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Abstract

One of the biggest challenges for organic crop and vegetable producers is weed control. 

Traditional practices, such as cover cropping and tilling, aid in controlling weeds on fallow land. 

However, both methods can impact soil nutrient availability. For producers in sub-Arctic regions 

with a limited growing season, such as interior Alaska, these practices would remove valuable 

farm land from production for at least a year and potentially impact soil nutrients. The objective 

of this study was to determine cover cropping and tilling intervals that would reduce weed 

seedbank size without negatively influencing soil nutrient availability and taking land out of 

production for multiple growing seasons. A two year (2008 and 2009) study at two interior 

Alaska farms (UAF-AFES and Rosie Creek) measured weed density, weed seedbank size, and 

extractable macro and micro soil nutrients at two soil depths (0-15 cm, 15-30 cm) among seven 

treatments: continuous tillage (TILL), continuous cover crop (CC), tillage + middle season cover 

crop (TC), and cover crop + middle season tillage (CT). Two species, Hordeum vulgare L. 

(Albright barley) and Pisum sativum subsp. Arvense (Austrian winter field peas) were planted as 

cover crops. Field weed estimates were measured prior to treatment applications (tillage or 

planting) followed by soil core samples post treatment for weed seedbank analysis. Soil cores 

were collected for soil nutrient analysis at the beginning, middle and end of the growing season. 

In 2008 at UAF-AFES, weed density among treatments were different mid-season (p<0.05) and 

the subsequent growing season (p<0.05), TILL and TC treatments reduced weed populations. 

Weed seedbank size was different among treatments the subsequent growing season (p<0.05). In 

2008 at Rosie Creek, only the subsequent growing season were there differences among 

treatments (p<0.05). In 2009 both study sites had no differences among treatments at any sample 

period. Extractable soil nutrients varied among location, year and soil depth. The highest 

concentrations of nitrate (NO3-N) were measured in the tillage treatments and the lowest 

concentrations of NO3-N were measured in the cover crop barley treatments (p<0.05). The 

research suggested that continuous tillage and tilling through the first half of the growing season 

has a greater impact on reducing the weed population, but can impact soil nitrate concentrations. 

Producers may be able to till and cover crop within one growing season, but this is highly 

dependent on weed density and there may be a loss of soil available nutrients for subsequent 

crops.
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Chapter 1. Introduction

In the past decade, the demand for organically produced goods has doubled in the United States 

(Economic Research Service, 2019). The 2011 Organic Production Survey estimates there are 

well over 12,000 operations classified as USDA certified organic, covering more than two 

million hectares of U.S. land. This includes all livestock, cropland and rangeland operations. Not 

included in these data, are operations that follow organic production guidelines, but are not 

certified by the USDA. Accurate data for all organically produced goods, with and without 

certification, is difficult to obtain. The USDA National Organic Standards Board (NOSB) 

defines organic agriculture as ‘an ecological production management system that promotes and 

enhances biodiversity, biological cycles and soil biological activity. It is based on minimal use of 

off-farm inputs and on management practices that restore, maintain and enhance ecological 

harmony' (National Agriculture Library, 2018). The NOSB sets standards for certified organic 

crops and organic livestock. These standards are regulated by the National Organic Program 

(NOP) which certifies a farm to sell their product with the ‘USDA Organic' seal.

One of the biggest challenges for organic producers is the control of agricultural weeds. Ideally, 

prevention is the greatest line of defense, but weeds are inevitable. Non-chemical weed control 

methods such as hand weeding, flaming, mowing, plasticulture, tilling and cover cropping, are 

essential for organic growers. Many of these methods can be combined with others as part of an 

overall cropping management strategy to best control multiple weed species (Cloutier et. al., 

2007). Tilling and cover cropping have shown promising results at controlling and preventing 

weed infestations (Teasdale et. al., 1991; Gruber and Claupein, 2009).

Tilling has long been used as a successful weed control method in fallow fields or intercropping. 

Tilling distributes weeds seeds vertically, either burying seeds deeper in the soil profile or 

transporting them closer to the soil surface (Mohler, 2001). These same mechanisms stimulate 

weed seed germination, but can negatively impact soil properties. Tillage equipment such as 

harrows and plows, are tools highly disruptive to the soil surface, leaving soil bare, and 

increasing erosion and surface crusting (Sustainable Agriculture Research and Education, 2012). 

Tilling aerates the soil which increases organic matter decomposition, this in turn increases 

mineralization and nitrification rates (Brady and Weil, 2002). In fallow fields where intensive 
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tilling occurs, plant available nitrogen, in the form of nitrate can be lost to leaching with the 

absence of cash or cover crops (Figure 1.1).

To reduce soil erosion and nutrient loss, conservation tillage practices leave 30% or more crop 

residue on the soil surface (National Agricultural Library, 2018). Examples include minimum-till 

or no-till. Conservation tillage practices are frequently used in conjunction with herbicide use as 

a means for weed control however organic producers must find alternative methods of 

controlling weed populations if following these practices. Some benefits for reduced tillage are 

an increase in soil organic carbon (SOC) and a decrease in nitrogen loss. Rasmussen (1999) and 

Lal (1997) measured a greater amount of SOC accumulation in the soil surface following no-till 

management strategies in their research of Triticum sp. (winter wheat), Brassica sp. (winter oil 

seed rape), Solanum tuberosum L. (potato) and Zea mays L. (maize) studies, respectively. Wright 

and Hons (2005) measured an increase in soil organic nitrogen under a conservation and no-till 

management system. Additionally, Drinkwater et al. (2000) determined that weed competition 

and nitrogen limitations were the most frequent causes of low crop yields under reduced-tillage 

systems.

Figure 1. 1 Nitrogen cycle in agroecosystems.
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Cover crops have long been used in association with weed control methods in agricultural 

production. Cover crops are planted when cash crops are not grown to increase competition 

against weeds for resources (Teasdale et al., 2007). They out-compete weed species by 

intercepting solar radiation, decreasing soil nutrient availability, and influencing the soil 

moisture distribution (Teasdale et al., 2007). Dorn et al. (2015) measured a negative correlation 

between cover crop biomass and weed biomass. Multiple cover crop systems were analyzed for 

soil coverage and weed biomass, results suggested weed suppression dependence on cover crop 

type and production system (organic vs. conventional). Teasdale and Daughtry (1993) found 

similar results in their study comparing desiccated to live Vicia villosa (hairy vetch) cover crops. 

They concluded the live cover crop was more efficient at reducing weed biomass and weed 

density and had a greater impact influencing weed seedling emergence. In addition to weed 

suppression, cover crops, which are also referred to as “catch crops”, can alleviate or “catch” soil 

nutrients before they are lost. McCracken et al. (1994) and Brandi-Dohrn et al. (1997) found 

nitrate leaching was reduced due to plant uptake via cover crops. Additionally, Thapa et al.'s 

(2018) meta-analysis of nitrate leaching in agroecosystems, found that non-legume cover crops 

compared to no cover crops reduced nitrate leaching by 56%. Zandt et al. (2018), found catch 

crops stimulated microbial nitrogen immobilization. They determined competition between roots 

and soil microbes for available nitrogen was high when nitrogen was limited, but low under high 

nitrogen conditions.

Most cover cropping systems are used in a multiple year rotation alternating within years 

between non-legumes (e.g. Triticum sp.) and legumes (e.g. Trifolium sp.) (Sustainable 

Agriculture Research and Education, 2012). Non-legume species such as annual cereals 

Hordeum vulgare (barley) and Avena sativa (oats) produce high amounts of biomass and are 

efficient at utilizing available nitrogen (Sustainable Agriculture Research and Education, 2012). 

This is both beneficial for outcompeting weeds and recovering soil available nitrogen that could 

have otherwise been lost. Hordeum vulgare L. varieties, such as Albright, Lidal, and Otal are 

widely grown cereal grain crops in Alaska (Van Veldhuizen et al., 2017). They are considered 

good producers: high yielding in a short (3-4 months) period of time. Legume cover crops, such 

as Trifolium sp. and Pisum sp., are primarily used as a nitrogen source for cash crops 

(Drinkwater et al., 2000). According to Sustainable Agriculture Research and Education (2012), 

Pisum sativum L. (Austrian winter field pea) is considered a “top” nitrogen producer among 
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leguminous cover crops. It is a quick growing, fast establishing variety that grows well under 

cool conditions (Sustainable Agriculture Research and Education, 2012). They have been 

successfully grown in Alaska as a forage crop and cover crop (Van Veldhuizen et al., 2017).

Interior Alaska has a warmer and dryer growing season compared to coastal Alaska, but it is 

moderately short compared to lower latitudes where multi-year cover cropping rotations are 

successful. Dependent on variety, in Interior Alaska, most annual crops are planted in mid to late 

May and harvested by the end of September. Within this five month growing window, the 

average daily temperature can remain relatively low with total cumulative precipitation of less 

than 200 mm (Figure 1.2). The National Oceanic and Atmospheric Administration (NOAA), 

AFES Fairbanks weather station, measured a total of 219.52 mm of precipitation during the five 

month growing period in 2008. The cumulative growing degree days (Base 0) was 1758.6. In 

2009, during that same period, there was a total of 162.56 mm of precipitation. The cumulative 

growing degree days was 1875.6.

Figure 1. 2 Thirty year mean daily temperature and cumulative precipitation for Fairbanks from 
May to September (1980-2009).
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Alaska's short growing season makes multiple crop rotations within one year nearly impossible. 

However, cover cropping on a yearly rotation could be feasible. For small-scale vegetable 

farmers with minimum acreage, taking a large portion of land out of production is economically 

challenging although cover cropping small sections every 2-3 years as part of a weed 

management strategy may be doable. For vegetable farmers in Alaska cover crops that fix 

nitrogen and produce high amounts of biomass are most desirable. Replenishing soil nutrients 

and returning large amounts of organic matter back to the soil within one year is essential for 

subsequent crops so fields can go back to vegetable or crop production. Hordeum vulgare L. and 

Pisum sativum L. are Alaska hardy species that have been successfully grown as both forage and 

cover crops. Hordeum vulgare L. is efficient at utilizing available nitrogen, whereas Pisum 

sativum L. is a nitrogen fixer. Additionally, both species produce large amounts of biomass 

which is needed to outcompete weeds. Based on these characteristics, these forage types were 

used for this research.

