1. annsidnadauuniiGa

1.1 Nutrient Agar (NA)
Beef extract
Peptone
Agar
Distilled water

1.2 Nutrient Broth (NB)
Beef extract
Peptone
Distilled water
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pH 7.0

pH 7.0

2.1 Potato Dextrose Agar (PDA)

Potato (Infusion form)

Dextrose
Agar
Distilled water

pH 5.0

2.2 Potato Dextrose Broth (PDB)

Potato (Infusion form)

Dextrose
Distilled water

pH 5.0

2.3 Rice Starch Broth (RSB)

Glucose
Peptone
Distilled water

2.4 Rice Starch Agar (RSA)

Glucose
Peptone

Agar

Distilled water

pH 5.0

pH 5.0

3.0
5.0
15.0
1,000

3.0
5.0
1,000

200.0
20.0
15.0

1,000

200.0
20.0
1,000

20.0
2.0
2.0

1,000

20.0
2.0
2.0

15.0

1,000
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1. Motility Test Medium
Tryptone
Sodium chloride
Agar
Distilled water

2. Nitrate Broth (Difco)
Bacto-Beef extract
Bacto-Peptone
Potassium nitrate
Distilled water

3. Nutrient Gelatin Medium
Beef extract
Peptone
Gelatin
Distilled water

4. Tryptone Broth
Tryptone
Distilled water

5. Starch Agar
Beef extract
Peptone
Potato starch
Agar
Distilled water

6. Simmon’s Citrate Agar
MnSO4
(NH4)H,PO,
K;HPO,
NaCl
Sodium citrate
Bromthymol blue
Bacto-Agar
Distilled water

7. Litmus Milk (Difco)
Bacto-Skimmed milk
Bacto-Litmus

. Distilled water

fivsiniarigaungf 121°C uu 15

10.0
5.0
5.0

1,000

3.0
5.0
1.0
1,000

3.0
5.0
120.0
1,000

10.0
1,000

3.0
5.0
10.0
15.0
1,000

0.2
1.0
1.0
5.0
2.0
0.08
15.0
1,000

100.0
0.75
1,000
i vinlviduviui
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8. Christensen’s Urea Medium : Basal medium usenauena

Peptone 1.0 g
Glucose 10 g
K;HPO, 20 g
NacCl 50 g
Bacto-Agar 200 g
Distilled water 1,000 mi

sinshunauforuazais Usu pH Widlu 6.8 1éiu phenol red (0.04%) 13nas
20 ml vl autoclave 7 121°C flutian 15 it Avifuaslszana 50°C
WudIsarany urea (20%) laasdiadransnsasudrtuzines 10 mi wudn
Wiiihdu MTlulalaaaliia aawsussaaslunaaavadau urlihsidanuudu
wilv@alWavin agar slant

9. Phenol Red Broth Base

Bacto beef extract 10 g

Bacto proteose peptone No. 3 100 g

NaCl 50! g

Bacto'phenol red 18 mg

Sugar (under test) 10 g

Distilled water 1,000 ml
pH 6.8-7.0

aswesamianausazufindmsunsagay mslavaandnuda (Durham
tube) ussyamsTuiunas 6 ml i llsindiagneds autoclave 7 10 Uaus
Hunan 10 i Wawwdadunssindatisnaanuthinduviud wailasdu
nhitiihaausavdfiagaiue)
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1. Crystal violet (1% aqueous solution)

Crystal violet 10 g

Distilled water 1,000 ml
2. Safranin

Safranin O D5 g g

Ethanol 95% 10.0 ml

Distilled water 1,000 mi
3. Malachite green

Malachite green 50 g

Sodium chloride 50 g

Agar 50 g

Distilled water 1,000 ml
4. Gram’s Iodine

Iodine 1.0 g

Potassium iodide e 29 ¢
nanEsivaavlaingmeiu 1dinsouassivindu wnhefeasiang
aunspiossiadavarartvua anihnduliléltinas 300 ml nsaséne
nseaxnsay Whatman No. 3 ussylumedan
5. Kovac'’s solution

Para-Dimethyl-Amino Benzaldehyde 50 g

Amyl or butyl alcohol 75 mil

HCl, concentrated 25.0 mi

avana Para-Dimethyl-Amino Benzaldehyde a9lu amyl or butyl alcohol 7
aamgf 50°C u waterbath uhuiszanet 5 it WaasazaaGuiiuae Wi
Aaoq 3u HC wauasly wthWidindu iiulumedn u'lidgangh 4°C

