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Dynamic changes of soil microbial biomass and microbial entropy after planting
Dictyophora indusiata in Phyllostachys edulis forests
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Abstract: [ Objective] Dictyophora indusiata planted in a Phyllostachys edulis forest could influence the microbial
activity of soil. The study aimed to reveal the changes in soil quality and provide a reference for the management of
bamboo-fungus composite ecosystems by analyzing the effects of D. indusiata on the biomass, entropy and stoichiometry
imbalance of soil microbia in a P. edulis forest. [ Method] Using the soils of non-planted D. indusiata ( CK) and those
after 0 (TO), 1 (T1) and 2 (T2) years of D. indusiata harvest, the relationships among soil microbial biomass,
microbial entropy, and soil-microbial stoichiometry imbalance were investigated in different treatments. [ Result] The
results indicated that the soil organic carbon (SOC), total nitrogen (TN), soil microbial biomass carbon and nitrogen
(MBC, MBN), and soil microbial entropy carbon, nitrogen, phosphorus (qypc,s upy s quee) in TO, T1, T2 soils were

significantly higher than those in the control, whereas the soil total phosphorus (TP) content was significantly lower than
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that in the control. Soil MBC and ¢y, gradually decreased with the increasing harvest time. Soil MBN and ¢,y initially

decreased and then increased slightly, whereas soil SOC content initially decreased and then increased significantly; Soil

TN, TP, MBP and ¢y, increased initially and then decreased. The TN, TP, MBP and ¢, in T1 soil were significantly
higher than those in TO and T2 soils. The soil-microbial stoichiometry (C, /N, Ci/Pis Niw/Pins,) of TO had the

lowest imbalance compared with the other periods. Soil MBC was positively correlated with MBN and both were negatively

correlated with C, /N, , and C, /P, . Soil MBP was positively correlated with C, /P, , and N, /P, . [ Conclusion]

The soil quality of P. edulis forests was improved significantly in the short term after planting D. indusiata. However, the

soil quality of P. edulis forests tends to deteriorate with the increasing annual gap after the harvest of D. indusiata, and

the soil quality is worse than that of P. edulis forest without planting D. indusiata; The best soil quality in the P. edulis

forest was observed just after the harvest of D. indusiata.

Keywords : Phyllostachys edulis forest; Dictyophora indusiata; soil microbial biomass (SMB) ; soil microbial entropy;

soil-microbia stoichiometry imbalance
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Fig.2 Changes in C, N, P content and microbial biomass of forest soil under different treatments
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Table 1 Variation characteristics of soil microbial entropy and soil-microbial stoichiometry

imbalance in different treatments

JbBH treatment dmse 9mBN qmp i/ Niw Cin” Py Niws/ P
CK 2.80£0.13 ¢ 17.04+0.60 ¢ 6.38+0.16 d 6.09+0.21 b 2.28+0.06 ¢ 0.37+£0.01 b
TO 5.57£0.19 a 33.10+1.37 a 10.05+0.78 ¢ 5.94+0.05 b 1.80+0.10 d 0.30+0.02 ¢
Tl 4.81+£0.26 b 16.01+£0.43 ¢ 14.12+1.09 a 3.34+0.27 ¢ 2.95+0.38 b 0.88+0.04 a
T2 2.96+0.09 c 27.71£0.71 b 11.44£0.54 b 9.37£0.52 a 3.87+0.29 a 0.41+£0.01 b
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Table 2 Correlation coefficients of soil and soil microbial biomass, microbial entropy and
soil-microbial stoichiometric imbalance
24

parameter SoC TN TP MBC MBN MBP LAV dMBN qugp Cinb/Niwp G P
TN 0.208
TP -0.769 " -0.415

MBC 0.203 0.480 -0.751""

MBN 0.792** -0.001 -0.890"" 0.646"

MBP 0.077 0.946 ** -0.202 0.230 -0.214
quBc 0.050 0.487 -0.644~ 0.987** 0.419 0.257
BN 0.752** =0.134 -0.828"* 0.487 0.991** -0.340 0.361
qmpp 0.339 0.961 ** -0.530 0.458 0.134 0.937"" 0.443 0.003

