
ABSTRACT 

VANN, MATTHEW CHRISTOPHER. Effect of Potassium Rate, Application Method and 

Timing on the Yield and Quality of Flue-cured Tobacco. (Under the direction of Drs. Loren 

R. Fisher and W. David Smith). 

 

With rising input costs, growing environmental concerns, and higher yielding 

cultivars, fertilizer recommendations for flue-cured tobacco must be accurate.  Two separate 

studies were conducted in North Carolina in 2009 and 2010 to evaluate the effects of various 

potassium rates, application methods, and application timings on the yield and quality of 

flue-cured tobacco.  The purpose of this research was to evaluate current potassium 

recommendations and alternative methods of application.      

The first study evaluated the effect of various potassium rates on the yield and quality 

of flue-cured tobacco.  Treatments included: 0, 84, 112, 140, 168, 196, 224, and 252 kg 

K2O/ha.  All potassium was applied in a band beside the plant within ten days of 

transplanting.  In addition to yield and quality measurements, tissue samples were collected 

at three separate intervals: at layby, at topping, and after curing; and were analyzed for 

nutrient content.  Soil samples were also collected at a depth of 0 to 15 cm and 15 to 30 cm 

from plots not receiving supplemental potassium.  Tissue and soil samples were used to 

evaluate plant and soil nutrient status over the growing season.   

Crop yield did not increase at rates above 84 kg K2O/ha, and crop quality did not 

improve as application rate increased.  Under the environmental conditions at these 

experimental locations, lower application rates of potassium were acceptable, and may 

indeed be higher than necessary for most of the finer textured tobacco producing soils in 

North Carolina that have a medium to high potassium index.  However, recommendations 

appear to be accurate for soils that have a coarse texture and often lower potassium indices.            



The second study evaluated the effects of four potassium rates; 84, 140, 196, 252 kg 

K2O/ha, applied at four different timings; all broadcast one month before planting, all 

broadcast one week before planting, all banded at planting, and a split application with one-

half rate at planting and one-half rate at layby (approximately four weeks after transplanting).  

In addition to yield and quality measurements, tissue samples were collected at three separate 

intervals: at layby, at topping, and after curing; and were later analyzed for nutrient content.  

Soil samples were collected at a depth of 0 to 15 cm and 15 to 30 cm from control plots that 

did not receive supplemental potassium.   

In both years, crop yield and quality were not affected by application rate and 

application method.  Leaf yield demonstrated a favorable response to 84 kg K2O/ha with all 

other measured parameters remaining unaffected.  Under the environmental conditions 

observed at the research locations, 84 kg K2O/ha applied via broadcast one month before 

planting, via broadcast one week before planting, banded at planting, or applied in split 

applications provided adequate amounts of potassium to ensure sufficient yield and quality.  

It is likely that early broadcast applications of potassium with current rate recommendations 

would only be of concern with combinations of conditions that included coarse soil textures, 

low potassium indices, and/or excessive rainfall.   
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CHAPTER ONE 

INTRODUCTION 

Potassium (K) is an essential plant nutrient that has a profound effect on crop yield 

and crop quality.  It is the most abundant cation (K
+
) in plants and is associated with many of 

the physiological processes that lead to plant growth and development (Pettigrew, 2008).  

Potassium is absorbed in the monovalent form of K
+
 in very large quantities and typically 

makes up roughly 2-5% of plant dry weight (Marschner, 1995), with only nitrogen typically 

being absorbed in larger quantities (Mullins and Burmester, 1996).      

 

Soil Potassium 

Potassium is essential for many plant functions and without potassium, plants will not 

fully develop.  The average furrow slice of land contains roughly 33,641 kg/ha of potassium, 

however, only about 5.6 kg K
+
/ha is typically dissolved and plant available in the plow layer 

(Troeh and Thompson, 2005).  Potassium in the soil solution moves to plant roots primarily 

through diffusion and is supplemented to a lesser extent through mass flow (Troeh and 

Thompson, 2005).  Diffusion rates of K
+
 in the soil are limited to short distances, and over an 

entire growing season the K
+
 ion may only move as much as four millimeters to the root 

surface (Tisdale et. al., 1993b).  The rate of diffusion of K
+
 to the root zone can be highly 

variable based on soil moisture, impedance, buffering ability, and temperature (Barber, 

1985).  Also, rates of K
+
 accumulation by plants are so high that they often exceed what is 

naturally available in the soil from weathering of minerals such as mica and feldspar.  

Therefore, with variable rates of diffusion and naturally low soil K levels, K
 
amendments 
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must be applied to prevent nutritional deficiencies that can lead to reduced crop yield and 

quality.  

 

Potassium Uptake 

Once the K
+
 ion in soil solution reaches the root it can be absorbed and translocated 

to various sink tissues within the plant.  Potassium absorption occurs because plant 

membranes are permeable to the K
+
 ion, with two selective potassium

 
channels facilitating 

movement across the plant membrane (Mengel, 2007).  The first potassium channel is known 

as a low affinity, or passive transport system (Maathuis and Sanders, 1996).  In the low 

affinity channel, K
+
 moves down an electrochemical gradient through diffusion and therefore 

can only occur when K
+
 levels are very high outside of the root (Maathuis and Sanders, 

1996).  Ions in soil solution enter the root cortex through diffusion and ion exchange 

processes (Tisdale et al., 1993a).  The concentration of ions in the cortex is typically less than 

the bulk solution concentration; therefore, promoting the diffusive uptake process (Tisdale et 

al., 1993a).  Ultimately, the K
+
 ion will continue to be imported into the plant as long as the 

electrochemical potential remains lower within the plant than in the soil solution; if 

equilibrium is attained, K
+
 movement ceases (Mengel, 2007).  In the end, ions absorbed 

through passive uptake are apoplastically loaded and are forced into the root cell at the 

Casparian strip (Tisdale et al., 1993a).   

The second potassium
 
channel is labeled as a high affinity, or active transport 

mechanism, where K
+
 and hydrogen (H

+
) or sodium (Na

+
) are transported together into the 

root (Maathuis and Sanders, 1996) (Rubio et al., 1995).  The co-transport complex of K
+
:H

+
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or K
+
:Na

+
 has a very strong driving force against the electrochemical gradient (Boer, 1999) , 

and K
+
 at less than one micromole in concentration can be taken up for plant utilization 

(Szczerba et al., 2009).  High affinity uptake of K
+
 is of great importance because it allows 

K
+
 uptake when K

+
 levels are so low in solution that simple diffusion cannot occur (Mengel 

and Kirkby, 2001a).  Potassium uptake occurs because the cotransport complex creates a 

more favorable energy gradient than K
+
 alone (Boer, 1999).  Ions taken up through active 

transport are symplastically loaded and move through root cells via the plasmodesmata 

(Tisdale et al., 1993a).  As a result of the two mechanisms of active and passive uptake for 

K
+
, the ion is taken up from solution at very high rates. 

 

Potassium Transport Within the Plant 

 Aside from the main physiological functions associated with potassium, it is also 

known to be absorbed and efficiently translocated at very high rates (Mengel and Kirkby, 

2001b).  Once K
+
 enters the root, it must move from the cortex to aerial tissues, and does so 

through the xylem.  If the K
+
 ion actively enters the plant through the plasma membrane of 

outer cells in the root cortex, it is transported symplastically through root cells (Leonard, 

1985). However, if the ion is absorbed passively, movement occurs through the apoplast 

(Tisdale et al., 1993a).   

Potassium must enter the root cell if it is to reach the xylem tissue.  When K
+
 enters 

the root, it may be taken into the cytoplasm of an epidermal cell, or it may diffuse through 

the apoplast into the root cortex and actively enter the symplast through a cortical or 

endodermal cell (Taiz and Zeiger, 2006).  Once the ion crosses the endodermis, it reaches the 
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metaxylem, where it must move across one final membrane before entering the xylem.  The 

metaxylem contains many pits where both it and the parenchyma are separated by a single 

membrane. It is here that K
+
 can avoid the thick cell wall of the xylem (Mengel, 1985).  The 

movement of the K
+
 ion across the membrane is thought to be mediated by ATPase because 

of the high ATPase activity exhibited by the plasmalemma (Pitman, 1977).  The 

accumulation of K
+
 in xylem sap decreases water potential thus stimulating more water 

uptake and movement; this ultimately promotes K
+
 movement through the xylem (Baker and 

Weatherley, 1969).  Potassium can then be moved, along with water, throughout the plant 

wherever xylem tissue is present.     

 Potassium can be transported back into the roots from upper plant tissue, if a 

physiological demand is present, through phloem tissue.  Phloem sap is rich in K
+
; and due to 

its abundance K
+
 is important in phloem loading and transport (Mengel, 2007).  The overall 

purpose of K
+
 within the phloem is related to cotransport of photosynthates and metabolites, 

and not on overall growth (Mengel and Haeder, 1977).  In work conducted by Mengel and 

Haeder (1977) with castorbean, it was shown that overall growth, leaf area, height, and stem 

circumference of plants with low and high potassium applications were not different; only 

the rate of sap exudation was higher in the potassium rich plant.  In the K
+
 rich sap, the 

concentration of solutes such as glucose 6-phosphate, fructose 6-phosphate, and even ATP 

were significantly increased when compared to the sap of castorbean with low K
+ 

(Mengel 

and Haeder, 1977).  Carbon assimilation was also increased in castorbean with high levels of 

K
+
 (Mengel and Haeder, 1977), which could be attributed to healthier leaves and more 

cotransporters for assimilates.  The accumulation of more assimilates also leads to a 
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significant decrease in osmotic potential, which induces an influx of water and thus increases 

the flow rate (Mengel, 1985).  In short, K
+
 is moved through the phloem as a co-transporter 

of organic and inorganic ions and once it reaches a sink, it can be stored in tissue or recycled 

back to aerial tissue through the xylem.  

 

The Function of Potassium within the Plant 

Once inside the plant, K
+
 is highly mobile and therefore can move within cells, within 

tissues, and across long distances (Marschner, 1995).  However, unlike other essential 

nutrients, such as nitrogen (N), phosphorus (P), and sulfur (S), potassium does not serve as a 

building block for organic constituents (Mengel and Kirkby, 2001b), but rather it serves to 

facilitate many vital physiological processes.  Potassium serves a number of roles that 

include enzyme activation, meristematic growth, osmotic regulation, and photosynthesis and 

photosynthate translocation (Mengel and Kirkby, 2001b).      

The main function of potassium, from a biochemical standpoint, is that of an enzyme 

activator.  Enzymes can be activated by monovalent cations such as rubidium (Rb
+
), caesium 

(Cs
+
), sodium (Na

+
), lithium (Li

+
) and ammonium (NH4

+
); however, most of these ions are 

far less efficient than K
+
 and the ions that are as efficient occur at concentrations that are 

toxic to the plant (Mengel and Kirkby, 2001b).  It was originally believed that K
+
 binds to the 

surface of an enzyme thus changing the enzymatic conformation and ultimately leading to 

enzyme activation (Mengel, 2007).  This hypothesis was confirmed in work conducted by 

Miller (1993) with the enzyme dialkylglycine decarboxylase (DGD) where it was found that 

K
+
 can become the center of an enzyme cage with six oxygen atoms orienting around it to 
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form an octahedron (Miller, 1993).  Three of the oxygen atoms are donated by carbonyls, two 

are from serine and aspartate, and one comes from a water molecule (Miller, 1993).  The 

unique conformational change occurs as a result of the position of the K
+
 ion in the center of 

the octahedron where its positive charge attracts the negative site of the oxygen atoms 

(Mengel, 2007).  This concept is important for enzyme activation because the binding site is 

very selective for K
+
 when compared to other monovalent cations, specifically Na

+ 
(Mengel, 

2007).  The dehydration energy required for K
+
 is much lower than that required for Na

+
, 

thus if Na
+
 binds to the enzyme the natural conformation of the enzyme becomes distorted 

(Mengel, 2007).  Once this distortion occurs, only five oxygen atoms are utilized with the 

sixth being expelled through serine (Miller, 1993).  This alteration forces adjustments in 

nearby tyrosine and glutamate residues, which presumably shut down the enzyme in the Na
+
-

liganded state (Miller, 1993).         

Although not yet known how many enzymes are activated or influenced by K
+
, it is 

well established that it does play a crucial role in promoting the activity of the major enzyme 

adenosine triphosphatase (ATPase).  ATPase is found exclusively in plants and fungi and is 

responsible for excreting H
+
 from the cell into solution (Palmgren, 2001).  As H

+
 exits the 

cell, a negative charge builds inside that creates a membrane potential used to attract cations 

(Palmgren, 2001).  As the exuded protons build outside of the cell, the pH of the apoplast is 

greatly lowered to around a pH of 5 to 6, which is lower than the pH of 7.0 inside of the 

cytoplasm (Palmgren, 2001).  The gradient created between both the electrical potential and 

the pH is the major driving force for solutes to enter the cell (Palmgren, 2001).  This process 

is important because it is directly linked to the presence of K
+
.  It has been found that the 
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presence of cations such as K
+
, Na

+
, Ca

2+
, and Mg

2+
 in the external solution promote H

+
 

secretion by ATPase, with K
+ 

having the most profound effect on depolarization (Mengel and 

Schubert, 1985).  It was concluded by Mengel and Schubert (1985) that an external K
+
 

concentration of 3 mol/m
3
 induced a H

+
 efflux four times greater than that with no potassium.  

This H
+
 efflux occurs as a result of the membrane-depolarizing effect of K

+
 because K

+
 

uptake lowers the electrical gradient across the membrane and therefore less energy is 

required to transport H
+
 out of the cytosol (Mengel and Schubert, 1985). Potassium is 

thought to have such a large impact because of its higher concentrations both inside and 

outside of the plant, in comparison to the other cations, (Mengel and Schubert, 1985) and 

because of its high permeability of the plasmalemma (Mengel, 2007).                           

