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W B AR VURI XA FEREY: T LIR W RR S50 5 2, 3R 5T
TGN TR R . DU H ) B R SLER A, IR,
P N TARRIAE A R = FAE B S I B E AT TN &, RS A A
ITS i S 7 A IR SR A IS S5 MR 2R 1 . UM g 28 2 1) - g S Aar il
BIEE 511224073 H 28 #4257 J&. o, AR HME ) SRR HAEE TR
THHI] (Ascomycota), T N TARFRIAM AL EBE TN T3]
(Basidiomycota). HJEIL 31 JE, #ybH, FoHh, N TARFIRIRAR I8 i
AR D WA IEE (Mortierella)« ¥ #2 & A Archaeorhizomyces #2JFTH
J& (Cortinarius)~ 2145 )& (Russula) 1 Geminibasidium. Y3 13% B &Y F
B AU =, AN B HLIR AR A RIRARA N AR
FEE . MEECN Z R EUEAL, A EBONE T . BRYD HURT b ) - 15
R SOOI, AR N TARRUR AR B N . B R RAE T TKF
FREEMEZER (LDA>2), HERBKZRMEEE (LDA<2). MR IR X
AR A 3B R T A T IR T T B AR, R AR YD s RN k|
RE AR IR N TAREE I S5 44 73 O ARARL,  BAE JB /K SR IR 35 1 22
L 22 T B 250 50 FE 8 350 vy BIAIRHEZ Dy St > BRI D > A5 144 R IR RS
TIANTAR. MRS @I FEVEY) . R RTE YD X LIRS, A szmaib X
TIER VRGN . L RERR PR B SP A RATEY M B A 2 B A
TS, B — e R E E R AR AR, I A g
H,
KW AR TURY X MR, HIERE, BEESN; 2
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MR BRAE . ABFFiH, DAFRE ARG EitE e H 2 AN Foe 5, FiEde 7 % &
BN T, BEMaHr & KIE (WE) | b 20% 6 A8 it A &

(WB80%F) . /bt (80%WF) Al MK IERCHEAEY) K (WF+B) Xf N
WV AT E. KRR EE S N R 385 T A AR 520 . B 9T 5 SRR
5 WF AHEL, WF+B Z 3K 7 NkRE, [R50+ 7= &8 WUE 4351l
F 7 5.5%F1 11%. WB80%F H', N kk&E. A+ /=& WUE 55 WF &
L, RAGIMEE 2. 5 WF M ELE, 80%WF X} [&{% N 5 F142 5 WUE )
MR, BSE0hFrrm kAR, SRS ET, NOs-N A1 NH4'-
N 5 B35 6 385 T R FE IR T PRI, 7€ 0-40 cm /29, NOs™-N Fl NHs*-N
SR FEFA N WF+B > WF = W80%F> 80%WE; 40 cm LL T+ Zdd NOs
-N A NH4*-N & &2 N WE ~ W80%F > WE+B > 80%WF F1#{%. NOs
-N AT NH4*-N 7E T 38850 R R, 80%WF A1 WF+B X N kg /b (1
MURIASTE], /0 E 0 & P A 4 R NOg™-N AT NH4*-N & &, {H WF+B 3%
FEHEINERJZ 3R NOs-N AT NH4*-N 0 Be Lui o AR 745 AR, 785 Bk
JEEA - BC G AE P R BEFRAIC N kAR &, R REde 7~ =M WUE, I HRedE
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W E. MR (arbuscular mycorrhizal, AM) HEE{E A IE A —Fp i R
DhRet Ay, ARG, SRS cE M, fARE IR Z 040,
AT AR B R 25 el Ao R T AR R SR G0, SR At H G 2, (1SR R
an At EILZ AR, (2R M B 22 R XS AML BT 7 2% el A R B A AR
SCHLER FUiE K — 5 A . NI AM BB SO SR o e LB, AR
BIF 8 M T5 B 7 i 32777 X ——A5 BH 7 3 S A [R] e e R AL DU A i (f3 FHAEAR
f BT SARARER KA PR RARPR SR LARKE, PRI AR S A o5
PR 22 AM B R AR L A0 B L IR EN A1 S5 R, KB 4 el -4 2
AE B B R A (S ALY (S BHBHAMAE IR+ ) 7%t 3% pH
BIREACT 9l (4 RAE SR E) Zkid (P<0.05), [FK 35 /KEM
B SRR B R T AR K AR E (P<0.05), TMHEA P R EKT S 4RKHE
(P<0.05). M7 HrIUF MR 52 AM FHIRR QLRI (5 RHREA TR
PR 2R AM JLR R Je 28 2 B0 T HAm =N oA (P <0.05), TiiE B 15 ) &
ZE T ol (P<0.05), XAJRES(E M5 Ak I3 A P & Bk (5.52 -
11.21 mg-kg") AKX, Wi FE A58 (Principal Component Analysis, PCA)
SERIL, VUL AR ST LR 25 0T, 3R] AM HL R S B 2 32 0 b
M FZm . JE L SEBRAEE M1 (Virtual Population Analysis, VPA) K3, ZH
A 3 pHL A LSS BEAGME BT P A SO4> 45 /K M B 1L R AM L
24y, A AEp A R R T N 6.9%, T IEIALME I BOMAR R BN 2.8%,
P L FE R N 89.9%. JHIT Pearson FHICYES T R TN, 3E/KIEME SO A
AHUREEES AM HIFRGAR 8% A (P<0.05), i pH AERL P N
5 AM HERPEFEREZE AL (P<0.05), HIEFKEMEF. CIv NOsELK
H R RN EKENES AM R EHKNE (P<0.05); b, #HH PS5
13 pH MIENUR S22 EEMK (P<0.05). 450K, B AR M
R R AM RERERAPEX, Hrh 33 pH, GHLBAERL P PLK
SO AN f AR 52 AM B BRI 12 G4 734 1) 32 223K 3 R 1
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W B HTEERAMEDREER, TEPZH5E (PAHS) & H K
A7) (O-PAHs), X EE% 3875 5840 =W Bl 5 mn AR e A Sk v, 4
RS RIS AT 68 7, AT AT RT3 1 B IR Iz (1) 5%
. AHLE O-PAHs F1 PAHs X 3 AE R ThRERIFEM, AR 7 LLA I [a] &
(BaA) MIHEALYIZE I [a] Bl (BaAD) A PAHs 1 O-PAHs /%, FIFlg P+
SR T B R LG, TR N NHACL R I A i FR i 2l b, v B0 IR DA
S BaA 1 BaAD A[EV5 YLK E (1,10, 100 mg kgD HI4b#H, @il E & PCR,
AP FE B I FL UK 25 725, HREE T BaA Al BaAD S 3RS Ak i B DL M R Ak i e
YIRS . SEIREE RRIOR, BRI T HIRM R, (R T RS E R
%R, T BaA 5 BaAD # AR L 2 ALY 2 E ;. NHaClL I E 5
Tt b REENEE, HXFEEM SR 100 mg kg BaA PLJ
43 BaAD BRI, DL ESERK, MILTRAEZH R, HIEhEA
T BT B R L RS R UK, B TR IR B AT R m S
AU o
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SO AR T IR 22 38 55 875 Y B s Ol R I IR AR AR S RN, R4
A3, WERINERMA I [a] BB, @M a s TR, £l
EMASEMRR. T35 pH LS R0 L IERE -, 454 €8 PCR. miEEN
FETJ71E, WEHRR B A I [a] Bt IR B RS AE RS . 45 R EoR, JR&
SEEIEPHSENRER, BEWIN T MEHZ S INERRER (amoA) I,
{EXT 7 B amoA EE RIS MAN B i JR 2 T8I pH (ERFIK, 2R
14 N FEIEMBE TR 10 4, [ HIRME R ZREVE R 25 R R, kLR
RAEBKAA, M TREMS, FIF[a]H 84 d MH1bFE N 10% 447, KIME
N B o I E W TR AR S5 R T8 s PR 2R [ B AL R
AR E R, (HOR I [a] O H e E A A A IR R, 0 H B
63%. XUEERKYE, RRSEIEPMHAEDR E S, FET K pH mmxs
TR DR P AR VRTE PR R, T 2 3 [ B0 ) 338 B B T RE B AN 4 1 AR B VR A
VELE IR o B AT BT A A s B S BRI 2 3 T R 1 A R AL
N, AR WIS GRS A ) B 38 AR FALHI SR A 7 RE22 b
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W B, UIRERIAYIRAEN IO IR R S5 R, IR IR IR AL
REFE. BRI, EEMIZREME . FEIE S ANTREXT A2 % 04 M S AL 1 A B AR
AHI T & A AR, SREC B U AR eI R R CRg I 457
R AR & 05 T R S5 ML oy I TR 359> CORSr) H o N = KAV R 5
25, REEGHEMR M =R sy (EREEHD o 3 B E YR A T REREE 45 K 15
Wi . AIF 5032 WA= W 0 RO AR A 4 vl R D s 4 2 308 35 D538 L TR O BEVR 4 i), AR
T2 B2 KT AR 1) 75 B R AL 43 RO SR 77 43 2H 00« 2B ml 1 F ik 2 ) S50 35 %
i 10%H T B T TROAEST 28, (B 38 3R B T VRN A B T T ROAEN =E B S R
BF. HE ISR R EREY AT R BRA D ER N, EEEAR
(saprotroph) ZIL“HITEE " MAEMFBN, AN 54800 3 T8
B MERAEY R HBRA S Z 0N, FR A S A B R )
AR, HAEFERE ISR, “HREE TG, FK, SUEED TR RS B2
B S A E AR R, AR AR P R S MARE T R E
BRI Z R, S AR CmERD ERKZEH .. RATER
AR Z N B S B IFIA A e 4 B . Ak, BRI e
VIBEVR S5 A R Th BE B B B B M T A v v R R R A 2, U W LB AR
TR (R RGORE P AT g J e vl R Rk o ASHIT 7T 5 1 A5 ot 2 o ] R P e 2L
% HIEE I REREE R . S RIEER, R I8 SO AE R A Y AT
I 2H 2 1 M R 3 L B BV S5 M RN T RE RO AT REME:

REEF: HW R BRI PRARE; CEY T RIRRR: IR
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Community composition of ectomycorrhizal fungi associated with Pinus

sylvestris var. mongolica plantation in Horqin Sandy Land

Mishan Guo!? Guodong Ding'? Guanglei Gao'?* Ying Zhang® Hongyu Cao?
Yue Ren!

(1. College of Soil and Water Conservation, Key Laboratory of State Forestry
Administration on Soil and Water Conservation, Beijing Forestry University, Beijing
100083, China; 2 Yanchi Research Station, School of Soil and Water Conservation,
Beijing Forestry University, Beijing, China)

E-mail: guomishan@bjfu.edu.cn; gaoguanglei@bjfu.edu.cn*

Abstract:  Pinus sylvestris var. mongolica is an important afforestation tree species
in northern China. However, the P. sylvestris plantations in most of the introduced
areas are accompanied by severe decline. Ectomycorrhizal fungi are closely related to
the host plant growth and environmental conditions which plays a significant
important role in the forest ecosystem, especially for pinus. The research on
ectomycorrhizal fungi may be an important approach to reveal the decline and death
of P. sylvestris. To characterize the community composition of ectomycorrhizal fungi,
soil-roots samplings were analyzed by molecular biology method from P. sylvestris
plantations with three stand ages in Horqin Sandy Land. The results indicated that (1)
the ectomycorrhizal fungi of P. sylvestris plantation were identified into 2 phyla, 2
classes, 8 orders, 14 families, and 17 genera in Horqin Sandy Land. The dominant
fungal genus was Wilcoxina. (2) The diversity and community composition of
ectomycorrhizal fungi in the Horqin Sandy Land differed with stand age, the
composition of ectomycorrhizal fungi community between half-mature and nearly-
mature forests was much similar than others. (3) The mainly soil factors affecting the
community structure of ectomycorrhizal fungi are soil aeration, pH, soil carbon
content. This study revealed the soil microbial diversity of P. sylvestris plantation in
Horqin Sandy Land, and it could provide firm basis for the microbial mechanism of
degraded P. sylvestris plantations. And it provides theoretical basis and scientific
support for improving the growth status and health management of P. sylvestris.

Key words: ectomycorrhizal fungi; P. sylvestris plantation; sandy land; stand age; soil
properties

Foundations: The Fundamental Research Funds for the Central Universities
(2017PT03) and (2015ZCQ-SB-02); the National Natural Science Foundation of
China (31600583)
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B KBELFETERKSHT IR T RINAEETEAS . Fe(1)/Fe(ll)
VE KRB FE R RMIE JRAAR R, IR 15 A2 257K () 8 A 3 S 1 o
PR E R, BRI KRR LA R 2. Bon R ST TR A
4, HAEKMELETKREFE, REHESRZEAE LIS, WEIEA . &G
o AT THEFe (D X H LIBGAMIRE ZFEERIS 0T, K =N FRTT
ERMA R (L, LR, S KRB EHRIIARKE Fe QD B
B, CKs AREIN, L A&, HY , FIF 16S rRNA s sl 7+ AR A
PICRUSE 24 LL#R 1A I AL BEXHAE AR ) OTU ZREME. FRAIARE . ThAERI
KEGG g sz . 45 RKH, HEAHAR LI Fe (D MM RIS M OTU
ZREERRAS, PR E R R A3, HE s MG E R TReE g, Xt
16S rRNA & [ il & 07 £ KT 1% MR35 & 1) LEfSe /iR BH, fri%+
1, Candidatus Koribacter, Flavisolibacter, Anaeromyxobacter, HolopHaga,
Gemmatimonas, Pseudomonas, Nitrosovibrio, Acidovorax, Occallatibacter,
Candidatus Solibacter, Opitutus, Derxia & LCK # & &%/ ; Ignavibacterium,
Prolixibacter, Rhodanobacter, Symbiobacterium 7£ LL & &8 &,
Leptolyngbya , Sphingobium, Bacillus, Cellulomonas, Desulfosporosinus,
Alicyclobacillus 7£ LH & &% . #Efb+, Dokdonella, Sphingomonas,
Massilia, Burkholderia, Steroidobacter 7£ SCK & & ; Cellulomonas 7£
SL *& &% Halomonas, Alicyclobacillus, Desulfitobacterium 7& SH &=
Bim. PICRUSt 0 #r kW], J@/K-Fifis 2R SR 2 R 2 B2 1E
M, SIEEEE LA BB SR, ESELT, B Fe(IDVRIIALZE IR
IR ST IR 43 0 B A R e 7= AR 2%, IR Fe(ID S INAN =7 Fe(TD¥S N2 68 39 im [ 2
W, fERbLrh, K Fe(D)Z AN Fe(ID)¥R N4 68 532 B ik /R SCHE 3R @ % ;
fI% Fe(ID)¥s AT =1 Fe(IL)s IR fE . 2 g/ 32 - Aeh -+ [ AL B R 263 JiR A ik
SUmEs. S5RRY, Fe (11D IR 338 /57 X2 O] 58 A2 520 /K R 200 v 3 5 285
MK EZER R

