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The visual aspects of tobacco and 
its handling properties are the exter- 
nal manifestations of its chemical 
composition and microscopic struc- 
ture. In an earlier report, Artho 
(1955 I observed that tensile strength, 
hygroscopicity, and distensibility of 
cured Swiss tobaccos were related 
not only to chemical composition but 
also to histological structure. As the 
result of a number of intensive in- 
vestigations in the physical behaviors 
of different tgprs of tobaccos, Sam- 
field and co-workers (1957; 1958a; 
1958b: 1958c) suggested that many 
of the physicochemical properties of 
a tobacco may be governed by its 
cellulose content and, particuIarly, 
by the degree of polymerization of 
the cellulose (Samfield and Christy, 
1960 ). 

Numerous papers record compara- 
tive data on one or a few physical 
properties of tobaccos in relation to 
genetic or cultural factors. Parups 
(1958) measured the interstitial vol- 
umes of different types of Canadian 
tobaccos. Collins et al. (1961) com- 
pared the chemical composition, color 
brightness (Agtron Number), and 

equilibrium moisture contents of six 
varieties of flue-cured tobacco grown 
at four locations for three years. 
Moseley et a.Z. (1963) studied the ef- 
fects of maturity on certain proper- 
ties of the cured leaf. The general 
effects of maleic hydrazide on the 
moisture-holding properties and fill- 
ing values of tobaccos are well-docu- 
mented (Coulson, 1959 ; Moseley, 
1959; Gaines, 1959; Anon., 1961; 
Jeffery and Cox, 1962). 

This paper summarizes the magni- 
tude of the effects of cultural vari- 
ables on certain physical properties 
in an integrated set of “normal” 
tobaccos. 

Experimental Procedure 

Two flue-cured varieties - Hicks 
and Coker 187-Hicks -were selected 
for this study primarily on the basis 
of the contrasting “body” of the to- 
baccos after curing. Hicks would be 
expected to develop more body than 
Coker 187-Hicks, particularly in the 
upper leaves. 

Two hundred and forty uniform 
seedlings of each variety were trans- 
planted in experimental plots both at 
the Border Belt Research Station, 
Whiteville, and at the Upper Pied- 
mont Research Station, Rural Hall, 
N. C., in 1959. Fertilization rates, 
spacing, and other cultural treat- 
ments were uniform and normal for 
the particular station. 

All plants were topped at the early 
flowering stage, retaining 16 leaves 
at Whiteville and 18 leaves at Rural 
Hall. Flowering (and topping) dates 
differed between varieties. Thus 

(Tobacco Science 198) 

Hicks was topped prior to the har- 
vesting of the 5th leaf, whereas the 
topping dates for Coker 187-Hicks 
was more nearly coincident with the 
10th Iraf harvest. Immediately fol- 
lowing topping one half-plot of each 
variet: was treated with maleic 
hydrazide (MI-I-30) at the rate of six 
pints per acre. The remaining plants 
were cllosely hand-suckered repeti- 
tively 

Leaves were harvested successively 
as they ripened, and were flue-cured. 
At the time of grading, experimental 
sampks composed of the 5th, or the 
lOth, or the 15th (except the 17th at 
Rural Hall) “field” leaves were set 
aside for testing. Thus, 24 samples 
(2 varieties x 2 locations x 2 treat- 
ments x 3 positions) were accumu- 
lated. 

An abbreviated version of the same 
experiment but with Burley tobacco 
was also grown at the Upper Moun- 
tain Research Station, Laurel 
Springs, N. C., in 1959. Experimen- 
tal variables included the hand-suck- 
ered versus MH-30 contrast, leaf 
positions (the 8th, the 13th, and the 
17th), but only one variety (Ky 16), 
and the single location. Six Burley 
samplt>s (1 variety x 1 location x 2 
treatments x 3 positions) were 
tested. 

Preparatory for stripping and cut- 
ting, the leaves were hung in an 
“Aminco-Aire” Cabinet (American 
Instrument Company, Silver Spring, 
Maryland) at 25% and 75% relative 
humidity for 72 hours. Each 120- 
leaf sample was subdivided, for ana- 
lytical replication, by deaIing the 
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leaves into two piles. The physical- 
testing program is diagrammed in 
Figure 1. All tests were made in 
duplicate. 

Awra:gr! “Fn?,m” Weight Pey Leaf. 
After conditioning, when the mois- 
ture content of the samples approxi- 
mated 18 per cent, the gross weight 
of each subsample was determined. 
This weight, was divided by the num- 
ber of leaves ii contained or gave 
the “average ‘farm’ weight per leaf.” 

