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Abstract A survey was made of the arbuscular mycor-
rhizal (AM) status of 73 spring ephemeral plant species that
grow in the desert ecosystem of Junggar Basin, northwest
China. The proportion of AM colonization ranged from 7
to 73% with a mean value of 30%. A total of 65 plant
species studied were AM with coils/arbuscules or vesicles
and the remaining eight species were possibly AM with no
coils/arbuscules or vesicles but with fungal mycelia in the
root cortex. AM fungal spores were isolated from rhizo-
sphere samples of all 73 plant species and identified. The
mean spore density was 22 per 20 ml of air-dried soil,
ranging from 0 to 120. Colonization and spore density of
perennials were slightly higher than of annuals and varied
among different plant families. A total of 603 AM fungal
spore (or sporocarp) specimens were isolated belonging to
six genera, Acaulospora, Archaeopora, Entrophospora,
Glomus, Paraglomus, and Scutellospora; Glomus was the
dominant genus. We conclude that spring ephemerals may
be highly dependent on AM associations for survival in the
very infertile and arid soils of this desert ecosystem.
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Introduction

We use the term “ephemerals” here to include both annual
and perennial species with a very short period of growth
aboveground. The aboveground parts of the perennial
ephemerals usually die at the end of the growing period but
the belowground structures (bulbs, corms, or tubers) enter a
period of dormancy until the subsequent time of sprouting.
The dominant plant species in Gurbantunggut Desert in the
Junggar Basin, northwest China, the ephemerals, grow for
a short period each year from early spring (late March) to
early summer (late May). These plants can take advantage
of the favorable soil moisture conditions and warm
temperatures in spring to grow rapidly to the flowering
stage within about 2 months before arid conditions return
(Zhang 2002a). In April, May, and early June, the mean
cover of spring ephemerals reaches 13.9, 40.2, and 14.1%,
respectively, with a mean plant height of 10–20 cm (Wang
et al. 2003). The plants that play a very important role in the
stabilization of sand dunes are pioneer species during the
rehabilitation of degraded desert areas (Wang et al. 2003)
and can reduce the frequency of occurrence and intensity of
sandstorms.

In natural ecosystems, the majority of higher plant roots
are associated with arbuscular mycorrhizal (AM) fungi
belonging to the phylum Glomeromycota (Schüβler et al.
2001). Disturbance of the vegetation cover is the first
visible indication of a desertification process, but damage
to physical, chemical, and biological soil properties are
known to occur concomitantly (Requena et al. 2001). With
regard to biological components, land degradation is
usually associated with reduction in belowground micro-
bial diversity and/or activities governing the biogeochem-
ical cycles of the major plant nutrients (Kennedy and Smith
1995). In particular, desertification reduces the diversity
and inoculum potential of AM fungi (Jasper et al. 1991). As
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a result, arbuscular mycorrhizas of desert plants have been
the subject of a number of studies in recent years
(O’Connor et al. 2001; Titus et al. 2002; Collier et al.
2003; Ferrol et al. 2004), but to our knowledge there are no
detailed published studies of the incidence of AM in spring
ephemerals in desert ecosystems. We therefore conducted a
systematic survey of the biodiversity of AM fungi and AM
colonization of spring ephemeral plant communities in the
Junggar Basin from March to July 2004 to understand the
AM status of these important plants.

Materials and methods

Geography of the study area

The Junggar Basin (34°09′–49°08′N, 73°25′–96°24′E)
forms a triangle between the Altai and Tianshan mountain

ranges. It extends 1,100 km in length from east to west, and
up to 800 km at its widest part, covering an area over
300,000 km2 in northern Xinjiang Autonomous Region.
Gurbantunggut Desert, located in the hinterland of the
Junggar Basin and with an area of 48,800 km2, is the
second largest desert and the largest fixed and semifixed
desert in China. Remote from the oceans and surrounded
by high mountains, the area has a typical continental
climate characterized by low precipitation, low specific
humidity, long winters and short springs and autumns,
ample sunshine and a wide temperature range. The region
has an average annual precipitation of 200 mm, and a high
free surface evaporation of 1,400–1,700 mm. The annual
average temperature ranges from −4 to 9°C with mean
temperatures of −20 to −15°C and 22 to 26°C in January
and July, respectively. The frost-free period in the study
area is about 150 days per annum.

