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The effects of cadmium on biomass production and growth parameters of drunken horse grass
(Achnatherum inebrians) over an 8-week period were determined in a controlled-environment exper-
iment. Changes were determined for relative water content, anti-oxidative enzymes (i.e., catalase (CAT),
superoxide dismutase (SOD), peroxidase (POD), and ascorbate peroxidase (APX)) and for H,0O, content,
as well as levels of proline, malondialdehyde (MDA), and chlorophylls “a” and “b” present within leaves
infected with Neotyphodium gansuense vs. non-infected controls. Observations began 4 weeks after addi-

Ic(eywqrdS: tion of CdCl; (0, 50, 100 and 200 uM) to the nutrient solution. Under high concentrations (100 and
admium . . .

Achnatherum inebrians 209 wM) of ;dClz, endophyte-infected plant; produced more biomass and had hlg'her. values for plant
Growth height and tiller number compared to non-infected controls, but there was no significant difference
Anti-oxidative enzyme (P>0.05) under 0 and 50 uM CdCl,. Anti-oxidative enzyme activities, H,0, concentration, and chloro-
Endophyte phylls “a” and “b” levels increased, but proline and malondialdehyde content declined in the infected

plants vs. non-infected plants under high (100 and 200 M) concentrations of CdCl,. There was no signif-
icant difference (P>0.05) under 0 and 50 M CdCl,. Endophyte infection was concluded to be of benefit
to the growth and anti-oxidative mechanisms within A. inebrians under high concentrations exposures

to Cdclz .

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Heavy metal contamination is a serious environmental problem.
Cadmium is one of the most toxic of environmental pollutants for
plants and can interfere with numerous biochemical and physio-
logical processes, including photosynthesis, respiration, nitrogen
and protein metabolism, and nutrient uptake [1]. Plants can toler-
ate cadmium toxicity by inducing anti-oxidative defense systems
[2,3].

Endophytes of Neotyphodium species and their sexual telemor-
phic genus Epichloé have been found in many cool-season grasses
[4,5] and are associated with increased host resistance to abiotic
and biotic stresses [6-8], nutrient acquisition [9] and competitive
ability [10,11].

Drunken horse grass (Achnatherum inebrians) is an important
perennial Chinese bunchgrass which usually grows on roadsides,
in gullies, on shady slopes, and in the harsh conditions of the
alpine or subalpine grasslands of the Qinghai-Tibetan, Tianshan and
Qilian mountains in Gansu, Xinjing, Qinghai, Tibet and Inner Mon-
golia [12]. It could, therefore, have potential use as a sustainable
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soil-water conservation plant. Neotyphodium gansuense is a fungal
endophyte symbiotic with the A. inebrians that is native to Gansu,
China. It was described by Li et al. [12] and subsequently charac-
terised [13]. Neotyphodium endophytes provide A. inebrians with
a strong competitive ability due to an increased host tolerance to
drought [14], salt [15] cold [16], pathogenic fungi [17], and pests
[18,19].

Zaurov et al.[20] reported that endophyte infection can enhance
the aluminum tolerance of fine fescues (Festuca spp.). Fabien et
al. [21] demonstrated that such an infection can improve ryegrass
(Lolium perenne) values of total dry weight and tiller number, indi-
cating a tolerance to zinc stress. Gou [ 15] reported that N. gansuense
can improve the sodium tolerance of infected (E+) A. inebrians
compared to non-infected (E-) specimens. Wang et al. [22] also
reported that an endophyte infection can improve the sodium tol-
erance of Hordeum brevisubulatum. However, no reports currently
exist on interactions between cadmium, endophytes and grasses.

Thus, the present study examines the effects of N. gansuense on
A. inebrians grown under cadmium-stressed or normal conditions,
including effects on cadmium-influenced host growth parameters,
as determined by measuring a series of physiological and biochem-
ical indicators. The goal of this work was to better understand the
physiology and possible mitigation of cadmium toxicity within A.
inebrians due to endophyte infection.


http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:chunjie@lzu.edu.cn
dx.doi.org/10.1016/j.jhazmat.2009.10.066

704 X. Zhang et al. / Journal of Hazardous Materials 175 (2010) 703-709

2. Materials and methods
2.1. Plant materials and growth conditions

Seeds of A. inebrians were collected from E+ plants grown in an
experimental trial plot within Xiahe county (E: 102°31’, N: 35°12/,
elevation: 2931 m) in Gansu, China. These seeds had previously
been stored at a constant 5°C temperature at the Lanzhou Official
Herbage and Turfgrass Seed Testing Centre, Ministry of Agriculture,
Lanzhou, China.

