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Effects of Arbuscular Mycorrhizal Fungi on Nutrient Characteristics and
Enzyme Activities of Imperata Cylindrica Litter
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(Shanxi Laboratory for Yellow River, Shanxi Key Laboratory of Ecological Restoration on Loess Plateau, Institute of Loess Plateau,

Shanxi University, Taiyuan 030006, China)

Abstract: In damaged ecosystems, litter, being the main source of soil organic matter, improves soil fertility. This study simulated the
barren soil environment of copper tailings and studied the effects of inoculation with four arbuscular mycorrhizal fungi (AMF) , name-
ly, Glomerales Claroideum (GC), Glmous Etunicatum (GE), Glomus Intraradices (R1), and Funneliformis Mosseae (FM), on the
properties and enzyme activity of white fescue litter under different nitrogen (N) levels. Results show that Glomus etunicatum inocula-
tion in mineralized (copper tailings) sand significantly increased the TN content of 1. cylindrica litter. Under the low nitrogen (LN)
treatment, Glomus Claroideun and G. etunicatum increased cellulase activity while Rhizophagus irregularis increased sucrase activi-
ty. Under the high nitrogen (HN) treatment in non-mineralized sand (i.e., local river sand), litter pH significantly and negatively corre-
lated with polyphenol oxidase (PPO) and urease activity, while under the LN treatment, litter pH significantly and positively correlat-
ed with urease and catalase activity. Under the LN treatment, litter sucrase activity positively correlated with litter TC and pH, while
PPO activity positively correlated with litter NO; and pH. This study has certain significance in studying the decomposition mecha-
nism of litter in the damaged ecosystem (e.g., copper tailings areas) of copper tailings, and has a positive effect on screening benefi-

cial microbial resources and improving the efficiency of species cycling and nutrient transformation in the mining area ecosystem.
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Note: Different lowercase letters indicate significant differences in litter properties at different decomposition stages (P<0. 05). The
same below.
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Fig. 1 Characteristics of pH (a), litter weight (b), and moisture content (c) of litter in non-mineralized sand
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Fig. 2 Characteristics of pH (a), litter weight (b), and moisture content (c) of litter in mineralized sand
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Table 1 Multi-way ANOVA analysis of AMF infection on extracellular enzyme activity of litter under different nitrogen conditions

pH TokE/ Y% HERA/ (mg/kg AR (mg/kg)  BEAE/Y S/ Y4 R/ Y

F P F P F P F P F P F P F P
Nitrogen 56.134 <<0.001 2.743 0.102 998.756 <<0.001 94.763 <<0.001 103.491 <<0.001 13.441 <<0.001 1.621 0.207
Soll type 37.697 <<0.001 41.334 <<0.001 69.868 <<0.001 8.155 0.005 28.146 <<0.001 738.163 <<0.001 8.492  0.005
AMF 8.197 <€0.001 2.091 0.091 58.021 <<0.001 50.165 <€0.001 3.301 0.015 2.912 0.027 3.342 0.014
Nitrogen X Soil type 6.237 0.015 1.557 0.216 49.124 <0.001 11.623 0.001 3.747 0.056 17.752 <<0.001 0.171 0.681
Nitrogen X AMF 16.104 <<0.001 2.343 0.062 82.054 <<0.001 13.556 <<0.001  6.275<C0.001 2.016 0.101 13.819 <<0.001
Soil type X AMF 11.507 <<0.001 0.639 0.636 48.449 <<0.001 21.058 <<0.001 18.065 <<0.001 6.176 <<0.001 3.597  0.010
Nitrogen X Soil type X AMF 18.958 <<0.001 1.019 0.403 27.648 <<0.001 9.454 <<0.001 2.879 0.028 5.013 0.001 3.813 0.007

TE AR5 X FORA A2 B 38 AR . R TR,

Note: The symbol X represents the interaction between different treatments. The same below.
2.2 BFHEMFTIEHE

EHH % #‘Fm’ﬁiﬁ%ﬂ‘b@[ﬂ%ﬂé%
*ﬁ%%%ﬁ%}\f"iﬁﬁ T X BN

(P<<0.05) ; K & Ab # 32 Flr AMF B 57 (50 4 7%
R0z BEREFES(EI ., WA HTE
G AL PR R AME B 7 38 R 95 90 &

j(/—‘/\E
& Al

jq/_‘/\
e 2K 1

(P<<0.05) (K3) .

