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INTRODUCTION 

Of all the ions introduced in soil for tobacco fertilization, 

nitrogen, chlorine, and sulfate are probably most important due to 

their effect on the quality of tobacco produced. In fact, muriate 

of potash has been removed from all burley tobacco fertilizer recom-

mendations due to the effect chlorine has upon the quality and value 

of the cured leaf. McCants and Sierra (1965) have suggested that 

excessive chloride may be one of the major causes of the unusually 

large amounts of "off grade" tobacco on the market in recent years. 

Nevertheless, small amounts of chlorine are considered to be bene-

ficial (McCants and Woltz, 1967). 

Nitrogen rates have been increasing through the years and in-

creased yields have resulted from the higher rates of nitrogen. How-

ever, nitrogen like chlorine has also been associated with the pre-

sence of poorer quality tobacco on the market. 

Sulfate also had a detrimental effect upon leaf quality. In 

addition, sulfate failed to produce any beneficial results on yields 

(Atkinson et al., 1962). 

While many experiments have been conducted to study the effect 

of nitrogen, chlorine, and sulfate on tobacco, research reports in-

dicated that the nitrogen levels applied were below present recommen-

dations. The current recommendations suggested at The Burley Tobacco 

Workers Conference (1968) are to apply 75 to 150 pounds of nitrogen 

per acre. 

1 
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The objectives of this investigation are to stvdy: 

(1) The combined effects of nitrogen and varying proportions of mur-

iate and sulfate of potash on chemical composition of burley tobacco. 

(2) The degree of anion competition in the uptake of sulfate and chlo-

rine at varying rates of nitrogen. 

(3) The influence of nitrogen, chlorine, and sulfate upon the yield, 

quality, and acre value of the cured tobacco. 



. ' 

LITERATURE REVIEW 

Muriate and sulfate of potash have been compared by many re-

searchers using several types of tobacco. They found that chlorine 

generally produced yield increases. The reduction in leaf grade, due 

to chlorine accumulation in the leaves, nullified any yield benefits. 

Nitrogen and sulfates also tended to have similar yield effects but 

to a lesser degree (McCants and Woltz, 1967). 

However, in all of these studies, nitrogen was applied at rates 

considerably lower than those being used and recommended in the burley 

tobacco region today. The general recommendations outlined at the 

1968 Tobacco Workers Conference, Ashville, North Carolina, suggest 

application of 75 to 150 pounds of nitrogen per acre, depending upon 

the amount of legumes in the sod. 

Studies by Wedin and Struckmeyer (1958) indicated that the effect 

of chlorine and sulfate may be different at higher levels of nitrogen. 

Their research showed that increasing amounts of nitrogen reduced the 

chlorine content of the leaves. Others (Lundegarth, 1959, and Robert-

son, 1968) have obtained evidence that anion competition occurs in 

plants. 

Absorption of Nitrogen, Chlorine, and Sulfate 

Myhre et al. (1956), Neas (1959), and Reisenauer and Colwell (1950) 

reported that chlorine was absorbed by tobacco in proportion to the 

amount applied. Likewise, nitrogen was also absorbed in proportion to 

the amount applied (Whitty et al., 1966; Salmon, 1967; and Pritchett 

3 
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et al., 1959). However, the mechanisms associated with the actual 

uptake of these ions are much more complex than initially hypothesized. 

The carrier hypothesis, originally formulated to explain cation 

uptake, is one theory frequently offered to explain anion absorption 

(Robertson, 1968). Within the realm of the carrier theory, Epstein 

and Elzam (1965) reported that different ions were absorbed at dif-

ferent rates depending upon their concentrations. In barley roots, 

they found at least two mechanisms for chlorine absorption. At low 

external concentrations (0.1 to 0.2 mM), the carrier had a high affin-

ity for chlorine. At concentrations of 0.5 and above, the carrier had 

a lower affinity for chlorine. Similarly, the dual mechanism theory 

can be applied to explain the absorption of nitrate ions in barley 
1 seedlings. 

Robertson (1968) explained that the carriers for chlorine absorp-

tion did not require ATP for absorption, but were dependent upon charge 

separation for energy. He postulated that the chloride ion vacated 

the site of exchange when replaced by a hydroxyl ion; and then passed 

to the exterior as the next chloride ion from the outside was absorbed. 

Research by Wedin and Struckmeyer (1958) indicated that this 

energy relationship may also occur in sulfate absorption. They re-

ported that an increase in chloride level from 35 ppm to 280 ppm 

caused the chlorine content to increase from 0.85 percent to 2.94 per-

cent. A corresponding sevenfold increase of sulfate from 48 ppm to 

1 R.P. Bosshart. 1969. Evidence for dual mechanisms of 
ion absorption in intact barley seedlings. Ph.D. Titesis. 
Polytechnic Institute, Blacksburg. 

nitrate 
Virginia 
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384 ppm only increased the sulfate content from 0.90 percent to 1.60 

percent in the tissue. Since the chloride ion is monovalent and the 

sulfate ion divalent, added energy requirements for sulfate absorption 

could explain the reduced accumulation. 

The absorption of chloride also varied with soil type, soil mois-

ture-holding capacity, and amount of rainfall. Generally, most plants 

absorbed less chloride during moist growing seasons than during dry 

seasons (McCants and Woltz, 1967). They explained that the increased 

absorption during the growing season was due to the influence of rain-

fall on the distribution of chloride in the root zone. Similar to 

chlorine, sulfate absorption was"dependent upon soil type, pH level, 

mineral content of the soil, and amount of rainfall. 2 

Competition of Chlorine, Sulfate, and Nitrate Ions During Uptake 

Many researchers have indicated that anion competition influ-

enced the accumulation of mineral elements in the plants studied. 

However, these workers experienced difficulty in conclusively show-

ing this phenomenon due to experimental variation and the complexity 

of ion absorption. The degree of anion competition also seemed to 

differ among different species of plants (Robertson, 1968). 

Lundegarth (1959) reported that low concentrations of nitrate 

may actually stimulate absorption of chloride. At higher concentra-

tions, nitrate suppressed chlorine uptake. Also, high concentrations 

of chlorine had a similar effect upon nitrate. Lundegarth concluded 

2K~G. Verghese. 1969. Relationship among sulfate retention and 
certain soil properties of importance to retention mechanism. Ph.D. 
Thesis. Virginia Polytechnic Institute, Blacksburg. 
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that the increased antagonism between nitrate and chloride during the 

period of continued accumulation pointed to an influence of metabolic 

competition after which exchange competition occurred between the 

anions. 

In other research, Skogley and McCants (1963) indicated that the 

chloride anion resulted in decreased No3 , P, and S accumulation in 

the leaf. Harward et al. (1956) concluded that nitrate and chloride 

competed for absorption sites. They reported that increased rates 

of chlorine decreased the percent total nitrogen in potatoes. 

Sequerros et al. (1955) found that the chlorine content of the 

leaves decreased with increasing amounts of nitrogen because better 

physiological development occurred. In Tennessee, Nichols et al. (1962) 

reported that the percent chlorine, using manure as the source of 

chlorine, decreased in burley tobacco when fertilizer nitrogen was 

increased. 

In wheat seedlings, Stenlid (1957) found no relationship between 

the accumulation of chloride and nitrate ions. He concluded that the 

different ions are absorbed by different sites or carriers in the cyto-

plasm. Stenlid also found different requirements for carbohydrates 

and other substances necessary for ion accumulation. 

