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Effects of thinning on macro fungi and their relationship with litter decomposition

in Pinus tabulaeformis plantations

CHEN Xiao', BAI Shulan®, LIU Yong"*, LI Guolei', JJANG Ping', ZHANG Shuo’

1 Key Laboratory for Silviculture and Conservation of Ministry of Education ,Betjing Forestry University, Beijing 100083, China
2 College of Forestry, Inner Mongolia Agricultural University, Huhhot 010019, China

Abstract: Chinese pine ( Pinus tabulaeformis Carr.) is the chief coniferous species used in forest plantations in northern
China. However, high tree density and slow rates of decomposition in needle litter have resulted in decreased quality in
many plantations. Thinning provides an effective method which can be used to solve this problem. The mechanisms by which
thinning promotes litter decomposition have been studied by studying properties of litter, characteristics of understory
vegetation , forest microclimate and physicochemical properties of soil, but rarely by studying the important role fungi play in
forest litter decomposition. Thus, discovering the relationships between thinning, fungi, and litter decomposition in
plantations is very important. It has been hypothesized that forest microclimates improve after thinning, since thinning
promotes growth of understory vegetation; this changes stand composition and properties of litter, which in turn affects the
macrofungi community. This study analyzes a series of 34-year-old Chinese pine plantations thinned to four different
intensities ( control- [ , light-1I , medium-Il, and heavy thinning intensity-IV ). All macrofungi were identified
morphologically and measurements of each species such as quantity, cap diameter and fungal height were made in 12 sample
plots. Importance values were calculated using relative density, relative frequency, relative cap diameter and relative height

of fungi. The ecological indices ( species richness, diversity and evenness) of macrofungi were calculated based on the
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important values and compared between August and September, 2011. A total of 35 and 25 species belonging to 13 and 10
families of macrofungi were found in August and September, respectively. During the two months of studies, stands with
medium thinning intensity supported the highest number of species, but the control stand supported the fewest. The number
of species found in September was lower than those found in August possibly because the temperature decreased in
September. In the control- I stands, the dominant species changed from ectomycorrhizal fungi ( Chroogomphis rutilus
(Schaeff.; Fr.) O. K. Miller and Suillus bovinus (Pers.) Kuntze) in August to rot fungi ( Marasmius maximus Hongo and
Marasmius chordalis Fr.) in September. This change may have occurred because ectomycorrhizal fungi reproduce during
August, but they rarely grew in September. However, in treatments Il , Il and IV, the dominant species were rot fungi
during the entire study. Rot fungi are generally known to feed on litter as a nutrient source. Thus, the change of dominant
species from ectomycorrhizal fungi-rot fungi ( control) to rot fungi (treatment I , Il and IV) may be explained by the fact
thinning improves litter decomposition from the aspect of causing increased fungal populations. Thinning influenced the
ecological indices of macrofungi; the stands with medium thinning intensity ( I ) had the highest species richness and
diversity. This indicates moderate thinning had a significant role in protecting macrofungi resources in plantation soils. The
measure of species evenness was not significantly different among the four different thinning intensities. The abundant
quantity of saprophytic fungi might cause the trend for the evenness indices to be uniform. In conclusion, a medium thinning
intensity improves species richness and diversity of macrofungi in Chinese pine plantations, changes the macrofungi
community structure, and may promote litter decomposition. Thus, we recommend moderate thinning should be used in

plantations of Chinese pine.
Key Words: thinning; litter; fungi; diversity
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Table 1 Compositions of macro fungi community in Chinese pine plantations under 4 thinning intensities

1A 35 J&

Thinning intensity

8 H BB A R 2

Species of macro fungi emerged in August

9 H KB AL Rb 2

Species of macro fungi emerged in September

I 2T 90 %7 % ( Chroogomphus rutilus ( Schaeff.) 0.
Mill.) ; & O ( Helvella elastica Bull.) ; By wE
( Hygrophorus  discoxanthus Rea ); 4§ Mo 2 4
( Marasmiellus candidus ( Bolton) Singer) ; i T0 7]y Bz 4
(Marasmius chordalis Fr.); K 3% /N [ 4= ( Marasmius
maximus Hongo ) ; = H /N F2 A ( Marasmiellus nivosus
(Berk.) Singer) b T LA A il ( Suillus bovinus ( Pers.)
Roussel ) ; 7 FL4- B ( Suillus flavidus (Fr.) J. Presl)

