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Effects of Streptomyces 702 on Seed Germination and Seedling Growth of Rice and Soil Microbes
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Abstract ; Soil microbes and their metabolites may influence crop growth. A pot experiment was conducted to investigate the effects of Sirep—
tomyces 702 and its metabolites ( Ag—antibiotic 702 ) on seed germination and seedling growth of rice (Spring No.1) and soil microbial flora.
Seed germination and radicle and bud growth were improved under low concentrations of Ag—antibiotic 702. With increasing Ag—antibiotic
702 concentrations, amylase activity and protein contents increased at first and then decreased. In addition, root vigor was enhanced, while
sugar contents were reduced by the Ag—antibiotic 702. Additions of Streptomyces 702 agent tended to decrease soil bacteria, mold, nitrobac—
teria and nitrifying bacteria, but significantly increased actinomycetes and aerobic cellulose decomposing bacteria.
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PE AP TE AR B A AR ) N A TR DN
i, i NG e EAT B e AR AR I, 54067 BT AR 14 H]
TNEFERD, BATRRE DR e FI ™ BR800, A= B i 4k
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1 #EITE

L1 #4#4

PSR TR B - 55 B T8 702 (Streptomyces 702), 43 B
FVLPG LMY AR e A A 150 i) 4 vh

I SR A T IR S AL 33.54 g-kg
R 17.88 g-ke BHE A 112.9 mg-kg™ AR 21.8
mg kg™ A 87.5 mg ke, pH {H 6.5,
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1.2 1 702 7K FEFFHE & HI 700

FH 3% 0 AR B K R Fp T R THTH B 90 s, TG
KR, 30 CTIRFMEZE 48 h M Fh 1 & THA —
JEUEAR, &% 10 mL AS[AIHR EE At 702 sl R EE R M 1E
FEILr, AP 702 W BE 4510 2.4.6.8.10,20.30,
50.70.100,150 g+ mL™", LATCTE /K A%s (IR IR, AL
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24 42 .66 h B WEEC AU ALY & 2 5 10 (LA 2F
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A 10 mL HIEZ RS, AZ e 5 2 205 1R
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400 g, 735144 0.4.2.0,4.0 g 5EFE T 702 BRTEFIFEA
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Genemarker V 1.2 8 {4: 4301, B4 7o MK S
MiCA ; Microbial Community Analysis IT1 4% % (http  /
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Table 1 Effects of Ag—antibiotic 702 and GA on germination rates of rice seeds

EBEESH

% ZF 2 Germination rate/%

4 K Name e[ Concentration/pg - mL™
24 h 42 h 66 h
APt 702 0 75.53+2.22aA 75.53+2.22aA 75.53+2.22aAB
Ag-antibiotic 702 2 80.00+3.85aA 80.00+3.85aA 84.47+2.22aA
4 82.20+4.44aA 82.20+4.44aA 82.20+4.44aA
6 82.20+2.22aA 82.20+2.22aA 86.67+3.85aA
8 71.13£2.22aA 71.13£2.22aAB 71.13£2.22aAB
10 66.67+5.88aA 66.67+5.88aAB 70.00+5.88aAB
20 66.67+7.70aA 70.00+£8.01aA 76.67+8.01aA
30 70.00£8.01aA 70.00+£8.01aA 73.33£9.69aAB
50 70.00£3.85aA 70.00+£8.01aA 70.00+8.01aAB
70 71.13+5.88aA 71.13+£5.88aAB 71.13+£5.88aAB
100 36.67+£8.01bA 43.33+10.18bC 50.00+£12.37bBC
150 26.67+4.44hB 43.33x11.55bC 43.33x11.55bC
TREEZE A(GA) 10 80.00+3.85aA 80.00+2.22aA 84.45+2.22a
%2 REHE 702 KR KRS KA B0 L T c
Table 2 Impacts of different concentrations of Ag—antibiotic 702 on ™ 12005' 1
root and shoot lengths of rice \;_0 1000;.
At 702 KOV Ag-antibiotic K K Z 800;. b
702 concentration/pg s mL™ Root length/em  Germinal length/cm E | a
0 3.40+0.18a 1.83+0.08ab k 600' o
2 3.51x0.18a 1.830.08ab R 400*
4 3.52+0.16a 1.7420.06ab % 200} | ¢ .
6 3.75:0.14a 1.90£0.07a S N N N A A A A I
8 2.63+0.25b 1.99+0.10a 0 2 i ; 8 10
AL 702 FyHe )
10 0.34+0.10c 1.62+0.09b Ag-antibiotic702 concentrat—ion/pg-mL™"
20 0.310.06¢ 1.780.09aby B 1 A4 702 X & S FIRTE SRR

