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SUMMARY. Phenoxy and related 
herbicides used in turfgrass have 
the potential for volatilization and 
movement from treated areas. Three 
studies assessed potential injury to 
subtropical landscape plants caused 
by volatile turf herbicides in polyeth-
ylene enclosures. Phenoxy herbicide 
mixtures were emphasized. There 
were signifi cant differences among the 
seven landscape species tested. The 
most sensitive species were african 
marigold (Tagetes erecta), joseph’s coat 
(Alternanthera ficoidea), and tomato 
(Lycopersicon esculentum). Severe 
injury was caused by exposure to her-
bicides containing 2,4-D isooctyl ester 
and MCPA isooctyl ester. Exposure to 
individual active ingredients 2,4-D di-
methylamine, dicamba acid, atrazine, 
and metsulfuron resulted in no injury 
to the species tested.

Foliar applications of phenoxy 
herbicides such as 2,4-D con-
trol broadleaf weeds in turf-

grass (Marth and Mitchell, 1944). 
Other phenoxy herbicides such as 
mecoprop, and dicamba (a benzoic 
acid herbicide), are mixed with 2,4-D 
to synergistically increase control of 
weeds in turfgrass (Bowen and Mor-
ris, 1969). A wide array of mixtures is 
marketed commercially.

Phenoxy and related herbicides 
can injure nontarget susceptible 
plants, due in part to their auxin ef-
fect, even at low exposure dosages. 
Injurious amounts of herbicide can 
reach nontarget plants by some com-
bination of spray drift and herbicide 
volatilization, depending on chemical 
characteristics and application condi-
tions such as wind, relative humidity, 
drying time, and sorption. Despite 
extensive use of phenoxy and related 
herbicide mixtures in turf, there is little 
scientific documentation on the effect 
of turf applications on nearby nontarget 
landscape plants.

While water-soluble amine salts of 
2,4-D have low volatility, oil-soluble 
ester formulations sometimes have 
high volatility. Following application 
of a granular formulation of 2,4-D 
isooctyl ester (=2-ethylhexyl ester) 
to kentucky bluegrass (Poa pratensis)
turf in chambers, air concentration of 
2,4-D is in the ng·m–3 (10–12 oz/ft3)
range (Nash and Beall, 1980). Vapor 
pressure of a chemical determines the 
saturated gaseous concentration of the 
chemical in the atmosphere, and hence, 
its volatility. Volatile injury to tomato 
(Lycopersicon esculentum) occurs from 
2,4-D formulations having vapor pres-
sures of 0.6 to 3.3 mPa at 25 oC (8.70 
× 10–8 to 4.79 × 10–7 lb/inch2 at 77.0 
oF) (Noble and Hamilton, 1990). For-
mulations with vapor pressures below 
0.6 mPa are low volatility and above 
3.3 mPa they are highly volatile. Small 
additions of other molecular forms of 
herbicides can greatly affect volatility. 
For example, addition of 1.1 g·L–1

(0.15 oz/gal) 2,4-D methyl ester can 
change 2,4-D isooctyl ester from low 
volatile to high volatile (Noble and 
Hamilton, 1990).

The vapor pressure of 2,4-D and 
other herbicides increases 3- to 4-fold 
with each 10 oC (18.0 oF) increase in 
temperature (Branham, 1994). For 
each 10 oC increase in temperature, 
dissipation and volatilization increase 
1.4 times and 1.8 times, respectively, 
and volatilization fluxes of acid herbi-
cides such as 2,4-D from treated soil are 
as high as 132 g·ha–1 (1.9 oz/acre) per 
day at 35 oC (95.0 oF) (Nash, 1989). 
Daytime temperatures can exceed 30 
oC (86.0 oF) throughout the year in 
southern Florida, which increases the 
potential for nontarget injury to other 
landscape plants due to volatilization 
and movement of herbicide from 
treated turfgrass areas.

