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CHAPTER 1 

LITERATURE REVIEW 

Field Pennycress 

Introduction 

Field pennycress (Thlaspi arvense L.) is a member of the mustard family 

(Brassicaceae) and is a summer and winter annual weed. With a short vegetation cycle of 

80 to 120 days, pennycress could fit into a multi-cropping system in the central United 

States. Pennycress grows as a rosette in the fall and then goes dormant in the winter as 

the plant goes through a vernilization period. In the spring, pennycress will bolt and grow 

to a height of 10 to 50 cm and have several white flowers. Upon reproduction, the plant 

possesses many elliptical seed pods containing 5 to 20 seeds per pod (Groeneveld et al., 

2014). Pennycress is native to Eurasia, but has since been distributed through the United 

States with it thriving in the central and northwest regions (Mitich, 1996). Field 

pennycress was commonly known to be self-pollinating, but recent research has found 

that it is mostly pollinated due to wind distribution (Groeneveld et al., 2014). Pennycress 

has been identified as a potential oilseed crop because of a 25 to 36% seed oil content 

that has a composition suitable for biofuels (e.g., renewable jet fuel and biodiesel) (Moser 

et al., 2009; Fan et al., 2013). Field pennycress is a dual-purpose cover and oilseed crop 

that can be grown on land following corn (Zea mays L.) harvest and prior to soybean 

(Glycine max [L.] Merr.) planting (Phippen and Phippen, 2012). This allows a producer 

to continue raising corn and soybean while introducing an additional rotational crop 

during the winter months. This new cropping system could add additional income with 

underutilized land and equipment assets during this period. A typical harvest date for 
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pennycress is the first week of June which works well for producing full-season soybean 

in upstate Missouri. However, high yielding field pennycress may require additional 

management to maximize yields which could affect harvest date and delay soybean 

planting dates. Field pennycress has the potential to provide value to both the soil, the 

following soybean crop, and the producer. Other benefits with field pennycress include 

soil retention, nutrient retention, and the possibility of selling seed as a cash crop. 

Pennycress meal has also been tested as a biofumigant (Vaughn et al., 2006), which may 

allow growers to enter other potential markets. There is some interest in pennycress meal 

use in livestock feeds giving the seed meal a co-product attribute. Some challenges have 

been identified with using this meal as a feedstock due to a moderate level of 

glucosinolates commonly found in pungent species of the mustard family (Cooper & 

Weber., 2012). These glucosinolates at too large a level can decrease seed meal 

palatability and can influence pennycress meal usefulness as a livestock feed (Tripathi et 

al., 2007). 

Cropping Rotations 

In the central U.S., double cropping systems have been implemented to allow 

constant production throughout all the seasons by growing a winter annual crop such as 

wheat (Triticum aestivum L.) between summer crops such as corn and soybean (Gallaher, 

R.N. 2009). Multiple cropping systems have been identified to intensify production of 

crops for food, feedstock, and industrial purposes including biofuels (Johnson et al., 

2015). Field pennycress could fit into this program as an alternative crop grown through 

the winter months and harvested before planting a full season crop such as soybean. 

These rotations have many benefits outside of production yields and other monetary 
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returns. Having a crop, such as field pennycress, planted through the winter months can 

improve soil and water quality by preventing erosion and maintaining microbial activity 

in the soil throughout the year (Johnson et al., 2015). Research shows that soybean 

planted in a multi-cropping system following field pennycress have increased soybean 

yield (135 to 270 kg ha-1) (Phippin and Phippen, 2012). There may be nutritional benefits 

from pennycress residue or an unknown interaction with pennycress roots and microbial 

activity (Borchardt et al., 2008). 

Cover Crops 

  Cover cropping is planting a crop into fallow ground to provide benefits to both the 

soil and the cropping system (Snapp et al., 2005). Land management has become a 

priority for farmers everywhere because of rapidly changing markets. In addition, 

herbicide resistance has created the need for new management techniques including the 

use of natural phytochemicals and cover crops. Cover crops have many agronomic 

benefits such as weed suppression, soil and water retention, water quality, and wildlife 

habitat (Snapp et al., 2005). Scientists are considering new options for cover crops that 

may serve to suppress plant diseases, decrease insect pressure, and add value through 

biofuel production. Cover crops also have some risk including additional cost, delayed 

soil warming and possible interference with planting and harvesting the cash crop (Snapp 

et al., 2005). Cover crop selection is based mainly on the needs and wants of the farmer 

and what goals they are trying to achieve while maintaining economic value. With the 

increased practice of no-till planting, cover crops have been used to help prevent soil 

erosion in the field (Dose et al., 2017). Producers plant a crop in the field over the winter 

to prevent erosion and allow for easy spring planting due to increased maintenance of the 
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soil surface and planting seed bed as well as soil moisture retention (Nowak, 1992). As 

new technologies are developed, researchers have had some difficulty convincing farmers 

to invest in new practices (Nowak, 1992) unless there is an economic benefit or a return 

on investment. The increase in cover crop research has led to more economical ways to 

integrate cover crop programs into farms and more benefits from these crops. Cover crop 

selection and management is a useful tool when applied correctly. Application of cover 

crops and the possible seed harvest are being evaluated to increase adaptation and 

provide a monetary return on the cover crop investment.  

Agronomic Considerations for Growing 

 There are management practices for growing any crop in a production system that 

allow ease of planting, growth, and harvest of each individual crop in the system. 

Pennycress seeding date, amount, and depth may be like that of other small seeded crops 

such as alfalfa (Medicago sativa) and red clover (Trifolium pretense) (Zanetti et al., 

2013). Other considerations for growing a crop so closely related to the “wild type” may 

be more challenging depending on geographic location and soil quality (Snapp et al., 

2005). Field pennycress is commonly found in nutrient rich soils such as agronomic, 

horticultural, and greenhouse settings (Uva et al., 1997). Nutrient requirements for 

growing field pennycress in a high yielding system may be more demanding because of a 

yield potential as large as 2240 kg ha-1 (Fan et al., 2013; Phippen and Phippen, 2012). 

Planting Dates. Field Pennycress is a winter annual plant that normally 

germinates in the fall when the weather is cooler and there is less daylight (Mitich et al., 

1996). Similar to other small seeded cover crops, pennycress may be planted in the late 

summer months to establish a denser stand before winter dormancy. No research has 
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evaluated planting dates to ensure optimal germination and emergence for high yielding 

systems. Therefore, integrated crop seeding dates need to be evaluated in this study. 

Experiments need to focus on pennycress establishment following corn, so the residual 

effects of commonly used corn herbicides are also evaluated. Planting dates similar to 

those used for other cover crops such as canola (Brassica juncea) should be tested 

(Johnson et al., 2015). 

 Planting Depth. Not a lot of information is available about the ideal seeding depth 

of field pennycress. Seed size is small so broadcast or aerial seeding into a standing crop 

may be an ideal form of establishment, so the planting depth will be occurring due to 

natural weather events. Other small seeded crops are sometimes drilled as an alternate 

form of seed placement at a shallow depth of one to three centimeters (Zanetti et al., 

2013) 

 Seeding amounts. The final population of field pennycress has been variable 

depending on the vigor and dormancy of the planted variety (Hill et al., 2014). Following 

common seeding rates of cover crops with similar seed size when broadcasted and 

drilled, pennycress seeding amount has a range from 1.2 to 4.9 kg ha-1 (Zanetti et al., 

2013).  

 Production range. As a winter annual crop, field pennycress requires cooler 

temperatures and a vernilization period to produce seed. Pennycress is widespread 

throughout the U.S. from Florida to Alaska, but it is most common in the central to north-

west regions of the U.S. (Uva et al., 1997). With the potential for field pennycress to be 

an oilseed crop, it could be grown in a multi-cropping rotation in some regions. Central 
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and north central regions of the U.S. may be suitable to grow the oilseed through the 

winter months and still allow production of full season soybean the following year. 

 Seed Production Yields. Research has reported pennycress yields as large as 2240 

kg ha-1 (Phippen and Phippen, 2012). Typical yields were significantly lower with yields 

as low as 25 kg ha-1 depending on soil fertility, conditions during the growing season, and 

management techniques used for growth. 

Residue Management. Soil preparation and residue management from the 

previous crop may play an important role in field pennycress establishment and yield. In 

other systems, residue management plays a key role in many aspects of soil and plant 

health (Kruidhof et al., 2009). With an increase of herbicide resistant weeds, residue and 

land management has become a major factor in weed control and seed bed preparation 

(Kruidhof et al., 2009). Surface residue management systems will be an important tool to 

improve soil quality by potentially increasing soil organic chemistry, soil fungal biomass, 

earthworm populations, and microbial enzyme activity (Schillinger et al., 2010). Burning 

residue is also a traditional method of residue removal, but it has a negative effect on air 

quality. Incorporation or minimum tillage methods may be a more efficient method of 

removal or incorporation, but doesn’t have the same level of weed control effectiveness 

(Schillinger et al., 2010). In pennycress, weed control and seedling health will have large 

effects on population and yield.  

Soybean Cyst Nematode Host Susceptibility 

  Soybean cyst nematode (SCN) (Heterodera glycine) is the most economically 

important soybean pest in the United States (Wrather and Koenning, 2006). Soybean 

yield losses within infested fields of SCN have ranged from 5 to 95% (Schmitt, 1992). 



 

7 
 

 

Many factors affect nematode growth and reproduction such as soil temperature, 

moisture, texture, and pH (Alston and Schmitt, 1988; Slack et al., 1972). Soil temperature 

is the greatest factor affecting field pennycress as a SCN host plant (Venkatesh et al., 

2000) because soybean would follow field pennycress allowing for earlier establishment 

of cyst nematodes. Nematode egg population densities would be maintained or increased 

through the winter months and there would be no lag time for nematode proliferation 

between host species plants (Chen et al., 2006). The average temperature for rapid 

reproduction of cyst nematode is 25⁰ C. A new generation of SCN hatches every 20 to 24 

d while a temperature of 17.7⁰ C produces a new generation every 40 d (Slack et al., 

1972).  

  Host plant species are plants that allow the growth and reproduction of SCN in a 

crop field even when soybeans are not currently planted. Several winter annual weeds 

have been evaluated as an option to suppress SCN (Johnson et al., 2008). Field 

pennycress and other common winter annual weeds were evaluated to determine if they 

might be a SCN non-host option for over wintering (Venkatesh et al., 2000). A 

greenhouse trial in Ohio indicated field pennycress was an intermediate host for SCN 

depending on the specific race (Venkatesh et al., 2000). A study in Minnesota (Chen et 

al., 2006) evaluated several cover crops and their host susceptibility to SCN in a known 

infested field. The results reported varying potential of some broadleaf cover crops to 

suppress SCN. At three different locations, they reported similar SCN egg population 

densities of 7,597 to 10,780 eggs 100 cm-3 of soil at planting, 6,091 to 11,238 eggs 100 

cm-3 of soil midseason, and 5,258 to 7,620 eggs 100 cm-3 of soil at harvest from alfalfa, 

red clover, and perennial ryegrass (Lolium perenne) respectively, from varying types of 
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crops (Chen et al., 2006). This indicated that different crops used through the winter have 

varying effects on SCN egg population densities and specific race host.  

Pennycress as a Biofuel 

Today, crops are not solely raised as a food product. Many crops can be used as 

co-products, or multi-product systems after harvest. Food, feedstock, biofuel, fertilizer, 

and fiber are just some of the products that can be made from the seed, residue, and seed 

meal after harvest (Cooper & Weber, 2012). Field pennycress has the potential to be 

processed into biofuel. Furthermore, Boateng et al., (2010) showed that fast pyrolysis of 

defatted pennycress seed meal had the potential to produce stable high-C, low-oxygen 

high-energy liquid fuel intermediates that had the ability to be formulated into jet fuels 

(Johnson et al., 2015). Field pennycress derived biofuels could qualify as an advanced 

biofuel source and would qualify as a biomass based diesel fuel source as outlined in the 

Renewable Fuels Standard (Fan et al., 2013). Pennycress has been selected as a choice 

for a biofuel crop because it has a large seed oil content of 25 to 36% (Moser et al., 

2009). Some other factors that make pennycress a suitable choice are that it is affected by 

a small number of pests and diseases, it fits well into current cropping systems, and it has 

a low cost of production (Nafzinger et al., 2016).  

Herbicide Management  

Herbicides are commonly used in production agriculture today to control 

competitive weeds. These methods allow germination and healthy seedling growth early 

in the growing season without competition for resources (Vanlieshout and Loux, 2000). 

One of the most significant challenges that comes with crop production is weed 

management (Ashton et al., 1973). Weed populations in a crop field can have a major 
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impact on crop health and yield. Residual herbicide programs allow improved seedling 

health and allow the crop to reach canopy more quickly for increased weed prevention 

(Yelverton and Coble, 1991). Developing an herbicide program that allows for 

pennycress tolerance and prosperity while also controlling competitive species will be 

important in pennycress domestication and growth. Currently there are no herbicides 

labeled for use in field pennycress, but pennycress may have some tolerance to 

commercially available residual and contact herbicides for both pre-and postemergence 

use (Helling, 2005). Rotational restrictions will inhibit the use of some herbicides due to 

negative effects they may have on the subsequent soybean crop. Little research has been 

conducted on field pennycress tolerance to herbicides at this time. 

Pennycress Desiccation 

Harvest aids or chemical desiccation of plant material prior to harvest is more 

common in oilseed crop production in order to meet a desired harvest date and seed 

moisture (Sanderson, 1976). Field pennycress grown as an oilseed crop before soybean 

may require a harvest aid to allow removal and soybean planting. Field pennycress 

removal and soybean planting before the late planting date required for crop insurance 

will increase pennycress acceptance into current production systems (Sherrick et al., 

2004). Commonly used chemical desiccants may impact seed germination or disrupt 

normal growth of the soybean crop (Chen et al., 1972).  A harvest aid used in field 

pennycress could act as a burndown and potential residual herbicide for the soybean crop. 

Tank mixes of desiccants and residual soybean herbicides applied at the time of 

desiccation would provide burndown of present weed species and residual control 

through soybean planting (Cronshey, 1961). Harvest aid timing is also a necessary 
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consideration in desiccation management. Research has shown reduced yield in soybean 

following premature applications of glyphosate, glufosinate, and paraquat (Ratnayake 

and Shaw, 1992).  

Limited research has evaluated the production potential, herbicide options, 

fertilizer management or integrating seeding dates into current cropping systems. 

Therefore, research was designed to address specific production objectives. 

Objectives  

Primary Research Objective 

 To determine basic management practices for growing field pennycress and its 

effect on corn and soybean growth in upstate Missouri.  

Specific Research Objectives 

1. Evaluate the effects of pennycress seeding dates and corn herbicide 

management programs on corn yields, pennycress stands and yields, and 

soybean yield response following pennycress establishment. 

2. Evaluate preemergence and postemergence herbicides for pennycress 

tolerance and weed control.  

3. Evaluate the effects of a harvest aid on desiccation of pennycress, 

burndown of weeds, and pennycress germination. 

4. Evaluate wheat residue management on field pennycress stand 

establishment and yield.
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Hypotheses 

Specific Research Hypotheses 

1. Pennycress seeding date will be a necessary foundation for managing and 

growing pennycress in the future. Given the winter annual nature of field 

pennycress, it would be expected that a seeding date in late summer or 

early fall will be the most desirable date for seeding. Commonly used corn 

herbicide programs will have a detrimental effect on earlier seeded 

pennycress, but it is not expected that there will be a decrease in 

pennycress germination and yield at the later seeding date. 

2. Most pre- and postemergence herbicides have good control of winter 

annual weeds. Some mechanisms of action may have some crop safety 

toward field pennycress while still controlling other common winter 

annual weed species. At a half rate, it is expected that there may be some 

crop safety toward field pennycress, but less control of competitive winter 

annual weeds.  

3. Desiccation herbicides are used for defoliation and allow for earlier 

harvest of field pennycress and planting of full season soybean in a multi-

cropping system. Most desiccation herbicides will perform well as a 

desiccant, but may impact germination in this system. The proper use of a 

burndown herbicide with a residual herbicide may allow for a one-pass 

application for both field pennycress and a soybean residual herbicide 

program.  
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4. Residue management is critical in most cropping systems. With field 

pennycress being a small seeded winter annual, heavy residue will slow 

down germination and establishment, and allow competitive weeds to 

become established easier. Burning wheat residue and planting into the 

soil would allow faster germination and a denser population of pennycress 

in the fall.  

Arrangement of Thesis 

 This thesis contains five chapters which have been organized in a standard 

research journal format. Chapter 2 provides the methods and results of pennycress 

seeding dates effect on corn yield, pennycress germination and yield, and the effect of 

corn residual herbicide on field pennycress. Chapters 3 and 4 provide the methods and 

results for the preemergence, postemergence, and harvest aid effectiveness on pennycress 

injury and competitive weed control. Chapter 5 provides the methods and results of the 

effects of wheat residue management on field pennycress establishment and yield.  

