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— ik = R BEE Bacillus subtilis JT-1 B9 7 1% 5 H Xt
T EM A ST ll\i_&._‘ké J 5 i

RAE, & M, R, AE, ko, RLE
(1. PR TAL KF R M S5 T 2B VLR m st 211816;2. /de\ﬁiﬁ?lﬁjr%ﬁmi?lkﬁﬁ SIRERGEET T BERT 210014)

WE: NIFRESRUGBE D R IL, 38 S B0 A R B R b ok i 1 bR = U R, 2 16S rDNA
Y TE NAG B ZERURT U, 65 44 0 Bacillus subtilis JT-1, 38 33 SAB6 5T Lb (035 X oAl 8 0 32047 8 54047, IF38 33 GC-MS
FEPE ST BT A=) b A DL IS o Pl T ) 8 B o R0 it FH T SR A /N 22 %o B v o o £ T
SRS YR AUAE RIS ZREEEAT T 200, Rl AN 8 T /N2 R A AR K AR AR RO AL A R Rk %, 25 R 3%
W, B. subilis JT-1 TEXER WS 373 iP B2 5014 38. 69% , BLA 7 W0 IR W R IR JEIR MRS ETA
MLER B4 PE, it A 585 AT A R T B vh AT il A RN T B e A W OB A S 4R o A W TR 45 A Y
LSRN, BEAN, TERR IT-1 485 THE AL AR 2R 10. 79 A5 400 R b /N3 7= 12, 31%, TR, 07 36 81 0 At s
B. subtilis JT-1 B 5 & BLS A 58 5 SR A E.,

KR . MEEE; MERR, RHERUER; SRR

FESES. S154.38°1 XEkFRIRES . A XEHS: 1000-4440(2016)05-1073-08

Screening of a high-efficiency phosphate solubilizing bacterium Bacillus
subtilis JT-1 and its effects on soil microecology and wheat growth

ZHANG Yun-xia', LEI Peng', XU Zong-qi', FENG Xiao-hai', XU Hong', XU Xian-ju’
(1.College of Food Science and Light Industry, Nanjing Tech University, Nanjing 211816, China; 2. Institute of Agricultural Resource and Environment ,
Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In order to develop high-efficiency phosphate solubilizing microbial fertilizer and improve the utilization
efficiency of soil phosphate fertilizer, a bacterium was isolated from mineral phosphate soil. By 16S rDNA sequencing, the
strain was identified as Bacillus subtilis and named B. subtilis JT-1. The phosphate solubilizing capacity of JT-1 was quanti-
fied by Mo-Sb colorimetry, and organic acids in the metabolites were identified by GC-MS. B. subtilis JT-1 prepared as mi-
crobial fertilizer was applied to pot-cultured wheat the available phosphorus, microorganism count, and diversity of

microbial species in the soil were analysed, and the growth indicators and phosphate utilization efficiency were measured.

The results showed that the phosphate-dissolving rate of B.
Yo#m A H#A:2015-12-31

EemBE: R ARV & RIHR (“863” 1H%)) B H
(2015AA020951) ; [EI5E [ SRk 2 B 4 75 4F B 4
F (21506098 ; TLH 4 A AR 22 I 6 7 4F 2 4 I
F (BK20150946) ; YT.75 45 4 1 F AR Fh 2 R 5 i L
I H (15KJB530007)
EEE N KT E(1991-) & VLR B Lo A, the utilization of phosphate fertilizer was increased by 10. 79 per-
N R A T ) O 0 R S T R PR A (- cent points and wheat yield was enhanced by 12.31%. The re-
mail ) xyz36900963@ 163.com search implies that B. subtilis JT-1 is of high theoretic

subtilis JT-1 was as high as 38. 69% on insoluble phosphate me-
dium, and it secreted malic acid, fumaric acid, succinic acid
and citric acid. The content of available phosphorus, the
microbial population, as well as the diversity of microbial

