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INTRODUCTION

Potassium 1s one of the major nutrients required for crop
production and 1s taken up in large amounts by plants It acts as
a chemical carrier, regqulating the movement of other nutrients, in
the plant system Potassium helps to control or reduce the
severity of plant diseases and 1increases the plant's resistance to
drought and other stress situations Adeguate potassium supply
helps to 1mprove the yuality of fruits and vegetables It
enhances the synthesis and translocation of carbohydrates, thereby

encouraging cell wall thickness and stalk strength in cereals

It 1s a major component of the earth’s crust and 1its
concentration in soxrl normally varies from 0 5 to 2 5 per cent. In
so1l 1t occurs in the form of primary and secondary minerals Its
availability ¢to plants however differs according to the soi1l

environment

501l potassium exists in four forms namely the mineral
potassium, nonexchangeable potassium, exchangeable potassium and
soil solution potassium All these are in a dynamic equilibrium
with each other It 1s also present in traces in the organic

component of the soi1l.

The native potassium status of soils depends on their parent

material, climatic situations and 1ts subsequent stage of
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weathering For instance, soils formed 1in humid tropical region,
such as laterite soils, contain less potassium than those developed
under arid or semiarid situations Moreover, the mineralegical
composition of soirl imparts a prefoundly unigue relationship on the
existing potassium dynamics A major fraction of the primary and
secondary potassium bearing minerals 1s found to occur in different
s1zed soirl particles Hence availability of potassium primarily
depends upon the composition and proportion of each of these soil

separates

In Kerala, laterite soil covers nearly 60 per cent of the
total land mass Rice 15 the major crop grown in the Ilewland
laterites in many of the districts In these soirls, the available
potassium status 1s highly variable At present the fertiliser
recommendations are made based on the so1l chemical analysis
without giving 1importance to the textural class, eventhough the
ability of the soil to retain and release potassium largely depends
on the proportion of soil separates and the mineralogical
composition Hence the present study was undertaken with the

following specrfic objectives

1 To study tne physico-chemical characteristics of solls

related to potassium availability in soils of different

texture

2 To evaluate the changes 1in potassium dynamics in soirls of

varyiny texture on application of potassium fertiliser
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To find out the mineralogical composition of the primary

fractions of the soils selected for the study, and

To determine the effect of applied potassium 1in soils of
different clay content on the yield and uptake of nutrients

by rice
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REVIEW OF LITERATURE

Rice cultivation in Kerala is carried out mainly in lowlanés
under different soil situations Even though different so1l typ?s
are 1nvolved, fertiliser recommendations are made based on soii
test only without giving importance to its textural class The
information on the textural characteristics of the soils and their
influence on the potassium supplying power would be more helpful in
assessing the exact reguirement of potassium Such studies are

meagre 1n lowland laterites of Kerala Studies related to the

above aspects are reviewed as follows

1. Physi%—chemlcal characteristics of laterite soils.

The colour of laterite soils depended on the content and
form of iron hydroxides and oxides which imparted the yellow, pink,
brown and red colours to the ground matrix and earthy clay

(Sathyanarayana and Thomas, 1961)

Sivarajasingham et al (1962} observed that the laterite
could be formed over a variety of parent rocks ranging from basic
rocks like basalt and diorite on one side to acid rocks like

granite and gneiss on the other

In the cultivated soils of Kerala the absolute specific

gravity and apparent specific gravity appeared to be a function of
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coarser particles of soi1l while water holding capacity, pore space,
volume expansion and organic carbon were related to the finer
particles of the soil both in gquantity and quality (Nair, et al

(1966) Venugopal (1980) studied the laterite catena in Kerala and
reported a decrease 1in the chroma from crest to the valley in the
case of Varkala and Poruvazhy toposequences The bulk density of
the red soil profiles in Varkala ranges from 0 58 to 2 OOgcm-S

Varghese (1981) 1in a study of laterites showed the bulk density
values to vary from 0 76 to 1 45 gfm-a from different regions of

Kerala

Manickam (1977) reported a negative correlation between clay
and si1lt contents of different laterite soils of Tamil Nadu
Mallikarjuna et al (1979) studied the composition of laterite and
parent rock from different regions of Kerala and observed that the
residual profiles over crystalline rock were much more mature than

those from sediments

In the laterite sorls of Kerala, calcium formed the
predominant exchangeable base followed by magnesium (Venugopal and
Koshy 1976) However, Hussan (1977) observed that the calcium and
magnesium status of laterite soils of Kerala was very poor both 1n
the surface and subsurface layers of the soi1l profile Total
calcium increased with depth while magnesium showed a reverse

trend



Raguraj (1981) reported that the laterite soils of Madurai
showed pH values ranging from 3 4 to 6 3 Jacob (1987)and Valsaji
(1989) reported that laterite soils from upland regions of Kerala
showed a very low cation exchange capacity and electrical

conductivity and the soils were generally acidic

2 Mineralogy of fine sand

Sarkar and Raj (1973) carried out mineralogical studies on
the fine sand fractions of some soills of South India and observed
that the minerals were ygenerally in confdrmity to the parent rock.
Iron bearing minerals were appreciably hiyh 1n laterites with
limonite beiny characteristic of low level laterites. Zircon was

invariably present in all soil groups

Manickam (1977) observed that laterite soils of Tamil Nadu
was dominated by gquartz in the light mineral suite fHfaematite was

predominant i1n the heavy fraction followed by limonite and zircon

Venuyopal (1980) reported predominance of guartz 1in the
lrght mineral fraction of the laterite soils of Kerala The heavy
mineral sulte consisted of ilmenite, leucoxene, haematite, zircen,

rutile and sillimanite

Jacob (1987) reported that the fine sand fraction of the
laterite soi1ls of Kerala showed a predominance of quartz and only

very little weatherable minerals The heavy fraction consisted of
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mainly opagues, zircon, sillimanite mica rutile and sphene

3.1 Different forms of potassium in soils

Praseedom (1970) found that in Kerala soils the Llotal KéO

content ranged from 0 04 to 0 54 per cent

Different forms of potassium present in the laterite soils
of Tamil Nadu and Kerala were estimated by Nambiar (1972)
According to him the total potassium content of these solls variled
trom O 04 to O 27 per cent Values of water soluble potassaum,
available potassium and nitric acid soluble potassium ranged from
0028 to 0248, 0166 to 0 969 and O 44 to 2 041 me mo_q'1

respectively

Prabbhakumaria (1981) reported that total potassium content 1in
red and lateritic soils of Thiruvamanthapuram district varied from

1200 to 1290 ppm

Singh et gi_ (1983} noticed that in eastern Haryana soils,
the available K ranged from 0 06825 to 0 8367 me IOOg—l and
constituted only 0 32 per cent of the total K Singh and Dattas
(1986) noted that ip Mizoram soils, the available K ranged from
0 2381 to 2 044 me IODg_l and constatuted only 0 69 per cent of the

total K



8

Ramanathan and Krishnamoorthy (1982) reported that in rice

sorls of Tamil Nadu, the natric acid soluble potassium ranged from

1

0 391 to 7 6245 me 1009— In alluvial soils of Agra region,

Prakash and Singh (1985) noted that the content of nitric acla

soluble K ranged from 3 097 to 8 086 me 100g'1

Rao et al (1988) reported that water soluble potassium
ranged from 0 018 to 0 032 me 1009-1 in Nedumangad series  They
also noticed that available potassium values and natric acia
soluble potassium values ranged from 0 013 to 0 432 and 0 28 to

0 487 me 1009_1 respectively

Tandon and Sekhon (1988) reported that the potassium content

of Indian soils varied trom 0 5 to 3 0 per cent

32 Soal properties and forms of soirl potassium

Choudhar: and Pareek (1976) obtained no significant
relationship of total potassium with sand and silt fractions 1n
Rajasthan solls Kansal and Sekhon (1976) reported that the
potassium status of alluvial soils of Punjab was a function of the
clay plus fine sialt content Lepsch et al (1978) reported that
the total potassium content was greatest in the silt fraction
followed by the fine sand, clay and coarse sand 1in soirls of
Pindorama, Brazil They also showed that a major portion of the
total potassium was present in primary minerals as feldspars and

micas



Iwuafor et al (1980) obtained a significant positive
correlation of total potassium with silt and alse with CREC 1n
surface soils of Sudan Savanna zone of Nigeria In soils of Agra
region, Prakash and Sinyh (1985) reported a positive significant
relation between total potassium and clay [raction According to
Satyanarayana et al (1985) major part of the total potassium 1in
alluvial and lateritic soils of Andhra was provided by the silt and
clay fractions of the so1l  Habib et al (1986) reported that
total potassium content in some solls of Egypt was closely related
to silt content Kraishnamurthy and Ramakrishnayya (1986) concluded
that total potassium content 1in tobacco seoils of Andhra was
increased wlth 1ncrease in clay content Tewatia et al (1989)
studied the potassium content and mineralogical composition of some
salt affected soils and found that total potassium reserve was

large 1in these so1ls due to the presence of 1llite in the clay

fraction

In black soils of Tungabhadra catchment, Kalbande and
Swamynatha (1976) obtained no significant correlation for the water
soluble potassium with any of the soil properties studied Kansal
and Sekhon (1976) showed that the potassium status of alluvial
s01ls from Punjab was a function of pH In soils of Agra region
Prakash and Singh (1985) found that total potassium had no
signaficant relationship with pH and organic carbon but had
positive significant relation with CEC In soils of Garhwall

hills  Singh and Singh (1986) obtained a significant positive
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correlation between totul potassium and oryanic carbon and a
non-significant positive relation with pH He also observed a
siynificant correlation between organic matter and water soluble

potassium

The water soluble potassium was higher in sandy loam and
loam and lower 1in silt loam and silty clay loam 1in Mollisol sotls

of MNainital Tarai (Chandal et al , 1976)

In acids soils of Karnataka Mathyantha et al (1973)
observed a positive and significant correlation of ammonium acetate
extractable potassium with clay percentage, pH and electrical
conductivity and no relationship with organic matter
Lekshminarayanan et al (1973) obtained no significant correlation
between available potassium and clay content, pH and electrical
conductivity in laterite soils of Tamil Nadu However, Sarkunan
et al (1973) noticed an 1increase 1n available potassium content
with increase in the finer fractions Ram and Singh (1975) noted
that 1n paddy soils of eastern Uttar Pradesh the available
potassium had positive significant correlation with clay llood and
Burrows (1980) also noticed the same relation in the soils from
South African sugar belt In Vijsyapura and Tyamgondulu series
Sekhon et al (1985} obtained a significant relation between
avarlable potassium and c¢lay content  Singh et al (1985) reported
a sagnificant relationship of available potassium with si1lt ang

clay 1in western Haryana solls In tobacco soils of Andhra,
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available potassium content correlated positively with clay content
(Krishnamurthy and Ramakrishnayya, 1986)  Brar and Sekhon (1985)
observed that the content of available potassium was influenced by

so01l texture in five benchmark soils in nerthern India and obtained

a positive significant relatienship with organic carbon

Fixed potassium had a significant positive correlation with
clay content 1in paddy sorls of eastern Uttar Pradesh (Ram and
Singh, 1975) Brar and Sekhon (1977) observed no relationship
between the potassium extracted by boirling with nitric acad and the
clay content 1n Punjab soils In the soils of Simla, Negi et al
(1979) obtained a highly significant positive correlation of nitric
acid soluble potassium with sand and silt and a negative

correlation with clay

Krishnamurthy and Ramakrishnaysa (1986} reported that nitric
acid soluble K 1in the tobacco soils of Andhra 1ncreased with
lncrease in clay content In light brown sandy soils of arad zone,
Joshi (1986) found that the nitric acid soluble potassium was
sagnificantly related to silt and fine sand and was non-significant
with clay Samilar non-significant results with clay was also

reported by Kadrekar and Kibe (1972)

Wood and Burrows (1980) concluded that nonexchangeable
avarlable potassium (nitric acid soluble potassium-available

potassium) could be used as a better measure of the ability of the
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heavy textured soil to supply potassium on a long tem basis and
available potassium yuite closely predicts the availability in the
light textured soils In the alluvial soils of Uttar Pradesh,
Sharma and Mishra (1986) obtained higher contents of exchangeable
and non-exchangeable potassium in the fine textured soils compared

to the coarser ones

41 Trapsformations of applied potassium in soil

Mishra and Shankar (1971) studied the potassium fixation
capacity and fate of applied potassium in soils of Uttar Pradesh
after 1ncubating them for 3 weeks with 2 5, 5 and 10 mg potassium
per 10g soil Potassium fixation capacity varied from 11 92 to
41 52 per cent Only 4 to 6 2 per cent of added potassium remained
1n the water soluble form and the exchangeable potassium content

increased with increasing levels of potassium application

The potassium supplying and fixing capacity of seven
latosols and seven andosols from Costa Rica was determined by
incubation under wet condition and also by alternate wet and dry
cycles Incubation under wet condition favoured fixation of
exchangeable K but under wet and dry «cycles release of

non-exchangeable K resulted (Martin:: and Suarez, 1977}

Verma and Verma (1971) studied the potassium fixation in

so1rls of Madhya Pradesh after eyuilibriation with potassium for 3



days with 5 me 1009"1 of so1l The average K fixing capacities
were 0 48, 069, 071 072 078 and 113 me loog'l soil for

alluvial, mixed red and yellow and deep blacksail respectively

Prakash and Singh (1989) studied the fate of applied K to
so1ls of varyiny texture after incubating for 90 days They found
that the exchangeable K content of both the soils increased wit
increasing levels of K and decreased with passage of time

Similarly the amounts of K fixed increased with levels and passage

of time

Sharpley (1990) studied the distribution of added K in soils
of kaolinitic, mixed and smectitic mineralogy A linear
increase in water soluble exchangeable and non-exchangeable X
content was determined after incubation for 25 weels There was a
significant decrease in water soluble and 1increase 1in exchangeable

and non-exchangeable K from kaolinitic to mixed to smectitic soils

Katiak et al (1981) performed a laboratory experiment to
study the influence of moisture status on the fixation of added
potassium and 1its release in strongly calcareous solls with medium
to fine texture Fixation and release were higher with alternate
wetting and drying as compared to fixation at field capacity Soils
having higher clay content fixed more K than that having a lower
one Release of K was observed in untreated plots which increased

with clay content

o



4 2 Potassium availabxlity and fixation in relation to soil clay

mineralogy

Rao and Sekhon (1988} studied the potassium status of seven
soi1l series from western India and observed that the influence of
texture on available and reserve potassium status was stronger in
the 111litic seils than in the smectitic ones  According to Oncnere
(1989) potassium contents 1in some Kenyan soils were closely related
to the mica contents of the clay plus silt fractions Jianchang
and Chenglin (1990) studied the potassium supplying characteristics
of paddy soils of China and found that there was a rise in
potassium level from southern to northern China, due to increase in
hydrous micas and decrease in kaolinite soils Datta and Sastry
(1991) studied the level of exchangeable potassium in four alluvial
solls of India and found that there was an increase in the amount
with the increase in trioctahedral mica 1n the clay fraction in
three of the soils and in all the four soils, exchangeable
potassium level followed Uhe same sequence of the amount of
specifically held potassium and total non-exchangeable potassium

reserves

Sreedev:i and Aiyer (1975) reported that high content of
potassium 1in the coarser fractions of low level laterites can be
released by » better soi1l management practices Kansal and
Sekhon (1976) reported that potassium fixation in alluvial soils of

Punjab 1increased with 1increasing clay content Ramanathan and

/.fl 4



Krishnamurthy (1978) showed that magnitude of potassium fixation by
the soil was 1in decreasing order of alluvial so1l, black soil, red
so1l and laterite in the so1ls of southern India Bajwa and
Ponnamperuma (1981) reported that in Philippine rice so1ls,
potassium deficiency and lack of response to potassium fertilisers
were observed due to the presence of vermiculite and berdellite as
the clay manerals in the clay fraction Ross and Cline (1984)
observed potassium deficiency symptoms 1n grapes grown on soils 1n
the Niagyara peninsula The soirls ranged 1in texture from sandy loam
to silty clay and the main clay mneral was mica and also
vermiculite and these minerals reduce potassium avairlability by

fixation

Ghosh et al (1976) reported that in acid sulphate soils of

Kerala 2 1 minerals were also present in addition te the kaolinitaic

mnerals

Potassaum faxation 1in lateritic acid soi1ls of Karnacaka
varred in the ranye of 23 5 to 27 0 per cent and the reason for low
fixation was attributed to the presence of 1 1 type clay mineral

{Ninyappa and Vasuki (1989)

4 3 ConLribution of different forms of potassium to crops

Bogyuslawski and Lach (1971) reported & characteristic

decrease 1n the non-exchanyeable potassium fraction with lapse of
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time 1n a pot experiment with clay soil usiny oats as test crop

Accordiny to Medvedeva (1972) potassium removal by maize plants 1n
a pot experiment usiny heavy loamy soil was 1 5 ~ 2 times gJreater
than the exchangyeable potassium content of the so2l and plant yreld
was correlated more highly with removal of non-exchangeable

potassium fraction of the soil than with the removal of

exchangeable potassium

Mehta (1976) reported that the non-exchangeable fraction
replenished the exchangeable fraction at a faster rate when the
crop yrowth advances and an 1increase 1in the content of ammonium
acetate extractable fraction noticed at the harvesting stage in the
soi1ls of Gujarat Wu (1960) reported that rice growth under
submerged conditions took up a larger proportion of 1its total K
from the non-exchargeable fraction than 1t did wunder upland

conditions

From a study on the potassium requirement of high yielding
crops in soils with varying mineraloyy, Grimme et al (1871)
stated that kaolinitic or montmorillonitic soils reguire only half
as much potassium per gram clay than the 11litic soi1ls do and 1t is
tvice the amount for chloritic soills Tha available potassium
content of the soi1l increased with 1ncrease 1in fertilizer dose at
tillering stage while at the later stayges the difference was not
marked (Ramanathan and Krishnamurthy 1973)for rice Accordiny to lalat:
et al (1974) application of fertiliser to wheat crop influenced

the avarlable and non-exchangeable forms of potassium in the soil
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Brar and Sekhon (1976) observed a little response to applied
fertiliser by wheat 1n Punjab scils when soll potassium fixation
capaclty was saturated to 25 50 or 72 per cent Sharma et al

(1978} obtained decreased response to the application of fertiliser

by wheat with increase 1in soil potassium contents

Nair et al (1981) obtained lack of response to phosphate
and potassium fertilisers applied once in two seasons and once 1in
three seasons as compared to the continuous application 1n the
acidic lateritic sandy loam soils of Patambi  Fang and Wang (1981)
obtained a high correlation between sugar cane yield and
non-exchangeable soil potassium in soils of Taiwan Singh et al
(1981) suggested that the presence of large amounts of 1llite
mineral 1in the clay fraction of the so1l served as & reserve of
potassium and the release from this reserve was adeguate to
maintain the minimum required levels of poltassium throughout the

growing season of a wheat crop grown in an 1111tic so1l in Punjab

Soi1ls with low available potassium showed non~response of
crops to small’ application. of potassium fertiliser due to high

potassium fixation i1n soils of northern Greece (Simonis, 198/4)

