}’bﬁ% Guihaia Sept. 2020, 40(9) : 1323-1331 http://www.guihaia—journal.com

DOI; 10.11931/ guihaia.gxzw201904026
PRI, BRILDL, 258, . BTE GOAR TR A B RGOk A AR AR RO [ 1], JOPEAEY, 2020, 40(9) : 1323-1331.

DENG ZS, CHEN KK, LI J, et al. Screening of growth-promoting bacteria associated with Pennisetum sinese root and their abilities of
growth-promoting effect [ J]. Guihaia, 2020, 40(9) . 1323-1331.

R ERME & F R 05 2 & H AR & R
xrssm”, PR S N E XS mzl, KE R

(1. FEZ R A Plof2i e, PP IE% 7160005 2. 78 X IHTE 4B 4 an kil

x}

, SO %Y 563000 )

& E. NI R AR BRI DB B R R O AR AT E B R { AL T Y B I >R P A
[P EURI ™ TAA S50 8 b vl X5 00 07 Bk 23 0 AT 2 U0 A RE D N oSBT S WL ER AR S A FR AR MR A 168
rDNA J3 5 [R] PP 53 B 62 AR S8R B b B TR AR YB-07 3647 43 28 LSS 2, 433 Hﬂ,ﬁiﬁ:i € 71 )5 M\ v 2
PRAE N SR Y 11 A GERRSEAT 2 AR 50, 380 5o X 3 2 G Ak B [ 422 R 22 DR TR 426 79 /N 22 4 B 0 s G Xof
INZ AR AE RO, SRR NE T RARTR A B B0 T 101 BRAE AR TR AR, o0 2S5 45 SR BRI Bk YB-07 14
J& T HRIE 8 (Rhizobium) , FLVABER N 20.1 mg - L' 77 TAA 24 23.7 mg - L' R BA = ERE S, #k
TG 2 45 R o | 22 B B 3R /INAE RO A 0y 7E bk L o R ORISR R L,%E'Jiscﬁ,ﬂ.ﬁéﬂi*
T 24.49% 31.84% 28.06% F 34.14% , FATREF S /INE e A RIUTERR & T8 B d A48 R O i

A3 S BERZHIE TN T 13.54% 20.45% 16.84% F 35.19% , Fir i e 2] () o bk B B4 IO 2 KA

— 0 iy g TR R AL TR R AR S AR R G A A B O
K B, AR, ik, fRAER0Y, AR
RESES: 0939.95 XERARIRAE . A

M EHE . 1000-3142(2020)09-1323-09

Screening of growth-promoting bacteria associated
with Pennisetum sinese root and their abilities
of growth-promoting effect

WHsEH: 2019-05-21
BEWA: FEAKRPF IS (31660106) ; B P4 FHE S % QR TR IUH (2016TTC-N-3-1) ; Bl 74 44 2 T 23 B 47 51 H
(2018XY-14) ; 2019 4FEREFTA AT A % G BOR TR GLRTTH 5 BRPG 48 207 T IR 55 % BRI H (16JF029) 3 4E 22 T 7 2
TREBESE O L R G 5 82T AR ) BT UETT S 5 0 IR B R T BA L Tk 4 5 2019 AFER /\HEBR 7Y 45 425 SRl A v AL 7 8 X 0 H
[ Supported by the National Natural Science Foundation of China(31660106) ; Science and Technology Coordinating Innovation Program of
Shaanxi (2016TTC-N-3-1) ; Key Science and Technology Program at County Level of Shaanxi Province (2018XY-14) ; Agricultural Green
Technology Research and Development Integration Program of Shaanxi Provincial Department of Agriculture in 2019 ; Service Local Special
Plan Program of the Department of Education of Shaanxi Province (16JF029) ; Special Fund of Juncao Engineering Research Center of
Yan’an City; Special Fund of Technology Innovation Team for the Development and Utilization of Biological Resources of Yan’an City; The
Eighth Batch of Provincial Agricultural Standardization Demonstration Area Program in Shaanxi Province in 2019]
EER A : AR (1969-) , 5 Bevtsmhe A, 1t B 80%, EZNF R W3S AU LR IR R RUE Y 2205, (E-mail ) zhens-
handeng214@ 163.com,

CEEEE



1324 OO0 M W

DENG Zhenshan'", CHEN Kaikai', LI Jing', LIU Xianchun',
ZHANG Baobao', ZHANG Baocheng’

