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CHAPTER I 

INTRODUCTION 

The earliest men of whom any record exists were hunters 

and food-gatherers. Men lived off the soil and their numbers 

were limited by its fertility. Prehistoric men would have 

been subject to the biological checks that keep all soil 

members in equilibrium and which keep all member species 

from becoming excessive had it not been for his exploitation 

of the soil. A method of soil improvement or conditioning 

was necessary before their civilization could exist. 

Soil improvement through the actions of green plants 

was first described by the Greek and Roman writers, Virgil, 

Varro, and CoHume11a (8). They observed that leguminous 

plants may enrich the soil for a succeeding crop but offered 

no explanation. Frank (8), in 1879, suggested that root 

nodules are formed as a result of bacterial inoculation of 

leguminous plants. Hellriegel and Wilfarth (8), in 1885/ 

demonstrated that within these nodules the bacteria fix 

atmospheric nitrogen. Bsijerinck (8), in 1888, isolated in 

pure culture the organism responsible for nitrogen fixation 

and named it Bacillus radicicola. Reray (8)/ in 1902, post-



ulated that soil fertility could be controlled by the inoc-

ulation of the proper organisms into the soil. Hiltner (8) 

has obtained, by soil inoculation of bacteria, an increase 

of thirty times the yield of nitrogen for lupines, thus 

illustrating soil conditioning through bacterial inoculation. 

Cellulose is known to comprise twenty to fifty per cent 

of most plant residues (9); little was known about its de-

composition until 1897/ when Omeliansky (ll) published his 

studies on the anaerobic cellulose decomposing bacteria. 

The aerobic cellulose decomposing bacteria were first in-

tensively investigated by Hutchinson and Clayton (7)/ Van 

Iterson (ll), Kellerman (10), and Lohnis (10). Winogradsky 

(ll) made a detailed systematic study of various aerobic 

cellulose bacteria in the soil and divided, them into three 

genera: 

1. Cytophaga: slender, flexible filaments, 3 to 8 microns 

long, and pointed at each end; only cellulose can be 

used as an energy source. 

Cellvibrio: slender, bent rods with rounded ends, 2 to 5 

microns long? actively motile, with one flagellum; cell-

ulose decomposition is not entirely specific. 

5- Cellfalcicula: sickle-shaped cells, not exceeding 2 

microns in length, with pointed ends; motile. 



Fungi and anaerobic cellulose bacteria have been shown by 

Dubos (k) to be more cellulolytic in acid soils than the 

aerobic forms; actinomycetes have been shown to be cellulo-

lytic in high temperatures and low moisture contents (11). 

Cutler (8) has shown cellulose decomposition to be exhibited 

by some protozoa. 

Cellulose, a linear polymer of glucose, is resistant 

to most enzymes and chemical reagents; its decomposition has 

been shown to be confined to a limited number of organisms 

possessing the enzymatic systems for this function (8). 

Cellulose decomposition assumes an outstanding position in 

the conditioning of a soil into a favorable environment for 

the growth of plants. Decomposition of cellulose has been 

shown to be associated with caxbon dioxide tension (2), 

hydrogen ion concentration (11)- solubilization of anions 

and cations (6), nitrate accumulation (3'5»1)/ increase in 

crop yield (l), and an increase in bacterial numbers (1,2,3)-

Assuming that organic matter contains twenty to fifty per 

cent cellulose, it seems reasonable that cellulose decom-

position would be very important in most soil conditioning 

processes. 

The purpose of this investigation was to determine if 

a commercial soil conditioner, Superbio, can improve crop 



yieldi and if the "advertised" soil improvement might be 

due to an increase in the activity and numbers of aerobic 

cellulose decomposing bacteria following treatment. The in-

formation reported here gives an insight into the usefulness 

of a commercial soil conditioner for soil improvement and 

points out some of the predominant micro-ecological changes 

occurring within a soil-
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CHAPTER II 

MATERIALS AND METHODS 

A plot of land was furnished by the Texas A. and M. 

Research Station in Denton, Texas. The master plot was 

subdivided into twenty-four subplots that were 2.44 meters 

(m) in width and 3.05 m in length. Within the context of 

the experiment, 5*95 square meters of each subplot were 

used. The extra 1.48 square meters were used as buffer 

zones separating one subplot from another. The plot 

design was situated as described in Figure 1. 