The objective of this study was to determine cover cropping and tilling intervals within one 

growing season that would reduce weed seedbank size without negatively impacting soil 

nutrients. The growing season (May-September) was basically split in two to mimic two growing 

seasons. Treatments of cover crops or tilling were applied at the start of the growing season, 

remained constant or changed to cover cropping or tilling at midseason, and then harvested at the 

end of season.

The organization of this thesis is as such:

Chapter 2: Impacts of cover cropping and tillage on weed populations in a sub-Arctic 

environment examined weed seedbank differences among cover cropping and tillage treatments. 

In-field measurements and soil cores were collected to determine the size of the weed seedbank 

at each treatment application. I hypothesized that the tillage treatments earlier in the growing 

season would be more effective at reducing the weed seedbank than cover crop treatments 

applied earlier in the growing season.

Chapter 3: Impacts of cover cropping and tillage on soil nutrients in a sub-Arctic environment 

investigates soil nutrient changes among treatments. Soil samples were collected at the three 

points of the growing season (planting, mid-season, and harvest) to measure short term changes 
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on soil micro and macro nutrients. I hypothesized that tillage treatments will result in a greater 

loss of soil nutrients, nitrogen in particular, compared to cover crop treatments.

Chapter 4: Synthesis: This chapter discusses the impacts of cover cropping and tillage on both 

the weed population and soil nutrients. Management strategies for organic producers are 

recommended. Additionally, potential research projects are suggested.
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Chapter 2. Impacts of cover cropping and tillage on weed populations in a sub-Arctic 

environment

2.1 Abstract

Weed control methods are limited to non-chemical means in organic agriculture production. 

Traditional practices, such as cover cropping and tilling, aid in controlling weeds on fallow land. 

For producers in sub-Arctic regions with a limited growing season, these practices would remove 

valuable farm land from production for at least a year. The objective of this study was to 

determine cover cropping and tilling intervals that would reduce weed seedbank size without 

taking land out of production for multiple growing seasons. A two year (2008 and 2009) study at 

two interior Alaska farms (UAF-AFES and Rosie Creek) measured weed density and the weed 

seedbank among seven treatments: continuous tillage (TILL), continuous cover crop (CC), 

tillage + middle season cover crop (TC), and cover crop + middle season tillage (CT). Two 

species, Hordeum vulgare L. (Albright barley) and Pisum sativum subsp. Arvense (Austrian 

winter field peas) were planted as cover crops. Field weed estimates were measured prior to 

treatment applications (tillage or planting) followed by soil core samples post treatment for weed 

seedbank analysis. In 2008 at UAF-AFES, weed density among treatments were different mid

season (p<0.05) and the subsequent growing season (p<0.05), TILL and TC treatments reduced 

weed populations. Weed seedbank size was different among treatments the subsequent growing 

season (p<0.05). In 2008 at Rosie Creek, only the subsequent growing season were there 

differences among treatments (p<0.05). In 2009, both study sites had no differences among 

treatments at any sample period. The research suggested that continuous tillage and tilling 

through the first half of the growing season has a greater impact on reducing the weed 

population. Producers may be able to till and cover crop within one growing season, but this is 

highly dependent on weed density.

2.2 Introduction

One of the biggest challenges for organic field crop and vegetable producers is the control of 

weeds. Weeds can be annual species: one that grows from seed, reproduce, then die within one 
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growing season, or perennial species: one that survive and reproduce for more than two years. 

Weed species can be native or non-native to an area (Alaska). As Mohler (2001) states “weeds 

are plants that are especially successful at colonizing disturbed, but potentially productive sites 

and at maintaining their abundance under conditions of repeated disturbance”. Essentially, a 

weed is any unwanted plant species.

Weeds in an agricultural context are typically introduced via human disturbance. They can be 

purposefully introduced, unintentionally brought in via crop seed, transported with machinery, or 

the product of soil additives, such as manure (Christofoletti et al., 2007). Understanding the life 

stages and reproductive habits of weed species is essential for proper weed control. Seed 

dormancy and germination requirements vary among species. Environmental cues, such as 

temperature, soil moisture, and light availability must fall within a specific range in order to 

induce germination. Additionally, some species require scarification of the seed coat to break 

seed dormancy. Most annual, and many perennial weed species seed, can remain viable for 

years, even decades if soil conditions permit (Mohler, 2001). A long term study conducted by 

Conn et al (2006) in Fairbanks, Alaska determined that common weed species, such as 

Chenopodium album (lambsquarter) and Stellaria media (common chickweed) can remain 

dormant and viable in the soil for over 19 years.

Weeds can be detrimental to an agricultural operation by competing with crops for light, 

moisture, and nutrients resulting in lower crop yields, and therefore lower profits. According to 

the Weed Science Society of America (2020), data analyzed from 2007 to 2013, weeds caused 

North American winter wheat and spring wheat to suffer annual yield losses of 22.4% and 

35.3%, respectively. This represents hundreds of millions of dollars lost to farmers across the 

United States and Canada (Weed Science Society of America, 2020). Weeds are potentially 

ecologically and economically damaging.

Methods vary on best management practices for both controlling an established weed population 

and preventing an infestation. Non-chemical weed control methods such as hand weeding, 

flaming, plasticulture, mowing, crop-rotation, cover cropping, and tilling are essential for organic 

growers due to restrictions on synthetic herbicide use. Many of these methods can be combined 

as part of an overall cropping management strategy to best control multiple weed species 

(Cloutier et al., 2007). Cover crops have long been used in association with weed control 
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methods in agricultural production. Cover crops are planted when cash crops are not grown to 

reduce growth of weed species (Teasdale et al., 2007). They out-compete weeds by intercepting 

solar radiation, decreasing soil nutrient availability, and influencing the soil moisture distribution 

(Teasdale et al., 2007). Cover crops add organic matter, improve soil properties, reduce soil 

erosion and can be used as mulch or green manure (Sustainable Agriculture Research and 

Education, 2012). Most cover cropping systems are used in a multiple year rotation alternating 

within years between non-legumes (wheat, corn, etc.) and legumes (e.g. clovers).

The optimum cover cropping system is dependent on the main crop and weed species to control. 

Dorn et al. (2015) measured a negative correlation between cover crop biomass and weed 

biomass. Multiple cover crop systems were analyzed for soil coverage and weed biomass and 

results suggested weed suppression dependence on cover crop type and production system 

(organic or conventional). Hairy vetch had the greatest soil coverage, but weed biomass results 

varied among years. Live cover crops suppress weeds better than dead cover crop residue. Some 

conventional no-till systems use herbicide to kill cover crops prior to cash crop planting, to 

minimize soil disturbance. In a study comparing desiccated to live Vicia villosa (hairy vetch) 

cover crop, the live cover crop was greater at reducing weed biomass and weed density (Teasdale 

and Daughtry, 1993). Additionally, it had greater impact on light availability and temperature at 

ground level influencing weed seedling emergence.

Many cover crop systems are used in combination with conservation tillage practices. 

Conservation tillage practices leave 30% or more crop residue on the soil surface, reducing soil 

erosion and nutrient loss (National Agriculture Library, 2018). Examples include minimum-till 

or no-till. Conservation tillage practices are frequently used in conjunction with herbicides as a 

means for weed control however organic producers must find alternatives methods of controlling 

weed populations if using these practices. Tilling is a successful weed control method. Tilling 

distributes weeds seeds vertically, either burying seeds deeper in the soil profile or transporting 

them closer to the soil surface (Mohler, 2001). Tillage equipment such as a moldboard plow, 

chisel plow or disc harrow, distribute the soil to a specified depth (Sustainable Agriculture 

Research and Education, 2012). These tools are highly disruptive to the soil surface, leaving soil 

bare, increasing erosion and surface crusting, but are beneficial at controlling emerged weeds 

(Sustainable Agriculture Research and Education, 2012). Long-term experiments conducted by 
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Gruber and Claupein (2009), determined that organic weed control methods were most 

successful when a combination of stubble tillage, primary tillage and cover crops were used. 

Treatment impacts differed among annual and perennial weed species and timing and type of 

tillage.

Since the establishment of agronomic practices in Alaska, there has been some research to 

determine what varieties of crops, vegetables, and fruit grow best. Experiment farms or research 

sites across Alaska have almost continuously conducted crop variety trials since the 1980's (Van 

Veldhuizen et al., 2017). Based on decades long research, agronomists and extension agents can 

recommend non-legume and legume varieties that will grow best at a specific area in Alaska. 

Multiple varieties of spring feed barley grow well in the Interior of the state (Van Veldhuizen et 

al., 2017). Barley produces large amount of biomass in a short amount of time, which is 

imperative for outcompeting weeds (Sustainable Agriculture Research and Education, 2012). 

Additionally, annual cereals are effective at scavenging available nitrogen (Kaye et al., 2019). 

Field peas are nitrogen-fixers and have been shown to increase available soil nitrogen (Kaye et 

al, 2019). Additionally, they are well suited to and have been a proven forage and cover crop 

species in interior Alaska (Van Veldhuizen et al., 2017).

Alaska's short growing season makes multiple crop rotations within one year nearly impossible. 

For small-scale vegetable farmers, taking a large portion of land out of production is 

economically challenging. However, removing small sections every 2-3 years as part of a weed 

management strategy may be doable. Combining weed management strategies that can both 

reduce the weed seedbank and replenish soil nutrients is ideal. Minimal research has been 

conducted on sub-Arctic organic weed control methods. The objective of this study was to 

determine cover cropping and tilling intervals that would reduce weed seedbank size without 

taking land out of production for multiple growing seasons. This study will aid producers in 

developing viable organic weed control methods for cold climate regions.

2.3 Methods

Field experiments were conducted at the University of Alaska Fairbanks Agricultural and 

Forestry Experiment Station, Fairbanks Experiment Farm (UAF-AFES; 64.85oN, 147.85oW) and 
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Rosie Creek Organic Farm (Rosie Creek; 64.746oN, 148.085oW) about 21 km southwest of 

Fairbanks, Alaska during the 2008 and 2009 growing seasons. The UAF experimental sites were 

established on a fallow portion of a continuously farmed barley (Hordeum vulgare L.) field that 

has been in agricultural production for over 50 years. The Rosie Creek experimental site was on 

a fallow portion of an organic vegetable field that has been in production for the past 10 years. 

