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(ABSTRACT) 

Mammoth cultivars of flue-cured tobacco flower under short day 

photoperiods, thereby increasing the potential number of leaves per 

plant. Field experiments were conducted in 1991 and 1992 at the 

Virginia Tech Southern Piedmont Agricultural Experiment Station near 

Blackstone, Virginia to determine the influence of nitrogen rate on 

nitrogen use efficiency and its components on two mammoth cultivars and 

a conventional cultivar. Experiments were also conducted to determine 

the effects of leaf number, time of topping, and nitrogen rate on yield, 

quality, and other agronomic characteristics. Nitrogen uptake, 

utilization, and use efficiencies decreased while nitrogen accumulation 

increased as nitrogen rates increased from 67 to 112 kg ha™?. Mammoth 

cultivars were more efficient than the conventional cultivar for 

nitrogen uptake, utilization, and use. Only NC 27 NF benefits from



increasing nitrogen above the recommended rate. Yield increased by 17 

percent as the leaf number increased from 20 to 36. In contrast, both 

agronomic traits and chemical characteristics decreased accordingly. 

The ratio of nitrogen to nicotine that was unacceptable at leaf numbers 

above 28. Yield, value, and quality decreased as topping was delayed by 

seven to 21 days. Yield was reduced by 30 kg per hectare per day when 

topping was delayed by 21 days after the conventional cultivar reached 

the bud stage. Leaf lengths and widths of mammoth cultivars were larger 

than the conventional cultivar. Mammoth cultivars were higher yielding 

and had better quality at 112 kg ha~+ N when compared to the 

conventional cultivar, although these differences were not significant.
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Chapter I. 

Introduction 

Mammoth cultivars of flue-cured tobacco (Nicotiana tabacum L.) 

have homozygous recessive alleles at two loci (45) which induces plants 

to continue vegetative growth until the shorter days of late summer. 

This mammoth character increases the potential number of leaves that can 

be produced in a growing season (27). Increased leaf number per plant 

usually results in increased yield (3,5,7,24,27,34). However, when 

mammoth cultivars are allowed to produce more than 20 to 24 leaves per 

plant, smaller, thinner leaves, reduced nicotine, and inferior quality 

can be expected (26,30,31). Chaplin (7) reported decreased quality, 

measured as value per hundred weight, as the number of leaves on ‘Hicks 

Mammoth' increased from 20 to 35. He attributed this reduction in 

quality to higher leaf numbers rather than the mammoth gene. Wernsman 

and Matzinger (45) reported that when mammoth cultivars were topped at 

the same leaf number as their day-neutral parent, the mammoths produced 

higher yields with equal or superior leaf quality as measured by grade 

index.
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Nitrogen is one of the most expensive fertilizer nutrients used in 

crop production (1). The proper use of nitrogen has become an important 

issue in agriculture today because of surface and ground water 

pollution, due to leaching and soil erosion (42). For tobacco 

production, nitrogen should be within narrow limits to insure timely 

maturation and ripeness of leaves (22), with both over and under 

fertilization having an adverse effect on quality. 

Nitrogen is translocated to the meristematic region of the tobacco 

plant, where it is utilized during the growth process. Much of the 

competition for nitrogen is eliminated once tops and suckers are 

removed, thus more nitrogen becomes available for nicotine syntheses 

(31). The nitrogen accumulated in the additional leaf tissue, seed 

pods, and seeds is discarded with the tops when topping is delayed. 

Therefore plants should be topped as soon as they reach the desired leaf 

number (8). 

Nitrogen use efficiency is an estimate of how efficient plants are 

at removing applied nitrogen from the soil and converting that nitrogen 

into yield. Sisson et al. (42) reported a 75 percent increase in the 

nitrogen use efficiency of flue-cured tobacco cultivars over time with 

no direct selection for that trait, however, no mammoth cultivars were
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included in this study. Some preliminary results from unpublished work 

conducted at the Virginia Tech Southern Piedmont Agricultural Experiment 

Station indicated that increased nitrogen rates result in higher yield 

and quality of mammoth cultivars. Mammoth cultivars also had less 

immature and unripe cured leaf at the higher nitrogen rates. 

The objectives of this study were: 

(1) to compare the nitrogen use efficiency of two mammoth 

cultivars to that of a conventional cultivar and to 

determine if the nitrogen use efficiency of the mammoth 

tobaccos has improved to the point where increased nitrogen 

rates are needed to recognize the full potential of these 

cultivars, and 

(2) to determine the effect of nitrogen rate, leaf number, and 

time of topping on the yield, quality, plant height, leaf 

length and width, and chemical composition of two mammoth 

cultivars as compared to a conventional cultivar.



Chapter II. 

Literature Review 

MAMMOTH TOBACCO 

The mammoth gene in flue-cured tobacco (Nicotiana tabacum L.) 

induces cultivars to flower under a shortday photoperiod, whereas norma] 

cultivars are day-neutral (27). This simply inherited mammoth character 

(7) is conditioned by recessive alleles at two loci (46), and allows the 

plants to continue vegetative growth without the usual terminal 

inflorescence when grown during the long days of summer (30). 

Mammoth selections of flue-cured tobacco produce fewer pre- and 

post-topping suckers, more leaves, higher yields, greater acre values, 

and lower values per hundred weight than their day-neutral recurrent 

parent (30). The quality of leaf produced by mammoth cultivars was 

initially believed to be inferior to that of genetically comparable day- 

neutral cultivars because of the lower value per hundred weight. 

However, Chaplin (7) reported no association between the mammoth gene 

and inferior quality. He concluded that the lower values per-hundred- 

weight were probably related to improper leaf number management. Jones 

and Terrill (27) later reported that the mammoth cultivars 'NC 2326' and
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‘Speight G-28' produced superior quality leaf as compared to their day- 

neutral counterpart. In addition to producing high yields of excellent 

quality tobacco (26), mammoth cultivars provide several other 

advantages. Premature flowering is essentially eliminated because these 

cultivars generally do not flower until] the shorter days of late summer. 

Producers can reduce labor costs by synchronizing topping and sucker 

control since apical dominance is maintained until the plant flowers. 

Mammoth cultivars may also produce larger and higher quality top leaves 

than conventional cultivars, if properly managed (30,45). 

Yields of mammoth cultivars increase as the number of leaves per 

plant increases, however, leaf quality decreases in proportion to leaf 

numbers in excess of the optimum (7,27,30,31,45). Wernsman and 

Matzinger (45) reported that mammoths topped at the same leaf number as 

conventional cultivars had higher yields with equal or superior quality 

leaf and did not differ in total alkaloid and reducing sugar 

concentrations. In contrast, King (28) observed an improved sugar to 

nicotine ratio as the leaf number increased in mammoth cultivars.



NITROGEN 

Nitrogen is the major limiting factor in crop production (47). 

Not only does nitrogen have a more critical effect on the growth and 

development of tobacco than any other nutrient (6), it is also the most 

expensive fertilizer nutrient in crop production (1). Historically, 

increased tobacco yield has corresponded with increased rates of applied 

nitrogen fertilizer (42). The nitrogen supply should be within narrow 

limits to ensure timely maturation, ripeness of leaves, and high quality 

flue-cured tobacco (22). Improper nitrogen fertilization is responsible 

for much of the poor quality tobacco grown each year (46). Ideally, 

tobacco plants should maintain uninterrupted, rapid growth from 

transplant to the approach of maturity (43). Under normal conditions, 

most of the nitrogen is needed two to three weeks after transplanting 

(25), with 95 percent of the total nitrogen in the plant being absorbed 

within nine weeks after transplanting (22). Curing difficulty and 

problems with delayed ripening may occur (25) if the nitrogen supply in 

the soil is not depleted when the plant flowers or reaches the desired 

leaf number (31,33). 

The definition of quality for flue-cured tobacco is the sum of its 

physical and chemical attributes that make it most suitable for the
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manufacture of cigarettes (46). Nitrate reduction and photosynthesis 

are two physiological processes within the plant that predetermine 

quality of the cured leaf. Metabolic priority is directed to the uptake 

and reduction of nitrate nitrogen during growth. Most of the nitrate in 

the root is translocated to the shoot for reduction and reallocation 

during exponential growth (41). The reduced nitrogen is utilized in the 

biosynthesis of amino acids, proteins, and nicotine. The rate of 

nitrate uptake is dependent upon the amount of applied and residual 

nitrogen fertilizer (46), moisture (4), and amount of root tissue 

present (41). Raper et al. (41) reported that varying light and 

temperature altered the apparent efficiency of absorption in the root 

system. 

The producer must be careful not to overuse nitrogen. Quality of 

cured leaf is closely related to nitrogen fertilization. Therefore 

there is a fine line between insufficient and excess nitrogen. 

Excessive use of nitrogen fertilizers is an unnecessary production cost 

and may adversely effect tobacco and water quality (26). Increasing 

nitrogen rates generally increases leaf length, leaf width, and yield 

(29). These increases are usually accompanied by a decrease in weight 

per unit area of the cured leaf (43). Total nitrogen within the plant
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tends to increase at a comparable rate with increasing nitrogen rates 

(35). Nitrogen concentration in the cured leaf has been directly 

correlated with strength of the smoke (38). Quality of flue-cured 

tobacco tends to decrease as total nitrogen in the plant increases, with 

the best smoke quality associated with lower nitrogen content (42). 

However, if total nitrogen concentration is too low, the smoke is 

insipid with little taste (13). 

The degree of ripeness is also an important determinate of smoking 

quality. Ripe tobacco cures easier, responds readily to ageing, and 

provides a more flavorful and palatable smoke. In contrast, immature 

tobacco produces poor aroma and smoke taste (39). Plants excessively 

fertilized with nitrogen produce very large, thin leaves, and ripening 

is delayed. Over-fertilized tobacco is difficult to cure. The 

resulting cured leaf, particularly from upstalk positions, are dark in 

color, dry, chaffy (46), and produce more K, KL, KF and GK color grade 

factors (25). Excessive use of nitrogen fertilizers will also increase 

sucker growth and may lead to excessive use of maleic hydrazide (26). 

Growth is retarded in under-fertilized plants, and the leaves are 

smaller but thicker. These leaves are smooth, pale in color, and are 

consequently often harvested before they are fully ripe. In addition,
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the cured tobacco lacks texture, is low in alkaloids, high in sugars, 

and the smoke is flat and insipid (46). 

NITROGEN USE EFFICIENCY 

Nitrogen use efficiency is a function of nitrogen utilization and 

uptake (36), with nitrogen accumulation being a major component of 

nitrogen uptake and utilization (42). There are many factors within 

these three components that may cause variation in nitrogen use 

efficiency. For example, nitrogen absorption may be the limiting factor 

in nitrogen accumulation, while nitrogen uptake could be affected by 

nitrate reduction and assimilation (15). It has been reported that 

remobilization from storage in vegetative tissues is important in the 

utilization of nitrogen in corn (20,40). In contrast, there is little 

evidence to show that nitrogen from senescencing tissues is remobilized 

to support development of upper leaves in tobacco (21). Sisson et al. 

