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Summary

Carbohydrates and nitrogen distribution in flue-cured tobacco leaves de-
scribed as “trashy” were determined. Sugars in “trashy” leaf were as low as
3 per cent. and in “good” leaf as high as 28 per cent. “Trashy” leaf, relatively
to normal leaf, had large total N, protein N, and ammonia N contents and low
amide N values, while its weight per unit area was about 30 to 50 per cent. less
than that of “good” leaf. Uncured “affected” leaf also had low sugar and high -
N values and low weight per unit area.

1t is believed that trashiness is due to processes associated with carbohydrate
1mpoverlshment in leaves on the plant and that its development is conditioned
by constraints such as soil nitrogen (N), temperature (T'), and sunlight (L).
It is suggested that effects of the N-L-T constraints on compounds available to
the plant for degradation as “foods,” can be. expressed in simplified form as
=R o« NT, where = R is the total energy “spent” irreversibly (i.e. become non-
available for various living processes) by the plant in unit time.. If 2 E is the
total avallable energy from all sources during the same time, then for certain
values of S E-=R “sugars” will décrease with corresponding approach to the
state of exhaustion of other compounds and onset of trashiness.
: In agricultural practice it is suggested that, when considering measures
" for control of trashiness, attention should be given to plant spacmg, ‘nitrogen
supply, number of hours of sunshine, and night temperatures

I I‘\TTRODUCTION

The phenomenon of tobacco leaves becommg worthless brown materlal
during the flue-curing process occurs every year in tobacco -growing areas of
the eastern States of Australia. Such leaves. are commonly described as trashy.
Loss to the tobacco mdustry through the occurrence of. trashy leaf may be
cons1derablet the amount varying from season to season and in extreme cases
mcludlng ‘almost the entlre crop in some. areas.

- The mode of occurrence of - this. trouble clearly 1ndlcates that trashmess
is not ‘due to diseases, insect pests, or faulty procedure in harvesting and curmg

* Division of Plant Industry, C S.I.R.O., Canberra, A.C.T.

" § The season 1932-33 in north ‘Queensland became known as the “black” year Who]e
crops were worthless. The economic difficulties 'of growers were:so great that a public inquiry
was held and a report (Tobacco Inquiry Committee 1933) presented  to the. Commonwealth
Government. The accumulated evidence showed that the high percentage of trashy leaf
in the crop was the major factor aﬂectmg production adversely. At that time, tobacco in
north Queensland was_grown entirely under natural rainfall conditions whereas now. a high
proportion of the.crops are grown under irrigation in the'dry season, but trashiness still: occurs.
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It is developed in the leaf as a result of the conditions under which the leaf
was produced, and is a manifestation of intrinsic properties that become more
evident during flue-curing. This disposition to trashiness establishes the desir-
ability of obtaining an intimate understanding of the phenomenon and of its
relation to known metabolic processes in plants. As far as can be ascertained,
no reports on the chemical composition, cause, or occurrence of trashy leaf
have been published. Some aspects of the chemical nature of trashy leaf were

investigated, special attention being given to nitrogen and carbohydrate dis-
tributions.

II. Samrring

The importance of sampling of plant material for chemical studies has
been emphasized by many chemists (e.g. Chibnall 1924; Smirnov and Izvos-
chikov 1930; and others) and discussed extensively by Vickery, Leavenworth,
and Bliss (1949). Investigations by Vladescu (19384, 1938b, 1938¢) and
Andreadis and Toole (1939) on individual leaves of several varieties of tobacco;
Piatnitzky (1927) and Darkis et al. (1936) on groups of leaves; and Askew et al.
(1948) on consecutive harvests, all showed that in normally developed plants
there is a small change in composition from leaf to leaf depending on stalk
position. v

To ensure comparative samples for this work, particular attention was
given to leaf position on the stalk and to leaf maturity. The mature leaves
were harvested and cured or dried. Trashy and good leaves were obtained
from the leaf groups represented by leaf positions 4 to 10 inclusive, from the
lower half of the plant. All leaves of this group from all the plants in the plot
were in seven groups representative of their leaf positions. Each group was
then subdivided into three classes—trashy, semi-trashy, and good. Composite
samples of each class were obtained by aggregation of proportionate numbers
of leaves from each of the seven groups. This procedure reduced errors due
to differences in developmental age, should such have been present prior to
onset of “trashiness,” and ensured comparability of samples throughout the
range of leaf positions.

Ripe leaves were harvested in the morning when the amount of carbo-
hydrates is at the lowest level (Moroz-Morozenko 1935) and when differences
in sugar contents due to uneven shading through the day are lowest. The
cured or dried and graded leaves were stripped, and both web and midrib
were dried at 70°C. in an oven with forced air circulation, then ground to
pass through No. 36 mesh (openings 0.0170 in.) sieves, and conditioned to
contain about 5 per cent. moisture.

Samples.*—Tobacco plants were of the flue-cured variety, known locally
as Kelly (N. tabacum), and were grown in plots on the Tobacco Experiment

* Most of the analyses of plant materials have been done on samples obtained during
growth and senesence but with flue-cured tobacco the important part of the plant. the leaf, is
removed at maturity and subjected to the flue-curing process. Particular attention has there-
fore been given to the flue-cured leaf, which is the product of growth as modified by curing.
The nature of these modifications is well known but further confirmation, under the condi-
tions of the experiments, was obtained by examination of material both before and after curing.
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Station of the Queensland Department of Agriculture and Stock at Clare,
north Queensland.

The samples 1d, 2w, 3n, 4n, and 5n are from leaf harvested in November
1948, from plots (each 30 plants) that received uniform cultural treatment in
all respects except in quantity of water applied by irrigation. Samples har-
vested in November 1949, came from the same plot area as those of 1948 but
the plants followed soon after a peanut crop and probably had extra N from
the soil.

