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ABSTRACT 

With use of tebuthiuron on pastures and rangelands, the 

possibility of adverse environmental effects on playa 

ecosystems has increased. Runoff from tebuthiuron-treated 

areas could provide an inflow of the herbicide into playas, 

where it accumulates in sediments. Tebuthiuron may affect 

algal populations in playas, thus reducing the amount of 

food available to invertebrates and various wildlife 

species. 

The objective of this research was to determine the 

impacts that tebuthiuron had on 11 algal species, which were 

treated at the beginning and end of the increase of algal 

growth. The two treatments represented inflow of water from 

rainfall into playas. The objective was accomplished by 

interpreting the dynamics of algal communities in one-phase 

microcosms treated with 0.18 ppm tebuthiuron. Variables 

monitored included cell numbers, cell volume, concentrations 

of photosynthetic pigments, composition of algal commu-

nities, and changes in available nutrients. Differences 

between control and treatment means of these variables were 

determined with least significant difference (LSD) tests 

after a significant (P <0.05) analysis of variance. 
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Total alkalinity and pH increased during the study. 

Differences between control and first treatment means were 

observed for pH and total alkalinity. Dissolved oxygen 

increased and carbon dioxide decreased indicating that 

photosynthesis occurred in the microcosms. Inhibition of 

carbon dioxide levels were related to the herbicidal inhib-

ition of photosynthetic pigments. An increase in total 

alkalinity resulted in decreased hardness, due to precipi-

tation of metal salts. The decrease in hardness affected 

buffering capacities. Nitrification caused decreased nitrate 

levels, due to conversion of ammonia to nitrite. Nitrate 

and nitrite exhibited significant differences between 

control and treatment means for the the first treatment. 

Chloride levels increased while orthophosphate decreased 

indicating use by algal cells. Chloride and orthophosphate 

means were not different between control and first 

treatment. However, chloride means were different between 

control and second treatment. 

The only species affected by tebuthiuron was Bracteac-

occus minor; however, as a community, the algae were 

inhibited by tebuthiuron. Packed-cell volume and 

photosynthetic pigment levels increased during the study; 

however, inhibition by tebuthiuron was detected in treated 

samples. 
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No significant conclusions were drawn from the 

treatment at the end of the increase of growth, due to 

variability in the data. It was concluded that 0.18 ppm 

tebuthiuron, applied before growth increase, inhibited the 

algal community tested. 
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CHAPTER I 

INTRODUCTION 

Plava Lakes 

One of the geomorphological features of the Southern 

High Plains of Texas is the presence of small water bodies 

termed 'playa lakes' (Sublette and Sublette 1967; Reeves 

1970). Wind erosion is thought to produce these shallow, 

circular depressions (U.S. Public Health Service 1962). 

Playas may fill with water during May-June (high precipi-

tation months) and remain partially filled until October-

November (Parks 1975). Playas may collect 45,638,827 m^ 

(37,000 acre-feet) of water during wet months (U.S. Public 

Health Service 1962), which contribute 93_0.3-1011 .Z-J^^ of 

aquatic habitat (Bolen et al. 1979). Runoff accumulated in 

playas provides water for agricultural irrigation in the 

Southern High Plains (Reeves 1970). 

Playas provide important habitat for wintering and 

breeding waterfowl. Other birds that utilize playas include 

63 migratory non-game species, 23 year round non-migratory 

species, and some raptors (Simpson et al. 1981). Other 

wildlife species include native and exotic upland game 

species, amphibians, macroinvertebrates, zooplankton, and 

some fish species. 



Being closed drainage systems, playas provide a natural 

catch basin for many forms of environmental pollutants, 

including agricultural chemicals, organic pollutants, and 

indiscriminant dumping of inorganic and organic pollutants 

(Pence 1981). Runoff from agricultural fields is one of the 

major sources of contamination of playas by pesticides and 

herbicides (Wallace et al. 1986). 

Tebuthiuron 

Recently Eli Lilly Research Laboratories noted that 

runoff from agricultural lands treated with 2.24 kg/ha (2.00 

Ib/A) tebuthiuron (N-(5-(1,l-dimethylethyl)-l,3,4-thiadiazol 

-2-yl)-N,N'-dimethylurea) contained 0.00-0.18 parts per 

million (ppm) tebuthiuron (Elanco 1983). Tebuthiuron, trade 

name SPIKE or GRASLAN, is a substituted-urea herbicide used 

on non-croplands for control of annual and perennial 

grasses, broadleaf weeds, and certain woody species (Weed 

Science Society of America 1979). Tebuthiuron is formulated 

as a solid, colorless, and odorless 80% active ingredient 

(a.i.) wettable powder or 20% a.i. pelleted form, which is 

directly applied on the soil surface before or after active 

growth of weeds. Application rates range from 1.35 to 4.48 

kg a.i./hectare (1.2-4.0 Ib a.i./acre) for annuals, 2.24 to 

8.97 kg a.i./ha (2.0-8.0 Ib a.i./A) for woody plants, 



perennials, and broadleaf plants, and 13,45 to 17.93 kg 

a.i./ha (12.0-16.0 Ib a.i./A) for hard-to-kill perennials, 

and biennial plants (Weed Science Society of America 1979). 

At high rates, tebuthiuron is used as a soil sterilant 

(Bovey et al. 1978). 

Because tebuthiuron is water soluble, it is transported 

to plant roots and distributed throughout the plant, where 

it affects the photo-reduction reaction of photosynthesis 

(Hassall 1969; Elanco 1975; Weed Science Society of America 

1979). In the plant it will reversibly inhibit the Hill 

reaction (Moreland and Hill 1963; Cooke 1967), affecting 

oxygen release required for photosynthesis in the presence 

of living chloroplasts and hydrogen acceptors (Crafts 1961). 

