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Effects of four plant growth-promoting rhizobacteria on growth
and physiology of Isatis indigotica
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Abstract ; [ Objectives | The paper aimed to study the effects of four kinds of different plant growth-promoting rhizobacteria( PGPR ) on
the rhizosphere environment change, growth and physiology of Isatis indigotica, in order to provide theoretical reference for the
production of . indigotica. [ Methods ] The four kinds of PGPR, which were named Enterobacter sp. GS-22, Bacillus sp. GS-27,
Sphingobacterium sp. GS-72 and Acinetobacter sp. GS-103,were applied in pot experiment. In order to evaluate the growth promotion effect
of PGPR on I indigotica, the relevant indicators were determined, including soil physical and chemical properties, growth traits,
photosynthetic parameters ,nutrient and related enzyme activities ,active components,and so on. [ Results]The four kinds of PGPR had
different effects on soil physicochemical properties. GS-22 and GS-72 could increase soil total nitrogen content, GS-22 and GS-103
significantly increased soil available phosphorus content,and soil organic matter content in all treatment groups significantly increased.
Compared with not inoculated with soil rhizosphere bacteria( CK) ,the activities of soil urease,soil alkaline phosphatase and soil sucrase
increased by 33.78%~-73.70% ,49.51%-83.93% and 8.10%-186.26% ,respectively. Four rhizosphere bacteria promoted the growth of
1. indigotica, and increased plant height ,taproot diameter,dry weight,fresh weight,and so on,and GS-22 had the most significant effect
on the growth traits of 1. indigotica. PGPR also had significant effects on physiology of /. indigotica. The activities of nitrate reductase,
sucrose synthetase and acid phosphatase increased by 53.81%—125.19% ,57.64%—76.54% and 7.87%—22.78% compared with CK,
respectively. Four rhizosphere bacteria were beneficial to the accumulation of nutrients,like soluble sugars,free amino acids,and active

components, like total flavonoids,indigo and indirubin of I. indigotica ,in which GS-22 and GS-27 especially increased the contents of
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total flavonoids , indigo and indirubin. [ Conclusions ] The rhizosphere bacteria GS-22,GS-27, GS-72 and GS-103 had the ability to
promote plant growth in I. indigotica ,improve the soil environment,and promote the growth and physiological processes of I. indigotica.
Among them,GS-27 had the best comprehensive capability. The screened strains provided strategies for developing specialized microbial
fertilizer for I. indigotica and achieving increased yield and efficiency of Chinese herbs.

Keywords : Isatis indigotica ;plant growth-promoting rhizobacteria ;rhizosphere environment ; growth promoting ability ; growth ; physiology
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¥ (Isatis indigotica Fort.) K 2 4FA4E +FAERHEY , M MRIIATAEZG A T8 A 25 R K M, A5 1
AR It AL B S A5 TR A 2 R AR AR, A T B R D R R A R A R s e b )
2 MRS A IR 5 AR RIS I A My, BB DU R LR SRR 2 IR MR D AR K
Wit it 22 2 S EUEY PR S TR R R HERR AL AE X IR AR S S A R R ORI R il it
FHRNE T B AN 05 AR e Lo 55 A A ™ (EL B it 8 a3 o, B3R 2 A8 R AR G I, 25 R BOA
a5 e ARG LT v il A R A W A K R AN T, AER T M A B R S R T R Y
Rt

HRBRAEA: B (plant growth-promoting rhizobacteria, PGPR) 8 A77E T AW AR x| M3 22 B0 AR Bz Joi 4 i [a] | X
R A A T e B B e e A T B A0 e, Pl AR A A AN [, T o A= D AT RE R 0 SR80 LA K A
ARG SR AR AR 4 A P RS A 16 8 Y VB AR P R R AR B R R, AR
HIF9E NS €0 A 25 L A, 243 DT Bt 7™ DX 93 B85 K0 8 AR PR (02 2B W2 ), IR ST AR (2 £ TR R 1 AR P PR B 1) 52
M, [i) P 2 H A i A 4 5 M A AR R A5, LU A B W R IE AR W A e AR v AR
RS2 %

