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ABSTRACT

Thirty selected bermudagrass clones were evaluated 
for their responses to foliar applications of dalapon (2,2- 
dichloropropionic acid) and paraquat (1;11-dimethyl-4,41- 
bipyridinium ion). Dalapon was applied three times at the 
rate of 9 kg/ha (8 lb/acre). Paraquat was applied eight 
times as ,5% of an application volume of 748 1/ha (80 gal/ 
acre) of water»

The response of each selection to separate applica
tions of each herbicide, was measured as the amount of vege
tative regrowth following each application. Regrowth was 
measured as stand density in percent ground cover for a 
0.125 m2 (1.35 ft2) area.

Significant differences in final stand density 
among the 30 selections were found for both dalapon and 
paraquat treatments. Paraquat treatments reduced the 
general stand density of selections more than dalapon. 
Selection III 358-3, a "burly" type, was resistant to both 
herbicides, while selection B 422, a "common" type, was 
greatly reduced in stand density by both dalapon and para
quat. Selections II 366-1 and II 366-7, related "burly" 
types, were moderately resistant to paraquat.



INTRODUCTION

Bermudagrass (Cynodon dactylon (L.) Pers.) is a 
stoloniferous, rhizomatous, persistent, warm, season, widely 
adapted, and long-lived perennial (41). Classified within 
the tribe Chlorideae, the genus Cynodon L. C. Rich 
comprises nine species and 10 varieties. Six varieties are 
classified by Harlan, de Wet, Huffine, and Deakin (34) with 
the species Cynodon dactylon (L.) Pers. The variety C. 
dactylon (L.) Pers. var. dactylon ("common" bermudagrass) 
is a truly ubiquitous, cosmopolitan weedy grass (33).
Holm (37) included bermudagrass among the 10 most common 
weeds found world wide.

Bermudagrass1s widespread adaptability has been 
due to its ability to persist in a wide range of soil 
pH and textures. Bermudagrass does well under either 
alkaline or acid conditions and is reasonably tolerant to 
saline soils. Although bermudagrass may survive with 
low soil nitrogen, it is very responsive to fertilization. 
Best growth occurs on medium textured soils of high 
fertility. Because of its rhizomatous condition and. 
ability to go dormant, bermudagrass can tolerate droughts, 
flooding, and close grazing or mowing. Its ability to

1
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form a strong sod has made it desirable for use in erosion 
control (41)„

Rapid advances in the formulation of agricultural 
chemicals have provided a wide range of herbicides that 
affect plants in various ways. Plant species, because 
of their wide variability, usually display a range of 
responses to certain herbicides. Herbicides, when used 
properly, could play important roles in the control and 
breeding of specific plant species.

Bermudagrass is difficult to eradicate through 
the haphazard use of herbicides. The use of contact and 
translocated herbicides has to be planned carefully and 
carried out with constant and accurate repetition to 
eliminate such a perennial. Knowledge of the most 
favorable rates, number and timing o f .applications, and 
intervals of repeated applications would be helpful in 
formulating a program for the eradication of bermudagrass. 
Such programs, however, should be planned while realizing 
that repeated use of a single herbicide may eliminate 
weak genotypes while allowing resistant genotypes to 
dominate a weed population.

If a bermudagrass genotype were resistant to an 
herbicide, it could be propagated and kept free Of 
offtypes and certain weeds by the herbicide. A genotype 
susceptible to an herbicide could be eliminated by the
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herbicide when desired, making rotation or renovation 
programs more efficient. Genotypes possessing resistance 
to a herbicide could be used in breeding programs.
Progeny from such programs could be screened with the 
herbicide and susceptible offtypes could be eliminated.

The purposes of this study were (a) to evaluate 
the responses of bermudagrass selections to foliar 
applications of dalapon (2,2-dichloropropionic acid) 
and paraquat (1:1*-dimethyl-4,41-bipyridinium ion) and 
(b) to consider the implications of the results in the 
control and production of bermudagrasses as a weed and 
crop, respectively.



LITERATURE REVIEW

The response of plant species to a herbicide is 
usually not constant within the species itself. The 
environment and the genotypic makeup of the plant, 
separately or together, determine the degree of 
susceptibility Of a genotype to a specific herbicide (31).

Differences in the response of plants to herbicides 
may be determined by retention and absorption by leaves, 
pathways of transport, and area of herbicidal accumulation. 
The phytotoxic activity of herbicides in plants depends on 
the amount of uptake, amount reaching the site of phyto
toxic activity, and toxicity to the individual cell (10).

The retention of an herbicide by a leaf is 
influenced by the orientation, position^ age, area, and 
hairiness of leaves (38). Factors affecting the absorption 
of an herbicide through the cuticle and stomata are 
humidity, light, temperature, formulation, pH, and 
surfactants. Penetration of the cuticle depends on its 
thickness and composition and the presence of ectodesmata. 
Upon entrance into the leaf a herbicide may move by the 
symplast or apoplast, or both, to vascular systems (51),
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where further movement throughout a plant may be in the 
phloem or in the xylem, or in both (52).

Inconsistent control of certain weeds has been 
associated with different genotypes within the species (5, 
54, 56). Degrees of susceptibility within a species . 
have made control irregular and eradication almost 
impossible. Continued .spraying of a herbicide could 
eliminate the susceptible genotypes and leave the resistant 
genotypes of the species to reproduce and dominate 
succeeding populations (5). In Hawaii, after several 
years of applying dalapon and TCA (trichloroacetic acid) 
for the control of perennial grasses in sugarcane 
(Saccharum officiharum L.), resistant:strains of bermuda- 
grass have increased on several plantations (32).

In breeding programs, it may be possible to 
transfer genes controlling resistance to an herbicide to 
desirable cultivars. Such transfers could play important 
roles in the efficient production of agronomic crops. In 
pastures, offtypes of the pasture cultivar itself and 
susceptible weeds could be eliminated by the preplanned 
use of one or more herbicides. Lawns of resistant geno
types could be kept free of offtypes and certain weeds (68). 
In crop rotation plans, an established cultivar susceptible 
to a specific herbicide could be.replaced by a cultivar 
resistant to the herbicide. In the production of hybrid
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seed, parent genotypes resistant to a herbicide could be 
maintained while offtypes are eliminated by the herbicide 
(4)o Resistant crops grown for certified seed could with
stand applications of an herbicide designed to eliminate 
offtypes and noxious plants (68).

Response of Bermudagrasses to Herbicides
In Hawaii, three strains of bermudagrass, differing 

in morphological characteristics, responded differently 
to foliar applications of dalapon. One strain was killed 
by a single 11.2 kg/ha (10 lb/acre) application of dalapon 
while the other strains were not completely killed by 5.6,
11.2, or 22.4 kg/ha (5, 10, or 20 lb/acre) applications of 
dalapon applied six times at intervals of 2 to 3 weeks.
One tolerant strain was similar to "giant" bermudagrass 
in vegetative and reproduction characteristics (5, 32).
Also in Hawaii, 20 other strains of bermudagrass differed 
in their responses to dalapon at 5.6 kg/ha (5 lb/acre) 
and TCA at 22.4 kg/ha (20 lb/acre). Some strains were 
highly tolerant or susceptible to both herbicides while 
a few strains were susceptible to dalapon and tolerant 
to TCA (6).

In Mauritius, Rochecous.te (57) concluded that 
four distinct biotypes of bermudagrass responded 
differently in their resistance to dalapon. The tetraploid 
biotypes were more resistant than triploids.
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Anderson and Kneebdne (4) found with rooted 
cuttings that one bermudagrass selection of the "common" 
type was highly susceptible to dalapon while ten other 
selections (including "common", "coastal", and "giant"

.. types) showed some resistance. The cultivar 'Suwanee', 
a coastal type, was found most resistant to dalapon.
All 11 selections varied in resistance to atrazine (2- 
chloro-4-(ethylamino)-6-(isopropyiamino)-£-*triazine) and 
bromacil (5-bromo-3-sec-butyl-6-methyluracil) with no one 
selection showing resistance to more than two herbicides.

Dalapon
Dalapon, a member of the chlorinated aliphatic 

group of herbicides, is a grass-selective, translocated 
herbicide with some toxicity to certain dicotyledonous 
plants (21).