CO 
OJ 
CO 
tH 

JfL 

24 23 22 21 
lGO 2 GO 3GF CKF 
17 18 19 20 
CKO 3GO IGF 2GF 
16 15 14 13 
CKF 2GF IGF 3GO 
9 10 11 12 

2 GO lGO CKO 3GF 
8 7 6 5 

3GF 3G0 2GF 2GO 
1 2 3 4 

CKO CKF lGO IGF 

9-75 m 

Fig. I—Experimental Plot Design 
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Each subplot was designated by a number and,a code. Samples 

were collected by their numerical designation to rule out 

bias on the part of the investigator. The code, correspond-

ing to a number, explained the method of treatment for that 

individual plot as outlined in Table I. Each type treat-

ment was repeated three times. 

TABLE I 

NUMERICAL AND CODING DESIGNATIONS OF EACH 
SUBPLOT AND A DESCRIPTION OF INDIVIDUAL • 

TREATMENTS 

CODE PLOT NUMBER DESCRIPTION OF THE TREATMENT 

CKF 2 16 21 Control and fallow (F) subplots 
CKO 1 li 17 Control and planted with oats (o) 

IGF 4 Ik 19 Treated with the equivalence of J>1.1 
liters of Superbio per hectare; F 

1G0 3 10 2k 31.1 liters of Superbio per hectare; 
Oats 

2GF 6 15 20 62.2 liters per hectare; F 
2GQ 5 9 23 62.2 liters per hectare; 0 

3GF 8 12 22 93-^ liters per hectare; F 
3G0 7 13 18 93*4 liters per hectare; 0 

The material to be analyzed, Superbio, was obtained 

fresh and in a concentrated form from the Terre Vite Cor-

poration, Denton, Texas, The Superbio concentrate is 

diluted one to twenty with tap water and then sprayed at 
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the rate of J>1.1 liters per hectare of land by the manu-

facturer. Seeds of winter oats, variety Ora, were planted 

onto the subplots designated in TABLE I to be planted. 

The initial sampling of each subplot preceded the 

application.of Superbio. From' each subplot, three samples 

were taken by scraping away the loose debris and then re-

moving soil two to six centimeters from the surface. The 

three samples from each area were pooled along with those 

from other subplots bearing the same code designation. 

Following each sampling, there resulted eight samples 

bearing separate codes and acquired by pooling nine random 

samples from three subplots. The samples were collected 

in sterile, six gram Whirl-Pak bags (Scientific Products). 

Ten grams of each sample were mixed with ninety milli-

liters (ml) sterile distilled water producing an initial 

one to ten dilution. These diluents were thoroughly mixed, 

allowed to sediment for one minute, and then diluted serially 

to 1:1,000 and 1:10,000. Four 0.1 ml portions were with-

drawn from each dilution series and each was transferred onto 

separate petri plates containing Fuller and Norman's 

Cellulose-Dextrin medium (3). Each of the four plates of 

1:10,000 and the four of 1:100,000 final dilutions were then 

evenly spread with a flamed glass rod.and incubated at room 



temperature (about 25° c) for three days. Following the 

period of incubation, the total number of bacterial colonies 

present upon each plate was determined by counting. Each 

plate was flooded with approximately tem milliliters of 

Lugol's Iodine solution (k) for the cellulose-dextrin test. 

All colonies in which the bacteria were able to decompose 

cellulose-dextrin were surrounded by a "halo" in which the 

glucose polymer had been broken down and consequently re-

vealed a negative reaction. Areas in which the cellulose-

dextrin was not broken down developed into a blue-black 

color. All colonies exhibiting a "halo" were recorded as ' 

cellulose-dextrin decomposers. Pure cultures of the predom-

inant aerobic cellulose-dextrin decomposers were obtained 

and identified through genus by their biochemical and phys-

ical characteristics. 

One gram of each sample was weighed and placed into 

pyrex test tubes and heated for twenty-four hours at 105° to 

110° C in a Thermolvne furnace. The samples were placed in 

a desiccator to cool and then reweighed. The per cent moist-

ure per gram of soil was then determined. The samples re-

sulting from the per cent moisture determination were heated 

to 700° C for thirty minutes in order to determine the per 

cerrt ash iri each sample. 
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The pH was determined by placing twenty grams of soil 

into fifty milliliter beakers and adding twenty milliliters 

of water. The suspensions were stirred at regular intervals 

for one hour, and the resultant pH of the solution was meas-

ured with -a Leeds and Northrup pH meter standarized in a 

pH 7-0 buffer. 