Strip Yield. Midribs were care- 
fully stripped out of each leaf in a 
given subsample. The aggregate 
weight of laminae (strips) in rela- 
tion to the gross farm weight of the 
whole leaves, expressed as percent- 
age, is defined as “strip yield.” 

Drv Weight Per cm=. Four disks 
were cut from each of five half- 
laminae, as shown in Figure 1, avoid- 
ing the larger lateral veins. The du- 
plicate sample of 20 disks was 
punched from the opposite half- 
laminae. Since the gasket punch had 
a diameter of oue inch, the computed 
area of 20 disks was 101.34 cm2. 
These 20 disks were dried for four 
hours at 105°C. then weighed. The 
ratio, mass/are:i, in mg per cm2, is 
directly related to “body” and is in- 
dicative of relative thickness or com- 
pactness or both. 

Egt(ilibrium Moisture Con.tent. The 
remaining bulk of laminar halves 
was shredded, ::3 cuts to the inch, 
with a Questt,r Cutter (Wilhelm 
Quester Gmbh., Cologne, Germany). 
The shreds wore reconditioned in 
mesh baskets ill the Aminco cabinet 
at 25°C and 60’; r.h. for 72 hours. 

120 - Leaf I Sample 

Equilibrate 
25’C - 70X R.H 

60 Stems 

Half - Laminae 

cut, 33 
Cuts/in 

I Shreds 

I 5 Pairs I 

Equlli brate 
25’C - 60% R.H. 

Approximately one-gram test por- i I I 
tions of the conditioned shreds were I 
weighed, then dried at 105°C for I I 

I 
I DRY ‘WT,Cu2 

four hours. Thtl loss in weight, ex- SPECIFIC -- - ~ ,,~, ,,..- 

,I, 

= 

FRAGILITY EOUIL. 

vvLvmi- MOISTURE pressed in per cclnt of the wet weight, = 
betermined the “equilibrium mois- 
ture content (250/66%)“. 

Specific Troll me. Specific volume Figure I. Flow sheet of physical-testing program. 

was determined by the Method A de- 
scribed in a previous publication 

Table 1. Range in values observed for the different physical characteristics and their associated 
errors of measurement 

Av. Weight Strip Weight Equil. Specific Relative 
per Leaf” Yield per Area H,O” Volume 

OBSERVATION 4m % mg/cm’ % cc/v FraF?‘ity . .C 

Highest Value 14.83 76.4 9.80 15.0 5.75 2.53 
Lowest Value 5.34 59.8 3.05 11.7 3.00 1.84 

Sampling Error” 12% 5% 2167 /o 9% 19% 10% 
Analytical Error? 3c /o 3% 5 ?;“;J 2% 3% 2% 

i’ .4WmJP “fotnz” -might of cured leaves (at nhout 18% moisture coutent;. 
h Lqu~iibrulr? art Z-i’,- and 6QYo wlntive hurnidrty. “Moisture” defined as loss in weight drwing four hours of drying ix a convection. DZ.WZ at 105’C. 

i~incw.~s Ir~d,. r! nn nrhitrary designation of fragment size; the smoll~r thv index the finer the fragment (See Artho, 1963). 
11 r’ooird ~ntcn:, fmu lnoolving locatmn, er$wssed as coeficients of varintim. 
” i!rm s nssoc~~~td with dupkate meowremertts, as coeficients of varihon 

0 
w 

dp: 
tel 
di3 
gil 

br 
CO1 

al 
co1 

by 
frz 
of 
inc 
siz 
A 
tiv 

Re! 

for 
am 
ret 
da1 
cal 
per 
Lot 
as, 
MI 

(Tobacco Science 199) 

T
ob

ac
co

 S
ci

en
ce

, 1
96

3,
 7

-4
3,

 p
. 1

98
-2

02
, I

S
S

N
.0

08
2-

46
23

.p
df

P
ub

lis
he

d 
w

ith
 k

in
d 

pe
rm

is
si

on
 fr

om
 "

T
ob

ac
co

 In
te

rn
at

io
na

l"



Table 2. Average effects of variety on certain physical properties of tobacco 

Av. Weight 
per Leafa 

Strip 
Yield 

Weight Equil. Specific Relative 

VARIETY 
per Area H,O” Volume Fragility 

w % mg/cm” % cc/v F.I.’ 
Hicks 9.60 67.5 5.50 13.3 3.84 2.16 
ClX’i’-Hicks 8.24 68.1 4.85 13.1 4.74 2.12 

SIGNIFICANCE” 
Varietal Contrast 6s) (S! (SS) 
Interactions with 

Location (SS) 
MH-30 

(SSj 

Position (SS) 
IL ‘I c.~awze <ST !ablr i. 
d Ott/v signifi,-nart effects and intcractionr are given; SS = stqni,Gca~t ol .,/I level of probgbijity; 27 = srg+n,ficnnt at .05 level. 

