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Abstract : Plant seeds are rich in microbial resources. For digging into the endophytic bacteria of seeds of Coptis chinensis ,en-
dophytic bacterial strains were isolated from seeds with plate isolation,and the obtained strains were studied on phosphate-dis-
solving , nitrogen fixation , siderophores and IAA production. The strains with growth-promoting properties were screened , and
were tested for growth-promoting effects in combination with the seed germination experiment,as well as molecularly identi-
fied. The results showed that seeds of C. chinensts were rich in culturable endophytic bacteria. A total of 57 endophytic bacte-
ria strains were isolated, and 29 strains were identified by 16S rRNA, mainly distributed in 13 genera such as Bacillus,
Stenotrophomonas , Microbacterium and Achromobacter. The dominant bacteria were Bacillus ( seven strains) and Stenotroph-
omonas (seven strains) , accounting for 24. 14% of the total identified strains respectively. The study of growth-promoting
characteristics showed that there were two strains with phosphorus-dissolving function, nine strains with nitrogen-fixing func-
tion, two siderophores-producing strains,and six strains with IAA-producing function, and their IAA secretion amount ranged
from 64.52-203.57 mg/L. Among them, one strain was capable of both phosphate-dissolving and IAA production, and one
strain as capable of phosphate-dissolving and siderophore production, and one strain was capable of siderophore production

and TAA production. Priestia megaterium and A. spanius could significantly increase the germination percentage of seeds of C.
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chinensis. This study will provide a theoretical basis for revealing the growth promotion mechanism of seed endophytes and un-

derstanding the mechanism of after-ripening and germination of recalcitrant seeds,and also lay a foundation for the develop-

ment of microbial fertilizer.
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Table 1 =~ Growth-promoting characteristics of cultivable strain
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Siderophore

EThe ok GiE)

Number Phosphate solubilization Nitrogen fixation

IAA P2

ducti TAA production( mg/L)
production

774 + 66.91 +0.48

776 103.25 +0.28

777 _ _ _ _
77-11 64.52 +0.51
77-21 166.90 +1.00
77-22 + +

77-23 _ + _ _
77-24 + 203.57 £1.23
77-26 _ + _ _
77-29 177.86 +1.26
7730 _ + _ _
77-32

77-33

77-35

77-36 +

77-37 +

77-38 +

7739 +

7744 +

7746

7747

7748

7749

7751 +

77-52

77-53

77-54

77-56 _ _ _ —

77-57 _ _ _ _
TE R PRI IR 2 bRiEZE . + A ZINEAEAE ;- FOR TR RERHIE

Note : Data in the table are mean #+ standard deviation. + ;The function is enabled;-:The function is not enabled.
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Bl HEMFRERERBHFE(LEAIR:L cm)
Fig. 1  Phosphorus-dissolving characteristics of endophytic bacteria strains from seeds of C. chinensis (scale;1 cm)
. BHEA NBRIP 55353 T HEMMERR 545 753, Note: The top row is NBRIP medium, the bottom row is calcium-phyticacids medium.
B2 BEEMFRHEREIRSFE(EGIR 1 cm)
Fig. 2 Nitrogen-fixing characteristics of endophytic bacteria strains from seeds of C. chinensis (scale:1 cm)
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Fig. 3  Siderophore production by endophytic bacteria strains from seeds of C. chinensis (scale:1 c¢cm)

2.2.4 7 IAA 4 1), Wbk 224 226 77-11 7721 7224 1 ZZ-29
Xt 29 BREE R T AR AN R EAT TAA 52 (UL 20 TR VRT3 S R AN [ JEE A 21 €8, 33 1



196 KIRF=YIB R 5T K

Vol. 35

BHATIAA e S (LK 4) o % LA F 6 Bk 40 pr =
TAA 475 H= 843 542 66. 90 .103. 25 .64. 52.166. 90
203.57 .177.86 mg/L, =i i = B9 & & bk 22-24 , Fc

ZZ-24 1ZZ-29

— —
- -

(3 1 J . L
I-—. ' e =~

R EH MR 22-11 , o B kg 7226 7721 7724 F1 7.7-
29 19 TAA F=aEi#id 100 mg/L,

ZZ-21 ZZ-11 ZZ-6 ZZ7Z-4 CK TAA

R i

B4 FENEET AA H14

Fig. 4  Production of indoleacetic acid by endophytic bacteria strains from seeds of C. chinensis
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P % E N S, rhizophila , H B B A [ A A 1. Wbk
77-23 7726 \77-30 . 7744 . 77-51 #3 B [F A e

