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Abstract

The effects of interactions between Bacillus thuringiensis,
a drought-adapted bacterium, and two isolates of Glomus
intraradices, an arbuscular mycorrhizal (AM) fungus, on
Retama sphaerocarpa, a drought-adapted legume, were
investigated. The fungal isolates were an indigenous
drought-tolerant and a nonindigenous drought-sensitive
isolate. Shoot length and root growth, symbiotic param-
eters, water transport (in terms of percent relative plant
water uptake), and volumetric soil moisture and soil en-
zymatic activities in response to microbial inoculations
were evaluated. Retama plants colonized by G. intrara-
dices plus Bacillus possessed similar shoot length after 30
days from sowing compared with noninoculated Retama
plants after 150 days. Inoculation with drought-adapted
bacterium increased root growth by 201%, but maximum
root development was obtained by co-inoculation of B.
thuringiensis and the indigenous G. intraradices. Nodules
were formed only in plants colonized by autochthonous
AM fungi. Relative water uptake was higher in inoculated
than in noninoculated Retama plants, and these inocu-
lants depleted soil water content concomitantly. G. intra-
radices-colonized Retama reached similar shoot length
irrespective of the fungal origin, but there were strong dif-
ferences in relative water uptake by plants colonized by
each one of the fungi. Indigenous G. intraradices-colo-
nized roots (evaluated as functional alkaline phosphatase
staining) showed the highest intensity and arbuscule rich-
ness when associated with B. thuringiensis. The interac-
tive microbial effects on Retama plants were more relevant
when indigenous microorganisms were involved. Co-
inoculation of autochthonous microorganisms reduced
by 42% the water required to produce 1 mg of shoot bio-
mass. This is the first evidence of the effectiveness of rhi-
zosphere bacterium, singly or associated with AM fungus,

in increasing plant water uptake, which represents a
positive microbial effect on plants grown under drought
environments.

Introduction

Drought stress is considered one of the most important
ecological factors limiting plant establishment and sur-
vival [20]. Microbial communities are able to develop a
range of activities that are very important in maintaining
biological balance and sustainability in soil particularly
under stress conditions [6, 18]. In stressed areas, plants
are more dependent on microbial activity, and the micro-
organisms are able to enhance their metabolic activity to
combat stress [29].

Apart from the natural protection system that plants
possess against stresses, plants interact with a variety of
soil microorganisms that can alleviate the stress symp-
toms [47]. The plant root and surrounding soil form an
interface where plant root and soil constituents interact
with saprophytic and symbiotic microorganisms [4, 5].
Ecophysiological studies demonstrated that arbuscular
mycorrhizal (AM) symbiosis is important in protection
against drought stress.

It is accepted that the role of AM symbiosis in con-
tributing to plant establishment, growth, and drought
tolerance when growing under water-stress conditions is
the result of the sum of nutritional, physiological, and
cellular effects [2, 36, 37].

Recent studies by our group investigated the effec-
tiveness of bacterial inoculation (Bacillus sp.) on the de-
velopment and physiology of AM symbiosis [47]. In
AM-colonized plants grown under axenic conditions,
inoculation with Bacillus sp. enhanced fungal develop-
ment and metabolism. Under stress conditions, the bacte-
rium also had an important stimulatory effect on theCorrespondence to: R. Azcón; E-mail: rosario.azcon@eez.csic.es
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development of Glomus intraradices. The plant–gas
exchange and other plant physiological values were
modulated by the bacterium. Changes in photosynthetic
rate affect the translocation of soluble sugars to the root,
which can enhance the metabolic activity of the fungus in
the root. The highest amount of active AM mycelium
developed by this fungus was obtained after co-inocula-
tion with this bacterium. Nevertheless, this investigation
was done under particular environmental conditions,
since plants were grown in a soilless medium and
nutrients were sequentially supplied in an available form
during the plant growth period [47].

Recent studies have reported that different AM fungi
are highly variable in their tolerance to drought stress [23],
but there is no information on improving plant water
uptake.

