.3.2.4 Total iron

The total iron content in the rice varieties is illustrated in Table 30.

Significantly lower iron content was observed in the variety V2 (2769 pg g"') i.e.

Kuthiru compared to Vi i.e. Ezhome-1 (2955 pg g"'). The highest significant

\vV
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concentration of iron was present in the treatment Tg (4522 pg g"'). Among the

variety x treatment interactions, the treatment Tg of V| (4823 pg g"') recorded the

highest significant amount of iron.

4.3.2.5 Total manganese

The total content of manganese in rice is shown in Table 30.

The variety V| (661.96 pg g"') showed significantly lower manganese content

compared to Vt (672.02 pg g"'). The treatments revealed that the highest

significant manganese content was in T4 (933.50 pg g '). The highest significant

amount of manganese among the variety x treatment interaction was observed in

Ti of V2 (990.49 pg g"').

4.3.2.6 Total chlorine

Table 31 gives the data on total chlorine content in rice plants of solution culture

experiment.

There was no significant difference with respect to the total chlorine content in

rice plants on comparing the varieties as well as the variety x treatment

interaction. Among the treatments, the lowest significant concentration of

chlorine was observed in T13 (1.09 %) and the highest in T4 (2.83 %).

4.3.2.7 Total aluminium

The total aluminium content in plants is presented in Table 31.

The variety V? recorded maximum significant concentration of aluminium (1.79

%) than Vi (1.68 %). On comparing the treatments, the highest significant

aluminium content was observed in Tio (2.11 %) which was on par with T| 1 (2.09

%) and Tg (2.07 %) respectively.

The effect of variety x treatment interactions revealed that Tio of V| (2.12 %)

recorded the significantly highest aluminium content which was on par with Ti2

.0
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of V2 (2.11 %), Ti2 of Vi and Tio of V2 (2.10 % each), T9 of V| and V2 (2.07 %

each).

4.3.2.8 Total sodium

The statistical data on total sodium is given in Table 32.

The variety V| (1.75 %) showed a significantly lower sodium content compared

to V2 (3.04 %). The lowest significant sodium content among the treatments was

seen in T5 (1.37 %). The highest among the treatments was reported in T4 (3.44

%). The data on variety x treatment interactions revealed that T| of Vi (0.84 %)

has the lowest sodium content while, the highest was seen in T12 of V2 (3.45 %).

4.3.3 Iron, aluminium, sodium, chlorine and root CEC of rice roots under

solution culture

4.3.3.1 Iron

The data on rice root partitioning study with respect to iron content is given in

Table 33.

The roots of the variety V2 (1994 pg g"') showed a significantly higher

concentration of iron compared to V| (1881 pg g"').

Among all the treatments, the highest iron content was in the roots of T12 (2736

pg g '). On considering the variety vs. treatment interactions, the highest iron

content was noted in T12 of V2 (2771 pg g ') which was on par with Tn of V2

(2761 pgg"').

4.3.3.2 Aluminium

The data on aluminium content in the rice roots is recorded in Table 33.

Significantly higher aluminium content was observed in V2 (1.78 %) over Vi

(1.59 %). Among all the treatments, the highest significant amount of aluminium

was observed in the treatment T10 (2.01 %) which was on par with T9 (1.99 %).
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Table 32; Effect of different levels of iron, aluminium and salinity on total
sodium content in rice plants under solution culture

Treatment Total sodium (%)

V,(E) V2(K) Mean

T", 0.84 2.92 1.88

0.89 2.28 1.59

1.23 4.42 2.83

1.95 4.92 3.44

T5 1.17 1.56 1.37

T, 1.55 2.68 2.11

^2 1.63 3.17 2.40

Ts 2.23 3.34 2.78

T, 1.89 2.55 2.22

T.o 2.17 2.95 2.56

T,. 2.42 3.17 2.80

T,2 2.55 3.45 3.00

T,3 2.21 2.13 2.17

Mean 1.75 3.04

SEm(±) CD (0.05)

V 0.006 0.012

T 0.014 0.030

VxT 0.020 0.042
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Table 33: Root partitioning study on concentration of iron and aluminium in

solution culture of rice varieties

Treatment Iron (pg g"') Aluminium (%)

V,(E) V2(K) Mean V,(E) ViCK) Mean

T| 1008 1025 1016 1.46 1.81 1.63

^2 1045 1066 1055 1.51 1.87 1.69

1330 1469 1400 1.57 1.72 1.64

T4 1419 1554 1486 1.62 1.78 1.70

T5 2053 2339 2196 1.71 1.84 1.78

Ta 2161 2379 2270 1.73 1.89 1.81

^2 2322 2426 2374 1.74 1.95 1.85

2419 2541 2480 1.79 1.96 1.87

T. 2541 2657 2599 1.89 2.09 1.99

'T.o 2610 2736 2673 1.93 2.09 2.01

T., 2675 2761 2718 1.82 2.08 1.95

T.2 2702 2771 2736 1.85 2.07 1.96

T'b 171 202 186 0.016 0.018 0.017

Mean 1881 1994 1.59 1.78

SEm(±) CD (0.05) SEm(±) CD (0.05)

V 1.288 2.592 0.004 0.009

T 3.284 6.609 0.011 0.023

VxT 4.645 9.347 0.016 0.033

Vi (E) - Variety 1 (Ezhome-1)

V2 (K) - Variety 2 (Kuthiru)

V
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In the variety vs. treatment interactions, the highest significant amount of

aluminium has been observed in Tg and Tio of V2 (2.09 % each) which was on

par with T| 1 (2.08 %) and T12 (2.07 %).

4.3.3.3 Sodium

The variety V| (0.83 %) showed a significantly lower sodium content than V2

(1.70%) as in Table 34.

The lowest significant amount of sodium was observed in the treatment T5 (0.78).

On the other hand, highest sodium content was noticed in Tn (1.79 %) followed

by T7 (1.57 %). The variety vs. treatment interactions showed that the lowest

significant sodium was observed in T| of Vi (0.31 %) and the highest in T2 of V|

(0.36 %).

4.3.3.4 Chlorine

The data on the chlorine content in roots is expressed in Table 34.

The variety V2 (0.72 %) showed a significantly lower content of chlorine than V]

(0.87 %).

On comparing the treatments, the lowest significant concentration of chlorine in

roots was seen in T13, which was on par with T| (0.63 %). The highest chlorine

content was observed in T7 (0.98 %) followed by T4 (0.95 %).

The variety vs. treatment interactions reveals that the lowest significant content of

chlorine was observed in T13 of V2 (0.45 %), which was on par with T| of Wi

(0.54 %) and T2 of V2 (0.61 %) respectively.

4.3.3.5 Root CEC

The statistical data on the root CEC of rice plants is expressed in Table 34.

The varietal interaction showed that V2 (3.55 c mol (P"^ kg"') had a significantly

liigher root CEC over V, (3.46 c mol (P"^) kg"'). The highest significant root CEC
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was obtained in the treatment T12 (4.27 c mol (P^) kg"'), which was on par with

Tg (4.25 c mol (P^) kg"'). The lowest root CEC was in Tn (2.52 c mol (P^) kg"').

Among the variety vs. treatment interaction, the highest root CEC was seen in Tu

of Vi (4.31 c mol (P^) kg"'). This was also on par with Tg of Vi (4.30 c mol (P"^

kg"'), Ti2 of V2 (4.24 c mol (P^) kg"') and Tg of V2 (4.20 c mol (P^ kg"')

respectively.

4.4 POT CULTURE EXPERIMENT

Pot culture experiment was carried out with the two selected rice

varieties Kuthiru and Ezhome-I in the saline hydromorphic soils from

Punnachery region of Kaipad during the month of July to October 2016. The

statistical data on growth parameters, yield attributes, soil analysis and plant

analysis studies are illustrated in this section.

4.4.1 Effects of amendments on growth parameters

4.4.1.1 Plant height

The effect of amendments on plant height is tabulated as in Table 35.

Significantly highest plant height was observed in the variety Vi i.e. Ezhome-1 at

30, 60 DAT and at harvest (121.71, 134.38, 143.77 cm respectively) as compared

to Vt i.e. Kuthiru (57.83, 67.10, 80.66 cm respectively).

The treatments showed no significant difference with respect to plant height at

30, 60 DAT whereas at harvest, the treatment Te (120.95 cm) showed the

significantly maximum plant height which was on par with T3 (115.04 cm).

Considering the variety x treatment interaction at 30 DAT, significantly

maximum plant height was observed in treatment T6 of variety Ezhome-1 (129.20

cm). This was on par with T3 (128.45cm), T5 (127.20 cm), T4 (124.73 cm), T2

(121.50 cm) recorded in Ezhome-1 variety. There was no significant difference
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in the variety x treatment interaction at 60 DAT. However at harvest stage,

treatment Ta of variety Ezhome-1 showed the significantly highest plant height

^  which was on par with T3 (152.13 cm) of the same variety.

4.4.1.2 Number of leaves

Table 36 displays the statistical data on the number of leaves of Ezhome-1 and

Kuthiru rice varieties at 30, 60 DAT and at harvest.

There was no significant difference in the number of leaves between the two

varieties at 30 and 60 DAT whereas at harvest, significantly superior number of

leaves (41.00) was recorded with respect to Ezhome-1. The significantly highest

numbers of leaves were noticed in treatment Tj (95.82) which were on par with

T3 (94.40). At harvest stage, significantly highest number of green leaves was

yr observed in T1 (45.33) which were on par with T2 (41.50).

While considering the variety vs. treatment interaction at 30 DAT, significantly

maximum number of leaves were recorded by T3 of the variety Ezhome-1 which

was on par with Te of variety Vj, T4 of variety V2, T2 of V|, T5 of V2, T2 of V2, T|

of V, and T3 of V2 (77.12, 76.50, 76.00, 75.00, 74.66, 72.66, 72 respectively). At

60 DAT, T3 of variety Vi (103.66) exhibited the highest significant number of

leaves. Finally at harvest stage, treatment T| of variety Vi (51.50) recorded the

maximum significant number of leaves which was on par with T2 of variety Vi

(46.50).

4.4.1.3 Number of productive tillers

The data on the number of productive tillers is as given in Table 37.

Observations recorded between the two varieties showed that the variety Vi i.e.

Ezhome-1 (28.64) produced significantly maximum number of productive tillers.

\
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Table 37: Effect of different amendments on the number of productive tillers and
number of grains per panicle of rice varieties

Treatment Number of productive tillers Number of grains per panicle

V,(E) V2(K) Mean V,(E) V2(K) Mean

T, 26.17 28.33 27.25 152.50 123.00 137.75

T2 27.17 18.83 23.00 162.70 110.00 136.35

T3 37.67 24.17 30.92 171.00 114.50 142.75 .

T4 24.00 26.67 25.33 151.00 114.00 132.50

Ts 28.83 20.83 24.83 159.43 116.00 137.72

T6 33.50 26.00 29.75 163.07 119.33 141.20

Tt 23.17 17.83 20.50 149.83 124.83 137.33

Mean 28.64 23.24 158.50 117.38

SEm(±) CD (0.05) SEm(±) CD (0.05)

V 0.63 1.31 1.50 3.10

T 1.19 2.44 2.81 5.79

VxT 1.68 3.46 3.98 8.19

Ti-Lime as per KAU POP, 2011; Tt -Magnesium sulphate -I- lime (as per KAU

POP, 2011); T3-Phosphogypsum @ 500 kg ha ' + Vx lime as per KAU POP, 2011;

T4- Lime as per KAU POP + potassium silicate 0.25% +0.25 % Boron; T5-

Magnesium sulphate + '/z lime (as per KAU POP, 2011) +0.25% potassium

silicate + 0.25 % boron; T6- Phosphogypsum @ 500 kg ha"' + % lime as per KAU

POP, 2011 + potassium silicate-0.25% + 0.25% boron; Ty-Absolute control

\V7
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While considering the treatments, the maximum numbers of significant number

of productive tillers had been recorded in the treatment T3 (30.92) which were

found to be on par with Te (29.75).

The interaction effect of variety vs. treatment interaction revealed that the

treatment T3 of variety Ezhome-1 {37.67) produced the highest significant

number of productive tillers.

4.4.2 Influence of amendments on yield attributes

4.4.2.1 Number of grains per panicle

The statistically tabulated data on the number of gains per panicle is given in

Table 37.

The variety V| i.e. Ezhome-l(l58.50) produced the significantly higher number

of grains per panicle between the two varieties.

While considering the treatments, T3 recorded the highest (142.75) significant

number of grains per panicle. This was found to be on par with Te (141.20), Ti

(137.75), T5 (137.72) and T7 (137.33) respectively.

The variety x treatment interaction showed that T3 of variety Ezhome-1 yielded

the significantly maximum number of grains per panicle (171.00) and this was

also on par with Te of Ezhome-1 (163.07).

4.4.2.2 Grain yield

The grain yield recorded in the pot culture experiment was statistically analyzed

and recorded in Table 38.

A significantly higher grain yield was noticed in the variety Ezhome-1 (74.93 g

pot"') compared to Kuthiru (51.60 g pof'). A significantly maximum grain yield

was observed in the treatment T^ (73.50 g pof') followed by T3 (68.17 g pof').

The lowest grain yield was recorded in the plants treated with T? (54.17 g pof').

The highest percentage increase in yield among the treatments with respect to
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control was found to be highest in T? (21.29 %). With respect to variety vs.

treatment interaction, T3 of variety Ezhome-1 (96.33 g pof') recorded the highest

significant yield which was found to be on par with Ts of Ezhome-1 (96.17 g

pof').

4.4.2.3 Straw yield

The data for the straw yield at harvest is represented in Table 38.

Among the varieties, Ezhome-1 (49.37 g pof') recorded a significantly higher

straw yield. The treatment T3 (40.86 g pof') recorded the highest significant

straw yield compared to all other treatments. The lowest straw yield was

obtained in the plants treated with T4 (29.71 g pof'). On comparing the variety x

treatment interaction also, T3 of variety Ezhome-1 (64.95 g pof') recorded the

highest significant straw yield.

4.4.2.4 Chaffiness

The data on the chaffiness percentage of the rice varieties are statistically

presented in Table 38.

A significantly lower percentage of chaffiness was observed in the variety V2 i.e.

Kuthiru (44.58 %) compared to Vi i.e. Ezhome-l(56.75 %).

On comparing the treatments, a significantly lower chaffiness percentage (47.18

%) was noticed in treatment Ti (lime alone) which was on par with Tg (47.58 %)

and Tv (48.56 %) respectively.

The variety x treatment interactions revealed that significantly lowest chaffiness

percentage was observed in treatment Te of variety V| (41.13 %) which was

found to be on par withT4 of V| (41.64 %).

4.4.2.5 One thousand grain weight

The tabulated data on the weight of one thousand grains are represented in Table

39.
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Table 39; Effect of amendments on 1000 grain weight or seed index of rice

varieties

Treatment 1000 grain weight (g pot"')

V,(E) V2(K) Mean

T, 28.48 20.20 24.34

T3 27.54 15.73 21.64

T3 30.73 18.77 24.75

T4 28.42 18.43 23.43

T. 27.93 16.65 22.29

Ta 30.43 17.53 23.98

26.37 15.46 20.92

Mean 28.56 17.54

SEm(±) CD (0.05)

V 0.36 0.734

T 0.67 1.374

VxT 0.94 1.942

T|-Lime as per KAU POP, 2011; To -Magnesium sulphate + Vi lime (as per KAU

POP, 2011); T3-Phosphogypsum @ 500 kg ha"' + Vi lime as per KAU POP, 2011;

T4- Lime as per KAU POP + potassium silicate 0.25% +0.25 % Boron; T5-

Magnesium sulphate + '/2 lime (as per KAU POP, 2011) +0.25% potassium

silicate + 0.25 % boron; Te- Phosphogypsum @ 500 kg ha"' + % lime as per KAU

POP, 2011 + potassium silicate-0.25% + 0.25% boron; Ty-Absolute control
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The variety Ezhome-I (28.56 g pot"') showed a significantly higher seed index

value compared to Kuthiru (17.56 g pot"'). On comparison of all the treatments,

>  the treatment T3 (24.75 g pot"') exhibited a significantly higher weight for one

thousand grains which was on par with T| (24.34 g pot"'), Ta (23.98 g pot"') and

T4 (23.43 g pot"') respectively.

The variety x treatment interactions for seed index revealed a significantly higher

weight in case of T3 of V| (30.73 g pot"') which was on par with Te of Vi (30.43

gpot"').

4.4.3 Residual nutrient status of soil

4.4.3.1 Soil pH

The results of soil pH after harvest in pot culture experiment is specified in Table

40.

On evaluating the two varieties, the variety Vt i.e. Kuthiru indicated a

significantly higher soil pH (5.30) compared to variety Vi (5.17) i.e. Ezhome-1.

On comparing the treatments, treatment T4 (5.48) chronicled the significantly

highest pH which was on par with Tft (5.42).

Among the variety x treatment interactions, significantly highest pH was noticed

in treatment T^ of variety V2 (5.60). The lowest pH was observed in treatment Ty

>> of variety V| (4.21).

4.4.3.2 Electrical conductivity

The results of electrical conductivity of soil in pot culture experiment at harvest

are elucidated in Table 40.

No significant differences were witnessed between the two varieties with respect

to electrical conductivity.
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The least significant value of electrical conductivity was spotted in the treatment

T4 (7.60 dS m"'). This was also found to be on par with T| (7.62 dS m"') and Te

(8.33 dS m ') respectively.

Among the variety x treatment interactions, the treatment T| of variety V| i.e.

Ezhome-1 (6.63 dS m"') recorded the least significant electrical conductivity

which was on par with T4 of Vi (6.73 dSm"').

The highest electrical conductivity was observed in case of T7 (control) of variety

V| (11.67 dS m"').

4.4.3.3 Organic carbon

Organic carbon content of the soil after harvest is depicted in Table 40.

Significantly, higher organic carbon percent was noticed in variety V| i.e.

Ezhome-1 (14.0 g/kg) compared to V2 i.e. Kuthiru (12.9 g/kg).

Among the treatment mean, Te (14.7 g/kg) discerned the significantly highest

organic carbon content. The lowest organic carbon was observed in control (T7-

11.8 g/kg). There was no significant difference in the variety x treatment

interaction.

4.4.3.4 Available nitrogen

The data on the residual available nitrogen content is presented in Table 41.

Among the two varieties, the variety V| i.e. Ezhome-1 (321.63 kg ha"') exhibited

significantly higher available nitrogen content than Kuthiru (230.10 kg ha"').

The treatment T3 (Phosphogypsum @ 500 kg ha"' + 'A lime) recorded the highest

significant amount of available nitrogen (302.63 kg ha"') which was on par with

T6 (265.94 kg ha"'). There was no significant difference in available nitrogen

content in the variety x treatment interaction.
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4.4.3.5 Available phosphorus

The available phosphorus content is given in Table 41.

No significant difference was observed on comparing the varieties Vi i.e.

Ezhome-land Vt i.e. Kuthiru. It was noted that the treatment T4 (34.16 kg ha ')

showed the significantly highest available phosphorus content and this was on par

with Ti (33.35 kg ha"'). The lowest phosphorus content was observed in T7

(control- 21.64 kg ha"').

The variety V5. treatment interaction revealed that Te of V2 (38.28 kg ha"')

showed a significantly higher available phosphorus content which was on par

with T, of V, (37.88 kg ha'), T4 of V, (36.87 kg ha'), T3 of V2 (35.62 kg ha').

The lowest available phosphorus content was witnessed in T? of Vi (control-

20.99 kg ha"').

4.4.3.6 Available potassium

The statistical data on available potassium is illustrated in Table 41.

The variety Ezhome-1 indicated significantly higher available potassium (2225

kg ha"') than Kuthiru (2222 kg ha"'). The treatment mean indicated that T6 (2371

kg ha"') showed the significantly highest available potassium. The lowest

available potassium content was observed in treatment T3 (2025 kg ha"').

On comparing the interaction variety x treatment interaction, it was revealed that

Ts of variety V| (2474 kg ha"') showed the significantly highest available

potassium content. In addition, this was found to be on par with T3 of Vi (2465

kg ha"'). The lowest available potassium content was observed in T7 of V2 i.e.

control (2053 kg ha"').

4.4.3.7Available calcium

The available calcium content was significantly higher in Vi (1690 mg kg"') than

in V2 (1609 mg kg"') as in Table 42.



1
1
0

Ta
bl

e 
40
: 
Ef

fe
ct

 o
f
 di

ff
er
en
t 
a
m
e
n
d
m
e
n
t
s
 o
n
 p
H
,
 el

ec
tr

ic
al

 c
on
du
ct
iv
it
y 
an
d 
or

ga
ni

c 
ca

rb
on

 c
on

te
nt

 o
f
 so

il
 a
ft

er
 h
ar

ve
st

 o
f
 ri

ce

T
 r
e
a
t
m
e
n
t

p
H

EC
(d
S 
m"
')

O
r
g
.
 C
a
r
b
o
n
 (
g/

kg
)

V
,
(
E
)

V
2
(
K
)

M
e
a
n

V
i
(
E
)

V
2
(
K
)

M
e
a
n

V
,
(
E
)

V
2
(
K
)

M
e
a
n

T
,

5
.
4
3

5
.
3
4

5
.
3
8

6
.
6
3

8
.
6
0

7
.
6
2

1
4
.
0
0

1
2
.
5
0

1
3
.
2
0

T2
5
.
2
8

5
.
3
9

5
.
3
3

9
.
0
7

8
.
5
7

8
.
8
2

1
3
.
5
0

1
2
.
7
0

1
3
.
1
0

T3
5
.
3
1

5
.
4
9

5
.
4
0

8
.
2
3

8
.
7
0

8
.
4
7

1
4
.
9
0

1
3
.
2
0

1
4
.
0
0

T4
5
.
5
0

5
.
4
5

5
.
4
8

6
.
7
3

8
.
4
7

7
.
6
0

1
4
.
7
0

1
2
.
8
0

1
3
.
7
0

T
.

5
.
2
2

5
.
4
3

5
.
3
3

8
.
9
3

8
.
4
3

8
.
6
8

1
3
.
7
0

1
3
.
3
0

1
3
.
5
0

Ta
5
.
2
3

5
.
6
0

5
.
4
2

8
.
2
7

8
.
4
0

8
.
3
3

1
5
.
5
0

1
3
.
9
0

1
4
.
7
0

T7
4
.
2
1

4
.
3
9

4
.
3
0

1
1
.
6
7

1
0
.
7
3

1
1
.
2
0

1
1
.
9
0

1
1
.
7
0

1
1
.
8
0

M
e
a
n

5
.
1
7

5
.
3
0

8
.
5
1

8
.
8
4

1
4
.
0
0

1
2
.
9
0

S
E
m
(
±
)

C
D
 (
0.

05
)

S
E
m
(
±
)

C
D
 (
0.

05
)

S
E
m
(
±
)

C
D
 (
0.

05
)

V
0
.
0
1
5

0
.
0
3
1

0
.
2
2
2

N
S

0
.
1
8

0
.
3
8

T
0
.
0
2
8

0
.
0
5
8

0
.
4
1
6

0
.
8
5
6

0
.
3
4

0
.
7
0

V
x
T

0
.
0
4
0

0
.
0
8
2

0
.
5
8
8

1
.
2
1
1

0
.
4
8

N
S

T|
-L

im
e 
as

 p
er
 K
A
U
 P
O
P
,
 20

11
; 
T
2
 -
M
a
g
n
e
s
i
u
m
 s
ul
ph
at
e 
+
 V
2 
li

me
 (a

s 
pe

r 
K
A
U
 P
O
P
,
 20

11
);

 T
s-

Ph
os

ph
og

yp
su

m 
@
 5
0
0
 k
g
 h
a"

 +

V2
 l
im

e 
as

 p
er

 K
A
U
 P
O
P
,
 20

11
; 
T4
- 
L
i
m
e
 a
s 
pe
r 
K
A
U
 P
O
P
 +
 p
ot

as
si

um
 s
il
ic
at
e 
0
.
2
5
%
 +
0.

25
 %
 B
or
on
; 
T5
- 
M
a
g
n
e
s
i
u
m
 s
ul
ph
at
e 
+
 V
2

li
me
 (a

s 
pe

r 
K
A
U
 P
OP
, 2

01
1)
 +0

.2
5%

 p
ot
as
si
um
 s
il
ic
at
e +
 0.

25
 %
 bo

ro
n;
 T6

- P
ho

sp
ho

gy
ps

um
 @
 5
00
 k
g 
ha
"'
 +
 V2

 l
im
e 
as
 p
er
 K
A
U

P
O
P
,
 2
0
1
1
 +
 p
ot
as
si
um
 s
il

ic
at

e-
0.

