
Effects of atrazine and soduim chloride on
seedling growth of oats (Avena Sativa L.)

Authors Spilsbury, Ralph Dee, 1941-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:22:41

Link to Item http://hdl.handle.net/10150/318716

http://hdl.handle.net/10150/318716


EFFECTS OF ATRAZINE AND SODIUM CHLORIDE ON SEEDLING 
GROWTH OF OATS (AVENA SATIVA L.)

'by
Ralph Dee SpiIsbury

A Thesis Submitted to the Faculty of the
DEPARTMENT OF AGRONOMY

In Partial Fulfillment of the Requirements 
For the Degree of.
MASTER OF SCIENCE

In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9  6 8



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfill
ment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. '

Brief quotations from this thesis are allowable 
without special permission, provided that accurate acknowl
edgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript 
in whole or in part may be granted by the head of the major 
department or the Dean of the Graduate College when in his 
judgment the proposed use of the material is in the inter
ests of scholarship. In all other instances, however, 
permission must be obtained from the author.

SIGNED;

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below:

rK. C, HAMILTDN” 
Professor of Agronomy

Date



. ACKNOWLEDGMENTS
$

The author wishes to express his thanks to Dr.
K. C. Hamilton for his help in completing this study. I 
am especially grateful for his instruction, his under
standing , and his patience in my work with him.

Appreciation is extended to Drs. A. K. Dobrenz and 
M. A ..Massengale of the graduate committee for their help 
and interest in my studies.

The author wishes to thank Dr. A. B . Humphrey whose 
counsel and interest were very helpful in the statistical 
aspects of this study.

Thanks should also be given to my fellow graduate 
students and many others for their help and encouragement.

Greatest appreciation goes to my wife for her 
loving help and support.



TABLE OF CONTENTS

Page
LIST OF ILLUSTRATIONS . . . . . . . . . . . v
LIST OF TABLES . . . . . . . .     vii
ABSTRACT . . . . . . . . . . . . . . . . .  . . . . . ix
INTRODUCTION . . . . . . . . . . . . . . . . . . . .  1
REVIEW OF LITERATURE ..........   3

Effects of Salinity Upon Plant Growth . . . . . .  3
Osmotic Pressure E f f e c t s ................. • . 3
Osmotic Pressure Adjustment .................  6
Specific Ion Effects . . . . . . . . . . . .  8
Anatomical and Physiological Effects . . . .  9

Effects of Atrazine Upon Plant Growth . . . . . .  10
Absorption and Trans location .• . . .- . . . . 11
Atrazine Symptoms ...................... . . .  12
Metabolic Responses...............   13
Plant Tolerance to Atrazine..........   16
Genetic Effects . . .    18

Interactions of Multiple Factors Upon
Plant Growth . . .  .....................   19

Combinations of Salt and C h e m i c a l s ......... 19
Combinations of Herbicides, Insecticides,

and Fungicides . . . . . . . . . . . . . .  20
Combinations of Herbicides and Plant

Pathogens . . . . . . . ’ .................   . 22
Combinations of Herbicides . . . . . . . . .  23
Combinations of Herbicide and Daylength . . . 24

METHODS AND MATERIALS . . . . . . . . . . . . . . . .  25
RESULTS '.....................................  33
DISCUSSION  ..................................   58
SUMMARY  ............. . . . . . . ' ...................  61
LITERATURE CITED  .............  63

■ ■ ■



LIST OF ILLUSTRATIONS

Figure . Page
1. Oat -plants growing in a paper wick insert

showing normal plant growth .....  . . . . .  27
■2. A stainless steel holder.containing plastic

. . growth pouches  ................. . 28
3. Inhibition of secondary root development of

oats grown in 3 salt concentrations 
- (Experiment 2) . . . . . . .    39

4. Oat plants grown in 3 salt concentrations
showing poor germination, decreased shoot 
and root length, and inhibition of
secondary root development (Experiment 2) . . 40

5. Necrotic symptoms of oat seedlings treated
with 2 ppmw atrazine.and 3 concentrations
(3000, 4000, and 5000 ppmw) of salt
(Experiment 2 ) ..........................  42

6. Necrotic symptoms of oat seedlings treated
with. 2 ppmw atrazine and 3 concentrations
(6000, 7000, and 8000 ppmw) of salt
(Experiment 2 ) ....................   43

7. Predicted responses of oat shoot lengths
(cm) to treatments of atrazine and
sodium chloride combinations
(Experiment l) . . . . . . . . . . . . .  i . 44

8. Predicted responses of oat shoot lengths
(cm) to treatments of atrazine and
sodium chloride combinations
(Experiment 2) . . . . . . . . . . . . . . . .  45

9. Predicted responses of oat root lengths
.(cm) to treatments of atrazine and 
sodium chloride combinations
(Experiment 2 ) ........................... 49

v



LIST OF ILLUSTRATIONS““Continued
Figure Page
10. Predicted responses of oat fresh weights

(g) to treatments of atrazine and 
sodium chloride combinations .
(Experiment 1) ... . . . . . . . . . . . . . .53

11. Predicted responses of oat fresh weights
(g) to treatments of atrazine and 
sodium chloride combina.tions
(Experiment 2) . .  ................. . . 54



LIST OF TABLES

Table ' Page
1. Portions of the analyses of variance of

shoot length, root length, fresh weight,
and per cent germination as influenced
by combinations of atrazine and sodium
chloride (Experiment 1) . . . . . . . . . .  . 34

2. Portions of the analyses of variance of
shoot length, root length, fresh weight,
and per cent germination as influenced
by combinations of atrazine and sodium
chloride (Experiment 2) . . .  .............  35

3. Average shoot length of oats treated with
combinations of atrazine and sodium
chloride (Experiment 1) . . . . . . . . . .  . 36

4. Average shoot length of oats treated with
combinations of atrazine and sodium
chloride (Experiment 2) .    38

5. Average root length of oats treated with
combinations of atrazine and sodium
chloride (Experiment l ) ...........   46

6. Average root length of oats treated with
combinations of atrazine and sodium
chloride (Experiment 2)  ................  48

7. Average fresh weight of oats treated with
combinations of atrazine and sodium
chloride (Experiment 1) . . . . . . . . . . .  . 50

8. Average fresh weight of oats treated with
combinations of atrazine and sodium
chloride (Experiment 2)  .........   52

9. Average per cent germination of oats
treated with combinations of atrazine
and sodium chloride (Experiment l) . . . . .  56

vii



VI 11

Table
10.

LIST OF TABLES--Continued

Average per cent germination of oats 
treated with combinations of atrazine 
and sodium chloride (Experiment 2)

Page

57



ABSTRACT

This study was conducted to determine the effects 
of sodium chloride and..atrazine (2-chloro-4~ethylamino-6- 
isopropylamino-js-triazine') on oats (Avena sativa L. 
cultivar Markton) grown in the laboratory. The oats were 
germinated and grown in plastic growth pouches under 
artificial light. The use of plastic growth pouches 
facilitated study of the root system's response to the 
treatments. Two experiments were conducted, each having 
36 treatments consisting of 6 rates of atrazine and 6 rates 
of sodium chloride in all possible combinations.

Shoots decreased in length in response to additions 
of salt, and atrazine caused necrosis in shoots. Atrazine 
induced necrosis was lessened by combinations with the 
higher salt concentrations.

Increases in salt levels decreased primary root 
length and reduced secondary root development. Atrazine 
did not affect primary root length, but inhibited the 
development of secondary roots.

Increased concentrations of both salt and atrazine 
caused decreases in fresh weight of oats.

Per cent germination decreased as salt rates 
increased. Atrazine had no apparent effect on per cent 
germination..
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INTRODUCTION

Since the introduction of herbicides, the effects 
of their residues on the following crops have been a 
problem. These residues have caused extensive damage to 
many crops. Residues of herbicides in the soil must be 
considered in sugar beet (Beta vulgaris L.) production 
because of their susceptibility to most herbicides used in 
Arizona. Frank (30) reported extensive losses of sugar 
beets in Ontario, Canada because of residual atrazine 
(2~chlorO“4-ethylamino-6 -isopropylamino-_s-triazine) used 
on corn (Zea mays L.) crops. Saghir and Choudhary (55) 
found sugar beets were injured by atrazine applications 
simulating residue concentrations.

