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Buckwheat [Fagopyrum esculentum Moench] is an annual broadleaf grain crop, which also 

has utility as a cover crop. Cover crops are plants that are planted for purposes other than for 

food, feed, fuel, and fiber and provide ecosystem services such as erosion control and pest 

management. Buckwheat is considered to be a promising cover crop for weed management in 

sustainable and organic cropping systems since its rapid germination and growth permit 

competition for resources, and because of inhibition of weed seed germination and propagule 

sprouting and the potential for allelopathy. However, low tolerance of drought, frost and hot 

weather may limit the use of buckwheat in some locations. The goal of this study was to generate 

information on planting dates and termination practices for buckwheat to determine whether it 

can be used as a cover crop to suppress weeds effectively for sustainable and organic cropping 

systems in north central Florida. 

The objective of the first experiment was to determine the optimal planting period for 

buckwheat in spring and fall. Buckwheat growth and canopy closure in spring were better when 

planted between late April and early May than at earlier and later planting dates. During the 

spring cover cropping period, buckwheat suppressed weeds effectively and the persistence of 

suppression after buckwheat termination of total and monocot weed biomass was as effective as 
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a harrowed control and better than a weedy fallow. Buckwheat also effectively suppressed weeds 

during the cover cropping period in fall with the optimal planting period in October to avoid hot 

temperatures in early fall and frost injury later in the season. Weed suppression after buckwheat 

termination in fall was not significantly different from that with the harrowed control and weedy 

fallow. 

In the second experiment, termination practices for buckwheat were compared. Buckwheat 

grown in spring and fall 2008 was terminated successfully with all of the practices used: rolling, 

flail mowing alone, light tillage alone, and the combination of flail mowing and light tillage. The 

loss of buckwheat residue biomass was greater with termination methods of light tillage alone 

and the combination of flail mowing and light tillage than with rolling or flail mowing alone. 

Buckwheat terminated with rolling generated the most long-lasting residue coverage in spring 

compared with the other termination practices. Although rolling and flail mowing were not 

effective for suppression of established weeds, there were fewer weed seedlings with buckwheat 

killed by rolling and flail mowing than killed by light tillage alone and the combination of flail 

mowing and light tillage. Light tillage alone may be a promising method to terminate buckwheat 

in fall to save the fuel cost of using the combination of flail mowing and light tillage. Rolling and 

flail mowing may be potential termination practices for spring and specifically for no-till 

cropping systems with similar effects on weed control, whereas the persistence of surface mulch 

generated by flail mowing was shorter than with rolling. 
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CHAPTER 1 
INTRODUCTION 

Weed management in horticultural production can be a major challenge in conventional, as 

well as in transitional and organic production systems. In conventional systems, fewer herbicides 

are available than for agronomic crops because of less acreage devoted to horticultural crops and 

the liability of herbicide damage to crops, which discourage research and development by 

agrochemical companies. Even when herbicides are available, they may not be used because of 

the possibility of injury to rotational crops. In transitional and organic cropping systems, the use 

of synthetic herbicides is not permitted so alternative measures are needed. Effective 

nonchemical weed management strategies can assist with weed management problems for which 

there are no registered herbicides, reduce the use of herbicides in conventional production 

systems, provide increased options for sustainable systems, and result in more profitable, more 

productive, and less labor-intensive organic production systems. The optimization of cultural 

weed management practices such as cover cropping can reduce the need for herbicides, limit the 

likelihood of herbicide-resistant weeds in conventional systems, reduce the need for hand-

weeding, and by decreasing the frequency of cultivations in organic production systems, limit the 

adverse effects of weed management on the environment. 

Sustainable Cropping Systems 

There is increased public concern about environmental contamination, soil erosion and 

degradation, pesticide residues in foods, development of herbicide-resistant weeds, occurrence of 

new weed problems due to single control methods, and other social, economic and health-related 

impacts caused by conventional agriculture systems with high input of chemicals. As a result, 

there is increasing interest in the development of agricultural ecosystems that depend on the 
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management of ecological interactions rather than synthetic chemicals to maintain economic and 

biological productivity (Liebman and Ohno, 1998).  

The definition of sustainable agriculture is “an integrated system of plant and animal 

production practices having a site-specific application that will over the long term satisfy human 

food and fiber needs, enhance environmental quality and the natural resource base upon which 

the agriculture economy depends, make the most efficient use of nonrenewable resources and on-

farm resources and integrate, where appropriate, natural biological cycles and controls, sustain 

the economic viability of farm operations, and enhance the quality of life for farmers and society 

as a whole (USDA, 2008).” In sustainable cropping systems, the goal is to conserve, establish 

and maintain the soil at a high level of fertility with its sustainability involving social, economic, 

and ecological relationships at local, national, and global levels (Abdul-Baki and Teasdale, 1997). 

Some of the major practices include crop rotation, reduced tillage, use of animal manures, and 

cover crops (Lu et al., 2000). 

As for weed management in sustainable cropping systems, it is a challenge for farmers to 

control weeds effectively without herbicides, especially organic farmers who consider weeds to 

be their most serious problem (Baker and Smith, 1987). Some approaches used to control weeds 

in sustainable agrosystems include cover crops, timely cultivation, rotation of crops, mulches, 

solarization, and tillage (Walz, 1997). Since weeds are a major factor affecting agricultural 

production and employment, practices that render weed management more efficient, economic, 

and environmentally safe can contribute to maintaining a viable, sustainable agriculture system 

(Creamer et al., 1996). 

Integrated Weed Management 

In conventional vegetable cropping systems, a combination of tillage and herbicide is 

generally used to control weeds. However, tillage may cause loss of soil structure and soil 
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erosion (Melsted, 1954), and herbicides may contaminate water resources (Thurman et al., 1991). 

For sustainable agroecosystems, the approach to controlling weeds is through the strategy of 

“integrated weed management,” which has been defined as the application of multiple 

approaches, such as prevention, cultural, physical, biological, and chemical strategies to enhance 

the competitiveness of crops over weeds (Aldrich and Kremer, 1997). 

Integrated weed management (IWM) not only focuses on killing or suppressing weeds, but 

also on the interaction with agroecosystems (Liebman et al., 2001). With IWM, multitactic and 

ecologically based strategies are used to reduce weed population under acceptable threshold 

levels and improve crop competitiveness (Mortensen et al., 2000). Management measures that 

provide greater weed species richness or more uniform distribution of species might result in 

more persistent weed control and may be more beneficial to the ecosystem than strategies in 

which only a few dominant weeds survive (Clements et al., 1994). IWM has the ability to restrict 

weed population and regeneration with complementary practices in a congregate management 

system (Hillger et al., 2006); and moreover, it also helps growers to reduce herbicide costs, 

herbicide-resistant weeds and moderate the negative social, health, and environmental impacts of 

agriculture (Swanton and Murphy, 1996). 

In organic cropping systems, synthetic chemicals are generally prohibited with the 

potential likelihood of environmental and economic benefits. The National Organic Rule (USDA, 

2002) recommends cultural practices as the first level of pest management and indicates that 

permitted weed management practices also include (1) mulching with fully biodegradable 

materials, (2) mowing, (3) livestock grazing, (4) hand weeding and mechanical cultivation, (5) 

flame, heat, or electrical means, or (6) plastic or other synthetic mulches which are removed 

from the field at the end of the growing or harvest season as the secondary level practices, and 
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nonsynthetic herbicides as strategies in the third level. However, the only such herbicide 

registered for use in organic cropping systems is ammonium nonanolate, and The National List 

of Allowed and Prohibited Substances includes soap-based herbicides for use only for non-crop 

areas of organic farms and ornamental crops (USDA, 2007). 

Cover Crops 

Cover crops are species that are planted specifically to increase soil organic matter, 

maintain or increase nutrient availability, improve soil physical properties, prevent soil erosion, 

and in some cases, reduce soil-borne pathogens (Sarrantonio, 1994), but not planted for profit or 

economic value. Leguminous cover crops can also be used as green manures to provide nitrogen 

into the soil at the end of the growing season (Peoples et al., 1995).  

Mechanisms of Weed Suppression 

Using cover crops to suppress weeds became popular during the search for sustainable and 

environmentally-friendly farming methods (Shilling et al., 1985). The mechanisms of such an 

inhibition effect include crop and weed competition for resources of light, water and nutrients 

(Barnes and Putnam, 1983), the potential to occupy the space before weeds (Barberi, 2002; 

Gallandt, 2004; Hatcher and Melander, 2003; Liebman and Davis, 2000) during the growing 

period of cover crops, and alteration of the soil physical environment, for instance, changes in 

light availability, soil temperature, and soil moisture by living cover crops (Teasdale and 

Daughtry, 1993) and cover crop residues (Teasdale and Mohler, 1993). Additionally, cover crops 

may be planted due to their allelopathic ability to suppress weeds (Putnam and DeFrank, 1979). 

Weed seed mortality may also be greater in the presence of cover crop residues because they 

may favor seed predators (Reader, 1991). Moreover, when cover crops were used in combination 

with herbicides in various reduced tillage systems, better weed control and more consistent crop 

yield were obtained (Teasdale, 1996). Therefore, weed populations and crop yield can be 
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affected by using cover crops and management systems in both the long and short term 

(Ngouajio et al., 2003). 

Limitations 

However, there are also adverse effects of using cover crops. They require additional 

management and the purchase of cover crop seed. Cover crops may cause soil moisture depletion 

and residues may interfere with crop establishment, decrease soil temperature, and result in less 

predictable crop fertilizer requirements, which may cause problems for growers (Teasdale, 1996). 

One of the concerns of utilizing cover crops in cooler climates is that soil will be cooled to 

temperatures that may delay crop production and becomes a disadvantage when the soil must be 

warmed quickly after a cold winter (Masiunas et al., 1995). Another negative effect caused by 

growing cover crops is that they may exploit soil moisture in areas without enough water 

recharge for the soil before subsequent crop planting and reduce crop yield; however, 

improvement of water conservation may also be accomplished by retaining crop residues on the 

soil surface (Unger and Vigil, 1998). 

Termination 

In the southeast, nonselective herbicides are commonly used for killing cover crops 

followed by a selective postemergence herbicide as needed, especially for grass cover crops 

(Worsham, 1991). However, with concerns about human and environment health, management 

practices with reduced chemical inputs are desirable especially for cropping systems in which 

limited herbicide products are permitted. Terminating cover crops mechanically is an alternative 

to the conventional strategies. 

