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Ultrastructural alterations into chloroplasts and root nodules
of cowpea plants grown under saline stress conditions
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ABSTRACT. The ultrastructure of leaves chloroplast and
root nodules from cowpea plants (Vigna unguiculata (L.)
Walp.), var. IT 86 D-715, subjected to saline stress was
evaluated by Transmission Electron Microscopy (TEM).
Plants were exposed at 150 and 0,02 mM of NaCl treatments,
considering 0,02 mM salt level as control. Native strain
VIBA-1 (Bradyrhizobium liaoningense) isolated from saline
soils of Cauto Valley (Cuba) was inoculated at sowing. Forty
days after germination, samples of the same age and position
from leaves and root nodules were taken for microscopy
observations. Some ultrastructural modifications were
detected by the salt effect in chloroplasts, mainly triggered
by the great increase in the size of the starch granules.
These modifications produced altered grana distribution.
In nodule structure, when saline stress was applied, a
weakness of peribacteroid membrane and high number
of vesicles into infected cells were noted. Symbiosomes
started deteriorating with some broken peribacteroidal
membranes. A high vesiculation and degradation of some
cellular organelle into uninfected cells were observed.
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RESUMEN. Se ha evaluado el efecto del estrés salino
sobre la ultraestructura de los cloroplastos y los nddulos
radicales de plantas de frijol Caupi (Vigna unguiculata (L.)
Walp.), var. IT 86 D-715, mediante Microscopia Electronica
de Transmision (TEM). Las plantas se sometieron a 150 y
0,02 mM de NaCl, siendo considerado este ultimo como
control. La cepa VIBA-1 (Bradyrhizobium liaoningense),
aislada de suelos salinos del Valle del Cauto (Cuba), fue
inoculada en el momento de la siembra. Cuarenta dias
después de la germinacion se tomaron muestras de hojas
y nddulos de la misma posicion y edad para realizar
observaciones microscopicas. Se han puesto en evidencia
modificaciones ultraestructurales en los cloroplastos,
provocadas principalmente por el incremento de tamafio de
los granulos de almidén. Estas modificaciones produjeron
alteraciones en la distribucion normal de los granas. En la
ultraestructura del noédulo se produjo un debilitamiento de
la membrana peribacteroidal y se increment6 el niimero
de vesiculas de las células infectadas, al ser aplicado
el tratamiento salino. Los simbiosomas comenzaron a
degradarse al romperse la membrana peribacteroidal.
Dentro de las células no infectadas se observo una alta
vesiculacion y la degradacion de algunos organulos celulares.

Palabras clave: estrés salino, ultraestructura, almidén, caupi

INTRODUCTION

Legumes with wildness and adaptive characteristics
to environmental stresses like cowpea (Vigna
unguiculata (L.) Walp.) developed different mechanisms
to reach the ionic and osmotic homeostasis into the
cell (1, 2). Some of them, like increase of abscisic acid
(ABA) synthesis (3), the rise of K*, Ca?* concentration,
amino acid and other ions and compatible solutes (4),



Cultivos Tropicales, 2014, vol. 35, no. 1, p. 62-66

enero-marzo

the intracellular compartmentalization of Cl-and Na*
(5), the movement of them from the leaves to the roots
system among others, can be mentioned (1, 6).

However, in parallel to physiological, biochemical
and molecular changes, ultrastructural alterations may
occur. Into the chloroplasts, the plastids and tilakoids
membranes disappeared and grana are disorganized
(7, 8,9).

At the same time, into the nodule the cytoplasm
disintegration, the loss of cell wall stiffness, the
decrease in the packaging of inner cortex cells and
the appearance of lobulated nuclei, took place. Other
damages like the variations in chromatin condensation,
a decrease in the volume of intercellular spaces,
the increase of vesicles number and the weakening
of peribacteroid membrane have been reported too
(10, 11).

The analysis of cellular ultrastructure has been
used as a tool to explain some response mechanisms
to abiotic stress conditions in nodules and leaves of
several crops like Lupin, Medicago truncatula Gaertn.,
Pisum sativum L. (11, 12, 13). Nevertheless, reports
of ultrastructural changes that reflect damages or
adaptive responses of cowpea subjected to salt stress
are still unknown.