Sample 1d was obtained from tobacco plants grown under extremely dry
conditions. The plants were stunted (2 ft. high—see Plate 1) and produced
comparatively small leaves approximately 18 X 10 in. that failed to ripen
normally and retained their green colour after curing.

Sample 2w was from plants that always had more than sufficient water,
the plants (4 ft. high, topped—sez Plate 1) being normally developed with
leaves approximately 21 X 12 in. that cured well and were of good quality and
colour. Plant development was such that all leaves were exposed to direct
sunlight during growth.

Samples 3n, 4n, and 5n were obtained from a plot which received what
appeared to be the optimum watering as judged by the appearance of the
plants, which were large (6 ft. high, topped—see Plate 1) and had more
than the average number of leaves, all of which were of good size, being
approximately 24 X 16 in. In the field ‘there was considerable shading of
the lower part of the plant and some leaves were thin and lacked gumminess,
but these characteristics were not sufficiently pronounced to be used as a basis
for the separation of good and trashy leaves. During curing, however, trashi-
ness manifested itself clearly.* Some leaves from these plants were of excep-

tionally good quality, while others were worthless. From this tobacco three
grades were selected: “all trash” (sample 3n); thin, papery leaves with brown
areas, which may be regarded as “semi-trashy” (sample 4n); and high-quality
leaf (sample 5n).

Samples from the 1949 crop consisted of uncured and cured leaf, which
was harvested from alternate plants, the uncured leaf, as harvested, being
immediately dried at 70-75°C. Uncured leaf from the same positions on the
plants was separated into two groups, representative of “good” and “affected”
leaves had they been cured. However, the differences in physical charac-
teristics were small, the leaves with patches from dull green to a brown
‘tinge and somewhat thin being taken to be affected leaf.

Flue-cured samples of 1949 crop were graded into three classes, good leaf,
semi-trash, and trash, by the method used for the 1948 samples.

# Affected leaves behave normally during the early stages of the colouring process, but
later become brown, whereas normal leaves remain yellow. At the completion of curing,
trashy leaves are extremely thin, brittle, and dark brown. These leaves are often referred to
as “dead” or “perished.” They will not absorb moisture readily and shatter during handling.
Trashy leaves after curing weigh only 30-50 per cent. of normal leaves of the same area,
a factor of importance because it means that the actual loss of yield is much greater than is
apparent on a weight basis. Furthermore, leaves from the lower half of the plant are most

commonly affected and such leaves are normally expected to be of good quality and of
high value.
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III. EXPERIMENTAL

Some chemists have reported their data on tobacco constituents on a dry
weight basis and others on weight per unit area (e.g. Smirnov and Izvoschikoy
1930; Moroz-Morozenko 1935; and others) the former procedure being con-
sidered preferable in this work. However, approximate transpositions to a
weight per unit area basis can be made on the basis of comparative weights
of equal areas of trashy and good leaves from the same leaf groups. In this
connection it must be remembered that the proportion by weight of midrib to
leaf-web markedly increases with increasing trashiness. Trashy leaves weighed
less per unit area than good leaves and the loss of weight can be substantial.
Thus 65 good leaves weighed 605 g. whereas 80 trashy leaves weighed only
242 g., a loss of 67 per cent. in weight for equal areas of leaf. Accordingly
this loss of weight per unit area of trashy leaf is taken into account in the
interpretation of the results of analyses.

(@) Protein Preparations
These were prepared by removing non-protein nitrogenous compounds,
together with non-nitrogenous extractable substances using the method of Lugg
(1939) as modified by Lugg and Weller (1944). '

B (b) Nitrogen o )
Estimation of total N was made by the Kjeldahl method (]ohans’o‘n‘1948a)?

using apparatus as described previously (Johanson 1948, 1949).

; (¢) Sugars and Starch . )
~ The estimation of réducing sugars (glucose and fructose) and sucrose was
carried out on the aqueous aleoholic extracts from. protein preparations. The
aliquots. were diluted with water and alcohol was driven off by heating on
the water bath. The aqueous extracts obtained were then purified with clear-
ing solution, as described by Doak (1939), and the reducing sugars determined
by the procedure of Blick (personal communication; see also Blick 1943;
Lepper 1945) by oxidation with Fehling solution, using methylene blue as é.n
indicator. The values for sucrose were obtained by estimating the 'i‘ncréasg:
in reducing sugar values after acid hydrolysis. Starch was determined by the
method used by Pucher, Leavenworth, and Vickery (1948). - '

. (d) Mineral Matter . _ , :

The total ash content and soluble and" insoluble silica were determined
(Askew 1932) and Mg and Ca were estimated by standard methods adopted
by the Plant Analysts Committee, New Zealand Institute of Chemistry.

(e) Ammonia . ,
The interference by alkaloids in titrimetric and to a lesser degree in colori-
metric estimations of NHs N (see also Vickery and Pucher 1929), together with
the complicating effect of remaining enzymic activity in tobacco leaf even after
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flue curing, made it obligatory to determine the most suitable method for esti-
mation of NH; in tobacco. A more detailed report of this investigation will be
published elsewhere. The procedure adopted was as follows: Before use,
the apparatus (see Pucher, Vickery, and Leavenworth 1935; Archibald 1943)
is thoroughly aerated with air scrubbed with H,SO,. The 100 ml. receiver
flask is charged with 2 ml. IN H,SO, and 10 ml. water. Then 2-4 g. of dry
sample are placed in the 250 ml. distilling flask together with 20 ml. of 0.25
molar Na,HPO, buffer solution and 10 ml. of water. The distillation is con-
tinued for 22 minutes at the reduced pressure of 5-6 cm. Hg, at a temperature
of 40-41°C., and a steady stream of air is maintained during the distillation.
As soon as the initial frothing subsides, another 20 ml. of water is added through
the thistle funnel. The distillate is evaporated to 40 ml. volume in a 100 ml.
beaker with 1 ml. of 10 per cent. silicotungstic acid solution, cooled, and set
aside for three hours. The solution is filtered into a 100 ml. standard flask
using washed No. 42 Whatman filter papers, and the precipitate is washed with
90 ml. N/70 H,SO,. To the filtrate 2 ml. of 1IN NaOH is added and 3 ml. of
Nessler reagent (Folin 1925; see description by Lepper 1945), diluted to the
mark, and allowed to stand for 15 minutes. The colour that develops is then
estimated in a photoelectric colorimeter (Hilger) and the concentration of
NH; N is directly obtained with the aid of a prepared calibration curve. .

