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Abstract : The soymilk- clotting conditions and mechanism of the strain SCY1 ,isolated from the traditional fermented vegeta-
ble juice,were studied in this research. The strain was identified as Saccharomyces cerevisiae according to its biological , bio-
chemical and molecular properties;and it can coagulate soymilk at 7 h after inoculation,the optimum soy- clotting tempera-
ture and initial pH value was 35°C and 6. 2. The concentration of lactic acid and acetyl acid in clotting soymilk were
0.099% and 0.098% ( detected by HPLC) , but little endopeptidase activities of the isolated strain were detected by the

method of synthetic substrates. It was showed that the clotting mechanism of the strain SCY1 was mainly the effect of the or-

ganic acid,and the endopeptidase could contribute to the flavor of the clotting soymilk.
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1.1 HR5EsHE

BB ST U1 R 0 s X R ARG B A R
TLGEHINE 1 K B 52 T, FF 5 AR AE T 4°C UK
KRS 2R - (1) 22 3T BUR R 35 5 43l
TN 2% B , 8% 1) £ £k i 4 JC 1 F A AN 3 45
115 (2) BUY 353755 (3) PDA B3R5k (4) 77 8 g
B3 (1 000 mL) (IR 2.5 g, HIZHE 2.0 g, 7
1.0 g, 532 50.0 g, 152 20.0 g, 4 pH6. 2,
1.2 FEHR

Taq BEHF, ANTPs, K, 8 UK, 4F AE , T
LI, SDS(+ e BB ER AN ) N N'- FI
KUR BRI , Tris ( =38 H 3L 2 3L 2 ) , TEMED (Y
HILL /) 2 - ik i, % S5 i G- 250,
pNA (X fil§ FE 2R B ) , & AU #) NBZ- Val- Glu- Ile-
Asp-pNA, NBZ- L- Phe- pNA #l1 NBZ- Gly- Pro- Arg-
pNA B HURPIIE A Sigma 23], AV Y i 0
B[ 72 1 o AT 4l A AR
1.3 FENE

DC 300 7 5% 2% g fif 8%, TC- 25/H PCR 1Y,
ECP3000 — {8 1 yKk 1%, UVP % I iR & 48, MJ-
176NR S35 F 1 #L, TY92- 1T 48 75 U 41 i i e 4%,
CR22G ¥ ¥k & .0 #HL, S22PC 43 0Ot B if, YXO-
SG46-280S T4 3 i K F 4, TR HAE &, PXY-
190S- A A= b5 54 , Water3 1525 @ 80RAH (4354

2 B

2.1 BEBERNESHTESEEELEE

2.1.1 mpeBAFIR HFEE RREM T2
RS FE R R E,26°C 5555 3 d S B AE R,
FH v it . 0 XU 4 T2 DR D T 0 =K
2.1.2 FERATHHR BUEKIERNR IRV
Pl BUY #5373 1, 26°CHE 5% 3 ~5 d JR I tRie b,
WA L TR A A IR S B N 1
THL

