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Abstract We investigated the spore density, species com-
position, and diversity of arbuscular mycorrhizal fungi
(AMF) in a cultivated land (CL), an old field (OF), and a
never-cultivated field (NCF), which are located adjacently
in a slope in the hot and arid ecosystem of southwest China.
AMF spores in the rhizosphere soils of representative plants
in the three habitats were extracted by wet-sieving and
decanting. A total of 47 taxa of AMF including 31 taxa
from the genus Glomus, 8 from Acaulospora, 6 from
Scutellospora, 1 from Entrophospora, and 1 from Giga-
spora were extracted and identified morphologically. The
highest spore density occurred in NCF, slightly lower in OF
and lowest in CL, and the Shannon–Wiener index of
species diversity was reversed. The dominant species of
AMF were different in the three habitats. OF resembled
NCF more than CL in AMF spore density, species richness,
and community composition, which means that AMF
community in the OF has been developing from cultivated
land to natural habitat. Cluster analysis based on the
similarity in AMF community composition indicated that
the distribution of AMF was not random over space and
that AMF community composition associated with a given
plant species was greatly habitat-convergence. Following

the cluster analysis, we hypothesized that the effect of
habitats on AMF communities were greater than that of the
host preference to AMF.
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Introduction

In recent years, there has been an increasing awareness by
ecologists that the restoration and re-establishment of
fragile and degraded ecosystems should be considered
comprehensively and done systematically. The reason is
that the restoration should include not only the above-
ground systems but also the below-ground microorganisms
which are associated functionally with plants. Arbuscular
mycorrhizal fungi (AMF) are found to be essential
components of sustainable plant–soil systems due to their
symbiotic association with most of land plants to form
arbuscular mycorrhizas (AM) and their multifunction. It is
well known that AMF can influence the plant fitness,
community structure, biodiversity, and ecosystem variabil-
ity (van der Heijden et al. 1998b; Millner and Wright
2002). It has been suggested that the success of any
ecosystem reforestation efforts are likely to depend on the
establishment of mycorrhizas, and AM should receive
special attention in indigenous tree seedling production
and restoration (Wubet et al. 2003a).

Generally, AMF show little or no host specificity, as the
roots of different host species are associated with different
AMF species (Eom et al. 2000; Helgason et al. 2002;
Lovelock et al. 2003). However, the existence of host
preference for AMF has been suggested by non-random
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associations of AMF with different host species in
ecosystems (Vandenkoornhuyse et al. 2002; Gollotte et al.
2004). Daniell et al. (1999) suggested that fungal taxa
might associate preferentially with particular plant taxa.
Some studies have shown that different individuals of a
plant species have distinct growth responses by inoculating
different AMF species (van der Heijden et al. 1998b;
Klironomos 2003). Other studies have indicated that a
given AMF species originating from the same soils
colonizes different plant species; its patterns of sporulation
are distinctly different (Bever et al. 1996; Eom et al. 2000).
Therefore, the composition of AMF in the soil would
influence plant community structure and diversity (O’Connor
et al. 2002; van der Heijden et al. 1998a). Contrarily, plant
communities can also affect diversity and community
composition of AMF (Johnson et al. 2004).

Conversion from natural habitats to agricultural lands has
been referred as one of the leading causes for loss of
biodiversity worldwide (Richter et al. 2002). In cultivated
lands, AMF population, species composition, and diversity
are often decreased compared to natural ecosystem (Helgason
et al. 1998; Boddington and Dodd 2000). While Jansa et al.
(2002) found that soil tillage had no significant effect on
the diversity of AMF, as assessed by the diversity indices.
In this paper, we preliminarily assessed AMF community
structure and diversity in a cultivated land (CL), an old field
(OF), and a never-cultivated field (NCF), which are located
adjacently on a slope in a hot and arid ecosystem in
southwest China. Our primary purpose was to elucidate the
AMF patterns in species composition during conversion
from NCF to CL and subsequently to OF and to test the
hypothesis that the influence of the habitat on AMF
community is greater than that of the host preference.

Materials and methods

Study site

The study site is located in Yuanmou (101°35′–102°06′E,
25°23′–26°06′N), a typical hot and arid valley, southwest
China. The mean annual temperature is 21.9°C, the highest
up to 43°C. Mean annual rainfall is only 629 mm, mainly
between June to October, and the evaporation is nearly six
times (3,729 mm) its precipitation (data from Meteorolog-
ical Station of Yuanmou County for 35 years statistics).
Most of this area is covered with sparse bushes, only 6%
with poor quality mixed forest and tree plantation, and 14%
has no vegetation at all (Liu 2003). Human activities such
as overgrazing and chopping have intensively disturbed this
hot and arid ecosystem. Heavy rain in the short wet season
accelerates the erosion of the susceptible soils. Thus, great
efforts are required for ecological restoration in this area.