To reduce genotypic variation between E+ and E— lines, a sub-
set of E+ seeds was freed of the endophyte using high temperature
and high humidity to yield E— seeds from the same maternal line as
used by Li [23]. These E+ or E— seeds were planted into segregated
pots (30cm x 25 cm x 8 cm) filled with silt loam soil that had been
sterilized in an oven at 160°C for 6 h. E+ and E— seedlings were
subsequently transplanted individually into plastic pots, placed
within a constant temperature greenhouse (22 °C) with a day/night
cycle of 16h light: 8h dark (L16:D8), and were watered, as
needed.

2.2. Treatments

Pots were maintained in the greenhouse for 4 weeks, and the
plants were trimmed weekly to 10cm above the soil surface,
before the CdCl, stress was imposed. At approximately 6 weeks
post-sowing, 20 pots (5 replicates x 4 treatments) were randomly
assigned to four CdCl, treatments (i.e., concentrations of 0, 50, 100
and 200 wM CdCl; in half-strength Hoagland’s solution) for each of
the tests.

Mature leaves were harvested 1-month later. Parts of the fresh
leaves were used to extract and assay enzymes immediately. Other
leaf parts were plunged into liquid nitrogen for 2 min and freeze-
dried at —60°C, then ground to a fine powder with a mortar and
pestle and stored at —80°C for later proline, malondialdehyde
(MDA) and chlorophyll determinations.

2.3. Biomass production and growth

The initial heights of three labeled plants within each pot, and
their respective numbers of tillers, were measured. The effects of
endophyte infection and CdCl, stress on biomass production and
growth parameters were then determined over an 8-week period.
At the end of the trial, each harvested plant was divided into roots
and above-ground parts, soil was washed from the roots with tap
water, and root diameters were determined with a Vernier caliper
(Mututoyo, Japan).

2.4. Relative water content

Pre-dawn relative water content (RWC) was determined on six
leaves, 1-month later. Fresh weight (FW) was determined after
excision, and the leaves were rehydrated in the dark for at least
18 h to determine leaf turgid-weight (TW) [24]. Dry weight (DW)
was determined after drying the leaves to a constant weight in
an oven at 105°C. The RWC was calculated from the equation,
RWC=100[(FW — DW)/(TW — DW)].

2.5. Extraction and assay of enzymes

The extraction of anti-oxidant enzymes was carried out on leaf
samples using methods described by Zhang and Nan [25] with
minor modifications. Leaf tissues (0.5 g) were homogenized in 5 ml
of 50 mM sodium phosphate buffer (pH 7 for catalase (CAT), and
pH 7.8 for superoxide dismutase (SOD), peroxidase (POD) and

ascorbate peroxidase (APX)) containing 1% (w/v) polyvinylpyrroli-
done and 0.1 mM NayEDTA. The homogenate was then filtered
through four layers of cheesecloth and centrifuged at 15,000 x g
for 20 min. After centrifugation, aliquots of the supernatant were
used to determine the enzyme activities and protein concentra-
tion. Extracts were prepared at 4°C, and enzyme assays were
performed at 25°C. Catalase activity was assayed as reported
by Clairborne [26]. Superoxide dismutase activity was measured
spectrophotometrically as described by Beyer and Fridovich [27].
Peroxidase activity was determined by the method of Chance and
Maehly [28] using guaiacol as an electron donor. Ascorbate perox-
idase activity was determined according to the method of Gupta
et al. [29] by measuring the oxidation of ascorbate at 290 nm.
Protein concentration in each enzyme extract was measured by
the method of Bradford [30]. Hydrogen peroxide was determined
according to a method modified from Velikova et al. [31] with
minor modifications. Leaf tissues (1.0g) were homogenized in
an ice bath with 10ml of 0.1% trichloroacetic acid (TCA). The
homogenate was centrifuged at 12,000 x g for 20 min. One milliliter
of supernatant was added to a solution of 1 ml of 10 mM sodium
phosphate buffer (pH 7.0) plus 2ml of 1M KI. The photomet-
ric absorption of the reaction solution supernatant was measured
at 390 nm.

