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ABSTRACT

DRY EDIBLE BEAN RESPONSE TO APPLICATIONS OF

DIMETHENAMID OR METOLACHLOR

By

Kyle William Poling

Dimethenamid and metolachlor are chloroacetamide herbicides that are applied in dry

edible beans (Phaseolus vulgaris) to control annual grasses, small-seeded broadleafweeds,

and yellow nutsedge (Cyperus esculentus L.). Metolachlor has become the standard

herbicide treatment for preemergence grass control in dry beans since registration in 1983.

Dimethenamid was registered for use in dry beans in 1996. During that year some dry bean

fields in Michigan that received an application ofdimethenamid were injured. Research was

conducted (1) to determine if dry bean classes and/or varieties differed in their susceptibility

to applications of dimethenamid or metolachlor, (2) to determine ifplacement or application

timing ofdimethenamid influenced dry bean tolerance to dimethenamid, and (3) to determine

whether environmental conditions at the time ofplanting and emergence influenced dry bean

tolerance to applications of dimethenamid or metolachlor.

In a greenhouse study navy and black beans were more susceptible to dimethenamid

than pinto, kidney, small red, and cranberry classes ofdry beans. Cultivars within the same

class ofdry beans differed in their tolerance to applications ofdimethenamid and metolachlor

in both the greenhouse and the field. Dimethenamid was usually more injurious to dry beans

compared to metolachlor.



In our greenhouse research, injury to ‘Vista’ navy beans was greatest when

dimethenamid or metolachlor was absorbed by the hypocotyl rather than the roots. Dry bean

injury from dimethenamid or metolachlor resulted in a reduction of leaf area early in the

growing season. Visual injury and leaf area reduction also resulted in delayed maturity and

yield loss in some instances. In the field dimethenamid and metolachlor were each applied

preplant incorporated (PPI), preemergence (PRE), and at the early crook stage, imifoliate,

1St trifoliate, and 2"d trifoliate growth stages to ‘Vista’ navy bean. When dimethenamid and

metolachlor were applied at the crook and unifoliate stages the leaf area was reduced from

21 to 34% when measured at the 3rd trifoliate growth stage. To minimize the chance of

severe injury, these herbicides should not be applied at the crook or unifoliate stages.

Environmental conditions following application of dimethenamid or metolachlor

affected dry bean tolerance to these herbicides. The quantity ofprecipitation that a dry bean

field received at the time of emergence following a preemergence application of

dimethenamid or metolachlor was important. Rain at the time of emergence appears to

increase the amount ofherbicide absorbed by the dry bean hypocotyl which resulted in crop

injury. Moderate temperature (22 to 31 C) did not appear to play a significant role in dry

bean injury from dimethenamid or metolachlor in our research.
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Chapter 1

LITERATURE REVIEW

Weed Control Strategies

Drybean farmers use a combination ofmechanical, cultural, and chemical practices

in their weed management systems (Burnside et al., 1994). A survey conducted in 1989

showed that the major production problem for Minnesota and North Dakota dry bean

growers was the control of weeds (Lamey et al., 1991). Dry bean farmers use various

methods to control weeds in their fields. Today an integrated weed management strategy

could include any combination of the following practices: class and cultivar selection,

narrow row spacing, and increased seeding density (Malik et al., 1993), as well as planting

date, herbicides and cultivation (Leep et al., 1982).

Market Classes

A dry edible bean (Phaseolus vulgaris) market class is a category that classifies a dry

edible bean according to size and color of seed. Navy beans are white in color and are

considered small in size (17-22 g/100 seeds) relative to other classes of dry beans. Black (or

black turtle) beans, which genetically are closely related to navy beans, are of similar size

to navy beans with a black seed coat. The pinto class of dry beans is tan with dark brown

mottling and has a medium seed size (38-42 g/100 seeds). Pinto beans are distantly related

1



to both navy and black beans. Great northern and pink beans are similar in size and shape

to the pinto class but with a brilliant white and pink seed coat, respectively. The small red

or red Mexican market class is a red bean and is slightly smaller than a pinto bean. The

pinto, great northern, pink and small red market classes are all closely related genetically

(Voysest and Dessert, 1991). Cranberry dry beans have a white-red mottled seed coat and

are medium-large in size (45-55 g/100 seeds). Light red and dark red kidney beans are the

largest seed of all the market classes (50-60 g/100 seeds). The two kidney bean classes and

cranberry market class are closely related.

The total number of acres of each class of dry beans grown can vary dramatically

from year to year. This fluctuation is a direct effect of the price a grower can receive for a

bag (100 lbs) of dry beans in the months preceding planting. Since navy beans and black

beans are well suited for the climate in Michigan, these market classes account for the

majority of dry beans grown. In 1997 Michigan farmers produced 5,033,000 cwt of dry

beans ranking the state as the second largest producer in the country. Almost one-half(48%)

of the total acres planted in Michigan in 1997 were of the navy bean class and 25% were

black beans. The following year the acres planted in the state declined from 315,000 to

300,000. Navy bean accounted for 28% of the total dry beans grown in 1998 while black

bean acreage increased greatly to nearly 42% (Varner, 1999 personal communication).

Cultivar Selection

One ofthe first weed control decisions that confronts a grower is related to the seed

selection process. Cultivars ofcommon beans differ in their competitive ability with weeds
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(Malik etal., 1993). These differences, attributed to inherent genetic variation (Monks and

Oliver, 1988), can include seedling establishment and canopy development (Field and

Nkumbula, 1986). It is important to select a bean cultivar that emerges evenly and

vigorously fiom the soil and has a high percent germination to enable the crop to become

well established before weeds begin to germinate (Robertson and Frazier, 1978). Fields with

reduced plant populations suffer most by the presence ofweeds (Burnside, 1979; Goulden,

1976). However, research has shown that white beans have some ability to compensate for

reduced plant stands (Field and Nkumbula, 1986).

Dry edible beans have two basic plant types, determinate (bush) or indeterminate

(Vining or trailing). Cultivars of a particular market class may be classified according to

plant type. In the determinate type, main stem elongation ceases when the terminal flower

racemes of the main stem or lateral branches have developed. The indeterminate type will

continue to flower and fill pods either simultaneously or alternately as long as temperature

and moisture permit growth to occur.

In addition to being classified as either determinate or indeterminate plant types, four

plant growth habits have been identified. Type I plants, the only one of the four growth

habits that possesses the determinate flowering pattern, have a bush style plant architecture.

Plants ofType H growth habit are indeterminate with short, upright vines, a narrow profile,

and have three to four stems. Dry beans ofType HI and Type IV growth habits also have an

indeterminate flowering pattern. The architectural tendency of Type 111 plants are prostrate

and viney while Type IV plants have strong climbing tendencies (Singh, 1982).



Malik et a1. (1993) studied three navy bean cultivars in Ontario. They reported that

the indeterminate cultivars OAC Laser and OAC Gryphon (Type II and Type III growth

habit, respectively) reduced overall weed biomass compared to OAC Sprint (Type I growth

habit). The OAC Sprint cultivar ceased vegetative grth at flowering when weeds were

still actively growing. The later maturing Type H and III cultivars that continued to grow

after flowering were more competitive with weeds than the early maturing Type I cultivar.

The major weed species that were present included redroot pigweed (Amaranthus retroflexus

L.), common lambsquarters (Chenopodium album L.), barnyardgrass (Echinochloa crus-galli

(L.) Beauv.), and green foxtail (Setaria viridis L.). The continued grth of the

indeterminate cultivars reduced total weed biomass 11 to 35% compared with the

determinate cultivar.

In a study conducted in western Nebraska, differences in weed control in determinate

and indeterminate great northern varieties were evident. In plots treated with EPTC the

densities of redroot pigweed, black nightshade (Solanum nigrum L.), and bristly foxtail

(Setaria verticallata L. Beauv.) at harvest were significantly higher in the determinate variety

Great Northern 1140 compared to the indeterminate variety Tara. When these varieties

received a preplant application of alachlor [2-chloro-N-(2,6-diethylphenyl)-N-

(methoxymethyl)acetamide], black nightshade densities were higher in plots seeded with

‘Great Northern 1140’ as compared to plots seeded with ‘Tara’. Yields of ‘Tara’ were

significantly higher than ‘Great Northern 1140’ after treatment with either EPTC or alachlor

and, under weed free conditions and a long growing season ‘Tara’ yielded more than ‘Great

Northern 1140’ (Wilson et al., 1980).



Date of Planting

Dry beans should be planted into warm (>55 F), moist soil to obtain a good plant

stand. Ifthe soil at planting depth is dry, farmers should wait for a rain rather than planting

into dry soil (Erdmann and Adams, 1982). Planting dry beans in May is generally not

desirable because the potential for root rot, green regrowth, and erratic yields is increased.

Planting after June 30 raises the chance ofwhite mold infection or reduced bean quality fiom

frost damage (Varner, 1999 personal communtication).

Date-of-planting trials were conducted in Michigan fi'om 1986 to 1990 (Varner,

1999). Optimum planting dates were found to be June 1 to 10 for firll-season beans (>98

days), June 5 to 20 for mid-season beans (91-98 days), and June 10 to 25 for early maturing

beans (590 days). Temperature and rainfall during the critical periods of flowering and pod

fill have a direct effect on yield potential. Spacing out planting dates and/or planting

varieties with varying maturity dates will stagger the blossom and harvest dates, which in

turn spreads out the risk of raising dry beans.

Weed Competition

Dry beans, being a short duration and slow growing crop, suffer more from weed

competition than most other row crops (Verma and Bhardwaj, 1963). Weeds that emerge

above the bean canopy are the most competitive (Dawson, 1964). Uncontrolled populations

ofweeds can reduce white bean yields by as much as 70% (Woolley et al., 1993). A number

of different factors influence the extent to which weeds affect cr0p yields. These include

weed-related factors such as time ofemergence and density, as well as environmental factors
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and management practices that affect both crop and weed deve10pment (Chikoye et al.,

1996).

The critical period ofweed control represents the time interval between two different

components (Hall et al., 1992). The first component is the maximum length of time weeds

can remain in a crop before losses in yield occur. The second component is the length of

time a weed free environment must be maintained to prevent yield reduction (Weaver and

Tan, 1983). The critical period for weed control in dry beans is between 3 and 6 weeks after

planting (Burnside et al., 1998).

Weeds compete with dry beans for light, nutrients, and water thereby reducing crop

yield and economic return (Blackshaw, 1991). Even when weeds are removed with a

cultivator from between the rows, weeds remaining in the rows may reduce yields

substantially. Noticeable yield differences were seen when cultivation alone was compared

to cultivation plus rotary hoeing. In a field trial, the additional weed control gained from the

rotary hoeing increased bean yields by 384 pounds per acre one year and 732 pounds the next

year (Leep et al., 1982).

Growers in the state ofMinnesota identified foxtails (Setarz‘a spp.), redroot pigweed,

common ragweed (Ambrosia artemisiifolia L.), common lambsquarters, nightshades

(Solanum spp.), common cocklebur (Xanthium strumarium L.), and wild mustard (Brassica

kaber (DC.) L.C. Wheeler) as their most competitive weeds (Lamey et al., 1991). Most

grasses can be effectively controlled with the grarninicides labeled for use in dry beans.

Unfortunately, similar success in controlling broadleaf weeds has not been reached

(Blackshaw and Esau, 1991).



The problem ofnightshades in agriculture has increased greatly over the last 25 years

(Ogg and Rogers, 1989). Nightshade species begin germinating two to three weeks after dry

beans are planted and continue to germinate through the middle of August (Leep et al.,

1982). In a two year study conducted by Blackshaw (1991), as few as 2 hairy nightshade

(Solanum sarrachoides Sendtner) plants per meter of row reduced yield by an average of

13%. As the density ofhairy nightshade increased, plant biomass and seed yield of dry bean

was reduced. Dry bean yields in Alberta were reduced by over 80% by hairy nightshade

(Basset and Munro, 1985). In addition to causing lower crop yields, nightshade causes

harvesting problems, a reduction in crop quality, and the risk oftoxicity in a food crop (Ogg

and Rogers, 1989).