(1. College of Life Sciences, Yan’ an University, Yan’ an 716000, Shaanxi, China; 2. School of Biological and

Agricultural Science and Technology, Zunyi Normal College, Zunyi 563000, Guizhou, China )

Abstract : In this study, the root of the Pennisetum sinese was used as the main research material, screening of growth-
promoting strains from P. sinese, and explore the growth-promoting effects of growth-promoting strains. We used the
following screening criteria for the determination of multiple growth-promoting capacities of primary strains; the ability to
solubilize phosphorus, the ability to fix nitrogen, the ability to produce IAA. The strain YB-07 with the best growth-pro-
moting effect was classified and identified through physiological and biochemical characteristics and 16S rDNA sequence
homology analysis. Eleven strains with better overall performance were screened out and used for a pot experiment with a
single inoculation and multi-microbe mixed inoculation to determine its growth-promoting effect. A total of 101 strains
were isolated from the roots of the P. sinese, and the growth-promoting ability was measured. Among them, the strain
with excellent overall performance was YB-07, which had a phosphorus content of 20.1 mg + L, an TAA yield of 23.7
mg + L', and an ability to produce ammonia at the same time. The results of pot experiment showed that the effect of
multi-microbe mixed inoculation on wheat growth increased by 24.49% , 31.84% , 28.06% and 34.14% in the height, dry
weight, fresh weight and chlorophyll content, respectively. Single bacterium inoculation increased the plant height, dry
weight, fresh weight, and chlorophyll content by 13.54%, 20.45% ,16.84% and 35.19%, respectively, compared with
the control group. The selected strain has good growth-promoting effect, can provide a good seed resources for the further
construction of the P. sinese flora promoting bacteria.

Key words: Pennisetum sinese, promoting bacteria, screening, growth-promoting effect, pot experiment

T8 55 ( Pennisetum sinese ) S J& T RAFHR B 2013; ERNHESE,2015)
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1 MEE T &*

1.1 &

1L1.l ERERFHERGRERTHLE  HH
FRR AR i D AEE 22 K A SR Pl T B R 9 R
BN RCRME D B A K MR R 4P Johs F4E
AR ) il R TR A A AR A AR A i 80 A, K R 4%
AL M S0 R, 4 CARIR PR, 48 h INALBESE
1.1.2 28K LE R RALE  HTZRIXE
() R [ IE 2R 2 0 I 1, SR SE S , K48
RO B 2 %, MO - (5 mm) B B 438 R
TORL R - HE VDA RE AR R S8 A T S IV
W45 2 i, AL RS A S A B R R
(YRR EAR 12 em) 7 A L1 1.5 ke, R,
1.1.3 B3R 4 (1) LB B B A 10 g,
NaCl 10 g, BEREE 5 g, Z£1H7K 1 000 mL, pH7.0,
(2) PDA $57R 5L, B8 200 o, #4950 20 ¢, Bl
15~20 g, 7818 7K 1 000 mL, A4k pH, (3) %5 01
(Ashby) 35 5% 2 . ] %) 4 ol H 82 8% 10.0 g, KH, PO,
0.2 g, MgSO, - 7TH,0 0.2 g, NaCl 0.2 g, CaSO, -
2H,0 0.1 g,CaC0, 5.0 g, Fifl§ 15~20 ¢, H,0 1 000
mL,pH7.0, (4) ff 8% 40 18 K5 97 3. NaCl 0.3 g,
MgSO, - 7H,0 0.3 g, MnSO, - 4H,0 0.03 g,KCl 0.3
g, (NH,), SO, 0.5 g, FeSO, - 7H, 0 0.03 g,
Cay(PO,), 5.0 g, BEHE 10 g, BHR 15~20 ¢, H,0
1 000 mL,pH7.0~7.5, (5)NA ¥53:3E. FNE 3 g,
FEFR 10 g,NaCl 5 g, #EHE 10 ¢, 5005 15 g, 288K
1 000 mL,pH7.0, (6) 7% IAA ;353 . KH, PO, 0.5
g, IEREE 1 g, HEERE 10 g, MgS0,0.2 g,NaCl 0.1 g,
{62 R 100 mg, 7518 7K 1 000 mL,pH6.8~7.2,

