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Effects of different fertilization regimes on soil fungal communities under Phyllostachys viola-
scens stand. CHEN Zhi-hao', LIANG Xue', LI Yong-chun'", LI Yong-fu', XU Qiu-fang', WU
Qi-feng®, LI Song-hao’, SHEN Zhen-ming’ (' Zhejiang Provincial Key Laboratory of Carbon
Cycling in Forest Ecosystems and Carbon Sequestration/Nurturing Station for the State Key Laborato-
ry of Subtropical Silviculture/School of Environmental and Resources, Zhejiang Agriculture and For-
estry University, Lin’ an 311300, Zhejiang, China; *Lin’ an Extending Station for Agriculture and
Foresiry Technique, Lin’ an 311300, Zhejiang, China).

Abstract; In order to investigate the effect of fertilization on soil fungal community of Phyllostachys
violascens stand, we characterized the abundance and community structure of soil fungi using the
methods of terminal restriction fragment length polymorphism (T-RFLP) and real-time quantitative
PCR. The experimental treatments included blank control (CK) , chemical fertilizer (CF) , organic
manure (M), mixture of chemical fertilizer and organic manure (CFM) and mixture of chemical
fertilizer and organic manure plus mulching ( CFMM ). The results showed that fungal community
structure and diversity were markedly affected by different fertilization regimes. In 0-20 cm soil lay-
er, CF and CFMM treatments resulted in a significant reduction of Shannon and evenness indices.
Soil fungi under CK, M, CFMM treatments in 0—20 cm soil layer and CK, CF, CFMM treatments
in 20-40 cm soil layer formed independent community structures. Soil fungal abundance showed
significantly positive correlation with the concentrations of soil total nitrogen, ammonium nitrogen
and nitrate nitrogen. Organic matter, ammonium nitrogen, available phosphorus and available nitro-
gen concentrations were the main factors that influenced the variation of fungal community composi-
tion. The above findings indicated that 0-20 c¢m and 20-40 ¢m soil layers had different characteris-
tics in response to different fertilization regimes under P. wviolascens stand. The soil fungal community
in the 0-20 c¢m layer was mainly affected by soil organic matter, while that in the 20-40 cm layer
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was sensitive to the input of chemical fertilizer. The effect of fertilization on the diversity of fungal

community mainly occurred in the 0-20 cm soil layer.

Key words: fertilization mode; soil fungi; Phyllostachys violascens stand; community characteris-

tic; soil layer.
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HPOLRE R PCR AEH AR A [a] it JE 7 200 7 47
MR S EL TR ARV R A A ML, P40 AN R A Ak B X6
TTMERIZ AR T m RS 451 2 R
Bt s 77 XS e~ PR A0 SR K, O 7
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TR H Ry W VA8 I 2 T R T R #E (30°17°58” N,
119°34'02" E ) , 156 X hy ST Pty 22 S f . A 3
R 16 °C AR K& 1550 mm, [ B ETEE
Zs  JCFEW) 236 d, 44F H BEIECK 1900 h.3if £33
185 m, W55 X - 32 S 70 D) 27 33 oy 3 306 3l Ji Ry /K
et H 5 iR R B TR B AR AT AR T B 5 4 1 )
B M AT AEEL. T~ 2010 4F 6 A % B A [ i A
AL HRES 3L 5 AR HE 1) ANHEAE (CK) ;2) Bt A
HUIE (M) ;3) Bt fk A (CF) 3 4) Ak AR i fiti A5 HLAE
(CFM) ;5) fL B EL A ALAE A 35 (CFMM) A SCH
Jits A HLIE A AT & FHA LR , EE 5. 50% &
B, 20% LLAZ RS M e 0T, At A i3 SR
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BEMLIX 25T, 4 3 U, 3 15 AN/ NX (N X TR
10 mx10 m) G576 445 12 A I E 5 —=F
FOTER R L A RS BIIAE 4 H BB BR B,
CFMM AbEZ B Fij 75 7T ARCE UL 58 29 25 A 4%
ACFRELRHGEAE ) B S R LR 1 R T4 S
9.12 H4rkilts.
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Table 1 Fertilization rate in different treatments
fb BN
Treatment Fertilization rate of each time (kg + hm™2)
W& BEAL T AHHUL
Urea Phosphate Potassium Organic
fertilizer fertilizer manure
CK 0 0 0 0
M 0 0 0 7500
CF 438 438 438 0
CFM ,CFMM 800 333 367 3750

CK: X}H& Control; CF: ¥ujifb Al Chemical fertilizer only; M. HUjifif
HLAE Organic manure only; CFM: AN L it A HLAE Chemical fertilizer
with organic manure; CFMM ; fLARFECGEA HLIE N 55 Chemical fertili-

zer with organic manure plus mulching. T[] The same below.