25
% 
+
 0
.
2
5
%
 b
or
on
; 
T7
-A
bs
ol
ut
e 
co

nt
ro

l



I
l
l

Ta
bl
e 
41
: 
Ef

fe
ct

 o
f 
am
en
dm
en
ts
 o
n 
av
ai
la
bl
e 
ni
tr
og
en
, a

va
il

ab
le

 p
ho
sp
ho
ru
s 
an
d 
po

ta
ss

iu
m 
st

at
us

 o
f 
so

il
 a
ft

er
 h
ar
ve
st
 o
f 
ri
ce

T
r
e
a
t
m
e
n
t

Av
ai

la
bl

e 
N
 (
kg

 h
a"

')
Av

ai
la

bl
e 
P
 (k

g 
ha
"'
)

Av
ai

la
bl

e 
K
 (k

g 
ha
"'
)

V
,
(
E
)

V
:
(
K
)

M
e
a
n

V
i
(
E
)

V
2
(
K
)

M
e
a
n

V
,
(
E
)

V
2
(
K
)

M
e
a
n

T
,

3
0
5
.
9
2

2
3
6
.
9
7

2
7
1
.
4
4

3
7
.
8
8

2
8
.
8
2

3
3
.
3
5

2
1
4
3
.
3
3

2
1
3
6
.
3
3

2
1
8
2
.
6
7

T
,

3
2
4
.
5
5

2
1
5
.
0
4

2
6
9
.
8
0

3
2
.
9
6

2
7
.
0
5

3
0
.
0
1

2
1
3
5
.
3
3

2
2
4
3
.
6
7

2
1
7
0
.
5
0

T3
3
5
6
.
3
2

2
4
8
.
9
4

3
0
2
.
6
3

2
3
.
8
3

3
5
.
6
2

2
9
.
7
3

2
4
6
5
.
0
0

2
1
5
8
.
0
0

2
0
2
5
.
3
3

T4
3
1
1
.
5
0

2
3
0
.
7
6

2
7
1
.
1
3

3
6
.
8
7

3
1
.
4
5

3
4
.
1
6

2
1
4
9
.
6
6

2
1
2
5
.
0
0

2
1
1
0
.
8
3

T5
3
1
5
.
2
8

2
1
7
.
3
3

2
6
6
.
3
0

3
2
.
1
5

2
8
.
9
8

3
0
.
5
7

2
1
2
9
.
0
0

2
2
3
6
.
3
3

2
1
3
8
.
1
7

T.
3
4
3
.
6
0

2
4
8
.
2
8

2
9
5
.
9
4

2
1
.
2
1

3
8
.
2
8

2
9
.
7
5

2
4
7
4
.
6
7

2
1
6
4
.
3
3

2
3
7
1
.
3
3

T
,

2
9
4
.
2
7

2
1
3
.
3
8

2
5
3
.
8
3

2
0
.
9
9

2
2
.
2
8

2
1
.
6
4

2
0
7
9
.
3
3

2
0
5
3
.
3
3

2
3
1
8
.
0
0

M
e
a
n

3
2
1
.
6
3

2
3
0
.
1
0

2
9
.
4
1

3
0
.
3
6

2
2
2
5
.
1
9

2
2
2
2
.
8
1

S
E
m
(
±
)

C
D
 (
0.

05
)

S
E
m
(
±
)

C
D
 (
0
.
0
5
)

S
E
m
(
±
)

C
D
 (
0.

05
)

V
3
.
7
8

7
.
7
9

0
.
8
6

N
S

6
.
3
0

1
2
.
7
9

T
7
.
0
7

1
4
.
5
7

1
.
6
1

3
.
3
1

1
1
.
7
9

2
4
.
2
7

V
x
T

1
0
.
0
0

N
S

2
.
2
7

4
.
6
8

1
6
.
6
7

3
4
.
3
2

Ti
-L
im
e 
as

 p
er
 K
A
U
 P
O
P
,
 20

11
; 
T
j
 -M

ag
ne

si
um

 s
ul

ph
at

e 
+
 '7

2 l
im

e (
as

 p
er
 K
A
U
 P
O
P
,
 20

11
);
 T
s-

Ph
os

ph
og

yp
su

m 
@
 5
00

 k
g 
ha
" 

-i-

Vi
 l
im

e 
as

 p
er
 K
A
U
 P
O
P
,
 20

11
; 
T4

- 
Li

me
 a
s 
pe

r 
K
A
U
 P
O
P
 +
 p
ot

as
si

um
 s
il
ic
at
e 0
.2
5%
 -
hO
.2
5 %
 B
or

on
; 
T5

- 
Ma
gn
es
iu
m 
su

lp
ha

te
 -i

- '
/2

li
me
 (a

s 
pe

r K
A
U
 P
OP

, 2
01
1)
 +0

.2
5%
 p
ot
as
si
um
 si

li
ca
te
 +
 0.

25
 %
 bo

ro
n;
 T6

- P
ho

sp
ho

gy
ps

um
 @
 50

0 
kg

 ha
"'

 +
 'A

 l
im
e a

s p
er
 K
A
U

P
O
P
,
 20

11
 +
 p
ot
as
si
um
 s
il
ic
at
e-
0.
25
% 
+
 0
.
2
5
%
 b
or
on
; 
Ty
-A
bs
ol
ut
e 
co

nt
ro

l



112

Among the different treatments, Te (1803 mg kg"') indicated the highest

significant available calcium content, which was on par with T3 (1800 mg kg"').

The lowest calcium content was observed in treatment Tt (1509 mg kg"').

On considering the variety x treatment interactions, T3 of Vi (1826 mg kg"')

indicated significantly highest available calcium content which was on par with

Tft of V] (1820 mg kg"'). The lowest calcium content was recorded in T2 of V?

(1440 mg kg"').

4.4.3.8 Available magnesium

The available magnesium content in soil after harvest is indicated in Table 42.

The content of available magnesium was significantly higher in the variety V|

(80.65 mg kg"') compared to V2 (77.71 mg kg"').

On comparing the treatments, T2 (83.68 mg kg"') recorded the significantly

highest amount of available magnesium. This was found to be on par with T5

(82.49 mg kg"'). The lowest content of available magnesium was observed in Ty

(75.29 mgkg"').

Among the variety x treatment interactions, T2 of V2 (85.22 mg kg"') recorded the

significantly highest available magnesium content. In addition, this was on par

withTs of Vi (83.33 mg kg"'), T2 of V| (82.14 mg kg"'), T5 of V2 (81.65 mg kg"')

respectively.

4.4.3.9 Available sulphur

Table 42 shows the statistical data on available sulphur content in pot culture

experiment at harvest.

Significantly higher amoimt of available sulphur was observed in the variety V2

(523.55 mg kg"') compared to V| (469.05 mg kg"'). The treatment (580.80 mg

kg"') recorded the highest significant amount of available sulphur. The lowest

available sulphur was noticed in Ty (407.36 mg kg"'). Among the variety vs.

treatment interaction, significantly highest amount of available sulphur was

\
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noticed in Tg of V2 (674.79 mg kg"'). The lowest amount was seen in Ty of Vi

(402.84 mg kg"').

4.4.3.10 Available iron

The data on available iron is presented in Table 43.

A significantly lower amount of available iron was observed in variety V2

(353.48 mgkg"') i.e. Kuthiru compared to Vj (432.83 mg kg"'). The lowest

significant amount of available iron was recorded in treatment T3 (334.67

rag kg"'), which was found to be on par with Ta (343.33 mg kg"'). The highest

iron content (499.83 mg kg"') was observed in Ty (control).

The variety x treatment interactions indicated that the treatment T| of V2 (312.33

mg kg"') recorded the significantly lowest iron content, which was on par with T4

of V2 (318 mg kg"'). The highest iron content was observed in Ty of V| (536.67

mg kg"').

4.4.3.11 Available copper

The data on available copper content in pot culture experiment is illustrated in

Table 44.

It was observed that a significantly high available copper content was shown by

the variety V2 (4.19 mg kg"') compared to Vi (4.13 mg kg"'). Among the

treatments, Ti and T4 (4.23 mg kg"') recorded significantly highest available

copper contents which were on par with Ty (4.16 mg kg"'), T5 (4.15 mg kg"'), and

also T3 and Te (4.13 mg kg"') respectively. No significant difference was

observed with respect to the variety x treatment interaction.

4.4.3.12 Available manganese

The available manganese content of soil at harvest in pot culture experiment is

given in Table 43.
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Significantly lower available manganese contents were observed in V| (2.93 mg

kg"') than Vt (3.90 mg kg"'). Among the treatments, the lowest significant

amount of manganese was observed in T| (2.93 mg kg"'), which was on par with

Ts (3.01 mgkg"') T: (3.07 mgkg"'), T3 (3.23 mg kg"') and (3.24 mg kg"')

respectively. The variety x treatment interactions showed that the treatment T4 of

V| (2.34 mg kg"') recorded the significantly lowest manganese. This was on par

with the treatments Ti of Vi (2.43 mg kg"'), Te of Vi (2.63 mg kg"'), T5 of Vi

(2.65 mg kg"'), T3 of V, (2.66 mg kg"'), T2 of V, (2.72 mg kg"') and Ty of Vi

(2.77 mg kg"') respectively.

4.4.3.13 Available zinc

Table 43 represents the data on available zinc in pot culture experiment.

On comparing the two varieties, significantly higher available zinc was observed

in the variety Kuthiru (1.28 mg kg"') over Ezhome-1 (1.25 mg kg"'). In case of

treatment mean, the treatment T6 (1.32 mg kg"') recorded highest significant

amount of zinc content which was on par with T5 (1.31 mg kg"'). The lowest zinc

content (1.20 mg kg"') was detected in Ty (control). The variety x treatment

interaction was non-significant with respect to available zinc.

4.4.3.14 Available boron

The variety Vy i.e. Kuthiru (1.32 mg kg"') showed significantly higher available

boron content compared to Vi i.e. Ezhome-l(1.26 mg kg"') as in Table 45.

Among the treatments, T4 and Te (1.33 mg kg"') recorded the highest significant

boron content which were on par with T3 (1.29 mg kg"'). In the variety x

treatment interactions, the treatments T4and T^ of Vy (1.34 mg kg"' each) noted

the highest significant available boron content, which were on par with T1 and Ty

of Vy (1.33 mg kg"' each), Tf, of V, (1.32 mg kg"'), Ty of Vy, T3 and T5 of V, (1.30

mg kg"'each) and T3 of Vy (1.29 mg kg"') respectively.

4.4.3.15 Available silicon

The residual soil analysis results of available silicon is presented in Table 45.

5b
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No significant difference was observed between the varieties and as well as in the

variety x treatment interaction. Among the treatments, significantly highest

silicon content was observed in the treatment T; (75.41 mg kg"'), which was on

par with T4 (75.00 mg kg"'), T2 (72.76 mg kg"') and Te (71.75 mg kg"')

respectively.

4.4.3.16 Exchangeable aluminium

The data on exchangeable aluminium in pot culture experiment is illustrated in

Table 45.

On comparing the two varieties, the variety V? i.e. Kuthiru (213.61 c mol (P^)

kg"') recorded a significantly lower exchangeable aluminium content over Vi i.e.

Ezhome-1 (286.05 c mol (P^) kg"').

The lowest exchangeable aluminium content was observed in treatment T3

(269.00 c mol (P^) kg"') which was found to be on par with Ti, Te and T4 (269.33,

270.83, 275 c mol (P^) kg"') respectively.

The nethermost exchangeable aluminium content in the variety x treatment

interaction was observed in Ta of Vt (254 c mol (P^) kg"') which was on par with

T3 (257 c mol (P^) kg"'), T, (266 c mol (P^ kg"') and T4 of V2 (270 c mol (P^)

kg"') respectively.

4.4.3.17 Exchangeable sodium

The statistical data on exchangeable sodium is represented in Table 44.

Significantly lower exchangeable sodium content was observed in Vi (832.81 c

mol (P^) kg"') compared to V2 (898.76 c mol (P^) kg"').

Among the treatments, significantly lowest exchangeable sodium content was

observed in the treatment T4 (803.33 c mol (P^) kg"') which was on par with T|

(809.67 c mol (P^) kg"'). The highest exchangeable sodium content was noticed

in T7 (1018.83 c mol (P^) kg"'). The variety v.<s. treatment interactions indicate

that the treatment T4 of variety Vi (782.67 c mol (P^) kg"') exhibited the lowest
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significant value of exchangeable sodium content. This was also found to be on

par with the treatments Ti and Tg of V| (789.33, 793.33 c mol (P^ kg"')

respectively.
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4.4.4 Influence of treatments on the nutrient content in plants in pot culture

experiment

4.4.4.1 Total nitrogen

The total nitrogen concentration in the plants during their growth is represented in

Table 46.

There was no significant difference between the varieties in the concentration of

nitrogen. On comparing the treatments, the highest significant concentration of

nitrogen (3.55 %) was observed in treatment T? (Magnesium sulphate + V2 lime)

which was on par (3.52 %) with T1 (lime). The variety V5. treatment interactions

revealed that the significantly highest nitrogen content was observed in the

treatment T3 of variety V2 (3.62 %), which was on par with Ti of Vi (3.59 %), T2

of V2 (3.58 %) and T4 of V| (3.53 %) respectively.

4.4.4.2 Total phosphorus

The total concentration of phosphorus is represented statistically in Table 46.

Among the two varieties, the variety V1 (0.23 %) showed a significantly higher

phosphorus concentration compared to V2 (0.17 %).

The highest significant phosphorus concentration was observed in the treatments

T3 and T6 (0.23 %) which were on par with T| and T4 (0.22 %) respectively. In

the variety x treatment interactions, Te of variety V| (0.25 %) showed the highest

significant content of phosphorus. This was found to be on par with Ti and T4 of

Vi (0.23 % each), T3 of V2 (0.22 %), T5 of V| (0.22 %), Te of V2 and T2 of V,

(0.21 % each) respectively.

4.4.4.3 Total potassium

The total potassium content on plant analysis is as given in Table 46.

The comparison of two varieties revealed that Ezhome-1 (3.45 %) had

significantly higher potassium content than Kuthiru (3.28 %).
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The significantly highest potassium content was seen in the treatment T4 (3.44

%), which was on par with Tf, (3.42 %), T|, T3 and T5 (3.39 % each) respectively.

The variety x treatment interaction reveals that T4 of V| (3.58 %) recorded the

significantly highest potassium content. This was on par with T6 of V| (3.52 %),

T| and T3 of V| (3.50 % each) respectively. The lowest potassium content among

all was observed in T? of V2 (3.18 %).

4.4.4.4 Total calcium

The calcium concentration of the plants is tabulated in Table 47.

A significantly higher concentration of calcium was observed in the variety V1

i.e. Ezhome-l(0.56 %) than V2 i.e. Kuthiru (0.51%).

Among the treatments, T6 (0.88 %) recorded the highest significant content of

calciiun. The lowest concentration of calcium content in plants (0.30 %) was

observed in T7 (control). The variety vj. treatment did not show any significant

differences in their values.

4.4.4.5 Total magnesium

The variety V2 (0.16 %) i.e. Kuthiru, exhibited a significantly higher

concentration of magnesium than V| i.e. Ezhome-1 (0.13 %) as in Table 47.

Among the treatments, the treatment T5 recorded the highest amount of

magnesium (0.17 %) which was on par with T2 (0.16 %). The lowest magnesium

content was expressed in T4 (0.12 %). There were no significant differences in

the variety x treatment interactions.

4.4.4.6 Total sulphur

The data on the total sulphur content in plant analysis is illustrated in Table 47.

Significantly higher content of sulphur was observed in V2 (0.71 %) over V|

(0.53%). The significantly highest sulphur contents were observed in T3 and Te

(0.77 %), and the lowest value was seen in T7 (0.44 %). The variety vs. treatment

\V^
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interactions indicated that Te of variety V2 (0.86 %) showed the highest sulphur

content and this was on par with T3 of V2 (0.83 %).

4.4.4.7 Total iron

The total iron content observed in the plants grown in pot culture experiment is

given in Table 48.

Significantly lower iron content was observed in V| i.e. Ezhome-1 (332.76 mg

kg ') over V2 i.e. Kuthiru (373.19 mg kg"'). The treatment T3 (331.33 mg kg"')

recorded the lowest significant iron concentration, which was on par with the

treatments Ti (333.83 mg kg"'), Te (338.00 mg kg"'), T2 (349.83 mg kg"'), T5

(352.67 mg kg"') and T4 (357.83 mg kg"') respectively. There was no significant

difference in iron concentration on considering the variety x treatment

interaction.

4.4.4.8 Total manganese

Table 48 gives the data on total manganese concentration of plants grown in pot

culture experiment. There was no significant difference between the varieties as

well as the variety x treatment interaction. With respect to the treatments, Ti

(13.02 mg kg"') recorded the least significant amount of manganese which was on

par with T4 (13.32 mg kg"'). The highest manganese concentration was in T7

(20.17 mg kg"').

4.4.4.9 Total zinc

Table 48 represents the statistical data on the zinc content in plants.

There were no significant differences between the varieties, treatments as well as

the variety x treatment interaction.

4.4.4.10 Total copper

The total copper concentration of plants in pot culture experiment is as in Table

49.
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The concentration of copper was non-significant among the two varieties,

treatments and the variety vs. treatment interaction.

4.4.4.11 Total boron

The statistical data on total boron concentration in the plants are tabulated in

Table 50.

There were no significant differences in the total boron concentration in case of

varieties as well as the variety vs. treatment interaction. However, the effect of

treatments was found to vary significantly with respect to boron content. The

treatment Te (1.26 mg kg"') recorded the maximum significant boron content

which was on par with T3 (1.23 mg kg"'), T4 (1.17 mg kg"') and T2(1.16 mg kg"')

respectively. The lowest concentration of boron was observed in T7 (1.01

mg kg"').

4.4.4.12 Total silicon

The results of silicon content obtained in plant analysis are represented in Table

49.

There were no significant differences between the varieties as well as variety V5.

treatment interaction in relation to the concentration of silicon in rice. Among the

treatments, the treatment Te exhibited the highest significant silicon content (2.70

%), which was on par with T3 (2.60 %).

4.4.4.13 Total aluminium

The total aluminium in rice is presented in Table 49.

No significant differences were observed between the varieties with respect to

total aluminium in rice. On comparing the treatments, aluminium content was

significantly lowest in T6 (5186 c mol (P^) kg"'). In addition, this was on par with

T3 (5187 c mol (P^) kg"'). The highest aluminium content was exhibited in T?

(5767 c mol (P^) kg"') followed by T5 (5614 c mol (P"^) kg"').

\V0
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The variety x treatment interaction revealed that the lowest significant

concentration of aluminium was seen in T3 of Kuthiru (5159 c mol (P^) kg"').

This was also on par with T6 of Kuthiru (5167 c mol (P"") kg"'), Te (5206 c mol

(P ) kg"') and T3 of Ezhome-1 (5699 c mol (P^) kg"') respectively. The highest
aluminium content was in T7 of Kuthiru (5836 c mol (P^) kg"') followed by T7 of

Ezhome-1 (5699 c mol (P^) kg"').

4.4.4.14 Total sodium

The sodium concentration in the rice plants during pot culture experiment is

shown in Table 50.

Among the two varieties, the variety Ezhome-1 (0.24 %) recorded a significantly

lower sodium content compared to Kuthiru (0.26 %).

The lowest mean significant sodium contents were observed in the treatments T|,

T3 and T6 (0.21 % each). The highest sodium content was observed in the

treatment T7 (0.32 %). The variety x treatment interaction indicated that the

treatment T| of Kuthiru (0.18 %) recorded lowest significant concentration of

sodium. This was on par with T3 of Ezhome-1 and T4 of Kuthiru (0.19 % each).

The highest concentration of sodium was observed in T7 of Kuthiru (0.33 %).

4.4.4.15 Nutrient ratio (V (Ca'^)/K^)

Table 51 gives the data on nutrient ratio of plants in pot culture experiment.

There was no significant difference between the varieties as well as the variety vs.

treatment interaction. Among the treatments, highest nutrient ratio for calcium to

potassium was recorded in Te which was on par with T3.
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Table 51: Effect of different amendments on the nutrient ratio in rice plants after

harvest

Treatment V(Ca^^/K^

V,(E) V2(K) Mean

T, 0.22 0.23 0.22

T, 0.17 0.17 0.17

T3 0.27 0.27 0.27

T4 0.22 0.22 0.22

T
D

0.17 0.16 0.16

T
6

0.27 0.28 0.28

0.17 0.17 0.17

Mean 0.21 0.21

SEm(±) CD (0.05)

V 0.003 NS

T 0.005 0.01

VxT 0.007 NS

Ti-Lime as per KAU POP, 2011;

Ti -Magnesium sulphate + Vi lime (as per KAU POP, 2011);

T3-Phosphogypsum at the rate of 500 kg ha"' + '/2 lime as per KAU POP, 2011;

T4- Lime as per KAU POP + potassium silicate 0.25% +0.25 % Boron;

Is- Magnesium sulphate + '/2 lime (as per KAU POP, 2011) +0.25% potassium
silicate + 0.25 % boron;

T6- Phosphogypsum at the rate of 500 kg ha"' + V2 lime as per KAU POP, 2011 +
potassium silicate-0.25% + 0.25% boron;

Ty-Absolute control

\
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5. DISCUSSION

The discussion of the results obtained on the investigation entitled "Dynamics of

iron and aluminium toxicity on rice {Oryza sativa L.) in saline hydromorphic soils

of Kaipad" Is presented in this chapter. The investigation was carried out in four

parts.

Part A: Collection of soil samples and analysis of physical and chemical

properties

Part B: Incubation study to know the release pattern of nutrients in the soil

Part C: Solution culture experiment

Part D: Pot culture experiment

5.1 COLLECTION OF SOIL SAMPLES AND ANALYSIS OF PHYSICAL

AND CHEMICAL PROPERTIES OF KAIPAD TRACT

The soils of Kaipad are saline hydromorphic in nature. These soils are

found in the North Malabar districts mainly Kannur and Kasaragod lying between

11.25°N to 12.5°N and 75.0°E to 75.77°E. The sites selected for the present

investigation included Muttil and Cherukunnu Panchayath of Kannur district. The

soil samples were collected from 15 different locations of Kaipad as presented in

Figure 2 to assess the physical and chemical properties.

5.1.1 Physical properties of Kaipad soil

The bulk density varied from 1.06 Mg m'^ in location number 11 to 1.17

Mg m in location number 9. This low bulk density value clearly indicates the

richness of organic matter in Kaipad soil, which points towards good soil health.

Bulk density is a physical property which is related to numerous factors such as

soil moisture, aeration status, root penetration, the content of clay, texture,

availability of nutrients for plant use and activity of soil microorganisms, which

influences the key soil processes and the productivity of soil (Sakin, 2012).
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The soil textural classification revealed that eleven of the sampled

locations recorded sandy clay loam texture. The textural classes of the study area

varied from sandy loam to sandy clay loam. The sand content varied from 47.32

to 68.32 per cent. The silt content ranged from 12.14 to 27.3Iper cent. Clay

content varied between 17.15 to 28.14 per cent. It is evident that the predominant

fraction in the Kaipad soils is sand. The coarse texture of Kaipad soil might be

attributed to the saline water intrusions during the monsoon period.

5.1.2 Chemical properties of Kaipad soil

5.1.2.1 Soil reaction (pH)

The soil reaction of the samples analysed during the summer month of

April ranged from 3.40 to 6.48 (Table 8) in fifteen different locations of Kaipad.

The results revealed that there was a wide variation in pH ranging from ultra-

acidic to slightly acidic pH (Figure 3). This is in concordance with the report of

Nair and Money (1972). They reported that soil pH of the saline soils of Kerala

varied from 3.0 to 6.8. The slightly acidic pH noticed in Kaipad soils might be

attributed to the presence of lime shell depositions (Iyer, 1989) as a result of

frequent saline water intrusions during the monsoon period. The ultra-acidic pH

noticed in Kaipad soils might be related to the presence of pyrite and other iron

bearing minerals such as jarosite, limonite etc.

5.1.2.2 Electrical conductivity

The range of electrical conductivity recorded in the soil samples of Kaipad

was from 9.72 to 29.00 dS m"'. This high salinity recorded during the summer

months might be attributed to the extremely high accumulation of salts during the

dry season period. Similar findings on electrical conductivity of Kaipad soil was

reported by Chandramohan and Mohanan (2012). They reported that the

electrical conductivity of these soils ranged from 10.9 to 19.9 dS m ' during the

summer months. These salts get washed away during the onset of monsoon and

thus cause a reduction in electrical conductivity of soils, which favours rice

cultivation. Saline tolerant rice varieties can be cultivated when the soil electrical

V'.'
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conductivity fails below 6 dS m ' (Shylaraj and Sasidharan, 2005). The most

popular saline tolerant rice varieties of Kaipad are Kuthiru and Ezhome-1.

^  Kuthiru is a saline tolerant lodging land race widely grown in Kaipad regions and

Ezhome-1 is a high yielding long duration variety which is tolerant from low to

medium salinity (Vanaja et al., 2015).

