ABSTRACT
COOPER, TYRIK. A Greenhouse Study Evaluating Nutrient Levels and the Production of Industrial
Hemp in Soils Cultivated with Loblolly Pine. (Under the direction of Dr. Zakiya Leggett).
In December 2018, the Farm Bill signed into law to reclassify industrial hemp. This bill no
longer identified industrial hemp as a controlled substance, which legalized North Carolinians
(with licenses) to grow hemp. With this new law, we look to explore intercropping industrial
hemp with loblolly pine. With little information known on hemp’s ability to grow in loblolly
pine’s soil, this study focuses on the feasibility of this intercropping. The study design was a
randomized complete block design with 3 treatments and six replications per treatment. Soil
types used in this study includes Norfolk loamy fine sand, Cecil sandy loam, and potting soil. At
the final day of the study, each plant’s final height and diameter was measured and averaged
according to their designated soil types.
Results from this study indicates that it is feasible to grow industrial hemp in loblolly
pine soil. Plants grown in potting soil has the highest height (101.6cm) and diameter (8mm).
There were no significant differences in height or diameter between plants cultivated in Norfolk
loamy fine sand and Cecil sandy loam. Nutrient amounts in the soil and levels found within the
plants’ tissue varied depending on the element. It is speculated that the physical properties of
each soil type played an important factor in these variables.
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Chapter 1. Literature Review
The 2018 Farm Bill
What is it?
The 115th Congress established the direction of farm and food policy for five years
(2023) by enacting the Agriculture Improvement Act of 2018, also known as, The Farm Bill of
2018. The president signed into law this Farm Bill Act on December 20, 2018 and it took effect
January 1, 2019. This Farm Bill extended agricultural commodity support programs by
modifying them in various ways. Results from the passing of this Farm Bill included the
legalization of Cannabis sativa L. (Mark, 2019), which will be referred to as “Industrial hemp” or
“Hemp” throughout the duration of this paper. With the substance no longer considered as
illegal, lawmakers proposed provisions intended to facilitate the commercial cultivation,
processing, and marketing of hemp (Mark, 2019). Though industrial hemp is now considered
legal, its counterpart marijuana, is still labeled as an illegal substance.
What is Industrial Hemp?
Hemp is an annual dioecious herbaceous species that originated from Central Asia
(Andre, 2016). Despite being two different species, the public often confuses industrial hemp
with marijuana (Figure 1). Botanically, hemp and marijuana are from the same species of plant,
Cannabis Sativa, but the two are from different varieties or cultivars. Physically, the two-look
identical, but can be identified by their usage and chemical composition. Fiber hemp is
commonly used to create materials such as clothes, papers, soaps, and ropes, oils, medicines,
and acrylics. The raw materials of hemp are used for bedding material, absorbents, and
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compost. Historically, hemp was used as a medicinal plant during the time of its discovery
(Ranalli, 2004). Marijuana is also used for medicinal purposes but is more commonly used
recreationally. In addition, the two plants have separate statutory definitions in the U.S. law
(Johnson, 2019). In terms of product, industrial hemp contains a higher amount of a substance
known as Cannabidiol or “CBD.” Marijuana, on the other hand, contains a higher amount of a
substance known as Tetrahydrocannabinol or “THC” (Cherney, 2016).
Chemistry
Tetrahydrocannabinol (THC) is the chemical compound responsible for most of the
psychological effects associated with marijuana. By law, a Cannabis sativa plant is legal and
identified as industrial hemp if it contains a THC level of 0.3% or lower and a CBD level that
averages 12%-18% (Cherney, 2015; Mead, 2017). In contrast, marijuana has more than 0.3%
THC (Schatman, 2015; Roseberg, 2019). Tetrahydrocannabinol (THC) is responsible for the
psychotropic effects on recreational users. Knowing how similar the two plants are, what is
responsible for their difference? From a chemical aspect, their structures are the main
component. Chemical structures between the two are nearly identical, but in marijuana there is
a cyclic ring present (Figure 2). Where this cyclic ring occurs in marijuana, it is replaced with a
hydroxyl group in industrial hemp (Bonini, 2018). This slight change in chemical makeup is the
main component to the production of either THC or CBD.
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Preferences
Loblolly pine is recognized as one of the fastest growing pine trees as more than 10
million ha is planted in the southeastern United States (Gonzalez-Benecke, 2014). Knowing how
important industrial hemp is and its origins, how can we contribute to the plants’ survival in
soils cultivated in loblolly pine in the United States of America? Hemp prefers to be planted in
well-drained soils with a pH between 6.0 and 7.0 (Scott, 2019). It is sensitive to soil crusting and
soil compaction, which normally occurs in heavy clay soils. As a result, industrial hemp does not
grow well on wet soils or those with heavy clay (Husain, 2019). Temperature wise, hemp should
be planted in May to early June. An important aspect to remember regarding industrial hemp is
that it is a short-day plant and light dependent (Scott, 2019). Its photoperiod, the period each
day the plant receives illumination, will either promote the flowering (maturity) of the plant, or
delay it. A hemp plant will flower whenever the day length is less than 14 hours of sunlight
(Faux, 2013). There are many varieties of hemp plants, meaning there will be various heights
associated with the plant. Heights are defined as medium (6-7ft), semi-dwarf (4-5ft) and dwarf
(3-4ft) (Scott, 2019). When growing outdoors, the typical hemp lifespan is about 120 days.
Vegetative growth lasts for 30-60 days, while the remaining 60 is for flowering, depending on
the genetics (Roseberg, 2019).
The Hemp Industry
Growth
The usage of industrial hemp has expanded globally, and the market consists of more
than 25,000 products in nine submarkets (Johnson, 2015). Those markets are agriculture,
3

textiles, recycling, automotive, furniture, food and beverages, paper, construction materials
and personal care (Johnson, 2018). In 2016, the Hemp Industries Association (HIA) reported
total U.S. retail sales of hemp products at nearly $700 million. This value in retail sales
increased to more than 20% annually since 2011 (Johnson, 2018). In 2017, information
compiled by the states and industrial hemp industry indicated that there were more than
25,500 acres of hemp production. This was a huge leap in comparison to the 9,770 acres in
2016 (Johnson, 2018). Also, in 2017, there were 1,420 registered/licensed growers and 32
universities conducting hemp research nationwide (Johnson, 2018). By 2018, the Farm Service
Agency reported to the United States Department of Agriculture of 32,464 total hemp acreage
while this amount increased to 146,065 in 2019 (increased 4 times in one year) (Mark, 2020).