The presence of saline soils in Arizona places 
another stress upon crop seed germination and seedling 
growth. Such a stress is caused by high osmotic pressures 
and toxic quantities of specific ions.

Oats (Avena sativa L. cultivar Markton) were chosen 
as an indicator plant for atrazine injury in an attempt to 
determine the effects of several combinations of chemicals 
on plant growth. Oats have been used extensively in 
research -because of their susceptibility to low concentra
tions of atrazine.

1



.This study was undertaken to determine if any 
interactions could be found due to using sodium chloride 
and atrazine combined. Several, concentrations of sodium 
chloride and atrazine were used in combinations to deter
mine their effects upon germination and seedling growth of 
oats. .



REVIEW OF LITERATURE

This review is oriented towards (a) the effects of 
salinity upon germination and seedling growth, (b) the 
physiological and biochemical effects to plants caused by 
atrazine, and (c) the interactions caused by multiple 
factors affecting plant growth.

Effects of Salinity Upon Plant Growth 
Salinity exerts stresses upon germination and 

seedling growth. Saline or alkali soils affect plant 
growth by (a) altering soil structure, (b) limiting moisture 
availability, and (c) accumulating specific ions in the 
soil solution.

Seed germination can be decreased or delayed by the 
presence of an accumulation of salts within the soil solu
tion. The effects of salt stress upon the germinating 
embryo can be caused in two ways: (a) by decreasing, the
ease of water uptake and decreasing water entry, and (b) by 
intake of ions in sufficient amounts to be toxic.

Osmotic Pressure Effects
The literature- is extensive concerning germination 

under saline conditions. Ayers and Hayward (10) germinated 
two cultivars of barley (Hordeum vulgare L.) in soil with 
solutions containing 0, 0.10, 0.20, 0.30, and 0.40% sodium
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chloride and showed that barley germination was decreased, 
at 0.30% and.germination was delayed at all levels 
excepting the control. In another study by Ayers, Brown, 
and Wadleigh ,(9) wheat (Triticum vulgare Vill.) and barley 
were germinated in plots irrigated with salt .solutions of 
sodium chloride and calcium chloride (1:1) at 5,000 and 
10,000 parts per million. Germination at 5,000 ppm was 
delayed 2 to 3 days, while 10,000 ppm delayed germination 
3 to 5 days even though both treatments exceeded a 98% 
s tand.

Ayers (8) studied the effects of sodium chloride on 
39 cultivars of barley to determine salt tolerance among 
the cultivars. All cultivars had good salt tolerance, but 
there were differences in germination time. Most cultivars 
did not germinate well above 16 atmospheres, but California 
Mariout, Si, and Santoku were most salt tolerant and 
quickest to germinate. .

Germination percentage of standard crested wheat- 
grass (Agropyron desertorum Fisch.) was decreased, and 
germination time increased on a linear scale as salinity 
was increased from 0 to 18,000 ppm in studies by Dewey 
(23).

George and Williams (35) reported that germination, 
was depressed by osmotic pressures in excess of 8 atmos
pheres for barley, 4 atmospheres for strawberry clover
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(Trifolium fragilerum L.)? and 3 atmospheres for Ladino 
clover (Trifolium repens L„)„ . .

Hunter and Erickson (42) determined the specific 
moisture content for germination of several crop.plants. 
Their studies showed that a soil should have a moisture 
tension of not more than 12.5 atmospheres for c o m  (Zea 
mays L.) and as little as 3.5 atmospheres for sugar beet 
seeds to germinate. Lylles and Fanning (47) obtained data 
verifying the decrease of per cent emergence and increase 
of emergence time. It was found also while testing sorghum 
(Sorghum vulgare Pers.) that a pre-soaking treatment before 
planting decreased emergence time by one day. This 
response was true where the moisture tension exceeded 0.33 
atmospheres and salt concentration of the saturated soil 
extract did not exceed 10 mmhos/cm.

Many researchers have used organic solutions to 
simulate drought by increased osmotic pressure and to 
avoid specific ion toxicities. Dotzenko and Haus (24) 
using a mannitol solution, made selections from 6 alfalfa 
(Medicagb sativa L.) cultivars that would germinate above 
12 atmospheres. It was found that the ability to germinate 
at 12 atmospheres was heritable and varied with the dif
ferent cultivars tested.

Uhvits (65) using sodium chloride and mannitol 
reported ion toxicities to alfalfa seeds. Germination was 
practically inhibited at osmotic pressures of 12 to 15



atmospheres. The retardation and reduction of germination 
were greater in sodium chloride than in mannitol substrates 
at equal osmotic pressures. As the osmotic pressure 
increaseds the hydration of seeds or average water absorp
tion decreased.

Wiggams and Gardner (70) used iso-osmotic concen
trations of sodium chloride, sucrose, glucose, and 
D-mannitol of 5 and 10 atmospheres to test effects upon 
radish (Raphanus sativus L .) and sorghum plants„. Sodium 
chloride at 5 atmospheres almost completely inhibited 
germination and radicle growth of both sorghum and radish, 
while sucrose, glucose, and D-mannitol at 5 atmospheres had 
only a slight effect on reducing germination of radish and 
sorghum seed. These differences show the effects of ions 
in addition to osmotic pressure.

Osmotic Pressure Adjustment
Another effect of increased osmotic pressure in the 

soil solution is the plant's adjustment to higher osmotic 
pressures within the cell sap. Bernstein (11) investigated 
this phenomenon in cotton (Gossypium hirsutum L.) and 
pepper (Capsicum frutescens L.) plants. He found that as 
the osmotic pressure of the medium increased, so did the 
osmotic pressure of the roots and aerial portions of the 
plants. The accumulation was dependent upon the accumula
tion of ions in the medium and also on substitution of
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monovalent for polyvalent ions. An increase in salt 
accumulation and ionic substitution varied with organ, 
leaf age, and salinity level. In further studies 
Bernstein (12) determined the time-course of osmotic 
adjustment in bean (Phaseolus vulgaris L.) and pepper 
plants. Bean plants were periodically sampled after a one ■ 
atmosphere addition of salt and were found to adjust the 
osmotic pressure within the plants in a 24-hour period. It 
was also noted that the adjustment of the roots was made 
primarily at night while the leaves and stems adjusted 
mostly during the day.

Hayward and Long (39) observed in studies with 
tomatoes (Lycopersicon esculentum L.) that the osmotic 
concentration of the cell sap increased with an increasing 
concentration of salts in the culture solution. Hayward 
and Long (40) also reported that osmotic concentration in 
the vegetative and fruit juices increased as the culture 
solution's salinity was increased.

In the same study with tomatoes they found that the 
accumulation of chloride, sulfate, and sodium ions in the 
vegetative and fruit juices increased with increasing 
increments of salt in the substrate. An accumulation of 
calcium, potassium, magnesium, and ammonium ions in the 
juice of ripe fruit was greater at higher osmotic concen
trations of substrate even though all elements were 
supplied in equal amounts with the substrate.



Specific Ion Effects
Specific ion toxicities have been demonstrated in 

several agricultural plants (2, 13). According to a review 
of Allison (2) large concentrations (700-1500 ppm) of 
chloride ions in leaves caused marginal burns, leading to 
necrosis and leaf drop, twig die back, and death of the 
plant. • •

Hayward and Long (39) grew tomato plants in three 
series of substrates: (a) nutrient solution, (b) nutrient
solution plus sodium chloride, and (c) nutrient solution 
plus sodium sulfate. Each treatment had osmotic values of 
0.5, 1.5, 3.0, 4.5, and 6.0 atmospheres. It was found that 
plant height, diameter of stem, and dry weights decreased 
as the osmotic pressure increased. It. was noted that the 
greatest differences occurred in the sodium sulfate treat
ment while the nutrient solution treatment was the 
smallest.

