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ABSTRACT

Barley plants grown in sand culture and
irrigated with nutrient medium provided with
different concentrations of either sodium
carbonate or sodium nitrate showed slight
reduction in the different pigment fractions
(Chlorophyll a, chlorophyll b and carotenoids),
except with the high concentration of sodium
carbonate (0.67) which caused an increase
in these fractions. The electron transport
capacity of isolated chloroplasts was stimu-
lated at low concentration of sodium nitrate,
and inhibited at the higher concentration.

On the other hand, 211 the sodium carbonate
concentrations used induced significant stimu-
lation in the photosynthetic capacity of iso-
lated chloroplasts. However, the magnitude of
stimulation caused by sodium carbonate was
greater than that induced by sodium nitrate.
The data obtained, however, suggest that

these salts may have two actions on barley
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plants : an inhibitory effect on the pigment
biosynthesis, which may be attributed to
sodium accumulation, and stimulation of the
photosynthetic electron transport capacity
of the chloroplasts due to anion effect.

INTRODUCTION

The ability of plant to carry out various photo-

chemical processes is affected to a large extent by the

type of nutrient present in the scil. Although several
workers studied the influence of different cations on photo-
synthesis in vivo, no satisfactory studies are available
concerning the effect of the anicns present in the 30il on
the photosynthetic electron transport. However, some studies
were carried out in vitro by many workers using suspensions
of isolated chloroplasts. They studied the effect of adding
anions to a suspension of chloroplasts on their‘photosyn—
thetic capacity. In this respect several workers studied

the effect of chloride on the reactions leading to oxygen
evalution in photosynthesis (Arnon and Whatley 1949 ; Gorham
and Clendenning 1952 ; Tzawa et al.,1969 ; Kelley and Izawa
1978) . The latter authors reported that the site of action
of Cl™ involvement seemed to be on the oxidizing side of
photosystem II. In addition, the effect of bicarbonate on
the photosynthetic electron transport in vitro was studied
by many workers (Stemler and Govidjee 1973; Govindjee et

al. 1976; Metzner 1978 )} . The site of action of this
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anion was reported to be a matter of controversy. Stemler
and covindjee (1973) and Metzner (1978) concluded that
bicarbonate stimulates the change transfer on donor side
of photosystem II, while Govindjee et al . (1976) claimed
the involvement of this ion in the reducing side of photo-
system II.

lThe effect of NO; on the photosynthetic O2 evolution
was first observed by Warburg and Neglein (1920) and con-
firmed later by Osman et al. (1982) , who concluded that
the site of action of this ion is localized on the donor
side of photosystem II. It must be reported that the
aforementioned conclusions concerning the anion effect were
obtained by adding the anion to a suspension of isolated

chloreplasts or thylakoids,

The present study was designed to investigate the
effect of addition of two anions Co%f and NOE to the basic
nutrient medium of barley on the pigment contents and photo-

synthetic electron capacity of the isolated chloroplasts.

MATERTALS AND METHODS

Grains of barley (Hordeum vulgare L. cv. Giza 121)

were soaked in tap water for 24 hours and then kept mois-
tened for 2 days until germination occurred. The growing

seedlings were transferred to polyethylene pots containing
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HCl-treated sand. The plants were irrigated every 3 days
either with Hoagland solution (1950) (control) or Hoagland
+ 0.2 , 0.4 or 0.6% of Na2C03 or NaNOB. The accumulated

salts were removed by washing the sand several times with

tap water every 10 dayvs of treatment. The following measur-

ements wors carried ont S0 odrve cfves g ivatjon,
va; Plgoent coptents
The different 1oa Lions o sosl signenis onlovophytd o,

chlorephyll b and carotenocids ) were deterniccd spretruphoto-
metrically according to the method described by Metzner

et al., (1965).