2.6. Proline content

Proline content was determined using a colorimetric method
modified from Li [32]. The fine powder of freeze-dried leaves (0.5 g)
were treated with 5 ml of 3% sulphosalicylic acid and maintained at
100°C for 10 min. The supernatant (2 ml) was added to a solution
of 2 ml of glacial acetic plus 2 ml of 2.5% (w/v) acidic ninhydrin, and
keptat 100 °C for 25 min. After the liquid was cooled, it was added to
4 ml of toluene. The photometric absorbance of the toluene extract
was read at 520 nm. Contents were calculated to wg/g~! dry matter.

2.7. Chlorophyll content

Chlorophylls “a” and “b” contents was determined using a col-
orimetric method modified from Li [32]. A sample containing 0.2 g
frozen and ground plant tissue was extracted in 80% acetone mixed
with little calcium carbonate powder and centrifuged at 12,000 x g
for 25 min. The absorbance of the sample was measured at 645 and
663 nm against a blank containing all the reagents, but without the
sample. The chlorophyll content of the sample was calculated using
the formula:

C“a”(wmol/l) = 12.72A¢e3 — 2.59Ag45;
C“b"(pmol/l) = 22.88A645 — 4'67A663

2.8. MDA content

The extent of lipid peroxidation in terms of malondialdehyde
formation was measured according to a method modified from
Li [32]. A sample containing 0.5g of plant materials was mixed
with 5ml TCA (5%) and centrifuged at 12,000 x g for 25 min. Two
milliliter of supernatant was mixed with 2 ml of a 0.67% thiobarbi-
turic acid (TBA) solution and incubated in boiling water for 30 min,
and the reaction stopped by placing the reaction tubes in an the ice
bath. Then the samples were centrifuged at 12,000 x g for 5 min and
the absorbancy of supernatant was used for the determination of
the MDA content. The value for the non-specific absorption at Aggg
was subtracted from the As3; reading. The amount of MDA-TBA
complex (red pigment) was calculated by using the extinction coef-
ficient for MDA of 155 mM~1cm1.
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Fig. 1. Dry weight of above-ground (AB) biomass (A) and below-ground (BB)
biomass (B) of endophyte-infected (E+) vs. uninfected (E—) Achnatherum inebri-
ans after a 8 weeks treatment under 0, 50, 100 and 200 uM CdCl, in half-strength
Hoagland’s solution. Endophyte-infected (E+) and endophyte free (E-) plants in
each replicate were all three plants (n=5). Values are means =+ standard error (SE)
and bars indicate SE. Columns with different letters indicate significant difference
at P<0.05 (Duncan test).

2.9. Statistical analyses

Results of the biomass and root parameters, the activities of CAT,
SOD, POD and APX, and the contents of proline, MDA, and chloro-
phylls “a” and “b”, that resulted from E+ and E— plant specimens
that did undergo the various cadmium treatments, were presented
as means with standard error. Statistical analyses, one-way anal-
ysis of variance (ANOVA) and Duncan’s multiple range tests were
performed by using the SPSS statistical software package (Ver.13.0,
SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Plant growth parameters and biomass production

Plant heights and tiller numbers were observed (Fig. 1) to be sig-
nificantly higher (P<0.05) for E+ specimens (relative to E— plants)
growing under the high (100 and 200 wM) CdCl, conditions. How-
ever, decreased plant heights and tiller numbers were exhibited in
both cases, relative to growth using 0 and 50 WM CdCl, concen-
trations. No differences were observed between E+ and E— plants
growing under the 0 and 50 wM CdCl; conditions.

Diameter and number of E+ roots were both significantly higher
(P<0.05) under 100 and 200 wM CdCl;, conditions vs. those of E—
plants. E+ values were higher for all treatments, but endophyte
infection did not have a significant effect on these two parameters
under the 50 wM CdCl; condition. Significantly longer root lengths
(P<0.05) occurred in E+ specimens vs. E— plants under all stress
concentrations (Fig. 2). However, growth was generally suppressed
for all plants under the 100 and 200 wM CdCl; conditions.