Gauch and Wadleigh (34), however, have shown that 
growth inhibition of beans was directly correlated with 
increased osmotic pressure and not ionic specificity.

Walter (68) in a review noted that chloride 
presence in leaves increased the hydration of proteins 
which resulted, in increased succulence. This increased 
succulence also has been noted by others (34, 39).
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Anatomical and Physiological Effects

The anatomical and physiological responses of 
plants will be discussed without attempt to distinguish 
whether the cause was osmotic pressure or specific ion 
toxicities, Hayward and Long (39) observed that tomato 
plants were affected by salt concentrations of 4.5 and 6.0 
atmospheres in the following ways: smaller stem diameter, 
reduced vascular tissues, cells of mechanical tissues 
smaller in caliber and thicker walled, inhibited cambial 
activity, significantly thicker leaflets, high starch 
accumulation in parenchymatous tissues of basal stem, 
increased osmotic concentration of sap, and accumulation 
of sodium and chloride ions in plant tops.

Salinity has effects on respiration, enzymes, and 
nucleic acids. George and Williams (35) found that 
germinating seeds of barley had reduced respiration, while 
strawberry clover and Ladino clover had an increased 
respiratory rate with increasing osmotic pressure of the 
medium. They suggested that barley was more salt tolerant 
than clovers due to a lower respiratory rate and a greater, 
reservoir of respiratory substrate.

Nieman (53) observed that sodium chloride increased 
respiratory activity in both tolerant and sensitive species 
of 12 crop plants. The effect was greater at lower levels 
of salt and susceptible species of plants, It was also 
noted that the increase in respiration was present in
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leaves and not found in roots. He also found that sodium 
chloride did not affect photosynthesis.

Henckel and Strogonov (41), in a review, noted that 
the colloidal and chemical properties of the protoplasm 
were changed as a result of increased salinity. Salinity 
decreased the elasticity of the protoplasm, while its 
viscosity increased. As the protoplasm’s elastic properties 
deteriorated, so did the plant's drought resistance. 
Conversely, as the viscosity increased, the plant's heat 
resistance was improved.

Nieman (54) studied leaf expansion of bean plants 
and its suppression as influenced by salinity and observed, 
that nucleic acid and protein synthesis were involved. It 
was found that salinity suppressed the rate of KNA and 
protein synthesis and cell enlargement. Salinity had no 
effect on the respiratory system that terminated DNA 
synthesis. Nieman suggested that these processes were 
suppressed by a water stress due to osmotic pressure. He 
further suggested that the inhibition of these processes 
were the primary or basic effects of salinity on plant 
growth.

Effects of Atrazine Upon Plant Growth 
Atrazine is a herbicide used extensively in c o m  

and sorghum weed control. This herbicide is one of the
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several' triazine analogs used in crop and industrial weed 
contro1. -

Absorption and Trans location '
Atrazine can be absorbed either through leaves with 

the aid of a surfactant or through the roots. Biswas (14) 
showed that surfactant increased the absorption through 
upper and lower leaf surfaces. According to a review by 
Crafts (21) the molecule first penetrated the cuticular 
layer and then proceeded in the symplast into the phloem. 
Once in the phloem the molecule was transported with the 
sugar which traveled to the sinks either basipetally or 
acropetally.

The primary method of entry into the plant is by 
root absorption. The molecule entered the root hairs and 
then proceeded in the symplast to the xylem. Atrazine 
moved apoplastically through the xylem to the aerial 
portions of the plant (21). Sheets (58) showed that 
herbicide accumulation was greatest in plants that had a 
high transpiration rate.

Davis, Gramlich, and Funderburk (22) observed that 
root absorption of atrazine was increased by the atrazine 
concentration, water absorption, and length of absorption 
time. It was also found that susceptible species absorbed 
more atrazine than did a resistant species. However, Negi, 
Funderburk, and Davis (52).in a study in which several
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species were treated with atrazine, found that atrazine 
absorption was not correlated with species susceptibility.

Foy (29)'postulated that plant resistance to 
triazine herbicides was in part due to anatomical struc
tures which apparently removed the herbicide from circula
tion at least temporarily. In a study with some triazines 
he found they accumulated in the lysigenous glands of 
cotton. This accumulation removed the herbicide from 
circulation lessening the herbicide's effects. In further 
work, Scifres and Santelmann (57) tested glanded and gland- 
less cottons and found no accumulation of prometyme 
(2,4-bis(isopropylamino)-6”methylmercapto-s-triazine) , a 
triazine analog, in the lysigenous glands.

Atrazine Symptoms
Atrazine effects to leaves began as discrete areas 

showing a water-soaked appearance or a chlorosis or both. 
The affected, areas increased in size becoming necrotic and 
caused the ultimate death of the entire leaf (4, 37).

Ashton (5) indicated that for plants to show the 
characteristic morphological symptoms of atrazine toxici- 
ties, light must be present. The amount of injury was 
dependent upon light intensity. He also found chlorophyll 
to be the principal absorbing pigment involved in injury.

Freeman, Renney, and Driediger (31) have found that 
light and atrazine caused the destruction of both
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chlorophyll a and b. Wheeler and Hamilton (69) reported a 
loss of chlorophyll in sensitive species, was closely 
related to and preceded acute toxicity symptoms„

Ashton, Gifford, and Bisalputra (7) found that 
atrazine-caused gross alteration of the chloroplast 
structure, starch disappearance from the lamellar system, 
and ultimate destruction of the chloroplast structure.

In another study Ashton, Gifford, and Bisalputra 
(6) noted that atrazine altered cell•development causing a 
cessation of carnbial activity, a decrease in cell wall 
thickness in sieve and tracheid elements in the stem, and 
precocious development of vacuoles within the cells.

Metabolic Responses " ■
Atrazine also effects plant transpiration as 

reported in two experiments (63, 71). These studies have 
shown that atrazine in the presence of light limits 
transpiration by closing stomata. Studies by Smith and 
Buchholtz (63) showed that atrazine reduced transpiration 
about 50% within 6 hours. This was true of both suscep
tible and resistant species. However, Willis, Davis, and 
Funderburk (71) noted that the degree of reduction in water 
loss of species paralleled the degree of susceptibility to 
atrazine. The more susceptible species host less water as 
a result of a greater degree of stomatal closure. .
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The major effect of atrazine toxicity is that.it 

inhibits the photosynthetic process (36, 66, 72). Good 
(36) observed that atrazine inhibited the Hill reaction.

The effects of photosynthetic inhibition leads to 
carbohydrate depletion and death. The injurous effects 
can be overcome by feeding sugar to the affected plant.
(27). Shimabukuro and Linck (62) found that total carbo
hydrate content in oat plants treated with atrazine for 
3 days was reduced 40% in the shoots .and 31% in the roots.

Van Overbeek (66) suggests in a.review that this 
inhibition was due to the -NH- groups within the atrazine 
molecule. These groups likely formed hydrogen bonds with - 
the protein of an enzyme involved in the oxidation of 
water.

Atrazine also inhibited photosynthetic carbon 
dioxide fixation as reported by Zweig and Ashton (72).
They found that atrazine inhibited carbon dioxide fixation 
in the light reaction in excised red kidney bean leaves 
but did not' inhibit the dark reaction.

There is evidence, however, that atrazine does 
injury in the absence of light. Jordan et. al. (44) in a 
study using atrazine upon tobacco callus tissue grown in 
the dark showed growth inhibition. . These data indicated 
a toxicity other than photosynthetic inhibition was present 
in atrazine action.



, ' . 15
Good (36) has suggested that atrazine toxicity 

might in part be due to its effects on enzyme activity. 
Funderburk and Davis (32) found that atrazine caused a 
reduction in activity of catalase, peroxidase, phenol 
oxidase, ascorbic acid oxidase, and glycolic acid oxidase. 
The reduction in enzyme activity could not be correlated 
with atrazine sensitivity with the exception of increased 
phenol oxidase activity with resistance.

