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In the semi-arid Loess Plateau of northwestern China, the vegetation deterioration
and soil degradation are very severe, and pines are large-scale planted for reforestation.
In this study, the dynamics of ectomycorrhizal (EM) fungal communities in a
chronosequence of 3, 7, 12, 25 and 55 year-old Pinus tabulaeformis plantations were
investigated by denatured gradient gel electrophoresis (DGGE) based on fungal internal
transcribed spacers of rDNA. A total of 21 DGGE bandtypes were successfully retrieved
and sequenced after molecular cloning. The results indicated that they belonged to
Ascomycota and Basidiomycota, accounting for 23.81% and 76.19% of the total,
respectively. The dominant genus was Russula, followed by Suillus, and then Cortinarius,
Tuber and Phialophora. The DGGE profiles of EM fungal communities changed with
seasons as well as plantation ages, and redundancy analysis indicated that shifts in EM
fungal community composition affected by soil chemical properties was smaller among
plantation ages than among seasons.
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The Loess Plateau is the site of research
focus in China because of its severe vegetation
deterioration and soil degradation=. The present
lost area in this region is about 450 000 km?,
accounting for 72% of thetota area (624 000 km?)3.
Many restoration projects have already been
performed to improvethe ecological environment
in the region over the past decades. Artificial
vegetation was the most important patternadopted
in vegetation restoration and reconstruction. Asa
kind of the most predominant pioneer tree species
for artificia reforestation, Chinese pine (Pinus
tabulaeformis Carr.) was widely planted in the
L oess Plateau of northwest China due to its high
stress tolerance for cold, drought and poor soil*®.
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Ectomycorrhizal (EM) fungi are essential
belowground components for many important
ecologically and economically trees across the
globe, especially for pines®. Pinesare perceived as
obligate ectomycorrhiza trees, and they do not
develop normally without EM mutualistic
symbiosis”®. EM isaform of symbiotic association
that occurs between plant roots and certain soil
fungi®. They facilitate water and nutrients supply
required for the survival and growth of plants, and
improve plant resistance to pathogens and
environmental stress®. Zhang et al.*° studied that
inoculation with EM fungi could not only improve
the growth rate and biomass, but also increase
resistance to damping-off caused by Rhizoctonia
solani in P. tabulaeformis seedlings.

Since EM had been detailedly drawn and
described in the 1880s, about 6 000 fungi and 20
000-25 000 plants involved in EM symbiotic
associations have already been reported!*3, In
China approximately 500 fungi belonged to 40
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families and 80 genera were reported. Among
them, 3/4 associated with coniferous trees,
including more than 1/3 with pines*. EM fungi in
soil were exposed to an extremely complex
environment and their communities were
susceptible to several factors, such as soil
propertiest>1¢, seasonality'’!8, planting ages' %,
host plant performance (e.g., growth and
phenology)® 2 and community”?2. The diversity,
structure and composition of EM fungi
communitiesin pines have been extensively studied
with P. thunbergii, P. sylvestris®, P. halepensis®,
P. radiate®®, P. banksiana?, P. muricata®, P.
densiflora® and P. contorta'®. However, little
information is known about the EM fungal
community in P. tabulaeformis, especially in the
L oess Plateau of China. Moreover, the variation of
EM fungi with planting years and shifting with
seasons in the actual processes of restoration are
also poorly understood in this region.

The main purpose of the study is to
characterize belowground EM fungal communities
of P. tabulaeformis in relation to planting years
and seasonality in plantations of the L oess Plateau.
To our knowledge, this study is the first
investigation of EM fungal communities of P.
tabulaeformis and relationships between the
recovery of EM fungal communities and
reforestation in the Loess Plateau of northwestern
China. Theseemly identical EM morphotypes may
be colonized by two or more different fungal
species, so that it is possibleto sort different EMs
into one type, resulting in an underestimation of
theactual EM community composition? 23, The
use of molecular profiling would reduce thiskind
of biasand precisely asalyzethereal status of EM
funga communitiesin P. tabul aeformisplantations.
In this study, nested polymerase chain reaction
(PCR) and denatured gradient gel electrophoresis
(DGGE) techniques were used to investigate EM
fungal communities in a chronosequence of P.
tabulaeformis plantations at three different
sampling seasons to address: (1) EM fungal
diversity and community composition in the P.
tabulaeformis plantations in the L oess Plateau of
China; (2) The seasonal dynamics of EM fungal
community; (3) The relationship between EM
fungal community and reforestation age.
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MATERIALSANDMETHODS