Chapter 6 summarizes field pennycress management in upstate Missouri.
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CHAPTER 2 

FIELD PENNYCRESS SEEDING DATE AND CORN HERBICIDE 
MANAGEMENT EFFECTS ON CORN, PENNYCRESS, AND SOYBEAN 

PRODUCTION 
ABSTRACT 

 Field pennycress (Thlaspi arvense L.) has the potential to serve as a cover crop 

and oilseed crop for biofuel production. Field research was conducted from 2014 to 2017 

near Novelty, Missouri to 1) determine the effect of seeding date on corn (Zea mays L.) 

grain quality and yield; 2) evaluate the effect of corn herbicide management on 

pennycress population, grain quality, and yield; 3) evaluate the effect of pennycress on 

soybean (Glycine max [L.] Merr.) grain quality and yield; and 4) measure the host 

susceptibility of field pennycress to soybean cyst nematode (SCN) (Heterodera glycines). 

The experiment was conducted at the Lee Greenley Memorial Research Center from 

2014 to 2017. The study was arranged as a split-plot design with four replications. Field 

pennycress seeding date was the main plot and corn residual herbicide management as 

the sub-plot. SCN host susceptibility in field pennycress was measured after soybean 

planting in each replication in 2016 and 2017. Field pennycress was broadcast 

overseeded into corn at the V4-V6 and R4-R6 growth stages and drill seeded after corn 

harvest. Corn yields in 2015, 2016, and 2017 were high (13 to 17 Mg ha-1).  There was no 

effect of field pennycress overseeding date on corn yields in 2015 or 2017, and only 

slight differences in corn yields (484 kg ha-1) among pennycress seeding dates were 

observed in 2016. Field pennycress yields averaged 172 kg ha-1 in 2015, 200 kg ha-1 in 

2016, and 78 kg ha-1 in 2017. Field pennycress did not affect soybean yield in 2015 

although overall yields were low (700 to 1300 kg ha-1) due to extremely wet conditions 
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throughout the region. In 2015 and 2016, a slight increase in soybean yield was found in 

treatments following field pennycress. In 2017, soybean yields were high (4240 to 4540 

kg ha-1). Continued field research is needed to integrate field pennycress into current 

cropping systems in the Midwestern United States.   

INTRODUCTION 

 Field pennycress (Thlaspi arvense L.) is a winter and summer annual weed 

distributed throughout North America (Mitich et al., 1996).  Pennycress is a member of 

the mustard (Brassicaceae) family with a short vegetation cycle of 80 to 120 days 

(Groeneveld et al., 2014). Pennycress has the potential to fit into a multi-cropping system 

with corn (Zea mays L.) and soybean (Glycine max [L.] Merr.). Pennycress would be an 

alternate option to the common multi-cropping practice utilizing wheat (Triticum 

aestivum L.) (Gallaher, 2009). Pennycress growth begins with germination in late 

summer to early fall. Growth through the fall and early winter continues as a rosette with 

leaves usually 5 to 10 cm in diameter. After a vernilization period, pennycress bolts to a 

height of 10 to 50 cm with several white flowers in the spring. In the reproductive stage, 

several elliptical seed pods containing 5 to 20 seeds are produced (Groeneveld et al., 

2014). Pennycress is native to Eurasia, but has been distributed through most of Europe, 

Asia, and the Americas (Mitich, 1996).  

Field pennycress has been identified as a potential oilseed crop because of a large 

seed oil content of 25 to 36% and a seed composition suitable for biofuel production 

(e.g., renewable jet fuel and biodiesel) (Moser et al., 2009; Fan et al., 2013). Pennycress 

could be a dual-purpose oilseed cover crop and could be suitable for a corn and soybean 

rotation (Phippen and Phippen, 2012). This would allow producers to continue to grow 
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corn and soybean while introducing another crop through the winter months and harvest 

before soybean planting. A typical harvest date for field pennycress is early June in 

northern Missouri allowing for planting of full season soybean before the late planting 

date of the crop insurance deadline (Phippen and Phippen, 2012). 

The utility of field pennycress as a cover crop would allow producers the ability 

to not only improve their conservation practices, but also add a monetary return on 

investment through sale of the oilseed at harvest. A cover crop is defined as a crop grown 

between major crops to improve soil health, water quality, and replace nutrients and 

organic matter in the soil (Snapp et al., 2005). Cover cropping is a way to prevent erosion 

and allow for less seed bed disturbance in the spring. (Dose et al., 2017). Research 

indicates additional benefits of implementing cover cropping systems such as natural 

weed control through the use of phytochemicals, suppression of plant diseases, decreased 

insect populations, and adding value to the cropping system (Snapp et al., 2005). The 

increase in cover crop research has led to economical ways to integrate cover crop 

programs into cropping systems and discovery of other benefits from cover crops 

(Nowak, 1992).  

Management practices must be developed to produce pennycress seed at a 

commercial level. Developing a basis on which decisions can be made is one of the most 

valuable tools in seed production. There has been little research on field pennycress 

planting dates and depths. Developing recommendations on seeding dates and methods 

are fundamental steps in domesticating field pennycress as a crop. Field pennycress 

seeding date is potentially like that of other small seeded winter annual species (Zanetti et 

al., 2013). Field pennycress thrives in nutrient rich soils with a yield potential as great as 
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2240 kg ha-1 (Fan et al., 2013; Phippen and Phippen, 2012). Management and nutrient 

requirements may be important factors to maximize plant growth and grain yield. Field 

pennycress is a small seeded winter annual crop; therefore, late summer to early fall 

seeding dates may ensure good germination and development before winter. No research 

has evaluated planting dates to ensure optimal germination and emergence for high 

yielding integrated cropping systems. Planting dates similar to those used for other cover 

crops such as canola (Brassica juncea) or camelina (Camelina sativa) may work well for 

field pennycress (Johnson et al., 2015). 

Soybean cyst nematode (SCN) (Heterodera glycine) is the most economically 

important soybean pathogen in the United States (Wrather and Koenning, 2006). Field 

pennycress has been identified as a moderate host to SCN which could pose a problem in 

incorporating it into a system where pennycress is grown in the early months before 

soybean planting. Soybean yield losses within infested fields of SCN have ranged from 5 

to 95% (Schmitt, 1992). Many factors affect nematode growth and reproduction such as 

soil temperature, moisture, texture, and pH (Alston and Schmitt, 1988; Slack et al., 1972). 

Soil temperature is an important factor affecting field pennycress as an SCN host plant 

since soybean would follow field pennycress which could allow for earlier establishment 

and proliferation of cyst nematode populations. Nematode population densities could be 

maintained or increased through the winter and spring months allowing nematode growth 

and development before soybean planting (Chen et al., 2006).  

Host plant species allow the growth and reproduction of SCN in a crop field even 

when soybean are not planted. Several winter annual weeds have been evaluated as an 

option to suppress SCN (Johnson et al., 2008). However, field pennycress has been 
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evaluated as an SCN non-host option for over wintering (Venkatesh et al., 2000). A 

greenhouse trial in Ohio indicated field pennycress was an intermediate host for SCN 

depending on the specific race (Venkatesh et al., 2000). A study in Minnesota (Chen et 

al., 2006) evaluated several cover crops and their host susceptibility to SCN in a known 

infested field. Samples were taken at planting, midseason, and again at harvest from 

alfalfa, red clover, and perennial ryegrass (Lolium perenne) (Chen et al., 2006). The 

results reported varying information for the potential of some broadleaf cover crops to 

suppress SCN. At three different locations, they reported similar SCN egg population 

densities among cover crops ranging from 5,258 to 11,238 eggs 100 cm-3 of soil. This 

leads to the importance of understanding host susceptibility of crops grown through the 

winter before soybean planting.  

 Many crops today are raised for multiple uses. Various parts of the plant can be 

used as by- or co-products as well as a food source. Biofuel, feedstock, fertilizer, and 

plant biorefining for energy are just some of the uses of other parts of crop plants (Cooper 

and Weber, 2012). Field pennycress has been identified as a unique oilseed crop because 

of a large seed oil content (25 to 36%) as well as a unique composition that makes it ideal 

for specific types of jet fuel (Botang et al., 2010). Field pennycress is not susceptible to a 

large amount of plant diseases and insects due to a natural biofumigant which deters 

many insect pests (Nafzinger et al., 2016). There has been interest in other industries 

regarding field pennycress as a source for a natural biofumigant and phytochemical 

(Vaughn et al., 2006) 
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MATERIALS AND METHODS 

Site Description and Experimental Design 

  A three-year field trial in a corn, field pennycress, soybean rotation was initiated in 

the spring of 2014 at the University of Missouri Greenley Memorial Research Center 

near Novelty, Missouri (40⁰ 1’17” N, 92⁰ 11’24.9” W). The trial was arranged as a split-

plot design with four replications. Plots were 3.1 by 12.2 m. Pennycress seeding date was 

the main plot (V4-V6, R5-R6, post-harvest drill-seeded, and a non-seeded control) and 

corn herbicide management system (atrazine, acetochlor, atrazine and acetochlor, a 

premix of atrazine, mesotrione, and S-metolachlor, and a non-treated control) was the 

sub-plot. Crop management details are listed in Table 2.1 from below. 

 The soil series of the site of research was a Mexico (fine, smectitic, mesic Vertic 

Albaqualfs) and Putnam silt loam (fine, smectitic, mesic Mollic Albaqualfs). Soil samples 

were collected from each replication during the pennycress growing season and were 

combined to gain a soil analysis of the field area to a depth of 30 cm. Soil properties are 

presented for this site in Table 2.3 and were analyzed using standard soil testing 

analytical procedures for Missouri (Nathan et al., 2006). Rainfall data were collected on-

site at the research center using an automated weather station (Campbell Scientific, Inc., 

Logan UT) (Fig. 2.2). Rainfall data were collected for the growing season from before 

corn seeding on 1 March 2014 to 31 October 2017 at the conclusion of this research. 

  Pioneer corn hybrid, P1151AM, was planted in 76.2 cm rows (John Deere 7200, 

Moline, Il) in all three years and was managed for high yielding systems without 

irrigation. A pennycress cultivar (‘Adams’) was overseeded at 39.2 kg ha-1 into corn at 

the V4-V6 and R5-R6 (Abendroth et al., 2011) stage of corn development in all three 
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years. After corn was harvested, ‘Adams’ pennycress was drill seeded (Great Plains Solid 

Stand 10, Salina, KS) at 39.2 kg ha-1. Soybean was planted in 38.1 cm rows (John Deere 

7200, Moline, IL) in 2015 and drilled in 19 cm rows (Great Plains Solid Stand 10, Salina, 

KS) in 2016 and 2017 immediately after pennycress harvest. Soybean planting population 

was 445,000 seeds ha-1 and plots were maintained weed-free. All three crops were 

harvested using a Wintersteiger Delta (Salt Lake City, UT) plot combine. The center two 

rows of each corn plot were harvested, while the center 1.5 m of the soybean and 

pennycress plots were harvested for test weight, moisture, and yield determination. 

Yields were adjusted to 150, 110, and 130 g kg-1 for corn, field pennycress, and soybean, 

respectively, prior to analysis. Plant populations were collected for corn (number of 

plants per row), pennycress, and soybean (plants per 30.5 by 76.2 cm) and adjusted to 

plants ha-1. Field pennycress may be impacted by residual corn herbicides, so a test was 

conducted to determine the influence of herbicides on pennycress establishment and 

yield. The sub-plot arrangement included four residual herbicides commonly used in corn 

production and one non-treated control (Table 2.7). Herbicides were applied early post 

using a 3.05 m wide CO2 backpack sprayer calibrated to apply 150 L ha-1 at 4.7 km h-1 

and 110 kPa. Environmental conditions at the time of application are reported in Table 

2.4. The herbicides and applied amounts are included in Table 2.7 along with pennycress 

population, test weight, moisture, and yield differences.  

  Soil samples for soybean cyst nematode (SCN) were collected in 2016 and 2017 

following field pennycress harvest to determine host susceptibility to SCN. Samples were 

collected randomly from each replication in the treated (field pennycress growth), and the 

non-treated (no pennycress growth) areas at a depth of 30 cm. Samples were analyzed 
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and an egg count and HG test were conducted by the SCN Diagnostics Laboratory at the 

University of Missouri – Columbia.  

Statistical Analysis 

  Analysis of variance (ANOVA) using the statistical program SAS v9.4, with PROC 

GLM was used to analyze pennycress seeding date and residual corn herbicide 

management on corn, pennycress, and soybean test weight, moisture, and yield as well as 

pennycress population. Results from the overall ANOVA are presented in Table 2.2. The 

non-treated and non-seeded control were included in the analysis. Fishers Protected LSD 

at P = 0.05 was used to separate means and determine significant effects of each 

treatment. Main effects were presented in the absence of a significant interaction.  

RESULTS AND DISCUSSION 

Corn Test Weight, Moisture, and Yield 

  Field pennycress seeding date had no effect on corn plant population (P = 0.29) in 

2015 and 2016 or test weight (P = 0.16). Corn grain moisture at harvest was similar in 

2014 and 2016 (Table 2.6). In 2015, the V4-V6 seeding date had the greatest grain 

moisture which was similar to 2016 (176 g kg-1). Several management practices could 

have affected harvest moisture in corn. Increased plant populations, fertilizer and 

fungicide management as well as plant pathogens can all impact harvest moisture 

(Farnham, 2001). There were limited effects (<500 kg ha-1) on corn yield from field 

pennycress seeding date over all three years (Table 2.6). Beneficial influences have been 

found upon winter cover crop evaluation in corn. The early seeding date of field 

pennycress after corn establishment may have introduced slight interference with corn, 

but it caused limited yield effects on corn at harvest (Miguezet al., 2005). Corn residual 



 

24 
 

 

herbicide treatments had no effect on corn population (P = 0.56), test weight (P = 0.82), 

grain moisture (P = 0.88), or yield (P = 0.13). 

Field Pennycress Population, Test Weight, Moisture, and Yield 

  Corn residual herbicides and pennycress seeding date had some effect on 

pennycress population. Pennycress populations were consistent through the V4-V6 and 

post-harvest drill seeding date (<231,000 plants ha-1 difference). The R5-R6 seeding date 

had greater variability in plant population (>330,000 plants ha-1 difference). This 

variation could be the result of dormancy and germination difficulties with current 

cultivar availability. Residual corn herbicides caused some variations in population 

(>225,000 plants ha-1) but they were sporadic and there was greater variation in the non-

treated control (>575,000 plants ha-1). This variation, like the R5-R6 treatment, is 

attributed to the undomesticated nature of field pennycress which causes challenges with 

dormancy and germination. Corn residual herbicide did not affect field pennycress grain 

test weight (P = 0.88), moisture (P = 0.98), or yield (P = 0.45). There was a decrease 

(22.3 to 34 kg hL-1) in field pennycress test weight in the R5-R6 and drill-seeding 

treatments compared to the V4-V6 seeding date. In winter wheat, planting date has been 

found to influence grain yield, but it showed little impact on grain test weight (Hossain et 

al., 2013). The V4-V6 pennycress seeding date had the highest test weight for all three 

years (42.0 – 84.6 kg hL-1). Grain test weight ranged from 21.3 to 33.0 kg hL-1 for the 

later seeding dates over the duration of the experiment. Field pennycress grain moisture 

was also affected (P = 0.0001) by seeding date. Grain moisture fluctuated from 232 to 

641 g kg-1 in the V4-V6 and drill-seeded planting dates (Table 2.7). The R5-R6 

pennycress seeding date had the most consistent grain moisture over the three-year study 
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(170-222 g kg-1). Field pennycress yield was also variable throughout the study, but this 

may have been influenced by extreme weather conditions causing saturated soil 

conditions at the time of seed fill in 2015 and dry soil conditions at planting in 2016 

(Figure 2.2). Soil saturation for extended periods of time during critical plant 

developmental stages can impact plant health and yield as seen in soybean (Buttery et al., 

1998) and corn (Rosenzweig et al., 2002). Yields ranged from 56 to 252 kg ha-1 through 

each seeding date (Table 2.7). These pennycress yields are smaller (>400 kg ha-1) than 

Phippen and Phippen (2012). The R5-R6 seeding date was generally the greatest yielding 

planting date in all three years. The early and late seeding dates had a greater fluctuation 

in grain moisture and yield through each year of the experiment.  