Cimp/ N 0.697* -0.416 -0.195  -0.450 -0.493 -0.393  -0.579*  0.534 -0.262

Cin” Pty 0.486 0.389 -0.054 -0.460 -0.047 0.544 -0.523 -0.111 0.499 0.499

Niwn” P, -0.298 0.825** 0.121 0.132 -0.543 0.917** 0.214 -0.647" 0.747** -0.656" 0.324

o # P<0.05; % * P<0.01,
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Table 3 Characteristic polynomial, characteristic
vectors and contribution rates of different

treatment soils and soil microbial indicators

parameter PCl PC2 PC3

SoC 0.150 -0.029 -0.217

TN 0.137 -0.149 0.109

TP -0.173 -0.070 0.024

MBC 0.133 0.127 0.178

MBN 0.152 0.122 -0.098

MBP 0.098 -0.206 0.086

Tusc 0.118 0.130 0.222

s 0.138 0.147 -0.111

dupp 0.148 -0.141 0.057

G’ Niw -0.033 0.387 0.039

G/ Py -0.044 0.213 0.193

Nio/ Pt -0.031 0.217 -0.195

i‘}]l:iifferislic polynomial 5.552 3.940 2.508
TiHRE/% contribution rate  46.268 32.835 20.897
BT % 46.268 79.103 100.000

cumulative contribution rate
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Table 4 Principal component scores and comprehensive

scores of soils and soil microorganisms under

different treatments

oS
l\ rl AN
MRy B e S HE#
treatment rank rank rank
rank
TO 0.70 1 1.28 1 0.35 2 0.82 1
T1 0.36 -1.06 1.00 1 0.03 2

3 4
T2 0.42 2 -0.44 3 -1.37 4 -0.24 3
4 2

CK -1.48 0.22 0.03 3 -0.61 4

3 3 i
IS H AT IR RIS JS 1.2 a 138 C N



132 (RN N A N e O (S G = B N )

546 4

TRPBER TR, R L5 C N SR EES
150, 3 T BE ARSI P AT AT R RIE B AT JE 4 K
P S PR AR 15 A7 0 A 5 o 2 At - 8 o 2 1) A L
ARV REFF S A BRI, i E e T
PIpk T3 C N BR5E, RN, it e 7% | - S0
WG AT E RGN N ZHXT R Z,
i 58 C fIN S A e, M#GRE 1 4F
Rl A A LR B B B NSO B i 2 b | X nT g
3R R P M 3R 2 8 B A R AR 2
T IR (5 - 39 HLAR 2 5 T Mg, ek T -4
AR MR ™ IR KT 5 Mo 1 48 P
AR s C N MR, KB FRSCR I RTCER
JG 1.2 a +48 P Fa ) LT X AT RE—
el TR AR T 23R P oK S —
JrHEH T 5 P RS BR C N IIRHES S YOG
B VE R Y B B E DR RS ) € N R W i
AHE 45 P o AR A AR R AL ik
HIE 1.2 a 158 P E BRI i 25 5, X AT e
TR R A R, AT % B AT 3 5, 401
SRR A3 P Ea s, IR A R R A
YA SRS WAt 2 PR U2 8 AL SRR 1)
IR Bl F7, HX - R BT IR 1 1 AR AR AR A SRR, b
Vi 0 i e R G W R TS RS YOG S
PRI AR KB, AT ERISCIR B RS 1.2 a
TIERE Y A Yy A B B T AR R
FRAEATF5-5 AP ATFRAH L, AT 2R B 3 A v e Ak
Hi VA FIEE S ek s T 3R 254 Mt 1 845 4y
AHXF ARG, [RI A K 4345 PRS2 T R R,
PRl e E M TE eI s S — Ty i, A B S R
IYRBEIN T HIEAVUT RS o5, HIERUE YIS
SIFVEFE WA R AR R IR I, A iR W 0 A
TG SR R AR ARSI 4 & 3k ok
Yrihik B (B P SRR ] A 2E
R -1t AR W A e e DU S 2 RIS, A BT A
R AEAT FRAR B A G bRk - AT ) BRI A
T 2 A R A Sl R R R Y
Pl B TIOR3, £
St Pyt 3 N ZR0E A T ST AR
WOERIE 1.2 a 258608 W A o i W 3 BRI
HREAR , R WIBEE T RIS IS B 1] () R B AT 20
XA b 38 7 A 1 s T N S AR N, U
WA FERS S A RIEA WY
TEPEARSS, Pt , R AE Y 4 N R 5 [
VR FE S5, 46 vk 0 0l A k1 39 N
R IFFHRCRIEAC, W HIE LA SR e, AT

