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THE INTERACTION OF POLYSACCHARIDES WITH IODINE
1. Investigation of the General Nature of the Reaction
by

Blanche D. E. Gaillardl, N. 5. Thompson, and A. J. Morak

Abstract
A comparison of the interaction of a commercially available xylan,
a galactose-deficient galactoglucomannan from Engelmann spruce holocellulose,

a highly branched amyloid from Tamarind seed and a commercial amylose prepa-

Pl

ration from potato gi|*‘4‘dﬂconcentrated aqueous calcium chloride solution
showed that all four of these polwmers reacted with iodine-potassium iodide
solution to give a blue colored product which was soluble at low concentra-
tions of reagents. In agreement with data in the literature, other highly
branched polysaccharides such as cherry gum and galactose-rich galacto=-
glucomannans did not react with iodine under these conditions. Qualitative
tests showed that iodine and calcium ion, as well as polysaccharide were
components of the complexes and spectrophotometric measurements showed the
dependence of complex formation on the concentration of iodine and poly-
saccharide as well as on the time and temperature of reaction. Although
the polysaccharides reacted to give a dark blue starch-like celoration with
iodine, potentiometric titration showed that only the xylan bound iedire in

4 manner similar to amylose, while galactoglucomannan and amyloid bound

lAgricultural College, Animal Fusbandry Laboratory, Wageningen, The Netherlands.
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iodine in a looser fashion typical of polyvinyl alcohol-iodine complexes.
The iodine content of the complexes from xylan, amyioid, and galactogluco~-
mannan, unlike the iodine content of the amylose complex, was found to var

with the concentration of the reactants indicating no chemically unique

comp lexes were formed.

Introduction

Many linear polysaccharides have been shown Lo give a blue colora-
tion with iodine when they are dissolved in concentrated aqueous calcium
chloride solucion, although they will not do so when dissolved in salt free
aqueous solutions (l). Research has shown that highly branched poly=~
saccharides do not react with iodine under these circumstances, but a limited
degree of branching qoes not prevent the formation of a colored preduct. It
has also been sh%%ﬁ}‘éﬁ other multivalent ions may be substituted for cal-
cium ion and that bromine may be used instead of iodine in some instances (2).
More recent research has shown that a primary requirement for the formation
of a blue colored product is the presence of a sequence of at least three
(L-4) linked anhydroglucose, anhvdroxylose or anhydromannose units in the
polysaccharide (3). The role of the various components involved in the for-
mation of the blue color is complicated and explanations based on these

qualitative observations have been offered by Gailiard and Bailey (3).

Other polysaccharides such as amylose and various natural occurring
amyloids react in aqueous solution with iodine-potassium iodide to give blue
to black colored complexes (4,5). BRates and co-workers (6) showed that iodine
was bound in the amylose complex within a helical structure of anhydroglucose
units and the amount of bound iodine could be determined by potentiometric

titration. On the other hand, very little is known about the amyloid come
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plexes except they may be differentiated from the amylose complexes by
qualitative tests (7). Colored complexes known to exist between icdine and
other organic polymers have been investigated by maﬁy researchers. Tebelev
and co-workers (8) for example, found by spectrophotometric evidence that the

iodine was loosely sorbed or bound in some undefined manner onto the poly=-

vinyl alcochol molecule.

It appears therefore, that iodine may react with a great variety of
organic substances.to yield colored complexes whose characteristics in many
instances nave not been precisely defined. The purpose of the present re-
search is to investigate the nafure of the interaction of polysaccharides
with caleium chloride and iodime in aqueous solution. This report will com-
pare the'reac;ipn products of various hemicellulose-like polymers with those
of amylose, ééihégiqbsequent‘reports will describe in greater. quantitative
detail the effect of different functional groups and degrees of branching

of specific polysaccharides on their ability to form complexes.

Results and Discussion

Introductory Experiments

A commercially available xylan (Pfanstiehl Chemical Co.} was
chosen as a representative xylan with a moderate degree of branching.
Although the source and the structure of this xvlan is net known, it was
assumed that it was typical of natutai occurring xylans from monocotyiedons
and that it comsisted of a xylan backbone to which were attached single
rarminal branches of arabinose and uronic acid units. Subsequent research
to be described in another publication of this series using xylans of
accurately known structures, compositions and sources similar to those

speculated for this commercial xylan showed their reactions with iodine to
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be similar. A galactose deficient galacteglucomannan isolated from Engelmann
spruce holocellulose (9) was chosen as a model for slightly branched hexosans,
while an amyloid isclated from Tamarind seed (7) and galactose-rich galacto-
glucomannans isolated from black spruce and Parana pine were additiomal
examples of highly branched hexosan polysaccharides (10). Examples of linear

polvsaccharides employed in this investigation were a hydrocellulose and a

commercial amylose sample (Superlose) supplied by Stein Hall Inc.

Most of these polysaccharides in concentrated aqueous calcium
chloride solutiom (s.g. 1.3) reacted wich icdine to yield a blue reacrtion
product. In agreement with the literature, the highly branched zalactose-
rich galactoglucomannan from black spruce and Parana pine did not react,
whereas the equally highly branched amyloid did react to give a blue color.

ST
These resv{JJ,gﬁémmarized in Table 1, show that only amyvlose and amyloid

TABLE I

Qualitative Composition of Certain Polysaccharida-Calcium Chloride-Iodine Complexes

Forms
Reacts in Reacts in Composition Methanol
Aqueous Concentraced of Complex Soluble
Solution CaClas Solution Catt I Calcium Complex
Bydreocellulese - + + + -
Comrercial . + + + + " —
Amviose
{Saperlose)
Amvioid + + n.a + +
Calacteose-deficient — + + + —
galacteglucomannan
Galactose-rich -_— - — — —
galactoglucomannan
Commercial xylan, - + + + : -—
Cherry Gum - —_— _— — +
n.a. = not analysed
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react with.iodine in aqueous solutions free of calcium chlorids and the
intenéity of the blue color was increased when Na2804 was added. The
addition of calcium chloride to these aqueous solutions brought about no
change in tte intens%ty of the amylose-iodine complex but did result in a
marked deepening of color when added to the iodine-amyloid complex. Other
qualitative observations showed that the addition of a drop of stock iedine
solﬁtion to amvlose solutions caused a blue color to appear immediately,
while larger quantities of stock iodine must be added to all other poly-
saccharides studied here before the blue color appears. When the blue
complexes of the latter are diluted with water, the color disappears and
a yellcwiéh solution characteristic of aqueous iodine-potassium icdide

appears. Unlike the other polymers, the decomposed iodine-amyloid complex

can rg?quqr;when the diluted solution is cooled to 0° C.
R R A

At higher polysaccharide and iodine concentrations, the icdine
complexes become insoluble and may be separated from the soluble components
by cencrifugation. Storage of the isolatad complex from xylan, hydrocellulose,
and amyleose in the air for six weeks broughrt abou® no apparent change in the
intense dark color. Prolonged storage of che galactoglucomannan complex
rasulted in a gradual fading of the color of the complex while the amyloid
complex decomposed within hours of isolation. After washing the complexes
with aqueous calcium chloride to remove excess iodine, they were freed of
excess calcium chloride by spreading them on a piece of unglazed porcelain in
a dessicator. Analysis of the blue-black greasy products by X-ray diffraction
techniqires showed no crystalline calcium chloride to be present, although an
X-ray powder patiern typical of FaClz, 2H,0 could be obtained from the dry
complex which had not been purified on the porcelain plate. Since the blue

color could be removed by reducing agents capable of reducing iodine, and
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since qualitative rtests for iodine could be obtained from the purified com-
plexes (ll), icdine is one component of the complex. Since calcium ion (but
no crystalline calcium chloride) was found by flame spectrophotcmetry to be
in excess of that required by the carboxyl ccntents of the polwvmers, it is
likely that calcium ion is also a compoment of the complex. Quantitative

experiments describing the relationships of these components to precisely

defined polvsaccharides will be the subject of later publications (12).

When the blue precipitates were washed with methanol, the complexes
were destroved, the iodine was liberated and the polysaccharides were isolated

as insoluble residues. Quantitative analysis showed no significant differences

in composition between the original polysaccharide and these imsoluble residues.

