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Diversity and plant growth-promoting characteristics of
drought-tolerant actinomycetes in rhizosphere of maize in
Panxi Plateau, China

LI Sisi!, QIN Leitao'!, CHEN Yulan'?, LIU Dongyang?, CHEN Qiang!, WANG Yong*?, GU Yunfu"!

1 College of Resources, Sichuan Agricultural University, Chengdu 611130, Sichuan, China
2 Sichuan Tobacco Company Liangshan Prefecture Company, Liangshan 615050, Sichuan, China

Abstract: [Background] Plant growth-promoting rhizobacteria can accelerate nutrient cycling
in the soil and improve the structure of soil microbial communities to enhance soil fertility.
[Objective] To reveal the diversity of drought-tolerant actinomycetes in the rhizosphere of
maize in Panxi Plateau, China and screen out plant growth-promoting drought-tolerant
actinomycetes. [Methods] Drought-tolerant actinomycetes were isolated and screened from the
rhizosphere soil of maize in the field with tobacco-maize rotation in Panxi Plateau, China.
BOXAIR cluster analysis was performed to assess the diversity of drought-tolerant
actinomycetes, and 16S rRNA gene sequencing was employed to determine their phylogenetic
positions. The abilities of the isolates to produce ACC deaminase and siderophores, degrade
cellulose, solubilize phosphorus, and inhibit pathogens were evaluated. The drought-tolerant
strains capable of efficiently promoting plant growth were selected for drought stress
experiments on maize seedlings. [Results] A total of 31 strains of drought-tolerant
actinomycetes were isolated and identified. BOXAIR cluster analysis revealed that these strains
belonged to Streptomyces, Nocardioides, Tsukamurella, Gordonia, and Amycolatopsis, among
which Streptomyces was the dominant genus. Among the 31 isolates, 25.80%, 32.25%, 9.68%,
and 74.19% could produce siderophores, solubilize phosphorus, degrade cellulose, and produce
ACC deaminase, respectively. Strains SICAU-37 and SICAU-70 exhibited inhibitory effects on
the pathogenic fungi Magnaporthe oryzae, Phytophthora nicotianae, and Cercospora zeina,
with the ratios of the inhibitory zone diameter to the colony diameter being greater than 2
against all the three fungal species. Notably, strains SICAU-37 and SICAU-70 with prominent
plant growth-promoting and antifungal properties were selected for drought stress experiments.
Upon identification, these two strains were determined to be Tsukamurella tyrosinosolvens and
Amycolatopsis dendrobii, respectively. Under drought conditions, SICAU-70 effectively
promoted the growth of maize seedlings, increasing the plant height and fresh shoot weight by
9.44% and 33.42%, respectively. [Conclusion] The fields with tobacco-maize rotation in Panxi
Plateau harbor diverse and rich plant growth-promoting drought-tolerant actinomycetes, which
have application potential.

Keywords: plant growth-promoting rhizobacteria; drought-tolerant actinomycetes; diversity
analysis; drought
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HICEN TR R, TREMT, EYPE
AT M3 R, IE R AR A A A A T B A
W, mEY AR REPY, GURRHT
BIG T RS e, BRI T IR ER,
FEEM ZE TR, R 7Y Z BT
SIS

8 W HR B A2 4 T8 (plant growth promoting
rhizosphere, PGPR)Z&5—KAEM 515 FHYR
FAHEAE IR A KD . el
B AR A ) A A B R 400 T s D T, 7 4 e A )
XA ) R A P il aE (A A2 1 R HE T E AR
FRIOT, X007 S BRI 2 i 2 REAR T 4%
PR TS E Br i, Bem TH IE PR R
i, %A 5 7 (Pseudomonas sp. ) BE A A3
it NS PESA R B, ek 55 A0 AR ) i A R
FE, DAGE ST 5038 X A8 ) 1F A 3 i i 5%
M, FEELAECIA R T2 e it i o gE R A IR
A (Burkholderia sp.)RE8 i 2 42 =1 ¥ R4 i P A
FUBEHE PE R IR A & 2, $E AR A i .

