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AVEBSTRACT

K inteasity decreased with cropping ar all phlevels, reflecting that Koin soil solution was absorbed
Svoarass grown on the soils. Uptake of Caoand Mg inereased progressively with inereased rare of Ca and

e oapphication, The inerease in uptithke of Caoand My was associated with decrease in K uptake.  Lincar

rolnonship existed between Koand ak/y Gt Mg indieating that K uptake was largely regulated by cquili-

brum aetivity ratio of Ko The uptake of Ca and Me was lincarly related 1o \/;-1( Al G TAEe and
A Mo v aGa M, respectively concluding thae uptike of Caand Mg was controlled by the square
.t the respective activity ratios.  The linear relationship between the Ca uptike and ‘\/:l(,’n_'\/.f( i .\_‘I_L-:_

Bk and Mg aptake and 4/ aMg/v/aCa Mg ¢ Bk demonstrated

= sal,

the existence of jon antizonism

INTRODUCTION

Though there is as yet no generally recognised view of the mechanism of ion up-

take by roots which would allow a definite soil function to be identified as the quantity

controlling the uptake, the concepts of chemical potential and activity have been much
usced in this regard during the recent times (). The ‘total activity’ (") and electrochemi-
oughout the soil solution system s dependent upon the total
concentration of the solution (2 3).

cal potential(!%) of an ion thr

Although the chemical potential of the ion on the

solid phase is taken to be constant vet, it cannot be measured., tenee, the adoption of

activity ratios as a measure of the difference between the chemical potentials of two  diff-

crent tons in the soil is suggested(2).  In carlicr works, the ratio QIKI\/LT(:il-:-‘X]:Q in soil

solution was related to crop response from K dressing('%), or to K uptake(!).  The ratio
-

“Isr]/[Ca] was also corrclated with the corresponding ratio in plants (1), v aMg/ 4/aK

was tound to be poorly correlated with Mg in crops(®).  The Mg concentration in orass

was found to be lincarly related o ViaMgfyZaCa b Mg ¢ B. aK on cropping a range of soils

with ditferent exchangeable K, Ca, Mo and soil pH). However, no such relattonship
was tried between Ca and other cations.

Green house and laboratory experiments were carried out to study the relation-

samps bewteen (i) aKf4/aCa i-Main soil solution and K uptake ;o (1) y/aMyg/yaCa @ Mg
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in soil solution and Mg uptake; (iii) v/ aCaf+/aCa+Mg in soil solution and Ca uptake ;
(iv) v/aMg/4/aCa+-Mg+ B.aK in soil solution and Mg uptake and (\')\f'n_Cn,’\/_:tC:t-}u\[g
-B.ak in soil solution and Ca uptake by lawn orass.

EXPERIMENTAL

Alaterials azd Methuds @ Two o soils (0-15cm from surface) representing  the Tejgaon and karail
scries were collected from two rice growing areas of Bangladesh.  Some of their physical aad  chemical

properties are presented in Table [,

TABLE 1

SOIL CHARACTERISTICS

1z>cehangeable cations

USD.1 (e 1002)
Sails taxanony pif Texcture Q.0 —_
e K Cu Mg
Tejgaon Typic 4.0 Clay 0.542  5.12 65.20  24.24
paleudalts
Karail Fluvaquentic 4.5 Clay 3.923 6.12 137 .60 26.40

haplaquept

Green bouse experiment © 350 gins  of air dry soil were taken in five inches diameter plistic pots
arranged in 4 completely randomized design in triplicate.  As the soils were acidic in reaction, they werce
limed with a set amount of CO3~ —using different poriions of CaCOz and MgCOj3toobtain seven exchange-
able My:Ca ratios  trom 2 to 40(Table 11). 60 mgms of P and 57 mgms of Nin the form of diammonium

TABLE 1II
Rar1os oF Ca AND Mg AND CORRESPONDING pH or sou. -
Treatment Mg : Ca R —— __J‘fi!_ffi__ ——— e
ratio Before crapping After cropping
Togan  Karaidl  Tggem  Keraid

1 o 4.0 4.5 36 4.0

2 2:40 4.5 0.0 4.1 4.4

3 1:20 5.0 5.8 4.7 3.1

4 1:10 5.6 6.0 el 5.5

5 1:5 6.0 6.5 5.4 St

6 1:2.5 6.5 6.9 5.6 6.0

7 1:1 T T3 5.8 6.2
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hydrogen phosphate were added to each put.  The sails were brought to their field

capacitics and  then
allowed to settle for a week so that the soils artained differer pli. |

