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EFFECTS OF PHENYLMERCURIC ACETATE AND WATERLOGGING ON
LEPTOCHLOA FUSCA (L.) KUNTH (KALLAR GRASS)
Part II. Salt Relations
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Studies were conducted to characterise Na* and C1- extrusion by the leaves of 'Kallar' grass
subjected to treatment with phenylmercuric acetate (PMA) and to various moisture levels in the soil.
Application of PMA did not have any substantial effect on the extrusion of Na* and C1- by the 'Kallar'
grass leaves. The amounts of Na* and C1- extruded by the leaves substantially increased 72 hours after
treatment with increasing NaCl concentration in the medium both at flooding and at field capacity.
However, this trend was reversed at water deficit. Low availability of water seems to have affected
transport of salts to the leaves and their subsequent extrusion.
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INTRODUCTION

In time sequence studies in solution cultures, net
uptake of Na* and Cl- by 'Kallar' grass over the NaCl
concentration range from 10-200 mM was not proportional
to the NaCl concentration [1]. However, Na* and C1-
concentrations in the tissue increased progressively with
time over the period from 6 to 144 hours at each
concentration of NaCl. The net transfer rates for Na* and
CI- in 10 mM NaCl were reduced from 6 hours onwards
[1]. At high salinity (100 mM NaCl), transfer rates of both
Na* and C1- increased slightly from 6-24 hours, and
thereafter remained fairly constant. Leaves of the plants
grown in low NaCl extruded Na* and C1- in the same way
as those in high NaCl and the extrusion had already started
after 6 hours of root exposure to low salinity. Extrusion in
'Kallar' grass seemed, therefore, not to be specific to high
concentrations of Na* and Cl- in the leaf tissue.

The present experiment was designed to define the
nature of extrusion by following salt absorption by 'Kallar'
grass and the extrusion of salts by the leaves in relation to
the effects of phenylmercuric acetate (PMA), an antitrans-
pirant, on the leaves and the effect of waterlogging and
water deficit on plants grown at two concentrations of NaCl
in the soil.

MATERIALS AND METHODS

(a) Plant culture. Sets of plants were raised from nodes
of 'Kallar' grass stem, grown in 1500 g Faisalabad sandy
loam soil (Clay = 6.8%, silt = 10.5%, sand = 82.7, EC, =
2.2 mScm™) and given nitrogen and phosphorus as nutrient
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solution at the rate of 60 kg/ha as urea and 18 kg/ha
phosphorus as (NH,)H,PO,. Three moisture levels used
were: field capacity (F.C. 25% moisture), flooding (2 x
F.C.) and water deficit (1/2 F.C.). PMA and NaCl were also
applied as described elsewhere [2-12]. In one set of plants,
rates of transpiration and relative water contents of 'Kallar'
grass leaves were determined, with these results [2]. In
another set of plants treated with PMA and NaCl, the
leaves were washed with equal quantities of distilled water
at 24, 72 and 144 hours after the NaCl treatment were
imposed. Washing of the leaves (6 ml/plant) was done
while they were intact and the plants grew in the pots [3].
The leaf washes were analysed for Na* and K* on a
Corning 400 flame photometer and for CI- on a Corning
920 Chloride meter.

The plants were harvested and fresh weights of the
above ground parts were taken. The roots were removed
from the soil, washed in tap water and distilled water, dried
between folds of tissue papers and weighed. The roots and
tops were then dried in an oven at 70°. The leaf blades were
separated from leaf sheaths and dry weights of all plants
parts were obtained.

(b) Analysis. Plant material, to which CaQ had been
added at 25% of the weight of plant material [4] was dry
ashed in a muffie furnace at 500° for 3 hours. The dry
ashed plant material was dissolved in 0.5 M HNO, [5] and
analysed for Na*, K* and CI-.

RESULTS

(a) Extrusion of sodium, chloride and potassium by
leaves. The amounts of Na*, K* and CI- extruded by
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'Kallar' grasss leaves at 24 hours following treatment with
300 mM NaCl were more or less similar at all moisture
levels i.e., flooding, field capacity and water deficit (Table
1).

Table 1. Effect of soil water supply treatments on total
amounts of Na*, K* and C1- (m-moles/plant) in leaf
washings of Kallar grass at 24 hours after treatment with
300 mM NaCl.

Total amount (m-moles/plant)

The amounts of Na* and CI- extruded as a percentage
of the total plant contents in leaves treated with PMA,
were, in general, similar to those in the leaves which were
not treated with PMA both at 72 and 144 hours following
treatment (Tables 2, 3). The amounts extruded at 72 and
144 hours were, however, significantly higher than those at
24 hours (Table 2).