Field Pennycress Seeding Date Effect on Soybean Harvest Test Weight, Moisture, 

and Yield 

  Soybean yields were higher in 2016 and 2017 (3950 to 4540 kg ha-1) compared to 

2015 (705 to 1320 kg ha-1) (Figure 2.1). Soybean yields were influenced by extremely 

wet growing conditions in 2015 (Figure 2.2). As reported by Buttery et al. (1998), 

germination, growth and yield were inhibited by extended exposure to saturated soils 

after planting. In the 2015, soybean yield increased in the V4-V6 (975 kg ha-1) and drill-

seeded (1,320 kg ha-1) treatments following field pennycress compared to the non-seeded 

control (780 kg ha-1). These results are similar to results reported by Phippen and Phippen 

(2012), where soybean yield increases (~500 kg ha-1) were found in areas following field 

pennycress. In 2016, no differences in yields were detected where soybean followed field 

pennycress. In 2017, an unknown root pathogen may have impacted overall field 

pennycress growth. Root diseases have the potential to cause major decreases in yield and 

complete plant death where conditions are suitable for growth and development of the 
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disease (Arias et al., 2013).  Soybean yields in 2017 were large, but all treatments were 

similar (Figure 2.1). Soybean moisture was influenced by corn residual herbicide and 

pennycress planting date, but grain moisture was maintained near or below 130 g kg-1. 

Soybean test weight was not affected by pennycress seeding date or corn residual 

herbicides.  

Field Pennycress Effect on SCN Egg Population Densities 

 The results of this study are presented in Table 2.5 and include egg population 

densities and HG test in 2017. In 2016, the experiment was conducted on soil that had 

previously been in continuous tall fescue (Festuca arundinacea) for several years. 

Samples were collected and analyzed finding an egg density of 0 across all treatments. 

Cropping history for the two fields included in this research were very different and 

overall SCN populations were affected. SCN egg population densities collected in 2017 

varied among treatments, but there was no significant effect of field pennycress on SCN 

population (P = 0.43). The HG type was 1.2. This relates to the indicator line in which 

the population is most active. This SCN population was able to reproduce at a low level 

(<10%) on PI 90763, and at a moderate level (10 to 60%) on PI 88788. A large level of 

reproduction (>60%) occurred on PI 548402 (Peking) and Pickett, but the population was 

unable to reproduce on PI 437654. This one-year collection indicates that pennycress is 

an intermediate host for SCN and had no suppression on SCN egg population densities. 

Further research is needed to confirm this observation.  
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CONCLUSION 

  Field pennycress seeding date in a corn, pennycress, soybean rotation had a 

minimal impact on corn plant population, test weight, and moisture. There were limited 

effects on corn yield from field pennycress seeding date (<500 kg ha-1). Field pennycress 

seeding date had variable effects on pennycress population, test weight, moisture, and 

yield depending on year. This variability may have been affected by weather events 

throughout the growing season. The R5-R6 pennycress treatment maintained a yield 

within 24 kg ha-1 or greater of the other seeding dates and a consistent harvest moisture 

(<50 g kg-1 difference) throughout the study. The R5-R6 treatment maintained desired 

seed quality and yield which makes it a suitable seeding date. The V4-V6 seeding date 

and drill-seeding date had suitable harvest yields; however, greater yield variability (56 to 

253 kg ha-1) and moisture (232 to 641 g kg-1) was observed. Field pennycress test weight 

was variable depending on seeding date and year. Test weight was the highest in the V4-

V6 seeding date (~60.6 kg hL-1) and fell to a range of (21.3 to 30 kg hL-1) in the latter 

two seeding dates. Soybean yield increased (>100 kg ha-1) following field pennycress in 

2015. In 2016 and 2017, no differences in soybean yield were observed.  Soybean grain 

harvest moisture did have a significant interaction with corn residual herbicides, but 

harvest moistures were maintained close to or below the safe storage moisture (130 kg ha-

1) for soybean. SCN egg population densities were similar for seeded and non-seeded 

areas in 2017 (P = 0.43). 
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Table 2.1. Field management of corn, field pennycress, and soybean during the 2014-
2015, 2015-2016, and 2016-2017 growing seasons. 

Field management  2014-2015  2015-2016  2016-2017 
Corn       
 Planting date  18 Apr. 2014  22 Apr. 2015  20 Apr. 2016 

 
Planting 
population 

 74,100 seeds ha-1  81,500 seeds ha-1  81500 seeds ha-1 

 
Fertilizer (N-
P2O5-K2O) 
(kg ha-1) 

 168 – 0 – 0  202 – 0 – 0  202 – 0 – 0 

 Tillage  
Vertical tilled† 

two times 
17 Apr. 2014 

 No-till  No-till 

 Harvest date  30 Sept. 2014  15 Sept. 2015  2 Oct. 2016 
Field pennycress       
 Seeding date       
     V5-V6 corn  20 June 2014  2 June 2015  6 June 2016 
     R5-R6 corn  29 Aug. 2014  28 Aug. 2015  14 Aug. 2016 
     Post-harvest  1 Oct. 2014  17 Sept. 2015  20 Sept. 2016 
    Harvest aid  None  diquat§ at  diquat§ at 
     2 May 2016  21 May 2017 

     
1543.4 g ai ha-1 

and NIS‡ 
 

1543.4 g ai ha-1 
and NIS‡ 

     at 0.25% v/v  at 0.25% v/v 
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Table 2.1. Continued. 

†Vertical Tillage (Case IH 335VT, Racine, WI); John Deere 7200, Moline, IL; Great 
Plains Solid Stand 10, Salina, KS 
‡Abbreviations DAS-diammonium sulfate, NIS-non-ionic surfactant, UAN-urea and 
ammonium nitrate 
§ clethodim,[1 -[[(3-chloro-2-propenyloxyjimino]propyl]-5-[2-(ethylthio)propyl]-3-
hydroxy-2-cyclohexen-1-one; chloranuslam-methyl: N-(2-carbomethoxy-6-
chlorophenyl)-5-ethoxy-7-fluoro(1,2,4)triazolo-[1,5-c]pyrimidine-2-sulfonamide; diquat, 
[6,7-dihydrodipyrido (1,2-a:2',1'-c) pyrazinediium dibromide]; fomesafen, 5-[2-chloro-4-
(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-nitrobenzamide; glyphosate, N-
(phosphonomethyl)glycine; metribuzin, 4-Amino-6- (1,1-dimethylethyl)-3-(methylthio)-
1,2,4-triazin-5 (4H)-one

Soybean       
 Cultivars  Asgrow 3832  Stine 36LE02  Stine 36LE02 
 Planting date  3 June 2015  3 June 2016  4 June 2017 

 
Crop 
protection 

      

 Preemergence  None  3 June 2016  6 June 2017 

     

S-metolachlor§ at 
1824.2 and 

metribuzin§ at 
434.4 g ai ha-1 

 

S-metolachlor at 
1824.2 and 

chloranuslam§ at 
706.13 g ai ha-1 

 
Post 
emergence 

 5 July 2015  24 June 2016  7 July 2017 

   
fomesafen§ at 
280.6 g ai ha-1 

 
glufosinate§ at 
569.3 g ai ha-1 

 
glufosinate at 569.3 g 

ai ha-1 

   
S-metolachlor 
at 1207.9 g ai 

ha-1 
 DAS‡ at 20 g L-1  DAS at 20 g L-1 

   
clethodim§ at 
84.3 g ai ha-1 

    

Non-seeded 
control 

      

 
Crop 
protection 

 1 Oct. 2014  23 Apr. 2016  2 May 2017 

   
glyphosate§ at 
546.5 g ai ha-1 

 
glyphosate 

797.1 g ai ha-1 
 

Glyphosate 
797.1 g ai ha-1 

   
UAN‡ at 

2338.49 ml ha-

1 
 UAN at 2.4 L ha-1  UAN at 2.4 L ha-1 
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Table 2.2. ANOVA summary of field pennycress seeding date and corn residual herbicide on corn, pennycress, and soybean 
population (Pop.), grain test weight (T.W.), moisture, and yield. 

† Abbreviations: Pop., population, T.W., test weight.

 Corn  Pennycress  Soybean 
 Pop.† T.W.† Moisture Yield  Pop. T.W. Moisture Yield  T.W. Moisture Yield 
Source P>F P>F P>F P>F  P>F P>F P>F P>F  P>F P>F P>F 
Seed Date 0.29 0.16 0.0001 0.0001  0.0001 0.0001 0.0001 0.0001  0.57 0.12 0.0004 
Herbicide 0.56 0.82 0.88 0.13  0.25 0.88 0.98 0.45  0.43 0.22 0.20 
Year x Seed Date 0.07 0.14 0.0001 0.0001  0.0001 0.0001 0.0001 0.0001  0.59 0.09 0.0001 
Year x Herbicide 0.56 0.14 0.95 0.77  0.47 0.75 0.60 0.73  0.66 0.87 0.86 
Seed Date x Herbicide 0.90 0.28 0.38 0.21  0.01 0.59 0.48 0.33  0.28 0.17 0.57 
Year x Seed Date x 
Herbicide 

0.61 0.54 0.92 0.75  0.79 0.20 0.10 0.64  0.17 0.04 0.11 
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Table 2.3 Selected soil chemical properties from spring soil samples at a depth of 30 cm in 2015, 2016, and2017. Data were averaged 
over all treatments and replications. 

†Abbreviations: CEC, cation exchange capacity; Exch., exchangeable; N.A., neutralizable acidity; O.M., organic matter  
‡ Standard deviation

Soil property† pHS N.A. O.M. Bray I P Exch. Ca Exch. Mg Exch. K CEC 

 
(0.01 M 
CaCl2) 

CmolC kg-1 g kg-1 kg ha-1 kg ha-1 kg ha-1 kg ha-1 CmolC kg-1 

2015 5.2 + 0.05‡ 4.5 + 0.4 40 + 1.8 128.1 + 9.8 4826.4 + 339 511.1 + 64 491.8 + 1.4 17.7 + 1.2 
2016 5.5 + 0.05 3 + 0 23.3 + 1.3 54.6 + 6.3 3454.7 + 184 366.8 + 23 307.4 + 0.6 12.2 + 0.5 
2017 5.8 + 0.2 2 + 0.4 27.5 + 2.3 51.6 + 5.8 4608.1 + 325 408 + 70 344.1 + 69 14.2 + 1.3 
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Table 2.4. Environmental conditions for residual corn herbicide application. 
 Wind speed Humidity Cloud cover Temperature 
Year km h-1 % % ⁰C 
2014 11.6 62 25 18 
2015 8.2 74 0 14.5 
2016 13.0 51 0 12.2 
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Table 2.5. Soybean cyst nematode egg population densities in soils following field pennycress harvest in 2016 and 2017. 

† HG type 1.2. Test indicates a female index greater than 10% on indicator lines 1 (PI 548402 (Peking)) and 2 (PI 88788). No HG type 
was determined in 2016 since no SCN egg population    densities were available. HG type testing was conducted by SCN Diagnostics 
at the University of Missouri-Columbia. 
 

 

 

 

 

 

  2016  2017 
  Pennycress  No pennycress  Pennycress  No pennycress 
Population†  0  0  3469 eggs 250 cm3  10360 eggs 250 cm3 

LSD (P = 0.05)  NS NS 
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Table 2.6. Field pennycress seeding date effect on corn moisture and yield in 2014, 2015, and 2016. 

        
  
 
 
 
 
 
 
 
 

 

  Moisture  Yield 
Seeding Date  2014 2015 2016  2014 2015 2016 
  g kg-1 g kg-1 g kg-1  Mg ha-1 Mg ha-1 Mg ha-1 
Non-seeded Control  196 201 171  15.8 13.5 13.4 
V4 – V6 (Abendroth et al., 2011)  196 176 178  16.1 13.1 13.9 
R5 – R6  197 196 170  15.2 13.4 13.6 
Post-harvest drill-seeded  202 204 169  15.3 13.1 13.4 
LSD (P = 0.05)  ---------------22.5--------------  ---------------------1.0--------------------- 
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Table 2.7. Field pennycress seeding date and corn residual herbicide effect on field pennycress population. Seeding date effects on test 
weight, moisture, and yield in 2015, 2016, and 2017. 

‡ Herbicide Rates: Acetochlor (3.36 kg ai ha-1), Atrazine (2.24 kg ai ha-1), Atrazine (2.24 kg ai ha-1) + acetochlor (3.36 kg ai ha-1), 
atrazine (1.7 kg ai ha-1) + mesotrione (220 g ai ha-1) + S-metolachlor (1.7 kg ai ha-1). 
§ Glufosinate was applied with all residual corn herbicides at 574 g ai ha-1 plus 20 g L-1 of diammonium sulfate. 
† Abbreviations: N/A, not available 

  Population  Test Weight  Moisture  Yield 

Seeding 
Date 

 Atrazine‡ Acetochlor 
Atrazine + 
Acetochlor 

Atrazine + S-
metolachlor + 

mesotrione 

Non-
residual 

 2015 2016 2017  2015 2016 2017  2015 2016 2017 

  ---------------------------plants ha-1--------------------------  kg hL-1  ------g kg-1------  ------kg ha-1------ 
Non-
Seeded 

 0 0 0 0 0  0 0 0  0 0 0  0 0 0 

V4-V6  851,800 1,011,400 997,000 783,600 961,200  42.0 84.6 55.3  287 641 443  207 117 94 
R5-R6  1,038,300 866,100 803,400 842,800 1,133,300  N/A 26.4 21.3  222 209 170  252 229 84 
Post-
Harvest 

 557,700 786,800 656,300 604,300 555,900  N/A 29.1 33.0  424 232 265  56 253 56 

LSD (P = 
0.05) 

 ---------------------------138,000--------------------------  ------24.9-----  -------164------  --------96-------- 
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Table 2.8. Field pennycress seeding date and corn residual herbicide effects on soybean harvest grain moisture in 2015, 2016, and 
2017.  

† Development stages are described in Abendroth et al., 2011.

 2015  2016  2017 

Herbicide 
Treatment 

Non-
seeded 

V4-
V6 

R5-
R6 

Drill-
seeded 

 
Non-

seeded 
V4-
V6 

R5-
R6 

Drill-
seeded 

 
Non-

seeded 
V4-
V6 

R5-
R6 

Drill-
seeded 

 ---------------- g kg-1 --------------  --------------- g kg-1 ---------------  ---------------- g kg-1 --------------- 
Non-treated 118 112 119 120  128 130 128 129  121 128 127 123 

Atrazine 122 125 111 113  141 133 122 137  122 125 123 124 

Acetochlor 116 102 111 127  132 127 122 132  123 131 124 122 

Atrazine + 
Acetochlor 

119 113 121 126  127 148 129 131  123 131 125 123 

Atrazine + 
Mesotrione + 
 S-metolachlor 

120 128 115 120  123 120 132 141  125 129 123 122 

LSD (P = 
0.05) 

-------------------------------------------------------------------9 ------------------------------------------------------------------ 
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Figure 2.1. Field pennycress non-seeded, V4-V6 broadcast seeded, R5-R6 (Abendroth et al., 2011) broadcast seeded, and drill seeded 
effects on soybean yield in 2015, 2016, and 2017. 
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Figure 2.2. Monthly rainfall (bars) and cumulative rainfall (grey line) for corn (solid 
line), field pennycress (dotted line), and soybean (dot-dash line) from 2014 to 2017. 
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CHAPTER 3 

PREEMERGENCE AND POSTEMERGENCE HERBICIDES EFFECTIVENESS 
ON FIELD PENNYCRESSS TOLERANCE AND WEED CONTROL 

INTRODUCTION 

 Field pennycress (Thlaspi arvense L.) is a member of the mustard family 

(Brassicaceae) and is a summer and winter annual weed that typically emerges in late 

summer and grows through late spring in upstate Missouri (Uva et al., 1997). Pennycress 

has a short vegetation cycle of 80 to 120 days including a vernilization period through the 

winter (Groeneveld et al., 2017). Pennycress could fit into a multi-cropping system in the 

central United States in the place of wheat (Triticum aestivum L.) in a corn- (Zea mays 

L.) wheat-soybean (Glycine max [L.] Merr.) rotation. Field pennycress grows as a rosette 

in the fall before winter dormancy. In the spring, pennycress bolts and grows to a height 

of 10 to 50 cm, produces several white flowers and upon pollination, produces many 

elliptical seed pods containing 5 to 20 seeds pod-1 (Groeneveld et al., 2014).  

 In the central U.S., double cropping systems are implemented to allow constant 

production throughout all seasons by growing a winter annual crop between summer 

crops such as corn and soybean (Gallaher, 2009). Field pennycress could fit into this 

program as an alternative crop grown through the winter months and harvested before 

planting a full-season crop such as soybean. A typical harvest date for pennycress is the 

first week of June which works well for producing full-season soybean in upstate 

Missouri. Research has indicated that soybean planted in a multi-cropping system 

following field pennycress has the potential to increase soybean yield 135 to 270 kg ha-1 

(Phippin and Phippen, 2012). In addition, there may be nutritional benefits from 
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pennycress residue or an unknown interaction with pennycress roots and microbial 

activity (Borchardt et al., 2008). 

Today, crops are not solely raised as a food source. Crops can have multiple uses 

after harvest. Seed meal and plant fiber are often utilized as co-products after initial 

processing. Food, feedstock, biofuel, fertilizer, and fiber for bio-firing are just some of 

the products that can be made from the seed, residue, and plant fiber after harvest 

(Cooper and Weber, 2012). Pennycress has been selected as a unique crop for biofuel 

production because a large seed oil content (25 to 36%) (Moser et al., 2009). Some other 

factors that make pennycress a suitable choice is minimal susceptibility to crop insects 

and diseases, it fits well into current cropping systems, and it has a low cost of production 

(Nafzinger et al., 2016). 