Chang and Feng (1960) reported that rice plants absorb a
laryer percentage of K* from the non-exchangeable form and vigorous
rice growth was obtained in a flooded soil than under non-flooded

conditions



Krishnakumar: et al (1984) reported that in an exhaustive
cropping with wheat and pearl millet the level of ammonium acetate
extractable potassium reached a minimum value and 90 percent of the
total potassium uptake was from the non-exchangeable form In a
green house experiment on alluvial soils with maize, cowpea and
wheat, Singh and Ghosh (1984) showed that in the absence of applied
potassium, 1ts non-exchangeable form contributed to total potassium
removal by the crops than was the case with potassium treated

s01ls

Ganeshamurthy and Biswas (1985) observed pronounced changes
in the non-exchangeable potassium content without much changes 1in
the exchangeable potassium and obtained a significant positive
correlation between potassium removal 1n crops and non-exchangeable
potassium released to the soil 1in two soils (Typic Ustochrepts)
subjected to continuous cropping According to Deol et al {1585)
in a long term field experiment on a maize-wheat rotation no
response to potassium was observed and the reasonums attributed to
release of non-exchangeable potassium which decreased by over a
half 1n the surface layer and accounted for 896 per cemt of crop

uptake

Under continuous cropping potassium uptake by rice from the
exchangeable form decrcased and that from the non-exchq?geable pool
increased 1indicating a dynamic equilibrium between reserve,

non exchangeable and exchangeable potassium (Chakravorti et al ,



1987)  Sharma and Mishra (1987) reported that non-exchangeable and
exchangeable potassium decreased rapidly with the growing of crops
1n coarse textured soils of western Uttar Pradesh 1in a pot

experiment with wheat and maize

Prasad and Rajamannar (1987) workmg on soils with varying
potassium releaslnyg power, reported that soils with high potassium
releasing property recorded higher amounts of all potassium
fractions and there was no constant rate of decline with the
advancement of «crop growth Chakravorti and Patnaik (1990)
reported that contribution of non-exchangeable potassium towards
the total potassium uptake 1in flooded rice soils was 1increased
towards the later stages of cropping and the release from
non-exchangeable form was more 1in the case of alluvial and red

solls than that from the lateritic and black soils

From a study on the release of potassium from the
non-exchangeable sources by exhaustive cropping of Nandi Setarid
in soils collected from the Inceptisols of uncrthern and eastern
districts of Sikkim, Patiram and Prasad (1991) reported that about
32,3 to 65 7 per cent of the total potassium taken up by the crop
were accounted by the non-exchangeable form The amount of
non-exchangeable form released duriny crogping was highly

correlated with cumulative potassium uptake anddry matter yield
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51 Potassium and nutrient uptake

Muthuswamy et al (1974} reported that hirgher levels of
potassium application increased the uptake of N, P and K by rice
Mengel et al (1976) reported that N, P and K uptake and their
translocation were highest with application of 60 kg KZO ha_1
The total uptake and percentage of translocation of N, P and K by

rice increased significantly with increasiny levels of potassium

(Singh and Singh 1987)

Ishizuka (1965) reported that the response to potassium
application was increasing with increasing levels of potassiua
application Panda (1984) reported that potassium absorbed after
panicle 1nltiation 1s solely wutilised 1in 21ncreasiny grain

production

52 Dry matter production and grain yield

Increase in dry wmatter production with 1ncrease in the
levels of potassium upto 50 kg KZO ha~1 was observed by Mishra
(1980) Enhanced dry matter production due to potassium
application up to 60 Kg KZU hé_l was reported by Hata and Misra

(1983) Senthivel and Palan:appan (1985) also reported samilar

effects of potassium on dry matter production

Mondal (1982) reported a 16 per cent yield increase inh rice

by the combined application of N and K fertiliser Tugh the
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application of N alone Gupta et al (1971) reported that there 1s

a positive effect of potassium on the absorption of N and may be
+

due to the ability of potassium to reduce the fixation of NH4 in

the soils

Potassium application :ncreased the rice yield in lateratic
soils under submergence ard 1t was even more in soils which were
subjected to wetting and dryrng (Nad and Goswaml, 1981) De Datta
and Gomez (1982) found that obsorption of P was masimum at the
flowering stage and the response to P was more when potassium was

applied

Venkatasubbaiah et al (1982) observed highly significant
increases 1n grain yteld due to applied potassium 1n potassium
depleted soils Results of the experiment conducted at Jorhut
showed that application of 40 to 80 ky KZU ha_l could increase the
grain yield of rice considerably over the control (Barthakur et
al 1983) Gurman: et al (1984) reported a significant 1increase

1n grain yield with increase in the level of potassium from O to 83

-1
kg K,0 ha

Data from the AICARP for a large number of experiments on
cultivators field all over the country showed a progressive
increase 1in the response of rice to applied potassium The yi1eld
response of rice to applied potassium was siynificant at 40 and

1
60 kg KZO ha = 1in most soils (Bharyava et al 1985) Robinson and
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Rajagopal (1977) obtained a linear response of rice upto

application of 60 kg K20 ha_l in solls of Tamil Nadu and Agarwal

(1980) observed a significant yield aincrease up to 80 kg KZO ha-l

in rice Sakeena (1988) reported an yield 1ancrease 1in rice for

35 kg KZO ha-l over control

Singh et al (1976) observed that application of 120 kg

~1
KZO ha

reported an 1increase 1in straw yield with increase in level of

gave the highest straw yield  Singh and Prakash (1979)

potassium from 0 to 60 kg KZD ha_l Similarly significant increase
1n yield of grain and straw were observed due to applied potassium
by Venkatasubbrah et al (1982)  Accordinyg to them the effect of

potash application was more on grain yield compared to straw yield

The response to potash application on grain yield of dwarf
high yielding varieties of rice was obtained by Sen et al (19689,
in lateratic sorls of Midnapore with application of 50 kg of KZO

ha—l_ Gosvami et al (1971), Sahu (1971) Rao et al (1971) on

medrum fertility soils at Bhubaneswar also reported similar results
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MATLRIALS AND MLTHODS

The content of potassium 1n soils and its availability to plants
depends on the textural characteristics of the soil, The present
investigation was carried out to determine the potassium dynamics, 1n
soils of varying texture, properties of soils related to potassium
availability and the nutrient uptake by rice as influenced by various

proportions of clay using rice as the test crop.

1. Selection of soils for the study

Since the availabality of potassium 1s related to the content of
colloadal fraction contributed by clay and organic matter in the soil
the soils were selected 1in such a way that maximum variation 1n the
content of clay was obtained among the samples selected for the study.
Thus sixty surface samples were collected from three panchayats viz.,
Madakkathara, Ollukkara and Thekkumkara. The particle size distribution

and the content of organic carbon 1n these sixty soils were determined.

In general, the organic carbon content of the soil 1s 1increased
wilth the content of clay and therefore it 1s difficult tc partition the
effect of organic matter from that of clay content 1in relation to the
fixation and availability of K' in the sorl. Therefore in order to
select soils for the detailed studyv on K availability a regression
equation of the model Y = aX + b was fitted taking clay as the
lndependent variable and organic carbon as the dependent variable
(Fig.1)., From the sixty soils, 20 soils showilng maximum adherence to
the regression model with maximum variation in the content of clay were

finally selected for detailed study.



1.1. Soi1l analysis

1,1.1. Particle size analysis of the samples wes¢ carried

out using Bawyoucous hydrometer method (Piper, 1942).

1.1.2. Organic carbon content of the samples were

determined as per Walkely and Black's method
{Jackson, 1958).

2.1. Physical constants

Particle density, apparent density, maximum walel
holding capacity and percentage pore space were determined

according to the Keen-Razkowski method (Wright, 1939).

1%
2.2, Chemical characteristics

2.2.1. S011 reaction, (1:2.5 soi1l water ratio) determined

using pH meter (Jackson, 1958).
2.2,2. [Llectrical conductivaity (1 2.5 soil water ratio)

measured using conductivity bridge (Jackson, 1958).

2.2.3. Total nitrogen - microkjeldahl digestion -

distillation methed (Jackson, 1958).
2.2.4. Total phosphorus, potassium, calcium and magnesium
One gof the air dried soil sample was digested with

dracid mixture (1 2 perchloric acid - nitric acid mixture)

and this extract was used for the determination.

The phosphorus content from this extract was
determined colorimetrically by the vanado-molybdo

phosphoric yellow colour.



rethod 1n nitric acid cystem (Jackson, 1958) Potassium in the

acid extract was determined using flame photometer (Jackson, 1558)

Calcium ard magnesium were estimated ysing EDTA titration method

(Hesse, 1971)

2.2 5 Cation exchange capacity

Determined as per the method yiven by Jackson 1958) Soil
was leached with neutral nbrmal ammonium acetate and the
excess acetate was removed by washing with ethyl alcohol The

absorbed ammoniamiuas estimated by distillation with alkal:

2 2.6 Exchangeable cations

The leachate obtaipmed from cation exchange determination was
made up to a known volume In a portion of this leachate, calciun
and naynesium ware determined by EDTA titration nethod (Hesse,
1971) Sedium and potassium were estimated using a flane

photometer (Jackson, 1958)

2 2 7. Ammonium acetate extractable potassium

Arr dried soil was shaken with neutral normal ammonium
acetate 1in the ratio 15 for 5 min In the filtered extract

potassium was determined using a flame photometer (Jackson, 1958)

2 2 8 Water soluble potassium

Air dried soi1l was shaken with distilled water 1n the ratio



1:5 for one hour and in the filtered extract, potassium was determined
using flame photometer (Jackson, 1958).

2.2.9. Nitric acid soluble potassium

Air dried soil was boiled with one normal nitric acid 1in the ratio
1:5 for ten minutes and 1in the filtered extract potassium was determined

using flame photometer (Wood and De Turk, 1941).

3. Laboratory incubation experiment

A laboratory incubation experiment was carried out in five selected
so1ls, havang varying clay content, for finding out the transformations

of applied potassium in rice soil condition simulated at field capacity.

The requirement of K in soil 1s mainly dependent on the colloidal
fraction contributed by clay and organic matter. Therefore the 20 soils
selected for the study were categorised into 4 groups viz., soils with
clay content less than 20, 20-30, 30-40 and above 40 per cent. Five
soils were selected for the incubation study with at least one soil from

each group.

In order to give sufficient weightage to the content of clay in
soil in relation to potass;uﬁ? availability, the levels of K application
in the incubation study were derived from the content of clay as well as
the 1level of exchangeable K present 1in the soirl. Since these 5 soils

originally contained exchangeable K ranging from 0.0959 to 0.4730 me
100 g"l, the first level of K application (Tl) was fixed as 0.5 me
100 g'l . The actual gquantity of K applied at this level 1is then derived
by multiplying the K deficit (0.5 me 100 g‘l -exchangeable K originally
present in the soil) by the clay per cent. The second level of K (D)
was taken as 0.55 me 100 g—l. Though the two levels viz., 0.5 and 0.55
me 100 g"lappeared to be closer, the amount of K to be added at Lhesc

levels was relatively high covering the normal range of K application
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Exactly 600 g of each soil was taken 1n plastic containers

Potassium was applied 1n the form of muriate of potash as per the

treatment levels fixed The soils were 1incubated at field capacity
for 90 days at room temperature So01l samples were taken
regularly at 15 days interval throughout the incubation period
These samples were analysed for water soluble, ammonium acetate
extrdctable and nitric acid soluple potassium fractions as per the

standard procedures

4. Mineralogy of fine sand

Fine sand fractions of the soils selected for the incubation
study were separated by sedimentation duringy particle size

distribution analysis, and treated with 5nCl to remove iron oxlde

2
coatings The dried samples were separated to heavy and light
mineral sultes using bromoform of specific gravity 2? 8 (Carver,
1971) The heavy and light fractions were sampled by cone and
quartering and mounted on a microscopic slide usiny Canada balsam as
outlined by Krumbein and Pettijohn (1938) Identification of

minerals was carried out using a petrologyical microscope and the

grains were counted by the method described by Carver (1971)

5 Pot culture experiment

A pot culture study was conducted in feour selected soils,
varying in clay content and with four levels of potassium using rice

variety, Jyothi duringy the virippu season of 1990



Levels of clay (%) Levels of potassium

application (kg ha~1)

51 < 20 Kl 0

52 20 - 30 K, 20

53 30 ~ 40 K3 40

S4 > 40 K4 60

Total number of treatments 16

Number of replications 3

Design Completely Randomised Design

Treatment combinations

Sl Kl 52 Kl 53 Kl 54 Kl
51 K2 52 K2 53 KZ S4 K2
Sl KS 52 K3 53 K3 54 K3
51 K4 52 K4 53 K4 S4 K4

Earthern pots of uniform size were used for the study
Exactly 7 kg of the powdered soil was filled in each pot The so1l
was flooded and puddled well before planting the seedlings
Nitrogen and phosphorus were applied as per the Package of Practices
(90 kg N 45 kg P205 ha_l) recommendation by Kerala Agricultural
University (4non, 1989) Potassium was added as per the treatments

n two split doses

Rice seedlings were raised by wet method Twenty one days

o0ld seedlings were transplanted at the rate of 3 hills per pot
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Plant protection and other intercultural operations were carried out
as per the recommendations of Kerala Agricultural University (Anon,
1989} Constant water level was maintained upto 15 days before

harvest

6. Destructive sampling

Destructive sampling was done at tillering and flowering
stages Both soil and plant samples were collected for analysis at

each stage

7 Final harvest

The crop was harvested after 110 days The soil and plant

samples were collected for furiher studies

8 Yreld attributes

Dry matter yield was recorded at the tirlleriny, floweriny and
the harvesting stages Grain yield was also recorded at the

harvesting stage

g. Analytical precedure

9.1 So011 samples

Samples drawn at tillering, floweriny and harvesting stages

were analysed for the water soluble and ammonium acetate extractable



L)

39

potassium contents Nitric acid soluble potassium content was

estimated only at the end of the experiment

9 2. Plant samples

Plant samples were dried, powdered and stored in labelled

containers and the uptake of nutrients was estimated

For the determination of phosphorus, potassium, calcium and
maynesium, a triacid mixture was prepared by mixing nitric acid,
sulphuric acid and parchloric acid 1n the ratio 10 1 4 One gram

of the powdered plant sample was digested and an extract was
prepared The phosphorus content in this extract was determined
colorimetrically by the vandomolybdophosphoric yellow colour method
in nitric acid system (Jackson, 1958} In the acid extract,
potassium was determined using a flame photometer (Jackson, 1958)
Calcrum and magnesium were estimated using EDTA *titration method
(Hesse 1971)  Nitroyen conteunt was determined by the microkjeldahl

digestion - distillation method as described by Jackson (1958)

& Statistrcal analysis of the data

Statistical analysis was carried out by adopting the standard

methods described by Panse and Sukhatme (1967)
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RESULTS AND DISCUSSION

With a view to study the effect of soil texture and other
physico-chemical characteristics on potassium availability the
present study was undertaken The results obtained are discussed

under the following sections

1 General characteristics of the soils

Sixty surface soil samples were collected from the major rice
growany areas of Thrissur district These samples were analysed for
the particle size distrabulion and organic carbon /éontent The

analytical data are presented in Table 1

Wide variation was noticed 1in the clay content which ranged
from 1 to 64 from 2 to 40 and from 10 to 44 per cent 1in the soils
of 0llukkara, MadakKathara and Thekkumkara respectively. Organic
carbon content varied from 0 44 to 26, 04 to 11 and 0 4 to 1 51
1n the three locations The wvariation, noticed in the above
varrables may be due to the differences in the weatheriny of the

parent material and soil environment

Generally there ttends to be a positive correlation between
the clay content of soil and the organic carbon But in certain
situations, this relationship i1s not followed The availability of

potassium or any other nutrient in $01l 1s directly related to the



Table 1 Clay percentage and organic carbon content of surface soil samples

1 So1l Clay Organic S1 Soz1l Clay Organ:ic Sl So1l Clay Organic
No sample (%) carbon No sample (%) carbon No sample (%) carbon
No (%) No (%) No (%)
1 04* 0 8e 0 44 21 05 19 99 0 35 41 '1‘19 27 99 0 67
2 ME 1 99 0 44 22 TlD 19 99 0 47 42 09 29 99 o 84
3 03 5 99 0 44 23 T18 20 79 0 81 43 T12 31 99 12
4 MIB** 7 99 0 93 24 Mz 21 20 0 44 44 Tl7 31 99 113
5 Tl*** 9 939 0 4 25 MIB 21 99 0 53 45 OB 31 99 0 81
6 06 11 99 0 38 26 M7 23 99 0 604 46 T6 31 399 1 07
7 M5 11 99 1 08 27 M8 23 99 075 47 T8 33 99 0 94
8 011 11 99 0 44 28 Tll 23 99 075 48 O7 35 84 0 73
S Ol 12 39 0 41 29 T14 23 98 113 49 Mll 35 99 0 94
10 02 13 93 0 44 30 020 23 g9 0 85 50 MIZ 37 19 g 99
11 014 13 99 0 47 31 015 23 99 0 609 51 T5 39 99 1l 51
1z MIS 15 99 0 56 32 MB 23 99 0 41 52 012 39 99 0 53
13 019 15 99 0 697 33 MZO 23 99 0 70 53 M19 39 99 0 90
14 M17 17 99 0 50 34 018 24 00 0 99 54 T9 43 99 0 84
15 010 17 899 0 85 35 MlG 24 79 0 52 55 T13 43 99 1 053
16 MIO 19 99 110 36 TB 25 99 0 93 56 T15 43 99 1 43
17 Ml 19 99 0 697 37 M14 25 99 Q 82 57 T16 43 99 0 65
i8 M9 i9 g9 0 70 38 M4 27 99 0 55 58 T20 43 99 Z 26
19 T,‘7 19 98 0 62 39 013 27 99 0.67 59 016 47 99 2 26
20 T2 19 389 0 99 40 T4 27 939 0 90 60 017 63 99 2 60

* samples with notation '0' are collected from Ollukkara

* %

***  samples with notation 'T

Samples with notation M' are collected from Madakkathara
are collected from Thekkumkara

fis
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o



Organic carbon (per cent)

3-2

2.4 T
2.0 1

Y = 0.0482A - 0.337c
T o= L.8517%«
@
A
[+
A
b4 4 z
> s a1 % Q000+ T
, g ‘ *
a,@J@ ?JQQ‘/ A

.G 18 26 %5 "0 25 40 45 L0 55 o5 oo

Clay Content (per cent)

@ Soil selected for physico-chemical analysis.