KRG Fe(I)RFE: TEH LI, Sn@EENT: WMEEMBKSM: PICRUSt ThRE
ot

BHIE: EEKERFEES (680600480)
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=, X 430070)
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W OB AR KNG I A R AR PP 1 23 8] 5 5 M 43 A B AR
Bio fEAH I, K AR e s A R4 P SR AR R AR, H RTAE G
Wi Rk, FATES ARG (PLFAD iy i &0 7 (14 77 72

(HTS) , ##7% 74E 35 FR MM ML B, =FkifR FIERAH (2000-
250 um, 250-53 pm FI<53um) 40 A1 B BEE N DU Pt AR AL EE (S, HLIE,
AHUE, AHUEHUIEERRE) I, 255 R, >53 um MEIREAE, JCHAERA
AR (250-53 um) 1, EAEM L C N BEEE T HEAEY, B
e, miEENFERREE, >53 um KRR P73 & A =E B
ETh i, AT R AR A it R ] SR AR A2 1) Y 3 5 e 240 o R L
FEE A . (BIL P A B BV 2 B2 N AR e, JF5 P & R AR R 2 A
Ko T ECHEBEIE S A RMR AT K, HEES C N B, R
7] 18y e SRS 7R 150 B 7 P SR AR RURE b, BRI 20 1 0 3 R AR ) R AL SR R
A FI DTk -

RegiA: HIRMRAR; A BEARARATER (PLFA) 2)#T; mid=EI)T; 0w
s HEAE

WEBHIUE «  [E 5 5 AT 7T R R 11 RI(973) 31 H (2015CB150504).
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W OB R BRI S IR T N S B A R A2 B AT RE A S
LTI A, AT T E 2 B T TR R YRR A 2 (A R R AT ST
B, 06 R R B ORI FORN T R D . ASHIE AT LA 630 SE K FE AR RE PG s H+
2 FARAE SE I I 86 bR KRG BT TR 5, va I B BT AR5 22 B (< DA
23 () 3 B 160 BIF 78 7 90 i Wik, 4R 70 30 R AR R B R R R A A W T 5 4 I 1)
FEBE & A . FRATTR G 1 S [ 398 v 1 R 7 B e ol o 0 1) =

FE. SAEMERBEE SN, BOR T AR S SRR e R R R A
I3 B LS AR SRR R N RE B 2 [BIAFTE AR 9% . NMDS 24T 2R
AR HBh R, AMBEEEMAL, HEFEVET HERER G T
Hilo WpPpFFERN alpha 22 FEMEBE /K RE A 2 INEa 3 . P2 b B REVR S5 M0 7E N
FVEFN A SAEARAL,  A/NK 3RS . HE K it /K S R85 30 B I A AR kA v i)
WIS, beta ZREME R ER R, PRI RRAC. 320 BUR IR BRI A
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BH: 1) XA E T EENMLE (Actinobacteria) « L H
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Long-term fertilization management changes phoD-harboring bacterial

community in the rhizosphere of cotton grown in a grey desert soil

Fei Wang!? Lingi Zhang' Yisheng Duan! Gu Feng!*

(1. College of Resources and Environmental Sciences, China Agricultural University,
Beijing 100193; 2. School of Resource and Environmental Sciences, Henan Institute
of Science and Technology, Xinxiang 453003)

E-mail: wangfei@hist.edu.cn; fenggu@cau.edu.cn*

Abstract: Microorganisms are a main driver for mineralization and turnover of soil
organic phosphorus. The bacterial phoD gene encodes alkaline phosphatase (ALP), an
enzyme which involves in the hydrolysis of organic phosphorus in soils and is
responsible for promoting soil organic P availability. However, little is known about
the phoD-harboring bacterial communities respond to long-term combined
applications of chemical fertilizers and organic materials. In the present study, high-
throughput sequencing technology was employed to study the effects of a long-term
fertilization (28 years) with no treatment (Control), chemical fertilizers (NPK), and
chemical fertilizers plus sheep manure (NPKM) on the phoD-harboring bacterial
community in the rhizosphere at bud stage and flowering boll-setting stage of cotton.
The phoD-harboring bacterial community in cotton rhizosphere was significantly
changed in response to long-term fertilization and was dominated by Pseudomonas,
Mesorhizobium and Rhizobacter, independent of cotton development stages.
Moreover, the genus with most significant difference in the phoD-harboring bacterial
community was Mesorhizobium. Soil organic carbon (SOC) was the most influential
environmental factor affecting the relative abundance of phoD-harboring genus at bud
stage of cotton, while the most influential environmental factor became soil pH at
flowering boll-setting stage of cotton. These results demonstrated the profound
differences in phoD- harboring bacterial communities in the cotton rhizosphere under
the conditions of long-term fertilization and the composition of phoD was governed
by the environmental drivers, providing new insights to mediate functional
microbiome involved in soil organic phosphorus turnover.

Keywords: Long-term fertilization; alkaline phosphatase; phoD gene communities;
cotton rhizosphere; organic phosphorus

Funding: This study was supported by the National Key Research and Development
Program of China (2017YFD0200203), and the National Natural Science Foundation
of China (U1703232).
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Tillage effects on the abundance of AOA, AOB and Comammox in surface and

subsurface soil

Shuling Wang Qihui Wan  Zhihui Wang  Xianjun Jiang”
(College of Resources and Environmnet, Southwest University, Chongqing 400715,
China)
E-mail: 1290113421@gqqg.com.cn; jiangxj@swu.edu.cn*

Abstract: The discovery of complete ammonia oxidizer (comammox) has upset the
traditional conviction on the microbial regulation of the aerobic nitrification process.
Although the newly reported comammox has been detected to be widely distributed in
both natural and engineered ecosystem, more systematic survey of comammox and
other canonical nitrifiers in various terrestrial ecosystems is urgently needed to assess
the prevalence and distribution patterns of the major comammox lineages shaped by
abiotic and biotic factors at regional, national and global scales. Here, we quantified
the comammaox Nitrospira and ammonia oxidizing microbes (AOM) using
Quantitative PCR in a sub-tropical purple paddy soil under combination ridge with
no-tillage (RT) and conventional tillage (CT) for 29 years in Chongging, China,
investigated vertical distribution of comammox Nitrospira and AOM along with soil
profile (0-5, 5-10 and 10-20 cm) and explored the response of the comammox
Nitrospira and AOM to tillage regimes. Quantitative PCR analysis showed that both
two clades of comammox Nitrospira were highly abundant in the purple paddy soils
and tended to be more abundant than canonical AOM across the entire gradient of soil
sampling depth in both of the two tillage treatments. The number of clade A amoA
genes ranged from 3.76x107 to 2.31x10°2 per g of dry soils, and clade B amoA genes
ranged from 3.75x10° to 1.2110" per g of dry soils in the two tillage treatments
within 0-20 cm soil depth. The number of AOA amoA genes ranged from 1.21x107 to
2.78x107 per g of dry soils, and AOB ranged from 6.83x10* to 9.3810° per g of dry
soils in the two tillage treatments within 0-20 cm soil depth. Moreover, comammox
clade A was more abundant than AOA, with ratio of clade A to AOA ranging from
2.5t0 5.8 and 6.5 to 8.8 along with the soil profile in RT and CT treatments,
respectively. Abundance of AOA and AOB turned to be significantly higher in RT
plots than in CT plots in 0-5 cm, however, no significant difference was observed in
5-10 and 10-20 cm. Analyzed of two-way ANOVA showed that Comammox clade A
was significantly affected by the interaction of tillage and soil depth, while
comammox clade B responded less to tillage, depth and interaction of tillage and
depth, which indicated that the clade B may have better adaptability in poor nutrient
or poor oxygen conditions than the comammaox clade A. Correlation analysis showed
that potential nitrification rate (PNR) was significantly correlated to abundance of
AOA and AOB in 0-5 cm depth, and significantly correlated to clade B in 10-20 cm
depth. These results suggested that AOA and AOB may be relevant functionally in 0-
5 cm depth, and comammox Nitrospira performed its function of nitrification in 10-
20 cm depth, the autotrophic nitrification could likely be determined by a complex
suite of environment factors in vertical profiles of the purple paddy soil tested.
Keywords: Comammox Nitrospira; Purple paddy soil; Tillage regime; Soil profile
Acknowledgments: This work was funded by the National Science Foundation of
China (41671232, 41271267).
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COG igem2Rmiill, —Mrgta trhydERERIDIEE R A S (Function unknown) [
ORF 5%, HIKZE AL R (General function prediction only). 23 /212 i
R} E (Amino acid transport and metabolism). fE&= =4 51k C (Energy
production and conversion). — 48 L HVERRIEA COG DhEE NI =E AT
e ISAKMEEA >R AL, TURPTE RERH =M A pH &
A PRV G 22 AR K, OO Al A W A L S5 14 IO (X A S A 0 i R TR
TIER pHAE. AN SR A TR H AR K &0 TR Y
MR B A O, o 1338 pH KR AE M0V 45 R I S B K
(R?=0.9985, P=0.001).
R pH; Kt WMAEY; FREREAE
BHITE . AT H RS E K BARHERESE (41671232, 41271267) i)
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BRI E 5 5 SR R BT

BUEF 12 512 AR
(1. Hp R 5 e o AT 58 i 338 5 ROV T RF 2 T R oK B (S %, Bt
210008; 2.7 FEEHEFERS:, LA 100049)
spwei(@issas.ac.cn; zhpli@issas.ac.cn™

W OB CAVHFEAEER (HA) SR R B AR R8s, (H
IR RIEA ARG R . ARBFFL) 12 L 7 14 FOAFEIERE, e A0 B s
P, J6% (C. N. S, 0O) E &Ll FH CPMAS 13C NMR (Cross polarization magic
angle spinning 13C nuclear magnetic resonance) 52 HA NI . 45 1152
M 14 PRSI I HA, SR RE Y0 IR A E R 2, =
R # i HA X Physalospora piricola [ 41l % 22 1A 2] T 85.3% . TIEAIMEAL HA.
BESS Ve R A AR % ) ARO (aromaticity) TEE035/N T 50%, FIN e E, 1M
P R HA RURAYE R HA 1] ARO ¥ KT 60%, R NTF &M, tF oI
NG M 5 Ak 2 S5 R R 3% & 54T Mantel 1136 A1 RDA(CRedundancy analysis)
38T, £33 Mantel £656 H 55 005 36 14 32 3 AH DS 0 R S5k 7040 A NL S,
O. N/O. carbonyl C, aromatic C-O 1 anomeric C. RDA > HriI4E REH S & &
SIEIETEROEA DS, T O &M AAHIC; carbonyl C S TEME MM DS, 1M
anomeric C 1 aromatic C-O & FAHI. 7T fx ja M EE MR I R B T A K HA
SHE A KB FEIE I E R - Bk, HA b S ANEMELH 4> (carbonyl C) K& Bk
T REAS B AR TR HA. ARBFFCEE 7 2 P ERRIERT HA B4 3
BRITE TR, S HA RO ATk 6 B FH HR A R 12 (47
eI PIEVENE, PR, MYEERIRE, A, MEOCR
W E: [EX AR S (41430859,41771298) , ILH5 4 A7 it &)
(HAARFFEES) - FITH (BK20181510)
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G ) A e A B 7 2

REXR Y AN 2 ok 12
(L. FEL KRR S %RE, Jbat 100193; 2. AWZ RS E VLR
e E A=, Jbad 100193)
E-mail: wuwenl@cau.edu.cn*

W OB AL TFMEICER, WAMEREEEEA. WEER oA
BT oEmE TR, RIEHRTEaih X 2 5 E SRR 72%. 3%
Bz, HERNEEYBAANL, S LA RS RS, R
R O VS SR R K o B A A B3 AR X i AT A e Ak, BN
PR H AT R . &3F. ARUAME 720 ABFFLL/NE (Triticum
aestivum L.). Ifd1 L (Cordyceps militaris) Fl/K 4= F7 B # HX2 Bk
(Rahnella aquatilis) XI5, #FFMEY). E M0 ER L. WEREL .
R R AN [F A W S AL . 45 SR B /N 22 WAL 1) SV il R 2 7T LA
IR EAL S A A NUES I, 5 RFERRE, 1 /N2 il g R AR TR
T 2 b 1305 i H T DA vy 20K T AR A R 2 A R i £ R B R AT AR b
AR, BMREZRE M AMARMEER, H ARG 5 E e R AR
WAV E R R. aquatilis HX2 B ARXTAS [F S0 2 A BN =256 11,  HFRel%
Y47 T g 0 T8 T 4 v 2k 2% 4K, 9 100-300 KA I K B AT, S [ T A A
X HX2 (P2 B2 1 EL A 3505 TR R HE B A, b AT R B 2 i K Tl AR R
AWK TN . ZEUIHREY) . B 0B R S e LR -, T
RRAE ) & il A BRI 258 [RIVE 6 F s A AL 7 SR AR P HOR, THRIE A B
PEATME Lk BHIF L T HI0 5 e 850 e Al A 72 i S R R HIT 7L
(201303106) A1 E &R =M E AR QG B, fEdbat. iR, 1078, B
TSR TR ARG S PN, w5 303 B & 7=l e & R .
REEE: Ml AW PN A

BEITIH: EXARESES (31470531 F141073094) . AT CRl)
B 0 5T 5 280 e A 7= il R R R L S5 7RE (201303106)
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KIAREAE A 1F T £ E ER A E E A SHEY = BRI T

g ¥ mE= G E
CR AR RS ABIR 53 5 2# e, JEaT 100193)
E-mail: xuzhen1105@163.com; fenggu@cau.edu.cn*

W OE. FIREE (AMP) & I —REENREY, K5I RLA xR
R, ARSCEMEYIE T, BE AMF 8 KEEE R iR,
P B — T Foh TR A T R A A A K ) = P 70 3 P 9 s S R R AL
{HAE W FA2 I8 T 25 AMF AR R —MAE R, HEEZ R, HEWE
KA sem 2 ARS8 H (12 7 028 1325 AMF &, BRI ELHEY)
A HIEEIA  JEISR AR = A A A s A 50 AT K Bl e A 0 1 L
i, FHEKEREE (MPN) EEiF N L EEREEEHAE YR, Rk
Jite AL 2 A T 3 R R B A 2 A R R T B R DA R LA B B TR o TSR R R
M. 25 RRIIME T AR (CK) 48, KMAMILIE (NPK) FIAHUE (M)
Yoy S S0 - 25 AR O AR, A AUIEFILIEECHE (NPKM) Ab3 435
FAR B MPN S, UiIATE R A E I nge it 7 435 v AR 1 B B hE A
PITEE, IR T KENEREEAY IR, AR A E K e A
R BRI LA R L mIR AR RN R R, MRS E
et 1 25 AR IR T RS BRAR . U 6 06 &% TR 3 A ot 45 it 1l = F 34
T, 2 AR E R AR B R BN, H MPN 5 424 Olsen-P 218 % IEAH 5%
KEZR, XEHAEBAKEERKTEE, FEERIESEYER AT %
5o MPN 5778 J B RIS (1) 9% 28 1d BH - 38 B AR B AR XA E Pl i i DA R 7 i
AIEER, HE—BUEse T 3 AMF /E—F AR IR, HAYIE e d1E
Ve s . Sl s T g Rt PR T KR T AMF ZEEE,
AR T AMF ZRED, HJE/KF L Paraglomus & 35380, H
Paraglomus fXf =& 5 Olsen P B IEAIE, WAEHIEFED XML KUET
Paraglomus &¥E S KIIER . ZEEMRIEFIEYE. A2 KA
SEBINTZFEE A EEHEASE, H MPN X7 8H B ER, X
KIAREAEAMN AN | 335y, 3T 7 R AEWAL Yy, 8 T HIEAY Bt
o