(f) Amide N

The usual methods of estimating amide N are based on the relative insta-
bility of amide linkages in an acid medium, the amides being hydrolysed and
the liberated NH; estimated in the usual manner (see e.g. Borsook and Dubnoft
1939; Pucher, Vickery, and Leavenworth 1935; Lugg 1938; and others). In a
careful study Shore, Wilson, and Stueck (1936) presented a reasonably clear
picture of the formation of NH; during the period of acid hydrolysis, showing
that the deamidation reaction is accompanied by the slow deamination of
peptides and amino acids. It would appear that, strictly speaking, an exact
value requires the measurement of the NH; produced after consecutive periods
of hydrolysis, and “extrapolation” from the curves thus obtained eliminates NHj
due to the deamination reactions. However, since the deamination error is
very small it is scarcely worth while to correct for it when only comparative
values are of interest. After several trials the following procedure was adopted:
1-2 g. dry samples were heated with 50 ml. IN H,SO, for four hours at 100°C.
in 250 ml. flasks, made neutral to bromophenol blue with 5N NaOH, and after
addition of 20 ml. of 0.25M Na;HPO, buffer. the procedure followed that de-
scribed ‘for,thei estimation of preformed ammonia. o o
, (g) Nicotines . o

The - estimation of nicotine’ alkaloids in- tobacco has been’ extensively.con-
sidered by many workers (e.g. Bowen and Barthel: 1944; Markwood and Barthel
1943;: Bowen 1947). It would appear.that steam distillation, with subsequent
precipitation of the alkaloids (notably micotine and nornicotine) with silico-



236 R. JOHANSON

tungstic acid, offers the simplest and most accurate means for their determina-
tion. While it is necessary to recognize that the values obtained by such
methods are somewhat arbitrary, depending on nicotine-nornicotine ratios and
amounts of minor steam-volatile alkaloids (nicotyrine, nicotimine, and anaba-
sine; see Smirnov 1940), the total nicotines within the same variety of tobacco
from the same area may be taken, for comparative purposes, as representative
of their alkaloid contents.

TaBLE 1
NITROGEN IN TOBACCO LEAF-WEB SAMPLES AND IN THEIR PROTEIN PREPARATIONS
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1d Still 80.7 5.24 76.5 341 2608 1525 1500 3.63 414
green after 1.89%
curing
2w Good 80.0 7.29 74.2 1.64 1218 637 627 1.94 32.3
leaf 1.39%
3n All 60.0 6.04 56.4 1.83 1031 587 582 1.57 37.2
trash 1.62%
4n Semi- 75.0 4.55 71.6 1.82 1301 688 G682 1.73 394
trash 1.58+
5n Good 85.0 4.77 80.9 1.81 1462 733 724 1.88 38.6
leaf 1.43%
1Good leaf 47.6 7.36 44.1 2.05 906 645 636 2.70 23.6
(uncured)
tAffected 45.3 5.14 43.0 2.25 966 702 697 291 24.0
(uncured)

« 3>

* Grown under — “d”—dry, “w”—wet, and “n”—normal watering conditions.
t Total N in midrib of the corresponding samples.
{ From 1949 crop; all others 1948 crop.

Procedure—Samples of 1-2 g. were distilled with 10 ml. 8N NaOH, 5 g.
NaCl, and 100 ml. of water the volume of which was maintained, under re-
duced pressure of about 7 cm. Hg at 90°C. in the apparatus used for the deter-
mination of preformed ammonia. The distillate was collected in 20 ml. of
0.5N HCI until no opalescence appeared when some of it was treated with
a drop of silicotungstic acid. The distillate was evaporated to 200 ml. with
5 ml of 10 per cent. silicotungstic acid (4H,O . SiO,.12WQs.22H,0) and
allowed to stand overnight. The crystalline precipitate was filtered through
No. 42 Whatman papers and washed with N/70 HCI until free from silico-
tungstic acid. The papers were folded, dried in Pt crucibles to drive off the
remaining HCI, and then strongly ignited to constant weight. Weight of
residue x 0.1141 was taken as the weight of nicotines. Individual determina-
tions agree within less than 1 per cent.
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1V. REsuLTts

The reported values in Tables 1, 2, 3, and 4 are the means of closely
agreeing duplicate or replicate estimations. In Table 1 are shown the per-
centages of total N, N in “protein” preparations, the amounts of total N,
coagulable N, protein N, and other data concerning the preparations. The
variation trend of total N in the tobaccos from the 1948 crop is clearly affected
by the conditions of growth. The total N and protein N (see Table 2) in 1d
are greater than any values recorded elsewhere for flue-cured tobaccos (see e.g.
Frankenburg 1946) and are correlated with extremely poor smoking quality.
The total N content is least in 2w whilst in Sn, 4n, and 5n the total N values
are similar when expressed on a dry weight basis. It is also evident that the
N values of the 1948 crop are much lower than those for 1949 crop (Table 4).