Cover crop residues can be incorporated into the soil or terminated and retained on the 

surface of the soil as mulches to facilitate weed suppression in succeeding crops. It is 

recommended that cover crop termination should occur at least two weeks before cash crop 
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planting for the timely recharge of soil moisture (Hargrove and Frye, 1987). The success of 

termination strategies depend partially on the growth stage and species of the cover crops 

(Creamer and Dabney, 2002). Termination practices can also affect weed emergence and growth 

(Creamer et al., 1995). 

Allelopathy 

The definition of allelopathy is: a beneficial or detrimental effect from a donor plant to a 

receiving one via a chemical pathway (Rice, 1984). Putnam (1986) broadened this definition to 

include chemicals produced by actinomycetes, algae, fungi, or other microorganisms that may 

have association with the plants in the rhizophere. Allelochemicals are usually produced in plants 

as secondary products and some primary metabolites (Putnam, 1988) and major intermediates 

are also involved (Rice, 1984). Phytotoxic compounds occur in virtually all plants in organs such 

as leaves, stems, flowers, roots, seeds, and buds. Allelopathy is said to have occurred when these 

chemicals are exuded or released into the environment at adequate rates and conducive 

conditions to interfere with the germination and growth of surrounding plants (Weston, 1996). 

Many cover crops release significant levels of allelochemicals, which reduce weed 

emergence (Putnam et al., 1983). Such allelopathic plants can contribute to weed management 

when included as rotational crops and by using the crop residues (Weston, 1996). The 

allelopathic effect of cover crops may inhibit emergence or early growth of small-seeded crops 

such as lettuce (Lactuca sativa L.) or tomato (Solanum lycopersicum L.) (Putnam et al., 1983). 

Caamal-Maldonado et al. (2001) planted legume cover crops with transplanted tomato and found 

that weed numbers, weed biomass, and tomato biomass were stimulated or suppressed depending 

on cover crop species. Therefore, it is needed to prevent negative effect such as interference 

caused by living cover crops through competition and allelopathy for optimizing use of 

allelopathic cover crops (Caamal-Maldonado et al., 2001). 
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Using allelopathic plants to manage pests, such as weeds, insects, nematodes, and 

pathogens can have a positive effect on crop yield while maintaining more pristine 

environmental conditions (Tsuzuki and Dong, 2003). Since there is a trend towards increased 

herbicide resistance in weeds, the use of allelopathic cover crops for weed management in crop 

production may also increase (Rizvi and Rizvi, 1992). Furthermore, growth inhibitors identified 

from allelopathic plants could also be a useful source for the future development of bioherbicides 

and pesticides (Putnam, 1988; Xuan et al., 2005). 

Buckwheat 

Buckwheat [Fagopyrum esculentum Moench] is an annual broadleaf grain and belongs to 

the Polygonaceae family. Its origin is in temperate East Asia and because of its wide adaptability 

to different environmental conditions, it has spread worldwide. Currently, it is grown in Australia, 

Argentina, North America, Europe, East Asia, and India as an important food and noodle 

ingredient and also as a summer cover crop to improve organic matter in the soil and reduce soil 

erosion (Iqbal et al., 2003). 

Morphology and Biology 

Buckwheat can grow to a height of about 100 cm and has a thick and succulent stem with 

some axillary branches. It has a single stout taproot with several branched lateral roots. Most of 

the roots are in the upper 25 cm of soil (Valenzuela and Smith, 2002). Buckwheat prospers in a 

cool, moist environment but is not tolerant of frost, and thus, it cannot be used as a winter annual 

crop. Buckwheat is not tolerant of drought either and wilts under a hot, dry environment, but will 

recover rapidly in the humid evening conditions (Sarrantonio, 1994). During the reproductive 

period, it produces clusters of small and whitish or pinkish flowers and small triangular fruits. 

Buckwheat can be planted in various soil types, even infertile, poorly tilled lands and soils 

with low pH. However, it does not tolerate heavy, wet soils or soils with a large amount of 
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limestone (Sarrantonio, 1994). Moreover, its growth may be stunted with reduced grain yield 

when planted in light, well-drained soils with high nitrogen content (Sarrantonio, 1994). 

Cover Crop Benefits and Limitations 

As a cover crop, buckwheat has a strong ability to suppress weeds due to its rapid growth, 

which results in rapid establishment of the canopy, competition for light, and interference with 

the growth of weeds (Oplinger et al., 1989). It can be used to suppress or eradicate Canada thistle 

(Cirsium arvense (L.) Scop.) (Eskelsen and Crabtree, 1995), quackgrass (Agropyron repens (L.) 

Beauv.) (Cook, 1989), sowthistle (Sonchus spp. L.), field bindweed (Convolvulus arvensis L.), 

leafy spurge (Euphorbia esula L.), Russian knapweed (Centaurea repens L.), and perennial 

pepperweed (Lepidium latifolium L.) (Oplinger et al., 1989). 

Buckwheat also possesses other desirable characteristics such as: (1) attractiveness to 

beneficial insects like natural enemies that suppress pests such as whiteflies and aphids (Frank 

and Liburd, 2005; Hooks et al., 1998) and pollinators, (2) ease of kill with rapid decomposition, 

and (3) the potential to extract soil phosphorus (Marks and Townsend, 1973). Because of its 

rapid growth and canopy closure, buckwheat could be used to provide soil cover for a short, 

warm period to protect and condition the soil prior to transplanting or sowing late-season crops 

(Sarrantonio, 1994). Its rapid decomposition rate allows for seedbed preparation without residue 

interference and offers a short-term improvement in soil tilth, water-holding capacity, and 

nutrient availability for a subsequent crop (Sarrantonio, 1994). 

In addition to the benefits, there are also limitations when using buckwheat as a cover crop 

or living mulch. Buckwheat living mulch may cause interspecies interference due to competition 

for light and nutrient resources and allelepathy (Eskelsen and Crabtree, 1995). The 

allelochemicals in buckwheat may inhibit the germination and growth of small-seed crops such 

as lettuce, cress, carrot, and onion (Iqbal et al., 2002; Iqbal et al., 2003; Kato-Noguchi et al., 
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2007). The timing for buckwheat termination is also important as the cover crop must be killed at 

35 to 40 days after seeding to reduce the incidence of volunteer plants from seeds and buckwheat 

regrowth from cut stems (Björkman, 2006). However, even after buckwheat termination, it may 

has the potential to cause nitrogen deficiency in subsequent crops because of immobilization 

during residue decomposition (Kumar et al., 2008). 

Mechanisms of Weed Suppression 

Because of its rapid germination and growth, buckwheat can be used as a weed suppressive 

cover crop to compete against weeds for resources such as light, soil moisture, and nutrients. 

Buckwheat can also establish its canopy faster than weeds to shade the soil surface and modify 

the soil environmental conditions to interfere with weed germination and growth (Eskelsen and 

Crabtree, 1995). Additionally, Kumar et al. (2008) suggested that nitrogen deficiency caused by 

uptake during buckwheat growth, nitrogen immobilization during residue decomposition, and 

fungal pathogens of weeds that grow on residues are possible mechanisms of weed suppression, 

and the effectiveness will depend on species. 

Tang (1986) reported that buckwheat may have the potential to release phytotoxic 

chemicals that inhibit the germination of wheat. Tsuzuki and Yamamoto (1987) and Tsuzuki et 

al. (1987) found that there are three phenolic acids: ferulic acid, caffeic acid, and chlorogenic 

acid and four fatty acids: palmitic acid, stearic acid, arachidic acid, and behenic acid in 

buckwheat. Iqbal et al. (2002) reported three other chemicals: fagomine, 4-piperidone, and 2-

piperidinemethanol, as allelochemicals in buckwheat. Iqbal et al. (2003) isolated and identified 

other allelopathic constituents such as gallic acid and (+)-catechin in the ethyl acetate phase. In 

contrast, buckwheat shoots are repoted to contain the following allelochemicals: rutin, 

chlorogenic acid, and (-)-epicatechin (Golisz et al., 2007) and the weed-suppressive compounds 

in roots include: 4-hydroxyacetophenone, vanillic acid, and gallic acid (Kalinova et al., 2007). 
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Some flavonoids found in buckwheat such as catechin, quercetin, and isoquercitrin also have 

inhibitive effects on weeds (Kalinova and Vrchotova, 2009). 

The isolated fagomine, 4-piperidone, and 2-piperidinemethanol reduced radicle elongation 

in lettuce seedlings by 50% (Iqbal et al. 2002) and gallic acid had stronger effect on inhibiting 

root and hypocotyl elongation than (+)-catechin (Iqbal et al., 2003). The results of Tsuzuki and 

Dong (2003) indicated suppression of barnyardgrass (Echinochloa crusgalli L.) and monchoria 

(Monochoria vaginallis P.) in rice fields of Japan. Powell amaranth (Amaranthus powellii) 

emergence and growth were reduced by buckwheat residues (Kumar, 2009). Buckwheat 

seedlings were also suppressive to cress, lettuce, timothy, and ryegrass seedlings due to release 

of allelochemicals that interfered with neighboring plants (Kato-Noguchi et al., 2007). 

Hypotheses and Objectives 

Buckwheat is a promising weed-suppressive cover crop because of its rapid establishment 

and growth and the potential for allelopathy. However, its utility may vary with location, 

management practices, and environmental factors. Therefore, it is hypothesized that there will be 

optimal planting periods in spring and fall during which buckwheat would effectively suppress 

weeds in north central Florida and persistence of weed suppression with buckwheat would differ 

depending on the practices used to terminate the crop. 

The overall objective was to determine the effectiveness of buckwheat for weed 

suppression when grown in north central Florida. The specific objectives of this study were (1) to 

determine the optimal planting period for buckwheat as a cover crop in Florida for effective 

weed suppression, and (2) to determine the optimal termination practices for buckwheat when 

used as a cover crop to suppress weeds in Florida. 
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CHAPTER 2 
OPTIMAL PLANTING PERIOD FOR BUCKWHEAT AS A COVER CROP FOR WEED 

SUPPRESSION IN FLORIDA 

Introduction 

Weed management can be challenging for conventional growers of specialty crops due to 

limited herbicide options. The conventional weed management approach, which is strongly 

dependent on the application of herbicides, was confronted with public concerns about 

environmental, economic, and health issues. Herbicide-resistant weeds have been increasing in 

cropping systems in which herbicides are the primary means of weed management (Heap, 2007). 