Seed Profit
With the hemp industry expanding each year in about three dozen countries, one can
assume the profit in return is extraordinary. Industrial hemp can be sold in numerous ways, but
the most common three are seeds, stalks, and clones. Hemp seeds are produced once a female
plant is pollinated with a male. Markets reported an estimated gross value of hemp seed
production to be about $21,000 (Johnson, 2018). In fact, 2017 reports indicated the United
States hemp imports consisted of seeds and fibers for use in manufacturing and totaled $67.3
million (Johnson, 2018). This counted for nearly 64% of all U.S. hemp imports, which were used
mostly as inputs and ingredients for hemp-based products (Johnson, 2018). A 2019 benchmark
displays the costs of seeds at its highest and lowest value to give a general idea of expected
profit. Industrial hemp seeds can cost in the range of $5.28 and $18.40 per pound (Hemp
Benchmarks, 2019) and can also be categorized by non-feminized and feminized, both
4

containing different prices. Feminized seeds are identified as seeds specifically bred to
eliminate male chromosomes. Farmers produce these seeds by using hormones or chemicals
such as silver thiosulfate (Rahn, 2016). This process will result in farmers only producing female
plants (Soler, 2017). On the lower end, these feminized seeds can sell as low as $13,500/pound
or as high as $67,500/pound (Hemp Benchmarks, 2019). Non-feminized seeds are labeled as
seeds that runs the possibility of producing both male and female plants. These seeds are
priced as low as $2,300/pound and as high as $2,600/pound (Hemp Benchmark, 2019).
Stalk Profit
Markets have reported the gross values of hemp production of stalks per acre is $12,500
and hemp fiber accounted for 8% of U.S. hemp total imports in 2017 (Johnson, 2018). Stalks are
primarily used for extracting fiber from hemp, but also plays a role in products such as biomass
and dry flower (once it is removed from the stalk). Biomass refers to the drying of hemp plants
(stalks and leaves) which will include flowers and seeds that have been harvested (Hemp
Benchmarks, 2019). In the hemp industry, there is an acceptable moisture content that is
necessary when considering hemp prices. If the plants are above the desired moisture content,
the price of sale will be adjusted. For example, one farmer mention selling 15,000 pounds of an
auto-flowering hemp variety. Rather than shucking and drying the material, he sold the plants
wet with all the biomass on the stalk for $15/pound (Hemp Benchmarks, 2019). While the profit
received is still good, according to hemp benchmarks, the farmer would have received $100$650/pound if he dried the plants accordingly.
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Clone Profit
Though hemp seeds yield a source of income, another method known as cloning,
provides one that is more valuable, quicker, and consistent. Clones are defined as the exact
reproduction of an original parent plant, which is usually the mother. Clones are produced by
taking the stem cutting from the mother plant and placing it into a media to promote the
growth of roots (Figure 3). Once roots began to sprout, the clone will be transplanted into its
assigned pot. An advantage clones provides is a month “head start” in comparison to seed
plants (Green, 2017). Because the lifespan of plants starting from seed is roughly three months,
the head start clones provide will cause them to begin dying 2 months after transplanting.
Clones are becoming popular in the hemp industry and are sold in the price range of $2.00$8.00/plant (Hemp Benchmarks, 2019). Another advantage of clones is its unlimited usage.
Farmers can buy clones specifically for breeding, fiber, CBD, biomass, or re-sell.
Maintenance
Although seeds are not required for clonal propagation, they are the most common way
of acquiring hemp plants. Hemp seeds need moisture to germinate, or weeds will start to take
over (Kaiser, 2015). This can be achieved by soaking them in room temperature water for 24
hours, which will promote germination, or by planting in adequately moist soil. (Kaiser, 2015).
Once 24 hours has passed, the seeds should be transferred to a small pot or seeding tray. After
a few days of planting, the seeds will begin to emerge from the soil and transition from seeds to
seedlings. During the seedling stage, these plants are extremely delicate. Growers will notice
traditional hemp leaves forming with one rigid blade. The seedlings will require ample moisture
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during this stage, but caregivers should be careful not to overwater or “drown” the plant. If
overwatered, the plant’s growth will be stunted and leads to smaller yields. As weeks pass,
hemp will transition into the vegetative stage. This stage is where growth will truly take off
(Mishchenko, 2017). At this point, the plants will need to be transplanted (moved to a bigger
pot) because the roots are growing rapidly. Depending on the variety, this stage can last from
21-112 days. During the vegetative stage, these plants will need to be fed adequate nutrients
(especially nitrogen) (Vera, 2010). Lastly, there is the flowering stage. Buds will grow towards
the end of the flowering cycle (6-7 weeks). Once these buds have reached full maturation, the
plants are officially ready for harvest. Be aware, not all hemp plants are subject to producing
buds. This feature is gender specific, as discussed below.
Male vs Female vs Hermaphrodite
Males
The term dioecious means there are separate male and female plants, each containing
distinctive growth characteristics (Lubell, 2018). It is nearly impossible to identify genders of
hemp plants during the seedling stage. There has been some notation that an educated guess
can be made on genders a few weeks after planting because of growth patterns. Male plants
are known to have a more “stretched” stem as opposed to the females (Schluttenhofer, 2017;
Salentijn, 2019). Stretching is referred to by canna-cultivators as a natural vertical growth spurt.
As the plant continues to grow, the males will also have longer intermodal spaces, which is the
space between the limbs of the plant that originate from the main stalk (Lubell, 2018). The
stalks will also become more “woodier” faster than the females. This “woody” stalk is needed
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to support the plant as it gets taller. At the flowering stage, male plants will begin to show a
green bud that resembles a rolled-up flower that has not unrolled yet, known as pollen sacs. As
days pass, the sprouts will open and produce pollen for female pollination. Once a male is ready
for pollination, they are essentially ready for death (Lubell,2018).