Wedin and Struckmeyer (1958) reported that sulfate uptake was 

decreased by an increase in chlorine level and that chloride uptake 

was depressed by increasing the sulfate level in the medium. Hoagland 

(1923) found a similar relationship between chloride and sulfate ions. 

On the contrary, Reisenaur and Colwell (1950) reported that high 
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rates of sulfur significantly increased the concentrations of chloride 

in the leaf. Gauch and Eaton (1942) stated that increasing amounts 

of sulfate decreased chloride absorption, while increasing amounts 

of chloride did not affect sulfate content in plants. 

In general, chlorine decreased nitrate absorption, especially 

at higher concentrations (Epstein, 1953). The relationship between 

chloride and sulfate absorption remains unclear. Eaton (1942) re-

lated that the association may be dependent upon the cations present 

and the tolerance of different plants to chloride and sulfate ions. 

Effect of Nitrogen, Chlorine, and Sulfate Accumulation 
on Chemical Composition . 

In general, concentrations of nitrogen, chlorine, and sulfate 

tended to increase as levels of each increased (Neas, 1959; Whitty 

et al., 1966; Nichols et al., 1959; Hamilton and Bortner, 1966; and 
3 Badr, 1968 ). The sulfur content of the plants increased from bottom 

to top and chlorine decreased from bottom to top while more nitrogen 

accumulated in the upper leaves of the plants (Tejwani et al., 1958). 

The nitrogen supply also promoted a general increase in the nico-

tine content of the leaves (Nichols et al., 1958; Whitty et al, 1966; 

Salmon, 1967; Pritchett et al., 1959; and Badr, 19683). Since nico-

tine is a nitrogenous compound, nicotine would normally be expected 

to increase as more nitrogen was available in the system (Garner 

et al., 1934). As with nitrogen, nicotine also accumulated in the· 

3 A. Badr. 1968. Nitrogen fertilization, nitrogen, and nicotine 
content of Burley tobacco. M.S. Thesis. Virginia Polytechnic In-
stitute, Blacksburg. 
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upper leaves of the tobacco plant (Tejwani et al., 1958). Badr (1968) 3 

and Takahashi (1964) found that nicotine content increased after topping. 

Both chlorine and sulfate are reported to reduce the amount of 

organic acids in the leaves. This unfavorable characteristic was found 

to be smaller with sulfates (Sabourin and Bonnet, 1967). However, 

Gopalachari et al. (1965) explained that the actual number of organic 

anions did not increase. They found that the total number of anions 

increased, most of which were chloride ions. Thus, the increase in 

total anions while the organic anions remained constant would mean an 

effective decrease in percent organic acids in the plant. They also 

found that the cation-anion balance remained near one. Sulfate also 

was found to retard the formation of proteins, a favorable characteris-

tic; whereas, chlorides accelerated protein formation (Sabourin and 

Bonnet, 1967). 

In addition, the form of nitrogen had an influence on the chemi-

cal composition of the plant. The percentage of total nitrogen in the 

tissue may be increased by the presence of ammonium relative to the 

nitrate form (Evans and Weeks, 1947). However, the total accumulation 

of nitrogen was less when it was available in the ammonium form. This 

was reported to be due to the reduced growth of the ammonium supplied 

plants (McCants and Woltz, 1967). 

Effect of Nitrogen, Chlorine, and Sulfate 
on Growth, Yield, and Quality 

Yield increases have been obtained from the application of nit-

rogen. Nichols et al., (1962) found that maximum yields in burley 

tobacco were obtained with about 150 pounds of fertilizer nitrogen 
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per acre. ~fuitty et al. (1966) also reported yield increases with 

applications up to 160 pounds of nitrogen in 1961 and 180 pounds in 

1962. Similar yield increases were obtained by Schipfer (1966) and 

Wedin (1960). 

In flue-cured tobacco, McCants et al. (1967) indicated that chlo-

rine also produced yield increases. He reported that maximum yield 

occurred at about 30 pounds of chlorine per acre. Above the 30-pound 

rate, the quality of the cured leaves was reduced. Similar small in-

creases were obtained by Garner et al. (1930), Wedin and Struckmeyer 

(1958), and Neas (1961). Nichols et al. (1956) showed no yield bene-

fits from chlorine in burley tobacco. 

Potassium sulfate has been compared to numerous other potassium 

sources and no significant yield increases were reported. In burley 

tobacco, Atkinson et al. (1962) found no differences in yield among 

the following sources: sulfate of potash-magnesia, nitrate of soda-. 

potash (plus potassium sulfate), potassium carbonate. McCants (1960), 

using flue-cured tobacco, found no yield differences from potassium 

nitrate, a mixture of potassium nitrate and potassium chloride, and 

a mixture of potassium sulfate and potassium chloride. 

The effects nitrogen, chlorine, and sulfate had upon quality 

are quite extensive. Many investigators reported that chlorine de-

cisively impaired the burning quality of cured tobacco (Attoe, 1946; 

Bowling and Brown, 1947; Clark, 1953; Garner et al., 1930; MCMurtrey 

et al., 1934; Moss et al., 1927; NiChols et al., 1956; and Wedin and 

Struckmeyer, 1958). High rates of sulfate also decreased the leaf 

burn (Atkinson et al., 1962 Myrhe et al., 1956; Neas, 1953; Wedin 
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and Struckmeyer, 1958; and Wedin, 1960). Likewise, nitrogen reduced 

the burning qualities by increasing the leaf thickness (Garner et al., 

1934, and Attoe, 1946). A think leaf is found to have better burning 

qualities than a thick close-textured leaf (McCants and Woltz, 1967). 

The effects of· nitrogen and chlorine was reported to be nearly equal 

in reducing combustibility, while sulfur reduced the combustion only 

half that of nitrogen and chlorine (Myrhe et al., 1956). 

Chouteau (1966) stated that reduced burning qualities may result 

from lowering the organic anions bound to the potassium in the leaves. 

Also, Neas (1959) reported that chlorine increased the moisture con-

tent of the leaves. Nitrogen also has the same capability of increas-

ing moisture content in plants (Black, 1968). 

In other work, Carr (1933) and Garner et al. (1930) showed that 

chlorine tended to increase the drought resistance in the plants. 

Possibly, the work done by Amarell (1958) showing that potassium sul-

fate increased transpiration in tobacco seedling while potassium chlo-

ride decreased transpiration explains the better drought resistance 

associated with chlorine. This also may account for the higher mois-

ture content of leaves in the presence of chlorine. 

Summarily, the early research indicated that muriate of potash 

should not be used as a source of potash due to the effect chlorine 

has upon quality. However, the application rates of nitrogen have 

since increased and in many areas doubled. Also, in light of anion 

competition occurring at high concentrations of nitrogen an chlorine, 

recent research has indicated that muriate of potash should be re-

evaluated as a practical source of potash. 



MATERIALS AND :HETHODS 

This study was conducted on a Dunmore silt loam at the Southwest 

Virginia Research Station, Glade Spring, Virginia, during i968. Soil 

samples were taken and analyzed prior to planting (Table I). Rain-

fall measurements were made during the growing season (Figure 1) .• 

Fertilizer Treatments 

Acre rates of 75, 150, 225, and 300 pounds of nitrogen from am-

monium nitrate (33.5% N) were broadcast prior to planting. All plots 

received a uniform application of 200 pounds of P2o5 from 48 percent 

triple superphosphate. The rate of potassium fertilization was con-

stant at 300 pounds of K2o per acre and only the form of potash varied. 