TaBLE 2
NITROGEN DISTRIBUTION IN CURED TOBACCO LEAF-WEB SAMPLES, 1948 CROP
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1d Still 1.97 459 234 3.41 3.20 0.94 0.316 9.27 3.11
green after

curing

2w Good 0.84 56.5 67.0 1.64 0.021 0.013 0.128 7.80 0.86
leaf

3n All trash 1.03 34.1 33.0 1.83 0.104 0.57 0.085 4.64 1.72
4n Semi- 0.95 449 47.1 1.82 0.050 0.028 0.130 7.15 1.65
trash.

5n Good 0.89 52.4 58.6 1.81 0.020 0.011 0.155 8.58 1.77
leaf

In Table 2 the contents of nicotines, NH; N, and amide N are given, and
the last two are expressed as percentages of total N; the values of protein N
and total extractables are expressed as a percentage of dry samples. Incident-
ally, the criterion for inclusion of substances in the class of extractables (com- -
prising compounds of three major groups, viz. static, dynamic, and non-protein
nitrogenous — see Frankenburg (1946)) is based entirely on their property
of remaining in plasmolysing and aqueous alcoholic solvents during the pre-
paration of “proteins.” From the N distribution of samples 3n, 4n, and 5n it is
apparent that, chemically, trashy leaf is not “dead” in the usually accepted
sense because total N and protein N (see Table 2) when expressed on a dry
weight basis are normal. This trend is also apparent in total N (1.39 to 1.62
per cent.) in the corresponding midrib samples (Table 1). The development
of trashiness is shown even more clearly by the notable decrease of the per-
centage total extractables (viz. from 52.4 to 34.1 per cent.) also by the ratio
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of extractables to protein N. Similar trends are evident in leaf from the 1949
crop (Table 4) where percentages of N increase with trashiness in' both
cured and uncured leaf.

It must be noted, however, that the increase in N values is only relative
to other constituents. Had the data been expressed on a weight per unit area
basis the absolute amount of N would have shown -a marked decrease. A
much greater rate of decrease in other constituents, mainly carbohydrates,
produces the effect of an apparent increase in N. Furthermore, these changes
in constituents are of such magnitudes that variations due to leaf position
(Vladescu 1938a, 1938b, 1938¢), within the range selected, become unimportant.

The amounts of NH; N (Table 2) are much smaller in the cured leaf than
those reported by other workers (e.g. Vickery et al. 1940) for the fresh tobacco
leaf. Some loss of ammonia, depending on pH of the tissues, must be expected
during curing since a temperature of 85°C. is often attained. However, a
definite trend to higher NH; contents with the progress of trashiness is apparent..
The amide N values in samples Sn, 4n, and 5n clearly indicate that there is
progressively less of this nitrogen as the degree of trashiness increases. Possibly
a greater proportion of amide N is formed in good leaf than in trashy leaf
during curing, depending on relative amounts of carbohydrates present. Such
amide formations in detached leaf would be in accordance with reports made
in the literature (see e.g. Vickery et al. 1937; Chibnall 1939; Street 1949). The
value of nicotines appears to vary mainly with respect to water treatments
and to be less per unit area in trashy than in the good leaf.

TaBLE 3
SUGARS AND MINERAL MATTER IN CURED TOBACCO LEAF-WEB, 1948 CROP

1d Still ‘green ~ — 859 164 - 531 407 254 060 054 139 134
-aftér ‘curing o : : Co : v : YA
2w Good leaf 171 244 362 282 285 190 . 0.39

<
i
ST

093 100
Sn Al ash 000 . 306 023 830 808 — — . —
dn Semi-rash 040 119 082 122 827 o —
5n Good leaf ~ 0.80 19.3 044 197 32.7 217 044 063 130 126

In Table 3, percentages of sugars and mineral matter are given. The
values for Ca, Mg, true ash, and silica are lowest in sample 2w, and highest .in
1d except for the soluble silica. Thus the general distribution of the mineral
fractions clearly indicates a trend toward increases in values with drier growth
conditions. X o N
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~ Trends in nitrogen are of significance, but the more spectacular chemical
indication of trashiness is given by the carbohydrates. Thus, as shown in
Table 3 (1949 crop), 28.2 per cent. of total sugars are present in good leaf
(2w) and only 3.30 per cent. in trashy leaf (3n). Sugars may amount to half
ot the total extractables, depending on the “quality” of the leaf, total sugar
contents increasing with decrease in trashiness. The percentages of non-sugar
extractables (Table 8) in good and trashy leaf are somewhat similar. This
means that in the flue-cured leaf the leading role in the major quantitative
changes in the extractables must be conceded to the sugars which, of all the
carbohydrates, are the major constituents of the dynamic group (see Franken-
burg 1946).

" The above trends in sugars are also present in the 1949 crop, in both cured
and uncured leaf samples (Table 4). Total sugars in cured leaf (expressed
as glucose) drop from 238 per cent. in “good” leaf to 2.5 per cent. in trashy
leaf, while the uncured “affected” leaf has 8 per cent. less total sugars than
its counterpart uncured “good” leaf.

V. Discussion

When the data in the previous sections are considered in conjunction with
the extensive evidence available in the literature, and with observations of
conditions under which tobacco is grown, they suggest the probable causes of
trashy leaf. In evaluating the causes, the effects, if any, of flue-curing have
to be taken into account. Results of extensive investigations (e.g. Franken-
burg 1946) show that total changes are such that percentage compositions of
a leaf before and after curing are somewhat similar and the total loss of dry
matter is of the order of 10 per cent. Thus it has been shown that the final
composition of the flue-cured leaf is dependent on the initial composition of
the green leaf, therefore trashiness does not develop as a result of flue curing.

