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Presentation Outline
▪ Overview of Potassium Fertilizer and Tobacco Specific Nitrosamines

▪ Analysis Conducted

▪ Data Analysis 

▪ Objectives 

▪ 2016 Field Study 
▪ Materials and Methods

▪ 2017 and 2018 Field Study 
▪ Materials and Methods 

▪ Results for 2016 to 2018

▪ Conclusions

▪ Questions 
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Potassium Fertilizer in Kentucky

▪Kentucky regulates farmers from applying Potassium 
Chloride (KCl) after Januray 1st. 

▪ <56 kg Cl ha-1 or 123 kg KCl ha-1

▪Farmers apply KCl in the fall due to cheaper cost 
▪ Potassium sulfate (K2SO4) is >2 times more expensive than KCl
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Potassium Fertilizer 

▪ Two major potassium sources available in Kentucky:
▪ K2SO4 0-0-50 

▪ KCl 0-0-60

▪ KCl has been shown to detrimentally impact leaf quality when 
used in the Spring 

▪ >1% Chloride (Cl) in cured leaf:
▪ High moisture content 

▪ Aroma

▪ Burning quality 
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Tobacco Specific Nitrosamines (TSNA)

▪ Formed from tobacco alkaloids that are found within tobacco 
leaves

▪ Produced primarily during curing 
▪ Found at minute levels in freshly harvested tobacco 

▪ Some are known carcinogens 

• Four Major TSNAs: nitroso-nornicotine (NNN), 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), N 

nitroso-anatabine (NAT), and N-nitroso-anabasine (NAB)

Reference: Brunnemann et al. 1983, Fisher et al. 1990, Hecht 1998, Hoffman et al. 1994). 
According to Kavvadias et al. (2009)
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Analysis Conducted

▪ Yield 

▪ Moisture 

▪ Chloride (only in 2016 and 2018 trials)

▪ Quality Grade Index (only in dark air-cured (DAC) and dark fire-cured 
(DFC) trials)

▪ Total TSNA

▪ All leaf chemistry analysis were conducted by RJ Reynolds Tobacco Company 
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Data Analysis 

▪All data analysis was done by using SAS Version 9.4.

▪An alpha of 0.1 denotes significance. 

▪Tobacco that received no potassium was analyzed separately. 

▪All trials were analyzed by year, location, type, and variety. 
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Objectives 

▪Determine if potassium source and application rate has 
an effect on yield and leaf quality in dark and burley 

tobacco

▪Evaluate the effect of potassium source and application 
rates on chloride and total TSNA
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2016 
Materials 

and 
Methods 
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2016 Materials and Methods

▪Location: Princeton, KY

▪Trials: 
▪DAC

▪DFC

▪Tobacco Variety: KTD14LC

▪Transplanted: May 25th

▪Harvested: August 23rd
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2016 Materials and Methods

▪ Potassium sources: 
▪ KCl

▪ K2SO4

▪ Application rates:
▪ 0, 112, 224, 336 kg K ha-1

▪ Applied 1 day before transplanting 

▪ Plot design:
▪ Randomized complete block, 4 replications

▪ 4 rows, 4 m wide x 12.2 m long

▪ Phosphorus and Nitrogen were applied according to soil test 
recommendations and current University of Kentucky Extension 

recommendations were followed for field management. 
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2017 and 2018 
Materials and 

Methods 
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2017 and 2018 Materials and 
Methods
▪Locations:

▪ Princeton, KY

▪ Murray, KY

▪ Lexington, KY 

▪Trials: 
▪ DAC

▪ DFC

▪ Burley
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2017 and 2018 Materials and 
Methods 

▪Application Rates:
▪ 0, 112, 224, 336 kg K ha-1

▪ 1-10 days before transplanting 

▪Tobacco Varieties: 
▪ DAC and DFC: KTD14LC and NLMadoleHC

▪ Burley: TN90LC and TN90HC
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2017 and 2018 Materials and 
Methods 
▪Plot Design: 

▪ Split Plot Design, 4 replications

▪ Dark: 4 rows, 4 m wide x 12.2 m long

▪ Burley: 4 rows, 4.1 m wide x 10.6 m long 

▪ Phosphorus and Nitrogen were applied according to soil 
test recommendations and current University of 

