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Abstract. A major objection to the convenient
sampling of Chenopodiacean bladders by brushing in

\-aqueous solutions is the suspected leakage of ions
from the leaf blade. To overcome this problem, a new
method of sampling bladder hair is described, which
also achieves rapid and quantitative separation and,
at the same time, yields bladder samples of undoub-
tedly high purity. Leakage is stopped by the aid of
liquid nitrogen. Comparison of this method to
removal of bladders by brushing in aqueous solutions
effectively confirm the validity of the customary
method beyond dispute.
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Since investigations into the ionic status of bladder
hair began (Osmond et al., 19691' Mozafar & Goodin,
1970), several methods of separating bladders from
the corresponding leaf blades have been described
(Baumeister & Kloos, 1974; Breckle,1976; Bennert &
Schmidt, 1983; Jeschke & Stelter, 1983; Aslam et al.,

- 
1986; Reimann & Breckle, 1988; Freitas & Breckle,
l99l). In all cases, adequate separation is achieved
only with patience and experience. The most
commonly used method, which is not excessively
time-consuming, involves removal of bladders by
brushing in distilled water (Freitas & Breckle, 1991)
or in solutions which are approximately iso-osmotic
to the mesophyll (Jeschke & Stelter, 1983; Aslam
et al., 1986).In this method, as well as others, leakage
of ions from the leaf to the bladder hair suspension
cannot be avoided. Because of this major objection, a
comparison of leaves freed from the indument and
untreated leaves is widely used to estimate ion con-
centrations in the bladders (Schirmer 1980; Aslam
et al., 1986), sometimes even without analysis of the
bladder samples themselves (Jeschke & Stelter, 1983).
On the other hand, this comparison is restricted to
species with opposite leaves (see Reimann, 1988) and
is especially difficult to use with the most interesting,
young leaves near the bud.
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To stop leakage and thereby overcome the
described . problems, deeply frozen bladders were
carefully brushed away from the leaf above the
surface of liquid nitrogen. This new, rapid method of
sampling bladder hair was tested in Atriplex prostrata
BOUCHER ex DC. and compared to the method of
brushing bladders in water.

Plants of Atriplex prostrata BOUCHER ex DC.
were grown in sand from seeds collected 40 km west
of Coimbra in a salt marsh near the Atlantic sea
coast. Growth conditions and salt treatments
(control, l0 mol m-3 NaCl, and l0 mol m-r NaNO,
in culture solution) resembled those described by
Freitas & Breckle (1991).

On the main stem of the plants, only the four
youngest leaves were covered with turgescent bladder
hair. The younger pair of these was not completely
unfolded in many of the individuals, therefore
bladders could not be brushed from frozen leaves
without breaking them. So only the first pair of
completely unfolded leaves was harvested lrom each
plant. After determination of fresh weight of these
leaves (including bladders), the indument was gently
brushed off in two differing manners and bladder
samples were collected in weighed beakers.
(1) Leaves were frozen in about 15 cm3 of liquid

nitrogen, poured in weighed, precooled 100 cm3
beakers. After freezing, the bladders were
immediately brushed from the blade above the
surface of the liquid nitrogen. Frozen bladders
do not stick to the vapour-cooled brush, so dry
separation is possible.

O\ Leaves were freed of bladder hair in ca. 15 cm3
distilled water poured in a petri-dish. Brush and
petri-dish were cleaned with an equal amount of
distilled water afterwards, which was added to
the bladder hair sample.

Leaf material and bladder samples were dried at
60 "C, then extracted and analysed as described by
Freitas & Breckle (1991).

