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INTRODUCTION 

Decapitation (topping) at onset of flowering is a 
standard practice in the production of tobacco. Sub­
sequently, axillary buds will grow into branches, known 
as suckers, because of the removal of apical dominance. 
The operation for the removal of these suckers is called 
"suckering", Materials used to inhibit the growth of 
axillary buds into suckers are termed as "sud<ering 
agents". The majority of the sud<ering agents are either 
lost or decomposed during the period of tobacco growth 
and curing, but some may remain in or on the cured 
leaf. This paper reports the residues of fatty ester and 
alcohol used as suckering agents in the field which 
remained in the cured leaves of Maryland, Burley, and 
Bright experimental tobaccos. 
Many lower alkyl esters and alcohols showed various 
degrees of effectiveness for sucker inhibition (4). The 
most effective ones are saturated, 8 to 1.2 carbon straight 
chain esters and alcohols, especially those with 10 car­
bons (2, 3). The commonly used ester for field applica­
tion is methyl caprate, and the commonly used alcohol 
is a mixture of 1.-octanol and :1-decanol. The surfactant 
for ester is polyoxyethylene [20] sorbitan monolaurate 
(Tween 20)u, and that for alcohol is polyoxyethylene 
[2o] sorbitan monooleate (Tween So). Since fatty com­
pounds are naturally occurring products in tobacco, 
labeled materials were used as tracers in this recovery 
study. 14C lauric acid derivatives were used as they 
were readily available. The Tween surfactants with 
1.fC-labeling were supplied to us as a courtesy of ICI 
United States, Inc. (formerly the Atlas Chemical 
Industries, Inc.). 
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MATERIALS AND METHODS 

Tobacco Plants: Three types of tobacco (Nicotiana 
tabacum L.) were used in this study, including cv. Mary­
land Catterton, Burley 21., and N.C. 95· The first two 
represent Maryland and Burley types and were grown 
and air-cured at Beltsville, Maryland, and the last one 
represents Bright type tobacco, grown and flue-cured 
at Oxford, North Carolina. 
These plants were field-grown under regular culture 
practices and cured according to type. For sud<er 
chemical tests of Maryland and Burley types, three 
plants were used for each treatment. Each plant received 
the chemicals once and was harvested two weeks after 
treatment. The air-cured leaves from three plants within 
each treatment were combined, and grouped into three 
composite samples according to top, middle, and bottom 
stalk positions. For Bright type tobacco, five plants 
were used for each treatment. Each plant received the 
dtemicals twice, the second application was applied two 
weeks after the first. This type of tobacco was harvested 
by leaf priming and then was flue-cured. The first 
priming was made one week after the first treatment, 
the second priming was three weeks after first treatment 
(or one week after second treatment), and the thinl or 
last priming was five weeks after the first treatment (or 
three weeks after second treatment). Leaves from five 
plants of same priming within each treatment were 
combined into one composite sample. 

Suckering Materials and Field Treatments: Chemicals 
used included the following: Methyl caprate, a mixture 
of 1-octanol and 1-decanol (approximately 45-55), 
methyl laurate, lauryl alcohol, lauric acid-1-14C methyl 
ester, lauryl-alcohol-:1-14C, Tween 20, Tween 2o-14C 
(either l.fC-:t-fatty acid, or HC-U-ethylene oxide), Tween 
So, and Tween So-14C (either 14C-1-fatty acid, or 
tl!C-U-ethylene oxide). 
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Table 1. Description of materials and dosage used for each plant. 