REEW: KIMAL; IR MPN; Olsen-P; AMF Z 14

BEIWE: ExXHRRERES (U1403285. U1703232) . [ H AW AR
(2017YFD0200200)
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90 0 G ) B B RV X A [ S S g AR K

WhEE M2 FRamds
(1. A E R R 5 I ST T IR Al Rl [ R SR =, B
210008; 2. HEBFBE RS, dbi 100049)
E-mail: tyyao@issas.ac.cn; rrchen@issas.ac.cn™

W OE. WRBEAESRG, AVCHUERECHE L sk A AL IR S R 1 e
IR EE, ST IR IR R B AR E . SR, TR WA VA K I P e
R it e A 5 A FL 5 IR REII ¢ R M AN B . [, BEXT IR
IR, B o 0 B B AT U 22, [ BT s 400 ] R L A R 4 A 6 it
RE R SR AR B = o R T U, ANHIEFURI FVAT R e R 22 R AR B e o 5
56, R AR B A R, AR ARG F AR A AR ECHE Y MRF Ab
H, FHGE@EENFEA, 2Rlir g e E RS E R, il
Jit A A PEE 5 50of W AR R ) 22 S, T 4 R L B VR T A ) e P e P o 2 A5
Mo HFFAFKH: MRF A3 55 1 8] 3 YRR VA OB 2 KT F AL B 5060 HE
SRR A B AL, MRF 40345 9 4N, 88 ANEAN 185 4~ OTU KA #
ARk, 4 ) A B 29%, 17%R1 11%,  OTU HI~F35748 R R E H 0.06%; F
RFAA 2 N7, 9N EAI 30 A OTU KRAEZRAL, 20 3 b H S 501 6%, 2%F0
1%, OTU WP 7N 0.11%., HEAFE RGBSR, Fit, W5
DT TE X AS [F) e AR it A AN R g AR S, A NLENLECHE S, TIRRE YR
EENMARHES, FHEME/NM) mm (most and moderate) =, 1M AL AE
i, R RHEAD, FARIE KR ss (small and sharp) FE. ATE AR
) 56 R T E 2 REE A ThBE RO RE e . bk, WF 9036 W BB BEE R HLIEHL
PC e Py e J87 LA B B OR, R IMAE A ALCHLRCHE 5 B % o 2R EIR S,
YN A 53 25 . MRF AL BRI I A 2 8] ) B A VA R 250N 0.62, B K
THEREIE S (0400 « HEHEILA 70 ME, 2234 OTU kKAEREL 7,
43905 BB A OTU S 26%A1 7%, OTU AHIXFEAAL T 24%; 140 H
R AL EZ TR 88 N, 185/ OTU, il 4l &A1 OTU LA
17%F1 3%, OTU X EEFAAL T 11%, SIS/ T EE. HEEM%
(7.25) HEHERTHEML (3.88) , HEMZHEREME (0.83) WATYIH
[2% (0.67) o AHWFFLRHANIEHLECER FI T e E MY 2 FEERThRERI AR
SE, HRCEYIREE P EREC RIS, XAEE T R E AR TR AR RERaE
AT RFSE R FE . F BT X AR 77 vy . LU 4 B BE K, Ul B R BV T DUE
U R FE 7 IR AE J1 AR 1

BRI WL, A0, B IR, BYLCHLECH; SR

BB E . H E BB R AR 211 RI(STS) X 48 & £ 301 H (KFJ-STS-QYZD-
020), EHZFKBRBIEILSE ST (41430859) ARG g B - 3AT 5T AT RIS
A5 H (Grant No. ISSASIP1118-3) &
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BHPRBR A R B AR SE S R 23Tt 9T

WA UBIR AT ORURYIC gk = T 3B FE B
(LB A AWRHE B DB S R BHIEHT U 2 7 8 AL AR HOR 3 sk
e = AR A P B AR DAL Y 5 P s 1) ) B sk s, B 650223; 2. &
BAONFEEBE I AT TR, BW] 650205; 3. BB R R, HHiE
657100)

W B [HM] AR R KR ERRL R [T774] X o
A4 R T o) SRR B[R] RSB S R 0 R e L e DA R IR S i R T
TGS [ERY S, ek, BRI M A R S,
L% PU/RGEE. B7 5 JO s i = AN S AR . AN IR BBk b B AR AT
12-23d. 2047 ORISR 5, S AR B I PR 4R I SR ST AR
B, THRYEE. FERHLLA R SEAE B IR . w2 FONE 3 H 16-29 H,
VIR IITE 12 A 8-10 Ho EAH 3 4510 6 ANEPERk A, BRI
FR . PR E R, 40n0y 3.16m. 22.85cm. 7.92g. fhiE v i 1) A RR P
K, J91.08kg. FEE 11 4F RIARHAERK- SRR = . T, PR E
Rk R A 4.25m. 50.35cm. 8.64g. 34.85kg. EHE 12 fE (K] 10 ANEHERK
aAr e, RN RO, N 4.67m;s B EEFTE &K, N 61.88cm; FLK
RICFE AR ER K, N 11.44g; I ARR - BR K, 4 36.60kg. A Toil
MR REEFK, N 51%; Z0AT. PI/R4EE. S, FORMRIZLIRZAE 10% L
T, HERFRAKIZRIMG . 8 AEERk mFrRE. B, Bk, B B85 8.
. . RIS =N 199mg/kg. 0.715mg/kg. 3.44mg/kg. 1.49mg/kg-
108mg/kg. 98.7mg/kg. 0.431mg/kg. 1.94mg/kg. 0.183% ; &b, 4E4ZEK C.
FHAF4E, SR Ko WY EF 355 2008 11.22%. 21.9mg/100g.
0.10%- 1.20%- 83.1%-. 15.79%. 1i& 5o M FINEmRR L A =, KM K.
(5501 ANEFVERR AR P E. RN RA T E R

JBEIA] . EIREAk: AEWERRE, B MR

EEWHE: th. EBHCH A E MoRIEH %5 2015BB012).
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FIRAZ B A VAL INA 14 cbbM [E B4 b #E & 451 IR

BOIE BORMN E R
(R AR R A A ar R F, BAT 210095)
E-mail: 2018216014@njau.edu.cn; hcao@njau.edu.cn*

W B H R X KR CO A EH N EEMAEY, | 2AET 1%
W, B E M E RSN R, ARG A =Fh i Chit, wht A
+ A H HIFMEL, FERKAHET A TR E SIS INACEE, B H 1%
AN SR 24 A HLAE Jith FH X 3] ok 4 1 BV S5 R 52, LA chbM 2E X b
B, AT R, SRARA 25T lumina MiSeq M5, @3t b
BIER A 22 N2 TC B TE o3 #1777 ) B AR 338 H SR A iR . 2 REME DL
NP RERIE R 22 5, B IR [ B 20 B A O S5 AR AR R 1. 45
B, cbbM LR T2 7 43 P S bkl ST R, WRINAS RS
0 PRI R R IS INAS S 5 fEMK 2 IR . B EE s T
HEK &35, TiRb A AR S . TS 7K B RS ZE IS Ikl = R84 e [ B A
W Z FEVERZ RN, AERHRD T Hp [EBR  AE ) 2 FEVE R e B 2, R I K
TRAINAS S . WE/K AR INAY S = Fh kb 3 14 538 3800 1 bt rh cbbM JE A (1 22 4
. Bhh, =5 CO. [d e FIL A B B 45 Acidihalobacter. Thiobacillus.
Sulfuricella 5. 2 _ERTIR, 3387K 70 R0 BEARH A EHGT [T B 200 B 44 v 25 #4072 AR 5
Wi, £ 3 (1) HH 8] 58 20T DASR vy 3R A W 1) [ ok e

R cbbM [ wotwE; REWNT; BEE SN

BEITIH: EXARRIFIEESE (680600480)
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TIRA KRG VB IS cbbM [E B B VA 45 1 (M B

BOIE BORMN E R
(R AR R A A ar R F, BAT 210095)
E-mail: 2018216014@njau.edu.cn; hcao@njau.edu.cn*

B BRI KR CO2 i m v R A B E B AR, B SR
T T A 4 K T L 38 ] I 52 R B AR B R R U5 o A SO =R Rk
e OCHit, W gD IRINASEE MK AR B AR, DU A S
ARG OK RHHE S A WU 254 . 1595 LR EUMA 90 5. DNA, LA cbbM
FLRONPREE, TR E ST, ERIEREANTHEAR, & DNA FESIRA
HE47 Mumina MiSeq M7, @IS LLESERIH E ML oGt o dr ik dr Rk H £
BHFRWEDR AR 2R S M FEE N ZER, PR
W AR X AN [ AR B K SR AL PR AR N . SO E AT KB, cbbLM K=
FELE Rt i 2 U o S AR, AINfY RS BB BRI N
B, TR KA FRA AN INAS S E 3 B, BARRBUNRL, EL R
Thim, TR E G, SR H lumina MiSeq 545 A% chbM 2 RIS
M R, e K R RS SR Rt - A7 3+ rh 45t chbM 3 R A A= M0 eV
SRR/, AHENRERm T Rb A I 2 AR, HiEE, FRATHEN, &R
IR B AR AL A Bl 38 ok v [ o e e T, oA AT LAE it
AJ BE S PRA% chbM 3 [R] [ 5k B B () 2 F o 4 TR A0 6 b (1 A - 338 o b ) o . ) A 1
AR A W B B P S ] 5 — AR A B

R cbbM LK ; Pt EE: REMF: Nlumina MiSeq Ml BEVE 2 #F
BEIE: EXEARHES (680600480)
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AN AM E 3 B 22 b A AR HE 304 208 F L

e R
AR R EA B S A2 e, B 5T 100094)
E-mail:zhjchao1990@126.com; fenggu@cau.edu.cn*

OB ARG 2 SRR R Vs 7 o S T R el A 25K )
EPE. MEIER (AMD HRREW 5 RZHMRIEYIE SR R, fRdtfE
VIR E 75 . RIS, AM HERE THART), RERIKERE 2R
WAV A LSRG HLBE . H TR TR, AM R AEU6 (e 2t 14 22 br 2
R ECE AN IR AL N Calp) RIBE. HEAMEYVERFER E5HE 2 AM
P, XM AM FCRE AR TRt R, (R AM 2O 5 1
22 [T D AF LS R 2 33 MR 1 L3R 15 AN [F) 3 75 23— 22 i
Too ASEYG VALEK N SEIGA R, B AREIRE R, 70 IFEAR 5 A0 = F AN [F]
'] AM H#, Rhizophagus intraradices (R.i)~ Funneliformis mosseae (F-m) Fl
Gigaspora margarita (Gig.m), 45+ 13C-SIP FlE@mNFHAR, 8 i =
[A] AM 1A 1H 22 bR A VAN R DI BERL A alp FERI RIS AH G, DL R 2K
W, BEIRIG, alp FERREEHETENR, WEAFR AM F B B 2R E 24 1L
AHUBERINLEE . ZREN, 58 AM B B2 it TR A ENREE I
HeRlh AM BIF G, W2 hnE ik B R RS, 10 H R A Em B 225 LA
RV T Gigomo T LIEANIBHRE G ANFE PGS, #i AM HEH
Ja TIEEHERE R TR, 1 H Gigm w62 PR AR E R 2K T Ri A
Fmo %A AM H & B A015 1 22 Bros PERE RS 1 2 T, 1 BLAE Gig.m 42
A e e OB RR e o 17 HL SRR EE I S A HLBE S B B2 S MOE
& PCR W45 KE, B Ri A Fm B335 T 13E 16S rDNA Fl alp J:[H 13
LE, 1M Gig.m WHLLPR 16S IDNA & 5X M LA & Z R, 1 alp FEHE
REAEE S TR R Fm w22Bs, 1 H alp ZREERE &S HIRpER NS
MR IEAISS. M alp K FRIAE S 16S tDNA £RiL &M HEKRE, Rifl Em
EXMRAREZR, M Gigm WAL R2E & TN Ri. Fm #®%4FR. 13C-
SIP HIA RN, =HMANFEHT AM J A b 22 B A HLR 1) &= B 2 AN A,
Microresp )45 A 0 22 73 W) ) A AP AE 22 57 o ACE D2 ) &6 AR W =R A
Al AM LB B 22 BrsE BB 58 A R I E VA i Dh e 4l . 25 B
®,  AM H W2 bra VRIS A OB B e BE E B E 7 . AR
AM L i 7 WA A [R1 BB A 2L A 2 Bk 3 i DT 5| 5 4 AN TR B Bl A= D L AE 1w
22lRE . AM H RSN A 22 33 Refig il 1d 32 iy alp e IHCE R 2 IR IR
HE T, BEmE st LA PR L. (AR AM K 1H 22 bra V50 3w A
A, R.i A1 Fom i3 70 W) 58 2 040 1 2 FEBE M 3R i alp 2RV, T Gig.m 3@
AN RESR IR A, HR AT AR 5] 5 2 B T BE 4 T 2 B

REEW: ARHRER: WLbnalt: BUEMA: WIrEpiRl: alp 2K
BWBIIE . IRGAED) S RO i RO BRI HLE] (211971600
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N TR T A SR v S R R R SR A M A SR A AR RRE

et BN Y st MEER ARt
(H E AR R B 22 e, db R 100193)
Email: 1353040941(@qq.com; zhaoxr@cau.edu.cn*

W OB BEREVEKRELIANICER, RERAESRGTRIEENIFNR
HIE T2 —. TIPS UE RUERAR A NBE N, TESRTIREA G
WA ISR . EIEFEY+ 0I5 RS 5 A B AT 75 v
PGS, TR e R A i EEAER . A ST UL S8 MRk 21 i i 2
T FR I RN 7 &, % 2014 42-2017 4R 18] AN R BCHCR E R ik
VI AW A i DA K 2017 SEAN[R) R0 T TR IR VE RIS . BRMEREER NG . AHIR
FEvEPESEfebn it AT TRE, AR . (1) 2014 4£-2017 4, A=
MM ERFERBNEE, EL 4 FERUCSERUEYRE B A TR

(2) AFEBCGEE T, AV ABTE G8 AHE ik Bl i KA B E(E, %
TR FE T e foE B A A (3D BRI W R I S U 1
7 2 AR ARG, S e Tl R A A TS It 075 0 I 2 TS o P 498 o vy e A1 s
#, HRI AR

BRI U AR RUEYIE; ERIETE

BB E . X E SRR R TR (2014CB38801)
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mailto:1353040941@qq.com

TIBEESESTIEBRRTIE

(A1 V) A T BT 4% BN 55 1 R LIRSt e

& s OHIEA TR m2 oMt
(1. Hp R B e o AT 5 i 338 15 Ol AT RF 2 A PRl 20 B (S 8, Bt
210008; 2. PUJIARNV REEAI 22 F, Rl 6111305 3. s EERIAF Y, Jbat
100049)
E-mail: 1243060256(@qq.com; jlhu@issas.ac.cn*