In addition, a survey of organic growers indicates that weeds are the major production problem 

in organic cropping systems (Walz, 1997). The use of cover crops is one way to maintain 

productivity and reduce the cost of and reliance on synthetic chemicals in production systems 

where few products are registered or allowed. 

Cover crops could be used as an alternative to herbicides and as a part of an integrated 

weed management program to suppress weeds in conventional production systems and decrease 

the need for hand-pulling and cultivation in organic systems. Since tillage and herbicides are 

generally used in conventional cropping systems for weed management, it is possible that soil 

erosion and loss of soil physical properties can be caused by tillage, and that contamination of 

water bodies can result from inappropriate herbicide use culminating in environmental problems 

(Melsted, 1954; Thurman, 1991). Cover crops can also be an option to moderate these problems 

for more sustainable cropping systems (Sarrantonio, 1994; Creamer and Baldwin, 2000). As a 

result, the development of agricultural ecosystems that depend on the management of ecological 

interactions rather than synthetic chemicals to maintain economic and biological productivity 

may lead to less adverse impacts on the environment (Liebman et al., 2001). 
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 Both living cover crops and cover crop residues can effectively interfere with weed seed 

germination and emergence (Teasdale, 1993). The mechanisms by which cover crops suppress 

weeds include resource competition during cover crop growth, allelopathy, and modification of 

soil microclimate, such as light penetration, soil temperature, and soil moisture (Creamer et al., 

1997). After termination, cover crop residue left on the soil surface can also be used as a physical 

barrier to weed emergence and to modify soil environmental conditions to eliminate light and 

temperature cues for weed seed germination (Teasdale, 1993; Hutchinson and McGiffen, 2000; 

Ngouajio et al., 2003). Cover crop residues can also provide habitat for weed seed predators to 

lessen the weed seed bank (Reader, 1991; Pullaro et al., 2006). 

Buckwheat [Fagopyrum esculentum Moench] is an annual broadleaf grain crop, which 

belongs to the Polygonaceae family and has been utilized as a summer cover crop for soil 

fertility improvement, soil erosion prevention, and weed suppression (Sarrantonio, 1994). Its 

optimal growth may occur in cool and moist environments, but it is intolerant to frost and 

drought (Sarrantonio, 1994). It is generally used to provide ecosystem services such as attracting 

beneficial insects (Frank and Liburd, 2005; Hooks et al., 1998) and pollinators, acquiring 

phosphorus (Marks and Townsend, 1973), protecting and conditioning the soil before 

transplanting or sowing late-season crops (Sarrantonio, 1994), and suppressing weeds (Oplinger 

et al., 1989). After termination, buckwheat residues can improve soil tilth, water-holding 

capacity, and nutrient availability (Sarrantonio, 1994). However, Kumar et al. (2008; 2009) 

reported the contradictory result that buckwheat may reduce nitrogen availability due to the 

interactions between buckwheat residue and soil during degradation. 

The mechanisms by which buckwheat inhibits weeds are thought to include its rapid 

germination and growth leading to competition with weeds for resources such as light, soil 
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moisture, and nutrients, and alteration of the soil physical environment to interfere with weed 

germination and growth by shading the soil surface (Eskelsen and Crabtree, 1995). It was also 

proposed that buckwheat can release phytotoxic chemicals that contribute to allelopathic 

suppression of weeds. The inhibition of wheat germination has been demonstrated (Tang, 1986). 

Additionally, several putative allelochemicals have been isolated and identified from buckwheat: 

three phenolic acids, four fatty acids, and three other chemicals (Tsuzuki and Yamamoto, 1987; 

Tsuzuki et al., 1987), fagomine, 4-piperidone, 2-piperidinemethanol (Iqbal et al., 2002), gallic 

acid, (+)-catechin (Iqbal et al., 2003), rutin, chlorogenic acid, (-)-epicatechin (Golisz et al., 2007), 

4-hydroxyacetophenone, vanillic acid, gallic acid (Kalinova et al., 2007), catechin, quercetin, and 

isoqueicitrin (Kalinova and Vrchotova, 2009). 

Although it is known that buckwheat can be used as a cover crop for weed management, 

the utility of cover crops and their effectiveness in suppressing weeds can vary greatly with local 

soil and climatic conditions. Since buckwheat is typically grown in summer in temperate areas, it 

was hypothesized that the optimal planting period for buckwheat would occur in spring or fall in 

Florida. Therefore, the objective of this study was to determine the optimal planting period for 

buckwheat as a cover crop in north central Florida for effective weed suppression in spring (from 

the end of February to late May) and fall (from late September to early December). 

Materials and Methods 

Experiments were conducted at the Plant Science Research and Education Unit (PSREU) 

in Citra, Florida on a Hague series sand (loamy, siliceous, semiactive, hyperthermic Arenic 

Hapludalf) in spring and fall of 2007 and repeated in 2008. A buckwheat cover crop was 

compared with a weedy fallow and a harrowed control at six planting dates. Plots were arranged 

in a split-plot design with main plot treatments arranged systematic complete block design with 

three replications. Planting dates were assigned to the main plots (from Mar. 13 to May 22 in 
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spring 2007, from Feb. 28 to May 8 in spring 2008, from Sep. 20 to Nov. 29 in fall 2007, and 

from Sep. 24 to Dec. 3 in fall 2008) and were separated by 2-week intervals. The subplot 

treatments were randomly allocated and included buckwheat, the harrowed control, and the 

weedy fallow). Main plot size was 173.3 m (570 ft.) long and 27.4 m (90 ft.) wide, and each 

subplot size was 15.2 m (50 ft.) long and 1.8 m (6 ft.) wide with 3.0 m (10 ft.)-wide vertical 

alleys and 4.6 m (15 ft.)-wide horizontal alleys to separate each subplot. Soil temperatures were 

recorded with dataloggers1 at a depth of 10 cm (3.9 in.) in buckwheat plots during the cover 

cropping period, and air temperatures were obtained from the Florida Automated Weather 

Network website2 (Figures 2.1 and 2.2). 

At each planting date, fertilizer3 was applied to the whole strip before seeding the 

buckwheat. Buckwheat cv. Mancan (Seedland Inc., Wellborn, Florida) was drilled 2.54 cm (1 in.) 

deep in 17.78 cm (7 in.) inter-row spacing at a rate of 56 kg/ha (50 lb/acre) with a John Deere 

10-foot grain drill. The harrowed control plots were harrowed with a KMC 10-foot spring tooth 

harrow at 2-week intervals to disturb the soil to control weeds. A linear overhead irrigation 

system was used only before seeding to ensure there was enough soil moisture for buckwheat 

seed germination and when adult buckwheat plants wilted by 2 pm. 

Buckwheat height, photosynthetically active radiation (PAR, with AccuPAR LP-80 

Ceptometer4), and non-destructive leaf area index (LAI, with AccuPAR LP-80 Ceptometer) were 

determined weekly beginning at 2 weeks after planting (WAP) in spring 2007. However, this 

                                                 
1 WatchDog 100 Series Water Resistant Button Logger- 3619WD 2K (Spectrum Technologies, Inc., Plainfield, IL) 

2 Florida Automated Weather Network website: http://fawn.ifas.ufl.edu/ 

3 10-10-10 Granular Fertilizer, N-P-K 10-10-10, 6.8 kg (15 lb) N per acre (Southern States Cooperative Inc., 
Anthony, FL) 

4Decagon Devices, Inc., Pullman, WA 
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was found to be too early for the measurement and it was changed to 3 WAP for the other three 

seasons. Both PAR above the canopy and under the canopy were measured, and the PAR 

percentage was calculated by dividing the under-canopy PAR by the above-canopy PAR for data 

analysis then multiplying by 100. The ground cover (GC) percentage of buckwheat was 

measured using a diagonal transect of 100 points (Colbach et al., 2000) with the beaded-string 

method every week until 5 WAP. Moreover, weed densities were counted at the same time using 

a 0.25 m2 quadrat at four randomly-chosen sampling spots in each plot. In 2008, buckwheat 

emergence density was also evaluated in four randomly placed 0.25 m2 quadrats per plot. Above 

ground buckwheat biomass and weed biomass were harvested at 5 WAP from each plot within a 

0.25 m2 quadrat at four randomly-chosen sampling spots, and then dried at 70 °C for 7 days and 

weighed. Weed biomass samples were separated into monocot and dicot categories in spring 

2007, and into sedge, grass, and broadleaf categories in the other three seasons. Buckwheat was 

terminated by mowing (John Deere 10-foot rotary mower) at 39 days after planting (DAP) in 

spring and fall 2007, 35 DAP in spring 2008, and 40 DAP in fall 2008. Non-buckwheat 

treatments were disked using an Athens 10-foot disc harrow to simulate standard field 

preparation for a subsequent transplanted vegetable crop. Weed emergence was monitored in 

four randomly placed 0.25 m2 quadrats per plot at 2, 4, and 6 weeks after buckwheat termination. 

At the final emergence count, weeds from all quadrats were cut at the soil surface, separated into 

monocot and dicot categories in spring 2007, and into sedge, grass, and broadleaf categories in 

the later three seasons, and dried and weighed. 

Analysis of variance was performed with SAS software, Version 9.0 (SAS, 2002) using the 

MIXED procedure and least square means were compared using the PDIFF option. If the effect 
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of planting date was significant, PROC REG was used with the raw data to predict the optimal 

period for buckwheat planting.  

Results and Discussion 

Buckwheat Growth 

Shoot biomass 

Since there was an interaction between year and planting date for spring and fall trials, the 

results were reported by year. In spring 2007, biomass was lower with March and early April 

planting dates, and higher when planted at dates between late April and early May with the 

maximum (247.2 g/m2) occurring at the planting date of Apr. 24 (Figure 2.3a). However, there 

was no significant effect of planting date on buckwheat biomass in spring 2008 (Figure 2.3a). A 

late frost (Figure 2.1b) occurred during the growth of buckwheat planted on Mar. 27 and reduced 

buckwheat biomass severely. Buckwheat biomass in 2008 was lower because flooding in the 

lowest lying of the blocks resulted in seed rot. 

In fall 2007, biomass was lower when planted on Sep. 20 and Oct. 4 as a result of high 

temperatures and higher with planting dates between Oct. 18 and Nov. 15 with mild weather. 

Biomass then declined with the Nov. 29 planting date due to low temperatures (Figure 2.2a, 

2.3b). In 2008, maximum biomass (70.4 g/m2) occurred with the Sep. 24 planting date (Figure 

2.3b). Biomass from the Oct. 8 planting date was lower because of low germination rate due to 

loss of seed viability. Although new seeds were used and germination rate with the planting date 

of Oct. 22 was better, buckwheat biomass was low because of low temperature and frost (Figure 

2.2b). 

