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ABSTRACT

INVESTIGATIONS ON THE POTASSIUM DYNAMICS IN THE MAJOR SOIL
SERIES OF THANJAVUR DISTRICT IN RELATION TO RESPONSE
OF RICE

By
N.DURAIRAJ MUTHIAH

Degree ¢t DOCTOR OF PHILOSOPHY (AGRICULTURE) IN SOIL
SCIENCE AND AGRICULTURAL CHEMISTRY

Chairman t Dr.K.M.,RAMANATHAN, M,Sc.(Ag.), Ph.D.,
Professor of Soil Science,
Tamil Nadu Rice Research Institute,
Aduthurai-612 10t,

1986

The significant role of K in rice production is well
known. However, due to the lack of knowledge on K dynamice in
soil, its interuction with other plant nutrients, fixation aad
release characteristics, uptake and varying response pattern
under different situations warrants elucidation in the experi-
mental area viz., Thanjavur district, the rice granary of
Tamil Nadu to achieve maximum benefit. In the present atudy,
it was attempted to investigate the dynamics of K in 10 repre-
sentative -uJQr soil series of Thanjavur district with broader
objectives of comparing different methods of K availability
and to fix a more reliable method to measure K availability

and teo evaluate the response of rice to K fertilisation.

The studies were made in different phases involving

laboratery investigations, greenhouse experimentation followved



by a field trial. The laboratory studies related to the
characterization of soils based en forms and status of K,

K fixation and release characteristics and eomparison of K
availability indices including Q/I parameters based on thermo-

dynamic funoctions.

The biological K release studies were made by Exhaustive
cropping technique. The pot experiment under green house was
undertaken to highlight the inf luence of graded levels of K
(Ko, K}O' K. 00’ KI;O and X, kg Kzo/ha) on rice and to elicit

the response behaviour of rice to K fertilization in 10 wmajor

801l series.

The field trial was conducted in Madukkur soil series of
Thamarankottai village of Pattukkottai taluk in Thanjavur
district as a confirmative trial for the pot experiment and the
s0oil and plant data generated in the field trial were related
to the response behaviour of ADT 31 rice. The results of the
investigation showed that in the 10 major soil series of
Thanjavur district, considerable variations in the physico-

chemical properties were observed.

The oxt;nt of K fixation differed markedly in these
50ils mostly due to clay mineralogical make up and amount of
elay and for assessing K fixation in soils an incubation peried
of 7 days appears to be adequate. The cumulative K relesse of
soils fellowed the order of 8, > 8’ S S & !iz > 8‘ > 88 > 337
8, > 840> l, > 37. The pattern of K release was helpful te

predist the respemse behaviour eof seils.,



The Kex used and Knex used by rice decreased and

increased respectively with and without K application.

Cubic response of rice to X application could be ascoribed
to the reduced availability of N at intermediary  levels of X
application., The neutral N NHhOAo has been found to be the
best extractant for predicting the K availability 4in soils of

Thanjavur district.

Application of K was found to be beneficial to rice orep
in eight out of ten soil series studied. Padugai and Nedumbalam
series did not respond to the application of K. Possible
reasons for the cubic pattern of response of rice to K applica-
tion have been elucidated. The K content of the third leaf of
rice at tillering and flowvering stages could be considered as
an indicator leaf for fixing the critioll level of K in rice
plant. The optimum and economic doses of K for ADT 31! rice
vere found to be 59 and 54 kg xzo/h- for achieving the high est

grain yield and highest return respectively.
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CHAPTER I

INTRODUCTION

Potassium one eof the essential elements needed fer the
nutrition of the plants is considered te be a regulator eof all
other nutrients and hence it is ealled "chewioal traffioc
policeman®,. It is also referred te as Minister insharge eof

wvater regulation in plants for fostering orop produgtion.

Potassium is required for various vital astivities eof
the plant gsuch as enszsyme aotivity, synthesis of oarbohydrates,
protein, fat etoc. It is also reported to increase the resis-
tance of plants to pests and diseases and ledging and it is
believed te counteract many of the undesirable effects of the

excessive supply ef N, Fe, eote,

Potassium 1is reglatively abundant and widely distributed
constituent of the Earth's orust on veight basis. The prime
sources of K in soils are primary minerals vii., feldspars and
micas which upon weathering release Kk enriching the seil X.
Compared t0o N and P, availability of Kk te plants is a eemplicated
one sinee it occeurs in different forms as vater seluble-X,
exchangeable-X, fixed-K and lattice~-k and they are in dynamic
equilibrium with each ether. Plants utilise not enly the X
preseat in a readily available form but ales frem the diffi-
cultly available er fixed ferms. The availability ef K s



o

centrelled by fixation and release sharacteristies ef soils.
Fixatien eof plant nutrients is censidered to be a faster of
importance ia agriculture especially wvhere cemmereial fertilisers
are added. Mereover, fixation eof K regulates net only the

supply ef gotfl K for plants but also pretects it against leash-
ing. Hence in study aiming at the economic usage of fertilisers

a knowledge of the fate of added fertilisers is necessary.

Potassium release sharacteristios of soile using aeids,
ion exshange resins, chelates and dilute electrolytes have been
reported to give relatively more detailed informatien on its
availability to plants than conventional seil test metheds
(Quemener, 1979). Altheough seils contain considerable ameunt
of total K the releasing and supplying powver of the seils in
a given time is a limiting factor in wmost of the eoile., The X
releasing powver of seils depends on number of factors, namely,
nature of a0il, amount and type of clay minerals, CEC, seil pH
and level of manuring. The absence or response of crope te K
application 1is controlled by the K releasing pattern of seil.
Informtien on the source of Kk supply to erops and the fate of

applied K is net adequate.

Different shemical extractants have been employed fer
predicting the K availability frem time te time on varying
sisuatiens. Dilute mineral acids, erganic asids, neutral gsalt
solutions, buffer solutiens wvere seme of the chemieal extrastants

tried earlier. Efficiency and suitability eof seme of these



oxtrastants wvere alse assessed in the present study as a

measure te predict the X avaitlabilisy.

’\U'hon such extrastants were tried eun a larger hetere-
gonecus mass of seils they feail invariably eor having limited
use (Tamhame ot 8]., 1958). Rvidently, a reliable methed fer
the evaluation of available K sheuld be used te aseersain the
utility ef seil test values. The present methed ef seil test.
meagures the amcunt of nutrient seluble in a particular selveat.
It 43 met the ameunt of seluble nutrient alene that primmrily
controls the uptake by plant but the energy expended te withe
draw it frem the available poel. Hence the cencept of mutrieat
potential based on physieo-chemical measurement develeped by
Beskett (1964) using Scheofield's ratiec law (1947) and Veedruff
free energy (19355) was alse tried to prediet K availability ia
0011-.7

!

With introdustion of the high yielding varieties of riee
and intensive gultivation, the K reserves of the seil are likely
to be depleted in a sherter period due to high X requirement
of these high yielders. A knovledge of the pattera of deple-
tien of X frem seil and uptake pattezrn of X by rice at different
stages of riee grewth is helpful feor Judieious use of X ferti-

lisers espeeially 1in the sentext of ecensmising fertiliser use.,

While plaats differ in their requirement of Kk as wvell as
ability te abserd Kk frem seils, precice infermation ia the res-
pongse of rice to added kK would be of mueh prestical siguifiennsce



An estimating the relative K requirements. Ascerdingly, the
respense te Xk have been studied in a well defined seil series
representing larger area of the distriet. In humdreds ef triale
wvith rice in India respenses te X vere ebserved on seils even
with high available K but in seme sases lew or ne offess was
reperted even in s0ils with lov Kk status. In extreme sases,
negative respenses vere also reported. Many a time subio res-
ponse for added Kk have alse been reported fer added K. Exact
seientific baskground ef these phenemena is yet te be understeed
in the real perspectives. In Tamil Nadu very speradie attempts
have been made 80 far on the above asspect. Although mueh werk
to elicit such behaviour in seils wvas endeaveured elsevhere
still 1t needs lecation specifio investigatiens. Thus the
behaviesur of seil XK, its internetion with ether plant mutrients,
fixatien, release sharasteristis, 4ts uptake and respense
pattern under differeant situatiens are varying and perplexing
needing elusidatioen {m the abeve aspects in the experimental
area, The above parameters upen integration might threw

valuable information te enlighten the perplexicity.

The oxperimental area, vis., Thanjavur is the rice bdeowel
of Tamil Nadu having an area of 9700 Kn®. It imelmdes eld
delta commanded by river Cauvery and its distributaries and Wew
delta fed by Grand Amieut Camal., There are 22 seil series
esoupying an area of 7,66,888 hestares of wvhich 10 majer seil
series sonstitute 6,37,839 heetares (Dhamapalan Neei gt al.,

1974). The area sertainly varrants a detailed study in respest



of dymamics of seil X and response of rice to kK to sustain

higher yields.

In oxder to fill up the veids in eur knewledge on the
various aspeots of Kk dyu-ﬁu in Thanjacur soils and also in
the light of centreversy over respense behaviour and K neesds
of rice seils, the present study was taken up at soil geries

level with the following ebjeotives.

1) To investigate the K status of the major seil series

of Thanjavur district fer variocus ferwms eof K.

11) To study the K fixing capasity, release amd supplying
pever of seils by shemical and bielogical metheds

and to relate them te corep response.

1141) Te study the efficiency eof different metheds fer
assessing the K availability indices by using
different extrastants anxi to suggest a simple and

rapid methed of X determination,

iv) Te study the suitability of different K petemtial

parameters as indiees of Kk availability.

v) Te study she response of rice (ADT 31) te applied X

in different soil series.
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CHAPTER 2

REVIEV OF LITERATURE

The literature relating to the present investigation

is revieved belovw under the fellowing aspects.

2.1. Potassium equilibrium in soils

2.3, Ferms of K in seils

2.3. Distribution of different fractions of seil X
2.4, Potassium fixation in soils

2.5. Degree and extent of K fixation

2.6. Correlation studies betweem K fixation and fasters
influencing K fixation

2.,7. Potassium release and supplying powver of soils
2.8. Potassium availability indices

2.9. Q/I parameters as a measure of X status in seil
2.10.Effect of K on the yield of rice

2.11.Influense of K on the availability of K in seil

2.12.Influense of Kk on the cencentration and uptake of
mutrients by rice

2.13.Interaction of X with other nutrients in seil and
plant.

2.1. Pesassium equilibriwm in seils

Potassium exists in seil in different forms as water-
seluble, exchangeable, mon-exchangeadble (fixed) amd wimersl or
lastise X vhich are in dymamie equilibrium with sash ether and
everall oquilibriwe may be represented as fellews.



8levw Fast
Fixed-K _— Readily exehange- ———  VWater-
- able-K <~ soluble-K

Lattice /

reserve-Kk

Duthion (1968) gave the schematie summary of different

forms of K in s0il as followe:

—_ Exchangeable-K
K in solution in extermal —— Fixed or
reverted K
surface < [
Rapid and Slov and
oontinuocus oontingent
exchange exchange

J |

K definitely
fixed

~1



Possible forws and seurces of K in seil-transformations

between ferms as emunciated by Quemener (1979) are as fellows:

7,

Excretion and
residues

I
)

M

Animal
excreta

K fertilisers

K disselved
in seil

Additionse solution

Solution

l/Vory rapid exshange

, Exchangesble X )

Held by electrostatic attraotion at
the surface of clay erystals-usually
| less tham 1% eof tesal-X

Fixzatien
:&z:n-o / more or less g:p::':oi:l::.‘
¢. easily reversidle

(@ 4

Miocaceocus clay -1n¢rnJ Iutcr-odlato 4

Illite  Degraded
6% x  illites

Fixation by seme

—>

1 olay minerals depending
FT_"“""B recent eultural
v

Open or
expanded
3-5% K

history

2 Potassic micas up te 10% of X

K can be released as in 1 and exchanged
against other cations without destruction

of lattice. ERasier release by tricetahedral
micas (Biolite) than by dicetohedral
(musocevite)

1 K-feldepars (up te 14% K)

Can be released by destruction of lattiee
Negligible fimportance te temperate slimate

Reserve K (Matn forms)




2.2, Forme of K 4n peils

Potassium present as soluble cation in soil solution 1»
termed as water-soludble K (Ramameorthy and Velayutham, 1976).
The distinotion between this form and others is arbitrary as
by mere dilution with water, the seluble K will increase becsuse

of hydrolysis of Kex (Reitemeir, 1951).

Cooke (1963) hinted that water-soluble K is fully utilimed
by crops. Addition of K fertilisers increased the water-soluble
K (Rajkovic, 1967). Vater-soluble K is inadequate to meet the
K demand of crops and it 1s high in alluvial seil (Mishra ot 8l.,
1970). The amount of water soluble K fractiom in the major
seil groups fellowed by the erder eof alluvial < black < red £
laterite (Ramanathan, 1977). A close correlation was established
betveen vater-soluble X and 0.01¥ CaCl, extractadble X (Bi1ddappa

and Sarkunan, 1981).

2.2.2. Exshapgeable K (Kex)

The exchangeable fraction oconstitutes the K adsorbed on
clay eemplex and the X ions held around the negatively charged
celloidal particles by elestrostatic attraction. The catiens se
held are exchanged when soil is placed in contaot with neutral
salt selutiens. Varicus methods have been used to deseribe
the Kex. Im curreat standard practice, the referemse is to

neutral M III~OA0 extrastable XK. Generelly, the Kex is hold at
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three types of exchange sites on olay lattices vis., planar,
edge and interlattice. The Kex held on edge position is easily
available while the Kex on the planar sites since held with
more bonding energy is relatively less available., Similarly
the K ion on interlattice positions is also available but to a
much lesser degree. Regarding the specificity of K ions with
reference to the adbove three sites it is said that the planar
position does not represent specifio K binding sites vhile edge
positions bind K more selectively. The interlattice pesitions

Bave the highest selectivity (Amenymous, 1977).

About two per aent of the total K is in exchangesable
form. The highest amounts of Kex was ebtained in clay plus
silt frastions of black soil follewed by red, alluvial and
laterite soils (Jayaraj and Dhamapslan Mesi, 1973). Prelonged
cropping of seil reduced Kkex to a minimum level (Bach, 197h).
There wvas a decrease in available K during the first week of
submergense (Murthy and Singh, 1975). Black seils frem rice
growing areas of Vest Godavari recorded 229 to 498 ppa of Kex

with 0.95 to 2.32 per cent K saturation (Venkatasubbiah gt al.,

1976).

The Kex is an unsatisfactory measure of Kk availability
(Ghosh and Ghosh, 1976; Gosvami gt a)., 1976 and Grimme, 1976).
The Kex tended te imorease with inerease ia clay eontent
(manganathan and Satyanarayama, 1980 and Subdba Rae ¢t a}.,
198A). Even Aif clay centent is high the Kex may be less vhen

s0il pH 1is lov (Ramganathan and Satyanarayama, 1980).



2.2.3. Non-sxohangeable K (x__ )

By definition, all the seil K except seluble and exohange-
able forms are inecluded in ‘nox' Generally the K held at inger-
lattice positions 1= Knox and this forwm is not exchangeable by

N NH, OAC (Ramamoorthy and Velayutham, 1976).

On an average twvo-thirds of the K used by the erop came
froa forms that were xnox and the amount of K..‘ removed from
different soils varied between 39 and 87 per cent of the tetal
K uptake by the crop (Stewart and Volk, 1946). Utilisation eof
x‘.‘ was muoh greater on upland rice than low land (Prasad,
1974). The per ceat utilisation of fixed X decreased as the
level of added K increased in rice erop (Ramanathan, 1977 ansd
Nagarajan, 1980). VWhile Kex comtent of seils did not shange
appreciably even after long period there were premncunsed changes

in ‘aox ferm and sontributien ef Kn x te orops was more in

e
uatreated plots thaan those receiving fertiliser K and there
was 0lese relation between Kk removal in orops and xnox released

from seil (Ganeshamurthy and Biswas, 1985).

2.2.h. Miners] lattice X

This form constitutes the major part of the total K in
mineral soils and 1is present in primary minerals such as
muscevite, bictite and potash feldepars. Of the clay minerals,
enly 111ite has a substantial K centent. Bear (1938) reperted

the felloving K eentent in different minerals: 11lise 4-7 per eent
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Accerding to Tivari et al. (1967) the alluvial seil
groups of Bihar centained a total K eof 6A4.8 me/100 g. Of shis
5.8, 5.3, 0.45 and 0.20 per cent represented "’03"' Knex’

Kex and 0,01M c-c12-x respectively. The Kex shewved significant

oerrelatiens wvith enly 0.01M c.cxz-x. Besides a highly eigni-

fiocant correlation existed between HNO’-K and K‘.’.

Dhavan ¢t al. (1968) reported that Rajasthan soils eon-
tained 1.7 mg water-seluble K, 20.7 wme/100 g of Kex,
97.6 me/100 g of xnox and the above fractions formed respec-
tively 0.21, 2,56 and 12.1 per cent of the total X. Khanna
and Anand Prakash (1970) stated that 1light textured soils
contained small amount of HC1-K (4.29 to 13.20 me/100 g) than
heavy textured soils (6.7%5 to 22.%5 me/100 g). Roy and Bagchi
(1973) showed that out of the total K of 2159 mg X/100 i,
3.06 per cent was in fixed form, 1.43 per cent in HCl.K and
0.56 per cent in Kex. 8Significant positive correlations wvere
found between various forms of K. Ram and 8ingh (1975) revealed
that paddy soils of Uttar Pradesh contained 6.5 te 39.3, 6.0
to 258.5 and 187.5 to 6350.0 mg/100 g ef available, fixed and
HCl-K respectively. Available K was pesitively correlated with

pHi, CaCO, and clﬁy. HO1l-X was positively correlated with

3
fixed X, Kalbande and Svamynatha (1976) reported that black
soils of Tungabhadra ocontained out of 913 mg eof tetal 1‘0/100 <
of seil, 9.12 per cent RID’-K. 2.86 per eent Kex, 0.94 per cent
citrie asid K and 0.11 per eent water-sciubleo K. Yo cerrelatios

existed between total X and other ferwe.



(Rumnathan (1977) stated that the mean values eof K
extracted by water, N m,'mw, O0.1X HC1, O.5N HC1l, O.i1N RNO_,
0.5X KNOD. 0.35N EDTA, O.5N HCl, 1 per cent citric seid, X l!m:b3
and 0,01 CaCl, were O0.11, 1.11, 0.80, 0.91, 0.77, 1.10, 0.65,
0.%51, 0.7h, 4.8 and 0.70 per cent of the total K respectively

1n Temil Nadu soils.)

Ranganathan and Satyanarsayama (1980) established a signi-
ficant correlatien between water-soluble K and Xex. Lopes
(1980) showed positive correlations between HCl-K and clay

content and Kex with clay content.

Cnud.pp. and Sarkunan (1981) reported 1.5, 27.8, 46.9
and 205 ppm water-soluble K, c.cxz-x uu~0Ac-x and 1IN HNO,-K
respectively in rice soils of Orissa. Potassium extracted by

various extrasctants wvas closely omohtod}

[ Dutta and Joshi (1983) reported that the soils of arid
sone contained 77.5 to 330, 36 to 32%,9.5 to 26.% and 29 te

164 ag/100 g of HCl.K, mlo,-x. Nﬂ~0Ac-xbnnd fixed K respectively.

Singh et al. (1983) concluded that water-soluble K and Kex
respectively contributed 17.6 and 82.4 per cent towards avail.
able K. Vclltnpbu (1984) stated that seils of Madurai recorded
576, 65, 45, 36, 116, 163, 62, 95, 80, 170, 1S, 67 ppm of beil-

dag N HNO_-K, O0.35N HCl-X, 1 per cemt acetic acid X, O,3X NaCl-K,

b
0.1N HCl-K, 6N H!SO~-I. O.1N HlO,ol. Mergan's reagent-X, | per

cent o0isrioc asid K, noutral M IIhOAC-K. distilled water K,

-
g
o

~ 0.01M CaCl,-K toop“tholy-)



(\Singh 8t al. (1985) reported that soils of Haryana
contsined total X from 1.02 to 2.02 per cent, 1IN HID, seluble K
from 131 to 675 ppm, ammonium ascetate X frem 16 to 197 ppm and
vater-soluble K frem 2 to 38 ppm. All forwms of K wvere direoctly

related to each other exscept water-seluble l:\
2.4, agsjum n in _se

Potassium fixation refers to conversion of added K to
less avajilable forms. In the laboratory determination it is the
added K not extracted by N NH~OAC. The reversion of added K in
soil depends on a number of tlétorl viz., alternate wvetting amd
drying, pH of soil, CEC, mineralogy, mechanical oowmpesitien,
time of oontact, complimentary iens, amount of added K, exchango-
able sites, X saturation of soils eto. DBesides, these the
relationship betwveen the above factors and K fixation and the
degree and extent of K fixation in different soils are also

revieved undexr this heading of K fixatien.

2.b.1. Alterpate wetting and drvipg

When clays are wetted the crystal lattices expand and
water onters into the interspaces of clay. Along with water X
ions also gain entry into lattice spaces. Vhen clays are dried
causing contragtien of lattices vater comes ocut while K ions

are being trapped between lattices (Shaviv ot al., 1983).

Pragsad gt al. (1967) reported that alternate wetting and

drying of alluvial soils ef Bihar increased the K fixatien
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from 23.0 to 47.6 per eent. Hasan and Velayutham (1971) stated
that Delhi alluvial soil and Ceimbatere black soil under wet
conditien recerded 15.2 and 11.6 per cent K fixation while the
above soils under alternate wetting and drying reeorded 23.9
and 16.4 per cent respectively. But later Hasan gt g}. (1972)
found that for wmedium black seils of Uttar Pradesh the fixatiem
under nlt;rnnto wetting and drying cenditions was less than
that under wet oendition. Similar results were also reported

in seils of Dapoli, Poona by Kadrekar and Kibe (1973).

2.4.2. Se4l reactioen

In general, at lowver pH the fixation is less and with
increasing pH the fixation increases. A decrease in pH reduvees
the X fixation either as a result of ecompetition of 330 ions
for the interlattice exschange positions or due to the destruc-
tion of the lattice structure. V¥Vith increased pH the fixatioa
of K increases (Misra, 1958; Orewal and Kanwvar, 1967;

Patil gt al., 1976 and Ranganathan and Satyanarsyana, 1980).

2.4.3. Organic matter

The organic matter substances bleock the edge positions
of expanded layers and theredy reduce the fixation as reperted

by Kuntse and Leisemn (1970).



2.4.4, Mineralogy

The mineralogical make up of the seil decides the fixa-.
tien of K to a larger extent and the amount and nature of clay
mineral play a vital reole in the fixation. Thus the intensity
of fixation is sero with kaelinite, chlorite and micas; slight
with montmorillonite and strong with vermiculite (Rn-a-oorthy

and Velayutham, 1976).

The adsorption and fixation of K in soils containing
bentonite are more (Misra, 19358). Illite alone does not fix K
but releases K on drying (DeMumbrum and Hoover, 1938). Some
eastern Ontario soils containing illite, mixed layer minerals
and verwmiculite fixed considerable portion of added X (MoLeam
and Brydon, 1971). In Kenyan soils mentwerillenite, amorphous
clay, kaslinite fixed 33 to 80, 48 to 66 and 19 to 32 per acent
of added K respectively (Barber, 1979). Soils with illite type
of clay minerals had higher K fixing capacity than those with

kaolinitic type minerals (Bagehi and Roy, 1973).

According to Bajwa (1980) soils with montmorillonite and
beidellite fixed higher proportion of added X followed by

vermioculite in wet land soils.

2.4.5. Soil type

Soils fix different quantities of added K depending upoa
initial X saturation., According to Verma and Verwa (1970) deep

black soils showed medius fixation and alluvial seils, the leass.



Alluvial soils of Delhi fixed wore K than black soils of
Coimbatore (Hasan and Velayutham, 1971). The fixing capacity
of Madhya Pradesh soils was more than that of Uttar Pradesh
seils although the olay content of Madhya Pradesh soils was
lover than that of Uttar Pradesh soils (Hasan gt al., 1972 and
Singh and Ram, 1975). Acid laterite soils shoved cemparatively
less fixation than medium black ealcareocus soils (Patil ¢t al.,

1976).

2,4.6. Mechanical composjtion

Pathak (1954) studied the contribution of mechamiecal
fractions of the soil and concluded that silt frections showed
greater K fixation. W¥hile Grewal and Kanwar (1967),

Mehrotra ot al. (1972), Ramanathan (1977), Nagarajan (1980) and
Rangsnathan and Satyanarayana (1980) opined that olay fresctiom

of the s0il was the main seat of K fixation.

2.4.7. Time of contacs

The incubation time of added XK with soil displays a
significant role in X fixation. Nearly 90 per cent of the added
K wvas fixed in one day and equilidbrium was established in
7 days (Grewal and Kanwar, 1967). The K fixation increased
significantly throughout the incubatien perioed of 3 menths
(Ramanathan et al., 1973). Increasing fixation with time of
contact of added K was also reported by Patil gt a}. (1976)

and Valliappan (198A).

w0
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2.h4.8. Complimentary jons

The cations like c.”. lﬂ~’. and cempanion anions like

sobz'. PO~3' etc. may decide the fixation te a larger extent

by competing with K fixation sites.

Pathak (1954) stated that the soils showed greater K
fixation vhen it was treated with KC1l while Pathak and Sharwa
(1963) noted that K as phosphate showed greater fixation than
sulphate or chloride. Thomas and Hipp (1968) reported that
increased Ca ions prowmoted K fixation owing to an increase in
pH and by the replacement of K from interlattice positions.

Kar gt al. (1975) showed in acid soils of West Bengal that abeout
25 to 4O per cent and 20 to 28 per cent of added K were fixed

in the absence and presence of Nﬂh don respectively.
2.4.9. C sntra [ 4

With increasing concentration of edded K, the fixation
increased but the percentage of fixation decreased (Prasad ot 8).,
1967; Ramanathan, 1977; Barber, 1979; Subba Rao gt al., 1982

and Valliappan, 1984),
2.“.10. ) 4 [ Y -

Soils with low initial K saturation tend to fix wmere K.
Joshi et al. (1978) found that low fixing capacity was related
te high K saturation of soils. Hoveler and Spain (1980) censluded

that relatively exhausted eoils fixed high amounts of added K.



2.5. Degree and extent of K fixatien

The K fixing capacity of Madhya Pradesh seils varied frem
sero to 2.93 me K/100 g of soil (Verma and Verma, 1970); 11.92
to 41.52 per cent of the added K in Uttar Predesh soils (Misra
and Shankar, 1971); 33.0 to 47.3 per cent in Bumdelkhand seils
(Mehrotra ot al., 1972); 7.46 me K/100 g of soil in medium
black soils of Rjasthan (Bhatnagar gt al., 1973); 0.3 to
1.9 me/100 g ofw;oilo of arid sone {(Joshi et al., 1978),
5.2 me/100 g of 804l in Madukkur soil series of Vaigai-Periyar
Command Area (Nagarajan, 1980); 1.60 to 2.00 me/100 g of soil
in soils of Madurai (Valliappan, 1984) and 8.8 to 35.5 me/100 ¢
of soil in alluvial soils of Agra region of Uttar Pradesh

(Chandraprakash and Vinay Singh, 1985%).