JEFHAR 3] 30 MR A AR KB i 1R oK &l ]
SIS I AW, — 1 BT RN BRI B i
i 5 T - S RARAE BT 53 A 5 o5 — 1 7 BV R T4
PRAFF-80 C, T2 H 3 A=) 5 DNA.

1.3 Shiik

1.3.1 B3l SRRk b o pr) >
P Rk 2 G Rl 1% pH {H, K - 1L R
5 1;2RH K, Cr,0,-H,S0, #4350 5 1 386 #L
JoT ;2 i AL D DN 4 A 5 5 0 L £ 30 e S
R HE A A D - R A B Ll 1 0 A A A
Fife ™ IO DN 2 Bl 0 2R JH Bray 15, HCI-NH, F %5
B SRR LE L D A R0 s FH NH, Ac 48851, 2k
S RE T I SR A5

1.3.2 T3 ) s DNA 4280 % JH PowerSoil™
AL DNA #8054 B BE AR W) 5 DNA, BRI
0.3 g PRAFT =80 CUKAf i LIRS, #5120 & i
WA PR BUE DNA 3 B 1% 9 500 A BE s FL K AS:
DT $2 B DNA R BOR /N, 32 BUS B9 DNA A
1547 F-20 C vkFE % H.

1.3.3 HIEEEEREE 0T SR T-RFLP J5 35341
TATAR L B RS  ITS 41 PCR 971K 519
ITSIF ( CTTGGTCATTTAGAGGAAGTAA ) HI ITS4
(TCCTCCGCTTATTGATATGC) , b i 519 (ITSIF)
() 5350 F FAM 26 ARic. B AR R A 20 pL, Hid
Premix 10 pL,#&# DNA 0.3 pL, 514145 0.2 pL,Bo-
vine Serum Albumin 0.2 pL, TCHEBLE/K 9.1 pL.
ZAFH:94 C,5 min;94 °C,1 min,51 °C,1 min;72
°C,1 min,fE¥ 32 ¥, 72 °C, 10 min.PCR F=4y4lifk
J& , BRI E N VI Hinf T JEATREDD, VAR R N
20 wL, Kb 1 wL, 24k ) 8 pnl, 22 vk 2 pl,
47K 9 L. EEVIFEF A :37 °C,4 h;65 °C,20 min. fiff
VI %) I ABI3730 #4749 48, 20 Hr 8/ Peak

Scanner Software 1.0.
1.3.4 BIEHEECEER T RIIPOCYRE
A% (SYBR green) #47 qPCR R % H M £UE. R
FHl SYBR Premix ExTaq™i®7 £ ( Takara) , f#i Fi Bio-
Rad CFX96 C1000™ Thermal Cycler {33 %} 44 B
PATFOLE B PCR 9784, 434y DNA FEdh 3 IKE .
POE B PCR WK & 20 pL, SYBR Premix Ex-
Taq™ 10 wL, 51497 (50 pmol + L") %% 0.2 pL, fiH
1.0 pL, #B 4K 8.6 pL.PCR 514y NSI (GTAGT-
CATATGCTTGTCC ) #1 Fung (CATTCCCCGTTAC-
CCGTTG) ,qPCR KM 5544 .94 C AR M: 2 min;94
C7AM: 30 5,55 CiB 2k 30 5,72 CHEH 1 min,40 4>
PG ] Nanodrop® ND-1000 il 5 /i i DNA ¥k J&F If:
TR ETA 18S rRNA JE A8 DU ok DNA Y5
123.6 ng - wL™", LA 10 A5 B %) 55 41 Jokr i 47466 B
WRE(107 ~107) , WA BRE 3 A HE A, Wi qPCR
P3R4 188 rRNA J A A of il 2k 9 3 250%
96.7% ~96.8% , # ik M £ 0y F.— g R )2 R = £
HERRSE N qPCR AR AR50 1 10.9993.
1.4 BARLLI S5t

