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Accumulation of nitrate in bladder hairs of Atripler species
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Plants of Atriplex littoralis L. and Atriplet calotheca (Rafn.). Fries were grown
under sodium nitrate and sodiutn chloride salinity. Concentrations of Na*, K*,
C1-, and N(); , were investigated in leaves and bladder hairs harvested

from young leaves. The content of ions in bladder hairs was correlated with
concentratior in young leaves. Nan and Cl- concentrations were higher in
bladders !)al) rn leaves. Accumulation of nitrate in tissues and bladders was

observed in plants grown under nitrate salinity. This suggests that in the

absence of chloride, nitrate may have an osmotic role.
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INTRODUCTION

Chenopodiaceae are known as a plant family with
many special ecological adaptations, enabling them
to grow on very special stands. Many halophytes,
but also ruderals are known from that family. For
coping with salinity not only halo-succulence, but
also special bladder hairs are important.

Those salt bladders occur in some genera of the

Chenopodiaceae, essentially in all Atriplex species
(Schirmer and Breckle, 1982). These trichomes in
Atriplex have a large and vacuolate bladder cell
attached to a stalk composed of one or more cells
which is based on an epidermal cell (Osmond er ai..
1969:'Mozafar and Goodin, 1970; Thomson, 1975;

Schirmer and Breckle, 1982; Reimann and, Breckle,
1988). According to Osmond et al., (1980), in some

Atriplex species more than 50Vo of the sodium and

chloride transported to the shoot may be excreted
through the stalk cell of the epidermal trichomes.
The fact that more than half of the total amount
of ions of the leaf are present in the bladders,

which constitute about ll3 of the fresh weight of
the whole leaf, leads to the conclusion that the

bladders play an important role in salt removal
(Schirmer and Breckle, 1982; Jeschke and Stelter,
1983), especially in young leaves.

Besides sodium and chloride, other ions may

occur in the bladder cell, for instance nitrate
(Schirmer and Breckle, 1982). To test this

hypothesis for nitrate, the bladder hairs of two
Atriplex species from European salt marshes were
investigated under chloride and nitrate salinity.
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MATERIALS AND METHODS

Pfant cultivation. Plants of An'iplex calotheca (Rafn.)
Fries and Atriplex littoralis L. were grown from seeds

in a growth chamber at 25"C, 55Vo relative humidity
and 400 pmol m-2 s-r during 14 h; 15'C, 50Vo relative
humidity and dark during 10 h of the day. Seedlings
were planted in pots filled with sand and irrigated every
second day with a culture solution containing 2.8 mM K*,
3.4 mM Caz*, 0.7 rnM Mg2*, 4.6 mM NHat, 10.4 mM
NO;, 1.3mM POj,1.4mM SOI-, and FeEDTA
and micronutrients (Breck1e, 19'76). Aller four weeks
of growth different concentrations of NaCl or NaNO3
were added to the culture solution: l0 mM and 50 mM
of NaCl or NaNO3 respectively. The plants were treated
with such solutions for two weeks.

Plant harvest. Four plants per pot were harvested as

one sample in order to obtain enough bladder material.
For both species four pots per treatment were available
except for A. calotheca in nitrate treatments. Bladder
hairs were removed by brushing the leaf lamina with
a hair paint brush in 20 ml of distilled water (Breckle
et al,, 1990). Brushing was repeated in another 20 ml
of distilled water, then the leaves freed from bladders
were collected in a moist chamber. The volume of the
bladder sample was adjusted to 50 ml and then oven dried
at 60"C. Finally, the bladder samples were diluted into
10 ml distilled water and liltered. Two groups of leaves
were distinguished: young leaves - with intact bladders
- and old leaves - without intact bladders. Bladder hairs
were taken only from young leaves; old leaves were
harvested intact. Plant height and leaf fresh weight were
determined. The dry weight of the leaves was measured
after 3 days of oven drying at 60'C. Then 20 mg of
crushed material was extracted with 10 ml distilled water
at 60oC ovemisht.

Analyses. In the filtered extracts, sodium and potassium
were determined by atomic absorption, chloride ampero-
metrically by a Marius-Micro-Chlorocounter, and nitrate
photometrically with dimethylphenol (Steubing, 1965).