Therefore, the objectives of this study were (1) to com-
pare the effect of autochthonous microorganisms, such as
Bacillus thuringiensis, and a G. intraradices strain isolated
from a dry Mediterranean area, with a nonautochthonous
G. intraradices strain from a collection (isolate BEG 123)
not adapted to drought; (II) to determine the effect of the
interaction between B. thuringiensis and each one of the
AM isolates on plant tolerance to drought stress. The com-
parative effects were measured in terms of plant growth,
relative plant water uptake and volumetric soil moisture,
symbiotic parameters, and soil enzymatic activities.

Materials and Methods

Experimental Design. The experiment consisted of
nonmycorrhizal controls with or without inoculation with
an autochthonous strain of B. thuringiensis and two AM
fungi, which were assayed singly or in co-inoculation with
B. thuringiensis. The two fungal strains were G. intraradices
autochthonous from Mediterranean soil and G. intrara-
dices from a collection (BEG 123). All treatments were
replicated five times (a total of 30 pots) and placed in a
random complete block design.

Soil Characteristics. A calcareous loamy soil from
a Mediterranean zone (Spain) was sieved (2 mm), diluted
with quartz–sand (G1 mm) (1:1 soil/sand, v/v), and steril-
ized by steaming (100-C for 1 h along 3 days). The soil
had a pH of 7.2 (water) and contained 1.6% organic
matter. Nutrient concentrations were 2.1 mg kg

_1 nitrogen,
1.7 mg kg

_1 phosphorus (NaHCO3-extractable phospho-
rus), and 0.8 mg kg

_1 potassium. The soil texture was
made up of 57.8% sand, 19% clay, and 23.2% silt.

Microbial Selection and Soil Inoculation. Soil
samples for microbial inocula production were taken
from the described Mediterranean soil. The predominant
bacterium and autochthonous AM fungus were isolated
from this soil and were cultivated for inocula production.

The bacterial isolation was carried out following the
conventional procedure: Briefly, 1 g of homogenized rhi-
zosphere soil was suspended in 100 mL of sterile water
(dilution, 102) and 1 mL of this suspension was serially
diluted to reach dilutions of 104 to 107. These were plated
in agar nutrient broth medium (8 g L

_1) and cultivated
for 48 h at 28-C.

Once selected, the most abundant bacterial type
was independently grown in 250-mL flasks containing
50 mL of nutrient broth medium (8 g L

_1) in shake cul-
ture. The predominant indigenous mycorrhizal inoculum
was isolated by wet sieving and decanting [45]. It was
morphologically identified as a G. intraradices isolate.
The mycorrhizal inoculum was bulked in an open-pot
culture of red clover and consisted of soil, spores, mycelia,
and infected root fragments having a colonization of
70%. Ten grams of mycorrhizal inoculum was added to
corresponding pots at transplanting time just below the
root of clover seedlings.

A second strain of G. intraradices (isolate BEG 123)
from our collection was used as a reference inoculum. It
was also bulked in an open-pot culture of clover. The
AM inoculum consisted of 10 g of soil, spores, mycelia,
and infected root fragments with 80% colonization. It
was added to the appropriate pots at transplanting time
just below the clover seedlings.

The bacterial strain was later identified as B. thurin-
giensis [47]. It was the most abundant cultivable bacterial
type in such a soil. Correspondingly, pot seedlings were
inoculated with 1 mL of bacterial culture (108 cfu mL

_1)
grown in nutrient broth medium for 24–48 h at 28-C. The
bacterial culture was centrifuged at 4000 rpm for 5 min
and the sediment was resuspended in sterilized tap water.
The bacterial suspension contained 108 cfu mL

_1. The
bacterium was inoculated at transplanting time over the
root of the Retama seedlings and 15 days later.

A suspension of Rhizobium sp. (nonidentified auto-
chthonous strain) was added to each pot (1 mL, 108 cfu
per pot). It was prepared following standard procedure [3].

Pots containing 500 g of sterilized soil/sand mixture
were inoculated either with the G. intraradices selected
from the original Mediterranean soil or with the refer-
ence G. intraradices (BEG 123 strain). Nonmycorrhizal
pots received the same amount of autoclaved inoculum
together with a 2-mL aliquot of a filtrate (G20 mm) of
the AM inoculum to provide a general microbial popu-
lation free of AM propagules.