The efflux of H
+
 from the cytosol can also induce growth in meristematic tissue.  The 

meristematic tissue of a plant is an area of undifferentiated cells where new growth can 

occur.   Growth in the meristematic region is the primary sink during vegetative growth 

(Mengel, 2007).  Meristematic growth is initiated by the pumping of an H
+
 ion from the 

cytosol into the apoplast (Mengel and Kirkby, 2001b), where the cell wall begins to loosen 

from acidification thus leading to cell expansion (Hager et al., 1971).  The amount and rate of 

H
+ 

released into the apoplast is extremely dependent upon the presence of K
+
 (Mengel and 

Kirkby, 2001b), because, as mentioned previously, the presence of K
+
 serves to stimulate 

ATPase and the pumping of H
+
 (Mengel, 1996).  With the accumulation of H

+
 in the 

apoplast, an electrical gradient is formed that promotes the uptake of K
+
 by the cell.  Once K

+
 

enters the cell, it is stored in the vacuole so that the difference in electrical charge is satisfied.         
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Another widely known function of K
+
 within plants is the role it plays in osmotic 

regulation.  Potassium is known to have a direct effect on the uptake of water from solution, 

the retention of water in leaves, and the maintenance of turgor pressure in specialized cells 

(Mengel, 1996).  As previously mentioned, K
+
 has an impact on water uptake in plants.  The 

accumulation of K
+
 in xylem sap decreases overall water potential and, therefore, stimulates 

more water uptake from soil solution (Baker and Weatherley, 1969).  The xylem sap will 

then follow the transpiration stream that ultimately exits through stomatal openings in leaf 

tissue, and as a result of the water influx, plants should be able to keep up with transpiration 

demands.   

Water retention in leaf tissue and turgor pressure are maintained through the presence 

of K
+
 largely because of the effect the ion can have on stomatal opening and closing.  

Potassium is stored at high concentrations in the relatively large vacuole of the cell and it is 

here that overall tissue turgor is maintained (Mengel, 2007).  The osmotic potential of the 

vacuole can ultimately influence the cell as a whole.  The process of stomatal opening and 

closing is largely mediated by changes in the turgor status of the adjacent guard cells (Nilson 

and Assmann, 2007). In most plant species the turgor charge is influenced by K
+
 and an 

associated anion (Marschner, 1995).  As guard cells begin to lose turgor pressure, they begin 

to close and, therefore, an increase in the concentration of K
+
 in the guard cells increases 

osmotic potential which results in the uptake of water from adjacent cells (Marschner, 1995).  

The increase of turgor pressure in guard cells results in the opening of the stomata from about 

2 μm to 12 μm (Marschner, 1995) (Humble and Raschke, 1971).  There are vast differences 

in potassium concentrations, guard cell volume, and guard cell osmotic pressure between K
+
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deficient and K
+
 sufficient plants (Humble and Raschke, 1971), all of which have a profound 

effect on transpiration and stomatal resistance.  Overall, increases in K
+
, turgor pressure, and 

stomatal opening keep water in the leaf tissue and promote gaseous exchange between the 

stomata and the surrounding environment. 

Potassium also has a role in photosynthesis and photosynthate translocation.  There is 

an association between K
+
 deficiency and stomatal closure (Humble and Raschke, 1971) that 

ultimately leads to a decrease in the diffusion of CO2 into the leaf because of resistance.  

When CO2 uptake is decreased, there is an overall decrease in photosynthesis as well.  Aside 

from promoting general CO2 uptake, potassium has specific functions within the plant in the 

photosynthetic process.  Potassium, along with magnesium (Mg
2+

), is known to be a main 

counterion to the light-induced H
+
 flux across the thylakoid membranes and for promoting 

the establishment of a pH gradient necessary for ATP synthesis (Marschner, 1995) (Tester 

and Blatt, 1989).  A pH gradient is established by ATPase pumping H
+
 out of the stroma; and 

once a gradient is formed, an influx of K
+
 occurs into the stroma (Berkowitz and Peters, 

1993).  The constant efflux of H
+ 

maintains a pH gradient that supports electron-transport 

during photosynthesis (Berkowitz and Peters, 1993) and it prevents a low stromal pH which 

inhibits photosynthesis (Wu and Berkowitz, 1992).  Overall, there is a favorable effect of K
+
 

on CO2 assimilation and also a decrease in mitochondrial respiration, where CO2 can actually 

be lost (Peoples and Koch, 1979).  The presence of K
+
 also serves to reduce mesophyll 

resistance to CO2 diffusion, and promote the synthesis of the enzyme ribulose bisphosphate 

carboxylase (Rubisco) (Peoples and Koch, 1979).  The synthesis of Rubisco promotes CO2 

fixation in C3 plant species, therefore, it is directly influenced by the rate of CO2 diffusion 
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into the leaf.  Overall, K
+
 serves to promote photosynthesis by making it easier for CO2 to 

enter the leaf and reach the chloroplast. 

As previously mentioned, K
+
 has an enhancing effect on the translocation of 

photosynthates (Mengel and Kirkby, 2001b).  Multiple studies (Malek and Baker, 1977) 

(Peel and Rogers, 1982) (van Bel and van Erven, 1979) have found that potassium promotes 

the loading of assimilates into sieve tubes.  Potassium can have varying effects on transport 

within the phloem, based on the apoplastic pH.  At a lower pH, K
+
 acts as an antiport while at 

a high pH it acts as a co-transport (Peel and Rogers, 1982) (van Bel and van Erven, 1979).  

Once assimilates are loaded into the phloem, they are transported, along with water, to sink 

tissue.  This movement of assimilates and water occurs as a response to a hydrostatic 

gradient.  As K
+
 accumulates in the sieve tube, the osmotic potential decreases and an influx 

of water occurs (Mengel, 1996).  This influx of water is the ultimate driving force that 

propels assimilates to a desired area.              

 

Potassium Demand and Function in Flue-cured Tobacco 

 As with all other crops, potassium is essential to the production of high yielding and 

high quality flue-cured tobacco (Nicotiana tabacum L.).  A good yielding crop typically 

removes about 100 kilograms K per hectare from the soil for optimum production (Raper and 

McCants, 1966).  Tobacco is known to be a luxury consumer of potassium so potassium 

application is typically two to three times that needed for maximum yield (Sims, 1985).  The 

luxury absorption of K
+
 is related to the large amounts of readily available K applied in 

fertilizers (McCants and Woltz, 1967).   The over application of potassium is justified on the 
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basis that both leaf and burn quality are thought to improve with additional units of the 

supplement (Collins and Hawks, 1993), as well as the fact that fertilizer and liming costs 

have historically been relatively low (Brown and Snell, 2011).  The combination of increased 

quality and relatively cheap inputs make it profitable and efficient to fertilize for maximum 

leaf yield and quality.  

Flue-cured tobacco is typically produced on sandy, infertile surface soils that are very 

well-drained and contain low amounts of organic matter (Peedin, 1999).  These soil 

conditions promote specific characteristics associated with flue-cured tobacco such as bright 

color and high sugar content (Peedin, 1999).  The coarse soils typically used in flue-cured 

tobacco production are often characterized as having a relatively low cation exchange 

capacity (Tisdale et al., 1993a), and as a result, low nutrient holding capabilities.  Research 

conducted by Denton et al. (1987) used the Fertility Capability Classification (FCC) system 

to evaluate the response of flue-cured tobacco to potassium application.  It was determined 

that yield response to potassium application differed significantly among FCC soil groups 

(Denton et al., 1987).  Across all soil types, roughly 84 kg K2O/ha exhibited a response in 

crop yield, with the highest optimum rates occurring on soils with sand or loamy sand 

surfaces greater than 0.5 meters thick (Denton et al., 1987).  With low soil fertility and high 

nutritional demands, the application of supplemental nutrients is essential for optimum 

growth.     

On most soils, supplemental nutrients via fertilizers are required for tobacco to reach 

maximum yields.  It is essential that fertilizer be applied in a timely manner and with the 

proper method to maximize utilization of the nutrients by the crop.  Potassium was 
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traditionally applied prior to transplanting as part of a base fertilizer in a complete N-P-K 

formulation with secondary, supplemental potassium applications occurring in a banded 

method between transplanting and layby as needed.  The broadcast application of complete 

fertilizers was traditionally preferred by producers because of the ease of application and 

lower application cost.  However, broadcast application does have certain drawbacks.  

Broadcast applications are typically made anywhere from one month to a few days prior to 

transplanting subjecting nutrients, such as K
+
 and NO3

-
, to possible leaching and inefficient 

use.  Broadcast application of fertilizer, especially those containing N, also presents the risk 

of salt injury to young plants (Collins and Hawks, 1993).  Most applied fertilizers, 

specifically nitrogen and potassium, are of a salt formulation and have the potential to inhibit 

plant growth under certain conditions.  When beds are formed prior to transplanting, fertilizer 

can be drawn into the rooting zone to the extent that salt concentrations are high enough to 

adversely affect plant stands (Collins and Hawks, 1993).   

For these reasons broadcast applications have been nearly abandoned and now it is 

common practice to apply fertilizer in a banded, in-row application (Tso, 1990b).  The most 

efficient banded application methods are either two bands applied at transplanting where 

bands are roughly twenty centimeters apart and five centimeters deep, or one band applied 

within ten days after transplanting in which fertilizer is placed twelve centimeters to the side 

of the plant and twelve centimeters deep (Collins and Hawks, 1993).  If soils are highly 

leachable, a split application, where one-half rate is applied at transplanting and one-half rate 

is applied at layby, becomes more efficient (San Valentin et al., 1978).  In banded 

applications, fertilizer efficiency is increased to the point that only one-half or two-thirds as 
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much is needed when compared to broadcast applications (Miner and Sims, 1983).    Overall, 

bands applied at transplanting and within ten days after transplanting produce better yields 

more consistently than broadcast and are more efficient under a variety of soil conditions 

(Smith, 2011).  

Potassium applications are often made from transplanting until layby because the 

tobacco plant requires an adequate supply of the nutrient throughout the growing season 

(Flower, 1999).  Potassium accumulation in flue-cured tobacco occurs all season, with the 

vast majority taking place by mid-season (Collins and Hawks, 1993).  The rate of K
+
 

absorption follows a sigmoidal curve that begins to flatten around seven to eight weeks after 

transplanting, and it is assumed that the decrease in absorption is a result of the exhaustion of 

K
+
 in the soil (McCants and Woltz, 1967).  Ultimately, the supply of potassium must last 

from the time tobacco is transplanted until about two weeks before the first harvest occurs; 

this will ensure sufficient K
+
 absorption so that maximum growth occurs without further K

+
 

absorption during harvest (Flower, 1999).  The tobacco plant has the ability to store K
+
 at the 

early stages of growth (Tso, 1990a), thus allowing K
+
 to be mobilized throughout the plant as 

needed during the season.   

It is also of interest to note that the total accumulation of potassium is greater than 

any other mineral element in flue-cured tobacco (Raper and McCants, 1966).  Season long 

nutrient accumulation measured by Raper and McCants (1966) concluded that potassium 

accumulation was twice as much as nitrogen over the course of the growing season.  In this 

study, potassium accumulated at about 130 kg/ha and nitrogen accumulated at about 63 kg/ha 

to produce tobacco yielding 2523 kg/ha.  These results have become the basis for potassium 
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fertilizer recommendations.  It is often recommended that potassium be applied at twice the 

rate of nitrogen application.  Even with the crop only removing roughly 100 kg/ha of 

potassium, some fertilizer may be lost to leaching.  Considering this and knowing that flue-

cured tobacco is a luxury consumer of K
+
, over application is often essential.   

The model of potassium uptake is not consistent for all types of tobacco.  For 

example, burley tobacco accumulates more nitrogen than potassium in aerial tissue over the 

growing season (Atkinson et al, 1977).  Burley and dark fire-cured tobacco also require more 

potassium than flue-cured tobacco.  Leggett et al. (1977) report a yield response in burley 

tobacco to potassium application up to 112 kg K2O/ha on soils low in potassium, and 

increases in crop value at 224 and 448 kg K2O/ha.  Recommendations for potassium 

application in dark fire-cured tobacco can be as high as 338 kg K2O/ha based on potassium 

levels within the soil (Miller and Fowlkes, 1999).  The differences in mineral accumulation 

between flue-cured tobacco and other tobacco types is not a direct result of physiological 

differences per se, but rather in the fact that two to three times the amount of nutrients are 

applied to other types than are applied to flue-cured (Sims, 1985).  Overall, the quantities of 

dry matter and potassium accumulation by tobacco vary with tobacco type, and they are also 

dependent on a number other factors such as cultivar, soil pH, residual nutrients, fertilization 

practices, rainfall, and other environmental factors (Sims, 1985).     

 As previously mentioned, it is widely believed that increases in potassium 

application result in increases of overall crop quality.  Leaf color, texture, combustibility, and 

hygroscopic properties are believed to be enhanced by additional units of potassium fertilizer 

(Tso, 1990a).  There is a wide held belief that increased potassium
 
application will result in 
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leaves that are thinner, more elastic, and deeper orange in color; however, this has not been 

confirmed in controlled experiments (Collins and Hawks, 1993).  The improvement in 

quality that is attributed to increased accumulation of K
+
 is found in smoke quality by 

lowering the ignition temperature of tobacco for smoking purposes (Tibbitts, 1962), 

increasing the rate of burn, and increasing the fireholding ability (Collins and Hawks, 1993).  

