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INTRQDUCTION

As a mobile cation potassium is susceptible to loss
by leaching when applied as a fertilizer. A substantial
portion of this applied K is translocated both vertically
and horizontally with.a diffusive flux resulting in both
removal and loss beyond the feeding zone of the roots
along with percolating water. This especially happens
in high rainfall areas and also with coarse textured
soils., This K is is usually readsorbed by clays in the
lower layers depending upon the texture of the soil.
Thus,this K is partly reutilised by deep rooted tree

crops.

Only a small fraction of potassium requirement of a
plant is met by direct contact through root interception.
The largest proportion of K needed by the plant has to
be transported in the soil to the roots. - The mobility
~of potassium ions is an important factor deciding K
availability., It occurs mainly in the soil solution,
the liquid phase of the soil; by mass flow and diffusion
along a concentration gradient that is built up around
the absorbing root. Continuous potassium supply to the
plant is ensured only when the rate of potassium release

to the soil solution and its transport to the roots keep
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INTRQDUCTIION

As a mobile cation potassium is susceptible to loss
by leaching when applied as a fertilizer. A substantial
portion of this applied K is translocated both vertically
and horizontally with'a diffusive flux resulting in both
removal and loss beyond the feeding zone of the roots
along with percolating water. This especially happens
in high rainfall areas and also with coarse textured
soils. This K is is usually readsorbed by clays in the
lower layers depending upon the texture of the soil.
Thus,this K is partly reutilised by deep rooted tree

Crops.

Only a small fraction of potassium requirement of a
plant is met by direct contact through root Iinterception.
The largest proportion of K needed by the plant has to
be transported in the soil to the roots.  The mobility
~of potassium ions is an important factor deciding K
availability., It occurs mainly in the soil solution,
the liquid phase of the soil; by mass flow and diffusion
along a concentration gradient that is built up around
the absorbing root. Continuous potassium supply to the
plant is ensured only when the rate of potassium release

to the soil solution and its transport to the roots keep



pace with the rate of nutrient uptake;

Clay minerals are the most important éource of so0il
K. They hold the bulk of the mobile X and release it
when the concentration of soil solution drops due to
plant uptake or due to an increase in soil moisture.
The composition of soil solution changes rapidly due to
vapiations in soil moisture; nutrient uptake by plants

and other factors.

Diffusion is one of the major factors of potassiﬁm
movement in the soil. Tt increases with improved K.
saturation of the clay minerals, When compariﬁg two
soils withvequal levels of exchangeable Kj; but-different
levels of clay content, higher diffusion rates are found
in the soil with lower clay content because of its higher

K concentration in the so0il solution, The diffusion rate

also depends on the moisture status of soil,

In laboratary tests it has been shown that K movement
is faster in a moist than a dry soil. 1In a relatively dry
soil more K has to be applied inorder to overcome the

effect of dry spells of short duration.

Due to the impaired movement of nutrients'potassiuﬁ



deficiency and corresponding losses in yield and quality

will occur in case of insufficient K saturation.

Besides moisture status a number of soil and environ-
mental conditions also influence the rates of potassium
diffusion., Some of these are temparature; clay content;

salt content; and potassium concentration,

Application of potassic fertilizer leads to'an
increase in mobile Kj; which however gets depleted due
to uptake and leaching, Thus movement of potassium_
in soil both laterally and vertically is brought about
by leaching, water movement; and processes of diffusion
and mass movement Ifrom the site of application. Thus,K
will reach all the zones of absorption, after each
application of fertilizer. This happens to be very
sharp when they are band applied twice in a year for
a treecrop such as coconut, once in June-July and another
during September-October corresponding to the periods

of South West and North East monsoon.

A long term fertilizer experiment in coconut with
three levels of N, P and K in 27 combinations done
continuously over 25 years, possibly gives the ideal-
exper imental material to investigate the vertical and

horizontal movement of potassium vis a vis its uptake.



Such an experiment currently is available at the Coconut
Research Station, Balaramapuram to get into answers
regarding vertical and horizontal movement of potassium

in the red loam soil of Neyyattinkara Vellayani soil
association., The applied K fertilizer has had opportunities
of being leached downwards in the profile vertically |

and diffused horizontally as well. With this consideration
the following objectives are set forth for the present

study.,

(i) To asses the horizontal and vertical movement

of K in a long term fertilizer exper iment under coconut.

(ii) To study ‘the concentration of X in the
standard ised coconut plant part ﬁiz., the 1hth leaf

and relate the K status to the mobility of the element.

(iii) To rationalise soil sampling tehniques currently

in vogue and enable scientific fertilizer recommendation.
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REVIEW OF_LITERATURE e

Although leaching rate and pattern of'movement,
of essential plaﬁt nutrients, both laterally and depth-=
wise have received attention in recent years, most of ,
the results have céme from experiments based either inl
the laboratery, green house or field lysimeter experi-
ments. These studies are less likely to reveal the true
,movement pattern and their residuél a¢cumulation, sincé
very often the_natural system wou;d be disturbed, Thus,
studies conducted under field conditions especially from
permanent fertilizer experiments after several years of
exper imentation assume greater significance, Under field
cond itions the nature of the soil profile may profoundly
alter the pattern of Klmovement horizontally'and vertically,
In view of this, various aspects on movement and residu?l
accumulation'of applied potassium and its utilisation by
pléhtation crops qnth@ed_fespeéially coconut has been
reviewed., |

3.1. Moveément of Potassium

Wérfén (1§56) pointed out that X appeared to move
down.fhe profile to a depth of 45-65 cm based on studieg
on soils taken from a classical experiment at Rothamstedd
where fertilizers had been continuously added for eleven

years,



Overdahl and Munson (1966) reported little movement
of potassium below 46 cm in a fine textured soil even
under irrigation. They also stated that top dressed K

moves very little iIn a clay so0il unless extremely high

rates of K were applied.

Courpron (1966) studied the mobility of potassium
applied to a humic sandy soil of Gaskong islands and found
that, from out of 250 ppm of K added either as chloride
or sulphate and subjected to downward and transverse
movement in 26 days by leaching with a quantity of water
equivalent to an annual rainfall of 840 mm and retained
27.8 per cent and 26,9 per cent in exchangeable and 26,2
per cent and 34,3 per cent as non-exchangeable form. Most

of the s0il K retained in the first 10 cm.

The rafe, depth and pattern of movement of K applied,
as KNO3 was. studied in two widely different fallowed soils
under field conditions by Boswell and Anderson (1964,

They found that the applied K was present in the top 15 cm
of both soils after 5 weeks, having received a rainfall

of 4,6 cm and 3,3 cm. They also observed that after 14
weeks and 43 cm of rainfall on one soil and 17 weeks 26 cm
of rainfall on the other, virtually most of the applied K
was found in the top 30 cm of both soils except for the
higher rate of X upheld on loamy sands., They concluded that



both spil texture and amount of rainfall influenced K

movement.,

Further a high rate of application of K, tended to
move down faster and to greater depths as compared with
moderate rates, Irrespective of application rates, the
highest concentration was found in the 15-30 cm layer even
though normal rainfall was obtained. From these, 1t was
concluded that a normal application of K will not leach

beyond the root zone in such soils.

Reikerk (1971) investigated the mobility of potassium
in forest soil using Rubidium. This mixed with stable
elements were applied to a well drained Doylass-forest
soil simulating rainwash. Input analysis of the leachates
indicated that 8 per cent of the labeiled 'K' represented
27 per cent of leached K, Elemental mobility was dependant
on physico—chemical properties of the soil, ionic properties

and biological function of the nutrient element.
/‘

Greenham (1971) reported that K application to a fine
sandy loam soilAincreased the available K content to a depth
of 30-36 cm, Downward movement of K was more marked in
loamy'and sandy soil and was found to be encouraged by

(NH4)2 SO, application.



Yoo and Song (1974) found that downward movement of

applied K and other nutrients occurred in the order NH4™>

j>K+>Mg2%>Ca2+

increased with so0il moisture and calcium,

NO™ . Downward movement of Potassium

Ghosh (1976) reported that when K was applied to the
top of the column at 1 me/100g of so0il,it was retained in

the 'upper 5 cm,

Tinker (1978) has reported that the movement of K
within the profile is fairly rapid andileads to sufficient
distribution., High rainfall, low buffer capacity of the
soil and higher anion concentration leads to ekxcessive

mobility and leaching losses from the profile.

The downward movement of surface applied K ions in a
Papua soil was reported by Best and Drover (1979). KC1
solution was applied to the-surface of a soil colum in
the laboratary and leached with water. The soil used was
from coconut growing areas of Papua and contained a high
level of exchangeable Mg, Much of the K applied was retained
within the top 45 cm., TIncreasing the amount of K or
Intensive leaching with water resulted in greater downward

movement of ions.,

Prudniknow (1980) studied the effect of long term

application of potassium fertilisers on forms of potassium



and the movement of applied potassium in the soil profile?
On derno-podzolic loamy soil with an yearly application
of 80 kg/ha of K in NK, PK, and NPK combinations over a
15 year period, increased the content of water soluble

and exchangeable forms of K in the soil., Potassium
application has little effect on the content of non-
exchangeable K but increased the content of exchangeable
K upto a depth of 45 cm expecially when the treatment

included 1lime and manure application,

K and Cl movement in a forest soil under simulated
rainfall was reported by Talsmo et al (198@. An initial
appraisal of the mechanisms involved in reactive solute
transport through a weathered soil profile was made by
following the movement of K and Cl during prologed leaching
on a sprinkle irrigated native forest; Nearly all of the X
was retained in the soil at 60 cm depth, Although both ions
underwent ion-exchange, adsorption of potassium was reasonably

uniform through out the profile,

Prasad et al (1981) investigated the movement of applied
phosphorus and potassium in arid soils, Laboratory exper iment
was conducted to determine the extent bf P and K movement in

some arid soils, Considerable movement of XK was observed

in the sandy loam., About 75 per cent of applied K moved
more than 45 om depth, Where as in a loamy soil about

80 per cent of K remained in the top 15 cm.
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Lakchiri (1983) investigated the vertical and
lateral movement of phosphate and potassiﬁm. Placement
of P and K fertilizers or‘surface application.in a
narrow band in the zone where irrigation water is applied.
improves phosphate status of the soil up to a depth of
30 cm and potassium up to 50 cm, There is enrichment
in P and K at the depth of application to at least 40 cm
from the site of application due to lateral movement

through the irrigation water,

Ganeshmurthy and Biswas (1984) studied movéméﬁt of
K in a Ustochrept soil profile in a long term experiment
and reported a downward movement of K in plots in a loamy
sand profile which had received various levels of N,P and
K fertilizers., The distribution of different forms of K
and the percentage of the K saturation of the CEC of tte
soil at various depths indicated that the applied K
moved down to a depth of 75 cm in the high K plots after
6 cycles of crop rotation., Movement of K was not obsewed
in plots that did not receive K fertilizers. The uptake
of K far exceeded the amount of applied K. Application
of K fertilizer reduced the release of K from non-

exchangeable sources,

Lipkina (1987) showed that mobile X compounds in

highly fertilized sod-podzolic soils leached up to 60 cm



depth. Trends in the concentration and reserves of
mobile K in the profile of a derno-podzolic spils were
studied in relation to land use and duration of intensive

cultivation,

Swarup and Singh (1987) studied the movement of K
in a sodic soil profile as influenced by long term use
of inorganic fertilizers under rice-wheat pattern and
reported that movement of native and applied K was taking
place in such conditions. The distribution pattern of
water soluble, exchangeable and non-exchangeable K and
the percentage K saturation of the cation exchangeable
sites in soil at various depths of differentially ferti-
lized plots indicated that a major portion of applied
K remained in the top 30 cm of the soil and moved in
successively decreasing amounts down the profile up to
75 cm in the plots receiving K fertilizer after 11 cycles:
of rice-wheat rotation., However, movement of K was not
noticed in plots in which no K fertilizer was applied
K fertilizer increased the uptake of K by plants and the

release of K from non-exchangeable sources.

3.2. Leaching of Potassium

Avers (1944) reported that the leaching of soils



[

having initially high exchangeable K levels with 500 inches
of water, the amount of K leached diminished with de-
creasing levels of K., Finally the lower sections of the
soil cslhmn contained more exchangeable K than the upper

sections,.

~ Volk (1944) measured the leaching of exchangeable
K from Notfold fine sandy loam and other sandy loams |
and Decatur clay during 8 years of annual K application
of 4.5, 18 and 36 kg/acre of K,0. The coarser soils
1ost about three to four times as much as the applied
potassium from the surface 20 cm. The per centage losses
at the highest rate of application for the three soils

were 34,31,9 respectively.

Kim (1949) observed that 4 cm of water leached out
virtually all the exchangeable K and from a mixed
fertilizer, The loss appeared to proceed at two rates,
the initial higher rate being attributed to the soluble
fertilizer K, the second slover rate to exchangeable and

organic K,

Nolan and Pritchett (1960) had shown that both the
method and rate of K application influence the leaching

of K from sandy soils and that band placement and higher

o



rates of application were more conducive to its downward

movement,

Zhukova (1960) reported that the mobility, leaching
and availability of K are high in derno podzolic soil
and systematic application of NPK increased mobility,

leaching etc,

In lysimeter studies Doi and Ayers (1963) ind icated
that virtually no K was lost from either a humic ferru-
ginous latosol. They also reported heavy losses of K
from hydrol-humic latosol and they associated this with

the low K release status of the hydrol humic latosol,

Lysimetric studies by Bobritskaya (1967) showed
that in rainy years,15 kg of K could be leached away

from a sandy soil,

Bohorquez and Lamenca (1969) investigated the
leaching of X in soils of the Valle region, and found
that K was lost more easily from a Kaolinite soil than
from an illite or vermiculite soil, In both soils

leaching with 0,1 N HC1l removed more potassium.

The leaching loss of K was studied by Misra and

Hati (1975) analysing the available K content of soils



collected from 0-15, 15-30,30-45 cm depth, This was
supplemented by analysing soils from 0-160 cm depth
sampled at 15 cm intervals with respect to the treatments
receiving K in full dose at planting. The potash

content of the soil at all depth was not changed signi-
ficantly due to different treatments and leaching loss

was not appreciable.

Bower (1975) worked on the leaching of adsorbed
potassium from humid tropical soils and réported that,
the equilibrium between golution and adsorbed K in humid
tropical soils leached by rainfall was found to be described

by the Lougmeir adsorption isotherm,

Leaching of nutrients and organic substances in
intensively fertilized grey brown soil was found out by
Facek (1977). Over a 11 yéar period of application of
high fertilizer rates on uncropped grey brown soil, K
migrated to a depth of 40 cm where as nitrate-N 100 cm.
The depth of K migration was related to the total amount
-0f Potassium applied and did not exceed 35 cm depth., To

a lesser degree K migration was affected by concentration.

