ABSTRACT
PACE, CARA RUTH. The Influence of Chloride Application and Nitrogen Interaction on the
Yield and Quality of Flue-Cured Tobacco. (Under the direction of Drs. Loren R. Fisher and
Matthew C. Vann)

With rising input costs, higher yielding cultivars and demand for higher quality US leaf,
current recommendations for flue-cured tobacco (Nicotiana tabacum) must be precise and cost
effective for growers. Two separate studies were conducted in North Carolina in 2016 and 2017
to evaluate the effects of chloride (CI") application rate and the interaction between nitrogen
source and chloride application rate. The purpose of this research was to evaluate chloride effects
and how choice of nitrogen source might affect chloride toxicity.

The first study evaluated CI" rates on the yield, quality and nutrient content of flue-cured
tobacco. Treatments included: 0, 11, 22, 33, 45, 56, 67, 78, 89, 101, and 112 kg Cl/ha. All
chloride was hand-applied in a banded furrow beside the plant within ten days of transplanting.
Nitrogen was supplied as UAN (28%) in two equal applications, ten days after transplant and at
layby. Tissue samples were collected at five intervals: two weeks after treatment, at layby, two
weeks after layby, at flowering and after curing, and were analyzed for nutrient content and leaf
chemistry. Green lamina and midrib were also collected at two sampling intervals during the
season; at layby and at flowering and were dried and weighed for mass and the difference
between green and dried mass collected. At rates over 33 kg Cl/ha, quality in the cured leaf
began to decrease. While higher yields and values were shown at higher rates of CI", current
guidelines continue to stay below the 33 kg Cl/ha mark as no symptoms of toxicity were shown
on the plant throughout the growing season.

The second study evaluated the interaction between four different N sources and four

different CI rates. Four N sources (calcium nitrate, ammonium nitrate, UAN (28%) and



ammonium sulfate) were paired with four different CI rates starting at 0, 33, 67 and 101 kg CI
/ha. All CI" was applied within ten days of transplant in furrow beside the plant. Nitrogen was
split applied between ten days after transplant and at layby. Tissue samples were collected at five
intervals: two weeks after treatment, at layby, two weeks after layby, at flowering and after
curing, and were analyzed for nutrient content and leaf chemistry. Green lamina and midrib were
also collected at two sampling intervals during the season; at layby and at flowering and were
dried and weighed for mass and the difference between green and dried mass collected. When a
nitrate nitrogen or a mix of ammonium and nitrate was used, chloride accumulation was lower
than when all ammonium sources of nitrogen were used. Even using different nitrogen sources,
the current guidelines of 33 kg Cl/ha is still the correct. While yields and value were not
affected, quality decreased as rates of chloride began to increase. The interaction between
chloride and nitrogen can also impact Mg, K and P accumulation in the plant. Current ClI"and N
recommendations remain in place to prevent damages to quality even when symptoms are not

visible in the field.
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CHAPTER ONE

INTRODUCTION

Chloride (CI) is an essential plant micronutrient that has been shown to influence the
yield and quality of flue-cured tobacco (Collins and Hawks, 2013; Peedin 1999). The nutrient is
present in plant tissue as an anion (CI) and generally plays a large role in stomatal regulation
(Chen et. al., 2010). While it is classified as a micronutrient, Cl- absorption can occur in
quantities more indicative of a macronutrient when high levels of CI" are available in the soil
(Franco-Navarro et. al., 2016). Typically, CI- concentrations in plants can range in between 0.2-
2% (Havlin et. al, 2014). Current guidelines limit CI- application to flue-cured tobacco in order to
reduce the negative impacts to leaf yield, quality, chemistry, and smoke sensory that are

associated with over-application of the nutrient.

Soil Chloride

Chloride is abundant in most soils of the world, as the earth’s crust contains
approximately 0.02-0.05% of the nutrient (Havlin et al., 2014). However, due to the high
leaching ability, CI" is difficult to accurately estimate in most soil systems (Xu et. al., 2000). The
amount of CI" in soils is largely determined by the environment. Areas that are closest to salt
bodies of water or arid climates typically have higher CI soils although irrigation or human
activity can impact low CI" areas (White and Broadley, 2001). There are multiple ways for
chloride to be deposited in soils: atmospheric, irrigation events, and applications of fertilizer or
manure (Xu et. al., 2000). Despite its high leaching ability, it is uncommon to find a CI

deficient soil because of the interaction of chlorine in the atmosphere (Mengel and Kirkby,



2001). It is because of the high mobility of ClI-that there is very limited soil testing available to
accurately quantify the amount in soils (Heckman, 2007).

Chloride is one of a few ions that can be absorbed through the leaves when it is applied
via irrigation (Ferguson and Grattan, 2005). Trees such as almond, apricots and plums primarily
absorb CI" this way (Xu et. al. et. al., 2000). Environmental conditions and time of day can
impact how much CI is absorbed through the leaves (Xu et. al. et. al., 2000).

While plants can assimilate CI" in other ways, the primary route is from the soil
(Heckman, 2007). Movement of CIis influenced by water movement through the soil (Chen,
2010). A study done by Burns (1974) showed how evaporation and precipitation can influence
anion movement such as CI". Burns applied CaCl: to plots at 15 cm and then continuously pulled
soil samples from May to October. When rainfall was high, CI- moved lower in the soil profile
compared to dry periods, it was pulled through the roots in soil solution to the top (Burns, 1974).
As an anion, CI” does not easily bind to negatively charged clay particles or to organic matter
therefore allowing it to leach easier than other nutrients (White & Broadley, 2001, Mitra, 2015).
Studies conducted in Japan have shown that soil type can influence the amount of chloride
leached out due to rainfall as soils with higher water holding capacity such as volcanic ash soils,
retained the CI" in soil solution rather than it leaching away from the root zone in granite soil
types (Ishizaki & Akiya, 1978). A study conducted by the University of Georgia in 2010 and
2011 showed that a sandy soil is prone to leaching which gives Georgia tobacco growers the
ability to use fertilizers containing more chloride (Moore, 2011). Managing soil pH can reduce
the amount of CI taken up by the plant, Moore suggests a pH of 5.7-6.0 for tobacco soils where

CI toxicity could be a concern. At basic pH values, Cl" is not able to adsorb onto soil particles



resulting in leaching (Xu et. al. et. al., 2000). Lower pH values can also increase Cl™ uptake into

the plant (Kirkby and Mengel, 2001).

Chloride Assimilation

The amount of CI" available for assimilation is largely influenced by soil type, the volume
of rainfall and/or irrigation, and the moisture holding capacity of the soil (McCants & Woltz,
1967). Chloride is absorbed into the plant primarily through the roots with two pathways to move
throughout the plant (White & Broadley, 2001). The primary pathway is symplastic movement
as ClI" is mobile within the plant, the largest concentration is held in the lower leaves (McCants &
Woltz, 1967). Anions that move symplastically through the plant are absorbed through the root
cells and then move throughout the plant being transferred through plasmodesmatal channels
(White and Broadley, 2001). The secondary pathway is apoplastic movement that is exterior to
the cell so that it moves through water solutions until it reaches the stele (White and Broadley,
2001).

The regulation of chloride into the plant is controlled by the plasmalemma chloride
channel (Mengel and Kirkby, 2001). In conditions where CI is not abundant, it is actively taken
up by the plant although it was previously believed to be transported passively (Franco-Navarro,
2016). Since CI" has a negative charge, the movement through the plant is through ion transport
proteins called transporters (Li and Tester, 2017). When movement is passive, it is due to the
electrochemical gradient due to charge potential in the cell and when the movement is active, it
is through carrier proteins (Li and Tester, 2017). It is believed that the active transport of CI" is
energized by ATP for both the plasmalemma as well as the tonoplast in the cell (Xu et. al.,

2000).



At lower concentrations, CI" accumulates in the stems but as the absorption rate increases
chloride begins to move to the leaves especially in the lower leaves of tobacco (Ishizaki &
Akiya, 1978). While Akehurst (1981) notes that Cl" concentrates in older leaves at the bottom of
flue-cured tobacco, he states that the evidence to support why this occurs is conflicting and is not
entirely known (Akehurst, 1981). White and Broadley (2001) suggest that younger tissue grows
rapidly with low transpiration rates which retains the concentration of CI" the highest in the
lower, older leaves (White and Broadley, 2001). How CI- moves throughout the plant can also
impact where the CI" is stored. For example, if CI" is moved through the phloem, it can be stored
leaves or shoot restricting the movement to floral, fruits and seed parts of the plant (White and
Broadley, 2001). In citrus species, CI accumulates in the mature leaves of the plant rather than
the younger leaves (Xu et. al., 2000). Plants accumulate CI" in various amounts dependent on
plant species or how much salt intake is needed, for example, halophytes can assimilate much
higher amounts than a glycophyte would absorb in plant tissue (White and Broadley, 2001).
Species of beet, tomato, corn and spinach are known to have a low sensitivity to CI- while
tobacco, avocado, peach and lettuce are highly sensitive and therefore should not absorb CI™ in
the same amounts (Mitra, 2015). Salinity is most commonly associated with Na* however, CI°
can induce similar symptoms and cause salinity issues in many plants. It is CI" that produces the
damaging effects of salt injury to many of the crops listed above including grapes, avocados,
citrus and soybeans (Li and Tester, 2017). Plants begin to release abscisic acid (ABA) during
times of stress such as particularly saline conditions or during a drought, while ABA has no
effect on the plant taking up CI" it can limit CI” accumulating in the root by stopping loading into

the xylem (Li and Tester, 2017). This defense mechanism of plants to reduce transport to the



shoots can keep CI” from accumulating in sensitive tissue however salt-intolerant plants

accumulate CI in the sensitive tissue rather than the root (Xu et. al.,2000)

The Function of Chloride in the Plant

It was not until the 1950’s that Broyer, et. al. (1954) proved that chloride was an essential
plant micronutrient (Broyer et al, 1954). A plant’s specific requirement for chloride varies
greatly. There is a wide range of needs for the nutrient within plants, it generally has non-
specific roles following assimilation (Mengel and Kirkby, 2001). Chloride is also mobile within
the plant making it easy to accumulate and move throughout the vascular system. Chloride has
multiple functions within plants including: osmotic adjustments, transport of nutrients, increases
in yield, regulation of enzymes, photosynthesis and disease suppression (Naeem et. al., 2017).
However, the primary function of CI" in most plants is believed to be related to the balance of ion
charge and osmosis (Havlin et al., 2014). Other anions that act as charge balancers, such as NO3z’,
are too quickly incorporated into the cell as proteins thus allowing CI" to maintain charge inside
of the cell (Elmer, 2007). It is because of this mobility in the plant and low biochemical activity
that CI" can serve as an osmotic adjuster in plants (Xu et. al., 2000). Since CI remains a charged
ion, it is beneficial to be a fast-acting adjuster for balance in the cell (Zephler et. al., 1981). One
symptom of a CI" deficient plant is the loss of leaf turgor suggesting that CI™ is an osmotic agent
in the guard cells (Havlin et al., 2014). Research conducted inside pressure chambers measuring
water pressure in plants treated with and without CI™ has consistently demonstrated greater turgor
potential in CI treated plants (Elmer, 2007). Benefits of CI" fertilizers are primarily increased
water relations which confirms the belief that it is an osmotic agent (Havlin et al., 2014). The

importance of chloride acting as an osmotic agent depends on the plant’s needs and the



environment in which it is growing (Heckman, 2007). When CI begins to accumulate in the
plant cells, cells begin to elongate and grow and plant turgor is increased (Heckman, 2007). In
plants with high concentrations of CI-, a symptom is longer leaves which also confirms the role
chloride plays in osmotic regulation. As plants begin to accumulate excess CI, they also begin
to take up water in the cell vacuole creating a turgid plant cell (EImer, 2007). In times of drought
stress, this take up of extra water allows the plant to continue with growth (Elmer, 2007). Plants
can either accumulate a solution of chloride ions and the water gradients react to increase water
supply to maintain homeostasis or as there is an increase in cellular water and chloride ions flood
in to balance (Flowers, 1984). This balance of ion and water gradients is key to plant health in
order to prevent cell damage or toxicity however the benefits of CI in the osmoregulatory role is
dependent upon environmental conditions such as water, temperature and what ions might exist
in the soil solution (Flowers, 1984, Xu et. al., 2000).

In the plasma membrane, there are CI" channels for anion fluxes to flow through and
these channels allow for anion and charge balance to be maintained within the cell and for turgor
regulation of the leaf (White and Broadley, 2001). In the guard cells of plants, there are three
types of CI" channels: rapidly activating, slowly activating and stretch activating channels (White
and Broadley, 2001). The rapid channel is selective only to anions and inactivates after long
periods of depolarization while the slow channel is activated by accumulation of cations such as
Ca?" (White and Broadley, 2001). Similar CI- channels are present in the root tip and the
mesophyll of leaves as well as the tonoplast of plant cell vacuoles which continue to maintain
homeostasis, turgor and osmoregulation throughout the plant (White and Broadley, 2001). In the
stomata of the guard cells, there is a H" pump that controls K™ and CI" influx and consequently,

the opening and closing of the guard cell (Xu et. al., 2000). When the stomata were open, CI



increased whereas when they were closed, ClI” concentrations decreased suggesting that it is
essential for the functioning of the stomata in some plant species such as onion and coconut (Xu
et. al., 2000).

Extensive research has been done in the last 20 years to prove that CI is a requirement
for the splitting of water molecules to form O.. Chloride was first believed to be a key role in
photosynthesis in the 1940s, but it was not until the late 1960s that this theory was proven
(Haddy et. al., 2017). Studies conducted in the past have removed CI- from the chloroplast
thylakoids and from photosystem 11 by increasing the pH of the solution and then added CI™ back
in order to examine the effects of the enzyme activity that requires CI- (Haddy et. al., 2017).
Chloride is the natural beginning of the O splitting mechanism in photosystem Il however, other
anions can fill in for CI" or even compete to fill the spot in the process (Haddy et. al., 2017). It is
believed that CI™ acts as an enzyme activator for the water splitting action that begins at the start
of photosynthesis however the actual mode of its activation is still unknown to scientists because
of the ability of other ions to substitute (Haddy et. al., 2017). While plants that are CI- deficient
can still maintain photosynthesis, productivity in photosystem Il can decrease to as low as 30%
(Haddy et. al., 2017).

Enzyme regulation has also been researched as a function for CI in the plant including
asparagine synthetase, amylase and ATPase (Xu et. al.,2000). As CI" is required for the enzyme
asparagine synthetase which functions as a part of long distance movement of nitrogen within the
plant, CI- may have effects on how well nitrogen is able to move throughout the plant (Xu et. al.,
2000). Chloride is required at the tonoplast to start ATPase and move protons (Xu et. al., 2000)

Another suggested CI" function in plants is disease response and there are two

mechanisms for which CI is believed to help suppress diseases. The first is that CI" promotes the



assimilation of NH4™ by reducing nitrification in the rhizosphere (Havlin et al., 2014). The
reduced pH of the rhizosphere creates a less favorable environment for root diseases (Havlin et
al., 2014). The second mechanism involves the competition of CI-and NO3z". When CI- competes
with NO3™ then plants have less nitrate to take up and more manganese becomes plant available
which is also beneficial in disease control then there is less susceptibility to root rot (Havlin et
al., 2014, Xu et. al., 2000). Suppression of diseases by CI fertilizer applications has been
demonstrated across multiple environments and crops with the primary benefits being realized in
wheat crops (Havlin et al., 2014). Most of the crops evaluated for CI- suppression of disease are
naturally salt tolerant crops or originate from tropical areas meaning that they grow better under
conditions in which there is likely to be CI™ present in the atmosphere or in the soil solution and

easily accessible to the plants to use to reduce diseases (Elmer, 2007).

Chloride Toxicity

Chloride is considered an essential micronutrient; however, the acceptable tissue
concentration range for most plants is between 0.2-0.4 g kg™ (Chen, 2010). Plants are
categorized by their tolerance of salt uptake, and flue-cured tobacco is not considered to have a
high tolerance for salts such as CI" because of a reduction in quality (Chen, 2010). The historical
symptomology presented itself as thickened leaves with upward curled margins (Garner et. al.,
1930). Other symptoms may include premature yellowing, burning of leaf margins, and loss of
leaves (Mengel and Kirkby, 2001). Further toxicity issues show in the cured leaf in what is
known as the ‘wet dog’ condition, which produces a discolored leaf that is undesirable in smoke
flavor (McCants & Woltz, 1967). Cured leaves have also been documented to produce uneven

coloring or grey colored leaf when treated with excess CI™ (Ishizaki & Akiya, 1978, Garner et. al,



1930). Garner (1930) reported similar observations with as little as 45 kilograms per hectare
(Garner et. al., 1930). Toxicity symptoms are most likely to be observed in sandy soils however,
rainfall can affect the amount of chloride available in the soils (Garner et. al., 1930). When
overhead irrigation is used with high CI- amounts in the irrigation water, leaf scorching can occur
through absorption of CI™ in the leaves (Xu et. al., 2000). How a plant takes up CI, absorbed
through the leaves or taken up through the roots, can affect how the toxicity symptoms are
shown in the plant. Strawberries can tolerate overhead irrigation with high soluble salts better
than when CI" is applied at the roots (Xu et. al., 2000). The symptoms of chloride toxicity can be
more difficult to diagnose because of the similarities of drought damage or other nutrient issues
(Xu et. al., 2000). Chloride toxicity is similar to that of sodium injury and can even mimic iron
deficiency in avocadoes and mangos (Xu et. al., 2000).

Chloride toxicity in the plant can be damaging dependent on what part of the crop is
harvested. As chloride accumulates in the leaves and shoot primarily, crops harvested for seed or
fruit are more tolerant than crops harvested for their leaf, such as tobacco (Xu et. al., 2000).
Plants can cope with excess salts through several mechanisms. First, is to compartmentalize the
excess ions into the vacuole or cytoplasm. The second is to control the transport to the shoot
which could explain the increase in stem volume as well as increased succulence (Greenway and
Munns, 1980).

Citrus plants are able to absorb chloride ions through plant leaves from irrigation as well
as from the root zone (Ferguson and Grattan, 2005). In citrus fruit, there is a negative correlation
between the yield and the amount of CI" in the leaves (Xu et. al., 2000). It is a common practice
for grapevine and citrus varieties to be grafted onto a more salt tolerant rootstock to prevent toxic

accumulation of CI" into the shoots (Li and Tester, 2017). The faba bean has shown specific



symptoms to high amounts of CI" such as decreased leaf chlorophyll (Li and Tester, 2017). High
CI" rates can negatively impact the vitamin C and sugar contents in Chinese cabbage whereas in

strawberry plants, it increased vitamin C and soluble sugar (Xu et. al., 2000).

Chloride Demand and Fertilization

Across many crops, there are positive responses to Cl fertilization and the use of Cl" in a
fertilizer blend such as ammonium chloride (NH4Cl) or potassium chloride (KCI). Improvements
in yield and disease pressure have been documented in sugarcane, rice, wheat and corn (Xu et.
al., 2000). A recent study in Argentina showed that across ten growing locations, wheat
consistently showed an increase in yield when fertilizers containing CI- were used as well as
prevention of diseases (Duarete and Barraco et. al., 2004). Tomatoes and melons have shown an
improved taste and appearance in their fruits when CI or other soluble salts are used in the
fertilizer (Xu et. al., 2000). Excess amounts of CI" in tomato plants can cause detrimental effects
such as defoliation as well as a decrease in photosynthesis; the recommended rate of CI" in the
leaf should not be above 30 mg/g to maintain quality of fruit (Xu et. al., 2000). It is not
recommended that irrigation water contain more than 4.3 mmol Cl/liter (Xu et. al., 2000). While
some citrus varieties are particularly sensitive to high amounts of CI-, kiwi require at minimum
2.1 mg/g in the leaves to remain healthy but if they exceed that amount up to 8 mg/g, it results in
higher yields (Xu et. al., 2000). At 15 mg/g in the leave is when toxicity symptoms begin to
show in kiwi such as chlorotic leaf tips at the main vein and eventually leaf drop (Xu et. al.,
2000). Avocadoes are the complete opposite of kiwi fruit, when CI” begins to accumulate in the
irrigation water, necrosis and a decrease in yield can occur (Xu et. al., 2000). The use of

rootstocks is a common way to manage and reduce CI™ uptake into grapevines (Xu et. al., 2000).

10



While peanuts can be tolerant of high CI” during vegetative growth, excessive amounts can begin
to limit pod yields (Xu et. al., 2000). Similar to peanuts, the yields of soybeans can be hurt by
excessive amounts of CI™ and leaf scorch damage can be seen on the leaves (Xu et. al., 2000). As
coconuts are typically grown in tropical areas where deposits of CI™ are naturally occurring, it is
one of the most tolerant species of CI- with concentrations in the leaves accumulating up to 5.5
mg/g (Xu et. al., 2000). Like wheat, corn yields are positively influenced by CI" in the fertilizer
blends and can withstand up to 400 kg/ha of applied CI (Xu et. al., 2000). Sugar beet is one of
the more tolerant of CI" and it was the first species with known deficiency of CI" (Xu et. al.,

2000).