1 #MR57A=E

1.1 REH RSN

HARRBRGAE P53 85 FH RN RO XS AR PR 3, AR SR A b - S 1 JEA BRI 1 5 pHT.96 , 2 A
2.46 g-kg™" LB 1.70 mg kg™, AHLT 5.81 g-kg ', HEEUHYIARHE A H A IX, R RO R 2R R
THBAZEEE N+ F AP RN K (Lsatis indigotica) I FAR

FEALET DEEIL L1-6400 14 {36 [E LI-COR 24 A ; At D i AL NDA702 I H & KA VELP 24 F] 5
TR (35 I Agilent 1290 U [ 55 [F 22 HE(E A 7]

1.2 Rt

B B AR PR AR AP 2 LB AR IS 3R 5,28 °C (160 r-min ' 1535 3 d,4 000 r-min~'#5.0> 10 min, T
F/KEEFEIRE 10° CFU-mL™" | EIf5 80— B0 .

F 2022 4 6 H 24 HAEFFAME, JLT 48 B E s A (RF R 5:3:2) , B AR I A
FUAROME R 1 B R, B AT A SR T 2 B, R E 5 B S SN AR PRI (CK)
FERNER GS-22,GS-27,GS-72,GS-103 Ab 3, M40 3 10 75, B4 e 4 ¥R, 45l T8 15 H 9 H 15
H.10 A 15 BARER W, BHE 10 mL, CK FiSFEJ0mK, B3R 2 RIOR 55 ANt 8 SR S5 IE AL,

1.3 MEmMBRAE

1.3.1 FEHRFESEE [l Ashby KiRILHT I ABE S PKO B3 38 T mie s 11, W g 1l Kk
FRERBE IR LA HT AN RE 1Y King’s BEFRIE T TAA BE S MSA-CAS AR5 MKB 85 35 5640 #7 7= 8k
BWARAE ST i MEGA 11.0 {4 h 4B R S Y,

1.3.2 MR L5 pH (N R KRR A AED AP (SOM) & i SR 5 4% AT S
Pk HEEARA(TN) & I R Tk R A (AP) & S0 2k H NaHCO, =4 -8ttt
BEE



856 [EZI S S A NI S 841

1.3.3 TIEKEEEEEME RSN G e I EREES (S-SC) L IENRER (S-UE) | 4 01 i 1% i
(S-AKP) 4
1.3.4 KSR 12 J] FASRIRSEE , i Hobk &y (GERR R TTOm AR G B ) | ARG L EAR A B
Sy R EEE BT 105 CHEAE TR 15 min 5 60 CHET EAEE, i 3 S5 F 3T 8, iHER
(RS b = o 3B 8/ BT BT A RS i LA 180 wm B, F TS M A il s
1.3.5 X(XESHENFRESENTE LA G N EINE 3 IR, TR UCAT 5 £ X AW I -
08:30—11:00, ] LI-6400 BDGAACM & it oG 3 (P,) VRILFEE(6G,) JEIH CO, WREE(C,) Fzkhs
HR(T), MECHIRE 1000 pmol-m™2-s™' . L 95% (AF/M%0) 2B g $2 B I AR W A 432K a
M4 R b RIS ELTET,
1.3.6 FAEMEFAECBEEME (8 HZ 3T 0 SRS 3 S B (SS) il fR 8 b i
(NR) ¥, foft b Y A a0 i) e P R 6 ( ACP ) 1
1.3.7 HEMHAEFAUEMESSERSENTE KRB L ETED E TR & R e =M 6
TR T s R
1.3.8 MELSEMW HEMEELSENE R COCR I E SR & 5 ; 5 3% fEe £ 208 & 54T
SH (P NI E 258 1 DA e B A A S AL (YY) 5 R (X, g mL ) 2 AR vfE il
LR IR R, S SEE R EIE SRR BN ¥, =34 035X, +4 666.5( R*=0.999 4, n=3, L
7 0~30 pg-mL™") 5 Y, =40 554X,-1 253.6(R*=0.999 9, n=3 &G HI} 0~ 10 pg-mL™") .
1.4 HiEE