Common ragweed is a major weed escape in white bean fields throughout Ontario.

Chikoye et a1. (1996) found that the time of emergence and density ofragweed influenced

crop yield. When a population of 1.5 ragweed plants per meter ofrow emerged with the dry

bean crop, 10 to 22% yield loss occurred. When the same density ofragweed seedlings (1.5

plants rn‘l ofrow) emerged at the V3 crop stage, yield reduction was only 4 to 9%. In snap

bean (Phaseolus vulgaris L.), ragweed that competed with the crop for the first 30 days of

crop growth reduced total yield by 30%. When 120 ragweed plants In1 competed with snap

bean for 90 days, yield losses reached 75% (Lamey et al., 1991). Common ragweed

decreased snap bean yields more when interference occurred between flower initiation and

harvest compared with interference during the period before flowering (Evanylo and Wilson,

1988).



Neary and Majek (1990) determined the maximum amount of time common

cocklebur could remain in snap bean and not cause a significant yield loss. Similar to

common ragweed, the time in which cocklebur was most competitive with snap beans was

between full bloom and harvest. From the time between firll bloom and harvest ofsnap bean,

common cocklebur attained 38 and 67% of it's total height and weight, respectively. During

this same time period the snap beans attained approximately 16% of their total height and

18% of their total weight. Weeds were shorter than snap beans until full bloom at which

time they were approximately the same height. Yields were reduced 2 to 55% by weed

densities of 0.5 to 8 rn'2 that remained in the crop all season long. If snap beans were kept

weed free until the unifoliate stage, up to 4 common cocklebur seedlings per m‘2 could

remain in the crop until harvest and not reduce snap bean yield.

Cultivation

Although dry bean herbicide technology continues to progress, the cultivator is still

an important part of a weed control program. One cultivation, performed 3 weeks after

planting, controlled 68% ofbroadleaf species. If dry beans were rotary hoed 1 and 2 weeks

after planting and then cultivated at 3 and 6 weeks after planting, broadleaf weed control

increased to 76%. Mechanical weed control treatments alone controlled only 65% ofannual

grasses (Burnside et al., 1994). According to a study conducted among Minnesota dry bean

growers, grassy weeds are more difficult to control than broadleaf weeds (Lamey et al.,

1991). However, growers do have more than a dozen mechanical plus chemical weed



management systems that control grasses in dry bean production fields (Burnside et al.,

1994)

It is common practice for farmers to apply preemergence herbicides in a 7 to 10 inch

band over each row. Weeds between the rows are then controlled mechanically (i.e.

cultivation and rotary hoeing). This practice cuts the cost ofchemical weed control by nearly

one-third (Leep et al., 1982).

Aside from weed control, cultivation serves a number of other important functions.

Most growers cultivate at least once to hill beans sufficiently for pulling at the end of the

harvest season. Also, cultivation opens up the soil enabling both water and oxygen to flow

more freely to the developing root system (Leep et al., 1982).

Many of the obvious effects of cultivation on a dry bean production system are

positive ones. However, the timing of this operation is critical. Once the dry bean plants

begin to flower, cultivation should no longer be performed because a large portion of the

secondary root system has developed. The majority ofthese roots are located just below the

soil surface. Cultivating after this time will cause the secondary roots to be pruned which

reduces the plants’ ability to take up water and nutrients. Also, cultivating after this time can

cause flower buds to be knocked offby equipment travelling between the rows. In addition,

fields should not be cultivated when plants and/or soil are wet to minimize compaction and

reduce the chance of spreading disease (Leep et al., 1982).



Chemical Control

In 1979 there were eight herbicides available for use in dry bean production.

Herbicide programs used by dry bean farmers today have changed very little since 1979. Of

the herbicides applied 20 years ago (Meggitt, 1979), four are still being used today.

Currently there are a total of twelve herbicides registered to control weeds in dry beans

(Table 1) (Renner and Kells, 1999).

Herbicide application in dry beans became more common in the mid-1960’s when

it was discovered that dry edible beans were tolerant to EPTC (Eptam) and that EPTC

provided good weed control. EPTC controls annual grasses and some annual broadleaf

weeds. EPTC must be incorporated immediately after application to avoid volatilization.

Trifluralin (Treflan) was introduced a few years after EPTC. Trifluralin controls early season

grasses and common lambsquarters (Leep et al., 1982). By the early 1970's the standard

chemical weed control practice in dry beans was a tank mixture of these two products.

Today over 60% of all the dry bean acres in Michigan receive a preplant incorporated (PPI)

application of EPTC + trifluralin (Renner, 1999 personal communication).

There are only a limited number ofpostemergence (POST) herbicides registered for

use in dry beans. This forces growers to rely heavily on preplant incorporated and

preemergence (PRE) herbicides for weed control. Herbicides applied PRE may provide

inconsistent weed control under less than ideal moisture conditions (Leep et al., 1982).

Three of the herbicides that are commonly applied PPI in dry beans include trifluralin,

ethalfluralin (Sonalan), and pendimethalin (Prowl). These herbicides are all dinitroanilines

and control annual grasses and common lambsquarters. Trifluralin and ethalfluralin also
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control redroot pigweed and pendimethalin suppresses velvetleaf (Renner and Kells, 1986

to 1999). The chloroacetarrride herbicides applied PPI that are registered for use in dry beans

are alachlor (Lasso), metolachlor (Dual), and dimethenamid (Frontier). Metolachlor controls

annual grass species and redroot pigweed. Alachlor and dimethenamid control the same

weeds as metolachlor plus nightshade species. Metolachlor and dimethenamid can also be

applied PRE. Alachlor cannot be applied PRE because of a lack of tolerance in dry beans

(Renner and Kells, 1999).

There are three herbicides registered for control of annual grasses and quackgrass

postemergence in dry beans. These are sethoxydirn (Poast), quizalofop-P-ethyl (Assure II),

and clethodim (Select). These are not used on many acres because annual grasses are

controlled with soil-applied herbicides. These soil applied ‘grass’ herbicides also control

broadleafweeds so they are an important component of the weed control program (Meggit,

1977-1985; Renner and Kells, 1986-1999).

The herbicide options to control broadleaf weeds POST are limited to bentazon

(Basagran) and imazethapyr (Pursuit). Bentazon controls velvetleaf, common cocklebur,

jimsonweed, smartweed, and wild mustard as well as Canada thistle and yellow nutsedge.

Imazethapyr controls redroot pigweed, nightshade spp., and wild mustard and can be applied

PPI, PRE, or POST. However there is a 40-month crop rotation restriction on the label for

sugarbeets. Since a large amount ofthe acres planted to dry beans are grown in rotation with

sugarbeets imazethapyr is not used extensively as a dry bean herbicide. Fomesafen (Reflex)

has been used in Michigan for the past 3 out of4 years under a Section 18 Emergency Use

exemption (Renner, 1999 personal communication). Fomesafen provides excellent control
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of giant and common ragweed and good control of redroot pigweed and wild mustard

(Renner and Kells, 1999)

Due to the diversity ofweed species that can be found in the same field, two or more

herbicides are often tank-mixed to achieve the desired spectrum ofweed control (Rhodes,

Jr. and Coble, 1984). It has been reported by several researchers that when a variety of

herbicides are applied in combination with each other overall efficacy can be reduced (Beste

and Schreiber, 1972; Dortenzio and Norris, 1979; Selleck and Baird, 1981). The basis for

a number of herbicide antagonistic interactions has been a reduction in absorption and/or

translocation (Hamill et al., 1972; O’Donovan and O’Sullivan, 1982; Todd and Stobbe,

1980). It has been postulated that the Na-ion in the bentazon formulation inhibits absorption

of some herbicides (Rhodes Jr. and Coble, 1984; Wanamarta et al., 1989).

In 1991 and 1992 a postemergence application ofimazethapyr at 53 g ha" to ‘Olathe’

pinto beans delayed physiological maturity by 8 and 15 days, respectively, compared to the

untreated control. Though pinto bean yields were not reduced compared to the untreated

control, the number ofdays to full maturity increased. Maturity ofthe beans was not delayed

when imazethapyr (53 g ha“) was tank-mixed with bentazon (840 g ha“). The tank mixture

ofbentazon + imazethapyr decreased the amount of injury and increased the chlorophyll a

content, a quantitative measure ofbean chlorosis, compared with imazethapyr alone (Bauer

et al., 1995). Further studies conducted by Bauer et al. (1995) showed that 14C-imazethapyr

absorption by ‘Olathe’ pinto beans decreased by 40% and translocation from the treated leaf

was reduced by 50% when l4C-imazethapyr was tank-mixed with bentazon compared to

14C-imazethapyr applied alone. The safening effect observed when imazethapyr and
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bentazon were applied in combination was attributed to decreased absorption and

translocation by the dry beans.

Chloroacetamide Herbicides

The chloroacetamide herbicides are commonly used to control annual grasses,

small-seeded broadleaf weeds, and yellow nutsedge (Cyperus esculentus L.) (Anonymous,

1992). The mode of action of this group of herbicides is not completely understood. Deal

and Hess (1980) have concluded that growth inhibition ofplants caused by herbicides of the

chloroacetamide group results fi'om an inhibition ofboth cell division and cell enlargement.

The first chloroacetamide herbicide that was registered for application in dry edible

beans was alachlor in 1978. It was applied at 2.0 lbs ai/acre in a tank mixture banded PRE

with chlorarnben (Amiben). Use of alachlor in recent years has decreased and replaced by

metolachlor and more recently dimethenamid. Metolachlor was registered for use in dry

beans prior to the 1983 field season. Metolachlor controlled a weed spectrum similar to

alachlor, but dry beans were more tolerant to metolachlor. As metolachlor use increased in

the corn and soybean market, it’s use also increased in dry beans. In 1996 a third

chloroacetamide, dimethenamid, was registered for use in dry beans. All three herbicides

control annual grasses but the spectrum of broadleaf weed control differs. Alachlor and

dimethenamid provide good control of redroot pigweed and Eastern black nightshade.

Metolachlor controls redroot pigweed equally well but is less effective on Eastern black

nightshade (Renner and Kells, 1986-1999).
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Cultivars of many different crops have exhibited variable tolerance levels to

chloroacetarnides (Renner et al., 1988; Driver et al., 1992; Edwards et al., 1976; Sniper et

al., 1987; Stephenson et al., 1976). In eight years of field testing, snap bean tolerance to

alachlor ranged fi'om outstanding to poor even with similar rates and applications methods.

The severity of alachlor injury to snap beans is affected by a number of different factors that

may interact. Soil type, temperature, rainfall, placement of the herbicide, and other soil

factors appear to be important factors influencing tolerance in the field (Cieslar and Binning,

1974; Putnam and Rice, Jr., 1979).

Alachlor injured snap beans at low and high temperature regimes with day and night

temperatures of 16 and 21 C or 27 and 32 C, respectively. The type and severity of the

injury differed at the two temperature regimes. At 16 to 21 C the injury appeared much

earlier and was much more severe than injury at the high temperature. Plants at the low

temperature displayed leaf crinkling or fusion of the leaf margins. At the high temperature

plants exhibited cupping and marginal chlorosis (Putnam and Rice, 1979). Penner and

Graves (1972) found that 3.32 kg/ha (two times the normal rate) of alachlor caused injury

to navy beans at 20 and 25 C but not at 30 C. Navy bean injury by alachlor at the lower

temperatures may explain the occasional injury observed in the field.