5.1.2.3 Organic carbon

The organic carbon status of the sampled locations of Kaipad varied

between 5.30 to 33.40 g kg"' over the fifteen locations. About 7 per cent of the

sampled locations recorded medium organic carbon content and 93.67 per cent of

the sampled locations recorded high organic carbon (Figure 4). The relatively

high organic carbon in the Kaipad soils might be attributed to the incorporation of

stubbles and straw after harvest of rice crop in the field itself or from the remnants

of the rice shrimp cultivation practised in Kaipad during the high saline regime

prevailing from November to April. It may also be attributed to the diverse flora

and fauna present in the soils of Kaipad.

5.1.2.4 Available macronutrients

The results revealed that the macronutrient content of Kaipad soils was generally

very high.

The available nitrogen status of the sampled locations of Kaipad regions

varied from 173.47 kg ha"' to 1083.80 kg ha"' with a mean value of 544.95 kg

ha"'. About 7 per cent of the sampled locations were low in nitrogen content, 60

per cent medium and 33.7 per cent had high nitrogen content. This medium to

high value (Figure 5) of available nitrogen content may be due to the presence of

high amount of organic matter in these soils and the faster mineralization of

nitrogen due to the activity of micro-organisms (Leiros et at., 1999).

The available phosphorus content varied from 8.65 kg ha"' in location

number 6 to 50.27 kg ha"' in location number 10. The available phosphorus

contents of about 13.33 per cent of the locations were low, 40 per cent medium
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and 46.67 per cent were high as shown in Figure 6. Chandramohan and Mohanan

(2012) reported that the available soil phosphorus content in Kaipad soils ranged

from 7.2 kg ha"' to 34.2 kg ha"'. Nair and Money (1972) as well as Samikutty

(1977) reported that the saline soils of Kerala were deficient in phosphorus

contents. Samikutty (1977) reported that these soils are generally poor in

phosphates. Padmakumar et al. (2002) indorsed that tidal influence in estuarine

situations can be linked to the high intensity of plant nutrients such as nitrates and

phosphates.

The potassium content observed in all the sampled soils was extremely

high ranging from 1239 to 4630 kg ha ' (Figure 7). This may be linked to the

incorporation of paddy stubbles in the soil after paddy cultivation or due to the

excrements which get deposited during the practice of aquaculture in the high

saline periods of November to April. It was reported by Samikutty (1977) that the

sodium and potassium contents in these soils are higher than those of the other

paddy soils of Kerala. He explained that this is due to the continuous

submergence of these soils with salt water for over six to eight months in a year

and the recurrent barrage by the brackish waters owing to the tidal effect.

The available calcimn contents recorded from the 15 locations were very

high ranging from 826.25 mg kg"' to 3275.00 mg kg"'. This extremely high

calcium content in the sampled locations might be attributed to the presence of

lime shell depositions associated with iron pyrite. The rice shrimp farming

practiced in the Kaipad tracts might also have contributed to the high calcium

content in the Kaipad soils. Similar findings were reported by Iyer (1989) in the

Kaipad soils.

Irrespective of the high available calcium content, the present investigation

revealed that the available magnesium content was very low. The status of

available magnesium content of the study locations ranged from 21.30 mg kg"' to

a maximum value of 43.60 mg kg"' with a mean value of 35.71 mg kg"'. The low

magnesium content in the saline hydromorphic soils of Kaipad may be accounted
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to the presence of the cation in the exchange complex sites which is not readily

available in the soil solution. The low status of magnesium in the saline

hydromorphic soils of Pokkali was also reported by Varghese et al. (1970) and

Samikutty (1977). They had reported that even though magnesium is a major

exchangeable cation in the Pokkali soils, the presence of low status of magnesium

may be accounted to its existence in the exchangeable complex. Aryalekshmi

(2016) reported a magnesium content of 26.17 mg kg"' in Pokkali soils.

The available sulphur content of the soils varied from 748.77 mg kg"' in

location number 7 to 1534.62 mg kg"' in location number 3. The high extents of

sulphur content can be credited to the presence of moderately high organic matter

content in these soils. The high sulphur content may also be attributed to the

presence of pyrites and other iron bearing minerals like jarosite (hydrous sulphate

of potassium and iron). The presence of pyrites and other iron bearing minerals in

Kaipad soils was reported by Iyer (1989).

5.1.2.5 Available micronutrients

The present investigation showed high available micronutrient content in all the

sampled locations of Kaipad.

The available iron content in these soils varied from 702 to 1250 mg kg"'

which was in toxic levels. Similar trend on iron content which varied from 171 to

2321 mg kg-i was reported by Shylaraj et al. (2013) in Pokkali soils. The

presence of high iron may be accounted to the presence of soil minerals such as

pyrites, jarosite etc. (Iyer, 1989). The availability of iron was found to increase on

submergence (Ponnamperuraa, 1972). Iron toxicity is a major factor limiting the

production of wetland rice, particularly in soils with the presence of high organic

matter and impeded drainage (Yoshidha, 1981).

The available manganese content in these soils varied from 3.4 to 25.46

mg kg"'. This revealed that available manganese was adequate in the sampled

locations of Kaipad. There had been a report on the low manganese availability
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due to the presence of high organic matter (Mandal and Mitra, 1982). Malvi

(2011) stated that the interaction of iron with manganese is antagonistic in nature.

The toxic levels of iron content might have adversely affected the manganese

content in the soils of Kaipad.

The available zinc values ranged from 1.81 to 11.50 mg kg"' in the

sampled locations. The mean value of available zinc was recorded as 4.33. The

values revealed that the available zinc content recorded in the sampled locations

of Kaipad was adequate. Zinc forms chelate with the organic matter present in the

soil. Chelated forms of zinc do not move through the soil and is not subjected to

leaching losses (Schulte).

The available copper content in the sites ranged from 2.07 to 6.78 mg kg"'

over the locations. Though the available copper content in the sampled locations

were adequate, the status was low as compared to other nutrients. This might be

attributed to the presence of copper as an impurity in silicate minerals or

carbonates which renders copper unavailable in the soil pool. The organic matter

present in the soil binds copper more tightly as compared to other micro nutrients

(Schulte and Kelling).

The available boron content in the sampled locations ranged from 1.29 to

1.79 mg kg 'over the locations. The high available boron status in the soils of

Kaipad might be due to the incursion of sea water into these areas during the

monsoon period. High boron content was observed with increase in salinity.

Similar reports on high levels of boron were observed on Pokkali soils by Aditya,

(2016).

5.1.2.6Exchangeable aluminium

The exchangeable aluminium was found in higher concentrations varying

from 160 to 434 c mol (P^) kg '. The high aluminium content may be due to the

acidic pH prevailing in those areas. Kochian (1995) also reported that aluminium

is an element which gets solubilised into the soil solution at acidic pH values and

thus become toxic to plants. The aluminium gets solubilised from silicate clays
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and hydrous oxides of aluminium at a pH below 5.3, thus increasing the activity

of exchangeable aluminium (Aditya, 2016).

5.1.2.7 Available silicon

High available silicon content was observed in these soils varying from

48.90 mg kg"' to 195.00 mg kg"'. The accumulation of oceanic derived or marine

derived salt deposits augments the acidity due to various exchange processes

(Harriman et al., 1995). Additions of these salts enhances the strength of

aqueous Fe"^, Al^^ and Si resulting in decreasing pH of these soils (Portnoy and

Giblin, 1997).

5.1.2.8 Exchangeable sodium

The exchangeable sodium content in the soils varied from 530 to 1080 c

mol (P^) kg"' which was very high. The presence of high sodium can be linked to

the frequent intrusion of sea water containing soluble salts. The ESP of the

sampled locations varied from 2.26 to 13.48. Similar findings on exchangeable

sodium percentage ranging from 13.7 to 83.3 in Pokkali soils were reported by

Samikutty (1977).

5.1.2.9 Cation exchange capacity

The cation exchange capacity varied from 21.91 cmol (P"^) kg"' to 184.46

c mol (P^) kg"' in location numbers 13 and 10 respectively. This high CEC may

be accredited to the interaction between organic matter and clay minerals. Curtin

and Rostad (1997) stated that the cation exchange capacity of the clays and the

organic matter are held as additives. The richness in organic matter of the soil

contributing to high CEC might be accounted to the integrated farming system in

which rice and aquaculture is practised together. The incorporation of stubbles in

the field after harvest of rice crop (Vanaja, 2013) also adds organic matter to the

soil contributing to high CEC. Soumya (2016) conveyed that some regions of

Kaipad tracts showed a trend in CEC ranging from 11.67 to 13.7 c mol (P^) kg"'.
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Relatively high values of pH, organic carbon, available nitrogen, potassium and

calcium can be attributed to the fallow nature of the sampled sites compared to

other sites where rice-fish aquaculture is regularly practised.

5.2 INCUBATION STUDY

Incubation study was carried out to study the release pattern of iron,

aluminium and other available nutrients as affected by levels of submergence on

addition of amendments from the saline hydromorphic soils of Kaipad. The

levels of submergence were 5 cm and 10 cm. The duration of the incubation

study was 120 days. The results of the incubation study are discussed in this part

of the chapter.

5.2.1 Soil pH

The submergence levels were found to have no significant effect with

respect to soil pH at 30 and 90 DAI, whereas the effect was significant at 60 and

120 DAI. The soil pH displayed an increasing trend with increase in duration of

incubation. This increase in pH might be attributed to the increase in time of

flooding. Comparing the two levels of submergence, the increase in pH was

more in 10 cm submergence level. The increase may be due to the more water

content at 10 cm submergence level as compared to 5 cm. The trend of soil pH

with respect to the treatments is given in Figure 8. Kashem and Singh (2001)

reported that the pH was found to increase with the flooding time. They stated

that the pH was found to increase by about 2, 1 and 0.6 units in the tannery, city

sewage and alum shale soils respectively during 65 days of submergence. The

pH of acid soils was found to approach to neutrality on continuous submergence.

The treatments had significant effect on the soil pH at all the four periods of

incubation. The treatment Ti (lime as per KAU POP) recorded the significantly

highest values of soil pH followed by T3 (Phosphogypsum + I/2 lime). However

at 120 DAI, the treatment T3 recorded significantly higher pH values.
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Application of lime helps in raising the soil pH to neutral range which favours the

enhanced availability of nutrients for plant uptake. The increase in pH with

application of phosphogypsum is due to the presence of calcium in the

amendment. The beneficial role of phosphogypsum as amendment was more

prominent at 120 DAI because of its continued effect in enhancing Ca in soluble

form and thus correcting sub-soil acidity. Deepa (2008) reported that the use of

phosphogypsum helps in correcting the soil acidity in acid soils. Silva and

Mendonca (2007) stated that in incubation studies, the increase in soil solution

pH may be due to the nitrogen mineralization and denitrification or due to the

decarboxylation of orgaruc acids.

5.2.2 Electrical conductivity

The addition of amendments showed a steep decline in electrical

conductivity from the initial level (27 dS m"') as represented in Figure 9.

Application of phosphogypsum -i- Vi lime (T3) recorded the lowest EC at 30, 60

and 90 DAI. The reduction in salinity by about four folds with flooding and

addition of amendments might be due to more calcium content in the exchange

sites. The regular flooding which results in reduction of salinity results in

changes in soil characteristics (de Leon-Lorenzana et at., 2017). The maximum

reduction in salinity with days of incubation was recorded in the treatment

receiving phosphogypsum -t- Yi lime (T3). Phosphogypsum helps in increasing the

soil pH by correcting sub-soil acidity through providing more soluble Ca.

5.2.3 Organic carbon

The organic carbon content was found to show a decreasing trend over

the four months period. There were no differences between the organic carbon

contents in the two submergence levels. On comparing the treatments, T1 (lime)

showed higher organic carbon content at 30 and 60 DAI whereas at 90 and 120

DAI, T: (Magnesium sulphate + Yi lime as per KAU POP, 2011) had a

significantly higher organic carbon content (8.10, 6.80 g kg '). Karlik (1995)

stated that long term studies have shown a higher leaching of the dissolved
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organic matter on application of calcium carbonate fertilizers in pot, lysimetric

and field
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Figure 8: Effect of different amendments on soil pH at 30, 60, 90 and 120 DAI
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experiments. Liming alters the soil structure and thereby soil organic matter

content. The physical conditions of soil and biological activities are improved on

application of lime (Soon and Arshad, 2005).

5.2,4 Available nutrients

The available nitrogen content exhibited an increasing trend at 30, 60,

90 and 120 DAI. The submergence levels did not show any significant difference

in the availability pattern of nitrogen. Among tlie treatments, T3

(Phosphogypsum @ 500 kg ha"' + Vi lime as per KAU POP, 2011) showed higher

nitrogen (356.28 kg ha"') content at 30 DAL However at 60, 90 and 120 DAI, the

treatment T2 (367.74, 406.42, 416.36 kg ha"' respectively) showed significantly

higher available nitrogen content. The increased nitrogen availability with

addition of amendments might be attributed to the better biological activity.

Liming helps in improving the net mineralization rate of nitrogen. Addition of

lime aids in correcting soil acidity and may thus improve the availability of

essential plant nutrients like nitrogen. The increase in nitrogen content upon

application of magnesium sulphate as amendment might be due to the

replacement of nitrate ions by sulphate ions thus enhancing the presence of

nitrogen in the soil solution. Nyborg and Hoyt (1978) based on their incubation

study reported that liming the soils to a pH of about 6.7 almost doubled the extent

of nitrogen mineralised. A similar trend was reported by Cornfield (1959) on

addition of one per cent calcium carbonate.

The level of submergence had no significant difference in available

phosphorus content at 30 and 60 DAL However at 90 and 120 DAI, 5 cm level

of submergence recorded significantly superior values of soil available

phosphorus. When the effect of treatments on the status of available phosphorus

was considered, T3 (phosphogypsum + Vi lime) showed higher available

phosphorus content (60.17, 42.29, 37.56, 39.43 kg ha"' respectively) at 30, 60, 90

and 120 DAI. The availability of phosphorus is found to increase with increase

in soil pH which can be achieved on application of amendments such as

.VoA
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phosphogypsum, lime etc. A significant increase in available phosphorus,

exchangeable potassium, sulphate, calcium and magnesium was observed on

increasing the application of alkalized (by adding 4 % Ca(OH)2) and unmodified

phosphogypsum (Lee et al., 2009). The decrease might have been due to the

fixation of phosphorus by iron or aluminium. Ponnamperuma (1972) reported

that the availability of phosphorus content in rice soils increases on flooding.

Application of amendments solubilises phosphorus, thus enhancing its

availability in soil solution

The present study proves that soils of Kaipad are inherently rich in

available potassium status. There was significant effect of submergence levels on

the available potassium content at 60, 90 and 120 DAI. Among the submergence

levels, 5 cm level recorded significantly superior values of available potassium.

This might be due to enhanced transformation of non-exchangeable pool of

potassium to the exchangeable pool. Application of magnesium sulphate + V2

lime (T2) recorded liigher available potassium content at 60 DAI. This might be

due to the beneficial effect of lime containing Ca along with the presence of

sulphate in enhancing the availability of potassium at 60 DAI. In case of 90 and

120 DAI, the treatment T3 (phosphogypsum + V2 lime) showed superior available

potassium. A significant increase in available phosphorus, exchangeable

potassium, sulphate, calcium and magnesium was observed on increasing the

application of alkalized (by adding 4 % Ca(OH)2) and unmodified

phosphogypsum (Lee et al., 2009). The primary nutrients like nitrogen,

phosphorus and potassium are powerfully attached to the clay particles in acid

soils. So, the yield and protein content of the crops grown in such soils is lower

than those grown in neutral soils (Kreismane et at., 2011). Liming helps to tackle

over this problem. The effect of phosphogypsum on available potassium content

was in agreement with the statement of Lee et al. (2009). Potassium and

magnesium are usually antagonistic elements.

The available calcium contents in the soil were found to increase at 30,

60, 90 and 120 DAI (Figure 10). The treatments had no significant difference at
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30 DAI. Higher available calcium contents were observed on the treatment T3

(phosphogypsum + '/2 lime) at 30, 60, 90 and 20 DAI. Application of alkalized

phosphogypsum as well as the unmodified phosphogypsum was reported to show

an increase in the calcium content in the paddy fields (Lee et al., 2009). Addition

of liming materials helps in hovering the soil pH and thus the availability of

calcium can be improved. Chambers and Gardner (1951) testified that enormous

increase in yield can be brought about by correcting soil acidity in light to

medium loam soils through the application of calcium oxide and calcium

carbonate. This ascent in soil pH can be attributed to the increased availability of

calcium in soil.

The first two months of incubation exhibited a steep inclination in

magnesium content of soil. This was followed by a gradual increase over the

next two months of incubation. In all the four months of incubation, treatment Tt

(magnesium sulphate + Vi lime) displayed higher magnesium content. The

addition of magnesium sulphate along with Vr lime to the soils might have

contributed to the increased availability of magnesium in the ameliorated soil.

Liming also improves the availability of nutrients by altering the soil pH to

neutrality.

The available sulphur was found to decrease over the four months of

incubation. The treatments T3 (phosphogypsum + 'A lime) exhibited higher

sulphur contents at 30, 60, 90 and 120 DAI. Phosphogypsum is an effective

supplier of calcium and sulphur. This result is in agreement to the report of

Karan et al. (2014). They reported that extended submergence of acidic wetland

soils increased the soil pH and reduced the hydraulic conductivity of acid soils

followed by decrease in the availability of sulphur, boron, copper and zinc. They

also stated that liming these acid soils resulted in the increased availability of

boron, but decreased the availability of sulphur, copper, zinc, iron, manganese

and aluminium.
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The general trend observed with respect to available iron content (Figure

11) showed an increasing manner up to 120 DAI. The level of submergence had

no significant difference on available iron content but, it was observed that the

lower concentration of available iron was recorded at 10 cm level of

submergence. This shows that iron toxicity could be reduced to a greater extent

with 10 cm level of submergence. The application of treatments showed a

suggestive effect on iron content over these four months. The diminution in

values of iron was least in treatment Ti (lime) at 30 and 120 DAI. At 60 and 90

DAI, the least iron content was observed in the pots treated with the treatment T3.

Lime was significantly superior in reducing iron toxicity followed by treatment

receiving phosphogypsum along with lime. Iron toxicity occurs principally due to

the reduced condition of submerged soils and also due to their low pH. Thus,

liming is a prime alternative to increase the soil pH. Iron toxicity might also be

due to the increased organic matter content as reported by Ottow (1981).

Breemen and Moormann (1978) opined that iron toxicity in lowland acid soils can

be alleviated by liming the soil, delayed planting or through late flooding to avoid

excess iron in the early stages. Benckiser et ai, (1984) suggested that addition of

calcium and magnesium as amendment plays an important role in alleviating iron

toxicity in rice. Immobilisation of phosphorus by iron and aluminium can be

reduced by application of lime in acid soils and thereby improve the phosphorus

in soil solution (Fageria and Baligar, 2008).

The effect of amendment on available manganese content showed a

decreasing trend up to 60 DAI (Table 22). Thereafter, the trend displayed an

increasing pattern at 90 and 120 DAI. The decline in the manganese values was

mostly evident in the treatment Ti (lime). Manganese availability was found to

decrease on application of calcium carbonate. It might be due to the strong

binding of manganous ions with calcium carbonate. In addition, manganese

availability was found to decrease with increase in organic matter content

(Mandal and Mitra, 1982).
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The available copper contents displayed a declining trend at 30, 60, 90 and

120 DAI. This trend is similar to the incubation studies conducted by Weil and

Holah (1989) in submerged Ultisols. Among the treatments, the lowest value of

copper content was observed in the treatment T| (lime). The solubility of copper

is found to decrease with increase in soil pH. It may be due to the adsorption of

cuprous ions. Liming helps in increasing the soil pH to a neutral range which

results in reduction of toxic ions in the soil.

The submergence levels 5 cm and 10 cm showed no significant

difference in available zinc at 30, 60 and 90 DAI. But at 120 DAI, submergence

level St at 10 cm showed significantly higher available zinc. This indicates that 5

cm level of submergence reduced toxicity of zinc to a greater extent as compared

to 10 cm. The results showed the beneficial effect of lime in lowering zinc

toxicity in acid soils.

Among the treatment means, Ti (lime) showed significantly lowest

available zinc content at 30, 60, 90 and 120 DAI. Tlustos et al. (2006) studied on

the ameliorative effect of 3 g calcium oxide and 5.36 g calcium carbonate. And

they found that the soil pH increased up to 7.3 in the treatments with lime and

also found that the mobile portion of zinc got reduced by 80 per cent.

A very slow decline in the boron content was observed at 30, 60, 90

and 120 DAI. Though there was no significant difference in the levels of

submergence at 30 and 60 DAI, there was profound effect at 90 and 120 DAI.

This study reveals that with increase in days of flooding the available boron

content was found to decrease. Long term flooding increases the soil pH

resulting in reduction in boron content of the acid soils. The treatments T2

showed higher available boron content at 30, 60, 90 and 120 DAI. The

application of magnesium sulphate as amendment increased the availability of

boron which might be due to anion exchange of sulphate for borate ions under

saline conditions, thus increasing the availability of boron in soluble form.
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The available silicon contents showed a declining trend over the four

months of incubation. Among the treatments, T3 (Phosphogypsum + 'A lime)

exhibited a grander value of available silicon content at 30, 60 and 90 DAI. The

present study revealed that application of phosphogypsum as amendment

enhanced the availability of silicon in acid soil. The presence of dioxide silicon

in phosphogypsum has a positive part in coagulation of harmful salts and ensures

the transformation of sparingly soluble nutrients into forms which are soluble

thus increasing the availability of nutrients in soil.

The exchangeable aluminium contents exhibited a steep decline in their

availability trends over the four months (Figure 12). The aluminium toxicity was

reduced to a minimum level at 30, 60 and 120 DAI by treatment T3 (214.67

mg kg', 172.17, 100.83 mg kg' respectively) i.e. on application of

phosphogypsum at the rate of 500 kg ha"' + V2 lime. However at 90 DAI, the

least aluminium content was observed in soil treated with lime alone (137.67

mg kg"'). Application of lime and phosphogypsum as soil amendments helps in

alleviation of aluminium toxicity, improves the root growth and efficiency of

applied nutrients and ultimately benefits the overall growth of cereals like wheat

and maize (Toma et al., 1999; Farina et al., 2000a; Caires et al., 201 lb). Similar

results on the effect of phosphogypsum in alleviating aluminium toxicity was

reported by Cameron et al., 1986; Deepa, 2008).

5.2.1.5 Exchangeable sodium

The exchangeable sodium content showed a decreasing trend over the

four months of incubation as given in Figure 13. There was no significant

difference in sodium content at both the levels of submergence. However, it was

observed that with increase in period of flooding, 5 cm level of submergence

recorded lower exchangeable sodium content in the soil. Application of lime i.e.

treatment T| (1199, 1125, 1092, 1068 mg kg"' respectively) was found to

decrease the exchangeable sodium contents at 30, 60, 90 and 120 DAI. The

leaching effect might have contributed to an extent in reducing the salinity levels.
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Figure 12: Effect of different amendments on exchangeable aluminium content at
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Figure 13: Effect of different amendments on exchangeable sodium status at 30,
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The present investigation proved that application of lime as amendment to saline

hydromorphic soils showed a remarkable reduction in the exchangeable sodium

content of soil which might be due to the replacement of sodium ions by calcium

ions in the soil exchange sites. Application of calcium chloride was found to

remove 90 per cent of the total sodium and soluble salts in highly saline-sodic

soils (Gharaibeh et al., 2014).

5.3 SOLUTION CULTURE EXPERIMENT

The experiment was conducted by maintaining a nutrient solution

(Hoagland's solution) containing 3 levels of iron (400, 800, 1200 mg L"'), 2 levels

of aluminium (15 and 30 mg L"') and 2 levels of salinity (5 and 10 dS m"') along

with one control. The two selected rice varieties Kuthiru and Ezhome-1 were

evaluated for their tolerance to iron and aluminium coupled with salinity. Three

rice seedlings of fourteen days growth were transferred to the solutions as per the

treatment details. The growth of plants were observed for one week period.

5.3.1 Effect of different treatment combinations on the biometric

observations

5.3.1.1 Plant height

There were no remarkable differences in percentage of increase in

plant height between the varieties as well as the variety x treatment interaction.

The lowest significant decrease in plant height was observed in T|2 (1200 mg L"'

iron, 30 mg L"' aluminium and 10 dS m ' salinity). The other treatments followed

the order Tg, Tg, T,, T3, Te and Tn, T4, T7, Tio,T2, T| and T13. The highest plant

height was observed in control (Hoagland's solution). The treatments receiving

the highest levels of iron, aluminium and salinity suppressed the plant growth to

the maximum extent, which might be attributed to the reduced nutrient uptake by

the rice plants under tlie toxic levels of the supplied nutrients.
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5.3.1.2 Root length

Among the varieties, significantly lower root length was observed in

Kuthiru over Ezhome-1, which might be attributed to the mechanism of rice roots

of Kuthiru to accumulate the toxic ions in the roots thus preventing its

translocation to the above ground plant parts. Alia et at. (2015) had reported a

negative correlation of rice root length with increased concentration of iron and

aluminium. The highest significant reduction in root length was observed in the

treatments receiving the highest concentrations of iron, aluminium and salinity.