If o? the other hand, methanol saturated with calicium chloride was employed,
thfe“%#’ic‘:t‘;haride-iodine comp lexes were destroyed and alcohol ;lnscluble frac-
tioA;Jwere isolated from the amylose, xylan and galactoglucomamman. amyloid
was found to be soluble in the presence of methanol saturated wich calcium
chloride under these circumstances. Additional tes:ts showed that besides
amyloid, cherry gum and black spruce glucurono-arabinogalactan (both highly
branched polysaccharides unable to form a blue iodire complex), cannot be
precipitated from an aqueous solution containing calcium chloride with methanol
saturated with calcium chloride although all three may be precipitated from

these solutions wi-h pure methanol.

These results suggest that many polysaccharides can form complexes
with icdine in concentrated aqueous calcium chloride solution and that the
comp lexes may be cdestroyed by adding methanol. Although certain polysaccha=

rides may react with aqueous calcium chloride in such a way that they camnet
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be precipitated from solution by the addition of methanol saturated with
calciuﬁ chloride, this unique characteristic did not ernsure the formation of

a blue complex when Iodine was added to the solution. Conversely, the limiced
data obtained here suggests that calcium ion is associated with the dark blue

complexes when they are formed from concentrated aqueous calcium chloride.

Potentiometric Determinations

The potentiometric titrations emploved in this investigation differed
in some respects from those described in the literature for the ti:ratian.of
sc;rch (13). Not only were the ctitrations carried out in the presence of
calcium chioride [although Colburn and Schoch claim this makes no difference
in starch titrations (14)}, but greater iodine concentrations had to be used
to ensure reaction of iodine with the polysaccharides. In agreement with the
temperature in an ice bath in order to obtain more satisfactory results. By
pletting the amounts of bound iodine against free iodine, as described by
Anderson and Greenwood for example (13), it was found that the xylan bound
about 9 mg. of iodine per 100 mg. of polymer, which is about half the amount
normally found for undegraded amylose under slightly differenrt conditions of
titration. The galactoglucomannan and the Tamarind amyloid did not bind
iodine in a manner which could be detected by potentiometric tirration.

These results, which are similar to those of the polyvinyl aizchol-iodine

system, suggest that the lacter two polysaccharides may react with iodine

but that the iodine is not firmly held in these complexes. This observarion

is supportaed by the fact that the isclated complexes of these two polymers
gradually lose iodire on stecrage. The firmly bonded starch-iodine, xylan-
iodine, or xylan-bromine complexes may be stored for long periods of time

without showing signs of decomposition.
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Spectrophotometric Determinations

| The development of the blue color with time and temperature after
the addition of iodine was followed in dilute solutions (0.004% polymer and
0.04% iodine) in order to avoid the complications caused by the formation of
an insoluble component. The results shown in Figure 1 demonstrate that the
xylan under these conditions gives a maximum extinction within 90 minutes

providing the temperature of the solution was cooled in an ice bath before
(FIGURE 1)

the addition of the iodine-potassium iodide scolution. The increase of the
extinction coefficient for the reaction mixture at 30° C. was more gradual
and never reached the same magnitude as that of the cooled solution, The
g#lactoglucomarnan (Figure 1) was much less sensitive to differences in

|-
iﬂitial temperature but it required a higher polymer concentration (0.04%
polymer} to develcop a mé33urab1e, but less intense color. The reacticn of
the amyloid with iodine undeé these circumsgances is more complex and is
shewn in Figure 2. The extinction increased very slowly when the teaction
w2s carried out at 30° €, and was still increasing after 7 hours reactiocn.
The addition of Nay,80, to cthe amyloid resulted in a much fa;ter initial rate
of reaction at 30° C., but the maximum value was no higher than that at 30° C.
in CaCl, solution. Waen the reaction mixture is cooled in an ice bath, a

waximum development of color was achieved in 90 minutes which was greater than

the maximum after 7 hours at 30° €. The results obtained here may be rational-
(FIGURE 2)

ized by assuming that a complex equilibria exists between the concentratioas

of the polymer, the calcium complex of the polymer, calcium ion, icdine com-

. plex, solubility of the iodine complex, temperature and time of reaction.
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The plots in Figure 3 demonstrate that the blue colors developed
in solutions of increasing polysaccharide content at constant iodine content
is a straight line and could be used for quantitative estimation of the
hemicellulose content of the solurions. The plots for amylose, xylan, and
amyloid are only slightly different whereas the smaller slope of the galacto-

glucomannan curve is indicative of the less intense nature of the color of

the galactoglucomannan-iodine complex,
(FIGURE 3)

If the iodine in a-polysaccharide-iodine complex is firmly bound in
that complex, the composition may be determined by plotting the relative per-
cent iodine in the reaction (at constant total composition) against the
extinction coefficient of the solution for the particular wave -length of
light which is absorbed by the complex. Tpe composition of iodine which
indicates the greatest amount of absorption is a measure of the iodine found
in the complex and if for different total compositions of iodine plus poly-
saccharide the ratio of iodine is always the same, it can be concluded thac
the complex has a comnstant ratio of components., This has been found to be
the case for the icdine-amviose comﬁlex (6) and the results shown in Tatle 2
show that it is likely to be the case for the iodine complex of amylose formed

TARBLE 2
The Composition of Polysaccharide and Todine at Which Maximum Extinction

Coefficient Occurs at Different Total Compositions
of Polysaccharide and Iodine

Percent Relative Percent Iodine at Which Maximum Extinction Occurs
(Polymer and Iodine)  4-0emecthylglucurone- Galactoglucomannan Amylosa Amyloid Amvleid
of Soluticn arazinoxylan (in CaCly) (in M5
0.01 60 50 20 T 80
0.02 cee 40 20 95 50

0.03 50 Ve ' e 70 L0
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Figure 3. The Variation of tprical fensily at 640 wy of tlolored vowplexes with Increasing “ouncentral Low of
irolysaccharide in Concentrared Agueoas latl, tolurion (s.g. 1.3) and 0.057 T4. (1) Commercial
amylose, {(2).commercial xylan, (3) ._..nz_mn._.,:w “amyloid", (4) coniferous mm_mrm.::_:nC:E::m:.
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in the presence of aqueous calcium chloride. The data given in Table 2 show
that the iodine complexes of the other polysaccharides studied here did net
react in this manner but reacted in a manner suggesting that the iodine in
their complexes was a function of the concentration of the reactants in
solutionn. The plots from which the data for the ratio of xylan to iodine
at different total xylan plus iodine concentrations were obtainad are zhowm

in Figure 4 and are typical of the plots used to obtain data for the other

polysaccharides listed in the table,
(FIGURE 4)

These results confirm the Qbservations in the literature that
although certain polysaccharides do not react with iodine in aqueous solutienm,
they will react with it in concentrated aqueous calcium chloride seolution.
Although previous experience indicated that highly branched polysaccharides
would not react under these circumstances, present research demonstrates that
the highly branched amyloid from Tamarind seed does do so. Tests suggest the
complexes are composed of polysaccharide, iodine and possibly calcium ion, that
the stability of the complex varies according to the nature cof the polysaccharide
and that the iodine content of the complexes is dependent upon the relacive con-
centration of iodine and of polysaccharide inm solution. TFuture research will
elucidate the role of calcium ioﬁ in the complex and will invesﬁigate the

effect of polysaccharide structure and functional groups upon complex formation.

Exgerimental

Preparation of Samples

The amylose employed in this investigation was a commercially

available material prepared from potato starch and sold under the trade name
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of Superlose by Stein Hall Inc. A commercially available xylan sold by
Pfanstiéhl Chemical éompgny was also investigated. The source of this
xylan was not known and quantitative analysis showed it to contain 73.6%
xylose, 12.2% arabinose, 3.9% uronic acid, 0.2% rhamnose, ¢.3% mannose,
2.9% galactose, 2.4% glucose, and 4.5% of an acid insoluble lignin like
material, Since this polymer had sslubility and complexing characteristics
simiiar fo those of zxylans from vegetable sources of known ccompositions and
structures to be reported‘in another publication, it was assumed that this
xylan was composed of a linear chain of 3{1-4) linked anhydroxylopyranosyl
residues to which were attached at infrequent intervals single terminal

branches of arabinose and uronic acid residues.