species in soil were improved by B. subtilis JT-1. In addition,

BIWAEE 4% U7, (E-mail) xuh@ njtech.edu.cn significance and practical values.
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e E R EBATHDHREITTRZ — %
PRSI AR R T AR B AR
I 749% (A HE b SRS LA RN T 5 mg/kg MUHE
M5 HE M T R B 56.17%, 5 ~ 10 mg/kg Y
30.55%, 5 T 10 mg/kg BIALH 13.97% ", 4k
ARl R AN 2 20 ) (HRBRAE A H R 1R
G, BEAE ) 24 2 3R — M A 10% ~20% , Jit A [
NS0 - rh 0945 Bk BRAE A, N RERIAE Y
WA, IAMUEAE I P 25 15 il 1 S pR &5 | 1138
1K T R SRS AR RF RS,

AT W) BE 8 A B X L W ISR FH i e £k
AT CR TR B X g v i i
YR R R A A = A R R X o
VS TCHUBE R ER 1 WAL — Ak 2 il PR R A K
PE R A RN LR , TR A B Vs A R
ok, B fR/E AT R4 R, e it
YITESRBE IR h &7 4k —E A LR , (1 2R 5% pH
EFRAR, T IS 45 Bk 455 B b A, N ik 20
WA E ARG Sperber'*  BIF 5 25 5 2 B, Ak e 40 1 1=
AR HLIR B2 AR R LR IETARTR  JEH
7R

FEARY A 7= b A T B4 3 O FE A T e
T e, P Al T VRS G, st R
A TRTE AN B 0 A A ARt A 8 Al A B G R
KAREIT LATERE AR BRI 1l — A R AL 4 7 00 1Y)
X, AT AR 4 3 A5 B T M2 I 8 o AR k2B K
Yo=Y DR Al 7o 05D N S FARE e 7
B L, SR e Y I B R R
JERT AN R X,

ARTIFE B . [X. - 18 i 7 S A TR, T A
BERE ST, WFFT AR B HLEE 04 0 1 2] 1) e ol o o1 45
JIG ARt FE T A9 0 - 9l R 25 B
O Sl LAPEA il R 0 AR A s | Il
INZZ ZE AR VA Al TR TR TR0 /N2 AR s

I bR i

1.1 Bk (EYSRFHRIEFRE
HiPk Bacillus subtilis 168 H1 g 5T Tl 2@ £ 5
5T 2B, /N E RT3 13,

phosphate-solubilizing bacterium; phosphate-solublizing rate; soil microecology; utilization of phos-

et T O B 3% 3% 05 . ) 49 W% 10.0 g, (NH,), S0,
0.5 g,NaCl 0.3 g,KCl 0.3 g,MgSO, - 7H,0 0.3 g,
Ca,(PO,), 5.0 g,FeSO, - 7TH,0 30 mg,MnSO, - 4H,0
30 mg, 7% 7K1 000 ml,pH 7.0~7.5,

FhFEEFR 5L A AE 3.0 g, B A 10. 0 g, NaCl
5.0 g,7Kk1 000 ml,

KB SR I 10.0 ¢, (NH,),80, 0.5 g,
NaCl 0.3 ¢,KH,PO, 1.0 g,MnSO, - 4H,0 30 mg, 7K
1 000 ml,pH 7.0,

1.2 MRBEEAIFIE

T8 BB AR B b X AT - SO
FRICT g BFEE J5 0 24 A 10 ml EE KR 15
min, B 1 ml +HEBIRA KB 10, G K
BAEERBE 1x10" (1x10% 1x10°  1x10* [ 1x10° /%"
I3 VR SRR B 0.5 ml, Y457 A7 2] i i 1
s R AR b R ARCE T 30 CEIR TG R 96
h J5 , PRHCT A S BRI R AR TR 7, 4 42 7 301 i
WEPR TR R SR 5L, 30 CHEIRHR P H5 9% 96 h )5,
BRERBL LGk R IR P T S, R
U SR R PR TR ARAE R 5 Sl B TR 42
1.3 E#HMEE

