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Table 1 Mineral nutrient contents of the continuous cropping soil and the organic fertilizers

FE i B 2 HHLBE/ % WA/ (mg/kg)  HALBE/ (mg/ke) HAH/ (mg/kg)
Samples pH Organic matter Available N Available P Available K
#/E 13 Continuous cropping soil 6.58 1.91 155 224 426
# 7P Silk worm excrement 7.82 44.72 30 500 6 200 24 000
s Turf 5.00 40. 25 804 365 80
B AL & B2 W Yeast fermentation waste 5. 60 31.50 22 267 1083 44 833
PRI 5B 4,22 29. 96 45 118 1272 41 636

Monosodium glutamate fermentation waste

1.2 B FE IR

BRBURD 12 Bl A 2F 5 A RE T 50 4% (4.5 em X
4.5 em X 5.0 em) B7CEH RS 1AL 2 N H E S F
SR 4~5 B BB i A B 45 (14 em X 15
em) L AR EME 4 2.5 ke AL BR.

BLita 14 6 41 A W] C T 1 I RE Ay - U e I B K T
W AR CTYMD | U6 ok K OKS & 8% % W &2 e I
(TMM) | 7 V0 e B e I 1 W 2 B AE (SYMD) | At Vb Ik
W 2 e I W 2 T I (SMIMD) | 2 4% Jiti FH - A 4 70 IR
S IR R AR (DSMIMD LA K2 EHLAL IR (CF)Y L 1l
AN BT, FH TC LA IR A 45 2B AE i, DAfR
UEA5 2 IR B NLPLK K —2, e, 4 T
e R NLP VK B4 0.2,0. 03 Al
0.17 gs EB MG . % H i LL S 5 ) Arnon E 3
# (H, BO, 2. 86 mg/L, CuSO, « 5H, O 0. 08
mg/L,ZnSO, « 7TH, 0O 0. 22 mg/L,MnCl, « 4H, O
1.81 mg/L,H, MoO, « 4H,O 0. 09 mg/L,0.5%
FeSO, 0.6 mL/L,0.4% WA 0.6 mL/L), &4l
G A0 AR LB H AN H R K,

1.3 EHHMMERRKIUNE

Sk 25 B AN [ JE Rk Ak B SR A BRI L 43 )
TE 40V 391 46 300 R B 22 00 BBOARE T ok e L 2R L L
B B R ARG AR T DL R A ALY
FENG 2, BRI E YR 10 AR EE A, 0 0 25 2
AT 253 7 (SPSS version 16.0) .
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T HURE I 5 AT AR A R B[R] B s S AR B 8L 32
AR RR S NI AR R R R B AR AR B AR
B 76 R AR AR 2R 1 A B R AR B 498, 2 K 1Y) B
F/NOWCRRBR IR T R . BAHTHIE 10 g

B 3 RE 5 T 4% 90 mL JER /K I =M, 180
r/min, 30 ‘CHEI 20 min; B B B 4 15 B, 70 5l
FEAIE Y R B B RO T A B A R R
BEBTREFEULGEGR SRS, 57
35.28.28 C #5597 2.3 Ml 7 d A4, Gt A
MR B — LR 3 IRER .
1.5 DNA W1REXS RAPD 4 #f

3 SR A9 A0 A R IR 45 4 10 RO
MRBR TR AT, B 100 mg - #E L #% DNA #2 B
& (SoilMaster DNA extraction kit, EPICENTRE
Biotechnologies) [ #/E 15 B ok $2 B + 58 DNA,

UK B 2 RAPD [ BAR R .25 pl [ 5
A H A 2.5 4L 10 X PCR buffer,0. 15 mmol/L
dNTPs,1. 5 mmol/L. MgCl,,1. 6 pmmol/L. H.5]|
e (F 2),2 U Tag DNA BAM LK 1.5 pl
+ 3 DNA, £ PCR {X (Techne, the United King-
dom) ¥ , H MG 544N F - 94 “CHIAZE M 3 min;40 4>