1.2 ik

1.2.1 #aty k@il & HAKEREEREHA
KeTKH B 25 6 AR AR R 5 2R 1A A9 % BE ek T,
FHWZ K AR T AR BB 2R A 7K . B2 46 F AR A il i
WAEMRE R 75% W B, B 2 ~ 3 min, JCHH
ddH,0 w3 WK, KA B RK 480 T )5, F AR A
PR IAE W N 0.1% 1Y HeCL i Wi b, 32 0 1 [a]
3 min, B 7 BB ddH, 0wk 6 Kk, i £
THEER W TCER B feJo % B Ja — I b e 1 T T

ddH, O ¥ A7 S [RIRE Y 35 5% 5L L TG 0 AR AR A
BRI R SR ( EEBMXIFHLE,2014)

1.2.2 A A B Ak if i 3R THNTH B0 0 B TR A
HRFREE A LT 1 em (R/NES 5 MR BETHOA i 12 455
FRIEP (BEFRILALHE PDA B53R3E P2 TAA 53R 3L
Ashby SR 3E AR SR 355 ) , T (28+1) CIHR
FHER R 3~5 d, FFIGFR AP A AT W v i, BRER
Ji) BBl A 7% A A AH I B SR B alifb, I 2047 1 v B &
R S ME T 4 CokFbR A, s —k
MR Y JC TR K IR A T R SR A B AR S N BR L TE IR
FRE G SR K00 2R HH B 2 RIS

1.3 RERE NN E

1.3.1 9k BEitEn 2k ms e
i e AR AT 1Y B Bk $E A PDA B3R &9 #E 180 r -
min" |28 CIZMF T HEIRKEIE 48 h, iR )5 45 B
3 mL BB, 10 000 r + min" &5.0> 8 min, B O AT
B S 1 mL, FFHIA 2 mL 4 Salkowski” s (10.8
mol + L H,S0, % 4.5 ¢ 1) FeCl,) X N, 7F Wik
FERA R 30 min, WE ODs,, . FIAE , f F bR
HE 2 AR Il 2 o B DU AT B BOMELA R A B 1 il 2
ARAG | Wk TR ) . 25 B oK AR S X i Ak
P (2245 2005)

1324B e EnzTeEgPHsEs S
IS AE 1 50 g - mL B9 S BEARMEWR 4% 0.0.5,
1.0.1.5.2.0.2.5.3.0.3.5 4.0 mL, 43 %I'& T 20 mL
HIEREH, s A mZZ K= 6 mL, FMA 1
mol « LB IR VAWK 2 mL .2 mL 2B XA, I8
A, BE 15 min DU, EG @ I AE 430606 B
OD g o A AL ZE WG RE . FH i 15 85040 22 il A oA
M2, AR I L 1) W G B A A b o R 4R T R TR
T WA 5 A YA PO 08 2 2 (TR AE R, 2008 )

1.3.3 Z &4k Hegml e BRI RRIZEF 2] NA B
Fikerh BT 180 r - min” 28 °C B 5 T IR B
7% 48 h, B 100 wL/5 mL 425 T B[ 25 D1 A4 15 5%
B IBERR E R K XTI REALHE 3 N B
T 28 C fHE FHFE,7 d 5 Mgt ik g6 4 5 %
HEZH P oI55 O, B S8 i 1 Sy B BRI
T ME( EWRHE, 20105 Zahoor et al., 2017) . 75
MEMREABR AR (10 g - L) BB mRE
JIMA 0.5 mL Nessler’ s i85, 1 28854 {6 00 )N
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7 NH, BAPE SO (E N4 ,2009) .

1.4 BHHEE

1.4.1 324 MR B YB-07 R H -
RN EAZA T NA Ji g3t 28 € Kigt 1~2d, W
I L S LT VERRIE

1.4.2 £ AREE HEK YB-07 #4754 24 [
Yo, BB LT I E VAP I RE | TE R K L na] I
B I 7K A RN B e K AR G . B8 I B ) 2P
WESF (MY I 0) T E (R EZME R
£1.,2010) ,

1.4.3 16S rDNA B3 & Z A X A M4 N
SE W R AR AR R ), R LA 2 R R A N
ML B #k YB-07 B AT % ., X B YB-07
16S rDNAZJE K 5 Be i 47 PCR 97 34 Fn i )37, 3R 15
GenBank 5% 5 )5 , 12l MEGA 6.06 {4, 1% FH 4P
#5795 ( Neighbour-Joining ) ¥4 8 R 4t & F M, 43 1 i
PRI R 58 & B 2F R AE (TR & 55, 2017 5 9K 1 i 4
2017) .,