The amyloid employed in this investigation was extracted from
Tamarind seed with hot water by the technique described by Rao (7).
Quantitative analysis indicated 16.9% galactose, 47.6% glucose, 1.3%
arabinose, and 34.1% xylose to be present in the hydrolyvzates of this poly-
mer. The galactcse-deficient galactoglucomannan was isclated from Engelmann
spruce heclocellulose for use in ancther study (9) and quantitative analysis
showed it to be composed of 7.4% galactose, 21.1% glucose, 64.0% mannose
3.5% xylose, and 4.0% arabinose. The galactose-rich galactoglucomanrans
were isolated from black spruce and Parana pine hoiocelluloses by canvgntional
techiniques (l0) and had compositions approximated by 20% galactese, 20% glu-
cose, and 60% mannose. The hydrocellulose employed in this imvastigzation
was preparad by dissolving a suitable cellulose preparation such as Whatman
filter paper or Solka Floc {(a purified commercial wood cellulose) in 35%
phosphoric acid and recovering the hydrolyzed cellulose according to the pro

cedure cutlined by Smith and co-workers (16). That fraction of the hydro-
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cellulose which dissolved in stock calcium chloride solution was used for

this research.

Reagents and Analytical Procedures

The calcium chloride solutions used in this investigation were
prepared dissolving 412.1 gm. of analytical grade reagent in 1 1. water to
give a specific gravity of 1.3, The steck iodine solutions were prepared by
disselving 2.000 gm. iodine and 8.3 gm. potassium iodide in 100 ml. of water
and dilutions were made to required concentrations with stock calcium chloride
solution. The stock solutions of polysaccharide were prepared by dissolving
100 to 500 mg. of polymer in 5 ml. of N NaOH, neutralizing with HCl and
.adding stock calcium chloride solution to 100 ml. The solutions were slightly
viscous but remained clear for months without evidence of precip}tation or

- of bacterial decomposition.

The hydrelysis and the quantitative analysis of the polysaccharide
was accomplished by the chromatographic method of Saeman et al. (17) while

the uronic acid contents of polymers were estimated by the technique of

Whistler, Martin, arnd Harris (18).

The presence or absence of crystalline material in the polysaccharide-
iodine complexes was determined by conventional powder technigques using a Debijez-~
Scherrer powder diffraction camera in conjunction with a conventicnal Noreleo

X-ray unicg,

Samples for calcium analysis were mixed with 50 mg. of LiCOy and
with 180 mg. of graphite that containad tin as an internal standard. A
portion of this mixture was arced using an A,C. power source and the spectrum

was recorded using a Bausch and Lomb 1.5 meter grating spectrograph. The line
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intensities of the elements were measured on a Jarrel Ash microphotometer and

the concentrations of elements were derived from the line intensities.

Petantiometric Titration of Bound Iodine

A stock solution containing 40 to 50 mg. of polysaccha%ide was
added to a solution composed of 4.15 gm. of potassium iodide in 5 ml. of
water. The soiuticn was made up to 50 ml. with stock calcium chloride
solution. A blank selution composed of 4.15 gm, potassium iodide dissolved
in water and made up to 50 ml, with stock calcium chloride and the two
solutions were stored in the refrigerator until used. Titratious were con-
ducted in an ice bath with undiluted stock iodine solution using a Leeds
and Northrup Student type potenticmeter in combination with a sensitive

galvanometer and bright platinum and normal calomel electrodes.

Spectrophotometric Determinations

All extinetrions were measured in a Becxman D U spectrophotometer
at 510 m. using comventional 1 cm., cells.  The increase in extinetion with
time was followed using polysaccharide solutions containing 5 mg. of polymer
in 10 ml. of standard calcivm chloride solution at 4° and at 30° C. After
stcrage.overnight, 2.5 ml. of a tenfold dilution of stock iodine with stock
calecium chloride solution at the required temperature was added to the poly-
mer solution and the extinctions were measured in the spectrovhotometer at

15, 30, 60 minute intervals,

The effect of sodium sulfate on the increase in extinction co=-
efficient of the solution of amyloid and iodine with time was followed by
measuring the changes caused by adding 5 ml. of sodium sulfate solution

{20 g./100 ml.) to a solution prepared by mixing 0.5 ml. iodine solution

S -
s, -

[
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{3 ml., stock iodine solution diluted with water to 10 ml.) with 1 ml. of

solution containing 0.26% polymer.

The comparison of the intensities of colors developed at low
iodine concentrations was accomplished by preparing a series of polymer
solutions in 75 ml. stock calcium chloride solution whose compositions
{afrer the addirion of the fipal iodine sblution) ranged from 0.001% to
0.010%. The solutions were ccoled to 4° C. and 2.5 ml. of steck icdine
solution diluted tenfold with stock calcium chloride 'solution (also at
4? €.) was added. The extinctions were measured at periodic intervals

until they had reached their maximum values.

Stock solutions of polysaccharide and iodine were diluted with -
stock calcium chloride solution to give concentrations of polymer plus iodine: Et‘;
ranging from 0.01% to 0.04% (depending upon the intensities of the colors
produced bv the polysaccharide). The relative percentage of iodine in each
of these constant total composition levels ranged from 10% to 90% iodirne.

The development of colqr was measured in the Beckman D U at the point of

max imum development with time,
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THE INTERACTION CF POLY3ACCHARTIDES WITH ICDINE
IZ. THE ZEHATICR OF {7LANS IN DITTRRENT SALT 30LUTIONS

ASSTRACT

A comparisor of the interaction o solutizins of 4-C-methylglucuroncicylan

t,

rom elm, a commercially available xylan, and a highly cranched ylan from sapoze
o

i

showed the less highly tranched polymers gave a Jark blue reaction product similar

gm in a variety of Group Za salt solutions with iodire-potassium iodid

0 that produced by the starch-iodine complex, wherezs the highly branched sazc-e

Xyilan 2i4 now react a* alil. Agqueous zalcium zhleride sciutions were =he mest
eflective of the Group Za sal szolutions tested. 3oluticns of xylans in other
uni- and muizivalent salt zolutions d4id not give =reis blue reaction praduci when

izdine waz sddel.

Specrrephcotometric determiration of the intensity of the color
incizated that <ne rea2ti:n deperded ugor the zoncentraticn of fhe salt =clutizn
&35 well as on the nature of the s2l: and “he conceniration and type of xylan in
solution. Slnce the intensity of the color reaction was ernhanced by increasing
vhe potassium isdide concentration and since xylans dissolved in concentrated
agueous potassium iodide solution did not yield a blue coloration when iodine was
added, it was concluded that potassium iodide enhanced the formaticn of a necessary
iodine-iodide intermediate, but did not react with <he xylan in such a manner as

rui it c Wit 3 i
Fomm 7.2 0O PETrmMit it to react with iodire. THE INSTITUTE ©OF PaPER CHEMISTRY
2500."0-:3
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tne methods used to isolate them. These polysaccharides offer the cppertunity to
study the effect of chemical and structural parameters cn the ability of the polymer
to react with iodine in the presence of various salt soluticns. The present in-

vestigation was initiated to take advantage of this opportunity.

The tolysaccharides chcsen for this comparative study of xylan behavicr
are described in Table I and include an acid-hydrclyzed commercial xylan (5),
bamboo {6), elm (7), and sapote gum (8), as well as a ccmmercial xylan of unstated
origin (but thought to be oat hulls) provided by Pfanstiehl whizh was not the source
of the acid-nydrolyzed xylan mentioned earlier. Of these polymers, only the xylan
from elm has been extensively characterized by conventicnal chemical and physical.

’

techniques. Studies on this poiymer by Timell and coworkers (2, 103 [[Iv;it te

fics e

cne ancther by B(Ll-4) glycosidic bonds. Apparently randomly attached to this

consist of a chain of approximately 20C anhydro-D-xylopyrancsyl reﬂ‘,g

filiform structure by a(l-2) glycosidickbonds are anhydro—h-g-methyl—g-glucopyranosyl
urcnic acid residues, and it is likely this polymer is very similar f¢ cther hardwocd
Xylans (ll). " It is likely that the acetyl groups asscciated with xylan are missing
in the polymer employed here since it was extracted from elmwocd with 1C% potassium

hydrcxide.

