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3@ ﬁﬁ&i ﬁiﬁr&h@aiagg some practical method of obtalinineg estimates
@f the individuoal pagala@igﬁs in soils of various types is nseded., The
acoursis asgimaz;@a of nusbers of %iﬁyes:ganismﬁ may be of value in %ﬁ@
m&aﬁﬁf&m6ﬁt ef soil poteniialities or the effect of soil treatment. Pre-
sent available methods are used with little knowledge of thelr accuracye
?ﬁeg@ ig ﬁgt general sgrsement on a test to determine how much of the
va;ig$i@n among replicates prepared from a single sample is due te xagm
éﬂg,ggggiiﬁg and how much is due to sharg@terg iﬁ&@ranﬁ in the popula-
vions

?&ﬂkﬁlgﬁﬁ method has been the most popular means of counting srgan-
isms in soll or §£s@whara since Koch's developuent of the liguefiable
solid medium in 188l, Certain limitetions of the method are recognized.
¥h$'r§suk%ka§$&i@§ﬁ does not represent a eount of the a#%aai numbers in
the arigiﬁal sample but ounly such organisms or clumps of a?gaﬁisma a8
grow to form colonies under the conditions provided. Many iﬁ?@ﬁﬁigatars
have found numerous sources of error in the p&ating-ia@hngqaso In spite
of the shortcomings of the method, & large part of the advancs made in
ﬁg@%gria}egy is based upon plate counts. ¥orking with milk and cultures
@ﬁ‘iha colon organism, Breed and Stocking (1) found thet skilled anslysts
using proper technique usually make reasonably accurate estimates of the
number of living becteria in milk. Nore experience and iw@rﬁﬁe& pra@ﬁicag
fasglt in more regular and suppesedly more accurate counis.

One af the more recsnt a@yta&ekgﬁ in testing ?%&‘?ﬁiﬁ& of gaeteriaa
i@gi@az data is based upon statistical methods. Fisher, Thornton and
HecKenzie (4) suggested the X° (Chi square) test for use on large num-

bers of counts of series of parallel plates. The object of this test is
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to determine whether the variation found in a series of replicate plates

_is due to random sampling, From—e nermal
sen and Verweel (6) give a brief summary of the reascning invelved in
the development of the use of the X2 test.

In the test a valas‘aﬁ x® appropriaste to the Poisson distribution
is worked out for each set of parsllel plates by the sguation

x? 2 s(x - 8)°

where x is the number of a@la&ia@geaaata&k@a a plate and ¥ is the mean of
‘%ﬁé sets gishér‘ﬁ ta%ia of %% gives the probability of the accurrence of
given ngvalaas‘za an infinite populatian fﬁrlagieat@é=§$grsas of free-
dom, The P wvalues range from .99 to .0l. The class boundaries are the
%® for these selected values of Po On the basis of one hundred samples,
1;_$hera should be one %2 value with a P greater than .99, one betwsen .99
and ;38; three between .98 and .95, Tive between %5 and 90, 01C., nne.
$il finally one with a X° vélua.lasg them o0l. The %2 #ala@s-faxpalass
@awaaarigs’are chosen for degrees of freedom equal to one less than the
‘pumber of plates in the series. The observed values are placed in their
_respective classes and the distribution compared with the theeretical
or expected.

A goodness af~£itlteﬁtm{5} is used to ascertain the extent of

this egreement., The observed and theoretical values for sach class

in the distribution are set up. From the formula (actual = &I
5 : theorstical

a value is calculated for each class. These are totalled and the

probability of the occurrence of the final X% value, obtained in this
manner, is determined by finding the eorresponding P value. & final X2

?&l&é with a P of .50 is accepted as indicating a perfect fit. 4 close




égragéént'ﬁith‘ﬁh@ %hgaraiieai ia‘aseegteé as iﬁ&igazing~%hat the mesns
of the series are rﬁlia§33?~a§é that %?e data give no reason for gues=
%igﬂiﬁg,%ﬁe‘hypatﬁgﬁis tested, ?;shar; Thornton and HacKenzie (4) be~
‘iigvé tggt g;ﬁgevagreeﬁﬁnﬁ with the ;h§aretica1 ﬁistri%atisa is rave Eg&
gﬁg%i&lag‘agé that %#g anﬁit;aﬁa may be satisfied with aiﬁpig flora or
eér%aia mwixtures of afgaﬂismsg |

Harmsen aﬁé,?%rwegz {6) carried out experiments with seil platings,
making parallel sets of ten each. Ihey state that their results for the
~ total counts of %a#teria and actinomycetes show too many higg Xa"vaiﬁss.
ﬁechaiqag was eli@iagt@@‘gg %ﬁe~¢auss, since their results with starch
&iéiﬁﬁag?aﬁigg ??g@n?$$sg prg@eig é;&iﬁtsgra%iﬁg organisms and aaiinae
&ygetagvg}gﬁewﬁggwr?ﬁasgaably good conformity with the theoretical dise
tribgtigg,nggxg?‘taey‘g?aupaé their results on the %asia of num@ers on
the gigﬁgg ag&/?ys@eé ?3?,3g~@§$$?ib?tiﬁﬁ far‘iéese sets. 4R egually
ha&‘&is%§§§at}ga rggg;tedf 45 a last faaar%, ?hiﬁ %as%kwas applied to
similar data published from another laboratory. Haterial collected by
%akgﬁgﬂ {10) ih 1920 - 21 was used and found to give a similar picturs
when ﬁ&%&iﬁtg& to the X2 test. In unpublished results of work done in
the Bacteriology Laboratory at the University of lianitoba, three sets
gf égtg‘warg obtained. One represents the total count of bacteria and
é@%ias&yeetea; the second the count of actinomycetes selected from the
same plates after longer incubation, and the third ths counts of fungi
on a lower dilutlon of the same samples., The resulis obiained far the
eﬁﬁn%gfaf @ac&eria‘aﬁﬁ‘aeﬁiﬁa&ycgﬁgs confirm the finding referred te
sbove, while the counts for the fungi and for the actinomycetes alsne

agr&a very well with the theoretical distribution.
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Filson and ﬁﬁilmég‘{il? sought te overcome this difficulty, also
Tound in plating pure culiures of rhizobia, by discarding a % value
over ten where the variation was due chiefly to ome plate. In this way
they obitained a very good fite. Another method used by the sane investi-
gators was to pour a set of five plates and eliminate one, resulting in
a four plate set., Any plate showing marked deviation from the others
was eliminated: otherwise the third plate counted was discarded arbitra-

rily, It is difficult to understand how this can be done without blas.

From an examination of the literature it is evident that, before
%h@y@@aaﬁ af rayliegte se%s af %ac%ariai‘cﬁaaﬁ$ may be used with counfi-
,aaa@@, it is nescessary to determins ths eaasaAaf the too ?r@qaeﬁﬁ OCCUTw
rencs of high zﬁyvai&es in the réyafﬁg referred to above,

Three polnts were sslected for gta&ya

i1, It appeared proper %g consider first whether the method of dil-
‘ution and preparing the plates, as uded inythia laboratory, gives reli-
able results when a pure culture of bacteria is used.

Sy At the sane ziﬁé it seemed desirable to determine whether there
is a change in éﬁenraﬁy when dilutions yielding high or low counts are
ugede

de The effect of mixing iwé pure culiures of common soil organisms

was suggested as the next logical procedure.




5.

BYPERIUENT

This experiment wag'éesigaaﬁ,tg~caver the first two points lisied,
It is known that non spors forming bacteria ave mere reprasentative of
the general types found in soil than the spore formers. Vaksman (s)

li$%$ ?hé common heterotrophic non spore formers as"Bact. fluc

o Tadicbacter, ete.?

