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Abstract The biodiversity and distribution of arbuscular
mycorrhizal fungi (AMF) in different ecosystems and
plant communities in China has received increasing interest
over the past decades. This has led to a steady increase in
the number of scientific papers published on this topic.
Studies have surveyed AMF-colonizing rhizospheres of
most families of angiosperms, bryophytes, pteridophytes,
and gymnosperms. China has about 30,000 plant species
(one eighth of the plant species worldwide). A total of 104
AMF species within nine genera, including 12 new species,
have been reported in environments such as croplands,
grasslands, forests, and numerous disturbed environments.
In this paper, we review data published over the past
20 years on AMF community composition and species
distribution, the mycorrhizal status of plants, AMF spore
communities in different habitats, and germplasm collec-
tions in China. Possible future trends in the study of the
biodiversity of AMF are also briefly discussed. In par-
ticular, the aim of our review is to make some of the recent
work published in the Chinese literature accessible to a
wider international audience.
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Introduction

Arbuscular mycorrhizal fungi (AMF) are ubiquitously
associated with the large majority of plant families in dif-
ferent ecosystems across the world ranging from the tropics
(Janos 1980; Zhao et al. 2001b) or arctic-alpine habitats
(Haselwandter and Read 1980; Haselwandter 1987) to
mesic (Rickerl et al. 1994; Ingham and Wilson 1999;
Muthukumar and Udaiyan 2000) and arid habitats (Barrow
et al. 1997; Stutz et al. 2000; O’Connor et al. 2002). China
embraces a large diversity of climatic conditions and soil
types, resulting in a wide range of ecosystems and vege-
tation structure. The examination of AMF began in China
in the 1970s (Tang 1977). Early research focused entirely
on the mycorrhizal status of plants, mostly on the degree
of root colonization and spore counts in the field. The
taxonomy of AMF was studied in the mid-1980s and
several manuals for the identification of AMF were pub-
lished in Chinese (Tang and Zang 1984; Zhang and Wang
1991a). This work led to an increase in the identification
of AMF in surveys within China. The number of re-
searchers investigating these fungi also increased. Over
the past 10 years, studies have resulted in more than 100
papers on taxonomy and diversity, most of which were
performed by observation of spores of AMF.

From north to south, the People’s Republic of China
covers the equatorial belt, the tropics, the subtropics, a
moderate temperate zone and a cold temperate zone, and
from east to west, the lands comprise forests, grasslands,
deserts, plains, hills, and mountains. In terms of moisture,
the country can be sectored from southeast to northwest
into humid (32% of land area), semihumid (15%), semiarid
(22%), and arid zones (31%). Climates are dominated by
dry seasons and wet monsoons, and differ from region to
region because of the country’s extensive and complex
topography. According to the climate and terrain, the
mainland of China is traditionally divided into six geo-
graphical zones (Fig. 1). To the south of the Nanling
Mountains, rains are prolific and temperatures are high all
year round. The Yangtze and Huaihe river valleys in central
south China have four distinctive seasons. In northeast
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China, summer is short but with much sunshine, while
winter is long and cold. Precipitation is limited in north-
west China. In southwest China at low latitudes, the land is
highly elevated and has characteristically vertical seasonal
zones.

Due to the influences of hydrothermal conditions and
geomorphology, Chinese soil distribution shows zonality
in latitude and longitude. In east China, for instance, the
soils vary between south and north from latosols through
lateritic red earths, red earths, yellow-brown earths, and
brown earths to dark brown earths, while from the coast to
the interior (east to west), soils also show regular variation
with decreasing humidity. For example, in the Temperate
Zone, the soils vary from dark brown earths, black soils,
chernozems, castenoziems, brown pedocals, and gray to
brown desert soils. Agricultural soils are mostly concen-
trated on the eastern plains, the Loess Plateau, the Sichuan
Basin, and large areas of the southeastern part of the
country where the greatest population densities and the
longest history of cultivation are.

This review aims to summarize the information that is
presently available on plant mycorrhizal status, AMF
species richness and germplasm collections, and AMF
community diversity in different habitats and vegetation
types within China.

Mycorrhizal status of plants

Trappe (1987) indicates that while arbuscular mycorrhiza
(AM) have been recorded in all angiosperm orders
examined, information is available for only about 3% of
known plant species. About 30,000 plant species (one
eighth of the world total) are present in China, which is
almost twice the number found in the United States and
Canada combined. This number includes about 8,000
species of medicinal and economically important plants
and about 7,500 species of trees and shrubs. Chinese
researchers have extensively examined the mycorrhizal
status of plant species in terrestrial ecosystems, studying
nearly 800 plant species belonging to 150 families.

