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[Abstract] Objective: To study the effects of foliar spraying of two kinds of compound rhizosphere
growth-promoting agents on the growth and physiological characteristics of Angelicae Sinensis Radix (ASR), as

well as the pharmacodynamic components, in order to lay a foundation for providing functional microbial agents
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for ecological cultivation of ASR. Method: The compound growth-promoting agents T1 ( Pseudomonas CBS5,
CBS7 and CBSB) and T2 (Bacillus 5C1, 5C5 and 5C7) with the concentration of 1x10° CFU-mL" were
sprayed on the leaf surface of the field, and the sterile potato glucose broth medium was used as the control
(CK). The plant growth indexes of ASR were measured by conventional methods, the photosynthetic
physiological indexes of ASR were measured by portable photosynthetic measurement system, the enzyme
activities of plants and microorganisms were measured by kit method, and the endogenous hormone levels were
analyzed by ultra-performance liquid chromatography tandem mass spectrometry. The contents of ferulic acid,
senkyunolide I, coniferyl ferulate, senkyunolide A and Z-ligustilide were determined by high performance liquid
chromatography. Result: Compared with CK, the two compound inoculants could promote the growth of ASR
and increase the biomass, increase the leaf net photosynthetic rate, stomatal conductance, intercellular CO,
concentration, transpiration rate, increase catalase, peroxidase, superoxide dismutase, polyamine oxidase,
diamine oxidase and polyphenol oxidase enzyme activities, increase endogenous jasmonic acid, cytokinin and
gibberellin levels in plants, increase the contents of ferulic acid, senkyunolide A and Z-ligustilide, reduce the
contents of malondialdehyde and abscisic acid, and reduce the incidence of root rot. Conclusion: Foliar
spraying of two kinds of rhizosphere compound growth-promoting agents can promote the growth,
photosynthesis and stress resistance of ASR, and can improve the quality of ASR in different degrees.
Comprehensive analysis shows that T1 treatment is better than T2 treatment in the growth-promoting and quality-
enhancing of ASR.

[Keywords] Angelicae Sinensis Radix; plant growth-promoting rhizobacteria; Pseudomonas; Bacillus;

photosynthesis; endogenous hormones; pharmacodynamic composition
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Table 1 Information of tested strains in different treatments
%5 Lip e ST 2
CBSS5 2GR Pseudomonas fluorescens MW981369.1

NCBI*%

CBS7 “WMEHME P alcaligenes MW981370.1
CBSB il {EHIEE P extremaustralis MW981371.1
5C1 AGREZESAFFIE B subtilis MW981361.1
5C5  fRIEMZERAITE  B. amyloliquefaciens MW981362.1
5C7  VISEMRZEAUFFIA B. velezensis MW989745.1

4—10 H 78 H 7R K AL v 25 b4 28 25 Tl Al 7S S 56
7o B2y B4 4 H 2P 137.86 mg kg,
B 16.48 mg-kg!, Bl ff A 84.22 mg kg, A HLJT
22.35 g-kg', pH 7.85, Wi #EAE W) J i =k o it A HLIE
LA LT >45% , & 5% 50 CR+ A AL i+ AL #1 ) >
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Table 2 Nitrogen fixation, phosphorus solubilization and enzyme activities of different strains (x+s,n=3)

ACC it & i

/pmol min™

(LS WA A SOD/U*mg

POD/U*mg™

JUT it

NEX/U-mg” /mg-h? mg

. R /U mg”

CBS5 +H - 0.131+0.002° 12.180+0.134°
CBS7 - + 0.029+0.001¢ 9.839+0.156°
CBSB + - 0.574+0.007" 13.863+0.221°
5C1 H + 0.587+0.006" 13.778+0.142°
5C5 H + 0.524+0.004° 8.882+0.089¢¢
5C7 + - 0.035+0.002¢ 6.806+0.023¢

68.154+1.249"
25.861+2.878"
48.268+2.750"
32.024+2.908°
43.744+1.991°

35.542+2.721¢

0.229+0.007° 2.921£0.107* 30.145+0.801"

0.1060.003¢ 2.061+0.101° 20.315+0.654°

0.200+0.007° 1.554+0.065° 29.797+1.103"

0.066+0.004° 1.568+0.065° 16.103+0.302°

0.137+0.008° 1.367+0.059°¢ 9.227+0.645¢

0.103+0.007¢ 1.236+0.088¢ 10.32240.669¢

TE o+ A BT RE s+ D REHR s - TC UL DB 5 55 90 B LU BAS 6l /NG 5 B 32 7m A 7 4 b 22 o LU P<0.05 (38 3-38 8 []) 5 25 A B dlE L7 3

B2 (R 3D

®3 AEE6EFBIEXEEE (G n=3)

Table 3 Enzyme activity of different compound microbial agents (x+s,n=3)

AEBE ACC i & i /pmol - min™ SOD/U-mg’

POD/U-mg’

NEX/U-mg" JLT Bifff/mg-h? - mg’ BHE/U-mg!