Preemergence residual herbicides provide early season protection from 

competitive weeds (Helling, 2005). Herbicides are an important tool in production 

agriculture today. One of the most significant challenges that comes with crop production 

is weed management (Ashton et al., 1973). Weed populations in a crop field can have a 

major impact on crop health and reduce grain yield. Early competition of weed species 

can reduce yields significantly and cause competition among plant species (Vollmann et 

al., 2010). Developing an herbicide program that allows for pennycress tolerance and 

stand establishment while also controlling competitive weed species is an important 

factor in pennycress domestication. Currently, there are no herbicides labeled for use on 

field pennycress, but there may be tolerance to some commercially available residual 

herbicides for both pre- and postemergence use (Helling, 2005). Rotational restrictions 

may inhibit the use of some herbicides to prevent any negative effects on the subsequent 
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soybean crop. The objectives of this research were to evaluate preemergence and 

postemergence herbicides for pennycress tolerance and weed control. 

MATERIALS AND METHODS 

Experimental Design and Site Description 

  A two-year experiment evaluating commonly used pre- and postemergence 

herbicides on field pennycress tolerance and control of competitive weed species was 

established in the fall of 2015 at the University of Missouri Greenley Memorial Research 

Center near Novelty, Missouri (40⁰ 1’17” N, 92⁰ 11’24.9” W), Leonard, Missouri (39⁰ 

86.6’ 97.3” N, 92⁰ 23.1’ 36.9’), and in the fall of 2016 near Novelty, Missouri. The 

experiment was arranged as a randomized complete block design with four replications. 

Plots were 1.5 by 6.1 m. Field management data is presented in Table 3.1. Plots were drill 

seeded (Great Plains Solid Stand 5, Salina, KS) both years in 19 cm rows at Novelty, and 

broadcast seeded at Leonard in 2015. In 2016, the ‘Adams’ cultivar was planted in the 

preemergence and postemergence herbicide experiments at both locations. All treatments 

were seeded at 12 kg ha-1 in 2015. In 2017, an improved field pennycress cultivar, 

‘Elizabeth’, was used in both the pre- and postemergence experiment at Novelty. Seeding 

amount was decreased per breeder recommendation to 6.7 kg ha-1 in 2016. Additionally, 

application dates and plot sizes at the time of application are listed in Table 3.1.  

  The soil series of the site of research was a Putnam silt loam (fine, smectitic, mesic 

Vertic Albaqualfs). Soil samples were collected from the entire plot at a depth of 30 cm 

in the spring. Soil properties are presented for these sites in Table 3.2. Samples were 

analyzed using standard soil testing analytical procedures for Missouri (Nathan et al., 

2006).   
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  Pennycress injury was visually rated 0 (no visual injury) to 100% (complete plant 

death) for both pre- and postemergence treatments every 14 days beginning 7 days after 

herbicide application. A selection of three representative rating dates was presented in 

Tables 3.3-3.9. Total field pennycress and weed biomass was collected from a randomly 

placed 30.5 by 76 cm quadrat, dried, and weighed for each plot. Field pennycress grain 

quality and yield was not evaluated in this research.  

  Preemergence herbicide treatments (11) and a non-treated control were applied at 

full and half amounts in 2016 at Novelty and Leonard, and 2017 in Novelty. A list of 

these treatments can be found in Table 3.3. Postemergence treatments (10) applied at a 

full and half amounts, and an additional herbicide treatment applied at a quarter, half, and 

full amount were also evaluated. A list of these treatments, adjuvants, and amounts 

applied are presented in Table 3.7. Herbicide treatments were applied using a 1.5 m CO2 

backpack sprayer calibrated to apply 150 L ha-1 at 4.7 km h-1 and 110 kPa. Herbicide 

application dates and environmental conditions at the time of application are reported in 

Table 3.1.    

Statistical Analysis 

  Analysis of Variance (ANOVA) using the statistical program SAS v9.4, PROC 

GLMMIX was used to analyze pennycress tolerance to pre-and postemergence herbicides 

as well as their control of competitive weed species. Fishers Protected LSD at P = 0.05 

was used to separate means and determine significant differences among treatments. 

ABSTRACT 

Field pennycress (Thlaspi arvense L.) has the potential to serve as a cover and 

oilseed crop for biofuel production. Field research was conducted near Novelty in 2016 
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and 2017 and Leonard in 2016 to determine tolerance of field pennycress to 

preemergence and postemergence herbicides and control of other weed species. The 

experiment was arranged as a randomized complete block design with four replications. 

Treatments included eleven preemergence herbicides at full and half the labeled amount, 

nine postemergence herbicides at a full and half the labeled amount, a non-treated 

control, and one postemergence herbicide at a quarter, half, and full amount. ‘Adams’ 

pennycress was broadcast seeded at Leonard and drill-seeded at Novelty at 12 kg ha-1 in 

2016 and ‘Elizabeth’ was drill seeded at Novelty in 2017 at 6.7 kg ha-1. Field pennycress 

injury and weed control was visually evaluated weekly until pennycress maturity. 

Pennycress had tolerance in late May to acetochlor at 1.35 kg ai ha-1 (21 to 37%), 

pyroxasulfone at 1.9 kg ai ha-1 (33 to 52%), and S-metolachlor at 3.37 kg ai ha-1 (16 to 

32%) at half of the labeled amount. Trifluralin at the full labeled amount (1.44 kg ai ha-1) 

provided adequate safety (20 to 38%) to field pennycress while maintaining control of 

shepherd’s purse (Capsella bursa-pastoris [L.] Medicus) (89%) and common 

lambsquarters (Chenopodium album L.) (53%) in 2016 and 2017. Control of winter 

annuals and early germinating summer annuals is important to minimize weed 

interference with field pennycress.  

RESULTS AND DISCUSSION 

  An unknown pathogen caused death of field pennycress over the winter of 2017. 

For this reason, pennycress tolerance to the pre- and postemergence herbicide 

experiments was only evaluated at the earliest rating date in 2017. Field pennycress 

tolerance to herbicide treatments was evaluated in 2016 for the later evaluation dates at 

Novelty and Leonard. Members of the Brassica family, such as field pennycress, have 
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been evaluated for plant pathogen resistance (Grison et al., 1996). Root pathogens such as 

Verticillium dahliae have caused early season injury and plant death of canola (Brassica 

napus L.) in Canada and Sweden (Heale and Karapapa, 1999). Similar diseases in the 

U.S. have the potential to impact Brassica production and likewise affect field pennycress 

as it is developed into a commercial oilseed crop (Johnson et al., 2015). 

Winter annual weed control is an important management practice today. Cover 

crops and herbicide systems are implemented in the fall to provide early season control of 

winter annual species (Snapp et al., 2005). Of the 11 herbicides evaluated, acetochlor as 

an emulsifiable concentrate (EC), S-metolachlor, and pyroxasulfone at half the labeled 

amount controlled winter annual weeds greater than 54% at the late May rating (Table 

3.6). Control of competitive weed species such as common mustard (Brassica sinapis L.) 

(54 to 74%), common lambsquarters (Chenopodium album L.) (49 to 81%), and 

shepherd’s purse (Capsella bursa-pastoris L.) (74 to 97%) were observed at the late May 

evaluation as well (Table 3.6). Strong control of many winter annual weeds is to be 

expected from many of these herbicides including field pennycress (Helling, 2005). 

Herbicides such as simazine, flumioxazin, metribuzin, and pendimethalin controlled 

winter annual species from 93 to 100% when applied in the fall (Krausz et al., 2003). 

These herbicides can still be active long into the spring which could affect seedling vigor 

of new pennycress that may emerge (Johnson et al., 2015). Brassica species, such as 

canola, have been transgenically modified to tolerate some herbicides such as glyphosate 

(N-(phosphonomethyl) glycine) (Harker, 2000). There could be opportunity for field 

pennycress tolerance and transgenic resistance to herbicides in the future.  
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Reducing the amount of herbicide applied increased pennycress tolerance, but 

also decreased control of competitive winter annual weeds. Of these herbicides, 

acetochlor EC at half of the labeled amount controlled weeds from 45 to 97% at the end 

of the season (27 May) (Table 3.6). Early summer annual weeds such as purslane 

speedwell (Veronica peregrine L.) and annual bluegrass (Poa annua L.) were also 

evaluated in 2016 at Leonard and Novelty. Acetochlor EC controlled purslane speedwell 

and annual bluegrass greatest with 34 and 85% control, respectively (Tables 3.4-3.6). 

Trifluralin at the full labeled amount controlled common lambsquarters and shepherd’s 

purse 51 to 89% (Tables 3.4-3.6), but acetochlor had the greatest overall control while 

minimal injury to field pennycress was observed (21 to 37%) (Table 3.4). Pennycress 

tolerated (<20% injury) half amounts of acetochlor EC, pyroxasulfone, and S-metolachlor 

through the growing season (Table 3.3). Annual bluegrass was evaluated for injury, but 

could be controlled with a selective grass herbicide such as clethodim. Encapsulated 

acetochlor (ENC), dimethenamid-P, diuron, flumioxazin, metribuzin, pendimethalin, and 

simazine had good control of competitive weed species (>60%), but also injured field 

pennycress (>40%) throughout the season. 

  In general, postemergence treatments had greater control of weeds than 

preemergence treatments. Field pennycress could tolerate sulfentrazone possibly because 

it was already established and there was no adjuvant included. Residual activity from 

sulfentrazone has a greater effect on seed germination than on current growth (Dan et al., 

2010). Similarly, metribuzin was able to control newly germinating weeds and allow 

pennycress tolerance because of previous stand establishment (Hasty, 2004). Field 

pennycress was most tolerant to one quarter the labeled amount of metribuzin without an 
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adjuvant (49% injury) and half the labeled amount of sulfentrazone without an adjuvant 

(57% injury) 7 DAT in 2016 and 2017 compared to the other herbicides and amounts 

(Table 3.7). Acifluorfen, bentazon, clopyralid with flumetsulam, cloransulam-ethyl, 

flumiclorac pentyl ester, halosulfuron, iomazamox, imazethapyr, and MCPA had too 

much field pennycress injury to evaluate farther; therefore, discussion on weed control 

was limited. At 21 and 40 DAT, field pennycress overcame initial injury from metribuzin 

at one fourth the labeled amount and sulfentrazone at half the labeled amount with only 

19 and 35% injury, respectively. Other winter and early summer annual weeds were not 

controlled later in the season. Metribuzin at one fourth the labeled amount had good 

control of henbit (Lamium amplexicaule L.) (67%), and shepherd’s purse (74%) at 

Leonard and Novelty, and common lambsquarters (73%) at Novelty 21 DAT in 2016 and 

2017 (Table 3.8). Sulfentrazone had similar control of shepherd’s purse (89%) and 

common lambsquarters (93%), but lacked control of henbit (35%) 21 DAT (Table 3.8). 

Metribuzin at one-fourth the labeled amount allowed some regrowth of henbit (39%) and 

shepherd’s purse (41%), but maintained control of common lambsquarters (88%) 40 

DAT in 2016. In 2017, winter annual species had matured by the last rating date and none 

available to rate. Summer annual weeds were evaluated 40 DAT in 2017. Metribuzin had 

poor control marestail (Conyza canadensis L.) (0%) and common waterhemp 

(Amaranthus tuberculatus L.) (0%) (Table 3.9) in 2017. Sulfentrazone at half the labeled 

rate controlled henbit (62%), shepherd’s purse (46%), and common lambsquarters 

(100%) which is better than metribuzin in 2016 and had greater control of marestail 

(81%) 40 DAT in 2017. Sulfentrazone did not control common waterhemp 40 DAT 

(Table 3.9). In canola, postemergence application timing and amount affected control 
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common mustard (Swanton and Chandler, 1989). Herbicides applied at decreased 

amounts had less control (<50%) of mustard species. Similarly, delayed timing of a 

herbicide application had less control of mustard species past the sixth leaf stage of 

development (Swanton and Chandler, 1989). Total plant species biomass had similar dry 

weights for all treatments in the preemergence (17.8 to 61 g 27 m2) (Table 3.6) and 

postemergence (10.7 to 16.7 g m2) (Table 3.9) experiments in 2016 and 2017 

respectively. This measurement was not a good indication of control in this experiment.     

CONCLUSION 

  Field pennycress had some tolerance to preemergence herbicides at half the labeled 

amount. Acetochlor EC, pyroxasulfone, and S-metolachlor all caused 32 to 50% injury in 

late May. Other herbicides in this experiment had greater field pennycress injury (100%) 

or poor control of weed species (<15%) in 2016. In 2017, pennycress injury was only 

rated at the early May evaluation; however, acetochlor EC, pyroxasulfone, and S-

metolachlor at half amounts injured pennycress similarly (23 to 52%). Acetochlor EC, 

pyroxasulfone, and S-metolachlor had good control of common mustard (59 to 74%), 

annual bluegrass (75 to 88%), and common lambsquarters (51 to 81%) at late May in 

Leonard and Novelty in 2016. Acetochlor EC, pyroxasulfone, and S-metolachlor 

controlled shepherd’s purse (74 to 97%) at all locations in 2016 and 2017. In 2017, 

acetochlor EC, pyroxasulfone, and S-metolachlor had moderate control of purslane 

speedwell (36 to 48%) at Novelty. Field pennycress also had good tolerance (26%) to 

trifluralin at the full labeled amount and had good control of common mustard (51%), 

annual bluegrass (73%), and common lambsquarters (53%) at Leonard and Novelty in 

2016. Shepherd’s purse was controlled at all locations in 2016 and 2017 with trifluralin 
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and in 2017, but it had poor control (35%) of purslane speedwell by the end of May. 

Postemergence herbicides were evaluated for pennycress tolerance and weed control in 

2016 and 2017. Field pennycress had some tolerance (18 and 21%) to metribuzin at one-

fourth and sulfentrazone at half of the labeled amount 40 DAT. Injury to field pennycress 

7 DAT was higher (49 to 57%) with both herbicides, but plants were able to overcome 

this injury. Metribuzin had good control of shepherd’s purse (74%) and common 

lambsquarters (73%) 21 DAT in 2016. In 2016 and 2017, metribuzin at one-fourth 

amount had 67% control of henbit. In 2016, sulfentrazone had good control of shepherd’s 

purse (89%) and common lambsquarters (93%). In 2016 and 2017, sulfentrazone had 

poor control of henbit (35%) 21 DAT. At 40 DAT, metribuzin had poor control of henbit 

(39%) and shepherd’s purse (41%), but it maintained good control of common 

lambsquarters (88%) in 2016. In 2017, metribuzin at one-fourth amount had poor control 

of marestail (39%) and common waterhemp (0%). Sulfentrazone had poor control of 

shepherd’s purse (46%) but had better control of henbit (62%) and common 

lambsquarters (100%) by 40 DAT in 2016. In 2017, sulfentrazone had better control of 

summer annual species marestail (81%) but failed to control common waterhemp (0%). 

Acetochlor EC, pyroxasulfone, and S-metolachlor showed promise as preemergence 

option when applied after pennycress had emerged and metribuzin and sulfentrazone 

could be used postemergence depending on the amount that was applied. Additional 

research is needed to better understand pennycress tolerance to pre- and postemergence 

herbicides along with the impact of injury on seed production.  
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Table 3.1. Field management of field pennycress in 2016 and 2017. 
 
. 

 

Field management  2015-2016  2016-2017 
  Leonard and Novelty  Novelty 
Tillage  Vertical Tillage†  Field Cultivated† 

Field pennycress     
 Seeding date  17 September 2015  12 October 2016 
 Hybrid  Beecher / Adams  Elizabeth 

 
Seeding amount (kg 
ha-1) 

 
12  6.7 

 
Fertilizer (N-P2O5-
K2O) (kg ha-1) 

 
14.5-73-129  14.5-73-129 

 AN‡ (kg ha-1)  56-0-0  56-0-0 
  Novelty preemergence  12 November 2015  17 April 2017 

  
Environmental 
conditions 

 
Temp 

Wind 
speed 

Humid 
Pennycress + 
weed height 

 Temp 
Wind 
speed 

Humid 
Pennycress 

+ weed 
height 

    -1⁰C 7 km h-1 42% < 2 cm  18⁰C 4 km h-1 62% < 2 cm 

  Novelty 
postemergence 

 
7 February 2016  17 April 2017 

  Environmental 
conditions 

 
Temp. 

Wind 
speed 

Humid 
Pennycress + 
weed height 

 Temp 
Wind 
speed 

Humid 
Pennycress 

+ weed 
height 

   
 

6⁰C 
11 km 

h-1 
28% < 2 cm  18⁰C 4 km h-1 62% < 2 cm 

  Leonard 
preemergence 

 
7 February 2016   

  Environmental 
conditions 

 
Temp. 