R R D 3 RE R M I EARED s RS o

AENE

FHFRIRZ Duncan FOBTE R ZE 154G 122 5 8 2% (P<0.05)

Note: Data in table are mean + SE from three replicates. Data within a

column followed by different lowercase letters indicate significant difference

according to Duncan’s new multiple range test(P<0.05).
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Figure 1 Effects of Ag—antibiotic 702 on rice root activities
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Figure 2 Effects of Ag—antibiotic 702 on diastase activity

of rice seeds
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Figure 3 Effects of Ag—antibiotic 702 on seed proteins of rice seeds

at germination
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oK & B 1 B R S SR 62.66% (52.68%
57.78% .66.24% .38.37% .37.98% , 15 %F BEAH L. , 75 4
AR KR T 37.34% 47.32% 42.22% 33.76% .
61.63% .62.02% , Bt 702 Lk T B I THFE
2.6 $EEH 702 B EFIXKELSEE KR EIER
PEEERE T 702 1 [EMAC TR R 5 398 43 31| 4% o o L
0:100.0.1:100.0.5:100,1:100 1 TIR &, Wbt E
702 XK FEHT AR R R . 25, XTI L,
FEAER R TG [ DY BE R TR 702 XA BT
FEMA, TR R0 T A 0.1:100 B X4l
AR B AR A, YR 5 R SR R
0.5:100 B, Dy bk s EREETE I 9E SRR L AR
R, B, 6fE, TESX MRS T
15.75% .16.53% .1.98% .21.19% .12.50% .35.30% .
37.03%.50.14% .54.91%, 25 5% 8.3 (3 3),

Ag—antibiotic702 concentration/pg*mL™
4 RHL 702 XFFREENE S ERIR I
Figure 4 Effects of Ag—antibiotic 702 on soluble sugar

contents of rice seeds

TERE IR FEYE R N, A TR AR BE Ao, B
BRI, BERETA 702 VRIE R 1:100 XK FEHT Y
PEERE IR 34.17% , 5% FEAH L 22 5 B 3 . KRR
M 585 bR Z — BB AR R R AR, TR HE
AR EESHORRES FIARE FER S 451
TOKFER R, B A RS SRS B ARG R
RS 2, AR 20 B WY RO R 7
FATEE, BN FIAREOT DA S A AR AR T R
3 ATH, SXFREAH HE , AR TR 702 MR A 0.5:100 X [
HRES A 52 A7 B dB 25 5
2.7 AR T ERIE R E M RBBEN T

MR 4 FTLUE Y, 48 = RMeE b, AT 85
TR AERE b AT 5 SR e A AN LR 22, (e WL
P RIAGRE . MEERE A 702 WS P IR R
I A D RN B YA sl D T TR ) R
X} HE A 38 B0 AN -4 e oA 0.1:100,0.5:100,1:100 1
Ab P56 BEORE B, T B R A B R T R T 35.64%