Females
Females tend to grow slower in the beginning stages and catch up in the vegetative and
flowering stages. Because of the slower vertical growth, their stalks are not subjected to
become “woody” until the later stages. Instead, the females will contain shorter intermodal
spaces and possess a squatter appearance. One characteristic that separates the females from
the males is the production of buds during the flowering stage. Females will grow sprouts that
are more like a pair of long thin flowers. In the end, females will produce flowers that are more
referred to as “buds” (Small, 2017).
Hermaphrodite
In rare occasions, a hemp plant can also be a hermaphrodite (Figure 4), which contains
both sex organs (Salentijn, 2019). Hermaphrodite plants are generally females, but now wield
the ability to produce pollen. This gender occurs typically when a plant becomes excessively
stressed. Stress includes: Plant damage, climate, disease, and nutrient deficiencies. There are
two types of hermaphrodite plants: One that develops buds and pollen sacs and one that
produces anthers (an oval sac that produces and stores pollen).
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Usage of Industrial Hemp
Male
Each gender is different physically and chemically and as a result, there will be a
difference in their usage (Salentijn,2019). Realistically, male hemp plants can be used to
produce soft fiber materials. These soft fibers are more desirable for products like clothing,
tablecloths, and other household items (Salentijn, 2019). In the hemp industry, the roles of
male hemp plants are minimal and simplistic. The males are used to pollinate females
(breeding) before being discarded. This is because the males will quickly die after pollination.
Their short lifespan gives males the reputation as “useless.” While it is true these males could
be used for fibers, farmers do not see a good return in profit compared to the threats it poses.
These threats force famers to separate the two genders from each other once their sex is
determined.
Female
Males pose as a threat not only to females, but also farmers’ potential financial return.
The females are viewed upon as the “holy grail” of the hemp industry. Females are heavily
desired because they produce more coarse fibers such as sailing, canvases, rope, as well as
cannabinoid content than male plants (Small, 2015). The biggest threat males pose to females
and farmers is early pollination. If a male were to be grown in the same room or general area of
a female plant, she risks the chance of getting pollinated. Early pollination of a female will cause
it to focus all its energy developing seeds as opposed to creating more buds. Lack of energy also
will cause female plants to produce lower CBD quality. In business terms, the longer you wait to
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pollinate a female, the higher the CBD quality will be. The higher the CBD quality, the more
money the farmer can make from that plant.
CBD
CBD is a naturally occurring compound in the flowers of cannabis plants. Unlike the THC
found in marijuana, CBD does not intoxicate those who use it because CBD and THC act in
different ways on different receptors in the brain and body. In fact, CBD lessens the
psychoactive effects of THC, depending how much of the compound is consumed (Wolf, 2010).
This is extremely important to investors in the hemp industry because many individuals want
the health benefits of cannabis without the effect of being “high”. As a result, CBD represents
one of the most promising clinical applications for neurological disorders such as anxiety,
chronic pain, and epilepsy (Fiani, 2020; Shannon, 2019; Wolf, 2010). Extensive research
proposed that CBD can treat ailments in the ranges of: Inflammation, rheumatoid arthritis,
Alzheimer’s disease, dementia, diabetes, attention deficit hyperactivity disorder, skin
conditions, and many more. In fact, in 2010, scientists in California conducted a brain cancer
study which discovered that CBD “enhances the inhibitory effects of THC on human
glioblastoma cell proliferation and survival” (McAllister, 2011). In other words, CBD makes THC
even more potent as an anticancer substance. Also, in 2010, German researchers reported that
CBD stimulates neurogenesis (the creation of new adult mammal brain cells) (Wolf, 2010). It
should be noted that both studies were performed on mice, but nonetheless, results such as
these will increase clinical demand for the substance. Aside from clinical practices, CBD is also
promoted in the usage of materials such as: massage oils, lotions, and food.
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While CBD is the main product farmers are interested in, knowledge about hemp fiber is
still essential. As mentioned briefly, male and female hemp plants differ as CBD is heavily
influenced by gender. The common factor between both sexes is the production of fiber. While
it is true the fiber will differ in strength and utilization, both sexes can still attract buyers and
create profit for landowners. The fiber industrial hemp produces is known as natural fiber
because it is extracted from a renewable resource (Manaia, 2019). These hemp fibers are
considered one of the strongest and stiffest available natural fibers. These components allow
hemp fibers to be a great potential for the use as reinforcement in composite materials. For a
comparison of exactly how stiff these fibers are, it has been commonly compared to glass fiber
(Manaia, 2019). However, these fibers are not consistent in length, due to their irregular shape,
and runs the full length of the plant’s stem. The phloem, which is living tissue in vascular plants,
contains primarily bast fibers. The bast fibers consists of a bundle of fibers that is made up of
approximately 70-74% cellulose, 15-20% hemicellulose, 3.5-5.7% lignin, 0.8% pectin and 1.26.2% wax (Manaia, 2019).
Fibers
Fiber Layers
Hemp fibers are multi-celled, which allows it to be a composite material with many
lumens side by side. Composite materials are recognized as two or more different materials
that are combined to produce newly engineered material. The cell wall of hemp fiber is multilayered as it contains a primary and secondary cell wall. The primary cell wall is recognized as
the first layer deposited during cell development. The secondary wall, on the other hand, is
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composed of three layers (S1-3). Hemp fibers are bonded together in the middle lamella by
approximately 90% lignin. In the second layer (S2) of the secondary wall, the maximum
concentration of cellulose is about 50%. This S2 layer is identified as the thickest layer due to its
higher cellulose concentration in comparison to the others. The S2 layer also controls the fiber
properties. The bond between the fibers is eventually loosened through a microbial process
known as retting (Shahzad, 2012). Retting occurs to degrade the pectin and other cementing
compounds that bind to bast fibers to separate fibers and non-fiber materials (Aiken, 2013).
Naturally, retting occurs in the field as it is a microbially, mediated process. However, this
natural process can result in uneven/ inconsistent fiber quality and processing efficiency (Law,
2020). There are many methods of the retting process, one being the removal of the green
outer skin from the stem (Clarke, 2010). Another method is known as burying. This method
involves the plant lying on the ground and burying it in trenches. It is then covered with earth
without the intervention of water. The outer layers will begin to loosen over time. (Clarke,
2010). Burying is more of a rare method and should only be used as a last resort when water or
field space are in short supply. However, retting by microbes is the more common and
favorable process. Once retting occurs, the fibers can be separated from the hemp stem
mechanically or manually.