Although the freezing method needed somewhat
more experience, both methods allowed preparation
of bladder samples within a few minutes and removal
of more than 95o/o of all bladders from the leaf blade.
After sampling above liquid nitrogen, no visible
damage of the leaf surface could be detected by
microscopic investigation. In contrast, after gentle
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Freitas. Thanks are errc'nde d to \i rs Sabine
Schierholz for patient and skilful technical assistance.
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Tabfe l. Ion concentrations per g dry weight (DW) in bladders (B) and leaves (L) ol Atripler prostrüta, as

determined with different methods of fractionation and standard deviations*

Potassium Sodium Chloride Nitrate
Salt
treatmenl

Sampling
method mmol/gDW B/L mmol/gDW B/L mmol/gDW B/L moligDW B/L

Control

10 molm r NaCl

10 molm r NaNO,

4.1 0.5 8

0.9 0.1

s.9 0.6 l0
1.0 0.1

7

6

A

/

2

I

N

N

N

1.5 0.6
0. l 0.2
1.2 0.7
0.3 0.1

0.8 0.5
0.2 0.1

0.5 0.5
0.2 0.I

0.7 0.4
0.1 0.1

0.4 0.4
0.2 0.1

1.5 0
0.4 0

1.6 0
0.2 0

4.8 1.4

0.8 0.I
5.2 L5
0.8 0.2

7.7 1.4

0.4 0.1
4.9 1.5

0.3 0.1

0.6 0.2 3

0.1 0.1

0.3 0.2 2
0.1 0.1

*A: bladder sampling in distilled water; N: bladder sampling above liquid nitrogen

brushing in water, injuries to the leaf were almost
inevitable. Only in the case of young, not completely
unfolded leaves did the water method achieve better
separation, as young frozen leaves did often break
when removal of the entire indument was attempted.

Fresh weight determination of old leaves, without
bladders, before and after sampling confirmed
changes in leaf fresh weight after freezing, attribut-
able to condensing water. Errors rose from 2'/o after
immediate weighing to about 5o/o after complete
thawing of the leaves. Moreover, cell sap seeping out
of the freeze-ruptured cells hindered accurate
weighing. In contrast, wetted and gently blotted
leaves showed no difference in fresh weight and were
equally resistant to handling as untreated leaves. In

Table 2. Contribution of bladders to total leaf weight and total ion
content of Atriplex prostruta leaves, as determined with different
methods of fractionation and standard deviations*

this way, a reasonable estimate of bladder fresh
weight could be obtained.

Estimates of ion concentrations (Table l) were
somewhat higher for bladders sampled by brushing
in distilled water than for those collected in liquid
nitrogen. But in general, the differences were in the
range of analytical deviations. Standard deviations
were similar in both methods. even though aqueous
bladder samples are much more susceptible to
leakage as well as other contaminations.

These conclusions also held true. if ion relations
were described by the share of bladders in total ion
content of the leaf (Table 2): If the amount of biad-
ders on different leaves was comparable, the percent-
age of ion content in the hair was also similar. With
higher hair density, as in the NaCl treatment, the
percentage of ion content in bladders rose
correspondingly.

Sample tests in plants of Atriplex prostrqta
BOUCHER ex DC, Atriplex halimus L. and
Chenopodium album L., from other experiments as
well as from plants grown in the field, yielded equiva-
lent results.

The comparison of bladder samples collected in
liquid nitrogen and in aqua dest. shows that leakage
is a problem of minor importance in estimating ion
content of bladders. This has to be concluded from
the consistent results achieved by the different
methods. As both methods have some advantages
and disadvantages, preference to one of them has to
be given according to the question and the plant
species involved in the desired studies. In every
instance. analysis of bladder samples yields reliable
estimates of the ion content.
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Salt
treatmenl

Percentage
Sampling
method DW K Na Cl NO,

Control

l0 mol ni r NaCl

l0molm rNaNO.

l0
2

7

2

2l
5

5

I

A

N

N

N

/1

t.4
4.3
0.5

13.8
1.3
.). /
0.8

22

2

20
2

35 53

87
1.7 37
13

20 15

2l
l7 12

89

4.6 8

1.1 3

6.3 6

*A: bladdcr sampling in distilled water; N: bladder sampling
above liquid nitroger.r. The weight of bladders and the amounts of
ions they contain are expressed as a percentage of the total ol the
respective value for the unfractiorrated leaves.


