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Table 1. The comparisons of soil chemical properties in rhizosphere and bulk soils

Site

Soil chemical property

Site one(n =25)

Site two(n =25)

Rhizosphere soil

Bulk soil

Rhizosphere soil Bulk soil

pH 6.89 £0. 05a

180. 63 +21. 40a
4.4195 +0. 2472a
2.0504 +0.0499a
18. 3530 +0. 6668a
0.1583 +0.0125a
0.0778 0. 0155a

Electrical conductivity/ (us/cm)
Total N/ (g/kg)

Total P/ (g/kg)

Total K/ (g/kg)

Water-Soluble calcium/ ( g/kg)
Water-Soluble magnesium/ ( g/kg)

6.94 £0. 05a
153.61 +15. 61a
3.8797 £0. 1663a
2. 1040 +0. 0435a
17.7050 +0. 5325a
0. 1414 0. 0093a
0. 0689 +0. 0128a

6.46 £0. 06a
292.33 +35.37a
5. 1577 0. 2232a
1. 8323 £0. 0465a
18.5307 +0. 7923a
0. 1680 +0. 0107a
0. 0549 +0. 0065a

6.50 £0. 05a
239.99 +25.58a
4.3460 =0. 1660b
1. 8581 £0.0481a
17. 8887 +0. 8147a
0. 1377 £0. 0075b
0. 0530 +0. 0058a

Different letters in a column within a crop mean significant difference at 5% levels. The figures of behind “ + ”mean standard error.
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1. REIEBIMNEERFEEFEHE

Figure 1. Morphological feature of different ECM types. A: Amphinema sp. ; B: Clavulina sp. ; C: Cortinarius parvannulatus; D Helotiaceae sp. ;

E: Hymenogaster sp. ; ¥ Hygrophorus sp. ; G: Inocybe sp. ; H: Laccaria sp. ; 1: Lactarius sp. ; J: Russula sp. ; K. Pseudotomentella sp. ; L.

Thelephoraceae sp. ; M: Tomentella sp. ; N: Sebacina sp. .
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WAL W AP A AR ELBR 37 B (Hrp 2 B O RN
Fi) A6 1 R AL R 34 R4 TR, SR T 10 B
14 J& , o ECM1 1 ECM2 B9 Amphinema sp. J& T4H
FR BRI R, ECM3 (19 81 B8 & ( Clavulina
sp.) JB T ¥ W T R B8 R R, ECM4 1Y
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Pheg 5w Jm (%€ B Ff) , ECM5 Y 3% IR s
( Helotiaceae sp.) J& T F % W W 1] 1) 22 B B &,
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MWW TR R R R ORE, ECMS B B 4 )R
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- ECM16 BY22354> )& (Inocybe sp. ) J& THF ]

(22 A (o ECM1S Fil ECM16 3455 %2 5 ) |
ECM17 .ECM18 F1 ECM19 ) BE J& ( Laccaria sp. )
J&THHT R H BERL, ECM20 Hl ECM21 /Y FL
i’%}%(Lactarius sp. ) LA K& ECM23  ECM24 F1 ECM25
(L1458 (Russula sp. ) B8 THF T A LL a6 R
(ECM20 .ECM21 .ECM23 I ECM25 5% 5 5 ) |
ECM22 ) H5 # 1 J& ( Pseudotomentella sp. ) \ECM29
() 55 18 J& ( Thelephoraceae sp. ) Fll ECM30 — ECM35
B EF T & ( Tomentella sp. ) ¥ J& FHH 1 B 1117
HERR(H T ECM30 %5 #) ) ,ECM26 \ECM27 Fil
ECM28 145 B J& ( Sebacina sp. ) J& THF B II]
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2. SMEERIRK ITS KB DNA 5 BLAST bEXF4 R
Table 2. DNA sequence BLAST results of the ITS region of DNA extracted from ECM root tips