In this context, the aim of the present study was
to determine the ultrastructural modifications that take
place into the leave chloroplasts and root nodules of
cowpea plants grown under saline stress conditions.

MATERIALS AND METHODS

Cowpea seeds (Vigna unguiculata (L.) Walp.),
var. IT 86 D-715), were inoculated with a native
Bradyrhizobium liaoningense strain VIBA-1 (GeneBank
accession number FJ941843), isolated from nodules
of cowpea grown in saline soils of Jiguani Municipality,
Granma Province, Cuba (14).

The bacteria were grown in YEM medium (15).
The seeds were surface-sterilized (16), then sown in
pots with vermiculite Asfaltex S.A, previously washed
with distilled water and sterilized in Autoclave SC-500
Matachana for 20 min, at 120°C and 2 180 hPa. The
Hoagland nutrient solution nitrogen-free was used to
irrigate the plants (17). Seedlings were grown in a
growth chamber at 26/19°C (day/night) temperature,
60-70 % relative humidity, 16/8 h light/dark photoperiod,
a quantum irradiance of 190 uE m=2.s2. Forty days after
germination, plants were collected and samples of the
same age and position from the leaves and nodules
were taken for ultrastructural analyses by means of
Transmission Electron Microscopy.

Sections of 1 or 2 mm? were cut near the central
nerve of the leaves with a blade of stainless steel;
likewise, the nodules were cut in four little sections
around 1 mm? wide, then the samples were embedded
in LR-White resin (Sigma) (18).
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Nodules and leaves samples were cut with
ultramicrotome Reichter Ultracut S. (Leica, Vienna,
Austria) equipped with Diatome diamond blades 45°.

Ultrathin sections (70 nm) were collected on
copper grills of 120-200 windows and post-stained
with lead citrate and examined with a STEM LEO 910
electron microscope with an integrated digital camera
Gatan Bioscan (model 792) at an accelerating voltage
of 80 kv.

RESULTS

ANALYSIS OF LEAVE CHLOROPLASTS ULTRASTRUCTURE

The chloroplasts of mesophyll cells from controls
plants presented an organized structure with numerous
grana and intergrana aligned in parallel with the
chloroplast axis.

One or two elongated starch granules (amiloplasts)
with normal size, some plastoglobuli (droplets of lipids)
in the stroma and big mitochondria at the chloroplast
ends were also observed (Figure 1 A). The size and
number of starch granules increased considerably
in leave chloroplasts from plants subjected to saline
stress (Figure 1B-1F).

The starch granules augmented in such way that
changed their original elongated form (Figure 1A),
to take circular or oval shape (Figure 1B and C) with
irregular borders (Figure 1C and F).

This phenomenon caused modification of normal
grana distribution (Figure 1E and F), which were moved
to the chloroplast edges. The grana’s appearance
changed, being observed like amorphous mass very
dense to the electrons, caused as a consequence of
tilacoid membranes rupture, which is a senescence
signal (Figure 1B and D). The major damages
produced by the starch granules increased, occurred
when chloroplast membranes were broken (Figure 1E).

Cellular organelle, as nucleus and mitochondrias,
did not have structural modifications under saline
stress (Figure 1 D and F). The appearance of vesicles
were also noted, which is sign of early senescence
(Figure 1H).

ANALYSIS OF NODULAR ULTRASTRUCTURE

Two types of cells were found in the infection
zone of cowpea nodules, infected and uninfected
cells. Infected cells were plenty of bacteroids which
carries out the biological nitrogen fixation. Uninfected
orinterstitial cells, without bacteroids, were responsible
forthe exchange of nitrogen products to the rest of the
plant (Figure 2 A-B).

Into infected cells of nodules from plants grown
in control treatment, many bacteroids surrounded by
peribacteroidal membrane, and symbiosomes formed
by two or three bacteroids were highlighted (Figure 2 A).
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SG: starch granules G: grana M: mitochondria

p

: plastoglobuli

N: nucleus V: vacuole Ve: vesicle

Figure 1. Electron micrographs showing the increase of starch granules in leave chloroplasts of cowpea
grown in saline stress. Plants subjected to 0 (A) and 150 mM of NaCl (B-F) for forty-five days.