1.5 &3

151 D& AF 242 SRE/INE (S A BEAL 225
5 AT RS K BRAR 225 /INAE Bl TS R K
TR 4~6 h, B )5 F A 52~55 CR/KRH 1~
2 min, R FHREEIAF] 50 C,HHELA 56 C
MK 20 5 min B, KR H)S B T3 Fh
1.5.2 42 A B k) & Fode ol 3%, R R LB R0
T3 iR IR R 2 o) R A RS UE . B R i
PR A AR 5300 W R 22 L3R T PDA B5 57 36 1 il
ATEIRA T, 28 CHiFR 2~3 d, AL XKL
AR TR RR BEAE IE 8 AR A W0 B R 8] TS B4 F , i A
A LU G R R A TR

1.5.3 440 @ A eh 4] & FF 28 O 02 A T R R
FiF LB A 225 76 25 C 180 r - min 5%
FTHFR 48 h, SBUEFRW A 3 mL B0,
10 000 r - min™ B> 10 min, 3 FIF W&, A 2R3
K1 mL il 5 R R, IR R R 1 IR
(ZWIRAH, W45 B4R RS A, w k™
IAA R EA A S IAARG4) b5,
rIEC 1.2 mL(2.0x10°4 « mL™") #:58 T K # 5
) LB WA 3R 38, T 28 «C 160 r - min” F 1535
2~3 d, W ARAG AR EE RN

x1 EMEANLE

Table 1 Treatments of microbial inoculum
Tk g e ab 2
)
PRI 4 TR Bk AL B Inoculation volume
Code of

processing
(2.0x10°4~ -+ mL™")

. Strain treatment
strain

N1 N-02 1.2 mL
N2 N-01 1.2 mL
N3 YB-07 1.2 mL
P1 NP-01 1.2 mL
P2 NP-02 1.2 mL
P3 NP-03 1.2 mL
N+P RAHH 1. N-02 NP-01 0.6.0.6 mL

Mixed bacteria agent 1. N-02,
NP-01

PY A WM 2. YB-07,YB-08,
YB-09 .YB-10
Mixed bacteria agent 2; YB-07,
YB-08, YB-09, YB-10

0.3,0.3.0.3.0.3 mL

NPY RA®A 3: N-01 N-02, NP-01  0.4.0.4.0.4 mL
Mixed bacteria agent 3. N-01,
N-02, NP-01

CK Y= po 1.2 mL JCH7K

Blank control 1.2 mL sterile water

1.5.4 BAPAL 2 FRUCHERL 5 ORI /N2
INZE R F AT RE RN, 5 SRR SIS0 A Bl R
TR 3~5 em, B 3 AEE, ALK
SR, R TR R R A A AL B R
RN E N 2.0x10°> « mL" B TR B 1.2 mL, 7]
) 1 2 4 Ao 45 o B9 JC T K, b R R AR R
60% ., 15 d Ja M E /22 B 1 ik i RIS BEE
S St L T €20 e v VI

2 HREH M

2.1 EHRIIF ik

FHZ R0 A [F) B 8% 7% 5 ) BT BE AR A rh
208 AL IR 101 BREE B, 2 300 52 fE A g
J1JE , i A2 AR ROR I 1 11 BRI AR AT IS
LRI RIS . Hih R 8 BRELE PR ERE 1,6 FR A
BIRBERE ), 3 BREA T IAA BB (£ 2) .
2.2 REBENHNE

RIS 2 I E T 11 ARAE AR BE R T AR
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Table 2 Evaluation of plant growth-promoting traits