The results of chemical analysis (Table 4) of cured and uncured leaf of
both groups (trashy and “good” leaf) proved beyond doubt that the identifica-
tion of affected leaf before curing was possible. Physical characteristics used
in 1949 as a basis for separation of uncured leaf into “affected” and “normal”
leaf were observed in 1950 in the field on plants that produced trashy leaf,
thus confirming the association of trashiness with conditions of growth. These
findings indicate that affected uncured leaf (or at least most of it) is lower
in sugars, has high N content, and has less weight per unit area than normal
uncured leaf. Consequently, it must be concluded that trashiness is due to
intrinsic properties of affected uncured leaf and is not produced by the flue-
curing process. These intrinsic properties, whatever they are, are assoctated
with low carbohydrate and high N contents on a dry weight basis or weight
per unit area basis.

Incidentally, such a conclusion would explain, in part, the higher ammo-
nium N and lower amide N contents in trashy leaf, as these substances are
likely to form in such proportions to one another during the starvation period
ot curing in a leaf low in carbohydrate. '
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As it has been shown that uncured affected leaf is low in “sugars” and
high in N, it is reasonable to assume that processes during growth and ripen-
ing of the leaf are responsible for this occurrence. From observations made in
tobacco fields during the past 20 years, it appears that trashy leaf comes from
areas where the soil is high in N and where night temperatures are relatively
high, and particularly from shaded portions of plants in high crops. Occasion-
ally cloudiness may persist over a wide area for relatively long periods, thus
simulating shaded conditions within a crop. In the disastrous 1932-33 season
in north Queensland, persistent clouds and light rain for a period of three
weeks when the crops were about to mature provided extremely favourable
conditions for the development of trashiness. In 1950, trashiness developed
under similar conditions and persisted until rain and clouds were replaced by
brilliant sunshine.

Evidence has accumulated to show that with tobaccos grown on soils high
in N, carbohydrate contents are lower than for tobaccos grown in low N soils
and also that high N content is invariably associated with relatively low sugar
values. An interesting example of this relationship was reported by Askew
et al. (1948) where, with a sudden uptake of N from the soil, the general
level of 28 per cent. sugar dropped to 16 per cent. while N increased from 1.9
to 3.0 per cent. Similarly, Woltz, Reid, and Colwell (1948) found that sugar
content in the cured leaves of flue-cured tobacco was inversely related to total
N applied to the soil. In an experiment during 1949, plants (including con-
trols and guard rows) were distinctly deficient in N (as was verified by addi-
tions of N to fully grown plants and observations on the radical change that
tollowed the applications), the leaf was smaller and thicker than usual and
yellow in colour. Analysis of this leaf revealed exceptionally high sugar con-
tent, up to 43 per cent,, while N values were of the order of 1 per cent. (ex-
pressed on dry weight basis). In general, flue-cured varieties grown on soils
excessive in N have leaf high in proteins and other nitrogenous constituents
and are very low in sugars. These tobaccos are at best of “poor quality,” often
will not cure but “decompose,” and represent a loss to the tobacco industry.

How N as a constraint through metabolic reactions causes depletion cf
sugars in the leaf is in the field of speculation and remains to be determined.
However, processes removing carbohydrates from the leaf are respiration,
formation of organic N compounds, cell wall material, pigments, phenols,
essential oils, etc., and translocation from the leaf to other parts of the plant.
Therefore the carbohydrate content of a leaf at any time is a measure of the
rate of formation of “sugars” (mainly by photosynthesis) and rate of loss.
These considerations would explain how environmental conditions conducive
to loss of sugars (e.g. such as excessive rate of respiration at high tempera-
ture etc.) or interruptions of photosynthesis (e.g. insufficient sunlight etc.)
would lead to formation of affected leaf, while retarded consumption of carbo-
hydrates and prolonged photosynthesis would lead to accumulation of sugars.

Since environmental factors, at any one time, would favour either increase
or loss of sugars; depending on the sum total of these effects, various contents
of carbohydrates in the affected leaf must be expected. Closer examination
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of analytical data suggests that in Figures 1 and 2 correlation between sugars
and “extractables,” and protein N, originate from various degrees of “trashi-
ness.” On a dry weight basis the protein N content of trashy leaf is rela-
tively high compared with normal leaf and as “trashiness” progresses, removal
of sugars and “labile” compounds (e.g. essential oils, phenols, etc.) produces
an apparent increase in N and hence the correlation.

2:0 1-05

- 0:95

- 0-90

-1 0-85

PERCENTAGE N IN'PROTEIN" PREPARATION (d)
PROTEIN N (PERCENTAGE OF DRY SAMPLE (b))

1-5 L 4 4 0-80
30 40 50 60 70

TOTAL EXTRACTABLES (PER CENT.)

Fig. 1.—Changes in protein N and total extract-
ables with development of “trashiness.”

From this, the distribution of 3n, 4n, 5n, and 2w samples about a straight
‘line (Fig. 1, curve (a) ) could be interpreted as showing that these widely vary-
ing samples come (or would have come) from leaf with somewhat similar
composition and affected by somewhat similar environmental constraints. The
environmental conditions under which 1d was grown produced “tobacco” of
an entirely different nature which, with its extremely high non-protein N and
low sugars, could be regarded as a typical product of drought (see also
Petrie and Arthur 1943). Further along the line 2w~ 5n— 4n trashiness is
latent and small adverse changes in environment may produce semi-trashy and
trashy leaf, viz. 4n and 3n. This is again apparent from Figure 1, curve (b),
with perhaps an additional indication that, as trashiness progressess, the rela-
tive rate of decrease of extractables is greater than that of protein N. On the
other hand (see Fig. 2) the rate of decrease of total “sugars” with advance
of trashiness is somewhat constant in 5n, 4n, and 3n, with the possibility that
9w is still further removed from the tendency to become trashy. The difference
of 8.5 per cent. for total sugars, between 2w and 5n, indicates that 5n may lie
at the limit where infinite “gradation” is represented by a linear function of
the curve.
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Weather conditions during 1948 and 1949 were not the same, nevertheless
values for N and sugars for the 1949 crop (Table 4) conform to the nitrogen-
sugars relationship established for the 1948 crop, high N values being associ-
ated with low sugars contents.
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Fig. 2—Changes in protein N-sugars relationship
with development of “trashiness.”

