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Abstract: Bacterial /65 rRNA gene copy number, bacterial rhizosphere effect, microbial community
metabolic activity, functional diversity and carbon source utilization types in rhizosphere and non-

rhizosphere soils were analyzed in two-year old potted apple trees (Malus x domestica Borkh. ‘Red Fuji’

WA 2020 - 02 - 12; fEEIHH: 2020 -07 - 10

EEMB: EXRESGAITHBE (2019YFD1000103): EF HAMFHEESTE (31772251): IR A ERXEE A LRE5H
(2018CXGC0207); ILIZRAE ARl A4 B AREAPIAIE (ZR2018ZCO8N3)

* JM{E/E# Author for correspondence (E-mail: hqyang@sdau.edu.cn)



BIRRE, H Pk, REE, HFEE, B, =S, ikHEHE, it
T VA A 3 AR B A 0 Th B 225 2 2 SRR USRI i 1) s
[l &5 54%, 2020, 47 (8): 1530 - 1540. 1531

with Malus robusta Rehd. and Malus hupehensis Rehd. as rootstock) planted in sandy loam, loam and clay
loam respectively. Results showed that among all parameters that were tested, three of them including the
bacterial copy number, microbial community metabolic activity and functional diversity index displayed
the exact same trend. Clay loam had the highest numbers followed by loam and sandy loam. Numbers in M.
hupehensis were higher than those in M. robusta. Rhizosphere soil had higher numbers than
non-rhizosphere soil. Rhizosphere effects in the 2 rootstocks were the largest in sandy loam and the
smallest in clay loam, and the bacterial abundance in sandy loam soil was most affected by rootstocks. The
utilization capacity of carbon sources of rhizosphere and non-rhizosphere microbial community in clay
loam were the highest followed by loam and sandy loam. The utilization capacity of phenolic acids and
carboxylic acids in rhizosphere microbial community was significantly higher than that in non-rhizosphere
microbial community. Rhizosphere microbial community of M. robusta had the highest utilization capacity
of carboxylic acids in sandy loam and the lowest in clay loam whereas M. hupehensis showed the opposite
trends. Types of carbon sources used by rhizosphere microbial community varied with soil texture. In
sandy loam, amino acids were mainly used, followed by carbohydrates and carboxylic acids; in loam,
carbohydrates were mainly used, followed by polymers and amino acids; and in clay loam polymers were
mainly used, followed by amino acids and carbohydrates. The principal component analysis showed that
the rhizosphere microbial community types of the two rootstocks were separated by different soil texture
types and they were gathered in the same soil texture, which indicated that the type of carbon source
utilization of apple rhizosphere microbial community was more susceptible to soil texture, while the
difference between the two rootstocks had less impacts.
Keywords: soil texture; apple; rootstock; rhizosphere microorganism; functional diversity;

rhizosphere effect
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Table 1 Basic characteristics of 3 types texture soils

A/ " AL/ - KR A/

- % , g . =/ . -
R (g-cem?®) iifi’g ’ q Whi% Brkiv% FE/%  (g-kgD %% ke (g-kgh (g- kg
Soil texture Soil bulk . p Sand  Powder Clay Organic g 2’ Total Total

. porosity Total nitrogen .
density matter phosphorus potassium
i+ Sandy loam 1.42 45.11 731 66 21 13 9.97 0.95 1.37 12.23
%+ Loam 1.37 49.21 6.86 50 29 21 10.05 1.04 1.24 14.94
it Clayloam 135 50.05 6.54 40 31 29 10.10 1.19 1.20 18.92

BB B A N )\ B (Malus robusta Rehd.) F1°F B & 4SS (Malus hupehensis Rehd.)
2 A UE L ERSNBREBIARZS, UK 6 FibEASs (WHEL—FEEE., EL—FE
. AL —PERE. PEL— ) \WREE. #t— ) WRIEEMEIEL— ) \REE) , B0k
HEER 3K AR, 3 M) LIRS IR 3 BABEE RN, A HARFEA AR R etk 1 A
TAEMRBR LB R 404 . AL, & BAEAH R AT FAEE L, 130d FEI 5T

1.2 H3EERESE
FRBR IR “RHRIE” BURE (Riley & Barber, 1970) , BiAR £3% [F) fir + 38— H Rl
BOKEER, BIHEERR LW HIEHLEBRIBIANTHE B84, BAKER L=, £ -4 C

UKFEORAT, FFAE 24 h WHEEIE P DNA JARRR Br 3 B E R B R B # b, K0 0.5 ~ 2.0 em
MRt EERE, MNEFORU .