Putnam and Rice (1979) reported that twice as much alachlor was taken up by snap

bean at 27 to 32 C compared with 16 to 21 C. This increase in uptake may be due to

increased growth rates and higher transpiration rates at higher temperatures. At the higher

temperature regime the majority of the alachlor remained in the plant roots. At the lower
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temperature the herbicide was distributed throughout the plants with no one part of the plant

accumulating a significantly greater amount of alachlor than any other plant part except the

cotyledons in which no alachlor was found. The percentage remaining as parent alachlor was

greater at the lower temperature regime. Therefore lower temperatures could result in more

crop injury.

Herbicides become more available for plant uptake as soil moisture increases (Jones

et al., 1990; Tripp and Baldwin, 1988; Wehtje et al., 1987). Metolachlor uptake increased

up to three-fold in grass species when soil moisture increased from 45 to 100% (Gerber et

al., 1974.). In a field experiment evaluating different soybean cultivars neither

dimethenamid or metolachlor reduced soybean yield when applied at normal use rates with

either optimum or excessive moisture. However, injury occurred when dimethenamid or

metolachlor were applied above recommended rates and excessive moisture conditions

persisted. Some soybean cultivars were more sensitive to dimethenamid compared with

metolachlor, but to reveal these differences a 3X herbicide rate combined with excessive

moisture were required (Osborne et al., 1992a). Other soybean studies have revealed that the

magnitude of soybean injury is often greater with dimethenamid compared with metolachlor

(Osborne et al., 1992b). There are also differences in the site of uptake of

chloroacetamide herbicides in plants. Application of metolachlor in the shoot zone of corn

(Zea mays) and barley (Hordeum vulgare L.) decreased plant height, emergence, and dry

weight but when metolachlor was applied in the root or seed zone there was no detectable

effect. When metolachlor was applied in all three zones corn and barley emergence, height,
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and dry weight was always reduced (Pillai et al., 1979). Putnam and Rice (1979)

demonstrated that snap bean injury decreased when alachlor was applied preplant

incorporated compared to a preemergence surface treatment. This increase in crop safety

was attributed to the reduction ofherbicide in the zone ofemergence, thus less alachlor was

absorbed by the bean epicotyl. Early uptake of alachlor in snap bean occurred primarily via

the hypocotyl portion of the emerging seedling (Rice, Jr. and Putnam, 1980).

The organic matter and clay content affect the biological activity of alachlor and

metolachlor (Weber and Peter. 1982). Soil adsorption of herbicides is inversely related to

herbicide mobility (Weber and Best, 1972.). Eshel (1969) reported that alachlor was

adsorbed by soil colloids and thus partially inactivated in soils high in clay or organic matter.

One ppm ofalachlor reduced the fresh weight ofsorghum by 50% in a sand, sandy loam, and

clay loam soil. However 2 ppm of alachlor was needed to cause the same amount of

phytotoxicity to sorghum in a clay soil (Eshel, 1969).

The most prevalent way in which chloroacetarnides dissipate from the soil is by

microbial decomposition. The most favorable environment for metolachlor degradation is

warm, moist soils (Saxena et al., 1987). Volatilization plays a significant role in dissipation

only when the soil is wet and the weather is windy (Bestrnan and Deming, 1974).

Metolachlor is the most persistent chloroacetamide. The fifty percent dissipation time (DTSO)

in field studies with metolachlor was 108 days (Saxena et al., 1987). This herbicide is

mainly broken down by microbial transformations. Repeated annual applications ofalachlor

l6



or metolachlor does not increase the rate ofdegradation, thus microorganisms are not thought

to adapt and cause enhanced degradation (Kotoula-Syke, 1997).
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Table 1. Herbicides registered for use on dry beans.
 

 

1979 1999

1. alachlor * l. alachlor

2. trifluralin * 2. trifluralin

3. EPTC * 3. EPTC

4. bentazon * 4. bentazon

5. dinoseb 5. ethalfluralin

6. chlorarnben 6. pendimethalin

7. dinitrarnine 7. metolachlor

8. profluralin 8. dimethenamid

9. imazethapyr

10. sethoxydim

11. clethodim

12. quizalofop-P-ethyl

 

* Herbicides currently registered for use in dry beans
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Chapter 2

TOLERANCE OF DRY BEAN CLASSES AND CULTIVARS TO

DIMETHENAMID AND METOLACHLOR

KYLE W. POLING

ABSTRACT

Dimethenamid was applied preemergence to 14 dry bean cultivars from the navy,

black, pinto, kidney, cranberry, and small red classes in the greenhouse to determine if there

were differences in tolerance between classes and/or cultivars. Navy and black bean

cultivars were injured from dimethenamid preemergence at 2.1 kg ha". ‘Vista’ and

‘Schooner’ navy beans were injured more than ‘Avanti’ navy bean, and ‘Midnight’ black

bean was injured more than the ‘T-39’ cultivar. Kidney, cranberry, and small red cultivars

were not injured. Kidney and cranberry cultivar emergence was slower (40-42 h) compared

to small seeded cultivars in the navy and black bean classes (27-29 h). In the field,

metolachlor at 2.9 kg ha" (twice the recommended rate) and dimethenamid at 1.3 kg ha"

caused similar injury to navy and black bean cultivars.

The F3 generation of a cross between a ‘Huron’ navy bean and a ‘Matterhorn’ great

northern bean was planted in the field to determine whether there was a relationship between

the seed size of dry edible beans and the tolerance of dry beans to dimethenamid.

Dimethenamid at 1.3 kg ha’1 was applied to 98 different F3 lines. The correlation coefficient
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between seed size and visual leaf area reduction caused by dimethenamid applied

postemergence was significant (r=-0.41). This significant r value supports the hypothesis

of a negative correlation between seed size and injury resulting from a postemergence

application of dimethenamid.
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INTRODUCTION

A dry edible bean market class is a category that classifies a dry edible bean

according to size and color of seed. Navy beans are white in color and are considered small

in size (17-22 g/100 seeds) relative to other classes of dry beans. Black (or black turtle)

beans, which genetically are closely related to navy beans, are of similar size to navy beans

with a black seed coat. The pinto class ofdry beans is tan with dark brown mottling and has

a medium seed size (38-42 g/100 seeds). Pinto beans are distantly related to both navy and

black beans. Great northem and pink beans are similar in size and shape to the pinto class

but with a brilliant white and pink seed coat, respectively. The small red or red Mexican

market class is a red bean and is slightly smaller than a pinto bean. The pinto, great northern,

pink and small red market classes are all strongly related genetically. Cranberry dry beans

have a white-red mottled seed coat and are medium-large in size (45-55 g/100 seeds). Light

red and dark red kidney beans are the largest seed of all the market classes (50-60 g/100

seeds). The two kidney bean classes and cranberry market class are closely related (Voysest

and Dessert, 1991).

Acreage of each class of dry beans grown can vary dramatically from year to year.

This fluctuation is a direct effect of the price a grower can sell a bag (100 lbs) of dry beans

for in the months preceding planting. Since navy beans and black beans are so well suited

for the climate in Michigan, these market classes account for the majority of dry beans

grown. In 1997 Michigan farmers produced 5,033,000 cwt ofdry beans ranking the state as

the second largest producer in the country. Almost half (48%) of the total acres planted in
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Michigan in 1997 were of the navy bean class and 25% were black beans. The following

year the acres planted in the state declined fi'om 315,000 to 300,000. The number of navy

bean acres accounted for 28% ofthe total dry beans grown in 1998 while black bean acreage

increased greatly to nearly 42% (Varner, 1991 personal communication).

Differences in herbicide tolerance exist between dry bean market classes and varieties

and vary from one year to the next. In 1993 ‘Fleetwood’ navy bean sustained more injury

from EPTC than ‘Mayflower’ navy, ‘Sacramento’ light red kidney, ‘T-39’ and ‘UI-906’

black, ‘Cranberry—74’, and ‘Marquis’ great northern bean (Urwin et al., 1996). The

following year ‘Mayflower’ navy, ‘Sacramento’ light red kidney, and ‘Marquis’ great

northern were injured more by EPTC compared to ‘Cranberry-74’ (Urwin et al., 1996). In

other research, imazethapyr was more injurious to the light red kidney cultivar ‘Sacramento’

and pinto cultivar ‘Agate’ in 1988 compared to ‘Beryl’ and ‘GN1140’ great northern or ‘UI

114’ and ‘Olathe’ pinto cultivars (Wilson and Miller, 1991). In 1989 however, injury from

imazethapyr was greater to ‘Olathe’ pinto bean compared with ‘Sacramento’ light red kidney

bean. Bauer et al. (1995) reported greater injury to ‘Olathe’ pinto from imazethapyr

compared to ‘Sierra’ pinto bean.

Objectives important in breeding dry beans are seed yield, maturity for the area of

production, resistance to lodging and shattering, plant architecture, seed quality, tolerance

to stress environments, disease resistance, insect resistance and processing quality (Andersen

and Robertson, 1982). Desirable traits that are controlled by a single gene can be transferred

from one cultivar to another through a succession of backcrosses (Poehlman and Sleper,
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1995). For traits that are quantitatively inherited, such as lodging resistance, only one or two

backcrosses are performed to combine genes for the desired character into another cultivar

(Poehlman and Sleper, 1995). Irnazethapyr tolerance in pinto bean appears to be a highly

heritable trait, but under quantitative control which suggests that individual plant selection

for tolerance would not be feasible (Bauer et al. 1995).

The objectives of our research were (1) to determine if dry bean classes and/or

cultivars differed in their susceptibility to dimethenamid or metolachlor and (2) to determine

if there was a correlation between seed size and dry bean injury from dimethenamid.

MATERIALS AND METHODS

Greenhouse Study. Dry edible bean tolerance to the herbicide dimethenamid was evaluated

in the greenhouse. The experiment was conducted in a completely randomized design with

four replications and was repeated in time. Dimethenamid was applied at 0 and 2.1 kg ai ha"

to ‘Vista’, ‘Schooner’, ‘Newport’, and ‘Avanti’ navy beans, ‘Bill Z’, ‘Othello’ and

‘Maverick’ pinto beans, ‘T-39’ and Midnight’ black beans, ‘Montcahn’ and ‘California Light

Red’ kidney beans, ‘Michigan Improved’ and ‘Taylor Hort’ cranberry beans, and ‘Rufus’

small red beans. Dry bean seeds were planted at a depth of 2.5 cm in pots containing a

Spinks loamy sand (Psammentic Hapludalfs, sandy, mixed mesic) 86% sand, 10% silt and

4% clay with a pH of 6.5 and 1% organic matter. In a preliminary study twice that of the

recommended rate was needed to induce significant visual injury. Dimethenamid was
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applied at twice the recommended rate determined by soil texture and organic matter to

induce significant visual injury (determined in preliminary study).

Injury ratings were recorded at the unifoliate, 1St trifoliate and 3rd trifoliate growth

stages ofthe dry beans. Injury was determined by visually evaluating dry bean injury on a

scale from 0 (no injury) to 100% (plants were dead). Upon reaching the 3rd trifoliate grth

stage, plants were cut off at the soil surface and leaf area measured with a LI-3000 portable

area meter (LI-COR, Lincohr, Nebraska). The percent leaf area reduction was calculated by

dividing the leaf area ofeach plant by the mean leaf area ofplants from the untreated control

of the same cultivar. Harvested plants were then dried and weights recorded.

Data were subjected to analysis of variance and means separated using Fisher's

protected LSD test at P S 0.05 level of probability. Nontransforrned means are presented

because square root transformation did not alter interpretation ofthe data. Statistical analysis

revealed no experimental run interactions, so the data were combined and are reported as

means of the two experiments.