6. Hydrogen Peroxide (3%)

H,0, - 30 mi

H,O 97.0 ml
7. Nitrate Test Solution (Solution A)

Sulphanilic acid 80 g

5 N Acetic acid 100 ml

vane sulphanilic acid Tu 5N acetic acid 1aaldausau (waterbath)

Nitrate Test Solution (Solutlon B)
a-Napthylamine 50 g
5 N Acetic acid ) 100 mi
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1. msdaudunsy
mtﬁauunﬁtsuﬁmaomsﬁnmm streak asuuamis NA Uugangsi 37°C
w1 24 92Tu9 vin smear Waasuudladiarain ﬂoa‘laa"lmmo vin heat fix
vinmstiau® Gram éumsnand crystal violet iusat smear Aoliuu 1
uv éwﬁuauaanmnmﬂsvm wauaas Gram iodine uusas smear o3 1
i dwaandimitdsuh &edtianaandnn 95% ethanol énanisvan
ethanol asuusas smear Aarnun aumn"'lmﬁuaﬁannaﬂmum SRt el
1hlsyih oed safranin vusas smear Mo'l3 30 3wt &waandamihlsuh
fulviuviveianseany tissue paper inldganyaiensdad Gram anle
ndavyanssel TnalieudingArdvaena 100 win

2. n1stiand endospores
u’u‘Baunnﬂtsuﬂnaomsﬁnu‘xm streak avuuamis NA tngaungf 37°C
uu 36;48 dTu9 vin smear aavuualadiarain Hedlasliuvie vin
heat fi x vinnséiaud endospores sunsuand malachite green avuusas
smear & laslibwuulavdasuiu 5 uiv Taadassind malachite
green avuusan smear amoﬁ‘lnuméwﬁuauaanmumﬂszﬂ'\ NN
Gram iodine uusas smear M9l 1 ui &waandrmindstah dv&davaan
¢t 95% ethanol sumsuaa ethanol avuusas smear Aiavnon Juninag
hiviuddauvaasmuun &wemhlseih wead safranin uusas smear Mo'l3
30 Ui dwaandimiidsialy dulviuriesmionseany tissue paper Un'lig
dnarntind Gram mnlandasyanssed laoldiaudingrirdvauena 100
win

3. n1snasiau Catalase Te§t s
nuass 3% H,0; uariINRURILURFAILDIRIARY Munimuuuna'\nnu Tuqu
usvifauuaiie vin smear aslunes H,0; uavaslunamii doine
navaday wawnfivasudaidatiulunes H,0, nauavlLitiawasuds

4. msmaaaumsmaauw (Motility Test)
tindudimfiauuaiize stab asluamns motility test medium vugamgf
37°C 1fluaan 24-48 2 Tu9 waaas 3% H,0, uasmnﬁuaouuamavamqm
avvonlasusnanniu laquuas auuarie vin smear avlunaa H0, uay
avlunaa anananaday wawniinasudsiAniulunes H,0, nauau'li
WnnasuAid

5. nswasau Indole Test
hjzgmﬁmﬁauunﬂtsuTn‘iaﬁtﬁmao‘lumms tryptone broth 1iugeaung
37°C \flunan 24-48 7 Tuv waa Kovac's reagent W3inen 3-4 vus vt
ALY JULNAKRINITVAIAL namnmtﬁmoumuﬁumﬁmﬂfuuu'uao
a3 tryptone broth maauarhifidioumiu

6. n1snasiau Starch Hydrolysis Test
lifqu streak awuafdaainalafidieaasuuams Starch Agar vindl
aaungfl 37°C lunan 24 dTae ;efawiingaa iodine solution otnana
mMmaday wawnaziuelasaw Talafl SHuindazasavsanfiugih
WU waauaviufwinamsonuailudihdu



7. msvasau Nitrate Reduction Test
‘lﬁqmﬁmﬁaunnﬂt‘%umn‘in‘iaﬁtﬁmaauua'\ms Nitrate Broth 1uuvigangf
37°C luan 24 1T naasnsarae Salifanilic acid uay o-naphylamine
Jonanansaday wawnniiluaznauaimsduas vialunsdlhisid lawdu
modont@aolAf I LitAnduay naauiadiunsdontdaclaviinduas

8. nsnasiau Gelatin Liaquefaction Test
'l-m-uuLﬁuL‘Bauuﬂﬂt‘%umnin‘iamﬁm uvvavluuua s Nitrient Gelatin
uuﬁqnmaﬁ 37°C lunian 24 11w i maaaldudgiiiuiigamg 4°C
a1 30 Ut dolnananismasay wawIn a1mns nutrient gelatin avinal
WaauaIns nutrient gelatin agliiuman