Five ratios, based upon the chemical equivalents of chloride and sul-

fate ions, were derived from sulphate of potash (SO% K20) and muriate 

of potash (60% K20) (Table II). In order to maintain the constant 

rate of K2o per acre and the proper equivalent ratios, potassium ni-

trate was used in the fertilizer applications. Also, when potassium 

nitrate was applied, the amount of ammonium nitrate applied was re-

duced accordingly. 

Experimental Design. 

A split block design with three replications was used. The 

plants were grown in six row plots (17.5 x 33 feet) with the outer 

rows serving as common borders for the adjoining plots. Spacing be-

tween the rows was 3.5 feet and 1.5 feet within the row. Samples 

during the growing season were taken from the second row. TWo separate 

11 



Table I. Chemical analyses of soil samples of a Dunmore silt loam, Southwest Virginia 
ResearCh Station, Glade Spring, Virginia. 

Nutrients in lb./acre and levels* 
Depth Description pH % O.M. CaO MgO P205 K2o 

0-6 in. Mean of 60 plots 5.48 2.58 1953 M 364 VH 250 VH 145 M 

6-12 in. Mean of 60 plots 5.48 1.61 1771 M 379 VH 174 H 107M 

12-18 in. Mean of 16 plots 5.45 0.54 1820 M 396 VH 85 H 86 L 

18-24 in. Mean of 16 plots 5.23 0.32 1623 M 364 VH 53 M 64 L 

*VH • very high, H • high, M • medium, L • low. 

1-' 
N 



20 

18 

16 

13 

Saltville (1930 - 1960) 
Glade Spring (1968) 

Figure 1. Accumulation curves of precipitation at the 
Southwest Virginia Research Station, Glade Spring and 
Saltville, Virginia. (Saltville is located 9 miles 
from the station.) 
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Table II. The amount of chlorine and sulfate 
applied from muriate and sulfate sources of 
potash in 1968. 

Anion 
Pro2ortions* Anions 1 lb/acre 

Sulfate Chlorine Sulfate Chlorine 
100 0 322 0 

75 25 242 59 
50 50 161 119 
25 75 81 178 
0 100 0 238 

*The proportions are based upon the chemical 
equivalents of chlorine and sulfate. 
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rows were harvested for barn curing. A border row was located be-

tween the sample row and the harvest rows to ~emove the effect of 

missing plants in the sample row. 

Hanagement Practices During the Growing Season 

The plants were selected for uniformity from the plant beds and 

~ransplanted to the field on June 5, 1968. The plants were topped 

after 75 days to the leaf that would develop into the best commercial 

leaf. Suckers were removed by hand as needed. 

Sampling Procedures 

During Growing Season 

Plants were harvested for chemical analysis at intervals through-

out the grolving season (Table III). At each sampling time, two plants 

were harvested, one from each end of the row. After the first sampling, 

alternate plants were harvested in order to reduce missing plant effects. 

In several plots, the above procedure for selection of plants 

was deviated from due to the irregularity of stand. The plants were 

visually selected according to their size in relationship to the aver-

age size of all plants in the plot. 

Leaves were separated from the stalks. The leaves and stalks were 

placed in a forced-draft oven at l40°F and their dry weight determined. 

Samples were ground and sub-samples taken for chemical analysis. 

Final Harvest 

Forty plants were harvested from each plot on September 18, 1968, 

100 days after transplanting. After cutting, the plants were left in 
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Table III. Time of sampling, topping, and final 
harvest during the 1968 growing season. 

Sampling Days After 
DescriEtion Date TransElanting 
Transplanting June 10 0 
Sample No. 2 July 10 30 

·Sample No. 3 July 30 50 
Sample No. 4 (Topping) Aug. 24 75 
Sample No. 5 Sept. 4 86 
Sample No. 6 Sept. 18 100 
Final Harvest* Sept. 18 100 

*Forty plants were harvested for curing. At all the 
other sampling dates, only two plants were harvested. 
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the field for a few hours to wilt, and subsequently, taken to the barn 

for curing. 

After curing, the leaves were separated from the stalks and 

divided into farm grades, weighed, and sub-samples taken. The midrib 

was removed from each leaf; and the lamina, midribs, and stalks were 

dried at 140°F. All grades were ground separately and the midrib and 

lamina were composited on the basis of their percentage of the total 

weight of the cured leaf. These composited samples from each plot 

were used for chemical analysis. 

The remainder of the whole leaf samples was used to determine 

U.S. grades. The average season price for each grade was used to 

calculate the acre value. 

Chemical Analyses 

Chloride 

The Aminco-Cotlove Au~omatic chloride titration procedure ~as 

used to analyze the samples (American Instrument Company, Inc. 

Cat. Nos. 4-4419B and 4-4420B). 

Sulfate 

The extraction method outlined by Sandford and Lancaster (1962) 

was utilized. The sulfate content was subsequently determined tur-

bidmetrically according to the procedure of Massoumi and Cornfield 

(1963). 

Total Alkaloids 

According to the method by Cundiff and Markunas (1955), the 
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alkaloid content was determined as percent nicotine. 

Total Nitrogen 

The standard macro-Kjedahl procedure was used with the following 

modification: 

Digestion Mixture: 200 parts of anhydrous Na2so4 , 4 parts 

of anhydrous Cuso4 , and 1 part of Se metal (Peterson and Ches-

ters, 1964). 

Statistical'Analyses 

The data were analyzed using the BMD 02V program for analysis of 

variance of a factorial design (Dixon, 1965). The program was adapted 

for use on the IBM 360 computer. 

The yield, acre value, arid 1945 adjusted acre value data were 

fitted to a quadratic regression model. A regression analysis program, 

BMD 03R (Dixon, 1965), was employed for evaluating the effect of the 

selected parameters. With this program, a sequence of multiple re-

gression equations are developed in a stepwise manner with a new vari-

able added at each step. The variable added was the one that makes 

the greatest reduction in the error sum of squares. 

For the 1945 adjusted acre value, the average seasonal prices in 

1945 were used. Mean prices were found for both the 1945 and 1968 

prices using the 1968 grades. The difference between the two means 

was added to each 1945 price used. The 1945 prices were selected be-

cause the price spread between the poor and high quality grades was 

at a maximum then. Consequently, reduction in quality due to any treat-

ment effects would be more apparent. 



RESULTS AND DISCUSSION 

Yield During Growing Season 

Growth rates for leaves, stalks, and shoots are presented in 

Figure 2. The growth rates refer to the rate of dry matter accumulated 

on an acre basis per day. Shoot growth rate sharply increased until 

topping time (75 days). After topping, shoot growth rate rapidly de-

clined to a minimum during the 86 to 100 day period. 

During the first 30-day period (Figure 2), both leaf and stalk 

growth rates were small. The leaf rate increased while the stalk rate 

rema1ned low during the following 20 days. The growth rates were slow 

early due to the shock associated with transplanting and the time 

necessary for root establishment. Prior to harvest, the rate of stalk 

growth became higher than leaf growth. Thus, the maximum ra~e of leaf 

growth occurred early while the maximum rate of stalk growth occurred 

near maturity. 

Effect of Nitrogen Applications 

Fertilizer nitrogen applied at 75, 150, 225, and 300 pounds per 

acre had no significant effect upon the accumulation of dry matter in 

the leaves, stalks, and shoots (Table XVII). Since the samples con-

sisted of only two plants, the experimental error may have overshadowed 

treatment differences. Also, a large percentage of plant resets after 

transplanting increased the sample variation. 