Vapors from corn (Zea mays)
treated with dicamba dimethylamine 
injure soybean (Glycine max) plants 60 
m (196.9 ft) downwind (Behrens and 
Lueschen, 1979). Buffer zones of 5 to 
10 m (16.4 to 32.8 ft) are suggested for 
ground sprayers to minimize the risk 
of injury to native plants from MCPA, 
another phenoxy herbicide (Marrs et 
al., 1989). Sentinel plants such as to-
mato and lettuce (Lactuca sativa) have 
been used to detect nontarget drift of 
phenoxy herbicides (van Rensburg and 
Breeze, 1990; Welker and Peterson, 
1989). Annual bedding plants are 
sensitive to low rates of spray drift 
of 2,4-D and triclopyr, with petunia 
(Petunia ×hybrida) the most sensitive 
among nine species tested (Hatterman-
Valenti et al., 1995).

The objective of these studies 
was to assess potential injury to sub-
tropical landscape plants caused by 
volatile turf herbicides, emphasizing 
phenoxy herbicide mixtures. Atrazine 
and metsulfuron were also included as 
alternative broadleaf herbicides used in 
subtropical turf.

Materials and methods
Herbicide injury was assessed 

using clear polyethylene plastic en-
closures. Representative subtropical 
landscape plants were exposed, for 24 
h, to vapors from herbicide formulations 
inside the enclosures. Enclosures were 
114 × 114 × 97 cm high (44.9 × 44.9 
× 38.2 inches high). They were placed 
outdoors under a nearly opaque fi ber-
glass roof for protection from sun and 
rain. In Study 1, the landscape plants 
were african marigold, cape honeysuckle 
(Tecomaria capensis), evolvulus (Evol-
vulus glomeratus) ‘Blue Daze,’ joseph’s 
coat, mexican heather (Cuphea hyssopi-
folia), periwinkle (Catharanthus roseus), 
and tomato. In Study 2 and Study 3, 
only african marigold (Tagetes erecta),
joseph’s coat, and tomato were used.

In each of the three studies, six 
or seven herbicide treatments were 
compared, along with a water control 
treatment (Table 1). Each study was 
a randomized complete block design 
with four replicates (blocks). Each 
replicate was set up and treated on a 
different day. Each enclosure within a 
daily replicate contained a complete 
set of plant species. The main-plot 
experimental unit was thus a set of 
plants exposed simultaneously in one 
enclosure, and plant species were split 
plots. Study 1 had one plant of each 
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species per enclosure. Study 2 and 
Study 3 had two plants of each spe-
cies (subsamples) per enclosure.

Formulated herbicides were 
mixed with water to bring them to 
24.4 mL (0.83 fl oz) and the mixtures 
were poured onto a layer of paper towel 
placed to cover the bottom of a 30.0 
× 20.5 × 5.1-cm-deep (11.81 × 8.07 
× 2.01 inches) aluminum pan in each 
enclosure. The poured volume, 24.4 
mL, would equal a spray application 
rate of 18.7 mL·m–2 (20 gal/acre), if it 
had been sprayed onto the basal area of 
the enclosure. Movement of volatilized 
herbicide from the soaked paper towel 
was facilitated using a D-cell battery-
powered fan, and enclosures remained 
closed for 24 h. Temperatures inside 
enclosures were between 23 and 40 oC
(73.4 and 104.0 oF) during herbicide 
exposure.

Plant injury was rated based on 
a visual estimate of overall severity. 
Injury factors considered were bend-
ing of stem and petioles, downward 
curling of leaf margins resulting in leaf 
cupping, swelling of stems associated 
with callus, proliferation of roots from 
the aboveground stems, discoloration 
of leaves or stems, and flower drop. 
The injury rating scale was 0 to 100. 
The criteria for the different ratings 
were 0 = no symptoms; 10 = slight, 10o

