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INTRODUCTION

Donnan system represents a colloidal phase surrounded by
an inner seclution containing mainly exchangeable cations, and
an outer soluticn containing only free diffusible ions. The
equilibriunm condition ¢ Donnan system is characterized by
the fact that the free energy of any pair of ions are constant
throughout the systern.

It is well established that the root surface carries fi-
xed negative charge related to pectic and polyuronide groups
and therefore, we can talk about Donnan distribution of ions
between the root surface and soil solution, This distribution
will naturally affcct the uptake of ions by plant roots sincce
the inner active protoplasnic should feel on ions of The outer
membrane and only indirectly upen the ions of the soil solu-
tion.

It must be noted that the frec diffusible arions wouzld
not enter the Donnan system unless the negative charge of the
nondiffusible anions are neutralized by cations. Thus, raisinc
the ionic strength by adding salt to outer solution will sup-

press the electrical negative potential of root surface so

Central Library - Ain Shams University



that anions move throughout the cell well of root To the ac-

tive sites of absorption with much less resistance, The sup-
pression is greater the higher the cation valence and smal-
ler the higher the anion valence of the added salt. Such
suppression is also affected by cation exchange capacity of
plant roots. The positive effect of salt on ion uptake 1s
usually referred as "salt effect”.

Also one of the essential characteristics of the Don-
nan system is that dilution of this systen i.e. by increas-
ing moisture content of the scil favours the adsorption cof
polyvalent cations and the desorption of polyvalent anions.
Thus, the ratio of anion a2ctivity irside/anion activity out-
side ig smaller in @ilute system anmd the differedces is sup-
pressed at = given solution activity. beingz creater the high-
or the cation valence ané smaller the kigher the anion va-
lence,

The oin of this investigaticon was to study the "sal®
ctfact" as well as "diluticn effect” in relation te anion
uptake accerding to Donnan syster in view of Hattéon’s theo-
retical curves using different ratios of cation and anion va-

lences. Experimental data prescnteé in this investigation
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will discuss tne validits of suck the

ané soil system as indicated by the uptak

for macrTo- and micro-nutrients narmely, nitrate, phosphate
and borate.
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11 REVIEW OF LITERATURE

The effect of salt on anion uptake by plants was investiga-
ted by many workers. The literature concernming this sub-

ject will be reviewed under the following headings.

1. Anion uptake in relation to salt effect:

Minotti et al (1968) found that caleium salts have a
beneficial influence on initial nitrate uptake by roots,
while the continual potassium was apparently beneficial in
nitrate transport, El-Gabaly ané Wiklander (1962) reported
that the uptake of nitrate was influenced by the concerntra-
tion of soil solution. Moustafa (1974) studied the effect

cf Aifferent salt trocotments an nitroser content of both

Toué that the uptake of nitrogen senoralls increascd with
incrsasing the concentration of salt treatments up to

3 10_5 K. In all salt treatcents “he concentration of
1079 3 CaCl, gave the highest increase in N-uptake by
plants, The effect of different salt treatments on N-uptale
was generally rclated to their effsct to decrease the nega-

tive potential of plant roots,
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A1i et al. (1971) reported that nine calcium salts

{calcium carbonate, dicalcium phosphate, calcium oxide,
calcium sulphate, calcium sulphide, calcium sulphite, cal-
cium nitrate, calcium acetate and calcium citrate) increased
the availability of soil nitrogen. In highly acid soil, the
application of calcium carbonate gave the maximum availabi-
1ity of soil nitrogen whersas the addition of calcium ace-—
tate has been found to give maximum availability of nitro-
gen in slightly acid soil,

HMattson et al. (1949) reported that the addition of
neutral salts increase absorption of phosphate by plants,
This effect is explained on the basis of the Donnan distri-
bution of ions. The rresence of szlts makes possible a

-

higher concentration oI phosphate in the electronegative
pecting root membrane, which has strong acidoid properties
and a high cation exchangzaziliity. The protoplasc membrane
is nourished directly from the outer rcoot membrane and the
uptake of nutrients depends on the composition of this out.-
er membrane, Moukhtar (1972) reported that the uptake of
phosphate by barley plant generally increased with increas-

ing the absorption of various tested cations relative to

that accompanied anions.
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Ferguson and Hedlin (1963) found that phosphorus up-—

take by barley increased with increasing salt concentra-
tion. They attributed, however, this relationship to the
effect of salt on the physiology of plant rather than salt
effect on P solubility.