Effect of Sulfate and Chlorine 

The anion proportions, varying from 100 percent sulfate to 
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100 percent chlorine, had no effect upon plant growth (Table XVII}. 

Again, sample variation may have precluded detect:ton of treatment 

differences. 

Nitrogen Uptake 

Absorption Rate 

Nitrogen absorption was slow until the plant was established; 

after which, the rate of uptake steadily increased in the leaves 

(Figure 3). After topping, the rate decreased to a level comparable 

to that found soon after transplanting and then sharply increased to 

a maximum level. At these same points, the rate of dry matter accumu-

lation follows the same pattern (Figure 2). This seems to indicate 

that the rate of nitrogen uptake and dry weight accumulation are 

quite closely related. Nitrogen has been repo-ted to increase the 

growth of plant tissue (Black, 1968). 

In the stalks, the rate of nitrogen accumulation followed nearly 

the same pattern as found in the leaves. However, the rate did not 

begin to increase until the 30 to 50 day period. Whereas, the rate 

of accumulation in the leaves increased soon after transplanting. 

Accumulation and Content 

The percentage nitrogen in the tobacco plants reached a maximum 

30 days after transplanting (Figure 4). Beyond the 30-day growing 

period, the nitrogen content decreased in the plant. After topping, 

the rate of decrease diminished (Table IV). Since a tobacco plant 

absorbs most of its required nitrogen early in the growth period 

(Raper and McCants, 1967), the younger plants could be expected to 

have higher nitrogen concentrations. Thus, the nitrogen content 
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Table IV. Effect of nitrogen rates and sampling dates 
upon total nitrogen content of tobacco leaves. 

Days After Nitrogen 2 lb/acre 
Trans12lanting 75 150 300 Mean 

-% N-
30 4.57 4.68 4.84 4.69 c* 
50 4.33 4.22 4.61 4.38 b 
75 4.19 4.07 4.46 4.24 b 
86 4.01 3.74 4.16 3.97 a 

100 3.94 3.61 4.25 3.93 a 

Mean 4.21 a** 4.06 a 4.46 b 

*Means in column not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 

*~eans in row not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 
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decreased as the plant accumulated dry matter. 

Nitrogen uptake (a function of yield and coatent) peaked at 

topping time (Figure 4). After topping, nitrogen accumulation de-
3 creased slightly. Badr (1968) also found that nitrogen accumulation 

decreased after topping. 

Effect of Nitrogen Applications 

The effect of applied nitrogen is presented in Table IV. As the 

nitrogen rates were increased from 75 to 150 pounds, the percentage 

of nitrogen in the leaves decreased slightly, although not signifi-

cantly. When the application was increased to 300 pounds per acre, 

nitrogen content sharply increased. 

Effect of Sulfate and Chlorine 

The effect of sulfate and chlorine on nitrogen content and up-

take was not significant (Table XVII). Kretschmer et al. (1953) found 

high amounts of chlorine decreased the total nitrogen content in the 

plant. Sample variation possibly made the treatment differences non-

significant. 

Sulfate Uptake 

Absorption Rate 

The rate of sulfate absorption in the leav~s was extremely low 

throughout the growing season (Figure 3) when compared to the rates 

of nitrogen and chlorine uptake (Figure 3). Hoagland (1923) also 

found the rate of sulfate absorption to be lower than that of nitrate 

and chlorine. 
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Accumulation and Content 

At transplanting, the sulfate content of the plants was 0.75 

percent (Figure 5). By the time the 30-day sample was taken, the 

content had decreased to 0.35 percent. After this period, the sul-

fate percentage increased steadily except for a sharp decrease at 

topping time. 

After the 30-day sample, the accumulation of sulfate increased 

lineally up to topping time. After topping, the sulfate accumulation 

remained nearly the same until harvest. 

Effect of Nitrogen Rates 

TI1e application of fertilizer nitrogen did not affect the con-

tent nor the uptake of sulfate in the plant during the growing season 

(Table XVII). Hoagland (1923) also found that nitrogen had little 

effect upon sulfate uptake. 

Effect of Sulfate and Chlorine 
-The application of sulfate and chlorine affected the sulfate 

content of the growing tobacco plant (Tables V and XVII). As the 

amount of sulfate decreased, the sulfate in the plants tended to 

decrease (Table V). However, there was no statistical (p = 0.05) 

difference between 100 percent sulfate and 50 percent sulfate. With 

300 pounds of nitrogen, the amount of sulfate in the ratio had no 

effect upon the sulfate content. 
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Table V. Effect of nitrogen rates and sulfate-chlorine 
ratios upon sulfate content of tobacco leaves. 

Anion Nitrogen! lb/acre 
Ratios 75 150 300 Mean 

- %so -4 
100 so4 0. 50 a* 0.50 a 0.47 a 0.49 b 
0 Cl 

50 so4 0.43 ab 0.46 ab 0.45 a 0.45 b 
50 Cl 

o so4 0.38 b 0.39 b 0.40 a 0.39 a 
100 Cl 

Mean 0.44 a** 0.45 a 0.44 a 

*~!eans in columns not followed by common letters differ 
significantly (p • 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 
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Chlorina Uptake 

Absorption Rate 

As with nitrogen and dry matter accumulation, the rate of chlo-

rine absorption in the leaves was quite low during the first 30 days 

of the growing season (Figure 3). In the next 20-day period, the 

leaf rate increased while the stalk rate remained low. After topping, 

the chlorine rate dipped. 

The rate of chlorine uptake seems to follow the same pattern as 

the rate of dry matter accumulation. This relationship may be due 

to the favorable influence chlorine has upon leaf development (Garner 

et al., 1930). 

Accumulation and Content 

Percent chlorine in the plant increased over the growing season 

(Figure 6). Topping caused a tempor~ry decrease in chlorine content. 

The dip was probably due to. a decrease in the rate of dry matter 

production at this time (Figure 2). 

The accumulation of chlorine also increased over the growing 

season except for a short lag du.ring the first 30 days. Reisenauer 

and Colwell (1950) also found that uptake of chlorine by plants in-

creased linearly over a wide range of concentrations. 

Effect of Nitrogen Rates 

Percent chlorine in the leaves and stalks are presented in 

Tables VI and VII. With 75 pounds of nitrogen per acre, the Chlorine 

content in the leaves was 1.32 percent. The chlorine content in-

creased to 1.58 p~rcent with 150 pounds. By increasing the nitrogen 
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Table VI. Effect of nitrogen rates and sulfate-chlorine 
ratios upon chlorine content of tobacco stalks. 

Anion Nitrogen! lb./acre 
Ratios 75 150 300 Mean 

- % Cl -
100 so4 0.69 a* 0.58 a 0.49 a 0.59 a 
0 Cl 

50 so4 1.55 b 1.42 b 1.31 b 1.43 b 
50 Cl 

o so4 1.95 c 1. 70 c 1.40 b 1.68 c 
100 Cl 

Mean 1. 23 b** 1.40 c 1.07 a 

*Means in columns not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 
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Table VII. Effect of nitrogen rates and sulfate-Chlorine 
ratios upon chlorine content of the tobacco leaves • 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 300 Mean 

- % Cl -
· 100 so4 0.43 a* 0.54 a 0.34 a 0.43 a 

0 Cl 

so so4 1.44 b 1.60 b 1.26 b 1.43 b 
50 Cl 

o so4 2.09 c 2.59 c 1.56 b 2.09 c 
100 Cl 

Mean 1. 32 b** 1.58 c 1.06 a 

*Means in columns not followed by common letters differ • 
significantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 
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rate to 300 pounds, the chlorine content sharplj decreased to 1.06 

percent. High rates of nitrogen suppressed the chlorine content in 

the leaves. The data indicated that anion competition occurred be-

tween the nitrate and chlorine ions, especially between the 150 and 

300 pound rates. Lundegarth (1959) also found these ions competi-

tive. 