bending of stems or petioles, or slight 
bronzing of leaves; 30 = curling of leaf 
margins and/or 30o bending of stems 
and/or noticeable root proliferation at 
base of stems; 60 = 90 to 180o bend-
ing of stems and/or callus swelling of 
stems and/or stems proliferating roots 
up to the first branch and/or minimal 
necrosis; 80 = severe necrosis; and 100 
= plant dead. In Study 1, plant injury 
was evaluated 1, 3, 7, 14, 21, and 28 
d after herbicide exposure. In Study 2 
and Study 3, plant injury was evaluated 
1 through 9 d after herbicide expo-
sure. To simplify tabular presentation, 
1-week data (Table 1) represented the 
7-d injury rating from Study 1, or the 
average of 6- through 9-d injury rat-
ings from Study 2 and Study 3. Data 
were analyzed by analysis of variance 
considering replicate effects, herbicide 
treatment effects, species effects, and 
herbicide x species interaction, with the 
appropriate error mean square used as 
the test statistic for the split-plot de-
sign. The main-plot effect of herbicide 
treatment means was separated by the 
Waller-Duncan k ratio t test, k = 100 
(P  0.05).

Results
STUDY 1. Except for Trimec Clas-

sic (PBI/Gordon Corp., Kansas City, 
Mo.), exposure to all herbicides in-
jured (P < 0.0001) all landscape plants 
within 1 d after treatment (data not 
presented). The injurious herbicides all 
contained an ester, either 2,4-D isooc-
tyl ester or MCPA isooctyl ester. The 
earliest injury symptom was epinasty, 
or bending of terminal stems and leaf 
petioles, which was noticed in all species 
except mexican heather and periwinkle. 
In periwinkle there was only curling of 
leaf margins and petals. Joseph’s coat 
showed the most injury within 3 d 
after exposure. By 7 d after exposure, 
stems in tomato and cape honeysuckle 
began to thicken with callus, while in 
african marigold there were roots initi-
ated along the stem.

Herbicides differed strongly 
in plant injury 7 d after exposure. 
Herbicide × species interaction was 
highly significant (P < 0.0001). Afri-
can marigold was most injured by Cool 
Power (Riverdale Chemical Co., Burr 
Ridge, Ill.), joseph’s coat was most in-
jured by Super Trimec (PBI/Gordon 
Corp.), and tomato was most injured 
by SpeedZone (PBI/Gordon Corp.) 
(Table 1). Injury was only slightly 
worse at 14 d than at 7 d. In Study 1, 
few african marigold and periwinkle 
plants survived after 7 d after treatment, 
due both to herbicide treatment and 
possibly other factors. Other species, 
cape honeysuckle and mexican heather, 
appeared to be capable of recovering 
from herbicide injury, as the main 
symptom was flower damage.

STUDY 2. Exposure to 2,4-D iso-
octyl ester alone, and to Super Trimec, 
injured african marigold, joseph’s coat, 
and tomato. Mecoprop potassium salt 
injured tomato and african marigold 
but not joseph’s coat (Table 1). Dicam-
ba dimethylamine caused slight injury 
only to joseph’s coat. Dicamba acid, 
mecoprop dimethylamine, and 2,4-D 
dimethylamine caused no injury.

STUDY 3. Exposure to Super 
Trimec and SpeedZone St. Augus-
tine, both containing 2,4-D isooctyl 
ester, injured african marigold, joseph’s 
coat, and tomato. Moderate injury was 
caused only to african marigold and 
tomato by Ortho Weed-B-Gon Lawn 
Weed Killer (Solaris Group of Mon-
santo Co., San Ramon, Calif.), Trimec 
Southern (PBI/Gordon Corp.), and 
Trimec Classic. All three herbicide 
products contained 2,4-D dimethyl-

amine + mecoprop dimethylamine + 
dicamba dimethylamine. There was no 
difference in injury among these three 
products, even though the rate of ap-
plication, on the basis of the basal area 
of the enclosures, ranged from a 2,4-D 
acid equivalent of 0.21 kg·ha–1 (0.187
lb/acre) to 1.14 kg·ha–1 (1.017 lb/
acre). Other turf herbicides, atrazine 
and metsulfuron, caused no injury. 