Fiber Extraction
Fiber is extracted manually by breaking the stalk nearly two thirds of the distance from
the root. The bark is stripped away from the woody core by sliding a finger along the stalk
between the bark and the wood. This process is known to be slow because each stalk must be
attended to individually. Another concern with this process is the risk of damaging the fiber and
12

ruining its quality (Clarke 1998). Less quality will result in less profit. A more practical process of
fiber extraction is through retting (Figure 5). The water will break down/ rot the cellular tissues
of the stem and allow the bundles of bast fibers to separate from the stem of the plant. The
different fiber varieties hemp produces can be seen on figure 6.
Hemp Roots
Root Layers
The success of all plants starts with one main component, roots (Figure 7). Root systems
can be complex but are much needed because it allows a plant to explore the soil and take up
water and nutrients (Gregory, 2006a). During the primary stage of growth, roots will display a
separation between the epidermis, cortex, and vascular tissues. The epidermis consists of
young absorbing roots that contain root hairs. These root hairs vary in length and frequency,
but are about 0.1-1.5mm in length, 5-20µm in diameter, and vary from 2 per mm 2 on roots of
some trees to 50-100 per mm of root length in grasses and Proteaceae (Gregory, 2006). The
formation of root hairs is complex and is regulated by genes and environmental stimuli. These
hairs extend to the absorbing surface of the root but are short-lived and confined to the zone of
maturation. The importance of root hairs is through the acquisition of water and nutrients and
the formation of rhizosheaths (Gregory, 2006b). There are studies that displayed the
importance of root hairs in contributing to different phosphorus uptake levels between plant
species and genotypes (Itoh and Barber, 1983; Gahoonia et al., 1997). Gahoonia and Nielson
(2003) demonstrated the role of root hairs in nutrition and plant survival. Their study displayed
a wild-type root (with little to no root hairs) depleting twice as much phosphorus from the
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rhizosphere soil in comparison to a bald root (no root hairs). In low phosphorus soil, the bald
root did not survive after 30 days, whereas the wild type continued to grow. In high phosphorus
soil, the wild-type and bald roots maintained their growth (Gahoonia, 2003). This indicated that
in high phosphorus conditions, root hairs were not as important for water uptake in dry soils. In
some cases, a thin cuticle could develop on the epidermis, which will thicken the cell walls in
herbaceous plants. Suberin is then deposited within the cell wall and the epidermis will remain
intact for a long time serving as protective tissue.
Research Involving Hemp
Tolerance of Heavy Metals
Aside from the production and selling of hemp, the 2018 Farm Bill also opened more
opportunities for hemp research. Due to hemp having the reputation of an energy crop that
tolerates heavy metals, researchers have been testing the tolerance level of hemp in specific
elements. In 2019, Shi et al. performed a study focused on salicylic acid’s role in alleviating
hemp plants from cadmium toxicity. Their goal was to assess cadmium tolerance of hemp
plants according to growth and physiological changes. In addition, they investigated whether
salicylic acid is involved in the induction of defense responses (Shi et al., 2009). Salicylic acid
acts as a hormone in plants that assists in disease resistance normally by inducing defense
responses to abiotic stress (Alvarez, 2000; Tasgin, 2003).
Cadmium serves as a highly toxic trace element that can easily be accumulated in plants.
Too much cadmium inside a plant induces changes at the genetic, biochemical, and
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physiological levels, eventually leading to phytotoxicity (Shi et al., 2009). Obvious symptoms of
phytotoxicity are depression of plant growth and plant death (Drazkiewicz, 2003).
Result in Shi et al. (2009) revealed cadmium exposure caused a small reduction in
biomass. Root’s biomass was reduced by 12-27% and shoot biomass reduced by 9-29% (Shi et
al, 2009). Though the biomass of hemp plants were slightly reduced, the plants displayed
natural tolerance towards cadmium stress. They concluded salicylic acid pretreatment was the
contributor to counteracting the cadmium induced inhibition in plant growth (Shi et al 2009).
Bioremediation
Acknowledging how well hemp adapts to stressful environments influenced other
scientists to develop research testing the capability of hemp to remediate heavy metals from
contaminated soils. Anthropogenic activities are one of the most common factors of soils being
contaminated by heavy metals (Mueller, 2012). With the demand for agricultural land
increasing due to the increase of population (Liu, 2018), soil contamination made its way to
becoming a serious global environmental crisis (Ruhl, 2009).
Phytoremediation
Phytoremediation is believed to be a cost-effective technique that uses plants to
remove, contain, and stabilize/degrade contaminants in the environment (Camenzuli, 2013). In
a study performed in 2016, cost of phytoremediation for a project totaled $75,375.20/hm 2 or
$7.54/m2 (Wan, 2016). This cost was lower than the reported values of other remediation
technologies. Phytoremediation is also desirable because: (1) it facilitates remediation with
minimal disturbance to the natural environment; (2) it is cost effective for larger sites; (3) it can
15

be used on large ranges of contaminants; (4) the topsoil can remain in situ and in a usable
condition after treatment; (5) it reduces erosion; and (6) accumulates heavy metals from
groundwater (Camenzuli, 2013). There are many types of phytoremediation, but the 2 most
popular are phytoextraction and phytostabilization (Ali, 2020). Phytoextraction uses plants to
uptake and accumulate contaminants, but once the metals are accumulated within the plant, it
gets harvested. Successive crops are then grown in its place until the contaminant’s
concentration is lowered, thus “remediating” the soil (Kikuchi, 2006). Performing
phytoextraction is a lengthy process as it takes years of planting, harvesting, and monitoring
consecutive crops (Alkorta, 2010). Phytostabilization uses metal-tolerant plants to prevent
erosion and transport and leaching of contaminants (Alkorta, 2010). The dispersion of
contaminated soil gets prevented by establishing sufficient crop cover, which in time will
improve soil quality due to the increasing of organic content, nutrient levels, cation exchange
capacity, and microbial activity (Camenzuli, 2013).