Study site

Thestudy siteislocated inthe Lianjiabian
forest of the northern Ziwuling region, Heshui
County, Gansu Province, China(108°10'-109°18'E,
35°03-36°37'N). Itisatypica hilly and gully region
in the Loess Plateau, with an atitude above sea
level of 1211-1453 m and arelative height of 200—
400 m. This region belongs to mid-temperate
continental monsoon climate with an annual
average temperature of 7.4 °C and annual average
precipitation of 587.6 mm. The soil type is
calcareous cinnamon soil and themainly vegetation
type is the deciduous broadleaf forest. The P.
tabulaeformis plantation forests occupies
approximately 53 000 ha, covering 81% of the total
area of plantation forestsin this region®.
Sampling procedure

Five P. tabulaeformis plantations,
established for 3, 7, 12, 25, and 55 years,
respectively, were chosen for this study. Samples
were collected in May, August and November 2010.
At each sampling season, five sampling plotswere
selected at the study site. From each sampling plot,
four P. tabulaeformis individual were randomly
selected with 20 m intervals between each other.
Whereafter, rhizosphere soil (transect depth of 5—
20 cm) was sampled according to the methods
described by Kidd et al.,*. Fine roots of each P.
tabulaeformisindividual were collected by tracing
four lateralsfrom thetaproot to avoid contamination
of other plant roots. Samplesin sealed bags were
put into ice box and taken back to the laboratory
for next analysis.
Soil propertiesanalysis

Root-free soil samplescollected fromthe
same plantation forest were thoroughly mixed and
sieved through a 2 mm sieve for the analysis of
soil chemical properties. The organic matter content
was measured according to the method of
Yeomansand Bremner®, Soil available phosphorus
content was assayed by the method described by
Olsen et al.,®. Nitrate and ammonium nitrogen
concentrations were determined by a Bran
andandL uebbe AA3 continuous flow analytical
system (Norderstedt, Germany) after being
extractedin 1 mol/L KCI solution®,
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EM colonization

The grid-line intersect method was used
to measure EM col onization®. Roots were washed
gently over sieve to remove debris and adhering
soil with tap water, and spread out evenly ina9.cm
(diameter) a Petri dish after being cut into 1 cm
long sections. For each sample, atotal root length
of 320 cm was used (80 randomly selected root
segments at a time and repeated four times). EM
colonization was assessed under a
stereomicroscope (Olympus SZX7) and cal culated
as the percentage (%) of the number of colonized
root-grid intersections divided by the total number
of examined root-grid intersections.
DNA extraction

Equal numbersof EM root tipsfrom each
plot were sampled randomly (52 per tree; 208 per
plot; 1040 per season; 3120 in total )% 3. EM root
tips were washed three to five times with sterile
distilled water and stored in 2 mL microcentrifuge
tubes at -20 °C before the extraction of nucleic
acids. Total DNA was extracted using a modified
cetyltrimethyl ammonium bromide method as
developed by Gardes and Bruns¥®,
Nested PCR

The extracted DNA from EM roots was
used as template in nested PCR. The primer pairs
ITS1-F3and I TSA%®, ITS1-FwithaGC-clamp (40
bases) adhered to the 52 end and 1TS2* were
chosen for the first and second round of PCR
reactions, respectively. All PCR amplificationswere
carried out ina50 pL reaction volume, containing
2.5 pL template, 10 mM Tris-HCI (pH 8.3), 5
OmM KCl,2.5mM MgCl,, 0.25mM of eachdNTP,
0.2 uM of each primer and 1.25 unitsTag DNA
polymerase. The same PCR cycling parameters
were performed for both amplification rounds in
nested PCR with a S1000 thermal cycler (Bio-Rad,
USA) asfollows: 94 °C for 5 min, then 35 cyclesof
95°Cfor 45s, 55 °Cfor 45sand 72 °Cfor 45s, and a
final extension of 72 °C for 10 min. PCR products
were analyzed by 1% (w/v) agarose gel
electrophoresis, stained with ethidium bromide
(EB) and visualized under UV light. Obtained PCR
products were stored at -20 °C for subsegquent
DGGE andlysis.
DGGE analysis