The quantitative chemical changes of constituents in the leaf and field
observation of conditions with which trashiness is associated show that the

TaBLE 4
NITROGEN AND SUGARS IN CURED AND UNCURED LEAF, 1949 CROP

g2 a ®
=) o0 @ o0 v
g El 2o 5 &3 55 553 £03
: - -
Good leaf 2.03 1.16 14.9 4.70 3.12 22.7
(cured)
Semi-trash 2.38 1.34 8.62 3.81 1.18 13.6
(cured)
Trash 2.49 1.49 1.47 0.31 0.76 2.53
(cured)
Good leaf 2.05 145 174 1.55 5.64 24.6
(uncured)
Affected 2.25 1.62 9.24 2.20 5.26 16.7
(uncured) '

results of this phenomenon have striking similarities to occurrences in other
field crops, e.g. sugar cane, cotton, sugar beet, pineapple, etc. Ulrich (1942)
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stressed the importance of sunlight and warm days but cool nights as condi-
tions favouring the storage of sugar by high-nitrogen sugar beets; conditions
conducive to rapid synthesis of sugars and limited loss of them by respiration.
Gardner and Robertson (1942) in a study of the effect of N fertilizers on
beets concluded that over-fertilization with N results in a relatively low per-
centage of sugar in the storage roots and in excessive leaf growth. Dunlap
(1945) concluded that conditions unfavourable for the synthesis of sugars,
such as cloudy weather, artificial shade, close spacing of plants, or reduction
in the number of hours of sunlight increased abscission of cotton bolls, while
Eaton and Rigler (1945) found that shedding of bolls was associated with
limited carbohydrate reserve. The extensive work on cotton (e.g. Wadleigh
1944; Dastur and Ahad 1941; Eaton and Rigler 1945; Dunlap 1945) reveals
that the supply of N available for protein synthesis may be critical in rela-
tion to the carbohydrate contents of plants and conditions favouring the syn-
thesis of sugars. Wadleigh (1944) states that, with high N supply, cotton
plants may become too vegetative for optimum boll production, and the
lower the N the higher may be the carbohydrate reserve of the plants. It may
be noted that carbohydrate reserves were directly related to the formation of
cellulose fibres and to the oil content of the cotton seeds. Again, Ulrich (1950)
reports that nitrate concentrations of the petioles were correlated inversely
with sugar concentrations of beet roots; the higher the nitrate values, the lower
the sugar concentrations.

High N supply from the soil possibly stimulates the utilization of carbo-
hydrates but subsequent analysis of a trashy leaf may not indicate high organic
nitrogen content owing to later degeneration changes and translocation arising
from the low carbohydrates level. Thus with trashiness a limit may be
reached in the absence of carbohydrates when not only further synthesis of
organic N compounds cannot proceed normally, but overall degradation of
stored products, as a source of energy for respiratory processes, may become
intensified.

Again, investigations with sugar cane (see Brink and Van Den Honert
1940; Rosenfeld 1937) show that a critical balance exists between supply of
N and accumulation of sugar in cane. In environments where sunlight is low,
decreased yields of sugar resulted if the N applications were too high (see
Borden 1940, 1944). The work of Clements (1940), Clements and Moriguchi
(1942), and Clements and Kubota (1943) with sugar cane showed that, in
locations where soil moisture and soil nutrients were essentially the same, the
marked difference in yields of sugar is correlated with differences in sunlight.
It would thus appear from numerous reports (see Nightingale 1948) that
variants such as soil nitrogen (N), sunlight (L), and temperature (T) (see
also Foster and Tatman 1938; Went 1944, 1945; Gregory and Sen 1937; Nightin-
gale 1942) exert a powerful influence on metabolic processes in plants and
that unfavourable combinations of these variants (N-L-T') may be detrimental
to the production of a crop. The effect of adverse N-L-T magnitudes may ap-
pear different in unrelated crops, but the operative constraints are the same.
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In tobacco, as far as is known of conditions under which affected leaf
occurs, the affected plants appear to be normal (relative to those with good
leaf) and there is no circumstantial evidence nor suspicion of any trace
element deficiencies or toxicity, nor is there evidence of any deficiencies in
major inorganic nutrients or in water requirements. Thus, of the possible
environmental constraints that would produce affected leaf, the findings of
these investigations, when examined in the light of data presented in the
literature, lead to the belief that this phenomenon is a direct outcome of un-
favourable magnitudes of N-L-T. The relative importance of temperature as
a-major constraint should not be underestimated. In an extensive study on
bean, milkweed, and tomato plants, Hewitt and Curtis (1948) found an aver-
age of 15 per cent. total loss of dry matter by respiration and translocation in
a 13-hour period with increase of temperature from 10° to 30°C., while in the
same period the carbohydrate (starch and soluble sugars) content of the bean
leaves dropped by 50 per cent. Thus in addition to the effect of N on deple-
tion of “sugars” in the tobacco plant as a whole it must be expected that such
depletion would be accelerated by an increase in T, which would also directly
affect the rate of respiration and consequently the total available energy from
carbohydrates. In addition to this general effect an increase in T accelerates
translocation and thus further aggravates the tendency to trashiness in affected
leaves already low in “sugars.”

Incidentally, the impoverishment of carbohydrates in a leaf, as was found
in careful investigations by workers in this field (e.g. Moroz-Morozenko 1935;
and others), may be very rapid. Under unfavourable conditions, leaf can be-
come completely devoid of its “sugars” within 24-48 hours, reaching a state of
exhaustion.