of promoting bacteria from 11 strains

Ik

Code of strain

PR AR
Characteristics of
growth-promoting

F IR IR
Medium type

N-01 FEEL = TAA WAl 25 D1 4% 3% 5
Ammonia production, indole Ashby medium
acetic acid (TAA) solubilization
N-02 PR e 231 L 355 3% 5k
Ammonia production Ashby medium
N-03 FEE BRI 231 0 35 3% 5k
Ammonia production Ashby medium
NP-01 B iR 200 T 5 % A
Phosphate solubilization, Phosphorus dissolving
ammonia production bacteria medium
NP-02 R A AR A0 R 7 S
Phosphate solubilization, Phosphorus dissolving
ammonia production bacteria medium
P-03 W iR TR 240 T 7 Ak
Phosphate solubilization Phosphorus dissolving
bacteria medium
YB-09 HWE T TAA AT A0 R 7 S
Phosphate solubilization, Phosphorus dissolving
indole acetic acid (IAA) bacteria medium
solubilization
YB-08 FER BeT 22 DL 35 3%
Ammonia production Ashby medium
YB-07 FEE PR T TAA it % 240 AT 5 A
Ammonia production, Phosphorus dissolving
phosphate solubilization, bacteria medium
indole acetic acid (TAA)
solubilization
YB-10 TR BT 221 DL &% 5
Ammonia production Ashby medium
N-06 pead PKO
Phosphate solubilization
AR, JEA R R 3. M 3 AT LI, i

Bk YB-07 [FRFHAG 7= 268 1 7= IAA FI % —F
PEARE 1 ; T Bk NP-O1 ()3 B 5 d v, W W 2
45.1 mg - L HATZ TAA BEH AU = KR TAA 724
BE I AEZE AN K, FEh B AR N-01 J7 i e R (A8 T
26.5 mg « L) Eikk YB-07 [AI B A =& b)) 7~
TAA FUEBE = Fh 42 2E e J7, PRI AR S 32 B0 TR Ak
YE AR TR AT 5 22t 52
2.3 B A B HR 1 E AR K

B bk N-02 5 NP-01,N-01 N-02 5 NP-01 }
Pk YB-07 .YB-08 . YB-09 5 YB-10 PP &Il 2k 58
Qb4 R RAE A 3R WX S B R [H] TS B4R, 7T
PLIAETR A 1 7 1 1 45

R3 NHKEHRREERIVEER

Table 3 Results of growth-promoting capabilites from 11 strains

FRfES -
kGRS NH, Soluble phosphate =
. . IAA production
Code of strain  production content (mg - 1)
capability (mg - L") me

N-01 + ND 26.5+2.9a
N-02 + ND ND
N-03 + ND ND
NP-01 + 45.1+3.3a ND
NP-02 + 30.1+2.2bc ND
P-03 ND 24.3+1.9¢ ND

YB-09 ND 33.1+1.8b 23.0£3.9b
YB-08 + ND ND

YB-07 + 20.1+4.4d 23.7+£3.2b
YB-10 + ND ND
N-06 ND 24.5+2.8¢ ND

e+ FoREATERE ST ND FR AR EZI R, + 2R
il 22, ANFFRACEREEMEZ S (Duncan-test, P<0.05),
T,

Note: + means NH; production capability; ND means no
detected; + means standard deviation; Different letters represent

significant differences (Duncan-test, P<0.05). The same below.

B 1 Fbk YB-07 KBS
Fig. 1

Colony morphology of strain YB-07

2.4 EHk YB-07 HEE

2.4.1 BABEMEK W IMELH R YB-07 £ NA £
FREPEFE 2 d SRR BN B VR, TR AR T B | R B8
AR, B E B, %O SR, R A R R A
(B,
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2.4.2 AR AKEIE R YB-07 B9 4 #A AL

R4 HHE YB-07 IR ELESE

RE 4 4 i~
Table 4  Physiological and biochemical FESARINZR 4 R . o "
characteristics of strain YB-07 2.4.3 16S xDNA 51 M E B Z2 KA 24 &
propm pr NCBI /) Blast L X458 27w, A YB-07 5 M98
Characterization Result }E‘ ( RhLzobLum) E/‘J ;]:H {uﬁj‘j 99.67% , [ﬂ JH: UE] }%’ ﬂ:*ﬁ
i;[&j’iﬁl N S W J& ( Rhizobium ), H GenBank & 3F 5 H
HISELT I 5 + KY852244  H RZGE kAL A&l 2 R
Methyl red assay e
VP 5 + 25 BHIKWMER
Naiwn \ INFETEREFR 15 d U X HEAT R AR B0 1 A
fgr&g‘g“’lyﬁs . BIIEEF ST E (K 5) . 3R s AT BR
Indole test A CInAE M2 R & B AL N3 m T AL B
K i - PY ), BHA T 7, /AN 22 f18 A A 10 26 B 4% R I
i - T T K TR B - 20 A R )
| S, e L ;H\: l\ P E =+ Ve Ag
P+ JORRADMIREE ; - dR R B, BHTREEMN, APLENP SERRAA
Note: + represents positive reactions; — represents negative PY \NPY 1 N+P 5%@%@@%5&@2@%%@
reactions.
64 Rhizobium pusense (LMG 25623700)
1008 R massiliae (AF531767)
27 R. pongamiae (GQ444136)
6ll L yB-07 (KY852244)
97 |~ Rhizobium radiobacter (AB247615)
" R. skierniewi cense (HQ823551)
99 “Y— R. rubi (BBJU01000046)
_Ij R. selenitireducens (JAEG01000027)
99L_ R. naphthalenivorans (AB663504 )
Pseudomonas geniculata (AB021404 )
P
0.02
Kl 2 Btk YB-07 16S tDNA F 51 R 40 % &
Fig. 2 Phylogenntic tree of YB-07 based on 16S rDNA sequence
\
a b \ SR