TE T 5500 $ R PR 855 385 )V RE ) 5T 9 1Y
PGPR ZxUCGEEYIMR bR AE VIR 451, s
TR BT, AT AR B T . sk
PR — R 2 OB A 7, B ik i PR 3
NEETT . (HERIR T TRARSAH ML HZE
FEME A 7T e A1) 2 AR v A i 2 A1 B 1)
WFoE . AR E SN T 2R T /2 B8 8
WM PR AEdME, 7rl)E TR RER
(Pseudomonas) . ZF fFT & J& (Bacillus) Fll H A= 4R
68 121 J/ (Mesor hi zobium)&5 , R Ho it fin e -3 v
YIRE/INZE Syt i A KA R R < W e B
fife £ Ty e 14 B BE 52 A EX AT (Kl ebsiella indiica) il
B [C 2 [ (Shigella. flexneri)iafh 2 55 238 1

p=i

Herh, B R HET SO T 3 R AR R,

SRV b DX HA SR A 5 B A AR
fib, JERGTRFE, FokE Mz ER, £
Zoelasat™, WFoTEE v D P T 2 A
PERIRGUA T O A8, o 7 8 7 M X T 4 T 9 I
JERA o EERE L, WA T m AU
A= TR 3 2 T T RO T B A e A

i R

1.1 &

ACHIF 5T LABE PU b X £ Ae VR A IE B &
KEYRRBR - SEge AL, SR b e Bt LM e
FLVA N2 PR IR (102,339, 26.24°N), Rk
BFE A 2022 48 7 H BA), B EFGH10 I
99 HIIELL 6 5. SRAERFEEFRA KA . o
9 5 14) R FREAL R o 8 SR A AR B 1 A o 37 RV
AT, W FARE, 4 °CLREGE PS5 = .

4> B (5,75 %49 Bk 18 (Staphyl ococcus  aureus)
¥ 95 7% 1 (Magnaporthe oryzae) . 4K B % %
(Phytophthora nicotianae) 11 K FE 1L (Cercospora
zeina) B U 1] A Ml K 27 % 152 6 1y FH B A= 40 2
Pt
1.2 EHRE

R 0 0 P e [Q— 5 AR R R L i 5
TR T A 1 FH & 20% PEG-6000 7 [ —%5
W AR RG220 M E R AR K R T I E R
B A R RSO R AR T A D E
JFH W 2 25 A6 I [ 4K 1% 5% 3 (chromogenic Agar for
Spore, CAS)H, g JCHLIERE 1 i g 1 F 52 4
W5 JCHL B B 55 3 (pikovskaya, PVK)!, £f4E 2
ok ik B 7 e et ISR 21 8 5 080 7 125
FEIR N BE-1-FR IR (1-amino-1-cyclopropanecarboxylic
acid, ACC) i i B fE 1 19 I 5 K 7 4k 4% IR
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1.3 FEAFIFUEE

5% . TIAN amp Bacteria DNA Kit. 2xTaq
PCR Mix, RRAEMFHAL)ARAA, T2
KIETIZER KA, A 2R YT 3R A B
Al B TES . HIRR A, iR ESY
AP A A PR A 7] 5 PCR AL, BUJH BEERE
SAUIRA IR A F]; BERMAR RS, A REdEE
b (EHEABRA A UKL, JbaUE AR TT
HL UK 25 A BR 2 ]
1.4 ERRFEHEENSBESER

I PR 5 88 U A AR 4 B B R AR B4R
o ¥ 1 g FORMPR T IEAE G A BEA 9 mL L
FKI .0, 180 t/min #R 7% 3 h, 5 HA
B 1073, 1074, 107, 5l fFRk—5
BigRk b, BEMEEAE 28 cCEEBEFRA h KE
It BRMEL, KEHHRIOIFE4li1b Bt T8 B AN [
PR TR V% o DSBS RMRITE S . R/, Bl
RN 5T T X & B MR T S e Tt g slifb s
IR IRAE T 25% 0 H i, & T80 °CukHd
i R,
1.5 THEEKN L

FIH PEG-6000 AT 5 BiA 1Y 7 26 i
LA AT . R TR KRS
B3tk 28 °C. 200 r/min ¥535% 4 d IR
W IR 55 R AP AIN 0% . 10% ., 15%F01 20%
PEG-6000, ffill slti2 1% .43 414 0.00. -0.05.,-0.30
H1-0.49 (= [R— S HE R, IR 20 pL A7)
WATE A b, 28 °CHEFR 3-7 d, WEIE kA
KA,
1.6 BOXAIR {5 EER L o4