1.3 SMEMSEE
1.3.1 ARIFmE FE R mE 6 AR R 8U2

FRIUH i 3%, FIH E.ZN.A. " Soil DNA kit (Omega, 2£[E) X7 &R M AEY) 2 DNA,
IRYGAM TR 16S rRNA FEFH 1) V4 &8 X R FPESI4) 515F (5-GTGCCAGCMGCCGCGGTAA-3") Fl
806R (5-GGACTACHVGGGTWTCTAAT-3") #4752t & & PCR. PCR R MAK R A 20 pL, H
A $E DNA B 1 pl, b FHESI%& 0.4 uL, SYBR® Premix Ex Tag™ (2x) 10 uL FE 7&K 8.2
ul; SN N: 95 CHiAEME 30s; 95 CAMESs, 60 CiBk. ZEfH 30s, 50 NMEIR. FIH Bk



BIRRE, H Pk, REE, HFEE, B, =S, ikHEHE, it
T VA A 3 AR B A 0 Th B 225 2 2 SRR USRI i 1) s
[l &5 54%, 2020, 47 (8): 1530 - 1540. 1533

DNA 7 [RIFf [ AR R A2 HF T 1 PCR 45 SRl bl M 28, A4 M 26 1H 5 38R & 16S rRNA ZERI#5
D%, W48 16S rRNA FEDRF5 ULECo B 20 TR == FE AT VTS 4H B AR PR 8% (Rhizosphere effect, RED.
RE = (R-NR) /NR. #H' R Fl NR 7 5l KR bR A FEAR B LB 40 TR 16S rRNA FEDRI¥E D1 (3
%, 2019) .

132 LEMAMBARMER. SRA R AR S

B 3 g Hrfee 38 N5 27 mL LA K= AT, £E 200 r - min” FHRY 30 min; #E
15 min 5, HU 35 MRG0 2 Biolog-ECO i, 7E 28 “CHHEIREEFF 10 d. &FRE 24 h 132HL
590 nm (e + M) F1 750 nm LB FNRIRCEEME, FIMH I ZERIESFLERR T HE~m
MG CHAEREAN E 200, 2011; k¥ %%, 2017) , FHHTLLF RIS,

CD TEE RS ACEIE M. FRCPAR & FL I P4 i ta A8 10 % (Average well color development,
AWCD) Jxhh, iHH A AWCD = ¥ (G -R) /31, R C BN ALBRIFE IR R N
HFL (A1) MIME, 31 4 Biolog-ECO fC-FA H BB s 20 CRARILER 2D,

(2) TAEVIBEVE IR R R : B T ITE A 31 FiiiE (3R 2) 1) Biolog-ECO P 4R
HRE SR 168 h,  FH I B FE A e iR R AR, RO BE AR Bl A1 R JEAT B 7 40 A

(3) TIEMAEYIRES 2R ] Shannon - Wiener ZREMETE R (H) Fon (WkFF 4, 2017)
H'=-Y (PxInP) o N PRREA X IRFLFIXT BRFL A1 BIWROGBEAE 72 58 R 31 LR
ZEEBSAAE, B Pi= (C;-R) /X (C-R), CrNE i MHIRFLII G, R AR BRFLAIR G

(4) TIERAEIRER AR A H Simpson (R4 E1EEL (D) F£ox (g %%, 2013) , D=1-
TP,

(5) LIEMAYIREE 2R H Pielou 35 BEFa%L (E) EIR (Benizri & Amiaud, 2005) , E=
H'/InS. 8 S NRAEYIHR]FH RRIR 4L