Singh and Sekhon (1978) studied the leaching of K
in 111itic soil profiles as influenced by long term

application of inofganic fertilizers and found out a



correlation between sorptilon and mobility of K in

i11itic soile. They studied the K leaching in profiles
under different fertilizer treatments, in long term
fertilizer expériments. Estimates of K saturation of

C EC 1in soil layers to a depth of 225 cm indicated
maximum leaching of K in unfertilized soils, Application
of N,P and K increased the K uptake by plants, reduced K

saturation and leaching,

Burns (1980) examined the distribution of added K
in column studies on three soils viz,,coarse sand,
med ium sand and a loam, Mean displacements calculated
from the difference between the initial and final dis-
tribution of K following the application of 1OO'kgha"1
were 1.6, 8.7, and 1,3 in above soils, Besides the

amount of residual K and the ionic composition of the

soil solution also influenced rate of leaching.

Omoti and Ataga (1980) reported that the leaching
losses of K were generally less than that of Ca and Mg,
The lower leaching rate of K compared with Ca and Vg
suggest that some selective adsorption of K is taking

place in soils,

Playsier and Juo (1981) studied the leaching of

fertilizer ions in an ultisol from the high rainfall



tropics, leaching through und isturbed soil colﬁmns.
Downward movement of Ca++,‘K+ and NO"3 in'coarse textured
kaolinite ultisol profile was studied in the laboratory
using und isturbed soil columns. The soil columns were
leached with an amount of water equivalent to the rainfall
of sampling sites (2400 mm) , though a rainfall simulator
over a period of 72 days. Added K was leached readily
through the profiles. The leachability of cations under

these experimental conditions follow the order K>A1>Ca>Mg.

Espinova and Reis (1984) reported that leaching of
K, Ca and Mg'was measured at the depths of 30,75 and 105
cm during the growing cycle of irrigated corn in each
" of the four plots tﬁat-had receéived similar fertilizer
and 1liming treatments. Nutrient leaching in the 0-75 cm
depth took place mainly in the first 60 days after initial
irrigation., Ca, K and Mg losses in the 105 cm depth
averaged 122,95, 20,28 and 42,71 kg ha™ respectively.

This study was conducted in dark Red Latosol in Cerrado,

3.3 Factors_Affecting Movement of K_in Soil

Nolan and Pritchett (1960) pointed out that anions
may have influenced the rate and depth of movement pattern

of applied K,

(o]
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The role of anions and exchange reactions in kKt ion
movements involved in potassium nutrition éf plants was
stud ied by Bos and Blanchet (1975). They conducted lab
studies using small column of soil. The movement of K*
jons by diffusion, and mass flow were accelerated by an

increase in Cl1~ concentration,

Kanivets and Berguleva (1975) reported that the K
buffering capacity depends on the content of non-exchan-

geable and exchangeable X in the soil,

Gomonova and Pannikova (1980) reported long term
application of KC1 at the rate of 100 kg ha-1 increased
the exchangeable‘K content in a limed soil down to 20 cm
and in an unlimed soil down to 40 cm. Liming increased

the amount of K removal by crops and non-exchangeable K

content in soil especially in arable layer.

Schroder and Zakosek (1981) reported that the losses
of K, Ca and Na increased with increasing amount of eluate
and with increasing initial amounts of sorbed cations

present in the soil,

Pokhlebkina and Ignatov (1984) studied the effect
of liming on the mobility of potassium in a dernopodzolic

soil and found that samples from different layers of arable



horizon showed that the contents of labile potassium
and the extent of their mobility were higher in samples

having pH 5.5 than in sample with pH 6.

3.4 Solute movement in_soil-theory

Barry et al (1983) studied theory of solute movement
in soils from the method of ion characteristics, A germ ral
theory of vertical solute movement in a soil is presented,
which takes into account uptake of water and solute by
roots,-irrigation oy rainfall and the surface application
of fertilizers are arbitary functions of time. The main
limitation of the theory is the neglect of the variability
of soil water conductivity with position., The theory
i1s 1llustrated by comparing predictions and experimentd

observations of solute leaching losses measured by lysimetere,

3.5, Modelling for solute movement in the soil plant system:-

The ultimate aim of modelling the soil root inter face
must be to develop a mathematical system‘that will predict
the effect of changes both in the environment and due to

crop management,

In the overall movement of K ions through soil the
proportions and mobilities of potassium in both solid and

liquid are involved. However, in a heterogeneous medium



it is impossible to develop theoretical eguation to
express accurately the overall flux in terms of the
mobilities and concentration gradients of the ions in
constituentuparts (Nye,1969). Nevertheless, considering
diffusion in large volumes approximate judgement of
microscale variations it may be possible to consider a
quadi-homogenous body for which we may define diffusion

'D\by Fick's First Law.

Flux = ~D dC/dx ---- eqn.t.

C is the concentration of diffusable ions in the system;
ie, all those ions which are in or pass through a mobile
phase during a period of time which is short compared with
time over which the diffusion is measured. € will thus
include the exchanéeable potassium and the potassium in

the soil solution.

To understand the measured values of diffusion
coefficient and to predict its value, consider the total
rate of transfer of ions through unit cross section of
soil as being due to a flux through the pore solution
alone together with an excess flux created by the mobility

of the ions on the solid,

Hence Flux = "D,V £,dC,/d x + FE ... egn.2.
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Where D1:diffusion coefficient of the ion in free

solution,

V1: fraction of the so0il volume occupied by the

solution and gives the cross section for dilution;

f1 = impedence factor,

. C1: concentration of ion in the soil solution FE:
excess flux created by the exchangeable ions.

Combining equations (1) and (2) we obtain.

b = D1V1f1dC1/dC + D E

Where D E is an excess term which is zero when the
ions on the solid have no surface mobility, but represent
their extra contribution to the diffusion coefficient if

they are mobile.

It will be noted that tre diffusion coefficient
depends on the slope of the sorption:isotherm dC1/dC,
if this.dC1/dC increases with C1. This provides means
for assessing importance of the excess term, DE, at levels
of potassium characteristic of soils., Veidyanathan et al
(1968) measured the diffusion coefficient of potassium

in a soil prepared at different levels of potassium,
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Tt seems likely that in soils the contmbution of
exchangeable potassium by surface diffusién may be ne:
glected., If confirmed, it is very convenient, becausé
it means that the diffusion coefficient may be calcula#ed
from a knowledge of isdtherm, the moisture level and |
impedence factor. The relation between the impedience
faqtor and moisture fraction is roughly linear between:
the wilting point where it nearly is zero to saturatioﬁ
where it is about 0.5 (Pgrter, 1960; Rowell et al, 196%).
‘For more accurate asseésmeht it may be determined from'
the selfédiffusion coefficient of a non-adsorbed ion

such as chloride, The values of potassium diffusion

=7 cn®/s in a well buffered

coefficients range from C, 10
soil. = In dry soils the corresponding values will be one

or two orders of magnitude lower.

3,6, Movement of Potassium by mas flow:-

- St e

In addition to transport by diffusion, some potas§ium
may be convected to the root surface by water movement{
By comparing average soil solution concentrations with?
plant uptake of potassium and water, Barber éi al.
(1963) showed that this process would not, in general,

satisfy a plant's potassium requirements. Brewster

and Tinker (1970) showed that the contribution to the |
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total flow from mass flow did not exceed ten per cent.

The word 'apparent®

filow interact

is used‘because diffusion and mass

, and it is not strictly correct to treat )

the total flow as the sum of the two processes acting

independently.
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A general theory for the description of the vertical
transport of ions in soil may be'formulated by conservation

equation,

Qi = div Ji + Prod i

in which Qi is the variation of the quantity of

speciegs 1 at a point P during the time interval dt,.

The term' div Ji' is the divergence of the flux J
of species, 'i' so it is the flow rate of species i towards
a point P minus the flow rate of species i from point P.
The Production term 'Prod i' stands for the processes

such as dissolution, fixation, release and so on.

Overview of structure of the model

To set up'a model, the so0il is divided into a
variable number of layers, usually 20, The aiﬁ is to
calculate the ion fluxes between those layers-including
the ion flux towards the top layer and the integration
of those fluxes, to obtain the distribution of the

various species over the profile.

Four cations are taken into account, namely K,
Ca, Na and Mg, In the model the transport itself is only
caused by flow of the s0il solution in which the ions are

dissolved., Both diffusion and dispefsion are accounted by



choosing an appropriate 1ayér thickness. The ions of

the soil solution react in two ways with the solid phase,

~Calculation of the supply of the upper layer.
-Calculation of the fluxes between layers.
-Calculation of fixation and release rates
-Calculation of the distribution of the available ions

over the liquid and solid phase.

[Frissel, M.J. (1972)]

Diffusiyg_flux_gf K

According to Nye and Tinker (1977) the diffusivity

may be described by the equation.

o}
|

D,0f

1 1dC,]/dC

Di = diffusion coefficient of k' in free solution.

0 = the fraction of the so0oil volume occupied by solution.
fi = concentration of K¥ ion in soil solution

C = Concentration of K' in the whole soil system.
C, = the K' concentration in the soil solution.
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MATERTALS. AND METHODS

A long term fertilizer expefiment in coconut is
being conducted at the Coconut Research Statiomn,
Balaramapuram of Kerala Agricultural University since
1964, The soils of the area represents Neyyattinkéra—
Vellayani soil association identifiedAby the State
Soil Survey organisétion. This exper iment is a BBN P K,

factorial confounded design with two replication,

Potassium fertilizers had been applied for the
last 24 years at three levels Viz., K = ogKéO/tree;

K, = 450 g KZO/tree and K, = 900 g KZO/tree/year. The

1
doses for N and P were as follows No = Og, N1=540 g
N, = 680 g, P, = Og, Py = 280 g and P, = 560 g P205/

tree/year.

This applied K has had opportunities of being
leached downwards in the soil profile and, diffused or

moved by mass flow, horizontally aswell.

2.7 Collection of Soil Samples

a) Collection of surface and subsurface soil samples:i-

Soil samples were collected from the exper imental
plot in two different depths of 0=-30 cm and 30-60 cm

and from all the plots of one set of replication.



The samples were collected in April 1988 by that
time, the fertilizer applied during 1987 would have
equilibriated within the soil system. Thus the samples
will represent the residual influence of all the
applications since the start of the experiment up to

the beginning of the season of 1988,

Surface and subsurface samples aé already described
Qere collected at §O cm intervals horizontally from the
bole of the tree ie, the first set of samples at 90 cm
from the bole, the second at 180 cm (at the site of
manuring), the third at 270 cm and the fourth at 360 cm,
The last set was almost at the midpoint between4the

boles of two adjacent trees,

2.2, ‘ Profile Samples

Three profiles were dug one in each plot of the
treatmgnt NZPZKO’ N2P2K1 and N2P2K2. The combinagtion

of Ko’ K, and K2 with the highest doses of N8P -

1
Viz, N2P2 were selected, The location of the profile
was at the fertilizing zone (180 cm from the bole)

of one of the trees under the above mentioned treatments.
Being a red loam so0il, it is already known that clegr-

cut morpholigical differentiation of the profile cannot



be obtained, Therefore soil samples were collected at
15 cm interval upto 105 cm. In actual observation also

profile differentiation could not be noticed,

2.3 _ Collection of leaf samples

The mid leaflets of the 14th frond as recommended
in the sampling procedures of IRHO (Van Uoxkull and
Cohen, 1978) were collected at the time of soil sample

collection.

2.4 Chemical and Physioa}_Analgsié of Soil Samples

Samples of soil (Surface and subsurfacé‘as well
as profile samples) were subjected to the follow ing

analytical estimations.

24,1 Physical

1. Soil separates (coarse sand, fine sand, silt

and tlay) by the International Pipetee thhod)

2.h.2 Chemical

1. So0il reaction : (Soil sample : Water = 1:2.5)
(Jackson,1973)

2., CEC ¢ Neutral normal Ammonium acetate
(Jackson,1973)

3. Organic carbon ¢ (Jackson - 1973)
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Soil saturation method

Ly, Water soluble K
(Jackson, 1973)

Neutral normal Ammonium

5., Exchangeable K y
acetate (Jackson, 1973)

6. Non-exchangeable K: 1 N HNO4 (Jackson, 1973)
7. Exchangeable bases: Neutral normal Ammonium
acetate (Jackson, 1973)

2.5, Plant Anaéx§i§

Plant samples collected are digested with triple
acid and their-K content determined.

2.6 Statistical Analysis

o A T D T e a28 B s Y S W —ces o

For finding out the consequence of the movement
of K in the so0il over 25 years of the experiment the
KO, K, and K,

The analysis was conducted as follows.

levels are taken as the main treatment,

Vertical distance - 2 levels, O—BO'cm; 30~-60 cm.,
Horizontal distance - 4 levels; 90, 180, 270, 360 cm
from the bole, Potassium levels - KO - control, K,I
and K2 treatments. So we considered NP treatment
as blocks, so that the error within the different

levels of potassium was minimised,

(0:4)
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ANOVA_splits as_follows |

Source Df :
______ Df 1
NP (Blocks) 8 :

Treatments 23 (3 factor-A-Vertical
. d istance B-Horizontal
distance C-Levels of K)

A , 1 | : -
: g
C 2 f
A xB : 3 i
B xC 6 : ;
A x C _ 2
ABC 6 | P
Error a8k |
|
Total 215 I

In this, there are 24 treatments and each treatmeﬁt

have nine replications. K - can be taken as control for
. i

t

comparison. The significance of each of the treatment:

was found out by analysing the data in the above mentidned

!
|
i

|

i
:I

|

i
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form., This type of analysis was done for the three
different forms of K such as water solublé, exchangeable

and non-exchangeable,

Correlation studies:-

Different forms of K at various horizontal and vertical
distances were correlated to soil characteristics such as
sand, fine sand, silt, clay, pH,CEC, organic carbon, and
exchangeable bases. In consequence their effect on the
movement of K and its residual accumulation at various

distances and depths were found out.