K.
4

1fil 2T #0471 %% ( Chroogomphus rutilus ( Schaeff.) 0.K. Mill.) ;
HE 4 4R ( Collybia acervata (Fr.) P. Kumm.) ; F5#8 22 54>
(Inocybe imbrinella ( Bres) Sacc.) ; IR 48 22 % 4 ( Inocybe
lilacina ( Peck ) Kauffman ) ; ) Fp g R ( Laccaria tortilis
(Bolton) Cooke) ; I 15 /N B¢ 4= ( Marasmius chordalis Fr.) ; K
5 /N B A ( Marasmius  maximus Hongo ) 5 K 20 11 B
( Tricholoma scalpturatum (Fr.) Quél.)

HE 4 2 8 ( Connopus acervatus (Fr.) K.W. Hughes) ; BIH
b ( Geastrum fimbriatum Fr.) ; ¥} 3% W% <= ( Hygrophorus
discoxanthus Rea) 5 % <> ( Hygrophorus eburneus ( Bull.)
Fr.) ; ZcW5 8 ( Laccaria proxima (Boud.) Pat.) ; &R FR
Wt ( Lepiota cristata ( Bolton) P. Kumm.) ; I} JE g
( Lentinus connatus Berk.) ; #f 4 13 JZ EOS ( Marasmiellus
candidus ( Bolton ) Singer ) ; B T /N J 4> ( Marasmius
chordalis Fr.) ;35 F/N& A ( Marasmiellus nivosus ( Berk.)
Singer) ,j(jﬁ JN Hz £ ( Marasmius maximus Hongo) ; AR
JNKZ A= ( Marasmius oreades ( Bolton) Fr.) ; /N 1 Jif %6
(Omphalia gracillima ( Weinm.) Quél.) ; [ 5 /)N JIfe # 7%
( Psathyrella candolleana ( Fr.) Maire) ; 5 ¥ /)N Jifg 44 %%
( Psathyrella piluliformis (Bull.) P.D. Orton) ,(/7\1‘27&551%
(Ramaria abietina ( Pers.) Quél. ) ; 7% 1 B ( Tricholoma
acerbum (Bull.) Vent. )

.21 8 4T %% ( Chroogomphus rutilus ( Schaeff.) 0.K. Mill.) ;
HE 4 4R B ( Connopus acervatus (Fr.) K.W. Hughes) ; B IH
2 ( Geastrum fimbriatum Fr.) ; ML H % 4= ( Leucocoprinus
cepistipes ( Sowerby) Pat.) ; 5 H/IN A ( Marasmiellus nivosus
(Berk.) Singer) ;ﬂﬁ T5i /)N iz < ( Marasmius chordalis Fr.) ; K
/N B A ( Marasmius  maximus Hongo ) 5 1 A% /N 7 4
( Marasmius oreades ( Bolton) Fr.); 4 % /N %% ( Mycena
holoporphyra (Berk. & Curt.) Sing.) ; & /N ( Mycena pura
(Pres.) P. Kumm.); 7 3k K 1% 4% ( Mycetinis scorodonius
(Fr.) A.W. Wilson & Desjardin ) ; /Iy 1 B %% ( Omphalia
gracillima (Weinm.) Quél.) ; ¥ AZ B B ( Ramaria abietina
(Pers.) Quél.)