PRI R— 5 P AR 7, SR TIAN amp
Bacteria DNA Kit $2Ht 31 £Rifit 52 52k 7 19 2L K
41 DNA, 1%3UI5EERE UK, —20 °CIR1F
PL51#(5-CTACGGCAAGGCGACGCTGACG-3')
X RREFT PCR §74#%22, BOXAIR PCR J A

%: 2xTaqPCR Mix 5 pL, BOXAIR (30 pmoL/L)
0.2 uL, #4Z DNA (50 ng/uL) 1.0 pL, ddH,O #b
A& 10 pLo PCR &1 94 °C 3 min; 94 °C
30's, 59°C 30s, 72 °C 1 min, 30 MEFR; 72 °C
5 min. 9732 LUK S0 B Al Ak B R IR R
BEiEAT AR AT I o X T A 1 R Y S5 iR T
o8, BRI NT-SYS HAFE T R
DA ORISR . e, Ok AR R L
AT I ST .
1.7 S FEMFELE

JHF BOXAIR-PCR $54C &3, s U K 1A
PRIHAT 16S rRNA FEEINT o DA ELR) DNA
WAL, FIFHANE 16S rRNA JE[HE H 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Fll 1492R
(5-GGTTACCTTGTTACGACTT-3")#47 PCR ¥
H431, PCR Je A& (40 ul): 2xTaq PCR Mix
20 uL, b FUHESIHI(10 pmo/L)4% 0.8 ul, AR
DNA (50 ng/uL) 2.5 puL, il ddHO #} & 40 pL.
PCR [0 &&1F: 94 °C 3 min; 94 °C 30 s, 59 °C
30's, 72 °C 1 min, 30 ME¥F; 72 °C 5 min, PCR
P 1% B R E Je e Dk Al /5, 22 AR TR
Yy TR () B A FR 2 wl #EAT 00 5 o %ol 5
g AT IR S A3 K20 1 500 bp Y 16S rRNA
FEHFA, 0y Bris )7 51 5 EzBioCloud %14
FE R E kR IFHHET X, T MEGA 11 %
144422 15 (neighbor-joining  method)f4) 7 R 4t &
/R
1.8 REHIEEE AN E
1.8.1 REEENIHINE

VS WERE I e S B P, M
FAREERT 2 PVK AR b, MR- A o i
Pl R 3 T ) R /N A 1 R o P ) T R RE 5 SR
F CAS iM% Wtk gk 8k ae 1y, #
R EERD 2 CAS “Fh b, AR AR o 2 5
RS 0 A 28 AR e P A 11 T T PRI 5 7 R
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A BRARLT 4 R AR I T 2 25 BRI SE P 77 i
175 ACC RIS £ (I 2 B8 Penrose %'
1 AT I A
1.8.2 HIEJEMERNZE

SR FE SV T URF 5 D 30 48 T X9 D L R 11
TRIROR , 76 D88 S 2 0 e 1 o S rp e g
FPEAE 5 mm BRI EDE, HHFERL
PR B R AR, EE 3 R, UESAS
[R— S B IR A E I APEXT IR, 28 °CHEFE 4 d,
WL ZE 2 A5 B B, D0 0 o B ) AR R
J5 L B A BTSSR o SR D I R o i
20 A T AR AT O A, K D A I R R T A
F| LB ARSI b, B D G bk S R+ 4
P LB VAL, B 3K, DM HRSRE
FRXRE, 28 °CH5F% 24 h, WELSE TG IR A
R, 0 R P ) AR O,
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- ERAR B U1l R 2 R AR XA el 7
FBRVEM 2R, FEad 5 mm B, BRAERE 2 kg
FE o T 10% 09 HoO2 B 7 K FP—F-3R 11 40 min,
ZIWKIFVE 2-3 I, R 25 °C. &JE 90%
HEZERP KRB R AR 2 g,
B 1 MR o AR T DU ARl R 27 B AR A X
E R, ] AR PR A AL 3 Y
KB HITE 50%—55%27, b BRLH ol H bR
PRI B E R, [ALL 10° CFU/g Rl
TERERD, SRR 8 Wk, Xt IR M NSRRI K .

SICAU-11 SICAU-12 SICAU-13

1 B E R
Figure 1

SICAU-14

60 d Jal AR AE RGN, WZEM . bRy, fif
RN RS R A
1.10 ZHIELIE

FIF Excel 2021 X8 75801 . SRATHK
fF NT-SYS #A7RAE R R LKL, I
FH MEGA 11 3017 R 48 & B W R . SR ]
SPSS 23.0 i AT B R Jr 2253 BT (ANOVA) .