No significant (P>0.05) difference was observed between E+
and E— plants under 0 and 50 wuM CdCl, for above-ground and
below-ground biomass production (Fig. 3A). However, there was

(A) 35T
- 3F b b g @ OE+ HE-
2 a5t c
@
< 20 d d
|
ERE %
£ oy
[} 5 F
1 1 1
0 0 50 100 200
Concentrations of Cadmium (uM)
(B) 10 .
a
g o 2.2 OE+  ME-
g b
a 6f c
5
g 4f -
3 e
5 [
E 1 L L
= 10 0 50 100 200

Concentrations of Cadmium (puM)

Fig. 2. Plant height and tiller number of endophyte-infected (E+) vs. uninfected
(E—) Achnatherum inebrians after a 8 weeks treatment under 0, 50, 100 and 200 wM
CdCl; in half-strength Hoagland’s solution. Endophyte-infected (E+) and endo-
phyte free (E-) plants in each replicate were all three plants (n=5). Values are
means £ standard error (SE) and bars indicate SE. Columns with different letters
indicate significant difference at P<0.05 (Duncan test).
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Fig. 3. Root length, root diameter and numbers of endophyte-infected (E+) vs. unin-
fected (E—) Achnatherum inebrians after a 8 weeks treatment under 0, 50, 100 and
200 uM CdCl; in half-strength Hoagland's solution. Endophyte-infected (E+) and
endophyte free (E—) plants in each replicate were all three plants (n=5). Values
are means + standard error (SE) and bars indicate SE. Columns with different letters
indicate significant difference at P<0.05 (Duncan test).
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Fig. 4. Relative water content of endophyte-infected (E+) vs. uninfected (E-)
Achnatherum inebrians after a 4 weeks treatment under 0, 50, 100 and 200 uM
CdCl, in half-strength Hoagland’s solution. Endophyte-infected (E+) and endo-
phyte free (E—) plants in each replicate were all three plants (n=5). Values are
means + standard error (SE) and bars indicate SE. Columns with different letters
indicate significant difference at P<0.05 (Duncan test).

significantly (P<0.05) more above-ground (Fig. 3A) biomass pro-
duction for E+ vs. E— plants under the 100 and 200 uM CdCl,
conditions, with a relative increase of 29.7% and 53.4%, respec-
tively. There was also significantly (P<0.05) greater below-ground
(Fig. 3B) biomass production in E+ compared with E— plants under
100 M and 200 wM CdCl, conditions, an increase of 30.5% and
32.5%, respectively. However, in all cases, plants grown under the
100 wM and 200 wM CdCl, conditions had overall lower biomass
production than those grown under the 0 and 50 wM CdCl, condi-
tions.

3.2. Changes in relative water content and chlorophylls of leaves

Relative water contents of leaves were also determined, and
these values were observed to decrease with increasing cadmium
concentrations. No significant (P> 0.05) difference was observed
between E+and E— plants under 50 M stress conditions. However,
there was a significant (P<0.05) water increase in E+ compared
with E— plants under the 100 and 200 wM CdCl; conditions (Fig. 4),
although overall, relative water content was observed to decrease
among all specimens with increasing concentrations of CdCl,,

There were no significant effects of endophyte status on leaf con-
tents of chlorophyll “a” under 50 M and 100 M CdCl, (P> 0.05),
whereas effects of endophyte on contents of chlorophyll “a” were
significant (P<0.05) under 0 and 200 wM CdCl, (Fig. 5A). The
concentrations of chlorophyll “b” were also determined, with E+
values being higher within all treatments. No significant (P> 0.05)
difference was observed between E+ and E— plants under the
50 wuM CdCl, condition, although there was a significant differ-
ence (P<0.05) under the 100 and 200 wM CdCl, conditions, with
increases of 31.9% and 31.5%, respectively (Fig. 5B). However, the
presence of both chlorophylls was observed to diminish among all
specimens with increasing concentrations of CdCl,

3.3. Changes in contents of proline and MDA

The proline content of E— plants was significantly (P<0.05)
higher than in E+ plants under all CdCl, concentrations, except
the 200 wM condition (Fig. 6A). In that instance, proline content
declined in E— plants, although the rising proline content trend
for E+ specimens continued, this value being significantly (P< 0.05)
higher than that of the E— plants.