{1 SPSS 23.0 Guit kRt 47 WA R J5 2250 B
F1 Pearson 10 #T1. H Peak Scanner #1443 #T 45 4
At T-RFLP &3, 5Bk T-RF<50 bp 1951 #i L K
RERJ I TRT R < 1 9% 1 % W 6 7 22 I 1 080 A I i -
tp://trex.biohpc.org/index.aspx #4715 JE , K 3%
g — AT T-RF, B8 —A4 OTU ( operational
taxnomic unit) , &~ OTU /DL —Fh 2R B B
WL 25 M5 B #2228 MICA K93 (hitp:/ / mica.
ibest. uidaho. edu/ pat. php) #EFTFEL HLXT, 1 E B
W T-RFs W)Fh & o025 R85 E‘J$'§§?‘§§ﬁ( Shannon
index) MJ5JFEEFEEL(evenness index) DA S A3 EE 5
#( Simpson index ) ¥J3# 1 BIO-DAP {4 (http://
nhsbig.inhs. uiuc. edu/Wes/population. html ) 715, 5k
H Canoco for Windows 4.5 #f4: ( Microcomputer Pow-
er, Ithaca, USA)Xf T8 FLT& T-RFLP &3 1847 3
%4343 M7 ( principal component analysis, PCA ) , Jf: %}
JLF T-RFLP 34T A B 2540 5 A 1k o
AT TCAY 53 M7 (redundancy analysis, RDA) , 3>k
999 WK I 5 4§ -~ & B e ki % ( Monte Carlo permuta-
tion test,999 permutations ) #F17 {i  MEAS 5. R
BAt R HET Mantel 0565 A A4S & 5 - H A
HEE L5 M) Spearman 2 2R %K.
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Table 2 Chemical properties of soils in different treatments

12 it H pH AHHL 2R AL AR TRAHT T A HAR AR
Soil layer Ttem oM TN C/N AP AK AN NH,*-N NO;™-N
(em) (g-ke™)  (g-ke'™ (mg-kg™') (mg-kg™) (mg-kg™) (mg-kg!) (mg-kg™)
0~20 CK 5.30bA 17.59aA 1.64aA 6.60aA 62.50bA  34.28bA  118.59ad  21.6laA  20.79bA
M 6.06aA 12.28bA 1.66aA 4.18¢B T4.17aA  26.64cB  101.50cA  18.97aA  33.03abA
CF 4.40cB 12.03bA 1.52abA 4.59¢B 73.73aA 37.98aA 112.00bA 20.72aA 28.76abA
CFM 4.79bcB 12.46bA 1.38bA 5.27bB 60.86bA 38.22aA 102.67cA 22.47aA 40.55aA
CFMM 4.82bcA 8.46¢B 1.03cA 4.67cB $2.84cA  34.48bA  11491abA  11.40bA  24.83bA
20~40 CK 5.77bA 9.59¢B 0.93bB 5.72¢B 52.16aB 33.47bA 82.40aB 15.38aB 18.43abA
M 6.53aA 9.65¢B 1.08abB 5.33cA 4377 37.25aA 73.50bcB  11.33abB 23.03abB
CF 543bcA  12.15bA 0.79¢B 9.32aA 39.84¢B  25.22¢B 78752bB  14.67aB  17.98abB
CFM 531beA  10.14cB 0.89bcB  6.50bA  42.32beB 37.30aA 69.42cB  14.12aB  28.20aB
CFMM 4.97¢A 17.052A 1.00abA  8.68aA 3873 21.88dB 67.50¢B 8.40bB  11.69bB
KbBE Treatment (T) 21.80* * 12.28 % * 10.09 * * 30.83" ¢ 31.07" " 54.31% % 15.22** 10.63* * 457"
+Z Layer (L) 21.50" 9.68° % 27047 221.06* * 612.46 ™ * 59.97 % * 690.20 * * 39.75% 14.417
<L, 1.57 98.23%*  2606"* 5558 %  28.00°* 105.25%* 567°F 086 0.49

[RIFVARRIR /NG Bt 53 0 s [ — i AL BN [R] £ )2 A R £ )2 R RN AL #4122 57 2 3% ( P<0.05) Different lower- and uppercase letters within
the same column indicated significant differences between the different fertilization treatments within the same soil layer and different soil layers within the
same fertilization treatment, respectively, at 0.05 level. OM; Organic matter; TN: Total nitrogen; AP ; Available phosphorus; AK: Available potassium;
AN Available nitrogen. T [fi] The same below. * * P<0.01.

cybe) . W& ( Clavaria) . #5055 )& ( Mortierella )