As already stated, processes responsible for sugar exhaustion in the leaf
are respiration, formation of cell wall materials, organic N compounds, essential
oils, pigments, etc., and translocation from the leaves to other parts. Some
of these processes would make “sugars” (or products of “sugar”) partially or
totally non-available to carry on life requirements should the fresh supplies
from photosynthesis be insufficient or stopped. At the stage when supply of
“sugars” is insufficient or exhausted and the plant begins to “starve,” other com-
pounds such as pigments, essential oils, phenols, etc., disappear (possibly de-
graded as “foods”) and in tobacco leaf “trashiness” develops.

Since the “sugar” exhaustion and degradation of products has such far-
reaching effects, attention is drawn to the associated loss of energy (E). Plants
may have all the inorganic salts and elements necessary to build components,
yet, in the absence of E, synthesis of “foods,” structural and auxiliary units,
enzymes, etc. necessary for life processses will not be possible. If E is not
stored in readily available compounds for degradation, for use in ‘repair jobs,”
for removal of mechanical strains, etc., life cannot persist.

Thus a consideration of the E requirements of a plant suggests that N-L-T
as constraints, by producing effects on living processes alsc produce immedi-
ate corresponding effects on total available E supply for these processes; re-
membering that increase in N increases demands on carbohydrates, increase in
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T increases rate of respiration, and L through photosynthesis is stored in “foods”
as chemical energy.

The rapidity with which “sugars” disappear and magnitudes to which they
accumulate suggest their important role in available E change in the plant.
Let = E be the total available energy from all sources, including light, during a
unit time and = R be the total energy “spent” irreversibly® - (i.e. become non-
available) for the same unit time. Taking S as a value such that = E—ZR =S
when contents of “sugars” and similar compounds in a plant are just adequate,
then if ZE—=R > S, “sugars” will increase and if ZE—=R < S, “sugars”
will decrease with a corresponding approach to the state of exhaustion in the
plant. Further, the effect of N or T variation on Z R, for small increments
when simplified may be written as =R « NT. Thus with increase of T, the
magnitude of =R may be kept somewhat unaltered if N is decreased, thereby
tending to maintain the carbohydrate level and ward off trashiness.

From these considerations it is concluded that conditions favourable for
suppression of trashy leaf development would be associated with practices
that ensure a small ZR and large T E. In agricultural application it would
appear that the former could be decreased by providing the minimum neces-
sary nitrogen supply and by producing the crop in areas where the rate of
respiration is retarded by relatively low mnight temperatures, while the latter
could be increased by wider spacing of plants and by growing them in areas
where days are relatively long. In this connection it may be that in flue-
curing areas of North America, where temperatures are somewhat similar to
those in north Queensland, the greater number of hours of sunshine is of
major importance in maintaining carbohydrates at a level above which trashi-
ness is not apparent.

VI. ACKNOWLEDGMENTS

The author wishes to thank Mr. A. V. Hill, Principal Tobacco Officer,
C.S.ILR.O,, for invaluable assistance with agricultural aspects of the problem,
and Dr. G. A. Elliott, Chemistry Department, University of Western Australia,
for criticism of the manuscript; also Mr. W. Lovett, C.S.1.R.O., and the Queens-
land Department of Agriculture and Stock, from whose experimental plots the
leaf was obtained.

VII. REFERENCES

Anpreapis, T. B., and Toors, E. J. (1939).—Z. Untersuch. Lebensmitt. 77: 262.

ArcuiBALD, R. M. (1943).—]. Biol. Chem. 151: 141.

Askew, H. O. (1932).—N.Z. J. Sci. Tech. 14: 92. _

Askew, H. O., Brick, R. T. J., Currig, K. E., and WatsoN, J. (1948).—N.Z. J. Sci. Tech.
A 30: 129.

Brick, R. T. J. (1943).—N.Z. J. Sci. Tech. B 25: 53.

* Here irreversible expenditure of E is associated with processes or that part of pro-
cesses that result in compounds becoming totally or partly non-available to the plant for
degradation as “foods” (e.g. by respiration and formation of cell wall material) while on
the other hand formation of essential oils, oligosaccharides, etc. is regarded as a reversible
process.



246 R. JOHANSON

BorbeN, R. J. (1940).—Hawaii. Plant. Rec. 44: 237.

BorpEN, R. J. (1944).—Hawaii. Plant Rec. 48: 197.

Borsook, H., and DusnorF, J. W. (1939).—]. Biol. Chem. 131: 163.

Bowen, C. V. (1947).—]. Ass. Off. Agric. Chem. 30: 315.

Bowen, C. V., and BartaeL, W. F. (1944).—Industr. Engng. Chem. (Anal. Ed.) 16: 377.

Bring, R., and Van DeEn Honert, T. H. (1940).—Sug. News 21: 553.

CuiBNALL, A. C. (1924).—Biochem. J. 18: 387.

CuiBNaLL, A. C. (1939).—“Protein Metabolism in the Plant.” (Yale Univ. Press: New Haven,
US.A.)

CLEMENTS, H. F. (1940).—Hawaii. Plant. Rec. 44: 201.

CremeNTs, H. F., and Moricucar, S. (1942).—Hawaii. Plant. Rec. 46: 1683.

CreEMENTS, H. F., and KuBota, T. (1943).—Hawaii. Plant. Rec. 47: 257.

Darxrs, F. R, Dixon, L. F., Wour, F. A, and Gross, P. M. (1936).—Industr. Engng. Chem.
(Anal. Ed.) 28:1214

Dastur, R. H., and Anap, A. (1941).—Indian J. Agric. Sci. 11: 279.

Doak, B. W. (1939).—N.Z. J. Sci. Tech. B 21: 90.

Dunrap, A. A. (1945).—Texas Agric. Exp. Sta. Bull. No. 677.