Soil types were similar at both locations which were comprised of Tanana mucky silt loam and 

Tanana silt loam (coarse-loamy, mixed superactive, subgelic, Typic Aquiturbels) at UAF-AFES 

and Rosie Creek Organic Farm, respectively.

Research plots at UAF-AFES were setup in a randomized complete block design with three 

replications of seven treatments. The study was rotated to new fields each year. Plots were 6 m × 

30.5 m (20 ft × 100 ft). All plots were initially disked to a depth of 15 cm at the start of the 

growing season in late-May followed by one of seven treatments: continuous tillage (TILL), 

cover crop barley (CCB), cover crop pea (CCP), CCB-tillage (CCBT), CCP-tillage (CCPT), 

tillage-CCB (TCCB) or tillage-CCP (TCCP). TILL were disked throughout the growing season; 

CC plots were planted at the beginning of the growing season and harvested end of season; CT 

plots were planted at the beginning of the growing season and tilled in mid-growing season; TC 

plots were disked throughout the initial portion of the growing season then planted to a cover 

crop mid-season and tilled in at harvest. Application of tillage treatments were applied to control 

emerging weeds pre flowering. Cover crops of barley (cv. Albright) or Austrian winter field peas 

(Pisum sativum var. saccharatum) were planted at 110 kg/ha (100 lbs/acre) using a John Deere 

8350 18 hole seed drill. Fertilizer and herbicides were not applied to the research site. Initial 
planting of the CC and CT treatments were May 16th and 13th, CT and TC treatments were tilled 

or planted July 15th and 9th, and harvest measurements of cover crops and final tillage treatments 
occurred on September 12th and 14th in 2008 and 2009, respectively (Table 2.1).

At Rosie Creek organic farm TILL, TCCB and TCCP treatments were set up in a randomized 

complete block design with three replications. Plots were 6 m × 24.4 m (20 ft × 80 ft), smaller 

compared to the UAF-AFES site due to space constraints. Mid-season planting occurred on 
August 6th and July 31st and final tillage of cover crops occurred on September 15th and 18th in 

2008 and 2009, respectively (Table 2.1).
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2.3.1 Field weed density

Weed populations were estimated both in the field and greenhouse. Field measurements were 

determined by counts and cover estimates of weed species present from 3 randomly placed ¼ m2 

or ½ m2 subplots per treatment plot. Subplot size was determined by the density of seedlings and 

the ability to accurately count and identify weed species. Field measurements were measured 

prior to tillage treatments (Table 2.1). At the Rosie Creek site, weed density measurements had 

to be altered as the season progressed. The application of tillage treatments with the tractor left 

high density weed ‘tracks' down the field, therefore measurements had to be taken in the track 

and outside the track. At times, the weed density was so great that ¼ m2 plots extrapolated out to 

1 m2 resulted in over 20,000 weed plants, mainly chickweed (Stellaria media).

2.3.2 Weed seedbank estimation

Eight soil cores (1.9 cm diameter) to 15 cm depth were collected per plot post-tillage for viable 

seedbank estimates to be determined in the greenhouse. Composite soil samples were collected 

one day post-tillage to prevent ‘re-planting' of disturbed weed seeds via footsteps. In 2008 (year 

1), it was observed that same-day disturbance in plots post tillage resulted in weed seedling 

‘footprints' whether it was human or animal thus impacting future in-field measurement 

estimates. Soil cores were stored in a -17.7oC (0o F) freezer until greenhouse experimentation 

could be conducted.

Soil samples were thawed and spread into a 20.3 cm2 square plastic flat to a depth of 1 cm. Soil 

flats were placed in the UAF-AFES greenhouse (day/night, 16 hours light/8 hours dark, 

21.1oC/20oC), watered and covered with clear plastic lids to reduce evaporative water loss. Soils 

were watered as needed. Covers were removed post-emergence so seedlings could develop 

without obstruction. As seedlings emerged and were identifiable, the seedling was counted and 

pulled from the flat. Twenty-eight days after planting, soils were slightly dried to ease sieving, 

sieved (2 mm mesh) and re-watered. Seedlings were grown for an additional 14 days, identified 

and harvested from the flats. The flats were then air dried and refrozen, followed by a third and 

final 14 day growth period.

Biomass and stem counts of cover crops and weeds were collected at harvest times: CT 

treatments at mid-season, CC and TC treatments at the end of season. Three subplots of cover 
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crops 1 meter long and weeds ½ meter long (within harvested 1m crop) were counted and 

harvested. Cover crop and weed stems were cut at ground level and dried at 30oC in the UAF- 

AFES electrical powered grain dryers.

Analysis of variance was measured using SAS analytical software. Duncan's multiple range test 

was used to group means when there were differences (alpha < 0.05).
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Table 2. 1 Field weed density measurements and seedbank sample times.

UAF-AFES Rosie Creek

Field Seedbank 
sample sample
times times

2008 2009 Description 2008 2009 Description

1 5/13, 5/17 5/12, 5/18 Initial tillage, 
planting 5/5 6/3 Initial tillage

1 2 6/12 6/2 Till treatments 6/2 6/15 Till treatments

2 3 6/30 6/15 Till treatments 6/17 7/1 Till treatments

3 4 7/15 7/9 Mid-season 
till/plant

Till treatments

7/2 7/24 Till treatments

4 5 8/18 8/20 7/16 7/31 Till (08), Mid
season plant (09)

5 6 9/2, 9/11 9/14, 9/21 Harvest, final till 8/6, 8/13 8/19 Mid-season plant 
(08), Till (09)

6 7 5/26/2009 4/28/2010 Following year 
measurements 8/19 9/15 Till treatments (08), 

harvest (09)
7 8 9/15 Harvest

8 9 5/21/2009 Following year 
measurements



2.4 Results

2.4.1 Field weed density

Due to size constrictions at the Rosie Creek Field Site only three treatments were planted, 

therefore UAF-AFES and Rosie Creek (RC) were analyzed separately. Additionally, total weed 

seed estimates were different at both field sites each year (p<0.05) so each location was analyzed 

by year.

In 2008 and 2009, field weed density measurements at UAF-AFES were sampled six times 

(Table 2.1). Field preparation and planting times coincided with UAF-AFES spring barley crop 

planting. Initial weed density estimates were measured for the entire block and not separated by 

treatment plot. In 2010, UAF-AFES was seeded at one of the earliest dates on record and at 

planting time, there were no visible weed seedlings, therefore the final field weed estimates for 

the 2009 plots were zero. Rosie Creek was sampled eight times in 2008 and six times in 2009. 

Chickweed (Stellaria media) was the most prevalent weed species during both growing seasons 

at both field sites (Table 2.2). Species composition was lower at Rosie Creek compared to UAF- 

AFES, however weed density was greater at Rosie Creek.

In 2008, there were differences in weed populations among treatments at the UAF-AFES field 

site at the mid-season treatment (p < 0.05) and the following year (p < 0.05). At the mid-season 

treatment application (7/15/08) the mean weed population in the TILL and TC treatments were 

less than the CC treatments (Figure 2.1). At the following year measurement (5/26/09), the mean 

weed populations of the TILL and both TC treatments were less (p < 0.05) than the CC and CT 

treatments (Figure 2.2).There were no differences among treatments measured in 2009 (p > 0.05) 

(Table 2.3).

At UAF-AFES, fall cover crop biomass (g) was greater than weed biomass (g) in 2008 (Figure 

2.3). Both CC treatments yielded a greater amount of crop biomass than the TC treatments, but 

weed biomass was not different among treatments. Crop biomass among all treatments was 

considerably less in 2009 compared to 2008 (Table 2.4). In 2009, weed biomass was similar to 

cover crop biomass (Figure 2.4).

17



18

Table 2. 2 In field species composition by year per location (% of total species present).

UAF Rosie Creek

Scientific Name Common Name
Life 
cycle 2008 2009 2008 2009

--------- %----------
Avena fatua L./Avena sativa L. Oats A 1 2 - -

Brassica rapa L. var. rapa Canola A 1 0 - -

Capsella bursa-pastoris (L.) Medik. Shephards purse A 8 0 6 1
Chamerion angustifolium (L.) Holub ssp. angustifolium Fireweed P 0 - 0 -

Chenopodium album L. Lambsquarters A 2 0 0 1
Galeopsis bifida Boenn. Hempnettle A - 0 - -

Hordeum vulgare L. Barley A 1 0 - -

Linaria vulgaris Mill. Yellow Toadflax P 0 - - -

Matricaria discoidea DC. Pineappleweed A 27 - 1 0
Plantago major L. Common Plantain P - - - 0
Polemonium acutiflorum Willd. ex Roem. & Schult. Jacobs Ladder P 0 - - -

Polygonum aviculare L. Prostrate Knotweed A 1 0 1 -

Polygonum convolvulus L. Bindweed A 0 10 - -

Rorippa palustris (L.) Besser Yellowcress A - - 2 0
Spergula arvensis L. Corn spurry A 0 1 - -

Stellaria media (L.) Vill.
Common 
Chickweed A 56 86 89 98

Tripleurospermum maritimum (L.) W.D.J. Koch False Mayweed A 1 - - -
Unknown cotyledon 0 - 0 0
Grass sp. - - 2 0

A=Annual, P=Perennial
- Not Present



the
re 2. 1 UAF-AFES 2008 plots: Field weed density measurements with standard error bars at 

mid-season treatment application (7/15/2008).
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Figure 2. 2 UAF-AFES 2008 plots: Field weed density measurements with standard error bars at 
the following growing season measurement (5/26/2009).

In 2008, at the Rosie Creek field site, there were differences (p < 0.05) of weed populations 

among treatments at the following year measurement (5/21/2009). The field pea cover crop had a 

greater weed population than the barley cover crop and tillage treatments (Figure 2.5). Similarly 

to UAF-AFES, there were no differences among treatments at any sample period for the 2009 

field season (Table 2.3).