Treatment 
.code Materials and combination 

830 mg methyl caprate + 320 mg Tween 20 

14C-activity (CPM) 

Maryland & Burley I 
types Bright type 

2 636 mg mixture of 1-octanol and 1-decanol + 480 mg Tween 80 

3 960 mg methyl laurate + 320 mg Tween 20 

4 750 mg lauryl alcohol + 480 mg Tween 80 

5 830 mg methyl caprate + 320 mg Tween 20 (14C-1-fatty acid) 5.73 X 107 1.26 X 10' 

6 830 mg methyl caprate + 320 mg Tween 20 (14C-U-ethylene oxide) 1.16 X 101 1.37 X 10' 

7 636 mg mixture of 1-octanol and 1-decanol + 480 mg Tween 80 6.60 X 107 1.16 X 101 

(14C-1-fatty acid) 

8 636 mg mixture of 1-octanol and 1-decanol + 480 mg Tween 80 6.80 X 107 1.30 X 101 

( 14C-U-ethylene oxide) 

9 960 mg methyl laurate (14C-1-Iauric acid methyl ester) + 320 mg 5.30 X 107 8.40 X 107 

Tween 20 

10 750 mg lauryl alcohol (14C-1-Iauryl alcohol) + 480 mg Tween 80 5.66 X 107 1.40 X 10i 

The exact combination of these active materials and 
surfactants, the rate of application, and the total level 
of 14C-activity are shown in Table 1, together with 
the assigned code for each treatment. 

Residue Determination: The combined cured leaf 
samples were ground and well mixed. A 10 g sub­
sample from each treatment was extracted with 100 .ml 
70°/o ethanol in a Waring Blender for 10 minutes. 
Following filtration and concentration, an aliquot repre­
senting 100 mg of original tobacco sample was used 
for 14C-counting in a toluene cocktail. Data obtained 
from treatments codes 1, 2, 3, and 4 were used for 
14C background correction of corresponding treatments. 

Residue data are calculated based on 14C-recovery. 

RESULTS 

Total yield of cured leaf from each treatment is listed 
in Table 2. These composite samples represented 

materials of three plants from Maryland and Burley 
types, and five plants from the Bright type. The 
14C-activity of composite sample from each type and 
the percentage of 14C-recovery are listed in Tables 3, 
4, and 5 for Maryland, Burley, .and Bright tobaccos, 
respectively. Generally, the average recovery of 14C­
activity was low. The 14C-labeled ethylene oxide moiety 
of Tween compounds appeared to be more stable than 
14C-labeled fatty acid moiety of the same compounds 
and thus resulted in an apparently higher 14C-recovery 
of the former treatments. 

The 14C-recovery for Maryland and Burley types was 
the highest in top leaves where most of the chemical 
sprays were directly applied. As expected, the percen­
tage of recovery was gradually reduced toward middle 
portion of the plant, and the lowest recovery was 
obtained for the bottom leaves. However, the highest 
14C-recovery for Bright type tobacco was usually in the 
second priming or at the middle position. This result 
may have reflected the effect of the second chemical 

Table 2. Yield of composite samples from each treatment according to stalk positions or primlngs. 

Maryland Catterton Burley 21 N.C.95 
Treat-
ment 1st 2nd 3rd 

Total code* Bottom Middle Top Total Bottom Middle Top Total priming priming priming 
g g g g g g g g g g g g 

49 46 66 181 84 72 85 241 202 239 173 614 
2 83 76 79 238 66 84 108 278 247 250 345 842 
3 103 97 97 297 109 110 83 302 188 255 257 700 
4 98 95 82 275 126 123 119 368 225 237 295 759 

5 66 47 72 185 105 72 100 277 163 283 252 698 

6 69 74 76 219 97 80 168 345 160 187 195 542 

7 62 93 88 243 92 73 116 281 201 257 304 762 

8 111 100 135 346 114 119 159 392 171 290 367 828 

9 107 114 98 319 128 117 120 365 148 215 214 577 

10 100 66 131 317 97 85 92 274 178 233 296 707 

• See Table 1. 
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Table 3. 14C-actlvlty of composite Maryland tobacco samples. 