Wind 
speed 

Humid 
Pennycress + 
weed height 

  

   
 

6⁰C 
8.5 km 

h-1 
28% < 2 cm   
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Table 3.1 Continued 

† Vertical Tillage (Case IH 335VT, Racine, WI); John Deere 960 (Moline, IL); John Deere 630, Moline, IL  
‡ Abbreviations: AN-ammonium nitrate, COC-crop oil concentrate, DAS-diammonium nitrate, Humid, humidity, NIS-non-ionic 
surfactant, Temp.-temperature§ clethodim,[1 -[[(3-chloro-2-propenyloxyjimino]propyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-
cyclohexen-1-one; diquat, [6,7-dihydrodipyrido (1,2-a:2',1'-c) pyrazinediium dibromide] 
 
 

Field management  2015-2016  2016-2017 
 Maintenance crop  Clethodim at 84.3 g ai ha-1  Clethodim at 84.3 g ai ha-1 

 protection  COC‡ at 2338.49 ml ha-1  COC at 2338.49 ml ha-1 

 Harvest aid  None  diquat at 1543.4 g ai -1ha 
     And NIS‡ at 0.25% v/v 
      
 Application date    2 May 2015 
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Table 3.2. Selected soil chemical properties from spring soil samples at a depth of 30 cm in 2017. Data were averaged over all 
replications. 

† Abbreviations: Pre., Preemergence herbicide study and Post., Postemergence herbicide study 
‡ Standard deviation

    2016  2017 
Soil Property  Units  Novelty  Leonard  Novelty 
    Pre.†  Post.  Pre.  Pre.  Post. 
pHs (0.01 M 
CaCl2) 

 
----------- 

 
6.6+0.05  6.5+0.6  5.1  7.0+0.05  5.8+0.6 

N.A.  Cmolc kg-1  0.5+0‡  0.5+1.25  2.5  0+0  2.5+1.25 
O.M.   g kg-1  30+0.5  29+2  14  27+0.5  31+2 
Bray 1 P  kg ha-1  37+0  37+42  18  110+0  26+42 
Exch. C  kg ha-1  4989+4.5  4980+144  1605  4980+4.5  5267+144 
Exch. Mg  kg ha-1  547+7.5  532+95  115  366+7.5  556+95 
Exch. K  kg ha-1  339+25  289+132  94  427+25  164+132 
CEC  Cmolc kg-1  15.7+0.05  15.8+1.9  7.1  14.5+0.05  18.2+1.9 
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Table 3.3. Field pennycress injury to preemergence herbicides at a full and half amounts in 2016 at Novelty and 2017 at Leonard and Novelty. 

†Abbreviations: EC, emulsifiable concentrate; ENC, encapsulated; NS, non-significant. 
‡ Data were combined over locations and years (2016 and 2017). 
§ Data were from 2016 only. Data were combined over the Leonard and Novelty locations. 

    2016-2017‡  2016 
Preemergence treatment  Amount  Early April  Early May  Late May 
  kg ai ha-1  % Injury  % Injury  % Injury 
Non-treated    8  14  27 
Acetochlor EC†§  1.35  37  21  32 
Acetochlor EC  2.7  46  23  33 
Acetochlor ENC  0.84  31  19  36 
Acetochlor ENC  1.68  44  15  34 
Dimethenamid-P  0.55  36  23  31 
Dimethenamid-P  1.1  40  23  31 
Diuron  7.18  59  49  63 
Diuron  14.35  77  81  78 
Flumioxazin  0.86  88  93  88 
Flumioxazin  1.71  94  100  100 
LSD (P = 0.05)    21  24  25 
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Table 3.3 Continued.  

†Abbreviations: EC, emulsifiable concentrate; ENC, encapsulated; NS, non-significant. 
‡ Data were combined over locations and years (2016 and 2017). 
§ Data were from 2016 only. Data were combined over the Leonard and Novelty locations. 
§ Acetochlor, 2-chloro-N-ethoxymethyl-N-(2-ethyl6-methylphenyl)acetamide; dimethenamid-P. (S)-2-chloro-N-[(1-methyl-2-
methoxy)ethyl]-N-(2,4-dimethyl-thien-3-yl)-acetamide; diuron, 3-(3,4-dichlorophenyl)-1,1-dimethylurea; flumioxacin, 2-[7-fluoro-
3,4-dihydro-3-oxo-4-(2-propynyl) -2H-1,4-benzoxazin-6-yl]-4,5,6,7-tetrahydro-1H-isoindole-1,3(2H)-dione; metribuzin, 4-Amino-6- 
(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5 (4H)-one; pendimethalin,  N-(1-ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine; 
simazine, 2-chloro-4,6-bis(ethylamino)-s-triazine; S-metolachlor; trifluralin, a,a,a-trifluoro-2,6-dinitro-N, N-dipropyl-p-toluidine. 

    2016-2017‡  2016 
Preemergence treatment  Amount  Early April  Early May  Late May 
  kg ai ha-1  % Injury  % Injury  % Injury 
Metribuzin  3.37  69  69  69 
Metribuzin  6.73  60  61  60 
Pendimethalin  1.1  48  29  43 
Pendimethalin  2.13  53  43  62 
Pyroxasulfone  1.9  52  33  50 
Pyroxasulfone  3.81  76  64  55 
Simazine  0.56  53  35  46 
Simazine  1.12  69  73  66 
S-metolachlor  3.37  23  16  32 
S-metolachlor  6.73  51  27  32 
Trifluralin  0.72  33  17  38 
Trifluralin  1.44  26  20  38 
LSD (P = 0.05)    21         24         25 
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Table 3.4. Effect of preemergence herbicides at full and half amounts on control of common mustard and annual bluegrass at Leonard 
and Novelty in 2016, and henbit and shepherd’s purse at Novelty in 2017 in early April. 

† Abbreviations: EC, emulsifiable concentrate; ENC, encapsulated. 

    2016  2017 
Preemergence 
treatment 

 
Amount  Common mustard  Annual bluegrass  Henbit  Shepherd’s purse 

  kg ai ha-1  % Control  % Control  % Control  % Control 
Non-treated    0  0  26  5 
Acetochlor EC†  1.35  45  83  46  53 
Acetochlor EC  2.7  50  88  21  72 
Acetochlor ENC  0.84  16  66  41  53 
Acetochlor ENC  1.68  44  64  56  39 
Dimethenamid-P  0.55  28  78  33  42 
Dimethenamid-P  1.1  35  89  40  34 
Diuron  7.18  88  59  31  53 
Diuron  14.35  99  96  19  99 
Flumioxazin  0.86  81  79  48  60 
Flumioxazin  1.71  71  89  53  59 
Metribuzin  3.37  99  98  53  12 
Metribuzin  6.73  99  97  69  60 
Pendimethalin  1.1  31  64  60  38 
Pendimethalin  2.13  41  81  40  67 
Pyroxasulfone  1.9  66  93  50  55 
Pyroxasulfone  3.81  77  94  44  63 
Simazine  0.56  89  95  31  53 
Simazine  1.12  100  96  36  34 
S-metolachlor  3.37  19  81  26  33 
S-metolachlor  6.73  46  90  39  93 
Trifluralin  0.72  11  46  51  25 
Trifluralin  1.44  16  76  54  70 
LSD (P = 0.05)    40  24  24  5 
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Table 3.5. Effect of preemergence herbicides at full and half amounts on control of common mustard and annual bluegrass at Leonard 
and Novelty; common lambsquarters at Novelty in 2016; Shepherd’s purse at all locations in 2016 and 2017; and common mustard 
and henbit in 2017. 

 

 

    2016  2016-2017‡  2017 
    Leonard and Novelty  Novelty     
Preemergence 
treatment 

 
Amount 

 
Common 
mustard 

 
Annual 

bluegrass 
 

Common 
lambsquarters 

 
Shepherd’s 

purse 
 

Common 
mustard 

 
Henbit 

  

g ai ha-1  % Control  % Control  % Control  % Control  % Control  
% 

Control 
Non-treated    0  0  48  6  25  30 
Acetochlor 
EC† 

 
1.35  26  75  81  84  50  58 

Acetochlor EC  2.7  19  90  47  63  23  53 
Acetochlor 
ENC 

 
0.84  16  85  64  84  50  65 

Acetochlor 
ENC 

 
1.68  5  60  76  59  43  59 

Dimethenamid-
P 

 
0.55  34  96  66  66  0  64 

Dimethenamid-
P 

 
1.1  14  88  42  79  25  63 

Diuron  7.18  75  93  87  75  25  59 
Diuron  14.35  51  68  71  86  48  46 
Flumioxazin  0.86  76  81  75  83  41  66 
Flumioxazin  1.71  34  55  86  77  20  38 
LSD (P = 0.05)    19  31  40  34  41  48 
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Table 3.5 Continued 

† Abbreviations: EC, emulsifiable concentrate; ENC, encapsulated. 
‡ Data were combined over location and year. 

    2016     
    Leonard and Novelty  Novelty  2016-2017‡  2017 
Preemergence 
treatment 

 
Amount 

 
Common 
mustard 

 
Annual 

bluegrass 
 

Common 
lambsquarters 

 
Shepherd’s 

purse 
 

Common 
mustard 

 
Henbit 

  

g ai ha-1  % Control  % Control  % Control  % Control  % Control  
% 

Control 
Metribuzin  3.37  94  92  44  62  25  45 
Metribuzin  6.73  100  100  81  88  50  60 
Pendimethalin  1.1  24  78  98  71  25  74 
Pendimethalin  2.13  13  40  84  85  25  51 
Pyroxasulfone  1.9  76  98  49  69  25  38 
Pyroxasulfone  3.81  44  97  50  82  25  51 
Simazine  0.56  97  100  64  64  25  75 
Simazine  1.12  86  98  63  91  40  63 
S-metolachlor  3.37  28  95  58  74  25  69 
S-metolachlor  6.73  6  93  52  72  25  76 
Trifluralin  0.72  6  68  59  59  0  71 
Trifluralin  1.44  0  31  53  79  38  33 
LSD (P = 0.05)    19  31  40  34  41  48 



 

 
 

62 

Table 3.6. Effect of preemergence herbicides at full and half amounts on control of common mustard and annual bluegrass at Leonard 
and Novelty in 2016; Shepherd’s purse at Leonard and Novelty in 2016 and common lambsquarters at Novelty in 2016 and 2017; 
purslane speedwell in 2017; and total weed biomass from 2016 and 2017. 

  2016  2016-2017‡    2016-2017 
 

 
Leonard and Novelty  

Leonard and 
Novelty  Novelty  

Novelty in 
2017  

Leonard and 
Novelty 

Preemergence 
treatment Amount 

Common 
mustard  

Annual 
bluegrass  

Shepherd’s 
purse  

Common 
lambsquarters  

Purslane 
speedwell  

Total 
biomass 

 kg ai ha-

1 % Control  % Control  % Control  % Control  % Control  g m2 

Non-treated  25  34  73  48  5  23.9 
Acetochlor EC† 1.35 59  75  97  81  36  25.2 
Acetochlor EC 2.7 53  85  94  47  29  26.5 
Acetochlor ENC 0.84 59  76  86  64  44  21.7 
Acetochlor ENC 1.68 57  67  86  76  37  21.3 
Dimethenamid-P 0.55 55  70  96  66  34  20.9 
Dimethenamid-P 1.1 52  94  83  42  34  17.8 
Diuron 7.18 96  66  98  87  19  24.3 
Diuron 14.35 86  76  75  71  21  20.4 
Flumioxazin 0.86 76  71  99  75  59  22.2 
Flumioxazin 1.71 62  48  92  86  38  24.5 
LSD (P = 0.05)  26  31  NS  40  25  NS 
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Table 3.6 Continued 

† Abbreviations: EC, emulsifiable concentrate; ENC, encapsulated; NS, non-significant. 
‡ Data were combine over 2016 and 2017.

  2016  2016-2017‡    2016-2017 
 

 
Leonard and Novelty  Leonard and Novelty 

 
Novelty in 

2017 
 

Leonard and 
Novelty 

Preemergence 
treatment Amount 

Common 
mustard 

 
Annual 

bluegrass 
 

Shepherd’s 
purse 

 
Common 

lambsquarters 
 

Purslane 
speedwell 

 
Total 

biomass 
  % Control  % Control  % Control  % Control  % Control  % Control 
Metribuzin 3.37 84  64  71  44  54  23.5 
Metribuzin 6.73 87  98  95  81  54  22.6 
Pendimethalin 1.1 59  83  85  98  51  20.9 
Pendimethalin 2.13 41  71  85  84  39  23.5 
Pyroxasulfone 1.9 74  88  96  49  48  20.4 
Pyroxasulfone 3.81 69  92  58  50  47  23.9 
Simazine 0.56 90  85  93  64  54  24.8 
Simazine 1.12 95  98  89  63  39  18.3 
S-metolachlor 3.37 54  85  74  58  34  25.7 
S-metolachlor 6.73 57  94  83  52  28  18.3 
Trifluralin 0.72 57  78  86  59  36  20.0 
Trifluralin 1.44 51  73  89  53  35  20.9 
LSD (P = 0.05)  26  31  NS  40  25  NS 
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Table 3.7. Field pennycress injury response to postemergence herbicides at full and half amounts 7, 21, and 40 days after treatment 
(DAT) at Novelty in 2016 and 2017. 
    2016-2017‡  2016 
    Field Pennycress  Field Pennycress 
Postemergence treatment Adjuvant† Amount  7 DAT  21 DAT  40 DAT 
 g ai ha-1  %  %  % 
Non-treated   32  13  10 
Imazethapyr§ NIS† 13  84  100  99 
Imazethapyr NIS 25  85  100  100 
Imazamox NIS 22  79  100  91 
Imazamox NIS 43  88  99  100 
Acifluorfen COC 210  94  100  93 
Acifluorfen COC 421  95  100  96 
Bentazon COC 417  61  46  39 
Bentazon COC 83  81  96  93 
Flumiclorac pentyl ester COC 23  66  25  35 
Flumiclorac pentyl ester COC 47  53  4  30 
Cloransulam-methyl NIS 13  79  96  93 
Cloransulam-methyl NIS 25  78  100  100 
LSD (P = 0.05)    34  NS  NS 
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Table 3.7 Continued 

† Abbreviations: COC, crop oil concentrate; NIS, non-ionic surfactant; N/A, non-applied; and NS, non-significant. 
‡ Data were combine over 2016 and 2017. 

    2016-2017‡  2016 
    Field Pennycress  Field Pennycress 
Postemergence treatment Adjuvant† Amount  7 DAT  21 DAT  40 DAT 
    % Control  % Control  % Control 
Metribuzin N/A 93  49  19  18 
Metribuzin N/A 187  78  54  53 
Metribuzin N/A 374  90  90  90 
Clopyralid + flumetsulam N/A 179  83  99  99 
Clopyralid + flumetsulam N/A 357  91  98  99 
MCPA N/A 48  80  66  63 
MCPA N/A 96  79  79  89 
Sulfentrazone N/A 295  57  35  21 
Sulfentrazone N/A 505  57  64  35 
Halosulfuron NIS 62  69  100  100 
Halosulfuron NIS 120  89  100  100 
LSD (P = 0.05)    34  NS  NS 
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Table 3.8. Effect of postemergence herbicides at a full and half amounts on shepherd’s purse and common lambsquarters in 2016 and henbit in 
2016 and 2017 at Novelty 21 days after treatment (DAT). 

    2016-2017‡  2016 
Postemergence treatment Adjuvant† Amount  Henbit  Shepherd’s purse  Common lambsquarters 

 g ai ha-1  % Control  % Control  % Control 
Non-treated   37  44  33 
Imazethapyr NIS† 13  41  98  67 
Imazethapyr NIS 25  53  100  77 
Imazamox NIS 22  56  98  67 
Imazamox NIS 43  45  99  60 
Acifluorfen COC 210  55  99  70 
Acifluorfen COC 421  38  98  70 
Bentazon COC 417  51  65  57 
Bentazon COC 83  46  96  73 
Flumiclorac pentyl ester COC 23  56  54  67 
Flumiclorac pentyl ester COC 47  64  90  68 
Cloransulam-methyl NIS 13  70  96  67 
Cloransulam-methyl NIS 25  44  98  57 
LSD (P = 0.05)    35  32  59 
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Table 3.8 Continued 

† Abbreviations: COC, crop oil concentrate; NIS, non-ionic surfactant; N/A, non-applied; and NS, non-significant. 
‡ Data were combine over 2016 and 2017.

