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SUMMARY
I. Title

Development of technology for biological control of rice seedling

disease

II. Objectives and significance

Rice was cultivated through mechanical transplanting after seedlings
were grown in nursery bed for the high grain yield. However it is time to
reconsider the high grain yield as the first priority under free trade trend
leaded by WTO. Now rice production should be considered based on cost
and net profit.

A. Significance

O Recently, government guides farmers to produce rice in big size of rice field
and rice faces low price due to rice import by MMA. The massive
production will consider water—-seeded rice system for reduction of
production cost.

o0 Water-seeded rice has several advantages such as less weeds through
flooding and low cost for cultivation compared with mechanical transplanting
that requires seed bed preparation.

O Although water—-seeded rice have several advantages, seedling diseases is
one of major problems causing irregular seedling stands. However, there is
no researches on the etiology of this disease of water—seeded rice, biological
control and resistant genetic resources. Biological control of seedling disease
and disease resistant genetic resources for water—seeded rice is necessary.

1) Technology aspect

O  Pythium spp. have been isolated from seed bed and transplanted rice
seeding in certain areas in Korea and their pathogenicity was confirmed
(Lee et al., 1978; Sung et al., 1983). Study on etiology of seedling disease in
water—-seeded rice never have been conducted. Seedling diseases were
reported to be caused by Achlya, Fusarium and certain bacteria in addition

_ix_



2)

3)

to Pythim spp. It needs to be studied on distribution of pathogens causing
seedling diseases depending regions using selective media for these
pathogens.

Interest on biological control has been increased for reduction of the
environmental contamination and food safety because of chemical pestcides.
Water-seeded rice has ideal system for biological control of seedling disease.
Water-seeded rice has been increased but researches on biological control of
seedling disease in water-seeded rice and formulation has not been
conducted much.

Metalaxyl is a effective fungicide on oomycetes fungi including water mold
causing seedling disease and fungicide resistant isolates are readily occurred.
There has been no report on resistant rice against seedling disease in the
world.

Recent study reported that certain weedy rice showed very strong resistant
to seedling disease (Jun, personal communication). Selection of resistant rice
cultivars could provide genetic resources and this could be utilized for
breeding of resistant cultivars.

Economical aspect

Rice will be still main food grain of our country even though rice market
will be open by the agreement under Uruguay Round (trade pact) of WTO.
Thus, water-seeded rice might be the most appropriate method of rice
cultivation with large land scale.

If we maintain quality and name value of rice, our rice may be still
competitive to foreign import rice. Stable rice production is so important to
economy of Korea that we should maintain appropriate production. In this
respect, water-seeded could be one of alternatives that could provide better
competition to manage importation of foreign rice. It will be significant that
stable security of seedling stands will be most important in water-seeded
rice for stable production of rice. Also, selection of resistant genetic resource
against rice seedling disease will be important.

Social and cultural aspect



O Rice cultivation contributes to not only the security of foodstuff but also
control of flooding, clarification of environment, and conservation of culture.
Rice could be utilized to make traditional food and drink. In order to secure
of stable rice production, more competitive cultivation method of rice like
water—-seeded rice should be spread, thus technology in relation to rice
cultivation should be developed.

B. Background and problems of domestic and foreign
technology

Rice seedling disease has becoming a problem since water-seeded rice
was spread. However, etiology of this disease is not well studied. Biological
control could be an alternative as an friendly environment agriculture for
reduction of the environmental and water contamination, and food safety
because of chemical pestcides. Biological control has been studied in also
Korea and selection of biocontrol agents was focused mainly but there has
been not much study on increase of efficacy of biological control agent,
formulation and monitoring of biological control agents.

C. Rationales for importation of technology

Biological control agents are based on the biology of the organism
which distributed and adapted differently depending on the region and
location. Therefore importation of technology is meaningless. Resistant
cultivars against seedling disease never have been reported in the world.
Thus we will have advantages over other countries in the development of
breeding technology for resistant cultivars and gene discovery.

D. Objectives

O Etiology of rice seedling disease in water—seeded rice. Searching on the
causes of seedling disease.
Isolation of pathogens of seedling disease and its identification.
Isolation of biological control agent and identification, effcicacy test.
Study on the utilization profile of carbon sources
Increase of efficacy of biological control by amending carbon sources.

0 O O O O

Viability test of formulation depending on the storage temperature and
periods

_xi_



ITI.

© Monitoring of biological control agents

O Study on the incidence of seedling disease depending on the water depth
and temperature

O Interaction of seedling germination environment and seedling disease
incidence

O Selection and evaluation of the conventional variety, weedy and wild rice
and cultivation variety against seedling disease

O Seed physiology in relation to resistant variety and susceptible varieties

Contents and scope of research

1) First subject: Etiology and development of biological control
technology of rice seedling disease

o0 Isolation and identification, distribution of pathogen

Seedlings showing symptoms was taken from Seosan, Yeoju, Kwanju,
and samples were plated on the selective media for oomyctets such as
Pythium. Pure isolates showing pathogencity were grown and
maintained to be further identified according to Plaats-Niterink (1981).

o Isolation and selection of biocontrol agents and increase of efficacy
of biocontrol
Seeds, seedling, roots, soil of water—seeded rice were taken to isolate
bacterial biocontrol agents. Specifically spore forming bacteria of Bacillus
were selected to further study on carbon utilization. Differential carbon
utilization of Bacillus spp. and Pythium spp. were conducted in the basal
media of Claus (Sneath, 1986) amended with different carbon sources
based on the study of Chun (1997). Seeds coated with specific carbon
sources were tested for increase of efficacy of biological control.

o Field test
Field tests were conducted in rice field plot of Rural Development of
Agricultural Administration and rice field of Yeoju experimental station of
Konkuk Univeristy. Only the isolates shown good biocontrol activity were

tested. Seedling emergence and yield was determined.

© Monitoing
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Rifampicin mutants of Bacillus D324 were selected to study population
dynamics. Mutants were transferred to rifampicin non—-amended media of
tryptic soy agar for ten times if the mutants were stable. Seeds coated
with mutants were planted in the growth chamber and population of the
bacteria were determined by dilution plate techniques around seeds.

o Formulation
Formulations for the bacteria were talc, zeolite, periltes. Viability of the

bacteria in the formulations were tested depending on the storage
temperature and periods.

2) Second subject: Selection of resistant genetic resource to seedling
disease
o Evaluation and selection
168 varieties of rices were tested for resistance to Pythium spp.
inoculated in phytotron for 2 years at 21°C. The best varieties were tested
in the field
o Field test
Good rice varieties selected in previous year's test in phytotron and some
varieties which were known to suitable in direct seeding method were tested in
field condition for resistance against rice seedling disease. The test was
conducted by completely randomized design in six replications.

O Ecology of seedling disease

Effect of temperature and water depth on seedling disease were
investigated in phytotron.

0 Relation of completeness of seedlings and seedling disease

Effect of seedling emergence and completeness of seedlings on seedling
disease were analysed in relation to environment.

= Xiii -



© Study of seed physiology in relation to seedling disease

Traits and characteristics of resistant and susceptible varieties were
investigated in relation to seedling disease with regard to seed physiology.

IV. Results, utilization and recommendation
1. Results

1) First subject: Etiology and developmet of biological control
technology of rice seedling disease

A. Isolation of Pythium and Fusarium

Total 100 Pythium spp. were isolated from diseased seedlings or soils of
Seosan, Yeoju, Icheon, Kwanju, Naju, Haenam, Iksan, Sachun on PV media.
Several fungi showing pink color in the PDA were identified as Fusarium spp.
which made macroconidia.