The available K content at various depths were also
correlated with potassium content of the 14th leaf
analysed to bring out the effect of applied potassium

in the plant,



Ireatment Combinations

1. A,]B,’C1

2. A1B1C2

S A,]B,]C3

4.A1 B,C,

5. A4B,C,

6.'A1B2C3

7. A4B3Cy

8. A1B3C2

9. A1B3Cs

10. A1B4C1
11. A1B402

12. A3E405

(0-30,90,K,
(0-30,90,K,
(o-30,9o,K2
(0-30,1803K
(0-30,180,K
(0~-30,180,K
(0-30,270,K
(0-30,270,K
(0-30,270,K
(0-30,360,K
(0-30,360,K
(0-30,360,K

)
)
)
)
»
)
)
»
)
)
D)

5)

—— — | —

0-30 cm -~ Vertical distance-A1

30=-60 cm- Vertical distance-A

90 cm - Horizontal distance

180 cm-
270 cm-
360 cm-

K dose
0

R1 dose

K2 dose

Horizontal distance

Horizontal distance

Horizontal distance

2

I
o

of potassium applied - 01
of potassium applied - 02

of potassium applied - C3

13.
14,
15.
16.
17

AZB1C1

A2B102

A2B1C3

A2B2C1

AsBSC,

ABoC3

A2B3C1

A2B3C2

AB3C3
AB,C,
A,B,C,

A234C3

(30-60,90,K)
(30-60,90,X,)
(30—60,9O,K2)
(30-60,180,K)
( 30-60,180,K,)
(30-€0,180,K,)
(30~60,270, K,
(30-60,270,X,)
(30-60,270,K,)
(30—60,36O,KD)
(30-60,360,K,)

(30-60,36O,K2)
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RESULTS AND DISCUSSION

Soil and plant samples from a long term fertilizer
trial on coconut at the C,R.S. Balaramapuram of the K.A.U.
were used as the material for the present investigation.
The experiment was started in 1964 witﬁ three levels each
of NP and K in a 33 confounded factorial design., The
experimental area comes under Neyyattinkara-Vellayani
s0il association. The present discussion aims at demarkating
the effect of long term addition of graded doses of potassium
on the transformation of soil potassium and its spatial va-
riability. The cumulative effect of application of KC1
for‘24 years on the horizontal and vertical movement of
K and its transformations in the soil was studied through
an assay of water soluble, exchangeable and non-exchangeable
fractions of this element at four distances (90,180,210
and 360 cm) from the bole of coconut palm and two vertical
layers of soil viz., surface and subsurface., In ordgr to
enable a meaningful discussion of data generated thorough
studies on the physico-chemical characteristics o f the
soil under the experiment were carried out and the data

are appended.

4,1, Soil propertiesﬁ—

Data on the different soil properties which may

influence the fate of applied fertilizer potassium in
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the soil are presented in Appendix I (a) to T (1i).

The soil in the experimental site is loamy as
evidenced by the textural analysis (Apperdix I (a) to
I (d) ). The coarse and fraction varried from 35.3 to
45,1 per cent, fine sand from 18,3 and 25.5 per cent,
siit from 17,1 to 25.3 and clay 13.4 to 24,1 per cent,

The gravel content in the so0il is practically nil,
The so0il is a typical redloam_of Kerala with high infil-

tration rate and good drainage.

The soil is acidic in reaction, pH values ranging
from 4.6 to 5.3 (Appendix I (e) ). With respect to the
organic carbon content there was a decreasing trend
towards the deeper layers. In general the content was low
except in certain areas where the quantity of organic matter
showed higher ranges with a concomittant increase in CEC
as well as clay content. The data on organic carbon
content and CEC are presented in Appendix I (f£) and (g)
respectively, The CEC of the soil showed wide variation
ranging from 3.1 to 8.1 C mol/kg. Evidently a higher CEC
was noticed whereever the soil samples showed hxgher clay
and organic matter content. However for various discussions

on the potassium transformations and its conversion and



dispersion in so0il, it is assumed that the clay content

has not been changed'during a relatively short span of

24 years of experimentation.

Results of chemical analysis of soil for exchangeable
Ca and Mg are presented in Appendix I (h) and T (i),
There has been very wide variation in the content of these
two nutrients in the expérimental area, The observed
variation may be mainly due to the graded long term

application of Superphosphate containing gypsum,

Moreover organic matter additions are not includgd
as treatment so much so the CEC of soil has also been
assumed to have not changed significantly in the various

Plots during the coarse of the experiment,

Observations on the contents of water soluble,
exchangeable and non-exchangeable forms of potassium

in the various plots are discussed Seperately,

4,2, Form§ 0of Soil Potassium

In the fieid experiment, fertilizer potassium has been
applied at three levels Viz,, Ko = 0, K, = 450, and K, = 900

g/tree/year.

The fertilizer application is done in a circular band

at 20 cm depth and at 180 cm from the bole of theApalm.



Every year, application of potassium is done twice
‘(Juné—July and September-October). Soil samples for
chemical analysis were drawn in April 1988, after both
the applications of fertilizer for the year 1987
allowing sufficient time for equilibriation of added

potassium in the soil,

4,2.,1  Water soluble potassium

Results of laboratary analysis of soil for water

soluble potassium Content are presented in Table (1)

A perusal of the data revealed that there was
considerable variation in the content of water soluble
potassium (Kws) among the different doses, distances
and depths, The values range from 7.8 to 73.68. ppm.

It is evident that the remarkable variation in Kws values
1s due to both continuous application of potassium at
graded levels and due to its mobility in the soil through
leaching and other proceéses under the influence of
continuous uptaké by the coconut palms. The highest
amount of Kws was found in plots supplied with K2 level
of potassium and at 180 ¢m from bole, Both surface as J
well as subsurface samples gave highest readings for
potassium at this site. That is 71.4 ppm for NoPZKZ

In the surface layer and 73.8 ppm Kws in the subsurface
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Wwater Soluble K in the soil samples of various distances away from the

bole of the coconut tree and at two different depths under various
treatments (ppm) '

e Em Ems S e Em me WM SE @A SR ST e e e m vm en e e m e et wm Em s em mw a cm e me e ww  em

Sl. .H°5:D, 90cm 180 cm 270 cm 360 cm
Noe  preat- 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
- - - ent cm __¢m__g¢m __cm_ _cm__ cm _ cm _(cmo_
1 N, P K 13,1 9.2 8.1 11.3 8.3 9.1 9.1 19.1
2 NP K 11,7 19,1 51,2 48.3 13.6 36.1 12,2 19,2
3 N P K, 11.3 48.1 60.8 59.8 11.4 43.6 14.4 21.4
4 NP, K 9.6 11.8 13,6 9.6 13.9 7.6 13.9 14.8
5 NJ Py K 13,1 21,2 46,3 55.3 13,2 29.6 13,2 11.3
6 N, P K, 11.6 29.7 59.2 41,6 13.3 37.4 1256 ?9.6
7 Nj P, K 8.1 14.6 11.3 9.2 8.6 9.9 10,9 7.9
8 N, P, K . 11,3 26,2 50.3 54,2 13,6 29,1 12,1 13,2
9 N, P, K 8.3 39.1 71.4 61.3 12.6 31,2 9.6 24,2
10 N, P K 6.2 9.3 7.8 ©9.3 8.7 11,9 11.6 16,1
11 N PJK 9.6 29,7 49.8 53.1 10.8 36,8 9.6 14,8
12 N P K, 12.9 26.4 58,3 44.8 14,6 39.8 11,4 24.8
13 N; P K 11,1 8.4 7.9 12.1 9.6 7.8 9.6 12.3
14 N, Py K 14.1 28.6 46,7 42.1 11.9 -31.6 9.1 ¥8.4
15 . .N; Py K, 11.2 39,9 43.1 54,1 14,2 29,9 12,3 21.3
l6 Ny P, K 9.3 8.4 13,7 14,3 11.6 9,8 11.3 10,9
17 N P, K 13,2 32.4 41,2 49,3 14.4 21,7 14.7 13.8
18 N, P, K, 13,1 31,3 53,2 61,8 13,2 29,1 9.8 18.6
19 N, P, K 10.1 11.8 9.6 11.72 9.8 10,7 1l1.6 4.6
20 N, P K 13.8 23.8 47.4 43.7 1l.,6 29,6 14.8 11l.6
21 N, P K, 9.6 39,8 58.6 59,9 12.8 35.5 13,6 22,8
22 N, P K 8.8 10.1 7.8 9,3 11,4 8.6 14.3 12,8
23 N, P, K 11,1 28.6 53.1 44.2 11.8 23.8 9.6 13,8
24 N, P, K, 13,1 29.1 58.1 64.7 9.1 27.1 8.4 23.6
25 N, P, K 12.1 9.6 8,3 11.7 13.6 9,1 12,3 14,1
26 N, P, K 13,7 26.8 66.7 54.7 16.8 29.4 13.6 13.6
27 N, P, K, 13,3 35.1 68.6 73.8 19.8 35.6 1l.8 18.7

- Em E mm e em Ey em e T e En ma e e AR e e e e Ae  mm ew wm e wm me me e eme e me  mm e e am e

H.D. Horizontal Distance

V.D. Vertical Distance
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layer in N,P,K,. This observation is justified by the
fact that this site of sampling is where the fertilizer
is incorporated into the soil. The high Kws values at
this site may be the contribution of the current yeérs

application of fertilizer,

The surface soil from the first site of sampling
showed relatively lower values of Kws ranging from 8.3
to 14,1 ppm. However the subsurface layer in this site
contained higher levels which varried from 8,4 to 48,1 ppm,
The extent of Kws at this site varried with the levels
of potassiuﬁ application, the values rising with the
K levgls. The Kws ranges for KO, K1 and K2 plots were
8.4 to 14,6, 19.1 to 29.7 ppm and 29.1 to 48.1 ppm res-
pectively, The surface samples from the second sampl ing
site show significant difference in the Kws content of

Ko’ K and K, plots. Thus in the Ko plots thev alues

1°? 2
range from 7.8 to 13.7, in K, plots 41,2 to 66,7 and

in K, plots from 43.1 to 68.6 ppm.

The subsurface samples of the second sampling site
also showed a similar trend in the Kws content. In the
| K, plots the Kws ranges from 9.3 to 14,3, in K, plots
from 42,1 to 55.3 and in K, plots from 41,6 to 73.8 ppm.
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In the third sampling site in the surface samples
the Kws ranges from 8.7 to 19.8 ppm., At this site much
variation in the values of Kws is not observed among the

samples from KO, K1 and K2 treatments.

The subsurface samples of the third sampling site
also showed significant variation in the Kws content., Here
the range is between 7.6 to 43.6 ppm. In the K, plot the
Kws ranges from 7.6 to 11.9, in the K1 plots between 21,7
to 36.8 and in the K, plots between 27.1 to 43.6 ppm. -

The Kws content of the surface samples of the fourth
site of sampling ranges from 9.1 to 14,7 ppm. Here also
variation is not so significant, In the subsurface samples
of the fourth site of sampling the Kwé values ranges from

7.9 ppm tb 29.6 ppm.

The effect of levels of potassium on the pattern of

Kws at the various sampling site, indicate the following.

The Kws at various sampling aites in the Ko treatment
shows no definite pattern. This is dqe to the face that
no potassium has been applied in the Ko treatment and the
Kws observed is only due to the native Xws. In the K1
and K2 treatments, however a higher level of Kws at the

surface and sub-surface of the second sampling site and
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Subsurface layers of the first and third sampling sites

have been observed, Thus the surface samples of first and
third site of sampling are less affected by application of
potassium iﬁ the second site, where as the subsurface layers
are enriched with water soluble potassium., Therefore a
sland ing movement of water soluble potassium from the site

of application in the soil is predicted.

The subsurface iayer of second site also showed higher
Kws content in the case of K, and K, treatments, This may
be due to leaching of potassium through rain water and its

subsequent accumulation in this layer,

Tt may be seen that the content of Kws in the K2
treatments though higher than in K,, is not commensuratedly

as high as expected for the treatment K, ,which is double

29
that of K1. This is possibly due to transformation of

. water souble K to exchangeable and non-exchangeable forms.
This is evddent from the data being presented in the ensuing

sections.

k.2.2 Exchangeable K

The exchangeable K content (K ex,) of various soil
samples collected from the experimental area are presented

in Table (2). A general review of the K ex. Values showed



Exchangeable K in the soil samples of various distances away from
the bole of the coconut tree and at two different depths under

various treatments (ppm) 40
\\\H.D. j 90cm 180cm 270cm 360cm [
Sﬁ'Tré;;g;ftb 0-30 35-60 0-30 30-60 0-30 30-60 0-30 30-60
_oment | °¢ °om °m °om om o om o omoocomo]
1 Na P_ K, 41.3 49.2 h2.4 39.8 L0.7 L49.7 51.6 47.12
2 No Po K1 46,4 59.8 81,3 73.3 46,1 71.2 L4,1 41,9
3 NP K, 40,1 79.2 102.6 108.3 42.6 81.4 39.8 53.8
4 No P,I Ko Lo,6 46.8 42,6 46,2 38,3 42,1 41,6 39,6
5 N P,y K, 51.3 59.1 81,6 101.,2 29,6 62,2 37.5 48,4
6 No P,I.K2 46,2 73.1 93,2 91,7 41,3 71.4 39,4 67,9
7 N P, K 43.8 43,6 39,8 L3,2 31.8 43,7 43,8 45,2
8 N_ P, K, 51,2 61.2 91.3 91.3 51.8 72.1 49,0 51,3
9 NO P2 K2 4o,6 69,7 104.6 123.6 LO,9 59,6 48,6 51.6
10 N1 PO KO 38.3 L0.6 39,8 39.2 38.3 43,9 21.7 39.2
11 N, P_ K, 31,2 60,1 79,6 94,6 51.4 69.8 39.4 43,1
12 N1 Po K2 49,2 68,2 89.4 59.73 55.3 72.4 27.1 34,2
13 Ny P, K 43,2 41,3  37.8 45,7 28,7 49,3 63.2 54,2
14 N1 P1 K1 47,1 69,2 89.8 91,8 51.3. 54.6 47,1 69,8
15 N1 P1 K2 Lg.,2 73.8 74,6 84,6 49,8 59,6 30.3 38,4
16 N1 P2 KO 41,6 L2.6 42,3 29,8 61,6 47,1 38,1 46,9
17 N1 P2 K1 42,17 41,9 78,1 89,6 53,8 51.3 46,2 53,2
18 N, P, K, 45,0 61.8 91,3 99.2 b7,6 64,8 56,1 29,2
19 N, P K 42,1 39.4 28,9 42,1 24,8 45,2 49,7 38,4
20 N, P_ K, 48,4 51.9 78.6 71.8 51.2 59.2 36.7 46,9
21 N, P_ K, 43,6 54,5 59,8 91.9 45,6 61.8 31,9 51.3
22 N2 P1 Ko 50.8 43,6 38,4 45,3 43,9 39,2 38,2 54,8
23 N, P, K, 39,6 61.5 81,7 101.3 61.2 49,6 46,2 39,2
2L N, P, K,  41.3 70,6 92.6 87.3 53,4 53.8 41,3 53.8
25 N2 P2 Ko 44,3 29,8 - 38,2 48,3 43,1 39.4 49,7 45,4
26 N, P, K, 49,1 71.2 93.1 83.9 59,6 56.8 51.2 47.8
27 N, P, K,  33.9 66.8 101. 2 109.7 48.1 69.7 36.4 60.3

H.D., Horizontal Distance
V.D., Vertical Distance



that there is remarkable variation for the different

treatments and also for sampling sites.