    2016-2017‡  2016 
Postemergence treatment Adjuvant† Amount  Henbit  Shepherd’s purse  Common lambsquarters 

  g ai ha-1  % Control  % Control  % Control 
Metribuzin N/A 93  67  74  73 
Metribuzin N/A 187  79  98  100 
Metribuzin N/A 374  38  100  93 
Clopyralid + flumetsulam N/A 179  49  79  100 
Clopyralid + flumetsulam N/A 357  40  100  100 
MCPA N/A 48  49  75  83 
MCPA N/A 96  54  81  83 
Sulfentrazone N/A 295  35  89  93 
Sulfentrazone N/A 505  49  98  98 
Halosulfuron NIS 62  44  88  67 
Halosulfuron NIS 120  46  100  72 
LSD (P = 0.05)   35  32  59  
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Table 3.9. Effect of postemergence herbicides at full and half amounts on shepherd’s purse and common lambsquarters in 2016; henbit in 2016 
and 2017; marestail and common waterhemp in 2017; and species biomass weight in 2016 and 2017 at Novelty 40 days after treatment (DAT). 

   
2016-
2017‡  2016  2017  

2016-
2017 

Postemergence 
treatments Adjuvant† Amount Henbit  

Shepherd’s 
purse  

Common 
lambsquarters  Marestail  

Common 
waterhemp  Biomass 

 g ai ha-1 %  %  %  %  %  g 2.3 m2-1 

Non-treated 54  61  50  39  0  24.6 
Imazethapyr NIS 13 53  88  95  43  56  35.9 
Imazethapyr NIS 25 79  99  96  58  14  33.1 
Imazamox NIS 22 79  55  96  44  43  31.9 
Imazamox NIS 43 91  93  95  51  23  34.5 
Acifluorfen COC 210 69  91  93  16  23  35.2 
Acifluorfen COC 421 84  99  95  41  30  30.5 
Bentazon COC 417 51  44  65  35  13  25.8 
Bentazon COC 83 79  85  99  6  0  28.3 
Flumiclorac pentyl 
ester 

COC 23 30  26  89  75  0  31.2 

Flumiclorac pentyl 
ester 

COC 47 53  66  91  59  0  31.5 

Cloransulam-methyl NIS 13 80  91  95  0  0  29.5 
Cloransulam-methyl NIS 25 91  100  94  29  0  29.0 
Metribuzin N/A 93 39  41  88  39  0  33.2 
Metribuzin N/A 187 63  84  100  0  0  25.0 
Metribuzin N/A 374 64  78  99  16  0  36.0 
† Abbreviations: COC, crop oil concentrate; NIS, non-ionic surfactant; N/A, non-applied; and NS, non-significant. 
‡ Data were combine over 2016 and 2017.
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Table 3.9. Continued.  

   
2016-
2017‡  2016  2017  

2016-
2017 

Postemergence 
treatments Adjuvant† Amount Henbit  

Shepherd’s 
purse  

Common 
lambsquarters  Marestail  

Common 
waterhemp  Biomass 

Clopyralid + 
flumetsulam 

N/A 179 91  93  91  25  3  28.0 

Clopyralid + 
flumetsulam 

N/A 357 88  100  100  74  45  26.3 

MCPA N/A 48 40  66  85  26  0  43.5 
MCPA N/A 96 78  88  95  61  14  36.3 
Sulfentrazone N/A 295 62  46  100  81  0  32.7 
Sulfentrazone N/A 505 74  76  100  86  53  38.4 
Halosulfuron NIS 62 80  100  63  8  54  32.9 
Halosulfuron NIS 120 93  100  56  11  36  27.5 
LSD (P = 0.05)   36  36  25  NS  NS  NS 
† Abbreviations: COC, crop oil concentrate; NIS, non-ionic surfactant; N/A, non-applied; and NS, non-significant 
‡ Data were combined over 2016 and 2017. 
§ Acifluorfen; 3-{1-melhylethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one 2.2-dioxide; cloransulam-methyl: N-(2-carbomethoxy-6-chlorophenyl)-
5-ethoxy-7-fluoro(1,2,4)triazolo-[1,5-]pyrimidine-2-sulfonamide; clopyralid potassium salt: 3,6-dichloro-2-pyridinecarboxylic acid, potassium 
salt; N-(2,6-ifluorophenyl)-5- methyl-1,2,4-triazolo-[1,5a]- pyrimidine-2-sulfonamide; entyl [2-chloro-4-fluoro-5-(1,3,4,5,6,7-hexahydro-1,3-
dioxo-2H-isoindol-2-yl)phenoxy]acetate; Halosulfuron-methyl, methyl3-chloro-5-(4,6-dimethoxypyrimidin-2-ylcarbamoylsulfamoyl)-1-
methylpyrazole-4-carboxylate; ammonium salt of imazethapyr: (±)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-
ethyl-3-pyridinecarboxylic acid; ammonium salt of imazamox: 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-
(methoxymethyl)-3-pyridinecarboxylic acid; MCPA: Dimethylamine salt of 2-methyl-4-chlorophenoxyacetic acid; metribuzin, 4-Amino-6- 
(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5 (4H)-one; Sulfentrazone. 
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CHAPTER 4 

HARVEST AID EFFECTS ON FIELD PENNYCRESS DESICCATION AND 

SEED GERMINATION 

ABSTRACT 

 Field pennycress (Thlaspi arvense L.) is being evaluated for use in multi-cropping 

systems such as a corn (Zea mays L.)-field pennycress-soybean (Glycine Max [L.] Merr.) 

cropping system. Field pennycress can be grown as a dual-purpose oilseed and cover crop 

in standing corn or seeded after corn harvest, and then harvested near the first of June 

before soybean planting. To efficiently harvest field pennycress and plant soybean, a 

harvest aid may be necessary for desiccation to facilitate harvest and burndown other 

weeds. An experiment was established near Novelty, Missouri at the University of 

Missouri Lee Greenley Memorial Research Center in the fall of 2015 and 2016. 

Treatments were arranged as randomized complete block design with four replications in 

2016 and three replications in 2017. Herbicides with desiccation properties were 

evaluated in 2016 compared to a non-treated control. In 2017, in addition to the 

treatments in 2016, herbicide tank mixtures were tested. Plant desiccants were evaluated 

on a scale of 0 (no visual injury) to 100% (complete plant death) for four days after 

herbicide application. Seed was collected to test germination of pennycress seed after the 

herbicide was applied. In 2016 and 2017, diquat and paraquat had the greatest desiccation 

(98%) of field pennycress within three days after treatment (DAT). Glufosinate had the 

greatest control of common lambsquarters (Chenopodium album L) (77%), giant foxtail 

(Setaria faberi L.) (70%), marestail (Conyza canadensis L.) (65%), and yellow sorrel 

(Oxalis stricta L.) (67%) 4 DAT. Saflufenacil and diquat individually had the greatest 
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desiccation of prickly lettuce (Lactuca serriola) (61 to 66%) 4 DAT. Combining 

glufosinate with saflufenacil provided desiccation of all species (71 to 93%) 3 DAT. 

Diquat, flumioxazin, glufosinate, paraquat, saflufenacil, and sulfentrazone had 88 to 97% 

control of field pennycress 4 DAT. Several of the products alone or in combination 

provided a burndown option for planting soybean immediately after field pennycress 

harvest. 

INTRODUCTION 

 Field pennycress (Thlaspi arvense L.) is a member of the mustard family 

(Brassicaceae) and is a summer and winter annual weed that typically emerges in late 

summer and grows naturally through late spring in upstate Missouri (Uva et al., 1997). In 

the U.S., field pennycress has widespread adaptation from Florida to Alaska, but thrives 

in northern and central parts of the country (Mitich, 1996). Pennycress has a relatively 

short vegetation cycle of 80 to 120 days including a vernilization period through the 

winter (Groeneveld et al., 2017). Pennycress could be suitable for a multi-cropping 

system in the central United States in place of wheat (Triticum aestivum L.) in a corn-

wheat-soybean rotation. Field pennycress grows as a rosette in the fall, bolts in the spring 

and grows to a height of 10 to 50 cm. Field pennycress reproduction is initiated with 

stems bearing white flowers which, are self or wind pollinated and possess many 

elliptical seed pods containing 5 to 20 seeds pod-1 (Groeneveld et al., 2014).  

 In the central U.S., multi-cropping systems are implemented to allow constant 

production throughout all seasons by growing a winter annual crop such as wheat 

between summer crops such as corn and soybean (Gallaher, 2009). Field pennycress 

should fit into this cropping system as an alternative crop grown through the winter 
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months and harvested before planting soybean. A typical harvest date for pennycress is 

the first week of June which works well for producing full-season soybean (Johnson et 

al., 2015). Research has indicated soybean planted in a multi-cropping system following 

field pennycress had yields that increased from 135 to 270 kg ha-1 (Phippin and Phippen, 

2012). Additionally, nutritional or insecticidal benefits from pennycress could improve 

soil health and future crops through biomass decomposition (Borchardt et al., 2008). 

Today, crops are not solely raised as a food source. Many crops can serve 

multiple purposes in industry. Seed meal and plant fiber are often utilized as co-products 

after initial processing. Food, feedstock, biofuel, fertilizer, and fiber for bio-firing are just 

some of the products that can be made from the seed, residue, and plant fiber after harvest 

(Cooper & Weber, 2012). Pennycress has been selected for use as an oilseed crop 

because of a unique composition and large seed oil content (25 to 36%) (Moser et al., 

2009). Some other factors that make pennycress a suitable choice is a minute 

susceptibility to common crop pests and diseases, it fits well into current cropping 

systems, and it has a low cost of production (Nafzinger et al., 2016). 

Chemical desiccation of plant material prior to harvest has been utilized in oilseed 

crops to meet a desired harvest date and seed moisture goals (Sanderson, 1976). Field 

pennycress management may include a harvest aid for timely pennycress removal, 

burndown of weeds that may interfere with harvest, and soybean planting. Crop yields 

can be affected by a previous crop. In soybean, desiccation of wheat before wheat harvest 

increased soybean yield by more than 300 kg ha-1; however, wheat yields were reduced 

were reduced if the harvest aid was applied too early (Nelson et al., 2011). Commonly 

used chemical desiccants may impact seed germination or disrupt normal growth of the 
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crop (Chen et al., 1972). A harvest aid used in field pennycress production could act as a 

burndown and serve as a potential residual herbicide for soybean (Cronshey, 1961). 

Rotational restrictions may inhibit the use of some herbicides in field pennycress both in-

season and as a desiccant at harvest (Colquhoun, 2006). Harvest aid timing is also a 

necessary consideration in desiccation management. Research has shown reduced yield in 

soybean following premature applications of glyphosate, glufosinate, and paraquat during 

certain reproductive stages (Ratnayake and Shaw, 1992), or an early application of 

glyphosate in wheat (Nelson et al., 2011). Some desiccants inhibit seedling viability 

when applied at different plant stages (Bennett and Shaw, 2000). Previous research has 

evaluated commonly used herbicides that had greater than 70% injury to field pennycress 

(Bishop et al., 2016). The objectives of this research were to evaluate several potential 

harvest aids on desiccation of field pennycress, burndown of weeds, and pennycress 

germination. 

MATERIALS AND METHODS 

Experimental Design and Site Description 

  A two-year field trial evaluating several harvest aids on field pennycress and 

competitive weeds was established in the fall of 2015 and 2016 at the University of 

Missouri, Greenley Memorial Research Center near Novelty, Missouri (40⁰ 1’17” N, 92⁰ 

11’24.9” W). The soil series at the site was a Putnam silt loam (fine, smectitic, mesic 

Vertic Albaqualfs). Soil samples were collected at a depth of 30 cm in the spring. Soil 

properties are presented in Table 4.1 and were analyzed using standard soil testing 

analytical procedures for Missouri (Nathan et al., 2006). Treatments were arranged in a 

randomized complete block design with four replications in 2016 and three replications in 
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2017. Plots were 1.5 by 6.1 m. Plots were vertical tilled (Case IH 335 VT, Racine, WI) 

prior to drill seeding pennycress (Great Plains Solid Stand 5, Salina, KS, 2016) in 19 cm 

rows. The ‘Adams’ cultivar was seeded at 39 kg ha-1. Visual plant injury was rated from 

0 (no plant injury) to 100% (complete plant death) for four days after application prior to 

harvest. Crop management details are listed in Table 4.2. 

  Herbicides (11) were evaluated in 2016 with a non-treated control (Table 4.3). In 

2017, herbicide tank mixtures were added to the experiment with different mechanisms 

of action which included dicamba with glufosinate, flumiclorac pentyl ester with 

glyphosate, and glufosinate with saflufenacil. Herbicides were applied using a 1.5-meter 

wide CO2 backpack sprayer calibrated to apply 150 L ha-1 at 4.7 km hr-1 and 110 kPa. 

Each plot was harvested using a Wintersteiger Delta (Salt Lake City, UT) combine. 

  A germination test was performed following harvest to evaluate herbicides applied 

four days before harvest. Seed was collected from each plot. Seeds were stored for 

approximately three months and 100 seeds from each plot were placed in a sterile paper 

towel saturated with water and covered for five days. The towel was placed in a petri dish 

and sealed with parafilm wax. The petri dishes were placed in a greenhouse at 21⁰ C. The 

number of germinated seedlings was counted, and percent germination was calculated. 

Statistical Analysis 

  Analysis of Variance (ANOVA) using the statistical program SAS v9.4 and PROC 

GLMMIX was used to analyze desiccant herbicides on field pennycress and weeds that 

were present. Data were combined over years in the absence of a significant interaction. 

Fishers Protected LSD at P = 0.05 was used to separate means and determine significant 

differences between treatments. 
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RESULTS AND DISCUSSION 

  Harvest aids are important in systems where timeliness of crop harvest is a factor 

(Bennett and Shaw, 2000). Diquat and paraquat provided the greatest desiccation of field 

pennycress (98%), giant foxtail (83 to 85%), marestail (78 to 80%), and yellow sorrel (77 

to 90%) 3 DAT (Table 4.4). Glufosinate had the greatest control of common 

lambsquarters (Chenopodium album L) (77%), giant foxtail (Setaria faberi L.) (70%), 

marestail (Conyza canadensis L.) (65%), and yellow sorrel (Oxalis stricta L.) (67%) 4 

DAT. Saflufenacil and diquat applied individually had the greatest desiccation of prickly 

lettuce (Lactuca serriola) (61 to 66%) 4 DAT (Table 4.5). Flumioxazin and sulfentrazone 

were suitable for field pennycress (85 to 88%) desiccation for the time period evaluated 

in this experiment, but control of weeds was less than 60%. A combination of a residual 

herbicide such as flumioxazin or sulfentrazone with a burndown herbicide may allow 

planting of soybean without the use of another herbicide application. Residual herbicides 

combined with a burndown chemical is commonly used in soybean production (Helling, 

2005). Applying a burndown and residual herbicide combination could reduce equipment 

and application cost.  

  After the evaluation of desiccation herbicides in 2016, we hypothesized that there 

may be a benefit of combining some herbicides. In 2017, glufosinate was combined with 

saflufenacil and methylated seed oil which controlled (>80%) all species present as early 

as 3 DAT. The herbicide combination increased control of all species than when they 

were applied individually (Table 4.6). Field pennycress, giant foxtail, marestail, and 

yellow sorrel had 70% or greater visual injury 3 DAT, while injury was greater than 82% 

across all species 4 DAT. Herbicides could synergistically control weeds when tank 
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mixed. (Helling, 2005). Herbicide combinations often increase the number of species 

controlled by the application. In canola (Brassica napus L.), greater control of common 

weed species was achieved through chemical combinations such as glyphosate and 

sodium chlorate (Blackshaw, 1989). Combination of non-selective herbicides with a 

residual herbicide could allow burndown of field pennycress and residual control of 

weeds for soybean. Saflufenacil, glufosinate, diquat, paraquat, flumioxazin, and 

sulfentrazone worked well as a desiccant in the allotted time before harvest in this 

research. 

  Seedling viability of field pennycress is important for production of improved 

cultivars. Application of a desiccant could occur at the time of plant maturity, but 

improved cultivars and larger yields plant maturity may be extended and desiccation 

could occur earlier in plant development (Folstad, 2016). Field pennycress was 

desiccated near maturity (>73% mature before application) in this study (visual 

observation). An earlier desiccation application timing during seed fill could inhibit seed 

germination. In 2016 and 2017, field pennycress had 74 to 85% germination in a 

controlled germination test after herbicide exposure for four days (Table 4.7). Herbicides 

applied at this stage of pennycress growth had no effect on germination. Further research 

could evaluate earlier applications on field pennycress seedling viability. Herbicides 

applied before or during reproductive stages can have negative effects on seedling 

germination. Bennett and Shaw (2000) found that timing of desiccation herbicides in 

soybean decreased yield and viability of seed by as much as 40%. Glyphosate and 

paraquat combined with the common desiccation herbicide, sodium chlorate, affected 
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yield (400 kg ha-1) and germination (40%) when applied at the R5-R7 stage of soybean 

reproduction (Bennett and Shaw, 2000). 

