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Effects of Bio-fertilizer of Rhodotorula glutinis and Bacillus licheniformis on Kidney Bean Growth

XUE Fei-yan, ZHAO Xiao-meng et al  ( College of Biological Science and Engineering, Beijing University of Agriculture , Beijing 102206 ;
Key Laboratory of Urban Agriculture (North) of Ministry of Agriculture,Beijing 102206 )

Abstract
Restaurant wastewater was used as raw material for Rhodotorula glutinis and Bacillus licheniformis fermentation. As basal bio-fertilizer, the
effects of R. glutinis and B. licheniformis on kidney bean growth was tested. [ Result] More than 10 g/L of R. glutinis biomass and 950 U of
amylase could be obtained respectively. In the pot experiment, both R. glutinis and B. licheniformis promoted the diameter and inhibited the

[ Objective ] The objective of this study was to test the feasibility of converting restaurant wastewater into bio-fertilizer. [ Method ]

height of kidney bean plant during the cultivation. Different effects were found with different doses and different proportions of the mixed bio-
fertilizer. Maximum promotion effect on plant diameter and minimum inhibitory effect on plant height was observed when the ratio of R. glutinis
and B. licheniformis was 4:1 and the dose of mixed bio-fertilizer was 0.2 g in every pot. [ Conclusion] The mixed bio-fertilizer of R. glutinis

and B. licheniformis promoted diameter growth of kidney bean, which could be used as bio-fertilizer.

Key words

T AF R R AR 27 A RIAR 24 1) DR fd S, A 7 it BT it T
Ko Bt L S ORI A 7 ) BRSO A 7 BRI AL G H
R O T B A SRS A S
B AN, TF R AT UL G A2 AR A I (R ol 2
T MIIER) R Al AT 54 2 R Bk gE ki 2 — L vk
PINCRL S TR NE BRSPS A K ) (45 2590
PR AR TR B T O 5E) , T LASE i AR AR o4
A ZNEAHE 578 i dok 35 55 DIMYE B2 i % 20 7 s 4Rl
R

HA ZEAIAT T ( Bacillus licheniformis ) PRI AT DA 7= Az 2E 461
BARSRIHOEERE ™ R A RE T . A PFE R,
BHA A Z RS W G R R VR A K 1 RE
J1o DT, 4 32 AR MR TT R BE S i e 0T T
BWFFEFH KL EERE ( Rhodotorula glutinis ) ] UL FH S &
IR TER K TP K RN B K S A ALK R i € N
TR B FR T R AR R A S 25
( Phaseolus vulgaris Linn. sp) 24432 5., J& SR/ N2 3R AE
Wy, R EAT R B SR (AN S T (E T A2 B AT TR =2 A
BRI o SRR AR R SR 21 I R AR It 1 K
A A= WY RE R IE X R4 B AR KA — s e A T ik il

HEWMB twv#Edm ERE45 A (KM201210020009) ; 4b 7 46 F
A 457 B (2013D005021000003 ) ,
EERNT BEE(1982- ), &, RBEZEA,HH, HE AFLY

FReRAR KA
F 7M.,
2014-04-10

w i RAEE, TAI, M, NF Ay

WimBH

Rhodotorula glutinis; Bacillus licheniformis; Bio-fertilizer; Kidney bean

B HE— RS T AR I K A DR i S I 3R K A
A ZFAAT TR S A AT TR VRS L BHR & TR I X 25 T2 48
FAH E R A, LU A Y IE R R AT ST R LR

1 #R5H*

1.1 ks

L1.1 BBk, BEistRG 20 MesE | oA 28 AT B i 4h B AR 43l
P b sl TR 2 1R A 8002 i Ay e [ 7% A B E e, S5
FERR R K 2o Z2 R YAk e R A A TR bk

1L1.2 XSGR, digl SRt i 425,

L1.3 I53REE, ARELmE R 35 37 35 4 W ok 4 4 b 40
/LR A7 /LR 2 o/L, LK GMMREE 1.5
g/L, BRI 1.5 o/ L BifR%% 2 ¢/L,pH 5.5,

WA ZEAUFT A P R AN EARS oL, 4R
LS /L bRy 1.5 o/ L, 848N 3.5 o/ L, A% HE 1 o/ L,
RS 4 3.86 o/ L, il — 549 1.32 ¢/L,pH 7.0,

