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Abstract; Arbuscular mycorrhizal ( AM) fungi can form symbiosis with most terrestrial plants and provide important
ecological services. Under the intensified nitrogen ( N) deposition, more and more soil ecologists pay attention to the
impacts of N deposition on AM fungal community. However, most relevant studies were carried out in grassland ecosystems,
while studies on forest ecosystem were very limited. Moreover, most simulation studies in forest ecosystems applied N to the
forest floor, ignoring the canopy processes, may not accurately reflect the natural situations. We conducted a field
experiment on the influence of N addition mode (understory vs canopy) and rate on AM fungi in a mixed deciduous forest of
China. The experiment had a fully randomized block design with four blocks (replicates) and each block included five
plots. Within each block, each plot was randomly assigned with one of the five treatments; ambient (CK) , canopy addition
of N at 25 (CN25) or 50 kg hm™ a™' (CN50) , understory addition of N at 25 ( UN25) or 50 kg hm™ a™' (UN50). AM
fungal alpha diversity indices and community composition were determined by high-throughput sequencing. The results
showed that under the experimental conditions, AM fungal richness and Shannon diversity indices were not significantly
altered by N addition mode, rate or their interactions. However, after one year of experimental treatment, N application
mode showed a marginal effect on AM fungal community composition, while N application rate showed an extremely

2 -1

significant effect, and the treatment interaction was also significant. At N addition rate of 25 kg hm™™ a™ , the difference

between canopy N addition and control was not significant, while the AM fungal community composition was significantly
changed by understory N addition. At N application rate of 50 kg hm™.a™", canopy addition of N slightly altered AM fungal
community composition, but understory of N application did not change AM fungal community composition. In the next three
years, N addition mode, rate or their interactions all showed no significant effects on AM fungal community composition.
Overall, the results indicated that understory application of N may overestimate the effect of N deposition on the AM fungal
community under natural conditions at certain N application rate and time scale. AM fungal communities under different
treatments tend to converge over time, suggesting that AM fungal community may have adapted to N deposition over time.
This study evaluated the effects of different N application modes on AM fungal community in forest ecosystem. We could
have a more comprehensive understanding of the ecological impacts of N deposition by considering broader N gradients and

longer observation period in future research.
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BrRPHERIIR YK B > 8, JF 81 5K <200 bp 175, ik A KA I8 H Chimera. uchime v.4.2" 5E i, fili FH
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T AM ELE alpha ZHREVEFSEURSLM , 4047 2 BT« stats” 4 shapiro. test” BRATHEAT IE S PERGB6 , AFF 4 2R
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EEH TR EIREE S, AM FLIR alpha ZHEPERE S R 1 Z [ W 3 A G ME (R 5) . 7 2013
A AM FLERER AL AR S 58 pH S IEAHCOC R (3R 6) , 5 HoAh - BE P 2 (0] Jo i A OCOC & | fi
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£3 FEEMHENFXFME N EEI AM R E AR
Table 3 The effects of N addition mode and rate on AM fungal community composition over years
2013 4F 2014 4 2015 4F 2016 4
F P F P F P F P
T T 4 NTM 1 1.842 0.052 0.700 0.697 0.681 0.703 0.435 0.897
Community NDR 2 2.203 0.004 * 0.909 0.553 1.730 0.060 1.366 0.178
composition NTMxNDR 2 1.645 0.045* 0.678 0.817 1.057 0.379 0.465 0.956
SRJDBE TR PERMANOVA 2304, R WM, B3 KF P<0.05

£4 203 FERRLIEEAM BEFHEARER

Table 4 The dissimilarity of AM fungal community composition among different treatments in 2013

W MIE A MIE A T A
Cig‘ 25 kg hm™2a”! 50 kg hm™2a™! 25 kg hm™2a”!
CN25 CN50 UN25
Mot % 25 kg hm™2a™ CN25 0.115 - - -
MG % 50 kg hm™2 a™! CN50 0.080 0.061 - -
MR 25 ke hm™2 a~' UN25 0.005 " 0.002 " 0.078 -
T iti% 50 kg hm™2 a~' UN50 0.480 0.159 0.366 0.182
% H PERMANOVA 434, « o EVEH, 8. #KFh P<0.05
x5 FrEHmMAM EF alpha SH B 5 L 1ERE T Z @/ Pearson XS
Table 5 Pearson correlation analysis between AM fungal alpha diversity indices and soil parameters of all samples
e IR Piclou’s BSIEHK FU AT
Richness Shannon index Pielou’s evenness Simpson index
df r P df r P df r P df r P