A project named as conversion of farmlands to forests
and grasslands has been put forward and practiced by
Chinese government in Yuanmou since 2001. Three
habitats, representing cultivated land (CL), old field (OF),
and never-cultivated field (NCF), which are located
adjacently in a sloping field (about 5 ×8 km ) were chosen
for the study. CL was converted from NCF about 30 years
ago. CL remains as hand tilling and low-input soil
management. Sweet potato, peanut, Chinese onion, and
sorghum are cultivated in the CL in the wet season every
year. OF was fallowed from CL since 2001, and there are
still some residual crops (peanut, sorghum) naturally
growing in it. Azadirachta indica A. Juss. and Cajanus
cajan (L.) Millsp. (both are exotic species) were trans-
planted into the OF in 2001. Many indigenous grasses and
herbs are now naturally re-colonizing in this habitat. The
NCF is locally called savanna of valley type by plant
ecologists (Jin and Ou 2000), is predominantly composed
of grasses and bushes with a few trees. Heteropogon
contortus Beauv. ex Roem. and Schult., Bothriochloa
pertusa (L.) A. Camus., and Dodonea viscose Jacq. are
prevalent plant species in NCF.

Sample collection

Crops in CL, some residual crops, introduced plants, and
naturally re-colonizing indigenous plants in OF and the
predominant plants in NCF (Table 3) were sampled. Plant
roots and about 500 g of their rhizosphere soils were
collected to a depth of 5–30 cm in November 2004. Three
replicates were randomly sampled from each of seven plant
species in each habitat. The distance of three replicates is
more than 30 m from each other. After clearing in 10% (w/v)
KOH and staining with acid fuchsin (Li et al. 2005), the
roots of all the surveyed plants were found to be typically
arbuscular mycorrhizal. Soil samples were air-dried for
2 weeks and stored in sealed plastic bags at 4°C until they
were treated. Physical and chemical characters of soils from
the three habitats were given in Table 1.

Spore isolation and treatment

Spores from the rhizosphere soil samples were isolated
using the wet-sieving and decanting methods described by
Zhao et al. (2001). All healthy AMF spores were collected
manually and counted in the Petri dishes. More than 90% of
spores or sporocarps were transferred onto glass slides
containing polyvinyl lactic acid (PVA) with and without
Melzer’s reagent (Morton 1988) and identified under a
compound microscope at up to 400× magnification. The
identification was based on morphological characteristics
with reference of Schenck and Pérez (1988) and other
originally published papers and the descriptions provided
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by the International Collection of Vesicular and Arbuscular
Mycorrhizal Fungi (http://invam.caf.wvu.edu).

Statistical analyses

Spore density, species richness, isolation frequency (IF),
relative abundance (RA), and Shannon–Wiener index of
diversity were conducted as follows: spore density was
defined as the number of AMF spores and sporocarps in
100 g soil; species richness was measured as the number of
AMF species occurred per soil sample; IF=(the number of
samples in which a given species was isolated/the total
number of samples)×100%; RA=(the number of a given
species spore/the total number of spores)×100%; Shannon–
Wiener index of diversity¼ �Ps

i¼1
pi ln pi, where s is the

number of species and pi is the RA of the ith species.
Analysis of variance (ANOVA) and correlation analysis

were carried out with SPSS software package (version
12.0). Data on spore densities were log transformed to
fulfill the assumption of normality and homogeneity of
variances before ANOVA. One-way ANOVA was per-
formed to test the differences in spore densities between
plant species from a given habitat or between habitats and
to determine the differences in the number of AMF species
between habitats. Multiple mean comparisons were per-
formed using Duncan’s multiple range test at the 0.05 level
of probability within one-way ANOVA. The relationship
between AM spore density and species richness was
determined by Pearson’s correlation analysis. Unweighted
pair-group method of arithmetic averages (UPGMA) by the
clustering program NTSYS (version 2.11a) was performed
using simple matching coefficients (SM), and dendrograms
were constructed to determine the relationship of AMF
communities among host plants in all habitats or among the
same host plant species in different habitats.

Results

AMF species composition

From 63 soil samples collected in the three habitats, 47 taxa
of AMF were detected and identified. There were 31 taxa
from the genus Glomus, 8 from Acaulospora, 6 from
Scutellospora, 1 from Entrophospora, and 1 from Giga-

spora (Table 2 and Fig. 1). Among the 47 taxa, 10 belonged
to Glomus and Scutellospora that were not identified to
species level. The total number of species extracted from
CL, OF, and NCF were 37, 35, and 34, respectively.

Spore density and species richness of AMF

AMF spore density varied greatly among different host
plant species and among habitats (Table 3). It ranged from
565 for Allium sativum to 1782 for Arachis hypogaea in
CL, from 1,208 for H. contortus to 1,837 for B. pertusa in
OF, and from 1,060 for C. cajan to 2,352 for H. contortus
in NCF, respectively. The mean spore density was highest
in NCF, slightly lower in OF, and lowest in CL (Table 4).
One-way ANOVA showed the significant differences in
spore density between plant species in a given habitat or
between three habitats (Table 5).

Different host plants harbored distinct AMF communities,
but some AMF species were associated with all the replicates
of a given plant in each habitat (Table 3). Contrary to spore
density, the maximum of average species richness occurred
in CL, and the minimum in NCF (Table 4). One-way
ANOVA showed that there were no significant differences
in AMF species richness in OF and NCF (Table 5). The
total number of AMF species for each plant species was
about 16 in each habitat and showed no significant
difference in the three habitats. The number of the common
species in the three replicates for each plant species in CL
was significantly higher than OF and NCF (Tables 4 and 5).

Correlation analysis showed that when the habitats were
considered separately, spore density was positively correlated
with species richness only in CL (r=0.65, P<0.05), while when
the habitats were considered together, there was no significant
correlation between spore density and species richness.