PRCIR I 1.2 a HHERE Y A i D) 3
XA RS R W A e R X A i Y R
HORA K, ARSI T G T IR CIR S B ] ) 48
K, TSR W R W LG (L2 ), B -
St A Wy R R B LU AR /N, SRR
b R, A SR R v BB B R R A
e iz

e W B A7 A ML R A R
SR, T LU W2 00 £ B AR R R ) 22 57
B S AR IE R, AT 2ROk IS FTIRR IS 1.2 a
FIEREYING (qrpe Qs Qe ) SIS w5 T 05
R IR PR O AE AT 5 T B i Y + 44 3
PRBE (0 G W TG M o, T RGN T S5
e, PR R R
A BB 1) AR ) A A e B A ) SR b 8 TR o
TR E R E D R FRR ) 1.2
a v ICER B 1 3B D Qe « ) AH XT3
15, 28 SRR A ML SRR S8R - 3 P 1R ik %
BUWOGRIG 1.2 a thy Wl RS IR0 17 g 5
FTEA B RA L, VAT AR R B R L
PRI 3R W TR st I mR T A
HUBTRR S50 S AR AR % . ARWFSE 7T 9
AR U E M A 2 R AT P (C /P
Cinp” Niy Niwy/ Py ) S AT X6 B R B AT 24
WK 3 AR A B R AR K RO B L T
f%} ’ [} Cimb/Pimb \Cimb/Nimh N/ P fﬂﬁﬁﬁq&%)ﬁ
FF [ 14 0B 4 B 48 T, 2 B 1 T B A AT 2Rk
JE RN KA 45 28 R s, M A R AT 2Rk
JG 1 a Fl 2 a bl -3 BCR A AT ZRRE L 22

HHER A RS EEMEY R RA R B EE
HASE, X T R RR R i A LR T RE N 1 4
Tl A A R 1) S B BRI RN 2 40 308
TEHRAEY N RFRSBRD | L& 5 1
T A e R S A O, R I A
e U WAL 32 ) - S e R 1 £ B A o B - 45
A= WA it B 4 5R Ar 1 ARfRT AE Ak, B3R
AW A R AR T R B R i ks
AP AR RRAC, B3R RE Y LR A B4R
BB AR 7 2GE B+ - R R
ST AR AL ARG A I 3 A 4 BT S A
BRI 1.2 a RELERF SRy H 35540
VITIEA A, BATARF R IG IR 4 s T
AR, 398 5T | 3 R G A A R ) B AT
FRCRR o ISF (0] 14 SiE K | PR bt - 858 o 728 2%, i 6 T
PR Hb = 48 o R A A A T i — ST



B RTINS BT AR L A W A W R AN A MR Y B A A 133

2% XCHR ( reference) :

[ 1] PASCUAL J A,GARCIA C,HERNANDEZ T,et al.Soil microbial
activity as a biomarker of degradation and remediation processes
[J].Soil Biol Biochem, 2000, 32 (13) 1877 - 1883. DOI: 10.
1016/50038-0717(00)00161-9.

CARAVACA F,ALGUACIL M M,FIGUEROA D, et al.Re-estab-

lishment of Retama sphaerocarpa as a target species for

[2

[

reclamation of soil physical and biological properties in a semiarid
Mediterranean area[ J].For Ecol Manag,2003,182(1/2/3) .49~
58.D0I.:10.1016/50378-1127(03)00067-7.