Discussion
Landscape plants showed no in-

jury when exposed to 2,4-D dimethyl-
amine alone applied in an enclosure at 
acid equivalent of 0.56 kg·ha–1 (0.500
lb/acre). In contrast, landscape plants 
were consistently and severely injured 
when exposed to herbicides contain-
ing 2,4-D isooctyl ester as low as acid 
equivalent 0.29 kg·ha–1 (0.259 lb/
acre). The injurious products were 
2,4-D isooctyl ester by itself, along with 
mixtures Super Trimec, SpeedZone, 
and SpeedZone St. Augustine.

Severe injury was observed when 
landscape plants were exposed to 
volatile herbicides containing MCPA 
isooctyl ester, e.g., Cool Power and 
Power Zone. Both products also 
contained dicamba acid and either 
triclopyr or mecoprop acid. Because 
dicamba acid by itself caused no injury, 
the simplest explanation for the severe 
injury caused by Cool Power and Power 
Zone is that it was caused by MCPA 
isooctyl ester.

Three different mixtures contain-
ing 2,4-D dimethylamine + mecoprop 
dimethylamine + dicamba dimethyl-
amine (Trimec Classic, Weed-B-Gon, 
and Trimec Southern) caused slight (P
< 0.05) injury to african marigold and 
tomato in Study 3, but not joseph’s 
coat, at 2,4-D acid equivalent as high 
as 1.14 kg·ha–1. Because neither 2,4-D 
dimethylamine, nor mecoprop dimeth-
ylamine, nor dicamba dimethylamine 
alone injured african marigold or to-
mato in Study 2, the data suggest that 
the mixtures were injurious because 
of an interaction among ingredients 
in Study 3.

The enclosure method allowed 
the controlled assessment of landscape 
plant injury due to volatilization of turf 
herbicides, and was capable of provid-
ing a comparison of complex herbicide 
mixtures. Specific injury levels may not 
represent what would occur in the fi eld. 
The method of herbicide application, 
pouring a liquid into a small tray, 
probably extended drying time and 
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the duration of exposure to herbi-
cide vapor. The enclosures prevented 
movement of volatile herbicides to the 
atmosphere and confined herbicide va-
pors near the plants for a longer time. 
However, the lack of direct sunlight 
may have affected leaf surface tempera-
ture, compared with field application, 
and affected volatilization. Further re-
search should consider using controlled 
miniature landscapes exposed to the 
atmosphere and sunlight. In an en-
closed environment, volatile phenoxy 
herbicides containing 2,4-D isooctyl 
ester as well as MCPA isooctyl ester can 
severely injure landscape species.

Table 1. Application rate of formulated herbicide products and active ingredients, and injury to tomato, african marigold, and 
joseph’s coat, 7 d after exposure (Study 1) or 5 to 9 d after exposure (Studies 2 and 3). Data are means of four replications.

Formulated    Active ingredient application rate
herbicide      as acid equivalents (kg·ha–1)z

product 2,4-D  MCPA Mecoprop     Other active 
Herbicide rate isooctyl 2,4-D isooctyl potassium Mecoprop Mecoprop Dicamba Dicamba ingredients 
productx (L·ha–1)w ester dmav ester salt dma  acid acid dma (a.i. kg·ha–1)

Study 1
Super Trimec 3.5 0.85 0 0 0 0 0 0.21 0 2,4-DP (0.86) 
Cool Power 4.1 0 0 1.47 0 0 0 0.15 0 Triclopyr (0.15) 
SpeedZone 5.9 1.07 0 0 0 0 0.34 0.10 0 Carfentrazone (0.04) 
SpeedZone St. A. 6.5 0.40 0 0 0 0 0.16 0.04 0 Carfentrazone (0.03) 
Power Zone 4.7 0 0 1.24 0 0 0.25 0.12 0 Carfentrazone (0.02) 
Trimec Classic 4.7 0 1.14 0 0 0.61 0 0 0.12 --- 
Water --- 0 0 0 0 0 0 0 0 --- 

