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Table 1. Biotic and abiotic stress reported to be alleviated by silicon

Biotic
Pathogens | Genera
Fungi | Bipolaris, Blumeria, Colletotrichum, Corynespora, Diplocar-
pon, Erysiphe, Fusarium, Lepotsphaeria, Magnaporthe,
Pharosphaeria, Phakospora, Rhizoctonia, Septoria, Sphaero-
theca, Sclerotinia, and Uncinula
Oomyceyes | Phytophothora and Pythium
Bacteria | Acidovorax, Psuedomonas, Ralstonia and Xanthomonas
Virus | Nepovirus
Nematode | Meloidogyne
Insects | Feeding guild Pest
Chewing insects Caterpillars and stem borers
Locusts and grasshoppers
Maggots
Beetles and weevils
Sawflies
Piercing-sucking insects Planthoppers
Leafhoppers
Stink bugs
Aphids
Whiteflies
Scales
Arachnida Cell content pest feeder Spider mites
Abiotic Environmental factors stress

Chemical types of stress

Toxicity by metals such as Al,
As, Cd, Fe, and Mn

Soil salinity

Nutrient imbalance in plant tis-
sues(e.g., excess of N or P defi-
ciency)

Physical types of stresses

Loading

Low and high temperature
Drought stress

Radiation

Data source: Zellner et al(2021)
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72— Pythium myriotylum isolate S13

Pythium myriotylum isolate PCTu237(HQ237488.1 )

Pythium myriotylum isolate S12(KT364295.1 )

82 Pythium myriotylum isolate viso-3(AM396958.1 )

Pythium dissotocum voucher DAOM229134(HQ843529.1 )

Pythium coloratum voucher CBS15464(HQ643501.1 )

Pythium coloratum strain TM321(AJ233441.1 )

74

18 L—— Pythium dissotocum(AF271228.1 )

Pythium aphanidermatum ATCC 32230(LC550295.1 )

Pythium aphanidermatum strain KACC 47845(KR095341.1)

63 L——— Pythium aphanidermatum isolate Py-169(ON102784.1)

95— Pythium splendens strain ATCC 64147(JQ070100.1 )

Pythium splendens isolate TARIpy94(KM978215.1 )

Pythium splendens isolate TARIpy56(KM978214.1 )

100 — Pythium ultimum var. ultimum strain ATCC 58811(KJ639272.1)

Pythium ultimum var. ultimum isolate OPU451(CBS102344)(AJ319725.1 )

94 — Pythium ultimum var. sporangiiferum (AJ628986.1 )

99 b————— Pythium ultimum var. sporangiiferum strain DAOM 240290(KJ639276.1 )

100 [ Pythium cucurbitacearum voucher CBS74896(HQ643381.1)

100 L Pythium cucurbitacearum isolate Pp37-Wera 3(KP183950.1 )

Pythium helicoides strain Py-67(FJ348741.1)

100 L——— Pythium helicoides strain: CBS286.31TA1(AB217658.1 )

98 100 [—— Pythium spinosum strain OD231(AJ233457.1 )

Pythium spinosum strain ZKP01(JQ408669.1 )

100 —— Pythium irregulare strain MAFF305572(AJ233448.1 )

Pythium sylvaticum strain OM121(AJ233459.1)

89

100 L———— Pythium sylvaticum strain 2011 0 89(KJ192348.1 )

W - - Pythium myriotylum isolate S13 A5 B % @)

Fig 1. Phylogenetic analysis of Pythium myriotylum isolate S13 and its closely
related species of Pythium isolates based on ITS sequences. This analysis was
performed by MAGA(version 10.1.8).
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Fig. 2. Comparison of disease incidences caused by Pythium myriotylum after
applying conventional farming methods, Taiwan Bao, Shengmao, Taiwan Bao
+ silicon dioxide, and Shengmao + silicon dioxide on kidney beans.
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Fig 3. Comparison of disease severities caused by Pythium myriotylum after
applying conventional farming methods, Taiwan Bao, Shengmao, Taiwan Bao
+ silicon dioxide, and Shengmao + silicon dioxide on kidney beans.
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Fig. 4. Comparison of disease incidences caused by Sclerotium rolfsii after

applying conventional farming methods, Taiwan Bao, Shengmao, Taiwan Bao
+ silicon dioxide, and Shengmao + silicon dioxide on kidney beans.
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Fig. 5. Comparison of disease severities caused by Sclerotium rolfsii after ap-
plying conventional farming methods, Taiwan Bao, Shengmao, Taiwan Bao +
silicon dioxide, and Shengmao + silicon dioxide on kidney beans.
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ABSTRACT

Feasibility of combining microbial agents and silicon dioxide to
control stem rot and Southern blight disease on kidney bean

Liang, Y. R.”, Liao, F. C.”, Huang, L. H.”, and Chung, R. C".

“Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Tai-
chung, Wu-feng 413, Taiwan, R.O.C.

Silicon is the second most abundant element in the earth. However, silicon
has not been regarded as an essential growth nutrient, and it shows the effective-
ness of improving crop resistance and pest control. The beneficial rhizosphere
microorganisms could interact with the roots of crops. It was reported that the
possible mechanism of silicon dioxide to disease resistance and stress tolerance,
mainly through the formation of silicon complexes in plant cell walls to increase
the rigidity of plant tissues. Also, the rhizosphere microorganisms improve plant
disease resistance through direct and indirect mechanism, including plant growth
promotion and production of antagonistic substances. We assess the feasibility of
combining silicon dioxide and rhizosphere microorganisms for controlling the
soil-borne diseases in the field of kidney beans. The results of our preliminary
experiment showed that the disease severities caused by Pythium myriotylum 76
days after applying conventional farming methods, Taiwan Bao, Shengmao, Tai-
wan Bao + silicon dioxide, and Shengmao + silicon dioxide on kidney beans were
32.0%, 34.7%,4.0%, 52.0% and 4.0%, respectively; while the disease severities
caused by Sclerotium rolfsii 76 days after applying conventional farming methods,
Taiwan Bao, Shengmao, Taiwan Bao + silicon dioxide, and Shengmao + silicon
dioxide on kidney beans were 83.0%, 30.0%, 44.0%, 31.0% and 6.0%, respec-
tively. It is obviously that different materials and their combinations still revealed
variations in disease control, Shengmao and silicon dioxide treatment showed the
best control effects against both stem rot and southern blight of kindey bean.
Therefore, the management strategy of combination of Shengmao and silicon di-
oxide is a potential measure for controlling soil-borne diseases of kidney bean in
the field.

Key words: Microbial agents, silicon dioxide, kidney beans, southern blight
(Selerotiturn rolsi Sacc.), stem rot(Pythium myriotylum).
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