ﬁheﬁ%& as ?ka test srganism for this study. 4 stock eunliure %&s‘aﬁéﬁo
The aaltarﬁ was grown on agar slants f@?~§ﬁ$‘t@»%hf§$ days at 269 0,
E&iﬁ'tiﬁg*?ariétiaa was used in order that the counts would not Be ine
giaeﬁaﬁé‘b$ graw§h pkasek?hanamaaa,

Xakpragarigg t%éyfi@ﬁ%»éiigtigﬁﬁ sterile soll was added in an ate
%@%@t to ﬁgpkiéaz§~thé sffeaz-ef @h&giag the natural soll sample, There
may %@‘ag@e‘yhygiﬁai é?“@%ﬁﬁiﬁ&i‘ﬁﬁﬂﬁii%@ﬁ in soil, not gsgvally found in
?page»galtéfggkfﬁaﬁ agar slants, that affects the count cbtained. The
dilution blanks were prepsred so that after sterilizing thers was approxe
imately 245 ml, af'w&%er in the first and 99 ml. in the others.

To prepare one set of plaﬁ&st a ﬁ%t@a& culture of Pseudomonas fluore
escens was flooded with five ml. of sterile water, the growth scraped
from the agar and the suspension added to a 245 ml. blank, after which
t#eaxy»five gra&s of sterils soil were iﬁiroéaée&. This dilution was
shaken for five mimutes in an automstic shaker and éiluéiang nade to
1:2,000,000 and 1:10,000,000, Four plates were made from each final
dilution using ome pipetie for esch dilution. 2bout tem ml. of stand-
arékgatziaﬁt~agar were added to sach plate.

ﬁntrienﬁ aga? was used for plating because of its g&ﬁeral naturse,
siace Paeudamanagﬂflaaremaeﬁs noraslly is not a &gre&ﬁz&g %g§a there was

little need f@r a me@iﬁm &azmgn@é te eontrol spreaders. ﬁa@ta& spreade
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ers developed sometimes when the agar was not added immediately after
the delivery ef the s&agleAﬁn the platee Vhen this ccourred the sniire
set of four y;aies from sach dilution of the sample was discarded, as

it was im§assihze t0 secure an agcurate count or esiimate,nf the origin-
; al number of organisms. Contamination was considered a reason for dis-
»&ﬁréing sets of plates but excessive Vagzati&n in numbers of sélani@s
w&g~n§$. Tﬁek@ia$ﬁa’ws§a in@uhatéﬁ three to five days, the colonies
counted and the count checked with a hand lens. A4t three days some of
th@kgaiagiég ﬁg?&yﬁiég@é with the unalded eye but were found %hea check=
é@ wi@h %&a‘haa& 1@&3» sﬁ~iuersassrin %ﬁe’nambﬁr of colonies was not |
noted when the longer period of ig@%batian was used, but the count was

made more readily at the end of the five day peried,

RESULTE OF EXPERIUENT 1.

1?&% results on the 1:2,000,000 ﬁilﬁ%iﬁﬁ of the two hundred samples
a§a~gi§@n in table l. Teble 2 represents the resulis of the 1:10,000,000
dilution.

The figures were summarized by caleulating the %% value of each set
of four countse The actual and theoretical distributions of bhe %° val=
u&ﬁféré“gr%Sent&a,im higtograms 1 and B,

?hQSQ‘Xesaiﬁsfahaw‘éafinzteiy that there is very geod asgreement of

the observed with the theoretical resulis when a pure culture of Pssudo-

monas fluorescens is used under the conditions of this experiment. The

clese agreement of the two Tinal zg values in the goodness of fit itest
ghows that, in so far as this statisticsl method is concernsd, there is
ﬂ@%king;%ﬁV%@,gaiaaé by using dilutions yielding counts of one hundred oy

mores colonies per plate.




slx = 8%

€a

Te
8.
Be
10,

ile

e

18,

i%e

32§

ggﬁ

33‘0

152

157

i1

146

148

138
132

132

169

. 18%

idg
125

187

163

168

iﬁ%
18z
141
137
139
196
isl
143
32
132
148
is52
i56
68
142
69
ig9

154

07
223
188
113
108
174
i
153
141
;178

183

ids
133
31
179
igg
118

139

211

183

534
230
171
i85
10y
187
165
4
138
198
172
izs
141
ize
14¢
is2
a9

188

18}

183
158

177

275,25
308,50
312,85
250,75
167,50
138,28
103,75

1%3 » %@

183,78

146.50
141.25
189,50
157,80
129.75
129,85
132,75
129,25
165,80
170.25
184,25
139,28
161.75
175,25

176,00

538,75
853,00
818,75
3258,75
357.00
1994.,75
32,75
674,00
366,75
182,00
140,78
189,00
597,00
118,75
102,75
2,78
242,75
389,00
586,75

536.75

348,78

BiO.TE
1784.78

490,00

=

1,9716
2,7680
2,8088
12,9980
2,1313
12,9819

2 5157
4,4052
82,2884
1.2488

° 3768

2.5806
¢$§§§

« 7579




&8s

i

e

plate

i

e

F

g}' Eﬂi‘ . %Eg

&5
gs&

25
BEe

Z7e

29,
S0e
31
32;
33@
34,
55;

A

4%

@5‘9 .

49,

160

182

167

igs

201
195

196

179

191
214
223

178

270

219
237
251
813
265

189

279

166

173

1%%
124
179
182
207
223

218
307
178
218
241
209
252
2683
209

239

lel
192
282
146

ig96

20%
203
1195
sy
is4

ATL

230 -

259
237
272

183

243
240

15¢

244

167
199
201
189
179
222

243

216

261

271

266
181
254
266

189

238

183,80

187,00

171.00

i86.00

212.28

210.09

BGZ.88
189,75
195,00
204,00
837,50

210.00

BEB8.TE

292,25

287.50

232.25

286,00

195,00

228,75

247,75

206400

240,50
258,50

185,28

250.00

37,00
389.00
3042,00
166,00
374,00
203,75
1588,00

296,75

558,00
1506,00
1594,00
856,75
2162.75
569,00

470,75

- 1489.00

754,00
492,78
494,75
1868,00
1077.60
£61.00
15668,75

1142.00

o 263
2.0888
18,2674

= 2708

LE842

2,7355
6.3410
7.5308

B,8188

| 7.5030

2.2076
2.0269
5.1972
3.9067
21541
1.9970
541553
4,4782
1,7834
£.4363

14,5680




B

plate

fLl

E

""55& = gig

P
X

&lo

62,

630

6t

65,

ﬁs;‘

&7,

a8,

690

0o

1o
8o
‘“?3@

4,

49

221
248
25
228
184

193

isl

233

221

162

- 878

319

265
2585
242
174
193
256

229

271
257
304
228

232

231

196

168
209
173
251
228

175

281

321
251
263
225
197
192
285

248

876

b

300

222
ies
182
208
192
225
241
168
299

244

04

256
233
252

180

196

264

238

222
246
253
229
222
178
197
203
181
208
188
164
296
263
286
244
235
213
2io
202
265

263

ET0.88

g& i. ?g

895,00

211.70
234.00
245,00

546,50

228,75
18575
183,75
202050
181,75
222,75
219,50
172.25
288075
247,75
20750
233,00
187,75
195.75
267.50

243.00

86,75
1462,75
1556.00
152,75

456,00
246,00
441,00

60.75

168.75
442,75
139,00
182,75
808,75
1529,00
268,75
312,75
384,75
768,00
gs&.ﬁaf
659,00
908,00
108475
é‘é’f&%

azza;%a

i
i

' 5210
60510
5. 2746

<7214
1.9573
1.0041
1.9470

2698

.9085

2,4504
L6764

1.0055

2,7%29

6.9656
1.5602
1.0831
15530
2.5658

9213
2.6734
3‘.3@34

5.7776

3103

1.7084

2.5597




L2 E 4 F sxe®®
Té,  EER 207 306 331 818,50 441,00 1.3924

T 269 261 288 283 2T4.95 416.78 L.B5148

8. 186 246 B2L 97 212,50  2137.00 10.0588
79, 360 328 345 3850 345,75  536.75  1.5524
80, 271 260 274 2 271,00 194,00  0.7159
81, 240 212 231 221 226,00 442,00  1,9558
B2, 229 240 226 237 233.00 130,00 5578
33.  264 298 303 200 291,25 100275  3.4429

84, 202 @5 210 215 208,00 98.00 4712

22 213 320,06 T2.00 < B4R
860 297 274 296 313 294.50  769.00  2.6112
87, 311 329 524 366 332,50  1669.00  5.0198
R 330 301 288 300,50  1333.00  4.4359
89, 235 . 256 231 240 240,50  361.00  1,5010
%0. 59 50 58 51 54,50  65.00  1.1927
s, 3 83 96 74 86,50 301,00 3,479
92. 8 86 7 60 66.75  354.75  5,3146

93. 12l 138 131 118 126.50 213,00  1.6838

o2, 152 114 141 130 134,25 788.75  5.8752
98 78 76 92 82 80,00 264,00  3.3000
96, 110 126 111 92 109.76 580,75 5.2916

F%o 95 54 T2 65 74,258

i 9 9 ﬁgﬁ?
98, 35 20 43 51 42.25 13475 3.1893
99, 144 135 132 138 137.25 78,75 «5738

100, 148 132 127 130 138.28 264,75  1.9721



fa

sz = 8%

x?

