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THE DETERMINATION OF MICROBIAL ACTIVITY IN 3OIL$ 

BY A TUHBIDBETRIC METHOD 

INTRODUCTION 

The soil rnicrobiolopist encounters considerable dif- 

ficulty when attempting to evaluate numbers and activity of 

the soil flora. In the past some emphasis has been placed 

on the relationship between soll fertility and microbial 

activity. It has been found that high microbial numbers are 

often associated with soils relatively rich in organic mat- 

ter, and a low population correlated with lower levels of 

the organic fraction. 

Soil flora studies are usually carried out by mi- 

croscopic and cultural methods The principle of "enrich- 

ment" advocated by Beijerinck has enabled investigators to 

attain a degree of separation of specific cultural groups. 

Plate counts involvin[' selective media are used widely. 

However, the latter procedures are costly, time consuming 

and often do not lend themselves well to experiments in- 

volvinr a large number of treated soils. For this reason, 

the present study was undertaken in order to investigate the 

possible use of a turbidirnetric procedure in estimating the 

microbial activity of soil. 
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HISTORICAL 

Various 1nvestiators have attempted to outline a 

method for a more comprehensive examination of the soil 
flora. In general the solution of this problem has met 

with little success. However, three basic methods are used 

to demonstrate the microbial activity of soil. These may 

be grouped as follows: microscopic methods, cultural moth- 

ods, and procedures involving the decomposition of various 
orranic materials. since only the first two methods have 

been used for comparison purposes in the present study, 

the review of literature does not include the third ap- 

proach. 

In 1917 Conn (4, p. 257) proposed a method for the 

microscopic examination of the soil. rj%}le method depended 

upon staining dried films of soil on a microscopic slide 
with rose bengal. The technique assumed some importance 

because of its adoption, with few modifications, by ino- 
gradsky (6, p. 259). However, the rather complex procedure 

proposed by inogradsky has not proven acceptable (7, p. 
259). 

Cholodny (7, p. 622) advocated a modification of 

t'ne microscopic technique proposed by Rossi (18, pp. 409- 

412). This method is now called the "f0831 and Cholodny's 

Contact Slide Method." The latter method consists of slit- 
ting the soil and inserting a microscopic slide. After a 
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short incubation period the slide is removed and the film 

of microorganisms which have become attached to the slide 

are stained. Difficulty, however, is encountered in ex- 

pressinFr. the results obtained in terms of microbial activity 

or numbers. 

Other modifications of the direct microscopic method 

have been proposed. Thornton and Gray (25, p. 522) mIxed a 

soil with a known amount of indigotin. I-le then established 

the relationship between the numbers of erythrosin-stained 

bacteria and indigotin particles and was able to measure 

the abundance of microorganisms in the soil. Thus Thornton 

and Gray (25, p. 522) believed that the application of his 

technique had far greater value than the original micro- 

scopic method. Apparently, this worker was able to solve 

the problem of interfering soil particles. 

Jones and fol1ison (15, p. 55) devised a method for 

counting soil microorganisms by an adaptation of the haemo- 

cytometer slide technique. A measured amount of soil in a 

melted agar gel was placed on a haemocytometer slide of 

known depth. The film was stained and differential counts 

made on a measured area of the film. In this respect, Jones 

and ollison (15, p. 42) determined h1h counts of 1 to 4 

billion organisms from soils that showed counts of 4 to E 

million bacteria using the standard plate procedure. 

Flanks and Jones (10, p. 20E) have severely critic- 

izec3 the direct microscopic method as a means of enumerating 
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bacteria. They pointed out that there are two irnoortant 

sources of error: losses of bacteria from the slide during 

stamm and faulty selection of areas on the filn for mi- 

croscopic observations. 

Even though the standard plate uîethod is the one 

iiost comncnly employed, various investiatora have critic- 

izad its value (:kilson, 35, p. 407). i noted authority 

i. J. Conn (7, p. 257) aptly comments on the inherent dis- 

advantages of the plate counting procedure: t*A beginner 

in this field is apt to be assigned the task of plating one 

or two samples of soil; but after the colonies have develop- 

ed about all he can do with them is to count the numbers-- 

a matter of little soil bacteriology. He 

may speculate as to what the various organisms are, and 

which kinds are of ir'portance; but unless he is associated 

with someone well versed in the field, he has difficulty 

getting the information in fairly concise form." flowever, 

Jennison and adsworth (13, p. 390) reported that the stand- 

ard plate count method for estimating bacterial populations 

is satisfactory if relative rather than absolute numbers of 

cells are wanted. 