An increase in these properties may occur when a visible increase in yield or quality is not 

observed (Collins and Hawks, 1993).  It seems that physical characteristics of tobacco 

combustion are, for the most part, the only qualities affected by over application of 

potassium.  Generally speaking, chemical characteristics of both reducing sugar content and 

total alkaloid content are unaffected by excess rates of application (Woltz et al., 1949) 

(Elliot, 1968) (Chaplin and Miner, 1980).  However, conflicting reports have established a 

negative correlation between K fertilization and nicotine content in cured leaf as well as 

nicotine delivery in smoke, even as total alkaloid content remains unchanged.  Chaplin and 

Miner (1980) report a significant decrease in nicotine content as K2O rates increase.  Leggett 

et al. (1977) reports a decrease of nicotine delivery in cigarette smoke from burley type 

tobacco as application rates of potassium increase.  The decrease in nicotine is believed to be 

a result of dilution by dry matter (Sims, 1985).      

The source of K fertilizer is also important as it relates to yield and quality.  Studies 

have been conducted that evaluate the response of tobacco to various sources of potassium, 

particularly the sulfate, chloride, carbonate, and nitrate salt formulations (McCants and 

Woltz, 1967).  Of all potassium fertilizer sources only potassium chloride (KCl) has 

consistently given poor results.  The poor response is associated with the chloride ion (Cl
-
), 
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which can be toxic to the tobacco plant at rates higher than 33 kg Cl
-
/ha (Collins & Hawks, 

1993).  Other potassium fertilizer sources do not have an effect on leaf yield or quality; 

however, potassium sulfate (K2SO4) has been found to decrease the burn duration of cigar 

tobacco (Wedin, 1960).  The decrease in burn duration is believed to be associated with an 

adverse effect of the sulfate ion (Wedin, 1960).  Potassium magnesium sulfate (K2SO4, 

MgSO4) has become a popular choice for many flue-cured tobacco producers because of the 

S and Mg it supplies, and the need for these nutrients on coarser soils used for production.     

Potassium deficiencies are not typically observed in commercial tobacco production 

because of the large amounts of supplemental potassium applied during the season; however, 

deficiencies can be observed under certain conditions.  Potassium moves through the soil via 

diffusion, and if soil moisture is too low there is no medium for the K
+
 ion to move.  

Deficiency may also be an indicator of excess ammonium, magnesium, or sulfur, all of which 

compete with K
+
 for uptake (McCants and Woltz, 1967).  Deficiency symptoms are initially 

identified by slight mottling and the appearance of brownish yellow specks near the leaf tip 

and margins of mid to upper leaves (Flower, 1999) (Collins and Hawks, 1993).  Affected leaf 

tips may also begin to curl downward and leaf margins inward until they are nearly at a right 

angle to rest of the leaf (McCants and Woltz, 1967).  If deficiencies become severe and 

persist, the tissue will eventually turn brown and die (Collins and Hawks, 1993).  Once the 

necrotic tissue falls off of the leaf, a ragged appearance is noted (Flower, 1999) and physical 

quality can then be affected.          
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Justification of Work 

 Tobacco has been grown and cultivated in the United States for nearly 400 years, 

with production ranging from as far south as northern Florida to as far north as Connecticut.  

Tobacco, in modern times, remains a viable crop that provides countless families with the 

means to make a living.  Flue-cured tobacco is by far the dominate class of tobacco grown in 

the United States, with an estimated 203.5 million kilograms coming from nearly 85,500 

hectares in 2010 (Brown and Snell, 2011).  

As previously mentioned, the application of potassium is essential to flue-cured 

tobacco production and further research is needed to ensure that potassium is used in an 

efficient manner.  In recent years the cost of fertilizer inputs have increased substantially, 

with K inputs rising the most (Huang, 2010).  The price of potassium chloride rose from 

around $0.26/kg in 2005 to around $0.93/kg in 2009 (Huang, 2010); and although potassium 

chloride is not used in tobacco production, it is a good indicator of overall potassium price 

trends.  The price of potassium chloride has decreased since 2009, but it is still more 

expensive than it has been in years past.  Phosphorus based fertilizers have also followed the 

same economic trends as potassium fertilizers; therefore, the issue of high fertilizer costs has 

only become more severe.  Growers must become efficient in fertilizer use in order to reduce 

the overall cost of production.   

One benefit to tobacco producers in North Carolina is that roughly 85% of all 

traditional tobacco producing soils have a high (Mehlich-3 P 61-120 mg P/dm
3
) to very-high 

(Mehlich-3 P >120 mg P/dm
3
) P-index (Hardy, 2011).  Most growers do not need to apply 

supplemental P based on soil test reports.  With growers not applying phosphorus based 
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fertilizers, they are now able to decouple the complete N-P-K blended fertilizers and apply 

both nitrogen and potassium independent of each other.  This allows for very controlled and 

efficient placement of each nutrient, as well as alternate choices for the sources of each 

nutrient.   

 Finally, tobacco production has changed significantly from the early 1900’s to current 

times in the United States.  As a result of these changes, flue-cured cultivars and production 

practices have increased crop yields significantly.  Today’s flue-cured tobacco cultivars 

differ in both yield and quality from cultivars grown early in the 20
th

 century (Sisson et al., 

1991).  Bowman et al. (1984) compared yield and quality data from the North Carolina 

Official Flue-Cured Tobacco Cultivar Tests (NC OVT) from 1954 to 1981 and found that 

yield increased an average of 49.5 kg/ha annually.  Roughly two-thirds of this increase is 

believed to be a direct result of improved production technology and one-third from genetic 

improvement (Bowman et al., 1984).  Newer, higher yielding cultivars were found to show a 

favorable response to an additional 54 kg K2O/ha over traditional fertilizer application rates 

(Bowman et al., 1984).  In years following this study, newer cultivars have been introduced 

that may also require additional units of K to obtain maximum yield.               

Overall, with rising input costs, growing environmental concerns, and new higher 

yielding cultivars, potassium fertilizer recommendations must be accurate and more efficient.           
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ABSTRACT 

 Research was conducted at two locations in 2009 and 2010 to determine the effect of 

potassium rate on the yield and quality of flue-cured tobacco.  Treatments included eight 

rates of potassium from potassium magnesium sulfate (K-Mag, 0-0-22): 0, 84, 112, 140, 168, 

196, 224, and 252 kg K2O/ha.  A complete (N-P-K) fertilizer which supplied 134 kg K2O/ha 

was also included as a control treatment.  All fertilizer was applied in a single band 

application within ten days after transplanting.  Yield was measured and samples were 

assigned an official USDA grade.  Crop value was determined based on yield and grade.   

Tissue samples were collected throughout the season at three separate intervals: at 

layby (when plants were roughly 38 cm tall), at topping, and after curing.  Tissue samples 

were analyzed for total alkaloid and reducing sugar content as well as N, P, K, and Mg 

content at North Carolina State University.  Soil samples were also collected at transplanting 

which corresponded to potassium fertilizer application, and were analyzed by the North 

Carolina Department of Agriculture and Consumer Services Agronomic Division in Raleigh, 

North Carolina.  Data were subjected to an analysis of variance (ANOVA) using the PROC 

GLM procedure in SAS.  Treatment means were separated using Fisher’s Protected LSD test 

at p ≤ 0.05.    

 No yield or quality response was seen with potassium rates at and above 84 kg 

K2O/ha.  Current potassium recommendations are adequate, and in fact may be higher than 

necessary for fine textured soils with medium to high potassium indices.  In contrast, 

recommendations appear to be accurate for coarse textured soils in tobacco producing areas 

of North Carolina where potassium indices are often low.     
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INTRODUCTION 

Potassium Function and Demand in Flue-cured Tobacco 

 Potassium (K) is an essential plant nutrient that has a profound effect on crop yield 

and crop quality.  It is the most abundant cation (K
+
) in plants and is associated with many of 

the physiological processes that lead to plant growth and development (Pettigrew, 2008).  

Unlike other essential nutrients, such as nitrogen (N), phosphorus (P), and sulfur (S), K does 

not serve as a building block for organic constituents (Mengel and Kirkby, 2001), but rather 

serves to facilitate many vital physiological processes.  Potassium serves a number of roles 

that include enzyme activation, meristematic growth, osmotic regulation, photosynthesis, and 

photosynthate translocation (Mengel and Kirkby, 2001).    

 As with all other crops, K is essential to the production of high yielding, high quality 

flue-cured tobacco with a healthy crop typically requiring about 100 kg K2O/ha from the soil 

for optimum growth (Raper and McCants, 1966).  Tobacco is known to be a luxury consumer 

of K
+
 (Raper and McCants, 1966), and potassium application is typically two to three times 

that needed for maximum yield (Sims, 1985).  Application of K2O rates greater than what is 

needed for maximum yield is thought to improve leaf and burn qualities (Collins and Hawks, 
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1993).  Additionally, fertilizer and liming costs are typically in the range of eight to nine 

percent of the total operating costs (Brown and Snell, 2011).   

In recent years certain aspects of production have altered how tobacco producers 

address crop nutrition.  The cost of fertilizer inputs, specifically K sources, has increased 

substantially over the past five years (Figure 1).  The price of potassium chloride (KCL, 0-0-

60) has more than doubled from $0.27/kg in 2005 to $0.56/kg in 2010 with a high of 

$0.94/kg in 2009 (Huang, 2010).  Although KCl is not used in tobacco production it is a good 

indicator of overall K price trends.  As a result of increasing K prices growers must become 

more efficient in making applications to ensure profit.  In addition, nearly 85 percent of all 

traditional tobacco producing soils in North Carolina have a high (Mehlich-3 P 61-120 mg 

P/dm
3
) or very-high (Mehlich-3 P >120 mg P/dm

3
) phosphorus (P) level (Hardy, 2011).  

Phosphorus has limited downward movement in most soils and a flue-cured tobacco crop 

will only remove about 17 kg P2O5/ha from the soil (Smith, 2011). Years of over application 

of P have led to high P-Indices in North Carolina and additional P is not required on most 

tobacco soils (Smith, 2011).  Producers are now able to decouple N, P, and K, thus moving 

away from complete fertilizers which in turn allow for a more controlled application of each 

nutrient.  With independent applications of N and K, producers now have more options in 

regards to rate, source, and application method of both N and K.  

Rates of K application often vary across growing locations.  Potassium 

recommendations vary based on soil type, residual soil potassium, application timing, 

application method, and even across tobacco varieties over time.  The current minimum 
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recommendation for flue-cured tobacco production in North Carolina is 100 kg K2O/ha 

(Smith, 2011); however, growers often apply as much as 168-196 kg K2O/ha.   

Past research results are mixed concerning general K recommendations for producers.  

Soils testing low (Mehlich-3 K 0.06 meq/100cc-0.12 meq/100cc) (Hardy, 2011) in K have 

demonstrated responses to applied K at rates as low as 75 kg K2O/ha (Tso, 1999) and rates as 

high as 134 kg K2O/ha (Chaplin and Miner, 1980) (Flower, 1999).  Research conducted on 

deep sands in north Florida demonstrated a yield response to rates as high as 224 kg K2O/ha 

(San Valentin et al., 1978).  Additional experiments conducted across a variety of soils with 

varying K-indices have demonstrated responses to application rates as low as 50 kg K2O/ha 

(Flower, 1999) and high as 112 kg K2O/ha (Hawks et al., 1973).  Overall, K application rates 

based on K indices have given inconsistent results at various locations. 

The most reliable tool for decision making, in regards to K application, occurs when 

soil classification is considered along with residual K.  Work conducted by Denton et al. 

(1987) used the Fertility Capability Classification (FCC) system to aid in making fertilizer 

recommendations.  The FCC system is a technical soil classification system developed to 

evaluate soil properties affecting crop response to fertilization and to aid in making fertilizer 

recommendations (Denton et al., 1987).  Optimum rates of K2O were found to differ 

significantly among FCC soil groups; however, the highest optimum rates were on soils with 

a sand or loamy sand surface that was greater than 0.5 meters thick (Denton et al., 1987).  

Soil texture often has the largest influence on response to K application.  Soils that contain a 

higher percentage of clay or loam can hold more K
+
, more moisture, and can ultimately 

facilitate diffusion of K
+
 to the root system more efficiently than coarser soil types.  
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  Also, tobacco production has changed significantly from the early 1900’s to current 

times in the United States.  As a result of these changes, flue-cured cultivars and production 

practices have increased crop yields significantly.  Today’s flue-cured tobacco cultivars 

differ in both yield and quality from cultivars grown early in the 20
th

 century (Sisson et al., 

1991).  Bowman et al. (1984) compared yield and quality data from the North Carolina 

Official Flue-Cured Tobacco Cultivar Tests (NC OVT) from 1954 to 1981, and it was found 

that yield increased an average of 49.5 kg/ha annually.  Roughly two-thirds of this increase is 

believed to be a direct result of improved production technology and one-third from genetic 

improvement (Bowman et al., 1984).  Newer, higher yielding cultivars were found to show a 

favorable response to an additional 54 kg K2O/ha over traditional fertilizer application rates 

(Bowman et al., 1984).  In years following this study, newer cultivars have been introduced 

that may also require additional units of potassium to obtain maximum yield.   

Ultimately, with newer cultivars and with variation in K recommendations based both 

on residual soil K and soil texture, it is often difficult to determine how much supplemental 

K is needed.  Research is currently unavailable in regards to improving K efficiency in 

current times.  The objective of this study was to determine if current K recommendations are 

correct and to determine if fertilizer efficiency can be improved.                                 

 

METHODS AND MATERIALS 

Field Procedures 

 Research was conducted in 2009 and 2010 to investigate the effect of various 

potassium rates on the yield and quality of flue-cured tobacco.  The experiments were 
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conducted at the Upper Coastal Plain Research Station (UCPRS) near Rocky Mount, North 

Carolina and the Oxford Tobacco Research Station (OTRS) in Oxford, North Carolina.  

Cultivars used in this study were NC 71
1
 at UCPRS and NC 297

2
 at OTRS.  Tobacco was 

produced using practices recommended by the North Carolina Cooperative Extension 

Service, except for treatments imposed (Fisher, 2011).  After curing, leaves were weighed for 

yield and assigned a USDA government grade.  Each government grade has an associated 

grade index value which describes the leaf maturity and ripeness (Bowman et al., 1988).    