£ 2 Biolog-ECO R EY 31 FhkiR
Table 2 The 31 carbon sources in Biolog-ECO plates

B 7] B 7]
Carbon source type Substrate Carbon source type Substrate
K& D - F:FLHER - y - IWJi§ D-Galactonic acid-p-lactone R Carboxylic acid y - #2352 y-Hydroxybutyric acid
Carbohydrate B - H%E - D - & p-Methyl-D-glucoside PIHARL FF i Pyruvic acid methyl ester
D - #F 4 — % D-Cellobiose D - 3R D-Malic acid
I FE - 1 - B2 2k Glucose-1-phosphate a - THiE& a-Ketobutyric acid
D - H & D-Mannitol A< JFE M Ttaconic acid
D - KHE D-Xylose Z KWK Polymers i 40 Tween 40
N - LB - D - % % N-Acetyl-D-glucosamine JFH% Glycogen
o - D - 3L.i¥ a-D-Lactose i35 80 Tween 80
i~ FRBEFERE i-Erythritol o - AWK a-Cyclodextrin
D, L - o - W& Hh D, L-a-Glycerol phosphate B2 Phenolic acid 2 - FRFEIR IR
D - - FL¥ERE R D-Galacturonic acid 2-Hydroxy benzoic acid
D - Hi % i [i%T% D-Glucosaminic acid %25 Amine 4 - REIEHER
L - RIT4BE% L-Asparagine 4-Hydroxy benzoic acid
TR L - KFENE [ L-Phenylalanine 2K Z % Phenylethyl-Amine
Amino acid L - 2% L-Serine J&5 % Putrescine

L - K& # L-Arginine
L - J72 & L-Threonine
HEW: - L - B4 Glycyl-L-glutamic acid

1.4 HIELBS 5

K H Excel 2007 #A43E4T 5 AL HAE P, SRA SPSS 19.0 Sit 43647 F 534041 (PCA)
A5 74381, Duncan’s Fi B 25T # R B E R (P<0.05) .
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2.1 AEFREMIEFFERGARIRPRAE 165 rRNA EFEEE K ERFRIN

P 1R, R AR AR B,
A AR L RS 72k AR Nonhizosphers ol

_ e e W JIE AR PR L Malus robusta thizosphere soil
$E IK/T:*: EF‘ ’ §£ i%%j:éEH 16§ rRNA % T% N éﬁ W VB SRR £ Malus hupehensis rhizosphere soil

%, HUOVEL, Wi, ¥ E) ST
N 931 x 10", 322 x 10" A1 7.86 x 10° £ ol be ab3 aa
copies - g'o FE )\ FAMRPR L, A FE R % 05 | J
WAL > B > BHEMEY, K0S C |
%9 9.65 x 10'°, 8.07 x 10° Al 5.50 x 10'° :
I 2 95t

copies - g5 7 B AARR L P AR A5 e
J\BSHEHE— B0, (R U E T Ui 2 T oat mr | mmt
SrHIN 115 % 10", 9.14 x 10"/ 6.01 x 10" Sandyloam  Loam  Clay loam

ies - g™, eSS ORI
copies % iﬁ?ﬁﬂﬁﬁ@%:ﬁﬁﬁﬂgfﬁﬁ)ﬁﬂﬁ 1 TR N R AR 165 rRNA S
TAENE B E R TRIE L. A, FEAR R RRNGFRERERBE (P<0.05) o FH.
1S, O\ S BRI RE R E Fig. 1 Copy number of 16S rRNA gene of rhizosphere bacteria
2 S T N-ES in apple rootstock with different soil textures
EE Eﬁ }JFT e 0__ _ Different lowercase letters stand for the significant difference at the

Eﬁl/l\i;%j:ﬂ] i%éj: E'j ’ W‘jﬁp Eﬁﬁ*ﬁ B/TéEHE'E 0.05 level. The same below.

FEX R 2 KT AEMRBR,  HARBR BN 4 HliE ] 1

6.00. 6.86 f11.66. 1.82 (¥ 3) ; MrERHE L

W PR AR PR T A 1 T R SRR bR 2 ) 22 R R B, ARBRNA 0.21 F110.23. REER
fili AR 22000 80348 v (O A0 B8 BE M AN K, (EL 5l 2 08 v 8 - A8 - b i 4 TR T

*3 TR IREREAREERERHE

Table 3 Rhizosphere effect of bacteria on apple rootstock in different soil textures

fii K Rootstocke +IEJF b Soil texture HRFRZLPL Rhizosphere effect
J\ K5 Malus robusta b1+ Sandy loam 6.00+£0.26a

3+ Loam 1.66+0.98 b

Zi3#+ Clay loam 0.21£0.09 ¢
T EFE A Malus hupehensis b1+ Sandy loam 6.86+1.38a

3+ Loam 1.82+0.01b

Zi3#+ Clay loam 0.23+0.12¢

TEe Bl AEEIE £ bz AP AR FRFRORZEREZE (P<0.05) . R,
Note: Data are means = SD; in the same column, different lowercase letters stand for the significant difference at the 0.05 level. The same

below.