B. Pathogenicity

Some of Pythium spp. like KSPII-09 among 100 isolates showed strong
virulence, resulting in 0-40% seedling emergence compared to 58-94%
noninoculated ones. Also, some of isolates was not pathogenic to rice seedling.

Fusarium spp. isolated did not show pathogencity but they infected
seedlings planting in water agar. Fusarium F128 did not cause seedling disease
but increased seedling emergence in water-seeded rice. Thus Fusarium F128
was considered as a non-pathogenic Fusarium sp.

C. Identification of Pythium

Isolates were identified as Pythium aquatile, P. pulchrum, P. rostratum
according to Plaats—Niterink. Other isolates could not be identified because they
did not develop sexual spores in cleared V8 juice agar amended with [
—sitosterol.

D. Biological control
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Twenty six isolates of total 57 bacteria including Bacillus cereus D324
and 0330201 increased seedling emergence significantly compared to untreated
seeds with bacterial suspension. Inoculation with Pythium spp. reduced seedling
emergenec by 24-64%. However bacterial treatment to seeds reduced seedling
emergence by 34-80% compared to 49-92% of the noninoculated. Bacillus D324
which was one of best biological control agents was used as an model organism for
further carbon utilization study in relation to increase efficacy of biocontrol activity.

E. Selection of specific carbon sources for biological control

There was a difference in carbon utilization bewteen Pythium spp. and
biological agents. We could find specific carbon sources that could be only utilized by
biological control agents but not by the Pythium spp. In general Pythium spp. could
not utilize oligosaccharides such as mannitol, sorbitol, lactose, D—galactose but bacterial
biocontrol agents could utilized well. Glucose and proline were utilized well by
Pythium spp. Glucose were well utilized by both of bacterial biocontrol agents and
Pythium spp.

F. Viability of formulation

Most biocontrol agents in the formulation of talc, zeolite and perlite were
significantly reduced to 10’ - 10°(CFU, colony forming unit)/g formulation at one
month after storage at every temperatures of 5, 25, 30°C. After reduction at one
month of storage, population of most gram positive bacteria maintained stable
population upto one year at 5 °C. Specially population of gram negative
bacteria were significantly reduced at one year after storage at 30°C compared to

gram positive bacteria.

G.Increase of efficacy of biological control
Amendment of carbon sources such as sorbitol and galactose specifically

utilized by only bacterial biocontrol agents onto seeds significantly increased

seedling emergence in water-seeded rice compared to the untreated. Also, in field
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trial, amendment of carbon sources significantly increased seedling emergence.

2.Utilization and recommendation

1. Information on Pythium species causing seedling diseases and selective media
for Pythium will be useful for researcher who study on seedling rot of rice.
Pythium species never have been isolated in water—-seeded rice in several
areas in Korea. It was thought that seedling rot in water-seeded rice in

Korea was occurred by other causes such as bacteria and soil chemistry.

2. Fifty seven strains including Bacillus cereus D324 and B. cereus D 302 were
selected as good biological control agents. When seeds were coated with
D-sorbitol, D-Mannitol, D-galactose utilized well by biocontrol agents,
seedling emergence were significantly increased compared with only biocontrol
agents coated seeds without those specific carbon sources. The specific carbon
sources could be applied to the control of other plant disease and these

results and formulation methods will be delivered to industries.

3. Bacillus cereus D324, B. cereus D 302 and B. cereus D303 will be applied for
patent and these strains will be tested for the control of other plant disease.

4. Talc, zeolites, perlite were evaluated as appropriate formulation inert components.
Bacteria could be survived well enough for biological control.

5. Good rice cultivars showing resistance to seedling rot, high emergence rate
and high rooting rate were Nongrimna—-1-ho, Mihyangbyeo,
Hyangmibyeo-1-ho, Sulhyangchal byeo, Hukjinjubyeo, Hwabongbyeo and
Nonghobyeo and American breeding cultivar M-201. These cultivars will be
useful for genetic resources for breeding of rice resistant to seedling rot.
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AE AES wioks ¥ oyl it A4S 7HA 2 7= vk (Loper and
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vt g Apgle] Al 3 27hS EY FEEC AE § 28T 24~48A1%F
i F#3tH A hyphal sweelingely @2z, #5320 ¥4 FFE A
Pythium spp. 2 A3ttt Water agardl A Aefhubs #E0] thale] PDAC] o]
218k A3} pink Aol FZYUE YE= ol ikl = 1/2 strength?] PDAY V8
T2 Aol A 28Ceoll 7AZF &% ¥ ¥ EA(macroconidia)®] FAE FFE #E
3to] Fusarium o2 )3ttt

PythiumQIAE S1et7] flasjAd = V8 72 wjx ¢t EY
Ak Ee V8 728 A4 st AF A p-AlEH ~HE &S H7be cleared
V-8 F2 viA % o] g&3ale], dxE A7, dFEAe] 2o hyphal swelling, 574 FA4
TS B Pythiums 43R £33 WETe2~o A8 WAzl
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% water
agardl FodoR X3 & FFE HIFTot dxA B EAES AEHY
Plaats—Niterinke] 3 I =2 3l 2oz AT

o BAERY olgeH ade] ¥ BA ¥ 24}
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AAMIEE S0 247 AN G 8 WS
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# 100mle] potato dextrose broth(PDB)ol| Z&t~=3a% 3719 #AZZE HE
28Cell 7R Wit Wik 7Y F FAE HdFE 4-83] AFHT F A
blenderel 10x%t whfste] wAAE A S w50 FX27F FFFE7F 600nmel A 1.5
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A& olg nGTVIHTe EGY AdSHTE 47 120ml A Y3 (89 Zolvt
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nAE BT AAY AR FF T 100g9] formulation (T AA)S WHE S
UEE NA plates HIE & M-S Edbste] 28Co| ok wiste] wAlE F53ith
Perlite, Talc, Zeolite 52| carrierdll Z+7} 1:1, 1:1, 1:1.7 (carrier:AlitdEY = wiw)2] H]
E2 A dgds & g5t Febayg &7 Al X F AL2oA Adx:=AFA
EIE, A &efolE, HutolE T3 Effste] wE EEAAE WAHHE0), 257C,
30°Coll BstHA B7|7hel| weha] 2ddgds 84 Pt
Abst it

g2 Al o3 AESA Al g3 FZ. AESH WA a3} 5
s D324, D316, D308, 031702, 033201, 035903, 037201 S wre] Z o]&3sl= ©AYS
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71 iAol PVajAol A Abgd stabzzt (23R o8 A7 2mme] 3%7)) e Al
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Fsta BrolgEE FFF/IE AEse] 600 muold SRl YRS WA #F
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FHo BRI, e A Aol tatelt gkl A 3% KOH £
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A4 WA e oJsiARt & o] 8-5= D-galactose®t D-sorbitol ¥ 2
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of #ele FAHE FFste] A kel

7 BAES AY. BV ofFo} AEARGNA AP T
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Ao} wolgn RS Hztd AAs Aol7b Tt (Table 1-1 and 1-2
Fig. 1-1) (LSD, P=0.05). 12y}, yHE3e] Wol7l A=A gabA] &2 A =%
AL, FFolol o3k ek mobA o] F o] Wdd Ay 9 AEshA WA 53 43
A AL SR Ao aAHNaOCh 2% &Holl A 25T FAE ARESHI
P&l vAE FEFS 2% oAt &Nt pHIF 7.3%0 2% Aol At &4 3}

9] Aol = A

Table 1-1. Effect of sodium hypochlorite solution on germination and surface
sterilization

Treatment Germination(%6)° Contamination(%)°
Untreated 72+10a° 100+0a
NaOClI* 91+2a 34+2b
Buffered NaOCI” 85+3a 18+3c

“Seeds were immersed in 50% household bleach (2% NaOCl) for 2 hr and rinsed
throughly and dried.