Management Practices Impacting Chloride Availability

Multiple crops across varying environments use irrigation as a management practice to
ensure successful yields. The source of irrigation water and what exactly is in it can cause issues
in plants if the soluble salts, such as CI", are too high. Irrigation can be applied multiple ways
including drip lines, overhead and in furrow depending on the crop and it’s needs. In-furrow
irrigation can accumulate salts close to the root zone (Xu et. al., 2000). When drip irrigation is
used, there are several factors that play into the amount of CI" that could become available
including the amount of water applied and the evaporation rate from the soil surface (Xu et. al.,
2000). In flue-cured tobacco greenhouses, the soluble salts in float system water can be
detrimental to young seedlings. The most common injury in tobacco greenhouses is fertilizer salt
injury (Fisher and VVann, 2017). The current recommendation is to take a water sample to send
off for analysis prior to seeding the greenhouse to ensure water quality and maintain low CI-

levels (Fisher and VVann, 2017). A South Carolina study examined a variety of irrigation sources
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including ponds, wells and streams and showed that for each pound of CI- added through
irrigation water, the overall CI" content in the leaves increased 0.0009% (Peele et. al, 1960). Even
as the value of the crop was not damanged by the increase in CI, there was a decrease in the
smoking quality of the leaf (Peele, et. al, 1960). Irrigation can be a correction tool to manage the
amount of CI" in the soil as it can redistribute the soluble salts in the soil profile out of the root
zone to prevent toxicity issues from occurring (Xu et. al., 2000).

Another management practice that is commonly used in a variety of crops is the use of
fumigation to control soil-borne pathogens. Like irrigation practices, there are a variety of ways
to use fumigation. Fumigants can be applied in granular form, chemigation, under a tarp through
a hot gas method, injected or knifed into the soil, or into plant beds that are covered in tarps post
fumigation (EPA, 2005). It is common practice for those using gas fumigation for chloropicrin to
be injected into the soil at a depth of at least 6 inches and must be done at least 14 days before
transplanting (Wilhelm, et. al, 1996). A common fumigant used was methyl-bromide however,
use has declined in the United States after the Montreal Protocol was signed in the late 1980s
(USDA ERS, 2003). As the phaseout process of the use the methyl bromide has gone into effect,
the use of chloropicrin and 1,3-dichloropropene in agricultural systems across the United States
has been on the rise (USDA ERS, 2003, EPA 2005). The number one user of chloropicrin is
tobacco growers in the southeast with tomatoes and strawberries coming in second and third
(EPA, 2005). In tobacco, rates of chloropicrin range from 25 to 75 pounds of active ingredient
per acre (EPA, 2005). The chemical formula for chloropicrin is CCIsNO2 (EPA, 2005).
Currently, no recommendations are made for extra Cl™ applications because of the high use of
chloropicrin as a fumigant pre-plant (Vann and Inman, 2017). When growers apply the

recommended rates, there should be enough CI™ applied to maintain the amount needed in flue-
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cured tobacco for a yield boost without reaching excess amounts that can cause issue with
quality. It was noted in a 1982 study that the use of fumigation in tobacco can reduce nitrification
and contribute to excess CI" levels in tobacco which further emphasizes the current
recommendations to avoid applying CI to a tobacco crop to prevent that from occurring
(Williams and Miner, 1982). Similarly, as strawberries are sensitive to soluble salts, additional

ClI" is not recommended because of the use of fumigation.

Chloride Impact on Flue-Cured Tobacco Leaf Chemistry

High amounts of CI" in tobacco have been shown to increase leaf size by regulating leaf
tissue water balance and maintaining turgor pressure which are required by the plant for cell
elongation (Franco-Navarro, 2016; Xu et. al.,2000). Chloride has not been proven to consistently
increase the yield of flue-cured tobacco; however, when high amounts of the nutrient are present,
quality may be reduced (Chen, 2010). Chloride is known to increase hygroscopicity within the
plant which can cause the leaves of flue-cured tobacco to dry green and become brittle, cure
improperly and reduce the quality of the leaf (Akehurst, 1981). Chloride’s effect on the burning
characteristics of tobacco has been researched extensively since the late 1800’s. It is
hypothesized that the increased water holding capacity of the leaves results in a poor-quality
burn (McCants and Woltz, 1967). Japan Tobacco Corporation performed an experiment in the
1970’s to show how the increase of chloride concentration in the leaves decreases the burning
characteristics of flue-cured tobacco. Ishizaki and Akiya (1978) found that the lower leaves with
higher CI" levels did not burn as long as the upper leaves with lower CI" levels. The current
industry CI- threshold in the leaf is reported at one percent (Flower, 1999). When the

concentration of CI" in the leaf reaches higher than 3%, previous research has shown that it will
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not maintain combustion (Akehurst, 1981). A publication from the International Potash Institute
cited the following thresholds for CI- within the leaf (Zehler aand Kreipe, 1981):

<1% CI = excellent

1-2% CI = good to satisfactory

2-3% CI = unsatisfactory

>3% = poor

Previous studies by Sierra (1966) have demonstrated that as chloride content increases, there is a
decrease in total alkaloids. Sierra also noted that chloride and reducing sugars have a direct
correlation. As the rate of chloride increases, the amount of reducing sugars in the leaf increases
as well. It has been indicated throughout the literature that chloride increases the hygroscopic
properties of the leaves. Sierra hypothesized that as glucose is a reducing sugar and has
hygroscopic properties, this could be a factor in the increasing capacity of the leaves to absorb
water vapor. As chloride increases the reducing sugar amounts, it becomes more and more
hygroscopic (Sierra, 1966). Other studies have shown that nicotine is not typically influenced by

the amount of chloride taken up by the plant (Woltz, Reid and Colwell, 1949).

Nitrogen Demand and Fertilization

The most important nutrient for plant growth is nitrogen and it is also one of the most
abundant elements in nature (Mengel and Kirkby, 2001). The largest reserve of nitrogen is held
in the lithosphere and the atmosphere in the form of N2 (Mengel and Kirkby, 2001). Nitrogen in
the inorganic form can be fixed in two ways to make it plant available: nitrogen fixation
performed by microorganisms in the soil or by the Haber Bosch process which is the basis for

ammonium fertilizers (Mengel and Kirkby, 2001) There are several forms of inorganic nitrogen
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found in the soil; however, the most important forms for plant use are NH4*, NOs", and NOy
(Tisdale & Nelson, 1975). The preferred form of nitrogen for tobacco production was previously
considered to be NO3™ (Peedin, 1999). Past studies have shown that while NH4* promotes fast
growth at the beginning, NOs™ has longer lasting, continuous effects throughout the season
(Skogley, 1962). Plants have adapted over the years to prefer a form of nitrogen however,
research has shown that fertilizers with split NOz" and NH4" can be the most beneficial (Havlin et
al., 2014). Current management practices in flue-cured tobacco have shifted to reflect these new
research findings and it is now common to apply a significant amount of nitrogen in the
ammonium form to reduce input costs. There are distinct differences between the two sources of
nitrogen. One difference is how the form performs under different pH values. Ammonium
assimilates best under neutral pH values and as the pH begins to decrease, the rate of
assimilation has been shown to decrease as well (Mengel and Kirkby, 2001). Nitrate is the
opposite, in acidic soils, a rapid uptake can occur as protons become available for transport
(Mengel and Kirkby, 2001). Nitrate requires more energy than NH4* for plants to use (Havlin et
al., 2014). Ammonium is taken up through the roots and translocated in the form of amino acids
to be stored in the upper leaves (Mengel and Kirkby, 2001). Nitrate is also taken up by the roots
and is translocated in it’s unaltered form of NO3™ or amino acids by the vascular system of the
plant (Mengel and Kirkby, 2001). Plants that have been fed NH4" typically absorb fewer cations
than NOs™ which can cause deficiency issues with K* and Mg?* (McCants and Woltz, 1967)
Nitrogen is the most important and most managed nutrient throughout the entire season
of tobacco production from seedling to final harvest that can have the most influential effects on
the quality and yield of the crop (McCants and Woltz, 1967). The supply of nitrogen must be

managed properly at the start of the season and mid-season to ensure vigorous growth however it
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should be depleted by flowering to begin ripening for harvest (Peedin, 1999). Dependent on what
area tobacco is being produced in and what style determines the amount of nitrogen applied
throughout the season. It is common for flue-cured growers to apply between 50-90 kg/ha of N
to the crop (Peedin, 1999). Growers are typically split applying the targeted rate of N, first 7-10
days after transplant and then secondly, at layby (approximately 30 days after transplant) (Vann
and Inman, 2017). If too little nitrogen is applied, the leaves are thin and pale in color while if
there is excess nitrogen, it can delay harvesting and result in a poor quality cured leaf (Vann and

Inman, 2017).

Nitrogen and Chloride Interaction in the Plant

Chloride and NO3™ are both monovalent anions that can be transported along similar
routes on carrier protein channels through the plant while also serving a charge balance function
for the plant, so it has been well researched that these two ions compete (Li and Tester, 2017).
The competition between CI- and NO3™ has been researched in avocado, barley, citrus, peanut,
kiwi, broccoli, melon, lettuce, corn, potato, strawberry, tobacco, tomato, and wheat however this
competition appears to be stronger in crops that are more sensitive to salt injury than crops that
are not, for example, cotton (Xu et. al., 2000). Research conducted on Irish potatoes found that
CI toxicity was more prevalent when NH4* was used as the nitrogen source rather than NO3”
(Harward et. al, 1956). In crops that are more tolerant of ClI" such as wheat, the interaction
between CI- and NH4" can be beneficial by showing an increase in yield as compared to other
forms of fertilization such as NOs™ (Koenig and Pan, 1996). In some plant species where high
levels of NO3* can result in loss of quality, such as leafy greens, a Cl- application can help to

manage the amount accumulated in the leaves (Xu et. al., 2000). As the pH of soils becomes
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more acidic, CI" can begin to slow nitrification of ammonium fertilizers and inhibit nitrification
of nitrate-nitrogen fertilizer (Xu et. al., 2000). This inhibition could potentially benefit N use
efficiencies in some crops such as rice (Xu et. al., 2000). Studies conducted in the last fifty years
have shown that the use of ammonium nitrogen can increase chloride uptake while high amounts
of NOs* decrease the amount of CI" taken up (Peedin, 1999; Xu et. al., 2000). Collins and Hawks
(1993) reported CI toxicity in field and greenhouse trials fertilized with ammonium N sources.
In the same study, when nitrate-nitrogen was used, Cl accumulation was measured but toxicity
symptoms were not observed (Collins and Hawks, 1993).

Further evaluations by Skogley (1962) demonstrated that the form of nitrogen applied can
affect Cl assimilation. The study was conducted in sterilized greenhouse over a 32-day duration
with the end result confirming that when NH4* is applied, CI- abnormalities are shown in higher
percentages relative to when NOgz is applied (Skogley, 1962). This interaction may also impact
how other nutrients are assimilated into the plant, as it was also reported that K, Ca, Mg, N and P
were taken up in smaller quantity when NH.* was the applied form of nitrogen (Skogley, 1962).
This observation was also reported by Sierra (1966) who showed that as the CI" rate increases,
there is a reduction in sulfur concentration in the leaf tissue. Sierra (1966) also reported that
potassium and CI™ uptake are inversely related.

Research conducted in burley tobacco systems reports similar findings. Fuqua et al.
(1974) report strong competition between nitrate and Cl assimilation. After growing tobacco for
different lengths of time under field conditions, it was hypothesized that the competition for
nutrient absorption occurs in the plant cell at the ion sites rather than in the soil during uptake

(Fuqua, Leggett & Sims, 1974). A previous study in Kentucky also reported that when NH4" and
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NOs" were used as nitrogen sources, chloride in the leaf was higher in the presence of ammonium
(Evans & Weeks, 1947).

Research conducted by Warren (1990) demonstrated the use of four different forms of
nitrogen and four CI rates to examine the interaction between nitrogen form and CI application
rate (Warren ,1990). It was concluded that NH4* can increase CI- toxicity as opposed to NO3z®
forms however, the form of nitrogen should not impact the cured leaf concentrations of CI" since
nitrification should be complete 4-6 weeks after application (Warren, 1990).

In recent years, urea has become a more prevalent source of nitrogen for flue-cured
tobacco farmers. It can be an attractive nitrogen source because it is typically low in cost and has
a higher N content (Williams and Miner, 1982). It was previously considered a poor choice as a
N source in tobacco because of the assumed negative interactions with ammonium sources of
nitrogen and the high rates of CI" that can result (Williams and Miner, 1982). A study by
Williams and Miner (1982) showed that urea can be equivalent to NaNOs in sandy, well-drained

soils such as those in eastern North Carolina.

Other Nutrient Interactions

Chloride has shown very little researched direct effects on the uptake of phosphorus
however, the effects on NOs™ can impact how the plant takes up phosphorus but it is hard to
document (Xu et. al., 2000). Corbett and Gausman (1960) also found it hard to document the
effect CI" rate had on the uptake of phosphorus within the plant. Past studies have shown little to
no effect of CI- amounts to the potassium concentrations across multiple crops including peanut
and wheat, however, in flue-cured tobacco, there is estimated to be a relationship (Xu et. al.,

2000, Akehurst, 1981). Akehurst (1981) suggests that applying K* in over adequate amounts can
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reduce the amount of CI" that is available for the plant to take up. Calcium is believed to
influence the distribution of CI- in the plant. When high levels of Ca?* accumulate, it increases
CI" at the roots while decreasing the amount being transported to the leaves (Xu et. al., 2000). It
is believed that while CI” can increase the amount of Ca* taken up, it does this while
outcompeting K* which could result in a deficiency (Zephler et. al., 1981). Research conducted
on wheat showed that even though additional applications of calcium fertilizer were not made,
the use of CI" in CaCl, fertilizers increased the amount of calcium taken up suggesting that CI-
does increase the uptake of Ca" (Koenig and Pan, 1996). A study in the 1950s in potatoes
showed that as rates of CI" increased, sulfate uptake and concentrations in the plant decreased
(Corbett and Gausman, 1960). Skogley (1963) found that in the greenhouse, high rates of CI" in
flue-cured tobacco can reduce the amount of sulfur in the leaves (Skogley, 1963). In cases where
there are high CI- amounts in the soil, additions of gypsum can help to prevent any issues from

having high CI- (Akehurst, 1981).

Justification of Work

Tobacco has enjoyed a rich and colorful history in the United States and it continues to be
an important economic crop for many farmers and their families. According to the 2016 State
Agriculture Review, tobacco remains the top cash crop produced in North Carolina (USDA
NASS, 2018). Flue-cured tobacco is the dominate style of tobacco produced in North Carolina
and other southeastern states. The estimated hectares in 2016 was 85,200 which produces 215
kilograms (Brown and Snell, 2017).

Recommendations are not currently made for growers in North Carolina by Extension

Agents or Extension Specialists for a chloride application to tobacco. While chloride might be
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beneficial to tobacco in small amounts, it is not needed in large quantities. It is estimated in
2015 that 81.5% of tobacco grown in North Carolina was on fumigated land (Vann, 2015). From
these fumigants, flue-cured tobacco should receive the appropriate amount of chloride needed for
a given growing season.

As inputs to produce tobacco continue to increase over the years, growers often look for
opportunities to reduce operating costs. Premium tobacco fertilizers are generally greater in
price than other sources. One of these cheaper forms of potassium is muriate of potash (0-0-60)
which contains approximately 47% chloride. When a grower looks to cut costs, they could be
cutting on the quality of the leaf produced by creating chloride toxicity issues within the cured
leaf.

In the literature, chloride toxicity issues in tobacco production have been researched
significantly in the past. However, the previous research was done on older varieties that are not
as prominent in practice today. Newer varieties are producing higher yields which could lessen
the CI" toxicity symptoms that are so distinct in the past by more easily diluting the high
concentration in the leaves. Since the previous research has been conducted, a shift in nitrogen
recommendations has occurred as well to reflect the increased use of ammonium forms of
nitrogen rather than a complete nitrate nitrogen fertility plan. This increased use of ammonium
nitrogen could lead to an increased uptake of CI- within the leaf. Modern varieties and a change
of production practices from the 1960°s show that further research was needed to evaluate how

precise the current recommendations are.
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ABSTRACT

Research was conducted at one location in 2016 and three locations in 2017 to determine
the effect of chloride (CI") application rate on yield, quality, nutrient content and leaf chemistry
of flue-cured tobacco (Nicotiana tabacum). Treatments included twelve rates of ClI” from a blend
of muriate of potash (0-0-60), with other elements balanced using other fertilizer sources (0, 11,
22, 33, 45, 56, 67, 78, 90, 101, 112 kg Cl/ha). All CI" was applied by hand 10 days after
transplant in furrow in a single band. The same nitrogen source was used across all treatments.
UAN 28% was split applied, first within ten days of transplant and a second application at layby
in a single band, in furrow. Cured leaf yield and quality data were collected and crop value was
determined from yield and USDA grade.

Tissue samples were collected at five different intervals throughout the growing season:
two weeks after treatment, at layby, two weeks after layby, at topping and after curing. Tissue
samples were analyzed for total alkaloid and reducing sugar content at North Carolina State
University, as well as total nitrogen, phosphorus, potassium, magnesium, sulfur and nitrate-
nitrogen. Soil samples were collected prior to transplanting for CI" prior to application. Data were
subjected to an analysis of variance (ANOVA) using the PROC MIXED procedure in SAS ver.
9.4. Treatment means were separated using Fisher’s Protected LSD test at p < 0.05.

While no yield effect was observed with increasing Cl" rates, a reduction in quality was
shown by increased rates of CI- over 78 kg Cl/ha. The chemistry of the leaf was also affected by
increased CI rates in that reducing sugars were increased with higher rates of CI". This shows
that current recommendations for no additional applications of CI™ are needed in tobacco over 33
kg Cl'/ha. There were no consistent trends observed on the effect CI rate on fresh lamina and

midrib and dry lamina and midrib at layby or at flowering. Total N concentration, NOs™N, P and
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Mg were not affected by CI rate in a consistent trend. Potassium concentration was affected by
CI rate at two sampling intervals, however; it was not consistent throughout sampling interval or
at the recommended rate of 34 kg Cl/ha. Sulfur levels were shown to decrease with increasing
levels of CI" at multiple sampling intervals. As CI rates increased, total leaf Cl" increased
consistently. The industry threshold of 1% leaf concentration was met at each growing
environment at different rates ranging from 0 kg Cl/ha to 101 kg Cl/ha. In the cured leaf data,

the threshold was met at 45 kg Cl/ha which is above the current recommended rate.

NOMENCLATURE

Nicotiana tabacumL., tobacco

KEY WORDS

chloride, nutrient concentration,

INTRODUCTION

Tobacco has enjoyed a rich and colorful history in the United States and it continues to be
an important economic crop for many farmers and their families. According to the 2016 State
Agriculture Review, tobacco remains the top cash crop produced in North Carolina (USDA
NASS, 2018). Flue-cured tobacco is the dominate style of tobacco produced in North Carolina
and other southeastern states. The estimated hectares in 2016 was 85,200 which produced 215
kilograms (Brown and Snell, 2017).

Chloride (CI") is an essential plant micronutrient that has been shown to influence the

yield and quality of flue-cured tobacco (Collins and Hawks, 2013, Peedin 1999). The nutrient is
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present in plant tissue as an anion (CI) and generally plays a large role in stomatal regulation
(Chen, 2010). While it is classified as a micronutrient, Cl™ absorption can occur in quantities
more indicative of a macronutrient when high levels of CI™ are available in the soil (Franco-
Navarro, 2016). Typically, ClI" concentrations in plants can range between 0.2 - 2% (Havlin et. al,
2014). Current recommendations limit CI- application to flue-cured tobacco in order to reduce
the negative impacts to leaf yield, quality, chemistry, and smoke sensory that are associated with
over-application of the nutrient.

Chloride has multiple functions within plants including: osmotic adjustments, transport of
nutrients, increases in yield, regulation of enzymes, photosynthesis and disease suppression
(Naeem et. al., 2017). However, the primary function of CI" in most plants is believed to be
related to the balance of ion charge and osmosis (Havlin et al., 2014). Other anions that act as
charge balancers, such as NO3", are too quickly incorporated into the cell as proteins thus
allowing CI" to maintain charge inside of the cell (EImer, 2007)

Chloride is abundant in most soils of the world, as the earth’s crust contains
approximately 0.02-0.05% of the nutrient (Havlin et al., 2014). However, due to the high
leaching ability, CI" is difficult to accurately estimate in most soil systems (Xu et. al., 2000). The
amount of CI" in soils is largely determined by the environment. Areas that are closest to salt
bodies of water or arid climates typically have higher CI soils although irrigation or human
activity can impact low CI" areas (White and Broadley, 2001). There are multiple ways for
chloride to be deposited in soils: atmospheric, irrigation events, and applications of fertilizer or
manure (Xu et. al., 2000). Despite its high leaching ability, it is uncommon to find a CI
deficient soil because of the interaction of chlorine in the atmosphere (Mengel and Kirkby,

2001).
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While plants can assimilate CI” in other ways, the primary route is from the soil
(Heckman, 2007). Movement of ClI"is influenced by water movement through the soil (Chen,
2010). A study by Burns in 1974 showed how evaporation and precipitation can influence anion
movement such as CI. Burns applied CaCl; to plots at 15 cm and then continuously pulled soil
samples from May to October. When rainfall was high, CI moved lower in the soil profile
compared to dry periods, it was pulled through the roots in soil solution to the top (Burns, 1974).
As an anion, CI” does not easily bind to negatively charged clay particles or to organic matter
therefore allowing it to leach easier than other nutrients (White & Broadley, 2001, Mitra, 2015).
Studies conducted in Japan have shown that soil type can influence the amount of chloride
leached out due to rainfall as soils with higher water holding capacity such as volcanic ash soils,
retained the CI" in soil solution rather than it leaching away from the root zone in granite soil
types (Ishizaki & Akiya, 1978). A study done by the University of Georgia in 2010 and 2011
showed that a sandy soil is prone to leaching which gives Georgia tobacco growers the ability to
use fertilizers containing more chloride (Moore, 2011). Managing soil pH can reduce the amount
of CI" taken up by the plant. At basic pH values, CI" is not able to adsorb onto soil particles
resulting in leaching (Xu et. al., 2000). Lower pH values, common in tobacco soils in the US,
can also increase ClI” uptake into the plant (Kirkby and Mengel, 2001).