(42) reported a 75 percent increase in nitrogen use efficiency of flue- 

cured tobacco over time without any direct selection for that trait. 

Since a precisely controlled nitrogen supply is one of the most critical 

factors in the management of flue-cured tobacco (46), development of 

cultivars that are more efficient users of nitrogen would be 

advantageous.



10 

There is much debate and uncertainty as to what causes one species 

or type of plant to be a more efficient user of nitrogen than another. 

Nitrogen use efficiency varies within classes of tobacco (11). Flue- 

cured tobacco has a much higher nitrogen utilization than burley tobacco 

because it can produce approximately twice the dry weight per unit of 

leaf nitrogen accumulated. Nitrogen use efficiency is regulated by 

nitrogen uptake by the root system and the efficient translocation and 

metabolic utilization of nitrogen within the plant (37). However, 

Crafts-Brander et al. (11) showed that the root system had little 

influence on the physiological difference between flue-cured and burley 

tobacco. They later reported that because of genetic differences at two 

loci (which when recessive, results in the burley character), and 

possibly the higher starch content of flue-cured plants, flue-cured 

cultivars are more efficient at nitrogen utilization (12). 

Nitrogen fertilizer rate appears to be the major factor in the 

nitrogen use efficiency of tobacco. Nitrogen use, uptake, and 

utilization efficiencies, as well as net returns are decreased as 

nitrogen rates increase beyond a certain point (11,36,42). In other 

words, the law of diminishing returns comes into play. Lower yields and 

poorer quality tobacco can be expected from the application of
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additional nitrogen. It appears that nitrogen uptake is more variable 

among nitrogen rates than utilization efficiency (36). Moll et al. (36) 

reported that even cultivars with comparably high levels of nitrogen use 

efficiencies may differ markedly in the way that efficiency is achieved. 

This can be demonstrated in the following example of two cultivars with 

similar nitrogen use efficiencies. One cultivar takes up all of the 

external nitrogen applied to produce a certain yield, thus having a high 

nitrogen uptake efficiency, while the other cultivar takes up only a 

fraction of the applied fertilizer to produce the same yield, thus, 

having a high nitrogen utilization efficiency. Dhugga and Waines (15) 

suggest that selection for uptake should be more effective in improving 

overall nitrogen use efficiency than selection for utilization. Sisson 

et al. (42) reported that nitrogen uptake accounted for 55 to 61% of the 

variability of nitrogen use efficiency while utilization accounted for 

only 39 to 45 %. The low nitrogen environment, in which flue-cured 

tobacco has been traditionally grown, may have offered little selection 

pressure for more efficient utilization. In contrast, Moll et al. (36) 

has suggested that corn plants grown in a high nitrogen environment may 

favor the selection of uptake efficient plants.
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LEAF NUMBER 

The mammoth character causes otherwise day-neutral cultivars to 

flower only under short day photoperiods, thereby increasing the 

potential number of leaves produced per plant in a normal growing season 

(27). Yield and quality are the two most important economic 

considerations in tobacco production (7) and both of these parameters 

can be greatly influenced by the number of leaves per plant. 

Increased topping height results in increased yields 

(3,5,7,9,16,19,23,24,27,28,30,34), primarily due to the production of 

more harvestable leaves per acre. King (28) reported a 28 percent yield 

increase when topping height was increased from 14 to 26 leaves. 

However, at higher leaf numbers, the increased yields were obtained at 

the expense of lower individual leaf weights (16,28,31) and lower values 

per hundred weight (7). Mann and Chaplin (30) reported increased yields 

resulted from harvesting a greater number of low quality leaves. 

Higher yields, from increased leaf number, require the handling of 

more leaves during harvesting and curing, which is not economically 

desirable. Since tobacco is controlled by a production quota system 

based on weight allotments, production of flue-cured tobacco with higher 

leaf numbers per plant would reduce the acreage required. This would
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reduce cost of production to growers (28), however, this reduction may 

be offset by increased labor and fertilization costs. Plants should be 

topped to increase the proportion of large and well developed leaves in 

order to produce the greatest yield of high quality tobacco (8). Early 

and low topping tends to increase the body and size of leaves. 

Collins et al. (9) concluded that increasing the topping height 

of conventional cultivars reduced market price more than increasing 

plant populations. They also observed decreased labor efficiency as the 

weight per leaf decreased from increased topping height. In contrast, 

King (28) found no significant change in grade index of the mammoth NC 

22 NF topped at 18, 22, and 26 leaves. His results suggest leaf quality 

can be maintained in mammoth cultivars topped at higher leaf numbers 

than is currently recommended for flue-cured tobacco. 

Chemical concentrations can be increased or decreased by changes 

in leaf population (18). Although reducing sugars are effected very 

little by increased topping height (16), nicotine levels are decreased 

(5). King (28) reported an improved sugar to nicotine ratio in mammoth 

cultivars as leaf number increased from 18 to 26 leaves. The extent to 

which topping height influences nicotine content of the lower leaves is 

probably determined by the number days between topping and harvest (18).
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Nitrogen fertilization has the greatest effect of any cultural 

practice on nicotine accumulation (43). Elliot (16) observed topping 

height had more influence on total alkaloids than on total nitrogen 

concentration. It appears that higher than recommended nitrogen rates 

should not be used when plants are topped relatively low but additional 

nitrogen may be needed where topping is relatively high (9,34). 

TIME OF TOPPING 

Delay of topping from the early bud stage to fully open flower 

progressively decreases leaf yields and nicotine levels in conventional 

cultivars (6). Marshall and Seltman (32) reported a one percent 

decrease in cured leaf weight for each day that topping is delayed after 

the plant reaches the early bud stage. Collins et al. (9) also 

suggested that conventional cultivars should be topped as soon as 

possible after the desired leaf number is reached. If topping is 

delayed to the point where flowers and seed pods have developed, a large 

decrease in yield and body of the tobacco leaf can be expected because 

both flowers and seed pods are strong sinks for photosynthate. 

The mammoth character causes tobacco plants to continue vegetative 

growth, without the usual terminal inflorescence, when grown during long
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days of summer (30). Therefore, mammoth cultivars continue to produce 

leaves until they are induced to flower at the time of a short 

photoperiod or until the plant is topped. Although mammoth cultivars 

may not produce flowers or seed pods before topping, they may produce 

many more leaves than desired before the apical meristem is removed at 

topping. This additional upper leaf tissue is also a strong sink for 

nitrogen and photosynthate (22). These extra leaves which are discarded 

at topping, rob the plant of vital resources which in turn reduces 

yield, leaf body, and nicotine concentration (43). Jones et al. (26) 

reported an estimated 29 kilogram per hectare per day reduction in yield 

when topping was delayed by seven to fourteen days for two mammoth 

cultivars, NC 27 NF and NC 37 NF. 

Effects of topping on yield and quality are influenced 

considerably by fertility level. Significant increases in yield and 

quality were found only at high nitrogen rates when topping heights were 

increased (29,34). In contrast, Collins (8) reported that flue-cured 

tobacco should be topped early, regardless of the nitrogen level. 

Considerable nitrogen is absorbed during late growth (22) and if topping 

is delayed this absorbed nitrogen is discarded with the upper leaf 

tissue at topping. Most of the competition for nitrogen is eliminated
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after topping and more nitrogen will become available for nicotine 

synthesis (31). The accumulation of nicotine occurs rapidly after 

topping and continues until the leaves are harvested. 

CHEMICAL COMPOSITION 

Cigarette manufacturers are concerned with more than the visual 

and physical properties of the cured leaf when purchasing tobacco. 

Chemical composition of the leaves, and how different cultural practices 

affect that chemical composition, also play a vital role in the quality 

of cured leaves (25). Variables such as nitrogen rates, leaf number, 

and time of topping may have a profound effect on the chemical 

composition of the cured leaf. 

Nicotine is the principle alkaloid found in tobacco (43). 

Accumulation of nicotine begins soon after transplanting and continues 

to accumulate even after growth stops (14). The maximum nicotine 

content of individual leaves occurs at progressively higher stalk 

positions as the plant matures i.e., top leaves have the highest 

nicotine concentration (2,4). The best quality leaf is obtained from a 

fully developed leaf with a relatively high nicotine content (three to 

four percent) (28,29). Sugar and nicotine are two constituents of flue-
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cured tobacco with the greatest contribution to the characteristic and 

satisfaction of cigarette smoke. Reducing sugar concentration tends to 

vary by stalk position. Reducing sugars increase from the bottom to the 

middle of the plant and decrease from the middle to the top of the 

stalk. Court et al. (10) showed a positive association between reducing 

Sugars and tobacco quality. Sugars and nicotine are inversely related. 

Thus, the sugar to nicotine ratio is a useful and simple index of 

chemical quality (46). 

Proper nitrogen rates are needed to produce a leaf with acceptable 

chemical composition. Nitrogen may have the greatest effect of any 

cultural practice on nicotine accumulation. Soil texture, rainfall 

during the season, and nitrogen rates account for 81 percent of the 

variation in total alkaloid production (43). Nicotine is synthesized in 

the plant using nitrogen absorbed before and after topping (17,43). 

Most nitrogen is absorbed before topping and ideally, nitrogen should be 

depleted before topping for proper ripening (28). According to Mahadik 

(29), increasing the nitrogen rate increased yield, nicotine, and total 

nitrogen content (35). Increasing total nitrogen in the plant has been 

associated with decreased quality (42). However, since good quality 

flue-cured tobacco should be moderately high in nicotine (28,29), an
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optimum nitrogen fertilization rate should be reached. The 

concentration of nitrogen is positively correlated with nicotine and 

negatively related with sugar content of the leaf (5). According to Tso 

(43), the sooner after transplanting a nitrogen deficiency occurs the 

higher the sugar to nicotine ratio. 

Topping and controlling leaf axillary buds (suckers) in flue- 

cured tobacco also increases the nicotine content of the cured leaf, 

with nicotine concentration being the highest at the lower topping 

levels (43). Wallace et al. (44) demonstrated that floral development 

at topping did not influence nicotine concentration but the period of 

time from topping to harvest did. Nicotine levels increased as harvest 

time was delayed from 10-30 days after topping. Nicotine accumulation 

decreased as the number of leaves remaining on the plant at topping 

increased. 

The ability of mammoth tobaccos to produce many more leaves than 

conventional cultivars may cause a wide range of chemical variability. 

Chaplin (7), working with a mammoth derived from ‘Bunn Special', 

reported the content of total alkaloids decreased as the number of 

leaves per plant increased while having only a minimal effect on 

reducing sugars. He also concluded that there may be a genetic
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association between the mammoth gene and a lower percentage of reducing 

sugars. In contrast, King (28) reported that the sugar to nicotine 

ratio improved as leaf number increased up to 26. In another study, 

decreased nicotine content was observed in mammoth cultivars during the 

first harvest, with a large increase in nicotine and reducing sugar 

concentrations after the second harvest (31). This large increase 

probably resulted from topping between the first and second harvest. 