R KA A st B A fr ik, 2kl oK 43 2 BT A
J% K53 SR 5% A0 (IR pH 5. 5) F1 10% F K TER (I
A5 pH 6.5) AR RS IR . KW Ja , 43 R RS 41 FE 0
HA ZEAUAT TR AN PG T R B R
1.2 KiEigit
12,1 RGLLEERE AR T &5 o K R T B2 AE S5 L
K TEE (B 3 L) AT, LA 10% (V/V) S b i 4 ok 21
WERERD I TE R B RE TP, e R B 30 °C,pH 5.5, @it
W5 & W AE Yy LA TR UL (COD) o RIBEZE RS, B0
HAFRIA,80 CHERE 1 /K 4358 4228 R AAE I



3542 G e

1.2.2  HR ZEAEAT B B AR AL il 45 o TR K & T3 R A
5 L R BERECRemat 1.5 L) thiids, LL10% (V/V) e el
HACFEAUFT B AN P (6 R B 72 rp, 4ERF IR 37 °C .pH
6.5, % I 2 2 IV 11 75 B R Ry S . R B iUs
DRI ERY) 80 C e 1 2K 558 42 2% K BEAR A -
1.2.3 RS, BHEBIRE2 ~3 em LIF L3, 5
FIHET 48 20 em A EAR R BRXTRESN, B A4 B N
0.2 g WAL (IR A I RIEHE T 0.5 o/ A AL &) , R )5
TR R 2SR (10 KB/ %5)  FEREE S 25 °C IR R
80% N T/ M= B3, R i e AR R 25 4 o 5 BV 4L,
F L S ok e A

1.3 MEmBEEAZ

1.3.1 COD Mz, ABai/kEREREE LR LERE
COD PR AL i BRI ( < 1 500 mg/L) , F HITH 4% 148
CHH 2 h FAHE R, AR e e
1.3.2 Ay (WS ) M. REEROKYE2 ~3 I, B0
P F AR (S5, e/L) .

1.3.3  SRIEREEE S . 4 E bR (GB8275-2009) A
2 #ER545%H

2.1 FROEBEBHEBEFER  hE 1 ATAL RS R
JHARBHEKEEFES ~ 15 h AT EUER I, &2 24 h 49
HAIA 10 /L DAE . 7ERNLT IR A0 4 300 o9 A AR e
B, RIS FESE SR T B SR T, K R COD ik Ji 2 1l
TFRERaE, K 24 h 5 COD #e ] DAFEAR 35%

16
3 000 I
—— WEERE 14
2 500 —m— A
\é/ilz
= 2 000 U
= 1500 ?
8 6 R
<
1 000 ]
4
500 )
0 0

5 10 15 20 25
A h
Bl1 MOBBEEERER

2.2 MIREGFMATEMNEZEEFRER RE 2 vE, KL
TR A AR B IR K A e 5%, I 24 b J mT LUK 2 3 by
filg 1% 7, - HLB 5 15 5% 0 B) A SE K, b AR 260 TR 7 A= TE Ky
BTG SIS AN, % 8 60 h J5 nl LAsEnz] 950 U LA L, i
FERBESR R BRI R & A RN S, X FERREY
FITES KA ) B A TE R AT LAAE Ay e A A 1 SR
JITIEFE , M0 AT LAV R PR 7 A= e A B T 30 407K A o

2.3 B—HEMNEEEEERNEN & HEKERE
FERGLLIERE RN A 2 FFT BRI B AR IERHS , L 0.2 o/ 251
it 2 A3 T A 7 25 A AR AR, RS SN W R SR
5.8 110 K43 B & AR HLAR = . B &l 3 AT G2
PR BRI A S FLAT TR LA SR — PR T T, XA 24 A i
HEAE T, RS 21 R TR AR 2 25 i A R K T W i, T
DIRE 6% L) b I 4 TR, KRG Z1IER R IE AL A 25 AT

2014 £
1200 s 140
—— TEEE
1 000 —=— B4F al20
= g 0
§ 600 8 =
AL
b o
63 400 "
"
200 2
0 " 0

H
|
no
=
ro
wn
2
N

42 50 60 63 66
B f h
E2 hRFAFELZBERER
T T XS T T A v K A A B S R AT N, 5 X BE A
st A ZEFAT AT AT LAe 52 B i e FRARR 25% LU L