The Rosie Creek site had an extreme weed population, early June estimates in 2008 neared 

20,000 weed seedlings m-2. Field measurements of weed populations trended downward in the 

tillage treatments. However, in both study years, there was a late season peak in early to mid

August (Figure 2.6 and Figure 2.7). The majority of the weeds present were chickweed, however 

an increase in Capsella bursa-pastoris (shepherds purse) was also measured in both study years.
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Table 2. 3 ANOVA for field and seedbank measurements at both locations and years.

UAF-AFES Rosie Creek

Field Seedbank
sample sample Field Seedbank Field Seedbank
times times

2008 2009 2008 2009 2008 2009 2008 2009
1 0.6589 0.8314 0.0268

1 2 0.1812 0.5172 0.2133 0.4732 0.6572 0.9665 0.615
2 3 0.0199 0.0721 0.3232 0.430 0.5356 0.2317 0.7642
3 4 0.0012* 0.6759 0.3916 0.6397 0.8277 0.9882 0.6494
4 5 0.9038 0.8621 0.6404
5 6 0.2781 0.3078 0.0143 0.8168
6 7 <0.0001* 0.0033*
7 8 0.0273* 0.6186
8 9 0.6127

Sample times correspond with sample dates shown in Table 2.1. * Indicates differences at p<0.05

Table 2. 4 Crop biomass at fall harvest from 1 meter of crop row.

2008 2009
Treatment (g) (g)
Barley 130.8 ± 20.81 33.2 ± 6.4
Till-Barley 37.7 ± 7.1 23.8 ± 4.4
Peas 150.2 ± 19.6 61.1 ± 11.9
Till-Peas 10.2 ± 2.2 7.1 ± 1.5
1 standard error, n=6
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Figure 2. 3 UAF-AFES 2008 plots: Cover crop and weed biomass with standard error bars at fall 
harvest (9/2/2008).
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Figure 2. 4 UAF-AFES 2009 plots: Cover crop and weed biomass with standard error bars at fall 
harvest (9/14/2009).
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the
Figure 2. 5 Rosie Creek 2008 plots: Field weed density measurements with standard error bars at 
the following growing season measurements (5/21/2009).
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Figure 2. 6 2008 Field weed population estimates at Rosie Creek Farm.
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Figure 2. 7 2009 Field weed population estimates at Rosie Creek Farm.

2.4.2 Weed seedbank estimation

Seedbank results differed from field density measurements among treatments. In 2008, at UAF- 

AFES, the following season measurement (5/26/2009), was the only sampling period that 

resulted in a difference among treatments (p < 0.05). Weed seedbank density was greatest in the 

field pea cover crop (Figure 2.8). Weed seedbank size was similar among all other treatments. 

There were no differences among treatments in the weed seedbank at UAF-AFES in 2009, or at 

the Rosie Creek field site in either year (Table 2.3). The weed seedbank was reduced with each 

tillage treatment. The total number of seeds removed in the tillage treatments at UAF-AFES 
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were 1,097 seeds m-2 and 928 seeds m-2 in 2008 and 2009, respectively. Rosie Creek measured a 

greater amount due to the higher density of weeds; 13,160 seeds m-2and 7,018 seeds m-2 in 2008 

and 2009, respectively.

Figure 2. 8 UAF-AFES 2008 plots: Weed seedbank analysis with standard error bars at the 
following growing season measurements (5/26/2009).

2.5 Discussion

In 2008, the Rosie Creek site had such a high density of weeds that the field site was tilled two 

more times than the UAF-AFES site (Table 2.1). The weed populations decreased over the 

growing season, but the prevalence of chickweed was so great that the mid-season cover crops 

weren't planted until early August so more tillage treatments could be applied to suppress the 
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weeds. In the short interior Alaska growing season, early August, is considered late, not mid

season. Without a sufficient growing period, the cover crops were not well established. When 

cover crops have a greater amount of dry matter and soil coverage than weeds, they are able to 

suppress weed populations, even in an organic production system (Dorn et al., 2015). This may 

explain why treatment differences were negligible; there wasn't enough biomass to outcompete 

the weeds or impact photoperiod for emerging weed seedlings at the soil level for the late season 

plantings.

Differences between years in precipitation and temperature could have influenced both crop and 

weed production. Weather data collected from the UAF-AFES NOAA weather station, measured 

a greater amount of precipitation and more precipitation events during the 2008 growing season 

(May 1st- September 15th) compared to 2009 (Figure 2.9). The 2009 growing season was warmer 

and had nearly 65 mm less precipitation than 2008 (Table 2.5). Harvest weights of both barley 

and field pea cover crops at UAF-AFES were less in 2009 compared to 2008 (Table 2.4). This 

could be explained by the environmental stress of a low precipitation growing season. With less 

competition from a poor cover crop, greater weed seedling emergence would be expected. The 

poor cover crop in 2009 resulted in little to no weed control. This is demonstrated in both 

seedbank analyses and field crop measurements of weed density and harvest measurements. 

Cover crop seeding rates may need to be increased in order to compensate for drier, warmer 

years. The crop may be smaller in size, but increasing cover crop density may increase biomass, 

resulting in improved weed control.

Weed species composition may have influenced the efficacy of treatments. At UAF-AFES in 

2008, weed species composition was greater than the 2009 field sites and at the Rosie Creek field 

site during both study years. As mentioned previously, chickweed was the most prevalent species 

among study sites and years. Chickweed is a resilient weed with a distribution that spans the 

entirety of North America, with the exception of the high arctic (USDA NRCS, 2020). It can 

grow at 2oC and can flower and disperse seed throughout the growing season (Turkington, et al, 

1980). These characteristics, among others, demonstrate why this weed species was measured at 

all sites, at both years. It is highly adapted to diverse growing conditions and very difficult to 

control when established. The greater weed diversity in 2008 at the UAF-AFES site, may 

contribute to why treatment differences were measured (Table 2.2).
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Another noteworthy difference among locations was a ‘spike' in the weed population at Rosie 

Creek in early to mid-August. This was measured both in 2008 and 2009. There was a general 

trend of weed population decline as the tillage treatments were applied, then a substantial 

increase in late-emerging weeds. Again, the primary species being chickweed, but shepherds 

purse also increased at that time. Both annual species. This could be due to climatic changes, 

cooler, wetter conditions, but also differences in germination requirements. While previously not 

considered as important as early weed emergence, late season weeds can contribute to the weed 

seedbank (Bagavathiannan and Norsworthy, 2012). Although tillage treatments reduced the weed 

population, it is imperative to continue treatments through the entire season to minimize the 

impacts of late emerging weeds. This may be site and weed population specific, but a critical 

component of weed management for farm managers to consider.

Producers must consider the weed density and weed species composition of their fields. At a 

field site such as Rosie Creek farm, trying to till and cover crop for weed control within one 

growing season would not reduce the weed seedbank enough for the following growing season. 

A minimum two year weed control management plan would be recommended for fields with a 

highly established weed population. It may be economically difficult to remove an entire field 

out of production for two years, but high levels of weed density can negatively impact crop 

yields and increase weed management time and expense. In fields with lower weed density and a 

greater weed diversity there is potential for combining tilling and cover cropping in to one 

growing season, but late weed emergence should be considered. This is important for producers. 

Continuous tillage increases erosion and nutrient loss whereas cover cropping has the potential to 

prevent both (Busari et al., 2015; McCracken et al., 1994). Additionally, cover cropping requires 

less maintenance of a fallow field, the cover crop can be planted and left. Although results from 

this study varied, tilling and cover cropping within one growing season can potentially reduce 

weed populations in fallow fields.
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Figure 2. 9 2008 and 2009 mean daily temperature and precipitation measured at the UAF- 
AFES NOAA weather station.

Table 2. 5 Precipitation and cumulative growing degree days at UAF-AFES weather station.

Total Precipitation 
(mm)

Days of 
Precipitation

Cumulative Growing
Degree Days (base 0)

Date Range 2008 2009 2008 2009 2008 2009
5/1- 7/15 94.33 73.91 30 13 963.7 1038.3
5/1- 9/14 216.34 151.38 60 38 1691.5 1865.8
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Chapter 3. Impacts of cover cropping and tillage on soil nutrients in a sub-Arctic environment

3.1 Abstract

Cover cropping and tilling aid in controlling weeds on fallow land, however both methods can 

impact soil nutrient availability. For producers in sub-Arctic regions, these practices would 

remove land from production for at least a year and potentially impact soil nutrients. The 

objective of this study was to determine the impacts on soil nutrients within one growing season 

of intensive cover cropping and tilling intervals. A two year (2008 and 2009) study at two 

interior Alaska farms (UAF-AFES and Rosie Creek) measured extractable macro and micro soil 

nutrients at two soil depths (0-15 cm, 15-30 cm) among seven treatments: continuous tillage 

(TILL), continuous cover crop (CC), tillage + middle season cover crop (TC), and cover crop + 

middle season tillage (CT). Two species, Hordeum vulgare L. (Albright barley) and Pisum 

sativum subsp. Arvense (Austrian winter field peas) were planted as cover crops. Soil cores were 

collected for soil nutrient analysis at the beginning, middle and end of the growing season. The 

highest concentrations of nitrate (NO3-N) were measured in the tillage treatments and the lowest 

concentrations of NO3-N were measured in the cover crop barley treatments (p<0.05). The 

research suggested that continuous tillage and tilling through the first half of the growing season 

can impact nitrate concentrations. Producers may be able to till and cover crop within one 

growing season, to control weed infestations without sacrificing soil nutrients.

3.2 Introduction

Organic vegetable and crop producers are limited to non-chemical weed control methods 

(Agricultural Marketing Service, 2020). Mechanical means such as tilling and cover cropping 

have shown promising results at controlling and preventing weed infestations (Teasdale et al, 

1991; Gruber and Claupein, 2009). The dilemma producers face is controlling weeds without 

compromising soil nutrients and taking fields out of production for extended periods of time.