Bottom Middle Top 

Treatment Average 

code* Recovery 100 mg Recovery 100 mg Recovery 
recovery 

100 mg Total CPM f/o) sample Total CPM f/o) sample Total CPM f/o) 
f/o) 

CPM CPM 

18.2 8.9 X 102 17.4 8.0 X 102 29 2.49 X 103 

2 19.3 1.60 X 103 21.9 1.66 X 103 16.3 1.28 X 103 

3 21.9 2.25 X 103 23.8 2.30 X 103 23.3 2.26 X 103 

4 27.0 2.65 X 1Q3 27.2 2.58 X 103 20.8 1.70 X 103 
5 133.8 8.83 X 103 .005 174.2 8.18 X 103 .004 336.7 2.42 X 104 .012 .007 
6 422.1 2.01 X 104 .008 1124.2 8.31 X 104 .024 2552.9 1.94 X 105 .054 .028 
7 196.7 1.22 X 104 .005 283.6 2.63 X 104 .012 315.5 2.77 X 104 .013 .010 
8 147.7 1.64 X 104 .007 347.7 3.47 X 104 .016 518.8 6.86 X 104 .033 .018 
9 72.2 7.72 X 103 .003 166.8 1.90 X 104 .010 600.3 5.88 X 104 .035 .016 

10 99.6 9.96 X 103 .004 235.8 2.02 X 104 .010 607.4 7.65 X 104 .044 .019 

Table 4. 14C-actlvlty of composite Burley tobacco samples. 

Bottom Middle Top 

Treatment Average 

code* 100 mg Total Recovery 100 mg Total Recovery 100 mg Total Recovery 
recovery 

sample CPM f/o) sample CPM f/o) sample CPM ('/o) 
· f/o) 

CPM CPM CPM 

1 20.3 1.70 X 1Q3 21.9 1.57 X 103 16.1 1.36 X 103 

2 22.5 1.93 X 103 20.0 1.68 X 103 16.9 1.82 X 103 
3 22.4 2.44 X 103 3.4 3.74 X 102 14.8 1.22 X 103 
4 23.5 2.96 X 103 19.1 2.35 X 103 16.3 1.93 X 103 

5 43.1 4.52 X 103 .002 80.7 5.81 X 103 .002 177.1 1.77 X 104 .009 .004 
6 152.4 1.48 X 104 .004 220.0 1.89 X 104 .005 940.3 1.57 X 105 .044 .017 
7 51.1 4.70 X 1Q3 .001 148.2 1.08 X 104 .005 347.4 4.02 X 104 .020 .003 
8 75.8 8.64 X 103 .003 137.4 1.63 X 104 .007 384.1 6.10 X 104 .029 .013 
9 74.5 9.63 X 103 .004 153.8 1.79 X 104 .009 721.8 8.66 X 104 .054 .022 

10 102.5 9.94 X 103 .004 207.4 1.76 X 104 .009 469.7 4.32 X 104 .024 .012 

Table 5. 14C-actlvlty of composite Bright tobacco samples. 

1st priming 2nd priming 3rd priming 

Treatment 
Average 

code* 100 mg 100 mg ' 100 mg recovery 
Total Recovery Total Recovery Total Recovery f/o) sample CPM ('/o) sample CPM f/o) sample CPM f/o) 

CPM CPM CPM 

1 10.0 2.02 X 103 7.9 1.88 X 103 10.0 1.73 X 103 

2 11.9 2.93 X 103 3.6 9.00 X 102 53.5 1.84 X 104 

3 13.2 2.48 X 103 1.5 3.82 X 102 11.9 3.05 X 103 

4 12.8 2.43 X 103 5.0 1.18 X 103 11.7 3.45 X 103 

5 68.0 1.11 X 10' 0.001 860.8 __ 2.43 X 105 0.038 798.1 2.01 X 105 0.031 0.023 

6 102.7 1.64 X 10' 0.002 7785.7 1.45 X 106 0.211 7020.0 1.36 X 106 0.198 0.137 

7 65.0 1.30 X 10' 0.002 1685.6 4.33 X 105 0.074 869.7 2.64 X 105 0.042 0.039 

8 79.5 1.35X10' 0.002 1427.1 4.13 X 105 0.063 1603.4 5.88 X 105 0.087 0.050 

9 48.3 7.14 X 103 0.001 181.3 3.89 X 10' 0.009 366.7 7.84 X 104 0.018 0.009 

10 87.3 1.55 X 10' 0.002 477.5 1.11 X 105 0.016 964.7 2.85 X 105 0.040 0.019 

• See Table 1. 
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Table 8. Calculated residual levels of test materials In tobacco leaf. 

