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Effects of Phosphorus Fertilizer on Arbuscular Mycorrhizal Fungi Community in Different

Parts of Maize in Acidic Red Soil

XUE Zhuangzhuang'?, FENG Tongyu'?, WANG Chao'*", SHEN Renfang'*

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The purpose of this study is to investigate the community diversity and composition of arbuscular mycorrhizal fungi
(AMF) in different parts of maize in acid red soil with different phosphorus(P) fertilizer levels and to provide theoretical basis for
improving P utilization. Three P fertilizer levels were set: no P, low P (P 25 mg/kg), and high P (P 100 mg/kg). After 4 weeks of
maize culture, maize biomass and soil physiochemical properties were determined, and AMF community diversity and
composition in maize root, rhizosphere and non-rhizosphere soils were detected by high-throughput sequencing. The results
showed that, with the increase of P fertilizer level, maize biomass significantly increased, and P content in the overground of
maize was higher under high P treatment than those under no and low P treatments. The sampling sites (roots, rhizosphere and
non-rhizosphere soils) significantly affected the relative abundances of AMF dominant genera (Glomus, Paraglomus and
Claroideoglomus), but the influence of P fertilizer level was not significant. Sampling sites rather than P fertilizer levels
significantly affected Shannon index and species richness of AMF communities. The result of non-metric multidimensional
scale(NMDS) showed that AMF community compositions of the root samples were more distant from the non-rhizosphere and
rhizosphere soil samples, and the community compositions of the same sampling site in different P fertilizer levels were more
similar. Permutation multivariate variance analysistPERMANOVA) further showed that sampling sites rather than P fertilizer
levels significantly affected AMF community strutures. In conclusion, the effect of maize part on AMF community is stronger

than P fertilizer in acidic red soil, which indicates that the characteristics of crop parts should be considered when AMF species
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are applied to improve plant P absorption in acidic red soil.

Key words: Acidic soil; Phosphorus fertilizer; Arbuscular mycorrhizal fungi; Community composition; Sampling sites
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Fig. 1 Biomass and aboveground phosphorus contents of maize under different P fertilizer levels
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Table 1  Soil physiochemical properties of maize rhizosphere and non-rhizosphere soils under different P fertilizer levels

it H BURE A A BEALAKT WASE =TT
PO LP HP

pH AR B 4.56+0.05 2" 4.58+0.03 2" 4.55+0.03 2" P: F=0.462, P=0.639;
PR 438+0.05a 4.28+0.05b 421+0.05b S: F=85.393, P=0.000;
PxS: F=5.107, P=0.025

HHLE JERL bR 434+0.17a 426+0.01a 4.42£0.192 P: F=0.874, P=0.438;
(g/ke) R 4.63+0.17 a 4.60+0.20a 480+0.14 2 S: F=19.967, P=0.000;
PxS: F=0.121, P=0.887

S JERRL R 0.35+0.02a 0.39+0.01 a 0.38+0.022" P: F=1.443, P=0.267;

(g/ke) WER 0.34+0.02a 0.35=0.02a 032+0.02a S: F=9.190, P=0.008;
PxS: F=2.279, P=0.145

NH;-N JEARBR 100.14 £ 4.50 2" 98.58 + 1.69 a’ 10294+9.69a"  P. F=0.676, P=0.524;
(mg/ke) BT 63.74 +7.80 a 42,66+ 6.31 ab 1282+125b  S. F=60.582, P=0.000;
PxS: F=30.347, P=0.000

NO;-N AEAR bR 8.02+040a" 7.63+1.20a" 9.04+1.89a" P: F=0.318, P=0.732;
(mg/kg) R 517+095a 297+034b 2.44£0.40 b S: F=56.071, P=0.000;
PxS: F=4.966, P=0.027
B L JEHR R 0.47+0.06b 0.75+0.04 b 7.22+037a P: F=1118.233, P=0.000;

(mg/kg) R 0.47£0.10b 0.64+0.08 b 731£0.65a S: F=0.000, P=0.996;
PxS: F=0.169, P=0.846

S AR B 0.26+0.02a" 0.26+0.02 2" 0.24+0.02a" P: F=0.329, P=0.725;
(mg/ke) Lo 0.12+0.02a 0.09+0.02a 0.05+0.00b  S: F=161.983, P=0.000;
PxS: F=2.602, P=0.115

C/N €[ 1 1243£1.20a 10.96 £0.40 a 11.77+0.86 2" P: F=1.228, P=0.321;
ELoN 13.49 £ 0.66 a 13.09+1.35a 1494£0.78a  S; F=16.793, P=0.001;

PxS: F=1.933, P=0.187
T RPEEAPE & A AR/NG TR R AR AR BREAR BRAE G TEA R BEAL KT 18] 22 53 .35 (P<0.05), #3807 [l — @k
EF AEAR PR RR BRAE AR [A] 22 5 .35 (P<0.05); S FRHUFERL &, P FRBEIE KT,