Tl 0.73440.011° 35.882+1.162°

T2 1.146+0.014" 29.466£1.009"

142.283+8.756"

111.310+7.284°

0.535+0.018" 6.536+0.058" 80.257+1.936"

0.306+0.013° 4.171£0.062° 35.652+0.614°

3.2 ARAEFX I RO SRR 5 CK
Fede, T T2 b BRI R oA S 80P, . G, C Al
T30 8 T+ 5 (P<0.05) , i BH 1A 7RI Ab B4R = TO6 &
ER A S I3A KA i R85 T LAl 0L 3% 4.
TI 5 T2 l#, CERARAS = E L, P, .G T,
2 S W B G2 8 A2 508 AR .

R4 AEEI LM SR (T, n=10)

Table 4 Effect of different treatments on photosynthetic

parameters of Angelicae Sinensis Radix (x+s,n=10)

P G C T
ﬂ}i n s 1 T .

/wmol-m?+s'  /mol-m?-s’ /wmol-mol"  /mmol-m?+s°

T1 15.384+0.265" 0.243£0.006" 230.841£7.306" 2.619+0.028"
T2 17.051+0.655" 0.264+0.008" 231.460+4.691° 2.962+0.078"
CK  12.890+£0.796° 0.215+1.006° 216.738+3.549° 2.123+0.039°

3.3 REACBRX; M a0 B RS2 m T, T2 48

CK #F B i #& % T 2441t i~ CAT .SOD .POD .PAO .

DAO .PPO it I H,0, Il 4 F & & (P<0.05) , B 1K
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MDA % & (P<0.05) , U 3 5. TI1 # T2 #E CAT,
POD . PAO i £ I M & K Bx &t 43 £ b 43 1) 5
7.36%.11.33%.6.38%.5.74% , £ SOD .PPO I 43 I
W 7.16% . 11.76% X 2 FlAb B SOD ,POD Al
fiff 16 P A TR T2, 1 I R S 0 T1 A T2 /Y
SOD .PPO i LU /)y , 26 B T1 9 o 36 O 4 7 FH 58
Fb# T1.T2 % POD/SOD ,CAT/SOD #1 POD/CAT Lt
B, B TR T2 ¥4, 3R W0 T1 4L T2 W 2 HOS H Y)
[ & POD .CAT i 1, H POD i £ ik 58 T CAT.

3.4 R[E AR FRXT Y IH A AR N IR R S T,
T2 % CK, B SA AE K E F1 GA 4b, Hofth i 2 9 14
K —F B, T1.T2% CK ¥ B #5
JA,CTK & # (P<0.05) , W] & F ik ABA 7 i (P<
0.05). ABA & &ML A1 JA . CTK & &8 8 fin 2 T1 .
T2 fi #F 25 05 7 5 R0 BT B s i AR [E R . T AL
CK 7E SA JJA & #7375l #2151 30.59% .257.91%, 4=
K& & FRAK 42.85%; T2 8 CK7E JA A K & .GA
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RS FEAEIHEAM FEREELFENZIT(xLs,n=3)

Table 5 Effect of different treatments on physiological and biochemical characteristics of Angelicae Sinensis Radix (x+s,n=3)

¥ CAT/U-g'  SOD/U-g' POD/U-g'  PPO/U-g’

PAO/U-g"

T1 18.25+0.15"  154.41+3.91° 190.00+7.21° 81.00+3.34° 222.23+£6.74* 179.58+1.80"

T2 17.00+0.34° 166.33+3.58" 170.67+6.11° 91.80+2.16* 208.89+5.09° 177.48+2.34°

CK  10.31+0.21°  98.06+1.75° 90.67+8.08° 57.00+1.72°

DAO/U-g"' H,0,/umol-g’ MDA/nmol-g" M43 /mg-g"
10.01£0.18"  30.90+0.51° 2.34+0.15"
9.76+0.08" 33.02+0.68" 2.21+0.12°

91.1147.52° 148.14+2.25°  5.44+0.13° 39.65+0.83" 1.69+0.10°

Ha BB 99.94% .102.61% .15.37%, SA & &
FEAIK 5.94%. T1. T2 15 SA EKE . GAK Y

F6 TELEILAMFRNERERESBHH M (3Ls,n=3)