The surface soil samples from the first site showed
low values of exchangeablé4K content, It ranges from
30.9 ppm to 51.3 ppm irrespective of the K treatments
(Ko’ K, and KZ)' The subsurface soil samﬁles collected
from the first site, however showedeide variations in the
ontent of exchangeable K., In this case the values range
from 29.8 ppm to 79.2 ppm. In the Ko plots the K content
range from 29.8 ppm to 49.2 ppm, in K1 plots, 41.9 to 71.2
ppm and in K2 plots from 54.5 ppm to 79.2 ppm.

The surface samples of the second site showed '
significqnt difference between Ko’ K, and K, plots. In the
Ko plots, exchangeable K values range from 37.8 ppm‘tO‘
42.5 ppm,, in the K, plots 78.1 ppm to 93.1 ppm and in the
Ko plots 59.8 ppm to 104.6 ppm. The subsurface samples
of the second site also showed the same trend. 1In this
case K, plots showed a range of 29.8 to 48,3 ppm of K-ex.
While in the K, plots the values were 73.3 to 101.2 ppm

and in the K2 plots the range was from 59.73 to 123.6 ppm.

In the third sampling site, the surface K ex values

range from 28,7 to 53.8 ppm. Here, even though a wide
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range 1is obtained in the overall analysis, the exchangeable
K content of the Ko’ K1 and K2 plots makes not so much
difference. The subsurface samples of the third sampling
site showed a very remarkable variation in the exchangeable
K content, Here the K ex values range between 39.2 ppm to
81.4, Of this, the K plots showed a K ex range 39.2 to
49,7 ppm, in K, plots the same is 49,6 to 71.2 ppm and in

K 51.8 to 81.4 ppm.

09

The exchangeable K content of the surface samples of
the fourth site ranges from 21.7 ppm to 56.1 ppm. Here the
difference due to the treatment is not so significant. In
the case of subsurface samples of the fourth site, the
exchangeable K values range from 29,2 to 67.9 ppm. In
this case the K2 treated plots showed a significant

increase in K ex values.

Potassium in soil solution tends to equilibriate with -
K in the adsorbed fraction, so that these two soil fractions
of exchangeable and water soluble are closely interdependent.
The equilibrium between solution and adsorbed K is controlled
to a large extent by the degree of K selectivity of the
adsorption sites in the exchangeable fraction. K adsorbed
in these sites are in equilibrium with relatively high

contentration of solution K* ( Eblers et al _ 1968), on the
. —c N\
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other hand the clay minerals posses adsorption sgites
that are much higher in K* selectivity ahd that binds

x* very strongly.

When a salt like KCl 1s added to so0il, the salt
dissolves and the K* concentration in the soil solution
increases rapidly. K is then removed from the solution
by adsorption, This is the reason why the exchangeable
K content is higher than the water soluble K of the
sur face and’subsurface samples of the second site which
is the site of application of fertilizer. The rate at
which this occurs depend on the particular equilibrium
contitions in the system. This removal of K% from soil
solution is accompanied by an increase in the soil solution
concentration of other cations., The application of XK¥ to
a soll may saturate all three fractions of K. However
several weeks may be required to reach K% equil ibrium

under field conditions.

bhe2.3 Non-Exchangeable - K

Table (3) represents data on the non-exchangeable K
(K—non-ex) In ppm for the soil samples used for the
Investigate. Tt is interesting to note that the

differential doses of applied potassium over the last
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from the bole of the cocnut tree and at two different depths under

various treatments (ppm). 44
A SN T - T toen |
: s1. ! SeoyLpt - Qocm_ ______ 18Qcm _ __ __270¢cm_ __ _ ____360cm_._ .
| No.I Treat=« | 0=30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 !
| ___i..ment >~ om _ cm ecm____om _om __'cm _cm __ cm |

1 N P, K o 281.1 253,4 238.3 253.1 279.6 270.8 284,3 291.4

2 Nj P_ K, 281.9 239.6 326.3 332.6 298.3 281.3 301.3 248,73

3N P K, 275.1 245.3 264.2 281.2 254.1 271.L  292,7 281.6

L NP, K 253.2 278,2 291.2 310.6 253.1 236.3 286.,1 242,2

5 N_ P, Ky 252.1 283.2 296,4 309,1 292.5 246.6 291.5 246.7

6 N_ P, K, 273.6 265.6 331.5 373.6 248.1 273.6 292.2 289.6

7 N_ P, K 282,71 293,1 236.9 259.6 286.9 283.7 239.2 298.2

8 N_ P, K, 242.3 245.1 237.7 293.1 248,% 301.8 259.5 267.7

9 N, P, K, 237.1299.8 314.9 288.6 264,2 282.9 262.7 283.1

10 N, Py K 247.2 292.6 263.8 254.6 271.9 336.4 240.0 239.2

11 Ny P_ Ky 291.5 249.8 325.3 301.9 2/8.7 293.1 264.5 249.6

12 N, P_ K, 209.5 310,3 242.4 286.7 232.3 271.4 213.1 246.5
13 N, P, K 239.3.237.8 271.5 282.6 256.3 292.6 264.6 258.2
14 N, P, K, 263.5 301.6 259.7 243.2 235.7 289.1 291.8 236.4
15 N, P, K, 271.3 239.5 227.5 211.0 294.2 236.3 273.5 246.5
16 N, P, K 293,71 268.9 292.6 274.3 269.1 255.0 267.8 239.7
17- N, P, K, 283,5 247,3 287.3 213.6 275.0- 269.5 298.3 267.5
18 N, P, K, 235.1 291.6 220.5 299.0 272.1 284,3 231.3 298.1
19 N, P_ K 244.5253.8 271.3 283.5 257.8 259.8 219.6 289,3
20 N, P_ K, 239.1 278.9 283.2 279.1 249.2 253.0 238.1 301.9
21 N, P_ K, 278.5 286.3 243.0 228.5 291.3 237.9 257.0 296.3
22 N, P, K 249.4 294.6 283.1 302.4 284.0 281.4 237.9 253.5
23 N, P, Ky 279.1 247.3 298.1 307.1 287.1 236.7 247.9 254.7
24 N, P, K, 263.4 239.1 273.4 291.6 286.4 300.6 271.1 279.6
25 N,P, K_ 26L4,% 271.6 196.6 264,8 232,6 257.3 283.4 271.8
26 N, P, K, 286.3 316.6 227.8 297.3 284.1 276.8 293.6 297.8
27 N, P, K, 291.8 236.4 321.4 336.1 310.6 291.6 286.4 303.3

H.D., Horizontal Distance
V.D. Vertical Distance



24 years had no significant influence on -the non-
exchangeable form of this nutrient in the soil. The

‘KO treatment sites recorded 230 to 290 ppm of K-non-ex
which is comparéble with the K-non-ex range for K1 and

K2, (220 to 330 and 250 to 340 ppm respectively)
Irrespective of sampliﬁg sites the K-non-ex rem ined niore
or less static., This happened inspite of the addition of
11.25 and 22,5 kg each of Kzo in K1 and K2 plots respecti-
vely over the last 24 years. This reveals a definite
influence on a gr@wing crop in the rates of various

reactions leading to fixation or release of potassium,

The uptake of potassium during the period of |
exper imentation by the coconut palm was evidently higher
at higher doses of potassium fertilization. This is justi-
fied by the fact that the Kws and K-ex values for K,| and

K2 are generally higher.

A productive coconut palm absorbs an average 1.8 kg
KZO/tree/year. However a palm during early pre-production
years accumulates potassium in the tree drunk. The
contribution of K-non-ex to the crop uptake is very meagre
compared to other two forms viz, Kws and K ex. which are

more governed by periodical K application,



It can be inferred from the observations that
during the last 24 years the uptake of K by the coconut
palms was more or less offseting the fertilizer additibns
at K1and KZ levels and depleting the available fbrms
at Ko levels. This has resulted in the present trend
of results where K1 and K, levels contribute more of KWS'
and K-ex than KO whére as the K-non-ex forms remain

unaltered in all the three levels.

The relationship between K non-ex; K ex and Kws
is of course dynamic but the rate of reactions 1éadin§
to the release of K non-ex to Keex and/or Kws might be
very slow, Same will be the case with the reverse
reactions. Therefore the palms with potassium nutritign
will show better uptake of K, as well as better growth
and yield without upsetting the non exchangeable fract;on
in the soil. Thus the K non ex of the soil is not an l
;

index of the productivity of the soil with respect to

this element,

Visual observations of the plots ind icated that
palms with KO treatment show acute pottassium deficiency

symptoms and most of them have stopped'production after
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10 years, neverthless the K/ plots yield considerable

amounts of non-exchangeable K.

Another feature of the data on K-non-ex is that at
the surface soil in the second site of sampling, which 1is
also the site of fertilizer application, there are
slightly higher levels of K non ex than that at other
sites in K1 and K2 treatments. This shows that inspite
of the observed mobility of K fraction in soil, the
bulk of applied K remains 1in the site of application far
a fairly long period and a considerably high concentration
in soil solution which will enhance the reaction rates
towards the conversion of available forms into non~
exchangeable forms. However this enrichment of the K non-
ex at the site of fertilizer application is not significanfly

high compared to other sites.

T+ is also important to note that higher levels of
nitrogen application had improved the K non-ex in the
s0il, This is probably because the abundance of ammonium
ions in soil solution had replaced more of potassium
(K+) from the exchange sites which inturn was converted

to non-exchangeable forms.

4,3, Potassium_Movement in soil

From the foregoing discussions, it was seen that there



is considerable interrelationship between different

forms soil potassium at vaious sampling sites and the
levels of potassium nutrition to coconut palms. In

order to arrive at a scientific conclusion on the

movement of soil potassium as effected by the fertility
levels, the data generated were reorganiéed to statistically
analyse the interactions between vertical distance at

2 levels (0_30 and 30-60 cm) horizontal distance at four
levels (90, 180, 270, and 360 cm from the bole) and
potassium application at three levels (0, 450, 900 g/palm/
year). Tn this context the NP treatments were pooled and

included as block effects.

4,3,1 Movement of watgz_gglgglg;ggzgggium

Mean values on the movement of Kws towards various
distances as well as the two sampling depths as effected
by the three levels of potassium, are presented in Tables

L (a) and &4 (b).

Find ings discussed in the preceeding section was
confirmed by the results of statistical analysis which
reveal that there was significant interaction between the

three factors (Vertical distance, horizontal distance



Table 4 (23) &8

Mean Table For Water Soluble ‘K Content,

Rl s0em . 180.em ____ 270.em 350 cu__ Mear
-

I Treatméggf\ 0-30 30-60 0-30 30-60 0-30 30-60 0O-30 30—6OL6551

oem9EK N mevel
Kb 9,6 10.4 9.8 11,0 10,6 9.4 11,7 13.7 10.7
K1 12.6 26.3 50,3 55.3 13.1 29,8 12,1 14,9 26,8
K2 11.4 36.6 50,1 54,3 13,4 33.0 11,6 22.8 30.2

-—— -_—.__———————__.._—_————_.—_-—_——_————_-———_—_-.-————_—_——_————__—_—_._——-.

H.D. Horizontal Distance

V.D. Vertical Distance

Table 4 (b)

_—_-_———_———_-__—.._——-__._—____.___—-._._—._—__——___—_—_.______.-_—_—_-._—.

90 180 270 360 Mean
0-~-30 11.2 39,73 12,37 11.8 18.78
30-60 24 .4 40,2 24,07 17,13 26,43
Mean 17.8 39,97 18,22 14.47
CD at 5% -

A=1,13; B = 1,60; C=1.33

AB= 2,26 2AC 2,57; BC = 3,63

. ABC= 3,63



and K levels) analysed. The mean concentration of Kws
was highest (59.1 ppm) in the surface soil at the second
sampling site which received highest dose of potassium
fertilizer. The subsurface layer for K,l treatments and
K2 treatments recorded figures on par with the above
value (55.3 and 54.3 ppm respectively). In the case of
K1'treatment the surface soil samples also showed
significantly higher values than the control plots,
(50.3 ppm). However this was statistically inferior to

K2 treatments as well the subsurface sample for K1.

The second highest set of figures were for the
subsur face samples at first and third’sampling site in

K. level (36.6 and 33,0 ppm). Thus, the mean values

2
corrobprate the suggestions made earlier that there is

a élanding movement of Kws from the site of application.
(second sampling site) towards the subsurface layers
near as well as far from the bole of the palm along with

a downward displacement at the second sampling site

through infiltration.

Tt may also be noticed that the Kws values for the
sur face samples at the first, third and fourth sampl ing

sites are significantly lower to the figures discussed,



L,3,1.1 Horizondal Movement of water solubke

Potassium in soil

Scrutiny of pooled mean figures for the various

| sampling sites pfesented in Table 4 (b) revealed that ﬁhe
highest content of Kws (39.,97ppm) remains at the site
of application (second sampling site) irrespective of
vertical movement or the levels of potassium fertilization.
The content at this site was.statistically superior to

all other sites closely followed by the values recorded
for the first and third sampling sites (17.8 and 18.2 ppm)
respectively which were on par. The fourth sampling'site
which was farthest from the bole of the palm showed
relatively 19Wer mean value (14.47 ppm) which was signi-

ficantly inferior to that of other sites.

The movement of potassium is closely related to the
nature of water displacement in any soil. In a loamy sbil
with moderate infiltration rate and lower bulk density the
extent of horizontal movement for the water soluble fraction
of potassium is limited, Moreovér the rainfall pattern
and the water holding capacity play a major role in the;
convection and dispersion of potassium in socil. For a

rainfed crop, as in the present study, the movement of

potassium depends mostly on the annual rainfall. The



experimental area receives on an average 150 cm rainfall
annually. However quantification of the lateral mobility
based on the annual rainfall and soil properties warrants

extensive data generation and computations which is beyond

the scope of present study.

Laechiri (1983) noticed enrichment in potassium to
at least 40 cm away from the site of application due to
lateral movement through drrigation water, in red loam
soils, but for a rainfed crop receiving 150 cm of rainfall
well distributed over an year, the pattern of 1aterai
movement may depend on the root absorption power and
the resultant active transport processes also. Thus it
was seen that there was moderate enrichment upto 90 cm
away from the site of application It may be noticed that
the absorbing roots of coconut palm extends upto 270 cm
from the bole., Therefore the lateral movement is also
1imited to this area showing a steep fall in Kws at

the fourth sampling site.

It was also revealed from the data that the different

levels of potassium application has significantly
affected the extent of lateral movement of Kws. The

figures indicate that the application of incremental doses
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of potassium at the second site showed a corresponding
enrichment of Kws at the first and third sampling site
together with the site of application. However the

pooled mean for K levels showed that the two doses of K
fertilizer application yielded Kws values which were
statistically on par but both the figures were significantly

superior to that of the control plots.