S ER W TR R | B AR IR R 0.05), FEBEALER T ARPR 1 3E AMF #Fh 35 5 B & 5

HYFAXT S BE(P<0.05, & 2B ~ 2D), T RARHS T HIEk
PR RN 70 2 R e A B R o T AR PR R AR
Fr4-486(P<0.05, &l 2B #12D), SRR FRAAER R +
e BR A R AT R R T AR AR i (P<0.05,
& 2C).
2.3 AMF % o S

MR F T 2250 Hr R W, BUOREAL s (RS . AR PR AN
AEMRPR O B E I T AMF BRI &R AE B
Ff 8 B (P<0.05, & 3), TREALAKE I A 2 5
IXLEFEFR(P>0.05). TEAIERERLHEAKE T, 596
PrA-SEAH L, MRPR 1480 88 = T AMF BE& AR
RE(P<0.05, &l 3A). TERuBEANEET (R A = %) ,
HRPR 13 AMF WP =5 B 1 3 5 THRARPR L3R (P<

THREBFE A (P<0.05, & 3B).
2.4 AMF BEE ARG

K NMDS 5347 7 A RIBEIEAKE T B AR
HRERAIHEAR PR 418 AMF BE75 4145 H (18] 4) 459
7N, FREBAE A 5 AR AR PRORIAR BR A SR i B I s o
5, AEARBRAAR PR - S8R SR U R B AR 055 . AH ]
B i, AR AT B4 AHL . PERMANOVA
Ko s, BURERLS B &5 T AMF B4 41 41
(P<0.05, 3 2), {H2BEAL KT I 18 3 529 (P>0.05)
AMF V5 75 AR BRI AR B AR i 18] R TE 1l i 35 1k 22
S, MRBRAIARSER ShE] (F=20.470, P=0.001)L4 )3k
HR PR AR BB RE 5[] () 22 57 (F=24.685, P=0.001)35 21| &1t
EKF
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Fig. 2 Relative abundances of dominant AMF genus (>1%) at different sampling sites under different P fertilizer levels
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Fig. 3 AMF diversity indexes of maize root, rhizosphere and non-rhizosphere soils under different P fertilizer levels

http://soils.issas.ac.cn



251 BEHOHAE . SR R 213 b T RS (RIS AASE P AR 1 5 )5 ) 1013
o  ZHEEHREGIT S AMF YRR R,
Stess: 0.083 S hOB AR A ELRE PR R S T RER I S

of SUPERE eI B, R A T
ST e RER LA AMF B0 KRR, A,

o 05 e GBI G 25 LSRN R BR B T B % AMF
= *HPREE R, a2 R IR TN, R AR e
FMAT AMF J TR, {2 ERRERA HLR

s SRARIINEE AMF 280, MELT 5, R
HEAMERN AMF b A, S8k S

e W AMF REEAURAFAER R S MRS s
NMDST RH, RASHEACTA =R R AMF (7274

4 FREBHABLIE T RRBMAGLAS AMF 8% 4440 o, (HEHAR R T AZWRZWE AMF
NMDS 4 b, R YRR — A I RS AMF

Fig. 4 NMDS analysis of AMF communities of different sampling
sites under different P fertilizer levels
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A8 2 BORR, - EPR A I PRIAR 2R A ) RS A2
i, HH5F AMF Fp2S, FHfeit el AMF Yrfb

PR, MR EERM R 2R m AREE, IEIRR R AMF BEESS ),
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Table 2 PERMANOVA analysis (global test and pairwise comparison) of AMF community compositions of maize root, rhizosphere and
non-rhizosphere soils under different P fertilizer levels

K% ARG RIS 53 5053 A

F-value R? P-value F-value R? P-value

WAL K 1.784 0.062 0.098 PO vs LP 0.506 0.031 0.692

PO vs HP 1.126 0.066 0.298

LP vs HP 0.781 0.047 0.502

BUREA 5 15.810 0.553 0.001 JEMLPR vs #LFR 2.310 0.126 0.079

JEMRBR vs AR 20.470 0.561 0.001

PR vs ML 24.685 0.607 0.001

ARG, MRMELTHE b F R RIEE( 25 AMF
s AR R ER R AR, & T B TR 4510 22 7 1) &
R BREEE R (Glomus) B FRVELIHE AMF FXTF
FES R JE , (E 2 @ A G 3 7 R OR AR B
&, 1 E #%% % J§ (Paraglomus) Fl i1 B Bk T 25 |8
(Claroideoglomus)TE AR Z& H B AH XS = B2 B 8 35 hn (14
2)o AMF FRRLEAMIAR 28 i) 4 5 AR By A i A
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TGS M2 PR EE pH IS I AR o P AR PR 21
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By pH AIBEREAR 1 BRBER & 75 KRR F b (% 58

(# 1), Abbott fil Robson™Hf55 M1, 7EAK pH +1%
W, T AR R R TR 22 AR ) A R A7 B Z P
FHELZT AR PR P AR 1) 3t A AR A ) 1 Al 4
B JE AT A ERBE RS B8 AR R 284 . Gosling P&
L, it AAS SN FOKAR R FE T 20 E R 4 R
UL A BR R R . ABFIT T, B AR R AT I R
Ja A TR X = B2 (4 15, 158 BH LG R P - 4R
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