9. nmsnasau Urease Test
liiqu streak auunBdaanTalafiduiasuuaiwis urea agar slant il

aauungf 37°C \fluiian 24-48 ﬂ'ﬂuo AAARRNITNAFAU HAUINATINST
wdouiudinodu naavamshinl§oud

10. nasvashu Citrate Utilization Test
‘l-msmﬁuLﬁauunﬂt‘%‘ua’m‘lniaﬁtﬁmaouumvns Simmon’s Citrate agar
slant uuﬂqnmqﬁ 37°C lunian 24-48 1 1u9 FolnAKRANITVARAY AU
awvnsuldouiudihdu maauatmshinldoud

11. nsnasaunisiaaayTu Litmus Milk
‘lﬁzamﬁmﬁauunﬂtsua'\n‘in‘laﬁtﬁmaouumms Litmus milk uuﬁqmv\aﬂ
37°C luian 24-48 1 Tue dotnananismaau ﬁ'\a'\mﬂﬂﬁuutﬂuﬁmu
ugaviAams reduction damsil§ouiiludauny uamﬂtﬁauunﬂt‘%u
fnsadinia damsiiamsanaznau uarduiludauldséiu (asan
dunse ugaviia acid curd uardiiaganoTusauls amisasladudine
dau udavinAnnstulunis peptonization

12. n:lsnaaaum'ma'm'lsn-naevﬁauunﬁ‘lumsas"wnsaa'm
vaaunsaiia
'lﬁamﬁmﬁau.um?\tsua‘min'iaﬁtﬁmaouua'\ms PRBB (Phenol Red Broth
Base) ithihana glucose, lactose, xylose, manitol uag arabinose Uit
aunyf 37°C flutian 24-48 ﬁ'ﬂuo Jutnananaymvagay §1aInls
wdowiludindas uammﬁaunnﬂtsu‘lﬁﬂ‘mma‘lﬁnsmﬁmﬁu (A) énwuind
uAgluvaananuidiln uam'nLﬁammsn‘lﬂmma'ls‘insﬂua ufid (AG) én

g\ms'lmﬂﬁuua viafludmy uaavidiavuaiGolisnsatihaaniia
ule
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1 4
AT NEAINIAIIUAT Percentage Fungal Inhibition (%) dwsue Fusarium
oxysporum f.sp.lycopersici

VoA
HAaIn

nnoiy | idurhgudnansyes durngudnans Percentage
lolaian | Clear Zone figos1 | weanquiinz | fungal inhibition
'l:im?n,;mquuﬁ' A2u cork borer (%)
NYOATIT00NOND (M) = mm
(C) = mm I = [(C-T)/C]x100
WWPB 06 8.2 15
WWPB 25 17.3 60
1 WWPB 30 15.1 54
WWPB 45 7.8 10
WWPB 53 8.3 16
WWPB 69 9.5 7.0 26
WWPB 76 18.5 62
WWPB 79 15.2 54
2 WWPB 87 8.9 21
WWPB 91 8.4 17
WWPB 103 9.2 24

14
A1519U@AINISAIUIUAT Percentage Fungal Inhibition (%) dvisu¥e Colletotrichum

anthraxnose
unash | mnoey | dudiguinaieyes idurgudnans Percentage
lolwian | Clear Zone %031 | wewmquiinz | fungal inhibition
"lﬂx%?mumunquﬁ( a2 cork borer (%)
nuoaMI0RnNgNG (T) = mm
(C) = mm I = [(C-T)/C]x100
WWPB 06 7.0 0
WWPB 25 16.1 57
1 WWPB 30 17.8 il 61
WWPB 45 8.2 15
WWPB 53 2.5 7
WWPB 69 8.3 7.0 16
WWPB 76 18.0 61
WWPB 79 12.3 43
2 WWPB 87 8.2 15
WWPB 91 7.0 0
WWPB 103 7.2 3

. ¥ )
wnamg uvash 1 Tssnuhvussuluiundwanndsazh sunesuun Smdaveuuny

’ d' o =~ dy d'
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MInuaanumMsIan1 Percentage Fungal Inhibition (%) vesuuadise'le Taan