In the tobacco stalks, nitrogen had a similar effect upon the 

chlorine content (Table VII). In general, the amount of chlorine 

lvas about the same in stalks as leaves. 

Effect of Sulfate : Chlorine 

The percent chlorine in both the leaves and stalks increased as 

the proportion of chlorine in the ratios increased (Table VI and VII). 

In other words, the chlorine content increased with increas~g amounts 

of applied chlorine. This finding is in agreement with Neas (1959). 

However, the increase in chlorine content was much smaller with 300 

pounds of nitrogen per acre, possibly due to anion competition. 

Nicotine Accumulation 

Accumulation Rate 

The rate of nicotine accumulation gradually increased in the 

leaves as the growing season progressed (Figure 3). After topping, 

the rate sharply increased. Badr (1968) 3 also found that nicotine 

increased after topping. 

In the stalks, the accumulation rate remained low during the 

growing season. During the final period, a slight increase was noted. 
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Nicotine Content 

Percent nicotine in the leaves increased very slowly until top-

ping time (Figure 7). After topping, the nicotine content sharply 

increased. Badr (1968) 3 also reported that nicotine accumulation was 

associated with the rate of growth. 

Thus, due to a lower growth rate immediately after topping 

(Figure 2), more nitrogen was available for movement to the roots. 

It appeared that since nicotine synthesis is located in the root 

system (Wolf and Bates, 1964), the nitrogen that moved to the roots 

was synthesized into nicotine and translocated to the leaves and stalks 

instead of being incorporated into amino acids to be utilized in pro-

tein synthesis. 

Effect of Nitrogen Rates 

Nitrogen applications did not affect the nicotine content of 

either the leaves or stalks.during the growing season (Table XVII). 

Schipfer (1966) also found that the rate of nitrogen did not influ-

ence the nicotine content. Takahashi (1964) and Pritchett et al. (1959) 

found that nitrogen influenced the nicotine content. The differences 

are possibly due to the effect nitrogen would have upon the size and 

activity of the root system. 

Effect of Sulfate : Chlorine 

Effects of the various proportions of sulfate and chlorine on 

nicotine content were not significant (Table XVII). Woltz et al. 

(1948) and Neas (1961) also found no effect from chlorine on nicotine 

content. Kamprath et al. (1957) found that the application of sulfate 

on tobacco had no influence upon nicotine. 
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Yield of Cu~ed Leaves 
------1'""'"~---·· 

Effect of Nitrogen Rates 

Nitrogen applications did not significantly affect acre yields 

(Table XVII). Atkinson (1966) reported that nitrogen only increased 

acre yield with irrigation. Nichols et al. (1962) found that maximum 

yield could be obtained with 150 pounds per acre. Wallace and Rock 

(1966) applied 240 pounds for maximum yields; they reported that ni-

trogen responses were quite variable during different years and on 

different soils. 

Looking at the yields of the individual grades, nitrogen signi-

ficantly affected the yield of the "Green" grade (Table XVIII). The 

leaves for the "Green" grade are located at the top of the plant. 

Tejwani et al. (1958) found that nitrogen accumulated in the upper 

leaves of the plant. The yield increase was possibly due to a 

larger supply of nitrogen i~ the top leaves. Nitrogen applications 

had no effect upon the other grades of cured tobacco. 

Effect of Sulfate : Chlorine 

The sulfate-chlorine treatments had no significant effect upon 

the acre yield (Table XVIII). The response to chlorine and sulfate 

has been quite sporadic. The effects of both chlorine and sulfate 

are quite dependent upon soil type and amount of rainfall. McCants 

and Woltz (1967) working with flue-cured tobacco reported that small 

amounts of chlorine increased yields. Nichols et al. (1956) showed 

no yield response from chlorine. Likewise, Atkinson et al. (1962) 

found no yield differences from sulfate. 
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For the grade yields~ sulfate and chlorine affected the yield 

of the "Flyings" grade (Table XVIII). None of the other grades were 

affected. Since chlorine accumulates in the lower leaves and sulfate 

accumulates in the upper leaves (Tejwani et al., 1958)~ chlorine may 

have influenced the yield of the lower leaves. 

Acre Value of Cured Leaves 

Effect of Nitrogen Rates 

Applications of nitrogen did not affect the acre value of the 

cured leaves (Table XVIII), which was probably due to the absence 

of yield response and a narrow price spread between grades. When the 

1945 prices were used to produce a wider price spread, the nitrogen 

treatments were responsible for significant value difference (Table 

XVIII). Also, average 1968 prices were significantly affected by 

the nitrogen treatments. 

Effect of Sulfate : Chlorine 

Sulfate and chlorine treatments did not significantly affect the 

acre value, average price, nor the 1945 adjusted acre value (Table XVIII). 

Nichols et al. (1956) found that only three consecutive yearly addi-

tions of 555 pounds of sulfur reduced yield and value of burley tobacco. 

Increased average prices could be obtained with only about 20 

pounds of chlorine. Above this level, chlorine normally reduced the 

acre value of the leaves. However, the reduction was very dependent 

upon the factors affecting Chlorine absorption and the amount of chlo-

rine absorbed CMcCants and Woltz, 1967). 

Since nitrogen reduced chlorine uptake (Sequerros et al., 1955 
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and Nichols et al., 1962), the amount of chlortne in the cured leaves 

was possibly not determined to the qual:tty of the leaves. Thus, the 

acre value was not affected. 

Chemical Properties of Cured Leaves 

Total Nitrogen 

Effect of Nitrogen Rates. The amounts of total nitrogen in the 

cured lamina, midribs, and stalks are presented in Figure 8. Nitrogen 

accumulation in the lamina of the plants with 150 pounds of nitrogen 

were lower than the 75, 225, and 300 pound levels of nitrogen. 

In the midribs, the 150 pound rate also decreased nitrogen con-

tent. The 300 pound level of nitrogen increased the accumulation of 

nitrogen over the 75 pound rate. 

The application of nitrogen did not affect the level of nitro-

gen in the stalks (Figure 8). However, the total accumulation was 

near that found in the lamina portion. The accumulation of nitrogen 

was considerably lower in the midribs. 

Effect of Sulfate : Chlorine. The effects of the sulfate-chlorine 

treatments upon total nitrogen in the plant were nonsignificant 

(Table XIX). Skogley and McCants (1963) found that chlorine decreased 

nitrate accumulation. The nitrogen content was not fractionated in 

this study. Consequently, the nitrate content of the leaves cannot 

be reported. Competition between the chlorine and nitrate ions may 

have favored ammonium uptake in the plant. Thus, the total nitrogen 

accumulation would be unchanged. 

<.. 
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Sulfate 

Effect of Nitrogen Rates. Nitrogen applications did not affect 

the content nor uptake of sulfate in the lamina (Table XIX). The ni-

trogen treatments did influence the sulfate content in the midribs 

(Table VIII). Maximum sulfate content was found in the 150 pound 

nitrogen treatment. Nitrogen rates of 75, 225, and 300 produced equal 

sulfate content in the midribs. In the stalks, nitrogen had no effect 

upon sulfate uptake (Table XIX). 