At 10 mM NaCl, absolute amounts of Na* and CI
extruded by the leaves were generally similar at field
capacity and water deficit, but they were substantially

TICAmENS Na* K Cr lower at flooding. The amounts of Na* and CI- extruded by
Floodi the leaves during leaf washing increased at 72 hours with
Field g . 222 234 522 increase in salinity of the root medium from 10 to 300 mM
V:,zmrcgggi‘itty S ;gg 2:22 NaCl at flooding and field capacity (Tables 2, 3). However,

this trend was reversed in the water deficit treatment. Low

Table 2. Effect of soil water supply treatments and PMA on the total amount of Na* (m-moles/plant) in the leaf washings,
leaf blades, leaf sheaths and roots of Kallar grass grown in pots at NaC1 concentrations of 10 and 300 mM.

- PMA + PMA
Tops Extrusion Tops Extrusion
Treatments NaCl Leaf Roots Total  as% total Leaf Root  Total as% total
(mM) washing Blades Sheaths contents  washing  Blades Sheaths contents
At 72 hours

Flooding 10 7.4 259 143 255 1730 10.1 6.8 24.0 164 149 62.0 109
300 15.2 329 18.0 242 752 20.2 9.6 217 134 212 65.9 14.6
Field capacity 10 19.0 33.0 223 149 89.1 21.3 22.4 35.7 17.8 140 89.9 24.9
300 29.2 40.5 24.9 284 937 31.1 39.0 324 219 267 1200 325
Water deficit 10 13.7 24.2 16.9 122 669 20.5 11.5 139 12.9 9.0 47.0 24.4
300 55 25.0 21.7 245 758 T2 8.2 22.7 255 238 80.2 10.2

At 144 hours
Flooding 10 12.7 27.2 112 113 624 20.3 10.8 30.2 146 167 721 15.0
300 27.4 47.0 21.5 165 1124 24.5 32.0 48.7 235 187 1237 26.5

Table 3. Effect of soil water supply treatments and PMA on the total amount of CI- (m-moles/plant) in the leaf washings, leaf
blades, teaf sheaths and roots of Kallar grass grown in pots at NaC1 concentrations of 10 and 300 mM.

o - PMA + PMA
Tops Extrusion Tops Extrusion
Treatments NaCl Leaf Roots Total as% total Leaf Root  Total as% total
(mM) washing Blades  Sheaths contents  washing Blades  Sheaths contents
At 72 hours
Flooding 10 104 34.9 16.4 264 88.0 11.8 8.4 26.0 320 173 83.8 10.0
300 15.8 48.8 39.4 155 1195 13.0 155 27.1 353 175 953 16.3
Field capacity 10 18.4 31.7 271 9.0 862 21.3 20.1 20.0 36.1 189 95.1 212
300 224 50.0 36.4 313 1400 16.0 439 51.6 582 228 1764 24.8
Water deficit 10 13.4 38.6 26.2 11.2 894 15.0 123 27.4 240 155 79.2 15.6
300 4.8 283 41.4 209 954 5.0 7.4 342 40.0 16.7 98.4 7.6
At 144 hours
Flooding 10 15.0 19.2 344 262 948 15.8 14.4 27.6 327 114 86.0 16.7
300 27.1 91.7 37.3 14.1 1702 15.9 34.0 99.6 293 209 1839 18.5
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availability of water may have affected the transport of salt
to the leaves, thus affecting its extrusion.

An increase in time of exposure to the flooding
treatment from 72 to 144 hours increased the extrusion
during leaf washing of Na* (Table 2), C1- (Table 3) and K*
(Table 4). The amounts of extruded ions were higher at
field capacity than at flooding and water deficit both under
low and high salt levels (Tables 2, 3).

(b) Tissue concentrations. The concentration of Na,
Cl' and K* in various parts of PMA-treated plants were
similar to those in plants which were not treated with PMA
(Tables 2, 3, 4).

Sodium and chloride. The amounts of Na* and CI- in
the leaf blades increased with the increase in salinity of the
root medium from 10 to 300 mM at flooding and field
capacity (Table 2, 3). However, in the water deficit
treatment Na* contents remained similar at both low and
high NaC1 concentration but the amount of C1- was less at
300 mM NaCl than at 10 mM NaCl in the water deficit
treatment (Without application of PMA).

In the leaf sheath, Na* and CI- content increased with
the increased salinity of the root medium at all moisture
levels. The amount of Na* in the roots remained similar at
low and high NaC1 concentration in the flooding treatment,
but was greater at high NaCl concentration in the field
capacity and water deficit treatments (Table 2). The pattern
of C1- content in the roots was similar to that of Na*, except
for a lower content at high than at low NaCl in the flooding
treatment. Total amount of Na* per plant was higher at ficld
capacity than in the flooding and water deficit treatments,
both at 10 and 300 mM NaC1. At 10 mM NaCl, the total
C1- content in the plant remained similar in the three water
treatments.