IF, RA, and dominant species of AMF

Glomus and Acaulospora occurred most frequently, fol-
lowed by Gigaspora and Scutellospora, and Entrophospora
was detected least (Table 2). Dispersion and spore number
should be considered simultaneously when determining the
dominance of species in AMF community, so we defined the
dominance of AMF species based on IF>50% and RA>5%.
It is evident that Glomus and Acaulospora were the
dominant genera, and the three species, Acaulospora

Table 1 Physical and chemical properties of the soils from the three habitats

Habitat Total N (g kg–1) Total C (g kg–1) Total P (g kg–1) Available P (mg kg–1) Total K (g kg–1) Available K, (g kg–1) pH

CL 0.8 9.4 0.4 10.4 15.0 132.0 6.56
OF 0.7 11.7 0.4 12.1 14.2 97.9 6.48
NCF 1.1 20.1 1.5 7.9 6.1 130.0 6.24

Values in the table are the mean values of all samples in each habitat. CL Cultivated land; OF old field; NCF never-cultivated field
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Table 2 Isolation frequency (IF) and relative abundance (RA) of the identified AMF species in the different habitats

No. AMF species IF (%) RA (%)

CL OF NCF Mean CL OF NCF Mean

Acaulospora 100.0 100.0 100.0 100.0 44.7 51.2 46.9 47.6
1 A. bireticulata 81.0 71.4 14.3 55.6 4.2 2.6 0.3 2.3
2 A. denticulata 23.8 4.8 19.1 15.9 0.6 0.1 0.6 0.4
3 A. foveata 14.3 52.4 – 22.2 1.6 13.3 – 6.0
4 A. laevis - 9.5 – 3.2 - 4.1 – 1.7
5 A. mellea 14.3 19.1 14.3 15.9 5.3 1.3 0.7 2.2
6 A. scrobiculata 95.2 85.7 85.7 88.9 25.6 29.1 42.0 32.1
7 A. spinosa 47.6 14.3 19.1 27.0 2.0 0.6 0.3 0.9
8 A. tuberculata 76.2 23.8 28.6 42.9 5.6 0.3 3.0 2.6

Entrophospora 4.8 19.1 4.8 9.5 0.1 0.4 0.1 0.2
9 E. infrequens 4.8 19.1 4.8 9.5 0.1 0.4 0.1 0.2

Glomus 100.0 100.0 100.0 100.0 48.1 30.5 52.0 43.5
10 G. aggregatum 19.1 23.8 – 14.3 1.0 0.5 – 0.5
11 G. chimonobambusa 9.5 – 4.8 4.8 0.3 – 0.1 0.1
12 G. claroideum 90.5 76.2 85.7 84.1 8.9 4.5 8.9 7.0
13 G. clarum 95.2 4.8 47.6 49.2 11.7 0.1 4.9 4.7
14 G. clavispora 4.8 – – 1.6 0.1 – – 0.1
15 G. constrictum 19.1 9.5 9.5 12.7 0.4 0.4 0.2 0.3
16 G. fasciculatum 4.8 – 4.8 3.2 0.1 – 0.1 0.1
17 G. geosporum 14.2 9.5 14.3 12.7 0.5 0.5 0.3 0.4
18 G. intraradices 33.3 33.3 4.8 23.8 1.2 0.7 0.2 0.7
19 G. microaggregatum 9.5 – – 3.2 0.2 – – 0.1
20 G. microcarpum – 4.8 9.5 4.8 – 0.1 0.3 0.1
21 G. monosporum 61.9 38.1 52.4 50.8 4.3 1.0 2.3 2.3
22 G. mosseae 90.5 57.1 47.6 65.1 11.0 8.8 1.3 7.1
23 G. multicaule – – 4.8 1.6 – – 0.1 0.1
24 G. pansihalos 4.8 – 4.8 3.2 0.1 – 0.2 0.1
25 G. reticulata 9.5 – – 3.2 0.2 – – 0.1
26 G. rubiformis 4.8 – 4.8 3.2 0.1 – 0.1 0.1
27 G. sinuosa 66.7 47.6 57.1 57.1 4.6 2.5 1.2 2.7
28 Glomus sp 1 4.8 28.6 66.7 33.3 0.3 0.7 11.7 4.0
29 Glomus sp 2 – 19.1 19.1 12.7 – 1.4 2.1 1.3
30 Glomus sp 3 – 19.1 52.4 23.8 – 1.3 6.0 2.4
31 Glomus sp 4 38.1 23.8 9.5 23.8 2.0 3.5 1.4 2.4
32 Glomus sp 5 4.8 28.6 – 11.1 0.1 1.3 – 0.6
33 Glomus sp 6 – 14.3 28.6 14.3 – 2.2 2.5 1.7
34 Glomus sp 7 4.8 9.5 4.8 6.4 0.1 0.4 0.5 0.4
35 Glomus sp 8 14.3 14.3 66.7 31.8 0.8 0.3 6.0 2.2
36 G. spurcum 9.5 – – 3.2 0.2 – – 0.1
37 G. taiwanense 9.5 – 4.8 4.8 0.2 – 0.1 0.1
38 G. tortuosum – 9.5 9.5 6.4 – 0.1 0.3 0.1
39 G. verruculosum – – 57.1 19.1 – – 1.7 0.5
40 G. viscosum 4.8 19.1 – 8.0 0.1 0.5 – 0.2

Gigaspora 71.4 61.9 33.3 55.6 5.6 7.6 0.7 4.6
41 G. gigantea 71.4 62. 0 33.3 55. 6 5.6 7.6 0.7 4.9