The plate method possesses several distinct advan- 

tages. Leterminations can be riade of the abundance in the 

soil of organisms that are capable of rowinç on selective 

media. Waksman and fred (30, pp. 27-22) evaluated the use 

of differential media for the study and enumeration of the 
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microflora, and have shown the relative merits of various 

types. 

Data were presented by James and Sutherland (11, pp. 

72-86) to show the application of proven mathematical for- 

mulae in testing the accuracy of plate counts of field 

soils. These authors insisted that a soli sample must be 

plated on the day it is taken from the field before the 

counts can be accepted as satisfactory. 

Skinner, Jones and Mollison (20, pp. 26-27) inves- 

tigated the accuracy obtained with the standard plate count 

and the direct microscopic procedures. These workers found 

no correlation between the two methods, and attributed the 

discrepancies to; clumps of bacteria which remain agg.re- 

gated, competition on plates, selectivity of platin media, 

and non-cultivation of obllate anaerobes. Skinner et al. 

concluded that the greatest value of the plate count pro- 

cedure is qualitative in nature. 

Jennison and iadsworth (13, p. 342) experimentally 

proved that the dilution error and the distribution error 

are the chief sources of variation accounting for the total 

error involved in estimating bacterial numbers by the plat- 

in method. In this resoect Waksman (26, p. 100) showed 

that the probable error involved In a quantitative determi- 

nation of soll microorganisms can be worked out by combin- 

Ing a relatively larçe number of plates with a large number 

of soil samples. 



The accuracy of the plate count with suspensions of 

Pseudomonas fluorescens and Bacterium globiforme was deter- 

mined by Sutherland and James (22, p. 305). Two dilutions 

were made and four replicate plates. This was repeated 200 

times. The investipators found the distribution values in 

the plating from each dilution used agreed quite well with 

the theoretical distribution. 

For countinr bacteria, the ulatinr technique is gen- 

erally preferred to the dilution technique because the same 

accuracy can be obtained with less effort and material. 

However, when some members of the population cannot grow 

as surface colonies, or when, for sorne other reason, the 

platina technique is inapplicable, the dilution technique 

must be used. Savage and Halvorson (19, p. 355) included 

data obtained by Phelps. The latter investigator used the 

dilution method for estimating tscherich1a coli populations 

in drinking water. The interpretation of Phelps' results 

was not made until Ziegler and Halvorson (36, p. 609-639) 

calculated tables by which results of dilution studies could 

be converted Into most probable population values. These 

workers showed the limitations of the dilution method, but 

believed that this technique offers a new method of study- 

ing the antagonistic effect of one organism upon another. 

Waksman (27, pp. 23_298) stated that the dilution method 

can be utilized not only for the determination of the total 

soil flora, but also for the study of specific physiological 
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groups. However, this method has proven too cumbersome for 

the routine analysis of soils. 

For many years it has been the intent and hope of 

soil rnlcrobiologists to correlate or measure certain soil 

constituents and fertility by some microbiological method. 

A technique developed by Vinogradsky (7, p. 259) used col- 

onies of Azotobactor as an indicator of phosphorous defi- 

ciency in the soil. For several years, therefore, this ap- 

proach was tested using various microorganisms and fungi as 

indicator organisms. The final outcome of these Investiga- 

tions showed that the use of indicator organisms did not 

produce favorable results. 

The more fundamental question of relating any one 

type of organism to soil fertility was left open until Conn 

and Darrow (8, pp. 95-110) isolated Bacterium globif orme 

from fertile soils and found the organism absent in two less 

productive soils. Taylor and Lochhoad (24, pp. 340-347) 

state: tIf there does actually exist some easily isolated 

organism whose presence or absence in soil indicates, even 

to some degree, the crop producing power of the soil, or 

will aid in differentiating types of soil, the soil scien- 

tist will have at hand a new method for soil survey." 

From 31 samples of Utah soils, ten of which were 

virgin, Greaves in 1914 (34, p. 164) found, with few excep- 

tions, that almost twice the total count was obtained from 

vlrc'in soil. 



On analysis of many soll samples Vaksman (28, pp. 

321-346) concluded that the total number of mlcroorpanlsms 

as determined by the plate method can serve as a function 

of the hacteriolocical condition of the soil and as an Index 

of soil fertility. Tis conclusions were based on observa- 

tions on which crop production ran nearly parallel with num- 

bers of microorganisms in the soil. 