2.6. Correlation studies between K fixation and factors
Anfluencing K fixation

Verma and Verma (1970) established a negative relatiom
between K fixation and organic carbon in red and yellow soils.
Potassium fixation was positively related to clay, pH, 0.003,
CEC of soils (Singh and Ram, 19735; Bagchi and Roy, 1973
Chandraprakash and Vinay Singh, 1985) and to silt (Ramana than
and Krishnsmoorthy, 1976; and Joshi et al., 1978). Howeler
and Spain (1980) obtained a negative relation between K fixatien

and Kex.
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Accerding te Ramanatham and Krishnameorthy (1982), the
K releasing power (XRP) of soil is the sum of Knex oconverted
to Kex and Kex form into wvater-soluble ferm whereas supplying
pover (KSP) of seil is the amount of K supplied to grewing
plants from soil solution, Kex and Knex. XRP is affeeted by
s0il physicul fastors while KSP by plant factors. Almost the
same factors influencing K fixation also influence the release

of K,

Illite alone does not rix K but release K en drying
(DeMumbrum and Hoover, 19358). Illite rich soil released more K
than montmorillonitic one (Datta and Sastry, 1985). Potassium
release on drying occocurred only vhen the per cent K saturatioa
wvas less than 1.11 ¢+ 0,12 (Mathews and Sherrell, 1960).
Wetting causes expansion of clay mineral lattices resulting in
the replacement of interlattice K by other cations (Talibudeen
and VWeir, 1972). Under continuous moist conditions the release
of K took place only at the end of 50-60 days. Vetting followed
by air drying brought out early release of soil K from Knmex.
Lover moisture level of 30 per cent moisture equivalent was
conducive to greater relocase of soil X (Kadrekar and Kibe,
1973). According to Datta and Sastry (1983) at higher sature-
tion the influence of moisture on release of Kk in different

soils was quite variable vhile at lover degree saturasion



(depleted s0il) the effect was more pronounced. In the latter
situation continuous submergence restricted the K release from
Knex. Jixian Luo and Marlon L.Jackson (1983) stated that soil
samples from China were higher in Kex after air drying and

oven drying (60°C) than when wet.
2.T.2 ath

To weathering, the primary minerals are more susceptible
than clay minerals (Rich, 1968). Aeccording to Davis (1972) the
interlattice diffusion is the reason for Kk release during

wveathering.

2.7.3- SOLL z.gsten

The soil reacotion and K release are inversely related.
The release of K is more at lowver pH (Nemeth and Grimme, 1972).
A rise in pH raises the CEC, thereby increases the Kex

(Ranganathan and Satyansreyana, 1980).

2070“. Eal toxtllm

The textural ocomponents of soils vis., clay, silt, fine
sand and coarse sand fractions influence the K release.
Generally clay fraction increases K than other components. Mere
release of K ocourred from coarse ¢lay, less from medium clay
and least from finer fractions of clay (Doll et al., 1963).

The highest reloase of Kk wvas observed in clay fraction fellewed
by silt and sand (Talibudeen and Veir, 1972). Sidhu and
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Dhillen (1985) claimed that most of the released K originated
from the silt fraction. According te Feigenbaum and Levy (1977)
the Kk release depends en dissribution ef K detwveen pilt and
clay fractions, total K and soil salinity. Silt frastion with

a high K content released K at a higher rate than elay with
similar K centent. Joshi gt al. (1978) epined that K reloase
vas due to lowv amount of clay and preponderance of K bearing
minerals. Clay and loam 90ils released more K than clay loams

and silty clay loam (Sailakshmisvari ot al., 1983).

2.7.3. Complimeptary jfons

The effect of complimentary ions on K release wvas
studied by Powell and Hutchensen (1965) and reported that the
Telease of Knex was enhanced by lime application.

Esakkimuthu ¢t al. (1975) reported that application eof
(qu)zsou decreagsed the K release wvhereas Ranganathan and
Satyanarayana (1980) observed that in slightly alkaline and
neutral soils, the Ca ion 1s the dominating one which promotes
the opening up of clay mineral pockets and consequently release
the lattice K. While Sen Gupta (1982) upheld the view that Ca
ion favoured K release. Beauchamp (1982) pointed out that the
rate of release of K during successive periods were aluwest
constant and not affected by the addition of NH~ ion. Geetanjali
Ghosh (19835) stated that sodium salts with divalent anions

- I8

(c0,*" and 80,%7) breught mere K in solution than the same

catien in combinatien with monovalent aniens (C1” and uco").
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2e was more effective than Ca in

As feor divalent cations, Mg
releasing K. Further mineral aoids release more Kk than erganie

acids.
2.7.6. a stioc

The primary sourece of K in soil is feldspars and micas
(DeMumbrum and Hoover, 1958). The important minerals are
orthoclase and mieroeline feldspars, diotite and muscovite
micas and illite clays. The release of K varies depending upen
nature of olay minerals, per cent X saturation, the protective
residual layer, expansion of interlayer spacing, triooctahedral
or dioctahedral structures of clay minerals and degree of

wetting.

Davis (1972) observed that dbiotite (trioctahedral)
released more X than muscovite (Dioctahedral). Sidhu and
Dhillon (1985) reported that micas released more K than feld-
spar because of the presense of protective residual layer on
their surface whereas wmore of Kk release by mica wvas due to the
inorease of interlayer spacing when cations like calcium replaces
intsrlattice K. Ramanathan (1977) observed that a laterite
80il with high Kex possibly held X with less tenscity released
K rapidly wvhereas an alluvial K depleted soil sould release
only very little K and gsoils deminant with 1llite slay released
K steadily and gradually indicating its highly buffered mature.
Pal and Mandal (1980) indicated that the K release behavieurs
of illite dominant clay fractioms of seils indicated a prebabdle



mechanism of X release through a diffusion controlled proceess
which contributed a considerable ameunt of K probably through a
process of dissolutien., Xie Jiam Chang 9% sl. (1982) reperted
that K fixed om broken edges or in lattices eof weathered hydrated

micas vas released in the course eof centinueus cropping.
ReTeTo [ -] K @

Aceording to Nath and Dey (1982) the K intensity values
deoreased progressively during the initial cropping period of
rice vhen dry matter yield, K content and uptake in harvested
material increased. Singh and Ghosh (1984) found that in the
absence of applied K, its Knex contributed to a greater exteat

tovards total K removal by crops, compared to K treated soils.

(,.Propor assessment of K avajilability in soil is a pre-
requisite for soil fertility evaluation, correct interpretatiea
and appropriate use of fertilizers. Nelson (1959) pointed out
that limitations to the use of s0il tests are due to the hetere-
geneity of soil population and differing ceolloidal characteristiss.
Tamhane ¢t al. (19358) comparing many soil test methods on
different types of seils showed that none of these methods 1is

suitable for all types of soils because of the above reasens.

Grthing (1962) attributed twvo reasons for obtaining any
perfect method whioh gives better cerrelations. The relatively

strong reagents which are used in practice extracted K iems held
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on the olay in positions where they are not truly exehange-
able. Secondly the extraction of the whole of Kex grossly
disturbed the equilibrium between this and the less easily

available forms.

Balasundaram (1971) pointed out that of the biological
metheds, the Neubauer's methed is very reliable one to predist
the availability of XK in soils. DBut considering the time and
cost factors involved in biological assay methods, the empirieal
methods are preferred. Ramanathan (1973) revealed that in
reality the actual amount of available X is truly reflected by
plant uptake. Hence any simple chemical method of X avail-
ability index wvhich approaches more closely the actual uptake

by plant ocan be considered as a reliable and suitable method.

In attempting to choose a good and reliable extractant
to estimate the available X of the soil, a number of extractants
like water, mineral acids, neutral salt solutions, organic aeids,
buffer solutions of different oconcentrations with varying incu-
bation time, s0oil ;3 extractant ratios have been employed by

different workers.

Datta and Kalbande (1967) reported that Hunter and Pratt
method (1.32N uzso,‘) appeared to be the best acid extractamt.
Swami and Lal (1970) cemparing the efficiency of different
extractants cencluded that vater-~soluble K and Norgan's X are
suitable solvents fer predicting X availability while Pathak g% g§l.,

(1975) stated that eanly Mergam's extractant wvas the best.
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Neutral N NH,.OAC is the best extractant for apprisiag K avail-
ability in soils (Esakkimuthu, 1972; Talati g% al., 1974;
Quemener, 1979; Nagarajan, 1980; Veed and Burrowvs, 1980;
Tahir Saleem ¢t al., 1980; Sobulo, 1982; Chandrasekara Rao

and Prasad Rao, 1983; Kalbande, 1983 and Bansal ot al., 1983).

According to Panda (1971) and Ramanathan (1978) O.IN
HNO’ soluble K was mere closely correlated te plant uptake.

Sobulo (1982) concluded that 0,13N HC1l was the good oxtrnetnnt.)
2.9. [ [ as a measure of K statu n so

The K status as measured by chemioal extractants has
linited use as they would extract a large amount of nutrient
from a volume of soil than plants would extract (Tamhane et a}.,
1958). Thus chemical potential was measured to overcome the
804l heterogeneity. The above physicoe-chemical messurement has
been developed by Beckett (196#) based on Schefield's ratio

law (1947).

K had the same value

Beokett (1964a) concluded that AR
for all solutions in equilibrium irrespective of Ca plus Mg
up to 0.06M and is a measurse of chemical potential of labile X
in a soil provided it 4s not used to compare soils of widely
different Ca and Mg status. Aoquaye and MacLean (1966) stated
that the AR“ vas b‘ttor correlated with portions of K derived

from Kex, vhile the AR~ and the quantity of X releaged (-AKe)

vere much more indicative of total K uptake tham Alb‘ alene.



The PBCE was a good measure of X availability (Barrow, 1966;
Pochelarova and Mileheva, 1983 and Gupta ot al., 1983) while
Ramanathan (1977) stated that it vas a peer index of K availe

ability.

Zandstra and Mackensie (1968) opined that the K potential
correlated well with orop respomse than AR.‘ or I'DOx while
Balasundaram (1971) and Oertli (1973) concluded that K potential
‘alone could not be relied upon as a sole index of K availability.
Rezk and Amer (1969) stated that the Q/I relation wvas a better
index of K status but Ramanathan (1977) expressed that it was
found to be an unsatisfactory measure of X availability. Nash
(1971) and Ramanathan (1977) stated that labile X (-AK®) was

K and A G but

found to be the better index than PBC‘, AR.
Narayanan Nambiar (1972), Chandrasekar Raoc and Prasad Rao (1983)

opined that among QU/1 parameters the AR.x wvas a better index,

Zandstra and Mackensie (1968), wWild et al. (1969), and
Schuffelen (1972) stated that uptake of K 1s a function of Q and
s0ils of equal I, the soil with higher b factor will have a
higher Q resulting higher K uptake. Biddappa and Sarkunan
(1981) found positive relationship between K, with AR.‘, pack

and Kx and in turn Kx with X uptake.

low and high activity ratios being asseciated in red and

black soils respectively and the decrease of Ald‘ by plant uptake

or by leaching in asid than black soils was reported by Maji
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and Sen Gupta (1982). Chatterjee ot al. (1983) prepesed twe
nev parameters viz., buffering capasity (nc.‘) and unified
solution Q/I factor (USQI) by taking coneemtration ratio of K
in seil selution as intensity factor and K extracted by 1IN
NH“OAC as quantity faotor and these parameters have merit over
Beckett's Q/I teohnique due to hydrophysieal preperties eof the
soil. According to Mahendra Singh ot al. (1982) pl-%p
(Ca « Mg) parameter was found to be a better measure of K
availability than AG. Ganeshamurthy and Biswas (1984)
observed a decrease in Aﬂ.x values in plots receiving no K
fertilizer and chaage in AR.x was accompanied by change in

K

labile pool of K (xL). The depletion of K decreased the AR

and KL and increased the PBCx while addition of K increased

AR.x and KL but decreased the PBCK.

2.10. Effect of potassiuvm on yYield of rice

The influence of K on the performance of rice varieties,
on different sofils, in different seasons and the pattern of

response are reviewved hereunder,.

2.,10.1, Effect of X on the vyield of rice on different soils

Mann (1965) concluded that the response was the highest
in mixed red and black soils and lowest in a coastal alluvial
soil. Sundarsam gt al. (1969) found a general response to X
application ia cultivators field in Thanjavur. Mahapatra and

Rajendra Prasad (1970) and Bansal et al. (198%5) reported highest
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respenses in red soils. Sadayappan gt a). (1971) showed res-
ponse ef rice to K application in Manimuthar soils of Tirunel-
veli district. Geswami gt al., (1972) ebserved response in red
soils wvith medium and high K status. Hamra gt a}. (1974)
oonoluded that the response to K wvas high in laterite soil.
According to Ali et al. (1976) alluvial, red, laterite and

coastal saline soils responded to K,0. Similarly Goswami et al.

2
(1976) found that of the major soil groups red, red and yellow,

coastal and deltaic alluvium have responded to K application.

2,10.2, Influence of X on the vyield of different varjeties of
rice

The beneficial effects of K application to rice varieties
IR 8, TN 1 (Raheja ot al., 1970); IR 5 (Dhanapalan Mosi et al.,
1973)3 CO 33 and ADT 27 (Xalyanikutty and Morachan, 1974);
IET 1991 (Agarwal, 1979); Bala and Sona varieties (Verma et g}.,
1979) and BR 3 and BR 4 (Haque ot al., 1982); Pusa 33
(Barthakur et al., 1983) and IR 50 (Nannabatoha and Alagappean,

1983) were reported.

2.10.3. Influence of K levels on the yield of rjce under
different seasons

Mahapatra and Rajendra Prasad (1970) stated that altheugh
the yield levels were higher in rabi, the responses to Kk were
higher in kharif season. Shyam Sundar Mondal et al. (1982)
observed increased grain yield of rice in dry season than wet
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2.10.4. Influence of graded levels of K on vield of rice

Varying doses of X have been reported to be essential
for rice under different situations. B84 kg X,0 (A11 ot al.,
1976); 200 kg X,0 (Ramanathan, 1977); 80 kg K,0 (Yon Uexkull,
1978)3 60 kg K,0 (Agarwval, 1979); 73 kg K O (Varma ot al.,
1979)1 80 kg K O (Mahapatra ot al., 1981); 120 kg K,0
(Haque et al., 1982; Shyam Sundar Mondal et al., 1982);
140 kg K, 0 (Barthakur et al., 1983); 60 kg X,0 (Bhargava ot al.,

1985) and 93.8 kg K,0/ha (Nannabatcha and Alagappan, 1985).

2,10.5. Absence of response of rice to added X

There are quite a number of reports to show that rice
did not respond to application of K and the factors contribute

ing for such situations are summarised.

Ramankutty (1971) found a negative response of grain
Yield in Taichung native 1 to added K but a significant linear
increase of straw yield. Similar instances of lack of response
were also made by Krishnasamy et al. (1974) and Ramasamy and

Paluniappan (1974).

The reasons for lack of response may be based on the fact
that rice requirement of Kk wvas supplied from plant residues
turned under and from K in irrigation water (Desai gt al.,
1938).



Later workers like Mehta (197€); Ramanathan (1977) anmd
Deol ot a]. (1985) elaimed that sufficiency of K in seils,
release of X frem Knex and lov respensive varieties wvere other

possible reasons for lack of response.

2.11. Influence of K en the availability of K

Application of 80 kg l(zolhn inoreased the availability
of K 4in the seil over 40 kg xzolha (Loganathan and Raj, 1973).
According to Esakkimuthu gt al. (1974) K additien inoreased the
wvagter-soluble )lﬂ~. K and lﬂ~nx and Kex in seil. Similar results
of added K inoreasing water soluble K and Kex wvere also reperted
by Talati ot al. (1974); Varadarajan (1976); Ramanathan (1977);
Nagarajan (1980); Negi gt al. (1981) and Valliappan (1984).

“dod K increased the Knex in soil (Paudoy. 1967; ‘
Nagarajan, 1980 and Valliappan, 1984). Ascording to Ekambares
and Kothandaraman (1983) water-soludble K and Kex were high
during initial stages and the same decreased with ageing of the
orop whereas Knex was high during initial and final stages eof
orop grewvth. Total K eentinucusly declined as the orep matured.
In all the stages black soil registered more amcunts of water-
soluble K, Kex, Knex and tetal K followed by alluvial and red

soil.



33

The content and uptake eof K significantly inereased with
higher dose of K fertilisation in riee and the highest uptake
of K wvas ebserved at flevering stage (Sadanandan gt al., 1969).
An increased uptake ef Kk resulted in the enhansed uptake of N,
P, Ca, Mg but a decline in Fe uptake (Kim and Park, 1973; and
Agarval, 1979). Increased Kk levels had an antagonistic effest
on Fe uptake (Ramanathan, 1977).

Accerding te Esakkimuthu ¢t al. (1973) the highest level
of K promoted the N uptake and N sentent in strav, Uptake of K
wvas insreased with inereasing levels ef K (Singh and Sinha,
1973 and Raju and Verma, 1983). Acocerding to Sethi gt al.
(1976) to produce 100 kg ef graim, the requirement ef K was
3.22 kg 4in dvarf rice while 4.52 kg in the ecase of tall riee
and the eontent of K in strav was 10 times that in grain ina
dvarf riee vhereas it was 15 times im tall riece. The K require-
ment per unit of gruim increased as the ascumulation of K 4in
strav increases. Ramanathan (1977) and Bansal ot al. (1983)
pointed out that the upt‘nko of K im grain vas net iufluensed

by K fertilisation but uptake in straw wvas enhamved.

Nagarajan (1980) revealed that with inoreasing levels
of K, the grain and strav centent and uptake of N, P and X
inoreagsed. The leaf K content at 3 menths eld rice plamt vas

inoreased frem 0.39 te 1.23 per sent vith K additien (Howeler
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and Spain, 1980). Petassivm content of rice was high at
initial stages and the same gradually deeslined at later stages

from 2.56 to 1.71 per cent (Raju and Verma, 1982).

Xie Jian-Chang 9t al. (1982) ebserved that rice ebtains
part of its K uptake from readily available source and greater
part froam slowly available ssurces and total K uptake was
better correlated with slowly available K than readily avail.

able K.

Ascerding te Mandal and Dasmahapatra (1982) imcreased
levels of added Kk enhamced the uptake of K and N whereas
Park gt al. (1971) ebserved that the amcumnt of N absorbed
tended te desrease vwith insreasing levels of X,0 and x’o/I ratie
alse inoreased with K additien. Simonis and Newmeth (1983)
conocluded that the K uptake was lewv despite high K availabiligy

in soils.

Plant analysis has been found useful im diagnosing the
potassium status of the seil and fer recommend ing petassium
fertiliser to rice. Ishisuka and Tanaka (1951) stated that if
the xzo sontent of strawv at harvest is lesec than eme per seant
a petassium deficieney 1is likely to exist. Kinehi and Ishimmka
(1961) alse feund that twve per sent petassium in strav at beot-
ing stage and heading stage is required fer a high number of
grains.



Tanaka and Yoshida (1970) feund that the eritical
percentage of K im the leaf blade at the tillering stage and
in the stray at harvest is one per cent. Calibrations made in
Taivan (Sheng gt al., 1964), based en 20 field experiments en
latosols, indicated that the percentage of K in strev corres-
poading to 90 per cent and 98 per cemt of the maximum rice
vyield wvere one per cent and 1.8 per cent respectively. Asceoxrd-
ing to Mikkelsen (1971) the eritical percentage of X in the
most mature leaf of a rice plant was 1.8 per cent at the mid-
tillering stage, 1.0 per cent at maximum tillering and
0.8 per cent at panicle initiatien. The percentage of adequate
K at the same stages vere 1.4 to 2.8 per cent, 1.2 te 2.4 per eemt

and 1,0 to 2.2 per cent respectively.

Von Uexkull (1976) found that the eritical percemtage

in strav depends on the N and P status ef the soil. He pre-~
posed the ratie of K percentage (centrel) te K percentage

(with NP) as the oriterien fer diagnesing the K requirements

of riee exrep. Vhen the ratie exvceeds 1, there will be a res-
ponse te K, If the percentage of K in rice stinvw, at or befere
harvest is lever than ene per cent, a signifiecant respemse te Kk
is most likely; mo significant response is likely if this level
1s abeve tve per cent. Beringer (1985) showed that wnder lew

N and P (oontrel) the pereentage of K imn strav was rather eem-

stant inspite of different respenses te applied XK,
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2.13. Zatersctien ef K with ether jems in seil end plast

The latest trends in fertiliser recemmendatien signifying
balanced mutrition envisage nutrient intersetions. Mautual
antagonistic effects of heavy doses of nutrients or etherwvise
its high availability eemnsequent eof the uptake of other mutrieats
in erop species is wvell dosumented. Thus imteraction is a
mutual effect either in favouring or off-setting the avail-
ability ef one ion by the other. Interaections of nutrients iens
ooccur in soil and plant due to differences in electrevalenoy,
precipitations reastions, dblocking effect, excessive absorption
of one nutrient ion and dilution effect of one ien promoting

the biomass.
2.13.1%, tien N

Application of m,.’ befere addition of K inmereased K aand
N uptake (Singh and Sinha, 1975). Prier addition ef K by six
hours resulted in depression of IH~ fixatien t¢ a larger exteant
(Badhe g% 8l., 1976). Ammenium fixation was very lew under H'
saturated condition. A 10,0 per cent saturatien of CEC by K
increased the IH~' fixatien wvhereas above 10 per ocent reduded
the fixation (Raju and Mukhopadhyay, 1976). About 4O and 28 per
cnt of added K was fixed in adbsence and presence of Ilb’ res~

pectively (Bimgh and Singh, 1979).

Uptake of K was depressed by IH~’ due te reet media asidu-
latien (Baker gt 2l., 1967). Petassium uptake was sigaificaantly
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increased by applied N levels (Roy and Vright, 1974 and

Durairaj Muthiah, 1978).

2.13.2. Interaetion of K with P

Phosphorus had a depressive effect on K availabiligy

(Rey and ¥Wright, 1974 and Durairaj Muthiah, 1978).

2.13.3. Intersction ef K with Ca

Potassium interacts with Ca antagonistically both in
s0il and plant. Ethrenberg (1919) attributed the decreased K
uptake on limed soils to an antagonistic effect of Ca upen K,
He formulated the lime-potash law which wmeans that wvhen Ca
concentration is relatively high, the plants may not be able
te abserd their required kK at an adequate rate. Narrover the
ratio (1 1+ 4) the more X the plants sccumulate (Berry and
Ulrich, 1970) Randhawa and PasWicha (1976) reported that the
decrease in Ca content was more in the above groumi pertiem

with inoreasing K addition.

2.13.4. Jotersction of X with Mg

Magnesium also exhibits antagenistic effect en K. Lew
Mg/K ratio causes a slower absorptien of K and causes Ng
deficiency (Ramamoorthy and Velayutham, 1976). Heavy appliea-
tion of K affeets Mg abserption and Mg defiociency wvas ascentuated
by higher levels of Kk (Nightingale, 1937 and Hovliand and
Caldwell, 1960).



2.13.5. Jaterwotien of X with Fe

With regard to Fe-XK finterastion it is concluded that
excess Kk addition causes Fe deficiency and lew level of K
osuses Fe toxicity. Acoerding to Bolle-Jones (1935) iren
chloresis was cured by addition of high levels of K, Tanaka
and Tadano (1972) eencluded that good status of X in plants
depressed iren uptake and high levels of Fe in soil depressed

the K uptake.

Oertli and Opoku (1974) reported that the uptake of Pe
was increased from O to 2.5 g/pot. When the K level was further
increased there was a deorease in Fe uptake. 8uch reduotion of
Fe uptake at lew and high levels of Kk was also reported by

Hernando and Sanfluents (1976).



EXPERIMENTAL DETAILS




CHATPER )

EXPERIMENTAL DETAILS

Details regarding the soils used for the study, laboratory
inocubation, pot and field experiments conducted, the collestien
of soil and plant samples, the analytical methods followed in

the present investigations are preseated in this chapter.

Thanjavur distriot, the rice bowvel of Tamil Nadu was
chosen for a detailed study relating to the topic ef investiga-
tion, It has an area of about 9700 8Sq.km and lies betwveen
9¢ 50' and 11° 350' nerth latitudes and bdetween 78°¢ 50' and
80° east longitudes. It includes old delta commanded by the
river Cauvery and Vennar and nev delta served by the Grand
Anicut Canal (Cauvery Mettur Project). The district enjoys
a tropical hot monsoonic climate with an average rainfall

ranging froa 900 mm to 1300 mm.

The geological fermatien of Thanjavur district comprises
of oretacecus, tertiary and alluvial deposits. However the

major area is occupied by the alluvial and tertiary deposits

(Dhanapalan Mosi ot al., 1974).

The cretacecus formations escur as a small pateh in Vest

and Southevest of Vallam. These expesures are ounly a part of
the long narrow strip, oceurring in a NE-SVW direction, frem
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Thanjavur en the nerth eof Pudukkottai and Karaikudi en the
south. These formatiens have a very thieck lateritic eap.
They consist of impure lime stenes and sandstones of silt,
elay, calcarecus and argillaceous varieties. In the coast,
these formations are overlaid by Cuddalore sandstones of

tertiary origin,

The Cuddalore sandstones of tertiary age are well deve-
loped in this district and occupy nearly an area of 3625 Sq.km.
The best exposures are seen vest of the Orand Anicut Canal and
also near Orathanad. These tertiary sandstones are severaed by
a thin layer of wind-blown sands near Pattukkottai and Mannargudi.
The formations mainly eonsist of sandy oclays, unconsolidated
sands, clay bound sands, mottled oclays with thin lignitic seems
at various horisoans. Invariably the tertiary formmtiens are

capped by laterites.

Overlying the tertiary in the east, the alluvial depesits
of river Cauvery and its distributaries ocour over an area of
about 3700 Sq.km. They consist of mainly medium to fine sands,
gravelly sands, Clays and sandy olays. The thickness of the
formation ranges from about 30 metres in the inland to 500 metres
near the coast. The alluvial formations dear the important

filter point aquifers of the Cauvery delta.

Twenty two seil series have been identified im Thanjavur
district as per soil Saxonomy and deseribed. These twenty twe

s0il series eccupy an area ef 766,888 ha. Ous of these, 10 seil



series oecupy an area of 637,839 ha and henee these 10 seil

sajor seriee alone have been chosen for the present study.

The details of the ten major soil series and the lecatien
of soil samples collected are furnished in Table | and FPignre 1.
Also the profile desoriptions of the ten soil series based on
8011 survey report of Thanjavur (Dhanapalaa Mosi ¢t al., 1973)

are presented in Figures 2, 2a and 2h,

3.2. Descriptien of the major sei] series
3.2.1. Adamur geries

Adanur series comprises dark greyish brown to dark
yellowish brewn clay loam scils. The seils are very deep, non-
calcareocus throughout having sand mset with below 100 to 120 om.
The typifying pedon i1s Adanur clay loam cultivated. The colour
notation in 0«20 owm depth is 10 Ya &/2. The texture ranges
from clay loam to sandy loam in the top layers. The assotciated
s0il series are Kalathur and Kivalur of wvhich the forwmer ie
calcarecus in sub-soil and the latter is fine textured on the

surface.

3.2.2. Alathur series

These are greyish brown to grey and deep soils ooccurring
at the bottom of very gentle slopes of the Cauvery delta. The
s0ils are derived mainly from the alluvial parent wmaterial rioch
in dbases. They are sandy clay in the surface changing to clay
loam belov. Lime cencretions are present in the lewver depths.

The Sypifying pedomn {s Alathur sandy clay cultivated. The
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colour in 0-20 om 4s 10 YR 4/2. The top soil ranges from sandy
slay to silty imn texture. The closely related soil series are

Madukkur and Pattukkottai without lime concretions in the profile.
302030 !.L.!!\l! !!ﬂ!!

It ie a very dark greyish brown soil mainly formed due
to the precess of sedimentatien by the river Cauvery. It is a
very deep, silty clay seil with sudb-soil underlined by sand
belew 175 om. Lime concretioms are mot with in sub-soil. The
typifying pedon is Kalathur silty clay cultivated. The eelour
in O-14 om depth 48 10 YR 3/1. The related series is Adanur
sexries whioch is clay loam textured on the top and sand is wmet

within 100 to 120 om.