Fig. 1 Relationship between clay content and organic

carbon content of surface soi1l sampies.




clay content and oryanic matter lHence the interpretations on the K
availability can bc made clearly onl;f 1n those soils, where a linear
relationshzys 15 present between them In order to locate soils
which are perfectly following such a positive relationship the
linear reyression eguation Y =aX+b was fitted into the data Clay
content of the soils was taken as the independent variable (X) and
the organic carbon values were worked out for each soil (Table 1
and Fig 1) Based on the above, twenty samples of varyiny clay
content were selected for further studies These soi1ls were

analysed for .he following physico-chemical characteristics

1.1 Physical properties

Particle size distribution, apparent density, paerticle density
water holdiny capacity and percentaye pore space were estimated

The data are gaiven in Table 2

1,1.1 Particle size distribution

In ¢ Ollukkara soils, sand, silt and clay fractions ranged
from 28 to 86, 8 to 16 and 1 to 64 per cent For Madakkathara
sorls 1t ranged from 44 to 76, 2 to 20 and 16 to 37 per cent
respectively for the sand, silt and clay separates In the soils of
Thekkumkara region, the contents of sand, silt and clay ranged from
40 to 64, 2 to 30 and 20 to 44 per cent respectively The soirls of

Thekkumkara showed a higher clay content as compared to that of the

other two regions



Table 2  Physical properties of soils

S1 So1l Particle size distribution(%) Particle Apparent water percentage
No sample Textural class sand s1lt clay densgé‘y densigy hold.ng  pore
(g em ) (g em~) capacity space

(%)

1 03 Sand 86 0 i1 0 30 2 63 1 63 19 5 38 8
2 04 Sand 83 0 16 0 10 2 60 1 54 14 1 40 8
3 09 Sandy loam 56 0 14 0 3¢ 0 2 68 1 34 36 3 52 7
4 011 Loamy sand 80 0 0 12 0 2 66 1 53 23 2 42 5
5 016 Sandy clay 44 0 4] 48 0 2 48 1 18 45 8 52 5
6 017 Clay 28 0 8 0 64 0 2 58 1 16 46 0 56 0
7 Ml Sandy loan 72 0 12 0 16 0 2 67 1 38 33 3 48.6
8 Mll Sandy clay loam 44 0 20 0 36 0 2 66 1 24 39 2 54 5
9 MIZ Sandy clay loam 44 0 19 0 37 0 2 65 122 35 0 54 3
10 M14 Sandy loam 73 0 20 25 0 2 66 1 36 31 5 49 9
11 M17 Sandy clay loam 76 0 4 0 20 0 2 69 1 37 30 ? 48 3
12 MJ.B Sandy loam 74 0 4 0 22 0 2 69 1 44 27 9 46 4
13 MZO Sandy loain 60 0 16 0 24 0 2 68 1 30 35 0 52 7
14 T4 Sandy loam 64 0 80 28 0 2 62 1 32 34 1 49 8
15 T5 Sandy clay loam 40 0 20 0 40 0 2 80 121 38 1 57 3
16 T7 Loamy sand 50 0 30 0 20 0 2 66 1 32 34 1 49 4
17 TB Sandy clay loam 64 0 20 34 0 2 69 1 37 33 2 50 4
18 T, Sandy clay 52 0 0 44 0 2 59 126 a3’ 52 1
19 T15 Sandy clay loam 40 0 16 0 44 0 2 59 119 40 8 54 6
20 T17 Sandy clay loam 56 0 12 0 32 0 2 79 1.20 39 9 57 3




Almost all the soils from the three panchayats were coming

under the textural classes, sandy loam and sandy clay loam

The laterite soils are formed by the in situ weathering of
the parent materials and by the high leaching of the bases. High
variation noticed in the proportion of the soil separates may be due
to the different type of parent materials from whach 1t 1s formed
It could also be due to the extent of weatheriny of the parent

materials as influenced by the prevailing local climete

1 1 2. Particle density

The particle density rangyed from 2.48 to 2 69, 2 65 to
269 and & 59562 80 o cm—s for soils collected from Ollukkara,
Madakkathara and Thekkumkara respectively The slight variation
among the soils could be attributed to the variation in the oryanic

matter content and soil minerals

1 1 3 Apparent density

The apparent density varied from 1 16 to 1 63 g cmds for the
so1ls collected from the three panchayats The value was minimum 1n
the clay soils and increased with decrease in the content of clay.
Thus the sandy soil of Ollukkara 1 e , O_ recorded the maximum value

3

of 1 65 and 017 of the same region has 1 16 g cm"3, coming under the

textural class clay There 1s a negative relationship between the

bulk density and the organic carbon content and it 1s clear from the
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data that maximum bulk density 1s recorded by 03 (1 63 gm ”) where
the organic carbon content 1s 0 44 per cent as against 2 6 per cent

an 017 where the bulk density comes to only 1 16 g cmhs

1 1 4 Percentage porespace

The percentage pore space of Ollukkara soils varied from 40 8
to 56 for Madakkathara soils, i1t was 46 to 54 and for Thekkumkara
soi1ls 1t was 49 to 57 per cent Soi1ls with a high proportion of
pore space to solids have lower bulk densities than those that are
more compact and have less pore space From the table it 1s clear
that sandy soils have a lower pore space than their clayey counter

parts

!
1.1 5 Water holding capacity

Water heolding capacity ranged from 14 1 to 46, 28 to 39 and
from 33 to 41 per cent for the soils taken from Ollukkara,
Madakkathara and Thekkumkara respectively The percentage volume
occupied by small pores in sandy soils 1s low, whweh accounts for
their low water holding capacity In contrast, the fine textured
s01ls have more total pore space and hence these soils are giving

higher values

12 Chemical properties

Tha  analytical data on  soil reaction, electrical

conductivity, sesguioxide percentage, organic carbon, percentage



Table 3 Chemical properties of soils

So1l EC Oryanic Sesguioxide Total N Total P Total K Total Ca Total Mg
sample pH (mg?os carbon (%) (%) (%) (%) (%) (%)
No cm ) (%)

03 52 0 041 C 44 30 & 0 108 0 0050 0 175 0 180 0 108
04 52 g 020 0 44 20 5 0 125 0 0050 0 225 0 080 0 030
09 52 0 006 0 84 12 0 0 197 0 0175 0 550 0 124 0 116
011 58 0 025 0 44 16 5 0 143 0 0050 0 300 0 120 0 107
016 5 4 0 050 2 26 17 5 0 233 0 0175 0.750 0 224 0 151
017 55 0 035 2 60 14 5 0 287 0 0250 0 800 0 189 0 106
Ml 55 0 023 0 69 18 5 0 125 0 0325 0 350 0 060 0 086
Mll 53 0 009 0 84 24 0 0 197 0 1800 0 400 0 136 0 108
MIZ 4 9 0 015 0 99 30 39 0 125 0 1750 0 550 0 146 0 120
M14 56 0 085 0 82 23 5 0 135 0 2850 0 445 0 124 0 087
M17 57 0 014 0 50 12 5 0 189 0 0200 0 350 0 140 0 085
Ml& 60 0 060 0 53 52 0 161 0 0125 0 250 0 120 0 108
MéO 61 0 010 0 70 18 & 0 179 0 1600 0 650 0 136 0 125
TZ 51 0 080 0 90 10 0 0 283 0 0475 0 525 0 186 0 135
T5 58 0 061 1851 22 5 0 179 0 3175 0 875 0 148 0 139
T7 57 0 025 0.62 10 0 0 225 G 0375 0 550 0 124 0 128
Ié 54 0 095 0 94 16 0 0 208 0 2375 0 550 0 134 0 120
T13 53 0 065 105 31 ¢ 0 161 0 2225 0 650 0 131 0 1i6
TlS 57 0 082 1 43 23 5 0 187 0 0375 0 725 0 139 0 105
T17 51 0 015 113 16 5 0 197 0 0250 0 620 0 136 0.114
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values for total nitrogen, phosphorus, potassium, calcium and

magnesium are furnished in Table 3

1.2.1. So1l reaction

The soils in general were acidic 1n nature The values
ranged from 4 9 to 6 1 for the soils of these three regions The
variation noticed may be due to the acidic parent rocks and the
extent of submeryence during cultivation The acadity of these
soi1ls may be attributed to 1ts formation from acidic crystalline
rocks, 1ts intensive weatheriny under tropical conditions and the

leaching of the bases  Jacob (1987) also reported similar results

1 2 2 Electrical conductivity

The electrical conductivity was found to be very low and
ranged from 0 006 to O 095 mmhes, cm—l The soils from all locations

= belonydto the lowland reyions and were practically nonsaline

1,2 3 0Organic carbon

The organic carbon content varied from 0 44 to 2 6, from 0 5
to 0 99 and from 0 62 to 1 51 per cent in the soils of O0Ollukkara,
Madakkathara and Thekkumkara So1l organic matter exists as a
complex with the clay fraction of the soil A positive correlation
{r = 0 8903*) existed between these two The sandy soils can retain

less of organic malter as against the clayey soil In the
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analytical data, the organic carbon 1s only 0 44 per cent for 03
where the clay 15 1 per cent as against 017 for which 1t comes to

2 6 per cent where the clay content 1s 64 per cent

1 2 4 Sesquroxide percentage

Sesquioxide percentage varied from 10 to 30 9 per cent for
all except one soil for which it was 5 2 (MIB) The content of
sesquioxide 1s an index of the degree of weathering of the soils and
depending on the content of kaolinite the sesquioxide percentage

could vary widely

1,2 5. Total nitrogen

Total nitrogen varied from 0 108 to 0 287, 0 125 to 0 197 and
0,161 to 0 283 per cent in the soils of Ollukkara, Madakkathara and
Thekkumkara Panchayats The variation noticed within each location

was attributed to the content of organic matter

126 Total phosphorus

The values ranged from 0 005 to 0 025, 0 013 to 0 285 and
0 025 to 0 317 per cent for soils of 0Ollukkara, Madakkathara and
Thekkumkara respectively Soi1ls with a high content of organic
matter recorded a high value of total phosphorus However siight

variations were observed which may be due to the quantity and nature

of clay minerals in the soil
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1.2.7. Total potassium

The total potassium content ranged from 0 175 to 1 075, 0 250
to 0 550 and 0 525 to 0 875 per cent for the soils of O0llukkara,
Madakkathara and Thekkumkara The parent material, CEC and organic
carbon are the determining factors of total K in soils The
variation reflected in the content could be due to the differences
in the composition of the parent rocks from which they are formed
and the nature of weathering. There was a significant positive
correlation -~ . for the total K comntent of the soils with clay
content (r = 0 8903**) CEC (r = 0 8162**) and oryganic carbon
(r = 0 B426*%*) Similar relationships of total potassium wath clay
content and CEC were reported by Prakash and Singh (1985) in soils
of Agra reyion and with organic carbon by Singh and Singh (1986} 1in

spi1ls of Garhwall hills

1,2 8 Total calcium

The values ranged from 0 CQto 0 224, 0 06 to 0 146 and 0 124
to O 186 per cent for the soils of Ollukkara, Madakkathara and

Thekkumkara

1.2 9. Total magnesium

For the soils of (Qllukkara it varied from 0 08 to 0.l1p, and
for the soi1ls of Madakkathara and Thekkumkara it ranged ¥rom (.018

to 0 125 and from 0 105 to 0 139 per cent respectively
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The total reserve of plant nutrients 1s mainly a function of

the mineralogical ccmposition of the soils  As the soils are formed
from acid crystalline rocks, quartz 1s the major primary mineral in
the fine sand fractions of the laterite soils The easily
weatherable ferro-magnesium minerals constitute only minor fraction
of the total content Hence these soils are expected to contain
less of plant nutrients Thas 1s true for upland laterites of
Kerala (Jacob, 1987, Venugopal, 1980) However in lowland
laterites the level of nutrients 1s greater than that in the upland
laterites as noticed in the present study The reason for this may
be the high content of clay and the presence of some 2 1 minerals

Similar results have been reported in the acid sulphate soils of

Kerala (Ghosh et al , 1976)

1.3 Forms of potassium in soirls (Table 4)

1.3.1 Water soluble potassium

The water soluble potassium varied from 0 0065 to 0 31p from
D 0029 to 0 060 and from 0 0184 to O 0448 me 100 gn'1 in the soils of
Ollukkara, Madakkathara and Thekkumkara This fraction 1is
relatively low 1n these soils and formed less than 1 per cent of the
total X  This 1s in conf®rmity with the findings of Nambiar (1872)
and Rao et al (1988). There was no significant correlation c~ e==—"
for this fraction with any of the soi1l properties except the
ammonium acetate extractable potassium (r = 0.5153%%*) This

indicated that water soluble fraction was independerit of these soixl



Table 4 Potassium extracted using different extractants

(mes 100 g_l)

Soxl Extractant
sample 0 == msmmmmo s oo oomm oo osmm s oommmmT s
No Dist:.lled Ammonium 1 N n2tric
water acetate acid
03 0 0312 0 0959 0 6394
04 0 0281 0 1048 0 5115
O9 0 0065 0 1356 2 5580
011 0 0319 0 0651 1 0230
016 0 0318 0 6773 7 3670
017 0 0281 0 4875 8 9120
M1 0 1407 0 4730 1 9410
Mll 0 0248 0 2426 3 8360
Mlz 0 0512 0 2366 2 3010
M14 0 0135 0.1879 0 8210
Ml? 0 0028 0 1458 2 3010
MIB 0 0670 0 1176 1 2780
MZO 0 00396 0 1356 0 7670
T4 0 0448 ¢ 1918 2 5580
TS 0 0301 0 2315 2 6392
T7 0 0256 0 1279 0 6392
TB 0 0218 0 2289 3 8352
T13 0 0184 0 1023 3 5800
Tls 0 0256 0 1662 3 0690
T 0 0239 0 1534 3 5800

b=
~




Table 5 Correlation matrix obtained for different soil parameters
Clay 511t Organic CEC Total K HNO3 -K NH4 OAc -K lWater
carbon soluble K

(1) (2) (3) (4) (5} (6) (7) (8)
0 0439 --

* %
0 8904 0 6176 --

* % * %
0 9216 0 1174 0 8760 -

* % »k * %
0 8178 0 1935 0 8426 0 8162 -
0 2629 "0 1651 "0 0686 0 1173 "0 0027 -

*

0 4293 0 1128 0 4376 0 5169* 0 2133 0 0720 --
- - - - *
0 0438 0.2058 0 0654 0 0864 0 1157 0 0556 0 5153 --

* Significant at 5% level

** Significant at 1% level
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properties Kalbande and Swamynatha {1976) reported similar results

in the soils of Tungabhadra catchment

1 3 2. Ammonium acetate extractable potassium

This fraction showed variation from 0 9651 to 0 5773
0 1176 to 0 4730 and 0 1023 to 0 2315 me 100 g_l in Ollukkara,
Madakkathara and Thekkumkara sorls respectively In these samples
this fraction constituted 0 9 to 2 2 per cent of total potassium.
Singh et al (1983) 1n soils of Haryana and Singh end Datta (1966)
in soils of Mizoram have reported that ammonium acetate extractable
potassium constituted only a small proportion of the total
potassium In the present study a positive significant correlation
was obtained with CEC (r = 0 51694**) and water soluble potassium
(r = 0 51532*%*) (Table 4) Significant correlation with CEC was
also reported by Neg. et al (18739) in soils of Simla and with water
soluble potassium was reported by Singh et al (1983) 1in soils of

eastern Haryana

1.3.3 Nitric acid soluble potassium

The values ranged from 0 5115 to 8 912 from 0 760 to 3 836
and from 0 63p to 3 835 me 100 g—l in the soils of Ollukkara,
Madakkathara and Thekkumkara Ramanathan and Krishnamurthy (1982)
1n so1ls of Tamil Nadu, Rao et al (1988) in soils of Andhra and
Prakash and Singh (1986) 1n soils of western Uttar Pradesh have

reported similar values for this fraction Although the soils are



predominant in 1 1 type of minerals, the higher value of nitric acad
soluble fraction indicates the presence of 2 1 type of minerals in
these soils Moreover, the high content of clay also contributes

some fraction towards the total potassium

14 Cation exchange properties of soils

14 1 Cation exchange capacity

The exchanye properties of the soirls are given 1n Table 6
The cation exchange capacity of Ollukkara, Madakkathara and
Thekkumkara soils ranged from 4 12 to 34 02, 12 36 to 22 55 and 15 6

to 27 27 me 100 g_l respectively

The cation exchange capacity depends on the content of
organic matter and the clay fraction On comparing the different
so1rls under study, a maximum of 34 02 me 100 g_l was noticed for
017 This higher value 1s attributed to the high clay percentage
(64 per cent) and the organic carbon (2 65 per cent)

A sigmificant positive correlation was obtained for the CEC
of the soils with clay content (r = 0 9216**) and with oryanic
carbon (r = 0 8903**} (Table 5) Except for soils 016 and 017, most
of the soils have CEC in the range of 12to25 me 100 g_l The CEC of
the hiyhly weathered laterite soils 15 usually low (Coleman and

Thomas, 1967) However, 1in acid sulphate soils of Kerala Ghosh

et al (1976) reported that smectite 1s also pvgsent in addition to
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Table 6 Exchange characteristics of soils

Soxl CEC Exchangeable bases(me 100 g_Ij

samples (me g TommmeeSmmmmsssosomssssssosooooons PBS
No 100g ) Ca iy K Na (%)
03 4,85 0 88 0 108 0 065 0 038 22 44
04 4 15 0 72 0 080 0 077 0 013 21,61
O9 15 60 2 54 0 216 0 084 0 011 18 28
011 g 00 2 16 g 108 0 033 0 011 25 69
016 31 06 6 76 2 581 0 525 0 212 32 45
017 34.02 7 24 2 650 0 486 0 205 31 10
Ml 12 36 2 16 0 294 0 384 0.016 23 08
Mll 21 78 3 08 0 920 0 298 0 045 19 01
M12 22 55 3.38 0 920 0 174 0.084 20 21
M14 15 15 2 56 0 490 0 038 0 011 20 43
M17 18 oo 3 24 0 308 0 095 0 609 20 28
MIB 14 95 221 0 3890 0.041 0 008 16 18
Méo 14 75 2 58 0 308 0 046 0 015 18.98
Tk 17 36 2 88 0 345 0 174 0 015 19 66
Té 27 27 5 04 1 390 0 123 0 051 24 39
T7 15 60 2 80 0 129 0 102 0 031 19 63
1b 20 78 2 79 0 486 0 184 0 013 16 80
T13 26 38 4 48 1 316 0 064 0.031 22 33
T15 25 36 4 32 1 305 0 115 0 081 22 95
T 20 09 2 98 ¢ 916 0 089 0 928 19 99




kaolinite The higher values recorded 1in some samples of the
present study envisages the presence of varying amounts of 21

minerals in these soils

1 4 2 Exchangeable Bases

The exchangeable Ca varied from 0 72 to / 24, 2 16 to 3 38
and 2 72 to 504 me 100 gdl respectively for the soils of
Ollukkara, Madakkathara and Thekkumkara The exchangeable magnesium
ranged from 0 08 to 265, 0 029 to 0 92 and 0 129 to 1 39
me 100 g“l for the soils cellected from Ollukkara, Madakkathara and
Thekkumkara LCxchangeable potassium ranged from 0 028 to 0 525,
0 038 to 0 384 and 0 064 to 0 184 me 100 g_l and the exchangeable
sodium varied from 0 011 to 0 212, 0 008 to 0 084 and from 0 013 to

0081 me 100 g respectively 1in the soils of 0l1lukkara,

Madakikathara and Thekkumkara

Ixchangeable Ca and Mg were the predominant bases in the
exchange complex Tne content of exchangeable cations decreases 1in
the order of Ca> Mg> K> Na for Ollukkara, Madakkathara and
Thekkumkara soils The soils showed relatively high amount of
exchangeable Ca and Mg due to their preferential adsorption on the
colloidal surfaces and their smaller hydrated radius compared to
other ions It 1s seen that the per cent potassium saturation of
the CEC shows a decreasing trend with clay content and CEC  Similar

results were also reported by Tarafdar et al (1989)



1.4.3 Percentage base saturation

The percentage base saturation ranged Ifrom 18 29 to 32 5,
16 2 to 231 and 168 to 244 for the soils of Ollukkara,

ladakkathara and Thekkumkara

The percentage base saturation generally followed the pattern
of exchangeable Ca distribution The values were generally low for
almost all the soils due to their extremely weathered condition

However, 1t 1s slightly higher than that of upland soils

Based on the analytical data of the above 20 samples, five

s01ls vie , Ml’ 03,

laboratory incubation experiment and four soirls viz , 03, T4, M12

Iz, M12 and T15 were selected for the

and TIS for the pot culture experiment The mineralogical
investigation of fine sand was also done for the soils selected for

incubation study

1 5. Mineralogy of fime sand (Table7 )

In MI’ guartz was the dominant mineral in the liyht fraction
Intergrowth of orthoclase and plagioclase known as perthite was also
present in Ilesser amounts Orthoclase and plagioclase feldspars
were showing cloudy appearance due to alteration Muscovite and
biotite were also present in minute quantities In the heavy

fraction, which was only very small 1in amount, opagues were

dominated followed by hornblende, pyroxene, zircon and sillimanite



Plate 1. Light Iractzion

Plate 2, Opaques

I S \




Plate 1. Light Iractzion
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In 03 liyht fraction was dominated by quartz (plate 1)
Orthoclase was present in minor gquantities followed by muscovite and
plagioclase The heavy fraction was dominated by opaques

Hornblende, pyroxenes, zircon and monpzite were present in smaller

quantities

In TA’ quartz and feldspar (Perth:ite) were present in moie Or
less egual gyuantities in the light fraction Playioclase, muscovite
and biotite were seen 1n subordinate amounts The heavy fraction
was dominated by opagues (plate 2) Hornblende, pyrosene, rutile,

zircon and biotite were also present

In Mlz' the light fraction was deminated by quartz followed
by plagioclase feldspar Perthite and muscovite were present 1in
lesser amounts Opaques constituted the major fraction in the heavy

mineral suite  Hornblende pyroxene and zircon were seen 1n lesser

ariounts  Highly altered biotite mica was also seen

In TIS the light fraction was dominated by gquartsz,
jmmediately followed by feldspars-perthite and plagioclase and
muscovite were also present (plates 3 and 4) Heavy fraction was
dominated by opagues followed by hornblende, pyroxene, sircon,

biotite and epidote  Titanium minerals were present in subordinate

amounts



Plate 3. Perthite with quarts

Plate 4. Plagioclase with a basal section of Upaque




Table 7 Mineralogy of find sand
Light fraction heavy fraction

5011 = memmmmm e e § ~ M= mmmmems e e e oo Smooseme——ene—o mosmos
Minerals No of yrains per cent Minerals No of grains* per cent
present contribution contrizbution

51 Quartz 230 76 6 Opaques 246 82 ¢
Perthite 40 i3 3 Hornblende 23 77
Orthoclase 10 33 Pyroxene 13 4 3
Yuscovite 5 16 Zircon 8 27
Plagiroclase 25 Sillemanite 13
Biotaite 8 27 Others 6 20

52 Quartz 255 86 0 Opagues 254 84 7
Orthoclase 28 80 Zircon 13 4 3
Plagroclase 3 0 Hornblende 15 0
Muscovite 14 40 Pyroxene 18 o

53 Quartz 156 52 0 Opaques 237 79 0
Perthite 108 36 0 Hornblende 15 50
Plagioclase 18 0 Pyroxene 17 57
Muscovite 11 7 Brotite g 30
Biotite 7 3 Zircon 16 53

Rutile & 20

*Total number of grains counted = 300 contd

0g..



