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Abstract: Root parasitic weed Orobanche aegyptiaca adversely affects yield and quality of tomato (Solanum lycopersicum). The
means of effective control is still the focus in O. aegyptiaca research. Fungus is one of the biocontrol agents of Orobanche spp..
However, few studies have been done on the use of non-pathogentic fungi to control Orobanche spp. weed. In this study, the effects
of cell-free culture filtrate of Penicillium griseofulvum, a non-pathogentic fungus strain of O. aegyptiaca, on O. aegyptiaca seed ger-
mination and germ tube growth were investigated in a petri-dish experiment. In addition, a pot experiment was conducted to explore
the effect of powdered P. griseofulvum inoculum on weedy O. aegyptiaca control. The effects of P. griseofulvum inoculum on the
growth of host tomato plants and the change in microflora in rhizosphere soils of tomato plants were also investigated. Results
showed that: 1) in the petri-dish experiment, cell-free culture filtrate of P griseofulvum significantly inhibited both O. aegyptiaca
seed germination and germ tube growth. When O. aegyptiaca seeds and tomato seedlings were co-cultured for 6 days, O. aegyptiaca
seed germination was completely inhibited (100.0%) in treatments with P. griseofulvum cell-free culture filtrate. After co-culturing
for 6 days, O. aegyptiaca seed germination rates reduced by 80.26%, 70.26%, 68.10% and 47.51%, respectively in treatments with
volume ratios of P. griseofulvum cell-free culture filtrate and Hogland nutrient solution ratios of 1 2,1 4,1 6and 1 8. The
lengths of O. aegyptiaca germ tubes significantly reduced by 100.00%, 68.84% and 19.24%, respectively when treated by undiluted,
10-fold diluted and 100-fold diluted P. griseofulvum cell-free culture filtrate. 2) In the pot experiment, P. griseofilvum inoculum in-
hibited the emergence of O. aegyptiaca tubercles and the growth of individual O. aegyptiaca tubercle, but simultaneously increased
tomato fruit yield. The number of epigeal O. aegyptiaca tubercles, epigeal rate of O. aegyptiaca tubercles and dry weight of individ-
ual O. aegyptiaca tubercles all significantly reduced after the application of powdered P. griseofulvum inoculum at 1.0 g-kg™ for 130
days respectively by 76.19%, 85.30% and 28.48% than the control. After the application of P. griseofulvum inoculum for 130 days,
tomato fruit yield was 346.8 g per plant (51.57%) more than the control (228.8 g). In addition, P. griseofulvum also adjusted micro-
flora structure in rhizosphere soils of tomato plants. The application of P. griseofulvum inoculum reduced fungi population (excluding
CF3) and significantly increased population ratio of bacteria to fungi in rhizosphere soils of tomato plants by 75.60% and 117.57%,
respectively, compared with the control. On average, application of P. griseofitlvum inoculant reduced fungi population (excluding P.
griseofulvum) and increased actinomycetes population in rhizosphere soils of tomato plants respectively by 42.81% and 84.15% over
the control. In conclusion, P. griseofulvum had the ability to control O. aegyptiaca infection of tomato plant with fungus as suitable
biological agent to control O. aegyptiaca.
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Table 1 Inhibition effect of the cell-free culture filtrate of Penicillium griseofulvum CF3 on seed germination of Orobanche aegyp-

tiaca induced by tomato

CF3 Cultivated time (d)
Hogland 6 8 10 12 14

Vers Vhogland Re (%) Ry (%) R (%) R (%) Rp (%) Rg (%) Rp (%) Rg (%) Re (%)
CK 23.48+1.46a — 33.27+4.44a — 56.70+6.35a — 64.55+4.16a — 77.14+3 .46a —
1 2 0.00+£0.00b 100.00 6.57+0.54¢ 80.26  31.56+3.06¢ 45.58 55.84+8.57a 13.57 62.27+4.21b 19.23
1 4 0.00+0.00b 100.00 9.90+0.52bc  70.26  43.56+2.89b 24.89 56.23+5.72a 12.96 65.70+7.48ab 14.79
1 6 0.00£0.00b 100.00 10.62+5.08bc  68.10  43.62+3.79b 24.80 65.24+1.60a -1.00 77.52+3.47a —-0.55
1 8 0.00£0.00b 100.00 17.48+3.61b 47.51  46.11+£5.33ab 20.50 63.87+5.26a 1.13 72.31+5.86ab 6.21

+ (n=3)

Tukey (P<005) V(‘ng

volume of cell-free culture filtrate of Penicillium griseofulvuml CF3; Vioglana: Hogland solution volume; Rg: germination rate; Rp: percent reduction.
Values are means + standard deviation (n = 3). Different lowercase letters in the same column indicate significant differences (arcsine transformed)

among treatments (P < 0.05) based on the Tukey’s test.