This demonstrates the marked influence of proper topping on the chemical 

composition of the cured leaf, as well as emphasizing the effect of the 

time between topping and harvest. When compared to conventional 

cultivars, where both were topped at twenty leaves, the mammoth has 

equal quality, with the same value per hundred weight, percent 

alkaloids, and total nitrogen/total alkaloid ratio (7,45).
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Chapter III. 
Nitrogen Use Efficiency of Mammoth cultivars 

of Flue-Cured Tobacco? 

ABSTRACT 

Nitrogen use efficiency in flue-cured tobacco (Nicotiana tabacum 

L.) is an estimate of how well cultivars take up applied nitrogen and 

convert it into yield. Nitrogen use efficiency of conventional 

cultivars has improved over time with the development of genetically 

improved cultivars. Field experiments were conducted in 1991 and 1992 

to compare the nitrogen use efficiency of two mammoth cultivars, NC 27 

NF and NC 37 NF, with a conventional cultivar, Coker 319. Cultivars 

were grown at 67, 89, and 112 kg ha72 nitrogen. The objective was to 

determine if increased nitrogen rates are needed to recognize the full 

potential of mammoth cultivars. Whole plant dry weight, cured leaf 

yield, and corresponding total nitrogen concentration were used to 

determine nitrogen accumulation and nitrogen uptake, utilization, and 

use efficiencies. Significant differences for nitrogen use efficiency 

and chemical composition were found among cultivars and nitrogen rates. 

  

1This chapter will be submitted for publication in Agronomy Journal. 

Style and notation conform to the requirements of the journal and 
references are cited by number. 
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Mammoth cultivars tended to have higher yields, values, greater 

concentrations of total alkaloids and total nitrogen, and lower 

concentrations of reducing sugars in the cured leaf. Mammoth cultivars 

were 11 to 19% more efficient at nitrogen use than C 319. Nitrogen 

uptake, utilization, and use efficiencies decreased as nitrogen rates 

increased from 67 to 112 kg hat. NC 27 NF had the highest yield and 

use efficiency at the higher nitrogen rates and appeared to benefit from 

increased N rates.
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INTRODUCTION 

Nitrogen is the major limiting factor in crop production (19). 

Not only does nitrogen have a more critical effect on the growth and 

development of tobacco than any other nutrient (2), it is also the most 

expensive fertilizer nutrient used in crop production (1). The 

nitrogen supply should be within narrow limits to ensure timely 

maturation, ripeness of leaves, and high quality flue-cured tobacco (8). 

Since a precisely controlled nitrogen supply is one of the most critical 

factors in the management of flue-cured tobacco (18), development of 

cultivars that are more efficient users of nitrogen would be 

advantageous. 

Sisson et al. (15), reported a 75 percent increase in nitrogen use 

efficiency of flue-cured cultivars over time without any direct 

selection for that trait. However, no mammoth cultivars were included 

in their study. Nitrogen use efficiency is a function of nitrogen 

utilization and uptake (14). Nitrogen accumulation is a major component 

of nitrogen uptake and utilization efficiencies (15). There are many 

factors within these three components that may cause variation in 

nitrogen use efficiency. Nitrogen absorption may be the limiting factor 

in nitrogen accumulation, while nitrogen uptake could be affected by
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nitrate reduction and assimilation (7). The amount of nitrogen 

fertilizer applied appears to be the major factor in the nitrogen use 

efficiency of tobacco. Nitrogen use, uptake, and utilization 

efficiencies, as well as net returns are decreased with increasing 

nitrogen rates (4,14,15). 

There is much debate and uncertainty as to what causes one species 

or one type of plant to be a more efficient user of nitrogen than 

another. Nitrogen use efficiency varies within classes of tobacco (4). 

Flue-cured tobacco has a much higher utilization efficiency than burley 

tobacco because it can produce approximately twice the dry weight per 

unit of leaf nitrogen accumulated. Flue-cured tobacco has been 

traditionally grown in low nitrogen environments and about four times 

less nitrogen fertilizer is recommended than for burley production (5). 

Moll et al. (14) suggested that corn plants grown in a high nitrogen 

environment may favor the selection of uptake efficient plants. 

Therefore the environment in which flue-cured tobacco has traditionally 

been grown may have offered little selection pressure for more efficient 

utilization. Dhugga and Waines (7) suggested that selection for uptake 

efficiency should be more effective in improving overall nitrogen use 

efficiency than selection for utilization efficiency.
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Mammoth selections of flue-cured tobacco produce fewer pre- and 

post-topping suckers, more leaves, higher yields, greater hectare 

values, and lower values per hundred weight than their day-neutral 

recurrent parents (12). Chaplin (3) reported no association between the 

mammoth gene and inferior quality. He concluded lower values per 

hundred weight were probably related to excessively high leaf numbers. 

Jones and Terrill] (11) later reported that the mammoths 'NC 2326' and 

‘Speight G-28' produced superior quality leaf as compared to their day- 

neutral counterpart. Preliminary investigations conducted in Virginia 

indicated that mammoth cultivars may require higher than recommended 

nitrogen rates. The objective of this study was to compare the nitrogen 

use efficiencies of two mammoth cultivars to a conventional cultivar and 

to determine if the nitrogen use efficiency of the mammoths has improved 

to the point where increased nitrogen rates are needed to realize the 

full potential of these cultivars.
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MATERIALS AND METHODS 

Field experiments were conducted at the Virginia Polytechnic 

Institute and State University Southern Piedmont Agricultural Experiment 

Station (SPAES) near Blackstone, VA in 1991 and 1992 on a Durham sandy 

loam soil (Typic Hapludult, fine-loamy, siliceous, thermic). 

Experiments were conducted as a split-plot in a randomized complete 

block design with three replications where cultivars ('NC 27 NF', 'NC 37 

NF', and ‘Coker 319') were whole plots and nitrogen rates (67, 89, and 

112 kg ha~4) were sub-plots. Coker 319 was selected because its 

maturity rate is similar to the mammoth cultivars. Each plot received 

an initial base rate of 44.8 kg ha! nitrogen. Additional nitrogen, to 

supply 67, 89, and 112 kg ha™4, was applied as a sidedress 14 days after 

transplanting. Each sub-plot consisted of two rows containing 24 

competitive plants spaced 51 cm apart with 122 cm between rows. One row 

was used to collect agronomic and cured leaf data, while the other was 

used to collect whole plant green tissue samples. 

Plants were topped at 20 harvestable leaves. Fertilization, 

harvesting, curing, and other production practices, other than those 

mentioned above, were consistent with recommendations for the production 

of flue-cured tobacco by the Virginia Cooperative Extension Service
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(10). Irrigation was applied as needed to ensure adequate moisture. 

Leaching was not considered to be a problem either year. Cured leaf of 

each plot was weighed by harvest, assigned an official U.S. Government 

grade, and plot yields were measured. Value per acre (value), average 

price (AP) and grade index (GI) were determined from the cured leaf. 

Composite samples consisting of approximately 30 g cured leaf were 

collected from each harvest for total nitrogen, total alkaloid, and 

reducing sugar determinations (6,9). 

Green tissue samples for the whole plant analysis were taken at 

the last normal cultivation (layby), 10 days after layby, topping, and 

at first harvest. Three consecutive plants, that were representative of 

the row, were selected at random for each sample date. Plants were 

removed from the plot, roots washed, and plants divided into lamina, 

midribs, roots (lateral and fibrous), and stalk (the stump was included 

in the stalk fraction). Green weight, dry weight, and leaf number were 

recorded for each plot. Plant sections were dried at 52° to 65°C for 

five to seven days, ground to pass through a 40 mesh screen, and 

analyzed for total alkaloids (6) and total nitrogen (9). 

Nitrogen use efficiency and its component traits were determined 

as described by Sisson et al. (15). Data was analyzed as a split-plot
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design using SAS (16). Four additional experiments were also conducted 

both years but with nitrogen rates as whole plots and cultivars as sub- 

plots. Since the same trends were observed for yield, value, nitrogen 

use efficiency, and its component traits, results from these additional 

tests are reported fro cured leaf.
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RESULTS AND DISCUSSION 

Data from each experiment was analyzed for each year and over 

years. Interaction effects were non-significant and error variances 

between years were homogeneous. Therefore, data was combined over 

years. 

WHOLE PLANT ANALYSIS 
  

Graphs representing total alkaloid and total nitrogen 

concentrations through the season (layby to first harvest) are presented 

in Fig. 1 through 6. Significant differences for total alkaloids were 

observed among cultivars for midrib, root, and stalk at all sample 

dates. Significant differences among N rates, when averaged across 

cultivars, were observed for the root at topping; and for leaf lamina at 

first harvest. 

Both mammoth cultivars had consistently higher total alkaloid 

concentrations than C 319 in the midrib, root, and stalk (Fig. 1-3). 

Between mammoth cultivars, NC 37 NF had the highest alkaloid 

concentration, and was significantly higher than C 319. The 112 kg 

ha"' N treatment had significantly lower concentrations of total 

alkaloids in the root than either the 67 or 89 kg ha™' rates at topping 

and significantly higher concentrations in the lamina at first harvest.
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Mean of percent total alkaloids of lamina (A), midrib 

(B), root (C), and stalk (D) of three cultivars at 67 

kg ha N from 1991 and 1992.
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Fig. 2. Mean of percent total alkaloids of lamina (A), midrib 
(B), root (C), and stalk (D) of three cultivars at 89 

kg ha“! N from 1991 and 1992.
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Fig. 3. Mean of percent total alkaloids of lamina (A), midrib 

(B), root (C), and stalk (D) of three cultivars at 112 

kg ha! N from 1991 and 1992.
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Fig. 4. Mean of percent total nitrogen of lamina (A), midrib 

(B), root (C), and stalk (D) of three cultivars at 67 
kg ha7! N from 1991 and 1992.
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Fig. 5. Mean of percent total nitrogen of lamina (A), midrib 

(B), root (C), and stalk (D) of three cultivars at 89 

kg ha! N from 1991 and 1992.
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Fig. 6. Mean of percent total nitrogen of lamina (A), midrib 

(B), root (C), and stalk (D) of three cultivars at 112 

kg ham! N from 1991 and 1992.
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Significant differences were observed among N rates for total 

nitrogen concentration of the leaf, midrib, root, and stalk, at ten days 

after layby, at topping, and at first harvest. Significant differences 

were observed among cultivars for total nitrogen concentration, in the 

midrib at ten days after layby; for lamina, midrib, and, stalk at 

topping; and for lamina at first harvest. 