2.1.3 LI WO IR 5L 2 A
PDA R399k b 78 H 36 KR 35 A, 26 C 5% 3 ~
5 dJa, AARAT B VLS 55 R T ik B R S B
JSAR A 22

2.1.4 HEHBARE  BUPEERT RSP T M A0
R 26°C R 37, B KM SR 25 L, UNRE A& e 4 4 v

A, DA B A A EC A o A A

2.1.5 FEBR ¥ BrEEREFRELEEAD T RS IR AR AL KR
FRH 26 C R 1 ~3 d, B RIS R [F LS R
B,

2.1.6  JrE4 g BURTEEEE SRR T IR R IR
B 26°CHEFE 1 d JE AR, SRS an o, ) oy
IR R BH 1 5 AS S 204 D) A B

2.1.7 WA B OBE(HENE W PN LR
IR UM Kl R 3 . OB RERT IR SRR
TR B, 26°C 5 5%, B R ULER S5 L, W Re & e
APRET , AE A B I A FAE oA AR A
2.1.8 R ABEERFAL BRI (E B FLBE K
UG EEE i NS Y S B N N
LB T ) 35 97 56, HUHT i 15 5% L L T 45 Al U3
BrFRdrp 26 C 557 , B RO AR T REA FH AR
2.1.9 PARRAC DAL TR 2R R T i
BRI, 26°C 1E 5% , Wi B T B AN B AR AE T, )
7 20°C DL R AP TS s Jnig Ak I AE 20°C LR R F:
HER

2.2 BBEKNSFEDELEE

2.2.1 31#i%it KA 16S tDNA JE5I 4 Hr st 43
BTR R SCY1 #EAT AP R 70 2% % . 16S tDNA 5[4
FEH 40 R ; primerl ; 5'- TCC, TCC, GCT, TAT, TGA,
TAT, GC- 3'; primer2: 5'- GGA, AGT, AAA, AGT,
CGT,AAC,AAG,G-3'

2.2.2 PCR ¥3¥ HEHUHE R SCYL (1.2 DNA J5,
Bl e A6 18 MK R TE 2% whgorh, B kA A
F LR ROV A4 38 5 125 v B 28 O REN 55
A BRIEAAL IR SN A 20550 B SOl W ARFR T
T AE 0.5 mL BB TINATE 51 B
10 x PCR buffer 5 pL.,Mg* * (25 mmol - L.™") 5 pL,10
mmol - L.™" dNTPs 1 pL, | F##514 (10 pmol - L™")
£ 1 pL, R RS 10 wl, Tag B8 0.5 pL(5 U -
pL™h) A ddH, O 4 SR A BUR JE 5 50 pl o 3%
FHIRRRE 4T PCR )3 ; Stage 1 94°C |5 min ; Stage 2
94°C ,1 min;30 PMEH (56°C,1 min;72°C ,5 min) ;
Stage 3 72°C, 5 min, B B UK R . o S — R
0.8% M TE A M BE S, Y 3 ™4 5 pl 5 1 pl
Loading Buffer J& 4, SAEJ5 S V- em ™ HiJk 45 min,
EB Je {0 J5 T35 AR R Ge 50 A 45 2%, I 1l PCR
1 B

2.2.3 ¥ E PGk RIFEIERAY)
FARA R E AT
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2.2.4 Genbank Yo st BEA5 3 A% Bl 2 7 51 38 5 (A
FEMITE Genbank 25 [E] FRA% IR 7 41 £54H e A 1204 7 ) 1
JF 5148 % (blast search) , 4% 1 B bk 5 B4 42 v [A] U5
P fe i A R PR B R 9 T ATCC 5 DSM 4% [5] bR
PRI PR O R B R -

2.3 S EBEEHKRIMER

2.3.1 #3LEM EELEIRS  BOE ETE R G
JE MK HARRHL 6 ~8 h, FRAE 6 £ T RE+
YK (EKEE 1:8) , F MJ-176 NR BIFEHHLE
BIPIR 120 H i B9 2 38 93¢, 121°C K 15 min {47
B, ERAWEL R 6 &, pH 6.7 K40, /A7 T
4°CUKFE A M . 78 10 mL K 5 /9 538 vh 43 4%
ARG R, 7E 20 ~60°C FIH] 4R pH 6 ~8. 5 (11 [H
RS I, i 0 ERE TR bR SCY1 B [ 7 2L i feE:
U AL AP 4R pH A