Scutellospora 52.4 66.7 19.1 46.0 1.6 10.3 0.3 4.1
42 S. calospora 9.5 – – 3.2 0.2 – – 0.1
43 S. heterogama 14.3 4.3 – 6.4 0.9 0.1 – 0.3
44 S. pellucida 14.3 57.1 4.8 25.4 0.3 3.2 0.1 1.5
45 Scutellospora sp 1 – 14.3 – 4.8 – 0.4 – 0.2
46 Scutellospora sp 2 19.1 9.5 14.3 14.3 0.3 0.2 0.3 0.2
47 S. verrucosa – 47.6 – 15.9 – 6.5 – 2.7

CL Cultivated land; OF old field; NCF never-cultivated field
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scrobiculata, Glomus claroideum, and G. mosseae were the
dominant species in this hot and arid ecosystem (Tables 2).

The IF and RA of AMF species varied greatly among
species and among habitats (Table 2). In CL, the spores of
Glomus were the most frequent, and they accounted for
about 48% of the total number of spores, followed by
Acaulospora (45%). The dominant species were A. scrobi-
culata, A. tuberculata, G. claroideum, G. clarum, G.
mosseae, and Gigaspora gigantea. Among them, A. scrobi-
culata, G. clarum, and G. mosseae accounted respectively
for 26, 12, and 11% of the total number of spores. In
addition, A. bireticulata, G. monosporum, and G. sinuosa
were frequently observed, although their RA was less than
5%. In OF, the number of spores that belonged to
Acaulospora, Entrophospora, Gigaspora, and Scutellospora
were increased, and those of Glomus decreased to 31%.
Acaulospora foveata, A. scrobiculata, G. mosseae, and Gi.
gigantea were the dominant species. Although Scutellospora
verrucosa occurred in less than 50% of the soil samples
examined, they accounted for 6.5% of the total of spores. In
NCF, the spores of Acaulospora were up to 47%, while
those of Entrophospora, Gigaspora, and Scutellospora were

greatly reduced compared to CL and OF. A. scrobiculata,
which accounted for 42% of spores, was the most common
species, followed by G. claroideum, G. sp 1, G. sp 3, and G.
sp 8. Additionally, G. monosporum, G. sinuosa, and G.
verruculosum were frequently isolated in this habitat. It was
remarkable that A. scrobiculata was the species which was
common in each habitat, and it held a high percentage of the
total of spores (Tables 2).

Diversity of AMF communities

The AMF diversities, expressed by Shannon–Wiener index,
were presented in Table 4. The maximum of AMF diversity
occurred in CL and the minimum in NCF.

Similarity of AMF communities

Similarity of AMF community across the host plant species
in all habitats

Cluster analysis of simple matching coefficients revealed
three main groupings (Fig. 2). Group 1 contained all host

Fig. 1 Some identified AMF
species. a Acaulospora mellea;
b A. scrobiculata; c A. tuber-
culata; d Entrophospora infre-
quens; e Gigaspora gigantean;
f Glomus aggregatum; g G.
clavispora; h G. mosseae; i G.
sinuosa; j G. verruculosum; k S.
pellucida; l. S. verrucosa. Bar
30 μm
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plant species from CL and some from OF. Group 2
included all plant species from NCF. Group 3 only
contained some plant species from OF. Results showed
that the AMF communities associated with the plant species
within the same habitat generally had a high degree of
similarity.

Similarity of AMF communities across the same plant
species in different habitats

Cluster analysis showed that the AMF communities
associated with C. cajan, which occurred simultaneously
in the three habitats, divided into three distinct clusters,

Table 3 Spore density, number of species, and AMF taxa presented in the rhizosphere soils of the sampled plants

Plants Habitats Abbreviations SD (per
100 g soil)

Number of species AMF taxac

SR Suma Commonb

Allium sativum L. CL Asa (CL) 565.00±
117.51

8.00±
0.58

14 3 1 6 7 12 13 14 15 17 21 22 26 35
40 41

Arachis hypogaea L. CL Ah (CL) 1,781.67±
116.24

11.33±
0.33

17 6 1 3 5 6 7 8 12 13 17 18 22 27 28
31 36 41 46

Cajanus cajan (L.) Millsp. CL Cc (CL) 1,525.00±
112.58

13.33±
1.20

19 9 1 2 6 7 8 10 12 13 18 19 21 22
27 28 31 34 37 41 46

Capsicum annuum L. CL Ca (CL) 850.00±
145.52

10.67±
0.33

15 8 1 6 7 8 10 11 12 13 18 21 22 24
27 41 43

Helianthus annuus L. CL Ha (CL) 666.67±
33.46

10.00±
1.15

13 6 1 6 8 10 12 13 22 25 27 31 41 42
44

Ipomoea batatas (L.) Lam. CL Ib (CL) 1,098.33±
227.20

12.33±
0.67

17 8 1 2 6 7 8 12 13 15 18 21 22 27
35 36 37 41 44

Sorghum bicolor (L.) Moench CL Sb (CL) 1,445.00±
65.06

12.00±
0.58

19 7 1 6 7 8 9 11 12 13 15 16 18 19
21 22 27 31 41 42 43

Arachis hypogaea L. OF Ah (OF) 1,393.33±
141.31

10.67±
2.91

18 4 1 6 8 9 10 12 15 18 21 22 27 31
32 34 35 38 40 41

Azadirachta indica A. Juss. OF Ai (OF) 1,751.67±
281.98

10.33±
0.88

20 3 1 3 4 5 6 7 10 12 15 17 21 22 27
28 29 30 41 44 45 47

Bothriochloa pertusa (L.) A.
Camus.