Study 2
Super Trimec 3.5 0.85 0 0 0 0 0 0.21 0 2,4-DP (0.86) 
2,4-D isooctyl ester 1.2 0.56 0 0 0 0 0 0 0 --- 
Mecoprop K salt 1.2 0 0 0 0.56 0 0 0 0 --- 
Dicamba dma 1.2 0 0 0 0 0 0 0 0.56 --- 
2,4-D dma 1.2 0 0.56 0 0 0 0 0 0 --- 
Dicamba acid 1.2 0 0 0 0 0 0 0.56 0 --- 
Mecoprop dma 1.2 0 0 0 0 0.56 0 0 0 --- 
Water --- 0 - 0 0 0 0 0 0 --- 

Study 3
Super Trimec 3.5 0.85 0 0 0 0 0 0.21 0 2,4-DP (0.86) 
SpeedZone St. A. 4.7 0.29 0 0 0 0 0.11 0.03 0 Carfentrazone (0.02) 
Weed-B-Gon 8.0 0 0.21 0 0 0.72 0 0 0.09 --- 
Trimec Classic 4.7 0 1.14 0 0 0.61 0 0 0.12 --- 
Trimec Southern 2.3 0 0.42 0 0 0.78 0 0 0.09 --- 
Atrazine 4.7 0 0 0 0 0 0 0 0 Atrazine (2.24) 
Metsulfuron (dry) 0 0 0 0 0 0 0 0 Metsulfuron (0.04) 
Water  --- 0 0 0 0 0 0 0 0 --- 

z1.00 kg·ha–1= 0.892 lb/acre. Active (or acid) ingredient application rate is calculated on the basis of active amount poured in a pan divided by the basal area of the enclosure.
yWithin a study, means in columns with a letter in common are not different by the Waller-Duncan k ratio t test at k = 100 (P  0.05).
xSources and trade names: Atrazine from Atrazine 4L (Sipcam Agro USA, Inc., Roswell, Ga.); Cool Power (Riverdale Chemical Company, Burr Ridge, Ill.) ; 2,4-D 
diethylamine from Amine 400 (PBI/Gordon Corporation, Kansas City, MO); mecoprop K salt from Mecomec 4 (PBI/Gordon Corporation);
metsulfuron from Manor (Riverdale Chemical Company) ; Power Zone (PBI/Gordon Corporation); SpeedZone (PBI/Gordon Corporation); SpeedZone St. A. 
(SpeedZone St. Augustine Formula, PBI/Gordon Corporation); Super Trimec (PBI/Gordon Corporation); Trimec Classic (PBI/Gordon Corporation); Trimec Southern 
(PBI/Gordon Corporation); Weed-B-Gon (Ortho Weed-B-Gon Lawn Weed Killer, Solaris Group of Monsanto Co., San Ramon, Calif.).
wL·ha–1 = 0.107 gal/acre.
vdma = dimethylamine.
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Injury (%)y

Joseph’s
coat Marigold Tomato

68 a 58 ab 48 a
53 b 65 a 43 ab
53 b 35 b 50 a
50 b 35 b 48 a
50 b 38 b 38 b
0 c 0 c 0 c
0 c 0 c 0 c

68 a 83 a 83 a
47 b 67 b 71 b
0 d 35 c 57 c
15 c 0 d 0 d
0 d 1 d 3 d
0 d 1 d 2 d
0 d 1 d 1 d
0 d 0 d 0 d

69 a 68 a 72 a
29 b 47 b 44 b
2 c 27 c 21 c
5 c 19 c 17 c
1 c 20 c 19 c
0 c 0 d 0 d
0 c 0 d 0 d
0 c 0 d 0 d