Kentucky Extension recommendations were followed for 
field management. 
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2017 and 2018 Materials and 
Methods 

Location Year
Transplant 

Date

Harvest 

Date

Princeton

2017

May 26 September 21

Murray June 21 October 12

Lexington June 13 September 18

Princeton

2018

May 24 September 12

Murray June 20 October 19

Lexington June 19 September 21
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2016,2017 
and 2018 
Results 
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Effect of potassium source on total yield of DAC, 
DFC, tobacco in Princeton 2016. 

DAC DFC

K 

source
LC

----- Total Yield (kg/ha)-----

K2SO4 1863 b 1690 

KCl 2097 a 1710 

No K 1615* 1981

p<0.10
* Indicates No K yielded significantly less than tobacco that received potassium applications. 
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Effect of potassium source on total yield of DAC, 
DFC, and burley tobacco in 2017

Princeton Murray Lexington

DAC DFC DAC DFC Burley

K 

source
LC HC LC HC LC HC LC HC LC HC

--------------- Total Yield (kg/ha) ---------------

K2SO4 2241 2125 2684 2673 2273 2119 2181 2124 2495 2407

KCl 2290 2210 2788 2601 2262 2191 2226 2193 2413 2305

No K 2261 2049 2300* 2298* 1612* 1860* 2018 1990* 2139* 1981*

p<0.10
*  Indicates No K yielded significantly less than tobacco that received potassium 

applications. 
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Effect of potassium source on total yield of DAC, 
DFC, and burley tobacco in 2018

p<0.10
* Indicates No K yielded significantly less than tobacco that received potassium 

applications. 

Princeton Murray Lexington
DAC DFC DAC DFC Burley

K 

Source
LC HC LC HC LC HC LC HC LC HC

--------------- Total Yield (kg/ha) ---------------
K2SO4 3584 3040 3955 3634 3434 2969 3499 3324 1485 b 1515

KCl 3549 3040 4221 3632 3386 3024 3421 3347 1700 a 1573
No K 3492 2864 4161 3619 3364 3205 3566 3330 849 * 658 *
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Moisture Analysis Collection 

▪Moisture samples submitted in 2016 were 
whole leaf samples that were not air-dried, 

whereas 2017 and 2018 samples were 
destemmed lamina only and air-dried prior 

to moisture analysis. 
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Effect of potassium source on cured leaf moisture content 
of DAC, DFC, and burley tobacco in 2016 to 2018. 

2016 2017 2018

Princeton Princeton Murray Lexington Princeton Murray Lexington

DAC DFC DAC DFC DAC DFC Burley DAC DFC DAC DFC Burley

K 

source
LC LC HC LC HC LC HC LC HC LC HC LC HC LC HC LC HC LC HC LC HC

----------------------------------- Cured leaf moisture (%) -------------------------------

K2SO4 10.4 b 10.7 6.7 6.3 6.1 5.7 6.4 6.0 5.9 5.8 6.4 6.4 5.8 5.4 6.2 5.8 6.0 5.5 6.0 5.6 6.5 6.5 a

KCl 12.3 a 10.9 6.7 6.4 6.0 5.6 6.3 6.1 5.7 5.8 6.4 6.2 5.8 5.3 6.2 5.9 5.9 5.6 6.0 5.7 6.4 6.2 b

No K 11.5 10.6 7.1 6.5 6.0 5.9 6.6 5.9 6.1 6.2 6.7 6.4 6.1 5.5 6.3 5.8 6.3 5.7 6.1 5.7 6.5 6.2 *

p<0.10
* Indicates No K had cured leaf moisture that was significantly different from one potassium source. 
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2016 2018

Princeton Princeton Murray Lexington

DAC DFC DAC DFC DAC DFC Burley

K source LC LC HC LC HC LC HC LC HC LC HC

-------------------- Cured leaf chloride (%) --------------------

K2SO4 0.40 b 0.55 b 0.13 b 0.12 b 0.46 b 0.37 b 0.83 b 0.68 b 0.66 b 0.58 b 0.11 b 0.15b 