Plant height 

There was an interaction between year and planting date for spring and fall trials so that the 

results were reported by year. In spring 2007, buckwheat plants were shortest when planted in 
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March. Plant height increased with planting dates between Apr. 10 and May 8 with maximum 

plant height occurring in early May and then decreased. In spring 2008, plant height increased 

with buckwheat planted at later planting dates with the maximum (50.5 cm) occurring with the 

May 8 planting date (Figure 2.4a). Shorter buckwheat height with the Mar. 27 planting date was 

probably due to the late frost (Figure 2.1b) and the flooding of one of the blocks and may also 

account for the low R2 value of the 2008 regression model (Figure 2.4a). 

Although there was no difference among planting dates in the experiment of fall 2007, 

buckwheat height in fall 2008 had a significant response to planting date. It was highest (39.8 cm) 

at the planting date of Sep. 24 and then declined and increased along with temperature drop and 

rise (Figure 2.4b). Frost occurred between late October and mid November in 2008 and inhibited 

buckwheat growth severely. 

Buckwheat Canopy Closure 

The interaction between year and planting date for spring trials was not significant, so data 

were pooled. Although with the MIXED procedure the effect of planting date on LAI, PAR, and 

GC in spring was significant, regression models were not significant. Therefore, differences 

between means were obtained by mean comparison (Figure 2.5). 

Leaf area index (LAI) 

In spring, averaged over years LAI was highest (1.78) with the planting date of Apr. 24 

and lowest with planting dates of Mar. 27, Apr. 10, and May 8. LAI with the Mar. 13 planting 

date was intermediate (Figure 2.5a). 

In fall 2007, LAI was highest with planting dates between Oct. 18 and Nov. 15. 

Temperatures in late September and early October may have been too high, causing adverse 

effects on canopy establishment. Maximum LAI (0.71) occurred with buckwheat planted on Sep. 

24 in 2008 (Figure 2.6a). Frost and low temperatures (Figure 2.2b) beginning in late October of 
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2008 did not favor buckwheat canopy closure, and therefore, LAI was quite low when 

buckwheat was planted during this period (Figure 2.6a). 

Photosynthetically active radiation (PAR) 

Averaged over years for spring experiments, PAR penetrating the canopy was lower when 

buckwheat was planted on Mar. 13 and late Apr. 10, yet it was highest with the Mar. 27 planting 

date and decreased with the Apr. 10 planting date, and increased again with the planting date of 

May 8 (Figure 2.5b). 

With fall trials, PAR was higher with buckwheat planted on Sep. 20 and Oct. 4, and it was 

lower when planted later than Oct. 4 in 2007. In 2008, although the effect of planting date was 

significant, there was no significant regression model for PAR (Figure 2.6b). Poor buckwheat 

germination wit the Oct. 8 planting date due to loss of seed viability, and frost and low 

temperature in November gave unexpected results. 

Ground cover (GC) 

For spring, when averaged over years, GC was highest with planting dates of Mar. 13 and 

Apr. 24, lowest with buckwheat planted on Mar. 27, and intermediate at the planting dates of Apr. 

10 and May 8 (Figure 2.5c). 

As for fall trials, GC was lower when buckwheat planted prior to Oct. 18, and it was higher 

with planting dates between Oct. 18 and Nov. 15 in 2007. However, in 2008 there was no 

significant regression model for LAI, although the effect of planting date was significant with the 

analysis of variance (Figure 2.6c). Low buckwheat germination rate with the Oct. 8 planting date 

due to loss of seed viability and frost and low temperature in November caused unexpected low 

GC values. 
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Weed Suppression 

Before termination 

In spring 2007, monocot weeds were the predominant weed category. Weed biomass was 

lower with earlier planting dates than later planting dates, and monocots were the predominant 

weed species. Increases in total weed biomass and monocot weed biomass occurred with April 

and May planting dates in the weedy control whereas with buckwheat only the May 22 planting 

date resulted in increases. However, for the May 22 planting date, total and monocot weed 

biomass in the weedy control were 3.7 and 3.3-fold more, respectively, than with buckwheat. 

Dicot weed biomass was lowest with Mar. 13, Mar. 27, and Apr. 24 planting dates. Dicot weed 

biomass averaged over planting date was 3.1-fold less with buckwheat than with the weedy 

control (Table 2.1). Total and monocot weed biomass were lower with buckwheat than in the 

weedy fallow with April and May planting dates and averaged over all dates for dicots. 

In spring 2008, sedge weeds were the predominant weed category with earlier planting 

dates, and grass weeds were the predominant weed category at later planting dates. Total weed 

biomass was higher with planting dates in April and May, and grass weed biomass was higher 

with the planting dates of Mar. 27 and later. However, there was no significant effect of planting 

date on sedge and broadleaf weed biomass. Averaged over planting date, total, sedge, and 

broadleaf weed biomass in buckwheat were 2.1-fold, 1.9-fold, and 3.8-fold less than in the 

weedy control, respectively (Table 2.2). 

Weed biomass in fall 2007 was low with planting dates of Oct. 18 or later due to the cool 

weather. Total weed biomass was lowest with planting dates in October or later. Total weed 

biomass with buckwheat was lower than with the weedy fallow with Oct. and Nov. 15 planting 

dates. There was no effect of planting date on sedge weed biomass. Grass weed biomass was 

lower after the planting date of Oct. 18, but the effect of buckwheat did not differ from the 
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weedy fallow. Broadleaf weed biomass did not differ from that of the weedy fallow except for 

being higher with the Oct. 4 planting date (Table 2.3). 

The predominant weed category in fall 2008 was broadleaf weeds. Averaged over fallow 

treatment, only for the broadleaf weed group was there a significant response to planting date. 

Broadleaf weed biomass was highest with the Dec. 3 planting date. Biomass with all other 

planting dates were not significantly different from each other. Averaged over planting dates, 

total, sedge, grass, and broadleaf weed biomass with buckwheat and the weedy fallow were not 

different (Table 2.4). 

After termination 

In spring 2007, total and monocot weed biomass were suppressed more effectively with 

buckwheat planted in March and April than in May (Table 2.5). In 2008, suppression of total and 

grass weed biomass persisted only with the Mar. 13 planting date. Sedge weed biomass was 

highest with the April 24 planting date, and broadleaf weed biomass was highest with the Feb. 28 

planting date (Table 2.6). Persistence of suppression of total and monocot weed biomass in 2007 

by buckwheat was similar to the harrowed control but better than the weedy control (Table 2.5). 

In 2008, buckwheat weed suppression was intermediate between the harrowed and weedy 

control for total and grass weed biomass (Table 2.6). No persistence of dicot (broadleaf) weed 

suppression with buckwheat was apparent after cover crop termination in both years. 

In fall trials, there was no significant effect of fallow treatments during the six weeks 

following buckwheat termination in both years (Tables 2.7, 2.8). In 2007, total and grass weed 

biomass were higher when buckwheat was planted in October, and sedge weed biomass was 

highest when buckwheat was planted on Oct. 4. However, the effect of planting date was not 

significant in all of the weed categories in 2008. Cold weather in winter suppressed weed 

germination and growth and resulted in low weed biomass regardless of species. 
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Temperature is really critical to buckwheat growth and may cause adverse effects on 

biomass accumulation, plant height, and canopy closure. Teasdale et al. (2004) evaluated the 

effect of planting date with a hairy vetch cover crop and found that hairy vetch growth and 

development were influenced by temperature. Ground cover and biomass of hairy vetch were 

reduced due to insufficient growing degree days, which is consistent with our results that 

buckwheat growth and canopy closure were lower with buckwheat planted in early spring and 

late fall. 

In spite of the fact that buckwheat did not suppress weed biomass effectively during the 

cover cropping period in the fall trials, total, sedge, grass, and broadleaf weed biomass were 

lower with buckwheat than the weedy control in spring. The effectiveness of buckwheat at 

suppressing weeds during the cover cropping period was also reported in other studies. In a 

greenhouse experiment of Xuan and Tsuzuki (2004), perennial buckwheat (Fagopyrum cymosum 

(Trev.) Meisn.) suppressed southern crabgrass (Digitaria ciliaris (Retz.) Koel.), Digitaria 

adscendens Hem., and rape (Brassica campestris L.). During buckwheat growth, weed biomass 

was lower by 75% (Iqbal et al., 2003) and 86% (Creamer and Baldwin, 2000) than the weedy 

controls; however, we did not obtain such effective suppression in our study. Kato-Noguchi et al. 

(2007) also found that buckwheat seedlings can inhibit cress (Lepidium sativum L.), lettuce 

(Lactuca sativa L.), timothy (Phleum pratense L.), and ryegrass (Lolium multiflorum Lam.) 

seedlings. 

After buckwheat incorporation, weed suppression can continue to occur during residue 

decomposition. Kumar et al. (2008) incorporated buckwheat residues in soil to evaluate their 

effect on the suppression of Powell amaranth (Amaranthus powellii S. Wats.), shepherd’s-purse 

(Capsella bursa-pastoris (L.) Medicus), and corn chamomile (Anthemis arvensis L.) and found 
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that the biomass of all three weeds was reduced in buckwheat residue compared to bare soil. 

They indicated that the mechanisms by which buckwheat residue can suppress weeds may 

include not only allelopathy, but also biological control effects of fungal pathogens and 

decreased nitrogen availability. 

In north-central Florida, air temperatures in late February and March are still cool and frost 

is possible, which is harmful to buckwheat growth. The mild temperatures between late April 

and early May favored buckwheat growth and canopy closure. Buckwheat can suppress weeds 

effectively during the cover cropping period as well as continue to suppress total and monocot 

weed biomass after termination when planted at the beginning of May in spring. The potential 

optimal planting period for buckwheat in fall might be in October and prior to early November. 

The temperatures in late September might still be too hot for buckwheat growth, but first frost 

might occur in November and it would hinder buckwheat growth or even kill buckwheat. 