1C%e
10&.
103,

104,

108,

ic8,

107,

o8,

‘ §ﬁ§o

110,
1.
11z,

112,

118,

1164
23.‘?@
118,

1i%,

1359

174
boeis]
102

212

199

222

238

229

B48

228

253
121
112

117

112
96
o2

ki

81

188

139

153

193

293
178
276
133
244
173

256

203

257

226

ie9

79
108

&g

154

121
154

iss

170

zgz
120
218
201
BE3
£3L
251
217
283
263

i1z

108

116
102
26
100
6

171
iz7
iz2

179

ise
281

132

253
215
220
265
104
124

124

81

Bz

is3

iz7

129 .

197

431,50
BEZ00

35’.}% © g@

899,76

224050
281,75
252,25
112.75
115,25
118,85

108.80

E9.00

94,50

64,00
84,75
188,25
128,50
139,80

192.00

127.00
386,00
£75.00
260,75
586,00

1163,00
288,75
810.75

1321.00
395000
389.00
416,75
BEE.TS
148,78
202,75
806075
109.00
214,00

329,00

218,75
l?leﬁ@ .
803,00

B,2012

1.6224

2321
14,5033
4.8157
2,562
35,3676
5.7310
1.6289
1.7327
1.8794
3.4361
1.3016
1.7592

70000

1.0232

2,4045
3.4815
2,0312
-« 5044
1.3823
1.5307
5.7993

1. 2708




| 1ate
g P2

w2

EEA

124,
187,
128,
129,
130.

3121,

1826

183,

134,

138,

138,
157

138,

139,

140,

14l

142,
143,
144,
148,

146,

17,

148,
14%

150,

8

98

&l

78

ig3

108
@9

72

87

ie7

157

89

13

iz

184
128
a3
114
174
147
f%@l
124

% 2

b3

8

143

125

21

131

82
116
i8s

89
ié2

i3

164

iz4

113

87

152

285

‘128

118
128
118

84
i3

81
128
154
134
147
ize
159
izl

127

183
148
259
128

73

97
ki
g7

T

iz

134

o1

92
08
iz2

is8

144
134
187
132

127

179
156
256
137

78

122.50

99,25
57,00
108,25
90,75
125,75

3@50 50

95,80

132,75
168,50
125,75
127,50

97,25
164,50
151,50
257,75
128.50

78,50

19,00
448,75
275,75
508,00
583,00

457,00

552,75

1180.78
414,78
140,75
625,00

502,00

549,00
8,75
353,00
64,75
481,00
438,75
589,00
125,00 |
102.75
108.00 |

289.00

| 1.5415

. 2011
5.4559
%.0724
2.3768
24,6073
3.7506
5.5583
5.1264

11.2421
égﬁ?@ﬁ
1.3183
3.7764

5, 2565

28782

2.0980

25149

3.5572
4.5116

32,5805

L8251

e 3986

5171

304268




13,

3 4 £ Sx=-9%  x2
81 81 78450 57.00 ¢ 7261

152, 31 B g 38 3675 20775 5,883
153, 72 & 5 44 52,50  1025.00 13,5838
156, sz 20 & g 47,00 86.00 1,880
155, 64 51 a5 70 62,50 197,00 3,150

ise, 20 88 41 -89 46,28 830,78 11,4757

1% 23 a g 24 32:00 190,00  5,.3128
156, 43 8 4 36 43,50 101,00 2,318
159, 53 55 52 8 52,00 26,00 5000
160, s 76 67 65 69.00 96,00 31,3913
161, 58 a5 45 4 .25 129,75  3,6801
3@53; 207 159 209 178 187,76 1786,75 9.5166
163, &3 9% 78 85 80,25 542,75  &,7832
zsé. 184 161 187 185 17985 ws.v5 5,503
165, 192 183 186 185 186,50 45.00 2413
166, 19  1as 203 2 195,75 280,75 1064
187, 149 1sg 153 18 14550 47,00 800
168, 177 .3a9 201 164 182,75 786,75 14,1400
169, 107 125 18 100 115.00 858,00  4.8522
170, 08 s g 115 110.25 - 48,75 L4432
e 185 136 355 125 13875 1se,us 1.2624
3%g§ i1z % 18 156 s.se 819,00  7,0909
1%5; | 175 183 gas 176 198,00 518600 1.8171
174, 58 6 &1 e S2.75 48,15 769

175, &3 84 7% T 9m.78 224,75  3.0893
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plate | ‘ | ‘ % e 3‘

N i X slx = 5% ‘ ;
178, B3 81 BE &4 57.00 24,00 s 5285

b
Lo

‘éi’@

197 &8 92 T8 59 BOGEB E1£,78 SeBE2L
i?gg 1is %§$~ 134 g2 113.00 178,00 1.5221
173, 65 &8s Bz 38 52,50 452,00 S 3D08
1%@; g9 25 28 24 B5.75 14,78 gﬁ?gﬁ

181, 47 59 47 81 51,00 96,00 1.8824

182, 79 84 77 74 78,50 53.00 5752
183, 8 143 1 122 126,75 BY0.75  2.9250
184, 101 105 103 108 104,25 26.75 2556
185, 91 83 72 94 85,00  £90.00  3.4118

is6. 122 izs 120 117 124.50 155.00 le3289

187, 166 129 145 147,06 690.00  4.6939
188, 138 150 150 185 140.75 426,75 3.0320
189, 127 135 133 117 128400 198,00 1.5312
19, 134 156 142 123 158,95 578,95  4.1712
19le 119 149 130 131 152.25 462,75 3.4990
192, 108 11 148 121 120,50  ©895.00  7.349

193, 141 143 143 146 143,25 12,75 0887

2532

194, 158 161 167 162 168,00  42.00
195, 143 156 156 156 152.25 116,75 7668
196, 150 151 152 147 150,00 14,60 0FE3
197, 149 148 170 149 154,00 342,00  2.2208
158, 141 163 159 143 151,50 571.00  2.4488
199, 136 104 118 122 120,00 544,00 4,5333

200 108 117 108 iie 111,73 25.00 E0BE
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HISTOGRAN 1.