3 HEH 702 XKFEHEEKNFN
Table 3 Effects of Streptomyces 702 on growth of rice seedling

B 77): 13 Microbial inoculumisoil/g- g™

Pl Z TSR Index  of seedling quality

0:100 0.1:100 0.5:100 1:100
¥R Plant height/cm 24.87+0.83¢ 23.21+1.06¢ 28.29+1.03b 33.37+0.78a
MH-#% Leaf age 4.09+0.09a 4.27+0.18a 4.13£0.17a 4.07£0.18a
#2558 Stem width/mm 2.48+0.09b 2.29+0.13be 2.89+0.12a 3.15+0.13a
M-5& Leaf width/mm 3.03+0.07b 2.97+0.08bc 3.09+0.09ab 3.37+0.07a
JEHREL Total oot number 14.96+0.55b 13.93+0.73b 18.13+0.90a 13.80+0.58b
FIHE$L White root number 9.84+0.52ab 7.73+0.54¢ 11.07+0.84a 8.80+0.45bc
K Root length/cm 7.62+0.43b 7.77+0.53b 10.31+0.60a 8.35+0.46b
FEHHE Main root length/cm 5.67+0.25b 6.86+0.57a 7.77+0.41a 7.82+0.41a
@ H Fresh weight/g 31.99+0.49¢ 30.73+0.36¢ 48.30+0.54b 60.53+1.18a
+ 3 Dry weight/g 4.79+0.02¢ 4.98+0.01d 7.42+0.07b 10.88+0.04a
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Table 4 Effects of Streptomyces 702 on culturable microorganisms in paddy soil

#i77: 143 Microbial inoculums:soil/g- g™

W REFRIHAE W) 2 FR Name of culturable microorganisms

0:100 0.1:100 0.5:100 1:100
217 Bacteria 5.33x10° 3.43x10° 1.70x10° 5.17x108
TR Actinomycetes 2.0x10° 6.17x10’ 7.75x108 9.45x108
2 Moulds 3.5x10* 2.17x10* 4.9%x10° 3.12x10*
AT Streptomyces 24x10° .38x10° 24x
HEFETE 702 Streptomy 702 0 5.24x10° 6.38x10° 1.24x107
FALAN# Ammonifying bacteria 4.22x10° 3.63x108 3.58x10° 2.98x10%
WEAHAL AN Nitritebacteria 9.04x10? 1.56x10? 36.00 96.00
T fLAN T Nitrobacteria 5.43x10°* 4.67x10* 4.6x10° 3.83x10*
JHALANES Denitrifyingbacteria 4.22x10° 3.63x10° 3.58x10° 2.98x10°
ISPk A A [# % Aerobic nitrogen—fixing bacteria 6.03x10° 1.82x10* 3.58x10* 2.98x10*
N2 R Anaerobic nitrogen—fixing bacteria 3.47x10° 78% 93x10° 3.62x10°
PR H A AR A bic ni fixing b i 3.47x10° 7.78x10* 3.93x10° 3.62x10
WML 4EE 53 18 Aerobic cellulose decomposing bacteria 49.7 2.07x10? 3.32x10* 4.26x10?

49.52% .90.30%, T]EFREZ AT BIREAR T 38.00%
86.00% ,10.86%, RI¥EFEMR AT HFE R T 29 200
£ 5000 551 7000 £% . HEEE R 702 19 BEC 5 b T
BRI AT ELY 0.85% .0.82% . 1.31% 5 28 AL A TR 53
HIFEAR T 13.98% .15.17% .29.38%, VA ALA0E 5357
FEAIL T 83.43% .96.02% .89.38%, Hi§ALAHE 4 I BEAIE
T 14.00% .15.29% 29.47% , S GisAb 40 i 43 S AR 1
13.98% .15.17% .29.38%; TiF <M H A= [ A3 3 )
PEim T2 245 5 A5 4 4%, DRA B A TR 2 i 4
T2 21 % 112 5 A 103 15, i MR LR 4R R R A
Ay RIEEE T2 3455 5N T A5

R gE UL AR 702 A A ) 2 RIAEAE
MEAER, $5 T HEhshk A KA E RN E
A W OB TS T KRS A SRR
2.8 TIERIAEY T-RFLP 43 #f

R 5 AT A, Sl AP f 65 1 702 0.5:100
+ B4 Shannon—-Wiener 23850 (H) N 3.17, 5
CK AH ELE i 34.89% , 3% (D) HIH CK /)N, Ui B %
FETE 702 BEIEIE—LURf AT sl AR AR A S 1 A 1 1 A
Ko MAHBIEECE 2 BE RS A 702 43 148 5 CK
2SR Ui W] - S I 4 il Atk T AR Ak