&2 RAPDHISIMHES KFTI

Table 2 Serial numbers and sequences

of the primers used for RAPD

% F 51 GHC &/ %
Code Sequence/(5'-3") G+C content
PS01 GTCCACACGG 70
PS02 TCGGCGATAG 60
PS03 CAAACGTCGG 60
PS04 ACCTGAACGG 60
PS06 ACACCCCACA 60
PS09 GGGCTAGTCA 60
PS10 CTATCCTGCC 60
PS12 GTCCACCTCT 60
PS13 CACGAGTCTC 60
PS19 CGGGTCGTTC 70
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532 45

PEFR 94 CAEPE 1 min 36 ‘CiR k 40 5,72 C FiE
1.5 min; 72 °C 33 10 min, &) ¥ 9 8= W 347 T
4°C, PP YER 0.5 pg/mL EB 4 1. 5% Bl
WHEE e HL vk, H FR-980 Ha ik B8 40 At 3K 14 Al
Quantity One %4 (Shanghai Furi Science &. Tech-
nology Co. ,Ltd. ,China) #47 HL Ik &5 3 43 #7 . LL Shan-
non-Weaver T8 501 F & B A& IE(HAE R oy Hr S50
16 HW=2E5RRSH

TE LY 2R 8 PR 52, DU 7 o &, JF DA 2, 6-
TG T I BRI S AR R C O A R
M Trejo-Gonzaler 251 (1) J7 5, I % BRA 2 19 &

kX 7 5 ST 7 2 5
2 #ZRE5HMH
21 MEHEERRSR

S0 RV DAER U 7 =N N R o 2 Y
T — 5, e Ab DUA R 248k s VR AR L 0 45 2R
WL 1, 7E4E ], DSMM &b B 26 4 57 2 4k 5 i
(14.98 cm). SYM A1 TMM kb ¥ H % z. % K
13.83 cm, B TYM AbEZH Ak, HoAth 45 4 [B] S A B A
BF 2R (P>0.05); 75 2N . SYM &b 2 20 1) °F-
itk (41,6 cm) . 5 HABAI A L, SYM 4%
P T W (P<0.05) 25,

046 Flowering stage

o J 8] Maturity stage
50 c

40

i add g

0 TYM TMM SYM SMM DSMM
AEFRAL Treatments

CF: BHLALIE Chemical fertilizer; TYM: & 2 Bt £ % B 5 W &
RRE IR
WE B Turf plus monosodium glutamate fermentation waste;
SYM.: % Vb B BF e e % i B LA Silk worm excrement plus yeast
fermentation waste; SMM.: Zx Vb bR K§ & W I W A2 ICE Silk worm
excrement plus monosodium glutamate fermentation waste;
DSMM: 2 i i FH 2 1) 72 V0 BRORS & B IR W2 FCIE Two times appli-
cation rate of SMM; & [F] 5 £ , 278 26 57 A B3 A % AH )
L N FR2EFEE . According to significance test (P<C0. 05),

/em

Ty b

Average plant height

e HE Turf plus yeast fermentation waste; TMM ; Jg ¢

different letters at the same column mean significantly different,
with the same letter is not significantly different. F il The same
as below.
B 1 #“ZHNEARPELEANTEHRS
Fig.1 Average height of the plants with the applications
of different fertilizer treatments during the flowering

stage and the maturity stage

NI BRIG , 2 Al W 2h 1 &0 % & T AR [
JE BB o SR VA AT AL AT X 52 v AR B A5 0
(A RE T X6 v AR R 1 A7 18 SRR AT T Se i (B 2)
Hd,CF 4K 62. 5%, SYM F1 DSMM 4 43 5 K
84.0% F1 88. 5%, TMM F1 SMM 4t 3 21 43 5 Ky
70. 0% 1 62. 8% .1 TYM Ak, R 41.3%.

