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CHAPTER 

HISTORY AND INTRODUCTION 

Spray irrigation is the name applied to waste-water 

treatments. This includes an overland-flow method, which 

purifies the water by flowing It over the soil surface, and 

natural filtration, in which the waste water passes through 

the soil to the ground water (10)« This process of spray 

irrigation provides for a low-cost and highly efficient sys-

tem for water purification which utilizes the bio-reduction 

capacity of microorganisms already present in the soil. The 

systems can vary widely In complexity from a single-stage 

spray-lrrigatlon system to a multi-stage' complex of sedimen-

tation chambers and stabilization ponds. The design of the 

individual system would naturally vary depending on the par-

ticular type and amount of waste and the type of soil, land 

form, soil permeability and climate. Present day technical • 

advances have made this method a feasible solution to the 

growing problem of water pollution in situations which once 

would have been considered impossible or quite impractical 

(1, ? )• 

The waste-water disposal system at the Campbell Soup 

Company, Paris, Texas, is one of three such operations using 

the method of spray irrigation water purification. At this 

plant, the disposal system, which operates twelve months a 



year, has been set up on a 500-acre tract of land adjoining 

the Campbell Soup Plant on Loop 820 outside the town of Paris, 

Texas (:7;, 10)* 

The system currently in use at the Campbell Soup Company 

was pioneered by Dr. C. W. Thornthwalte in 19^9-50 at a food 

processing plant at Seabrook Farms near Bridgeton, New Jersey. 

The original installation was a simple, single-stage irriga-

tion system and proved effective for the purification of wa-

ter containing little organic material from vegetable proces-

sing. Dr. Thornthwalte's concepts of natural filtration emerged 

from his observations of forest hydrology, where polluted water 

in nature always emerges unpolluted from springs. This fact 

brought him to the conclusion that microorganisms inhabiting 

the soil possess the capacity for reduction of organic pol-

lution chemicals ( ̂  ,10) • 

In 1953 the first radical departure was made from the 

original installation at Seabrook. At the H. J. Heinz Com-

pany, Chambersburg, Pennsylvania, the soil was underlaid with 

Impervious shale, and the water Infiltration capacity was 

close to zero. Here the soil surface was remolded in order 

that water applied to the top of a slope would flow overland 

through the accumulated vegetative litter and become purified 

by this process. The Heinz Plant became the first overland-

flow system. Prom the observations made there, it became j 

quite evident that two primary factors of the soil figure in 
j 

the purification and water flow: the surface infiltration 



and the lateral movement of water, which is determined by the 

hydraulic head, size of soil particles, and the vertical face 

of the area through which the water passes (7, 10). 

The second major advancement in the spray-irrigation 

method was introduced in 1958. when under~dralnage tile was 

installed to solve the problem of lateral water movement in 

a natural-filtration system. This method was used to facili-

tate water movement in Fruitland, Maryland, where a thick 

layer of clay hampered downward percolation. Other systems 

like this are located in Wilson, North Carolina; Sumter, South 

Carolina; L'Anse, Michigan; and Towanda, Pennsylvania (7, 10). 

A third important advancement in Dr. Thornthwalte*s sys-

tem was introduced into the system under study for this thesis 

at Paris, Texas. In 1961 the disposal tract was an abandoned 

area of cotton land where erosion had seriously consumed the 

top soil layer, leaving exposed a layer of clay. A smooth 

configuration was mechanically restored to the land surface, 

and waterways and terraces xvere constructed. Grass was then 

planted on the entire land area. Although the surface infil-

tration was very low, this Installation has been quite success-

ful, achieving greater than 99*5 percent reduction of B. 0. D. 

(7. 10). 

Technological advances have made the Natural Filtration 

system simple to operate, requiring few full-time employees. 

The cost is considerably less than most other methods of wa-

ter purification even when considerable remodeling is required. 



Limits on the spray-irrigation system do exist. The concen-

tration of lye, phenol, and similar compounds must be kept at 

a minimum. Spray irrigation is an Ineffective system for 

high B. 0. D. removal as partial removal results in unpleas-

ant odors and similar side effects. It is also practical as 

long as the distance from packing plant to purification sys-

tem is less than five miles. Pretreatment is often required 

when land is unavailable or expensive; this can be done by 

anaerobic treatment. It can be an effective system in cold 

weather as long as frozen ground is not a great problem. When 

this is encountered, winter water storage is necessary (7). 

The spray-irrigation method of water purification has 

been quite effective in treating a variety of different waste 

materials including dairy wastes, various food-processing 

wastes, tanning wastes, and weel-milling wastes (3» 5» 8.9» 

11,12). In addition, the cost of spray-irrigation disposal 

is roughly twenty percent less than other conventional 

treatment systems designed to treat an equal amount of waste 

(10). 

In September, I960, the land at Paris, Texas, was pre-

pared for the overland^flow system as previously described. 