Maryland Catterton Burley 21 N.C.95 

Treatment 
code* uc-labeled test material Recovery Residue Recovery Residue Recovery Residue 

5 
6 
7 
8 
9 

10 

• See Table 1. 

Tween 20 14C-1-fatty acid 
Tween 20 uc-U-ethylene oxide 
Tween 80 uc-1-fatty acid 
Tween 80 uc-U-ethylene oxide 
uc-1-lauric acid methyl ester 
14C-1-Iauryl alcohol 

of material 
(mg) 

0.067 
0.269 
0.144 
0.259 
0.461 
0.427 

treatment which was applied only one week before this 
priming. The average residue levels remaining on to­
bacco leaf were calculated, as shown in Table 6. The 
calculation was based on percent of 14C-recovery from 
each treatment of each tobacco type. Lauric acid methyl 
ester residues were 1.45, 1.73, and 0.75 ppm, and 
lauryl alcohol residues were 1.35, o.gg, and 1.01 ppm 
for Maryland, Burley, and Bright tobacco, respectively. 
Calculated re~idue levels for the Tween materials varied 
widely depending on position of 14C-labeling; range 
was between 0.14 and 4.04 ppm. The general average 
for the residue level of Tween compounds was 
approximately 0.5 ppm based on fatty acid moiety, and 
1.4 ppm based on ethylene oxide moiety. 

DISCUSSION AND CONCLUSION 

A separate study on the fate of fatty compounds and 
surfactants applied on tobacco (1) revealed that there 
was interconversion among methyl laurate, lauryl 
alcohol, and lauric acid during the 16 and 144 hour 
sampling of fresh tobacco materials. Since results 
reported here were based on recovery of 14C-activity 
which was labeled at the 1-position to carbonyl or 
alcoholic hydroxyl groups, the calculated fatty residues 
may, therefore, include the summation of acid, alcohol, 
and ester resulting from interconversion of the applied 
material. It was also found that all the Tween materials 
remaining on the tobacco were hydrolyzed in situ (1). 
The calculated residual data from Tweens reported here • 
may either reflect fatty ester (laurate or oleate), or 
polyethoxylated polyol, depending on whether the 
labeling was at fatty acid or ethylene oxide moiety, 
respectively. The maximum calculated recovery ofTween 
material observed in these tests was 4 ppm; hydrolyzed 
fatty materials originated from Tweens would be only 
a small fraction of the Tweens. 
In one of our preliminary tests involving Maryland and 
Burley tobacco types with which we used 14C-labeled 
methyl laurate and lauryl alcohol, we found an average 
of 4.S ppm residue. The present study showed an 
average residue of only 1.6 ppm fatty compound and 
approximately 1.0 ppm Tween residue. The combined 
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on leaf of material on leaf of material on leaf 
(ppm) (m g) (pp m) (m g) (ppm) 

0.363 0.038 0.138 0.368 0.527 
1.227 0.163 0.473 2.192 4.044 
0.592 0.115 0.409 0.936 1.228 
0.748 0.187 0.477 1.200 1.449 
1.445 0.633 1.734 0.432 0.748 
1.348 0.270 0.985 0.712 1.007 

total is about 2.6 ppm residue level which is much 
lower than earlier findings. 
The naturally occurring fatty acid derivatives in cured 
leaf tobacco are around 7,ooo ppm (4). The total lipid 
fraction in leaf tobacco is approximately ten times 
greater than the level of fatty compounds. It is apparent 
that the residue level of fatty compounds used as 
suckering agent, in the range reported in this paper, 
would not affect leaf quality or usability. 