2 ZREM

2.1 MMEMZLENS EmiELER

H B RMLE 95 tk, Hph I 99
STEAFE] 53 MR, MIELL 6 53 BiAe 5|
42 BRI o« BB IR R AR R 5 A KB
BB 1 PR, BRI R L R R TR A
FAF PEG-6000 ¥ FEHm R— 5 3G,
% 1 fts, 1E PEG-6000 ¥R 0 I, &tk
Bied K, % PEG-6000 WkEFAFHE, sk
B 1Y 2 AR 22, 24 PEG-6000 {3 B 15 2] 20%
BF, AUCF 31 MR RRRBAE G, o KBETF A
10 #£(10.53%).
22 WMENZEOBEAINRESL
LS

2t BOXAIR-PCR J5, 193] 31 Bkt 54k
R REEEE 2), DABRIKY 74.8%1F s
i, 31 PRIk SR 11 > BOX i8stfL 1 o 4
RK2AH, KR4 BRERE, N 10 Ry KA 1,
2. 6. 7. 9 HA 1R, R LARGER, Bl

SICAU-37 SICAU-44

Growth patterns of some actinomycetes on culture media.
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£ 1 AEIRE PEG-6000 & FE2MBEHT

BEPREKIER

Table I Drought-tolerance of strains under different
concentrations PEG-6000 stress

Strain 0% 10%  15%  20%
SICAU-2 +++ ++ + +
SICAU-7 +++ +++ ++ ++
SICAU-9 +++ ++ + +
SICAU-10 +++ +++ ++ ++
SICAU-11 ot ++

SICAU-15 -+ ++

SICAU-16 +++ +++ ++ ++
SICAU-24 +++ +++ ++
SICAU-27 +++ ++ + +
SICAU-28 +++ +++ +++ ++
SICAU-30 -+ e + +
SICAU-34 +++ +++ ++ ++
SICAU-37 +++ ++ ++ ++
SICAU-38 e e +
SICAU-40 o ++ +
SICAU-44 +++ +++ ++ +
SICAU-46 o ++ + +
SICAU-53 +H+ ++ -+ +
SICAU-58 +++ +++ ++ +
SICAU-63 +++ ++ + +
SICAU-64 +++ +++ ++ ++
SICAU-67 +++ ++ + +
SICAU-70 +++ +++ ++ ++
SICAU-75 +H+ ++ + +
SICAU-77 +++ -+ ++ ++
SICAU-85 +++ -+ ++ +
SICAU-90 +++ -+ ++ ++
SICAU-91 e ++ - +
SICAU-92 +++ -+ ++ +
SICAU-93 -+ ++ + +
SICAU-95 +++ ++ ++ +

s KEIRLE; ++ KR + K#G.

+++: Grow very well; ++: Grow good; +: Grow poorly.

11 BRAREE RIS T 16S rRNA JEHY 1, 741
XFHCEERILE 2, BN RGE K FWMNE 3 fr
/N, X 1 RACRERR I A L . BER R R
(Streptomyces) . 2% < K B J& (Nocardioides) |

ZAF EC T & (Tsukamurella) , X% FG B & (Gordonia)
U TCA R 4 B (Amycolatopsis), L 7 #k vk
HEE, HICERERD 63.63%, NILHEE.
23 WEMEENRESMN

ZRIME 31 AR S L AR AR RE T &
B, HA SRR RMRA 8 R, o5 R
PRI 25.80%; HARERE I REHRA 10 BE,
b7 BT R ARG 32.25%; FLA L4 R IR fRAE
PITRHRA 3 R, TR AR 9.68%; HA
77 ACC JRLZBFRE T MR 23 #k, o5 S
RPREY 74.19%, £5-G PRI Sk 2 i 0 e A= g
1, A 8 BRI P A Rl 24 3 Fp & A B4R A
TIRE(FE 3), HA 4 BRI 2R 1 ACC s
B P T 5.00 pmol/(mg-h), iRk SICAU-53 1
ACC Rz fid Y, 4 12.91 pmol/(mg-h);
3 MRyAREAE 18R (D/d>1.50), P bk SICAU-92
B D/d (B Fc i 1.72; 2 ¥R EAT 2 4k 25 B4 RE
J1, HAERE SICAU-37 214 2 [ e 15,
D/d {5/ 1.54, &tk SICAU-2 1 SICAU-37 3
H 4 TR AThRE, 2 PR w458 Bl
B 99, R #k SICAU-37 SA2 A= PEREILE T
Fikk SICAU-2,
2.4 HNER IR EE RN E

