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[Abstract] Objective: To explore the effects of anti-microbial compound (T1) from Bacillus (Phylum
Firmicutes) and anti-microbial compound (T2) from Pseudomonas and Rhizobium, two growth-promoting
agents, on the physiological characteristics and growth of Fritillaria przewalskii, in order to lay a foundation for
the development of functional microbial agents and the promotion of ecological planting. Method: The

endophytic bacteria of F. przewalskii were isolated and identified using conventional methods. The leaves of
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three-year-old F. przewalskii were sprayed with T1 and T2, followed by yield determination. The enzyme
activities and physiological and biochemical indexes in the plant and microorganisms were measured using the
corresponding assay kits, and the contents of related hormones by liquid chromatography-mass spectrometry
(LC-MS). Result: The isolated endophytic bacteria were classified into Firmicutes, Proteobacteria, and
Actinomycetes. The activities of superoxide dismutase(SOD) and peroxidase (POD) and auxin content after T2
treatment were significantly higher than those after T1 treatment, while the contents of siderophore, salicylic
acid, and gibberellin were lower. Compared with the blank (CK) group, T1 and T2 increased the contents of
endogenous gibberellin, cytokinin, and auxin in F. przewalskii leaves, but did not significantly change jasmonic
acid and abscisic acid. T1 promoted the accumulation of endogenous salicylic acid in F. przewalskii leaves, but
there was no significant change after T2 treatment. Compared with CK, T1 and T2 enhanced the activities of
SOD, POD, and catalase (CAT) and decreased the content of malondialdehyde. T2 promoted the accumulation
of hydrogen peroxide in F. przewalskii leaves, but no significant difference was observed after T1 treatment.
Compared with CK, both T1 and T2 increased chlorophyll, average iron content in rhizosphere soil, and 100-

plant weight. Conclusion: T1 and T2 treatments help to increase the yield, and their specific mechanisms differ

from each other. T1 exhibits better effect than T2.
[ Keywords]
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T100 B 245 il 5% =X 52 i (PCR) 9 8 4% ( 3& [FA
IR/N T ), Heraeus Multifuge X 1R % 25 ¥4 R 55 .0
HL(ZEE Thermo 24 &) ), AL204 %! 1/1 J5 H K F (it
Mg R B AT R Z AL AT BR A A ), TU-1950 2 XY
RS Ah AT UL 4356 BE 1 (bt 3 A 38 R A 28 A B 53
fE 247 ) , DC-B B BE A =X i & 4 (b 5 A B 4
HIRAFE]) .

20 T 5L P 4] DNA 42 B & (RAR AL B A
BN 7, 45 20190528) 5 Tug DNA 5 4 il ( Takara
Y ARABRA AL S 20190416) ; SOD, 1t A 4k
4 Wi (CAT) , POD, i & fk & (H,0,) , W — &
(MDA) , M2 2, + HERR A 30 & (bt ok B
A RA A S 50 5 S 20190419, 20190517,
20190618, 20190507, 20190428, 20190623,
20190411) ; CAS 6 M e Jir 75 1570 5% K& (40 Hr ki,
W AR Al T A BR A AL k%5 20180115) , FeCl (47
Mool MG R OR A ik TOA R A, S
20190326) , 1 75 ki 3 = H 3 R {1k % (CTAB, 1k 2
ai  Jb Wik M AR AR A A, #H S
20190314) ; B R — &40 B IR BE L S AL BN B IR A
T FR A5 By (4 A 40, R 4 1 T Ak 27 3500 A B
)L A5 43 B 20190211, 20190106, 20180625,
20180715,20190702,20190325) ; Wil 4 21 (43 #7 4 ,
IR A Y R A PR F] L S 20190506) .