Plant Growth Conditions. The test plant selected
for the present study was Retama sphaerocarpa, a legume
plant commonly used for revegetation purposes in Med-
iterranean areas characterized by infertile soils (low nitro-
gen, phosphorus, other nutrients, and organic matter) [10].

R. sphaerocarpa plants were grown for 5 months
in 500-mL pots in a greenhouse under controlled cli-
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matic conditions (18–24-C, with an 18:6-h light/dark pe-
riod and 50% relative humidity). A photoperiod of
16 h at a photosynthetic photon flux density (PPFD) of
350 mmol m

_2 s
_1 as measured with a light meter (model

LI-188B; Licor Inc., Lincoln, NE, USA) was maintained
during the experiment by supplementary light to com-
pensate for natural illumination.

Four weeks before transplanting, seedlings were
grown under conditions of high humidity. Once trans-
planted, water was supplied daily during the following 6
weeks to maintain constant soil water close to field
capacity (17% volumetric soil moisture). After this time,
and for a period of 15 weeks, these plants were allowed to
dry until the soil water content was 80% of field capacity
(13% volumetric soil moisture).

Measurements. Plants were harvested 5 months
after transplanting. The dry biomass of roots, nutrient-
related water parameters, and symbiotic development
(mycorrhizal infection and nodulation) were determined.
Soil moisture was measured with an ML2x ThetaProbe
(AT Delta-T Devices Ltd., Cambridge, UK), which
measures volumetric soil moisture content by responding
to changes in the apparent dielectric constant of moist
soil [1, 35, 48]. However, during the 24-h period between
each rewatering, the soil water content progressively de-
creased to a minimum value of 70% of field capacity.
Water uptake per shoot unit was calculated as the ratio
between volumetric soil moisture and plant shoot
yielded. Shoot concentrations (milligrams per gram) of
nitrogen (micro-Kjeldahl) and potassium [21] were
measured.

Roots were carefully washed and then divided into
three batches: One batch was stained by the classical non-
vital trypan blue (TB) staining [31] and the others were
used for histochemical vital staining with succinate de-
hydrogenase (SDH) or alkaline phosphatase (ALP) to
measure total (TB), living (SDH), or active (ALP) AM
fungal development. SDH and ALP activities were de-
termined according to previously described procedures
[38, 41]. Root fragments were then stained overnight at
room temperature and cleared for 15–20 min in 1% ac-
tive chlorine solution in sodium hypochlorite.

Mycorrhizal development was also evaluated [42] and
expressed as intensity of AM colonization BM,^ which
gives an estimation of the amount of root cortex that
became mycorrhizal and is referred to the whole root
system. BA^ refers to the arbuscule abundance and gives
an estimation of the arbuscule richness in the whole root
system.

In rhizospheric soil, acid phosphatase activity was
determined by using p-nitrophenyl phosphate disodium
(PNPP, 0.115 M) as a substrate [30]. The p-nitrophenol
(PNP) formed was determined in a spectrophotometer at
398 nm [40].

Dehydrogenase activity was also determined [12], and
iodo-nitrotetrazolium formazan (INTF) was measured
spectrophotometrically at 490 nm.

The indole acetic acid (IAA) content in rhizospheric
soil was determined by a previously developed colorimet-
ric method [14, 26]. Then the absorbance of the red so-
lution was measured with a spectrophotometer (Turner
Model 350) adjusted to a wavelength of 535 nm [49].

Molecular Identification of the Bacterial Strain. Total
DNA from bacterium was obtained as described [13, 46].

Results

Inoculation with B. thuringiensis increased shoot length
by 34%, as compared to the control plants, and increased
plant colonization by the reference and the autochtho-
nous strains by 38% and 42%, respectively (Fig. 1). The
bacterial effect was more evident regarding root im-
provement for the autochthonous strains (Table 1).

In nonmycorrhizal control plants, the bacterial strain
increased root development by 101%. This effect of the
bacterium in enhancing root development was similar to
the effect of AM colonization in single-inoculated plants.
Nevertheless, Retama plants achieved further root de-
velopment after co-inoculation with indigenous G. intra-
radices and B. thuringiensis, which enhanced root
biomass by 140% over noninoculated plants (Table 1).