Z: 8 TIANamp Bacteria DNA Kit 40 [ 3& [K 44
DNA $EHG & (B0 AR BB PR IR BR 1Y) 16S
rDNA, $ZHUY 16S rDNA Hi a5 4 Wit A= R4 23w
PEATINRE BT 16S rDNA F411 5 A GenBank %3
J% (http ://www.ncbi.nlm.nih. gov/genbank/ ) H 17 b
B E R G R EW, KE T,

1.4 WBIEEEABIEREPNEYE pH RE
BETK

W el R AR AR TR 1 R A 30 “CHE SR 18
h JE AR BIFP T, e BB 29 B $ P £ A fifk Wl 11 07 2o
R g rp 2 A BRI, 85 30 °C 200 1/ min [ 551
R B IR, BERE 12 h B R IR AT oD 18
(660 nm) pH {ELFI AT F P88 2 I 2 | 3% 2630 7 96
h, b WE OD (BB A BERCRR R 25 3% 5 I 5E 7T
VW SR, B & BB IR W4 000 v/min &0 20
min , SRR _F I RE 28 5 50 ml, 2 IEEHER DT L (7
W 3w AT s e &

1.5 BEEEFRDPEINBRNEES

PHRTE R PRI BTV 1. 4 BE AW I e 5 55
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b 30 CHHIRIRGEEF 48 h, B IR0 K B
4 000 r/min #.L> 20 min, FIHREZRZE 50 ml, B 10
ml FER VR TRV EVR T MR T h A 10 ml
RBLE A 10 < 1A B MR B RV B VW, 72 9 2 miin,
55 C/K¥ 4 h, BH)G 4 CHEE 12 h, X5 A 10
ml J_T:E%%,)?%?% 2 min 5 E T ,/J\'E‘q&%J:J%ﬁ
HUAR, I JC/K B RR AN /K J5 B 28 % 10 ml™ ™

FHAAH AT T 1% 16 FH A ( GC-MS) il 7 5 B
RS %A DB-5, SRR P THE , #1350 <C,
PL 6 °C/min B FHE F 270 °C, #HFE DB 250
C B NEAES (He) , Fi# 1.0 ml/min, #EAE
1.0 pl,
1.6 BREEEFNFE

VR MR e PP T Ah F o5 95 3 b 55 5% 18 hy
W5 15 FE U IO Tl I3 2% B FERh 4 P 22 % B8 37
Fr,30 CHE 3% 48 h 59 8 BB, B & W
6 000 r/minf.L> 10 min J& F TG K vhik , 842 B0
PRV 2 YR, SR )OS B R A in A TSR K
IR R, B RSN 2x107 CFU/ml,
1.7 TR

VEFHFEZ 0~30 em 14 358 B9F 5 fife 05 11 11 57 %o
TR e M R R AR s e, T
e Ie , e R o 2 5 i S5 R 2w o i
87.4 mg/kg, BRLHE 12. 7 me/kg, Wi 34 A SHRLIE
R EA 10 em, 755 11 em) W 4245 0.3 kg, 2%
12 4, #1220 4 S0P A0 B 1(ST) AN nE
I AE R ES P IE G AR 2(S2) Seks -4 K 5, FEhn
NFEBEE R (AR R4 0.5 ml) ;403 3(S3) +
AR, A5 168 (T 771 il 5 77 =X W] e ol 7T 7 5]
R TR S2) ;40T 4(S4) HHER K , et i 1 77
(HEFIFHRIF S2) . 2R W mBs R, A R ey
)R A 66. 6 mg Cay(PO,),(P,0, %5~ 100 mg/kg) ,
AL AR S R NS RS K R 28% ., 43
TP E50d .5 d.10 d. 15 d.20 d.25 d.30 d #E4T
HURE B 15 o 04T 38 mT 8% 352 3t A W s )
AN AL ORI 459 530