3201 mera
O phersefr
o0l DRRFHATE
E
s 280
o
2.60
2.40
5 8 10
BFiE) f d
B3 B—EEXEEEEEKRHENENE
12 mEak
O $b4ria:
10| O35
g 8
6
-x_é
4
2
0
5 8 10

mFiE i d
4 BFENEEEEHERKGKESHNENE
2.4 BAEEBMEESHAKMER BEIE KL
RGELIRERE A ZE AT RS RN RLS | 23301 EAASR] A1)
FUAS [t AT B R4 T T 25 AR N R 38, A 25 S
TESE 5.8 A1 10 K4 BIAG I G 1 A A dL Aik =i e ri I SA
AL R LT EERE R IE AT B T 25 O S AR K R rh AR A 1
£, YR 0.2 o/ 45, FHE O A A BT ] i3 , R 21 8%
B NS AL FEHAR LAY KA B ., 56 10 SRR I 25 R 5
25 DO B F B 151 9% LA Lty 18] 5B ], 5 i & I
AL E (0.5 g/ %) X2 H G W AR K AR 2E/E R T A M
WEER, ROMA WSS i a e, T I, IR A TR, A
TARNEE K, 5 WAH & BERIRTR 2%, 1 B AT gt S &
BN o FH T 6 T R AT B B R I R A 2590 B I 4 % 25
AR R bR v RS KA R RO, T ELE A e A
H A 2T TR LA A3 3 ol i 500 2 AR S B
M AE R0, 2 g/ AL, R 2T IR B LA SRR A LB o4 1



42 % 12 HRE BaBSbR R RES L ad sk Ha 3543
BZEX BRe:Bl=l:4 ORg:Bl=2:3 ORg:Bl=3:2 mRg:Bl=4:1
4.00 4.00
A BAB 0.2 o/2 B RAHEHELE0.5 ¢/2
3.50 3.50
E E s
b4 b4
al W 2,50
2.00
1.50
5 8 10 8 10
BFE] I d BfE) M d
E5 REEENEEEHERKZHANZMm
BZEX BRe:Bl=l:4 ORg:Bl=2:3 ORg:Bl=3:2 mRg:Bl=4:1
13 13
1] A BSEEEIRE0 /R p| B RSEERIEE0S o/
11 1
E 10
W9 w9
4
B g *—é 8
7 7
6 6
5 5
5 8 10 5 8 10
BFE) I d BfIE) M d

E6 RAFEEMNEEZHERKSHZME

IR, B A X 0 v A i R A P
3 Fighitig

REELTRE RETEA OB K R A e 8 7 T AR R R AR i
REAR K COD R 38 , i A2 FRUAT T 0 8 TR K i e I i 97
A LUK 2GR BT o X R IR LT A ACEF AT i
AGEIAAIE ST, AT LAREA ALK MR L , 90 BR B 75
G SERGRH G (B ) HFRIER TR EE, LUK
SR P A AR R 0 T AR R P A

RGLL IR RE AN AR 2 ST T 7 Ay A 00 T FE B it P T
LA AR I, PR B A I S v A R i A o 2 R
P IR o R IREBE A 2 AT B SRS [0 B A
(] PR 45t T 25 S A PRI F) A T 2 5, (ELXoF L
P PR R R I — BGR B IR . R AL X R AR K
VR BRI T 80— T IE 1 B 5 5 R DG BF 50 o 3K 0 4
ST, RELTRERE A AR I S A AR AR (i
AR B AR AR AOIE ) OV FRARARL T 325 G 4
R RAT I A PR b PR BTSRRI, AR 32 28 H Ao aB ok
AW G E XS AR o AR AR A AR AR A 25 (e R8O, TR
AT ATEIR A TR AE b B IR 21 R 0 L 51 RG 21 8% RE A3
A FRURT R PR FH X 2 T2 000 B R o ) R M)A (8 25 L 2 4 )
(9 BGAESA BRIE B P K™ BRI F T K 4
1 R T A\ S R e rh R B T
25 LA R A I A2 B A B £ T RS T s A
32 B RS 5 LA TR AR R R I b, 2l 5 L0
SN . 5 SIS AT LAE G A= 49y R R i
FR A CAGAEAL A YR AP AR 1w, 2 — 2D iz

PITR R RE R VR FIALER RIS, T AIF 5% A= ) B S o) A e 38
RLEACARIE AR AT AT LA — 2200 A HA U AR
IRERI A= PIERL .

S Sk

[1] 275, B A B ARSI ). R AR,
2008,19(5) ;1158 —1165.