Two new polysaccharides not differing appreciably in chain lenpgth from the
3riginal were prepared from the elm xylan by altering the nature and the number of
the tranches attached to the anhydrc-g-xylopyranosyl residies of the main chain.
In cne case, %the anhydrc—h-g-methyl~2-gluc0pyranosyl urcnic acid residues were
reduced by a modification (7) of a diborane reduction procedure (12) to anhydro-h-0-
methyl-g-glucopyranosyl residueg in over 90% conversion. A comparison of the

tehavior of this polymer with that ~f the unreduced contrcl demonstrates the effect

of the functional group of a branch on complex formation. In the ¢ther preparaticn,
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aivartage ;as tazen (Ez l_) of the %newn alkali lability of the glycosidic bera
lirnking urcniz ecii residues to agluccres at temperatures greabter than 10CYC. <o
convert the %-C-metnylglucuronckylan of elm intc a lirear xylan substantiaily devyzii
of urcnicz aciil branches (I)' 4 slight decreasse in the viscosity of the po -
crharide cccurred 23 a result of this trea‘ment, but the loss would not invalldaze

the use 3f the poiymer for ietermining tne effect of “he absence »f branches .n

complex formaticon.

A pighly tranched xylan was isclated from sapcie gum acccrding ©o proce-
dures described in the literature LB __). This polymer is thought to te ccmpcsed
>f a linear sequence of annydro-D-xylopyrancsyl residues linked by B(1-4%) glyccsidic
bepnds to which are attached anhydro»L-arab*nﬁ pyrarncsyl residues by (l-é\ linxzages

and anhydrc-D glucopyranosyl urcnic acid residues (and 1té i{dbkhyl ether) by
x(1-2) glycosidic bends. This polysaccharide is & xylan in which there are nc
nonterminal g—xyl“pyranosyl residues that are nct brarch points; all the -:mpcnents

have a pyrarcse rirng and it is therelcre apalcgrus in many respects to the nexrsan-

m

The structure of tne tamboc cyla“ has bheen investigated by Matsuzaxi and
CoOWOrKers (15) whe showed the polysaccharide to bte <ompesed of 1 linear sequence o
3(1-b)-linked snnydro-D-xylopyranosyl residues to which are attached branches o

) -

-arabinefurancsy. resilues and urcnic agcid residues. As zan Te gecen in Tatle T,

e

ine bamteoo xylan employsd in this investigation has the same gquantity of urcocnic acii
Zues,

as &lm Xylan, has a lcwer wviscosity, tut nas appreciable L-arabinofursncsy. resi
paxing iw more branched than the elm xylan. The amournt of informaticn available

T

atout the bamhoo xylan is much less than that available for the elm xylan. Very
little is known of the crigin and structure of the commercial iylan cbtaired

from Pfanstiehl except that it may have been isclated from oast hulls, If it is
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assumed the L-arabincse aréd uronic acid are termiral branches attached to a chain oZ
D-xylopyrancsyl residues, the commercial xylan should be equivalent to the bamboo

xylan with the difference in.viscosity being the major variable.

Other polysaccharides were employed as contrels in this investigation and
include a xylan prepared from commercial xylan by acid hydrclysis'(é), a commercial
amylcse preparation (Stractan), and a commercial amylopectin (Remalin) obtained frem

Stein, Hall & Cc., Inc.
RESULTS AXD DISCUSSION
INTRODUCTCRY EXFERIMENTS

Previous experiments indicate that solution of

salt solutions besides agueous calcium chloride will react w

charides in many

[

<
]
H
H

[rV

.r? i
l%g éodine to yield a
blue -colored product (&-E). The initial experiments therefore involved a qualita-
tive survey of solutioms of ccmmercial xylan in various salts to find those where
the most intense reactions with iodipe might occur. The resulss showed that xylan
3issclved in solutions of zalcium chloride, calcium nitrate, calcium icdide, magne-
sium chloride, barium chloride, strontium chloride, aluminum ni<irate, and zinc
chloride would react with iodine to form blue complgxes. Xylan did not react with
icdire in sclutions of alumimum chloride, mercuric cnloride, lead chloride, cupriz
shloride, cadmium chloride, ccobalt chloride, ferric chloride, potassium iodide,

ctassium chloride, cr sodiwm iodide. These results indicate the nature of the
r

caticn is a predominating (but act the only) factor in complex formaticn.

A quantitative measurement of the intensity of the color produced by the
interaction of commercial xylan with iodine in various salt solutions such as
calcium chloride, calcium nitrate, and magnesium chloride is given in Fig. 1. The

results demonstrate that at a given molar concentration the extert of complex
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MOLAR CONCENTRATION OF SALT

Figure 1. Variation of Optical Density at 610 mm. of Colored Iodine Complexes

of Commercial Xylan (0.004%) in Different Concentrations of Different Aqueous

Divalent Salt Solutions with 0.05% I, and 0.21 KI. (1) Calcium Chloride,
(2) Calcium Nitrate, (3) Magnesium Chlcride
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formation will depend upon both anion and ca%ion compcnents of the salt, and help

raticnalize the qualitative behavior of the aluminum sulfate and aluminum chloride

scluticons 2f xylan reported above.

Since additional tests have shown that elm and other hardwood xylans yield
a different order of solvent effectiveness in pramoting complex formation, the
possibility exists that even greater significant differences of salt effectiveness
may exist beiween structurally different polymers such as hexosans and pentosans:
These possibilities are being investigated in the case of glucomannans apd scfiwood
Lylans. The maximum intensity of the reaction of xylan with iocdire in Fig. 1 is
limited by the sclubility of the solvating salt in water, and it is not kncwn if a

constant intensity would ever be achieved at very nigh salt concentraticns.

s

The data in Fig. 2 demonstrate that a linedr tionship exists between
the intensity of the color produced and the concentration of polysaccharide in
solution in either calcium chloride or strertium chloride solutions. In agreement
with the previous data, the irntensity of the reaction at a given pclymer concentra-
ticn varies with the salt involved. In the case of the commercial xylan, Ttamboo,
ard elm xylans, the intensity of the color reaction was always greater in calcium
srloride thar in other salt solutions, and this system was used in all further
studies of xylar behavior. Differences of behavior in other salt solutions were
observed, with the extreme being the slight reaction of elm xylan in aquecus maZne-
sium chloride sclution with i-dine ir contrast to the more significant behavior of

commercial xylan.

Since the intensity of color formation is dependent upon the nature and
the concentration of the salt as well as on the nature and the concentraticn of

the polysaccharide, it is likely that the complex equilibria existing between the
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Figure 2. Variation of Optitcal Density at 610 rm. of Colored Iodine Complexes c¢f
Elm Xylan with Increasing Xylan Concentration with 0.05% I, and 0.21% KI.
(1) Aqueous Calcium Chloride Solution (3.7M), {2) Aqueous Strontium
Chloride Solution (3.7M)
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complex and the various entities in solution are affected by the physical parameters
of these entitiles. In the previous communication, the suggestion was made on the
tasis <f qualitative solubility cbservations for the existence ¢f an intermediste
complex fzrmed by the interaction of calcium ion and polysaccharide. The cbserva-
ticns obtaired so far in this investigation can be raticralized by assuming the
iorized salts facilitate the formation cof a polysaccharide conformation which permits
the attactment of a lirear array of iodine atoms in a manner analcgous %c that of
starch. The extent of formation of this intermediate complex msy depend upon the

nature and concentration of the salt involved and thus may conirol the extent of

formation of the icdine complex.

The intensity of the color produced by a given polysaccharide-salt system
. E .
under controlled conditions is also iependeﬁé *#*;ﬂ‘he concentraticn of the potassium
. i ! HE
icdide in solution. This dependence is similar to the dependence of starch-icdine

complex formation and is illustrated in Fig. 3 in the case of the reacticn with

commercilal xylan.