Fig. 1 Map showing the sampling sites in Junggar Basin, Xinjiang Autonomous Region, and northwest China. This map was downloaded
from http://www.muztagh.com/map-of-china/large-map-xinjiang.htm
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Collection of soil and root samples

The locations of the sampling sites were determined using
an eTrex C portable GPS [Garmin (Asia) Corporation,
Taiwan] and are shown on the relief map of Xinjiang in
Fig. 1. The top ca. 1–2 cm of the soil surface was removed
and soil and root samples were collected. Care was taken
during collection of individual plants that the roots could
be positively identified as belonging to a particular plant.
The entire plants were dug out by trowel to ensure that the
roots remained connected to the shoots after sample
collection. Samples were taken to the laboratory for
determination of AM root colonization. Soil samples
(ca. 1,000 g) associated with the plants removed were
collected. The soil samples were air-dried before extraction,
counting, and identification of AM fungal spores.

Assessment of AM colonization

Fresh roots (ca. 0.2 g) were washed free of soil and cleared
in 10% (w/v) KOH at 90°C in a water bath for 20–30 min,
the exact time depending on the degree of lignification of
the roots and their pigmentation. The root subsamples were
cooled, washed, and cut into 0.5 to 1.0-cm-long segments
and stained with 0.5% (w/v) acid fuchsin (Biermann and
Linderman 1981). Fifty root fragments (ca. 1 cm long)
were mounted on slides in polyvinyl alcohol–lactic acid–
glycerol (Koske and Tessier 1983) and examined at ×100–
400 magnification using an Olympus BX50 microscope
equipped with an automatic photomicrographic system for
the presence of AM fungal structures. The proportion of
root length colonized was calculated according to the
method of Trouvelot et al. (1986). If at least one root

Table 1 Fungal colonization of roots of spring ephemerals showing mean percentage colonization of root length with standard errors

Family Life form Species, percentage of colonization, species with hyphae only and therefore of uncertain AM status (?)

Liliaceae P Allium setifolium: 12±2(?); Eremurus inderiensis: 35±8; Gagea alberti: 23±5; G. bulbifera: 28±3;
G. divaricata: 22±3; G. fedtschenkoana: 14±2; G. granulosa: 22±8; G. sacculifera: 33±8; G. stepposa; 24±8;
G. tenera: 68±9; Tulipa iliensis: 33±9; T. schrenkii: 35±7

Primulaceae P Androsace septentrionalis: 42±6
Plantaginaceae A Plantago minuta: 55±8
Labiatae A Eremostachys molucelloides : 59±10; Nepeta micrantha: 40±35; N. ucranica: 12±2
Euphorbiaceae A Chrozophora sabulosa: 21±5; Euphorbia pilosa: 72±2; E. turkestanica: 22±5
Fabaceae A Astragalus ammophilus: 16±4; A. arpilobus: 18±3; A. oxyglottis: 31±7; A. stalinskyi: 26±3;

Trigonella arcuata: 26±6
P A. lithophilus : 16±1

Gramineae A Bromus tectorum: 39±4; Eremopyrum orientale : 33±6; E. triticeum: 24±9; Schismus arabicus: 29±6
P Poa bulbosa: 16±3

Zygophyllaceae A Zygophyllum lehmannianum: 17±3
Compositae A Amberboa turanica: 16±2; Crepis tectorum: 18±2; Heteracia szovitsii: 9±4; Koelpinia linearis: 52±8;