Waterways and terraces were constructed to give proper slope 

and drainage to the land, and the area was planted with Bed 

Top, Tall Fescue, and Reed Canary Grass. Underground pipe 

was installed, and aluminum surfact pipe and sprinklers were 

also placed over the area (10). 



From 1965 to 1967 the factory output at Paris was at 

a level of 2.2 M. G. D. The solids loading increased with 

the increase of water use efficiency, and the ppm B. 0. D. also 

increased to 770 in 1965- By May, 1967. the factory output 

was increased to 3*2 M. G. D. over the 500 acre area, 200 

acres of which were not added until 1965-1967 (10). 

For a true understanding of the material in this thesis, 

a description of the products of the Paris Campbell Soup 

Plant and the manner in which they are produced is necessary. 

The Campbell Soup Plant processes a complete line of heat-

processed soups, beans, and spaghetti products. The plant 

is large, having twenty-two acrea under roof. The plant 

has five drainage systems: storm, cooling water, sanitary, 

grease and vegetable. Cooling water travels a certain dis-

tance before it is dispersed into the stream beds in order 

not to kill the grass with the hot water as it comes immedi-

ately from the can cooling area. The sanitary waste is treated 

at the city sewage department and does not enter into the 

spray effluent. There are two main types of waste: grease 

and vegetable. Gravity grease separation and screens along 

with top skimmers remove the insoluble grease sludge. The 

vegetable waste is also treated for solids removal, and then 

the vegetable and grease wastes are combined before spray-

ing (10). 

The effluent is sprinkled on the fields in eight-hour 

cycles. This permits the waste to be acted upon by the micro-

flora of the soil with sufficient aeration to prevent 



overloading of the fields. After a slxteen-hour intermediate 

period without spraying, the eight-hour cycle of irrigation 

is again "begun. 

The actual area of research for this thesis concerns the 

role played by microorganisms in the process of organic break-

down of the waste effluent. Although considerable research 

of spray irrigation has been done since the early 1950*s. 

little consideration has been given to the role of the micro-

organisms in this type of waste water purification, other 

than the generally accepted fact mentioned previously: that 

microorganisms do take part in the organic breakdown process* 

The only other work which has been done was concerned with 

the effect of soil microorganisms upon soil permeability (2, 

S3). 

A consideration of the specific microorganisms and the 

role of each, therefore, has been neglected in previous re-

search. In this investigation the microflora of two test lots, 

one an older, more established lot, and one a newer lot, as 

well as a control lot on which no spray irrigation took place, 

were the systems under study. 

Specifically, a qualitative study of the organisms Involved 

was undertaken in order to determine whether or not any spe-

cific type of microflora is associated with this particular 

type of waste. Quantitative aspects of the problem have been 

reported elsewhere (J6;). 
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CHAPTER II 

MATERIALS AND METHODS 

Beginning in June, 1968, and continuing through December, 

1968, monthly samples were taken of the soil at the Campbell 

Soup Plant, Paris, Texas. These samples were taken one to 

two hours after the normal eight-hour sprinkling cycle stopped. 

The test lots sampled were Y-l» an established lot, and 

G-ll, a new lot. The only vegetative growth other than grass 

ground cover is a large pecan tree on G-ll. The control lot 

is on a slope which has several trees and native grass cover. 

The soil there is red and sandy. 

On the test lots four samples were taken at different 

locations on the top of the slope and combined, and similarly 

four samples were taken two-thirds of the distance down the 

slope and combined. Each sample was approximately 3"x3"x2". 

Pour samples were also taken on the control lot and treated 

similarly. 

After the samples were collected, they were put on ice 

until arrival at the North Texas State University Laboratory. 

At the laboratory, the combined samples from each area of each 

slope were homogenized. For each homogenized sample, the pH 

and moisture content were determined. 

Serial dilutions from 10"1 to 10"? were made of the soil 

mixture, and using the spread plate technique 0.^ ml samples 

9 
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were plated in quadruplicate for a dilution range of three 

consecutive dilutions. The dilution concentrations "best 

for each type organism to be determined were chosen ("37). 

The following organisms were tested for total algae, 

fungi, aerobic heterotrophic bacteria, non-symbiotic nitrogen 

fixers, and Streptomyces. The media used are listed as 

follows: 

(1) Mg- for total algae count 035). 

(2) for fungi (2). 

(3) Mjj.- for aerobic heterotrophic bacteria (33?). 

(*0 M^~ for non-symbiotic nitrogen fixers (£*••). 

(5) M^- for Streptomyces (j3 ). 

The bacteria were incubated at 37°C. for 2^-36 hours and 

were then counted and the relative percents of the three most 

predominant bacteria were recorded. Each of the three bac-

teria were streaked for isolation on nutrient agar. 

The same procedure was followed for the fungi except the 

cultures were Incubated for three days. The non-symbiotic 

nitrogen fixers were counted after 2-3 days, and the Strepto-

myces after k-5 days. The algae were determined by the method 

of Pramer (i). 

