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Comparison of Two Different Fertilizer Sources for Flue-Cured Tobacco 

 

Lindy Colson Tucker 

 

 

ABSTRACT 

 

Limited research is available to farmers and extension personnel seeking nitrogen fertilization 

recommendations for organic production of flue-cured tobacco in the Southside of Virginia. With growth 

in organic tobacco production in the area due to an increase in contracts offered by Santa Fe Natural 

Tobacco Company, the need for independent research on fertilization for the crop became clear. Research 

was conducted to compare the effects of the current organic tobacco fertilizer (8-5-5) to a new product 

considered to be more readily available (3-2-3) on flue-cured tobacco at the Southern Piedmont 

Agriculture & Research Extension Center near Blackstone, Virginia for the 2015 crop year. The effects of 

total nitrogen rate were also analyzed at rates of 65, 85, and 105 lbs of nitrogen to the acre. Additionally, 

sidedress applications of two products 13-0-0 and 16-0-0 were evaluated. Production other than 

fertilization treatments followed those of conventional tobacco. Plots were soil sampled a total of six 

times throughout the season and evaluated for nitrogen and ammonium content. Petiole samples of the 

fourth leaf from the top were taken from four plants in each plot four times throughout the season. 

Petioles were crushed and the extract analyzed for nitrate content. Total yields were determined after four 

harvests and the cured leaf graded for quality. Test results did not indicated a nitrogen rate effect for yield 

but there was a significant increase in yield with the 3-2-3 fertilizer compared to the 9-5-5.    
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INTRODUCTION 

History of tobacco in Virginia 

It is rare to hear the mention of Virginia history without inclusion of the importance of tobacco to 

the economic success of the early settlers. Although one species of the plant, Nicotiana rustica, was 

already present and being cultivated in the colonies by the Native Americans, it was not until John Rolfe 

imported seeds of the milder Nicotiana tabacum from the West Indies around 1611 that the potential role 

of tobacco in the New World was recognized (Lauterstein, 2008). As production and curing methods were 

fine-tuned, exports to Britain soon found it to be competitive with Spanish tobacco. The ease of shipping 

the crop compared to other commodities, the profit per acre, and the crop’s suitability to colonial Virginia 

soils made it catch like wildfire. As yields declined, the crop was pushed out of the tidewater region, 

establishing itself securely in the piedmont by 1800 (Herndon, 1957).  Over 200 years later, tobacco roots 

still run deep in the agriculture of the southern portion of the piedmont region, termed Southside. Today, 

Southside producers continue to grow conventional flue-cured tobacco, but have begun branching out into 

organic production in recent years.  

 

Problem & Purpose 

Organic tobacco production marks an area of growth for the United States industry. Santa Fe 

Natural Tobacco Company is currently the sole company offering organic contracts to tobacco producers, 

using the tobacco in its “additive free tobacco” products (Santa Fe Natural Tobacco Company, 2015). 

With the organic food movement, interest in organic tobacco has grown tremendously, increasing the 

demand for organically produced tobacco leaf and the search for producers.  

Due to the uniqueness of organic tobacco products and the added costs of production, organic 

tobacco contracts offer a premium price to growers, making it a very desirable crop to produce. As might 

any new crop, the growth of organic tobacco has brought with it many unanswered questions about the 

best production techniques and available and allowable inputs. As Southside producers have dived into 

organic production, they have presented extension agents, specialists, and researchers with the problems 
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they face under their new protocols, identifying the need for research in this area. Seeing the need for 

research-based information specific to the Southside region, Dr. Reed and myself worked to address of 

the most basic needs of producing the crop – that of nitrogen fertilization.   