WA bR H BE 3 ( Agaricus placomyces Peck ) 5 /N JK BR B
( Bovista  pusilla  ( Batsch ) Pers.); Il £ 90 %1 %%
( Chroogomphus rutilus ( Schaeff.) 0.K. Mill.) ; We 4 B
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(Bolton) Cooke) ; £I. 11 FL%% ( Lactarius hatsudake Nobuj.
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alcalina (Fr.) P. Kumm.) ;7% /Ngi ( Mycena pura ( Pres.)
P. Kumm.) ,ﬁi#}\ﬁiﬂ; ( Mycetinis scorodonius ( Fr.) A.
W. Wilson & Desjardin) VN E| Hﬁfﬁf( Omphalia gracillima
(Weinm.) Quél.) ; ¥AZEIH R ( Ramaria abietina (Pers.)
Quél.) ; Kl 35 FL A FF R ( Suillus bovinus ( Pers.) Roussel )
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miniate ( Fr.) P. Kumm.); #} #& 8% < ( Hygrophorus
discoxanthus Rea) ;75 1223540 (Inocybe rimosa (Bull.) P.
Kumm. ) ; 5548 22 35 4 ( Inocybe umbrinella Bres.) ; 2% I
B ( Laccaria proxima ( Boud.) Pat.); 2 Floas ( Lactarius
hatsudake Nobuj. Tanaka) ; T R B AR ( Lepiota cristata
(Bolton ) P. Kumm.); £L T K ¥ 4% %& ( Macrolepiota
gracilenta ( Krombh.) Wasser) ; i T /N B¢ 4 ( Marasmius
chordalis Fr.) ,jfn%/l\ﬁﬁ( Marasmius maximus Hongo) ;
ﬁ%iﬁiﬂ%ﬁ(Mycetinis scorodonius (Fr.) A.W. Wilson &
Desjardin ) ; [ 5 /MG % ( Psathyrella candolleana ( Fr.)
Maire) ; 4 55 5L 4= B ( Swillus bovinus (Pers.) Roussel) ;

1L 2T 80 %1 %% ( Chroogomphus rutilus ( Schaeff.) 0.K. Mill.) ;
4 R ( Connopus acervatus (Fr.) K.W. Hughes) ; 23T
52 ( Geastrum triplex ( Jungh) Fisch.) ; 4% & % 18 ( Helvella
crispa ( Scop.) Fr.); ¥y ¥ 8% A ( Hygrophorus discoxanthus
Rea) ;75 122354 (Inocybe geophylla (Per.) P. Kumm.) ; 5%
Wi B ( Laccaria proxima ( Bound.) Pat.); HLAH H % 4
( Leucocoprinus cepistipes ( Sowerby ) Pat.); & [ /N JZ 4x
(Marasmiellus nivosus ( Berk.) Singer ); B T /N Jz 4x
( Marasmius chordalis Fr.) ; K35 /N A= ( Marasmius maximus
Hongo) ; 4= %% /N4l ( Mycena holoporphyra ( Berk. & Curt.)
Sing. ) ;?%:/J\fzg(Mycena pura (Pres.) P. Kumm.) ,fyﬁj\ﬂiﬁ'ﬂ[
%% ( Mycetinis scorodonius (Fr.) A.W. Wilson & Desjardin) ; />
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Fig.1 The distribution of macro fungi family in Chinese pine
plantations under 4 thinning intensities
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Fig.2  Species composition of macro fungi in Chinese pine
plantations under 4 thinning intensities
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Table 2 Important values of macro fungi in Chinese pine plantations under different thinning intensities