The effectiveness of phytoremediation influenced researchers to test industrial hemp’s
ability to remediate heavy metal contaminants from soils. Husain et al (2019) was engaged in
research studying the ability of industrial hemp to grow and remediate abandoned mine land
soils in Pennsylvania. The makeup of the study included six different varieties of industrial
hemp grown on two different contaminated soils and two different commercial soils. Variables
such as plant germination, height, and accumulation and gene expressions were measured.
Results revealed no significant difference in seed germination and plant height between the
varieties grown in different soils.
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Intercropping and Study Objective
Intercropping refers to growing multiple crop species simultaneously on the same field
(Bybee, 2016). We are looking to use intercropping as method to promote sustainability. With
two species growing in the same area, one would think this may cause competition for soil,
space and nutrients. The key is to select two species that contain different rooting depth,
phenology, and vegetative architectures, which not only contributes to the success of
intercropping, but also to the increase of resource partitioning (Litrico, 2015). Traditionally,
intercropping has been used to increase crop production and the efficiency of land (Bybee,
2016). The success of growing industrial hemp in soils cultivated with loblolly in a greenhouse
study is the precursor to investigating the feasibility of intercropping hemp in row-planted
loblolly pine plantations. This will occur just in the initial years before the pine trees become
big. Why is there so much focus on loblolly pine? This is because loblolly pine is the most
common, productive, and valuable commercial timber species in United States (Lu, 2016). The
species covers 13.7 million hectares (20%) of natural and planted forests in the southeastern
U.S. forest land base (Huggett et al., 2013) and 11.7 million hectares in North America. In the
U.S. loblolly pine provides 58% of timber and contributes to 16% in the world (Neves,2014). We
hope this research project will promote sustainability by influencing landowners to utilize their
land more effectively. Hopefully intercropping with hemp in loblolly pine plantations will
provide an incentive for interested private landowners. Large corporations like Weyerhaeuser
Company have explored intercropping their loblolly pine plantations with switchgrass for
producing a potential biofuel feedstock (Albaugh et al. 2012).
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Given how beneficial industrial hemp is predicted to be financially, we look to
investigate the feasibility of growing hemp in with loblolly pine. Our study focuses on three
different soil types: Cecil sandy loam (Raleigh, NC), Norfolk loamy fine sand (Jacksonville, NC),
and potting soil (Sungro professional growing mix). Each soil type has unique physical and
chemical characteristics that we expect to have an impact on plants’ survivability, height,
and/or root biomass. The objective is to compose a randomized complete block design with
hemp seeds of the Spectrum variety. Several measurements will be assessed to evaluate the
impact of the various soil types: (1) plant height; (2) plant diameter; (3) plant biomass; (4) root
biomass; (5) soil pH; and (6) soil and plant nutrients. This study will serve as the foundation to
our overall goal of evaluating the feasibility of intercropping industrial hemp in loblolly pine
plantations.
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Figure 1. Comparison of hemp and marijuana. (Maranon, 2019)
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Figure 2. Chemical structure of THC and CBD (Nunley, 2020)
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Figure 3. Production of hemp clones (Cosco Bay Seeds, 2019)
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Figure 4. Sex identification of hemp plants (Chicago Cannabis Company, 2019)
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Figure 5. Hemp fiber extracted from stalk (Natrij – Public Domain)
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Figure 6. Visuals of different types of hemp fiber (Hemp Train, 2020)
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Figure 7. Hemp roots (Dutch Passion, 2019)

33

Chapter 2: A Greenhouse Study Evaluating Nutrient Levels and the Production of Industrial
Hemp in Soils Cultivated with Loblolly Pine
Introduction
On December 20, 2018, the President signed into law The Farm Bill of 2018. This Farm
Bill Act took effect on January 1, 2019 and no longer considered Cannabis sativa L., also known
as industrial hemp, as an illegal substance (Mark 2020). Industrial hemp is an annual dioecious
herbaceous species that was originally from central Asia. Hemp can often be confused with
marijuana, as the two looks alike, but hemp functions differently from its relative marijuana.
Marijuana is often used recreationally and causes psychotropic effects on the human brain, due
to the levels of tetrahydrocannabinol (THC). Marijuana can contain up to 5% THC while
industrial hemp cannot contain more than its allotted 0.3% (Schatman, 2015; Roseberg, 2019).
The recent legality of industrial hemp allows scientists to perform hemp-based research to
learn more about its growth and available uses (paper, clothing, rope, canvases, CBD, and
food).
Plant-soil feedbacks (PSF) are used more in science to explain plant community
dynamics which includes succession, invasion, legacy effects, and coexistence (Van der Putten,
2013). Most PSF experiments rely on greenhouse studies due to the ability to develop
conceptual models of plant community dynamics (Bonanomi, 2005). Advantages of a
greenhouse study provides the opportunity for isolated replicates and can also be performed
throughout the year in rapid growth conditions (Forero, 2019). Greenhouse studies often have
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less microsite variability, which can increase the likelihood of detecting PSFs in the greenhouse
(Rinella, 2017).
The physical properties of soil limit the agricultural and engineering usage of the soil.
Engineering uses can be identified as strength, compressibility, permeability, volume change,
compatibility, and frost susceptibility (Young, 1975). Properties such as soil depth, grain-sized
distribution, drainage, and water-holding capacity are common physical properties affecting the
cultivation of soil. Physical properties are much harder to alter than chemical properties,
meaning usage of the soil largely relies on its physical properties due to the role it plays in
supporting plant growth (Rezaei, 2005). Maintaining optimum soil physical conditions is
important for sustaining plant growth and other living organisms occupying the soil (Almendrocandel et al., 2018).
Soil structure is important in physical properties because it exerts influence on edaphic
conditions and the environment (Alemendro-candel et al., 2018). A soil that has poor structure
will result in poor water and aeration conditions that will restrict root growth, which will limit
efficient utilization of nutrients (Dick, 2018). Soil nutrients play a key role in plant growth
through mineral nutrition and toxicity (Marage, 2008). Chemical elements present in the soil
that are used as nutrients by plants are: nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), sulfur (S), iron (Fe), Manganese (Mn), copper (Cu), zinc (Zn), nickel (Ni),
chlorine (Cl), molybdenum (Mo), and boron (B) (Aerts, 2000). Soil structure also determines the
depth roots can penetrate the soil (Hiel, 2016).