Table 7 (contd)

Quartz 187 62 3 Opayues 228 76 0
Playgioclase 72 24 0 Hornblende 12 40
Perthate 18 6 3 Pyroxene 14 4 7
Muscovite 22 7 4 Zircon 10 33

Biotite 36 12 0
Quaitz 181 60 3 Opayues 232 80 ¢
Play1ioclase 21 70 Hornblende 15 51
Perthite 90 30 0 Pyroxene 18 33
Muscovite 8 27 Zircon 12 4 0

Biotite 20 6 6

Epidote 3 10




Plate 5. Amphibole grarn

et ———

Plate 6. Zircon
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Information on mineraloyy of fine sand fraction gives an
1dea about the primry mineral assemblage of the parent material of
the soils Beiny low land laterites, the soils contain few
weatherable minerals apart from the resistant minerals like quartz
This may be due to the difference in the pedogenic environment and

nature of parent material from which these so1ls are formed

In all the five samples, light mineral suite was dominated by
quartz Similar results have been reported by Nair (1978) in the
rice soils of llynad and Iyer (1979) in his studies on the red and
laterite soil associations of Kerala Manickam (1977) 1in the
laterite soils of Tamil Nadu and Venuyopal (1980) and Jacob (1987)

in the laterite soils of Kerala

The heavy minerals accounted only a very minute fraction of
the total This 1includes the weatherable minerals like hornblende,
pyroxenes (plate 5) and biotite Zircon, the most resistant mineral
(plate 6) was also present invariably in almost all the soils The
weatherable minerals hornblende and pyroxenes dominates 1a this
fraction which accounts for the subsequent formations of 2 1 type
minerals The proportions of the different heavy mineral fractions
indicate the intensity of weatheriny The presence of perthite in
all the samples proved that the so1ls have undergone only a

moderate degree of weathering as compared to the upland laterites



LABORATORY INCUBATION EXPERIMENT

A laboratory incubation experiment was carried out to assess

the dynamics of applied K 1in soils differing in their clay content
The various treatments received different amounts of potassium
based on their clay content apd level of exchangeable K.Potassium was
applied in the form of muriate of potash to raise the exchangeable
potassium to the level of 0 5 and 0 55 me 100 g-l in each soil and
the i1nmitial level of exchangeable K was taken as the control The

details of the selected soi1ls are given in Table 8

The soi1ls were incubated for 90 days at field capacity  Soil

samples at 15 days 1interval yere taken throughout the period of

incubation, and analysed for water soluble exchangeable and
nitric acid soluble K fractions The results are discussed
hereunder

21 Water soluble potassium

The data on the level of water soluble K at different periods
of 1incubation are given in lables 9 and 10 and their analysis of
variance in Appendix 1

From Table 9, 1t 1s clear that for soils 52, 53, S4 and 55
water soluble K 1increased after the application of potassium

fertiliser at the first fortnight The 1ncrease was marked till the



Table 8 Important physico-chemical characteristics of soils selected for incubation experiment

Soil Forms of K (me 100 g_l)
No Notation Location Textural Clay S1lt  —mmmmermmememmemeemmmmmmmn o Total K
class (%) (%) Water Exchang~- HNDS
soluble eable soluble
1, S, Madarnxkathara  Sandy clay 16 12 0 1407 0 4730 1 940 8 5951
loam
03 52 Ollukkara Sand 3 12 0 0312 0 0958 0 639 4 476
T4 53 Thekkumkara Sandy loam 28 8 0 0448 0 1918 2 558 13 427
M12 S4 Madakkathara Sandyclay
loam 37 18 0 0512 0 2366 2 301 14 066
T15 55 Thekkumkara Sandy clay
loam 44 16 0 0256 0 1662 3 069 18 542




Table 9

Water soluble K, as influenced by the treatments at different periods of incubation

(me 100 g—1)
Treatment Inatial Period of incubation (fortnight)
No Notatron 18VEL e m e e et e
1 2 3 4 5 6
1 SIKO 0 1467 0 1343 0 1374 0 0799 0 0845 0 1155 0 1806
2 SlKl 0 1407 0 1311 0 1439 0 0807 0 1247 0 1466 0 1828
3 SIKZ 0 1407 0 1215 0 1470 0 0952 0 1280 0 1583 0.1837
4 52K0 g 0312 0 0311 0 0702 0 0495 0 0623 0 0511 0 0799
5 52K1 0 0312 0 0639 0 08E3 0 0671 0 0607 0 07899 0 0575
6 SZKZ 0 0312 0 0863 0 0991 0 0702 0 0163 0 0863 0 0959
7 SSKO 0 0447 0 0416 0 0415 0 0352 0 0767 0 1762 0 0767
8 53K1 0 0447 0 0640 0 0702 0 0479 0 0799 0 1471 0 1852
9 S3K2 0 0447 0 0671 0 0863 0 0727 0 0591 0 1598 0 1662
10 S4KO 0 0512 0 0382 0 0479 0 0353 0 0368 0 1023 0 1523
11 S‘_,‘K‘1 0 0512 0 0607 0 0735 0 0543 0 0480 0 1343 0 1022
12 S4Ké 0 0512 0 0767 0 0863 0 0862 0 0415 0 2046 0 1408
13 SSKG 0 0256 0 0255 0 0447 0 0223 0 0191 0 0703 0 0543
14 SSKI 0 0256 0 0448 0 0703 0 0480 0 0480 0 1087 0 1022
15 SSKZ 0 0256 0 0543 0 0543 0 0543 0 0764 0 1054 0.1182
€o (5%) 0 00942 0 02495 NS 0 01483 0 03532 0 04478
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end of second fortnight But 1in these soils, when no fertiliser was
applied (control) a slight decrease was noticed 1in the farst
fortnigyht and then 1t gradually get 1increased For Sl' which was
initially high 1in the vater soluble fraction, a decrease 1in the
content was noticed with and without the application of fertiliser
ti1l1l the end of third fortnight llhen a soluble fertiliser 1s
applied to the soil, all of 1t does not exist in the solution form
A considerable part of it gets transformed into the exchangeable and
fixed form  This might be the reason for the significant changes
noticed in different soils in the water soluble K fraction within

one month of potassium application

At the third fortnight a sudden fall 1in the content of water
soluble K was noticed in all the soils However, in the fourth
stage in almost all the treatments there was a slight increase 1in
the level of water soluble potassium In the fifth and sixth stages
an 1increasing trend was noticed 1in most of the treatments The
variration in the level observed 1s attributed to the mineralogical
composition of the soils predominance of trioctahedral or
dioctahedral structural units, development of wedge zones, expanded
layers and amount of non-exchangeable potassium However, at the
end of the 1incubation period, the water soluble K 1increased as

compared to the initial level

In so1l, the eyuilibrium reactions existing between different

forms of potassium profoundly 1influences the K availability The



Table 10

Mean values of water soluble K as influenced by soils and levels of K application {me 100 g—l)

Period of So1ls cD (5%) Levels of K applicat:ion CDh (5%)
LOCUDA= e fOr = = —mmeeemmmememmmce e —m e for K
[ [
tion Sy S, 53 5 solls K Kl KZ levels
(fort-
night)
o ¢ 1407 0 0312 0 0448 0512 0256 - - - - -
1 0 1289 0 0671 0 0575 0585 0415 0 00513 0 0581 0 0729 0 0812 0 00412
2 0.1421 0 0852 0 0660 0564 0564 0 01448 0 0683 0 0888 0 0946 0 01113
3 0 0852 0 0623 0 0586 0415 0415 NS 0 0444 0 0596 0 0797 NS
4 0 1124 g 0687 0 0718 0421 0478 0 06092 0 0959 0 0722 0 0782 0 00073
5 0 1403 0 0724 0 1598 1470 0948 0 02052 0 1023 0 1233 0 1429 0 01574
6 0 1824 0 0777 0 1427 1317 0816 0 02593 0 1087 0 1258 0 14089 0 02121

.G



content of each fraction at any time depends upon the rate and
direction of these reactions (Sparks and Huang, 1985) The
reaction between soil solution K and exchangeable K 1s strongly
dependent on the type of clay mineral present The exchange
reactions are rapid in sorls where kaolinite 1s predominant than the
21 type of clays (Sparks and Jardines, 1984) The greater
fluctuations noticed on this fraction within S0 days of incubation

imparts the presence of 1 1 type minerals 1in these soils

When soils were compared (Table 18) for the content of water
soluble X, 1t was seen that the amount increased significantly with
increasiny clay content The more clay the soil contains, the
higher the potash contents should be, in order to maintain constant
level of available K (Braunschweig, 1980) The significant
differences noticed between soils at all the stages of analysis also

confirmed this statement

When different levels of K were compared (Tablel0o) a linear
1ncrease was noticed with increasing levels of K This significant
difference between 1levels could be expected when more of water

soluble fertiliser 1s applied to the so1l

The interaction between soil clay and potassium application
has alse shown siynificant effect at many of the stages The
difference 1in the water soluble fraction noticed in these soils at
different levels of K application 1s attributed to the variation in

the clay percentage of CEC of the soils
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2 2 Ammonium acetate extractable K

The content of ammonium acetate extractable potassium at
different periods of 1incubation are presented in Tables 11 and 1z

and their analysis of variance in Appendix II

After the first fortnight this fraction was found to increase
siynificantly 1n all the soils with different levels of treatments
In the contreol there was a decrease noticed in all the soils except

S4 It could be due to the conversion to slowly available form

Except 52, for all other soils the same trend was observed in the
second fortnight also  This decrease in the content 1s accounted by
a corresponding increase 1n the water soluble fraction at this

staye

The 1ncrease in the content at these stages i1s due to the
increase 1in the availability by the addition of soluble form of
fertiliser Moreover, the 1rmmediately unavalilable form will also

contribute a fraction after one month

In the third fortnight an all the soils, the NHéoAC
extractable potassium increased to a hiyher level than the initial
value One month after application of water soluble form of
fertaliser 1f 1t 1s not absorbed by plant, or not subjectd to
leaching get converted to exchangeable form and this could be the

reason for increase in this fraction .xc —=-==-_» for these soils at



Table 11  Ammonium acetate extractable K as influenced by the treatments al different periods of
incubation (me 100 g_IJ
Treatment Inrtial Period of incubation (fortnights)
No Notation level = =  —————mor—me smme e m—mmmmm meemm o ————semooe
1 2 3 4 5 6
1 51 KO 0 4730 0 4750 0 4180 0 4990 0 4912 0 4855 0 4571
2 51 Kl 0 4730 0 4833 0 4960 0 4981 0 3998 0 4988 0 4156
3 51 K2 0 4730 0 4837 0 4973 0 4989 0 4253 0 5246 0 5723
4 Sy KO 0 0959 0 0955 0 1149 0 1750 0 0892 0 1341 0 1278
S 52 Kl 0 0959 0 1183 0 1215 0 1469 0 1024 0 1567 0 1215
6 52 K2 0 0959 0 1185 0 1288 0 1662 0 1056 0 2205 0 1280
7 55 Ky 0 1918 0 1599 0 1726 0 1950 0 2043 0 3164 0 2653
8 53 Kl 0 1918 0 2396 0 2337 0 2717 0 2397 0 3292 0 3134
9 Sq K2 ¢ 1918 0 2403 0 2368 0 2973 0 2462 0 3420 0 3005
10 S, %o 0 2366 0 2403 0 1759 0 2111 0 1852 0 3100 0 2751
11 54 K1 0 2366 0 2408 0 2430 0 2653 g 2397 0 3420 ¢ 3388
12 54 K2 0 2366 0 25890 0 2748 0 3518 0.3612 0 3648 0 3566
13 55 KO 0 1662 0 1375 0 1406 0 1653 0 1665 0 2361 0 2813
14 55 Kl 0 1662 0 2142 0 2461 0 3037 0 2669 0 3069 0 3366
15 55 KZ 0 1662 0 2334 0 2462 0.2877 0 2798 0 3520 0 3538
Ch (5%) - 0 61814 0 01621 0 00803 0 03241 0 03652 0 07724

€39



this stage The K content 1n soil soclution and the clay percentage

are the major determining factors of available potassium

In the fourth stage, however, a decreasing trend was obtained
in almost all the soils  This decrease in the exchangeable fraction
could be either due to the movement to the non-exchangeable form or
due to the water soluble form In the fifth fortnight, all the
so1rls have a higher content of NH4 OAc -K than that of the previous
fortnight This shows that the dissociation of water soluble
potassium 15 over by 2% months and the increase 1in the exchangeable
fractions can be from the water soluble form or from the fixed form
depending on the clay minerals present 1in each soil At the sixth
stage although the 1level 1s much higher than that in the initial
level 1in all the soils it was less than that of the fifth fortnight

The increase in the other fractions at this stage accounts for the

decrease 1n the concentration of this fraction

When the soirls were compared a significant difference was
chtained betwsen them The values were increased with 1ncrease 1n
clay content Exchangyeable K 1s the intermediate stage between
soluble form and non-exchangeable form and the availability depends
on the K concentration in the soil solution and the K saturation of
the CLC  This may be the reason for the fluctuations noticed during

the ancubation period



Table 12 Mean values of ammonium acetale extractable K as influenced by soils and levels of K application

(me 100g™ L)
Period So1ls €D (5%) Levels of K application CDh (5%)
staon TR 5T ST S5 s Ko T kT Tevels
(fort-
night)
o @ 4730 0 1918 0 2366 0 1662 - - - - -
1 0 4806 0 2132 0 2453 0 1950 0 00812 0 2046 0 2404 0 2307 0 01013
2 0 3771 0 2143 0.2312 0 2109 0 00723 0.1956 0 2468 0 2487 0.06932
3 0 4167 0 2546 0 2760 0 2559 0 00364 0.2307 0 2787 0 3101 0 00464
4 0 4454 0.2301 0 2621 0 2377 0 01451 0 2313 0 2497 0 2836 0 01872
5 0 5063 0 3292 0 3622 0 2984 0 01632 0 2984 0 3267 0 3748 0 02113
6 0 4816 0 2930 0 3235 0.3236 0 03443 0.2813 0 3050 0.3422 0 04463

op



When the levels of potassium were compared the content was
significantly higher with higher levels of application of K Thas
result was in agreement w;thr?lndlngs of Misra and Shankar (1971) 1n
the soils of Uttar Pradesh Prasad and Rajamannar (1987) 1n soils of

slow and moderate K releasing capacity and Prakash and Singh (1989)

in the loam and clay loam soils

The interaction between the clay content and fertilizer

levels showed a significant effect on NH4 OAc-K content fhis may
be attributed to the differences in the releasing or fixing capacity
of different clay minerals present in the soils Exchangeable K 1s
bound. with different bond strength, at the various sites of the
clay minerals The release of K to exchangeable form and absorption
from soil solution by exchange sites are both forward and reverse
(Mc Lean and Watson, 1985) The reactions are regulated by
mechanisms that depend on their relative strength for binding K
Soils having 2 1 type of clays 1like 1llite, vermiculite or

montmorillonite have the capacity of both fixation and adsorption of

K than that of soils with kaolinmitic type of clay

The recovery percentaye of applied K 1n available form was
worked out for the soils after 45 days It rangyed from 12 to 15,

from 25 to 30 from 10 to 37 and from 41 to 34 per cent for 52, 53,

S4 and 55 respectively with each higher level of application

Similar results were reported by Talat: et al (1974) From the

data 1t 15 seen that the recovery percentage is maximum in the case

3
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of soi1il with more than 40 per cent clay and 1t 15 less 1n
the case of so01l with less than 10 per cent clay. This
shows that the clay content has a great ainfluence on the
avarlability of K when 1t 1s applied for raising crop. In
the present study, a decrease 1n the total content of
exchangeable K was noticed after 45 days. So 1t 1s
advisable to apply potassium fertaliser ain splits rather
than applying them all as basal especirally for short
duration crops to meet the 1mmediate reguirement, The
increase of the exchangeable 1level on application of K
fertilizer according to the clay content along with the
initial level of exchangeable K 1s particularly profitable
for soils <containing more than 25 per cent clay as
1llustrated in fig.2. In these soils the K availability to
the plants 15 often over-estimated. Only an adequate K
supply corresponding to the clay content will lead to the

desired yield increase (Braunschweig, 1980).