2.2 CF3 , ,
, CF3 CF3
CF3 ,
10 100 CF3
0.36 mm  0.94 mm, (1.16 mm)
68.84%  19.24%(P<0.05)( 1) GR24 ( 2

http://www.ecoagri.ac.cn



770 ( ) 2019 27
20 .67 12.09%,
0.70 g,
’g L5f 2 76.19% 85.30% 28.48% 70d ,CF3
2 I : 83.28%
i
§ E ot 7/ [ ’ CF3
e / % 90.19%
=]
éﬂ sl % .‘I:_ % 55.64%
% 7 % (P<0.05) , CF3 70d
o
O . 2%, 50.00%
CK CF3J5ii  CF3 10fii CF3 100f5¥ 87.01%,
Undiluted CF3 10 fold CF3 100 fold CF3 CF3
Y3 Concentration ’ ’
. " 130 d
= b == kS N7 q I s > e A Z [ [t l
1 REEE CF3 Zv‘.ﬁiﬁgmﬂéﬁsfakfiﬂ’]ﬂﬂﬁﬁl 57.69%(P<0.05): 70 d
Fig. 1 Inhibition effect of the cell-free culture filtrate of Peni- , CF3
cillium griseofulvum CF3 on the germ tube elongation of Oro- CF3
banche aegyptiaca ’
CK: 0.1 mg'L™' GR24 (n=30)
Tukey ( 2
(P<0.05) CK: treated by 0.1 mg-L™' GR24. Bars in the figure mean 23.2
standard deviation (n = 30). Different lowercase letters in the figure -
indicate significant differences among treatments (P < 0.05) based 130d , CF3 >
on the Tukey’s test. 34681 g, (22882 g)
51.57%(P<0.05) CF3
12.46%,
70 d , CF3
100.00%(P<0.05) , CF3
66.67%(P<0.05); 24.91%,
CF3
CF3 >
« 3
2.3.3
70d CF3
0.5n
ki 142.35%  126.26% 130d
B2 RESFE CF3 REERXMINIHRFERSHIZM CF3 CF3
Fig. 2 Effects of the cell-free culture filtrate of Penicillium griseo- 75.60%
fulvum CF3 on the form of Orobanche aegyptiaca germ tubes : 0
a b ¢ CK CF3 10 100 117.57% , CF3
0.1 mg-L™' GR24 10d a, b, cand CK CF3 42.81%
are the forms of O. aegyptiaca germ-tubes treated by the un-diluted, 10 ’
fold, 100 fold diluted cell-free culture filtrates of P. griseofilvum CF3, 84.15% (P<0.05)
and GR24 at 0.1 mg-L™ for 10 days, respectively. CF3
23 CF3 70d 130d
2.3.1 R CF3
1304, CF3 54.23% 46.34% 50.29%( 4)

http://www.ecoagri.ac.cn



771

F2 BHARPNESTE CR EFANLISFEHENENENR N

Table 2  Effects of the Penicillium griseofulvum CF3 inoculum on parasitism and biomass of Orobanche aegyptiaca in the pot experiment

Total parasitism

Epigeal number number Epigeal rate Total dry weight Individual dry weight
Sampling time ~ Treatment M d M d q M d M d
e 4K i ACK e MK e MK T AK
(plant-pot™) ’ (plant-pot™) ’ (%) ° (gpot™) ° (gplant™) ’
70d CK 0.67+0.58 — 3.00+1.73 — 23.33+£25.17 — 2.48+0.30 — 0.96+0.36
70 days after .
transplantation CF3 0.33+0.58 -50.00 5.00+5.57  66.67  3.03+5.25 -87.01 1.06£1.00 -57.12  0.16+0.15 —83.28
130d CK 7.00£1.00 —  8.67+1.53 —  8222+16.78 — 8.39+1.01 — 0.98+0.12
130 days after " " * *
transplantation CF3 1.67+0.58 -76.19° 13.67+0.58  57.69 12.09+3.81 -85.30 9.56+0.49 13.95  0.70£0.05 -28.48
CK 3.83+3.54 — 5.83+3.43 — 52.784+37.50 — 5.44+3.30 — 0.97+0.24
Mean CF3 1.00+£0.89 -7391  9.33+£5.92 60.00 5.18+6.08 -90.19" 5.31+4.71 -2.27 0.43£031 —55.64"
CF3: + n=3 6) * t (P<0.05) CF3: P. griseofulvum. Values are means