3.2.h. Kivalur series

This series is greyish browvn to dark greyish brownj
very deep, non-calcarecus alluvial soil. Texture of the top
soil ranges from silty clay to silty clay leam. The typifyiag
pedon is Kivalur silty clay. The soil colour in O0-31 om depth
is 10 YR 4/2. The competing series is Kalathur having lime

concretions in the lowver depths.

3.2.5. Nedumwbalam geries

This series consists of very deep, very heavy elayey
greyish brown seils laid over lateritic base. The typifyimg

peden is Nedumbalam ¢lay cultivated. The celour im 0-23 om
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depth of soil is 10 YR 3/2. The related series is Madukkur

whioch is medium textured,

3.2.6. pagugai peries

It consists of deep, dark greyish brown sandy loam soils
lying very near to the rivers and streams. They are ocenspisuvous,
by their stratified layers. The typifying pedon is Padugai
sandy loam cultivated. The colour in 0-50 ocm depth is 10 YR
4/a.

3.2.7. Pattukkottal gperies

Pattukkottai series comprises very deep sandy leam,
brown soils with sandy e¢lay loam sub-.geil. They occoupy the
top pertions of the gently sloping Cauvery-Nettur Project Area
and are developed from lateritic parent materials. The seoils
are non-saloareocus. Iron concretions and kaelin are met with
at lover depth. The soil colour notatien in 0-19 om depth is
7.5 YR 3/2. The related series is Madukkur occeupying the gentle

sleping mid-lands.

3.2.8. Spkar peries

The Sikar series consists of very dark greyish brewn te
dark brown, clayey seils developed from alluvial depoesits of
river Vennar, Vettar eto. The soil is free from gravel sxeeps
small lime oencretien distributed throughout the prefile. The

typifying pedon is Sikar silty clay. The coleur in 0-22 om
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depth of s0il is 10 YR 3/2. The closely related soil is Kalathur

series having lime cencretiems in the lower layers.

3:2.9. Magukkup serjies

These are very deep brown soils, derived from lateritie
purent materials. They occupy the gentle-sleping middle pertien
of the Cauvery-Mettur Project Area. They are sandyloam en the
top grading to sandy oclay loam below. They are non-calsarecus.
The soil ocolour in O-12 om depth is 10 YR 4/3. The related seoil

sexries is Pattukkettai series.
302.10- Mela LY erie

These are ococurring near the cocastal lines. They are
light textured throughout the profile. The seil colour in
0-13 cm doptqio 10 YR 3/3, grading to lighter coleur with depth.
The solum depth ranges from 60 te 75 eam grouped as moderately
deep to deep:. The surface’ texture ranges froa loamy sand te
sandy loaam. In the typifying pedon, the plough layer texture

19 sandy loam. These are derived from granitic alluviua,

3.3. Soil sualysis
303.‘0 : [-) tia Q

The surface-bulk camples (0-15 em) representing the tea
major seil series (Map Frig.1) eof Thanjavur distriet wvere sellected,
dried in shade, povdered and sieved through a 2 mm sieve and

used fer mechanical and chemical amalyses.



The heads of mechanical and chemical analyses carried

out, the methodology adepted and the references are furanished

a1

belovw.
::' Head eof analysis Method adepted Reference
1. Textural analysis Iunternational pipette Piper (1966)
sethod
2. Seil reaction Soil-water suspea- Jackson (1973)
sion 1:2 ratio
3. E.C. Seil-water suspen~ Jacksen (1973
sion 1:2 ratio
4, Organic carbon Wet chromic acid Walkley and
digestion Black (1934)
3. Caco, Titration method Piper (1966)
6. Total Ca and Mg Versenate titration Piper (1966)
7. Total N Macre Kjeldahl's Jackson (1967)
method
8. Total P Pemberton's Method Jacksen (1973)
(1943)
9. Tetal K Digestion and flame Pratt (1965)
photometry
10. Available X Alkaline permanga- Subbiah and
nate Asija (1956)
11. Available P 0.5M NQ.HGO3 Olsen of al.
(1934)
12. Available Kk 1N NHy 0AC (pH 7.0) Stanford and
English (1949)
13. Available Ca Versenate titration Jackson (1967)
and Mg
14. Available Feo 0.005M DTPA « Lindsay and

0.01M CaCl_ ¢+ O.1M
TEA (pH 7.3) 4m AaS

Norvell (1978)

Oontd...




::: Head of amalysis Method adepted Referenece
15. CEC 1N NH, OAC (pH 7.0) Schollemberger and
Dreibelbis (1930)

16. WX Extraction with KC1 Jackson (1967)
and by stem distil.
latien-Nacro
Kjeldahl

17. HOJH Extrection with XCl1 Sims and Jackson
and by colorimetry (1971)

et
30“. o xr of K

3.8.1. Vater-goluble X

A ten gram sample of s0il was weighed into a shaking
bottle and 20 ml of distilled water was added. The contents
wvere shaken in a mechanical shaker for two hours, kept overnight
and filtered. 7From the filtrate, the watur-soluble K waa esti-

sated by flame photometry (MacLean, 1960).

3.4.2. Exochangeable K (N NH, OAC extractable K)

Five grams of s0il wvas ahaken with 235 ml of neutral
N NH.OAC for 5 minutes and filtered. Potassium was determined
in the filtrate by flame photometry (Stanferd and English, 1949

and Hanwvey and Heidal, 1952).

).5.3- M mu

A tvo gram seil sample was boiled exastly for 10 minutes

wvith 20 ml of N HNOy ever a hot plate. After dilution and



allowing to cool, the contents were filtered into a 100 ml
volumsetric flask. The so0il residue was washed thriee and the
wvashings were also cellected and made up to a known volume.
An aliquot was neutralised with unhon and K vas determined bdy

flame photometry (Wood and DeTurk, 1940).

3.5.h. Nen-exchaugeable K

This was the K not extracted by N NHbOAC. Henoce Knex
was got by subtracting the N NHhOAC soluble X from the boiling

N mlo3 soluble K value,

(3.5. Potasgjium extracted by different extractants

The K extracted by various extraotants of different
concentrations like mineral acids, neutral salt solutiens and
organic acid wvas estimated. The different extractant seclutiems
used, the soil solution ratios together with time eof shaking

are furnished below:

Sodl

Extractants :::::10- :;::::‘.f Reference

0.1N HCZ 115 S wminutes Ramanathan (1977)

0.35N HCR 115 S minutes Ramanathan (1977)
0.1N HNO, 113 5 minutes Ramanathan (1977)
0.5N HNO, 15 S minutes Ramanathan (1977)
O.5N EDTA 115 5 minutes Ramanathan (1977)
0.5N Nall 119 S minutes Ramanathan (1977)
Citric anid

1 per cent 1110 5 minutes Ramanathan (1977)
0.,01X CaCl, 1210 1 hour Ramanathan (1977)
Mergan's reagent 1310 1 hour Nagarajan (1980)




3.6. Determination of K potential

The method developed by Beckett (1964a) and as adopted
by Palaniappan (1972) and Ramanathan (1977) wvas employed for
the determination of K potential. To a series of 5 g soil
samples (passing through 50 mesh sieve) in a 100 ml shaking

bettles, 40 ml of 0.01235X CaCl_ selution was added. In addi-

2
tion, 10 ml portions eash of varying XCl concentrations were

added to make up the final concentrations of Ca012 to 0,01NM,

The concentrations of KCl used were 0, 0,25, 0.5, 1.0, 2,0, 3.0
ard 5.0 millimeles. Another sample of 0.5 g was also weighed

into the centrifuge bottle and 50 ml of 0.01M 05012
wvas added. The bottles with contents were shaken for one heur,

solution

kept overnight and eentrifuged at 2000 rpa for 10 minutes. The
supernatant solution was filtered anxi analysed for K using
flame photometer and fer Ca and Mg, the versenate titration

was used.

From the concentrations of X, Ca and Mg, the activity
ratio .K/./Oa + Mg was calculated using the Debye-Huckel forwula

as proposed by Beckett (1964a and 19635) as detailed belows

Ionic strength (4) = é % u 22
Activity coefficient (f) = leg = -0.509 2 [

Where, m = Nelar cencentratien
Z = Valency of ions
0.509 = Constant



MK
Astivity ratio = x Aetivity eeefficient

/M (Ca + Mg)

A K (gain or less of K) the difference betwveem the
amount of K added and recevered in the extracted selutiem in
me/100 g s0il was alse ealsulated. The ARE wvas then plotted
against A XK. The Q/I curve reselves into a lover curved part
and the upper limear part. The difference between the lower
curved part and the upper linear part represents the K held
at especific sites (xx) at zoro aotivity ratio. Further am
extension of the lower curved part to the A K axis gives the
total amount of K in labile poel (KL). The linear part of
the curve wvas interpolated to the X-axis and this X.interoept
would represent the equilibrium activity ratie (AR.‘) vhen
"2_;! is mere. The linear part was also interpolated to imtersest
the Y-axis and this Y-intercept would represent the amount eof
K held in the seil on sites or surfaces of wvhich the exshange
equilibrium is descoribed by the linear part of Q/I relatiem

(<AK®). The other Q/I parameters caleulated are as fellews:

~AKe

AR‘
e

PBC =

Yhere, nc‘ = Poetential buflering capacity
~AK®* = Labile K (Quantity of K released eor the part
of labile K that is lecated omn the plamar
surface)

AR = Bquilibrium activity ratie of XK.
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The K potential values are got by taking the preduct of
labile K (- AK®) and PeCt as por Zandg tra and Meokensie
(1968).

Free energy change (A G) in calories was calculated as

proposed by Woedruff and Hoiitooh (1960) using the formwula
-/4G =« RT1 (n‘)
£, n (3

Vhaere,
R 1s the gas constant (1.987 onlorioo/dogroo/.tllimlo}

T is absolute temperature (273° + reom temperature)

1, = log, = 2,303

1, u,‘ = 2.303 x leg,, (Al,‘)

3.7. Petasejum fixing capaeity eof seil

The method desoribed by Verma and Verma (1970) and as
adopted by Ramanathan (1977) was fellowed. To a series ef 5 ¢
seil samples in 100 ml shaking bottles varying cencentrations
of KC1 selutions to supply O, 1, 2, 5 and 10 me K/100 g seil
vere added and kept at room temperature for equilibratien fer
24 hours, 72 hours, 7 and 1h days. At the end of equilidbratiey
peried, 23 ml or_! ln‘ouc vas added, shaken for 5 wminutes,

filtered and Kk vas determined by flame phetemetry.

The K fixed was salsulated using the formla

Original Exohangeable K
K fixed = exshange- + K added - after oquli-
able K bration
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3.8. Petassive supplyAng Pever of seils

The follewing procedures wvere used te study the abeve

parameter.
’o'o‘o al meth

The K releasing pattern of seils are evaluated by
successive extrastions with 0.01X HC1l. It 4s alse known as

step K.

3.8.1.1. Chemica] eusmlative releesing pover

The method preposed by Garman's (19357) and medifiecatien
se adopted by Ramansthan (1977) was followed. To a 5 gram
soil sample in a eentrifuge tube, 350 ml of 0.01N HCl was added,
shaken for 15 minutes, eentrifuged for 10 minutes at 2000 rpm
and X vas estimmted in the supernatant ligquid. Te the same
soil, another 350 ml of O0,01N HCl was added and the same
procoduro‘vu- repeated fer 135 times or till such time that the
released X wvas constant or nil. The eumulative X releasing
pover of the seil was eemputed by adding the values of X by
successive extragtions. As against the values of cumulative

release of K, the surves wers drawa.

3.8.2. Bjo-asgay sethed

The K supplying pever of seil vas studied Wy exhaunstive

srepping seehnique usiag minipets.
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3.8.2.1. Rie-assay - K supplring pever eof seile by exhaustive
sreppiag Seohnique

The presedure adepted by Ramanthan (1977) was fellowved

teo evaluate the above parameter.

A minipot experiment wvas sonducted with ADT 31 riee ae
test crop wvith & levels of K (0, 235, 350 and 75 ppm of X as
KC1l) replicated tvo times. The same 10 majer soil series
desoribed in section 3).2 were used for this study. Thus there
vere 80 pots in total. Common dose of N and P wvere added at
50 ppm and 25 ppm respectively fer every orep to promete grewth

of the orep.

8ix hundred grams of seil sample passing through a 2 s
sieve was tranaferred to vell cleaned and vax lined plastie
pots. The oaleujated Quantities of the nutrient selutions
vere added to sach pot and mixed well with hand after adding
sufficient Qquantities of de-ienised water. Fifty well sprouted
ADT 31 rice seeds were sowvn and allowed to grev fer YO days.
De~-ionised water was added every day to maintain uniform level

of submergense.

The plants vere pulled eut sarefully after 3O days eof
grovth, the roots were washed and the adhering seil returwed
back t0 the pets. The above greund pertions of the plumts
were dried and yield of dry matter vas recorded. Agaim the
nutrient selutiens were added as in the previeus experiment amd
the sesend orop was rajsed. Felloving the same presedure, six



erops ef ADT 31 riee were raised tetally and the yield of dary
matter was recerded. The plant material after each harvess
wvere analysed fer K content fellewing standard prosedure
(Jacksen, 1973). The cumulative dry matter yield and the

cumz lative K uptake values wvere ealsulated.

From the analysis of the seil sample (before and after
cropping) and plant samples, the extent ef nen-exchangeable K

used, was oomputed from the follewing tornnla,

Amount ef X Total X Exehange- Exshange-~
frem nen- - taken by - able X . able K
exshange- plang before after
able form srepping crepping

(Aequaye, 1973; Biswas, 1974 and Ramanathan, 1977)

3.9. Plant snalysis

The plant materials eocllected for amalysis were dried in
a hot air oven at 65-70°C, pevdered in a Viley mill and the
materials passing through one mm sieve was analysed fer the

following constituents as detailed belew,

Heads eof analysis Method adepted Raferenso

N ocontemt Misre-Kjeldahl Jaskson (1973)
P content Yanadewe lybddase Jacksen (1967)
K eensent Flame photemetry Jasksen (1973)

Ca and Mg eemtent Versenate titratien Jacksen (1967)

Feo sontent Triple asid exsract Jacksen (1967)
in AAS
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3.10. Pot culture expariment to study the respense of ADT 31
rice under graded levels of K
All the ten major soil series chosen (The details are
given in Table I) were used for this experiment. The treatmwents
consisted of 5 levels of K (0, 50, 100, 150 and 200 kg K 0/ha)
with common dose of N and P at the rate of 100 and 50 kg/ha
respectively. The test crop used was ADT 31 rice and the

experiment was replicated tvice.

Ten kg of the soil was used for eaeh pot. The entire
quantity of P and K and 50 per cent ef N were added basally
and the seil wvas mixed thoroughly and breught te a puddled
conditien. After allowing fer a peried of 24 hours fer equili-
bratien, soil samples representing pre-planting stage vere

drawn from each pet for analysis of K.

Twenty ene days old ADT 31 seedlings were transplanted
at the rate of 10 seedlings per pot in 5 hills. Vatering was
done periodically to maintain a continuous submergence of 35 om
ef vater. The remaining half of N was applied on JIOth day

after transplanting.

¥hen the orep attained maturity, the grain and streavw
yields were recorded. Simultanecusly pest-harvest seil samples
were dravn for analysis. The grain and strav samples were
analysed individually for Kk felleving the standard proecedures
described earlier and the tetal uptake eof Kk by grain and straw

wvas cemputed.
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3.10.1. Regpense fumtiens

Te evaluate the performanse of ADT 31 riee under diffe-~
rent seils for added Kk levels, respemse ourves aleng with
response equatiens were worked eout. In each scil series, the
Yield responses to the added K were tested by using three
different respense functions vis., linear! Y = a ¢+ bx,
Quadratics Y = a + bx + oxa, and Cubics Y uw a «+ bx + oxz . dz’
in orthogonal pelynomial medel (Snedecor and Cechran, 1967).
For each response funotion, lz value was caloulated and the
functien for whioh the largest ‘2 value obtained wvas selected
as the best fit. The best fit response equations are prefit-
ably used to predioct the grain yield ef ADT 31 riee for a

particular level of applied K.

For working out physical and ecenomic optimum levels,
the oubic polynomial response funetien fitted to soile 81, 82.

and B, is of the ferm

Y= ae¢bx o oxz * dx’

Vhere,
Y = Grais yield in g/pot (Trunsfermed te kg/ha)
x = K levels kg/ha

The optimum level of K wvhich gives the highest grain yield is

ebtained by using the first and second erder cenditiens,

—u-.Olﬂ



The first erder cenditien gives

dy 2
—— wm 3 dE ¢+ 2 ex ¢+ b =0
ax

This equation gives two values for x. The level of K for which

Y 4s maximum is then found ocut by using the second erder condi.-

2
tion -‘—E—- < 0.
dax

3.10.2. Coryelmtion etudies

Simple correlations vere vorked eut between different K
availability parameters and the yield and uptake values te

predict the best method of K determinatien.
3.11., e X nt

A field experiment vas eondueted with graded levels eof X
to study the performance of ADT )1 rice to eenfirm the results
of the pot experiment. The experiment was laid out en the
Madukkur soil series ef Thamarankettai village in Thanjavur
district in randemised blocks design with four replicatiens.

The followving vere the treatments adepted.
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J.11.1. Ireatmengs

K levels

No potassium
50 kg xzo/n
100 kg K,0/ha
150 kg K,0/na
200 kg xzo/h.

X,
K,
X2
)
Xy

A common dosage of N and on at the rate of 100 kg and 50 kg

3
respectively, vere applied to all plots.

3.11.2. §ime of the plot

A gross plot sise of 8 x 5 = with a net plet of 7.7 x
k.8 m was adopted., Tetally there were 20 plots im the experi-

ment and the field experiment plan is shown in Fig.).

3.11.3. Spaogng and time of fertilisstion

Rice seedlings eof ADT 31 raised in a separate mursery
for 21 days without any manure vere transplanted adepting a
spacing of 135 x 10 om. The entire quantity of petassium,
phosphorus and nixr of the nitregen vere applied as basal
dressing. The remaining quantity eof nitrogen vas top dressed
on 43th day after transplanting. Reutine cultural and plant

vprotootton eperatiens were carried out regularly.
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3.11.h. sempling

Plant samples were selleesed at tillering (30 dasys after
transplanting) and flovering (535th day afser planting) ssages
by pulling out 3 hills from each plet to recerd dry matter
yield and feor analysis. Simultanceusly index leaves (3rd leaf
from tep) were also collected at randem from 13 hills frem
each plet at the above stages for anmalysis. On maturity, the
orop wvas harvested and the yield ef grein and straw wvere
recorded. At the corresponding stages of plant sampling, seil
samples were also drawn and analysed fer available N, P, X, Ca,
Mg, Fe, N NH,.OAC extractable X and different Q/I parameters.
The plant samples drawn at various stages of crep growth include
ing grain and strawv wvere analysed for N, P, K, Ca, Mg and Fe
and the uptake ef these nutrients was ealeoulated. The index
leaves samples drawn at different stages vere analysed for K
content. Nutrieat ratios of the above nutrient ions on equivaleams$
basis were worked out at different stages dboth in soil and plamt,
Appropriate relationships among various K availadbility parae-

meters with that of yield and uptake values were wverked eut.

3.11.5. Response functieas

The physical optimum K level in field experiment was
determined following the procedure furnished im seotiem 3.10.1,
The economic optimum level which denstes the level of K for

which the profit 1is maximum is caloulated as fellews:

P-Pyy-P’:
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Yhere,
P = Profit
"i = Price of unit kg of fertiliser nutriens

’y = Price of unit kg of preduce

In order to get the maximum profit, the first and second condie

tions are

2

drP ap
--—-o-.nn--—z-<o
ax dax

These conditions were used to calculate the economic optimum

levels of K for soil S, under field trial.

9

3.12. a a 8

The yield and uptake data obtained were subjected to
statistical serutiny (Snedecor and Cochran, 1967) to determine
the effect of various treatments as well as the inter-relation-

ships ameng the varisus parameters studied.
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CHAPTER &

RESULTS

The results of the experiments conducted and desoribdbed
under Chapter 3 are presented below.
bor, era ep of the po od for the st

Table 2

The ten major soil series of Thanjavur district used
for the study varied from loamy sand to clay with olay content
ranging from 8.6 to 70.6 per cent. The CEC of soils ranged
from 5.8 to 7.7 and EC varied from 0.1 to 0.9 m.mhos/ca. The
percentage of organic carbon ranged from 0.21 to 0.74. The
calocium carbonate content of soils varied from 0.10 to
1.43 per cent. ¥With regard to nutrient status, all these
s0ils fell under low N gtatus and in respect of P, the soils
had medium and high levels and for X these soils fell under

low, medium and high status.

4.2. leboratory studies on the forwms, status and avajilabiljty
indices of X in pells

b.2.1. Forms and statup of X

The K status of soils as determined by extraction with
different extractants is presented in Table 3. The correla-
tions among different K availability indices are furnished in
Table 4. The simple correlation between X uv-ilnbility indieces

with clay pereentage and CEC and other soil charscteristics
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN DIFFFRENT

K AVAILABILITY INDICES (m = 10)

s1. Variables Correlation
No., coefficient Regression equatien
X Y (r) (Y = a + bx)
1. O,1N nno3-x N NH, OAc-K 0.739* Y = 235.9% + 1.67x
2. 0,.5N uuoa-x N NH,OAc-K 0.729% Y = 37.81 + 1,66x
3. IN unoj-x N NH) OAo-K 0.7k Y= 14,17 ¢« O0,13x
A, 0.1N HC1l-X N NH, OAc-K 0.7hB8¢ Y = 26,04 ¢+ 1,.84x
5. 0.5N HCl-K N NH, OAc-K 0.71h# Y = 26.07 + 1.93x
6. 1% ocitric N NH, OAc-K 0.788%+ Y = 124,16 + 4.67Tx
acid-K
7. Morgan-K N NH, OAc-X 0.677* Y= 17.82 + 1,.84x
8. 0.5N uuoa-x 0.1IN nno,-x 0.992%# Y = 6.84 ¢+ 0,70x
9. 1IN HNO, -K 0.1N HNOB-K 0.837 %« Y= 3.31 « 0.07Tx
10. O.1N HCl.K 0.1N Huoj-x 0,99k s Y 1.44 + 1.08x
11. 0.5N HCl-K 0. 1N HNOy-K 0.971%+ Y = 0.10 + 1.66x
12. 1% ocitrioc 0.1N HNOJ-K 0.9394#+ Y = «70.67 + 2.46x
acid-K
13. 0.5N EDTA.K 0.1N Hnos-x 0.907## Y = «26.18 + 1. 7T
14, Morgan-K 0.1N HNOS-K 0.9584# Y = <30.98 + 1.13x
15. 0.01M CaCl,-K O0.1N unos-x 0.753% Y w -26.,18 + 1,.88x
16. 0.5N NaCl.K 0.1N uuo3-: 0.959#» Y = «27.47 + 2.5%x%
17. Non-exchange- O.1N HNOJ-K 0,799%# Y 6.66 + 0.07x
able-K
18, Cumulative K 0.IN unoa-x 0.8520» Y = 49,87 + 0.48x
releage
19. 1IN HNOj-K 0.5N Hnoa-x 0.828%» Y = 4,39 + 0,092
20. O.1N HCl-X 0.5N HNOB-K 0.987%# Y = «6.2% + 1.52x
21. 0.5N HC1-K 0.5N HNO,-K 0.9710s Y= 29.13 + 1,.64x
22. 1% oitric 0.35N HNOJ-K 0.948un Y = «110,97 + 3.%52x
acid-K
23. 0.5N EDTA-K 0.5N uxoa-x 0.910#+ Y = «46,%6 + 2,.52x
ak. Morgan-K 0.5N uuo,-x 0.,956%+ Y = «51.73 + 1.62x
25. 0.01M CaCl,-K O.5N unoj-x 0.739¢ Y= 51,05 ¢+ 2.76x

Contd...
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TABLE & (CONTINUED)

Variables Cerrelation

8l1. Regressien equation

No. X Y °°'f:§.1." 1; = a ¢ bx)

26. 0.35N NaCl-X O.5N nnoj-x 0.93h »e Y = bl b1 &+ 3.52x

27. l.n-.‘cmn‘.- O.SK HNO -K 0.303" Y= 0.08 + 0, 10x
able-K 3

28. Cumulative K O.5N HNO_-X 0,865+ Y = 50.92 + 0.69x
release 3

29, O.1IN HCl-K 1N HNOB-I 0.830%s Y = 279.98 &+ 11.33x

30. O,5N HCl-K IN unoj-x 0.,832%¢ Y = 284,27 + 12.09x

31. 1% eisric IN HNO,-K 0.838%+ Y = -577.89 + 27.96x
acid-K

32, 0.5N EDTA-K 1N HNOB-K 0.6373+ Y = 154.84 + 15.%54xm

33. Morgan-K 1N HNOB-K 0.823%+ Y = «84.80 + 12.40x

3. 0,01M c.c12-x 1IN unoj-x 0.648% Y = «99.54 + 21.00x

3S. 0O.5N NaCl-K 1N unoj-x 0.752# Y = 38.30 + 25.18x

36. Non-exchange- 1N HNOB-K 0.989%« Y = 18.73 + 1.1hx
able-~kK

37. Cumulative K IN nnoa-x 0.760% Y = =354.98 + S.M1x
release

38. o.," HCIOK OI'N HC].-K 00975.. Y = -'.2 + ,.07‘

39. 1% eitric O.1N HCl1l-K 0.94 30 Y = «66.39 + 2.27x
acid-X

0. O0.5N KEDTA-K 0.01N HCl-K 0,.893#» Y u =23.67 ¢ 1.61xn

&1. Morgan-X 0.1N HC1l-K 0.9558« Y = -28.3%5 ¢ 1,08x%

k2. 0.01M CaCl,-K 0,1N HCl-K O.Th» Y = -28,29 + 1.79x

3. O.5N NaCl-K 0.1N HCl-K 0.959%+ Y = =26.30 + 2.3%x

~~. N.Il-.lom"- 0-1 HC].-K 0079‘.. Y = 3.12 L 3 0007:
able-X

AS. Cumulative K O.1N HCl-K 0.832%+ Y w=l3.b3 ¢ O.43x
release

6. 1% oitric 0.5N HC1l-K 0.9784+ Y = -61.98 ¢+ 2,14x
acid-X

7. O0.,3N EDTAK 0.35N HC1l-X 0.896#+ Y= «18.8% & 1.86x

48. Morgan-k 0.5N HCl-X 0.963#+ Y = -24.39 ¢+ 0.9Tx

k9, 0.01% CaCl,-K O0.3N AC1l-K 0.792%+ Y = «-18,97 + 1.74x

50. 0.5N NaCl-X 0.5N HCl-K 0.9k »s Ys =19.80 ¢+ 2.10x

Contde..