Treatments were replicated four times and arranged in a randomized complete block 

design.  Plots were four rows wide by 12.19 meters long, with the two center rows harvested 

for yield and quality.  Individual plant spacing was 55 cm by 122 cm.  Soil samples were 

collected the same day as K fertilizer application from plots receiving 0 kg K2O/ha, the first 

from 0 to 15cm deep and the second from 15 to 30 cm deep.  Soil samples were analyzed by 

the North Carolina Department of Agriculture and Consumer Services Agronomic Division 

in Raleigh, North Carolina.  Tissue samples were also collected at three separate intervals 

throughout the season.  One tissue sample was collected from five random plants in the 

center two rows of each plot.  Leaves collected were the third or fourth leaf from the bud at 

each respective interval, and were roughly 10 cm wide and 15 cm long.  Once tissue samples 

were collected they were dried and ground and then analyzed at the Environmental and 

Agricultural Testing Service (EATS) Lab at North Carolina State University for elemental 

analysis of N, P, K, and Mg.   
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Field Conditions 

 Field conditions (soil series, transplanting date, pH, P-Index, and K-Index) (Table 1) 

and monthly rainfall (Table 2) varied by location.  The tobacco was transplanted on April 29, 

2009 at UCPRS, May 21, 2009 at OTRS, and April 27, 2010 at both locations.  All K 

fertilizer was applied as potassium magnesium sulfate
3
 (0-0-22, K-Mag) within ten days after 

transplanting in a banded application.  Treatments included 0, 84, 112, 140, 168, 196, 224, 

and 252 kg K2O/ha.  An additional treatment of 747 kg/ha of 6-6-18 and 560 kg/ha of 8-8-24 

(134 kg K2O/ha) at UCPRS and OTRS, respectively, was included as a fertilized control. 

K-Mag supplied Mg (11%) and S (22%), and rates were chosen that ensured adequate 

amounts of both nutrients for plant use.  Nitrogen was supplied in split applications from 

30% urea ammonium nitrate (UAN) applied at 103 liters per hectare at UCPRS and from 

calcium nitrate (15.5-0-0) applied at 217 kg/ha at OTRS, except for plots receiving a 

complete fertilizer which only received UAN or calcium nitrate during the second or layby N 

application.   

Potassium applications were made by hand.  Plots were established around March 27, 

2009 at the UCPRS and April 21, 2009 at the OTRS.  Tobacco was transplanted April 29, 

2009 at the UCPRS and May 21, 2009 at the OTRS.  In 2010, plots were established at the 

UCPRS around March 25 and tobacco was transplanted around April 27.  Applications were 

made within ten days of transplanting with a single band application which was 12 

centimeters away from the plant and 12 centimeters deep.   

Tissues samples were collected at three intervals: at layby (when plants were roughly 

38 centimeters tall), at topping (just after flower was removed), and after curing (weighted 
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composite sample of all four priming intervals).  Samples were collected at UCPRS on June 

18, July 16, and mid-September for each respective interval.  Samples were collected at 

OTRS on June 25, July 31, and late-September for each respective interval.  Soil samples 

were collected prior to transplanting and at planting.  Soil samples were collected at UCPRS 

in the early winter of 2009 to establish a baseline for residual soil potassium with further 

sampling taking place April 29th.  Sampling at OTRS occurred in early winter of 2009 and 

May 21st, which corresponded to transplanting.  In 2010, tissue samples were collected at 

UCPRS on June 4, June 28, and in early-November for each respective interval.  Soil 

samples were collected in the late fall of 2009 to establish a baseline for residual soil 

potassium with further sampling taking place on April 27
th

, which corresponded to 

transplanting. 

 

Analytical Procedures 

Total Alkaloids and Reducing Sugars.  Total alkaloids and reducing sugars were 

determined by the North Carolina State University Tobacco Analytical Services Lab.   

Nitrogen.  Total N content was determined by weighing out ten milligrams of each 

ground sample in a consumable tin capsule
4 

with an analytical balance
5
.  Once each sample 

was weighed, capsules were placed in a Perkin Elmer PE 2400 CHN Elemental Analyzer
6
 

where elemental gas content was determined.   

Phosphorus, Potassium, and Magnesium.  The elemental composition of P, K, and 

Mg was determined by weighing 1.25 g of each sample in a porcelain crucible on a precision 

balance
7
.  Samples were then ashed in a muffle furnace

8
 at 500°C overnight.  Once samples 
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were ashed they were dehydrated with 4 ml of 6N HCl.  After dehydration was complete, 

another 4 ml of 6N HCl was added back to the sample and heated.  Samples were then 

washed into 50 ml Erlenmeyer flasks and brought to volume with distilled water and properly 

mixed.  Finally, samples were filtered into polypropylene centrifuge tubes
9
 at a volume of 12 

ml and then analyzed using inductively coupled argon plasma spectroscopy
10

.     

Soil Samples.  Soil samples were analyzed at the North Carolina Department of 

Agriculture and Consumer Services Agronomic Lab in Raleigh, North Carolina.  Samples 

were analyzed for P, K, Ca, Mg, S, Na, Mn, Cu, and Zn by means of Mehlich-3 extractant 

using inductively coupled argon plasma spectroscopy on a volume basis (Mehlich, 1984a) 

(Hardy, 2011).  Cation exchange capacity (CEC) was determined by summation of basic 

cations (excluding sodium) and buffer acidity (Mehlich et al., 1976) (Hardy, 2011).  Soil pH 

was determined on a 1:1 soil/water volume ratio.  Humic matter determinations were made 

using a NaOH digestion with colorimetric determination (Mehlich, 1984b) (Hardy, 2011).  

Statistical Analysis.  Data for crop yield, quality, crop value, percent total alkaloids, 

percent reducing sugars, and elemental leaf content were subjected to an analysis of variance 

(ANOVA) using the PROC GLM procedure in SAS
11

.  Treatment means were separated 

using Fisher’s Protected LSD test at p ≤ 0.05.    

 

RESULTS & DISCUSSION 

 A significant location effect was noted across all parameters because of varying soil 

types and environmental conditions; however the interaction of treatment by environment 
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was only significant for crop value per hectare (Table 3), therefore data were combined over 

environments where appropriate. 

 

Physical Characteristics, Chemical Characteristics, and Crop Value 

 Yield.  Cured leaf yield was not affected by rates of K2O from 0 to 252 kg K2O/ha 

(Tables 3, 5).  The lack of response to applied K2O is likely do to soils having medium to 

high K levels as well as adequate soil moisture throughout the growing season.  Potassium 

deficiencies were observed in 2010 at UCPRS on the Norfolk soil series, but generally were 

not observed at rates greater than 134 kg K2O/ha.  Yield and other factors were ultimately 

unaffected in treatments exhibiting deficiency symptoms at this location.  Deficiency 

symptoms are believed to have been present as a result of the coarse Norfolk sandy loam 

which did not maintain adequate soil moisture for most of the growing season.  In 2009, 

rainfall events occurred at both locations during the months of June and July, the critical 

period of plant growth (Table 2).  In 2010, cumulative rainfall for the months of March 

through October was significantly more than for the same interval in 2009; however, the 

majority of rainfall occurred early and late in the season (Table 2).      

 Grade Index.  Cured leaf quality was not affected by K2O rates from 0-252 kg K2O/ha 

(Tables 3, 5).  Results are similar to those from Chaplin and Miner (1980) and Collins and 

Hawks (1993) that did not consistently find a correlation between K2O rate and quality when 

rates in excess of those needed for maximum yield were used.    

 Crop Value.  Crop value was affected by increasing K2O rates (Table 3).  Crop value 

is a combination of both yield and quality, with quality having a major impact on overall 
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return.  In 2009 at both locations, no K2O rate affect was observed (Tables 3, 6). However, in 

2010 at the UCPRS, one of the two sites showed a decrease in value only when no K2O was 

applied (Table 6).  Differences at the other site in 2010 were not consistent with increasing 

K2O rates (Table 6). 

 Total Alkaloids.  Total alkaloid accumulation in cured leaves was not affected by K2O 

rate (Table 3, 5).  Results are similar to those by Woltz et al. (1949), Elliot (1968), and 

Chaplin and Miner (1980) who could not establish a correlation between increased rates of 

K2O and total alkaloid content.  Total alkaloids are typically only influenced by K2O rate 

when a corresponding yield affect is observed (Leggett et al., 1977) (Chaplin and Miner, 

1980).  

 Reducing Sugars.  Reducing sugar content was not affected by K2O rate (Tables 3, 5).  

As with total alkaloid levels, reducing sugar levels are not typically correlated with K2O rate 

within a rate range where no yield affect was observed (Woltz et al., 1949) (Elliot, 1968) 

(Chaplin and Miner, 1980).  

 

Elemental Leaf Content 

Nitrogen.  Total N content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  At layby, the 140 kg K2O/ha 

treatment had a lower N level than the 0 kg K2O/ha treatment (Tables 3, 7).  All other K2O 

rates were not different from the 0 kg K2O/ha or the 6-6-18/8-8-24 control (Tables 3, 7).  

There were no differences in N levels in the leaf at topping (Table 7).  Several K2O rates had 

slightly lower N levels in the cured leaf, but no consistent trend was observed.  Tso (1990a) 
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reported that as rates of K2O increase, total N content is decreased.  In this study the trend 

could not be established, and total N content at all sampling intervals (Table 7) was well 

above accepted deficiency levels (Table 4).      

 Phosphorus.  Phosphorus content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  At layby, P level was not affected by 

K2O rate when compared to the 0 kg K2O/ha treatment (Table 3).  There was a trend for 

lower P levels at layby when K2O rates were compared to the 6-6-18/8-8-24 control, likely 

because that was the only treatment that received a P fertilizer application (Tables 8, 9).  

There were no differences in P levels in the plant at topping or after curing (Table 3).  Even 

with a treatment affect at layby, the P content at each sampling interval fell within the 

accepted range for healthy tissue (Table 4). 

 Potassium.  Potassium content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  Potassium levels increased compared 

to the 0 kg K2O/ha control with six of eight K2O rates at layby, seven of eight at topping, and 

all K2O rates in the cured leaf sample (Tables 3, 10).  Potassium rates of 84 kg K2O/ha or 

greater resulted in similar K levels in the leaf at layby and topping (Table 10).  Differences in 

% K among K2O rates were observed in cured leaf samples, but trends were not related to 

increasing rates of K2O.  All treatments resulted in sufficient K levels (Table 4).       

 Chaplin and Miner (1980) determined that K in cured tobacco leaves increased as 

rates of K2O increased.  Chaplin and Miner (1980) conducted research on a Norfolk soil 

series which had a low K level compared to medium and high K levels in this study.   
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 Magnesium.  Magnesium (Mg) content was measured at three separate intervals 

during the growing season: at layby, at topping, and after curing.  At layby, Mg content 

increased with increasing rates of potassium magnesium sulfate except with the highest rate 

in the study, 252 kg K2O/ha compared to the 0 kg K2O/ha control (Tables 3, 11).  The 6-6-

18/8-8-24 K source control did not increase Mg levels at layby (Table 11).  No treatment 

affected Mg levels at topping or in cured leaves (Table 3).  All treatments resulted in 

sufficient levels of Mg at all sampling dates (Table 4).    

According to research conducted by Raper and McCants (1966), the tobacco plant has 

accumulated the majority of Mg required by topping.  This may explain why increasing rates 

of Mg are not significantly different at topping and after curing.   

 

Soil Analysis 

Soil Analysis.  Soil samples were taken from plots receiving treatment one (0 kg 

K20/ha) at planting from 0 to 15 cm and from 15 to 30 cm.  Soil samples were not 

statistically analyzed because they were not taken across all treatments; however, it is worth 

noting the lab analysis for each location.  Variability in soil fertility was observed across 

locations (Table 12), and it is this variability that ultimately has an effect on crop production.  

Although there are no specified critical nutrient levels for tobacco, it is a safe assumption to 

say that piedmont soils with less than 30 mg/dm
3 

of P and Coastal Plain soils with less than 

50 mg/dm
3 

may exhibit deficiency symptoms without supplemental fertilization (Hardy, 

2011).  Soils with less than 0.50 meq/100cc of K and 0.25 meq/100cc of Mg may also exhibit 

deficiencies when no supplemental fertilizer is applied (Hardy, 2010).  Soil samples taken 
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from control plots during research were used to make generalizations about location 

characteristics.   

At all locations soil P was adequate throughout the entire sampling profile (Table 12).  

In 2009 at the UCPRS location soil P was low at 15 to 30 cm (Table 12); however, 

deficiencies were not observed because phosphorus was adequately supplied in the 0 to 6 cm 

portion of the profile (Table 12) where it is often absorbed in the largest quantity.  Soil P is 

not easily leached from the upper portion of the soil profile; which is evident across locations 

(Table 12).  The exception to this was at the UCPRS1 location in 2010 where soil P 

measurements were higher at a deeper sampling depth (Table 12).       

Soil K was deficient across all locations and at all depths throughout the soil profile 

(Table 12).  It is essential that soil K measurements be very high because of the large amount 

of K
+
 taken up during the growing season.  This requirement may explain why potassium 

deficiencies are commonly observed across a number of soil types.  It is of interest to note 

that severe K deficiencies were observed where supplemental potassium was not applied at 

the UCPRS1 location in 2010.  This location had a soil K level of 0.15 meq/100cc from 0 to 

15 cm and 0.21 meq/100cc from 15 to 30 centimeters (Table 12).  Other locations did not 

exhibit deficiency symptoms at any stage of growth.  Also, the depth to clay is of concern in 

regards to the leaching of K
+
.  Once K

+
 is leached out of the upper soil profile the clay 

subsoil has the ability to catch and retain what has been lost.  If the depth to subsoil is less 

than twenty-five centimeters, then a large reserve of K
+
 may be present that deeper roots can 

acquire.       
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Soil Mg levels were more than adequate across locations and at all depths (Table 12).  