Dalapon acts physiologically through acute 
toxicity, which is immediate and restricted to the point 
of contact, and by a slow inhibition of growth which 
depends on translocation of the herbicide within plants. 
Acute toxicity is believed to be caused by the action 
of dalapon as an acid and protein precipitant, resulting 
in the increased permeability of the ectoplast and 
nonselective destruction of cellular constituents (22, 25).

Acute toxicity may be brought about by high 
concentrations of dalapon, toxic wetting agents, or
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hydrogen ions. Other factors such as stomatal behavior, 
temperature, and relative humidity may be indirectly 
involved with the expression of acute toxicity. Acute 
toxicity at the point of spray contact can reduce the 
translocation and herbicidal activity of dalapon as a 
growth regulator (25).

The delayed growth regulatory effect of dalapon 
may be attributed to the accumulation of the herbicide 
to toxic levels in meristematic tissue. In meristematic 
cells dalapon may inhibit growth by acting against 
biological membranes or key enzymes (25).

The movement of dalapon to loci of meristematic 
activity from points of foliar penetration is with the 
translocation of photosynthates (22) . In order to be 
available for such translocation, dalapon must cross two 
lipoidal barriers, the cuticle and the ectopiast, without 
producing acute toxicity (25).

The most rapid absorption of dalapon is through 
stomata, while cuticular penetration accounts for 
absorption over a long period of time (25). Penetration 
of the cuticle by the herbicide may involve both polar 
and non-polar pathways (59). Foy (21) reported that 
dalapon was absorbed almost immediately upon application
and, when acute toxicity was not a limiting factor, over 
a two-week period after being applied to the foliage of 
sorghum ■ (Sorghum bicolor (L.) Moench).
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Surfactants added to solutions of dalapon have 
enhanced the ability of the herbicide to penetrate 
cuticular and stomatal structures (22, 25, 43> 49)„
Prasad, Foy, and Crafts (49) found that surfactants greatly 
aided the uptake of dalapon at low humidities. Foy (25) 
believed that a surfactant enhanced the uptake of dalapon 
by providing a more desirable microclimate for movement 
through the cuticle and eventually into the symplast.

Once acute toxicity is avoided and penetration is 
achieved, the translocation of dalapon in plants is associ
ated with the transpiration stream of the xylem, the move
ment of photosynthates by the phloem system, and lateral 
movement through the xylem-phloem interchange (21). The 
opinion that dalapon movement within the phloem depended on 
the movement of photosynthates was confirmed when Foy (23) 
demonstrated that dalapon did not move out of albino leaves 
of wandering jew (Tradescantia fluminenis Veil.). The. 
movement of dalapon out of treated leaves was directly 
proportional to the estimated ability of leaves to export 
photosynthates (21).

Upon penetration to the vascular system, dalapon 
is available for translocation to and collected in areas 
of metabolic activity (3, 23, 47, 49). Andersen, Linck, 
and Behrens (3) found that dalapon, when absorbed by roots 
or leaves, was readily translocated through and collected
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in younger tissue. The herbicide is also retranslocated to 
and accumulated in new areas of intensive metabolic activity 
in both tolerant and susceptible species (21g 22). Foy (22) 
found that depending on the loci of high metabolic activity, 
dalapon was retranslocated to and collected in vegetative 
buds, flowers, fruits, and seeds.

The translocation of dalapon from foliage to 
rhizomes of perennial grasses depends on the movement of 
photbsynthates to meristematically active tissue (39, 55). 
Hull (39) found that dalapon was not accumulated in inactive 
rhizome buds of johnsongrass (Sorghum halepense (L.) Pers.), 
but as. the buds became meristematically active, the amount 
of photosynthates and dalapon accumulated in such tissue 
was directly related to the extent of germination.
Although there was some translocation of dalapon to apical 
buds of rhizomes during early, vegetative growth (preboot), 
the greatest movement of dalapon with photosynthates to 
rhizome apices and germinating axillary buds was associated 
with mature growth (flowering) of culms and growth of the 
secondary rhizome system (39). In field studies the effect 
of dalapon on different bermudagrass clones was more 
evident during maximum phloem translocation fo rhizomes and 
the formation of new rhizomes (55), This would indicate 
that the maximum translocation of dalapon to active rhizomes
buds is associated with advanced growth stages of 
culms (39) .
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Once dalapon has entered a plant, it may cause 
formative effects, many of which are abnormal growth 
responses typical of growth regulators (67) . Yellow 
foxtail (Setaria glauca (L„) Beauy.) plants were malformed, 
darker green, and stunted after being treated with 
dalapon (2)„ Following an application of dalapon in the 
field, leaves of bermudagrass first turned dark green and 
then yellow, followed by stunting and curving of 
shoots (57). Barley (Hordeum vulgare L.) plants were 
excessively tillered after being exposed to dalapon (24). 
Three days after dalapon was applied, yellow foxtail had a 
slight burn of leaf tips (2). Wilkinson (66) noted that a 
similar basipetal burning of barley leaves increased with 
time, indicating a time of exposure-concentration effect.

Dalapon, probably by accumulating to a toxic level, 
has also inhibited the normal development of rhizome buds. 
The herbicide has been associated with prolonging the 
dormancy of already dormant buds (26). Rochecpuste (57) 
observed that dalapon induced dormancy in buds of bermuda
grass rhizomes. Rhizome buds of dalapon treated quackgrass 
(Agropyron repens (L.) Beauv.) (26) and bermudagrass (57)
have produced malformed shoots.

Ingle and Rogers (40) suggested that dalapon 
interfered with the ability of plants to utilize energy 
products and not with the production of respiration or
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energy compounds„ Interference with the utilization of 
metabolic energy may account for the growth regulatory 
effects of dalapon (48). The observed growth regulatory 
effects of dalapon are apparently due to the reduction of 
cell division and elongation. Such an inhibition of cell 
division is associated with the accumulation of dalapon 
in meristematic tissue (47).

A possible site for the growth regulatory action 
of dalapon may involve pyruvate metabolism. Competition 
between dalapon and pyruvate for attachment to key enzymes 
or precipitation of an enzyme complex including pyruvate 
may be involved in such regulatory action (22).

A more plausible metabolic site for the phytotoxic 
action of dalapon may be the enzyme of pantothenate- 
synthesis (22). In an in vivo study with barley, oats 
(Avena sativa L. ) , and ryegrass (Loliurn perenne L.) ,
Hilton et al. (35) hypothesized that sublethal concentra
tions of dalapon competed with potassium pantoate for a site 
on the enzyme of pantothenate-synthesis. Hilton, Jansen, 
and Centner (36) also suggested that dalapon inhibited the 
growth of baker's yeast (Saccharomyces cerevisiae Meyen ex 
Hansen) by competing with beta-alanine for an enzyme site 
in the synthesis of pantothenic acid. Scott (60) concluded 
that dalapon competed with pantoate in the synthesis of 
pantothenic acid when exogenous pantothenic acid and
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D-ribose overcame the non-dehiscence of cotton (Gossypium 
barbadense L« and G. hirsutum L.) anthers induced by the 
herbicide.

However, Ingle and Rogers (40) observed that beta- 
alanine, pantothenic acid, and 1-pantoic acid reversed the 
dalapon-induced growth inhibition of cucumber (Cucumis 
satjvus L.) roots only to a slight extent. After conduct
ing experiments to measure the ability of various concen
trations of calcium pantothenate and beta-alanine to 
overcome the inhibition of growth of common duckweed (Lemna 
minor L.), Prasad and Blackman (48) concluded that their 
findings did not support the view that dalapon inhibits the 
synthesis of coenzyme A. Ross and Ross (58) indicated that 
dalapon.did not interfere with the synthesis of pantothen
ate and the activity of coenzyme A.

If dalapon indeed disrupts pyruvate metabolism or 
competes with pantoate or beta-alanine for a site on the 
enzyme of pantothenate-synthesis, it would be logical to 
assume that the synthesis of pantothenic acid and subsequent 
production of coenzyme A would be impaired. Since panto
thenic acid is an integral part of coenzyme A and cpenzyme 
A is an essential enzyme required for pyruvate oxidation, 
citrate synthesis, alpha-ketoglutarate oxidation in the 
Krebs cycle, and for the synthesis and breakdown of fatty . 
acids and steroids, any interference with the enzyme would
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lead to drastic changes in the growth and development of 
-plants susceptible to the herbicide (22)„

Susceptibility to the growth regulatory action of . 
dalapon is not uniform among species and among genotypes of 
a species.. Foy (21) found that two diverse species, cotton 
and sorghum, differed in their susceptibility to dalapon. 
Funderburk and Davis (27) also reported that hybrid 
cultivars of corn (Zea mays' L„) differed in their responses 
to dalapon. Scott (60) observed that several cultivars of 
cotton displayed widely different responses to the use.of 
dalapon as a gametocide. Variations in response to dalapon 
of genetically distinct plants of perennial, rhizomatous 
grasses have also been reported for bermudagrass (4, 5, 6,
32, 57) and johnsongrass (30, 44).

