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FiE45 5 A 42.60%.,10.45%.48.65%.33.01%, PK3 451 %+ B 42 & 65.26%.21.09%,
83. 78 % Fn 49. 48% ,PK7 4% 5+ F132 & 79. 46 % .44, 26 % ,105. 41 % F= 113. 03 %,
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B, BT TS BIRIR SR TR IR
55, 24 TRER L Mg 2 R . Fi,
TE PRI T ESIRIBRE. F20
FER RN 4 BB A & B0, B R P Y TG
RO B EESR B SRR B AL AL SR 4 S
BErbe B ESIRN SR RIEEERER
RV BRI A A T AR B T R
RS, RS R B AR,
IKAE N H B BRI SRR B e J il
WM BRI Ak I B0 @k E A TRk

N N N N NP NP

2 121 bp and encoded a protein of 706 amino acids with predicted molecular mass of 78. 36 kDa and a
pl of 7. 76. Both the results of NCBI Blastp and phylogenetic tree based on LecRK proteins showed
that CsLecRK protein had the highest homology with that of muskmelon (95%), the evolutionary
distance was the shortest. The result of gqRT-PCR showed that CsLecRK was significantly down-

regulated under Cu stress.

Keywords: cucumber; copper tolerance related gene; CsLecRK ;expression analysis
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BB 7=, FE AR AR PR b R PR B AR,
VI A W 5T & TR FE AR 4 TR T B R oK b
A R AR AR R IE T TR R gk
MENE R, FEAEMIRE R, FRER R
KRR R B R AT R R U MR 2R 2
ISP AR, SN0 IR T8 B 5T 3 AT R K1
N K3 §e4rf 30 Y, 55T BRAR EL, R T
WS BPIINT 48. 16% 1 56.57% .,
JIUZ: BRI IR AE AL 7= PR s T AR R B S
Mz — JEEXERNRRERK., AUFREY
A A NPT 5T e 22 & LK d S
BRI LB IR by 488 4 Ak, 2R B 7 LU oK R
P 200 D 337 B 3 01 R R I ik DA B TR B £
e rp 43 B L A RE ) BESR I TR AR R A TR P A
S 5 AT BN AR MR BT R T I
RS AR BT RS i AR VE R, A AR
WIRERHRR & BT N PR 2 AR

1 #REFE

1.1 Kie#f#

Ptial I TR A TR B H O B TR
PR3, A TS A B4, I EARSE, B R SL =
BATAREIA I A . RIS ISR 0 i LU KRR R
AR A B E CRRERED, AER
“Hgk 3 5IASE TR A O AR RERE .

1.2 KEH*E
1.2.1 80 2T 1) 43 R

FRE 10 g BTARER L. BA A 90 mL o
FK HAF A BB 3R Y 250 mL #EJE S, 28 "CHH
AR 30 min, il B I E W B 1 mL H 3
AW 10 EEER R B 1 X107 ~1 X 10 M B¢
FEH BB 0. 1 mL 3845 26 W 05 1L K rkla h
IR EL, BIMBE 3IRER ., 28 CHF
PRI 3~4 d.ilid D GEH B ER M 4 (F
% EHAR) AW L i L AR 4T e I BOR TR bR . Xt
EL IR .35 BA B P DA AR R A T 24 T 2558 o AR
S FGE K1 18 L 435 R 5 PR PR 95 5%
HRFREEABMHERET 4 CRE.
L.2.2 f#SRA0TRARSTRE ST B E

PRSI AR PP A A RV, B B A R R

B ST P T3S, 28 "CHEIRES R 4 d 5.
TCPE/KBE PRERHIRREE A 1X10° CFU » mL™' i
BRI . 2 BOCHRIS T/ Jr ik Tl 2 ) 17 11 P e 61
TdE. B 100 mL @SR TG R R 6 T 250 mL 4
B, BHEA S mL HERK JEEEY H
1X10° CFU « mL™), Xt B4 AN A S5 B T H K
AR IREE.28 C,160 r » min "R E S
7d, BUEFER .1 000 r » min™ B0 10 min,
WL AR5 B 10 mL B 10 000 r + min * B[
10 min, FJRF RS0 00 %8 K e R A A
ER, 5 RAITT HLE, 15 1 A 5] B AR A B A
R, EHHBNE QO=lRHAELNTE
(mg+ LD — X AR ZHE(mg - L)) X
100 mL/ B KAk (@) X &85 & (Y6)) X100,
1.2.3 fRERANERSEE