XF 31 BRI SR B I R TR T T PR A,
(F4), GREBRA 5 HR16.13%)00 P m =
BT 3 b K DA b I B i RS e vk . e,
Ik SICAU-70 Xof BT A7 A5 F 9 it 1 449 8 /s
FEPUEA . Ak, Rk SICAU-24., SICAU-37
Al SICAU-70 X Rt i 17 . 5598 5 il FOK 2
HE A EAEMEIE R, Hdh itk SICAU-37 #
SICAU-70 X} 3 Ffp Jit L b 1) 400 ol 50 SR e it 5 Xof
FaWEOMERKE, (U5 3 PRI R R R
TR, A BEREE SICAU-11, SICAU-44 Fil
SICAU-70, H: AR #i#k SICAU-70 112 B8 1 et
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B2 31 %MEMEENRLESTE

Figure 2 The cluster analysis of 31 drought-resistant actinobacteria.

*2 MEREKERRERFIILLXE

Table 2 Sequence alignment results of representative strains of drought-tolerant actinomycetes

J& [Lk73 RN /TR R R TR B B 5) AR
Genus Strain Type/Number of strains  Similar strain (accession No.) Similarity (%)
Amycolatopsis  SICAU-70 1/1 Amycolatopsis dendrobii (LC575120) 98.56
Gordonia SICAU-40 2/1 Gordonia malaquae (BAOP01000027) 97.76
Nocardioides SICAU-63 372 Nocardioides albus (AF004988) 97.48
Streptomyces SICAU-27 4/10 Streptomyces althioticus (AY999791) 98.88
SICAU-30 5/2 Streptomyces griseoaurantiacus (AB184676) 98.95
SICAU-90 6/1 Streptomyces jietaisiensis (AY314783) 97.82
SICAU-85 7/1 Streptomyces pratensis (JQ806215) 98.68
SICAU-67 8/2 Streptomyces ther mocarboxydus (U94490) 98.39
SICAU-95 9/1 Streptomyces xylanilyticus (LC128341) 98.61
SICAU-46  10/2 Streptomyces tricolor (AB184687) 99.65
Tsukamurella SICAU-37 11/4 Tsukamurella tyrosinosolvens (FNSA01000003)  99.09

MRS 33 2605 7 Bed) 23 PR 26 L

The types were divided according to the amplified fragments.
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&3 EHT 16S rRNA EEFFMENRZLAER

100  Streptomyces thermocarboxydus (U94490)
SICAU-67 (PP702358)

Streptomyces xylanilyticus (LC128341)
SICAU-70 (PP469637)

Streptomyces althioticus (AY999791)
SICAU-27 (PP702352)

Streptomyces tricolor (AB184687)

100 SICAU-46 (PP479662)

_|—Strept0myces griseoaurantiacus (AB184676)

100
74

71
81

96

100 85 Streptomyces jietaisiensis (AY314783)
100 —— SICAU-90 (PP702361)
- SICAU-30 (PP702354)

100 Streptomyces pratensis (JQ806215)
— SICAU-85 (PP702360)
100 ~Amycolatopsis dendrobii (LC575120)
SICAU-70 (PP469637)
50 100 r Nocardioides albus (AF004988)
L SICAU-63 (PP469644)
Tsukamurella tyrosinosolvens (FNSA01000003)

100|100 SICAU-37 (OR244213.1)

100 Gordonia malaqguae (BAOP01000027)
L SICAU-40 (PP479661)

Escherichia coli (CU928158)

—

0.020

5 RS U R FERATE EzBioCloud HH B 75

9 BT bootstrap fH; b R RN IR IL B AT 4 5 SN R PR b K AT 14 (Escherichia coli).

Figure 3 Phylogenetic tree constructed based on 16S rRNA gene sequences. The numbers in parentheses
indicate accession numbers in EzBioCloud; The numbers at the nodes represent bootstrap values; The scale
bar indicates substitution frequency; The outgroup strain is Escherichia coli.