Early work in China focused mainly on the mycorrhizal
status of cultivated plants. Some 120 agricultural plant
species, including grain, oil, and economic crops and
horticultural and Chinese medicinal plants, have been
found to form associations with AMF (Table 1). In addi-
tion, wild plants inhabiting a range of environments, such
as heathland, mountain areas, grasslands, woodlands, and
tropical forests, were also surveyed (Gong et al. 1997; Gai
et al. 2000a; Zhao 2000; Chen et al. 2001; Zhao et al.
2001b, 2003; Wang and Liu 2002; Muthukumar et al.
2003; Bao and Yan 2004; Ding et al. 2004). Mycorrhizal
incidence among wild herbaceous plants is consistently
high, with over 90% of the species examined (about 300)
exhibiting AMF colonization, and AM associations also
occur in trees and shrubs of certain climatic zones. Gong
et al. (1997) concluded that members of 48 plant families,

Fig. 1 Sketch map of China showing the six geographical zones
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out of a total of 78, form AM associations. Other surveys
have focused on subtropical and tropical vegetation (Wu
et al. 2001; Zhao et al. 2001a,b; Zhang et al. 2003a). The
incidence of AM tends to be higher in subtropical and
tropical tree species compared with those in temperate
zones. A survey in the subtropical Yunnan province
showed that about 80% of tree species form AM asso-
ciations (Muthukumar et al. 2003). Even the Dipterocarpa-
ceae, typically considered to be ectomycorrhizal (Smith
and Read 1997), exhibit AMF colonization in China (Shi
et al. 2003a,b). Pteridophytes are of ancient origin and
some members are assumed to be AM (Gemma et al.
1992). In subtropical China, AMF structures have been
observed in 31 (91%) out of 34 pteridophyte species in
Dujiangyan (Zhang et al. 2004a), which is very different
from the results of Zhao (2000), who reported very low
occurrence (17%) of AMF amongst 256 pteridophyte
species in a tropical region of Yunnan, southwest China.

Some plant families are still assumed to never or rarely
form mycorrhizal associations (Newman and Reddell
1987; Tester et al. 1987), such as members of the
Cyperaceae, Brassicaceae, Caryophyllaceae, Juncaceae,
and Amaranthaceae (Smith and Read 1997). The AM
status of Cyperaceae was found to vary in different habitats
of China. Muthukumar et al. (2003) found no mycorrhizal
structures in three sedge species in the Yunnan province. In
contrast, most of 22 ecotypes examined in nine sedge
species from Tibetan grasslands were mycorrhizal (Gai
et al. 2005). Muthukumar et al. (2004) reviewed current
information on mycorrhizal associations in sedges, and
concluded that mycorrhiza formation is greatly influenced
by environmental conditions. The mycorrhizal status of
some Amaranthaceae species was also studied by Chen
et al. (2001) in agricultural parts of the red soil area, by Bao
and Yan (2004) in the grasslands of midwestern Inner
Mongolia, and by Yang et al. (2002) in the Xishuangbanna
Tropical Botanical Garden in south China. Three out of
eight species were found to form AM. However, all mem-
bers of the Brassicaceae, Caryophyllaceae, or Juncaceae
examined to date in China are nonmycorrhizal (Gai et al.
2000a; Chen et al. 2001; Bao and Yan 2004). Distinctive
morphotypes of AM have also been reported in different
plant species. Bao and Yan (2004) studied mycorrhiza in
125 plant species in the central and western grasslands of
Inner Mongolia; out of 104 plant species investigated, 83%
formed AM associations and most were of the Arum type
(65%).

Spore communities in different habitats

Discrimination between AMF species and the measure-
ment of their richness, abundance, and distribution in
natural habitats is central to understanding community
structure and dynamics, ecological assembly rules, and
biogeographical patterns. Much of the influential work has
focused on comparative geographical studies and on
patterns of nonrandom (deterministic) community assem-

Table 1 Cultivated plant species reported to be arbuscular my-
corrhizal in China

Grain cropsa, b, c, d, e

Avena nuda L. Oryza sativa L.
Eriogonum fasciculatum Benth. Setaria italica (L.) Beauv.
Glycine max Merrill Sorghum vulgare Pers.
Hordeum vulgare L. Triticum aestivum L.
Ipomoea batatas (L.) Lam. Vigna rabiata (L.)Wilczek
Manihot esculenta Crant. Zea mays L.
Oil cropsa, c, d, e