(b) Chloroplast isolation ahd electron transpert measurements

Tsolation of chloroplasts was carried cut following
the procedure described by Osman et al.,(1982). Leaves were
detached from plants, rinsed in cold tap water , wiped
thoroughly and preseved for 1 hour in refrigerator at 4°C.
Ten g of these leaves were shredded and homogenized for
15 seconds in a blender, using cold isolation buffer which
contained 0.4 M sucrose, 20 mM HEPES-KOH (pH 7.8), 3 mM
MgClz, 4mM sodium ascorbate and 0.1% bovine serum albumin.
The mash filtered through 3 layers of gauze cloth. The
suspension was centrifuged under cooling fo;\minute at 3000
x g. The pellet was resuspended in 20 ml of suspension

buffer which contained the same components of the isclacioen
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buffer without serum albumin and centrifuged again at 300 x g
for 5 minutes. The supernatant was then centrifuged for 10
minutes at 1000 x g . The sediment containing the chloroplasts
was resuspended in 2 ml of the suspension buffer. The centri-
fuge tube containing the chloroplasts was placed in an ice
bath for 2 hours. The chlorophyll content {chlorophyll a +
chlorophyll b ) of the chloroplasts was determined . The
photosynthetic activity of the isolated chloroplasts was
measured using 0.5 mM potassium ferricyanide as electron
acceptor. The reaction mixture contained 0.2 ml chloroplast
suspension, 3.8 ml suspension buffer (pH 7.8) and 0.5 mM
potassium ferricyanide. The mixture was illuminated by means
of a slide projector provided heat protection filter. The
light intensity at the sample level was 300 W m_z. The
reduction of potassium ferricyanide, which represents the
photosynthetic electron capacity, was followed spectro-
photometrically at 420 nm at room temperature as described b
Arnon and Shavit (1963)

RESULTS AND DISCUSSION
The data presented in Table 1 show that addition

of different concentrations of NaNO3 to the basic nutrient
medium slightly reduced the amount of the different pigment
fractions (chlorophyll a, chlorophyll b and carotenoids).
The highest magnitude of reduction was observed at the 0.6%
concentrations (it must be taken into consideration that

nitrate was added in the presence of the original source
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of nitrogen component in the Hoagland solution). The results
show no significant change in Chl a/Chl b ratio in response
£o NaNO3 treatmeats. This may indicate that the magnitude of
reduction in both chlorophyllsr(a and b) in response to
NaNc3 treatment was the same. On the other hand, low and
moderate concentrations of Na2C03 (0.2 and 0.4%) reduced

the pigment contents, whereas the higher concentration
{0.6%) induced a coasidevable increase {sbout 427) of the
pigment contentes. Unlike NaNOB, anly the low concentration
of N32C03 caused a decrease in O A/ChL b ratio, whereas

no appreciable change was observed with the hipner concen-
trations. However, the inhibitovy ofiect of Lhes=e salils

on the pigment biosynthesis may be atiribubed o the Coxic
action of the sccumulated Na+ rather than to anion elfect.
Tt has been demonstrared (data nor cited) that Naitontent

of shoot was increased [rom 4272 min~q 100 g—l dry weight to
722 may 100 g“ldry weight when either 0.67 NaN03 or 0,67
Na2€03.was added to.the basic nutrient medium.

Thus, the stimulatory effect of high concentration of N32C03
on the pigment biosynthesis indicates that the toxic action

of sodium was counteracted at the high concentrations of

The data presented in Table 2 indicate that addition
of low cocentration of NaNO3 {0.27)} to the basic nutrient

medium increased the photosynthetic capacity of the isolated
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chloroplasts, whereas higher concentrations were inhibitory.
On the other hand, low and moderate cocentrations (0.2 and
0.47) of N82C03 induced significant stimulation in the photo-
synthetic capacity. Thus, 2.4~ and 2,3-folds stimulations
were recorded in response to treatment with 0.2% and 0.4%
Na2C03 respectively. Higher concentration of NaZCU4 caused
a slight increase in this capacity. However, it seems sur-
prising that the decrease in chlorophyll content induced

by these salts is concomitant with the increase in the
photosynthetic capacity of the isolated chloroplasts. This
may be attributed to two different actions of these salts
on the biochemical processes in plant : one of them is the
retardation of pigment biosynthesis as a result of the toxic
action of sodium while the other is stimulation of the
photosynthetic electron transport due to anion effect. Con-
cerning the effect of nitrate on the reactions leading to
O2 evolution in photeosynthesis, it has already been demon-
strated that NO3 activates the change transfer on the oxi-
dizing side of photosystem II (Osman et al., 1982).