Emergence Study. A greenhouse study was conducted to determine the time to emergence

for different classes of dry beans. The same 14 cultivars as listed in the previous study were

evaluated. Dry beans were planted by placing seed horizontally at a depth of 2.5 cm in pots

containing a Spinks loamy sand soil with 1% organic matter and pH of 6.5. The experiment

was arranged in a completely randomized design with four replications and was repeated in

time.
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Environmental conditions in the greenhouse were maintained at 27 C i 4 C, and

plants were grown in a 16 h photoperiod of natural light supplemented with incandescent

lighting of 1000 uE m'zs“. The time (in h) fiom seed planting until the crook stage was

recorded. Plants were evaluated every 12 hours. The hypocotyl diameter was also measured

at the crook stage.

Data were subjected to analysis of variance and means separated using Fisher's

protected LSD test at P g 0.05 level of probability. Nontransformed means are presented

because square root transformation did not alter interpretation ofthe data. Statistical analysis

revealed no experimental run interactions, so the data were combined and are reported as

means of the two experiments.

Field Screen. A field study was conducted at the Saginaw Valley Bean & Sugar Beet

Research Farm in 1998 and 1999 to evaluate the tolerance ofnavy and black bean cultivars

to dimethenamid and metolachlor. In 1998 the soil at the field site was a Misteguay silty

clay loam (Aerie Haplaquept, fine, mixed (calcareous), mesic), 9% sand, 45% silt, and 46%

clay with a pH of 8.0 and 1.9 % organic matter. The soil in 1999 was a Misteguay silty clay

loam (14% sand, 47% silt, and 39% clay) with a pH of 7.8 and 2.6% organic matter. The

field was moldboard plowed in the fall prior to the initiation of each study and then tilled

with a field cultivator to prepare the seedbed in the spring prior to planting. ‘Vista’,

‘Schooner’, and ‘Newport’ navy beans and ‘Midnight’ and ‘T-39’ black beans were

evaluated. These cultivars are widely grown in Michigan and had shown differential

tolerance to dimethenamid and metolachlor in the greenhouse study.
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Dry beans were planted in 71 cm rows on June 1 in 1998 and 1999. Plots were four

rows wide by 10 m long. Dirnethenarrrid at 1.3 kg ai ha'1 and 2.6 kg ai ha" and metolachlor

at 2.9 kg ai ha’l were applied to each cultivar. Untreated control plots were included for each

cultivar. Herbicids were applied preemergence with a tractor mounted compressed-air

sprayer with 8003 flat fan spray tips at 177 L ha'1 and 207 kPa. Plots, measuring 2.8 m by

10 m, were organized in a split block design and were replicated three times.

Drybean injury for each variety was measured visually by recording the percent leaf

area reduction at the unifoliate, 1St trifoliate and 3rd trifoliate growth stages. Injury was

measured on a scale of 0 (no leaf area reduction) to 100 (total plant defoliation). In addition

three plants were randomly chosen from the middle two rows ofeach plot at each evaluation

date, cutoff at the soil surface, and leaf area (cmz) measured with a LI-3000 portable area

meter (LI-COR, Lincoln, Nebraska). Plots were visually evaluated when approximately 66%

of the leaves in the untreated control plots had turned yellow to assess dry bean maturity.

When dry beans reached full maturity, 4.6 m of the middle two rows were hand harvested

and threshed with a stationary thresher. Yields were measured in kg ha’1 and were adjusted

to 18% moisture.

Data were subjected to ANOVA. Visual injury ratings, leafarea, maturity, and yields

were compared within years using Fisher's protected LSD test at P S 0.05. Nontransformed

means are presented because square root transformation did not alter interpretation of the

data. Data is presented separately by years because of a significant herbicide by year
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interactions. In 1998 there was a variety by herbicide interaction for visual injury ratings,

leaf area measurements, and seed yield so data is presented separately by variety.

F3 Study. A field study was conducted to determine the relationship between seed size of

dry edible beans and the tolerance to dimethenamid. Dry beans from the F2 generation of a

cross between a ‘Huron’ navy bean and a ‘Matterhorn’ great northern bean were grown in

the greenhouse. This cross was initially made to breed white mold (Sclerotinia sclerotiorum)

tolerance from the ‘Huron’ cultivar into the ‘Matterhorn’ cultivar. Upon reaching full

maturity seed was harvested from each plant separately. The F2 generation was segregating

thus the offspring (F3) ofdifferent plants had different seed sizes. In our greenhouse research

‘Matterhom’ great northern displayed 10% injury from 2.1 kg ha'l dimethenamid while

injury to ‘Huron’ navy reached 90% 10 DAP (data not presented).

A field experiment was conducted in 1999 at the Saginaw Valley Dry Bean and Sugar

Beet Research Farm, Saginaw, Michigan. The soil type was a Misteguay silty clay loam

(14% sand, 47% silt, and 39% clay) with a pH of 7.8 and 2.6% organic matter. The

experimental design was a randomized complete block with two replications. There were

98 different F3 lines in each replication. The parent lines, ‘Huron’ navy beans and

‘Matterhorn’ great northern beans, were included in each replication to compare the

herbicide tolerance in the F3 lines to the tolerance in the parent lines. Plots were one row (56

cm) by 6.1 m. Dimethenamid was applied PRE at 2.6 kg ha", which is twice the

recommended rate, to the plots. Dry beans were not injured from dimethenamid

preemergence due to a lack ofrainfall. Therefore, dimethenamid at 1.3 kg ha‘1 was applied
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POST at the 3"1 trifoliate growth stage. Injury was visually evaluated at 7 and 14 days after

postemergence treatment. When dry beans reached full maturity, each plot was hand

harvested and threshed with a stationary thresher. Seed size (g 100 seed“) was measured for

each plot.

A correlation of the seed size (g 100 seeds") with visual injury that resulted from

dimethenamid postemergence was analyzed using Statistical Analysis System (SAS Institute,

1996). _

RESULTS AND DISCUSSION

Greenhouse Study. Dimethenamid PRE at the 2X rate injured ‘Schooner’ and ‘Vista’ navy

bean cultivars more than it injured the ‘Avanti’ cultivar, when evaluated at the l“ and 3rd

trifoliate grth stages (Table 1). The ‘Bill 2’ pinto and ‘Midnight’ black bean cultivars

were injured more than the other cultivars within the pinto and black bean classes,

respectively (Table 1). The leaf area reduction of ‘Bill 2’ (61 %) was significantly greater

than that of the ‘Othello’ and ‘Maverick’ pinto beans at the 3rd trifoliate grth stage. The

leaf area of ‘Midnight’ and ‘T-39’ black beans was reduced by 88 and 52%, respectively,

from dimethenamid PRE. Injury to kidney, cranberry and small red bean was less than 7%

and the reduction in leaf area was not significant. A reduction in leaf area could delay

maturity or reduce seed yield since the development of the plants would be reduced while

the dry beans metabolized the herbicide.
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Emergence Study. Under the conditions of adequate moisture, temperature of27 C i 4 C,

and 16 h photoperiod ‘Schooner’ and ‘Avanti’ navy bean , as well as the pinto and black

bean cultivars emerged faster in the greenhouse than the kidney, cranberry, and small red

varieties. ‘Califomia Light Red’ kidney had a slower time to emergence (crook stage) than

the ‘Montcalm’ cultivar (Table 2). All other cultivars had similar times to crook stage as

other cultivars within the same dry bean class (Table 2). The time of dry bean emergence

in the greenhouse is similar to the time of emergence in the field (Kelly, 1999 personal

cormnunication), although emergence time may vary by seed lot and temperature conditions.

Slower emergence may allow a longer time period for dry bean hypocotyl exposure to

herbicides

The hypocotyl diameters of the kidney and cranberry varieties were significantly

greater than the cultivars within the navy, pinto, black, and small red classes (Table 2). If

a dry bean with a small hypocotyl diameter (<29 m) absorbed a similar amount of

herbicide as one with a large hypocotyl diameter (>40 mm), the internal herbicide

concentration would be higher in the dry bean with the small hypocotyl. Increased internal

herbicide concentration could account for greater navy and black bean injury from

dimethenamid and metolachlor.

There was a trend in the time required for emergence to increase as hypocotyl

diameter increased. Navy and black bean varieties with hypocotyl diameters less than 29

mm emerged 83 to 91 h after planting. Kidney and cranberry beans (hypocotyl diameter

greater than 40 mm) reached the crook stage 95 to 105 h after planting.
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Small seed size may contribute to quicker emergence which would reduce the time

of hypocotyl exposure to herbicide-treated soil. However, the magnitude of difference in

time of emergence was low (22 h) between all dry bean classes. Thus susceptibility ofnavy

and black beans to dimethenamid and metolachlor may not be related to the length of time

the bean hypocotyl is exposed to herbicide, but may be related to the smaller diameter of the

navy and black bean hypocotyls resulting in an increase in internal concentration.

Field Screen. In 1998 dimethenamid at the 2X rate (2.6 kg ha") caused greater injury to the

‘Vista’, ‘Schooner’, and ‘Avanti’ navy beans and ‘Midnight’ black bean compared with the

1X rate ofdimethenamid when evaluated at the 1St trifoliate growth stage (Table 3). There

were no differences in injury to the other cultivars from the two rates ofdimethenamid. The

leaf area of ‘Vista’, ‘Schooner’, ‘Newport’, and ‘Midnight’ was significantly reduced by

dimethenamid at the 2.6 kg ha'1 rate compared to the untreated control (Table 3). Leaf area

of ‘Newport’ was reduced by dimethenamid at 1.3 kg ha". The injury to the five dry beans

cultivars from metolachlor at the 2X rate (2.9 kg ha") was similar to that of dimethenamid

at the 1X rate (1.3 kg ha“). Only the leaf area of ‘Newport’ navy bean was reduced by

metolachlor. In 1998 dimethenamid at 2.6 kg ha" delayed maturity of ‘Schooner’ and

‘Newport’ navy bean compared to the untreated control (Table 4). Applications of

dimethenamid or metolachlor did not reduce the seed yield of any of the five cultivars

compared to the untreated control.

In 1999 there was less injury to dry beans from dimethenamid. Dimethenamid at 2.6

kg ha" was more injurious to all cultivars except ‘Vista’ compared to dimethenamid at 1.3
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kg ha" (Table 5). Dimethenamid at 1.3 kg ha'1 and metolachlor at 2.9 kg ha'1 caused similar

visual injury to the dry bean cultivars. None of the herbicide applications reduced the leaf

area compared with the untreated control at the 1“ trifoliate growth stage (Table 5).

However, all herbicide applications caused the maturity of the ‘Newport’ cultivar to be

delayed, and dimethenamid at 1.3 and 2.6 kg ha‘1 delayed maturity of ‘Schooner’ navy bean

(Table 5). There were however no differences in seed yield between the untreated control

plots and those treated with herbicide (Table 5).