"Seeds were immersed in buffered household bleach (2% NaOCl) in a final
concentration of 0.3M KH2PO, rinsed throughly and dried.

‘Seeds were plated on acidified potato dextrose agar and rate of germination and
contamination were determined 5 days after incubation at 28C.

Means followed by same letters within a column are not significantly different
(LSD, P=0.05).

Table 1-2. Effect of sodium hypochlorite solution on seedling emergence

Treatment Seedling emergence(%)°
Untreated® 70+10a’
KH.PO,’ 72+11a

NaOCI* 84+4a

Buffered NaOCl* 76+2a

Dry seeds were soaked in sterile distilled water for 2 hr.

"Seeds were immersed in in 0.3M KH:PO; and rinsed throughly.

“Seeds were immersed in 50% household bleach (2% NaOCl) for 2 hr and rinsed
throughly

ISeeds were immersed in a buffered household bleach solution (2% NaOCl) in a
final concentration of 0.3M KH>PO, and rinsed throughly.

“Seeds were planted on water agar in test tubes (25mm in diameter) filled with
2 cm water level and seedling emergence was determined 10 days after
plantmg There were 5 replications with 10 seeds per tube.

Means followed by same letters are not significantly different (LSD, P=0.05).
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Fig. 1-1. Effect of sodium hypochlorite solution on seedling emergence of rice
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Pythium®] 23], wma e 4Ee ~EgEvlo], Warte]a &
o b AL AR el wbE X wgsE #l oAt U 4 %
o] WATS FT sFsiol WopquE WA AE

8

H S water agarell 2|AsF T}
A ZHH A R Do A water agardlA] 1509171 e] o] E#EH Aoy Pythium A
a2l PV vl A 2 soil extractE AFE3Fo] Pythium w19 F-E &l A
I o &agd 7T/RRbe] gl wbe] B R SH Y BHE Pythium ORI ol
Hact.  wEbA, water agaroll YR 7S st t A Pythium A EajA ¢l
PVol At wite Z9 HYre g &0 AUAA vtk o3k M ujiol
ol ofF Ao & T uj= vE PVHIA Y EASH AW o=
AE = B FAE 70%2 e 187 255 X435t 137] Pythiumes &
2|3t dth (Table 1-3). ©] W AAol o3 FAA wjZTo] PVl 254
1 Pythiumvt 2l o8 A& Aolete olda @8] Pythiume 8o ¥ &
&4 o)At
B S48 W AT AFRY AoAmA e AE L EgdoA HAFTAE
E & W Ad™ RS viE PV Ao A4ste] 27t 12, 57 Pythiums &2l 8t
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Atk AR A elM = 58 24 5T =olAs didel Hlske] H7F A e
TE°] B2 YR doto] 2k ol YEEo] (1,200 9 = WAT0%7F JE&
o Wi Azx) whs Azxsto] A dFstelst= 9= LASAT (Fig. 1-1a and
b).

| e e

(a) R o)

mE n

Fig. 1-1a and b. Water-drained water—seeded rice field (a) and rotted rice seeds
sawn into the soil of some areas of the field in Sachun, Kyungnanm province.
The seeds were planted on the first week of May, 2004.

Fusarium® £g]. Water agarol Al Agtus 45 52 PDACA A&
WA pinkA o] FR2YE dEtdi= Zlsel PDACl o4 ek A3 pink M FRYE
Ve ol thalelE 1/2 strength®] PDAY V8 T2 Hjx|oA] 28°Col 747t &
=38t & oy ZA(macroconidia)®] FA & #Est Fusarium o= 83t

A,
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Table 1-3. Isolates of Pythium species from different locations

Location® Number of Pythium isolate”

Chungnam Seosan 5
Kyunggido Yeoju - Icheon 13
Kwangju Songjungri 12
Gyeongnam Sachun 5

Hadong 13
Gyeongbuk Youngju 7
Jeonnam Naju 13

Haenam 14
Jeonbuk Insan - Mankyung 19

“Seedlings that did not emerged through water were sampled from the
respective locations.

PIsolates were grown on PV media. Mycelial plugs grown on V8 agar were
placed into soil extract and incubated at 28°C for 24-48 hr to observe
zoospore, hyphal swelling and oogonium production for the confirmation of
Pythium species.

Table 1-4. Isolates of Fusarium species from seedlings planted in the soils of
different locations.

Location® Isolate”
Seosan 9
Icheon 5
Yeoju 7

#Soil and seedlings that did not emerged through water were sampled from the
respective locations.

"Fusarium species were indentified on the basis of macroconidia production on
V& agar.

o BAESY olFety 2 ¥ BA ¥ 24

HHEY 50% dE&dd vt FAP B4 HA9e 1%=2 dA3]
ol B Qlytol] o3k & o Ayl /g 2 Yoz AZEE Y (Table 1-5)
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Table 1-5. Effect of soil sterilization on seedling emergence.

Treatment® Seedling emergence” (%)
Untreated 1
Autoclaved 50

#Soil was sampled from water-seeded rice field in Seosan, Chungnam Province.

2 BYAd A

A7 A ZAFSE Pythium H2130F 21705 10709 #7552 95434
RHEHS JdoA PRGol 0 ~ 40%E FHET 58% YR & v T A
74389t (Dunnett, P=0.05) ( Table 1-6 and Fig. 1-2). Pythium pl36, pl40 =
A ] HFFES YEEC] 0%=2 WU ol wlg FeAA R A Pythium pl33%
pl34 T2 WAool tha oF3t oz ZAEG I YB2l 5 dF a5 WAool
AAT (Table 1-6). E A7 EYNAE JEEo] & AL Al dF £Fo
T FFEAEH Y] A B S S5 5 A AR Polgd WolArt =4

g HdQlowm ARG, et & AEjl Ao A7) FApe] wWola 2 70% ©|
ol At

Pythium w275 17705 15719 #F52 97434 EASHS do
PEES] 0 ~ 40%E FHETTY 62% YR vl
(Dunnett, P=0.05) (Table 1-6). Pythium KASPII-03, 09 & 2 7]¢

It 4

wgol 0%-3%2 WYl v ZEAAT A% Pythium KBP-025< #e4o]

Tha ofgh Zlo R FAME AL AR Aol #23 HAddES dRtH o g ol

FANA e A=A (Table 1-6). it A g ESME JE&o] vre& AL A}

£ dF FTY FAVE FFEHY AL B v 58 F S ARRE o}

Ay oM 7F =4 e Yoz AAHET. @pshA] @2 AEHelA Y Y] T
o] Wrol& 2 70% o]/dolAtt (data not shown).

