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[ ZE] [EMY HWEGIRFTEE (Penicillium funicuiosum) P1 X 5 TR 7 Wi & W 4E I K HAE i B FT 5 1
T BV B RE 01, R A A T O A AR A G R B BRI AR R . Or k) S T AT I EE R AR A
Pl &M . 8 THiA 2 2RI TR FR L rh 28 CREFE 4 d, LTS TC B K 1 4 31 Sk % B 0 4 B FD 7 1 & 2F 36
REFHCEE T TR K R R IR HORNE 13880 43 B PL XSS SR T R s . I R W T R AR (%
R R R V) MRS (5,10,12,15,20,25,28,35 1 40 C) 4T P M B BE F1 . 20 B SR 55 b 30 %t Pl
frwERe sz, (85 R ]Y 40RE 5 P1 X & TR 705 K B RAFIOMEAERUR , S5 X REAE L 4008 75 3 P1 S 40
Y ZE K IR K A3 I T 149, 14 %M1 50. 21 % . R F AR T 86. 67 % FhFI% T F T 237.25% ., 48405 P1 1E
T2 Wi T A E A R 0 A8 ) 7E T T S0 R (99 @ i W] 5k 418,85 mg/L, P1 7E 10~35 CHy &1 T 6k
AR HEZBHEES 10 CE&M T AR N 34. 67 mg/L,28 C4& M4 F AR J1 120.52 mg/L.35 C&HETH
W ON 364. 97 mg/L. [Z5i8Y 400K & B 0 P1 & — Ak 205538 B M 45 4 HL Al 42 F 4 9 2 K A Tk mT T il 4 1
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Effects of Penicillium funiculosum P1 on P-solubilization
ability under temperature and drought stress

ZHANG Jianfeng, WANG Guanxiong, HUANG Jia, YAO Zongmu,ZHANG Jiejing

(College of Life Science, Jilin Agricultural University ,Changchun, Jilin 130118, China)

Abstract: [Objective] The effects of Penicillium funiculosum Pl on germination of mung bean seeds
and its P-solubilization ability under temperature and drought stress were studied to provide microorganism
resources and basis for development of biophosphate fertilizer. [Method) The sterilized mung beans were
dipped with P1 bacterial suspension and placed in a sterile Petri dish with two layers of wet filter paper and
cultured at 28 C for 4 days. Taked sterile water treatment as control. The germination rate, germination
potential, fresh weight,dry weight, bud length,root length, germination index and seed vigor of mung beans
were determined to analyze the effect of P1 on germination of mung beans. The effect of environmental
stress on P-solubilization ability of P1 was also analyzed by studying the P-solubilization ability of P1 under
different drought degree (extremely mild drought, mild drought, moderate drought, severe drought) and
temperature (5,10,12,15,20,25,28,35,40 C)stresses. [Result) Penicillium funiculosum P1 had good

effects on germination of mung beans,and shoot length,root length, germination rate and seed vigor were
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increased by 149. 14 % ,50. 21% ,86. 67 % and 237. 25% ,respectively. P1 still had strong P-solubilization a-
bility under drought stress,and the amount of dissolved phosphorus reached 418. 85 mg/L. P1 could grow

at 10— 35 'C with p-solubilization ability. The amount of dissolved phosphorus reached 34. 67 mg/L at 10
‘C, 1120.52 mg/L at 28 C,and 364. 97 mg/L at 35 C. [Conclusion) With good environmental adaptabili-

ty and ability of promoting plant growth, Penicillium funicuiosum P1 has the potential to prepare biophos-

phate fertilizer.

Key words: phosphate solubilizing fungi; P-solubilization ability; Penicillium funicuiosum ; drought

stress;temperature stress
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NBRIP % 57 H& . % # B¥% 10 g, (NH,),SO, 0.5 g,
NaCl 0. 3 g, KCl 0. 3 g, MgSO, « 7H,0O 0. 3 g,
FeSO, « 7H,0O 0. 03 g, MnSO, « 4H,0 0. 03 g,
Ca; (PO, 7 g, 281K 1 L,pH 8,
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5.7,9,11,13 d M # & . pH.P1 AW &, pH H
i B A A AE 2 0 (25 OO Rl . P1 A 9y &=
SE T o 1) = A S R R R R A W R A o8 A I
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2.1 PIXNZEMFHENZIE