2.3.2 s3#sBEME RKHpH7.0,8.0,9.0,
10. 0 AR 2 M i VE S8, 76 10 mL K 5 1 5
Kb o AR B, 78 37°C 25 F T E R 55,
WS IR AFAE IR BE LI A 5 43 i 7E 10 mL K
HEBE R ImA 0.2% ,0.4% ,0.8% ,2% ,4% ,
8% ,10% ,50% ,100% Z 3\ ¥k B i) 2 1 1 mL, 7F
37C M N EIRIG 77, WL £ B xT 7 2L EE [ UR 1Y
SEIR 2 BI7E 250 mL () = M 2 A K 5 ) 5
30 mL, 2R 0.05 mmol - L ™" A4 7L B2 ¥ i b 1774 =2
W5 L X} 2 B A BV E ] o

2.3.3 AT FARBEBRGAER R
HPLC X G 2L & W9 i () LR A R A 2 — 2k
KRR SCYT #5803 10 mL 2 KT, 78
37°C T EIRFHE R TR 48 h 5, S A5 3] i 6 R i
W s (10 000 1 - min "' ,20 min) , BUK BZ774)
H 4 mL % Eppendorf 45 25.0> (10 000 r - min~", 20
min,4°C) , L5 AR A RE S, L 10 mmol - L™
H, SO, % W AE i A, i C18 RP a4 (5 pum,
3.9 x 150 mm) Pedd  FE I 1.0 mL - min ™' JERE
ol 10 WL, SR AT HPLC i b 3759 o 4 3L R A
BETR A3 BNk SCY1 19 & 3L & BE = ) v 2L R A1 i
R HPLC [&13% , %of 2% B i i AR AT B0y, SRS
A LR AN B TR ) Am UE i 28, 15 21 45 BB I i 2L
PR FI i PR M J3E

2.3.4 BERAIEC (1) MM - 5 53 25 7 Pk
B AP S (R 40 CH B T d IS R
WES.Cr(4°C,10 000 r-min ™', 10 min) , B i W AE
SRR 5 (2) B oA REL Tt A < 5 25 0 S5 B T ] pH

8.0 1Y Tris- HCl Z2 i /EF] 6 b, i Al 22 BRA% BA 1Y
KEHEH,EL(4°C,10 000 r-min~',30 min) J5F&
77T pH 7.0 4 Tris- HC 22 i, FH e 7 e A e 4
GHEFALER 10 W, B AL FR I [R] A 10 s, [A] f& e [A]
15 s), SR 5 #4785 .0 (4°C, 10 000 1 - min~', 10
min) , FIEWRAESA 10% HmZ spiH (pH 7.0)
BT, P15 BN AR ] 4 mL 1 Eppendorf 4734,
AT 4°COKFE R o
2.3.5 &amEHhmE SRR E(ERE
B 705 1% ZBX 66030 - 87)
2.3.6 AKEBEEAME  (1)FRIEYEH NBZ-
Val- Glu-Tle- Asp-pNA ,NBZ-L-Phe-pNA #1 NBZ-Gly-
Pro- Arg- pNA ¥ T~ B b 3k B 29K B2 16 mmol -
L7 (2) PIRRIEGS S 2 - LB 2. 8 mL B % 2% o
(0.1 mol -L™",pH 7.0),1 mL AW HL 0. 1
mL A BRIV 0. 1 mL 20 i 4ih H2 W (Ve 4 1%
W) 33 mlL £ 4 mL Eppendorf 8 1, % BEEENN 0. 1
mL XWZEIK s 78 40°C 2544 T TH IR 6 h, & ff— &
FI TR0 7 PR B I R A HE 1Y pNA FE 410 nm by
JGAEL; [RIINHE HA [ B 55 B IS T R 25 4
FLNE )23 P B AR A of it Ze T E B R TS i 1) pNA
R 5 ST A A [ R 85 ) 40 4 R (R 4 K T
W), 0 il 75K HF ML, LI 0 S B I []
(h) B 5T & (g) 1Y B2 K 1Y & IR ) &
(mmol) , (3)# F 51 & & B 5E : R H] Brandford 75
T E E R, % B sE i G-250 75 2 min N 5
FEAREE A AE 595 nm b BEA i KW 1, He B
R S 8 BT i E e, AR o 8 R A
B 2R 30 a5 v ph 28 1% b A m G I A AR o
M B AR,
2.4 RS