As is typical of urea herbicides, tebuthiuron has a half 

life of 12 to 15 months in areas receiving 102-152 cm of 

annual rainfall, but the half-life is greater in areas of 

low rainfall or high organic soils (Elanco 1975). Limited 

microbial degradation of tebuthiuron occurs (Weed Science 

Society of America 1979). Tebuthiuron mainly dissipates in 

soils with time, where the metabolites that occur are at low 

concentrations and have been found to be non-herbicidal or 

weak herbicides (Elanco 1983). The mobility of tebuthiuron 

is decreased as adsorption increases in soils with high 

organic content and clay particles (Elanco 1975; Chang and 



Stritzke 1977). Most playas contain high amounts of organic 

matter and are composed mainly of clay soils (Reeves 1970), 

making them reservoirs for tebuthiuron. 

Tebuthiuron had a low toxicity to many terrestrial 

animals, such as chickens, dogs, ducks, quail, mice, and 

rabbits (Todd et al. 1974; Morton and Hoffman 1976). 

Potential hazards of tebuthiuron to aquatic organisms were 

studied by Meyerhoff (1981) and indicated minimal risks. 

The maximum concentration of tebuthiuron found in catchment 

ponds was detected for only a few months and decreased soon 

after photodecomposition (Elanco 1983). 

The high phytocidal action of tebuthiuron may affect 

algal populations in bodies of water receiving runoff from 

treated fields (Todd et al. 1974). Plankton communities 

respond to this type of stress in a variety of patterns, 

some of which include changes in community structure, 

dominance, and nutrient uptake (Ferens and Beyer 1972; 

Bryfogle and McDiffett 1979). Adams et al. (1985) reported 

that algal growth of Selenastrum capricornutum was severely 

affected by 0.1 and 0.5 ppm tebuthiuron, but 0.05 ppm had 

only limited effects. Inhibition of algae appears to be 

dependent on the concentration of tebuthiuron in the water, 

and rapidly decreasing concentrations lead to recovery by 

the algal communities (Adams et al. 1985). 



Bioassay Procedures 

Bioassays were defined by Weber (1973) as determina-

tions of the biological effects of substances on environ-

mental conditions. Metcalf (1971) described microcosms as 

early warning systems useful in screening chemicals for 

adverse environmental effects. Laboratory bioassay proce-

dures, such as microcosms, offer a controlled approach to 

the study of algal populations exposed to pollutants (Taub 

and Crow 1980; Schubert 1984). Algal cultures grown in 

microcosms have proven to be valuable tools in herbicide 

research due to their rapid growth, high reproductive rates, 

and handling ease (Richardson and Frans 1977). Microcosms 

provide biotic simplicity, isolation, and replication 

(Ferens and Beyer 1972). The microcosm not only is 

completely defined for chemical composition and physical 

properties, but it is composed of known species of organisms 

(Schubert 1984). Microcosms; however, are unnatural in the 

sense that no ecological import or export of materials takes 

place, except for light input and gas exchange (Cooke 1967). 

Even though they have been criticized for being unnatural, 

studies have shown that the metabolism of organisms in 

microcosms are similar to natural systems (Beyers 1964). 



Obj ectives 

With increased use of tebuthiuron in non-cropland areas 

the possibility of adverse environmental effects on playa 

ecosystems has increased. Inflow of tebuthiuron into playas 

may affect algal communities adversely, reducing the amount 

of food available to invertebrates and various wildlife 

species that utilize algae in playas. The overall objective 

of this study was to determine tebuthiuron effects on 

characteristic algal communities of playa lakes. The 

objective was accomplished by interpreting the dynamics of 

algal communities and their effects on water quality using 

bioassay procedures (one phase microcosm). Effects of 

tebuthiuron towards members of the microcosm community was 

determined by studying cell densities. 



CHAPTER II 

MATERIALS AND METHODS 

Characterization of Algal Community 

Water and sediment samples were collected from various 

playa lakes in Castro and Lubbock counties, Texas, to 

determine typical playa lake algal communities. The algae 

were allowed to colonize under laboratory conditions. 

Composition of dominant individuals was determined for each 

lake sampled. Pure cultures of dominant species were 

obtained from the culture collection of algae at the 

University of Texas at Austin (Starr 1978). Sixteen species 

were obtained (Table 1), however, only 11 demonstrated 

rapid, vigorous growth in Bold's media, and ease in counting 

single cells. All 11 species selected were green algae, 

because filamentous algae were difficult to count and blue-

green algae did not provide vigorous growth in Bold's media. 

Sets of stock cultures were prepared in 250-mL Erlenmeyer 

flasks and allowed to reach the stationary phase of growth 

under fluorescent plant growth lights. Once cultures were 

stable, all microcosms were inoculated with mixed algal 

cultures. A total of 333 cells/mL/species were obtained per 

microcosm. 
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TABLE 1 

Dominant playa algae obtained for the study. Species marked 
with an asterisk (*) did not provide desired growth in 

Bold's media and were omitted. 

Ankistrodesmus falcatus 

Bracteacoccus minor 

Chlorella vulgaris 

Closterium sp. * 

Euglena gracilis 

Gloeocystis ampla 

Golenkinia sp. 

Merismopedia sp. * 

Oocystis sp. 

Phacus pleuronectes 

Phormidium sp. * 

RhizQclonium sp. * 

Scenedesmus basilensis 

Scenedesmus quadricauda 

Spiroqyra rhizobrachalis * 

Staurastrum cristatum 



Composition of Microcosms 

The bioassay procedure or one-phase microcosms 

simulated conditions found in a column of playa water. 

Algae were grown in sterile, glass-covered 400-mL beakers 

(Cook 1967; Cheslak 1981; Dickerson and Robinson 1985). 

Each beaker was filled with 380 mL of Bold's Basal nutrient 

media, defined by Nichols and Bolds (1965) and Bischoff and 

Bold (1978) and 20 mL of mixed algal cultures. A total of 

270 beakers were prepared and allowed to equilibrate for 24 

hours before sampling. 