Due to the differences in chemical charges on the nitrate and 

sulfate ions, applications of nitrogen should not enhance or retard 

the uptake of sulfate. Nitrogen could possibly influence sulfate ac-

cumulation indirectly through improved growth. .In this study, the 

absence of yield responses removed the growth and dilution effects. 

Effect of Sulfate : Chlorine. The sulfate-chlorine treatment 

produced significant effects upon the sulfate content of the lamina, 

midrib, and stalk portions of the plant (Table XIX). 

The data for the sulfate content of the plant parts are presented 

in Table IX. In the lamina portion, the sulfate concentration increased 

as the proportion of sulfate increased. Wedin and Struckmeyer (1958) 

found the same occurrences in the presence of chlorine. Sulfate con-

tent in the midribs and stalks followed nearly the same pattern as the 

lamina portion. 

Chlorine 

Effect of Nitrogen Rates. The effect of nitrogen on the uptake 

of chlorine in the lamina is presented in Figure 9. When no chlorine 

was applied, nitrogen did not influence the chlorine uptake. As the 
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Table VIII. Effect of nitrogen rates and sulfate-chlorine 
ratios upon sulfate content of cured midribs. 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 225 300 Mean 

- % so -4 
100 so4 0.52 0.62 0.48 0.51 0.53 c* 
0 Cl 
75 so4 0.47 0.55 0.42 0.44 0.47 b 
25 Cl 
50 so4 0.42 0.49 0.45 0.42 0.44 b 
50 Cl 
25 so4 0.33 0.41 0.39 0.40 0.38 a 
75 Cl 
o so4 0.33 0.39 0.38 0.35 0.36 a 

100 Cl 

Mean 0.41 a** 0.49 b 0.42 a 0.42 a 

*Means in columns not followed by common letters differ 
significantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ 
significantly (p z 0.05, Duncans Multiple Range Test). 
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Table IX. Effect of sulfate-chlorine ratios 
upon the sulfate content in plant parts of 
the cured tobacco plant. 

Anion Plant Parts 
Ratios Lamina Midribs Stalks 

- % so4 -
100 804 0.58 d* 0.53 c 0.47 c 
0 Cl 

75 804 0.50 c 0.47 b 0.41 b 
25 Cl 
50 so4 0.47 be 0.44 b 0. 38 ab 
50 Cl 
25 so4 0.45 ab 0.38 a 0.37 a 
75 Cl 
o so4 0.42 a 0.36 a 0.35 a 

100 Cl 

Mean 0.48 0.44 0.40 

*Means in columns not followed by common letters 
differ significantly (p = 0.05, Duncans Multiple 
Range Test). 
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amount of applied chlorine increased, nitrogen had a larger effect 

upon chlorine accumulation. At each level of chlorine, the 150 

pound rate of nitrogen showed maximum chlorine accumulation. As the 

rate of nitrogen increased to 225 and 300 pounds, chlorine accumula-

tion sharply decreased to level below the 75 pound application. The 

minimum amount of chlorine was found in the lamina receiving 300 

pounds of nitrogen. Lundegarth (1959) found that the high levels of 

nitrate nitrogen suppressed chlorine uptake. Lundegarth explained 

that the suppression of chlorine may be due to the influence of met-

abolic competition after which exchange competition occurs between 

the anions. Sequerros et al. (1955) also showed that chlorine decreased 

with increasing amounts of nitrogen. 

Percent chlorine also showed the same general relationships as 

chlorine uptake (Table X). This indicated that dilution from increased 

yields we·re not producing these treatment differences, since uptake 

is a function of yield and content. 

In the midribs, chlorine accumulation· and content also increased 

to a maximum with 150 pounds of nitrogen and decreased to a minimum 

with 300 pounds per acre (Figure 10 and Table XI). The overall chlo-

rine content was nearly double that in the lamina portion •. 

The chlorine content of the stalks is presented in table XII. As 

with the other plant parts, maximum chlorine was found in the stalks 

receiving 150 pounds of nitrogen and minimum content with 300 pounds 

of nitrogen. Chlorine uptake followed the same relationships (Table 

XIII). 

Thus, between 150 and 300 pounds of nitrogen, the reduced chlorine 
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uptake indicated that anion competition occurred bet~veen the nitrate 

and chlorine ions. The reduction occurred sirr.ilarly in the lamina, 

midribs, and stalks. 

In the plants receiving 75 pounds of nitrogen per acre, chlorine 

uptake could not be simply explained in terms of anion competition. 

Possibly, at low levels of nitrogen, the plants did not develop the 

same size root system. This would mean reduced uptake. However, 

the yield differences for nitrogen were not significant (Table XIX). 

The Effect of Chlorine. In general, chlorine accumulation in-

creased in the lamina, midribs, and stalks as more chlorine was 

applied (Figures 9, 10, and Table XIII). Pal et al. (1966) and 

Myhre et al. (1956) also reported that chloride was absorbed in pro-

portion to the amount applied. 

Correlation of Nitrogen, Chlorine, and Sulfate Content 

Correlation values for the individual plant parts are presented 

in Tables XIV and XV. Nitrogen and sulfate content were negatively 

correlated with chlorine content in the lamina and midribs (Table XIV). 

In the stalks, only sulfate content was significantly correlated with 

chlorine content. The significant negative relationships between 

nitrogen, chlorine, and sulfate further ind~cated that the anions may 

compete for absorption sites. 

The equations for these relationships are as follows (values in 

parenthesis below regression coefficients are their standard error): 

Lamina Y = 8.46 - 1.08 %N - 6.10 % so4 
(0.17) (0. 73) 
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Table X. Effect of nitrogen rates and sulfate-chlorine ratios 
upon chlorine content in the lamina portion of the cured tobacco 
leaves. 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 225 300 Means 

-% Cl-
100 so4 0.14 a* 0.18 a 0.14 a 0.16 a 0.16 a 

0 Cl 
75 so4 0.63 ab 0.90 b 0.58 ab 0.48 a 0.65 b 
25 Cl 
50 so4 1.19 be 1.83 c 0.93 be 0.87 a 1.20 c 
50 Cl 
25 so4 1.53 c 2.16 c 1. 27 be 0.94 b 1.47 c 
15 Cl 
o so4 1.85 c 2. 86 d 1.48 c 1.15 b 1.83 d 

100 Cl 

Means 1.07 c** 1.59 d 0.88 b 0.72 a 

*Means in columns not followed by common letters differ signifi-
cantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ significantly 
I 

(p ~ 0.05, Duncans Multiple Range Test). 
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Table XI. Effect of nitrogen rates and sulfate-chlorine ratios 
upon chlorine content in the midrib portion of the cured tobacco 
leaves. 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 225 300 Mean 

- % Cl-
100 so4 0.53 a* 0. 76 a 0.51 a 0.51 a 0.58 a 
0 Cl 
75 so4 2.27 b 2. 72 b 2.18 b 1. 73 b 2.23 b 
25 Cl 
50 so4 3.27 c 4.09 c 2.93 c 2. 79 c 3.27 c 
50 Cl 
25 so4 3.92 d 4. 76 d 3.32 d 3.02 d 3.75 d 
75 Cl 
o so4 4.36 e 5.47 c 3.81 e 3.43 3 4.27 e 