These results showed that the plant root which encounters toxic levels of Fe, A1

and salinity have reduced root length, indicating restricted root growth. There

was remarkable difference in root length on considering the variety x treatment

interaction. The lowest significant root length was observed in T12 (1200 mg L"'

iron, 30 mg L"' aluminium and 10 dS m"' salinity) of Kutliiru variety. Sharma and

Dubey (2007) reported that when the rice seedlings of cultivar Pant-12 were

reared in sand cultures for 5 to 20 days with 80 and 160 milli micro molar Al^^

concentration, an increase in uptake of Ap^ with a parallel decrease in the root

and shoot lengths were observed. Awasthi et at. (2017) reported that the relative

root length of aluminium (25, 50, lOOpM) stressed rice roots was found to be

decreased over different time frames vizAl, 24, 48 hours. But, the reduction was

more marked at 48 hours duration.

5.3.1.3 Pattern of iron coating around the roots

The patterns of iron coating on the roots were observed. The cross

sections of roots were made and observed under the (Axio Lab. Al) microscope

of lOOX magnification and analysed using Zen image analyser. Formation of

iron plaque on the root surface was most prominent in the solution containing

1200 mg L"' of iron in Ezhome-1 and Kuthiru varieties (Plate 8). The thickness

of the roots was also measured using the Zen image analyser by taking the

average thickness of iron coating around the cross sections. It was observed that
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there was no iron coating around the root cells of control. Maximum iron coating

around the root among the treatments was displayed by solution containing the

Control - Kuthiru 400 ppm Fe, 30 ppm A1 and

10 dS ni"' salinity

800 ppm Fe, 30 ppm Al and

10 dS m"' salinity
1200 ppm Fe, 30 ppm Al and

10 dS m ' salinity

Plate 8 (A): Pattern of iron accumulation in roots of Kuthiru

\
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Control- Ezhome-l 400 ppm Fe, 30 ppm Al and

10 dS m"' salinity-

800 ppm Fe, 30 ppm AI and
10 dS m"' salinit>'

1200 ppm Fe, 30 ppm Al and
10 dS m ' salinity

Plate 8 (B): Pattern of iron accumulation in roots of Ezhome-l

\
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treatment T12 (1200 mg L" iron, 30 mg L"' aluminium and 10 dS m"' salinity) as

in Plate 8 (A) and (B). The thickness of iron plaque was greater in the variety V2

(Kuthiru), the local land race of Kaipad which clearly indicates the root exclusion

principle for reducing iron and aluminium toxicity, thus preventing its

translocation to the above groimd plant parts. The study also showed that the

roots of the treated rice plants remained as such in the solution even after the

drying up of above ground parts of rice plant.

5.3.1.4 Root dry weight

Significantly higher root dry weight was observed in Kuthiru over

Ezhome-1. This might be due to the greater accumulation of toxic ions including

iron and aluminium in the roots of Kuthiru variety. The treatment Ts with 800 mg

L"' of iron, 30 mg L"' of aluminium and salinity of 10 dS m ' had higher root dry

weight. The maximum root dry weight was observed in Tg, which might be due

to its effect that Tg was receiving 800 mg L"' of iron along with high aluminium

(30 mg L"') and salinity (10 dS m"'), resulted in visible iron coating along with

sustained root growth. Alia et al. (2015) reported that as the concentration of iron

and aluminium increases, the rice roots secreted organic acids that chelated Fe and

Al, rendering them unavailable for the uptake by rice roots. The variety vs.

treatment interactions indicated that the highest significant root dry weight was

observed in the treatment with 800 mg L"' of iron, 30 mg L"' of aluminium and

salinity of 10 dS m ' of Kuthiru variety. This may be due to the effect of high
M

concentration of iron and aluminium in the solution which inhibits the root

growth.

5.3.2 Whole plant analysis

Higher nitrogen content was observed in variety Ezhome-1 compared

to Kuthiru. The treatment T9 (1200 mg L"' iron, 15 mg L"' aluminium and 5

dS m"' salinity) recorded the highest total nitrogen content. The lowest nitrogen

content was seen in T13. This might be due to the better uptake of nitrogen by the

rice roots contributing to enhanced nutrient content in the plant. While

i(
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considering the variety x treatment interactions, the treatment T12 of Kuthiru

recorded the highest significant nitrogen content which might be attributed to the

native character of the local landrace to absorb more nutrients even under adverse

abiotic stress conditions. The lowest nitrogen content was observed in Tn

(control - Hoagland solution) of Ezhome-1.

The variety Kuthiru recorded the significantly higher amount of

phosphorus compared to Ezhome-1. The highest amount of phosphorus was seen

in the treatment T3 (400 mg L"' of iron, 15 mg L"' of aluminium and 10 dS m '

salinity). The significantly highest phosphorus content recorded in the treatments

receiving lowest iron concentration (400 mg L"') might be due to the prominent

antagonistic relation between iron and phosphorus. High iron concentration

inhibits the uptake of phosphorus by plants. Among the variety x treatment

interactions, T3 of V2 recorded the highest amount of phosphorus.

Higher potassium content was seen in Kuthiru over Ezhome-I. The

higher potassium content recorded in the Kuthiru variety shows its better

adaptation to abiotic stresses. High potassium content imparts resistance not only

to pest and diseases, but also to abiotic stresses like salinity, nutrient toxicity etc.

The significantly highest potassium content was observed in Ts and Tio. On

considering the variety ly. treatment interaction, the significantly highest

potassium content was recorded in Ti of V2.

-li Significantly lower iron content was observed in the variety V2 i.e.

Kuthiru compared to V| i.e. Ezhome-1. The lower concentration of iron recorded

in the Kuthiru variety might be due to its ability to accumulate more iron in roots

and less accumulation in the above ground plant parts. The highest significant

concentration of iron was present in the treatment Tg. High iron concentration

provided through the treatment Tg (1200 mg L"' Fe) significantly enhanced the

iron concentration in rice plants. This shows the enhanced capacity of both the

varieties to absorb toxic levels of iron. Among the variety x treatment
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interactions, the treatment Tg of Vi (1200 mg U' Fe, 15 mg L"' AI, 5 dS m"'

salinity) recorded the highest significant amount of iron.

The variety Ezhome-1 showed significantly lower manganese content

compared to Kuthiru. The treatments revealed that the highest significant

manganese content was in T4. The highest significant amount of manganese

among the variety x treatment interaction was observed in T| of V?. With high

levels of iron, there is antagonistic effect with respect to manganese. The

treatment receiving low levels of iron (T4: 400 mg L"' Fe) recorded significantly

high levels of manganese in the rice plant.

There was no significant difference in the total chlorine content on

comparing the varieties as well as the variety x treatment interaction. Among the

treatments, the highest significant chlorine content was recorded in T4 (400

mg L"' of iron, 30 mg L"' of aluminium and 10 dSm"' salinity) receiving highest
levels of aluminium and salinity whereas, the lowest concentration was observed

in T|3 (control). The high chlorine content might be attributed to the increase in

level of salinity.

The variety Kuthiru recorded maximum significant concentration of

aluminium than Ezhome-1. This might be due to the capability of the local

landrace to accumulate more aluminium in the plant parts without much harmful

effect on the yield of rice. On comparing the treatments, the highest significant

aluminium content was observed in T|o (1200 mg L"' of iron, 30 mg U' of

aluminium and 5 dS m"' salinity). The effect of variety x treatment interactions

revealed that Tio of Ezhome-1 recorded the significantly highest aluminium

content. Awasthi et al. (2017) reported that aluminium stress treatment leads to

morphological changes of rice seedlings.

The variety Kuthiru recorded significantly higher sodium content

compared to Ezhome-1. Even though Kuthiru accumulates more sodium in the

plant parts, it has the inherent ability to tolerate high sodium levels. The highest

sodium content among the treatments was reported in T4 (400 mg L"' of iron, 30
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mg L" of aluminium and 10 dS m"' salinity). The data on variety x treatment

interactions revealed that Ti of Vi (400 mg L"' of iron, 15 mg L"' of aluminium

and 5 dS m"' salinity) recorded the lowest sodium content while, the highest was

seen in Ti? of Vi.

5.3.3 Root partitioning studies

The roots of the variety Kuthiru showed significantly higher

concentration of iron compared to Ezhome-1. Among all the treatments, the

highest iron content was observed in the roots of T12 (1200 mg L"' of iron, 30

mg L"' of aluminium and 10 dS m ' salinity) receiving higher levels of iron,

aluminium and salinity. The high level of iron taken up through the roots of

Kuthiru was well distributed throughout the roots which showed high iron

content in the root partitioning studies in Kuthiru variety. On considering the

variety v^. treatment interactions, the highest iron content was noted in Tji of V2

which was on par with T| 1 of Vi.

Significantly higher aluminium content was observed in Kuthiru over

Ezhome-1. Among all the treatments, the highest significant amount of

aluminium was observed in the treatment Tio. In the variety vs. treatment

interactions, the highest significant amount of aluminium has been observed in T9

and Tio of Vi. Alia et al. (2015) reported that as the concentration of iron and

aluminium increases, the rice roots secreted organic acids that chelated Fe and Al,

rendering them unavailable for the uptake by rice roots.

The variety Ezhome-1 showed significantly lower sodium content than

Kuthiru. The lowest significant amount of sodium was observed in the treatment

T5. On the other hand, highest sodium content was noticed in Tn followed by T7.

The variety v.y. treatment interactions showed that the lowest significant sodium

was observed m Ti of Vi and the highest in T2 of Vi.

The variety Kuthiru showed significantly lower concentration of

chlorine than Ezhome-1. On comparing the treatments, the lowest significant

content of chlorine was seen in T13 (control). The highest chlorine content was
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observed in T7. The variety x treatment interactions reveals that the lowest

significant uptake of chloride was in T13 of Vi.

The varietal interaction shows that Kuthiru has a significantly higher

root CEC over Ezhome-1. The highest significant root CEC was obtained in the

treatment Ti?. The lowest root CEC was in T13. Among the variety v,v. treatment

interaction, the highest root CEC was seen in T12 of Vj. 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.

5.4 POT CULTURE EXPERIMENT

Pot culture experiment was carried out at COA, Padaimakkad with the two

selected rice varieties Kuthiru and Ezhome-1 in the saline hydromorphic soils

collected from Puimachery region of Kaipad during the month of July to October

2016 (Plate 9). Kuthiru and Ezhome-1 are the most popular varieties of Kaipad.

Kuthiru is a saline tolerant land race having duration of 110 to 120 days.

'Ezhome -1' is a popular high yielding long duration (135 - 140 days) variety

developed by crossing Jaya and Kuthiru. The results of this study are discussed in

this part of the chapter.

5.4.1 Effects of amendments on growth parameters

The highest plant height was observed in Ezhome-1 at 30, 60 DAT and

at harvest. The higher plant height of Ezhome-1 might be attributed to the

genetic character of the variety (Soumya, 2016). The treatment means showed no

differences at 30 and 60 DAT whereas at harvest, the treatment Te

(Phosphogypsum @ 500 kg ha ' + V2 lime as per KAU POP, 2011 + potassium

silicate-0.25% + 0.25% boron) showed the significantly superior plant height.

Considering the variety x treatment interaction at 30 DAT, significantly

maximum plant height was observed by treatment Te (Phosphogypsum @ 500
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Plate 9: Layout of the pot culture experiment
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Plate 10: Iron toxicity symptoms in rice seedlings in pot culture experiment

Control-Kuthiru T|-Kuthiru Control-Ezhome-1 Ts-Ezhome-l

Plate 11: Iron plaque formation in rice roots during the vegetative stage in pot

culture experiment
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kg ha ' + 1/2 lime + potassium siIicate-0.25% + 0.25% boron) in variety Ezhome-1

(129.20 cm). There was no significant difference in the variety x treatment

interaction at 60 DAT. However at harvest stage, treatment Tfi of variety

Ezhome-1 showed the significantly highest plant height. Alleviating the

aluminium toxicity in saline hydromorphic soils of Kaipad improves the root

growth which may ultimately lead to higher growth of plants. Liming helps in

raising the pH and thus helps in enhancing the availability of various nutrients

required for plant growth. Similar results were obtained by Suswanto et al.

(2007) on application of 4 t ha ' ground magnesium limestone. This helped in

raising the soil pH and also in eliminating iron and aluminium toxicity to an

extent. The presence of boron and potassium silicate in the treatment might have

boosted the growth of plant due to the greater availability of boron and potassium

along with silicon. Barcelo et al. (1993) reported that silicon can commendably

reduce toxicity of aluminium in maize. Application of 2 to 3 Mg ha"' calcium

silicate brought about 74 per cent decrease in the exchangeable aluminium

content in acid sulphate soils (Elisa et al., 2016).

There was no remarkable difference in the number of leaves between

the two varieties at 30 DAT. The significantly highest numbers of leaves were

noticed in treatment T2 (Magnesium sulphate + 'A lime). At harvest stage,

significantly highest numbers of green leaves were observed in T| i.e. lime which

were on par with T2. While considering the variety vs. treatment interaction at 30

DAT, significantly maximum number of leaves were recorded by T3

(Phosphogypsum @ 500 kg ha"' + Vi lime) of the variety Ezhome-1. At 60 DAT,

T3 of variety V| exhibited the highest significant number of leaves. Finally at

harvest stage, treatment T] of Ezhome-1 recorded the maximum significant

number of leaves. Liming might have contributed to the vegetative growth by

making the nutrients in the available range through raising the pH. Magnesium

plays a major role in chlorophyll formation. Application of magnesium sulphate

at the rate of 1.5 and 3 g m"~ in rice fields of West Bengal have shown an increase

in yield by 6.4 per cent and 17 per cent respectively (Bhaskar et al., 2013).

V
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The number of productive tillers were maximum in Ezhome-1, which

is a popular high yielding variety when compared to Kuthiru. Application of the

treatment combination of phosphogypsum at the rate of 500 kg ha"' + 'A lime

recorded the maximum number of productive tillers (Figure 14). The production

of maximum number of productive tillers may be attributed to the positive trait of

the varieties and the treatments in overcoming iron and aluminium toxicity.

Treatment Te (Phosphogypsum @ 500 kg ha"' + Y2 lime as per KAU POP, 2011 +

potassium silicate-0.25% + 0.25% boron) recorded similar type of results in

number of productive tillers. The presence of boron and potassium silicate must

have boosted up the production of tillers. Liu et al. (2010) reported an average

boost in rice yield of 1.12, 2.47 and 2.98 t ha"' on application of phosphogypsum

at the rate of 15, 30 and 45 t ha"' respectively in saline-sodic soils of North-East

China. The rise was 161, 191 and 246 per cent respectively for panicles m"'

compared to control.

5.4.2 Influence of amendments on yield attributes

The number of grains per panicle was maximum in Ezhome-1 variety

(Figure 15). The treatment T3 (Phosphogypsum @ 500 kg ha"' + Vi lime)

produced higher number of grains per panicle. The variety x treatment

interaction also showed that T3 of variety Ezhome-1 yielded the significantly

maximum number of grains per panicle. The beneficial effect of phosphogypsum

might be due to the presence of Ca, P, S, F, K, Mg etc.

A significantly higher grain yield was observed in the variety

Ezhome-1 compared to Kuthiru (Figure 16). A significantly maximum grain

yield was observed in the treatment T6 (Phosphogypsum @ 500 kg ha"' + Vi lime

as per KAU POP, 2011 + potassium silicate-0.25% + 0.25% boron) with an

increase in yield of 21.29 per cent with respect to control. In the variety vs.

treatment interaction, T3 of variety Ezhome-1 recorded the highest significant

yield. Liu et al. (2010) reported an average boost in rice yield of 1.12, 2.47 and

2.98 t ha"' on application of phosphogypsum at the rate of 15, 30 and 45 tha"'

V
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respectively in saline-sodic soils of North-East China. This may also be due to the

ameliorating effect of lime in reducing iron and aluminium toxicity, increased

presence of calcium content and also the better soil conditions for improved plant

growth. Nhung and Ponnamperuma (1966) reported that liming could help in

raising the pH of acid sulphate soils. Similar results were also reported by

Crusciol et al. (2016). Appropriate combinations of lime and nitrogenous and

phosphatic fertilizers were reported to give a reasonable yield (Maneewan et al.,

1981). The beneficial effect of silicon on rice yield on application of Silicon

fertilizers was reported by Aryalekshmi and Jayasree (2017).

The straw yield was maximum in Ezhome-1 variety as given in Figure 17.

The treatment T3 (Phosphogypsum (c^ 500 kg ha"' + '/2 lime) recorded the highest

significant straw yield compared to all other treatments. On comparing the

variety x treatment interaction also, T3 of variety Ezhome-1 recorded the highest

sigmficant straw yield. Application of phosphogypsum and liming materials to

rice crop might have facilitated better partitioning of translocates into the various

plant parts resulting in higher yield. This may be due to the superior growth of

rice plants by the action of lime, calcium and phosphorus. All the other

treatments yielded lower straw yield compared to T3 (lime). Amanullah and

Inamullah (2016) reported that application of phosphorus sources is an essential

factor for improving the accumulation of total dry matter and partitioning of larger

quantities into the panicles and thus increasing the yield of rice.

Chaffiness percentage was minimum in Kuthiru variety compared to

Ezhome-1. Thus from the present study it is evident that Kuthiru, the local land

race of Kaipad has recorded lower chaffiness percentage because of its genetic

ability to tolerate adverse conditions of iron and aluminium toxicity coupled with

salinity. Even though Ezhome-1 is a popular high yielding variety, it showed

greater chaffiness percentage. The treatment T1 with application of lime alone

showed lower chaffmess percentage than other treatments. The variety x

treatment interactions revealed that significantly lowest chaffiness percentage was
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observed in treatment Te (Phosphogypsum @ 500 kg ha"' + Y2 lime + potassium

silicate - 0.25% + 0.25% boron) of variety Ezhome-1. This might be due to the

capacity of phosphogypsum and lime in alleviating iron and aluminium toxicity

thus resulting in excellent plant growth and yield.

The variety Ezhome-1 showed a significantly higher seed index value

compared to Kuthiru. Among the treatments, the treatment T3 (Phosphogypsum

@ 500 kg ha"' + V2 lime) exhibited a significantly higher weight for one thousand

grains (24.75 g pof'). The higher thousand grain weight recorded with the

application of phosphogj^jsum + 'A lime 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. The variety x treatment interactions for seed

index revealed a significantly higher weight in case of T3 of Ezhome-1.

Phosphogypsum is positively correlated to higher yield in rice as reported by Liu

et al. (2010).

5.4.3 Residual nutrient status of soil

The effect of different treatment combinations as amendments on the

pot culture experiment were studied and the discussion on the residual nutrient

status of soil is as given below.

There was a profound effect in soil pH with respect to the treatment

combinations. The pH was higher in case of Kuthiru variety compared to

Ezhome-1. Application of the treatment T4 (Lime as per KAU POP + potassium

silicate 0.25% +0.25 % boron) chronicled the significantly highest pH. The

higher pH obtained may be attributed to the effect of lime. The presence of

calcium in lime 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). Among the variety x treatment interactions,

significantly highest pH was noticed in treatment Ta of variety Kuthiru. Acidity

due to the presence of exchangeable aluminium and hydrogen can be effectively

controlled on application of phosphogypsum and lime (Deepa, 2008).
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The electrical conductivity of soil showed significant changes with respect

to the application of amendments. The least significant value of electrical

conductivity was spotted in the treatment T4 (Lime as per KAU POP + potassium

silicate 0.25% +0.25 % boron). Application of amendments might have resulted

in providing a favourable environment for root growth. The pot culture study was

carried out during rainy season (July-October 2016). The heavy rainfall might

have washed out the soluble salts from the soil into the perforated PVC pipes

placed at the centre of the pot. The collected leachates from the PVC pipes were

removed using siphoning mechanism. The leachate so removed was analysed for

electrical conductivity. The electrical conductivity values ranged from 4.72 to

6.54 dS m"'. The dioxide silicon present in phosphogypsum may act as a salt

coagulator for the toxic salts.

Ezhome-1 recorded higher organic carbon compared to Kuthiru. Among

the treatment mean, Te (Phosphogypsum @ 500 kg ha"' + V2 lime as per +

potassium silicate-0.25% + 0.25% boron) discerned the significantly highest

organic carbon content. There was no significant difference in the variety x

treatment interaction. The soils of Kaipad are generally rich in organic carbon.

This high organic matter also facilitates favourable soil conditions providing

better availability of nutrients for crop growth.

Available nitrogen content in the soil was influenced by the application of

amendments. Among the two varieties, Ezhome-1 exhibited significantly higher

available nitrogen content than Kuthiru. This might be due to the higher uptake of

nitrogen by Kuthiru. The treatment T3 (Phosphogypsum @ 500 kg ha"' + I/2 lime)

recorded the highest significant amount of available nitrogen. This might be

attributed to the action of calcium and phosphorus which helps in improving the

soil physical and chemical conditions and also enhances microbiological activity

in soil thus facilitates more nitrogen fixation. There was no significant difference

in available nitrogen content in the variety x treatment interaction.

The varieties had no significant difference in the residual available

phosphorus content. It was noted that the treatment T4 (Lime + potassium silicate
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- 0.25% +0.25 % Boron) showed the significantly highest available phosphorus

content. Even though phosphogypsum contains phosphorus, the higher available

phosphorus was recorded in the treatment T4 (lime). This can be attributed to the

more significant effect of lime in increasing the pH thus favouring the greater

availability of phosphorus in soil as compared to phosphogypsum. The plants

must have also taken up more phosphorus for their growth and metabolism

leading to lesser quantity of phosphorus in soil. The variety vs. treatment

interaction revealed that T^ of Kuthiru showed significantly higher available

phosphorus content. This may be because of the action of phosphogypsum which

is a very good source of phosphorus in the soil. Kordlaghari and Rowell (2006)

also reported similar results. The lowest available phosphorus content was

witnessed in Ty of Ezhome-I (control).

The variety Ezhome-1 indicated significantly higher soil available

potassium than Kuthiru. The treatments indicated that T6 (Phosphogypsum @

500 kg ha"' + V2 lime as per KAU POP, 2011 + potassium silicate-0.25% + 0.25%

boron) showed the significantly highest available potassium. On comparing the

variety x treatment interactions also, it was revealed that Ts of variety Vi showed

the significantly highest available potassium content. The lowest available

potassium content was observed in Ty of Kuthiru i.e. control. Many research

works conducted on the use of phosphogypsum as an ameliorant and fertilizer

revealed that the physical and agronomic properties of soil are enriched thereby

increasing the yield of agricultural crops due to the presence of different macro

and micro nutrients such as Ca, Mg, P, Zn, Na, K and Fe (Basu et al., 2009; Mittra

et al., 2003). The release of Fe"^, Mn"^ and NH4 ̂  occurs under reducing

conditions through various processes and potassium gets displaced from the

exchange sites leading to its increased concentration in soil solution and

eventually its availability to rice (Patrick and Mikkelsen, 1971).

The available calcium content was significantly higher in soils of

Ezhome-1 than in Kuthiru. Among the different treatments, Ta (Phosphogypsum

@ 500 kg ha"' + % lime as per KAU POP, 2011 + potassium silicate-0.25% +

0.25% boron) indicated the highest significant available calcium content. On
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considering the variety x treatment interactions, T3 (Phosphogypsum + '/2 lime) of

Ezhome-1 indicated significantly highest available calcium content. This

indicates the capacity of phosphogypsum and lime to increase the calcium content

in soil. Phosphogypsum and lime might have contributed to increased calcium

concentration of soil leading to improved soil physical conditions and increased

exchangeable base status thus increasing fertility of soil. Similar reports were put

forward by Crusciol et al. (2016). Merino et al. (2010) stated that calcium in the

form of limestone or gypsum plays a vital role in correcting the soil pH and

toxicity of aluminium through the Al-Ca interactions and thus improves the

physiological and biochemical processes in plants grown in acid soils.

Application of lime at the rate of 6 to 12 t ha"'+ gypsum at the rate of 6 t ha"') was

found to decrease the soil acidity and increase the calcium levels as reported by

Fouche and Sautoy (1995).

Available magnesium status in soil was significantly higher in the variety

Ezhome-1 compared to Kuthiru. On comparing the treatments, T2 (Magnesium

sulphate + Vi lime) recorded the significantly highest amount of available

magnesium. This might be due to the addition of magnesium sulphate along with

lime. A five year liming trial was conducted by Raji (1982) and she found out

that soil acidity could be ameliorated by liming up to a favourable limit and also

stated that liming considerably increased the calcium plus magnesium status and

the lime potential in soil. In the variety x treatment interactions, Tt of Kuthiru

recorded the significantly highest available magnesium content.