SUMMARY 

Fatty compounds including lauryl alcohol and methyl 
laurate and Tween 20 surfactant (polyoxyethylene [2o] 
sorbitan monolaurate) and Tween So surfactant (poly­
oxyethylene [2o] sorbitan monooleate) with 14C-labeling 
at various positions were used as suckering agents for 
Maryland, Burley, and Bright tobacco types (Nicotiana 
tabacum L.) and their residues on the tobacco deter­
mined. An average residue of 1.61 ppm of fatty com­
pounds and 1.0 ppm of surfactants were found. The 
combined total of 2.6 ppm residue due to these sucker­
ing agents is far below an earlier preliminary test of 
4.S ppm of residue in comparison with 7,ooo ppm 
naturally occurring fatty compounds in tobacco. 

ZUSAMMENFASSUNG 

Fettartige Verbindungen wie Laurylalkohol und Methyl­
laurat sowie die oberflachenaktiven Substanzen Tween 20 
{Polyoxyathylen[ 20] sorbitan-monolaurat) und Tween So 
(Polyoxyathylen[ 20] sorbitan-monooleat) mit 14C-Mar­
kierung in verschiedenen Positionen wurden als Mittel 
zur Kontrolle des Geizenwachstums bei Maryland-, 
Burley- und Bright-Tabaken (Nicotiana tabacum L.) 
benutzt und ihre Riickstande im Tabak untersucht. Der 
durchschnittliche Riickstandsgehalt belief sich auf 1,61 
ppm bei den fettartigen Verbindungen und auf 1,0 ppm 
bei den oberflachenaktiven Substanzen. Der Gesamtwert 
von 2,6 ppm fiir Riickstande dieser Wachstumsregler 
liegt weit unter dem Ergebnis eines friiheren Vorver-



sudl.s mit 4.8 ppm im Vergleidl. zu dem natiirlichen Vor­
kommen von fettartigen Verbindungen im Tabak in 
HOhe von 7000 ppm. 

RESUME 

On a employe comme agents pour l'ebourgeonnement 
de tabac Maryland, Burley et Bright (Nicotiana taba­
cum L.) les composes gras suivants: alcool laurylique, 
laurate de methyle, Tween 20 surfactant (polyoxy­
ethylene[2o]monolaurate de sorbitan) et Tween So 
surfactant (polyoxyethylbe[2o]mono-oleate de sorbi­
tan} marques au carbone 1.4 a differentes positions. On 
a determine leur risidu dans le tabac. Des residus 
moyenS de 1,61 ppm de composes gras, et 1,0 ppm de 
surfactants ont ete retrouves. Le residu total combine 
de 2,6 ppm dO. aux agents d'ebourgeonnement en 
question est de beaucoup inferieur a 4.8 ppm trouve 
dans des tests preliminaires, surtout si l'on compare 
au 7.000 ppm des corps gras se trouvant naturellement 
dans le tabac. 

REFERENCES 

1.. Tso, T. C., and H. Chu: The fate of fatty compounds 
and surfactants used as sucker control agents on 
6eld tobacco; 1974, in preparation. 

2. Steffens, G. L., T. C. Tso, and D. W. Spaulding: 
Fatty alcohol inhibition of tobacco axillary and ter­
minal bud growth; Agriculture and Food Chemistry 
15 (1967) 972-5· 

3· Tso, T. C.: Plant growth inhibition of some fatty 
acids and their analogues; Nature 202 (1.964) 511-1.2. 

4· Tso, T. C.: Physiology and biodl.emistry of tobacco 
plants; Dowden, Hutchinson and Ross, Strousburg, 
Pa., 1972, pp. 1.29-1.39 and pp. 272-281.. 

Acknowledgment 

We thank the !Cl United States, Inc. (fonnerly Atlas 
Chemical Industries, Inc.) for providing labeled test 
compounds, and Frank Sharp and Mary E. Engelhaupt 
for their technical assistance. 

The authors' address: 

Beftsville Agriculture Research Center, Northeastern 
Region, Agricultural Research Service, 
U.S. Dept. of Agriculture, Beltsville, Maryland, 20705. 

245 