100 Cl 

Mean 2.87 c** 3.56 d 2.55 b 2.30 a 

*Means in columns not followed by common letters differ signifi-
cantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ significantly 
{p = 0.05, Duncans Multiple Range Test). 
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Table XII. Effect of nitrogen rates and sulfate-chlorine ratios 
upon chlorine content in the stalk portion of the cured tobacco 
plant. 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 225 300 Mean 

-% Cl-

100 so4 0.43 a* . o.s1 a 0.44 a 0.40 a 0.46 a 
0 Cl 

75 504 1.11 b 1.22 b 1.14 b 0.93 b 1.10 b 
25 Cl 
50 so4 1.47 c 1.49 c 1.28 b 1.33 c 1.39 c ---50 Cl 

25 504 1. 70 d 1.92 d 1.59 c 1.43 c 1.66 a 
75 Cl 
o so4 1.84 d 2.10 e 1.59 c 1.44 c 1.74 e 

100 Cl 

Mean 1.31 c** 1.46 d 1.21 b 1.11 a 

*Means in columns not followed by common letters differ signifi-
cantly (p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ significantly 
(p = 0.05, Duncans Multiple Range Test). 
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Table XIII. Effect of nitrogen rates and sulfate-chlorine ratios upon 
chlorine accumulation in the stalk portion of the cured tobacco plant. 

Anion Nitrogen 2 lb./acre 
Ratios 75 150 225 300 Mean 

- lb./acre Cl -
100 so4 9.80 13.76 9.24 9.26 10.52 a* 
0 Cl 
75 so4 25.68 28.80 25.05 21.96 25.37 b 
25 Cl 
50 so4 31.19 35.25 25.77 25.67 29.47 b 
50 Cl 
25 so4 39.60 43.39 34.80 29.51 36~83 c 
75 Cl 
o so4 46.99 53.63 43.10 35.04 44.69 d 

100 Cl 

Mean 30.65 b** 34.97 c 27.59 ab 24.29 a 

*Means in column not followed by common letters differ significantly 
(p = 0.05, Duncans Multiple Range Test). 

**Means in row not followed by common letters differ significantly 
(p = 0.05, Duncans Multiple Range Test). 
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Table XIV. Correlation data measuring relationships 
among % nitrogen, % sulfate, and % chlorine content 
of tobacco plant parts. 

Independent % Chlorine 
Variable Partial r Multiple R 

-Lamina-
% Nitrogen -0.642** 0.800** 
% Sulfate -0.740** 

- Midribs -
% Nitrogen -0.590** 0.749** 
% Sulfate -0.699** 

- Stalks -
% Nitrogen -0.241 0.746** 
% Sulfate -o.740** 

**Significant at the 0.01 level. 
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Table XV. Simple correlation coefficients between 
chlorine and nitrogen content and the content of 
sulfate, nitrogen, and chlorine of tobacco plant 
parts. 

Plant Parts 
Content Lamina Midrib Stalk 

% Chlorine 
% Sulfate -0.622** -0.571** -0.727** 

% Nitrogen -0.453** -0. 373* -0.133 

% Nitrogen 
% Sulfate -0.077 -0.181 -o.044 

. ~Significant at the 0.05 level 

**Significant at the 0.01 level. 
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Midrib Y = 14.99 - 2. 75 %N - 11.15 % so4 
(0.50) (1.51) 

Stalks Y = 5.01 - 0.46 %N 
(0.18) 

6.33 % so4 
(0. 76) 

Y = estimate of chlorine content 

The regression equations indicate that sulfate had a much larger 

negative effect upon chlorine than nitrogen. In each plant part, the 

coefficients for sulfate were nearly five times larger than nitrogen. 

Simple correlation data are presented in Table XV. The data 

showed that chlorine content was negatively influenced by sulfate con-

tent in the entire plant. The negative relationship between the chlorine 

and sulfate content was possibly due to the dependence introduced by 

the sulfate-chlorine treatments. Likewise, chlorine content was also 

negatively affected by nitrogen content in the lamina and midrib por-

tions but not in the stalks. 

Nitrogen content was negatively influenced by chlorine and vice 

versa. Sulfate and nitrogen had no effect upon each other. 

Nicotine Content 

Effect of Nitrogen Rates. Nitrogen applications significantly 

affected nicotine accumulation in the lamina portion (Figure 11). 

Nicotine content increased lineally up to 225 pounds of nitrogen and 

then decreased slightly. McCants and Woltz (1967) reported that the 

nicotine content increased up to point where excesses resulted in 

physiological breakdown of leaves. 

The application of nitrogen had no effect upon the nicotine con-

tent of the midribs and stalks (Table XIX). 
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Figure 11. The effect of applied nitrogen upon nicotine 
content of the lamina portion of the cured leaf. 
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Effect of Sulfate : Chlorine. Th~ anion ratics did not affect 

the nicotine content in the cured plant {Table XIX). Woltz et al. 

(1948) and Neas (1961) showed that chlorine did not affect nicotine 

content. 

Economic Analyses 

Optimum Acre Yield 

The model with yield as the dependent variable and nitrogen and 

sulfate-chlorine ratios as the independent variable is of the form: 

XVI. 

(1.1) Y = b0 + bl N + b2N2 + b3 S + b4s2 + b5NS 

Where: Y = acre yield 

b0 = mean of acre yield 

b1 = i-th regression coefficient 

N = rate of nitrogen application 

S = sulfate-chlorine ratios 

The coefficients for the above equation are presented in Table 
2 The R values indicated that. the fit of the equation was ex-

tremely poor. A plot of all the sample observations (Figure 12) in-

dicated that the sample variation was quite large. However, the 

coefficients of variation calculatedfrom observations within nitrogen 

treatments were 6.9 percent, 7.0 percent, 6~7 percent, and 6.9 percent 

for the 75, 150, 225, and 300 pound rates of nitrogen, respectively. 

Thus, the lack of fit seemed to be due to the lack ·of yield response 

to nitrogen. 

Since the variation explained by the model was extremely small• 

further economic analysis of the acre yield was of no significance. 



Table XVI. Coefficients of yield and acre-value equations for individual nitrogen and 
chlorine-sulfate treatments. 

Dependent Coefficients 
Variable bo bl b2 b3 b4 b5 R2 

Acre yield 2523.46 112.07 -11.23 -24.75 12.15 -13.45 0.07 
(114. 68) (84.22) (21.15) (12.64) (13. 78) 

V1 
Acre value 2020.46 89.04 -16.91 . ;..104.03 18.14 -2.80 0.08 0\ 

(87.91) (64.56) (16.21) (9.69) (10. 26) 

1945 adj. 
Acre value 1785.66 344.29 -60.86 -35.37 15.47 -23.88 0.25 

(108.56) (79. 72) (20.02) (11. 96) (12. 66) 

( ) values below the regression coefficients are their standard errors. 
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Optimum Acre Value 

The 1968 average seasonal prices were introduced into equation 

(1.1). The new equation was as follows: 

(1. 2) Y2 = (Ave. seasonal price x Y1•1) 

Y2 = 1968 acre value 

The coefficients for Equation (1.2) are presented in Table XVI. 
2 As with acre yield, the R value was extremely low (0.08). Thus, the 

regression equation could not be used for economic interpretation of 

any practical value. 

The 1945 average seasonal prices were adjusted to the 1968 mean 

in order to introduce prices with a larger spread between the low and 

high quality leaves. The coefficients for these prices are in Table 

XVI. 2 Although the R value increased considerably, the unexplainable 

variation in the equation was still too large for ~urther economic 

interpretation. 



