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Abstract:  Objective Arbuscular mycorrhizal fungi (AMF) can form a symbiotic structure with 80% of plants, and play
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important roles in the nutrient cycling of the plant-soil system. As a typical soil in south China, red soils are facing numerous
challenges including rapid acidification, low phosphorus availability, and the degradation of soil microbiome functioning. Straw
returning has been proposed as an effective method to improve the fertility of red soils. In order to improve and control the
degradation of red soil, we studied the effect of the AMF community in the rhizosphere on corn phosphorus utilization efficiency
in a typical red soil. Method In this study, we performed a long-term field experiment by returning straw with equal carbon
content in the Red Soil Agroecosystem Experiment Station of the Chinese Academy of Sciences in Yingtan, Jiangxi Province.
Five fertilization treatments were set up, including no fertilization (CK), conventional NPK(N), NPK with straw (NS), NPK with
straw and pig manure (NSM), and NPK with straw biochar (NB). High-throughput sequencing was used to estimate the diversity
and structure of the rhizosphere AMF community in driving plant growth and phosphorus utilization efficiency under the different
treatments. Result The results showed that soil properties were significantly affected after treatments with straw. The NSM
treatment increased significantly the contents of soil organic carbon (SOC), total nitrogen (TN), total phosphorus (TP), and
available phosphorus(AP), as well as the acid phosphomonoesterase (ACP) and alkaline phosphomonoesterase (ALP) activities.
Treatments with straw significantly promoted the diversity and modified the structure of the rhizosphere AMF community.
Glomus and Paraglomus were the two dominant genera in the AMF community. The diversity and structure of the AMF
community were mainly affected by SOC. Corn yield and phosphorus utilization efficiency were the highest under the NSM
treatment. Also, phosphate utilization efficiency was primarily affected by AP, TP, SOC, TN, the diversity and composition of the
AMF community, and ACP activity. Conclusion The composition of the AMF community in the rhizosphere may regulate the
phosphorus activation, corn productivity, and phosphorus utilization efficiency under all three treatments with straw. Our results
highlight the importance of the rhizosphere AMF community in strengthening soil health and crop productivity.

Key words: Arbuscular mycorrhizal fungi; Diversity; Straw returning and pig manure; Corn; Phosphorus activation; High
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Table 1 The properties of the tested soil, straw, pig manure, and biochar
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P (gkeg) (gkg") (gkg") (gkg) (mgkg")
MR 4 1 Tested soil 4.73 2.52 0.40 0.23 11.95 0.76
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1.2 HmRESSH

AW B9 LA PIEE S T 2019 4F 7 A FoKilk
PRI o BEPLIEREAS/INMX 10 BRIFORAEME, HIAEE
BRI TORMGHE, BRI, AR+
MR R B BT E T, B b3 T SRR £
e, RUEEAR 4 mm DL ROIRBR 5805, K ARPR £
SRS JE R AT B B ERAR T 4°C ORI, IRz A
A IS o R S Wy, — KR
THACYEF 3T, 75— 1 T-80°CHRAF, M T
DNA. FOKKFRL, FEFFEE T TOKRMOGRIER 4, 3K45

AN RIS FF 0 A3 EORFPRL . FEFF, FRICEFE 5
F 105°CA T 30 min, 65CHET ZEfHE, FRESAL
B FEFFFOFERL T M) BT i o AEPRE i 0 S SR
FARBR P Lk . BEARRA AR A B
JIE 2 WA FH 28/ %= (it 1l A BT e WS et — R Il
b PR AR T SO B ) /it L <100,