Although the persistence of weed suppression after buckwheat termination in fall is not apparent, 

buckwheat may still be useful for suppressing weeds during the cover cropping period. Moreover, 

even though the effect of weed suppression with buckwheat may not be effective enough in a 

certain time of the year, it can still be used to provide other ecosystem services. Additionally, it 

is reported that buckwheat is used in a biculture with legumes in summer in the Tallahassee area 

(Xin Zhao personal communication). Therefore, buckwheat can be utilized for attracting 

beneficial insects and pollinators, providing phosphorus and organic matter, and short-term 

coverage of the soil for neighboring or succeeding crops; and other crops in the same cropping 

system can also provide resources for buckwheat to keep the balance of the agroecosystem. 
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Figure 2-1.  Air and soil temperatures during buckwheat cover cropping period in spring. A) 
2007 and B) 2008. 
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Figure 2-2.  Air and soil temperatures during buckwheat cover cropping period in fall. A) 2007 
and B) 2008. 
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Figure 2-3.  Buckwheat biomass in spring and fall in 2007 and 2008. A) spring and B) fall. Shoot 
biomass was harvested at 39 DAP in fall and spring 2007 and 35 DAP in spring 2008. 
Data represent the means of three replications; however, the regression analysis was 
performed using the raw data. The planting date effect of spring 2008 was not 
significant so that no regression model is shown. Planting dates in spring 2007 were 
Mar. 13, Mar. 27, Apr. 10, Apr. 24, May 8, and May 22; in spring 2008 were Feb. 28, 
Mar. 13, Mar. 27, Apr. 10, Apr. 24, and May 8; in fall 2007 were Sep. 20, Oct. 4, Oct. 
18, Nov. 1, Nov, 15, and Nov. 29; in fall 2008 were Sep. 24, Oct. 8, Oct. 22, Nov. 5, 
Nov, 19, and Dec. 3. 
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Figure 2-4.  Buckwheat height in spring and fall in 2007 and 2008. A) spring and B) fall. Height 
was measured at 35 DAP. Data points represent the means of three replications; 
however, the regression analysis was performed using the raw data. The planting date 
effect of fall 2007 was not significant, so that no regression equation is shown. 
Planting dates in spring 2007 were Mar. 13, Mar. 27, Apr. 10, Apr. 24, May 8, and 
May 22; in spring 2008 were Feb. 28, Mar. 13, Mar. 27, Apr. 10, Apr. 24, and May 8; 
in fall 2007 were Sep. 20, Oct. 4, Oct. 18, Nov. 1, Nov, 15, and Nov. 29; in fall 2008 
were Sep. 24, Oct. 8, Oct. 22, Nov. 5, Nov, 19, and Dec. 3. 
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Figure 2-5.  Buckwheat canopy closure in spring averaged over years. A) leaf area index (LAI), 

B) photosynthetically active radiation (PAR) percentage, and C) ground cover (GC) 
percentage. Measurements were taken at 35 DAP. Data represent the means of three 
replications and points with the same letter means no significance according to the 
comparison by the PDIFF option at P≤ 0.05. Regression models are not significant so 
that no equation is shown. Planting dates in spring 2007 were Mar. 13, Mar. 27, Apr. 
10, Apr. 24, May 8, and May 22; in 2008 were Feb. 28, Mar. 13, Mar. 27, Apr. 10, 
Apr. 24, and May 8. 
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Figure 2-6.  Buckwheat canopy closure in fall averaged over years. A) leaf area index (LAI), B) 

photosynthetically active radiation (PAR) percentage, and C) ground cover (GC) 
percentage. Measurements were taken at 35 DAP. Data points represent the means of 
three replications; however, the regression analysis was performed using the raw data. 
The planting date effects on PAR and GC in 2008 were not significant, so that no 
regression model is shown. Planting dates in fall 2007 were Sep. 20, Oct. 4, Oct. 18, 
Nov. 1, Nov, 15, and Nov. 29; in 2008 were Sep. 24, Oct. 8, Oct. 22, Nov. 5, Nov, 19, 
and Dec. 3. 

at canopy closure in fall averaged over years. A) leaf area index (LAI), B) 
photosynthetically active radiation (PAR) percentage, and C) ground cover (GC) 
percentage. Measurements were taken at 35 DAP. Data points represent the means of 
three replications; however, the regression analysis was performed using the raw data. 
The planting date effects on PAR and GC in 2008 were not significant, so that no 
regression model is shown. Planting dates in fall 2007 were Sep. 20, Oct. 4, Oct. 18, 
Nov. 1, Nov, 15, and Nov. 29; in 2008 were Sep. 24, Oct. 8, Oct. 22, Nov. 5, Nov, 19, 
and Dec. 3. 
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Table 2-1.  Influence of planting date of buckwheat and fallow treatment on weed biomass before buckwheat termination in spring 
2007.  

 
 Weed biomass (g/m2) 
 Total Monocot 

Treatment  Buckwheat Weedy Buckwheat Weedy 
Dicota 

Planting date       
Mar. 13     2.8 aAb     8.9 aA  1.6 aA     6.8 aA  1.6 a 
Mar. 27  14.8 aA   14.1 aA  11.6 abA   12.5 aA  3.8 a 
Apr. 10  16.3 aA   78.9 bB  7.4 aA   56.5 bB 15.8 b 
Apr. 24    8.8 aA     91.2 bcB  7.3 aA     82.5 bcB   5.6 a 
May 8    22.9 abA 120.5 cB  18.4 abA   94.6 cB 15.2 b 
May 22   38.7 bA 143.8 cB 38.8 bA 127.4 dB 11.5 b 

Fallow treatment       
Buckwheat  -- -- -- --  4.3 a 
Weedy  -- -- -- -- 13.5 b 

a The interaction between planting date and fallow treatment was not significant and main effects are reported. 40

b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. Pairs of buckwheat and weedy fallow means followed by the 
same uppercase letter are also not significantly different at P≤ 0.05. 
 

 



 

Table 2-2.  Influence of planting date of buckwheat and fallow treatment on weed biomass before buckwheat termination in spring 
2008.  

 
 Weed biomass (g/m2) 

Treatment  Total Sedge  Grass Broadleaf 
Planting date       

Feb. 28     27.08 aba  20.37 a   1.23 a 5.45 a 
Mar. 13    8.02 a    5.85 a   0.97 a 1.20 a 
Mar. 27  17.68 a    6.87 a     6.42 ab 4.40 a 
Apr. 10   52.00 b  15.53 a  30.90 b 5.57 a 
Apr. 24    37.60 ab 22.85 a     12.32 ab 2.43 a 
May 8    47.37 ab 16.57 a    27.20 ab 3.60 a 

Fallow treatment       
Buckwheat  20.45 a 10.19 a    8.65 a 1.59 a 
Weedy  42.81 b 19.15 b  17.69 a  5.96 b 

a Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. 41

 

 



 

Table 2-3.  Influence of planting date of buckwheat and fallow treatment on weed biomass before buckwheat termination in fall 2007.  
 

 Weed biomass (g/m2) 
 Total Sedge  Broadleaf 

Treatment  Buckwheat Weedy Buckwheat Weedy  
Grassa 

Buckwheat Weedy 
Planting date          

Sep. 20   8.54 cAb   9.57 bA 2.44 a 4.86 a  4.66 c 1.04 aA 0.46 aA 
Oct. 4  5.47 bA 10.41 bB 3.22 a 1.42 a  2.17 b 1.14 aA 5.42 bB 
Oct. 18  0.87 aA  3.61 aB 0.45 a 0.59 a    0.88 ab 0.69 aA   1.76 abA 
Nov. 1  0.97 aA  1.14 aA 0.45 a 0.47 a  0.04 a 0.49 aA 0.62 aA 
Nov. 15    1.17 abA  2.01 aB 0.50 a 0.41 a  0.39 a 0.53 aA 0.97 aA 
Nov. 29  0.98 aA  1.19 aA 0.55 a 0.31 a  0.10 a 0.39 aA 0.72 aA 

Fallow treatment          
Buckwheat  -- -- -- --  1.15 a -- -- 
Weedy  -- -- -- --  1.60 a -- -- 

a The interaction between planting date and fallow treatment was not significant and main effects are reported. 
b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. Pairs of buckwheat and weedy fallow means followed by the 
same uppercase letter are also not significantly different at P≤ 0.05. 
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Table 2-4.  Influence of planting date of buckwheat and fallow treatment on weed biomass before buckwheat termination in fall 2008.  
 

 Weed biomass (g/m2)a 
Treatment  Total Sedge  Grass Broadleaf 
Planting date       

Sep. 24    9.81 a  0.18 a  3.67 a    5.97 ab 
Oct. 8  16.02 a  0.30 a  5.42 a 10.30 a 
Oct. 22    6.50 a  1.08 a  0.55 a   4.88 a 
Nov. 5    7.67 a  0.32 a  0.02 a   7.28 a 
Nov. 19  14.25 a 0.52 a   0.08 a 13.65 a 
Dec. 3  39.66 a 0.43 a  0.40 a  38.82 b 

Fallow treatment       
Buckwheat  11.86 a 0.46 a  0.66 a 10.73 a 
Weedy  19.44 a 0.48 a  2.72 a 16.24 a 

a The interaction between planting date and fallow treatment was not significant and main effects are reported. 
b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. 43

 



 

Table 2-5.  Influence of planting date of buckwheat and fallow treatment on weed biomass after buckwheat termination in spring 2007.  
 

 Weed biomass (g/m2) 
 Dicota 

Treatment  
Total Monocot 

Buckwheat Harrowed Weedy 
Planting date       

Mar. 13    50 a    38 a     8.7 aAb  7.1 aA 19.3 aA 
Mar. 27      90 ab      73 ab 23.2 aB  7.2 aA 23.6 aB 
Apr. 10  117 b    96 b 34.3 aB   21.6 aAB 14.0 aA 
Apr. 24      92 ab      68 ab 54.7 aB  6.8 aA   6.1 aA 
May 8    168 bc 155 c 16.6 aA  5.3 aA   5.9 aA 
May 22  202 c 192 c   6.8 aA  6.6 aA   5.1 aA 

Fallow treatment       
Buckwheat    98 a   75 a -- -- -- 
Harrowed    119 ab   110 ab -- -- -- 
Weedy  142 b 126 b -- -- -- 

a The interaction between planting date and fallow treatment was significant and simple effects are reported. 44

b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. Pairs of fallow treatment means followed by the same 
uppercase letter are also not significantly different at P≤ 0.05. 

 



 

Table 2-6.  Influence of planting date of buckwheat and fallow treatment on weed biomass after buckwheat termination in spring 2008.  
 