- BT B R R W B 3 AT R R R TR T
Bk MEFFREL 1 g 35, A 10 ml JE B 7K il
BRI, ARG HEAT 10 A% RANRRREIR AT . 40T X
R LA IR A R R AR R S —
Rigedk BTN AR R AR

ASPERS REBEIZ FE UK ( DGGE ) 73 #r - S ol A= Wy At

TELER ERRFRIR 0.5 g 1 HERE 5L, 2 IR UltraClean
Soil DNA + 3% DNA 2 Uil 7] & ( MoBio Loker Ave
West, Carlsbad , CA ) Ut B 4542 Bt £ 38 & DNA'S) ) 41
B B DNA i FH 514 518R (5'-ATTACCGCGGCT-
GCTGG-3") ,GC*-338F (5'-ACTCCTACGGGAGGCAGC-
3) 4T PCR ¥4, PCR N 55444 94 °C 5 min; 94
°C 455,60 °C 30 5,72 °C 45 5,30 MEFR;72 °C 10
min, ¥ 50 PCR 7~ i£17 DGGE BERHLIK, 5%
TFR R 8% , A VERE T 45% ~70% ,F 100 V|
60 °C T HLVK 12 h, SR J5 FRRA I R gL 8 5 UL %¢ Fr R,
iz H Quality One §k1¢ﬁfﬂ,iﬁﬁi‘%§%ﬁ*ﬁm] o
1.8 NEZFIAW

PEHIBEZE 0~ 30 em By 45, + 58 XK 1
J5i , B ASBRAEZE T (I B4R 25 em, 55 29 cm) , A7
e+ 3 ke, e 20 A, K 20 B ABEHLK S 4
PRLAGEL O(PO) it FHAE +81 AR, 25 X R b PR 1
(P1), Jiti FH U8 + 8 R + B JIE s Ab 38 2 (P2) , it FH &L
FIES -+ FES + 5 A + i 8 o 590 5 b B 3. (P3) it FH R UAE +
BRAE+Cay (PO, ), AL 3 4 (P4) , Jita FH ZAE + 818 +
Cay(PO,),+iBE AN . MBI E A 2 ml,
PR NE S IC KRS R IR AR 1~2 h )5
W BT ) 16 R, ) 4 B 70 4 A i — i A
e AT AR A PR 2 (R 326 mg/kg) , AR
eI BERRES (PO 3 12% , R 833 mg/kg) ,
A ) A R B ( FH ik 288 mg/kg) |, Ca, (PO,),
(PO & im 45% , FiE b 222 mg/kg) o Tor/NFE
S e /INZZE 7 S B A 3, SR IEARI T2 = (it
W XA R W P, O, i — 25 (H IXAE AR IR P, O, L
) /i PO, x100%

2 4 R

2.1 SMEEEGE

f W TR REAE BRI MEBE R ER Ca,y (PO,) , A AR
TP B PR R AT D 37 W B T LR v 9 B AR R
NPT e o AT A R D R 5 . ASF S AT IX £
ey B 3 bk ELA R A B R D 0 TR R (A
2R IT-1 JT-2 FJT-3) o KR T30 3 BRI HRTE
EMER BRI SRR R SR 4 d )R, 5 AM T,
AL M B S B4 i T 318.60 mg/L. 76. 35
mg/ LA 34. 50 mg/L( & 1), ¢ 2 A8 JT-1 19
FAERE T T HA 2 Bk, SOAS B9 4 BBURR B JT-1
VER G BRI RS 4
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BEEERE JT-1 9 16S tDNA JF 517 NCBI 50 i
FRUEFT X, g5 SRR TR JT-1 5 B. subtilis #Y[F)