All microcosms were placed in an insulated plastic tank 

(0.61-m height and 1.83-m diameter), where water under 

constant temperature (22.5^1.7^ C) was circulated outside 

the microcosms (Price and Estrada 1964; Mc Connell 1965; 

Wetzel and Likens 1977). Light was provided by ten 2.44-m, 

40-W Cool-white fluorescent lights suspended 1.2-m from the 

cultures (Stein 1973). Since these tubes lose efficiency 

with time, they were replaced once during study. All micro-

cosms were exposed to a 12-hour light-dark cycle (Bryfogle 

and McDiffett 1979; Cheslak 1981). Evaporative loss of 

water was replaced with sterile deionized water to maintain 

400 mL. 
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Treatment of Microcosms 

Test microcosms were treated vith 0.18 mg/L tebuthiuron 

(97.4 % technical grade, EL-103, Elanco) in order to 

simulate the highest concentration of tebuthiuron found in 

natural runoff waters (Davis 1981; Elanco 1983). Two treat-

ments of 0.18 mg/L were performed; a set of 66 microcosms 

were treated at the beginning of the increase of growth and 

a different set of 45 were treated at the end of the growth 

increase (Figure 1). An increase in algal populations 

occurs after playas are filled in May-June (Traweek 1981); 

addition of tebuthiuron before the increase of growth corre-

sponded to natural inflow of tebuthiuron after heavy spring 

rainfall. Addition of tebuthiuron at the end of the growth 

increase represented tebuthiuron treatment by runoff once 

algal communities became established in playas. 

Sampling Protocol 

A total of 264 microcosms were sampled during the 

study. Three control and three treated microcosms were 

collected each sampling day. All microcosms were destruc-

tively sampled according to the schedule shown in Table 2. 

Since significant changes (P <0.05) occurred during the 

first 60 days, sampling days were staggered in order to 

obtain larger numbers of samples during this period. 
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Figure l : f - ^ P ^ - of tebutMuron t r e a t . e n t s before and 
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TABLE 2 

Schedule for collection of samples from the microcosm setup. 
Treatment I = treatment at the beginning of the increase of 
growth. Treatment II = treatment at the end of algal growth. 

A. Control 1 

For 
For 
For 
For 
For 
For 

day 
day 
day 
day 
day 
day 

0-25 
25-61 
61-75 
75-125 
125-165 
165-210 

sample 
sample 
sample 
sample 
sample 
sample 

every fifth day 
every third day 
every seventh day 
every tenth day 
every twentieth day 
once 

Total microcosms 

= 
s 

= 

= 

= 

= 

18 
36 
6 
15 
6 
3 
84 

microcosms 
microcosms 
microcosms 
microcosms 
microcosms 
microcosms 

B. Treatment 1 

For 
For 
For 
For 
For 

day 
day 
day 
day 
day 

25-61 
61-75 
75-125 
125-165 
165-210 

sample 
sample 
sample 
sample 
sample 

every third day = 36 
every seventh day = 6 
every tenth day = 15 
every twentieth day = 6 
once = 3 

Total microcosms = 66 

microcosms 
microcosms 
microcosms 
microcosms 
microcosms 

C. Control 2 

For day 211-253 sample every third day = 45 microcosms 

D. Treatment 2 

For day 211-253 sample every third day 

E. Total 

45 microcosms 

264 
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After day 165 the experiment was allowed to progress until 

the stationary phase was detected, which occurred at day 

210, and the second treatment was started on day 211. A set 

of 18 microcosms were sampled from day 0 until day 25 to 

provide information regarding application of tebuthiuron at 

the beginning of the increase of growth. 

Sampling Description 

During each sampling day a set of six microcosms were 

used in the various analyses. Algal growth on the glass 

walls of beakers was scraped off into the media and cultures 

were thoroughly mixed before analysis was started. Two 

10-mL aliquots were removed from each sampled microcosm; one 

aliquot was placed in 3% formalin for algal counts and the 

other aliquot was centrifuged for packed-cell volume 

measurements. Temperature, pH, and dissolved oxygen were 

measured and the remainder of the water samples filtered 

through 0.45-um pore-size membrane filters in order to 

collect algal cells used in determination of photosynthetic 

pigment concentrations. The 380-mL filtrates were used in 

remaining water quality analyses. 
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Variables Tested 

Water Chemistry 

Responses by algae to toxic chemicals are dependent on 

culture conditions because these factors can affect chemical 

toxicity (Boyle 1934). Water quality variables were 

measured to determine effects algae had on nutrient uptake 

and productivity. Water quality tests followed Standard 

Methods (APHA 1980) (Table 3). 

Calculated values of carbon dioxide, bicarbonate, 

carbonate, and hydroxide were determined from temperature, 

pH, and total alkalinity measurements of each microcosm. 

The calculated values were determined with an Apple Ile 

personal computer programmed with equations given by Moore 

(1939). Results were presented as calculated values and 

compared to the results obtained in the water quality tests. 

Algal Variables 

Algal cell numbers were determined for each microcosm 

by placing 1 mL of sub-sample from the 10 mL of formalin-

preserved algae into a Sedwick-Rafter counting cell, 

calibrated as described by Jackson and Williams (1962) and 

APHA (1980). Highly concentrated samples were diluted to 

provide ease in counting. Samples were counted on a Wilde 

20M microscope equipped with a lOX focusable reticule and a 
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TABLE 3 

Procedures used in the determination of water quality of the 
microcosms. 