 

Project Objectives 

Organic tobacco producers in Southside are currently using Nature Safe pelleted fertilizer with a 

total nutrient analysis of 8-5-5. This product is comprised of slowly available nitrogen sources including 

meat, feather, bone, and blood meal (see Appendices). A new product Perdue’s MicroSTART60 Prill 3-2-

3 is OMRI certified. MicroSTART60 is comprised primarily of poultry litter which is more readily 

available to plants. The overlying goal of this research was to compare the current nitrogen product of the 

more slowly available but higher nutrient content 8-5-5 fertilizer to the new more readily available but 

lower concentrated 3-2-3 product.  The thought here was that the new product might be better able to 

meet early season nitrogen requirements and provide organic producers with an additional option. In 

order to provide producers with the best information possible on which to base their management 

decisions, the two products were compared with two different organic sidedress nitrogen products each at 

three different total plot nitrogen rates: 65, 85, and 105 lbs/A. Soil and petiole samples would be taken 

throughout the season to monitor plant nitrogen levels. Leaf quality after curing would also be evaluated 

as the ultimate goal is high quality tobacco. 

 

Significance of the Problem 

Nitrogen availability with blood and bone meal products such as in the 8-5-5 product tested here, 

can take months to become plant available (Card et al., 2014). This affects product application timing as 

producers balance early fertilizer application with planting time and the associated costs. Additionally, 

product choice affects overall quality and yield if plants are unable to grow, defend themselves against 

pests, and out-compete weed pressure from the start. Poor application timing can result in loss in product 

as slow-acting fertilizer may not be available until after peak nutrient requirements. If producers are 
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aware of the low early availability, they may choose to apply at a rate in excess of needs which may cause 

a surge in plant pests, burning of plants later, or runoff and leaching. All of these things ultimately could 

result in a loss in profit for producers, poor crop quality, and potential environmental issues. Providing 

producers with the best information available specific to their needs and location is imperative to 

successful and sustainable agricultural production in Southside. The earlier questions are addressed the 

greater the producer savings and overall economic impact on the region.  

 

 

REVIEW OF THE LITERATURE 

Few organic fertilizer products have been evaluated for use in tobacco production although there are 

many on the market. Though general organic products such as manures have been used for centuries in 

agricultural production and were even the primary source of nitrogen prior to the 20
th
 century, these 

water-dense by-products make transportation and application tedious and expensive (Havlin et al, 2005). 

Limited information and few recommendations are available for organic producers. Even the National 

Sustainable Agriculture Information Service (ATTRA) publication on organic production fails to offer 

concrete options to tobacco growers (Kuepper and Thomas, 2008). The most recent research with respect 

to tobacco has involved that of bone, blood, and other meal products which must be applied in advance of 

planting to ensure proper uptake by plants (Hight, 2009).  Most recently work has been done in China to 

evaluate the effects of organic fertilizer composed of plant products such as rapeseed and sesame on 

tobacco quality, but it has not been evaluated on the quality or yield of organic tobacco specifically (Zeng 

and Long, et al, 2013). Little research has been done to date.  

 

 

PROJECT METHODOLOGY 

Current organic flue-cured tobacco producers in Southside Virginia will receive direct benefit 

from this research. However, this knowledge could greatly impact other researchers around the country 
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pursuing similar projects, fertilizer manufacturers developing products for or marketing products to 

organic tobacco growers, tobacco industry professionals as they advise and place requirements on their 

growers, and extension agents and specialists around the country as they share their knowledge with their 

clients.  

Keeping in mind the target audience, the experiment was designed to look at many variables of 

only one aspect of organic tobacco production – nitrogen fertilization. All other production practices were 

kept the same and pest management was carried out as per a conventional crop in order to truly determine 

the effects of organic nitrogen fertilization alone. No pre-plant fertilizer was applied as in conventional 

production.  

The test was conducted at Virginia Tech’s Southern Piedmont Agricultural Research & Extension 

Center near Blackstone, VA. The soil type across the plots was a Durham coarse sandy loam (fine-loamy, 

siliceaous, semiactive thermic Hapludult).  Pre-plant soil test results returned pH at 6.6, P with a H- rating 

and K with a M rating.  Organically produced Cross Creek 143 tobacco plants were transplanted 21 May. 