Foy (21, 22) concluded that selectivity by dalapon 
between cotton, a tolerant dicot, and sorghum, a susceptible 
monocot, was not due to differences in translocation, 
permeability, or metabolic inactivation between monocots 
and dicots. Andersen, Behrens, and Linck (2) reported 
that dalapon appeared to cause the degradation of protein 
to amino acids and ammonia in both tolerant and susceptible 
species. This may suggest that the selectivity of dalapon 
for. certain plant species may reside in the activity of the 
herbicide on enzymes (21). A possible point for dalapon 
toxicity might be on the production of a key substrate,
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on enzymes responsible for the release of energy, or on 
enzymes required for the utilisation of energy'- Thus the 
tolerance of certain plants may be due to their ability to 
detoxify the breakdown products of protein (22).

Paraquat .
Paraquat, a member of the bipyridinium group of 

herbicides (18), is used widely as a weed killer and 
desiccant (53)* Paraquat has become an established weed, 
killer because of its (a) ability to control a wide range 
of weeds, (b) quick absorption and kill, (c) rainfastness 
due to its strong adsorption to plant parts, (d) inactiva
tion in the soil, (e) inability to penetrate bark free of 
chlorophyll, (f) high water solubility, and (g) ability 
to be mixed with many agricultural chemicals (53)-

When paraquat is applied to the foliage of plants, 
it is rapidly and strongly adsorbed by the leaf surface.
The adsorption is So rapid that rainfall shortly after 
application has little influence on the activity of the 
herbicide (15, 17).

Cuticular.membranes are highly permeable, to aqueous 
solutions of the divalent paraquat cation (15). This 
permeability along with cracks and perforations in wax 
platelets allows paraquat to enter into the mesophyll (14).

The uptake of paraquat is enhanced by darkness or 
by conditions of very low light intensity (15), and high
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humidity (14). Uptake of paraquat by sugar beet (Beta 
vulgaris L.) and orchardgrass (Dactylis glomerate L.) 
leaves was greater in darkness tha# in light (15, 50)„
Since the phytotoxicity of paraquat is greater during day
time, it is thought that the increased uptake of paraquat 
during darkness can be attributed to movement through 
undamaged cells (15, 50, 62). Almost twice as much para
quat was taken up by leaves of orchardgrass at 93% relative 
humidity as at 65% relative humidity (14).

Once paraquat has penetrated to the vascular 
system, it is available for transport with the transpira
tion stream (17, 50, 62, 63, 64). T h e  most extensive move
ment of paraquat in the xylem system is during exposure of 
treated plants to light following the application and up
take of the herbicide during periods of very low light 
intensity or darkness (50, 62). Movement of paraquat under 
such conditions is associated with an increase in the 
extent of phytotoxic kill (50).

The herbicidal action of paraquat is apparently due 
to its reduction in plants to a.stable, water soluble, free 
radical (12, 19, 28, 61). Both the photbsynthetic and respi
ratory processes are believed to contribute electrons to 
reduce paraquat to the free radical state (12, 19). Inter
action of light and chlorophyll in photosynthesis is much 
more effective in reducing the herbicide than respiration (12).
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The actual phytotoxic action of the free radical 
may be caused by the formation of peroxide radicals or the 
accumulation of hydrogen peroxide when the free radicals 
are re-oxidized by molecular oxygen and it is this which 
destroys the plant cells (61). Brian (13) concluded that 
the peroxide radical disrupts the cell membrane. Brian's 
belief was supported by a study utilizing mesophy11 cells 
of honey mesguite (Prosopis juliflora (Swartz) DC. var. 
glandulesa (Torr.) Crockerell) which found that foliarly 
applied paraquat first induced a rapid disintegration of 
the ectopiast, followed by a rupturing of the chloroplastic 
membrane and loss of chloroplastic turgor (8). In the same 
study, ultrastructurai changes induced by paraquat were 
similar in both dark and light treated tissues.

The phytotoxicity of paraquat is diminished in the 
absence of light, oxygen, or chlorophyll (13) and at low 
temperatures (11). Mees (45) concluded that the rate of 
herbicidal action of diquat (1,1'-ethylene-2,21- 
bipyridylium ion), a bipyridinium herbicide, was dependent 
upon the intensity of the incident Tight. In a study 
conducted with giant duckweed (Spirodela polyrhiza (L.) 
Schleid.) the rate of paraquat-induced chlorosis was 
directly related to light intensity (9). Merkle, Leinweber, 
and Bovey (46) found that the bleaching of broadleaf beans 
(Phaseolus vulgaris L.) by paraquat was enhanced by light
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and oxygen. The phytotoxic differences of paraquat on 
green, variegated, and white hibiscus (Hibiscus rosa- 
sinensis L.) leaves were due to chlorophyll content of the 
leaves, not to protoplasmic susceptibility or to the amount 
or rate of absorption. The rate of paraquat phytotoxicity 
was faster in hibiscus leaves containing chlorophyll than 
in white leaves, thus confirming the need of photosynthesis 
for a high, level of phytotoxic action (12). The phytotoxi
city of paraquat on oats and peas (Pisum sativum L.) 
decreased when the temperature of a greenhouse was reduced 
from 26 C to 6 C (11) .

Paraquat has been associated with the inhibition of 
photosynthesis (8, 28) and the stimulation of respiration 
in plants. In a short-term study, paraquat was found to 
inhibit photosynthesis and stimulate respiration in common 
duckweed (28). When the quantity of starch deposits in 
chloroplasts of honey mesquite was markedly reduced in 
paraquat treated cells compared to untreated cells it was 
suggested that the herbicide reduced the efficiency of 
photosynthesis (8).

Paraquat when applied to the foliage of quackgrass, 
grown under high nitrogen fertilization, at intervals of 10 
or 14 days greatly reduced the carbohydrate content of 
rhizomes (65). Turner (65) suggested that paraquat trans
located to the rhizomes may have increased respiration.
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which reduced the carbohydrate content of rhizomes, Apply
ing paraquat at small dosages (70, 140, 280 g/ha) may have 
allowed the herbicide to be transported from foliage to 
rhizomes (65).

Akhavein and Linscott (1) suggested, that the 
regrowth potential of quackgrass was affected significantly 
by the probable movement of paraquat from foliage to under
ground parts, and Brian and Headford (16) also found that 
the downward movement of paraquat greatly reduced the 
regrowth of rhizome buds of quackgrass„ Apparently, para
quat also inhibited the sprouting of lateral buds of quack
grass rhizomes cultured in the dark (50)„

After Funderburk and Lawrence (28) used C"^-labeled 
paraquat in alligatorweed (Alternanthera philoxeroides 
(Mart.) Griseb.) and snap beans (Phaseolus vulgaris L. 
var. ‘Black Valentine'), they found that paraquat was the 
only radioactive compound present, indicating that the 
herbicide was not subject to metabolical degradation. When 
paraquat is adsorbed on leaf surfaces, its decomposition is 
apparently due to photochemical degradation and not to 
plant metabolism (17, 61).



MATERIALS AND METHODS

This study was conducted in 1968 at Marana, Arizona, . 
on the Marana Farm of the Arizona Agricultural Experiment 
Station with 30 different bermudagrass clones, which had 
been sprigged in 1965. All but four of the selected clones 
were classified as Cynodon dactylon (L„) Pers. vary dactylon..... 
These tetraploids included three distinguishable types 
designated in Arizona experimental work as "commons,"
"burlies," and "coastals." "Common" plants are typical of 
plants grown from certified bermudagrass seed. The 
"Burlies >"’ are very robust, characterized by broad leaves 
and large rhizomes. "Coastal" types are similar in appear
ance to the vegetatively propagated forage variety 'Coastal.' 
Two selections were classified as "giant" bermudagrass (C. 
dactylon var, aridus Harlan et de Wet). "Giant" types are 
fast spreading diploids that can reproduce by seed. The 
remaining two selections are C. dactylon var. aridus x 
dactylon crosses. Classification, type, and origin of the 
clones are given in Table 1.