The role of the iodide ion in the amylose-iodire reaction has been the
subjest = much debate (17) and thecries have been postulated showing that it may
enhance the Zormation of a necessary iodide-icdine species {138, 19) cr that it may
be necessary for the formaticn of a starch helix (29). Since xylans in pctassium
iodide scliution do not react with iodine to form a blue color, it is covious thati
petassium iodide does not influence xylan cenformation, but may enhance the fZrmatisc
of iodilde-potassium iodide szecles necessary fer sorpticn or reacticn with *the

polysaccharide as has been suggested by others (il-lg).
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Figure 3. Variation of Optical Density at 610 mm. of Colored Icdine Complexes of

Commercial Xylan with Increasing Xylan Concertration in *.7M Caleim Chloride.
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CCGMZARISON OF THE EFHAVICR OF DIFFERENT XYLANS

Aylans which differed in the nature and sxtent of the branches sssocizted
with them were iissolved in concentrated aqueous caleium chicride soluticns and
reacted with iodine-poctassium iodide under similar controlied ccnditions. Tre
shange in absorption at 610 ﬁm. with changing polymer corncentration for sash <f
these different xylens is plotzted in Fig. 4. The highly brancned xylan Irom SaTCLe
gum ¢id not react at all with lodine, and this behavicr was similar to that of mcst
Jtrer highly branched hexcsans such as guaran under these circumstances. | The other
iess highly branched xylans reacted with iodine to give the expected blue colcration.
The elm xylan and the alxali-degraded elm xylan reacted in ar almost identical marnrer
ve give the most intense atsorptions at 610 mm. Since it had been sxpected tn
urnitranched degraded xylan would havgi# .Ehe more intense reaétionlthan ohserved
in Fiz. h,‘it must be assumed that tﬁéruronic acid groups of the undegraded elm
xylan 10 not hincer complsx fermation. On the cother hand, reduction of the urcniz
acid groups of this xyian to primary alconel groups (producing a 4- C-met wl zluzz-
xy.an) reduced the extent to which the pelysaccharide would react with icdine. The
nature of the branch in <his pelysacchariie system nas an imperiant inflzence oo ohe
ex%ent of reacticn, ard i+ can only be assumed at this poirt that “he fcrmaticn IF
the cailcium salt of the urcnic acid in some manner counteracts the inhivizory aciion
2f the branch. Althcugn <hese speculations can be successfuily applied %o ratiin-
3iize the bYehaviocr of the commersial xylan in Fig. 4

<he Senavior of the tambco xylan if it indeed has the simple structure sssigned ts

it by Matasuzaxi and ocwerxesrs (16).
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Variation of Optical Density at 610 mm. of Colored Todine Complexes of

Different Xylans with Increasing Concentration of Xylan in 3.7M Aquecus Calcium

Chloride Solution and 0.05% I, and 0.21% KI.

(1) Flm Xylanm, (2) Alkali-

Degraded Elm Xylan, (3) Reduced Elm Xylan, (%) Commercial Xylan,
(5) Bamboo Xylan, and (6) Xylan Isclated from Sapcte Gum
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Potenfiometric titration has been used as a sensitive tool for the deter-
mination of the degree of iodine reaction in the case of amylose-icdine and amylo-
pectin-iodine interscticns (21). The difference in oxidation potential cf' the
sample and *the 2cntrol can be used to calculate an "ifodine number” whi:a is tharac-
teriztic of a ziven sample. Potentiometric ftitration of the interaction Eetween
zther nor-3tarch pelysaccharides and iodipe in calcium chlcride soluticn has 2lso
heer carried out, and it was cbserved that only commercial xylan reacted in a manner
similar to starcnh ard that the more highly branched amyloid and galactoglucomarnnan
colymers 4il not cause any change in iodiné potential (E): The supposition arcse
that this behavior of the hexosans was due to the bulky nature of their branches
preveniing the forma+ion of extended sequences of icdine atoms in assccisztion with
the polymer. The results of'fT pptentiometric titration of the various xylans

: 1!

employed in tnis investigationga € 5£ded in Table II, and they show that the

reduced elm xylan, even though it reacts with iodine under these circumsmances €2

firm a2 blue ccmplsx, dces not react in such a manner as to change the oxidation

[§7}

potential of the system from that of the ceontrol. Thug, the behavior < zhi

-

roiymer i3 zimilar to the behavior of glucomannan, amyloid, and pely(vinyi alesncl)

nd it Zoes pot yield an "iodine number” as a result of the titraticn. The al¥ali-

1

-

degradad xylan, whizh is ccmposed primarily of a linesar, unbranched sequence cf

annyirc-D-xylcoyrancosyl residues, does react with iodine, however, to.produce z
el 2 ’ 3 r

zreater change in oxidation potential (and hence in "isdire number ) than the

urmcdified elm xyian control. The compariscn of the tehavior of these inres

[4H]

~lcsely related xylans demcnstrates that the "iodine numbers" are dependent upcn th

rember and type of short terminal branches which are associated with the polymer.
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COMPLEXES

Cal2ium Cont

Potenticmetric Analysis cf
Titration” Frecipita+ted Comp
Acid nydrolyzed xylan 5 2Y.%8
Ccmmercial xylan 10 16.6
3ambco xylan i .5
Fln xylan 7 1G.3
2:.H, -reduced elm xylan 0 iT.G
Alxali-degraded elm xylan 12 12.5
Amylose l5.5b 23.5
Amyiopectin ?%iiggi ,.6c --
8 ;
These values wers lezermined in aquecus calzium ohloriie zoli
e 17.6% in wate |
© 3.6% in water.
It is impcssibtle to support this hypothesis of elm x
Senaviir of the other xylans situdied in this investigaticn sin
Tthained by potenticmesric tizratisn cannct be related to thel
and types ¢ tranching. Urtll more 1z #ncwn f these tarametn
and the effecy of ~he rarameters upon the reaction of a polysa
ttle can be ilone with the data,
Amylose and amylopectin were both employed
ments. The "icdine numbers” of the two starch polymers were

£n%
of Precipitated

iex Complex

g

5.3

18.2

11.5
ution
vlan tehavior Tty the
ce the "iodire numbers
» 2onfectured degrees
ers ¢l these xylans
ccharile with icdine,

as controls in these experi-

determined in aquecus

i
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solution, and the values obtained nere differ little from those in the literature,
e "iodine numbers" determined in aqueous calcium chloride sclution were somewhat
less than those determined in water, indicating nc enhancement of the complexing

of s%tarch ard isdire was produced by the salt.

When tne concentration of iodine in the solutions from the potentiometricz
determinations is increased, the iodine ccomplex wili precipitate and it can be
isclated by normal carbohydrate techniques. After storage in vacuum in a desiccatcr
on & porous plate until no water or free icdine is detected, the camplexes from the
xylans beccme dark-blue films which can be stored in the open in the laboratory for
prolorged periods of time without obvious signs‘of de&omPOSiticn. The analysis of
these complexes shows them to ceortain mcre iodine than can be accounted for by

EEEEE
potentimetric titrati%*‘!‘ F?me of the difference might be due to the greater amount
',:“? . .
5f ioadire pfesent in sol;tion at the time of precipitation (ircreasing the iodire
conient of the complex), and same is prcbably due to the presence of iodine in the
complexes able to cause coloration but not able to affect =he potentiometric titra-
tizn, Although appreciable calsium ion was present 1in the isolated icdine complexes

on techniques shewed nc erystal-

fein

as letermined by flame spectrcmeiry, x-ray diffract
line :>cmponent to be present. It is possible that the calcium icn is a component
of she complex, tut it alss might be present as uncrystallized calcium chloride.

The lack of suitable manipulating and purifying techniques at this time makes it

impossible to examine these speculations in any detail.

An attempt was made to determine whether the iodine in the complexes was
Tirmly boundAto the poi&mﬁr in a definable ratio as is the case of starch, or if =o
definite chemical compound was formed. This determination may be obtained by
clotting the variaticon of cptical density of the colored ccmplex of the polymer at

610 nm. against the relative percentage of icdine at different total (xylan + iodine)

> o
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compositicns. In the case of starch, maximum optical density always occurs at a
2onstant iodine composition, indizating a preferred stoichicmetry.  Although the
alxali-~degraded elm xylan is & linear polymer like starch, the data in Tatle ITI

stoizcnicmetry but behave instead

L

show that these pelymers 4o not nave a preferre

in a manner typizal of the branched xylans.

