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The work was carried out to investigate the effects of different concentrations of NaCI on Brachiaria
humidicola Rendle in the presence and absence of Glomus etunicatum Becker and Gerdemann, as
well as to evaluate some growth parameters and the accumulation of free proline in the plant leaves.
The soil used was a Neosoil Fluvic Eutrophic with pH of 6.5, organic matter, 12.8 g kg" and soil texture,
sandy loam, in which Brachiaria humidicola Rendle cv.409 was grown. Five NaGI concentrations were
tested 0; 0.22; 1.09; 1.96 and 2.84 g. kg" of soil, whose electrical conductivity (EC) were 2.22; 4.00;
8.13; 12.53 and 16.50 dS m', respectively. Brachiaria humidicola showed salt tolerance when submitted
to an EC of 4 dS m-'. There was a reduction of leaf area, dry matter of shoots and roots for the soil
treatments beyond EC at 8 dS m-1. Free proline content in the leaves increased together with the increase
in soil salinity (EC at 8 dS m-') demonstrating that plants submitted to EC of 2 and 4 dS m-' were less
affected by salt stress, and consequently accumulated less proline in the leaves. Root colonization was
not affected by the increase of NaCI dosage in the soil.
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Repuesta al est res salino y acumulaeion de prolina en Brachiaria humidicola con y sin inoeu-
laeion de mieorrizas. Este trabajo fue realizado con el objetivo de investigar los efeetos de concen-
traeiones diferentes de NaCI, en presencia y ausencia de la micorriza Glomus etunicatum Becker y
Gerdemann, sobre el crecimiento y la acumulaci6n de prolina en Brachiaria humidicola Rendle cv. 409.
EI suelo utilizado para el cultivo fue un Fluvisoles Eutrico con pH de 6,5, materia organica 12,8 g. kg-' Y
textura del suelo franco arenoso. Fueron usadas cinco concentraciones de NaCI: 0; 0,22; 1,09;1,96 Y
2,84 g. kg" de suelo, respectivamente, y cuyas conductibilidades electricas (CE) fueron 2,22; 4,00;
8,13; 12,53 Y 16,50 dS. m-', respectivamente. Brachiaria humidicola mostr6 tolerancia a la sal cuando
fue sometida a una CE de 4 dS m·'. La salinidad redujo el area de las hojas y la materia seca de las
partes aereas de las plantas y raices a partir de uma CE de 8 dS m·'. EI contenido de la prolina libre
en las hojas aument6 con el aumento de la salinidad en el suelo (CE=8 dS m-'), demostrando que
cuando las plantas fueron sometidas a una CE entre 2 y 4 dS m-1 eran menos afectadas por la con-
centracion de sal, y por 10 tanto, acumularon menos prolina en las hojas. La colonizaci6n de las

_micorrizas en la raiz no fue afectada por el aumento de dosificaci6n de NaCI en el suelo.

Palabras claves: Brachiaria humidicola, Glomus etunicatum, prolina, estres salino, NaCI.

NaGI hygroscopy can be utilized for the cultivation of
forage crops, such as Brachiaria and other gramine-
ous plants. One of the great advantages of salt toler-
ant crops is the cost reduction when compared to the
cost of physical-chemical recuperation of such soils.

Soils of arid and semi-arid regions have high salinity
due to the presence of soluble salts from irrigation
water and fertilizers (8). The high soil humidity due
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Generally plants show different performance in
salinity environments. Their responses can be
attributed to various specific mechanisms, such as
the capacity to make. a complete osmotic
adjustment and the stability of their membranes,
macromolecules and enzymatic systems (11). The
increased salt content in the soil solution
diminished plant growth to a greater or smaller
extent, according to the crop species and its
management. Many plant species show a decrease
in growth when subjected to NaCI stress (24).

Under salt stress conditions, some plants can
accumulate compatible soluble material (proline,
betaines and sugars) that can significantly contribute
to its ability to adapt to salinity. Proline acts as an
osmo-protector and its over-production has been
associated with an increase in osmotic stress
tolerance in plants (17). Proline levels variation in
several plants has been correlated with their capacity
to tolerate or adapt themselves to salinity conditions.
However, the role of proline in promoting tolerance
to salt stress is questionable (7).

The ability of arbuscular mycorrhizal fungi (AMF)
to tolerate the adverse conditions of such
environments is considered of great value toward
verifying its contribution in plants when subjected to
salinity.According to Brundrett (5), differences among
species of AMF when colonized in plants under salt
conditions could be related to the origin of these fungi.