G Hr i SPSS10. 0 #HA T8 A BE , %L
PR R PIAB AR i 0 I (H + bR 22, 18K
(977 22500 (F Ky) B MR P <0.05,

3 HREIE

3.1 HBEEHRNEE

3.1.1 AmAER RADEEEMBEXESE A
B 32T Fh 23 B A AR SCY 1 B TE 2S5 AE A 7 00
R B AMIE WE 1 TR, R SCYL B
A5 B o3 A A AR AR AR I 5 45 SR 2 B, 40 Sk A [
TE 2 BRIEIE , 40 B A 2556 (— 3 258 , PR R 7% N
FLEM, BIE, PR gk, h 4855, PR 8 EE
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GBI, g —THRNA 1 ~8 DTl T R
S BB R 228 180, v A T T 2 W , i R PR 3R 0 1
SLIR AR N B AR 3 5 LU AR A A AL SE B 45
et (R E T M) AR B A R ik 5 28 % T
M) AT G R SCY1 551 B v i BRI % B ( Saccha-

.. 1= W 2N
romvyces cerevisiae ) BEE

K1 JrEguibk SCY1 /I
Fig. 1  Micrograph of the isolated strain SCY1
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2000bp —=
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1. DNA Ladder;2. 16S rDNA i HLIK =)
1. DNA Ladder;2. PCR product of 16S rDNA

B2 THHk SCY1 Y 16S rDNA ) PCR ¥ 14 v vk &
Fig.2 The agarase gel electrophoresis of the PCR
product of 16S rDNA from the strain SCY1
3.1.2 16S tDNA oF %= B LR SCYL #4T
PCR 4384 500 15 , ¥4 H £k 19 16S rDNA J¥ 51 J blast
Bt Genbank HHEHiRIE Y 16S rDNA 751 #1175 [H]
PR LA, H 5 e 12 v [ 5 e v 100 8 T o
BUMRIEC T ATCC B8, DSM A% [ B i P 5 v O B9 T8
Fio BEFk SCY1 fy 16S rDNA fi) PCR 4" 34 e Jik €l 4
K2 . # R R 16S rDNA J7 41 5 Genbank rh
i 18 P bk Y [R) P LU, 4 R R BT Ak SCY1 5
Saccharomyces cerevisiae ( Genbank : AY130313. 1) BAF
e [FIEPETR 100% o AR 53+ 45 58 KOE S M
A AR AL S A R AT B RR SCYT Dl TR 7 B s
fin % N Saccharomyces cerevisiae SCY1
3.2 HEHREIEMH
RN pH {ELASE RE S i B A= Wy 1 A= 4, Tl HL
S SR W A AR B, BT R TR R ] L

AR B R pH JE Bl BRI SCY %5 2 B3
o el 35°C EAEWIAG pH 6.2 ZK1F TR 1T
h W GFLRAEBER . fEAR T 20°C Al T S0°C (Y 1%
FR N, Bk SCYT 76 24 h ]NICEEFL™ A4, Uil]i%
e R YU FEANSE 5 R E A KRB IR
1 AR pH X SCYT BE [ 527 A
Table 1  Effects of temperature and initial pH value to the

clotting of soymilk

. BEFLIA] ,
R ) #1G pH
Soy- clotting

HEFL AT ]

Soy- clotting

Temperature/ C Initial pH value

temperature/h time/h
20 10.0 6.2 7.0
25 9.5 6.7 8.0
30 9.0 7.0 8.5
35 7.0 7.2 8.0
40 8.0 7.5 8.0
50 - 8.0 9.5
60 - 8.5 11.0

