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Weeds interfere with lima bean production by reducing crop yield, hindering harvest, and contributing contaminants to harvested beans, yet there are very few trials documenting the impact of weeds on lima bean. This research was designed to evaluate weeds on lima bean yield, quality, as well as Rhizoctonia solani and pod-feeding insects in order to assist in implementing a more integrated approach to pest management. Field studies at four sites evaluated the impact of common cocklebur (Xanthium strumarium L.), jimsonweed (Datura stramonium L.), and ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.] at densities of 0, 7, 10, or 20 plants 10 m-1 row in the presence and absence of Rhizoctonia solani on lima bean (Phaseolus lunatus L.). The planting dates of late June to mid-July represented a typical planting period for the mid-Atlantic region of USA, while one site represented an early planting date in this region (28 May). Differences in response to weed competition for total lima bean yield, marketable yield, yield components, and R. solani discoloration on lima bean occurred at one or more sites. Weed competition from 7 plants 10 m-1 of row or higher, reduced number lima bean pods by as much as 40%. However, weed density had little impact on percentage of flat, plump, or dry pods. Marketable yield was reduced at two sites in response to 7 plants 10-1 row (19% yield loss) and higher weed densities resulted in 29 to 33% yield loss. The presence of lima bean resulted in 40 to 60% reduction of common cocklebur and jimsonweed biomass and burs or seeds compared to weeds grown without crop competition. Weed competition in lima bean was influenced by many factors including weed species and planting date. Weed management is important to not only preserve yield but limit weed seed return to the soil seedbank and maintain harvest efficiency.
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Introduction

Green baby lima bean (Phaseolus lunatus L.) is an important crop in the Mid-Atlantic states of Delaware, Maryland, New Jersey, and Virginia (USDA, 2017), accounting for nearly 50% of the lima bean produced in the USA. They are harvested 75 to 86 days after planting before pods and seeds begin to dry down (Wyenandt and van Vuuren, 2024). The beans are shelled during harvesting and then processed for freezing or canning.

Weed management is a primary concern to lima bean growers for several reasons. Weeds compete with lima bean for water, nutrients, and light that can result in reduced yield; can interfere with harvest; and the weeds’ leaves, stems and seed capsules in the harvested commodity require additional cleaning measures. Important factors affecting the severity of weed competition in most crops include weed species, density, relative time of emergence, and the length of time they compete with the crop.

Sicklepod (Senna obtusifolia L.) is the only species for which weed thresholds have been determined in green lima bean (Glaze and Mullinix, 1984). An 18% lima bean yield loss was documented over a 3-yr period with 2.7 sicklepod plants m-2.

In snap bean (Phaseolus vulgaris L.), Neary and Majek (1990) documented up to 55% yield loss with common cocklebur (Xanthium strumarium L.) densities of 8 weeds m-2. Yield loss occurred with redroot pigweed (Amaranthus retroflexus L.) or large crabgrass (Digitaria sanguinalis [L.] Scop.) densities of >1 or >2 plants m-2, respectively in snap bean (Aguyoh and Masiunas, 2003a, Aguyoh and Masiunas, 2003b).

Since plant growth habits and length of the growing season influence weed competition, research from one species may not relate to a second species. Lima bean have a less upright growth habit than snap bean, and they require three to four additional weeks to reach the harvest stage. Dry bean (Phaseolus vulgaris L) also have a more upright growth habit than lima bean, but they are harvested at a different physiological stage than lima bean, when pods and seeds are dry. Urwin et al. (1996) reported differences among dry bean classes when evaluating weed emergence and late-season competition. Thus, there needs to be more research evaluating weed competition for lima bean.

Common cocklebur, ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.], and jimsonweed (Datura stramonium L.) are three common weed species in Delaware. Common cocklebur and jimsonweed are upright growing plants (up to 1.5 m in height), but common cocklebur develops a wider canopy that intercepts more sunlight and is documented as causing more yield loss in soybean (Regnier and Stoller, 1989; Stoller et al., 1987). Ivyleaf morningglory has a vining growth habit with 2 to 2.5 m long stems (Mohler et al., 2021). In soybean, common cocklebur resulted in 57% yield loss over two years while entireleaf morningglory [Ipomoea hederacea (L.) Jacq.] resulted in 21% under the same conditions (Mosier and Oliver, 1995a). However, a better understanding of weed thresholds for these weed species in vegetable crops such as lima bean is needed for implementing an integrated approach to weed management.