H DB R B H R A B rE i SC R R R
2500 m, i H R 28 B2 B Az W 0 5T T A A 9T D1 AR
P B A BN % o H R I Fritillaria
przewalskiio H i D1 BEFE BE F 24 5 AL A
Yo Kb 7 2 A 45 R = L R 1 800 m.
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20 TR TR 2 DNA B2 B3R 0] 6 48 B o3 2 1 i 2
[A 41 DNA, # 47 16s rDNA §" 1 . 5] %)} 16S-27F
(5'-AGAGTTTGATCCTGGCTCAG-3' , 20 bp) ,
16S-1492R (5’ -TACCTTGTTACGACTT-3",16 bp) .
PCR % I f& & (25 pL) : 10xPCR 2§ #l i 2.5 pL,
dNTP(2.5 mmol-L")1.5 uL, EFI#514 (10 pmol-L™)
% 1.5 pL, Tag DNA R 5B (5 U- wL') 1 pL, B AR
1 wL,ddH,0 16 pL. PCR Jz i 2% {1k A8 14 95 °C
5 min; 2% £ 92 °C 1 min, iB ‘k 50 °C 1 min, %E fifi
72 °C 2 min, 3t 40 M ¥ ; ZE {1 72 °C 10 min, PCR
FE W 2 1% By R W R F VKR I i, 3% b mT R B
b A W B R A BR 2 w1 W A R AE 8 [
AW (5 B bl (NCBI) %48 )& BLAST Xt 45 &
IS TR A0 3 3 28 T W) A OG- 7 480
2.2 G BT B TE Y ) RE 48 B A T
22,1 [EECEPER I [ TS M A Pk b
WY A B DA A T B 00 DL 8RR R (R A
02 g L' WifREE 02 gL', @ IbAN 0.2 g- L, Bk R 5
50 gL', H# M 10.0 g-L", B2 45 0.1 g-L", B fig
15.0 gL', LA 0.5% NI 20 5 mL-L") H,28 °C
BRI 7 4, MR VR AR RGO .
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20 mL PDB ¥5 35 & op , R 7% 55 3% (30 °C, 180 r*min™)
24 h; 7E 1.5 mL B0 8 NI AR TR &0 rh kH Oz g 1Y) 4
G 1 mL, IF AR W 100 WL, 0KV 88 7 I A
T4 4 T () %8 200 W, 41 % 80 kHz) , # /5 3 s, ] f@
10 s, 552 30 ¥K ;K58 75 20 19 B8 25 0> 10 min(4 °C,
5000 r-min", B0 P42 9.5 em, F A, WH EE =
BB T, BT UK R DU e BECRH R I A k5
TR 5 A ) I A I P L T AR A R R DR Y
TR W0 AT VR ok JBE B v A Sy BRLAE Yok R 1) AR D R VL 1YY TRl
TG
223 BEEREMXEEWE AR SCER[ 15 ]
(4 755 I S W Ak 3R RE N 5 o o K TR TR 2 A T 20 mL
PDB H; 7% 3£, 30 °C, 180 r-min #i§ 7% 1% 3% 48 h,
5000 r-min B .0 10 min, $ b 7 % A1 CAS 4 I %
PR SR A & T37°CRIERT
60 min, M &R S TE 630 nm A WO E 4, IR 45
T 5 g Bk R A X = (Ar-As)/Arx
100%, Ar & Z W) (%5 F 35 32 5 CAS K I W TR
A )FE 630 nm | AW OGBE A5 As &R A IO RE (13
W CASKEBIR A ) o V1A 45 5 Bk LA AR L A% 75
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SCHR, PRk B R TE A A B R RE R ] 2 A
FFH 8 4C5,5C5,5C1 A ALT & BE(T1), 28 T T 1
PAF T J& CBS5,CBS7, CBSB HIAR % 1 )& 4R4 & it
(T2) K25 F (JCH PDB 5 FR 1, CK)3 AN Ab Bl . AN ]
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IR B N R e e AL, 5 3 b3,
b B E A 3 UK, A 25 M T RSB A P g H L Bl Ak
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45% , B3R5 (N+P,0.4+K,0)25%) . Lk 3 4E 4 ki i
B g0 X 4, R Wit AN 6] A S AR 0 B G TR
B 2 W — vk, 4k B 4RI S — &, BN
X Bt ML 1E B 20 Bk H R DU R R iR A SR %
ZEPHE R BR R AW A OB G . 7 H b T Ay
WG P2 BB 25 KT8 kL bR 25 AN AR L
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24 HM DR FMESENE F4ROHE
18, SRAW AN [ b B 5 %) F PR [R) B A7 g i B, 26 L
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2.5 HN DUBRER: 3G PR ECM SR R E 2 4K
AR 1R SR Al AN [R) Ak B A o R i ECRE R 3 B
FIE 3 5 2 43 0 e Y R Lot RfE AL R & SOD,
CAT,POD it
2.6  HRDURER S 2 AR PR £ S e 2R
4UAEPRE 1A SR A AN () A A i R, i BRG] &
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TR T I R AR
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Table 1 Strain information of Fritillaria przewalskii isolate