3.3 EEE

3.3.1 2R sE#E A FH pH E2 5 A
7.0,8.0,9.0,10.0 [ BEIR 2% th i, FI AT pH (1)
G IAE 20K, 43 T 10 mL A8 o 120°C KRR
20 min, $455 53 B W BR 43 B3RP T AN R pH I
HFE 3T°C IR 3R 7 d, SR ISR A ) R H
BEEFLIN G, 26 I T S BE LI Y 75 S ARAIG

3.3.2 TEAMm 5HIHE 10 mL KR ST
A 0.2%,0. 4% ,0. 8% ,2% , 4% , 8% , 10% ,
50% ,100% Z 5 1) £ 845 1 mL, 78 37°C LR,
TE 24 h IR SR BIEE LIS, U I B B o 1
FLIEAE I A B AR O EERIE R

3.3.3 SLEREE SR 0.05 mol - L' (UFLIAA R
W E 5L, 7E pH IAF 5. 8 2247 I 57 3% B I 56 [
Bk SCY1 BE[E G FLS I E] /Y pH Y5 FI7E 3.52 ~
5.82 2],

SRR b G AL A A A T 2R R A
S5k T P ORAR B RN R R, J2 B AT, o 2 1 TR
FH 5 R A B K BL T LK R 4B I L LA
KOG R 3 B B B FLR R, BB AT AR
FEME . 52 FLAEE R S R 28 (S RS BE [
18 G IE W A R s R AR
T BEE I , 7E B2 BE 11590 v, AFF 9 fe 227 ELEL a0F ASK
FHBY BEA RS A RN . LAMR BRI e 157, f51)
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WA BRI N R (GDL) (IR IR  FLIR P B iR LS9 2R
PR A5 , A AT 5 S 0B (], AR ] 3 2l i K B
BRI ES S M B S L . AERFIE AT
AR AR P ) P R e L, R A
GLACAHEAFE FHAE AT, 25 2R 3R I B Bk SCYT BE [ 5
FLAEZE R T A ™ BRI S0, D I 55 i P 1 A
%18,
3.4 REEEIHRZLBRMER S SR (HPLC)
WPk SCY1 KR4I HPLC [#13% ULIA 4, 7eff
FAISTTE] 6.2 min H1 7.2 min B, B0 LR RIS 19 19

VWDI A,Wavelength=210 nm(06022328.D)
mAU

80
60
40

20

OD,,, Wil , Hor 4. 3 min B H B0 A0 06 A 375 3 AR T
. X GDL ByWFoe 3R, X O B i pH & T
KREHEAMFR L (pH 4.5 ~5.0) i, 78 GDL 4k
HEERIVEN T, BE% GDL ¥R B iy hnfdi i K o
EEAZIRES Ay msi, 506 6 e B 4 &5 . HPLC 52
Y6 5E FE W, kR SCY1 WG LA B =1, FLIR A
iR OD,, BUME 3R 5.9 F16.7 £247,SCY1 HEH
(1 FL P LR FIES TR & 53514 0. 099% Fi10. 098% ,
R R =Y DB LR MBS R AR, e 1%
R o7 L AR A 5 R

6.700

T T T T T T T T

8 10 12 min

K3 TR SCY1 K™ R HPLC &3

Fig.3 HPLC of lactic acid and acetic acid in soymilk curd

3.5 MRKBEIEHRE

FEWERETR SCY1 He A ™ Mg B I 4k, R4 40°C i
EHFRT dJE RAEARE AR BRI SCY 1
FIEE TG J7 {0 11 U -mL ™ SR A UK Y NBZ-
Val- Glu-Ile- Asp- pNA ,NBZ- L- Phe- pNA F{1 NBZ- Gly
- Pro- Arg- pNA XTEEEETR SCY1 W) L s w5 4
JHLF 2 T P A PR LU Y D EAT T RE , SR IR
2, TEFFRER SCY1 1Y 200 i £ SO v A I 3] Gl 55 1Y
DA PR g < D75 2L K 8 3 ORI ) NBZ- Gly-
Pro- Arg-pNA %) PN Bk /735%] 0. 0624 mmol -h ™'
g~ T AAG I B %4 B NBZ- Val- Glu- Tle- Asp-
pNA 7l NBZ- Phe- pNA F P4 S 17 052 5 5 %
WL TR SCY 1 A 2 1 A DY IR 05 0 /08, X R
A TR o BE A