T3 pH R AR E, HIESACR AP
[ BIEDAE , 2R m AR - GR RR IR v /R B 4T
oz e, 48R A NaOH K vk 2, 4
R 2 TR S BN U, SR AR B BT L ki 2 e,

http://pedologica.issas.ac.cn



272 + b1

=

60 %

A HURRCR A B R AR Ak sz O, A R e
P P 8 T SR P PR A et e s U

{#i F§ MOBIO Power Soil DNA Isolation Kit i 5]
AR HHE DNA, FREL-80C T PR AF Y3 fif 1 HE ke
i 0.5 g, BRAE R IRULUI B0 IR . $EELY DNA
FEH 1% (wev') SRR MESE R HL vk IEA PRI, 4
B AE 230 nm, 260 nm 1 280 nm A OD {H, 77
DNA it MIZEEE . ] AMF 18S /NI EEAZ RIS
2 5]%Y AMV4.5NF-F ( 5°-AAGCTCGTAGTTGAA
TTTCG-3 ) #1 AMDGR-R ( 5°>-CCCAACTATCCCTA
TTAATCAT-3") ¥ H iR Be, #£47 Hlumina (&
iy U R R R TSR, i QIIME
( Quantitative Insights into Microbial Ecology )17
YA HT, il UCHIME K28 518 Bk i &4
Bt BEFTAS ) AMF 730 7E MaarjAM B8 5 9547 kb
Xf, it Usearch 3KV G1E 97%0 7 SIAHIE T
PEATIE R $E 55T OTU R 43, S 24945 3 160
N OTU, 4r#7Ed, ( domain ), # (kingdom ). []
(phylum ). 24 (class). H (order), # ( family ).
J& (genus) FIFP ( species ) it AFEIALHET AMF
MIRETR LS S LA 2, f9 s OTU F AR,
g — U R P 90 BCR T E. AMF B A PETR 5L
( Alpha ZHEPE) 45,

THEAREE FEE (community richness ) 545
Chaol # FIRAG YA S8

nl(nl—1)
2(n2+1)

Chaol = Sobs + (1)

A, Chaol NAEIF OTU #; Sobs Sy 52 M i 5]
1) OTU %% nl HALEH —5KF5H) OTU 4 H ; n2
AL E A WP S OTU % H -

THE YR EE B (species richness ) FUFE4L: H
PEM ] ) OTU 44K .

A RIS ZREPE (diversity ) BUTEB: FA&
( Shannon ) F KA SRFEA i A= W) Z HEEHE B (H ).

H=-Y" PilnPi, Pi:%i (2)
K, S PTGy, Pi N5 @ WRiE 4

TR AR LB, i D95 AR B BN,
N R SRR

1.3 HiEALE

SCE AR 3 WERERCFE, RATE S
( Tukey ) VLK I ALFAIH 225 (P < 0.05), KA
JR#% (Pearson ) S ATk EATHHOCHE 04, J7 2200
( ANOVA ) 7 SPSS20.0 T AT 35 HE T, 45ie4%
K EIHTE AMOS 20.0 #1528 AMF BE
ZREEFR R ARSI HT ( ANOSIM ), FEARARI: 1T
( PCoA YFIFf ML ARARAL Y S5 BT HI7E R-3.6.3 1Y “vegan”
11, “ape” 1. “randoForest” fil., “rfUtilities” £l
SER, J5{E GraphPad Prism 8.0 4Kk rp 58 A 1A .

2 g R

2.1 ARFBFEEAXTRER L IEL RO

BR B T L

AN RIS FF 3 B 7 20T (AR B 38 1k 25 M I A7 A
WEZEF(P<0.05, K1), NSMALHE( 11.35 gkg ')
Ml NB b3 (1233 gkg') B9 SOC HREEEST
NS (9.19 gkg™) 4¥ (P < 0.05), NSM 4bBE TP
AP 35901k 0.71 gkg ' Fl 41.58 mgkg ', WIEE
F NS 4B (0.51 gkg' FI 8.92 mgkg ') Fl NB
(0.52 g'kg ' #19.74 mg-kg ') (P<0.05), 2, A
[ A% #1348 H 7 30 NSM ORI NB AR TN & 543 518
077 gkg' 1 077 gkg', BEE T N 4 M
(0.54 g-kg') (P <0.05 ), AS[FEFEFFA HALEE T + 1
SR RYE (pH = 4.55~4.83), 13 pH NEAER
EXF (P> 0.05), ARREFRE B LB TR BR 15
RIS A B &2 (P < 0.05, K 2), KR4t
BUF ACP 751 (NSM > NS = NB >N = CK ) fil ALP
TEPE (NSM = NB > NS = N = CK ) HA ARl f#as,
H ACP i F ALP ifitE. NS Fl NSM AbFH )
ACP {4 B35 5 N A (P <0.05), 20518 N ik
P 1.40 F5H1 1.80 £, NSM Hil NB AbF ALP i 1
BEET CKM N & (P <0.05), 705914 N At
PRI 1.84 f5H1 1.85 % .
2.2 FEMEEARNEXRF2NEEER AR