At flooding, the total Na* and C1- contents per plant
increased substantially with time (from 72 to 144 hours) in
the 300 mM NaCl the treatment, but not at 10 mM NaCl
(Tables 2, 3).

Potassium. In leaf blades and leaf sheaths, increasing
the NaC1l concentration from 10 to 300 mM slightly
increased the K* content at 72 hours after imposition of the
flooding treatment (Table 4). However, the K* contents in
these tissues remained similar at both NaC1 concentrations
in the field capacity and water deficit treatments. At 144
hours, the K* content had decreased in the flooded plants
grown at 300 mM NaCl. The K* content of the root was
decreased at the high salt concentration in the flooding
treatment, but not in the field capacity and water deficit
treatments. Similar effects of treatments were observed on
the total K* content of the whole plant.

DISCUSSION

Salt relations. Although the growth of ‘Kallar’ grass
plants treated with PMA was decreased at 72 hours after its
application [2], there was no effect on the absorption of
Na* and C1- by the plant, or on extrusion of Na* and C1- by
the leaf blade (Tables 2, 3). Data on rates of transpiration
and relative water contents of the leaves reported in an
earlier paper [2] suggested that the effect of PMA on these
parameters was confined only to the first 24 hours after its
application. If the effects of PMA had continued beyond 24
hours, a substantial suppression of Na* and CI uptake, in
addition to suppression of growth [6, 7, 8] might have been
expected. In its absorption of Na* and CI-, however, 'Kallar'
grass resembled Armeria maritima [9] in which application
of NaCl increased the uptake and extrusion of Na* and C1-.
Since the effect of increased application of NaC1 on uptake

Table 4. Effect of soil water supply treatments and PMA on the total amount of K* (m-moles/plant) in the leaf washings, leaf
blades, leaf sheaths and roots of Kallar grass grown in pots at NaC1 concentrations of 10 and 300 mM.

- PMA + PMA
Tops Extrusion Tops Extrusion
Treatments NaCl Leaf Roots Total  as% total Leaf Root  Total as% total
(mM) washing  Blades Sheaths contents  washing Blades  Sheaths contents
At 72 hours
Flooding 10 3.0 48.0 173 70.2 1386 22 32 36.7 19.6 357 952 3.32
300 3.6 582 30.9 31.7 1246 29 33 329 18.7 344 89.4 3.71
Field Capacity 10 6.2 40.1 21.1 247 922 6.8 6.1 379 214 27.3 92.6 6.6
300 4.1 38.0 18.0 277 879 4.7 6.6 30.3 164 218 75.0 8.8
Water deficit 10 43 43.1 215 27.1  96.0 45 3.7 30.6 194 165 70.3 53
300 33 39.3 19.8 286 910 3.6 1.3 383 195 276 86.7 1.5
At 144 hours
Flooding 10 4.7 54.1 19.8 313 1099 43 4.4 59.1 23.1 316 1182 3.7
300 4.6 41.6 14.9 229 84.0 5.5 59 53.4 170 31.1 1075 55
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and extrusion of Na* and C1- by ‘Kallar’ grass was obvious
only in the flooding-and field capacity treatments, it would
appear that the treatments were complementary in their
effects with a non-limiting moisture regime necessary for
elfects on uptake and extrusion to occur.

In other studies [10, 11] in which the concentration of
Na* and CI- exceeded that of K* in the leaf washings, it was
suggested that Na* and C1- were selectively extruded.
Although, Na* predominated over other ions viz. K*, Ca?,
Mg?* in various studies [1, 12] including the present one,
the decreased extrusion of Na*, K* and CI- by the leaves of
plants grown at limiting moisture supply [1] does not
support the view [10, 11] that Na* and C1- were selectively
extruded. On the other hand, in those plants such as
Atriplex, in which high amounts of Na* and Cl- were
excreted, a suggestion was made that active extrusion
processes were involved [13]. This suggestion was based
on measurements of electro-chemical potential difference.
In 'Kallar' grass, direct evidence that extrusion of Na* and
CI- is an active process remains to be produced.

In addition, more elaborate studies involving compart-
mental analysis of Na* and CI- in the leaf blade tissue and
in the salt glands are also needed to understand the
distribution of Na* and Cl- at cellular level. In our
laboratories, however, precise experiments are being
carried out using excised leaves and intact plants to define
the nature of salt extrusion in 'Kallar' grass.
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