KCl 3.46a 3.20 a 1.38 a 1.23 a 3.80 a 3.28 a 2.62 a 2.55 a 2.58 a 2.51 a 1.75 a 2.43 a

No K 0.40 * 0.41 * 0.12 * 0.10 * 0.39 * 0.36 * 0.74 * 0.60 * 0.63 * 0.58 * 0.10 * 0.15 *

Effect of potassium source on cured leaf chloride 
content of DAC, DFC and burley tobacco 2016 and 

2018. 

p<0.10
* Indicates No K had chloride levels that were similar to tobacco treated with K2SO4 and lower than 

tobacco treated with KCl. 
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Effect of potassium source on total 
quality grade index of DAC and DFC 

tobacco in 2016 to 2018. 
2016 2017 2018

Princeton Princeton Murray Princeton Murray

DACc DFC DAC DFC DAC DFC DAC DFC DAC DFC

K 

source
LC LC HC LC HC LC HC LC HC LC HC LC HC LC HC LC HC

----------------------------------- Quality Grade Index (0-100) -------------------------------

K2SO4 48.0 61.0 47.6 45.3 71.1 b 68.4 b 20.6 29.6 b 69.7 b 61.5 b 34.5 43.6 61.5 59.0 20.2 30.6 71.8 67.7

KCl 52.1 57.6 50.4 47.4 73.9 a 71.0 a 21.7 37.7 a 74.9 a 70.5 a 35.6 47.3 58.1 56.3 20.0 33.3 70.6 69.3

No K 57.3 55.2* 48.6 47.8 70.2 66.4* 23.8 34.8 69.5* 52.4* 36.9 45.4 65.8 63.3 24.2 39.4 68.6 71.4

p<0.10
* Indicates tobacco that received No K had significantly lower quality grade index than tobacco 

receiving potassium. 
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Effect of potassium source on total TSNA in 
DAC and DFC trials in 2016. 

DAC DFC

K 

source
LC

----- Total TSNA (ng g-1) -----
K2SO4 156 2144 a

KCl 151 1638 b

No K 138 2149*

p<0.10
* Indicates that No K had TSNA that was significantly different from tobacco 

treated with one or both potassium sources. 
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Princeton Murray Lexington

DAC DFC DAC DFC Burley

K 
Source

LC HC LC HC LC HC LC HC LC HC

----------------------------------- Total TSNA (ng/g) -------------------------------

K2SO4 440 2245 a 5832 a 31158 a 437 a 1939 6703 34425a 930 a 3596 a

KCl 227 1326 b 3762 b 22177 b 320 b 1742 5723 21638 b 617 b 2448 b

No K 340 1601* 6092* 29054* 334* 1199* 9131 32145* 696* 2274*

p<0.10
* Indicates that No K had TSNA that was significantly different from tobacco treated with one or both 

potassium sources. 

Effect of potassium source on total TSNA in DAC, 
DFC, and Burley in 2017. 20
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Princeton Murray Lexington

DAC DFC DAC DFC Burley

K 
Source

LC HC LC HC LC HC LC HC LC HC

----------------------------------- Total TSNA (ng/g) -------------------------------

K2SO4 988 a 5907 a 6237 a 30225 926 5005 2611 a 24029 6560 a 17174 

KCl 813 b 4367 b 2880 b 22106 643 4109 2018 b 20907 2626 b 12600 

No K 900 3909* 3401 26696 488 2989* 2836* 20941 8811 29364*

Effect of potassium source on total TSNA 
in DAC, DFC, and Burley in 2018. 

p<0.10
* Indicates that No K had TSNA that was significantly different from 

tobacco treated with one or both potassium sources. 
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Summary

▪ Significant yield responses to potassium in 5 of 12 trials 

▪ Significant increases in leaf moisture in only 1 of 12 trials 

▪ Cl levels were >1% on average in all trials where KCl was applied

▪ No adverse effects on quality grade index
▪ Quality grade index significantly higher in 3 of 12 trials where KCl used 

▪ 27% average reduction in total TSNA where KCl was 
used 
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