Variable Procedure Reference 

PH 

Temperature 

Dissolved Oxygen 

Orion pH meter 

Orion pH meter 

Micro-Winkler' s 
Titrations 
(Azide Modified) 

Orion Research 
Incorporated (1979) 

Orion Research 
Incorporated (1979) 

Wetzel and Likens 
(1977) and APHA 
(1980) 

Total Alkalinity Phenolphthalein 
Titrimetric 
Method 

Wetzel and Likens 
(1977) and APHA 
(1980) 

Hardness EDTA Titrimetric 
Method 

APHA (1980) and 
HACH (1981) 

Free Carbon 
Dioxide 

CO2 Titrimetric 
Method 

Beyers and Odum 
(1959) and APHA 
(1980) 

Ammonia Ammonia Selective 
Electrode 

Orion Research 
Incorporated (1979) 
and APHA (1980) 

Nitrate Cadmium Reduction 
Method 

APHA (1980) and 
HACH (1980) 

Nitrite Ferrous Sulfate 
Method 

HACH (1980) 

Orthophosphate Vanadomolybdophos-
phoric Acid 
Colorimetric Method 

APHA (1980) 

Chloride Chloride lon 
Selective 
Electrode 

APHA (1980) and 
Orion Research 
Incorporated (1982) 
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Whipple disk. Cell counts were then recorded as cells/mL/ 

species for each microcosm. 

Algal packed-cell volumes were determined by centri-

fuging the second 10-mL aliquot sample in a calibrated 

15.0-mL centrifuge tube at 3000 rpm for 15 minutes. Total 

cell volumes were read directly from the centrifuge tube 

(Sorokin 1973; Richardson and Frans 1977). 

The trichromatic spectrophotometric method was used for 

measurements of photosynthetic pigments: Chlorophyll a, 

chlorophyll b, chlorophyll £, carotenoids, and phaeopigments 

(Eaton and Moss 1966; Lorenzen 1967; Sartory 1982). Since 

chlorophyll a comprises 1-2 % dry weight of organic matter 

in algae, it provides a useful estimate of biomass (Weber 

1973). Chlorophyll b, chlorophyll c, and carotenoids are 

accessory pigments, which transfer light energy to the 

chlorophyll a molecule allowing photosynthesis to take place 

over a broader spectrum of light (Stern 1982). Phaeopig-

ments are degradation products of chlorophyll a, which are 

produced when magnesium is lost from the porphyrin ring of 

chlorophyll a (Stern 1982). In the trichromatic procedure, 

the algal cells were concentrated on cellulose-acetate 

membrane filters (0.45-um pore-size). Filters were 

dissolved with alkaline acetone and algal cells were 

homogenized with a teflon pestle. Samples were centrifuged 
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at 5000 rpm for 10 minutes and supernatants were decanted 

for spectrophotometric analysis. Pigments were measured in 

a double-beam lambda-3M Perkin-Elmer spectrophotometer at 

wavelengths of 665, 645, 630, and 480 nm. Background inter-

ferences were corrected by subtracting readings taken at 750 

nm from the other four readings (Lorenzen 1967). 

All measurements were plotted to determine response and 

growth curves produced by algal communities as a function of 

time. Response curves were used in the determination of the 

time period when the two treatments were applied, 

Statistics 

Data were logarithmically transformed during statis-

tical analysis to reduce variance. Both control and 

treatment mean values were compared within sampling days 

using an analysis of variance, to determine significant 

differences (P <0.05) (Steel and Torrie 1980). Results with 

significant day X treatment interactions in the analysis of 

variance were further tested with least significant 

difference (LSD) tests as a function of sampling days. This 

was calculated from the sample size per day per treatment 

(n=3) and the error mean square (Steel and Torrie 1980; D. 

Wester pers. comm.). Data presented as "significant" and 

"non-significant" were replaced in all tables with "*" and 

"ns", respectively. 



CHAPTER III 

RESULTS AND DISCUSSION 

Water Chemistry 

Microcosm water quality variables were within concen-

tration ranges found in natural playas (Table 4). The only 

variable that deviated from natural conditions was ortho-

phosphate, because phosphate was added to the media in order 

to induce vigorous growth. 

Room temperature was higher than the temperature of 

microcosms, but the tank's water temperature was lower than 

the temperature of microcosms (Figure 2). During the study, 

microcosm temperature decreased from 24.0 to 20.5^ C (Figure 

2). However, the temperature for the microcosms remained 

within 22.3^^1.7^ C, indicating that the design of the water 

circulating tank provided the correct temperature range set 

at the beginning of the study. Differences between control 

and treatment temperature means were present (Table 5), and 

day X treatment interactions were significant, but the LSD 

test demonstrated that temperatures between controls and 

treatments were significant only on specific days (Table 6) 

and were attributed to variability between beakers or during 

sampling. 

19 
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TABLE 4 

Water quality variables of natural playas and test 
microcosms. Ranges for natural piaya lakes from Sublette 

and Sublette (1967), Reeves (1970), and Rhodes (1978). 
Microcosm ranges are from the present study. 

Variable Playa lakes Microcosm 

Temperature (̂  C) 24.4-26.6 20.5-24.0 
pH 7.10-9.10 7.18-9.53 
Dissolved Oxygen (ppm) 4.10-7.40 1.89-10.71 
Total Alkalinity (ppm) 95.40-134.80 40.40-314.80 
Hardness (ppm CaCOs ) 92.60-153.20 35.00-110.00 
Ammonia (ppm) 0.05-3.55 0.00-6.76 
Nitrate (ppm N) 0.00-7.10 0.00-25.00 
Orthophosphate (ppm) 0.30-1.10 630.0-939.0 
Chloride (ppm) 0.00-6535.40 3.20-78.00 
Bicarbonate (ppm) 228.60-719.80 40.17-296.96 
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Figure 2: Graphical representation of temperature 
fluctuations during the study. Temperatures were 
measured on-site during each sampling day. 
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TABLE 5 

Results obtained from the F-tests between water quality 
means from both treatments and controls. 