F2 BEBFE SCY1 Ik L I Tyl e
Table 2 Peptidase specific activities (mmol +h ™'+ g™")

of Saccharomyces cerevisiae SCY1

Kl B

Fermented supernatant

AR

Synthetic substrates

B P HGR

Cell- free extract

NBZ- Val- Glu-Tle- Asp-pNA  0.0202 + 0.0023 KA1 %] Not detected
NBZ- Phe- pNA 0.0183 + 0.0015 A3 Not detected
NBZ- Gly- Pro- Arg- pNA 0.0228 + 0.0017 0.0624 + 0.0004

Baankreis 25 238 T —Fh of ok (149 S5 AR B 1E 8-
PR 1Y 193-209 Jy 1B ( 73 i v 9 — b B 228 19 7
JO) B e e v o E AR, T 5 — B A PR
Tit Fh 30k e P S AT 1) i 0 A T 2 B A .
JURTAEFE X LA K i vh [ AR i A,
TTRT B A= IS P (B an 4o vk L i s AR D) 1Y %8
EETE A EEAE . Macedo 251 %} Serra da Est-
rela 757K HR T I A LR AT 14 MM PN JER T /K fip 2 Gt E
AP RE K BB SCY T 119 P K I 2 25 5 5 1 ik
e LS R, RIERETE SCY1 X4 P W
JURTE T 1 SRR EAH 2 o M N B SRR i 2
Ji X P 0T A K e B A D, AT AR K AN E
R g 2 B IR Y 2 5 1, T L /K P 22 IR R 7K
FRAENS (T R TR o N R B R A SCY L
{140 PN BRI T3 AN 8, (E AT S0 1 102 2L 1) XU g
FIEHAEM

4 Hig

XHEGE R Wb P ) — BRI R AT 120
FIMERE , A BA A 5 73 1 % 58 45 2R 3R W LA TR T
g BERFR SCY1 B W B 5L By s HE R O 35°C,
HAERILG pH (H N 6.2, 2R H] HPLC X A= W g [ &
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FLIGINE A, I BF T SCY 1 BE [ 1) 2 7L v LI AN
BTR 5 H 7351 0. 099% 1 0. 098% PN JIK I 7
SRR VIWELE T SCY1 (148K FI GG A, R W s
BER SCYT B S FL A HLBE 3 202 - IR BESL, (AN
JOR R et 52 L UBRAE B AT RE S B e 4 1

S 3k

(1]

(3]

[4]

Silvana P, Anon M C. Soy protein isolation components and their
interactions[ J]. Journal of Agricultural and Food Chemistry,1995,
43:1762-1767.

Fukushima D. Internal structure of 7S &11S globlin molecules in
soy protein[ J]. Cereal Chemistry,1968,45:203-244.

Li L,Yang Z Y, Yang X Q,et al. Debittering effect of Actinomucor
elegans peptidases on soybean protein hydrolysates[ J ]. Journal of
Industrial Microbiology & Biotechnology,2008,35(1) ,41-47.
Park Y W, Kusakabe I, Kobayashi H, et al. Production and proper-
ties of a soymilk — clotting enzyme system from a microorganism
[J]. Agricultural and Biological Chemistry, 1985, 49 (11 ).
3215-3219.

Yasuda M, Aoyama M, Sakaguchi M, et al. Purification and charac-

terization of a soybean- milk- coagulating enzyme from Bacillus

—
e}
[

[10]

(1]

pumilus TYO- 67 [ J]. Applied Microbiology and Biotechnology,
1999,51 (4) :474-479.