285 FEOURAER 7R R SCIE bR R 2E
UL 6 I 5 4 R R kA e

Table 6 Effect of different treatments on endogenous hormones in leaves of Angelicae Sinensis Radix (x+s,n=3) ng-g’
fib SA JA ABA GA KRR CTK
Tl 31.427+0.091* 296.369+1.347* 12.988+0.076" 17.383+0.103° 15.004+0.118° 16.275+0.076°
T2 22.635+0.045° 165.558+1.038" 12.172+0.045" 19.595+0.075° 53.192+0.211° 16.911+0.061°
CK 24.065+0.084" 82.805+0.272¢ 36.780+0.102" 16.985+0.066° 26.254+0.124° 11.856+0.017°

3.5 Y IEAE AR A K KPR T1.T28 CK
TSI U AR AR A 2R Bk R R RS A IR
RAEZ AT T2HXESH 2R AEA5IT ¥
B, TIMAERE AL ER K EREM

R7 HEM EMIBEXRIBERGET (=30

PR ff F K CK 4 S 140 13.40% . 18.64% . 11.21%
11.43% F141.43%; T2 () A E MR 2 3k AR L E R
£ H bR & B CK 43 0 4 0 28.35% . 12.39% .
7.29% F120.29% , WL 3¢ 7 F134 35 Rt k)

Table 7 Statistics of relevant indicators in aboveground parts of Angelicae Sinensis Radix (n=30)

s E Y1 E-y il iy 5 IR W & A RE Fk HAR Pk FRE B bk e
(£ (¥+£s)/mm  (¥£s)/em  (¥£s)/em  HEF/% (X£s)/1> (X£s)/mm (X£s)/mm (X+s)/mm (x+s)/g
Tl 5.93+0.83" 9.86+0.72" 44.90+5.13" 65.37+8.26° 3.93° 16.0843.06"  30.74+3.16" 48.60+8.91°  260.58+21.66" 115.73+19.37°

T2 6.13+£0.97" 9.95+0.89" 44.63+5.58" 66.84+7.35" 4.08

CK  5.93+0.91° 9.14+0.58° 40.40+4.72° 61.69+4.17° 19.62°  14.18+2.89° 25.91+3.34° 43.70+8.71°

18.20+4.57*  29.1243.42°  44.13+10.20° 250.90+31.42° 98.43+20.06"

233.86+23.24° 81.83+15.12°

3.6 XM BRI 5 CK A, T1 A T 2]

R s 1 24 U0 2 R - T P - T AR S B R 2% i

TR . Z-B5 A N T 7 = N g A 43 1 BEn 72.82%
10.32% ., 49.47%, T2 T 43 51| 34 il 38.64% .21.78% .
40.00%. DL 8 FIHE SR M RS BR IAARE . X0 F a4

25 24 550RE R B DT 418 B D BT B | Z- AR AT
T1. T2 AR B 3K 2 A4 4% 45 bR K80 2. 35 & T CK,
{ELA [a] Arb JHLGF LAy 5 14 55 B A7 7R AN ] 52 0

*8 ARELEYP[RZREMLELE (3+s,n=3)

-1

Table 8 Comparison on quality of Angelicae Sinensis Radix with different treatments (x+s,n=3) mg-g
Ak 7 BT 2 112 S R oy 2 22 A A T S N A Z-FEA N T
Tl 0.890+0.078" 0.016=0.003° 1.306+0.094¢ 0.142+0.004° 14.109+0.146°
T2 0.714+0.056" 0.018+0.004* 1.892+0.111° 0.133+0.009" 15.57440.178"
CK 0.515+0.112° 0.018+0.002° 1.453+0.065" 0.095+0.003° 12.789+0.082¢

3.7 PCAMUARICHE T 4K & BT AH G 46 45 PCA
AEEROLPE 1, 259 SR, F A4 (PC) AT PC2 AY 3oy
530 K 54.06% . 44.25% , B 1T 2 51K R 98.31%.
N2 NS A BIELRR LJA .CTK F1 ABA Xf PC1 fY 5%
R K, BT 2 R P AT AR K K LGA FII SA XS PC2 1Y
TR, PRI N TR TR Z-55 AR 9 5 % PC 1 AT PC2

B BT R A 24 o S [ Ak B R I 22 05 SR Y R BR R 4
Al DL X A3 JF, T1 AR B CK =252 0 PCL LB
B PN MR A, T2 ZbFRAS CK E 25 PC2 |
Z-BEA VR BT AAMATE . T1 5 T2 AL, T1 {2 i
o] 280 1 B R0 T iR, T2 4 0k Z- 3 AR P S R R4