W B EWEEEERA SRR, EARRLNK & T A Ok E
AL H AT AR RGO TR Z RT3 S e B BT, TR A
AN AR SRS TR, T % T P A b T 88 LR O TR A T D
T2 A A s 5 B R Pl R M ANTE R . AR 5 e e g rh 1 5
YR AEYIT S BRI EEL . wE S A PO E T A%
TR EIIN. LA, LS IE A2 KR LA 75t LUk B
1), HREREBRZEHERARELEE: WRIE N EZR ARSI REZ &, L
KA A LR ERZEN, AR BRMURE R PRI A 20 . s, FIH A
— PR AN [F] 22 DR 2R A (] et bt mT LA 3, an VEHLmE KRB ReF 1) 2
SRR /K ARSI B R A, TRAEAN ) it A 10 7 6 B X 2 PRI L 6 T8 ) 2 e
& HETA RMEY 2 T AR F YR S T —e it e, WfERR T &
CEARBIEYIREE . o8 7R AT E R A A0, AFT I 5 B A& #R AR
e, WY HIEFRE SACEAEA S, SRk T R R E A imE (B hiek
WEMERD: TR R IR R 4 B ARG R X TR
FEEERTEREE ), I (/B AR B - W W AN A 2 = 998 i B 6 115 R AR X6 o i
WA G A E . Ut rT L, TR AT DU o8 A B 1T S ) LA
WE IR, HAR RS LI IR R EE BN . AR R
VIRIACIEAE T TR, TAAE ROK 5 AR R 20 Wb ) Re AT ] 51 i K 5 20 et AR FEg s ) 7
A (Cylindrocladium parassiticum) WIAEK:, T AE T & G AR 29
WP H EERR BE T 1 3 A AR 45 4k R 25 P R FHR Gy AEESCEED
R E TR = EPURYETT I, W BFR 70 BEA] AR N AH 23R i B
B2 5 R #EE R, AT Dot e AR K7 R TS A Ry
fiE CanfdiR 2 4 NI . S BEEAR AL BREE R AL ), T2 RS o e 184 i L B0 s e
Ho LE PR, e IAAE XS AL 5 T BT N BT 708 9 B 2040 A0V i i R
JANAME AR B 2 R AR T PR 18 FE Al A R SREAR Y

R LARRE; EERER, EE RRSWY: WRESR: EEH
WBIH: EEBEAREREE FIH (41671265)  E & SHF & vHkI W B
(2017YFD0200603)  H [E A} Bt 5 5 3 A 5 Bire— = F0.> R0 K R0 40 438 i v 2o
H (ISSASIP1634) . 3R AT FFER A i [ o B S = AR5 5 4 A\ 4 I
H (Y412010009)
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DNA 1 cDNA 7K b3 234 = 338 B B 40 B TR 2 e 4t

w ol R O WY 3KREFM Y Abdelhadi Abdallah Abdelhadi? £ L
(LR RN KA R 2B, R T 210095; 2P K2Rk, B 5
= o
=)
Email: 2016116049@njau.edu.cn; hcao@njau.edu.cn*

OB KR A i (CO) AT # Rk A R4k o8 LA WK, B
AHEENHREZ . /M, KR2HOCT F k4w K 7T R BRE DNA 7K-F F
AGI R 7 =P I ) DNA Al RNA, T HWREBARTEE AR EREEE 2
[FIAEE 2RI 22 . B, T AR BT b i 338 v B B v o 2 R Al A i
RNA, ASLEGE I AT IGE R 1 pH B 48 50 G IS TR AN PTsE s 18], 4
3L [ CTAP-SDS itk ZARAGTT i D N A T4 B = Fp 3% (34, A+
Ais ) FAEMRS RNA. SA)E, FIA Hlumina MiSeq =38 &0 7 H AT
chbbM FER BTN, HLBHE DNA I cDNA 7K-F AN [R] o kb -t 398 o (5] B 40 B4
IR AR PR Z PR E S . WET ORI, AN (A 5T b 438 1) ] T 40 TR
V& AE DNA Al ¢cDNA /K- ERIH RS e T — 8, e R 2 FAAE B &
5, DNA M A0 s 2 W35 5T RNA P e X PR B2 22 e A 48
R FFE V& LA B B U0 Thiobacillus S5 WR A8, 152 —LEH6 A 1 J& 1520, 540
Halothiobacillus~  Sideroxydans~ Thioflavicoccus %5 J& FIMIXS = FE1E DNA Al
cDNA /K FAAE T 2 5. IRt A 2R R AR se s A i B2 AR e
P, HEZZFE M. EERE MM E2RAROEE L R AR+,
DNA 1 cDNA /K- B & T2 57, s R 4H I KA S DI REAE — € KRR AL
MG 278 PN IR s

e LIEpTHL; S RNA $2HG SIEEWNT; cbbM B HEE 2R
BBIE . [F K AMRF e (680600480)
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FRALRE XA FIT B4R FRAG H 3R B R rh A AU A 7 TR AR R E

IBER % dn KRERT VERE E B ALE
GEBHARME R 22 R S PR 22 e, RV EARILHH R B = A siie ®, HAETIE
RN E X TARSESG %, TEFH 110866
E-mail: 781091909@qq.com; yuling_zhang@163.com*

. UAILEEXGEH (044 FRFEFRER (12 4. 354, 62 M
85 ) MM BN AN %, FIFEIE. YH o U AR R E R 2 g
K, BEFAFIIT RAEBRAE H 8 R A b G HUIK S L2 73 (R AR KRR, 135
A S AR A LB ZE 2 R AN RO 4 7 Hp ) 2 b gt 7R 2 X B i el - 38 4] 5
ERE LR EDE SRENLH . AREH, HIREHR S EMMRETREKE
STt AR, ARITRAER HEY LUK B RAE (50.25mm) NEE, HAH
R HAE WU S B BE T BAERR e K 2 e 8 NG R REass, —IRAAE LT
FERIL; FAER IR 513C Y FE SRR gk /N3G, 25 2% 41 5
AR 813C HIYBE T RAERR GE K RS AR G ik dh . 3K BIRA
(>0.25mm) H5 LA B SR Ta] HLURE A HLAR  CInter-mM cPOC) A #1145 &
HHEE CInter-mM MOC 5 Intra-mM MOC Z f1) #4143 /3, HAD EuAsl 455N
15.67%-42.65%7I1 25.28%-52.41%, H — 3% 2 HAHE KHZL#EH, H Inter-mM
cPOC ZH BAEMRE AR, H&ES KARMRAER. KR YL & 115
HHREEEEM>R (P<0.05) . T3 EMEIEAE (0.25-0.053mm) HEik:
HHLEx CIntra-m POC) AW #45&H MWLk CIntra-m MOC) & & 2 H /e bb 5]
Pyl B A PR 2K 5 PR S 3 i %, {H Intra-m POC 52 B A& 4F FR 521
WK HEFFE 12 F)5, FEHEFBERERK, #REEMAE (50.25mm) Ff
F5%A4A (0.25-0.053mm) PJELRS R BRI A ALK (5 POC) 1143 BL LL 1
(30.89%-55.92%) & &% (P <0.05) , k&g F AR BAL SR 4 1)
B 5B/ (2 MOC) I BLEb il (44.08%-69.11%) &N (P <
0.05) . MW, BEXFEMFEE (854 , KBIEMA (>0.25mm) &
TRATA MUK R, B K EIR AR ER Y 1 Inter-mM cPOC FIR I8/ i T 5L
T B J5 R T =338 078 HLBR A [ SR AR R 5 1k PR A S 2 4y, 1T 4 K SR A4 B
AR I S S A PR C(nter-mM MOC 5 Intra-mM MOC Z 1) f)iZ 41
0 g R B 5 A 3 Lk B e SRR e B B 4y . BRI B ALK G4
P 2E R YV FBE T B AE PR IZ I 0%, e BRI 3 a HUak B £F 5 52 0E 1
B

R FEH I, FFRER; ARG s IR R

BEIOIEH: HEARFFESTH (41571280, 41101276) H1E 5 & S0 & %)
i (2017YFD0300707)
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IKEHE B X T 3RE = S HTR R BT 5T

i LS < VO
LFRARME R 7 3 53552 F, JEFH 110866)
E-mail: shiy Du@]163.com; sausoilyn@163.com*

W B KOoMEREWR A5 TR T, HALRDR G 85
RIMKIRZ. ERNTERRESE, N2O. CO Ml CHy EERNFEAES ARG TR
HEBURFE e FL A BRIG I I Ao B 5 R E AR, HAl, R TF/RKEFME Ttk
IR =S ARHERO I IR LR IR . AHIF 7T DL SE 5 48 30t 7K 280 E 7 56 1)
THON AR I, A/ NXGRIG BEE A FEE K NIR (Wi: 25 kPa. Wa: 35
kPa. Ws: 45kPa) Mljiti& &= (Ni1: 75 kg N-hm?2. Naz: 300 kg N-hm2. Ns: 525
kg N-hm?) HAE3E 9 NI, PR/ A /K ZUR & 0 it 338 R = Ak (N20,
CO, il CHy) HEBUSAERIFZM, 55 TIRE SRR EERERES (GwP) i
ERMHGERE (GHGD HIZES . WHRs R, ¥t 1T3% N.O 1 CO, HEi
I A HE K AR RS2, HEAR IS NoO HERGE & E3 s, sEKE (E
JKRFR 25 kPa) {23t NoO F1 CO» HE . CHa FOHERGE & R N 25 A5 AR
B BR/KEAZEXT COy EFFHEURS B A Z BN CHy 2R B B
A, HEK TR, M EM/KESL BN N2OL CO2. CHy EFRHEU . GWP.
GHGI 7 B (5500 B 35 s R 2 . BEZRUIE RN, NoO RARHER R
BN, N2O Fl CO, R HEIUAE S GWP ZR¥iA B 5% EA>x, H&xk
L NLO X} GWP P TTHRER A 5.25%, CO2 N 94.59%. & 2498/ &0 &A1 1
TE/K T BRAE 51 RO PRI = A ARHE . WoNy GEE/K T IR 35 kPa, %R 75
kg N-hm?2) Kb3Z AT 78 Il 2% i & SARHE RO 38 = 2 i 7= = 0 B /K U B
Jite o

KT KEMG; Wit T3 EEAM SRR ES

BEIWE: EXRAREESTE (41401322). EFESHF &R0 B S
(2016YFD0300807) [ ZKEHE L RITIH (2015BAD23B01). R MLH ARk
HEHLLR B B S0 S P R SR H (2015SNYBKFT-01)
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A0 IR 3R X R 3 BB A e O S e R LRl A AL

frgdh B e

(1. WHL KRG 5 RS R, B 310058)
E-mail: 396345228@zju.edu.cn; Luoyu@zju.edu.cn*

OB Rk, SR BC KRR BN AERMR I H AR AR R R
AN EAR UM EaENFEA, R TERNAFEEE (TS
16 R+ 55 30 KR Hilsn T AEYIFUR 5 B R A R - IR SR R
F IR RS B EC HG R S LA IR B SR, PR AR
IRATEY) R TR WM A SO G A L IR- T A R b ia e . Fr Eo A S A
AR, SN BH R AE P TR N B RS RGP AR R IR A FE S N AR
i SREH, EMNARPAET IS, INAY R A R3S hn 8 =2 B0
BN [ (42.9%-60%) o AHXT T AR S H K T T BC 7 =R g
(0.25-2mm,0.053-0.25mm,<<0.053mm) = {1 &, 2 Sl /> 7 17-66.7%,
57.6%-71.4%, 23%,[RIII4Em ISR & &, b, s — 80 KA
YINLEIBEAT 200, 25 AR YR o0 3%l (pH. TN. DOND it
MAEK RAMZEAEYE) Reom T3 rh g0 BEVR 45, (E % R I VR 454
Toik Ksem . fERl—AF A, Wi T AU ARG, AN EEE 0
Acidobacteria, Chloroflexi AHXT =380, FEHYIZEXT ¥C MWt fs 2 38 n;
Cyanobacteria AHXJ 3 BEHE N, MEPZE0T PN et 3 0 Verrucomicrobia 1)
AIXTERESE N, MRS PN B R bE 2 0. R R,
Rozellomycota 5 3 A1 () 5N & & SR IEAHIG. 45 R T A5 R o] LE T B
A I AE IR, BRI RS 13C A1 SN £ IR R I 20

KW VR ARSI kT, BRI HEERI
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WL & N HE T RV T 5 IR X 3R 2 3057 R UK — R IR e TS Je KR DF
(]

B A L2 o S gl T R
(1. Bl TR TR F 0, B 201209; 2. BfgHT RS
VIR BRI BT 0y, g 2012095 3. BHEEE T KFRFEIEHARIE S
AL, b 201209)
E-mail: wheu@sspu.edu.cn ; jfbai@sspu.edu.cn*

W E. HTRAMLFIRRENS SEI P 25 (PAHs) MR — R
g (PAEs) HITCIUERHERG b % o i AR A IR B A0 BN AR A g by . A
T EA R TIEFY I F R X 138 PAHS F1 PAEs & 8 5 Hoot A A i B ) X
B, AH TR & P T A X I S 28 o T PR SR P IR X AR BT 5, 40 )
KK B EY B TR FF IR S EY ORI T, 1B &8 n T
L7 R FE ) R T AR 5 25 4 S St 7 AN IR, DU B — i Bk
THRN 3 [ A 500 11 % e o A B R R AE 7 2 09 23 W T BT FEAH 5 43T T
YEo BFFREE LM DUAS s L1t 7 A 3R 5 Y PAHS & &30 B N
32.62~1053.71 ug/kg, “FIIME N 414.05 ug/kg, HAMED R TR S
(ZRIEMD 3 PAHs & 28 T EIGRFH, RWHIZAIEAERTIIA
R RS ARSI, FES Y PAEs & BV HIN 256.59~10866.47 ug/kg, “FHIME N
4746.95 ug/kg. PAEs ALK~ HEE— (2-2% ) FE(DEHP). AL — HiE—
THs (DBP). 482K HER TR (BBP). A% HEE — IF E5(DNOP) T
F 825 E 3 PAEs B HIFRMERT 1.204 5.51. 0.08 F10.09 fi5. FEFUE
Y1) DBP. DNOP FFUEY )5 DEHP. BBP i i A [ i 425 A fi i) £ 5 X
BREREN: SRR > BB > /i e, A, PAHSs B A FIRENT Ak
I8 R R SRR N RN AR > R el > £ 1045 . Horb PAHs 1 3E
(Phe). H(Ant). KE (Fla) 1 T (Pyr) XSRS TTER %K, PAEs
Il & DBP 1l DNOP i L8 e KU DTk R 5 K. RS BT IR AW E P i G 30
FEA2 1) PAHs A1 PAEs X Ji 120 o R 10 fidk e XS 1 78 T 2 Y il o, (g 1438
C % PAHs Fl PAEs {5 4%, 27 B AR SIS0 58 Bl S i Yedz il bR, 1200
S R (ENE N Ry WAL (SIS

RE@E: BRI TTRE; LI 2R SUR RS RSP
HEEWH: EXRARBFIEELTE21307080). L#EFIHRS & IH
(ZF1224). Lifgiis iR AR 25 TR (RIEERRISS TR, L
TR A S R I H (XXKZD1602)
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Rhodococcus biphenylivorans TG9 X} 2 §UEKZE I FEARARF LT 5T