Kuthiru recorded significantly higher amount of available sulphur

compared to Ezhome-1. The treatment T6 recorded the highest significant amount

of available sulphur. Among the variety v.v. treatment interaction, significantly

highest amount of available sulphur was noticed in T6 of Kutliiru. The presence

of sulphur in phosphogypsum has resulted in increased available sulphur in soil

for plant uptake.

A significantly lower amount of available iron in soil was recorded with

Kuthiru over Ezhome-1 (Figure 18). The cultivation of Kuthiru rice variety was

more effective in reducing the effects of iron toxicity in Kaipad soil. The lowest

/
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significant amount of iron was recorded in treatment T3 (Phosphogypsum + Vi

lime). Among the treatments T3 (Phosphogypsum @ 500 kg ha"' + V2 lime ) was

highly effective in lowering the iron toxicity of Kaipad soil. The variety x

treatment interactions indicate that the treatment Ti (lime) of Kuthiru recorded the

significantly lowest iron content. The experimental results proved the ability of

phosphogypsum along with lime in alleviating iron toxicity of soils. Benckiser

et al. (1984) suggested that calcium and magnesium plays a pivotal role in

alleviating iron toxicity in rice. Chang and Thomas (1963) also reported that the

amount of iron and aluminium released in to the soil solution decreased with the

application of gypsum. Nhung and Ponnamperuma (1966) reported that lime

(CaC03) decreases the iron content of the soil.

A significantly higher available copper content of soil was recorded with

the variety Kuthiru compared to Ezhome-1. Among the treatments, T| and T4

recorded significantly highest available copper contents in soil. The higher

availability of available copper in soil might be due to the liming action along

with the improvement of physical properties of soil. No significant difference

was observed in the variety V5. treatment interaction.

Significantly lower available manganese content in the soil was observed

in Ezhome-1 than Kuthiru. Among the treatments, the lowest significant amount

of available manganese content in soil was observed in T1 (lime). On comparing

the variety treatment interactions, the treatment T4 of Ezhome-1 recorded the

lowest significant available manganese. Liming helps to alleviate the toxicity of

available iron and aluminium along with available manganese.

Higher available zinc content was observed in the variety Kuthiru over

Ezhome-1. With respect to treatments, the treatment Ta (Phosphogypsum @ 500

kg ha"' + V2 lime + potassium silicate-0.25% + 0.25% boron) recorded highest

significant amount of available zinc content. The variety x treatment interaction

was non-significant. The presence of zinc in phosphogypsum might have resulted

in increased available zinc in soil. Liming and alternate flooding and drying

during the growth period of rice helped in improving the rice yield and its
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response to application of nutrients such as sulphur, boron, copper and zinc

(Karan et al., 2014).

The variety Kuthiru showed significantly higher available boron content in

soil compared to Ezhome-1. Among the treatments, T4 and Te (1.33 mg kg"')

recorded the highest significant available boron content in soil. In the variety x

treatment interactions, the treatments T4 and Te of Kuthiru noted the highest

significant available boron contents. The leaching losses of boron can be

prevented by liming. The lesser the soil acidity, more is the chemisorption of

boron (Soares et al., 2005; Rosolem and Biscaro, 2007)

There were no significant difference observed between the varieties and as

well as in the variety I's. treatment interaction with respect to available silicon.

Among the treatments, significantly highest silicon content was observed in the

treatment Ti (lime). Liming action of soil might have resulted in increased

availability of most of the plant available nutrients.

The variety Kuthiru recorded significantly lower exchangeable aluminium

content over Ezhome-1 (Figure 19). This might be the capability of the local

cultivar Kuthiru to overcome the aluminium toxicity. The lowest exchangeable

aluminium content was observed in treatment T3 (Phosphogypsum @ 500 kg ha"'

+ 'A lime). The nethermost exchangeable aluminium content in the variety x

treatment interaction was observed in Ts of Kuthiru. Calcium application was

reported to decrease the aluminium content in root tips without displacement

(Shen et al., 1993). Aluminium toxicity could also be alleviated by the

application of magnesium in wheat which is similar as in the case of calcium

application (Watanabe and Okada, 2005). Phosphogypsum is a by-product of the

phosphoric acid industry and their addition as amendments helps in the formation

and retention of aluminium hydroxyl polymers (lllera et al., 2004b). Reeve and

Sumner (1972) suggested that aluminium toxicity can be overcome by self-liming

effect wherein, the hydroxyl ions are displaced by the sulphate ions from hydrous

oxides of aluminium and iron.
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Significantly lower exchangeable sodium content was observed in

Ezhome-1 compared to Kuthiru. Ezhome-1 and Ezhome -2 which are saline

tolerant, non-lodging and high yielding varieties have been released using land

races like Kuthiru and Orkayama as donor parents (Vanaja and Mammootty,

2010). The treatment T4 (Lime as per KAU POP + potassium silicate 0.25%

+0.25 % boron) recorded the lowest exchangeable sodium content). The variety

vs. treatment interactions indicated that the treatment T4 of variety Ezhome-1

(782.67 mg kg"') exhibited the lowest significant value of exchangeable sodium

content. Liming supplies Ca to the soil which replaces Na from the exchange

sites. Significant reduction in the damages caused due to various abiotic stresses

like drought, salinity and nutrient imbalance have been reported by the application

of silicon (Nakata et ciL, 2008). Silicon plays an important role in alleviating

various abiotic stresses viz. salinity, metal toxicity, drought stress, nutrient

imbalance etc. by the mechanism of accumulation of silica on the surface of the

tissues ( Ma, 2004).

5.4.4 Influence of treatments on the nutrient content in plants in pot culture

experiment

The nitrogen content in plants showed non-significance with respect to

varieties Vi (Ezhome-1) and V2 (Kuthiru). On comparing the treatments, the

highest significant nitrogen content (3.55 %) was observed in treatment T2

(Magnesium sulphate + V2 lime). The variety vs. treatment interactions revealed

that the significantly highest concentration of nitrogen was observed in the

treatment T3 of Kuthiru variety (3.62 %). This may be due to the action of

calcium present in phosphogypsum. Application of calcium containing

amendments might have resulted in increased nitrogen use efficiency leading to

more nitrogen concentration in the plants. Naeem et al. (2009) reported that

calcium containing materials increased the absorption of NH'^^, eventually leading

to the increased tillering, and thus leading to higher grain yields. Fenn et al.

(1995) indicated that calcium increases the nitrogen use efficiency in the plant

tissues through greater metabolite deposition in seeds and also increases the
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photosynthesis rate. The lowest nitrogen content was was recorded in control.

Yamauchi and Winslow (1989) based on their studies in upland rice reported that

nitrogen, potassium, silicon and magnesium were necessary to produce high dry

matter. They also reported that magnesium and silicon were necessary for

protecting the rice plants against grain discolouration and in increasing the grain

yield by an average of 34 per cent.

The treatments, varieties and interaction between variety and treatment

were found to be significant in case of phosphorus content in plants. Ezhome-1

recorded a significantly higher phosphorus content compared to Kuthiru. The

highest significant phosphorus content was observed in the plants in the treatment

T3 (Phosphogypsura @ 500 kg ha"' + I/2 lime) and Te. In the variety x treatment

interactions, Ta of variety V] showed the highest phosphorus content. The lowest

phosphorus content was observed in control of Kuthiru variety. This may perhaps

be due to the enhanced availability of phosphorus from the applied

phosphophogysum. Ayadi et al. (2014) reported that application of

phosphogypsum (40% phosphogypsum) increased the inorganic phosphorus

content and uptake of phosphorus by plants.

The treatments, varieties and interaction between varieties and treatments

showed significant effect with respect to potassium content in plants. The

comparison of two varieties revealed that the variety Ezhome-1 had significantly

higher potassium content than Kuthiru. The significantly highest potassium

content was seen in the treatment T4 (Lime as per KAU POP + potassium silicate

0.25% +0.25 % boron) and the lowest was recorded in control. The variety x

treatment interaction reveals that T4 of Ezhome-1 recorded the significantly

highest potassium content. The lowest potassium content among all was observed

in control of Kuthiru. This might be due to the increased absorption of potassium

by rice plants in the treatment T4. Application of lime might have resulted in

lowering the concentration of toxic elements in the soil solution. The beneficial

effect of lime helps in better uptake of nutrients. This result might also be due to

the production of hydrogen ions during reduction of iron and aluminium toxicity



178

that caused the release of potassium from the exchange sites or from the fixed

sites to the soil solution. Similar results were reported by Patrick and Mikkelsen

(1971) as discussed earlier.

Application of amendments showed significant effect in calcium content

by the rice plants. A significantly higher uptake of calcium was observed in the

variety Ezhome-1 than Kuthiru. The treatment Te (Phosphogypsum @ 500 kg

ha"' + Vz lime + potassium silicate-0.25% + 0.25% boron) recorded the highest

significant content of calcium (0.88 %) in plants. The presence of calcium in

phosphogypsum coupled with lime in T6 might have resulted in high

concentration of calcium in the rice plants receiving the treatment T6. Application

of lime at the rate of 18.4 t ha"' showed a significant increase in the concentration

of calcium, magnesium and potassium concentration in the top soil (Blaszcyk et

al., 1986). Application of amendments containing calcium to soil converts the

insoluble iron and aluminium phosphates to calcium phosphates by increasing the

pH of acid soils to neutrality. The lowest calcium content was observed in T?

(control) i.e. with no amendments. The variety vs. treatment did not show any

significant differences in their calcium contents.

The variety Vi i.e. Kuthiru exhibited a significantly higher magnesium

content than Ezhome-1. Among the treatments, the treatment T5 (Magnesium

sulphate + Vz lime (as per KAU POP, 2011) +0.25% potassium silicate + 0.25 %

boron) recorded the highest amount of magnesium which was followed by Ti.

There were no significant differences in the variety x treatment interactions.

Bhaskar et al. (2013) reported that the application of magnesium sulphate at the

rate of 3 g m"" showed significant increase in growth and grain yield compared to

the control. The uptake of magnesium is highly influenced by the availability of

other cations like NH4^, Ca"^ and K"" (Romheld and Kirkby, 2007).

Application of amendments showed significant effects in sulphur content

of rice plants. The local landrace Kuthiru recorded significantly higher sulphur

content than Ezhome-1 variety. The significantly highest sulphur contents were

observed in T3 and Te, and the lowest value was seen in T? (control). The variety

X treatment interactions indicated that T^ of Kuthiru (Phosphogypsum @ 500

CJJ>\
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kg ha"' + Vi lime as per KAU POP, 2011 + potassium silicate-0.25% + 0.25%

boron) showed the highest sulphur content. The higher sulphur contents recorded

in the treatments T3 and T6 might be due to the beneficial effect of

phosphogypsum along with lime. Soratto et al. (2008) noted from his studies on

rice cultivation that the application of phosphogypsum when combined with lime

showed positive effects on the amount of sulphur in leaves and yield.

The effect of treatments on concentration of iron in plants was found to be

significant. Significantly lower iron content was observed in Ezhome-1 over

Kuthiru. Though the highest iron content was recorded in the local variety

Kuthiru, no toxicity symptoms were visible in the leaves and above ground parts.

The treatment T3 (Phosphogypsum @ 500 kg ha"' + Vi lime as per KAU POP,

2011) recorded the minimum iron content demarcating lowest toxicity of iron in

rice. This can be attributed to the ability of phosphogypsum and lime in

overcoming iron toxicity. Phosphogypsum has calcium in soluble form which is

capable of correcting subsoil acidity also when it is applied to the surface (Deepa,

2008; Alcordo and Recheigl, 1993). Breemen and Moormann (1978) opined that

iron toxicity can be alleviated by liming the soil, delaying the planting or through

late flooding to avoid excess iron in the early stages and providing sufficient iron

in the reproductive phase of the plant development. Control plants recorded the

greatest toxicity of iron in rice. These results proved that iron toxicity of saline

hydromorphic soils of Kaipad can be reduced through combined application of

phosphogypsum and V2 lime.

The manganese content in plants was not significant with respect to the

varieties as well as the variety V5. treatment interaction. However, comparing the

treatments, Ti (lime alone) was highly effective in reducing the manganese

toxicity of rice plants. The severe manganese toxicity was observed in T7

(control). Mandal et al. (1975) and Tripathi et al. (1997) recognised the beneficial

role of liming materials such as lime stone, calcite, slaked lime etc. in reducing

the Fe, Al and Mn toxicity.



180

The varieties, treatments as \veil as their interaction did not have any

significant impact on the plant's zinc and copper contents.

^  There were no significant differences in the total boron content in case of
varieties as well as the variety V5. treatment interaction. However, the effect of

treatments on boron content in plants showed that the treatment Te

(Phosphogypsum @ 500 kg ha"' + lime + potassium silicate-0.25% + 0.25%

boron) recorded the maximum significant boron content. Boron helps in

stimulating the activity of enzymes, sugar availability and respiration process

which leads to improved pollen growth (Garge et al., 1979). Boron application at

the rate of 1.5 kg ha"' to salt affected soils improved number of tillers per plant,

panicle length, and straw and paddy yield of rice (Ehsan-Ul-Haq et al., 2009).

Rashid et al. (2004) reported a positive behaviour of rice plants with optimum

4|r boron dosage at the rate of 0.75 kgha"'. A steady increase in paddy yield was seen

on boron fertilization (Rakshit et al., 2002; PARC, 2002).

There were no significant differences between the varieties as well as

variety v5. treatment interaction in the concentration of silicon. Among the

treatment means, the treatment T6 (Phosphogypsum @ 500 kg ha"' + V-2. lime +

potassium silicate-0.25% + 0.25% boron) exhibited the highest significant silicon

content, which was on par with T3. The presence of adequate amount of silicon

and potassium in the soil solution were found to increase the oxidizing power of

rice roots and thereby decreased the excessive iron uptake by the plants (Tadano,
T-

1976; Yoshida, 1981). Silicon fertilization has found to increase both the quality

and quantity of crops such as rice and sugar cane (Komdorfer & Lepsch, 2001).

Barcelo et al. (1993) reported that silicon is efficient in reducing aluminium

toxicity.

There was no significant difference between the varieties on the

aluminium content. The treatment Te (Phosphogypsum @ 500 kg ha"' + Vi lime -+■
potassium silicate-0.25% + 0.25% boron) was highly effective in significantly

reducing the aluminium content in rice plants. From these results, it is proved that

phosphogypsum is highly effective in lowering the aluminium toxicity. Zsoldos
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et al. (2013) confirmed that application of silicon to the plants growing in an

acidic medium helps in ameliorating aluminium toxicity in rice plants. Cameron

et al. (1986) opined that application of phosphogypsum would be more effective

in reducing the toxicity caused by aluminium than by the use of pure calcium

sulphate due to the presence of fluorine in phosphogypsum. Fluorine is an anion

capable of forming more stable complexes with aluminium than SO4'". The

variety x treatment interaction revealed that the lowest significant uptake of

aluminium was seen in T3 of Kuthiru.

The variety Ezhome-1 recorded lower sodium content compared to

Kuthiru. The treatments T|, T3 and Te were effective in lowering the sodium

contents in rice plants. The variety x treatment interaction indicated that the

treatment Ti of Kuthiru recorded lowest significant concentration of sodium.

Application of amendments to saline hydromorphic soil might have attributed to

the low sodium content in the rice plants. High salt concentration increases

osmotic stress (Mohanty et al., 2002) and leads to the accumulation of excess

amount of sodium in plants (Zhu, 2001). The electrical conductivity and

exchangeable sodium percentage values were found to decrease on application of

a mixture of farm yard manure and gypsum (Abou El- Defan et al., 2005).

The nutrient ratio for calcium to potassium on plant analysis revealed that

the highest ratio was obtained in the treatment Te with application of

phosphogypsum + 'A lime along with foliar sprays of boron and potassium

>  silicate.

This proves that use of amendments enhances the available Ca in soil.

Presence of Ca improves the soil structure, increases the soil pH to neutral and

reduces EC of soil.
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6. SUMMARY

The salient findings on the investigation entitled "Dynamics of iron and

aluminium toxicity on rice {Oryza sativa L.) in saline hydromorphic soils of

Kaipad" is presented in this chapter. The study was carried out in four parts.

Part A: Collection of soil samples and analysis of physical and chemical

properties

Part B: Incubation study to know the release pattern of nutrients in the soil

Part C: Solution culture experiment

Part D: Pot culture experiment

The investigations were carried out at College of Agriculture, Padannakkad

during the academic year 2015-17.

The saline hydromorphic soil samples of Kaipad, taxonomically falling

under the Chelapram series (Premachandran, 2012) were collected from fifteen

study locations during the month of April 2016 and the GPS co-ordinates were

recorded. The samples were studied for different physical properties like bulk

density and particle size distribution. The samples were also studied for various

chemical properties like pH, EC, organic carbon, available nutrients like N, P, K,

Ca, Mg, S, B, Si, Fe, Mn, Zn, Cu, exchangeable Na and A1 and CEC. The main

conclusions of the initial collection and analysis are summarised below.

The bulk density varied from 1.06 Mg m"^ in location number 11 to 1.17

Mg m"^ in location number 9. The textural class of the sampled locations ranged

from sandy loam to sandy clay loam. The loamy nature may be related to the

fluffiness of the soil. The predominant fraction observed in the sampled locations

was sand.

•  There was a wide variation in pH ranging from ultra-acidic to slightly

acidic pH (3.40 to 6.48). The range of electrical conductivity recorded in

the soil samples of Kaipad was from 9.72 to 29.00 dS m '.

•  The organic carbon status of the sampled locations of Kaipad varied

between 5.30 to 33.40 g kg ' over the fifteen locations.

The results revealed that the macro and micro nutrient status of Kaipad soils was

generally very high.
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•  The available nitrogen status of the sampled locations of Kaipad regions

varied from 173.47 kg ha"' to 1083.80 kg ha"' with a mean value of 544.95

kg ha"' which was medium to high in nature. The available phosphorus

content varied from 8.65 kg ha"' in location number 6 to 50.27 kg ha"' in

location number 10. The available potassium content observed in the soils

was extremely high ranging from 1239.02 to 4630.05 kg ha"'.

•  The contents of available calcium recorded from the 15 locations were

very high ranging from 826.25 mg kg"' to 3275.00 mg kg"'. The status of

available magnesium content of the smdy locations ranged from 21.30 mg

kg"' to a maximum value of 43.60 mg kg"'. The available sulphur content

of the soils varied from to 748.77 mg kg"' in location number 7 to 1534.62

mg kg"' in location number 3. The available iron content in these soils

varied from 702 to 1250 mg kg"' which was in toxic range. The available

manganese content in these soils varied from 3.4 to 25.46 mgkg"'.

•  The available zinc values ranged from 1.81 to 11.50 mg kg"' and the

available copper content ranged from 2.07 to 6.78 mg kg"' over the

locations. The status of available boron content in the sampled locations

ranged from 1.29 to 1.79 mg kg"'.

•  The exchangeable aluminium was found in higher concentrations varying

from 160 to 434 c mol (P^) kg"' and available silicon content was also very

high varying from 48.90 c mol (P^) kg"' to 195.00 c mol (P^) kg"'.

•  The exchangeable sodium content in the soils varied from 530 c mol (P^)

kg"' to 1080 c mol (P^) kg"' which was very high. The cation exchange

capacity ranged from 21.91 c mol (P"") kg"' to 184.46 c mol (P^) kg"' in

location numbers 13 and 10 respectively.

Relatively high values of pH, organic carbon, available nitrogen, potassium and

calcium can be attributed to the fallow nature of the sampled sites compared to

other sites where rice-fish aquaculture is regularly practised.
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The incubation study was conducted using the saline hydromorphic soil

collected from location 2 with four treatments and two levels of submergence

(5 cm and 10 cm) in factorial CRD. The treatments used were T|: Lime as per

KAU POP, 2011; T^: Magnesium sulphate + Vz lime (as per KAU POP, 2011); T3:

Phosphogypsum at the rate of 500 kg ha"' + Vz lime as per KAU POP, 2011; T4:

Control. The soil samples were analyzed at 30, 60, 90 and 120 days after

incubation.

•  The submergence levels were found to have no significant effect with

respect to soil pH at 30 and 90 DAI, whereas the effect was significant at

60 and 120 DAI. The soil pH displayed an increase in trend with increase

in duration of incubation. The treatment T| (lime as per KAU POP)

recorded the significantly highest values of soil pH at 30, 60 and 90 DAI.

At 120 DAI, the treatment T3 (Phosphogypsum + Vz lime) recorded

significantly higher pH.

•  The addition of amendments showed a steep decline in electrical

conductivity from the initial level. Application of phosphogypsum + Vz

lime (T3) recorded the lowest EC at 30, 60 and 90 DAI.

•  The organic carbon content was found to show a decreasing trend over the

four months period. There were no differences between the organic matter

contents in the two submergence levels. Application of lime (Tj) showed

higher organic carbon content at 30 and 60 DAI whereas at 90 and 120

DAI, Tt (Magnesium sulphate + Vz lime as per KAU POP, 2011) had a

significantly higher organic carbon content.

•  The available nitrogen content exhibited an increasing trend at 30, 60, 90

and 120 DAI. The submergence levels did not show any significant

difference in the availability pattern of nitrogen. Among the treatments,

T3 (Phosphogypsum @ 500 kg ha"' + Vz lime as per KAU POP, 2011)

showed higher nitrogen content at 30 DAI whereas at 60, 90 and 120 DAI,

the treatment T2 showed significantly higher available nitrogen content.
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•  The levels of submergence had no significant difference in available

phosphorus content at 30 and 60 DAI. However at 90 and 120 DAI, 5 cm

level of submergence recorded significantly superior values of soil

available phosphorus. The treatment T3 (phosphogypsum + 'A lime)

showed higher available phosphorus contents at 30, 60, 90 and 120 DAI.

•  There was significant effect of submergence levels on the available

potassium content at 60, 90 and 120 DAI. Among the submergence levels,

5 cm level recorded significantly superior values of available potassium.

Application of magnesium sulphate + V2 lime (T2) recorded higher

available potassium content at 60 DAI. However at 90 and 120 DAI, the

treatment T3 (phosphogypsum + 'A lime) showed superior available

potassium content.

•  Higher available calcium and sulphur contents were observed on

application of the treatment T3 (phosphogypsum + Vi lime) at 30, 60, 90

and 20 DAI. In all the four months of incubation, treatment T2

(magnesium sulphate + 'A lime) displayed higher magnesium content

(67.75, 72.68, 75.07, 78.16 mg kg"' respectively).

•  The level of submergence had no significant difference on available iron

content but, it was observed that the lower concentration of available iron

was recorded at 10 cm level of submergence. The application of

treatments showed a suggestive effect on iron content over these four

months. The diminution in values of iron was least in treatment T1 (lime)

at 30 and 120 DAI. At 60 and 90 DAI, the least iron content was observed

in the pots treated with the treatment T3.

•  The decline in the manganese and copper and zinc contents was mostly

evident in the treatment Ti (lime). The submergence levels showed no

significant difference in manganese and copper contents at 30, 60, 90 and

120 DAI. However, with respect to zinc content at 120 DAI, submergence

level S2 at 10 cm showed significantly higher values.
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•  Though there was no significant difference in the levels of submergence at

30 and 60 DAI, there was profound effect at 90 and 120 DAI. The

^  treatments Tt showed higher available boron content at 30, 60, 90 and 120

DAI.

•  The treatment T3 (phosphogypsum + 'A lime) exhibited a grander value of

available silicon content at 30, 60 and 90 DAI.

•  The aluminium toxicity was reduced to a maximum level at 30, 60 and 120

DAI by treatment T3 i.e. on application of phosphogypsum at the rate of

500 kg ha ' + I/2 lime. However at 90 DAI, the least aluminium content

was observed in soil treated with lime alone.

•  Application of lime (T|) was found to decrease the exchangeable sodium

^  contents at 30, 60, 90 and 120 DAI.

The solution culture experiment was conducted by maintaining a nutrient solution

(Hoagland's solution) containing 3 levels of iron (400, 800, 1200 mg L"'), 2 levels

of aluminium (15 and 30 mg L"') and 2 levels of salinity (5 and 10 dS m ') along

with one control. The two selected rice varieties Kuthiru and Ezhome-1 were

evaluated for their tolerance to iron and aluminium coupled with salinity.

•  There were no remarkable differences in percentage of increase in plant

height between the varieties as well as the variety x treatment interaction.

^  The least increase in plant height was observed in T12 with 1200 mg L"' of

iron, 30 mg L"' of aluminium and 10 dS m"' salinity.

• Among the varieties, significantly higher increase in root length was

observed in Kuthiru over Ezhome-1. The lowest significant increase in

root length was noted in T12 (6.02 %) with 1200 mg L"' of iron, 30 mg L"'

of aluminium and 10 dS m"' salinity.