CONCLUSION 

  Harvest aid use in field pennycress could allow harvest of pennycress and timely 

soybean planting. Desiccation is necessary in the presence of summer or winter annual 

weeds that may interfere with harvest. Common desiccant herbicides such as paraquat 

and diquat had 95% control of field pennycress 3 DAT. Common lambsquarters, giant 

foxtail, marestail, and yellow sorrel were controlled (65 to 77%) by glufosinate alone 4 

DAT, but prickly lettuce control was 27%. Saflufenacil had 61 to 87% control of prickly 

lettuce, marestail, and yellow sorrel 4 DAT, but control of giant foxtail or common 

lambsquarters was 19 to 40%. Glufosinate with saflufenacil was able to desiccate all 

weed species by at least 80% 3 DAT in 2017. This indicated the benefit of combining 

mechanisms of action to control a broader spectrum of plant species in a timely manner. 

The effect of other chemical mixtures was evaluated, but control was greater than the 

desiccant herbicides applied individually such as diquat and paraquat. None of the 

herbicides evaluated affected pennycress germination. Harvest aid treatments with a 

residual herbicide could provide greater flexibility in the adoption of field pennycress as 

a viable cover and oilseed crop. 
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Table 4.1. Selected soil chemical properties from spring soil samples in 2016 and 2017. 

† O.M., organic matter; N.A., neutralizable acidity; and CEC, cation exchange capacity 
‡ Standard deviation 

 

Soil property† pHS (0.01 M CaCl2) N.A. O.M. Bray I P Exch. Ca Exch. Mg Exch. K CEC 

Units ------- CmolC kg-1 g kg-1 kg ha-1 kg ha-1 kg ha-1 kg ha-1 CmolC kg-1 

2015-2016 6.6 + 0.6‡ 0.5 + 1.25 30 + 1.5 37+ 9 4989 + 74 547 + 42 339 + 3.5 15.7 + 0.4 
2016-2017 5.4 + 0.6 3 + 1.25 33 + 1.5 55 + 9 4842 + 74 463 + 42 332 + 3.5 15 + 0.4 
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Table 4.2. Field management for field pennycress desiccation experiment in 2016 and 2017. 
 ‡ Abbreviations: AN, ammonium nitrate; COC, crop oil concentrate; Humid, humidity; N/A, non-applied; and Temp., temperature. 

 

Field management  2015-2016  2016-2017 
 Seeding date  17 September 2015  12 October 2016 

 
Fertilizer (N-P2O5-K2O) 
(kg ha-1) 

 
14.5-73-129 

 
N/A 

 AN‡ (kg ha-1)  56-0-0   

 
Desiccant application 
date 

 
27 May 2016 

 
28 May, 2016 

  
Environmental 
conditions 

 
Temp. 

Wind 
speed 

Relative 
humid 

Weed 
height 

 
Temp 

Wind 
speed 

Relative 
humid 

Weed 
height 

    76⁰C 9 km h-1 74% 36-60 cm  75⁰C 6 km h-1 68% 30-55 cm 
 Crop protection  6 May 2016  N/A 
   Clethodim at 84.3 g ai ha-1   

   COC‡ at 2338.49 ml ha-1   
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Table 4.3. Control of field pennycress and weed species 2 days after treatment (DAT) in 2016 and 2017. 

† Abbreviations: DAS, diammonium sulfate; MSO, methylated seed oil; N/A, non-applied; NIS, non-ionic surfactant; NS, not 
significant 
‡ Adjuvant rates: NIS at 0.25% v/v; DAS at 20 g L-1; MSO at 1% v/v.  
§ Data were combined over years.  
§ Dicamba, dibromide [6,7-dihydrodipyrido (1,2-a:2',1'-c)pyrazinediium dibromide]; diuron, 3-(3,4-dichlorophenyl)-1,1-dimethylurea; 
flumioxacin, 2-[7-fluoro-3,4-dihydro-3-oxo-4-(2-propynyl) -2H-1,4-benzoxazin-6-yl]-4,5,6,7-tetrahydro-1H-isoindole-1,3(2H)-dione; 
Glufosinate-ammonium; Glyphosate, N-(phosphonomethyl) glycine, in the form of its potassium salt; metribuzin, 4-Amino-6- (1,1-
dimethylethyl)-3-(methylthio)-1,2,4-triazin-5 (4H)-one; Paraquat dichloride(1,1'-dimethyl-4,4'-bipyridiniumdichloride); saflufenacil: 
N'-[2-chloro-4-fluoro-5-(3-methyl-2,6-dioxo-4-(trifluoromethyl)-3,6-dihydro-1(2H)-pyrimidinyl)benzoyl]-N-isopropyl-N-
methylsulfamide; Sulfentrazone. 

    2016-2017  2016  2017 
Harvest aid 
treatment Adjuvant† Amount 

 
Field 

pennycress§  
Common 

lambsquarters 
 

Prickly 
lettuce 

 
Giant 
foxtail 

 
Marestail 

 
Yellow 
sorrel 

  g ai ha-1  %  %  %  %  %  % 
Non-treated    73  0  0  0  0  0 
Diquat§ NIS‡ 556  96  13  45  67  69  82 
Diuron N/A 2125  76  0  1  0  5  2 
Flumioxazin NIS 412  78  3  24  37  35  50 
Glufosinate DAS 731  76  9  4  27  32  37 
Glyphosate N/A 2122  70  0  0  22  4  7 
Metribuzin N/A 1733  75  0  0  2  8  5 
Paraquat NIS 556  86  20  25  70  58  67 
Saflufenacil MSO 247  71  1  19  23  43  50 
Sulfentrazone MSO 1751  73  4  8  33  23  60 
2,4-D NIS 973  79  6  7  0  9  27 
LSD (P = 
0.05) 

   11  11  NS  15  21  18 
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Table 4.4. Control of field pennycress and weed species 3 days after treatment (DAT) in 2016 and 2017. 
    2016-2017  2016  2017 
Harvest aid 
treatments Adjuvant Amount 

 
Field 

pennycress 
 

Common 
lambsquarters 

 
Prickly 
lettuce 

 
Giant 
foxtail 

 
Marestail 

 
Yellow 
sorrel 

  g ai ha-1  %  %  %  %  %  % 
Non-treated    80  0  0  0  0  0 
Diquat NIS‡ 556  98  16  53  85  80  90 
Diuron N/A 2125  81  0  1  8  15  7 
Flumioxazin NIS 412  85  5  30  42  47  78 
Glufosinate DAS 731  85  22  21  55  48  58 
Glyphosate N/A 2122  76  0  0  25  13  17 
Metribuzin N/A 1733  83  3  0  7  13  20 
Paraquat NIS 556  98  25  35  83  78  77 
Saflufenacil MSO 247  83  3  29  25  50  72 
Sulfentrazone MSO 1751  82  8  10  35  33  63 
2,4-D NIS 973  83  10  10  7  22  35 
LSD (P = 
0.05) 

   11  11  12  13  29  21 

† Abbreviations: DAS, diammonium sulfate; MSO, methylated seed oil; N/A, non-applied; NIS, non-ionic surfactant; NS, not 
significant.  
‡ Adjuvant rates: NIS at 0.25% v/v; DAS at 20 g L-1; MSO at 1% v/v.
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Table 4.5. Control of field pennycress and weed species 4 days after treatment (DAT) in 2016 and 2017. 
    2016-2017  2016  2017 
Harvest aid 
treatments Adjuvant Amount 

 
Field 

pennycress 
 

Common 
lambsquarters 

 
Prickly 
lettuce 

 
Giant 
foxtail 

 
Marestail 

 
Yellow 
sorrel 

  g ai ha-1  %  %  %  %  %  % 
Non-treated    87  3  2  0  0  0 
Diquat NIS‡ 556  98  21  66  95  95  98 
Diuron N/A 2125  86  0  0  12  22  13 
Flumioxazin NIS 412  88  20  36  55  57  87 
Glufosinate DAS 731  91  77  27  70  65  67 
Glyphosate N/A 2122  84  2  0  38  23  22 
Metribuzin N/A 1733  86  0  0  12  25  30 
Paraquat NIS 556  97  22  27  100  88  87 
Saflufenacil MSO 247  85  19  61  40  57  87 
Sulfentrazone MSO 1751  85  26  28  53  45  72 
2,4-D NIS 973  88  11  12  15  37  52 
LSD (P = 
0.05) 

   9  17  21  16  31  28 

† Abbreviations: DAS, diammonium sulfate; MSO, methylated seed oil; N/A, non-applied; NIS, non-ionic surfactant; NS, not 
significant. 
‡ Adjuvant rates: NIS at 0.25% v/v; DAS at 20 g L-1; MSO at 1% v/v. 
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Table 4.6. Herbicide combination effects on field pennycress and weed control 2, 3, and 4 days after treatment (DAT) in 2017. 
    Field pennycress  Giant foxtail  Marestail  Yellow sorrel 
Harvest aid 
treatment Adjuvant Amount 

 
2 

DAT 
3 

DAT 
4 

DAT 
 

2 
DAT 

3 
DAT 

4 
DAT 

 
2 

DAT 
3 

DAT 
4 

DAT 
 

2 
DAT 

3 
DAT 

4 
DAT 

  g ai ha-1  % % %  % % %  % % %  % % % 
Non-treated    82 88 98  0 0 0  0 0 0  0 0 0 
Diquat NIS 556  96 98 98  67 98 95  69 80 95  82 90 98 
Glufosinate DAS 731  76 85 91  27 55 70  32 48 65  37 58 67 
Glyphosate N/A 2122  70 76 84  22 25 38  4 13 23  7 17 22 
Paraquat NIS 556  86  97  70 98 100  58 78 88  67 77 87 
Saflufenacil MSO 247  71 83 85  23 25 40  43 50 57  50 72 87 
Dicamba + 
glufosinate 

DAS‡ 
963 + 
731  95 98 100  47 62 78  42 62 73  53 70 83 

Flumiclorac 
pentyl ester + 
glyphosate 

MSO + 
COC 

47 + 
2122  82 87 93  40 62 72  25 42 60  38 52 68 

Glufosinate + 
saflufenacil 

MSO 
731 + 
247  88 93 98  58 82 90  58 71 80  83 93 100 

LSD (P = 
0.05) 

   11 10 8  15 13 16  21 29 31  18 21 28 

† Abbreviations: DAS, diammonium sulfate; MSO, methylated seed oil; COC, crop oil concentrate; NS, not significant. 
‡ Adjuvant rates: COC at 4 ml 100 L; DAS at 20 g L-1; MSO at 1% v/v. 
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Table 4.7. Field pennycress germination after desiccant application in 2016 and 2017. 

† Abbreviations: COC, crop oil concentrate DAS, diammonium sulfate; MSO, 
methylated seed oil; NIS, non-ionic surfactant; NS, not significant.  

‡ Adjuvant amounts: COC at 4 ml 100 L; DAS at 20 g L-1; MSO at 1% v/v; NIS at 
0.25% v/v 
§ Data were combined over years.

      2016-2017§ 

  
  Amount  

Field 
pennycress 

Harvest aid treatment  Adjuvant  g ai ha-1  % 
Non-treated      81 
Diquat  NIS‡  556  85 
Diuron  N/A  2125  79 
Flumioxazin  NIS  412  87 
Glufosinate  DAS  731  81 
Glyphosate  N/A  2122  80 
Metribuzin  N/A  1733  74 
Paraquat  NIS  556  81 
Saflufenacil  MSO  247  80 
Sulfentrazone  MSO  1751  80 
2,4-D  NIS  973  85 
LSD (P = 0.05)      NS 
      2017 
Diquat  NIS  556  85 
Glufosinate  DAS  731  81 
Glyphosate  N/A  2122  80 
Paraquat  NIS  556  81 
Saflufenacil  MSO  247  80 

Dicamba + glufosinate  DAS  
963 + 
731  91 

Flumiclorac pentyl ester + 
glyphosate 

 
MSO + 
COC 

 
47 + 
2122  78 

Glufosinate + saflufenacil  MSO  
731 + 
247  81 

LSD (P = 0.05)      NS 
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CHAPTER 5 

TILLAGE AND WHEAT RESIDUE MANAGEMENT EFFECTS ON FIELD 
PENNYCRESS ESTABLISHMENT, YIELD, AND HARVEST MOISTURE 

ABSTRACT 

 Field residue management is important in seedbed preparation, incorporating 

previous crop biomass into the soil profile, and weed control for certain types of 

competitive weed species. For growing field pennycress (Thlaspi arvense L.) 

following wheat (Triticum avestivum L.), different management practices may 

increase germination and population. A three-factor randomized complete block 

design was established in upstate Missouri in the fall of 2016 to test residue 

management practices of field pennycress following wheat. Factors included tillage, 

residue removal, and prescribed burning. A secondary study was added on nitrogen 

fertilizer using 39.2 kg ha-1 of ammonium nitrate on half of each replication. The 

removal of wheat residue had a minimum of 48% increase in pennycress yield with no 

fertilizer application in both tilled and no-till applications. In trials that where the 

residue remained but had been prescribed burned, there was still a minimum of a 12% 

increase in pennycress yield without a nitrogen fertilizer. In studies that did receive the 

39.2 kg ha-1 of nitrogen, a minimum of 27% yield increase was found. Significant yield 

increases between pennycress fertilized with ammonium nitrate and non-treated 

controls leads to interest into nitrogen fertilizer sources and timings for field 

pennycress management. Additional research is needed to confirm the influence of 

wheat residue on pennycress establishment and yield.  
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INTRODUCTION 

Residue management and soil conditions at planting have a major influence on 

seed germination, emergence, and plant health. Growing field pennycress introduces 

some other challenges that are more difficult to control in today’s production systems. 

A main factor affecting production is weed control. There is little to no crop safety for 

field pennycress using common herbicides and there are no herbicides currently 

labeled for use in field pennycress. Effective management practices should 

compensate for a lack of herbicides and allow for quicker emergence and a denser 

population after planting pennycress in the fall following another crop such as corn 

(Zea mays L.) or wheat. A greater plant population will make introduction of 

competitive weeds more difficult (Kruidhof et al., 2009). 

Residue management systems will also be an important tool to improve soil 

quality by potentially increasing soil organic chemistry, increase soil fungal biomass, 

earthworm populations, and microbial enzyme activity in the soil profile (Schillinger 

et al., 2010). Incorporation of residue allows for faster breakdown of plant matter and 

increases soil microbial activity. Having a winter planted crop such as field pennycress 

allows for that activity to be maintained and reinitiated in the spring before soybean 

planting. This maintenance of microbial activity is not only beneficial to the 

pennycress, but also the soybean crop or wheat crop that follows (Snapp et al., 2005).  

Pennycress residue has beneficial attributes to the subsequent soybean crop 

when managed correctly. Soybean yield increased up to 235 kg ha-1 following field 

pennycress in eastern Illinois (Phippen and Phippen, 2012). This leads to an interest in 

pennycress residual attributes as an organic fertilizer due to an unknown interaction 



 

89 
 

 

between field pennycress biomass or root systems with microbes in the soil or plant 

itself.  

The method of burning residue before planting is a traditional practice for 

residue and weed management. In the past, it was common to burn fields after harvest 

and incorporate the charred soil into the earth using a mold board plow (Snapp et al., 

2005). Over time, it has been discovered the negative side effects of plowing and 

erosion. Today there are issues with prescribed burning of plant residue due to the 

negative effects it has on air quality. Prescribed burning is still a useful tool for residue 

management, but it may not be an option in the future. Burning residue allowed for 

incorporation of biomass into the soil and increased seedling vigor through soil 

warming and quicker availability of nutrients retained in the previous crop (Schillinger 

et al., 2010).  

Nitrogen fertilizer management in other small seeded crops such as canola 

have been evaluated for their usefulness in increasing yield (Hocking and Stapper, 

2001). Field pennycress may benefit from the use of a nitrogen fertilizer applied in the 

spring or fall to increase yield and plant health. The effect of pennycress on soybean is 

also an important factor in this system to ensure there are no negative interactions 

between pennycress harvest date and soybean planting and growth. The use of a 

nitrogen fertilizer with field pennycress could keep soil available nitrogen at a more 

sustainable level so there was no nutrient delay for soybean germination and seedling 

growth. There is a period before symbiotic N fixation begins where the soybean plant 

requires a sufficient nitrogen source for growth (Johnson et al., 2017). A spring 
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application of nitrogen on field pennycress could ensure this fertilizer source remains 

available.  

MATERIALS AND METHODS 

Site Description and Experimental Design 

  A one-year field trial with field pennycress following wheat was initiated in the 

fall of 2016 at the University of Missouri’s Greenley Memorial Research Center near 

Novelty, Missouri (40⁰ 1’17” N, 92⁰ 11’24.9” W). The experiment was arranged as a 

three-factor randomized complete block design with three replications. Plots were 7.6 

by 15.2 m.  

  The factors evaluated were, tillage (vertical tilled (Case IH 335 VT, Racine, WI) 

or no-till), residue removal (wheat residue or residue removed via round baling (Case 

IH RB565, Racine, WI), and prescribed burning (plot area was control burned or left 

unburned) allowing for a combination of eight treatments. All tillage and residue 

management treatments were applied 28 September 2016 and pennycress was planted 

after a four-hour idle period from the completion of burning. All treatments were drill 

seeded (Great Plains Solid Stand 10, Salina, KS) with a pennycress cultivar (Adams) 

at 39.2 kg ha-1. There was no significant interaction between pennycress seeding date 

and corn herbicide management system; therefore, main effects were presented (5.2). 