RESULTS AND DISCUSSION

Plant growth

In terms of height and weight only small
differences of growth were observed between A.
calotheca and A. littoralis, when grown in NaCl or
NaNO, solutions. Still. plants ctf A.littorqli.s grer
slightly better in nitrate solutions whereas plants
of A. calotheca grew better in sodium chloride
solutions. The percentage of water content in leaves
of both species increased when grown in sodium
chloride solutions indicating increasing succulence,
whereas under sodium nitrate salinity an increment
of this percentage was verified for A. calotheca
but not for A. littoralis (tab. 1). Regulation of salt
concentration in leaves can be partially achieved
by increased succulence. According to Jennings
(1968) Na* is the most important ion responsible
for succulence. In this experiment Na* induction
of succulence seems to be enhanced by chloride
on plants grown under sodium chloride salinity.
Osmond et al. (1980) suggested that succulence
might also be a response to C1- in Atripler species.

Ion concentrations in leaves

The content of ions both of bladder hair.
and mesophyll sap are dependent on the culture

Thble 1, Percentage of water content (FW-DW FW-l ) and drt weight (g) in young and old leaves of A. littoralis and A. calotheca
Mean 1+)SE when n=4 and mean when tl=2.

A. littoralis A. calotheca

(DW (.Va water) (Dw)

Young leaves

Old leaves

Control
10 mM NaCl
50 mM NaCl

10 mM NaNO3
50 mM NaNO3

Control
10 mM NaCl
50 mM NaCl

10 mM NaNO3
50 mM NaNO3

0. l3 + 0.06
0. l6 + 0.05
0.14 + 0.03

0.21 + 0.08
0.31 + 0.08

0.28 + 0.06
0.6r + 0.24
0.80 + 0. 1-l

0.90 + 0.30
1.31+0.20

87.2t2;7
89.3 t 1.6

90.0+ 1.4

87.8 + 3.4
85.6+2.4

87.1 + 2.0
90.0+ 1.4

89.5 + 2.8

88.0 + 3.4
85.6 + 2.0

o.26
0.26 + 0.05
0.20 t 0.10

0. 18

0.30

1.00

t.34+0.2
1.40 I 0.7

1.10
2.00

(Va water)

s1J
88.1+ 1.3

89.2+3.0

89.7
86.0

67.6
87.2+ 7.3

87.610.6

84.8
84.7
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Table 2. Concentration of Na*, K+, CI- and NO"
and 50 mM of nih'ote and chloride salinity. Mean

Nitrate in Atriplex species 889

(p,mol mFl v)ater content) in young and old leat,es o/A. littoralis under l0 mM
(+)SE when n=4 and mean when n=2

NO;CT1LNa*

Young leaves

Old leaves

Control
10 mM NaCl
50 mM NaCl

10 mM NaNO3
50 mM NaNO3

Control
10 rnM NaCl
50 mM NaCl

10 mM NaNO3
50 mM NaNO3

'1 .0+2.0
30.0+ 10.0
42.O+20 0

23.0 + 4.0
30.0 + 6.0

4.0 + 0.6
10.0 + 6.0
10.0 + 3.0

8.0 + 4.0
9.0t2.0

20.0 + 9.0
9.9 + 4.0
8.013.0

9.0 + 4.0
6.0 + 2.0

20.0 + 8.0
3.0 + 3.0

1.0 + 0.3

3.0+2.0
1.0 t 0.4

4.0+ 1.0
i0.0 + 5.0
30.0 + 5.0

2.0+0.3
4.0 + 0.9
7.0+ 1.0

2.0+ 1.0

1.0 + 0.5
2.0 + 0.4

1.010.4

0.5 + 0.2
0.7 + 0.4

solution. Sodium and chloride concentrations in
leaves of both species increased with an increment
in salt external concentration (tab.2 and 3). Nitrate
increased only in A. calotheca. Potassium does
not decrease in proportion to the increase in
Na+ content. Atriplex species are able to maintain
sufficient K* uptake and transport to the shoot in
the presence of higher Na+ concentrations (Jeschke

and Stelter, 1983).
The content of Na+ increased similarly in

all plants with increased external concentrations
of sodium nitrate and sodium chloride in the
culture solution(rab. 2 and 3). So, as ion uptake
has to maintain the charge balance in the high
concentration range (Glass, 1989), the uptake of
nitrate and chloride must be similar. However,
nitrate is metabolized and thus its concentration