ECM  Sequence GenBank Closest blast match accession Similarity Relative Relative Classified as
type accession No. /% abundance frequency  (OTUs)
/% /%
1 600 KM588761 UDB008282 Amphinema sp. ( Atheliaceae) — 556/561 (99) 4.12 6.35 Amphinema sp. 1
715 KM588763 655/662 (98)
717 KM588764 657/666 (98)
607 KM588765 568/574 (98)
2 709 KM588762 UDB001719 Amphinema 658/695 (94) 2.06 1.59 Amphinema sp. 2
3 819 KM588766 EF417811 Uncultured ectomycorrhiza ( Clavulina) 764/787(97) 0.28 1.59 Clavulina sp.
4 712 KM588767  UDBO016144 Cortinarius parvannulatus 665/684 (97) 0.47 1.59 Cortinarius parvannulatus
5 566 KM588768 EU649082 Uncultured ectomycorrhiza( Helotiales) 518/537(96) 5.11 1.59 Helotiaceae sp.
6 824 KM588769  JX030230 Hymenogaster sp. 1 696/736(95) 1.50 1.59 Hymenogaster sp. 1
7 716 KM588770  J¥273526 Hymenogaster sp. EMF23 638/685(93) 0.05 1.59 Hymenogaster sp.?2
8 650 KM588772  UDB015719 Hygrophorus pustulatus 566/620 (91) 6.01 4.76 Hygrophorus sp.
647 KM588773 589/622 (94)
653 KM588774 613/637 (96)
816 KM588775 535/560 (95)
9 812 KM588776 ~ UDBO15337 Inocybe 531/555 (95) 8. 11 4.76 Inocybe sp. 1
816 KM588777 532/556 (95)
10 809 KM588778 UDBO015350 Inocybe sindonia 524/562 (93) 1.41 1.59 Inocybe sp.2
11 777 KM588779  UDBO015335 Inocybe flocculosa 720/771 (93) 0. 05 1.59 Inocybe sp.3
12 759 KM588784  AY702727 Uncultured ectomycorrhiza (Inocybe) — 536/549(98) 1.36 1.59 Inocybe sp. 4
13 842 KM588785  JK908203 Inocybe sp. 592/604(98) 0. 66 1.59 Inocybe sp. 5
720 KM588781 669/702 (95)
14 UDBO015355 Inocybe mixtilis 1.87 3.17 Inocybe sp. 6
732 KM588783 670/703 (95)
15 842 KM588780  UDBO15671 Inocybe terrigena 798/810 (98) 0.42 1.59 Inocybe terrigena
16 771 KM588781 UDBO001195 Inocybe calamistrata 558/569 (98) 0. 66 1.59 Inocybe calamistrata
17 755 KM588786  UDB015780 Laccaria laccata 676/712 (94) 0.28 1.59 Laccaria sp. 1
18 751 KM588787  JX504120 Laccaria sp. 532/587(91) 2.76 1.59 Laccaria sp.2
19 795 KM588788 UDBO011517 Laccaria laccata 730/762 (95) 3.19 1.59 Laccaria sp.3
20 847 KM588789  UDB015865 Lactarius badiosanguineus 800/803 (99) 4.12 4.76 Lactarius badiosanguineus

838 KM588790
856 KM588791

806/812 (99)
793/798 (99)
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sk
ECM  Sequence GenBank Closest blast match accession Similarity Relative Relative Classified as
type accession No. /% abundance frequency  (OTUs)
/% /%
21 853 KM588792 UDBO015779 Lactarius deterrimus 809/816 (99) 5.25 3.17 Lactarius deterrimus
853 KM588793 811/816 (99)
22 801 KM588794 UDB000282 Pseudotomentella mucidula 568/608 (93) 2.06 1.59 Pseudotomentella sp.
23 781 KM588806  UDB015979 Russula puellaris 742/746 (99) 2.06 1.59 Russula puellaris
24 787 KM588808 UDBO011239 Russula nauseosa 671/703 (95) 1.85 1.59 Russula sp.
25 799 KM588795 UDBO011239 Russula nauseosa 743/751 (98) 21.63 20. 63 Russula nauseosa
796 KM588796 741/749 (98)
781 KM588797 749/762 (98)

779 KM588798
751 KM588799
780 KM588800
800 KM588801
675 KM588802
793 KM588803
790 KM588804
778 KM588805
792 KM588807
794 KM588809

26 609 KM588810  UDB016423 Sebacina helvelloides

27 625 KM588811 EU645626 Uncultured ectomycorrhiza
( Sebacinaceae)

28 742 KM588812  FJ196970 Uncultured ectomycorrhiza
( Sebacinales)

29 791 KM588813  J(991864 Uncultured Thelephoraceae

775 KM588814 clone ECM239
782 KM588816

790 KM588822

30 UDB016489 Tomentella coerulea

786 KM588823
31 782 KM588821 UDBO016173 Tomentella fuscocinerea
32 792 KM588817  UDB016500 Tomentella lilacinogrisea
33 785 KM588820  UDB016389 Tomentella subclavigera
34 780 KM588818  UDB013202 Tomentella
35 670 KM588819  UDB004959 Tomentella
36 787 KM588815  AJ893338 Uncultured ectomycorrhiza

(Thelephoraceae )

37 654 KM588771 UDBO15719 Hygrophorus pustulatus

748/754 (99)
726/733 (99)
749/754 (99)
742/752 (98)
639/645 (99)
767/776 (98)
753/758 (99)
751/756 (99)
756/763 (99)
752/759 (99)

476/507 (93) 0.52 1.59 Sebacina sp. 1
578/616(94) 0.23 1.59 Sebacina sp. 2
664/699(95) 1.78 1.59 Sebacina sp. 3
570/577(99) 3.94 4.76 Thelephoraceae sp.
575/580(99)