Tillage equipment such as harrows and plows are highly disruptive to the soil surface, leaving 

soil bare, which increases erosion and surface crusting (Sustainable Agriculture Research and 
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Education, 2012). Theses mechanisms stimulate weed seed germination but they can negatively 

impact soil chemical and physical properties. Conservation tillage practices, such as no-till or 

reduced (minimum) tillage are widely used in conjunction with herbicide use. By definition, 

conservation tillage practices leave 30% or more of the soil surface with crop residue to reduce 

soil erosion (National Agricultural Library, 2018). These plant residues may increase organic 

matter in the soil. According to Rasmussen (1999), there is higher soil organic carbon (SOC) 

accumulation in the soil surface following no-till management strategies. Lal (1997) measured 

similar results in a long term maize study comparing 8 tillage treatments. The highest SOC levels 

were found in treatments of Notill+mulch and Notill+chisel plow compared to 6 other high 

intensity tillage treatments such as mouldboard and disc plowing.

In addition to SOC, other soil chemical properties that may be impacted by tillage include, pH, 

cation exchange capacity, exchangeable cations and soil total nitrogen (Busari et al., 2015; Lal, 

1997). In a seven year study, Neugschwandtner et al. (2014), measured no effect on pH among 

four tillage treatments of moldboard plowing, no till, deep and shallow conservation tillage. 

Rasmussen (1999) had similar findings. However, in some long term experiments (6-18 years) 

there has been a measureable decline of pH on the soil surface in rototilled soils (B0rresen and 

Nj0s, 1993) and a measureable increase at lower depths (10-30cm) (Thomas et al., 2007). 

Differences in exchangeable cations have been measured among different tillage practices.

Thomas et al. (2007) measured lower exchangeable Ca, Mg, and Na but a higher amount of K in 

no-till compared to conventional tillage, in the top 0-10 cm of soil of a long-term 9 year study.

Nitrogen (N) loss is another concern for high intensity tillage. Disturbance to the soil increases 

organic matter decomposition, increasing mineralization and nitrification rates releasing plant 

available N in the form of ammonium and nitrate (Brady and Weil, 2002). Wright and Hons 

(2005) measured an increase in soil organic nitrogen (SON) in a conservation and no-till 

management system. However, Kong et al (2009) measured no differences in soil N among 

treatments of standard to minimum tillage. In a long term tillage experiment on N dynamics and 

grain production, Drinkwater et al (2000) determined that weed competition and N limitations 

were the most frequent causes of low crop yields under reduced-tillage systems. However, tillage 

operations significantly affected mineral N concentrations, the greatest levels found in primary 

tillage using a chisel-disc or moldboard plow.
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Cover crops have long been used as a management tool to mitigate leaching and nitrogen loss. 

Peterson et al (2011) determined reduced tillage may lessen nitrate leaching in rotations with 

cover crops. Many studies measured similar results, where nitrate leaching was reduced due to 

plant uptake via cover crops (McCracken et al., 1994, Brandi-Dohrn et al., 1997). Alaska's short 

growing season makes multiple crop rotations within one year nearly impossible. For organic 

producers with high weed infestations, tilling and cover cropping are two of the only options for 

fallow field weed management. Many studies have looked at changes in soil nutrients over long 

term tilling and cover cropping management practices, few have focused on both practices in a 

short sub-Arctic growing environment. The objective of this study was to determine the impacts 

on soil nutrients within one growing season of intensive tillage and cover cropping intervals.

3.3 Methods

Field experiments were conducted at the University of Alaska Fairbanks Experiment Farm 

(UAF-AFES; 64.85oN, 147.85oW) and Rosie Creek Organic Farm (Rosie Creek; 64.746oN, 

148.085oW) in Fairbanks, Alaska during the 2008 and 2009 growing seasons. The UAF 

experimental sites were established on a fallow portion of a continuously farmed barley field that 

has been in agricultural production for over 50 years. The Rosie Creek experimental site was on 

a fallow portion of an organic vegetable field that has been in production for the past 10 years. 

Soil types were similar at both locations which were comprised of Tanana silt loam and Tanana 

mucky silt loam (coarse-loamy, mixed superactive, subgelic, Typic Aquiturbels) at UAF-AFES 

and Rosie Creek, respectively.

Tanana silt loam and Tanana mucky silt loam both belong to Tanana series, Gelisols based on 

the US Soil Taxonomy (USDA-NRCS Soil Survey of Greater Fairbanks Area). The only 

difference between the two is that Tanana silt loam has been used for agriculture production and 

the permafrost layers have retreated due to cultivation. In contrast, Tanana mucky silt loam is 

soil with native vegetation coverage. In this study, Rosie Creek Farm has a short history of 

agriculture, so its soil remains characteristic of soil with native vegetation. The permafrost layers 

in the soil profile may not have retreated deep enough, impacting downward water movement, 

possibly forming a perched water table due to the presence of permafrost.
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Mineral horizons of both soils have a hue of 5YR to 2.5Y; value of 2 to 4; chroma from 1 to 3 in 

A horizon. The texture in this horizon is silt loam, and a soil pH is slightly acidic to neutral 

according to the NRCS soil survey (USDA-NRCS, Soil Survey of Greater Fairbanks Area). Both 

soils have a very weak B horizon development, and the B horizon has hue of 7.5YR, value of 3 

to 5, chroma of 0 to 6, and similar texture and soil reaction to the A horizon. The C horizon, has 

a light color with hue of 10YR, value of 3 to 5, chroma of 0 to 4. The texture in this horizon is 

again similar to A and B horizons, but with ≤ 5% course materials.

Research plots at UAF-AFES were setup in a randomized block design with three replications of 

seven treatments. The study was rotated to new fields each year. Plots were 6 m x 30.5 m (20ft x 

100ft). All plots were initially disked to a depth of 15 cm at the start of the growing season in 

late-May followed by one of seven treatments: continuous tillage (TILL), cover crop barley 

(CCB), cover crop pea (CCP), CCB-tillage (CCBT), cover crop pea-tillage (CCPT), tillage-CCB 

(TCCB) or tillage-CCP (TCCP). TILL was disked throughout the growing season; CCB and 

CCP plots were planted at the beginning of the growing season and harvested end of season; 

CCBT and CCPT plots were planted at the beginning of the growing season and tilled in mid

growing season; TCCB and TCCP plots were disked throughout the initial portion of the 

growing season then planted to a cover crop mid-season and tilled in at harvest.

Application of tillage treatments were applied to control emerging weeds pre flowering. Cover 

crops of Albright barley (Hordeum vulgare L.) or Austrian winter field peas (Pisum sativum var. 

saccharatum) were planted at 110 kg/ha using a John Deere 8350 18 hole seed drill. Fertilizer 

and herbicides were not applied to the research site. Initial planting of the CCB, CCP, CCBT, 
and CCPT treatments were May 16th and 13th, CCBT, CCPT, TCCB and TCCP treatments were 

tilled or planted July 15th and 9th, and harvest measurements of cover crops and final tillage 
treatments occurred on September 12th and 14th in 2008 and 2009, respectively.

At Rosie Creek organic farm TILL, TCCB and TCCP treatments were set up in a randomized 

complete block design with three replications. Plots were 6 m x 24.4 m (20ft x 80ft), smaller 

compared to the UAF-AFES site due to space constraints. Mid-season planting occurred on 
August 6th and July 31st and final tillage of cover crops occurred on September 15th and 18th in 

2008 and 2009, respectively.
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Bulk density samples were collected from three sub-plots within each block at both locations 

prior to treatment application in 2008. Eight soil cores (1.9 cm diameter) were extracted from 

three subplots within each treatment plot. Soil cores were separated by depth, 0-15 cm and 15-30 

cm. Soil samples were collected at three sampling periods, pre-treatment application (May), mid

season (July), and post-harvest (September). Soils were air dried and sifted through a 2 mm sieve 

prior to laboratory analysis for their chemical properties.

Soil analyses were conducted at the UAF-AFES Palmer Research Center, Soil and Plant 

Analysis Laboratory. pH, total carbon, nitrogen, phosphorus and sulfur were measured. 

Additionally, phosphorus, potassium, calcium, magnesium, sodium, copper, zinc, manganese, 

nitrate and ammonium were measured in parts per million. Ammonium and nitrate in soil 

samples were extracted by 2 M KCl followed by determination in a Technicon II Autoanalyzer 

(Technicon AutoAnalyzer, 1973a, 1973b). Soil pH was determined in deionized water with a 

soil:water ratio of 1:1. Total N and C in soil samples were determined in a LECO CHN analyzer.

For total P and S determination, soil samples were digested in double acids (HClO4-HNO3 

digestion) (Kuo, 1996) at 210oC followed by ICP determination (Optima 300 XL, Perkin Elmer, 

USA). Extractable P, K, Ca, Mg, Na, Cu, Zn, Mn in soil samples were extracted using Melhich 

3 (1.5 M NH4F + 0.1 M EDTA) (Mehlich, 1984) followed by Optima 300XL ICP determination.

Statistix 11.0 (Analytical Software Tallahassee FL, USA) was used for statistical analysis. 

Analysis of variance (ANOVA) was made among treatments for all tested soil parameters at each 

sampling time except the baseline soil data followed by mean comparison for each year by 

Tuckey's multiple range comparison at a probability level ≤ 5%.

3.4 Results

Due to location and year differences, each location and year were analyzed separately. At the 

UAF site, soil bulk density (± standard deviation) was 0.97 ± 0.12 g/cm3 for 0-15 cm and 1.04 ± 

0.12 g/cm3 for 15-30 cm soil depths. At Rosie Creek, soil bulk density was 0.92 ± 0.01 g/cm3 for 

0-15 cm and 1.31 ± 0.01 g/cm3 for 15-30 cm soil depths. Soil pH tended to be higher at the UAF 

site compared to the Rosie Creek site for both soil sampling depths (Figure 3.1). Total C, N, P, 

and S concentration were similar for both depths (Figure 3.1). Extractable nutrients from the 
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baseline soil data are shown in Table 3.1. Basic soil nutrient concentration for both sites were 

very similar.