•  The patterns of iron coating on the roots were observed. Formation of iron

plaque on the root surface was most prominent in the solution containing

1200 mg L"' of iron in Ezhome-I and Kuthiru varieties. There was no iron

9
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coating around the root cells of control. Maximum iron coating around the

root among the treatments was displayed by solution containing the

treatment T12 (1200 mg L"' iron, 30 mg L"' aluminium and 10 dS m*'

salinity). The thickness of iron plaque was greater in the variety Vt

(Kuthiru), the local landrace of Kaipad which clearly indicates the root

exclusion principle for reducing iron and aluminium toxicity, thus

preventing its translocation to the above ground plant parts.

•  The highest significant root dry weight (3.45 mg each) was observed in Tg

with (800 mg L"' iron, 30 mg L"' aluminium and 10 dS m ' salinity)

•  Highest plant height and root length were observed in T13 (Control).

The summary on whole plant analysis of the plants grown in solution culture

experiment is given below.

Among the varieties, higher total N and Fe contents were observed in

Ezhome-1 compared to Kuthiru. However, the contents of total P, K, Mn, A1 and

Na contents were high in Kuthiru variety than Ezhome-1. The chloride content

was non-significant with respect to the varieties.

The highest N and P contents were shown by the treatments T9 (1200

mg L"' of iron, 15 mg L"' of aluminium and 5 dS m"' salinity) and T3 (400 mg L"'

of iron, 15 mg L"' of aluminium and 10 dS m"' salinity) respectively. The

potassium content was highest in Ts and Tio.

The treatment T4 (400 mg L"' of iron, 30 mg L"' of aluminium and 10 dS m"'

salinity) recorded the highest total Na, C1 and Mn contents. The highest

significant total A1 content was observed in Tio (1200 mg L"' of iron, 30 mg L"' of

aluminium and 5 dS m"' salinity). The highest significant content of total Fe was

observed in Tg (1200 mg L"' of iron, 15 mg L'" of aluminium and 5 dS m"'

salinity).

The lowest Na concentration was recorded in T5 (800 mg L"' of iron, 15

mg L"' of aluminium and 5 dS m"' salinity).



188

The root partitioning studies showed that significantly higher Fe, AI, Na and

root CEC values were obtained in Kuthiru variety over Ezhome-1. Significantly

low concentration of chlorine was recorded in Kuthiru variety.

The significantly highest iron content (2736 pg g"') and root CEC (4.27 c mo!

(P^) kg"') values were obtained in the treatment T|2 (1200 mg L"' of iron, 30

mg L"' of aluminium and 10 dS m"' salinity). Among all the treatments, the

maximum significant amount of aluminium was observed in the treatment Tio.

The highest chlorine content was observed in T7 (0.98 %). The highest significant

root CEC was recorded in the treatment Tn (1200 mg L"' of iron, 30 mg L"' of

aluminium and 10 dS m"' salinity).

Pot culture experiment was carried out during the months of July to October

2016 at COA, Padannakkad with the two selected rice varieties Kuthiru and

Ezhome-1 in the saline hydromorphic soils of Kaipad collected from Punnachery.

The summary on the effect of amendments on growth attributes in pot culture

experiment is given in this part of the chapter.

The variety Ezhome-1 recorded the maximum significant plant height at 30,

60 and 90 DAT. The yield attributes like number of productive tillers, grains per

panicle, grain yield, straw yield and 1000 grain weight were significantly higher

in Ezhome-1 over Kuthiru.

Application of the treatment Te (Phosphogypsum @ 500 kg ha"' + Vi lime as

per KAU POP, 2011 + potassium silicate-0.25% + 0.25% boron) recorded the

maximum significant plant height and grain yield. The maximum significant

number of productive tillers/ panicles, grains per panicle, straw yield and 1000

grain weight were observed on application of the treatment T3 (Phosphogypsum

@ 500 kg ha' + V2 lime as per KAU POP, 2011). The lowest significant

chaffiness percentage was recorded in the treatment T1 (lime).

The residual nutrient stams of the soil was also checked out.

\v
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Among the varieties, significantly higher content of organic carbon,

available N, K, Ca and Mg was observed in pots with Ezhome-1 variety than

^  Kuthiru. The pots with Kuthiru variety recorded significantly higher soil pH,

available S, Cu, Zn and B content over Ezhome-1.

The lower available Fe and exchangeable A1 contents were recorded in

the pots containing Kuthiru variety than Ezhome-1. Significantly lower available

Mn and exchangeable Na contents were recorded in the pots with Ezhome-1

variety than Kuthiru.

With respect to the treatments, the highest significant pH, available P

and lowest EC and exchangeable Na contents were observed in the treatment T4

(Lime as per KAU POP + potassium silicate 0.25% +0,25 % Boron). The

^  treatment Tfi (Phosphogypsum @ 500 kg ha' + 'A lime as per KAU POP, 2011 +
potassium silicate-0.25% + 0.25% boron) recorded the maximum significant

organic carbon, available K, Ca, S and Zn. The highest available N, lowest

available Fe and exchangeable A1 contents were recorded by the treatment T3

(Phosphogypsum @ 500 kg ha' + 'A lime as per KAU POP, 2011). The

treatment T1 (lime) recorded the significantly highest available Si and lowest Mn

contents. Maximum significant available Mg was observed in the treatment T2.

The maximum significant available copper was recorded in the treatments T| and

T4. The highest boron content was observed in the treatment T4 and Tft.

The influence of amendments on the nutrient content in plants in pot

culture experiment revealed the following results.

Among the two varieties, significantly higher total P, K, Ca and lower Fe and Na

contents were observed in Ezhome-1. Kuthiru variety recorded the significantly

maximum Mg and S contents.

With respect to the treatments, the treatment T6 (Phosphogypsum @ 500

kg ha"' + 'A lime as per KAU POP, 2011 + potassium silicate-0.25% + 0.25%

boron) recorded the maximum significant Ca, B, Si and lowest A1 content. The

maximum significant content of phosphorus and sulphur were observed in T3 and
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T6. The treatment Tt (Magnesium sulphate + '/z lime (as per KAU POP, 2011))

recorded the highest total N content. The total potassium content was maximum

in the treatment T4 (Lime as per KAU POP + potassium silicate 0.25% +0.25 %

Boron). The lowest content of total iron was recorded in T3 (Phosphogypsum @

500 kg ha"' + Vi lime as per KAU POP, 2011). Application of lime recorded the

lowest total Mn content in plants. The lowest total sodium contents were

observed in the treatments Ti, T3 and Te. The treatments were not significant with

respect to total Zn and Cu.

The severe constraints of acidity, extreme toxicity of iron and aluminium

coupled with high salinity in the saline hydromorphic soils of Kaipad can be

ameliorated using combinations of amendments including phosphogypsum, lime

and foliar application of boron and silicon to enhance the growth and yield of rice

crop. Adoption of aforementioned management strategy could help in improving

the soil health and thereby increasing the yield potential of Kaipad rice.



'References

¥



7. REFERENCES

Abou El-defan, T. A., El-Banna, I. M. M., El-Maghraby, T. A., Abdall, M. E. and

Selem, M. E. 2005. Efficiency of some amendments added to clayey soil

irrigated with drainage water. J.Agric. Sci. 30: pp. 2479-3489.

Adams, F. 1984. Crop response to lime in the Southern United States. In: Adams,

F. (ed.). Acidity and Liming (2"'' Ed.). Madison, WI. Am. Soc. Agron. pp.

211-265.

Aditya, M. 2016. Ion interactions and rice nutrition in acid saline pokkali soils. M.

Sc. (Ag) thesis, Kerala Agricultural University, Thrissur. pp. 223.

Akbar, M. 1975. Water and chloride absorption in rice seedlings. J.Agri. Res. 13:

pp. 341-348.

Alcordo, I. S. and Recheigl, J. E. 1993. Phosphogypsum in agriculture: A review.

Adv. Agron. 49: pp. 55-118.

Alia, F. J.Shamshuddin, J.,Fauziah, C. I., Husni, M. H. A. and Panhwar, Q. A.

2015. Effects of aluminium, iron and/ or low pH on rice seedlings grown

in solution culture. Int. J. Agric. Bid. 17: pp. 702-710.

Almansouri, M., Kinet, M. and Lutts, S. 2001. Effect of salt and osmotic stresses

on germination in durum wheat {Triticiim durum Desf.). Plant Soil 231:

pp. 243-254.

Alva, A. K., Sumner, M. E. and Miller, W. P. 1990. Reactions of gypsum or

phosphogypsum in highly weathered acid subsoils. J. Soil Sci. Soc. Am.

54: pp. 993-998.

Amanullah and Inamullah. 2016. Dry matter partitioning and harvest index differ

in rice genotypes with variable rates of phosphorus and zinc nutrition.

Rice Sci. 23(2): pp. 78-87.



192

Arya Lekshmi, V. and Jayasree, S. S. 2017. Effect of silicon sources on nutrient

status and yield of rice in wet land soil of Kerala. Green Farming 8(2):

pp. 434-437.

Aryalekshmi, V. 2016. Silicon availability of tropical soils with respect to rice

nutrition. M. Sc. (Ag) thesis, Kerala Agricultural University, Thrissur,

236p.

Asch, F., Dingkuln, M., Dorffling, K. and Miezan, K. 2000. Leaf K/Na ratio

predicts salinity induced yield loss in irrigated rice. Euphytica 113: pp.

109-118.

Audebert, A. and Sahrawat, K. L. 2000. Mechanisms for iron toxicity tolerance in

lowland rice. J. Plant Niitr. 23: pp. 1877-1885.

Awasthi, J. P., Saha, B., Regon, P., Sahoo, S., Chowra, U., Pradhan, A., Roy, A.

and Panda, S. K. 2017. Morphophysiological analysis of tolerance to

aluminium toxicity in rice varieties of North East India. FLOS one pp. 1-

23.

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(9-12): pp. 1547-

55.

Baligar, V. C., and Fageria, N. K. 1999. Plant nutrient efficiency: Towards the

second paradigm. In: Sequeira, J. Q., Moreira, F. M. S., Lopes, A. S.,

Guilherme, L. R. G., Faquin, V., Neto, A. E. F. and Carvallo, J. G. (eds).

Soil fertility, soil biology and plant nutrition interrelationships. Brazilian

Society of Soil Science and University of Lavras, Lavras, MG, Brazil, pp.

183-204.



193

Barcelo, J., Guevara, P. and Poschenrieder, C. H. 1993. Silicon amelioration of

aluminium toxicity in teosinte {Zea mays L. sp. mexicana). Plant Soil

154: pp. 249-255.

Basu, M., Pande, M., Bhadoria, P. B. S. and Mahapatra, S. C. 2009. Potential fly-

ash utilization in agriculture: A global review. Prog. Nat. Set. 19: pp.

1173-1186.

Bell, R. W. and Dell, B. 2008. Micronutrients for sustainable food, feed, fibre and

bioenergy production./nr. Fertil. Ind. Ass. Paris, France, 175p.

Benckiser, G., Ottow, J. C. G., Santiago, S. and Watanabe, I. 1983. Iron toxicity-

effect of phosphorus, potassium, calcium and magnesium fertilization on

rhizoflora, redox potential and iron uptake by different rice varieties

i^Oryza sativa L.). Landw. Forschung. 36: pp. 285-299.

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: pp. 305-316.

Berger, K. C. and Troug, E. 1939. Boron determination in soils and plants. Ind.

Eng. Chem. Anal. 11(10): pp. 540-545.

Bhaskar, B., Dhananjay, D., Sukanta, P. S. and Niranjan, K. 2013. Integrative

effect of magnesium sulphate on the growth of flowers and grain yield of

paddy: A chemist's perspective. RasayanJ. Chem. 6(4): pp. 300-302.

Bishnoi, S. K., Tripathi, B. R. and Kanwar, B. S. 1987. Toxic metals and their

relationships with soil characteristics in acid soils of Himachal Pradesh.

Indian J. Agric. Chem. 20: pp. 231-242.

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, Wisconsin, USA,

156p.



w

194

*Blaszcyk, H., Chudecki, Z. and Piasecki, J. 1986. Changes of quantity of Ca"\

and K'^ in brown soil as influenced by high doses of NPK and

CaC03. Zesz. Ncmk. Akad. Roln. 124: pp. 3-15.

Bowen, P., Menzies, J., Ehret, D., Samuels, L. and Glass, A. D. M. 1992. Soluble

silicon sprays inhibit powdery mildew development on grape leaves. J.

Am. Soc. Hortic. Sci. 117(6): pp. 906-912.

Boyer, J. S. 1982. Plant productivity and environment. Sci. 218; 443p.

Breemen, N. V. and. Moormann, F. R. 1978. Iron toxic soils. In: Soils and Rice.

International Rice Research Institute (IRRl), Los Banos, Philippines: pp.

781-800.

Brown, B. A. and Munsell, R. I. 1938. Soil acidity at various depths as influenced

by time since application, placement and amount of limestone. Soil Sci.

Soc. Am. Proc. 3: pp. 217-221.

Caires, E. P., Joris, H. A. W. and Churka, S. 201 lb. Longterm effects of lime and

gypsum additions on no-till com and soybean yield and soil chemical

properties in southern Brazil. Soil Use Manag. 27: pp. 45-53.

Cameron, R. S., Ritchie, G. S. P. and Robson, A. D. 1986. Relative toxicities of

inorganic aluminium complexes to barley. Soil Sci. Soc. Am. J. 50: pp.

1231-1236.

Carvalho, M. C. S. and van Raij, B. 1997. Calcium sulphate, phosphogypsum and

calcium carbonate in the amelioration of acid subsoils for root growth.

Plant Soil \92-. 37-48.

Castillo, E., Trang, H. T., Thu, T. N. Q., Phuong, T. T. V. and Tuong, T. P. 2000.

Phonological and physiological responses of rice cultivars to level and

timing of salinity stress. Vietnam: Can Tho University, pp. 12-15.



195

Chabbi, A. 1999. Jtincus bulbosus as a pioneer species in acidic lignite mining

lakes: interactions, mechanism and survival strategies. New Phytologist

144: pp. 133-142.

Chambers, W. E. and Gardner, H. W. 1951. The effect of soil calcium on the

mineral content of wheat. Eiir. J. Soil Sci. 2(2): pp. 246-253.

Chand, R. 1998. Import liberalisation and India's agriculture: the challenge and

strategy. Econ. Polit. Wkly. 33(15), April 11.

Chandramohan, K. T. and Mohanan. K. V. 2012. Kaipad rice farming in North

Kerala - An indigenous saline resistant organic farming system. Indian J.

Traditional Knowl. 11(1): pp. 185-189.

Chang, M. L. and Thomas, G. W. 1963. A suggested mechanism for sulphate

adsorption by soils. Soil Sci. Soc. Am. Proc. 27: pp. 281-283.

Chen, C. C., Dixon, J. B. and Turner, F. T. 1980a. Iron coatings on rice roots:

mineralogy and quantity influencing factors. Soil Sci. Soc. Am. J. 44: pp.

635-639.

Chen, R. F., Zhang, F. L., Zhang, Q. M., Sun, Q. B., Dong, X. Y. and Shen, R. F.,

2012. Aluminium-phosphorus interactions in plants growing on acid soils:

Does phosphorus always alleviate aluminium toxicity? J Sci Food Agric.

92(5): pp. 995-1000.

Ciesielski, H., Sterckeman, T., Santeme, M. and Willery, J. P. 1997. A

comparison between three methods for the determination of cation

exchange capacity and exchangeable cations in soils. Agronomic, EDP

Sci. 17(1): pp. 9-16.

Clarkson, D. T. 1967. Interactions between aluminium and phosphorus on root

surfaces and cell wall material. Plant Soil, 27: pp. 347-356.

Cornfield, A. H. 1959. Mineralization, during incubation of the organic nitrogen

compounds in soil as related to soil pH. J. Sci Food Agric. 10: pp. 27-28.



196

CPGD-Keraia, n.d.. Promotion of integrated farming system of Kaipad and

Pokkali in coastal wetlands of Kerala 2015-2016 to 2018-2019, Available:

http://www.moef.gov.in/sites/default/files/Kerala.pdf [07 June 2017].

Crusciol, C. A. C., Artigiani, A. C. C. A ., Arf, O., Filho, C. A. C. A., Soratto, R.

P., Nascente, A. S. and Alvarez, R. C. F. 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.

Curtin, O. and Rostad, H. P. W. 1997. Cation exchange and buffer potential of

Saskatchewan soils estimated from texture, organic matter and pH. Can.

J. Soil Sci. 77: pp. 621-626.

Das, S. K. 2014. Role of micronutrient in rice cultivation and management

strategy in organic agriculture-A reappraisal. Agric. Sci. 5: pp. 765-769.

de Leon-Lorenzana, A. S., Delgado-Balbuena, L., Dominguez-Mendoza, C.,

Navarro-Noya, Y. E., Luna-Guido, M. and Dendooven, L. 2017.

Reducing salinity by flooding an extremely alkaline and saline soil

changes the bacterial community but its Effect on the archaeal community

is limited. Front. Microbiol. 8: 466p.

Deepa, K. K. 2008. Amelioration of subsoil acidity by calcium sources in laterite

soils of black pepper, M.Sc. (Ag) thesis, Kerala Agricultural University,

Thrissur, 73p.

Delhaize, E., Ryan, P. R. and Randall, P. J. 1993. Aluminium tolerance in wheat

(Triticnm aestivum L.). 11. Aluminium-stimulated excretion of malic acid

from root apices. Plant Physio!. 103: pp. 695-702.

Deng, H., Ye, Z. H. and Wong, M. H. 2009. Lead, zinc and iron (Fe"^) tolerances

in wetland plants and relation to root anatomy and spatial pattern of ROL.

Environ. Exp. Bot. 65: pp. 353-362.



197

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.

Dietzel, K. A., Ketterings, Q. M. and Rao, R. 2009. Predictors of lime needs for

pH and aluminium management of New York agricultural soils. Soil Sci.

Soc. Am. J. 73: pp. 443-448.

Dobermaim, A. and Fairhurst, T. H. 2000. Rice: Nutritional disorders and

nutrient management. International Rice Research Institute, Manila,

Philippines, 190p.

Ehrler, W. 1960. Some effects of salinity on rice. Bot. Gaz. 122: pp. 102-104.

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. Pakist.

J. Bot. 13(4): pp. 1339-1350.

Elawad, S. H. and Green, V. E. 1979. Silicon and the rice plant environment: A

review of recent research. II Riso. 28: 235-253.

Elisa , A. A., Ninomiya, S., Shamshuddin, J. and Roslan, I. 2016. Alleviating

aluminium toxicity in an acid sulphate soil from Peninsular Malaysia by

calcium silicate application. Solid Earth, 7: pp. 367-374.

Emmel, R. H., Sotera, J. J. and Stux, R. L. 1977. Atomic Absorption Methods

Manual. Instrumentation Laboratory Inc., Wilmington, pp. 67-190.

Enright, N. F. 1984. Aluminium toxicity problems in mine waste. J. Soil Conserx'.

40: pp. 108-115.

Fageria, C. D. and Carvalho. 1982. Influence of aluminium in nutrient solutions

on chemical composition in upland rice cultivars. Plant Soil 69: pp. 31-

44.

•p-



198

Fageria, N. K. and Baligar, V. C. 2008. Ameliorating soil acidity of tropical

oxisols by liming for sustainable crop production. Adv. Agron. 99: pp.

345-399.

Fageria, N. K., Baligar, V. C. and Clark, R. B. 2006. Physiol. Crop Prod. New

York: The Haworth Press.

Fageria, N. K., Baligar, V. C. and Wright, R. J. 1990. Iron nutrition of plants: An

overview on the chemistry and physiology of its deficiency and toxicity.

Pesquisa Agropeciiaria Brasileira, 25: pp. 553-570.

Fageria, N. K., Filho, B. M. P., Carvalho, J. R. P., Rangel, P. H. N. and Cutrim, V.

A. 1984. Preliminary screening of rice cultivars for tolerance to iron

toxicity. Pesquisa Agropeciiaria Brasileira, 19: pp. 1271-1278.

Fageria, N. K., Santos, A. B., Filho, B M. P. and Guimaraes, C. M. 2008. Iron

toxicity in lowland rice. J. Plant Nutr. 31(9): pp. 1676-1697.

Fageria.N. K.. Filho. M. P. B. and Carvalho, J. R. P. 1981. Influence of iron on

growth and absorption of P, K, Ca and Mg by rice plant in nutrient

solution. Pesquisa Agropecuaria Brasileira 16: pp. 483-488.

FAO Stat [Food and Agriculture Organization of the United Nations]. 2017.

Farina, M. D. W. and Channon, P. 1988. Acid subsoil amelioration II. Gypsum

effects on growth and subsoil chemical properties. Soil Sci. Soc. Am. J.

54: pp. 993-998.

Farina, M. P. W., Channon, P. and Thibaud, G. R. 2000a. A comparison of

strategies for amelioration subsoil acidity: I Long-term growth effects.

Soil Sci. Soc. Am. J. 64: pp. 646-651.

Famaz, A. A., Jugah, K., Abbaz, N., Seyed, R. H. R. and Hailmi, S. 2012. Effect

of silicon on rice blast disease, Pertanika J. Prop. Agric. Sci. 35: pp. 1-12.



199

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

growth and yield of small grains. Agron. J. 87: pp. 1041-1046.

Fischer, W. R. 1983. Theoretical considerations for the reductive dissolution of Fe

(111) oxides. Z. Pflanzenmahr. Bodenkd. 146: pp. 611-622.

Fouche, P. S. and Sautoy, N. D. 1995. Influence of surface applied lime and

gypsum on subsoil acidity, extractable Ca and nutrient accumulation in

avocado {Persea Americana Mill.). South African Avocado Growers'

Association Yearbook. 18: pp. 12-16.

Foy, C. D. 1992. Soil chemical factors limiting plant root growth. Adv.Soil Set.

19: pp. 97-149.

Freitas, B. J. 1992. Disposal of phosphogypsum and its enviromnental impact. In:

Seminar on the use of plaster in agriculture. IBRAFOS, Uberaba, Minas

Gerais (In Portuguese) pp. 3250-3392.

*Gama, M. V. D. A. 1987. Effect of CaC03 on the mobilization of potassium and

magnesium in twenty samples of acid soils derived from granite. Agron.

Lusitana 42: pp. 285-300.

Garge, O. K., Sharma, A. N. and Konica, G. R. S. 1979. Effect of boron on pollen

vitality and yield of rice plant {Oryza Sativa. Var. Java). Plant Soil 52: pp.

591-594.

Gharaibeh, M. A., Rusan, M. J., Eltaif, N. I. and Shunnar, O. F. 2014.

Reclamation of highly calcareous saline-sodic soil using low quality

water and phosphogypsum. Appl. Water Sci. 4: pp. 223-230.

Gong, H. J., Randall, D. P. and Flowers, T. J. 2006. Silicon deposition in the root

reduces sodium uptake in rice (Oryza sativa L.) seedlings by reducing

bypass flow. Plant Cell Environ. 29: pp. 1970- 1979.

Guthrie, R. L. 1984. Characterizing and classifying wetland soils in relation to

food production. In: Workshop on characterisation, classification and



200

utilization of wetland soils. Proceedings of an International workshop,

International Rice Research Institute, Manila, Phillippines, pp. 1-11.

Hakim, M. A., Juraimi ,A. S., Begum, M, Hanafi, M. M, Mohammed, R. and

Selamat, A. 2010. Effect of salt stress on germination and early seedling

growth of rice {Oryza sativa L.). Afr. J. Biotechnol. 9(13): pp. 911-1918.

Hanlon, E. A. and DeVore, J. M. 1989. IFAS extension soil testing laboratory

chemical procedures and training manual. Circ. No. 812. Fla. Coop. Ext.

Sen, IFAS, Univ. of Florida, Gainesville, FL.

Hansel, C. M., Fendorf, S., Sutton, S. and Newville, M. 2001. Characterization of

iron plaque and associated metals on the roots of mine-waste impacted

aquatic plants. Environ. Sci. Technol. 35: pp. 3863-3868.

Harriman, R., Anderson, H. and Miller, J. D. 1995. The role of sea-salts in

enhancing and mitigating surface water acidity. Water Air Soil Pol hit.S5:

pp. 553-558.

Haug, A., Shi, B. and Vitorello, V. 1996. Aluminium interaction with

phosphoinositide-associated signal transduction. Arch. Toxicol. 68: pp. 1-

7.

Haysom, M. B. and Ostatek-Boczynski, Z. A. 2006. Rapid, wet oxidation

procedure for the estimation of silicon in plant tissue. Commun. Soil Sci.

Plant Anal. 37(15-20): pp. 2299-2306.

Hendershot, W. H. and Duqueite, M. 1986. A simple barium chloride method for

determining cation exchange capacity and exchangeable cations. Soil Sci.

Soc. Am. J. 50: pp. 605-608.

Hilton, J. 2006. Phosphogypsum - management and opportunities for use:

Resolving a conflict between negative externality and public good?. Int.