ZROCERLL7 IR AR AT R e &
FENBALIETE R BB FRRE , RS2SR L 2 IR
Yufs ZEEYL SRR L) K TR R A BAE L ]
AE . LR FRA AL E N AR S RGBS A
WE R B 58 VE By B TS . V. P DI RE | A I R
BE TG RR L A A | W5 Wk e | IR B Ak i 56
M. R R4,
1.2.4  fABRABTERN B RE T AR AR

Pk 2 7 A 0 35 1 B IR, AR A B0k
TS5V HIPIRE R 30 s, ZR1B/K VRS 3~4 3R,
25 ‘CHHIRIBFAE IR 24 h REE THA KHE
BLAREE RN L, R T HE. FENF T
FFRZFEG T 300 mm X 200 mm X 50 mm F)
FeRp L R 4 2 R RZRKE R
T IR AR 30 BB F.3 d FRILEK
S, RS B TOEIRIE RN IRE R 28 °C,
FHRHREE Ry 7000, J6JH B R 12/12 h, V& 3 FiF
PRAAGA AL HR: A W HEMR B 21 X10° CFU » mL ™
PK1 ) W & % 30mL; B ¥% ¥ % B W
1X10° CFU » mL ! PK3 BB & 30 mL;C 58
BEWHE N 1 X108 CFUmL™ PK7 WHE &K
30 mL; AGEHE R w /K AE A%t R, R Ab3l 3 Rk
403 14 d 5 B NIAR K k5 AR R Hb L
TREET R
1.3 BUESHR

I EE R SPSS 16. 0 B TALRE
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2.1 IR BR 1 S8 A 50 40 B A 0 18
METRER P B 9 BRI BT AL, 5350
fir4s PK1,PK2,PK3,PK4,PK5,PK6,PK7,PK8 il
PKO. 3R LR A0 i iy P — S0 0 1 B 9
PK1~PK9 HHRIGFETRE TR ME . MK 1

£1 FEBEMEEEES A Duncan's FIEREX
Mk Z HELE
Table 1 Multiple comparison of the extraction potassium

ability of different bacteria strains by Duncan’s multiple range test

Bk Strain D/d P<C0. 05 P<C0.01
PK1 5.67 c C
PK2 2. 00 h F
PK3 8. 29 b B
PK4 1.18 h F
PK5 2.12 gh F
PK§6 3.77 d D
PK7 8.75 a A
PK8 2. 50 f E
PK9 2.76 ef E

F: FFEER B ARDNEFERRERBE (P<0.05), RAAREF
BRRERFREFP<0.0D, TR,

Note; Different lowercase letters in the same column indicate signifi-
cant difference at 0. 05 level; different capital letters indicate highly signifi-

cant difference at 0. 01 level, The same below.

50.00 [
4500 [
40.00 F
3500
30.00 |
25.00 [

B I

The percentage of available potassium/%

20.00
15.00 |
10.00 [
500

AL, PK1~PK9 ¥ EA —E WG, D/d
i 1. 18~8. 75, H e PK7 Wk 6T B &K,
D/d 183k 8. 75, Hk & PK3 F1 PK1,D/d & 43 5
k1 8. 29 1 5.67,PK4 £/, D/d % 1. 18,
2.2 fREFARIEMEBE IS

S T#E— 22 PKL~PK9 B HES G
kK 9 PR B AR PRI R R R A
T MR MBI DU R 4% TR R P A R 3R, TN g 46 R
Bl 2 . 455 R M, PK1~PK9 WHkISA 8
REJ7, 355 12 h B, PK7 Fl PK1 Fk A R 0
R H TR (P<C0.05), Rl 55350 a] 1 e
1, B BE 0] #7499 BB ) 22 7 B MR 3 R, HE A PKL
PK3 1 PK7 BAE = MAFETEE S WK S5 96 h
J& » FERER R 451 30, 05%6.33. 78 %0 il 44. 01%,
2.3 BAAENEE
2.3.1 DEMRPITES2EAHIE