A similar positive correlation between CdCl, concentrations
and MDA levels was observed (Fig. 6B), although there was
no crossover at 200 wM CdCl,. There was significantly (P<0.05)
more MDA content in E+ vs. E— plants within the 50, 100 and
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Fig. 5. Variations in content of chlorophyll a, b of endophyte-infected (E+) vs. unin-
fected (E—) Achnatherum inebrians after a 4 weeks treatment under 0, 50, 100 and
200 M CdCl; in half-strength Hoagland’s solution. Endophyte-infected (E+) and
endophyte free (E—) plants in each replicate were all three plants (n=5). Values
are means + standard error (SE) and bars indicate SE. Columns with different letters
indicate significant difference at P<0.05 (Duncan test).
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Fig. 6. Variations in content of proline and MDA of endophyte-infected (E+) vs.
uninfected (E—) Achnatherum inebrians after a 4 weeks treatment under 0, 50, 100
and 200 uM CdCl, in half-strength Hoagland’s solution. Endophyte-infected (E+)
and endophyte free (E—) plants in each replicate were all three plants (n=5). Values
are means =+ standard error (SE) and bars indicate SE. Columns with different letters
indicate significant difference at P<0.05 (Duncan test).
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Table 1

Variations in activities of SOD, POD, CAT, APX and content of H,0, of endophyte-infected (E+) vs. uninfected (E—) Achnatherum inebrians after a 4 weeks treatment under 0,

50, 100 and 200 wM CdCl; in half-strength Hoagland’s solution.

Concentrations (M) Plant Index
SOD POD CAT APX H,0,
0 E+ 29.64 + 2.28f 3814 + 12.2g 0.420 + 0.017e 254 + 0.51g 354 + 141f
E- 28.68 + 2.16f 380.8 + 12.43g 0.406 + 0.012e 24.4 + 0.40g 35.2 £+ 0.49f
0 E+ 37.26 + 2.98e 491.2 + 12.81e 0.586 + 0.021c 39.4 + 2.93e 45,0 + 1.71d
E— 37.44 £+ 0.82e 463.2 + 16.88f 0.530 + 0.007d 33.8 £ 1.37f 44.4 4+ 0.68de
68 E+ 53.54 £ 0.99c 600.8 & 14.14c 0.826 £+ 0.019a 53.6 £ 1.51c 62.0 £ 2.71b
E- 4542 + 1.57d 527.4 + 13.44d 0.618 + 0.015¢ 452 +2.37d 42.8 + 1.86e
AT E+ 66.70 & 2.62a 735.8 + 16.28a 0.760 £ 0.012b 66.2 £+ 2.58a 75.8 £ 2.80a
E- 57.08 + 4.58b 625.8 &+ 13.59b 0.594 + 0.012c 57.4 £ 2.51b 56.4 + 2.68c

Values are means + standard error (SE) and the different letters in the same row indicated significant difference at P<0.05 (Duncan test).

200 M CdCl, treatments, with increases of 16.4%, 29.5% and 13.3%,
respectively.

3.4. Changes in CAT, SOD, POD, APX, activities and H>0,
concentration

E+ values increased for CAT activity with increasing CdCl, con-
centrations and were significantly (P<0.05) increased compared to
E— plants (Table 1).

The activities of SOD were not significantly (P<0.05) different
within the E+ and E— plants for 50 wM CdCl,, but were significantly
(P<0.05) increased under 100 and 200 wM CdCl, concentrations,
more so in E+ than in E— plants (Table 1).

Both POD and APX activities increased significantly (P<0.05) in
response to increased stress conditions (Table 1), more soin E+ than
in E— plants.

The levels of H,O, in the E+ and E— plants exhibited no sig-
nificant difference under the 50 WM CdCl, condition, but were
significantly (P<0.05) increased under 100 uM and 200 uM CdCl,
concentrations (Table 1), more so in E+ than in E- plants.

4. Discussion

To the best of our knowledge, the present work represents a first
study on the interaction between a Neotyphodium endophyte, cad-
mium toxicity and A. inebrians, and demonstrates that the presence
of the endophyte can apparently ameliorate the effects of cadmium
toxicity.

Exposure of the experimental plants to increasing concentra-
tions of cadmium resulted in reduction in tiller number, shoot
length, and root number, length, and diameter. Occurrence of these
phenomena was associated with reductions in dry matter pro-
duction. The results indicate that endophyte infection is beneficial
under conditions of cadmium stress to improve above-ground and
below-ground biomass (Fig. 1), tiller number (Fig. 2) and root
parameters (Fig. 3). The effects of this endophyte on plant growth
and physiology for A. inebrians under NaCl stress were also reported
by Gou [15] and Li et al. [33]. Zaurov et al. [20] reported that endo-
phyte infection can enhance the aluminum tolerance, such as more
biomass, of fine fescues. Fabien et al. [21] showed that an endophyte
can improve higher values of total dry weight and tiller number,
increasing zinc stress tolerance for ryegrass.

