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Plant-soil feedback with arbuscular mycorrhizal fungi colonization and

biomass of two introduced tree species

CHEN Lulu, LEI Niya
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: Soil micro-biota influence plant survivorship and growth through plant-soil feedback, an important
theory focus for controlling and selecting introduced species, with much research on plant-soil feedback
showing that species or methods can influence experimental results. To compare the response of two tree
species to different plant-soil feedback, differing plant-soil feedback effects of which we chose the inoculum by
two kinds of soil particle sizes (<<0.12 mm, <<2.00 mm) or by two soil sources (conspecific, heterospecific
soil) to sterilized peat soil with 10 replicates each treatment were established and observed in seedlings of two
alien tree species, Fraxinus americana and Acer negundo, in China. Pearson correlation analysis and Student’s
t test were used for analysis. Results showed that with a small size class of soil biota, F. americana biomass
increased (P <<0.05); whereas, A. negundo biomass decreased (P <<0.05). No significant differences in
arbuscular mycorrhizal (AM) fungi colonization ratios in two size class of soil biota between these two species

were noted (P<<0.05). With conspecific soil the biomass of F. americana was significantly lower (54.4% ) and
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with A. negundo it was significantly higher (102.2% ) than that of heterospecific soil (P<<0.05). F. americana
also showed a significant difference in fungi colonization rates (P<<0.05); whereas, A. negundo did not. The
correlation analysis and significance testing suggested that the correlation coefficients on biomass and
composition of AM structures, especially the ratio of vesicles, were distinctively influenced by soil micro-biota
(r=0.798, P<<0.01). In their native habitats, both F. americana and A. negundo may benefit from plant-soil
feedback, as negative feedback helps the former to avoid generational competition and positive feedback helps
in regenerating of the latter species; meanwhile in China, attention should be paid to the risk of invasion for A.
negundo because of its positive feedback effect with soil. This research could also be a good reference for
relevant research about plant-soil feedback and subsequent introduction of F. americana and A. negundo. [Ch,
6 fig. 2 tab. 31 ref.]
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Figure 1 Arbuscular mycorrhizal fungi structure of Fraxinus americana(800 x)

A-HFIRZ; B MARLE; C REWHL; D. R
B2 SoHAAR R A AR % 49 (800 4%)

Figure 2 Arbuscular mycorrhizal fungi structure of Acer negundo(800 x)
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Figure 3 Effects of different size class of soil biota on the biomass of Fraxinus americana and A cer negundo
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Figure 4  Effects of different size class of soil biota on the mycorrhizal colonization of Fraxinus americana and Acer negundo
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Figure 5 Effects of soil source on the hiomass of Fraxinus americana and A cer negundo

232 RRLHCRRBES AT 2 AR AR R R A 6 T e IE A YR AE AS AL B F
BE T HS ABL(P<0.05), #5its 81.4%, 4 FMRLSHIT , B ABLAEHy AR AE HS 1 AS 2 ) 2 57
S, HABZERG YN AS AL B T HS ARBE(P<0.05) o AN 7] 4 34 B 52 i A 5% B AR 1R e 3 S R e R TG
B#H 2% (P>0.05),

100 100 X
S [H A 1 a A2 M
80 a =N 57 80
s 601 o " 5 00T
el a i = &
wm 40T 5 m R w 40T
<
20 S 20
(3]
27K
0 - 0

AN /N 7 B R R 22 7 Wk 4 (P<<0.05)
6 FRIERRMAMLET £E G et Mo B RAR FF

Figure 6  Effects of soil source on the mycorrhizal colonization of Fraxinus americana and Acer negundo
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Table 1  Correlation analysis of AMF colonization and biomass of Fraxinus omericana under different treatments

b At AR 45 I = AR AR By R B4y MY R
ck W 0.133 0.329 -0.027 -0.127 0.259 -0.113 0.058
g 0.770%* 0.539 0.318 0.595 0.671%* 0.570 0.643%*
N3 -0.409 -0.410 0.025 -0.395 -0.431 -0.331 -0.393
AR YR 0.206 0.316 0.044 -0.081 0.284 -0.06 0.100
SW0.12 I 22 0.434 0.455 0.347 0.542 0.454 0.579 0.519
RS -0.595 -0.486 0.129 -0.457 -0.546 -0.420 -0.491
N3 0.129 -0.137 -0.489 -0.089 -0.018 -0.166 -0.089
B YR 0.422 0.270 0.038 0.410 0.345 0.402 0.376
HS TH 22 -0.381 -0.496 -0.188 -0.260 -0.477 -0.254 -0.376
g -0.863%** -0.789%* -0.379 -0.346 -0.924%* -0.349 -0.615
N3 -0.629 -0.214 0.341 0.274 -0.503 0.280 0.038
R YR -0.629 -0.606 -0.178 -0.226 -0.688* -0.222 -0.427
AS T 22 0.201 0.116 -0.404 -0.350 0.199 -0.435 -0.141
ok 3 0.035 0.131 -0.530 -0.705%* 0.124 -0.763* -0.395
N3 -0.512 -0.145 -0.029 -0.726* -0.387 -0.538 -0.589
B e -0.074 0.283 -0.393 -0.654* 0.190 -0.650* -0.281