An attempt was made to sub-culture the protozoans from 

the test and control lots, but with no success. A study wa3 

also made on the anaerobic population, but was discontinued 

after it was determined that 85-99 percent of the anaerobes 

were facultative. 
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CHAPTER III 

RESULTS 

Table I gives the pH and percent moisture for each test-

ing period. The control lot is more constantly acid than are 

either of the test lots. The unsprayed control lot also shows 

considerably less moisture than the test lots. The percent 

moisture also was greater near the sprinkler heads at the top 

of the slope than further down the slope. 

TABLE I 

pH AND MOISTURE 

Date 

Cots 

Date 

C G rT C 'B YT J 
1 'B 

Date PH %E20 PH %E2O PH ^H2O PH %E2O PH $EzO 

Jun 26 5-31 15.^ 7.20 36.8 7.00 27.8 6.91 55.5 7.20 33.2 

Jul 19 5.00 9.4 7.00 3^-7 7.15 25.2 7.10 39.8 6.80 43.1 

Aug 29 5.70 1.0 6.60 32.5 6.65 13.5 6.95 48.7 6.80 34.8 

Oct 4 I*.50 11.1 6.10 27.4 7.00 20.7 6.15 32.2 6.40 27.7 

Oct 30 5.70 9.4 6.70 51.5 6.95 40.4 6.70 54.6 7.00 39.^ 

Dec 4 5.25 16.5 6.60 60.8 6.75 53.1 6.50 7^.3 6.65 57.7 

The biochemical results of the effluent purification given 

by the R. S. Kerr Laboratory show significant organic removal-

from the effluent as it trickled from the top to the bottom 
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of the slope on the test lots. The percent reduction for 

each type measurement is listed in Table II (- £ 3 ) * 

TABLE II 

BIOCHEMICAL RESULTS 

Measurement % Reduction 

Biological Oxygen Demand • • 98-99% 

Total Nitrogen 80-90% 

Volatile Suspended Solids . 95% 

Total Organic Carbon . . . . 9 

Prom July 21-August 13. a strike caused the effluent 

volume to fall from 3>2 M. G. D. to 900,000 gallons per day. 

tZ). 

A quantitative study of the soil microflora at the soup 

plant, reported by Jones 03/)» shows that total population 

counts, which include the total numbers each month of algae* 

non-symbiotic nitrogen fixers, Streptomyces, aerobic hetero-

trophic bacteria, and fungi, do not vary greatly for the con-

trol lot. The numbers on the control lot are representative 

of normal soil populations always present in the soil. The 

6 6 

counts on the control lot vary from 3 X 10 to ^3 X 10 . Dur-

ing the last part of the summer, there was an increase in or-

ganisms on the test lots from 16.7 X 10^ to 155*5 X 10^, fol-

lowed by a sudden decline on the October count (a?). This 

decline could possibly be accounted for by the decrease in 



13 

plant production, a seasonal change in flora, or by inhibitors; 

and therefore, could not be definitely explained from a study 

of this type. 

There is an obvious inverse relationship between the 

bacteria and the Streptomyces on the test and control lots. 

It is also apparent that the combined bacteria and Streptomyces 

populations constitute almost the total microbial population, 

the aerobic heterotrophic bacteria accounting for an extremely 

high percent of the microflora. There are similar, though 

more extreme, results for the control lot. The above-mentioned 

results can be seen in Figure 1 and 2 (1). 

Also represented in Figures 1 and 2 are the results for 

the counts on the algae and fungi (1). The algae and fungi 

on the control lot have little numerical significance as com-

pared to the vast number of bacteria and are quite constant 

in their numbers. Also quite apparent is the inverse rela-

tionship between the bacteria and Azotobacter. There are 

similar results on the test lots, however with a higher gen-

eral level for the bacteria and algae (1). 

In Table III is given the percentage of the total fungi 

as represented by the three most predominant organisms. The 

percentages are shown for each test period on both the control 

and test lots. This relative percentage fluctuates from 

9-33 percent for the control lot, and from 27-47 percent on 

the test lots. Figure 3 shows these results graphically. 



lb 

Bacteria 
Streptomyces 
Azotobacter" 
Fungi 
Algae 

o 
• 

J u n J u l Aug ' Sep ' Oct 

Sampling period 

Pig. 1—Control lot-,-relationship between bacteria, 
Streptomyces, algae, fungi, and Azotobacter. 
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Bacteria o 
Streptomyces • 
Azotobacter o 
Fungi • 
Algae 

ec 

Sampling period 

Pig. 2--Testlot'-T--r:elationship between bacteria, 
Streptomyces, algae, fungi, and Azotobacter. 
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TABLE III 

PERCENTAGE 0? TOTAL FUNGI ACCOUNTED FOR 
BY THREE MOST PREDOMINANT ORGANISMS 

18 

Date Control 
Test : Lots Avg. of 

Test Lots 

1 

Date Control 
G T GB Avg. Y_ 

T YB 
Avg. 