TbERF] 99% (E 2) , itk , S Bk JT-1 ARG
ZEIAT TR, fi44°N B. subtilis JT-1,

B

/

AWITHASEIRY 3 BRETPRAFBERE ) LLAC, B CUB IR AR B RE ) BE5E ; B BRIBR JT-1 18 S MBI IR0 L ATV A5 R B EDIRES

Bl1 SUHEBENGE

Fig.1 The phosphate solubilization of strain JT-1

97

Bacillus subtilis BCRC 17436
i‘g B. subtilis CM-B77

Bacillus subtilis BZ1-11

JT-1

B. subtilis BFE 5301

B. subtilis HD-1

B. sp. SHB 13
B. subtilis JR2-3

0.05

B2 Bk IT-1 RGEHL R

B. subtilis CD-6

Fig.2 Phylogenetic tree of strain JT-1 and related strains based on ITS

2.2 fRESE B. subtilis JT-1 FE SMEABIEHREF
H4EWE pH RABETWL

FE S XMEA R IG AR A TR JT-1 09 A ) b
At 1] B AR Ak 38 A0, 7856 36 h B iA Rk, LT oD
B 0. 56 ; M B JT-1 A 8% B )t Rl 1sF 1] 7 A4
ATTHE NN, 75 48 h Ik B A0k B e R, Ol 38.69%,
I i W ol 386. 25 mg/L, B 5 #a T 2% H A
REAR s M RE SR 0 pH W) — ELORFREAR A 55, 35
FEWIURE 7. 0 e ZBE(RE] 4. 4(1K 3)
2.3 fRBEE B. subtilis JT-1 KB R P EHERD

FEERR JT-1 09 R W #E1T GC-MS 43 17 %5 7€,
RIR W R BAFAE 4 PN FAMLR(E 4),
SrRSER IR IES R IR JEHIR AR

2.4 fRESE B. subtilis JT-1 B 73} L RT3
MEYHE R R

WE s frs, S5 ST A, 4b 3 S3 Fil S4 +
bR R BN LR B R,
U W i) - 9 e S A A T (A R ZE AT ) BT LAY
A rh R Y R AR ORI R N AR FE sS4
(AT 3G 5 U B IR 4 i 2 K T AR B S3, i 4k
P S2 A rh Al B SR A W) R B E AT AR HE ST
UL b 3 S4 rf ]8R IR A W gk 3 KR B,
subtilis JT-1 5 Z2 Fh i 28 W) 3 W) /E A9 45 28, OF Ak
I B. subtilis JT-1 J5 K5 59 584 (1) 45 5 76 4k 34
30 d Ji5 A3 S4 4 48 v AT B R AN | LI SO 2
PR S5 AR ST XS LE, 43 B4 R T 158.33%
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ff5 2 (%)
pH{E

0 1‘2 2.4 3‘6 4.8 6‘0 7.2 84 96
R 7R A] (h)
—— iM%, ——pHIH

B3 fRBEE B. subtilis JT-1 FEEXERBHE R E R EYE pH &
BBETH
Fig.3 Changes of OD, pH value and phosphorus-solubilizing

rate in insoluble phosphorus medium of B. subtilis JT-1

210.26% 1 128. 00% , 54 B S2 XF He 43 5 # i 1
226.32% ,290. 32% #1235. 29% , 5 AL B S3 Xf kb 43
P E T 87.88% .45.78% M1 18.75% . X F
FRJT-1 07 DAE 5 e 9 2 18] /) B4 #8n +
HEnT SR 0 B B X AP R R i T
T AL R R AT
3 600 000
3400 000
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2 800 000
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2 400 000 -
2200 000 AN \
2 000 000 \
1 800 000
1 600 000
1 400 000
1200 000
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— C-BEIAIR