Survial rate

1715 %1%

AEER4] Treatments

B2 &AEARKEGTEESR

Fig.2 The survival of plants among the

different fertilizer treatments
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3 AN TR A A S, BROBURR B - S AR2E W (2
T LB AR D B TR SR . iz R TP DLR
F),Br TMM ZH 41, Ho Al 20 A 40 1 78 SRR 4] 4 o
FEA PR A — B A2 10 B D i 1 AR 3 b Y 20 TR
B (1 X 10° cfu/g) s A6 11 20 B 20 T B 5 il s
SIS, 20 R A B SR B 1T H 5 R R ) R AR
Herp & TMM 41 5 24 3 9 240 T 855 L A 118
TR, B A A b, A 2 Y B AR R B
Aok M4 B 2 AW, B DSMM 20 4b, H Al 41
PR T T K 2 AT 5 AR 9T 21 D] . TMIML 40 19
IR T K5 AT T G Al Ak B AL B A
2.3 RPBR1 1 DNA ) RAPD & #f

S B T 10 FEAMR T,
WA EC 2~9 4. 1B 3 /& RAPD ¥ 34 19 & 43
HIDK P, 2% 2H AE I A 3 DNA 97 8% 45 2R 4y
r(E O BRTEED.SYM 4 1% Shannon-Weaver
TR & B B H e, 2o 1. 68 A 1L 345
SMM # % ) 7 i 2], DSMM 41 ) Shannon-
Weaver $§ 80 £ 5 B & IE(E i & . 1. 31 Fll. 38,
SYM #HiRZ,
24 HEWHFESRR

BRAR™ i HEA R C ORI (1 % 1 a2 4
(XDEMR: 5 CFHMIL, ﬁﬁmﬁmﬂlﬂ?ﬂﬁ’ﬂfﬁgﬁ]
A, Horp, SYM Qﬂmfziﬂil_u,ﬁ\:ﬂ\E
TMM 44 ; B DSMM 4151, HAh & i 4 A= % C &
AR R T CF 415 M Bk TYM 155, BRER 1
FEYET CFA, ARIAN P EER.
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Table 3 The amount of the bacteria, fungi and actinomycete of the rhizospheric soils among the different

fertilizer treatments during the three stages cfu/g
T4 / X 107 Bacteria H/X10° Fungi TR / X 10° Actinomyces
b # 4 4 A AL A 1EH BRI 4y i AEH A
Treatments  Seedling Flowering Maturity Seedling Flowering Maturity Seedling Flowering Maturity
stage stage stage stage stage stage stage stage stage
CF 10.0+2.9a 1.4%0.2a 2.9+0.6a  41.0+5.0a 12.0+1.0a 14.0£0.9a 4.6+0.4a 3.0+0.1a  5.7£3.4ad
TYM 10.0£2.9a  2.3%0.7 ac 5.240.6a  41.0x5.0a 7.6+£0.5b  12.0£0.4b  4.6%0.4a 2.4+0.1a 4.7£0.6 ab
TMM 10,0+ 2.9a 3.8f1.5bd 2.7+1.2a  41.0+5.0a 16.0+1.3¢ 10.0£0.2b  4.6+0.4a 4.5£0.9ab 2.5£0.3b
SYM 10,04+ 2.9a 3.5+1.2bed 9.3%3.0b 41,0+£5.0a 23.0%£1.3d 4.84+ 0.5 ¢ 4.610.4 a 3.5+2.3a 8.840.2 cde
SMM 10.0+ 2.9a 2.840.2ade 5.3+1.2a 41.0£5.0a 5.9%0.6¢ 7.2+ 1.84d 1.6+0.4 a 3.5+0.4a  9.442.1 ce
DSMM 10,0+ 2.9a 3.7£0.6 bce 5.3%+2.1a 41.0E£5.0a 6.4+0.6be 4.1£0.7¢ 4.60.4a 6.5+1.6 b  7.7+1.3 ae