The environmental temperature was taken as an average 

of the mean daily temperatures for the seven days preceding 

the collection of each group of samples. The environmental 

moisture was taken as an average of the mean daily rainfall 

for the seven days preceding the collection of each group 

of samples. 

To determine the effects of Superbio upon the crop 

yield, winter oats on each plot were grown to maturity and 

then allowed to dry. An equal number of oats from each 

subplot were selected and cut 0.912 meters below the "head" 

in a manner such that an environmental barrier of oats 

surrounded the plants to be used in the determination of 

crop yield. The selected plants from each plot were tied 
% 

together and dried for three weeks, after which they were 

placed in sacks and thrashed. The grain was collected, and 

those samples from the subplots bearing the same code were 

pooled and weighed. 
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A modified technique cf Bartlett ( I) was used to deter-

mine the phosphorus content of each sample. Water blanks of 

1.0 ml and phosphorus standards which contained 4.0, 3.0, 

1.5, and 0-8 micrograms (mc) of phosphorus were prepared 

as control references. The soil samples were weighed to 

contain 0-5 t o 3-0 mc of phosphorus per sample. One milli-

liter of each sample and. 0-5 of 10N sulfuric acid (H^SOij) 

were placed in test tubes and heated in an oven at 150°to 

l6o°C for three hours. The tubes were cooled and two drops 

of 30.0 per cent hydrogen peroxide (HgOg) were added to each 

tube. The solutions were returned to the oven for an 

additional one and one-half hours to complete the oxidation 

and to decompose all the organic materials to elemental 

forms. The tubes were removed from the oven and cooled; one 

milliliter of deionized water was added and the tubes were 

returned to the oven at 115°C for ten minutes to hydrolyze 

the pyrophosphates. The tubes were cooled and five milli-

liters of 0.22 per cent ammonium molybdate solution and 0.2 

ml of Fiske-Subbarow reducing agent were added, respectively. 

The contents of each tube were then mixed thoroughly and 

heated for seven minutes in a boiling water bath, with glass 

marbles, to serve as condensers, covering each tube. The 

preceding treatment intensified and stabilized the color, 
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which remains approximately" seventy-two hours. The tubes 

were cooled and the color was extracted with five milli-

liters isobutanol. The colored upper phase contained the 

isobutanol extract, and the optical density was determined 

with the use of a Bausch and Lorub Spectrophotometer 20 

at 820 millimicrons. 

Total nitrogen content of each sample was determined 

by a modified Nessler's test (5)* Water blanks of one milli-

liter and nitrogen standards which contain 25/ 50< 100, 

and 150 mc nitrogen were prepared as controls. The soil 

samples were weighed to contained 25 to 100 mc of nitrogen 

per sample. • One milliliter of each sample and one milli-

liter of 36N sulfuric acid were placed in test tubes along 

with one Hengar granule and heated in an oven.at 150°to 

190°C for one hour. The tubes were cooled and the sides of 

the tubes were washed with a small volume of water. The 

tubes were returned to the oven for an additional hour in 

order to convert all nitrogen to ammonium sulfate. The 

tubes were removed from the pven and cooled; nine milliliters of 

water was added and the contents of each was thoroughly 

mixed. The tubes were placed in a Model HN International 

Centrifuge and subjected to 500 revolutions per minute for 

ten minutes in order to sediment the heavy particles that 
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might interfere with the colorimetric test. To a one milli-

liter aliquote of each tube was added one milliliter of 

water. The tubes were cooled and one milliliter of 2N 

sodium hydroxide (NaOH), two milliliters of Nessler's 

reagent, and two milliliters of 2N sodium hydroxide were 

added, respectively, to each. Each tube was mixed well and 

allowed to warm to room temperature for fifteen minutes, 

after which the color of each solution was determined with 

the use of a Bausch and Lorn'b Spectrophotometer 20 at 480 

millimicrons. The color was stable for thirty minutes. 