Treatment variables included fertilizer source and rate. Two complete NPK fertilizers were evaluated 

(Nature Safe 8-5-5 and Perdue MicroStart60 Prill 3-2-3) as well as two sidedress fertilizer applications 

(Allganic 16-0-0 and Nature Safe 13-0-0). The total N rates tested were 65, 85, and 105 lbs/A. The NPK 

fertilizers were banded at a rate of 42 lbs/A across sources the day following transplant. Additional 

sidedress nitrogen was band applied two weeks later to provide the total N rates to be evaluated. The 

check treatment was applied in the same way with conventional tobacco fertilizer 6-6-18 as the NPK 

source and a sidedress application of 16-0-0 for a total N rate of 65lbs/A. In order to meet the potassium 

requirements noted in the pre-plant soil test as well as to remove any potential plant performance 

differences due to potassium rates from the NPK sources, additional potassium sulfate (K2SO4) was 

applied on a per plot basis to bring the total potassium application up to the desired 135 lbs/A (Table 1). 

The test was designed in a randomized complete block with four repetitions. Individual plots consisted of 

four rows four feet apart and 40 feet in length, with an in-row plant spacing of 22 inches. Petiole samples 

were taken from the outer border rows so as to not influence yield data of the center two rows.  
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Table 1. Description of treatments in the organic fertilizer source test at the Southern Piedmont 

Agricultural Research & Extension Center (SPAREC) near Blackstone, VA in 2015. Variables included 

NPK fertilizer sources, sidedress fertilizer sources, and total nitrogen rates.  

 

Data Collection 

Both soil sample N and petiole N were evaluated. Petiole samples were taken from the fourth leaf 

from the top of four random plants on the border rows for each plot beginning after plant topping on 24 

July (Table 2). This was done to maintain leaf position throughout the season and was done four times 

throughout the season corresponding to the progressive harvest of leaves which began at the bottom of the 

stalk. Lamina was stripped from the petioles in the field and petioles placed in labeled plastic bags for 

transport to the lab. In the lab, petioles were cut into sections of roughly four inches of clean stem at the 

base of the leaves. Each plot’s petioles were crushed in a hydraulic jack plant press and the extract 

immediately tested for nitrate-N with a Cardy Nitrate Meter and the data recorded (Spectrum 

Technologies, Aurora, IL).  

Soil samples were taken six times throughout the season, corresponding to significant production 

practices or stages in crop development, and evaluated for both nitrate-N and ammonium-N (Table 2). 

Treatme

nt 

NPK 

Fertilizer 

Source 

Product 

Rate 

(lbs/A) 

Additional 

K2O (lbs/A) 

Total 

K2O 

(lbs/A) 

Sidedress  

Fertilizer 

Source 

Sidedress 

Product 

Rate (lbs/ 

A) 

Total N 

(lbs/A) 

Conventional Fertilization Check Treatment 

1 6-6-18 700 9 135 16-0-0 144 65 

Organic Treatments 

2 8-5-5 525 109 135 13-0-0 177 65 

3 8-5-5 525 109 135 13-0-0 331 85 

4 8-5-5 525 109 135 13-0-0 485 105 

5 8-5-5 525 109 135 16-0-0 144 65 

6 8-5-5 525 109 135 16-0-0 269 85 

7 8-5-5 525 109 135 16-0-0 394 105 

 

8 3-2-3 1400 93 135 13-0-0 177 65 

9 3-2-3 1400 93 135 13-0-0 331 85 

10 3-2-3 1400 93 135 13-0-0 485 105 

11 3-2-3 1400 93 135 16-0-0 144 65 

12 3-2-3 1400 93 135 16-0-0 269 85 

13 3-2-3 1400 93 135 16-0-0 394 105 
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Soil samples were taken from 20 cores in the center two rows of each plot and placed in labeled soil 

boxes for transport to the lab. In the lab, samples were dried, ground, and extracted (Maynard, et al 2008). 