Atrazine has been noted to affect metabolism in 
plants. Funderburk and Davis (32) found that atrazine 
caused a reduction in respiration rate of susceptible 
species. Eastin, Palmer, and Grogan (27) have observed in 
tests with resistant and susceptible lines of c o m  that ' • 
atrazine decreased the respiration rate in roots of the 
susceptible line but not of the resistant line. It was 
also found, that no difference existed between resistant and 
susceptible lines in leaf respiration.

In another study Eastin and Davis (26) reported a 
decrease in dry weight which caused an increased per cent 
nitrogen in all species tested. There was no effect on 
per cent non-protein or free ammonia nitrogen in the 
resistant species. Both nitrogen fractions were increased 
by atrazine in intermediate and susceptible species.

The degradation of the atrazine molecule to carbon 
dioxide has been researched, and conflicting results have, 
been found. Workers have found that atrazine and simazine
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(2-chloro--4 ? 6-bis (ethylamino)^jS"triazine) C" '"“labeled 
molecules were metabolized to (32, 33). Davis £t al.
(22) reported, however5 after testing several species under 
several environmental conditions, that the atrazine C ^ -  
labeled molecule was not degraded to labeled carbon
dioxide. Shimabukuro (60) noted that ring cleavage and 
complete oxidation of the atrazine molecule did not occur.
It was felt if ring cleavage did occur it was incorporated 
into insoluble natural products.

Plant Tolerance to Atrazine
Plant resistance to atrazine .appears to be partly 

due to the plant's metabolizing or detoxifying the 
herbicide, thereby escaping its toxic action. Castelfranco, 
Foy, and Deutsch (16) in studies with com, found that its 
resistance to simazine, a triazine analog, was due to a 
conversion of the chlorosimazine to hydroxysimazine. It 
was found that when the corn extracts were purified and 
boiled, the detoxifying action was not altered. These 
workers concluded that the detoxification was not enzymatic.

Hamilton (38) in studies using several grass 
species found that resistance of c o m  was due to benzo- 
xazinone derivatives which converted chlorotriazines to 
hydroxytriazines. It was found that wheat, rye (Secale 
cereala L.) , and c o m  contained, benzoxazinone derivatives. 
Wheat and rye were susceptible crops even with . •
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benzoxazinone derivatives. Hamilton concluded from such 
data that there were other pathways of detoxification 
present, to explain differing.susceptibility.

Negi £t al. (52) found that the amount of unde
graded atrazine in test plants correlated with plant 
susceptibility. It was also shown that the amount of 
hydroxyatrazine formed was correlated with plant resist
ance. The resistant species converted at least twice as 
much atrazine to hydroxyatrazine as did the susceptible 
species.

Shimabukuro, Kadunce, and Frear (61) studied 
atrazine degradation in pea (Pisum sativum L=) plants using 
ring-labeled C"^ atrazine. A major metabolite of atrazine, 
compound I (2-chloro-4-amino-6-isopropylamino-s-triazine) 
was found in the shoots of mature pea plants. Hydroxyatra
zine , the major metabolite of other species was not found. 
In later studies Shimabukuro (59) found that both roots and 
shoots of peas metabolized atrazine to compound I which was 
less phytotoxic than atrazine. The shoots showed a greater 
capacity to metabolize atrazine than did the roots. 
Intermediately susceptible plants could have resulted from 
the accumulation of compound I.

Shimabukuro (60) in an extensive study has shown 
the existence of two pathways for atrazine metabolism in 
higher plants. He studied several species of plants with ' 
different degrees of susceptibility and resistance.
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Shimabukuro1s work showed that all species were able to 
metabolize atrazine initially by N-dealkylation of either 
of the two substituted alkylamino groups on the atrazine 
molecule. This pathway resulted in an intermediately toxic 
form which can be detoxified further to a nontoxic 
methanol-insoluble plant residue.

The second pathway existed in only those species 
containing benzoxazinone derivatives. This mechanism 
resulted in the hydroxylation of the chlorine atom in 
atrazine to a nontoxic form, hydroxyatrazine.

Both pathways appeared to detoxify atrazine. The 
hydroxylation pathway resulted in a direct conversion of 
toxic atrazine to a nontoxic hydroxyatrazine. The 
dealkylation pathway led to detoxification through one or 
more partially detoxified, stable intermediates. The 
tolerance of plant species was believed to be the result 
of the rate of detoxification and the different pathways 
present.

Genetic Effects
Atrazine resistance in c o m  has been found to be 

genetically controlled. Eastin (25) found from studies 
with resistant and susceptible lines of c o m  that atrazine 
susceptibility was controlled by a single recessive gene.

Liang e_t al. (46) reported atrazine treatments 
using grain sorghum varieties caused chromosomal aberrations
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in microsporocy.tes <, Sorghum plants were treated with 
atrazine at seven developmental stages and pollen mother 
cells collected. Abnormalities consisted of multinucleate 
cells, bridges, increased chromosome numbers, and meiotic . 
instability, regardless of.the time of application. The 
nontransmission of characters to subsequent generations was 
felt to be due to either nonviable or less competitive 
pollen.

Interactions of Multiple Factors Upon Plant Growth 
Plant growth and development are affected by a. 

multitude of factors such as environmental, biotic, 
edaphic, and chemical. The combinations of these factors 
can produce beneficial or harmful interactions to plant 
growth and development.

With increased use of farm chemicals, such inter
actions become very important to the grower. Whether the 
grower intends the many types of chemicals to be used in 
combination practices or not, the plant must still cope 
with the combined presence of the chemicals during its 
growing season.

Combinations of Salt and Chemicals
It has been found that additions of certain 

chemicals have reduced the stress of salinity upon plant 
growth. Miyamoto (49) tested wheat seedlings and found
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resistance to salt was increased by additions of extracts 
of plants, beef, and.baker's yeast. Marth and Frank (48) 
reported that applications of plant growth retardant 
chemicals to soybeans (Glycine max Merrill) plants 
increased salt tolerance. One group of plants was treated 
with an excessive fertilizer application in connection with 
growth retardants. This treatment produced no visible 
injury. Another group of soybeans received only the 
fertilizer application and was killed.

Combinations of Herbicides, Insecticides, and Fungicides
Much work is now in progress with insecticide and 

herbicide combinations. Walker, Hacskaylou, and Fires (67) 
observed that 400 to 950 acres of cotton were lost in Texas 
to phorate (0,0-diethyl S-(ethylthiomethyl) phosphorodithi = 
oate) and diuron (3- (3 ,4-dichlorophenyl)-l, 1-dime thy lure a), 
monuron (3-(£-chlofophenyl)-l,1-dimethylurea) combinations. 
This prompted Walker and colleagues to conduct greenhouse. • 
experiments with seed treatment of disulfoton (_0,_0-diethyl 
S-2-(ethylthio) ethyl phosphorodithioate) in combination 
with diuron and monuron was twice as toxic as diuron to 
cotton seedlings when applied with disulfoton.

1. A chemical name occupying two lines separated 
by an equal (=) sign is joined together without any separa
tion if written on one line.
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Arle (3) observed that the inhibition of secondary, 

roots on cotton seedlings by trifluralin (a,a,a-trif-luoro- 
.2,6-dinitro-N,N-dipropyl-£-tdluidine) was reversed if 
disulfoton was used in combination with trifluralin.

Bowling and Hudgins (15) reported damage to rice 
(Oryza sativa L.) when certain insecticides were used in 
combination with propani1 (3',4'-dichloropropionanilide) 
for weed control in rice. Combinations of propani1 and 
chlorinated hydrocarbons had no effect while phosphate 
insecticides caused damage. The carbamate insecticides 
were found to cause severe damage. It was felt that some 
insecticides interfered with the rice plant's hydroloyzing 
propani! in its leaves thereby causing leaf b u m s .