ANFFEFFA 7 P RPRL T . H A
YR EREE, £IHE NSM, NS, NB, N, CK &
WA R % (P < 0.05, K 3), WF5EEFL, NSM
b P M b A i R T A AN b (P o<
0.05), 439l CK AbFEE) 9.05 %, N 4bHEAY 3.85

http://pedologica.issas.ac.cn



13] WILGERE R F 52X PSRRI T A A T K e 3 R A 52 273

a) 6 b) 151 ¢) 1or
c
c I c c
T 0.8F e
5k ~10F b o~
T '-?"D a ‘io 06
& 2 a =~
o) Z 04
L L =
4 g 5
02F
3 0 0.0
N NS NSM NB CK N NS NSM NB N NS NSM NB
iiﬂi Treatment Ab3E Treatment Mb3E Treatment
d) 20 © 101 f s0p ¢
0.8F 40F l
1sf b =
B a a .i. a Ea N a
"op == T - ‘o 0.6 b b b 230
~ 10k e —_ T — 0
&0 =0 =~
4 = L =3 -
z S 04F o = 20
- b
5 02t 0} b D —
a | |
0.0 0
CK N NS NSM NB CK N NS NSM NB CK N NS NSM NB
AL Treatment AL Treatment HbFR Treatment

E: CK, AHEMEXTHR; N, %8 NPK; NS, NPK+#FFi£H ; NSM, NPK+FSFF/&3EH0M ; NB, NPK+RGFFEY &, B AR
INE FRRRARIA B 22 5 5.3 (P <0.05 ), FAl. Note: CK, no fertilization; N, conventional NPK; NS, NPK with straw returning;
NSM, NPK with straw returning and pig manure; NB, NPK with straw biochar. Different letters in the figure indicate significant differences

in different treatments ( P < 0.05 ) . The same below.

B SRR 5 SO AR bR Ak 2B R A952M (pH (a), SOC (b), TN (¢). TK (d), TP (e) Hl AP (f))
Fig. 1 Effects of straw returning treatments on soil properties, including pH (a), SOC (b), TN (c), TK (d), TP (e), and AP (f)
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Fig. 2 Effects of straw returning treatments on soil ACP (a) and ALP (b ) activities
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Fig. 3 Effects of straw returning treatments on dry biomass of grain (a), aboveground biomass (b ) and phosphorus utilization ( ¢ )
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Fig. 4 Effects of straw returning treatments on Chaol richness( a ), species richness( b ), Shannon index( ¢ )of the rhizosphere AMF community
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Fig. 5 Effects of straw returning treatments on the rhizosphere AMF community structure (a) and similarity between groups (b )
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Fig. 6 Effects of straw returning treatments on the rhizosphere AMF community structure at the order (a) and genus (b ) levels
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Fig. 8 Random forest modeling showing the effects of soil properties on Chaol richness (a ), species richness (b ), Shannon index (¢ ), and

composition (d) of the rhizosphere AMF community

XA R bR fEfL 2 280k 0.857, AMF #E7%
(1) BB O B A P SR A AR v AL 52 i 280k 0.138,

3 3 ®

3.1 FFEBEAXIRER L EHFE AR
T AP T REAS B R b S Tt IR B - Stk

A EASEM, AU REM, ANFEFRSFE H
AL H SOC A1 TN ¥ T N ACEE; AHEL NS fil NB 4k
FH, NSM 43 TN, TK ., TP Fil AP &80 (& 1),
ol T 288 T i 3 P 38 o 98 % Al L L Al T RS AT
Oy f A SR, AR T R R AR Y