WOHOE B SR e
(WL R EE 5 B2 =2, Ail 310058)
E-mail: ysxzt@zju.edu.cn*

M E. Z&EFcK (Polychlorinated Biphenyls, PCBs) J& 335 Hp #iL B i RE A 14
ISR, HIESREREFEREAL. T4k, HEANE REEDE
ORI R U T IR, TSR AT 5 30 A A I ) B L R AR AL 2 AR s
RIPOEE. ARSI AT M PCBs 75 44 ie Il RIR B R I3 1 7 B H —
¥k PCBs B&f#HT 7 Rhodococcus biphenylivorans (WEEERLLERE) TGY, {HIH
PCBs FFfEFHE MR RAT T . AW ST L T 1ZE XS AR PCBs [7] &9 1) 4 fi#
AE /15 Ik 7 AIEA TGY ME—A KIRIEFIREIR I PCB HAK, FHXTHFEAES) /)
SR AR AT T 5% B JE R AR N 45 6 TGO 1) PCBs B
e B ] S I B THEAT AT, T R At i ) DG B B P AT T A . B
SRR

(1) LA PCBs B iR &%) Aroclor NIERIEY), VIR FTEBATE TG TGO Xt
#HAF R FEARRE 1. A RK, TGO XREIIN 10 mg/L 1)
Aroclor1221. Aroclor1242. Aroclor1254 1 Aroclor1260 £ 7 K IITHIRZE 7 H N
94.4%. 58.5%. 27.3%A01 3.3%, TG9 LELIKFE S G a] [ & AR E &4,
{EXF VU A LLR PCBs [H] R EMECR T R . TGY X} PCB HARM [E AR L5 R
B, TGY % —& PCB BRI PR 0 0N — &> &> =& >DUE, TG %)
&R PCBs HIFEARRE TR 2,2'-CB>3,3'-CB>4,4'-CB, |71t 5 X FR &5 1 1)
PCB HARAF]T TGY [HIFFf# -

(2) RH T TGY BB KT T Ja X AR Aroclor1242 F1 PCB FRAK I % fif g
7o SRR TG Rl 32 B ik FE V5 444, HoXF 50 mg/L. 250 mg/L 1 500
mg/L ] Aroclor1242 JHIRZEE 354 61.1%. 29.0%F1 12.1%. FFAS[EHK EE K
PCB31 [FEARSS RRET, V5 Gtk B i i ORI A R T 0 A4 B B

(3) Pk TGY RELEIRTE T 5 LIILARMS 5 & fE PCBs, #E—PHEZRILERD
¥ PCBs 1E NME—BRIFFIREIR . FFRE T =& L LA R 456 39 Fl PCB 44 fifi e 512
5, LA 18 Fh PCB HARTI{E N TGO A K HIME—BRUSAIREIE . HEM I AAE 215
FRIUFE W] PCB1. PCB3. PCB9. PCBI12. PCBI14 #1 PCBI18 fit/E N TGY 4
KM —FIE A BEYS, PCB10 F1 PCB31 AREME N TG A= K- 1 M — B s AT g
W, 4R 5imRs R —2

(4) MBEfEsh 715 1 Hr PCBs 1R N ME— By AN ARSI R PR 2 57
TG9 X 7] /5 A e — B Y A1 BE I B SR B s ) 223k B, AR = sz i A P B
fiid %, HXF PCB1. PCB3 A PCB12 WIFEfEFT & — BN /15772, HLL PCB3
) B A T 22 o B KON 0,139 RS, TGY % PCB31. PCBS8 #1 PCB11
IR T A — W) 12T 8, PR 2R 5 505 o 0.197. 0.470 #1 0.453, W]
Hexe TGY &N 1) Bph BB R R B 15 2R IA P E.

(5) #%%2 PCBs [{ &R A= 9. 25 & AR SRARLE P= A2 A0 I A & AR
&, BLW] TGO X PCBs HIEW N bph 24T . [FIIF TGO X PCBs AL
FEEACE R R A — 2 MM /1, JEH S CHIRIER PCBs FEAE R A A,
Hont Z&ARFE R 2,5-CBA MRS 52
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(6) FIFHAFEFAENTIE, X TGO Bl PCBs (1 22 1 [ fift g 2 DR 3E 47 fd AT o
RIAE TGO KN, (FTESEHEI1) PCBs [ ffdmt it R, H PCBs Liif# izt
1E1E 3> bphC FwtB3EE, H TGO W 5T BE & — Pl 2L R % . iORIE BR
FIHREEAE R, TGO HAAELE kL

(7) FIFHEFHLE RN, TGO 7E 1E 5 i MBS FR RS SR 858 Hh AR AR A4
v, Br bphB ZERAL, HaR bph FEREG K35 Fifl. AREYIR: TR LR
B, TGY 1] BphA 1 BphC 7% M 7E AT LUE A ME—IIE I BEJR (IR . PCB1 Al
PCB12 - R, R ES S, MAELI LIS X FEMIT PCB31 8557
RAEY, XFHMEERTEEE LR EES. P T TGO X PCBs A~ [FfX
77 NI B AR LR G R IANUH . DA 25 BN — PR AN 5T TGY 1] PCBs 1534
R B AL I S FLRA RS JAB 5 N FH B e 1 JE A
KB ZEPOR; R AR, RV bph 2
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HEA T HE 55 32 i 28 BT SRR BT B 96 28 R LR 5T

GeBhp 2 gk B2 IR XAH: RAEHE Y OHIER YT Mok 2
(1. PEARRMEBHE R RE RS CRRA F P ALEY E 7= 5 R I E
MRS , Bk 712100; 2. PERFERE R LRGN (LSRR
SR EE R E IR E) . Mal 210008; 3. LR T REE BT R ST
gl (R FERFWRIEABFRQH 0O, i 201209; 4. HEFER
B K5, dbst 100049)
E-mail: 649722685@qq.com; fuyongwu@nwsuaf.edu.cn*; jlhu@issas.ac.cn*

W E. B (Capsicum annuum L.) 5&—FrREERRR. SFEY, TimEis
JURE, ERE RS ARG . HEEE T S R AR, IR LA
TR A BRI I 7 EE S B PR S . B AR, sk R K . KRH
AE A2 B A FH 2 TR R S8 38 R A R 4% T AR 2, H B AT T = i B A 9 2L
A R . B LA B 7 5 AR ER R, 7R A MR 1
ik b % B Control (FZGEHEAL+IEH L) Tof CHLAbEAE+IE 5 & D |
Tof+Afm (RALHEE+HERT B . Tof+T+Afm (AL IR+ E A2 pi s &%
4R EE. K 3AEE, HAPRHEIE SRR P s IR IE E YR (BRIE
JROK B, $ERTEIELL IR F AR i — N H AR B (omid J5 K+ FH
RERHD, AHEAA—FE WAV R 7. R RIM: 1) SR,
Tof ZbFEXS AR A B e, (AR EE T & lof+Afm AbEEBRANE
B RGBT RME. R mla T m, BARSCRIZL T Tof 4FE;
Tof+T+Afm AbBEBRACEE e G TR HOw 2 PR, R m B E N (P<0.05), H
e AR 33.4%; 2) =FACFER AM BB GRS HEF ) AM EEE
TN IR 23 TR 34.7%K01 27.2%. 42.7%K1 55.2%. 64.0%F1 85.6% (B[l
Tof+T+Afm 2 FERCR ), HIEETREE AM B R R M E 2B E 0
K (P<0.05), TMRL~ELE AM HERJF SN IEMHK (P<0.01); 3)
AP BRI R B B RICE SR R, H B )
R iz R AFZEMHH S EH B E K. MRS S 2E TS
BETED, RAMERSEPREEMEEL Y SRERSIRBCER ED B
B 42 T 8.32%F1 39.9%. 6.79%F1 49.7%. 10.9%F1 84.0% (H:rf Iof+T+Afm
A R A BB KR, HRS =8 5 1 e & s 2 B3 B
(P<0.05). Z5RFRH, HIAIZAE TRAHEAE CRIFEIEE A in s 5 5 fl
AR FIRAE BTG AT B . SRR e, X R T RS
W AE IR I EEOREAER AL, IR AT RS IR R it T R -2 AM B R A
Koo FREEATBRAR R 112 G4 DA S 38 5 B ) SRS o B is A ok

R BRI I EKE; KPHBEARE; AW AR ERERE; #
BT E: ExESHFRITRTE (2017YFD0200603). E 5 HRFEIE 4T
FIUH (41671265) BB B RS R I 50 Fre— = BRI AN A T s I H
(ISSASIP1634). T3 R T HrEL K R B R EH S st S M A FFEANAIH
(Y412010009)
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Intercropping with sweet corn expands P acquisition channels of chilli pepper via

arbuscular mycorrhizal hyphal networks

Junli Hu'? Minghui Li' Homgmin Liu! Qi Zhao! Xiangui Lin""

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

E-mail: jlhu@issas.ac.cn; xglin@issas.ac.cn*

Abstract: Intercropping of chilli pepper (Capsicum annuum L.) with corn (Zea mays
L.) is one of the main valuable intercropping patterns. However, the potential
contribution of arbuscular mycorrhizal (AM) fungal hyphal networks is still poorly
understood. The purpose of this work was to resolve the changes of AM fungal
propagation and colonization in the pepper/corn intercropping systems due to the
constitution of hyphal networks, and the networks’ effects on plant nutrient uptake
and interspecific competitive relations. An 18-week pot experiment on an unsterilized
soil was carried out to test mycorrhizal performance and P acquisition of chilli pepper
and sweet corn in two compartments, which were absolutely separated (Sep) by
polyvinyl chloride layer, or semi-separated (Semi-Sep) by nylon mesh (30 um) screen
that only allow the passage of AM fungal hyphae but not plant roots. In the Sep
system, root mycorrhizal colonization, P acquisition amount, shoot biomass, and
rhizosphere AM fungal abundance of corn were all higher (P<0.05) than those of
pepper, but soil available P concentration was lower (P<0.05) in corn compartment
than in pepper one. Compared with Sep, Semi-Sep had higher (P<0.05) mycorrhizal
colonization rates with both intercrops, and higher (P<0.05) soil acid phosphatase
activity and AM fungal abundance in corn and pepper compartments, respectively.
Semi-Sep decreased (P<0.05) soil available P concentrations with both compartments,
but did not narrow the difference of soil available P concentration between
compartments, suggesting there was no gradient diffusion of soil available P between
compartments. Semi-Sep increased (P<0.05) the P acquisition ratio and fruit yield of
pepper, but not corn. Take together, constitution of hyphal networks increased
mycorrhizal colonization with both intercrops, and corn supplied part of
photosynthetic C for increasing AM fungal propagules in pepper compartment by
gradient expansion since AM fungi formed better symbioses with corn. However,
hyphal networks increased pepper fruit yield via improving P distribution to pepper,
but acquired relatively higher P from corn compartment via elevating the soil acid
phosphatase activity, suggesting enhanced P competitive ability of pepper against
corn upon hyphal networks.

Keywords: AM fungal abundance; P competitive ability; Semi-separation; Soil acid
phosphatase activity; Soil available P

Foundation: The National Natural Science Foundation (N0.41671265) and National
Key R & D Program (2016YFD0200306) of China, and the Strategic Priority
Research Program (XDB15030202) and Knowledge Innovation Program
(ISSASIP1634) of Chinese Academy of Sciences.
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B 22 B AR 4 o A SRR A e TR P L

A G E

CR AR RS ABIR 53 5 2# e, JEaT 100193)
E-mail: wghuo@cau.edu.cn; fenggu@cau.edu.cn*

W E. MR EE arbuscular mycorrhizal fungus (AMF) RJ DL i B R A B 22
BrRBR RN 520 T IR AN B VA S5 10, BTG — L DhRe AR )4l B (phosphate
solubilizing bacterium) AHITUA M HETE ISR, AT RS 338 v MV PR T %
AT M, SR I8 ERUS R A R R E R . Bl
VA RT AMF B 22 bR 2 E Y5t 3 il 25 B Fevm AW LB 4, AR
CLHT 8 oA T 458, e o it Y, @& AN A AR AL EE 1Y
KA I 2, W PVC & 1 5 L0 SO AR 5 e o 5 4 58w
M R T AE ) —AM . B -5 B 22 Fn e i 40 B 1) A B4 FH G 3 AL
AR AL, S5 R 0 AM FUTR HG 0 1R 22 DR i A E D B, 3 e B I T 1 3k
M AU, NRLEREFR 7 R DTk it NPKM AbFEX 35 1
WEERBRE T PE . TOHLER ) FEuE e S E Y 2 /E 02 = T NK b2, &1
JitE NPK Kb ;38 ek vy @ 55 A AR AR AL AM B TR ) 22 RS2 it A 7 =X
20, NK. NPK. NPKM =AMA[EItAEAL 2 (A] ) R I 2 22 57, R Wt i B e
AW I RE B 2R N AM RS 1 2061 .