The center 1.5 m of each plot were harvested for yield evaluation on 2 June 2017 with 

a Wintersteiger Delta (Salt Lake City, UT) plot combine. Pennycress yields were 

adjusted to 110 g kg-1 moisture prior to analysis. All data were subjected to ANOVA 

and means separated using Fisher’s Protected LSD at P = 0.05.   

  The soil series at the site was a Putnam silt loam (fine, smectitic, mesic Vertic 

Albaqualfs). Soil samples were collected from each rep and combined to determine a 
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soil analysis of the field area to a depth of 30 cm in the spring following pennycress 

harvest. Soil properties are presented for this site in Table 5.1 and were analyzed using 

standard soil testing analytical procedures for Missouri (Nathan et al., 2006). Rainfall 

data were collected on-site at the research center using an automated weather station 

(Campbell Scientific, Inc., Logan UT) (Fig. 5.2). Rainfall data were collected for the 

growing season from before seeding on 1 September 2016 to 1 June 2017. 

Statistical Analysis 

  Analysis of Variance (ANOVA) using the data management and statistical 

analysis software ARM v2017.4 with factorial differentiation used to analyze the 

interaction of tillage and residue management on field pennycress establishment, 

population, and yield. Fishers Protected LSD at P = 0.05 was used to separate means 

and determine significant differences among each treatment.  

RESULTS AND DISCUSSION 

Tillage and Residue Management 

  In previous research, several challenges had been identified with pennycress 

emergence, and population maintenance. Winter cover crops have been evaluated for 

weed suppression and nutrient retention, but a suitable population is necessary to 

suppress weed densities and decrease species competition in the spring (Teasdale, 

1996). There are benefits of tillage and residue management which may improve these 

issues when growing a plant species so closely related to its “wild type”. Following 

wheat with field pennycress is a possible production method to be used in more 

northern geographic locations where multi-cropping systems are not possible. The 

heavy residue that follows wheat harvest adds some challenges and possible benefits. 
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Field pennycress, along with other winter cover crops, have the potential to inhibit 

plant diseases that commonly affect corn and soybean in the spring (Bailey and 

Lazarovits, 2003). Decreased insect and disease pressure are added benefits to 

integrating field pennycress into current cropping systems   

  There was a yield increase of 28 kg ha-1 when the residue was removed in a no-

till situation of field pennycress without nitrogen fertilizer. A 56.5 kg ha-1 increase was 

found in a management system where tillage was utilized without nitrogen fertilizer. 

This data indicated the importance of a tillage system in field pennycress 

establishment and the benefits it provided to harvest yield over no-till systems. This 

research indicates that wheat residue has an influence on field pennycress yield as 

well.  

  Overall, prescribed burning of residue before tillage and planting increased 

pennycress yield and test weight when treatments did not receive nitrogen fertilizer. 

No-till with residue following prescribed burning had a test weight of 56.3 g hL-1 and 

pennycress yields were of 115.5 kg ha-1. This was 99.2 kg ha-1 higher than the same 

treatment without prescribed burning, having an increase of. When tillage was 

introduced with prescribed burning, a 28 kg ha-1 decrease in yield was observed 

compared to no-till planting and burning, but it was an increase of 32 kg ha-1 

compared to the treatment that did not have prescribed burning. Residue removal 

before prescribed burning did not have a significant increase when compared to 

treatments when residue remained but a slight increase in yield was observed (73 kg 

ha-1). Prescribed burning and tillage with residue removed had a slight increase in 

yield (10.5 kg ha-1) compared to burning and tillage with residue remaining. Burning 
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and no-till with residue removed had similar yields. Prescribed burning of wheat 

residue had the potential to increase pennycress germination and overall population 

(Table 5.2) and yield when used properly in a management system. Additional 

research is needed to determine the importance of wheat residue management on field 

pennycress yield. 

Effect of Nitrogen on Field Pennycress Yield and Test Weight 

  Nitrogen fertilizer applied approximately two months before harvest (3 April 

2017) had an overall positive effect on field pennycress yield at harvest (Table 5.2). 

Across the treatments that were not burned, N increased yield 63 kg ha-1 which was 

similar to treatments that did not receive nitrogen fertilizer. The no-till with residue 

remaining study had very poor stands (<10,000 plants ha-1) in some replications but an 

overall population of 187,000 plants ha-1 between all replications. 

  When evaluating treatments that had prescribed burning in the fall and nitrogen 

fertilizer applied in the spring, more variation was found. Residue removal before 

prescribed burning and planting had the greatest increase in yield (27 to 34 kg ha-1) 

from the nitrogen application. Grain yield decreased 21 kg ha-1 with no-till and residue 

remaining before prescribed burning and increased 8.1 kg ha-1 in the burned and tilled 

treatment with residue remaining. These one-year findings need additional research on 

the benefits of prescribed burning and nitrogen fertilizer application. 

  Field pennycress moisture (P = 0.54) and test weight (P = 0.97) was not affected 

by tillage, residue removal, or prescribed burning. There was an interaction between 

residue and tillage management and soybean population. Burning wheat residue 

caused an increase in yield from 86,000 seeds ha-1 in the burned and no-till with 
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residue removed to 301,000 seeds ha-1 in the treatment with residue burned and tilled. 

In treatments where burning was withheld, treatments which were tilled increased 

population from 44,000 to 329,000 plants ha-1). This information is similar to the 

findings of Davis (2010) where cover crops seeded following a minimal tillage 

implement were able to establish more quickly in the fall and spring.  

CONCLUSION 

  Tillage and residue management were important factors affecting the 

establishment and grain yield of field pennycress. Wheat residue reduced field 

pennycress yields in the absence of prescribed burning and tillage. Yield increase of 

57 kg ha-1 was observed in the tilled with residue removed system. No-till and residue 

removal increase of yields up to 44.3 kg ha-1 compared to 16.3 kg ha-1 in the no-till 

with residue treatment. When prescribed burning was utilized, field pennycress yields 

increased from 87.7 – 115.5 kg ha-1 compared to those that did not receive a burning 

treatment before planting. In addition, burning before planting increased grain test 

weight 49.3 – 56.3 g hL-1 compared to 39.5 – 46.9 g hL-1 in those that did not receive 

prescribed burning prior to planting. Nitrogen increased field pennycress yield on 

average by 13.8 kg ha-1 with some treatments seeing a much more significant increase 

in yield than others. Nitrogen fertilizer has the potential to be a useful tool in the 

future, but further research is needed to differentiate the optimal timing, and nitrogen 

source that would be most beneficial to field pennycress yield. Burning residue before 

seeding increased pennycress population (86,000 to 301,000 seeds ha-1). In unburned 

treatments, tillage increased pennycress over no-till practices resulting in a population 

increase of 329,000 to 440,000 plants ha-1. Wheat residue and seedbed preparation will 
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be important considerations for designing optimal management strategies for field 

pennycress seeding. 
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Table 5.1. Selected soil chemical properties from spring soil samples at a depth of 30 cm in 2017. Data were averaged over all 
replications. 

  †Abbreviations: CEC, cation exchange capacity; Exch., exchangeable; N.A., neutralizable acidity; and O.M., organic matter 

Soil property† pHS (0.01 M 
CaCl2) N.A. O.M. Bray I P Exch. Ca Exch. Mg Exch. K CEC 

Units ---------------- 
CmolC 

kg-1 g kg-1 kg ha-1 kg ha-1 kg ha-1 kg ha-1 CmolC kg-1 

2016-2017 5.4 3 33 55 4842 463 332 15 
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Table 5.2. Pennycress yield, test weight, and moisture as effected by tillage and residue management treatments in 2017. 

†Abbreviations: N/A, not applicable (there was not a large enough sample to obtain a test weigh for this treatment and NS, not 
significant.  

       Yield 
       Ammonium Nitrate Fertilizer Applied 
Treatment Population  Test Weight†  Moisture  0 kg ha-1 39 kg ha-1 

 plants ha-1  g hL  g kg-1  kg ha-1 g hL-1 

Tilled with Residue 560,000  39.5  79  55 83 
No-Till with Residue 187,000  N/A  79  16 10 
Tilled without Residue 516,000  46.9  81  112 122 
No-Till without Residue 430,000  41.5  80  44 77 
Burned and Tilled with Residue 861,000  49.7  79  88 96 
Burned and No-Till with Residue 775,000  56.3  79  116 94 
Burned and Tilled without Residue 789,000  49.4  84  99 132 
Burned and No-Tilled without Residue 646,000  55.3  81  93 120 
LSD (P = 0.05) 244,000  NS  NS  17 9 
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Figure 5.1. Pennycress yield as effected by residue management and nitrogen application amount.  

† Abbreviations: w/, with and w/o, without
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Figure 5.2. Rainfall from 1 September 2016 to 1 June 2017 at the Greenley Memorial Research Center near Novelty, Missouri.  
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CHAPTER 6 

OVERALL CONCLUSION  

 This research provided an introduction into field pennycress (Thlaspi arvense L.) 

management as a cover and oilseed crop in Missouri. Field pennycress as an oilseed 

could fit into current cropping systems without the need for specialized equipment. A 

foundation for seeding date, seeding method, potential herbicide tolerance, harvest 

management, and previous crop residue management has been established for future field 

pennycress research. Field pennycress effects on both corn (Zea mays L.) and soybean 

(Glycine max [L.] Merr.) did not have any negative impact on current corn or soybean 

cropping systems.  

 Field pennycress seeding date in a corn, pennycress, and soybean rotation had a 

minimal impact on corn plant population, test weight, and moisture. There were limited 

effects on corn yield from field pennycress seeding date corn yield losses were less than 

500 kg ha-1. Pennycress seeding date had variable effects on population, test weight, 

moisture, and yield of field pennycress depending on year. This variability may have 

been affected by weather events throughout the growing season. The R5-R6 pennycress 

treatment maintained a yield within 24 kg ha-1 or greater of the other seeding dates and 

had a consistent harvest moisture with less than 50 g kg-1 difference throughout the study. 

The R5-R6 treatment maintained good moisture and yield which makes it a suitable 

seeding date. The V4-V6 seeding date and drill-seeding date had suitable harvest yields; 

however, greater yield (56 to 253 kg ha-1) and moisture (232 to 641 g kg-1) variability 

was observed. Field pennycress test weight was variable depending on seeding date and 

year. Test weight was the highest in the V4-V6 seeding date, but decreased in the latter 
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seeding dates. Soybean yield increased following field pennycress in the drill seeded 

treatment compared to the non-seeded treatment in 2015. In 2016 and 2017, no 

differences in soybean yield were observed although yields were high overall. Soybean 

grain harvest moisture had a significant interaction with corn residual herbicides, but 

harvest moistures were maintained close to or below the safe storage moisture (130 kg ha-

1). Soybean cyst nematode (SCN) egg population densities were similar for seeded and 

non-seeded areas in 2017. 

 Field pennycress was largely affected by pre- and postemergence herbicide. 

Residual activity and herbicide mechanism of action affected field pennycress response 

as well. Acetochlor EC, pyroxasulfone, and S-metolachlor at half of the labeled amount 

had 32 to 50% injury by late May, which was the least injury observed compared to 

control of other herbicides. Similarly, acetochlor EC, pyroxasulfone, and S-metolachlor 

at half of the labeled amount controlled competitive winter annual weeds such as 

common mustard (Brassica sinapis L.), annual bluegrass (Poa annua L.), common 

lambsquarters (Chenopodium album L.), and shepherd’s purse (Capsella bursa-pastoris 

L.) with 51 to 97% control in late May. At the full labeled amount, trifluralin provided 

some safety to field pennycress (26%) with moderate control of the same competitive 

weed species (35 to 73%). Field pennycress injury was not rated in the latter two rating 

dates in 2017 because of stand loss. Field pennycress had some tolerance (18 and 21%) to 

metribuzin at one-fourth and sulfentrazone at half of the labeled amount at the end of the 

season (40 DAT). Initial injury to field pennycress after application was higher, but 

plants were able to overcome this injury by 40 DAT. Metribuzin and sulfentrazone had 

good control of shepherd’s purse (74 to 89%) and common lambsquarters (73 to 93%) 21 
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DAT in 2016. In 2016 and 2017, metribuzin at one-fourth amount had 67% control of 

henbit (Lamium amplexicaule L.). In 2016 and 2017, sulfentrazone had poor control of 

henbit (35%) at 21 DAT. At 40 DAT, metribuzin had poor control of henbit (39%) and 

shepherd’s purse (41%), but it maintained good control of common lambsquarters (88%) 

in 2016. In 2017, metribuzin at one-fourth amount had poor control of marestail (Conyza 

canadensis L.) and common waterhemp (Amaranthus tuberculatus L.) (<40%). 

Sulfentrazone had poor control of shepherd’s purse (46%) but control of henbit (62%) 

and common lambsquarters (100%) improved by 40 DAT in 2016. In 2017, residual 

sulfentrazone was still able to control marestail (81%), but did not affect common 

waterhemp (0%). Acetochlor EC, pyroxasulfone, and S-metolachlor showed promise as 

preemergence option, and metribuzin and sulfentrazone could be used postemergence. 

Additional research is needed to better understand pennycress tolerance to pre- and 

postemergence herbicides and the impact on pennycress grain yield. 

  A harvest aid may be necessary in field pennycress for timely removal of 

pennycress and planting of soybean. Diquat and paraquat provided the fastest desiccation 

(98%) of field pennycress within 3 DAT. Glufosinate had the greatest control of common 

lambsquarters (77%) 4 DAT, while saflufenacil and diquat had the greatest desiccation of 

prickly lettuce (Lactuca serriola L.) (61-66%) 4 DAT. Saflufenacil had 61 to 87% 

control of prickly lettuce, marestail, and yellow sorrel 4 DAT. Glufosinate tank mixed 

with saflufenacil controlled all weed species greater than 80% 3 DAT. This combination 

demonstrated the benefits of combining herbicides with different mechanisms of action to 

gain greater control of weeds. None of the herbicides evaluated affected pennycress 
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germination. Saflufenacil, glufosinate, diquat, paraquat, flumioxazin, and sulfentrazone 

worked well as a desiccant in the allotted time before harvest in this research.  

 Tillage and residue management allow removal of undesirable residue or incorporation 

into the soil before planting. Tillage and residue practices were important factors 

affecting pennycress establishment and yield. The experiment evaluated wheat residue 

influence on field pennycress and yield. Wheat residue influenced both field pennycress 

establishment and yield. Pennycress yield increased (57 kg ha-1) when residue was 

removed before tillage and seeding. In no-till systems, residue removal increased yields 

by 28 kg ha-1. When prescribed burning of residue was utilized, pennycress yields 

increased by more than 50 kg ha-1. Burning residue increased test weight by more than 8 

g hL-1.  Residue removal through burning increased pennycress plant population by at 

least 86,000 seeds ha-1 compared to unburned treatments. Residue incorporation through 

tillage increased pennycress population by more than 329,000 plants compared to those 

that were no-tilled into wheat residue. A nitrogen fertilizer could be useful in field 

pennycress growth, but additional research is needed to establish optimal application 

timing, amounts, and nitrogen source. 

  In conclusion, the most desirable seeding date and method for field pennycress was 

broadcast overseeding pennycress at the R5-R6 reproductive stage of corn. There is no 

interaction between corn residual herbicides evaluated and field pennycress 

establishment. Soybean following field pennycress had similar or increased yields 

compared to soybean where there was no pennycress. Acetochlor EC, pyroxasulfone, and 

S-metolachlor at half of the labeled amount provided some crop safety to field 

pennycress while controlling some winter annual and early germinating summer annual 
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weeds. Similarly, metribuzin at one fourth and sulfentrazone at half of the labeled amount 

provided control of some winter and early summer annual weeds while maintaining 

suitable field pennycress crop safety. When used as a harvest aid, paraquat, diquat, 

saflufenacil, glufosinate, sulfentrazone, and flumioxazin controlled field pennycress and 

weeds that were present when applied 4 days before harvest as desiccants. A tank mixture 

of glufosinate with saflufenacil also had good control of all species within three days 

after application in 2017. No negative effects of harvest aid treatments on pennycress 

germination were found. Tillage and residue removal both increased field pennycress 

yield. Prescribed burning of wheat residue before planting or tillage increased yield in 

this one-year experiment. Residue and tillage management will be important in future 

field pennycress research. This research has identified potential seeding date, pre- and 

postemergence herbicide safety to field pennycress as well as desiccant effectiveness 

before harvest, and tillage and residue management of field pennycress planted following 

wheat. Further research is needed to determine the best management strategies for 

growing field pennycress commercially with improved cultivars as an oilseed crop in the 

future.  

  

 

 