The introduction of AMF into salty soils could
improve the tolerance and plant growth (15). AMF
inoculation has improved forage crop growth under
salt conditions when compared to untreated plants
(19). However, in some cases, the mycorrhizal
associations can have a negative impact on plants
under high salinity conditions (16). The soil salinity
also influences the symbiosis, where sodium and
chlorine can reduce the germination of the AMF
spores (25). Allen and Cunningham (2) working
with the species Distichlis spicata Linneu, which
is tolerant to high salinity concentration, in
presence or absence of AMF inoculation, verified
that mycorrhizal inoculation did not improve
growth, but affected it in some treatments.

This work was carried out to investigate the
effects of different concentrations of NaCI on
Brachiaria humidicola Rendle in the presence and
absence of Glomus etunicatum Becker and
Gerdemann, as well as to evaluate some growth
parameters (dry matter of shoots and roots, leaf

area), percentage of root colonization and the
accumulation of free proline in the plant leaves.

Soil preparation

The experiment was carried out under greenhouse
conditions at temperatures ranging from 29 to 33°C
and a relative humidity of 81 to 89%. The soil was
an Neosoil Fluvic Eutrophic (3), and it was collected
(0-30 em) from Vito ria de Santo Antao county -
Pernambuco, Brazil. The soil was air dried, sieved
(5 mm) and autoclaved for 1 h at a temperature of
121°C and a pressure of 101 kPa. This sterilization
was repeated for three consecutive days. The soil
chemical and physical analyses were done in the
chemistry and physics laboratories of Pernambuco
Agricultural and Livestock Research Enterprise (Em-
presa Pernambucana de Pesquisa Agropecuaria -
IPA) using the Embrapa methodology (10). The
following results were obtained: pH (water) 6.5; Ca2+
13.5 mmolc kg"; Mg+36.5 mmolc kg'\ K+2.6 mmolc
kg'\ Na+6.0 mmolc kg'\ Aj3+0,0 mmolc kg"; P 64.8
mg kg"; N-mineral 0.9 g kg-\ clay 80 g kg"; silt 320
g kg-'; fine sand 30 g kg'\ coarse sand 570 g kg";
bulk density 1.4 g cm-3,particle density 2.7 g cm'3
and organic matter 12.8 g kg".

Inoculation and planting

Seeds of Brachiaria humidicola Rendle cv 409 were
disinfested with sodium hypo chlorine at 20 % for
two min, followed by successive rinses with
sterilized distilled water and germinated in trays
containing vermiculite, for a period of seven days.
Two germinated seedlings were then placed in each
pot. The species of AMF used was the Glomus
etunicatum Becker and Gerdemann, obtained from
the National Center of Agrobiology Research (Cen-
tro Nacional de Pesquisa de Agrobiologia - RJ,
Brazil). The inoculants consisted of 40 g of soil
containing spores, mycelia and pieces of colonized
roots. An analysis of this inoculants by the damp
sieving technique using methodology described by
Gerdemann and Nicolson (12) revealed 100 spores
per gram of soil, being then each pot inoculated
with 100 spores, it was placed 1g of the inoculum
on the plant roots in the pots and after that they
were covered by the soil. Plants were irrigated with
distilled water and the excess of water drained



naturally to the pot collector and, whenever
possible, reapplied again. Irrigation water used had
a low salinity classification (C1S,), with an electrical
conductivity of 0.01 dS m-1 and according to
Richards (22), this type of water can be used for
irrigation for most plants in any type of soil.

Application of salt stress and analyses

The levels of NaCI (0; 0.22; 1.09; 1.96 and 2.84 g
kg-1of soil) and electrical conductivity (2; 4; 8; 12
and 16 dS m-') were determined by the saturation
paste (22), with osmotic potentials -0.08; -0.14; -
0.30; -0.46 and -0.60 MPa, respectively. The
increasing doses of NaCI were applied to the soil 15
days before planting, and after saline effect, the soil
pH varied from 6.5 to 7.6 within treatments. The
temperature and relative humidity of the air were
measured using a thermohygrograph. Plants were
harvested 60 days after planting (OAP).The following
parameters were measured: a) leaf area - LA
(portable area measuring meter, model L1 3000,
L1COR, Lincoln, Nebraska, USA); b) dry matter of
shoot - SOM and root - ROM (dried in a oven at
65 DCfor 72 h); c) percentage of root colonization
(20); d) free proline content in the leaves (4).