Statistical differences between 
control and treatment means 

Variable Treatment I Treatment II 

Temperature yes^ yes 
pH yes^ yes 
Dissolved Oxygen yes^ no 
Total Alkalinity yes no 
Hardness yes no 
Carbon Dioxide no^ yes 
Ammonia no" no 
Nitrate yesj no 
Nitrite yes^ no 
Chloride no yes 
Orthophosphate no no 

•̂  Interaction of day X treatment was significant 
Refer to the LSD tests between sample means 
(Table 6). 
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Control pH increased from 7.18 to 9.53 during the study 

(Figure 3). Media change towards a more basic pH indicated 

that the algal communities were converting bicarbonates to 

carbon dioxide and hydroxide. A decrease in pH was observed 

after day 161 as the stationary phase of growth began and 

use of carbon dioxide decreased. Differences were obtained 

between pH controls and treatment means (Table 5). The day 

X treatment interaction was significant for the first 

treatment means (Table 6) and there were no differences 

before day 49. However, statistically significant differ-

ences were present after day 49. 

Dissolved oxygen levels increased from 1.89 to 10.71 

mg/L (Figure 3), as a result of oxygen production due to 

photosynthesis. First treatment means were different from 

control means, while second treatment means were not 

different from controls (Table 5). The day X treatment 

interaction for the first treatment was significant and LSD 

tests indicated that, except for a few days, means were 

different (Table 6). Low dissolved oxygen levels were 

related to the decrease in photosynthetic pigments and 

consumption of oxygen by decomposers. 

Total alkalinity (as CaCO^ ) increased from 40.4 to 

314.8 mq/L, while hardness decreased from 110.0 to 35.0 mg/L 

(Figure 3). The increase in alkalinity indicated bacterial 
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Figure 3: Responses of changes in water quality variables 
in the microcosm as a function of time 
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action which produces carbon dioxide during decomposition of 

organic matter. Carbon dioxide was converted to bicarbonate 

and then to carbonate by algal cells. Increased alkalinity 

levels were also noted by Cheslak (1981). Alkalinity and 

hardness means were statistically different between control 

and first treatment but not between control and second 

treatment means (Table 5), indicating a decrease in 

buffering capacity. 

Uptake of carbon dioxide for photosynthesis by algal 

cells and conversion of carbon dioxide to bicarbonate caused 

a decrease in carbon dioxide levels from 132.05 to 5.50 mg/L 

(King and Sievers 1973) (Figure 3). Levels of carbon 

dioxide were not significantly different between control and 

first treatment means, however, day X treatment interactions 

were present. LSD tests indicated that there were no 

differences between means. 

Combined forms of nitrogen are required by plants for 

incorporation into cellular biomass (Atlas and Bartha 1981), 

therefore, levels of nitrogen are good indicators of produc-

tivity in aquatic systems. Levels of ammonia were too low 

to be detected or were not present (Figure 4), and it was 

concluded that ammonification did not take place to any 

appreciable level, similar to Goldsborough and Robinson 

(1985). Nitrate decreased from 25.0 to 0.0 mg N/L, while 
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Figure 4: Graphical responses of ammonia, nitrate, and 
nitrite as a function of sampling day. Nitrate 
levels as e-1 represent nitrate leveîs X ÎS-Î mg 
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nitrite increased from 0.004 to 0.300 mg N/L (Figure 4). 

The decrease in nitrate and increase in nitrite were caused 

by nitrification converting ammonia into nitrate, which was 

then converted to nitrite. Both nitrate and nitrite showed 

differences between control and first treatment means, while 

no differences were observed between control and the second 

treatment means. Control and first treatment nitrate means 

were significantly different after day 95, while nitrite 

means were significantly different after day 40 (Table 5), 

indicating an inhibitory effect by tebuthiuron. 

Chloride is the major halide stored in freshwater algal 

cells (Cole 1979). In microcosms, chloride levels increased 

from 3.20 to 78.00 mg/L (Figure 5), as algal cells used 

manganese and sodium bound to chloride in the media. No 

differences between control and treatment means were 

obtained for the first treatment; however, means of the 

second treatment were different. 

Uptake of orthophosphates by the algal communities 

caused a decrease from 939.0 to 630.0 mg P/L (Figure 5). 

Uptake of orthophosphates by algae was similar for both 

treatments, as no differences were obtained between controls 

and treatments (Table 5). Results for both chloride and 

orthophosphates indicated that tebuthiuron treatment at 
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Figure 5: Graphical response of chloride and orthophosphate 
levels as a function of sampling day. 
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the beginning of algal growth did not affect the uptake of 

these nutrients. 

From calculated values of the forms of alkalinity, 

carbon dioxide decreased from 6.0 to 0.08 mg/L between day 0 

and 150 (Figure 6). Before day 150, levels of carbon 

dioxide decreased, which corresponded to use of carbon 

dioxide and conversion into bicarbonate. After day 150 the 

communities reached the stationary phase of growth and both 

uptake of free carbon dioxide due to photosynthesis and 

conversion of carbon dioxide into carbonate and bicarbonate 

decreased. Tabulated values for carbon dioxide agree with 

measured results obtained in the titrimetric method. 

Carbonate increased until day 165 and decreased after 

day 165, while bicarbonates increased throughout the study 

(Figure 6). Results were confirmed by the increase in total 

alkalinity previously mentioned. Decreasing carbonate and 

increasing bicarbonate levels were related to pH, with pH of 

8.3 bicarbonates were the predominant forms and at higher pH 

carbonates became predominant forms (Wetzel and Likens 

1977). Increasing hydroxide was due to the formation of 

carbon dioxide and hydroxide for use by algal cells (Figure 

6). All calculated alkalinity forms, with the exception of 
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Figure 6: Tabulated forms of alkalinity calculated from 
temperature, pH, and total alkalinity measured in 
the microcosras. Hydroxíde levels as e-1 represent 
hydroxide levels X 10"^ ma/L represent 
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bicarbonate, demonstrated differences between controls and 

treatments (Table 7). 3icarbonate control means were not 

different from both treatment means. Carbon dioxide, normal 

carbonate, and hydroxide had day X treatment interactions. 