R3 MWMEMKE™ ACC RREE. B LA%HRIERFEE
Table 3 The ability of drought-tolerant actinomycetes to produce ACC deaminase, dissolve phosphorus and
degrade cellulose

LS D/d ACC JBi 2 i A
Strains Ay Ik B AR e HERE h o4k £ R RE ACC deaminase activity
Siderophore production Phosphate solubilizing ~ Cellulose degradation (pmol/(mg-h))
SICAU-2 1.60+0.08 1.11£0.03 1.31+0.72 1.40+0.24
SICAU-37 1.87+0.23 1.31£0.11 1.54+0.67 5.41+0.99
SICAU-38 1.64+0.42 1.11£0.15 nd 9.92+4.29
SICAU-53 1.34+0.32 1.01+0.14 nd 12.91+£3.69
SICAU-58 1.66+0.24 1.02+0.11 nd 1.20+0.25
SICAU-70 1.284+0.17 1.524+0.12 nd 7.38+1.77
SICAU-75 1.27+0.43 1.55+0.33 nd 0.57+0.10
SICAU-92 1.84+0.35 1.72+0.56 nd 0.25+0.04
nd: RiEH; D: WHEER; d: WEERZ.

nd: Not detected; D: Diameter of the transparent circle; d: Diameter of the colony.
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Table 4 The antimicrobial activity of drought-tolerant actinomycetes

HFikk (HD/CD)
Strain G B (O A PR A et v T S B 5P =Xl
Staphylococcus aureus Magnaporthe oryzae Phytophthora nicotianae Cercospora zeina
SICAU-11 + — ++ -
SICAU-24 - + + +
SICAU-37 - ++ +++ ++
SICAU-38 - + ++ -
SICAU-44 + - + ++
SICAU-70 ++ ++ +++ +++
SICAU-75 - + ++ —
SICAU-92 - +++ +++ -

HD. MHE E#%; CD: W& EZ; +++: HD/CD ik F 3; ++: HD/CD {tifr T 2-3; +: HD/CD {Hi#F 1-2; —: HD/CD

/N F 1.

HD: Transparent circle diameter; CD: Colony diameter; +++: HD/CD value more than 3;++: HD/CD value between 2 and 3; +:

HD/CD value between 1 and 2; —: HD/CD value less than 1.

2.5 TEMEEXN ERGEE K

SRR BT TE AR, R BRI R Y TR A
SICAU-37 MIE#k SICAU-70 JH T E K40+
B BARAR I E (B 4). Wik 5 Fros, Btk
SICAU-70 Kb iy K bk vy A dth, b 35 fif o G5 2%
T HARAL B, BT R A BIR R T 9.44%F0
33.42%; Fikk SICAU-37 AbF Al LA g 4 5 £
KA HBIZEML, BT BRI T 20.86%; FERT
F SRR AT SR T, B SICAU-37 M

CK SICAU-37 SICAU-70

N\

|

1
i

B 4 AHESMEEMEBEREENTREERREE
HILER

Figure 4 Results of drought stress experiments on
maize with two high-efficiency growth-promoting
drought-tolerant actinomycetes.

Pk SICAU-70 Ab 32T+ BB, 8 CK 430311
AT 24.29%H1 18.30%; HLih T HEFE M=, 445
PRI T A BRI JCR B 25 5. BRI, Bk
SICAU-70 Kb PR {2 AR RCR B 3%
3 Wik

SERAMGEAR ST RMEH 5™ E, H
HIA K R AT R PGPR MR fE
Yz 20 T2 aa, mxt i T R AT
I A TR 2 TR P 0T 5 ) £ A iR

52 olp a6 A g AR A R B R R ) AR
RIEAS, L%k 0] 47 5 v B R AR bR s A
PIREIES2L, s AR R, AETRWHa T, 48
K HAN TR BEVE AT B S RRAIG, R
(Actinomycetota) it A X 42 B ) 2> i 2 T B
il 2 AT DR AR B %) 440 L BE 254, T L I AR AT
T TR0 1, RS2 IR AR 1S 77 1 3%
PRAAE SRR AT e T NEVG X £
KRR i e A3 ) 31 BRI Rk, &%,
BT Bl s T 5 R R (Streptomyces) . RO [G
)& (Gordonia) . Z A [CH# J& (Tsukamurella) , 28
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Table 5 Growth characteristics of corn seedlings under different treatments

AbF Treatment CK Strain SICAU-37 Strain SICAU-70
¥R Plant height (cm) 87.96+4.27b 91.27+3.28ab 96.26+2.28a