Arachis hypogaea L. Sesamum indicum L.
Economic cropsb, c, f, g, h, i

Agave sisalana Perrine Helianthus annuus L.
Boehmeria nivea (L.) Gaudich Hevea brasiliensis Müll. Arg.
Camellia sinensis (L.) O. Kuntze Morus alba L.
Cannabis sativa L. Nicotiana tabacum L.
Coffea arabica L. Piper nigrum L.
Gossypium arboreum L. Saccharum sinense L.
Horticultural plants
Fruitb, d, e, g, i, j, k, l, m

Actinidia chinensis Planch. Fragaria × ananassa Duch.
Ananas comosus (L.) Merr. Gingko biloba L.
Averrhoa carambola L. Juglans regia L.
Canarium album Raeusch Litchi chinensis Sonn.
Carica papaya L. Malus pumila Mill.
Carya cathayensis Sargent Mangifera indica L.
Castanea mollissima Blume Manilkara zapota (L.)

Van Royen
Citrus aurantium L. Morus alba L.
Citrus grandis Osbeck. Musa sapientum L.
Citrus limon Burmann Myrica rubra Sieb. et Zucc.
Citrus sinensis Osbeck Pistacia vera L.
Citrus sunki Hot. Prunus armeniaca L.
Cocos nucifera L. Prunus cerasus L.
Corylus heterophylla Fisher Prunus persica L.
Crataegus pinnatifolia Bunge Prunus salicina Lindl.
Dimocarpus longana Lour. Psidium guajava L.
Diospyros kaki Lf. var. domestica
Makino

Punica granatum L.

Eriobotrya japonica Lindley Pyrus bretschneideri Rehd.
Ficus carica L. Vitis vinifera L.
Fortunella margarita (Lour.)
Swingle

Zizyphus jujuba Mill.

Vegetablesb, c, d, e, n

Allium cepa L. Lactuca sativa L.
Allium fistulosum L. Luffa cylindrica (L.) Roem.
Allium porrum L. Lycopersicon esculentum Mill.
Allium sativum L. Momordica charantia L.
Allium tuberosum Rottl. Phaseolus vulgaris L.
Amaranthus mangostanus L. Pisum sativum L.
Apium graveolens L. Solanum melongena L.
Asparagus officinalis L. Solanum tuberosum L.
Capsicum annuum L. Spinacia oleracea L.
Citrullus lanatus (Thunb.)
Matsum & Nakai

Toona sinensis (Juss.) Roem.

Cucumis sativus L. Vigna sesquipedalis Koern
Daucus carota L. Vigna unguiculata (L.) Walp.

231



bly by a small number of fungal species that could be
identified.

Species richness and community
diversity across China

A prerequisite to any study of population structure and
diversity is the clarification of the species concept for
AMF (Dodd et al. 1996). Based on the lack of sexual
reproduction in AMF, it has been suggested that applying
the species concept could be difficult and that it would be
more appropriate to base the description of biodiversity
on genetic diversity (Sanders et al. 1996). However,
even for interpretation of the most recent molecular eco-
logical studies, genetic variation within one population
and among different isolates of one species can be quite

high (Antoniolli et al. 2000; Clapp et al. 2001; Redecker
et al. 2003). Morphospecies are units of classical taxonomy
and units of experimental manipulation when linking
organismal and molecular scales.

About 200 AMF species have so far been discovered
worldwide. Despite this low taxonomic diversity for such a
widespread group of organisms (Allen et al. 2003), each
species may contain considerable genetic diversity. Anal-
ysis of local populations adapted to various conditions is
therefore essential. A total of 104 AMF species within nine
genera have been reported in the rhizosphere of different
plant species in various habitats in China since the 1980s
and 12 new species were discovered in these surveys
(Table 2). Occurrence of AMF genera varies in abundance
and frequency across China. Glomus species are widely
distributed in various habitats and dominate communities
in the cold or temperate parts of the north and west, as well
as in the tropical and subtropical vegetation in the south
and east, of the country. The frequency of occurrence and
abundance of sporulation by Glomus species are much
higher than in other genera. Acaulospora is the second
most dominant genus in China, ranking after Glomus in the
north and west and similar to Glomus in the south and east.
Gigaspora and Scutellospora species are found mostly in
the coastal sand dunes and islands, and have been reported
from southern and eastern areas that are near the sea (Wang
et al. 2004a). These genera also dominate in the Shandong
Peninsula, especially in association with wild plants and in
woodlands (Gai et al. 2000a; Wang et al. 2003, 2004a,b).
Other genera seem to be less common in China, with only a
few examples of species, such as Paraglomus occultum
and Entrophospora infrequens, reported (Zhang et al.
1998b; Gai et al. 2000a).