F3 Study. Dimethenamid PRE did not injure any F3 line because of limited rainfall from the

time of planting to the 3rd trifoliate growth. Therefore, dimethenamid (1.3 kg ha“) was

applied postemergence to dry beans at the 3rd trifoliate growth stage to determine the

response ofthe F3 generation. Visual injury 7 days after dimethenamid POST ranged fi'om

15 to 30%. The visual leaf area of the ‘Huron’ navy bean parent line was reduced by 25%

while the leaf area of ‘Matterhorn’ great northern parent line was reduced by only 9%. There

was no visual injury 14 days after dimethenamid postemergence (data not presented). The

correlation coefficient between seed size and visual leaf area reduction caused by

dimethenamid postemergence was negative and significant (r = -0.41) (Figure 1). This

supports the hypothesis ofa negative correlation between seed size and injury resulting from

dimethenamid POST. However further testing ofthe F4 generation is warranted to determine

the correlation between seed size and PRE application of dimethenamid.
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SUMMARY

Navy and black bean cultivars were more susceptible to dimethenamid at the

recommended field rate than to metolachlor. Michigan State University recommends

herbicide rates based on soil type (Renner, 1999 personal communication). Cultivars within

the same class of dry beans differed in their tolerance to dimethenamid and metolachlor

(Table 3). No difference in uptake, translocation, or metabolism of dimethenamid between

pinto, navy, and black bean classes has been found (Brunk et al., 1998). The hypocotyl

diameter ofdry beans with a large seed size (kidney and cranberry beans) was greater than

that of dry beans with small seeds (navy and black beans). Additionally, dry beans with

large seeds took longer to emerge than dry beans with small seeds. This observation does

not support the hypothesis that small seeded dry beans sustain greater injury since the

hypocotyl was exposed to herbicide-treated soil for a shorter, rather than a longer time period

compared to larger seeded dry beans. However smaller diameters of navy and black bean

may result in an increase in the internal concentration of dimethenamid and result in

decreased dry bean class tolerance. The correlation between seed size and injury to dry

beans from dimethenamid postemergence was negative. Therefore as seed size decreased,

dry bean tolerance decreased also. It would be of interest to determine the relationship of

seed size and herbicide tolerance in the F4 generation with dimethenamid PRE. Decreased

seed size is under control of dry bean class and may be difficult to incorporate into a dry

bean breeding program.
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Table 1. Dry bean injury from dimethenamid preemergence at 2.1 kg ha" (twice the

recommended rate).

 

 

    

 

Injury at Leaf Area Reduction

Class Variety 1“ Trifoliate at 3rd Trifoliate

Growth Stage Grth Stage

% %

Navy Vista 26 78

Schooner 29 75

Newport 20 67

Avanti 1 5 50

Pinto Bill Z 19 61

Othello 7 29

Maverick 10 20

Black T-39 1 5 52

Midnight 3 1 88

Kidney Montcahn 6 21

California Light Red 1 13

Cranberry Michigan Improved 2 13

Taylor Hort 5 12

Small Red Rufus 5 17

LSD (PS0.05) 8 —— 25 ——

CV (%) —58— —— 59——
 



Table 2. Time to emergence and diameter ofthe hypocotyl at the crook stage of 14

different cultivars of dry beans from six classes.

 

 

 

  

  

Class Variety Time“ Diameter of Hypocotyl

h ——mm——

Navy Vista 87 27

Schooner 82 29

Newport 91 27

Avanti 84 27

Pinto Bill Z 85 30

Othello 85 31

Maverick 85 33

Black T-39 85 26

Midnight 83 26

Kidney Montcalm 105 40

California Light Red 96 42

Cranberry Michigan Improved 99 42

Taylor Hort 95 41

Small Red Rufus 94 33

LSD (P5005) 8 3

CV (%) 10— 8

 

" time from planting to emergence (crook stage) in h.
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Chapter 3

DRY BEAN RESPONSE TO DIMETHENAMID AND METOLACHLOR

AS INFLUENCED BY TIMING OF APPLICATION

KYLE W. POLING

ABSTRACT

Dimethenamid preemergence at 2.1 kg ha‘1 was more injurious to dry beans than

metolachlor at 2.9 kg ha’1 when evaluated at the 1“ and 3rd trifoliate growth stages in the

greenhouse. ‘Othello’ pinto bean was more tolerant to dimethenamid and metolachlor than

cultivars in the black and navy bean classes. There was no difference in injury from PPI

compared to PRE applications of dimethenamid and metolachlor. However injury to ‘Vista’

navy bean was greatest when dimethenamid and metolachlor were available for uptake in

the navy bean hypocotyl compared to the root zone.

In the field dimethenamid and metolachlor at the recommended rates caused severe

injury to ‘Vista’ navy bean when applied at the crook or unifoliate grth stages. Early

season injury delayed plant maturity but did not reduce seed yield. Dimethenamid and

metolachlor PPI resulted in 3 to 4% injury to navy beans while these herbicides PRE injured

dry beans 5 to 7%. Tank-mixing dimethenamid at 1.05 kg ha" with bentazon at 0.84 kg ha"

plus dimethoate at 1.12 kg ha" plus COC at 2.34 L ha" caused less injuryto navy bean

compared to than dimethenamid applied alone at the 2“d trifoliate growth stage.
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INTRODUCTION

Chloroacetamide herbicides are applied in dry beans to control annual grasses,

small-seeded broadleafweeds, and yellow nutsedge (Cyperus esculentus L.). Deal and Hess

(1980) and others (Anonymous, 1992) have concluded that chloroacetamide herbicides

inhibit both cell division and cell enlargement in plants. Chloroacetamide herbicides

registered for use on dry beans include alachlor

[2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)- acetanilide], metolachlor

[2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl) acetarnide, and dimethenamid

[2-chloro-N-(2,4-dimehtyl-3-thienyl)-N-(2-methoxy-1-methy1ethyl)-acetamide]. These

herbicides are applied preplant incorporated (PPI) or preemergence (PRE), prior to dry bean

emergence (Renner and Kells, 1999).

Metolachlor has become the standard herbicide treatment for preemergence grass

control in dry beans (Renner, 1999 personal communication). In 1996, dimethenamid, a

chloroacetamide herbicide developed for use in corn and soybeans, was granted registration

from the United States Environmental Protection Agency for use in dry beans (Renner and

Kells, 1999). Dimethenamid can cause more injury to soybeans than metolachlor (Osborne

et al., 1992). Dimethenamid injured some dry bean fields in Michigan in 1996. Injury

occured most often after a preemergence or application at the early crook stage.

The site ofchloroacetamide uptake differs in plant species. Metolachlor applied in

the shoot zone of corn (Zea mays) and barley (Hordeum vulgare L.) decreased plant height,

emergence, and dry weight (Pillai et al., 1979). However when metolachlor was applied in

the root or seed zone there was no detectable effect. When metolachlor was applied in all
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three zones, emergence, height, and dry weight of corn and barley were always reduced

(Pillai et al., 1979). Early uptake of alachlor in snap bean occurred primarily via the shoot

portion of the emerging seedling (Rice and Putnam, 1980). Putnarrr and Rice (1979)

demonstrated that snap bean injury was lessened when alachlor was applied preplant

incorporated compared with a preemergence surface treatment. An increase in crop safety

was attributed to the reduction ofherbicide in the zone ofemergence, thus less alachlor was

absorbed by the bean hypocotyl.

Alachlor and metolachlor are not registered for postemergence application in dry

beans. Dimethenamid is registered for postemergence application to dry bean (Anonymous,

1999) but may be injurious to the crop. Injury to dry beans fiom postemergence applications

of imazethapyr decreased when bentazon was tank-mixed with imazethapyr (Bauer et al.,

1995). Bentazon decreased absorption and translocation of imazethapyr in pinto beans

(Bauer et. al., 1995).

The objectives of this research were (1) to determine if placement or application

timing ofdimethenamid influenced dry bean tolerance to dimethenamid and (2) to determine

iftank-mixing bentazon with dimethenamid influenced dry bean response to postemergence

applications of dimethenamid.

MATERIALS AND METHODS

Greenhouse Placement Study. Tolerance of six dry bean cultivars to preplant incorporated

and preemergence dimethenamid and metolachlor was evaluated. Dimethenamid at 2.1 kg

ha‘l and metolachlor at 2.9 kg ha'1 were applied preplant incorporated or preemergence to
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‘Vista’ and ‘Schooner’ navy beans, ‘Midnight’ and ‘T-39' black beans, and ‘Othello’ and

‘Bill 2’ pinto beans in the greenhouse. Treatments were applied in a factorial arrangement.

All pots were arranged in a completely randomized design. Each treatment was replicated

four times and the experiment was repeated. Untreated controls were included for each

cultivar.

Pots measuring 10 cm in height and 12 cm in diameter were filled with 7 cm of a

Spinks loamy sand (Psammentic Hapludalfs, sandy, mixed mesic), 86% sand, 10% silt and

4% clay with a pH of 6.5 and 1% organic matter. One seed per pot was placed on top of the

soil. In preparation for the preemergence treatments, additional soil (2.5 cm) was placed

over the seed. The preemergence treatments were then sprayed using an 8001-SS nozzle at

234 L ha'1 and 207 kPa. For the PPI applications, sixteen flats (31 by 61 cm) were filled with

2.5 cm of the Spinks loamy sand soil. The flats of soil were treated with herbicide. The

herbicide and soil were then mixed together in a bucket to simulate preplant incorporation

of a herbicide in the field. The treated soil in each bucket was then placed in the pots to

cover the seed. The remaining pots of each cultivar had 2.5 cm ofuntreated soil placed over

them. Environmental conditions were maintained at 27 C i 4 C, and plants were grown in

a 16 h photoperiod of natural lighting supplemented with incandescent lighting with PAR

of 1000 uE rn‘2 5".

Visual injury ratings were recorded at the unifoliate, 1“ trifoliate and 3rd trifoliate

growth stages of the dry beans. Plants were then cut off at the soil surface and leaf area

measured with a LI-3000 portable area meter (LI-COR, Lincoln, Nebraska). The percent leaf

area reduction was calculated by dividing the leaf area of each plant by the mean leaf area
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ofplants from the untreated control ofthe same cultivar. Harvested plants were then dried

and weights recorded.

Data were subjected to analysis of variance. Visual injury ratings, leaf area

reduction, and dry weights were compared using Fisher's protected LSD test at P S 0.05. The

data presented are the combined means over the two runs.

Volatility Study. Dimethenamid volatilization was examined in an experiment conducted

in growth chambers. The study was a completely randomized design and the experiment was

repeated two times. Two separate growth chambers were used in the experiment and were

the experimental units.

‘Vista’ navy beans were planted in pots at a depth of 2.5 cm in a Spinks loamy sand

soil (86% sand, 10% silt and 4% clay) with a pH of6.5 and 1% organic matter. Plants were

grown in growth chambers with a 16 h phototoperiod at 28 C day / 17 C night temperature

regime with 85% relative humidity. When the navy beans reached the crook grth stage,

five randomly selected pots were removed from one ofthe growth chambers. Dimethenamid

at 2.1 kg ha‘1 was applied to these pots as previously described and the pots were

immediately returned to the growth chamber. The other growth chamber was the untreated

control and did not contain any dimethenamid treatments.

Data were subjected to analysis of variance and means separated using Fisher's

protected LSD test at P _<_ 0.05 level of probability. Nontransformed means are presented

because square root transformation did not alter interpretation ofthe data. Statistical analysis

revealed no experimental run interactions, so the data were combined and are reported as

means of the two experiments.

50



Site of Uptake Experiment. An experiment was conducted in the greenhouse to determine

ifthe hypocotyl, seed, or roots of ‘Vista’ navy beans preferentially absorbed dimethenamid

and metolachlor. The experiment was a completely randomized design arranged as a

two-factor factorial with four replications and was repeated in time. Sites ofherbicide uptake

included the hypocotyl, seed, root, hypocotyl + seed, and root + seed. A charcoal barrier

method similar to that employed by Gray and Weierich (1969) was used to prevent the

movement ofherbicide in the soil in order to expose only the hypocotyl, root, or seed zones

in the various treatments.

An application rate eight times the recommended rate was needed for visual injury

to occur. This excessive rate of herbicide was needed because any herbicide coming into

contact with the charcoal layer was absorbed and not available for uptake by the dry beans.

Dimethenamid at 8.4 kg ha" and metolachlor at 11.4 kg ha" were applied to flats of soil (2.5

cm) as described previously. Soil was then placed in a bucket and mixed thoroughly to

incorporate the herbicide into the soil.