The methods and approaches used in studying and In 

countin soil microorganisms are numerous. Apparently no 

one method provides a complete picture of the microbial corn- 

plox in the soil. 



EXPERIENTAL MiT HOD3 

Soil Tested 

The soil chosen for the principal part of the pres- 

ent investigation was classified as a Chehalis silty clay 

loam. In addition a forest nursery soil was obtained through 

the courtesy of the Soil Department, Oregon State College. 

Soil Treatment 

The type and number of soil microorganisms are in- 

fluenced by the nature and availability of soil nutrients. 

For this reason, Chehalis silty clay loam was treated so 

as to provide significant differences in the soil flora. In 

one trial, Orzan (dehydrated waste sulfite liquor) was added 

so as to give a final concentration of 100 ppm nitrogen. 

Then the Orzan treated and the non-treated soils were allow- 

ed to incubate for approximately 60 days. A second exoeri- 

ment was designed to demonstrate the effect of readily avail- 

able nutrients. In the latter case, dextrose was added to 

one lot of soil at a rate of 2000 ppm carbon; a second lot 

received dextrose and amìionium nitrate so as to give a C:N 

ratio of 20 to 1; a third portion received Bacto-peptone so 

as to provide 1000 ppm nitrogen. A fourth set was not 

treated and served as the control soil. Each soil was 

brought to 60 percent of the saturation capacity by the addi- 

tion of either plain water (control) or water plus tre above 

mentioned nutrients. 
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Culture ledium 

Various modla have been devised for the observation 

and isolation of soil microor.anisrns. In sorne nstaces, 
the mediu has been prearod to favor a specific microbial 

.roup auch as the Actinomycotes. In the present atudr, it 

was decided to use a medium favorable to a Freater variety 
of microbial types. The medium decided upon was prepared 

as follows: 

Glucose ------------- 10 rarî 
Gelatin ------------- i gram 
Peptone ------------- 5 gram 
Beef Extract -------- 3 grain 
Tap ater ----------- 1000 ml 
pd ------------------ '7.0 

When a solid medium was required l.5 Bacto apar was added 

to the above medium. 

Turbidirriotric and Standard Plate Test Examiìation 

The moisture content of each soil sample was deter- 
mined and subsequent calculations made on a water-free basis. 

Ten gram aliquots of the desired soil saple ;ere added to a 

90 in]. water blank. Then the diluted soil was placed on a 

reciprocatin shaker for 15 minutes. The shaker revolved 

at 130 rpm throurh a distance of' six inches. tmen ml of the 

soil suspension were pipetted from the conter of the dilu- 

tien bottle into anot r er 90 ml sterile water blank, and this 

shaken about 40 times. Subsequent dilutions were carried 
out to include 10e, and O'7. in most instances these 

dilutions were used for inoculation of the test medium, One 
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ml of each soil dilution was pipetted into 9 ml of modified 

nutrient broth, respectively. The inoculated broth tubes 

were then placed on a rotary siaker and incubated at 3Q0 C. 

ubsequently t-ìe tubes were checked at vary1nr time inter- 

vals for the development of turbidity or increase in opti- 

cal density. At the onset of the turbidity determinations 

the galvanometer was adjuster to a reading of G100 (nutri- 

ent broth). A Beckman Model B spectrophotometer was used 

for the measurement of optical density. The most effective 

'iave length was found to be 640 mu. 

Standard plate counts wore included for each test 

soil. These were carried out using the same dilution se- 

ries described above for the turbidity deterninatibns. 
However, I3acto arar was added to the modified nutrient 

broth medium to provide a solid platina medium. 

All tests were desi$ned so as to provide triplicate 

readings. Subsequent data are reported as the averae of 

three separate determinations. 

Microscopic Exaiination 

The question of the nature of the major flora re- 

sponsihie for the rapid !rowth observed durin the turbidity 

determinations was considered. After the onset of turbidity 

in the liquid medium, a loopful was removed to a lass slide 

and stained by the Gram's method. This step was repeated 

for all soil samples under study. In addition, slides were 

prepared from presentative colonies which developed on 
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the solid platina medium. These slides were also stained 

using the method. 
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EXPERIMENTAL RESULTS 

Orzan Treated $oils 

The inclusion of Orzan in Chehalls silty clay loam 

has effected a s1ruif1cant increase in the numbers of soll 

microorganisms. The standard plate count used on the non- 

treated soli showed a total count of 2.9 mIllion, whereas 

the Orzan treated soll tested 9.4 mIllion microorganisms 

per gram of soil. The noted difference In total count was 

also indicated by the trends In turbidity shown in Figure 1. 