2 BRSA L B I Enyloma) T-RFs HIX-ERESE 13
2.1 ARIFIEAT b T4 S 2 P IR Br W1, 5 CKA He , %2 38 0h CF b 70 5 3 14
A 2 FTLA Y, AR AR TR R[] 2 LA S 1007 -
LA 2 5 R T AT B, 2 A 3374
CHD A A T LB ELLE (P<0.01) kA R i 5550
MNEARER S £ R R E N T L ol REAR,  wf 0327
MAR AR (P<0.0) MHHZLMEABRHEA g | 55
P55 CK ME, M AL+ pH BT (P<0.05); & 27
CFMM AbFR AT 00 B KIRIE R R § o) 23
A BEFENL(P<0.05) EJA(0~20 em) 3P, F | . 2300
NI AE 2 35 WA T LI & e S5 (P £ ooy 25
<0.05) ;CF AL LG I AT A% gy kP & a2
<0.05) M AFE BRI T AALBETIMEE 7?8 e
FHE(P<0.05) ; CFM AhFLig 23 il S A &, B -E 6o @9l
A AR (P<0.05) . 7.2 (20 ~ 40 cm) 3 e ol @ %
K P RS B B BRI (P <0.05) 5 CF CFM,
CFMM AL 33 He 29 5 35111 (P<0.05) . L5k, M | 2l
CF .CFM LR RJZ T3P 2R g A SRS 0 T B 7/
R B B B T L (P<0.05). C“ 413 Treament o
2.2 JET T-RFLP A9 - SRR v 2 1 RIFVALR Pk F 52 A0 22+ HEEC I T-RFs HIX

257t Hinf T K35 755 50~400 bp 9 T-RFs, g
AT LA B AN R A i 22 T L TR B % 45 P 1 25 55 T- Fig.1 Relative abundance of T-RFs of fungi community in top-

RFLP %} 3 21 i J& 3 o (F 1 ). 243299 307 5 soil and subsoil of Phyllostachys praecox in different treatments.
a) 0~20 ecm; b) 20~40 cm. CK; X Control; CF; HUjifi{LAE Chemi-

327 bp E/‘J T-RFs 'fﬁi’%ﬂgﬁgéﬁﬁ%‘ﬁ%qqgﬁtﬁﬂﬁ cal fertilizer only; M. Hjifi#5 HLAL Organic manure only; CFM . fLAEHC

'fjj:ﬁ T-RFs é’é [:[:X‘TEZ%IE( %% 3) *H[E@a E"J %E Jiti A HLAE Chemical fertilizer with organic manure; CFMM ; aNwitwe
’ HLUIE N 3% Chemical fertilizer with organic manure plus mulching. T[]

ig ﬂ‘j 2Jﬁ HE —[% E ( RhiZOPOgOH ) Hj FEil: —/‘l“\ }E‘ ( Hygm- The same below.
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Table 3  Phylogenetic affiliations of fungal T-RFs from
tested soils
B LR HRG
T-RFs Most possible species Accession
(bp) number *
243 ZIMRZNE T Rhizopogon rubescens 254351300
WA R A Hygrocybe caespitosa 553961677
299 IS TR Clavaria faleata 529308518
307 KA FEWALE R Uncultured Mortierella 310753659
327 22K Entyloma eryngii-plani 308228500

* GenBank 72 1 EL & )7 51 F) Accession 5 The Accession number of
the known fungal sequence deposited in GenBank.

T 243 bp B T-RF, Ifii CFMM 4L B rf 327 bp Y T-RF
B EREAR(P<0.05) ; 76322 5 M Ab 3 g 3%
HAMT 299 bp #) T-RFs, CF CFM 5 CFMM 4k 4
RN T 307 bp B T-RF(P <0.05).

b/ i ) 7 2 =97 N[ 00 W0 82 e 4 7 N = N2
¥ Z 8] B AR X A RLUEE , MR 4l T-R¥s Bz HAH X 0 1 X
XFSFE AT E ST 7T (PCA) 3R )2 138 32 AL
g3 1R 2 X BRI AR S AR R 40 R 32.6% N
20.6% (&l 2a) ,M Fi1 CFMM &b B35 A0 X3 2 <7
HE, B 5 CK A FEHY 43 F; £ W] M Fl CFMM &b
B e A g = e = W 3 B g e kS
H RS 1 2 0 TR VR S S A R A3 0l
20.4% %11 18.7% (¥l 2b) ,CF .CFM £ CFMM 4t ¥
BARXT ST O RE, 5 CK AHXT 43 TF ; 2B CF .CFM FI
CFMM AbBERH 5 248 7 W 3% )2 + 8 BB BETE 4544
2.3 TEEEREZFN

Y& T-RFLP &3 o OTU %0 Fh2E 32
FE A AR R AR AL #3625 W R )2
ZHEVE TR B Shannon 45 %, 315 J& 45 #UF1 Simpson
B 0 N GIEE W v 0 i = e B b 34 50 BE LA
KeH WA 3 A>T T e T AR PR VR T RE 24
PE.5 CK AL, %2 3 CF il CFMM 2b 3 + 4
FLIE TS JPHNRAE A P Fh 4= 5 FE b 2 AR, i f 2
JFEHREON] 2 T s H A5 i T A 3 Y 35 50 BE dR 408
TR (P<0.05) . W 36 2 - R R b B ] 2 4
FRE 22 5 Y R 38 B B 3 OKF. A, TR — Ak
AN LR 2RO o 25 R2 HIER