K H Excel 2019 F1 SPSS 20.0 #F #4780 3 Hr 5 B3R 2x 1 . >R Duncan’s B il 22 bk 3547 25 5 i
T, 225 B F K 0.05, K Origin 2021 #4414,

2 GHRESH

2.1 BEHRETERRESFHE

25 16S rRNA %85¢ , (X BR300 W A FF 1R GS-22  ZEMATFE GS-27 B & BT 18 GS-72 FUANBIFF I GS-
103 ( FE kRS E 3258 2 NCBI, & 558 OR350928—0R350931) , R H MR RGER B LA 1,

1 AL .4tk HARE MR A BARE . Hob, 6S-22 3 H B OHLBERE 1, Kk I s o Wk 3

10.87 mg+ HIL_I . E_F_'Ei IAA ﬁléjj ﬁ@%?& IAA Eﬁ\‘%mg 49 Sphingobacterium faecium NBRC15337 (AB680842.1)
. s~ ’

2|L Gs-72
H67.41 pg-ml ™ H P EAARE T, PP Bk 2R RE ) R c0| L Sphingobacterium faecium NC17 (MW748002.1)
FE(++), GS-27 FEEfRAPHE S B 7= 1AA B8 )1, K% (00| L Sphingobacterium faecium NBRC15299 (NR113744.1)

86L Sphingobacterium faecium IM44 (MN758804.1)
N EL Yk BE . -1 phing .
HTAA Dﬁi {z% E j‘j 10.60 ) ml— o GS-72 I:j GS-27 100) — Sphingobacterium kitahiroshimense KPW-32 (MK402063.1)

TRAMIEAEFEME AL, 7= TAA BE 1B GS-27 &, K Gs-27
TIAA ﬁﬁ%ﬂ?ﬁj} 29 .68 ne - mL—l . GS-103 %E\*ﬁ@%ﬁ} *n 1do| [ Bacillus velezensis A35 (OM389132.1)
51 Bacillus sp. X5 (MK736111.1)
FEERER AR RE y FEEARBE S iﬁ?gﬁ( +++) 100| 31— Bacillus sp. QB33 (MK736122.1)
i% 1 E ﬁ%ﬁmﬁ:g]\ﬁﬂiﬁg 83| Bacillus sp. NO3 (MK736117.1)
Table 1 In vitro promoting capacity of the target strains i g‘;c;l;us amyloliquefaciens CRRUIS (OQI9S5988.1)
. & fiRs W/ (mg L") 7% TAA/(pg-L7h) FER A s3] 84 Enterobacter roggenkampii HBUAS71138 (OP355184.1)
Suain  itrogen  Polassium  Phosphorus AA Fe* Enterobacter asburiae HBUAST1222 (OP355268.1)
fixation dissolution dissolution production production 49| — Enterobacter cloacae SDXJ1 (MK937637.1)
GS-22 + - 10.87 67.41 ++ 66 |[ Enterobacter cancerogenus KNUC5011 (JQ682639.1)
GS-27 " " _ 10.60 _ 97% Enterobacter cancerogenus KNUC5008 (JQ682631.1)
GS-72 N N _ 29.68 _ Acinetobacter calcoaceticus IHBB13632 (KP762560.1)
+

GS-103 . _ _ . Acinetobacter calcoaceticus R-53748 (LN995703.1)
= = PN T — Y GS-103
VE BRI+ FRRE S N (o B FR P Rk B R e “u