NB 4bH SOC &8 T NS Il NSM A3 (& 1),

X AT FE R TR AT AR W 0 e AT PRk R ., B

http://pedologica.issas.ac.cn



1 BHDILGEAE . FAF I FH X0 DAVRE TR AR 0 T A 7 AR T Kl 22 R FH 1 52 i 277
a) <)
20 L0 R

g Dir¢ct effects

£ 15F 2 | e AL
® % = % Indirect effects
E Z10f =g 0T
=z 2 I8

5 =g

E 200

0

SRES PES
S K7 Impact factor

S AMF ACP
SR A1~ Impact factor

£: Ch, Chaol #5%; Sh, FRIEH; Co, AMF KL Ri, WA EEE; PU, BEFIAA; S, 1HEFER. Note: Ch, Chaol

index; Sh, Shannon index; Co, AMF community composition; Ri, species richness; PU, phosphorus utilization; S, soil properties.

F 9 MREREHEMERT . AMF BE05 . BEERESTS E S5 B A F R U BEDLAR AR R0 (a), 250 AR (b) KHARElR
#m (c)

Fig. 9 Soil properties, AMF community, phosphomonoesterase activity and phosphorus utilization using random forest modeling (a ), and

structural equation modeling (b ) and standardization effects ( c)

2R8I 57 B S5 AME LGS R AP oAk, R
FF A=) 3 ok fig 2 1 0 IR ZS R E M, AR T
XF A M vh BB AR SR O W B, BRI T SR
R AR 12 A SR R I o - S P Ak M R AR R AR
AR R TR RS FE AR A BB IN T 35 0 R i
e (I 2), AWTSE R W FE AR FE R Y 34 5 =X
BERE T L SOC, TN, TP fl AP & &, X
I E LN BA SR .
32 AEBFEEHFTX TR AMF SHEFEFE

Ay il PSS

T FF i HH B8 el 28 AR B b S sl A W v 4
A B TIE U AR ) A AR EL R AV, S AMF
ZREMT R, AR FR AL FALHE T, NSM Ab#E
() AMF ZFEHEEE NS I NB b FEAT 39 fin i 34 E R &
F (B 4), HEH R AT BB S5 RS AR 936 g e,
AEFEFIEH T T SRR 50 AMF #fg
45k, AMF J& £ B fbta B It MR, #ElEdm T
AN[E] AMF J@ T A AF R I T oK AN A . WF9E R,
Wit & s AT 30 H S8, Glomus AHXTHE £ &, MM
Paraglomus & & TR & RS AL R 24 AMF
BEVE R 8 ( Archaeospora ) F1 Scutellospora
U/, AMF BEVE LI AR UEE R R, NSM 4k
PR Paraglomus F-JE & T NS Al NB 4b3# (8] 7)),
I VT BE 2 NSM Ah BE fPOWS R ST
Paraglomus £, Witi BT Paraglomus 7& F KPR
(14 5z 5 2O,

FORMR PR AMF #7520 1 R 25 1) 32 28 57 5|
TP, TK. TN. SOC Fl AP 0, 330k xR bR
AMF BETE 4 0= A i 5 (1 8 ). B g e 2k
TE—EREE AR T AMF 24K 5hmt), 5
FOAFCRELMMEL, FRIEBOFARE (B 4). CK
N bR rp - AR S S AR, AT AR T
AMF BfEJ5 250 2R AL A Z RE PR O3S K 2R T AMF
TR PR B A ELAE X 498 AMF B 245440 A
5T &L, SOC SRR AMF ZAE1% FIRE V& 45 1
B AR IR B A, K IAFSFF 8 AR BT SOC % &3
Jnay DL S AR PR AMF 2 REE I s A8 FLRE I 450, &
KBy AMF St RGEAEHE T 4 g B s v F sk =
AR 28 MR R AMF 2 FE0E 5 0 R il TR
PEM X RZE LI R IR RZ GG, E
55 038 A+ A HLBE [ LB 1 1k 20,