p

\' i/
\ LA Y
N\

\
) d
"r/ ’ i/
N\ ‘lJ”’!“‘A ,.\ "‘"‘

\ Y |
‘ \‘)/‘\ | f ,"C\ //
4 A 71 N7
// \ c"" X /;‘ /K ! '
| NLgBLYV \b LeT W\A )

Y 4

SN S . b s

a. XTIR, b. ZRIREAHE, o PAEIEAALH

a. CK; b. Treatment of multi-bacteria mixed; c. Treatment of single bacteria.

K3 N A2

Fig. 3 Results of pot experiment of wheat
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Table 5 Effects of different treatments on wheat growth

e bt ik G TE i ot
Processing code Plant height Root length Fresh weight Dry weight Chlorophyll content
(em) (em) (g) (g) (SPAD)
N1 34.57+0.6d 4.6+1.3e 0.54+0.02¢ 0.229+0.01b 36.4+3.9b
N2 39.8+4.2be 4.5+0.7e 0.42+0.02d 0.218+0.04b 32.9+6.2¢
N3 40.71+£1.0b 6.6x1.1c 0.60+0.03b 0.251+0.02b 38.0+5.3a
P1 37.1£3.0c 5.5x1.2d 0.52+0.01¢ 0.216+0.08b 36.1+3.0b
P2 39.2+4.3bc 6.3x1.2¢ 0.53+0.03¢ 0.216+0.02b 33.2+1.2¢
P3 36.3+4.1d 6.0+1.4c 0.56+0.02¢ 0.235+0.05b 35.7+5.8b
N+P 41.9+5.7b 10.1+2.3a 0.73+0.01a 0.299+0.05a 38.3+2.2a
PY 42.1+5.2h 7.4+1.5b 0.62+0.04b 0.274+0.04ab 36.2+2.6b
NPY 45+3.1a 7.5+£1.6b 0.63+0.01b 0.251+0.06b 38.2+2.1a
CK 31.97+1.5¢e 4.3+0.7e 0.44+0.04d 0.196+0.05¢ 28.3+7.1d
FH(P<0.05) , RHEM S ZHIRGHEMSAHA  KE, BEEMN S ZRIRSHEMBIXNE KA

By TR IR, 22 5% 3 (P<0.05) , TEbkE I, 3
DA% A 5O R AR LA 43 0 HS hn T 8.13%
13.54% 16.04% 22.61% .31.06% F131.69% , 2% 5
2 (P<0.05) . Z W IE AP0 5 X FEZAR LL g om
W E A 21.08% ~40.46% (43 4 40.76% .21.08%
H124.49%) , 2 5% 8.3 (P<0.05) . fE T 5 b B
FEAD 55 005 B2 AH L 38 B0 0RO 10.20% ~ 41.33%
(% % N 16. 84% . 10. 20% . 10.20% . 41. 33% .
19.90%#1 11.22%) , 2= 5% 8.3 (P<0.05) , ZH IR
AP 5 X5 B4 A L YE 0 e B Ch 28.06% ~
52.55% (451N 28.06% .28.06% 1 52.55% ) , 24
S (P<0.05), TR b PR RN 5 X 4
AL 3G I B BE R 18.18% ~ 27.27% (43 B K
22.73% .0 .18.18% .20.45% ,27.27% #118.18% ) ,
Z5 W E(P<0.05), ZWIRAHM 55X R4
HATN0E BE A 20.45% ~ 65.91% (43 % 5 65.91% .
31.81%F0120.45%) , 2 5% W % ( P<0.05) , FE4¢
ROmX —ZS8 L, PR S 0 B2 AR L
TnE BE R 16.13% ~ 35.19% (43 3 2 28.49% |
16.13% 27.43% .34.84% .35.19% H126.16% ) , 2=
S (P<0.05) . ZWIRA RN 5 X R4 L
JngE BE R 17.19% ~ 34.14% (43 9 K 34.14% .
27.96%F1 17.19%) , 25 5 .3 (P<0.05) , Mgtk