All Retama plants were inoculated with the appro-
priate culture of Rhizobium sp., but nonmycorrhizal
plants and plants colonized by reference G. intraradices
did not form nodules under these experimental condi-
tions (Table 1). In fact, nodulation was evident only in
plants colonized by the indigenous G. intraradices. The
co-inoculation of this fungus with the bacterium did not
affect the formation of this symbiotic structure (Table 1).

Inocula clearly reduced water uptake by shoot unit
(Table 2). This is a relevant microbial effect for plants
growing in dry soils. The lowest amount of water re-
quired for producing 1 mg of shoot tissue was observed
in plants colonized by autochthonous microorganisms
(IA + B). This treatment reduced by 42% the water
acquired in noninoculated control plants (Table 2).

Time course measurements showed the effectiveness
of dual inoculations in shortening the juvenile growth
period of Retama. In fact, after 30 days of transplanting,
the shoot lengths of dually inoculated Retama were sim-
ilar to the shoot length of control plants after 150 days of
transplanting (Fig. 1).

With regard to the comparative effect of both G.
intraradices isolates, the autochthonous isolate increased
the relative plant water uptake more than the reference
AM, although the increase in shoot lengths was similar
for both fungi.
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Nitrogen and potassium plant acquisition increased
by 61% (N) and by 48% (K) when the most effective
microbial treatments (combination of indigenous micro-
organisms) were applied (Fig. 2).

The relative plant water uptake was determined as an
index of pot water loss (Fig. 2). Setting the water uptake
of control plants as 100%, we found important differ-
ences when comparing the nontreated with inoculated
plants. Differences in such values ranged from 101.8%
(single B. thuringiensis-inoculated plants) to 113.8%
(autochthonous G. intraradices-colonized plants).

Mycorrhizal plants increased the daily water loss,
and B. thuringiensis only changed this physiological pro-
cess when it was applied together with the reference fungus.
The volumetric soil moisture in nonmycorrhizal soil (and
B. thuringiensis treatments) decreased in single or dually
AM-inoculated soil (Fig. 2).

Mycorrhizal colonization was tested after TB, SDH,
or ALP staining to estimate total (TB), living (SDH), and
functional (ALP) fungal colonization (Fig. 3).

Colonization intensity (M) and arbuscule richness
(A) was similar in all TB-stained roots irrespective of the
applied treatments. The highest arbuscular vitality (SDH
staining) was observed in plants colonized by autochtho-
nous G. intraradices co-inoculated with B. thuringiensis.

Similarly, greater hyphal (M) and arbuscular (A) activ-
ities (ALP staining) were observed in plants colonized by
autochthonous G. intraradices than in those colonized by
reference G. intraradices, but in both mycorrhizal treat-
ments, B. thuringiensis maximized the functionality of
both fungal developments (M and A) (Fig. 3). Neverthe-
less, B. thuringiensis was only effective in increasing
arbuscule richness and activity when associated with the
autochthonous endophyte (Fig. 3).

Regarding AM-colonizing processes, indigenous G.
intraradices-colonized roots showed higher ALP func-
tional activity than reference G. intraradices particularly
when associated with B. thuringiensis. No AM coloniza-
tion was formed in noninoculated plants.

No general trends were observed in soil enzymatic ac-
tivities (phosphatase, b-glucosidase, and dehydrogenase)
(Fig. 4). The highest dehydrogenase activity was observed
in the rhizosphere of (AM + B)-inoculated plants with the
indigenous microorganisms. The inoculation with B.
thuringiensis increased this enzymatic activity in control
and G. intraradices-colonized soil. In fact, all the treat-
ments applied increased dehydrogenase activity in rhizo-
sphere soil (Fig. 4). On the contrary, b-glucosidase as well
as phosphatase activities were mainly increased by G. in-
traradices from a collection, whereas autochthonous G.

Table 2. Effect of Bacillus sp. (B) or G. intraradices [autoch-
thonous (IA) or from collection (IR)] with or without B on
water uptake by root units compared to noninoculated control
(C) plants

Microbial
treatments

Water
uptake
(mg/shoot) % Decrease

% Water
uptake
reduction
(mg/shoot)

C 0.122 b 100.0 b 0 b
B 0.061 a 60.3 a 39.7 a
IR 0.068 a 67.4 a 32.6 a
IR + B 0.066 a 64.8 a 35.2 a
IA 0.063 a 61.5 a 38.5 a
IA + B 0.059 a 58.0 a 42.0 a

Means followed by the same letter are not significantly different (P G 0.05)
as determined by Duncan’s multiple range test (n = 5).