Magnesium deficiencies were not observed at any of the four growing locations.                          

           

CONCLUSION  

Increasing rates of K2O above 84 kg/ha did not significantly improve yield, quality, 

value, or any chemical constituents.  Research indicates that current K recommendations are 

accurate and may even be higher than necessary on finer-textured soils with medium to high 

K indices.  Alternatively, recommendations appear to be correct for coarse soils with lower K 

levels.   

Soil texture and depth to clay have a major impact on potassium application rates, and 

both must be considered.  The loss of K is also of concern on coarse textured soils similar to 

the Norfolk soil series.  Coarse textured soils have lower cation exchange capacities and 

monovalent cations are often lost from the rooting zone in the event of heavy rainfall.  

However, if the depth to clay is less than twenty-five centimeters, it is likely that K lost to 

leaching is held in the clay subsoil where it can be utilized once adequate root growth has 

occurred.   

Locations for this study were selected based on soil texture and depth to clay, and 

these characteristics had a significant effect on how the crop responded to K application.  

Potassium deficiencies were only observed at UCPRS in 2010 on the Norfolk soil series, and 

generally disappeared at rates higher than 134 kg K2O/ha.  It is of interest to note that the 

Mehlich-3 K level was 0.30 meq/100cc at this location, which is significantly higher than the 

K levels of 0.25 and 0.19 meq/100cc at locations used in 2009.  The coarse Norfolk soil 
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series was unable to maintain adequate soil moisture throughout the season and despite 

having significant amounts of residual soil potassium and applied potassium, deficiencies 

were observed.   

Denton et al. (1987) reports similar findings for flue-cured tobacco produced across a 

variety of soil textures.  Optimum rates of K2O were found to differ significantly among 

Fertility Capability Classification (FCC) soil groups; however, the highest optimum rates 

were on soils with a sand or loamy sand surface that was greater than 0.5 meters thick 

(Denton et al., 1987).  As previously mentioned, K
+
 can leach from the upper soil profile 

when cation exchange capacity is low; however, if the depth to clay is less than twenty-five 

centimeters it is likely that K
+
 lost to leaching is held in the clay subsoil where it can be 

utilized once adequate root growth has occurred.  Responses to increased rates of K2O would 

be expected under these conditions as a result of compensation for the loss of K
+
 do to 

leaching.         

Applying K2O independently, as done in this study, fits extremely well with 

alternative fertilizer plans that producers are now implementing.  As mentioned previously, 

additional application of P is not necessary on eighty-five percent of the soils used for 

tobacco production in North Carolina, and as a result producers can decouple complete N-P-

K fertilizers and apply N and K independently of one another.  This has allowed producers to 

explore alternative fertilizer sources for both nutrients.  Potassium magnesium sulfate (0-0-

22) has gained popularity as a result of it being a relatively inexpensive source of K than 

when supplied by a complete fertilizer, and because of the additional Mg and S it contains.  

Also, liquid N (28% UAN, 30% UAN, and 32% UAN) sources are now being implemented 
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as the only source of N for the entire growing season.  Liquid N sources are cheaper than 

other sources and are easier to apply.     

Overall, as K recommendations are made for producers, both residual soil potassium 

as well as soil texture must be considered.  There is great potential for producers on fine-

textured soils to reduce K2O rates without reducing yield and quality as well as the option for 

alternative fertilizer plans, thus creating larger returns. 
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Table 1. Field conditions at each growing location* 

 

Location Soil Series Transplanting Date pH P-Index K-Index 

    -----mg P/dm
3
----- -----meq K/100cc----- 

UCPRS-09 Goldsboro April 29, 2009 6.2 45.6 0.25 

OTRS-09 Helena May 21, 2009 5.8 49.2 0.19 

UCPRS1-10 Norfolk April 27, 2010 5.8 162 0.30 

UCPRS2-10 Goldsboro April 27, 2010 6.0 112.8 0.45 

 

*Soil samples were analyzed at the North Carolina Department of Agriculture and Consumer Services Agronomic Lab using the 

Mehlich-3 Analytical Method. 

 
1 OTRS-09 Oxford, NC   
2 UCPRS-09 Rocky Mount, NC  
3 UCPRS1-10 Rocky Mount, NC  
4 UCPRS2-10 Rocky Mount, NC 

 

 

 

 

 

 

 

 



48 

 

 

 

 

Table 2. Rainfall by month at each location. 

 

Month OTRS-2009
1 

UCPRS-2009
2 

UCPRS-2010
3 

 ---------------------------------------------cm----------------------------------------- 

March 12.7 18.1 20.0 

April 2.1 2.0 2.8 

May 18.4 8.7 13.2 

June 11.3 9.1 3.2 

July 6.4 8.9 5.4 

August 8.1 7.4 11.3 

September 1.0 12.1 26.2 

October 2.8 3.5 3.9 

Total 62.8 69.8 86.0 

 
1 OTRS-2009 Oxford, North Carolina  
2 UCPRS-2009 Rocky Mount, NC  
3 UCPRS-2010 Rocky Mount, NC  

State climate office of north carolina-CRONOS database. 2011. Retrieved June 17, 2011, 

from http://www.nc-climate.ncsu.edu/cronos 
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Table 3.  P values for yield, quality, value, total alkaloids, reducing sugars, and  

     elemental leaf content.   

 

Variable P>F Location*K2O Rate P>F K2O Rate 

Yield 0.4033 0.0923 

Grade Index 0.3581 0.3391 

Crop Value 0.0159 0.0257 

Crop Value-UCPRS-2009 ---- 0.0679 

Crop Value-OTS-2009 ---- 0.3589 

Crop Value-UCPRS1-2010 ---- 0.0393 

Crop Value-UCPRS2-2010 ---- 0.0224 

Total Alkaloids 0.5316 0.1639 

Reducing Sugars 0.6457 0.3941 

Nitrogen-Layby 0.8998 0.0004 

Nitrogen-Topping 0.6391 0.3827 

Nitrogen-After Curing 0.4171 0.0054 

Phosphorus-Layby 0.8510 0.0119 

Phosphorus-Topping 0.3925 0.1402 

Phosphorus-After Curing 0.3353 0.9368 

Phosphorus-Without P-Layby 0.7564 0.1176 

Phosphorus-Without P-Topping 0.5944 0.1148 

Phosphorus-Without P-After Curing 0.2076 0.8992 

Potassium-Layby 0.6610 0.0356 

Potassium-Topping 0.3208 0.0033 

Potassium-After Curing 0.8228 <.0001 

Magnesium-Layby 0.2778 0.0024 

Magnesium-Topping 0.0860 0.2939 

Magnesium-After Curing 0.8735 0.4169 
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Table 4.  Plant tissue sufficiency and deficiency ranges for ripe flue-cured tobacco.  

 

Constituent Sufficiency Range Deficiency Level 

 ------------------------------------%------------------------------------ 

Total Alkaloids
 

0.20-7.87
1 

n/a 

Reducing Sugars
 

0.80-22.20
1 

n/a 

Total Nitrogen
 

1.30-2.25
2 

<1.50
3 

Phosphorus
 

0.12-0.30
2 

<0.12
2 

Potassium
 

1.30-2.50
2 

<1.00
4 

Magnesium 0.18-0.60
2 

<0.15
5 

 
1 Tso, T. C. (1999). Seed to smoke. In D. L. Davis, & M. T. Nielson (Eds.), Tobacco:  

Production, chemistry, and technology (pp. 1-31). London: Blackwell 

Science.  

2 Campbell, C. R. (2009). Harvesting tobacco based on tissue analysis. Retrieved June  

2nd, 2011, from http://www.ncagr.gov/agronomi/pdffiles/tobaccopta703.pdf  

3 McCants, C. B., & Woltz, W. G. (1967). Growth and mineral nutrition of tobacco.  

Advances in Agronomy, 19, 211-265.  

4 Flower, K. C. (1999). Field practices. In L. D. Davis, & M. T. Nielson (Eds.),  

Tobacco: Production, chemistry, and technology (pp. 76-103). London: 

Blackwell Science.  

5 Tso, T. C. (1990b). Nutrition-minor elements and heavy metals. In Production,  

physiology, and biochemistry of tobaco plant (pp. 313-368). Beltsville, 

Maryland: IDEALS, Inc.  
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Table 5. Yield, quality, alkaloid content, and sugar content response to rates of K2O.   

   Data are pooled over environments.  

 

K2O Rate Yield  Grade Index
1 

Total Alkaloids
2 

Reducing Sugars
2 

-----------------------kg/ha------------------  ------------------------%----------------------- 

0   3077  81 4.20  11.89  

84  3449  83  4.25  12.37 

112  3408  82  4.20  11.60  

134  3403  80  4.40  10.70  

140  3335  81  4.28  11.89  

168  3407  81  4.17  12.27  

196  3353  81  4.14  12.26  

224  3400  81  4.00 12.38  

252  3466 79  4.18  11.75  

LSD NS NS NS NS 

 
1 Grade Index is a measure of tobacco quality on a ranking scale from 1-100, with 100   

      having the highest quality. 

2 Total alkaloid and reducing sugar data were collected from a weighted composite 

sample of all four stalk positions. 
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Table 6. Crop value response to increasing rates of K2O at individual locations. 

K2O Rate UCPRS
1
-2009 OTRS

2
-2009 UCPRS1

3
-2010 UCPRS2

4
-2010 

----kg/ha---- ------------------------------------------------$/ha----------------------------------------------- 

0 8811  12743  8602  10787  

84 10154  15585  12092  10767  

112 11179  14780  12172  9885  

134 7155  12757  12408  12000  

140 8711  14679  11712  9658  

168 8862  13573  11259  11896  

196 8560  14553  11487  9028  

224 10131  14623  11907  10056  

252 8091  14600  11688  10495  

LSD NS NS 2097 1756 

 
1 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
2 OTRS-2009 Oxford, North Carolina Helena Soil Series 
3 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
4 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Table 7. Total Nitrogen content at layby, topping, and after curing across all  

   treatments.  Data are pooled over environments. 

 

K2O Rate Layby
1 

Topping
2 

Cured Leaf
3 

----kg/ha---- --------------------------------------------%--------------------------------------------- 

0   5.92  4.93  2.69  

84  5.74  4.87  2.49  

112  5.84  4.76  2.53  

134
4
  6.12  4.69  2.70  

140  5.63  4.71  2.51  

168  6.05  4.80  2.58  

196  5.72  5.07  2.50  

224  5.76  4.68  2.43  

252  5.71  4.56  2.65  

LSD 0.23 NS 0.16 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 cm tall. 

2 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

3 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 

4 Complete fertilizer treatment of 45 kg N/ha, 45 kg P2O5/ha, and 134 kg K2O/ha from 

either 6-6-18 or 8-8-24 and additional N from Calcium Nitrate or 30% UAN.  All 

other treatments received K2O from potassium magnesium sulfate and N from either 

Calcium Nitrate or 30% UAN. 
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Table 8. Phosphorus content at layby, topping, and after curing across all treatments.   

   Data are pooled over environments. 

 

K2O Rate Layby
1 

Topping
2 

Cured Leaf
3 

----kg/ha---- ---------------------------------------------%----------------------------------------------- 

0   0.56  0.39  0.22  

84  0.52  0.42  0.20  

112  0.55  0.39  0.22  

134
4
  0.61  0.39  0.22  

140  0.52  0.39  0.21  

168  0.58  0.42  0.22  

196  0.52  0.45  0.21  

224  0.57  0.41  0.22  

252  0.51  0.38  0.22  

LSD 0.06 NS NS 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 cm tall. 

2 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

3 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 

4 Complete fertilizer treatment of 45 kg N/ha, 45 kg P2O5/ha, and 134 kg K2O/ha from 

either 6-6-18 or 8-8-24 and additional N from Calcium Nitrate or 30% UAN.  All 

other treatments received K2O from potassium magnesium sulfate and N from either 

Calcium Nitrate or 30% UAN. 
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Table 9. Phosphorus content at layby, topping, and after curing without the use of  

   complete fertilizer (no phosphorus applied in fertilizer).  Data are pooled over      

   environments. 

 

K2O Rate Layby
1 

Topping
2 

Cured Leaf
3 

----kg/ha---- ---------------------------------------------%----------------------------------------------- 

0 0.56  0.39  0.22  

84 0.52  0.42  0.20  

112 0.55  0.39  0.22  

140 0.52  0.39  0.21  

168 0.58  0.42  0.21  

196  0.52  0.45  0.21  

224 0.57  0.41  0.22  

252 0.51  0.38  0.22  

LSD NS NS NS 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 cm tall. 

2 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

3 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 
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Table 10. Potassium content at layby, topping, and after curing across all treatments.   

   Data are pooled over environments. 

 

K2O Rate Layby
1 

Topping
2 

Cured Leaf
3 

----kg/ha---- -----------------------------------------------%----------------------------------------------- 

0   3.76  2.47  1.85  

84  4.14  2.93  2.18  

112  3.99  2.75  2.41  

134
4
  4.13  3.31  2.55  

140  4.13  2.96  2.28  

168  4.07  2.90  2.24  

196  4.15  2.93  2.26  

224  4.04  2.94  2.50  

252  3.87  3.01  2.58  

LSD 0.25 0.34 0.22 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 cm tall. 

2 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

3 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 

4 Complete fertilizer treatment of 45 kg N/ha, 45 kg P2O5/ha, and 134 kg K2O/ha from 

either 6-6-18 or 8-8-24 and additional N from Calcium Nitrate or 30% UAN.  All 

other treatments received K2O from potassium magnesium sulfate and N from either 

Calcium Nitrate or 30% UAN. 
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Table 11. Magnesium content at layby, topping, and after curing across all treatments.   