Lactuca altaica: 54±4; Senecio subdentatus: 31±5
P Cancrinia chrysocephala: 17±1; C. discoidea: 25±4; Echinops sphaerocephalus: 35±8;

Scorzonera circumflexa: 28±8; S. pusilla: 45±17; Tragopogon kasahstanicus: 43±11; T. elongates: 10±1
Chenopodiaceae A Atriplex dimorphostegia: 14±2(?); Corispermum lehmannianum: 33±10(?); Salsola praecox: 9±2(?)
Ranunculaceae A Adonis sp.: 20(?); Ceratocephalus testiculatus: 18±4
Geraniaceae A Erodium oxyrrhynchum: 30±6

P Geranium transversale: 21±5
Solanaceae A Hyoscyamus pusillus: 13±4(?)
Umbelliferae P Ferula dissecta: 41±11; F. ferulaeoides: 60±19; F. soongarica: 35±8; F. sp.1: 53±16; F. sp.2: 41±10;

F. syreitschikowi: 53±17; Soranthus meyeri: 53±0
Cyperaceae P Carex physodes: 35±9
Amaryllidaceae P Ixiolirion tataricum: 30±7
Scrophulariaceae A Veronica campylopoda: 24±6
Papaveraceae A Hypecoum parviflorum: 21±6(?)

P Corydalis glaucescens: 23±7
Iridaceae P Iris songarica: 19±4
Boraginaceae A Arnebia decumbens: 13±1; Asperugo procumbens: 27±14; Heliotropium acutiflorum: 12±5(?);

Lappula spinocarpa: 20±6; Lithospermum arvense: 43±11; Nonea caspica: 37±9;
P Arnebia sp.: 7

A Annual, P Perennial
Plants with roots that contained hyphae but no coils/arbuscules or vesicles are shown as “?” and are only possibly mycorrhizal. Further
information, with full binomials and authorities, percentage of root length with coils/arbuscules or vesicles, and spore densities in
rhizosphere soil samples around roots of the individual plant species, are given as Electronic Supplementary Material on the Springer
Website (http://www.springerlink.com)
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segment was observed to contain coils/arbuscules or
vesicles, then the plant was recorded as an AM plant and
denoted as “+”. If the root cortex was found to be colonized
by fungal mycelia without coils/arbuscules or vesicles, the
plant was recorded as possibly AM and denoted as “?”. The
colonization data for specific structures are expressed as a
percentage of root length.

Extraction and counting of AM fungal spores

The AM fungal spore numbers in the rhizosphere soil of 73
spring ephemerals were isolated and counted in a total 336
soil samples. Spores or sporocarps were extracted from
20-ml air-dried subsamples of each soil sample in triplicate
by wet sieving followed by flotation–centrifugation in 50%
sucrose (Dalpé 1993). The finest sieve used was 53 μm.
The spores were collected on a grid patterned (4×4 mm)
filter paper, washed three times with distilled water to
spread them evenly over the entire grid, and counted using
a dissecting microscope at ×30 magnification. A sporocarp
was counted as one spore. The number of spores is
expressed as the mean±standard error of three replicates.
For observation and identification of spore characters,
spores were mounted on glass slides in polyvinyl alcohol-
lactoglycerol (PVLG) and PVLG + Melzer’s reagent and
then identified to species using current taxonomic criteria
(Schenck and Perez 1990) and information published by
INVAM on the internet (http://invam.caf.wvu.edu).

Statistical analysis

The data were analyzed using SPSS software version 11.0.