TABLE & (CONTINUED)

81. Variables Correlation . .. 4ei0n equation
x X (r) -

51. Non-exchange- O.5N HCl-X 0.809*s Y = 6,95 + 0.06x
able-K

52, Cumulative X O.5N HCl.K O0.849%e Y = 239,0 ¢« 0.40x
release

53. Morgan-K 1% citric 0,946+ Y = 19.59 +» 0.43x

acid-K

s&. 0.01M CaCl,-K 1% oitric acid-K 0.834%» Y = 14,26 +« 0.84x

55. O.5N NaCl-K 1% citric acid-K 0.876%+# Y = 23.10 ¢+ 0,.89x

56. Non-exchange- 1% citric 0.791%» Y = 33,05 + 0,03x
able-K acid-K

57. Cu.ulltivc K ’% citric 0.786'. Y = '5.'7 + 00'7‘
release acid-K

58. Hor‘ln-K 0.5N EDTA=K 0088“" Y = 6.85 + O.Sh!

59. 0.01M CaClz-K 0.5N EDTA-K 0.696%« Y = 6.16 « 0,94x

60. 0.5N NaCl-K 0.5N EDTA-K 0.906#+ Y= 7.11 ¢ 1.23x

61. Non-exchange- O0.5N EDTA-K 0.633+ Y = 28.34 ¢ 0.03x
ab le=K

62. Cumulative K O.5N EDTA-K 0.814%» Y = 4.1 ¢+ O.24x
release

63. 0.01M CaCl,-X Morgan-K 0.859%« Y = -9,08 + 1,88x

64. 0.5N NaCl-X Morgan-K 0.926%» Y = 8,91 ¢« 2.06x

65. Non-exchange- Morgan-K 0.798s» Y = 34,82 ¢ 0,061
able-K

66. Cumulative X Morgan-X 0.824 e Y = =9,.53 +« 0.39x
release

67. 0,5N NaCl-K 0.01M CnClz-K 0.722+ Y = 23.26 « 0.73x

68. Non-exchange- O0.01M CaCl,-K 0.728+ Y = 16.61 ¢« 0,023x
able-K

69. Cumulative K 0.01M CnClz-x 0.882#%» Y = =-8.%3 + 0,188x
relesase

70. Cumulative K Non-exchange- 0.762+ Y = =307.01 + 4,69z
relesse able-X

Contd...
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TABLE 4 (CONTINUED)

81. variables Correla- Regression equation
No. tion ese-~ (Y = a + bx)

X Y eofftoient

(r)

71. pBc® ARbk 0.695¢ Y = 0.00369 + 0.00005x
72. @ AR " 0.691* Y =-0.00803 + 0.0000049 x
73. pBc® - x° -0.936%* Y = <0.07 - 0.00528x
74. K-potential - x° -0.978%* Y u -0.192 - 0.0069x
75. K-potential PBCk 0.942%% Y « 27,19 + 1.18%5x
76. Total K ¢ ] 0.646* Y = 2309 + 382.11x

* o Bignificant at 5 per centy ## . Significant at 1 per cent
level



are presented in Table 4a and b respectively. The efficiemcy
of different reagents in extrasting K varied considerably and

the results of the same are summarised belovw.

bo2.1.1. ¥ater-soluble X

This form varied from & (8‘0) te 12 ppm ('l) with a
mean value of 8.2 ppm acocounting for 5.63 per cent of the Kex
and 0.06 per cent of the total K. The water-soluble X was

not correlated with other forws of K.

“020‘02. E!u!!:al NN'&OAO 5

The values ranged from 30 (s‘o) to 290 ppm (SS) with
a mean value of 142 ppm amounting to 1.07 per cent to the
total K. These values were closely correlated with K extrascted
by O.1N HN

» 0.5N HNO,, IN HNO,, O.1N HC1, 0.5 N HC1,

% 3’
t per cent citric acid and Morgan's reagent. It had the
highest correlation coefficient (Y = 0,.788##) with 1 per cent

oitric acid K.

4.2.1.3. Q,IN FNO, K

The K extracted by O.1N HNO3 varied from 30 (s'o) to
130 ppm (85) with a mean of 69.5 ppm and it was 0.523 per cemt
of the total K, having significant correlation with K extracted
by O.5N HNO,, 1N HNOS' O.1N HC1, O.5N HCl, 1 per cent citric
acid, O.5N EDTA, Morgan's reagent, 0.01M CICI! and O,5N NaCl
and Kknex and cumulative K release. Among these, O.IN HC1l was

closely correlated with O.1IN HNO’ (r = 0.994#s),



TABLE Aha

RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN CLAY
PER CENT (X) AND K AVAILABILITY INDICES AND OTHER
S0IL CHARACTERISTICS (Y)

(n = 10)
::: Y variables S:::;:::::: Rogr;.:i:n¢.=:ltion
(r)

1. H,0-K 0.360 N.S,

2. Neutral N NHhOAc-K 0.8420 Y = 31.6 ¢+ 3.5x
3. O.1N HNO,-K O.7T1#» Y = 24.9 + 1.4x
4. O0.5N HNO,-K 0.755% Y = 27.6 + 1.9x
5. 1IN HNO3-K 0.636+ Y = 535.4 + 14.5x
6. O.IN HCl-K 0.762» Y = 22.4 + 1.3x
7. O0.5N HCl-K 0.706+ Y = 25.8 + 1.1x
8. 1% citric aocid-K 0.76T»+ Y = 32.9 + O0,76x
9. O0.5N EDTA-K 0.586 N.S.

10. Morgan-K 0.677+ Y = 54.3 + 1.0x
11. 0.01M CaCl,-K 0.671* Y = 36.2 + O,U7x
12. O.5N NaCl-K 0.611 N.S.

13. Knex 0.%39 N.S.

th, Cumulative release K 0.375% N.S.

15. AR " -0.073 N.S.

16. - K° -0.219 N.S.

17. pBCK 0.175 N.S.

18. _G 0.027 N.S.

19. Total-K ‘ 0.095 N.S.

| 20. Potash potential 0.148 N.S.

21. CEC : 0.T18+ Y = 18.6 + 0.57x

22. Organic carbon 0.541 N.S.

23. pH 0.16% N.S.

24, c.co3 0.108 N.S.

® . Significant at 3 per cent level N.3., - Not significant
#s. Significant at 1 per cent level



TABLE &b

RESULTS OF STATISTICAL ANALYSIS POR CORRELATION BETWEEN CEC (X)
AND K AVAILABILITY INDICES AND OTHER SOIL CHARACTERISTICS (Y)

76

(n = 10)

51y rtanies 3:?(;5;33:2 Reezgraton eustion
1. H,0-K 0.217 N.S.
2. Neutral N NH, Oic-X 0.805¢# Y » 12,1 + b.2x
3. O0.1IN HNO, =R 0.659+ Y = 13.81 + 1.5x
k. O.5N HNOB-K 0.686+ Y = 7.3 ¢+ 2.2x

5. 1N UNOy-K 0.767%# Y = 179.8 + 22.2x
6. O.IN HCl-K 0.654» Y = 12.1 + t.4x
7. O0.5N HC1l-K 0.56% N.S.

8. 1% citric acid-K 0.636+ Y = 27.9 + 0.79x
9. O0.5N EDTa-K 0.366 N.S.

10. Morgan-K 0.589 N.S.

11. 0.01M CaCl,-K 0.583 N.S.

12. O.5N NaCl-K 0.480 N.S.

13. Knex 0.702% Y = 210.4 ¢+ 17.6x
14, Cumulative release K 0.511 N.S.

15. ARbk -0.569 N.S.

16. -_k° <0.514 N.S.

17. pac® 0.642¢ Y = 9.4 + 1.5x
18. _G 0.k13 N.S.

19, Total-K 0.234 N.S.

20. Potash potentiml 0.521 N.S.

21, Clay % 0.718+ Y = «1.%5 + 9.1x

22. Organic carbon 0.267 N.S.

23. pH 0.122 N.S.

2k. cCaco 0.932%« Y = <k.5 + 0.03x

3

¢ . Significant at 5 per cent level

#% . Significant at 1 per cent level
NS - Not significant
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bo2.1.4. Q,5N HNO, K

The values of this foram ranged from 35 (s‘o) to 170 ppm
(35) vith a mean of 89.5 ppm, which worked out to 0.672 per cent

of the total K. The O.3N !INO3 K had a olose cerrelatien with

O.1N HKC1 X (r = 0.987%»),

4.2.1.5. Boiling 1N HNO
1.5 N _HNO, K

This form wvaried from 200 (s‘o) to 1480 ppum (ss) with
a mean of 994 ppm accounting for 7.47 per cent of the total K,
and was closely correlated te the values of other forms of K
(HC1 K, 1 per cent citric acid K, O0.5N EDTA K, Morgan K,
0.01M CaCl, K, O.5N NaCl K, Knex and cumulative K release).

2

The Knex was highly correlated with boiling 1IN HNO3 K

(r - 00989.') .

b.2,1.6, O.IN HC1 X

This frection ranged from 30 (s,o) to 120 ppm (55) vith
a mean value of 63 ppm and it was O0.473 per cent to the total K.

The 0.35N HC1 K was highly correlated with O0.1N HC1l K

(r =» 00975'.) .

4.2.1.7. Q.3N HCL K

The K estimated by this extractant ranged from 25 ppm
(s‘o) to 110 ppm (85) with & mean value of 62 ppm and was
equal to 0.451 per cent of the total K. The 1 per cent citric

acid K was highly correlated with O.5N HCl K (r = 0.978s+),



4.2.1.8, One per cent citric aeid K

This constituent ranged from 30 ppm (8,0) to 90 ppm
(55) with a mean of 57 ppa, accounting for 0.428 per cent of
total K. It was significantly correlated with Morgan K,

0.01M CaCl2 Ky, 0.5N NaCl K, Knex and cumulative K release.

4.2.1.9. 0,3N EDTA K

This form varied from 35 (87) to 80 ppwm (SS) with a
mean of 54 ppm which represented 0.406 per cent of the total K.
Among the different forms, 0.5N NaCl K was highly correlated

with O.5N EDTA K (r = 0.906##),

4.2.,1,10. Morgan K

This component varied from 50 ppm (s'o) to 130 ppam (35)
with a mean of 87 ppm which was equal to 0.6354 per cent of
the total K. There existed significant correlations betwveen

this form and 0,01M CaCl, K, O.,5N NaCl K, Knex and cumulative

2

K release.

ho2.1.11, Q.01M CaC), K

The K extracted by this reagent ranged from 30 ppm (s,o)
to 70 ppm (5, and SS) with a mean value of 51 ppm vhich forwmed
0.383 per cent of the total K. This fors was highly correlated

with cumulative K release (r = 0.882%#») folloved by Knex and

0.35N NaCl K.



~1]
O

h.2.1.12. Non.exchangeable K (Knex)

This fraction of K varied frem 190 (810) to 1350 ppm
(58) with a mean value of 865 ppm which worked out to
6.49 per cent of the total K. The Knex fraction displayed a

significant correlation with cumulative K release (r=0.762%+),
4.2.1-13. Tot.l K

The total X content of soils vartied from 0.89 (333to
2.06 per cent (Sz) with a mean of 1.33 per cent. In general,
of the ten soil samples studied for various forms of K, the
soil 55 {Nedumbalam series) recorded the highest values of

all forms of K except boiling N HNO_ K, Knex and total K.

3
The soil S, (Melakadu series) registered the lowest values of
Knex and total K and also K extracted by water, N NHhOAe,

O0.IN HC1l, 0.35N HC1,

O.IN HNO3' O.5N HNO_, boiling N HNO

3 3’
O.5N EDTA, 1 per cent citric acid, Morgan's reagent, 0.01M 0n¢12.

The clay content of these soils were correlated signi-
ficantly with neutral N NH, OAc K (r = 0.842#»), 0,IN mco3 X
(r = 0.771*%*), 1 per cent citric scid K (r = 0.767++),

Morgan K (r = 0.677%) and 0.01M CaCl, K (r = 0.671#) (Table Aa).

The simple correlations worked out betveen CEC and
other K paraseters (Table 4b) revealed that the CEC was corre-
lated significantly with neutral N NH, Oic K (r = 0.803%%) and
boiling IN HNO, K (r = 0.767**). It also displayed significant

3
relation with 0.1 HNO, K (r = 0.659%), 0.3N HNO, X (r=0.686+),



§0

one per cent citric acid K (r = 0.636%), Knex (r = 0.702e)

and PBC® (r = 0.642v).

b.2.2. a = ntia (Table 5; Figs.h, ha
and 4b

4.2.2.1. Equilibrium activity ratio (An.k)

This parameter ranged from 4.8 x 1073 (88) to 7.6 x 1077
(u|/1)1/2 (87) with a mean of 7.1 x 107 (-/1)1/2. There were
positive correlations between ARbk and other K parametoers 1like

pck, A .
h.2.2.2. =4 x° (Amount of K released or labile K)

The values ranged from 0.15 (59) to 0.73 me/100 g soil
(56) with a mean value of 0.42 me/100 g so0il, having negative

relationship to P’BCk and K potential.

4,2,2.3. Potential buffering capacity (PBCk)

The vBC® values varied from 11.19 (59) to 113.0 (S,)
with a mean value of 66,23. This value was correlated vith K

potential only (r = 0.942#%+),

§.2.2.4. Free energy change ( AG)

The free energy change values ranged from -2596 (S’) te
-3938 calories (sz) with a mean of -3085 calories. The corre-
lation coefficient attained the level of significance only

with total K.
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b.2.2.5. Potash potentjial

These values ranged from .68 (39) to 77.1 (85) with

a mean of 32,94,
4.2.2.6., K (Total amount of K in labdbile peel)

The K, values of soils varied from 0.3)3 (37) to 1.00

me/100 g soil (56) with a mean of 0,67 me/100 g soil.
4.2.2.7. K, (K held at specific sites)

The above values ranged from O.%11 (57) to 0.50 me/100 g

soil (S,) with a mean of 0,2% me/100 g soil.

4.3. Potassium fixing capacity of soils

The extent of K fixation at different levels of added
K under varying incubation periods and the percentage of K
fixed to that of added K are presented in Table 6. The X fixa-

tion trend of soils are presented in Figs. 5, jJa, and 5b.

The added X levels resulted in significant variations
in X fixation. From the data it was revealed that there vas
progressive increase in the K fixation as the concentratiom of
added K increased irrespective of soils., VWhen the per sent K
fixation was considered, it decreased with increase in K levels

10 all soils.

Among the incubation periods, the fixation was the

lovest during the first day and the same increased when the
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FIG. POTASSIUM FIXATION (me/I0Og soil)
S GROUPING OF SOILS BASED ON X+SE
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inocubation period was extended to 72 hours beyond which there

was no conspicuous increase in X fixation.

Among the soils, the fixation ranged from 0,71 (87) te
1.53 me/100 g (56)‘ The soil S followed by Sy recorded the
highest value of K fixation. On the other hand, the soils 88'

SIO' 53' 52, Su and S. exhibiting similar trend in fixing the

1

added K recorded higher values of K fixation than 89 and 87

between which there was no conspicuous dif ference.

The simple correlations worked out between K fixation
and different K availability indices and other soil charac-
teristics (Table 7) revealed that the K fixation was positively
influenced by CEC (r = 0.636%), clay content (r = 0.648%),
potash potential (r = 0.76%%+) and CnCO3 (r = 0,642%) while

it wvas negatively correlated with -AKO (r = 0.719%),

b.4, Potassium supplying power of soils

4.4.1. Chemjca]l - The cumulative K releasing power of soils -
step-K

The amount of K extracted by stepwise extraction with
0.01N HCl and the oumulative K releasing pewver of soils are

presented in Table 8; and Fig.b6.

The results indicated that there was considerable varia-
tion in K releasing powver of soils. OGenerally, the quantity of
X extracted freosm soils studied gradually deoreased from ist

extraotion to 15th extraction. In the 1st extraction, soils s,
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TABLE 7

RESULT3 OF STATISTICAL ANALYSIS FOR CORRELATION BETWEFN K FIXATION
(X) AND K AVAILABILITY INDICES AND OTHER SOIL CHARACTERI STICS (Y)

(n = 10)
L.y uriables 335%5;3133 Regression sisation
1. Hy0-K 0.009 NS
2. N NH A OAc-K 0.289 NS
3. O.1IN HN03~K 0.119 NS
4. O0.5N HNOB-K 0.094 NS
5. 1N HNUg-K 0.511 NS
6. O.1N HCl-K 0.136 NS
7. O.5N HCl-K 0.116 NS
8. 1% citric acid-K 0.097 NS
9, O0.,5N EDTA-K -0,087 NS
10. Morgan-K 0.082 NS
11. 0.01M CaCl,-k -0.057 NS
12. O.5N NaCl-K -0.107 NS
13. Knex 0.523 NS
1, Cumulative release-K 0.023) NS
15. AR.k -0.055 NS
. 16, -_ K° -0.719% Y = 0.0968 - 1.23x
17. pBCK 0.664* Y =« 17.53 + 188.91x
18. _G¢ -0.125% NS
19. Total-K 0.326 NS
20. Potash potential 0.765%# Y = -15.19 + 186.71x
21. Clay % 0.648e Y = 25,12 + 25.34x
22. CEC | 0.636% Y = 25,62 + 42,.88x
23. Organic carbon «0,010 NS
24, pH -0.236 NS
25. c.co3 0.642# Y = 3.05 + 1,44x

* . Significant at 5 per cent level
## . Significant at 1 per ocent level
NS - Not significant
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FIG. CUMULATIVE K RELEASE CURVES OF SOILS
6 STEP-K
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and S, released the highest (71.6 ppm) and lowest (24.3 ppm)

K respectively, Soils S_ and S' released K up te tenth

9 o
extraction while soils Sy 37 and Sg released X up to sleventh
extraction and S, and S_ released K up to twelfth extraction.

2 3
By about twelfth extraction, most of the soils released a

considerable Quantity of XK and thereafter the quantity of K

released was low.

The soils S“, S_. and 86 continued to release X up to

3
15th extraction.

In respect of cumulative K release power of soils it
was observed that the highest release was recorded in soil
S¢ followed by bS' 52, s,, 58' 53. Sh' slo' 59 and 57 in
decreasing order. Besides, the cumulative release curves

were of Cobb-Douglas functions shoving & good fit with

Y = ax’ (Table 8a).

Simple correlation studies between cumulative K release
and other K availability indices (Table 4) revealed that there
were positive correlations with almost all K parameters
excepting PBCk and potash potential wvhere a negative relation-

ship existed.

~a“02- alek O b p 4.1 1V]

eropping-Mini pot experiment
The dry matter yield produced, the K concentration and
the K uptake values for six successive short term (30 days)

orops of ADT 31 rice are presented im Tables 9, 10 and 11.



TABLE 8ea
COBB~DOUGLAS EXPONENTIAL EQUATIONS FOR THE CUMULATIVE K RELRASEK

OF SOILS

::fl Name of soil series E’P°“;n:1:ibOQu-tion
1. Adanur Y « 48.0 x"°77
2. Alat bur Y = sk.5 x'*83
3. Kalathur Y = 83.6 x'°73
h. Kivalur Y = 40,9 x'*72
3 Nedumbalam Y = 60.6 x'*%6
6. Padugai Y = 63.9 x'*68
7. Pattukkottai Y = 35.0 X166
8. Sikar Y = b7.4 x'°78
9. Madukkur Y = 38.4 x1.69
10. Melakadu Y = 39.7 x'°72




The values of these yield parameters in general
decreased gradually for every successive crop both in contrel
&8s well as in the K treated plots for all the soils. The
results indicated that the levels of K, effect of soils and
crops and the interaction effects were significant.

~.h020‘- fec [+] [ ]
rice (Table 9

The level KB caused the highest dry matter yield

(3.39 g/pot) of ADT 31 rice while the pot receiving ne KX
recorded the lowest yield (2.29 g/pot). Among the soils, soil
7 produced the highest yield (3.93 g/pot) while 810 recorded
the lowest yield (1.74 g/pot). The dry matter yield recorded

]

from 1st crop to 6th crop reduced significantly. The reductiena
of such dry matter from 1st to 6th crop was to a tune of

37.2 per cent.

The interaction between crops and K levels revealed that
at all levels of applied K, the 1st and 6th crop produced the
highest and lowest dry matter yield respectively. On the other
hand, irrespective of corops K3 and Ko levels resulted in the

highest and lowest dry smtter yields respectively.

The interaction between soils and K levels favoured the

dry matter yield in all the scils except in soils S‘ and S2 in

wvhich Kz level resulted an increase in yield. Irrespective of

added K levels soils 8,6 and 810 produced the highest and lowvest

7
dry matter yields respectively.

(@ o)



(Mean of two replicatiens)

TABLE 9
DRY MATTER YIELD OF RICE PLANT (g/pot) - EXHAUSTIVF CROPPING

99

Seil :::: of KX Crep Crop Crop Crop Orep Crep 2::1.-
No. series levels I IX IIX Iv v vl yield
1. Adanur Ko 3.14 3.0% 2.9%5 2.83 2.68 2.1%5 16.80
K, 3.82 3.70 3.78 3.2% 2.68 2.3% 19.38
K, 5.95 5.60 k.93 k.25 3.70 2,45 26.88
X, 3.52 3.3 3.25 3.00 2.8 2.58 18.6)
2. Alathur K, 2,06 1.98 1.95 2.08 1.98 1.78 11.83
K, 2,55 2.38 2.4h0 2.2%5 2.13 1.90 13.61
K, 4.83 L.19 4.035 3.235 3.10 2.63 22.0%
X, 3.68 2.5 2,58 2.%50 2.3 2.40 16.158
3. Kalathur K, 2,66 2.6 2.40 2,50 2.38 2.13 1h.68
K, 2,76 2.61 2.,5% 2.38 2.45 2.43 15,18
K, 3.34 3.38 3.48 3.26 3.33 3.28 20.07
x3 .59 h.34 k.13 3.88 3.50 3.38 23.82
4. Kivalur X, 2.68 2.34 2,48 2.46 2.18 1.98 14.26
K, 3.01 2,66 2.8 2.50 2.33 2.035 15.03
X, 3.23 3.27 3.16 3.00 2.5%3 2.2% 17.44
K, 3.78 4.28 k.17 3.75 3.13 2.53 21.60
5. Nedumbalam K, 2.58 2.66 2.h2 2.5 2,18 1.73 14,07
K, 3.1% 2.93 2.78 2.51 2.30 1.98 15,65
X, 4.06 3.93 3.75 3.63 2.98 2.18 20,53
K, - 3.98 3.8% 3.359 3.50 3.20 2.38 20.5%0
6. Padugai K, 2,69 2.86 2.88 2,735 2.3 2.08 5.7
K, 3.61 3.41 3.22 3,00 2.73 2.30 18.27
K, 3.99 3.75 3.69 3.50 2,98 2.38 20.49
X, .60 A.42 A.,51 4,08 3.38 2.8 23.82

Contd.,...




TABLE 9 (CONTINUED)
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Soil :::: of K Crop Crop Crop Crop Crop Crop 2:::1.-
Ne. o tes levels I IX III IV v vI yield
7. Pattuk- K, 3.55 3.49 3.39 3.1% 2.98 2,10 18.66
kottai X, 4,46 K,36 k.21 3.88 3,13 2.38 22.42
K, 5.29 5.05 &.79 4.63 3.88 2.735 26.39
Xy 5.99 35.38 A.7h 4,11 3,88 3.25 26,89
8. sSikar K, 2,47 2.60 2.38 2.13 2,00 1.78 13,36
K, 3.71 3.%4 3.28 3.06 2.38 2,07 18.04
Ko bo71 M54 4,31 4,13 3.20 2.58 23.47
x3 .96 4.85 4,64 4,25 3.43 2.98 25.13
9. Madukkur K, 1.63 1.11 1,09 1.%59 1.64 1.24 8.3
X, 2,49 2.2 1.48 1,62 1.53 1.64 11,00
X, 2.75 1.82 1.65 1.96 1.5%55 1.47 11.20
13 2.81 1.8% 2.0 1.8 1.61 1.2 11.56
10. Melakadu K, 2.11 1.80 1.37 1.67 1.28 1.32 9.5%
K, 2,30 1.88 1.38 1.70 1.44 1.20 9.90
K, 2.h8 2.07 1.35% 1.74 1.5 1.28 10.63
x3 2.92 2.22 1.65 1.76 1.72 1.36 11.63

(Contd...)
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The significant interaction displayed between soils
and crops revealed that under all seils, the 1st crop produced
the highest yield and irrespective of crops, the solils 87
continued to register higher dry matter yield tham the other

soils.

4.4.2.2. Potassium content of rice-exhaustive cropping (Table 10)

The K content in rice due to added K levels did not vary
appreciably among levels., lowever, the level K3 and Ko
numerically recorded the highest (1.78 per cent) and lowest
(1.43 per cent) K content respectively. Similarly there was

no striking dif ference of K content among soils. 3Soils Sh and

36 recorded marginally the highest and lowest values respectively.

In the case of crops, the K content in 1st three crops
was gignificantly higher than the later three crops. In
general, the X content decreased from 1st to 6th crop similar
to dry watter yield although the trend and mmgnitude of such

decrease varied in different soils.

4.4,2.3. Potagsium uptake by rjce-exhaustive cropping (Table 11)

Application of K increased the K uptake. However, the
levels K3 and Kz were on par, Among the soils, seoil 87 recoxrded
the highest uptake (72.7 -g/pot) account ing for 16%5 per cent

increase in uptake over 8., (27.4 mg/pot).
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TABLE 10

POTAS88IUM CONTENT OF RICE PLANT (PER CENT) - EXHAUSTIVE CROPPING

(Mean of two replicasions)

Soil Name of soil X Crop Crop Crop Crop Crop Crep
No. series levels X I III Iv v vI

1. Adanur Ko 1.94 2.03 1.68 1.21 1.0 0.91

K, 2.01 1.98 1.88 1.28 1.1 1.01

K, 2.03 1.96 1.89 1.29 1.18 1,04

x3 2.0 2,08 2.00 1.36 1.23 1.1h

2. Alathur Ko 2.14 2,01 1.90  1.2% 1.20 0.98

K, 2.2% 2.13 2.04 1.31 1.2 1,01

K, 2.31 2.21 2.10 1.40 1.28 1,09

x3 2.0 2.28 2.15% 1.% 1.30 1.1}

3. Kalathur K, 2.03 1.9% 1.7% 1.23 1.16 0.9

K, 2,15 2.09 1.88 1.38 1.20 0,98

K, 2.1% 2.09 1.9 1.3 1.29 1,09

13 2.0 2.31 2.13 1.51 1.356 1,20

4. EKivalur K, 2.18 2.09 1.84 1.26 1,01 0,.86

K, 2.26 2.23 2.0% 1.48 1.2 1,00

K, 2.36 2,29 2.18 1.48 1.36 1.16

x, 2.49 2,36 2.20 1.56 1.39 1.25%

5. Nedumbalam Xo 2.09 2.03 1.9 1.19 1.10 0.79

K, 2.19 2,08 2,00 1,36 1.16 0.93

K, 2.33 2.1 2.10 1.0 1,25 1.04

13 2.46 2,31 2.21 1.50 1.30 1.1

6. Padugai L 1.86 1.73 1.60 1.2% 1,18 0.69

K, 1.89 1.83 1.78 1.33 1.20 0.8k

K, 1.90 1.8h 1.78 1.38 1.2%5 0,88

xj 2.06 1.98 1.98 1.%3 1.29 1,01

7. Pattukkottai L 9N 2.11  2.03 1.79 1.16 1.01 0.79

K, 2.31 2.23 2.01 1.31 1.21 0.93

Ky 2,46 2,34 2.19 1.5 1.29 1,13

x3 2.51 2.43 2,28 1.86 1.3%3 1.2

Contd...