Melis et al. [34] indicated that cadmium toxXicity causes devel-
opment of reddish-brown necrotic spots on older leaves of barley
(Hordeum vulgare) cultivars (cvs. Tokak and Hamidiye). A similar
symptom was also found in shoots of A. inebrians within this study.
In addition, RWC (Fig. 4) and chlorophylls “a” and “b” contents
(Fig. 5) were reduced with increased concentrations of cadmium.
Under strong drought stress, Li found greater RWC and accumula-

tion of chlorophylls in E+ A. inebrians [ 14], with similar results being
found by Gou [15]. Zhang and Nan [25] found a greater RWC and
accumulation of chlorophyll in E+ vs. E— Elymus dahuricus. Hunt
et al. [35] also found greater concentrations of chlorophyll in E+
perennial ryegrass. As chlorophyll is the basis for photosynthesis,
any chlorophyll reduction in E— plants would affect their photo-
synthetic capacity, and indeed, stronger net photosynthesis in E+
vs. E— tall fescue has been found [35,36].

It is well known that the presence of proline may play a role
in plant protection from desiccation and from the harmful effects
derived from solute accumulations. In the present study, high
cadmium stress conditions induced proline accumulations approx-
imately comparable between E+ and E— plants (Fig. 6), a result
which may indicate that both adapt to cadmium stress similarly.
Gou [15] reported that salt stress induced more proline accu-
mulation in E+ than in E— A. inebrians, and a similar result was
also reported by Li [14]. However, Zhang and Nan [25] reported
that water stress conditions induced proline accumulation in E+
plants comparable with E— plants. Elbersen and West [37] found
lower proline concentrations in E+ tall fescue plants under field
drought conditions, with proline content being higher in E+ (vs.
E—) plants under the stress of higher concentrations of 200 uM
CdCl,. This could be interpreted as due to the more severe cad-
mium damage in E— plants, which could not protect themselves as
effectively. However, these differing results may be attributable to
the effects of various stresses on different species under dissimilar
conditions.

Plants have evolved several methods to prevent damage by
reactive oxygen species (ROS). One of these mechanisms is the
employment of an enzymatic anti-oxidant system that includes
catalase, superoxide dismutase, peroxidase and ascorbate per-
oxidase [38,39]. Bonnet et al. [40] reported that decreased APX
activity was found in E+ ryegrass under mild, but not severe,
zinc stress. Concentration of HyO, and 02~ has been observed
in some cadmium-exposed plant species [41,42]. In the present
study, cadmium-induced production of H,0, and 02~ in the leaves
of A. inebrians was demonstrated using both histochemical and
cytochemical methods. Alternatively, cadmium may also activate
the 02~ generating membrane-bound enzyme NADPH-oxidase
[43,44]. By interacting with membrane lipids and proteins, cad-
mium can result in structural impairments of cell membranes,
with a concomitant activation of membrane-bound 0%~ generat-
ing NADPH-oxidase [45,46]. In the roots [47] and leaves [48] of
rice, 02~ production was increased in response to cadmium treat-
ment, and enhanced activity of NADPH-oxidase by cadmium was
suggested as a possible reason for cadmium-induced 02~ forma-
tion. Buckhout et al. [49] demonstrated enhanced levels of H,0,
production by cadmium supply to tobacco cells, and suggested
that a NADPH-oxidase-like enzyme is induced by cadmium toxicity.
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Phaseolus aureus has been shown to produce more H,0, and 02~
than Vicia sativa exposed to cadmium [1].

In the present study, contents of H,0, had higher values under
cadmium stress (Table 1). These results show that cadmium stress
induces intracellular oxidizing conditions leading to the produc-
tion of ROS. Although possible interactions between an endophyte
and elements of plant defense mechanisms are not yet well under-
stood, it was found that activities of CAT, SOD, POD and APX were
significantly increased in the E+ (vs. E-) plants under long-term
cadmium stress (Table 1).

These results suggest that endophyte-infected A. inebrians may
have an ecological and evolutionary advantage over uninfected
specimens, as reflected by morphological parameters and reduced
ROS injury, but the role of cadmium in plant ROS production needs
to be clarified by further studies.
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