Frequency of occurrence also varies at the species level.
Glomus mosseae has been found at almost all sites in-
vestigated (90%), associating with a variety of crop and
wild plant species in both natural and disturbed soils.
Glomus mosseae is a dominant species in habitats of
northern China, but is found at lower frequencies in
habitats of southern China (Table 3). Acaulospora species
dominate in the latter habitats. The frequency of G.
mosseae was found to decrease from north to south
along the southern and eastern coasts (Zhang et al. 1999).
Species richness showed an increasing trend from north to
south (Table 3).

Species diversity in natural and disturbed habitats has
been compared in several studies (Wang et al. 2003; Zhang
et al. 2004b). Results vary with ecological features and
histories of the habitats investigated. Wang et al. (2003)
compared richness, distribution, and sporulation abun-
dance of AMF species in island forests, saline soils, coal
mine spoil heaps, and degraded grasslands. Species rich-
ness in natural island forests was much greater than in
any of the three disturbed habitats. Glomus species were
dominant at all sampling sites, but the frequency and
relative sporulation by Acaulospora species were higher
at coal mine spoil sites. Gigaspora species sporulated
more abundantly than Acaulospora species in island forest
areas. Zhang et al. (2004b) compared the diversity of AMF

Dioscorea batatas Decne. Zanthoxylum schinifolium
Zucc.

Ipomoea aquatica Forsk. Zingiber officinale Roscoe
Lablab purpureus (L.) Sweet Zizania caduciflora Hand.
Flowersb, e, n, o, p

Aloe vera L. Rosa chinensis Jacq.
Leucaena leucocephala (Lam.)
de Wit

Rosa x hybrida Hort.

Gynostemma pentaphylla
(Thunb.) Makino

Mimosa pudica L.

Jasminum sambac (L.) Ait. Petunia hybrida Vilm.
Gladiolus gandavensis
Van Houtte

Saintpaulia ionantha
H. Wendl.

Lonicera japonica Thunb. Lilium longiflorum Thumb.
Paeonia suffruticosa Andrews Myosotis sylvatica Ehrh.

ex Hoffm.
Medicinal plantsb, e, q, r, s, t

Datura stramonium L Panax quiquefolium L.
Lycium chinensis Mill. Gentiana scabra Bge.
Mentha haplocalyx Briq. Schizonepeta tenuifolia Briq.
Panax ginseng CA Mey.
aGai et al. (2004)
bNiu (1994)
cPeng et al. (1990)
dZhang and Wang (1991b)
eZhang et al. (1992)
fFang et al. (1986)
gLiu et al. (1987)
hWang and Hu (1989)
iWang et al. (1996)
jTang and Zang (1984)
kWu et al. (1994)
lZhang et al. (1996)
mZhou et al. (1992)
nLin and Hao (1989)
oLi and Wang (1999)
pYi and Ding (1990)
qWang et al. (1998a)
rWei and Wang (1989)
sWei and Wang (1991)
tXing et al. (2000)

Table 1 (continued)
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Table 2 AMF reported from different geographical areas of China