AW gTass was grown at the rate of 0, 30
of sced per pot . The grasses were et every month

rate. of 50mg N per pot was added after each cnt.
The roots left in the pots were also analyzed.,

alterwards leaving a0 2 em stabble, NHgNOy a1 the

The harvested grasses were dried BOC for 16 hrs.
Laboratory analyses © "The soils were samipled to the tull depth of each pot (four cores per pot) atier
each cut and equlibrium ratios were determined immedintely using CaCla evuilibrium method of
deen and Dey(13). pll of the suspensions was measured by

ratios of the soils were determined by following the method «

Talibu-
a Pye glass clecrrode pl merer.
of Mathews and Beckert(8).

crnatant solution was determined by a Unicam sp 900 flame photometer and Caoand My by titrtion with
EDTA.

The activiry

The K in the sup-

Exchangeable K,Ca and M were determined be
using tube method of Mattson(?). K, Ca
flame photometer,

fore and afier cropping by leaching with N LiOA¢
and Mg in the extract were measured by o Unicam 812 900

Mechanical analyses were done by Hydrometer method (1o
the USDA(16) method.

water ratio of 1:2.5.

and the textures were determined by
The pH of the soils was determined by a Pye glass clectrode pll mcter ar a soil
Organic carbon was determined volumetrically by w
Plant and root analyses - Samples of plants and

perchloric acid(19), K, Ca and Mg were measured by

et-oxidation methad (17),
roots were wet digested  with nitric acid and
a Unicam 5P 960 flame photometer.

RESULTS AND DISCUSSION

(1)  The relationship between the aK{\/aCay A Ig
of cropping on the cquilibrium activity ratios and the
sented in Tables IIT and IV. From the tables it
activity ratio of K and the concentration of K in tl

of soils and uptake of K: The cffect
uptake of K by lawn grass arc pre-
is scen that both the cquilibrium
1 acrial vegetative portion and roor of
grass were affected during cropping. The K intensity ranged between 2.0 to 6.5 - 103N 2
and 4.5 to 8.95 X 103M% in the Tejgaon and Karail soils, respectively before cropping,
These values were 1.47 to 3.63and 0.74 to 1.88 % 103M 4

1 I i .
and 0.82 to 2.49X 16M? in the Karail soils during the
G

in the Tejgaon and 2.92 to 6.06
periods of cropping  Table 111
rass accumulated 4.32 to 7.6 and 4-49 to 6.78 mg of K per 100g of soil in the Tej
and Karail soils, respectively. The correlation co-cfficients between equilibrium K activity
ratios of soils and corresponding uptake by lawn grass showed th
significant at various levels.

faon

at the relationships were
The possitive correlation co-cflicients suggested that with the

increase in ARK® values of the soils the uptake of K also increased.  To further substan-

The distribution of observed K uptake
by grass during the growing period of three months fell very close to the reg

drawn from the expected uptake of K and AN/ ARG My of the soils (Fig. Ta). It was.

therefore, concluded that uptake of K by plants was regulated by the K activity of the soils.

tiate this, linear regression analyses were made.

ression line

(1) The relationships between (a) A/ aMgfr/aCa | A Lg of soils and My uptake and (by \/ aCal
\'aCa+-Myg of soils and Ca uptake : Recent works have shown that Mg concentration in

grass was linearly related to \/;{qu\/qCa_-}TKIE Such relationship with Ca has not been

tried clsewhere, To calculate these relationships the activity cocflicients of Ca and Mg
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were needed. Unfortunately no such data could be found. An attempt was, therefore,
made to calculate these coefficients.