At UAF-AFES, there were no measurable differences (p > 0.05) among treatments in total C, N, 

P, and S at both soil depths in September 2008 (Table 3.2). In 2009, most total nutrient elements 

in soil were not different (p > 0.05) among treatments at 0-15 cm soil depth. However, the TILL 

treatment had a higher total N (p < 0.05) than the CCBT treatment (Table 3.2). Soil pH, was 

higher (p < 0.05) in the TCCB and CCB than the CCBT treatment (Table 3.2). At the 15-30 cm 

soil depth, more total nutrient elements in soil, such as total C, N, and S were different (p < 0.05) 

among treatments; including some relationships among the tested variables for such differences. 

For example, total C and N were higher in CCB, whereas CCBT had a moderate total C (p < 

0.02) and low total N (Table 3.2). In comparison, at the Rosie Creek farm, there were no 

differences (p > 0.05) among treatments in 2008 at the 0-15 cm soil depth and at either sampling 

depth in 2009 (Table 3.3). The only treatment difference (p < 0.05) was measured in total C at 

the 15-30 cm soil depth in 2008. Noteworthy are the fewer treatments at Rosie Creek Farm 

compared to the Fairbanks Experiment Farm at UAF. There were no cover crop (CCB and CCP) 

or tillage post cover crop treatments (CCBT and CCPT) at the Rosie Creek location, interestingly 

it was those treatments at the UAF site, with measureable changes in total nutrients or pH.
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3.1b.

Figure 3. 1 Comparison of baseline (2008) soil pH and total C, N, P, and S concentration at 0-15 
cm (a) and 15-30 cm (b) soil depths.
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Table 3. 1 Extractable macro and micronutrients in the experimental sites prior to implementation of treatments.

Site NH4-N NO3-N P K Ca Mg Cu Zn Fe Mn
0-15
cm mg/kg soil

UAF 1.9±0.41 5.5±4.8 92.0±34.0 85.3±12.7 3803±722 751±22 4.5±0.8 2.5±0.3 403±83 37±28
Rosie
Creek 2.1±0.3 6.5±3.7 95.1±21.6 89.9±16.8 3512±451 617±132 3.4±0.9 1.7±0.3 517±44 30±10

15-30 
cm

UAF 1.5±0.4 0.9±0.1 65.5±19.1 52.5±13.4 4523±43 953±30 4.4±0.6 1.5±0.1 357±2 34±7
Rosie
Creek 1.4±0.2 2.8±0.6 24.2±5.0 39.5±5.4 2801±535 552±124 4.2±1.0 1.1±0.4 532±36 18±9

1Standard deviation, n = 3, except UAF 15-30 cm where n = 2.
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Table 3. 2 Soil pH, total C, N, P and S in soil samples in fall of 2008 and 2009 at Fairbanks 
Experiment Farm of University of Alaska Fairbanks.

Sampling 
date

Treatment Depth pH Total C Total N Total P Total S

cm %
Sept. 2008 TILL1 0-15 6.7 3.42 0.22 0.09 0.03

TCCB 0-15 6.8 3.51 0.23 0.09 0.04
TCCP 0-15 6.7 3.44 0.22 0.09 0.04
CCB 0-15 6.7 3.54 0.22 0.09 0.03
CCP 0-15 6.8 3.27 0.21 0.09 0.03
CCBT 0-15 6.7 3.41 0.22 0.09 0.03
CCPT 0-15 6.7 3.45 0.23 0.09 0.03

p-value 0.72 0.33 0.27 0.51 0.16

TILL 15-30 7.1 2.79 0.16 0.07 0.03
TCCB 15-30 7.1 2.70 0.16 0.07 0.04
TCCP 15-30 7.0 2.74 0.16 0.07 0.03
CCB 15-30 7.2 2.84 0.16 0.07 0.03
CCP 15-30 7.1 2.51 0.15 0.07 0.03
CCBT 15-30 7.1 2.56 0.15 0.07 0.03
CCPT 15-30 7.1 2.49 0.14 0.07 0.03

p-value 0.81 0.23 0.31 0.02 0.40

Sept. 2009 TILL 0-15 6.3 ab2 3.24 0.23 a 0.07 0.03
TCCB 0-15 6.4 a 3.00 0.22 ab 0.07 0.03
TCCP 0-15 6.2 ab 2.80 0.19 ab 0.07 0.03
CCB 0-15 6.4 a 3.30 0.22 ab 0.07 0.03
CCP 0-15 6.2 ab 3.14 0.22 ab 0.07 0.03
CCBT 0-15 6.1 b 2.62 0.18 b 0.07 0.03
CCPT 0-15 6.3 ab 2.82 0.20 ab 0.07 0.03

p-value <0.01 0.04 0.02 0.54 0.29

TILL 15-30 6.9 2.31 ab 0.15 ab 0.06 0.03 a
TCCB 15-30 6.8 1.94 ab 0.14 ab 0.06 0.02 ab
TCCP 15-30 6.8 1.95 ab 0.13 ab 0.06 0.02 ab
CCB 15-30 7.0 2.47 a 0.16 a 0.06 0.03 a
CCP 15-30 6.9 2.15 ab 0.15 ab 0.06 0.03 a
CCBT 15-30 6.8 1.77 b 0.12 b 0.06 0.02 b
CCPT 15-30 7.1 2.09 ab 0.14 ab 0.06 0.02 ab

p-value 0.04 0.02 0.06 0.66 <0.01
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Table 3.2 (Continued).

1TILL: continuous tillage, CCB: cover crop barley, CCP: cover crop pea, CCBT: cover crop barley and tillage, 
CCPT: cover crop pea and tillage, TCCB: tillage and cover crop barley, TCCP: cover crop pea and tillage. 2Different 
letters indicative of differences at p< 0.05 using Tuckey multiple comparison.

Table 3. 3 Soil pH, total C, N, P and S in soil samples in fall of 2008 and 2009 at Rosie Creek 
farm.

Sampling 
date

Treatment Depth pH Total C Total N Total P Total S

cm %
Sept. 2008 TILL1 0-15 6.5 3.37 0.18 0.12 0.03

TCCB 0-15 6.2 2.77 0.15 0.11 0.02
TCCP 0-15 6.4 3.28 0.19 0.12 0.03

p-value 0.15 0.04 0.07 0.42 0.27

TILL 15-30 6.5 2.2 a2 0.13 a 0.07 ab 0.02
TCCB 15-30 6.0 1.6 b 0.08 b 0.07 b 0.02
TCCP 15-30 6.4 2.2 a 0.11 ab 0.08 a 0.03

p-value 0.13 <0.01 0.05 0.05 0.44

Sept. 2009 TILL 0-15 6.7 3.44 0.19 0.10 0.03
TCCB 0-15 6.8 3.46 0.21 0.10 0.03
TCCP 0-15 6.8 3.64 0.20 0.10 0.03

p-value 0.59 0.70 0.48 0.64 1.00

TILL 15-30 6.8 1.72 0.09 0.06 0.02
TCCB 15-30 7.0 2.02 0.11 0.07 0.02
TCCP 15-30 6.9 2.09 0.12 0.06 0.02

p-value 0.08 0.43 0.08 0.44 1.00
1TILL: continuous tillage, TCCB: tillage and cover crop barley, TCCP: tillage and cover crop pea. 2Different letters 
indicative of differences at p< 0.05 using Tuckey multiple comparison.

Extractable nutrient results varied among location, year and soil depth. At the Fairbanks 

Experiment Farm in 2008, NO3-N and P concentrations in the TCCP treatment was higher (p < 

0.05) than other treatments at the 0-15 cm soil depth, whereas, K concentration for CCBT was 

higher (p < 0.05) (Table 3.4). At the 15-30 cm soil depth, NO3-N concentration was greater in 
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the TILL and TCCP treatments (p < 0.05), and only P concentration remained higher (p < 0.05) 

for TCCP (Table 3.4). Additionally, Mn concentration was higher (p < 0.05) for the TILL 

treatment (Table 3.4). In 2009 at both soil depths, again NO3-N was different among treatments 

(p < 0.05), and was highest in TILL and CCPT. For the 15-30 cm soil depth, the highest K 

concentration was in the CCP treatment, highest Ca was in the CCB treatment, and the highest 

Zn concentration was with TILL treatment (Table 3.4).

Treatment impacts were measured among extractable nutrients at the Rosie Creek site. There 

were differences (p < 0.05) among treatments in NO3-N, Mg, Ca, Fe, and Mn at the soil depth of 

0-15 cm in 2008. When soil depth increased to 15-30 cm, some extractable nutrient differences 

(p < 0.05) continued such as NO3-N, Mg, Fe, and Mn. Additionally, statistical differences (p < 

0.05) among treatments were measured for K, Cu, and Zn (Table 3.5). In 2009, treatment 

differences (p < 0.05) were only found with NO3-N and Zn at the 0-15 cm soil depth. Only NO3- 

N was different (p < 0.05) among treatments at the 15-30 cm soil depth.

In 2009, soil samples were taken in the middle of the growing season (July) at the UAF site. 

There were measurable differences in NO3-N and Ca among treatments (p < 0.05) at the 0-15 cm 

depth (Table 3.6). However, as the soil sample depth increased to 15-30 cm, differences were 

measured (p < 0.05) in NH4-N, NO3-N, K, Ca, Mg, and Cu among treatments (Table 3.6).
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Table 3. 4 Extractable macro- and micro-nutrients from soil samples taken in the fall of 2008 and 2009 at the UAF-AFES test site.