Each plot of each clone was 4.6 m (15 ft) long with 
a 1.5 m (5 ft) alley between plots. Rows of clonal plots 
were alternated with seeded rows of "common" bermudagrass.

20
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Table 1. The classification, type, and origin of selectee bermudagrass clones.
Selection Classification Type Origin

II 366-1 Co dactylon var« dactylpn bxirly Iran
II 366-7 H burly Iran
M 358-6 ' ■■ ” : ■ '■ V burly Turkey
M 358-7 " ■ ■■ : . burly Turkey

III 358-3 ' - . " . burly Turkey
IV 358-5 V " ■ ■ ■■ ■ / ■■ : burly Turkey
IV 361-4 51 : burly Greece
B 245 " coastal Georgia (Coastal);
B 284 88 - coastal Georgia (Midland)

6 " coastal Georgia
9 *« coastal Georgia
10 coastal Georgia
16 . " « coastal Georgia

I 354-5 88 common Africa
I 354-7 II common Africa
H 18 M common Arizona
H 19 81 common Arizona
IV 350-6 II common Oklahoma
I 329-4 II common Arizona.
Common " common Arizona
B 142 H common Arizona
B 417 common Oklahoma
B 418 W common Oklahoma
B 420 81 common Oklahoma
B 421 11 • _ common Texas
B 422 ■ 81 ■ ' : common Texas
B 425 Co dactylon varo aridus ■ giant Texas
B 428 „ . giant Afghanistan
H I C o dactylon var o aridus x dactylon giant x common Arizona
H 4 " . - giant x common Arizona
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Row centers were 2 m (80 in) apart„ The original planting 
was Of 36 clones, 30 of which were included in this study« 
The clones were arranged in four randomized replicationsd 
Each replication had 24 clones in a single furrow and the 
remaining 12 clones sharing another furrow with an adjacent 
replication„ The separate treatments of dalapon and para
quat each used two complete, adjacent replications.

Measuring the Response of Selections to Herbicides
For this study, wooden stakes'were placed within 40 

cm of the center line and at least 1 meter from the end of 
each plot. Within these dimensions the stakes were placed 
in such a manner as to mark the center of the 25 cm side of 
a .125 m^ evaluation area that enclosed the greatest density 
of vegetative cover, preferably, 100% cover, for each clone. 
A "U" shaped rectangular metal frame measuring 25 cm wide 
and 50 cm long was used to form the .125 m^ evaluation 
areas throughout the study. With the stakes permanently 
situated in the soil, the closed center of the 25 cm side 
of the metal rectangle could be placed against the flat face 
of the wooden stakes. This allowed the metal rectangle to 
be placed in the same position for each clone so that the 
same area of vegetation could be evaluated throughout the 
study.

The response of the 30 clones to dalapon and para
quat was evaluated on the amount of regrowth following each
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application of the herbicides and mowings where applicable. 
Regrowth was measured as the percent of soil surface 
covered by live vegetation„ A stand density reading of 
100% was given to a clone when none of the soil surface 
could be seen through the vegetation enclosed in the <,125 m^ 
area. A vegetative stand density of less than 100% was 
obtained by subtracting the estimated area of soil surface 
and completely dead plant material seen within the evalua
tion area from the potential stand density value of 100%.

Rates and Method of Application of Herbicides
The sodium salt of dalapon was applied at the rate 

of 9 kg/ha (8 lb/acre) in a volume of 374 1/ha (40 gal/acre) 
water. Paraquat was applied as .5% of an application vol
ume of 748 1/ha (80 gal/acre) water. A non-ionic surfact
ant at 5,000 ppmv was used with each herbicide. Common tap 
water was used for mixing purposes throughout the study.

The spraying equipment used to apply the herbicides 
consisted of hand held Hudson 7.6 (2 gal) and 11.4 (3 gal) 
liter sprayers, a rigid spraying boom, and a rubber hose 
which connected the boom to the sprayer. The boom consisted 
of a pressure gage, hand valve, 1.3 cm (.5 in) aluminum 
tubing, and a wide-angle, flat spraying, flood jet. Spraying 
Systems TK5 nozzle.

Under a pressure of 1.8 kg/cm^ (25 psi) to 2.8 
kg/cm2 (40 psi) the herbicides were applied in a 2.4 m
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(8 ft) band when forced through the TK5 fIpodjet nozzle.
Both herbicides were applied while the nozzle was held 
directly over the sprigged plots and the center of the 
drilled rows of common bermudagrass at a height of about 
1 meter,

Application Intervals 
Application intervals of 30 days were planned for 

at least four dalapon applications, while application inter
vals of 14 days were planned for at least nine paraquat 
applications. However, various delays caused by equipment 
failures, irrigation schedules, and commuting delays altered 
the original spraying intervals planned for both herbicides. 
Three applications of dalapon and eight of paraquat were 
actually applied. The first application of both herbicides 

'was on April 27, 1968, The second and third applications of 
dalapon were made on May 28 and August 6, 1968, respectively. 
The last seven applications of paraquat were made on May 15, 
June 1 and 14, July 16 and 30, and August 13 and 26, 1968,

Mowing Periods 
In order to measure the regrowth of clones in the 

dalapon study, the Vegetation of all selections was mowed to 
a height of 2,5 cm (1 in) or less 35 days after the second 
application. The paraquat replications were partially 
burned on June 30 and then mowed to a height of 2,5 cm (1 in)
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or less on July 2 to provide a more uniform vegetative cover 
among clones, since an 18-day delay following the fourth 
application caused excessive regrowth of some entries„

Stand Density Reading Dates
Individual stand density readings for all clones 

treated with dalapon were made at 13 dates. The 13 dates, 
numbered 1 through 13, are listed below as to the number of 
days following a particular application of dalapon and, when 
applicable, the number of days following one of the two 
mowings.

1. Initial stand reading on April 25, 1968
2. 14 days after the first application
3. 30 days after the first application
4. 11 days after the second application
5. 23 days after the second application
6o 34 days after the second application
7. 46 days after the second application,

11 days after the first mowing
8. 56 days after the second application,

21 days after the first mowing
9. 69 days after the second application,

34 days after the first mowing
10o 13 days after the third application
11. 23 days after the third application

9 days after the second mowing
12. 33 days after the third application,

19 days after the second mowing
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13. 44 days after the third application,
30 days after the second mowing

Stand density readings, for all clones treated with 
paraquat were made at 10 dates. Excluding the initial 
stand density reading taken before the first application of 
paraquat, a single reading was taken at intervals of 13 to 
18 days after each time the sward of the two replications 
was removed by either of the eight treatments of paraquat or 
the one mowing plus burning treatment. Stand density read-: 
ings, numbered 1 through 10, were taken at the following 
dates.

1. Initial reading on April 25, 1968
2. 17 days after the first application
3. 17 days after the second application
4. 13 days after the third application
5. 15 days after the fourth application
6. 13 days after the mowing plus burning
7. 14 days after the fifth application
8. 14 days after the sixth application
9. 13 days after the seventh application

10. 18 days after the eighth application

Statistical Analysis
Analyses of variance were made for each of the 13 

reading dates of the dalapon treatment and the 10 reading 
dates of the paraquat treatment. Duncan's (20) Multiple
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Range Test was used to separate the clones at the ,01 and 
= 05 level of significance for final stand readings of the 
daiapon and paraquat treatments, respectively»



RESULTS AND DISCUSSION

Response of Selections to Dalapon 
A comparison of the final stand density of each 

selection with its initial stand density reading showed 
that most of the selections displayed more than a negligible 
reduction in stand density by the three applications of 
dalapon and the two mowings. The final stand density read
ings for all selections ranged from 2 to 99% (Table 2)„
Mean stand density readings for each selection at each read
ing date can be found in Table A-1.

Reading dates of most importance in evaluating the 
response of selections to treatments of dalapon were those 
which recorded the regrowth of selections following each 
mowing. Reading dates 7, 8, and 9 which followed the first 
mowing and readings 11, 12, and 13 which followed the 
second mowing were used in evaluating the rate and amount 
of growth recovery made by individual selections.