41595 Ba. amyloliquefaciens strain JX-6 . Ba. toyonen-
sis strain WS2-2  Ba. amyloliquefaciens strain LE7  Br.
Thiophenivorans strain DSM 7216 | Er. Billingiae strain
LMG 2613 #H el F£ & 100% . 99. 93% . 100% .
99.92% .99. 86% , . ¥k % %€ #: Ba. amyloliquefa-
ciens , Ba. toyonensis . Ba. amyloliquefaciens . Br. thio-
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%2 HHEME 16S rRNA EEFEFS NCBI #HEELE &R
Table 2 Comparison of 16S rRNA gene sequence of endophytic bacteria with NCBI

bk B R 4 HfE RMEKER 5
Strain Accession number Similar strain name Similarity ( % ) Accession number
of similar strain
774 ON620292 Ba. toyonensis strain FORT 02 100 MG561338
776 ON620293 L. fusiformis strain ZLynn800-25 99.93 KY316399
727 ON620294 Pa. polymyxa strain DYJL38 99.93 HQ317179
7711 ON620295 Me. niabensis strain LewisBac8 99.78 MH329936
7721 ON620296 A. spanius strain F20Cu-1 99.78 MW672499
7722 ON620297 Ba. subtilis strain GUCC 8 100 ON882057
7723 ON620298 Ba. amyloliquefaciens strain JX-6 100 KX980396
7724 ON620299 Pr. megaterium strain 5A1-13 100 MK598810
7726 ON620300 Ba. toyonensis strain WS2-2 99.93 MT605503
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2:5% 2 ( Continued Tab. 2)

vtk HR bR b 41 7 L P R
Strain Accession number Similar strain name Similarity (% ) Accession number
of similar strain
77-29 ON620301 A. spanius strain F20Cu-1 99.93 MW672499
77-30 0ON620302 Ba. amyloliquefaciens strain LE7 100 0P143931
77-32 ON620303 Ba. amyloliquefaciens strain LE7 100 0P143931
77-33 ON620304 Ba. aryabhattai strain ZJJH-2 100 MT605509
77-35 ON620305 S. rhizophila strain BF1-3 99.93 MT078676
77-36 ON620306 S. rhizophila strain BF1-3 99.86 MT078676
77-37 ON620307 Fi. nanhaiensis strain PDSPXHF61 100 KY980739
77-38 ON620308 S. rhizophila strain D81_CVIR 99.93 MK883184
77-39 ON620309 S. rhizophila strain LMR781 100 MW559702
7744 ON620310 Br. thiophenivorans strain DSM 7216 99.92 NR042599
7746 ON620311 S. rhizophila strain D81_CVIR 100 MK883184
7747 ON620312 S. rhizophila strain LMR781 100 MW559702
7748 ON620313 Pa. agglomerans strain KABNA3 100 MT605812
7749 ON620314 S. rhizophila strain JLS11 100 MT501809
77-51 ON620315 E. billingiae strain LMG 2613 99. 86 NR118431
77-52 ON620316 M. phyllosphaerae strain P-RA6 100 MT533897
77-53 ON620317 Fl. chilense strain TB1-14 100 MF565385
77-54 ON620318 Fi. nanhaiensis strain FJAT-46938 99.93 MG651549
77-56 ON620319 M. phyllosphaerae strain P-RA6 100 MT533897
77-57 0ON620320 M. oxydans strain 1-S-R2-2 100 MK398050
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TAA A 53 3 RIA AR, Lu 250 005 1) 22 44
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PRI, 2R R 7T BB AE B 3% - J= R i A
R B HT, ARk A 7 v B BRI I &R
ME.
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A AN B 5 T 3 v nT Ll 4 1 A )
FHM R4 v BA A W B 7 0 P 2 T g e LA e
YIS B Ry Sy WS T =X, DA TG AR A ) A
RE . Xie AR bR AP oy 8515 2 19
Pseudomonas brassicacearum H9 ELAG 18 5 il i 15 1
(AR TR, R RO /N 22 = R0 B IR 7~ B 1 % 2L
ARERBAER . JA, B R4 E A K2
TAA B4R, 38 A AMIE TAA R DU 1 5 4
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Fig. 5 Phylogentic tree based on 16S rRNA

R3 ARAEQE TR

Table 3  Effects of different endophytic bacteria on seed germination

ENGEGELyE. RS g ¥ R 2
Different processing Average germination ~ Average germination

method rate( % ) potential (% )

CK 43.33 +2.89% 23.33 +2.89%
77-6 45.00 +5.00% 25.00 +5.00¢
77-21 48.33 +5.77¢ 28.33 +2.89¢
7724 56.67 +2. 89 38.33 +2.89%
7729 53.33 £2.89% 33.33 +2.89¢

R P FIE £ hRifE2E (n =3) o ANRVNEFRERR 2257 1
%(P<0.05),

Note : Data in the table are mean * standard deviation (n =3). Different
lowercase letters indicate significant differences (P <0.05).

FeT TMSEANEE N SRR AR 2R e B, ST
AT AR B A A KA . Khalaf 2524 )R
T3 56 BRAT LA AE KR N AR AT, o 2
FLFF TR 8 AT TR 8 D s . B A e] = A
AR R NAEEN TAA JH I E SRS 1.29 ~25.47
mg/ L, Ba. velezensis SC60 TAA 7= %5, H b F{¢
R % & R s A 35 112 L ARSI AR AS 6 Bkl
S TAA BN A= g, Horh 22-6 (7721 7724 . 77-
29 Syt 100 mg/L, HREREH X m 7™ TAA 1Y
Pr. megaterium 77-24 X} 8% Fh T L A 30 I 3E
HE— 2L BRI AR T 2 R AR FRPE IR R T 2 D) hE
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