Table 1. Effect of Bacillus sp. (B) or G. intraradices [autoch-
thonous (IA) or from collection (IR)] with or without B on
Retama root dry weight (milligrams) and nodule number
compared to noninoculated control (C) plants

Microbial treatments Root dry weight (mg) Nodule no.

C 140 c –
B 282 b –
IR 284 b –
IR + B 270 b 2 b
IA 318 a 26 a
IA + B 336 a 28 a

Means followed by the same letter are not significantly different (P G 0.05) as
determined by Duncan’s multiple range test (n = 5).
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Figure 2. Effect of Bacillus sp. (B) or G. intraradices [autochthonous (IA) or from collection (IR)] with or without B compared to
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intraradices was less effective than the reference, but B. thu-
ringiensis decreased both activities. IAA content in the
rhizosphere did not change by the treatments applied
(Fig. 4).

Discussion

Retama sphaerocarpa is a key component for preventing
the processes of erosion and desertification in semiarid
and arid areas [10, 34]. The root system of this plant has
access to deep water sources and thus is able to support
the typical droughts of arid and semiarid areas. In this
study, native G. intraradices was more effective in improv-
ing root growth and relative water uptake in Retama plants
than the reference fungus. Our results showed the range
of plant responsiveness to AM colonization, which varied
according to the origin of the AM fungus and associated
microorganisms. Knowledge about the characteristics of
indigenous AM isolates involved in stress adaptation and
the improvement of plant drought tolerance (in terms of
plant water uptake and growth) is of great interest regard-
ing the possible use of microbial inoculation for reveg-
etation practices under drought conditions.

The autochthonous G. intraradices was also more
effective for active AM colonization and nodule devel-
opment than the reference G. intraradices.

According to these and other reported results [22], it
is important to know the particular effectiveness of micro-
bial isolates and the intrinsic capacity to maintain plant
stress tolerance and adaptation under a range of stress

conditions. This fact could indicate a level of ecological
adaptation of the microbial groups to the environment.
The elimination of microbial populations leads to prob-
lems with plant establishment, survival, and development
[5, 32–34].

The rhizobial association in this legume plant is a
source of nitrogen input in the soil, and thus it can be
considered as very important in revegetation strategies.
Despite the limited water and nutrients and the poor
quality of soils in semiarid zones, reforestation strategies
involving this plant are scarce. Water is one of the main
factors controlling the effectiveness of AM colonization
[1]. In nodulating plants, the highest growth, as a result
of symbiotic associations, must be taken into account in
future revegetation of degraded soils.

Therefore, the application of the most effective micro-
bial groups is recommended for a better plant establish-
ment. One important aspect for successfully applying
microbial inoculants is the appropriate selection of ef-
fective isolates. Our results showed that the successful
survival and development of Retama plants in degraded
dry soils are highly dependent upon the activity of
autochthonous microbial populations. The improvement
of Retama establishment is achieved by microbial
inoculants, particularly those adapted to local conditions.
Such microbial management can improve the biochem-
ical soil properties in degraded areas. Root and associated
microorganisms improved aggregate formation. Such
improvement of the structural stability of the rhizosphere
is very important in the recovery of soil in semiarid areas.
The aggregate stabilization has a biological origin [9].
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The presence of PGPR microorganisms (bacteria
and/or AM fungi) antagonize the negative effect of detri-
mental factors caused by lack of nutrients, presence of
organic matter, or drought [17]. Nevertheless, different
isolates of the same Glomus sp. were found to show vari-
ability in their tolerance and adaptation to detrimental
factors [28, 47].

Inoculated plants responded better to native sym-
bionts adapted to the environmental conditions and showed
the highest effectiveness in terms of root development and
symbiotic parameters. Isolation of indigenous and pre-
sumably drought-stress-adapted microorganisms in-
creased the survival and stimulated plant growth to a
higher extent than nonindigenous, exotic, isolates, as was
determined in terms of relative plant water uptake. The
results highlighted that fungal isolates within one spe-
cies can vary in their symbiotic effectiveness [27], which is
a function of the compatibility of the fungus and other
soil microorganisms with plants in the mycorrhizosphere
environment.