Weed competition studies often do not consider weed seed production. In a limited number of studies on weed seed production, weed densities below economic thresholds have been shown to increase the level of the weed seedbank (Bauer and Mortensen, 1992; Bagavathiannan and Norsworthy, 2012). To implement an integrated approach to weed management, information is needed on seed production. Understanding seed production potential will allow for current year weed management decisions to account for future cropping seasons.

There are a limited number of weed control options for lima bean. Herbicide choices are limited due to crop safety as well as presence of herbicide-resistant biotypes (McNaughton et al., 2004; VanGessel et al, 2002). Lima bean have not responded well to some cultural practices to enhance weed control, such as narrower row spacing (Sankula et al., 2001; Korres et al., 2019). Thus, growers rely on a limited number of herbicides and row cultivation, which often leave surviving weeds in the crop row.

Weeds have been identified as hosts for pathogens detrimental to lima bean production such as downy mildew (Phytophthora phaseoli Thaxt.) (Dominiak, 2002) and Phytophthora capsici Leon (Abeysekara et al., 2019). As hosts for pathogens, weeds contribute to increased inoculum levels, allow carryover of pathogens in crop rotations, and provide a base for pathogenic variation (Hartman et al., 1986). In some cases, pathogens isolated from weeds showed increased pathogenicity when re-inoculated to soybean (Helbig and Carroll, 1984).

Environmental concerns related to pesticide use may force future pest management strategies to achieve maximum pest control with reduced pesticide input and to identify strategies to control more than one class of pest. This necessitates that weed management be integrated with other pest management strategies and cultural practices. Little information is available on how weeds influence disease severity (Black et al., 1996), especially in a crop such as lima bean. Additionally, few studies have examined these types of interactions under field conditions. A more complete understanding of weed/disease relationships is needed to implement a comprehensive integrated pest management program.

This research was designed to determine the impact of important weed species, exhibiting different growth habits, on lima bean yield, quality, as well as Rhizoctonia solani and pod-feeding insects in order to assist in implementation of a more complete integrated pest management program in lima bean.





Materials and methods




Field sites

Field studies were conducted in 1997, 1998, and 2000. In 1997, the study was conducted at University of Delaware’s Warrington Farm located near Harbeson, DE. Lima bean was planted at two sites in 1998 and at one site in 2000 all at University of Delaware’s Thurman Adams Research Farm located near Georgetown, Delaware. Soil at Warrington Farm was Downer loamy sand (coarse-loamy, siliceous, mesic, Typic Paleudult) and Fallsington sandy loam (fine-loamy, mixed, mesic, Typic Ochraquult) at the Adams Research Farm. Soil pH was 5.4, 5.5, and 5.7 with 1.2%, 1.2%, and 1.1% organic matter in 1997, 1998, and 2000, respectively. Sites in 1998 were adjacent to each other and thus, soil characteristics were the same. Lima bean cultivar ‘Maffei-15’ was used since it is susceptible to Rhizoctonia solani and commonly grown in Delaware at time of the study. Lima bean was planted on 27 June in 1997, 28 May and 13 July in 1998, and 10 July in 2000. The planting dates in 1998 represent an early and a typical date for the range of lima bean planting in the southern Delaware region. Plots were four rows, 76 cm apart (3 m wide) and 9 m long. Seeding depth was 2.5 to 3 cm. Total plant population was 175,000 plants ha-1 at all sites. In 1997, no nitrogen was applied, but in 1998 and 2000 nitrogen at 68 kgha-1 was fertigated in two applications, within 2 weeks after planting and at the mid-vegetative stage of lima bean. All sites were irrigated with overhead irrigation to prevent moisture stress.