B s/ (mg/k
I o/ (mg/ k) 73 -0.038 0.628 73 -0.055 0.682 72 -0.091 078 72 -0.091  0.780
Available phosphoru
pH 73 -0.137 0.880 73 -0.130  0.868 72 -0.092  0.781 72 -0.092 0.781
HRE/ (mg/k
HACR/ (e k) 75 0076 0255 75 0035 0383 74  -0.042 0.642 74  -0.043  0.642
Available nitrogen
N/P [t N/P ratio 72 0.071  0.274 72 0.056 0.319 71 0.042 0.394 71 0.042 0.361

F6 ABEEM AM EEEHZFAR S TIEREFZ EH Mantel 156

Table 6 Mantel test between the changes in AM fungal community composition and the dissimilarity of soil factors over years

2013 4F 2014 4 2015 4F 2016 4F

r P r P r P r P
J—)‘i% -0.223 0.987 0.160 0.051 -0.129 0.865 0.082 0.273
Available phosphorus ( mg/kg)
pH 0.223 0.050* 0.183 0.107 -0.025 0.561 -0.011 0.513
LN
l—)&% . 0.041 0.378 0.029 0.369 -0.006 0.495 0.025 0.386
Available nitrogen (mg/kg)
N/P [t N/P ratio 0.166 0.849 0.127 0.156 -0.003 0.490 -0.116 0.801

* o EEH , B KFEA P<0.05

3 e
3.1 FUCKEXT PRI B A 52 )

Jifi N RT3 pH [HAY R

Wi, A 2013 4E 2] 2016 R N 3% (P=0.024) 525 (P=0.058) A&

(P=0.109) XE| B E(P=0.028) (£ 1), FJEICFRATHEM , 38 pH (EXF N DU W N 1] GEAFAE 5T 359 N 3
W7, A E R ERGE FI I AG © BBEN T T N TR RENS AR 8 pH [, L E R 2 85T e st 28
ATBERIMLIIEEE . (1) AR BT (NHY ) AR R W, R R B R 2 - 8 v 8 B3R fb; (2) NH, &
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NMDS/Bray-Stress = 0.189

NMDS2

NMDSI1

E2 FELET AM EEEHEAR
Fig.2 The variation of AM fungal community composition among different treatments
TR PR 15 A AR TR ADE T 959% 11 45 IX i) s CK . % ; CN25 . #RoaEitE N 25 kg hm™ a™' ;CN50: AR5t N 50 kg hm™ a™' ;UN25 . #KF
Jiti N 25 kg hm™2 a™' ;UN50: A FJifi N 50 kg hm™ a™

iR E PR A R WA R AR B 1, BRI 5 Ak N R R AR B T s R v B 1, SRR ML (3) NH; &
B HE 7, 0 Ca™ Mg™, K*, Na"%5, & )8 FHE 710 5 K SRR K e R fh 10 2% e g ) 45
ZHTAY meta AT F WY, RIS AE KSR E B R RERVE R A AR S R G 4 pH (B X
N TR i o #R U, X IR B R AMRAE R RGOk UL, N TR R <30 kg hm ™ a™ 123 i 3 B AIK -3 pH
852 FRATAIRFSE AL S 3R W0 A, PR TE 2013 4E 1 2016 4F ik N 4P (25 kg hm™2a™") 5 X% AL FEAR L, pH
{ﬁ?ﬁﬁ%?ﬁ“o [ B, 8 N(50 kg hma™ ) AbBRE X IRAH L, pH (Bt A B3 F R, (H5K N Zb ¥ (25 kg hm™
a ' ) AHEL, I 25 5 X T AR SE T A I IX Sk - 18 pH 15 (I Y . oA Tian 2517 meta S0 472
W1, T3 pH {E AT SRR, X N TR i B BN U, AW SR X BRI 4G pH [k 55 W21 (5.0—6.0)
FRLU A N SR i —f% , 38 pH (IR A ﬁjtﬂﬁﬂjt
£ 2015 4F MRt N I pH B 5 AR50 N 4 #HAH HQEL%FNEE X5 Huang %0 FFE 85 R —50, X—
MG ULHAEREE AT MR N 2=l 28 N DUREXT L 3EIRER 1 52
3.2 EULREXT AM ETH alpha Z2HEPERY 50
EHRIAIBF R T (4 a) i N 720 i N 35X AM FLIE Y Fh alpha 2 M8 BRI A W52, H
THRWEA WAL EAE, UWITE HETAY N AR R ] REE R MR i N IR ECA R Al A AR N TR
AM L alpha ZFEVERIEIN, RN N UG 158 pH (B4 B% TR, B2 pH {E A28 4L I BA X AM EL
alpha ZREVERE YR, 1% pH (H5 AM ELFE (Y alpha 35505 A W BE R (£ 5) , X 52 RiZR 507 A i
FEEEFANST Y A, Z RTABFSSIE & B, 3 N/P HS AM BB A0 5 A E R B R %01 e B
RIS RLRUEE T it N 7 20l N R AR A B ok As 48 N/P He (36 1) o AT o] fE 2 AM EL B
alpha ZAEMEXT N TUREBA W B (19 R P 22— B AL BREHE A 2B, JUAMR IR AL BE T AM H 1 alpha ZFEEFR
RIS (R 2) X R ARMAE SRS L1 AM B XTREEE N R A ™A T 3507, ] GEAI N Z i ik
FEA S, Bt X AR &Y BE ST & B AR AT (30 g¢/m*(NH, ) , HPO, ) XF T4 Bl 5 ( Elymus nutans ) # 5
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HAM ELE YR A R, T IR EY 120 g/m B AR B A B R S E A X
T HEER I, N BN AR iR 7 B I6 RS ] A 20 ) 4 Van Diepen %52 ifF 5% & PR, 78 35 [H
JEEBARAR A ok B LE 12 4FH0 N RN, X BE A B9 AM EL 3 B 48 50B B 38 n i X8k ¢ AR T
R, ABFSEIFRIESE N 4 a, IR ATE T KA LFE BN USRS 2% AM B alpha 2R 24E 22 500
IMHARVE— AT
3.3 AUTFEXT AM KRRV LR 52 00

