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TR, 0.5 g JR XS it & & AL XE Pp025S FoF Fe A ok Al 2 0 F FE AR 6 300 6] 5 07 35 72.8% 1 86.6%; % -
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Inhibiting effect of biological fumigation of mustard against Phytophthora nico-
tianae

SUN Di', HE Yilin', SHEN Danyu’, DOU Daolong’, TIAN Yue’e"*”

(1. Horticulture and Plant Protection College, Henan University of Science and Technology, Luoyang 471000, China; 2. College of Plant Pro-
tection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Tobacco black shank caused by Phytophthora nicotianae is an important and destructive soil-borne disease affecting to-
bacco production in China. Biofumigation is a method to suppress or kill harmful organisms in the soil using volatile bioactive sub-
stances produced by plants, such as those of Cruciferae or Compositae, during decomposition. Brassica species are important biolo-
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gical fumigants. ‘Dilong 1’ (DL1) mustard was cultivated by our collaborator at Nanjing Agricultural University as Brassica juncea
variety with high glucosinolates content, high biomass, high adaptability, and good fumigation effects. To explore a safe and environ-
mentally friendly green method for the prevention and control of tobacco black shank disease, the inhibitory effect of fumigation with
DL1 mustard on P. nicotianae was analyzed in this study through a series of petri dish inocubation experiments. The mycelial growth
rate method was used to determine the effect of DL1 fumigation on mycelial growth of P. nicotiana. The fumigation effects on spor-
angium formation, zoospore release, spore germination, germ tube elongation, and oospore formation of P. nicotiana were also de-
termined. The effects of DL1 fumigation on cell membrane permeability of P. nicotiana were determined by changes in electrical
conductivity and malondialdehyde content. The change in the pathogenicity of P. nicotiana after fumigation was determined using the
in vitro leaf method. The results showed that fumigation of fresh matter of DL1 mustard could significantly inhibit the mycelial
growth of P. nicotiana. The ECy, (concentration for 50% of maximal effect) value was 0.362 g, EC,; (concentration for 75% of max-
imal effect) value was 0.499 g, and minimum inhibitory dose (MIC) was 0.500 g. The inhibitory effect was dose-dependent on the
amount of fresh material in DL1 mustard. The amount of 0.3 g fresh DL1 mustard significantly inhibited sporangium formation and
zoospore release of P. nicotiana, and the amount of 0.5 g could inhibit sporangium formation and zoospore release of P. nicotiana by
72.8% and 86.6%, respectively. When the amount of fresh DL1 mustard was increased to 0.7 g, sporangium formation of P. nico-
tiana was completely inhibited. The amount of 0.3 g and 0.4 g of fresh DL1 mustard could completely inhibit zoospore germination
and germ tube elongation of P. nicotiana, respectively. Fumigation of DL1 could reduce the formation of oospores of P. nicotiana in
a dose-dependent manner, and 0.7 g fresh DL1 mustard could completely inhibit the oospore formation of P. nicotianae. After fumig-
ation, the permeability of the mycelium membrane of P. nicotianae increased, and membrane lipid peroxidation was induced. After
150 min of fumigation, the electrical conductivity of P. nicotiana was 2.2 times that of the control, and the malondialdehyde content
was 8.0 times that of the control. The fumigation treatment weakened the pathogenicity of P. nicotianae, and the area of the disease
spot decreased by 88.9% compared to that of the control. In this study, fumigation of DL1 mustard on the growth and development of
P. nicotianae, physiological and biochemical characteristics, and pathogenicity changes indicated that it had a good inhibition and
killing effect on P. nicotianae, and the fumigation effect had a dose-dependent effect on the amount of fresh DL1 mustard. This
provided a theoretical basis for the use of DL1 mustard to control tobacco black shanks and other soil-borne diseases in production.

Keywords: Phytophthora nicotianae; Brassica juncea; Biological fumigation; Growth and development; Pathogenicity
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1 TREIEHME 1S FRENREBRINEERZ FE Pp025 B L2454 KEIHIRR
Fig. 1 Inhibition of mycelium growth of Phytophthora nicotianae Pp025 by fumigation with different amounts of fresh matter of
‘DL1’ mustard
A AR[F R HbRE 15 ISR EE Y T B R AL B 72 h 5 Pp02S (VA A KAE ML a: 0 g; b: 0.3 g;c: 04 g;d: 0.5g;€: 0.6 g; £: 0.7 go B: AN M 1 5
I 3Bk ) TR 2R AL B 72 h S X Pp025 RS o AN [R) /NG T RE R AR AN [] A 2L E] A7 E i 3 25 5 (P<0.05). A: colony of Pp025 after fumigation with
different amounts of fresh material of DL1 at 72 h. a: 0 g; b: 0.3 g; c: 0.4 g; d: 0.5 g; e: 0.6 g; f: 0.7 g. B: inhibition rate of Pp025 after fumigation with different

amounts of fresh material of DL1 at 72 h. Different lowercase letters indicate significant differences among different treatments (P<0.05).
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g i x o
Be REST
= 2 BE 4L
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ol ° =R 231!
&3 2 = S
o g "o 2t
z B2
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()
0 0.3 0.4 0.5 0.6 0.7 0 0.3 0.4 0.5 0.6 0.7
I IS
Addition amount (g) Addition amount (g)
B2 AEEHE 1S IFREVRBAINMEZSEBE TR RMFEAF R NH SR
Fig. 2 Inhibition of sporangium formation and zoospore release of Phytophthora nicotianae by fumigation with fresh matter of
‘DL1’ mustard

A: AR[E R 15 I S ) T B A AL BT Pp025 AYA T RETE ML IE s a: 0 g5 b: 0.3 g5 c: 0.4 g3 d: 0.5 gs e: 0.6 g ££ 0.7 go B: AN Hufe 1 55
S ) AR AL S Pp025 BT R B . C: ARk HuRE 15 T3 4y i AR AL B Pp025 BT RS U sl A TR E . ARG
F R R[] b B A7 A 3 2% 5 (P<0.05). A: sporangium formation of Pp025 after fumigation with different amounts of fresh material of DL1. a: 0 g;
b:03g;¢c:04g;d:0.5g;e: 0.6 g; f: 0.7 g. B: number of sporangium of Pp025 after fumigation with different amounts of fresh material of DL1. C: concentra-
tion of zoospores released by sporangium of Pp025 after fumigation with different amounts of fresh material of DL1. Different lowercase letters indicate signi-

ficant differences among different treatments (P<0.05).
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Fig. 3 Inhibition of spore germination and germ tube elongation of Phytophthora nicotianae by fumigation with fresh matter of
‘DL1’ mustard
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1E % 2% 5 (P<0.05). A: germ tube elongation of Pp025 after fumigation with different amounts of fresh material of DL1; a: 0 g; b: 0.3 g; c: 0.4 g; d: 0.5 g; e:
0.6 g; f: 0.7 g. B: rate of zoospore germination of Pp025 after fumigation with different amounts of fresh material of DL1. C: average length of germ tube of

Pp025 after fumigation with different amounts of fresh material of DLI. Different lowercase letters indicate significant differences among different treatments

(P<0.05).
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Fig. 4 Inhibition of oospore formation of Phytophthora nicotianae by fumigation with fresh matter of ‘DL1’ mustard
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g;d: 0.5 g; e: 0.6 g; f: 0.7 g. B: number of oospores of Pp025 after fumigation with different amounts of fresh material of DL1. C: concentration of oospores of
Pp025 after fumigation with different amounts of fresh material of DL1. Different lowercase letters indicate significant differences among different treatments
(P<0.05).
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