K4

101 :
ora LEmmmmm - oCK
0.8+ s >~ OM
— \ ~\ ACF
§ 0.6 o el o/ OCEM
S o4l T v CFMM
d o02r o
2 ok [ S e
N . S~ : A
Kooz} ° *a T z
ﬁ i |\ o N : ——
H-04f > \ : p;
N : , /
-06F <o ./ : > T
~08 A i . )
~1.0 -05 0 05 1.0
FEMRSM PCAIT (32.6%)
10'b :
VA TTSS i\—o‘\\‘\\
g 05 AN I DN
5 S So N AN
kS h N o
51 PR RN \
T 0 e s SN \0 ......... s
A \\\ N
& ° RNy
ﬁ—o.s- AN
\\ \\
\Y\ VJ,
-1.0 - :
-1.0 -05 05 1.0

0
F R4 PCAL (20.4%)

2 N[V Ak B A SRR T-RFs 1 F B0 70
Fig.2  Principle component analysis of fungal T-RFs in forest

soils with different fertilization treatments.

PRS2 REETR B b 2 I R A G o AT
B, R RS AR 2R R
B IEAHSG ) AR ES A ML A S
RBRA L S 2 ARG A R S A AL
T R S A AR B A (P<0.05).
2.4 HEVETRG 4 BT RIS R

Mantel I 55 45 SRR W] (% 4) , LI A RFIESS
F4) ( Bray-Curtis #7125 ) KUK 5 4 R A% A A 250k A1
A BT P it 5 2 TEAH O (P<0.05) oy ik — 2L Jif W]
AN it B A B I A M8 P P 0T T A T 25 4 1) 5
Wi, DL A3 B 1Y T-REFs F_ERAFAE B A6 R
fR) AL 25 O AR B EAT U4 /T (RDA) .

RDA J3HrR W (18] 3) , 2 g 28— v il
U —HEF o> AR R T 22.0% (15.5% KA 5%, i
HEIHRR T HEREVR 451 B8 5519 37.5% ; CK Al
CFMM b $H = 72 37 Bl fiff 200 52 T, ML Ak 3 D) 2 2 37
A R O RSSO R 2 A —HE PR R

EHF Mantel MK TIEEREZEMSRETEZ EH) Spearman 1HX R H

Table 4 Spearman’s correlations (r) between environmental variables and fungal community structure ( Bray-Curtis dis-

tance) determined by Mantel test

AR AR AR BEE 25 A pH BRAL  OKEER BEE

AN AP OM NH,*-N TN AK C/N WSON NO;™-N

T 0.342 0.168 0.141 0.106 0.059 0.062 0.041 0.004 -0.026 -0.066
P 0.001 0.009 0.033 0.074 0.161 0.198 0.276 0.437 0.613 0.820

WSON: Water-soluble organic nitrogen.
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RDA2 (12.4%)
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|
e
[
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3 REAWREA S LR E R ITAR

(RDA)

Fig.3 Redundancy analysis (RDA) of forest soil fungi compo-

sition and soil chemistry properties.

OM: AHLE Organic matter; AP 44 %L Available phosphorus; AK:
R Available potassium; AN: BHf# %A Available nitrogen.

HERE A3 S T 18.6% 12.4% 1Y 78 5 9 4 5
R T 31.0% EL IR TK 4510 B8 575 CK F B2/ 8L
WERSZI M A CF 252 8 A A RS2, 1 CFMM
D] = 237 A BLJTT B a2 Y 52 ]
2.5 HHEEPHFEE N

K26 52 B PCR Jy e AG DU AS (] it AE Ak 2R
2532 A R 8RR L MR AR bR i 21t
B HEE R 18S rRNAKE A 48 U1 L. iy 4 0] I

2.51

A 00~20 cm
W 20~40 cm
g 20} AB
EDP
g & P15t BC ABC
ﬁ E £ c A i
’rmk‘g’ 8 1o} AB AB
z 2
Z o5t B
0 . . . .
CK M CF CFM  CFMM

4b # Treatment

4 OR[Rlt e A B A S T A

Fig.4 Gene copies of soil fungi in forest soil with different ferti-
lization treatments.

AR - 2 s M ) 2 J2 A (7] 7 NE A T R 22 7 1235 (P<0.05)
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