At lower concentrations, chloride accumulates in the stems but as the absorption rate
increases chloride begins to move to the leaves especially in the lower leaves of tobacco
(Ishizaki and Akiya, 1978).While Akehurst (1981) notes that CI" concentrates in older leaves at
the bottom of flue-cured tobacco, he states that the evidence to support why this occurs is

conflicting and is not entirely known. White and Broadley (2001) suggest that younger tissue
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grows rapidly with low transpiration rates which retains the concentration of ClI" the highest in

the lower, older leaves (White and Broadley, 2001).

Chloride Toxicity

Chloride is considered an essential micronutrient; however, the acceptable tissue
concentration range for most plants is between 0.2-0.4 g kg (Chen, 2010). Plants are
categorized by their tolerance of salt uptake, and flue cured tobacco is not considered to have a
high tolerance for salts such as chloride because of the reduction in quality (Chen, 2010). The
historical symptomology presented itself as thickened leaves with upward curled margins
(Garner, 1930). Other symptoms may include premature yellowing, burning of leaf margins, and
loss of leaves (Mengel and Kirkby, 2001). Further toxicity issues show in the cured leaf in what
is known as the ‘wet dog’ condition, which produces a discolored leaf that is undesirable in
smoke flavor (McCants and Woltz, 1967). Cured leaves have also been documented to produce
uneven coloring or grey colored leaf when treated with excess CI” (Ishizaki and Akiya, 1978;
Garner et. al., 1930). Garner (1930) reported similar observations with as little as 45 kilograms
per hectare (Garner et. al., 1930). Toxicity symptoms are most likely to be observed in sandy
soils as CI” cannot bind to clay soils however, rainfall can affect the amount of chloride available
in the soils (Garner et. al., 1930). When overhead irrigation is used with high CI amounts in the
irrigation water, leaf scorching can occur through absorption of CI" in the leaves (Xu et. al.,

2000).
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Management Practices Impacting Chloride Availability

Multiple crop across varying environments use irrigation as a management practice to
ensure successful yields. Where the irrigation water is coming from and what exactly is in it can
cause issues in plants if the soluble salts, such as CI', are too high. Irrigation can be applied
multiple ways including drip lines, overhead and in furrow depending on the crop and it’s needs.
In-furrow irrigation can accumulate salts between the furrows (Xu et. al., 2000). When drip
irrigation is used, there are several factors that play into the amount of CI" that could become
available including the amount of water applied and the evaporation rate from the soil surface
(Xu et. al., 2000). A South Carolina study examined a variety of irrigation sources including
ponds, wells and streams and showed that for each pound of ClI added through irrigation water,
the overall CI" content in the leaves increased 0.0009% (Peele et. al, 1960). Even as the value of
the crop was not damaged by the increase in CI', there was a decrease in the smoking quality of
the leaf (Peele, et. al, 1960). Irrigation can be a correction tool to manage the amount of Cl" in
the soil as it can redistribute the soluble salts in the soil profile out of the root zone to prevent
toxicity issues from occurring (Xu et. al., 2000).

Another management practice that is commonly used in a variety of crops is the use of
fumigation to control soil borne pathogens. It is common practice for those using gas fumigation
for chloropicrin to be injected into the soil at a depth of at least 6 inches and must be done at
least 14 days before transplanting (Wilhelm, et. al, 1996). A common fumigant used was methyl-
bromide however, use has declined in the United States after the Montreal Protocol was signed in
the late 1980s (USDA ERS, 2003). As the phaseout process of the use the methyl bromide has
gone into effect, the use of chloropicrin and 1,3-dichloropropene in agricultural systems across

the United States has been on the rise (USDA ERS, 2003, EPA 2005). The number one user of
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chloropicrin is tobacco growers in the southeast with tomatoes and strawberries coming in
second and third (EPA, 2005). In tobacco, rates of chloropicrin range from 25 to 75 pounds of
active ingredient per acre (EPA, 2005). The chemical formula for chloropicrin is CCIsNO2 (EPA,
2005). Currently, no recommendations are made for extra CI” applications because of the
majority use of chloropicrin as a fumigant pre-plant (Vann and Inman, 2017). When growers
apply the recommended rates, there should be enough CI applied to maintain the amount needed
in flue-cured tobacco for a yield boost without reaching excess amounts that can cause issue with
quality. It was noted in a 1982 study that the use of fumigation in tobacco can reduce nitrification
and contribute to excess CI" levels in tobacco which further emphasizes the current
recommendations to avoid applying CI to a tobacco crop to prevent that from occurring

(Williams and Miner, 1982).

Chloride Impact on Flue-Cured Tobacco Leaf Chemistry

High amounts of CI" in tobacco has been shown to increase leaf size by regulating leaf
tissue water balance and maintaining turgor pressure which are required by the plant for cell
elongation (Franco-Navarro, 2016, Xu et. al.,2000). Chloride has not been proven to consistently
increase the yield of flue-cured tobacco; however, when high amounts of the nutrient are present
quality may be reduced (Chen, 2010). Chloride is known to increase hygroscopicity within the
plant which can cause the leaves of flue-cured tobacco to dry green and become brittle, cure
improperly and reduce the quality of the leaf (Akehurst, 1981). Chloride’s effect on the burning
characteristics of tobacco has been researched extensively since the late 1800’s. It is
hypothesized that the increased water holding capacity of the leaves results in a poor-quality

burn (McCants and Woltz, 1967). Japan Tobacco Corporation performed an experiment in the
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1970’s to show how the increase of chloride concentration in the leaves decreases the burning
characteristics of flue-cured tobacco. Ishizaki and Akiya found that the lower leaves with higher
CI" levels did not burn as long as the upper leaves with lower CI" levels (Ishizaki & Akiya, 1978).
The current industry threshold CI™ in the leaf is reported at one percent (Flower, 1999). When
the concentration of CI in the leaf reaches higher than 3%-mark, previous research has shown
that it will not maintain combustion (Akehurst, 1981). A publication from the International
Potash Institute cited the following thresholds for CI- within the leaf (Zehler aand Kreipe, 1981):
<1% CI = excellent
1-2% CI = good to satisfactory
2-3% CI = unsatisfactory
>3% = poor
Previous studies by Sierra (1966) have demonstrated that as CI” content increases, there is a
decrease in total alkaloids. Sierra also noted that CI” and reducing sugars have a direct
correlation. As the rate of CI™ increases, the amount of reducing sugars in the leaf increase as
well. It has been indicated throughout the literature that CI™ increases the hygroscopic properties
of the leaves. Sierra hypothesized that as glucose is a reducing sugar and has hygroscopic
properties, this could be a factor in the increasing capacity of the leaves to absorb water vapor.
As CI increases the reducing sugar amounts, it becomes more and more hygroscopic (Sierra,
1966). Other studies have shown that nicotine is not typically influenced by the amount of CI
taken up by the plant (Woltz, Reid and Colwell, 1949).

Nitrogen is the most important and most managed nutrient throughout the entire season
of tobacco production from seedling to final harvest that can have the most influential effects on

the quality and yield of the crop (McCants and Woltz, 1967). The supply of nitrogen must be
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managed properly at the start of the season and mid-season to ensure vigorous growth however it
should be depleted by flowering to begin ripening for harvest (Peedin, 1999). Dependent on what
area tobacco is being produced in and what style determines the amount of nitrogen applied
throughout the season. It is common for flue-cured growers to apply between 50-90 kg/ha of N
to the crop (Peedin, 1999). Growers are typically split applying the targeted rate of N, first 7-10
days after transplant and then secondly, at layby (Vann and Inman, 2017). If too little nitrogen is
applied, the leaves are thin and pale in color while if there is excess nitrogen, it can delay
harvesting and result in a poor quality cured leaf (Vann and Inman, 2017).

Chloride and NO3™ are both monovalent anions that can be transported along similar
routes on carrier protein channels through the plant while also serving a charge balance function
for the plant, so it has been well researched that these two ions compete (Li and Tester, 2017).
The competition between CI” and NO3™ has been researched and this competition appears to be
stronger in crops that are more sensitive to salt injury, such as tobacco (Xu et. al., 2000). As the
pH of soils becomes more acidic, Cl” can begin to slow nitrification of ammonium fertilizers and
inhibit nitrification of nitrate-nitrogen fertilizer (Xu et. al., 2000). Studies conducted in the last
fifty years have shown that the use of ammonium nitrogen can increase chloride uptake while
high amounts of NO3* decrease the amount of CI- taken up (Peedin, 1999, Xu et. al., 2000).
Collins and Hawks (1993) reported CI toxicity in field and greenhouse trials fertilized with
ammonium N sources. In the same study, when nitrate nitrogen was used, CI" accumulation was
measured but toxicity symptoms were not observed (Collins and Hawks, 1993).

Further evaluations by Skogley (1962) demonstrated that the form of nitrogen applied can
affect Cl assimilation. The study was conducted in sterilized greenhouse over a 32-day duration

with the end result confirming that when ammonium is applied, CI- abnormalities are shown in
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higher percentages relative to when nitrate-nitrogen is applied (Skogley, 1962). This interaction
may also impact how other nutrients are assimilated into the plant, as it was also reported that K,
Ca, Mg, N and P were taken up in smaller quantity when NH4* was the applied form of nitrogen
(Skogley, 1962). This observation was also reported by Sierra (1966) who showed that as the CI
rate increases there is a reduction in sulfur concentration in the leaf tissue. Sierra (1966) also
reported that potassium and CI" are inversely related.

Research conducted in burley tobacco systems reports similar findings. Fuqua et al.
(1974) report strong competition between nitrate and Cl assimilation. After growing tobacco for
different lengths of time under field conditions, it was hypothesized that the competition for
nutrient absorption occurs in the plant cell at the ion sites rather than in the soil during uptake
(Fuqua, Leggett & Sims, 1974). A previous study in Kentucky also reported that when NH4" and
NOs" were used as nitrogen sources, chloride in the leaf was higher in the presence of ammonium
(Evans & Weeks, 1947).

Research conducted by Warren (1990) demonstrated the use of four different forms of
nitrogen and four CI" rates to examine the interaction between nitrogen form and ClI application
rate (Warren ,1990). It was concluded NH4* can increase CI toxicity as opposed to NO3™ forms
however, the form of nitrogen should not impact the cured leaf concentrations of ClI” since
nitrification should be complete 4-6 weeks after application (Warren, 1990).

In recent years, urea has become a more prevalent source of nitrogen for flue-cured
tobacco farmers. It can be an attractive nitrogen source because it is typically low in cost and has
a higher N content (Williams and Miner, 1982). It was previously considered a poor choice as a
N source in tobacco because of the assumed negative interactions with ammonium sources of

nitrogen and the high rates of CI" that can result (Williams and Miner, 1982). A study by
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Williams and Miner (1982) showed that urea can be equivalent to NaNO3 in sandy, well-drained

soils such as those in eastern North Carolina.

Other Nutrient Interactions

Chloride has shown very little researched direct effects on the uptake of phosphorus
however, the effects on NOs™ can impact how the plant takes up phosphorus but it is hard to
document (Xu et. al., 2000). Corbett and Gausman (1960) also found it hard to document the
effect ClI" rate had on the uptake of phosphorus within the plant. Past studies have shown little to
no effect of CI- amounts to the potassium concentrations across multiple crops including peanut
and wheat, however, in flue-cured tobacco, there is estimated to be a relationship (Xu et. al.,
2000, Akehurst, 1981). Akehurst (1981) suggests that applying K* in over adequate amounts can
reduce the amount of CI" that is available for the plant to take up. Calcium is believed to
influence the distribution of CI- in the plant. When high levels of Ca?* accumulate, it increases
CI" at the roots while decreasing the amount being transported to the leaves (Xu et. al., 2000). It
is believed that while CI” can increase the amount of Ca* taken up, it does this while
outcompeting K* which could result in a deficiency (Zephler et. al., 1981). Research conducted
on wheat showed that even though additional applications of calcium fertilizer were not made,
the use of CI" in CaCl, fertilizers increased the amount of calcium taken up suggesting that CI°
does increase the uptake of Ca* (Koenig and Pan, 1996). A study done in the 1950s in potatoes
showed that as rates of CI" increased, sulfate uptake and concentrations in the plant decreased
(Corbett and Gausman, 1960). Skogley (1963) found that in the greenhouse, high rates of ClI™ in

flue-cured tobacco can reduce the amount of sulfur in the leaves (Skogley, 1963). In cases where
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there is high CI- amounts in the soil, additions of gypsum can help to prevent any issues from

having high CI- (Akehurst, 1981).

Justification of Work

While chloride might be beneficial to tobacco in small amounts, it is not needed in large
quantities and a standard recommendation for Cl application to tobacco soils in NC is not needed
for several reasons. First, muriate of potash is a common fertilizer source in most crops rotated
with tobacco and will provide residual levels of Cl is subsequent years. Secondly, it was
estimated in 2015 that 81.5% of tobacco grown in North Carolina was on fumigated land (Vann,
2015) which could provide up to 10-15 kg/ha of CI. The least expensive source of potassium in
agronomic crops in NC is muriate of potash and tobacco growers typically apply 120-200 kg
K20 per hectare. Growers may consider using limited amounts of muriate of potash to save
money compared to sulfate of potash or potassium-magnesium sulfate. Therefore, the current
production recommendation in NC is not for a required amount of Cl to be applied annual to a
tobacco crop, but that the total amount of Cl applied should not exceed 35 kg Cl/ha if Cl is
applied.

In the literature, chloride toxicity issues in tobacco production have been researched
significantly in the past. However, the previous research was conducted with older varieties not
planted today. Newer varieties yield higher and may be able to dilute Cl over a greater leaf mass.
In addition, since the previous research was conducted, many growers have begun using a larger
percentage of their total N applied in the ammonium form compared to nitrate. The increased
use of ammonium nitrogen could lead to an increased uptake of CI". Modern varieties and a

change of production practices from the 1960’s show that further research is needed to evaluate
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Cl application recommendation in flue-cured tobacco. The objective of this study was to quantify
the effects of varying Cl application rates on flue-cured tobacco yield, quality, value, leaf

chemistry, and elemental content.

METHODS AND MATERIALS

Site and Experimental Design

A field experiment was initiated to quantify the impact of ClI™ application to flue-cured
tobacco. Field sites were at the Lower Coastal Plain Research Station near Kinston, NC in 2016
and 2017 and at the Upper Coastal Plain Research Station (UCPRS) near Rocky Mount, NC and
the Oxford Tobacco Research Station (OTRS) located in Oxford, NC in 2017. The UCPRS was
not fumigated prior to transplanting while LCPRS was in the spring and OTRS was in the
previous fall. Soil series and taxonomic classification, pH, nutrient content, and organic matter
varied based upon environment and are presented in Table 1. Soil samples were collected from
each field site prior to transplanting at 0-15 centimeters and 15-30 centimeters and analyzed at
Waters Agricultural Labs in Warsaw, North Carolina using the Mehlich-1 method. Monthly and
cumulative precipitation are found in Table 2 for each environment. Tobacco at all sites was
produced according to North Carolina Cooperative Extension recommendations (Fisher, 2016),
with the exception of treatments imposed.

Treatments were replicated four times in each environment in a randomized complete
block design. Individual plots contained four treated rows, each 4.47 m wide by 13.7 m long at

the LCPRS and 4.88 m wide by 13.7 m long at the UCPRS and OTRS. The center two rows of
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each plot were used for data collection and harvest. The flue-cured tobacco cultivar ‘NC 196’

was produced in all environments. Planting density was 14,820 plants/ha.

Description of Treatments

Eleven CI" application rates were evaluated. Application rates ranged from 0 to 112 kg
applied Cl/ha, with application rates increasing in 11.2 kg/ha intervals. Each CI application
program consisted of a blend containing potassium chloride (Muriate of Potash, 0-0-60),
potassium sulfate (0-0-50), and calcium sulfate (gypsum) to ensure equal application rates of
potassium and sulfate within each program. A complete list of treatments and blend proportions
can be found in Table 3. Nitrogen was supplied from liquid 28% urea-ammonium-nitrate®
(UAN), which was equally split between two applications 10 days after transplanting and at
layby (when plant height was approximately 38 cm). Nitrogen application rates varied by
growing environment, with the LCPRS receiving 85 kg N/ha, the UCPRS receiving 92 kg N/ha,

and the OTRS receiving 80 kg N/ha.

Field Operations

Chloride percentage in Muriate of Potash®, as indicated by the manufacturer, was used to
calculate the total quantity of material applied within each treatment. Each application rate was
applied by hand, sidedress 10 days after transplanting and was placed into an open furrow
measuring 12 cm away from the row ridge to a depth of 12 cm. The first application of liquid
UAN was delivered immediately following CI™ application. The second liquid UAN application
was delivered approximately four to five weeks later, at the layby stage of crop growth.

Applications of UAN were delivered with a CO2-pressurized backpack sprayer containing a
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single TG-3 full-cone nozzle at an operating pressure range of 100 to 125 kPa. Premeasured CI°
rates were applied uniformly, by hand to the open furrows. Dates for transplanting and nutrient

application are found in Table 4.

Data Collection

Leaf nutrient concentration was quantified at five intervals within each growing season:
two weeks following CI™ application, layby, two weeks following layby, at flowering (when plant
height was approximately 120 cm approximately 65 days after transplanting), and after curing.
Dates for sampling events are listed in Table 4. Within the first three intervals, green leaf
samples were collected from the fourth leaf below the apical meristem of five randomly chosen
plants within the center two rows of each plot. After the flower was removed, samples were
collected from the upper most leaf of five random plants within each plot. Leaf dimensions for
each sampling interval were approximately 10 cm in width and 15 cm in length. After curing,
five leaves were sampled from the leaves representing the uppermost stalk position. Following
each sampling event, leaves were dried at 65°C for 72 hours and then ground to <80-mesh.
Tissue sampling dates are presented in Table 5. Ground samples were subsequently analyzed by
the North Carolina Department of Agriculture and Consumer Services to quantify total nitrogen,
phosphorus, potassium, magnesium, sulfur, chloride, and nitrate-N concentration. Analytical
procedures are outlined in the North Carolina Department of Agriculture and Consumer
Service’s Agronomic Division Plant Analysis Methodology (NCDA&CS, 2015).

In the second year of the study, additional data collection was added showing mass
weights taken in 2017 growing environments. Leaf lamina and midrib mass were also quantified

at two sampling intervals, layby and flowering, in order to determine leaf and midrib moisture
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content. Fresh tissue samples collected within these intervals were de-stemmed and then the
lamina and midrib were immediately weighed. Samples were subsequently re-weighed at the
completion of the drying cycle.

Plots were harvested four times in each growing environment and leaves were cured in a
forced-air bulk curing barn. After curing, leaves were weighed to quantify yield and assigned as
USDA government grade. Each government grade is associated with a numerical grade index
value ranging from 1 to 100 that describes leaf maturity and ripeness (Bowman et al., 1988). In
addition, each grade index has an associated price indices that was used to quantify crop value
(Fisher and Vann, 2017). Fifty-gram weighted composite cured leaf samples were also collected
from each treatment for analysis of total alkaloids and reducing sugar concentrations using the

methods of Davis (1976).

Data Analysis

Analysis of variance was conducted using the PROC MIXED procedure in SAS version
9.4° to test the effects of Cl- application rate to the yield, quality, value, leaf nutrient
concentration, cured leaf chemistry, and leaf hygroscopic properties. Within each analysis, CI
application rate was considered to be a fixed factor, while environment and replication were
considered as random factors. Treatment means were reported using least means squares.
Means were separated using Fisher’s Protected LSD at P < 0.05. Data were combined over

locations where appropriate based on the ANOVA (Table 9).
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RESULTS & DISCUSSION
Data were pooled over environments when possible except in cases of statistical

significance, it was sorted by individual growing environment.