OF Bp (OF) 1,836.67±
234.47

8.33±
0.33

13 5 3 6 7 12 13 17 28 30 33 41 44 46
47

Cajanus cajan (L.) Millsp. OF Cc (OF) 1,573.33±
124.54

8.33±
1.76

16 3 1 3 4 5 6 7 8 12 18 20 29 30 41
44 46 47

Heteropogon contortus
Beauv. ex Roem. & Schult.

OF Hc (OF) 1,208.33±
234.06

10.33±
1.20

15 5 1 2 3 5 6 8 12 18 21 22 29 41 44
45 47

Psoralea corylifolia L. OF Pc (OF) 1,800.00±
172.99

10.33±
0.33

14 8 1 3 6 7 9 12 18 22 27 31 32 35
40 41

Sorghum bicolor (L.) Moench OF Sb (OF) 1,395.00±
61.10

9.00±
0.00

14 4 1 6 9 10 12 18 22 27 30 31 32 33
40 41

Atylosia scarabaeoides (L.)
Benth.

NCF Asc(NCF) 1,596.67±
362.28

9.67±
0.67

18 3 2 6 7 8 12 13 21 22 27 28 29 30
31 33 38 39 41 46

Bothriochloa pertusa (L.) A.
Camus.

NCF Bp (NCF) 1,995.00±
78.10

9.33±
1.33

16 4 1 6 8 12 13 16 17 21 22 27 28 33
35 37 39 41

Cajanus cajan (L.) Millsp. NCF Cc (NCF) 1,060.00±
176.92

10.00±
0.58

17 3 2 6 8 12 13 15 17 22 24 27 28 29
30 33 35 39 41

Capillipedium parviflorum
Stapf

NCF Cp (NCF) 1,601.67±
158.44

9.33±
0.33

19 4 2 5 6 8 11 12 17 21 22 23 27 28
30 31 35 38 41 44 46

Dodonaea viscosa Jacq. NCF Dv (NCF) 1,695.00±
135.77

9.33±
0.88

14 4 1 6 9 12 15 21 22 27 28 30 33 35
39 46

Heteropogon contortus
Beauv. ex Roem. & Schult.

NCF Hc (NCF) 2,351.67±
223.13

9.00±
1.00

16 3 1 5 6 7 12 13 20 21 22 27 28 29
30 35 39 41

Themeda caudata (Nees) A.
Camus

NCF Tc (NCF) 1,843.33±
185.52

7.67±
0.67

13 4 5 6 7 12 13 18 21 26 28 30 33 35
39

SD spore density; SR species richness; CL cultivated land; OF old field; NCF never-cultivated field
a The total number of species for three replicates
b The number of the common species existed in three replicates
c Numbers were the AMF codes in Table 1; the species with bold were the common species in three replicates.
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with each cluster containing three replicates only from each
habitat (Fig. 3a). Likewise, the AMF communities associ-
ated with the replicates of the other four host plants, which
occurred in two habitats, were more similar from a given
habitat than from another habitat, respectively (Fig. 3b–e).

Similarity of AMF communities across three habitats

Cluster analysis based on the similarity in AMF species
composition among habitats indicated that the AMF
community in OF resembled NCF more than that of in
the CL (Fig. 4).

Discussion

Recently, molecular approaches have been applied to study
the biodiversity of AMF in some plant species (Daniell
et al. 2001; Wubet et al. 2003b; Gollotte et al. 2004).
However, molecular identification is currently limited in the
field researches as has been stated by Landis et al. (2004)
and Oehl et al. (2004, 2005). In the present study, the AMF
community composition and diversity were described based
on morphological species. Clearly, spore populations do not
exactly reflect the AMF community that is actually
colonizing the plant roots because of the possible existence

of some non-sporulating AMF species and also degradation
of spore walls (Clapp et al. 1995; Daniell et al. 2001).
However, we believe that using spores to identify AMF
community and species richness is a valid approach for the
purpose of our study as Oehl et al. (2005) proposed.

A total of 47 taxa representing five genera of AMF were
extracted and identified directly from the soil samples in
three habitats in this study. This is a considerably large
number, given that only about 190 AMF species have been
described worldwide so far, and that the samples were taken
from three habitats, which arranged adjacently on a slope
within a relatively small region of about 40 km2 and with
similar climatic conditions. The number of species detected
from CL, OF, and NCF (37, 35, and 34, respectively) was
relatively high compared to that usually reported from
corresponding habitats (Oehl et al. 2004; Douds and
Millner 1999). The relatively higher species numbers
potentially due to the following reasons: (1) the high
mycotrophic dependency of the sampled plant species. In
the previous study, we have investigated the AMF
colonization in the roots of these sampled plant species in
the three habitats and found all surveyed plants formed AM
and most plants were intensively colonized. We suggested
that plants grown in this ecosystem might be highly
dependent on AM (Li et al. 2007). (2) The hot and arid
environmental conditions. It is known that high temperature

Table 4 Diversity indices and the means±SE of spore density and the number of species

Habitats SD Number of species Shannon–Wiener index of diversity

SR Suma Commonb

CL 1,133.10±104.52 b 11.10±0.44 a 16.28±0.89 6.86±0.74 a 2.57
OF 1,621.43±94.04 a 9.86±0.54 ab 16.57±1.07 4.00±0.31 b 2.30
NCF 1,734.76±105.10 a 9.19±0.31 b 16.14±0.80 3.57±0.20 b 2.16

SD spore density; SR species richness; CL cultivated land; OF old field; NCF never-cultivated field
a The total number of species for three replicates
b The number of the common species existed in three replicates. Means followed by the different letters (a–b) in each column are significantly
different within a given habitat according to Duncan’s multiple range test at the 0.05 level of probability.