Different models with various arrangements of charcoal barrier(s) were used to

evaluate the uptake of herbicide by the hypocotyl, seed, and roots alone, as well as the

hypocotyl plus seed and root plus seed zones (Figure 1). In all models the seed was placed

at a depth of4 cm. To expose only the dry bean hypocotyl to herbicide, 5.5 cm of a Spinks

loamy sand soil (86% sand, 10% silt and 4% clay) with a pH of 6.5 and 1% organic matter

was placed in the bottom of a pot measuring 9 cm in height. One seed was placed at a depth

of 1 cm into the untreated soil. A 0.5 cm layer of a mixture (1:1, v/v) ofpowdered activated
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charcoal and moist untreated soil was added and leveled. Herbicide-treated soil (2.5 cm) was

placed above the charcoal layer and leveled (Figure 1a).

For root exposure (Figure lb), 2.5 cm of herbicide-treated soil was placed in the

bottom of a pot followed by a charcoal barrier (0.5 cm). Untreated soil (5.5 cm) was placed

on top ofthe charcoal barrier. For exposing the seeds, the layers from top to bottom were;

2.5 cm untreated soil, 0.5 cm charcoal, 2.5 cm of soil containing the seeds, 0.5 cm charcoal,

and 2.5 cm untreated soil (Figure 1c). For seed plus root exposure (Figure 1d) the charcoal

and soil arrangement were as follows: 2.5 cm of herbicide treated soil was placed on the

bottom the pot, 2.5 cm of untreated soil containing the seed, 0.5 cm charcoal, and 2.5 cm

untreated soil. To expose hypocotyl plus seed parts, the above procedure was repeated with

the charcoal layer (0.5 cm) located 2.5 cm from the bottom of the pot and the treated soil

being placed in the top of the pot (Figure 1e). An untreated control was included for each

charcoal model. Pots were alternately surface and subsurface watered every day to maintain

moisture and reduce the herbicide adsorption by the charcoal layer(s).

Leaf area reduction was visually evaluated at the unifoliate, 1“ trifoliate and 3rd

trifoliate growth stages. After the 3rd trifoliate rating, all plants were cut off at the soil

surface. The total leaf area of each plant was measured using a LI-3000 portable area meter

(LI-COR, Lincoln, Nebraska). The percent leaf area reduction was calculated by dividing

the leaf area of each plant receiving a herbicide treatment by the mean leaf area ofthe plants

from the respective untreated control (same location of charcoal barriers). The harvested

leaves and stems from each plant were then dried and weights recorded.
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Data were subjected to analysis of variance and means separated using Fisher's

protected LSD test at P _<_ 0.05 level of probability. Nontransformed means are presented

because square root transformation did not alter interpretation ofthe data. Statistical analysis

revealed no experimental run interactions, so the data were combined and are reported as

means of the two experiments.

Timing of Application Study. Dry bean tolerance to dimethenamid and metolachlor

applied at various timings was determined in a field study in 1998 and 1999. The ground

was tilled twice with a field cultivator prior to planting to remove weeds and prepare the

seedbed. ‘Vista’ navy bean, a 98 day maturity bean, was planted at a population of 272,000

seeds ha‘I in 76 cm rows. The navy beans were planted on June 2, 1998 and June 4, 1999.

The soil type in 1998 was a Capac loam (Aerie Ochraqualfs, fine-loarny, mixed mesic), 45%

sand, 37% silt and 18% clay with a pH of 7.8 and 2.4% organic matter. In 1999, the soil was

a Capac sandy loam (52% sand, 34% silt and 14% clay) with a pH of 7.1 and 2.5% organic

matter.

Plots were 3 m wide (four rows) by 9.1 m in length. Fourteen treatments were

replicated four times in a randomized complete block design with a two factor factorial

arrangement of treatments. The factors were two herbicides and six application timings.

Dimethenamid (1.3 kg ha") and metolachlor (1.4 kg ha“) were each applied preplant

incorporated (PPI), preemergence (PRE), and at the early crook stage, unifoliate, 1“ trifoliate

and 2"d trifoliate growth stages. An untreated control for each herbicide was included in each

block. Plots were maintained weed-free for the entire season to eliminate the confounding

factor ofweed interference on navy bean maturity and yield.
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Plots receiving a herbicide treatment were visually compared to the untreated plots

in their respective block. Visual leaf area reduction was evaluated at the unifoliate, 1“

trifoliate and 3rd trifoliate growth stages. Postemergence applications were also rated

visually for leaf area reduction 3, 7, and 14 days after treatment. All plots were evaluated

35 days after planting for visual leaf area reduction. Visual maturity ratings were taken by

recording the percent leaf yellowing when approximately two-thirds of the leaves in the

untreated control plots had turned yellow. The middle two rows ofeach plot were harvested

with a self-propelled combine and yield adjusted to kg ha'1 at 18 % moisture.

Visual estimates of leaf area reduction were arcsine transformed prior to statistical

analysis and subjected to ANOVA procedures. Means ofthe transfonned leafarea reduction

data , maturity, and yields were separated using Fisher's protected LSD test at P 5 0.05 level

ofprobability. Nontransformed data are presented for clarity. Statistical analysis revealed

no experimental run interactions, so the data were combined and are reported as means of

the two experiments.

Dimethenamid / S—dimethenamid. The tolerance ofdry edible beans to dimethenamid and

S-dimethenamid was evaluated in 1998 and 1999. In 1998 the soil was a Capac loam (45%

sand, 37% silt and 18% clay) with a pH of7.8 and 2.4% organic matter. In 1999 the soil was

a Capac loam (50% sand, 31% silt and 19% clay) with a pH of 7.2 and 2.3% organic matter.

Plots were maintained weed-free the entire season to eliminate the confounding factor of

weed interference on navy bean maturity and yield.

The seedbed was prepared with two passes of a Danish S-tine field cultivator in the

spring ofboth years. ‘Schooner’ navy beans were planted on June 2, 1998 and June 4, 1999
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at a population of 272,000 seeds ha'1 in plots measuring 3 m by 9.1 m with a crop row

spacing of 76 cm.

Dimethenamid at 1.3 and 2.6 kg ha'1 and S-dimethenamid at 0.72 and 1.44 kg ha’1

were applied PRE or at the 1“ trifoliate growth stage. Leaf area reduction was visually rated

at the unifoliate, 1“ trifoliate and 3rd trifoliate stages. Leaf area reduction was also evaluated

at 3, 7, and 14 days after the 1“ trifoliate growth stage application and all plots were also

evaluated 35 days after planting. To estimate relative maturity the percent leaf yellowing

was recorded when two-thirds of the leaves in the control plot had yellowed. The middle

two rows of each plot were harvested with a self-propelled combine. Seed yield was

adjusted to kg ha'1 at 18% moisture.

Data were subjected to analysis of variance and means separated using Fisher's

protected LSD test at P S 0.05 level of probability. Nontransformed means are presented

because square root transformation did not alter interpretation ofthe data. Data is presented

separately by years because of a significant herbicide by timing by year interaction.

Postemergence Application of Basagran Plus Dimethenamid. A field study in 1998 and

1999 was conducted to determine dry bean tolerance to dimethenamid in the presence and

absence of bentazon and/or dimethoate insecticide. Treatments included 0.84 kg ha’1

bentazon, 1.05 kg ha" dimethenamid, 1.12 kg ha'l dimethoate, and 2.34 L ha‘I crop oil

concentrate (COC).

The seedbed was prepared each year with fall moldboard plowing followed by two

applications with a Danish S-tine field cultivator in the spring. ‘Vista’ navy beans were

planted on June 1, 1998 and June 3, 1999. The soil type in 1998 was a Misteguay silty clay
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loam (Aeric Haplaquept, fine, mixed (calcareous), mesic), 9% sand, 45% silt, and 46% clay

with a pH of 8.0 and 1.9% organic matter. In 1999 the soil was a Misteguay silty clay loam

(14% sand, 47% silt, and 39% clay) with a pH of 7.8 and 2.6% organic matter. Navy beans

were planted in 2.8 m by 5.6 m plots with row spacing of 72 cm at a population of 272,000

seeds ha‘1 in both years.

Treatments were applied at either the 1“ trifoliate or 2"d trifoliate growth stage ofthe

dry beans. An untreated control plot was included for comparison at each application timing.

Plots were rated visually for leaf area reduction at 3, 7, and 14 days after treatment. Visual

maturity ratings were measured by recording percent leaf yellowing when two-thirds ofthe

leaves in the untreated control were yellow. The middle two rows of each plot were

harvested with a self-propelled combine and seed yield was converted to kg ha‘1 at 18%

moisture.

Treatments were replicated four times in a split plot design with the main plot

application timing and the subplot the pesticide treatments. Visual estimates of leaf area

reduction were subjected to square root transformation transformed prior to statistical

analysis and subjected to ANOVA procedures. Means ofthe transformed leafarea reduction

data, maturity, and yields were separated using Fisher's protected LSD test at P _<_ 0.05 level

of probability. Nontransformed data are presented for clarity.

RESULTS AND DISCUSSION

Greenhouse Placement Study. Plants were stunted and leafarea reduced by dimethenamid

and metolachlor applied PPI or PRE. There were no significant difference in injury from PPI
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compared to PRE applications when evaluated at the 1“ or 3'“ trifoliate growth stage (Table

1). Dry beans at the unifoliate and 1“ trifoliate growth stages grew more rapidly and

trifoliate leaves emerged faster when treated with a herbicide compared with plants that did

not receive a herbicide application (data not presented).

Dimethenamid caused greater injury than metolachlor when evaluated at the 1“

trifoliate and 3'“ trifoliate growth stages (Table 1). Dry weights however were similar for

dimethenamid and metolachlor because 80 % ofthe dry weight consisted ofthe stem weight

while only a minimal percent of the weight was from the leaves (data not presented).

Dry bean varieties differed in their tolerance to dimethenamid and metolachlor.

‘Othello’ pinto bean was more tolerant than the black and navy bean cultivars (Table 1).

‘Midnight’ and ‘T-39’ black beans did not differ in tolerance to these chloroacetamide

herbicides, nor did ‘Vista’ navy bean tolerance differ from that of ‘Schooner’ navy bean.

‘Schooner’ navy bean leaf area was reduced at the 3'“ trifoliate growth stage compared with

leaf area of ‘Midnight’ black bean and the pinto cultivars (Table 1).

Our research results concur with Kazarian et a1. (1999) where navy and black beans

showed greater sensitivity to dimethenamid, S-dimethenamid, and metolachlor compare to

pinto beans. Our data indicated dimethenamid to be more injurious than metolachlor.

Research in soybean has shown that the magnitude of soybean injury is often greater from

dimethenamid compared to metolachlor (Osborne et al., 1992b). The injury that

dimethenamid and metolachlor caused to the dry beans did not differ from PPI compared

with PRE applications on the same cultivar. Our research did not concur with Putnam and
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Rice (1979) where snap bean injury decreased when alachlor was preplant incorporated

compared with a preemergence surface treatment.

Volatility Study. Only dry beans treated with dimethenamid showed injury symptoms (data

not presented). Some dry bean growers have attributed the injury caused by dimethenamid

from PPI or PRE applications to volatilization ofthe herbicide. This research conducted in

the growth chambers does not support this hypothesis because dimethenamid injury was only

apparent on dry beans that were treated with dimethenamid at the crook stage of growth.

Dimethenamid has a 100-fold lower vapor pressure (2.76 x 10" mm Hg at 25 C) compared

to EPTC (S-ethyl dipropylthiocarbarnate) (3.4 x 10'2 mm Hg at 25 C), a herbicide known to

readily volatilize (Weed Science Society ofAmerica, 1994).

Site of Uptake Experiment. Chloroacetarnides caused the greatest injury and leaf area

reduction when placed in the hypocotyl plus seed zone (Table 2). Dry bean injury was

negligible when herbicide was placed in the seed zone, followed by placement only in the

root zone (Table 2). In previous research Rice and Putnam (1980) found early uptake of

alachlor in snap bean occurred primarily via the hypocotyl portion ofthe emerging seedling.