Mattson (1968) established some theoretical curves
showing the relation between the ratio of anions activity
in the inside soil solution to its activity in the outside
solution as a function of solution concentration, These cur-
ves show that the anion activity ratio (3/%) i.e. the ratio
of the anion activity in the inside soil solution to that
ir the outside solution is suppressed by increasing activity
ol solution. The suppression béing greater the higher the
cation valence and the lower the anion valence.

Mattson (156657) studi:d the effect of increasing calciux
chloride activity added to the soil on phosphate uptake tr
plant. The uptake of phosphate was higher with increasing
caleium chloride concentration. These results were explain-
ed as a "salt effect" which tends to even out the difference
between the phosphate activity in the soil sclution and the

inside solution associated with the plant root.
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Moustafa (1974) studied the effect of potassium chlo-
ride, potassium sulphate and calcium chloride on Donnan dis-
tribution of phosphate in sand culture. Results showed that
the uptake and percentage of phosphate in roots and shoots
of several plants increased with increasing salt concentra-
tion from 10°% to 3 x 1077 K. This effect was greater the
higher the cation valence and smaller the higher the anion
valence. The increass in phosphorus uptake was higher in
broad bean than in barley plant.

Abdou et al. (1972) studizd the effect of two salt
levels of each of chloride, sulphate and carbonate of cal-
cium, magnesium, rotassiuz end sodium on the phosphate con-
tent of rye grass. They fourd that increasing salt level in-
creased phosphorus content of the roots, with exception of

magnesium salts. The increase teing greater the higher the

I..)
I—f
o]
H
cf
8}
A

cation valence and sza trhe nisher the anion valencc.

The effect of salt treatments on the phosphorus content of
the shoots was different from that on the roots., They also
found that only calcium salts gave measurable increase in

the phosphorus content, While magnesium sulphate and magne-

sium carbonate showed slight increase; magnesium chloride
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reduced the phosphorus content., Othcr salts used either re-

duced phosphorus content or had no effect. It was suggested
+that the increase in phosphorus content of roots was mainly
due to the increase in phosphorus concentration in Donnan
free space.

Robson et al. (1970) found that differences in beha-
viour of divalent cations from that of monovalent, regard-
ing the phosphate uptake by investigated plants, To be due
to variations in the more screening of electronegative
charges near the sites of absorption for divalent cations,
thus increasing their number of sites accessible to the
anions,

Tranklin (1971) founéd thot the ewcised roots of ien
vlant species pretreated with calecium chloride or alononi-
um chloride absorbod large ameunts of chloride and sulphet:s
than potassium chloriic pretreatsd roots; the mearn incroass
in uptzle for zll species was over 800% for milphate an!
about 55% for chloride and was correlated with total uptal
of sulphate and chloride by the polyvalent eation wretreTol
roots. He also found that P uptake increased with increas-—

ing ionic strength of the abscrption solution with KC1 to
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and Al

102, Effect of ionie strength and Ca

were thought
to be associated with 2 reduction in the negative charge on
root surface and the resulting effect on ion diffusion
througk the cell wall.

El-Gebaly (1962) studied the effect of the valence of
the associated cation on C1 uptake by excised barley root
grown in CaSD4. He founé that the uptake of chloride rela-
tive to that of the associated cation increased in the or-
der, trivalent > divalent > monovalent, These results were
explained on the expected effact of the cation on the nega-
tive charge and potential of root surfaces. A lyotropic or-
der was onserved in cass of wonovalent cations, whereas di-
valert cations showed no such order., Thc order cbserved in
Cl uptake fror chloride solutions of monovzlent cations is

associated with thre ability of the absorbed cation te re-

[a]

move Ja and Mg from trs rocts. El-Gabaly and Handley (19€2)

N

+
Al

found trhat a greater Cl uptake from the resin ~aCl sysuoem

¢

than from the Hall filtrzte and 1little or no difference bo-
tween the resin Call, system and CaCl, filtrate. Thesc rs-
sults are explained con the basis of an interaction between

the negative root surfaces and the positively charged Tesin
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