WWPB 25, WWPB 30 iiaz WWPB 76 fignimzidesiigamail 35° uazszuzinaims 24, 48,

72 uaz 96 #2114

Wuriaudnae
Pkt T, Percentage
494 Clear Zone | UK IALINAN
Tz 42 » - St fungal
FRLIGET] ol nwasﬂumiy VDINQUNIL 5 Y
1o WIS 5 v inhibition (%)
o lxian (‘i’s'ﬂm) IVUNQUNINGRA | A0 cork borer _
mseengnd (M = mm % ek
(C) = mm \ SRR
24 7.0 0
48 12.3 43
JWNER 25 72 16.7 58
96 16.6 58
24 7.0 0
48 13.3 47
88 54 72 17.5 7 60
96 17.2 59
24 7.0 0
48 12.2 43
VRUPEEE 72 17.8 61
96 17.5 60
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MINAAUNUINITIAR Percentage Fungal Inhibition (%) maamsmﬁﬂsﬁiﬂqmﬁgﬁ

o v - 14 ¥ . .
A199] VOIA150NONTIVEINISNIYVOUFDS 180 Fusarium oxysporum f.sp.lycopersici

durgudnaa
@3 Clear Zone | idurigudnais Hgrcentage
il 4, Qunqil fiforlindy | vomquiwrs | MUN9d .
ToTaan (°C) sau‘nqnﬁwuqﬂ &1 cork borer | Mhiition (%)
oo | =™ ey
WWPB 25 40 20.1 &5
>0 17.5 60
60 13.2 47
70 10.5 33
90 7 0
WWPB 30 40 21.5 67
>0 18.3 62
60 14.1 7.0 50
70 9.8 29
WWPB 76 40 19.8 65
50 17.5 60
60 13.2 47
70 9.5 26
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1. nMsdum % Similarity
% Similarity = (a/a+b) x 100

a = InuRaMadauAlinanisvadauniiaudu
b = FnunanmmagauAinanisvadausiaiu

ghat : Msdnaasiauuniie isolate S32
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vmog : + = positive; - = negative; A = acid; A/G = acid and gas
n1sauInl % Similarity

a=10

b=1 -~

% Similarity = a/a+b x 100
= 10/(10+1) x 100
= 91%
% similarity fifn = 91% winaaui Wauuaiide isolate S32 nuAne
\esudta Bacillus subtilis

n1sulsua :
% similarity = 65-85% ﬁa"léntﬂuunnm‘s‘uﬂaq‘lu Genus ey
% similarity = 86-100% ﬁa“lﬁntﬂuuunmsuﬁaqlu Genus uay
species tienfiu
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2. nmsAuad Chemical Oxygen Demand (COD)
1as1¥35 Open Reflux Method (Pitwell, 1983)

Principle: Most types of organic matter are oxidized by a boiling mixture
of chromic and sulfuric acids. A sample is refluxed in strongly acid
solution with a known excess of potassium dichromate (K.Cr,O;). After
digestion, the remaining unreduced K,Cr,O; is titrated with ferrous
ammonium sulfate to determine the amount of K,Cr,O; consumed and
the oxidizable matter is calculated in terms of oxygen equivalent. Keep
ratios of reagent weights, volumes, and strengths constant when sample
volumes other than 50 mL are used. The standard 2-h reflux time may be
reduced if it has been shown that a shorter period yields the same
results. Some samples with very low COD or with highly heterogeneous
solids content may need to be analyzed in replicate to yield the most
reliable data. Results are further enhanced by reacting a maximum
quantity of dichromate, provided that some residual dichromate remains.

Apparatué

a. Reflux apparatus, consisting of 500- or 250-mL erlenmeyer flasks
with ground-glass 24/40 neck and 300-mm jacket Liebig, West, or
equivalent condenser with 24/40 ground-glass joint, and a hot plate
having sufficient power to produce at least 1.4 W/cm? of heating surface,
or equivalent.

b. Blender.

c. Pipets, Class A and wide-bore.

Reagents

a. Standard potassium dichromate solution, 0.04167M: Dissolve
12.259 g K,Cr,0,, primary standard grade, previously dried at 150°C for
2 h, in distilled water and dilute to 1000 mL. This reagent undergoes a
six-electron reduction reaction; the equivalent concentration is 6 X
0.04167M or 0.2500N.

b. Sulfuric acid reagent: Add Ag.SO,, reagent or technical grade,
crystals or powder, to conc H,SO, at the rate of 5.5 g Ag3SO, /kg H, SO,.
Let stand 1 to 2 d to dissolve. Mix.

c. Ferroin indicator solution: Dissolve 1.485 g 1,10-phenanthroline
monohydrate and 695 mg FeSO,-7H,0 in distilled water and dilute to 100
mL. This indicator solution may be purchased already prepared.*

d. Standard ferrous ammonium sulfate (FAS) titrant, approximately
0.25M: Dissolve 98 g Fe(NH,),(S0O,),-6H,0 in distilled water. Add 20 mL
conc H,S0O,, cool, and dilute to 1000 mL. Standardize this solution daily
against standard K,Cr,O; solution as follows:

Dilute 25.00 mL standard K,Cr,O;to about 100 mL. Add 30 mL conc
H,SO, and cool. Titrate with FAS titrant using 0.10t0 0.15mL (2to 3
drops) ferroin indicator.