 Weed biomass (g/m2)a 
Treatment  Total Sedge  Grass Broadleaf 
Planting date       

Feb. 28   63.6 bb   16.0 ab   34.3 ab 13.4 b 
Mar. 13   5.3 a   2.1 a   0.3 a   2.9 a 
Mar. 27  59.7 b  11.6 a  42.6 b   5.5 a 
Apr. 10  95.3 b    15.9 ab  77.5 b   2.0 a 
Apr. 24  68.1 b 22.5 b   42.6 b   3.0 a 
May 8  91.2 b  14.6 ab  72.6 b   4.0 a 

Fallow treatment       
Buckwheat    66.5 ab 12.1 a    49.0 ab 5.5 a 
Harrowed  44.6 a 12.5 a  27.1 a 5.1 a 
Weedy  80.5 b 16.8 b  58.9 b 4.8 a 

a The interaction between planting date and fallow treatment was not significant and main effects are reported. 
b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. 
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Table 2-7.  Influence of planting date of buckwheat and fallow treatment on weed biomass after buckwheat termination in fall 2007.  
 

 Weed biomass (g/m2) 
  Broadleafa 

Treatment  
Total Sedge Grass 

 Buckwheat Harrowed Weedy 
Planting date         

Sep. 20   1.80 ab  0.49 a 0.11 a   1.96 b 0.95 b   0.68 ab 
Oct. 4  5.10 b  3.95 b 0.70 b  0.20 a   0.87 ab 0.27 a 
Oct. 18    2.66 ab  1.08 a   0.36 ab  0.90 a 1.26 b 1.55 b 
Nov. 1  1.42 a  0.30 a 0.10 a  0.74 a 1.09 b 1.23 b 
Nov. 15  0.52 a 0.24 a 0.09 a  0.25 a 0.16 a 0.17 a 
Nov. 29  1.86 a 0.29 a 0.09 a   1.49 ab 1.39 b 1.54 b 

Fallow treatment         
Buckwheat  2.05 a 0.88 a 0.25 a  -- -- -- 
Harrowed  2.09 a 0.95 a 0.19 a  -- -- -- 
Weedy  2.53 a 1.35 a 0.29 a  -- -- -- 

a The interaction between planting date and fallow treatment was significant and simple effects are reported. 46

b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. 
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Table 2-8.  Influence of planting date of buckwheat and fallow treatment on weed biomass after buckwheat termination in fall 2008.  
 

 Weed biomass (g/m2) 
 Sedgea 

Treatment  
Total 

Buckwheat Harrowed Weedy 
Grass Broadleaf 

Planting date        
Sep. 24   0.56 ab       0 a      0 a 0.10 a  0.06 a 0.46 a 
Oct. 8  0.42 a  0.13 a 0.07 a 0.07 a 0.02 a 0.31 a 
Oct. 22  8.11 a  1.10 a 0.80 a 0.37 a 0.01 a 7.44 a 
Nov. 5  4.06 a  0.20 a 0.03 a 0.17 a      0 a 3.88 a 
Nov. 19  1.76 a      0 a      0 a      0 a      0 a 1.84 a 
Dec. 3  6.31 a 0.37 a 0.33 a 0.37 a 0.04 a 5.92 a 

Fallow treatment        
Buckwheat  2.12 a -- -- -- 0.01 a 1.79 a 
Harrowed  4.92 a -- -- -- 0.01 a 4.79 a 
Weedy  3.57 a -- -- -- 0.04 a 3.34 a 

a The interaction between planting date and fallow treatment was significant and simple effects are reported. 
b Data are the least square means of three replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. 

 



 

CHAPTER 3 
MECHANICAL TERMINATION OF BUCKWHEAT USED FOR WEED SUPPRESSION IN 

FLORIDA 

Introduction 

Buckwheat [Fagopyrum esculentum Moench] is an agronomic species of the Polygonaceae 

family that originated in temperate East Asia and spread worldwide because of its wide 

adaptability to various environmental conditions (Edwardson, 1996). Buckwheat can be used as a 

cover crop for short-term soil coverage, improvement of phosphorus availability, and weed 

control (Sarrantonio, 1994). Buckwheat can be utilized as a weed suppressive cover crop because 

of its rapid establishment and growth (Stone, 1906). It is also considered to have allelopathic 

potential (Kumar, 2009; Tang, 1986). Rapid decomposition of buckwheat residue minimizes the 

interference with seedbed preparation that is common with more recalcitrant residues (Kumar et 

al., 2009). 

Cover crops can be used to provide a number of ecosystem services in conventional and 

organic cropping systems as well as in conservation tillage and no-till systems such as preventing 

soil erosion (Flach, 1990) and runoff, modifying soil physical properties (Beale et al., 1955), 

improving soil fertility (Smith et al., 1987), reducing nitrate leaching (Dinnes et al., 2002), and 

suppressing weeds (Teasdale, 1993). To focus on weeds, both living cover crops and cover crop 

residues can be used for weed suppression. Additionally, cover crop residues can inhibit weeds 

through mechanical impedance, changes in soil environmental conditions, and by release of 

allelochemicals (Creamer et al., 1996). 

Cover crops are usually managed with herbicides because of their effectiveness and 

efficiency, whereas alternative means are required to terminate cover crops in systems with 

limitations on chemical application. To terminate cover crops mechanically, options include 
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incorporation into the soil by disking or plowing and undercutting, rolling or mowing the cover 

crop to retain residues on the soil surface as mulches (Creamer et al., 1995). 

Incorporation of cover crop residues is generally chosen for species used as green manures 

using various forms of tillage (Pieters, 1927) or for biofumigants for plasticulture production 

systems (Gamliel and Stapleton, 1997). Timing of incorporation is important to have cover crops 

killed early in the season with high biomass and enough time for degradation and nutrient release 

(Wagger, 1987). 

Mowing is a commonly used method to terminate cover crops and produce surface 

mulches (Creamer et al., 1995). A flail mower can kill cover crops successfully and even 

enhance weed suppression by cutting cover crops into small pieces. Although finely cut residues 

may shorten the weed suppression period due to a rapid decomposition rate of the mulch 

(Creamer et al., 1995), rapid degradation may facilitate seedbed preparation for the subsequent 

crop without residues becoming entangled in tillage equipment. 

Rolling and roll-chopping kill cover crops by breaking, cutting, crushing, or crimping 

stems (Dabney et al., 1991). They can produce surface mulches with intact plant residues and 

result in longer persistence and weed suppression duration (Creamer and Dabney, 2002). Rolling 

is regarded as a better option than mowing due to its efficiency of operation at higher speed, 

lower cost for equipment maintenance, and lower consumption of fuel, though the equipment 

may generate vibrations harmful to human health (Raper et al., 2004). Optimal practices for 

cover crop termination may vary with cover crop species, subsequent crop species, and cropping 

systems; and their success depends upon the growth stages of cover crops. 

Because buckwheat itself can be weedy, to avoid volunteer plants causing a weed problem 

in subsequent cash crops, Sarrantonio (1994) suggested that the optimal incorporation time for 
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buckwheat cover crops is 7 to 10 days after flowering and before seed set, and Björkman (2006) 

indicated that 35 to 40 days after seeding is ideal for buckwheat mowing or incorporation. While 

tillage and mowing are commonly used to kill buckwheat, rolling can also kill it effectively 

(Morse, 1995). 

Termination practices may influence allelochemical release by resulting in different sizes 

of residue fragments and decomposition rates, and they may also affect cover crop regrowth. 

Practices that maximize the amount of residue that is retained on the soil surface may be more 

effective at suppressing weeds by mechanical impedance. Therefore, we hypothesized that 

persistence of weed suppression with buckwheat would differ depending on the practices used to 

terminate the cover crop. The objective of this study was to compare mechanical practices to 

determine the best for termination of the buckwheat cover crop and for persistence of weed 

suppression in Florida. 

Materials and Methods 

The experiments were conducted at the Plant Science Research and Education Unit 

(PSREU) in Citra, Florida on a Hague series sand (loamy, siliceous, semiactive, hyperthermic 

Arenic Hapludalf) in spring and fall in 2008. Four buckwheat cover crop termination treatments 

were used: rolling, flail mowing alone, light tillage alone, and the combination of flail mowing 

followed by light tillage. Rolling was accomplished with a 4 ft steel roller, flail mowing with a 

New Holland 918H flail mower, and light tillage with a roto-tiller. The experimental design was 

a randomized complete block with four replications. The field was 79.0 m (260 ft) by 32.8 m 

(108 ft) and was divided into plots 15.2 m (50 ft) long and 3.7 m (12 ft) wide with 6.1 m (20 ft)-

wide vertical and horizontal alleys to separate plots.  

Buckwheat cv. Mancan (Seedland Inc., Wellborn, Florida) was drilled on Apr. 15 and Nov. 

6 at a depth of 2.5 cm (1 in) with a John Deere 10-foot grain drill. A 17.8 cm (7 in) inter-row 
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spacing was used and the seeding rate was 56 kg/ha (50 lb/acre). Prior to buckwheat planting, 

fertilizer1 was applied to the field at a rate of 6.8 kg (15 lb) N per acre. At 35 DAP in spring and 

40 DAP in fall (because of differing rates of development), the buckwheat cover crop was 

terminated with the assigned practices. 

Before termination, buckwheat height was measured and shoot biomass samples were 

harvested using a 0.25 m2 quadrat from four randomly selected spots in each plot. After 

termination, each plot was separated into two parts: one for ground cover measurement and the 

other for grab samples. Ground cover (GC) percentage of buckwheat residues was determined 

weekly using the beaded-string method with 100 points for a diagonal transect (Sloneker and 

Moldenhauer, 1977). Grab samples (Ruffo and Bollero, 2003) were also collected weekly from 

four randomly selected spots in each plot using the 0.25 m2 quadrat to estimate residue 

degradation on the soil surface weekly for 5 weeks. Grab samples were dried at 70 °C for 7 days 

and weighed to determine residue biomass. 

At 3 and 5 weeks after termination (WAT), weed counts were taken by species using four 

0.25 m2 quadrats per plot. Weed counts were also taken at 0 WAT right after termination in fall 

because it was found that the established weeds had important influences on the results. Weed 

biomass samples were harvested at 5 WAT from four 0.25 m2 quadrats per plot. After samples 

were dried at 70 °C for 7 days, weeds were separated into sedge, grass, and broadleaf categories 

and weighed. 

Analysis of variance was performed with SAS software, Version 9.0 (SAS, 2002) using the 

MIXED procedure and least square means were compared using the PDIFF option. Regression 

models were fitted using the REG procedure of SAS and SigmaPlot (Version 11.0) with the 

                                                 
1 10-10-10 Granular Fertilizer, N-P-K 10-10-10, 6.8 kg (15 lb) N per acre (Southern States Cooperative Inc., 
Anthony, FL) 
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means to determine the nature of a significant response with each termination practice during the 

post-termination residue decomposition period. 