33 AEHEFEHARTEXR=MBEF AEYN

ThREZMEZ

ol 4 288 T i T AR v AR A 400 7 R TR 2 B R
RO R AT A 3 i AR By 1= v TP A1 AP
BRI AMF BEVE ZREME Rk T oK R s R
FIUFRA S, BGE TERE 3 M RPY . AMF &
e = EED R, IR THEY T S 7R R,
FRRE T LI SEVE Y AR AT B E SR, REFFIR AL HE T
YEYIMCEAR PR AMF 19 8 58 5 2L A AL, bl 4 49w
AL SR A WSORI Y B 25 R FE A AR BR Y
B, AEFE I FOR S KB R FH 25 08 5 0 2500 & A B

http://pedologica.issas.ac.cn



278 + b1

e 60 %:

ARBA ARG I, AN AR AR FH A B AR R 32
B LR (KE9), HTAREFL
FHARPE T -3 S e, S0 T Al 1 A 0% e e
Tl A G 05 1A B o S T FH RT3 A 14 Jin AMF BV
ZREME, BOS T R R R TR M, RIF LIRS
RO RSN BE 7 . WFST R, AMF Al 42
R W 212 T Tl A2 A0 9% 1 ok 1 0 A 0 e 25 10 9 0 088
N, BN AMF VR ZREE I T RS FF G HLEE
i) K ) AT R OSCAS B A R e Ak, PR T T BENIE A
KB RMHAEBRG T AMF B ZREVEFIEETE 4544
X F AR B A 3l 28 A (R 10 D S FOR B R IR
PR, XA R R B se D R $E R
HEZEEL,

4 4w

A RIS s FH 5 30 25 2 W) 4 98 LA o A
YA, RS AR ZE N A $R TR Bt . AN
FEFFIE 5 200 35 5 AMF REJE 4540, b ek B
JE AR R Jm WL . AMF FE 451 iy A2 f ]
REE I35 TORBE M BV R AR iR At . R R 2 it
— LU A RIRATE 7 M ARPR AMF fEv 3
Ky A W R A s AL, e R AR —
b AR GEE R A AOM R BER AR

£ 3L Hk ( References )

[1] Pan S, Wang Y, Qiu Y,
acidification, not N-nutrient, dominates suppressive N
effects fungi[J]. Global
Change Biology, 2020, 26 (11): 6568—6580.

Recorbet G, Calabrese S, Balliau T, et al. Proteome

et al. Nitrogen-induced

on arbuscular mycorrhizal

adaptations under contrasting soil phosphate regimes of

Rhizophagus irregularis engaged in a common

mycorrhizal network[J]. Fungal Genetics and Biology,
2021, 147: 103517.

Liu Y, Zhang G, Luo X, et al. Mycorrhizal fungi and
phosphatase involvement in rhizosphere phosphorus

transformations  improves plant nutrition during

subtropical forest succession[J]. Soil
Biochemistry, 2021, 153: 108099.

Qin Z, Zhang H, Feng G, et al. Soil phosphorus

Biology and

availability modifies the relationship between AM fungal
diversity and mycorrhizal benefits to maize in an
agricultural soil[J]. Soil Biology and Biochemistry,
2020, 144: 107790.

Xiu L, Zhang W, Sun Y, et al. Effects of biochar and

[ 6]

[7]

[8]

straw returning on the key cultivation limitations of Albic
soil and soybean growth over 2 years [J]. Catena, 2019,
173: 481—493.

Wu AL, Wang J S, Dong E W, et al. Effect of application
of biochar and straw on fate of fertilizer N in cinnamon
soil[J]. Acta Pedologica Sinica, 2019, 56( 1): 176—185.
R, ER, E M, & I EY R R
AR 1 /N X m BsZ )], R, 2019, 56
(1): 176—185.]

LiP,LiYC, ShiJ L, et al. Rice straw return of different
decomposition days
structure[J] Acta Ecologica Sinica, 2017, 37 (13):
4309—4317. [Z21, ZKkF, LR, % KBTS
T I i) o 1 38 L T 7 4 A0 RO S R (0], AR ARl
2017, 37 (13): 4309—4317.]

SuY, Kwong R WM, Tang W L, et al. Straw return
enhances the risks of metals in soil?[J]. Ecotoxicology
and Environmental Safety, 2021, 207: 111201.