H 2 1m0, P12 4k B R T & A B
FIPEIEVE T s 5 CK AH He . P1 R & V(4% 3 4h 1 Y
R OM K ZER BN B FEHK T 149, 14% M
86. 67 %0 » L T AN I MK R o 0 T KT
50. 21 %0 Fl 44. 44 %05 5 CK A L, P1 B W 4 &
L R B R ZE R OIS ) 48 B0 i i B 4R
BT 95.33%,132. 28 % Fl 237. 25% ; P1 T & W kb
5 CK By i o M2 5 (P=>0.05),

1 BREFHPINGEMFHENTI

Table 1  Effect of Penicillium funicuiosum P1 on mung bean seed germination

Ab 3 2K /mm K /mm fif i 4t/ g Triht/g
Treatment Shoot length Root length Fresh weight Dry weight

P1 80.9247.27** 35,6045, 21" 0.26740.04" 0.04+0. 00

CK 32,4844, 28 23.70+2.58 0.184+0.02 0.0440. 00

JLBL KRR/ % KR/ % KRR T 146 %L
Treatment Germination rate Germination energy Germination index Vigor index

P1 93.3340.00* * 93.3340.00* * 13.17+£1.25% 3.444+0.58" "

CK 50.0043. 33 47.78+1.67 5.6740. 30 1.0240.17

e Fl o x 43 51 R7R 5 0 HURH 1L 22 5736 19 38 (P<<0. 05) Al i % (P<<0. 017K -,

Note: Compared with the control group, * P<C0.05 and * * P<C0. 01 represents significant and extremely significant differences, respec-

tively.

2.2 FEPEX P1iABisE M

f &L AT B A TSR R P A W i
TR RO R RGeS B kEIR, H2,PL
i T TR 65 1) I8 0 MR SR AR B, A B T R R B
WERE 130T ik 418. 85 mg/L., 7EHFRHET 5 d W, T
S0 Ak B A A Bl O T X R XORT BB O A2 T R
RS L PL Y 77 R B 01 7E AR A 0 13 5, MO
18 7 BE T 52 W 360 7 185 5 T 485 K
2.3 IEFEEI Pl ABEEHNEM

& 2 fZ 3 A, P1L7E 10~35 C Nk
AR IR EBERE T, A 28 CHRMEY &K%

W fE 7 d JE k2 G, R R B Tk
1120.52 mg/L. MEFREERT 28 Cit,P1EY
S R B ) T ST B O LA A 5 3 R R
JE A% 3BT AT RE S TR AR T B P A K R A
18 B IR R IR, T EOR R TR, Wk 2,
P17F 10,12,15,20 il 25 CHifE 11 d JFik 3 F A
B9, % W R 2> 9 R 34. 67, 59. 62, 493. 92,
1082, 901 1 092. 58 mg/L. 4 FRE T 28 C
i PG A 1 i A ) R A, P17 35 C
I, 5z 195 A A A D 364, 97 mg/ Lo {HL 5 VA W A R/
Pyak Hh LAY B IR 2 AT RS X R B T R
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Effect of drought stress on P-solubilization capacity of Penicillium funicuiosum P1

SRR P1 731 A7 BILTR 58055~ ) 250 AT fie 12 3%
W L E— 20 UL W] 2 PV IR £h i 2 A
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Table 2 Effect of temperature on P-solubilization capacity of Penicillium funicuiosum P1