Bl 5 6 o 5K AR E AT B E ARG AN B R

GERFR . XD T, A BB R R 702 Ak B
PP 2 IEARSC R AN TR LR A 45 T L D BE T A i
W, HLUA 45 A RE TR 3, #4240 1 D RE R AN [R) 23
A5 KK

(DBRRIEIN, T2 ALFE I ARBREAT 1 i I el

(2)BREIEIN, E2A LLERVEJE Il K 5,
IR AFAE— L HAT AT T B T, EL AR A 21 2 2% ik
LR YERR |, MR B TR A T 12

)RR, AR RN 18 A AR s, B
A TEACAE TR AT B8 AN A R R

(4) g7, TR ERES S L
B FRACERS, RIS ZERA RN % R s —E
TEM.

() #it 18 , A 4 1 22 O 25 T T s A 2K 25 J AT
& o

3 itig

A 2, AR B AT 702( <6 pg-mL™ )R]
IKFER T B A A PR AT b Tl AR MRS R AR
I 1R bR T, R AT 702 WREERY T
FESCGRBU A IAVE o i 268 o 35 o5 v 8 1 5

xS HER 702 XMKTELIRRBEY SRR AL

Table 5 Effects of Streptomyces 702 on biodiversity and similarity of paddy soil microorganisms

e Soil
IR Soil type number of fragments  number of fragments

i B B Total B Significant ZHEPEFE % Shannon— o Berger—
Wiener index(H )

Parker index(D) FALZEL Sorenson similarity index

CK 11 1
HEFETA 702 0.5:100 26 3

2.35 0.164 1 0.52
3.17 0.095 0.52 1
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BUTES: A5 BTN 702 XKRRR TR A A K IR IR R 859

_|— uncultured_Limnobacter_sp._De219:0.087
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Figure 5 Phylogenetic tree of bacteria in control soil
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Figure 6 Phylogenetic tree of bacteria in soil treated with Streptomyces 702 at 0.5:100

T ER 3, 5 Mukherji 8% P, 1M
HP RS PR v 0 A i R AT R R AR R B A B 702 T
PEEUKFNIEAREER . B S EMAEIFR AR
R BEAR BT 702 WIREIR 1K FEHUA AL RS, ATl
FLARA S INE 2 L ) A BE R AT 702 45 T KRR
BT, SRS 5406 TIA TR /N AZ 41 R R i)
SEUUMEAT, IR B4 T R R AN RS N #E B 1 702
BUE TARSUAE Y X R A G, WF9E R B A 2 TR
702 $E1m T RHER AR SR L A B, BRI T AT
Fr L R, 5 R KR SR A IE 45 R — 20

X HE RSO BRI AR I R B, & A fg
AR A, S RAPLYI I 5 R
R IRIR LR 2 2 A AT 1) 43 i VR FT 77 A 2
AAVERX R ERAE Y AR BT T AR
e R B AR B 702 B R & Ak g B A Al FEAR T
13.98% . 15.17%F 29.38% , (&A% LA K, AT BES |

(IASFINE /N o A AR 40 B8 RN i Ak 200 1 5 LA ) A
FEAE R H AR AR E IR PR AT e i — 3R (HJE X
ARl Az 7= 3 SUARTR WA FH A (O BSR4 &) Bt R
IR ATLIRT ¥, DT R E AL ) ) R 232, o Dy ™ B
(A5 RS K AR B & 8 IR AR I T SO e 15 e o it A B
BEPE 702 FT LAAT R AT A £ 20 17 IV A £ 40 TR 7 5
i, JUHUE RS IE AN T 43 IR T 83.43% ,96.04% |
89.40% , T K LL A, AT 800855 1 - 38 i fir £k
YER, Bl IR R R EFRRUR AR F LA A
TP | i A 0 T R AR s ER B OR TR A1E
FAM A=A RN, AR e v — 1A P A A7 A o
KRS JFEZS RAC Y IR IR o il ABEES R 702 A Kb
PRIE T 3 A AR B R R A T R R
s, P dr St B AR AR R T 4 2 455
FEFN 4 4%, DA A AR AR 20 5l i 1 21 £ 112 4%
1103 £, th T LSRR B 702 78 3 b FE T LA