Corbin and Sheets (20) reported that combinations 
of atrazine and the fungicide dexon (p-dimethylaminoben^ 
zenediazo sodium sulfonate) were strongly antagonistic on 
cucumber (Cucumis sativus L.) plants. •

Nash (50) found in studies with oats that combina
tions of herbicides, insecticides, and fungicides gave 
synergistic, antagonistic, and additive interactions. The 
use of daiapon (2,2-dichloropropionic acid), with disulfoton, 
phorate, and carbary1 (l-naphthyl methylcarbamate) in soil 
resulted in additive phytotoxic effects, while captan (N- 
tfichloromethylmercapto-4-cyclohexene-l,2-dicarboximide) 
combined with daiapon gave an independent effect, and 
chlorani1 (Tetrachloro-p-benzoquinone) combined with diuron.
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was antagonistic to phytotoxic effects„ In a later study 
Nash (51) reported that combinations of diuron with 
disulfoton or phorate in soil resulted in synergistic. 
phytotoxicity to oat plants.

Combinations of Herbicides and Plant Pathogens
Interactions of herbicides in combination with 

seedling diseases have also been reported. Fields and 
Hemphill (28) studied the effects of Pythium on peas and 
Pythium plus DMPA (_0~ (2 ,4-dichlorophenyl) O-methyl isopro= 
pylphosphoramidothioate)' in the laboratory. These workers 
found that DMPA did reduce damping-off in the laboratory 
test. However, field tests using soil treated with 15 Ib/A 
of DMPA for eight years in which peas were subsequently 
planted and treated with Pythium, showed no such reduction 
of damping-off. Standifer, Melville, and Phillips (64) 
found that cotton seedlings that were destroyed in cool 
weather by fungal seedling diseases were more severely 
damaged if accompanied by a preplant treatment of tri- 
fluralin. Agamalian (1) however, reported from laboratory 
studies that trifluralin did not inhance pathogenicity of 
Rhi zoctonia solani.

Kesner and Ries (45) indicated that high concentra
tions of filtrate of Trichoderma viride and Aspergillus 
candidus 'inhibited the growth of tomatoes. This inhibition, 
could be overcome by the addition of low concentrations of
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diphenamid (N,N-dimethyl-2,2-diphenylacetatnide). This 
synergistic action was only manifested at optimum tempera
tures „

Combinations of Herbicides ...
Combinations of two or more herbicides have also 

been investigated. Colby (18) devised mathematical 
formulas for calculating responses of herbicide combina
tions when data a.re available for each component herbicide 
as to its weed control. Using the formula, the per cent 
inhibition of growth by each, herbicide at the herbicide 
rate is used to determine the expected per cent inhibition 
by the combined herbicides. If the actual observed per 
cent inhibition is greater'than the calculated expected 
response it can be concluded that the combination is • 
synergistic, if less than expected, antagonistic, and if 
the same as expected, additive.

In a later study Colby and Feeny (19) using'the. 
herbicides potassium azide and calcium cyanimid in combina
tions, found a synergistic toxicity response with several ■ 
plant species. They.further noted that in a field study 
the combinations reduced the number of weed seeds germi
nating from treated soil over a six-month period.
Potassium azide or calcium cyanamid applied singly were not 
effective in reducing germination. Studies in the
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laboratory showed that these combinations of herbicides 
gave more persistent phytotoxic residues than either 
chemical alone.

Combinations of Herbicide and Daylength -
Jordan and Day (43) observed that small concentra

tions of simazine increased germination of Chenopodium 
humile seeds . Growth was slower under short-day conditions 
when treated with simazine.



METHODS AND MATERIALS

The experiments in this study were conducted at 
The University of Arizona at Tucson, Arizona. ■ The 
herbicide, atrazine, and the salt, sodium chloride, were 
evaluated in combinations in a laboratory to determine 
their effects upon the growth of oats. The experiments 
were started in December of 1967 and completed in April of 
1968.

"1Oats were grown in plastic growth pouches. The 
pouches consisted of two plastic pieces, 17.3 cm in length 
and 16.6 cm in width, sealed at the edges with the excep™• 
tion of the top. The pouch contained a wick 15.2 cm long 
made of germination paper with a perforated trough at the 
top for holding seeds. Eight seeds were placed with the 
embryo end down, into enlarged holes punched in the 
perforated trough at 1.5 cm spacings. Originally sugar 
beets were used as test plants but due to inadequate 
germination and the impossibility of determining from what 
point the radicle would originate, they were replaced with 
oats. Oat seeds can be positioned so the roots will grow 
through the holes in the paper wick. Oats have been used

1. Seed-Pak Growth Pouch, Scientific Products, 
1210 Leon Place, Evanston, Illinois.

25
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extensively as a test plant in atrazine studies (26, 38,
52, 62).

Nutrient solution was poured into the pouch and 
absorbed up the wick, wetting the seeds and providing 
solution for growth. ,

As the seeds germinated the radicals grew down the 
paper wick, and the shoots grew out of the top (Figure l). 
Two advantages of the growth pouch were that the root 
system was observable at all times and root data could be 
taken easily without the damage that accompanies removal 
of roots from soil. Schubert and Scott (56) found growing 
wheat plants in plastic bags to be a satisfactory method 
for observing the effects of herbicides on growth.

The pouches were punched with a paper punch 5 cm 
from the top on each side. These holes were used to 
support the pouches by threading them on steel rods in a 
stainless steel holder (Figure 2).

A wooden frame was constructed to hold five 
fluorescent light fixtures. The light bank contained Sight 
fluorescent tubes enclosed on three sides with aluminum 
foil to increase light intensity. Four tubes were Sylvania 
Gro-lux for red wavelength enrichment, and the other four 
were ordinary fluorescent tubes. The light intensity was 
approximately 1200 foot candles at the pouch top. The . 
light intensity at the maximum leaf height was 1500 foot 
candles. The daylength for Experiment 1 was 12 hours,
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A+rapine-

Fig. 1. Oat plants growing in a paper wick insert showing 
normal plant growth.
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Fig. 2. A stainless steel holder containing plastic growth 
pouches.

The oat shoots are supported by a paraffin-waxed 
wire grid.
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while for Experiment 2 it was 16 hours. Temperature range 
was 29 + 2 C during the light hours and 24 + 2 C during the 
dark hours, ;

Treatments were prepared, by weighing the.desired 
amounts of atrazine and sodium chloride for the needed 
concentrations. The sodium chloride and atrazine were 
prepared at.double strength for the dilutions to the 
desired combinations. The herbicide and salt were, dis
solved in 0.25X Hoalgand's nutrient solution. The treat
ment solutions were stored in one liter flasks for further 
use.- The pouches were numbered, randomized, and placed on 
the holder. Twenty-five ml of solution were added to each 
pouch. Subsequent irrigations were made as needed. The 
solution was applied to a predetermined mark on the pouch 
that measured 25 + 2 m l .

The stainless steel holder was then placed along
with the treatment flasks into an autoclave and sterilized

2at 121 C and 1.05 Kg/cm for 15 minutes. After autoclaving, 
oat seeds were placed in the prepared holes in the wick. 
Once the seeds were in place, a small amount of captan was 
dusted on the seeds and wick trough to prevent fungal 
contamination. -

Several techniques were used to accomplish sterile 
growing conditions and optimum light intensities. It was 
decided that'autoclaving the pouches and solutions gave the 
greatest protection against fungal contamination.
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Preliminary tests were conducted to determine if auto- 
claving would alter the atrazine molecule. Ultraviolet 
analysis indicated no alteration of the atrazine molecule. 
These results were confirmed by Jordan et aJ.. (44) who also 
autoclaved atrazine and found it unaltered.

Two experiments were conducted each using different 
rate combinations of salt and herbicides. Preliminary 
tests were conducted to determine the maximum response for 
each factor. The method of steepest ascent was used to 
help determine the maximum response (17). The method 
indicated the rates for atrazine to be 0, 2, 4, 6, 8, and 
10 ppmw and 2500, 3000, 3500, 4000, 4500, and 5000 ppmw for 
sodium chloride. The salt rates were later revised to 
3000, 4000, 5000, 6000, 7000, and 8000 ppmw for a greater 
response.

