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1980
(1000 ppm ) (direct protection)
(Indirect defense)
pH 2-3 pH 5.5-6.5

P Foliar (4% N-30% P:0s-8% K ;0)

(95-99%)
( )
(biochemicd defense system)
(anti-pathogen substances) (16.20)
(substrates)
(detoxification substances) (phenolic
compounds) (phytolaexin)
(19,42,46)

(55)

(host-pathogen interaction)

(speed) (magnitude)

(compatibility)

Foli-R-Fos 400 (20% H3POs)  Nutri-Phite

Guard PK (7% N-21% P»0s-21% K >0)

(95%)

pH 6.0-6.2

(regulation) (1620

(16)

(35,39)

(induce systemic
resistance (ISR) )

(plant
growth-promoting rhizobacteria, PGPR) ®® ( Pseudomonas
spp.) ( (Trichoderma) & )

@D (Salicylic acid)

(probenazole)
1980 (Oomycetes diseases)
(fosetyl-Al, aluminum tris-o-

ethyl phosphonate, Aliette) @
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(HPO3?)
( Foli-R-Fos 400 (20%
phosphorous acid, U.I. M. Agrochemicals, Australia) ©”)
(' Nutri-Phite P Foliar (4% N-30% P,05-8% K20,
Biagro Western Sales, Inc., Visalia, CA) ®  Guard P. K.
(7% N-21% P,0s-21% K ;0, Agrichem, Australia) )

( )
(in vitro) 12.27)

(in vivo)
( ppM)

(phosphorous acid, H3POs3)

(reduced phosphorus compound)
(14)
(40) pH2'3
(phosphate, H2PO,™Y) ( (NaOH)

(KOH)) (phosphite,
NaoHPO;  NaH,PO; K2HPO;  KHPO3)
(HgCly)
(G4 w0

50,000 ppm ( 50 g)

“n “n
DNA
ATP
(40,25)
49)
(49) (40)

(phosphorous acid, HzPOs)
K2HPOs, Na;HPO;, etc.)

(18,25,38,41,45,54,57,58)

(phosphonate) (
(phosphite

(aluminum tris-o-ethyl phosphonate)
(15)

( (1977-1990) )

(direct effect-disease protection)
Fenn & Coffey *2%; Derck &
Buchenauer
: Ye & Deverall ¥

(fungicide)
Muchovej
Smillie 69
(lupin) ~ ( )
Phytophthora cinnamomi Rands
Afek &
Sztejnberg ©

(Indirect effect-plant defense)

1980 Bompeix & Saindrenan®  Guest *®
(28) (12,26)
(submillimolar)
Bompeix 3
Vo-Thi ®0
(Phytophthora capsici Leonian)
(phenolic compounds)
Guest ?9 Afek & Sztejnberg ©
Khan &9 Nemestothy & Guest “¥

Saindrenan (505D)

(53)

phenylpropanoid pathway an

phenylalanine ammonia-lyase

pathway (phytoalexins)
(5,6,8,27,33,34,42,44,50,53)
Phytophthora cryptogea
(host
defense) (plant



protection)  Saindrenan (50,51)

(NaeHPO3; 5H,0)

Cowpea (Vigna unguiculata)
Phytophthora cryptogea Pethybridge & Laffertly
(Positive evidence) (negative evidence)

2.44 mM
Tvu645
20%
isoflavonoid phytoalexins kievitone
phaseollidin 12hr  40hr
EDgo ( 100 130 ug/ml)
24hr 244 mM
phytoalexins
(a -aminooxyacetate AOA) AOA

phenylalanine ammonia-lyase (PAL) ©®
phenylalanine ammonia-lyase pathway
Isoflavonoid phytoalexins S 5mM AOA

AOA
PAL
AOA
Bompeix ™ AOA
" PAL phytoalexins

Phytophthora nicotianae Nemkestothy &
Guest 9 (tobacco, Nicotiana tabacum)
Phytophthora nicotianae Breda de Haan
Hicks ( 10 mg)

sesquiterpenoid phytoalexin

(capsidiol, phytuberin, rishitin,  phytuberol)