TABLE III

THE ZCMFCSITION OF "X7TLAN" AND IODINE AT WHICH MAXIMIM EXTINCTICN CCEFFLCIENT
SCCURS AT DIFFERENT TOTAL COMPCSITICNS OF "XYLAN" AND IODINE

Percentage Relative Percentage of Todine at which Max. Extinctizn Occurs
(Polymer and Acid -Hydrolyzed
Iodine) of Commercial Bambcc Commercial Tlm 2educed
Scluticn ALylan Lrlan Xylan Lylan Xylan
5.01 --i;HiG@‘ -- -- 70 --
} H £ .
Pripts
¢.02 -- 70 £0 60 65
2.G3 5% 50 - 50 -- 35
0.0k -- 53 -- -- --

on the tasis f the results :btained nere, 1% ray te postulazed trnat the

stability of the icdine-xylan ccmplaxes i3 not due wc fhe bending <7 the ixdine 3z
the polymer since the existence of the 2¢lcr dces not coinecide wizth chanzges In

sxidaticn ponential (Micdine rumkter") of the pelysacchariie-salt-izdine syszem.

The impertant influence of the siructural cenfiguration -f the cimpcrests attached

ot

to the chain of anhydro-g-xylopyranoéyl residues suggests the stability of the
ccmplex whizh is able to react with iodine is a controlling factor in complex f£or-
mation. The abtsence of a rreferred stoichiometry of these complexes in contrast

to thoze of starch is therefcre due to the less stable nature of the configuration
of the xylan forced cn it by the sclvating salt solution compared to the correspond -

+

ing nelical starch configuration.
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EXPERIMENTAL

SREPARATION OF SAMFLES

The amylose and smylcpectin used in this investigation were commercially
available materials scld by Stein, Hall & Co., Inc. under the trade names of
Fuperlicse and Ramalin, resrectively. A commercially available xylan ssld oy

Pfanstiehl Chemizal Comrary was empicyed as a control, dut as discussed in the

previous investigation, ncthing is known of the structure of thls material.

The highly branched sapote xylan used here was isolated by extracting
sapcie gum (150 g.) wih 10 lizers of water. After filtering through glass wool
£5 remcve particulate matter, the viscous soclution was blsached for two days with
10 g. of sodiu&Hﬁ#:ue at pi 4. After bleaching, 100 ml. of 37% hyircchlsris
acid was adﬁéd;‘tﬁé Eiear solution was stirred for 30 min., poured into 30 lizers
af 95% ethanol, and the precipitated gum was freed of superratant liquor bty

decantaticn, washed with 35% ethanocl, and redisscived in 5 lifers of distilled

WALTET, To this soluticn was added 30 ml, of hydroehlcoric acid, and afser standing
for 43 min., it was pcoured wiith mixing into § livers of 5% ethanoli. The resuiting

vrecipitate was theroughly washed with anhydrous ethancl, was redissolved in water,

-

freed of ethanol by evapcratiocn, and isclated ty freeze dryin

The elmvocd xylan used in nhis study was isciated by Ress and Thompscn (7)

E3.

[

for 3 study of the effect 57 alxali at elevated temperatures cm polysacchari
After exsraction from the wood with 1C% potassium hydroxile and suitable purifica-

“ion, the polysac2harile was isclatel by freeze drying. A portion of the polymer

by

cn of the

3 o

was acetylated and then reduced to a 4-O-methylgiucoxylan by 3 medificat

a--

diborane technique described by Smith and Stephen (Eg). The modification of the

earlier 3mith reduction process was necessary in crder to prevent the reducticn of
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a few of the C-mcetyl groups of the polymer to O-ethyl groups. A gquantity of this
colysacchariie remaining from the earlier studies was used in this investigation to
study the effect of functicnal groups on complex formation. A xylan devoild of most
£ the uronic acidi tranches was also prepared from the urmodified elm xylan by
neating it in 1.55N scdium hydroxide at 130°C. for tweo hours. The analyses of

~“hese polysaccharides Is given in Table I.
REAGENTS AND ANALYTICAL SCLUTIONS

The varicus salt solutions employed in this investizatlon were grepared
Yvom analytical-grade reagents using distilled water, The s+ocx calcium chloride
3:ldtiens used for spezxtrophotometric and potenticmetric experiments were prepared
oy makln?ijﬂ .l g. of analytical-grade reagent in 1 liter of water %o give a
b

specific J of 1.3. Strontium chloride soluticons of similar molality were

by

alse prepared, The stock iodine solutions were prepared by dissolving 2.000 z. =
:odine and £.3 g. of pcrassium iodide in 100 ml., of water, and dilutions were made
=C reguired roncentraiticons with stock calcium chloride or cther salt solutions,
The stock soluzicns of poiysaccharides were prepared by dissciving 190 to 00 me.
P polymer in 3 mi. of N scdium hydroxide, neutralizing witn nydrcenleric acii and
adding stock zalt scoluticn wo 100 ml. These sclutions, like tnese previously

lescribed (%), were slightly viscous and did not precipitate or decompose =n

grand -_1g .

The hydrolysis and the quantitative aralysis of the polysaccharides were
arcompelsned By the chrimatographic method of Jaeman et al. {Eg}, whi}e the urcnic
acid c<ntents of the polymers were estimated by the technique of Whistler, Martin,
ard Harris (Eé)- Methoxyl gnalyses were accomplished by conventional procedures

fat). :
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The presence or absence of crystalline material in the polysaccharide-
iodine complexes were determined by ccnventional powder techniques using a Debije-

Sckerrer powder diffraction camera in conjunction with a conventional Nerelco x-ray

unit, as described in the previous communication ().

Samples for calcium analysis were mixed with 50 mg. of lithium carbcnate
and with 150 mg. of graphite that contained tin as an internal standard. A pcrtion
of this mixture was arced using an a.c. power source, and the spectrum was recorded
using a Zausch and Lamb l.5-meter zrating spectrograph. The line intensities of
the elements were measured on a Jarrél Ash microphotometer, and the concentrations

of elements were derived from the line intensities.

POTENTIOMETRIC AND SPECTROPECTOMETRIC DETERMINATIONS
i

fiby
SREE

"Te procedures used for the potentiometric and spectrophotometric examina-
tion of the lodine complexes for the varicus complexes were identical to those used
in the previous report (E). The iodine complexes from the potentiometric titrations
of xylans could be isolated by adding 1 ml. of stock iodine solution to the titraticn
mixture, and the precipitate was isolated by centrifugation. Fxcess salt, water,

and iodine were removed by placing the sample cn a porous plate cver a desiccant

under vacuum for several weeks until the cdor of iodine had disappesared.

The iodipe content of the tlue precipitates was accomplished by collecting
by centrifugation, washing twice with standard Callz solution. Thereafter it was

dissclved in water and the iocdine was titrated with O,.1N sodium thissulfate.
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LABELING OF TREMBLING ASPEN, RED PINE, AND
BALSAM FIR TREES WITH CARBON-14

The main objective of this project is the continued enrichment of

earlier already (1967 and/or 1966) labeled young red pine (Pinus resinosa)

and aspen (Populus tremuloides) trees -as also the labeling to a high specific

activity of an unlabeled thus far red pine and of a balsam fir (Abies balsamea)

tree with carbon-14"by employment of radioactive carbon dioxide with a view

- of making labeled wood components of coniferous and deciduous trees for

eventual studies available.

- A further objective is the comparison of the effect of one and/or

.0f two season labeling of red pine and of balsam fir; similarly, a compari-

son of the effect of labeling of aspen labeled in two and three seasons re-

spectively,

Another objective {s to establish a material balance so to find a

utilization factor for carbon-l4 spent.

As a final objective shall an evaluation of experience made with
this growth chamber be used for improvements for any possible later labeling

studies,

Experimenéal'
The same growth chamber, size 60" x 70" high with a 12" peek hav-
ing 10 mil thick PVC-sheeting built and used in 1967 was employed after a

thorough inspection for leaks and replacement of the tray lining forming

THE INSTITUTE OF PARER CHEMISTRY
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thesuppoét for the tree pots and after complgtion of the following ad-
ditions. An eight-inch diameter fan was suspended from inside of the
roof center and kept at medium speed throughout the growing season, this
clé

in order to continuously equalize temperature, moisture and 0y-concen-

tration, the latter especially with a view of’pr0per sampling in the con-
tinuous analysis. A further addition was a (suspended beneath this fan)
copper cooling coil of about 8 sq. ft. area provided with a Solenoid feed
valve controlled thermostatically allowing to maintain a temperature of
below 95° F. in the chamber. A further provision was a small 3" fan io-
cated in a recircﬁlating line that was mounted on the chamber side wall.
in thié line a Geiger counter was mounted. Other stoppered openings in
the chamber housing served the addition of water, the withdrawal of water
and gas-samples,'the mounting of a Geiger counter at base level, the with-
drawal of chamber air from the top and return to the base and for a ther-

mometer,

Watering with city water wa; done in the same crude way as in
1967, that is, several times‘during the growth period the tray was charged
to a level of about 3 cm. height. The 30 tree pots were thus almost con-
stantly submerged in this approximately 3 cm. depth of water providing
that way certainly a higher soil moisture than used in photosynthesis ex-

periments (15 - 18%) otherwise.