There were no differences (Table 8) between controls and 

first treatment means during the first 15 days after 

treatment. However, differences were obtained after 15 days 

and lasted until day 210. Results indicated that inhibition 

of algal communities by tebuthiuron was taking place soon 

after treatment. 

Cell Counts and Volume 

Based on total cell counts the community produced a 

growth response curve (Figure 7), Soon after the first 

treatment was initiated, decreases in total cell numbers per 

mL of treated samples compared to controls were observed and 

these differences continued until day 160 (Figure 7). 

Significant differences were present between control and 

first treatment means, while no differences were found 

between control and second treatment means (after day 210). 

Variability could have been caused by natural degeneration 

of the cultures. Cell volume results were similar to results 

for cell density counts, except for a larger increase in 

cell volume in treated microcosms after day 100 (Figure 7). 
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TABLE 7 

Results of F-tests between treated and control means of the 
tabulated forms of alkalinity in the algal communities. 

Significant differences between 
control and treatment means 

Variable Treatment I Treatment II 

Carbon Dioxide yes yes 
Bicarbonate yes no 
Carbonate yes-'- yes 
Hydroxide yes^ yes 

•'• Interaction of day X treatment was significant 
Refer to the test of LSD tests between 
sample means (Table 8 ) . 
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TABLE 8 

Results of LSD tests performed betveen control and first 
treatment means of tabulated forms of alkalinity. 

Forms of alkalinity 

Day Carbon Dioxide Carbonate Hydroxide 

25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 
68 
75 
85 
95 
106 
115 
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Figure 7: Graphical response obtained f: 
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For individual species (Figure 8) both Bracteacoccus 

minor and Scenedesmus basilensis provided the largest number 

of cells per mL. The order of growth from highest to lowest 

was Bracteacoccus minor, Scenedesmus basilensis, Oocystis 

sp., Chlorella vulgaris, Gloeocystis ampla, Ankistrodesmus 

falcatus, Scenedesmus quadricauda, Phacus pleuronectes, 

Euglena gracilis, Staurastrum cristatum, and Golenkinia sp. 

Euqlena qracilis demonstrated sporadic growth at the 

beginning of the study, but provided no growth in later 

stages. Inhibition of Euglena qracilis by dominant algal 

species in the community may have been taking place. Phacus 

pleuronectes began growth after day 210, due to a lag in 

growth which extended until the end of the study. 

Golenkinia sp. and Staurastrum cristatum did not show 

growth, which could be due to missing nutrients in the 

media. Scenedesmus quadricauda and Scenedesmus basilensis 

responded to the herbicidal stress in similar patterns 

demonstrating similar growth patterns. 

All species vere not statistically different between 

control and the second treatment, possibly due to 

variability within the data (Table 9). Ankistrodesmus 

falcatus and Staurastrum cristatum had detectable 

differences between control and first treatment 
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Figure 8. Graphic representations of individual Sedwick-
«™^? l^ """""^ (cells/mL) as a function of 
samplmg day Cell counts as e+8 represents cell 
counts X 10"° cells/mL. "represents ceil 
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TABLE 9 

Results obtained from the F-tests of Sedwick-Rafter cell 
counts from both control and treatment means. 

Significant differences between 
control and treatment means 

Algal Species Treatment I Treatment II 

Ankistrodesmus yes"'- no 
Bracteacoccus yes no 
Chlorella yes-'- no 
Euqlena no no 
Gloeocyst is no"'- no 
Golenkinia no no 
Oocystfs yes no 
Phacus no no 
Scenedesmus 
S. basilensis no no 
^. quadricauda no no 

Staurastrum yes no 

•^ Interaction of day X treatment is significant 
Refer to the LSD test between sampie means 
(Table 10). 
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means; however, from the LSD test differences were sparse 

and attributed to variability vithin the data (Table 10). 

Chlorella vulgaris and Oocystis sp. had differences between 

control and first treatment means. Day X treatment inter-

action was found for Qocystis sp. and differences took place 

after day 52. Species such as Ankistrodesmus falcatus, 

Chlorella vulgaris, and Oocystis sp. were not affected by 

tebuthiuron, as growth of treated samples were not different 

from controls. 

Photosynthetic Piqments 

All photosynthetic pigments demonstrated growth curves 

(Figure 9). However, variability after day 210 made statis-

tical analysis difficult to interpret. All five pigments 

tested had differences between control and first treatment 

means, while no differences were observed between control 

and second treatment means (Table 11). All pigments also 

had day X treatment interactions for the first treatment. 

From LSD tests (Table 12), chlorophyll a was not different 

between control and first treatment means, with the 

exception of a few cases after day 52, while chlorophyll b 

and chlorophyll c had differences after day 49, which 

continued until day 210. Carotenoids provided similar 

results to chlorophyll b and chlorophyll c; however, data 
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Figure 9: 
Graphical representation of photosvnthetir 

approximating mg) . yuifcjnT: units 
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TABLE 11 

Results obtained from the F-tests of photosynthetic pigments 
from both treatment and control means. 

Significant differences between 
control and treatment means 

Pigment type Treatment I Treatment II 

Chlorophyll a yesj- no 
Chlorophyll b yes?- no 
Chlorophyll c_ yesí- no 
Carotenoids yes^ no 
Phaeopigments yes-'- no 

-'• Interaction of day X treatment was significant. 
Refer to LSD tests between sample means (Table 12) 
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TABLE 12 

Results of LSD tests performed on means of photosynthetic 
pigments between control and first treatment means. 

Chlorophyll 

Day â ^ £ Carotenoids Phaeopigments 

* * * * 

ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
ns ns ns ns 
* * * * 

* * . * * 

* * ns * 
* * * * 

* * ns * 
* * ns ns 
* * ns ns 
* ns * * 
ns * ns ns 
* ns ns * 
* * * * 

* * ns * 
ns ns ns ns 

25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 
68 
75 
85 
95 
106 
115 
125 
145 
165 
210 

* 

ns 
* 

ns 
ns 
ns 
ns 
ns 
ns 
* 

ns 
* 

ns 
• 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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variability produced more non-significant differences. 