Physical Characteristics, Chemical Characteristics and Crop Value

Midrib and Lamina Mass. At layby, the lamina collected showed an effect of CI" rates
from 0 to 112 kg Cl'/ha at fresh weights however, after drying, no significant differences were
observed (Table 7). The difference between the fresh and dry lamina weight tended to increase
with increasing chloride rate but results were not consistent or significant. The midrib samples
collected showed no affect to CI" rates from 0 to 112 kg Cl/ha in fresh samples however, after
drying significant differences were also observed but not consistent (Table 7). The difference
from fresh to dry was not affected by CI" rates. At flowering samples of fresh leaf lamina and
midrib mass, showed no significance to CI rates from 0 to 112 kg Cl/ha (Table 8).

Yield. Cured leaf yield was not affected by rates of CI" from 0 to 112 kg/ha (Tables 9).

Grade Index. Cured leaf quality was affected by increasing rates of ClI". As the rate of CI
increased, the quality of the leaf began to decrease. Chloride rates of 78 kg Cl'/ha and higher
reduced quality in pooled data, when compared to the 0 kg Cl/ha treatment, but not compared to
a recommended rate of 33 kg Cl/ha. Even though visual estimates of quality were not affected
before 78 kg Cl/ha was applied, additional negative impacts may have been present. Past
research has shown that high rates of CI" in the cured leaf present a ‘wet dog’ smell and off

coloring (Peedin, 1999) (Table 9
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Crop Value. Value was unaffected by CI" rates from 0 to 112 kg/ha. (Table 9) This was to
be expected as previous work has shown no added value from applying excess chloride and
quality was not reduced enough to limit value (Skogley, 1963, Warren 1990).

Total Alkaloids. Total alkaloid concentration in cured leaves was not affected by CI  rate
(Table 9). Past research has shown that CI™ does not typically affect nicotine levels in the cured
leaves (Peedin, 1999).

Reducing Sugars. Reducing sugars data were reported by individual environment because
of significant interaction with environment. Reducing sugars content at UCPRS-17 was affected
by CI rate. As the rate of Cl" increased from 0 to 112 kg Cl/ha, there was a trend for increasing
sugar content at UCPRS-17. The other three locations were not affected by CI" rates from 0 to

112 kg Cl/ha (Table 10).

Soil Analysis

Soil Analysis. Soil samples were taken from each growing environment prior to
transplanting from 0 to 15 cm and from 15 to 30 cm. Soil samples were not statistically analyzed
because they were a composite sample across the research area. There was some variability
noticed in the soil reports (Table 1). At the OTRS in 2017, abnormally high CI- was found in the
0-15 cm soil test. The LCPRS in 2017 showed high rates of calcium and phosphorus throughout
the soil profile (Table 1). This variability across environments can ultimately have an effect on
how CI" is taken up and made available to the plant. There were slight variations in
recommendations for P2Os as well as K2O however, no recommendations were made for

micronutrients. The previous crop at all growing environments was corn. In fertility programs for
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each site, micronutrients applied at rates that were not limiting to plant growth and regardless of

soil background levels (Table 3).

Leaf Nutrient Content

Total Nitrogen. No difference was observed in leaf total nitrogen content among CI rates
at flowering or before. Differences at curing were not agronomically significant and did not
show a consistent trend. From treatment until two weeks after layby, total nitrogen gradually
increases in the leaves until at flowering when nitrogen begins to deplete to ripen for first harvest
(Table 11). Flue-cured tobacco should have accumulated 50% of the total nitrogen by the fifth
week after transplant (Raper and McCants, 1966).

Nitrate-Nitrogen. Nitrate nitrogen content in leaves was not affected by CI rates except at
the layby sampling interval and at one location in 2017 (UCPRS) and at the 2WAL sampling
date. There was a general trend of a decrease in the concentration of nitrate-nitrogen in the leaves
which is expected as the plant grows throughout the season (Table 12). At layby, there was a
trend for lower nitrate levels in the leaf, but the only difference was observed with the 112 kg CI
/ha rate compared to most other rates. When separated by environment (Table 13), the only
location to be affected by CI rate at 2 weeks after layby was the UCPRS in 2017, but results
were not consistent and few differences from the recommended rate of CI". 112 kg/ha CI
reduced nitrate nitrogen concentration compared to the 0 kg/ha rate but not compared to the
recommended rate of 33 kg Cl/ha, similar to results at layby.

Phosphorus. Phosphorus was not affected by CI rates from 0 to 112 kg Cl/ha throughout
the season as shown in Table 14. Past research by Skogley (1963) has shown that CI could

decrease the amount of phosphorus taken up however, this was not observed in our trials.
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Skogley’s research was conducted using NO3™ as the nitrogen source while this research used
NH4" in the form of UAN as the nitrogen source (Skogley, 1963).

Potassium. Potassium was affected by CI rates from 0 to 112 kg Cl/ha at the 2 Weeks
After Treatment sampling interval and again at the 2 Weeks after Layby interval (Table 15).
Both timings were two weeks after a nitrogen application had been made. Only the 112 kg/ha CI
treatment increased potassium levels at 2WAT, but decreased potassium levels at 2WAL. Few
other consistent effects were observed relative to other CI rates.

Magnesium. Chloride rates from 0 to 112 kg Cl/ha affected magnesium content at the 2
weeks after layby interval as well as the cured leaf interval (Table 16). Trends not consistent
across CI" rates nor were differences agronomically significant.

Sulfur. Leaf sulfur levels were affected by CI" rates from 0 to 112 kg Cl/ha at all five
sampling intervals (Table 17,18,19). Sulfur levels decreased with increasing CI" rates compared
to the 0 kg Cl/ha at 22 kg/ha CI™ and higher rates at 2WAT. The same trend was observed at
2WAL and after flowering in the pooled data. At layby, the same trend was at two of the four
environments and in cured leaf at three of the four environments. Chloride has been shown the
decrease accumulation of sulfur in the plant by anion competition especially when NO3™ is used
as a nitrogen source (Skogley, 1963).

Chloride. Leaf chloride levels increased with increasing CI  rate at three of four
environments at two weeks after treatment (Table 20). The industry threshold of of 1% in cured
leaf was reached at 101 kg Cl/ha, 11 kg Cl/ha, 34 kg Cl/ha and 0 kg Cl'/ha at LCPRS 2016 and
2017, UCPRS 2017 and OTRS 2017, respectively. In the pooled data, CI" levels increased with

increasing CI levels at layby, 2WAL, and at flowering. However, cured leaf levels did not reach
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the industry threshold until 45 kg/ha CI" was applied which is above the recommended rate for

flue-cured tobacco (Tale 21).

CONCLUSION

Increasing rates of CI had no effect on the yield, value or total alkaloids. A similar study
in 1991 by Warren showed similar yields at the same rates of Cl™ applied here with the highest
yields occurring at 37 kg Cl'/ha (Warren, 1991). High rates of CI" did have adverse effects on the
quality of the cured leaf. Research shows that current recommendations are correct for growing
conditions in both sandy loam soils as well as clay loam soils. Soil texture and class could impact
how easily the CI" leaches from the soil and away from the root zone as CI- does not bind easily
to clay particles. Sandy loam locations with coarse textured soils have low cation exchange
capacity therefore leaching can occur during heavy rainfall especially in the case of CI” which is
moved through the soil profile by water. This is shown in 2016 data in which heavy rainfalls
were recorded (Table 2). Early season rainfall was higher than average for North Carolina at all
four locations in April and May which could have contributed to a lack of symptoms shown. In
years with below average rainfall, Cl" can potentially boost yields by increasing water uptake in
the plant however, without leaching of nutrients, toxicity symptoms in the cured leaf are more
likely to show up. The Oxford Tobacco Research Station was the only growing environment in
the Piedmont of North Carolina with Appling, clayey soils. This location also had the highest
amount of CI" prior to transplanting which translates into the data as shown as early was 2 Weeks
after Treatment when total Cl concentration is twice as high in Oxford as the other environments

and is consistently higher throughout the sampling intervals. Oxford also had the highest cation
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exchange capacity of the other locations, which is to be expected of a clay soil type. Chloride
would not be leached as easily in Oxford as it would in other locations.

Past studies have shown that excess rates of Cl" have caused detrimental effects in the
cured leaf in regard to quality. In this study, that was confirmed however, it is of interest to note
that the classic symptomology of CI toxicity was never shown physically. While the data show
that CI" concentration in the leaf reached that 1% threshold mentioned earlier, as early as 2 weeks
after treatment, no clues were given that the plant was taking up excess CI". This can become an
issue for growers who are not tissue sampling to understand the nutrient content of the leaf. It is
also important to show to growers that visual symptoms of a nutrient issue are not always
correct. Other nutrients that were sampled and analyzed throughout the season showed little
similarities to the way CI- was taken up in the plant. Chloride generally increased in
concentration throughout the season while potassium and magnesium decreased. Nitrogen and
phosphorus generally increased, peaked at 2 Weeks after Layby then began to decrease in
concentration.

Overall, as fertility recommendations are made for producers, they should continue to
exclude CI" applications to maintain high quality standards. While there is potential to cut input
costs by using cheaper sources of potassium, it is not worth the risk of reducing the quality and

potentially value of the cured leaf in the long run.
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SOURCES OF MATERIALS
INC 196, Goldleaf Seed Company, Hartsville, South Carolina 29550
2Cal-Nitrate, Yara North America, Tampa, Florida 33602
3UAN (28%), Crop Production Services, Loveland, Colorado, 80538
*Ammonium sulfate, Crop Production Services, Loveland, Colorado, 80538
SAmmonium nitrate, Meherrin Fertilizer, Severn, North Carolina 27853
SPotassium Sulfate, Meherrin Fertilizer, Severn, North Carolina 27853
"Gypsum, Crop Production Services, Loveland, Colorado, 80538
8Muriate of Potash, Crop Production Services, Loveland, Colorado, 80538

SSAS version 9.4, SAS Institute, Inc., Cary, North Carolina, 27513-2414
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Table 1. Field conditions at each growing location

Location cm LCPRS-161 LCPRS-17¢ OTRS-172 UCPRS-173
Soil series Norfolk Norfolk Appling Norfolk
Taxonomic Fine-loamy Fine-loamy Fine_, . Fine-loamy
class kaolinitic
CEC 0-15 2.8 2.4 3.8 2.4
(meg/100cm®) - 15.30 5.8 2.5 3.1 23
Organic 0-15 0.4 0.47 0.72 0.46
Matter (%) 1539 0.48 0.55 0.58 0.43

0-15 6.3 6 5.8 6
pH

15-30 5.7 6 5.6 5.8

---------------------- kg/ha----- mmmmmmmeees

0-15 85 369 218 116
P

15-30 104 443 187 107

0-15 31 120 229 151
K

15-30 45 136 141 142
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Table 1. (continued)

0-15
Ca

15-30

0-15
Mg

15-30

0-15
Cl

15-30

62

42

28

20

18

506

533

99

105

0.017

0.013

818

661

236

180

82

0.018

590

575

71

80

27

!LCPRS-16 Kinston, NC
20TRS-17 Oxford, NC
3UCPRS-17 Rocky Mount, NC
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Table 2. Rainfall by month at each location

Month LCPRS-16? LCPRS-17* OTRS-172 UCPRS-173
_________________ o T

April 7.2 23.7 19.5 16.5
May 14.2 11.4 13.9 125
June 11 10.9 13.9 12.2
July 16.1 9 4.1 151
August 104 8.2 8.9 17.6
September 30.7 11.2 6 7.6
October 27.2 7.4 9.5 8.7
Total 116.8 81.8 75.8 90.2

!LCPRS-16 Kinston, NC
2 OTRS-17 Oxford, NC
3 UCPRS-17 Rocky Mount, NC

State climate office of north carolina-CRONOS database. 2018. Retrieved January 25, 2018, from
http://www.nc-climate.ncsu.edu/cronos
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Table 3. Amounts of CI-, K20 and SO:2 by source and total per hectare.

r(;'lc-e Muriate of Potash Potassium Sulfate Calcium Sulfate Total
KU kgha  Cl KO Kgha K20 kgha SO Cl KO SO&
-------------------------------------------------- kg/ha't LR
0 0 0 0 336 168 0 0 0 168 60
11 25 11 15 305 153 30 5 11 168 60
99 50 22 30 276 138 60 11 22 168 60
33 75 33 45 246 123 90 16 33 168 60
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Table 3. (continued)

45

56

67

78

89

101

112

100

124

150

174

200

224

249

45

56

67

78

90

101

112

60

75

90

105

120

134

150

216

187

157

127

97

67

37

108

93

78

64

48

34

19

120

149

179

209

239

269

300

22

27

32

38

43

48

54

45

56

67

78

89

101

112

168

168

168

168

168

168

168

60

60

60

60

60

60

60
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Table 4. Relevant dates for all experiments.

Action

LCPRS-16!

LCPRS-172

UCPRS-173

OTRS-174

Transplant

10 DAT®
Application

2 Weeks after
CI
Application®
Leaf Sample
Layby N
Application &
Leaf Sample

2 Weeks After
Layby’
Leaf Sample

AT?
Leaf Sample

April 21,2016

April 29, 2016

May 16, 2016

May 25, 2016

June 13, 2016

June 29, 2016

April 20, 2017

May 2, 2017

May 15, 2017

June 6, 2017

June 22, 2017

July 10, 2017

April 20, 2017

May 4, 2017

May 18, 2017

June 15, 2017

June 30, 2017

July 18, 2017

May 18, 2017

May 30, 2017

June 13, 2017

June 28, 2017

July 14, 2017

July 27, 2017

1 Lower Coastal Plain Research Station, Kinston, NC 2016
2 Lower Coastal Plain Research Station Kinston, NC 2017
3 Upper Coastal Plain Research Station, Rocky Mount, NC 2017

4 Oxford Tobacco Research Station, Oxford, NC 2017

® 10 Days After Transplant
62 Weeks After Treatment
2 Weeks After Layby

8 At Flowering
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Table 5. Analysis of variance of leaf nitrogen, nitrate, phosphorus, potassium,
magnesium, sulfur, and chloride concentration resulting from chloride fertilizer

59

application.
Variable Environment x Rate Environment Rate
Total Nitrogen P>F
2WAT ns? 0.001 ns
AL ns <.001 ns
2WAL ns 0.009 ns
At Flowering ns <.001 ns
After Curing ns <.001 0.008
Nitrate
2WAT ns <.001 ns
AL ns <.001 0.012
2WAL 0.049 <.001 ns
At Flowering ns <.001 ns
After Curing ns 0.025 ns
Phosphorus
2WAT ns 0.007 ns
AL ns 0.003 ns
2WAL ns 0.003 ns
At Flowering ns <.001 ns
After Curing ns <.001 ns
Potassium
2WAT ns <.001 0.032
AL ns <.001 ns
2WAL ns <.001 0.036
At Flowering ns <.001 ns
After Curing ns <.001 ns
Magnesium
2WAT ns <.001 ns
AL ns 0.004 ns
2WAL ns <.001 <.001
At Flowering ns <.001 ns
After Curing ns <.001 0.002
Sulfur
2WAT ns 0.004 0.008
AL 0.007 <.001 0.007
2WAL ns 0.008 <.001
At Flowering ns <.001 <.001



Table 5. (continued)

After Curing 0.019
Chloride
2WAT 0.008
AL ns
2WAL ns
At Flowering ns
After Curing ns

ns

<.001
<.001
<.001
<.001
<.001

0.008

<.001
<.001
<.001
<.001
<.001

%ns; not significant at the a=0.05 level.
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Table 6. Analysis of variance of lamina and stem mass at layby and at flowering, cured
leaf yield, quality, value, total alkaloid concentration, and reducing sugar concentration
resulting from chloride fertilizer application.

Environment *

Variable Environment Rate

Rate

P>F

Layby
Green Lamina ns? ns 0.013
Mass
Dry Lamina Mass  ns 0.004 ns
Lamina Mass
Difference ns ns 0.043
Green Midrib Mass ns ns ns
Dry Midrib Mass ns ns 0.015
Midrib Mass ns ns ns
Difference
At Flowering
Green Lamina

ns ns ns
Mass
Dry Lamina Mass  ns ns ns
Lamina Mass ns ns ns
Difference
Green Midrib Mass ns ns ns
Dry Midrib Mass ns ns ns
Midrib Mass ns ns ns
Difference
Yield ns 0.004 ns
Quality ns 0.001 0.029
Value ns 0.008 ns
Total Alkaloids ns <.001 ns
Reducing Sugars 0.001 <.001 ns

%ns; not significant at the a=0.05 level.
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Table 7. Fresh and dry mass of leaf lamina and midrib at the layby® stage of crop growth as influenced by chloride (CI")
application rate®.

Cl Rate Lamina Midrib
kg ha' Fresh Dry Difference Fresh Dry Difference
grams 5 leaves?
0 18.88 d 4.21a 14.89 c 24.68 a 1.97 a-c 22.70 a
11 21.09 bc 4,12 a 16.98 a-c 24.43 a 1.93 bc 22.49 a
22 22.01 a-c 431a 17.70 ab 2493 a 1.92 bc 23.01a
34 20.98 bc 4.18 a 16.05 bc 25.80 a 1.99 a-c 23.81a
45 23.61 a 4.26 a 19.34 a 25.52 a 2.00 a-c 23.58 a
56 22.50 a-c 4.64 a 18.09 ab 26.76 a 2.16 ab 24.60 a
67 22.89 ab 433 a 18.56 ab 2712 a 221a 2491 a
78 20.70 cd 3.94 a 16.76 bc 22.04 a 1.64d 20.32a
90 21.72 a-c 4.02 a 18.06 ab 26.19a 2.02 a-c 24.16 a
101 22.23 a-C 4.30a 17.68 ab 24,76 a 2.00 a-c 22.75a
112 20.73 cd 3.92a 16.82 a-c 24.13 a 1.90c 22.23 a

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b |_ayby; plant height was approximately 36 cm.
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Table 8. Fresh and dry mass of leaf lamina and midrib at the floweringP® stage of crop growth as influenced by chloride (CI-)
application rate®.

Cl Rate Lamina Midrib
kg ha' Fresh Dry Difference Fresh Dry Difference
grams 5 leaves?
0 41.55 a 10.21a 31.33 a 3453 a 3.92a 30.62 a
11 43.38 a 10.09 a 33.29a 34.64 a 3.84a 30.80a
22 4411 a 10.25a 33.01a 34.92 a 3.97a 30.95a
34 43.65 a 10.30 a 33.35a 35.23 a 3.67a 31.29a
45 47.04 a 11.24a 35.81la 38.74 a 4.30a 3444 a
56 45.76 a 1121 a 35.54 a 38.23 a 4.18a 34.05a
67 41.21 a 9.47a 31.75a 36.74 a 4.15a 32.59a
78 4243 a 10.12 a 32.31a 36.05 a 3.65a 32.16a
90 48.27 a 11.01a 37.26 a 39.36 a 415a 35.21a
101 33.68a 7.92a 25.76 a 28.27 a 3.06 a 25.21 a
112 44,70 a 10.52 a 34.18 a 36.31a 3.88 a 3243 a

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b At Flowering; plant height was approximately 120 cm.
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Table 9. Tobacco yield, quality, value, and total alkaloid concentration as influenced
By chloride (CI") application rate®.

. . Total

Cl Rate Yield Quality Value Alkaloids

kg ha! kg ha! $ hat %

0 3,103 a 71.6a 9,951a 23la
11 3,005 a 70.3 ab 9,581 a 2.26a
22 3,098 a 66.6 b-d 9,151a 2.35a
34 3,198 a 68.9 a-c 9,836 a 217 a
45 3,376 a 68.8 a-d 10,073 a 2.26a
56 3,090 a 70.0 ab 9,797 a 2.20 a
67 3,267 a 67.7 a-d 9,863 a 2.20 a
78 3,213 a 64.4 d 8911a 2.16a
90 3,190 a 65.3 cd 9,248 a 2.22 a
101 3,263 a 64.9 cd 9,241 a 2.27a
112 3,109 a 66.8 b-d 9,215a 2.19 a

@ Treatment means followed by the same letter within the same column are not significantly
different at the 0=0.05 level.
b Quality is assessed on a scale of 1-100, with 100 being of the highest quality.
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Table 10. Cured leaf reducing sugar concentration as influenced by chloride (CI")
application rate at each growing environment?.
Cl Rate LCPRSP2016 LCPRS2017 UCPRS®2017 OTRSHY 2017

kg hat %

0 22.21a 17.10 a 16.53 f 15.90 a
11 21.26 a 17.85a 18.96 e 13.50 a
22 22.59 a 17.65a 18.70 de 13.63a
34 23.72 a 18.23 a 20.80 bc 13.28 a
45 23.57 a 18.98 a 19.08 de 13.80 a
56 22.69 a 18.60 a 20.43 cd 15.50 a
67 22.70 a 17.08 a 21.78 a-c 13.40 a
78 22.39 a 18.95a 21.28 bc 15.75a
90 21.82a 16.09 a 22.20 ab 15.38 a
101 22.72 a 17.42 a 20.48 cd 13.70 a
112 22.68 a 19.00 a 23.03 a 15.09 a

P>F ns ns <.001 ns

4 Treatment means followed by the same letter within the same column are not significantly
different at the a=0.05 level.

b|_ CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ UCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.

d0TRS; Oxford Tobacco Research Station in Oxford, NC.
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Table 11. Total leaf nitrogen concentration two weeks after treatment, at layby, two
weeks after layby, at flowering, and after curing as influenced by chloride (CI")
application rate?.