Snap bean tolerance increased when the amount of alachlor in the zone of emergence was

reduced, thus less alachlor was absorbed by the bean hypocotyl (Rice and Putnam, 1980).

Therefore, placement of dimethenamid or metolachlor in the upper 3 cm of the soil profile

may increase dry bean response to these chloroacetamide herbicides because ofhypocotyl

exposure to the concentrated herbicide area.

Timing of Application Study. Dimethenamid and metolachlor caused more injury to dry

beans when applied at the crook or unifoliate growth stages compared with PPI, PRE, or
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postemergence applications at the 1“ and 2 ““ trifoliate growth stages (Table 3).

Dimethenamid at the unifoliate growth stage caused greater leaf area reduction of ‘Vista’

navy bean compared to metolachlor (Table 3). However evaluation of leaf area reduction

at the 3'“ trifoliate stage showed similar response of navy bean to dimethenamid and

metolachlor applied at the crook and 1“ trifoliate grth stages (Table 3).

Dimethenamid and metolachlor PPI caused less leaf area reduction compared with

PRE applications however the relative difference was small. Putnam and Rice (1979)

demonstrated that snap bean injury decreased when alachlor was applied preplant

incorporated compared to a preemergence surface treatment and our site ofuptake research

also supports more potential injury from PRE applications. However, in our greenhouse

study (Table 1) there was no difference in bean response to PPI and PRE applications.

Possibly the pots and 10 cm soil depth in the greenhouse allowed herbicide to remain

available for uptake regardless of the application method.

The early season injury caused by applications of dimethenamid at the crook and

unifoliate stages delayed physiological maturity compared with the untreated control (Table

3). Dimethenamid at the unifoliate stage delayed maturity by 27% compared to the untreated

control. Metolachlor caused a delay in maturity only when applied at the unifoliate growth

stage. This delay in maturity of dry beans following early season injury has been reported

for applications of imazethapyr on pinto, great northern, and light red kidney beans (Bauer

et al., 1995; Wilson and Miller, 1991). Dimethenamid applied at the unifoliate stage reduced

seed yield compared to the untreated control. Irnazethapyr did not always reduce seed yield

even when maturity was delayed (Bauer et al., 1995; Wilson and Miller, 1991).
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Dimethenamid / S-dimethenamid. There was no difference in injury from dimethenamid

and S-dimethenamid at similar rates and application timings (Table 4). In 1998 and 1999,

preemergence applications of dimethenamid and S-dimethenamid at 2.6 and 1.4 kg ha'1

(twice the suggested application rate for this soil type), respectively, were significantly more

injurious than applications at 1.3 and 0.7 kg ha", respectively (Table 4). There were no

differences in dry bean injury from applications ofdimethenamid or S-dimethenamid at the

recommended field rate compared with the 2X rate when applied at the 1“ trifoliate growth

stage in 1998 (Table 4). However, in 1999 dimethenamid or S-dimethenarnid applied at the

2X rate injured the navy beans significantly more than the herbicides applied at the 1X rates

(Table 4). Injury following PRE herbicides in 1998 was greater than applications at the 1“

trifoliate growth stage (Table 4). In 1998, when the dry beans were just emerging fi'om the

soil, 0.94 cm ofprecipitation was received. Putnam and Rice (1979) reported that injury to

snap bean corresponded with heavy rainfall and warm temperature during and immediately

after germination. In 1999 dimethenamid and S-dimethenamid applied PRE resulted in only

minimal injury (Table 4). It did not rain from the time of planting until the dry beans

emerged from the soil in 1999. S-dimethenamid is an isomer ofdimethenamid (John Balles,

BASF, personal communication). An isomer is a chemical whose molecules contain the

same number and kind of atoms as another chemical but are arranged differently. The crop

response to soil-applied treatments ofdimethenamid and S-dimethenamid should be similar

(John Balles, BASF, personal communication). Dimethenamid and S-dimethenamid applied

PRE did not delay physiological maturity in 1998 (Table 4). However, in 1998

dimethenamid at the 2X rate applied at the l“ trifoliate growth stage delayed maturity more
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than S-dimethenamid at the 2X rate applied at the same time (Table 4). The early season

injury of the dry beans did not result in a maturity delay in 1999 (Table 4).

Dry bean response to dimethenamid postemergence has not been reported previously,

nor has information on the S-dimethenamid formulation. Isomers of metolachlor have not

resulted in weed control or crop response differences (Renner and Kells, 1999) and our

research suggest that dry bean tolerance to S-dirnethenamid will be similar to dry bean

tolerance to dimethenamid. In 1998 and 1999 there were no differences in seed yield

between plots receiving an application of dimethenamid or S-dimethenamid PRE or at the

1“ trifoliate stage, with the exception of dimethenamid applied PRE at the 1X rate in 1998

(Table 4).

Postemergence Application of Basagran Plus Dimethenamid. Injury for all treatments

was minimal (510%) (Table 5). The addition of bentazon to dimethenamid and

dimethenamid + COC applied at the 1“ trifoliate growth stage did not influence crop injury.

However, the addition ofbentazon to dimethenamid + dimethoate + COC at the 1“ trifoliate

growth stage increased crop injury (Table 5). At the 2"“ trifoliate growth stage, the addition

of bentazon to dimethenamid and dimethenamid + COC reduced crop injury. However

bentazon did not reduce crop response to dimethenamid + dimetheoate + COC at the 2““

trifoliate growth stage. Temperature at the time of treatment at the 1“ trifoliate was 8 C

higher in 1998 and 2 C higher in 1999 compared with the temperature at the 2““ trifoliate

timing.

Bentazon decreased dry bean injury from dimethenamid in all tank-mixtures except

for dimethenamid + bentazon + dimethoate + COC at the 2"d trifoliate application timing
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(Table 5). All plots matured at the same rate with no differences observed between the

treated plots and the untreated control (data not presented). Dry bean yields from treated

plots were not significantly different from yield of the untreated control in 1998 and 1999

(Table 5). In our study bentazon reduced dry bean injury from dimethenamid and

dimethenamid + COC at the 2"“ trifoliate growth stage, however injury was minimal from

all treatments and the addition ofbentazon would be economicallyjustified in this study only

if bentazon was needed for weed control.

SUMMARY

Applications of dimethenamid and metolachlor at the recommended rate can cause

injury to dry beans. Similar to the findings of Osborne et a1. (1992) in soybeans, the

magnitude of injury in dry beans is often greater with dimethenamid compared with

metolachlor. There was no difference in injury to dry beans between dimethenamid or

metolachlor applied preemergence and preplant incorporated in the greenhouse. However,

in our research, injury to ‘Vista’ navy beans was greatest when dimethenamid or metolachlor

was available in the hypocotyl zone rather than the root zone. Therefore a concentrated layer

of herbicide in the hypocotyl zone could increase the potential for injury from these

herbicides applied PRE. In our field research dimethenamid or metolachlor PRE caused

more injury than dimethenamid or metolachlor PPI. Injury to dry beans from dimethenamid

and metolachlor reduced leaf area early in the growing season. Visual injury and leaf area

reduction also resulted in delayed maturity but did not reduce seed yield. To minimize the

chance of severe injury these herbicides should not be applied at the crook or unifoliate
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growth stages. Dimethenamid postemergence at the 1“ trifoliate growth stage reduced leaf

area fi'om 0 to 21% when measured at the 3'“ trifoliate grth stage (Tables 3 and 4),

depending on the site and year. This difference in injury from dimethenamid postemergence

at 1“ trifoliate stage suggests that delaying application to the 2"“ trifoliate stage may reduce

the potential for leaf area reduction. Maturity was never delayed, nor seed yield reduced

from dimethenamid applied at the 2"“ trifoliate stage (Table 3, 4, and 5). Tank-mixing with

bentazon reduced dry bean injury from dimethenamid or dimethenamid + COC and may be

suggested when a postemergence application needs to be made at the 2““ trifoliate stage of

dry beans because weeds are at the recommended height for herbicide application.
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Table 1. Response of six dry bean cultivars to preplant incorporated and preemergence

dimethenamid and metolachlor in the greenhouse.

 

Leaf area reduction at

 

  

  

  

  

  

  

Variable 1“ trifoliate injury 3'“ trifoliate growth stage

% %

Application method

PRE 12 a 32 a

PPI 11 a 32 a

CV (%) 65 63

Herbicide

Dimethenamid 15 a 40 a

Metolachlor 8 b 25 b

CV (%) 65 63

Cultivar (class)

Vista (navy) 15 a 37 ab

Schooner (navy) 14 a 42 a

T-39 (black) 11 ab 35 ab

Midnight (black) 12 ab 27 b

Bill Z (pinto) 9 be 27 b

Othello (pinto) 7 c 12 c

CV (%) 65 63
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Table 2. Effect of exposing different parts of dry bean seedlings to dimethenamid and

metolachlor-treated soil using charcoal barriers to prevent movement of the herbicide.

 

 

   

Visual leaf area reduction Leaf area reduction

Site of Uptake at 1“ trifoliate stage at 3'“ trifoliate stage

% %

Root 28 c 24 cd

Hypocotyl 63 b 53 b

Seed 18 c 8 (1

Root + Seed 32 c 32 c

Hypocotyl + Seed 86 a 84 a

CV (%) —67— —80—
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Table 5. ‘Vista’ navy bean injury and yield following application of various tank-mixtures

of dimethenamid, bentazon, dimethoate, and crop oil concentrate (COC)a at the l“ and 2"“

trifoliate growth stages combined over 1998 and 1999.

 

 

 

  

Injury 7 DAPO Seed Yield

1“ trifoliate 2"“ trifoliate 1“ trifoliate 2"“ trifoliate

Treatments application application application application

% ——g ha'l

dimethenamid l g 9 b 2884 abc 2879 abc

dimethenamid + COC 2 f 10 a 2949 abc 2817 abc

bentazon + COC 1 g 4 e 3070 ac 2933 abc

dimethenamid + bentazon 1 g 5 d 2787 be 2799 c

dimethenamid + bentazon + 2 f 5 d 2804 bc 2791 c

COC

dimethoate 0 h 1 g 2904 abc 2970 abc

dimethenamid + dimethoate 2 f 7 c 2886 abc 2755 c

dimethenamid + dimethoate 2 f 10 a 2967 abc 2858 abc

+ COC

dimethenamid + bentazon + l g 5 d 2933 abc 2834 abc

COC

dimethenamid + bentazon + 7 c 9 b 2849 abc 2758 c

dimethoate + COC

bentazon 0 h 1 g 283 1 abc 3021 ab

untreated 0 h 0 h 2848 abc 2996 abc

CV (%) ——55 9
  

 

aHerbicide rates: 0.84 kg ha'1 bentazon, 1.05 kg ha'l dimethenamid, 1.12 kg ha'1

dimethoate, and 2.34 kg ha'l crop oil concentrate (COC)
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Chapter 4

INFLUENCE OF ENVIRONMENTAL CONDITIONS AT THE TIME OF

PLANTING AND EMERGENCE ON DRY BEAN TOLERANCE

TO DIMETHENAMID AND METOLACHLOR

KYLE W. POLING

ABSTRACT

‘Vista’ and ‘Schooner’ navy bean cultivars were planted on five dates in 1998 and

1999 to determine the influence ofplanting date on dry bean response to dimethenamid and

metolachlor. Dimethenamid at 2.3 kg ha'l and metolachlor at 2.8 kg ha'1 were applied PRE

immediately after planting. Dimethenamid and metolachlor injured both cultivars on the

June 1 and June 22 planting dates in 1998. Dry bean response to either herbicide was

minimal to all planting dates in 1999. Environmental conditions at the time of emergence

affected dry bean tolerance to these herbicides. On the June 1 and June 22 planting dates in

1998 0.69 cm and 0.58 cm of rain, respectively, fell during the time of emergence (5 to 7

DAP). At the other planting dates in 1998 and at all planting dates in 1999, rainfall at the

time of emergence was 0 to 0.18 cm. Moderate temperature (22 to 31 C) did not appear to

play a significant role in dry bean injury from dimethenamid or metolachlor.
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INTRODUCTION

The chloroacetamide herbicides are commonly used to control annual grasses,

small-seeded broadleaf weeds, and yellow nutsedge (Cyperus esculentus L.) in corn (Zea

mays), soybeans (Glycine max) and dry edible beans (Phaseolus vulgaris) (Anonymous,

1992). Cultivars of these crops have exhibited variable tolerance to chloroacetarnides

(Renner et al., 1988; Driver et al., 1992; Edwards et al., 1976; Sniper et al., 1987; Stephenson

et al., 1976). Temperature, rainfall, placement of the herbicide, soil texture and organic

matter were important factors influencing tolerance in the field (Cieslar and Binning, 1974;

Putnam and Rice, Jr. 1979).