FiE

D-ﬁ’f'%@ﬁ

2.5 B. subtilis JT-1 AFIN L EABHISIEN
=1

i W P 1 1 b BLAT R 1 R AR ), ELRE4E
FRac K mt|, B 6 Sow , 78 R 3 i mi e 5 JT-
L(AbEE S2 F S4) 56T, R aT i & bl
] AR FE K T, e b B S2 AR5 20 d B ] IR
B AR M (34. 20 mg/kg) , X R S1 L3
R T R 2 DR R AE B OK O, U0 i B R B
subtilis JT-1 fify 55 R4 - 58 v A VA W8 e U A A AT
A, TIAbFE S2 FR RIS e T AR S4 TR
AhFR S2 i B D A IH R R DA K
X HL AR S3 5 b H S 1T I, {5 S A B ZEFLRT R (A
F168) 75 1 PR B AG R A i W e 1, A9 0
TEAITE R JT-1 i B 58 1 38 00 T34 38 A 5 28 4
.
2.6 fEBEE B. subtilis JT-1 HFIM TEMEYS
T B 20

it DGGE -S40 254 45 3 (18 7) wT LA
B XS rh A R S B ) AR AR B A
P S2 MR /D, AbFE S3 FI S4 I S B
T S1, HAA B R . 7655 30 d B, Ab3E S4 A4
BB s, S AR S1.S2 S3 A, 44
BT 29.19% 39.95% A1 12.77%, LA b 4550,

-

4 6 8 10 12 14 16 18

22 24 26 28 30 32 34 36 38

FsJ [8] (min)

B4 MBEIEEN JT-1 RERTEIE GC-MS B2 1TE
Fig.4 GC-MS detection of organic acids in strain JT-1 metabolite
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Fig.6 Effect of B. subtilis JT-1 on available phosphate content

in soil
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S 1.2 et I . N
= o SL AT, 25 % B 5 S2.: 50 L3 K TE 5, FF AN A% B 1 7
E 08 71353 : IR T EN 22 168 ;54 ; -+ HER K B AR I 17
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Fig. 5 Effect of B. subtilis JT-1 on soil culturable

microorganism quantity

TR JT-1 Bl 52 T LI E Y R I gl n £
FEVE , ELMGE T i JT-1 Hebt FHAS 5 168 B k%t +
B IR TR G580 Z REE RS2 R
2.7 BEHEFMEHNELEKBEIE
FE/NZE FE AR v A B R B AR TN
AR B 1o BEEL TR0t | REURL B R A 1 5
JiiE, ANEE P2 /N R E XTI PR AEEAE 10.72 ¢
P 12.04 o, BB ERS T 12.31% (£ 1) B
A4 F) FH 2% N 18. 88% 3 3| 29.67%, 4 T
10. 79 ANE 4> (3R 2) , Ul B A Bl A T LAAT R
WRAE A A R, AL P339 v R T 1 M 2 i
Cay(PO,) , WIERL, /INZZ 77 R A 8. 40% , BENE I

FEREAR 13. 03 AN 43 4, T D XV ol e L e /N 22
WORIH , AbBE P4 /NFZ = ik 5 0 B P Fh 22 514
AN B E T P, Ud W B T T DL AR A S
HE LA A IR 00, 48 oo X 8 0 R 6

3 17 8

I REARBE U E RN R B L A A
fifk B EL TR AN R R T A . AR I 2 A 2 AT
B & ( Bacillus ) 0 R A 18 16 )& ( Pseudolnonas ) 4l
WY WK B (Serratia ) WL A H &
(Azotobaeter ) 4N B 2511 S [ T Wk 4 % 1 BE 11 R
], A 5% 0 6 1 0 A B 1R JT-1 09 fift B 1 R
386. 25 mg/L, ff iR A 38. 69% , 12 T+ & N AMIGE 1Y
oAb el R 76 AR W) 2508 R % Ca, (PO, , U RE
40 A% BE 5 2010 IR A5 B4 ik B 40 T VR 17 Ca,y (PO, ,
F) A o 218. 60 mg/ L, WK A 10.95% , ik
2T 3R AG B4 fi B A0 TR A9 G HLBE BE o 240. 1
mg/L, fBER N 24. 05% 1 XA B 25 J T 1R V5 fi
Cay(PO,) , BT IR FE R4 51 3R AT (0 il 5 2
FOURT B B A 4. 86% , JBRH BH 25110 3545 i) — Fik
MR ZERIFT I NX-11 B BER 0N 3.12%, B,
AGETGIER B. subtilis JT-1 J&:— R = SURBE A