RG] (2013 4F) L itE N 5 206 AM 1R AR AL AUA R i, i HLAZ 20 N R A 24 . 24 N
HORBAK (25 kg hm™a™" ) B, MR N X AM BRI FEE AL A2 I R TRt N, SRF T 3RATABGR ;17 24 it
N BEREE (50 kg hmZa™ ) B, BIFpG N 7 =URA 05 02 AM B BEE AL, STRATM R A —5, X
Segh BB E R IR 2 T, Rt N EUAR i N BE S G b S 13 4R N UCRET AML B TR EVE 2 52 i
5 Huang %5 BBFFE S5 ML, EJZ X N A SR 2k i i i N AR IR E b AR S R4
HA N PR A58 I SRR A 5, DI 109% AR, 200 709%—80% ', FEAS T Y6 AL H I | AR IRE M 1Y
N Bl el 2 M o B2 22 A7 AR SRR P MO N AT — 2 2 A B RIA AR . B IOt N
25 kg hm2a™ (CN25) , KEA Y TAKF i N 12.5 kg hma™ , MRieii N 3% 50 kg hm2a™ (CN50) , ] K
A TR N 25 kg hm™a™ (UN25) , 4t N 77 = 04 [l Sl 56 A &7 A SRR R [l N 338 A9 IR 3, 7
Jiang %0 (ST B N HERAGHE N, N 0% AM B BEE 4L A R R R FEARTF ST, CN25
CN50 ,UN25 5% HRAHEE , P M YN 0.115,0.080,0.005 , 524 |5 Jiang 250 BURFSE 45 RAH—2 , {H /2 UN50
55 HEAH 22 AR B (P =0.480) , 3XA 1 RS2 X 1050 b 20 0 4 B0 /0, AL D9 1) 2 5 T RS 35 T 41 1]
ZE 5 (B 2) BT LAAESS ) 5 TR R A PR 25 A T4 il i, 5 8 ST B b 14 i = 22 vk B

M 2014 A5 2016 4F AR AL 2 ] AM LB RER 20 022 R 0 3, AT RE A T 0 T R IR (1) AM
FUEXT N BN T — B R 6 I 5 (2) i b BRI [ 18 R 5K, Van Diepen %52 BFFEi K 8L, 2ot %
B2 12 S8 N TURE  BUR (Acer spp.) AR AM ECEA RS 4 & AR T 5035 1A el | DR LG A B A g e ) RUJE
i N RS 8 AM LR AR A R A T S SRR

4 Zig

AIRIZEAE T R0 I R RS AR L 3 AM ELER alpha Z2 AR B0AT 035 52 0, (EL 76 46 1 300 e 00
AM L BOHEVR 2L R0™ A — 2 BRI MR TR R il 1 F AR TR AM LT R R AL LA SN, B Ak B
A HE S, AN RIS AL BT AM B v A R Rl S ik al BRJE O AM BRI 6T N DCRE =28 TIE R, A
WEFEPEAS TR N 75 20 ZRARAE S RS0 L4 AM FLRRYRZ IR, 5 I8 B S0 25 PR R BRAE , 7E AR RGBS
T 27 T 22 1 N ZR S A JEE R B Py A T 25 1, A B BT 4 T ) DA TR LD e 19 A 22800
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