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The purpose of this study was to execute a greenhouse experiment testing the
feasibility of growing industrial hemp in soil collected from loblolly pine plantations. This study
serves as a foundation for the overall goal of conducting a field study intercropping industrial
hemp in loblolly pine plantations. The success of intercropping hemp in loblolly pine plantations
will allow landowners to utilize more of their land for economic crops. Products produced by
industrial hemp plants can serve as the economic incentive for landowners.
Methods
This study was performed at the Horticulture Greenhouse located on North Carolina
State University’s campus in Raleigh, NC, during the months of January/2020 to May/2020. The
average temperatures (high /low (°F)) inside of the greenhouse were as follows: January84°/64°, February- 88°/73°, March- 92°/75°, April- 95°/77°, and May- 96°/78°.
Soil was collected from loblolly pine plantations in Jacksonville, NC and Raleigh, NC from
the 0 - 10 centimeters soil depth. A third growth medium (potting soil) was also included within
this study. The choice of potting soil is Sungro professional growing mix, ™ which was provided
by the NCSU horticulture greenhouse. This soil consists of peat and bark-based growing mixes,
all-natural compost additives, and pure Canadian sphagnum peat moss.
The soil collected from the loblolly pine plantation in Jacksonville, NC was classified as
the Norfolk series (Fine-loamy, kaolinitic, thermic Typic Kandiudults). The Norfolk series is
derived from marine and fluviomarine deposits. The soil was collected from a loblolly pine
plantation in Raleigh, NC (Carl Alwin Schenck Memorial Forest) was classified as the Cecil sandy
loam (Fine, kaolinitic, thermic Typic Kanhapludults) series. Development of the Cecil series is
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contributed to by igneous and metamorphic rock (National, 2007). A side-by-side comparison of
the soil types can be seen in Figure 1. After all soils were collected, they were placed in a soil
mixer to be homogenized. Additionally, soil pH was measured using a pH-meter/conductivity
meter (Oakton PC 700 Bench Meter).
Study design
Hemp seeds of the Spectrum variety were soaked overnight in room temperature water
for a duration of 24 hours to improve germination. The seeds were then planted in starter pots
and later transplanted to 5-gallon buckets once the plants underwent vegetative growth. The
study design was a randomized complete block design with 3 treatments and six replications
per treatment.
Fertilizer was applied to the plants to provide nutrients, promote healthy root
development and vegetative growth. The fertilizer used in this study was Dr. Earth Home Grown
Organic & Natural Tomato, Vegetable, and Herb Fertilizer. Each plant received the same
amount of 4-6-3 N-P-K fertilizer, which is totaled to 0.10g of nitrogen a week. The fertilizer is
applied to the soil roughly 3 inches away from the plant. After the application of fertilizer, each
plant received 2 cups of water (from tap) in the beginning stages. After transplanting the hemp
into 5-gallon buckets, the plants were given 4 cups of water every other day.
Heights of the plants were measured every other day throughout the duration of the
study, which lasted a total of 100 days. At the end of the study, final heights and diameters of
each hemp plant were taken before the plants were harvested for the dry weight
measurements of their shoots and roots. Plant shoots were harvested by cutting the stalk
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roughly 2 inches from the soil and roots were collected by carefully removing them from pots
and gently rinsing off residual soil.
Soil from each of the 5-gallon pots was homogenized and a subsample was collected.
Each plant and soil subsample were packaged and shipped to the North Carolina Department of
Agriculture and Consumer Services (NCDA&CS) Agronomic Division. The NCDA&CS’s soil
analysis was performed by chemically extracting most elements that are considered essential to
plant nutrition. The soil samples were analyzed for pH, acidity, phosphorus, potassium, calcium,
copper, manganese, and magnesium. Plant root and shoot samples were evaluated for the
same nutrients in addition to aluminum, boron, iron, nitrogen, sodium, sulfur, and zinc. Results
were submitted to variance analysis and Tukey’s mean test (P<0.05) using SAS (Statistical
Analysis System). Critical levels of the plants were evaluated using the North Carolina soil test
index. These values refer to the amount of a specific element available in the soil samples and
how much of it will become toxic to the hemp plants (Hardy, 2014).
Results
Soil Analysis
Industrial hemp is recognized as a delicate plant that is heavily influenced by air
temperature and soil pH and composition (Hussain, 2019). The plant is sensitive to soil crusting
and soil compaction, which normally occurs in heavy clay soils (Hussain, 2019), such as the Cecil
sandy loam. Ideally, hemp prefers a pH in the range of 6.0-7.0 to reach optimal production
(Scott, 2019). In this study, the pH of the three soil types were: Norfolk- 6.0, potting soil- 5.5,
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and Cecil 5.3 (Figure 2), and while Norfolk had the highest soil pH, there was no statistical
difference between potting soil and Cecil soil.
Soil potassium and phosphorus were the only nutrients to display no significant
difference in nutrient availability between all soil types. (Figures 3a and 3b). For all studied
crops in North Carolina, the critical levels of P and K in North Carolinian soils are 60 mg P/dm3
and 100 mg K/dm3. Despite the critical levels for hemp not being established yet, it is possible
to infer that P and K were not limiting factors in this experiment based on the fact that the soils
had adequate levels of P and K.
The critical levels for Cu and Mn are 0.5 mg Cu/dm3 and 6.0 mg Mn/dm3 in North
Carolina. Cecil soil was the only soil with copper and manganese availability higher than critical
levels and the levels were higher in comparison to the other soil types (Figures 4a and 4b). Soil
calcium availability in the soil samples displayed no significant difference between the Norfolk
series and potting soil (Figure 5). Soil magnesium levels were higher than the critical level (100
Mg/dm3).
In general, all three soils presented suitable chemical characteristics for plant growth,
except Mn and Cu in Norfolk and potting soil. However, as plants were not cultivated until the
end of their cycle, these nutrients likely did not negatively affect the plant growth.