Considering the rates and amounts of stand density 
regrowth following the two mowings, the 30 selections were 
divided into three groups that represented three distinct 
regrowth patterns. Group one included the four selections 
IV 350-6, H 4, B 428, and 9 which had the most rapid

28
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Table 2 = Initial and final mean stand density percentages 
for 30 bermudaigrass clones treated with three 
applications of dalapon and two mowirigs.

Selection
Percentages 

Initial Final—^

B 284 100 99 a
IV 350-6 94 94 ab
H 4 100 94 a-c

III 358-3 99 92 a-d
H 18 100 92 a-e
B 428 96 92 a-f
B 417 100 92 a-g
9 99 91 a-h

Common 97 89 a-i
B 425 100 85 a-j
6 88 83 a-k

B 418 100 82 a-1
B 245 100 81 a-m
I 354-7 100 80 a-n
I 329-4 100 73 a-o
10 99 71 a-p

B 421 96 68 a-g
16 88 59 a-r

H 1 96 56 a-s
H 19 100 38 i-t
I 354-5 100 36 j-t

II 366-1 99 25 o-t
II 366-7 98 21 o-t
M 358-6 98 21 o-t
IV 361-4 98 13 r-t
B 420 100 11 r-t
B 422 100 9 r-t
B 142 96 9 r-t
IV 358-5 99 9 r-t
M 358-7 97 2 t

, 1/ Values 
significantly different

followed by 
at the .01

the same letter 
level.

are not
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recoveries to high, final stand densities (Fig. 1). Group 
two included 11 selections which had the slowest and poorest 
recovery of stand density following the two cuttings 
(Fig. 2). This group included the last 11 selections, H 19 
through M 358-7, of Table 2. Group three included the 
remaining 15 selections which weare, slower to recover than 
selections in group one but recovered to a greater final 
stand density than the second group (Fig. 3).

The four selections of group one are among nine 
selections having the highest stand densities for reading 
dates 7 through 13. Their quick regrowth to high levels of 
stand density following the two mowings indicates a toler
ance to the interaction of dalapon and mowing.

The ll selections of group two are most conspicuous 
for;their low rates and levels of stand recovery following 
each mowing. Many selections made only negligible regrowth 
following the first mowing. Since the initial stand 
densities of the selections ranged from 96 to 100%, it is 
evident that the selections of this group were least toler
ant to the three applications of dalapon and the two mowings.

Although selections B 284, III 358-3, H 18 and B 417 
of group three had higher final stand densities than selec
tion 9 of group one, they were not included in group one 
because of their low stand densities for reading dates 7 and 
11, which indicated slower rates of regrowth compared to
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stand density percentages per reading date for 
selections IV 350-6, H 4, B 428, and 9 under 
the dalapon treatments.
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Fig. 2. The highest, average, and lowest mean 
stand density percentages per reading date 
for 11 selections having the lowest final 
stand densities under the dalapon treatments.
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selections of group one. The final stand densities of the 
15 selections would indicate that their tolerance to dalapon 
and mowing ranged from high to moderate„

The difference in regrowth between a tolerant 
selection, B 284 (group three), and a susceptible selection, 
M 358-6 (group two), can be seen in Fig. 4. The tall, 
green plot in the lower right hand corner is selection 
B 284, which had the highest stand density percentage for 
both reading dates 9 and 13. Directly behind B 284 in the 
same furrow is M 358-6 (first wooden stake). B 284 and 
M 358-6 were significantly different at the 0.01 level for 
both reading periods. The brownness of the swards of 
"common" and selections shows their color response to the 
third application of dalapon which was applied 7 days 
earlier. The picture was taken 8 days after the ninth stand 
density reading.

The ability of dalapon to affect the regrowth of 
selections following either of the two defoliations probably 
depends primarily on accumulation of the herbicide to toxic 
levels in meristematic cells initiating regrowth and the 
inherent biological tolerance or susceptibility of each 
selection to such an accumulation. The possibility of a 
complete and rapid kill of vegetation effected by dalapon 
through contact kill (acute toxicity) without translocation 
to underground buds could have affected the; regrowth of
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y & ;SMS9

Fig. 4. Differences in the amount of stand 
regrowth by selections 42 days after the 
first mowing of the dalapon treatment.
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selection, A selection regrowing from a complete, top kill 
would have to draw on its carbohydrate reserves, The rate 
at which such reserves were used and replenished following 
each instance of top kill could have contributed to the 
observed differentials of regrowth, This did not appear to 
be the situation in the field since rapid and complete top 
kill was not observed. Thus ample opportunity for trans- 
location was apparently available.

The availability of dalapon for transport initially 
depends on retention of the herbicide by foliar surfaces 
and penetration of foilage by the herbicide, Once penetra
tion is achieved without the destruction of living cells, 
translocation of the herbicide to buds initiating regrowth 
is dependent on movement with phptosynthates. The extent of 
such movement, according to Hull (39), is influenced by the 
stage of plant growth.

The retention of dalapon by leaf and shoot surfaces 
and clonal differentials in the ultimate penetration of 
vegetation by the herbicide probably did not contribute 
significantly, if at all, to the differential responses of 
the selections. Although the selections probably differed 
in their leaf surface structures, cuticular thickness and 
composition, and numbers and behavior of stomata at the time 
of herbicidal application and absorption, such differences 
should not be considered major factors in determining the
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differential responses of the selections. This conclusion 
may be supported by the findings of Foy (22) and Andersen, 
I«inck, and Behrens (3) . Both concluded that species specif- . 
icity by dalapon was not preeminently due to absorption, 
Further support may be attributed to the employment of a 
surfactant, which should have aided retention and absorption, 
and a relatively low rate of dalapon, which apparently 
limited the extent of acute toxicity, allowing.for the even
tual movement of dalapon in the symplast and with photo- 
synthates in the phloem„

Thus assuming that dalapon was equally available for 
translocation by all selections, the next most critical . 
factor determining the accumulation of dalapon in buds 
initiating regrowth was the growth stage of selections 
preceding the mowings. Any great variation in growth among 
selections could account for differential translocation, 
which in turn could cause differential accumulation in buds 
responsible for initiating regrowth. If such accumulations 
were the difference between toxic and nontoxic levels, then 
the stage of growth and its control of the translocation and 
accumulation of photosynthates and dalapon could play a 
significant role in determining the differential responses 
of the selections.

In this study, however, differential translocation 
and accumulation of dalapon probably did not play such a
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role. This is due to growth stages favorable for trans- 
location to and accumulation of dalapon in buds responsible 
for initiating regrowth after each mowing. In this respect, 
ROcheCpuste (55, 57) suggested that the greatest effect of 
dalapon on bermudagrass was associated with the interaction 
of downward translocation of dalapon with assimilates by 
culms in advanced stages of growth and meristematic activity 
of rhizome buds. Hull (39) found a similar pattern of 
dalapon accumulation in active, axillary rhizome buds of 
johnsongrass. Such findings suggest that the inherent 
responses, measured as the rate and amount of regrowth 
following mowings, of the selections to dalapon would be 
observed more accurately when the herbicide was available 
for translocation by culms in mature stages of growth than 
in young stages of growth. From this it would appear that 
the accumulation of dalapon in surviving, active buds of 
underground bermudagrass tissue would be greatest if mowing, 
were delayed until mature stages of growth. This appeared 
to be the condition of this study.

At the time of the first mowing many selections, if 
not all, had culms in advanced stages of growth. Many of the 
culms had already headed or were about to do so when mowed.
In addition, the period Of time available for the transloca
tion and accumulation of dalapon in underground meristerns 
before the first mowing was extensive, since the first
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mowing did not take place until 66 and 35 days after the 
first and second applications of dalapon, respectivelyc 
Thus the rates and amounts of regrowth displayed by the 
selections following this initial mowing should have 
reflected the inherent responses of the selections to 
dalapon. Although the third application of dalapon was 
available for translocation and accumulation for only 14 
days preceding the second mowing, the cumulative effect of 
dalapon remaining from the first and second applications and 
the amount of the third application of dalapon translocated 
to active meristerns was probably sufficient to measure the 
effects of dalapon on the regrowth ability of selections 
following the second mowing.