2.3. Nitric acid soluble K

The data are given 1in Tables 13 and 14 and thexir
analysis of variance 1n Appendix III. On 1incubation for a
period of s1x fortnights after application of water
soluble fertilizer, the level of non-exchangeable

potassium has become doubled n almost all the



Table 13 Nitric acid soluble K as influenced by the treatment at different period of 1ncubation

(me 100 g_l)
Treatment Initzial Period of incubpatien (fortnight)
No Notation level = @ cccmmmmm e e e e — e
1 2 3 4 5 6
1 SIKO 1 8400 1 550 2 557 2 556 2 558 2 558 2 717
2 SIKI 1 8400 2 558 3 516 2 877 2 879 3 197 3 196
3 51K2 1 9400 2 536 3 518 2 553 2 880 2 717 2 558
4 SZKO 0 6394 1 018 1 278 1 279 1 279 1 268 1278
5 SZKl 0 6394 i 278 1 278 0 639 1 278 1 919 1 918
6 52K2 0 6394 1 298 1 278 1917 1 9i6 1 277 0 638
7 SSKO 2 5580 2 558 2 559 2 556 2 557 3 197 3 515
8 SsKl 2 5580 2 877 3 837 2 557 2 558 3 835 4 474
g SSKZ 2 5580 3 514 3 198 3 198 3 196 2 555 3 196
10 S4K0 2 3010 1 598 1 598 2 556 2 558 1 406 1 278
11 S,K; 2 3010 1 918 1 599 1 914 1 918 1 918 2 557
12 S4K2 2 3010 2 238 2 558 2 557 2 557 2 557 2 554
13 SSKO 3 0690 3 197 2 558 3 835 3 831 3 836 5 114
14 SSKI 3 (G630 4 156 4 156 3 839 3 839 3 877 6 076
15 55K2 3 0680 5 452 5 434 6 366 5 403 5 753 6 717
€D (5%) 0 0828 0 0609 0 0247 0 0353 NS NS o

<
o

<



treatments Withan this period, yreater fluctuations were observed

for the different treatments

In the first fortnight an increase in the content of nitric
acid soluble fraction was observed in most of the treatments except
a few The increase in the content noticed in the soils may be due
to the conversion from exchangeable form to the slowly available
form The low value obtained 1in Sl and 55 could be attributed to

1ts conversion to the exchanyeable form which 1s confirmed by an

increase of that fraction at this stage

In the second fortnight, the content was increased in all the
so1ls except a few, where K 1s applied at the higher level
Normally when potassium 1s applied 1n the soil, 1mmediateiry there
will occur the interconversion of different forms of K so as to

maintain the equirlibrium level

In the third and fourth fortnight, a steady state 1s noticed
except for sonme manor fluctuations in a few treatments The sligh
variations noticed could be due to the tendency of the soil mlqg als
to release and fix K according to the soil environment The inter
conversion reactions are regulated by mechanism that depend on their
relative strengyth for bonding. In the fifth fortnight the tendency
was to decrease the HNO3 soluble fraction 1in most soils At the

same stage, a corresponding 1ncrease was recorded in the

exchangeable K that comes from the fixed form of potassium  However



Table 14

Mean values of nitric acid soeluble K as influenced by soils and levels of K application

(me 100 g 1)

Period of So1l Ch (5%) Levels of K application CD (5%)for
1ncUbat=  emm o e e for = memmee e mmne levels of
1on{fort- 5 s S S 5 so1ls K K K applica-~
naght) 2 3 4 5 0 1 tion

0 1 8400 0 6394 2 5580 3010 3 0690 - - = = -

1 2 2172 1 4910 2 9830 9180 4 2680 0 0371 2 1660 2 5570 L0040 0 04793

2 3 1971 1 2780 3 1980 8090 4 0490 0 0271 2 1100 2 8870 1970 0 03532

3 2 6623 1 2780 2 7710 3430 4 6870 0 0112 2 5560 2 3150 3230 0 01414

4 2 7731 1 4920 2 7710 3450 4 6920 0 0157 2 5570 2 4940 3910 0 02023

5 2 8774 1 4880 3 1960 1790 & 4760 NS 2 8160 2 9420 9720 NS

6 2 8242 1 2780 3 7290 1300 5 9670 0 0660 2 7800 3 1440 5310 0 08534

oo
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in some samples a higher value was recorded and this could be due to
the varying adsorptive and releasiny tendency of the potassium

bearing minerals present in the soils

In the 6th stage no linear trend was observed in this
fraction In soils of more than 40 per cent clay, the value 1s much
higher than the previous stage When potassium fertiliser 15
applied to the soil and 1f the available form was not taken up by
the plant or lost by leaching there will be a tendency for the
soluble fraction to remain either in exchangeable form or 1n non-
exchangeable form  However this change will strongly depend: on

the type of clay minerals present and also the CEC of the soils

When the soils are compared, there was significant difference
in the content of npitric acid soluble K The amount and type of
clay mineral determines the capacity of so1l to retain or release K
The non-exchangeable K reserve can release a smaller extent to the
soil solution to augment a soil s K supplying power  The ability of
laterite soils to fix potassium 1s higher as compared to red soils

(Ramanathan, 1978)

When the different levels were compared a significant
difference was noticed 1in the content At higher levels of K,
higher amount of fixation was observed in some soils In soils of

varying texture Chakravorti and Patnaik (1990) and Prakash and Singh

(1989) also obtained similar trends



The 1interaction effect between clay content of soils and
different K levels was siynificant This significant difference
could be attributed to the soirl s ability to adsorb and retain K
which will vary according to the clay manerals, CEC and organic
matter content The ‘flxatlon decreases 1n the sequence 1llite>
vermiculite > smectite > kaolinite  Eventhough the clay content is
the major factor organic matter with high CEC may be able to hold a
substantial amount in exchanyeable form In this experiment, 1in

sample 54, with an organic matter content of 1 per cent showed a

decrease 1n non-exchangeable K at the end of the incubation period

The results of the experiment showed that there was a
remarkable 1ncrease 1n the different fractions of K on incubation of
the soil for three months Similar results were reported by
Sharpley (1990} 1in soils of differing mineraiogy after a 25 week
Jncubation period But there was a wide fluctuation 1in the levels
of different fractions at different sampling stayes The
significant relataonship of the different forms of K, their relative
proportion 1n the soil and soil properties like c¢lay content,
mineralogical composition, pH, CEC and orgyanic carbon accounts for

these variation

The exchangeable K content of the soils have increased with
increasing clay content Nemeth and Harrach (1974) observed a close

correiation between the K concentration and the -xchangeable form,



1f the latter 1is not related as usual to 100 g soil, but to the clay
content (mg KZO per percentage clay) and expressed as the K
saturation of the inorganic cation exchange capacity  Clay and clay
loam soils have high buffering capacity than the light textured
so1ls To achieve a certain K intensity, a soil with a high amount
of «c¢clay requires a higher dose of potassium fertiliser
{Braunschweiy, 1980)  But this cannotbe applied tolighter soils as
these soils possess a low bufferiny capacity In the present study
the so1ls with high clay content received a high content of K
fertiliser to maintain the two levels as the treatment 1s fixed
based on the clay content as compared to the soil with lesser clay
content  From Fig 2 it 1s clear that for the lighter soil, the
exchanyeable K did not 1increase to the same level as the heavy
soils This proved once again that lighter soils require a heavy

saturation Lhan heavy soils

At present recommendations are made based on the ammonium
acetate extractable K without giving due 1mportance to the
proportions of different size fractions of the soils If the soxl
contains more clay, with secondary clay minerals of 2 1 type, there
will be a tendency for the applied K to get adsorbed on the
different sites of the clay minerals Application of fertilizer at

a rate of 20 mg K,0 100 g-l so1l, no yield increase was obtained

2

whereas a positive effect of fertilisation was well observed at a

rate of 50 mg K20 100 g—l so1l or more depending on the type of soil
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(Gramme et al 1971) Not only the total available amounts of
potassium in the soil, but also the fraction which 1s transported to
the plant root by diffuson and mass flow plays a decisive role on
plant yrowth (Mengel 1974) This movement of 1on to the plant root
1s greatly influenced by the so1il minerals organic matter and CEC

S0 i1t 15 worthwhile to keep the recommendations taking into account

the clay percentaye of the soils



POT CULTURE EXPERIMENT

With a view to studymy the uptake pattern of different
nutrients in presence of applied potassium, a pot culture
experiment was carried out 1in soils of different textural
composltion using rice as test up Dry natter yield and content of
nitrogen, phosphorus: potassium, calcium and magnesium were
determined in the plant parts at the tillering, flowering and
harvesting stages The different forms of potassium in Soils were

also studied at these stages The results brought out in this

study are presented and discussed in the following sections

3. Yield of straw and nutrient composition

31 Yzeld of straw

Yield of straw affected by various potassium levels in soils
dig 3
of varyiny texture are presented in Tables 15 & 16,and their

analysis of variance in Appendix IV

The yield of straw was found to lncrease gradually as growth
proceeds and was rapid till the flower.ng staye The 1increase in
the straw weight after flowering was in a lower rate Potassium
was absorbed by plants till the later period of growth and the
absorption of potassium 1ncreased with increasinyg concentration of

the nutrients in the growing medium

2



Table 15 Yield of straw as influenced by treatments at
different periocds of crop growth

Yield of straw (g pot_l)

Treatments =  —————-—------momm oo oo m e
Tillering Flowering Harvesting
S1 Kl 2 100 14 633 15 333
1 K2 2 567 15 700 17 000
1 K3 3 533 16 367 18 000
S1 K4 4 967 16 030 16 333
52 Kl 5 433 10 167 18 833
52 K2 5 667 17 200 27 833
52 K3 6 683 25 667 34 333
S, K4 4 900 37 833 47 167
53 Kl 3 067 9 400 11 667
53 Kz 4 967 12 603 14 333
53 K3 5 433 12 000 14 667
53 K4 3 367 14 533 17 000
54 Kl 5 267 10 033 16 667
S4 KZ 5 050 17 333 27 833
S4 KS 5 633 24 433 30 667
S4 K4 7 650 39 467 53 167

CD (5%) NS 7 3188 NS




When the soils were compared, there was a significant
difference i1n the yield of straw at all the stages The highest
response was obtained for the soil with 28 per cent clay in all the
three stages  Since this soil was relatively of a coarser texsture,
the added potassium was available i1n the soluble form for the plant
uptake The next higyher straw yield was recorded for the soixl with
more than 40 per cent clay The highest content of slowly
available K which 1s the source of K at the later stages partially
accounts for this yield increase compared to the other soils  Rice
plants are known to absorb a larger percentage of total absorbed
K+ from the non-exchangeable form and vigorous rice growth was

obtained 1n a flooded soil than under non-flooded conditzens

{(Chang and Feng, 1960)

When the different levels of K application were compared,
there was a significant difference 1in the weight of straw at the
floweringy and harvesting stages The 1ncrease in weight ovel
control was 38 9 74 and 94 per cent for 20, 40 and 60 kg KZO ha—l
applied, respectavely for the flowering stage and 1t was 46 64 and
91 per cent increase at the harvestiny stage This indicated that
vegetative growth 1s much influenced by the 1ncreasiny levels of
potassium  Increase in dry matter production with 1ncrease in the

level of K up to 50 kg K20 hahl

ug to 60 ky KZO haul by Hati and Misra (1983) Senthivel ana

was observed by Mishra (1980),and

Palaniappan (1985) also reported similar effects of K on dry matter

production



Table 16 Mean values of straw yield as influenced by soils and levels of potassium application
(g pot'—l) at different stages of crop growth
So1ls K levels
Stagegs @ mrmmmmemmme e m e c e e mm e e e e e e e e e =
51 52 53 54 K1 K2 K3 K4
Tilleriny 2 542 6 171 4 208 5 650 3 967 4 563 4 571 4 471
Flowering 15 685 22 717 12 142 17 900 11 392 15 717 19 617 21 958
Harvesting 15 917 32 042 14 417 32.083 14 875 21 750 24 417 33 420
CD (5%) for soils Ch (5%) for levels of K application
Tillering 1 7234 Tillering NS
Flowering 3 659 Flowering 3 6594
Harvesting 7 2828 Harvesting 7 2828
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The 1interaction was significant at the tallering and
flowering stages In the soils of low clay content lower levels of
K gave maximum yield but for soils with higher clay contents

highest level of K gave maximum straw yleld

32 Nutrient compositron of straw

321 N content in the straw

The analytical data on N content of straw determined at
three different stages are given in Tables 17 and 18 and their

analysis of variance 1in Appendix V

As given 1in the table N content was maximum during the
tillering stage But the treatments did not give significant
difference between solls or between different levels of K
application at this stage For the highest level of K application
(60 kg ha—lj maximum N content was recorded in the soil with 44 per
cent clay In the tillering stage, metabolic activities are also
on a high rate and the maximum absorption of nutrients take place
But during flowering and harvesting stages, a gradual decrease can
be noticed in all the treatments This 1s due to the increased dry
matter accumulation The nutrients taken up by the plang get
distributed between the part of the plant for which the crop is
mainly yrown that 1s grain, and the rest of the plant which 1is

often of less economic value
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lhen the treatments were pooled together, a significant
difference was noticed between soirls in the N content of the straw
at the flowering and harvestiny stayes (Table 18). Coarse textured
so1ls recorded low content of N (2 206 per cent) in the straw than
in the fine textured ones (3 284 per cent) This 15 because the
organic matter content and nitroyen present in a soil 1s influenced
by 1ts texture Because of the lower moisture content and the more
ready oxidation occurring in the lighter soils they are having
less organic matter and nitrogen than the heavier soils So the

absorption of N was less 1in the liyhter soils

When different levels of K applications were compared
\

significant differences were obtained 1in the floweriny and
harvesting stages Thi1s i1ndicates that potassium 1s essential for
ensuring efficient utilisation of N Nitrogen and potassium bexiny
the essential nutrients for rice crop, both hawe to be applied
together so as to yet maximum returns from the crop Mondal (1982)
reported a 16 per cent yield increase in rice by the combined
application N and K fertiliser than the application of N alone The
positive effect of potassium on the absorption of N might be due to
the ability of potassium to reduce the fixation of NH;. in the

soi1ls(Gupta et al , 1971)

The :interaction of soils and levels of K application did not

yive any siynificant effect on the N content of the straw



Table 17 Mean values of N content (%) and N uptake (g pot-I ) as affected by different treatments

at different stages of crop growth

N content N uptake
LA MO S o oo oo e et e e e e e o o e e e e e e o o e e et o o e
Tillering Flowering Harvesting Tillering Flowerang Harvesting
stage stage stage
S_1 Kl 2 3610 2 0120 0 4960 0 0489 0 3140 0 0620
51 K2 2 4740 2 0010 0 5100 0 0639 0 5400 0 0870
Sl K3 2 8030 2 0960 0 5300 0 1020 0 3310 0 0960
51 K4 3 1280 2 7100 0 6400 0 0617 0.4400 0 1170
52 K1 3 2520 2 8800 0 5760 0 1766 0 2940 0.1170
52 K2 3 3740 3 0570 0 6200 0 1925 0 5270 0 1690
52 K3 3 5410 3 0600 0.6440 0 2376 0 7850 0 2140
52 K4 3 6430 3 0530 0 7420 0 1791 1 1600 0 3420
Sé Kl 3 2420 2 9720 0 7430 0 0993 0 2800 0 0870
53 K2 3 3130 3 0600 0 7450 0 1642 0 3870 0 1070
53 K3 3 4410 2 9700 0 9330 0 1868 0 3620 0 1350
53 K4 3 7300 3 3400 0 9360 0 1258 0 4920 6 1570
S4 K1 3 4500 3 1900 0 9340 0 1821 0.3340 0 1450
S4 K2 3 6540 3 1300 0 9400 0 1847 0 5410 0 2510
S4 K3 3.8320 3 3180 1 0360 0 2157 0 8180 0.3370
S4 K4 3 8910 3 4880 1 0230 0 3001 1 3780 0 5330

CD (5%) NS 0 2879 NS NS NS NS
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3.2.2. N uptake by the straw

Effect of various treatments on the uptake of N by the rice
straw 1s presented 1in Tables 17 and 18 and their analysis 1n

Appendix V

In all the treatments, the uptake of N was found to increase
till flowering staye and then it get decreased at the stage of
harvestiny The highest uptake at flowering was noticed for the
so1l with 44 per cent clay, for the 60 kg KZO application The
increase in the first two stages was due to the 1increased dry
matter accumulation  But at the harvesting stage, N in the straw
get translocated into the grain and the content in the straw was

less which resulted in the low uptake of N at this stage

When the sorls were compared for the uptake of N,
significant differences were noticed at the tillering and
harvesting stages Vigorous absorption of the nutrients 1in the
tillerang stage and the rapid translocation at the harvesting stage

accounted for this effect

When the various levels of K were compared, siynificant
differences were noticed at the harvesting stage then no K
fertiliser was applied the uptake of N was only 0 103 g pot_'1 whach>
increased to 0 237 g potul with the highest level of K application

(60 kg K0 na™l) at this stage Increased uptake of N with



Table 18 Meanvalues of N content and N uptake by the rice straw as influenced by soirls and
different levels of K application

Soirls  Tilleriny Flowering  Harvesting Levels Tillering Flowering  Harvesting

51 2 560 2 206 0 5430 Kl 3 075 2 764 0 6880

N co?tent 52 3 452 3.018 0 6460 K2 3 070 2 816 0.7030
v 53 3 429 3 086 0.8390 K3 3 404 2 861 0.7860

S4 3.707 3 284 0.9830 K4 3 599 3 149 0.8350
€D (5%) NS 0.1445 — 0-08181— NS 071445 008181

51 0 0691 0 4060 0.0900 K, 0 1592 0 3050 0 1030
N upteke
-1 S, 0 2126 0 6910 ¢ 2110 K, 0 1510 0.9990 0 1530
(g pot 7)
Sq 0.1432 0 3800 0 1210 K3 0 1590 0 5740 0 1950
S, 0 2111 0 5730 0.3170 K, 0.1670 0.6820 0.2870
CD (5%) 0 4413 NS 0.05671 NS NS 0 05671

(8qs
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application of K was reported by Muthuswamy et al (1974) and

Mengel et al (1976)

Interaction of ¢lay content and K levels did not give

significant difference in the N uptske at any of the stages

3.3 P content of the straw

Content of P 1n the rice straw at various stages as affected
by different treatments 1s presented in Tables 19 and 20 and their

analysis in Appendix VI

It 1s clear from the table that the content was maximum at
the floweriny stage At the harvesting stage a decrease 1in the
content was noticed Due to the 1increased dry matter accumulation
and translocation to the ygrains, the content was less at this

stage

When the soils were compared for the content in the straw
(Table 20) significant differences were noticed at the tillering
and the harvesting stages The content was comparatively higher
for the coalse textured soils 1in the 1nitial stages and at the
harvesting stage & maxamum content 0 22 per cent was noticed for
the soil with more than 40 per cent clay Ksolinite 1s the major
mineral in laterite solls and the added phosphate gets fixed in the

broken edges of this mineral So the availabilaty wzll be

)

AL
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Table 19 Mean values of P content (%) and P uptake ( § Pot  } in rice straw as influenced

by dirfferent treatments at different stages of crop growth

F content P uptake
Treatments - ———-—mremem e e e e e ——C oo
Tillering I'loweraing Harvesting Tillering Flowering Harvesting

S, X, 0 3240 0 3241 0 1291 0 0069 0 0512 0 0161

5, K5 0.3381 0 3563 0 1763 0 0091 0 0611 0 0292

5, Kq 0 3444 0 3511 0 1232 0 0126 0 0561 0 0210

5, K, 0.3442 0 3792 0 2580 0 0064 0 0552 0 0421

S, K, 0 2453 0 2432 0 1134 0 0186 0 0253 0 0222

S, K, 0 2262 0 2634 0 2451 0 0152 0 0561 0 0694

S, Ky 0 3191 0 3881 0 1982 0 0263 0 0831 0 0690

S, £, 0 3090 0 3730 0 1983 0 0185 0 1081 0 0941

S4 Ky 0 3191 0 3811 0 1311 0 0115 0 0272 0 0152

S5 K, 0 2362 ¢ 3151 0 0682 0 0159 0 0301 0 0100

Sy K3 0 2420 0 3082 0 0794 0 0167 0 0422 0 0111

Sy K, 0 2981 0 3151 0 1323 0 0108 0 0431 0 0552

S, K, 0 3030 0 3241 0 1311 6 0172 0 0312 0 0442

S, Ko 0 2552 0 3100 0 1113 0 0189 0 0411 0 0323

S, Kg 0 3031 0 3332 0 1342 0 0185 0 0731 0 0471

S, K, 0 3810 0 3583 0 1541 0 0280 0 0542 0 1092

cp (5%) 0 05632 0 03714 0 03412 NS 0 02163 NS
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initially lIow Moreover, dissolution of the phosphates 1n the
flooded soil releases P in an available from resulting in more
availability towards the later stages  However, on comparing all
the four soils, in all stages, P content was less in the soil with
37 per cent clay The low availability of P with respect to the
so1l 1s attributed to its greater fixation in this soil by the 11

type of mineral and some interstratified mineral

When the different levels of K applications were compared
{(Table 20) for the content of P 1in the straw, a significant
difference was noticed at the flowering and harvesting stages. At
the flowering stage the absorption P found to be maximum and the
response to P was more when K was applied This 1s 1n agreement

with the findings of De Datta and Gomez (1982)

Interaction between clay content and potassium applications
war significant at all the stages, when the P content in the straw
was considered. The response of P was greater when K was applied
However some variations could be observed at higher levels of K
application in some soils which 1s due to the differences in the

mineralogzcal composition of these soils

3.4. Uiptake of P by straw

Uptake of P at different stages are given in the Tables 19

and 20 and their analysis of variance in the Appendix VI



Table 20 . Mean values of P content and P uptake by the rice straw as influenced by soils and different

levels of K applacation

Soal Tillering Flowering  Harvesting Levels Tillering  Flowering  Harvesting

s, 0 3400 0 3520 0 1690 K, 0 2971 0 3031 0 1710

52 0 2991 0 3422 0 1893 K2 0 3110 0 3000 0 1501
P content S, 0.2992 0 3303 0 1512 Kg 0 3450 0 3280 0 1710

(%)

54 0 2853 0 3311 0 2201 K4 0 3560 0 3081 0 2760

Ch (5%) NS 0 02943 0 01723 0 01861 NS 0 01723

51 0 0088 0 0560 0 0270 Kl 0 0128 0 0341 0 0190

52 0 0214 0 0740 0 0630 K2 0 0143 0 0480 0 0351
P uptake

1 53 0 0134 0 0350 0 0230 K3 0 0151 0 0631 0 0470

(g pot ™)

S4 0 0196 0 0500 0 0580 K4 0 0159 0 0680 0 0750

Ch (5%) 0 00672 0.01081 0.01523 NS 0 01081 0 01523

f’f? !ZR



In all the treatments uptake of P was found to 1increase
rapidly till the flowering stage and then a slight decrease was
noticed The 1increase 1in the uptake may be due to the greater
absorption of P ti1ll the flowering stage 1n addition to the dry
matter accumulation But at the harvesting stage the uptake was

low due to the translocation of the nutrient to the grain

When the soils were compared (Table 20) for the uptake of P,
a significant difference was noticed among the soils at all the
three stages This could be attributed to the differences in the
avallability of the nutrient and the dry matter accumulation at

each stage

The different 1levels of K application gave significant
differences in the uptake of P at the flowering and harvesting
stages With no K application, the uptake of P was only 0 034 g
pot ¥ uwhich increased to 0 048, 0 063 and 0 068 g pot * at the
floweriny stage At the harvesting stage alsc the uptake was high
with the application of K fertiliser Increased uptake of P by the

application of K fertiliser was also reported by Muthuswamy et al,

(1974), Mengel et al (1976) and Singh and Singh (1987).