AMF Reference Habitat and vegetation type

Acaulospora
Acaulospora bireticulata Rothwell & Trappe Peng et al. 1990 CS, N, NE/ farmland
Acaulospora cavernata Blaszkowski Xing et al. 2000 NE/ Panax field
Acaulospora denticulata Sieverding & Toro Wu et al. 1995a E/ tea garden with red soil
Acaulospora dilatata Morton Zhang et al. 1998a CS, E/ tea garden and cocoa orchard
Acaulospora elegans Trappe & Gerdemann Peng et al. 1990 SW, CS/ farmland
Acaulospora excavata Ingleby & Gerdemann Zhang et al. 2001 CS/ aluminum mine site
Acaulospora foveata Trappe & Janos Wu and Chen 1986 Taiwan / bamboo vegetation
Acaulospora lacunosa Morton Gai and Liu 2000 E/ wild plants in heathland and upland
Acaulospora laevis Gerdemann & Trappe Wu and Chen 1986 Taiwan-E/ bamboo vegetation
Acaulospora nicolsonni Walker, Read and Sanders Fang et al. 2000 CS/ tobacco field
Acaulospora longula Spain & Schenck Zhang et al. 1992 NW/ wild chrysanthemum at lakeside
Acaulospora mellea Spain & Schenck Hu 1988 Taiwan/ fir and Taiwania fir
Acaulospora morrowae Spain & Schenck Hu 1988 Taiwan / fir and Taiwania fir
Acaulospora myriocarpa Spain, Sieverding & Schenck Hu 1988 Taiwan / fir and Taiwania fir
Acaulospora polonica Blaszkowski Zhang et al. 2001 CS/ aluminum mine site
Acaulospora rehmii Sieverding & Toro Shi et al. 2003b CS/ Dipterocarpaceae at Jianfengling mountain
Acaulospora rugosa Morton Zhang et al. 1998a E/ longan orchard
Acaulospora scrobiculata Trappe Wu and Chen 1986 Taiwan / bamboo vegetation
Acaulospora spinosa Walker & Trappe Hu 1988 Taiwan-S/ fir and Taiwania fir
Acaulospora taiwania Hua Hu 1988 Taiwan-S/ fir and Taiwania fir
Acaulospora tuberculata Tanos & Trappe Zhao and Du 1997 SW/ tropical pteridophytes
Acaulospora undulata Sieverding Zhang et al. 2001 CS/ aluminum mine site
Archeospora
Archeospora leptoticha (Schenck & Smith) Morton & Redecker Hu 1988 Taiwan-S/ fir and Taiwania fir
Archeospora trappei (Ames & Linderman) Morton & Redecker Wu and Chen 1986 Taiwan-S/ bamboo vegetation
Diversispora
Diversispora spurca Pfeiffer, Walker & Bloss Gai et al. 2004 N/ farmland
Entrophospora
Entrophospora infrequens (Hall) Ames & Schneider Peng et al. 1990 CS/ farmland
Entrophospora colombiana Spain & Schenck Zhang et al. 2003b SW/ subtropical fir
Entrophospora kentinensis Wu & Liua Wu et al. 1995b Taiwan / bamboo in highlands
Gigaspora
Gigaspora albida Walker & Rhodes Fang et al. 2000 E/ tobacco field
Gigaspora alboaurantiacaa Chou et al. 1991 Taiwan /
Gigaspora decipiens Hall & Abbott Liu et al. 2002 E/ island forest
Gigaspora gigantea (Nicol.& Gerd.) Gerdemann & Trappe Wu and Chen 1986 Taiwan / bamboo vegetation
Gigaspora margarita Becker & Hall Peng et al. 1990 CS, N / farmland
Glomus
Glomus aggregatum Schenck & Smith Hu 1988 Taiwan / fir and Taiwania fir
Glomus albidum Walker & Rhodes Wang and Hu 1989 SC/ cotton field
Glomus ambisporum Smith & Schenck Wang and Hu 1989 SC/ cotton field
Glomus australe (Berk.) Berch Zhang et al. 2003b SW/ subtropical pteridophytes
Glomus caledonium Nicolson & Gerdemann Wu and Chen 1986 Taiwan / bamboo vegetation
Glomus canadense Trappe & Gerdemann Shi et al. 2004 CS/ Dipterocarpaceae at Diaoluo mountain
Glomus citricolum Tang & Zanga Tang and Zang 1984 CS/ citrus orchard
Glomus claroideum Schenk & Smith Peng et al. 1990 SW, CS, N,NE / farmland
Glomus clarum Nicolson & Schenk Hu 1988 Taiwan/ fir and Taiwania fir
Glomus clavisporum (Trappe) Almeida & Schenck Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus constrictum Trappe Fang et al. 1986 E/ tobacco field
Glomus convolutum Gerdemann & Trappe Zhang et al. 2003b SW/ subtropical pteridophytes
Glomus coremioides (Berk & Broome) Redecker et Morton Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus cunninghamia Hua Hu 1988 Taiwan/ fir and Taiwania fir
Glomus delhiense Mukerji, Bhattacharjee & Tewari Liu et al. 2001 E/ tabacco field
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Table 2 (continued)