Experiment.1 used 0, 2, 4, 6, 8, and 10 ppmw 
atrazine and 2500, 3000, 3500, 4000, 4500, and 5000 ppmw 
of sodium chloride in all combinations. Experiment 2 
used 0, 2, 4, 6, 8, and 10 atrazine and 3000, 4000, 5000, 
6000, 7000, and 8000 ppmw of sodium chloride in all 
combinations.

The atrazine used was an 80% wettable powder 
supplied by Geigy Chemical Company. The sodium chloride 
was reagent grade produced by the J . T. Baker Chemical 
Company.
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Four characteristics were measured for plants 

receiving each treatment. These were: (a) shoot length,
(b) root length, (c) fresh weight of plants in each pouch, . 
and .(d) per cent germination. Shoot .length was measured 
from the bottom of the seed.to the. tip of the longest leaf. 
In case of necrosis from the treatments, only the longest 
living tissue was measured. Root length was determined by 
measuring the longest root of. each, plant. Fresh weight was 
determined after shoot and root measurements, by weighing 
all of the plants and ungerminated seeds in each pouch. 
Germination was recorded, and only normal plants having 
definite shoot and root development were considered, 
germinated.

A factorial design was used for both experiments. 
Experiment 1 had 4 replications, and Experiment 2 had 3 
replications. The data were analyzed by a factorial 
analysis for each character to determine responses to 
sodium chloride, to atrazine, and to combinations of the 
two. Data were also analyzed as a.surface response to 
determine if they would fit the quadratic model.

A response surface was chosen to determine the 
effects of sodium chloride and atrazine upon several 
characteristics of oats. A response surface can be used 
when the response y is thought to be affected by a number 
of quantitative factors. The purpose is to discover the 
level at which each of these factors must be set in order



32
to maximize or minimize the response. In addition it can 
be used to determine how y varies when the levels of the 
factors are changed from their optimum values (17).

A quadratic equation was determined for each 
characteristic for each experiment. The equation was 
obtained by determining the regression coefficients which 
gave a summary of the result of the experiment. A 
quadratic equation can also be used as an approximation 
to predict the response for values that were not -tested in 
the experiment (17).

The quadratic equations have coded x' values for 
the atrazine and sodium chloride rates. The x' values are 
obtained by x' = x - x/c where x equals the rate, x the 
mean of the rates, and c , a factor used if needed to obtain 
single integers for ease in computing.



RESULTS

The analyses of variance of data on shoot length,
'root length, fresh weight, and per cent germination 
collected on oat plants grown in Experiments 1 and 2 are 
summarized in Tables 1 and 2. Means of the data collected 
for each of the four characteristics are given in Tables 3 
through 10.

The analyses of variance for Experiment 1 showed 
that shoot length, fresh weight, and per cent germination 
significantly decreased while root length did not.

All characteristics fit the quadratic model, ' 
although the deviation from the quadratic equation of fresh 
weight was also significant. Even with the significance of 
the deviation, the magnitude of the mean squares between 
the quadratic model and the deviation indicated the useful
ness of the quadratic model.

The analyses of variance for Experiment 2 show that 
all characteristics were significantly affected by the 
treatments. As in Experiment 1, all characteristics fit 
the quadratic, model, although the deviation in fresh weight 
and shoot length was also significant.

Table 3 summarizes the results of shoot length 
measurements for Experiment 1. The averages for salt 
treatments indicated no significant relation between salt

33



Table 1. Portions of the analyses of variance of shoot length, root length,
fresh weight, and per cent germination as influenced by combinations 
of atrazine and sodium chloride (Experiment 1).

Source.of 
variation . , ;

Mean squares
Degrees of 
freedom

Shoot
length

Root
length

Fresh 
wei ght

Per cent 
germination

Treatments 35 • 11.19** 3.75 0.21** • 0.04*
Quadratic Model 5 59.78** 7.15* 0.86** 0.07*
Deviations 30 3.09 3.18 0.11** 0.03
Error 105 2.16 2.84 0.05 . 0.02

'/’'Exceeds 5% level. 
**Exceeds 1% level.



Table 2. Portions of.the analyses of variance of shoot length, root length,
fresh weight, and per cent germination as influenced b y .combinations 
of atrazine. and sodium chloride (Experiment. 2) -

Source, of 
variation

Mean squares
Degrees of 
freedom

Shoot
length

Root
length

Fresh
weight

Per cent 
germination

Treatments 35 19.60** 22.12** • 0.26** ■ 0.11**
Quadratic Model 5 56.42** ' 104.92** **oI—1o 0.57**
Deviations 30 13.46** 8.31 0.14** 0.03
Error 70 5.40 7.05 0.03 0.05

’’'Exceeds 5% level. 
’■"■'Exceeds 1% level.



Table. 3. Average shoot length of oats treated with combinations of atrazine and
. sodium chloride (Experiment 1).

Atrazine• 
(ppmw)

- Average shoot length (cm)

Averages
Sodium chloride (ppmw)

2500 3000 3500 4000 4500 5000

.0 16.1 14.0 15.1 12.1 12.1 11.8 - - 13.5
2 10.7 . 10.8 . 10.3 10.6 12.0 10.4 10.8 .
4 10.2 • 10.1 9.0 10.5 9.8 10.7 10.1
6 8.7 10.5 9.3 8.6 10.1 10.4 9.6

. 8 ’ 8.9 8,6 9.7 10.3 10.0 ■ 9.5 . 9.5
■ 10 9.7. 9.5 9.6 10.2 10.7 9.2 9.8/
Averages 10.7 . 10.6 10.5 10.4 10.8 10.3

Within table comparisons 
LSD(,05) = 2.06 
LSD(.Ol) ="2.72 

Among marginal averages 
LSD(.05) = 0.84 
LSD(.Ol) = 1.11 • .

Co
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rates and shoot length. At 0 ppmw atrazine, however/ 
shoot length decreased as salt concentration increased.

Shoot;length averages of the means for atrazine 
treatments showed a significant decrease in shoot length 
from 0 ppmw atrazine to 2 ppmw atrazine and also from 
2 ppmw to 6 ppmw. -

There was a significant decrease in shoot length 
at 2 ppmw atrazine in conjunction with 2500, 3000, and 
3500 ppmw salt. At 2 ppmw atrazine and 4000, 4500, and 
5000 ppmw salt, however, there was not a significant 
decrease in shoot length.

Data in Table 4 summarize the results of shoot
length measurements in Experiment 2. The shoot length
averages of the means for salt treatments in Experiment 2 
showed no significant relation between salt rate and shoot 
length. As in Experiment 1, however, at 0 ppmw atrazine, 
shoot length decreased as the salt level increased 
(Figures 3 and 4).

There were significant reductions in shoot length 
due to salinity between 3000 and 4000, between 5000 and 
6000, and 6000 to 7000 ppmw salt, at 0 ppmw atrazine.

The shoot length averages for atrazine showed a
general decrease between the 0 and 10 ppmw atrazine 
treatments. There was a significant decrease in shoot 
length at 2 ppmw atrazine in conjunction with 3000, 4000, 
and 5000 ppmw salt, but not in conjunction with salt



Table 4. Average shoot length of oats treated with combinations of atrazine and
sodium chloride (Experiment 2).

Atrazine
(ppmw)

Average shoot length (cm)

Averages
Sodium chloride (ppmw)

3000 4000 5000 6000 7000 8000

0 13.9 10.1 10.3 6.5 2.1 4.1 , 7.8
2 2.3 4.1 5.8 5.2 4.3 . 5.2 4.5
4 3.1 5.6 7.3 7.8 8.0 6.0 6.3
6 3.3 3.1 4.0 6.0 5.3 5.5 •. ■ 4.5
8 2.5 6;2 7.9 5.4 8.3 3.8 . 4.7

10 2.4 2.3 4.0 4.0 6.3 6.7 4.3 .
Averages 4.6 5.2 6.6 5.8 5.7 5.2

Within table comparisons 
LSD(.05) = 3-79 
LSD(.Ol) = 5.04 

Among marginal averages 
LSD(.05) = 1.55 
LSD(.01)'- 2.06
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Inhibition of secondary root development of oats 
grown in 3 salt concentrations (Experiment 2).
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Fig. 4. Oat plants grown in 3 salt concentrations showing 
poor germination, decreased shoot and root length, 
and inhibition of secondary root development 
(Experiment 2).
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levels higher than 5000 ppmw. There was a general trend 
for shoot length to increase at all levels 'of atrazine as 
the salt levels increased (Figures 5 and 6).