_23_



NaOCI Pythium p140

Fig. 1-2. Pathogenicity of Pythium pl40 on rice seedling. NaOCl and Unt
denote for 2% NaOCl and untreated, respectively.

wad A5 Fusariumit &<

B A HET B AT Lol o] F YR S
vro| %= Fusarium F128 F151& 238 <YE&S SHIAAU O]%—Oﬂ/ﬂ}i
Fusarium F151 oA & JRE Fsd oy @A & e =
e %_]Qi’ixl‘i'l, Fusarium F1282 314 Z2 FHdAE B SIS
do7|x] FomMME HFAldE dE&ES A F7IAAA HWLA Fusarium
AETA AT oZA v AF 7tsAol =55 dAlste] FAth  71E 2709
Fusariumt 5 YEE&°] 30~34%= FHETO 40% PEEH} vusde wet
AT Ao 1 7F g1dek (LSD, P=0.05) (Table 1-7, Table 1-8). A5 ¥A& &
of HAg % test tube®] water agaroll Fg T TEshA| RS W= Fusarium
F151, F188 @%‘ﬂat Wols 259 = #AdE odRIE 2447 70, 8% = FHE
T2 6% Blste] AA 3] EASFdo] FhEHOA A PRI dAE FAaEA
o} (LSD, P=0.05) (Table 1-9 and Fig. 1-3). ©°|AL @27} ofd 7| Ao|dS
A3 2 FdFo e olet e Aol osle] AW dryl B S 9 slo]
a7 F&E d& F UASS EA T, FEAvel A Fusariumel €3 24
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e AT Aol obd £E Age AAs] T

flo

Table 1-6. Seedling emergence in water-seeded rice with inoculation of several
Pythium species (Exp. 1)

Isolate® Percent seedling emergenced
pl33 9
pl34 3
pl136 0
p139 0
p140 0
YB008 44
YBO010 44
YBO013 23
YBO015 24%
YB016 33
YBO017 45
YBO018 35
YBO019 40%
YB020 44
YB021 51
YB022 37+
YB023 48
YB024 46
Ridomil” 67
Non-inoculated® 58

“Mycelial suspensions (1.5 ml, Absorbance at 600nm = 1.5) of Pythium isolates
were inoculated into each glassware.

"Seeds were soaked in Ridomil 500x dilution for 24hr before planting.

‘Pythium was not inoculated.

YThere were five replications. Twenty seeds were planted into each glassware
containing 120 cem® soil and 120 cc distilled water. Percent seedling emergence
was determined 10 days after incubation at 30C/20C (day and night,
12hr/12hr).

*Significantly different from non-inoculated and Ridomil treatments (Dunnett,
P=0.05).

_25_



Table 1-7. Seedling emergence

in

water—-seeded rice with

several Pythium isolates (Exp. 2 and Exp. 3)

inoculation of

Experiment 2

Experiment 3

Percent seedling

Percent seedling

Isolate® emergence’ Isolate® emergence’
KASPII-01 30+ HDP1-25 89+7
KASPII-02 1% HDP1-26 60+65%
KASPII-03 3« HDP1-30 81+4
KASPII-04 35% HDP1-38 76+2
KASPII-05 38 HDP2-01 68+3x
KASPII-09 0 HDP2-03 54+2x
KASPII-10 7+ HDP2-04 T1+3%
KBP-01 30% HDP2-10 81+4
KBP-02 40 HDP2-25 78+1
KPB-03 49 HDP2-28 79+4
KBP-04 25 HDP2-29 755
SH-01 31x YDP-01 T8+6%
SH-03 33+ YDP-04 85+2
SL-01 34 YDP-05 58+8+
SL-02 24 YDP-16 50+8+
SL-03 34 YDP-17 78+8
Ridomil” 68 YDP-18 83+4

Non-inoculated" 62 YDP-19 64+10+
HDP1-23 20+6%
HDP1-24 85+5
Non-inoculated” 91£2

Mycelial suspensions (2 ml, Absorbance at 600nm = 1.5) of Pythium isolates

were inoculated into each glassware.

"Seeds were soaked in Ridomil 500x dilution for 24hr before planting.

‘Pythium was not inoculated.
d . .
There were four replications.

Twenty

seeds

were planted into each

glassware containing 120 cm” soil and 120 cc distilled water (2 cm water

level of depth).

incubation at 30C/20°C (day and night, 12hr/12hr).
xSignificantly not different from non-inoculated and Ridomil (500x dilution,
Metalaxyl 25% a.i.) treatments (Dunnett, P=0.05).
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Table 1-8. Seedling emergence

several Pythium isolates (Exp. 4)

in

water-seeded rice with inoculation of

Percent seedling

Percent seedling

Isolate® emergence’ Isolate® emergence’
HNP-01 36+2% MJP-11 T1+4%
HNP-22 58+1% MJP-12 8144
HNP-32 66+6+ MJP-13 56+8+
HNP-34 49+8x MJP-16 43+3%
HNP-38 78+3 MJP2-04 48+3%
HNP-39 76+2 MJP2-07 76+6
HNP-40 83+1 MJP2-07 61+ 7+
HNP-41 59+4% MJP2-08 65+5%
HNP-42 7343 MJP2-09 64+1%*
HNP-43 51+6% MJP2-14 63+8%
HNP-44 80+4 MJP2-18 65+5%
HNP-45 TA+25% MJP2-19 50+6%
HNP-46 61+8% MJP2-24 1643+
HNP-47 81+3 MJP2-25 64:+8%
IKP-05 7946 MJP2-30 70+5%
IKP-06 58+5% MJP2-31 43+11%
NBP2-05 70445 NBP3-13 45+3%
NBP2-07 61+3% NBP3-14 72+3%
NBP3-11 48+5% P140 7342
NBP3-12 78+3 KASPII-09 66+4
MJP-04 49+1x Non-inoculated” 94+1

"Mycelial suspensions (2 ml, Absorbance at 600nm = 1.5) of Pythium isolates

were inoculated into each glassware.

"Pythium was not inoculated.

“There were four replications.

glassware containing 120 cm®
level of depth).

Twenty seeds were planted into each

incubation at 30C/20C (day and night, 12hr/12hr).
*Significantly not different from non-inoculated and Ridomil (500x dilution,
Metalaxyl 25% a.i.) treatments (Dunnett, P=0.05).
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Table 1-9. Seedling emergence in water-seeded rice with inoculation of

Fusarium species

Isolates Seedling ernergenceb
F128 54a“

F151 50a

F129 48ah

F188 3lc

F196 34c
Non-inoculated® 40c

*Non-inoculated control did not have Fusarium.

"There were five replications. Twenty five seeds were planted for each
glassware described as perviously. Percent seedling emergence was determined
10 days after incubation at 30°C/20C (day and night, 12hr/12hr).

“Means followed by the same letter are not significantly different (LSD, P=0.05).

Table 1-9. Seedling infection of rice planted onto water agar with inoculation of
Fusarium species

Isolates Number of infected seedling”
F128 8a“
F129 18a
F151 70b
F188 78h
F196 3a
Non-inoculated” 6a

*Non-inoculated control did not have Fusarium.

"There were five replications. Ten seeds were planted for each test tube and
number of infected seedlings were counted 2 weeks after incubation at 30C/20C
(day/night, 12hr/12hr).

“Means followed by same letters were not significantly different (LSD, P=0.05)
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Fig. 1-3. Pathogenicity of Fusarium 151 and 188 on rice seedling in water agar

without water.