VLW . * BRI 6 (P<0.05); ** 27 i it M1 % (P<0.01)
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Table 2 Correlation analysis of AMF colonization and biomass of Acer negundo under different treatments

T4k FARZ:H U E 4R FLAR by H R #4) MR
ck [EA -0.141 0.216 0315 0.126 0.115 0.177 0.154
A 0.048 -0.006 -0.058 -0.198 0.015 -0.166 -0.087
KL -0.458 -0.191 -0.231 -0.295 -0.338 -0.285 -0.322
JRR R -0.357 0.042 0.158 -0.079 -0.111 -0.021 -0.065
SW0.12  H# 0.277 -0.151 0.151 0.086 0.036 0.111 0.074
HUE 3 -0.218 0.191 -0.114 -0.170 0.017 -0.178 -0.070
N5 0.072 -0.054 0.500 -0.156 0.000 -0.029 -0.013
SR e 0.270 -0.171 0.266 -0.066 0.020 0.000 0.013
HS WL -0.460 -0.158 -0.588 -0.057 -0.496 -0.204 -0.385
HUE 3 -0.093 0.736* 0.692* 0.442 0.843% 0.618 0.798
N5 0.451 0.052 0.374 0.285 0.360 0.380 0.402
R YeE -0.388 0.177 0.014 0.294 -0.038 0.300 0.136
AS WL -0.017 0.426 0.589 0.589 0.329 0.611 0.515
HUE3 -0.369 0.034 0.103 0.461 -0.074 0.345 0.165
NS -0.248 -0.073 0.100 0.213 -0.125 0.179 0.044
Hfs e -0.232 0.257 0.524 0.601 0.138 0.595 0.414

LT * R B AR (P<<0.05) 5 ** R 3 A1 3¢ (P<<0.01)



428 WO R M k% 2% R 2018 4F 6 J1 20 1

I ) 90 20 S O R G AR AR L 2R AR R I IE AR S (P<<0.05), 5l b 23 A e MR A
5 E IEASE(P<0.01) o fEAEY)- TR BHAR R, 2 A AR A0 2 4R e AR — AR HL B SRR H 45 o
3 it
31 EAWMMHKTARRERLERBEWLBEXT L E R R RIER

FURT, 0 R A 400 o S S B8 A T 56 J3E A0 1) 3 2800 e 00 5 63 Ph A W L R s Bl T K SRR O
MJECER A 40 50 R B X R, G B ARE R AR T A I, RISRBUM Y-+ SR B A
AR s SRR R A T A AR, RPN IR B o 2 AR R Al B R AR
P52 R BRG] AR b A A L b &l A R PRI O AT, T R
H S AOMRT BB, A RO R R IR PR e 4, dEFFREE YR ZAEPE D SRR Y R IE R
TBEAE PR AT REA R T4 ¥ AE AR T ) BEORT DL SRS 2 AT DTS g A B v P O 2 5, ol RE A 58 %
PR TE R B AR BE 3P0 XS HEAS ) A% 9 A M0 26 HF (<<2.00 mm, <<0.12 mm) 2L BT 2 Rl 4
PERRBUAT A, R BRR T S ) B R R B A ) R AR A M T SR I I A R, I S [ B AR
N R R A S A R 4l v SR BB HAZSER R Sl ) nT B i A S X BN B U W SR A
AR T A, R AR AL H P (<<0.12 mm) 4y A5 5 43 A ) e AU B AL A AR AR
T E S, R FE G A R Yy S S R ) - 1 S A AN = A 5 i o AN [ 19 - A 3
7 3B S Bl Ty O S A8 T A 568 B A0 77 1 S MBS, (L3 Ao R W, DR 4 el T 5