N
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Fig. 1. Relationships between (a) K uptake and ak/4/aCatXNg ; (b) Mg uptake
andy/aMgj+/aCa+ Mg ; I, 1I and III indicate the regression lines for the different
stages of cuttings.
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TABLE III A

AVERAGE EQUILIBRIUM ARK VALULS AT DIFFERENT CUTTINGS

Sarls Tejgaon

Treatments 1 _ 2 3 ) :1. 5 6 7

Before cropping 6.5 5.5 5.0 4.5 3.5 255 2.0

During TIst cut 3.6 2.7 2.4. 2.0 1.9 1.4 1.5
i 2nd cut 2.6 2.2 159 1.5 150 0.9 0.8
i 3rd cut 1.9 1.6 13 1.0 0.9 0.8 0.76

Soils Karail

Treatments 1 2 3 4 5 6 7

Before cropping  8.95 8.50 7.75 725 6.25 575 4.50

During 1st cut 6.06 5.42 4.91 4.01 3.98 3.26 2.92
»w  2nd cut 4.21 5.53 3.03 2.56 1.83 1.62 1.41
»w 3rdcut 2.49 2.36 2,07 1.36 1.06 0.94 0.82

Activity cocfficient is calculated as follows(%),
log fi= —a.Zi2. 1%
Where, a=o.509 at 25°C
Z=valency of ion i )
— in
I=ionic strength of the solution= _’;Z o om; Z2
i
where, m;=molality of ion 1.
The above equation is applicable only up to ionic strengths of o.o1 or thereabouts i.e.
approximately for soil solutions not more than o.oo3M.

The activity coefficients for CaCl, and MgCl, differ very little up to I=o.1 and by
only 29, up to I=3 (5). Little error is likely to result if fMg-l-Ca is calculated taking (Ca
-+Mg) as a single ionic species behaving like Ca.

Taking this fact into consideration, the activity cocflicients for Mg was calcula-
ted and as the activity cocfficients for Ca and Mg differ very little the values for Ca were
also determined by taking the values for Mg. The resvlts obtained arc presented in Table V.

The square roots of activity of Mg and Ca for the Tejgaon and Karail soils corres-
ponding to the 1st, 2nd and 3rd cuttings are presented in Table I1I. The wvalues increased
with the increased addition of Mg and Ca in the soils.  The uptakes of Ca and Mg by lawn
grass increased progressively with increasing rates of Caand Mg application as well (Table V)
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TABLE 1III B

VALUES oOF THE SQUARES OF A/3aMg// aCa T} Mg; ~/aCaja/aCatMg; +/aCafy/aCatMg
+B.aK anp 4/ aMg/4/aCaF Mg+ B.aK at DIFFERENT CUTTINGS

Soils Tojgaon
Treatments 1 2 3 4 5 6 7
S e 1st cut 9.97 10.1 10.1 10.3 10.5 10.5 10.6
V/iMR[y/ iCaF Mg
2nd
. — nd ,, 10.23 10.3 10.5 107 10.8 11.4 11.4
3rd ,, 10.72 10.0 10.1 11,2 11.3 11.5 11.8
— T e, Ist cut 8.9 8.9 8.9 9.0 2.1 2.2 9.3_
‘\/:1(]:\[‘\/5!():1 -+ Mg
2
at AlFcieas ce nd ,, 8.6 8.7 8.8 8.9 9.0 9.2 9.2
3cd ,, 8.7 8.9 8.9 9.0 9.1 2 9.5
= I 1st cut 219 33 3.7 4.1 4.7 5.4 5.8
v/ aCaf4/aCa+ Mg+ B.2K
2nd 2
at different cut Bk v 2.9 3.4 4.1 4.7 5.5 6.2 6.6
3rd ,, 3.7 4.6 5.4 6.2 T2 7.9 8.4
. s e 1st cut 3.3 3.9 4.3 4.7 5.4 6.1 6.6
v/ aMg[/aCaF Mg+ B.aK
; 2nd ,, 3.5 4.1 4.8 5.6 6.6 7.6 8.1
at different cut
3rd ,, 4.6 5.7 6.5 oy 8.9 9.8 10.4
Snils Karail
Treatments 1 ¥ 3 4 5 6 7
— I 1st cut 10.7 10.4 10.4 10.5 10.6 10.9 11,53
4/ aMg[+/aCaT Mg
] 2nd cut 9.9 9.7 10.4 10.6 10.6 10.7 11.2
at different cut
3td cut 10.44 10.4 10.8 10.9 11..1 11.1 e 0 W
Lo e 1st cut 8.6 8.8 8.8 8.8 9.1 9.2 5.3
4/ aCajy/aCa+Mg
2nd cut 8.4 8.4 8.8 9.1 9.2 9.3 9.5
at different cut
3rd cui 8.8 8.7 9.0 9.1 9.4 9.4 9.7
_ 1st cut 3.8 4.6 4.8 5.1 5.8 6.3 5.5
4/ aCa/4/aCat Mg+ B.aK
2nd cut 3.1 3.7 4.4 5.1 5.8 6.3 7.0
at different cut
3rd cut BT 4.2 4.7 5.9 6.6 T 8.0
1st cut 4.5 5.4 5.7 6.0 6.4 7 ) Tl
‘\/am?;f'\/a_Ca"—i—Nig-}-B.aK :
2nd cut 3.7 4.2 5.2 6.0 6.7 3 8.3
at different cut
3rd cut 4.5 5.0 5.7 7.1 T8 4 9.6
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TABLE IV