§ N " o _ . Acinetobacter calcoaceticus MnS3201009 (MG011594.1)
e o Tb = A y Lw_» 93
jjﬂigi) o ’ ,\é—i‘ﬁd: REA .)\ H ﬁm i ti &“ﬂ;‘; o1 o 52& Acinetobacter calcoacelicus 1SO9 (MG132195.1)
B, In addition to the iron-producing carrier “+” indicates the ) ) )
size of the capacity (the more the number of “+” indicates the Acinetobacter calcoaceticus IHBB13555 (KI767369.1)
stronger the iron-producing carrier capacity) , the remaining growth B 1 E*,TKE[_HEH’\] %éﬁ&gﬂ{l’
promoting capacity items “+” indicates positive reaction, “ ="

Fig. 1 Phylogenetic tree of the target strains

indicates negative reaction.



5 st | 45 4 P BR AL A= TEORTRA AR 1K 15 A BRI S R 857

2.2 RERMELEE (PGPR) Xt 1518 1k M R B 8200

FATE PGPR feff st IR A M BT, 8o - AL 7 (181 2) . 338 pH {H°h 7.63 ~ 7.68 , 25 4k B[] TG ik
E25(P>0.05), L&W*(AP) 2 (TN) AP (SOM) &5 HHEAE Jy IEF G, GS-103 Fil GS-22
AbFE I EREIN AP &8 (P<0.05), 43 53 m 40.72% . 25.21% , GS-27 F1 GS-72 4b ¥R AP & &K F CK,
GS-22 1 GS-72 AbH TN & &3 CK 43734 15.84% .13.58% , Hir 2 ANAb PR CK MR 322 5%, TN &
S B A AL BRI GS-27 .CK . GS-103 4bFH 22 PGPR AbBEAY SOM A4S R 2 B 38 /il ( P<0.05) , H:

th GS-22 4bFECH CK A9 1.97 £%5,GS-27 .GS-103 . GS-72 AbH 43518 CK 49 1.72.1.16.1.62 5,
10 -

N

- a b a

5 ——
2 b = b
gL a a a a - g %
Z o PR
g, g
o 4r g 2L
= ® =
= o2r M =
<
0 I I I I | o] 0 I I I I |
CK GS-22 GS-27 GS-72  GS-103 CK GS-22 GS-27 GS-72  GS-103
— Et? o a _‘/r:.u g 07 :
-3 b == 18 5 4 b b
on 5 L = 5 L
2E.4 =82 .
@ 8 % < g % 15+ c
418 S H;: 23
%éé’ —% 2r E gﬁ 10 -
AR —f B —O 5
- z 0 HE
CK GS-22 GS-27 GS-72 GS-103 CK GS-22 GS-27 GS-72  GS-103
Kb HE Treatment AL B Treatment

2 EFIRBRME A (PGPR) Xf IR0 M R A 200
Fig. 2 Effect of plant growth-promoting rhizobacteria( PGPR ) inoculation on soil physicochemical properties
CK: A% Fh + MR bR No inoculation with soil rhizobacteria; GS-22; 3% Fft I T % GS-22 A ¥ Inoculation with Enteobacter sp. GS-22
treatment ; GS-27 ; 45N S MUFT B GS-27 4L 3 Inoculation with Bacillus sp. GS-27 treatment ; GS-72 ; 4% 7P 4 Z AT 18 GS-72 4L B Tnoculation with
Sphingobacterium sp. GS-72 treatment ; GS-103 : BEFIUR BT B GS-103 4bFE Inoculation with Acinetobacter sp. GS-103 treatment.
RIRING Fhf R hb BT 2 5 3 ( P<0.05) , R [A], Different lowercase letiers indicate significant difference among treatments ( P<0.05).
The same as follows.
2.3 PGPR Xt T 8k il E A 220
et PGPR XJRE W& 425 3 Fh SRS (& 3) o Hirp, 3R MEE (S-UE) i P AR F /N B AL BRIy
GS-22.GS-27.GS-103 .GS-72 A %5 CK 43334 n 73.70% .50.92% .49.83% .33.78% , GS-27.GS-103.GS-72.
GS-22 b PR ) - 3R 1 B W2 g ( S-AKP ) 16 M2 5100 CK 9 1.84.1.70,1.65,1.49 {5, #5-4b B 4 38 4k iy
(S-SC) WM W2 T CK, = GS-22 Fil GS-27 ALFEXT S-SC IHHESEMAL K, 73318 CK Y 2.86.2.58 i,