PCR products were subjected to DGGE
by using the DCode universal mutation detection
system (Bio-Rad, Hercules, CA, USA)*4 to
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analyze the EM fungal community. To minimize
potential variations of between-gel, comparisons
were confined to lanes within a single gel. Gel
contained 8% (w/v) polyacrylamide (40% solution,
Acrylamide/bis-acrylamide= 37.5:1, w/w). Vertical
denaturing gradient was prepared for 30% (12.6 g
urea, 12 % (v/v) formamide) to 60% (25.2 g urea, 24
% (v/v) formamide). To integrate the nested PCR
products into the gel as soon as possible, DGGE
was primarily run at 200 V for 8 min, and then
performed at 70V for 13 hiin 1x TAE buffer at a
constant temperature of 58 °C. After being stained
with EB, gel was visualized under UV light, and
then photographed by Gel Doc imaging system
(Bio-Rad, Hercules, CA, USA).
Cloning and sequencing

All of the detected bands were excised
fromthe DGGE gel under UV light, and then were
mashed and incubated in 30uL sterile ddH,O at
4 °C overnight. PCR productswere purified using
TIANgel Midi Purification Kit (Tiangen Biotech
CO.,LTD, Beijing, China). Purified PCR products
from each isolated target band were ligated to the
pGEM-T Easy vector (Promega, Madison, WI,
USA) and transformed into Escherichia coli DH54
competent cells by following the manufacture’'s
protocol. Positive clones were screening from the
transformed cells by using blue-white spot
proceduresaccording to Gao et al.,*?. Cloneinserts
were checked by PCR amplification (PCR reaction
system and conditions as described above) using
primersof ITS1-Fand I TS2. Thecloneswhich tested
positive were sent to TianyiHuiyuan Bioscience
and Technology Inc. (Beijing, China) for
sequencing.
Sequenceanalysis

To prove the identity of EM fungal
phylotypes, obtained sequences were analyzed by
basic local alignment search tool (BLAST) for
nucleotide blast and compared with sequences
deposited in GenBank. Based on sequence
homology, closest matches sequences were used
for taxonomic classification and divided into three
categories: species level identity > 97%, genus
level identity 95-97% and family level identity
< 95%%*. The best representatives of each
individual DGGE bandtypes were deposited in
GenBank database under accession numbers
KF032594—K F032614. Each molecular operational
taxonomic unit was regarded as one EM species
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defined by Tedersoo et al.,’®. Sequences were
edited and trimmed manually using BioEdit software
(version 7.0.9.0) and aligned by Clustal X 1.81.
Finally, the neighbor-joining tree was constructed
by using MEGA version 5.05 with the Kimuratwo-
parameter model“.

Dataanalysis

Statistical data were subjected to one-
way analysisof variance (ANOVA) (P< 0.05) using
SAS version 8.1 (SAS Institute Inc., Cary, NC).
Thetest of significance was performed by applying
Duncan’s test (P< 0.05). Figures were done with
SigmaPlot 10.0 software (Systat Software Inc.,
Germany).

To generate fewer compound variables
to characterize the soil types, the soil chemical
parameterswere processed by principal component
analysis (PCA). Ordination of different sites
according to their soil chemical properties was
subjected to the first two principal components
(PCs) including most of the explanatory variable
information of the original set of data. Theloading
scores of thefirst two PCswerethen performed for
person’s correlation coefficient to identify
relationships between these two PCs and EM
fungal variables on the new dependent variables.