The interaction effect was significant only at the flowering
stage for the uptahe of P  The differences in the availability of
the nutrients in soxls with differiny clay content resulted in the

interaction at this stage

O



3.5. K content in the straw

The content of K 1in the straw at the different stages of
growth of paddy as influenced by treatments 1s presented 1n
Tables 21 and 22 and their analysis of varliance 1in Appendix

VII

The K content was maximum during the tillering stage and the
maximum K content was noticed with the highest level of K
application in the soil with more than 40 per cent clay  Potassium
found to regulate various metabelic processes and absorbed at a
rate almost parallel to the dry matter production but there 1s no
marked translocation of this element from the vegetative organs to
the grain as compared to N and P However, the content decreased
gradually with respect to the growth of the plant and with
increased dry matter accumulation This may be the reason for the

decreasinyg trend noticed in the content at the later stages

When soils were compared after pooliny the treatments
together there noticed a significant difference in the K content
in all the stages The maximum K content was recorded for soil
with more than 40 per cent clay followed by soils with 28,37 and less
than 10per tent ¢lay.The values were 2 9, 2 845, 2 4 and 2 287 per

cent respectively (Table 22)

The continuous and adeguate potassium nutrition of plants

depends mnot only on the amount of plant available K 1in soils



Table 21 Potassium content and potassium uptake of straw as influenced by the treatments at different

periods of crop growth

Potassium content (%) Potassium uptake (g pot—l)
Treatment = ~=— - m e e e e e e e e e e e — e
Tillering Flowering Harvesting Tillering Flowering Harvesting

Sl Kl 2 048 1 748 1 531 0 0430 0 2731 0 1881

Sy K, 2 182 1 901 1 831 0 0460 0 2992 0 3100

51 K3 2 313 2 102 1 700 0 0840 0 3574 0 3072

51 K4 2 331 2 131 2 090 0 1160 0 3422 0 3390

52 KI 2 452 1 471 1 401 0 1330 0 1503 0 2573

52 K, 2 961 1 651 1 570 0 1690 0 2900 0 4221

52 K3 2 852 1 531 1 501 0 1970 0 3911 0 5092

52 K4 2 623 1 701 1 680 0 1280 0 6472 0 7974

5‘3 KI 1 971 1 871 1 201 0 0600 0 1763 0 1401

S‘3 K, 2 604 2 032 1 881 0 1321 0 2321 0 2712

53 K3 2 631 2 091 2 021 0 1430 0 2482 0 2970

53 K4 2 702 2 101 1 930 0 0811 0 3013 0 3303

>4 Kl 2 023 1 700 1 320 0 1030 0 1361 0 2091

S4 K2 2 701 1 701 1 470 0 1370 0 2792 0 4282

54 KS 2 802 1 570 1 480 0 1581 0 4303 0 4591

S, K, 3 083 1 651 1 610 0 3060 0 3061 0 8350

CD (5%) NS NS NS NS 0 14962 NS

(8,




(solution K) but also on the rapid renewal of its supply The clay
minerals like 1llite, smectite and vermiculite can retain K+ on
their inner and planar surfaces The gquantity and type of minerals
present in the soirls may be varied and this may be the reason for
the differences 1n the response of K in soils of varying texture
Such minerals act as the source of non-exchangeable K which will

be available during the later stages of crop growth

When the different levels of K applications were compared, a
significant diafference 1n the K content was noticed at the
harvesting stage  The highest K content was noticed at the highest
level of K application n all the stages Similar results were
reported by Ishizuka (1965) 1in rice soils This result 1indicated
the luxuriant consumption of potassium by the rice plant with

increasing levels of K application
The interaction between clay content and different levels of
K application did not give a signaficant effect on the K content of

plants at any of the sampling stages

36 Potassium uptake by the straw

Potassium uptake as influenced by different treatments at
different stages of growth 1s presented in Tables 22 and 23 and the

analysis of variance in Appendix VII



Table 22 Mean values of potassium content and potassium uptake as influenced by soils and

levels of K application

Soi1ls  Tillering Flowering Harvesting Levels Tillering [Flowering  Harvesting
51 2 287 2 208 788 KI 2 613 1 698 1 361
K content S 2 B45 1 645 537 K 2 613 1 820 1 687
(%) 2 2
53 2 400 2 050 758 K3 2 650 1 800 1.675
54 2 900 1 654 475 K4 2 683 1 946 1 836
€D(5%) 0 03052 0 19591 22032 NS NS 0 22032
S 0 0571 0 310 286 K1 0 1487 0 184 0 198
K uptake 52 0 1811 0,358 496 K2 0.1213 0 273 0 358
(g pot™d) s
3 0 1174 G 240 260 KS 0.1267 0 358 0 393
54 0 1682 0 273 483 K4 0 1271 0 408 0 575
cp(5%) 0 06041 0 07592 12993 NS 0 07592 0 12993

cgbs
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It was found that the uptake of potassium ¢radually
i1ncreased as the growth advanced This could be attributed to the
increase in Lhe dry matter accumulation at the later stages without
much translocation of the nutrient In rice, potassium uptake
occur fast and the amount that 1s absorbed up to the maximum
ti1llering increased both the number of panicles and grain weight
whereas K absorbed after panicle initiation only improved the grain

weaght (Panda, 1984)

When the soils were compared, 4 significant difference was
obtained at all the slages The uptake was maximurt for soil with
28 per cent clay an all the sampling stages The increase 1in the
uptake of K 1s due Lo the greater dry matter production as
influenced by other favourable situations without any yrain yield
increase It 1s seen that light textured soils with predomlnance
in kaolinitic clay showed a fair level of available K and plants
absorb all the K that 1s available in the growing medaum. Thas
accounts for the increased absorption of K in this soil This
finding 15 i1n confarmation with that of Bandyopadhyay and Goswami
(1988) who observed that the concentrations of K' 1n so1l solution
increased much 1n kaolinitic soi1l with higher levels of K

application as compared to alluvial and black soils

When the different levels were compared a siygnificant
difference in the K uptake was noticed at the flowering and

harvestiny stages with 1increasiny levels of K application,



H

Due to the luxury consumption an 1ncrease in the dry matter

production was also potaced

The interaction between clay and K application gave
siynrficant differences at the floweriny stage k" that 1s yet
fixed after application of potassic fertillzersr;eleased slowly at
the later stages and that helped 1in restoriny the initial level of

exchangeable K

3 7. Ca content of straw

The content and uptake of Ca 1n the straw at different

growth stages as influenced by different treatments are given in

Tables 23 and 24 and the analysls of variance in Appendix VIII

It has been found that the content was higher 1in the
trlleriny staye and there was a gradual decrease upto the
harvesting stage This may be due to the low level of nutrient

absorption at the later stages

When the soils were compared, the content did not give
significant difference at any of the stages When the treatments
were pooled together a maximum content of 0 4415 per cent was
recorded for the so1l with 28 per cent clay This may be

attributed to the more absorption of Ca in this soal.



Table 23 Calcium content and calcium uptaxe of straw as influenced by different treatments at

different growth stages of rice

Calcium content, (%) Calcium uptake, (g pot_l)
Treatment
Tilleriny Flowering Harvesting Tillering Flowering Harvesting

S1 Kl 0 1441 0 1244 0 0947 0 0013 0 0193 0 0090

51 K2 0 1472 0 1340 0 1088 0 0017 0 0210 0 0217

Sl K3 0 1357 0 1152 0 0913 0 0022 0 0116 o 0190

5, K, 0 1408 g 1408 0 1040 0 0015 0 0223 0 0176

52 Kl 0 1344 0 1218 0 1024 0 0062 0 0123 0 0167

52 KZ 0 1216 0 1024 0 0739 0 0043 0 0280 0 0217

52 K‘3 0 1918 0 1089 0 0895 0 0054 0 0283 0 0193

52 K, 0 1408 0 1211 0 1024 0 0052 0 0476 0 0473

53 K1 0 1217 0 1441 0 1152 0 0050 0 0126 0 0180

Sa K, 0 1402 0 1297 0 1088 0 0036 0 0163 0 0160

53 K3 0 1409 0 1108 0 0895 0 0019 0 0476 0 0297

54 K, 0 1600 0 1111 0 0090 0 0019 0 0156 0 0140

54 Kl 0 1408 0 1175 0 0884 0 0038 0 0123 0 0160

S, K, 0 1280 0 2410 0 1036 0 0037 0 0210 0 0280

S4 KS 0 1281 0 1024 0 0820 0 0035 0 0250 0 0257

54 K4 0 1472 0 1216 0 1024 0 0079 0 0230 0 0327

CD (5%) 0 03272 NS NS N5 0 02601 NS

cgh
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When the different levels were compared, there was no
significant difference in the Ca content except at the flowering
stage At this stage with the third level of K application, the
calcium content was less than the control This may be due to the
increased absorption of K which hindered the absorption of Ca
But in the other two stages, plants had taken up adequate

guantities of Ca to meet the plant reyuirement

The 1nteraction was significant only at the tillering
stayge In the event of better supply of one nutrient that 1s
patassium, the uptake of other nutrients may decrease due to the

negative 1nteraction

38 Uptake of calcium

The uptake of calcium by the straw at three growth stages
as influenced by different treatments are presented in Tables 23
and 24 and their analysis of variance 1n Appendix VIIT

wad

Uptake of calcium, found to increase with increase in the
dry matter accumulation Though the content get decreased, dry
matter weight was increased as the growth advanced, which accounts
for the increased uptake  Also the translocation of this nutrient

1s less as compared to N and P

When the treatments were pooled together, the soils of

varyiny texture gave significant differences 1in the uptake of



Table 24 Mean values of calcium content and calcium uptake in the rice straw as influenced by soils

and different levels of K application

Soals Tilleriny  Flowering  Harvesting Levels Tillering Flowering  Harvesting
51 0 1429 0 1285 0 0897 Kl 0 1368 0 1178 0 1022
Calcium 52 0 1441 0 1152 0 0963 KZ 0 1343 0 1227 0 0984
content
(%) 53 0 1422 0 1214 0 1013 Ks 0 1449 0.1093 0 0881
S4 0 1408 0 1164 0 0941 K4 0 1475 0 1254 0 0984
€D (5%) NS NS NS NS 6 01051 NS
51 0 0017 0 0201 0.0161 K1 0 0041 0 0142 0 0137
Calcium 52 0 0053 0 0270 0 0292 K2 0 0336 0 01393 0 0100
uptake
-1 ) 0 0031 0.0147 0 0140 K 0 0032 0 0210 0 0220
(g pot ) 3 3
S4 0 0047 0 0202 0 0251 K4 0 0041 0 0273 6 0280
€D (5%) 0 00172 0 00431 0 00672 NS 0 00412 0 00672

bE Yy
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calcium The uptake was maximum 1n the soil with 28 per cent clay

in all the three stages The increased dry matter production in

this so1l accounted for this value

When the different levels of K application were compared a
significant difference 1n the uptake was noticed at the flowering
and harvesting stages Maximum uptake was noticed at the highest
K level,This 1s attributed to the increased dry matter accumulation
noticed at this stage with K application Ca content at the same

stage was insiynificant

In all the stages interaction of clay content with K

application levels do not give any significant difference

3.8. Content of Mg in the straw

The analytical data i1s given in Tables 25 and 26 and their

analysis of variance in Appendix VIII

The content was found to decrease after tillering stage

The content was lower when compared to calcium.

When the different treatments were pooled together, there
was a significant difference obtained amony soils of varying
texture and maximum content was noticed in 53. The differences

could be attributed to the variations in the level of exchangeable



Table 25 MHagnesium content and magnesium uptake of rice straw as influenced by different treatments

at different growth stages of rice

Magnesium content (%) Magnesium uptake (g pot-lj
Treatments —rme—~r oo s o e e e e e e e e e e e e s —m s
Tillering Flowering Harvestaing Tillering I'lowering Harvesting

Sl Kl 0 0850 0 0844 0 0613 0 0018 0 0130 0 0057

Sl Kz 0 0844 0 0808 0 0680 0 0022 0 0120 g 0107

51 KB 0 0835 0 0615 0 0600 0 0030 0 0100 0.0106

51 K4 0 0280 0 0606 0 0530 0 0015 0 0100 0 0087

52 Kl 0 0746 0 0993 0 0842 0 0083 0 0100 0 0160

52 K2 0 0993 0 0886 0 0835 0 0058 0 0140 0 0230

52 K3 0 08920 D 0837 0 0768 0 0075 0 0200 0 0230

52 K4 0 0837 0 0817 0 0690 0 0044 0 0286 0 0327

5‘3 K1 0 1228 0 1128 0 1075 0 0062 0 0140 0 0127

53 K2 0 1290 0 1042 0 1130 0 0099 0 0140 0 0167

53 KS 0 1297 0 1126 0 1069 0 0064 0 0130 0 0133

53 K4 0 1144 0 1150 0 9930 0 0042 0 0170 0 0160

54 Kl 0 1197 0 1075 0 0993 0 0064 0 0130 0 0173

54 K2 0 1197 0 0990 0 0938 0 0082 0 0173 0 0260

54 K3 0 1074 0 0917 0 0845 0 0058 0 0106 0 0253

54 K4 0 1077 0 0846 0 0769 0 0084 0 0167 0 0207

CD (5%) NS NS NS NS 0 00912




Mg 1n these soils The exchangeable bases are normally high 1n

clayey soils

IVhen the different K levels were compared a significant
difference was noticed at the flowering and harvesting stages
The content was high in the lowest level of K application The
antagonism between K and Mg has been noticed 1in rice at all the
stages Generally this "K induced Mg deficiency' has been
observed either in soils which are deficient in both K and My or

under conditions, where high rates of K are applied

3.10 Uptake of Mg by the straw

Uptake of My at the different growth stages are presented
in Tables 25 and 26 and their analysis of variance in Appendix

VIII

Due to the increase 1n dry weight the uptake was found to
rncrease upto the harvesting stage Though the content in the
plant decreased with 1ncrease in K availability, the plants were

however able to take up adegquate My for their growth

When the treatments were pooled together, soils of varying
texture showed significant differences in the Mg uptake at all the
stages So1l with 28 per cent clay showed highest uptake 1in the
first two stages and soil with more than 40 per cent clay showed

maximum uptake at the harvest This could be due to the



Table 26 Mean valves of magnesium content and magnesium uptake of the straw as affected by soils

and levels of K application at different stages of crop growth

Soils Tillering  Flowering  Harvesting Levels Tilleriny  Floweriny Harvestinyg
51 0 0803 0 0720 0 0608 0 1025 0878 0 0748
Mg 52 0 0977 0 0885 0 0785 0 1082 0886 0 0897
content S, 0 1240 0 1112 0 1067 0 1033 0875 0 0871
(%)
54 0 1137 0 0958 0 0886 0 1018 0922 0 0747
CDh (5%) 0 01261 0 01072 0 00922 NS 01073 0 06922
Sl 0 0021 0 0140 0 0033 0 0029 0140 0 0132
g
uptake 52 0 0063 0 0180 0 0257 0 0026 0127 0 0191
(g potﬂl) 53 0 0054 0 0130 0 0153 0 0051 0260 0 0209
S, 0 0067 0 0180 0 0133 0 0460 0173 0 0195
Ch (5%) 0 0025% 0 00482 0 01973 NS NS NS

26,
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difference in the dry matter accumulation in these soils along

with differences in the nutrient absorption

The different K levels and interaction of clay and K

treatments did not give any significant effect on the Mg uptake

3 11 Yield and composition of grain

3.11 1 Yield of grain

The yield of grain as affected by the different treatments

and 44§ 4

1s given 1n Tables 27 and ZEh and the analysis of varrance in

Appendix IX

The maximum grain yleld was recorded for the soil with more
than 40 per cent clay In the first three soils, maximum grain
yield was obtained at the third level of K application The
values were 13 567, 25 5 and 19 867 g potdl respectively The
so1l with more than 40 per cent clay showed an 1increase 1in the
grain yield at the fourth level of K application (60 ky ha—l)
1e, 4817 g pot-l This shows that potassium applied 1in excess
of the reqguirement will be absorbed by the plant snd utilised for
the vegetative growth However, 1in the soils of high clay

content, higher grain yield was obtained at the highest level of K

application due to 1ts better K+ saturation

The response to potash application on grain yield of HYV of

rice was obtained by Sen et al (1969) 1in lateritic soils of



Table 27 Yield, nutrient content and nutrient uptake of grain

Nutrient content ( %) Nutrient uptake (g pot_l)
Treat- Yield — --r==--essemmmrm e e e mmme—mmmmm e
ments (g) N P K Ca Mg N P K Ca Mg
51 Kl 6 8670 2 2833 0 3160 1 2450 0 0355 0 0127 0 1600 0 0200 0 2881 0 0024 0 0009
Sl K2 g 3330 2 3967 0 3203 1 3460 0 0359 0 0150 0 2240 0 0310 0 1272 0 0039 0 0014
51 KS 13 5670 2 6033 0 2670 i 2890 0 0366 0 0150 0 3530 0 0360 0 1731 g 0057 0 0021
Sl K4 11 5000 2 6433 0 3603 1 4280 0 0380 0 0127 0 2890 0 0410 0 1640 0 0049 0 0015
52 Kl 18.1670 2 1890 0 2736 1 1300 0 0430 0 0130 0 3980 0 0500 0 2141 0 0095 0 0027
52 K2 20 6670 2 5100 0 3203 1 1150 0 0461 0 0161 0 5190 0 0540 0 2480 0 0091 0 0034
52 KB 25 5000 2 2477 0 2937 1 1810 0 0477 0 0157 0 6270 0 0730 ¢ 2880 0 0121 0 0039
52 K4 21 8330 2 5087 0 3403 1 1140 0 0451 0 0150 8 5470 0 0740 0 2880 0 0101 0 0033
53 Kl 10 8330 2 5430 0 3113 1 2920 0 0485 0 0193 0 2750 0 0350 0 1350 0 0056 0 0021
53 Ké 14 6770 2 6230 0 2243 1 2710 0 0487 0 0218 0 3840 0 0330 0 1790 0 0068 0 0032
53 K3 19 9670 2 7067 0 2633 1 2860 0 0422 0 0216 0 5400 0 0370 0 2000 0 0084 0 0043
53 K4 16 7330 2 7160 0 3610 i 3360 0 0345 0 0206 0 4540 0 0570 0 1700 0 0060 0 0034
54 Kl 18 0670 2 5700 0 2603 1 0780 0 0384 0 0196 0 4710 0 0420 0 2130 0 0069 0 0035
54 K2 33 0000 2 7230 0 2563 1 2460 0 0502 0 0184 0 9060 0 0890 0 3870 0 0162 0 0062
54 K3 38 0000 2 7560 0 2227 1 3390 G 0477 0 0184 1 0490 0 0870 0 5500 0 0182 0.0071
54 K4 48 1670 2 8060 0 2453 1 6720 0 0480 0 0196 1 3510 0 03980 0 8032 0 0214 0 0094
CD (5%) NS NS 0 05742 NS NS NS NS NS NS NS NS

CGOT
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-1
Midnapore with application of 50 kg ha KZO’ =~ by Goswaml et al.
(1971), Sahu (1963) and Rao et al (1971) on medium fertility soils

at Bhubaneswar Mukherjee (1964) reported the average respo/se t‘?‘Oer
¢

SO\
2

the application of 40 kg KZO ha -1 1n so1rls of Birhar in LI:H clay

so1ls responded best, followed by sandy soils. KE \LAN\KK"R” m
)
p )
W o
When the soils were compared there was a sz.gmfz@ent 4
BF~Y

difference in the grain yield for the different soils Max 1 munt
yreld was recorded for soil with more than 40 pei cent clay
irrespective of the treatments The next higher yield was
recorded for 52‘ followed by 53 and 51_ The yield decrease noticed
for 53 could be due to the poor availability of nutrients in this
so1rl. Eventhough the nutrient composition of this soil is
comparable to the other soils, the yield was very low The added

nutrients may not be fully available due to the effect of various

clay minerals, in this soil .