In this respect the observed variance In count was reflected 

by the lack of prowth in tubes inoculated with the non- 

treated soil (Flpure 1, lines 1, 2 and 3). On the other 

hand, liquid medium which received diluted Inoculum from 

the Orzan treated soil, showed a slight development of tur- 

bldlty at 12 hours and extensive prowth density at the 24 

hour period (Fipure 1, lines 4, 5 and 6). 

It became apparent early In the study that the soil 

dilution used represented the critical factor in the turbid- 

imetric procedure. or example, when the one million dilu- 

tion of the Orzan treated soil was used as the Inoculurn 

source, microbial growth resulted. However, when the ten 

million dilution was tested no growth was manifest in the 

nutrient broth. In this connection, the approximate total 

count may be estimated by using the principle of dilution to 

extinction. iai1ure of positive growth to develop with the 
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Figure 1. The Influence of Orzan on the Relative Micro- bisi Activity of Chehalis Silty Clay Loam as Determined 
by the Standard Plate Count and the Turbidimetric Pro- 
cedure. 
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Soil Treatment--Sawdust 
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1. No Nitrogen Added 
2. No Nitrogen Added 
3. Nitrogen Added 
4. Nitrogen Added 

Dilution 

1,000,000 
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Figure 2. The Influence of Douglas Fir Sawdust on the 
Relative Microbial Activity of Chehalis Silty Clay Loam 
as Determined by the Standard Plate Count and the Pur- 
bidimetric Procedure. 
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ten million dilution and positive rrowth with the one mil- 

lion dilution set the count between one and ten million 

microorganisms. This observation was verified by the 9.4 

million already derived from the standard plate count. 

Sawdust Treated Soils 

The soil samples obtained from the rreenhouse con- 

veniently lent themselves to a more critical evaluation of 

the turbidimetric procedure. In the case of the soil treat- 

ed with sawdust only, the standard plate count was 12.8 

million. However, when tue sawdust and nitrogen were in- 

cluded together, the count was [.5 million organisms per 

gram of soil. The noted difference in the plate counts can 

hardly be termed significant, yet these same counts are bet- 

ter expressed when considered in the liR,ht of the turbidi- 

metric data (Figure 2, lines 2 and 4). The one million di- 

lution of both soils showed little or no variation in tur- 

bidity trends (Figure 2, lines i and 3). However, the dif- 

ferences between these two soils were clearly demonstrated 

by the use of the higher ten million dilution (Figure 2, 

lines 2 and 4). Extensive rrowth density developed after a 

24 hour shakinr period when using, the hirher dilution of the 

soil not receiving nitrogen as the inoculum source. On the 

other hand the liquid medium receivin, the ten million dilu- 

tion from the sawdust treated soil plus nitrogen did not 

exhibit any turbidity at the end of a 36 hour period. 
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A second lot of soil obtained from the preenhouse 

had been treated with Douglas fir sawdust at the rate of 

loo tons per acre. It was found that the three treated 

soils showed relatively little differences in bacterial num- 

bers. The standard plate count on the non-treated soil was 

7.5 millIon. The soil with sawdust added showed a microbial 

count of 7.6 million. In the case of the reenhorse soil 

that was treated with sawdust and nItroren the count was 

found to be 8.45 million. The turbidity trends of the soils 

using the 100,000 dilution are depicted in Figure 3. As In 

the case of the standard plate count little difference In 

microbial activity was demonstrated by the turbidimetric 

procedure. It was significant that treated with 

sawdust and nitrogen showed a higher plate count and corro- 

spondingly a more rapid increase in growth as depicted by 

the trends In turbidity (FIgure 3, lines 1, 2 and 3). 