The carbon content of each sample was determined by 

the method of Schollenberger1s (6) chromic acid digestion 

as modified by Walkley (?)• A 0-300 gram sample was 

weighed and transferred to a dry kimax test tube. A test 

tube containing ten milliliters chromic acid was used as a 

blank. Ten milliliters of chromic acid were added from a 

a burett to each test tube, and each was then heated in a 

175°C oven for five minutes. When the contents reached 

175° C, they were removed and quickly cooled. The contents 

of each tube was rinsed into 500 ml flasks with distilled 

water, which was added up to a final volume of 100 ml. Five 

drops of diphenylamine indicator was added to each flask 

and titrated with a ferrous ammonium sulfate solution to a 
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sharp green end point. The preceding method is not as 

efficient as the dry-combustion method, so the results 

were multiplied by a factor of 1.2 to make the two method 

comparable (2,7)-



CHAPTER BIBLIOGRAPHY 

1. Bartlett, G.R., "Phosphorus Assay in Column Chromato-
graphy," Journal of Biological Chemistry, CCXXX1V 
(March, 19'59), 466-471. 

2. Crowther, E.M., "First Report of the Organic Carbon 
Committee," Soil Science, I (January, 1935)/ 114-127. 

3. Fuller, W.H., and A.G. Norman, "A Cellulose-Dextrin 
Medium for Identifying Cellulose Organisms in Soil," 
Soil Science Society Proceedings, (January, 1942), 
243-246. 

4. Hawk, P1B., B.L. Oser and W.H. Summerson, Practical 
Physiological Chemistry, 12th ed., New York, The 
Blakiston Company, 1951 

5- Johnson, M.J., Journal of Biological Chemistry, CXXXVII 
(March, 1941)/ 575.'. " ~ ' 

6. Schollenberger, C.J., "A Rapid Approximate Method for 
Determining Soil Organic Matter," Soil Science, XXIV 
(December, 1927)/ 65-68; XXI (January,""1931) /~483-436. 

7. Walkley, A., "An Examination of Methods for Determining 
Organic Carbon and Nitrogen in Soils," ^Journal of 
Agricultural Science (England), XXV (August, Isyj) , 
598-609. 

15 



CHAPTER III 

RESULTS 

Soil samples were plated onto Fuller and Norman's 

cellulose-dextrin medium. Following the incubation period 

the total number of bacterial colonies present upon each 

plate was determined. Each plate was then flooded with 

iodine, and all bacterial colonies surrounded by a halo 

were counted as cellulose-dextrin decomposers (CDD). The 

results of the bacteriological plate counts are summarized 

in Figures J through 8. The following observations should 

be noted concerning the graphs; (1) it can be seen that 

a fallow system is less subject to rapid fluctuations in 

bacterial numbers than a planted system, (2) a fallow 

system shows a tendency to decrease in the total numbers of 

bacteria at a much greater rate than a planted system, (3) 