Avg. of 
Test Lots 

1 

Jun 26 13,1.. 15.0 16.3 15.7 55-0 98.9 77-0 46.3 

Jul 19 32.9 7.2 14.5 10.9 72.0 95.0 83-5 47.2 

Aug 29 11.8 31.6 24.0 27.8 31.0 21.4 26.2 27 .O ; 

Oct 4 24.2 24.7 36.8 30.8 28.8 45.0 36.9 3 3 . 9 i 

Oct 30 17.0 15.0 9.3 12.2 80.0 72.0 76.0 44.1 ; 
1 

Dec 4 9.4 10.0 28.2 19-1 53-0 23.5 38.3 28.7 

The percentage of the bacterial population represented 

by the three most predominant organisms is shown in Table 17 

below and on Figure Similar fluctuations are apparent in 

both the control and test areas. It is evident by these fig-

ures that on the control and test lots there is a decrease in 

the percentage represented by the three most predominant or-

ganisms in August. However, these numbers again climb in the 

October sampling period, declining again in the later fall 

months. 

The main significance of Figure 3 and Figure 4 is that the 

three most predominant organisms isolated account for less than 

50 percent of the total fungal and bacterial populations. Tftis 

indicates a heterogenous population of both bacteria and fungi. 



TABLE IV 

PERCENTAGE OF TOTAL BACTERIA ACCOUNTED FOH 
BY THREE MOST PREDOMINANT ORGANISMS 

19 

Date Control 
Test Lots Avg. of 

Test Lots Date Control 

GFP GB AVg* XT YB Avg. 

Avg. of 
Test Lots 

Jun 26 3 7-4 21.9 38.0 30.0 84.7 32.0 58.4 44.2 

Jul 19 46.0 2.9 17.2 10.1 16.3 99.0 57.7 33.9 

Aug 29 18.2 13.8 17.5 15.7 17.7 19.1 18.4 17.1 

Oct 4 46.9 58.1 33.9 45.5 27.3 52.0 39.7 42.9 

Oct 30 *•25.6 9-1 13.0 11.1 3-8 8.5 6.2 7.7 

Dec 4 18.0 13.8 16.0 14.9 10.5 17.5 14.0 14.5 

Table V and Figure 5 give frequency of occurrence of 

each of the bacterial genera found in the three most predomi-

nant organisms on each lot. Bacillus at 50 percent of the 

total isolates of the control lot was the most prevalent or-

ganism. It was also very high on the two test lots. Brevi-

bacterlum sp. was the next most prevalent organism on all three 

lots. Although these genera were most often represented, these 

figures show that many other genera were found. This indicates 

that several rather than only a few types of organisms took 

part in the B. 0. D. reducing processes of the effluent ma- 4 

i 
terials. I 
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TABLE V 

FREQUENCY OP OCCURRENCE OP BACTERIAL GENERA 

Relative Frequency on Lats 

Genera Control 
/ 

G-ll Y-l 

no. % freq. no. % freq. no. % freq. 

Bacillus 9 50.0 9 25.0 l6t> 

Brevibacterium 3 16.6 6 16.6 6 16* 6 

Arthrobaeter 2 11.1 3 8.3 0 0 

Achromobacter 1 5.6 3 8.3 5 13.9 

Micrococcus 0 0 3 8.3 2 5.5 

Flavobacteriurn 0 0 3 8.3 1 '2.8 

Enterobacter 0 0 1 2.8 0 0 

Azotomonas 0 0 2 5.5 0 0 

Erwinia 0 0 0 0 1 2.8 

Aerobacter 0 0 1 2.8 1 2.8 

Corynebacterium 1 5.6 1 2.8 0 0 

Nocardla 0 0 2 5.5 0 0 

Zymomonas 0 0 1 2.8 0 0 

Streptomyces 1 5.6 0 0 0 0 

Pseudomonas 0 0 0 0 3 8.3 

Unaccounted for. 1 5.6 1 2.8 1 2.8 

Total Isolates 18 — - 36 36 
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Several common soil fungi were found to be repeatedly 

prevalent on the three lots. Figure 6 shows the occurrence 

of different fungi and their relation to the total number of 

isolates over the six-month period. Table VI gives the num-

ber and percent of each genus isolated. As with the bacteria, 

it is evident by these percentages that although some types 

are present in greater numbers, still several fungi are re-

sponsible for the particular degradation of effluent waste, 

therefore indicating that it is the total group of organisms 

working together that is responsible for breakdown of organic 

wastes. 

In Figures 7-9 are shown the relative percent of bac-

terial populations as represented by the six most prevalent 

organisms for each monthly sampling period. Figures 10-12 

show an analogous diagram for the fungi for each sampling 

period. Conclusions will be drawn in the following chapter 

concerning these results. 