TABLE 10 (CONTINUED)
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$041 Name of soil K Crop Crep Crop Crop Crop Crop
No. series levels b I IXX Iv v vl
8. Sikar K, 1.39 1.28 1.18 1.0k 1.00 0.83
K, 2,01 1.94 1.7 1.29 1.11 0.93
‘z 2.3% 2.18 2.00 1.0b 1.21 1.09
xj 2.19 2,04 1.94 1.48 1.28 1.19
90 M‘dukkur [0 1.98 '088 1.80 1010 1.01 003,
K, 2.3h 2.10 2.04 1.30 1.19 0.93
‘z 2.0 2.3 2.18 1.48 1.29 1.9
xJ 2.48 2.37 1.86 1.63 1.36 1.26
10. Melakadu K, 1.70 1.66 1.53 1.01 1.01 0.69
K, 1.91 1.80 1.80 1.11 1.04 0.91
K, 2,04 1.98 1.93 1.26 1.16 1.01
13 2,29 2,16 2.03 1.36 1.28 1.18
C.D.
Particu lars Mean values S.E. (0.05)
1} K levels K K K, x,
1.42% 1.581 1.688 1,780 0.284 0.583
11) Crops c, 02 CJ Cy cs Cs
2.115 2.114 1.930 1.355 1.123 0,998 0.2k3 0.h89
1ii) Soils s1 8, s, 8, s’
1.%564 1.693 1.649 1.737 1,657 0.179 0.368
86 87 s8 39 8.0
1.490 1.728 1,507 1.67h 1.4k9%
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As regards the nusber of crops and uptake of X, the
18t orop recorded the highest uptake (76.1 mg/pot) werking

out to 243 per cent increase over 6th orop (22.2 mg/pet).

In general, the uptake of K gradually deolined from
Ist to 6th orop. This followed the similar trend as that of

the dry matter yield.

The results of interaction between crops and X levels
revealed that the uptake values decreased marginally with
nuaber of crops harvested. The difference among 1st three
crops and later three crops was almost becoming same, Similarly,
irrespective of crops, the uptake values increased marginally

with increased levels of added K.

bolbh.2.4. Cumulative uptake ourves

The cumulative K uptake curves for the ten soils are
presented in Figi.7, 7ea and Tb. Cobb-Douglas exponential equa-
tions for the cumulative K uptake by successive cropping with
rice for Ko treatments only are presented in Table 12,

h.hoB- - [\
Table 13)

In all the soils, application of XK promoted the total
uptake of X. The highest and lowest values of K uptake were
observed in soil Sg (288 mg/pot) and soil S, (8% mg/pot)

respectively.
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TABLE 12

COBB-DUUGLAS EXPONENTIAL BUUATIONS FOR THE CUMULATIVE K UPT.AKE
BY SUCCRSSIVE CROPPING WITH RICE
(Control pots only)

::fl Name of soil series Exp?;cztzzt)oqu-tton
1. Adanur Y = 64.7 10'807
2. Alathur Y « 38.2 x°:793
3. Kalathur Y = 58,2 x°-795
L. Kivalur Y = 53.6 x°+842
5. Nedumbalam Y = 58,2 x°'°°“
6. Padugai Y = k9.9 x°°829
7. Pattukkottag Y = 81,2 10'76“
8. Sikaer Y = 61,1 x°°760
9. Madukiur Y = 36,5 x°°829

10. Melakadu Y o 32.4 x°°73%




TABLE 13

KEXTLNL OF Kex REDUCTION IN SOILS AFTER SIX EXHAUSTIVE CROPPINGC OF

(Values for control pots only)

RICE

Kex initial

Mean Kex after Xex reduction

Soils mg/pot six orops
ug/pot wg/pot Per cens
Adanur 66.0 16,0 50.0 75.8
Alathur 99,0 37.0 62.0 62,6
Kalathur 99,0 31.0 68.0 68.7
Kivalur 105.0 61.0 k3.0 41,9
Nedumbalam 174.0 95.0 79.0 A3t
Padugai 108.0 72.0 36.0 33.3
Pattukkottai 63.0 57 .0 6.0 9.5
3ikar 78.0 48.0 30.0 38.5
Madukikur 2.0 30.0 12,0 28.6
Melakadu 18.0 12.0 6.0 33.3
TaBLE 13(a)
EXTLNT OF Kex AMND Knex UBED HY SUCCHESSIVE CROPPING OF RICE =
EXHAUSTIV! CROPPING
(Mean of two replications)
N e S LN G e
levels six six mg/ wg/ Knex
=g/pot orops erops pot pot used
ag/pet wmg/pot
Adanur Ky 252 16 - 50 202 80.2
K,’ 316 36 90 120 196 62,0
K, 332 86 180 160 172 51.8
X, 338 116 270 220 118  34.9
Alathur Ko 187 37 - 62 1235 66.8
X, 232 57 90 132 100 A3.1
K, 299 75 180 204 93 31.8
KB S22 117 270 252 70 2.7

Contd. ..



7114

TABLE 13(a) (CONTINUED)

X Total-K Kex K added Xex Knex Percen-
Seils levels uptake after to all used wused tage of

g /pot six six ng/ wmg/ Knex

crops erops pot pot veed

1

Kalathur Ko 225 n - 68 157 69.7
X, 247 88 90 101 146 59.1

K, 333 91 180 188 148 b3y.S

x3 3%0 121 270 248 102 29.1

Kivalur K, 226 61 - bb 182 80.%
K, 226 114 90 81 145 64,2

K, 250 139 180 146 104 1.6

x3 265 194 270 181 84 31.7

Nedumbalam Kq 222 95 - 79 thy 64,0
K, 233 152 90 112 14 55.7

K, 309 173 180 181 128 Li.b

K, 327 214 270 230 97  29.7

Padugai Ko 222 T2 - 36 186 83.8
K, 249 122 90 76 173 69.53

X, 272 168 180 120 158 56.8

K, 306 182 270 196 110 35.9

Pattukkottai K, 290 57 - 6 284 97.9
K, 316 67 90 86 230 72.8

K, 361 91 180 152 209 $7.9

KJ 380 133 270 200 180  47.4

Sikkar K, 152 48 - 30 122 80.)
K, 185 88 90 80 105 %6.8

X, 215 136 180 122 93 43.3%

13 260 166 270 182 78 30.0

Madukkur Ko 114 s [o) - 12 102 89.%
K, 190 36 90 96 9% 89.5%

K, 210 96 180 126 84 bdo.0

x3 220 168 270 15% 76 343

Me lakadu X, 126 12 - 6 120 95.2
K, 148 66 90 2 106 T71.6

K, 178 14 180 sk 90 51.7

‘3 211 136 270 132 79  37.h
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It was also observed that vithout added K (K,), the
Kex used by the erop ranged frem 6 mg/pet in seil 8,0 to
36 mg/pot in soil Sg e The above parameter increased with
increasing levels of added K. The highest and lowest values
vere recorded in Sg (336 mg/pot) and in 8.0 (126 mg/pot)

respectively.

In contrast to Kex, the extent of Knex used decreased
as the K levels increased in all the soils. The decrease of
Knex with increase of K levels was tho.highout in soil 55
(135 mg/pot) and lowest in soil 39 (26 wmg/pot).

4.4.4, Correlation studies

The results of simple correlations between cumulative
dry matter yileld and cumulative K uptake values on one hand
and the various K availability indices on the other hand are
furnished in Tables 14, 14a and 14b. With the cumulative dry
matter yield, the Kex used gave the highest positive correla-
tion (r = 0.717##), while per cent Knex used was negatively
correlated (r = -0.504#¢), With cumulative K uptake also,
Kex (r = 0.865*#) and per cent Knex used (r = -0.632%#) were

correlated positively and negatively respectively.

§.5. ce
in different sojls .

The data regarding the yield, content and uptake of K,

correlation studies between different extractants for K and



TABLE 14
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RESULTS OF STATISTICAL ANALYSIS FOR CORRFLATION BETWEEN CUMULATIVE
DRY MATTER YIELD (Y) AND DIFFERENT K AVAILABILITY INDICES (X)
EXHAUSTIVE CROPPING

(n = 10)
::: Y variables 2::;;::;:;: Regression equation
(r) (Y = a ¢« bx)
1. H,0-K 0.014 NS
2. Neutral N NK,‘OAQ-K 0.379 NS
3. O0.IN HCl-.K 0.391 NS
k. O.5N HCl.X 0.511 NS
5. O.IN HNOJ-K 0.354 NS
6. O.5N HNOB-K 0.396 NS
7. O.5N EDTA-K 0.216 NS
8. O.,5N NaCi-K 0.368 NS
9. 1 per oent citric acid-kK 0.571 NS
10. 0.,01M ClClzol 0.492 NS
11. N unos-x 0.586 NS
12, Knex 0.5%563 NS
13. Cumulative release-k 0.479 NS
14, Aa.k 0.479 NS
15. -okx° 0.072 NS
16. PBC® 0.136 NS
17. &G 0.128 NS
18. K potential 0.099 NS
19. Tetal=K 0.188 NS




TABLE 1ha
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETVEEN CUMULATIVE

CROPPING (n = 10)

K UPTAKE AND DIFFERENT K AVAILABILITY INDICES - EXHAUSTIVE

8l.  yariables 2:::;:::::: Regression equatin
No. (r) (Y = a + ®x)
1. Hy0-K 0.071 NS
2.  Neutral N NH, OAc-K 0.381 NS
3. O.IN HCl-k 0.311 NS
4. O0.5N HCl-K 0.431 NS
5. 0.1N HN03-K 0.274 NS
6. O0.3N HNO 4 -K 0.307 NS
7. 0.5N EDTA-K 0.113 NS
8. 0.5N NaCl-X 0.309 NS
9. 1 per cent citric asid-K 0.511 NS
10. 0.01M CaCl,-K 0.466 NS
1. N nno3-x 0.447 NS
12. Knex 0.435 NS
13. Cumulative release-K 0.404 NS
14, AR‘k «0.418 NS
15, -aK° 0.0k3 NS
16. pack 0.0h5 NS
17. AG 0.137 N8
18. K potential 0.007 NS
19. Total-X 0.19% NS
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TABDLE 1kb

RESULTS OF STATISTICAL ANALYSIS FPOR CORRELATION BETWEEN CUMULATIVE
DRY MATTER YIELD AND Kex, Knex USED AND PERCENTAGE OF Kmex -
EXHAUSTIVE CROPPING (n = 40O)

Correlation
::: Variables coefficient Regression equation
(r) (Y = a + bx)
1. Kex used O.7178n Y = 12.2 ¢« 0.03x
2. Knoex used 0.226 NS
3. “ of Knex -O.)Ok" Y= 22.7 = 0,10x
TABLE 1ke

RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN CUMULATIVE
K UPTAKE AND Kex, Knex USED AND PERCENTAGE OF Knex - EXHAUSTIVE
CROPPING (n = 40)

Correlatien
::’ Variables eoefficient Regression equatien
) (r) (Y =« a + bx)
1. XKex used 0,868+ Y = 164,.% + 0,82x
2. Knex used 0.121 NS
3. % of Knex «0.632%» Y = 427.9 - 2,.57Tx

*% . Significant at 1 per cent level
NS - Not signif icant
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grain and strav yield besides K uptake are presented in

T.bl.. ". ".. ‘Sb. ‘6' ‘7' ‘8' ‘9. 20. 20.. 2°b. 20. -“ 2“.

b.5.1. Grein and etravw vields
b.5.1.1. Grein yjeld (Table 13)

Application of xz and Kﬁ levels being on par registered
higher grain yield than the rest. The treatment xo recording
numerically lewer yield was on par with l‘ level. Vith respeset
to grain yield, the ten soils tended to be in three differemt

groups. The series of seils - 8§_, 8, and 8, recerded the

9 7 8

highest yield followed by series of soils - 8'0, 85, 83, S‘

and 86 and the series - ’h and sz in deoreasing order.

The results of interaction betweoen soils and K levels
on grain yield revealed that, seoil 39 und o K‘. Kz and xh
under K, level perforwmed better than other

7 3
soils. On the other hand, added K levels did not increase the

levels; 9so0il 8

grain yield in soils s, and ’6' Hovever, the level K2 in soils

s‘_aad 323 l3 level in soils Sh, SB and 8‘03 Ku level in
soils 33. 87 and 39 favoured the grain yield in general.
~.5.‘0‘-‘o 0 [ ] ¢t

The performsance of ADT 31 rice under varying K levels
aleng with response functiens, equations, Rz values, astual
and predicted yields in different soils are presented in

Tables 15a and 15> and the respense eurves fer the above soile

are depieted in Figs. 8 and 8a.
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TABLE 15

GRAIN YIELD OF ADT 3% RICE IN g/pot -
POT CULTURE

(Mean of two replicatiens)

K levels

Seil
No. Name of X, K, xz KJ X, Mean
soil
series
1e Adanur 2903 35.“ ~7 5 2% 5 3701 3“ Y 3
2., Alathur 13.0 21.4 35.7 16.0 33.9 24 .0
3. Kalathur 30.0 20.0 L1.9 26.6 &4&k,7 3% .6
'0. Kivalur 18.53 ‘3.6 30.5 3~o° 3207 25.9
5. Nedumbalam 36.~ 39.6 30.3 31 06 ’70‘ 35 0
6. P.dn‘li 320‘ 37 06 38.“ 26 T 3205 33.~
7. Pattukkottai 29.1 34.7 4.0 S1.4 63.1 hb .3
8. Sikar 28.9 30.1 k7.4 50,9 50.6 1,6
90 Madukkur 29.7 “30‘ ”o, 31 9 70.’ ~607
10. Melakadu 35.6 24.8 35.4 1.7 39.2 35.3
Mean 28.3 31,0 41,0 33.2 bk .1
Particulars s.E. €c.n.{(0.05)
i) K levels 1.3 3.7
11) Soils 1.9 5.)

1i1i) Intersstion
Seils x K levels h.1 11.8
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TABLE 15b

OPTIMUM LEVELS OF K AND THE CORRESPONDING YIELDS IN DIFPFERENT
SOXIL SERIES (POT CULTURE)

123

Soil Name of soil Physioal Maximua grain yield
No.  series ‘1.:: ::u:r K g/pot kg/ha
(kg/ba)

1. Adanur 54,18 42.56 5618
2. Alathur 65.69 28.4k2 3751
3. Kalathur - - -
b, Kivalur - - -
5. Nedumbalam - - -
6. Padugai - - -
7. Pattukkottai - - -
8. Sikar - - -
9. Madukkur 37.00 52.00 6864

10. Melakadu - - -




RESPONSE CURVES FOR DIFFERENT sb’l‘(.s

(POTCULTURE)
S{~ADANUR S>-ALATHUR
¥:27.524+31.2098x-19-2164x2  ¥=11.425+30.5139x- 16.8228x2
+2.9758x3 +2.6224x3
'
D~ /\/
) | | l | | | l | |
S3- KALATHUR 4~ KIVALUR

§- 25.43+3.504x

] |

¥=16.13+0-097 x

|
100 150 200

- K50 levels Kg/ha

*‘ar&y‘m
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>> RESPONSE CURVES FOR DIFFERENT SOl
(POTCULTURE )

S—+-PATTUKKOTTAI Sg~SIKAR
70 —%=-27.49+0169 x $-2877+0-128x
30|
(@] = L
| | [} ] | | { |
Sg~MADUKKUR SIO-MELAKADU
$=275141.0 09x—0-0125x2 + $230.474+0-048x
- 0-00004x3 —
50k | -

30 /

{0 p—
) ST I N S W

KZO levels Kg/ha



Foxr soils s‘, S, and S_ the cubic respense funcotions

2 9
were proved to be the best fit based en the highest l’ value.

For seils 33, sk, 87. 88 and 8 linear functions were femnd

10°*
to be the best fit. There was no response for added K in

soils s, and 36'

For soils S‘, 82. and 89 the physical eptimum levels
of K were 54, 66 and 37 kg Kzo/hn respectively. But for soils
89 alone in field trial, both physical and economic optima of
K were computed and reported under section 436343431, The
corresponding maximus grain yield of ADT 31 rice for optimum
levels of K, 54 (S‘). 66 (82) and 37 kg/ha (89) wvere 35618,

3751 and 6864 kg/ha respectively.

For soils 83. Sk. 37. 8a and s,o linear function was
observed to be the beat fit and hence no physical eptimum was

worked out,

k.5.1.2, Straw vyield (Table 16)

Among the K levels tried, Kz and Kh recorded higher

strawv yields than Kg' Ko and K1 levels which were on par with

each other. Soils 87, 88’ 59, 8‘, 86 and 810 were on par, but
the soils 87 and 58 in the above group were found to perform
better than the rest since all other soils except 'h and 82

were also on par.

j&p]



TABLE 16
S8TRAW YIELD OF ADT 31 RICE IN ./p.t - POT CULTURE
(Mean of two replications)
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X
::fl Name of e %o K X2 I, Ka Nean
soil
sexies
1. Adanur k6.1 56.4 h9.1 33.3 hh.2 M6.2
2. Alathur 26.9 28.4 30.0 27.5 39.4 34.4
3. Kalathur 40.3 39.1 47.1 4.2 k6.1 k1.3
4. xivalur 33.b 28,3 39.7 34.0 M1, 7T 35.h
5. Nedumbalam 48.9 36.0 43,3 38.7 37.2 4o.8
6. Padugai &8.4 38.1 hi,1 41.6 56.8 45.8
7. Pattukkottai k0.t 41,8 65.3 61.9 33.5 92,5
8. Sikar ks.2 45,6 55.1 58.0 49.7 50.3
9. Madukkur 1.3 96.3 sh.2 49.5 k2.0 U48.8
10. Melakadu bh,2 39.7 6.9 43.9 AB8.,2 AS5.0
Mean 81.5 41,0 A9.3 k2.6 AK6.0
Particulars S.E. c.D. (0.05)
1) K levels 2.2 6.1
11)

Seoils 3.1 8.7
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k.5.2. Uptake of nutrients
bhe3.2.1. Uptake of X 4in grain (Table 17)

The Kh and ‘2 levels being on par induoced higher uptake

than Ka and K‘ betwveen wvhich there was no differenee, The

lowest uptake vas recorded in ‘O level. The soile l9. 87 and

88 performing similarly recorded higher uptake of XK than 8'

and 83 vhioch in turn were superior to 8‘0. S“. 86 and 8’. The

results of interaction between soile and K levels revealed
that the added K levels did not influence the uptake in soils

S,, bs and S‘o. In poil 59, the Kh level followed by Kz

increased the uptake. In the case of soils Sh' 57 and 88

higher levels of K promoted the uptake vhile lower levels
reduced the same. The rest of the soils did not follew a

regular pattern in K uptake.

The levels ‘h and Kz being on par registered higher

uptake of K in strav than KS' K' and Ko among wvhich K‘

‘D remained on par., The soils 8‘. 37. S8 and 39 behaving

and

similarly recorded higher uptake of K than seils 52, 8‘ and
310 wvhich in turn recorded higher uptake than soils 83, l’
and Sh.

4.5.2.3. Tota] uptake of K (Table 19)

The effect of K levels on total uptake of K was conspi-

sueus. Among the K levels, Kh and lz reflecting same influenee



TABLE 17
POTASSIUM UPTAKE IN GRAIN IN mg/pot - POT CULTURE

(Mean of two replications)

\‘ levels

Sl T T T T e
1. Adanur 248 335 (1)) 189 373 bt
2. Alathur 75 150 281 136 322 192
3. Kalathur 216 270 386 241 398 302
&. Kivalur 141 124 252 332 303 231
5. Nedumbalam 277 282 264 221 269 262
6. Padugai 276 249 288 207 286 261
7. Pattukkottai 181 281 379 392 481 343
8. S3ikar 196 2k2 389 hsT 366 330
9. Madukkur 191 246 499 253 606 379

10. Melakadu 236 203 280 313 309 268

Mean 203 250 36 274 an
Particulars 8.E. C.D.(0.0%)

1) K levels 13 36

11) Soils 18 51

111) Interaction

Soils x K levels &0 113



TABLE 18

POTASSIUM UPTAKE IN STRAW IN mg/pet - POT CULTURE

(Mean of two replications)
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Soil \\\5 e K K X K K Mean
No. Name of \\\\ 0 1 2 3 (]
soil series
1. Adalur 551 70k 763 612 704 662
2. Alathur 397 k69 811 457 622 331
3. Kalathur 377 403 k89 "%} ] 618 b6k
4, Kivalur 274 280 h74 837 676 h28
5. ©Nedumbalam 450 Lss 4350 460 k82 k59
6. Padugai 460 432 561 542 702 539
7. Pattukkottai 391 485 829 692 735 626
8. Sikar 386 &76 693 584 808 389
9. Madukkur 356 556 718 732 583 589
10. Melakadu 362 J98 336 569 Th 321
Mean 400 466 632 352 670
Particulars S.E. c.Dn.(0,08)
1) K levels 26 73
14) Seils 36 103



TABLE 19

TOTAL UPTAKE OF POTASSIUM IN mg/pot « POT QULTURE
(Mean of two replications)

131

\K levels

::tl Name of \ X K, K, K, Ky Moan
8011 series
1. Adamur 799 1055 1204 806 1077 988
2. Alathur k72 618 891 592 9k 703
3. Kalathur 593 672 874 675 1013 766
h. Kivalur M1 hOb 725 769 981 659
3. Neduambalam 727 787 YalL! 681 751 34
6. Padugai Th1 681 849 749 964 796
7. Pattukkottai 576 766 1208 1084 1216 970
8. Sikar 581 718 1083 1039 1174 919
9. Madukkur Sh7 902 1217 985 1188 967
10, Melakadu 598 601 816 881 1050 789
Mean 605 720 958 826 1036
Particulars 8.k, c.n.(0.0%)
1) K levels 35 100
11) Soils [ {] 141
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recexded highest uptake followed dy x,. K, and K, in decreas-

ing order.

Among the s0ils, the total uptake ranged from 639 te
988 mg of X/pot. The soils 8'. 87. 89 and 38 being on par
resulted in higher uptake. However, the 1st three soils wvere
found to register higher uptake than S8 wvhich in turn was on
par with the rest of soils.

4.5.3. Corxelatiocn stvdies for idensifying suitable extrectant

for availal

The K extracted by different extractants in the initial
801l samples of the 10 major soil series vas correlated with
grain and strav yields of ADT 31 rice on one hand and with
the uptake in grain and strav and total uptake of K on the
other hand. The simple correlations along with regression

sguations are furnished in Tables 20, 20a, 20b, 20¢c and 20d.

The results of correlations made betwveen grain yield
and different K availability indices suggested that the neuvtral
N NH“OAc was significantly correlated with grain yield
(r = 0.636%) whereas the A G values wvere negatively correlated
(r = -0.655+%), wﬁon the K availability indices were correlated
with K uptake in grain, the boiling IN HNOB-I (r = 0,852#+)

and neutral N NH OAc-K (r = 0.640%) were significant.

Among the K availability indioces cerrelated with stravw

yields and K uptake in strav, it vas revealed that the neutral



TABLE 20

RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN GRAIN
YIELD (Y) AND K AVAILABILITY INDICES (X) - POT CULTURE

133

(n = 10)

Sl. K availability Cerrelation Regression equation
No. 4indices “’f:§°1'°t (Y = a + bx)

1. Hzo-K 0.309 NS

2. Q.1N HNOB-K 0.382 NS

3. 05N HNO4 -K 0.433 NS

4. 1N HN03-K 0.201 NS

5. O.1N HC1-K 0.380 NS

6. 0O.5N HCl-X 0.323% NS

7. 1 per cent citric acid-X 0.386 NS

8. O.5N EDTa<K C.272 NS

9. Morgan-X 0.331 NS

10. 0.,01M c.cxz-x 0. 131 NS

11, O.5N NaCl-KX 0.219 NS

12. Neutral N NHhOAe-x 0.636+ Y = 26.5 «+ 0,06x
13. AR." 0.546 NS

W, -ax° 0.363 NS

15. PBCk 0.35%6 N8

16. AG | -0.655+ Y= 77.9 - 0.01x
17. K petential 0.23%9 N8

* . Significant at 5 per cent level
NS - Not significant



RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN STRAW
YIELD (Y) AND X AVAILABILITY INDICES (x) - POT CULTURE

TABLE 20a

13

/

(n = 10)
8l1. K availability s:::;:::::: fegressien equatien
Neo. indices (r) (Y = a s bx)
1. H0-K 0.008 NS
2. Neutral N NH~OA0-K O.643* Y = 3.3 «+ 0,03x
3. O.IN HNO,-K 0.319 NS
&. 0.5\ HNO,-K 0.340 NS
5. IN HNO,-X 0.131 NS
6. O.IN HCl.K 0.301 NS
7. O.5N HCl-K 0.194 NS
8. 1 per cent citric acid-X 0.272 NS
9. 0.3N EDTA-K 0.14) NS
10. Morgan-kK 0.197 NS
11. 0.01M CaCl,-K 0.078 NS
12. O0.35N NaCl-X 0.153 NS
13. Aﬂbk 0.358 NS
1k, -2kKx° 0.272 NS
15. Agc -0.582 NS
16, pBc® 0.291 NS
17. K potential 0.190 NS

® . Significant at 5 per ceat level

N8 - Not significant



TABLE 20h
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN K UPTAKE

IN GRAIN (Y) AND K AVAILABILITY INDICES (x) - POT CULTURE

(n = 10)
Sl. K availability Correlation Regressien equation
No. indic es °°z:§““"t (Y = a + bx)
1. H0-K 0.393 NS
2.  Neutral N NH OAc-K 0.6h0w Y = 226,7 + O.kbx
3+ 0.IN HNO,-K 0.21h NS
4., 0.5N HNO, =K 0.249 NS
5. IN HNOB-K 0.852## Y = 277.4 + 0.01x
6. O0.IN HCl.K 0.222 NS
7. 0.5N HCleK 0.1%0 NS
8. 1 per cent citric acid-X 0.184 NS
9. O0.5N EDTA-K 0.077 NS
10, Morgan-K 0.127 NS
11.  0.01N CaCl,- K 0.1h2 NS
12. O0,35N NaCl -X 0.087 NS
13.  ar S 0.553 NS
W, -AKk° 0.508 NS
15, Aa -0.537 NS
16,  pBC 0.484 NS
17. K potential 0.398 NS

# . Significant at J per cent level

#* . S4gnificant at 1 per cent level
NS - Not sigmificant
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TABLE 20¢

RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN X UPTAKE
IN STRAW (Y) AND K AVAILABILITY INDICES (x) - POT CULTURE

s1. K availability Correlatien Regression equation
No. 4ndices °°‘f:§°"" (Y = a + bx)

1. Hy0-K 0.196 NS

2. MNeutrsl N NH, OAc-K 0.634* Y = 54.2 ¢+ 0.65x
3.  0.1IN HNO,-K 0.283% NS

&. O0.5N HNO4 -K 0.254 NS

5. 1N HNO,-K 0.207 NS

6. O0.1N HClek 0.327 NS

7. O0.5N HCl-K 0.164 NS

8. 1 per cent citric acid.k 0.199 NS

9. O0.3N EDTA-K 0.014 NS

10. Morgan-Kk 0.118 NS

11. 0.01M CaCl,-K 0.019 NS
12. 0.5N NaCl-K 0.182 NS
13. An.k 0.A3%9 NS

h, -4x° 0.586 NS
15. Aa -0.008 NS

16. pBc* 0.554 NS
17. K potential 0.53A NS

* . Significant at 5 per cent level
NS - Not signifisant



TABLE 204
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RESULTS OF STAaTISTICAL ANALYSIS FPOR CORRELATION BETVEEN TOTAL K

UPTAKE (Y) AND K AVAILABILITY INDICES (x) - POT CULTURE

(a = 10)

sl. K availability Correlation Regression equation
No. 1indices '°'f:;°1"‘ (Y = & + bx)

1. Hy0-K 0.139 NS

2.  Neutral N NH OAe-K 0.652% Y = 675.9 + 1.09x
3. O.IN HNO,-K 0.251 NS

b, 05N HNOy =X 0.238 NS

5. 1IN HNOy-K 0.132 NS

6. O0.1N HClK 0.269 NS

7. O.3N HCl-K 0.143 NS

8. 1 per cent citric acid-k 0.193 N8

9. 0.5N EDTA-K 0.017 NS

10. Morgan-k 0.087 NS

11.  0.01M CaCl,-K 0.139 NS

12. 0.5N NaCl-K 0.108 NS
13. AR.k 0.4%5 NS

W, -2x° 0.553 NS

15. Aa «0.489 NS

16. pac* 0.543 NS
17. K potemtial 0.464 NS

® - Signifieant at 5 per cent level
NS « Not significant
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N lﬂhOA.-K vas significantly cerrelated vith straw yield

(r = 0.645%) and K uptake in strav (r = 0.634+),

Similarly, vhen K availability indices vere correlated
with tetal uptake of K, the neutral N IH~0A0-K only was Corre-

lated (r = 0.632¢%).

b.5.3.1. Path analyeis of different extractants Sevards grein,
a ° ce_Aa K uptak

Correlation matrix and path analysis of different
extractants with grein, strav yields and K uptake are presented
in Tables 20e¢, 20f and 20g. The results of path analysis in
respect neutral N HH‘OAO alone vas highlighted since other
reagents were net significantly cerrelated with grain, stravw
yields and uptake of K. The results of simple cerrelations
revealed that N NH~0A¢ had a positive correlation with grain
yield (r = 0.636*), strav yield (r = 0.645%) and K uptake
(r = 0.652%)., 1n the path analysis also it had positive direct

offect.

b.6. Field experjment

A field trial was conducted in Madukkur soil series (s,)
based on the factual data obtained from the pot culture studies
te olnlidato the cubic response of the soil 59 to added K 1in
ADT 31 rice. This led to the investigation of status of other
autrients, autrient raties doth in seil and plant, trend and
magnitude of mutrient abserptien im differeat physiolegical

stages of rice as toels te explain the sbaove behaviour.
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b.,6.1. Avajlable nutrients at gifferent gtages of crop growth
b.6.1.1. Available nitrogen (Table 21; Prig.9)

Among the stages, tillering and flowvering stages being
on par registered more available N than the post-harveast stage.
A general progressive increase of available N was noticed with
increasing levels of K. The highest value was reocorded under
the ‘b level felloved by K

K', K, anmd Ko in decreasing order.