Yang Y H, Su Y, He Z C, et al. Transformation and

distribution of straw-derived carbon in soil and the

altered soil fungal community

effects on soil organic carbon pool: A review[J]. Chinese
Journal of Applied Ecology, 2019, 30( 2 ): 668—676. [#%
Hite, D3R, PR, 45, 8 HASFFRRTE L3P A 1k
43 BE KR 1 S BILI 52 W) AT ST R (0. i P AR 2
24, 2019, 30 (2): 668—676.]

Alguacila M M, Torrecillasa E, Garcia-Orenesb F, et al.
Changes in the composition and diversity of AMF
communities mediated by management practices in a
Mediterranean soil are related with increases in soil
biological activity. Soil Biology and Biochemistry, 2014,
76: 34—44.

Chen LJ, Sun B, JinC, etal. Effect of organic manure
and biochar with equal amount of carbon input on
microbial diversity and respiration of red soil[J]. Soils,
2015, 47(2): 340—348. [BRAIZE, $hiE, &)=, %. %
TR B A AILIE A ) 20 o 21 3 i A ) 2 R R 1 38
W RS2 (D], 58, 2015, 47 (2): 340—348.]
Wang L, Chen HR, WulJZ, et al. Effects of magnetic
biochar-microbe composite on Cd
responses in paddy soil[J].
Hazardous Materials, 2021, 414: 125494.
Yang H, Zhou J, Weih M, et al. Mycorrhizal nitrogen

remediation and

microbial Journal of

uptake of wheat is increased by earthworm activity only
under no-till and straw removal conditions[J]. Applied
Soil Ecology, 2020, 155: 103672.

Zeng H, Tan F, Zhang Y, et al. Effects of cultivation and
return of Bacillus thuringiensis ( Bt ) maize on the
diversity of the arbuscular mycorrhizal community in
soils and roots of subsequently cultivated conventional
maize[J]. Soil Biology and Biochemistry, 2014, 75:
254—263.

Zhao Q G. Material cycle and its regulation of red soil[M].
Beijing: Science Press, 2002. [{XH:[E. £ HEY)BAgER
L HRAEIM]. dbat: Bl it, 2002.]

http://pedologica.issas.ac.cn



144

WILGERE R F 52X PSRRI T A A T K e 3 R A 52

279

[ 16 ]

[17 ]

[ 18 ]

[ 19 ]

[ 21 ]

[ 22 ]

[ 23]

[ 25 ]

Lu R K.
agro-chemistry[M]. Beijing: China Agricultural Science
and Technology Press, 2000. [&-fi3f. + el fb=224y
Mrork. bt s RN RFE, 2000.]

Guan S Y. Soil enzyme and its research methods[M].
Beijing: Agriculture Press, 1986. [SEFA®Y. - e J H
WIFEEEM]. dent: ki idt, 1986.]

Lumini E, Orgiazzi A, Borriello R, et al. Disclosing

Analytical methods for soil and

arbuscular mycorrhizal fungal biodiversity in soil through
a land-use gradient using a pyrosequencing approach [J].
Environmental Microbiology, 2010, 12( 8 ): 2165—2179.
Tan D S, JinJ Y, Huang S W. Effect of long-term K
fertilizer application and returning wheat straw to soil on
crop yield and soil K under different planting systems in
northwestern China[J]. Plant Nutrition and Fertilizer
Sciences, 2008, 14 (5): 886—893. [{EfH/K, 4:4kiz,
BZASC. AR 5 A IA X PG b XA [) oA )
JER AR e S - S R AR (0], A SR S TR
224, 2008, 14 (5). 886—893.]

Meng X T, Jiang Y J, Wang X Y, et al. Effects of
long-term application of biochar and straws on red soil
aggregation carbon
distribution[J]. Soils, 2018, 50 (2): 326—332. [#ff
K, HESE, EGEH, & LY R F L X
LLIERIR R A PLBRAYZ m[I]. 1%, 2018, 50 (2):
326—332.]

Xu G X, Wang ZF, Gao M, et al.Effects of straw and

biochar return in soil on soil aggregate and carbon

composition and  organic

sequestration[J]. Environmental Science, 2018, 39 (1):
355362, [RE &, £1I5, mll, % T SLEYKR
I T 3 AT SR AR K [ B AR AIE B 2 R[], BRBE L2
2018, 39 (1): 355—362.]