Alachlor injured snap beans at both low and high temperature regimes with day and

night temperatures of 16 and 21 C or 27 and 32 C, respectively (Putnam and Rice, 1979).

At 16 to 21 C the injury appeared much earlier and was more severe compared with injury

at the high temperature. Plants at the low temperature displayed leaf crinkling or fusion of

the leaf margins, while plants at the high temperature exhibited leaf cupping and marginal

chlorosis (Putnam and Rice, 1979). Penner and Graves (1972) found that alachlor applied

at 3.32 kg/ha (twice the normal rate) caused injury to navy beans at 20 and 25 C but not at

30 C. Navy bean injury from alachlor at the lower temperatures may explain the occasional

injury observed in the field (Penner and Graves, 1972).

Putnam and Rice (1979) reported that twice as much alachlor was taken up by snap

bean at the 27 to 32 C compared to the 16 to 21 C temperature regime. However, increased

growth rates and transpiration rates occur at higher temperatures. At the higher temperature

regime the majority of the alachlor remained in the plant roots. The percentage remaining
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as parent alachlor was greater at the lower temperature. Alachlor was distributed throughout

the plant with no single part of the plant accumulating a significantly greater amount of

alachlor than any other plant part except for the cotyledons in which no alachlor was found.

Therefore lower temperatures could result in more crop injury.

Many herbicides become more available for uptake by the plant as soil moisture

increases (Jones et al., 1990; Tripp and Baldwin, 1988; Wehtje et al., 1987). Metolachlor

uptake increased in grass species up to three-fold when soil moisture increased from 45 to

100% (Gerber et al., 1974.). In a field experiment evaluating different soybean cultivars

neither dimethenamid or metolachlor reduced soybean yield when applied at normal use rates

with either optimum or excessive moisture. However, injury occurred when dimethenamid

or metolachlor were applied above recommended rates and excessive moisture conditions

persisted. Some soybean cultivars were more sensitive to dimethenamid compared to

metolachlor, but to reveal these differences a 3X herbicide rate combined with excessive

moisture were required (Osborne et al., 1992b). Other soybean studies indicate that the

magnitude of soybean injury is greater with dimethenamid compared with metolachlor

(Osborne et al., 1992a).

In 1996 dry bean planting was delayed until late June in Michigan because of

excessive rainfall in late May and early June. Dimethenamid injured dry bean in some fields

in Michigan. Environmental conditions at the time of planting and bean emergence may

have influenced dry bean response to dimethenamid. The objective of this research was to

determine whether environmental conditions at the time of planting and emergence

influenced dry bean tolerance to dimethenamid or metolachlor.
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MATERIALS AND METHODS

Field experiments were conducted in 1998 and 1999 at the Saginaw Valley Dry Bean

and Sugar Beet Research Farm, Saginaw, Michigan. In 1998 the study was conducted on a

Misteguay silty clay loam (Aeric Haplaquept, fine, mixed (calcareous), mesic), 9% sand,

45% silt, and 46% clay with a pH of 8.0 and 1.9 % organic matter. When the experiment

was repeated in 1999 the soil type was a Mistguay silty clay loam (14% sand, 47% silt, and

39% clay) with a pH of 7.8 and 2.6% organic matter. To eliminate the confounding factor

ofweed interference on navy bean maturity and yield, plots were maintained weed-free by

hand-hoeing for the duration of the growing season.

The seedbed was prepared with moldboard plowing in the fall followed by two passes

with a Danish S-tine field cultivator in the spring. ‘Vista’ and ‘Schooner’ navy beans were

planted in strip plots on five planting dates in 1998 and 1999 (Table 1). The first planting

date each year was during the third week of May. Dry beans were planted approximately

every 10 days fi'om the first date ofplanting through early July. The plots, 4 rows wide and

6.7 m in length, were seeded at a population of 272,000 seeds ha" with a crop row spacing

of 71 cm.

Herbicide treatments applied to each navy bean cultivar included dimethenamid at

2.3 kg ha’1 PRE and metolachlor at 2.8 kg ha‘1 PRE. Navy bean injury was evaluated by

visually assessing the percent leaf area reduction at the unifoliate, 1“ trifoliate and 3'“

trifoliate stages. In addition three plants were randomly chosen from the middle two rows

of each plot at each evaluation date, cut off at the soil surface, and leaf area (cmz) measured

with a LI-3000 portable area meter (LI-COR, Lincoln, Nebraska).
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Dry beans reach full maturity upon completing Stage R9. This development stage

is characterized by leaf senescence, leaf desiccation and leaf abscission. Physiological

maturity was determined by visually recording percent leaf yellowing on a scale from 0

(plants still in Stage R8, pod filling) to 100% (plants are fully mature and ready for harvest).

The maturity of each cultivar was compared to dry bean maturity in the untreated control

plots. Ratings were taken when leaves in the untreated control plots were two-thirds yellow.

Beans fi'om 4.3 m ofthe center two rows were hand-harvested by pulling and threshed with

a stationary thresher. Yields were adjusted to kg ha" at 18% moisture.

The experiment was conducted twice as a randomized complete block design in a

multi-location split-plot arrangement. The ‘Vista’ and ‘Schooner’ navy beans were planted

in three 4 rows strips on each planting date. Treatments were randomized in the same

arrangement on each planting date within the strips. The five planting date were each

planted in different locations within the same field. Dry bean cultivar was the main-plot

factor and herbicide treatment was the sub-plot factor. Data were subjected to analysis of

variance and means separated using Fisher's protected LSD test at P 5 0.05 level of

probability. Visual estimates of leaf area reduction were subjected to square root

transformation prior to statistical analysis. Nontransformed data are presented for clarity.

Data from 1998 and 1999 are presented separately because of year by date of planting by

treatment interactions.
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RESULTS AND DISCUSSION

In 1998 dry bean injury from dimethenamid and metolachlor was greatest for the

June 1 and June 22 planting dates (Tables 1 and 2). Dimethenamid was more injurious to

‘Vista’ navy bean compared to metolachlor for all planting dates except May 21 in 1998

(Table 1). Dimethenamid also was more injurious to the ‘Schooner’ navy bean compared

to metolachlor for the June 1, 1998 planting date only (Table 1). Both herbicides reduced

the leaf area of ‘Vista’ navy bean planted on June 1 and June 22 and ‘Schooner’ navy bean

planted on June 22, 1998. Additionally, dimethenamid reduced the leaf area of the ‘Vista’

cultivar compared to the untreated control on the July 2, 1998 planting date. Because the

injury from dimethenamid or metolachlor varied greatly from one plant to another, the visual

injury ratings were more representative of the amount of injury caused by these herbicides.

In 1998 the leaf area ofthe plants treated with metolachlor was greater than the plants in the

untreated control plots on May 21, June 11, and July 2 (Table 2).

In 1999 dimethenamid was significantly more injurious to dry beans than metolachlor

on May 20 and June 10 (Table 1). Dimethenamid reduce the leaf area of the ‘Vista’ and

‘Schooner’ cultivars for the May 20, 1999 planting date when compared to the untreated

control (Table 2).

Early season injury to dry beans from dimethenamid delayed maturity of ‘Vista’ and

‘Schooner’ navy beans for every planting date in 1998 except May 21. Metolachlor delayed

maturity of ‘Vista’ navy bean for the June 1, June 11, and June 22 planting dates, and for the

‘Schooner’ cultivar on the June 1 and June 22 planting dates in 1998. Dimethenamid

delayed the maturity ofthe ‘Vista’ cultivar at the May 20 and June 21 planting dates in 1999
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(Table 3), while metolachlor delayed for the June 21 planting date in 1999. Maturity and

yields were not recorded for the July 6 planting in 1999 due to a frost prior to seed maturity.

Seed yields for each planting date in 1998 and 1999 were not reduced where dimethenamid

or metolachlor were applied compared with the untreated control (Table 4).

Dry beans planted on June 1 and June 22, 1998 incurred the greatest injury from

dimethenamid and metolachlor PRE at twice the recommended rates (Table 1 and Table 2).

Penner and Graves (1972) found that alachlor at 3.32 kg/ha (twice the normal rate) caused

injury to navy beans at 20 and 25 C but not at 30 C. The lowest mean temperature 0 to 10

days after planting (DAP) occurred after the June 1, 1998 and May 20, 1999 planting dates

(Table 5). Therefore cool temperature may have contributed to the injury seen for the June

1, 1998 planting date.

Many herbicides become more available for plant uptake as soil moisture increases

(Jones et al., 1990; Tripp and Baldwin, 1988; Wehtje et al., 1987). The amount of rainfall

received during the 10 DAP varied over the dates ofplanting in 1998 and 1999. The amount

ofrain which fell in the 10 DAP on the June 1 planting date in 1998, 0.69 cm, was the lowest

recorded for the five planting dates in that year (Table 5). The dry beans planted on June 22

received 1.07 cm over this period of 10 DAP (Table 5). The amount of rain that fell during

the 10 DAP on the five dates ofplanting in 1999 ranged from 0.66 to 3.15 cm. There was

minimal injury fi'om dimethenamid and metolachlor to navy beans for all of these planting

dates (Table 5).

The amount of rain which fell during the 3-day period of bean emergence (5 to 7

DAP) was greatest for the June 1, 1998 and June 22, 1998 planting dates (Table 5). The
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rainfall received at the time ofemergence (crook stage) for the other three planting dates in

1998 and all planting dates in 1999 was 0.18 cm or less (Table 5). Dimethenamid and

metolachlor became readily available for uptake at this time when the bean hypocotyl was

growing through the PRE herbicide treatment and emerging from the soil surface. In

greenhouse research dry bean injury was greatest when the hypocotyl was exposed to

dimethenamid (Poling and Renner, 1998). In other field research, dimethenamid applied

PRE to navy beans in 1999 resulted in 40% injury 10 DAP compared with the untreated

control (Renner and Kells, 1999). In this research 1.2 cm of rain fell during the time of

emergence (5 to 7 DAP). Our results do not agree with that of Osborne et al. (1992b) where

injury to soybeans occurred when dimethenamid or metolachlor were applied above

recommended rates and excessive moisture conditions persisted. In our research moisture

at the time of dry bean emergence appeared to be a critical factor in dry bean injury from

dimethenamid or metolachlor PRE.

SUMMARY

Environmental conditions that occur following application of dimethenamid or

metolachlor affect dry bean tolerance to these herbicides. The quantity of precipitation that

a dry bean field receives at the crook stage following an application of dimethenamid or

metolachlor is crucial. Rice and Putnam (1980) observed that early uptake of alachlor in

snap bean occurred primarily via the shoot portion of the emerging seedling. Rain at the

time of emergence could increase the amount of herbicide absorbed by the dry bean
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hypocotyl and result in crop injury. Moderate temperature (22 to 31 C) did not appear to

play a significant role in dry bean injury from dimethenamid or metolachlor in our research.
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