CI

Rat 2 WATP Layby¢ 2 WAL At Flowering®  After Curingf
h'f,f_l %
0 4.36 a 5.27 a 5.70 a 3.91a 2.23 bc
11 4.45 a 5.38 a 5.68 a 3.99a 240 a
22 4.68 a 5.52 a 571la 3.95a 241 a
34 433 a 5.54 a 5.70 a 3.83a 2.18¢c
45 452 a 541a 5.70 a 3.97a 2.37 ab
56 441 a 5.58 a 571 a 3.97 a 2.23¢C
67 4.58 a 5.43 a 5.84 a 3.61a 2.30 a-c
78 443 a 541 a 5.52 a 3.98 a 2.27 a-Cc
90 459 a 5.30 a 5.50 a 3.82a 2.29 a-c
101 441 a 5.21 a 5.70 a 4.09 a 241 a
112 439 a 5.35a 5.67 a 3.94a 217¢c

4 Treatment means followed by the same letter within the same column are not significantly
different at the a=0.05 level.

b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

f After Curing; samples collected from tip leaf stalk position.
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Table 12. Leaf nitrate-nitrogen concentration two weeks after treatment, at layby, two
weeks after layby, at flowering, and after curing as influenced by chloride (CI") application
rated.

CI

Rate 2 WATP Layby® 2 WAL At Flowering® After Curing'
kg ppm
hal -

0 3,389 a 1,389 a -9 403 a 40a
11 3,443 a 1,341 a - 435 a 52 a
22 3,756 a 1,259 ab - 451 a 46 a
34 2,882 a 1,180 a-c - 404 a 42 a
45 3,171 a 1,239 ab - 424 a 58 a
56 2,856 a 1,215 ab - 352 a 44 a
67 3,216 a 1,256 ab - 306 a 47 a
78 2,954 a 1,284 a - 296 a 51a
90 2,616 a 1,042 bc - 334 a 40 a
101 2,876 a 1,194 ab - 315a 54 a
112 2,869 a 962 c - 319a 41 a

@ Treatment means followed by the same letter within the same column are not significantly
different at the 0=0.05 level.

b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

f After Curing; samples collected from tip leaf stalk position.

9 Data excluded due to treatment x environment interaction.
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Table 13. Leaf nitrate-nitrogen concentration two weeks after layby as influenced
by chloride (CI") application rate at each growing environments.?

cr LCPRSP LCPRS UCPRS® OTRS!

Rate 2016 2017 2017 2017
K

ot ppm

0 494 a 291 a 2,210 a 2,453 a

11 382a 157 a 1’2%5 b- 3,715a
22 628 a 350 a 1’3%7 b- 3,203 a
34 737 a 168 a 1,828 ab 3,088 a
45 601 a 293 a 1’4%5 a 3,408 a
56 303a 287 a 1’23&4 b- 3273 a
67 479 a 255 a 777 cd 3,598 a
78 299 a 313a 1’1%2 b- 2.908 a
90 179 a 183 a 1’422 a 2,930 a
101 270 a 278 a 1’52C3 a 3,275
112 204 a 259 a 725 d 3,108 a

P>F ns ns 0.032 ns

4 Treatment means followed by the same letter within the same column are not
significantly different at the a=0.05 level.

b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ UCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
d0TRS; Oxford Tobacco Research Station in Oxford, NC.
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Table 14. Leaf phosphorus concentration two weeks after treatment, at layby, two weeks after layby, at flowering, and
after curing as influenced by chloride (CI") application rate®.

Rc;It-e 2 WATD Layby® 2 WALY FIOW’ttringe After Curingf
kg ha? %
0 0.23a 0.44a 0.47a 0.29a 0.20 a
11 0.23a 0.45a 0.47 a 0.30 a 0.20a
22 0.25a 0.44a 0.48 a 0.28 a 0.21a
34 0.23a 0.44a 0.49a 0.30a 0.19a
45 0.24 a 0.42 a 0.49a 0.30 a 0.20a
56 0.25a 0.47a 0.48 a 0.29a 0.22a
67 0.26 a 0.44 a 0.50 a 0.27 a 0.20a
78 0.25a 0.47 a 0.46 a 0.30 a 0.20a
90 0.26 a 0.47a 0.49a 0.29a 0.19a
101 0.25a 0.44 a 0.49a 0.30 a 0.19a
112 0.24a 0.45a 0.49a 0.29a 0.21a

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

F After Curing; samples collected from tip leaf stalk position.
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Table 15. Leaf potassium concentration two weeks after treatment, at layby, two weeks after layby, at flowering, and
after curing as influenced by chloride (CI") application rate®.

R%'t'e 2 WAT® Layby® 2 WALY At Flowering® CAufrti?]rgf
kg ha' %
0 3.55 bc 294 a 2.64 a-c 176 a 2.03a
11 3.37¢c 292a 2.56 b-d 1.75a 1.98a
22 3.45 bc 3.07a 2.55 b-d 173 a 2.09a
34 3.46 bc 293 a 2.73 ab 172 a 194 a
45 3.71ab 3.06 a 2.77 a 1.78 a 2.06 a
56 3.62 a-c 311a 2.53 cd 1.75a 1.86 a
67 3.63 a-c 3.15a 2.52 cd 1.71a 213 a
78 3.71ab 3.14a 2.63 a-c 1.74 a 194 a
90 3.66 ab 3.17a 2.60 a-c 1.88a 2.07 a
101 3.52 bc 3.07a 2.65 a-c 177 a 2.04 a
112 3.86 a 3.09a 2.39d 1.78 a 2.05a

8 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

" After Curing; samples collected from tip leaf stalk positions
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Table 16. Leaf magnesium concentration two weeks after treatment, at layby, two weeks after layby, at flowering, and
after curing as influenced by chloride (CI°) application rate®.

R(;te 2 WAT® Layby® 2 WALY At Flowering® CAU‘;tifl;f
kg ha' %

0 0.57a 0.38a 0.38a 0.29a 0.29d

11 0.53a 0.40a 0.38a 0.32a 0.32 be
22 0.55a 0.38a 0.37a 0.30a 0.35 ab
34 0.56 a 0.40a 0.38a 0.32a 0.29 cd
45 057 a 0.39a 0.39a 0.32a 0.35 ab
56 0.54 a 0.38a 0.35 bc 0.27a 0.32 be
67 0.54 a 0.37a 0.36 ab 0.27 a 0.34 ab
78 0.49 a 0.37a 0.35 be 0.33a 0.33b

90 0.56 a 0.37a 0.34 bc 0.30a 0.34 ab
101 0.54 a 0.39a 0.36 ab 0.3la 0.36a

112 0.54 a 0.36a 0.33¢ 0.28a 0.32 b-d

4 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

F After Curing; samples collected from tip leaf stalk position.
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Table 17. Leaf sulfur concentration two weeks after treatment, at layby, two weeks after layby, at flowering, and after curing
as influenced by chloride (CI°) application rate®.

Cl- Rate 2 WATP Layby® 2 WAL At Flowering®  After Curingf
kg ha' %

0 0.27 a -9 0.40a 0.32 a -9
11 0.25 ab - 0.38b 0.32a -
22 0.24 bc - 0.36 ¢ 0.31ab -
34 0.24 bc - 0.35cd 0.32a -
45 0.23 bc - 0.37 bc 0.30 a-c -
56 0.23 bc - 0.35cd 0.29 c-e -
67 0.24 bc - 0.34cd 0.26 e -
78 0.21c - 0.33 de 0.28 de -
90 0.23 bc - 0.33 de 0.27 de -
101 0.22 bc - 0.33 de 0.29 b-d -
112 0.22 bc - 0.32¢e 0.26 e -

4 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

F After Curing; samples collected from tip leaf stalk position.

9 Data excluded due to treatment x environment interaction.
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Table 18. Leaf sulfur concentration at layby as influenced by chloride (CI-) application rate

at each growing environments.?

Cl- Rate LCPRSP 2016 LCPRS 2017 UCPRSE® 2017 OTRSY 2017
kg ha' %

0 0.35a 0.45a 0.24a 0.39a

11 0.36a 0.38b 0.24a 0.36 ab
22 0.31a 0.37b 0.23a 0.35a-c
34 0.28 a 0.31cd 0.25a 0.39a

45 0.29a 0.33¢c 0.23a 0.32d

56 041a 0.32cd 0.22a 0.33 cd
67 0.34a 0.31cd 0.25a 0.32d

78 0.32a 0.31cd 0.22a 0.34 b-d
90 0.35a 0.30d 0.24a 0.32d
101 0.30a 0.29d 0.23a 0.32d
112 0.32a 0.30d 0.22a 0.32d
P>F ns <.001 ns <.001

4 Treatment means followed by the same letter within the same column are not significantly
different at the 0=0.05 level.
b| CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ UCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.

4OTRS; Oxford Tobacco Research Station in Oxford, NC
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Table 19. Leaf sulfur concentration after curing as influenced by chloride (ClI-) application
rate at each growing environment?®.

Cl- Rate LCPRSP 2016 LCPRS 2017 UCPRSE® 2017 OTRSY 2017
kg ha' %

0 0.38a 0.36 bc 0.35a 0.41a
11 0.37a 0.40b 0.30 b-d 0.39ab
22 0.40 a 0.45a 0.31a-c 0.36 bc
34 0.37a 0.35cd 0.33ab 0.32¢
45 0.35a 0.35cd 0.31a-c 0.35bc
56 0.37a 0.33 c-e 0.26 d 0.35bc
67 0.37a 0.34 c-e 0.29 b-d 0.32¢
78 0.33a 0.30e 0.28 cd 0.38 ab
90 0.33a 0.31 de 0.31a-c 0.35bc
101 0.31a 0.31 de 0.26 d 0.35bc
112 0.31a 0.32 c-e 0.29 cd 031c
P>F ns <.001 0.007 0.010

4 Treatment means followed by the same letter within the same column are not significantly
different at the 0=0.05 level.

b| CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ UCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.

dOTRS; Oxford Tobacco Research Station in Oxford, NC.
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Table 20. Leaf chloride concentration two weeks after treatment as influenced by chloride
(CI) application rate at each growing environment.

Cl- Rate LCPRSP 2016 LCPRS 2017 UCPRS*® 2017 OTRSY 2017
kg ha' %

0 0.21e 0.68¢g 0.40 f 1.75a
11 0.33 de 1.25f 0.80e 1.88a
22 0.53 b-e 1.83 de 0.90 de 1.76 a
34 0.86 bc 1.67e 1.14 c-e 1.68 a
45 0.85 bc 1.87 de 0.99 de 2.31a
56 0.58 b-e 2.16 cd 1.65 ab 2.16a
67 0.44 c-e 2.09 cd 1.49 a-c 2.03a
78 0.95ab 2.28 bc 1.28 b-d 2.37a
90 0.72 b-d 2.66 ab 1.83a 2.30 a
101 1l41a 2.35 bc 1.05 de 2.23 a
112 0.71 b-e 2.95a 1.88a 2.56 a
P>F 0.003 <.001 <.001 ns

4 Treatment means followed by the same letter within the same column are not significantly
different at the 0=0.05 level.

b| CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ UCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.

dOTRS; Oxford Tobacco Research Station in Oxford, NC.
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Table 21. Leaf chloride concentration two weeks after treatment, at layby, two weeks after
layby, at flowering, and after curing as influenced by chloride (CI°) application rate®

CI- 2 WAT® Layby® 2 WAL At Flowering®  After Curingf
Rate

kg ha %

1

0 -9 0.34h 0.51f 0.46 g 0.73h

11 - 04749 0.58 ef 0.63f 0.82 gh
22 - 0.60 f 0.66 de 0.70 ef 0.97 e-g
34 - 0.69 ef 0.78 cd 0.80 de 0.92 f-h
45 - 0.79 c-e 0.83 bc 0.90 cd 1.15 d-f
56 - 0.77 de 0.83 bc 0.85 de 1.21c-e
67 - 0.83 b-d 0.81lc 0.91 b-d 1.43 a-c
78 - 0.91 a-c 0.93 ab 1.05 a-c 1.38 b-d
90 - 0.91ab 0.84 bc 1.06 ab 1.56 ab
101 - 0.99a 0.98 a 1.05a-c 1.66 a
112 - 0.93 ab 0.90 a-c 1.13 a 1.63a

4 Treatment means followed by the same letter within the same column are not significantly
different at the a=0.05 level.

b2 WAT; two weeks after treatment application.

¢ Layby; plant height was approximately 36 cm.

42 WAL; two weeks after layby.

¢ At Flowering; plant height was approximately 120 cm.

T After Curing; samples collected from tip leaf stalk position.

9 Data excluded due to treatment x environment interaction
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ABSTRACT

Research was conducted at one location in 2016 and three locations in 2017 to determine
the effect of chloride rate on the yield, quality, nutrient content and leaf chemistry of flue-cured
tobacco. Treatments included four different ClI™ rates from a complete blend of muriate of potash
(0-0-60), gypsum, and sulfate of potash (0-0-50): 0, 33, 67 and 100 kg Cl/ha and four different
nitrogen sources: calcium nitrate, ammonium nitrate, ammonium sulfate and urea-ammonium-
nitrate. All fertilizer was applied by hand sidedress in a single band adjacent to each row ridge.
Chloride was applied ten days after transplanting. Nitrogen was split-applied, ten days after
transplanting and at layby. Cured leaf yield and quality data were collected and crop value was
determined from yield and USDA grade.

Tissue samples were collected at five different intervals throughout the growing season:
two weeks after treatment, at layby, two weeks after layby, at topping and after curing. Tissue
samples were analyzed for total alkaloid and reducing sugar content at North Carolina State
University, as well as total nitrogen, phosphorus, potassium, magnesium and nitrate-nitrogen. Soil
samples were collected prior to transplanting for CI-. Data were subjected to an analysis of variance
(ANOVA) using the PROC MIXED procedure in SAS ver. 9.4. Treatment means were separated
using Fisher’s Protected LSD test at p<0.05.

While no yield effect was observed, a reduction in quality was observed by the main effect
of nitrogen source with calcium nitrate and ammonium nitrate having higher leaf quality than UAN
and ammonium sulfate. Leaf chemistry was also affected with a reduction in total alkaloids and an
increase in reducing sugars as CI rate increased. Fresh lamina and midrib and dry lamina and
midrib were not affected by nitrogen source or chloride rate at layby or at flowering. Consistent

trends that were significant were not observed commonly across other nutrient elements. Chloride
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accumulated at higher levels when UAN and ammonium sulfate were the nitrogen sources

compared to ammonium nitrate and calcium nitrate.

NOMENCLATURE

Nicotiana tabacum L., tobacco

KEY WORDS

chloride, nitrogen, nitrate, ammonium

INTRODUCTION

Chloride Function and Demand in Flue-Cured Tobacco

Chloride (CI) is an essential plant nutrient that can have beneficial or detrimental effects
to crop yield and quality. It is available to plants in the form of an anion, CI and it largely
present in soils all over the world. Chloride can be absorbed into the plant through the leaves
when applied via irrigation (Ferguson and Grattan, 2005) however, the primary route for plant
uptake is through the roots from the soil solution (Heckman, 2007). Chloride is take up through
the plant and translocated primarily as symplastic movement however it can move apoplastically
through water solutions if it is needed (White and Broadley, 2001, McCants and Woltz, 1967).
While CI" is believed to have nonspecific roles in the plants there are several functions that it is
critical to including: regulations of certain enzymes, osmotic adjustments, transport of nutrients
and in photosystem Il of photosynthesis (Naeem, et al. 2017). The primary function for CI" in
the cell is to maintain charge and homeostasis in the cell with water movement (Flowers, 1984).
Maintaining the balance of water and ions in the cell vacuole is key to preventing cell damage or
causing toxicity issues (Flowers, 1984). In flue-cured tobacco, this osmotic regulation can be

beneficial during times of dry weather to reduce drought stress (McCants and Woltz, 1967).
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Small rates of CI" applied to the crop have shown to increase yield as much as 22 kg/ha however
large rates have shown to cause detrimental effects to cured leaf quality (McCants and Woltz,
1967). Currently, it is not recommended to include CI in a tobacco fertilizer program.
Nitrogen Function and Demand in Flue-Cured Tobacco

Nitrogen is considered the most important nutrient in regards to management in flue-
cured tobacco (McCants and Woltz, 1967). Historically, it was recommended to use primarily
NOs" as the nitrogen source for tobacco; however, modern research has demonstrated that
fertilizers containing a mix of NOs”and NH4" are more beneficial (Peedin, 1999; Havlin et. al,
2014). Nitrate nitrogen is typically more expensive and leaches more readily than NH4";
however, it is believed to perform better at an earlier portion of the growing season, thus
promoting higher leaf yield and quality (Peedin, 1999). After research conducted by Williams
and Miner (1982) proved that urea could serve as alternative source of nitrogen, it became more
prevalent to combine NOs™ and NH4* sources for nitrogen fertilization in flue-cured tobacco
(Peedin, 1999; Williams and Miner, 1982). It is a common practice for farmers to split apply
their nitrogen into two applications with the first 7-10 days after transplant and then again at
layby (Vann and Inman, 2017). Flue-cured growers are targeting application rates that range
from 50-90 kg N/ha (Peedin, 1999). Nitrogen can have tremendous impacts to the yield as well
as the quality of the leaf throughout the growing season. The supply of nitrogen must be properly
managed from seedling to final harvest to ensure optimal yields. The supply of nitrogen must be
adequate from seeding until mid-season ensure vigorous growth however, it should be depleted

by flowering to begin ripening for harvest (Peedin, 1999).

80



Chloride and Nitrogen Interaction in Flue-Cured Tobacco

Research has documented that NOs™ and CI- compete for uptake in the plant which can
reduce the amount of CI" that is taken up and stored in the leaves of the plant (Peedin, 1999).
Alternatively, other studies have reported that NH4" can increase the amount of CI- taken up, thus
producing CI" toxicity symptoms (McCants and Woltz, 1967). Evaluations by Skogley (1962)
demonstrated similar findings in that N form can affect Cl- assimilation; the study was conducted
in sterilized greenhouse over a 32-day duration with the end result confirming that when NH4" is
applied CI" abnormalities are shown in higher percentages relative to when NO3™ is applied
(Skogley, 1962). Skogley (1962)uses an abnormality index to rank CI™ toxicity symptoms shown,
when NOs'is used as the nitrogen source the score is zero however, when NH4" is used, the
ranking scores between 1 and 3 depending on the CI" rate used. Research conducted in burley
tobacco systems reports similar findings. Fuqua et al. (1974) report strong competition between
nitrate and Cl assimilation. After growing tobacco for different lengths of time under field
conditions, it was hypothesized that the competition for nutrient absorption occurs in the plant
cell at the ion sites rather than in the soil during uptake (Fuqua, Leggett & Sims, 1974). A
previous study in Kentucky also reported that when NH4* and NOs™ were used as nitrogen
sources, chloride in the leaf was higher in the presence of ammonium (Evans & Weeks, 1947).
Research conducted by Warren (1990) demonstrated the use of four different forms of nitrogen
and four CI rates to examine the interaction between nitrogen form and CI" application rate
(Warren ,1990). It was concluded NH4* can increase CI toxicity as opposed to NOs™ forms
however, the form of nitrogen should not impact the cured leaf concentrations of Cl" as
nitrification should be complete by 4-6 weeks after application (Warren, 1990). While there has

been years’ worth of research conducted on how C1™ and varying forms of nitrogen interact with
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each other, it has not been studied with updated varieties and agronomic practices. Further
research was needed to reflect these changes in the industry and determine if current CI°
recommendations are adequate. The objective of this study was to quantify the effects of various
N forms and CI" application rates to flue-cured tobacco yield, quality, value, leaf chemistry, and

elemental content.

METHODS AND MATERIALS
Site and Experimental Design

A field experiment was initiated at the Lower Coastal Plain Research Station (LCPRYS)
located in Kinston, NC in 2016 to quantify the impact of ClI™ application and nitrogen source to
flue-cured tobacco. Evaluations were continued at the LCPRS in 2017, with additional field sites
added at the Upper Coastal Plain Research Station (UCPRS) near Rocky Mount, NC and the
Oxford Tobacco Research Station (OTRS) located in Oxford, NC. In total, four different
growing environments were utilized for treatment evaluations. The UCPRS was not fumigated
prior to transplanting while LCPRS was in the spring and OTRS was in the previous fall. Soil
series and taxonomic classification, pH, nutrient content, and organic matter varied based upon
environment and are presented in Table 22. Soil samples were collected from each field site
prior to transplanting to a depth of 0-15 cm and 15-30 cm and analyzed at Waters Agricultural
Labs in Warsaw, North Carolina using the Mehlich-1 method. Monthly and cumulative
precipitation is presented for each environment in Table 23. Tobacco at all sites was produced
according to North Carolina Cooperative Extension recommendations (Fisher, 2016), with the
exception of treatments imposed.