14

Apart from spot checks directly on the chamber, € of the growth

chamber air was almost continuously measured by means of an assembly con-

gisting of a Masterflex tubing pump (Cole-Parmer Instrument Co.) which
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charged,gt a rate of 130 ml. per min.,‘a.home made flow assembly of 8 cm2
area and 12.6 ml. capacity, made of Plexiglas, provided with an O-ring éo
form.a snug fit for a Geiger thin-window counter Model 108, Serial 1466,
Nuclear-Chicago, of 1.4-2 mg/cm2 window wall. This assembly was housed in
a RCL counting chamber, Mark 3; tubing from the chamber to the pump and back
again was Tygon S5 50 HL 1/16"-wall, for the pump itself were all the of-
fered three types, that is Tygon, Silicone and Viton tubing used, but even’
the latter, most expensive one, required frequent replacement. The Geiger
counter counts’ were registered. on a Nuclear-Chicago Model 182 scaler and

each 256 counts were recorded on an Esterline-Angus 9-1 ma. recorder.

Several times air was withdrawn from the chamber by means of a gas pump

with reservoir and analyzed either for totatl CO2 by GLC or for Cla by trap-
ping in a diluted NaOH-solution and determining same by liquid scintilla-

tion counting using a PPO-dioxane cocktail.

For the GLC determination of €0y, 10 ml. of the air sample were

injected in the Aerograph 1520B with-thermal conductivity detector using

a Poroﬁak Q 80/100 mesh, 8" x 1/4" s.s. column and 50 ml./min. helium flow

as carrier gas (22); injector, column and detector were kept at rocm tem-
perature. The height of the CO,-peak was measured and expressed as a ratio
to the height of the C0;-peak obtained by injecting 10 ml. of atmospheric
air under the same conditions. The attained accuracy of the ratio was

+ . 1%. Thg same column and conditions with filament current of 275 ma.,
using hydrogen as carrier gas, was used for several-helium gas determina-
tions where again the concentration was determined by assigning to a peak

produced in the growth chamber with a known helium concentration a value
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of unity and subsequently drawn samples were expressed as a ratio.

GLC

was finally also used for Oy determinations employing the Aerograph 1520-B

with thermal conductivity detector, 220 ma. filament current, 55 ml./min.

He, Molecular sieve 5A column, 2 meters x 1/4" s.s (23).

Here, the 0y peak

height of atmospheric air served for establishing of 0y concentration ra-

tios with air samples drawn from the growth chamber.

accuracy was +.05%.

The attained ratio

Arrangement of Trees in Growth Chamber,

Designation
Py, Py, Py, By, Ps,

P P

P 7 Pg . Py Prpp

6 F

P P
Pll’ 12’ 13 Pl&

N

Py s Py Py, By, By

Pe » P75 By s Pgry Py
Pir Pize Puye Prae B
15 , 25 , 35 , 48 , 58 £
6 , 75 , 88 , OL , 17L,

18L, 19L, 20L, By , B,

Descrigtion

Potted 3 years old red pine seedlin%s, treated in
1967 (Thesis John Walkush, 115 mc CI% for 15 red
"pine and 10 aspen seedliings treated in 1966 but
not harvested and 5 aspen seedlings also pre-
viously treated and harvested). Condition: poor,
did not develop shoots from brownish colored
buds; needles partly of brownish color, At that
time (June, 1968) it was assumed that winter
damage might be responsible for this unhealthy
condition. ' -

Potted 3 years old red pine seedling (1967 con-
trol) condition: had developed new shoots,
showing few brownish needles only.
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1s, 2s, 3s, 48, 58, Potted 4 years old triploid trembling aspen seed-
lings, harvested after 2 years (1966, 1967) 01402
65, 75, 85, 9L treatment. Stem stumps of about 7 inches above

soil developed one, sometimes 2 shoots having
fairly well developed leaves,

17L, 18L, 19L, 20L Potted 4 years old triploid trembling aspen seed-
lings, harvested after 1 year treatment (1966)
with Cl40, (8 mc C!4 for 20 seedlings). The stem
stumps about 7 inches long showed a single shoot
developed to above 20 inch length having adequate
vet somewhat smaller size leaves,

Potted 5 years old balsam fir seedlings, purchased
via Genetics Group, healthy, stocky trees {(no con-
trol was set aside).

Bl,

—
—

5

A rough check of pre-treated trees for radioactivity was made as

follows:

Placing the Geiger counter directly onto the top of the needles of
the red pine trees gave counts from 6,400-14,000 cpm., while the base of the

needle (near twig) showed counts from 1,200-2,900 cpm.

Placing the Geiger counter close to the top of the sawed-off stem
(stump) of aspen trees 15-8S and 9L, counts of 4,500 to 4,700 cpm. were ob-

. tained while trees 17L-20L showed from 1,270-1,440 cpm.

The growth chamber was then sealed on July 12, 1968, the trees
watered with a layer of about 3 cm. city water in the PE-lined tray and the
first C1402 labeling was begun. In all eleven treatments with a total of
120 mc: Cla according to the schedule shown in Table I were made. [There
had been 130 mc. BaC'“05 in 10 ml. vials of 10 mc. each ordered from

Mallinckrodt Nuclear Corp. at a price of $5 per me. The specific activity




Project 2768
June 16, 1971
Page 6

was 30.6 mc.)m M, each vial containing 65 mg. BaClQO3. Used were 120 mc.
and the unused 10 mc. BaCMO3 are stored in the Radiochemical Laboratory.]
For generating the C1402 an assembly was prepared; decomposition was done
with diluted sulfuric acid (once with glacial acetic acid), the developed
01402 was pushed in the growth chamber by air pressure (twice done with
unlabeled CO,); by 30-min. heating of the assembly on a water bath

the complete decomposition of the carbonate was checked.

TABLE I: Schedule of CMO2 - Application
Trt. no. Date Time Quantity Hours Between
168 mc. Clé Application
1 7/12 2 pm 10 235
2 7/22 S am 10 167 ’
3 7/29 9 am 10 73 (
4 8/1 8 am 10 96
5 8/5 9 am 10 72
6 8/8 8 am 10 96
7 8/2 9 am 10 47
8 B/14 9 am 10 120
9 8/19 8 ;m 10 55
10 8/21. 3 pm 10 116
1l & 12 8/26 11 am _20 until Oct. 3 = about 38 days.
Total 120 mec. c14

Note: The chamber was thus left sealed for a total of 83 days.

LT —
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The recorded course of radioactivity in the eleven treatments and
thus, the 01402 - assimilation is shown in the two attached graphs (Fig. 1
and 2). The recorded count found in the flow assembly is shown in cpm.
units., Except for the first Claoz-treatment graph, there appears a fairly
regular pattern of assimilation, showing the typical degressing though rise

in the dark cycle and even after four days of treatment, still the presence

of radioactivity in the growth chamber air.

On August 27 a total of about nine liters water was withdrawn
from the growth chamber tray and absorbed in a concentrated aqueous Ba(OH)2-
solution. Also one month later a dish with a saturated Ba(OH)2-solution was

placed inside the growth chamber. The precipitates from these two sources

were filtered off and washed. A fairly white powder of 33.34g BaC1403 re-

sulted. By liquid scintillation counting of the air-dry, through a 100-
mesh screen passing, powder a sﬁécific activity of 8.16 pc/g or 1.6l pe/

m M, BaCmO3 equal to a total of 272.05 uc ¢l was found which is 0.23% of

the totally applied activity. This material (together with earlier by

14 and the unused this

Thesis student John Walkush recovered 291,11 yec C
year ordered 10mc.C14, together thus 10.56316 mc.Cla are available for any

further assimilation study, the two smaller quantities admittedly at low

specific activity.)