TERR KA b vE— S IR I RE B R B TR
AT ETE S HHEMES . PK1 A1 PK3 &2 H
o, RIADGIE  AEH & AN, PK1 A PK3
2 YL, B PR, oA ZE 4, #FR . PK7 1§
HEIE IR, W &S, R E . T EE
B, PK7 822 [CYLa B, B AAFFIR , 9 o i ]
IR PR A = AR R B 2R 4

Oi12n
& 24 h
Elagn
Hoon
B7nn

0.00 -
PK1 PK2 PK3

B Strains

1 BHEAETRERNENFEMET 2t

Fig. 1

2.3.2 THBRIA LA ALRRHE

PK1.PK3 1 PK7 /L #A AL S 45 R L3R 2,
4% PK1.PK3 Fl PK7 MBI TE A= e R AR
FRAAVRRAE L AR IE 1A 7S BG40 5 % 5 F A8 T

Increase in the percentage of available potassium of different strains of K solubilizing bacteria

1, PK1 #1 PK3 4 % BB 3 M B ( Pseudomones
putida) ,PK7 J & B2 25 MU AT 1 (Paenibacillus

mucilaginosus) ,
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Table 2 Physiological and biochemical characteristics of

potassium-releasing bacteria

RBINH Test item PK1 PK3 PK7
FALEFRL Oxydase test — — —
FEBE 2 BHRIE Glucose ferment test + =+ —+
FEMIKARIRE Amylolysis — — —
V.P A5 V. P, test — — +
BRI Catalase test + T 4
M85 Indole test — — _
B BHLIABE Gelatin liquefaction test — — +
M. R % M. R. test — _ 4
FeEms Lk I FAL Citrate utilization test + + —
LR PR Nitrate utilization test + + +

TR 7R R A R, “— 3R BURE R B .

>

Note: ‘+ indicates positive, “—” indicates negative.

2.4 BRAEXEINNEEER

MFE 3 WA, PK1,PK3 f1 PK7 &b ¥8 % )R 9
BE MR HHREMTRENS TR P
0.05), PK7 X2 /N A{R 24E BUR & AR Bk
75 B T B R T S B 4 M B X BB 79. 46 %,
44. 26%.105. 41% F1 113.03%, PK3 K 2, 421
F X BR S 65. 26 % .21, 09%.83. 78 % Hl 49. 48%,
PK1 f 4 90 5R f5 6, 40 5 B 3 B/ 42,6004
10. 45% .48. 65%.33.01%,

%3 AEAE T RRERKNMIRE
Table 3 Effects of potassium-releasing bacteria on

growth of cucumber seedlings

e RE =1 BERE THEE
Root length  Plant height  Fresh weight Dry weight
Treatment
cm /em /(g B /(X107 3g- D

CK  3.3140.18d 10.6240. 16d 0.37+0.03d 32, 542, 48c
PKl 4.7240.32¢ 11.7340.22c 0.55+0.0lc  43.28+3.23b
PK3  5.4740.17b 12.8640.33b 0.6840.05b 48, 64+2. 46b
PK7  5.9420.12a 15.3240.22a 0.76%0.03a 6. 325. 24a

3 iS4t

— S Y BA R AR RE T, BB 0 WA HLIR
SHERK A SR REIRE T Y g A
B SRR S A AR B T b o
WL AR A AR R T . BRI AR
P B AR AT B (Bacillus sp. ) B & H
(Azotobacter sp.). 12 B Wi B ( Pseudomonas
sp. ) AT E IRIEH (Burkholderia sp. ) .TLEE 1