Figures 7 through 11 were derived from predicted 
values according to the quadratic equations for shoot 
length, root length, and fresh weight.

Figure 7 illustrates a relation between decrease in 
shoot length and an increase in the atrazine level in 
Experiment 1. Variations in salt concentrations had little 
effect except in combination with atrazine at 10 ppmw. At 
10 ppmw atrazine and all levels of salt there was a slight 
increase in the shoot length as the salt level increased. 
This relation was more apparent in Experiment 2.

Figure 8 illustrates the predicted values from the 
quadratic equation for Experiment 2, and shows a rising 
ridge contour. At all levels of salt, except 8000 ppmw, 
increased levels of atrazine affected a decreased in shoot 
length. As salt levels increased there was an increase in 
shoot length between 8 ppmw and 10 ppmw atrazine.

' Data in Table 5 summarize the results of the root 
length measurements in Experiment 1. The root length 
averages of the salt treatments showed no significant 
decreases in root length except at the highest salt concen
tration. There was a significant decrease in root length 
from 0 ppmw atrazine to 2 ppmw atrazine at 5000 ppmw salt.



42

4000 p|>M SttOpttx
3000 PPM

Fig. 5. Necrotic symptoms of oat seedlings treated with
2 ppmw atrazine and 3 concentrations (3000, 4000, 
and 5000 ppmw) of salt (Experiment 2).

Necrotic symptoms decrease as salt level increases
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Fig. 6. Necrotic symptoms of oat seedlings treated with
2 ppmw atrazine and 3 concentrations (6000, 7000, 
and 8000 ppmw) of salt (Experiment 2).

Necrotic symptoms decrease as salt level increases 
No symptoms visible at 8000 ppmw sodium chloride.
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Table 5. Average root length of oats treated with combinations of atrazine and
sodium chloride (Experiment 1). . '

Atrazine
(ppmw)

Average root length (cm)

Averages
Sodium chloride (ppmw)

2500 3000 ■ 3500 4000 4500 5000

o • 12.2 15.1 13.6 12.3 12.6 12.4 13.0
2 12.5 12.9 13.1 13.5 • 13.6 10.8 12.7
4 13.2 13.1 12.7 13.3 13.1 11.3 , 12.8
6 13.1 13.1 11.6 11.2 13.7 11.9 . 12.4
8 11.6 12.6 11.8 11.7 11.7 10.7 11.7
10 12.4 11.7 13.6 13.1 13.5 11.1 12.6

Averages 12.5 13.1 12.7 12.5 13.0 11.4

Within table comparisons 
LSD(.05) = 2.36 
LSD(.Ol) = 3.12 

Among marginal averages 
LSD(.05) = 0.96 
LSD(.Ol) = 1.27
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The averages of the means for root length response 

to atrazine showed no significant trends,
Table 6 summarizes the root length measurements for 

•oats in Experiment 2. The root length averages for the 
salt treatment showed a relation between increased salt 
concentration and reduced root length. • Atrazine treatments 
did not cause any significant differences except for an 
increase in root length between 2 and 4 ppmw atrazine at 
7000 ppmw salt.

It was also noted that both atrazine and salt 
inhibited secondary root growth in both experiments. Salt .
alone decreased the number of secondary roots with 
increasing salt concentration,' Atrazine inhibited 
secondary root growth at all levels.

Figure 9, referring to the predicted response for 
Experiment 2, illustrates the decrease in root length 
effected, by an Increase in the salt concentration. There 
was a trend of increasing root length with increasing 
atrazine levels.

Table 7 summarizes the fresh weight measurements 
of oats in Experiment 1. Fresh weight means were in some 
cases influenced by poor germination. Increased salinity 
was associated with decreased fresh weight in most 
instances. There was a significant decrease in the fresh 
weight averages of the means between 3000 and 3500 and 
between 4500 and 5000 ppmw salt. The.fresh weight averages.



Table 6. Average root length of oats treated with combinations of atrazine and
sodium chloride (Experiment 2).

Atrazine
(ppmw)

Average root length (cm)

Averages
Sodium chloride (ppmw)

3000 4000 5000 6000 7000 8000

0 13.7 11.7 10.7 6.8 2.3 4.5 ; 8.3
2 . 11.7 9.7 11.5 10.6 6.2 6.4 9.4
4 12.0 11.0 12.0 9.4 10,6 6.2 , 10.2
6 11.3 10.7 10.1 9.9 7.5 6.7 9.4
8 12.7 10.2 10.0 6.5 11.0 4.7 9.2

10 12.3 : 8.0 11.4 6.8 9,1 6.1 9.0
Averages 12:3 10.2 11.0 8.3 7.8 5.8

Within table comparisons 
LSD(.05) = 4.34 
LSD(.Ol) = 5.77 

Among marginal averages 
LSD(.05) = 1.77 
LSD(.01) = 2.35 ■
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2Sodium chloride (ppmw x 10 )

Y = 10.038 + .0291A - .0472A2 - .6085 - .0219S2 + .0444A-S

Fig. 9. Predicted responses of oat root lengths (cm) to
treatments of atrazine and sodium chloride
combinations (Experiment 2).



Table 7. Average fresh weight of oats treated with combinations of atrazine and
sodium chloride (Experiment 1).

Atrazine
(ppmw)

Average fresh weight (g)

Averages
Sodium chloride (ppmw) .

2500 3000 3500 4000 4500 5000

0 2.14 2.08 1.64 1.68 1.47 1.53 1.76
2 1.30 1.46 1.43 1.37 1.49 1.04 1.35
4 1.48 1.51 1.10 1.36 1.26 1.22 1,32
6 1.40 1.46 ' 1.51 1.27 1.44 1.11 1.37
.8 1.47 1.56 1.42 1.45 1.37 ’ 1.19 1.41
10 1.50 1.41 1.44 1.25 1.35 1.13 1,35

Averages 1.56 1.58 1.42 oI—
1 1.40 1.20

Within table comparisons 
LSD(.05) = 0.33 
LSD(.Ol) = 0.43 

Among marginal comparisons 
LSD(.05) = 0.13 
LSD( .01.) = 0.18 .
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for the atrazine treatment's showed a significant decrease 
in fresh weight only.between 0 and 2 ppmw atrazine. Fresh 
weight was significantly decreased at the 2500, 3000, and 
5000 ppmw salt in combination with 2 ppmw atrazine.

Table 8 summarizes the fresh weight measurements of 
oats in Experiment 2. The salt treatment averages showed 
a general decrease in fresh weight with significant 
decreases between 3000 to 4000 and 7000 to 8000 ppmw 
salt. At 0 ppmw atrazine there was a significant decrease 
in fresh weight between 3000 and 4000 and between 5000 and 
6000 ppmw salt. Fresh weight averages for atrazine treat
ments showed a significant decrease between 0 and 2 ppmw 
atrazine. .

Figure 10 illustrates the predicted response of 
oats to atrazine and sodium chloride combinations in 
Experiment 1. Each increase in salt concentration effects 
a decrease in fresh weight at all levels of atrazine.
There was a decrease in fresh weight associated with an 
increase in the atrazine level from 0 to 2 ppmw, 2 to 4
ppmw, and 4 to 6 ppmw at all salt levels. Conversely,
there was an increase in fresh weight in connection with an
increase in the atrazine level from 6 to 8 ppmw and 8 to 10
ppmw atrazine at all salt levels.