The use of the one million dilution of the above 

soil samples demonstrated identical differences in growth 

density as that of the 100,000 soil dilution. The only sig- 

nificant variation was In the length of time required for 

initial turbidities to become visible (iigure 4, lInes 1, 2 

and 3). In the case of the higher dilution, the nutrient 

broth tubes showed little or no development of turbidity for 

16 hours. At the end of a 24 hour period, optical density 

readings were almost equal for the same soils irrespective 

of the dilution. 
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1. Non-Treated 
2. Sawdust Added at 

loo Tons/Acre 
3. Sawdust Added at 

loo Tons/Acre plus 
Nitrogen 

ÌE1 
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Figure 3. The Influence of Douglas Fir Sawdust on the 
Relative Microbial Activity of Chehalis Silty Clay Loam 
as Determined by the Standard Plate Count and the Pur- 
bidimetric Procedure. 
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Dilution Plate Count 
1,000,000 7,500,000/gm. soll 
1,000,000 7,600,000/gm. soil 

1,000,000 8,450,000/gm. soll 

TIME IN HOURS 

il 

Figure 4. The Influence of Douglas Fir Sawdust on the 
Relative Microbial Activity of Chehalis Silty Clay Loam 
as Determined by the Standard Plate Count and the Thr- 
bldjmetrjc Procedure. 
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Soil Treated with Glucose, Peptone and Ammonium Nitrate 

study of Figure 5 discloses that the addition of 

readily available nutrients to Chehalis silty clay loam 

brought about marked changes in the microbial flora of the 

test soil. The observed increase in numbers of microorgan- 

isins over the 72 hour period was most pronounced with the 

soil that was treated with dextrose. it 12 hours the stand- 

ard plate count was 23.7 million. This figure became 239 

million at the end of 24 hours, and 540 million at the end 

of 72 hours (Figure 5, line 2). The trends depicted by 

lines 3 and 4 in Figure 5 attest to the increases in micro- 

bial numbers of the soil treated with dextrose and nitrogen, 

and the soll treated with peptone. The control soll, which 

received no nutrients, demonstrated little change in micro- 

bial numbers over the course of the 72 hour period as shown 

by line 1, Figure 5. 

Short Incubation Period 

The turbidimetric procedure under investigation was 

devised to determine relative microbial activity of various 

soils. The artifically treated soils were at large enough 

variance at different time Intervals to enable their being 

rated as to activity or numbers. Along with the standard 

plate counts, the turbidity method also demonstrated this 

variation. 

Reference to Figure 6 discloses that the Chehalis 

silty clay loam treated with peptone showed the greatest 
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1. No Treatment. 
2. Dextrose Added at 2000 ppm 
3. Dextrose and NH4NO3 Added. 
4. Peptone Added at 1000 ppm 

Carbon. 
C:N Equals 20/1. 

Nitrogen. 

TIME IN HOURS 

Figure 5. The Influence of Various Treatments on the 
Microbial Activity of Chehalis Silty Clay Loam as Deter- 
mined by the Standard Plate Count. 
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microbial actv1ty as measured by the dcnsity of c"rowth and 

the standard plate count. Approximately equal microbial 

stimulation was obtained with dextro:3e and nitroen. The 

dextrose treated soil at the end of 12 hours showed a 

slightly higher plate count than the control soil. However, 

tnrbidimetr5cally there appears to be larger differences be- 

tween the control soil and the dextrose treated soil. With 

the standard plate count, the so1lz at the end of 12 hours 

could be rated in order of decreasing activIty at: four, 

three, two and one (Figure 6). 

The plate counts computed after the 24 hour incuba- 

tion period revealed the change In the relative position of 

the four soils In respect to the total count (Figure 7). 

Turbidimetrically, however, few differences were noted. 

This was due to the sudden rise in numbers and dilutions 
were not made to compensate for this increase. 

As mentioned previously, at the 72 hour interval, 

plate counts of 540 million (dextrose), 280 million (dex- 

trose and nitrogen), 48 mIllion (peptone), and l.9 mIllion 

(control) were obtaIned. Using the treatment numbers shown 

in Figure 8, the above soils may be rated two, three, four 

and one In decreasing order of' activity. 

All previously mentioned data was obtained on wet 

samples. In order to check the influence of drying on the 

studied flora a portion of each sample was removed and air- 

dried for approximatelT three days. A comparison of Figures 
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and the Turbidimetric Procedure on Test Soils Incubated for 24 Hours. 
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5, 9 and 10 indicates that the relative numbers of micro- 

organisms originally present in the most soils had decreased 

as a result of air-drying. 
The greatest single decrease was noted with the 

dextrose treated soil in which case a drop from 540 million 

to 34 million was recorded. A decline in microbial count 

from 280 million to 79 million was found in 

soil to which dextrose and ammonium nitrate 

fiowever, it is significant that the peptone 

showed a net increase in count of 39 mullo: 

rram of soil after prolonged drying. 