2.2 AEFRih1IE P EREARRIRE B E R BHE M 2

I 2 mTA, MRERAEHEAR BR T A MBS (AWCD) Zbsh & —2L, Sk B 7RI
BRI ZEK:, AWCD fEIZH . 0~24 h Z N AWCD L B481k; 24 h 2 il Il m, it
WiE I RE, KIEEERIFHBIE; 168 h 25L& T .
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TEAEMR PR A A B R, BB AWCD g% ok, HUGE L, Wit/ 75 \IRIHER
brEEYIRETE ., AWCD {H 0 ~ 96 h B 2 HLHE I+ > B+ > EAR#EA, (HE 120 h 5N
KO RFEL > B > WL, & TARRR L B BRI RR G LRE &, LN
AWCD {HiA% B, 4+ AWCD fH7E 120 h LUE KPR+, & TFaERELE (EF2).

—o—fibiE+ Sandy loam —o—3E+ Loam —a— FiiE 1 Clay loam
1.5  JEMRBAL Non-rhizosphere soil Lso . J\EESERER L

Malus robusta rhizosphere soil
wy 30 ws 12|
NT o e o
Qﬁg 1o | §$51.00
o O S E
%E% 08 | gagws
]
BE5 o5 | T 25 050
B8 R N
T2 x5
03 r 0.25
0 0
Lso . PEEEREL 0 24 48 72 96 120 144 168 192 216 240
1.25 Malus hupehensis rhizosphere soil it jiil/h Time
%5 '
NS 2
%N-—?' g 1.00
B2 Eo075 ¢
kS 2,
FE5 050 |
L
= 0.25
0

0 24 48 72 96 120 144 168 192 216 240
st E]/h Time

2 FRRMBTRERMEARRREMHERMEYE (AWCD)

Fig.2 Metabolic activity of rhizosphere microbial community of apple rootstock in different textures soil

2.3 ARIFRMIEFERERIRRREIESZhEE S M

w4 Pron, BRAEIERPR Hid MR bR TR eI S, Simpson R EETEEL (D) AKX,
AR EE (AWCD). Shannon-Wiener 2 A£14E3840 (H') A Pielou 2 FEFREL (E) #LARNE T &%
. WIET ARG, HEHE BT FARBR SR R ER R = T ARR PR . 78 ) U S AR s 1338

®4 ARG WERGEARERE DB ETHRES R IR

Table 4  Functional diversity index of rhizosphere microbial community of apple rootstock in different soil textures

AL o0 ) o
Qb3 Treatment Soil texture Shannon-Wiener $5%{ Simpson &% Pielou #8544 AWCD
Shannon index Simpson index Pielou index
AARBR AL b3+ Sandyloam  3.11+0.10 ¢ 0.948 +0.01 b 0.956 +0.02 f 0.69 +0.06 i
Non-rhizosphere soil 3+ Loam 3.14+0.07 de 0.947 £ 0.00 b 0.961+0.03 ¢ 0.77+0.02h
Fi#+ Clay loam 3.16+0.06 d 0.948 +0.00 b 0.970 +0.01 cd 0.85+0.09 g
J\ W el b3+ Sandy loam  3.24+0.02 ¢ 0.963 = 0.00 a 0.968 +0.03 d 0.95+0.05f
Malus robusta 3%+ Loam 331+£0.03b 0.960 +0.00 a 0.974 £ 0.05 be 1.04+£0.10 ¢
Fi#+ Clay loam 3.32+0.03 ab 0.961 +0.00 a 0.978 +0.03 ab 1.08+0.07 b
T B A ARG i+ Sandy loam  3.25+0.03 ¢ 0.963+0.01 a 0.967 +0.01 de 0.96+0.02 ¢
Malus hupehensis 3+ Loam 3.31+0.03 ab 0.962 % 0.00 a 0.977 +0.02 ab 1.02+0.03d

FiE 1 Clay loam 3.34+0.01a 0.963 +0.00 a 0.980+0.00 a 1.11£0.05a
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th, wbIgE . R AIAE A BN 3.24. 3.31 F13.32, E 4rWI0N 0.968. 0.974 1 0.978, FliiE
TAEL Y EEE TEL, FEMANRE LS )\ EsEaAAE, (HHEAER ST S 1
Simpson fLH#EEFEEL (D) 78 )\ B HFHAT B M A AR PR L h &= .