GO, 55 3C . T FLBEE AR BT SO [ T ] R Y AEE R,
2003,30(2) .78-81. ( Jiang Y M,Zhang W X. The suvey on the
research of soymilk- clotting enzyme [ J ]. Microbiology, 2003, 30
(2).78-81.)

EnikoT, Victor G M, Boglarka K, et al. Determination of organic
acids and their role in nickel transport within cucumber plants[ J .
Microchemical Journal ,2000,67.73-81.

Bradford M M. A rapid and sensitive method for quantitation of mi-
crogram quantities of protein utilizing the principle of dye- binding
[J]. Analytical Biochemistry,1976,72 ;248-254.

Baankreis R,Schalkwijk S, Alting A C, et al. The occurrence of two
intracellular oligoendopeptidases in Lactococcus lactis and their
significance for peptide conversion in cheese[ J]. Applied Microbi-
ology and Biotechnology,1995,44 (3) .386-392.

Macedo A C,Vieira M,Pocas R, et al. Peptide hydrolase system of
lactic acid bacteria isolated from Serra da Estrela cheese[ J . Inter-
national Dairy Journal ,2000,10:769-774.

Lortala S, Chapot- Chartier M P. Role, mechanisms and control of
lactic acid bacteria lysis in cheese[ J]. International Dairy Journal ,

2005,15:857-871.

(L3%F 647 R)

SRR A AR bR S i A5 X Rl R SR, AU
PR (4 35 B A = 4 B oA 0. 34, 0.80, 0.18 g -
kg™ £,

&% 3k

(1]

(2]

(3]

ROE, A8, HIRA, % K6 5K 53 B2 R
[J]. ZRAbAR Y R 2% 4#,2008 ,39(1) :1-5(Ren H Y, Fu W, Cui
7 C,et al. Study on the relationship between quality and water at
growth stages of soybean[ J]. Journal of Northeast Agricultural Uni-
versity ,2008,39(1) :1-5.)

A PR XA AR A AR AL SRR IR BN HOR [ M. b
TR HE WAL ,2000. (LI H S, Sun Q,Zhao S J. Experiment
theory and technology of plant physiology and biochemistry [ M ].
Beijing : Higher Education Press,2000. )

WA SR ORES , SRA, A5 A TR) U5 X A i R I D R A Tk
Jhie 5 B TG P K R 1 B e s e (], R R AE, 2004, 23
(2):143-146. (Chen Y,Zhu B G,Zhang J, et al. Effects of differ-

ent nitrogens on activities of nitrate reductase, glutamine synthetase

(4]

(5]

(6]

and seed protein vontents in soybean cultivars [ J]. Soybean Sci-
ence,2004,23(2) ;143-146. )
XU A . A B B O B R A I X R S i Y B
[ J]. 2Rkl K224, 2003 ,30(2) :117-122. ( Liu B, Yang
Y A. Effect of N, P,K combined application and N, P, K, Bor Mo
combined application on yield of soybean[ J]. Journal of Anhui Ag-
ricultural University,2003,30(2) :117-122. )
VR, TR VR, A5 BB B0 TG IS X 5 8 R SRR
R A2 [ J] . 1 3EimHz,2008,39 (1) :195-196. (Xu
H T,Wang Y H,Xu B, et al. Effects of optimum N,P and K combi-
nation fertilization on grain yield and grain protein of a high protein
content soybean [ J ]. Chinese Journal of Soil Science,39 (1) :
195-196. )
MR, & R4, AR X, 45 il AU % s IR /N2 o
QR [J]. =AY ,27(2) :323-326. (Qu ) D, Gao Y H,
Niu J Y, et al. Effect of nitrogen application stage on the index of
leave senescence for spring wheat mulched with plastic films[ J].

Journal of Triticeae Crops,27(2) :323-326. )