(2] SCUms, SUIER. Ao ERAEIREHIRF IR M AT R[], fe 244,
2013,3(3) :26 -31.

(3] Bfrif, kol , BGHE, 55, A=W BTG A T LR LD RE A= RO 9 e i
AL ). 7 SERE 412, 2010,16(2) 294 —300.

[4] FAHEED F A ,FATTAH Z AE. Effect of Chlorella vulgaris as bio-fertilizer
on growth parameters and metabolic aspects of lettuce plant[ J]. Journal of
Agriculture & Social Sciences,2008,4:165 - 169.

[5] SUJANYA S,CHANDRA S. Effect of part replacement of chemical fertiliz-
ers with organic and bio-organic agents in ground nut,Arachis hypogeal
[J]. Journal of Algal Biomass Utilization,2011,2(4) :38 —41.

[6] 5K38, a5, kb ik, 5. HACH AT IR T]. PE A,
2012(17) :9 - 11.

(7] Bapehll, £35, =5, 5. ZFMAFTEJE (Bacillus sp. ) 10 ¥R A
GRS 4 B R M AR sEna [ ). B SRR A,
2003,9(6) :598 —602.

[8] XUE F Y,ZHANG X, LUO H, et al. Studies on lipid production by
Rhodotorula glutinis fermentation using monosodium glutamate wastewater
as culture medium| J]. Bioresource Technology,2008,99:5923 —5927.

[9] XUE F Y,GAO B,ZHU Y Q,et al. Pilot-scale production of microbial lipid
using starch wastewater as raw material[ J]. Bioresource Technology, 2010,
101 :6092 —6095.

[10] YOLANDA G G,RAFAEL H,ZHANG G C,et al. Lipids accumulation in
Rhodotorula glutinis and  Cryptococcus curvatus  growing on  distillery
wastewater as culture medium[ J]. Environmental Progress & Sustainable
Energy,2013,32(1) :69 -74.

[11] ALPER K,YAHYA L,SERPIL T. Development of process conditions for
biodegradation of raw olive mill wastewater by Rhodotorula glutinis[J].
International Biodeterioration & Biodegradation,2012,75.75 —82.

(F#4% 3634 )



3634 G e

2014 £

F1 BAANRYRELTESEREITR

B K/Na K/Ca Al/Na Fe/Mg
L 1.09 0.84 5.51 1.67
v 1.12 0.44 5.66 1.32
T 1.16 0.48 5.83 1.25
S 1.26 0.56 6.51 1.46
# 4 1.26 0.29 6.67 1.71

B RS | AR TR L 53R
bR TTCRR A, B 235 43 4% BR D b b, R 4 B iz B
B H LS TURR . R DTRR YA R R DT RR A R R o, JRdR
TR TS 40 S RO 400 5 (4882 TR IR M g 2 2 B, ZE KR XA
Jo R 4 3 e M PR GORR A TR RCREE Ji8 RIORS TR ), 7 fi
Wy 0 AR AL 2 R 1, AR E O 208 sUDUR Y . #E
TR T R, A e UL TR X, A AR vl
WAL RA R B RVRRAE . VA A0 IO P LA S A R
PSS , 33X 5 W 0 A 5 A B G 6, G AL Fe (Si Min [ %0
EIMERS TOK B 2 BRI ARGEZ , T Ca Na Mg (1925 25 0]
RERRINGE . — BN DURR 4 ) R A
PEE (T A 4R ) a1 B AR i () Ak 2 b 5 B AL
b K Eh IR TR 2 b b Y TR B LR 5 1 4 3
P2EPE T A B AR T E AR . DR X RS BB 2
72, (E R A3 Bl 0 4 7 25 LB PR, mT A WL RR 4 o
LAk T 18+ ZHOTE AT, 5 R R R A O
PERE . BRI PR LA B (2 3 0 B TR
50% ) KAT (29 5 4 ) TG 20% ) BRIRER 61
(28 Wy BT 1Y 10% ) FURS 49 (AL e A 25
PRI RS A S, 2905 8 LY B 10%) K
FM Ll S KRR SRR (E 1) 2, %X
TR Ca Al FHXT & 4, Na 75 it , Mg K & it 5 KB
FERBEERIAGE: B TR MR 5 kb
T2 AL R B (B Ca Na B B) , 8 - FHS A X
b, M R IE R SRR 2>, 3 KR 5 i 5 il
FERETRIEA-FOTUS B4, RH A R A
Ca.Na JGZ, 1M Na Gk, i Ca &4 TUIRY + , R IX
TR EZERS (AT TS a2, Ham Rz s