2.4 EIFM IR 3 RAGARRPRE PR & R F F 4

K S nTLUEH, MRBRFIAEMR PR BRI R RO G RIS MTRIBMZ WK
WIERIRE S b, R KRB AL > L > IR ERIRIIE T, PR EE AR PR
AR FIFHBE I4E 3 Pt I R R A R R TERSEIRIE, )\ RS AR R R
Jifsr, TP B R LR RIH G i m . WRERAE YRR IR e m TR PR, Hpig
T+ 8K B BRI IR, P ARG AR BRI A= VR Ve AE D 1 1 I AR - P48 T 1 044.38%.
531.19%F1 395.33%. 74k, fERDIEH, RERTA VIR R TR AR R H e 7B AR bR 2 25 32
J\REHFHE AT B R 250 B3 276.62%A1 244.09%. AL, SERAR R T ARBRAE YRS BRI
FIFRE ST, B BARRIU T 8 IR R Fae ), W .

3 M IR, JAEMRPRRCE B LRI R RIS KA 2 RYRBIR AN . 2
e, RRBRIRAE PR I B ORIE R R BN B RR . KA EARIR S, L, RER
TAEPDRET 0 = B R R BRI &Y. 2 R BRFIE LIRSS fEFIE -, WERTE
W B IRR R Z B BERBEMBAKNEY (GRS

*5 AR ERMARERREDETER 6 XRBNZEFIRARR

Table 5 Total utilization of 6 carbon sources by rhizosphere microbial communities of apple rootstocks in different soil textures

s Rats Jie: U BRI EY AR FRRK EZ L7ES 28 S Jl
Treatment Soil texture Carbohydrate Amino acid Carboxylic acid Polymers Phenolic acid ~ Amine
AARBR AL 3%+ Sandy loam 0.80+0.02f 0.86+0.03f 039+001f  0.67+001f 0.04+000g 0.63+0.03¢c
Non-rhizosphere soil 3%+ Loam 090+£0.0le 099+0.05¢ 0.75+0.02d 0.70+0.02¢ 0.11+0.00f 041+£0.02¢
%%+ Clayloam 1.18+0.03cd 1.08+0.06de 0.66+0.03¢  0.79+0.0l¢ 0.15+0.00e 0.34+0.01f
J\BEHE SRS bi# 4 Sandy loam 0.96+0.03¢ 1.22+0.02bc 1.08+0.05a  1.03£0.03¢c 043+0.01d 052+0.01d
Malus robusta 31+ Loam 1.21+0.02bc 1.18+0.04c  0.94+£0.05bc 1.19+0.04b 0.53+£0.02bc 1.11+0.06a
%%+ Clayloam  1.27+0.05ab 1.42+0.07a 084+0.03cd 133+0.03a 055+£0.02bc 0.76+.0.03b
B R A 3+ Sandy loam 1.14+0.01d 1.02+0.02e 0.95+0.02bc  0.90+0.02d 0.50+0.00c 0.75+0.02b
Malus hupehensis 3+ Loam 1.30+£0.06a 1.15+0.03cd 0.99+0.03b 1.31+0.04a 0.57+0.0lb 0.69+0.02 bc

B+ Clayloam  120+0.04cd 1.29+0.03b 1.07+0.06a 1.39+007a 064+003a 1.11+0.04a

2.5 ARIRMTIRPERMARRREDRZR S NEER D DR

FHARIE BT A AL AR PR . AEAR PR TR AEITE & 31 MhidE (58 2) 1) Biolog-ECO #°F4R
HEEFE 168 h I, I FH LI RO BEE AT TR AT e 2448 31 AN R T BE 4 2 8 A s B
AT R IT Z TR IS E] 100%, HA 5 —Fpisr (PCD 77 ZTTBRE A 31.77%, 5 —F Hisr (PC2)
Ji ZETTHREA 23.34%, Wi )72 RIFTTHRFRIA R 55.11%, BEWE S WLt A= A 74 o R 4 BRI 1 R
FRFAE (Xt PCL TR IBRIE S 14 Fh, X PC2 TTBRECKIMBRIES 8 Ff, FERBAMLED
MERERAE, £ 6), MR 6 MEMH T ETTIRFREL, FIER PC1 f1 PC2 A ER (3D,
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®6 1 PC1HPC2 EHEMERS (r|>0.6) HIBIR
Table 6  Carbon source with higher factor load (|r|>0.6) on PC1 and PC2