Uzraxe OF K, Ca AND Mg AT DIFFERENT CUTTINGS

Sacis Tejgaon

Treatments 1 2 3 4 5 _6 T
K upuake, 1st cut 7.6 6.6 6.2 5.8 5.4 4.6 4.3
=g '100g of 2nd ,, 3.9 3.6 3.1, 2.7 2.2 2.0 1.8
soel at
v 3rd ,, 1.6 1.4 1.3 0.8 0.6 0.5 0.4
ccnings Root 0.5 0.5 0.4 0.3 0.2 0.2 0.1
Ca uptake Ist cut 2.4 2.6 2.9 3.2 3.6 4.0 4.5
=g '100g of 2nd ,, 9 1.5 1.8 1.9 2.3 2.7 2.9
Blresit Ird o 0.7 0.9 0.97 0.99 1.3 1T 1.98
curings Root 0.7 0.74 0.74 0.85 0.94 0.98 0.85
Mg uptake, 1st cut 1.2 1.3 1.5 1.6 2.2 2.4 2.8
mg/100g of 2nd. 0.75 0.82 0.85 1.1 142 1.4 1.5
s g 3ed ,, 0.52 0.62 0.83 0.91 0.91 0.98 1.09
different
cuttings Root 0.51 0.53 0.56 0.61 0.64 0.75 0.72
Soils Karail -

Treatments 1 2 3 4 5 6 7 o
Kl 1st cut 6.7 6.3 5.9 5.6 5.2 4.9 4.5
mg/100g of 2nd ,, 4.1 3.8 3.5 3.2 2.8 2.6 2.3
50 ot 3d ,, 2.0 1.9 1.9 1.4 1.2 1.0 0.85
different
cuttings Koot 1.2 0.8 0.6 0.4 0.3 0.3 0.24
Ca uptake, Ist cut 3.3 3.9 4.0 4.3 4.6 5.0 5.2
mg/100g of 2nd ,, > &8 1.9 2.3 2.8 3.2 3.4 3.5
soil at 3ed 04
Siteissis d ,, 0. 0.97 0.98 1.2 1.6 1.7 2.1
cuttings Root 0.73 0.77 0.78 0.84 0.89 0.94 0.97
Mg uptake, 1st cut 2.1 2.8 2.9 3.0 3.2 3.6 4.2
mg/100g of 2nd ,, 0.75  0.97 1.08 1.3 1.6 1.9 2.6
soil at
e - Jrd ., 0.56 0.74 0.87 0.98 1.13 1.14 1.8
cuttings Root 0.63 0.65 0.65 0.73 0.78 0.84 0.93
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The wvalues for Ca ranged between 5. 14 and 1o, romyg per roog  and 6.66 and 11.83
mg per 100g in the Tejgaon and Karail soils, respectively. The corresponding values for
Mg were 2.96 to 6. 17mg per 1oog and 4.05 to g. s9mg per roog, respectively.  The up-
take of both Ca and Mg was higher in the Karail soil. This was rclated to the higher
amount of native exchangeable Ca and Mg in this soil. The uptakes of Ca and Mg by
harvested grass grown on the soils declined steadily with the numbers of harvests at all
the treatments. Correlation co-cfficients between the activity ratios of the ions and their
uptake at different stages were calculated. The ‘¢ for Mg uptake with the square root of
its activity ranged between .91 and o.99 in the Tcjgaon soil and o.82 and 0.96 in the
Karail soil. Lesser values were found for Ca in the Tejgaon soil. The values for the
Karail soil was as before. TLinear analyses also showed similar trends (Figs. 1b and 1c).
It was, therefore, concluded that uptake of Mg was greatly and that of Ca was gencrally
regulated by the corresponding square roots of their activity ratios.