Total nitrogen concentration within the lamina significantly 

increased with increasing N rates at all sample dates except layby. Ten 

days after layby, higher total nitrogen concentrations were detected in 

the root and stalk at 112 kg hav! (fig. 6), and in the root at 89 kg 

ha-! (Fig. 5). Midrib, root, and stalk had significantly higher 

nitrogen concentrations at 89 and 112 kg ha~? than at 67 kg ha~} when 

sampled at topping. Higher concentrations were detected at 112 kg hav! 

than at 67 or 89 kg ha~! in the root and midrib, while the stalk 

increased in total nitrogen concentration with increasing nitrogen rates 

at first harvest. Both mammoth cultivars had significantly higher total 

nitrogen concentrations than C 319 in the midrib at ten days after layby 

and at topping. NC 37 NF was higher in total nitrogen concentration 

than NC 27 NF or C 319 in the stalk at topping; and higher in the lamina 

than NC 27 NF at topping and at first harvest.
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All cultivars continued taking up nitrogen further into the 

season at higher nitrogen rates, thereby increasing their total nitrogen 

concentration which inturn led to higher total alkaloid concentrations 

(Fig.s 1-6). The higher nitrogen concentration in NC 37 NF was also 

reflected in higher total alkaloid concentrations in all plant sections. 

Total nitrogen and total alkaloid concentrations were higher in lamina 

than in root, midrib, or stalk for each cultivar. Our data supports 

previous work (13) that nitrogen stored in the plant is rapidly 

converted to nicotine shortly after topping. At the higher N rates the 

mammoth cultivars, especially NC 27 NF, appear to be more efficient at 

the reduction of nitrate and its subsequent synthesis into nicotine. 

The data also supports the logical sequence that nitrogen is taken up in 

the root, translocated through the stalk to the midribs, where it is 

then distributed throughout the lamina. 

CURED LEAF YIELD AND QUALITY 

Significant differences were observed among cultivars for yield 

and value when averaged over nitrogen rates (Table 1). NC 27 NF had 

significantly higher yields than NC 37 NF and C 319, and was a 

significantly in value than C 319. Mammoth cultivars consistently 

produced higher yields than C 319 each year of the study. No
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significant differences were observed among nitrogen rates for yield and 

value when averaged across cultivars. The lack of significant yield 

increases due to nitrogen rates may be a result of residual nitrogen in 

the soil, however, measurements for residual soil nitrogen were not 

taken. Price and grade index were significantly higher at 67 kg ha7+ 

than at 112 kg ha“! N. (Table 1). Grade index provides a means of 

uniform visual evaluation of quality, average price represents the 

average price paid for the representative grades of the sample, and 

value per hectare reflects the average auction price per kg cured leaf 

produced on a hectare. Our results suggest that the application of 

additional nitrogen above that currently recommended, to the soils at 

SPAES, is a costly production practice with no benefit in yield. 

Significant differences were observed among N rates for percentage 

of total alkaloids, reducing sugars, and total nitrogen. Total nitrogen 

and total alkaloid concentrations significantly increased, while percent 

reducing sugars decreased as nitrogen rates increased from 67 to 112 kg 

hat. Significant differences were observed among cultivars for percent 

total alkaloids when averaged across N rates. NC 37 NF was 

significantly higher in total alkaloid concentration than either NC 27 

NF or C 319 (Table 1).
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Agronomic measurements as well as chemical characteristics 

indicate a decline in quality as nitrogen rates increased. In general, 

increased N rates decreased GI, AP, and percent reducing sugars while 

increasing total nitrogen and total alkaloids. Smoke from tobacco that 

is high in total alkaloids and low in reducing sugars is more harsh with 

a stronger, more bitter flavor (17). With the exception of the 

increased total alkaloid concentration of NC 37 NF, there was little 

variation in the chemical composition among cultivars. 

NITROGEN USE EFFICIENCY 

Nitrogen use efficiency (NUSE) and its components (nitrogen 

accumulation (NACC), nitrogen uptake efficiency (NUPT), and nitrogen 

utilization efficiency (NUTL)) were determined from the cured leaf data 

(Table 1; Fig. 7) and whole plant green tissue samples taken at first 

harvest (Table 2). Nitrogen may be continually taken up and the plants 

may continue to increase biomass as tobacco plants continue growth 

throughout the season. Thus, values for green tissue data are likely to 

continue changing until maturity. 

NITROGEN ACCUMULATION 

Nitrogen accumulation is a basic component of NUPT and NUTL and is 

a measure of the amount of nitrogen accumulated in the leaves or in the
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entire plant in the case of the green tissue samples. In the cured leaf 

data, significant differences were observed among cultivars and among N 

rates (Table 1). Nitrogen rates were responsible for most variation in 

this trait, with significantly more nitrogen accumulated at 112 kg ha7+ 

than at 89 kg ha7! which accumulated significantly more nitrogen than 67 

kg haw. Although both mammoth cultivars accumulated more nitrogen than 

C 319, all cultivars reacted similarly to increasing nitrogen rates, 

which is reflected by the lack of significant interactions. Nitrogen 

accumulation was the factor that contributed most to the increased 

uptake efficiency of mammoth cultivars, which inturn led to the greatest 

increase in N use efficiency of mammoth cultivars. Significance was 

found only among N rates in the whole plant analysis, with NACC 

increasing as N rates increased.
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Fig. 7. Mean of cured leaf N-accumulation (NACC) (A), N- 
uptake efficiency (NUPT) (B), N-utilization efficiency 

(NUTL) (C), and N-use efficiency (NUSE) (D) of three 
cultivars at three N rates from 1991 and 1992.
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Table 2. Mean green tissue samples taken at first 
harvest for three cultivars at three 

nitrogen rates grown over two years near 

Blackstone, VA. 

Cultivar _N Rate NAcct NUPT NUTL NUSE 
  

kg ha! = kg hat ----~--- kg kg7}------- 

NC 27NF 67 86.26 1.28 55.12 68.89 
NC 27NF 89 85.13 0.95 52.35 49.19 
NC 27NF 112 117.11 1.05 45.77. 47.83 
NC 37NF 67 87.29 1.30 49.54 63.89 
NC 37NF 89 84.26 1.29 50.56 47.58 
NC 37NF 112 101.38 0.94 39.40 35.80 
C 319 67 86.47. 1.29 54.94 69.05 
C 319 89 91.08 1.01 47.81 47.57 
C 319 112 103.59 0.92 43.95 39.47 
LSD _(P=0.05) NS NS NS NS 
  

INACC = nitrogen accumulation; NUPT = nitrogen uptake 

efficiency; NUTL = nitrogen utilization efficiency; 

and NUSE = nitrogen use efficiency.
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NITROGEN UPTAKE EFFICIENCY 

NUPT is an estimate of how efficient plants are at removing 

applied N from the soil. Efficiencies greater than 1.0 indicate the 

plants were probably removing residual nitrogen. In the cured leaf 

data, significant differences were observed among cultivars and N rates. 

NUPT decreased as nitrogen rates increased (Fig. 7B). Both mammoth 

cultivars were more efficient at uptake than C 319, however, significant 

differences were observed only between NC 27 NF and C 319. The higher 

NUPT of mammoth cultivars at higher N rates contributed the most to 

increased NUSE of mammoth cultivars. NUPT was responsible for 77, 71 

and 69 percent of NUSE at 67, 89, and 112 kg ha ~4 N respectively. In 

the whole plant analysis, as in cured leaf data, nitrogen rates had the 

greatest influence on the variance of NUPT (Table 2). Significant 

differences were observed only among N rates. All cultivars were more 

efficient at 67 kg ha ~! than at 89 or 112 kg ha? N. 

NITROGEN UTILIZATION EFFICIENCY 

NUTL is an estimate of how efficient plants are at converting 

nitrogen taken up into cured leaf yield or plant biomass, whichever the 

case may be. In the cured leaf, as N rates increased the utilization 

efficiency decreased (Fig. 7C). Plants were most efficient at 67 kg ha™
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' followed by 89 and then 112 kg ha"! N. In contrast to Sisson et al. 

(15) NUTL did not account for a large proportion of the increased NUSE 

(23, 29, and 31 percent at 67, 89, and 112 kg ha™' N, respectively). 

Mammoth cultivars tended to be more efficient than C 319, however, these 

differences were not significant. In the whole plant analysis, 

Significant differences were observed only among N rates, with NUTL 

decreasing as nitrogen rates increased. 

NITROGEN USE EFFICIENCY 

NUSE is a function of nitrogen uptake and utilization. It is a 

combined measure of how well the plants can remove applied nitrogen from 

the soil and convert it into yield. In both cured leaf and whole plant 

analyses, NUSE decreases as nitrogen rates increase when averaged over 

cultivars. Only in the cured leaf data was significance found between 

cultivars. NC 27 NF was most efficient followed by NC 37 NF and C 319, 

however, significant differences were observed only between NC 27 NF and 

C 319. 

In both the cured leaf and green tissue samples, all cultivars 

showed an expected decrease in nitrogen uptake, utilization, and use 

efficiencies as N rates increased. The plants are unable to produce as 

much yield with each additional unit of nitrogen, i.e., the law of
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diminishing returns. The optimum efficiency is reached when the value 

of the resulting increased yield, from the additional nitrogen, equals 

the cost of the additional unit of nitrogen. 

In the cured leaf, both mammoth cultivars were able to accumulate 

more nitrogen than was applied at the two lower rates. However, at 112 

kg ha"' only NC 27 NF was able to accumulate nearly all of the nitrogen 

applied. This was reflected by greater than 100 % uptake efficiencies 

of mammoths cultivars at 67 and 89 kg ha"' N. NC 27 NF and NC 37 NF 

were 19 and 11%, respectively, more efficient at uptake than C 319 at 

112 kg ha'. The increases in nitrogen use efficiencies of mammoth 

cultivars can be attributed to their higher uptake efficiencies rather 

than nitrogen utilization. These trends are consistent with results 

observed in corn (14) and wheat (7). 

NC 27 NF tended to be a most efficient user of nitrogen in the 

whole plant green tissue analysis, although these trends were consistent 

between years the differences were not significant. Nitrogen, as well 

as biomass, continues to accumulate after the first harvest. Our cured 

leaf data supports the conclusion that whole plant differences between 

cultivars may become evident as the season progresses.
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CONCLUSIONS 

Results from the cured leaf data indicate that the mammoth 

cultivars do appear to be more efficient users of nitrogen. However, 

only NC 27 NF would seem to benefit from increasing recommended nitrogen 

rates. Results indicate that increasing N rates for NC 37 NF and Coker 

319 would only increase production costs and decrease quality while 

showing no benefit in yield. The increase in nitrogen use efficiency of 

the mammoths was due to better uptake efficiencies rather than 

utilization efficiencies, which is consistent with other agronomic crops 

(7,14). There appears to be little difference in the nitrogen use 

efficiency of the cultivars at the first harvest date. Since 

differences were observed among cultivars for cured leaf it is possible 

that whole plant differences between cultivars become evident later in 

the season. Thus, further research is needed to determine whole plant 

efficiencies at the end of the season.
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Chapter IV. 