K2_levei recorded 13,27 ppm Kws which was on par
with that of K1 ie 26.8 ppm, The reason for not.obtaining
proportionate increase in Kws at the K, level may be
the transformation of water soluble potassium to

exchangeablé and non-exchangeable forms.

he341,2 Vertical movement of Kws

Potassic fertilizers applied in this experiment
over the last 24 years was in the form of KC1 which is
readily soluble in water. Application of soluble forms
of fertilizers naturally results in their downward dis-
placement through rain or. irrigation water subject to
various transformations in the soil and plant uptake.

In the case of potassium, reports as early as 1956 by'
Warren suggested that the element can move down the soil

profile upto a depth of 65 cm under long term fertilizer
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application., In the present study also a higher level

of Kws was noticed in the subsurface layefé wherever K
was applied as fertilizer. However the inference is

not infavour of a vertical displacement alone, it can

be prbved that potassium salts move down the profile

in a slanding'manner at a conical pattern from the site
of application eventhough a major portion of applied
potassium remains vertically down the profile. The

pooled mean values for the two depths of sampling revealed
that the éurface samples contain 18,78 ppm Kws compared

fo 26,43 ppm (Table 4 (b)) in the subsurface samples
which is statistically superior. The same trend can be
observed in the data partitioned and presented in Table

- &4t (a) and in table I. The prediction of a conical movement
is justified by the higher concentration of Kws on the
subsurface layers of first and third sampling site with a

lower level in their surface layers.

In order to assess the influence of rate of application
of K on the distribution of different forms of the
nutrient in the soil profile, fhree profiles were examined.
Data on Kws of the soil from the th;ee profiles (NZPZKO’
N.P.K, and N,P,K, ) receiving highest level of N and P

2°21 2°272
fertilization O, 450 and 900 g KQO/Palm/year respectively,



Table 5

 Amount of water soluble 'K' in ppm in the three profiles at
vatious depths. '

______ 2°2% 2 27252

Treatment depth 1 2 5
0.15 14.12 21.32 19.17
15.30 13.79 43,17 67.62
30245 10.11 39.73 43,16
45.60 12.32 31.84 44 .84
6075 9.13 26.36 27.32
75«90 10.82 14.39 18.63

90.above 13,98 8.19 10,32

(5]

Cri
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are presehted in Table (5)

The red loam soils do not show a cleér-cut horizon
differentiation and also the physical properties of the
soil. Therefore the downward movement of Kws in these
soils becomes a function of water displacement and extent
of counter ions. The data shows considerable extent of
Kws values upto a depth of 75 cm in both K2 and K1
1evels, the former showing naturally higher values. It
is ev1dent that under identical soil physical andchemlcal
éharacteristics the trend of displacement of Kws remains
independant of the level of application showing only
slightly higher values at higher levels, eventhough
Bosewell and Anderson (1964) reported that K tended to
move down to greater depths with higher rate of application.
mere the Kws values do not show the same trend due to

conversion of Kws to K ex and K non-ex forms,

Here also the Kws showé no marked variation with the
levels deeper in the profile, A possible reason may be
the higher rate of conversion of Kws in to K ex and K
non ex forms at K2 1evel during the process of infiltration.
The conical pattern of movement is more clear from the

graph ical representation of data.
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The active root zone of coconut palm is reported to
be 20 to 70 cm down the profile (Kuzhwah 1976). The Kws
values show higher values in this area for K2 level,
Therefore it is suggested that K2 level of potassium
application is better than K1 in maintaining sufficient

amounts of Kws in the root zone of coconut palm,

The distribution of Kws in the so0il profile for the
control (KO) plots do not show any definite trend as was

observed by Ganeshmurthy and Biswas (1984)

4.3.2. Movement of exchangeable potassium

Table (6) presents the mean figures for the
exdhangeable K. content as affected by sampling sites and
potassium levels. As in the case 5f Kws there is
significant interation between depths, distances and
potassium applications levels in affecting the extent
of K ex in so0il., The surface sample in the second site
of sampling at the K2 treatment showed maximum K ex
value (102.7 ppm) immediatly followed by subsurface
layer of same site (101.2 ppm). Both the figures were
on par and significantly superior to all other sampling

sites, This shows that a fairly large fraction of
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applied potassium remains in the exchangeable form
throughout the profile at higher levels of potassium
application. At K1 level the same sampling site yielded
83.7 ppm in the surface layer which was oh par with the
value for subsurface at this site (88.5 ppm) eventhough
subsur face values were little higher, The K ex values

for the control plots were significantly lower when
compared to those receiving fertilizer. The results are
supported by the findings of Prudniknow (1980) who found
that potassium applicatioh Increased content of K ex values

in the soil,

4.3.2.1( Horizontal movement K ex

Table 6 (b) provides mean values for comparing
lateral variation of K ex. At the second sampling
site, on an average the K ex was found higher in surface
soil (78.57 ppm) which was however on par with the sub-
surface layer at that site (76.97 ppm). Both these
figures were significantly superior to all other horizontal
and vertical sampling sites. With periodical enrichment
of potassium through fertilizer application such a higher

figure at the site of application can normally be expected.



Table 6 (&) : 50

Mean table - Exchangeable 'K' content

_____________ e
r\\\ H.D. | Ist site 2nd site 3rd site 4th site )
: ~ 1 90 cm 180 cm 270 cm 360 cm
~
B T Mean
I T;ZEE \\/D|Surfabe 30-60 0-30 30-60 0-30 30-60 0-30 30-60 ‘
s 0-30 cm cm cm cm cm cm cm cm

LMK e e, e e N

KO : 51,1 - 41.6 49,3 41.2 45,3 39.4 48.6 43.4 44,99

Kl 45.5 64,2 83,7 88.5 49,1 61l.7 41.6 48.5 60,35

K- 48.4 72.1 102.,7 101.2 43,7 69,1 34.2 5055 65,36

H.D. Horizontal Distance

Vv.D. Vertical Distancd

Table 6 (b)

Dept 90 180 270 360 Mean
0-30 48.33 78.57 .46.03 41.67 53.6
30-60 59,3 76.97 56,73 47.8 60,2
. Mean 53,82 77.77 51,38 44.64
CD at 5%



The K ex values for the subsurface samples at first and’
third site of sampling (59.3 and 56.73 ppm respectively)
provides the trend of mobility. These figures’were
significantly superior to corresponding surface layers.
Hence the mode of mobility for K ex is also predicted
to be conical., The pattern is clear from the graphical

representation of the data. [Fig-2]

A-perusal of mean values for K ex for four sampling
site revealed significant statistical variation in K ex.
The second sampling site showed highest value (77.77 ppm)
which was significantly superior to other sites. This
was followed by the first sampling site (53.82 ppm) and
third sampling site (51.38 ppm) which were on par. The
general trend was a decrease in K ex value towards the:
farther areas from the palm, but for the site pf appliéation.
A higher value is obtained nearest to the bole of the |
palm, possibly because of the contribution from the
subsur face layers resulting from the conical movement as
suggested earliér,

4,3.2.2, Vertical movement of K ex

The over all mean values in Table. 6 (b) shows

significant enrichment of K ex towards the deeper layers



of soil. The surface layer showed 53.6 ppm where as

the subsurface concentration of K ex was-éo.2 PpPMe.

'The profile examination presented in Table., 7

gives a more clear picture.

Tt may be noted that the profiles were cut at the
site of fertilizer application where as the mean values
derived from Table 6 (b) are the additive effect of
different sites of sampling. Therefore the profile
samples in genéral showed a higher K ex values than
the mean values presented for surface and subsurface

layers.

In the first profile, (NZPZKO) where there was no
fertilizer application, for the last quarter of a centuary.
There was no remarkable variations in K ex values
throughout the profile, However the other two profiles;
where potassium was applied at K, and K, levels reflected
the trend of down ward displacement of applied potassium
over the years. It can be seen that there is considerable
enrichment of K ex in the surface as well as subsurface
layers for K1 and K2 treatments with higher levels of

K ex at deeper layers.



Table 7
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Amount of exchangeable 'K' in ppm in the three profiles

at various depths

__Profile WP, MR MR
Depths 1 2 —; ———————
0-15 51.28 75,12 79.84
15-30 46.84 86.14 92,19
30-45 43.62 91.89 109,82
45-60 55,22 98.63 102.38
60.75 51.23 86.16 98,19
75-90 52,28 72.56 76 .81
90-above 50.68 56.19 58.19



Potassium fertilizers, when applied in conjunction with
other major nutrients; is taken up in large quantities'
by the coconut palm; however long term addition of this
" putrient will add to the exchangeable pool, which may j
also contribute of plant uptake. This obsefvation is :
supported by-the fact that, inspite of downward displa@emenf

along with water infiltration, 'a major portion of K ex

remains in the root zone‘of coconut.,

The trend of downward displacement of K was seen .

independant of the levels of potassium appllcatlon.

The suggestion of Bosewell and Anderson (196&) that

K tended to move down to greater depths with higher rate
of application is not agreable in the red loam soils
under present study. ﬁnder K, level (450 g Kgo/tree/'
year) 88 per cent of K'ex enrichment remained in the
first 75 cm of the profile where as for K2 level, thef
computed figure is 87.9 per cent, However the computation
is only from the data collected from a total of 105 cm
depth; beyond which the levels of nutrients is not

expected to contribute towards coconut nutrition.

Tt can be suggested that the vertical movement of

I
)

K ex under red loam soil conditions is ideal for coconut
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cropping since a major portion of K ex remains in the

root-zone under riormal fertilizer application.

The K ex values for K1 level showed an increasing
trend from 75.12 ppm on the surface to 98,63 ppm at the
45-60 cm layer the immediately lower layer (60-75 cm)
also showed appreciable amount of K ex (86,16 ppm).
Same was the trend at K2 level with the surface layer
containing 79.84 ppm K ex compared to 109.82 ppm at
30-45 cm and 98.19 ppm at 60~=75 cm.

The maximum root activity of coconut is upto 90 cm.
The K ex values remained appreciable in this areé of the
profile whereever potassium was applied as fertilizer;
_-however the downward displacement of fertilizer potassium
at a depth below 75 cm is not suffiéient to cater to the
needs of root activity and plant uptake together with
so0il enrichment, It seems that a large extent of K ex in
this area is contributed towards Kws and thereby plant
uptake and therefore the soil levels of K ex 1s lower
than the layers immediately above. On the contrary, the
upper soil layers (30-60 cm) were enriched by the fertilizer
potassium to a greater extent, that even after the coconut

nour ishment, soil at this layer retained highest levels

of K ex,



There was considerable increase in the K ex values
for surface layers (0-15 and 15-30 cm) with incremental
doses of potassium. In the surface layer the Ko profile
showed 51.28 ppm K ex compared to 75.12 ppm at K,, 79.84 ppm
at K2 levels.,  These results reveal the poésibility of an

upward movement of applied potassium from the site of

application (20-25 cm below the sur face) through capillary

rise of soil moisture.

4,3,3. Movement of Non-exchangeable K

e T . G = —— —— g——— —

Data presented in Table (3) was rearranged as described
elsewere for statistical analysis, eventhough there was
no marked variation in K non ex values in the experimental
" area. The results of statistical analysis showed that the
K levels, the horizontal distances or vertical depths did
not influence the K-non-ex levels in the soll significaﬁtly.
Therefore the mean data is not presented. The graphical

representation also showed the same trend.

Table (8) presents data on non-exchangeable K in
the three profiles. The range values for non-exchangeable
K is between 238.,4 and 293.6 in Ko plots, 286.4 and
324,2 ppm in K1 plots and 284,9 to 324,6 ppm in K, plots.

Thus there has been a marginal increase in non-exchangeable



Table 8

Amount of non-exchangeable *K' in ppm in the three

profiles at various depths

- == = = = - - - . e e e e -
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“_lir_o_fil_e—_-————_ng_z_li? 1\121321(1 N2- 2K2 2
| |

_‘depth cm 1 2 3 \
L o o o o o e L L (

0-15 272.1 301.2 309.8
15-30 293.,6 314,2 313.2
30-45 265.,9 299.8 324,6
45~60 258.2 324,2 316.7
60=75 259.6 298.6 309.2
75-90 238.4 289.3 296.8

90-above 246,8 286.4 284.9



K in the potaésium applied plots over the years., The
lowest values 5f non-exchangeable K are found at 90 cm-
and above in all the profiles, Significantly higher
values of non—-exchangeable K is noticed in K1 and K2
plots upto a depth of 75 cm, Incidently the region of
lthe soil upto a depth of 75 cm is possibly the most
significantly affected by theicontinuous application of

K fertilizer. This was so in the case of Kws and X ex also.

Long term application of KC1 for coconut in red loam
soils, thus results in a marginal increase of K-non-ex in
the coconut root zone, However, this increase is not to
be reflected in crop performance; since the K uptake is

largely dependant on the Kws and K ex at the root zone,

The horizontal and vertical displacement of fertilizer
K in red loam soils have little influence on the levels

of non-exchangeable form of this element in soil,

L. Potassium movement as affected by spil properties

— ey et e

To findout the impact of so0ll properties on movement
of various forms of potassium, correlation studies were
conducted. Being an easily mobile element, K movement is
affected by various soil properties., The adsorbed fraction
and mobility of potassium in soils are being strongly |

affected by pH,.
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Lok 1. Water soluble potassium

Table (g) presents the correlation between water
soluble K content in different horizontal sites and
vertical depths of soil sampled from the bole of
coconut tree with various soll characteristics, It can
be seen that the coarse sand and clay fraction generally
ha&e a significant positive and negative correlation
respectively. Thus both vertical and horizontal movement
of Kws from the site of application appears to be favoured
positively by coarseness of sand fraction. The clay
content on the other hand has a negative effect bn the
migration of potassium. The silt fraction also showed
negative effect on migration of potassium, but for the

sampling sites at 90 cm from the bole on the palm.,

CEC appears to be positively correlated with
migration of Kws ih all sampling sites except thé second

site of sampling.

A clear positive correlation of Kws to Mg content
is seen in second site of sampling at both depths., Tn

the third site, the subsurface layer also showed same trend,

Calcium content, in the first site, is positively

correlated with migration of Kws,



Table 9

Correlation coefficient between water soluble ¥ and soil

characteristics
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As the potassic fertilizer, applied, contains
entire K in water solubie form, all the Kws in the
applied fertilizer will be converted to solution K.