Table 5 F value from one-way ANOVA for spore density and the number of species

Habitats df SD Number of species

SR Suma Commonb

CL 6 11.80*** 5.66** – –
OF 6 3.71* 0.87 – –
NCF 6 3.75* 0.79 – –
Three habitats 2 9.95*** 4.87* 0.06 14.07***

SD spore density; SR species richness; CL cultivated land; OF old field; NCF never-cultivated field; df degrees of freedom
a The total number of species for three replicates
b The number of the common species existed in three replicates.
*P<0.05
**P<0.01
***P<0.001
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Fig. 2 Dendrograms of cluster
analysis based on the similarity
of AMF species composition
across the host plant species in
all habitats. The abbreviations of
the host plant species were
presented in Table 3. Letters in
parentheses denoted habitats
(CL cultivated land; OF old
field; NCF never-cultivated
field). Groups 1–3 indicated
three main groupings formed by
the cluster analysis

Fig. 3 Dendrograms of cluster
analysis based on the similarity
of AMF species composition
across all samples of the host
plant species, which occurred in
at least two habitats. Arabic
digitals (1–3) after abbreviations
of the host plant species denoted
the serial numbers of three rep-
licates. The abbreviations of the
host plant species were pre-
sented in Table 3. Letters in
parentheses denoted habitats
(CL cultivated land; OF old
field; NCF never-cultivated
field). a Cajanus cajan;
b Arachis hypogaea; c Sorghum
bicolor; d Bothriochloa pertusa;
e Heteropogon contortus
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and high light intensity may increase AMF sporulation
(Cardoso et al. 2003; Koide and Mosse 2004). Additionally,
spores are less susceptible to predation and parasitism in the
arid environmental conditions, as levels of fungal predation
and parasitism are lower than occur in locations with higher
rainfall (Lovelock et al. 2003). (3) The sampling was done
in November when the end of autumn and the beginning of
the dry season. It has been reported that spore populations
are typically greatest in the autumn in areas where there are
marked warm/cold seasons (Douds and Millner 1999) and
that substantially more spores are expected in the dry
season (Guadarrama and Álvarez-Sánchez 1999; Lugo and
Cabello 2002). The spores collected during this period not
only have the greater spore density and population
(Guadarrama and Álvarez-Sánchez 1999; Lovelock et al.
2003) but also are in better condition for identification
(Douds and Millner 1999). Considering the seasonal nature
of AMF, we believe that AMF diversity in this area would
no doubt increase with longer-term sampling.

Spore density was found to be lowest in CL and highest
in NCF, which corroborated the observation that agricultural
practices decreased the AMF spore numbers (Boddington
and Dodd 2000; Oehl et al. 2003). In contrast to spore
density, the species richness and Shannon–Wiener index of
diversity were found to be the highest in CL and the lowest
in NCF. It could be easily explained from the nature of
Shannon–Wiener index of diversity. The values of this
index are determined by the species number, individuals of
each species, and the evenness of their distribution
(Magurran 1988). The distribution of AMF in CL are
usually more even than that of the less disturbed or
undisturbed systems (such as in the OF and NCF). Our
research results conducted in the same sites showed that
AMF species richness in the soils based on morphological
identification was relatively lower, but the AMF molecular
diversity in the corresponding roots was relatively higher in
the NCF (unpublished data). Therefore, it seemed that the
AMF species in CL are more likely to be strong sporulating
species, while the species in NCF are possibly those of less
or non-sporulating species.

The AMF community composition varied greatly across
different land-use types in this hot and arid ecosystem. It
was indicated that Glomus had the higher percentage of the
spores (48%) isolated from CL. Jansa et al. (2002)
generalized the prevalence of Glomus spp. in agriculturally

used soils, in contrast to rich AMF communities containing
Gigaspora spp., Scutellospora spp., and Acaulospora spp.
in uncultivated soils. It is generally believed that the species
of Acaulospora and Glomus appear to be more tolerant to
soil disturbance, as the formation of large spores from
Gigasporaceae takes a longer time than that of small spores
from other genera of AMF (i.e., the Glomaceae; Boddington
and Dodd 2000), which leads to large spores having
insufficient time to form and mature before soil disturbance.
Compared to AMF community in CL, the relative abun-
dance of Acaulospora, Entrophospora, Gigaspora, and
Scutellospora increased while that of Glomus decreased in
OF; this revealed that the AMF community has been
changing from CL to NCF. Our results were in agreement
with another study in which a trend towards increase in
AMF belonging to the genera Acaulospora, Entrophospora,
and Scutellospora was found under reduced tillage man-
agement (Jansa et al. 2002).