Results

The fungal colonization status of 73 species of spring
ephemerals belonging to 20 families is summarized in
Table 1. Further details are provided as “Electronic
Supplementary Material” (http://www.springerlink.com).
Fungi were found to colonize the roots of the majority of
plant species examined. The overall mean colonization rate

was 30% and ranged widely from 7 to 72%. Coils/
arbuscules and vesicles were observed in 58 and 64 species
with an average of 4 and 7%, respectively (shown in the
“Electronic Supplementary Material”). Coils/arbuscules
were most abundant in the roots of Plantago minuta
(Plantaginaceae) and vesicles in Androsace septentrionalis
(Primulaceae). In summary, of the 73 spring ephemerals
investigated, 89% (65 species) formed AM. Another eight
taxa (11% of the total) contained fungal hyphae but not
coils/arbuscules or vesicules. These were recorded as
possibly AM. No plants were recorded as nonmycorrhizal.
Among the plant species, one belonged to the Liliaceae,
three to the Chenopodiaceae (a family often considered to
be nonmycorrhizal or rarely AM), and the remaining four
species belonged to the Ranunculaceae, Solanaceae,
Papaveraceae, and Boraginaceae. Some of the ephemerals
in families, traditionally considered to be nonmycorrhizal
or rarely forming mycorrhizas, were colonized by AM
fungi. For example, Carex physodes (Cyperaceae) was
typically colonized (Table 1).

The AM fungal spore density varied from 0 to 120, with
a mean of 22 (shown in the “Electronic Supplementary
Material”). Overall, 603 AM fungal spore (or sporocarp)
samples belonging to six genera were obtained. Some
spore types were identified to species according to their
morphological characters but most of the specimens were
identified to genus level because it was difficult to identify
them to species owing to a lack of distinguishable fine
taxonomic characters. As a result, the frequency of AM
fungal occurrence was analyzed statistically only at the
genus level. Glomus was the dominant genus, with a
frequency of occurrence of 83.1% over all the spore
samples examined (Table 2). The second genus in dom-
inance was Acaulospora with a frequency of occurrence of
12%. The frequencies of occurrence of members of the
other four genera were very low (Table 2).

The proportion of root length colonized, the occurrence
of coils/arbuscules and vesicles, and the spore densities of
perennials were all slightly higher than those of annuals
(Fig. 2). Coils/arbuscules or vesicles were observed in 18

Table 2 AM fungal genera identified and their times of spore
presence and frequency of occurrence in soil associated with
ephemeral plants

AM fungal
genus

Times of spore
presence

Frequency of occurrence
(%)

Acaulospora 70 12
Archaeopora 11 2
Entrophospora 6 1
Glomus 501 83
Paraglomus 13 2
Scutellospora 2 <1
Total 603 100.0

Fig. 2 Comparison of colonization status and spore density
between annual and perennial spring ephemerals. Data are means
and standard errors. “ : Annual species”, “ : Perennial
species”
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out of 20 families (Fig. 3). Plantaginaceae had the highest
colonization (54%) and occurrence of arbusucles (20%).
The lowest root colonization rate occurred in the Solana-
ceae (13%) (Fig. 3). The highest spore densities were
observed in the Plantaginaceae with 43 spores per 20 ml
air-dried soil and the lowest in the Euphorbiaceae, with
only five spores per 20 ml soil (Fig. 4).

Discussion

Trappe (1987) estimated that about 70% of angiosperms
form arbuscular mycorrhizas, and most of these are
herbaceous plants. AM fungi can play an important role
in plant survival and in the community stability of vege-
tation in natural ecosystems (Gange et al. 1993; Francis and
Read 1994; Azcón-Aguilar and Barea 1997; Hartnett and
Wilson 2002; Moraes et al. 2004). Plant community
structure and AM status and colonization might be used
to monitor desertification and soil degradation. Several
studies have been conducted in recent years on AM fungi
in desert ecosystems (e.g., O’Connor et al. 2001; Titus et al.
2002; Collier et al. 2003; Ferrol et al. 2004).