Influence of Nitrogen rate, Leaf Number, and Time of Topping 

on Yield and Quality of Mammoth Tobacco Cultivars! 

ABSTRACT 

Flue-cured tobacco (Nicotiana tabacum L.) yields can be increased 

by increasing the number of leaves per plant although cured leaf quality 

is generally reduced. Delayed topping reduces yield and quality because 

the additional upper leaf tissue, seed pods, and seeds that are produced 

are strong sinks for photosynthate. Field experiments were conducted in 

1991 and 1992 to determine the effect of increased leaf number and 

delayed topping on the yield and quality of two mammoth cultivars, NC 27 

NF and NC 37 NF, as compared to a conventional cultivar, Coker 319. All 

three cultivars were grown at 60, 80, and 100 lbs/acre nitrogen. Yield, 

quality, chemical components, and plant characteristics were evaluated. 

Significant differences were observed among cultivars, nitrogen rates, 

leaf number and time of topping. A 27 lb/acre/day reduction in yield 

and a 50 dollar/acre/day reduction in value was observed when topping 

  

1This chapter will be submitted for publication in Journal of 
Production Agriculture. Style and notation conform to the requirements 

of the journal and references are cited by number. 
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was delayed from seven to 21 days. A 17% increase in yield was observed 

when leaf number was increased from 20 to 36. Increased yields were 

associated with lower weights per leaf and poor chemical 

characteristics.
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INTRODUCTION 

The mammoth character in flue-cured tobacco (Nicotiana tabacum L.) 

induces cultivars to continue vegetative growth, without the usual 

terminal inflorescence, during long days of summer (19). Consequently, 

mammoth cultivars will continue to produce leaves until the short 

photoperiods of late summer or until the plant is topped. Both yield 

and quality, the two most important economic considerations in tobacco 

production (4), can be influenced by the number of leaves per plant and 

time of topping. 

Increasing topping height tends to increase yields 

(1,2,4,6,8,10,12,13,16,17,19,22) primarily as a result of production of 

more harvestable leaves per acre. King (17) reported a 28 percent yield 

increase when leaf number was increased from 14 to 26 on the mammoth 

cultivar 'NC 22 NF'. However, at the higher leaf numbers, increased 

yields were obtained at the expense of lower individual leaf weights 

(8,17,20) and lower values per hundred weight (4). Mann and Chaplin 

(19) reported that increased yields were a result of a greater number of 

low quality leaves harvested. Collins et al. (6) observed increased in 

leaf number due to increased topping heights of conventional cultivars 

reduced price more than increased plant population. They also observed
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decreased labor efficiency as the weight per leaf decreased as a result 

of increasing topping height. In contrast, King (17), reported no 

Significant change in grade index at 18, 22, and 26 leaves when working 

with the mammoth 'NC 22 NF'. Contrary to general beliefs, his results 

Suggest that non-flowering plants can be topped at higher leaf numbers 

than is currently recommended for flue-cured tobacco while maintaining a 

high level of quality. 

Delaying topping in conventional cultivars from the early bud 

stage until the fully open flower progressively decreases leaf yields 

and nicotine concentration (3). Marshall and Seltman (21) reported a 

one percent decrease in cured leaf weight for each day that topping was 

delayed after the plant reached the desired leaf number. A further 

decrease in yield can be expected if topping is delayed to the point 

where flowers and seed pods are developed. Both flowers and seed pods 

are strong sinks for photosynthate which tends to decrease the weight 

and body of the tobacco leaf (5). Although mammoth cultivars may not 

produce flowers or seed pods before topping, they may produce many more 

leaves than desired before the apical meristem is removed at topping. 

This additional upper leaf tissue is also a strong sink for nitrogen and 

photosynthate (11). These extra leaves, which are discarded at topping,
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rob the plant of vital resources which in turn reduces yield, leaf body, 

and nicotine content (23). Jones et al. (15), reported an estimated 26 

pound per acre per day reduction in yield when the topping of the 

mammoth cultivars, 'NC 27 NF' and 'NC 37 NF', was delayed by seven to 

fourteen days. 

Effects of topping on yield and quality are influenced 

considerably by fertility level, with significant increases detected 

only when topping height as well as N rates are high (18,22). Although 

Collins (5) reported that flue-cured tobacco should be topped early, 

regardless of the nitrogen level. Considerable nitrogen is absorbed 

during late growth (11), and if topping is delayed, this absorbed 

nitrogen is simply discarded with the upper leaf tissue at topping. 

Most of the competition for nitrogen is eliminated after topping and 

more nitrogen will become available for nicotine synthesis (20). The 

accumulation of nicotine occurs rapidly after topping and continues 

until the leaves are harvested. 

Topping and controlling suckers in flue-cured tobacco will] also 

increase total alkaloid concentration of the cured leaf, with nicotine 

concentration being highest at lower topping levels (23). Wallace et 

al. (24) demonstrated that floral development at topping did not
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influence nicotine concentration but the period of time between topping 

to harvest did. Nicotine levels increased as harvest time was delayed 

from 10-30 days after topping. Nicotine accumulation decreased as the 

number of leaves remaining on the plant at topping increased. 

The ability of mammoth tobaccos to produce many more leaves than 

conventional cultivars may cause a wide range of chemical variability. 

Chaplin (4), working with a mammoth derived from ‘Bunn Special’, 

observed a decrease in total alkaloid concentration as the number of 

leaves per plant increased while having only a minimal effect on the 

reducing sugars. He also concluded that there may be a genetic 

association between the mammoth gene and a lower percentage of reducing 

sugars. In contrast, King (17) found that the sugar to nicotine ratio 

improved as leaf number increased. In another study with mammoth 

tobacco decreased nicotine concentration was observed after the first 

harvest, with a large increase in nicotine and reducing sugar 

concentrations after second harvest (20). This large increase was 

probably due to topping between the first and second harvest. This 

demonstrates the marked influence of proper topping on the chemical 

quality of the cured leaf, as well as emphasizing the effect of the time 

between topping and harvest. When compared to conventional cultivars,
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where both were topped at twenty leaves, the mammoth has equal quality, 

with the same value per hundred weight, percent alkaloids, and total 

nitrogen to total alkaloid ratio (4,25). The objective of this 

experiment was to determine the effects of nitrogen (N) rate, leaf 

number, and time of topping on two mammoth cultivars as compared: to a 

conventional cultivar.
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MATERIALS AND METHODS 

Field experiments were conducted at the Virginia Polytechnic 

Institute and State University Southern Piedmont Agricultural Experiment 

Station (SPAES) near Blackstone, VA in 1991 and 1992 on a Durham sandy 

loam soil (Typic Hapludult, fine-loamy, siliceous, thermic). 

Experiments were conducted as a split-split plot in a randomized 

complete block design with three replications where N rates were whole 

plots and cultivars were sub-plots. The three nitrogen rates were 60, 

80, and 100 Ibs/acre. Two mammoth cultivars, NC 27 NF and NC 37 NF, and 

one conventional cultivar, Coker 319 (C 319) were evaluated. Coker 319 

was selected because its maturity rate is similar to the mammoth 

cultivars. In experiment one, time of topping was the sub-sub plot, 

while in experiment two, leaf number was the sub-sub plot. In the time 

of topping experiment the first treatment was topped when plants reached 

20 leaves with the top leaf having a length of six inches (the 

equivalent of the button stage of conventional cultivars, for simplicity 

this stage will be designated as the button stage). Plots were then 

topped seven, 14, and 21 days after the first topping date. All plants 

were topped at 20 harvestable leaves. In experiment two, plants were 

topped at 20, 24, 28, 32, and 36 leaves. Since conventional cultivars
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are unable to produce as many leaves per plant as the mammoth cultivars, 

only the mammoth cultivars were evaluated at leaf numbers greater than 

24. Each plot received an initial base rate of 40 lbs N/acre. 

Additional nitrogen was applied to supply 60, 80, and 100 lbs N/acre as 

a sidedress 14 days after transplanting. Each sub-sub-plot consisted of 

single a row containing 24 competitive plants spaced 20 inches apart 

with 48 inches between rows. Fertilization, harvesting, curing 

procedures, and other production practices, other than those mentioned 

above, were consistent with recommendations for the production of flue- 

cured tobacco by the Virginia Cooperative Extension Service (15). 

Irrigation was used as needed to ensure adequate moisture. Leaching was 

not considered to be a problem either year. Cured leaf from each plot 

was weighed by harvest, assigned an official U.S. Government grade, plot 

yields, value per acre, average price, and grade indices were computed. 

Measurements for middle and top leaf lengths and widths, as well as 

final plant heights were taken after the second harvest. Composite 

samples consisting of approximately 30 g cured leaf were collected from 

each plot for total nitrogen (7), total alkaloid, and reducing sugar 

(15) determinations.
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RESULTS AND DISCUSSION 

Data from each experiment was analyzed for each year and over 

years. Interaction effects were non-significant and error variances 

between years were homogeneous. Therefore, data was combined over 

years. 

Experiment _1. (Time of Topping) 

CURED LEAF YIELD AND QUALITY 

Significant differences were observed among cultivars and topping 

time for yield (Table 1). No significant differences were observed 

among N rates. NC 27 NF was significantly higher yielding than NC 37 NF 

which yielded significantly higher than C 319. Plants topped in the 

button stage were similar in yield to those topped seven days later. 

This lack of significance was probably due to many plants still being in 

the button stage seven days after the first topping date. Yield 

Significantly decreased at each delay in topping beyond seven days after 

the button stage. A 27 pound per acre per day reduction in yield was 

observed when topping was delayed from seven to 21 days after the button 

stage. There was a 35 pound per acre per day reduction when topping was 

delayed from 14 to 21 days. NC 27 NF appeared to perform better at the
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higher nitrogen rates than either NC 37 NF or Coker 319 and may indicate 

NC 27 NF could benefit from increased nitrogen rates. 

Grade index (GI), average price (AP), and value per acre (value) 

estimates were calculated from cured leaf data. Grade index provides a 

means of uniform visual evaluation of quality, average price represents 

the average price paid for the representative grades of the sample, and 

value per acre reflects the average auction price per pound of cured 

leaf produced on an acre. Significant differences for value were 

observed among cultivars and among topping times (Table 1). NC 27 NF 

had the highest value followed by NC 37 NF which was higher in value 

than C 319. Value decreased as topping time was delayed, except between 

the button and seven day treatments. A 50 and 69 dollar per acre per 

day reduction in value was observed when time of topping was delayed 

from 7 to 21 days and 14 to 21 days, respectively. This demonstrates 

the importance of proper topping. 