Cluster analysis based on the similarity in AMF species
showed that AMF community in OF resembled NCF more
than that of the CL. Cluster analysis based on the similarity
in AM status (with respect to all colonization of different
AM structures) also showed that OF were more similar to
NCF than that in the CL (Li et al. 2007). These results
indicated that disturbance from agricultural practices influ-
enced AMF community composition, but through the
combination of naturally re-colonizing of indigenous plants
and transplanting exotic plants into the OF, AMF commu-
nity had been showing a succession tendency from CL to
NCF after 4 years. Therefore, we suggested that mixed
(natural and artificial) restoration was an economic and
effective way for conversion of farmlands to forests and
grasses in this special ecosystem of hot and arid valley.

It is generally assumed that AMF do not show host
specificity and are randomly distributed in natural ecosys-
tems (Eom et al. 2000). In the present study, despite
different host plants harboring a variety of AMF, there were
some common species in all replicates of a given plant
species, which showed some degree of host preference for
AMF. Cluster analysis based on the similarity in AMF
species composition indicated that the AMF communities
in the rhizosphere soils of different plants that occurred
within the same habitat generally had a high degree of
similarity (Fig. 2). This result clearly demonstrated that
AMF species not randomly distributed over space and that
AMF communities seemed habitat-convergence. Similar
result was found in another study on diversity of AMF
across a fragmented forest in Panama, in which the
convergence of AMF communities on islands and conver-
gence of mainland AMF communities were found, regard-
less of geographic location (Mangan et al. 2004). In
addition, the similarity analysis of a given host plant
species, which occurred in two or three habitats, also

Fig. 4 Dendrograms of cluster analysis based on the similarity of
AMF species composition across three habitats. CL Cultivated land;
OF old field; NCF never-cultivated field
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showed that the AMF communities from the same habitat
had the greatest degree of similarity than those from
another habitat (Fig. 3). This result also revealed that
AMF community composition of a given plant species was
greatly habitat-convergence. Based on these results, we
hypothesized that AMF communities are more influenced
by habitats compared to host preference.

Acknowledgments This study was financially supported by The
National Natural Science Foundation of China (NSFC 3036003),
National Program on Key Basic Research Projects (Special Item
2005CCA05700) and Science & Technology Department of Yunnan
Province (2005NG05). We thank An-Na Yang, Dan-Dan Zhao, Kai
Wang, Chang-Cong Liang and Yan Zhang for their help in collecting
samples.

References

Bever JD, Morton J, Antonovics J, Schultz PA (1996) Host-dependent
sporulation and species diversity of arbuscular mycorrhizal fungi
in a mown grassland. J Ecol 84:71–82

Boddington CL, Dodd JC (2000) The effect of agricultural practices
on the development of indigenous arbuscular mycorrhizal fungi.
I. Field studies in an Indonesian ultisol. Plant Soil 218:137–144

Cardoso IM, Boddington C, Janssen BH, Oenema O, Kuyper TW
(2003) Distribution of mycorrhizal fungal spores in soils under
agroforestry and monocultural coffee systems in Brazil. Agrofor
Syst 58:33–43

Clapp JP, Young JPW, Merryweather JW, Fitter AH (1995) Diversity
of fungal symbionts in arbuscular mycorrhizas from a natural
community. New Phytol 130:259–265

Daniell JT, Hodge A, Young JPW, Fitter A (1999) How many fungi does
it take to change a plant community. Trends Plant Sci 4:81–82

Daniell TJ, Husband R, Fitter AH, Young JPW (2001) Molecular
diversity of arbuscular mycorrhizal fungi colonising arable crops.
FEMS Microbiol Ecol 36:203–209

Douds DD, Millner PD (1999) Biodiversity of arbuscular mycorrhizal
fungi in agroecosystems. Agric Ecosyst Environ 74:77–93

Eom AH, Hartnett DC, Wilson GWT (2000) Host plant species effects
on arbuscular mycorrhizal fungal communities in tallgrass
prairie. Oecologia 122:435–444

Gollotte A, van Tuinen D, Atkinson D (2004) Diversity of arbuscular
mycorrhizal fungi colonising roots of the grass species Agrostis
capillaris and Lolium perenne in a field experiment. Mycorrhiza
14:111–117

Guadarrama P, Álvarez-Sánchez FJ (1999) Abundance of arbuscular
mycorrhizal fungi spores in different environments in a tropical
rain forest, Veracruz, Mexico. Mycorrhiza 8:267–270

Helgason T, Daniell TJ, Husband R, Fitter A, Young JPW (1998)
Ploughing up to the wood-wide web. Nature 394:431

Helgason T, Merryweather JW, Denison J, Wilson P, Young JPW,
Fitter AH (2002) Selectivity and functional diversity in arbus-
cular mycorrhizas of co-occurring fungi and plants from a
temperate deciduous woodland. J Ecol 90:371–384

Jansa J, Mozafar A, Anken T, Ruh R, Sanders IR, Frossard E (2002)
Diversity and structure of AMF communities as affected by
tillage in a temperate soil. Mycorrhiza 12:225–234

Jin ZZ, Ou XK (2000) Yuanjiang, Nujiang, Jinshajiang, Lancangjiang
vegetation of dry-hot valley. Yunnan University Press, Kunming,
China, pp 141–180

Johnson D, Vandenkoornhuyse PJ, Leake JR, Gilbert LA, Booth RE,
Grime JP, Young JPW, Read DJ (2004) Plant communities affect
arbuscular mycorrhizal fungal diversity and community compo-
sition in grassland microcosms. New Phytol 161:503–515