Sampling 
date

Treatment Depth NH4-N NOs-N P K Ca Mg Cu Zn Fe Mn

cm mg/kg soil

Sept. 2008 TILL1 0-15 2.2 4.8 ab2 89.9 ab 91.0 ab 3622 717 4.5 2.5 394 36.7
TCCB 0-15 2.4 1.7 c 92.1 ab 81.9 ab 3972 806 4.8 2.5 405 34.3
TCCP 0-15 2.3 6.0 a 96.0 a 78.1 b 3862 804 4.5 2.4 400 33.0
CCB 0-15 1.9 2.5 bc 80.2 b 91.0 b 3994 780 4.7 2.5 400 36.8
CCP 0-15 2.5 2.4 bc 84.1 ab 96.2 ab 3971 758 4.6 2.5 405 37.4
CCBT 0-15 2.5 3.5 abc 81.7 ab 100.0 a 3814 765 4.7 2.5 399 36.5
CCPT 0-15 2.2 5.6 a 86.8 ab 93.8 ab 3809 757 4.7 2.6 401 36.1

p-value 0.67 <0.01 0.03 0.01 0.09 0.44 0.72 0.39 0.85 0.07

TILL 15-30 1.8 7.9 ab 61.0 ab 60.3 3862 858 4.8 1.8 a 407 30.2 a
TCCB 15-30 1.8 2.1 c 65.4 ab 52.6 4042 939 4.9 1.5 ab 417 20.1 b
TCCP 15-30 1.9 10.4 a 72.0 ab 54.9 3916 956 4.8 1.7 ab 411 20.5 b
CCB 15-30 1.8 1.3 c 52.3 ab 52.0 4150 952 5.0 1.5 b 408 22.8 ab
CCP 15-30 1.8 1.3 c 61.2 ab 52.1 3825 894 5.0 1.6 ab 407 23.5 ab
CCBT 15-30 1.6 2.4 c 49.3 b 58.7 3970 935 5.2 1.4 b 422 26.3 ab
CCPT 15-30 1.5 3.1 c 56.4 ab 53.1 3770 885 4.9 1.5 ab 410 23.4 ab

p-value 0.88 <0.01 0.02 0.20 0.39 0.61 0.86 0.03 0.53 0.01

Sampling 
date

Treatment Depth NH4-N NO3-N P K Ca Mg Cu Zn Fe Mn

cm mg/kg soil

Sept. 2009 TILL1 0-15 2.4 16.7 a2 37.9 68.2 3129 735 4.0 2.5 422 17.9
TCCB 0-15 1.5 3.1 c 40.8 65.1 2990 762 3.6 2.3 415 21.2
TCCP 0-15 2.5 7.8 b 29.4 65.6 2913 714 3.9 1.7 407 16.9



Table 3.4 (Continued).

CCB 0-15 2.0 5.0 bc 39.4 64.6 3130 761 3.9 2.6 432 18.2
CCP 0-15 1.0 8.3 b 39.6 70.9 2946 737 3.7 2.3 432 18.3
CCBT 0-15 1.9 8.0 b 32.7 65.6 2715 683 3.7 1.7 417 15.3
CCPT 0-15 1.9 14.1 a 32.3 63.7 2971 744 3.7 1.8 399 18.3

p-value 0.07 <0.01 0.06 0.31 0.06 0.18 0.27 0.17 0.08 0.32

TILL 15-30 1.7 11.3 a 23.6 47.3 ab 3226 ab 870 4.9 1.6 a 438 19.8
TCCB 15-30 1.3 1.7 d 19.6 47.6 ab 2933 ab 920 4.7 1.1 ab 418 17.6
TCCP 15-30 1.6 6.1 bc 21.3 44.3 b 2863 ab 827 4.4 1.0 ab 421 17.5
CCB 15-30 1.9 3.7 cd 21.2 44.8 ab 3362 a 935 4.6 1.5 ab 433 20.5
CCP 15-30 0.9 4.8 c 22.6 49.9 a 3106 ab 903 4.3 1.4 ab 436 19.3
CCBT 15-30 1.4 5.6 c 17.6 43.6 b 2752 b 796 4.4 0.8 b 430 14.3
CCPT 15-30 1.6 8.7 b 18.6 46.2 ab 3133 ab 922 4.7 1.1 ab 408 21.0

p-value 0.13 <0.01 0.45 0.01 0.01 0.06 0.29 0.01 0.27 0.29
1TILL: continuous tillage, CCB: cover crop barley, CCP: cover crop pea, CCBT: cover crop barley and tillage, CCPT: cover crop pea and tillage, TCCB: tillage 
and cover crop barley, TCCP: cover crop pea and tillage. 2Different letters indicative of differences at p< 0.05 using Tuckey multiple comparison.
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Table 3. 5 Extractable macro- and micro-nutrients from soil samples taken in the fall of 2008 and 2009 at the Rosie Creek test site.

Sampling 
date

Treatment Depth NH4-N NO3-N P K Ca Mg Cu Zn Fe Mn

cm mg/kg soil

Sept. 2008 TILL1 0-15 2.0 25.3 a 82.0 60.3 3419 a 662 a 2.4 1.5 449 b 34.9 a
TCCB 0-15 1.3 1.0 b 96.3 60.0 2681 b 412 b 4.1 1.1 502 a 14.1 c
TCCP 0-15 2.0 5.7 b 92.7 72.7 3240 a 585 a 3.1 1.4 462 ab 24.7 b

p-value 0.15 < 0.01 0.07 0.14 < 0.01 < 0.01 0.06 0.26 0.04 < 0.01

TILL 15-30 1.3 21.3 a 27.7 41.3 a 2777 a 626 a 5.0 a 0.8 a 439 b 25.8 a
TCCB 15-30 1.9 7.7 b 28.7 33.7 b 1990 b 382 b 3.3 b 0.4 b 516 a 7.9 b
TCCP 15-30 1.0 24.1 a 37.0 41.0 a 2748 a 574 a 4.7 ab 0.7 a 485 a 17.8 a

p-value 0.4 < 0.01 0.04 <0.01 <0.01 0.01 0.04 < 0.01 < 0.01 0.02

Sept. 2009 TILL 0-15 0.1 34.7 a 64.0 60.3 3183 722 4.0 1.4 ab 432 37.6
TCCB 0-15 1.7 10.7 c 60.3 53.0 3129 711 3.7 1.2 b 446 32.7
TCCP 0-15 1.3 21.0 b 50.7 53.6 3324 790 3.9 1.8 a 435 37.8

p-value 0.13 < 0.01 0.17 0.09 0.55 0.61 0.64 0.04 0.42 0.38

TILL 15-30 0.1 34.0 a 11.7 34.3 2360 592 5.1 0.6 424 24.1
TCCB 15-30 0.3 8.0 c 14.3 37.7 2468 662 5.3 0.7 445 23.4
TCCP 15-30 0.1 22.0 b 12.3 36.3 2610 710 5.5 0.7 448 25.2

p-value 0.44 < 0.01 0.51 0.6 0.22 0.10 0.58 0.15 0.12 0.93
1TILL: continuous tillage, CCB: cover crop barley, CCP: cover crop pea. 2Different letters indicative of differences at p< 0.05 using Tuckey multiple 
comparison.
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Table 3. 6 Extractable macro- and micro-nutrients from soil samples taken in the middle season of 2009 in the test site of Fairbanks 
Experiment Farm, University of Alaska Fairbanks.

Sampling 
date

Treatment Depth NH4-N NO3-N P K Ca Mg Cu Zn Fe Mn

cm mg/kg soil

July 2009 TILL1 0-15 1.8 14.9 a2 33.8 62.7 3104 a 722 3.5 2.0 373 19.8
TCCB 0-15 1.7 14.3 a 38.9 65.6 2890 ab 733 3.2 2.0 380 21.7
TCCP 0-15 1.6 14.6 a 32.0 64.9 2850 ab 690 3.5 1.7 373 18.4
CCBT 0-15 2.1 1.6 b 31.2 65.2 2637 b 663 3.2 1.6 371 16.2
CCPT 0-15 2.3 3.5 b 32.4 64.9 2854 ab 721 3.2 1.6 362 19.5

p-value 0.15 < 0.01 0.17 0.94 0.03 0.30 0.03 0.50 0.59 0.07

TILL 15-30 1.0 b 7.8 a 22.6 46.0 ab 3247 a 848 ab 4.3 ab 1.1 389 18.2
TCCB 15-30 1.3 ab 6.9 a 20.3 46.9 ab 2830 ab 888 a 4.2 ab 1.0 381 20.0
TCCP 15-30 1.0 b 7.2 a 24.3 45.6 ab 2946 ab 842 ab 3.9 ab 0.9 379 15.7
CCBT 15-30 1.9 a 1.5 b 18.2 43.2 b 2622 b 760 b 3.7 b 0.8 376 15.2
CCPT 15-30 1.4 ab 2.8 b 21.6 47.2 a 2986 ab 908 a 4.4 a 1.1 377 21.5

p-value < 0.01 < 0.01 0.64 0.04 0.01 0.02 0.02 0.17 0.54 0.03
1TILL: continuous tillage, CCBT: cover crop barley and tillage, CCPT: cover crop pea and tillage, TCCB: tillage and cover crop barley, TCCP: cover crop pea 
and tillage. 2Different letters indicative of differences at p< 0.05 using Tuckey multiple comparison



3.5 Discussion

Long term tilling can reduce weed populations, however, tilling increases oxygen supply in the 

soil. As such, it can stimulate soil biological reactions that need oxygen: organic matter 

decomposition and nitrogen mineralization. The study results showed that the greatest amount of 

nitrate was found in the continuously tilled treatment plots (Figures 3.2 and 3.3). Some cover 

crop pea treatments also had high levels of nitrate in the fall measurement, but results varied 

among location, year, and time of planting (Figures 3.2 and 3.3). Under aerobic conditions, NH4- 

N can easily be oxidized to NO3-N, a conversion that can occur rapidly and is challenging to 

measure (Gomez-Rey et al., 2012). Because NO3-N is negatively charged, it is not adsorbed on 

to soil particles, and is therefore mobile and subject to leaching (Feaga et. al., 2010). The lowest 

rates of NO3-N were found in the cover crop barley treatments (Figures 3.2 and 3.3). Grasses 

tend to be efficient at N utilization (MacKown et al., 2009). They have fast growth rates and 

produce high yields within one growing season (Garnier, 1992). This could potentially explain 

why NO3-N levels were lower in the CCB treatment, due to the uptake in soluble nitrogen.

Nitrate levels were almost twice as great in the tillage treatments than the barley and pea cover 

crop treatments that were grown for the entire growing season (Figures 3.2 and 3.3). Mid-season 

NO3-N levels in July of 2009 (Table 3.6), follow a similar pattern. Cover crops planted at the 

beginning of the season (CCPT and CCBT) were low in NO3-N, but increased by the end of the 

growing season. The inverse was followed for the TCCP and TCCB plots, NO3-N levels were 

greater in July (Table 3.6) than they were in September (Table 3.4). This could be due to the 

change in management (tilling or planting of cover crops). Mineralization and nitrification rates 

are soil temperature and moisture dependent. The mid-season treatment change occurred on July 

9th coincidently, the warmest day of the summer (32oC). Additionally, mean daily air 

temperatures were relatively warmer during the second half of the summer (Chapter 2, Figure 

2.7) and had slightly more precipitation (3.6mm). Soil temperatures and soil moisture were not 

measured.