Although the responses of the four selections of 
group one may be due to the dilution of an otherwise toxic 
amount of dalapon in extensive rhizome systems or distribu
tion among many loci of meristematic activity, the primary 
reason for the tolerant responses of the selections may be 
their inherent vigor. The rapid and high levels of stand 
density regrowth displayed by the selections are indicative 
of superior vigor and it may be this inherent, superior 
vigor that reflects cellular tolerance to dalapon.

The very poor regrowth of the 11 selections of group 
two may be due to direct kill of cells and the inhibition of 
meristerns by dalapon. It is apparent that the first two
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applications of dalapon so weakened selections B 422, B 142, 
and M 358-7 that they could only make negligible growth 
after the first mowing» ; .Selections IV 361-4, B 420, and 
IV 358-5 began to show a definite reduction in stand density 
following the third application of dalapon and continued to 
show the effects of dalapon by poor regrowth following the 
second mowing. In addition to kill and in relation to the 
inhibition of bud differentiation, dalapon has been credited 
with inducing dormancy in rhizome buds of bermudagrass (57) 
and johnsongrass (4.2) . Such induced dormancy may have 
played a part in the poor regrowth of the 11 selections. In 
any event, however, one or more, but most probably a combina
tion of these effects limited the regrowth of these selec
tions, which in turn reflect their cellular susceptibility 
to dalapon.

The slow rates of regrowth shown by the 15 selections 
of group three may, wholely or in part, be attributed to one 
or more of the explanations previously mentioned. Dalapon 
through some, though limited, kill and inhibition of 
meristem differentiation may have delayed the regrowth of the 
selections, while their high stand densities (readings 9 and 
13) obtained after each mowing may indicate their ability to 
overcome the effects of dalapon. However,.the slow rates 
of regrowth shown by these selections could be attributed, 
in part, to their abilities to initiate new growth following



defoliationso In comparison to group one, the selections 
of group three may have slower, inherent rates of regrowth0 
For instance, selection H 18 may have a high tolerance to 
dalapon but also a very slow physiological ability to initi
ate new growth. Such poor rates of regrowth could easily be 
attributed to an interaction of dalapon phytotoxicity and 
poor physiological regrowth vigor. But such an interaction 
did not hinder the overall regrowth ability of the selec
tions, Whether the regrowth responses of the 15 selections 
may be attributed to partial inhibition of growth by dalapon 
or to an interaction of poor regrowth vigor by selections 
and the growth regulatory effects of dalapon, the moderate
to high leyelS: of final stand density obtained by the
selections does indicate a general tolerance to dalapon.

Response of Selections to Paraquat 
A comparison of the initial stand density of each 

selection and its final stand density percentage shows that 
all selections were reduced in their vegetative stand
density by the eight applications of paraquat and the one
burning plus mowing treatment. The differential responses 
of the selections to the nine defoliations, as determined by 
the final stand density reading, were significantly differ
ent at the 0,05 level (Table 3). Mean stand density 
readings for each selection at each reading date can be 
found in Table A-2.
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Table 3= Initial and final mean stand density percentages 
for 30 bermudagrass clones treated with eight 
applications of paraquat at approximately 2-week 
intervals throughout the summer.

Percentages
Selection Initial Final—/

III 358=3 91 86 a
II 366-7 90 79 ab
II 366-1 100 76 a-c
H 19 100 63 a-d
I 354-7 98 55 a-e
B 284 100 51 a-e
I 354-5 80 50 a-e
B 417 100 47 a-e
B 425 98 41 a-e
B 142 99 40 a-e
M 358-7 100 35 a-e
H 18 99 34 a-e
B 420 TOO 33 a-e
H 1 98 30 b-e
IV 358-5 100 30 b—e
M 358-6 ' 99 28 b-e
Common 98 27 b-e
B 428 88 22 c-e
H 4 100 18 de
IV 361-4 97 17 de
I 329-4 100 16 de

IV 350-6 98 14 de
B 418 99 14 de
B 421 100 12 de
10 88 12 de
16 91 11 de
B 422 95 8 de
B 245 100 8 de
9 95 4 e
6 85 3 e

1/ Values followed by the same letter are not 
significantly different at the .05 level.
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The 30 selections were separated into three groups 
on the basis of their final stand density percentages and 
their fluctuations in stand density over the 10 reading 
dates. This accounted for the overall tolerance level of 
each selection to the nine defoliations and the ability of 
each selection to recover following several applications of 
paraquat and the one defoliation by mowing and burning.

In order to make a preliminary distinction between 
selections that were tolerant or moderately tolerant and 
those that were least tolerant to stand reduction by para
quat, the selections were separated as to those having a 
final stand density of 47% or greater and those having 
smaller percentages. Eight selections had final stand 
density percentages of 47% or greater.

These eight selections were divided further on the 
basis of stand density fluctuation over the 10 readings. 
Stand fluctuation was determined by the lowest stand density 
for anyone of the reading dates and the final stand density 
reading of each selection. The resulting range of growth 
measured the abilities of the selections to recover after 
being reduced in stand density by several defoliations.
Thus, based on actual growth recovery, as determined by the 
final stand reading, the four selections having the smallest 
range of recovery, 23% or less, and the four selections



having the largest range of recovery, 33% or more, were 
designated group one and group two> respectively. Selec
tions II 366-1, B 284, I 354-5, arid B 417 of group one had 
respective recovery percentages of 23, 12, 0, and 0 (Fig. 5), 
while selections H 19, II 366-7, I 354-7, and III 358-3 of 
group two had respective recovery percentages of 33, 46, 48, 
arid 62 (Fig. 6). The appropriate stand density readings 
used in determining these ranges in recovery can be seen in 
Table A-2.,

The remaining 22.selections, having a final stand 
density range of 3 to 41%, make up group three (Fig. 7). As 
a group the susceptibility of the selections to the paraquat 
treatments are evidenced by the continuous decline in average 
stand density of the selections from the third to the final 
reading. Although all 22 selections were reduced by more 
than half of their initial stand densities, their rates of 
stand density decline varied greatly. For example, selec
tion 9 had a very rapid decline following the first applica
tion of paraquat and continued to decline to a final stand 
density of'4%, while selection B 245 maintained a very high 
stand density (92% and above) through the first six reading 
dates and then declined rapidly to a final stand density of 
8%.

The responses of the selections of the three groups 
to the nine defoliations may be explained by the action of
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Fig. 5. The highest, average, and lowest 
mean stand density percentages per reading 
date for selections II 366-1, B 284, I 354-5, 
and B 417 under the paraquat treatments.
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Fig. 6. The highest, average, and lowest mean 
stand density percentages per reading date 
for selections I 354-7, II 366-7, III 358-3, 
and H 19 under the paraquat treatments.
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Fig. 7. The highest, average, and lowest mean 
stand density percentages per reading date 
for the remaining 22 selections under the 
paraquat treatments, with special reference 
to the stand densities of selections B 245 
and 9.
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paraquat as a contact herbicide„ The possible translocation 
of paraquat from foliage to rhizome tissue probably did not 
contribute significantly to the response, of selections since 
the conditions necessary for effective reverse xylem flow 
were not present in this study. On all occasions in the 
field, paraquat was applied during daytime periods under 
conditions of low relative humidity to plants that did not 
appear stressed for water.

Acting as a contact herbicide, paraquat, by its 
rapid defoliation of selections, stops all photosynthesis 
and growth originating from meristematic tissue contacted 
by the herbicide. This, in turn, interrupts the movement 
of photosynthates to the rhizomes and indirectly stimulates 
the initiation of regrowth by surviving buds. Ultimately 
this places a drastic strain on the carbohydrate economy of 
each selection. In order for the selections to reestablish 
photosynthesis, their buds must utilize carbohydrates stored 
in rhizomes to produce new shoots. Although new shoots may 
appear above ground as soon as 4 days after an application 
of paraquat, their net assimilation rates may not be suffi
cient enough to render them independent of carbohydrates 
drawn from the rhizomes. If new shoots continue growth with
out being removed, their net assimilation rates should 
permit them to become self sufficient in providing their own 
energy requirements. As the shoots mature they will produce
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a surplus of photosynthates, and much of this surplus will 
move downward to replenish the carbohydrate reserves of the 
rhizomeso

If new shoots were removed before they became self 
supporting, the carbohydrate reserves of rhizomes would be 
depleted further by the initiation of newer growth. Contin
ued defoliation of new growth before it became self support
ing in energy requirements would eventually deplete the 
rhizomes of stored carbohydrates. Turner (65) found that 
rhizomes of quackgrass made little or no recovery after 
foliar applications of paraquat reduced the original carbo
hydrate reserves by 90% or more. The poor recovery of the 
22 selections of group three may reflect a similar reduction 
in carbohydrate reserves of bermudagrass rhizomes.