Table 3. Average effects of location on certain physical properties of tobacco 

Av. Weight 
per Leaf2 

Strip Weight 
Yield 

Equil. Specific Relative 

LOCATION 
per Area H,Oh Volume Fragility 

9m % mg,/cm’ % cc/gm F.I.? 
Whiteville 10.96 70.2 5.82 13.5 3.95 2.17 
Rural Hall 6.88 65.4 4.53 12.8 4.63 2.10 

STGNIFICA1NCE” 
Location Contrast (SS, (SS) (SS) (S) ISS) 
Interactions with 

Variety (SS) 
MH-:30 

c3S) 

Position (Sj (S) 
” c Cnlnc 0.1 i c,ble 1. 

:: \.om: cl.7 7‘0/4,~ ?. 

(Artho et Al., 1963). Five grams of 
preconditioned shreds were com- 
pressed in a l(X)-ml graduated cylin- 
der under a lR4.5-gm lead piston for 
ten minutes. Th(, compressed volume 
divided by the sample weight (5 gm) 
gives “specific volume” in cc per gm. 

Frtryility. As il measure of relative 
brittleness, ten-gram portions of pre- 
conditioned shreds were chopped in 
a Waring Blendor for 30 seconds, ac- 
cording to Method B3cii as described 
by Artho c?t al. (ibid.). The resulting 
fragments were sieved through a set 
of appropriate screens. A “fineness 
index” was computed to express the 
size-distribution of the fragments. 
A smaller finentss index is indica- 
tive of a more fragile tobacco. 

Results and Discussion 

The highest and the lowest values 
for each physical attribute observed 
among the 24 flue-cured samples are 
recorded in Table 1. Each set of 
data \vas examined by the statisti- 
cal analysis appropriate for the ex- 
perimental design. Varieties and 
Locations were whole-plots; where- 
as, Treatments ( Hand-Suckering vs 
MH-30) were the split-plots and 

Leaf Positions the split-split-plots. 
Although Locatio’n intentionally 

imposed soils and general climatic 
variables into the experiment, the 
particular weather conditions that 
actually prevailed at the two loca- 
tions introduced an element of 
randomness into the design. Thus 
the “Experimental (Sampling) Er- 
ror” against which differences were 
tested was made up of the pooled 
interactions involving Location. The 
“Analytical Error” was the variance 
associated with the duplicate meas- 
urements. The magnitudes of these 
errors, expressed as coefficients of 
variation, are also given in Table 1. 

Tables 2, 3, 4, and 5 isolate the 
average effects of the imposed vari- 
ables. The over-all contrasts be- 
tween the two varieties are given in 
Table 2. Hicks is characterized as 
having produced heavier leaves (ex- 
cept at the lower sampling posi- 
tion) that were also more compact 
(mg per cm2) and tended to be 
somewhat tougher (higher fiineness 
index), though not significantly so. 
The “fluffier” nature of C187-Hicks 
is evidenced by its higher specific 

volume, particularly at and above 
the midstalk position. 

The average effects of location 
are summarized in Table 3. A$ 
Whitelille where the total rainfall 
and its distribution were nearly 
normal, the leaves of both varieties 
grew heavier and thicker (mg per 
cm2) ; they had a higher proportion 
of lamina (strip yield) and were 
more hydroscopic than those pro- 
duced in the Rural Hall experiment. 
An insufkiency of rainfall at Rural 
Hall during the early part of the 
growing season retarded normal 
leaf development (average weight 
per leaf) and contributed to “chaffi- 
ness” (higher specific volume), 
especially at the lower two sam- 
pling positions. The dry weather 
apparently affected Hicks more 
than it did C187-Hicks in both re- 
spects. 

The absence of significant inter- 
actions in Table 4 indicates that the 
effects of maleic hydrazide in pro- 
ducing a heavier, more compact, 
and more hygroscopic leaf having 
a lower filling value are uniform 
responses. While the means suggest 
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Table 4. Average effects of manual vs. chemical sucker control on certain physical properties of 
tobacco 

Av. Weight Strip Weight Equil. Specific Relative 
per Leafa Yield per Area H,Ob Volume 

TREATMENT gm % mg/cm? % cc/v FraFBi’ity . .C 

Hand suckered 8.48 67.3 5.05 12.8 4.50 2.11 
Maleic Hydrazide 9.36 68.4 5.30 13.5 4.09 2.17 

SIGNIFICANCEd 
Treatment Contrast (SS) 61 (S) (SJ 
Interaction with 

Location 
Variety 
Position 

__~_ 
=. b. c Same a.7 Tnble :. 
~Savne LZJ Tab/c ?. 

Table 5. Average effects of leaf position (node1 on certain physical properties of tobacco 

Av. Weight Strip Weight Equil. Specific Relative 
Yield per Area H,O” Volume 

POSITION 
per Leafa 

9m % mg/cm’ % cc/v FrF?‘ity . .‘. 