( )
phytoalexins

phytoalexins

mevinolin (phytoalexins HMG CoA reductase

) AOA
phytoalexins
Phytophthora capsici  Guest ®?
capsidiol
(hypersensitivity)

Phytophthora citrophthora Khan & Ravizf
(339 Afek & Sztejnberg ©9
6,7-dimethoxycoumarim phytoalexin,
scoparone Ali ®
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P. citrophthora (Smith &
(S strain)
scoparone

Smith) Leonian

(RI strain)
AOA
scoparone
(Sstrain) scoparone

scoparone
Phytophthora fragariae
lactucae Dercks & Buchenauer 7

Bremia

P. fragariae Hickmkan  B. lactucae

Nemkestothy &
NC2326

phytoalexins
mevinolin ( )
mevinolin
10 mg

phytoalexins

(16,20)

(recognition-avoidance mechanisms)

( )

Kué ©

(idle capacity)"

Dunstan @

Barchiletto 19
Guest & Grant
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(29) ) (41)

(elicitors) (Foli-R-Fos)
Heaton & Dullahide
(Armillariaroot rot)

(Rosellilnia root rot, Rosellilnia necatrix

(44,51) (30)

Saindrenan ¢?

Phytophthora cryptogea Prillieux ) (apple Black spot, Venturia
inaegualis (Cooke) Wint )
“2 )
« )
(57) (45,57) (57) h ) P h h
- @ @ | “(Pyt ium spp. ) ] (Peronophythora
litchii Chen ex Ko et al. )@
(17,32) (29) (57)
(54) (54,57) ( )
’ ( )
(Plasmopara
viticola (Berk et Curtis) Berl et Toni ) (5758) @

(59) (Peronospora parasitica (Pers.) Fr.

(1000ppm)

Table 1. Control of Phytophthora diseases and litchi downy blight caused by Peronophythora litchii with phosphorous acid (1000
ppm) neutralized with potassium hydroxide (w/w:1/1) in Taiwan

. L Application Application Control

Plant Disease and pathogen Infection site method <chedule effect (%)

Tomato, potato Late blight, Whole plant Foliar spray 3 times, once 1 week 80-100
Phytophthora infestans

Pepper, tomato Phytophthora blight & Whole plant Foliar spray, Continue, once 60-100
basal stemrot, P. capsici soil trench per 7-10 days

Gerbera Basal stemrot, Main root & Soil trench 3 times, once 1 week 60-90
P. cryptogea basal stem

Cymbidium sp. ( Black rot P. Whole plant Foliar spray 3 times, once 1 week 100
multivesticlulata

Cymbidium ( ) Black rot, P. palmivora ~ Whole plant Foliar spray Inoculation, 2 month 57

after treatment

Oncidium Black rot, P. palmivora ~ Whole plant Foliar spray Once per month 90-95

Lily Phytophthora blight, Whole plant Foliar spray 3 times, every 7 days 95-100
P. parasitica

Papaya Fruit rot, P. palmivora Fruit Foliar spray 3 times, every 7 days 80-100

Avocado Root rot, P. cinnamomi Seedling root Foliar spray, Pot test, once per 80

soil trench month

Kumquat seedling Phytophthora blight, Seedling root Foliar spray, Pot test, once per 50-100
P. citrophthora & basal stem soil trench month

Kumquat Fruit and leaf blight, P. Fruit & leaf Foliar spray 3 times, every 7 days, 80-95
citrophthora pot test