AMF Reference Habitat and vegetation type

Glomus diaphanum Morton & Walker Peng et al. 1990 SW, CS, N/ farmland
Glomus dimorphicum Boyetchko & Tewari Wang et al. 1998a,b CS/ Casuarina on beach
Glomus dolichosporum Zhang & Wanga Zhang et al. 1997 E, CS/ mango orchard and eucalypt plantation
Glomus etunicatum Becker & Gerdemann Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus fasciculatum (Thaxter) Gerdemann & Trappe Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus fecundisporum Schenck & Smith Wang et al. 1998a,b E/ wild plants in heathland
Glomus formosanum Wu & Chena Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus fulvum (Berk & Broome) Trappe & Gerdemann Wu et al. 2001 NW/ Taiba Mountain Nature Reserve
Glomus geosporum (Nicol. & Gerd.) Walker Wang and Hu 1989 CS/ cotton field
Glomus gibbosum Blaszkowski Zhang et al. 2003b SW/ subtropical pteridophytes
Glomus globiferum Koske & Walker Zhang et al. 2003b SW/ subtropical pteridophytes
Glomus glomerulatum Sieverding Liu et al. 2001 E/ tobacco field
Glomus heterosporum Smith & Schenck Zhang et al. 2003b SW/ subtropical pteridophytes
Glomus hoi Berch & Trappe Wang and Hu 1989 CS/ cotton field
Glomus intraradices Schenck & Smith Fang et al. 1986 E/ tobacco field
Glomus invermaium Hall Wu et al. 2001 NW/ Taiba Mountain Nature Reserve
Glomus lacteum Rose & Trappe Fang et al. 2000 WS/ tobacco field
Glomus liquidambaris (Wu & Chen) Almeida & Schencka Wu and Chen 1987 Taiwan / bamboo vegetation
Glomus macrocarpum Tul. & Tul. Hu 1988 Taiwan / fir and Taiwania fir
Glomus magnicaule Hall Shi et al. 2003b CS/ Dipterocarpaceae at Jianfengling mountain
Glomus manihotis Howeler, Sieverding & Schenck Wu et al. 1994 E/ woodland, farmland and citrus orchard on red

soil
Glomus melanosporum Gerdemann & Trappe Wang and Liu 2002 E/ saline–alkaline soil of Yellow River Delta
Glomus microaggregatum Koske, Gemma & Olexia Zhang et al. 1996 E/ farmland and heathland
Glomus monosporum Gerdemann & Trappe Zhao 2000 SW/ tropical or subtropical pteridophytes
Glomus mosseae (Nicol. & Gerd.) Gerdemann & Trappe Fang et al. 1986 E/ tobacco field
Glomus multicaule Gerdemann & Bakshi Zhao and Du 1997 SW/ tropical pteridophytes
Glomus pakistanica Iqbal & Bushra Hu 1988 Taiwan/ fir and Taiwania fir
Glomus pallidum Hall Peng et al. 1990 SW, CS, N NE / farmland
Glomus pansihalos Berch & Koske Wang and Liu 2002 E/ saline–alkaline soil of Yellow River Delta
Glomus pustulatum Koske, Friese, Walker & dalpe Wang and Liu 2002 E/ saline–alkaline soil of Yellow River Delta
Glomus reticulatum Bhattacharjee & Mukerji Gai et al. 2000b E/ wild plants in heathland and upland
Glomus rubiforme Gerdemann & Trappe Wu and Chen 1986 Taiwan/ bamboo vegetation
Glomus sinuosum (Gerd. & Bakshi) Almeida & Schenck Wang et al. 1992 CS/ Acacia confusa nursery
Glomus spinosum Hua Hu 2002 Taiwan/ fir
Glomus taiwanense (Wu & Chen) Almeida & Schencka Wu and Chen 1987 Taiwan/ bamboo vegetation
Glomus tenebrosum (Thaxter) Berch Wang and Liu 2002 E/ saline–alkaline soil of Yellow River Delta
Glomus tortuosum Schenck & Smith Wu et al. 2000 NW/ fir at Taiba Mountain
Glomus verruculosum Blaszkowski & Tadych Li et al. 2004 SW/ dry–hot valley of Jinsha River
Glomus versiforme (Karsten) Berch Zhang and Wang

1991b
N, NE/ farmland and heathland

Glomus viscosum Nicolson Li et al. 2004 SW/ dry–hot valley of Jinsha River
Pacispora
Pacispora scintillans (Rose and Trappe) Oehl & Sieverd. Hu 1988 Taiwan / fir and Taiwania fir
Pacispora chimonobambusae (Wu and Liu) Oehl & Sieverda Wu et al. 1995b Taiwan / bamboo in highlands
Paraglomus
Paraglomus occultum (Walker) Morton & Redecker Peng et al. 1990 CS, N, NE / farmland
Scutellospora
Scutellospora aurigloba (Hall) Walker & Sanders Peng et al. 1990 CS/ farmland
Scutellospora calospora Walker & Sanders Hu 1988 Taiwan/ fir and Taiwania fir
Scutellospora coralloidea Walker & Sanders Pan et al. 1997b NW/ wild plants in the Loess Plateau
Scutellospora erythropa (Nicol.& Gerd.) walker & Sanders Pan et al. 1997b NW/ wild plant in the Loess Plateau
Scutellospora fulgida Koske & Walker Wang et al. 1998a,b SW/ casuarina at seaside
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in deforested (Mantoushan) and natural forest (Banruosi)
areas in the subtropical region of Dujiangyan, southwest
China. They found that Acaulospora and Glomus were the
dominant genera in both regions. The Shannon–Weiner
index of AM fungal diversity was higher in the natural
forest (2.67) than in the deforested area (2.15). The annual
herbaceous plants were assumed to play a major role in
maintaining and increasing sporulation and species rich-
ness in the deforested area.