+ standard deviation (n =3 or 6). * in the table indicates significant difference (P < 0.05) between CF3 and CK treatments based on the ¢ test.

®3 BRRBPREEE CF3 AFIMEMREKMFIE

Table 3 Promotion effects of the Penicillium griseofulvum CF3 inoculum on the growth of tomato plants in the pot experiment

Dry weight of stems

. . Total fresh weight .
Plant height and leaves Number of fruits of fruits Dry weight of roots
Sampling time  Treatment Measured
Ml e Mewedsec b ac Memmaoc Memed e
) e G (ume (%) e O6) (%)
(cm) (g-plant ™) ber-plant ™) (g-plant™) (gplant ™)
70d CK 43.00+1.00 —  11.68+2.75 — 3.000.00 — 135.17+6.86 —
70 days after N
transplantation CF3 45.00£6.24 4.65 8.69+1.03  -25.60  6.00+1.73 100.00 107.83+23.03 -20.23 — —
130d CK 48.97+7.60 —  16.60£0.52 — 6.00+2.00 — 228.82+7.13 —  1.95+0.31
130 days after .
gransplantation  CF3  62.50+4.50  27.64 1664053 024  9.00:1.00  50.00  346.81+40.10 5157 2.20+0.32 12.46
CK 45.98+5.85 — 14.14+3.22 — 4.504+2.07 — 181.99+£51.67 —
Mean CF3 53.75+10.75  16.89 12.67+4.42 -10.43  7.50+2.07 66.67  227.32+134.12 2491
CF3: + (n=3 6) * t (P<0.05) CF3: P. griseofulvum. Values are

means + standard deviation (n =3 or 6). * in the table indicates significant difference (P < 0.05) between CF3 and CK treatments based on the 7 test.

=4
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Table 4 Effects of the Penicillium griseofulvum CF3 inoculum on microflora in the rhizosphere soils of tomato plants in the pot experiment

Fungi /
/
Bacteria 'CF3. CF3 Actinomycetes Bacteria/fungi Actinomycetes/
P. griseofulvum Fungi besides CF3 fungi
Sampling  Treat-
time ment ]
A‘(‘:‘(’)‘im ACK Ar(‘;(g}lm (;21?:;- Amount ACK Amount ACK Ratio ACK Ratio ACK
0, 3 o] 0, S | 0, 0, 0,
CFU-¢™) (%) CFU-¢") rate (%) (10°CFUg) (%) (10°CFUg ) (%) (%) (%)
70d CK 6.19+2.14 — — 27.23+2.84 11.57+3.64 —  23.314£9.59 —  42.12+9.88
70 days after " .
transplantation CF3 15.00£3.75 142.357 32.49+1.08 5423 2749286  0.98 2618224 12626 25.08:656 7.58 43.65:3.62  3.64
130d  ck  5.02+0.52 — —  36.36£5.19 837050 — 13.94£1.94 — 23.45:4.52
130 days after . "
transplantation CF3 4712042 6,12 7.76:2.54 4634  887+2.54 —7560° 1054£192 2591 303310.02117.57 69.49+30.77 196.37
CK 5.60+1.53 — — 31.79+6.25 99.70+£29.14 — 18.63+8.04 —  32.78£12.32
Mean CF3  9.86+6.12 75.84 20.13+13.66 50.29 18.18+10.48 —42.81" 183.59+87.69 84.15" 27.71+8.10 48.74 56.57+24.17 72.56
CF3: + n=3 6) *

3 Wit

CF3

t
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(P<0.05) CF3: P. griseofulvum.
Values are means + standard deviation (n = 3 or 6). * indicates significant difference (P < 0.05) between CF3 and CK treatments based on the 7 test.
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