If the coarse sand fraction in more, it will help in the
translocation of k¥ ion both vertically and horizontally.
This will be accelerated by the rainfall in the monsoon
periods. Thus, Kws content increased in lower horizon
and K. treatments. If the clay fraction is more,

1 2
some of the Kws will be adsorbed in the exchangeable K sites.

of X

Greenham (1971) reported that movement of K was
increased by the sand fraction of loamy soil, Similar
trend was reported by Brasad et al (1981). Volk (1944)
reported that the coarser soils lost about three to four
times as much of applied K from the surface 20 cm of soil.
Tt may be noted‘that, from the chemical analysis of the
soil samples, the movement of Kws is conical resulting in
highest levels at the subsurface layers of first three
sampling sites and the surface layer of second:sampling
site., From the results of correlation it emerges that the
level of Kws in these sampling sites affected positively
by coarse sand and fine sand fraction of soil, CEC and

content of divalent cations., On the other hand an increase



in organic matter in the soil maj adversely affect the
migration of Kws., The influence of soil reaction on Kws
content is not direct but it will be the indirect effects
of its influence in the balance of other nutrient elements.
The extent of Kws 1In root zone of coconut is significantly
influenced by ccncentration of secondary nutrients like
Ca and Mg, through their involvement in the CEC phenomena

resulting in release of potassium into soil solution,

hobh,2 Exchangeable K

As in the case of Kws the varilous soil properties
were found to influence the exchangeable fraction of
potassium at different sampling sites. The correlation

coefficients are presented in Table (10).

The textural characteristics of the soil is one of
the main factors influencing the K ex as evidenced by the
significant relationship obtained between soil ffacticns
and K ex values. ''The coarse and five sand fractions
bear positive correlation with the K ex where as the
silt fraction showed negative correlation at certain
| sampling points Increase in clay content may decrease

the movement of K ex significantly.

The soil has a low organic matter content. The CEC



Table 10

» Correlation coefficient between exchangeable K and soil

characteristics
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is also relatively low. These may be the reasbns for
the variable relationships at various sites of sampling
between K ex and these two soil properties. The CEC
seems to affect the K ex fraction positively at the
migration éites of this fbrm of nutrient namely surface
and subsurface layers of the sampling site of fertilizer
application, ie second site of sampling and subsurface'

layer of the third sampling site,

It is interesting to note that the Ca content, at the
site of fe}tilizef'applioation, negatively correlated
with K ex values., Continuous applicatioﬁ of super
phosphate over a long period has resulted in high
content of Ca at the sampling éiteso The relative
abundance of exchangeable Ca in a soil with low CEC has
resulted-in the observed negative relationship, The
divalent cation when in abundance may occupy the exchange

sites releasing most of the K+ from the complex.

‘Giamonova and Pannikova (1980) obtained a similar
relationship while studying the mobility of applied K in

soil amended with lime.

The relati&ely low amounts of exchangeable Mg in

the sampling sites showed positive relationship with K



14

ex values, At higher concentrations they have a negative

influence on K .ex.

The fixation and release of potassium in the soil
is affected by the combined effect of soil properties
rather than the direct effect of individual parameters.
Therefore it is often difficult to draw conclusions from
individual exper iments. A comprehensive exploration of
the hultivarious factors is beyond the scope of present

study. Thus it is projected as a future line of work.

4,b.3. Non-—exchangeable K

Table (11) gives the correlation between the K non-ex
with physical and chemical character of soil. From the
result it is evidence that none of the soil properties
has exhibited a clearcut pattern of correlation with
non-exchangeable K content, Evidently this result is
mainly due to dynamic state of équilibrium between K ex
and on one hand and K non-ex on the other. Further under
situations where K ex and Kws have been continuously
applied, depleted by utilisation by the crop as in Ko
treatments. As far as K non-ex is concerned, there is no

significant difference whether the soil sample has originated
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Table (11) 75

.

Correlation coefficient between non-~exchangeable 'K°

and soil characteristics

, Coarse Fine H
a . R
Dlgtance sand sand Silt Clay O.m P CckcC Ca Mg

.311 0.0970

ol

.0697 0.0188 00,0041 0O.1167

@/}

90cm = X = g
0m30Cm  8.1122 0.2950 0.1024

90 cm

30-60 0.0286 (0.0951 0.0336 0.1294 0,1280 0.0284 00,0778 .2262 0.0776

ol

Tk
180 em 4 1396 (,1990 O.2483

0.0753 0.0521 0.2019 0.1329 0.0081 0§.2231
0-30 cm
180 cm = = * = * o= *
30-60 0-1739 0.0593 0,0498 0.0388 0.0383 0.3326 0.1341 0.2771 0.3943
270 cm = = = x - =
0-30 om O0-1432 0.2198 0.1093 0.2437 0.1317 0.1332 0.2041 0§.1059 §.2248
270 cm = = X o o = =
0.1608 0,0135 0.0934 0.3042 0.0508 0.2905 0.1821 0.0349 0,1293
30=-60 cm
260 em 6 1360 5.0632 0.1064 0.0269 0.1913 0.1853 0.1415 0.1122 0.0944
0=-30 cm
- 360 ¢om _ _ _ _ _ _ *
40-g0 0-0466 0.0183 0.1019 0.0828 0.1829 0.1170 0.2572 0.0312 0.0258

r = 0,2319 at 5%



from a plot which is under 24 years of potassium fertilizer
application, The K non-ex content under both these conditions
proves the dynamic nature of relationship with both K ex

and Kws on one hand and mineral K on the other hand.

4,5 Potassium levels in the index leaf in relation

to_potassium_content_in soil samples from different

s O s O ey A D S i S D ey Gy T D S s . T TS oy . V2 B gt S . WD ey B g gt

With a view to examine varilations in available
potassium at different sampling sites as reflected in
index leaf of coconut palm, the 14th frond from each
palm under sampling was analysed for total K content
and the data are presented in Table (12). Irrespective
of levels of application of other nutrients, it is seen
that, thére is remarkable vériation 4in the potassium
level of leaf in the three incremental fertilizer doses,
The concentration in 14th leaf increased with fertilizer

K doses.

The critical level of K in the 14th frond of coconut
as fixed by IRHO (1972) is 0.8 to 1 per cent, Some of
the palms in this case showed concentrations below 1

N _P,K N,.P_K

per cent, The treatments were NP Kjs NP, or N1Fo%y

and NZPZKb’ These treatments were not receiving potassium
for the last 24 years. Visual observation of the palms

in the KO treated plots showed a different trend. Tt is



Table 12 ' 27

concentration of K in14th frond of coconut palm (%)

e e afnal il el i S

: Trest | % K (Treat | %K | Treat | % K |

e o= -~ - N B SN SRS ISR
N, P, K, ~ 0.93 N, P, K, 0.99 N, P Ky 1.02
NJ P K 1.28 N, Py Ky 1.03 N, Py K 1.31
N, Py K, 1.34 N, P K, 1.29 N, P, K, 1,62
N, Py K 1.01 Ny Py K 0.89 N, P; Kg 1.06
N, Py Ky 1,29 N, P, K 1,23 Ny P K 1.35
N, Py K, 1.32 N, Py K, 1.58 NP, K, 1,59
N, Py K 0.86 N, P, K 1.01 N, Py Ko 0.98
N, Py K 1.28 N, P, K 1,29 N, P, K 1.25
N, P, K, 1.58 N, Py K, 1,46 N, P, K, L33
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to be noted that the palms in NoPoKo plots continuous
+o bear nuts eventhough at negligible numbers but in
plots where N,P,K and N1P2Kb are treatments, the palms
ceased production and most of the palms in these treat-

ments have stopped yielding longback, even some palms

were dead., Their crown sizes are also too small.

Thus it emerges that the concentration ratio of
K with other elements is of prime importance as well as
the direct effect of this element wherever there is a
higher concentfafion of other nutrients in the plants
there is a demand for K supplementation., Under K deficiency.
this element can dnduce toxic effects of other‘nutrients
regardless of their low levels in the leaf. It may be
noted that potassium assumes higher priority in the
essentiality rating for coconut nutrients { Van Uoxkull

and Cohen, 1978). Therefore it is often difficult to

realise optimum yields without sufficient supplement of

pptaésium.
4,6 Sampling sites_in soil as_reflected in the_index
leaf

With a view to evolve a scientific soil sampling

technique with respect to K nutrition of coconut palms,



an attempt was made to correlate the available potassium
content at the eight sampling points with the corres-
pond ing index leaf level potassium. Multiple linear
regression analysis was carried out with the leaf
nutrient concentration as a dependant variable and the
available K at sampling sites as independant variable

The model used is in the following form

Y = bo + b1 x1 + b2 XZ + * L] L L] L] L . ° + b8x8

Y

Table (13) provides the correlation coefficients
computed from the above analysis. The results revealed
that there is significant positive correlation‘between
indek leaf concentration of K and available K at the
first second third sampling sites. Incidently there
are three sites which showed maximum migration of
applied K over the years, These sites also corresponds
to the active root zone of coconut palm. The coefficient
of determination obtained from multiple linear regression
is 0.8324. Thus 83.24 per cent of leaf K is determined
by the soil available potassium. Out of this 58.15
per cent of the index leaf level of potassium is due to the
available K content at the ubsurface layer (30-60 cm)

of the second site of sampling (180 cm from the bole)



Table 13

Correlation coefficient hetween leaf K and available 'K’
at various depths and distances
P S e e ) -L—-—-—--—-—-:- ——————— e e e e it 2 e e iy~ —— oy S ey P n s e —  — — — ”i —————————————
N 90 cm 90cm 180cm 180cm 270cm 270cm 360cm 360 ¢cm
© 0-30 cm  30=-60cm 0«30 cm 30-60cm 0-30cm 30-60cm 0-30cm 30-60 cm
1 000574 9 © * O o » o Q ® O o . L -]
%* ,
2 0.1238 0.8355 oo o .e .o oe e .o
* Kk
3‘ 0.2054 0.7590 00,9334 oo oo o .o oo
4 0.1057 0.,1401 0.1531 0.1127 .o o o .
* K * K * X
5 0.2143 0.7763 0.9134 0.9202 0.0280 o .o oo
6 0.1756 0.1890 0.1845 0.2067 0.2649 0,2417 - o
K l %
7 0.0780 0.4058 0.,1872 0.,1042 0.,0754 0.1858 0.,3873 e
* % * Kk * Kk * K
8, 0,0552 0.6862 00,8463 00,7840 00,0186 0,.8700 0,1233 00,2433
25 = ,3801 at 5%
15 = .,4869 at 1%
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These findings—give credential to the suggestion
that the best sampling site for the assay 5f K in the
. soil in view of coconut nuirition is between 30-60 cm
from the surface at about 180 cm from the bole of the
palm, The maximum root activity of adult palm is
also concentrated in this fegion. This finding must
help in clearing the confusion that exists among

,scientisté and farmers with respect soil samplihg,
for fertility evaluation, in case of coconut as for

as K nutrition is concerned,




SUMMARY
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From the foregoing discussion on various aspects of
potassium movement, a clear pattern is obtéined in case
of exchangeable and water soluble K, The movement of
‘water soluble and exchangeable K showed more or less a
coﬂical form. A perfect horizontai movement of potassium
is not observed., But a slanding mﬁvement of potassium
(water soluble and exchangéable form of K) from the site
of application is noticed. A perfect downward moﬁement
of K is éeen in the pfesent investigation. This fact is
clear from the high-content of K ex and‘Kws in the subsurface

layer of second site of sampling and from profile studies.

The vertical downward movement of potassium is due to

‘leaching of K* along with rain water. This is also
facilitated by the loamy nature of the soil. This movement
is slightly prevented by clay content in the vérious layers
- of soil, The rainwater movement pattern,is not having a
perfect vertical downward@n-It has a slanding path, Thus
fesulting in transport of certain amount of Kws and X ex

to soil sites away from the line of application of potassium
horizontally. A partial enrichment of K is seen in the
subsurface layers of first and third sampling site. It may
partially due to mass flow and diffusion resulted from the

. concentration gradient created by the root activity of coconut.



The main driving force for potassium movement, towards
plant root surface is diffusion, driven by ion uptake

and a corresponding decline in the ion concentration

at the root surfaces (depletion zone,) The importance
of diffusion and its role in potassium supply to plant
roots depends upon soil and plant factors, Among soil
factors the water content is of distinct importance for
effective diffusion, Incase of nutrients like potassium,
whose concentration in the soil' solution are low compared
to demand of plants, transport by mass flow to the root
surfaces is of minor importance. In contrast in many
soils mass flow is considered to be more than sufficient

for Ca and Mg transport to the roots (Bérber, et al 1963)

The decrease in soill moisture affect the movement of
K and other solutes in various ways., .This is important
in the short spells of dry period. The main effects are
decrease in mass flow to rﬁots, decrease in diffusion and
increase in concentration of other ions like chloride
nitrate, Ca and Mg, So the mobility of potassium in the
soil is influenced mechanically as well as physically by.

rain water in the present condition becuase of rainfed nature.

In the case of K ex and Kws, their availability is
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maximum in the viscinity of roots. Potassium leached
- upto 90 cm, from the site of application, in the last
2L years. There is a cumulative accumulation of K in
the subsurface layers. The leached K is within the
absorbing range of the coconut palm, So it cannot
be considered as lost.- This aspect is more important

while considering the fertilizer use efficiency,

The K ex and Kws content of profile samples give
the clear picture of the extent of leaching of X, The
soil properties influence this phenomena tb a greater
extent rather than rainfall, A fairly large fraction
of applied K remains in the K ex form through out the
top layers of profile at higher level of potassium
application, K fertilizers when applied in conjuction
with other major nutrients is taken up in large quantities'
by the coconut palm, however long term addition of this
nutrient will add to the exchange pool, which may also

contribute to plant uptake.