The algae were cultured in tubes of liquid media (3). 

The results of this culture procedure are shown on Table 

VII. Osclllatorla and Chlorococcum were by far the most 

frequently occurring organisms, while Ulothrlx and Mlcro-

spora did also occur. 

The algal tubes were grown under light for three to 

four weeks, and then their numbers were calculated by the 

method of most probable numbers (3) • The identification of 

each organism was made microscopically for each tube, and the 
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TABLE VI 

FREQUENCY OF OCCURRENCE OF FUNGAL GENERA 

Relative Frequency on Lots 

Control G-ll Y-l 

no. % freq. no. % freq. no. % freq. 

Aspergillus 5 27.8 2 5.5 1 2.8 

Penlcillium 3 16.7 5 13.9 4 11.1 

Fusarium 0 0 11 30.4 2 5.5 

Trichoderma 4 22.2 11.1 5 13.9 

Sterile myceliui 0 0 2 5.5 1 2.8 

Fale mycelium 0 0 0 0 2 5.5 

Papularia 1 5.6 0 0 0 0 

Phoma 1 5.6 0 0 0 0 

Pseudogymnoascuj 0 0 0 0 1 2.8 

Gymnoascus 1 5-6 0 0 3 8.3 

Hormodendrom 1 5.6 7 19.^ k 11.1 

Pestulotia 1 5-6 0 0 0 0 

Mucor 0 0 if 11.1 7 19.** 

Oidiunt 0 0 1 2.8 0 0 

Unaccounted for 1 5.6 0 0 6 16.6 

Total isolates 18 36 36 , 
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results are listed In order of occurrence in Table VII. Figure 

1 shows the numbers of the algae in relation to the other or-

ganisms. It can be seen that the algal numbers remain fairly-

constant and much lower than do those of the Streptomyces and 

bacteria. 

TABLE VII 

FREQUENTLY OCCURRING ALGAE 

Date • Lots Date 

Control Y-l G-ll 

Jul. 19 (1) Oscillatoria (1) Oscillatoria (1) Oscillatoria 

(2) Chlorococcum (2) Chlorococcum (2) Chlorococcum 

Aug. 29 (1) Chlorococcum (1) Chlorococcum (1) Chlorococcum 

(2) Oscillatoria (2) Ulothrix (2) Ulothrix 

Oct. k (1) Oscillatoria (1) Chlorococcum (1) Oscillatoria 

(2) Chlorococcum (2) Oscillatoria (2) Oscillatoria 

Oct. 30 (1) Oscillatoria (1) Oscillatoria (1) Oscillatoria 

(2) Chlorococcum (2) Chlorococcum (2) Chlorococcum 

Dec. k (1) Oscillatoria (1) Microspora (1) Oscillatoria 

(2) Chlorococcum (2) Oscillatoria (2) Oscillatoria 

(3) Ulothrix (3) Chlorococcum i 1? 



26r 

60 J 

50 
4-0 -
30 -
20 
10 -j 

6 0 -

50-

fl40-

® 30-
* 2 0 ' 

H 10 
P< 
E.60 

50-
^ ^0-
<u 30 •p 
o 
a] 

Bacillus 
Control 

G-ll-Tpp 

Brevlbacterlum 
Control 

G-ll-Top 

• I > 

iH as 

20-

10-

60 
50 
kO 

30 
20 

« 10 

o 
© 

> 
•H 
•P 
as 

G-1I- Bottom G-ll-Bottom 

Y-l-Top Y-1-T0p 

I \ 
60 
50 
40 

30-
20-

10* 

Y-l-Bottom Y-l-Bottom 

It 
Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct Nov 

Sampling period 

Pig. 7—Relative % of bacterial population 
represented by specific genera* 



. 27 

o 
•H 
•P 
o3 
2 
P. 
O 
Pi 
H 
(IS 
•H 
U 
<s> •p 
o 

o 
© 

> 
•H •p 
CS 
H 
0) 
« 

60 
50 
40 
30 
20 
10 

60 
50 
40 
30 
20 
10 

60 
50 
40 

30 
20 
10 

60 
50 
40 

30 
20 
10 

60 
50 
40 
30 
20 
10 

Achromobacter 
Control 

I r 

G-ll-Top 

J 1 1 i i_ 

G-ll-Bottom 

Y-l-Top 

Y-l-Bottom 

Arthrobacter 
Control 

1 

G-ll-Top 

l I 

G-ll-Bottom 

J 1 i_ 

Y-l-Top 

-i 1 1 i i_ 

Y-l-Bottom 

j t i i i_ 
Jim Jul Aug Sep Oct Nov Jun Jul Sep Oct Nov 

Sampling period 

Pig. 8—Relative % of bacterial population 
represented by specific genera. 