2 1200 Ty 40000 ~ 2350
o E i a S 8 " b mE a
2g 1o b b 52 p3200r d c =5 a0t b
(AR <
S @ 800 c T 38 50
55 £ 273 2800f =2 g0l
";':t/IJ 600 F d % = € %U‘]
=< ® 9 A 2¢ c
2 9 = S5 1600 & 5 20l .
= Z 4001 EE< g3 e
= e HZ a | #wg |
B2 500l E =2 800 = 310
+H % = o) H %
75} 0 L L L L | :_1 © 0 L L L L | v 0 L L L L |
% N & X S % IN & X 3 % a S (N 3
%) %) %) J) %) %) %) ;-) %) %) %) ;
Qo &) &) 3 &) &) &) 3 ] ] ] &
AbPE Treatment AbPH Treatment AbPH Treatment

B 3 #%# PGPR 3% L 1EREE A0
Fig.3 Effect of PGPR inoculation on soil enzyme activity
2.4 PGPR XA A KIEFRAI I
PGPR XA MEA KRR BB R (2 2) . v, GS-22 AbHXH AR i Mk i . AR ELAR 5 EMR K A
HEAE S B 3, 3¢ CK A3 28.79% \71.57% . 74.85% , Hop b Bikk ey . AR B AR . EM K W¥E T CK,
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Table 2 Differences of growth characters of Isatis indigotica under different treatments

Qb B R/ em FHREARE/mm FHIK/em
Treatment Plant height Main root diameter Main root length
CK 14.10+0.23¢ 7.07+0.18° 13.68+0.78
GS-22 18.16+0.21° 12.13+0.40° 23.92+2.11°
GS-27 17.58+0.31" 8.59+0.27" 16.10+1.30°
GS-72 14.43+0.14¢ 8.53+0.16" 19.40+0.67"
GS-103 16.43£0.47° 8.59+0.11" 22.90+1.77°

A PGPR A M TAAIEA Y BB (R 3) o GS-22 AL BEAYGFA it b3R5 1 T S 5 = 9905 3t
ST L R bR T T AR AR B, 23000 CK Ay 3.14,1.90,2.85,2.23,2.31,2.37 fif. GS-103
AR G H 2 7 T LA AL B, ] GS-103 AbFH 25 (8 A W R AR AR 1T GS-22 A BN k2 i
{2 LB 7 A

#3 TRLBTEREEEDRRRER

Table 3 Biomass accumulation difference of individual /. indigotica under different treatments

b b2 0 53 Sl < ARRGET o W EHTE/ g HWTFHTHEg PR THE/ g M
Treatment Shoot fresh weight Root fresh weight Fresh weight per plant Shoot dry weigh  Root dry weight Dry weight per plant Root-shoot ratio

CK 7.61+0.89¢ 15.67£1.92" 23.28+2.77¢ 1.13+0.13¢ 3.75+0.5¢ 4.88+0.27¢ 3.32+0.21"
GS-22 23.97+3.30" 29.8+3.31° 53.77+4.18* 3.22+0.44* 8.36+0.61° 11.58+1.39° 2.60+0.36°
GS-27 15.34+1.47" 16.65+2.76" 31.99+3.75" 2.34+0.19" 5.5+0.18" 7.84+0.15" 2.36+0.32°
GS-72 10.46+0.21° 15.97+1.63" 26.43+1.47° 1.30+0.18¢ 4.77+0.17% 6.07+0.34¢ 3.65+0.54"
GS-103 13.42+0.78" 17.43£1.49" 30.85+1.42" 1.32+0.21° 5.7+0.38" 7.02+0.46" 4.43+0.78"