DGGE images were digitalized and
analyzed using Quantity One software 4.6.2 (Bio-
Rad, Hercules, CA, USA). Presence or absence of
the bands in each lane of the DGGE gel was
converted to a binary matrix. After that, the data
were subjected firstly to detrended correspondence
analysis (DCA) to decide response model (linear
or unimodal) of ordination. The result showed that
the max length gradient was 1.94 for EM fungi
speciesdata, thusredundancy analysis (RDA) was
chosen for inferring rel ationships between the EM
fungal community and environmental variables.
RDA was performed using Canoco version 4.5
(Centre for biometry, Wageningen, the
Netherlands), focusing the scale of inter-species
correlations. Monte Carlo permutation test with
499 replicates was permuted using cyclic shifts.
Based on the data of the number and intensity of
bands in DGGE profiles, species richness (S),
Simpsonindex (D), Shannon-Weiner index (H) and
Evennessindex (E,) were cal cul ated in accordance
with the formulabel ow®:
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Where Ni was the peak density of theith
band, N was the sum of the peak density of all
bands in alane, Swas the total band number in a
lane. Thediversity indices (S, H, E, and D) of fungi
and bacteriawere used for the correlation analysis
with SASverson 8.1 (SASIngtituteInc., Cary, NC).

RESULTS

Ordination of edaphic char acter sand colonization
of EM fungi

The ordination explained the variation of
soil chemical parameters among samples: 67.27%
accounted for the variation of the first principal
component (PC1) and 20.46% for the second
principal component (PC2) (Fig. 1). Theloadings
of the axes showed that PC1 reflected the organic
matter, nitrate nitrogen, anmonium nitrogen and
available nitrogen status of the soil, while PC2
reflected the available phosphorus. EM fungal
colonization was significantly positively correl ated
with PC1 (r = 0.64, P<0.01) (Table 1), suggesting
that as soil organic matter, nitrate nitrogen,
ammonium nitrogen and available nitrogen
increase, EM fungal colonization increases. EM
fungal colonization wasnot correlated with PC2 (r
= -0.28, P> 0.05) (Table 1), indicating that the
influence of soils available phosphorus on EM
fungal colonization was not significant in this
study (Fig. 2).

EM fungal colonizationintheroots of P.
tabulaeformis was intense, varying from 71% to
97.75% in al samples. Combining all sites or all
months together, the highest EM fungal
colonization presented in the 12-year site (mean =
95.75%) and May (mean = 92.15%), respectively
(Fig. 2). EM fungal colonization showed anegative
correlation with sampling time (r =-0.51, P< 0.05)
(Table 1), whilethe correl ation between EM fungal
colonization and sampling site had no significant
positive correlation (r = 0.35, P> 0.05) (Table 1).
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Seasonal variation in EM fungal colonization was
present in al sites, and there was adeclining trend
from spring to autumn (Fig. 2).
EM fungal DGGE profilesand diver sity
Differencesin DGGE profilesof EM fungal
communitieswere obviously observed. Firstly, the
diversity and composition of the EM fungal
community in the same month varied within
different sites. From the perspective of the growth
phases of trees, several EM fungal bandtypes of
DGGE profileswere more common in plantations
above 12-year than younger ones. The difference
caused by the growth phase was verified within
three different sampling seasons. Secondly, the
diversity and composition of the EM fungal
community in the same site varied within three
different seasons. Whereas several bands in the
DGGE profiles were common from May to
November, several bands were unique at three
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different seasons. Furthermore, the signal
intensities of DNA bandtypeswerevariable, from
strong to weak.