The gradual decline in average stand density from an 
initial 95% to a final reading of 56% by the four selections 
of group one indicates only a partial reduction in carbohy
drate reserves compared to a rather extensive reduction in 
the selections of group three. The regrowth rates of the 
selections of group one were apparently sufficient enough 
to allow the new foliage that followed each defoliation to 
become self sufficient in energy needs and to partially 
replenish carbohydrate reserves. Defoliating these selec
tions 9 times at intervals of 13 to 18 days was not success
ful in disrupting their balance of carbohydrate reserves.
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The final, average stand density of the four selec
tions of group two would also suggest that the rates of 
regrowth of these selections prevented any extensive reduc
tion in their carbohydrate reserves. However, unlike the 
nearly continuous decline in average stand density displayed 
by the selections of group one and three, the selections of 
group two showed an increase in average stand density of 40% 
from a low of 32% following the sixth application of para
quat. This substantial increase may be due to favorable 
growth conditions for these particular selections following 
both the seventh and eighth applications, resulting in a 
possible gain in net carbohydrates, the availability of 
which could have contributed to the increase in stand density.

The continuous decline in average stand density of 
the 22 selections Of group three was due to the number and 
frequency of defoliations. The nine defoliations at average 
intervals of every 14 days was responsible for effecting the 
gradual and continuous reduction in carbohydrate reserves, 
which was reflected in the significant reduction in stand 
densities. For this group it would appear that the period 
of time available for regrowth between defoliations was not 
of sufficient length to allow selections to become self 
sufficient in energy needs and to replenish carbohydrate 
reserves utilized in initiating regrowth. The very rapid 
decline of selection 9 is a prime example of this
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inadequacy in physiological vigor» In contrast the 
regrowth vigor of selection B 245 was such that: it took 
six defoliations to reduce its stand density below 50%

Comparison of Clonal Responses to Both Herbicides 
The stand densities of 19 selections, representing 

all five bermudagrass types, were reduced more by the treat
ments of paraquat than by dalapon. All "coastal", "giant", 
and "giant x common" selections had lower stand density 
readings with paraquat. Of the remaining two bermudagrass 
types, 5 of the 13 "common" and 6 of the 7 "burly" selec
tions had lower final stand density percentages with dalapon, 
A correlation (r=-,16) of final stand density percentages for 
the 30 selections under both treatments was not significant.

The tetraploid selection III 358-3, a burly type, 
was the only selection resistant to both herbicides. The 
regrowth ability of this selection suggests that it is not 
only resistant to the phytotoxic action of dalapon but 
possesses a vigorous growth characteristic.

The half sibling selections I 354-5 and I 354-7 did 
not differ significantly in their final stand densities with 
either herbicide, ^election H 18 and H 19, which may be 
half siblings selected from Tiflawn, differed significantly 
in their final stand density responses to dalapon but not to 
paraquat. The burly selections II 366-1 and II 366-7, both
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seedlings from P, I. 222789, were very remarkable in the 
similarities of their tolerance to paraquat and susceptibil
ity to dalapon.

Selection B 422 was the most susceptible of the 30 
selections to both treatments of dalapon and paraquat» The 
four burly selections M 358-6, M 358-7, IV 358-5, and 
IV 361-4, and a common selection B 420 also had final stand 
density percentages indicating low tolerance to both herbi
cides, The susceptibility of these selections to stand 
reduction indicates that they are poor in growth vigor and 
this lack of vigor reflects further in their susceptibility 
to dalapon.

In contrast several selections showing poor growth 
vigor were tolerant to the treatments of dalapon. The five 
“coastal" selections, B 245, 6, 9, 10 and B 284 were resis
tant to the treatments of dalapon but very susceptible to 
stand reduction by paraquat. Selections IV 350-6, H 18, 
Common, H 4, and B 428 responded similarly.

Application of Results 
The differential responses of the selections to both 

herbicides indicate the importance of selecting the proper 
herbicide(s) and application methods in programs designed to 
control or eradicate bermudagrasses. Both dalapon and para
quat may have important roles in such programs. The two
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herbicides may also have practical uses in the production, 
evaluation, and breeding of bermudagrass»

In the irrigated areas of Arizona, dalapon, separ
ately or in combination with TCA, is recommended for the 
specific control of bermudagrass. The recommehdation calls 
for the application of dalapon to foliage in a vigorous 
state of growth (7). Hamilton and Tucker (30) emphasized 
the importance of applying dalapon at the proper stage of 
growth when they concluded that failure to control johnson- 
grass, a rhizomatous perennial, is most unlikely to be due to 
a population of resistant plants but to the improper timing 
of dalapon applications, In addition to the proper timing 
of applications, Hamilton (29) also warned that a discontin
uation of a control program which utilized dalapon too early 
might allow resistant strains to reinfest a control area.
All of these points stress the importance of timing and 
number or duration of dalapon applications in the control of 
bermudagrass.

The moderate to high resistance of 19 selections to 
the three applications of dalapon and the two mowings 
confirms the importance of timing and number of applications. 
Although the application of dalapon to mature culms may be 
favorable for maximum transport of the herbicide to rhizome 
meristems, such timing of applications was not, as shown by 
this study, adequate for control purposes. The high
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tolerance shown by many selections to only three applica
tions, although only one application was on relatively 
young, active growth, of dalapon suggests the need for 
additional applications to effect desirable levels of 
control, or even eradication. Programs involving the 
control or eradication pf bermudagrass with dalapon may 
require more than three properly timed applications, the 
duration of which may extend over more than one season’s 
growth.

The 11 selections showing susceptibility to dalapon 
were unable to produce substantial levels of regrowth 
following the first mowing. This may suggest the use Of 
cultivation or mowing as a complement to dalapon for the 
control or eradication of bermudagrass.

Although paraquat is not recommended for the control 
or eradication of bermudagrass, its use as a control agent 
may be considered. The effectiveness of paraquat in reducing 
carbohydrate reserves of bermudagrass may be attributed to 
the timing, or intervals of applications, and the number of 
applications. In his studies dealing with the reduction of 
carbohydrate reserves in quackgrass with paraquat. Turner 
(65) recommended that applications of the herbicide every 10 
to 14 days would be effective in controlling quackgrass in 
the field. As reported in this study, the bermudagrass 
selections were defoliated with paraquat at varying
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intervals of 13 to 18 days, or an average of approximately 
every 14 days. Considering the decline in stand densities 
obtained with such intervals of application, it would appear 
that a period of 14 days between applications would be 
practical for the control of bermudagrass.

As for the number of applications or defoliations, at 
least seven and preferably more applications are needed to 
reduce stand densities of most bermudagrasses to acceptable 
levels of control. In this study the first significant 
reduction in stand densities was not seen until after the 
fifth defoliation, while further reductions required addi
tional defoliations. The differential responses of the 
selections indicate that the number of applications needed 
to control Strains of bermudagrass cannot be predetermined. 
But knowing that it may be best to apply paraquat every 14 
days, the total number of applications will be determined 
ultimately by the proper timing of each application and the 
vigor of individual genotypes. Upon observing the general 
rate of stand decline for the 30 selections and the number 
of defoliations effecting such a decline, it may be seen 
that the number of applications needed to control or eradi
cate many bermudagrass strains may carry through a complete 
growing season and, possibly, into the following season. 
However, due to the need for critically timed applications 
and the frequency and duration of such applications, control
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or eradication programs depending solely on paraquat may be 
unnecessarily time consuming and expensive for practical use.

Since at least half of the selections in this study 
are tolerant to at least one herbicide, a rotation of 
herbicides would seem desirable in a program designed to 
control or eradicate resistant bermudagrasses. Hanson (32) 
found strains of bermudagrass tolerant to dalapon in 
Hawaiian sugarcane plantations. It appeared that these 
strains evolved because of continuous use of dalapon as a 
control agent (35). As a possible counter measure, a 
rotation of herbicides may prove valuable in preventing the 
dominance of a weed population by strains tolerant of one 
herbicide used exclusively in a control program. As shown 
in this study and in other studies (5, 6, 32, 57), strains 
of bermudagrass vary greatly in their responses to foliar 
applications of dalapon. An interpretation of these findings 
suggests that if dalapon were used exclusively over a 
prolonged period, it may not be successful in controlling or 
eradicating all bermudagrasses.