Depicted in Figure 9, lines 1, 2, 3 

the case of the 

had been added. 

treated soil 

i organisms per 

and 4 are the 

turbidity trends of the treated soils after beIng air-dried. 

The dilution used in this case was one million and differ- 

ences noted among the soils can not be considered signifi- 

cant. However, reference to Figure 10 again illustrates 

the importance of the soll dilution used. In this case the 

critical dilution was ten million. The turbidity curves 

showed that slight development of optical density occurred 

at the end of 12 hours for the dextrose treated soll (Figure 

10, line 2). The soil receivin te peptone treatment dem- 

onstrated extensive growth density at the end of the 12 hour 

period (Figure 10, line 4). It is also important to note 

the differences reflected by the turbidity curves of lines 3 

and 4 In Figure 10. The peptone treated soil, with its 

plate count of 88 million oríanlsms showed a rapid increase 
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Chehalis Silty Clay Loam 
1,000,000 Dilution 
1. No Treatment. 
2. Dextrose Added at 2000 ppm 

Carbon. 
3. Dextrose and NH4NO3 Added. 

C:N Equals 20/1. 
4. Peptone Added at 1000 ppm 

Nitrogen. 

Plate Count 

10,000,000/gm. soil 
34,000,000/gm. soil 

79,000,000/gm. soil 

88,000,000/gm. soil 

8 9 10 11 12 
TIME IN HOURS 

FIgure 9. Relative Microba1 Activity as Determined by 
the Standard Plate Count and the Turbidimetric Procedure 
on Air-Dried Samples of Test Soils Incubated for 72 Hours. 
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Chehalis Silty Clay Loam 
10,000,000 Dilution 
1. No Treatment. 
2. Dextrose Added at 2000 ppm 

Carbon. 
3. Dextrose and NH4NO3 Added. 

C;N Equals 20/1. 
4. Peptone Added at 1000 ppm 

Nitrogen. 

Plate Count 

10,000,000/gm. soil 
34,000,000/gm. soil 

79,000,000/gm. soil 

88,000,000/gm. soil 

TIME IN HOURS 

Figure 10. Relative Microbial Activity as Determined by 
the Standard Plate Count and the Turbidimetric Procedure 
on Air-Dried Samples of Test Soils Incubated for 72 Hours. 
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In growth density, whereas the dextrose and n1troçen treated 

soll, with a plate count of 79 millIon organisms displayed 

a growth density curve that closely resembled the peptone 

density curve. Interestinrly enough, a soil ratinc based 

on the olate count (four, three, two and one) corresponds 

to the turbidirnetric ratin of four, three, two and one. 

Prolonged Incubation Period 

The moist soils were incubated for prolonged periods 

of time: the control soil and the soil treated with dextrose 

for 53 days, and dextrose plus nitroren treated soil and the 

peptone treated soil for 42 days. T-ese weru air-dried and 

subsequent dilutions were carried out for the standard plate 

count and the turbidirnetric procedure. 

The dilution finally used in tiis study was one mil- 

lion. The highest plate count of 68 mIllion microoranisms 

per pram of soil was obtained with the air-dried peptone 

treated soil. This result is also reflected in the more 

rapid development of rowth In broth shown In Fiure li, 

line 4. Soils treated with dextrose arid with dextrose plus 

nitrogen gave microbial counts of 38 and 36 million, re- 

spectively. In this instance, the turbidity trends of these 

two soils are almost identical. The use of a ten million 

dilution probably would have brought out the differences 

in tuxese four soils. However, from the turbidity trends, 

one can rate the soils as four, three, two and one in order 
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Chehalis Silty Clay Loam 
1,000,000 Dilution 
1. No Treatment. 
2. Dextrose Added at 2000 ppm 

Carbon. 
3. Dextrose and NH4NO3 Added. 

C:N Equals 20/1. 
4. Peptone Added at 1000 ppm 

Nitrogen. 

hWl 

Plate Count 

8,300,000/gm. soll 
38,000,000/gm. soil 

36,000,000/gm. soil 

68,000,000/gm. soll 

TIME IN HOURS 

Figure 11. Relative Microbial Activity as Determined by 
the Standard Plate Count and the Turbidimetric Procedure 
on Air-Dried Samples of Test Soils after Prolonged Incu- 
bation. 
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of decreasing m1erobil activIty. From the plate count the 

order of three and two would be reversed. 