In 1998, jimsonweed plots (all densities) were infested with Colorado potato beetles (Leptinotarsa decemilineata [Say] [Coleoptera: Chrysomelidae]) at both sites and carbaryl (carbaryl-1-nephthyl carbamate) was sprayed at 0.85 kg ai ha-1 to control them and limit jimsonweed damage. In 2000, all plots had a severe infestation of downy mildew (Phytophthora phaseoli). Copper hydroxide was sprayed for downy mildew management at 0.65 kg ai ha-1 for four consecutive weeks beginning at full-bloom stage. However, effectiveness was only marginal. Copper hydroxide was selected since it does not control R. solani.





Experimental design

Experiment was designed was a randomized complete block with treatments arranged as a three-factor factorial with four replications. Two factors included weed species and weed density in an additive design (Harper, 1983). The third factor was level of R. solani infestation (inoculated or non-inoculated). Weed species were common cocklebur, jimsonweed, or ivyleaf morningglory planted at 0, 7, 10, or 20 weeds 10 m-1 row (weed-free, 150, 100, or 50 cm apart, respectively). Weeds were chosen to represent different canopies, branching and growth characteristics. Seeding densities were based on previous additive design experiments conducted with other Phaseolus spp (Blackshaw, 1991; Chikoye et al., 1995; Neary and Majek, 1990). In addition, each weed species was grown at a density of 7 plants 10 m-1 row with no lima bean. These additional plots were used to determine the influence of lima bean plants on weed biomass accumulation. All plots were repeated with or without R. solani inoculation in 1997 and 1998 only. In 2000, only one plot per replication with common cocklebur at 20 plants m-1 row was inoculated with R. solani.

Each weed species was hand-seeded within 3 cm of the crop row immediately after planting lima bean, and each plot received a single weed species. The seeding of weeds within the crop row was designed to mimic plants that are not controlled with cultivation. The plots were kept weed-free except for the weed species of interest by placing a cup over the weeds and spraying 1.1 kg ai.ha-1 bentazon, [3-(1-methylethyl)-(1H)-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide] plus 0.2 kg ai.ha-1 sethoxydim, {2-[1-(ethoxyimino)butyl]-5-[2-ethylthio)propyl]-3-hydroxy-2-cyclohexen-1-one} plus 0.25% v/v non-ionic surfactant at second trifoliolate stage of lima bean. Bentazon was used for broadleaf weed control and sethoxydim for grass control. Thereafter, plots were hoed and handweeded at 1-to-2-week intervals.





Pod rot inoculum

Inoculum was produced from an R. solani hyphal tip isolate from infected lima bean pods collected in Delaware. Pathogenicity was confirmed on lima bean; however, the anastomosis group was not identified (Ginn et al., 2023). R. solani was increased by growing on quarter strength potato dextrose agar. Four mm diameter plugs were cut and mixed with twice-autoclaved barley seed. The barley was incubated for 2 weeks at 25 C until the fungal mycelia covered the entire grain surface. The barley was then dried, ground, and mixed with corn meal to disperse the inoculum onto the soil surface. Inoculum consisted of hyphal pieces and colonized barley seed pieces. Infested barley-cornmeal mixture was broadcast by hand in the inoculated plots at mid-vegetative stage in 1997 and at mid-flowering in 1998 and 2000.

Jimsonweed and morningglory species are considered hosts of Rhizoctonia solani, the causal agent of pod rot although this factor did not impact weed biomass or bur/seed parameters (Black et al., 1996). Although there is little information on how susceptible these species are to R. solani. Common cocklebur is not a host of R. solani.





Data collection

The height and width of lima bean canopy were measured 65 days after planting (DAP) to assess the impact of weeds on canopy development. Throughout the season, all plots were surveyed for pest insects, most notably corn earworm (Chloridea obsoleta L.) and lygus bugs [Lygus lineolaris (Palisot de Beauvois)].

At crop harvest, lima bean pods from ten randomly selected plants of the center two rows were separated into flat or plump pods based on seed development. In addition, number of seeds per pod (1, 2, or 3), dried pods, pod rot incidence, and insect damaged pods were determined for 5 plants. Pods per plant and number of seeds per pod served as indicators of yield components while number of succulent and dry pods indicated if weed presence or R. solani affected crop maturity.