:-in leaves is lower than chloride's. According to
Osmond et al. (7980), the metabolic incorporation
of nitrate in leaves of Atriplex sp. is associated
with substantial carboxylate synthesis-oxalate is
the principal acid involved. As the reduction
of NOf is correlated with the synthesis of
organic acids the uptake of Na* maintains the
osmotic balance (Raven and Smith, 1976; Smimoff
and Stewart, 1985). Despite substantial nitrate
reduction, considerable amounts of this ion are

accumulated in leaves of A. calotheca where it
may have an osmotic role (tab. 3). In young leaves
of A. calotheca the ratio Na+/NOl is 3.5 in the
control, 3.3 in 10 mM NaNO3 and 6.0 in 50 mM
NaNO3. So, the accumulation of sodium in leaves
is nearly balanced by nitrate. In young leaves of
A. littoralis the same ratio Na+/NOl is 3.5 in
the control, 23.0 in 10 mM NaNO" and 15.0

in 50 mM NaNOf, thus sodium accumulation
must be balanced by organic anions. Nitrate
accumulation is common in Chenopodiaceae
(Smirnoff and Stewart, 1985). According to these
authors nitrate is an important osmoticum in some
halophytes, particularly Chenopodiaceae, grown
in the absence of sodium chloride. Under such
circumstances nitrate is accumulated instead of
chloride. The energy expense of nitrate transport
and accumulation in the plant is much lower than
its reduction (Salsac et al., 1987). Furthermore, the
accumulation of nitrate may constitute a reserve of
nitrate when the uptake rate exceeds its reduction
and transport. This stock can be very important
especially in unstable habitats such as the salt
marsh, where Atriplex species are very comrnon
and fluctuations of nutrients in the soil solution
are frequent (Jefferies and Perkins, 1977; Stewart
et al., 1979). Compared with nitrate, chloride
concentrations in leaves are much higher (tab. 2
and 3). The accumulation of chloride and sodium
in leaves of both species was very similar, with the
ratio Na+/Cl- varying among 1.0 in the control
and 2.0 in sodium chloride salinity. Chloride
accumulation on Atriplex plants is well known
(Osmond et al., L980; Albert, 1982).

Ion concentrations in bladders

Bladder hairs in all cases exhibit higher ion
concentrations than the leaf mesophyll cells. This is
principally apparent for Na* and Cl- ( fi7. 1 andZ).

The percentages of chloride inside bladder
hairs of both species and nitrate in bladders
of A. littoralis (fi7. 3), which represents the
contribution of bladders to total ion content of
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Thble 3. Concentration of Na', K* , CI and NO.
and 50 mM of nitrate and chloride salinity. Mean

(p,mol ml:t water content) in young and old leaves o/A. calotheca under I0 mM
+ SE when n=4 and mean when n=2.

NO;c1-K*Na*

Young leaves

Old leaves

Control
10 mM NaCl
50 mM NaCi

10 mM NaNO3
50 mM NaNO3

Control
10 mM NaCl
50 mM NaCl

10 mM NaNO3
50 mM NaNO3

1.0
25.0+ 10.0
33.0r 10.0

20.0
30.0

2.0
6.0 + 4.0

12.0r 1.0

5.0
6.0

10.0
7 .0 !3.0
8.0 + 4.0

6.0
6.0

4.0
0.9+0.2
2.0+2.0

0.9
0.1

4.0
20.0+ 10.0
22.0+3.0

2.0
4.0 + 1.0
6.0 + 2.0

2.0

6.0
5.0

0.5

0.4
0.8

300
z
0)