Molarity of FAS solution
Volume 0.04167M K,Cr,0;
solution titrated, mL

= X 0.2500
Volume FAS used in titration, mL
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e. Mercuric sulfate, HgSO,, crystals or powder.
f. Sulfamic acid: Required only if the interference of nitrites is to be
eliminated (see 5220A.2 above).

g. Potassium hydrogen phthalate (KHP) standard, HOOCCgH,COOK:
Lightly crush and then dry KHP to constant weight at 110°C. Dissolve
425 mg in distilled water and dilute to 1000 mL. KHP has a theoretical
COD' of 1.176 mg O,/mg and this solution has a theoretical COD of 500
pg O2/ mL. This solution is stable when refrigerated, but not indefinitely.
Be alert to development of visible biological growth. If practical, prepare
and transfer solution under sterile conditions. Weekly preparation usually
is satisfactory.

Procedure

a. Treatment of samples with COD of >50 mg O.,/L: Blend sample if
necessary and pipet 50.00 mL into a 500-mL refluxing flask. For samples
with a COD of >900 mg O./L, use a smaller portion diluted to 50.00 mL.
Add 1 g HgSO,, several glass beads, and very slowly add 5.0 mL sulfuric
acid reagént, with mixing to dissolve HgSO,. Cool while mixing to avoid
possible loss of volatile materials. Add 25.00 mL 0.04167M K.Cr,O;
solution and mix. Attach flask to condenser and turn on cooling water.
Add remaining sulfuric acid reagent (70 mL) through open end of
condenser. Continue swirling and mixing while adding sulfuric acid
reagent. CAUTION: Mix reflux mixture thoroughly before applying heat to
prevent local heating of flask bottom and a possible blowout of flask
contents.

Cover open end of condenser with a small beaker to prevent foreign
material from entering refluxing mixture and reflux for 2 h. Cool and wash
down condenser with distilled water. Disconnect reflux condenser and
dilute mixture to about twice its volume with distilled water. Cool to room
temperature and titrate excess K,Cr,O; with FAS, using 0.10 to 0.15 mL
(2 to 3 drops) ferroin indicator. Although the quantity of ferroin indicator is
not critical, use the same volume for all titrations. Take as the end point
of the titration the first sharp color change from blue-green to reddish
brown that persists for 1 min or longer. Duplicate determinations should
agree within 5% of their average. Samples with suspended solids or
components that are slow to oxidize may require additignal
determinations. The blue-green may reappear. In the same manner,
reflux and titrate a blank containing the reagents and a volume of distilled
water equal to that of sample.

b. Alternate procedure for low-COD samples: Follow procedure of {|
4a, with two exceptions: (i) use standard 0.004167M K,Cr,O-, and (ii)
titrate with standardized 0.025M FAS. Exercise extreme care with this
procedure because even a trace of organic matter on the glassware or
from the atmosphere may cause gross errors. If a further increase in
sensitivity is required, concentrate a larger volume of sample before
digesting under reflux as follows: Add all reagents to a sample larger than
50 mL and reduce total volume to 150 mL by boiling in the refluxing flask
open to the atmosphere without the condenser attached. Compute
amount of HgSO, to be added (before concentration) on the basis of a
weight ratio of 10:1, HgSO,:CI™, using the amount of CI” present in the
original volume of sample. Carry a blank reagent through the same
procedure. This technique has the advantage of concentrating the
sample without significant losses of easily digested volatile materials.
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Hard-to-digest volatile materials such as volatile acids are lost, but an
improvement is gained over ordinary evaporative concentration methods.
Duplicate determinations are not expected to be as precise as in
5220B.4a.

c. Determination of standard solution: Evaluate the technique and
quality of reagents by conducting the test on a standard potassium
hydrogen phthalate solution.

Calculation

(A-B) X M X 8000

COD as mg/L =
mL sample

where:

A = mL FAS used for blank,
B = mL FAS used for sample,
M = molarity of FAS, and
8000 = mijliequivalent weight of oxygen X 1000 mL/L.