SUMMARY AND CONCLUSIONS 

A field experiment with Bu::ley 21 tobacco was conducted on a 

Dunmore silt loam soil at the Southwest Virginia Research Station, 

Glade Spring, Virginia. The effect of nitrogen rates and chemical 

equivalent ratios of muriate and sulfate of potash on the rate of 

growth, yield, and value were determined. The leaves and stalks were 

analyzed for total nitrogen, chlorine, sulfate, and nicotine during 

the growing season. The cured plants were separated into lamina, 

midribs, and stalks and analyzed for the same chemical properties. 

Nitrogen was applied at 75, 150, 225, and 300 pounds per acre. 

In association with the nitrogen treatments, muriate and sulfate of 

potash were combined in five chemical proportions varying from 100 

percent sulfate of potash to 100 percent muriate of potash. 

Effect of Nitrogen Rates 

During the growing season, nitrogen treatments did not affect 

the growth of leaves and stalks. N content was lowest for the 150 

pound N treatment but further increases in nitrogen applied produced 

sharp increases in nitrogen content. The rate of nitrogen did not in-

fluence the uptake of sulfate. 

During the growing season and in the cured plants, chlorine 

uptake was negatively influenced by the rate of nitrogen applied. 

As the nitrogen rates were increased from 150 to 225 and from 225 to 

300 pounds per acre the chlorine accumulation sharply decreased. 

Maximum chlorine was found at the 150 pound rate. Also, total nitro-

gen accumulation reached a minimum with the same treatment. Correia-

59 
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tion data from the cured plant nlso showed that nitrogen and 

chlorine contents were negatively relatad. 111e negative effect of 

chlorine and nitrogen seemed to be due to anion competition. 

Total nitrogen content was lowest for the 150 pound per acre 

rate in both the lamina and midrib portions. In the lamina, the 75, 

225, and 300 pound rates resulted in equivalent nitrogen contents. 

Sulfate accumulation was influenced by nitrogen in the midribs but 

no~ in the lamina. The 150 pound rate increased the sulfate content 

in the midribs. 

During the growing season, nicotine accumulation was not influenced 

by nitrogen level. However, after curing, the nicotine content in-

creased with rates of nitrogen up to 225 pounds. 

Nitrogen had no effect upon the yield and acre value of the crop. 

However, as the average seasonal prices were changed to include a 

wider price spread between grades, nitrogen applications significantly 

influenced the acre value. 

Effect of Sulfate-Chlorine Ratios 

The sulfate-chlorine treatments did not affect the growth rate, 

nitrogen content, or the nicotine content during the growing season. 

Increasing amounts of sulfate increased the sulfate content and in-

creasing amounts of chlorine increased the chlorine content. 

In the cured plants, the sulfate-chlorine ratios did not signi-

ficantly affect total nitrogen uptake, nicotine content, acre yield~ 

or acre value. Chlorine accumulation increased in all the plant parts 

as the amount of applied chlorine increased. Likewise, increasing 

amounts of sulfate in the mixture produced increased sulfate accumula-
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tion. 

Further studies are necessary to nndersta,ld ::he reduced chlo-

rine uptake at lower rates of applied nitrogen. Also, the nitrogen 

content should be fractionated in order to clearly establish the 

degree of anion competition. 
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Table XVII. Levels of significance of characteristics used to evaluate the interactions of 
nitrogen, sulfate, and chlorine treatments on the leaves and stalks during the 1968 growing 
season. 

Leaves 
Sulfate Nitrogen Chlorine Nicotine 

Source Yield % lb/acre % lb/acre % lb/acre % lb/acre 
Sampling Dates (D) ** ** ** ** NS ** ** ** ** 
Sulfate-Chlorine Ratios (S) NS ** NS NS NS ** NS NS NS 
Nitrogen Rates (N) NS NS NS ** NS ** NS NS NS 
D X S NS ** NS NS NS NS NS NS NS 
DxN NS NS NS ** NS * NS NS NS 
S X N NS * NS NS NS * NS NS NS 0'\ 

00 D X s X N NS NS NS NS NS ** NS NS NS 

Stalks 
Sampling Dates. (D) ** ** ** ** ** ** ** ** ** 
Sulfate-Chlorine Ratios (S) NS * ** NS NS ** NS NS NS 
Nitrogen Rates (N) * NS ** NS NS ** NS NS NS 
D X S NS NS NS NS NS NS ·Ns NS NS 
DxN NS NS NS NS NS NS NS NS NS 
s X N NS . NS NS NS NS * NS NS NS 
D X S X N NS NS NS NS NS NS NS NS NS 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 



Table XVIII. Lev~ls of significance of characteristics used to evaluate the interactions of 
nitrogen, chlorine, and sulfate treatments. 

Acre Ave. 1945 Adj. Grade Yields 
Source Yield Value Price Acre Value Flyings tygs Leaf Tips Green 

Nitrogen Rates (N) NS NS ** ** NS NS NS NS * 
Sulfate-Chlorine Ratios (S) NS NS NS NS * NS NS NS NS 

N x S NS NS NS ** NS NS NS NS NS 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 

0\ 
\0 



Table XIX. Levels of significance of characteristics used to evaluate the interactions of 
nitrogen, sulfate, and chlorine treatments in the various parts of the cured tobacco plant. 

/ 
Sulfate Nitrogen Chlorine Nicotine 

Source Yield % lbZacre % lblacre % lb/acre % lb/acre 
1_amina 

Nitrogen Rates (N) NS NS NS ** ** ** ** * NS 
Sulfate-Chlorine Ratios (S) NS * NS NS NS ** ** NS NS 
S X N NS * NS NS NS ** ** NS NS 

Midribs ...... 
0 

Nitrogen Rates (N) NS ** NS ** ** ** ** NS NS 
Sulfate-Chlorine Ratios (S) NS ** ** NS NS ** ** NS NS 
s X N NS NS NS NS NS ** ** NS NS 

Stalks 
Nitrogen Rates (N) NS NS NS NS NS ** ** NS NS 
Sulfate-Chlorine Ratios (S) NS ** ** NS NS ** ** NS NS 
s X N NS NS NS NS NS ** NS NS NS 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 
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by 
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ABSTRACT 

A field experiment was conducted to study the effect of rates 

of nitrogen and muriate and sulfate of potash upon the growth, chemi-

cal composition, and quality of the Burley 21 variety of tobacco. 

Rates of nitrogen applied were 75, 150, 225, and 300 pounds per acre. 

The muriate and sulfate sources of potash were combined on a equival-

ent basis in the following proportions: 100 so4/0 Cl, 75 so4/25 Cl, 

50 so4/50 Cl, 25 so4/75 Cl, and 0 so4/100 Cl. 

The application of nitrogen increased the nitrogen content in 

the plant during the growing season and of cured leaves, except for 

the 150 pound rate which decreased the content. Applied nitrogen 

rates had no effect upon growth or yield above soil derived nitrogen. 

Chlorine content of growing plants and cured leaves was increased by 

the addition of 150 pounds of nitrogen. Above 150 pounds, the chlo-

rine content sharply decreased, indicating that anion competition 

occurred between nitrogen and chlorine ions. 

The sulfate-chlorine treatments increased the sulfate content 

as the proportion of sulfate increased and increased chlorine content 

as the proportion of chlorine increased. The treatments did not 

significantly alter yield or acre value of cured leaves. 
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