XERRAR BT 2 FhA AR R BRI A DY 0, AT RERE AT & R AL B P S e I H R R, B4
HRAA —E M EAR A, AR BN 75% 010 £ B 75 2 5 AN B4 i HLAE R o Ol oK . AR Rl
G IR WY SRR X 2 TR TR MR LR B SR DR, JCIR IR AR R S JFUIR - S A b Bl ) 2R
B RIA 4T 2 MY RAR ARG, (HX 2 e 4k By O Pl AR T SRR R 25 5 AN K
32 ARELERBEBEMEYHRRIER

X TR RRR T A 5 K S MR L AR BT B R AR A R B, S [ 0 52 B R AR T R AR A W 2 A
A A, S AR T g D 52 B 02 DR AR 5 A BN 52 8 R AR T e SRR AR W S AR A i 2 A
AT, WAE SRR R 3 b U sz B AR T . NUJER 4523047 7 5 AWM LA s, BV R T 1
PSR T AT T 544 Sapium sebiferum DRI, FFAEDE— 2 09 R BHRE A R AT
9 R 0 A A P R BT o AR B [ A R R b AR AR e R A R 8
H TSR T 5, 2 A VR R A R U T TRl A B AR T 5 e LA A 1 P e 3 0
— BRI UE . & [ R SR SR A R R A R AR R A AR B AR LR TR SR 23 B R
AR AR SR IC R EMR KR . L MEAR G RAE 2 ff R T B 225, MR & A
B AR T R TR A R R RAC B, R R A s M IR B R TR R R AR
5t 6 o UE S (3t 1R A ) 5 BRAR BRI T M AR DG SG R R AR EL RO A R B TR S
b R AR A R M ST, HLIE S AR AT RE 52 E ) 12

S [ £ A - 8 5 G R AT A JANZEN-CONNELL A% A0 {5 3520770 BUAR 499~ - 398 S 4541 R 0 36 i 4
BRPRTS [l o e A DT 5 B o 0 ok 22 R 5 i L) - 38 S IR SO ) R AR v e R B 9
PR BE, DA B G B — W R A, AR R Vi e B R o A AR ) - T SO R A 5 W A
TR AL g R BB U™ WA I DA B R R B D T AR e DI, DA AR B S ) R R E A
REINHART A" 5 0 SR 5 [ AR £ XI5z B[R] Ao 1 A0S Bl T 3 s s BT, A 2 X
e S R LT O A RIVE . AR SR, S R XU 52 B AR OB, AR A A
T T A BGR T BURE I AR 0y, M T S AR A 56 BB 0l DX I AR I A H e A, I
XILCRT . g SRR ) A - R B AT BRI 5, IF X L AVR BB ) b AT ax i Al
3.3 EREMREBEAEY-TERGE R PRI

PR 5G] A S AR A R AR ZE T 23 51 A U P A . ARG P RIZERE B A RISER AT AR, 2
ISR TR MR Z5 A TR 20 I RE T B AT 22 53200 AR AS AT 5 v S [l P R A B AN () S 5% R v 1 )
IS, HEDET A [7] B AR 2 B ] RE R A R e A ) - T R AR R R B . H R R X — W R AT



BISEH I RO 45 A - 1 M S T 2 g | A o 8 T ARAR: 2 3 0 A )k ) 52 1 429

MIBFSE, b — 200 . AN (R e Py O 96 [ 1 0 paT AR A5 25 4 i A A S 35 s e, R [l AR
AR W B A [ R U A A A Wy Ak B A o S L 9 R TR 22 25 K B R R TS AN TR
(1, EBRTE S H T A ARG E R R E 2R AR BHAR T L3R X 2 Fhke 4 o AR
MRS YRR OGO R A B, AR RO R R T 2 25 1 2 R O BURR . 2 AR SR B B
8 TR ) 22 5, TEAS [A) b 30 56 [ | 0 AR (R Qe 6 FT 38 70%, 5 Bk 45%~55% . TR, 7
HH ) - e P T 52 it B A AR R AR A 4y i 380 v T 55 [ 1 I AR SR AR ZE Wk, 6B 2 SRR T AR 4K
FPERf A 225 45 A RN ZE R [R] 3 e Fh e S i e 07 2 5, BT A7 A A DA R A0S 5 B AE — R
AIRERZ AR S IR Y Z R R G C R B