Herbaceous ephemerals are widely distributed in many
deserts and can grow well in very arid, infertile, and windy
environments. They form important plant communities in
the Jungggar Basin in early spring. About 196 individuals
of Eremurus inderinsis, 135 of Erodium oxyrrhynchum,
and 81 of Carex physodes were found per square meter in
the Gurbantunggut Desert (unpublished data). Numerous
studies have been reported on the functional significance,
biological characteristics, and distribution of spring
ephemerals (Mao and Zhang 1994; Li 2000; Zhang
2002a–c; Wang et al. 2003, 2004) but so far there is little
information on the relationship between AM fungi and
spring ephemerals. In the present study, hyphae but neither
coils/arbuscules nor vesicles were observed in the roots of
Atriplex dimorphostegia, Corispermum lemannianum, or
Salsola praecox,which belong to the Chenopodiaceae. The
occurrence of mycorrhizal colonization of species in the
Chenopodiaceae has occasionally been reported (Allen
1983; Allen et al. 1989; Aguilera et al. 1998; O’Connor et

al. 2001) although this family is usually thought to be
nonmycorrhizal. Carex physodes (Cyperaceae), a species
typically found at the top of sand dunes, was observed to
form AM. Muthukumar et al. (2004) have pointed out that
the number of plants in the Cyperaceae reported to form
arbuscular mycorrhizas has been steadily increasing over a
wide range of biomes including the savannas of Venezuela
and China (Lovera and Cuenca 1996; Li et al. 2004) and
Indian semiarid tropical grasslands (Muthukumar and
Udaiyan 2002).

The higher colonization and spore densities of perennials
than of annuals that we observed support the findings of
Collier et al. (2003) in the Chihuahuan Desert and
O’Connor et al. (2001) in the Simpson Desert, indicating
that plants in stressed environments might rely on AM for
survival. Colonization rates and spore densities also dif-
fered among the plant families. This may be attributed to a
range of host plant characteristics including root morphol-
ogy, genetics, and phenology (Baylis 1975; Lorgio et al.
1999; Eom et al. 2000).

Fig. 3 Colonization status of differ-
ent families of spring ephemeral
plants “ : Colonization propor-
tion”, “ : Coils/Arbuscules”,
“ : Vesicles”. Am Amaryllida-
ceae, Bo Boraginaceae,
Ch Chenopodiaceae, Co Composi-
tae, Cy Cyperaceae, Eu Euphorbia-
ceae, Fa Fabaceae, Ge Geraniaceae,
Gr Gramineae, Ir Iridaceae,
La Labiatae, Li Liliaceae, Pa Papa-
veraceae, Pl Plantaginaceae,
Pr Primulaceae, Ra Ranunculaceae,
Sc Scrophulariaceae, So Solanaceae,
Um Umbelliferae, Zy Zygophyl-
laceae. Data are means and standard
errors
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Fig. 4 Spore densities in different families of spring ephemerals.
Am Amaryllidaceae, Bo Boraginaceae, Ch Chenopodiaceae,
Co Compositae, Cy Cyperaceae, Eu Euphorbiaceae, Fa Fabaceae,Ge
Geraniaceae, Gr Gramineae, Ir Iridaceae, La Labiatae, Li Liliaceae,
Pa Papaveraceae, Pl Plantaginaceae, Pr Primulaceae, Ra Ranuncu-
laceae, Sc Scrophulariaceae, So Solanaceae, Um Umbelliferae,
Zy Zygophyllaceae. Data are means and standard errors
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It has been reported that both spore production and
species richness of AM fungi are lower in arid climates
than in other ecosystems (Rose 1981; Pond et al. 1984),
and decrease as aridity increases (Stahl and Christensen
1982; Stutz and Morton 1996). The mean spore density of
22 spores per 20 ml of soil in our study was lower than
reports from other ecosystems (Zhao et al. 2001; Li et al.
2004). However, our results are similar to those from other
desert ecosystems such as the Mojave (Titus et al. 2002)
and Negev (He et al. 2002) deserts.

AM fungi belonging to the genus Glomus seem to be
dominant in the rhizosphere of spring ephemerals in
Junggar Basin. This provides strong support for the con-
clusions of other workers that AM fungi belonging to
Glomus tend to be dominant in arid ecosystems (Lamont
1982; Pande and Tarafdar 2004).