574/580(99)

716/732 (97)

717/732 (97 5.81 3.17 Tomentella coerulea
7227759 (95) 0.70 1.59 Tomentella sp. 1
706/736 (95) 3.33 1.59 Tomentella sp.2
692/729 (94) 0. 80 1.59 Tomentella sp. 3
678/717 (94) 1.97 1.59 Tomentella sp. 4
607/641 (94) 1. 69 1.59 Tomentella sp.5
628/741(85) 0.33 1.59 Unknown 1
553/620 (89) 1.58 1.59 Unknown 2

Relative abundance = ( One kind of ectomycorrhizae abundance add up to all sites/All kinds of ectomycorrhizae abundance add up to all sites) x 100% ;

Relative frequency = ( One kind of ectomycorrhizae frequency/All kinds of ectomycorrhizae frequency) x 100% .
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42 fy AE AR WK DN B, O Ch 42.26%;
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Helotiaceae sp. .Lactarius deterrimus J& % VWLFF, 53 5
616,16 18 (15 Fl 15 i FEA gl K 0 31, o %2
9 51~ 10.77% | 8.98% | 12.87% . 6.70% #
8.42% ;31 M WA A < 12 i BEAS v B A
B, EAE W B /N, HoA Inocybe sp. 3 . Inocybe
terrigena , Laccaria sp. 1 Sebacina sp. 1 Sebacina sp.
2 Fl Unknown 1 fX7E 1 {3 FEA gk U 2], 45
KW, ZIZAME R B R LA M R R i 2
TR AE R ENEE A 5 /0 UL A R 5 /0 T Rl 2R A
XA Z
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Figure 2. Composition of ectomycorrhizal fungi species of spruce. The figures on column chart mean samples containing the ectomycorrhizal fungus.
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Table 3. The comparisons of two sites about average

infection rate and kinds of ectomycorrhizal fungi

Comparison of propertiy Site one Site two
The average girth of breast height/cm 116 98
The average infection rate of mycorrhiza 0. 1509 0.3196
Fungal species 19 21
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Table 4. Correlation coefficients between infection rate of mycorrhizae and soil chemical properties

Electrical Water-

Correlation coefficient Infection rate of mycorrhizae pH Total N Total P Total K
conductivity soluble calcium
pH -0.410"
Electrical conductivity 0.458 " -0.575™
Total N 0.515™ -0.441" 0.461"
Total P 0.399" -0.045 0. 198 0.131
Total K 0.672™ -0.459" 0.671 0.670™ 0.473"
Water-soluble calcium 0.598 ** -0.265 0.454 " 0.334 0.510" 0.562*
Water-soluble magnesium 0. 190 0. 064 0.241 0. 055 0. 151 0.212 0. 053

* and " indicate significant difference at the 0. 01 and 0. 05 level, respectively.
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Diversity of ectomycorrhizal fungi associated with Picea
asperata in Xin Jiashan Forest of Qinling Mountains

Rong Geng', Zengchao Geng'" ,Jian Huang® , Wenxiang He', Lin Hou”, Diao She’,
Jun Zhao', Jie Shang'

'"Ministry of Agriculture Key Laboratory of Plant Nutrition and Agri-environment in Northwest China, College of Resources
and Environment, Northwest A&F University, Yangling 712100, Shaanxi Province, China

?College of Forestry,,Northwest A&F University, Yangling 712100, Shaanxi Province, China

*Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, Shaanxi Province, China

Abstract ; [ Objective ] To study the diversity of ectomycorrhizal fungi associated with Picea asperata in Xin Jiashan Forest
of Qinling Mountains. [ Methods | This method combined the field investigation, morphological and molecular biology to
identify ectomycorrhizal fungi. [ Results ] There were 37 different ectomycorrhizal fungi under 14 genera of 10 families on
spruce in Xin Jiashan Forest of Qinling Mountains, 34 types belonged to Basidiomycetes, 1 to Ascomycete and 2 to
unknown species. Among these identified ectomycorrhizal fungi types, Inocybe sp. was the dominant group; Russula
nauseosa was the most dominant species; Hygrophorus sp. , Tomentella coerulea, Inocybe sp. 1, Helotiaceae sp. and
Lactarius deterrimus were common species; and the rest species were rare species. [ Conclusion ] The large number but
relatively rare species of dominant family and the small number but relatively more species of rare family survived in
ectomycorrhizal fungal communities of Picea asperata. For the extreme degradation in arid area of western ecological
system, identifing some rare family for further development and utilization had very important practical significance.
Keywords: Picea asperata, ectomycorrhizal fungi, diversity, morphology, molecular biology, mycorrhizal infection rate
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