However, Losada and Guerrero (1979) suggested that the
“stimulation of 02 evolution in response to NO; is exclusi-
vely due to an acceleration of nitrate reduction. Thus,

it could be concluded that nitrate has double function in
plants : one is the stimulation of O2 evolution in photo—
synthesis and the other is its utilization as a nitrogen

source.
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Concerning the inhibitory effect of NOE, Stemler
and Murphy (1985) found that O2 evolution from maize
chloroplasts using ferricyanide and 2,6-dimethylbenzoquione
as electron écceptors was inhibited by 80% when 20 mM
nitrate was present. However, the inclusion of 5 mM
NaHCO3 in the bathing medium decreased the level of inhi-
bition produced by NO; to only 27% and it was concluded
that NO3 caused this inhibition by occupying the HCO3

binding site on photosystem II.

Regarding the stimulative effect of COg_on the
electron transport capacity of the chloroplast, no
literature is available to the authors to indicate the
direct involvement of this ion in the photosynthetic electron
transport. However, several studies have indicated the
importance of HCO; as effective ion in the reactions leading
to O2 evolution in photosythesis {(Stemler and Govindjee 1973,
Govind jee et al., 1976, .Jursinic et al., 1976, Govindjee
Khanna . 1977 ), Moreover, Blubough and Govindjee
(1986) reported that HCOj ion not CO,, H,C0, or cog2 is
the species that stimulates electron transport of photo-
system II. Since it is well known that the equilibration
between carbonic species (C02_+ Hy0 ¢—> HZCO <—> 2H
+ cog") is pH-dependent. Thus, the absorbed CO3_from the

basic nutrient medium may be trasformed to HCOE under the

influence of pH value of the cell sap before the induction
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of its effect.
Accordingly, the observed stimulatory effect of cog” in the

present study may be attributed to its transformation into

HCO3 .
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Table 1 ¢ Influence nf'djfferent concentrations of NuNO3 and
Nu,C04 (added Lo the basic nutrient solution) on the
different pigment fractions (chloroephyll a,
chlorophyll b, carctenoids and total pigment)} of
barley. Values are means of 4 determinations and

calculated as mg 3'1 dry weight.

———— ek S P A e s T o - -

Chloro- Chloro- Caroten- Total Chl.
Trentmenti

phyll & phyll 1, alde plgment.  a/b

Noagland 9.7 hoO 0.8 17.1 2.1
" 4+ 0.2% NaN 3 9.0 4,2 2.5 15.7 2.1

" 4+ 0,5 Hal\'o3 9.7 5.3 2.6 16,0 2.2
"4+ 0.6 NaNQB | 4.o 2.1 14,2 2.0

" o4 0.2% Nazcn3 N.0 L.h 2,0 14,4 1.0
R I Y r:azco3 0.3 k.5 2. b 16.2 2.1
"oy 0,0 “"’2003 11.0 n.7 2.7 oh,2 2.1
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Tavle 2 1 Influence of different concentrations of Iv'a,jC()j and

Nal q {added to the basic nutrient solution} on the
shatosyntheiie activity ef daslaled Boriev ochileoroplasts.

The giveo valnes are “alouloted as mdl [arricvonide
1

-k T -
vt el g chlioroph i1l Lo

Ferricyanide
reduction

Treniment

Moagland .1
"oy 0,07 HaNOJ 0.3
"o 0,40 b:ar:03 ho1
"oy 0,65 NnN01 o0
Ty 0.0% Na200 4.9
"oy 0.4% Nu,,c:o3 th,z
"o+ 0.60 e, CO, (.3
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