R B AREMRERE: m@EENT; R

BEEIOUH: EX AR SRS S ST H (U170320023)
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Y54 A TBBPA HIEE4L K s pL ]

Z o BRI B LR
(gl 5 B IRA I 7 E R A L0 =, B KEFIAEE2A0E, M 210023)
E-mail: ji@nju.edu.cn*

W E. JURWE A (Tetrabromobisphenol A, TBBPA) &35 12 I H AL
BHARF, 3R AR R =B, SR A ¢ TBBPA 7 3RS AR I 1)
ITRIEARNTERE . FRATRA C-14 RN R /REFHIAR, BT TBBPA TEMTIS 4 P 1)
B FALUL LA PR i () B . & RIS Metaphire guillelmi (g s
i5[) 3= BLRd IV AL TE I TBBPA, 1 £ 85 W] Eisenia fetida (75122 A 45) U] 32 22
DL BRI L TBBPA. TBBPA £ Fhl ] 44 P #15  A= FRFE AL 64k, 425 TBBPA
FFFELRE (MeO-TBBPA) FIXUHF E:f (diMeO-TBBPA) , {HATE M. guillelmi
RN FEALE KT E. fetida 7R s b = xddic il #:4E K/NR: TBBPA > MeO-
TBBPA > diMeO-TBBPA; Tl 4 Py TBBPA i Hid H 24k i) diMeO-
TBBPA, JFF#ERIdEHEHAA4N, B CUlfis X TBBPA I st f2 2 %) 3 F AL,
SR JE DU HEH B A 7=, IXFP AR LA R T X5 B K AL 58 5
HeB ARSI FIHLE] . KB TBBPA TEM ] 4 P9 8 #5 (L R e AL &9, I sl 40
UL A G, 1£ M. guillelmi &N & =T E. fetida; 4l % TBBPA #1k
25, 5 M. guillelmi X} TBBPA &4 LU E. fetida HHURE x. SRERT
ANEA AT 5 TBBPA & iR fl S U A 2= 57, BT IS 44
AESTEVEVPA I, SR A HE R 5 BE AR IS eV A B IAEE y . H SE A R
WL 7E 3 S0 4 3 0434 3 1 7 23— Dt 9 o

A dkds; TBBPA; AWEE: AW, RN RRE:

BN E: EXBEREEIS (21237001, 21477052)

48



AM LT U B A 4 o 45 Bh R 2 SR LR R AL

ks o A
R AR R A3 5 B A e, JERT 100193)
E-mail: wingtalaowochey(@163.com; fenggu@cau.edu.cn*

OB MR (AM) ERELIER R RERINE L, Sl &9
W 5| e T IR AR R 22 b e i . R 22 B IR AR A AM BB AAE S VI
KER, WRZFEWE AM B AESIR K. 15 40% 0L ER AR 7240w 2
FIE WA NI RS T, X LLARTE A b [F] AM HC B8 (19 4H BAE F AT Re e LI A ALEE
KGR SRR RIEEEEEH . AN 3D FTENHLEE .. 7Rk
A FRERPIPMER, £ LIS FRMEE RIS TR F T, £ AM 1K
Rhizophagus irregularis DAOM 197198 FIfEWE A # Rahnella aquatilis HX2, M1
B AR . AE A B AN FZ T, REMTT T AM L VB fE
A T 7 B0 T G IS A LR R BRI AR A S BAR AL, FEAF 2L
TER: (D AEAABAKAE R LR, dweizild B S EahidE g
PFUBEI B, (HAE AM BRI BRI, A5 v DLRI A AM 3L B 328 10 R 7K I AL
AR R POE I FE B B AR EL (2) AM HH -5 45 X FE BAE v
DLIE 35 o0 HIRUAE I TS, (A NUBEREE T, $E i R g ALP A1)
M F A AM B EREEN (3) @idX AM H 5 F 2 75 W it
F, KM AFAEBE T, 7RIS SRR W HX2 FE#8), JFH AM R
BR] 0 WA TR MR VR N, RIS R A R 1 AR, AT IR g i 4 e 15
WU BE AL BN IR R, (X P40 Wb S A 1 2 52 BB /K- R Y, 16/ 2tk —
W FL . AR FUIEE 2R R AR R, s AR EOK RS (R B sk, iR
T AM BB T IR TR X R 43 e B [ B, e AR 2 TR A AR T RE
X T 35 S B BT AN AR R AR AR A ORI, JF HB AR S0 ik 1
FHEAE P BARNLEE, B 22 (1) 53 W) BRI AT DAATE SN KR Bt 248 e 8 AN TRLRH 1) -E 438 20
Birbie s, AT RO BRIEANE 5T, i RIEOLE A 2 R Bk
I [T 7 338 7 o 1k
R ANEFEB); WL BEehs; 3D ATED; Efhik
WBIE . X ARFIHE 4 (U1403285. U1703232) IS E fimf & X
(2017YFD0200200)
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W OB SIEIERRE AT E ) S R G, IREETH ) NBPT FIASAL
017 DMPP U B8 H e B RER H R g m ik, —HHSMHERN T &
AR NEAR SRR REE, S A S RATRER R I HIR
P o SR RUIEADH R A A i 3 R A 20 & B S B A & 5 Bl v M 3k i A A
S 2 B A G = ORI . AR 5T LAV BH B AR A 9T BT RIUR T AR R
SRR RS RGN TG, SRR RBEALX H %1, 4300 B TEAE.
JRZ (Urea). AHLIE-2FE(OM). 172 JR&+112 HHLAE(L/2(U+O))F1 CK. BxEg#
H7F) (NBPT: N-T ZBACHEEE =R  mEALAIHIF] (DMPP: - FF LN e i
) L IREEINHIF AL INFIFIE A (N+D) X HRINAFE, LL0-10cm + 2+
AR B, B TR 53 SR S A B s 1 B AR AR AE . B T &5 R
B, BN T KRR SRR R RS RS &=, HIF & 5 5
FARIS I BIFR AR DG BRI E N 7 H b IR Al N- 4 E-B-D-2 %
HIPETET RV YE, ARSI B PR T R A BEE . N- 4 -B-D-Z R T
FEvE e DREEVETE; N-OBE-B-D-Z A E T & O BE AN B0 A L& o)
A S AR P R A . IR B IR, FEARIENEARINZLE T, NBPT.
DMPP J HL2H A e 2505 ml R B A P A AR A 75 1, AT 552 1 e - 45
BAEIR

BRI IREEFIHIF (NBPT) , A4k (DMPP), &AE, &G

BB E: EXESHRLI RS (No.2016YFD0300802-2)
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W E: ZH1 phoD K gmid w4 BERLES (Alkaline phosphatase, AIP) R 7K fi#
TN, VEYRE A KO R KO, R IR A AR E . W
AT, KA A ] 52 BRI AIP 3 BN AIP 3G TE R, A
HLAYE B it B 3G n 358 AIP JEMEIEER = P B &tk . SR, 1% 2%+ T phoD
5 ERL e )87 % A FHAIL AT 0 2 o A 70 DAFR ] ZR Jb kb X K B it A i 56
oA I, N SER & PCR MEiBEE N FHEIA, PATATAT AN £
FEONXTHE (ControD) , BRALKIH (28 48) HjfJRE (U) . HifEde (M) LA
FIRFEIINIESE (UMD X 145 phoD JEPH 42 S BF IR . &5 R, I
AIP iE AR IR N: Control>M>UM=U ; phoD K =FEEZK K N: Control >
UM ~M>U; 1% phoD ZE[H alpha-Z 144544 (Chaol F1 Shannon) KX A :
Controlx M=UM>U (P<0.05) . Ib4l, SXTREAHLL, W0Ab B 5 2 o
phoD &K [ beta-Z 1 (P <0.05) , TR FEI IR H AL /o KT 5
BEAT RN 93 S R DR 98%IF) OTUs )& T 6 M4HE1: Actinobacteria,
Cyanobacteria, Firmicutes, Gemmatimonadetes, Planctomycetes H1
Proteobacteria. 5 ANTHIAERS 3 FEAEA [FI AL B2 [ A7 7E .35 2 5 (One-
way ANOVA, P<0.05) . SxfIEMEL, PR R B0 3600 7l 535 e 3 AN
[THIAEX S (Duncan’s test, P <0.05) , TR RININFE B — € E o7
fRIX AR o AU, FEFEEN 16 MEES, 11 DNEEA R 2 AIFAE
o3 755 (One-way ANOVA, P<0.05) , &7 Bradyrhizobium, b3 %5
JE A =F AR IR S R m I g 2 L3 I R % %E R (Duncan’s test, P
<0.05) . JyHE— B fEHT phoD IR A R AL BRI N 22 57, 458 OTU 1Y
BEEME, XN, B FE DL R R R I LI R 4. 2 F0 12 A
fE7~ OTUs. FL7H[ 18 4ME78 OTUs H, IS —F By ikiE 5 LI JE P 41
K, RMIFRKINIE AP IEHEREERR . HlKE, fERRBINEIER L
B IEARIREHE R OTU, #E— B K i A JR R IR ML phoD % (A
RSMREONTR AN . 5 B PTIR, A L PR 2R B 3 30 35 DK 50 1138 phoD & (Al 1Y
MO, TR RIS NG 3RS R R 3 4 vy AIP 35, #1 B TR +F 1.1 phoD
FERE R B TE L, 7oA AIP P29 S s PR 718 R
FBRW: ARHIE, AVYDEL; WEBEEREE; phoD; mRE =T
WEIE : EXEAREERESE (41471217 . BEFKE S RTH
(2016YFD0300802)
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W OE. HEa et e RS, IR SR, mPERH oy 32
ER ARG, 21160 P AR KR AKPE. T8, KEES 1%
T AR S W g PRI PR 1 7R AR KRR PR ] 7 AR [ B 770 3R ] 8] e
KAFH CO2, HEMER K. HATM IR, T8 5 5 ) 4358 B e
Y AN E RS E Y B s, ATIA 107 AN/5 M1 25 nmol CO2/5% +. BfiiRFik T+
= (4400-5100 KD, 4HER R IR AEYEE B3N, HAEE SRR S
MR HTARAL s 25 P i B A IR T A, ARRE B i . 3 [ B i 2
FEONANEIS, HBES M T B2 TR KA NHA+IRE . S Hhh 1
A E B R S, (HR TR R AR, A, e A
AV E R 5 T R R 4 E R I R R DL e B,
21 2-3 FERIATTER] 10450+, HBERSE R 5 ERARIERIRE S, FTENLER
YR . ot IR RS DA YL SRR EAED, B E R A 2
B MU A BRI . XS T g U, 7E T R R R A A K
2 B AR ity PR 358 DR AR OR PR A1) (R R S 5 338 T e A A= ) B8 AR sl e v 70 K
LRI T o

R HEE R TIERCEY; R AR

BWBHIH : A EREB R B AR E AT H (QYZDB-SSW-DQC033) . [H
FIGRHETH (41525002) .

52


mailto:zhangsan@mail.sysu.edu.cn

TR R A2 i A 308 o AR e 4 B ) B35 R SR P AR W AR S R e

P OTHRRE KROR' Auim' P F' W ' TEREY
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W B, TP phosphonate solubilizing bacteria, PSBs ) A= & HL i %} T
il 8 S I SRS SRR S R R R O . ANHIE FUAE AT AE A S A ) DY AN B
B WAL TN Za ATH AN AR P A 28 R85 1 i T AR B PSBs 20 1

PEo GiREE TR, MR B, WPrE L BT Enterobacter
(>29%). T 16S rRNA FF Y1 7 1R FE R AR BT, AR SR il
B RIRGAEMRER SRR 23 %o FHYIK BB BN A 44 R PR i T
T ARBRAE VR, o O AR A R FE I B AR AR E A 56 %ol 2 26.3 %2
16.3 %, AW HITBENSE RN TG B 50T Ve PR rh R IR A0 % 2k R AL o0y
SERIUESE 1 ITAEIAIN S R0 TR B BT 18 Enterobacter W& 5, X35
R ()78 5% 75 R PT Re = IR AR BRI A I V& 14 & - Pangenome 73 HT K B,
R B AT AR I AT 11 <[] R LA 73 A ie R - ANHRTAL o IX IR 8 ) W 1 ARl
PR R KB B BORR B A 2 18] B A A BAE AT .

REE: AR eggplant (Solanum melongena L.); RFREMIAL.; fédwian
(phosphonate solubilizing bacteria, PSBs); BOX-PCR; 16S rRNA; pangenome
BWBIE: EXESTIFRIE ((2016YFD0800602, 2016YFDO0800601
2016YFDO0501404)). [EZX H A E ¥ A4 (31570441, 31400095). Chinese
Universities Scientific Fund (2016QC058)
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The Role and Performance of Arbuscular Mycorrhizal Fungi in Intercropping

Systems

Minghui Li'  Junli Hu'** Xiangui Lin'

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

E-mail: limh0411@hotmail.com; jlhu@issas.ac.cn*

Abstract: Intercropping has the potential to deliver sustainable and productive
agriculture through well-designed crop mixtures. The multifaceted benefits of
intercropping are largely attributed to soil complementarity and facilitation processes,
and closely associated with microbial activities in the rhizosphere. Arbuscular
mycorrhizal (AM) fungi are soil functional group that play key roles in soil nutrient
cycling, plant growth and ecosystem services. Under intercropping context, the
mycelial networks of AM fungi interlink roots of intercropped plant species, conducting
interspecific nutrient transfer, mediating root facilitative interactions, and increasing
resistance of intercrops to stresses. Understanding AM fungal activity is important for
disclosing the soil biochemical processes behind nutrient uptake, interspecific
facilitation and other beneficial effects of intercropping and developing sound
management strategies. This review aims to (1) synthesize ecological conceptual and
theoretical frameworks related to AM fungi and intercropping (stress-gradient
hypothesis, niche complementarity hypothesis, receptive-rewards and common goods
hypothesis, and the relationship between biodiversity and ecosystem functioning); (2)
demonstrate the roles of AM fungi on interspecific nutrient transfer, plant facilitation
and competition, and pathogen resistance under intercropped systems; and (3) explore
changes in AM fungal community and functionalities in response to intercropping. A
systematical understanding of the relationships among intercrops, soil, and key groups
of soil microbes would bring new insights into modeling and design of intercropping
systems.

Keywords: Biodiversity; Common mycorrhizal networks; Interspecific competition;
Interspecific facilitation; Nutrient transfer

Foundation: The National Natural Science Foundation of China (N0.41671265), the
National Key R & D Program of China (2017YFD0200603), the Knowledge
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Talents Project of State Key Laboratory of Soil and Sustainable
Agriculture(Y412010009)
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W OB BEEMAEKKEATEEE TR, REYRRERR. B9
S EVRSTERS A PR S R D R . I R AT
B REWOSOR A R & R, i BRI A K FEE R FEN, e
SRR AR BN, Y (ERESMMEY) R EEAS RSN
HEMR Sy, EREANRD R U USRI B3I 4 S5t ms Ty
T RAEERBEER . Blan, MAEF AR ( Arbuscular mycorrhizal, AM) 5 B i ]
A Y, o AM BT 5 KR Z YR R BB, 8
REAR AN B 22 3 YR B R R I2 BRI, NS sl In B AE AR AR N I A7
W] B UL R s, GBI ECE . JEAk. HEMCRIE NSRS B, e
o 3 i R S B M R B AT DA m A R ke B, sl
[R5 1 ml CAKE s i 2k . BEE AR AR I R R A S AR A X, RNon
5k IR S AE D B R IR . 2B R, SRR AM H
i ) T DA R A W A A, e T AM B B B AL SR R
X1, HEERERRER, HLBE. AFEEMRAREL R, drs 5
SR T 4 bR E M E N, (EEkE L S, AR R, P
FE R A RIS R A B AP A s . R, B N AME
AM 5 5 M| B [ 3R A SO TR T ORI AT A, (R R I EAE
HLBRRIE FEAR B BAN AT, H BNEAAAE — S5 R g e ) G SR 2 R j - A
[ 26 4 T M) 26 AM BB B4R 77 AR IEBR AR08, (HIX S R 2 XA A=
K= AR R B T e 18 HoRZ B AR KR 4 Nl AT, Xt g
TE2 KRS b B H AR T I B SR OUA FRPAl . REIEE S5 AM B ATE
A —& Rk b, (HMls] AR 28 B ek e R IR, S
FHE— 25 BN R 35 e s A AM B AT RE SIS RRE, JEN A TAES
2 Do HE AN AT 5 M 5] R B AR ) EL AR ATLER DR 3 R B AR S A A ) S Bz, BA
WA A P S R AR BE S AR SRR S HE

R AR E R s MEAER; WEER; AR

BRI : EXEAHAITRTE (2016YFD0200306) [R5 i & 14 2%
SR LI (XDB15030202) FE K H AR =HE 41 FIOiH (41671265)
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W OB LRGSR DAY ERGCE RO R R R Bh N T, T
AR BRAL G IR I TR IR MR (0 00 R R FRAT TR AR - AR S TR I
K. LI KR AR IR IE Y RSP TR BR 1) 7 B A6t LT BE A
T 22 5 TR 20 D00 ) A SRk 2 A< 5 R 1) e AT 398 A b R A 2 AR 3R
ARSI o A 703 T2 B AR S B R B B T 11 45 AL B R
M, AT T IR AL BE B BRSO TR A IR G IR S AR
THEERFAE M 3 BRSNS D 4L b ThRE L N F= FE B 26 T v
117 A AN TR] AR A RS2 0 B Sok R 6t 28 P85 Aofs P S AR T AN TRD, T A A4
TR IR 3N 32 BT R AG A AR V) R B B SR FE R TR T A . A AN T
s cp B L A P R ER AL SIS AR S L R IR MR B R R R, R
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Resource availability, not propagule pressure, controls the dose-response of non-

indigenous bacterial survival in soil

Chao Ma'? LinJ iang3 Hongjian Gao' Mangiang Liu*"