RTFZ XA, AR, G S IR E Y AR W R RUE
PR BEAL BN [ T ] R A 25241, 2019,30(8) 12691 -
2698.WU X Z,LIU B R,YAN X, et al.Response of soil microbial

[3

[

biomass and microbial entropy to desertification in desert
grassland[ J].Chin J Appl Ecol,2019,30(8) :2691-2698.DOI:
10.13287/j.1001-9332.201908.009.

[ 4 ] ROGERS B F,TATE R L IIl.Temporal analysis of the soil micro-

-

bial community along a toposequence in pineland soils [ J ]. Soil
Biol Biochem,2001,33(10) :1389-1401.DOI. 10.1016/S0038 -
0717(01)00044~-X.

[ 5] 8, sk, vy KR i gk = ad e b L3 lUE
YA B AR A [ 1] AR KA R (A ARE R
2008,32(5) :71-75.WEI Y,ZHANG J C,YU L F.Changes of
soil microbial biomass carbon along successional processes of de-
graded Karst vegetation[ J].J Nanjing For Univ ( Nat Sci Ed) ,
2008,32(5) : 71 =75.DOI; 10.3969/]. issn. 1000 — 2006. 2008.
05.016.

[ 6 ] SRIVASTAVA S C,SINGH J S.Microbial C,N and P in dry tropi-

[

cal forest soils; effects of alternate land-uses and nutrient flux[ J].
Soil Biol Biochem,1991,23(2) :117-124.DOI 10.1016/0038 -
0717(91)90122-7.

ANDERSON T H.Microbial eco-physiological indicators to asses
soil quality[ J]. Agric Ecosyst Environ,2003,98(1/2/3) :285-
293.D0I;10.1016/50167-8809( 03 ) 00088—4.

SPARLING G P.Ratio of microbial biomass carbon to soil organic

[7

-

I8

[

carbon as a sensitive indicator of changes in soil organic matter
[J].Soil Res,1992,30(2) :195.D0I:10.1071/519920195.

[ 9] #AS%3E XIS XD R &5 1 VG0 2 L R AR IR AR MRS [ 3 5
B B LT W AR W R SRR A R ARAE [ ] AR RS iR,
2021,41(12) :4900-4912.HU Z D,LIU S R,LIU X L, et al.Soil
and soil microbial biomass contents and C :N :P stoichiometry at
different succession stages of natural secondary forest in subalpine
area of western Sichuan, China[ J ].Acta Ecol Sin,2021,41(12) :
4900-4912.DOI; 10.5846/stxb202008202170.

[10] FIIER, EETLASRGE A SR D LR S MY A
eEt SRR [T ] Y AT # 4, 2016,40 (12) :
1257-1266.ZHOU Z H,WANG C K.Changes of the relationships
between soil and microbes in carbon, nitrogen and phosphorus
stoichiometry during ecosystem succession|[ J].Chin J Plant Ecol,
2016,40(12) :1257-1266.D01:10.17521/cjpe.2016.0218.

[11] MOOSHAMMER M, WANEK W, ZECHMEISTER-
BOLTENSTERN S, et al. Stoichiometric imbalances between ter-
restrial decomposer communities and their resources; mechanisms
and implications of microbial adaptations to their resources[ J].
Front Microbiol,2014,5:22.D0OI;10.3389/fmicbh.2014.00022.

[12] MULLER M, OELMANN Y, SCHICKHOFF U, et al. Himalayan

treeline soil and foliar C: N: P stoichiometry indicate nutrient
shortage with elevation[ J].Geoderma,2017,291.:21-32.DOI; 10.
1016/].geoderma.2016.12.015.

TS TR, X5 | 45, T ) UL AL N, AT R 2 RS T2
KL AMRALLT] &M B ,2020,41(2) : 181~ 187.FENG J,
FENG N,LIU Y F, et al. Optimization of medium components for

[13

[

large-scale production of intracellular polysaccharides from Dictyo-
phora indusiata in submerged fermentation[ J ].Food Sci,2020,41
(2) :181-187.DOI:10.7506/spkx1002-6630-20181101-014.