2° 3
The results of interaction betveen stages and K levels also

followved similar trend as main effects.

4.6.1,2. Nitrate nitrogen (Table 21)

Nitrate nitrogen content of goil got reduced from tiller-
ing stage to post-harvest stage. The percentage reduction of
NO_«-N was 10.0 and 21.0 respectively at flowering and peoest-

3
harvest stages compared to tillering stage.

The applied K levels manifested conspicuous variation
in NOJ-N in that as the K levels increased from Ko to ‘b'
there vere progressive increases of the above parameter. The
results of interaction between stages and K levels also followed

the same trend as mmin effects.

4.6.1.3. Ammoniecal nitregen (Table 21)

Among the stages, tillering stage recorded the highest

M, -N (20.6 ppm) which declined gradually and reached the

lovest value (11.3 ppm) at post-harvest stage.
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Potassium levels exercised their influence on Nnt-l
in soil. The levels ‘2 and K, being en par ascounted for
higher values of Nuh-ﬂ than the rest. However, the level l,
recorded the lowest value. The results of interaction between
stages and K levels revealed that irrespective of K levels,
tillering and post-harvest stages recorded the highest and

lowest values of Nﬂk-n respectively.

4.6.1.4. Avajlable phosphorus (Table 22; Fig.9)

The available P content ranged from 9.7 ppm (flowering
stage) to 10.5 ppm (tillering stage). Though applied K levels
promoted the P availability compared to control, all the levels
were on par. Almost a similar trend was observed in the inter-

action of stages and K levels.

4.6.1.35. Bxohangeable-K (Kex) (Table 22; Fig.9)

Flovering stage recorded the hxkha.t value which was
27 and 29 per cent more than the tillering and pest-harvest
stages respectively. However, there was no marked difference
between tillering and post-harvest stages. Increased additien
of K resulted in progressive increase in Kex at all stages but

there wvas a spectacular increase in the above parameter at Ka

level than the rest.
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4.6.1.6. Non-exchangeable-K (Knex) (Table 22)

The value of Knex declined from tillering stage (649 ppm)
to post-harvest stage (615 ppm). As the K levels were increased
from K, to K,» the value of Knex alse increased markedly at all

the stages.

b.6.1.7. Boiling N HNO.-K (Table 23)

Tillering and flowering stages being on par recorded
higher values than post-harvest stage. As the K levels were
increased, the above parameter also increased appresiadbly

irrespective of stages.
4.6.1.8. Total potassium (Table 23)

Total potassium declined from tillering stage

(1,08 per cent) to post-harvest stage (0.99 per cent).

Though applied Kk levels increased the total K in soils

sigunificantly over centrol, they wvere on par.

h.6.1.9. Avajilable caloium (Table 24)

Available Ca was the highest (818 ppm) at tillering
stage and the same deelined tovards pest-harvest stage and

reached the lowest value (636 ppm).

Added X levels promoted the Ca availability 4in that the
level K, registered s 54.0 per cent increase in Ca availability

over centrol. The results of interaction displayed between
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stages and X levels alse folloved the same trend as that eof
main effects.

4.6.1.10. Avajilable wagnesium (Table 24)

Avajilable Mg varied from 254 (post-harvest stage) to
330 ppm (tillering stage). The above parameter inereased
markedly with successive addition of K levels at all stages

of crop growth.

4.6.1.11, Available jron (Table 24)

Tillering and flowering stages being on par registered
higher available iron than post-harvest stage. Application ef
K up to K, level promoted the iron availability significantly,
Evidently the level xh depressed the availability of iron, The
results of interaction betveen stages and X levels also followed

similar trend of main effects.

4,6.2. Nutrient ra n s (Table 23%)

‘6.6.2.1. M

Flowering stage numerically recorded the highest K/N
ratio follewed by post-harvest and tillering stages. The

level ‘3' being on par with K“ recorded the highest value tham

the rest.
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5.6.2.2. M&:_l_ th'|b

This ratieo increased from tillering stage to post-harvest
stage markedly. Application of K manifested beth synergetie
and antagonistic effect on the above parameter. The pleot
receiving no K recorded a value of 1,68. Subsequently, when
the K level was inoreased to xz. the above ratio value decreaged

to 1.57. Again when the K level was increased to X_, the above

3
parameter significantly increased to 2.79 and when the K level

was further increased, the value declined to 2.04.

ho‘-203¢ x‘P r.!io

The highest and lowest values of the above ratio were
recorded at flovering and post-harvest stages respectively.
Generally the ratio value increased as the K levels vere
increased. The levels of K~ and K3 hehaving similarly recorded

higher values of the ratio than the rest.

~o6 .2.5. K‘Eg!x :.!;0

The above ratio value did not differ significantly
among stages. However, flowering and tillering stages numeri-
cally rooordod'tho highest and lowest values respectively.

With increase in K levels, there was an increase in the above

value.

4.6.2.5. K/Ca rayie

This value ranged from 0.038 (tillering stage) to 0.053

(flovering stage). The levels K, and I’ behaving similarly



recorded higher ratio value than Ky K, and K, among whieh

there vere ne differences.

b.6.2.6. K/Mg ratio

Flovering and post-harvest stages being on par recorded
higher values of K/Mg ratio than tillering stage. Added K
levels did not cause conspicucus variation in the above value.
However, the levels of ‘h and xz recorded mumerically the

highest and lowest values respectively.

L.6.2.7. X/Fe ratio

Flowering stage recorded the highest value (0.841)
while post-harvest and tillering stages being on par registered
the lowvest. The lowest K/Fe ratio occcurred at K, level and
the same escalated as the X levels wvere lowvered. Again wvhen

the K levels were increased to 13 and xh the above ratio

value also increased.

4.6.3. 3w/I parameters

4.6.3.1. =AK® (Table 26)

Tillering stage recorded the highest value of - Alo
(0.13 me/100 g soil) and the lowest value was associated in
post-harvest stage (0.10 me/100 g s011). Among the K levels
txried, Kﬁ and lo recorded respectively the highest and lowest

values of the above parameter. The interastion effect was

absent.



b

£t sx (47 8N sefw3g x sTeanY X
uoyjoeaesur (FF¥
g°0 €00°0 €0 Z00°0 sTeasY X (TF
9°0 10°0 z°o €00°0 sefu3g (*
[ ) o
x 3Y oX x Y J - s awTnoYIIeg
(g0°0)*a°o ‘1°s
1°g oiL°0 n°6 110 €01 €i°0 uwey
8ot €i1°0 €°6 ZL°o Z°it €1°0 121 L 15d1) Yy
t°ot Zi1°0 FAS 1L°0 %°0ol €10 Z2°1 zZi°0 nu
é°zL 1L°0 (48] 01°0 Z°6 ZiL'o 9°01 €L°0 ty
€'g oiL°o 2L g80°0 %8 ti°o €6 ZL°0 ty
'y 600  8°9 80°0  L°L 60°0 L°g 11°o Oy
® [ ] [ [ ]
x ¥Y oX n_ x T oX x HY Jd - x ¥ Jd °
L LY IssaIw 3804 Jutzenery PuTIeTITIYL sTeARY X

WA oI Jo sefeig

(suor3wortdex xnojz jo Tes)y )
271 (*33FT/00T0m _ O1) xpa< aNv (T¥os 3 ooi/em) ¥ v-

9z T19VL



157

8.6.3.2. AR " (rable 26)

The highest value of AR.k (10.3 x 10-3 ./1)1/2 vas
observed at tillering stage and the same declined towards
post-harvest stage significantly. The level ‘2 recorded the

higher value of Anbk than Kb and K, which vere on par retoording

3
higher values than K, and K, (on par).

4.6.3.3. PBC* (Table 27)

Flovering and tillering stages being on par resulted
in higher values of PBCk than post-harvest stage. The added
K levels did not influence the above parameter markedly. The

interaction result did not followv a regular pattern.
b.6.3.4. &6 G (Tadble 27)

The above parameter significantly increased from tiller-
ing (-2761 calories) to post-harvest stage (-2903 calories).
vith increasing addition of K, /A G values decreased markedly

at all stages.

4.6.3.35. Potagh potential (Table 27)

Tillering stage recorded the highest value (1.52) whieh
declined towards post-harvest stage. The levels Kh and Ko
respectively recorded the highest and lowest values of X -
potential. Though the levels K,. K., and K2 inoreased the

3
above parameter over xo. they did not differ ameng thomselves

appreciably.
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b.6.3.6. K Yajues (Table 28)

Stages of crop growth did not differ among themselves
in influencing xx values markedly but added K levels brought

out variation in the above parameter. The levels I~ and !o

recorded the highest and lowest values respectively

at all stages.

4.6.3.7. ; yajuep (Table 28)

Tillering and flovering stages being on par recorded

higher values of K. than post-harvest stage. The levels xt

L
and KO at all stages recorded the highest and lowest values

respectively.

‘0060“0 [ 13 of A at o
stages (Table 29

L.6.4.1. matter at ¢t tage

The dry matter yield at tillering stage ranged from
5265 to 6413 kg/ha. Added K levels did not influence the

above parameter significantly.

4.6.8.2. Dry wmatter vield at Llowering stage

At flovering stage the level x“ recorded the highest

yield folloved by K, level. The levels K, and X, being on

par recorded more yield than xo.
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TABLE 29

DRY MATTER, STRAW AND GRAIN YIFLDS OF ADT 31 RICE (kg/ha)
(Mean of four replications)

161

K levels Stages of rice grewth
Tiller- Flower- Harvest - Harvest-
iag ing Stravw Grain

Ko 5873 7763 7763 3983
K, 6345 9315 7425 4860
X, 6413 11813 8573 6008
KJ 5265 9853 7965 h233
X 5940 13163 84138 6750
Mean 5967 10382 8033 M7
Particulars S.E. C.D.(0,08)
1) Dry matter yield at tillering
stage
K levels 589 1508
11) Dry matter yield at flowering stage
K levels 286 880
i14) Strav ytield
K levels 380 1170
iv) Grain yield
K levels 384 1182



b.6.5.3. Stray yield (Fig.10)

Added K levels did not cause notable differences in
strav yield but the level Kz numer ically increased the strawy

yield followed by lh’ K., lb and K. levels.

)
5060“0“0 m:l;n !&2& (Fi‘o‘O)

Application of K at xb and K_ levels being on par

2
resulted in higher grain yields than K, level which in turn
produced more grain yield than KJ and Ko between which there

was no conspicuous variation,

4.6.4.4.1. Response function (Table 29a; PFig.11)

The response curve drawvn between grain yield and X

levels wvas of similar nature as it was reported for soil 89
under pot culture experiment. Once again under field trial
aleo soil 89 manifested oubic response as best fit. The
optimum level of K was found to be 59 kg Kzo/h; for getting
the maximum grain yield of 5477 kg/ha. The economic dose of K
for achieving maximua profit with different combinations of
unit cost of K and grain ranged from 5§ to 57 kg l20/hl as
evidenced from »’rnblo 29a. Among the sconomic levels 54 kg

Kzolhn resulted in the highest profit of Rs.10823/ha.



(apT3N

ENCE OF K ON YIELD OF RICE
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b.6.5. Nutrient centent at tillering, flowering and harvest
stages

The contents of N, P, K, Ca,Mg and Fe at different
physiological stages of ADT 31 are presented in Tables 30,

31 and 32.

In general, the above nutrient elements varied appre-

¢iably due to stages, X levels and their interactien effects.

Tillering stage recorded the highest content of all the
nutrients folloved by flowering stage and straw. In the case
of nitrogen, the level K~ recorded the highest value

(157 per cent) followed by K,o Ki0 Ky and K, levels. While

1 0 3

increasing levels of added K increased the concentration of
P and K, the concentration of Ca, Mg and Fe in ADT 31 rice
deoreased with increasing levels of added K. The results of

interaction betwveen stages and Kk levels also followed similar

trend as that of the main effects.

4.6.5.1. Nutrient content in grain

The effect of K levels on the concentration of N, P, K,
Ca and Fe except Mg wvas well pronocunced. In the case of N,
the levels of x3, x“ and x‘ being on par recorded more N comtent
than ‘2 level vhich was on par with xo. ¥ith regard to P ocon-
tent in grain, increasing levels of K promoted the P content
of grain markedly. In the case of K, the levels K~ and KS

being on par recorded more K content than ‘z level which in turm
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recorded more K than x‘ and Ko betwveen which there wvas no
difference. While the added K levels depressed Ca eontent of
érain appreciably, Ng status was not affected significantly.
¥With respect to Fe content in grein, inoreasing levels of K,

depressed the Fe content,

4.6.6. Uptake of gutrients at tillering, flowering apd harvest
stages

4.6.6.1. Nitrogen uptake (Table 33 Fig.12)

Nitrogen uptuke was the highest at harvest stage
followved by flowering and tillering stages. The level Kh
registered the highest value of N uptake while Ko and 13 levels

being on par recorded the lowvest value.
4.,6.6.1.1. Nit en uptake in ain

The levels K~ and Kz performing similarly recerded

higher values of N uptake than K‘ and KB which were in tura

on par registering more N uptake than KO level.

“96.60‘02. a N ak

The levels Kh and K2 being on par registered higher

uptake than K' level which was on par with xo and K3 levels.

4,6.6.1.3. Total N uptake

Application of K at K“ level caused numerically wore

uptake of N than the rest of treatments.
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4.6.6.2. Phogphorus uptake (Table 33; Frig.12)

The P uptake was the highest at harvest stage register-
ing twvo and three folds increase in P uptake over flowering
and tillering stages respectively. The P uptake ranged from
11.8(K°) to 25.0 kg/ha (l*). The influence of K levels on P
uptake was in the following decreasing order of Kh. Kz, ‘3'

l,.nd Ko.

4.6.6.2.1., Straw P uptake

The level Kk registered the highest uptake followved by

xz and KB' Again the levels Kz and K3 being on par induced
more uptake than K1 and Ko levels between wvhich there wvas no

marked wvariation.

L,6.6.2.2. Phosphorus upgake in grein

The highest and lowest uptake of P in grain were
associated in Ku and Ko treatments respectively. However, the

level ‘3 depressed the P uptake in grain.

ao6o602|30 Tﬂtal P ugtlk!

The total P uptake was the lowest at Ko level, then
the same increased up te xz level. When the level was further
inoreased to KS there was a decline in P uptake followed by a

conspicuous inorease at Kﬁ level,
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8.6.6.3. Potapsjum uptake (Table 34; Fig.12)

Harvest stage recorded the highest uptake of K
(134.3 kg/ha) accounting for 4.09 and 13.7 per cent increase
in K uptake than flovering and tillering stages respectively.
As regards K application, increasing levels of K premoted the
uptake and the highest and lowest uptake of K ocourred at Kh

and l(o levels respectively.

4.6.6.3.1. Pot jum upta rain

Potassium uptake in grain was the highest at Kh level

followed by Kz level. Further, the level K_ being on par with

3

K, registered higher uptake than Ko.

1
ku60603020 strﬂ! K ugttk.

The highest uptake was recorded at Kh level followed

by K., and K, which were on par, registering higher uptake

3 2

than K, and K, (on par).

4.6.6.3.3. Total K uptake

The influence of added K levels on total K uptake was

aslmost the same as reported under straw uptake.

4.6.6.4. Cajoium uptake (Table 34)

Significant differences in Ca uptake among stages vere
noticed. Harvest stage being on par with flowvering stage
recorded higher uptake than tillering stage. The added K levels

antagonised Ca uptake by rice.
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The lowest uptake was associated in l, level wvhile
other levels of K, though favoured the Ca uptake in grein

did not differ notably among themselves.

h06.60“02. st!!' Ca ugtlk!

The highest uptake ocourred at Ko level and the same

decreased as the K levels were inoreased.

4.6.6.4.3. Total Ca uptake

The influence of XK levels on total uptake was almost

similar to the straw uptake.

h-6.6.5. mn..ium uEt‘k. (T‘ble 35)

The Mg uptake was the highest at harvest stage followed
by flewering and tillering stages. Added K levels, in general

reduced the Mg uptake.

~0606050‘o Ms‘n!!‘."- ugtlk. ln ‘l‘in

¢
The uptake of Mg in grain as influenced by K levels did

not follov a regular pattern. However, the levels of K, and

xo registered numerically the highest and lowest uptake res-

pectively.
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4.6.6.5.2. 3trew Mg uptake

Increasing levels of added K reversed the Mg uptake,

4.6.6.5.3. Total Mg upgake

The total Mg uptake as influenced by K addition followed

similar trend as reported in straw uptake.

4.6.6.6. lron upgake (Table 35)

The highest uptake of Fe occurred at harvest stage
(5.29 kg/ba) followed by tillering (4.20 kg/ha) and flowering
stages (4.19 kg/ba) which were on par. In respect of K levels,
generally lowver levels of K treatments promoted the Fe uptake

while higher levels depressed it.

4.6.6.6.1. Iron uptake in grain

Although the added K levels did not follow a regular
pattern in influencing the Fe uptake, the levels Kz and KJ

numerically recorded the highest and lowest values of Fe uptake

respectively.

“060606020 nglv !. ugtak.

As the levels of K were increased, the uptake of Fe

declined significantly.



1/

~o6.6-‘03- Tﬂt.L l‘! uz!‘g

As reported in the uptake of Fe in strav, the depressive
and antagonistic effect of increasing levels of K en tetal

uptake of Fe was well pronocunsed.

b.6.7. wm.%s_m%ﬂ_mn rice at different
asages 9f grovih (Table 3

“1607.'0 N at

Straw recorded the highest value of K/N ratio whereas
grain registered the lowest., The ratio value increased as the
K levels were increased up to K3 and further increase to Kh
level depressed the above ratio. Further, the ratio worked
out based on actual uptake of N and K are presented in Table 7.
1t is also perused from the above Table that though there was
increase in K/N ratio with increase in K levels, there vas a

spectacular increase at K3 level than the rest at all the

stages except in grain,

4.6.7.2., K/P ratio

The above ratio value ranged from 0.78 (grein) to 9.67
(tillering stage). Tillering and flowering stages and strav
did not differ among themselves notably with respect to the
above parameter. Though applied K levels increased the ratie,
they did not vary appreciably among themselves. The level K3
registered the highest value followed by K“, lz. l, and Ko in

the decreasing order.
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~.‘-7.3- gc. z‘t;ﬂ

The highest and lowest ratio values were ebserved in
strav and grain respectively., There was a phenemenal inecrease
of the above ratio value from 0.38 to 1.99 as the K levels

vere inoreased from KO to Kh'

koéo?.“' K‘& :lt;o

Strav, tillering and flowering stages being on par
recorded higher K/Mg ratio than grain. Among the K levels,
K, recorded the highest rutio value (1.97) followed by K, eaad

K, and the lovest value was assooiated in X, (0.63).

".6.7.5. K‘Pe rat;o

The above ratio vulue ranged from 41.7 (tillering stage)
to 49.4 (straw). lowever, there wus no conspicuous variation
among stages. Increasing dose of K upgraded the X/Pe ratio

from 23.2 (xo) to 70.9 (K&).

4.6.8. Relationship ptudies
~.6.°.‘l

stege and yield parameters (Tables 38, 38a and

Available N was significantly eorrelated with graim
yield (r = 0.835%%) as well as strav yield (r = 0.446¢),
whereus Kex (r = 0.492%), Knex (r = 0,56k*), available Ca
(r = 0.551%), available Mg (r = 0.368%») and NH N (r = 0.3M19),

vere significantly correlated with graiam yield only,
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWFEN STRAV
YIELD VERSUS OTHER PARAMETERS AT TILLERING STAGE-FIELD TRIAL

(n = 20)
si. Correlation Regressien equatieam
No. X variables coo{:;oiont (Y = a + bx)
1. Available N 0.466+ Y = 5810.2 + 30.2x
2. NH“-N 0.149 NS
3. Kex 0.329 XS
4. Knex 0O.459¢ Y = =3108,2 ¢+ 17.2x
5. Available Ca 0.323 NS
6. Available Mg 0.304 ns
7. Available Fe 0.042 NS
8., N % 0.099 NS
9. K % 0.302 NS
10. K % in index leaf 0,204 NS
1t. Ca % 0.349 NS
12, Mg % -0.325 NS
13, Fe % o.hi14 NS
1h, N uptake 0.194 NS
15. K uptake 0.199 NS
16. Ca uptake 0.283 NS
17. Mg uptake «0.282 NS
18. Fe uptake =0.311 NS

* . Significant at 5 per cent level

NS - Not significant
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In the ocase of nutrient centent, Mg and Fe centents
were negatively correlated with grain yield whereas K sentent
was positively correlated (r = 0.581%e), Besides the K centent
in third leaf of rice wvas also well correlated with grain

yield (r = 0.447%),

In respect of uptake, nitrogen uptake at tillering
atage wvas significantly correlated with grain yield
(r = 0.664¢%) followed by K uptake (r = 0.573%%), -ax’
(r = 0.70h%+), X (r « 0.625%), G (r = -0.608es), An"
(r = 0.5890¢), K, (r =« 0.467%) and Kpot (r =« 0.522%) were
significantly correlated with grain yield. All the above
potassium potential parameters exocept xp.t were oorrelated with

total K uptake. Grain yield wvas closely sorrelated with

K extracted by neutral N NH OAe (r = O.h92#),

Among the nutrient ratios in soil, only K/knex was
significantly correlated with grain yield (r = 0.3574*).
Among the nutrient ratios in plaat, K/Ca, K/Mg and K/Fe were

correlated significantly wvith graia yield.

b.608.2.

Tables 39, 39a and &1

As reported at tillering stage once again available-N
was signifieantly eorrelated vith grain yield (r = 0.793##),
Other parameters vhich had significant ocorrelations with graia

yield vere available Mg (r = 0,613#2), Knex (r = 0.396%#),
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TABLE 39

RISULTB OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN ORAIN
YIELD VERSUS OTHER PARAMETERS AT FLOWERING STAGE . FIELD TRIAL

(n = 20)

sl. Correlation Regression equation
No, X variables “"f:?‘i"“ (Y = a ¢+ bx)

1. Available N 0.793%« Y =« =1233.2 + 89.2x
2. NH-N 0,563 % Y = 1170.2 + 227.3x

3. Kex 0.536+ Y = 1338.6 + 51,9x

4. Knex 0.596%# Y = <1485 ¢+ 31.6x

S. Available Ca 0.5%5# Y = 765.0 ¢« 6.0x

6. Available Mg 0.61)8s Y 935.9 ¢ th.2x

7. Available re 0.227 N8

8. N % 0.801#a Y = 696,.6 + 1954.5x

9. K % 0.575%+ Y = 2038.6 + 1842,.3x
10. K % in dndex leaf 0.483¢ Y = 2105.4 « 2362.3x
1. Ca % 0.371 NS

12, Mg % -0,5359% Y = 8110.9 - 7841,.3x
13. Fe % =0. 4714 Y = 8147.2-51994.8x
t4. N uptake 0.852%# Y = 2526.3 + 10.8x
15. K uptake O.Th3ns Y = 2725.1 + 13.4x
16. Ca uptake 0.466+ Y = 351.7 ¢ 70.9x
17. Mg uptake 0.122 NS
18, Fre uptake 0.366 NS
19. Aa.k 0.549¢ Y = 331.8 + 3516955.6x
20. -ax° 0.536% Y = =19.9 + 45529.hx
21, pac* -0.113 NS
22, K 0.539* Y =-1615.9¢20658.9x
23. K, 0.531* Y =-2617.4 + 36307.Mx
., AG ~0,.548% Y = 27797.9-8.0x
2%. K potential 0.h42 NS
26. DNeutral N NH, OAc 0.547« Y = 12%.2 ¢+ 52.3x
27. Kk/N ratio in soil 0.166 NS
as. x/lmt-ll ratie im soil 0.028 NS

Contd...
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TABLE 39 (CONTINUED)

81. x variables ::::;i::::: Regressien equatien
Ne. (r) (Y = a + bx)

29. X/P ratio in soil 0.235 NS

30, X/Knex ratio in seil 0.502% Y = 1710.1 ¢ 43,.7x
31. K/Ca ratio in soil 0.030 NS

32. K/MNg ratie in seil -0,259 NS

33. Kk/Fe ratio in soil 0.319 NS

34. K/N ratio in plaat 0.187 NS

35. K/Ca ratio in plant 0.579%#» Y « 3189,3 + 1hu8.4kx
36. Kk/Mg ratio in plant 0477 Y » 3600.7 + 990,.6x
37. K/Fe ratio im plant 0.547e Y = 3526.2 + 38.3x

* . Significant at 3 per cent level
#% _ Significant at 1 per cent lewvel
NS - Not significant
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RESULTS OF STATISTICAL ANALYSIS FOR CORREIATION BETWEEN STRAW

YIELD VERSUS OTHER PAR\METERS AT FLOWERING STAGE-FIELD

TRIAL (n = 20)

s1. Correlation Regression equation
No. X variables eoofi%olont (Y = a + bx)

1+ Available N 0.234 NS

2. NHh-N 0o.112 NS

J. Kex 0.291 NS

4, Knex 0.436 | -]

3« Available Ca 0.322 NS

6. Available Mg 0.361 NS

7. Available Fe 0.060 NS

8. X% 0.326 NS

9. K % 0.371 NS

10, K % in index leaf 0.169 NS
11, Ca % 0.307 N8

12. Ng % -0.346 NS
13. Fe % ~0.243 NS

1h. N uptake 0.37h NS
15. K uptake O uThn Y = 7004,8 ¢ $5.6x
16. Ca uptak 0.388 NS
17. Mg uptake 0,101 NS
18, Fe uptake 0,318 NS

® . Significant at 3 per oen
N8 - Net signifiesant

t level
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NH -N (r = 0.563%¢), available Ca (r = 0.555¢%) and Kex
(0.536%%) whereas mone of the abeve parameters were correlated

with etrav yield,

In the case of nutrient centents as in tillering stage,
Mg and Fe contents vere negatively correlated. Nitrogen and
K coatents including K in third leaf were positively related

to grain yield significantly.