860

KA IMERF 217 ERRET IR

R A b AU E D 0 A AT VR i A
Ko HEPEAEE 2 e g R ey . A
5 ELTR (AN IR S, IX e A WX 4T R 1 A )
AL HAT SR S T A BB R L e ke R
MRS T 3 A S AR T A, AR T 4ER
SR F L5380 LN o3 —F BB BE K R ORI A
AR AF A

IR T-RELP 23 & B, S50 AR, Ab
FHA AR 13 oA 25 AR WY B B B RSN, 2P
Ul IR R T 702 A AT 55 SR A W Z A A7 AE A6 A
HAER HERE A 702 REfE kLR SR S H A 1Y
WRERAE R, HAE —Ff 42 i, 2 5 L E IR
HIEER, [FITER AN & E S — e,
o B OB R PR, e T X KRR A R B e i
Y HERE A 702 TR IN— 5 T2 1 ] 13
ORI, S —Jr e I PRI A
TS KR A KA SE R C NS G FR AT 25 18 850
NI R 7K A (478 TR AR T A K A AR 1 o AL
il T RE 2 -

(DBEnEERE T 702 BUAR RS et T H8A
st (A BRI I, IR S R R A T RS
A, DA Jorn s - 338 v A SRy ik AL 20T S5 AT LIS 0 i
Al 0 T LSRRG S AR TR TR R
BIARCPE, S T I AR YITE A B R vl
PR AR R A A AR 2 TR
HKEH.

()5 i SR B , 2 -3 Y X R i ™
AHUER Y REEHUEEEEHUE M HIARPR Y
o B A A, B R G SR AR R B SO 1R

(3) A A K R WEINE-3-Z B2 (TAA ) BREIAEY)
FAR HERE B SR PR AR R R, YR,
XF A H A, 1E0 Ortiz—Castro R 25 30 & /i filp
IR,

4 #ig

R BEAATT 702 (2 HEKAERI -8 K JARFIZF Y
A R RS 1 o MR TR 1 L R
TRRAT 702 WeBE AT e TR I . MR R 702
BRI IR 1 98 M5 R A o A2 e 5, 3 T R
ERTR R 5 WA T A Ak 0 T 0 IV e A T ) T
PR T4 UMEER SRR O R K IR DA R A
MR AR AL, I 1 IR IR, 3 98 T KA Y
TR, e KRS AR o ARBT 702 XK R

i & BAT AL s T, O™ A B BE B 18 702 X /KA
AR A S R G T

S k-

[1] Xiong Z Q, Zhang Z P, LI J H, et al. Characterization of Sireptomyces
padanus JAU4234, a producer of actinomycin X2, fungichromin, and a
new polyene macrolide antibiotic[J]. Applied and Environmental Micro—
biology, 2012, 78(2) :589-592.

R =, SR, WG, 5. BT 702 PTECTETE M I ()], TLFE AR
b K224, 2009, 31(6) - 1127-1133.

ZHOU Yun, ZHANG Zhi-ping, TU Xiao-rong, et al. Determination of
the antifungal activity of agricultural antibiotics 702[J]. Acta A gricul—
turae Universitatis Jiangxiensis, 2009,31(6).1127-1133.

(31 B, 5. KHPO, FIT 85 20/ N A1 2 2 Sl A= I
AR [T]. FhF, 2001, 4. 19-20, 25.

TANG Ju—-xiang, FENG Yan—fang. Effect of KH,PO, and penicillin on
the germination of wheat aged seed and the growing of seedling[J]. Seed,
2001, 4:19-20, 25.