SEME, SESCHE BRI, 5517 5 B B ol o JEE X E A 907
FCBFR BRI SE W [ ] Rl A7) 7 41, 2020, 41 (6) : 1100~
1107.PENG C,AT W S,XIE Y F,et al.Effect of bamboo sawdust

[14

[l

substrate and strain planting density to yield and nutritional
quality of Dictyophora echinovolvata[ J].Chin J Trop Crops,2020,
41(6): 1100 - 1107. DOI; 10. 3969/]. issn. 1000 - 2561. 2020.
06.005.

TIPS MR PR, 55 AR A I AT 7R )R e
Yy BEAR PR 5 B R T A A AR AT ST L) ] PG R AR A
2014,27(3) :1170-1174.SU D W,LIN H,LIN C M, et al.Study

on changes of microorganisms, physicochemical property and en-

[15

[

zyme activities about soil over Dictyophora indusiata at different
growth stages [ J ]. Southwest China J Agric Sci, 2014,27(3)
1170-1174.D0O1:10.16213/].cnki.scjas.2014.03.066.

[16] 7, 4R A8, B0, A5 JRAT AR T 77950005 HF 2R P SC B BRI
FELI] B ARl RS2 3 (AR R ,2016,40(4) 1177
182.LU P, XIE J Z, TONG L, et al.Study on the wild imitation
cultivation technique for Dictyophora indusiata in Dendrocalamus
latiflorus stands[ J].J Nanjing For Univ ( Nat Sci Ed),2016,40
(4) :177-182.D0I:10.3969/].issn.1000-2006.2016.04.028.

[17] F 2 AR REREE J7 X 77 3577 4 Rt B iR B 58 [ D ]
22 . DU AL K2, 2015.BAT H C.The study of effects of dif-
ferent bamboo base formula on the yield and quality of
Dictyophora[ D].Ya’an: Sichuan Agricultural University,2015.

[ 18] WAL 530, AW, 5 AN R A B ) e W s 5
B[ 1] P24, 2013 ,34(7) : 1228-1231.CHANG Y C,
JIANG W J,SHI Y, et al.Dynamic change of soil microorganisms
at various growing stage of Dictyophora[ J].Chin J Trop Crops,
2013,34(7) :1228-1231.

[19] B4 B B AT M]3 BEALET Rl A, 2000.
BAO S D.Soil and agricultural chemistry analysis [ M ]. Beijing:
Chinese Agriculture Press,2000.

[20] sKFITF , 2ME R, RIFTE , % = 5t I S Rr Bt st 1 32l
Prit C N P 243 [ 1], 435240, 2012( 7) £ 2056 - 2065.
ZHANG L Q,PENG W X,SONG T Q, et al.Spatial heterogeneity
of soil microbial biomass carbon, nitrogen, and phosphorus in
sloping farmland in a Karst region on the Yunnan-Guizhou Plateau
[J]. Acta Ecol Sin, 2012 (7). 2056 - 2065. DOI. 10. 5846/
stxb201108171204.

[21] SHAO Y H,XIE Y X,WANG C Y, et al.Effects of different soil

conservation tillage approaches on soil nutrients, water use and

wheat-maize yield in rainfed dry-land regions of north China[ J].

Eur J Agron,2016,81:37-45.D0I1:10.1016/j.€ja.2016.08.014.

T ABIEA, TR, 55 B AT RS GO 5 BB 1

AHLBRAYSZ M [ 1], A 4552 2 A, 2017, 36 (8) : 2118 - 2126.

ZHAO RY,LIZ C,WANG B, et al.Effects of straw mulching and

scarification on soil labile organic carbon pool in a Phyllostachys

edulis plantation[ J ].Chin J Ecol,2017,36(8) :2118-2126.DOI ;
10.13292/j.1000-4890.201708.016.

[22

[



134 (RN N A N e O (S G = B N )

546 4

(23] TR LR, A A S B S A HLAIE XS £ S 9
AR R BRI [ )] AR, 2002, 39 (1) :83-90.
XU Y C, SHEN Q R, RAN W. Effects of zero-tillage and
application of manure on soil microbial biomass C,N and P after
sixteen years of cropping[ J].Acta Pedol Sin,2002,39(1) :83—
90.DOI:10.11766/trxb200103110113.