Statistical analyses

Randomized blocks were used as experimental
design, with a factorial arrangement of 5 x 2 (level
of NaCI/electrical conductivity in the presence and
absence of AMF) with four replication. The

statistical analyses were made using the
mathematical model of Stell and Torrie (26). The
analysis of variance was made utilizing the
SANEST program (30) and the means were
compared by Tukey's test at p<0.05 level.

Effect of salt stress on the accumulation of
free proline in the leaves

The proline concentration in the Brachiaria leaves
ranged from 113 to 451 mg g-1 of fresh tissue.
There were significant increases of free proline in
leaves from plant grown in soil with EC from 8 dS
m-' and above, resulting in a positive correlation
(R2 = 0.82) between the levels of salt in the soil
and the proline content in the leaves of Brachiaria
humidicola Rendle (Table 1). Free proline content
in the leaves were four times bigger in the plants
submitted to EC of 12 dS m-" when compared with
those submitted to EC of 2 and 4 dS m-'.

Statistical analysis showed that there was no
significant difference in the proline content of
Brachiaria plants in the presence or absence of
AMF when subjected to increased doses of NaCI.
However, higher values were observed in plants
not inoculated with mycorrhizal (Table 1).

Influence of salinity on plant growth

The production of SOM decreased with the
increase of NaCI concentration in the soil.

Table 1. Proline concentrations in leaves of Brachiaria plants with and without
mycorrhizal inoculation as a function of soil electrical conductivity.

With AMF Without AMF
Proline (mg g-1 fresh leaves)

2
4

8
12
16
Average

Fungi

Salinity

Fungi x Salinity

97.60 B

74.23 B

283.36 AB

475.83 A

198.74 A

225.95

0.110
0.041 •
0.451

217.70 B

151.09 B

431.15 AB

425.79 A

667.63 A

378.67

'Significant at the 0.05 probability level, n.a not significant. In each column the
means followed by the same capital letter do not differ statistically (p<0.05)
from each other, according to Tukey's test.



Table 2. Shoot (SOM) and root (ROM) dry matter and leaf area (LA) in Brachiaria plants with and without mycorrhizal
inoculation as a function of soil electrical conductivity.

EC (dS m") With AMF

SOM (g) ROM (g) LA (dm2)

2 16.06 A 2.24 A 11.02 A

4 13.57 A 2.23 A 9.37 A

8 5.54 B 0.77 B 4.80 B

12 2.66 BC 0.23 B 2.65 BC

16 1.53 C 0.15 B 1.53 C

Average 7.87 1.12 5.87

Fungi 0.18 0.54 0.88

Salinity 0.00001 . 0.00001 . 0.00001 .
Fungi x Salinity 0.97 0.83 0.87

SMO (0.05) 3.80 0.89 2.80

Without AMF

ROM(g)

14.03 A

12.02 A

4.78 B

2.17 BC

0.70 C

6.74

2.07 A

1.63 A

0.83 B

0.25 B

0.10 B

0.98

11.07 A

10.70 A

4.40 B

2.67 BC

0.97 C

5.96

'Significant at the 0.05 probability level, n, not significant. In each column the means followed by the same capital letter
do not differ statistically (p<0.05) from each other, according to Tukey's test.

Brachiaria plants subjected to a soil EC of 8 dS
m·1 had a smaller difference in the total plant dry
matter (Table 2). This was probably due to a high
rate of water loss and a decrease of assimilatory
activity in these plants, thus stimulating a
breakdown of organic substances through
respiration because of unfavorable conditions.
Although the analysis of variance only revealed
significant statistical differences (p<O.05) for the
salinity levels, it can be observed that all those
treatments receiving AMF inoculation had a higher dry
matter shoots and roots average production when
compared to those without inoculation (Table 2).

From the root dry matter (ROM) production
evaluation, it can be observed that roots are more
sensitive to salt stress than shoots. The production
of ROM was reduced with the increase of salinity
beyond an EC of 8 dS m·1 (Table 2). A higher ROM
yield was observed when plants were subjected
to soil EC of 2 and 4 dS m·1• In these levels the
plants presented a relative production of 1.6% and
1.4%, respectively, when compared to the last
level of salt (16 dS m·1). Even though no significant
statistical difference among treatments in the
presence or absence of AMF was observed, the
greatest productions of ROM occurred in those
treatments with AMF where a 14% increasing in
production was obtained when compared to
treatments in the absence of AMF..