Pythium® 7. Plaats-Niterink®] +d& Fa=Z 3slo] 2dale] HUAdo] gt
Ao Felo] F ik EaiF P140, P136, P139S P. aquatile, 3ol A
KASPII-04, 05, KBP-01, 02, 03, 04 552 P. pulchrum, AHolA
SH-01, 03 2 SL-01, 02, 03& P. rostratum®.& SR EA}. 7g 55
7138 GEAE FAA ZolA AT U Al

L

o, AEsd BA 759 299 AR

o Aol q wel® 167 Awe Pythium YBOI3Ol tiste] Zabsele
ZAFSE A3k 034801, 034803, 033202 5 370 Alxtvto]l Z+zk PDAWIXA| A 10, 7, 3
mme] oA AYE wolwA FAAFS oA & AT (Fig. 1-4 and Table
1-10). Adego] 3 034801 #F7F b2 o8 Pythium wEd 5] st =
BUF oA $He HEAS 2AG A}, o B AT UREe] G Pythium
B FEd gatel® 2 ~ 8 mmel WA oA AdE Helq $5E A% 5
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S zka Qe Ao® YeRYth (Fig. 1-5 and Table 1-11). —12v, 23k A
sk A g ghol] A AR #ATE Qs AL oy ] ujiEo] ZAadHo] gl 1
554 WAl g3 Al ¥3HE Sttt (Chun, 1997).

Table 1-10. Inhibition of different bacterial isolates against Pythium YB013

Bacterial Isolate® Inhibition zone (mm in distance)”

030601
030902
033201
033202
033203
033204
034601
034801 1
034802
034803
034804
035901
035902
035903
037201
037301

O OO DO OO O OO OO wWwo oo

“Bacterial isolates were streaked on the center of PDA and mycelial plugs of
Pythium YB013 were confronted on the other sides.
PInhibition zones were measured 2 days after incubation at 28C.
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Strain E— e I| Strain
034801 035903

1
| Control

Strain '..
034803

3 days after incubation at 28C

Fig. 1-4. Inhibition of bacterial isolates against Pythium YBO013.

Table 1-11. Inhibition of bacterial isolate 034801 against different Pythium

isolates

Pythium isolates Inhibition zone (mm in distance)®

pl33
pl34
pl36
p140
pl138
p139
pldl
YB008
YBO016
YBO010

A g 00 O O W+ O NN

“Bacterial isolate 034801 were streaked on the center of PDA and mycelial plugs
of different isolates were confronted on the other sides. Inhibition zones were

measured 2 days after incubation at 28C.
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Isolate
YB008 4

Isolate
y p136

Strain |,|——-_—._..'r':

034801} |

Isolate Isolate
p140 Y p138

Fig. 1-5. Inhibition of bacterial strain 034801 against several isolates of Pythium

species.

o AESA BA w2

ZAFSE 8] AMlTt Fol D324, 033201 & 879 ¥FES AT FolME ¢
Rgo]l Mus AYeA Fve wFEel Hete] @A =t (Dunnett, P=0.05)
(Table 1-12, 1-13, 1-14, and 1-15). ¥ AgdA = Ze=3 AEH A gt
o A 9= Ao E yElydt} (Table 1-10, 1-11 and 1-12). Exp. 4 (Table 1-15)
oA Ao g dFEHo YJrEo] ¢Fodd A AFHY Fe =7} LED (%
Frto] 2= Light Emitting Diode) source]| 71213k (Z=7F <F 20,000 lux) AFe]A %=
AL EFEE o] AES At dlw) e agEnh 71Ee A 3] source
(=7} oF 10,000 lux)7F 835 o]t
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Table 1-12. Biological control of seedling disease in water-seeded rice with
bacterial biological control agents (Exp. 1)

Treatment® Seedling emergence (%)°
030601" 41 %
031702 48
033201 49
033202 28
033203 36
033204 15
034601 25
034801 29
034802 39
034803 40
034804 40
035901 21
035902 37
035903 41 =
037201 43*
037301 35
No bacteria® 13
Non-inoculated 41
Ridomil” 51

4All treatments were inoculated with Pythium YBO013 except for non-inocultaed
described as previously.

"Seeds were soaked in each bacterial suspension (1.5 ml, Absorbance at 600nm =
about 1.0) for overnight at 28°C and seeds drained on the next day were
planted into each grassware.

‘Seeds were soaked in sterile distilled water.

ISeeds were soaked in 500x dilution of Ridomil for 24 hr before planting.

“There were five replications per treatment. Thirty seeds were planted for each
glassware as described previously. Seedling emergence through water was
determined 10 days after planting.

*Significantly different from no bacteria treatment (Dunnett, P=0.05).
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Table 1-13. Biological control of seedling disease in water-seeded rice with
bacterial biological control agents (Exp. 2)

Traetment® Seedling emergence (%)+SEM?
Non-Inoculated” 49+£2x%
Inoc.(No bacteria)® 34+1
B204 33+4
B410 2516
B414 24+5
B402 17+6
B407 21+3
B413 41+3%*
B401 28+4
B301 15+1
B409 363
B412 28+5
B408 20£2
B403 21£5

“All treatments were inoculated with Pythium P140 except for non-inocultaed
described as previously.

"Seeds were soaked in sterile distilled water.

‘Seeds were soaked in each bacterial suspension (2 ml, Absorbance at 600nm =
about 2.0) for overnight at 28C and seeds drained on the next day were
planted into each grassware.

YThere were four replications per treatment. Twenty five seeds were planted for
each glassware as described previously. Seedling emergence through water
was determined 10 days after planting.

*Seedling emergence is significantly different from no bacteria treatment and all
the other bacterial treatments did not increase seedling emergence (Dunnett,
P=0.05).
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Table 1-14. Biological control of seedling disease in water-seeded rice with
bacterial biological control agents (Exp. 3)

Traetment® Seedling emergence (%)+SEM?
Non-Inoc” 67+ 6%
Inoc(No bacteria) 24+3
308" 38+ 5%
305 50+ 4
311 42+ 2%
302 40+ 5%
313 38+ 7*
315 59+ 2%
329 41+ 6%
303 54+ 5%
307 51+7x
304 41+4

“All treatments were inoculated with Pythium P140 except for non-inocultaed
described as previously.

"Seeds were soaked in sterile distilled water.

‘Seeds were soaked in each bacterial suspension (2 ml, Absorbance at 600nm =
about 2.0) for overnight at 28C and seeds drained on the next day were
planted into each grassware.

YThere were four replications per treatment. Twenty five seeds were planted for
each glassware as described previously. Seedling emergence through water
was determined 10 days after planting.

*Significantly different from no bacteria treatment (Dunnett, P=0.05).
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Table 1-15. Biological control of seedling disease in water-seeded rice with
bacterial biological control agents (Exp. 5)

Treatment® Seedling emergence (%)+SEM?
Non-Inoc” 92+ 3%
Inoc(No Bac)® 63+3
D324 80£5x
D316 T8+ 3%
D311 T6x5%
D315 764
D305 T5x 4
D302 T4+ 3%
D320 T4+ 2%
D303 T3+ 3%
D308 734
D310 3£ 2%
D323 T3+ 3%
D301 T2+ 3%
D313 715
91-51 T0£ 2
D317 70£ 1
D322 70+ 3%
D326 T0£ 2
D309 69+4
D318 69+4
D319 68£5
D304 671
D327 67+3
D307 66£2
D306 655
D325 656
D312 63+3
D314 62+4

“All treatments were inoculated with Pythium P140 except for non-inocultaed
described as previously. The light source was LED (Light Emitting Diode).
"Seeds were soaked in sterile distilled water.