Comparisons between different geographical regions

Habitat type is an important factor influencing AMF
communities (Stutz et al. 2000). Not surprisingly, AMF
have been found in soils of all six geographical zones of
China (Table 3). Differences among the ecological zones in
the diversity of genera and species are considerable.
Unfortunately, there has been no study looking at one
plant species across all the zones, and so, comparisons are
virtually impossible because different vegetation types
were selected in surveys, and soil and climatic conditions
in some studies were not clear. However, the overall plant
diversity of southeastern areas is much higher than that
in the northwest, and it is tempting to suggest that a
combination of climatic and plant influences may con-
tribute to the greater diversity of AMF in southern and
eastern areas compared with those of the north and west.

Influence of plant taxa

Numerous studies in China have focused on AM fungal
communities and their interaction with plant species,
especially the types and intensity of mycorrhizal associa-
tions in different vegetation types (Peng et al. 1990; Zhang
et al. 2004a; Shi et al. 2003b). Because agriculture plays a
central role in most rural parts of China, many research
groups have focused on field crops or on wild plants in
cultivated areas. Gai et al. (2000a, 2004) surveyed the
fungal diversity of field crops and wild plants in northern
China and found that many more AMF species were

associated with wild plants than with field crops. The
abundance of sporulation showed the opposite trend. The
dominant AMF species also changed. Species in Giga-
spora and Scutellospora were much more frequently
associated with wild plants than with field crops. Jansa
et al. (2002) observed a similar pattern when comparing the
diversity and structure of AMF communities as affected by
tillage in a temperate soil. The species composition of
AMF in the rhizosphere of pteridophytes, which are
thought to have been the earliest examples of AM plants
in evolution (Gemma et al. 1992), was investigated in some
subtropical and tropical areas in China (Zhao 1998; Zhang
et al. 2004a). The dominant fungal genera associated with
these plant taxa were Acaulospora and Glomus at both
Dujiangyan in central south China and Xishuangbanna in
southwest China. However, AMF species richness and
spore abundance differed with the pteridophyte species.

Effect of soil conditions

Soil properties appear to influence the distribution of AMF
genera and species, at least based on sporulation patterns
(Johnson et al. 1992; Bever et al. 2002). It has been shown
in numerous studies that pH is an important factor
influencing AM fungal species composition in soils (see,
for example, Wang 1985, 1993). Soils are mostly acid in
the south of China (pH 5–6), whereas they are calcareous in
the north (pH 7–8). Glomus appears to dominate in alkaline
and neutral soils, while Acaulospora sporulates more
abundantly in acid soils (Zhang et al. 1998b; Gai and Liu
2003), a pattern that parallels the regional distribution
patterns of these genera. Soil type and organic matter
content are also likely to influence AMF community com-
position. In China, AMF communities have been reported
to vary between different soil types with, for example,
Acaulospora species being more frequent in latosols,
lateritic red earths, or paddy soils, and Gigaspora and
Scutellospora species being more common in brown soils
or paddy soils (Gai and Liu 2003; Zhang et al. 1999).
Indications for the probable influence of soil organic matter
on the distribution of some AMF species in China come

AMF Reference Habitat and vegetation type

Scutellospora gilmorei (Trappe & Gerd.) Walker & Sanders Hu 1988 Taiwan/ fir and Taiwania fir
Scutellospora gregaria (Schenck & Nicol.) Walker & Sanders Zhao 1998 SW/ tropical, subtropical pteridophytes
Scutellospora heterogama (Nicol.& Gerd.) Walker & Sanders Wu et al. 1994 E/ Citrus orchard, woodland with red soil
Scutellospora nigra (Readhead) Walker & Sanders Hu 1988 Taiwan/ fir and Taiwania fir
Scutellospora pellucida (Nicol.& Schenck) Walker & Sanders Hu 1988 Taiwan/ fir and Taiwania fir
Scutellospora persica (Koske & Walker) Walker & Sanders Zhao 1998 SW/ tropical, subtropical pteridophytes
Scutellospora reticulata (Koske, Miller & Walker) Walker &
Sanders