Into uninfected cells, several mitochondria’s,
endoplasmic reticulum, the nucleus and big vacuole
with normal characteristics were noted. However, some
variations in cell of nodules from plants subjected to
saline stress were evidenced (Figure 2B).

In this sense, symbiosomes look affected by
a weakness of peribacteroidal membrane, some of
them become broken, being this characteristic the
most important damage observed into infected cell
(Figure 2B arrowheads). The uninfected cell emphasized
unaltered peroxisomes, however the high number
of vesicles and some signs of mitochondria deterioration
pointed out senescence symptoms.

bm: bacteroidal membrane
er: endoplasmic reticulum

IC: infected cell
m: mitochondria

UC: uninfected cell
cw: cell wall

pbm: peribacteroidal membrane
N:

b: bacteroid
Ve: vesicle

S: symbiosome

nucleus pe: peroxisome

Figure 2. Electron micrographs showing infected and uninfected cells of cowpea nodule. Plants subjected
to 0 (A) and 150 mM of NaCl (B) for forty-five days
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DISCUSSION

Itis a well-known the fact that the starch granules
of leaves, synthesized through the day and degraded
at the night, need the activity of hydrolytic enzymes,
which may be inhibited by adverse conditions (19, 20).
Atheory related with the mechanism through the plants
increase in starch accumulation was explained using
Arabidopsis thaliana L. and Nicotiana tabacum L. species.
In these plants, the increase of starch granules in
leaves correlated with a block in starch degradation,
induced mainly by a loss of amylases within the plastids
(chloroplasts, amiloplasts) (21).

In this experiment, the micrographs at cellular
level highlighted a big accumulation of starch granules
in the chloroplasts when the plants were subjected to
saline stress, by resulting in some disorders in their
structures. For this reason, the starch accumulation
in chloroplasts seemed to be more closely related
with the initial damage provoked by saline stress at
cellular level, than the beneficial effect of the starch
as reserve carbohydrate, as have been suggested
by several authors (19, 22). This hypothesis could
be attributable to the inability of cowpea plants to
degrade the accumulated starch by hydrolysis during
the night, exhibiting in some problems related with
starch metabolism, specifically in the loss or blocked
of hydrolytic amylases. Taking into consideration
that synthesis and degradation of starch within
the plants cells are quick processes (day-night,
respectively) then, the starch accumulation could be
a mechanism used by plants to mitigate the saline
stress. However, this behavior maintain until the saline
stress affects the enzymatic hydrolysis, by resulting
in a disproportionate starch accumulation, which alter
chloroplasts ultrastructure in the same way.

In our results, that phenomenon possibly took
place some days before the harvest (45 days) because
damages were observed at this moment, and others
evidenced of harmful effect at tissue or plant level
were not highlight.

Our data agreed with those obtained by several
researchers who reported an increase (three-fold)
of the leaf starch content in M. fruncatula and Lotus
Japonicus L. grown under salinity stress in comparison
with the control without salt (20).

On the other hand, the little variation in nodule
structure (as the vesicles appearance) and the
weakening of peribacteroidal membrane could be
caused due to the nodule senescence, and the
beginning of the harmful effect provoked by saline
stress. Anyway, other morphological and ultrastructural
disorders were not observed in the cells of the nodules,
which indicate deep damages caused by salinity.
Several authors have reported other deep lesions as
cytoplasm disintegration, the stiffness loss of the cell
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wall, the diminishing of intercellular space and the
increase of epidermis membrane and the cortex, due
to the increase of vesicles number (22, 23).

The fact that in our result the infected zone of
the nodule from plants subjected to salinity, was
not affected in a marked way, is very beneficial to
symbiotic nitrogen fixation. In the same way, this
may indicate also that the nodule as a new structure
formed, has developed some mechanisms to protect
the symbiosome, and at the same time, to avoid the
inactivation of nitrogenase enzyme.

Some mechanisms can be mentioned, such as
compatible solutes accumulation as proline, sucrose,
and also some structural adaptations as the swollen
cell cortex which is used as a barrier to avoid the entry
of Na* ions to the infected zone (23, 24, 25). Others
as the presence of a vacuolar antiporter Na*/H*, which
play a relevant role in the saline tolerance, and ionic
homeostasis, probably due to the induction of the
accumulation of Na* into the vacuole (26, 27) have
been reported too.
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