‘Seeds were soaked in each bacterial suspension (2 ml, Absorbance at 600nm =
about 2.0) for overnight at 28°C and seeds drained on the next day were
planted into each grassware.

YThere were four replications per treatment. Twenty five seeds were planted for
each glassware as described previously. Seedling emergence through water
was determined 10 days after planting.

*Significantly different from no bacteria treatment (Dunnett, P=0.05).
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AE8A A gFo] ATt Z olfHE v©AY AL AwEvte] - o]&sta
Pythium FE2 o]83#] %als @rdor ArEvitd ofzke] Zol7p gllow,
Pythium & 993 © & Mannitol, Sorbitol, Lactose, D-galactose 5<& % o] &3} &
skl D308, D316, D324 & AESA WA olF ©@AYs & o8 4 SISk
247ke] gael g Alire] o4 ARE Aol FRol uel thFd Aolzb Ak
(Fig. 1-6a, b, ¢, d, e, f, and g). Glucose, Proline 5& Pythium ZE0°] & o]gd <
AN, Glucoset= M Pythium FE°] EF Z o]&ses ©@agEc]iny.
o] 8% FAb AEH TFES 037201 AYstas BT O

AA L] BEZ|ZE] A7 §lo] AHEE 4 A5& AlAlste] A (Table 1-16; 53+

&A= 2.

Table 1-16. Identification of biological control agents

Isolated BCAs Identification® Matching Number”
D301 Bacillus marisflavi 310/311
D302 Bacillus cereus 311/311
D303 Bacillus cereus 341/341
D305 Bacillus macroides 291/291
D308 1% oFA]

D310 Bacillus marisflavi 310/311
D311 Bacillus cereus 331/331
D313 Bacillus cereus 340/341
D315 Bacillus cereus 341/341
D316 a3 YA
D317 Alcaligenes faecalis 321/321
D323 Bacillus cephaericus 345/350
D324 Bacillus cereus 468/480
031702 Bacillus megaterium 194/202
033201 A= i
037201 o 54
035903 o A

Tdentified on the basis of their 16s TDNA gene sequences

"Number of base showing sequence homology
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Fig. 1-6a. Comparative carbon utilization by the biological control agent (Bacillus
cereus D324) and three Pythium species. The three mycelial plugs of the
1solates grown on PV were dropped into 25ml of basal media supplemented with
the respective carbon sources and incubated at 28°C for 7 days. The mycelium
grown were blended for 10 sec and the respective absorbances were measured
at 600nm after auto-zeroed with the respective solution of the carbon sources. A
loop of single colonies of bacterial strain grown on TSA was inoculated into
25ml of basal media supplemented with the respective carbon sources and
incubated at 28°C for 48 hrs. The respective absorbances of bacteria grown
were measured at 600nm after auto-zeroed with the respective solution of the

carbon sources.
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Fig. 1-6b. Comparative carbon utilization by the biological control agent (Strain

D316) and three Pythium species.
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Fig. 1-6¢c. Comparative carbon utilization by the biological control agent (Strain

D308) and three Pythium species.
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Fig. 1-6d. Comparative carbon utilization by the biological control agent (Strain
037201) and three Pythium species.
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Fig. 1-6e. Comparative carbon utilization by the biological control agent (Strain

031702) and three Pythium species.
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Fig. 1-6f. Comparative carbon utilization by the biological control agent (Strain
033201) and three Pythium species.
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Fig. 1-6g. Comparative carbon utilization by the biological control agent (Strain
035903) and three Pythium species.
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Fig. 1-7. Resistance of bacterial biocontrol agent and complete inhibition of Pythium
sp. to 40ppm of metalaxyl. Left and right are the bacteria and Pythium, respectively.

>
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Fig. 1-8. Talc formulation and coating of rice seeds. Left is formulation, Middle for
untreated seed, and Right for coated seeds.
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Fig. 1-9a . Effect of storage period and temperature on viability of formulation
by Bacillus cereus D324

_47_



037201

12 + —@— 5C perlite
O 5C Talc
" —-w¥— 5C Zeolite |

5 - .
13 F— + + + + + + + + + + + + —
12 1 —@— 25C perlite | |

O 25C Talc
11 F —w— 25C Zeolite |

10

13 F T T T T T T T T T T T T T T E

12 —@— 32C perlite  |{
o 32C Talc
11+ —-¥— 32C Zeolite ||

Total bacterial population(log CFU/g)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after seedling

Fig. 1-9b . Effect of storage period and temperature on viability of formulation
by bacteria 037201 (gram negative)
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Fig. 1-9¢c . Effect of storage period and temperature on viability

by bacteria D308 (gram positive)
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Fig. 1-9e . Effect of storage period and temperature on viability of formulation
by gram positive bacteria 035903.
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Fig.1-9f . Effect of storage period and temperature on viability of formulation

by bacteria 033201 (gram positive)
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Fig.1-9g . Effect of storage period and temperature on viability of formulation

by bacteria 037201 (gram negative)
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Fig.1-9h . Effect of storage period and temperature on viability of formulation

by Bacillus megaterium 031702
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AESHA A T =R, Bacillus D3249] D-sorbitol®} D-galalctose 2}

(Table 1-17 and Fig. 1-10). 22},
AEEH WA T ®Ist Aol 71

Xl A9 ekl Sk
239t (Table 1-18).

o
(Fig. 1-10) 9=&< @43 S7HAATh 4xo] Aol ool Soldoz 2
29w A AP ASE FAL6] nste] Yw

7t

go] %
=g o

29E

Table 1-17. Effect of different carbon sources on efficacy of biological control

Treatment

Seedling emergence(%) + SEM

Non-inoculated seed - Pyth

Base” + D324 + 8% Alanine + Pyth

Base + D324 + 8% Galactose + Pyth

Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base

Base

+

+

+

D324 + 8% Sorbitol + Pyth
D324 + 8% Mannitol + Pyth
8% Sorbitol + Pyth

8% Galactose + Pyth

8% Alanine + Pyth

D324 + 8% Glucose + Pyth
D324 + 8% Proline + Pyth
8% Mannitol + Pyth

8% Proline + Pyth

8% Glucose + Pyth

D324 + Pyth

Pyth

68.0+
74.0+
73.0+
69.0+
68.0+
66.0+
62.0+
60.0+
57.0+
50.0+
53.0+
50.0+
49.0+
44.0+
36.0+

4

w O 01 Nk O Oy O

D ==
S W

10

“Base denotes for talc and 1% guar gum; D324 for BAC; + Pyth for Pythium

inoculation; — Pyth for non—-inoculation.
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Ridomil 100% & =
Untreated Seed & —
D-solbitol 8% & [
D-galactose 8% & =y
D-mannintol 8% & =g
D-sorbitol 8% + D324 § ‘ =
D-galactose 8% + D324 R n‘—u—‘
D-mannintol 8% + D324 R ==
Base(Talc +seed) + D324 [ By
Base(Talc + seed) : : —_—
0 100 200 300 400 500 600
Seedling emergence

Fig. 1-10. Effect of carbon sources on seedling emergence in water—seeded
rice in the field. Seedling stands were counted per square meter and there 5
replications. Bars indicates standard error of the mean.