The EM fungal diversity indices were
calculated based on the signal intensity and the
number of bandsin DGGE profiles(Table 2). The
speciesrichnessranged from 7t0 19, 6to 24 and 11
to 16 in May, August and November, respectively
(Table 2), and showed a positive correlation with
plant age (r=0.59, P< 0.05) (Table 1). The Shannon-
Wiener index varied among samples from May to
November, ca. 2.73-3.97, 2.53-4.28, 3.29-3.89,
respectively (Table 2), exhibited a positive
correlation with plant age (r = 0.52, P< 0.05) (Table
1), but was no significant correlation with seasons
(r = 0.23, P> 0.05) (Table 1). Nevertheless, the
Evennessindex and the Simpsom’sindex showed
non-significant correlation both with plant age and
with month (P> 0.05) (Table 1), ranged from 0.92—

Table 1. Correlations among EM fungal variables, plant age, seasonand two PCA extracted
components of soil parameters (PC1 and PC2)

EM colonization Shannon-Wiener Species Evenness Simpson’s
(%) indexes (H) richness (9 index (E,) index (D)
Plant age 0.35 0.52 0.59° -0.47 0.46
Season -0.51° 0.23 0.12 0.38 0.29
PC1 0.64" 0.45 0.53 -0.56" 0.38
PC2 -0.28 -0.04 -0.02 0.17 -0.07
“Correlation is significant at the 0.05 level. ""Correlation is significant at the 0.01 level.
Table 2. Shannon-Wiener index (H), Richness (S), and Evenness (E,),
Simpson index (D) of EM fungi at different sampling sites andseasons
Season Site Shannon-Wiener Species Evenness Simpson’s
(years) indexes (H) richness (S index (E,) index (D)
May 3 3.17 10 0.95 0.88
7 2.73 7 0.97 0.84
12 3.57 14 0.94 0.90
25 353 14 0.93 0.90
55 3.97 19 0.93 0.92
August 3 252 6 0.98 0.82
7 421 21 0.96 0.94
12 331 12 0.92 0.88
25 3.93 17 0.96 0.93
55 4.27 24 0.93 0.94
October 3 3.76 15 0.96 0.92
7 3.29 11 0.95 0.89
12 381 15 0.98 0.92
25 3.89 16 0.97 0.93
55 3.60 14 0.95 0.91
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0.98 and 0.82-0.94, respectively (Table 2), and both
showed the lowest value in the 3-year site at
August. The first principal component had a
significant influence on EM fungal speciesrichness
(r=0.53,P<0.05) (Table 1) and Evennessindex (r =
-0.56, P<0.05) (Table 1), meaning that assoil organic
matter, nitrate nitrogen, ammonium nitrogen and
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Fig. 1. PCA of soil chemical properties (including soil
organic matter, avail able phosphorus, nitrate nitrogen,
ammonium nitrogen, and available nitrogen) marked by
sampling site and time. The points represent the means
of PC1 and PC2 scores at each sampling site and time.
Bars represent the SEs. Open symbols, closed gray
symbols and closed black symbols represent May,
August and November, respectively
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Fig. 3. DGGE pattern of nested PCR-amplified ITS
rDNA fragments of EM fungi in the roots of P.
tabulaeformis. Lanes labeled as S1-S5 represent the
samplesfrom 3, 7, 12, 25 and 55 year-old P. tabulagformis
plantations at three sampling seasons, respectively.
The linear denaturant gradient is from 30% to 60%
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available nitrogen increase, the species richness
of EM fungi increases while Evenness index
decreases.
Phylogenetic analysis

Twenty one detected bands of the
recovering rDNA geneswere successfully cloned
and sequenced from the DGGE gel (Fig. 4), ranging

5 e vy

1Z7en

iyn 7 yaans
Fig. 2. EM colonization in five investigated
P. tabulaeformis palntations at three sampling seasons.
Bars represent SEs. Different capital letters and
lowercase letters above bars indicate significant
difference between sampling season and sites,
respectively