EaTon, F. M,, and RicrLER, N. E. (1945).—Plant Physiol. 20: 380.

Formv, O. (1925).—“Laboratory Manual of Biological Chemistry.” (D. Appleton and Co.:
London.)

FostER, A. C., and TaTtman, E. C. (1938).—]J. Agric. Res. 56: 869.

FrankenBure, W. G. (1946).—Adv. Enzymol. 6: 309.

GarDNER, R., and RoBerTsoN, D. W. (1942).—Colo. Sta. Coll. Agric. Exp. Sta. Tech. Bull.
No. 28.

GREGORY, F. G., and SEN, P. K. (1937).—Ann. Bot. Lond. 1: 521.

Hewrrr, S. P., and Curts, O. F. (1948).—Amer. ]J. Bot. 35: 746.-

Jouanson, R. (1948a).—Aust. J. Exp. Biol. Med. Sci. 26: 259.

Jouanson, R. (1948b).—Aust. Chem. Inst. ]J. Proc. 15: 183.

Jonanson, R. (1949).—R. Aust. Chem. Inst. J. Proc. 16: 483.

Lepper, H. A. (1945).—“Methods of Analysis of the Association of Official Agricultural
Chemists.” 6th Ed. (Ass. Off. Agric. Chem.: Washington.)

Luce, J. W. H. (1938).—Biochem. J. 32: 2114.

Luce, J. W. H. (1939).—Biochem. J. 33: 110.

Luce, J. W. H., and WELLER, R. A. (1944).—Aust. J. Exp. Biol. Med. Sci. 22: 149.

Markwoop, L. N., and BartueL, W. F. (1943).—]. Ass. Off. Agric. Chem. 26: 280.

Moroz-Morozenko, M. G. (1935).—State Inst. Tobacco Invest. Bull. No. 118. Krasnodar,
U.S.S.R.

NicuTINGALE, G. T. (1942).—Bot. Gaz. 103: 409.

NIGHTINGALE, G. T. (1948).—Bot. Rev. 14: 185.

PetriE, A. H. K., and ArTHUR, J. I. (1943).—Aust. J. Exp. Biol. Med. Sci. 21: 191.

Piatnrrzky, M. (1927).—State Inst. Tobacco Invest. Bull. No. 28, Krasnodar, U.S.S.R.

Pucuer, G. W., Vickery, H. B., and LeEavenworts, C. S. (1935).—Industr. Engng. Chem.
(Anal. Ed.) 7: 152. .

Pucuer, G. W., LEavenworTH, C. S., and Vickery, H. B. (1948).—Anal. Chem. 20: 850.

RosenrELD, A. H. (1937).—Min. Agric. Egypt Tech. Sci. Serv. Bull. No. 169.

SuorE, A., WiLsoN, H., and Stueck, G. (1936).—]. Biol. Chem. 112: 407,

SmirNov, A. I. (1940).—“Biochemie des Tabaks.” (Junk: The Hague.)

SMmirNov, A. L., and Izvoscukov, W. P. (1930).—Biochem. Z. 228: 329.

StreeT, H. E. (1949).—Adv. Enzymol. 9: 410.

ToBacco INQuiry CommitTEE (1933).—Report. (Commonw. Govt. Printer: Canberra.)

UrricH, A. (1942).—Proc. Amer. Soc. Sug. Beet Tech. 3: 66.

UvrricH, A. (1950).—Soil. Sci. 69: 291.

Vickery, H. B., and Pucuer, G. W. (1929).—]. Biol. Chem. 83: 1.



PraTe 1

JoHANSON

AF IN AUSTRALIAN TOBACCO

>

TRASHY LE

«

*SUOTIPUOO U ‘[eWliou Iopun umoig jue[d 000eqo]—'g

Pzt

*SUOTIIPUOD ‘ M ‘JoM Iopun umoid jue[d 000B]O]—'G

< o

‘suonIpuod ¢ p, ‘AIp 1opun umoid jued 0dooeqo} [eordA]—

‘814
314
1314

Aust. J. Sci. Res., B, Vol. 4, No. 3






“TRASHY” LEAF IN AUSTRALIAN TOBACCO 247

Vickery, H. B., PucHERr, G. W., WakeMaN, A. J., and LeavenwortH, C. S. (1937).—Conn.
Agric. Exp. Sta. Bull. No. 399.

Vickery, H. B., PuchEr, G. W., WAKEMAN, A. J., and LEaveNworTH, C. S. (1940).—Conn.
Agric. Exp. Sta. Bull. No. 442.

Vickery, H. B., LEAVENWORTH, C. S., and Buss, C. I. (1949).—Plant Physiol. 24: 335.

Vv0abescu, I. D. (1938a).—Z. Untersuch. Lebensmitt. 75: 167 (From Tabul. Biol., Berl. 18 (4):
Haag 1940).

Vwvabpgescu, 1. D. (1938b).—Z. Untersuch. Lebensmitt. 75: 340

Vwiapescu, 1. D. (1938c).—Z. Untersuch. Lebensmitt. 75: 450.

WapreicH, C. H. (1944).—Arkans. Agric. Exp. Sta. Bull. No. 4486.

WenNT, F. W. (1944).—Amer. J. Bot 31: 597

WENT, F. W. (1945).—Amer. J. Bot. 32: 469.

Wortz, W. G., REm, W. A., and CoLweLL, W. E. (1948).—Soil Sci. Soc. Amer. Proc. 13: 385,




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 19.40, 661.78 Width 458.55 Height 10.21 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     19.4041 661.7771 458.5508 10.2127 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     19
     18
     19
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 9.19, 4.08 Width 466.72 Height 36.77 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     9.1914 4.0783 466.721 36.7658 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     18
     19
     18
     1
      

   1
  

 HistoryList_V1
 qi2base