Treatments were replicated four times in each environment in a randomized complete
block design with a four (main effect on CI- application rate) x four (main effect of nitrogen

fertilizer source) factorial treatment arrangement. Individual plots contained four treated rows,
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each 4.47 m wide by 13.7 m long at the LCPRS and 4.88 m wide by 13.7 m long at the UCPRS
and OTRS. The center two rows of each plot were used for data collection and harvest. The

flue-cured tobacco cultivar ‘NC 196” was produced in all environments. Planting density was

14,820 plants/ha.

Description of Treatments

Four CI" application rates were evaluated within each environment. Application rates
were 0, 33, 67, and 101 kg applied Cl/ha. Chloride application programs consisted of a blend
containing potassium chloride (Muriate of Potash, 0-0-60), potassium sulfate (0-0-50), and
calcium sulfate (gypsum) to ensure equal application rates of potassium and sulfate within each
program. A complete list of treatments and blend proportions can be found in Tables 24 and 25
Each CI application rate was paired with four nitrogen sources: calcium nitrate (100% nitrate-
N), ammonium nitrate (50% nitrate-N, 50% ammonium-N), liquid urea-ammonium-nitrate (25%
nitrate-N, 75% ammonium-N), and ammonium sulfate (100% ammonium-N). Nitrogen
application rates varied by growing environment, with the LCPRS receiving 85 kg N/ha, the

UCPRS receiving 92 kg N/ha, and the OTRS receiving 80 kg N/ha.

Field Operations

Chloride percentage in muriate of potash, as indicated by the manufacturer, was used to
calculate the total quantity of material applied within each treatment. Each application rate was
hand applied sidedress 10 days after transplanting and was placed into an open furrow measuring
12 cm away from the row ridge to a depth of 12 cm. The first application of nitrogen was

delivered immediately following CI™ application, with the second application being delivered
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approximately four to five weeks later, at the layby stage of crop growth. Applications of UAN
were delivered with a CO»-pressurized backpack sprayer containing a single TG-3 full-cone
nozzle at an operating pressure range of 100 to 125 kPa. Dates for transplanting and nutrient

application are contained in Table 26.

Data Collection

Leaf nutrient concentration was quantified at five intervals within each growing season:
two weeks following CI™ application, layby (when plant height was approximately 36 cm, two
weeks following layby, at flowering (when plant height was approximately 120 cm), and after
curing. Dates for sampling events are listed in Table 26. Within the first three intervals, green
leaf samples were collected from the fourth leaf below the apical meristem of five randomly
chosen plants within each plot. At flowering, samples were collected from the upper most leaf of
five random plants within each plot. Leaf dimensions for each sampling interval were
approximately 10 cm in width and 15 cm in length. After curing, five leaves were sampled from
the leaves representing the uppermost stalk position. Following each sampling event, leaves
were dried at 65°C for 72 hours and then ground to <80-mesh. Tissue sampling dates are
presented in Table 26. Ground samples were subsequently analyzed by the North Carolina
Department of Agriculture and Consumer Services to quantify total nitrogen, phosphorus,
potassium, magnesium, sulfur, chloride, and nitrate-N concentration. Analytical procedures are
outlined in the North Carolina Department of Agriculture and Consumer Service’s Agronomic
Division Plant Analysis Methodology (NCDA&CS, 2015).

Leaf lamina and midrib mass were also quantified at two sampling intervals in 2017,

layby and flowering, in order to determine leaf and midrib moisture content. Fresh tissue
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samples collected within these intervals were de-stemmed and then the lamina and midrib were
immediately weighed. Samples were subsequently re-weighed at the completion of the drying
cycle.

Plots were harvested four times in each growing environment and leaves were cured in a
forced-air bulk curing barn. After curing, leaves were weighed to quantify yield and assigned as
USDA government grade. Each government grade is associated with a numerical grade index
value ranging from 1 to 100 that describes leaf maturity and ripeness (Bowman et al., 1988). In
addition, each grade index has an associated price indices that was used to quantify crop value
(Fisher and Vann, 2017). Fifty-gram composite cured leaf samples were also collected from
each treatment for analysis of total alkaloids and reducing sugar concentrations using the

methods of Davis (1976).

Data Analysis

Analysis of variance was conducted using the PROC MIXED procedure in SAS version
9.4 to test the effects of CI™ application rate to the yield, quality, value, leaf nutrient
concentration, cured leaf chemistry, and leaf hygroscopic properties. Each environment was
analyzed individually due to differences in the experienced climatic and soil conditions. Within
each analysis, CI™ application rate and nitrogen source were considered to be fixed factors, while
environment and replication were considered as random factors. Treatment means were reported

using least means squares. Means were separated using Fisher’s Protected LSD at P < 0.05.

85



RESULTS & DISCUSSION

Physical Characteristics, Chemical Characteristics and Crop Value

Midrib and Lamina Mass. The green and dry mass of the lamina and midrib of leaves
was sampled twice during the growing season; at layby and at flowering. At layby, the lamina
and midrib weights (green or dry) were not affected by source of nitrogen or rate of chloride
(Table 27). Green lamina mass was affected at one location (UCPRS), decreasing with
increasing Ca(NOs) rate, increasing with NHsNO3 and UAN rate, and was not affected by
NH4SOz source (Table 29). Similar results were observed for lamina mass difference (compared
dry to green), and dry midrib mass (Tables 30, 31)

Yield. When separated by growing environment, nitrogen source only influenced yield at
the Lower Coastal Plain Research Station in 2017 (Table 32). Calcium nitrate treatments yielded
higher than ammonium nitrate and ammonium sulfate treatments and calcium nitrate, ammonium
nitrate and UAN vyielded higher than ammonium sulfate treatments. Increasing chloride rates
increased yield at LCPRS-17 and UCPRS-17. These two environments were similar in growing
conditions and in both cases, it is shown that the increasing rates of chloride (over
recommended) improved yield (Table 62). Previous research has shown that CI” increases
osmotic adjustments within the plant, as CI" increases, so does the amount of water taken up by
the plant producing higher yields (Collins and Hawks, 1993). At LCPRS-17, higher rates of CI’
showed the highest yield which is not shown in previous studies. In times of dry weather,
increased CI" can increase water uptake in the plant to help manage drought stress better. While
the early season rainfall was high, it was below average at the end of the season suggesting CI

became beneficial in boosting yields.
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Grade Index. Quality was only affected by nitrogen source. The highest quality was
observed with calcium nitrate followed by ammonium nitrate and UAN. The lowest quality was
observed with ammonium sulfate (Table 33). Previous research has shown that high rates of CI
in excess over 33 kg/ha reduced the quality of flue-cured tobacco however, even at rates of 101
kg Cl/ha no reduction in quality was noticed. The use of nitrate fertilizers has shown to reduce
the uptake of CI- compared to the use of ammonium fertilizers which can promote the
accumulation of CI". As shown in previous research, higher rates of chloride decrease the quality
of the cured leaf which is replicated in this study as well.

Crop Value. Treatments had no effect on crop value (Table 33).

Total Alkaloids. Nitrogen source and chloride rate affected the concentration of total
alkaloids. UAN had the lowest alkaloid level. Alkaloid levels were higher with ammonium
nitrate than UAN and ammonium sulfate, and calcium nitrate alkaloid levels were higher than
UAN. It is currently recommended to use a mix of ammonium nitrogen and nitrate nitrogen and
our data show that recommendation promotes the highest alkaloids. The main effect of chloride
application rate had a small effect on the total alkaloids with all chloride rates decreasing
alkaloids compared to 0 kg Cl/ha treatment (Table 33). Previous research has shown that
chloride rate can have a small effect on the alkaloid content in flue-cured tobacco as CI
increased, there was a decrease in total alkaloids (Sierra, 1963). While CI- does not typically
impact nicotine, it did decrease total alkaloids as the rate increased.

Reducing Sugars. The main effect of nitrogen source did provide differing results when
separated by location as shown in Table 34. Nitrogen source had no affect at the LCPRS in 2016.
Ammonium sulfate tended to increase reducing sugar levels at the other three locations. Calcium

nitrate and ammonium nitrate tended to have the lowest reducing sugar levels at three locations.
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The 0 kg Cl/ha application rate had lower reducing sugar concentration than all other CI rates
(Table 33). Sierra (1966) showed a direct relationship between reducing sugars and chloride
application rate and the results are similar to those observed in this study. Warren (1990) showed
a direct correlation with reducing sugars and chloride application rate; our data also show that as

the CI rate increased, the sugars did as well.

Soil Analysis

Soil samples were taken from each growing environment prior to transplant from 0 to 15
cm and from 15 to 30 cm. Soil samples were not statistically analyzed because they were taken
across all treatments and mixed together. There was some variability noticed in the soil reports
(Table 22). Abnormally high CI- amounts were noticed in Oxford at both the 0-15 and 15-30
depths. There was variability in phosphorus and potassium amounts among the growing
locations. These differences in soils can ultimately impact the way the plant takes up nutrients

and performs throughout the season.

Elemental Leaf Content

Total Nitrogen. The environment by nitrogen source by chloride rate was not significant
at any sampling date (Table 35). Environment by nitrogen source was significant at 2WAT and
2WAL. Environment by chloride rate was significant at layby. The nitrogen source by chloride
rate was not significant at any sampling intervals. The main affect of nitrogen source was
significant after curing and main affect of chloride rate was significant 2WAT, 2WAL, and after
curing. At 2WAT, no consistent trends for total leaf nitrogen concentration were observed for the

main effect of nitrogen source and nitrogen was sufficient with all treatments (Table 39). Total
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nitrogen concentration decreased with increasing chloride applicate rate across three of the four
locations (Table 40). No other differences were observed at 2WAT. At layby total leaf nitrogen
was not affect by chloride rate at two of four environments (Table 40). At Lower Coastal Plain
Research Station in 2017, total nitrogen concentration was highest with 0 kg Cl/ha rate, but at
Lower Coastal Plain Research Station in 2016 it was highest at the 67 kg Cl/ha rate. Two weeks
after layby, total nitrogen was only affected by nitrogen source at one location, LCPRS-17,
where ammonium sulfate had the lowest concentration (Table 41). No differences were observed
in total nitrogen after flowering (Table 38). In cured leaf, the main effect of nitrogen source
showed a decrease in total nitrogen, ammonium nitrate and ammonium sulfate compared to
calcium nitrate and a decrease in total nitrogen with all chloride rates above 0 kg Cl'/ha (Table
38).

Total Nitrate Nitrogen. The environment by nitrogen source by chloride rate was not
significant at any sampling date. Environment by nitrogen source was significant at every
sampling interval except at flowering (Table 35). Environment by chloride rate was significant at
2WAL. Nitrogen source by chloride rate was significant at 2WAL. The main effect of chloride
rate was significant at 2WAT. At 2WAT, the interaction of nitrogen source and chloride rate was
not significant (Table 42). The main effects of nitrogen source and chloride rate showed no
consistent trends across four environments at 2WAT (Table 43). At layby, no consistent trends
for total nitrate nitrogen concentration were observed for the main effect of nitrogen source
across four environments (Table 44). Two weeks after layby, total nitrate nitrogen was affected
by nitrogen source at Lower Coastal Plain Research Station and Upper Coastal Plain Research

Station in 2017 (Table 45). No consistent trends were observed by chloride application rate
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across all four environments. No significance was observed at flowering. In the cured leaf, the
main effect of nitrogen source showed no consistent trends across four environments (Table 46).

Total Phosphorus. The environment by nitrogen source by chloride rate was not
significant at any sampling date (Table 35). Environment by nitrogen source was significant at
flowering (Table 35). Environment by chloride rate was significant at layby (Table 35). The
nitrogen source by chloride rate was not significant at any sampling time (Table 35). The main
effect of nitrogen source was not significant the whole season. The main affect of chloride
application rate was significant 2WAL and at flowering. No significance was observed at 2WAT
(Table 47). At layby, significance was observed at the Lower Coastal Plain research station in
2017 (Table 48). At 2WAL, an increase in total leaf phosphorus was observed with increasing
chloride rates. At flowering, the main effect of nitrogen source showed significance at Lower
Coastal Plain Research Station in 2016 and at Oxford Tobacco Research Station in 2017 (Table
49). There was no significance observed in the cured leaf (Table 47). Previous research by
Skogley (1963) showed chloride rate influenced phosphorus uptake, however this was not
replicated in this study.

Total Potassium. The environment by nitrogen source by chloride rate was not significant
at any sampling date. Environment by nitrogen source was significant at 2WAT. Environment by
chloride rate was significant at 2WAT, 2WAL, at flowering and at curing. Nitrogen source by
chloride rate was significant at 2WAT. The main effect of nitrogen source was not significant at
any sampling time. The main effect of chloride rate was significant at layby. No significance was
observed at 2WAT across four growing environments and no consistent trends showed as
influenced by nitrogen source (Table 43). The main effect of chloride rate showed significance at

the Lower Coastal Plain Research Station in 2016 and 2017 at 2WAT (Table 51). The main
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effect of chloride rate showed significance at layby however, no consistent trend was observed'.
The main effect of chloride rate showed significance at Lower Coastal Plain Research Station in
2017 at 2WAL (Table 52). At flowering significance was observed at the Lower Coastal Plain
Research Station in 2016 and Upper Coastal Plain Research Station in 2017 (Table 53). After
curing, significance was observed at Lower Coastal Plain Research Station in 2016 and at
Oxford Tobacco Research Station in 2017 as influenced by the main effect of chloride rate
(Table 54).

Total Magnesium. The environment by nitrogen source by chloride rate was not
significant at any sampling date (Table 36). Environment by nitrogen source was significant at
flowering (Table 36). Environment by chloride rate was significant at layby and 2WAL (Table
36). The nitrogen source by chloride rate was not significant at any sampling time (Table 36). No
significance was observed at 2WAT (Table 55). At layby, significance was observed at three of
the four growing environments as influenced by the main effect of chloride application rate
however no consistent trends were observed (Table 56). At 2WAL, total leaf magnesium was
affected at three of the four growing environments by chloride rate, but no consistent trends were
shown (Table 57). Total leaf magnesium was not affect by the main effect of nitrogen source at
flowering at any of the growing environments (Table 58). After curing, no consistent trends were
observed (Table 55).

Total Chloride. The environment by nitrogen source by chloride rate was not significant
at any sampling date (Table 36). Environment by nitrogen source was significant at 2WAT, at
layby, and after curing (Table 36). Environment by chloride rate was significant at all sampling
intervals except 2WAT (Table 36). Nitrogen source by chloride rate was significant at flowering

(Table 36). The main effect of nitrogen source was not significant at any sampling time (Table
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36). The main effect of chloride rate was significant at every sampling interval throughout the
season (Table 36). Total leaf chloride was affected by nitrogen source at 2WAT at three of the
four environments (Table 60). At layby, nitrogen source affected total leaf chloride at the Lower
Coastal Plain Research Station in 2016 and 2017 and at Oxford Tobacco Research Station in
2017 (Table 61). The main effect of chloride application rate showed significance at each
growing environment at layby, 2WAL, at flowering and after curing with total leaf chloride
concentration increasing as chloride application rates increase (Tables 62,63). No significance
was observed after curing as influenced by the main effect of nitrogen source and no consistent

trends were observed across growing environments (Table 64).

CONCLUSION
The interaction of nitrogen source and chloride application rate had no significant

agronomic effect on yield, quality, value or measured nutrient contents consistently through the
growing season. The main effects of nitrogen source and chloride application rate did
continuously influence the previously mentioned factors. Previous research has shown that
nitrate assimilation may reduce chloride assimilation, while ammonium assimilation may have
the opposite effect. Calcium nitrate (100% NOs™-N) and ammonium nitrate (50% NO3s™-N and
50% NH4*-N) displayed lower accumulation of CI- than UAN and ammonium sulfate, both of
which are predominantly NH4*-N.

Previous studies have shown that excess rates of CI- may result in detrimental effects to
cured leaf quality. In this study, the classic symptomology of CI toxicity (dark green leaves with
upward rolling margins) were not observed despite leaf Cl concentration surpassing the 1%
threshold as early as two weeks after treatment. This point may further express the benefits of

routine tissue sampling as a useful tool for crop management.
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Overall, as fertility recommendations are created for producers, Cl- should be excluded
from fertilizer blends in order to prevent the negative impacts to leaf quality and chemistry.
While there is potential to reduce input cost by using cheaper sources of potassium (which will
contain high concentrations of CI"), this practice is simply not worth the risk of reduced quality.
Growers should also continue to use a mix of both nitrate nitrogen and ammonium nitrogen
instead of relying solely on one form for a more balanced fertility approach that can help to

offset costs.
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SOURCES OF MATERIALS
INC 196, Goldleaf Seed Company, Hartsville, South Carolina 29550
2Cal-Nitrate, Yara North America, Tampa, Florida 33602
3UAN (28%), Crop Production Services, Loveland, Colorado, 80538
*Ammonium sulfate, Crop Production Services, Loveland, Colorado, 80538
SAmmonium nitrate, Meherrin Ag and Chemical, Severn, North Carolina 27853
®Potassium Sulfate, Meherrin Ag and Chemical, Severn, North Carolina 27853
"Gypsum, Crop Production Services, Loveland, Colorado, 80538
8Muriate of Potash, Crop Production Services, Loveland, Colorado, 80538

SSAS version 9.4, SAS Institute, Inc., Cary, North Carolina, 27513-2414
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Table 22. Field conditions at each growing location

Location

Soil series

Taxonomic
class
CEC
Meq/100cm?
Organic Matter

(%)

pH

cm

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

LCPRS-161

Norfolk

Fine-loamy

3.3
4.3
0.48
0.79
6.3

5.7

69

56

LCPRS-172

Norfolk

Fine-loamy

2.8
3.1
0.57
0.60
5.7

5.8

147

147

97

OTRS-173 UCPRS-174
Appling Norfolk
Fine, kaolinitic Fine-loamy
3.9 3.3
3.7 3.2
0.66 0.67
0.51 0.65
5.7 6.0
5.7 6.1

kg/ha------------------
258 96
212 92



Table 22. (continued)

0-15
K
15-30
0-15
Ca
15-30
0-15
Mg
15-30
0-15
Cl
15-30

50

50

67

69

30

21

1.79

157

201

434

585

108

152

1.84

0.35

299

206

853

806

229

287

115

52

374

211

884

827

90

89

81

451

!LCPRS-16 Kinston, NC
20TRS-17 Oxford, NC
3UCPRS-17 Rocky Mount, NC
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Table 23. Rainfall by month at each location

Month LCPRS-161 LCPRS-17* OTRS-172 UCPRS-173

_____________________________ cm-
April 7.2 23.7 19.5 16.5
May 14.2 114 13.9 12,5
June 11 10.9 13.9 12.2
July 16.1 9 4.1 15.1
August 104 8.2 8.9 17.6
September 30.7 11.2 6 7.6
October 27.2 7.4 9.5 8.7
Total 116.8 81.8 75.8 90.2

ILCPRS-16 Kinston, NC
2 OTRS-17 Oxford, NC

3 UCPRS-17 Rocky Mount, NC
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Table 24. Amounts of Cl-, K20 and SO: by source and total per hectare.

rcei'lc;e Muriate of Potash Potassium Sulfate Calcium Sulfate Total
Kg ClI K0 K20 SOs CI KO SO
CI/ha 2 2 4 2 4
------------------------------------------------------------ kg/ha------------------mmmmo—- -
0 0 0 0 336 168 0 0 0 168 60
33 75 33 45 246 123 90 16 33 168 60
67 150 67 90 157 78 179 32 67 168 60
101 224 101 134 67 34 269 48 101 168 60

100



Table 25. Amounts of each nitrogen source to achieve recommended nitrogen rate.

N Source

Ammonium Nitrate
Ammonium Sulfate
Calcium Nitrate

Urea Ammonium Nitrate

% N %NOs3
------- kg/ha
27 50
21 0
15 100
28 25
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Table 26. Relevant dates at each location, 2016 and 2017

Date

. LCPRS-16¢ LCPRS-17? UCPRS-173 OTRS-174
Action
Transplant April 21,2016  April 20,2017  April 20,2017  May 18, 2017
10 DAT® .
Application April 29, 2016 May 2, 2017 May 4, 2017 May 30, 2017
2WATS®
Leaf Sample May 16, 2016 May 15, 2017 May 18, 2017 June 13, 2017
Layby
Application &  May 25, 2016 June 6, 2017 June 15, 2017 June 28, 2017
Leaf Sample
7
ZWAL June 13,2016  June 22,2017  June 30,2017  July 14, 2017
Leaf Sample
AT june 29,2016  July10,2017  July18,2017  July 27, 2017
Leaf Sample ’ ' ’ ’

! Lower Coastal Plain Research Station, Kinston, NC 2016

2 Lower Coastal Plain Research Station Kinston, NC 2017

% Upper Coastal Plain Research Station, Rocky Mount, NC 2017
4 Oxford Tobacco Research Station, Oxford, NC 2017

® 10 Days After Transplant

6 2 Weeks After Treatment

2 Weeks After Layby

8 At Flowering

9 Cured Leaf
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Table 27. Green and dry mass of leaf lamina and midrib at the layby stage of crop growth as influenced by the interaction and

main effects of nitrogen source and chloride (ClI-) application rate?.