HGE
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PCUAHAE Fi it JA . CAT/SOD F1 POD/SOD *f PC2 4 5% ik # K .
— 00 &2 T1.T2 % CK F 3 i PC1 |- W42 % CTK %5 Al 545
—_ {06 FRIX 4>, Bk ABA MDA & &, #2548 % CTK &
i opo Loa B R R S S LR R PR T
g AN lo, & T2 B9 & R 4E . T1%E T2 3 % i PC2 I SA (GA.,
I 2 CAT/SOD A K % 450 48 bR X 40, TUHR 5 T SA.
g ¢ e N 0 & JA % &, CAT/SOD ,POD/SOD i ff ; T2 42 &5 T 4 K
w102 % GAHH,
7 o T4 PCUEHIE 1
a 3 . 3 405 0.0 -
PC1(54.06%)
E1 HEmREREXEREPCA 2-
Fig. 1 PCA of quality indexes of Angelicae Sinensis Radix é@ g
SRR AR BT R 0, IR 9§ o e =
JII % I E A JA L SA .CTK 5 B 5 iF M1 3¢, 5 ABA. = =
W E N ER TR B B A OC; Z-BE AR N 55 21 ;
PEE A FTZR IR A A R \GA A K FE . CTK £ I 1E sk
A1, 5 ABA S UM G V125 DY A 5 B ) T S S e
W2\ Z-BE AN TG JA CTK & i3 IE M1 ¢, 5 ABA 2 PC1(74.23%)

3 A O TR R A AT 5 Z-BE AR IR AR R
GA R IEM K, 5 SA & W F M 5, )1 E N
fiE 15 BT B AR JA L SA BB i A 6

AN R DA ER R A A A I 1R
Fr PCA WL 2, 455 @, PC1 . PC2 1Y 2% 1faf 43 3] My
74.23%.22.09%, %11 J7 22 5Tk % 96.32%., CTK.
ABA MDA M5 F J6& e bn 06 M A B R .
PAO 1 PPO % %f PC1 () BTRRAL K, AE K & .GA (SA

*®9 HIFMFRIEXIELR Pearson X 517

2 HPAEKBEXIERNPCA
Fig. 2 PCA of growth related indexes of Angelicae Sinensis Radix

X} PCA H T1 RN T2 B 32 %2 22 S 48 bR b A7 #H S bk
SrRT LR 10, SR EBEK K S SA . CAT/SOD £
B A G, 5 GA R EREURE IEM K ;GA 5 AR &
FRECHW] 5 I ARG . BEWT T2 4% T1 3 B3 o (2 k4 K
REHMGA I T AEME . SA 5 JA . CAT/SOD,
POD/SOD ./ 3k K Fl Ltk i i R W W IEAH G, JA

Table 9 Pearson correlation analysis of quality related indexes of Angelicae Sinensis Radix

~ . L WIS WER WY ZEEAR
EiE 7 SA JA CTK R ABA GA o] 2 iR B 1 - B A iy

SA 1.000

JA 0.854% 1.000

CTK 0.253 0.719" 1.000

HERE -0.823%  -0.408 0.342 1.000

ABA -0.336 -0.776"  -0.996”  -0.259 1.000

GA -0.507 0.015 0.706" 0.907”  -0.642 1.000

o] 2 7R 0.757" 0.986% 0.823”  -0.252 -0.869”  0.179 1.000

PN NEET -0.8847 -0.826”  -0.355 0.650 0.424 0.333 -0.757" 1.000

W B R AA M EE  -0.798%  —0.369 0.380 0.999>  -0.299 0923  -0212 0.624 1.000

HNEHNERA 0517 0.882% 0.950% 0.056 -0.971”  0.468 0.944”  -0.561 0.098 1.000

Z-HR Y g -0.195 0.343 0.900” 0.717"  -0.8582  0.944% 0.492 0.035 0.745" 0.728" 1.000

.V P<0.05,2P<0.01(F 10[7])
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CAT/SOD .POD/SOD .3k HAE 7k K EMRK
B 1 5L 0 B OF AH ¢ ; CAT/SOD 5 POD/SOD | 1% 3k
K PRRR B E 5 BH B OE A OC ; POD/SOD 5 7 3k H A%

F10 LHFKHE=BHXE4R Pearson X 53

PR EMRK ke R R B E IEAHE. I T
i T2 = 85E R SA JA £ 1 fl CAT/SOD .POD/
SOD A FF &, 38 m 7 sk JAE sk KO EREK.