It is well known that AM fungi can increase plant
nutrient uptake (Tarafdar and Praveen-Kumar 1996), water
use efficiency (Augé and Stodola 1990) and resistance to
abiotic stress under certain conditions. The association may
therefore be expected to be especially important in desert
ecosystems. Most plant families in arid regions have been
found to form AM associations (Trappe 1981). Our results
would seem to indicate that desert spring ephemerals may
benefit from these associations. Why so many desert
ephemeral plant species that finish their life span (even if
only aboveground) in such short periods of time sacrifice
their valuable carbohydrates to the associated fungi and
how the AM fungi complete their life span during such a
short time span are interesting questions. Changing the host
plants via underground hyphal links may be an important
mechanism as suggested by Lapointe and Molard (1997).
However, unlike other ecosystems, few herbaceous plants
survive in the sand dunes in summer in the Gurbantunggut
Desert. The annuals die and the perennials enter a dormant
period followed by senescence of aboveground tissues.
Nevertheless, the roots of perennials could harbor AM
fungi. The AM fungi must also germinate (presumably
from spores) all at the same time and rapidly colonize the
roots when spring arrives. The symbionts may depend on
each other for survival in these extreme environments but
further studies will be required to elucidate the mechanisms
operating in desert ecosystems.

Acknowledgements The authors thank Professor Liyun Zhang for
his valuable help in the identification of the plant species and the
National Natural Science Foundation of China (Project 30470341)
and Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, for generous financial support.

References

Aguilera LE, Guteierrez JR, Moreno RJ (1998) Vesicular arbuscular
mycorrhizae associated with saltbushes Atriplex spp. (Chenopo-
diaceae) in the Chilean arid zone. Rev Chil Hist Nat 71:291–302

Allen MF (1983) Formation of vesicular–arbuscular mycorrhizae in
Atriplex gardneri (Chenopodiaceae): seasonal response in cold
desert. Mycologia 75:773–776

Allen MF, Allen EB, Friese CF (1989) Responses of the non-
mycotropic plant Salsola kali to invasion by vesicular–
arbuscular mycorrhizal fungi. New Phytol 111:45–49

Augé RM, Stodola JW (1990) An apparent increase in symplastic
water contributes to greater turgor in mycorrhizal roots of
droughted Rosa plants. New Phytol 115:285–295

Azcón-Aguilar C, Barea JM (1997) Applying mycorrhiza biotech-
nology to horticulture: significance and potentials. Scient Hort
68:1–24

Baylis GTS (1975) The magnolioid mycorrhiza and mycotrophy in
root systems derived from it. In: Sanders FE, Mosse B, Tinker
PB (eds) Endomycorrhizas. Academic, London, pp 373–389

Biermann B, Linderman RG (1981) Quantifying vesicular–arbus-
cular mycorrhizae: a proposed method towards standardization.
New Phytol 87:63–67

Collier SC, Yarnes CT, Herman RP (2003) Mycorrhizal dependency
of Chihuahuan Desert plants is influenced by life history
strategy and root morphology. J Arid Environ 55:223–229

Dalpé Y (1993) Vesicular–arbuscular mycorrhiza. In: Carter MR
(ed) Soil sampling and methods of analysis. Lewis Publishers,
Boca Raton, FL, pp 287–301

Eom AH, David C, Hartnett A, Gail WT, Wilson C (2000) Host
plant species effects on arbuscular mycorrhizal fungal commu-
nities in tallgrass prairie. Oecologia 122:435–444

Ferrol N, Calvente R, Cano C, Barea JM, Azcón-Aguilar C (2004)
Analysing arbuscular mycorrhizal fungal diversity in shrub-
associated resource islands from a desertification threatened
semiarid Mediterranean ecosystem. Appl Soil Ecol 25:123–133