At flowering stage, N uptake (r = 0.852##), K uptake
(r = 0.743%#) and Ca uptake (r = 0.466*) were significantly
correlated with grain yield. Vith strav yield, only K uptake

was significantly correlated (r = O0.474*),

Among K potential parameters, AR %, -AK°, Ko K
® x
values vere positively correlated while A G was negatively
correlated both with grein yield and total uptake of K.
Grain yield (r = 0.547*) and total K uptake (r=0.890%*) were

well correlated with X extracted by neutral N IB~OA0.

As regards nutrient ratios in soil, only K/Knex ratio
was well correlated with grain yield (r = 0.502%). 1In the
case of nutrioﬁt ratios in plants as observed at tillering
stage, X/Ca, K/Mg and K/Fe ratics at flowering stage vere alse

significantly correlated with grein yield.



b.6.8.3. Mn_unm_mmmn_am%m_an
- Tables 40,

Oa and &1

Grain yield was significantly cerrelated with available
N (r = 0.819#%), avatlable Mg (r = 0,577**), Kunex (r=0.638¢¢),
NH, -N (r =« 0.764#+), available Ca (r = 0.498¢) and Kex
(r = 0.3513%) whereas none eof these parameters wvere correlated

wvith strav yield.

In the case of nutrient content, Fe content in grain

vas n_og.tivoly correlated with grain yield.

The uptake of N, K and Ca in grain were significantly
correlated with grain yield, whereas uptake of N and K in

grain was significantly correlated with strav yield.

The K potential parameters vis., AR.k, -L\.x", KL and

x! wvere significantly correlated with grain yield wvhereas

K

K
A G was negatively correlated. AR. ’ -AKo, K

L’ Kx and PBO

were significantly correlated with total uptake of K. Grain

yield and total K uptake were closely correlated with neutral

N HI{“OM -K.
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN GRAIN

FIELD TRIAL (n = 20)

YIELD VERSUS OTHER PARAMETERS AT POST-HARVEST STAGE -

81. Correlation Regression equatien
o, X variables coefficient (Y = & + bx)
(r)

1. Available N 0.819%# Y = -412.8 + 97.6x

2, NH -N 0.76kee Y = 1318.7 + 340.9x

3. Kex 0.513* Y = 143%5.6 « 68,.kx

4, Knex 0.638¢» Y = «15201.7 + 33.1x

5. Available Ca 0.ho8* Y 1683.% + %5.5x

6. Available Mg 0.577** Y = 421,71 ¢ 18.7x

7. Available Ye 0.192 NS

8. N % in grain 0.191 NS

9. X % in grain O.k13 NS

10, Ca % in grain 0.413 NS

11. Mg % in grain 0.073 NS

12, Fe % in grain «~0.hh8* Y = 8839.3 - 351084,.5x
13. N uptake in grain 0.949es Y = 991.9 + 46.7x

1h. K uptake in grain 0.925%¢ Y 1579.5 + 221.3x
15. Ca uptake in grain 0.6T4en Y = 8566.1 ¢ 199.3x

16, Mg uptake in grain 0.449 NS

17. Fe uptake in grain 0.392 NS

18. AR" 0.578%% Y = -801.7 + 736hk04.2x
19, -ax° 0.M46* Y = 2345.%5 + 29581.0x
20. Pli(:k 0.287 NS
2%. ‘L 0.562% Y 143.2 + 16190.8x
22. K 0.611%» Y «1106.9 + 29197.7x
23. AG «0,5672+ Y = 32805.7 - 9.51x
2k, X potential 0.419 NS
25. Neutral N NH OAc 0.3513* Y = 1435.6 « 6h.ux

# . Significant at 5 per ceunt level
#% . Significant at 1 per sent level
NS - Not significant
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RESULTS OF STATISTICAL ANALYSIS FOR CORRFLATION BETWEEN STRAW
YIELD VERSUS OTHER PARAMETERS AT POST-HARVEST STAGE-FIELD
TRIAL (n = 20)

s1. Correlation Regression equation
No, X Veriables ooc{:?oiont (Y » & + bx)

1e Available N 0.509¢ Y = 5746.9 + 39.9x
2, IHI.-N 0.263 N8

3. Kex 0.288 NS

4. Knex 0.418 NS

5. Available Ca 0.309 NS

6. Available Mg 0.275 NS

7. Available Fe 0.230 NS

8. NX% 0.156 NS

9. K % 0.376 NS

10. Ca % 0.392 NS

11. Mg % -0.239 NS

12. Fe % ~0.117 NS
13. N uptake 0.509* Y = 6555.6 ¢+ 16.5x
th. K uptake 0.549e Y = 6626.7 + 86.6x
15. Ca uptake 0.258 NS
16. Mg uptake 0.39% NS
17. Fe uptake 0.487 NS

® . Significant at 3 per cent level
NS - Mot significant
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RESULTS OF STATISTICAL ANALYSIS FOR CORRELATION BETWEEN TOTAL
UPTAKE OF K AND K AVAILABILITY INDICES (n =» 20)

81, Correlation Regression equation
No. X variables co.T:?ct.nt (Y = a+ »x)
Iillering stage
1. AR.k 0.912#» Y = «114.1 + 24125,.6x
2. -ox° 0.799%# Y e «142,1 ¢+ 2221.9x
3. pBC* 0.511¢ Y =« 372.6 + 19.6x
h. K 0.878#+ Y = 299.4 ¢+ 1281.9x
5. K_ 0.838%+ Y = =338.7 ¢+ 2206.1x
6. A G -0.876%+ Y = 1203.7 - 3.8x
7. K potential 0.377 NS
8. Neutral N KHuOAO 0.889#+# Y «59.02 ¢+ 2.6x
erin [ ] [ ]
9. AR‘k 0.917#+ Y « =110.1 + 261%0.3x
10. -AK® 0.879** Y = -123.6 + 226b.1x
11. pac® 0.234 NS
2. K 0.91)#» Y = =213.6 + 1039.8x
13. K, 0.9224+ Y = -274.9 + 1909.0x
h,. A G «0.9184# Y = 1281.4 « 4.1x
15. K potential 0,705 %+ Y «60.,% + 139,.5x
16. Neutral N NH~OA0 0.890%# Y «47.7 ¢+ J.1x
Post-harvest stage
17. AR.k 0.981%% Y = -160.1 + 36322.3x
18, -AK° 0.808%+ Y » -20.6 + 162h,.7x
19. pack O.bh7» Y = «26.3 + 13.8x
20. ‘L 0.894 2 Y «107.% + 779.5x
21. X, 0.899+«¢ Y = «145.3 ¢ 1301.6x
2. A G 0,933+ Y= 1517.3 - 4.8x
23. K potential Q.TITRe Y §1.,% + 82.1x
24, Neutral N NH, OAec 0.864 e Y « =356,0 + 3.3x

® . Siguifieant at 5 per cent level
*+ . gSiguificant at 1 pexr oent level
NS - Mot significans
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CHAPTER $

DISCusSION

The soils occourring in Thanjavur district, a mejor
part of Cauvery delta in Tamil Nadu State vary widely in their
physice-chemical properties and invite the attention eof seil
scientists to venture in depth soil research on several sspects.
Since it is the rice granary ef Tamil Nadu, much interest was
evinced on a rice based scil research, Although systematic
research on soi]l has been planned and carefully executed with
reference to soil fertility in general, still aseveral aspects
of s0il and plant relationships are yet to be tackled. Te cite
an example a large number of experiments in the country have
shown rather ingensistent trend in the response of field Orops
to fertiliser K. It has often been difftcult to predict the
responges of rice based on soil available K status or to applied
K, Responses of rice to added K wvere reported by Varma et a]l.
(1979); Mahapatra et al. (1981); Shyam Sundar Mondal et al.
(1982) and Bhargave et al. (1985). Absence of response to sdded
K was claimed by Krishnasamy gt al. (1974); Ramasamy and
Paleniappan (1978) and Deol gt al. (1983). Cubic response to
added K was observed by Raman Kutty (1971); Dhanapalan Mosi gt 8].

(1973) and Goswami gt al. (1976).

1n view of the widely differing as well as contredictery
findings in this respect, an attempt wvas made in the present

investigation to study the dynamice of soil X with partiov lar
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reference to status, forms, fixation, release charscteristies
and the pattern of respense to X with rice as test ocrep.
Different K availability parameters have also been related

to uptake and response ef ADT 31 riee in the 10 majer soil
series of Thanjavur distriet. The results so ebtained from
laboratory, pot oculture and field experiments detailed in She

preceding chapter are discussed in the light ef crop performanse.
5.1, atu D t o

The 10 soil series of the study area chosen for investi-
gation are heterogeneous as revealed from their physisco-chemical
characteristics. Pattukkottai, Madukkur and Melakadu soil
series occurring in the nev delta area are relatively open
textured with loamy sand texture while the other soil series
are fing textured comparatively and they occur in the old delta
area, Such variations in the textural components of soils
could be ascribed to the genesis of these so0il series in the
respective area. The old delta soils are of resent origin and
they originated from deposits of Cauvery whereas the new delta

s0oils are derived from lateritic parent materials.

These l@tll are nsutral in reaction except Madukkur
and Pattukkottai series whose pH is slightly acidic. They
are non-saline and are relatively lov in organic ocarbon con-
tent. The soils from nevw delta are non-calcaresus vhereas

soils of old delta contain about 1 per cent free 0.003 and
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the highest value was recorded in Nedumbalam series with

1.3 per ceat. As regards the fertility status, these soils
fell under low im available N status and in respest of avail.
able P they varied from wmedium to high and available K centeat

was betveen lov and high.

Ever since Bray (1934) propesed the concept of nutriemt
availability in soils, several extrastants and metheds have
been developed from time to time to menitor the nutrient
availability in soils. The estimation of available K being
simple compared to the avajilability of N and P estimations,
more number of extractants and methods have been evolved by
different workers. These extractants include mineral acids
of different concentrations, solutions of neutral salts aad

buffer solutions. Besides this, a nusber of K potential para.
meters are also being employed to determine the K availability

in soils. These methods are based on Schofield ratio law
(1947) and Woodruff free energy proposed as potash potential

by Beckett (1964).

The results obtained thr ocugh the use of a number of
extractants to extract different forms of K and K potential

parameters empleyed are discussed hereunder.

A perusal of the wean values of K extracted by water,
neutral N NH OAe, O.1NX HNO3, 0.5N Hloj, IN HNDJ, 0.1R HO1,
O.SN HCl, 1 per cent oitric aeid, O.35N EDTA, Morgan's reagent

and 0.01M c.cxz revealed that these values corresponded to
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abous 0.06, 1,06, 0.53, 0.67, 7.47, 0.47, 0.43, 0.43, O.k1,
0.65 and 0.38 per cent of the total XK. These values iudieate
that mest of these extractants extract similar amount ef K
representing mostly Kex except boiling 1N HNOJ vhich extrasts
& considerable portion of the Knex fraction ef K as well.

Neutzral N lm,‘OAo extracts relatively higher proportion of K

than the rest of the extractants.

The percentage distribution of various forms of K to
the total-K reported under the present study is of similar
trend and magnitude as reported by Grewal and Xanwar (1966);
Rmm and Singh (1975); Biddappa and Sarkunan (1981) and Brar

and Sekhon (1985) for different soils of India.

The inter-relationship studies revealed that X extracted
by neutral N NHuOAc had significant correlations with K

, O.SN HNO_, tN HNO_, O,1N HC1, O.%N HC1,

extraocted by O.1IN }mo3 3
1 per cent citric acid and Morgan's reagent. As most of these
extractants extracted the readily exchangeable and water

soluble-K, signifiocant correlations ooculd be obtained among

them.

Considering the relationships between K extracted by

O.1N HC1, O.5N HC1l, O.IN HNOJ, 0.5N l*mO3 and 1IN HNO3 and other

k' KL' PBck' A'.,G, Kl otc.)

°
K potential parameters (-AK", AR
it was observed that they exhibited close correlations with

all K petential paramsters except Pnc" and AG. This mutual
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relation indicates the possibility of substituting one
extractant of X for the other to predict the K availability

in soil.
5.1.1. v Aram £ tionsh

The availability of any nutrient in soil is geverned by
the quantity, intensity and rate factors. The quantity term
(3) is & measure of amount of K in the reserve poel in seil.
The intensity term describes the strength of K ioen in solutien,
The relationship betwveen quantity and intensity as a measure
to predict the K availability is again governed by rate factor
or replenishment factor which denotes the rate at which the
depleted K is replenished from the reserve K. Based on this
concept several /I parameters have been proposed to predict K

availability in soils (Narain and Singh, 1979).

Among the 10 soils studied, soils S’ to 86' 38 and S‘o
(category 1) recorded higher values of -4\K° than the soils
8, and 8y (category 1I) which registered low values of - AX®,
The differences in -.AKP values between the two categories of
soils might be due to the variations in the specific adsorptiem
sites (Kx). The former category of soils having relatively
higher proportion of finer fractions and predominantly with
211 expanding type of clay minerals (Ramanathan, 1974
Ramanathan, 1977; and Manickam, 1977) are accompanied by

larger surface area, obviocusly larger specific adsorption sites
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for K accounted for higher values of -Alo. The latter ocate-
gory of soils being low in finer fraction and predominant with
1311 non-expanding olay minerals (Ramanatham, 1977) with lower
adsorption sites showed low labile X values. This has an
important practical significance relating to the predictability
of K status of soils, the former being rich in K status com-
pared to latter category of soils. Biddappa and Sarkunan
(1981) established that black soils registered higher values

of labile-K compared to red soils, is in accordance with the

present findings.

The AR.k values which are measures of ingstantaneous
available K or status of immediately exchangeable K, are low
in first category of soils and high in second category. Thus,
the above values are influenced by nature and amount of clay
coupled with soil pH. It is observed from the results that
the clay content and pH of second category of soils are low
wbhich might have led to low amount of fixed K and higher
concentration of solution K reflecting higher AR.k. Similar
results of higher activity ratio of K being associated in
soils having pH in acid range and soils with low elay content
were observed bi Ramakrishnayya and Chatterjee (1976) and Maji
and Sen Gupta (1982). 8Soils, predominant with non-expanding
kaolinitic type of clay minerals releasing K at a faster rate

becuuse of its weak bondage to adsorbed K is well kneown.



The Pattukkottai and Madukkur soil series being lateritie
in origin and predeminant with kaolinitiec type minerals might
o,
have contributed for higher A!.k asgount of the fast that the
A

K ies held with low tenacity.

low values of Aabk ebgserved in the first category of
soils eould be ascribed to higher fraction of 2:1 expanding
type of clay minerals having relatively higher CEC., It appears
that soils with cation retention power have small amount of X
in so0il solution, so that the immediate available K in these
s0ils was lower compared to second category of soils.
Zandstra and Mackensie (1968) and Subba Rac et al. (1984) were

also of the same opinion.

Further, it is seen from the Q/I curves that the solu-
tion concentrations of K at which these soils adsord X are
different. The first category of soils started adesorbing K
even from low concentration compared to second category whioh
adsorbed K at a high concentration., These findings indicate
that the first category of soils might have got greater affimity
for K adsorption than the second category of soils. These
results also suggest the possibility that K might be present
in selected wedge sones in the first category of soils wmaking
it difficult for release and the same might be absent in the
second category of soils resulting in lowver retentivity fer K.
In the Q/I grapns, the lower curved portion was associated with
adsorption of K at specific sites vhereas the linear part indi-

cated the non-specific adsorptien of K (Beckett and Nafady,1968).
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The values of pack (a measure of the ability of seil
te resist reduction in the relative activity of K (Aﬂbk)-
were higher in the first categery of seils cempared to the
second category which is a true reflection of its buffering
capagity. The first category ef soils centained more propor-
tion of clay, organic carbon and CEC than the secend category.
The above results might be expected because with increasing
clay content and CEC, the PBCk values might have increased due
to increased buffering capacity (Ram and Prasad, 1981). Again,
the possibility of the presence of 2:1 type of clay minerals
particularly montmorillonite or 1illite as major clay minerals
could be responsible for such increased values of F’BCk signi-
fying the fact that these soils are well buffered against
depletion of K by crop removal, warrants less K fertilizatien
as against second category of soils with low PBCk, needing
frequent K fertilization., These results are in line with the

finding. of Zandstra and Mackenzie (1968); Ram and Prasad

(1981>lnd Bandyopadhyay et al. (1985).

Further, the first category of soils registered higher
values of K potential than the second category. This is useful
in placing the soils on a comparative basis and it fully des-
cribes the K status of soils over short depletion period. In
the present study, although the observed activity ratios were
high, the lover values of K potential in the second category

of soils, suggest that these soils are least buffered against
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depletion of K which is also evidensed by the lev values of
k
PBC s BRarlier, Maji and Sen Gupta (1982) and Chasterjee ot al.

(1983) made similar ebservatiens.

The Woodruff free energy values ( AG) were alse generally
higher in the first category of soils than the second categery.
The higher values of free energy change cbserved in these seils
could be attributed to their greater magnitude of exchange
capac ity and retention of K on exochange complex. The first
category of soils possessed higher clay content ooupled with
high CEC compared to second category as evidenced from initial
analysis of soils. Thus, it could be possible in the first
category of soils that K ions are held more tenaciocusly and
firmly that higher energy has to be expended to release K and
make it available to plants. Similar view points were also
expressed on dif ferent soils by Balasundaram (1973), Ramanathan

(1977), Mahendra Singh et al. (1982) and Valliappan (1984).

5.2, Potassium fixing capacity of soils

Potassium fixation has a detrimental effect on the imme-
diate availability of added~X in the soil. But 4t is not the
total loss, as the fixation of K adds to the reserve pool of K
in soil. Information generated frow such study samy help to
determine the relative effectiveness of Kk application and in
turn to evolve sound strategy of K fertiliser use programme

based on the magnitude of the fixation,



The results of K fixation study revealed that soils
differing in their physico-.chemica l properties vith special
reference to nature and amount of olay, CEC, erganic carbdom,
pH and CaCOJ content varied very such in their fixing capa-

cities.

In the present investigation, X fixation was significantly

correlated with clay (Singh and Ram, 1976 and Bajwa, 1980),

CEC and c-cos (Thomas and Hipp, 1968 and Valliappan, 1984),

The possible reasons for the above relation might be that soils
with higher amount of c¢clay and CFC fix more of added X. Again
the fixation was negatively correlated with ARQk. When K iens
from soil solution get adsorbed on K fixation sites causing a
reduction in solution concentration of X might be the possible

reasons for such a negative relation. Zandstra and Mackensie

(1968) were also of the same view.

It was revealed from the study that the amount of K
fixed continued to increase with increase in the levels of
added K which might be due to larger proportion of K being
foreced into inter-lattice position from labile pool as
inf luenced by the concentration gradient as reported dby Grahams
and Lopes (1969). Further, Rammnathan et al. (1975); Howveler
and Spain (1980), Dutta and Joshi (1983) established evidences

that increasing levels of K increased the K fixation.
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When the magnitude of X fixation was considered from
the percentage eof K fixation at different levels of added K,
it was seen that the per cent X fixation declined with increas-
ing levels of added K in all the soils. This could be attri-
buted to the saturation of spesific adsorption sites for K
fixation with pregressive insrease in the levels of added K
(Narayana Nawbiar, 1972; Joshi gt al., 1978 and Valliappan,
1984).

Considering the different incubation periods, it was
observed that the lowest fixation occurred during the first
day and the same increased as the incubation period was
extended to 72 hours beyond which there was no marked increase
in K fixation., These results indicate that the rate of sorptien
was greater initially which declined gradually until an equili.
brium was reached. Increasing fixation of K with varying time
of contact in different soils was also revealed by Grewal and

Kanvar (1967) and Valliappan (1984),

It was also observed that the soils differed in their
fixing ocapacities on account of their variations 4in their preo-
perties. 8011-'86 and S7 Tegistered the highest amd lowest
fixation respectively. The highest fixation in 86 could be
ascribed to the presence of greater proportion of 2t¢1 type of
clay minerals vhich offered greater surface area for fixatioa
as established earlier by Bolt ot al. (1963), Black (1968) and

Perkins and Tan (1973). The lowest fixation in l7 could dbe



attributed to the relatively low amount of clay in the soil
predominant with 1:1 type minerals. Duthion (1968), Badiger
and Rao (1969) and Naraysna Nambiar (1972) observed reduced
fixation of K in soils predominant with 1:1 type of clay

minerals.

On the basis of the wmagnitude of K fization, the 10 seils
under study could be classed into three groups fellowing

X * S.E. statistics (Fig.5b).

i) Soils with K fixation values exceeding 1.0650 me/100 g

soil (55 and 56).

i1) Soils with K fixation values less than 1.06%50 but
more than 0.9008 me/100 g soil (31, S, 53, S+ Sg

and S,O).

i1i1) Soils with K fixation values less than 0.9008 me/100 g

(S7 and 89).

The soils of group (1) migzht have mixtures of clay
minerals with dominant types especially illites, montmorillo.
nites and vermiculites as observed by Ramanatham (1977). These
soils provided a larger surface area vhich increased the X
fixation (Davis et al., 1971). Purther, the force of binding
could again be enhanced by the existence of different adsorptiean
sites vis., Planar, edge and inter-lattice positions as revealed

by Barber et al. (1963), Mengel (1971) and Ramanathan (1977).
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The second group of soils (3‘. 32. 33- and 8

Sye 8 10)
fixed moderate amounts of K. These soils, having dominanece

of 211 type minerals especially montmorillonite might have

fixed moderate K as reported dy Bajwa (1980).

The third group of soils (87 and l,) fixed lov amounts
of K« These soils belonged to Alfisol with deminance of 1:1
type olay minerals (Ramanathan, 1977). The clay minerals of
these soils being non-expanding, having less surface area would

have fixed less Quantity of added K.
5.3. a um

The K desorption and K supplying pover of soils are used
as synonyms (Arnold and Close, 1961; Doll gt al., 196353 and
Nash, 1971). Apropos to this Ramanathan (1977) defined K
releasing power of 30il as the sum of Knex converted to Xex,
thus becoming available to orops apart from Kex and water
soluble-K already present in soil. On the other hand K supply-
ing power of seil is defined as the amount of K supplied te
groving plants from soil solution, Xex and Knex forms. The K
releasing power denotes the total availability and not the total
uptake since the entire amount of K that is released or avail-
able is net used by the plant, Thus, any chemical method
denoting the available X in a soil would msean the K releasing
pever of soils, while the K supplying power could be equated
to the astual uptake of X by the plants by any bielegioal

method.
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3+3.1. Chemica] wethed-K relessing pover of seils (Step-K)

The K releasing pever of seils by suceessive extractiea
with O,1N HCl gredually decreased from first extraction to
fifteenth extraction by the time most of the soils released

very little K or mo K,

Considering the individual soil samples it was observed
that 8’ and 87 released the highest and lewest amount ef K by
first extractioan. The sample s,. a Vertisol with high Kex and
'K saturation at edge position possibly held the K with less
tenacity and bondage released X rapidly (Ramanathan, 1975).
The sample 37. an Alfisol with K depleted state could release
K as its cumulative K release wvas also the least. Seils 89

and 8 o released X up to tenth extraction. Soils 8‘. 57 and

1

S, released K up to eleventh extraction and '2 and l3 released

8
K wp to twelfth extraction but the soils sh. 3’ and 36 contie

nued to release K upto - fifteenth extraction.

Such variation in the K rlease pattern among differeant
soils could be attributed to the relative clay content, nature
of clay and differences in bonding energy with vhiech K i»s
held over clay lattices. 8Seil 36 recorded the highest K
release, vhile the other soils released very little K or no K,
in the fifteenth extraction. The soil 3., an Intisol possibly
with 411itic dominance released K steadily and gradually even
up te fifteenth extraction signifying its highly buffered nature
as the values of PDC‘. slay econtent vere alse high imn this seil.
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3e3.1.1. Gumlative X release

The cumulative X release pattern eof the seils umder
tudy £ r >
] Yy fellewved the order '6>'3>'2>'1>'0>'3>.b>
l'o:> 8’ >.l7. The seil 3, being ome rich im 211 type olay
vith high buffering capacity contributed for the highest X
release. The low release in the case of 87 might be due to

its K depleted state as it wvas a eocarse textured Alfiscl.

Further, the cumulative K release ocurves of the ten
soils revealed that the soil 85 exhibited a curve with a high
degree of steepness initially indicating the rapid release of K
by the soil. Such rapid and high release of K might lead to
non-responsiveness of crops to added K. The labile-K (-4 x®)
value was also high in this soil, On the other hand the soils
57 and S9 exhibited a curve with little slope initially might
respond to K application. The lasbile-K values in these seils
were lov. These inferences are also evident from the highest
and lowest 'a’' coefficient values obtained from Cobb-Douglas
exponential equations for cumulative release-Kk for 86 and 37.
The absence of response of rice to Kk application in soils l,
and 8¢, & linear response in the case of 87 and a ocubic rese
ponse in 89 ebtained throaugh a pet culture experiment discussed
in section %.4.1. is in support of the above convlusiens drawn
from the cumulative K release studies. Soils with relatively
high and lov cumulative release of Kk leading te non«responsive-

ness and responsiveness of ereps respectively te added K were

revealed sarlier by Rathnaprasad (1985) in sotils of Madurei.
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5.3.2. al- o
Srepping
Exhaustive ocropping through a continuous system of reis-
ing 0xops are comsidered to be effective and reproducible metheds
employed in assessing the nutrient supplying pover of soils.
This study vas undertaken te make effective comparison of the

K releasing pover of soils vis-a-vis K supplying pover of seils.

The dry matter yield, K concentration and K uptake values
gradually decreased for every successive short term cropping of
rice which could be due to the intensive relay oropping in the
same so0il although th.o macro nutrients alone were added in
adequate Quantities. The trend of decline was nearly the same
for both control and K treated pots. DBut the rate of decline
of K uptake was lower in X treated soils than that of control
with every successive erops vhich is in agreement with the
findings of Biswas (1974), Rasanathan (1977) and Simonis and

5¢3¢2.1. Cumu ve d m xr of rice

The level ‘3 caused the highest dry matter yield, while
the pet receiving no K recorded the lowvest dry matter yield im
almest all the soils studied pronouncing the bonoficigl offect
of K on biomass production., Increasing levels of K might have
mediated in a beneficial way in the process of absorption and
assimilation of growth elements needed by rice vhieh is reflected

in the final dry matter sscumulatien.



The ten soile studied, differed markedly in the pre-
duction of dry matter indicating the diversity of seils in
their production potential., Among the soils, t., vhioh belonged
to Alfisol produced the highest dry wmattor yield, while '10
belonging to Entisol recorded the lewest yield. The seil l.,,o
producing higher dry matter yield ocould be expested bocause
it responded linearly to added K as evidenced by the response
function fitted for the abeve s0il and discussed in seoctien
5.4.1. Furtber the labile-K value (- AK°) for the seil (8,)
was also low leading to positive response to added K thus,
resulting in higher yield. The influentce of K in promoting
the dry matter yield in Alfisol was also established by
Bansal ot a}. (1985). The poor dry matter yield im soil 50
could be asoribed to the fact that it wvas a psamment wvhieh
could not integrate the nutrients so added on aoccount ef itse
poor physical condition, low fertility and produotivity whieh

reflected in the poor biomass production.

35.3.2.2., Pota a b (-] - 2

Application of K increased the K uptake in all the seils,
although the magnitude of K uptake differed on ascount of its
heterogeneity. Such incoreased uptake of K due to increased
levels of X is obvious because when the dry wmatter is inoreased
by addition of K, one could expect the uptake to Linorease sinse

upsake value is only the produst of dry matter yield and
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coytent of K. It is also noteworthy to mentiom here that she
&dded K levels did not appreciably inorease the X coutent in
rice plant, Among the soils, 87 and s‘olooou-tod for the
bighest and lowest uptake of K. This indicated that the uptake
values followed the same trend as dry matter yield as revealed
earlier that the soils S, and S

4 10
lovest dry matter yield respectively.

registering the highest and

As regards the number of crops and uptake of K, the
value of K uptake decreased from first crop to sixth ocrop as

the dry matter yield decreased in the same way.