TABLE V

ACTIVITY CORFFICIENT RATIO FOR Ca or My (FCa or MyjfCa + Mg} v 0.0IM CaCla souion

Concentration o f Cu or Mg mefLL Valnes of fCa or Mgl fCa - A lg
0.5 1.7024
1.0 1.7048
3.0 1.7144
4.0 t.7192
5.0 1.7230
10.0 1.7460
50.0 ' 1.9300

Similar results were obtained by Salmon(12) with Mg, but for Ca this was probably
a new relationship.  The uptake of Mg depends on the exchangeable K, Ca and NH, con-
tents and on soil pH as well as the exchangeable Mg (12). tovland and Caldwell (®) found
thatv/aMg/v/aK in soil solution Was poorly correlated with Mg in crops. However, they
did not account for the variation in other cation activitics.
(1) The relationship between the uptake of (a) Mg and +/ aMgl~r/ afm@—i—&qf\’ and
(b) Ca a;:a’\/éCa'f\/‘;Crr_:}_—W[E—f- B.aK in soil solmtion : The relationship between the Mg or Ca
conteat of the lawn grass grown on the soils that varied in their Ca and Mg levels, and
the function of the ion activitics in cquilibrium soil solution were calculated by following
Salmon’s(12) technique (Table I11).  The correlation co-cflicients calculated between Mg in
grass and \/aMgh/aCa-fMg—f-B. aK in soil solution were ©.84 to 0.99. Trom the regres-
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sion analyses it was found that the Mg concentration in the plant was proportional to
\/m‘gﬂfx/ﬁ_@lﬂ—}?l\dg—}- B. aK or per cent Mg « V'WQ\/:I_CT—}:\‘IE(I{I-‘,*B.RK,(\/EC;—TN[E),_
where, aMg, aCa- Mg and aK are the initial ion activities calculated from the cor
tion of the equilibrium soil solution and B is proportionality factor which is, in part,
determined by the propertics of the particular plant. The value for proportionality factor
B is given by

nposi-

Bl o 2% [(aK//aCat M)
[Cﬂ"f‘l\{g]plant -

solution

and it expresses the relative ability of K to compcete with C

aand Mg — assumed to be the
dominant soil cation-uptake process.

The regression analyses (Fig. Id) showed that introducing the K-activity function
in the denominator accounted almost quantitatively for the effects of varying soil K. The
results showed that the K-Mg antagonism was the result of ionic competitio

n in the soil
solution. The expression,

v/aMgfaCa+Mg (I/I+B. aK/[y/aCa-F Mg)
X Y

that described Mg availability as the product of the two component terms which Sal-
mon(!2) referred to as X and Y. The term X was largely dependent upon the exchangea-
ble Mg content of a soil and a mecasure of the intensity with which Mg was available
in relation to the predominant soil cations. Although '\/ﬁﬁg]\/m{{—g' was almost
directly proportional to the exchangeable Mg content of a soil, the Mg concentration in-
grass was proportional to the square root of the solution ratio. So, to double the Mg in
grass the exchangeable Mg must, in theory, be quadrupled. The term 1 deals with the
cffect of ‘antagonistic’ cations which may be only a small proportion of the total soil
cations, but still compete cffectively with Mg in the uptake process. The competitive
abilities of ions (in this casc potassium) could be taken into account by appropriate pro-
portionality factors, determined for a given set of growing conditions (K;'\/C:{:,':Mg) in
plant](al{]\/m_é) in solution. Term Y was independent of term X, but its effect on
Mg uptake depended on the exchangeable Mg content, because increasing the value of
X also increased the differences between X and XY. This cxplained why K decreased
the Mg content of grass more when much Mg was present.

Correlation co-efficients calculated between Ca uptake and f\'/;f(_j]\,/ﬂc;QTMg
+B. aK in soil solution ranged betweeno.grand o. 99 except for the rootin the Tejgaon soil
indicating that the Ca content in grass was closcly related to \/;T(f;/\/'ﬁ'c'a'_é_mg_f_ﬁ_ﬂ\-_
Lincar regression analyses clearly demonstrated that theredwas a straight line relationship
between them suggesting ionic antagonism between Ca and other cations (Fig. Ic).

[7—
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