     Data are pooled over environments. 

 

K2O Rate Layby
1 

Topping
2 

Cured Leaf
3 

----kg/ha---- ----------------------------------------------%------------------------------------------------- 

0   0.52  0.52  0.68  

84  0.55  0.52  0.65  

112  0.55  0.52 0.65  

134
4
  0.50  0.59  0.64  

140  0.55  0.55  0.67  

168  0.55  0.58  0.69  

196  0.56  0.58  0.67  

224  0.57  0.57  0.66  

252  0.53  0.57  0.71  

LSD 0.03 NS NS 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 cm tall. 

2 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

3 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 

4 Complete fertilizer treatment of 45 kg N/ha, 45 kg P2O5/ha, and 134 kg K2O/ha from 

either 6-6-18 or 8-8-24 and additional N from Calcium Nitrate or 30% UAN.  All 

other treatments received K2O from potassium magnesium sulfate and N from either 

Calcium Nitrate or 30% UAN. 
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Table 12.  Soil analysis of plots not receiving supplemental potassium. 

Location 
Sampling 

Date 
Depth P K Mg 

 
 ----cm---- -----mg/dm

3
----- ------------meq/100cc----------- 

UCPRS
1
-09 04/29/09 0-15 65.6 0.42 0.99 

 
 15-30 27.5 0.20 0.96 

OTRS
2
-09 05/21/09 0-15 80.8 0.26 0.93 

 
 15-30 34.6 0.16 1.12 

UCPRS1
3
-10 04/27/10 0-15 133.2 0.15 0.78 

 
 15-30 173.7 0.21 0.62 

UCPRS2
4
-10 04/27/10 0-15 75.9 0.38 1.12 

 
 15-30 66.1 0.33 0.80 

 
1 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
2 OTRS-2009 Oxford, North Carolina Helena Soil Series 
3 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
4 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Figure 1.  Input cost trends of common sources of macronutrient fertilizers from 1960- 

     2010 (Huang, 2010).  
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ABSTRACT 

 Research was conducted at two locations in 2009 and 2010 to evaluate the effect of 

various potassium rates and application methods on the yield and quality of flue-cured 

tobacco.  Treatments included four rates of potassium from potassium magnesium sulfate (K-

Mag, 0-0-22): 84, 140, 196, and 252 kg K2O/ha that were applied: broadcast one month prior 

to transplanting, broadcast one week prior to transplanting, banded at transplanting, and a 

split application with one-half rate banded at transplanting followed by one-half rate banded 

at layby.   

Tissue samples were also collected throughout the season at three separate intervals: 

layby (when plants were roughly 38 cm tall), topping, and after curing.  Tissue samples were 

analyzed for total alkaloid and reducing sugars, N, P, K, and Mg content at North Carolina 

State University.  Soil samples were also collected the same day as potassium fertilizer 

application from plots that did not receive supplemental potassium, and were analyzed by the 

North Carolina Department of Agriculture and Consumer Services Agronomic Division in 

Raleigh, North Carolina.  Data were subjected to an analysis of variance (ANOVA) using the 

PROC GLM procedure in SAS.  Treatment means were separated using Fisher’s Protected 

LSD test at p ≤ 0.05.    

Application method and timing had no effect on yield, quality, value, or any 

measured leaf constituents.  Leaf yield was not affected by potassium rates of 84 kg K2O/ha 

or greater.  It is likely that early broadcast applications of K2O with current rate 

recommendations would only be of concern with combinations of conditions that included 

coarse soil textures, low potassium indices, and/or excessive leaching rainfall.   
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NOMENCLATURE 

Nicotiana tabacum L., tobacco, K-Mag. 

 

ADDITIONAL KEY WORDS 

potassium rate, application method, application timing. 

  

INTRODUCTION 

Potassium Function and Demand in Flue-cured Tobacco 

 Potassium (K) is an essential plant nutrient that has a profound effect on crop yield 

and crop quality.  It is the most abundant cation (K
+
) in plants and is associated with many of 

the physiological processes that lead to plant growth and development (Pettigrew, 2008).  

Unlike other essential nutrients, such as nitrogen (N), phosphorus (P), and sulfur (S), K does 

not serve as a building block for organic constituents (Mengel & Kirkby, 2001), but rather 

serves to facilitate many vital physiological processes.  Potassium serves a number of roles 

that include enzyme activation, meristematic growth, osmotic regulation, photosynthesis, and 

photosynthate translocation (Mengel & Kirkby, 2001).    

 As with all other crops, K fertilizer is essential to the production of high yielding, 

high quality flue-cured tobacco, with a healthy crop typically requiring about 100 kg K2O/ha 

from the soil for optimum growth (Raper and McCants, 1966).  Tobacco, in general, is 

considered to be a luxury consumer of K
+
 (Raper and McCants, 1966), and K application is 

often two to three times that needed to obtain maximum yield (Sims, 1985).  The over 

application of K fertilizer is justified on the belief that leaf and burn quality improve with 
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additional units of the supplement (Collins & Hawks, 1993) as well as the fact that input 

costs for fertilizers and lime have traditionally been relatively low.  

 In recent years, certain aspects of production have altered how tobacco producers 

address crop nutrition.  The first major issue is the cost of fertilizer inputs, specifically K, 

which has increased substantially over the past five years (Figure 1).  The price of muriate of 

potash (KCl, 0-0-60) has more than doubled from $0.26/kg in 2005 to $0.57/kg in 2010 with 

a high of $0.93/kg in 2009 (Huang, 2010). Although KCl is not used in tobacco production it 

is a good indicator of overall K price trends.  As a result of increasing K prices, growers must 

become more efficient in making applications.  Secondly, nearly 85 percent of all traditional 

tobacco producing soils in North Carolina have a high (Mehlich-3 P 61-120 mg P/dm
3
) or 

very-high (Mehlich-3 P >120 mg P/dm
3
) P index (Hardy, 2011).  Phosphorus has limited 

downward movement in most soils and a flue-cured tobacco crop will only remove about 17 

kg P2O5/ha from the soil (Smith, 2011).  Years of over application of P have led to high P-

indices in North Carolina and additional P is not required on most tobacco soils (Smith, 

2011).  Producers are now able to decouple N, P, and K, and move away from complete 

fertilizers which have been traditionally used.  With independent applications of N and K 

producers now have more alternatives for sources and application methods of both nutrients. 

Tobacco producers have the option of applying K in broadcast applications prior to 

transplanting, banded applications at or just after transplanting, or in banded applications 

split at transplanting and layby.  Each method has advantages and disadvantages that must be 

considered.   



64 

 

 

 

 

 Broadcast application of complete fertilizers on flue-cured tobacco is no longer a 

common practice due to the risk of fertilizer salt damage from nitrogen (Tso, 1990c) (Collins 

and Hawks, 1993).  However, in order to improve operating efficiency and to reduce fuel 

costs, growers have begun to broadcast potassium prior to forming beds and in some cases 

prior to fumigation.  Soil fumigants are typically applied in the raised bed about three to five 

weeks prior to transplanting.  As a result, to allow for uniform application prior to bedding, K 

application must take place a significant amount of time prior to transplanting as well.  In the 

time between K application and transplanting, there is potential for potassium to leach out of 

the normal rooting zone.  The practice of broadcast application of K fertilizer is also an 

option for producers who do not apply soil fumigants.  Potassium fertilizer can be broadcast 

and land can be prepared by creating beds just prior to transplanting.  In both situations, the 

producers’ intentions are to complete the potassium application prior to transplanting, 

therefore reducing the work as the season progresses.  The broadcast application of K fits 

very well with new fertilizer programs that apply N and K independently to reduce risk of 

salt injury.  

 Band, sidedress applications between transplanting and layby are common in most 

flue-cured tobacco operations (Tso, 1990c).  Band applications of K after transplanting are 

common because the nutrient is placed near the root zone, thus improving efficiency.  

Research conducted by Collins and Hawks (1993) shows a slight yield increase in band 

applications of K over broadcast applications.  Band applications can be made anytime 

between transplanting and layby, with common applications being one or two bands at 

transplanting, one band ten days after transplanting, or a split application of equal rates at 
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transplanting and layby.  Split application of K was found to be more efficient than one 

single band application on soil types that are highly leachable (San Valentin et al., 1978).   

 Recommended application rates of K in flue-cured tobacco in North Carolina often 

vary based on residual soil K and soil type.  The current minimum recommendation for flue-

cured tobacco production is 100 kg K2O/ha (Smith, 2011); however, growers often apply as 

much as 168-196 kg K2O/ha.  Past research has demonstrated a wide response to various 

rates of K application across differing soil conditions.  At low (Mehlich-3 K 0.06-0.12 

meq/100cc) and medium (Mehlich-3 K0.13-0.25 meq/100cc) (Hardy, 2011) K soil test 

levels, response to K has occurred at rates as low as 67 kg K2O/ha (Collins and Hawks, 1993) 

and as high as 224 kg K2O/ha (San Valentin et al., 1978), all applied in a band after 

transplanting.  Generally, K2O rates based on soil test levels have given inconsistent results at 

various locations (Collins and Hawks, 1993) (Denton et al., 1987) (Flower, 1999) (San 

Valentine et al., 1978). 

Perhaps the most reliable tool for decision making on K needs occurs when soil 

classification is considered along with residual K.  Work conducted by Denton et al. (1987) 

used the Fertility Capability Classification (FCC) system to aid in making fertilizer 

recommendations.  The FCC system is a technical soil classification system developed to 

evaluate soil properties affecting crop response to fertilization and to aid in making fertilizer 

recommendations (Denton et al., 1987).  It was found that optimum rates of K differed 

significantly among FCC soil groups; however, it was noted that the highest optimum rates 

were on soils with a sand or loamy sand surface that was greater than 0.5 meters thick 

(Denton et al., 1987).  Soil texture often has the largest influence on response to K 
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application.  Soils that contain a higher percentage of clay or loam can hold more K
+
, more 

moisture, and can ultimately facilitate diffusion of K
+
 to the root system more efficiently than 

coarser soil types.      

 Past research provides inadequate details as to when and how to apply K in different 

management systems.  With newer, alternative fertilizer plans now being implemented by 

growers across the state of North Carolina information is needed in order to provide accurate 

K recommendations.  The objective of this study was to determine if alternative application 

methods of K are acceptable in tobacco production, and to determine their effect on 

application rate.        

                 

METHODS AND MATERIALS 

Field Procedures 

 Research was conducted in 2009 and 2010 to investigate the effect of K rates, 

application methods, and application timings on the yield and quality of flue-cured tobacco.  

The experiments were conducted at the Upper Coastal Plain Research Station (UCPRS) near 

Rocky Mount, North Carolina and the Oxford Tobacco Research Station (OTRS) in Oxford, 

North Carolina.  Cultivars used in this study were NC 71
1
 at UCPRS and NC 297

2
 at OTRS.  

Tobacco was produced using recommendations from the North Carolina Cooperative 

Extension Service, except for treatments imposed (Fisher, 2011).  After curing, yield was 

calculated and assigned a USDA government grade.  Each government grade has an 

associated grade index value which describes the leaf maturity and ripeness (Bowman et al., 

1988).      
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Treatments were replicated four times and arranged in a factorial design.  Individual 

plots were four rows wide by 12.19 m long, with the two center rows being harvested for 

yield and quality.  Individual plant spacing was 55 cm by 122 cm.  Soil samples were 

collected from plots that did not receive supplemental K.  The first sample was collected 

from 0 to 15 cm deep and the second from 15 to 30 cm deep.  Soil samples were analyzed at 

the North Carolina Department of Agriculture and Consumer Services Agronomic Lab in 

Raleigh, North Carolina.  Tissue samples were also collected at three separate intervals 

throughout the season from five random plants in the center two rows of each plot.  Leaves 

collected were the third or fourth leaf from the bud at each respective interval, and were 

roughly 10 cm wide and 15 cm long.  Once tissue samples were collected they were dried 

and ground and then analyzed at the Environmental and Agricultural Testing Service (EATS) 

Lab at North Carolina State University for elemental analysis of N, P, K, and Mg.   

 

Field Conditions 

 Field conditions (soil series, transplanting date, pH, P-Index, and K-Index) (Table 1) 

and monthly rainfall (Table 2) varied by location.  Tobacco was transplanted on April 29, 

2009 at UCPRS, May 21, 2009 at OTRS, and April 27, 2010 at both UCPRS locations.  

Treatments included 84, 140, 196, and 252 kg K2O/ha.  Each rate was applied either 

broadcast one month prior to transplanting, broadcast one week prior to transplanting, banded 

at planting, or banded with one-half rate at planting and one-half rate at layby.  An additional 

treatment of 0 kg K2O/ha was included to establish a baseline for soil K; however, it was not 

used in the factorial analysis.   
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All potassium was supplied as potassium magnesium sulfate
3
 (0-0-22, K-Mag).  K-

Mag also supplied Mg (11%) and S (22%), and rates were chosen to ensure adequate 

amounts of both nutrients for plant use.  Nitrogen was supplied in split applications from 

30% urea ammonium nitrate (UAN) applied at the rate of 103 liters per hectare at the 

UCPRS, and from calcium nitrate (15.5-0-0) applied at the rate of 217 kg/ha at the OTRS.   