%
e
g
2

PSEUDOMONAS_FLUORESCENS
1:2,000,000

3 0 9

EXPECTED NUMBER PER CLASS
1020 20 40 40 20 20

OBSERVED NUMSER PER CLASS
10 ez 16 40 4z 16 2l

™ EXPECTED FREQUENCY
mEw. 0BSERVED FREQUENCY

o e 2z 2

9 4 3 5

CLASS BOUNDARIES

12 18 35 .58 100 142 237 366 464 625 781 984 |
FINALXZ-11.3833  ns13  PeSE
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24
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38
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33
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45
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41
31
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34
83
37
4}
26
24

26

42
47
31
31
&
26

36

42,50

39,00
45,28
37.50
19,75
35,75
55,28
35,25
37,75
32,76
41,28
43,95
36,75
35.50
2575
21.75
15,80
41.00
29,00
35,258
30400

38,78

30,00

3850

149,00

36,75

122,78

52,75
88,78
168,75
276,75
378.75
22,76
34,75
125,00
6.75
24,75
521400
26,00
130,00
78475
110,00

192,78

46,00

6L.0C

1.8808
3:4356
l.4964
1.9604

4,4708

- Bo4B39

9,0364
2.1200
I456
3.5211
.2621
1.1379
20,7097
6341
3,3333
2,1206
3,6667
5,3916
11,2778

i.,7183




1%

¢ £ sx=22  %°

=

35 33.75 140,76 4.1704

I

26, 24 36

27, 31 38 39 4 57425 56,76 1.5235

28, 51 43 ‘52 a 46,75 92.75 1.9840

2. 30 25 a0 32 3175 116,76  3.6778

300 36 36 57 ® 36.00 6400 1667

31, 39 43 " 50 52 46,00 110,00  2.3913

52, a4 40 av 39,50 129,00 s.gﬁse  ;;;;;
~33, 38 35 36 20 36.50 1700 <4658 o

34, 46 33 " 33 48 @s.ég 198,00 £.9500

ss. 57 &1 42 " 48,00 122,00  2.5417

36, 41 42 47 53 45,75 90,75 x.@sss

57, 38 38 47 56 44,00 270,00  6.1364

8, 3 T 55 15 52,00 644,00 12,3846

3§;' 60 49 a3 87 52.25 178,75 3.4210

@, 4 52 46 54 48,75 78,75 1.6154

s, 13 4 51 62 58.25 410,75 7.0518

42, 45 39 51 38 42,75 106,75 2.4503

3, @ 3 e 4 42,75 54,75 1.2807

4, 33 44 58 52 46,75 350,75 7.5027 o

5. 40 a0 46 4 4.7 24,75 5928

gsa»' 4 48 a8 a6 46,50 11.00 <2368

. 42 138 6 31 35,50 989,00 27,8592

®, 39 83 44 55 42,75 100,75 243576

81 &2 61,00 834,00 10,3934

49, 4z

56, 55 54 55 58 54,75 W5 L0137
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B
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e
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26
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56
71
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43
55

41

42
29

38

51
32
&7
54

87

56

43

a4

36,78

50,85
85,75
45,75
51,50
55,60
44,75

49,50

- 3B.00

35025

41,285

L4178

55,00
48,75
29,75
64,00
48,25
62,00
52,75
54,00
44,25

39,80

340,75
42,78
361,00
226,00
92,75
60,75
148,75
21,00
182,00
180,76
115,00
148,00

248,75

148,78

44,75

154,00

164,78

44,75

188,00

398,75
166,00
86,78
52600
42,75

41,00

B ETEL
o TBE3

[

%,7049
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« P840
5,2514
4078
%,4540
4,0391
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4,6061
1.0719
£.8000
£.1487
1¥5§4$,
2.2688
£.2642
86774
12654
- 9630
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26
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38
1%
=

i2

4%

65
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55
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il

87
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31
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61.78
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42,00
87,75
81.25
53,28
£ 00
65400
47 .86

58,50

Es,.28

59,00
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54.28
11.00

£l.28

18,00

30,50
33.25
22400
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B2.75
162,00
164,00

68.75
338475

£4,00

46,75

2,95

16,75
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118,75
104,00
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33,00

18,75

89,00

65,00

26,75

11857
1.8319
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1,&13%
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1.0476

@6@%@
o0661
3145

16,6500
2.6769
2.4651
502157
2,0756
1.5072
1, 7185
1.7465
9.9081
1,0706
s ~0000
1,0820
15639
%»é&%ﬁ
v&%%@

1.3210
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21

32
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06450
85,00
45,25
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'gﬁtgﬁ

51.00
39.,78

46,80

49,75
26,00
44,25

45,00

48,00

3700

386,50

36,75

%1.%%‘

33,50
33,50
21,00
31450
51,00

££.50

32400
35,00
19,60

630400
186,75
22,75
29400

390,00
72,75
29,00

e
© 81.00
54,75
150,00
360400

62400

61,00
46,75
24,98
57.00

201,00
48400
19,00

382,00

132,00

i

gagggg
1.,14%6

2,9831

10,0000

4,1271
- 3358
1,0943

746470

1.8302

« BRIV

2,2261

1l.1100

12373
5,5333
745000
1.6757
16712
1.2721

#7920
17015
640000
2.2857

26032
704902
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e

439% gg‘én% ﬁq ég%
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&

126, 51 o 33
127, 65 59 62 73 64,75 108,75  1.6795
128, 13 31 24 19 21,75 176,75 8,0345
123, 28 29 31 30 29,50 5.00 1695
120, 39 28 27 24 29,50 129.00  4.3729
121, 50 34 28 35 51,75 32,75 1.0315

132, 36 26 19 1 24,50 281.00  9,0204

132, 43 1 = 4z 39475 30,76 <7736
134, 4 40 43 42 42,25 8475 <2071
136, 32 s e 49 32,75 - 359,256  10.6444
136, 41 33 28 385 54,25 86,75 2.5328
137, 31 27 34 38 31,75 38,750 1.2208
138, 39 33 45 34 58,00 106460 2,7895
139, 44 49 31 @3 59,25 288,25 5,7388

140, 48 4 44 58 47,00 164,00 3.4894
| 141, 32 34 46 42 38,50 151,85 3.4091
142, 48 53 48 57 51.50 57.00 1.1068

143,

B

46 44 55 47,25 82.75 3. 7513
148, 60 55 59 62 59.00 26400 «4407
145, 35 32 46 55 42,00 334,00 7.9524
146, 49 a8 4z 30 42,886 2BB.T5 $.4142
147, 34 36 3 53 41,50 221,00  5.3253
148, 55 56 54 58 55,25 14,75 « 2670
149, 48 57 50 81 54,00 110,00 2.0370

180, 85 79 78 82 81,00 36,00 <5704



gi&ta
I N 5 4 £ sz =807 %%
151, 48 41 50 45 48,75 46,75 1.0000
162, 23 30 2 18 22,25 100,75 4.7079
183, 25 25 20 23 25,25 16,75 7204
154, 13 05 12 17 11,75 .75 6.3617
155, 22 17 16 24 19,75 44,75 %, 2658
1860 16 13 05 iz 11,50 65400 5.6622
157, 18 23 - 22 21 21,00 14.00 L6667
188, 15 : 10 15 18 14,80 35,00 £.2759
;gs«é, 10 08 13 13 11.00 18,00 1.6384 .
1600 20 15 13 21 17,88 4475 20592
16l. 16 iz 18 17 13.00 56,00 27692
162, 29 25 18 20 23,00 400 5.3174
163. 13 16 =7 21 19,85 112,75 5.es72
1640 74 62 67 49 63400 538,00 5.2016
165, 21 z2 23 26 25.00 14,0 La087
166, 54 54 63 56 5675 56,75 L0648
167, 62 | 68 58 57 61,25 74,75 1.2204
mzs. 96 69 67 72 7645 638,75 740857
169, 46 &3 a4 54 47,25 74,75 1.5820
170, 58 &5 61 68 68,75 202,75  5.8582
Wi, 49 52 27 22 45.50 129,00  £.8352
172, 41 is 35 40 40,50 6100  1.5062
173, 45 39 45 a7 44,00 36,00 .5182
174, 41 42 38 38 39,75 1275 .3208
%ﬁ% 53 54 €0 62 57.25 568J75 1.0262




plate .

, 3 2 3 4 §- slx - 337 x°
176, 19 20 16 22 19,25 18,95 L5740
177 RE is 20 19 19,00 2600 1.5884
178, 28 2 22 18 23495 64,75 2.7263
179, 28 50 34 o7 30,00 26,00 8667
180, 42 3z 34 43 37,75 92,75 2. 4570
181, 20 | 22 15 27 21,00 74,00 3.5238
182 1i i 08 09 09,75 5475 3982
183, 16 19 12 18 16,00 30.00 1.8750
166 29 2% 29 21 28400 4.00 L1429
188, 43 &7 53 34 44,85 190,75 4,3107
z@ég % 29 32 35 33,8 36,75 141088
187, 1% 25 26 27 24,25 38,75 1,5979
168, 43 30 46 34 38,26 166475 4,4118
180, &7 47 43 &0 44,25 24,95 - 7853
190s 36 46 51 4 43,75 120,75 2. 7600
191, 38 65 81 50 51,00 566,00 7.1765
192, B3 38 49 45 46,25 122,75 2. 6541
193, 45 48 35 53 45,25 172,95 2.8177
zé&, 48 46 48 57 28,75 98,95 | £.0256
195, 41 45 58 55 48,35 122,75 2,5440
198, 50 47 41 43 45,05 48,75 31,0773
ore 44 56 43 44 46,75 114,75 2.4546
198, 51 56 45 64 54,00 194,00 2,6926
199, 40 48 66 73 56,25 644,75 11,4682
200, 42 a8 81 49 50.00 190.00 13,8000



PSEUDOMONAS FLUORESCENS [ EXPECTED FREQUENCY
1:10,000,000 M OBSERVED FREQUENGY

VALUES PER CLASS

NUMBER OF x?