from 201 to 306 bp. Lessthan half of them (48%)
had a high similarity (> 97%) with fungal ITS
sequences in the nucleotide sequence database,
so that the identification of obtained sequencesto
species level was hampered. To provide more
information for theidentification and phylogenetic
status of these sequences, one to four closest
matches for each sequence were downloaded and
used for phylogenetic analysis (Fig. 4). Theresults
showed that all the obtained sequences belonged
to either Ascomycota or Basidiomycota. The
respective contributions of Ascomycota and
Basidiomycota to the EM fungal community
differed in terms of taxa composition and four
different indicators of biodiversity (including EM
fungal S D, H and E,), depending on the plantation
age level at three sampling time points. Five
obtained sequences of DGGE bandtypes 5-8 and
11 were classified into Ascomycota and closed to
the genus Tuber, Phialophora and Cenococcum.
The remaining sixteen obtained sequences were
grouped in Basidiomycota. Most of basidiomycete
fungi belonged to Russulales, Boletales and
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Agaricales in the Agaricomycetes, which
accounted for 93.75% and 71.43% of basidiomycete
fungi and all of the sequenced fungi, respectively.
The most common family was the Russulaceae,
followed by the Suillaceae and the Cortinariaceae.
The dominant genus was Russula, followed by
Suillus and then Cortinarius, Tuber and
Phialophora.

—{-

F P —
=

Fig. 4. Neighbor-joining phylogenetic tree of identified
EM fungi in the roots of P. tabulaeformis based on their
ITS rDNA sequences. Bootstrap analysis was
performed using 1,000 replicates. Bootstrap values >
50% were shown
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RDA of theEM fungal community

RDA analysis was used to assess
relationships between the soil environmental
variablesand EM fungal community (Fig. 5). The
result showed that the first two axes of RDA
explained 25.7% and 7.9% of the microbiol ogical
variances with high species-environment
correlation of 0.83 and 0.90, respectively. InFig. 5,
lines with arrows denoted soil environmental
variables, thedirection of arrows denoted positive
or negative relationships between soil
environmental variables and axis in different
quadrants, the length of lines denoted rel ationships
between fungi species and soil environmental
variables. Themajority of specieswererepresented
intheright part of RDA ordination diagram, and all
of the soil chemical properties were also
represented in the right part, indicating that the
majority of specieswere positively affected by soil
chemical properties. Neverthel ess, the RDA result
also indicated that the sole influence of certain
soil factor tothe EM fungal community wasdifficult
to be estimated in the present study. The RDA
triplot also revealed that samples from each

=

o=
o

038 1.0

Fig. 5. RDA depicting relationships between EM
fungi in a chronosequence of P. tabulaeformis
plantations and the soil chemical variables at three
sampling seasons. The proxy variables and nominal
variables are represented by solid lines with filled
arrows and closed triangles, respectively. Open
triangles indicate EM fungal species. Open circles,
square and rhombus represent sampling sitesin May,
August and November, respectively. Abbreviations
are listed as follows: OM, organic matter; NO, N,
nitrate nitrogen; NH,N, ammonium nitrogen; AN,
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sampling season separated in ordination space
among EM fungal communities, however, thetotal
variation in the species composition of the EM
fungal community among field sites was much
smaller with respect to the time of plantation age.

DISCUSSION

The number of detected fungal species
depended on the quantity of used EM roots and
theefficiency of DNA extraction and amplification.
Moreover, the EM fungal community is very
complex and composed of humerous populations,
resulting in a smear of DGGE bandtypes, so that
it'sdifficult to identify each and every individual .
Totally, 21 fungal taxawere obtained from thefive
investigated P. tabulaeformis plantations at three
seasons (Fig. 4), this number was |ess than those
detected form P. tabulaeformis(26 taxa;*’), P.
strobes (53 taxa; '), and P. contorta (81 taxa; %) in
natural ecosystems and P. resinosa (39 taxa;*) in
plantations,but more than those from P. muricata
(20taxa;*) in natural ecosystemsand P. halepensis
(12 taxa;*®) and exotic P. radiate in plantations(19
taxa; %).

The obtained 16 basidiomycete and 5
ascomycetemycobionts from P. tabulaeformis
plantations have been recorded as EM partnersin
pines, such as P. thunbergii?, P. halepensis®, P.
radiate®®, P. banksiana®’, P. muricata®, P.
contorta'®, P. densiflora®® and P. tabulaeformis®.
Of all the detected fungi in this study, DGGE
bandtype 6 had relatively strong signal intensities
in most sites and was identified as Cenococcum
geophilum with a high similarity of 99%. Obase
et al.Z revealed that C. geophilum was one of the
most common EM fungi across the world.
Cenococcum abundantly colonized in forest
ecosystems?® and were considered to be well
adapted to disturbance, probably because of their
sclerotia® 5!, Russulaceae and Russula were the
most common family and genus colonized in the
roots of P. tabulaeformis, respectively. Russuloid
species were reported to be the most frequent and
dominant EM fungi in forests®. Kjollers® studied
on the disproportionate abundance between EM
roots and their associated mycelia in soil, and
revealed that russuloid species were more
dominant inroots. Thismay be one possiblereason
why they were detected frequently in the present
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study.