Significant differences were observed for price among topping 

times and for GI among N rates (Table 1). Plants topped 21 days after 

the button stage had a significantly lower price than all other 

treatments. Grade index decreased as N rates increased, with a
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significantly lower GI observed at 100 than at the 60 lb/acre N. The 

lower GI, due to N rates, indicates that plants are accumulating too 

much nitrogen, which usually results in large, rank leaves. This 

additional nitrogen, taken up by the plants in the 14 and 21 treatments, 

may have been discarded with the tops. Thus decreases in quality, as a 

result of delayed topping, may have been compensated for by the 

increased nitrogen rates. This may be the reason no significant 

decreases in GI were observed between topping times. 

Significant differences among cultivars, N rate, and time of 

topping were observed for total alkaloids, reducing sugars, and total 

nitrogen (Table 1). Total nitrogen and total alkaloid concentrations 

increased and reducing sugar content decreased as N rates increased from 

60 to 100 lbs/acre. A leaf that is high in total alkaloids and low in 

reducing sugars generally produces smoke that is more harsh with a 

stronger and more bitter flavor (8). Mammoth cultivars were higher in 

total nitrogen and lower in reducing sugars than C 319, however 

Significant differences were observed only between NC 37 NF and C 319 

for total nitrogen. The tendency of mammoth cultivars to be lower in 

reducing sugar concentration was consistent with Chaplin's observations 

(4). The higher nitrogen concentration of NC 37 NF contributed to its
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significantly higher total alkaloid concentration than NC 27 NF or C 

319. Total nitrogen and alkaloid concentrations decreased while 

reducing sugars increased as topping time was delayed. Our data 

supports Elliots work (9) that the number of days between topping and 

harvest is probably the determining factor in the amount of nicotine 

accumulated. No significant differences were observed between the 

button stage and the seven day treatment. 

PLANT MEASUREMENTS 

Significant differences were observed among cultivars, N rates, 

and time of topping for top leaf length and middle and top leaf width 

(Table 1). Both middle and top leaf width, and top leaf length 

increased as N rates increased, with significant differences detected 

between 60 and 100 lbs N/acre. There were no significant differences 

among N rates for plant height or middle leaf length. Coker 319 had the 

highest plant measurement followed by NC 37 NF which was significantly 

taller than NC 27 NF. With the exception of middle leaf width the 

leaves of the mammoth cultivars were generally larger in all 

measurements than C 319. Mammoth cultivars had longer top leaves than C 

319, and NC 27 NF had longer middle leaf than NC 37 NF or C 319. C 319
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had a wider middle leaf than NC 37 NF, and NC 27 NF had wider top leaf 

than NC 37 NF which was wider than C 319. Leaf size was significantly 

decreased as topping time was delayed, with the exception of top leaf 

length, where there was no difference between the button stage and the 

seven day treatment. 

These results support previous work that showed mammoth cultivars 

can produce larger top leaves than conventional cultivars. Therefore 

the increased yield of the mammoths may, at least in part, be a result 

of a larger leaf area. 

Experiment 2. (Leaf Number) 

CURED LEAF YIELD AND QUALITY 

Significant differences in yield were observed among cultivars, N 

rate, and leaf numbers (Tables 2 and 3). Yield increased with 

increasing nitrogen rates, however significant differences were observed 

only between 60 and 80 lbs N/acre when averaged over mammoth cultivars. 

NC 27 NF had a significantly higher yield than NC 37 NF or C 319. Yield 

increased with increasing leaf numbers. A 17 percent increase in yield 

was observed when leaf number increased from 20 to 36 leaves per plant 

when averaged over mammoth cultivars and N rates, and a five percent
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increase in yield when leaf number was increased from 20 to 24 leaves 

over all cultivars. Although there were no significant interactions, 

the higher leaf numbers consistently appeared to have higher yields at 

higher N rates. Yield of mammoth cultivars as well as the conventional 

cultivar were increased by increasing leaf number, which is consistent 

with previous observations (1,2,4,6,16,22). 

Significant differences were observed among cultivars and leaf 

number for value. Grade index was significantly different only when 

compared over all three cultivars at 20 and 24 leaves. There were no 

Significant difference in average price or among N rates. NC 27 NF had 

a higher value than NC 37 NF or C 319 when averaged across N rates and 

cultivars. Value appeared to increase, while grade index and average 

price appeared to decrease as a result of increasing leaf number. These 

trends were consistent across years, however the differences were not 

Significant. The lack of significant decreases in grade index and 

average price may be due to the apparent increase in grade index of 

higher leaf numbers at high N rates. 

Significant differences were observed among cultivars for reducing 

sugars and total alkaloid concentrations; and among leaf numbers for 

total nitrogen and total alkaloid concentrations. NC 37 NF had higher
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total alkaloid and lower reducing sugar concentrations than C 319. 

Total alkaloids and total nitrogen concentration decreased with 

increasing leaf number. Our results agree with previous work (8) in 

that leaf number had a greater effect on total alkaloid than on total 

nitrogen concentrations. As leaf number increased total alkaloid 

concentration decreased more rapidly than did total nitrogen 

concentration. In excessively high leaf numbers total nitrogen values 

equaled or exceeded total alkaloid values. A ratio of nitrogen to 

nicotine above 1.0 is not acceptable (23). These results indicate 

chemical characteristics of tobacco markedly decrease as leaf numbers 

increase much over the recommended topping heights. 

A greater occurrence of target leaf spot and brown spot was 

observed in the higher leaf number plots in moist conditions. This may 

be the result of decreased air flow between the rows, which creates an 

ideal environment for the spread of both pathogens. Another possible 

explanation is that the thinner leaves of the plants at high leaf 

numbers were more susceptible to the pathogens than heavier bodied 

leaves.
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PLANT MEASUREMENTS 

Significant differences were observed among cultivars and leaf 

numbers for middle and top leaf measurements and for plant height 

(Tables 4 and 5). NC 37 NF had shorter and more narrow middle leaf than 

NC 27 NF or C 319. However, both mammoths had significantly larger top 

leaves than the conventional cultivar. Every leaf measurement 

Significantly decreased as leaf number increased, except for the middle 

leaf length when leaf number was increased from 32 to 36. Plant height 

increased at each increase in leaf number. Coker 319 was significantly 

taller than the mammoth cultivars when averaged over 20 and 24 leaves, 

NC 37 NF was significantly taller than NC 27 NF when averaged across al] 

leaf numbers. Thus the average size of all leaves decreases as the 

number of leaves on the plant increase. Results indicate that the 

mammoth cultivars tend to have larger leaves than C 319, which may in 

part, be responsible for their higher yield at equal leaf numbers. 

Although there were no significant interactions, our results were 

consistent with previous work (18,22) in that higher leaf number plots 

tended produced larger leaves and taller plants at the higher nitrogen 

rates when averaged across cultivars. These trends were consistent 

between years.
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INTERPRETIVE SUMMARY 

Delayed topping adversely affects yield, value, physical, and 

chemical characteristics of the cured leaf in both conventional and 

mammoth cultivars of flue-cured tobacco. The smaller, thinner, and 

lower value leaves, that result from delayed topping, indicate that 

upper leaf tissue as well as seed pods and seeds are strong sinks for 

the vital resources of the plant. 

Yield can be increased by increasing the number of leaves per 

plant, however this increase in yield is at the expense of leaf size and 

quality. Although this reduction in quality was not clearly defined 

with respect to grade index and average price, the chemical composition 

of the leaf from plants with excessively high leaf numbers was 

unacceptable. Our results indicate that, for the best quality leaf, 

mammoth cultivars should not be topped higher than 24 leaves per plant 

and that both mammoth and conventional cultivars should be topped as 

soon as they reach the desired leaf number.



LITERATURE CITED 

Brown, G.W., and T.R. Terrill. 1972. Effects of method of 

harvest on flue-cured tobacco. I. Agronomic factors. Agron. J. 

64:619-622. 

Campbell, C.R., J.F. Chaplin, W.H. Johnson, and G.S. Miner. 1980. 

Close-grown tobacco: yield alkaloids, and sugar content by stalk 

position. Agron. J. 72:929-932. 

Campbell, J.S., J.F. Chaplin, D.M. Boyette, C.R Campell, and C.B. 

Crawford. 1982. Effects of plant spacings, topping heights, 

nitrogen rates, and varieties of tobacco on nicotine yield and 

concentration. Tob. Sci. 26:66-69. 

Chaplin, J.F. 1963. Certain undesirable characteristics of 

mammoth flue-cured tobacco not generally associated with the 
mammoth gene. Crop Sci. 3:158-61. 

Collins, W.K. 1978. Leaf number per acre determines level of 

good-bodied tobacco. Flue-Cured Tobacco Farmer. 15(2):36-38. 

Collins, W.K., S.N. Hawks Jr., and B.U. Kittrell. 1969. Effects 

of plant spacing and height of topping at two nitrogen rates on 

some agronomic characteristics of bright tobacco. Tob. Sci. 

13:150-152. 

Davis, R.E. 1976. A combined automated procedure for the 

determination of reducing sugars and nicotine alkaloids using a 
new reducing sugar method. Tob. Sci. 20:139-144. 

Elliot, J.M. 1976. Effects of height of topping and plant 

Spacing of flue-cured tobacco on certain properties of the cured 

leaves and smoke characteristics of cigarettes. Can. J. Plant 

Sci. 56 161-67. 

Elliot, J.M. 1970. The effect of topping height and plant 

spacing on certain chemical characteristics of bright tobacco. 

Tob. Sci. 14:73-77. 

82



10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

83 

Elliot, J.M. 1970. The effect of topping height and plant 

Spacing on yield, grade and some physical characteristics of 

bright tobacco. Tob. Sci. 14:73-77. 

Goenaga, R.J., R.J. Volk, and R.C. Long. 1989. Uptake of 

nitrogen by flue-cured tobaccos during maturation and senescence 

I, Partitioning of nitrogen derived from foil and fertilizer 

sources. Plant and Soil 120:133-139. 

Gwynn, G.R. 1969. Influence of harvesting methods on flue-cured 

tobacco. Agron. J. 61:429-433. 

Gwynn, G.R. 1974. Modified systems of production and harvesting 

of flue-cured tobacco. Tob. Sci. 18:23-25. 

Horwitz, W. (ed.). 1980. Official methods of analysis, 13th ed. 

AOAC, Washington, DC. 

Jones, J.L., €.S. Johnson, P.J. Semtner, T. D. Reed, and B.B. 

Ross. 1992. 1993 Flue-cured tobacco production guide. Virginia 

Cooperative Extension Service Pub. 436-048. 

Jones, J.L., and 7.R. Terrill. 1984. Performance of mammoth 

flue-cured tobacco varieties in Virginia. Tob. Sci. 28:134-135. 

King, M.J. 1986. Leaf number at topping and yield, grade index 
and leaf chemistry of a mammoth-type tobacco. Agron. J. 78:913- 

915. 