EXPEGTED NUMBER PER CLASS
2 z 6 10 20 20 40 40 20 20
0BSERVED NUMBER PER CLASS
s 24 23 39 39 18 18

0 6 2z 2

w7 o4 s

CLASS BOUNDARIES .
4z 08 35 .58 100 14z 237 266 164 625 781 984 134

FINAL X3- 111334 neld P60




The second experiment desals with the effect of mixing Pgeudomonss
fluorescens with & pure cullure of snother common soll organism. Tayler
and Lochhesd (7). in following up work done by Conn and Darrow (2), re-
poried that organisme of the type of Bagterium globiforme represent
some ten percsnt of the orzanisms capable of beling isolated by the plate
methode This type of organism grows rapidly on nulrient asgare. IT.

lobiforme M. 5,53,

lovhaead very kindly provided z culture of Zaclerium g

4 dilution of 1:10,000,000 was used, since the low counits have been
shown o give squally satisfactory resulis and invelve less work. In erder
to have #@ﬁaz%ﬁ on the separate culiures used in the mixiure, ssis of

iobiforwe were nads

plates of fluoresceps and of Bacteri

2% the same time end from the same dilutions as used in preparing the miz-
ture, These might throw some light on the cause of the variatisn. One
pipetie was used for each dilutien of sach culturs. Oms nl. of ihe final

dilution of Pgeudomonss fluorescens was placed in each of sight plates.

One ml., aliguobts of the final dilution of Bacterium g Br@e were a&é@é

%0 four of these and te four other plates. This resulied in a set of

four plates each of Pgsudomonas fluoresesus, I
mizture of the two. One hupdred ssts of twelve plales wers prepaved by

this procedirse.

The resulis of this ewperiment are shown in three ilables. Tsble
3 presents the counis of Pseudomones Fluorescens, table 4 of Eacter-

shiforme api table § of the mixture. The corresponding X° dise

-

tributions are showsn in histograms 3, 4, and 5, respscilvely.




26

These indicate thatl one hundred seis of parallsl plates may be
ssed to give an esilmation of the distribtution of the population.
Gbviously, the fit is rougher than that obitained when the two hundred

sets are used. Again, the counts of Pseudomonas flusrescsns and Jacte

erium globiforme and alse those of the mixturs give actual distribue

tions of the % values which indicate that the mean of four plates is

reliable.



5(x - £)®

i 3 X
1. 45 37 56 38 22,00 200.00  2.5450
2, 38 28 25 23 32,00 BO.00 15625
35 20 48 18 23 97,25 586,75  21.5321
4. 28 35 29 26 32,85 42,75 1.3256
5. 26 24 20 50 27.50 27,00 .9818
6. 29 26 17 23 26,25 128,75  4.9048
7, 23 26 38 31 29,50 129,00  4,3729
g 14 18 09 11 13.00 46,00 53846
2, 16 10 18 15 14,75 34,76 £.3569
10s 23 17 14 20 18,50 45,00  2.4324
1. 2 25 15 22 26,25 38075 19138
12, 09 12 12 o7 10,00 18,00  1.8000
13, 18 16 16 11 14,75 18,75 1.2712
4. 21 54 9 57 38,76 196,75 6.0076
15. 38 40 4 a 46,25 28,75 7516
16. &5 34 29 35 55,85 100,75  £.8582
17. 24 31 20 26 25,25 72,75 248812
8. 16 13 18 12 14,75 22,75 1.5424
19, 8 36 34 56 33450 145,00  1.9836
20, 63 a4 61 61 57.25 236,75 4.1354
2le 72 68 56 64 65,00 140,00  2.1538
22, 69 58 57 65 62425 98,75  1.5863
23, &7 66 62 50 51.85 182,75  2.9837
24, 57 52 71 63 61.00 184400  3.0164
25, 62 a7 43 g9 50085  202.75  4,0348



1 3 4 sx-:®  x°
26 0 6% T3 &4 T3.50 185,00 203450

27, 68 a7 84 64 75475 392,75 501848
28, V7 82 86 = 86 B2.75 54,75 L5616
29, 104 93 &g 106 96,25 368,75 3.8312 Sy
30w 79 o7 &8s 83 BE,75 180,75 2+0838
3le 68 76 80 682 76400 iﬁﬁe@ﬁ 1.9787

32, 71 69 78 48 65,00 390,00 8.0000

33¢ 43 5% 42 52 4700 8000 1.7021
34, 27 4z 57 44 37,50 173,00  4.6133
38, 19 81 59 74 V5425 296,75 44,0812
36, B0 74 83 84 72.75 T80.75 10,3196
37 63 85 61 87 T4.00 58000 708378
33,: 54 62 8% 86 78,25 844,75 11.8920
39,7 B2 54 44 61 52,75 146,75 82,7820
40s 64 42 56 57 54,75 2BE.TE  4,8530
4. BT 3 43 54 55,25 766750 13891
4z, &¥ 59 77 73 64,00 564,00 8.8125

434~ 87 8 B2 58 55,00 26,00 4723

4,3182

44, 42 58 38 43 44,00 120,00
48, 29 a4 33 34 35,00 122,00 304857
48, 49 54 67 69 9,75 266,75 4,7992
4%, 56 57 6 54 56,25 8075 21556
48, 55 64 53 58 57.50 69,00 1.2000
49, 47 58 45 45 48,75 116,75 23949

50. 40 43 57 42 45,50 181,00 35,9780
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plate ‘ ) g
1 ) | = %
Els 81 45 80 48 48,78 20,715 oLAPES

et
It

@
(s
b

82, 74 &1 77 ki TS0 145,00 Zo0BET

&
&
®
%

72 78 61 67,25 262,75 3,@9?1
54, 118 105 111 113 111.25 68,75 5820
55, 58 71 65 74 67400 150400 2,2388
55; 90 81 85 95 88,00 126,00 %,éﬁi%
57, 66 64 56 &7 63,85 74,85 1,1729
s8, 67 40 58 60 56,25 396,75 740533
59, 42 44 &7 49 45,50 | 29,00 26374
60, 127 112 118 128 120,50 89,00 » 7386
az; 126 108 167 91 108.00 614,00 5,6852
62, 49 43 38 41 43.?5 64,75 1.5146
@sg - 40 41 46 38 34,75 ézgzs 8424
ﬁ@; 56 70 61 &9 64400 132,00 £.0938
as;' 78 83 61 a8 7750 413,00 5,5290
~ﬁs; 57 48 64 51 55,00 150,00 s,?zﬂs

67, 66 65 53 50 58,50 201400 3,4359

64 59 - 71 &% 604285 306,75 £,0913

ﬁgg 56 59 60 57 58,00 10,00 .1724
70, 52 43 51 54 50.00 70,00  1.4000
. 73 68 71 66 69,00 48400 « 6667
72, 68 71 57 59 63,78 138,75 2,1765
73, 85 62 64 76 7175 548,75 24,8606
7a, 72 84 51 70 77.00 126,00 1,6364