Seasonal fluctuations, as a common
phenomenon, have been observed in the
communitiesof arbuscular mycorrhizal fungi®, soil
fungi®, phyllosphere fungi®, aswell as EM fungi
in coniferoustrees' or other types of trees'®. From
the DGGE profilein thisstudy, it was seen that the
diversity, structure and composition of the EM
fungal communitiesin P. tabulaeformis plantations
changed through seasons (Fig. 3).

The RDA ordination diagram also clearly
showed that the composition of EM fungal
community differed among sampling seasons (Fig.
5), suggesting that the seasonality of EM fungal
communitymay bedriven by the seasonal variation
of abiotic environmenta factors. Dueto theextreme
complexity of environment in forest soil,
nevertheless, it was difficult to determine the sole
influence of one soil factor on the EM fungal
community from this study. Furthermore, seasonal
changesof EM fungal communitiesmay berelevant
to host phenology?. In addition, colonization of
EM fungi mainly occurred on the fine root tips®,
the lifetime of which usually are as short as one
month8, Thisalso may be onereason for the highly
seasonal variation of EM fungal community.

The EM fungal community varied with
the plantation age (Fig. 3), indicating that the
diversity and composition of EM fungal
community in P. tabulaeformis roots changed
across a chronosequence of plantations at the
same sampling time. It isconsistent with previous
researches?®®. For example, Visser?” also revea ed
a distinct sequence of EM fungi in a
chronosequence of P. banksiana stands located
in Canadian boreal forest. Nvertheless, the
diversity of EM fungal community in P.
tabulaeformis plantations did not continuously
increase with the plantation age. In the same
season, some dominant fungal bandtypes were
always present in over 7-year plantations, while
some rare fungal bandtypes changed with
plantation age. Similar pattern, however, was not
foundinthe3and 7-year sites. Therefore, themajor
change of EM fungal communities in the five
investigated P. tabul aeformis plantationswas only
based on the presence or absence of some rare
EM fungal phylotypes. It is consistent with
previous report that the distribution of some rare
EM fungal phylotypes contributed to the species
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diversity of EM fungal community?,

Several reasons may contribute to the
changesin diversity, composition and structure of
the EM fungal community with plantation age. The
first one is the variance of abiotic environment
factors. It has been shown that different EM fungal
taxavaried in their response to the environmental
cue™ %, and dominant EM fungi varied as the
abiotic environment factors change with stand
age?” %", The second one may be the status of host
which varied in different phases of plant growth?-
58

In addition,shifts of EM fungal
communities may also dueto the variationin life
history characteristics of different EM fungi® 2
and interspecific interactionsamong EM fungi (i.e.,
competence and coexistence)® ©, Hence, the
variation of EM fungal communitieswith plantation
age and season istheresult of complex interactions
among the edaphic factors, phenology and growth
phase of host plants, lifespan of fineroot tips, life
history characteristics of EM fungi and their
interspecific interactions.

CONCLUSIONS

The restorations of vegetation and EM
fungal community are very slow in the semi-arid
ecosystem of the Loess Plateau, China. EM fungal
communities and host plants can interact on the
performance and biocoenosis of each other? 6.,
so that the recovery of degraded ecosystem in the
L oess Plateau should combine the two together.
The evaluation of indigenous mycorrhizal status
isonly afirst stepin restoration and rehabilitation
of degraded ecosystems by using EM
biotechnol ogy®2%, Isolation of the dominant and
widely distributed EM fungi (e.g. Russula) inthis
region would be crucial for the using of EM
biotechnology in future.
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