{ﬁFT,%fMLEES%ﬁF

FM%ﬂﬂﬁ%ﬁ%%&ﬁfﬂ ER
(E4) MR H T, 28 AMF B3 57 X H 5 4

EYESR S E R EHERS (P<0.05),
T F 4T w5 JA A B4R GC R FM
WHAAFPHEDHESASTERE FRG

¥y 4 1R (P<K0.05) 5 % A& Ab 3 4% FF GC | RI
B R 3P RG VE  hE miEREA (KL,
H@ R EMGE B ERE THFHEY

j(/—‘/\
1|_p‘

SAGE (B4 AR m & T, w A AL
MEME R A &Y SRS EREERS



SRR - ISR AR ELTR X 5P R P 00 23 R SR P B4 5 1029
(a) 45 (b) 121 © 10 .
be, abcy 3ab 2 bedbod a -
36 0.9/l . a ab a b
X 27 < be R 0.6 bebe
S 306} ||y [ @ ol oo [[|oe bese
=18 2 e 0.4
e
9 0.3 02
. GC GE RI FM NM GC GE RI FM NM GC GE RI FM NM
(d) 8 (e) 51
2 24 b :
ES) )
£ E3f |&
2 2 .
' 1 L e e
s & 2 S
“ 210 S OHN
0 0 m LN
GC GE RI FM NM GC GE RI FM NM
B3 AR AR P RE Y Sk (a) JRA(D) LR (o) VSR (D) MRS S A () IYHFIE
Fig. 3 Characteristics of total carbon (a), total nitrogen (b), total sulfur (c), ammonium nitrogen (d), and nitrate nitrogen (e) of lit-

ter in non-mineralized sand
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Fig. 4 Characteristics of total carbon (a), total nitrogen (b), total sulfur (c), ammonium nitrogen (d), and nitrate nitrogen () of lit-

ter in mineralized sand
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Fig. 5 The activities of urease (a), sucrase (b), cellulase (c), catalase (d), and polyphenol oxidase (e) in litter under non-mineral-

ized sand
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Fig. 6 The activities of urease (a), sucrase (b), cellulase (c), catalase (d), and polyphenol oxidase (e) in litter under mineralized sand
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K2 REREM T A AMF 5465 W0 & 1) % B & 7 £ 547
Table 2 Multi-way ANOVA analysis of AMF infection on extracellular enzyme activity of litter under different nitrogen conditions
Urease/ Sucrase/ Catalase/ Cellulase/ Polyphenol oxidase/
[(mge(ge24 h)~1)] [(mge(ge24 h)~ )] [(mg(g20 min) )] [(mg(g*72 h)™")] (mLeg™!)
F P F P F P F P F P
Nitrogen 701.641 <<0.001 192.913  <<0.001 0.172 0.683  7.209 0.009 0.232 0.631
Soil type 4868.701 <<0.001 5097.588 <<0.001  11.798 0.001 17.602 <<0.001 0.058 0.812
AMF 290.325 <<0.001 2474.171 <<0.001  10.069  <<0.001 50.656 <<0.001  50.051 <<0.001
Nitrogen X Soil type 207.481 <<0.001 28.142  <<0.001 0.072 0.788 33.823 <<0.001 2.841 0.096
Nitrogen X AMF 64.118  <<0.001 764.772  <<0.001 5.235 0.001 2812 0.031 6.355 <0.001
Soil type X AMF 149.194  <<0.001 544.085  <<0.001 1.981 0.105 12.193 <<0.001  12.123 <0.001
Nitrogen X Soil type X AMF 144.233  <<0.001 781.038  <<0.001 0.984 0.421 68.662 <<0.001 5.993 <0.001

K3 BHRAEEFT LT G FHREDIELE AR 0948 % 57
Table 3 Correlation analysis between enzyme activity and physicochemical properties of litter of /. cylindrica under high nitrogen

treatment in non-mineralized sand

TN TC TS LWC NHSN NO, N Uresse  Sucrase Catalase Cellulase 0P <)
oxidase
TC 0.061
TS —0.042 —0.530"
LWC 0190  0.043  0.051
NH, N 0750 0132 0.001  0.190
NO, -N 0083  0.392° 0101 0181  0.090
Urease 0044 —0272 —018 —0060 —0.251 —0.466"
Sucrase 0412 0221 —0325° —0011 0151 —0.208  0.644"
Catalase 0336 0201 —0201 0121 0070 0071  0460"  0.442"
Cellulase 0021 0191 0121 —0060 0318  0.440° —0.627" —0462" —0.260
Polyphenol oxidase —0.131  0.373° 0020 —0.241 —0251 0210 —0020 0270  0.041 —0.060
pH 0457° 0152 0081 0303  0.653° 0181 —0402° —0.131 —0080 0.201 —0.384"

TE: M2 R IR N R P <C0.05, %K P <C0.01, %K P <0.001, FIl,
Note: Significant differences are expressed as: * for P<Z0. 05, ** for P<<0. 01, *** for P<Z0. 001. The same below.