75, 40 48 54 61 50.75 238,75  4,7044



30e

38,00

§:1ﬁta ‘

1 2 2 s i sxam? X
6. 15 18 20 23 19,00 34,00 1.7895
7 24 17 21 27 72,25 54,75 2.4607
T8 54 27 43 53 49,25 B0 75 1,83986
i 84 61 48 52 55,75 204,75 3,6726
80, 56 84 60 55 | 58,75 50675 <8638
&L, 35 38 48 42 40,25 68,75 1,7081
82, 37 52 az 38 41,75 160,75 %8503
8%, T 52 55 67 61025 252,75 4,1265
84, 63 56 68 63 62,50 73,00  1.1680
85, 46 63 54 57 55,00 150,00 - 2.7273
86, 47 51 49 57 51400 5600 1,0980
87, 47 6 58 56 56025 148,75 2,644¢
88, 46 45 27 36 38450 237,00 6,1558
B9 56 63 58 59 59,00 izﬁ@@g #4407
90, B 81 67 60 59675 130,76 2.1883
91, 67 73 78 68 71.50 77,00 1.0769
92, 66 80 66 70 65,50 £1.00 » 7786
93, 88 76 77 75 71,50 247,00 344545
94, 58 86 54 64 60,50 30,50 »5041
95, 40 37 40 43 40,00 18,00 +4500
96, 29 28 41 38 33,25 108,75 3.2707
97 53 62 41 54 52,50 225,00 402887
98, 49 49 46 44 47,00 18,00 3830
99, 68 &0 71 69 7,00 7000 1,0448
100, B4 58 62 56 57080 <6087,




NUMBER OF X? VALUES PER CLASS

N

HISTOORAL

PSEUDOMONAS FLUORESCENS "3 EXPEGTED FREQUENGY

NN 0BSERVED FREQUENGY

OBSERVED NUMBER PER CLASS
7 oH0 a2y 17w oa2

Cl €
100 142 237 366 464 625 781 984 1134
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1 2. 3 ¢ § stz ¥
26y 71 62 72 68 68,25 60,75 08901
27e 77 96 87 B2 65450 197,00 2.3041
28e 85 68 68 64 71.25 262,75 B.6877
29, 99 88 81 6 83,50 53,00 = o6347
204 84 96 88 77 66025 188,75 2.1884
3la 79 78 83 81 80025 12,95 «1838
BLe €5 58 51 51 56,25 134,75 2.,3956
33, 34 27 25 25 27,75 54,75 19730
3o 62 6% 71 585 62475 128,75 2,0518
3/ 3 35 4 30 56.25 16,75 2,1172
360 41 36 45 55 43,95 154,75 %.5375
57, 25 22 14 18 19.75 68,75  3.4810
Z8s i 25 27 23 23,50 35,00 14894
33, 78 121 108 105 103,00 978,00 29,4951
40, 8L 108 86 9000 326,00  3.6222
41, 94 87 o2 114 96,75 422,75 4,3695
424 101 104 87 86 94,50 261,00  B.7619
43, 57 65 &a a7 7625 672,75 £09402
44, 79 86 80 82 81,75 28475 £ 3517
45 88 72 74 &9 80,75 242,75 340062
48, 85 64 72 73 93,50 285,00  3,0612
&7, 84 71 78 &2 T9.00 106,00 143418
43, 7% 97 78 86 84,06 290 00 3,@5@
49, 105 81 89 75 87.50  507.00  5.7943
50w 8z 7% 17 79 21,000 <2675
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plate
1 2 3 4 z s{x - §)° %2
51, 83 68 71 77 7476 132,75 17759
52. 46 38 38 34 37,50 115,00  3.,0667
53, 39 28 26 40 34,00 146,00 4.2941
5. 79 65 55 82 70.25 474 75 6.7580
55, 42 46 45 54 46,75 78,75 1.6845
560 83 76 &7 &5 77,75 198,75 2.5568
57, 63 50 49 64 56,50  197.00  3.4867
58, T2 79 83 81 18,75 68.75 BT30
59, 81 87 85 78 82,75 48,75 5691
60, 93 78 79 81 82,75 144,75  1,7492
61. 95 76 87 84 85,50 185,00 21637
62, 58 42 59 43 50,50  257.00  5,0811
63. 53 52 46 50 50.25 28,75 5721
64, 133 114 134 105 121,50  617.50  5.0782
65, 121 118 140 132 127.75  308.75  2.4168
66. 220 164 191 202 194,25  1648.75  8.4878
67. 167 182 191 174 178.50 321,00 1.,7983
68, 127 124 128 149 132,00 394,00  2.9848
69, 172 155 160 131 154.50 869,00 5.7540
70. 163 172 166 154 163,75  168.75 1.0308
Tle 167 156 149 146 154,50 261,00 1.6893
72+ 134 147 153 149 145,76 202,75  1.3911
73, 149 161 157 188 163.75 858,75  5.2443
74, 165 174 166 148 163.25 358,76  2.1975
75, 38 46 &3 24 40,25 84.75  2.1056




plate , ' -

1 2 3 3 £ s(x - 8" X2

76, 23 15 19 19 19.00 32,00 1,6882
7. 22 25 30 26 26,75 32,75 1,2718
78, 48 43 38 37 41.50 7,00 1,8554
79, 40 45 36 a1 40,50 41,00 1,0133
12 16 10 i1 12,25 20,75 1,699

81, 21 27 26 28 25,00 22,00 8800
82, 22 25 13 22 22,00 18,00 8182
83, 38 33 33 33 34,25 18,75 5474
84, 40 50 37 39 41.50 101,00 2,4337
85. 118 129 107 117 117,78 242,75 2.0618
ség 122 117 92 95 106,50 693,00 645070
87 147 155 129 162 150,75 296,75 1.9685
88a 79 78 86 95 83,75 142,75 1.7048
89, 135 116 12¢ 136 127.75 272,75 2.1350
S0. 144 122 134 118 129,50 419,00 3,2358
9le 112 113 116 113 113,50 9400 «0793
9%, 103 121 127 108 114,00 420.00 3.6642
93, 101 119 92 121 108,25 594,75 5.,4942
94, 136 137 129 129 132,78 56,75 <4275
95, 85 86 97 82 87.50 12900 1.4743
96, 97 102 86 88 93,25 17075 1.8311
7. 99 108 94 96 99,26 114,75 1.1562
%8, 96 104 79 88 91.75 344,75 37575
9%, &8 €0 67 69 63,50 85600 1.3366
100, 106 107 77 128 104,50  1317.00 12,6029



NUMBER OF X? VALUES PER CLASS
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BACTERIUM GLOBIFORME [ EXPEGTED FREQUENCY
110,000,000 WMNE. OSSERVED FREQUENCY

EXPECTED NUMBER PER CLASS

1 1 3 5 10 10 2 20 o 10 5
0BSERVED NUMBER PER CLASS

& 8 s 28 20 7 6 3 3 0 1

CLASS BOUNDARIES .

a2 08 .35 .58 10D 142 237 366 464 625 781 984 1134

FINAL X2-1583. ne=13. P=.22. PILED X?27.90. n*10 P w64
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- o ‘able § , :
Counts on 1:10,000,000 Dilution of the Mizture.
plate | | N

1 2 3 4 s(x « B)° X

1, 114 141 167 126 122,00 666,00 5, 4590

b4

341

2 83 76

9% 85,75 252,75 2.9475
3e 49 31 32 30 35,50 205,00  6.9014
4, 85 56 66 59 59,00 72,00 1.2542
5. 50 35 30 41 39,00 222400 5.6923
6. 39 34 34 43 37,50 57.00 1.5200
7, 48 51 a7 56 50.50 43,00 9703
8, 37 48 35 59 39,75 98,75 2.4842
% 37 26 29 41 33,25 144,75 4,3534