W/ C i /(mg « L™ 1) P-solubilization capacity
Temperature 1d 2d 3d 5d 7d
5 0.00%£0. 00 0.00%0. 00 0.00+£0. 00 0.00%0. 00 0.00%£0. 00
10 0.00%£0. 00 0.00%0. 00 2.2840.68 5.95+1.51 9.4640.92
12 0.00=£0. 00 0.00%0. 00 2.28+0.68 3.13+3.12 7.94+6. 45
15 0.00=0. 00 0.00=+£0. 00 2.724+1.37 5.90+3. 14 29.0448.97
20 0.00-0. 00 0.00=+0. 00 5.63+1.48 126.6549.08 237.67+13.58
25 0.00+0. 00 13.48+5.38 55.65419.02 397.80+66. 81 644.174+51. 96
28 4,67+2.08 63.15414. 25 186.43421.03 457.204+25.91 763.42+73.00
35 9.084+1.59 19.12+5.52 43.28410.02 295.23+37. 43 335. 94449, 40
40 0.00+0. 00 0.00%0. 00 0.00+0. 00 0.00%0. 00 0.00+0. 00
EEE/C i E/(mg « L) P-solubilization capacity
Temperature 9d 11d 13d 15d 17d
5 0.00=£0. 00 0.00%0. 00 0.00=£0. 00 0.00=£0. 00 0.00=£0. 00
10 14.11+£1.97 26,9745, 24 34,6744.72 31.8346.02 34,4046.08
12 16.32+2.48 24.8344.64 45.32413.10 58.30411.01 59.62413. 00
15 85.70+10. 30 175.82412.17 484.33+7.67 477.94+27. 84 493.92+31.71
20 377.15+40. 20 634.24+132.99 1 062.68497.59 1 039.54443.42 1 082.90479.29
25 823.60+49. 46 869.95+62. 26 1 045.854+22.08 1043.60443.61 1 092.58+13. 64
28 1 056.7+64.22 1120.52437.60 1 065.29424. 10 1074.66432.98 1 040. 68416. 68
35 347.294£8.40 364.97+13.50 343.6444.93 350.13+23.73 364.08415. 82
40 0.00-£0. 00 0.00+0. 00 0.00-£0. 00 0.00=£0. 00 0.00-£0. 00
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Table 3 Effect of temperature on biomass of Penicillium funicuiosum P1
WEE/C H¥H /(g + L™ Biomass
Temperature 1d 2d 3d 5 7 d
5 0.00%£0. 00 0.00%£0. 00 0.00=£0. 00 0.00%£0. 00 0.00=£0. 00
10 0.0040. 00 0.00+£0. 00 0.00%40. 00 1.58+0.15 1.87+0.05
12 0.00=£0. 00 0.00=£0. 00 0.00=0. 00 1.4840.15 1.8740.10
15 0.00%£0. 00 0.00%+0. 00 0.00=£0. 00 2.05+0.17 1.7740.22
20 0.00+£0. 00 0.00+0. 00 0.24+0.08 2.57+0.19 3.62+0.28
25 0.334+0.08 2.1140.12 2.78+0.32 4,.4040.17 8.51+0.24
28 0.4640.02 2.2540.17 3.06+0.17 8.2040. 10 8.74+0.21
35 1.3240. 26 2.50£0. 24 3.46+0. 24 3.61%0.11 3.84=+0.15
40 0.00%£0. 00 0.00+£0. 00 0.00=£0. 00 0.00%£0. 00 0.00=£0. 00
HRE/C At /(g + L71) Biomass
Temperature 9d 11d 13d 15 17d
5 0.00+0. 00 0.00+0. 00 0.00+0. 00 0.00+0. 00 0.00=+0. 00
10 1.934+0.15 2.02+0.13 2.26+0.07 2.04740.10 2.27+0.13
12 1.78+0. 38 2.0840.09 1.94+0. 28 2.1240.13 2.05+0. 14
15 2.38+0.14 3.03+0.15 3.684+0.12 3.48+0.10 3.414+0.15
20 6.82=+0.08 6.4840. 20 6.64+0.27 6.0540.12 5.88+0.07
25 9.15+0. 16 9.24+0.22 9.5640. 28 8.66+0.15 8.3340.19
28 9.354+0. 16 9.41+0.16 9.814+0.13 8.54+0. 14 8.20+0.08
35 3.59+0.28 3.79+0. 31 3.384+0. 32 3.63+0.25 3.544+0.25
40 0.00+0. 00 0.00+0. 00 0.00+0. 00 0.00+0. 00 0.00=+0. 00
x4 BERBENEBREEZEEPI pH M
Table 4 Effect of temperature on pH of Penicillium funicuiosum P1
M/ C pH
Temperature 1d 2d 3d 5d 7d
5 7.92+0.10 7.68+0.08 7.75+0.12 7.4940.03 7.48+0.12
10 7.794+0.09 7.70£0.09 7.62+0.07 7.02+0.18 6.48+0.15
12 7.83£0.06 7.7440.12 7.61£0.11 7.05%40. 25 6.71£0.12
15 7.82=+0.10 7.7240.10 7.427+0.09 6.9540.11 6.18+0.07
20 7.68+0.03 7.13+0.11 6.45+0.11 4,6340.11 3.94+0.06
25 7.504+0.05 5.45+0. 10 4,72+0.11 3.51+0.07 2.134+0.02
28 7.274+0.03 4.68+0.03 4,09+0. 07 2.70+0.29 2.014+0.01
35 5.824+0.17 5.31+0. 14 4.87+0. 14 3.5940.17 3.54+0.08
40 7.78+0.07 7.7540.22 7.91£0.08 7.9340.17 7.90£0.09
L/ C pH
Temperature 9d 11d 13d 5 17d
5 7.424+0.10 7.51+0.16 7.544+0.07 7.57+0.13 7.554+0.08
10 6.26+0.06 6.27+0.17 6.28+0.15 6.24£0.07 6.21+0.07
12 6.334+0.09 6.2040.06 6.21+0.05 6.2740.08 6.33+0.11
15 5.77£0.06 4.2740.05 4.4940. 04 4.5040. 19 4.4640.15
20 2.79+0.07 2.21+0.04 2.32+0.06 2.484+0.11 3.3940.13
25 2.05+0.02 2.22+0.05 2.25+0.01 3.61+0.10 3.854+0.06
28 2.3440.05 2.55740.04 2.61£0.02 3.7940. 24 4.4140.11
35 3.63£0.08 3.5440.09 3.65+0.08 3.6640.06 3.90=£0.05
40 7.74+0.04 7.9640.13 7.90+0. 24 7.5440.25 7.93+0.10