(4] IMFAE. T RER X/ NE RN T RS RSN A 2 ()] A A 3
iEif, 1990(5):32-34.

SUN Cun-hua. Effects of penicillin on seed germination and growth of
wheat[]J]. Plant Physiology Communications, 1990(5 ) :32-34.

[5] Mukherji S, Wareing P F. The effect of penicillin on the levels of en—
dogenous gibberellins and cytokinins in mungbean seedlings[J]. Biol
Plant, 1983, 25(3):161-165.

[6] L. 024 HCR T ST Hi Lk ZAWIEFED]. A il
K2, 2002:63-65.

WANG Yuan-hong. Preliminary studies on the 024 -strain of ac-
timycetes and its antibiotic[D]. Zhengzhou: Henan Agricultural Univer—
sity, 2002: 63-65.

[1F K ¥, 2% AR, 55 BERET 702 KRR KRR % B Y

AR BCR Fh T 2 AR A ] LA R, 2007, 35(7)
1969-1970.
WANG Fei, TU Yan-li, LI Biao, et al. Studies on Strepiomyces 702 fer—
ment solution restraint of rice seed—born fungi and effect of seed germi—
nation[J]. Journal of Anhui Agricultural Sciences, 2007, 35(7):1969—
1970.

8] Wettimm, £ K, A, 5. SRR 702 K EERO $ 5 KRS R Tt
ISR AT SELT]. T3, 2007, 26(9):39-41.

TU Yan-li, WANG Fei, ZHAO Wei, et al. Study of Sireptomyces 702
fermentation liquid on enhancing storage endurance of rice seeds [J].
Seed, 2007, 26(9):39-41.

[9] Morrissey J P, Dow J M, Mark L, et al. Are microbes at the root of a solu—
tion to world food production[J]. EMBO, 2004, 5(10) :922-926.

[10] Furnkranz M, Muller H, Berg G. Characterization of plant growth pro—
moting bacteria from crops in Bolivia[]]. Journal of Plant Diseases and
Protection, 2009, 116(4): 149-155.

[11] Berg G. Plant—-microbe interactions promoting plant growth and health:
Perspectives for controlled use of microorganisms in agriculture[]J].
Appl Microbiol Biotechnol, 2009, 84(1):11-18.

[12] ZEETE, SRIRHE, By 5. 6 BRUF A AR 4 P9 AR 2R TR B s i A= 1 1



B G, 6 BRI 702 XPKRARI TR A A K R SR Y S 861

BIVIE ST, PUALAMAIEI 4R (A ARBHERR ), 2007, 35(7)
131-136.

LIANG Ya-ping, ZONG Zhao—feng, MA Qiang. Inhibiting and promot—
ing effect on plants of six strains endophytic actinomycetes isolated
from wild plants[J]. Journal of Northwest A&F University ( Natural
Science Edition ), 2007, 35(7):131-136.

[13] FB/NI5. 6 BRAE B AT A A 2 T P e B T VE FH ST [D]. 3l
FH  PHILAHRBL B A7, 2005.

GUO Xiao—fang. Studies on biological characteristic and control effect
of six strains of actinomyces against target pathogens[D]. Xianyang:
Northwest Agriculture and Forestry University, 2005.

[14] Jrhik. AEFRIEET kM. Q65T v Ol i ikt 1998.

FANG Zhong—da. Plant pathology research methods[M]. Beijing: China
Agriculture Press. 1998.

[15] AR BE LS. FFS s + 508 B v B3R 00k W2 B WF 52 (D). B
AP EEZG R, 2010.

LIN Gui-bing. Research on microbial population structure on soil suit—
ability of salvia miltiorrhiza origin[D]. Chengdu University of TCM,
2010.