In the actual practice of controlling or eradicating 
bermudagrasses, it may be recommended that another herbicide, 
or herbicides, should be rotated with dalapon when strains 
tolerant to dalapon are suspected or known. An example of 
a dalapon-paraquat rotation employing a theoretical weed 
population of selections II 366-1 and 9 may show the
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possible use of a rotation of h e r b i c i d e s I n  such a scheme, 
selection II 366-1 which is resistant to frequent defolia
tions by paraquat may be eliminated by dalapon, while 
selection 9 which is resistant to dalapon may be eliminated 
by paraquato In practice, dalapon may be applied to young, 
actively growing foliage of the selections, followed in a 
few days by an application of paraquat. However, due to the 
time and expense necessitated by many frequently and criti
cally timed applications of the herbicides over extended 
periods of time, the rotation of dalapon and paraquat may not 
find a practical role in the control or eradication of 
bermudagrasses. A rotation of dalapon and paraquat may even 
be a liability since selection III 358-3 is tolerant to both 
herbicides. Possibly, a third herbicide or even cultivation 
may be needed to effect the elimination of III 358-3.
Although a rotation of herbicides may be very successful in 
controlling many genotypes of bermudagrass, mowing or 
cultivation methods should not be forgotten as supplementary 
or primary control procedures.

The variability in the responses of several selec
tions to paraquat and dalapon suggests a practical use for 
dalapon in rotation or renovation programs involving 
bermudagrass. As an example, a preplanned production 
program using selection II 366-7, which is resistant to 
frequent defoliations but susceptible to dalapon, may be
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grown for a specific purpose. Once this selection has 
fulfilled its usefulness, it may be eliminated by applica
tions of dalapon. This in turn may allow for the growing 
of another crop or an improved or more desirable bermuda- 
grass.

Since this study is essentially a screening of 
selections for their tolerance or susceptibility to dalapon 
or paraquat, selections showing resistance to one or more of 
the herbicides may be chosen for further evaluations of 
their agronomic traits. Of the selections screened by 
paraquat, only selections III 358-3, II 366-7, and II 366-1 
are resistant, though moderately, to the frequent defolia
tions, Such resistance is a desirable characteristic for 
both forage and turf beraudagrass types. Since these selec
tions may be desirable for their abilities to withstand 
frequent defoliations and, in the case of III 358-3, for 
resistance to dalapon, they should be evaluated for their 
other agronomic characteristics. If they prove highly 
desirable for a specific use, they may be used as a clone, 
or if fertile, in breeding programs.

/ In summary, two conclusions may be inferred from the 
findings of this study: (a) Since the control or eradication
of bermudagrasses may not be assured by the continuous use 
of one herbicide such as dalapon, a rotation of herbicides 
or a rotation of herbicides and cultivations or mowings is
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suggested as possibly a more efficient procedure, and (b) 
further evaluations of selections IX 366-1, II 366-7, and 
III 358-3 for their overall agronomic desirabilities are 
warranted.
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TABLE A-1
Mean stand density percentages of 30 bermudagrass selections for

Selection 1
Reading dates

13 reading dates of the dalapon treatment.

10 •11 12^ 13
B 284 
IV 350-6 
H 4 

III 358-3 
H 18 
B 428 
B 417

9
Common 
B 425 

6
B 418 
B 245 
I 354-7 
I 329-4

10 
B 421

16 
H I  
H 19 
I 354-5 

II 366-1 
II 366-7 
M 358-6 
IV 361-4 
B 420 
B 422 
B 142 
IV 358-5 
M 358-7

level of 
significance'

100
94
100
99

100
96 
100
99
97 

100
88

100
100
100
100
99
96
88
96
100
100
99
98 
98
98 
100 
100
96
99
97

100
97
100
.100
97
96 

100
99
88

100
91
100
98 
100 
100
95
97 
88 
94
100
100
97
98 
98
96 

100
97
98
98
99

100
96 
99 
98
98 
95
100 
9 8 
84
89 
68
99 
99
97 

100
88
98 
78
90
99 
99 
94
98
99 
97
100
97
98
99 

100

95
93 
95 
97
95
94
97
96 
86 
88 
68 
96
98
93 
96 
86 
96 
75 
87
96
95
94
95 
98
97
97 
95 
92
98 
98

94
93
91
95
92 
90
92
94 
84 
88 
71
96
95
90 
95 
86
93 
76 
88
94
91
92
95
96 
95
93
94 
89 
98 
93

94
90
93 96 
92
94
92
94 
86
90 
75
95 
95
91
94 
88
95 
78 
88 
94
93
93 
91
96
94 
94
90
91 
93
92

50
84
85
51
4 

83 
10 
90
3

42 
47
9
6
3
5

43
4 

10 
54
4
2
3
2

10
3
3
6

■ 3 
10 
3

94 100 97 47 98 99
88 99 90 77 90 94
85 94 90 82 91 94
55 95 98 43 95 92
7 63 65 3 69 92

88 97 85 74 86 92
36 98 62 5 73 92
89 99 95 86 94 91
33 81 78 2 83 89
85 96 79 38 80 85
65 88 80 44 83 83
46 69 68 2 75 82
17 59 73 3 78 81
22 65 55 2 56 80
11 62 60 2 64 73
36 86 66 42 66 71
17 78 57 2 61 68
18 82 :■ 1 58 ■ 7 63 59
68 98 66 48 65 56
9 34 28 1 34 38
5 17 20 3 24 36

14 45 27 1 26 25
1 1 15 0 15 21
4 6 18 4 16 21
9 66 22 2 17 13
6 37 13 3 13 11

11 8 7 2 9 9
6 5 4 1 5 9
9 53 18 3 14 9
2 4 2 1 1 2

N,S, N.S, N.S, * & ** **
a* F value for selections significant at the 0,05 level. 
** F value for selections significant at the 0.01 level.
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TABLE A-2
Mean stand density percentages of 30 bermudagrass selections for 10

reading dates bf the paraquat treatment,
Reading date's ____________

Selection 1 2 3 4 5 6 7 ~  8 9 10
III 358-3 91 90 90 89 88 40 24 50 84 86
II 366-7 90 68 79 75 70 33 50 33 50 79
II 366-1 100 88 98 89 78 53 66 90 85 76
H 19 100 65 93 92 93 82 38 43 30 63
I 354-7 98 30 73 59 43 20 14 7 11 55
B 284 100 100 98 95 97 57 64 39 42 51
I 354-5 80 78 60 80 99 82 74 76 51 50
B 417 100 96 90 88 89 66 71 53 52 47
B 425 98 94 88 85 86 46 30 48 54 41
B 142 99 96 93 70 45 48 44 53 45 . 40
M 358-7 100 96 95 93 83 78 53 70 . 63 35
H 18 99 90 53 84 100 7:6 25 14 25 34
B 420 loo 98 93 89 88 61 38 37 24 33
H I 98 95 94 85 73 78 58 28 25 30
IV 358-5 100 91 93 90 88 74 53 73 29 30
M 358-6 99 ' 90 96 90 91 40 41 17 28 28
Common 98 80 87 80 88 48 16 18 10 27
B 428 88 54 79 74 . 43 25 33 40 35 22
H 4 100 83 70 71 80 44 ; 37 43 42 18
IV 361-4 97 63 70 72 78 48 40 29 11 17
I 329-4 100 93 88 91 86 ■' 54 31 26 17 16

IV 350̂ -6 98 92 91 78 66 69 71 34 38 14
B 418 99 96 97 94 86 13 18 3 2 14
B 421 100 94 58 55 65 55 23 12 6 12

10 88 89 90 80 58 28 11 12 13 12
16 91 50 87 84 87 41 54 39 28 11

B 422 95 33 56 65 78 17 38 22 4 8
B 245 100 93 95 92 98 94 59 46 36 8

9 95 53 40 29 14 7 . ... 5 2 1 4
6 85 48 73 70 68 15 15 6 1 3

Level of
significance^. S.. ft* NoS . & & * * N.S. N.S. * *

a* F value for selections significant at the 0.05 level.** F value for selections significant at the 0.01 level.
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