Fertil. Soc. 587: 34-36.

y



201

Hoagland, D. R. and Amon, D. I. 1950. Tlie water-culture method for growing

plants without soil. California Agricultural Experiment Station, Circular-

347.

Hodson, M. J. and Evans, D. E. 1995. Aluminium/silicon interactions in higher

plants, / Exp. Bot. 46: pp. 161-171.

Horst, W. J., Wagner, A. and Marschner, H. 1983. Effect of aluminium on root

growth, celldivision rate and mineral element contents in roots of Vigna

unguiculata genotypes. Z. Pjlanzenphysiol. 109: pp. 95-103.

Hutchinson, G. L. and Viets, F. G. 1969. Detoxification of boron in plants with

Triisopropanolamine. Soil Sci. 108: pp. 217-221.

Illera,V., Garrido, F., Vizcayno, C. and Garcia-gonzalez, M. T. 2004b. Field

application of industrial by-products as aluminium toxicity amendments:

chemical and mineralogical implications. Eur. J. Soil Sci. 55: pp. 681-

692.

Isaac, 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.,

(eds). Instrumental Methods for Analysis of Soil and Plant Tissues, Soil

Science Society of America, U.S.A. pp. 17-37.

Ishikawa, S., Wagatsuma, T. and Sasaki, R. 2000. Comparison of the amount of

citric and malic acids in aluminium media of seven plant species and two

cultivars each in five plant species. Soil Sci. Plant Nutr. 46: pp. 751-758.

Ismunadji, M., Ardjasa, W. S. and Uexkull, H. R. V. 1989. Increasing

productivity of lowland rice grown on iron toxic soil. In: International

Symposium on Rice production on acid soils of tropics. 26-30 June, 1989.

Kandy, Srilanka.



202

Iyer, M. S. 1989. Studies on macromeso and micromorphoiogy and clay

mineralogy of the acid sulphate soils of Kerala. PhD thesis, Kerala

Agricultural University, Thrissur.

Jackson, M. L. 1958. Soil chemical analysis. In: Cliffs, E. N. J. (ed.). Soil Set.

University of Wisconsin, USA, Madison, pp: 89-102.

Jan, F. and Pettersson, S. 1993. Effect of low aluminium levels on growth and

nutrient relations in three rice cultivars with different tolerances to

aluminium. / Plant Nutr. 16: pp. 359-372.

Joseph, A. E. 2016. Rice cultivation in saline tracts of Kerala: An overview. Int. J.

Fish. Aqiiat. Stud. 4(4): pp. 355-358.

Karan, A. K., Kar, S. and Singh, V. K. 2014. Effects of liming, soil-moisture

regimes, application of sulphur and some micronutrients on nutrients

availability in soil-plant system and yield of rice in acid alluvial soil. Int.

J. Plant Soil Sci. 3(11): pp. 1453-1467.

Karlik, B. 1995. Liming effect on dissolved organic matter leaching. Water, air

soilpolliit. 85(2): pp. 949-954.

Kashem, M. A. and Singh, B. R. 2001. Metal availability in contaminated soils: 1.

Effects of flooding and organic matter on changes in Eh, pH and

solubility of Cd, Ni and Zn. Nutrient Cycling Agroecosystems 61(3): pp.

247-255.

KAU (Kerala Agricultural University). 2011. Package of Practices

Recommendations-. Crops (14''^ Ed.), Kerala Agricultural University,

Thrissur, 360p.

Khatun, S., Rizzo, C. A. and Flowers, T. J. 1995. Genotypic variation in the effect

of salinity on fertility in rice. Plant Soil, 173: pp. 239-250.



203

KJiunthasuvon, S., Rajatasereekul, S., Hanviriyapant, P., Romyen, P., Fukai, S.

and Basnayake, J. 1998. Effects of fertiliser application on grain yield of

several rice cultivars: 1. Effects of fertiliser application and irrigation.

Field crops Res. 59: pp. 99-108.

Kochian, K. V. 1995. Cellular mechanisms of aluminium toxicity and resistance

in plant. Anmi. Rev. Plant Physiol. Mol. Biol. 46: pp. 237-260.

Kochian, L. V., Hoekenga, O. A. and Pineros, M. A. 2004. How do crop plants

tolerate acid soils? Mechanisms of aluminium tolerance and phosphorous

efficiency./47IOI/. Rev. Plant Biol. 55: pp. 459-493.

Kordlaghari, M. P. and Rowell, D. L. 2006. The role of gypsum in the reactions of

phosphate with soils. Geoderma 132(1-2): pp. 105-115.

Komdorfer, G. and Lepsch, I. 2001. Effect of silicon on plant growth and crop

yield. Stud. Plant Sci. 8: pp. 133-147.

Komdorfer, 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

Niitr. 24: pp. 1071-1084.

Kreismane, D., Naglis-Liepa, K., Popluga.D., Lenerts. A. and Rivza, P. 2016

Liming effect on nitrogen use efficiency and nitrogen oxide emissions in

crop farming. Res. Rural Dev. 1: pp. 30-36.

Lai, P., Lai, P. and Singh, M. 1979. Effect of Ca/B ratios in soil on the yield of

bajra grown on saline-sodic soils. J. Ind. Soc. Soil Sci. 27: pp. 95-96.

Lee, C. H., Ha, B. Y., Lee, Y. B. and Kim, P. J. 2009. Effect of alkalized

phosphogypsum on soil chemical and biological properties. Comm. Soil

Sci. Plant Anal. 40: pp. 2072-2086.

Leiros, M. C., Trasar-Cepeda, C., Seoane, S. and Gil-Sotres, F. 1999. Dependence

of mineralization of soil organic matter on temperature and moisture. Soil

Biol. Biochem. 31: pp. 327-335.



204

Li, P., Song, A., Li, Z., Fan, F. and Liang, Y. 2012. Silicon ameliorates

manganese toxicity by regulating manganese transport and antioxidant

reactions in rice (Oryza sativa L.). Plant Soil 354; pp. 407-419.

Liang, Y. C., Ma, T. S., Li, F. J. and Feng, Y. J. 1994. Silicon availability and

response of rice and wheat to silicon in calcareous soils. Commun. Soil

Sci. Plant Ann. 25(13-14): pp. 2285-2297.

Liang, Y., Sun, W., Zhu, Y. G. and Christie, P. 2007. Mechanisms of silicon

mediated alleviation of abiotic stresses in higher plants: A review.

Environ. Pollut. 147: pp. 422-428.

Lindsay, W. L. and Norvell, W. A. 1978. Development of a DTPA soil test for

zinc, iron, manganese and copper. Soil Sci. Soc. Am.J. 42: pp. 421-428.

Lindsay, W. L. and Schwab, A. P. 1982. The chemistry of iron in soils and its

availability to plants. J. Plant Nutr. 5: pp. 821-840.

Lipman, C. B., Davis, A. R. and West, E. S. 1926. The tolerance of plants for

NaCl. Soil Sci. 22: pp. 303-322.

Liu, M., Liang, Z., Ma, H., Huang, L. and Wang, M. 2010. Responses of rice

(Oryza sativa L.) growth and yield to phosphogypsum amendment in

saline-sodic soils of North-East China. J. Food Agric. Environ. (JFAE)

8(2): pp. 827-833.

Ma, J. F. 2004. Role of silicon in enhancing the resistance of plants to biotic and

abiotic stresses, Soil Sci. Plant Nutr. 50(1): pp. 11-18.

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

Japan. Elsevier.

Ma, J. F., Nishimura, K. and Takahashi, E. 1989. Effect of silicon on the growth

of rice plant at different growth stages. Soil Sci. Plant Nutr. 35(3): pp.

347-356.

V
'fK



205

Ma, J. F., Sasaki, M. and Matsumoto, H. 1997. Aluminium induced inhibition of

root elongation in com, Zea mays L. is overcome by silicon addition.

Plant Soil 188: pp. 171-176.

Maas, E. V. 1986. Salt tolerance of plants. Appl. Agric. Res. 1: pp. 12-26.

Maas, E. V. and Hoffman, G. J. 1977. Crop salt tolerance - current assessment. J.

Irrig. and Drainage Div., ASCE 103 (1R2): pp. 115-134.

Maekawa, K., Watanabe, K., Aino, M. and lwamoto,Y. 2001. Suppression of rice

seedling blast with some silicic acid materials in nursery box. Jpn. J. Soil

Sci. Plant Niitr. 72(1): 56-62.

Makerim, A. K. et al. 1991. In: Detmrck, P. and Pormampemma, F. N. (eds). Rice

production of acid soils of the tropics. Institute of Fundamental Studies,

Kandy, Srilanka.

Malvi, U. R. 2011. Interaction of micronutrients with major nutrients with special

reference to potassium. Karnataka J. Agric. Sci. 24(1): pp. 106-109.

Mandal, L. N. and Mitra, R. R. 1982. Transformation of iron and manganese in

rice soils under different moisture regimes and organic matter

applications. Plant Soil 69(1): pp. 45-46.

Mandal, S. C., Sinha, M. K. and Sinha, H. 1975. Acid soils of India and liming.

Tech. Bull. ICAR, New Delhi, 51p.

Maneewan, M., Thawomwong, N. and Tantisira, B. 1981. Study on rates of marl

for rice production on acid sulphate soils in Thailand. In: Dost, H. and

Breemen, N. V. (eds), Proc. Bangkok Symp. acid sulphate soils. ILRl

Pub. 31, Wageningen, The Netherlands, pp. 172-186

Martini, J. A., Kochhmann, R. A., Gomes, E. P. and Danger, F. 1977. Response of

wheat cultivars to liming in some high aluminium Oxisols of Rio Grande

do Sul, Brazil. Agron. J. 69: pp. 612-616.



202

Iyer, M. S. 1989. Studies on macromeso and micromorphology and clay

mineralogy of the acid sulphate soils of Kerala. PhD thesis, Kerala

Agricultural University, Thrissur.

Jackson, M. L. 1958. Soil chemical analysis. In: Cliffs, E. N. J. (ed.). Soil Set.

University of Wisconsin, USA, Madison, pp: 89-102.

Jan, F. and Pettersson, S. 1993. Effect of low aliuninium levels on growth and

nutrient relations in three rice cultivars with different tolerances to

aluminium. J. Plant Niitr. 16: pp. 359-372.

Joseph, A. E. 2016. Rice cultivation in saline tracts of Kerala: An overview. Int. J.

Fish. Aquat. Stud. 4(4): pp. 355-358.

Karan, A. K., Kar, S. and Singh, V. K. 2014. Effects of liming, soil-moisture

regimes, application of sulphur and some micronutrients on nutrients

availability in soil-plant system and yield of rice in acid alluvial soil. Int.

J. Plant Soil Sci. 3(11): pp. I453-I467.

Karlik, B. 1995. Liming effect on dissolved organic matter leaching. Water, air

soilpollut. 85(2): pp. 949-954.

Kashem, M. A. and Singh, B. R. 2001. Metal availability in contaminated soils: I.

Effects of flooding and organic matter on changes in Eh, pH and

solubility of Cd, Ni and Zn. Nutrient Cycling Agroecosystems 61(3): pp.

247-255.

KAU (Kerala Agricultural University). 2011. Package of Practices

Recommendations: Crops (14"^ Ed.), Kerala Agricultural University,

Thrissur, 360p.

Khatun, S., Rizzo, C. A. and Flowers, T. J. 1995. Genotypic variation in the effect

of salinity on fertility in rice. Plant Soil, 173: pp. 239-250.

>5^



203

Khunthasuvon, S., Rajatasereekul, S., Hanviriyapant, P., Romyen, P., Fukai, S.

and Basnayake, J. 1998. Effects of fertiliser application on grain yield of

several rice cultivars: 1. Effects of fertiliser application and irrigation.

Field crops Res. 59: pp. 99-108.

Kochian, K. V. 1995. Cellular mechanisms of aluminium toxicity and resistance

in plant. Annu. Rev. Plant Physiol. Mol. Biol. 46: pp. 237-260.

Kochian, L. V., Hoekenga, O. A. and Pineros, M. A. 2004. How do crop plants

tolerate acid soils? Mechanisms of aluminium tolerance and phosphorous

efficiency. Annu. Rev. Plant Biol. 55: pp. 459-493.

Kordlaghari, M. P. and Rowell, D. L. 2006. The role of gypsum in the reactions of

phosphate with soils. Geoderma 132(1-2): pp. 105-115.

Komdorfer, G. and Lepsch, I. 2001. Effect of silicon on plant growth and crop

yield. Stud. Plant Sci. 8: pp. 133-147.

Komdorfer, 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: pp. 1071-1084.

Kreismane, D., Naglis-Liepa. K., Popluga.D., Lenerts. A. and Rivza, P. 2016

Liming effect on nitrogen use efficiency and nitrogen oxide emissions in

crop farming. Res. Rural Dev. 1: pp. 30-36.

Lai, F., Lai, P. and Singh, M. 1979. Effect of Ca/B ratios in soil on the yield of

bajra grown on saline-sodic soils. J. Ind. Soc. Soil Sci. 27: pp. 95-96.

Lee, C. H., Ha, B. Y., Lee, Y. B. and Kim, P. J. 2009. Effect of alkalized

phosphogypsum on soil chemical and biological properties. Comm. Soil

Sci. Plant Anal. 40: pp. 2072-2086.

Leiros, M. C., Trasar-Cepeda, C., Seoane, S. and Gil-Sotres, F. 1999. Dependence

of mineralization of soil organic matter on temperature and moisture. Soil

Biol. Biochem. 31: pp. 327-335.

rV



204

Li, P., Song, A., Li, Z., Fan, F. and Liang, Y. 2012. Silicon ameliorates

manganese toxicity by regulating manganese transport and antioxidant

reactions in rice {Oryza sativa L.). Plant Soil 354: pp. 407-419.

Liang, Y. C., Ma, T. S., Li, F. J. and Feng, Y. J. 1994. Silicon availability and

response of rice and wheat to silicon in calcareous soils. Commim. Soil

Sci. Plant Ann. 25(13-14): pp. 12^5-2291.

Liang, Y., Sun, W., Zhu, Y. G. and Christie, P. 2007. Mechanisms of silicon

mediated alleviation of abiotic stresses in higher plants: A review.

Environ. Pollut. 147: pp. 422-428.

Lindsay, W. L. and Norvell, W. A. 1978. Development of a DTPA soil test for

zinc, iron, manganese and copper. Soil Sci. Soc. Am.J. 42: pp. 421-428.

Lindsay, W. L. and Schwab, A. P. 1982. The chemistry of iron in soils and its

availability to plants. J. Plant Nutr. 5: pp. 821-840.

Lipman, C. B., Davis, A. R. and West, E. S. 1926. The tolerance of plants for

NaCl. Soil Sci. 22: pp. 303-322.

Liu, M,, Liang, Z., Ma, H., Huang, L. and Wang, M. 2010. Responses of rice

(Oryza sativa L.) growth and yield to phosphogypsum amendment in

saline-sodic soils of North-East China. J. Food Agric. Environ. (JFAE)

8(2): pp. 827-833.

Ma, J. F. 2004. Role of silicon in enhancing the resistance of plants to biotic and

abiotic stresses. Soil Sci. Plant Nutr. 50(1): pp. 11-18.

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

Japan. Elsevier.

Ma, J. F., Nishimura, K. and Takahashi, E. 1989. Effect of silicon on the growth

of rice plant at different growth stages. Soil Sci. Plant Nutr. 35(3): pp.

347-356.

•X.



■J

205

Ma, J. F., Sasaki, M. and Matsumoto, H. 1997. Aluminium induced inhibition of

root elongation in com, Zea mays L. is overcome by silicon addition,
Plant Soil 188: pp. 171-176.

Maas, E. V. 1986. Salt tolerance of plants. Appl. Agric. Res. I: pp. 12-26.

Maas, E. V. and Hoffinan, G. J. 1977. Crop salt tolerance - current assessment. J.

Irrig. and Drainage Div., ASCE 103 (IR2): pp. 115-134.

Maekawa, K., Watanabe, K., Aino, M. and Iwamoto,Y. 2001. Suppression of rice
seedling blast with some silicic acid materials in nursery box. Jpn. J. Soil
Sci. Plant Nutr. 72(1): 56-62.

Makerim, A. K. et al. 1991. In: Detmrck, P. and Poimampemma, F. N. (eds), Rice
production of acid soils of the tropics. Institute of Fundamental Studies,

Kandy, Srilanka.

Malvi, U. R. 2011. Interaction of micronutrients with major nutrients with special
reference to potassium. KamatakaJ. Agric. Sci. 24(1): pp. 106-109.

Mandal, L. N. and Mitra, R. R. 1982. Transformation of iron and manganese in
rice soils under different moisture regimes and organic matter
applications. Plant Soil 69(1): pp. 45-46.

Mandal, S. C., Sinha, M. K. and Sinha, H. 1975. Acid soils of India and liming.
Tech. Bull. ICAR, New Delhi, 51 p.

Maneewan, M., Thawomwong, N. and Tantisira, B. 1981. Study on rates of marl
for rice production on acid sulphate soils in Thailand. In: Dost, H. and

Breemen, N. V. (eds), Proc. Bangkok Symp. acid sulphate soils. ILRI

Pub. 31, Wageningen, The Netherlands, pp. 172-186

Martini, J. A., Kochhmann, R. A., Gomes, E. P. and Langer, F. 1977. Response of
wheat cultivars to liming in some high aluminium Oxisols of Rio Grande

do Sul, Brazil. Agron. J. 69: pp. 612-616.



206

Massoumi, A. and Cornfield, A. H. 1963. A rapid method for determining

sulphate in water extracts of soil. Analyst 88: pp. 321-322.

Matoh, T., Kairusmee, P. and Takahashi, E. 1986. Salt induced damage to rice

plants and alleviation effect of silicate. Soil Set. Plant Nntri. 32: pp. 295-

304.

Matsumoto, H. 2000. Cell biology of aluminium toxicity and tolerance in higher

plants. Int. Rev. Cytol. 200: pp. 1-46.

Merino, C., Alberdi, M., Ivanov, A. G. and Reyes-Diaz, M. 2010. Al^"^- Ca^"*"

interaction in plants growing in acid soils: Al-phytotoxicity response to

calcareous amendments. J. soil. sci. plant niitr. 10(3): pp. 217-243.

Mitsui, S. and Ueda, M. 1963. Cation exchange capacity of crop roots in relation

with ion uptake Soil Sci. Plant Nutr. 9( 1): pp. 6-12.

Mittra, B. N., Karmakar, S., Swain, D. K. and Ghosh, B. C. 2003. Fly ash - A

potential source of soil amendment and a component of integrated plant

nutrient supply system. International Ash Utilization Symposia, Centre

for Applied Energy Research, University of Kentucky, Paper no. 28.

Mizuno, N. 1987. Effect of silica on hull weight and ripening of rice plant. Jpn. J.

Soil Sci Plant Nntr. 58: pp. 147-151.

-t- Mohanty, A., Kathuria, H., Feijani, A., Sakamoto, A., Mohanty, P., Murata, N.

and Tyagi, A. 2002. Transgenics of an elite indica rice variety Pusa

Basmati-1 harbouring the codA gene are highly tolerant to salt stress.

Tlieoret. Applied Genet. 106: pp. 51-57.

Naeem, M. Idrees, M. and Khan, M. M. A. 2009. Calcium ameliorates

photosynthetic capacity, nitrate reductase, carbonic anhydrase, nitrogen

assimilation, yield and quality of Cassia sophera L. - a medicinal legume.

Physiol. Mol. Biol. Plants. 15(3): pp. 237-247.

/



207

Nair, P. G. and Money, N. S. 1972. Studies on some chemical and mechanical

properties of salt affected rice soils of Kerala. Agric. res. J. Kerala 10(1):

pp. 51-53.

Nakata, Y., Ueno, M., Kihara, J., Ichii, M., Taketa,S., and Arase, S. 2008. Rice

blast disease and susceptibility to pests in a silicon uptake-deficient

mutant Isil of rice. Crop Prat. 27(3-5): pp. 865-868.

Narteh, L. T. and Sahrawat, K. L.1999. Influence of flooding on electrochemical

and chemical properties of West African soils. Geoderma. 87: pp. 179-

207.

Nhung, M. T. and Ponnamperuma, F. N. 1966. Effects of calcium carbonate,

manganese dioxide, ferric hydroxide, and prolonged flooding on chemical

and electrochemical changes and growth of rice in a flooded acid sulphate

soil. Soil Set. 102(1): pp. 29-41.

Noble, A. D., Sumner, M. E. and Fey, M. V. 1988. Calcium balance and the

growth of soybean roots in nutrient solution. Soil Sci. Soc. Am. J. 52: pp.

1398-1402.

Nomoto, K. and Kisida, P. 1959. Some problems of fertilization on the acid soil.

IV. Influence of aluminium absorbed in crop plants on the movements of

phosphorus. Bull. Tokai Kinki Nat. Agr. Exp. St. 2nd Agronomy Division

l:45p.

Noreen, S. and Ashraf, M. 2008. Alleviation of adverse effects of salt stress on

sunflower {Helianthus annuiis L.) by exogenous application of salicylic

acid: growth and photosynthesis. Pak. J. Sot. 40: pp. 1657-1663.

Nurlaeny, N., Marschner, H. and George, E. 1996. Effects of liming and

mycorrhizal colonisation on soil phosphate depletion and phosphate

uptake by maize {Zea mays L.) and soybean (Glycine max L.) grown in

two tropical acid soils Plant Soil 181: pp. 275-285.



208

Nyborg, M. and Hoyt, P. B. 1978. Effects of soil acidity and liming on

mineralization of soil nitrogen. Can. J. Soil Sci. 58: pp. 331-338.

Okuda, A. and Takahashi, E. 1961b. Studies on the physiological role of silicon in

crop plants (Part 2). Effect of the period of silicon deficiency on the

growth of rice plant and nutrients uptake. J. Sci. Soil Manure, 32: pp.481-

488.

Olsen, S. R. and Watanabe, F. S. 1979. Interaction of added gypsum in alkaline

soils with uptake of iron, molybdenum, manganese, and zinc by sorghum.

Soil Sci. Soc. Am. J. 43: pp. 125-130.

Ottow, J. C. G. 1981. In: Proc. Symp. Paddy soil. lost, of Soil Sci. (Academia

Sinia ed.). Science Press, Beijing and Springer, Verlag, Berlin-

Heidelberg, New York, pp. 330-343.

Padmakumar, K. G., Anuradhakrishnan, Manu, P. S., Shiny, C. K. and Radhika,

R. 2002. Thanneermukkom barrage and fishery decline in Vembanad

wetlands, Kerala. In: Kamalakshan, K., Premachandran, P. N. and

Bijukumar, A. (eds). Wetland conservation and management in Kerala.

State Committee on Science, Technology and Environment,

Thiruvananthapuram, Kerala, pp. 27-36.

PARC [Pakistan Agricultural Research Council]. 2002. Annual Report .2002.

Effect of Boron on rice productivity. Pakistan Agricultural Research

Council, Islamabad: 97p.

Patnaik, S. and Mandal, L. N. 1982. Chemistry of submerged rice soil: Review of

soil research in India. Proceedings of the 12"^ International Congress of

Soil Science, February 8-16, 1982, New Delhi, pp. 181-198.

Patrick, W. H. Jr. and Mikkelsen, D. S. 1971. Plant nutrition behaviour in flooded

soil. In: Olson, R. A. (ed.). Fertilizer technology and use. SSSA,

Madison, WI, pp. 187-215.



209

Paul, N. K. and Ghosh, P. D. 1989. In vitro selection of NaCl tolerant cell cultures

in Oryza saliva L, Curr. Sci. 55: pp. 568-569.

Pavar, H. and Marshall, C.E. 1934. The role of aluminium in the relation of clays.

J. Sac. Chem. India. 53: 750-760.

Pearson, G. A. 1959. Factors influencing salinity of submerged soils and growth

ofCaloro rice. Soil Sci. 87: pp. 198-206.

Pearson, R. W., Child, J. and Lund, Z. F. 1973. Uniformity of limestone mixing in

acid subsoils as a factor in cotton root penetration. Soil Sci. Soc. Am.

Proc.37: pp. 727-732.

Pellet, D. M., Grunes, D. L. and Kochian, L. V. 1995. Organic acid exudation as

an aluminum-tolerance mechanism in maize {Zea mays L.). Planta. 196:

pp. 788-795.

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

Ponnamperuma, F. N. 1972. The chemistry of submerged soils. Adv. Agron. 24:

pp. 29-96.

Ponnamperuma, F. N. 1976. International Rice Research Institute (IRRI)

Reasearch Paper Series 2. International Rice Research Institute, Manila,

Phillippines.

Ponnamperuma, F. N. 1977. Screening Rice for Tolerance to Mineral Stresses.

International Rice Research Institute. {IRRI) Research Paper Series. 6,

Los Banos, Philippines: 21 p.