Factor Lamina Midrib
Green Dry Difference Green Dry Difference
N Source Cl Rate grams 5 leaves™
Cl\?iltcr |aut;n 0 kg ha't ns® ns ns ns ns ns
C’\? iItCr ';[;n 34 kg hat ns ns ns ns ns ns
Cl\?iltcr ';[;n 67 kg hat ns ns ns ns ns ns
Cl\?iltcr ';[;n 101 kg ha't ns ns ns ns ns ns
Amm.Nitrate 0 kg hat ns ns ns ns ns ns
Amm.Nitrate 34 kg ha' ns ns ns ns ns ns
Amm.Nitrate 67 kg ha' ns ns ns ns ns ns
Amm.Nitrate 101 kg ha't ns ns ns ns ns ns
UAN 0 kg ha't ns ns ns ns ns ns
UAN 34 kg ha't ns ns ns ns ns ns
UAN 67 kg hat ns ns ns ns ns ns
UAN 101 kg hat ns ns ns ns ns ns
Amm. Sulfate 0 kg ha't ns ns ns ns ns ns
Amm. Sulfate 34 kg hat ns ns ns ns ns ns
Amm. Sulfate 67 kg ha ns ns ns ns ns ns
Amm. Sulfate 101 kg ha'* ns ns ns ns ns ns
N Source

Calcium Nitrate 20.49 a 3.60a 16.50 a 23.90 a 1.83a 22.56 a

Ammonium Nitrate 21.01a 3.66 a 17.35a 23.54a 1.82a 21.71a

UAN 19.28 a 3.44 a 15.87 a 22.75a 1.71a 21.05a

Ammonium Sulfate 2041 a 3.69a 16.47 a 23.63a 181a 21.78 a
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Table 27. (continued)
Cl Rate
0 kg hat

34 kg hat

67 kg ha

101 kg ha't

21.01a
1991a
19.77 a
20.50 a

3.52a
351la
3.56 a
3.69a

16.67 a
16.41a
16.29 a
16.81 a

23.67 a
23.20a
23.62 a
23.34 a

1.82a
1.79a
1.82a
1.73a

21.84 a
21.41a
22.24 a
21.60a

4 Treatment means followed by the same letter within the same column are not significantly different at the a=0.05 level.

b ns; not significant at the a=0.05 level.
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Table 28. Green and dry mass of leaf lamina and midrib at the flowering stage of crop growth as influenced by the interaction
and main effects of nitrogen source and chloride (CI°) application rate?.

Factor Lamina Midrib
Green Dry Difference Green Dry Difference
N Source Cl Rate grams 5 leaves?
CI\?iItCr ;utren 0 kg ha* b nse - ns - ns
CI\? iItCr ;utren 34 kg hat - ns - ns - ns
CI\?iItCr ;utren 67 kg ha' - ns - ns - ns
CI\?iItCr ;utren 101 kg ha't - ns - ns - ns
Amm.Nitrate 0 kg ha't - ns - ns - ns
Amm.Nitrate 34 kg hat - ns - ns - ns
Amm.Nitrate 67 kg hat - ns - ns - ns
Amm.Nitrate 101 kg ha'* - ns - ns - ns
UAN 0 kg hat - ns - ns - ns
UAN 34 kg ha' - ns - ns - ns
UAN 67 kg ha - ns - ns - ns
UAN 101 kg ha'* - ns - ns - ns
Amm. Sulfate 0 kg hat - ns - ns - ns
Amm. Sulfate 34 kg ha' - ns - ns - ns
Amm. Sulfate 67 kg hat - ns - ns - ns
Amm. Sulfate 101 kg hat - ns - ns - ns
N Source

Calcium Nitrate - 11.72 a - 42.95a - 3891a

Ammonium Nitrate - 11.75a - 40.40 a - 36.11a

UAN - 12.48 a - 42.33 a - 37.8la

Ammonium Sulfate - 11.28 a - 39.00a - 34.83a

Cl Rate
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Table 28. (continued)
0 kg ha't -
34 kg hat -
67 kg hat -
101 kg hat -

11.93a
12.16 a
11.77 a
11.37 a

39.46 a
40.26 a
42.19 a
42.78 a

35.10 a
36.38 a
37.72a
38.46 a

4 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.

b ns; not significant at the a=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 29. Green lamina mass at the flowering stage of crop growth as influenced by the interaction of nitrogen source and
chloride (CI) application rate at each environment?.

Factor LCPRS 2017 OTRS 2017 UCPRS 2017
N Source Cl- Rate(kg ha™® grams 5 leaves™
Calcium Nitrate 0 3142a 36.15a 94.30 ab
Calcium Nitrate 34 32.19a 31.75a 93.70 ab
Calcium Nitrate 67 28.27 a 41.68 a 82.30 a-d
Calcium Nitrate 101 35.06 a 38.00 a 59.65d
Amm.Nitrate 0 30.12 a 29.75 a 85.33 a-d
Amm.Nitrate 34 35.26 a 31.98a 75.73 a-d
Amm.Nitrate 67 35.52a 34.98 a 70.95 b-d
Amm.Nitrate 101 38.61 a 36.18 a 107.24 a
UAN 0 38.57 a 37.13 a 64.95 cd
UAN 34 34.77 a 41.60 a 69.83 b-d
UAN 67 34.16 a 45.00 a 89.98 a-c
UAN 101 37.18 a 30.45a 95.35 ab
Amm. Sulfate 0 32.85a 30.83 a 72.45 a-d
Amm. Sulfate 34 34.37 a 31.76 a 96.13 ab
Amm. Sulfate 67 29.04 a 32.66 a 67.59 b-d
Amm. Sulfate 101 32.89a 31.04a 80.49 a-d
P>F ns ns 0.014

8 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
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Table 30. Lamina mass difference at the flowering stage of crop growth as influenced by nitrogen source and chloride (CI")
application rate at each environment?.

Factor LCPRS 2017 OTRS 2017 UCPRS 2017
N Source Cl Rate grams 5 leaves™?
Calcium Nitrate 0 kg hat 23.48 a 27.20 a 70.93 a-c
Calcium Nitrate 34 kg hat 23.00 a 24.07 a 70.73 a-c
Calcium Nitrate 67 kg hat 21.23 a 31.87 a 62.29 a-d
Calcium Nitrate 101 kg hat 26.78 a 29.02 a 47.99d
Amm.Nitrate 0 kg hat 22.18 a 22.83 a 63.28 a-d
Amm.Nitrate 34 kg ha' 27.37 a 24.66 a 57.42 b-d
Amm.Nitrate 67 kg ha 27.70 a 26.92 a 53.30 b-d
Amm.Nitrate 101 kg ha't 29.90 a 27.29a 86.79 a
UAN 0 kg ha! 29.55a 40.47 a 49.82 d
UAN 34 kg hat 25.53 a 32.45a 51.82 cd
UAN 67 kg hat 25.18 a 35.02a 67.14 a-d
UAN 101 kg hat 29.33 a 23.26 a 73.72 ab
Amm. Sulfate 0 kg ha't 24.40 a 22.73 a 55.22 b-d
Amm. Sulfate 34 kg hat 25.26 a 23.87a 71.91ab
Amm. Sulfate 67 kg ha' 21.88 a 26.80 a 51.34 cd
Amm. Sulfate 101 kg ha'* 23.97 a 23.82 a 62.96 a-d
P>F ns ns 0.012

8 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
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Table 31. Dry midrib mass at the flowering stage of crop growth as influenced by the interaction of nitrogen source and
chloride (CI) application rate at each environment?.

Factor LCPRS 2017 OTRS 2017 UCPRS 2017
N Source Cl Rate grams 5 leaves™?

Calcium Nitrate 0 kg hat 2.93a 418a 7.95a
Calcium Nitrate 34 kg hat 3.10a 3.35a 7.80 a-c
Calcium Nitrate 67 kg hat 2.80a 4.38a 7.03 a-c
Calcium Nitrate 101 kg hat 3.03a 4.30a 4.55d
Amm.Nitrate 0 kg hat 2.63a 3.23a 7.13 a-C
Amm.Nitrate 34 kg ha' 2.58 a 3.55a 6.03 a-d
Amm.Nitrate 67 kg ha 2.88a 3.68 a 5.93 a-d
Amm.Nitrate 101 kg ha't 3.13a 3.96a 7.25a-C
UAN 0 kg ha! 2.75a 4.35a 5.78 b-d
UAN 34 kg ha't 2.63a 453 a 6.13 a-d
UAN 67 kg hat 2.85a 430a 7.48 a-c
UAN 101 kg hat 2.75a 3.48a 7.28 a-C
Amm. Sulfate 0 kg ha't 2.93a 3.30a 5.58 cd
Amm. Sulfate 34 kg hat 2.82a 340a 7.83ab
Amm. Sulfate 67 kg ha' 2.63a 4.00a 5.68 cd
Amm. Sulfate 101 kg ha'* 284 a 3.48a 6.19 a-d

P>F ns ns 0.011

8 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
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Table 32. Cured leaf yield as influenced by the main effects of nitrogen source and chloride application rate at each
environment?,

Main Effect LCPRSP 2016 LCPRS 2017 OTRS* 2017 UCPRSY 2017
Nitrogen Source kg hat
Calcium Nitrate 2,771 a 4,020 a 2,858 a 3,715a
Ammonium Nitrate 2,724 a 3,746 b 2,846 a 3,671a
UAN 2,842 a 3,884 ab 2,773 a 3,553 a
Ammonium Sulfate 2,953 a 3,487 ¢ 2,853 a 3,568 a
P>F ns 0.003 ns ns
Cl- Application
Rate
0 kg hat 2,729 a 3,591 c 2,901 a 3,400 ¢
34 kg hat 2,960 a 3,681 bc 2,977 a 3,594 bc
67 kg hat 2,785 a 3,949 a 2,733 a 3,654 ab
101 kg ha' 2,816 a 3,916 ab 2,720 a 3,859 a
P>F ns 0.004 ns 0.001

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 33. Cured leaf quality, value, total alkaloid concentration, and reducing sugar concentration as influenced by the

interaction and main effects of nitrogen source and chloride (ClI°) application rate®.

Factor Quality® Value Total Alkaloids Reducing Sugar
N Source Cl Rate $ ha' %
Calcium Nitrate 0 kg ha* ns* ns ns ns
Calcium Nitrate 34 kg hat ns ns ns ns
Calcium Nitrate 67 kg hat ns ns ns ns
Calcium Nitrate 101 kg ha't ns ns ns ns
Ammonium 0 kg ha* ns ns ns ns
Nitrate
Ammonium 34 kg hat ns ns ns ns
Nitrate
Ammonium 67 kg ha ns ns ns ns
Nitrate
Ammonium 101 kg ha' ns ns ns ns
Nitrate
UAN 0 kg ha' ns ns ns ns
UAN 34 kg ha't ns ns ns ns
UAN 67 kg ha ns ns ns ns
UAN 101 kg hat ns ns ns ns
Ammonium 0 kg ha' ns ns ns ns
Sulfate
Ammonium 34 kg ha ns ns ns ns
Sulfate
Ammonium 67 kg ha ns ns ns ns
Sulfate
Ammonium 101 kg ha' ns ns ns ns
Sulfate
N Source
Calcium Nitrate 77 a 11,546 a 2.55 ab -d
Ammonium Nitrate 75b 10,955 a 2.60 a -
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Table 33. (continued)

UAN 75b

Ammonium Sulfate 73¢c
Cl- Rate

0 kg ha* 75a

34 kg hat 76 a

67 kg hat 75a

101 kg ha't 74 a

11,143 a
10,612 a

10,907 a
11,245 a
11,070 a
11,034 a

247c
2.50 bc

2.70a
246 b
253b
243 b

16.11b
17.52 a
17.73 a
18.15a

4 Treatment means followed by the same letter within the same column are not significantly different at the a=0.05 level.
b Quality is assessed on a scale of 1-100, with 100 being of the highest quality.

“ns; not significant at the a=0.05 level.

dData excluded due to treatment x environment interaction or main effect interaction.
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Table 34. Cured leaf reducing sugar concentration as influenced by the main effect of
nitrogen source at each environment?®.

Ns'gzorgcin LCPRSP 2016 LCPRS 2017 OTRS2017 UCPRSH 2017
%
Calcium 19.80 a 16.71 ¢ 13.53 b 16.71Db
Nitrate
Ammonium 20.30 a 17.19 be 12.40 b 17.69 b
Nitrate
UAN 19.44 3 18.13 ab 12.75b 1991 a
Ammonium 1951 a 18.93 a 15.24 a 19.23 a
Sulfate
P>F ns 0.001 0.004 0.003

4 Treatment means followed by the same letter within the same column are not significantly
different at the a=0.05 level.

b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 35. Analysis of variance for leaf nitrogen, nitrate, phosphorus, and potassium concentration as influenced by the
interactions and main effects of nitrogen source and chloride fertilizer application.

Variable ExSxR? ExS ExR SxR E S R
Nitrogen '
2WATP ns? 0.003 ns ns 0.001 ns 0.003
AL® ns ns 0.005 ns 0.008 ns ns
2WALY ns 0.008 ns ns 0.014 ns 0.021
At Flowering® ns ns ns ns 0.002 ns ns
After Curing' ns ns ns ns 0.005 0.005 0.006
Nitrate
2WAT ns <.001 ns ns ns ns <.001
AL ns <.001 ns ns 0.001 ns ns
2WAL ns 0.014 0.002 0.008 <.001 0.006 0.036
At Flowering ns ns ns ns ns ns ns
After Curing ns 0.008 ns ns 0.001 ns ns
Phosphorus
2WAT ns ns ns ns 0.005 ns ns
AL ns ns 0.002 ns 0.044 ns ns
2WAL ns ns ns ns 0.004 ns 0.017
At Flowering ns 0.027 ns ns 0.004 ns 0.032
After Curing ns ns ns ns <.001 ns ns
Potassium
2WAT ns 0.007 <.001 0.028 0.001 ns ns
AL ns ns ns ns <.001 ns 0.034
2WAL ns ns 0.025 ns <.001 ns ns
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Table 35. (continued)
At Flowering ns ns 0.016 ns 0.001
After Curing ns ns 0.038 ns 0.001

ns
ns

ns
ns

aE; environment, S; Nitrogen Source, R; Chloride Application Rate.

b 2WAT; two weeks after treatment application.

¢ AL; at layby when plant height was approximately 36 cm.

d 2WAL; two weeks after layby.

¢ At Flowering samples collected when plant height was approximately 120 cm.
f After Curing samples collected from the tip leaf stalk position.

9ns; not significant at the 0=0.05 level.
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Table 36. Analysis of variance of leaf magnesium and chloride concentration as influenced by the interactions and main effects
of nitrogen source and chloride fertilizer application.

Variable ExSxR® EXxS ExR SXR E S R
Magnesium P>F
2WATP ns? ns ns ns <.001 ns ns
AL’ ns ns 0.021 ns <.001 ns ns
2WALY ns ns 0.043 ns <.001 0.040 0.020
At Flowering® ns 0.004 ns ns <.001 ns ns
After Curing' ns ns ns ns <.001 0.008 ns
Chloride
2WAT ns 0.002 ns ns 0.004 ns <.001
AL ns 0.002 0.012 ns 0.031 ns <.001
2WAL ns ns 0.004 ns <.001 ns <.001
At Flowering ns ns 0.004 0.031 <.001 ns <.001
After Curing ns 0.021 <.001 ns <.001 ns <.001

aE; environment, S; Nitrogen Source, R; Chloride Application Rate.

b 2WAT; two weeks after treatment application.

¢ AL; at layby when plant height was approximately 36 cm.

4 2WAL; two weeks after layby.

¢ At Flowering samples collected when plant height was approximately 120 cm.
f After Curing samples collected from the tip leaf stalk position.

9ns; not significant at the a=0.05 level.
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Table 37. Analysis of variance of lamina and stem mass at layby and at flowering, cured leaf yield, quality, value, total alkaloid
concentration, and reducing sugar concentration as influenced by the interactions and main effects of nitrogen source and
chloride fertilizer application.

Variable ExSxR? ExS ExR SxR E S R
Layby P>F
Green Lamina Mass ns ns ns ns ns ns ns
Dry Lamina Mass ns ns ns ns ns ns ns
Lamina Mass
. ns ns ns ns ns ns ns
Difference
Green Midrib Mass ns ns ns ns ns ns ns
Dry Midrib Mass ns ns ns ns ns ns ns
Midrib Mass
) ns ns ns ns ns ns ns
Difference
Topping
Green Lamina Mass 0.021 ns ns ns 0.001 ns ns
Dry Lamina Mass ns ns ns ns 0.002 ns ns
Lar_nlna Mass 0.001 ns ns ns 0.005 ns ns
Difference
Green Midrib Mass ns ns ns ns 0.003 ns ns
Dry Midrib Mass 0.028 ns ns ns 0.002 ns ns
Mlqub Mass ns ns ns ns 0.002 ns ns
Difference
Yield ns 0.034 0.014 ns <.001 ns ns
Quality ns ns ns ns 0.003 0.005 ns
Value ns ns ns ns <.001 ns ns
Total Alkaloids ns ns ns ns 0.005 0.016 0.008
Reducing Sugar ns 0.007 ns ns 0.003 ns 0.033

2E; environment, S; Nitrogen Source, R; Chloride Application Rate.
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Table 37. (continued)

b 2WAT; two weeks after treatment application.

¢ AL; at layby when plant height was approximately 36 cm.

d 2WAL; two weeks after layby.

¢ At Flowering samples collected when plant height was approximately 120 cm.
f After Curing samples collected from the tip leaf stalk position.

9ns; not significant at the 0=0.05 level.
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Table 38. Total Leaf nitrogen concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (ClI-) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering® After Curing
N Source Cl Rate % N
Calcium Nitrate 0 kg hat ns¢ ns ns ns ns
Calcium Nitrate 34 kg hat ns ns ns ns ns
Calcium Nitrate 67 kg ha't ns ns ns ns ns
Calcium Nitrate 101 kg hat ns ns ns ns ns
Ammonium 0 kg ha' ns ns ns ns ns
Nitrate
Ammonium 34 kg ha't ns ns ns ns ns
Nitrate
Ammonium 67 kg hat ns ns ns ns ns
Nitrate
Ammonium 101 kg ha' ns ns ns ns ns
Nitrate
UAN 0 kg ha' ns ns ns ns ns
UAN 34 kg hat ns ns ns ns ns
UAN 67 kg ha't ns ns ns ns ns
UAN 101 kg ha' ns ns ns ns ns
Ammonium 0 kg ha' ns ns ns ns ns
Sulfate
Ammonium 34 kg ha ns ns ns ns ns
Sulfate
Ammonium 67 kg hat ns ns ns ns ns
Sulfate
Ammonium 101 kg hat ns ns ns ns ns
Sulfate
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Table 38. (continued)

N Source
Calcium Nitrate €
Ammonium Nitrate -
UAN -
Ammonium Sulfate -
Cl- Rate
0 kg ha! 4.64a
34 kg ha't 4.52 ab
67 kg ha 4.37 be
101 kg ha't 4.22 ¢

5.60 a
5.63 a
575a
572 a

549b
5.64 a
5.66 a
5.66 a

427 a
417 a
3.90a
4.07 a

410a
4.00 a
412 a
418 a

251a
2.43 bc
2.47 ab
240¢c

2.58 a
247D
2.39b
2.37b

2Treatment means followed by the same letter within the same column are not significantly different at the a=0.05 level.

bPlant height was approximately 36 cm.

¢ Plant height was approximately 120 cm.

dns; not significant at the 0=0.05 level.

¢ Data excluded due to treatment x environment interaction.
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Table 39. Total Leaf nitrogen concentration two weeks after treatment as influenced by the main effect of nitrogen source at

each environment. 2
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS* 2017 UCPRSY 2017

% N
Calcium Nitrate 3.70c 4.54 ab 5.45a 3.99a
Ammonium Nitrate 420b 425b 5.50 a 3.8la
UAN 4,58 a 4,77 a 5.44 a 3.65ab
Ammonium Sulfate 425b 4.13b 529a 3.38b
P>F <.001 <.001 ns 0.009

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 40. Leaf nitrogen concentration at layby as influenced by the main effect of chloride (ClI-) application rate at each
environment.?