Francis R, Read DJ (1994) The contributions of mycorrhizal fungi to
the determination of plant community structure. Plant Soil
159:11–25

Gange AC, Brown VK, Sinclair GS (1993) Vesicular–arbuscular
mycorrhizal fungi: a determinant of plant community structure
in early succession. Funct Ecol 7:616–622

Hartnett DC, Wilson GWT (2002) The role of mycorrhizas in plant
community structure and dynamics: lessons from grasslands.
Plant Soil 244:319–331

He XL, Mouratov S, Steinberger Y (2002) Temporal and spatial
dynamics of vesicular–arbuscular mycorrhizal fungi under the
canopy of Zygophyllum dumosum Boiss. in the Negev Desert.
J Arid Environ 52:379–387

Jasper DA, Abbot LK, Robson AD (1991) The effect of soil
disturbance on vesicular–arbuscular mycorrhizal fungi in soils
from different vegetation types. New Phytol 118:471–476

Kennedy AC, Smith KL (1995) Soil microbial diversity and the
sustainability of agricultural soils. Plant Soil 170:75–86

Koske RE, Tessier B (1983) A convenient, permanent slide
mounting medium. Mycol Soc Am Newsl 34:59

Lamont B (1982) Mechanisms for enhancing nutrient uptake in
plants, with particular reference to Mediterranean South Africa
and Western Australia. Bot Rev 48:597–689

Lapointe L, Molard J (1997) Costs and benefits of mycorrhizal
infection in a spring ephemeral, Erythronium americanum.
New Phytol 135:491–500

Li XY (2000) Preliminary studying the characteristic of roots and
relations between roots and environment of spring ephemerals
in Xinjiang. Arid Zone Res 17:28–34 (in Chinese)

Li T, Li JP, Zhao ZW (2004) Arbuscular mycorrhizas in a valley-
type savanna in southwest China. Mycorrhiza 14:323–327

Lorgio EA, Julio RG, Peter LM (1999) Variation in soil
microorganisms and nutrients underneath and outside the
canopy of Adesmia bedwellii (Papilionaceae) shrubs in arid
coastal Chile following drought and above average rainfall.
J Arid Environ 42:61–70

Lovera M, Cuenca G (1996) Arbuscular mycorrhizal infection in
Cyperaceae and Gramineae from natural, disturbed and restored
savannas in La Gran Sabana, Venezuela. Mycorrhiza 6:111–118

Mao ZM, Zhang DM (1994) Conspectus of ephemeral flora in
northern Xinjiang. Arid Zone Res 11:1–26 (in Chinese)

274



Moraes RM, De Andrade Z, Bedir E, Franck E Dayanc, Lata H,
Khana I, Ana MS Pereira (2004) Arbuscular mycorrhiza
improves acclimatization and increases lignan content of
micropropagated mayapple (Podophyllum peltatum L.). Plant
Sci 166:23–29

Muthukumar T, Udaiyan K (2002) Seasonality of vesicular–
arbuscular mycorrhizae in sedges in a semi-arid tropical
grassland. Acta Oecol 23:337–347

Muthukumar T, Udaiyan K, Shanmughavel P (2004) Mycorrhiza in
sedges —an overview. Mycorrhiza 14:65–77

O’Connor PJ, Smith SE, Smith FA (2001) Arbuscular mycorrhizal
associations in the Simpson Desert. Aust J Bot 49:493–499

Pande M, Tarafdar JC (2004) Arbuscular mycorrhizal fungal
diversity in neem-based agroforestry systems in Rajasthan.
Appl Soil Ecol 26:233–241

Pond EC, Menge JA, Jarrell WM (1984) Improved growth of tomato
in salinized soil by vesicular–arbuscular mycorrhizaal fungi
collected from saline soils. Mycologia 76:74–84