Klironomos JN (2003) Variation in plant response to native and exotic
arbuscular mycorrhizal fungi. Ecology 84:2292–2301

Koide RT, Mosse B (2004) A history of research on arbuscular
mycorrhiza. Mycorrhiza 14:145–163

Landis FC, Gargas A, Givnish TJ (2004) Relationships among
arbuscular mycorrhizal fungi, vascular plants and environmental
conditions in oak savannas. New Phytol 164:493–504

Li LF, Yang AN, Zhao ZW (2005) Seasonality of arbuscular
mycorrhizal symbiosis and dark septate endophytes in a
grassland site in southwest China. FEMS Microbiol Ecol
54:367–373

Li LF, Zhang Y, Zhao ZW (2007) Arbuscular mycorrhizal fungi across
different land use types in a hot and arid ecosystem, southwest
China. J. Plant Nutr Soil Sci 170:419–425

Liu D (ed) (2003) Rehabilitation of degraded forests to improve
livelihoods of poor farmers in south China. Center for Interna-
tional Forestry Research. Bogor, Indonesia, pp 1–97

Lovelock CE, Andersen K, Morton JB (2003) Arbuscular mycorrhizal
communities in tropical forests are affected by host tree species
and environment. Oecologia 135:268–279

Lugo MA, Cabello MN (2002) Native arbuscular mycorrhizal fungi
(AMF) from mountain grassland (Cordoba, Argentina) I. Sea-
sonal variation of fungal spore diversity. Mycologia 94:579–586

Magurran AE (1988) Ecological diversity and its measurement.
Princeton University Press, Princeton, NJ

Mangan SA, Eom AH, Adler GH, Yavitt JB, Herre EA (2004)
Diversity of arbuscular mycorrhizal fungi across a fragmented
forest in Panama: insular spore communities differ from
mainland communities. Oecologia 141:687–700

Millner PD, Wright SF (2002) Tools for support of ecological research
on arbuscular mycorrhizal fungi. Symbiosis 33:101–123

Morton JB (1988) Taxonomy of VA mycorrhizal fungi: classification,
nomenclature, and identification. Mycotaxon 32:267–324

O’Connor PJ, Smith SE, Smith EA (2002) Arbuscular mycorrhizas
influence plant diversity and community structure in a semiarid
herbland. New Phytol 154:209–218

Oehl F, Sieverding E, Ineichen K, Mäder P, Boller T, Wiemken A
(2003) Impact of land use intensity on the species diversity of
arbuscular mycorrhizal fungi in agroecosystems of central
Europe. Appl Environ Microbiol 69:2816–2824

Oehl F, Sieverding E, Ineichen K, Ris EA, Boller T, Wiemken A
(2005) Community structure of arbuscular mycorrhizal fungi at
different soil depths in extensively and intensively managed
agroecosystems. New Phytol 165:273–283

Oehl F, Sieverding E, Mäder P, Dubois D, Ineichen K, Boller T,
Wiemken A (2004) Impact of long-term conventional and
organic farming on the diversity of, arbuscular mycorrhizal
fungi. Oecologia 138:574–583

Richter BS, Tiller RL, Stutz JC (2002) Assessment of arbuscular
mycorrhizal fungal propagules and colonization from abandoned
agricultural fields and semi-arid grasslands in riparian flood-
plains. Appl Soil Ecol 20:227–238

Schenck NC, Pérez Y (1988) (1–241) Manual for the identification of
VA mycorrhizal fungi, 2nd edn. University of Florida, Gainesville,
Florida

664 Mycorrhiza (2007) 17:655–665



van der Heijden MGA, Boller T, Wiemken A, Sanders IR (1998a)
Different arbuscular mycorrhizal fungal species are potential
determinants of plant community structure. Ecology 79:2082–2091

van der Heijden MGA, Klironomos JN, Ursic M, Moutoglis P,
Streitwolf-Engel R, Boller T, Wiemken A, Sanders IR (1998b)
Mycorrhizal fungal diversity determines plant biodiversity,
ecosystem variability and productivity. Nature 396:69–72

Vandenkoornhuyse P, Husband R, Daniell TJ, Watson IJ, Fitter AH,
Young JPW (2002) Arbuscular mycorrhizal community compo-
sition associated with two plant species in a grassland ecosystem.
Mol Ecol 11:1555–1564

Wubet T, Kottke I, Teketay D, Oberwinkler F (2003a) Mycorrhizal
status of indigenous trees in dry Afromontane forests of Ethiopia.
For Ecol Manag 179:387–399

Wubet T, Weiß M, Kottke I, Teketay D, Oberwinkler F (2003b) (517–
528) Molecular diversity of arbuscular mycorrhizal fungi in
Prunus africana, an endangered medicinal tree species in dry
Afromontane forests of Ethiopia. New Phytol 161:517–528

Zhao ZW, 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

Mycorrhiza (2007) 17:655–665 665


	Differences...
	Abstract
	Introduction
	Materials and methods
	Study site
	Sample collection
	Spore isolation and treatment
	Statistical analyses

	Results
	AMF species composition
	Spore density and species richness of AMF
	IF, RA, and dominant species of AMF
	Diversity of AMF communities
	Similarity of AMF communities
	Similarity of AMF community across the host plant species in all habitats
	Similarity of AMF communities across the same plant species in different habitats
	Similarity of AMF communities across three habitats


	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