Mahadik, S.R. 1972. Effects of nitrogen and its carriers with 

different topping heights on growth, yields and quality of 

tobacco. J. Agr. Sci. 79:181-189. 

Mann, T.J., and J.F. Chaplin. 1957. The effect of the mammoth 

gene on certain quantitatively inherited characters of flue-cured 

tobacco. Agron. J. 49:230-233. 

Mann, T.J., D.F. Matzinger, and J.A. Weybrew. 1960. Nicotine and 

sugar contents of mammoth flue-cured tobacco varieties. Agron. J. 

52:350-352.



21. 

22. 

23. 

24. 

25. 

84 

Marshall, H.V., and H. Seltman. 1964. Time of topping and 

application studies with maleic hydrazide on flue-cured tobacco. 

Tob. Sci. 8:74-78. 

Miner, G.S. 1980. Effect of harvest method and related management 

practices on flue-cured tobacco. I. Yield, quality index and 

harvest extension. Tob. Sci. 24:77-80. 

Tso, T.C. 1990. Production, physiology, and biochemistry of 

tobacco plant. Ideals, Inc., Beltsville, MD. 

Wallace, A., J.H. Smiley, and W.O. Atkinson. 1974. Effects of 

time of topping and time of harvest after topping on yield, value 

and total alkaloid content of burley tobacco. Tob. Sci. 18:78- 

79. 

Wernsman, E.A., and D.F. Matzinger. 1980. Mammoth genotypes and 

tobacco management regimes for reduced production of downstalk 

tobaccos. Agron. J. 72:1047-1050.



APPENDIX 

85



Me
an

 
pe

rc
en

ta
ge

 
of

 
to

ta
l 

al
ka

lo
id

s 
of

 
gr

ee
n 

pl
an

t 
ti
ss
ue
 

fr
om
 

th
re

e 
cu

lt
iv

ar
s 

qr
ow

n 
at

 
th

re
e 

n
i
t
r
o
g
e
n
 

ra
te

s 
in

 
19

91
 

an
d 

19
92

. 

Ap
pe
nd
ix
 

Ta
bl

e 
1.

   C
u
l
t
i
v
a
r
 

Pl
an

t 
Sa
mp
le
 

Da
te

 
4 

67
   

Sa
mp

le
 

Da
te

 
3 

  

S
a
m
p
l
e
 

Da
te

 
2 

67
 

Sa
mp
le
 

Da
te

 
12

 
67
2   

11
2 

89
 

11
2 

67
 

89
 

11
2 

89
 

11
2 

89
 

S
e
c
t
i
o
n
s
   NC

 
27

NF
 

2.
10
 

2.
31
 

2.
32
 

2.
44
 

2.
28
 

2.
29
 

0.
39
 

0.
96
 

0.
37
 

1.
88
 

1.
95
 

1.
90
 

1.
97
 

1.
77
 

1.
88
 

0.
35
 

1.
08
 

0.
34
 

1.
77

 

1.
89
 

1.
53

 

1.
86

 

1.
73

 

1.
74

 

0.
33
 

1.
04
 

0.
30

 

1.
36
 

1.
31
 

1.
15
 

0.
85
 

0.
54
 

1.
16
 

0.
16
 

0.
91
 

0.
29
 

1.
45
 

1.
24
 

1.
15

 
0.

87
 

0.
52

 
1.
18
 

0.
16

 
1.

07
 

0.
31

 

1.
35
 

1.
21

 
1.
15
 

0.
84

 
0.
56
 

1.
57
 

0.
92

 

0.
73

 

0.
54
 

0.
36

 

0.
90

 

0.
14

 

0.
98
 

0.
34

 

1.
32
 

0.
93
 

0.
66

 

0.
52

 

0.
35

 

0.
83
 

0.
13

 

1.
03
 

0.
32

 

1.
45
 

0.
98

 

0.
64
 

0.
49

 

0.
28

 

0.
84
 

0.
11
 

0.
91
 

0.
34
 

1.
73
 

1.
49
 

1.
09

 

0.
76

 

0.
51

 

1.
25

 

0.
25
 

1.
13

 

0.
59

 

1.
77
 

1.
50
 

1.
02
 

0.
75
 

0.
57
 

1.
21
 

0.
25
 

1.
15
 

0.
58

 

1.
76
 

1.
47
 

1.
15
 

0.
84
 

0.
60
 

1.
27
 

1.
12
 

0.
15

 
La

mi
na

 

86 

Mi
dr

ib
 

0.
23
 

1.
07
 

0.
28

 
1.
18
 

0.
52
 

Ro
ot
 

St
al

k 

NC
 

37
NF
 

2.
31
 

2.
42
 

2.
33
 

2.
29
 

2.
33
 

2.
40
 

2.
38
 

2.
21
 

2.
02
 

1.
88
 

2.
03
 

0.
38
 

1.
16
 

0.
30
 

2.
25
 

2.
13

 

2.
09
 

1.
87
 

1.
66
 

2.
14
 

0.
34
 

1.
09
 

0.
28

 

1.
59
 

1.
51

 
1.
25
 

0.
91
 

0.
52

 
1.
30
 

0.
16
 

0.
93
 

0.
27
 

1.
59

 

1.
47
 

1.
11

 

0.
92

 

0.
51

 

1.
25

 

0.
17

 

1.
03
 

0.
29

 

1.
62

 

1.
27
 

1.
34

 

1.
00

 

0.
59

 

1.
51
 

1.
05
 

0.
80
 

0.
58
 

0.
39
 

0.
93
 

0.
14
 

0.
94
 

0.
35
 

1.
47
 

1.
10

 

0.
82

 

0.
60
 

0.
41
 

1.
03

 

0.
15
 

1.
10

 

0.
35
 

1.
65
 

1.
16
 

0.
83
 

0.
61
 

0.
39

 

0.
98
 

0.
14
 

1.
01

 

0.
31
 

1.
81

 

1.
57
 

1.
14

 

0.
84

 

0.
57

 

1.
31

 

0.
29

 

1.
12

 

0.
64

 

2.
01
 

1.
62
 

1.
13
 

0.
81
 

0.
60
 

1.
36
 

0.
26
 

1.
19
 

0.
61
 

1.
86
 

1.
46
 

1.
03
 

0.
72

 

0.
57
 

1.
25
 

2.
33
 

0.
39
 

1.
32

 

0.
17

 

0.
99
 

0.
29

 

La
mi

na
 

Mi
dr

ib
 

0.
25
 

1.
19
 

0.
33
 

1.
21

 
0.

62
 

Ro
ot
 

St
al

k 

- 
c
o
n
t
i
n
u
e
d
 

-



87 

“SaAva, 
do} 

= 
J 

pue 
SaAea| 

UaMO| 
= 

Y 
“suolzisod 

peat, 

*7-ey 
by} 

ut 
Sazeu 

Uaboi} 
LN» 

"ysaauey 
S
u
l
}
 

= 
p 

pue 
“burddoz 

= 
¢€ 

‘AqAe|, 
sazye 

shep 
OT 

= 
2 

‘AqAe| 
= 

[ 
a3ep 

ajdues, 
 
 

 
 

 
 

 
 

 
 

 
 

c£°0 
3=66e°0 

= 
2
°
0
 

0c°0 
€2°0 

S2°0 
p2°0 

3=6Lc°0— 
8
2
0
 

0S°0 
=Lb'0) 

= 
60S°0 

A
L
E
S
 

66°0 
v6°0 

16°0 
cL°0 

3=66L°0—S 
S
8
0
 

98°0 
~8°0 

S8°0 
00°T 

OO°T 
80°T 

0
0
4
 

oe°0 
O€°O 

TED 
cl°O0 

eT°O 
IT’0 

60°0 
OT°0 

O1°0 
Tc°0 

8622°0) 
= 
6
T
*
 0 

FEA 
EW 

bI*c- 
80°c- 

06°I- 
9T°T- 

O€°I- 
Se't- 

€8°0- 
S6°0- 

26°0- 
6T°T- 

8t°t- 
€T°t- 

Pulwe) 

B0°2 
€0°c 

«EBT 
9p°0 

§=6L5°0)~—s 
9°10 

€v°0 
860) 

€S°0 
06°0 

£9°0 
3 

cl°e 
90°C 

S6'T 
T8°0 

16°00 
Z8°0 

SS°0 
}§=6©9S°0) 

= 
9
0
 

bZ°0 
§=698"0) 

= 
9
9
0
 

qd 

8I°c 
§86ete 

| 
6
8
 T 

90°T 
S2°T 

ce'T 
69°0 

O08°0 
92°0 

90°T 
cO°T 

86°0 
3 

9T°e 
9
1
2
 

20°¢ 
cet 

«=69b 
tft 

€6°0 
«6960°T 

890°T 
Op-T 

p
e
t
 

O
l
 

qa 

BI°c 
80°C 

r6'T 
Tel 

e8S°T 
est 

Ze7l 
9S°*T 

 OS'T 
6f°T 

BS°T 
19°T 

eV 

6TE 
19909 

cll 
68 

L9 
cll 

68 
£9 

cll 
68 

£9 
cll 

68 
249 

=
 

SUOL 
IVS 

bp 
9}e9g 

9] a
w
e
s
 

¢ 
32eqg 

a
y
a
w
e
s
 

c 
9
3
e
g
 

v
j
a
w
e
s
 

a
 

9
7
e
g
 

9} a
w
e
s
 

}
u
U
e
l
d
 

JeALZ [ND 
 
 

"2bo61 
PUe 

[661 
UL 

Sa}zeu 
Uaboujiu 

saiyy 
Je 

UMOID 

SUPAL} 
IND 

dady} 
WOU} 

ansstz 
que;d 

uaaubh 
yo 

splojeyx_e 
[e202 

Jo 
abequaduad 

uray 
‘T 

atqey 
xtpuaddy



11
2 

2.
38
 

2.
91
 

3.
29
 

3.
93
 

4.
09
 

3.
36
 

1.
55
 

1.
84
 

1.
41
 

89
 

2.
06
 

2.
35
 

2.
93
 

3.
26
 

3.
53
 

2.
83
 

1.
16
 

1.
91
 

1.
29
 

Sa
mp
le
 

Da
te

 
4 

67
   2.
03
 

2.
38
 

2.
76
 

3.
31

 
3.
45
 

2.
76
 

11
2 

3.
57

 
4.
54
 

5.
41

 
6.

09
 

6.
18

 
4.

85
 

2.
72

 
2.