28 

a 
o 
•rt 
-P 
a 
H 
3 p. 
o 
p. 
H 
at 
.h 
0) •p 
o 
at 
P 
<w 
o 

fl) > 
•H 
+> 
<3 
(H 
<D 

60 
50 
40 

30 
20 
10 

60 
50 
40 

30 
20 
10. 

60 

50 
4-0 
30 
20 
10 

60 
50 
40 
30 
20 
10 

60 
50 
40 
30 
20 
10 

Flavobacterlum 
"Control 

j i i i L 

G-ll-Top 

j L 

G-ll-Bottom 

3 i i L 

Y-l-Top 

• 1 i » 

Y-l-Bottom 

j i » I L 

Micrococcus 
Contcfol 

G-ll-Top 

j t_ 

G-ll-Bottom 

J 1 L C 

Y-l-Top 

-J J 1 i » 

Y-l-Bottom 

j 1 1_ 
Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct N^v 

Sampling period 

Pig. 9—Relative % of bacterial population 1 

represented by specific genera. 



29 

60-

50 
kO 
30 
20 
10 

60 
50 
kO 

§30 
5 20 
*10 
H 
2 
A, 
o60 
A 
H 5 0 

<3 ̂ 0 
60 

§30 

^20-

ol° 

^•60 
<1) 
i;?0 
•p ̂ 0 
h3O 
a> 
« 2 0 
10 

Aspergillus 
Control 

J L 

Penlcllllum 
Control 

G-ll-Top 

J L 

G-ll-Top 

J L 

G-11-Bottom 

j i i i L 

G-11-Bottom 

1 L 

Y-l-Top 

J _J I I L 

Y-l-Top 

j i i 
69 
50 
kO 
30 
20 
10 

Y-l-Bottom 

j u 

Y-l-Bottom 

3 L 
Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct Nov 

Sampling period 

Pig. 10—Relative % of fungal population 
represented by specific genera. 



3.0 

60. 
50-
ko* 
30. 

20-

10-

60-
50-
k0-

§ 30-
£ 20-

a io. 
s* 
ft 

o 60-

h 5°-
ti ito-
| 30-
^ 20-
^ 10. 
o 

<d 
•N 
•H 
•P 
<S H © 

60-
50-
40-

30. 

20-

10-

60-
50-
40-
30 
20-

10 • 

Fusarlum 
Control 

J 1 l 

G-11-Top 

G-ll-Bottom 

Y-l-Top 

Y-l-Bottom 

\ * I L 

Trlchoderma 
Control 

3 C i T 

G-ll-Top 

G-ll-Bottom 

J I L 

Y-l-Top 

Y-l-Bottom 

j l 

Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct Nov 

Sampling period 

Fig. 11—Relative % of fungal population 
represented "by specific genera• 



% 

a 
o 
•H 
-p 
as 
rH 
3 
P< 
O 
Q< 

rH 
Cj 

3 

<w 
o 

(1) > 
f t •p 

OS 
H 
Q) 
art 

60 
50 
40 
30 
20 
10 

60 
50 
40 
30 
20 
10 

60 
50 
40 
30 
20 
10 

60 

50 
40 
30 
20 
10 

60 
50 
40 

30 
20 
10 

Hormodendrom 
Control 

J i L 

G-ll-Top 

3 l L 

G-ll-Bottom 

» I 1 I 1 

Y-l-Top 

J L 

Y-l-Bottom 

J L 

Mucor 
Control 

j L 

G-ll-Top 

I 1 

G-ll-Bottom 

1 1 J L 

Y-l-Top 

Y-l-Bottom 

Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct Nov 

Sampling period 

Pig. 12—Relative % of fungal population 
represented by specific genera. 



CHAPTER BIBLIOGRAPHY (III) 

1. Jones, Rebecca. 19&9* Quantitative aspects of the micro-
flora of an overland flow spray irrigation system. 
M. 3. Thesis. North Texas State Univ. Denton, Texas. 

2. R. S. Kerr Water Research Center. 19&9* Unpublished data. 
Ada, Oklahoma. 

3. Pramer, David and E. L. Schmidt. 1965* Experimental soil 
microbiology. Burgess Publishing Co., Minneapolis# 
Minnesota. 

32 



CHAPTER IV 

CONCLUSION 

Winogradsky grouped the soil microorganisms into "zymo-

genous" and "autochthonous" or indigenous types (8). . The 

indigenous or native organisms may be regarded as always num-

erous in the soil and not fluctuating much in their numbers, 

carrying on activities which require no nutrients or sources 

of energy other than those normally present in the soil. The 

zymogenous flora, on the other hand, consists of the actively 

fermenting forms which require for their activity ingredients 

that are quickly exhausted. Therefore, these organisms under 

proper conditions may increase rapidly to large numbers, and 

then equally fast return to the previously low numbers. Prom 

this it is explained by Winogradsky that the zymogenous or-

ganisms include those which take part in the transformations 

of nitrogen as well as most of the other processes whereby 

nutrients are made available to plants, (2,8 ). 