Wang et al. 1998a,b E/ pot herb

Scutellospora trirubiginopa Pan & Zanga Pan et al. 1997a NW/ wild plants on Loess Plateau
Scutellospora verrucosa (Koske & Walker) Walker & Sanders Yang et al. 2004 SW/ Dodonaea viacosa

SW southwest China, CS central south China, N north China, E east China, NW northwest China, NE northeast China
aNew species described in China

Table 2 (continued)
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from the observations that, for example, the frequency of
occurrence of G. mosseae decreased with increasing
organic matter content, while Glomus sinuosum and
Glomus taiwanense were found only when soil organic
matter content was less than 1.5% (Zhang et al. 1999).

Specialist species in some habitats

AM fungal community structure shows some correspon-
dence with habitat type. For example, some of the most
commonly detected species in arid and semiarid zones of
north China, such as G. mosseae, Glomus intraradices,
and Glomus etunicatum (Zhang et al. 1994; Gai et al., un-
published data), are often also frequent in other arid or
semiarid regions in the world (Bloss and Walker 1987;
Stutz et al. 2000; Ferrol et al. 2004). The proliferation of
small-spore species in the arid or semiarid regions of
northwest and northeast China (Gai et al. unpublished data;
Li and Zhao, 2005) approximates to similar findings in
southwestern North America and Namibia (Stutz et al.
2000). Some AMF species are associated with unique
habitats. For example, Pacispora scintillans was readily
found in regions of high altitude such as Tibet and Xinjiang
(Qiao et al. 2005; Gai et al., unpublished data) and was a
dominant species in the grasslands of northern Tibet.
Glomus formosanum was found to occur mainly in sub-
tropical or tropical habitats, with no records from northern
China so far (Wu and Chen 1987; Zhang et al. 1998b,
2004a). The phenomenon that some AMF species may
prefer particular environments may be ascribed to local
ecological factors and to regional ecological history. It has
been proposed that environmental conditions may select a
suite of AMF species that are available for colonization
(Klironomos et al. 2001; Stutz et al. 2000), resulting in
genetic diversity being limited to a particular species or
genera in habitats with similar environmental conditions.

AMF germplasm collections

Efforts to develop germplasm collections of AMF in China
have intensified in recent years. The Chinese Bank of
Glomeromycota at the Beijing Academy of Agricultural
and Forestry Science is the largest germplasm bank on the
mainland, in which 56 isolates corresponding to 11 species
from China are stored. Some of Chinese isolates have been
registered in international banks: 50 are registered in the
International Bank for the Glomeromycota (IBG) (http://
www.kent.ac.uk/bio/beg/), and five in the International
Culture Collection of Arbuscular and Vesicular–Arbuscu-
lar Mycorrhizal Fungi (http://www.invam.caf.wvu.edu/). A
Chinese Arbuscular Mycorrhizal Fungal database link with
the IBG has also been set up (http://www.acad.polyu.edu.
hk/~bccamf/) within the framework of a European project
(http://www.dijon.inra.fr/mychintec/). In addition, collec-
tions of AMF germplasm continue to be maintained by

various mycorrhizal research groups, for example, at the
National Dong Hwa University in Taiwan, China Agri-
cultural University in Beijing, and Huazhong Agricultural
University in Wuhan.

Future challenges

Much research has been devoted to identifying mycorrhizal
associations in diverse plant communities, characterizing
fungal communities, and understanding the distribution
patterns of AMF in different habitats in China. However,
the mycorrhizal status and pattern of fungal diversity in
some plant taxa and habitats remain poorly understood.
Large-scale surveys across different ecological zones,
including studies of AMF associated with single plant
species, should be conducted with standard methods to
allow broad comparisons and to address questions about
biogeography on a continental scale. Chinese researchers
envisage such pioneering studies in the near future.

The taxonomy of the Glomeromycota is presently in
considerable flux, with conflicting morphological and
molecular data sets, and the phylum for AMF has recently
been revised several times (Morton and Redecker 2001;
Schüßler et al. 2001; Walker and Schüßler 2004). Phylo-
genetic analysis for classification must be resolved using
additional criteria that extend beyond morphology and
ribosomal encoding genes. It is therefore important and
urgent for Chinese scientists to also utilize and expand on
new molecular tools to explore both classification and
distribution of AMF species within roots and in soils.
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