IR Carbon source type  JIK# Substrate F i 1 PCIl F sy 2 PC2
k7K A &) Carbohydrate HEHE - 1 - BERR A Glucose-1-phosphate 0.921
D - H # & D-Mannitol 0.852
D - A¥ D-Xylose 0.713
N - ZBt - D - #i % & N-Acetyl-D-glucosamine 0.680 0.663
D - - FLHERR - y - WJIE D-Galactonic acid-y-lactone 0.619
B - W3 - D - HEWET p-Methyl-D-glucoside 0.640
a - D - LB a-D-Lactose 0.689
i ~ FREEFEEE i-Erythritol -0.671
FHERZE Amino acid L - #2% % L-Serine 0.805
L - RITABER L-Asparagine 0.762
HENE - L - &8 Glycyl-L-glutamic acid 0.719
L - ¥52 R L-Arginine -0.631 0.690
FRIE IS Carboxylic acid a - T i a-Ketobutyric acid 0.615
y - ¥ 3 TR y-Hydroxybutyric acid 0.760
Z WK Polymers FFHE Glycogen 0.810
i 80  Tween 80 0.691
a - BB a-Cyclodextrin 0.804
295 Phenolic acid 4 - B HE R HR 4-Hydroxy benzoic acid 0.825
%25 Amine 2K 2. )l Phenylethyl-amine - 0.608 0.748
B 3 v % U R B R TR T AR R TR R AR LR O WA Non-rhizosphere soil
NN - - - e O ® @)\ iFiFEAM R 1
):E , BR 15 ﬁ@ﬁ*ﬁ Mﬁ)ﬁ@ =] o *H H Dﬁ ﬂﬁiiﬁ—l: ’ 2 Malus robusta rhizosphere soil
— s s EX A g o AP EFHEMRER L
Wiﬁl]ﬁﬁ **E IK/]WJ%_&L#%ﬁ/%?Eé%E#@ ’ ﬁﬁiiﬁiﬁ Ul Malus hupehensis thizosphere soil
= il B\ 5 o 1 i T Ooa bt Sandy loam
WA TR, St kbR B, 005 WAL Sy ion
IR B AR %, 2 N me L Loom
> > B Vi R — ST o 0 = -
R PC2 TEbi: P B AT F B & S
FARBRAMGTER QIR fr T PC1 fUfifl PC2 & | e
e i N — =] e — 4l ~
B T
MEFH=FRM, 2T PCI1 sl PC2 fid; MAE

-3 -2 1 0 1 2 3

MR 3 Fmih HIE AR = WA, LT PC1 (31.77%)
PC2 s, UL, MEFREAEREVE AR DR
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Fig.3 Principal component analysis of metabolic function of

F EE E,:J ,%2 ﬂﬁ iﬁ?d\ ’ ;Dfi f@ E’(J ’ﬁf }Eﬁ Ej( o microbial communities in different soil samples
3 e

TR RAEY LV AR IR, R R PR AR B K, IR X A E TR A A 00
#H % (Raaijmakers etal., 2009) o 385t 2 0 V)RR 2H A R DL S B, PR Mo vk 2 R
FRELZW, AUAREE, FRNEARGRPRKYE, EERT IR R ESRT, FIHED
Mo AE S R IR R A B IEAR DS (Franzluebbers etal., 19965 TiHZE 2%, 2005) o A7 &I
ANBIERPRIERAEAEM PR, TN FE R 42 D8, IR YRR AR PE . BRYER 68 J F T g
SR EDFIE L > BE > WL, XNYS5FREEAR, gk E, HAERE
AN E . ZHM8FEE (Marschner etal., 2001; Sessitsch etal., 2001) . 4k, IEFLEEAIE
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ik A A A (AR AE RO SR TR L h e i AR D BT RSB R B, a3 5 e i 2 A VR T 4
A Z R — TR 2, RSN, SRR GRYER 55, 2019) o MiEHE L
MU AR 2, BALBE R, XA 2 RS 2R > L > ph
A .