Figure 11 illustrates the predicted response of 
oats to atrazine and sodium chloride combinations in 
Experiment 2. There was a general relation between



Table 8. Average fresh weight of oats treated with combinations of atrazine and
sodium chloride (Experiment 2).

Atrazine
(ppmw)

Average fresh weight (g)

Averages
Sodium chloride (ppmw)

3000 . 4000 5000 6000 7000 8000

0 2.36 1.28 1.42 0.76 0.75 0.70 1.21
2 1.12 1.00 1.07 0.95 0.80 0.87 0.97

- 4 1.13 1.15 1.02 1.04 1.03 0.68 1.01
6 1.13 1.01 0.92 1.08 0.72 0.87 0.96
8 1.22 0.95 1.13 1.07 1.22 0.70 . 1.05 .

10 1.08 0.87 0.82 0.79 0.87 0.78 . ' 0.87
Averages 1.34 1.04 1.06 0.95 0.90 0.77

Within table comparisons 
LSD(.05) = 0.30 
LSD(.Ol) = 0.40 

Among marginal averages 
LSD(.05) = 0.12 
LSD(.01) - 0.16 .
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Fig. 10. Predicted responses of oat fresh weights (g) to 
treatments of atrazine and sodium chloride 
combinations (Experiment 1).
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increased salt'concentration and .decreased fresh weight. 
However, at 8 and 10 ppmw atrazine, between 6000 to 8000 
ppmw salt there was little decrease in fresh weight, and 
there was an increase in fresh weight linked with an 
increase in salt from 6000 to 8000 ppmw salt at 10 ppmw 
atrazine.

Table 9.summarizes the per cent germination of oat 
seeds in Experiment 1. There were significant decreases in 
per cent germination associated with increased levels of 
salt but there were no consistent trends. The atrazine 
levels showed no apparent effects upon germination.

Table 10 summarizes .the.per cent germination of oat 
seeds in Experiment 2. Increased salt rates were, in most 
instances, related to decreased germination. Germination 
was apparently not affected by the atrazine treatments.



Table 9. Average per cent germination of oats treated with combinations of
atrazine and sodium chloride (Experiment•1)

Atrazine
(ppmw)

Average per cent germination

Averages
Sodium chloride (ppmw)

2500 3000 3500 • 4000 4500 5000

0 .875 .813 ' .625 .750 . .656 .781 .750
2 . .656 .750 .781 .688 .813 .531' " .703
4 .813 .875 .563 .719 .625 .688 .714
6 .781 .813 .813 .656 .813 . .563 -.740
8 .781 .875 .688 .750 .750 '■ .688 .755

10 .781 .844 .813 .594 .656 .656 .724
Averages .781 . .828 .714 .693 .719 .651 '

Within table comparisons 
LSD(-05) = 0.21 
LSD(.Ol) = 0.27 

Among marginal averages 
LSD(.05) = 0.08 
LSD(.Ol) = 0.11



Table 10. Average per cent germination of oats treated with combinations of
atrazine and sodium chloride (Experiment 2).

Atrazine 
(ppmw)■

Ave rage per cent germination

Averages
Sodium chloride (ppmw)

3000 4000 5000 6000 7000 8000

0 .833 ■ .708 ■ .583 .292 .250 .208 .479
' .2 .875 .583 .667 .542 .375 .417 .. .577

4 .792 : .750 .500 .500 .375 . 167 .514
6 ..792 .708 . .542 .458 .333 .417 .542
8 .833 .542 .500 .583 .667' .208 .555

10 .750 .458 .458 .375 .458 .542., .507
Averages .813 .625 .542 .458 .410 .327

Within table comparisons 
LSD(.05) = 0.37 
LSD(.01) = 0.49 

Among marginal averages 
LSD(.05) = 0.15 
LSD(.01) = 0.20



DISCUSSION

Differences between Experiments 1 and 2 might be 
due to increased salt rates 9 increased length of growing 
time from 14 to 18 days, and increased day length from 12 
to 16 hours for Experiment 2.

Atrazine caused necrosis to leaf tissue at all 
levels in combination with, the lower salt concentrations. 
The higher salt concentrations seemed to inhibit the 
damaging effect of atrazine on the leaf tissue. Shoot 
length was also reduced in treatments with, salt alone.

The shoot length reduction in salt treatments in 
the absence of atrazine could be due to delayed germination 
and stunting of the seedlings as the osmotic pressures 
increased (23, 35).

The absence of leaf necrosis in plants treated with 
atrazine in combination with the higher salt concentrations 
might be due to several reasons. It is probable that 
higher concentrations of salt delayed germination and 
seedling growth so as to prevent atrazine damage from being 
expressed during the growing period used in these experi
ments . ’The increased osmotic pressure of the sodium 
chloride solution might have limited the uptake of atrazine. 
It is also possible that.undeof'higher saline conditions the

, 8 .
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plant was altered in some manner so as to bind or tie up 
the atrazine and prevent its damage (29, 38, 57).

George and Williams (35) found that the respiratory 
rate, of barley was decreased as salinity was increased. 
Eastin et al. (27) also noted that respiration was reduced 
in susceptible species by the addition, of atrazine. The 
decreased rate of respiration and the large reservoir of 
substrate could have delayed carbohydrate starvation.

The decrease in root length and number of secondary 
roots caused by salt might be due to a reduced respiratory 
rate within the roots. Eastin et al_. (27) have reported 
that atrazine reduced respiratory rate in plant roots.
This might have been a factor in the inhibition of 
secondary roots in the presence of atrazine.

The decrease in fresh weight due to salt alone 
might have been due to the stunting of plant growth and 
the decrease in per cent germination caused by increased 
osmotic pressures (23, 35, 65, 70). The decrease due to 
atrazine was primarily due to necrosis and the drying out 
of the.leaf tissue.

The decreased per cent germination was due to the 
well known effect of osmotic pressures upon seed germina
tion. The increased salinity limited water uptake and 
might have caused specific ion toxicities. ' The atrazine 
did not affect germination.



It appears that the presence of highly saline soils 
would constitute a buffer to atrazine's effects upon 
seedling growth. How effective such a buffer might be 
over a longer growing period is not known. Further studies 
using soil plots with saline irrigations might be helpful 
in determining the actual consequence of salt and residual 
atrazine upon the growth of plants.



SUMMARY

Two experiments were conducted to determine the 
effects of sodium chloride and atrazine on oat seed 
germination and seedling growth.

The oats were grown in a laboratory in which 
fluorescent lights were used to provide a daylength of 
12 hours for Experiment 1 and 16 hours for Experiment 2. 
The oats were germinated in plastic growth pouches which 
allowed for accurate root studies and conservation of 
space. - ' .

Experiment 1 used 0, 2, 4, 6, 8, and 10 ppmw 
atrazine and 2500, 3000, 3500, 4000, 4500, and 5000 ppmw 
sodium chloride in all combinations. Experiment 2 used 
0, 2, 4, 6, 8, and 10 ppmw atrazine and 3000, 4000, 5000, 
6000, 7000, and 8000 ppmw sodium chloride in all combina
tions .

At the end of the growing period (14 days for 
Experiment 1 and 18 days for Experiment 2), shoot length, 
root length, fresh weight, and per cent germination were 
determined. .

The experimental design was a 6 X 6 factorial and 
was analyzed as a surface response. The results indicated 
a fitting of the quadratic model plus several interactions

61
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of sodium chloride and atrazine, and each component was 
found significant. ■

Atrazine caused acute necrosis of leaves at all 
levels in combination with the lower salt concentrations. 
The higher salt concentrations seemed to inhibit the 
damaging effect of atrazine on the shoots. Salt alone 
caused some reduction in shoot length at all levels.

Atrazine had no effect on the length of primary 
roots, but completely inhibited the development of 
secondary roots. Increases in salt concentrations were 
linked with decreases in root length and reduction in the 
development of secondary roots.

Atrazine at all concentrations caused a decrease 
in fresh weight of plants. Increases in salinity were 
related to decreases in fresh weight.
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