—E B A R, 2 R IR A B R I A T A R
Tk /INZ2 A 2 85007, {H M 2 1 AR 3ROk
BRSO A S T 2 IR A R, WA B N3
LR /N SRR SR T 38.0%, 1 Ab
HPY IRB R MR S REAM T 36.2% , 3
fl A bt A 2R I S L5 T AR HR A ) s T O
BB B A B AT A AROR, 25 5 B 3 (P<0.05)
AN AR ROR LA 3 TR

3 W54

AHHGE N B TR AR AR S P T 1 R AR
A RE RGN RE B , R LA IR BERE I 6 B,
7P IAA A 3 PR, Ok Z AR R B TAA PR
i OEBERE X /INA bR e R T A
SEE RS R AR A RO, NEE B A KA AR
(bR MR i E T HE %) S04 R 2B
WHERET) 7 TAA BB I Z MR IEAH G K R, X 3R
HH 3 aoh IR A TR R R B S A W B A ) R —
A H AR &, 5 Ak 5L bR A = B BUARAE A

N A 40 38 3 % B ( Paul & Sundararao,
1997) bRy (P 355 ,2011) fEdERIY)
W2 A (s R, 2005) 55 i AR A A 9
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40 %

AR RTFARA R AR SC B A 7 b i B AR B
A SCHRIRIE , JnXB % 145 (2012) B AIF 5 45 5 2
FERR R AR A R T 3 5 1 5 6 B AL B R Ay v
T 30.14% 81.10% H1 33.33% ; i £ .45 (2016)
0 HN1202 \HP1218 \HK1216 B ¥ Xt /)N 2% Fif
TIATIR AP AL I /N2 40 v R A 3 ) 0 B ( TE TR
TRALFE) E N 12.6% .20.4% 17.5% , ¥k &= 4%
A Ko B R 11.89% . 13.2% . 8.8% 5 AR K% AR
(2007 ) B 5T 45 S 2 W76k v R i B 7y 1] 5 X6 iR
ZH A BIEIN T 33.7% M 97.7% . AWF5E | i
o Z R I N O R B B 11 R AL AR B AR AT AR AR
Ae I | 45 5 s 2 TR A B Rl /N2 1 4 A
RN AERR S T E B E I A% 2 S R B IR A
A PIEINY 24.49% 31.84% 28.06% Fl 34.14%
MER FoR T, 2 0 IR A H R B B O T SR 4 A
XF7INAZ B AR A 800 YR G T R T A% T PR T 3 1 P
[FIVE 78 00 kAR AR ROR IL A R 5 8 B4
(2016) FIA 15 75 55 (2007 ) (945 5 — 5, {H BN
ST KR, AR SRR R R R AR ROR B S T
ZEHER, R A X I B W] R R R R T 2
RGP T S 5T, i #0172 Y
PRAER I 7 & A0, 29K, 52 Wil N A T AR 2 /)
FERMH RIS LR E 400, BEA B0 400 TAA,
WA B RBCE TR AR RER A
Ji0 o 4R A5 R R, DA S 45 A4S R [R) Y A B
SR (B R PR ,2016)  ASHIF5E i 2E 15 2] 1Y 1 Ak
HAT Z A AR R ) (EAE A ™ TAA FIE#ESE)
i i 7k B0 IE B2 Ak N-01 \N-02 . YB-07 F1 P-03
XF/INAZ (AR AR R 2, LR 5 R F ()X 4% 1A Bk
() FERE 1 A2 25 BE 1 RN 2 A B AR A e AR
[ i L R TIAC E S N | | N SN B S G
TART Z IR A He Pl 2 A RUOCR , 78 53X S8 TR AR 1Y
Do FH 3k A vp anfer AT BE A A B 2 A R T AR K
FE 3R 50 R & T A BRI, M T i — ST,
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