H RN Z 3532 (i P i i LB 2 7= R
UINIRGE AR P STRURTIEAY. & PN Yoy AT Gt
TEACH A b 2 P AR AT R L FLIR L 3R 30 1R 55 A L
%, XUEAH MR, BEREFEARIG SR 560 pH i, XheYS
Ca® Fe™ Fe™ A" S5 184 1 (i va M 5 iR 4k
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Fig.7 Effect of B. subtilis JT-1 on soil microorganism diversity

F1 NEEFXEPARLEEZFTNEZHERRR
Table 1 Wheat growth indicators in various treatments in the

pot experiment

g TR o AT
b - Y SA =

I e (2) BER mgy
PO 8.73 +0.64b 27.53 + 0.83¢ 21.89 +0.52d 6.58 £ 0.26d

Pl 13.24+0.82a 30.62 +0.87ab 26.44+0.41b 10.72 + 0.39b

P2 13.92+1.00a 31.47+0.68a 27.48+0.56a 12.04 +0.54a

P3  12.85+0.58a 29.62+0.61b 25.80+0.15¢c 9.82+ 0.08¢c

P4 13.40 £ 0.96a 30.27 = 0.95ab 26.82 + 0.63ab 10.89 + 0.42b

PO PN +4T A, 25 6 BB 5 P i U + 400 0 + B A 5 P2, it JH
SN+ A+ A A+ el TR 70 5 P3 i EUIE + 80T + Cay (PO, ) , 5 P4 it
FHRNE+EAL +Cay (PO, ) , +BBE BT, 6 — B AN [H] 7 B oK 25 53k
£ 0.05 WFKF,

IR RPN E B, subtilis JT-1 AR5 i 72

HhA] IR IEIR BREAIR SRR AERHRIR X T RE
RHRE RS AR pH FRARAY BRI 2 B Rk JT-
| HA R wine i E 2R, AT & BRI
1% AT AR A AL A4 PN A2 i 37 3 F0 A A i B ke T 0%
B, 398 o0 A oG A 1 e K e AR v T O T R 2
WEIRAE T, A R T35 32 B i > i AN IR A
PR SRR AT L db 2 4 v VR AR B - 8 v [ S 1Y
Vsl PR AR AR IR B SR TR 10 R ARIERE AR K
KRBT, I HE AR M i A i e e
I A ISR A S TR B BOE 1
A BEREEMNY S EERUA Y T LA R 5
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Table 2 Phosphate utilization rate of pot-cultured wheat in various treatments

P (g)

WA (g/ke)

i ARG BERAER
Qb3 P %
(mg/ ) A Pk AT o (mg) (%)
PO 0 14.92 + 0.46d 4.21 + 0.50¢ 0.75 £ 0. 04b 2.58+0.17b 22.05+1.97d -
Pl 100.00 23.35 + 0.60b 7.95+0.61a 0.83 + 0.07ab 2.71 £ 0.14b 40.93 + 2.85b 18.88
P2 100.00 27.80 £ 0.87a 8.47 £ 0.76a 0.91 £0.11a 3.12 £ 0.25a 51.72 £ 2.06a 29.67
P3 100.00 20.96 + 0.74c¢ 6.74 + 0.27b 0.63 = 0.05¢ 2.18 £0.12¢ 27.90 £ 0.94¢ 5.85
P4 100.00 23.64 + 0.79b 8.01 £ 0.39a 0.79 £ 0.10ab 2.85+0.22ab 41.50 + 1.82b 19.45
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