4  #ip

ABEFEAE— 2 AR B E W T 5[] 3 05 0 A e o [ 5| R DAY SRS, IR R B TR AS [R] B A5 L
B AFRIL T A e ORI T 5 R - A PGS R . AN TR ¥ B2 05 2R A BT 5 i A A ) ol
Yy MR G R R B, L R T B S R R T 56 [ 4 B A R R, DRI -
A FEAIL Bt 107 25 5 - 49 b RS [ 42 G A P S B D BB 22 S vk . DI A 00 o 288 5 i A 490 - - 33
BB FHAE A o 5% 1 0 A0 5 B3 B A [R] B Ao, 5 [ P A ke S o 4l v A K O R -
S S R XA R T BRMCRE i JGBE [ of Y AR B 4, T S BRI 98 i 0 JFL A0l 20 K ) S R S 42
AR R AR AR . O TR TRAR 2 B ) S VR P 2 S0 8, AR AR b S A - - S P
PRI AR AR o BRI 22 S S B AR R R 2 9 07 sCA AR R 22 5, AT mT RE 5 |2 A ) A8 40 7 A
Y- LSRR R P 2 S, OF BAEAR TSI BB AT T, I S A A R b D6 22 e I R R 2 S I
WA S U G, AR AR - H SRR T ST, SR BRI A A A BRAR AR PR RN

5 5F Xk

[1] BEVER J D, DICKIE T A, FACELLI E, et al. Rooting theories of plant community ecology in microbial interactions
[J]. Trends Ecol Evol, 2010, 25(8): 468 — 478.

[2] HARRISON K A, BARDGETT R D. Influence of plant species and soil conditions on plant-soil feedback in mixed
grassland communities [J]. J Ecol, 2010, 98(2): 384 — 395.

[3] KULMATISKI A, BEARD K H, STEVENS J R, et al. Plant-soil feedbacks: a meta-analytical review [J]. Ecol Leit,
2008, 11(9): 980 — 992.

[4] BRINKMAN E P, van der PUTTEN W H, BAKKER E J, et al. Plant-soil feedback: experimental approaches, statisti-
cal analyses and ecological interpretations [J]. J Ecol, 2010, 98(5): 1063 — 1073.

[5] van de VOORDE T F J, van der PUTTEN W H, BEZEMER T M. Soil inoculation method determines the strength of
plant-soil interactions [J]. Soil Biol Biochem, 2012, 55(1): 1 - 6.

(6] XK. M AR R A B 25 D BE [T ], PUAL R R 424 (A AR ), 2008, 29(1): 54 - 59.
LIU Yongjun. The physiological and ecological functions of arbuscular mycorrhiza [J]. J Northwest Univ Natl Nat Sci,
2008, 29(1): 54 — 59.

(7] A5, 28, XVEBE, S5 BT R A/ AR I LE L) ] A2 24l 2014, 34(21): 6039 -
6048.
LIANG Qiangian, LI Min, LIU Runjin, et al. Function and functioning mechanisms of mycorrhizal fungi under global
changes [J]. Acta Ecol Sin, 2014, 34(21): 6039 — 6048.

[8] BUNN R A, RAMSEY P W, LEKBERG Y. Do native and invasive plants differ in their interactions with arbuscular
mycorrhizal fungi? a meta-analysis [J]. J Ecol, 2015, 103(6): 1547 — 1556.

[9] YANG Qiang, CARRILLO J, JIN Hongyue, et al. Plant-soil biota interactions of an invasive species in its native and
introduced ranges: implications for invasion success [J]. Soil Biol Biochem, 2013, 65(5): 78 — 85.

[10] CALLAWAY R M, BEDMAR E J, REINHART K O, et al. Effects of soil biota from different ranges on Robinia in-
vasion: acquiring mutualists and escaping pathogens [J]. Ecology, 2011, 92(5): 1027 — 1035.

[11] CALLAWAY R M, CIPOLLINI D, BARTO K, et al. Novel weapons: invasive plant suppresses fungal mutualists in

America but not in its native Europe [J]. Ecology, 2008, 89(4): 1043 — 1055.



LN /N NI S 2018 4 6 J 20 H

[31]

KLIRONOMOS J N. Feedback with soil biota contributes to plant rarity and invasiveness in communities [J]. Nature,

2002, 417(6884): 67 — 70.

REINHART K O, CALLAWAY R M. Soil biota facilitate exotic Acer invasions in Europe and North America [J].

Ecol Appl, 2004, 14(6): 1737 — 1745.

REINHART K O, TYTGAT T, van der PUTTEN W H, et al. Virulence of soil-borne pathogens and invasion by
Prunus serotina [J]. New Phytol, 2010, 186(2): 484 — 495.

kb, FER, RBEF, 4. LSRR HARPTE R R HOR [T]. A 4527 2%, 2006, 25(3): 340 - 342.