8 1 August 9 H September

4 Species

I I I v I I I v
MR MRHBEEE 7% Agaricus placomyces 0.024
INJKERT Bovista pusilla 0.014 0.034
MELVET % Chroogomphus rutilus 0.828 0.171 0.270 0.624 0.262 0.234 0.536
HE 4R TA Connopus acervatus 0.292 0.077 0.215 0.087 0.228 0.030 0.047
EMHHE Geastrum fimbriatum 0.040 0.071
RTIHLE Geastrum triplex 0.018 0.023 0.141
LEERRA: Gymnopus androsaceus 0.019 0.155
4 TR Helvella crispa 0.037 0.029
Y8R Helvella elastica 0.086
INELIRAR: Hygrocybe miniata 0.031
Ky w0 <D Hygrophorus discoxanthus 0.332 0.260 0.086 0.025 0.018 0.030
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Fi4 Species 8 J1 August 9 H September
I | I Y I I ] v
1140 Hygrophorus eburneus 0.030
R 224 554 Inocybe lilacina 0.541 0.200
15 E 22554 Inocybe rimosa 0.083 0.044 0.066 0.087
FAB 22 354 Inocybe umbrinella 0.030 0.114
S ARMERE Laccaria proxima 0.343 0.027 0.035
FFLUEEE Laccaria tortilis 0.068 0.017
LT LA Lactarius hatsudake 0.018 0.032
LS Lentinus connatus 0.590
SR IR Lepiota castanea 0.063
FEIRANEE Lepiota cristata 0.029 0.017 0.041
HA P Y242 Leucocoprinus cepistipes 0.129
LI RIFIEE Macrolepiota gracilenta 0.019 0.026
4l AU A Marasmiellus candidus 0.078 0.324
T /N A Marasmiellus nivosus 0.274 0.228 0.042 0.017 0.023
I 5/ B2 6 Marasmius chordalis 0.702 0.620 1.305 1.640 0.783 1.124 0.846 1.514
K /N AP Marasmius maximus 0.376 0.135 0.797 1.088 1.028 1.125
AT /N - Marasmius oreades 0.048 0.099 0.047
/Nt Mycena alcalina 0.265
482 /N§E Mycena holoporphyra 0.288 0.081 0.130
I /N Mycena pura 0.058 0.041 0.020 0.026
SR IEEE Mycetinis scorodonius 0.031 0.064 0.038 0.025
INEUFE Omphalia gracillima 0.698 0.267 0.570 1.029 0.714
18/ N LE Psathyrella candolleana 0.048 0.044
FAR/NEWIEE Psathyrella piluliformis 0.033
BRI Ramaria abietina 0.257 0.381 0.034
FEWRLLEE Russula delica
Wi 35 FLA PP Suillus bovinus 1.099 0.182 0.112 0.021
FIALA T Suillus flavidus 0.224
F5 TV Tricholoma acerbum 0.025
RS VB Tricholoma scalpturatum 0.732 0.477

2.2 ANFEIPLE AR EE AR KA & 1 AR SR bR

R T W AR R S KR B B DG R FE T i R AR RS SR L 5 L AR B 26 ELAR A
TR AAERT 5 B A ARE REDRT TR 5 LA R e AR S B AT TR S A8, % 34 AF AR TPA N AR 4 B i) (5
FEMT KRB EC R Z R T A I R B AR M R,) Bk SRR H ) RIS B8 (E)
SR,
22,1 [AMREREE S KA E S E R X R

ME 3 AT AE W, FE R 8-R, 8-R, 9-R, Fl 9-R, WAL A Ay . > 1T =~ V> T, Horbfe I B ep 3 ]
AR Ak H A 05 (e KAL), 23 M 8.897+0.481 .6.667+0.333 ,7.454+0.636 H1 5.667+0.441 ;412 , 1 B AE
FIRARAR, 23514 2.40520.636 2.167+0.441 2.404+0.636 1 2.167+0.441,
2.2.2 34 FAEAARIE E T ARnE B SRR L 2 AR B G R

M 4 AT LIE W 8-H AR FUHE S = & FEFE B[R], 78 TR op 32 1] AR 43 Akt B KA 2.039+0.082,, 11 9
H ARSI Z A 22 55 RN B3 PRI A KR BRI A a5 (E) Z R 22 R B3
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Fig.3 Species richness index of macro fungi in different thinning Fig.4 Species diversity index of macro fungi in different thinning
intensities intensities
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3.1 REVEFERHY IO S5 (PE3R ) 52 21 ) a5 1 52

KA ELTE I 437 SRR AR G B R85 A S IR DF R AR A AT 561 IR AR PRI 2 R K A A%
A S KA EL R 43 A

TERFA) I3 A1 75 1T, 4 b ) A58 B2 AR TR R Y B0 24 L B RS I 3R, FL o L 451 DA JBE 1] ¢ 30 i 32 1]
P2 W AT, T LI ) A B8 AR AR R B R 3 A1 T4 50 U R T TR A S A AL
g W >MV > I > 1, Hrpoxs f I, i A AN 1 R R 9 42w B2, b 2 ] (RO L5 9
HRBAE B LB 8 A i, X n] gt i K UE R 1 A,