10, 47 39 34 49 42,25 146,75 3,4734

1le 76 71 73 67 71,75 42,75 5958

12, 37 38 51 43 41,50 155,00 32,7349

13, 3B s6 39 42 43,78 208,75 4,7714

14, a1 36 - 48 37 39,75 50,75 1.2767

15, 47 53 = 52 50 50.50 21,00 +4158

16s 40 42 - 39 47 42,00 38,00 29048

17, 36 36 51 52 43.75 240,75  5.5028

18, 22 25 14 18 19,76 68,75 32,4810

1%, 61 49 - 59 69 59,50 203400 3.4118

20, 124 16 121 119 120.00 34,00 2833

2L, 132 124 125 147 132,00 338,00 2.5608

22, 141 145 137 142 141,25 128,25 +9080

23, 113 114 107 108 11050 37,00 3348

24, 135 139 94 92 115,00  1946,00 16,9217

25, 115 128 120 116 119,75 104,75 oB74T
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Fiate »
1 2 5 & i stz-mf %
26, 149 143 146 142 145,50 21.00 .1443
27, 162 159 193 171 17185 708,75 é.jmﬁ?
28 161 169 167 177 168,50  131.00 7774
2%, 172 154 188 167 = 162,00 238,00 1.4691
30, 181 185 165 184 178,75 260,75  1.4587
31, 177 156 188 164 163,00 310,00 1.9018
32, 113 131 143 141 132,00 564,00  4.2727
33, 68 77 89 %0 86,00  110.00  1.2791
34, 135 123 118 117 128,25 205.75  1.6694
35, 106 113 9 111 106,50 173,00  1.6244
36y 147 131 148 146 143,00 194,00  1.3566
37, 96 98 93 77 91,00 274,00 340110
8 97 96 101 108 100,50 8900 6856
9, 140 116 135 117 127,00 454,00  S.5748
w0, 14 152 145 144 145.50 65,00 o 4467
4, 183 144 141 123 140,25  475.75  3.3922
a2, 136 157 140 159 148.00 410,00  a.rv08
43, 135 159 137 161 148,00 560,00  3.9169
. 132 12 129 132 128,50 81.00 -6304
45, 135 189 137 161 148,00 3.9189
26, 121 132 111 135 124,75 55@,?5 . 2.8918
41, 134 135 156 139 140,50 341,00  2.42%0
e8, 152 136 143 131 140,50 249,00  1.4875
49, 144 119 147 142 138,00 494,00 3.5797
125 131 120 136 127.50 117,00 o176




3%@;

~plate SR

1 2 3 2 4 sx-8°  x2
§1. 121 102 118 124 116,25 288,75 2.4839
52. 86 85 94 99 91.00 156,00 1.4725
53, 100 95 98 93 96450 29,00 » 3005
54, 158 181 182 167 167,00 302,00 1.8084
§5. 112 110 101 114 109,25 98,75 29059
56, 169 164 157 148 159,00 298,00 1.8722
57, 115 112 113 115 113,75 6475 +0593
58, 161 142 142 155 150,00 274,00 1.8267
59, 164 169 188 181 175.50 361,00 2,0570
60, 185 199 195 196 193,75 110,75 05716
61, 202 214 187 2185 204450 513,00 2.5086
62, 114 108 22 108 104.78 258,75 2.4702
63, 93 81 92 99 91,25 168,75 1.8493
64, 182 264 193 197 184,00 @s@,@ 3,5543
550_ 178 167 180 206 181,25 902,75 4.9807
{ss;,; 226 221 249 227 229,25 548,75 23937
67, 209 . 226 223 202 215,00 390,00 1.8140
68, 189 179 172 176 179,00 158,00 8827
sé,f‘ 234 209 209 223 218475 440,75 2.0148
76. 237 221 212 215 221,25 372475 1.6847
71, 224 236 243 247 237,50 305,00 1.2842
720 221 246 222 208 224,25 752,75 3.3567
78, 231 220 229 238 234,50 85,00 .3625
74. 237 241 230 237 236.25 é&“’?ﬁ « 2656
75, 87 89 88 80 86,00 50,00 5814




plate .

S S 3 : S 1S W
76. 42 44 38 43 41,75 20,75 44970
7. 39 39 50 43 42,75 80.75 1.8889

?&g @3.‘k 82 83 93 87.75 110,78 ,i.géaz
| %9; g2 101 95 92 92.50 189,06  2,0432
80, 80 86 s 62 59,25 174,75 ‘,2;@a@4
T 69 66 89 75.25 316,75 4,203

2. 99 68 7 74 77.50  649.00  8,3742
3, @ 112 98 109 102.50 285,00 . 2,7808

%@? 96 95 107 98 98,50 109,00 151066

8s. 178 153 188 171 164,25 446,75  2.7199

88, 161 165 m 183 170,00 276,00 1,623
ﬁéﬁl‘ 198 208 ,‘ 194 198 197.25 194,75 9873

88, 127 s 13 137 157,50 221,00 1.6073

89, 183 206 210 174 193,25 918,78  4.7542

gég 192 | 209 186 212 192,75 484,75 2,4268

Q&, 191 194 204 201 197,50  109.00 »5519

92. 18 186 186 192 186,25 24.75 -1315

93, 173 171 167 159 167,50 115,00 -6866

94, 197 206 200 186 197.25 210,76 1.0684

95 117 147 127 134 131,25 476,75  3.6324

98, 98 134 123 122 118,50 826,00 59620

o7, 140 141 145 152 144,50 89,00 .6159

93, 143 133 141 135 138,00 68400 .4928

99, 114 144 150 112 130,00  1176,00  9.0461
100 178 159 158 143 159,50  617.00  3.8683
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EXPECTED NUMBER FER CLASS

5 10 0 2 20 10 10 S
OBSERVED NUMBER PER CLASS-
8 w B 20 24 8 6 2

[ 30

CLASS BOUNDARIES
02 18 35 .58 100 142 237 366 464 625 781 984 1134

FINAL X3-11.06  n=I13 Pe6l
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DISCUSSION OF RESULTS

in Titting the obgerved to the itheoretliecal distributien, ons de-
gree of fresdom was taken arbitraerily as absorbed in the fit%ing; {(11)
This resulted in a P value of between .70 and .50 in all sxespt the

one hundred platings with Bacterium plobiforme. In the goodness of

£it test swmall theoretical and observed values make too larse a contri-
bution to the final ¥? value in proportion %o their real signifiecance,
This is the recason opne may group values of less than five in the theore
etical distributione Piling the values at the ends éf the histogram teo
give théaratical freguencies of five in the case of Bacterium globiforme
brought the final %2 value within the .70 to .50 ranges

" The X2 distributions in all the histograms show a reasonsbly zood
£it as determined by the g@aénass“af £it test, This invelves the ac-
ceptance of a P value within certain definite Aimi%é. Fisher (3)
states that a range of values from .90 to .10 may be expected without
giving reason to guestion the hypaihésis béiﬁg testeds 4 P value oul=
side these limiis may be taken as indlcating thal the hypothesis does
not account for all the raﬁﬁars invalveés

Ta test the hypothesis that sll ihe sawles were drawp from a
normally éié%ribﬁte& p#pﬁlaxiﬁng a digtribuiion of the seven hundred
Xg‘valﬁesfaﬁiaiasé in %h@sektwa experinents was nmade and compared with
" the theorstical. These are prasaatsé in histopram aumber 8., The good-
ness of fit tﬁét as applied to this set shows a closer agreement with
the theoretical than any of the separate seis of datee
These results indicate that the sauples were taken from 2 normally

éisttﬁﬁaﬁeé population. Any variationg are the result of f&a&aﬁ 580

pling rather than serious error in the techunlque of plating and counting.