T N
bk HT % K NCBI

G *5

DUSEWTZE AT I MW 989745
fift VE A ZEFAT B MW 981362

4C5  Bacillus velezensis

5C5  B. amyloliquefaciens

5C1 B. subtilis A R 2R AT T MWO981361
AL1  Brevibacterium frigoritolerans it 5% & FT 7 MW981363
CBS5 Pseudomonas fluorescens POLMRAME MW981369
CBS7 P alcaligenes PR MW981370
4R4  Rhizobium sp. 98 T MW981360
CBSB P. extremaustralis IEABEAME  MW981371

CBS7 A [ &, o4y 1 bR #0718 00 e 5 4% A ik
#BEL A SOD #1 POD {if ¥ , 3 W1 B8 98 1 [k 1% 14 4, A
Sy E AR BT DA IR BT R E AL AN R
— 5 W 32 P 3 VB8 D5 5 bR 4R4 Ah FLA TR BE AR
TH —ERERER BRI A S L
PR R, A v K T R 3R A0 o e D R R Ak L A
A0 BH 1E 5 DR AR I A R B AR AR L PR i AR
FHYCT A AR ER A I K R K R R A
YU A4 5 4C5,5C5, CBSS, 4R4 A 7= A
R, AWM A R 2, 28 LT, ARWF 58 5 B
4 AR TT A g 02 A A0 0, R G R R Y
=N TS

T1, T2 5 B B 7 A5 ¢ 45 b5 W 5& 3, T2 /9 SOD,
POD i P J AE K & & it B i & T T1(P<0.05) , 43 3]
BT 368%,12.7%,33.3%, % W T2 & 4 1 738 I
RE I HSR TIMREER R KR A EZ T8 S
F T2(P<0.05), 43 I T 110%,51.5%,16.5% , &
W T1 5 & BRI BUm e 4 fe J) T .

3.2 R[] &b B H R DURE AR K 5

3.2.1 R AN E M R (R AL B H R
DUREME R IR R & LR 4. M T CK, T1H
T2AFH IR N RER ARHHUER ARKRREEGE.
B BT TR 35 T (P<0.01), T1 A H 5 D1 B
KR THE, T2 A B2 R G124 B X A
A FH R LR SR AR I R % i 22 R RSt
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x2 REEBNEEENLIER (X£s,n=3)

Table 2 Physiological and biochemical indexes of selected bacteria (x+s,n=3)

W bR [ 20 SOD/U-mg’ POD/U-mg’ WK /% K#lh/ng L' FEHE/peg L' AKZE/pgL!
4Cs + 6.8+0.04 35.542.7° 82.6£0.2* 1.7£0.08° - 22.5+0.8"
5C5 + 25.8+0.3° 43.7+1.9¢ 3.2+0.1° 6.5+0.06" - 47.3+1.1%
5C1 + 13.7+0.2° 32.142.9° 74.1+0.2" 1.5£0.1° 6.8+0.1* 13.4+1.08"
AL1 + 18.8+0.3" 56.2+0.9" 45.5+4.6¢ 2.5+0.06" 6.3+0.2° 8.6+1.1¢
CBS5 + 84.5+1.5% 68.1+1.24 29.4+0.4° 1.9+0.06° - 19.9+0.3"
CBS7 - 37.2+4.1¢ 25.8+2.8" 74.8+0.1° 1.7£0.09¢" 4.6+0.2¢ 75.5+0.8%
4R4 + 42.9+1.7° 46.3+1.8¢ 0.39+0.09" 1.9+0.06¢ - 36.3+1.07°
CBSB + 44.1+2.5" 48.2+2.7¢ 1.2+0.2° 0.25+0.15" 3.3+0.1° 3.5+0.4"

W+ AU IIRE, ++ I RRACHR , - TC IR . W —FI AR KRS PR LSD 1A £ F 14K P<0.01,
#3 EBREEEEUIER Gxs,n=3)
Table 3 Physiological and biochemical indexes of compound bacteria (x+s,n=3)
LoRILE R KGR /gL FiEEE/pg L K Z /gL SOD/U-mg’" POD/U-mg" WEER R %
Tl 14.4+0.9° 16.9+0.2* 105+1.03° 72.1+0.9° 244+0.9 259+1.3°
T2 9.5+0.7° 14.5+0.8° 140+0.7 338+0.9" 275+0.6" 123+1.01°