Table 10 Pearson correlation analysis of root growth and yield related indexes of Angelicae Sinensis Radix

EiER 2 SA JA R GA CAT/SOD POD/SOD AEMEL Fkiife Ak ERK HpkbfE

SA 1.000

JA 0.854% 1.000

KR -0.8237  -0.408 1.000

GA -0.507 0.015 0.907% 1.000

CAT/SOD 09122 0777”7 -0.752"  -0.466 1.000

POD/SOD 0.829”  0.933%  -0.436 -0.047 0.795"”  1.000

REWRE -0.232 0.299 0.735”  0.943Y  -0.175 0.220 1.000

P HAR 0.645 0.921¥  -0.125 0.288 0.571 0.870% 0.513 1.000

[RE 0.938”  0.922  -0.641 -0.276 0.853% 08757 0.035 0.726" 1.000

FHREK 0.652 0.928”  -0.130 0.285 0.590 0.817% 0.513 0.895% 0.754" 1.000

Bk ff 0.780"  0.988%  -0.291 0.137 0.730"  0.919” 0.407 0.939”  0.866”  0.965% 1.000
4 Zig5iTit P R 18 , Pseudomonas NF1-17 F1 B. brevibacterium

A SCHEIE T A [ 2 B B R 0 2 05 AR BRARAE (2R NF2-4 5 G R AEM TS5 ke FEREK i

25 R A3 1 5, 45 3R WY B I T R A T B A REC R, e R SRR

FI T ZFE AT T R 52 4 0] T2 48 CKOAR B2 iy 2 I AR
JE R o M AR ARG SR BTG 7 2 A R A
MU A, B ™ & b BT AH G 38 br A7 7 22
5o TIR T2 FEGE 2 5 SA JA & & ,CAT/SOD .
POD/SOD Lt AE 35 23 7= 42 BT i/ T, AR R 3 R
LEA AR CEMRK R E B, bR
FRBERS T2RTI FEXHETRSERE.
GA@%,T%H@@U% Z-85 7 PN T R BT AR 1 B A
Fis & 2 AR . BRI E L, T AR BRI F T2,

HEP) AR N SA R JA FEAEREPLC RS i AW 5%
W, T1H CK AR PR SA JJA & =1, SA JA K3
HIE A OGO &R T2 55 CK AL B SA & &k /> JA & &
iﬁu SA JA RN AAH KR . X PR iy I 4

AE 5 T1 &b P4 IC 5 0 o ACC it 22 il 3% PRI .
NEX{E@WEE%F%HHEVEﬁ%O ACC L&
W R owmER, SCmEmBERHEER, O
5 IA(E S B 1UF N WRAEAE 2 XL, R IEAH G
PR R IROWH A Y A0 M RE s £ 2 R 0 3 A R
O WU W AT LS A NEX 2 il AR SO0, 35 B HR
WA IAGS WRIES R . AR E
PET1 Ak FR A B B ) b ACC I 4 i 05 M A T2 1K
NEX 1 P48 T2 i, e AR G IH 0 Fr JA & 4
SWRTE SN

o2 BRI ARG AN AR R T R AR
— B, RF EE O RR A A AR
¥ et i bt L B CAT . POD ., SOD 7 4 Fll ¥k
AR R 5 AR BEGT 2 B EE 2 00 4 A 4R
[R5 . PGPR W5 S AE Y 7= 4 2 M Rl o b
Bl 2 48 4K 15 M bk (SAR) Filifs S R G b 1 (ISR)
SAR K #i T SA 15 5 , 1 ISR K41 T JA . & i 5 JA-

R Y BT 2 B NG R SA JA B, B
i 4 FH 38 414 F SOD .POD . CAT i 4, it 4 2 &

A AR R R AR RS A Y SA
05 AT DA i 3 94 7 i v ds PR R 43 L- e Bl Y AR
B R R A A A R ok R A A R — TR 4 R RE A
HESF AR SA BB, HE 11 42 UE A AR e 1 b R AR
AR K P R R R A A Y
5§ it ¥ JBF A 200 wmol« L 4 A1 Y5 3 i iR EFEH,Tﬁ
PER T R TR KRR R, Wﬁhﬁﬁ%ﬂ“
S 1 mmol - L B D) 5 4100 i) T~ 5 0 0 AR 9 8% L R
%LH(ZU“E’J%/J?%%HMHJE“E%ﬁ%?zfﬁgﬁ
A TR DL 22 B 2F F0FT B R PGPR 418 Y 1 751 kb B
FH5 B BAL R B PSS AR T 40.45%
A SR BN T B R R TS T2 Fe A, T SA
JA G NI 48 8 2 05 = wE AR 2R & i, 5 ik
i 0 1 5 7 4 VR RO — B
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