NUMBER OF X* VALUES PER GLASS

120

1o

DISTRIBUTION OF
700 X? VALUES

[0 EXPEGTED FREQUENCY
W OBSERVED FREQUENGY

EXPECTED NUMBER PER CLASS
35 70 70 140 140 70

7 7 & 70 35 2 7 7
0BSERVED NUMBER PER CLASS
9 9 20 38 75 77 150 145 & 61 26 18 7 13

CLASS BOUNDARIES
J2 08 35 58 100 142 237 366 464 625 781 964 1134

FINAL XF+10.77  n=i3 P62
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Consequenitly, the mean of four replicates plates may be accepted as give
ing a reasonable estimate of the populations samplede This confirms the
opinion expressed by Fisher, Thornton and MacKenzlie (4) rafarradA%ﬁ in
the introductions

Further, the data presented under Experiment l. show that the final
x® value in the goodness of £it test on the 1:10,000,000 dilution was
11,1334, which gives a P value of .60, These counis ranged from twenﬁy»
five to seventy-five colonies per plate. The 1:2;000,000 dilutions from
the same sources ga&e a fiaal %2 value of 11,3833 and a P of .58, In
this cass taé connts were ihree to five times as hizh as in the Tormer
test, involving proverticnately more wé;k. 45 these results are so much
aiiks,thérs appears to be no sound rveason for usipg s dilutlon yvielding
higher gaﬁﬁ?&. |

’?he two cultures used in the mixture give no igéi@atian of a dis-
tﬁr%ing factor as shewn bty the %2 test. The average of the ons hundred
sets of the mixture is 126,54 colenies per plate while the sum of the
separate platings averages 125,06, '$imee there is ne apparant ésﬁaﬁ-
iative effect in the rasaizs,ﬁhan,tha;%gé cultures were plated together,
the diserepancies observed in soll platings are due to other factors
th&n‘teahﬁ%gns. sntagonisn and muitual stimulstion sre known phenomena
eg@ahle of causing considerable variation in the counis. There are a
gteat many typsé of arganisms in the solls It is possible %ha% one
plate may have 2 single strongly aﬁ%&gﬂgist;e organism which reéa@eg
ﬁhe~aaab@r of colonles near it. Similarly, in the same set thers may
be evidences of mutusl bensfit, possibly fron products diffusing isle

the medium and forming sdditional food supplies that emable ofther or-
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ganisns to develop. This would inewsase the plate count. Une or boilh
of ithese factors may cause unusuel variatlions ln o set of rspllicates
and give high gg values. Wakeman (9) im 1937 published a very full
resume of the literalure on Assocliatlons of Hicroorganisms. The effects
of specific mlersorganisss on others have been determined in a rough waye.
Yeveriheless, much work remsing %o be done, |
Yarions investigators interpret the pronounced deviatlons from the
%2 aistribution s indicating that the mean may be wholly unreliablee
There is general agreement among workers in this field that sels of re-
plicate bacterial counts divect from soll yield too many hig§~xg valuss.
This would seem to indicate the need of accounting for these deviations
from the expected rather than discarding the method as unreliable, 4
considersble part of this variation msy be removed by using a dilutien
giving counts of sbout Fifty coleniss per plate as shown by data collect-
e¢d in this laboratery 1a‘a§a?@ In this way the srganisms ave spaced far
enough apart to minimize the asseclative effects, with no loss of aceu-
racy as shown by the resulits of Bxperiment 1. Therse still remains a
great deal of variation to be accounted Lor. |
In the light of the better %? distribution of counts of bacteria

and agﬁiﬁgmyaﬁxaﬁ direet from soll as a result of lower numbers on a
plate, it is evident that the effect of specific microorganisms on the
metabolism of others is an important factor in producing excessive vare
iation in ssts of replicatess OChanged variatien in replicates may re-
sult from associaitive effects. The normel variatien may be determined
for sach species of bacteria by plating pure cultures. A diffsrence
fa%&@ when plating mixtures of fwe pure cultures of known behaviosur may

be o measurs of the effect of thelr assoclation.
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Yaristiong in series of parsllsl plales nay be caused by the come
position of the medium used. Zach wediom iz selsciive Tor definite ore
ganisms and populations of these organisms may net bs disiribuled nerm-
ally in the soil, Flsher, Thornten gnd ﬁa&%ﬁﬁgia rresentad dats which
sugrests that subnormal variance iﬁ sets of replicates may be due ¢
the use of a faulty medium., Rarmsen and Verweel attempted to use the

distribution of ﬁa walves ag an indlication of the deofesis in the umediun

i&~§f§a§a wi%h,yaasﬁ and soil extract agar. Theilr resulis ars promisings
It is desirable to develop a test by means of which the relative merite
of different media may be tested.,

The resulis pf&ﬁen%@ﬁ in this peper show tlearly that reasonably
carsful and standardized technique with & pure culiure produces & msan
of four plates that is reliable. Accordingly, one may begin to look
for factors which cause veriation, rather than atiewpt %o vefime the
%@éﬁﬁ&qﬁa’i@ a}géiﬁ%~@§@re its application on a large scale is defin-
itsly i&ﬁrge%i@akzés |

Standard methods are needed in Soil Hicrobiclegys There is no
ﬁ$§§¢%~iﬁ éﬁa@s%ﬁg the &@%ﬁ@&s by prefercnce alons. Some sound method

~a§ deternining the reistive value of each pracilce should be avalilablee




1. The technigue used in plating the normsl soll floras on a large
seale preduces & mean of four replicate counits that appears relisble as
an index of the populstion samgi@&;

EQ Plates yilelding counits varvisg beitwesn twenty-Tive and ssvenity-
five are as relisble, as judged by the X test, as counts of three to
‘Tive times as large, and resuli from ma&hvieﬁs labore.

;3; bisaraga&eieg in the X2 distributions as obtained by other obe
servers ave due probably to other causes than %aﬁhniqﬁe; it is sugpested
that antagonisms or stimulations smong organlisus, or some inherent char-
acter gagaliar to certaln types of argamigms; may make proper separation
and distribution d4ifficuli under practleal conditioss.

é; ¥hen a pure culturs of saslly separated bacteria in s seil and
w&%&r dilution is used, or a mixture of itwo non-antagonistic species,
there ls ﬁ@;quasti@a about practical plating technique producing en ac%;
gal distribution of Xg walues that agrees ressanably well with the

theoretical,




i, & pure culture of Pgoudomonas fluores  was mized with siterile

soil and plated in dilutions 132,000,000 and 1310,000,000,
2. This was repeated two hundred times and the data were gubmitied
to the X° test.

3. The distribution of the X°

values in each set of two hundred
samples agrees v@rykweil with the theeretical distributien,

é; ?har@“apyéarﬁﬁ to be little difference in the reliabiii%y of
ﬁhs maams’af the dilutions wielding high and low counis. 98 this ase
sumption the f&il@ﬁiﬁg experiment was earried out using the higher dil-
ution galy, resal%iag in mere readlly @ﬁ&ﬁ%%é plates.
were plated along

S« One hundred series of Pacterium pglobliforus

with one hundred of Pseudomonas flugrescens and one hundred of a mix=
ture of the two.

Be ?ha:&i@%ribn&&eﬁ~ﬁf’%ha Kﬁ values in sach set is such that thay
might be considered to have been derived frem a marmally‘éistribu%@ﬂ pop=
'ﬁlaﬁinga

Fo By disgtributing the %2 values for the seven hundred samples 2
better fit resulis than when each set is considered alone.

8, This way be taken as addiitional proof that the samples werse

drawn from a normally distributed population.



Be 2o und Blepbing, Y. fo fes
securasy of Dacterial ecunts frow wilk sauples.
BEP. BEpte 88, {%‘%@W} Teeho %ﬁ%%o Hne 8. 1980,

 He . wnd d
Characteristiies of
sloveflors of the snil.
Yoll Solonse 39 2 BB - 110, 1905,

He fes
& bapleris beloapiang to the avicehthonous

Fisher, Be hes

% Tor Hescsreh Verbeps. B Id.
o, ks Teseddale Court.
'g ;%5 Fal tar Howe 3. O,

?‘i&%&?g Re Loy Thopiton, . 0. ool b By Fa fos
j ¥ the @E&%g@g unthod e@' eptinating thse %&a@gﬁy af

plied %@ﬂ?&;@&? ite 338 » @%@w igzg.

Goulfon. T, He .
%@@m of 3%alicticel snnlvsis.
Burgess Publlshlug To.. Hlusespolis, flup. k937

@i‘ mﬁm& aity %:zg the §2§§3§%§ mathod.
Zentealbl. f. Bakb. AbE. II. Bd. 95 2. 134 - 150, 1938,

fe Tog
s {Conn) i selle differing in

1957,

L ?&?a ée@
issociative and antegonistie ts
ﬁ%ﬁmsm g@wﬁm of =

of @&%% ﬁm
5 34: 381 - 348, 198

A %@%&&w into methods for gﬁ%@mﬁa@ aumbers of raisshise
: Eg& E:3 ?g o %a E%ia