Different soil properties found to influence the
mohility of applied K. The major factors are coarse sand
and clay fraction, CEC etc., The final distribution
pattern of the applied K within the so0il is a function

of their interactions.
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The increase in available K in the root zone is
found to increase the index leaf K, From'the correlation
studies, it 1s clear that the content of available K at
the subsurface layer of second sampling'site influence
more than any other sites., A clear cut absorption pattern
of X by coconut is difficult to find out because of the
storing of K in the tree trunk in the early periods of
grbwth of coconut palm. Multiple linear regression
analysis of this correiation helps to locate the site

of sampling suited. for coconut regarding K nutrition,
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APPENDIX - I.a

coarse sand (%)

o e e e e - T I
H°D°‘ J_ 0 cm___ _ 180 cm 270 cm 360 cm .
No. vip.| 0-30 30-60 0-30 30-60 T0-30 30-60 0-30  30-60
[ cm cm cm cm cm cm cm cm
1 N P K 41.3 40.3  40.5 41.5 40,0 40.1 40,3  40.4
NP K 42.5 41.3 40.1 40.0 41.5 40.0 39,1  37.5
NP K, 41.3 40.5 40.0 40.1 40.3 40.4 39,0  37.2
4 NP K 41.3 40.1 40.1 40.0 40.1 39,5 39.0 39.1
5 Ny P, K 40.3 41.5 40.1 40.0 40.3 40.4 40.4 39,1
N P, K, 39.1 37.1 37.3 37.0 37.3 37.0 37.0 36.1
Ny Py K 41.5 40.2 41,6 39.1 39.0 39,1 37.5 37.1
8 N, P, K 41.1 41.1 40.0 40.0 40.1 39.1 37.1  37.3
o N_ P, K, 42.4 41.4 40.3 41.1  40.8 40.1 39.8 39.1
10 Ny Py Ky 43.4 41.1 41.0 40.7 39.3 37.1 39.1 37,1
11 N, P K 39.4 39.0 39,1 37.1 37,2 37.5 37.0 36.4
12 N, P_ K, 40.4 40.1 39.1 40.4 39,5 39,1 37.2 36.3
13 N, P K 41.4 41.2 41,0 39.3 41.0 40.1 39.4 39.6
14 N, P, K 43.7 41.4 41.2 40.7 40.8 39.8 38.7 39.4
15 N, P K, 37.6 .37.0 39.1 38.3 38.4 36.4 41.3  40.9
16 N, P, K 41.2 41.5 37.6 37.9 37.9 39.1 38.3  38.7
17 Ny Py Ky 37.3 37.2 39.3 38.4 41,3 40.1 39.7 38,1
18 N, P, X, 37.7 37.3  37.1° 37.5 37.0 38.1 39.8  38.6
19 N, B K 41.3 40.1  40.0 41.5  40.0 40.4  40.1 40,7
20 N, P, K 41.1 37.1  37.3 37.0 37.1 36.1 39.0 37.1
21 N, P K, 39.5 39.1 37.1 37.2 39.2 38.6 37.1 37.8
22 N, B, K 37.2 37.1  39.3 38.1 40,1 41.3 41,6 40,3
23 N, P K 41.5 40.0 41.6 39.3 39,1 37.5 37.1 36,0
24 N, P K, 41.2 41.5 37.7 37.9 39,1 38.3 38.1  38.2
25 N, P, K_ 40.4 40.1 39.4 37.2 36.2 37.0 39.1  36.0
26 N, P, K 41.3. 40.0 40.7 40.4 37,1 37.9 38.3 36,5
27 N, P, K, 41.2 40.1 41.5 39.4 39.1 38.1 38.1 37,2

H.D. Horizontal Distance

Vv.D. Vertical Distance



APPENDIX I.b

!

fine sand (%)

180 cm 270 cm 360 cm
0-30 30-60 0-30 30~-60 0-30- 30-60
cm cm cm cm cm cm

" Emm e e o E e Ee e e me mm am e e T em e o e e mm em e e e

1 NO Po K.O 25,4 23,1 22,0 22.0 21,9 21,1 23,1 21,1
2 No PO K1 24,7 2573 23.3 22,5 21.1 21.8 25,1 23.5
3 Ng Po K, 25,4 21.5 22,8 23,4 22,5 23,0 21.8 21,3
4 N@ Py Kb 25,3 23.0 21,5 21.8 21,4 25.4 26,1 25,1
5 No Py Kl 23,0 23,1 21,4 21.9 23.1 21,1 21.1 25,1
6 N0 Pl K2. 26,0 22,7 22,1 20.3 20,6 20,5 2007\ 21,5
7 NO.P2 KO 25,4 23,0 25,0 21,3 25,1 23.0 23,1 23.4
8 NO}P2 Ky 25,5 23,2 21,7 20.8 21,4 25.8 25,1 2305
9 kapz K2 25,3 25.5 23,1 21,3 21,3 21,1 25,2 26,3
10 N1 PO KO 24,5 25,5 23,2 21.0 23,1 20.8 25,1 25,1
11 N1 PO K1 25,5 26,1 25,1 25,3 24,1 23,2 24,1 24,0
12 N1 Po K2 21,1 25,2 21.4 25,1 25,4 26,1 24,1 23,01
13 N1 Pl Ko 25,5 23.0 25,0 21.1 22,5 23,1 25,5 24,1
14 N1 Pl Kl 22,5 22.5 22,0 20,1 21.3 21,5 20,5 19,0
15 Nl Pl K2 18.3 20.7 21,3 20.1 2.3 23.2 20.2 21.3
16 Ny P2 KO 23,1 21.3 21.7 20.3 21,3 21.4 20.3 20,1
17 N1 P2 Kl 18.6 20,0 21,4 20.8 21,1 20,3 21,9 20,7
18 Nl P2 K2 21.6  20.9 24,2 23.3 24,1 21.8 24.1 23.9
19 N2 PO KO 25.4 23.3 22,5 21.0 23.1 21.1 21.1 20.3
20 N2 Po Kl 23.2 25.3 23.5 24.1 23.7 24.5 25.8 24.2
21 N2 PO K2 25.7 26,0 25.1 24.1 23.9 21.7 20.8 21.3
22 N P K 24,1 22,3 21.1 22.0 23.0 22,6 21.3 22.0
23 Nz Pi Kf 25.4 23.2 25.4 21.1 25.0 23.1 24.0 24 .4
24 N2 f K2 23.1 21.3 2.6 20,1 21.3 21.4 20.3 20,2
25 N, P2 Ko 21.5 21.4 25.5 24.1 23,2 24.1 26.6 24 .4
26 N2 P2 Kl 25.4 23,1 21,0 21.1 25.3 20.3 20.1 24 .1
27 N2 P2 K2 23.1 21.3 20.3 20.8 24,8 23.1 24.1 22,2

H.D. Horizontal Distance
V.D. Vertical Distance



APPENDIX - T.c
Silt (%)

No. - 90 cm 180 cm 270 om 360 cm
Tré;¥>\\\\\J 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
ment cm cm cm cm cm cm cm cm
1 N, P, K, 19.3 21,0 21.5 23.5 22.8 23.4L  22.5 23.0
2 N_P_ K, 19.4 19.4 21,0 21.0 23.5 22.9 20.0 22.1
3 N, P_ K, 19.3 21.5 22.8 23.4 22,5 23.0 21.8 21.3
Lo NP, P, 19.0 21,3  22.9 23.1  20.7 20.6 20.8 23.0
5 N, P, K, 21.6 23.1  22.5 22.8 22.5 23.0 22.5 20.0
6 N, Py K, 20.1 22,7 22,1 20.3 20.6 20.5 20.7 21.5
7 Ny B K, 19.0 21.7 19,4 23.9 20.0 19.1 2 2.5 22.3
8 NP, K, 19.0 21.0 23.1 23,9 23,1 19.0 22.3 22.2
9 N P, K, 19.4 19.2  21.2 23.1 22.6 23.4 20.0 20.1
10 N, P K 18.4 19.0 .21.1 23,0 21.7 21.8 20.0 22.3
Ny Py Ky 20,7 20.6 20,0 22.1 21,4 22,1 20,6 21.5
12 N, P, K, 23.0 25.2 20.2 22,5 20.7 19.6 21.3 22.5
13 N, Py K_ 19.0 21.0 19.6 23.7 21.3 21.8 19.7 20.0
b N, P, K, 18,4 19.0 21,1 21.6 21,3 20.1 21,3 19.1
15 N, P, K, 20.1 18.2° 21.1 21,3 19.6 19.1 18,1 21.3
16 N, P, K_ 20,3 20.6 18.3 20.1  21.7 19.7 21.4 21.2
17 Ny P, K, 20.0 18,5 23,1 21.2 18.3 19.1 20.1 18.3
18 N, P, K, 18.4 20,1  21.4 22,1 20.3 22.1  20.0 21.1
19 Ny PUK_ - 19.0 21.0  21.5 23.5 22,5 23.0 23 .4 24,1
20, N, P_ K, 20,1 22.7 22,1 20.3 20.9 21.0 21.1 21.4
21 N, P_ K, 20.4 20,6 22.3 21.3 20.3 21.8 21.8 20.6
22 N, P, K_ 21,4 20,5 17.7 18.3 19.3 18.9 19.8 20.1
23 N, P, K, 19.1 21,1 19.0 23.7 19.1 22.9 20.3 21.5
24 N, P, K, 20,6 20,5 . 18.4 20,3 21,7 19.7 21.4 21.5
25 N, P, K 23.1 25.3 20,4 21.3 22,1 20.6 19.1 21.1
26 N, P, Ky 19.0 21.3 23,2 23,1  22.7. 20.1 21.2 21.0
27 Ny Py K, 19.5 22,7 22.2  20.2 22.3 21.3

H.D. Horizontal Distance

V.D. Vertical Distance



vlay \y/) fAcsLdbviJiA L.

_________ e e e e e e me mmem am e m - o

NO _____gm_____1&Mmm_____éﬂ&£__“__,ﬁﬁgl_%

0-30 30-60 0-30 30-60 0-60 30-60 0-30 30-60~|

cm . cm Cm cm cm cm cm cm |

—————————————————— - e am o e mm e om  wa = [P
1 N, P, K, 14,6 4.6 16,0 14,1 15,3  15.4  15.1 15.5
2 N, P, K, 13.4 14,0 4.6 16,5 14.0  15.3 15.8 16.9
3 N_ P K, 14,0 16.0  15.3 15.4 15.1  15.5 15.0 A17.L
bW P K, WU, 14,6 14,5 15.3  15.4 14,4 14,3 15,0
5 N_ P, K, 14,0 14.5 16,0 15.3 15.1 15.5 16.0 15.8
6 N_ Py K 14,3 15,9 17.2 18.6 18.3 19.0 18.3 19.0
7 N_ P, K 14,1 15,1 4k.0 15.7  15.9 16.8 16.9 17.9
8 N_ P, K,. 14,4 14,7 15.2 15,3 15.4  16.1 15.7 17.0
9 N_ P, K, 13,7 4.1 b4 14,5 15,3 15,4 15,1 14,5
10 N, P K 13.7 4.4 14,7 15.3  15.0  21.3  15.8 15.5
11 N, P K, U4 4.3 15,8 15.7  17.3  17.2  18.3 19.1
12 N, P_ K, 15.5 16.3  15.8 16.0 4.4 15.2 17.4 18.1
13 N, Py K, 4.1 168 44 15,9 15.2 15.0  15.4 16.3
14 N, Py K 15.4 17.1 16,7 17.6  18.6 19.5 16.6 22.5
15 N, P, K 24,0 24,1 18,5 20.3 20.7 21.4 20.4 16.5
16 Ny Py K 15,4 16.6 22,4 21.7 17.9 20.6 20.2 20.0
17 Nq Py K, 24,1 24,3 16.2 19.6 19.3 19,5 18,3 22.9
18 N, P, K, 22,3 21,7 17.3 17.2 18.6 18.0 16.1 16.L
19 N, P_ K, 4.3 14,6 16.0 14,1 15.1 5.5 154 14,9
20 N, P_ K, 15.6 15.9 17.2 18.6 18.3 19.0 15.0 17.3
21 N, P_ K, 4.4 14,3 15,7 7.4 16.5  17.9  21.3 20.3
22 N, P, K 17.3 20.1  21.9 21.6 17.6 17.2  17.3 17.6
23 N, P, K, 14,0 14,7 14,0 15.9 "16.8 16,5 18.6 19,1
24 N, P, K, 15.1 16.1 22,3 21.7 17.9 20.6 20,2 20.1
25 N, P, K_ 15.0 16.2 14,7 17.4 18,5 18,3 15.2 19.5
26 N, P, K, 14,3 14,6 15,1 15.4  15.9 21,7 24,4 19,4
27 N, P, K, 5.4 17.7 16.9 19.6 16,1 18.5 16.7 18.5

H.D. Horizontal Distance
V.D. Vertical Distance
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APPENDIX I.e

Organic carbon (%)

l \ur—ﬂAg:ﬁ“%___rom_,Q_____18me 270cm
No{ mregtia. ! 0230 30-60 0-30 30-60 0=30 30-60
_§ ment _ >y S __em_ _om _ _om _cm _ _om_
1 N_ P K 0.49 0.45 0,48 0.53 0.51 0,48
2 N_P_ K, 0.51 0,50 0.49 0.49 0.63 0.38
3 Ny Py %o 8.49 0.45 0.55 0.51 0.56 0.52
L N, Py K, 0.51 0.50 0.49 0.49 0.53 0.51
5 Ny Pq ¥y 0.63 0.49 0.39 0.41 0.52 0.33
6 N P, K, 0.56 0.45-0.47 0.46 0.63 0.51
7 N, P, K, 0.50 0.49 0.46 0.43 0.45 0.47
8 N, P, K, 0.46 0.43 0.45 0.41 0.39 0.48
9 N_ P, K, 0.49 0.46 0.53 0.51 0.49 0.48

10 N, P K, 0.49 0.46 0.45 0.53 0.62 0.49
11 N, P_ K, 0.31 0.51 0.69 0.46 0.50 0.49
12 N, P, K, 0.6 0.61 0.48 0.48 0.53 0.31
13 Ny Py K 0.51 0.53 0.49 0.58 0.39 0.39
14 N, Py K, 0.28 0.61 0.3% 0.41 0.45 0.51
15 N, Py K, 0.46  0.44 0.47 0.45 0.51 0.50
16 N, P, K_ 0.50 0.43 0.49 0.41 0.59 0.47
17 w1 P, K 0.51 0.49 0.63 0.53 0.51  0.49
18 Nq P, K, 0.46 0.45 0.49 0.41 0.43 0.48
19 Np Py K, 0.63 ' 0.49 0.59 0.45 0.51 0.33
20 ‘N, P, K, 0.49 0.46 0.51 0.43 0.51 0.61
21 N, 'P_ K, 0.50 0.49 0.46 0.41 0.42 0.48
22 N, P, K, 0.51 0.50 0.49 0.46 0.38 0.41
23 N, P, K, 0.50 0.49 0.33 0.67 0.49 0.5
ob N, Py K, 0.51 0.32 0.48 0.37 0.61  0.43
25 N, P, K 0.47 0.45 0.43 0.39 0.46 0.48
26 N, P, K, 0.49 0.47 0.33 0.63 0.61 0.43
27 N, P, K, 0.52 0.49 0.33 0.39 0.53 0.68

e e e e e — ——— - —

360 cm
0-30 30-60
cemo_o.em
0.41 0.40
0.33 .0.31
0.53 0,51
0.63 0.39
0.53 0.61
0.47 0.38
0.39 0.31
0.3 0.39
0.37 :0.46
0.5 0.59
0.31 0.32
0.57 .0.35
0.40 0.61
0.53 . 0.21
0.47 0.43
0.41 0.38
0.48 0.26
0.56 0.51
0.56 0.39
0.63 0.69
0.39 0.28
0.37 0.43
0.49 0.42
0.32 0.33 -
0.30 0.62
0.58 0.51
0.61 0.28