Phaeopigments had results similar to those previously 

obtained, where the first 24 days after treatment provided 

no differences between means, but after 24 days most were 

different. Photosynthetic pigment results indicated that an 

inhibitory effect on pigment production by algal ceils was 

due to herbicidal stress, and therefore, inhibition of algal 

photosynthesis by tebuthiuron. 



CHAPTER IV 

CONCLUSIÛNS AND SUMMARY 

The design of the circulating water tank provided the 

required temperature control for the study. Some differences 

were detected between control and treatment temperatures, 

but were due to variations during sampling. Differences 

between control and treatment pH means indicated that 

productivity was being inhibited by tebuthiuron. Inhibition 

of dissolved oxygen levels during the first treatment was 

directly related to decreases in photosynthetic pigments and 

photosynthesis. Uptake of measured carbon dioxide by algal 

cells did not appear to be affected by tebuthiuron, however 

calculated carbon dioxide•levels showed typical inhibitory 

patterns seen throughout. 

Algal productivity was reduced as evidenced by differ-

ences between control and treatment levels for total 

alkalinity and hardness. Results from calculated forms of 

alkalinity support the conclusion that productivity of algal 

cells was decreased, as buffering capacity of the treated 

community decreased. 

Observations of ammonia levels indicated no effects due 

to the herbicide. As nitrate levels decreased, nitrite 

levels increased. The 75-day lag before inhibitory effects 
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were detected in the nitrate levels indicated that 

nitrification was not affected until later stages, while 

production of nitrite was affected after the typical 25-day 

lag. From chloride and orthophosphate results it was 
« 

apparent that the first treatment of tebuthiuron did not 

have any effects on uptake of these nutrients. 

As a whole, the algal community was inhibited by 

tebuthiuron, represented by decreases in total cell numbers, 

packed-cell volume, and productivity. Only Bracteacoccus 

minor, which had the most abundant growth, was significantly 

reduced by tebuthiuron. Other species demonstrated some 

inhibition of growth, but treatment means were not signifi-

cantly different from controls. Four species provided no 

growth, indicating an inhibitory effect by other algal 

species or some inhibitor present in the media. Variability 

in the results of the second treatment data prevented 

conclusive recommendations concerning late-effects of 

tebuthiuron. Variability was probably due to natural degen-

eration of the media, 

Photosynthetic pigments were affected by tebuthiuron 

with the exception of chlorophyll a. Inhibition of 

chlorophyll b and chlorophyll c indicated that tebuthiuron 

was affecting accessory pigments in chloroplasts. The 

25-day lag period before differences were detected in the 
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pigment means indicated that tebuthiuron had to pass through 

cellular membranes before affecting chloroplasts. Some 

inhibition of the algal community occurred when the first 

treatment of tebuthiuron was applied before growth increase. 

Based on the present study, it can be concluded that 

certain management considerations could reduce the impacts 

of potential tebuthiuron runoff into playa lakes. These 

considerations include: application of tebuthiuron at 

manufacturers recommended levels, avoiding application of 

tebuthiuron near watersheds that supply playa lakes, and 

allowance of a recovery period between applications. 

Further research is required where the effects of different 

concentrations of tebuthiuron could be tested in microcosms 

containing algae and zooplankton. Another study should 

determ'ine the effects of tebuthiuron on mixed algal cultures 

composed of green algae and cyanobacteria. Including 

sediments in the microcosms would provide nutrient exchange 

and a reservoir for tebuthiuron. Field measurements of 

tebuthiuron residue levels and half-lifes in playas and 

runoff should be determined after seasonal applications. 
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APPENDIX A 

ANALYSES OF VARIANCE FOR WATER 
QUALITY VARIABLES (P <Û.05) . 

Temperature (̂  C) 

Treatment I Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

9.20 * 
192.13 * 

9.65 * 

Treatment 
Day 
Day X 
Treatment 

4,36 * 
49,67 * 

1.13 ns 

pH 

Treatment I Treatment II 

Source of 
variation 

Source of 
variat ion 

Treatment 
Day 
Day X 
Treatment 

292,49 * 
99,44 * 

9,66 * 

Treatment 
Day 
Day X 
Treatment 

5.66 * 
0.87 ns 

0.55 ns 

Dissolved Oxygen 

Treatment Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

54.33 * 
24.38 * 

6.58 * 

Treatment 
Day 
Day X 
Treatment 

0.00 ns 
5.10 * 

0.74 ns 
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Treatment I 

Total Alkalinity 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

13.01 * 
4.48 * 

1.26 ns 

Treatment 
Day 
Day X 
Treatment 

0.29 ns 
1.18 ns 

1.11 ns 

Treatment 

Hardness 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

14.43 * 
4.15 * 

1.45 ns 

Treatment 
Day 
Day X 
Treatment 

1.98 ns 
4.56 * 

1.16 ns 

Treatment 

Free Carbon Dioxide 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

0.51 ns 
49.86 * 

3.07 * 

Treatment 
Day 
Day X 
Treatment 

6.62 * 
8.93 * 

0.60 ns 
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Treatment I 

Ammonia 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

0.05 ns 
42.32 * 

4.81 * 

Treatment 
Day 
Day X 
Treatment 

3,13 ns 
1,62 ns 

1,62 ns 

Nitrate 

Treatment Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

299.54 * 
58.93 * 

23.37 * 

Treatment 
Day 
Day X 
Treatment 

0.07 ns 
2.68 * 

1.54 ns 

Nitrite 

Treatment Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

16.73 * 
6.95 * 

6.34 * 

Treatment 
Day 
Day X 
Treatment 

0.01 ns 
10.30 * 

1.46 ns 
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Treatment I 

Orthophosphate 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

0.14 ns 
1.12 ns 

1.00 ns 

Treatment 
Day 
Day X 
Treatment 

0.55 ns 
0.52 ns 

0.62 ns 

Chloride 

Treatment I Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

0.64 ns 
4.59 * 

0.91 ns 

Treatment 
Day 
Day X 
Treatment 

21.66 * 
0.91 ns 

0.89 ns 



APPENDIX 3 

ANALYSES OF VARIANCE FOR 
PHOTOSYNTHETIC PIGMENTS (P < 0.05) . 