Kigihig, Ca a5 I WA KR, Mg (T HE 1 EOR, Al
Hil Fe ST RoRE 7 55 , Wlook FRUR Hh =X B 2 4 BRAES HE AT FRK
DU AL Al s 4. X 53R TAE 1 BoRmERAA & .
3 Zit5itie
(1) 383 XK T Sl [RAL BB RUTRR ) i T R
SAHTRN CIA TF5E & B, W58 X P, 8 KL BEAR A 3R T i 3
RIEVF R E R, A KA AL TR0 9% B Be (B Ca Na
FrBe) , A A A5 , 3 290 B i B XA T i i T Ak 2 XL
s KRR CIA RS e 1 A7 WAL I R E, 7 vl B
CIAfI%, FIEAT T B CIA WA i 45 , BA T () Ak AUkt
5 AN R AR T N TR RS B AR R R, k2K
A2, XU IC R ST R N FRR AR .
(2) KB I E b 2 2 ma TR W 0 2R & i, BT LA fig
Pl FHOCER & it LU IE T2 KU A FH R 55 09 T, SCh
VYT BB KT (R 7K Bl 7 454032 N T 38 36 400 1) 53 T gl 2 — A4
HAVGHIE . BRIGZ AN, OB HLIE FEREE U 5T 9 4 384k
2 T A A AR TR DURR X A 1l R OK 8 B Y
W SUURU 0 7 7 B BB 05 DR B9 T AT
B TR TPRIUBIA MRS, 7T H 5 A A6
BRIAHRA B K R i B R S R
S Lk
[1] NESBITT H W,YOUNG G M. Early proterozoic climates and plat e mot i-
ons inf erred from major element chemistry of lutites [ J]. Nature, 1982,
299.715 -7217.

[2] XA A, R, . IR T 7 kR R R 576 H e
BT ] K ERRHFT,2008,15(6) :200 —202.

[3] ZERAA. (P77 - FRENIE) 1:20 JT XK eI AR5 [ R HiEE
ZAKSCHITRA , 1984.

[4] XAeE. 3 E SR M. U RlE L, 1985.

[5] R MESEE , 5REE, 5. AFHES R CIA) REAEFs e S
AR ]. R, 2003 (4) :539 - 543.

(6] B, R, FUIER. JORRSE M e [ M. dus B iR
200414 - 17.

[7] ¥rll, M. R L SRR e SR R T 5= L) ] D
[ S ERPYAIHIT, 1999,19(2) 19 -25.

[8] B~ ZEMS, 2ot e, 5. R N N8 2 A AL HER (b
BFFE L], HiEk{E2,2001,30(4) :402 —406.

[9] #~1ll, JUNG H S, Z5M5e, %5, 35 EY T 555 E keum, Yeongsan 1.
TR s M AARHEL T ] HoBRkA b, 2004,33(1) - 99 - 106.

(L4335 3543 W)

[12] Lol (. 255 E AR B R EIFN (] iR,
2013,38(1) :75 = 79.

(13] FHIG, B katle, T4 47, 5. BERIR LA A= DB IR B 5T
[J]). ea5441,2013,3(1) ;36 —40.

(14] ToRAE, SNy, TN, 2. i/ T (A RSAL BB P i RE s 7R 2 109
R[] TSGR, 2013,25(4) 1361 —365.

[15] =55, 00 . HORZFAUAT B A RS 7R EE AL [T ). el )
= 2009,37(15) :6862 —6864.

[16] 2201, EHBEZE SRS ATEEE A BRI M R ] 22
HorllRl,2010,38(28) 115075 — 15076.

[17] YANG J T,LIU X Y,SHI Y. Effect of different mixed fertilizer on yield,
quality and economic benefits in Stevia rebaudiana Bertoni[ J]. Advance
Journal of Food Science and Technology,2013,5(5) ;588 —591.

[ 18] ZERMe, Wb, XIH i, . 2 AT RERD IS TR AR Ay 52
[J]. BE5EER,2012,32(3) 165 - 69.

[19] =28, ADra BRI ERON ORI [T ] Bl AR,
2010(1) 112 -114.

[20] B, THER. KO o =5 M= B[ 1], Koim
#1%,1995(5) :9.

[21] skl K5 RIRM S A \E S RS oE [ 1] Ll
FAFAT,2013,33(6) (488 —492.