Table. 1-18. Effect of carbon sources on harvest in water-seeded rice in
the field

Treatment Dry weight ( g/plot ) £ SEM
Base" 790.84 = 31.80
Base + D324 855.41 + 37.54 =
D-mannintol 8% + D324 829.33 + 3157 =
D-galactose 8% + D324 833.84 + 3551 =
D-sorbitol 8% + D324 873.02 + 2275 =
D-mannintol 8% 807.73 + 27.52
D-galactose 8% 792.14 £ 30.69
D-solbitol 8% 791.23 = 2256
Untreated Seed 705.89 + 24.04
Ridomil 100% 751.04 = 63.42

“Base denotes for talc and 1% guar gum; D324 for Bacillus cereus D324

*Significantly different from untreated seed treatment (Dunnett, P=0.05)
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oF A E A HhA 7o D=3}
Aol EWg gads Uk Aule 27 dEE =doy 3 1Y
B H7b e AgeA &2 ol Hlsle] 23]d AA Ao Wi
A ekttt (Fig. 1-11, top and bottom). FE3F, A& 38h2] wha|ae] Hio] glo]A]
%= Bl Hutel 9ste] AESHY WA g Fual EAWo|l Bacillus cereus
D324 RF01¢] %7} D-galactoses F7hgk Azlel H|sto] 58E 1 FmolA =] &
ath (Fig. 1-12). o] AL ddataid Axel v zo=A AESA Ao &)
7b @3] WAlare] W Fbol ol shA| Rk
[e)

< @2 Zojgt ddHAY. o] A= AE

StA WAl maprt Zolsts FAECAAM S HA Alvte] R Fkel 7IQlEr] wmu

= A we AAHA W] 7lste AdE AAst Fral stk (Chun,
=

1997). Gilbert 5& (1996) UWS85nl (Bacillus cereus)S # g 3t
g1 MAE e Wy AEY AdA 9 dAHAGT Atst

—@— Base

—O— Base +P140

—w— Base + 8% D-galactose

—v— Base + 8% D-galactose + P140

3
T
1

+ + +
—@— Base + RF01S

—O— Base + RF01S + P140

—w— Base + RF01S + 8% D-galactose

—7— Base + RF01S + 8% D-galactose + P140

Total bacterial population(log CFU/seed)

L L L L L L L
0 1 2 3 4 5 6 7

Days after planting
Fig. 1-11. Population dynamics of Bacillus cereus D324(wild type) and RFO01S

(rifampicin mutant). Base is 1% guar gum plus talc that was used to coat seeds.
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— 7F T T T T T T T ]
e —e— Base + RF01S
Q —O— Base + RF01S + P140
K —w— Base + RF01S + 8% D-galactose
E 6 —v— Base + RF01S + 8% D-galactosel + P140 | 1
(&)
[o2)
L}
N
c 957 ]
o
whd
5
2

4+ i
o
[«
-
[=
©
5 3l .
£
=
(14

1 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Days after planting

Fig. 1-12. Population dynamics of Bacillus wild type and RF01S (rifampicin
mutant). Base is 1% guar gum plus talc that was used to coat seeds.
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Source df SS MS F value
e = 1 1432.0 1432.0 2458
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A}ag-of H- =5 EZoE(%) | #EE(%) | #FHEE(%)
=9y 70.8 14.6 96.5
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] &k 67.7 49 100.0
Z= 1}
e Ty 60.4 0.7 100.0
2R 72.2 149 100.0
+ HATHF ]
st 70.5 23.6 98.6
sty 52.4 59 96.9
st 64.9 12.8 97.6
o - g & 67.3 10.9 98.7
2133
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] &k 54.2 46.9 98.3
Z= 1}
& oo Ty 451 444 97.6
2R 62.8 33.7 93.1
PQEgE
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IR 34.7 61.5 98.6
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O EGUHS FF7 v
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Source df SS MS F-value
EFgH 1 648.0 648.0 765"
= % 7 1753.8 250.5 2.96
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A 31 46745
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<E 2-7> A%H S

UEE(%)
= F FET
Had A A 3
FQHH 51.1 50.5 50.8 B
o A 415 42.1 39.4 B
4 QhH 53.4 52.1 52.8 B
&k 64.0 61.9 63.0 A
FoH 49.5 45.2 474 B
3 51.9 50.4 50.7
Source df SS MS F value
Bl A= 1 105.6 105.6 0.73
= % 4 1950.1 4875 3.39”
WATE=<EFF 4 313.3 78.3 0.55
2 A 50 7184.3 143.7
A A 59 9553.2

<A 2-6> RS H Ao o
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o 9 F 15Y0e 2221 24 2 27TelA 21T
A& Aol we) Fabe] dFEAd BFsE
¥ 2yt ddEy Az 18T
FAEATG. =3I BEF2E 18T
£ 9] a-amylase &3 o] <F3itha
Gl
A

= Ao F 2w s d9%e B
o n-amylase o] & FFol W& FTRT Kol fo] kol wHLY
Aagol & oz JeEbA Rolgta AR E T

<E 2-0> ] e ste] ME L% % YA/ a-amylase F o] Wol

n-amylase ¥
Ao | TS REF d5
! £ 7]
DASI15 DASI19 DAS?23

s 0.848 0471 0.405 0.091

18C oF 0.892 0.636 0.287 0.04

| o 0.870 0.5%4 0.346 0.073

s 0.848 0.715 0.182 0.013

21C oF 0.892 0.532 0.247 0.056

| o 0.870 0.624 0.215 0.035

s 0.848 0.546 0.000 0.000

24C oF 0.892 0.489 0.043 0.019

| o 0.870 0.518 0.022 0.010

s 0.848 0.406 0.033 0.015

271C oF 0.892 0.374 0.055 0.007

| o 0.870 0.390 0.044 0.011
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<HE-1D> BASH JTol g% APETE Fobg, 749E 2 A2

A 39 Z o &(%) ZE&(%) 28 (%)

A% 254 66.7 40.3 93.9

(40%%) o1 70.8 34.7 79.0

ToH1% 65.3 30.6 93.7

ToH2T 76.4 31.9 70.6

e 68.1 33.3 64.8

IR 875 52.8 88.9

=l 73.6 36.1 85.1

e 72.2 13.9 84.6

Rla-hc 375 47.2 57.1

el 73.6 31.9 87.2

= 52.8 62.5 53.4

LA 66.7 43.1 835

! 62.5 44.4 67.2

sl 66.7 30.6 74.4

e 81.9 44.4 83.1

& 72.2 50.0 82.6

=7 54.2 18.1 92.4

A 77.8 486 84.0

IR 70.8 31.9 68.5

21251 66.7 38.9 59.8

Q. 72.2 50.0 72.9

Q.84 181 44.4 94.4

74 50.0 43.1 84.0

=51 80.6 29.2 776

=74 75.0 29.2 75.7

Q& 91.7 41.7 85.0

7T 84.7 33.3 98.3

e 56.9 22.2 90.4

FA 70.8 26.4 82.4

< 34 84.7 31.9 73.0
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R FEH Z o} &(%) Z A& (%) 228 (%)
ZAE Zlw) 59.7 23.6 715
Z15-H 54.2 52.8 84.4
Z15 70.8 54.2 91.8
71 5--&- v 50.0 55.6 80.5
2152 84.7 51.4 93.5
Ef 1 ] 51.4 19.4 45.9
Ef & =] 80.6 444 91.6
235 22.2 22.2 0.0
s}5 68.1 63.9 779
=217 778 125 88.2
FAE A 69.4 40.3 70.0
(34% %) ZeH 73.6 36.1 65.9
i 79.2 22.2 79.1
Wl 73.6 43.1 75.7
sHUHS 72.2 4.2 96.4
o Hels 45.8 61.1 80.0
& 3 H 44.4 54.2 96.7
e 52.8 514 86.7
5aH 44.4 55.6 76.0
23 86.1 40.3 85.6
b 56.9 33.3 97.6
Ao 80.6 47.2 74.9
A% 54.2 514 835
A5z 69.4 18.1 92.0
LIRS 125 54.2 100.0
T ehH 75.0 375 745
212 2k 59.7 58.3 76.3
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A 54 Z o1& (%) Zd & (%) 28 (%)