Soil Depth and Tillage Effects on Dry 
Bean Production

V.M. Russo

ADDITIONAL INDEX WORDS. Phaseolus vulgaris, black bean, culture, pinto bean

SUMMARY. The effects of soil depth on yields of dry bean (Phaseolus vulgar-
is) produced under different types of tillage is not well understood. Black 
and pinto bean yields were evaluated under conventional and reduced-
tillage for 2 years in a 3.24-ha (8-acre) commercial fi eld in southeastern 
Oklahoma. Before planting, a grid pattern was laid out on the fi eld with 
points at every 13.7 m (45.0 ft) north to south and 6.1 m (20.0 ft) east 
to west. Samples were taken at each intersection of the grid lines (496 
sites) to determine pH, and the amounts of nitrogen, phosphorus, and 
potassium present in soil. Depth to an impervious clay pan was deter-
mined at these sites, and were grouped as being one of the following: <25 
cm (9.8 inches), >25 to 50 cm (19.7 inches), >50 to 75 cm (29.5 inches) 
and >75 cm. Irrigation was supplied, if needed, at 50% fl owering and, in 
both years, at 50% pod set. There was no signifi cant effect on yield due 
to year. Black bean yields from conventional tillage averaged 1166 kg·ha–1

(1040.4 lb/acre) across soil depths and were better than yields from 
reduced-tillage which averaged 136 kg·ha–1 (121.3 lb/acre). Pinto bean 
yields from conventional tillage were 611 kg·ha–1 (545.2 lb/acre) across 
soil depths and were better than for reduced tillage, which averaged 403 
kg·ha–1 (359.6 lb/acre). Yields generally were reduced as soil depth in-
creased regardless of tillage type. The reduction in input for reduced-till-
age would not compensate for the reduced yields for plants grown on the 
most productive soil depths.

Dry beans, components of a 
balanced diet (Quebedeaux 
and Bliss, 1988), are grown 

wherever environmental conditions 
will allow (Gepts, 1998). World wide, 
beans are an important source of pro-
tein in diets, especially in developing 
countries (Pachico, 1989). In addition, 
black beans, and to a lesser extent pinto 
beans, contain phytoestrogens that 
may be important to women’s health 
(Franke et al., 1994).

There is increased interest in the 
Southern Plains of the United States in 
alternative crops to be used to diversify 
current types of agriculture. Dry beans 
are under study for production in the 
region. Previous studies at Lane, Okla. 
indicated that there is a wide range of 
yields for beans, which is likely due to 
environmental conditions occurring 
during production (Russo, 1995; 

Russo and Perkins-Veazie, 1992). 
Soils in the region can be variable in 
depth and are underlaid with a clay 
hardpan. It is not clear how variability 
in depth affects bean production in the 
region.

Cultural methods can affect yield 
of a crop. Devising a system to pro-
duce beans that provides an accept-
able return and reduces impact on the 
environment is important. Advantages 
of specific tillage systems depend on 
microclimate, soil characteristics, crop-
ping systems, and management goals 
(Robertson et al., 1982).

Although there is little disease and 
insect pressure on beans in southeastern 
Oklahoma, it is important that weeds 
be controlled. Reduced-till man-
agement uses herbicides to control 
weeds. Xu and Pierce (1998) found 
that studies relating the tillage system 
to dry bean yield are limited, and they 
found that no-till management either 
had no effect on, or reduced, yields 
of dry beans. There have been few 
studies where effects of tillage and 
soil characteristics have been evalu-
ated on commercial production-size 
fields. This project was undertaken to 

United States Department of Agriculture, Agricultural 
Research Service, South Central, Agricultural Research 
Laboratory, P.O. Box 159, Hwy. 3W, Lane, OK 74555; 
email vrusso-usda@lane-ag.org.

Mention of a trademark, vendor, or proprietary product, 
or vendor does not constitute a guarantee or warranty 
of the product by the U.S. Dept. of Agriculture and 
does not imply its approval to the exclusion of other 
products or vendors that also may be suitable.

RR2   653 8/26/03, 10:53:02 AM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access