Treatment I 

Chlorophyll a 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

30.43 * 
21.20 * 

1.84 * 

Treatment 
Day 
Day X 
Treatment 

2.62 ns 
1.04 ns 

0.94 ns 

Treatment 

Chlorophyll b 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

81.39 * 
17.71 * 

1.25 ns 

Treatment 
Day 
Day X 
Treatment 

3.09 ns 
0.87 ns 

1.23 ns 

Treatment 

Chlorophyll c 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

73.71 * 
18.89 * 

1.53 ns 

Treatment 
Day 
Day X 
Treatment 

0.21 ns 
0.86 ns 

1.12 ns 
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Treatment 

Carotenoids 

Treatnent II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

39.35 * 
17.81 * 

1.12 ns 

Treatment 
Day 
Day X 
Treatment 

2.44 ns 
1.08 ns 

1.07 ns 

Treatment I 

Phaeopigments 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

101.83 * 
7.88 * 

6.36 * 

Treatment 
Day 
Day X 
Treatment 

2.28 ns 
1.44 ns 

2.61 * 



APPE::DIX C 

ANALYSES OF VARIANCE FOR CALCULATED 
FORMS OF ALKALi:iITY (P <0.05). 

Treatment I 

Carbon Dioxide 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

186.58 * 
46.52 * 

7.43 * 

Treatment 
Day 
Day X 
Treatment 

10.02 * 
0.81 ns 

0.56 ns 

Treatment 

Bicarbonate 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

9.17 * 
3.92 * 

1.01 ns 

Treatment 
Day 
Day X 
Treatment 

2.19 ns 
1.06 ns 

1.16 ns 

Carbonate 

Treatment I Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

246,10 * 
86.08 * 

7.67 * 

Treatment 
Day 
Day X 
Treatment 

8.65 * 
0.83 ns 

0.50 ns 
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Treatment I 

Hydroxide 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

253.35 * 
90.78 * 

9.06 * 

Treatment 
Day 
Day X 
Treatment 

6.62 * 
0.84 ns 

0.43 ns 



APPENDIX D 

ANALYSES OF VARIANCE FOR TOTAL 
SEDWICK-RAFTER COUNTS AND 

PACKED-CELL VOLUME (P <0.05) . 

Total Sedwick-Rafter Cell Counts 

Treatment I Treatment II 

Source of 
variation 

Source of 
variat ion 

Treatment 
Day 
Day X 

Treatment 

5.74 * 
7.96 * 

1.43 ns 

Treatment 
Day 
Day X 
Treatment 

1.07 ns 
0.68 ns 

1.60 ns 

Treatment I 

Packed-Cell Volume 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 

Treatment 

19.21 * 
46.23 * 

1.64 ns 

Treatment 
Day 
Day X 

Treatment 

1.23 ns 
3,76 * 

0,76 ns 
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APPEJ:DI : - : E 

A:CALYSES OF VARIAJJCE F O R I N D I V I D U A L 
SEDWICK-?^=vFTER COUNTS (P < 0 . 0 5 ) . 

An istrodesmus falcatus 

Treatment I Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

8.70 * 
2.08 * 

1.73 * 

Treatment 
Day 
Day X 
TreatT.ent 

2.15 ns 
1.16 ns 

0.56 ns 

Bracteacoccus minor 

Treatment I Treatrr.ent 11 

Source of 
variation 

Source of 
variat ion 

Treatment 
Day 
Day.X 
Treatment 

1.59 ns 
9.27 * 

1,48 ns 

Treatment 
Day 
Day X 
Treatment 

0.32 ns 
4.46 * 

0.72 ns 

Chlorella vulaaris 

Treatment I Treatment II 

Source of 
variation 

Source of 
variation 

Treatmenf 
Day 
Day X 
Treatment 

23,98 * 
3,45 * 

2,05 * 

Treatment 
Day 
Day X 
Treatment 

2,19 ns 
0.77 ns 

0,97 ns 

72 



73 

Euglena gracilis 

•^^eatment I Treatment II 

Source of F Source of F 
variation variation 

Treatment 0,06 ns Treatment , ns 
Day 2,34 * Day , ns 
Day X Day X 
Treatment 0,49 ns Treatment , ns 

Gloeocystis ampla 

Treatment I Treatment II 

Source of F Source of F 
variation variation 

Treatment 3,08 ns Treatment 0,63 ns 
Day 18,72 * Day 1,37 ns 
Day X Day X 
Treatment 1.78 * Treatment 0.58 ns 

Golenkinia sp. 

Treatment I Treatment II 

Source of F Source of F 
variation variation 

Treatment 1,00 ns Treatment , ns 
Day 1.00 ns Day , ns 
Day X Day X 
Treatment 1,00 ns Treatment , ns 



a 

Treatment I 

Oocystis sp. 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

23.20 * 
1.33 ns 

2.09 * 

Treatment 
Day 
Day X 
Treatment 

0,83 ns 
0,66 ns 

0,85 ns 

Treatment 

Phacus pleuronectes 

Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

0.02 ns 
1.99 * 

1.99 * 

Treatment 
Day 
Day X 
Treatment 

1.44 ns 
1.34 ns 

0.92 ns 

Scenedesmus basilensis 

Treatment Treatment II 

Source of 
variation 

Source of 
variation 

Treatment 
Day 
Day X 
Treatment 

2.79 ns 
14.33 * 

1.24 ns 

Treatment 
Day 
Day X 
Treatment 

0,12 ns 
6,76 * 

1,10 ns 
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