Results and Discussion 

Buckwheat Suppression 

In spring, averaged over termination practices, buckwheat control was 93% (Figure 3.1). 

Buckwheat population averaged over decomposition periods of 3 WAT and 5 WAT was greatest 

when killed with rolling (14.6 plants/m2) and lowest when killed with the combination of flail 

mowing and light tillage (2.0 plants/m2) (Figure 3.2). The numbers of buckwheat plants that 

survived rolling and flail mowing were higher than with light tillage and the combination of flail 

mowing and light tillage. This is because even though these practices can kill buckwheat 

successfully and reduce buckwheat density, buckwheat may regrow from the old plant since 

rolling and flail mowing cannot destroy the root system. 

In the fall trial, after buckwheat termination, termination practices of light tillage alone and 

the combination of flail mowing and light tillage did suppress buckwheat density, whereas rolled 

and flail mowed buckwheat densities were still high (Table 3.1). Rolling and flail mowing did 

not effectively kill buckwheat because buckwheat had been stunted by frost. Since buckwheat 

was still short and succulent at termination, most of the plants survived the roller and the flail 

mower. The density of buckwheat remaining after rolling and flail mowing at 5 WAT was lower 

than at 0,1,2,3, and 4 WAT due to freezing injury and plant senescence. 

Because of an early frost in late October in 2008, buckwheat growth was not as good as 

expected. Mean buckwheat height was only 12.5 cm and stems were still succulent at termination 

(data not shown). This resulted in a low killing rate when rolling and flail mowing were used for 

termination due to problems of regrowth and volunteer plants. 
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Residue Decomposition 

Residue biomass  

Buckwheat residue decomposition rate was fastest with the combination of flail mowing 

and light tillage, and slowest with rolling in spring (Figure 3.3; Table 3.2). The remaining 

residue reached 50% at approximately 30 days after termination (DAT) for rolling, 8 DAT for 

flail mowing, 10 DAT for light tillage, and 5 DAT for the combination of flail mowing and light 

tillage. At 5 WAT, the level of decomposition was greatest for the combination of flail mowing 

and light tillage (85.1 % weight loss), and lowest for rolling (48.7 % weight loss). In fall, 

averaged over termination practices, no residue decomposition occurred during the 5 weeks after 

termination (Figure 3.4). However, residue biomass was lowest with termination methods of 

light tillage alone and the combination of flail mowing and light tillage, highest with rolling, and 

intermediate with flail mowing averaged over decomposition period (Figure 3.5). 

Ground cover  

Analysis of variance indicated significant differences in GC among termination practices. 

For the experiment in spring, there was 23% to 30% loss of GC by 1 week after termination 

(Table 3.3). Buckwheat terminated by flail mowing, light tillage, and the combination of flail 

mowing and light tillage resulted in a 50% reduction in GC by approximately at 19 DAP, 22 

DAP, and 21 DAP, respectively; however, by 35 DAT GC with rolling was still greater than 

50% (Figure 3.6). In fall, light tillage and the combination of flail mowing and light tillage 

reduced buckwheat GC by 18% and 25%, respectively, by 1 WAT (Figure 3.7). Because of the 

failure to effectively terminate buckwheat with rolling and flail mowing, there were still 

respectively 88 % and 79 % GC remaining on the plots due to live buckwheat (Table 3.4). 
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Weed Suppression 

The effect of termination practices on total, sedge, grass, and broadleaf weed biomass 

during the spring trial was not significant (Table 3.5). However, total and grass weed population 

densities were suppressed by rolling and flail mowing, broadleaf weed population was 

suppressed by rolling, flail mowing, and light tillage (Figure 3.8). Sedge weed population did not 

differ with termination . Although the differences in weed densities at 3 WAT and 5 WAT were 

not significant (Table 3.6), we found that rolling and flail mowing had limited impact on weeds 

present at buckwheat termination, yet they could terminate buckwheat effectively. Therefore, 

even though these practices can generate surface mulches and suppress weed seed germination, 

weeds that were already established recovered easily. Light tillage and the combination of flail 

mowing and light tillage can disrupt established weeds, yet they disturb the soil and may 

stimulate germination of weed seeds or sprouting of vegetative propagules in this disturbed layer. 

Moreover, the high temperature in summer favored weed growth and caused high weed biomass. 

In fall, there was less total, sedge, and broadleaf weed biomass with buckwheat terminated 

by light tillage and the combination of flail mowing and light tillage than with rolling and flail 

mowing alone, but there was no significant effect of termination method on grass weed biomass 

(Table 3.7). Rolling and flail mowing did not suppress total, grass, and broadleaf weed 

population compared with incorporation practices of light tillage alone and the combination of 

flail mowing and light tillage; and there was no significant difference in sedge weed population 

densities in response to termination practices (Figure 3.9). This was also because rolling and flail 

mowing failed to kill established weeds, and weeds can still regrow well in cold weather. Light 

tillage and the combination of flail mowing and light tillage terminated buckwheat and weeds, 

and at the same time unlike in spring, the cold weather suppressed weed germination and 

emergence. Averaged over termination practices, total and broadleaf weed population densities 
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at 3 and 5 WAT were not significantly different from their densities at termination, but sedge 

weed population density was higher by 3 and 5 WAT and grass weed population was lower at 5 

WAT than at termination and at 3 WAT (Table 3.8). These responses may have been due to 

temperature decline in late fall and early winter. Low temperature inhibited grass weed seed 

germination severely, whereas sedge weed emergence was not affected by the low temperature. 

It was reported that buckwheat can be killed completely using mowing, undercutting, and 

rolling (Creamer and Dabney, 2002), while the level of buckwheat control in our study was 

lower at 93%. Our finding that the decomposition rate of buckwheat killed by flail mowing was 

faster than buckwheat killed by rolling was similar to the results of Creamer and Dabney (2002). 

Practices providing surface mulches reduced total, grass, and broadleaf weed population, but 

incorporation practices increased total, grass, and broadleaf weed population densities in our 

spring trial. Teasdale and Rosecrance (2003) used a flail mower, a corn stalk chopper, and light 

and heavy disks to kill a hairy vetch cover crop. They found that the stalk chopper and the light 

disk generated surface mulches with the cover crop residue and suppressed initial broadleaf weed 

emergence better than the heavy disk. However, in a comparison of flail mowing, undercutting, 

and sicklebar mowing, flail mowing did not lower broadleaf weed population and biomass, and 

the intact cover crop residues produced by undercutting and sicklebar mowing suppressed weeds 

more effectively than chopped residues produced by flail mowing (Creamer et al., 1995). 

Buckwheat termination is more than 90% effective with rolling, flail mowing, light tillage, 

and the combination of flail mowing and light tillage when it grows in an appropriate 

environment. Buckwheat residue degradation was faster when terminated by light tillage and the 

combination of flail mowing and light tillage than by rolling and flail mowing alone. Although 

there was no difference in the effectiveness of termination practices on weed biomass 
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suppression, this may have been because rolling and flail mowing effectively suppressed weed 

population densities in spring while incorporation practices may have stimulated germination 

and emergence of weeds. Since the results of light tillage alone and the combination of flail 

mowing and light tillage were similar, light tillage alone may be a potential practice to reduce 

cost and consumption of fuel rather than using the combination of flail mowing and light tillage. 

Fall would be the best season to utilize light tillage for buckwheat termination because high 

temperature germination cues that result from tillage are not as important for winter annuals as 

for summer annuals. Rolling may also be a promising practice for no-till cropping systems for 

reducing new weeds with surface mulch. Flail mowing alone may be another promising practice 

for no-till cropping systems with similar effect on reducing new weeds by generating mulches; 

however, the residue may decompose rapidly and the persistence of control may be short. In 

addition, rolling and flail mowing work better on suppressing weed population in spring than in 

fall. 
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Figure 3-1.  Buckwheat density averaged over termination practice during decomposition period 
in spring 2008. Data are the means of four replications. Regression analysis was 
performed on the means. 
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Figure 3-2.  Buckwheat density averaged over decomposition period with different termination 
methods in spring 2008. Termination methods included rolling (R), flail mowing (M), 
light tillage (LT), and the combination of flail mowing and light tillage (M+LT). Bar 
with the same letter means no significance between treatments according to the 
comparison by the PDIFF option at P≤ 0.05. 
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Figure 3-3.  Buckwheat residue biomass remaining on the soil surface with different termination 
methods during the 5 weeks after termination in spring 2008. (A) rolling, (B) flail 
mowing, (C) light tillage, and (D) the combination of flail mowing and light tillage. 
Data are the means of four replications. Regression analysis was performed on the 
means. 
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Figure 3-4.  Buckwheat residue biomass averaged over termination practices with decomposition 
period in fall 2008. Analysis with PROC MIXED indicated no significant effect of 
days after termination (P=0.98). 
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Figure 3-5.  Buckwheat residue biomass averaged over decomposition period with different 
termination methods in fall 2008. Termination methods included rolling (R), flail 
mowing (M), light tillage (LT), and the combination of flail mowing and light tillage 
(M+LT). Bar with the same letter means no significance between treatments 
according to the comparison by the PDIFF option at P≤ 0.05. 
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Figure 3-6.  Buckwheat residue ground cover remaining on the soil surface with different 
termination methods during the 5 weeks after termination in spring 2008. (A) rolling, 
(B) flail mowing, (C) light tillage, and (D) the combination of flail mowing and light 
tillage. Data are the means of four replications. Regression analysis was performed on 
the means. 
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Figure 3-7.  Buckwheat residue ground cover remaining on the soil surface with termination 
methods during the 5 weeks after termination in fall 2008. (A) rolling, (B) flail 
mowing, (C) light tillage, and (D) the combination of flail mowing and light tillage. 
Data are the means of four replications. Regression analysis was performed on the 
means. The effect of days after termination for rolling is not significant and no 
regression curve is shown. 
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Figure 3-8.  Number of weeds by category in response to termination method averaged over 
decomposition period, spring 2008. Termination methods included rolling (R), flail 
mowing (M), light tillage (LT), and the combination of flail mowing and light tillage 
(M+LT). Bar with the same letter means no significant difference between treatments 
according to the comparison by the PDIFF option at P≤ 0.05. 
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Figure 3-9.  Number of weeds by category in response to termination method averaged over 
decomposition period, fall 2008. Termination methods included rolling (R), flail 
mowing (M), light tillage (LT), and the combination of flail mowing and light tillage 
(M+LT). Bar with the same letter means no significant difference between treatments 
according to the comparison by the PDIFF option at P≤ 0.05. 
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Table 3-1.  Buckwheat density with different termination practices during residue decomposition after termination in fall 2008. 
 