AT Ak 66.7 20.8 83.0
g 389 389 0.0

e 68.1 34.7 69.5

3 3 1] 13.9 76.4 93.3

A3 61.1 13.9 90.3

ZFer 58.3 458 87.6

o1 48.6 44.4 61.3

=9 58.3 319 66.7

Z1 354 90.3 375 736

7 78 v 72.2 43.1 69.4

7 < 486 52.8 74.0

3l % H 50.0 27.8 90.1

sheH 66.7 23.6 92.4

S}l 2w 50.0 34.7 82.5

s 58.3 18.1 86.0

sherH 50.0 52.8 100.0

st 16.7 71.8 79.2

TS A 5} 44.4 69.4 75.0
(44E% a1o}v] 875 29.2 89.6
e 70.8 42 92.3

s 50.0 33.3 85.9

W 84.7 389 89.9

g 77.8 40.3 85.7

E3H 84.7 19.4 89.7

o) 4k 45.8 181 96.3

o] Sh o] 51.4 41.7 77.0

o of 1] 40.3 61.1 85.8

o g B 47.2 54.2 85.2

5o 54.2 50.0 97.0

s71% 81.9 25.0 84.6
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A 54 Z o1& (%) Zd & (%) 28 (%)
TN 57 61.1 444 77.1
S22 38.9 22.2 79.2
Flasacd 58.3 23.6 776
] 69.4 4.2 92.1
EL AR 65.3 30.6 96.1
A A 3} 41.7 50.0 56.5
A 2 55.6 61.1 90.2
A7 o 90.3 44.4 72.2
78 65.3 25.0 66.3
71 79.2 27.8 89.4
21578 58.3 54.2 92.7
ol e g 31.9 31.9 79.6
OF z 1 66.7 417 69.3
3 ] 56.9 43.1 67.6
e 70.8 9.7 42.9
& w1 ] 125 125 0.0
o ¥ 72.2 444 72.1
T 81.9 30.6 93.0
Tk 65.3 55.6 100.0
M 68.1 375 96.1
i 63.9 8.3 100.0
e 23.6 63.9 66.3
W15 65.3 236 96.1
Fohn 63.9 33.3 70.3
7w 72.2 22.2 77.0
shdH 61.1 38.9 69.7
s} o 63.9 19.4 81.7
shahH 36.1 36.1 56.4
shal 486 58.3 62.6
Sk 20.8 63.9 93.3
Sk 45.8 66.7 90.5
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A 54 Z o1& (%) Zd & (%) 28 (%)
T4dIET = 66.7 40.3 73.1
11%%) o5 1 62.5 417 64.8
Ha=acd 68.1 38.9 60.3
S 72.2 18.1 734
&4 62.5 29.2 485
e 875 40.3 96.9
=94 54.2 139 52.7
A 34.7 73.6 54.3
AdH 80.6 9.7 776
5 4 55.6 27.8 87.0
39 65.3 50.0 80.6
kv 56.9 9.7 75.5
2 72.2 16.7 76.3
A e 5L 38.9 40.3 63.3
(8%FF ol F % 56.9 45.8 885
ez 18.1 45.8 94.4
Kasasd 83.3 22.2 61.7
Z5A 55.6 43.1 83.6
ZAE 56.9 36.1 100.0
TALF 26.4 52.8 75.5
gz 13.9 44.4 69.4
535S B4 2 23.6 56.9 485
(T%%) 4 416% 75.0 34.7 90.2
Rk 36.1 36.1 73.9
TI10% 22.2 61.1 74.4
1435 50.0 45.8 52.5
Bz akea 26.4 19.4 100.0
4% 62.5 25.0 62.1
JERET LA 8] 7He 47.2 236 55.7
11% %) 71 Z YA 7] 20.8 55.6 65.3
T E 77 A 514 15.3 71.7
FAAL 7| 36.1 26.4 54.5
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=359 Zok&(%) ZE&(%) 2+ E(%)
ARAFH A 7] 29.2 55.6 52.4
A4z 4y 153 319 55.6
o}o] X =72 7] 56 30.6 66.7
Qx| 7] 8.3 1.4 100.0
7131742 16.7 375 69.4
7] =31 712 444 0.0 574
QRN 34.7 36.1 875
Arroz 23.6 236 100.0
M-201 65.3 125 100.0
M-202 278 26.4 54.4
Mercury 75.0 4.2 779
IR7I682-39-2 41.7 50.0 87.6
-1-2
IR729757y61- 29.2 625 443
1-1-1
IR712?§_91_2 29.2 29.2 0.0
IR69860-10-1
o137 65.3 319 32.2
RTZZZ529°1] 795 319 68.0
-1-3-1
IR714?1174073 61.1 41.7 93.0
IR73111-B-R
531 62.5 431 86.4
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<RE 2> 9HEY 2 AE F Lx

2 A2

171" n-amylase &2 2] ol

z = 5% 7) 18T 21T
DAS15 | DASI9 | DAS23 | DAS15 | DAS19 | DAS23
A 5} 5 0.872 0.528 0.328 0.097 0.631 0.045 -0.005
SHUYE | 0.857 0.492 0.250 0.177 0.764 0.504 0.092
1] g 0.419 0.505 0.426 0.064 0.684 0.074 -0.078
&F 1.068 0.354 0.490 0.076 0.661 0.053 -0.046
A =74 0.703 0.823 0.214 -0.066 0.248 0.168 -0.029
FEH 1.199 0.546 0.277 0.094 0.847 0.632 0.105
s 1.049 0.531 0.455 0.048 0.749 0.095 0.082
R 0.795 0.645 0.327 0.089 0.401 0.144 0.153
Y o 0.870 | 0.553 0.346 0.072 0.623 0.214 0.034
z = 7] 24T 27C
DAS15 | DASI9 | DAS23 | DAS15 | DAS19 | DAS23
A 3} 0.872 0.223 0.117 -0.021 0.354 0.077 0.026
sHU1S | 0.857 0.282 0.017 -0.029 0.508 0.040 -0.195
1] g 0.419 0.551 -0.054 -0.004 0.473 0.051 0.109
&TEH 1.068 0.518 -0.018 -0.110 0.149 0.037 0.160
R 0.703 0.576 -0.065 -0.002 0.399 0.018 -0.002
T H 1.199 0.470 0.067 -0.001 0.386 0.025 -0.009
3 1.049 0.833 0.038 0.007 0.494 0.002 -0.015
R 0.795 0.687 0.054 0.099 0.358 0.099 0.012
B 0.870 | 0.518 0.020 -0.008 0.390 0.044 0.011
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