The extracts were frozen until they could be analyzed. Samples were evaluated for nitrate and ammonium 

concentrations using a SmartChem autoanalyzer (Unity Scientific, Brookfield, CT) following 

manufacturer’s procedures (Unity Scientific, 2012, 2014). A USDA Agricultural Marketing Services 

tobacco grader evaluated leaf quality, assigning numeral grade index as described by Bowman et al 

(1988).  

 

Table 2. Dates for transplant, topping, and soil and petiole samples of organic fertilization trials, 

Blackstone, VA, 2015. 

Action Sample Date 

Transplant 06/21/15 

Soil Sample 1 06/23/15 

Soil Sample 2 07/08/15 

Soil Sample 3 07/24/15 

Soil Sample 4 08/05/15 

Soil Sample 5 09/14/15 

Soil Sample 6 10/02/15 

Topping  07/24/15 

Petiole Sample 1 08/14/15 

Petiole Sample 2 09/09/15 

Petiole Sample 3 10/06/15 

Petiole Sample 4 10/13/15 
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RESULTS, DISCUSSION, AND RECOMMENDATIONS 

Results and Discussion 

 Plant nitrogen status and grade and yield were analyzed to determine the results of nitrogen 

fertilization on the crop. Petiole sap nitrate level is considered a measure of the nitrogen status of a 

tobacco plant, and is much more effective in illustrating plant uptake than is soil nitrogen level, although 

nitrate levels in sap correlate to soil nitrogen available for uptake by the plant. This is impacted by test 

factors such as fertilizer source and rate as well as extrinsic factors such as weather. A comparison of 

petiole sap nitrate levels for the three NPK fertilizer sources with a 16-0-0 sidedress and a total nitrogen 

rate of 65 lbs/A is shown in Fig 1. The regression equation for each NPK fertilizer source is as follows, 

with DAT = days after transplanting:  

6-6-18  NO3 = 2566 – 14.5 X DAT  r
2
 = 0.41 

8-5-5  NO3 = 2990 – 28.0 X DAT r
2
 = 0.97 

3-2-3  NO3 = 2342 – 19.2 X DAT  r
2
 = 0.97 

These data are taken for the fourth leaf on the plant at each of the four harvests and thus represent the 

maturation and ripening of a specific leaf position across the season. Both organic fertilizer sources 

exhibit a significant linear relationship between petiole sap nitrate levels and days after topping (increased 

maturity). However, petiole nitrate level for the conventional fertilizer (6-6-18) peaked at the time of the 

second harvest and, therefore, does not exhibit a linear relationship. One explanation for this observation 

may be differences in the availability of nitrogen between the conventional fertilizer and the two organic 

sources, but additional analysis of soil nitrogen and weather data is necessary.  

 



 11 

Figure 1. Petiole sap as a measure of plant nitrogen status in tobacco of three NPK fertilizer sources, 

Blackstone, VA, 2015. 

 

The analysis of variance of agronomic factors affecting cured leaf yield and quality is explained 

in Table 3. Of the three main factors, only NPK fertilizer source showed a significant difference (P < 

0.002) for yield. The respective yields for each of the NPK fertilizer sources across rates were: 3393 lbs/A 

for 3-2-3, 3061 lbs/A for 8-5-5, and 3204 lbs/A for the 6-6-18 conventional fertilizer. The conventional 

treatment was not significantly different from any other treatment, but there were significant differences 

between the highest and lowest yielding plots with the 3-2-3 plots yielding above the control and 8-5-5 

below the conventional treatment. No significant differences were observed for grade index. 
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Table 3. Analysis of variance (ANOVA) of agronomic factors in the organic fertilizer source trials, 

Blackstone, VA 2015. 

 

 

Economic Implications 

Due to the nature of agriculture, I found it important to consider the costs of the different 

treatments applied to aid producers in their decision-making. Table 4 shows the prices for each of the 

products used in this study. Table 5 shows the different treatment components and their individual costs 

as well as the overall cost of that particular treatment. All product costs included, there is negligible 

difference in the average costs of the 3-2-3 and 8-5-5 treatments. The 3-2-3 product proves to be not only 

an effective, but a competitive economic option for organic tobacco production. 