(1. School of Resources and Environment, Anhui Agricultural University, Hefei
230036, China; 2. College of Resources and Environmental Sciences, Nanjing
Agricultural University, Nanjing 210095, China; 3. School of Biological Sciences,
Georgia Institute of Technology, Atlanta, GA 30332, USA)

E-mail: machao.0910@163.com; liumg@njau.edu.cn*

Abstract: Propagule pressure is fundamental to invasion success, yet our
understanding of its role in the microorganism domain is limited. To expand our
knowledge of microbial invasion, we investigated the survival of non-indigenous
Ralstonia solanacearum, with four different inoculum levels, in soils under ambient
temperature or previously subjected to heating disturbance. Dose-response curve of
the non-indigenous Ralstonia solanacearum in non-disturbed and disturbed soil was
both of the exponential type 3 days after inoculation. However, there was significant
difference in the dose-response curve of the non-indigenous bacteria between non-
disturbed (exponential) and disturbed (horizontal) soil after 42 days introduction.
These results revealed that invasion success of non-indigenous Ralstonia
solanacearum in soil was mainly determined by soil resource level rather than the size
of the initial inoculum. Our findings suggest that propagule pressure may not
necessarily be a significant determinant of microbial invasion, which has important
implications for the prevention and treatment of bacteria-induced soil-borne diseases.
Key Words: Disturbance; Invasion success; Microbial invasion; Propagule
pressure; Ralstonia solanacearum

Funding: National Natural Science Foundation of China ( 41371263; 31700452) and
Provincial Natural Science Foundation of Anhui (1808085MD97)
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W OB AR A T, WARICFER R X ISR A B IR
PERIARA AT AT . G5 R 5 2002 FEAELL, 2017 EHIEANIRSE. 4
B WS BARAEL (P<0.05), PRAKZE N 3.41%-57.1% 0.0%-
113.7%-+ 18.15%-1983.0%; A& =i (P<0.05), NN 11.5%-59.1%.
IR DRBERE M. RS IR S R v AT B R M v MR R 3 PRI (P<0.05), F#
R4 9.05%-133.95%- 35.2%-363.4%. 50.2%-164%H1 9.0%-88.41%; +
g FAL A BEETERG D (P<0.05), HAINZE 36.1%-71.4%. AHIIHT 45 R
52002 FAHLEE, 2017 FFHIEHREEES AV S E. 2R SNl E =
FHMEIRTS, RIBFRZEKT (P>0.05), FHAVEGE AR 5 A VLR &
B, SRS EMAMERE, EREFEIEMEL (p<0.01). FH0Hras RE.
R EERTH, GYUREERLEERT, HMIR0HET7H 2002 F 1425,
Bl RN AR R 748 O 2017 “E R AR T BREtERE T, (AR
RF B2 F AL BE AR B, 2017 S350 T A AR 7. BLEZERUIH, 154
FRY 3 2 A P el 438 9% 20 RN 0 o A 38 K AR AL

REE. FEME AL, bR, HIEREENE

BWEHIH: BRI HREFIEE ST H (C2017039) F1 B A 4 & B & A
RS 3R H (2017-KYYWF-0135) % 1)
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(LB RURN KRR SR Rl 2f e 3=, BIRT 210095; 28 #F Lk
Be, RES 6117305 3. BigFAd KRN 54, EilF 200240)

OB ErIER Y ERE 1R, AR HIEAY PRI, A
mEBRETHE, FESMATRER S, By 8&E AT, JbEMEE
Ty FESEYNS BIPATRR YN AR oy Hu X, PR iz A i MR B AKCF R R A
WAL ARIFRL, 8 3B S B 75 5255 M BRRP R 1) 7 SR sh 25 A0 45 B A5 2
Z IR o0 R B BB . ASCERERZ 5B TSR, DL b
ik RERKITH THE JLERE LK. mE IR BT 118 AR,
A DR R s AR A, T8k A 7T AN FE KA, DAZR M A 28 (R AR 87 44 2 K]
“H SNP N Thric, IRITFREES AL Z R D Shshas R R BEfRl () SR R, M
Hy . FRERER, BREGEE KSR AEL R RkE TN,
TR AL A ST P R) () M B R B AR AL BE B oA S Ry AR
B RN A AR, R LD T =44 3it (3.5605Ma) &bt
K, Mt R LC. LA A1 LB ML R AR S DY 2 58T (0.8233Ma.
0.414Ma).
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WO IR S8 M L Rl LB A 3 AU S B Y B R
bR, X EIEAERIFN T B R, N [F 4 A TS A T I A MR B
AARMEEN, X IR IERRAAEAE IR KR, Kok, B 50 sk R 41
NEALS A AUAEEL XS IR e R A o . AR L AR s, X T
VOB S P I S PR G B . DLESE 5 a it 7 AR 3% 2 A e A F ]
RIS, %R 0. 187.5. 375.0. 562.5kghm? (No. Ni. Nz. Na3)
KMEMSHEHAL (M: 75000 kg hm?) P (MNow MN1. MN2. MN3) 8 /M
B, #5E 7 AR A FAE S A HUIEEC it AbEE -3 S A WLk (Total organic
carbon, TOC) Fl/K¥E A WK (Water soluble substance carbon, WSS-C) )5
7 M LE A, IR AR SRR (Humic acid carbon, HA-C) Fl'g B
2tk (Fulvic acid carbon, FA-C) &&. ZHR S HHH 0 A KA ATFF1 Hsu
R I KIAE Y . WMAGE SRS B T RN SR 5 A5 T AE o, R P 5 9L o 2 R A& 4
1 B EHETR (Humic acid, HA) A& BLFR (Fulvic acid, FA) , FilllEHA
Wbk & . SREH.: St 3 TOC. WSS-C. Fash AT

(Stably combined humic acid carbon, HA,-C) F1'E HEH% (Stably combined
fulvic acid carbon, FAx-C) & & E + 2 IR FE B In 523800 1 Bk sh, s &
BABEE B (Loosely combined humic acid carbon, HA:-C) FI'E HEZHk (Loosely
combined fulvic acid carbon, FA;-C) & &34 -+ 2 Uk B3 0 2 e 36 i J5 1338 T
Fa%y, {2138 TOC. WSS-C FJEHE BT #4415 ik & := 45 LA 0~20 cm + 2 N8
e SEEEACAEEAH L, RS A LA AL EE 58 0~50 cm 1% TOC.
WSS-C. HA:1-C. FA:-C fl HA>-C S &EH Tt s, HigmEE o5
12.44%~87.38%. 11.01%~168.32%. 10.15%~235.54%. 2.41%~205.21%7!
3.42%~92.61%, A1, fii 0~20cm +JZ TOC. WSS-C. HA:-C. FA;-C Al HA,-
C & EWMIMEE (P<0.05) , #{# 40~50 cm 12 HA1-C. FA1-C 1 HA,-C & &
R (P<0.05) ; AALSAMUALECHE R E 3R 7 0~20 cm T2
HA1/FA1. HA2/FA;. HA/FA FIELE K PQ1 (HA1-C/ (HA1-C+ FA1-C) ) « PQ:

(HA2-C/ (HA2-C+FA2-C) ) . PQ i (HA-C/ (HA-C+FA-C) )

(P<0.05) , [AWHf# 0~20 cm 12 HA1. HAZ Fll FA2 [f) C/N ELAEIE I, FAL Y
CIN fE F B, HA I EalBef (FEVEA 465nm Fl 665nm AbI 5 B 1 ELAED
B#AK, FA I EoEe (EIEIN. AUt phiAkR: H R . &8 5a & s
EHUEEEA R 255 T 0~20 cm HI3EE MRS R, 1 ELAFIT FA | HA
ek, REESABIRMIE RS B, UHEM S SHBIRMNE RS B8,
TIEAE LSRR B, R R AR 187.5 kg hm? 5 AL & 75 000
kg 2 e 2 it FH 3 g L3 W LR B0 A e L TR SR N B
R Wi I EEAEL; MESEET; RESEER; PQE
BEITE: EXBHEEITRITHE (2015BAD23B01)

60



TS S 3 T IS 4T D K IRk R AR AL

TA] " REH' JoCavanagh’ #HEE! BE&E EHAa! EHTE!
RAE I
(1. R Rkl 5455, g 200240; 2. Landcare Research, PO
Box 40, 7640, Lincoln, New Zealand; 3. ¥R EHE 0, LifF 201103)
E-mail: wangyali098@sjtu.edu.cn; vinshengli@sjtu.edu.cn*

W OE: W (A 2 MFEAENICR, RE L YR . i
TR R R S, YRS TR, bl e o S o IR B
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T Yt M ] 47 S A BT TR D, AR ST A B Y e 3 i ] 47 9 )
O N AT R B R R AR, DL R S e A B A ] B S, IR AL
PER AR . IR INA R B4R (5, 20, 80 mg As.kg™) &1k 28d,

Z G RIS R FR 60 d, 2 S KM B, 7R i 35 e a0 i e 0 £
AT N P ERE R AR Ak R0 5 NS5 5 5 3R, pH, SR,
R, TR, EARAEER. PRSI R, M B B BE R
R 8 0 T RIS, FL 80 mg-kg™! Ak B ZF iz ] ) AR 7R B A1 ks (e e
W 5 2R 1, ol 3 ) VA 1 D 77 PR A o S5 R AT A B, 395 pH B BRI,

M SR 0, g 3% 0 NOs-N. Olsen-P MU RS &N, HEZE & TX
B 25 GERBE, Bl (7R AT R S ey G I AR AR bR R, i
5] AT DL AR - 3 R R V5 e IV R . AR R Bh T T MRV AR R AR S
IXUISS: K b ] 7 25038 - 338 P AR R 75 e R AR

e il ASY HESUT N PRERE S IR

BRI E: R ARRIES (41471203) . bR ZE E A 55 H (2016 No. 6-
3-2).
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W B Y5 ENASEIE R LRSS ORI R MK
Je HRa e PPN HR RS A B EE R L. AR ERAIFH “C [
PR TN R AR T T 2 3855 18 JEAE I 58, 3 vh A R RN 5 5 25 5k RE R iR o A
T A B il Bl BERE 1l (Metaphire guillelmi) % AR IR0 . S2I6 45 5
KPR K 3 28 KRG IEF B 1 COx (40 £3.1%) BLHEE T 4545
BHRE (701 £1.9%). Hd 92%LL ER4E &85 NS AR L.
TSR AL R, BATRIEE LIRS A MU A 45.3 £5.3% A9 EE
BES, HRMONMEEEESURMAEMREEES. SN, EKE -
L JUFERET e, BAh, EESERENEYIEIMANER 43.4 £12.6%,
AP AR ES . X2 BRI SE R R AR H 2 45 5 B TR R
PR T EENER . SHEYERAL, S SE7E 35 b 1 A R e
BN s AR AR B AR R SRRk, (X 4 A AR
RRIF TR E R, ANE 1.9-5.3%M3E L AR =P pibr sl & 4. T Dt
REEGBRAELIER RN, BRITEABERSE S S 5t LR AR
F5, ERRIEMEERUKE HSEEEE20E 33.9%K 12.4%80 k. X
— G RAEE IR S A SR AR R — e AT R R, AR &
PERAEBUER, X0 a5 A SR I RS & 15y, AR EHTRE AL
BB PG R fEE -
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W OE. LA LIRS EERHA, 2R R AT A
AR VIR VR S5 A AN L3R TR R IR T T R 458 B E A . FRE R I Hi fvits 2
ifA, RSB R B I 70 33 2k sh 2 BRI ) 25 () A AR AE R 3 5 3 A M i B
PER RS TAREF P& FATUUTZRE EMNTT BN AR R, %1 50 m
V1) B S BN [ A6 B2 1) 43 R 5 (100~1000m), E ] Tllumia MiSeq PE250
AT LI R R B A M R . WEFCR I, BEEHRI N, TR H
DRV R E RN, VIR BRI, IRk e b S ) e . B2
W RF R sEm, B 2 R AR 2 BB G W ARPR FE I3 n, i v, &
LA VRO 2 B/ PR R RN 22 B AR AN S M R A R 55 o £ T A PR R K
2RSS RBAYE: 22 QM R LU AR R 35 A DG, 2R BH 1 20 Bk A R 1 2
SRR OF 5 22 IR PH I 1 v] RE A BRI R i 1 B LR AR AN Z B2 3
AR 05 L R 3 AR OG, R LR M2 HUM 22 B2 (A2 1k
¥ FEEMME PFLA £ ESHF R, 25 g, TS hpnke
FEPE AN VA R BE A W 4R bR B R T W AR, JRTE TR T A M TR &
He) 5 T 4 EE AR
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W OB KRIEVMREFEAIR . FROoMEEmAEA, & —FhE 2R ER T,
WEFRE, FEAFE H e s I &, =T T3y, 3mH3Ea VU &
o HZ0MERL L CIN LELKFMRS], FEAHEHFTEE RIS, B
TEREMIL R, 1R LI 2 BIREFHE R, (R FRSFE H &
XoF R A6 2 A A SR R v P AN B 2H 43 S M ANTE 2 o ASHIE AT U A T N 1)
AR T, FORREF AT, SRR 3P RS IRER, HHFEA
[E) RS AT FH &k - 3 B e i vl M N 2 0 i i . R LR E 4 MabTE, BdE
TRE+0%IE H (FEFFANIEHD , Hu#f+33%iEcH (25t/ha) , Fufk+67%it H
(5.0t/ha) , HHt+100%iEH (7.5tha) ; FMEH 4 RES., PR RE
B, G iF+33%ih M & NS S 35 18 hn 33 AL L o A5l B PN R e A 1 P i
. THLERERRBEE T, B0 3R dl 0 B3E s, 80 1 A HUBk 4L 2 )
IETEFR PR AN IE B IR 6 & /= S e AL 4L 2 ) IE B R Eh AN AR R Sh & . 45
PRI g5 AR, RS o5 5 R 2 5 IRERZE 1 I A HIBE LA AL
st BPERIE VL ESBEVE N R, KRR DA BERR B R E R N . [
U, MBEZ IR R AL FE R, 33% RS At H EHCNEH

R By P REILIR; BERRERISME; REFTEHE; bl B+t
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W OE. BHAESRGL L ERREE BN KRR . AR AT
FlARAL 2z, JEHBIEAL SR R FEAE A By . VR AR AL g SR S
PRI, H T E > EEREE N T 8T, B RS TR AR SR i R
MU AR AL 0 AN T 7 o Wt T 33 e ) AR AL SV S AR | AR N2k
WEEE SR, R, ENRAESIIRNEES 5, HEMEDNLL
5HE NS REY] . Bk, AEFR R Meta 2007708, $87RAS B Hy
I A S Ak S BRAS [) NS00 B 5 6ot Wt = 338 A B % 3 A M i e 1
B, CUHA 9 WEHh OR P 5 48 B R (IR 0 S