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS¢2017 UCPRSH 2017
kg hat % N
0 4.63 ab 6.53a 6.23a 572a
34 420 b 6.23 b 6.18 a 555 a
67 5.23a 6.16 bc 6.17 a 550 a
101 4.83 ab 5.96 ¢ 6.03 a 5.40 a
P>F 0.024 0.008 ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 41. Leaf nitrogen concentration two weeks after layby as influenced by the main effect of nitrogen source at each
environment. @
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS®2017  UCPRSY2017

% N
Calcium Nitrate 5.00a 5.79a 555a 6.09 a
Ammonium Nitrate 5.12a 5.84 a 5.78 a 6.05 a
UAN 5.14a 5.80 a 5.66 a 5.78 a
Ammonium Sulfate 5.37 a 541Db 5.47 a 6.03 a
P>F ns 0.005 ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 42. Leaf nitrate-nitrogen concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (ClI-) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering® After Curing
N Source Cl Rate ppm NOs"
Calcium Nitrate 0 kg hat ns ns 1,842 a ns ns
Calcium Nitrate 34 kg hat ns ns 1,453 b-d ns ns
Calcium Nitrate 67 kg ha ns ns 1,444 b-d ns ns
Calcium Nitrate 101 kg hat ns ns 1,451 b-d ns ns
Ammonium 0 kg ha' ns ns 1,497 b-d ns ns
Nitrate
Ammonium 34 kg ha't ns ns 1,336 b-f ns ns
Nitrate
Ammonium 67 kg hat ns ns 1,294 d-f ns ns
Nitrate
Ammonium 101 kg ha' ns ns 1,228 e-g ns ns
Nitrate
UAN 0 kg ha' ns ns 1,566 b ns ns
UAN 34 kg ha't ns ns 1,169 fg ns ns
UAN 67 kg ha ns ns 1,534 bc ns ns
UAN 101 kg hat ns ns 1,515 b-d ns ns
Ammonium 0 kg ha' ns ns 1,292 c-f ns ns
Sulfate
Ammonium 34 kg ha ns ns 1,135 fg ns ns
Sulfate
Ammonium 67 kg ha ns ns 1,345 b-f ns ns
Sulfate
Ammonium 101 kg ha' ns ns 1,031 g ns ns
Sulfate
N Source
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Table 42. (continued)

Calcium Nitrate -€ - - 440 a -
Ammonium Nitrate - - - 439 a -
UAN - - - 386 a -
Ammonium Sulfate - - - 339a -
Cl- Rate

0 kg ha* 3,811a 1,210a - 409 a 8la

34 kg hat 3,022 b 1,239 a - 364 a 86 a

67 kg hat 2,765 bc 1,111a - 409 a 77a

101 kg ha' 2,463 c 1,100 a - 423 a 84 a

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b Plant height was approximately 36 cm.

¢ Plant height was approximately 120 cm.

dns; not significant at the 0=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 43. Leaf nitrate-nitrogen concentration two weeks after treatment as influenced by the main effect of nitrogen source at
each environment?.
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS®2017  UCPRSY2017

ppm NO3"
Calcium Nitrate 2,378 ¢ 4,193 a 2,261 a 3,456 a
Ammonium Nitrate 3,003 bc 3,737 a 2,663 a 3,276 a
UAN 4,569 a 4,122 a 2,396 a 2,454 b
Ammonium Sulfate 3,456 b 2,343 b 1,849 a 1,998 b
P>F <.001 <.001 ns <.001

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 44. Leaf nitrate-nitrogen concentration at layby as influenced by the main effect of nitrogen source at each

environmenta.
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS* 2017 UCPRSY 2017

ppm NOs"
Calcium Nitrate 1,995 b 983 a 921 a 558 a
Ammonium Nitrate 2,570 b 1,028 a 871 a 542 a
UAN 2,371b 897 a 811 a 446 b
Ammonium Sulfate 3,509 a 561 b 595 b 420 b
P>F 0.005 0.004 0.002 0.004

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 45. Leaf nitrate-nitrogen concentration two weeks after layby as influenced by the main effects of nitrogen source and
chloride (CI) application rate at each environment?.

Main Effect LCPRSP 2016 LCPRS 2017 OTRS* 2017 UCPRSY 2017
Nitrogen Source ppm NOs-
Calcium Nitrate 1,227 a 485 a 3,402 a 948 a
Ammonium Nitrate 902 a 408 a 3,214 a 814 ab
UAN 863 a 398 a 3,506 a 1,113 a
Ammonium Sulfate 985 a 228 b 3,052 a 538 b
P>F ns 0.006 ns 0.004
Cl- Application
Rate
0 kg hat 1,108 a 516 a 3474 a 1,167 a
34 kg hat 976 a 237 ¢ 3,098 a 707 b
67 kg hat 991 a 404 ab 3,402 a 693 b
101 kg ha' 902 a 362 bc 3,199 a 845 b
P>F ns 0.003 ns 0.012

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 46. Leaf nitrate-nitrogen concentration after curing as influenced by the main effect of nitrogen source at each
environment?,

Nitrogen Source LCPRS 2016  LCPRS 2017 OTRS* 2017 UCPRSH 2017

ppm NOs
Calcium Nitrate 53 a 40 a 119 a 135a
Ammonium Nitrate 59a 35a 9% a 133 a
UAN 59 a 45 a 75 a 138 a
Ammonium Sulfate 61 a 39a 70 a 152 a
P>F ns ns ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 47. Leaf phosphorus concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (Cl) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering® After Curing
N Source Cl Rate % P
Calcium Nitrate 0 kg hat ns ns ns ns ns
Calcium Nitrate 34 kg hat ns ns ns ns ns
Calcium Nitrate 67 kg ha't ns ns ns ns ns
Calcium Nitrate 101 kg hat ns ns ns ns ns
Ammonium 0 kg ha't ns ns ns ns ns
Nitrate
Ammonium 34 kg ha' ns ns ns ns ns
Nitrate
Ammonium 67 kg ha' ns ns ns ns ns
Nitrate
Ammonium 101 kg ha'* ns ns ns ns ns
Nitrate
UAN 0 kg hat ns ns ns ns ns
UAN 34 kg ha't ns ns ns ns ns
UAN 67 kg ha' ns ns ns ns ns
UAN 101 kg hat ns ns ns ns ns
Ammonium 0 kg hat ns ns ns ns ns
Sulfate
Ammonium 34 kg ha' ns ns ns ns ns
Sulfate
Ammonium 67 kg ha' ns ns ns ns ns
Sulfate
Ammonium 101 kg ha'* ns ns ns ns ns
Sulfate
N Source
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Table 47. (continued)

Calcium Nitrate 0.24 a 0.42 a 0.47 a - 0.17a

Ammonium Nitrate 0.23a 0.43a 0.48 a - 0.18a

UAN 0.24 a 0.45a 0.48 a - 0.18 a

Ammonium Sulfate 0.24a 0.45a 0.47 a - 0.18a
Cl- Rate

0 kg ha* 0.24a -€ 0.46 ¢c 0.27c 0.18a

34 kg ha't 0.25a - 0.47 bc 0.28 bc 0.18a

67 kg hat 0.24a - 0.48 ab 0.30 ab 0.18a

101 kg ha't 0.23a - 0.49a 0.31a 0.18 a

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b Plant height was approximately 36 cm.

¢ Plant height was approximately 120 cm.

dns; not significant at the 0=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 48. Leaf phosphorus concentration at layby as influenced by the main effect of chloride (ClI-) application rate at each
environment?,

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS®2017  UCPRSH 2017
kg hat % P
0 0.31a 0.43 ab 0.48 a 0.49a
34 032a 0.44a 052a 0.50a
67 0.40a 0.41 ab 0.50a 0.48 a
101 041a 0.40 b 050a 0.46a
P>F ns 0.040 ns ns

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 49. Leaf phosphorus concentration at flowering as influenced by the main effect of nitrogen source at each
environment?,
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS®2017  UCPRSY2017

% P
Calcium Nitrate 0.38a 0.35a 0.28¢c 0.21a
Ammonium Nitrate 0.34 ab 0.32a 0.31a 0.22 a
UAN 0.30c 0.30a 0.29 bc 0.21a
Ammonium Sulfate 0.34 bc 0.30a 0.31ab 0.20a
P>F 0.006 ns 0.015 ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 50. Leaf potassium concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (ClI-) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering® After Curing
N Source Cl Rate % K
Calcium Nitrate 0 kg hat 3.71a-c ns ns ns ns
Calcium Nitrate 34 kg hat 3.8la-c ns ns ns ns
Calcium Nitrate 67 kg ha't 3.87 a-c ns ns ns ns
Calcium Nitrate 101 kg hat 3.75a-c ns ns ns ns
Ammonium 0 kg ha' 3.58 bc ns ns ns ns
Nitrate
Ammonium 34 kg hat 3.56 b-d ns ns ns ns
Nitrate
Ammonium 67 kg ha 3.93a ns ns ns ns
Nitrate
Ammonium 101 kg ha' 3.71 a-c ns ns ns ns
Nitrate
UAN 0 kg ha' 3.52¢ ns ns ns ns
UAN 34 kg hat 3.64 a-c ns ns ns ns
UAN 67 kg hat 3.89 ab ns ns ns ns
UAN 101 kg ha' 3.77 a-c ns ns ns ns
Ammonium 0 kg ha' 3.85a-c ns ns ns ns
Sulfate
Ammonium 34 kg ha 3.78 a-c ns ns ns ns
Sulfate
Ammonium 67 kg ha 3.80 a-c ns ns ns ns
Sulfate
Ammonium 101 kg ha' 3.58 bc ns ns ns ns
Sulfate
N Source
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Table 50. (continued)

Calcium Nitrate € 3.04 a 2.72 a 181a 2.13 a
Ammonium Nitrate - 2.99a 2.66 a 1.80 a 217 a
UAN - 3.06 a 2.78 a 1.78 a 2.18a
Ammonium Sulfate - 2.96 a 2.70 a 1.83a 2.20a
Cl- Rate

0 kg hat - 293¢ - - -

34 kg hat - 3.10a - - -

67 kg ha - 2.96 bc - - -

101 kg ha'* - 3.06 ab - - -

8 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b Plant height was approximately 36 cm.

¢ Plant height was approximately 120 cm.

dns: not significant at the a=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 51. Leaf potassium concentration two weeks after treatment as influenced by the main effects of nitrogen source and
chloride (CI) application rate at each environment?.

Main Effect LCPRSP 2016 LCPRS 2017 OTRS* 2017 UCPRSY 2017
Nitrogen Source % K
Calcium Nitrate 453 a 3.60a 3.93a 3.09a
Ammonium Nitrate 4.67 a 3.27a 3.89a 2.97 a
UAN 4.32a 3.42a 3.98a 2.98 a
Ammonium Sulfate 471a 3.24a 3.90a 297 a
P>F ns ns ns ns
Cl- Application
Rate
0 kg hat 4.36 a 3.34Db 3.92a 3.04a
34 kg hat 4.50 ab 3.24b 3.97a 3.18a
67 kg hat 4.55 ab 3.76 a 4.01a 2.94 a
101 kg ha' 4.82 a 3.19b 3.81a 2.83a
P>F ns 0.002 ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 52. Leaf potassium concentration two weeks after layby as influenced by the main effect of chloride (Cl") application
rate at each environment?.

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS¢2017 UCPRSH 2017
kg hat % K
0 236a 234D 3.15a 2743
34 2432 234b 3.14a 276
67 235a 259a 327a 2732
101 230a 263a 3.33a 2922
P>F ns 0.003 ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 53. Leaf potassium concentration at flowering as influenced by the main effect of chloride (CI") application rate at each
environment?,

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS®2017  UCPRSH 2017
kg hat % K
0 1.97b 1.82a 150 a 159b
34 233a 1.78a 157a 1.63b
67 2.27 a 1.92 a 1.57a 1.58b
101 2342 1.85a 156a 1.78a
P>F 0.008 ns ns 0.005

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 54. Leaf potassium concentration after curing as influenced by the main effect of chloride (CI°) application rate at each
environment?,

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS¢2017 UCPRSH 2017
kg hat % K
0 191a 2.27 a 2.84 a 2.16a
34 184a 215a 252 b 2132
67 1.80a 235a 248D 203a
101 1.64 b 2.16a 240 b 216 a
P>F 0.003 ns 0.004 ns

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 55. Leaf magnesium concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (Cl-) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering®  After Curing
N Source Cl Rate % Mg
Calcium Nitrate 0 kg hat ns¢ ns ns ns ns
Calcium Nitrate 34 kg hat ns ns ns ns ns
Calcium Nitrate 67 kg ha't ns ns ns ns ns
Calcium Nitrate 101 kg hat ns ns ns ns ns
Ammonium 0 kg ha' ns ns ns ns ns
Nitrate
Ammonium 34 kg ha't ns ns ns ns ns
Nitrate
Ammonium 67 kg hat ns ns ns ns ns
Nitrate
Ammonium 101 kg ha' ns ns ns ns ns
Nitrate
UAN 0 kg ha' ns ns ns ns ns
UAN 34 kg hat ns ns ns ns ns
UAN 67 kg hat ns ns ns ns ns
UAN 101 kg hat ns ns ns ns ns
Ammonium 0 kg ha' ns ns ns ns ns
Sulfate
Ammonium 34 kg ha ns ns ns ns ns
Sulfate
Ammonium 67 kg ha ns ns ns ns ns
Sulfate
Ammonium 101 kg ha' ns ns ns ns ns
Sulfate
N Source
Calcium Nitrate 0.51a 0.37 a 0.38Db - 0.35a
Ammonium Nitrate 0.50 a 0.36 a 0.39 ab - 0.35a
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Table 55. (continued)

UAN 0.51a

Ammonium Sulfate 0.51a
Cl- Rate

0 kg ha* 0.50 a

34 kg ha't 049a

67 kg hat 0.52a

101 kg ha't 051a

0.37a
0.36 a

0.38b
0.39a

0.32a
0.32a
0.33a
0.33a

0.35a
0.33b

0.35a
0.35a
0.33a
0.36 a

4 Treatment means followed by the same letter within the same column are not significantly different at the a=0.05 level.

b Plant height was approximately 36 cm.
¢ Plant height was approximately 120 cm.
dns; not significant at the 0=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 56. Leaf magnesium concentration at layby as influenced by the main effect of chloride (CI-) application rate at each
environment?,

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017 OTRS¢2017 UCPRSY 2017
kg hat % Mg
0 0.66 ab 032a 032a 0.32a
34 0.69 a 0.31a 0.32a 0.30 b
67 0.52 bc 0.30a 0.31b 0.29 b
101 051 ¢ 0.30 a 0.31b 0.28 b
P>F 0.022 ns 0.004 <.001

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 57. Leaf magnesium concentration two weeks after layby as influenced by the main effect of chloride (CI") application
rate at each environment?.

Cl A‘;Qt'gat'o” LCPRSP 2016 LCPRS2017  OTRS®2017  UCPRSH 2017
kg hat % Mg
0 0.37a 0.32a 054 a 0.36a
34 0.36 ab 0.30 b 053a 0.35 ab
67 0.35b 0.30 b 056 a 0.33b
101 0.34 b 0.30 b 053a 0.33b
P>F 0.036 0.006 ns 0.004

& Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 58. Leaf magnesium concentration at flowering as influenced by the main effect of nitrogen source at each
environment?,
Nitrogen Source LCPRSP 2016 LCPRS 2017 OTRS®2017  UCPRSY2017

% Mg
Calcium Nitrate 0.34a 0.32a 0.47 a 0.20a
Ammonium Nitrate 0.34a 0.34a 0.42a 0.20a
UAN 0.32a 0.32a 0.47 a 0.19a
Ammonium Sulfate 0.34a 0.34a 0.43a 0.19a
P>F ns ns ns ns

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 59. Leaf chloride concentration two weeks after treatment (2WAT), at layby, two weeks after layby (2WAL), at
flowering, and after curing as influenced by the interaction and main effects of nitrogen source and chloride (ClI-) application

rate?.
Factor 2 WAT Layby® 2 WAL At Flowering®  After Curing
N Source Cl Rate %
Calcium Nitrate 0 kg ha' ns¢ ns ns 0.50 g ns
Calcium Nitrate 34 kg hat ns ns ns 0.69 f ns
Calcium Nitrate 67 kg ha't ns ns ns 1.01cd ns
Calcium Nitrate 101 kg hat ns ns ns 1.14 ab ns
Ammonium 0 kg ha' ns ns ns 04749 ns
Nitrate
Ammonium 34 kg hat ns ns ns 0.83e ns
Nitrate
Ammonium 67 kg hat ns ns ns 0.96d ns
Nitrate
Ammonium 101 kg ha't ns ns ns 1.10 bc ns
Nitrate
UAN 0 kg ha' ns ns ns 0.53¢ ns
UAN 34 kg ha ns ns ns 0.77 ef ns
UAN 67 kg hat ns ns ns 1.00 cd ns
UAN 101 kg ha' ns ns ns 1.16 ab ns
Ammonium 0 kg ha' ns ns ns 0519 ns
Sulfate
Ammonium 34 kg hat ns ns ns 0.8le ns
Sulfate
Ammonium 67 kg ha ns ns ns 0.96 d ns
Sulfate
Ammonium 101 kg hat ns ns ns 1.19a ns
Sulfate
N Source
Calcium Nitrate - - 0.76 a - -
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Table 59. (continued)

Ammonium Nitrate - - 0.78 a -

UAN - - 0.80 a -

Ammonium Sulfate - - 0.80 a -
Cl- Rate

0 kg hat 0.68 ¢ - - -

34 kg hat 1.34 b - - -

67 kg ha 1.75a - - -

101 kg hat 1.74 a - - -

4 Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b Plant height was approximately 36 cm.

¢ Plant height was approximately 120 cm.

dns: not significant at the a=0.05 level.

¢ Data excluded due to treatment x environment interaction or main effect interaction.
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Table 60. Leaf chloride concentration two weeks after treatment as influenced by the main effect of nitrogen source at each
environment?,

Nitrogen Source LCPRS 2016  LCPRS 2017 OTRS* 2017 UCPRSH 2017

% CI-
Calcium Nitrate 1.28 a 1.25b 1.73 a 0.88¢
Ammonium Nitrate 1.16 ab 131b 181a 0.96 bc
UAN 0.85¢c 1.48b 1.95a 1.08b
Ammonium Sulfate 1.04 bc 1.92 a 2.19a 1.26 a
P>F 0.002 0.008 ns 0.003

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 61. Leaf chloride concentration at layby as influenced by the main effects of nitrogen source and chloride application
rate at each environment?

Main Effect LCPRSP 2016 LCPRS 2017 OTRS® 2017 UCPRSY 2017
Nitrogen Source % CI-
Calcium Nitrate 1.04 a 0.64b 0.84b 0.68 a
Ammonium Nitrate 0.85b 0.66 b 0.83b 0.66 a
UAN 0.74 b 0.64b 0.88 ab 0.67 a
Ammonium Sulfate 0.77b 0.83a 0.96 a 0.65a
P>F 0.006 <.001 0.047 ns
Cl- Application
Rate
0 kg ha' 0.35¢ 0.25¢ 0.54 d 0.24d
34 kg hat 0.78 b 0.70b 0.85c¢c 0.63¢c
67 kg hat 0.95b 0.89a 0.98b 0.79b
101 kg ha' 1.32a 0.93a 1.14 a 1.01a
P>F <.001 <.001 <.001 <.001

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC.
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Table 62. Leaf chloride concentration two weeks after layby as influenced by the main effect of chloride (ClI) application rate
at each environment?,

Cl A‘;Qt'ga“o” LCPRSP 2016 LCPRS2017 OTRS®2017 UCPRSH 2017
kg hat % CI-
0 0.19¢ 0.29d 1.20 d 0.27 ¢
34 0.33b 0.55 ¢ 1.46 ¢ 0.54 b
67 052a 0.72b 1.75b 058 b
101 053a 0.80a 201la 0.84a
P>F <.001 <.001 <.001 <.001

@ Treatment means followed by the same letter within the same column are not significantly different at the 0=0.05 level.
b|_CPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 63. Leaf chloride concentration at flowering as influenced by the main effect
of chloride (CI) application rate at each environment?.

Cl A%Z:t'ga“o” LCPRSP 2016 LCPRS2017 OTRS®2017 UCPRSY 2017
kg hat % CI-
0 0.41d 0.38¢ 0.93¢ 0.29d
34 0.76 ¢ 0.67b 1.19b 0.56 ¢
67 0.90 b 0.87a 152a 0.74 b
101 119a 0.92a 164a 0.90 a
P>F <.001 <.001 <.001 <.001

@ Treatment means followed by the same letter within the same column are not

significantly different at the a=0.05 level.

b| CPRS: Lower Coastal Plain Research Station in Kinston, NC.
¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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Table 64. Leaf chloride concentration after curing as influenced by the main
effects of nitrogen source and chloride application rate at each environment?.

Main Effect LCPRSP 2016 LCPRS2017 OTRS¢2017 UCPRSY2017

Nitrogen Source % CI-
Calcium Nitrate 1.27 a 1.00 a 1.87 a 0.64a
Ammonium 1.19a 1.05a 2132 0.65a
Nitrate
UAN 1.27a 1.08 a 1.80a 0.72a
Ammonium 1.15a 1.02a 2.05a 0.72a
Sulfate
P>F ns ns ns ns
Cl- Application
Rate
0 kg hat 0.61d 0.62c 1.66 b 0.28d
34 kg ha't 1.17¢ 0.87b 1.61Db 0.57¢
67 kg hat 1.43 b 1.31a 2.15a 0.82b
101 kg ha'* 1.66 a 1.35a 243 a 1.06 a
P>F <.001 <.001 <.001 <.001

@ Treatment means followed by the same letter within the same column are not
significantly different at the a=0.05 level.

b|_LCPRS; Lower Coastal Plain Research Station in Kinston, NC.

¢ OTRS; Oxford Tobacco Research Station in Oxford, NC.

dUCPRS; Upper Coastal Plain Research Station near Rocky Mount, NC
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