Comparable shoot growth of AM-colonized plants
(by native or nonadapted fungus) did not result in a com-
parable volumetric soil moisture or relative plant water
uptake. These results suggest that native drought-adapted
fungus can particularly affect physiological capacities in
colonized plants. The adaptation to drought of AM plants
may be caused by changes in transpiration and stomatal
control [36, 37]. Such effects could be due to high root
and/or hyphal development.

According to Koide [19], mycorrhizal roots can ab-
sorb a higher volume of water per unit of root length than
nonmycorrhizal roots, apart from a direct hyphal water
uptake. Mycorrhizal colonization might indirectly in-
crease water uptake by improving root conductance to
water flow and directly via extraradical mycelia that might
transport water to mycorrhizal roots [8, 36]. According to
the results, plants colonized by each one of the two AM
fungi depleted soil water to a higher extent than
nonmycorrhizal plants. The highest volumetric soil mois-
ture was tested in soil colonized by autochthonous G.
intraradices and resulted in an increase (by 113.9%) of
relative plant water uptake. B. thuringiensis did not change
the percentage of volumetric soil moisture.

Changes in the affinity of nutrient uptake and thresh-
old concentration by AM colonization are also based on
physiological and structural root characteristics.

The greatest shoot biomass production was reached
in autochthonous G. intraradices plus B. thuringiensis-
inoculated plants and this treatment did not show the
maximum soil water consumption. The highest water use
efficiency, not determined here, may probably be in-
volved in this effect. In addition, it is known [16, 25] that
extraradical mycelia increase soil aggregation, which is
related to the hydraulic continuity in the soil. B. thurin-
giensis effectiveness in increasing root elongation in

Retama may be relevant to water uptake [15]. In addi-
tion, it may produce exocellular polysaccharides able to
stabilize aggregates [7].

Here, we demonstrated the ability of native-adapted
microbial interactions to maintain and to enhance the
proportion of AM intraradical active mycelium (ALP
staining) throughout the experiment. The soil used here
caused limited symbiotic developments (AM coloniza-
tion and nodulation), but the management of native
microorganisms (AM fungus and the bacterium) resulted
in a very efficient inoculum for increasing nodulation,
mycorrhization, and, consequently, plant establishment.
A close relationship seems to exist between the quality of
AM colonization and the plant growth responses as was
observed in this study.

Nonautochthonous G. intraradices was also able to
colonize plant roots and to promote plant growth under
dry conditions. It is assumed that any association be-
tween microbial populations not inhabiting the same
rhizospheres, as reference G. intraradices and B. thurin-
giensis are, may be functionally incompatible.

These results confirm the importance of some
characteristics related to the effectiveness of autochtho-
nous microorganisms in dry soils, which resulted in
greater nutrient acquisition and relative plant water
uptake. In addition, they showed that the ability of
autochthonous G. intraradices for increasing plant de-
velopment is highly related to its effect to increase root
biomass and its interaction with the autochthonous B.
thuringiensis.

Differences between both G. intraradices in the de-
velopment of mycelium (M) and arbuscules (A) were only
observed in terms of activity (ALP staining), particularly
intensity of infection (M), which was highest with the
autochthonous AM strain. The highest development of
abuscule (A), in terms of activity and quantity, by auto-
chthonous fungus inoculated with B. thuringiensis, must
account for the greatest nutrient transfer between sym-
bionts [44]. As soil inoculum potential depends on the
number of active propagules, the stimulating effect of B.
thuringiensis can be used for increasing such a potential
as shown here.

The most important differences between the isolates
of G. intraradices used were observed in terms of the
percent relative plant water uptake that was higher than
the control by 106.4% in the case of the reference G.
intraradices-colonized plants and by 113.9% in autoch-
thonous G. intraradices-colonized plants.

The positive benefit from B. thuringiensis inoculation
was particularly shown on root growth. Such effective-
ness was stronger in single inoculation than in co-inocu-
lation with either AM isolate. The bacterial effect may be
attributed to several mechanisms other than the secretion
of plant growth hormones, as indicated by IAA content
determined in the rhizosphere. In fact, phytoactive sub-
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stances can cause morphological and physiological changes
in the root system [11].