Litchi Downy blight, Fruit Foliar spray 3times, every 7 days >90

Peronophythora litchii




Table 2. Application of products of phosphorous acid and its salts for control of plant diseases in foreign countries.
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Plant Disease Pathogen Treated method Cited
Avocado root rot Phytophthora cinnamomi Injection 45,57
Citrus Root and foot rot P. citrophthora Trunk injection 57
Pineapple Heart rot P. parasitica & P. cinnamomi Foliar spray 57
Clover pastures Phytophthora blight P. cinnamomi Foliar spray 57
Ornamental plants Blight, basal stem, & root rot Phytophthora spp. Foliar spray 57
Cocoa Pod rot and canker P. palmivora Trunk injection 32
Lupin Root rot P. cinnamomi Soil drench 54
Pawpaw Fruit rot & seedling damping off P. palmivora Soil drench 54
Tobacco Black shank P. nicotianae Soil drench 54
Durian Root rot P. palmivora Soil drench 38
Potato Tuber blight P. infestans Spray 18,28
Tomato & pepper Crown rot P. capsici Hydroponic culture 24
Grape Downy mildew Plasmopara viticola Spray 57,58
Lettuce Downy mildew Bremia lactucae Spray 59
Cauliflower Downy mildew Peronospora parasitica Spray 41
Stone fruit Armillariaroot rot A. luteobuballina Soil drench 30
Apple Roselliniaroot rot Rosellinia necatrix Soil drench 30
Apple black spot Venturia inaequalis Spray 30
3 ( )
90-95%
PR (1)
5.5-6.5 )
(3)
1:1 @ (28,29,50,51,54)
(95%)
(95-98%) @9
pH6.0-6.2

(Phytophthora species)

(31)

(elicitors)
(10,29)
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ABSTRACT

Ann, P. J. 2001. Control of plant diseases with non-pesticide compound- phosphorous acid. Plant Prot. Bull.
10:147-154. (Dept. Plant Pathology, Taiwan Agricultural Research Institute, Wufeng, Taichung, Taiwan,
R.O.C., Email:pjann@wufeng.tari.gov.tw; Fax:+886-4-3338162)

Phosphorous acid (HzPOs) and its salts (phosphite or phosphonate) are reduced phosphorus
compounds, which could be used as a fertilizer. Many researchers were interested in the functions and the
mechanisms of this kind of compounds on disease control since it was found to be very effective in
controlling Phytophthora diseases in 1980s. Several reports, in early years, indicated that application of high
concentration (>1000 ppm) of neutralized phosphorous acid could directly protect plants by inhibition and
interference of the myceial growth and sporangia production of Phytophthora species and other members of
oomycetes. However, it was subsequently found that the indirect effect of inducing host resistance against
the pathogens is a more important action contributing to the disease control. Disease reduction was found to
be associated with increase in production and accumulation of phytoalexins, phenolic compounds or other
antifungal substances. Currently, most researchers believes that phosphorous acid has both direct (plant
protection) and indirect (host defense) modes of actions, but plant defense induced by the chemical is more
important in breaking down pathogen's attack. How phosphorous acid activates the host defense reactions
and which position of the pathway it effects, are still unknown. Phosphorous acid could not be directly
applied to plants due to its strong acidic character (pH2-3) in water solution. It has to be neutralized to pH
5.5-6.5 with alkaline compounds such as sodium hydroxide (NaOH) or potassium hydroxide (KOH) before
use. Commercialized products of phosphorous acid includes fungicide such as Foli-R-Fos 400 (20% H3POs3)
and fertilizers such as Nutri-Phite P Foliar (4-30-8) and Guard PK (7-21-21) for diseases control. These
products are commonly used for control of avocado root rot and citrus foot and root rot caused by
Phytophthora species, downy mildew of grape, lettuce and crucifer and many other diseases caused by
members of oomycetes. Recently, a simple method for phosphorous acid application was developed in our
laboratory. It consists of dissolving equal amount (w/w, i.e. 1:1 in ratio) of phosphorous acid (H3POs, 92-
95%, industry grade) and potassium hydrochloride (KOH, 92-98%, industry grade) in water. The pH of the
resulting solution is about 6.0 to 6.2, which is not phytotoxic to plants. The major diseases successfully
controlled in the fields with this technique in Taiwan included late blight of potato and tomato caused by
Phytophthora infestans, blight of pepper caused by Phytophthora capsici, root rot of avocado caused by
Phytophthora cinnamomi, black rot of orchid caused by Phytophthora palmivora and Phytophthoa
parasitica, and fruit downy blight of litchi caused by Peronophythora litchii.

Key words : Phosphorous acid, phosphite, induce resistance, phytoalexin, diseases control, Phytophthora
diseases, downy mildew.