A significant higher in leaf area was observed
when plants were submitted to soil EC of 2 and 4

dS m·1 respectively, demonstrating a high
photosynthetic potential when compared to the
corresponding treatment at the highest level of
salinity (EC;: 16 dS m·1) (Table 2). The leaf area
of Brachiaria plants decreased with an increase
of soil EC (8, 12 and 16 dS m·1). Such reduction
can be attributed among other factors to the

Table 3. Percentage of radicular colonization in Brachiaria
plants with and without mycorrhizal inoculation as a function
of soil electrical conductivity.

With AMF Without AMF
Radicular colonization (%)'

2

4

8
12
16

Average

FungiO.00001

Salinity

Fungi x Salinity

SMO (0.05)

5.50

3.00

4.00

10.00

5.00

4.99 a

o
o
o
o
o
o b

0.10

0.10

0.28

'Significant at the 0.05 probability level, n.$. not significant.
In each line the means followed by the same low case letter
do not differ statistically (p<0.05) from each other, according
to Tukey's test. 'Original data, to variance analysis were
transformed in >'(X+ 1).



reduction in cell lengthening. No significant
statistical differences were observed in Brachiaria
plants in the presence of absence of AMF at
different levels of soil EC (Table 2).

The percentage of root colonization did not
show significant statistical difference regarding the
levels of salinity applied to the soil. The Brachiaria
plants presented low rates of root colonization.
High level of phosphorus (64.8 mg kg-1), found in
the soil analyses, probably had a negative
influence on the rate of root colonization by the
Glomus etunicatum in the roots of the Brachiaria
plants (Table 3).

The high values obtained for free proline content
in this paper, probably could be explained by a
specific characteristic of the plant or due to the
age of the leaf assayed, considering that the
concentration of solutes in the leaf limb is highly
dependable on age and/or position of the stem.
The level of proline is higher on old leaves being
progressively reduced on young leaves (7).
Studying lettuce plants, Ruiz-Lozano, Azcon and
Gomez (23) found that the increase of proline
content as a consequence of soil salinity, was low
in plants colonized by Glomus fasciculatum
Gerdemann and Trappe and Glomus deserticola
Trappe, Bloss and Menge AMF, in relation to those
without mycorrhizal colonization. These authors
stated that plants with mycorrhizal colonization
were less affected by salt, due to less proline
accumulation.

Plants subjected to EC 4 dS m-1 did not differ
from the control, suggesting that this dose of
NaC1 did not interfere in the formation and
accumulation of dry matter under the conditions
evaluated. Therefore, the species Brachiaria
humidicolCi Rendle used can be considered salt
tolerant. Tabosa and Lyra (27), working with this
same species and dose observed similar results.
Tabosa (28) reported that an EC of 4.0 dS m-1

obtained from soil saturated extract led to
differences of 50% in the production of dry matter
in Cynodon dactylon Pers., and that EC of 7.0 dS
m-1 showed differences of 15% in dry matter
production in Brachiaria humidicola Rendle.

Considering that leaf area represents the
magnitude of the assimilatory system of plants

(21), it was perceived that one of the factors which
promotes greater salt tolerance to Brachiaria is its
larger leaf surface for gathering solar rays and
consequent conversion to metabolic energy. In this
way, the leaf area demonstrated to be a reliable
parameter for designating tolerance to salt stress.
According to Hasaneen, EI-Saht and Bassyoni
(13), leaf area is a rather important parameter
when studying plant sensitivity to salinity. They
showed that low doses of NaCI (0.85 mol m3) were
able to reduce the leaf area of maize plants by
35%. Thus, leaf area is considered an excellent
indicator of the effect of salinity (1). Wright,
Scholes and Read (29) did not observe any
significant statistical differences for the leaf area
in Trifolium repens L. (white clover) and Bouteloua
gracilis Benth and Hook plants in the presence or
absence of AMF.

Several authors have noticed that the
percentage of radicular colonization by the AMF
decreased with the increase in soil salinity
because of the toxic effect of the ions (9, 14, 18,
19). Chambers, Smith and Smith (6) verified that
the addition of various levels of salt in the soil was
sufficient to negatively influence the mycorrhizal
colonization.

In conclusion, Brachiaria humidicola Rendle
showed tolerance to salinity when subjected to the
soil EC at 4 dS m·1. The leaf area and the shoot
and root dry matter were reduced in soil EC of 8
dS m·1• Brachiaria humidicola plants in soil EC of
2 and 4 dS m-1 accumulated less proline and so
were less affected by soil NaCI. There was a lower
increase of root colonization independently of
increasing salt doses in the soil. The AMF Glomus
etunicatum did not have a significant effect in
plants of Brachiaria humidicola concerning soil
salinity tolerance.
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