Plant Analysis
Potting soil was identified as the most productive of the soil types in terms of average
plant height (101.6cm – Figure 7a). The Norfolk and Cecil soils displayed no statistical difference
in height growth. A better look at the influence soil type posed on plant growth patterns can be
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seen in figure 7b which demonstrates growth over time (in increments of 10 days) starting from
day 0 (day planted).
Along with average final height, each plant’s diameter was measured before harvesting.
The shoot diameter in potting soil was significantly greater than those cultivated in Cecil soil,
which had the smallest plant diameter (Figure 8).
When evaluating the dry weight of the plants’ shoots (Figure 9a), the potting soil yielded
higher biomass in comparison to the Norfolk and Cecil soil types. However, there was no
significant difference found between the Norfolk and Cecil soils. The dry weight of the plants’
roots (Figure 9b) cultivated in potting soil were significantly greater than those grown in the
Cecil series.
The potting soil used in this experiment contained sphagnum peat moss, which fulfils
the essential physical, chemical, and biological characteristics set for growing media
constituents (Schmilewski, 2008). These characteristics are high total porosity (divided
appropriately between air and water volume), good structure stability, and good wettability
(Reinikainen et al., 2012). Sphagnum peat moss contains air filled porosity that ranges from 1526% under general conditions. High air-filled porosity allows air to circulate around the roots
for subsequent uptake by the plants. Sphagnum peat moss also can hold up to 20 times its
weight in water, so the moisture is retained around the roots for the uptake of plants.
Given how potting soil is specifically designed to possess the characteristics for optimal
plant growth, it is no surprise to see this soil type perform better than Norfolk and Cecil overall.
This is because unlike potting soil, the Cecil series physical characteristics are more challenging.
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Keeping Cecil soil in good tilth is difficult due to its thin surface layer. Once it is watered, the
layer will form a crust as it dries, which affects germination and creates poor or uneven growth
(Caudle et al., 2020). The Cecil series in this experiment is recognized as a kaolinite (referred to
as a 1:1), which is a well-drained moderately permeable soil. Clay like soils retain water for
growth, but are often dense, hard, wet, airtight, acidic, and infertile. Despite having adequate
water holding capacity and potential rooting depth, its compaction may have restricted root
growth of this somewhat delicate plant as seen in figure 13b.
Unlike the Cecil series (which is clay), the Norfolk series has a different texture known as
a loamy fine sand. Sandy type soils are known to have larger pores, thus making it more difficult
to hold water against gravity (Bhadha, 2017). This series is identified to have low water holding
capacity and nutrient retention, which will limit root development (Sigua, 2015).
Shoots and roots nutrient levels
Phosphorus levels in the shoots of plants cultivated in potting soil (Figure 10a), was
identified to be significantly lower than those grown in Norfolk and Cecil. This trend continued
when evaluating the phosphorus levels in the roots (Figure 10b). There was no difference in soil
type when evaluating potassium, calcium, and magnesium levels of the plant roots or shoots
(Figure 11).
The copper levels in hemp plants (roots and shoots) grown in Cecil soil was significantly
higher than plants grown in the other soil types (Figures 12a and 12b) while plants grown in
Norfolk soil had the lowest copper levels in their roots and shoots. The average manganese
levels of plants cultivated in Cecil soil was significantly higher than those in Norfolk soil and
41

potting soil. This occurred in both the shoots (Figure 13a) and roots (Figure 13b). These results
shows that hemp accumulated Cu and Mg when cultivated in Cecil soil with higher levels of Cu
and Mg than Norfolk and potting soils, reinforcing the hypothesis that hemp can be used to
phytoremediation in soils with high amounts of heavy metals.
In addition to providing nutrient levels in the plant tissue samples, the NCDA&CS
provided ratio contents found within the plants collectively. These ratios were N:S, N:K, and
Fe:Mn (Table 1). Plant tissue analysis is used to identify issues and manage nutrients in an
environmentally responsible matter. According to the plant tissue sampling guide, N:S is the
most important ratio and an acceptable value range is 10-15 for most crops (McGinnis, 2014). If
values for the N:S ratio exceeds 18, it indicates that there was not enough sulfur present for the
plant to use nitrogen efficiently (Campbell, 2000). An acceptable value range for N:K is 1.2-2.2
and <1 for Fe:Mn (McGinnis, 2014). These ratios are specifically measured in plants because of
the effects the nutrients have on one another. Overall, the ratio values of the hemps plants in
this study were within the acceptable value range (Table 1).
Conclusion
Soil physical properties likely played an important role in this study. Cecil sandy loam is a
clay soil that has smaller pores, which contributes to the ability to retain water. Though the
Cecil series retain water better than the Norfolk series, it is also more compact. The compaction
of this series can affect germination and create unevenness in plant growth. Heavy clay soils
also prevent roots from penetrating deeper into the soil. The Norfolk series larger pores do not
possess the ability to retain water or nutrients as great as the other soils in this study. However,
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the looseness of the fine sand allows roots to penetrate deeper, which gives plants cultivated in
this soil a great advantage.
In conclusion, though nutrient levels of availability varied between each soil type,
potting soil served as the most productive (as it relates to shoot and root biomass) soil type for
hemp plants. Each soil type facilitated growth; however, potting soil contained the taller plants
(101.6cm) as well as the largest shoot diameter (8mm). Both Norfolk loamy fine sand and Cecil
sandy loam showed no significant difference in growth between one another. These findings
allow us to test the next step of this project: to test the hemp performance intercropped with
loblolly pine in a field experiment.
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Figure 1. Soil comparisons (left to right): Norfolk loamy fine
sand, Cecil sandy loam, and potting soil
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Figure 2. Average pH of soil types. Letters denote results from Tukey’s mean test and soil types with the
same letter indicate there were no significant differences.
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a

b
Figure 3a. Average soil phosphorus by soil type. Figure 3b. Average soil potassium by soil type.
Letters denote results from Tukey’s mean test and soil types with the same letter indicate there were no significant
differences.
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a
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Figure 4a. Average soil copper by soil type. 4b. Average soil manganese by soil type.
Letters denote results from Tukey’s mean test and soil types with the same letter indicate there were no significant
differences.
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Figure 5. Average calcium in soil types. Letters denote results from Tukey’s mean test and soil types with the
same letter indicate there were no significant differences.