2.5 PGPRMIMEMAXEGSHEHERESENTM
PGPR REGSISRANIE DL BRI (R 4) . HABI P, (G T, HIBERT CK, H GS-22 4B P, G,
T B THA B, B GS-103 4bHE ¢, &5 T CK 4h, FAVM Y B 248 T CK, H GS-22 AbJ A .
F4 TRALBTHAERESHER

Table 4 Differences of photosynthetic parameters of I. indigotica under different treatments

K3 Treatment P,/ (pmol-m™2-s7") G./(mmol-m™2-s7") C;/(umol-m2+s71) T./(mmol-m™2+s7")
CK 8.45+0.19¢ 0.15+0.02°¢ 326.17£1.91" 1.47+0.01¢
GS-22 14.60+0.36 0.27+0.03* 285.47+7.48¢ 2.50+0.20°
GS-27 9.69+0.04¢ 0.24+0.01" 293.57+14.16¢ 1.79+0.02°¢
GS-72 10.57+0.33" 0.22+0.01" 313.56+2.01° 1.86+0.11°¢
GS-103 10.47+0.21" 0.21+0.02" 335.64+2.61*% 2.03£0.07"
PGPR A M TAR#E G M2 R (Kl 4) . 4k 120 Ocha O .
B4R a(Chla) W4 b(Chlb) HH4t% 8 bol WO ] =] ¢
B (Chla+b) BIE T CK, GS-27.GS-T2 4b3gsl S ¢ . .
R T AR AL T AR S o LS CK B 2 06 ¢ a N B
57.50% . 55.00% , M4 % b & 5 1 hn 48.38% . jé;/ 0zl Md . ;
35.48% 4R K S I 53.52% 46.48% ., 4z 0 | | | | |
2.6 PGPR MFAIEM /BN X B EE A 2N © CK GS22  GS27  GS12 GS-103
FATE PGPR b 3 2 /51 F WA M A R i IR g AFH Treatment
(NR) FRPEBE TR G ( ACP) . REAR & Wi ( SS ) 17 4 Bl 4 #7 PGPR MM EMHFHEESENEN

([ 5) SR NR T EE Y B2 R T K, M Fig. 4 Effect of PGPR inoculation on the chlorophyll

MR FN /N ) 4k FRAR IRy GS-27, GS-22, GS-72,
GS-103 4bFH, 533k CK 119 2.38.2.25.1.83.1.54 {5, £ 4 £k PGPR AbBRAY ACP T4 8 3 = T CK, b B
To 25 5, GS-22,GS-103,GS-27 ., GS-72 Ab PR 4351l Lt CK 34411 76.54% . 75.76% .69.31% .57.64% , % GS-27
AEFRAN AR TRARAEFE SS W P T CK, Her GS-22 A FE IR i K, N 22.77%

content of 1. indigotica leaves
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Fig. 5 Effect of PGPR inoculation on key enzyme activities of I. indigotica leaves
2.7 PGPR X#AMEM FAIASEER S S ERN 2
PGPR A F| TN EFYRIFLER (E 6) . GS-72 AbBRIF o] i MB35 T HAB AL PR, o CK
[ 2.92 1% ,GS-103.GS-27 4bH 5 CK 253 W% B GS-103 AbHRAN, HAA b FRlF B AL 5 CK A7 W% 2
5#,GS-22 . GS-27 .GS-72 AbFR Y CK 341 32.22% .26.07% .20.85% ,,

251 a 3r a

oy =+ o £ = =2 °
5220t s 2 ¢ E2 c
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£ 3 =Sl
= C st i 2
EE §° b b b 8
g 210 ¢ c s 2
5 mMEILT
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Fig. 8 Correlation analysis of each indicator
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Table 5 Analysis of combined scores for different treatments 8
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Fig.9 Gravel diagram of principal component analysis
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