There was a significant difference in the yreld for various
levels of K application Maximum yield was recorded in the third
level of K application 1 e., 40 kg KZO ha 1 An yield increase of
79 5 per cent was recorded over the control at this level The
dose of K that 1s being recommended by the Kerala Agricultural
University for short duration variety in sandy loam soils of
Kerala 1s 35 kg K,0 ha 1 (Anon 1989)  From the results it
appears that the pclltass.wm beyond 40 kg K20 ha-I may not be

beneficial 1n the soils taken for the present study. Sakeena

(1988) also reported an y:reld increase in rice for 35 kg KZD ha_l



Table 28 Mean values of grain yield, nutrient composition and uptake of nutrients hy grain as influenced

by soils apnd levels of K application

Grain Nutrient content (%) Nutrient content (%)} Grain
So1ls yreld  —mmoommmemm e e Levels ==-c-mmmmmmm e e e e yield
(g) N P K Ca Mg N P K Ca Mg {g)
Nut- Sl 10 3420 2 4817 0 3209 1 329 0 0364 0 Q138 2 3964 0 2203 1 1860 0 0416 0.0166 13.5080
rient
Con- 52 21 5420 2 4142 0 3170 1 145 0 0457 0.0154 2 5633 0 2903 1 2550 0 0452 0 0178 19 4170
tent
(%) 53 15.5500 2 6472 0 2893 1 296 0.0435 0 0209 2.6286 0 2609 1.2760 0 0434 0 0177 24 2580
S4 29 8080 2.7142 0.2712 1 334 0 0461 0 0190 2 6689 0 3268 1 3870 0 0414 0 0169 20 0580

€D(5%)3.62621 0 76412 0.02881 NS 0 00438 0 01521 0.07641 0 02882 NS NS NS 3.62621
Nut- 51 0.2570 0 0330 0 1380 0 0042 0 015 0 3260 0 0430 0 1630 0 0061 0 0023
rient
up- 52 0 5230 0 0680 Q.2590 (¢ 0102 0O 0330 0 5080 O 0560 0 2350 © 0030 0O 0036
take
(g 53 0 4130 0 0450 0 1710 0O 0067 0 0330 0.68420 ¢ 0620 0 3030 0 0111 0.0043
pot ~1)

S4 0 8180 0 0800 Q0 3700 0 0140 0 0570 0 5340 0 0640 0.2380 0 0088 0O 0035
CD(5%) 0.10172 0 01161 0 16003 0.01723 0.00893 0 10172 0 Q1161 0 16003 0.01723 0 00893
- (s
i O’L
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Grain Yield 1n So1ls Differing in Clay Content

Plate 7.

Plate 8.
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over control Houever Robinson and Rajagopal (1877) obtained
linear response of rice upto 60 ky KZO ha-l in soils of Tamil Nadu
and Agarwal (1980) observed significant yield increase up to 80 kg

K0 ha ! in rice

The interaction effect was not significant for the grain
yield Correlation coefificient was worked out for the grain yield
with different fractions of K in soirl and was maximum correlated
with the nitric acid seluble K fraction (r = 0.8831**) indicatang
the contribution of k¥ from this fraction The rate of
replenishment from the non-exchangeable K to exchangeakle K 1s
thought to be more rapid under submeryed conditions Chang and
Feng (1960) observed that while exchangeable potassium varied
slightly among flooded soils belonginy to different soirl ygroups,
non-exchangeable potassium varied much more. Rice grown under
submerged conditions took up a larger proportion of 1ts total K

from the non-exchangeable fraction, then 1t dad under upland

conditions (Wu, 13960)

3 11 2 [Hutrient composition of grain
3 11 2.1 Nitrogen comtent 1in grain

The nitrogen content of grain as affected by different
treatments L8 presented in Tables 27 and 28 and the analysis 1in

the Appendix I\

The N content of grain was found to increase with higher

10
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proportions of clay in soils In soil ccntaining more than 40 per
cent clay N per cent of 2 806 was obtained at the highest level of

K application as compared to 2 6433 per cent 1in so1rl with less

than 10 per cent clay

When the soirls were compared after pooliny &ll the
treatments, a significant difference was noticed  Soal with more
than 40 per cent clay recorded a maximum of 2 7142 per cent

followed by soil with 37 per cent clay

When different levels were compared, the N content was
maximum for the highest level of K application 1 e , 2 66 9 per
cent and 1t was 2 396 per cent 1n control This showed that K
application can increase N content  significantly Thas
observation 1s 1in agreement with the findings of Koch and Mengel
(13877) But the content of N for the third and fourth level of K
application did not differ significantly Hence K applied at the

rate of 40 kg KZO ha_l will be more economical for yetting maximum

protein content

3 11 2.2 Nitrogen uptake by grain

The uptake of N by grain 1s presented in Tables 27 and 28

and the analysis in Appendix IX

The uptake was found to 1increase with 1increasing levels of

clay and K application This 1s due to the increased yrain yield

obtained for these trestments
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When the soils were compared maximum content was observed
for soil with more than 40 per cent clay  Statistically there was
significant difference in the uptake of N in ygrain The high
availability of N to the yrain 1s attributed to the high clay
percentage and the organic matter content 1in these so1ls The
nitroyenous fertilisers applied at the floweriny staye 1s mostly

utrlised 1n the grain production and that s reflected by higher

value of N in the grain

When the different levels of K were compared, there was
significant difference and N uptake was maximum at the third
level The soi1l and potassium 1interaction did not give much

influence on N uptake of grain

3.11.2 3 Phosphorus content 1in grain

Content of phosphorus 1n ¢grain 1s given in Tables 27 and 28

and the analysis of variance in Appendix IX

The data revealed that there 1s not of much difference 1n
the content of phosphorus in grain The value ranged from 0 2227
per cent for the third level of K application in the soil with
more than 40 per cent clay to 0 3610 per cent 1in the 4th level of

K application in the soi2l with 37 per cent clay

When the soils were compared there was a significant

difference in the phosphorus content  Highest value was noticed
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in the soil with less than 10 per cent clay (0 3209 per cent) and

the least value was in the soil with more than 40 per cent clay

(0 2712 per cent)

The different levels of potassium application gave
significant difference 1n the content of phosphorus in the grain
Maximum content was noticed for the highest level of application
of potassium Menyel (1976) also reported that phosphorus uptake

and translocation were highest with application of 60 kg KZO ha-l

The interaction between different levels of K application
and clay content gave significant differences in the phosphorus
content 1in grain The limated availability of phosphorus at the
higher level of potassium in Soils of high proportions of clay 1s

attributed to 1ts fixation by the predominant 1 1 type minerals in

thase soils

3,31 2 4 Phosphorus uptake by grain

The data on the uptake of phosphorus by the grain 1is
presented in Tables 27 and 28 and the analysis of variance 1n

Appendix IX

Uptake showed a variation from 0 02 g pcnt-1 1n the control

of soi1l with less than 10 per cent clay to a maximum of 0 089 y
-1

pot 1n the second treatment of the soil with the highest clay

content

D
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When the sorls were compared after pooling all the
treatments toyether maximum was for the soil with more than 40 per
cent clay (0 08 g pot-l) and the lowest value was for the soil
with less than 10 per cent clay (0 033 g pot-l) This could be

due to the variation noticed in the yield of grain

Vhen the different levels were compared, phosphorus uptake
was found to be increasiny with 1increasing K levels Phosphorus
was found to increase the grain weights and give a higher food

value to the rice by increasing carbohydrate production

The interaction was not significant and the uptake did not

vary much according to soirl-potassium interaction

3 11 2 5 Potassium content in grain

The data on the cantent of potassium in yrain is presented

in Tables 27 and 28 and the analysis of variance 1n Appendix IX

The content of K 1in grain varied from 1 078 per cent in the
sorl with more than 40 per cent clay for the contrel (no K)
treatment to 1 672 per cent in the same sorl with highest level of
K application Major part of potassium required by the plant 1s
absorbed before the booting staye and 1s mainly utilised for the
vegetative growth Only a minor portion 1s absorbed at the later

stage which 1s solely utilised for the grain production
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When the soi1ls were compared irrespective of the (given
treatments, maximum content was recorded in the soil with more
than 40 per cent and the lowest value for the soil with less than
10 per cent clay This may be due to differences in the

absorption of the nutrient in these soils

lhen the levels were compared gradual increase was noticed
with 1increasing levels of potassium application This could be
due to increased absorption of K by the plant at higher levels of

application and the effect was not significant

The interaction effect was not significant for the K

content

3.11 2 6 Uptake of potassium by the grain

The data 1s presented in Tables 27 and 28 and the analysis

of variance in Appendix IX

Maximum potassium uptake (0 55 g potdl) by the grain was
noticed 1in the soil with more than 40 per cent clay at the third
level of K application The lowest value (0 088 ¢ pot_l) was
recorded for the control (no K) treatment of the soil with less

than 10 per cent clay

When the soils were compared maximum uptake was noticed 1n

the soi1l with highest clay content and the lowest value was for

O
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the soil with less than 10 per cent clay The yield of grain
varied according to the soirls and hence the uptake was significant

with different proportions of clay

When the levels of K applications were compared the maximum
-1 nd the
uptake was obtained for the 3rd level (40 kg KZO ha ) a
yield was also maximum at this level and hence the uptake was

higher for that level

The ainteraction was not significant for the uptake of

potassium by grain

3.11.2.7 Content of calcium and magnesium 1in grain

The data are given 1n Tables 27 and 28 and the analysis in

Appendix IX

The calcium content was maximum for the soil with maximum
clay content at the second level of K application (0 502 per
cent) and the lowest with 37 per cent clay at the highest level of
K application The magnesium content was maximum for the soal
with 37 per cent clay at the second level of K application and the

lowest 1in the soxl with less than 10 per cent clay.

Highest content of Ca was noticed in the soil with more

than 40 per cent clay and of Mg was in the soil with 37 per cent
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clay Tne varaation could be attributed to the high saturation of

the CIC by these elements and 1ts subsequent availability to the

growang crop

The different potassium levels did not give significant
differences 1in the Ca and Mg content of grain The interaction

was also not significant

311 2 8 Uptake of Ca and Mg by grain

The data are presented in Table 27 and 28 and the analysis

of variance 1in Appendix [X

The upteke varied according to the yreld of grain and was
maxjmum 1n the soil with more than 40 per cent clay for the third
level of K application 1 e 0 182 g pc:t—1 in the case of Ca and
wag 0 071 g pot-l for Mg in the same soil at the sane level of K

application

Wnen the soils were compared, siynificant differences were
obtained for the uptake due to the differences in yield of grain

and the content of these nutrients

The different levels of K application also gave significant
differences 1in the uptake due to the changes in the absorption of

these two cations Maxamum uptake was obtained for the third
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level of K application and at the next higher Ievel a decrease
was obtained This could be due to the reduced avaxlability of

these nutrients at 1ncreased supply of K

The interactlon was not significant for the uptake of Ca

and Mg in the grain
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3.1. 5011 analysis

3.12.1, Water soluble patassium

The changes in the content of water soluble potassium 1in the
sorls during the different growth stages of paddy are presented in
Tables 29 and 30 and theirr analysis of variance in Appendix X

aay

The cantent of water soluble potassiun in soils, found to
decrease in the tillering stage as compared to the initial level in
the soxl  This may be due the increas¢d uptake of the water soluble
form at the active growth staye of rice However, at the flowering
stage a sliyht increase was noticed i1n many of the treatments and at
the harvesting stage a decline was noticed 1in almost all the

treatments

When the soils were compared a siynificant difference was
observed at tne flowering and harvestiny stages At the later stages
of yrowth the absorption by the plant roct 1s not that vigorous The
amount that 1s present in the soirl solution also gets varied due to

the differences in the mineralogy of each soil

In the present study, 1light textured soils have higher
concentration of solution K+ as compared to heavy textured soils
This 1s 1in agreement with the findinys of Nemeth et al (1970) who
reported that a slaght increase in the exchangeable K content caused

+
a steeper increase in the K concentration of so01l solution 1in sandy



Table 29

Water soluble, ammonium acetate extractable and nitric acid soluble potassium fractions in soils

as influenced by treatments at different stages of crop growth (me 100 g~

1

]

Water soluble K

Ammonium acetate extractable K

Nitric acid soluble K

LAt oo e o e e et e
rent Initial Tillering Flowering Harvest- Initial Tillering Flowering Harvest- Initial At the end
iinill 1ng level ing level of crop
in soxl in so1l growth
51 KI 0 0312 0 0112 0 0240 0 0102 0 0953 0 0624 0 0404 0 0427 0 6394 0 6290
51 K2 0 0312 0 0178 0 0217 0 0149 0 0959 0 0702 0 0757 0 0212 0 6394 0 4260
51 Ks 0 0312 0 0180 0 0170 0 0170 0 0959 0 0942 0 0634 0 0532 0 6394 0 3840
S1 K4 0 0312 0 0205 0 0287 0 0204 0 0959 0 0737 0 0441 0 0405 0 6394 0 6820
52 Kl 0 0448 0 0214 0.0229 0 0170 0 1518 0 1916 0 0550 0 0937 2 5800 2 2970
52 K2 0 0448 0 0243 0 0259 0 0220 0 1918 0 1860 0 0612 0 1129 2 5800 2 7280
S2 Ks 0 0448 0.0183 0 0162 0 0213 0 1918 0 1638 0 0905 0 1001 2 5800 2 4530
52 K4 0 0448 0 0256 0 0229 0 0206 0 1918 0 1389 0 0644 0 1749 2.5800 2 8130
53 Kl 0 0512 0 0177 0 0180 0 0256 0 2366 0 1743 0 1021 0 1001 2 3010 1 7900
53 K2 0 0512 0 0273 0 0251 0 0299 0 2366 0 2085 0 1048 0 1641 2 3010 1 8750
54 K3 0 0512 0 0270 0 0299 0 0341 0 2366 0 1706 0.0914 0 1236 2 3010 1 1500
53 K4 0 0512 0 0247 0 0234 0 0192 0.2366 0 1435 0 1301 0 1640 2 3010 1 1930
S4 K1 0 0256 0 0136 0 0141 0 0213 1 6620 0 1617 0 0796 0 1172 3 0690 2 1310
S4 K2 0 0256 0 0260 0 0141 0 0107 1 6620 0 1521 0 0819 0 0958 3 06390 4 0920
S4 K‘3 0 0256 0 0255 0 0161 0 0107 1 6620 0 1650 0 1516 0 0897 3 0690 4 1770
54 K4 0 0256 0 0143 0 0182 0 0143 I 6620 0 1629 0 0974 0 0873 3 0690 4 7510
D (5% NS NS NS NS NS NS 0 04412 ¢

erT
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so1ls as conpared to clayey soils

When varying levels of K application 1n soils were considered
no significant differences in the level of this fraction was noticed
at any of the growth stages  However a slight increase was noticed
over the control (no K application) at all the stages (Table 30)
Normally when potassium fertiliser 1s applied to a soil, the
potassium getsdlssociated into K+, and 1t will be either taken up by
the plants or subjected to absorption at different sites of clay
colloids Moreover, due to the luxury consumption of this element by
plants, all that 1is available 1in the growing medium will be absorbed
by the plant  This 1s the reason for not getting much difference in
the level of water soluble K in the soil that has received more of K

fertiliser at a particular time

The 1interaction between clay content and potassium levels did

not give any effect on the content of water soluble potassium

Correlation coefficienti was worked out for drfferent fractions
of K 1n so1l with dry matter yield and maximum correlation for water
soluble K was obtained at the flowering stage (r = 0 58152) This
1s due to the i1ncreased absorption of the solution form of potassium

from the soil which results in the increase of the dry matter weight

3 12.2. Ammonium acetate extractable potassium

The content of ammonium acetate extractable potassiur in the



Table 30 Mean values of water soluble, ammonium acetate extractable and nitric acid soluble potassium
as influenced by soils and levels of potassium application at different stages of

crop growth (me 100 g_l)

Name of the Initial Stages Stages
fraction Soils level 1R =e--—mmmmmm e Levels —~——mesmm— e
so1ls Tillerany Flowering Harvesting Tillering Flowering Harvesting

Water soluble 51 0 0312 0 0269 0 0231 0 0171 Kl 0 0159 0.0148 0 0192
potassium 5, 0 0448 0 0244 0.0220 0 0239 K, 0 0241 0.0217 0 0216
53 0 0512 0 0242 0 0241 0 0232 K3 0 0222 0 0210 0 0208
s4 0 06256 0 0199 0 0156 0 0142 K, 0.0222 0 0233 0 0206
CDh (5%) NS 0 00581 0 00622 NS NS NS
Ammonzum ) 0 0955 0 0726 0 0559 0 0394 K, 0 1500 0.0693 0 0684
acetate s, 0 1918 0 1711 0 0678 0 0209 K, 0 1517 0 0809 0 0785
extractable 53 0 2366 0 1742 0 1471 0 1379 K3 0 1484 0.0982 0.0917
potassium 54 0 1662 0.1618 0 1026 0 0975 K4 0 1297 0.0840 0 1171
CD (5%) 0 03131 0.02662 0 02931 NS NS NS
Nirtric acad 51 0 6394 - - 0 5300 Kl - - 1 8650
soluble
potass:um 5, 2 5800 - - 2 5720 x2 - 2 2810
s 2 3010 - - 1 5020 K - - 2.0410 ~
3 3 G
s4 3 0690 - - 3 5380 X, - - 2.1100 s
f—
€D (5%) 0.02212 0.02212 91
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so1ls as influenced by the different treatments at different growth

stages of rice 1s given in [lables 29 and 30 and the analysis of

variance in Appendix X

Compared to the initial level in the soils the content get
decreased both 1in the tillering and flowering stages (Table 29) 1n
almost all the treatments The decreasaing trend continued in the
harvesting stage also for some treatments  So the decrease in the
content could be due to the uptake by the plants But 1n some
treatments an aincrease 1in the content can be noticed at the
harvesting staye This may be due to the conversion from the non-
exchangeable form whlchtaeft unutilised by the plant due to the less

vigerous absorption at this stage

When the soils were compared, a significant difference was
noticed in the content in all the stages At the tillering stage the
values were 0 0726, 0 1711, 0 1742 and 0 1618 me 100 gnl for the
so1ls 1in the order of increasing clay content It get decreased to
0 0559, 0 0678, 0 1471 and 0 1026 me 100 g-l in the flowering stage
and 1n the harvestiny stage 1t was 0.03%%, 0 0209, 0 1379 and 0 0975
me 100 g-l It can be seen that the available K content increases
with increase in the clay content up to 37 per cent clay. But in the
one with more than 40 per cent clay 1t is less and the reason for
this variation 1in soils could be attributed to the fixation and

release of potassium to the water soluble form by the concerned clay

minerals present in them Decrease 1n the content represent a shift
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towards potassium deficiency while increase 1in evailable potassium

represents potassium burld up and a shift towards K sufficiency

When the different levels of K applications were compared,
there was no significant difference in the content at any of the
stages  But an 1ncreasing trend was observed with increasing levels
of applied K at the harvesting stage A substantial 1increase over

the control (no K) was noticed in the flowerang and harvesting stages

with application of K

The interaction was not significant at any of the stayges

Correlation coefficient was worked out with the dry matter
yield, and the ammonium acetate extractable K was maximum correlated
with dry matter yield at the tillering stage (r = 0.7582 **)
Potassium content of straw was also correlated significantly with
this fraction at tilleriny stage (r = 0 4726 ) This shows that
addition of fertilizers resulted only 1in the 1nitial utilisation by
the plant and at the later stages the contribution from thls

fraction become less significant

3 12 3. Nzitric acid soluble potassium

This fraction was determined only at the harvesting stage
The data are presented in Tables 29 and 30 and the analysis of

variance in Appendix X
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The data revealed that the content of HNO3- K 1increased in
some treatments at the end of the experiment But 1in some cases
there was a significant decrease observed Fixation of K appears to
start instantaneously and tends to decrease with time (Ramanathan and
Krishnamurthy, 1981) but the type of clay rinerals determined the
amount get fixed In the present study, where no fertiliser K was
applied, a decrease 1in the fraction was noticed at the end of the
experiment This clearly shows that in the absence of applied
potassium the contribution of non-exchangeable potassium to the total
potassium removal by crops 1s much mere as compared to the potassium
treated soils Similar results were reported by Singh and Ghosh
(1984)and Ganeshamurthy and Biswas(1985) Krishnakumari et al (1984)
reported that in a wheat-pearl millet rotation the level of NH4 OAc-K
reached a minimurnt and 90% of the total K uptake was from the non-
exchangeable form This 1indicated that there was a transformation
from the non-exchangeable form to the exchanyeable form Rice yrown
under submerged conditions took up a larger proportion of its total K
from the non-exchangeable fraction, than 1t did under upland
condations (Hu, 1960) However, at the later stages of growth the
exchangeable potassium was considerably 1increased in most of the
soils. Thus non-exchangeable fraction replenished tne exchangeable
fraction at a faster rate when the crop yrowth advances Similar

results vere reported by HMehta (1975) 11 Gujarat soils

Interaction between soil clay content and K application also

yave a siynificant effect on the content of nitric acid soluble
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54 Y