The organic containing spray effluent involved in this 

study is representative of the nutrients mentioned above. 

Prom the various interrelated processes of biochemistry and 

from other studies, it can be assumed that this organic efflu-

ent undergoes successive stages of decomposition, and as each 

stage requires specific microorganisms, it can be seen that 
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the incorporation of this effluent into soil may stimulate 

successively various groups of zymogenous species (2,8,). 

The rather constant growth on the control lot, on which no 

organic containing effluent was sprayed, represents the number 

of indigenous organisms for the specific area around the soup 

plant. The increase in total organisms on the test lots can 

be attributed to the zymogenous organisms, which are stimu-

lated to more active growth due to added nutrients from the 

effluent. 

Of major importance in this study was the zymogenous 

group, which grew on peptone media. The zymogenous group in-

cludes the following types of organisms: 

(1) Higher fungi—These grow better under acid conditions 

than do most bacteria. Winogradsky believes that 

under ordinary conditions many fungi probably exist 

in a spore form. However, when these same fungi 

are supplied with organic matter, especially vege-

table, under acid conditions or conditions where 

high hydrogen ion concentration can occur during 

fermentation, the fungi become more active. Other 

lab tests so far on several sewage and polluted 

water fungi indicate that all of those tested can 

use pentose and hexose sugars, disaccharldes, Inor-

ganic and organic nitrogen compounds, and other 

substances that might be at or near the terminal 

stage in the decomposition of polluting substances. 
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Some are capable of cellulose and lignln digestion. 

The fungi produce most or sometimes all of their 

vitamin requirements, and they can compete favorably 

with other organisms for dissolved oxygen when that 

is the only form of available oxygen, (3V'5~). 

On the graphs, the fungi are small in numbers 

as compared to the bacterial population. Reasons 

for the relatively similar numbers on test and con-

trol lots can only be guessed. The pH of the lots 

was always too close to neutrality to give them a 

selective advantage. The low numbers indicate that 

these organisms are of lesser importance in the puri-

fication of the effluent waste than those microor-

ganisms which appeared in higher numbers, such as 

the bacteria and Streptomyces. 

A difference in genera does occur between the 

test and control lots. The appearance of fewer 

different types occurs on the control lot, with a 

predominantly more abundant amount of Aspergillus 

than on the test lots, and the total absence of 

Mucor, which is associated with more moist, polluted 

areas than the organisms found on the control lot. 

Pusarlum found abundantly on the control lot is a 

common organism of waste stabilization ponds, as is 

Aspergillus, Penlcllllum is a common organism of 

soil and also frequently found in waste stabilization 
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ponds and sludge. Likewise species of Trlchoderma 

are found in soil, but generally in less polluted 

areas than waste stabilization ponds. (3 X T*1® or-

ganisms isolated in this study were among those ex-

pected to occur and were all found to be commonly 

occurring in soil or polluted waters. Therefore, 

the breakdown of the effluent waste was carried on 

by not one, but several common soil genera in a 

manner similar to the way in which these same organ-

isms use pollution contaminants in nature for their 

own metabolism. 

(2) Streptomyces (Actinomycetes)—These organisms take 

part in the same kind of activity as higher fungi, 

but prefer neutral or weakly basic conditions rather 

than acid. The neutral conditions of the soil in 

the three lots tested could account for the high 

numbers of Streptomyces. 

In other studies the numbers of Streptomyces 

has remained surprisingly constant. The researchers 

rarely counted less than 5 X 10^ or greater than 

30 X 10^ organisms per gram. Our range was some-

what wider, but still close to these results. (2,, 8 ) 

The combined Streptomyces and bacterial popu-

lations are greater on the control lot, where the 

algae, fungi, and Azotobacter are not as great in 

numbers. This lot was dry, and existing soil bac-

teria and soil forms such as Streptomyces that can 
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withstand less nutritive and drier conditions ap-

peared to have survived better than more fragile or-

ganisms with more specific and fastidious require-

ments. Because the numbers of Streptomyces are so 

great, it seems improbable that they are strictly 

zymogenous species as thought earlier by Winograd-

sky when he first set up this system of organization 

of soil organisms (2,8). Sporogenous forms such 

as molds, Streptomyces, and spore-forming bacteria 

have, therefore, been considered semi-zymogenous 

or autochthonous due to their constantly high num-

bers. 

(3) Spore-forming bacteria—Other researchers have found 

most prominent among the spore-forming bacteria in 

the soil are the strongly proteolytic species of 

the genus Bacillus (2). Similarly it was found in 

this investigation that Bacillus was a prevalent 

genus In all lots, especially on the control lot, 

where dry and more inferior growth conditions per-

sisted which would show advantage to a spore-forming 

organism. 