the number of cellulose decomposing bacteria (CD) remain 

at high levels in the planted system for a greater period 

of time than in the fallow system, (4) the number of CD 

bacteria increase to almost a maximum as the oats reach their 

maximum growth, (5) an increase or decrease in the total 

number of bacteria usually is accompanied by a similar 

16 
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20 

CD 
O O O O 0) 
w u o o m 
U K\ CJ rH 

Its 
•H 
u 
0) 
p 
o 
rd CO 

P 
rd 
o tn 

a 
•H ,£} 
W P 
o 
& 

§ a 
CD 
•S 

nd 
0) 
-P 
a 
<d 

CI H 
-ri d j 

-P 
X 
0) 
nd 

l 
0) 
CD 
o 
r~T 

rH 
i—I 
<D 

0 
M 
0) 
£ 
+3 
rd 

4J 

m 
4J 
0 

a r~l 
0-1 

rO 
0 0 
w 

w 
u *d 
(D 0 
,0 4-> 
3 p 
& 

rH 
rd 
4J 
0 
P 

rd 
<D 

«P 
a 
3 

Id 
a 
rd 

0 
rd 15 

\ 
i 

<D 
-P 
rd 

i n <d 
M 

tP 
*H 

•P 

a 
•H 

'd 
£ 
3 
O 
m 

( g O ' l X ) 1 J o s u r e a S j c s d i2T;req.DT2g 



21 

£ 
o 
-H 
•P 
rd 
£ 
rd 
r-i 
Ptl 
X 
CI) 
o 
q-4 
-P 
X 
CD 
-P 

<D 
(XI Pn fn jxj Q) 
K O 0 O W 
U AO! H ^ 

/ 

£ 

rd 
0 -H 
CO 
I—1 0 •P 

U rd 

0 tn vo a 
iH -r-i W 

0 
QA 
£ 

O 0 • 

.=t* 0 £ 
rH CD 0 rd «H 

r~-J a rd m 

O -P 0 
OJ X 
r~| (D CD rd * £ 

1 
0 4J 
10 rd 
0 r-̂H 

O r—1 4J 
O m 3 
f—i >i r—} CO rd iH -P 

Q CD 0 Q U rH a P4 m 
0 3 

O <D 
CO g to U -d 

<D 
& +) 

rd p CD U 
0 4J vo <r~l rj 

rd 2 4J 
0 4J a 

rd 
0 CD -=t 13 

CD 
1 +3 
I rd 

V£> CD U 
• 4J 

0 tn 
OJ -H a 

•H 
«d a 
2 
0 m 

o 

( 01 X) i x o s uibjcB jrad •BTaaq.DBg 
9 



22 

• 

C 
0 
•H •P 
fd 
C 
fd 
rH 
Oi 
X 

1 <D 
1 M 
1 0 I 
1 

1 -P 
1 X ! 0) 
I -P 
i CD 

<D 
1 O CO ! « —<-a 

o u 

I 
<D 

C 

4J 
X » 

(D 03 -P 
1 0 
0) rH 
W A 
0 rQ 
rH 3 
$ CD rH 
rH rH 
0 0 a u 

-P <w a 
0 0 

0 w 
u £ 
<D 0 

rH 
rH 
rd 

£ 

rH! "••d 
fd a 
-P fd 
0 -p Tl 

a) 
CD -p 
,C a 
-P rd 

rH 
ft 

0 
& 

£ •H 0 
Cfl -H a 
U 0 
fd 0 & m e 
0 (d o -H 
< <D 
! -P 
1 V d 

tn 
•H a 
P4 -H 

C/3 0 & 
£ 
O 
0 

on co <d LA K N d i r H 
• • • • • • • • • 

o o o o o o o o o 

( Q 0 I X) I T o s ureaB aed ETio^oeg 



23 

change in the total number of CD bacteria. 

In the fallow system, the total number of CD bacteria 

remained very similar in magnitude whether they were 

isolated from treated or untreated soil. The data presented 

in Figure 5 indicates that there was a significant increase 

in the total number of CD bacteria 1̂ -0 days following treat-

ment with Superbio. The large numerical increase of CD 

bacteria continued for ninety days after which a rapid 

decrease occurred. A similar increase in the total.numbers 

of bacteria of the "3G0" and "2GO" subplots was also observed 

at that time. It should be noted that the "3G0" subplot wa-s 

the only one of the two that continuously differed from the 

other subplots in total number of CDD bacteria, and that 

it followed the same pattern as did the other three subplots. 

In the fallow system, the application of Superbio did 

not significantly increase the total numbers of bacteria; in 

fact, the curves indicate a slight decrease in the total 

numbers. 

In the planted system, the application of Superbio 

correlates with an increase in total bacteria and, in some 

cases, a decrease. 

The average pH of all samples studied was found to be 

7-52. Table II lists the average pH for each subplot. The 
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greatest variation from the mean was 0.12 pH unit. It can 

therefore be concluded that the hydrogen ion concentration 

was not influenced by the application of Superbio and the 

variations in pH were not great enough to cause the numerical 

variation in total numbers of bacteria found between various 

subplots. The moisture variations were so small that it 

TABLE II 

A COMPARISON OF THE TREATED AND UNTREATED 
SUBPLOTS FOR MOISTURE, ASH, PH, 

AND PHOSPHORUS 

SAMPLE MOISTURE0 ASH0 PHOSPHORUS0 PH 

CKF 9-55 - 9-85 0.028 7.60 
IGF 9-55 9.84 0.029 7.51 
2GF 9-52 9.86 0.028 7-35 
3GF 9-55 9.85 0.029 7.66 

CKO 9.5^ 9.84 0.027 7.50 
1G0 9-52 9.85 0.028 7.51 
2 GO 9-55 9.86 0.027 7.43 
3G0 9.5 4 9.85 0.031 7.57 

Mean 9.54 9.85 0.028 7.52 

° Per cent. 

could be stated that a change occurring upon ; a. treated sub-

plot could not be the result of variations in par cent 

moisture of the soil. 