The center two rows (6 m long) of each plot were harvested for final yield. Entire plants were pulled, pods were mechanically threshed, and seed weight was recorded. A 600 gm sub-sample from the final yield was passed through a sieve of 95 mm diameter holes to determine the marketable yield. Seeds that were retained on the sieve were considered marketable. Weight of 200-seeds retained on the sieve was determined. Finally, a random sample of 200-seeds was collected and examined for pest insect damage and staining from R. solani (Dillard, 1987). Weight and damage of these 200 seeds served as indicators of lima bean quality.

Three weeds per plot for common cocklebur and jimsonweed were randomly selected at harvest for weed seed production and biomass accumulation. The vining growth habit of ivyleaf morningglory prevented us from identifying separate plants. Weed plants were cut at ground level and placed in individual paper bags. Plants were oven-dried to constant weight and weed dry weights recorded. Common cocklebur burs were removed and total weight of 200 burs was recorded. Jimsonweed seed capsules were opened and seed was collected and cleaned. Total seed weight and weight per 200 weed seeds were determined for individual jimsonweed plants. Additionally, the number of viable jimsonweed seeds out of the 200-seed sample was counted in 1998 and 2000. Seeds that resisted the gentle pressure of forceps were considered to be viable.





Statistical analysis

All data were subjected to analysis of variance using PROC Mixed version 9.4 (SAS Institute Inc., Cary, NC). Year and replications within year were treated as random effects while weed species, weed density and presence of R. solani inoculum were fixed effects. Fisher’s protected LSD was used for mean separation at P = 0.05. In 1997, jimsonweed and ivyleaf morningglory did not emerge, thus, only common cocklebur was used for evaluations.






Results




Weed parameters

Lima bean competition had marked impact on weed biomass production (Table 1). Comparing seven weeds 10-1 m of row without the lima bean crop with the same density in the presence of lima bean, common cocklebur biomass reduction ranged from 48 to 65% as a result of interspecific competition. Similarly, lima bean competition reduced jimsonweed biomass, ranging from 38 to 74% in two out of the three site-years; with no differences detected for the May-planted lima bean in 1998.


Table 1 | Biomass and seed production per plant of common cocklebur (XANST) and jimsonweed (DATST) in 1997, 1998, and 2000 as influenced by density and presence of the lima bean crop.



Competition from the lima bean crop also reduced bur or seed production at four out of the seven weeds by site observations (Table 1). Burs or seeds were reduced by as much as 77% in 1997. However, the crop competition did not reduce the size of individual seeds as noted by weight of 200 burs or seeds.

Weed biomass was at least 2X greater with the May-planted lima bean in 1998 than the other three sites (Table 1). Conversely, 200-bur/seed weight and viable seed production increased with the typical planting date of July. There was an increase of at least 40 and 30% in 200-bur/seed weight for common cocklebur and jimsonweed, respectively. Viability of jimsonweed seeds also increased by at least 29% with the typical planting in 1998 (data not presented).

Neither weed density (7, 10, or 20 plants 10 m-1 row) nor R. solani impacted common cocklebur or jimsonweed biomass production, total bur/seed production, or 200-bur/seed weight at any site (Table 1). Viable seed production of jimsonweed also was not affected by weed densities, presence or absence of the lima bean crop, or pod rot in all three years (data not shown).





Lima bean yield

Total lima bean yield was not impacted by pod rot (data not presented). No differences were noted in total lima bean yield between different weed densities in 1997 or 2000 (Table 2). Poor lima bean yield in 2000 was influenced by downy mildew infestation during the reproductive stage. Total lima bean yield loss was recorded with both planting dates in 1998, with losses of 26 and 33% recorded for May and July planting, respectively. Yield loss was greater with 10 or 20 weeds 10 m-1, compared to 7 weeds 10 m-1, but no differences were detected between the two higher weed densities.


Table 2 | Total yield and marketable yielda of lima bean as influenced by density of weed species in 1997, 1998, and 2000.