[24] SPEDDING T A,HAMEL C,MEHUYS G R, et al.Soil microbial
dynamics in maize-growing soil under different tillage and residue
management systems| J ].Soil Biol Biochem,2004,36(3) :499—
512.DO0I:10.1016/j.s0ilbio.2003.10.026.

[25] W7, TRAdpk, sk Bk, 45 RS FFIE 557K 438 B A 433 43
AW R LB R [T ] K LR,
2013,27(1) :240-246.TANG H,SHEN J L,ZHANG Y Z,et al.
Effect of rice straw incorporation and water management on soil
microbial biomass carbon,nitrogen and dissolved organic carbon,
nitrogen in a rice paddy field[ J].J Soil Water Conserv,2013,27
(1) :240-246.D0I:10.13870/].cnki.sthexb.2013.01.045.

[26] AR, HIEAK, RIFE %5 AE M 545 I AE =M B X e 2%
Pl SR A W E VR DI RE RO 2w [T ). AR W 2 REHE, 2008, 16
(2):166-174.XU H Q,XIAO R L,SONG T Q, et al.Effects of
mulching and intercropping on the functional diversity of soil mi-
crobial communities in tea plantations[ J].Biodivers Sci,2008,16
(2):166-174.DOI:10.3321/].issn ; 1005-0094.2008.02.009.

[27] skar, BRAE  BRak R, 45 A [RIER BEAS FId N B4 AR R
AW R R [ ) ] K R, 2019,39(2) 156
61.ZHANG Q,CHEN C,CHEN X M, et al.Effects of straw retur-
ning to different soil depths on soil nitrogen and microbial biomass
carbon and nitrogen in yellow brown soil[ J].Bull Soil Water Con-
serv,2019,39(2) :56-61.DOI: 10.13961/]. cnki. stheth. 2019.
02.009

[28] SCHNURER J,ROSSWALL T.Mineralization of nitrogen from >N

labelled fungi, soil microbial biomass and roots and its uptake by
barley plants [ J]. Plant Soil, 1987,102 (1) .71 -78.DOI; 10.
1007/BF02370903.

[29] {E4, BHEY R A, 55 L HERAAE W A W) W 0t 5 o
(0730 Py B U5 B4 2 4, 2008, 3 (4) : 80-89.CUL J C,
MAO Y L, YANG Z ], et al. Advances in soil microbial biomass
phosphorus[ J].J Subtrop Resour Environ,2008,3 (4 ) ;80-89.
DOI:10.19687/j.cnki.1673-7105.2008.04.011.

[30] ARG A8l Py LA MFEAROITE [ 1] b B RL 2,
2000,33(1) :68-75.REN T Z.Soil bioindicators in sustainable
agriculture[ J].Sci Agric Sin,2000,33(1) ;68-75.

[31] FEIEH], 2558, /N S A HUIL BB LB X 30276 B AR PR
TG AR R D RS [ 1] 0 A A
#%,2019,30(4) :1335-1343.TANG H M, LI C,XIAO X P, et al.
Effects of different manure nitrogen input ratio on rhizosphere soil
microbial biomass carbon, nitrogen and microbial quotient in
double-cropping rice field[ J].Chin J Appl Ecol,2019,30(4) .
1335-1343.D0I:10.13287/j.1001-9332.201904.014.

[32] SINGH J S, RAGHUBANSHI A S,SINGH R S, et al. Microbial
biomass acts as a source of plant nutrients in dry tropical forest
and savanna [ J ]. Nature, 1989, 338. 499 - 500. DOI: 10.
1038/338499a0.

[33] BRI, FICZE WM, 45 S0 0T R TR AR 2 A AR AR -1 4R
WAL T BT ()] AR 282241, 2018, 38 (1) £ 4027 - 4036.
CHEN A N,WANG G J,CHEN C,et al.Variation in the N and P
stoichiometry of leaf-root-soil during stand development in a Cun-
ninghamia lanceolata plantation in subtropical China[ J]. Acta
Ecol Sin, 2018, 38 ( 11 ). 4027 - 4036. DOI. 10. 5846/
stxb201707141278.

(WiESRE  HIEX H94)