TR 205 B AL AR bR B T B T — AN URR BB, AR B B R AR ) L ARAR BR T AR M B 25 5 MR &
I3 U R SRAF IR IR R, AR R RNTE PR B, SR e R RN AR A B T 2 A T AR
M2, MIMEEL T HEBRZ0N (Hartmann etal., 2008) o AR A, Niggi#Et . #HiLEniE
+, FEFE— RS, R LIEMME R R DIRE 2 R R EON BRI R F BE /13K T 4ER
b3, SEYBRIER R AR bR AR PR R R A T AR, IR AR R IR SRR R TE N
EARBR BAR PR B BB S5 R, R AR R TGS A 0 ) M e, RO TEAE S a5 b
X 9 FiAEDI AR b AEAR PR H 3 A P Th e 2 FE R AFTE X — 45 1E (221 25, 2011,

Bk T AN [E) 5 AR BRAAE D I L RFAE A, A 5T P OR IS - B B 4 T AR B UN
1 438 = (R A AKX N5 A [R] it = 33847 2 2 38 e 0 LA T AR AR DR VE R % . BB S K B e,
KA Gy, IR EARBR A EAR bR 3 2 (A1 56 1825 5, RRARPE BIBh AP, AR br
FHEAR bR 3 A WG R 22 S s b AROK MR B E 58, AR R 0 i B8 7EAR B,
T S BAR BRI A PIARRT G BR, RPN G5 (ERELE 25, 2019) o thah, 7EEMRPR g, i
THIERAE Y B R . TEPEAG, MR AN R R, N R Rb I R R R G %, Al
BT E R B ANENE, G R T BOE IAR PR LR . Miller 45 (2019) #t & BLAERD £ AR Py
ARZMRA W, MER g . Fik, 7fEREEEES, nFtsy, BaihTihE
R NEY NN AR (i da ne 51 2 O

A M BRIE R SR AR AR VR TR AR E I B Bl (Kennedy & Smith, 1995) , B4
AR ARG ER, SAEY S (R 25, 2015) , KAEYE SR, AR
HR R B ) \ AR e S T B2 % (AR Bl A= %o 2 TR S I ) R FH e 70 B SR AS [, T FERD 3 P i v
EFEL PRI, FEIEMER. XA F—ARTEA R I 25, WA A AT R+
BRI ZE S AR AR R SR R R S 2 S, SRR bR 3R B 1)
A, B 2 R T IR AR Y D) BENE P S LA A (Vieira etal., 2020). 7ESRBA A, nTLLE
o 3 AN AR A, it B R VR B T A N IS R B AR PR CE R, thin, FERE AN )\ R
SR IE LR, BE AT BRI RIE LR, AR TR ISR BE TE LT 2 AR PR
VIR, AR RIS RRR R Rz, MIATREAF].

IR R W 5 S LA . IR R 2 S ECH IR E R, FLEBRE XS RIELRK
TRAERE J1 A S AR LA B RS, B 2@ K RS AR R - WA AR B i A= . DRI, B ]
WA, FHARPRMAEDEA R L R . PR IR R 6 055, # o R LR LB B 1 22
FMAR .. AR RER, BB SIRER, KB SRS R, iAW
Wi MR A FLRREE D, HABEM 2R FE B RRRYE R H RE 138N . [, ybkiAn
BRI AR IS [ BEIEAURSAF, & SEUR R WY ERMEAE . R, RS ES,
IR R IR VR PR 22 0 AT 2 R0 . AR A IR AE , IX Lo ot 22 W 51 R ol A P R T
HHREST, $emeEmrE A 2% (Bais etal., 2006). FEt, 7EFHE T N dERE KB
W, (FRNEE N, (R DS E NIR N RE BT, RN R W E 2B,
DRI K 2 A ) 38 5% 20 VA R AN R P o
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A TRt AR FRTAR B St A= P BSR4 ) 338 Jo s e AN ] o ASHIE 5T rp R I \ A S AR i 2 )
XPRIR IRRIR A F L RE D AERD £ rhfge i, P EFRIA . Bk, EREL BB A R ROR
AN, MXSRARRIEN AT K. i, P BRRI S L W isEon, R Lhpbag
TEE GG, T BRI B SV R T & = R BRI IE R RE S, R, RSB FE
SRR /N T S, VAR LB oes S RAIRER AR, DL\ BGHE S RE A
KRTLLFERAR AR 556, )\ RHFE IR 882k, WK, HT5, K
RS DR EL SR SR I S G B TR, DIk, BRI R TRYE L, WXTTHE, LS
X )\ FAR PR AL 0 258 R F 2 P B R A AR E R

TR REIR, AT B ) WG IRER L%, RO R bR AR
R, MR — BT, PR IR PRRE R R i, BHRE RARBREY
HEVE 0 5 52 3BT AN, 10 PR A 22 SR AR G R S O AR . Edwards 5% (2015)
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