Potassium applications were made by hand.  Plots were established around March 30, 

2009 at the UCPRS, April 21, 2009 at the OTRS, and March 25, 2010 at both UCPRS 

locations.  The first broadcast application was made at that time (one month before 

transplanting).  The broadcast application one week before transplanting was made on April 

22, 2009 at the UCPRS, May 14, 2009 at OTRS, and April 13, 2010 at both UCPRS 

locations.  Broadcast applications were made by hand and were incorporated into the soil 

using a field cultivator.  The at transplanting band application(s) were made on April 29, 

2009 at the UCPRS, May 21, 2009 at the OTRS, and April 27, 2010 at both UCPRS 

locations.  Layby applications were made June 18, 2009 at UCPRS, June 25 at the OTRS, 

and June 4, 2010 at both UCPRS locations.  Band applications were made within ten days of 

transplanting with a single band application which was twelve centimeters away from the 

plant and twelve centimeters deep. 

Tissues samples were collected at three intervals: layby (when plants were roughly 38 

centimeters tall), topping (just after flower was removed), and after curing (weighted 

composite sample of all four priming intervals).  In 2009, samples were collected at the 

UCPRS on June 18, July 16, and mid-September and at the OTRS on June 25, July 31, and 

late-September for each respective interval.  In 2010, samples were collected at the UCPRS 
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on June 4, June 28, and early-November for each respective interval.  Soil samples were 

collected at five separate intervals: at field planning, one month prior to transplanting, one 

week prior to transplanting, at planting, and at layby.  Soil samples were collected at the 

UCPRS in early 2009 to establish a baseline for residual soil K with further sampling taking 

place on March 30, April 22, April 29
th

, and June 18
th

 for the respective intervals.  Sampling 

at the OTRS occurred in early 2009 and then on April 21
st
, May 14

th
, May 21

st
, and June 25

th
 

for each respective interval.  In 2010, soil samples were collected from both locations at the 

UCPRS in late 2009 and then on March 25
th

, April 13
th

, April 27
th

, and June 4
th

 for each 

respective interval.     

 

Analytical Procedures 

Total Alkaloids and Reducing Sugars.  Total alkaloids and reducing sugars were 

determined by the North Carolina State University Tobacco Analytical Services Lab.   

Nitrogen.  Total N content was determined by weighing out ten milligrams of each 

ground sample in a consumable tin capsule
4 

with an analytical balance
5
.  Once each sample 

was weighed, capsules were placed in a Perkin Elmer PE 2400 CHN Elemental Analyzer
6
 

where elemental gas content was determined.   

Phosphorus, Potassium, and Magnesium.  The elemental composition of P, K, and 

Mg was determined by weighing 1.25 g of each sample in a porcelain crucible on a precision 

balance
7
.  Samples were then ashed in a muffle furnace

8
 at 500°C overnight.  Once samples 

were ashed they were dehydrated with 4 ml of 6N HCl.  After dehydration was complete 

another 4 ml of 6N HCl was added back to the sample and heated.  Samples were then 
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washed into 50 ml Erlenmeyer flasks and brought to volume with distilled water and properly 

mixed.  Finally, samples were filtered into polypropylene centrifuge tubes
9
 at a volume of 12 

ml and then analyzed in a inductively coupled argon plasma spectroscopy
10

.     

Soil Samples.  Soil samples were analyzed at the North Carolina Department of 

Agriculture and Consumer Services Agronomic Lab in Raleigh, North Carolina.  Samples 

were analyzed for P, K, Ca, Mg, S, Na, Mn, Cu, and Zn by means of Mehlich-3 extractant 

using inductively coupled argon plasma spectroscopy on a volume basis (Mehlich, 1984a) 

(Hardy, 2011).  Cation exchange capacity (CEC) was determined by summation of basic 

cations (excluding sodium) and buffer acidity (Mehlich et al., 1976) (Hardy, 2011).  Soil pH 

was determined on a 1:1 soil/water volume ratio.  Humic matter determinations were made 

using a NaOH digestion with colorimetric determination (Mehlich, 1984b) (Hardy, 2011).     

Statistical Analysis.  Data for crop yield, quality, crop value, percent total alkaloids, 

percent reducing sugars, and elemental leaf content were subjected to an analysis of variance 

(ANOVA) using the PROC GLM  procedure in SAS
11

.  Treatment means were separated 

using Fisher’s Protected LSD test at p ≤ 0.05.    

 

RESULTS & DISCUSSION 

 A significant environment effect was noted across all parameters because of varying 

soil types and conditions; however the interaction of environment by rate by application 

method was not significant (Table 3).      
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Physical Characteristics, Chemical Characteristics, and Crop Value 

 Yield.  The response of leaf yield to increasing rates of K2O was significantly 

different across all locations (Table 3).  A response in leaf yield was observed at the OTRS 

location in 2009 (Tables 3, 5).  At the 2009 OTRS location, a general trend is difficult to 

establish based on application rate alone, but a response was observed as rates were increased 

to 252 kg K2O/ha at this location (Table 5).  At all other locations, 84 kg K2O/ha was 

adequate.  The lack of response to additional units of K2O is possibly do to soils having 

medium to high K levels as well as adequate soil moisture throughout the growing season 

(Table 2). 

 Grade Index.  The quality of cured tobacco was not significantly affected by 

increasing application rates of K2O between 84 and 252 kg K2O/ha (Table 3).  Results are 

similar to those from Chaplin and Miner (1980) and Collins and Hawks (1993) that did not 

consistently find a correlation between K2O rate and quality when rates in excess of those 

needed for maximum yield were used. 

 Crop Value.  The value of cured tobacco was not significantly affected by increasing 

rates of K2O (Table 3).  Results are similar to Collins and Hawks (1993) who could not 

establish a correlation between increased rates of K2O and quality, which would increase 

value.           

Total Alkaloids.  Total alkaloid accumulation in cured leaves was not affected by K2O 

rate (Table 3).  Results are similar to those by Woltz et al. (1949), Elliot (1968), and Chaplin 

and Miner (1980) who could not establish a correlation between increased rates of K2O and 

total alkaloid content.  Total alkaloids are typically only influenced by K2O rate when a 
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corresponding yield affect is observed (Leggett et al., 1977) (Chaplin and Miner, 1980).  

Total alkaloid content of cured leaves is within the commonly accepted total alkaloid range 

(Table 4) for flue-cured tobacco.   

 Reducing Sugars.  Reducing sugar content was affected by increasing rates of K2O 

(Table 3).  As rates of K2O increased, the reducing sugar content of cured tobacco slightly 

decreased (Table 6); however, reducing sugar content is within the established range for flue-

cured tobacco (Table 4).  These findings are in conflict with Woltz et. al. (1949), Elliot 

(1968), and Chaplin and Miner (1980) who could not establish a correlation between 

increased rates of K2O and reducing sugar content.              

 

Elemental Leaf Content 

Nitrogen.  Total N content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  Application rate of K2O did not have 

a significant effect on N content in leaf tissue (Table 3).  Nitrogen content at each interval is 

above established deficiency levels for leaf tissue (Table 4).  This is in conflict with Tso 

(1990a) who reported that as rates of K2O increase, total N content is decreased.   

Phosphorus.  Phosphorus content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  Application method of K2O had a 

significant effect on P content in leaf tissue at topping across all environments (Table 3); 

however, once each location is analyzed individually effects are not significant (Table 7).  

Application method of K2O had a significant effect on phosphorus content in leaf tissue after 
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curing (Tables 3, 8).  Phosphorus content at each interval is above established deficiency 

levels for leaf tissue (Table 4).  

Potassium.  Potassium content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  An application method response was 

observed at layby and at topping across all locations (Tables 3, 9, 10).  Rate responses in K 

leaf content were observed after curing across locations (Table 3, 11).  Establishing a general 

trend for application methods is difficult across all locations at both sampling interval (Table 

9, 10).  Potassium rate had a significant effect on elemental leaf content after curing at 

UCPRS-09 and UCPRS1-10 locations (Table 11).  A general trend is difficult to establish; 

however, elemental K content significantly increases as rates of K2O increase to 196 kg 

K2O/ha (Table 11).  Overall, K content was sufficient at all rates and application methods 

(Table 9, 10, 11) and leaf content was within the established sufficiency range (Table 4).  No 

deficiency symptoms were observed in this study.  The results are in agreement with Chaplin 

and Miner (1980) who determined that K content in cured tobacco leaves increased as rates 

of K2O increased. 

Magnesium.  Magnesium content was measured at three separate intervals during the 

growing season: at layby, at topping, and after curing.  At layby, both application rate of 

potassium magnesium sulfate and application method had a significant effect on elemental 

leaf content (Table 3).  Generally, as rates of potassium magnesium sulfate increased 

magnesium leaf content increased (Table 12).  Potassium magnesium sulfate applied at 

planting contained the highest amount of Mg in leaf tissue (Table 13).  After curing, leaf Mg 

content was only affected by application rate of potassium magnesium sulfate (Table 3).  
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Elemental leaf content was not significantly improved above 140 kg K2O/ha (Table 14).  The 

observed response is not agronomically significant because plots with the lowest 

concentration of Mg were within the accepted range for sufficiency (Table 4). 

 

Soil Analysis 

Soil Analysis.  Soil samples were taken only from plots receiving 0 kg K20/ha at 

planting from 0 to 15 cm and from 15 to 30 cm.  Soil samples were not statistically analyzed 

because they were not taken across all treatments; however, it is worth noting the data for 

each location.  Variability in soil fertility was observed across locations (Table 15).  

Although there are no specified critical nutrient levels for tobacco, it is possible that 

Piedmont soils with less than 30 mg/dm
3 

of P and Coastal Plain soils with less than 50 

mg/dm
3 

may exhibit deficiency symptoms without supplemental fertilization (Hardy, 2011).  

Soils with less than 0.50 meq/100c of K and 0.25 meq/100cc of Mg may also exhibit 

deficiencies when no supplemental fertilizer is applied (Hardy, 2011).  Soil samples taken 

from control plots during research were used to make generalizations about individual 

location characteristics.   

UCPRS-09.  Soil P and Mg levels were sufficient for optimum tobacco growth at 

sampling intervals for the entire season (Table 15).  Although soil P levels were slightly 

below the assumed critical level from 0 to 15 cm one month prior to transplanting (Table 15) 

and from 15 to 30 cm one week prior to transplanting (Table 15) at the time of transplanting 

soil P levels were sufficient (Table 15).  Soil K levels were well below the assumed critical 

limit of 0.50 meq/100cc at all sampling intervals; however, deficiency symptoms were not 
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observed during the growing season.  It appears that soil fertility was adequate all season for 

the respective nutrients. 

OTRS-09.  Soil P and Mg levels were sufficient for optimum tobacco growth at 

sampling intervals for the entire season (Table 15).  Soil K levels were well below the 

assumed critical limit of 0.50 meq/100cc at all sampling intervals; however, deficiency 

symptoms were not observed during the growing season.  It appears that soil fertility was 

adequate all season for the respective nutrients. 

UCPRS1-10.  Soil P and Mg levels were sufficient for optimum tobacco growth at 

sampling intervals for the entire season (Table 15).  Soil K levels were well below the critical 

limit of 0.50 meq/100cc at all sampling intervals; however, deficiency symptoms were not 

observed during the growing season.  It appears that soil fertility was adequate all season for 

the respective nutrients. 

UCPRS2-10.  Soil P and Mg levels were sufficient for optimum tobacco growth at 

sampling intervals for the entire season (Table 15).  Soil K levels were well below the 

assumed critical limit of 0.50 meq/100cc at all sampling intervals; however, deficiency 

symptoms were not observed during the growing season.  It appears that soil fertility was 

adequate all season for the respective nutrients. 

 

CONCLUSION 

Application method and application timing had no significant agronomic effect on 

yield, quality, value, or any measured leaf constituents.  In both years, crop yield and crop 

quality were not affected by application rate and application method, thus demonstrating that 
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under conditions present at research locations lower application rates of K and alternative 

application methods are acceptable.  Leaf yield demonstrated a favorable response to 84 kg 

K2O/ha with all other measured parameters remaining unaffected.  Under the environmental 

conditions of these experiments, 84 kg K2O/ha applied broadcast one month before planting, 

broadcast at planting, banded at planting, or applied in split applications, provided adequate 

amounts of potassium to ensure sufficient yield and quality.  It is likely that early broadcast 

applications of K2O with current rate recommendations would only be of concern with 

combinations of conditions that included coarse soil textures, low potassium indices, and/or 

excessive leaching rainfall.   

Soil texture and depth to clay have a major impact on potassium application rates, and 

both must be considered.  Locations for this study were selected based on soil type and 

texture, and these characteristics had a significant effect on how the crop responded to K 

application. The loss of K
+
 is also of concern on coarse textured soils similar to the Norfolk 

soil series.  Coarse textured soils have lower cation exchange capacities and monovalent 

cations are often lost from the rooting zone in the event of leaching rainfall.  However, if the 

depth to clay is less than twenty-five centimeters it is likely that K
+
 lost to leaching is held in 

the clay subsoil where it can be utilized once adequate root growth has occurred.   

The considerations of soil texture and depth to clay are extremely important when 

making K recommendations and fit very well with reports from Denton et al. (1987).  Denton 

et al. (1987) report findings similar to those from this study for flue-cured tobacco produced 

across a variety of soil textures.  Optimum rates of K2O were found to differ significantly 

among Fertility Capability Classification (FCC) soil groups; however, the highest optimum 
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rates were on soils with a sand or loamy sand surface that was greater than 0.5 meters thick 

(Denton et al., 1987).  As previously mentioned, K
+
 can leach from the upper soil profile 

when cation exchange capacity is low; however, if the depth to clay is less than twenty-five 

centimeters it is likely that K
+
 lost to leaching is held in the clay subsoil where it can be 

utilized once adequate root growth has occurred.  Responses to increased rates of K2O would 

be expected under these conditions as a result of compensation for the loss of K
+
 do to 

leaching.         