HOU Yongxia, ZHOU Baoli, WU Xiaoling, et al. Effects of soil sterilization on preventing continuous pepper cropping

obstacles [J]. Chin J Ecol, 2006, 25(3): 340 — 342.

SRR 2o B A T AR SO AR L 2 R EE S (D] bt JEatMOl R, 2008.

ZHANG Chunying. Diversity of Ericoid Mycorrhiza and the Related Fungi Isolated from Hair Roots of Rhododendron

Jortune L. [D]. Beijing: Beijing Forestry University, 2008.

PHILLIPS J M, HAYMAN D S. Improved procedures for clearing roots and staining parasitic and vesicular-arbusular

mycorrhizal fungi for rapid assessment of infection [J]. Trans Bri Mycol Soc, 1970, 55(1): 158 — 161.

MCGONIGLE T P, MILLER M H, EVANS D G, et al. A new method which gives an objective measure of coloniza-

tion of roots by vesicular-arbuscular mycorrhizal fungi [J]. New Phytol, 1990, 115(3): 495 - 501.

Wi Ay, U, ERERE. AM ETE 4 PR 5 B R SO0 b P A AR i AR AR R e i e [T ], b R A

2011, 27(10): 108 - 112.

ZENG Duanxiang, YUAN Tao, WANG Lianying. The effects of AM fungus and culture substrates on colonization of

arbuscular mycorrhizal for tree peony container seedling [J]. Chin Agric Sei Bull, 2011, 27(10):108 — 112.

LIU Yu, YU Shixiao, XIE Zhiping, et al. Analysis of a negative plant-soil feedback in a subtropical monsoon forest
[J]. J Ecol, 2012, 100(4): 1019 - 1028.

HOVATTER S, BLACKWOOD C B, CASE A L. Conspecific plant-soil feedback scales with population size in Lo-

belia siphilitica (Lobeliaceae) [J]. Oecologia, 2013, 173(4): 1295 - 1307.

B, sC, XII%E, S SRR AR 1 AR Wy 6 B 2R 22 RS AR A 1 S [T b Ol BB S

2014, 16(4): 151 - 158.

XIAO Bo, ZHOU Wen, LIU Wanxue, et al. Feedback of Ageratia adenophora soil microbe on A. adenophora and na-

tive plants [J]. J Agric Sci Technol, 2014, 16(4): 151 — 158.

NIJJER S, ROGERS W E, SIEMANN E. Negative plant-soil feedbacks may limit persistence of an invasive tree due

to rapid accumulation of soil pathogens [J]. Proc R Soc B, 2007, 274(1625): 2621 — 2627.

NIJJER S, ROGERS W E, SIEMANN E. The effect of mycorrhizal inoculum on the growth of five native tree species

and the invasive Chinese tallow tree (Sapium sebiferum) [J]. Tex J Sci, 2004, 56(4): 357 — 368.

NIJJER S, ROGERS W E, LEE C T A, et al. The effects of soil biota and fertilization on the success of Sapium seb-

iferum [J]. Appl Soil Ecol, 2008, 38(1): 1 - 11.

NIJJER S. Understanding Belowground Community Regulation in an Invaded Forest [D]. Houston: Rice University,

2006.

McCARTHY-NEUMANN S, KOBE R K. Conspecific and heterospecific plant-soil feedbacks influence survivorship

and growth of temperate tree seedlings [J]. J Ecol, 2010, 98(2): 408 — 418.

MITCHELL C E, POWER A G. Release of invasive plants from fungal and viral pathogens [J]. Naiure, 2003, 421
(6923): 625 — 627.

XUk, BRe. B aE ML deat: Bres il ek, 2007.

eIy, PRAE, . AR S ABCE R IR A EAE ] B AR E 4, 2011, 22(9): 2457 - 2463.

BAI Yanfang, GUO Shaoxia, LI Min. Interactions between invasive plants and arbuscular mycorrhizal fungi: a review

[J1. Chin J Appl Ecol, 2011, 22(9): 2457 - 2463.

BALH, KW, RAEW, B AR AR LR G IE AR 5 2R 2 AR KRR AR W) e B ROV [T ], AR
Zkidi, 2016, 35(1): 79 - 86.

LI Liqing, ZHANG Mingsheng, LIANG Zuopan, et al. Arbuscular mycorrhizal fungi enhance invasive plant, A geratina

adenophora growth and competition with native plants [J]. Chin J Ecol, 2016, 35(1): 79 — 86.