Ponnamperuma, F. N. 1994. Evaluation and improvement of lands for wetland

rice production. In: Senadhira, D. (ed.). Rice and problem soils in South

and Southeast Asia. IRRI, Manila, the Phihppines. Discussion Paper

Series No.4. pp. 3-19.



210

Ponnamperuma, F. N. and Bandyopadhya, A. K. 1980. Soil salinity as a

constraint on food production in the humid tropics. In: Priorities for

alleviating soil related constraints to food production in the tropics. IRRI,

Manila, Philippines: pp. 203-216.

Ponnamperuma, F. N., Bradfield, R. and Peech, M. 1955. Physiological disease of

rice attributable to iron toxicity. Nat. 175: 265p.

Portnoy, J. W. and Giblin, A. E. 1997. Biogeochemical effects of seawater

restoration to diked salt marshes. Ecol. Appl. 7: pp. 1054-1063.

Prasad, R. N., Ram, M. and Ram, P. 1984. Annual Report, ICAR, Res. Complex

for NEH Region, Shillong, Meghalaya, pp. 69-71.

Pratt, P. F. 1965. Potassium in methods of soil analysis. (2"*^ Ed.). Am. Soc.

Agron., Madison, U.S.A., pp. 1019-1021.

Premachandran, N. P. 2012. Agriculture and soil resources management in

Kerala. In: Sabu, T. Vinod, T. R., Iyer, M. S., Bhaskaran, C. and Ambat,

B. (eds). Proceedings of the Kerala Environment Congress, Agriculture

and Environment. Centre for Environment and Development,

Thiruvananthapuram, pp. 473.

Rabileh, M. A., Shamshuddin, J., Panhwar, Q. A., Rosenani, A. B. and Anuar, A.

R. 2015. Effects of biochar and/or dolomitic limestone application on the

properties of Ultisol cropped to maize under glasshouse conditions. Can.

J. Soil Sci. 95: pp. 37-47.

Rahman, M. M., Rahman, M. A., Maki, T. and Hasegawa, H. 2012. Phytotoxicity

of arsenate and salinity on early seedling growth of rice (Oryza sativa L.):

a threat to sustainable rice cultivation in South and South-East Asia. Bull.

Environ Contam Toxicol. 2012 May;88(5): 695-702.



211

Raji, B. v., Cantarella, H., Camarago, De, A. P. and Soares, E. 1982. Calcium and

magnesium losses during a five year liming trial. Revista Brasileira de

Ciencia do Solo 6: pp. 33-37.

Rakshit, A., Bhadoria, P. B. S. and Ghosh, D. 2002. Influence of Boron on NPK

uptake of rice {Oryza sativa L) in acid alluvial soils of Coochbehar, West

Bengal. Environ. Ecol. 20: pp. 188-190.

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.

Rashid, A., Yasin, M., Ashraf, M. and Mann, R. A. 2004. Boron deficiency in

calcareous soils reduces rice yield and impairs grain quality. Int. Rice Res.

Notes 29: pp. 58-60.

Raza, Z. I., Rafiq, M. S. and Abdel-Rauf, M., 2001. Gypsum application in slots

for reclaimation of saline sodic soils. Int. J. Agric. Biol. 3: pp. 281-285.

Recheigl, J. E., Reneau, R. B., and Stamer, D. E. 1985. Effect of subsurface

amendments and irrigation on alfalfa growth. Agron. J. 77: pp. 72-75.

Reeve, N. G. and Sumner, M. E. 1972. Amelioration of subsoil acidity in natal

Oxisols by leaching surface applied amendments. Agrochemophysica 4:

pp. 1-6.

Robinson, G. W. 1922. A new method for the mechanical analysis of soils and

other dispersions. J. Agr. Sci. 12: pp. 306-321.

Rodrigues, F. A. and DatnofT, L. E. 2005. Silicon and rice disease management.

Fitopatologia Brasileira, 30(5): pp. 457-469.

Romheld, V. and Kirkby, E. A. 2007. Magnesium functions in crop nutrition and

yield. In: Proceedings of International Fertiliser Society, 7'*^ December

2007, Cambridge, No. 616, International Fertiliser Society, Colchester,

UK, pp. 151-171.

V



212

Rosolem, C. A., Biscaro, T. 2007. Boron adsorption and leaching in red-yellow

Latosol. Pesq Agropec Bras. 42: pp. 1473-78.

Roy, B. and Bhadra, S. 2014. Effects of toxic levels of aluminium on seedling

parameters of rice under hydroponic culture. Rice Sci. 21(4): pp. 217-223.

Sade, H., Meriga, B., Surapu, V., Gadi, J., Sunita, M. S., Suravajhala, P. and

Kishor, K. P. B. 2016. Toxicity and tolerance of aluminium in plants:

Tailoring plants to suit to acid soils. Biometals 29(2): pp. 187-210.

Sahrawat, K. L. 2000. Elemental composition of rice plant as affected by iron

toxicity under field conditions. Commun. Soil Sci. Plant Anal. 31: pp.

2819-2827.

Sahrawat, K. L. 2003. Iron toxicity in wetland rice: occurrence and management

through integration of genetic tolerance with plant nutrition. . J. Indian

Sac. Soil Sci. 51(4): pp. 409-417.

Sahrawat, K. L. 2005. Iron toxicity in wetland rice and the role of other nutrients.

J. Plant Nutr. 27(8): pp. 1471-1504.

Sahrawat, K. L., Diatta, S. and Singh, B. N. 2001. Nutrient application reduces

iron toxicity in lowland rice in West Afnca. Int. Rice Res. Notes, 26(2):

pp. 51-52.

Sahrawat, K. L., Mulbah, C. K., Diatta, S., Delaune, R. D., Patrick, W. H. Jr.,

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. J.

Agric. Sci. 126: pp. 143-149.

Sahu, B. N. 1968. Bronzing disease of rice in Orissa as influenced by soil types

and manuring. J. Indian Soc. Soil Sci. 16: pp. 41-54.

Sahu, S. K. 2001. Relationship between applied potassium and iron toxicity in

rice. Int. Rice Res. Notes 26(2): pp. 52-53.



213

Sakin, E. 2012. Organic carbon, organic matter and bulk density relationships in

arid-semi arid soils in Southeast Anatolia region, Afr. J. Biotechnol.

11(6): pp. 1373-1377.

Samikutty, V. 1977. Investigations on the salinity problems of Pokkali and Kaipad

areas of Kerala State. M. Sc. (Ag) thesis, Kerala Agricultural University,

Thrissur.

Schulte, E. E. and Kelling, K. A., n.d.. Soil and applied copper, A2527,

Understanding plant nutrients, University of Wisconsin System Board of

Regents and University of Wisconsin- Extension, Cooperative Extension,

U.S.A. Available;

http://com.agronomy.wisc.edu/Management/pdfs/a2527.pdf [05

Aug.2017].

Schulte, E. E., n.d.. Soil and applied zinc, A2528, Understanding plant nutrients,

University of Wisconsin System Board of Regents and University of

Wisconsin- Extension, Cooperative Extension, U.S.A. Available:

http://com.agronomy.wisc.edu/Management/pdfs/a2528.pdf [05

Aug.2017].

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 aluminium. Plant Cell Rep. [e-joumal] 26(11).

Available: https://www.ncbi.nlm.nih.gov/pubmed/17653721.[25 June

2017].

Shen, R. F and Ma, J. F. 2001. Distribution and mobility of aluminium in an Al-

accumulating plant Fagopyrum esculentum Moench. J. Exp. Bot. 52: pp.

1683-1687.

Shen,Z., Wang, J. and Guan, H. 1993. Effect of aluminium and calcium on growth

of wheat seedlings and germination of seeds .J. Plant Nutr. 16: pp. 2135-

2148.



214

Sheoran, O. P., Tonk, D. S., Kaushik, L. S., Hasija, R. C. and Pannu, R. S. 1998.

Statistical software package for agricultural research workers. Recent

t- advances in information theory, Statistics & Computer Applications by

Hooda, D. S. and Hasija, R.C. Department of Mathematics Statistics,

CCS HAU, Hisar:pp. 139-143.

Shylaraj, K. S. and Sasidharan, N. K. 2005. VTL5: A high yielding salinity

tolerant rice variety for the coastal saline ecosystems of Kerala. J. Trap.

Agric. 43(1-2): pp. 25-28.

Shylaraj, K. S., Sreekumaran, V. and Aimie, K. 2013. Five decades of glorious

research at the Rice Research Station, Vyttila: 1958-2013. Directorate of

extension, Kerala Agricultural University, Thrissur, 80p.

Silva, I. R. and Mendonca, E. S. 2007. Soil organic matter. In: Novais, R. P.,

Alvarez, V. V. H., Barros, N. P., Pontes, R. L. P., Cantarutti, R. B.,

Neves, J. C. L. (eds). Soil fertility. Vicosa, MG, Brazilian Sac. Soil Sci.

pp. 275-374.

Sims, J. T. and Jhonson, G. V. 1991. Micronutrient soil test in agriculture. (2"*^

Ed.). In: Mortvedt, J. J., Cose, P. R., Shuman, L. M. and Welch, R. M.

SSSA, Madison. USA, pp. 427-472.

Singh, B. P. and Singh. B. N. 1988. Indian J. Agric. Sci., 58: 851 p.

Snowden, R. and Wheeler, B. D. 1995. Chemical changes in selected wetland

plant species with increasing iron supply, with specific reference to root

precipitates and iron tolerance. New Phytol. 131: pp. 503-520.

Soares M. R, AJIeoni, L. R. P. and Casagrande, J. C. 2005. Boron adsorption in

acidic soils as a function of pH variation. Sciclo Analytics 28: pp. 1014-

22.

Soon, Y. K. and Arshad, M. A., 2005. Tillage and liming effects on crop and

labile soil nitrogen in an acid soil. Soil Tillage Res. 80: pp. 23-33.



215

Soratto, R. P. and Crusciol, C. A. C. 2008. Dolomite and phosphogypsum surface

application of effects on annual crops nutrition and yield. Agron. J.

100(2): pp. 261-271.

Soumya, N. R. 2016. Traits for salinity tolerance, non-lodging and high yield of

rice in Kaipad soil of Kerala. M.Sc.(Ag) thesis, Kerala Agricultural

University, Thrissur, 169p.

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

available nitrogen in soil. Curr. Sci. 352p.

Sumner, M. E. 1970. Aluminium toxicity- A growth limiting factor in some natal

sands. Proc. S. Afr. Sugar Technol. Assoc. 44: pp. 197-203.

Sumner, M. E. and Farina, M. P. W. 1986. Phosphorus interactions with other

nutrients and lime in field cropping systems. Ac/v. Soil Sci. 5: pp. 201-236.

Sumner, M. E., Shahandeh, H., Bouton, J. and Hammel, J. 1986. Amelioration on

acid soil profile through deep liming and surface application of gypsum.

Soil Sci. Soc. Am. J. 50: pp. 1254-1278.

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

Effects of lime and fertiliser application in combination with water

management on rice (Oryza sativa) cultivated on an acid sulphate soil.

Malaysian J. Soil Sci. 11: pp. 1-16.

Tadano,T. 1976. Studies on the methods to prevent iron toxicity in lowland rice.

Mem. Fac. Agric. 10: pp. 22-88.

Takasu, E., Yamada, P., Shimada, N., Kumagai, N., Hirabayashi, T. and Saigusa,

M. 2006. Effect of phosphogypsum application on the chemical properties

of Andosols, and the growth and Ca uptake of melon seedlings. Soil Sci.

Plant Nutr. 52: pp. 760-768.

Tlustos, P., Szakova, J., Korinek, K., Pavlikova, D., Hanc, A. and Balik, J. 2006.

The effect of liming on cadmium, lead, and zinc uptake reduction by



216

spring wheat grown in contaminated soil. Plant Soil Environ. 52(1): pp.

16-24.

Toma, M., Sumner, M. E., Weeks, G. and Saigusa, M. 1999. Long term effects of

gypsum on crop yield and subsoil chemical properties. Soil Set Soc. Am.

J. 39: pp. 891-895.

Tripathi, A. K., Singh, T. A. and Singh, M. 1997. Leaching losses and use

efficiency of nitrogen in rice as influenced by modified gypsum urea. J.

Indian Soc. Soil Sci. 45: pp. 750- 752.

Turan, M. and Aydin, A. 2005 Effects of different salt sources on growth,

inorganic ions and proline accumulation in Com {Zea mays L.). Ear. J.

Hortic. Sci. 70: pp. 149-155.

Vanaja, T. 2013. KAIPAD - a unique, naturally organic, saline prone rice

ecosystem of Kerala, India. Am. J. Environ. Prot. 2(2): pp. 42-46.

Vanaja, T. and Mammootty, K. P. 2010. 'Kuthiru' and 'Orkayama' - Newly

identified genetic resources from Kerala, India for salinity tolerance in

Indica Rice. Online publication in Nature proceedings.

Vanaja, T., Neema, V. P., Mammootty, K. P., Balakrishnan, P. C. and Naik, J. B.

2015. The first high yielding saline tolerant rice variety suited to the

Kaipad tidal farming ecosystem of Kerala, India, and suited for flood

prone and water scarce environments: 'Ezhome-l'. J. Org. 2(1): pp. 21-

31.

Varghese, T., Thampi, P. S. and Money, N. S. 1970. Some preliminary studies on

the Pokkali saline soils of Kerala. J. Indian Soc. Soil Sci. 18: pp. 65-70.

Vasconcelos, S. S, Jacob-Neto, J. and Rossiello, R. O. P. 2002. Differential root

responses to aluminium stress among Brazilian rice genotypes. J. Plant

Niitr. 25: pp. 655-669.



217

Verma, T. S. 1991. Bronzing disease of rice in relation to critical levels of iron

and iron- manganese ratio in North West Himalayan region. J. Indian Soc.

SoilSci. 39: pp. 201-203.

Vitorello, V. A., Capaldi, F. R.and Stefanuto, V. A. 2005. Recent advances in

aluminium toxicity and resistance in higher plants. Braz. J. Plant Physiol.

17(1): pp. 129-143.

Vlamis, J. 1953. Acid soil infertility as related to soil solution and solid phase

effects. Soil Sci. 75: 383p.

Volhard, J. 1874. On a new method of mass analytical determination of silver, J.

Pr. Chem. 9: 217p.

Vukadinovic, V., Vukadinovic, V., 2016. Soil fertilization and yield, [e-book].

http://ishranabilja.com.hr/literatura/eKnjiga_Tlognojidba-prinos.pdf.[28

June 2017].

Vyshpolsky, P., Mukhamedjanov, K., Bekbaev, U., Ibatullin, S., Yuldashev, T.,

Noble, A. D., Mirzabaev, A., Aw-Hassand, A. and Qadir, M. 2010.

Optimizing the rate and timing of phosphogypsum application to

magnesium-affected soils for crop yield and water productivity

enhancement, zlgnc. Water Manag. 97: pp. 1277-1286.

Walkley, A. and Black, I. A. 1934. Estimation of soil organic carbon by chromic

acid and titration method. Soil Sci. 31: pp. 21-38.

Wallace, A. 1992. Participation of silicon in cation-anion balance as a possible

mechanism for aluminium and iron tolerance in some Gramineaeae. J.

Plant Nutr. 15: pp. 1345-1351.

Wang, P., Zhou, D., Kinraide, T. B., Luo, X., Li, L., Li, D. and Zhang, H. 2008.

Cell membrane surface potential plays a dominant role in the

phytotoxicity of copper and arsenate. Plant Physiol. 148: pp. 2134-2143.

5lAV



218

Ward, J. T., Lahner, B. Yakubova, E., Salt, D. E. and Raghothama, K.G. 2008.

The effect of iron on the primary root elongation of Arabidopsis during

phosphate deficiency. Plant Physiol. 147(3): pp. 1181-1191.

Watanabe, T. and Okada, K. 2005. Interactive Effects of Al, Ca and other cations

on root elongation of rice cultivars under low pH. Ann. Bot. 95; pp. 379-

385.

Weil, R. R. and Holah, S. H. 1989. Effect of submergence on availability of

certain plant nutrients in three Ultisol catenas. Plant Soil, 114(2): pp 147-

157.

Wells, B. R., Huey, B. A., Norman, R. J. and Helms, R. S. 1993. Rice. In:

Bennett, W. F. and Paul, M. N. (ed.). Nutrient deficiencies and toxicities

in crop plants. Am. Phytopathol. Soc., pp. 15-19.

Werkhoven, C. H. E. 1964. Boron in some sahne and non-saline soils in

Southeastern Saskatchewan. Soil Sci. Soc. Am. J., 28: pp. 542-545.

Wong, V. N. L., Dalai, R. C. ,Greene, R. S. B. 2009. Carbon dynamics of saline

and sodic soils following gypsum and organic material additions: A

laboratory incubation. Appl. Soil Ecol. 41: pp. 29-40.

Wright, K. E. 1937. Effects of phosphorus and lime in reducing aluminium

toxicity of acid soils. Plant Physiol. 12: 173p.

Yamauchi, M. and Winslow, M. D. 1989. Effect of silica and magnesium on yield

of upland rice in the humid tropics. Plant Soil 113: pp. 265-269.

Yamauchi,M. 1989. Rice bronzing in Nigeria caused by nutrient imbalances and

its control by potassium sulphate application. Plant Soil 117: pp. 275-286.

Yang, Z. M., Sivaguru, M., Horst, W. J. and Matsumoto, H. 2000. Aluminium

tolerance is achieved by exudation of citric acid from roots of soybean

(Glycine max). Physiologia Plant. 110: pp. 72-77.

?r



219

Yoshida, S. 1981. Fundamentals of Rice Crop Science. International Rice

Research Institute, LosBanos, Philippines;

Yu, T. 1976. Oxidation - reduction processes in soils (in Chinese). In: Soils of

China, Science Press, Beijing, pp. 345-359.

Zaini, B. et al. 1990. Presiding management of new open fields self-improving

food self-sufficiency, Transmigration Program, Padang. pp. 17-18.

Zhang, J., He, Z., Tian, H., Zhu, G. and Peng, X. 2007. Identification of

aluminium-responsive genes in rice cultivars with different

aluminium sensitivities. J. Exp. Bot. 58(8): pp. 2269-2278.

Zhang, X., Zhang, F. and Mao, D. 1998. Effect of iron plaque outside roots on

nutrient uptake by rice {Oryza sativa L.). Plant Soil. 202: pp. 33-39.

Zhu, J. K. 2001. Plant salt tolerance. Trends Plant Sci. 6: pp.66-71.

Zsoldos, P., Vashegyi, A., Pecsvaradi, A. and Bona, L. 2003. Influence of silicon

on aluminium toxicity in common and dunun wheats. Agronomic 23: pp.

349-354.

* original not seen



Dynamics of iron and aluminium toxicity on rice (Oryza sativa L.) in
saline hydromorphic soils of Kaipad

by

SANTHI G. R.

(2015- 11-093)

Abstract of the thesis

Submitted in partial fulfilment 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, KASARAGOD - 671 314

KERALA, INDIA

2017



ABSTRACT

An investigation entitled "Dynamics of iron and aluminium toxicity on

rice {Oryza sativa L.) in saline hydromorphic soils of Kaipad" was carried out at

College of Agriculture, Padannakkad during the academic year 2015 to 2017. The

objectives of the study were to investigate the status of iron and aluminium in

saline hydromorphic soils of Kaipad, evaluate the performance of popular rice

varieties to varying levels of iron and aluminium concentration at different

salinity levels, and examine amelioration strategies for iron and aluminium

toxicity. The study was carried out in four parts namely collection and soil

analysis, incubation study, solution culture and pot culture experiments.

As a part of the initial study, representative surface soil samples were

collected from 15 selected locations of Kaipad areas comprising of Muttil and

Cherukunnu panchayath during the first week of April 2016 to assess the different

physical and chemical properties. The GPS data for the sites were also recorded.

The pH of the soils varied from ultra-acidic to slightly acidic. The electrical

conductivity during the summer months was very high. Among the macro and

micro nutrients studied, very high available K and Ca values were observed and

extreme toxicity of available Fe and A1 were also recorded.

An incubation study was conducted with four treatments at two levels of

submergence (5 cm and 10 cm) in factorial CRD. The treatments were fixed

based on the recommendations of KAU POP, 2011 viz. lime (T|); magnesium

sulphate + Vi lime (T^); phosphogypsum + Vi lime {T3) and control (T4). The

application of treatments showed a positive effect in reducing iron and aluminium

toxicity. The toxic levels of available Fe were significantly reduced in T| at 30

and 120 DAI whereas, at 60 and 90 DAI, T3 was significantly superior in reducing

the iron toxicity. The aluminium toxicity was reduced to minimum level at 30, 60

and 120 DAI in treatment T3. However at 90 DAI, the least aluminium content

was recorded in the soil treated with lime alone.

The solution culture experiment was conducted by maintaining

Hoagland's nutrient solution containing 3 levels of iron (400, 800, 1200 mg L"'), 2



levels of aluminium (15 and 30 mg L"') and 2 levels of salinity (5 and 10 dS m"')

along with one control in factorial combinations using CRD. The two selected

varieties, Ezhome-1 and Kuthiru were evaluated for their tolerance to iron and

aluminium toxicity coupled with salinity. Maximum iron coating around the roots

with respect to the treatments were displayed in T|2 (1200 mg L"' iron, 30 mg L"'

aluminium and 10 dS m"' salinity) solution. Increase in levels of iron, aluminium

and salinity significantly reduced the plant height, root dry weight, root length and

root CEC of rice plants.

The pot culture experiment was conducted with seven treatments as

amendments and two varieties Ezhome-l and Kuthiru in factorial CRD during

July to October 2016. The treatment combinations were: Lime (T|); Magnesium

sulphate + Vi lime (Ti); Phosphogypsum + Vi lime (T3); Lime + potassium silicate

0.25% + 0.25% boron (T4); Magnesium sulphate + lime + potassium silicate

0.25% + 0.25% boron (T5); Phosphogypsum + lime + potassium silicate 0.25%

+ 0.25% boron (Ta) and control (T?). The leachate was collected and analysed by

inserting a perforated pipe at the centre of each pot. The variety Ezhome-1

recorded maximum significant plant height at 30, 60 and 90 DAT. The number of

productive tillers/ number of panicles, grains per panicle, grain yield, straw yield

and 1000 grain weight were also significantly superior in Ezhome-1. Among the

amendments, T^ recorded significantly superior plant height, grain yield, total Ca,

B, Si and lowest Al content in rice. The treatment T3 recorded maximum

significant number of panicles, productive tillers, grains per panicle, straw yield,

1000 grain weight and lowest Na and Fe content in plant tissue. The treatments

receiving phosphogypsum + 'A lime (T3 and Ta) were highly effective in reducing

the toxic levels of available Fe and Al whereas, application of lime (T4) was

significantly superior in increasing the soil pH, available P and reducing the EC

and exchangeable Na status of Kaipad soil.

The saline hydromorphic soils of Kaipad are having severe constraints of

acidity, extreme toxicity of iron and aluminium coupled with high salinity. These

problems can be ameliorated using combinations of amendments including

phosphogypsum, lime and foliar application of boron and silicon to enhance the



growth and yield of rice crop. Adoption of aforementioned management strategy

could help in improving the soil health and thereby increasing the yield potential

of Kaipad rice.
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APPENDIX I

MONTHLY WEATHER DATA DURING THE CROP PERIOD

Period Maximum

temperature

("C)

Minimum

temperature

("C)

Rainfall

(mm)

Relative

humidity (%)

Evaporation

(mm)

June 2016 32.62 23.94 126.10 78.03 3.29

July 2016 30.76 22.75 532.60 85.03 1.97

August 2016 29.96 23.42 902.00 88.08 2.43

September

2016

30.35 23.41 17.62 87.24 2.94

October

2016

31.21 23.44 12.51 87.91 3.48

November

2016

31.35 23.62 265.70 84.57 3.15

December

2016

31.39 23.05 106.80 81.75 2.95



APPENDIX II

MOISTURE PERCENTAGE OF DIFFERENT SOIL SAMPLES COLLECTED

FROM KAIPAD

Location Moisture (%)

1 19.95

2 55.38

3 19.31

4 15.74

5 86.76

6 49.28

7 20.21

8 28.55

9 41.81

10 15.27

11 24.65

12 31.25

13 23.45

14 29.54

15 18.56



APPENDIX III

THICKNESS OF IRON COATING AS INFLUENCED BY TREATMENTS ON

RICE ROOTS OF EZHOME-1 AND KUTHIRU IN SOLUTION CULTURE

EXPERIMENT

Treatment Thickness-Ezhome-1 (fini) Thickness- Kuthiru {^m)

T| 2.10 2.14

T2 8.60 9.10

T3 17.56 18.10

T4 22.65 23.19

Ts 25.14 26.28

Te 26.47 26.92

Tt 27.32 27.85

Ts 28.60 29.63

T9 31.44 31.95

T,o 32.31 30.27

Ti, 35.24 37.98

Ti2 38.65 41.28

T,3 0 0
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