TE R 20 7 T 00 1y T RS i i DL o7 SR O, AR BE v B2 A5 B2 ] R T
W DL T 3 LB AN R X SR A R ) R B R LR A 2R . AN B Rl R DX B e i
HAR 3 Tl ] A AR S =2 8] 2 5 AN, AT L T A mT AR B0 B A 2 2 S 1 | LA R e R i o5 L) 45
R, PR H AR ) (b 735 ] A b 73 2 T8] DR R I B 14 b S 2 AT A — E 2257

TER I ELRRE P& S5 A0 J7 T, AR TR (1) R, 8 H LIS BRAR B Al 5 FL A I B8 + L ZL BT 25 DR 4Fh
O I DEFATNAL A JE5 AR B I TOU/IN B A AR /N Bz <7 X — BAe T RESE T 8 AMAE AR B R84l i 9 A
s B AR A5 1k, i AR I I IV) T, 8.9 PIAS A 3R 2 LUR A B8 (A5 R 3/ INBE AP BT/ B 4
FUINFUBEER ) S PFArh 1 TRt T IR ERobk o3 A1 P BE e, Ol BRI B2 55, A ) A0 A TRTAR B A K
S TR R B RS A DI 3R i 18] AR I AT JRE AR, D' IR it | 0] 17 B AR T 140 2 0, 3 i {6l A T R DL A
HorhN R S5 I A T A S SRR R R S U T AR T R AR S R A BE ) F T LA AR T YR
2R RIS S5k BT TSR 7 4 2 A 5 % 43 VA B TR 1 TR AR AR R R — 1 TR 7E 8 A
9 A RIUICE Hh 25 9, R 6] bR R BT (IE 38 b fie 00 Ry BRI AR BT, T ) £ B 2 2 AT L i U8 v 0 1))
AT OE SR WA RE VR 75 W0 3 60 F BE R TR AR AE 1 AR ECRR ARV 454
3.2 PEE AR G R R AR SR B C R

Richard 45" B} & B2 L PR Pl = o 8 S R 43 100 80 8 2 VAR DG, R R ) R L T () (R A b 45
ZAEM, Lance 552l Zhou %521 & WU 2 BEXT AR S0 A BIAR B A (R UL 3™ A 52, DR, B T AR
PR | T SR AR 2 LT P A 20, AR O 2B BT 1 R ™ A S ) i) R AT
ARFNBA G AR AR ALY 5 B R R R R B LA i SIS B4R & ) AR YR
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AWFFERIL,8 A B [ A5 JBE B 15 i | RTR L T BE i8 HOM 22 AE 98 M0 52 S g v s M1
e e EE MR = A 0 BR B iR i (E ;9 A, 8 AR BUR AL A S 8 A M, (HIEUE L 8 H A B
%, MZHEIERE R AR . 9 A 4575 B BUGAR AN 2R 22 57 A 1035 T BEJR #h SR U8 Ve R 7R b 28 KL
WGIE, ZREKRE PR O PRI T R B 4 2 B BRI R, X AT
PEARTE " HEAARFT 2 | BIFE b B2 T4 T A 9 2 Bk ik B K 2 T KO b BE T3S | AR i 2 e
%, RIS AR RO 1] 22 SR 35 3T AR th T AR B e 2, S B0y S T2
3.3 KRBEW SRR AT A

RIYECH AR AT IR BN R 2% WA TT AN R WS4 R A . HRT R NIk 22 1
Pl gt R A BT Y v, BIBR L R AT 2% 18T AR X 5 8 (Bici ) X 22 B MR ()RR ) A
AR R (AR ) B A SO AR R R AT Ak, (BRSBTS X
PREG I, 0 A= BT BB — 1 S A W B /N B B — TSR A W R A% A R R TR
R R 2 AT AR E TR W R A, Toth 557 7R FH BT 26 T ARURI B AT R 7R B TR 11 A 4
8, IS TR AR DR MR O 1 e ELAR AR R BEAE — e RS AR T ORI B A AR s i, A %5
2,85 T RET IR T FRE X — BT, AL 1 B AR R LT 1 A U5 1, BRSO T R R
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