Hb b £ FE Aboveground fresh weight (g) 14.66+2.38b 17.10+£2.07ab 19.56+1.66a
ZLH stem diameter (mm) 4.65+0.57b 5.62+0.26a 5.33+0.35ab
iR ff B Underground fresh weight (g) 6.68+0.99a 6.11£0.66a 6.81+0.71a
A2 E AT & i Leaf chlorophyll relative content  12.02+0.64b 14.94+0.58a 14.22+0.74a

ANTF NG =P REACERAN [ ) (2351 22 52 (P<0.05)

Different lowercase letters indicate significant differences (P<0.05).

i IS 1 J8 (Nocardioides) F1 #1 TG 4% 1% 1 )&
(Amycolatopsis) . B T2 P dth X KAR F i 52
TR R AL 2R . AR R DA 5 A%
U B3 370 BRI, 3l R B R R
(Streptomyces) . & 2% [ 14 J& (Lentzea) . % [T
1# J& (Gordonia) . ¥} 22 14 J& (Saccharothrix) 11l
oA R i J& (Amycol atopsis) &5 22 M@, Hirpk
e AR 63%, BTIAREE. 5L
WAL, AR R R 7 B 71.4%, %
TR T SR e, iz i T8
M VRN SRR AR S, T R A
FE/ZH, HABSRMIREEE N RE S5,
AT 2 BRI SICAU-37 Tif FE R
ZX K 7 (Tsukamurel la tyrosinosol vens) £ SICAU-70
A7 fRHPLJCA R T (Amycol atopsis dendrobii), i 1
it 5 L A AR A TR A e A BB AT B AR
SRIVIEADIRE, —H W EAEE. gk,
77 ACC iz Bfe 71, It HXTRHENE (M. oryzae)
A 525 7 (P, nicotianae) & A — & 14 il 7
FH o A5 T S22 TR 1 ACC I3 2 T e
T NERR R . RELARPR B R, &
R BT R AR AR BE IPPT, Long A8PY R B
T. tyrosinosolvens BE . & $2 = T - Wil T £ A= 4)
MRk Em A, B TSRS
i A S AL Y IE AL B S 1, PRSI BR HoO, il
Oy, AR TEEEMR R, BRI XS

A6 4 AR AR

TRk TR IR A T PR ) o — L R A Wi T
ERFE WA & Tl A 7= S A iy B 2 4k bt
WY F 2RI, A B iR 2 W
PR SICAU-70 45 B €07 45 K T R R 9 g 1 55
9o i TR 4 AT B AR A . Lay FPTR I
Amycolatopsis sp./F i H BRAZ O A= YA ot
BRSPSl e 2 IEASE, X )
AE/& Amycolatopsis sp.#f 7 B bk 2 A Hi% I &
% . {5 Amycolatopsis dendrobii 7£ T 5 41F K
A AR A 0 FH 1 To iR, 32 A AR AL e AS B

T 5 aE 2 BR A T oK A R K 23 iR R
T REAR I A ZR S R BT, 5 RS S A N S
[F] IS AR 0066 e o TR 45 R BoR
B Bk SICAU-37 Fl SICAU-70 ¥4} T K& i A —
ERME AR, FEEMAEMKES . 22
7T = i1 3 T (T - T g A< ]
WA RARRL, T 5 WA S R N AR LA RE A
BRI A, e deEE X LI g SR
R WS RN AL, T B 5 M6 22 41 v A vk v R
Y. MPEYENRE S EENA i
KFR, WRERWAT AT R ROEE ks
KA, LS N AR A P e Y AR WESE
RIL 2 KR AR A R T Y e B R R R OK )
B A R AR A R, HEDNE T R AR
R E AL B B RS s ROt E R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



A S | B X TORMRBRI 5L R 2 A R e AR AR O3 1203

BATAE T RIPERT, R T TR Z 2
TR, HEPRY Bae FPIE R~

4 Zik

PNEE VG 1l DX 5 1 ) R AR B 4= 4y
BASE] 95 MR, 2t v e 0 0 1k
31 BRTI SR B, f e e A 1k R A TR 4 R
PRI, e 2 AR R e AR I R4k i SICAU-37
Fl SICAU-70., &7 %, FiRRERIRELE T
BEAMET BRI ERNAER, EZET M
8, AR SEEY A K AR AR AN B
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