5th 7.64 65.4 3.50 13.0 4.68 1.96 
10th 9.88 65.6 4.45 13.3 3.94 2.23 
15th (01’ 17th) 9.24 72.4 7.57 13.0 4.26 2.22 

SIGNIF 7 ICANCEd 
Position Contrast (SS) css;J G-1 (SS! (SS) 
Interactions with 

Location cs> (S) 
Variety (SS) 
M H-30 

Table 6. Certain physical characteristics of Burley (Ky 16 at Laurel Springs, 19591 

Av. Weight Strip Weight Equil. Specific Relative 
per Leafa Yield . per Area H,O’, Volume Fragility 

VARIABLE gm % mg/cm? % cc/v F.1.C’ 

Ky 16, at Laurel Springs 7.92 68.0 11.9 5.14 1.95 
Treatment: H. S. 6.93 68.9 11.8 5.62 1.96 

MH-30 8.90 67.2 12.0 4.65 1.95 
Position : 8th 7.75 67.9 12.3 4.97 1.99 

13th 7.75 66.2 11.9 5.09 1.92 
18th 8.23 70.0 11.6 5.35 1.96 

.I 1’ ’ .Sumr 0s Tub/e 1. 

that the malric hydrazide-treated 
tobacco is less brittle, this differ- 
ence, is not statistically significant. 
A heavy rain shower, eight hours 
after the application of MH-30 to 
the C187-Hicks plants at Whiteville, 
undoubtedly moderated the effects 
of this chemical but not enough to 
show up as a significant variety x 
location interaction. Some distorted 
sucker growth and a moderate in- 
fection of brown spot did develop 

on this variety at Whiteville, where- 
as Hicks was relatively free of both. 

Stalk positional effects are tabu- 
lated in Table 5. While, on the aver- 
age, leaf weights were greatest in 
the middle of the plant and Hicks 
leaves weighed more than C187- 
Hicks, the significant variety x posi- 
tion interaction resulted from the 
fact that the 5th leaves of C187- 
Hicks were heavier than the upper 
leaves of C187-Hicks. The stunting 
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effect of the early drought at Rural 
Hall was responsible for the loca- 
tion x position interaction. On both 
varieties, the upper leaves were sig- 
nificantly heavier bodied and had 
proportionately smaller midribs 
(higher strip yields). Bottom leaves 
were more fragile and gave the 
highest filling values. Again the dry 
weather at Rural Hall accentuated 
the specific volume differences at the 
two lower positions and gave rise 
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to the significant location x position 
interaction. 

The observations on Burley at 
Laurel Springs (Table 6) corrobo- 
rated the results of the larger ex- 
periments. As with the flee-cured to- 
bacco, Burley Illants treated with 
maleic hydrazide produced heavier 
and more hygroscopic leaves having 
lower specific volumes. In Burley as 
with flue-cured, the heaviest leaves 
and the higher strip yields were 
found at the upper sampling posi- 
tion. Unlike fluta-cured, specific vol- 
umes increased I)rogressively up the 
stalk. The mos:t fragile leaves of 
Burley came from the midstalk posi- 
tion. 

While the dat;t from these experi- 
ments are inadequate statistically to 
refutr> old claims or to establish new 
responses, these studies have demon- 
stratc>tl that simplified procedures 
utilizing relatjvt>ly simple and inex- 
pensive equipmc,nt are adequate for 
distinguishing differences in cer- 
tain arbitrary physical properties 
among tobaccos. These tests offer 
particular utility for assessing the 
effects of field i reatments. 

Summary 

A coordinatc>tl sequence of simpli- 
fied procedures was used to measure 
leaf weight, Ir:lf body (wtjarea), 
strip yield, spec.ific volume, relative 
fragility, and h: groscopicity on a set 
of twenty-four flue-cured and six 
Burley samples. Replicated measure- 
ments permitted the estimation of 
the nlagnitudr of the effects of the 

imposed agronomic and cultural vari- 
ables and their interactions. These 
studies have demonstrated that rela- 
tively simple tests can be used for 
the evaluation of important physical 
attributes of tobaccos. 
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