Luo G, Sun B, LiL, etal. Understanding how long-term
organic amendments increase soil phosphatase activities:
Insight

into phoD- and phoC-harboring functional

microbial populations[J]. Soil Biology and
Biochemistry, 2019, 139: 107632.

Yang H, Meng Y, Feng J, et al. Direct and indirect effects
of long-term ditch-buried straw return on soil bacterial
community in a rice-wheat rotation system[J]. Land
Degradation & Development, 2020, 31 (7): 851—867.
Alguacil M M, Torrecillas E, Garcia O F, et al. Changes
in the composition and diversity of AMF communities
mediated by management practices in a Mediterranean
soil are related with
activity[J]. Soil Biology and Biochemistry, 2014, 76:
34—44.

MaK, Song L L, Wang M G, et al. Effects of maize straw

increases in soil biological

returning on arbuscular mycorrhizal fungal community
structure in soil[J]. Journal of Applied Ecology, 2019,
30 (8): 2746—2756. [Dhi, Kunmw, EWIE, % £

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

[ 32]

[33]

[ 34 ]

[ 35 ]

[ 36 ]

KA AT 0T 1 e S T AR L T R A 2 I (D). 1o
AR, 2019, 30 (8): 2746—2756.]

Ma L, Zhang J, Li Z, et al. Long-term phosphorus
deficiency decreased bacterial-fungal network
complexity and efficiency across three soil types in China
as revealed by network analysis[J]. Applied Soil
Ecology, 2020, 148: 103506.

Montero H , Choi J,
mycorrhizal phenotyping: The dos and don'ts[J]. New
Phytologist, 2019, 221 (3): 1182—1186.

Guerra C A, Heintz-Buschart A, SikorskiJ, et al. Blind
spots in global soil biodiversity and ecosystem function
research[J]. Nature Communications, 2020, 11( 1 ): 3870.
Zhou Z H, Wang C K, Luo Y Q. Meta-analysis of the

impacts of global change factors on soil microbial

Paszkowski U. Arbuscular

diversity and functionality[J]. Nature Communications,
2020, 11 (1): 3072

Battaglia M, Thomason W, Fike J H, et al. The broad
impacts of corn stover and wheat straw removal for
biofuel production on crop productivity, soil health and
greenhouse gas emissions: A review[J]. Global Change
Biology Bioenergy, 2020, 13 (1): 45—57.

Bao L, Liu HJ, Deng H, et al. Effect of straw biochar on
utilization of soil phosphorus and growth of bok choi in
greenhouse in Dianchi Lake basin[J]. Acta Pedologica
Sinica, 2018, 55 (4): 815—824. [fdsr, XIE W, X
e, AR, KRG FF AR ) e X L b A R - et R
FU/NE AR BRI, L2, 2018, 55 (4):
815—824.]

Fabianska I, Sosa-Lopez E, Bucher M. The role of
nutrient balance in  shaping plant root-fungal
interactions: Facts and speculation[J]. Current Opinion in
Microbiology, 2019, 49: 90—96.

Zhang H,Cao Y F,Xu W X, et al. Decomposition of plant
straws and variation of microbial
communities[J]. Acta Pedologica Sinica, 2019, 56 (6 ):
1482—1492. [k, W=HE, WM, &, HYRHFHE
f Rk 5 S R T A R D (7], B, 2019,
56 (6): 1482—1492.]

Wang J, Fu X, Sainju U M, et al. Soil carbon fractions in

accompanying

response to straw mulching in the Loess Plateau of
Chinal[J]. Biology and Fertility of Soils, 2018, 54 (4):
423—436.

Wen Z H, Li HB, Shen Q, et al. Tradeoffs among root
morphology, exudation and mycorrhizal symbioses for
phosphorus-acquisition strategies of 16 crop species[J].
New Phytologist, 2019, 223 (2). 882—895.

Saleem M, Hu J, Jousset A. More than the sum of its
part: microbiome biodiversity as a driver of plant growth
and soil health[J]. Annual Review of Ecology, Evolution,
and Systematics, 2013, 50: 145—168.

(RERE: HRF)

http://pedologica.issas.ac.cn