The av erage per cent ash for all samples studied was 
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found to be 9-85- A maximum variation of 0-01 per cent was 

found among the various subplots. Therefore, no significant 

fluctuation in the combustible components of the samples was 

found. 

The average per cent phosphorus for all samples studied 

was found to be 0.028. The maximum variation of any sub-

plot from the mean was 0 .003 P e r cent. The treated subplots 

contained the highest amounts of phosphorus,but the signifi-

cance is questionable. 

The environmental rainfall and environmental tempera-

tures to which the Blaster plot was subjected are outlined 

TABLE III 

THE AVERAGE MEAN DAILY TEMPERATURES AND 
RAINFALL OF THE SEVEN DAYS ON 

AND PRECEDING A 
SAMPLING PERIOD 

DAY DATE AVERAGE RAINFALL AVERAGE TEMPERATURE 
0 10/13/6? 0 .025 cm° 19.2°C 

22 11 /04 /67 0 .432 cm i l . 4 ° c 
49 12 /01 /67 0 .152 cm 9 . 9 ° c 
84 1 / 0 5 / 6 8 0 .076 cm 2 . 3 ° c 

119 2 / 0 9 / 6 8 0 .000 cm 7 . 8 ° c 
l4o 3 / 0 1 / 6 8 0.279 cm 8 . 4 ° c 
170 3 / 3 1 / 6 8 0.508 cm l 8 . 0 ° c 
186 4 / 1 6 / 6 8 0.076 cm 19•0°c 

°Centimeters 

in Table III. There can be seen a large variation in the 
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amount of rainfall occurring before each sampling period. 

The significance of each in determining changes in the 

number and types of bacterial populations within the soil 

probably was great. 

Before the determination of crop yield was begun, the 

harvested oats were allowed to dry for two weeks. The 

amount of grain produced from each treated subplot was 

compared with the control subplots. The control, as can 

be seen in Table IV, exhibited a larger crop yield than did 

TABLE IV 

CROP YIELD ANALYSIS OF TREATED AND 
UNTREATED SUBPLOTS 

TREATiMENT ~ REPLICATIONS 0 STATISTICAL 
F VALUES 1 2 3 1 average 
STATISTICAL 

F VALUES 

CKO 2 4 9 . 5 3 6 9 . 6 175-6 2 6 4 . 9 Replication= 
1G0 212.5 2 4 5 - 5 207.2 221.7 2 . 1 1 0 ' 
2 GO 3 0 4 . 5 2 2 8 . 4 137-3 2 2 3 - 5 Treatment= 
3G0 2 4 4 . 2 270.6 2 6 4 . 0 2 5 9 . 6 .0.6 01 

O 
o o 

uiup yiexu -L 
Insignificant 

the treated subplots. Although the crop yield of the control 

was higher, the difference between it and the treated plots 

was not significant. 

The carbon-nitrogen ratio is always in a state of 
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fluctuation within a soil. A decrease in the carbon-nitrogen 

ratio is seen to have occurred up to day 140 in Figure 9; 

the fallow system, as shown in Figure 8, does not exhibit 

the decline. By comparison of the crop yields to the carbon-

nitrogen ratios found in Table V, one notices that the two 

subplots having the lowest, ratio produced the highest crop 

yields. It is also seen in Table V that low percentages 

of ODD bacteria are found in soils containing high ratios. 

One would expect, then, that high percentages of CDD 

TABLE V 

A COMPARISON OF THE TREATED AND. UNTREATED 
SUBPLOTS FOR NITROGEN, CDD BACTERIA, AND 

THE CARBON-NITROGEN RATIOS 

TREATMENT NITROGEN 0 CDD BACTERIA0 CARBON/NITROGEN 

CKF 0. .15 7-• 55 8 . 08 
lGF 0. .11 8. • 93 8 .18 
2GF o. .16 11. .18 7 .24 
JGF o. .10 6. .10 9 .23 
CKO 0. .14 7-.19 7 .14 
1G0 0. .14 6, .45 10 .27 
2GQ 0. .10 7. .14 8 • 50 
JGO 0. .10 8. .72 7 -34 

° Per cent. 

bacteria would be found in soils with low ratios, but this 

is not entirely true as pointed out in Table V. By further 

observation it it is found that the relative per cent CDD 
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bacteria present in the soil is goverened to a greater 

extent by the carbon-nitrogen ratio rather than the soil 

nitrogen levels. 