fi zso
o
i zoo

E

E tsoc

100

Control 10 mM NaCl 50 mM NaCl

I N"* NIK* E O-

Control 10 mM NaCl 5O mM NaCl

Figure 1. Na+, K+ and Cl concentrations (nrcqn of 4 santples)
in young leaves (L) and bladder hairs (B) of A. calotheca and A.
littoralis under l0 mM and 50 nM of sodium chloride salinity.
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leaves, suggest a fansport of these ions from
leaves to the bladders. For chloride treatments
similar results were presented by Osmond et al.
(1969), Schirmer and Breckle (1982), Jeschke
and Stelter (1983) and Reimann and Breckle
(1988). Nitrate concentrations in bladders have
previously been studied in Halimione portulqcoides
by Baumeister and Kloos (1974), who found
insignificant excretion of NOt. In our experiment,
plants of A. littoralis grown under nitrate salinity
exhibited substantial excretion of nitrate into
bladders (fig 2).Plants of A. calotheca submitted
to the same salinity showed insignificant excretion
of nitrate. The percentage of nitrate in bladders
of A. littoralis is about 10Vo in the control and
higher than9OVo in both nitrate treatments (fiT.31.
This high excretion of nitrate may be important tc
prevent toxic levels in the leaves, In bladders of
A. calotheca the percentage of nitrate is about 557o
in the control,60Va in 10 mM NaNO3 and 407o in
50 mM NaNO3. Nitrate is accumulated in leaves
of A. calotheca; it has an osmotic role and it may
be used as a nutrient resource.

In the sodium chloride salinity the ratio
Na* + K*/Cl- + NOt inside leaves and bladder hairs
was around l. Excess uptake of cations over anions
was observed in plants grown under nitrate salinity.
This caution excess is usually balanced by oxalates
(Osmond, 1967:. Mozafar and Goodin, 1970). The
cation-anion ratio indicates that in A. calotheca
the accumulation of anions inside bladders is more
effective for chloride, whereas in A. littoralis there
is also a significant excretion of nitrate into bladder
hairs. This different response could be due to a

different production of organic anions by the two
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200

Control 10 mM NaNO" 50 mM NaNO"

lNu* NK* UNOä

200

Control 10 mM NaNO" 50 mM NaNO"

Figure 2. Na*, Kt, and NO" (mean of I samples) in young

* leaves (L) and bladder hairs (B) of A. calotheca and A. littoralis
under 10 and 50 mM of sodium nitrate salinity.

species. In leaves of A. littoralls it is probable a

higher production of organic anions because of
nitrate reduction. This synthesis is followed by
an increment of sodium uptake. The excretion of
nitrate into bladders is possibly associated with
the excretion of sodium, thus contributing to the
osmotic balance of A. littoralis bladder hairs.

The ability of Atriplex species to regulate the
transport and tolerance of high quantities of ions
is a whole-plant phenomenon and bladder hairs are

an important component of it.

CONCLUSION

Bladder hairs are very important in the ionic
regulation of Atriplex leaves (Schirmer and Breckle,

Nitrate in Atriplex species 891

Control 10 50 10 50
NaCl (mM) NaNO.

I Nr* Ef, K* n NOä N ct-

Control 10 50 10 50
NaCl (mtv) NaNO.

Figure 3. Contribution of hladders to the total ion content (Na+,
K+ . Cf and NO, ) of leat'es o/A. calotheca and A. lirtoralis.

1982; Jeschke and Stelter, 1983; Freitas and
Breckle, 1992). The results presented here show
sodium and chloride excretion into bladders of Ä.
calotheca and A. littoralis grown under sodium
chloride salinity. In plants of A. littoralis grown
under nitrate salinity a high uptake of sodium
was balanced by sodium and nitrate excretion into
bladders. This excretion of nitrate contributes to the
osmotic balance of A. littoralis bladders. Moreover,
it may prevent toxic levels of nitrate in leaves.

Nitrate accumulation in leaves of A. calotheca
grown under nitrate salinity was important
to balance sodium uptake. Furthermore, this
accumulation of nitrate may constitute a nutrient
stock in leaves of A. calotheca. The accumulation
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of sodium in leaves of A. littoralis grown under
nitrate salinity is balanced by organiclnions.
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