When yield loss was detected, ivyleaf morningglory reduced total yield more than either common cocklebur or jimsonweed with the May-planting in 1998. Ivyleaf morningglory or jimsonweed reduced yield more than common cocklebur for July-planted lima bean in 1998. Yield loss from ivyleaf morningglory averaged 25 and 22% across all densities in May- and July-plantings, respectively, in 1998. Weed species was not a significant factor in 2000.

Weed densities reduced marketable yield for both planting dates in 1998, but not in 1997 or 2000 (Table 2). Marketable lima bean yield was reduced by 26% when weeds were present for the May planting date in 1998 with no differences observed among the three weed densities tested. For the July-planting date in 1998, yield was highest with the weed-free check with 3287 kg ha-1. Weed densities of 7 and 10 weeds 10 m-1 of row reduced marketable yield similarly, averaging 26% yield loss. Densities of 20 weeds 10 m-1 row resulted in the greatest yield reduction with 33% yield loss. The factors of weed species and pod rot did not have an influence on marketable yield of lima bean.

In 1998, weed dry weights were greater with the May planting date by 3X compared to July planting, while lima bean yields were 30% lower at the May planting date compared to the typical planting date. However, yield reduction due to weed competition was 26 to 33% for both planting dates. Furthermore, common cocklebur biomass in 1997 and 2000 was similar to July planted site in 1998 (214 to 243 gm plant-1), yet yield loss only occurred in 1998. Thus, yield loss cannot be explained by weed biomass data alone.





Lima bean attributes

Lima bean height at harvest was not influenced by weed density, weed species, or R. solani (data not presented). Lima bean width was less in the presence of weeds in the July planting in 1998 and 2000, by 7 and 13%, respectively. There was no difference for weed densities.

Presence of weeds reduced number of total lima bean pods in 1997 and 1998 by 20 to 39%. No difference in lima bean pod number was observed in 2000 when pod number was low (Table 3). Total number of pods was highest for the weed-free plots. The presence of weeds reduced pod number, but differences between weed densities were only detected in 1997. Total number of pods were 26, 34, and 22 for 7, 10 and 20 weeds 10 m-1 of row, respectively.


Table 3 | Lima bean pod attributes in 1997, 1998, and 2000 as influenced by weed species and weed densitya.



Differences in total number of pods was detected among the weed species with both plantings in 1998. Total number of pods was lowest when ivyleaf morningglory was present, with 20 pods per plant, compare to jimsonweed and common cocklebur with 31 and 26 pods per plant, respectively at the May planting date in 1998. With the July planting date, ivyleaf morningglory resulted in the fewest pods while common cocklebur had higher pod number with 38.

Weed species, weed densities, or pod rot had a limited effect on the percent plump, flat, or dry pods. Jimsonweed had 3% fewer plump pods and 4% more dry pods compared to common cocklebur for July-planted lima bean in 1998 only.

Yield components measured as number of 1-seeded, 2-seeded, or 3-seeded pods per five plants were not influenced by weed density in 1997 or 2000, however differences were observed in 1998 (Table 4). Number of 1- and 2-seeded pods produced by May-planted lima bean was highest in the weed-free plots compared to the presence of weeds. There were no differences among the weed densities. In the absence of weeds, there were 5 and 9.5 pods per plant for 1- and 2-seed pods, while 1- and 2-seed pods averaged 2.7 and 7.3 in the presence of weeds. Similar trends were observed for the July planting, with more 1-, 2-, and 3-seed pods in the absence of weeds, and 34, 23, and 31% reduction, respectively, in the presence of weeds, regardless of weed density.


Table 4 | Yield components of lima bean as influenced by weed species and weed densitya.



Jimsonweed and common cocklebur plots for May planting in 1998 had similar number of 1- and 2-seeded pods, averaging 3.6 and 8.7 pods, respectively, while ivyleaf morningglory had the fewest number of 1- and 2-seeded pods with 2.6 and 6.1. Number of 3-seeded pods was similar for all treatments, averaging 5.6 pods per plant.