(*0 Non-spore-forming-bacteria—Most soil bacteria are 

thought to be of the non-zymogenous types. Members 

of the genus Pseudomonas are about the only non-

spore-forming zymogens. They are strongly proteo-

lytic, and their numbers have been recorded to 
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fluctuate rapidly on plates due to the absence of 

spores or other resting stages (2). Members of this 

genus were encountered on the Y-l test lot. 

(5) Azotobacter—Following Winogradsky1s method of clas-

sification, the Azotobacter will be listed as a 

zymogenous organism due to the results of this re-

search in which there was a great increase in Azoto-

bacter population. This is obviously due to a change 

in some growth factor* but without further study it 

cannot be determined exactly. The possibility of a 

difference in effluent content is ruled out by the 

fact that it occurred on the control lot also. More 

probably a seasonal, ecological, or temperature 

change was responsible. 

The indigenous flora were divided by Winogradsky into 

four groups which shall be used here. 

(1) Actlnomycetes and spore-forming bacteria—These 

were explained above but are listed here because 

their spores are always present in such high num-

bers. 

(2) Arthrobacter—These organisms, which are somewhat 

pleomorphic, and the Corynebacteria have been listed 

as common to soil by other researchers (2). We| 
| 

have dound these organisms present in large numbers, 

especially the Arthrobacter on the G-ll lot and con-

trol lot. Because of its presence on the control 
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lot, its position as an indigenous organism is 

borne out. Corynebacterlum was also found on the 

control lot. 

( 3 ) Non-pleomorphic non-spore-forming rods—These are 

like Arthrobacter physiologically and can be repre-

sented by the various other rods of this nuture 

present on the control lot as well as on the test 

lots. Achromobacter is such an organism, as are 

Flavobacterlum and Aerobacter. 

(4) Micrococci—These were found frequently on the test 

lots, but not on the control. All the bacteria have 

been found to be common soil organisms (1). 

( 5 ) Algae—The algae are being added here to Winograd-

sky's list of soil organisms because they retained 

a constant number and the types isolated and iden-

tified also remained constant. Types from two phyla 

of soil algae repeatedly occurred on the test and 

control lot. Many soil flora may not survive in 

the liquid media we used; therefore, a rather dis-

torted picture of soil flora may have resulted. 

Nevertheless, those identified were probably most 

common and numerous, for they grew readily. The 

Chlorophyta were represented by Ulothrlx, Chloro-

coccum, and Mlcrospora; while the Cyanophyta, wliich 

are reported to be perennials, withstanding submer-

gence during heavy rains, drought, heat in summer 
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freezing in winter, and able to survive as fragments 

or spores when washed below the soil surface and 

unable to photosynthesize, are represented by the 

most commonly found algae in our study, Oscilla* 

toria. The other organisms were of a less hearty 

type than Osclllatorla and have been reported in 

less polluted areas ($).; , 

From this study it can therefore be concluded that the 

genera of soil flora found at the Campbell Soup Plant, Paris, 

Texas, were in agreement with the types of microflora expected 

of such a spray irrigation system involving added soil nutri-

ents in the form of spray effluent from the factory. These 

results further confirm the isolated organisms as soil flora, 

whether indigenous, zymogenous, or both, and confirm the 

theory of such existing ecological forms. It is evident from 

this study that not one but many varying types of microor-

ganisms are responsible for the removal of organic wastes 

from the spray effluent. Within each group of organisms it 

is also evident that several specific types are employed for 

organic breakdown due to the many different genera isolated 

from each group. 
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CHAPTER V 

SUMMARY 

The purpose of this research was to investigate the soil 

flora at the Campbell Soup Plant, Paris, Texas, in connection 

with the method, of waste water disposal and purification at 

the plant by means of spray irrigation. The goal of this 

theSis was to determine whether or not any certain organism 

or group of organisms was responsible for the biochemical 

breakdown of the effluent waste from the soup plant which 

resulted in purification of rthe waste water. 

This problem was approached by the isolation, counting, 

and identification of various groups of organisms: aerobic 

heterotrophic bacteria, Streptomyces, algae, fungi, and Azoto-

bacter. These experiments were carried out on two test 

lots, which were sprayed with the waste water. A control lot, 

which received no spray irrigation, was also considered in 

this study. Tables and graphs of the results seemed to point 

to the fact that not one organism or even one group of organ-

isms was responsible for the total purification process. How-

ever, in a comparison between test and control lots, it was 

found that certain organisms, especially among the bacteria, 

seemed to become more numerous due to the spraying of organic 

wastes on which they were able to live and rapidly multiply. 

It was also found that some organisms such as algae and fungi 

kz 
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seemed to be rather indigenous, and their numbers remained 

fairly constant on the test lots as well as the control lot. 

It was concluded from this study that the purification 

of plant waste water was accomplished by an increase in num-

ber of all microbial populations caused by added nutrients 

and, therefore, no one organism was responsible for the puri-

fication. 
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