FEHFRERWT: 5, EHIF RGN VRS E K, ram s
HIRON E-15.2% (95%CI=-25.3%--3.8%, P<0.05), {HEFEREH T LAY
AR RN, XN R EA . R R T B, VR A AR R IR
7E 15-20°C 28], 4FEPE/KEAE 800-1600mm [8] ff) X 45, 5 H T RAF R A8 80 4F
PLE. Hk, BHIREHA—EiE RGNS 5RREHML, KE
T A BB B3 PR (RR=-26.4%, 95%CI=-38.6%--14.1%, P<0.001),

HARDE R AR N, 57 REHAALL, KSR BRI H1Es
Wk &, (BIFAEE (RR=2.1%, 95%CI=-13.1%-17.2%, P>0.5), +IHEHL
B2 FH NS U B IR E NI, IREER 6-10 AL, T
PEREKIB IR S, HEFRMIIRE, DAAIEEREKEKT 600mm FIHEH; (H
TERZ G0 B IR R S 28 il 3G MURRBE— DMK AR AR K &=
T 1400mm [, FEBE KT 17°CHIEH, @k & 3o, 1%
VK & R4 DI BAEBRAE 15-30 4E18], R /K SOIRZE A% 8k ARK B3R
WA, w5, AT REGEKE, B AR S 3% pH 11

BERERDFEMNIMIKR, SHHERELE EMHILR; BT REKE L
FErp, RIERUCEYES LA MR BB A RON 8L (B BRI
AR, B2, 5IFREHAAL, YRR IR Y e A 1
AHUBRIGINE B, B 5 S 3B WL 3G 0 R SR AN BH S ) iR R AT
& TR 2 BRI TS

gi b, WA R e A URR AR B PR T IR MU, TR E VR
X I WL 3 I RCRAT F B R, FERH TR RER R A, an B+
AN S &, JE S ERtim . KCEM. FFRSIKE . X85
B

e, LIEAPUK: Meta 78T BT R, WEHIRE

BHWE: SHEMMHEHEAA IS (20180520090IH)  [EH K HRFI 4
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Key predictors for the survival rate of Sanqi seedling in the continuous cropping

land

XU Wumei (#£303€) WU Fengyun (2R ) Guan Huilin (B £ #K)"
(School of Energy and Environment Science, Yunnan Normal University, Kunming
650500)
E-mail: ghl0871@aliyun.com

Abstract: Sangi (Panax notoginseng, Araliaceae) is a well-known traditional
Chinese medicine, while the continuous cropping obstacle (CCO) is very serious
which remarkably restricted its sustainable production, investigating key predictors
for the Sanqi survival rate in the continuous cropping land helps to find solutions
coping with this issue. Here we conduct an experiment in a 6 year heterogeneous
continuous cropping land (CCL), 7 plots each 1.2 m>2 m were randomly set and
different soil factors i.e. pH, hydrolyzable nitrogen, available phosphorus, available
potassium, available calcium, available magnesium, phosphatase, urease, cellulase,
polyphenol oxidase, bacteria-fungi biomass and its ratio (B/F) which used as soil
predictors were investigated. Seedlings of Sangi were transplanted in Jan. 2015 for
each plot and survival rate was investigated after 7 months (Sep. 2015). Pearson
correlation analysis showed that the activity of phosphatase, urease, cellulase activity,
B/F, hydrolyzable nitrogen and pH were significantly correlated with the survival rate
of Sangi (P < 0.05). These soil factors are also closely inter-correlated and principle
component analysis across the investigated soil factors indicated that the first
principle component (61.15% variance explained) mainly explained these factors. Soil
pH is usually taken as a key factor affecting soil quality, in this study, it was highly
correlated with the activity of phosphatase (r = 0.965, P < 0.001), urease (r = 0.966, P
< 0.001), cellulase (r = 0.930, P = 0.002), B/F (r = 0.932, P = 0.002), hydrolyzable
nitrogen (r = 0.892, P = 0.007) as well as the survival rate of Sanqi seedling (r =
0.920, P = 0.003). We thus suggest that soil pH can be taken as the key predictor for
the survival rate of Sangi seedling in CCL, and ways that improving soil pH in acid
red soil would improve soil quality (e.g. enzyme activity, microbial composition) and
ameliorate the CCO of Sanqi.

Key words: Panax notoginseng; continuous cropping obstacle; soil properties;
survival rate

Supported program: National Natural Science Foundation of China (41661069,
41361075), Key program of Yunnan Provincial Department of Education
(2D2013008).
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Net nitrogen mineralization of granular organic fertilizer was delayed by

microbial regulation of enzyme activities

Xinyi Yang® Guitong Li'™ Qimei Lin' Xiaorong Zhao?
(L R ER R BHR S5 EBE, Abs( 100083)
E-mail: Yangxy0804@cau.edu.cn; lgtong@cau.edu.cn*

Abstract: Organic farming systems receive organic amendments to contribute to
nitrogen (N) mineralization for plant growth; however, it remains unclear how inputs
of organic mixtures in granular form drive N transformation and release of available
N. Maize straw (MS)and the high-N organic fertilizer (HN) were applied to the soil in
different forms (scattered organic fertilizer (SOF) and granular organic fertilizer
(GOF)) and different proportions (95%HN-5%MS and 85%HN-15%MS), and
assessed net N mineralization (NNm) during a 105 days incubation study. Mineral N,
enzyme activities and microbial biomass were decreased in scattered treatments and
increased in granular treatments until the end of the trial. Compared to CK, NNm
occurred before the day 15 and then stayed in immobilization or weak mineralization
in SOF group, while soil NNm always existed and were highest on the day 75 in the
GOF group. Structural equation modeling revealed that potential NNm was
influenced by dissolved organic N and neutral detergent fiber (NDF) in the SOF
group, while in the GOF group NNm was strongly driven by soil EEAs, all of which
is influenced directly and indirectly by in substrate C: N and microbial CUE: NUE. In
terms of agricultural production, our study suggests that addition of GOF could delay
soil NNm for 60 days, it may be more suitable for the pattern of crop N uptake, even
though, N loss will not increase. We propose that information on granular organic
fertilizer chemistry in conjunction with soil mineral N concentration could be useful
for constructing N mineralization prediction models to improve N fertilizer
management in agricultural soils.

Keywors: N mineralization; EEAs; CUE: NUE; GOF; SOF
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W B B RAE IR YIS B AT R B e bR . WS K&
FERL it F S ISR IR R 0 T IR = A AHE, B a2 3 RS Tk
FR 0T 35 = SRR RN, T/ Sy 1 AR A A e T 3K A
TR AR . AHIFFT LA G B SE 3 R T R, BRI it - 45 P ] S AT
Jit AR 0 B SR, W B =AM KR (CK). i XS 26 (CM) At FH 79 2+
TEAGAD IR AL B (CM+DMPP), | B 2 ' ol AR A I 43 A I 5 358K e iy (g
BelG . TRERTSRG. P-EIMETIRG. B-ZI4E WEITEE. MR L AP, Bk
HHE. o-FIPEF R E 2 R EAME) vEPE. o, Y9385k &8 95.1 mg N kg
!, DMPP HIENZEIE SR EN 1%. 450 FKMH, BEEEFE RO INAIK 5
SED, AFEACEEEEREEY I E N, 5 CK A, B3R 1 KRG
CM b+ IERR G HEHE . P- b T lE . P-2T4E —WHTF B, Mok a 5L 78 2 bl 1 ilg AT
B AKETF BV PERY BN (P<0.05) ,  [F]I W& B AN o~ 7K 7 G 12 186
M e 2 R Z KBS PERRR; 5 CM ALERAHLL, 750 DMPP 23 #| - 35 me (FR
FIKEEE Tk 94.8% (£59% 1 K5, P<0.05) , il p-AWEF EEIE I 30.8%
(K572 3 KJ5, P<0.05) . i LA, Wit HIERICEHEEE N TS5 1%
TR VG K ARBEE I . (ECEF 3RAEI 461N, DMPP &2 #0H| 1 HIE 5%
FEAY R % 1) 5 R R R RIS T AN 5 B L AL A D 1K) B- A BT Bl v
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W OE. KBEEVREARNBEKT NS MMIEREE (AM J2E) #4785
A TER, BN Cdis e B R nlREAb k. T ERMER. &8
GEOREE A BRIER R 0077 A 2 IR KT ORI, SCEEWT A T S R BT
B AR B R R Cd AR RO . 45 53R, Bkl it FF{K DTPA-
AR TP Cd, B3 PR A 2 (P <0.001). AHR HIEN 22 /035 4%
VAPE T 4338 pH B W BGIATH AP A8 2 i HIE iAE nT s A WL (DOC) 7K
PRI . AM BB R T RAE Y IR s A M B R 3R G Cd AR sk
JUTFBAE M, I HAEARFEBEKCE T EA WL AP R AM B 2 (R AHE
TEF . BEIEA B TR, MRBEAHLS T CdRE, HEERW AM
RS 2R, YR N R Cd A B EA B,
HXRHAFEE cdisitiE, BT AM HEZ S AR RIS 1
BT B B [R5 NIRRT — 2B 9
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OB MR (AM) ERELIER R RERINE L, Sl &9
W 5| e T IR AR R 22 b e i . R 22 B IR AR A AM BB AAE S VI
KEZ, RZFEHE AM B AESDIRER A . T3 40% L b HA] 55740 1w A
FIE WA NI RS T, X LLARTE A b [F] AM HC B8 (19 4H BAE F AT Re e LI A ALEE
IEH A SRR R EE B AR . AR N ER G o fRE R 7R+
R R, (E IR IR R LR 724 T, 18H AM B Rhizophagus
intraradices BEG 141. Rhizophagus irregularis DAOM 197198 Fl1 -tk 41 o
Rahnella aquatilis HX2, MW TIEAVNSRE . MAEMERAENKARZR, &
GWEFT T AM FLIR 5 TR 22 B g i 4 e AH B A ) B R DL A BAE N H A AL
RS AR SR B2, FEAFBILLTE R (1) AM EREK R
irregularis DAOM 197198 AN B A& 1HWANIBERIRE Sy, MEREAN b6 £ A LIRS At
T RAEVE . AN LB R AR ELBE J5 A4 RE A AM BB, S8
MAETG W 55 746 R R E A 0, KL AM B IE A fe Az 55 77 B rh ik
RREEVE IV T ARTEAN BN B AR A T BRI, R T ANIBEEIL. (2) AM
HHE W20 WS EHARER S (4 4mM) WEY, — 7 AE NRIEIE
s H , — 7 E NG 527 R4 T B PR B AR R 0k, e 443
fe 1 PR A TR 0 A ) B I il v R B s VA A LB I RE T (3D B 40 1 7T
DA 5 AM EL B AR SN B 22 RSO 3% s ToN L B RE ) - A2 B e A8 Ul AML
ARSI 22 A, 38N 2R USRS TG . (4) BRI 22 PR 133 C:P L AT DAY
AM HE - R BAER R . A SRR B LU RS, A ol 4t o
WREE AL, (B T4 B SRR, [F AM BB KA 58 90 15 ik
ARV e, fETEA R TCHLBEA BEA AM R . Fs & & ) oL R
BEORWELL, FT DAGZ MR AR TR AN R A AM BN BRI TE S, AM B b 22 7] AR
PR BT AL LB, R mEDE SR ARl R R R, R4t
WESE 7 AM E T - B8 4 1 (R AH LA S e A HUBER FH R IHLEE, S 16
AM H S DR 22 FR i A YA BEAE AR . [RIF,  AHF 7R IS nid
FEIOHUBERT LU AM B - 40 1 (R o0 &R, 00 TRk I T4 48 A3
REih 13 AM BRI DA HUBER] H A T e oA S .
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W B TR IO TR A A R A T E SRR, AT DOV
B4 pont 3387 0 AL D RE () S SR p BB ARk B . DA S il R VR R 12
T EL 24 NybHh ORBRITREDIARFDEHME) LN T R, 8 A £ 2%
fE (0~10 cm A1 10~20 cm) HIHIEGHLAK. &% 28 (SOC. TN, TP) F&
AT, SRAOPTiE R VDR IR R B A S AT B AR, LR RN
MR ZE S, AR T MR AR & R AL R TR 2R, FEX)
WA R AT . RRY . W iR ARV 3% SOC. TN,
TP 7L 0~10 cm 2P & &N 4.33+ 0.38 f10.26 g'kg!, ELIGHMEAHE]
RELJZE 2.56. 0.17 #10.07 g-kg's £ 10~20 cm L2 HHF 5 &4 3.05.
0.35 f10.18 g-kg™!, ELOBMEARRIREE 2% 2.17. 0.12 10.03 g'kg!'. Bidrskid
o3 0~10 cm 1 C:N. C:P. N:P BN 12.44, 24.1 Fl12.41,
10~20 cm FIELAE 237314 8.79. 20.96 1 2.5, A Hr4s B2 B, SOC. TN,
C:P Al N:P FHE 24 PSR IR, TP Al N:P ) = 52 4 (K B i . 7
FAE - Z VR R AR 38, SOC. TN & &E¥EEE T M, 7 0~10cm )2
TP SRR E E T M. W B E 0~20 cm HIEMBEE LN 8.32
Tg. WFFE: REUEE BRI, R S E LI AT B
WAL, (HEFFARAE T % s LI A IR, E LR .

REEE: A LSRR ERAR REREE
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W OE. FFUYKER (SeNPs) EEST. AEMEM . HEMEE LA EE
S BT 2N W2 MR DL RS STIE AL E . KE ) SeNPs,

BEHE RS2 RNE AT EERE BATE LR T ABHHE S44 187 T
A 6 75 Hl PN T B SeNPs fFg e WL . K22 RAE 5> T2 1 SeNPs 7£ 572 nm

WA e KU, kAR R/ 3 A £E 100-300 nm JEFE Y, zeta HLAZE H-31.4
mV. EGFEEE . LAMEIE BT E BRI S F BUIFBH7E SeNPs R E HA —

FEEERAENR, HhEAR N EERS, 7E SeNPs [ i e ol f2 v i
EFXEEH. 200, RIWFEELE S B EREIE(Asp. Glu. Arg fl
Lys) 2 [ R 45 & fF SeNPs (3R T, 4R s s, AT 2 mi FL A0k 1 T2 R
SR, ARE BT e a4 AR E K SeNPs. Hk, X —ik it
G KAT BRI ) R B 25 LR EAT TARAL, AT LAAE 24 /NI N 5E 4T85 mM T AR R B4
FEARGKAR, R i TN S T A S . A5 R R
Al 500, WA KA AR RN ) ROR — 8, BB T Al BR 50 (P<0.05) . 442K
IR E (2-10 mg/kg) SHEYA AR & & B BRI L TS R B Wi TS

TR KBRS A% EL R B, SeNPs Az £5 4b 7 2H i) it 4801k ST 1 A i 4801k il
PR ZEN N, N RS R R FEK(P<0.05), A HEYIIAN KRR, R
Wi B TR PR S . Praf. DU e ke

Al BRI EURL (SeNPs) 5 BRI PTG R4 A
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