Biological changes in the rhizosphere soil promoted
by the microbial inoculants, applied in this study were
evaluated as soil enzymatic activity (index of the soil/plant
system functioning) [39].

Soil microbial activities are required to assess soil
quality. Soil enzymatic activity is a sensitive indicator of
changes produced in soil by environmental conditions
such as drought. Nevertheless, there are few studies that
use these biological values to indicate soil quality in sys-
tems treated with microbial inoculants. These biological
parameters related to soil microbial activity are used as
indicators of changes produced by management practices
such as microbial inoculation [30]. These activities are
sufficiently sensitive to give an indication about ecosys-
tem functioning [24]. In fact, oxidoreductases, such as
dehydrogenase, are responsible for oxidative processes in
soil. Regarding these results, except IR inoculation, all the
microbial treatments applied increased this parameter.
This enzymatic activity depends on the metabolic state of
soil biota and microbial activity [12]. The inoculation
with IA + B was the most effective treatment to increase
dehydrogenase activity. On the contrary, phosphatase ac-
tivity was particularly increased by IR treatment. It was
reported [30] that this hydrolase activity, capable of hy-
drolyzing organic phosphate esters, decreased with the
inoculation of Pseudomonas fluorescens.

Results indicate the positive effect and interaction
of adapted microorganisms (AM fungus and B. thurin-
giensis) on plant growth under drought conditions. Such
effectiveness in increasing the potentiality of inocula is
concomitant with highest plant growth, nitrogen and po-
tassium nutrition, and values related to relative plant
water uptake and volumetric a soil moisture. This study
reinforces the benefit of manipulating autochthonous
microorganisms.

Retama, as with some other legume plants, can be
used for revegetation of dry soils with low availability of
nutrients [43]. The mechanisms of stress tolerance may
involve an increase in root development, promotion of
mineral nutrition, and water uptake [37]. Thus, AM
fungi and rhizosphere bacteria are considered as an
alternative plant strategy for coping with environmental
limitations. As it was shown here, the combination of
microbial groups may be used to increase plant growth-
stimulating effects and survival of Retama plants used in
revegetation programs.
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2. Augé, RM (2001) Water relations, drought and vesicular–arbus-
cular mycorrhizal symbiosis. Mycorrhiza 11: 3–42

3. Azcón, R (1993) Growth and nutrition of nodulated mycorrhizal
and non-mycorrhizal Hedysarum coronarium as a result of treat-
ments with fractions from a plant growth-promoting rhizobac-
teria. Soil Biol Biochem 25: 1037–1042

4. Barea, JM (1997) Mycorrhiza/bacteria interactions on plant
growth promotion. In: Ogoshi, A, Kobayashi, L, Homma, Y,
Kodama, F, Kondon, N, Akino, S (Eds.) Plant Growth-Promoting
Rhizobacteria, Present Status and Future Prospects. OCDE, Paris,
pp 150–158

5. Barea, JM (2000) Rhizosphere and mycorrhiza of field crops. In:
Balázs, E, Galante, E, Lynch, JM, Schepers, JS, Toutant, JP, Werner,
D, Werry, PATJ (Eds.) Biological Resource Management: Connect-
ing Science and Policy. Springer-Verlag, Berlin, pp 110–125

6. Barea, JM, Gryndler, M, Lemanceau, Ph, Schüepp, H, Azcón, R
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49. Wöhler, I (1997) Auxin-indole derivatives in soils determined by a
colorimetric method and by high performance liquid chromatog-
raphy. Microbiol Res 152: 399–405

678 A. MARULANDA ET AL.: WATER UPTAKE IMPROVEMENT BY AM FUNGUS AND BACTERIUM


	An Indigenous Drought-Tolerant Strain of Glomus intraradices Associated with a Native Bacterium Improves Water Transport and Root Development in Retama sphaerocarpa
	Abstract
	Introduction
	Materials and Methods
	Experimental Design
	Soil Characteristics
	Microbial Selection and Soil Inoculation
	Plant Growth Conditions
	Measurements
	Molecular Identification of the Bacterial Strain

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