62
 

2.
20

 

89
 

3.
18
 

3.
90
 

5.
03
 

5.
61
 

5.
98
 

4.
35
 

2.
21
 

2.
54
 

2.
04
 

Sa
mp

le
 

Da
te

 
3 

67
   2.
85
 

3.
57
 

4.
41
 

4.
87
 

5.
21
 

3.
92
 

1.
86
 

2.
33
 

1.
79
 

S
e
 
w
e
 

e
e
e
 

w
e
e
 

m
e
e
 
e
e
 
e
e
e
 
e
e
e
 
e
w
e
 
e
e
e
 

e
e
e
 
e
e
e
 

o
m
e
 
e
e
e
 
m
e
e
e
 

w
e
e
 
e
e
n
 

e
e
e
 

e
e
e
 
e
e
e
 

e
n
a
s
a
m
 

11
2 

3.
82
 

4.
95
 

5.
16
 

5.
48
 

5.
81
 

4.
87
 

2.
82
 

2.
86
 

2.
67
 

89
 

3.
69
 

4.
54
 

4.
76
 

5.
45
 

5.
74
 

4.
64
 

2.
70
 

3.
03
 

2.
59
 

Sa
mp

le
 

Da
te

 
2 

67
   3.
61
 

4.
32

 

4.
70
 

5.
01
 

5.
47
 

4.
46

 

2.
53
 

2.
56
 

2.
62
 

11
2 

3.
51

 
4.

64
 

4.
91

 
5.

04
 

5.
12

 
4.

63
 

2.
83

 
2.

72
 

Me
an

 
pe

rc
en

ta
ge

 
of

 
to

ta
l 

ni
tr

og
en

 
of

 
gr

ee
n 

pl
an

t 
ti
ss
ue
 

fr
om

 
th

re
e 

cu
lt
iv
ar
s 

gr
ow
n 

at
 

th
re
e 

ni
tr
og
en
 

ra
te

s 
in

 
19
91
 

an
d 

19
92

. 

2.
82

 

89
 

3.
68
 

4.
60

 

5.
21
 

5.
29

 

5.
19
 

4.
77

 

2.
81

 

2.
99

 

3.
03

 

Sa
mp
le
 

Da
te

 
12

 
67
2 

3.
79
 

4.
52
 

5.
18
 

5.
21
 

5.
23
 

4.
72
   

La
mi

na
     Ap

pe
nd

ix
 

Ta
bl

e 
2.
 

C
u
l
t
i
v
a
r
 

Pl
an

t 

S
e
c
t
i
o
n
s
 

NC
 

27
NF
 

88 

1.
25
 

1.
88

 
1.
27
 

Mi
dr

ib
 

2.
68
 

Ro
ot
 

2.
68
 

3.
13

 

3.
78
 

4.
50
 

4.
97
 

3.
86
 

1.
86
 

2.
37
 

1.
58
 

2.
19

 
2.

55
 

2.
96

 
3.

38
 

3.
89

 
3.

16
 

1.
35

 
2.

09
 

1.
29

 

2.
29
 

2.
66
 

3.
26
 

3.
72
 

4.
16

 
3.
00
 

1.
26
 

2.
03

 
1.

31
 

3.
47

 

4.
4]

 

5.
39

 

6.
20

 

6.
25

 

4.
85

 

2.
62

 

2.
75

 

2.
26

 

3.
49
 

4.
53
 

5.
63
 

6.
04
 

6.
10
 

4.
74
 

2.
56
 

2.
88
 

2.
22

 

3.
25

 

4.
11

 

5.
07
 

5.
83
 

5.
93

 

4.
56
 

2.
43

 

2.
61

 

2.
15

 

3.
85
 

4.
72
 

5.
01
 

5.
36
 

5.
67

 

4.
77
 

2.
84
 

3.
01

 

2.
90
 

~ 
c
o
n
t
i
n
u
e
d
 

- 

3.
51
 

4.
53
 

5.
03
 

5.
20
 

5.
82
 

4.
57
 

2.
69
 

3.
27
 

2.
80
 

3.
55
 

4.
43
 

4.
89
 

5.
24
 

5.
79
 

4.
61
 

2.
65
 

3.
02
 

2.
66
 

3.
74
 

4.
5]
 

5.
20
 

5.
32

 

5.
14
 

4.
71
 

2.
87
 

3.
21
 

3.
08
 

3.
53
 

4.
35
 

4.
86
 

5.
10

 

4.
97
 

4.
49
 

2.
/0
 

3.
03

 

3.
00
 

2.
87
 

2.
94
 

3.
50
 

4.
39

 

5.
04

 

5.
21
 

5.
25

 

4.
57

 

3.
14
 

3.
02

 

Mi
dr
ib
 

2.
80

 

St
al
k 

La
mi

na
 

St
al
k 

NC
 

37
NF
 

R
o
o
t



89 

*sanea| 
do} 

= 
9 

pue 
sarea, 

amo, 
= 

Y 
‘SuolzLSod 

jay, 
"7-24 

by 
ut 

sazeu 
u
a
b
o
i
 

tN, 

"YS9AWPY 
ZSUl} 

= 
p 

pue 
“buiddoz 

= 
¢ 

‘Aqhe| 
sazye 

skep 
OT 

= 
2 

‘Aqhe| 
= 

[ 
azep 

ajdues, 
 
 

 
 

 
 

 
 
 
 

1
 

Ovl 
drt 

ofl 
ooc 

Lol 
690. 

OS ce 
Gee 

loc 
 OO8c 

tec 
1035 

2272 
GBT 

«OGL'T=SiCaBETZ])sCSTZ]:sSCdG'Z~—(isiEBTS] 
SCKHTZ])«CLTZ—(iCATE:«COLOTE. 

SCLTE 
= 

JOY 
gS'I 

Bel 
bel 

62°2 
GE'S 

O12 
Lee 

95°2 
Ev'z2 

992 
LL°2 

L9°Z 
GLAPIW 

ere 
62° 

«(96°2)~— 
Bh’: 

OTH 
OCS" 

O°DOEL*D 
O6S*h 

SS 
2S*h) 

Gh bh) 
opG*y 

 BULUET 
90°p 

8I'y 
69°€ 

06S 
SI°9 

86°S 
92°S 

92°S 
SS°S 

O€°S 
EL'h 

Sb 
J 

pO'p 
€L'€ 

OTE 
65'S 

68°S 
99° 

60°S 
6€°S 

STI°S 
90°S 

96°r 
00'S 

OS'€ 
BEE 

B82 
OFS 

9E°S 
02S 

EBD 
9I°S 

00'S 
68D 

6L°h 
80'S 

9 
68°2 

-26°2)«€9'Z)—i«* 
C
O
B
O
 

DC«dCS' 
OL’) 

2S 
CGZHC*STE'2E'D 

q 
Zs°'2 

EZ) 
ZZS—“‘<ié‘«~iTE:S:*C#ZTE: 

«CEE: 
~—C«COLE:SCGGE: 

«CASE 
CLE 

«
O
S
T
E
O
 

eV 
6IE 

42409 

zit 
68 

29 
ell 

68 
29 

ZIl 
68 

<9 
ZIl 

68 
gl9 

 SUOT}Oa5 
p 

9
3
2
d
 

| 
d
w
e
s
 

¢ 
3
3
e
G
 

3] 
q
w
e
s
 

Cc 
3
3
e
d
 

9
 
a
w
e
s
 

a
 

3
7
e
g
 

oj 
q
w
e
s
 

}
u
U
e
l
d
 

JPALZ [ND 
 
 

“26ol 
pue 

T66l 
UL 

Sazed 
UsbOLZIU 

sduy} 
je 

UMOUD 
SUPALZ[ND 

Bduy. 
WOU} 

aNSstz 
quejyd 

useubh 
jo 

uaborzLu 
1 e102 

Jo 
aheqzuadued 

ueay 
‘2 

alge, 
xipuaddy



90 

 
 

 
 

SN 
SN 

SN 
SN 

SN 
SN 

SN 
(S0°0=d) 

dS] 

99°2 
€S°OT 

ce"e 
09 

c8°e 
822cl 

TIZe 
cll 

6TE 
4940) 

Bt" 
c 

cO" eT 
ec°€ 

$9 
S8°€ 

6
6
2
1
 

bSve 
68 

61E 
49409 

6€°¢ 
SS’tl 

ST°€ 
£9 

S8°e 
pIcel 

SEve 
L9 

61€ 
4940) 

G8°Z 
cS 

6 
Ig"€ 

19 
O8°€ 

8OTEL 
Eyre 

cll 
ANZE 

IN 
79°C 

Sé2°1l 
BS°E 

$9 
bg°e 

86ZET 
€6SE 

68 
4INZE 

ON 

62°C 
6S’vl 

eT°e 
£9 

S8°e 
O9EET 

OLVE 
£9 

ANZE 
ON 

18°2 
bl°6 

I
v
e
 

6S 
O8°€ 

8cerl 
C8LE 

cll 
INZZ 

ON 

pS°¢ 
3° Tt 

92°E 
6S 

p
l
e
 

beset 
pI9E 

68 
ANZ¢ 

ON 

ce"? 
69°¢l 

c
l
e
 

89 
S8°e 

cplvl 
LLOE 

L9 
ANZ2 

IN 

mn 
n enn nen nn en Gonna ne nnn e nen ne= 

51 
$ 

PU 
$ 

 z-e4 
BY 

ge 
BY 

UaboutIN 
AeDNS 

sptoleyx|e 
 Xapuy 

dotdd 
an 

eA 
PLolA 

 UabOdIIN 
APALY[ND 

[PIO] 
Butonpay 

[PO] 
apeuyg 
 
 

“c66L 
Pue 

[66T 
ul 

Uday 
yNOS 

ay} 
2e 

pazONpuod 
UMOLH 

SURALZLIND 
aasy} 

JO 
SOLZSLUazPOeURYD 

LeOLW|aYD 
pue 

JiwWoUOUhe 
Ueda 

UOLJEIS 
JUaldadxy, 

[eAN}[NILAby 
jJUOUpalg 

S}S39} 
Plat} 

wou, 
Sazeu 

uahouzLUu 
aauyz 

e 

"€ 
atqey 

xipuaddy



91 

Appendix Table 4. Mean values for nitrogen accumulation and uptake, 

utilization, and use efficiencies of three cultivars 

grown at three nitrogen rates from field tests in 
1991 and 1992. 

  

Cultivar Nitrogen __NACC! NUPT NUTL NUSE 
kg hat ---------- kg kg7}---------- 

NC 27NF 67 85.6 1.27 43.2 54.7 
NC 27NF 89 91.8 1.02 39.9 40.3 
NC 27NF 112 106.5 0.95 35.8 33.8 
NC 37NF 67 79.7 1.19 43.9 51.7 
NC 37NF 89 94.8 1.06 38.5 40.1 
NC 37NF 112 97 .6 0.87 35.5 30.8 
Coker 319 67 81.1 1.21 41.9 50.5 
Coker 319 89 85.5 0.95 40.6 38.6 
Coker 319 112 85.4 0.76 38.0 28.7 
LSD (P=0.05) NS NS NS NS 
  

INACC=nitrogen accumulation; NUPT=nitrogen uptake efficiency; NUTL= 

nitrogen utilization efficiency; and NUSE=nitrogen use efficiency.
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