For the July-planting, common cocklebur plots had highest number of 2- and 3-seeded pods (13.3 and 11.6 pods per plant, respectively) with jimsonweed and ivyleaf morningglory having similar number of 2- and 3-seeded pods (11.2 and 9.5 pods per plant respectively. At all planting dates, 4-seeded pods were present, but it was a very low number (<1 per plant) (data not presented).





Other pests

In 1998, pod rot infection and insect damage on the pods of July-planted lima bean was affected by R. solani inoculation and weed density (data not presented). Although differences did exist, they were slight. Pod rot infection on the pods was highest in the uninoculated weed-free plots and lowest in the inoculated plots with 10 plants per 10 m-1 row, 16 and 14 infected pods, respectively. Insect damage on pods was greater on pod rot infected weed-free plots (16 damaged pods per 10 plants) than plots with 7 and 10 weeds 10-1 m row that were inoculated with pod rot and inoculated plots with 0 and 20 weeds 10-1, averaging 8 damaged pods per 10 plants. Environmental factors may have contributed to the inconsistent or erratic results.

Rhizoctonia staining on seeds (referred to as “brown bean”) was influenced by weed density and R. solani inoculation of July-planted lima bean in 1998 (data not presented). Overall, pod rot severity was low; only 5 out of 200 seeds were infested with R. solani in the inoculated plots. The uninoculated plots had lower number of seeds infested with the R. solani (2 out of 200 seeds). Pod rot infection on the seeds was greater when weeds competed with lima bean, however, no differences were observed between the three densities or species, averaging 4.6 out of 200 seeds (data not presented). Black et al. (1996) reported no differences for R. solani infestation of common cocklebur and entireleaf morningglory but they did not examine the potential R. solani infestation on a host crop plant.

Downy mildew infestation on the pods was evaluated in 2000 only. No treatments differences were noted.






Discussion

Season-long weed competition in this study impacted yield and yield components and this is in concurrence with previous research with Phaseolus species. Aguyoh and Masiunas (2003b) noted pod number, length, and diameter were dependent on redroot pigweed density over a range of 0 to 8 plants m-1 of row.

Weed density had limited and inconsistent effects on crop height and biomass in this study (data not presented). In contrast to our results, Aguyoh and Masiunas (2003a); Aguyoh and Masiunas (2003b) noted reduction in snap bean biomass when higher weed densities were included. Weed densities used in this study were based on previous additive design experiments using other Phaseolus spp (Blackshaw, 1991; Chikoye et al., 1995; Neary and Majek, 1990). However, the results of this study indicate that a wider range of weed densities are needed to detect density differences. Thus, weed densities less than 7 plants 10 m-1 and greater than 20 plants 10 m-1 row are needed to evaluate the impact of weed competition on lima bean.

Similar to our results, research with snap bean indicated broadleaf weeds (common cocklebur or redroot pigweed) emerging with snap bean and exceeding a density of 0.5 to 1 weed m-2 can reduce snap bean yield and therefore warrant control measures (Neary and Majek, 1990; Aguyoh and Masiunas, 2003b). Lima bean typically require 2 to 3 weeks longer to reach harvest stage than snap bean, but it appears that the competitive relationship between these two Phaseolus species and weeds are similar.

Percent plump, flat, and dry pods are an indicator if weed presence or density influenced crop maturity. Weed density and weed species did not have a consistent impact on lima bean maturity (Table 3). Flat pods are an indication of delayed maturity while more dry pods would represent more physiologically mature plants. Weed density or species influenced crop maturity at only one site based on flat and dry pods.

This study was not designed to evaluate the influence of planting dates on lima bean-weed competition. However, two planting dates were used in 1998 to compensate for no jimsonweed emergence the previous year, and this allowed for planting date comparisons. Lima bean yield losses in 1998 were 18, 29, or 25% for May-planted lima bean and 17, 26, or 31% for July planted lima bean when weeds were present at densities of 7, 10, or 20 plants 10 m-1, respectively. Percent yield reduction as a result of weed competition was similar regardless of planting date although individual weed growth was much greater with the May planted lima bean. In similar research conducted with soybean, common cocklebur biomass production was lower with a July planting date compared to April or May planting dates (Rushing and Oliver, 1998). However, they also reported percent yield loss was similar for the respective common cocklebur densities across the three planting dates.