.D., Horizontal Distance
.D. Vertical Distance
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e - - e m e e e e e e e e m e m
} T\\\<7H°D' _ _90ecm _ _ _180cm 270 cm 360 cm 1
| Mol reat>" 1 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 |
[ [ omemt "N{em o em em em am em om

1 N, P K, 4.32 6.14 4,73 5.21 3.20 4.59 4.11  4.37

2. N_P_K  7.12 4.67 5.13 6.34 8.03 5.92 6.17 5.05

3 NP K, 7.82 5.10 8.36 6.94 5,12 7.93 5.30 - 6.48

4 NP, K 4,12 4.33 5.09 6.26 6.57 7.0l 3.66 5.9l

5 N P, K 7.12 6.34 5.82 8.06 4,36 5.18 6.12 5.08

6 NP K, 7.8 6.32 7.91 8.04 6.19 5.84 4.32 3.9l

7 N, P, K 6.12 5.48 8,10 7.93 6.32 4.51 3.98 6.12

8 NP, K 5.31 8.02 6.13 6.10 7.0l 4.32 6.12 5,92

9 NPy K,  6.21 5.32 4.13  5.46 3.66 6,16 4.78 4.8
10 N, P_ K 6.8 7.13 5,12 5,19 6.82 7.19 3.82 5.16
11 N, P K, 6.42 6.51 7.18 7.82 5.48 7.18 4.80 5.32
12 Ny Po Ky 5,12 4.80 6.12 6.38 7.82 6.42 4.18 6.19
13 N, P, K 6.32 6.40 5.12 5.80 7,32 7.16 5.82 8,10
14 N P K 6.72  5.36 7.81 5.12 6.36 4.82 5.86 6.36
15 N, P, K,  5.81 4,32 6.28 5.18 6.32 7.18 B.06 7.9
16 N, P, K 5.82  4.13 S.71  7.42 5.61  7.36 6.92  6.37
17 N, P, K, 4.92  6.31 4,72 8,13 7.92 6,71 4.82  7.12
18 Ny Py Ky 591 7.13 8.10 6.92 7.36 5.78 5.31  6.84
19 N, P_ K 5.16 6.91 6.42 5.96 6.00 5.80 5.32 6,40
20 N, P_ K 4.92 6.15 7.93 8,00 6.90 5.35 6.10 7.92
21 N, P K,  6.25 7.12 8.40 6.82 5.64 B8.0L 7.64 6.36
22 N, P, K, 7.61 5,22 4,30 6.12 7.22 6.80 5.92 8.06
23 N, P, K, 5.18 4.96 6.73 6.48 5.72 6.89 7.83  6.30
24 N, P, K, 4.82 4.11 5.60 6,12 7.30 7.11 6.82 5.19
25 N, P, K 5,12 4.61 6.32 5.18 6.92 6,12 5,80 5.10
26 N, Py i 5,42 8,16 8.06 7.91 5.43  6.52 7.13 8,16
27 N, Py K, 5.15 7.13 9.21 6.30 3.81 5.20 4.76 6.38

H.D. Horizontal Distance

V.D. Vertical Distance



D el B SN W Y ] 1

vX = Calcium (ppm)

T i |
Mo ~- -vopol—0em . 180om 270 cm _ 360, cm |
' Treat- ™~ 0-30 30-60 0-30 230-60 0-30 30-60 0-30 30-60 !
( ‘ ment S em cm cm cm cm cm cm cm
LoL oo Ne - - e ol ool SRS U o

1 N, P K 39.83 44,81 37.81 39.18 22,17 29.38 51.34 46.71
2 N, P K 22,17 39,38 33.34 29.62 46,14 32,83 24.39 36.74
3 N, P K, 26,32 29,12 34,21 18.67 43,17 36,12 31.55 26.72
4 N P, K 59,25 53,23 72.87 77.89 46.16 51,32 44.83 39,64
5 N, P K 53,31 58,62 81,16 74,89 88,62 72,56 46.61 43,22
6 N, P, K, 31,64 71.24 73,13 39,12 26,83 21,24 36.20 44,13
7 No P2 Ko 38,61 44.83 72.18 81.34 31.64 39.43 29.12 39.81
8 N, P, K 39.64 48,23 89.84 79,63 31,24 47,84 31.93 46,15
9 N, P, K, 22,17 81,64112,6 69.71 29.23 61.84 28,32 26.84
10 N, P K, 21,73 39,16 31.79 41,32 36.66 24.89 39.64 31.37
11 N, P K 22,17 29.13 30.01 32.56 18,23 37,83 39.81 25,89
12 N, P_ K, 30,00 21,17 51.08 21.78 31,81 19,17 29.38 41.31
13 N, Py K 25,13 45,36 78,31, 74.17 54,58 32,30 24.80 28.19
14 N, P, K 32,34 37,81 53.84 51,08 32.39 46,66 29.32 31,92
15 N, Py K, 31,12 39.45 58.19 64,08 28,12 20.64 32,10 24,18
16 N, P, K 41,32 54,83 88,12 72,50 32,50 29,17 19,20 36.54
17 N, P, K; 38,42 46.39 98,53 136.20 46,39 37.84 36.81 21.23
18 N, P, K, 31.37 81.84 .109.24 79,81 51.04 67.8l 46,66 32.59
19 N, P K, 26,12 31,23 21,84 19.63 23,28 29.19 32.13 36.86
20 N, P K 26,84 19,39 21,64 15.79 39.84 38,16 46.16 25.89
21 N, P K, 21,64 32,19 19,64 21.83 36,91 46,84 21,91 29,49
22 N, P; K, 29.12 39.43 53.84 69.82 76,12 39,43 44.72 39.13
23 N, P, K 39,81 41.64 71.89 66,73 36.84 41,96 53.83 51,08
24 N, P; K, 24,21 29,64 48,72 59.64 36.13 23,81 21.81 36.92
25 N, P, K 36.84 71,23116.8 81.33 36.43 49.12 24,21 61.32
26 N, P, K; 48.21 53,84 76.89 84.19 46.73 38.18 29,64 39.32
27 N, P, K, 32.18 46,19 75.87 96.83 56.12 71.64 36.31 29,84

S O ST S T 6 e e S5 Sy S S O e G Ty D S e D e e e G Sy S P Ty S D S ey v s o S 8 e (hm T i v Ay sS4 =g A $ §76 e . e S iy Ay 3 o Sa e s o

H.D Horizontal Distance
V.D Vertical Distance



APEFLNUDIA - 1, 1.

Ex. Magnj—zcium'(ppm)'

1

_

(
(
d

R il et i i T B e S
: mJ\‘\TfﬁbA_ 90, cm 180 cm ___ 270 cm _____ 360 cn_
l [ Treat=x 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
L1 ment >o ] cm cm cm cm cm  cm cm cm
Y N
I x P K .
o "o o 19,13 14.75 18.56 23.32 25.83 27.51 38,13 31.62
2 N P, 30,39 12,51 14,17 12.59 31.28 19.39 22,81 32,14
3 Mo P X 36,61 43,32 19.73 21,28 31.32 24,67 35,82 '26.72
4 N_ P, K 30.01 36.57 31,59 25.82 44,39 21.51 27.50 26.80
5  N_ P, K 36,1 19,53 43.3  26.64 31.81 33,82 30.04 29.8l
6 M, P K, 30,12 21.81 19.84 17.91 14.17 18.54 15.32 ,26.67
7 N P, K 19,18 36.67 21.32 25.89 14,17 18.9 29.12 36.92
8 N P, K  31.20 38.21 23.10 17.84 23.63 12,58 18.02 36.51
© N_ P, K, 14.75 15.80 18.67 13.26 29.38 22.16 32.83 30.64
10 N, P_ K, .17.62 21,39 28.72 36.43 19.21 19.27 13.84 26.13
11 N, P_ K, 21,67 26.83 12.56 20.33 23.67 14.35 15.83 11,83
12 . N, P_ K, 15,84 14.75 19.86 18.56 12,56 43.10 14.96 19.18
13 Ny Py Ky 12,58 18.32 26.67 18.80 14.20 23.67 15,60 12.68
14 N P, K,  14.82 27.51 15.83 26.67 20.33 - 18.54 29.18 30.05
15 N, P, K, 24,59 10.84 23.20 29.81 17.64 18.80 12.52 19.71
16 N P, K 11.84 21.47 36.14 39,79 29.84 23.57 20,53 36.10
17 N, P, K, 18,19 23.40 18.64 19.12 36.83 19,24 31.32 19.90
18 N, P, K,  26.53 23.67 18,50 36.43 21.28 25.89 33.73 25.59
19 N, P_ K, 20.53 16.84 13.82 19,98 16.91 18.94 23,21 29,36
20 N, B K, 19.17 12,54 20.33 18,50 13.81 21.67 31.64 34,92
21 N, P_ K, 16.83 21.64 9.84 13,19 14.75 24.60 18.94 12.56
22 N, P, K, 30.64 31.67 23.57 18.60 15.70 26.82 39.18 25.89
23 N, P, K;  31.67 36.62 25,89 43,30 21.67 19.18 21.24 18.16
24 N, P, K,  18.19 19.64 31.80 18.81 16.69 19.84 36.13 41.10
25 N, P, K 36.64 23.51 21.34 18.32 21,89 19.83 26.64 29.12
26 N, P, K 19.63 21.84 16.32 13.82 8.94 14,98 29.62 24.31
27 N, P, K,  30.00 19.18 20.32 12.56 15.84 14,32 18.60 12.78

H.D. Horizontal Distance
Vv.D, Vertical Distance



APPENDIX - IT
ANOVA TABLE (Water Soluble Potassium)
Source D.F, E.8 M.5.5. r.
N P (Block) 8 211,42 26,42 1,46
. x

Treatments 23 57299.,51 2491.,28 138.17
*

A 1 3189.,57 3189,57 176,90
*

B 3 22125.33 7375.11 409,04
*

C 2 15530.06 7765,02 430.6¢
*

Ax B 3 1007.22 465,97 35,94
*

B x C 6 12084.27 2014.05 111,70
*)

A x C 2 1442.27 721,13 39.99

ARC 6 1530.05 255,00 14,14

Error 184 3317.57 18.03

TOT AL 215 60828,.63

S & = 1,415



APPINDIX — TIIXI

ANOVZ TABLE (Exchangeable Potassium)

SOURC D.F. s.S. M.S.S. F
NP (Block) 8 723,32 90,41 2.97
Treatment s 23 57873,23 2516.23 82.86
.
A 1 2538,13 2538,13 83.58
B 3 25703.69 2567.186 283.15"
x
c 2 11879.69 5939,84 195,60
*
Ax B 3 940.18 313.39 10.32
*
B x C 6 15212.41 2535.40 83.49
*
AxC 2 898,53 499, 26 16,44
Ax B xC 6 600.65 100,10 3.29
Error 184 6587.36 30,36
215 64183.97



APPEINDIX TV

ANOVA TABLE (Non—exchangeaple potassium)

= s e e - e e o T e L R—

SOURCE D.F. S 3 M S s r

N P (Block) 8 9766 1220.75 2,04
TREATMINTS 23 19705 356,73 1.43
A 1 39 39 5.54
B 3 - 4371 A 1457 2.44
C 2 4064 2032 3.40
A X B 3 346 115.33 0.1¢9
B x C 6 9529 1583.16 2.66
Ax B C 2 736 368 0.61
Error 184 109509 596,14

= e - e m o e e T -— -

~__-——~-————__—_——.—~.—-—_—.-_-.—-.-._.—-.



ANOVA TABLE

SOURCE D.f S.S M. S.S. F
Total 26 1.290337 4 ,9628 E-02
Regression - 8 . 1.074175 _ 0.13427 11.18094
Error 18 0.216162 0.012009 '

Testing of regression coefficient

31.61482, SE (b=-2) 19,4533

SE (6-1) = = 17,2408, SE (b-3) =
SE (b-4) = 14,50384, SE (6-5) = 23,6185, SE (b-6) = 20.86004
SE (b-7) = 32.98803, SE (b-8) = 33.23681.

T (1) Values
T (1) - 1.023649, T(2) = -1.380815, T (3) = 1.877182

T (4) = =1.106389, T (5) = .399195 T (6) = 2.805158
T (7) = - .771389 T (8) = 1.458085
Y = 0.6712 -32.3635x, - 23.8064x, + 36.517hx, -160469x, + 9.h284x,

+

58.5157xg - 25.4463x, + 48.&52138
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ABSTRACT

- The present study aims at finding puf the movement
pattern of applied potassium in the long term fertilizer
trial under coconut., The other targets are to find out
the suitable site for soil sampling from coconut garden
for nutritional studies, The investigation is done by
taking surface and surface samples from four sites away
from bole of the coconut palm at 90 cm interval. Of this
the second site éoincides with the site of'fertilizer
application (180 cm away from bole), Tn addition to this,
for finding out the extent of leaching,three profiles
K

were dug at the site of fertilization in the K 1 and’

0!
K, treatments with highest dose of N and P combination.
Soil sambles are collected at 15 cm interval from the
brofiles-qpto 105 cm. Leaf samples ffom 14th frond also
collected simultaheously. These samples are collected
from a permanant fertilizer trial under coconut which

is on going in the coconut Research station, Balaramapuram.

This is a 3° NPK, factorial confounded experiment with

two replications.

Exchangeable, water éolhble and non—exéhangeable
potassium is determined in all the soil samples collected.

'In addition to this so0il seperates, CEC, organic matter,



pH, Calcium content and Magnisium content also found

out.

The water soluble, exchangeable and non-exchangeable
K values are compared among different sites of sampling;
and depths in order to broughtout the effect of application
of potassic fertilizer fof the last 24 years in the soil.
The values of different formé of K is correlated with soil
cbafacteristics to find out the impact of various characters
in the_mobility of potassiumes A multiple linear regression
analysis is carried.-out with the leaf nutrient concentrétion
as a dependant variable and the available K at sampling%points

as independant variable,

A clear conical movement pattern is obtained in caée
of watersoluble and exchangeable K, The non—exchangeabie
K didnot show an increase in concentration as a regult I
of addition of potassium fertilizer, The water soluble;
and exchangeable.K were distributed within the root zone
of the palm. The leaching of K is upto 75 cm from the
surface., It cannot be considered as lost because coconut
has sufficient root distriﬁution in this zone, Higher éoses

of application of K did not move to greater depths than.

that of medium dose.



The mobility of applied K is affected by soil
properties like coarse éand fraction, clay fraction,
CEC and organic matter, 1Increase in sand fraction
increased the.movement K to subsurface layers. But

clay fraction has a negative correlation.

The index leaf K level has a positive cbrrelation
with the available K at various sampling points. The
leaf K content is influenced most by the available K
level at the subsurface layer of second.sampling'site |
(180 cm from bole). Thus, the soil sample for nytrient

analysis should be derived from the 30~60 cm layer of
180 cm away from the base of the palm.
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