The cumulative K uptake curves of different soils
revealed that the uptake values differed largely among soils
for the added K levels. Vhen the K levels were increased frem
K. to K. the corresponding increase in cumulative K uptake was

o 3
well manifested in the soils in the order 58> 87> 83 >- 82>

5:.3.2.3. ) o a u

It is often referred that K is an elusive element on
acoount of its dynamic equilibrium in soil and the difficultly
encountered in demarcating one form from the other. Seocondly,
its elusive character is further qualified due to the lack of
proper elucidation im decojding various biochemical functioms
the K has in the plant body. But on the contrary the existemee

of dynamic ejuilibrium among differeant forws in s6il has a



remarkadble prsctical significance in the seil fertility
studies in relation to response of erops amd uptake of K.

This 4is evident from the fact that the crop during its growing
period not only removes water soluble-K amd Kex but alseo
utilises a counsiderable amount of Knex which of course depends
upon the so0il characteristics especially of Kex content and

the quantity of K fertilisers sdded.

It vas observed that the Kex used increased with increas-
ing levels of added K, while the Knex used decreased with
increased levels of added K in all the soils studied. Vhen
soils are adequately added with fertiliser K, plants derive
their K requirement from added source. Thus, it might be
possible that the Kex used increased with increasinglevels of
K. On the other hand, the Knex source is not exploited by
plants as long as their need for K is wet from Kex or the K
derived from Xnex is progressively smaller with such inorease
in added K. PFurther, wvhen crops are raised suvocessively with.
out K application, the demand for the nutrient K increases and
the soil available pool remains continuocusly under K stress.
Due to this the flow of K in the dymnmnic equilibrium was frem
Enex to Kex form and thus, the former declined considerably.
The above findings are in line with the reports of Salwmon
(1963), Elsokkary (1973), Ghosh and Ghosh (1976), Ramsnathan

(1977) and Ganeshamurthy and Bisves (1985).



LI ment t u h o ° e K
application
For precise interpretation the results of the pot experi-

ment are discussed under the following two headings.

5¢4.1. Effect of K en grain yield sad uptake ef X in ADT 31 riee

Application of Kz and Kk levels being on par registered
higher grain yield than the rest of the treatments. Also the
"h and Kz levels being on par indused higher uptake of X than
l’ and Kys Addition of K to soils increased the available
K status. Plants growing in such condition absorbed higher
proportion of K wvhich was reflected in increased uptake of K.
The effect of K on grain yield might be mediated possibly due
to the inoreased N use efficiency and greater utilization of N
in the presence of added K., Increased N use efficiency with
increasing levels of K resulting higher biomass production vas

observed by Tahir Saleem ot al. (1980).

Seils 89. S.r and 88 behaving similarly registered higher
grain yield than S‘o, 85. 33, s, and 86 which in turn yielded
more than Sh au:_l 82. Soils 59 and 87 being Alfisols having

lov K release values recorded higher grain yield. This is a
olear evidence of existence of limitation of K in these soils
and application of XK had marked benefit in increasing the graia
yield. Similar instances of higher grain yield of rice in red

seils vere observed by Mahapatra and Rajendraprasad (1970).
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Further, the response functions worked out for K appli.
cation in different soils with ADT 31 rice as test orop
revealed that linear response functions were found to bde the

best fit based on R2 values for soils l’. s., 87, Sa amd 8 ..

10
The linear trend observed in seil 87 could be attributed te
lev initial K status, low cumulative K release, low -Q‘Ka and
X ,

PBC and open textured mature as revealed from the initial
analysis, Vhereas the linear response in soils 83. 8, and 8,
could be asoribed to low cumulative K release. According to
Barthakur et al. (1983) rice responded linearly to K applica-
tion in Assam soils with low olay content, having no vermie
culite minerals. The linear response obtained in the case eof

soil S in the present study could be due to the low clay

10
content of soils and possibly with no vermiculites. The linear
behaviour of the above soils signifies the fact that there {s
still further scope for increasing the dose of K to sustain

higher yields.

The response functions in respect of soils 8s and 86
were not significant. These s0ils released relatively more X
as evidenced from the K release studies wvhich might have been
sufficient to meet the orop requirement resulting in laock of
response to applied K. Absence of response to added K could
be expected in soils either with high K releasing pover as
observed in the present study or in soils having greater X

fixing oapacity. Mehta (1976) and Deol et al. (1985) ebserved
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absence of K response for added K in soils with greater fixing
capacity.

In the ease of soils Syv 8y anad s, the best fit respense
funotion was found to be cubic indicating the elusive behaviour
of K on grain yield shoving a linear trend at lower levels eof
applied X followed by a decrease and again an increase in yield

at higher level of X application.

Sueh cubic type of response could be related to the
influence of K on N availability and uptake. The orop yield
is primarily a reflection of N uptake. It is observed froa
field experiment discussed in section 5.5.6, that the yield
decline corresponded to reduced N uptake consequent to reduced N
availability. The possible reasons for reduction of N avail-
ability at 13 level in soils (s‘. S, and 59) could be theorised
on the following mechanism. At lower levels of K (up to 100 kg
xzo/lu) the N availability was possibly influenced by K ions.
At 150 kg xzo/ua level the N availability was reduced. At
200 kg Kzo/ba the available N status was incressed as evidenced
from the soil analytical data., The possibility of mutual
release or blocking effect botvo;n the K and NH.. dons in the
inter-lattice positions of clay mineral depending upon their
concentration in soil solution could be a phenomenon operating
in seils. This could be possible due to the similar ioniec
radii, K and Nﬂk iens possess and both being lattice fixable

cations. In the present study at 130 kg Kzolh. level the X fems
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oould have rendersed less release of NB~ ions inte soil solu.
tion by blocking effect. Whereas at 200 kg xzo/n- level the
incressed concentration of K in soil solution oeuld have

penetrated deeper into inter-lattice positions releasing uuh

ions, resulting higher N availability.

5.8.2. Correlstion studies for ideatifving suitable extrsctant

for K availab

In the present investigation attempts were made to come
pare the suitability of empirical and biological methods for
determining K availability. Although the biological methods
could be more accurate and reproducible, yet they are time cene
suming and laboriocus and have limitations in adaptation for
large number of soils. Hence an empirical method approsching
closely to that of the biological method will be helpful fer

wider adaption.

To pitch upon a reliable reagent for predicoting K
availability in soils, eleven chemical extractants were tried.
The results showed that out of the eleven extrasctants, neutral
N NH“OAc was closely correlated with grain and strav yields
and uptake of K in grain and strew and total uptake suggestimg
the fact that it could be the best extractant. This could be
ascribed to the following reasons. The K located in planar,
edge, and inter-lattice positiens are subjected to differemtial
displacement by cations. The K lecated in planar positions
are exchangeable and equally accessible to H‘l!“. H, Na, and Ca

ions vhereas Kk bonded en edge and inter-lattice positions are
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more easily aocessible to the exchange by NH. ion than other
ecations. Stout (1982), Nagarajas g% al. (1982), Bansal gt al.
(1985) olaimed that neutral N NH OAc to be the best extractant

to predict K availability en differeat seils.

Further, it is revealed from the quantity of X extrasted
by different extractants exoepting boiling N HNOJ. neutrel
N NH,‘OAc extracted higher values of Kk from soils than other
reagents, This could be possible that it would have extracted

a fraction of K from Knex apart from extracting K frewm Kex.

Any chemical extractant could be successfully used to
measure the available nutrient status of soil provided the
quantity ef such extracted nutrient is closely related to the
uptake of that nutrient in the plant as well as grain and straw
yields. In the present study, it was notewvorthy to observe that
the K extracted, by widely and commonly used neutral N NHhOAo
had a significant correlations with yield of grain and strav and
total uptake of Kk in rice. In addition, the total uptake of K
is a true reflection of the K availability in the soil and
therefore neutral N NHhOAo extractant could be considered as a
more reliable one to predict K availability. This was also
evident from the path analysis carried out to predict the K
availability in soil in that,that neutral N NM“OAo extractant
gave the highest R? value (0.977) with least residual error

(0.0344).
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5.3 Zield trisl

A fleld trial was conducted at Thamarankottai in
Pattukkottai taluk on Madukkur soil series, an Alfisol which
was representative of the soil 89 used for the pot experiment.
Under the pot culture study, the soil 89 showved a cubic trend
of response to the application of XK with ADT 31 rice as test
crop. Hence this field experiment was planned based on the
factual data generated from pot culture study in order to
elucidate more information relating to the response behaviour
of the soil 59 to the application of K. This led to the
parallel investigation of the status of other nutrients in
soil (N, P, Ca, Mg, Fe, etc.), nutrient ratios both in soil
and plant, trend and magnitude of nutrient absorption in diffe~
rent physiological stages of rice growth to obtain experimental
evidences to highlight the cubic response of this soil (89).
The results of the field trial are discussed under the followe.
ing eight aspeots.

5:.5.1. a s of ) t ava
at different stages of rice growth

The available nutrients tested (N, P, K, Ca, Mg and Pe)
at various stages of rice growth were more at tillering stage
and the same got reduced towards maturity stage. Besides, the
Knex values also followed the same trend. This 4s Qquite
obvious because plants derive nutrients from soil for their

grovth and develepment leading to depletion of soil nutrients.
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The highest value of available N was observed at lh

level followed by Kyo Ky K, and K. In respect of MH, -N,

1 ™) 0

the levels K, and ‘2 being on par recorded higher values while
K3 level recorded lowver value. It leads to a situation where
epplicatien of K at lover levels up to 100 kg K,O/ha, the
available N vas relatively high. Whereas at 1350 kg K,0/ha
level, the available N was reduced compared to 100 kg xzo /ha.
But at 200 kg Kzo/h-, the available N inoreased again compared
to the rest. The possible reasons that are responsible for
reduced availability of N at 150 kg Kzo/hn level and an
increased avuailability of N at 200 kg xzo/m level could be as

brought out and discussed in detuil under the pot experiment

in section 5.4.1,

The Kex, Knex, boiling N HNO_-K, available Ca and Mg eof

3
80il increased with increasing levels of K. Addition of K
causing an increase in Kex and Knex eovld be expected as the
sink for added K might have taken the route of the above forms

before K is absorbed by the crop.

Increase in the Kex and Knex due to the addition of K

in different soils were reported by Esakkimuthu et al. (197k)

and Negi et al. (1981).

In the case of availasble Fe, addition of K up 0 100 kg/ha
increased the Fe availability and further addition eof K from
150 to 200 kg/ha depressed the availability. The pesitive

effect vas seen with 100 kg/ha which might have alleviated the
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K-Fe antagonism and thereby increasing the availability ef Fe.
Sueh synergetie and antagonistic effeets at lover and higher

levels of added Kk en available PFe were breught eut by Hermando
and Sanflueats (1976).

3.3-2. Blfeot of &raded levels of K on mitrient reties in seil

t 9 O o h

An attempt was made to study as to what happens to the
nutrient ratios under low, medium and high levels of K applica-
tion so that these values might serve as a tool to explain the
curious situation where certain levels of K pull down the

grain yield while other levels of K increase the yield.

The K/N and K/NH,-N ratios also were helpful in predict-
ing the reasons for the cubic trend of response as these ratios
were reflections of the available N and K content of the seils.
The K/mlh-N ratio decreased up to 100 kg xzo/h- and increased
sharply (2.79) at 150 kg K,0/ha sand again decreased at 200 kg
xzo/n. This was indicative ef the fact that at 150 kg xzo/n
(1(3 level) the available N wvas depressed vhich could be attri-
buted to the reduced grain yield at this level.

5.5.3. Efecs of graded levels of K en Q/I parsmeters in soils

at difr ent of [} h

The values of different Q/I parameters vis., -4 l°,
An.". Plck, petash potential and K values were high at tiller-
ing stage and the same declined towvards maturity stage. The

decrease in the abeve Q/I parameters could be astributed to the
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following reasons. As the crop asdvances it absords K frea
aveilable pool of K from the soil and since the abeve para-
meters are true reflections of the X availability, they

decreased simultanecusly.

The free energy values ( AG) increased from tillering
stage to maturity stage. The A G values denote the energy
expended by the plants to extract K from soils. VWhen X is
readily available in soil, plants absorb K using lesser energy
but plants expend higher energy if K is not readily availadble
form. The above results are in line with the findings ef

Mahendra Singh et al. (1982).

The values of -4 x°, K potential, xx and ‘L increased
with increasing levels of added K wvhile A G values decreased
with increasing levels of K asp observed by Ganeshamurthy and
Biswas (1984).

5-5-~o v ‘
ADT 31 rice at different stages

The dry matter yield wvas not influenced by K levels at
tillering stage but application of K at Ih level recorded the
highest dry matter at flovering stage. At higher level of X
(200 kg K,0/ha) the N availability was relatively high as
evident from the discussion breught out earlier (Sectien 5.%5.1.).
Inoreased availability of N and K could have resulted in enhaneed

N and K use efficiency, leading to imereased biemass predustien.



Application of Kk inereased the grain yield up to
100 kg xzo/u- level. The yield decreased at 130 kg xzo/h.
and at 200 kg xzo/h. it iooreased again indicating cubic res-
pPense in the field trial also. Thus the results of pot-
culture experiment were confirmed by the field trial in res-

pect of the trend of response obtained.

In biologiocal studies particularly, when the yield
parameters are related to the inputs like fertilisers, the
usual trend of responses obtained will be linear, quadratic
ete. Cubic responses of crops to application of nutrients 1o
& rare phenomenon. This is also a perplexing trend when such
cubioc responses are obtained., Howvever, application of K at
times resulting in the cubhioc pattern of response is also
reported by Raman XKutty (1971) in soils of Kerala and

Dhanapalan Mosi gt al. (1973) in Thanjavur Oelta.

In the preseunt investigation cubic responses of riee te
applied K were obtained in 3} out of 10 soil samples used for
the pot sulture experiment under sestioun 4.5.1.1.1. In faet,
this provoked more suriocsity to investigate further the possidble
reagsons for oubic trend of responss., Possibly the varying
trend of available N and Nnh-x resulting in the reduced values
at ‘3 level, compared to lower levels and again a sharp .
increase in their content at the next higher level as discussed

under section 5.5.1. could be a tangible indireoct reason for

the oubic trend of response in rice to application of K. The
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magic element N.contrtbutinc to the growth and yield parameters
singly, is an unique phenomenon. The available N and NH) -N
contents of soil being lov at I) level of X applicatien have
been possibly responsible for the reduced yield at this level

causing a cubic trend of response.

The physical and economic optimum doses of K from the
results of field trial were worked out employing Orthogonal
polynemials (Bliss, 1970). The optimum level of K was found
to be 59 kg xzo/h- for getting the highest grain yield of
5477 kg/ha. The economic dose of K for obtaining the highest

return of Rs.10,823/ha was 34 kg lzo/hn.

3+.3.5. Effeqt of graded levels of K on nutrient coptent at
Sifferent stages of rice growth

It was observed from the results, that the content of
N, P, K, Ca, Mg and Fe in rice plants were high at tillering
stage. Such inoreased concentration of nutrients in the plants
at young stage is a natural phenomenon since the biomass pro-b
duction is relatively low and the nutrients are distridbuted in
relatively small volume of dry matter. VWith the advancement
in the growth of plants accompanied by the corresponding
increase in dry matter production, the concentration of
nutrients get reduced due to dilution. Secondly such redustion
in the cencentration of nutrients at maturity stage was also
due $0 the translecation of nutrient elements into econoaic
parts of the plaat and subsequent conversion iato complex

erganic forms like protein.



As regards the concentration of various nutrients as
inf luenced by different levels of K, it eould be seen that at
I,‘ level the concentratien of N was the highest followed by
Koo K,. K, and 13. As discussed earlier, lower concemtration
of N at 13 level might be due te the relatively lew !ll!.-ll im
80il. The reasons for low Ca, Mg and Fe contents with insreas-
ing levels of K could be due to the antagonistic effect as
reported by Johansson and Hahlin (1977). Increased concentra-
tion of P with iocreasing levels of K could be attributed teo
inocreased absorption accompanied by optimum growth of plants.
Siwounis and Nemeth (1985) revealed that the iunfluence of K in
inoreasing the P content in plants is a reflection of the

interaction of K with P.

In the case of nutrient content in grein, added K levels

in gensral, promoted the N, P and K ocontents while it depressed

the Ca and Fe contents.

505.60 [ ] h u @ 1¢]
b 4 nt sta £ W

The uptake of N, P, KX, Ca, Mg and Fe vas the highest at
mturity stage. This trend ef result could be expected because
at the maturity stage the dry matter production was the highest
and since the uptake values are only the products of dry matter

yield and conteat of the nutrients.

The effect of X levels on uptake of nutrients revealed

that x,‘ level folloved by xa favoured the uptake of N while l,
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level reduced it. This might be ascribed to the reduced
availability of N at K, level. Insreased levels of K promoted
the K uptake. Similar instanecee of higher uptake of K at
higher levels of Kk fertilisation was reported by Sadanandam gt a}l.
(1969). The uptake of Ca and Mg were reduced with inoreasing
levels of K could be attributed te ion antagonism as reported
by Steward (1963). 1In the case of Fe generally, lower levels
of K favoured the Fe abgorption while higher levels of X
depressed it. This again is a reflection of the effect eof K
on Fe availability as discussed in seotion 3.5.1, Similar
results of reversal of Fe uptake due to higher levels of K

addition were reported by Kim and Park (1973) and Ravindran

(1983).
5.5.7. Effect of graded levels of £ en nutrient ratics of rice
a £{ere es of

The K/N and K/Ca ratios were the highest in strav and
lowest in grain. The highest ratio of K/N and K/Ca in straw
might be acoomplished through higher accusulation of K in straw
than in grain. Unlike all other macro metabolic mineral
elements required by the plant, K is not definitely known to
be built inte any organic cempound. It oecurs in plaant
principally as soluble inorganic salts. As a rule the prepor-
tion of K is relatively high in strewv and lowv in grain whiech
1s reflected in the ratio values. In respest of K/P, K/Mg and

KX/Fe there was not much variation among stages.



The effect of added K levels on different nutrient
ratios in plants revealed that X/N ratio vas the highest at
13 level vhich is again a reflection of lower N content at

K .
3 level

Park ot al. (1971) opined that the amount of N absorbed
decreased with increasing levels of K and X/N ratioc increased
with K application. Increased K levels causing a decrease in
Ca content and thereby leading to higher retioc value of K/Ca
was aleo reported by Randhawa and Pasricha (1976) highlighting
the antagonistic effect of K on Ca., Regarding the effect of K
on K/Mg ratio the antagonistic effect was also evident in that
heavy application of K reversed the Mg absorption causing low
content of Mg vhich led to a higher K/Mg ratio as reported by
Nightingale (1937). Similarly, higher levels of added X
caugsed Fe deficiency in plants resulting in higher K/Fe ratie

(Bolle Jones, 1955).

5.3.8. Relatjonghip studjes

The relationship studies revealed that available N at
all stages (Tillering, flovering and post-harvest) vas positively
correlated with grain yield. Considering the relationship
among stages based on 'r' values, the relation was well pro-
nounced at tillering stage. This indicates increased use of N

at vegetative stage of the orop for ensuring higher grain

yields.
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The K extracted by neutreal N NH, OAc at all stages of
rice growth was well correlated with grain and straw yields
and total uptake of K implying that it could be & better
chemical extractant to prediet K availability in soil as

discussed in section S5.4.2.

The K coutent of third leaf of rice at tillering and
flovering stages were olosely correlated with grain yield.
Hence it could be concluded that third leaf of rice plant
could be considered as an indicator leaf for fixing the
oritical values of K in rice plant and for socheduling ferti-

liser application.

The /1 parameters vis., -Ax" and K., values were posi-

L
tively correlated with grain yield whereas A G value was nega-
tively correlated. This is obvious because the -AK°. the
labile-K represents the readily available form of K. The
poseible reasons for negative correlation between A G and

grain yield could be related to K availability flux in soils
indicating low Kex at higher emergy levels (AG) which reflected

in low yields (Manendra Singh et al., 1982).



SUMMARY AND CONCLUSION




CHAPTER 6

SBUMMARY AND OCONCLUSIONS

6.1. Summery

Although much work has been earried out te elucidate
K dynamios of soil im relation to plant autrition, many aspests
still remain to be clearly understeod. Thus, it offers many
challenges to researchers in the assessment of K availability
and to predict the trend of response. The complexity and
heterogeneity of natural soil system as influenced by differing
physico-chemical characteristics of soils are the primsary
factors responsible for the peculiar behaviour of X in seil.
In the present study, it was attempted to investigate the
dynamics of K in 10 representative major soil series of
Than javur distriot with the objectives contemplated in the
introeduction, particularly to compare different methods of K
availability and to fix a more reliable method to measure K
availability and to evaluate the response of rice to K ferti-

lisation in the major soil series of Thanjavur,

The studies were made in different phases involving
laboratory investigations, green house experimentation follewed
by a field trial. The laberatory studies related to the
oharacterisation of soils based on forms and status ef X,

K fixzation and release eharacteristios and comparison of K

availability indices including Q/I parameters based on therwo-

dynamic funstions.
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The pot experiment under green house was ventured se
study the ianfluence of graded levels of K en rice te olieit
the response behaviour of rice te Kk fertilisation im the Sen
major soil series. The field trial was uandertaken te eenfirms

the results obtained frem the pot experiment.

6.2. Comolusiong

The salient findings and cenclusions semanating eut eof

the present study are summarised and presented bdelow.

6.2.1. Laboratory jinvestigation

In the ten representative major soil series eof Thanjaver
chosen for the study, considerable variations in the physice-
chemical properties vere observed. These seils represented
red, alluvisl and black soils falling under the erders
Alfisols, Entisols and Vertisels respestively, acocerdimng e

seil taxomomical classification.

There were close mutual relationships among Xk extracoted

by most of the reagents eapleyed.

Adanur, Lluthur. Kalathur, Xivalur, Nedusmbalam, Padugai,

Sikar and Melakadu soil series vere asseciated vith higher

values of -ZSI'. rnc“. K pesential and lew values of AR. vhereas

Pattukkottai and Madukicur seil series registesred lewver values

of -Al.. Plck. K petential and higher values of m.".
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The extent of X fixation differed markedly {n differens
soils mestly due te elay mineralogical make wp and sseunt eof

slay.

The ten soils fell under three distinect greups based ou

Mean ¢ S.E. statistics. Soils s‘ and 8_ were placed under

3
I group fixing higher proportion of added X. Seils l', 82.
83. Sb, 88 and 810 fell under II group which fixed moderately

whereas soils 87 and 89 (III group) fixed low amount of added K.

For assessing X fixation in seils the incubatien peried

of 7 days appeared to be mere apprepriate.

¥ith increasing levels of added X, the amount of fixed K

inoreased vhile the per cent K fixation decreased in all soils.

Potassium fixation was significantly correlated with
clay content, CEC and Cnco3 and negatively correlated with

AR k.
[

The sumulative K release of soils followed the oxder eof
Bs> By 8,5 8> 83> 8,5 8, > S0 H>Sv

The cu-ulitivo K release curves of soils fellowed the
Cebb-Douglas expemential fumotions and frem the patternm of Kk
release, it wvas pessible to predict the respense bdehaviour eof

seils to K appliecatien $o a eertain exteas.
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6.2.2. Pog ptudies

Applicatien of K imereased the grain yield ef rice and

uptake of K in 8 gut of 10 seils inveatigated.

Linear response funotion was found to be the best fit

8. and S § oubiec function wvas the best

for soils S ] -

. 30 Byr Sy B4 10
f£is for soils S‘. Sz and 89. The response function was not
siguificant for soils 8, and 86.

Cubic response of rice to X application coeuld be
agcribed to the reduced availability ef N at intermediary

levels ef K application,

Neutral N NHhOAc was found to be the best extractant

for predicting K availability in soils of Thanjavur district.

The Q/1 parameters were found to be unsatisfastery

measures of K availability.

The Kex used and Knex used by rice decreased and

increased respectively with and without K application.

The ability of different soils te supply K from Knex

fors to the plant appeared to be dominant factor in the K

nutrition of riee.

6.2.3. Zield trial

The available mutrients in the seil (N, P, K, Ca, Mg

and Fe) desreased vith crep growth frem tillering stage te post-

harvest stage.



Application of K at 150 kg xzo/h. alene reduoed the N

availability while the lever and higher levels of K imereased
its availability.

The K/lﬂh-N ratio im seil decreased up te 100 kg I’O/hn
and increased sharply at 130 kg xzo/h- and again decreased at
200 kg Kzo/hu.

With increasing levels of K, the values of Kex, Knex,

total KX and boiling N HNOB-K increased.

Potassium application beyond 100 kg Kzo/ha depressed

the iron availability.

°
The values of different Q/I parameters vis., -AK ,

Kk

~R_ PBCk, potash potential and K, were the highest at

L
tillering stage and the same de¢lined towards post-harvest

stage eof riece.

The free energy values ( A G) increased from tillering
stage to post-harvest stage. The above values decreaged vith

increasing levels of added K.

Application of X increased the grain yield up to 100 kg
x‘o/hn level., The yield deslined at 1350 k¢ xzo/h. but at

200 kg xzo/hc, again it incressed reflecting cubic response.

The optimum and esonomic doses of Kk feor ADT 31 riece

were found te be 59 and 34 kg xzo/h. fer ebtaining the highest

graiu yield and highest return, respectively.
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The nutrient contents in rice plant (N, P, K, Ca, Mg

and Fe) were high at tillering stage and the same deelined
tovards maturity stage.

With increasing levels of K applicatien, the Ca, Mg and

Feo oentents in rice wvere reduced wvhile P content was increased.

The K/N and K/Ca raties were the highest in strav and

lovest 4in grain.

The K/N ratio in rice plant increased up to KB level
(150 kg Kzo/h-) and then decreased at K, level (200 xg xzo/n).
The K/Ca, K/Mg and K/Fe ratiocs inoreased with imcreasing levels

of K.

Application of Kk at K, level (200 kg Kzo/hl) fellowed

by K, level (100 xg Kzo/hn) favoured the N uptake while K3

level (150 kg Kzo/ha) reduced it.
Increased dose of K promoted the K uptake in rice wvhereas

uptake of Ca and Mg were reduced.

Lower level of K application up to 100 kg xzo/h. favoured

the absorption ef Fe in rice while higher levels beyond 1350 kg

x,o/hc depressed it.

The grain yield was closely correlated to available W

in seil at tillering stage.
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The K extracted by neutral N NH~0A0 at all stages eof
rice growth was highly correlated with yield of graim and

strav and total upsake of K in rice.

The K content of the third leaf ef riee at tillering and
flovering stagescould be considered as an indicator leaf fer

fixing the critical level of K in rice plant.

The Q/I paremeters vis., -AK® wae positively cerrelated

with grain yield while A G values were negatively correlated.

Summarising the conclusions it could be stated that the
neutral N HH“OAc has been found to be the best extractant fer
predicting the K availability in seils of Thanjavur district.
Application of X was found to be beneficial to rice crep in
eight out ef ten soil series studied. Padugai and Nedumbalam
series did not respond to the application of K. Possible
reasons for the cubic pattern of response of rice to K appliea-
tion have been elucidated. The K content of the third leaf of
rice at tillering and flowering stages could be considered as
an indicator leaf for fixing the critical level of K in rice
plant. The optimum and economic doses of K for ADT 31 rice
were found to be 59 and 34 kg xzo/h. for achieving the highest

grain yield and highest return respectively.
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