13.632 + 4.468 X
0.6418%*

H
1

50
46
42 1
38 |
34 |
30 '
26 }

22

Straw yield (g)

0.5 1 1.5 2 2.5 3 3.5 4 7 als

Nitric acid soluble K (me 100g™1)




Grain vield (g)

50

45

40

35

30

25

20

15

10

Y = ©.7909 + 5.3332 X
r = 0.8831
X
X
X
b 4
'
%
|
2.5 3 3.5 ) 2.5

0.5 1 1.5 2
~1
Nitric acid soluble K (me 100g )




i
IS E
potassium This could be due to the differences in the content and

nature of clay minerals present, the oryanic matter content, pH and

the presence of complementary cations present

Correlation coefficients were worked out for the dry matter

and grain yield with K fractions in soil at different stages of

plant yrowth The mnitric aciad soluble fraction showed maximum
% #*
correlation with grain yield (r = 0 8831) and straw yield
* %
(r = 0 6418 ) at the harvesting staye Similaer results were also

reported by Patiram and Prasad (1991) for setaria grass grown in the
Inceptisol soils of Sikkim This ayain pointed . “ to the fact that
the non-exchangeable fraction contributed much to the plants at the
later stages of yrowth and the exchangeable K content may not be
entirely 1indicative of the available ' status of soils because of
the rapid release of HNDJ -K 1in so1l eon flooding The relationship
of HNO_ -K with straw yield and yrain yield are i1llustrated in fig 5

3
and &

l'hen the soils were compared, a significant difference was
noticed 1in the content of nitric acid soluble K So1ls with high
clay could provide more K from the more strongly bound K fractaion.
This may be the reason for the variation in the level of HND:3 -X
observed in different soils  Sharma and Mishra (1987) reported that
non-exchangeable form of K decreased rapidly with the growing of

erops 1n coarse textured soils of western Uttar Pradesh Horegver,

the rate of nutrient supply to the plant 1s also determined by the
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content and type of clay, pH and organic matter These properties

greatly determine the solubility rates of soil nutrients

When the different levels were compared, there was a
significant difference in the content of HNO3 K Greater the
amount of K added, greater s the fixation, but the percentage of
added K get fixed decreases with higher levels of K application 1n
some soi1ls When no K 15 added, potassium 1s released from the non-
exchangeable form 1n these soils  But when K 1s added at different
levels, dependiny upon the type of clay minerals present, some of the
added K yet fixed 1n specific sites of the clay lattices As the
plant yrowth advances, potassium depletion continues and in that case
potassium uptake 1s associated with the capacity of the soils to

release the non-exchangeable potassium fraction

Rice crop as affected by different rates of potassium
applications :n soils of differinyg clay content at the harvestiny

stage 1s shown in plates 7 to 10
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SUMMARY

In the present study, an attempt has been made to evaluate the
influence of soil texture on potassium availability and the uptake
of nutrients by rice in the low-lyiny laterite soi1ls So1l
characteristics related to potassium availability were also studied.
For this,80 surface samples were collected from thkree major rice
growing areas of Thrissur district Based on their particle size
analysis and organic carbon content, twenty samples were selected for
studyany the various physico-chemical characteristics related to the
potassium availabilaty In order to find out the transformations of
applied potassium, a laboratory incubation experiment was carried out
in five selected soils for a period of three months Mineralogy of
the fine sand fraction was also carried out in the five soils
selected for 1incubation experiments To determine the uptake of

varjous nutrients by rice from soils of varyiny texture, a pot

culJture experiment was carried out in four selected soils

Thg study revealed the following

1 Wide variation was noticed in the clay content of soils
collected from the three locations Soils were mainly grouped

under the textural classes sandy loam and sandy clay loam

2 The physical constants were showing variations depending on

the clay content and organic carbon.
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In general all the soils were acidic 1n reaction with low

values of electrical conductivity

Oryanic carbon content was showing wide variations and an

i1ncreasing trend was noticed with clay

Sesquioxide percentage was more than 10 per cent in most of

the soxrls, showing the weathered condition of these soils

The total reserves of nitrogen, phosphorus potassium, calcium

and magnesium were relatively low

The total potassium content showed a positive correlation with

clay content , organic carbon and CEC

The water soluble potassium was low 1in all the soi1ls and

constituted less than 1 per cent of the total K content

Ammonium acetate extractable potassium constituted 0 9 to 2 2
per cent of the total potassium and had positive significant

correlation with CEC and water soluble potassium

Nitric acid soluble potassium constituted a higher proportion
of the total potassium 1in most of the soils 1indicatiny the

presence of 2 1 minerals in these solls

Cation exchanye capacity of the soils wes moderately hiyh as
compared to the upland laterites This has got positive
siynificant correlations with clay content and organic carbon
which 1s again an 1indication of the presence of 2 1 minerals

in these soils
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Exchangeable bases an the soils were in the order, Ca> Mg> K>
Na and higher values of these bases were obtained for soils

with high clay content

Percentage base saturation was low and was according to the

exchangeable Ca dastribution

Fine sand fraction was dominated by light minerals like guartz
and feldspar an all the five soils In the heavy mineral
suite, weatherable minerals 1like hornblende, pyroxenes and
birotite were present Zircon was also there The presence of
feldspar an the light fraction and weatherable minerals in the
heavy fraction accounts for the subsequent formation of 2 1
type minerals tn these soils  Presence of perthite in all the
so01ls was yiven an indication that the so:rl had undergone only

a moderate level of weathering

From incubation experiment it was found that on application of

K fertilizer, the different fractions like water soluble, NH4
OAc extractable and nitric acid soluble potassium get
increased at the end of three months Wide fluctuations were

noticed for these fractions during the incubation period.

Soxls with high clay content required higher level of
saturation by potassium fertiliser, to get a better response

in the growing crop as proved from the pot culture study

L]
The content and uptake of N 1n the straw, found to be increased
vith increasing levels of K application and clay content of

s01ls

<
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The content and uptake of phosphorus was high with the

application of potassium fertiliser as compared to control

Potassium content and its uptake by the plant was found to
be 1increasing with increasing levels of K application and was

maximum 1in sorl with more than 40 per cent clay followed by

the spi1l with 28 per cent clay.

Ca content did not show any significant difference with
applied K 1n soils of varying texture but the uptake was
maximum with the higher level of K for the soil with 28 per

cent clay.

The content of Mg in the straw was high in soils contaimang 37
per cent clay and decreased with 1ncreased level of K

application

The content of water soluble K 1in the soil get decreased at the

talleriny staye, slightly increased at the flowering stage and
then again declined towards the harvesting stage The water
soluble K was maximum correlated at the flowering staye with

the dry matter weight

Ammonium acetate extractable K was decreasing with advancement
of the crop growth except 1in some treatments where there was
contribution from  non-exchangeable fraction Maximum
correlation was obtained at the tillering stage for the dry

matter weight
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24, Non-exchangeable fraction was found to contribute towards the
later stayes of crop growth A decrease 1in the nitric acad
soluble K content was noticed in the soils with 10 per cent

[
clay and with 37 per cent clay Maximum correlation was

;;;;}hed for the yrain yield and straw yield.

25 Eventhough the positive effect of potassium application on the
yield of paddy 1s very conspicuous the response varied 1in
soi1ls of different textural composition as revealed in the
present study In the case of straw yield soi1l with 28 per
cent clay was more or less on par with that in soil with more
than 40 per cent clay But when the grain yleld was
considered, the lighter soils recorded lower values with
ancreasiny applications of K fertiliser But in the soil with
more than 40 per cent clay at the highest level of K
application grain yield was maximum  The increase in yield of
soi1l with 37 per cent clay 1s not in proportion to 1ncrease 1in
yreld of soarl with 28 per cent clay to thet soil with less
than 10 per cent clay. So 1t can be concluded that egual
response will not be obtained en application of same amount of
potassic fertiliser to soils of varying clay content In
clayey soils more of potassium fertilisers has to be

recomnended

As revealed from the 1incubation experiment, to raise the
exchanyeable K content to a required level, potassium has to

be applied in relation to the clay content and this was more



applicable to soils with more than 20 per cent clay In light
sp1ls this 1s not applicable due to their low buffering
capacity They reyuire a heavy saturation at the beginning
for the satisfactory crop growth Lony term field experiments
have to be carried out to assess the optimum potassium content
of various soils by taking the clay content into account and
to test the reliability of the values obtained in pot

experiments under field conditions
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APPENDIX - 1

Water soluble K in soarls at different periods of incubation

Abstract of ANQOVA

Mean sguares

Sources et ettt tetabehdeda e
Period of incubation (fortnight)

1 2 3 4 ) 6
so1l type 4 0 006869** 0 007132** 0 001471 0 018649** 0 096339** 0 07449**
Potassaum S
levels 2 0 001363** 0 001801** ¢ 003132N 0 001509** Q@ 001055* g 006872**
So1l x
potassium NS
interaction 8 0 000231* 0 000172* 0 000246 0 004383** (0 002014 0 002633**
Error 15 0 g0goisg 0.000139 0 001403 0 000049 0 000274 0 000449

Al




APPENDIX - ITI

Ammonium acetate extractable K in soils at different periods of incubation

Abstract of ANOVA

Mean sguares

Sources df period of 1ncubation (fortnlght)

1 2 3 4 5 5]
Soil type 4 0 06421** 0 052101** 0 050168** (0 092325** 0§ 087784** 0 096079**
Potassium
levels 2 0 003418** Q0 009091** 0 016021** 0 007045** (0 01491** 0 009426**
So1l x
potassium
interaction 8 0 001672*%* (0 001589** 0 003213** 0 006217** 0 001295** 0 (002885*
Error 15 0 000071 0 000058 0 000214 0 00231 0 000294 0 00131

avt



APPENDIX - III
Litric Acid Soluble X in Scils at Di-ferent pariods of incubation

abstract of ANOVA

Mean sJuares

o
Dources af Period of 1ncubation (-ortnight)
1 2 3 4 5 6
A & ~k o R N x A
So1l type a 7.1507 7.4187  9,1368 8.2519 8.8356 19.3740
N ®w -
rotassaiun levels 2 1.7582 3.1223 - .
2.5668 2 4908 "
“- 2.1470 1.8864
) Jok LA e
So1l x Potassiunm 8 0.6019 0.7691 0.8013 0.6920 0.7474 0.6051

interactaion

Error 15 1,5198 0.0819 0.0135 0.0282 0.0176 0.0481

* Saignaficance at 54 level

*%* Sagnificance at 14 level

Lyl



APPENDIX IV
Yield of straw at different stages of plant growth

Abstract of ANOVA

Mean squares

Sources df = e meee e mm e — e — e m m
Tiller.ng Flovering Harvesting

So1ls 3 31 811** 232 53%* 882 63**

K levels 3 o 586 257 663%* 389 241%%

S x K interactaon g 4 271 94 512%* 76 232"

Error 32 4 636 20 921 82 865




APPENDIX V

Content and uptake of N by the rice straw at different stages of growth

Abstract of ANOVA

N content

Mean sqguares

Sources df = e e — e
Trlleraing Flowering Harvesting

Sozxl 3 3767NS 2 7061%** 0 4636™**

K level 9 3411 0 3576%* 0 0582*

S x K interaction 9 983s™ 0 0581 0 0048

Error 32 10 4612 0 0321 0 0206

N uptake

So1l 0 05569** o 57.3NS 0 079**

K level 0 000472"° 0 992" 0 040%*

S x K interaction 0 005488NS 1 04‘7N5 0 OOBN5

Error 32 0 00595 0 958 0 005

EFT



APPENDIX VI

Conteat and uptake of P by the rice straw at different stages of plant growth

Abstract of ANOVA

£ content Mean squares

Sources o & 2
Tillering Flowering Harvesting

NS o

So1l types 3 0 00136 0 00948** 0 01061

K levels 0 00454** a OOZZZNS 0 050204**

S x K interaction 0 00371** 0 00384** 0 017431**

Error 32 0 00054 0 001239 0 000458

N uptake

So1l types 0.000405%* 0 00267** 0 00533**

K levels 0 000027™ 0.0034** 0 0061%

S x K interaction g 0 OOOIOBNS 0 0012** 0 OOO?NS

Error 32 0 000067 0 000188 0 000375

CGeT



l
APPENDIX VII

Content and uptake of potassium by the rice straw at different stages of plant growth

Abstract of ANOVA

Mean squares

Sources df = —ommmmemmmecm e e Amm—— e — e
Tillering Flowering Harvesting i
K content |
|
Soils 3 1 1512** 0 09686** 0 295%*
{
K levels 0.0170™° 0 1054 0 479%*
S x K interaction g 0 1761N5 0 0460NS 0 070
Error 32 0 1697 0 0599 0.076
K uptake
so1ls 0 03815** 0 034* 0 1l46*
K level 3 0 00176NS 0 117** 0 188&‘
S x K interactton o 00475™° 0 026** 0.020
Error 32 0 005697 0 009 0 028

QT



Content of Calcium and

APPENDIX - VIII

magnesium and their uptake by the straw at different

steges of crop growth

Abstract of ANCOVA

Sources af Mean sguare
Tarllering Floweraing Harvesting
Soils 3 0.00077188 0.00133248 0.000676NS
Content  -otassium NS * s
levels 3 0.000212 0.002027 0.001207"
Soil x * qS NS
potassium 9 0.003253 0.000846 0,001186"
interaction
Error 32 0.,111258 0.000432 0.000965
< *ok A %
Soils 3 0.0000968 0.0010 0.00%190
Potassium NS <% + %
levels 3 0.0000225 0.00036 0.00123
ca So1l x NS ke NS
urtake pocassium 9 0.C0000338 0.00033 0.00037
interactien
Error 32 0.0000143 0.000085 0.00021

-
1
o




* R e e ® K
Soils 3 0.006563 0.004802 0.00664
s dx
K levels 3 0.0007378 0.00088 0.00085
Mg
content So1l x K
interaction 9 0.000108™° 0.000215%> 0.000049%°
Error 32 0.000852 0.000269 0.000198 .
EE * K *
So1ls 3 0.000078 0.00022 0.00088
X levels 3 0.0000035%° 0.00011 75 0.00022%°
Mg .
So1l x K * ok
uptake 1nteract ion 9 0.00000765%° 0.0001595 0.000073
Error 32 0.00001283 0.000067 0.000106

* Significance at 5% level

** Significance at 1% level

Ul
co



APPENDIX - IX
Content and uptake of nutrients by the grain

Abstract of ANOVA

Mean squares

Spurces
Sozxl types K levels 5 x K Error
(af = 3) (af = 3) (Af = 9) (af = 32)
ok %k NS
Grain yield 839.056 234,867 °fL.471 20,543
* e ke NS
N Content 0.23484 0.17305 0.01178 0.00912
% ¥ Jo R * K
P content 0.00669 0.010997 0.006804 0.001287
K content 0.0944N8 0.0837°° 0.0423%5 0.1391
* ¥
Ca content 0.00024 0.00004"8 0.00006%° 0.00003
Kk NS NS
Mg @ontent 0.00012 0.0000033 0.,0000022 0.0000038
R XK
N uptake 0.00673 0.00207 0.020%% 0.016
do he & ye I\Is
P uptake 0.005 0.001 0.0001 0.00022
¥ ot NS
K uptake 0.1300 0.039 0.010 0.007
**x *% NS
Ca uptake 0.00022 0.00005 0.0000133 0.0000116
* e NS
Mg uptake 0.00004 0.00001 0.0000012 0.0000002

** gsignificance at 1% level

cn
W



APPENDIX - X

Content of water soluble ammonium acetate extractable and nitric acad soluble
potassium in the so1l at different groth stages of raice.

Abstract of ANOVA

Mean sguares

Sources af
Water soluble Potassium Ammonium acetate extracable HNO3—K
Potassium
Tillering Flowering Harvest- Tiller- Flower- Harvest- Harvest -
ing 1ng ing ing ing
ek * % A R X de e
Soals 3 o.ooollqﬁ 0.000174 0.0004325 0.02824 0.007717 0.,02222 0.21064
%% N% NS NS NS N% **
K levels 3 0.00014 0.000032 0.0000144 0.00126 0,001828 0,00198 0.003556
S x K N3 NS NS 'S Né NS **r
interaction S 0.0000422 0.000054 0.000123 0.001224 0,00131 0.00216 0.020017
Error 32 0.00003863 §,000053 0.000061 0.00154 0.001108 0.001347  0.000767

** Significance at 1% level

oy
<
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ABSTRACT

The present 1investigation was carried out 1in order to
assess the influence of various proportions of clay on the
potassium dynamics 1n sorl on application of potassium fertiliser

and 1ts effect on the uptake of nutrients by rice

Sixty surface samples were collected from the major rice
growing areas of Thraissur district Based on their particle size
analysis and organic carbon content, twenty samples were selecled
for studyiny the various physico-chemical characteristics related
to the potassium availability In order to find out the
transformations of applied potassium, a laboratory 1ncubation
experiment was carried out in five selected soils for a period of
three months Mineralogy of the fine sand fraction was also
carried out 1in these soils A pot culture experiment was carried

out i1n four selected soils to determine the uptake of nutrients

The soils collected from the three locations showed wide
variations in their clay content and majority of them were grouped
under the textural classes, sandy loam and sandy clay loam The
single value constants were showing variations depending on the

clay content and organic carbon



way
The content and uptake of N, P, and K, found to increase

with increasiny levels of K application Calcium did not show
significant qjifference rith appliedk and in the case of Mg a

decreasing trend was observed

The water-soluble and ammonium acetate extractable K were
decreasiny with advancement of the crop growth and these fractions
were found to be manimum correlated with the dry matter weight at
the flowering and tillering stages respe;tlvely Nitric acid
soluble fraction was found to contribute towards the later stages
of crop growth Maxaimum correlation was obtained for the grain

y1eld and straw yield with this fraction

Even though the positive effect of potassium application
on the yield of paddy 1s very conspicuous, the response varied with
the textural composition In more clayey soils more of potassium
fertilisers hast to be recommended to get maximum response as

revealed i1n the present study