Requena N, Pérez-Solis E, Azcón-Aguilar C, Jeffries P, Barea JM
(2001) Management of indigenous plant-microbe symbioses
aids restoration of desertified ecosystems. Appl Environ
Microbiol 67:495–498

Rose SL (1981) Vesicular–arbuscular endomycorrhizal associations
of some desert plants of Baja California. Can J Bot 59:
1056–1060

Schenck NC, Perez Y (1990) Manual for the identification of
vesicular–arbuscular mycorrhizal fungi. INVAM, Univ of
Florida, Gainesville, FL, USA

Schüβler A, Schwarzott D, Walker C (2001) A new fungal phylum,
the Glomeromycota: phylogeny and evolution. Mycol Res
105:1413–1421

Stahl PD, Christensen M (1982) Mycorrhizal fungi associated with
Agropyron and Bouteloua in Wyoming sagebrush–grasslands.
Mycologia 74:877–885

Stutz J, Morton JB (1996) Successive pot cultures reveal high
species richness of indigenous arbuscular endomycorrhizal
fungi in arid ecosystems. Can J Bot 74:1883–1889

Tarafdar JC, Praveen-Kumar (1996) The role of vesicular arbuscular
mycorrhizal fungi on crop, tree and grasses grown in an arid
environment. J Arid Environ 34:197–203

Titus JH, Titus PJ, Nowak RS, Smith SD (2002) Arbuscular
mycorrhizae of Mojave Desert plants. West N Am Nat 62:327–334

Trappe JM (1981) Mycorrhizae and productivity of arid and
semiarid rangelands. In: Manassah JM, Briskey EJ (eds)
Advances in food-producing systems for arid and semiarid
lands. Academic, New York, pp 581–600

Trappe JM (1987) Phylogenetic and ecologic aspects of mycotrophy
in the angiosperms from an evolutionary standpoint. In: Safir
GR (ed) Ecophysiology of VA mycorrhizal plants. CRC, Boca
Raton, FL, pp 5–26

Trouvelot A, Kough JL, Gianinazzi-Pearson V (1986) Mesure du
taux de mycorhization VA d’un systeme radiculaire. Recherche
de methodes d’estimation ayant une signification functionnelle.
In: Gianinazzi-Pearson V, Gianinazzi S (eds) Physiological and
genetic aspects of mycorrhizae. INRA, Paris, pp 217–221

Wang XQ, Jiang J, Lei JQ, Zhang WM, Qian YB (2003) The
distribution of ephemeral vegetation on the longitudinal dune
surface and its stabilization significance in the Gurbantunggut
Desert. Acta Geogr Sin 58:598–605 (in Chinese)

Wang XQ, Jiang J, Lei JQ, Zhao CJ (2004) Relationship between
spring ephemeral plants distribution and soil moisture on
longitudinal dune surface in Gurbantunggut desert. Chin J Appl
Ecol 15:556–560 (in Chinese)

Zhang LY (2002a). Ephemeral plants in Xinjiang (I): eco-biological
characteristics. J Plant 1:2–6 (in Chinese)

Zhang LY (2002b) Ephemeral plants in Xinjiang (II): diversity and
ecological distribution. J Plant 2:4–5 (in Chinese)

Zhang LY (2002c) Ephemeral plants in Xinjiang (III): significance
of community and resources. J Plant 3:4–5 (in Chinese)

Zhao ZW, Xia YM, Qin XZ, Li XW, Cheng LZ, Sha T, Wang GH
(2001) Arbuscular mycorrhizal status of plants and the spore
density of arbuscular mycorrhizal fungi in the tropical rain
forest of Xishuangbanna, southwest China. Mycorrhiza
11:159–162

275


	Arbuscular mycorrhizal status of spring ephemerals in the desert ecosystem of Junggar Basin, China
	Abstract
	Introduction
	Materials and methods
	Geography of the study area
	Collection of soil and root samples
	Assessment of AM colonization
	Extraction and counting of AM fungal spores
	Statistical analysis

	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