Forest Soils 

TurbidiinetrIc determinations and standard plate 

counts wore iiiade on six forest soils obtained from the cils 

Department. No data or information as to the previous his- 

tory was supplied with these soils. Therefore numbers from 

one to six were designated as a means for Identification. 

The standard plate counts showed soil five had the 

hit)hest microbial count of 64 million. Soil six showed the 

lowest plate count of 400,000. The bacterial numbers of the 

soils one, two, three and four were 2.47, 2.43, 1.97 and 

2.66 million, respectively. According to the bacterial 

counts derived from the standard plate method, those six 

soils could be rated five, four, one, two, three and six in 

order of decreasing activity. Reference to FIcure 12, de- 

monsrated that turbidimetrically the major differences were 

in accordance with the plate counts. However, the ratings 

of soils one, two and three are not significant with either 

the plate counts or tLie turbidimetric determinations. 

Figure 13, lInes 5 and 6 showed that the large sig- 

nificant differences wore demonstrated by using a higher 

dilution of one million. However, forest soils one, two, 

three and four were not significantly different. This was 

shown by the use of either dilution (Figures 12 and 13). 
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Soil Number Plate Count 
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2. 

2,470,000/gm. 
2,430,000/gm. 

soll 
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3. 1,970,000/gin, sol]. 

6 4. 2,660,000/gm. soil 
5. 64,000,000/gin, soll 
6. 400,000/gm. soll 
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FIgure 12. RelatIve MicrobIal Activity as Measured by the Standard Plats 
Count and the Turbidlmetric Procedure on Air-Dried Samples of Forest Soils. 



1,000,000 Dilution 
1. Soil Number Plate Count 

1. 2,470,000/gm. soil 
2. 2,430,000/gm. soil 
3. 1,970,000/gm. soil 
4. 2,660,000/gm. soil 
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6. 400,000/gm. soil 
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Figure 13. Relative Microbial Activity as Measured by the Standard Plate 
Count and the Turbidimetric Procedure on Air-Dried Samples of Forest Soils. 
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IY1cioscopic Examinations 

W11C:OCLpiC cxariraticn of the mcrof1ora present 

in representative tubes wa mtde when maximum turbidity was 

attained by the bacterial cu1tres. loopful taken from 

these tubes and stained b the Gran's method showed that 

turbidity could be attributed to the growth of grar posi- 

tive rods. In a few Instances the organisms were found to 

be gram negative rods. (ram positive cocci were never found 

to be the cause of turbIdity. 

standard plates were chosen from the 12, 24 arid 72 

hour intervals. These plabes depicted on Figure 14, pages 

37 and 36 represent a picture of the nicro300pic flora ca- 

pable of growing on the media used. The best plates were 

picked irrespective of dilution, and therefore do not demon- 

strate any change of bacterial numbers. Ten colonies were 

picked fror each plate, and grain stains were made. The 

types or kinds of microorganisms that represented the colo- 

nial growth are recorded in Table 1. A study of Table i 

indicated that the overall highest percentage of microorgan- 

irns oì.. the plates were gram positive rods. iiov.iever, the 

percentage of gram positive cocci was considerahle. 



TABLE 

The Relative Percenta-es of íepresentative Microorganisms Found Present on the Platos 
Depicted in FIgures 15 and 16. 

PLAT : 
LARGE GRAM SMALL GRAM MIXTURE OF LARGÏ GRA GRAM 

. 

NO . 
POSITIVE POSITIVE AND SMALL GRAM POSITIVE NEGATIVE 

C.LLL) RODS RODS POSITIVt CELLS COCCI RODS 

1. 5O lO) 40% -- -- -- 

2. 6O 2O 1O -- bZ -- 

3. 60% io; 3 -- -- -- 

4. 1O 40)Q 30% 2O -- -- 

5. -- 20% 6OJ 20». -- -- 

6. - 6O; 4O -- -- -- 

7 . 2O' 1O -- 3O 3O, - 

8. 2O 1O, 50% 2O -- -- 

9. 20% -- 2O 30,. i/ 2, 

10. 4O2 1O) 3O 1O: 1O -- 

il. -- -- 60% lO 1O -- 

12. 10% 1O 3 2O: 2G -- 
CA 
(n 
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3. 

4. 

5. 

6. 

7. 

e. 

9. 

10. 

II. 