[ — 3N FRACFE LSD ¥ £ & L P<0.05.
S, MECT T2, TR WK A R kB
= MM RE SN T 51.7%,32.4%,250%,

£4 FELEMHANEAFNELE

Q8 (X+s,n=3)

KESETMET 4.1%, 2 TR T2 # 5 A4 42 £ 1
LT8R T T2,

Table 4 Effect of different treatments on endogenous hormone content of Fritillaria przewalskii (X+s,n=3)

Ak 3 KA B /g L FEHMR /g L' BVEM/ueg- L' KRER/pg L' 4R E/pg L' ARKFE/we L' FER/MIER
Tl 25.5+0.9* 0.16+0.01 1.940.1 147+0.1* 7.7£0.1* 52.2+0.2° 77.5+0.1%
T2 16.8+0.1° 0.79+0.05 1.8+0.1 111+0.1% 2.2+0.1° 54.3+0.2% 59.5+0.1°
2 16.5+0.8" 0.86+0.1 2.5+0.8 20.1+0.9¢ 1.2+0.2¢ 18.3+0.2¢ 12.8+0.1¢

W — 3R KRS F A% LSD ¥ £ & 48 P<0.01(#£ 5,6) .

322 XM FIEMEEAM IR AR T
M1, T1 A T2 40 22 H 7 DUAER) SOD, CAT, POD i
W THE (P<0.01) ; T1 40 B4 7 11 £ ) SOD, POD
WEYEMIE T T2 5 TR T 19.9%,41.7% , CAT 15
AT T2/ 2.4 %, F W T1 A0 T2 kb BEER L 5] T 7R

x5 AELEXHRFNSHEM R (HE)FERBXIER

GF R M E R VE T o AHER T2 1, T2 A0 3 H R DURE
AR S R R T LN T L7 A T A R
DURE2E I ge it 27 8 S0 N B & i 5 BRI (P<
0.01), FMAETHRPBEEMESGEN T2 AAHIES
AWK AL S AE R E R . RS,

M (X+s,n=3)

Table 5 Effects of different treatments of Fritillaria przewalskii on related indexes of active oxygen in leaves (x+s,n=3)

VLgL] SOD/U-g" POD/U- g CAT/U- g it 4L A /umol - ¢! N 1% /mmol- g™
Tl 497+1.5" 893+1.4% 2 748+3.1% 6.1+0.5" 2.8+0.04¢
T2 596+2.8" 1266+1.6" 1143+3.5% 14.5+0.4" 15.8+0.8"%

S H 402+2.6° 186+1.1€ 9.04+1.9¢ 5.3+0.5" 46.4+0.14

3.2.3 XA ISR RPR ek A E LT R Y
W A% T CK, T1 AN T2 kb B H 7R D REb 4 % M8
i Ak & 8 T3 A bR E AR T (P<0.01) , 0t
GRGSESHEINT 87.1%,10.5%, B br £ &84

BB BT 24.1%, 15.8%, 77 & 20 B 8o T
31.1%,21.5% T1 4b 3R H R DUBE A AR B + 4 8k &
HOMZRSEMPHOKEREST T2
(P<0.01), W#6.

H
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*6 AEALEWNEFRNBHAHEER KEERB/RENZIG
(X+s5,n=3)
Table 6 Effects of different treatments of Fritillaria przewalskii on

chlorophyll,iron content and average 100 plant weight (x+s,n=3)

hib 4 (i H ) /mg-g' P/mg-kg! T E R/ g
T1 33.5+0.1* 345+1.14 287+1.02%
T2 19.8+0.1° 322+1.3" 266+1.05"
CK 17.9+0.3¢ 278+2.8¢ 219+0.8¢

3.3 R TRL K IR AR 0 A O 1 A BT B 3 A A B

FHOCHE BT W3R 7. KR S k% 2, 40 it 4y 34
2L MERER L CAT, Bk, P17 bRl 52 W3 IR ARG o
R UM MR ERK R 53R, CAT,POD, ¥k,

R7 CHBRNERENEIRE RHFME XM

Table 7 Correlation analysis of related indexes of Fritillaria przewalskii
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