Harvesting is a practical consideration that is often not included in yield loss models (Glaze and Mullinix, 1984). Machine-harvest of the May-planted lima bean in the present study would have been difficult, or even impossible as a result of the weed size (H. Seamons, personal communication). On the other hand, July-planted lima bean could have been harvested with machinery due to less vigorous and smaller sized weeds.

July planting of lima bean resulted in improved yield. Similar results were reported by others (Glaze and Mullinix, 1984; Wootten, 1994). The cooler night temperatures associated with July planted lima bean in southern Delaware are more favorable for flower and pod development than high temperature and high relative humidity at nights during the reproductive phases associated with early planting (Fisher and Weaver, 1974; Wootten, 1994). As a result, lima bean are typically planted in late June through mid-July.

Monks and Oliver (1988) noted that biomass of common cocklebur and tall morningglory [Ipomea purpurea (L.) Roth] was reduced greater than 90% in response to soybean competition. Weed biomass reduction due to lima bean competition was less in this study compared to the reductions from soybean noted by Monks and Oliver (1988), suggesting that lima bean is less competitive with weeds than soybean.

Weed seed production was greater for weeds growing without a crop in four out of seven situations (Table 1). Weed seed viability and 200-seed weight were not different between treatments, regardless of planting date. Although the early planted lima bean allowed for larger weeds, these weeds did not produce more weed seed. Mosier and Oliver (1995b) reported entireleaf morningglory seed production was reduced by over 70% when grown in combination with soybean, compared to no soybean competition. This was one of the few studies examining the impact of crop competition on weed growth and weed seed production. This limits the ability to compare the real impact crop and crop management has on weed growth and fecundity.

As noted, planting date can impact the outcome of weed and crop competition, but so can length of growing season. Snap bean have a shorter growing season than lima bean by three to four weeks. Soybean have a longer growing season and most trials collecting weed biomass or reproductive output at soybean harvest, occurs twelve weeks after planting or longer. Weed production can increase rapidly in the late summer and so understanding the interactions of planting date, length of growing season and when weed fecundity is recorded are all important variables (Hill et al., 2016).

Research in snap bean has noted interactions between insect infestations and weeds (Aguyoh et al., 2004). We did not observe this in our study. However, few trials investigate these types of interactions and future research should note the interaction of multiple pests.

Weed management decision depends on understanding the relationship between weed species, density, and lima bean yield loss. Decisions on planting date of lima bean should consider the crop yield loss associated with early planting, intensity of weed management program to control larger, and more robust weeds when lima bean are planted early.




Practical implications

Lima bean have few herbicide options and growers rely on cultivation to supplement weed control, thus growers are often faced with the decision of whether or not to control weed escapes. Common cocklebur, jimsonweed, and ivyleaf morningglory are common weed species in the Mid-Atlantic region of the USA and have different growth habits, yet yield loss was not consistent for these three species and as a result they often had the same impact on yield at similar densities. Weed density of 7 plants 10 m-1 of row resulted in similar yield loss to higher densities and need to be controlled. Additional research is needed to establish a more refined weed threshold. Planting date is an important factor that is not often considered for weed management, with an earlier planting date resulting in larger weeds. Percent yield loss was similar across a range of planting dates, yet when lima bean was planted in May it resulted in larger weeds that would have hindered machine harvest. Lima bean producers need to implement effective weed management to prevent yield loss and prevent the production of weed seeds that can impact future cropping seasons.
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A 600 gm of seed sample from the final yield was passed through a sieve of 95 mm diameter holes and seeds that were retained on the sieve are considered marketable. Marketable yield was
calculated using percent marketable seeds for each plot.

®Total yield and marketable yield were averaged across three weed species in 1998 and 2000 while data for 1997 was for common cocklebur only.

“XANST, common cocklebur; DATST, jimsonweed; IPOHE, ivyleaf morningglory; NS, not significant.
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“XANST, common cocklebur; DATST, jimsonweed; IPOHE, ivyleaf morningglory; NS, not significant.
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