Although this study did not measure NO3-N leaching, many studies have found NO3-N leaching 

was reduced due to plant uptake via cover crops (McCracken et al., 1994, Brand-Dohrn et al, 

1997). In an extensive global meta-analysis, Thapa et al (2018) determined that non-legume 

cover crops ‘reduced nitrate leaching by 56% over no cover crop controls'. However, in Interior 
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Alaska, this may not hold true. Braley (1980, as cited in Knight and Sparrow, 1993) found that 

precipitation is typically less than evapotranspiration, resulting in upward soil water movement. 

In a fertilizer small grains study in Delta Junction, Knight and Sparrow (1993) found nitrate 

leaching did not occur. Additionally, unused N fertilizer remained immobilized in the soil at the 

end of harvest. It is worth noting, with Alaska's cool climatic conditions, high NO3-N levels in 

fall may not last to the following spring for cash crop use. Interior soils, such as the Tanana 

series at both research sites, are considered ‘poorly drained' (USDA-NRCS Soil Survey of 

Greater Fairbanks Area, page 80). In winter, the soil surface freezes. Spring temperatures thaw 

the winter snow pack, accumulating snow melt on the frozen soil surface. As such, a perched 

water table can form, resulting in anaerobic conditions which potentially allow for loss of NO3- 

N, in the form of N2O via denitrification. Without NO3-N measurements from the following 

growing season, we cannot assume the fall NO3-N levels will remain until spring. In a cover crop 

and N2O study by Peterson et al. (2011), monthly soil samples, static chambers and N content of 

their cover crop was measured. This provided more clarity on N movement due to treatment 

effects. Without measurements to separate mineralization, nitrification, and immobilization rates, 

the use of lysimeters, plus the lack of nutritional composition of the cover crops and weeds, it is 

difficult to ascertain with certainty the movement of nitrogen from this study.

At both locations, NO3-N levels were lower in 2008 compared to 2009. This may be due to a 

greater number of precipitation events and total amount of precipitation (see Chapter 2: Figure 

2.7). The rate of NO3-N leaching is dependent on soil drainage and rainfall, among other factors 

(Feaga et al., 2010; Brandi-Dohrn et al., 1997). The greater amount of rainfall may have 

impacted plant available N. As mentioned previously, net water movement tends to be upward in 

interior soils, so without evapotranspiration rates, this remains theoretical.

In a long term study by Sharma et al (2018), cover crops reduced the extractable phosphorus (P) 

and NO3-N quantities in the soil. The cover crops were able to take up NO3-N and P from the 

soil while growing, then additionally provided N and P to the following year's crop via 

decomposition. Our results varied in P (mg/kg soil) among treatments. Some P differences were 

measured among treatments (p < 0.05) at UAF in 2008 at both soil depths, but differences were 

not consistent with one cover crop variety or timing of tillage/planting treatments. Similar to P, 

there were differences among treatments in total N, Ca, Mn, Fe, along with other micronutrients, 
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but those variations were not consistence in locations or years so it is hard to speculate as to what 

caused the differences.

Organic producers may want to consider leaving cover crops in field until the following spring, 

which is a widely used practice. Cover crop residues can decrease soil loss to wind erosion and 

add organic matter back to the soil. Decomposition rates of organic matter are influenced by soil 

temperature, soil moisture, oxygen and the plant species chemical composition (Havstad et al., 

2010). In a field experiment in Norway, Havstad et al. found that soil microbial activity 

increased with the addition of cereal straw. Decomposition rates were greater with low stubble 

and small straw fragments that had soil surface contact. The field site was comparable to 

Alaska's climatic conditions (Bioforsk 0st Apelsvoll, 618N; 250 m a.s.l.). By tilling cover crops 

in the following year, microbial activity may potentially benefit the cash crop more than tilling in 

at the end of harvest. However, changes in soil organic matter are not typically measured 

immediately, they are more long term, so benefits of retaining the cover crop may not be 

measured in the following growing season. Soil physical, chemical and biological changes due to 

management practices are typically slow, cumulative, and transitional. This is accentuated under 

cold climatic conditions, such as in interior Alaska. In a long term tillage/straw/fertilizer 

experiment in Delta Junction, Alaska, few physical and chemical parameters showed a statistical 

difference (p ≤ 0.05) after 20-years of treatment implementation (Zhang et al., 2007). No-till 

treatments increased soil total organic carbon and N at the soil surface (0-5 cm). Additionally, 

bulk density differed at the 0-5 cm depth, but not at the 5-10 cm depth. There were no 

differences among treatments at the 10-25 cm depth. (Zhang et al., 2007). Another recent 

example is a four-year cover crop study (2016 to 2019) conducted in Palmer, Alaska. Soil 

chemical and biological parameters showed no differences among multiple grass and legume 

mixture treatments (Zhang, personal communication April 2021). A greater time allowance may 

be needed in order to measure treatment changes in the soil.

In conclusion, NO3-N was greatly impacted by the high intensity tillage treatments, whereas all 

other soil nutrients varied among location and year. For organic vegetable producers, high 

intensity tillage may be a management strategy for managing weeds in fallow fields, but without 

cover crops, producers could see a potential loss in nitrogen for the following growing season. 

Dependent on their initial soil nutrient levels and weed populations, producers may be able to till 
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and cover crop within one year in order to control weed infestations without sacrificing soil 

nutrients.
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Figure 3. 2 Soil nitrate at two depths (0-15 cm, 15-30 cm) among treatments in 2008 (a) and 
2009 (b) at UAF-AFES, letters indicate statistical difference at 5% probability.
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Figure 3. 3 Soil nitrate at two depths (0-15 cm, 15-30 cm) among treatments in 2008 (a) and 
2009 (b) at Rosie Creek, letters indicate statistical difference at 5% probability.
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Chapter 4. Synthesis

Weed control is a challenge for organic crop and vegetable producers. This research addresses 

the issue by combining cover crops with tillage practices. The research suggests that weed 

composition and weed density influence the ability to reduce tillage and cover crop treatments in 

a one year timespan. Early tillage treatments were more effective in low weed density fields 

compared to high weed density fields. This is evident by comparing the two locations. UAF- 

AFES measured differences among treatments whereas Rosie Creek differences were not 

significant because the late planting of cover crops had extremely high weed density. Ideally, 

both locations would have had mid-season treatments applied within a week of each other, but 

the Rosie Creek site was so dense with Stellaria that the farm manager continued tilling through 

the entire month of July in both years. It is important to note that this was beneficial in reducing 

the weed population. Due to the late ‘spike' in weed emergence, the late tilling was able to 

reduce the weed population. However, the late tillage treatments also led to late cover crop 

establishment. Planting so late in the season, the cover crops didn't have sufficient time to 

accumulate enough biomass to outcompete the Stellaria population.

While there was a reduction in weed density with the early tillage treatments in low weed density 

fields, this also led to higher NO3-N levels. The lowest levels of NO3-N were measured in the 

cover crop barley treatment, possibly due to plant uptake. This project didn't measure the 

nutritional composition of the cover crops and weeds, so it is difficult to conclude that the lower 

NO3-N levels in the cover crop treatments were due to plant uptake. Additionally, this project 

measured soil nutrients at only 3 intervals during the growing season. Soil nutrients are dynamic 

throughout the growing season. For example, NH4+ can easily be oxidized to NO3-N quite 

quickly, making it difficult to accurately measure mineralization and nitrification rates. With so 

few sampling periods, it is problematic to conclude exact pathways and treatment impacts on soil 

nutrients.

With the measureable differences in NO3-N among treatments in September, an added treatment 

of cover crop retention to the next growing season could have helped with nutrient conservation 

for the cash crop. Instead of tilling in September, holding the cover crop through the winter and 

tilling in May, which is common practice for cover crop management. There's potential to 

measure nitrogen (N) differences among cover crops types. Austrian winter field peas (Pisum 
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sativum var. saccharatum) was chosen as a cover crop because of its N-fixing abilities. Perhaps 

due to tilling in September, the benefit of an N-fixing cover crop was not measured. Another 

treatment to consider is a combination of a non-legume (i.e. Hordeum vulgare L.) and legume 

(i.e. Pisum sativum var. saccharatum). This combination could potentially use available N 

during the cover crop season (non-legume), but add N back to the system (legume) for the 

subsequent cash crop.

Producers should also consider the economics of fallow field cover cropping. Not only are the 

fields taken out of production, reducing income, but cover crop seed is an added expense. In 

addition to biological considerations, field size, cover crop seed cost and planting density should 

also be calculated.

This research is important for the organic produce industry. It showed that in a sub-Arctic 

environment, like Fairbanks, Alaska, producers can till and cover crop within a season so long as 

their weed density is not too great. At a farm like Rosie Creek, it would be highly beneficial to 

take those fields out of production for a least one growing season to reduce the weed population 

and to make certain late emerging weeds will not contribute to the weed seedbank. This research 

also provides a reference for weed control in Arctic agriculture, which will be useful for the 

circumpolar region.

For future research, agronomists should expand the cover crop types used. It is common in lower 

latitudes to used mixed cover crops, such as a non-legume with a legume. Adding a cover crop 

treatment of barley and winter field peas would be a great expansion to this project. Additionally, 

retaining the cover crops to the following growing season could potentially reduce NO3-N loss 

for the cash crop. The weed population may be greater, but that would be for a future research 

project to determine. Lastly, increasing the number of soil samples collected throughout the 

growing season and the nutritional composition of cover crop, weeds or cash crops would assist 

in determining gains and losses in soil nutrients with greater accuracy.

In conclusion, for organic and non-organic systems, weed management should be based on the 

weeds and crops produced for each field site. The combination of tilling and cover cropping are 

useful practices, but there is not a single solution for managing weeds.
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