[16] BAPE4:, REA IR, IRIEI 42, 5. GEALTE 702 BIARPT DL HAL /)

DZP-8 il DZP-9 {7y B alife 5l (1], 7R A FL2#, 2011, 38
(16):4-7.
WEI Sai—jin, XIONG Zhi—qiang, TU Guo—quan, et al. Isolation, purifi—
cation and preparation of the antifungal monomer DZP-8 and DZP-9
from Streptomyce 702[]J]. Guangdong A gricultural Sciences, 2011, 38
(16):4-7.

(17148 & A4 A 2 S B4R M)
151-153.

Z0U Qi. Plant physiology experimental guidance[M]. Beijing: China
Agriculture Press, 2000:151-153.

(18] BRaltih, EImeie. A4 A Bl L0 R F M), . ) AR R
3 HTHE, 2006:55-56.

CHEN Jian —xun, WANG Xiao —feng. Plant physiology experimental

A6 R E RO H R AL, 2000

guidance[M]. Second edition. Guangzhou : South China University of
Technology Press, 2006:55-56.

[19] E 2, WAL, 25 Dl i e g B 1 A T[] R T,
2009, 23(3):40-41.
WANG Xiao—ping, XING Shu-li. Determination of protein quantitation
using the method of coomassie brilliant blue[J]. Tianjin Chemical In—
dustry 2009, 23(3):40-41

[20] KR R, BEARE, /N5 AR AR R S R M), Jb et S

HiRkE, 2009:30-31.

ZHANG Zhi-liang, QU Wei—jing, LI Xiao—fang. Plant physiology ex—
perimental guidance[M]. Beijing: Higher Education Press, 2009:30 —
31.

[21] L 3ERCE YRR 2 H ] 3EECE Y IRk (M. 14535, sk, 4
IS B, S5, U Rl AT, 1983:215-220.

Microbial Research[Japan]. Microbial experimental method[M]. YE
Wei—qing, ZHANG Wei—qian, ZHOU Peng-li, et al translation. Bei-
jing:Science Press, 1983:215-220.

[22] {5l 25 . ANTR] L3 AE 7 Kt HE A B2 A XU FH S8R W AL
[D]. B3 & TLRG AL K22, 2013,

NI Guo-rong. Characteristics of soil microbial under different fertility
and fertilization systems of double cropping rice field[D]. Nanchang:
Jiangxi Agricultural University, 2013.

[23] Mukherji S, Wareing P F. The effect of penicillin on the levels of en—
dogenous gibberellins and cytokinins in mungbean seedlings[J]. Biol
Plant, 1983, 25(3):161-165.

[24] W e, 5406 Ji 2R T X /N2 4 v F 5 k)
2006, 27(2): 150-154.

ZHENG Rong. The effect of 5406 actinomyces on the wheat seedling|J].

SOl KRk

Journal of Inner Mongolia A gricultural University( Natural Science Edi-
tion ), 2006, 27(2):150-154.

[25] Jal 7k, MRS, B K, A5, A B R BV P TR st A 2 1 1

ROV[T]. PEALAMBI R 22 (A SRR, 2008, 36(4): 143
149.
ZHOU Yong—qiang, XUE Quan—-hong, YANG Bin, et al. Adjusted ef—
fect of inoculating with  biocontrol actinomyces on microbial flora of
watermelon rooting zone[J]]. Journal of Northwes: A&F University
(Natural Science Edition), 2008, 36(4):143-149.

[26] # 4 5, WA DT . ALY AR S 4540 S5 PO TELT]. AP B2 3,
1995,25(1):1-3.

DONG Jin—gao, HUANG Wu—fang. The morphological structures and is
a series instance in plant[J]. Acta Phytopathologica Sinica, 1995, 25
(1):1-3.

[27] Burdman S J E, Okon Y. Recent advances in the use of plant growth
promoting thizobacteria(PGPR) in agriculture. Microbial Interactions
in Agriculture and Forestry[M]. Calicut, India:Science Publishers Inc.
2000:229-250.

[28] Ortiz—Castro R, Contreras—Cormejo H A, Macias—Rodriguez L, et al.
The role of microbial signals in plant growth and development[J]. Plant

Signal Behavior, 2009, 4(8):701-712.