CF TYM TMM SYM SMM DSMM Marker Marker CF TYM TMM SYM SMM DSMM

Marker: & 7 4445 KK 3 000,2 000,1 400,900 (FR3E),600,400 1 200 bp; Al B ¥y 1514 PS13 ik ; A HHME LD
FKAMPR A+ HE DNA; B A48 A S8 il 2 45 4H M8 bR + 3% DNA, Marker: the DNA ladder consisting of 7 fragments, respectively are
3000,2 000,1 400,900(brightest) ,600,400 and 200 bp; A and B were the results of the primer PS13; the DNA template of A was ex-
tracted from the flowering stage of the six treatments,B was extracted from the maturity stage.

3 HHEIRFR T DNA & RAPD ¥ AR 5 B i
Fig.3 The RAPD fingerprints of DNA from six rhizospheric soils

E14£ IShannon-Weaverd§ 5L Flowering stage Shannon-Weaver indies

O A2 Maturity stage Shannon-Weavert§ 50 Maturity stage Shannon-Weaver indies
N FEE B Flowering stage modification abundance
A E B R B IR Maturity stage modification abundance

-Weaverfi 5

modification abundance

Shannon

R

SYM SMM DS
AL BRY] Treatments

TYM

<
w2
=
=

4 AREEKBEEHERBRLTE DNA B RAPD S #H O

Fig.4 RAPD analysis in the flowering and maturity stages from the six treatments
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Table 4 The average fresh weight, vitamin C and capsaicin contents among these treatments

%40 Parameters CF TYM TMM SYM SMM DSMM
7 (R /g
27.4+ 0.7 ¢ 37.5£ 4.0b 44,6+ 3.7 ¢ 60.0+ 1.0d 41.0+ 1.2bc 32.7F 2.1e
Yield(Total fresh weight) @ ¢ ¢ ¢
#H: 2 C/(mg/100 g) Vitamin C 12.27+ 0.12a 15.53=+ 0.42 b 18.27+ 0.12 ¢ 14.474 0.23 d 16.604 0.00 e 8.204 0.00 f

B ZE /(mg/g) Capsaicin 28.4+ 0.7a 30.0x 1.6ac 41.4+1.0d 37.8E£1.1b 31.6%£ 0.4c 35.3%k3.1b
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Effects of different organic fertilizers on rhizospheric microbial
diversity and growth of peppers in continuous cropping soil

ZHAO Ling OUYANG Li-ming LU Xiao-chen

State Key Laboratory of Bioreactor Engineering ,School o f Biotechnology/
East China University of Science and Technology ,Shanghai 200237 ,China

Abstract Using cropping soil (Shandong Shouguang pepper greenhouse) as basic matrix and the
chemical fertilizer as control,five different organic fertilizer formulations with the same level of N, P and
K content were applied to pepper plants potted in soil from a continuous cropping greenhouse to compare
impacts of organic fertilizers on rhizospheric microbial diversity and the growth of peppers. The rhizo-
sphere microbial quantity and diversity were investigated using random amplification of polymorphic
DNA (RAPD) and a traditional plate counting method. Results showed that most types of organic fertil-
izer can increase rhizosphere soil microbial diversity and the organic fertilizer made from silk worm ex-
crement plus yeast fermentation waste (SYM) is the highest one. SYM provides the best results in pro-
moting plant growth,protection of seedlings from damping-off,and improving the vitamin C and capsai-
cin content of fruits. These results indicated that organic fertilizer produced by fermented waste is condu-
cive to the sustainable development of agriculture which can increase yields and quality of crop,improve
micro-ecological structure of soil in continuous cropping.

Key words fermentation waste; organic fertilizer; pepper; random amplification of polymorphic

DNA (RAPD); continuous cropping soil; rhizospheric microbe

(FTAE S 37 . TR & 45)