R4 WAREIETHFAT O FAEE N #ER L AT 0948 % 947
Table 4 Correlation analysis between enzyme activity and physicochemical properties of litter of /. cylindrica under low nitrogen

treatment in non-mineralized sand

LWC Urease Sucrase  Catalase Cellulase PolyPhenol TN TC TS NH, "= NO; -
oxidase N N
Urease 0.261
Sucrase 0.297 0.903"
Catalase 0.404"  0.543" 0.556"
Cellulase —0.066 —0.495" —0.254  —0.068
Polyphenol oxidase —0.188 —0.298  —0.116  —0.224 0.670"
TN 0.439"  0.634" 0.714" 0.376  —0.304 —0.21
TC 0.001 0.118 0.287 0.271 0.416" 0.442° —0.174
TS 0.209 —0.274 —0.361 —0.168 —0.107 —0.297 0.168  —0.831"
NH,"-N 0.345 0.363 0.439 0.339  —0.222 —0.127 0.854™ —0.176  0.143
NO; -N —0.372 —0.403  —0.598" —0.485" —0.233 —0.079  —0.337 —0.498 0.162 —0.028
pH 0.248 0.425 0.371 0.534™ —0.329 —0.347 0.623" —0.337  0.312  0.655" 0.074
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%Wca@’&{ﬁ i%ﬁf‘/%% pH &2 W E IEAH X (£ 5) .
W MR ESAE T A7 Py DK 05 1 5 A Y ) S A
T A R SRS EE R, 5
% W) Bk B i 5 3 OE AH ¢ (P<<0.05) , JRE A il
6 VRS A TR W R A pH B IE A G (£5) .
WA A EESHEY S A S R R E EM
Ko AR TEESHEY Sk & 5 2 0 %R
M, SH V5 W e A R & 2 0 E A O (P<
0.05) . Z By A AL 1% S A IE DA S A S i
pH £ i 3 1EAH 3¢ (P<<0.05) o

3 e

W& P A2 Z R A A AE A Y N T B 5
sl R aE R LM, A K. LR
AMFﬁ*&j%TfLWWXﬂLE%H%%pH\

W Ak & Ak Ll AL AR RS AR AR O, AMF
A LUF] A NH, T NO,— A FERR , 8 4%k vl
FAMARZIES, iz 20 FAp . A5
SR BRI A RZX A MY AN A W E
s, HAm iR A ST, D 4 B AMF [ 71
MEAFHEYESAGERERS, HEKE—
7 TAT 2 20U I 45 R LA AR 9 W R B A
S, AR A s, A 3 T AMF B 226
BRI Sy — 7 T & AME A] DA i
RAER , AMF # A1 P& 22 58 s 1) 0B A /9

i 7 0 ity 0 AR Ak = A 95 W o3 il ok B
oy B R bR, BRGE DR W sk ik A AL S
Yy Fn AL A Y R R A A KR B R
Fo R R R R . SR I, W I RN U A
fiti 41 2 5 b 3% ) vh b K AL & W) 0 B R L AU

RS Rk VA AR IR A R R OE T /N E A I8 W (Calamagrostis angustifo-
F‘i@ Qﬂﬁ??—ﬁﬁﬁﬁ%ﬂ’ "ﬁ (P<O 05). XATRESE  [lia) T& W) JRE W 6 0 3E by 1l 0% 1 (H Llﬁﬁ@‘?ﬁ
T A e AL BT AY BB 52 1 P A TS P U A R e R ] G A BIE ST A
PE . AMF fER TR WA BRI — 2. AF5dh , im i IRAALHT, iﬁﬁlﬂ RI B
RS FHEMHT O3 ABNEELE A 848X 2T
Table 5 Correlation analysis between enzyme activity and physicochemical properties of litter of 1. cylindrica in mineralized sand
Polyphenol NH,"- NO, -
LWC Urease  Sucrase Catalase Cellulase ) TN TC TS
oxidase N N
[=2) Urease 0.318
Sucrase —0.347  —0.929"
Catalase —0.041 —0.137 0.316
Cellulase —0.182  —0.667" 0.559™ —0.159
Polyphenol oxidase —0.415" —0.585"  0.581"  0.056  0.518"
TN 0.187 0.379  —0.311 0.336 —0.296 —0.364
TC 0.029 —0.135 0.002  —0.328 —0.067  —0.196 —0.450"
TS 0.078 0.155 0.037 0.395 —0.091 0.065 0.401" —0.776™
NH, N —0.174 0.241  —0.022 0.363 —0.428" 0.336 0.155 —0.288  0.216
NO, -N 0.109 0.396 —0.391 0.218 —0.186  —0.127 0.596" —0.238  0.001 0.246
pH —0.101  —0.303 0.488" 0.421" —0.197 0.007 0.0561 —0.246  0.349 0.251 —0.318
A Urease —0.003
Sucrase —0.012 0.469"
Catalase —0.286 0.084  —0.288
Cellulase —0.076  —0.800" —0.656"  0.021
Polyphenol oxidase ~ 0.175 —0.205 0.513" —0.172 —0.253
TN —0.263 —0.505" —0.522"  0.404" 0.332 0.031
TC —0.153 0.529™ 0.444" —0.221 —0.450" —0.279 —0.431"
TS 0.169 —0.428" —0.063 —0.082  0.479" 0.354 0.191 —0.647"
NH, N 0.102  —0.329 0.282 —0.221  0.326 0.435°  —0.003 —0.219 0.732™
NO; -N 0.026 —0.648" —0.717" 0.118  0.473" —0.006 0.571" —0.513™ 0.008 —0.297
pH 0.077 —0.342 0.605" —0.344 —0.105 0.705"  —0.051 0.059  0.176 0.465" —0.109
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