3 i

Tl 017 2 R ) A A T 40 R O B A B Br 2
— WF 58 % B AR Br A2 A= 7 (PGPR) AT 42 i Fh + B
K Yoot HIFSE F B L BN R FHERR AL chroo-
coccum WFEIFWK (1 X10" CFU/mL) #3554 d )5,

i®

SRS FRKE R T 20 mm, KRS T 28
mm, & #F K5 T 41. 67% ., Delgado-Sanchez
FUTRBER R BRI TR A BT AT R
IRBR I 1T 42 7+ & 2F . Zhao 557 B 5% & B, 4
HPP16 W B W MW S 5 KA R CK #£ & 7T
35. 48 % ARWFFT 1 . P1 X 4 G R 1 8 & (19 42 2F 4 H
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MV BT . PR, S5 S50 X P A PR 45 585 1V B
HEATIFSE

Ry SR =8 A IR A o 7/ i AN B S L R T
PELT L FEAREIEGE L B TR AR B A R, PR
I S T BB T 8 W AR A L ik 55 bR R AR I A T 4
SCARRL L (H PL A 5 BT 508 R A B AT 2R T A
418.85 mg/L, & 3CHR[18]h stk P8 Fl P19 #5 i &
352,

ok £ 2 5 M 2 3 P T R TR R (IR S R
20 J6 B L R M S DNA S i) AR i 5 4 T ™
(B SR TR R o il s O 2RI M O AR O
S TR o DRT I 36— e X U R 3 7 P AR ) 9 O AT
RAEAO AL 7= A5 KR S, P SO S i g &
B, 5 B bk PSB19 78 4 ~30 C g &1 F ik
K E7E 20 CLLFARKAHER, P17 10~35 C
M4 R IR AE K 7E 20 CLLRAERIER H AWt
I 3 R Ay I A il 8 R AR kA 4 00 L P 1 i O
PEN B A5 A A 72 2% ol 2 b 2 0 332 a0 L
T AEAR R B R P S BRI P ) O
18 (R PL Y i 0% BE 91 5 [R) S B8 A LA SR v
DR B AECY AF SE 45 R, SR i BE PSFM 7E 34
CH¥EFR 6 d Ja. KWW d o o i 35 3 317. 45
mg/L, M ¥k P1 #E 35 C B ¥ # & 7] ik 364. 97
mg/L,

4 gt B

SURE W PL X EM T EA RAF R A
ROR, M S 4K MR K5 H KT
149. 14 %60 50. 21 % , ffi 2 2F 42 & T 86. 672, Fh
TG AR T T 237.25%, Pl fE T 28 TA)
ELAA AR 58 0 VS B RE ), 7 HEE T R E N i e ]
ik 418. 85 mg/L. P1 #F 10~35 CH%&/ FHgedt
KH B &% BEGE 1, 10 C B % 8% & Al 3k 34, 67
mg/L.35 C i % 8 & 7T 5 364. 97 mg/L. MLl
W, S8R T B P1J& — MRXT BRBEIE W R 45 47 HL B AR iF
L) A T TR R & 2 85 Bl A 0 T I ) L T
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