AT 1 (Klebsiella sp.) .\ 4 ¥ & ( Enterobacter
sp. ) Y2 B (Pantoea sp. ) TR E (Myroides sp. )
e ¥F & (Agrobacterium sp. ) 222 BRI
A W) HLA T8 N B BE RE 3R € B ) R ML E ) 42
AERORGF IO A PRt DA M A8 B i 228 200 B 2
YA ANTHR RS . — AR DIV
YA R B 5 0 vk o A 40 AR T TR
SE AR BRI AR AP A TR J T-K21 (i Rk +h
REER AR SR 5 83k 132. 68 pg » mL 7', 3K
W R S VE PR R 1 S8 07 3 A B0 1 MY -1,
SRR P BB S & k% 65. 04 mg - L7, H
R 1E - AEDTR BR 2 B A3 4 4 B I BP0, oy
T I X B AR $53E  BE 7 5R  JF HLXT B AR
RORBIF B , 125 TR B 4 R0 B R 3
IR B 328 r 5 2 1L 7 6 B8 10 B0 SR I BT PKCL,
PK3.PK7, JEidX @M H# 44 % . PK1 5 PK3
kS B BB B ( Pseudomones putida) , PK7 2R
B2 ZE AT I (Paenibacillus mucilaginosus)
X5 B B SRR I ST 4 SR — 2, B
RS B (P, putida) FIRE S S HAT B (P.
mucilaginosus) B B EETT .

il P T BB AE o A W o IR AR R A Y B A
bl B R AR SE R A MR BT BE
(1% J2 J5 23S 2 HRUAT TR FH ¢ G ABL A R R (R A P 4
B, SR AR XS IR B0 B AR, oK
B AEEE B A B AR R 07 2 1 XF11 BA
TR PSR B T, O L) A0 e e ek v R A B
WA TEHEVE R, 40 A AL B B4 B 20 d S L bk
I 23 A A 38. 64 % 0 31. 02%, ZEBFLE
e B Bk PK1,PK3.PK7 {3 T 8 /K4 i
LR K, Hits PK7 EHRAE SRR B 57 5 4 B
He, B BARE T BRI ik R BT R
PK3 BEMRAE A BOR IR 2, PKT 18 MRAE A2 3R &
k. BRRIEA BRI MK/ S REEIRE A 50 TE/%
PREE M rh  PKT ASR B BB ) Bxoi, PK3 IR,
PK1 &, X 5 & ¥k I 4 BB It — . 2T,
FEEVI SR RVIRE A BA R &
PRI RE ST, RIBTIE W] LA SIS A R AR Y 3. B
AR IR B PK1.PK3.PK7 %} # N f {2 4=
YER RBAE e 2 E R EREY R, B =2
ZHILRER, AR
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Screening, Identification and Promoting Effects of Potassium-solubilizing
Bacteria in Rhizosphere of Cucumber

GE Honglian, JI Xiu'e
(College of Life Science and Agronomy,Zhoukou Normal University, Zhoukou, Henan 466001)

Abstract; Rhizosphere soil of cucumber was used as test material, K solubilizing bacteria were isolated
in Alexandrove medium. The ability of dissolving potassium of K solubilizing bacteria were determined
with the atomic absorption spectrophotometer, then the strains with stronger K solubilizing bacteria
were identified, meanwhile, the effects on the growth of cucumber seedling were studied. The results
showed that nine K solubilizing bacterium strains were isolated from cucumber rhizosphere soil, in
which PK1, PK3 and PK7 demonstrated strong potassium decomposing ability, and potassium
decomposing rate of them cultivated in liquid medium for 96 hour was 30. 05%,33. 78% and 44.01%,
respectively. Based on the morphological and physiological and biochemical characterestics, PK1 and
PK3 were identified into Pseudomones putida, PK7 was Paenibacillus mucilaginosus. In pot
experiment, after 14 days PK1 increased the root length, plant height as well as fresh weight and dry
weight of cucumber seedling by 42.60%, 10.45%, 48.65% and 33.01%, PK3 increased the
correspondents by 65. 26%,21. 09%,83. 78% and 49. 48%,and PK7 increased the correspondents by
79. 46 % ,44. 26%6,105. 41% and 113. 03% ,respectively,compared with the control.

Keywords: cucumber ; K-solubilizing baceria; rhizosphere; screening; growth promotion