In order to determine the chemical and biological 

composition'of Superbio, samples were subjected to the same 

TABLE VI 

A COMPARISON OF SUPERBIO TO A SAMPLE OF POND WATER 
FOR NITROGEN, PHOSPHORUS, PH, AND BACTERIA 

SAMPL^BACTERI^°"cDD""^ACITiRIA^'^itr^^i7^0'Pho sphlprusT"pH 

Superbio 65 ^-2 3-5 18 8 . 5 

Pond Water 57 30.2 - 1 8.9 

0 Parts per million. 
00 X 1,000-

tests to which each sample was subjected. Table VI compares 

a sample of pond water (North Texas State University Campus 

Pond) with a sample of Superbio. It is found that the total, 

numbers of bacteria are similar and that there is a much 

greater number of CDD bacteria in the pond water than found 

in Superbio. The nitrogen and phosphorus contents are so 

low that Superbio could not be used as a fertilizer. 
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CHAPTER IV 

DISCUSSION 

Fuller' and Norman (J) were the first to successfully 

demonstrate an increase in the cellulose decomposing bact-

eria through a soil treatment. They demonstrated that the 

water-insoluble dextrins permitted only the more active CD 

bacteria to develop and produce a noticeable halo around 

the colony. This medium, then, proved to be an excellent 

means of studying the CD bacteria of the soil. 

Starkey (5/6) has reported the following soil reactions: 

(l) a fallow system exhibits fewer numbers of bacteria than a 

planted system, (2) the total numbers of bacteria in a fallow 

system slowly increase to a maximum at eighty days from 

initiation of the system, then decreases, (3) in a planted 

system, slight increases in bacteria are found in early 

stages of plant growth and the maximum numbers occur when 

the plants reach maximum size, (k) a decrease in numbers of 

bacteria occurs after the plant growth has reached a maximum 

and deterioration has begun. These results agree with the 

observations reported in this study. 

In a given soil environment, the' components of the 

32 
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microbial population are in constant equilibrium with each 

other. Any environmental change may shift this balance 

toward a new one which would be a reflection of the bio-

logical activity of the new factor. To what extent the new 

equilibrium exists depends upon the intensity of the new 

environmental factor. 

The bacteriological data presented in this report 

indicate that Superbio will not increase in total numbers 

of bacteria or the total numbers of ODD bacteria in a fallow 

soil; however, there is an increase in the total numbers of 

bacteria occurring in the planted system. In the planted 

system, the percentages of CDD bacteria found in the treated 

subplots are similar in magnitude to the untreated subplots; 

therefore, the increase in total bacterial numbers could not 

have been due to an increase in the CDD bacteria. Table V 

lists the percentages of cellulose-dextrin decomposing 

bacteria for each subplot. 

Dubos (2) has shown that within a pH range of 6 . 5 to 

8.2 there is no fluctuation in numbers of bacteria per gram 

of soil. The pH changes did not influence the results of 

the experiment. 

The pei" cent moisture of each sample was found to vary 

slightly from a mean percentage of 9-5^7 therefore, all 
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changes occurring within the soil were the result of environ-

mental conditions prior to the collection of the samples. 

For this r ason, the mean daily rainfall and temperatures 

for the six days preceding the sampling periods, along with 

those taken on the day of sampling, were averaged together. 

Fuller and Norman (5) have shown tenfold increases in 

bacterial numbers by the tenth day from the initiation of 

a particular environment. 

Waksman (7) has noted a sixteen per cent decrease in 

bacterial numbers at maximum saturation of a soil with water; 

at nine per cent soil moisture, forty per cent of the 

bacteria found at the moisture optimum are present. A com-

parison of the fluctuations in the total numbers of bacteria 

in Figure 5 to the average rainfall in Table III agrees 

with the findings of Waksman. 