 

  

 Yield Grade Index 

Source F-value P > F F-value P > F 

Rep 7.57 < 0.0001 0.68 0.6919 

Organic Fertilizer 

Source 
31.85 < 0.0001 0.61 0.4368 

Sidedress 0.16 0.6944 0.37 0.5450 

Nitrogen Rate 1.72 0.1866 0.59 0.5586 

Organic Fertilizer 

Source x Sidedress 
0.01 0.9233 0.59 0.4450 

Sidedress x N Rate 0.63 0.5341 2.29 0.1079 

Organic Fertilizer 

Source x N Rate 
0.23 0.7988 0.26 0.7737 

Organic Fertilizer 

Source x Sidedress 

x N Rate 

0.14 0.8693 0.03 0.9667 
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Table 4. Product prices of NPK fertilizer source and sidedress fertilizer sources for the organic fertilizer 

source trials, Blackstone VA, 2015. 

Product Price/50lb bag $/ton 

Nature Safe 8-5-5 $22.375 $895 

Nature Safe 13-0-0 $26.625 $1065 

Allganic 16-0-0 $22.625 $905 

MicroSTART60 3-2-3 $8.625 $345 

6-6-18 $19.88 $795 

0-0-50 $25.625 $1025 

 

 

Table 5.  Costs of individual treatments included in the organic fertilizer trials, Blackstone, VA, 2015. 

 

 

Recommendations  

Results of this study would indicate that Perdue AgriRecycle’s MicroSTART60 Prill 3-2-3 is a 

viable alternative to the Nature Safe 8-5-5 product in common use. Although the results reported here 

represent just one year, with the significant difference in yield from the source of nitrogen, I would 

Trt. 
NPK 

Source 

Product 

Rate 

(lbs/A) 

NPK 

Cost 

($/A) 

Additional 

K (lbs/A) 

Additional 

K Cost 

($/A) 

Sidedress 

Source 

Sidedress 

Product 

Rate 

(lbs/A) 

Sidedress 

Cost 

($/A) 

Total 

Trt. 

Cost/A 

Conventional Fertilization Check Treatment 

1 6-6-18 700 $278.25 9 $4.62 16-0-0 144 $65.16 $348.03 

Organic Fertilizer Treatments 

2 8-5-5 525 $234.94 109 $55.87 13-0-0 177 $94.26 $385.07 

3 8-5-5 525 $234.94 109 $55.87 13-0-0 331 $176.26 $467.07 

4 8-5-5 525 $234.94 109 $55.87 13-0-0 485 $258.27 $549.08 

5 8-5-5 525 $234.94 109 $55.87 16-0-0 144 $65.16 $355.97 

6 8-5-5 525 $234.94 109 $55.87 16-0-0 269 $121.73 $412.54 

7 8-5-5 525 $234.94 109 $55.87 16-0-0 394 $178.29 $469.10 

Average 8-5-5 Treatment Cost    $439.81    

8 3-2-3 1400 $241.50 93 $47.67 13-0-0 177 $94.26 $383.43 

9 3-2-3 1400 $241.50 93 $47.67 13-0-0 331 $176.26 $465.43 

10 3-2-3 1400 $241.50 93 $47.67 13-0-0 485 $258.27 $547.44 

11 3-2-3 1400 $241.50 93 $47.67 16-0-0 144 $65.16 $354.33 

12 3-2-3 1400 $241.50 93 $47.67 16-0-0 269 $121.73 $410.90 

13 3-2-3 1400 $241.50 93 $47.67 16-0-0 394 $178.29 $467.46 

 Average 3-2-3 Treatment Cost     $438.17 
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recommend the MicroSTART60 Prill 3-2-3 as a viable option for organic flue-cured tobacco producers. 

The more readily available poultry litter material of this product may provide earlier nutrient availability 

than that of the 8-5-5. In order to compensate for the delay in nitrogen availability with the 8-5-5, we 

should consider pre-transplant application of this product. Additional research is needed to confirm these 

results.  
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