Applying K2O independently, as done in this study, fits extremely well with 

alternative fertilizer plans that producers are now implementing.  As mentioned previously, 

additional application of P is not necessary on eighty-five percent of the soils used for 

tobacco production in North Carolina, and as a result producers can decouple complete N-P-

K fertilizers and apply N and K independently of one another.  This has allowed producers to 

explore alternate sources for both nutrients.  K-Mag fertilizer (0-0-22) has gained popularity 

as a result of it being a cheaper source of potassium than when supplied in a complete 

fertilizer and because of the additional Mg and S it contains.  Also, liquid N (28% UAN, 30% 

UAN and 32% UAN) sources are now being implemented as the only source of N for the 

entire growing season.  Liquid N sources are cheaper than other sources and are easier to 

apply.     

Overall, as K recommendations and alternative fertilizer management plans are 

suitable for producers when both residual soil potassium as well as soil texture are 

considered.  There is great potential for producers on fine textured soils to reduce K2O rates 
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and apply K2O without limiting yield and quality, thus creating larger returns and reducing 

workloads. 
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2
 NC 297, Goldleaf Seed Company, Hartsville, South Carolina 29550. 

3
 K-Mag, The Mosaic Company, Plymouth, Minnesota 55441.  

4
 D1013 Tin Capsules, Elemental Microanalysis, Okehampton, United Kingdom EX20 1UB. 

5 
Mettler-Toledo XS205 Analytical Balance, Mettler-Toledo Inc., Columbus, Ohio 43240.  
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Table 1. Field conditions at each growing location*. 

 

Location Soil Series Transplanting Date pH P-Index K-Index 

    -----mg P/dm
3
----- -----meq K/100cc----- 

UCPRS-09 Goldsboro April 29, 2009 6.2 45.6 0.25 

OTRS-09 Helena May 21, 2009 5.8 49.2 0.19 

UCPRS1-10 Norfolk April 27, 2010 5.8 162 0.30 

UCPRS2-10 Goldsboro April 27, 2010 6.0 112.8 0.45 

 

*Soil samples were analyzed at the North Carolina Department of Agriculture and Consumer Services Agronomic Lab using the 

Mehlich-3 Analytical Method. 

 
1 OTRS-09 Oxford, NC  
2 UCPRS-09 Rocky Mount, NC  
3 UCPRS1-10 Rocky Mount, NC  
4 UCPRS2-10 Rocky Mount, NC 
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Table 2. Rainfall by month at each location. 

 

Month OTRS-2009
1 

UCPRS-2009
2 

UCPRS-2010
3 

 -------------------------------------------cm------------------------------------------------ 

March 12.7 18.1 20.0 

April 2.1 2.0 2.8 

May 18.4 8.7 13.2 

June 11.3 9.1 3.2 

July 6.4 8.9 5.4 

August 8.1 7.4 11.3 

September 1.0 12.1 26.2 

October 2.8 3.5 3.9 

Total 62.8 69.8 86.0 

 
5 OTRS-2009 Oxford, North Carolina  
6 UCPRS-2009 Rocky Mount, NC  
7 UCPRS-2010 Rocky Mount, NC  

State climate office of north carolina-CRONOS database. 2011. Retrieved June 17, 2011,  

from http://www.nc-climate.ncsu.edu/cronos
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Table 3. P values for yield, quality, value, total alkaloids, reducing sugars, and elemental leaf content.  

Variable Env*Rate*Application Rate*Application  Env*Rate Env*Application Rate Application 

Yield 0.8211 0.8304 0.0226 0.9799 0.0385 0.9902 

Grade Index 0.5767 0.5937 0.7826 0.6930 0.5629 0.5972 

Crop Value 0.9437 0.8980 0.2387 0.9075 0.4595 0.6347 

Total Alkaloids 0.5567 0.4561 0.0669 0.1223 0.9226 0.6890 

Reducing Sugars 0.3668 0.8070 0.2756 0.0905 0.0216 0.4227 

Nitrogen-Layby 0.8917 0.1248 0.4251 0.4899 0.1499 0.5744 

Nitrogen-Topping 0.9739 0.9819 0.4025 0.3904 0.9583 0.0678 

Nitrogen-After Curing 0.7716 0.5382 0.3177 0.5562 0.0961 0.9101 

Phosphorus-Layby 0.5516 0.6587 0.2092 0.9233 0.1369 0.1111 

Phosphorus-Topping 0.3678 0.2215 0.7722 0.0270 0.5213 0.1405 

Phosphorus-After Curing 0.9525 0.5640 0.5456 0.6059 0.3254 0.0361 

Potassium-Layby 0.7551 0.1071 0.5835 0.0011 0.0518 0.2884 

Potassium-Topping 0.4633 0.5977 0.6622 0.0439 0.4991 0.2013 

Potassium-After Curing 0.4649 0.7530 0.0334 0.3953 <.0001 0.1873 

Magnesium-Layby 0.3119 0.3707 0.1869 0.1567 0.0038 0.0073 

Magnesium-Topping 0.4212 0.4885 0.6442 0.1367 0.6237 0.2331 

Magnesium-After Curing 0.2080 0.5925 0.5374 0.2086 0.0114 0.1437 
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Table 4. Plant tissue sufficiency and deficiency ranges for ripe flue-cured tobacco.  

 

Constituent Sufficiency Range Deficiency Level 

 -----------------------------------%----------------------------------- 

Total Alkaloids
 

0.20-7.87
1 

n/a 

Reducing Sugars
 

0.80-22.20
1 

n/a 

Total Nitrogen
 

1.30-2.25
2 

<1.50
3 

Phosphorus
 

0.12-0.30
2 

<0.12
2 

Potassium
 

1.30-2.50
2 

<1.00
4 

Magnesium 0.18-0.60
2 

<0.15
5 

 
1 Tso, T. C. (1999). Seed to smoke. In D. L. Davis, & M. T. Nielson (Eds.), Tobacco:  

Production, chemistry, and technology (pp. 1-31). London: Blackwell 

Science.  

2 Campbell, C. R. (2009). Harvesting tobacco based on tissue analysis. Retrieved June  

2nd, 2011, from http://www.ncagr.gov/agronomi/pdffiles/tobaccopta703.pdf  

3 McCants, C. B., & Woltz, W. G. (1967). Growth and mineral nutrition of tobacco.  

Advances in Agronomy, 19, 211-265.  
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Table 5. Yield response to increasing rates of K2O across all treatments at individual  

               locations. 

 

K2O Rate UCPRS
1
-09 OTRS

2
-09 UCPRS1

3
-10 UCPRS2

4
-10 

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

84 3331 3252 3411 3405 

140 3239 3385 3387 3404 

196 3183 3234 3514 3206 

252 3126 3644 3627 3422 

LSD NS 266 NS NS 

 
1 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
2 OTRS-2009 Oxford, North Carolina Helena Soil Series 
3 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
4 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Table 6. Sugar content response to increasing rates of K2O.  Data are pooled over  

               environments. 

 

K2O Rate Reducing Sugars
1 

------------kg/ha------------ ------------%------------ 

84 12.65  

140 11.98  

196 11.79  

252 11.84  

LSD 0.61 

 
1 Reducing sugar data were collected from a weighted composite sample of all four 

stalk positions. 
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Table 7. Phosphorus content by application method at topping
1
 at individual locations.   

 

Application Method UCPRS
2
-09 OTRS

3
-09 UCPRS1

4
-10 UCPRS2

5
-10 

 ------------------------------------------------%----------------------------------------- 

Broadcast-One Month 0.28  0.46  0.36  0.39 

Broadcast-One Week 0.30  0.37  0.38  0.40 

Banded-At Planting 0.30  0.38  0.41  0.44 

Banded-Split Applied 0.29  0.35  0.36  0.40 

LSD NS NS NS NS 

 
1 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

2 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
3 OTRS-2009 Oxford, North Carolina Helena Soil Series 
4 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
5 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Table 8. Phosphorus content by application method after curing combined over  

   environments.   

 

Application Method Cured Leaf
1  

 ------------%------------ 

Broadcast-One Month 0.23  

Broadcast-One Week 0.22  

Banded-At Planting 0.21  

Banded-Split Applied 0.22  

LSD 0.01 

1 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 
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Table 9. Potassium content by application method at layby
1
 at individual environments. 

 

K2O Rate UCPRS
2
-09 OTRS

3
-09 UCPRS1

4
-10 UCPRS2

5
-10 

 ---------------------------------------------%------------------------------------------- 

Broadcast-One Month 4.69 3.65 4.02 4.08 

Broadcast-One Week 4.72 3.79 4.08 4.15 

Banded-At Planting 4.65 3.59 4.14 4.38 

Banded-Split Applied 4.67 3.53 4.03 4.45 

LSD NS 0.18 NS 0.23 

1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 centimeters tall.  

2 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
3 OTRS-2009 Oxford, North Carolina Helena Soil Series 
4 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
5 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Table 10. Potassium content by application method at topping
1
 at individual  

     environments. 

 

Application Method UCPRS
2
-09 OTRS

3
-09 UCPRS1

4
-10 UCPRS2

5
-10 

 ------------------------------------------%------------------------------------------------ 

Broadcast-One Month 2.41  3.90  2.67  2.77 

Broadcast-One Week 2.60  2.97  2.54  2.87 

Banded-At Planting 2.60  3.25  2.99  3.28 

Banded-Split Applied 2.59  3.15  2.67  3.22 

LSD NS NS NS 0.24 

 
1 Topping samples were taken from the upper stalk position immediately following 

flower removal.  

2 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
3 OTRS-2009 Oxford, North Carolina Helena Soil Series 
4 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
5 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

93 

 

 

 

 

Table 11. Potassium content response to increasing rates of K2O after curing
1
 at  

     individual environments. 

 

K2O Rate UCPRS
2
-09 OTRS

3
-09 UCPRS1

4
-10 UCPRS2

5
-10 

------kg/ha------ --------------------------------------------%--------------------------------------------------- 

84 2.37  2.13 2.13 2.40 

140 2.53  2.36  2.32  2.37 

196 2.80  2.29  2.63  3.43 

252 2.59  2.48  2.39  3.47 

LSD 0.23 NS 0.30 NS 

 
1 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 

  
2 UCPRS-2009 Rocky Mount, NC Goldsboro Soil Series 
3 OTRS-2009 Oxford, North Carolina Helena Soil Series 
4 UCPRS1-2010 Rocky Mount, NC Norfolk Soil Series 
5 UCPRS2-2010 Rocky Mount, NC Goldsboro Soil Series 
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Table 12. Magnesium content response to increasing rates of K2O at layby
1
 combined  

     over environments. 

 

K2O Rate Layby 

----------kg/ha---------- ----------%---------- 

84 0.55  

140 0.54  

196 0.56  

252 0.57  

LSD 0.01 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 centimeters tall.  
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Table 13. Magnesium content by application method at layby
1
 combined over  

     environments. 

 

Application Method Layby 

 ----------%---------- 

Broadcast-One Month 0.55  

Broadcast-One Week 0.55  

Banded-At Planting 0.57  

Banded-Split Applied 0.55  

LSD 0.01 

 
1 Layby samples were collected from the upper stalk position when plants were 

approximately 38 centimeters tall.  
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Table 14. Magnesium content response to increasing rates of K2O after curing
1
   

     combined over environments. 

 

K2O Rate Cured Leaf 

--------kg/ha-------- --------%-------- 

84 0.60  

140 0.63  

196 0.63  

252 0.63  

LSD 0.02 

 
1 Cured leaf data was collected from a weighted composite sample of all four stalk 

positions. 
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Table 15. Soil analysis of plots not receiving supplemental potassium.    
 

Location Sampling Date Depth P K Mg 

 
 -----cm----- --mg/dm

3
-- --------meq/100cc------- 

UCPRS-09 1 Month 03/30/09 0-15 45.6 0.34 1.08 

 
 15-30 67.9 0.29 0.81 

UCPRS-09 1 Week 04/22/09 0-15 88.8 0.40 1.20 

 
 15-30 42.7 0.22 0.98 

UCPRS-09 Planting 04/29/09 0-15 84.3 0.30 0.85 

 
 15-30 71.7 0.23 0.85 

UCPRS-09 Layby 06/18/09 0-15 94.0 0.31 0.93 

 
 15-30 99.5 0.22 0.87 

OTRS-09 1 Month 04/21/09 0-15 159.6 0.19 0.60 

 
 15-30 121.5 0.17 0.69 

OTRS-09 1 Week 05/14/09 0-15 129.9 0.19 0.63 

 
 15-30 114.3 0.17 0.61 

OTRS-09 Planting 05/21/09 0-15 155.8 0.17 0.54 

 
 15-30 139.9 0.15 0.48 

OTRS-09 Layby 06/25/09 0-15 152.7 0.13 0.53 

 
 15-30 149.1 0.15 0.51 

UCPRS1-10 1 Month 03/25/10 0-15 219.7 0.30 1.16 

 
 15-30 192.4 0.26 0.64 

UCPRS1-10 1 Week 04/13/10 0-15 212.2 0.37 1.20 

 
 15-30 197.1 0.28 0.72 

UCPRS1-10 Planting 04/27/10 0-15 200.1 0.44 1.51 

 
 15-30 225.7 0.29 0.78 

UCPRS1-10 Layby 06/04/10 0-15 186.2 0.28 1.06 

 
 15-30 220.5 0.23 0.55 

UCPRS2-10 1 Month 03/25/10 0-15 115.6 0.32 0.99 

 
 15-30 50.0 0.28 0.69 

UCPRS2-10 1 Week 04/13/10 0-15 122.8 0.30 0.97 

 
 15-30 78.8 0.31 0.69 

UCPRS2-10 Planting 04/27/10 0-15 151.3 0.41 1.27 

 
 15-30 138.1 0.30 0.68 

UCPRS2-10 Layby 06/04/10 0-15 150.9 0.30 1.00 

 
 15-30 93.4 0.29 0.61 



98 

 

 

 

 

 

 

 

Figure 1.  Input cost trends of common sources of macronutrient fertilizers from 1960- 

     2010 (Huang, 2010) 
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