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Figure 6. Average magnesium in soil types. Letters denote results from Tukey’s mean test and soil types with
the same letter indicate there were no significant differences.
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a

b
Figure 7a. Average final height of hemp plants from each soil type.
7b. A growth over time graph displaying growth patterns of each soil type throughout the duration of this study. Letters
denote results from Tukey’s mean test and soil types with the same letter indicate there were no significant differences.
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Figure 8. Average shoot diameter of plants in each soil treatment. Letters denote results from Tukey’s mean
test and soil types with the same letter indicate there were no significant differences.
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a

b

Figure 9a. Average dry weight for shoots. Figure 9b. Average dry weight for roots. Letters denote results from Tukey’s mean
test and soil types with the same letter indicate there were no significant differences.
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b
Figure 10a. Average phosphorus in shoots. Figure 10b. Average phosphorus in roots. Letters denote results from Tukey’s
mean test and soil types with the same letter indicate there were no significant differences.
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f

Figure 11. Average K (a), Ca (c), and Mg (e), amounts found in plants' shoots (left) and roots (right).
Letters denote results from Tukey’s mean test and soil types with the same letter indicate there were no
significant differences.
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Figure 12a. Average copper in shoots. Figure 12b. Average copper in roots. Letters denote results from Tukey’s mean test
and soil types with the same letter indicate there were no significant differences.
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a

b
Figure 13a. Average manganese in shoots. Figure 13b. Average manganese in roots. Letters denote results from Tukey’s
mean test and soil types with the same letter indicate there were no significant differences.
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Table 1. Average ratio values found in the shoots and roots of the plants
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Chapter 3 – Conclusion/Future Studies

Project goal
The goal of this study was to test the feasibility of growing Cannabis sativa L. (industrial
hemp) in North Carolina’s loblolly pine soil. My main objective involved using soils that differ in
physical and chemical properties to evaluate the impact on hemp plants. Nutrients play an
important role in plant’s survivability, and as a result, samples of our soil were tested to gain
information on nutrient levels. Additionally, this study evaluated average plant height, shoot
diameter, shoot, and root dry weight, and shoot and root nutrient levels.
Industrial hemp was officially legalized in 2018 and the laws took effect January 1, 2019.
This recent legalization created opportunities for hemp-based research, but there is limited
information on this plant. Soils used in this study were Norfolk loamy fine sand, potting soil, and
Cecil sandy loam. Results from this study provides evidence that suggests industrial hemp can
grow and survive in loblolly pine soil. In addition, I was able to identify any significant
differences in height, shoot diameters, shoot/root biomass, and shoot/root nutrient levels. The
conclusion of this study answered the overall question, “Can industrial hemp grow and survive
in loblolly pine soil?”
Takeaway and Contributions
Industrial hemp performed well in all soil types present in this study. As expected,
potting soil served as the best soil type for overall hemp efficiency. Plants cultivated in potting
soil contained the tallest average plants (101.6cm) and shoot dry weight (30.7g) in comparison
to the other soil types. The Cecil series is a compact, heavy clay soil. This can potentially prevent
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the roots from expanding as freely when compared to other soil types. As a result, the hemp
plant could undergo stress, which could eventually lead to death. Several articles mentioned
that heavy clay soils are not satisfactory enough for industrial hemp growth, but this study
provides evidence that says otherwise.
This study was a great introduction to observing hemp’s adaptability to conditions
outside of its preference. I was able to identify which soil type was most efficient for hemp
plants and report how the other two faired.
Management Implications
Industrial hemp has the reputation of being a delicate plant, but also one that does not
need much care for its success. Throughout this study, the early stages (seedling) were
attended to daily, but once plants reached vegetative growth (day 30), watering days were
limited to every other day. In addition, 2.3g of Dr. Earth Home Grown Organic & Natural
Tomato, Vegetable, and Herb Fertilizer was added to each pot once a week for the full duration
of this study. Our care routine, along with proper temperature and sunlight, allowed our plants
to reach their greatest potential without succumbing to death. This simple, but important,
routine could be the driving factor for hemp’s survivability when placed in a stressful
environment.
Our goal is to utilize the data from these experiments and perform a field study
intercropping industrial hemp in loblolly pine plantations. The purpose for this action is to
promote sustainability to loblolly pine plantation landowners by intercropping industrial hemp,
with its products serving as an incentive. The idea of intercropping hemp with loblolly pine will
allow landowners to utilize all their land. In doing so, intercropping will also promote
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sustainability and will provide an extra source of income for landowners who chooses to
practice good landowning management.
Project Limitations and Future Work
In this study, we were able to grow industrial hemp of the Spectrum variety in soil from
loblolly pine plantations. Our original study design was to cultivate seeds in our soil types and
incorporate hemp clones by randomly assigning them to one of the three soil types. From
there, we would measure any physical, physiological, or chemical alterations (such as THC:CBD
ratios and fiber length) and trace this information back to their parents for comparisons. Due to
Covid-19, we were unable to gain access to the resources needed to achieve this goal. We
elected to change our course of direction and focus directly on plant-soil interactions. Again,
due to Covid-19, we did not have access to the University’s laboratory, which prompted us to
ship our samples to the North Carolina Department of Agriculture and Consumer Services
(NCDA&CS) Agronomic Division for a complete soil and plant tissue analysis. To our knowledge
this type of greenhouse study was not performed by other researchers and will serve as a good
foundation for our future work.
Each year, greenhouse gasses are emitting at alarming rates and weather patterns are
shifting more each year. These changes are contributing to global warming and as a community,
we must prepare for what is to come. The newly established hemp industry is projected to yield
$1 billion, but how will this delicate plant react to climate change and impact the overall value
of this industry? CBD is one of the most valuable products of hemp and the more concentrated
a plant’s CBD is, the more profitable it becomes. If hemp alters its physiology due to stressful
environments, overall concentration of the CBD will be affected as well. I am proposing an
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experiment for my doctoral research project which will evaluate this situation by performing a
study at the phytotron located on North Carolina State University’s campus. The phytotron will
allow us to adjust CO2 levels and increase temperatures to mimic climate change environments.
This gives us the opportunity to identify any direct impacts on growth, physiology, and the
chemistry of hemp plants.
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