Greaves (4) has shown that the largest numbers of 

bacteria are found in a fallow system at a temperature of 

10° C. The v/ork of Greaves was conducted under laboratory 

conditions rather than field conditions? therefore, he was 

not involved with the effects of rainfall upon a fallow soil. 

The results of this report do not agree with the work of 

Greaves. It appears that both the environmental rainfall 

and temperature affect the fluctuation in bacterial numbers 
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but the former 'is the predominant factor. 

It has long been observed that the crop yield is pro-

portional to the carbon-nitrogen ratio (C/N) and to the 

numbers of bacteria in a soil (7) • This ratio is always 

in a state of constant fluctuation within a soil. The 

dynamic state of the C/N ratio is the result of (l) liber-

ation of carbon dioxide (CO2) from the soil, (2) liberation 

of ammonia from the soil, (3) accumulation of nitrites and 

nitrates, (4) leaching of nitrogen from the soil, (5) assim-

ilation of nitrogen by soil microorganisms, (6) assimilation 

of carbon into the protoplasm of the soil microorganisms (l). 

Each of the preceding factors determine the quality and 

quantity of microorganisms present as well as crop yield. If 

there are low levels of nitrogen and high levels of organic 

carbon, cellulose decomposing bacteria will utilize a 

majority of the available nitrogen to decompose the cellulose; 

hence, the crop plants will suffer from lack of nitrogen. It 

has been reported (8) that one part of nitrogen is required 

for the decomposition of every thirty parts of cellulose. As 

much as thirty per cent of the decomposed cellulose is assim-

ilated into cell substance, and the rest is liberated at: 

carbon dioxide (8). It can be seen in Figures 5 an<3- 6 that 

there is a much larger gain in total bacteria and CDD bact-
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eria in the planted system at 49 and l40 days than in the 

fallow system. The deviation from the fallow system could 

be the result of (l) an increased water retention by the 

sheltered soil, (2) a more favorable environmental temp-

erature, or (3) an increase in the C/N ratio due to nitrogen 

loss by leaching or denitrification. Bear (l) has noted 

that an increase in the c/N ratio can come about by the 

leaching of nitrogen from the soil due to excessive rain-

fall. The decline of the numbers of bacteria, as shown in 

Figures 5 and 6, probably was due t.o a competitive effect, 

between the crop and bacteria for the available nitrogen 

in the soil as has been shown to occur (7). Since the 

soluble forms of nitrogen will leach from the soil, the 

assimilation of nitrogen into microbial protoplasm serves 

as reserves for nitrogen in the soil in the absence of a 

growing crop (9). 

The steady decline in the C/N ratio of the controlled 

system could be affected by the nature of the crop during 

early stages of growth. It can be seen that the C/N ratio 

of the controlled fallow .system did not exhibit a decline 

in the C/N ratio. In the early stages of plant growth, the 

plant contains high amounts of proteins and low amounts of 

lignins and cellulose. Young plant tissues will decompose 
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readily, and the converse is true about older tissues (l). 

The C/N ratio may be reduced after decomposition of young 

plant tissues through the liberation of carbon dioxide or 

the accumulation of ammonia. Ammonia has been shown to 

be rapidly converted to nitrites or nitrates within a soil 

after being liberated from organic compounds (l). At 

maturity, approximately 120 days, the plants should have 

contained high levels of cellulose and lignins and low 

levels of proteins (7)- Plant residues at this stage of 

growth should be very resistant to decomposition due to 

nitrogen deficits, and, the C/N ratio is found to increase 

as shown in Figure 9-
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CHAPTER V 

SUMMARY 

The usefulness of Superbio as a soil conditioner and 

the causes of some micro-ecological changes occurring 

within a soil was studied. 

It was found that Superb io would not affect the pli, 

total phosphorus, per cent ash, total numbers of bacteria, 

total numbers of cellulose decomposing bacteria, or crop 

yield of the soil that were studied. In some instances, 

the application of Superbio appeared to influence the 

carbon-nitrogen ratio, but a definite correlation could 

not be confirmed at every sampling period. 

It was also found that vegetation, carbon-nitrogen 

ratios, environmental temperatures, and environmental rain-

fall are some of the most important factors influencing the 

extremely dynamic state of the soil and its inhabitants. 
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