Buckwheat density (plants/m2) 
Termination practice Week 0 Week1 Week 2 Week 3 Week 4 Week 5 

Rolling  64.0 aDa 52.0 bB   56.8 cBC 61.0 cC   56.8 bBC 13.3 bA 
Flail mowing 67.0 aD 60.0 cC 49.8 bB 46.3 bB 56.8 bC 13.5 bA 
Light tillage 65.0 aB   0.5 aA   0.3 aA   0.8 aA   1.8 aA   1.3 aA 
Flail mowing + light tillage 66.0 aB      0 aA   0.3 aA   0.5 aA   0.5 aA   1.5 aA 

a Data are the least square means of four replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. LS means within rows followed by the same uppercase letter 
are also not significantly different at P≤ 0.05. 
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Table 3-2.  Residue biomass by category with different termination practices during residue decomposition after termination in spring 
2008. 

 
Residue biomass (g/m2) 

Termination practice Week 0 Week1 Week 2 Week 3 Week 4 Week 5 
Rolling  201.8 cAa 186.0 cC 132.4 bC 110.1 bC 97.7 aB 103.5 aC 
Flail mowing 198.6 cA 109.6 bB  80.6 aB  77.5 aB 76.6 aB     79.6 aBC 
Light tillage   203.7 cAB 130.4 bB  85.4 aB  69.6 aB 82.3 aB  61.9 aB 
Flail mowing + light tillage 226.4 bB   56.1 aA  49.5 aA  40.3 aA 48.8 aA  33.6 aA 

a Data are the least square means of four replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. LS means within rows followed by the same uppercase letter 
are also not significantly different at P≤ 0.05. 
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Table 3-3.  Residue ground cover by category with different termination practices during residue decomposition after termination in 
spring 2008. 

 
Ground cover (%) 

Termination practice Week 0 Week1 Week 2 Week 3 Week 4 Week 5 
Rolling  77.4 cDa   59.4 cBC 64.3 cC 55.3 cB 46.0 cA 40.8 cA 
Flail mowing   71.0 bcD 50.1 bC 47.1 bC 38.1 bB 23.1 aA 20.8 aA 
Light tillage 68.0 bD 49.4 bC 38.9 bB 37.0 bB    32.8 bAB 24.5 bA 
Flail mowing + light tillage 43.9 aD 33.6 aC   27.9 aBC 23.7 aB    17.0 aAB 13.1 aA 

a Data are the least square means of four replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. LS means within rows followed by the same uppercase letter 
are also not significantly different at P≤ 0.05. 
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Table 3-4.  Residue ground cover by category with different termination practices during residue decomposition after termination in 
fall 2008. 

 
Ground cover (%) 

Termination practice Week 0 Week1 Week 2 Week 3 Week 4 Week 5 
Rolling   15.5 bBa 16.2 cB  15.2 cAB 12.3 bA 14.3 cAB  13.7 bAB 
Flail mowing   14.2 abB 12.9 bB  11.9 bAB    10.7 bAB 9.7 bA  11.3 bAB 
Light tillage   12.6 abB   2.3 aA 2.4 aA   1.9 aA 1.6 aA 1.0 aA 
Flail mowing + light tillage 12.3 aB   3.1 aA 3.4 aA   2.0 aA 1.9 aA 1.3 aA 

a Data are the least square means of four replications. LS means within a column followed by the same lowercase letter are not 
significantly different when compared with the PDIFF option at P≤ 0.05. LS means within rows followed by the same uppercase letter 
are also not significantly different at P≤ 0.05. 
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Table 3-5.  Weed biomass by category with different termination practices harvested 5 weeks after termination in spring 2008. 
 

 Weed biomass (g/m2) a 
Termination practice  Total Sedge  Grass Broadleaf 

Rolling  119.2  30.1  42.7 50.9 
Flail mowing  111.2 21.7  42.9 46.7 
Light tillage    91.8  26.0  43.0 22.8 
Flail mowing + light tillage    71.0 23.4  34.8 12.8 

P value  0.18 0.88  0.92 0.07 
a Data are the least square means of four replications. The effect of termination practice on suppression weed biomass in all categories 
was not significant when compared at P≤ 0.05. 
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Table 3-6.  Number of weeds by category averaged over termination practices at 3 and 5 weeks after termination in spring 2008. 
 

 Weed count (plants/m2) a 
Time after termination  Total Sedge  Grass Broadleaf 

Week 3  140.56  56.19  34.69 49.69 
Week 5  124.63 46.06  37.56 41.00 

P value  0.27 0.68  0.27 0.14 
a Data are the least square means of four replications. The effect of time after termination on weed biomass was not significant at P≤ 
0.05.. 
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Table 3-7.  Weed biomass by category with different termination practices harvested 5 weeks after termination in fall 2008. 
 

 Weed biomass (g/m2) 
Termination practice  Total Sedge  Grass Broadleaf 

Rolling   111.25 ba    0.51 ab  0.50 a 110.30 b 
Flail mowing  101.60 b  0.70 b  2.33 a   98.60 b 
Light tillage      2.45 a  0.48 a  0.05 a     1.95 a 
Flail mowing + light tillage      4.20 a 0.20 a  0.05 a     3.98 a 

a Data are the least square means of four replications. LS means within the same column followed by the same letter are not 
significantly different when compared by the PDIFF option at P≤ 0.05. 
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Table 3-8.  Number of weeds by category averaged over termination practices at 0, 3, and 5 weeks after termination in fall 2008. 
 

 Weed count (plants/m2) 
Time after termination  Total Sedge  Grass Broadleaf 

Week 0    82.38    4.06 aa  1.81 b 76.50 
Week 3    94.38  11.00 b  2.50 b 80.88 
Week 5  102.19 14.38 b  0.06 a 87.75 

P value  0.38 <0.001  0.004 0.73 
a Data are the least square means of four replications. LS means within the same column followed by the same letter are not 
significantly different when compared by the PDIFF option at P≤ 0.05. 

 



 

CHAPTER 4 
SUMMARY AND CONCLUSIONS 

Buckwheat [Fagopyrum esculentum Moench] is a promising cover crop for weed 

management in sustainable and organic cropping systems and is generally used as a summer 

cover crop in temperate areas. Since the humid subtropical climate of Florida results in local 

conditions that are considerably different from the rest of the country, recommendations for 

cover crop species and the time of planting developed in other parts of the US may not be 

applicable to Florida. Termination practices may influence weed emergence and growth by 

providing or eliminating germination cues through soil disturbance or mulches or by allelopathy, 

whereas they may also affect residue decomposition rate and the persistence of the surface mulch 

or allelopathic effect. Therefore, it was hypothesized that the optimal planting period for 

buckwheat would occur with mild weather in spring or fall in north central Florida and 

persistence of weed suppression after a buckwheat cover crop would differ depending on the 

practices used to terminate the crop. The objectives were to determine the optimal planting 

period for buckwheat used as a cover crop in Florida for effective weed suppression in spring 

and fall and to compare mechanical termination practices to determine the best practice for 

terminating a buckwheat cover crop that allows for persistence of weed suppression after 

termination. 

In the study to determine the optimal planting period, we chose planting dates from late 

February to late May in spring and late September to early December in fall. In early spring, cool 

temperatures suppressed weed emergence and growth and late frost during February and March 

may cause adverse effects on buckwheat growth. However, warmer temperatures in May 

speeded up weed growth and did not favor buckwheat growth. As for fall, temperatures in early 

fall might be too hot for buckwheat, whereas early frost in late fall may even kill buckwheat. The 
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effect of buckwheat on weed suppression was not significant in late fall because low temperature 

not only suppressed weed growth but also slowed down buckwheat growth. Therefore, our 

results suggest that optimal planting period in spring may be on or around May 1, and in fall it 

may be on or around Oct. 16. 

In the second study, termination practices of rolling, flail mowing, light tillage, and the 

combination of flail mowing and light tillage were compared to assess their effects on buckwheat 

termination, residue decomposition, and persistence of weed suppression. All of the practices 

resulted in the death of more than 90% of the buckwheat. Rolling allows for retention of cover 

crop residues as an organic mulch, however, rolled buckwheat residue was not sufficient to 

suppress established weeds. Flail mowing chopped and shredded buckwheat residue into small 

pieces, which accelerated the decomposition rate of the residue. Light tillage and the 

combination of flail mowing and light tillage could disturb the top layer of soil and cause 

disruption of established weeds; however, they may also stimulate weed seed germination within 

this layer of soil. Incorporation reduces the amount of residue on the soil surface by distributing 

it within the upper layer of the soil. Although the remaining surface residues may be insufficient 

for a mulch, incorporation may improve allelopathic suppression of weed growth. Depending on 

the cropping system, flail mowing and rolling may have utility for no-till and reduced tillage 

production systems. Although there was no difference in weed suppression with the two, the 

persistence of surface coverage with flail mowing may not be as good as with rolling. Light 

tillage alone may be more applicable in fall when cooler temperatures can inhibit weed 

germination and emergence and reduce the adverse effect caused by disturbing the soil. It is also 

a promising method for saving energy and limiting fuel cost since light tillage alone was as 

effective as a combination of flail mowing and light tillage. 
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As a result, it is recommended that buckwheat can be a useful short-term cover crop for 

weed suppression in Florida with the optimal planting period at or around May 1 for subsequent 

summer crops, and around Oct. 16 for subsequent winter crops. Even though hot weather in 

Florida is not appropriate for buckwheat growth and reduces the effectiveness of buckwheat for 

weed suppression, buckwheat may still play a role in sustainable cropping systems by providing 

ecosystem services such as nectar sources for beneficial insects, phosphorus source, organic 

matter, and short-term soil cover for neighboring or subsequent crops. Termination practices can 

be chosen depending on the production systems or buckwheat planting seasons. Rolling and flail 

mowing can be favorable practices in spring or for no-till cropping systems to provide organic 

mulch, although the mulch generated by rolling persists longer than that produced by flail 

mowing. It may be better to utilize light tillage for buckwheat termination in fall. Light tillage 

may also facilitate allelochemical release for weed suppression. 
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