C) 
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Legend for 21ates !epicted on F1p'ure 14, pae 37 and 36. 

oi1 Treatrent 

No Treat:.ient 

No Treatment 

o Treatment 

Dextrose Added 

Dextrose Added 

Dextrose Adder3 

Dextrose plus itrogen 

Dextrose plus Nitrogen 

Dextrose plus Nitrogen 

Peptone Added 

Peptone Added 

Peptone Addüd 

Dilution 

100,000 

100, 000 

100, 000 

100, 000 

1,000,000 

10, 000, 000 

500, 000 

1,000, 000 

10,000,000 

500,000 

500,000 

1,000,000 

Sample Time 

12 hours 

24 hoï ¡'s 

72 hours 

12 hours 

24 hours 

72 hours 

12 hours 

24 hours 

72 hours 

12 hours 

24 hours 

72 hours 

Plate Cout 

10 mIllion 

17.3 million 

IC..9 million 

23.7 million 

28 million 

540 million 

57 million 

200 iii11ion 

260 million 

32 mIllion 

164 millIon 

48 millIon 
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Plate 7 Plate 8 Plate 9 

SOIL NTJIYIBER 3 

Plate 10 Plate il 

SOIL NUMBER 

Plate 12 

Figure 14-continued. The Influence of Various Treatments on the Microbial Flora 
of Chehalis Silty Clay Loam as Shown by the Standard Plate Method. 
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DISCUSSION 

The problem of estimating microMal numbers or ac- 

tivity in soll calls to ones attention various fundamental 

questions. In the present study an attempt was made to uso 

a small segment of the total population as an indicator 

croup. Naturally the question arises as to the validity of 

this approach. The studies dealing with Orzan arid sawdust 

treated soil aptly demonstrated that massive chanres in the 

soil population can be measured turbidimetrically by the 

increase in cell density of predominately cram positive 

types. Certainly the soil ratines obtained with the tur- 

bidimetric procedure compared well with those obtained by 

the usual standard plate method. In some instances the for- 

mer method appeared more selective. Thus, the rapid rise in 

number of the gram positive cells appears to offer a valu- 

able tool in a study of the soil flora. 

In some instances the disadvantages of the turbid- 

imetric procedure are of the same nature as one finds with 

the standard plate method. Since the medium used is some- 

what selective, growth will be indicated by only those mi- 

croorganisms that can develop ori or in the medium used. 

This factor limits the range of organisms that can be stud- 

ied, 

As with the standard plate count, care and precision 

are prime prerequisites for the preparation of soil dilutions. 
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Standardization of dilution procedure is mandatory for re- 
production of favorable results. 

It Is evident that soils which exhibit marked cliC- 

ferences in total plate count are not difficult to rate us- 

Ing the turbidiinetric approach. On the other hand, four 

forest soils which showed similar microbial counts were more 

difficult to rate. Thus, at least three different dilutions 
must be used in order to catch the critical dilution. In 

the case of widely divergent counts a lesser number of dilu- 

tions may be used. ith proper choice of time interval, a 

single dilution could serve. 

An inherent advantare of this procedure is that re- 
suits can be obtained in a relatively short period of time. 

Standard plate procedures require a xninimurn time of four 

days before a count can be made. However, with the turbid- 
imetric method, results can be obtained within 12-36 hours. 

The latter procedure is comparatively simple and requires 
only a little knowledge of dilution and the use of a color- 
imeter or spectrophotometer. 

It should be emphasized that the method under study 

does not supply all the answers to problems encountered in 

the microbiological analysis of soil. This was hardly in- 

tended. However, it is to be hoped that the area under 

study has received worthy stimulation for future investiga- 
tions of this type. 
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SUM1A RY 

Differences in microbial activity of variously 

treated soils were demonstrated by the turbidimetric proce- 

dure. These differences observed with the turbidimetric 

method correlated well with the standard plate count proce- 

dure. Soils which were treated r!ave a wide range of micro- 

bial activity. Vhenever analysis of these soils was carried 

out, the turbidimetric method readily indicated the noted 

differences. Therefore, these soils could be rated in order 

of microbial activity. 

The many advantages offered by the turbidimetric 

procedure are as follows: 

1. Results are obtained within 12-36 hours. 

2. It is more economical, since smaller amounts 

of media are needed. 

3. The method is sim!1e to perform, and the time 

involved for completion is less than for the 

standard plate procedure. 

4. It is probably more accurate; less opportunity 

for error. 

5. It is reliable in that lt measures the relative 

abundance of organisms predominating at any 

given time. 
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