Test results of the growth chamber air are shown in Table II.

v

PR
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TABLE II: Testing of Growth Chamber Air <:'
Date COy 02 Helium
168 ratio A M, ratio .P.M, ratio ratio

7/18 0.8
7/24 5.9
7/24 1.2
7/25 6.2 c.9
7/30 3.8 1.2 (5:30)
7/31 1.2 ( 8:30)
7/29 1.8 { 9:30) . 1.0
7/30 5.4 (10:30) 1.2 1.0
8/1 5.3 ( 9:30)
8/5 1.4 ( 8:00) 1.0
8/15° 1.4 (10:30) 1.0
8/6 7.7 ( 1:00)
8/7 1.6 { 1:00} 1.0
8/7 1.5 ( 8:00) 1.0
8/8 2.4
8/12 1.5 . ( 8:00)
8/12 3.4 ( 8:00) -
8/13 3.7 ( 9:00) ST
8/15 2.1 (11:00) “’ ,!5

- 8/15 ‘ 2.0 ( 1:00) SRR IR
8/15 2.4 ( 3:00)
8/16 1.4 ( 3:00)
8/18 3.2 ( 4:00) 0.3
8/19 3.6 { 8:15) 0.3
8/19 2.9 ( 8:20) 0.4
8/19 4.6 (11:30) 0.4
8/20 1.4 ( 1:00) 1.0 0.1
8/20 1.3 ( 4:00) 1.0 0.1
38/21 - 1.0 ( 8:30) 1.0 0.1
8/21 2.1 (12:45) (see
8/21 3.6 { 3:45) permeability
§/23 0.9 ( 9:30) _ 1.0 of PVC)
8/23 1.0 ( 1:45) 1.0
8/26 4.2 ( 8:00)

. 8/27 1.4 ( 9:30)
8/28 3.7 . ( 9:43)
8/28 3.6 ( 1:00) 1.0
9/24 1.5 ( 1:00) 1.0
9/24 1.0 ( 4:00) 1.0

The C0y-ratios found differ in several cases from the expected
values with samples drawn early morning and late evening showing due

to excessively high temperatures high dark cycle respiration ratios; Q\
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with samples drawn on fore- and afternoons a low assimilation ratio woulid

then have to be .expected.

The growth chamber of about 5000 1liters, would, at 25°C. and at a
CO, ratio of 1.0,hold (18, according to Table 8.II p. 174 and p. 189) about
2.80g COp. The approximate 10 liter tray, soil and éap water, would hold
0.0005g C0, and about 0.0012g CO, would be held by the leaves. Variatiens
of CO2 in the air and thus changes of dissolwved 002 in water and sap, ef-
fected by a changing temperature which enriches air with CO2 during the
day and depletes it during the dark cycle, would have meant a masking

effect on the expected data; however, this could have been just insigni-

i
H

sunshine and high temperature (photorespiration) which conditions lead to

13

,
y -

ficant and we must assume that high CO2 ratics in mid-morning were probably
i
!

YRR
caused by cloudy and cool, and such at noon and afterncon by exceé%£¢4i

.

inhibition of assimilation,

The oxygen-ratios found in 15 tests did not indicate any change
of concentration at all. Night samples, which would have shown the lowest
oxygen ratios, were not drawn and no ready explanation is available re-

garding the constant remaining ratios.

There remained the suspicion that coarse leaks or permeability
might have influenced the composition of the atmosphere. The thorough over-
haul of the framework, lining and air proofing of the chamber, makes the
former unlikely and as regards permeability some considerations and tests
were made. According to Sacharow (20) "oxygen generally permeates four

times as fast as nitrogen, carbon dioxide, however, about twenty-five times
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as fast at any constant temperature." The permeability of polyvinyl

8 (0% R.H.) is for

chloride in cc. (S.T.P.)/cm>/sec/cmig at 25%C. x 10°
carbon dioxide 0.010, for oxyzen 0.012 and for nitrogen 0.004. Gas trans-
mission in cc. (S.T.P.)/cme/sec/cmﬂg at 25%C. x 10_8 for 0.003 inch thick
polyvinyl chloride is 0.13 for carbon dioxide, 0.16 for oxygen and 0.05 for

nitrogen. Loudenslagel et al. (gl) quote the following transfer rates for

helium in cc./sq. in/year/atmosphere:

Caliper of FVC Determined by Mass Determined Volumetrically
Tilm, mil Spectrometry

6.3 261 2Lk

13.4 123 To137

16.8 o8 100

ok .7 &l 67

o ——r—
—— 1o
v

{ H
The oxygen iransmission for FVC is lower than thai fcrh%%%}*g

weight PE. For the latter, helium diffuses about 2.5 times faster and

carbor dioxide about 4 times faster than oxygen.

The recheck of a sample of our PVC film showed 9.6 mil thickness.
This sample was tested by the Polymer Chemistry Group on the Gas drive
equipment using a shimed D porosity disk; the test area had a diameter of
3/ in., dry carbon dicxide was used as zas at minimum measurable flow of
200 cc./min. No measurable amounts of gas were transmitited ai pressures up

to 70 p.s.i.

If applying the gbove helium data for our growth chamber, which
was filled in a permeability test with about 12 liters {at ambient air con-
ditions) or to a concentration of about 3.4% b.v. with helium which concen-

tration was found to have decreased after 48 hours dy 70% and by 90% after 96
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hours we find, when selecting a transfer rate of 172 ce, helium for a 10
mil PVC-film for our growth chamber of 23,280 sq. in. surface grea,that some
higher than the prevailing pressure would have been needed to cause thg
helium to permeate; at 15 lb. pressure the total helium quantity of 12 liters
would have permeated within 10.9 hours. Of course, soﬁe of the helium
might have gotten trapped by intercellular plant material and even by soil.

Still, the possibility of some leaking cannot be excluded.

Results and Discussion

The results of harvested trees are shown in Table IITI and IV.

TABLE III: Harvest and Wéights of Labeled Plant Material

Airdry weight perftree,; grams

Trees Removed from Shoots: | | {Leaives
Designation Number pot on Roots Stem (Twigs):: 'Needles Total
Aspen
9L 1 Get. 16, 1968 36.9 22.4 9.8 i9.6 88.7
1S - 38 8 Nov. 19, 1968 32.1 16.4 13.8 14.6 77.9
171 - 20 . 4 Nov. 19, 1968 41.2 19.8 25.1 9.7 95.8
Red Pine
P1o 1 Oct. 16, 1968 9.7 3.6 4.7 25.3 44,3
P15 1 Oct. 16, 1968 24.0 13.0 5.4 45.8 87.7
Pl-Pg, Pll‘P14 13 Oct. 17, 1968 9.8 8.0 5.5 24.4 47.7
Balsam fir
B 1 Oct. 16, 1968 37.5 22.2 44.0 71.2 174.9

1

Leaves of the 13 aspen trees had changed color aimost entirely by Octo-
‘ber 4; they dried up and had fallen off. Only a few green leaves remained on

the shoots.
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One of such a greén leaf, weighing airdry 0.74 g of 38 cm2 area ana
one dried up brown leaf, weighing airdry 0.35 g of 25 cm2 were withdrawn and
exposed to Kodak M-54 emulsion for autoradiography. Both leaves 'showed a
uniform distributioq of radiocactivity over the entire leaf surface,véins,

~ showing also strong radicactivity, were barely distinguishable.

- TABLE IV: Individual Weight and Stem Dimensions of 13 Red Pine Trees After Harvest

Desiénation roots, stem{unbarked) length, twigs " needles total
g . g: diameter, m/m cm: {(unbarked) g: g3
base: top: g:
?1 ©12.8 7.9 11.5 7.5 18 8.3 34.8  63.8
Py 17,1 1205 10.5  9.5,7.0 16+13 8.3 39.4  77.3
P, 8.1  .9.5 8.3 7.5,6.5 1949 3.4, 175 38.5
P, 15.1  13.4 10.5 9.6,8.0 i3+10‘ 63?'!“‘§i58 5. 63.7 (
P, 103 6.5 8.0 7.4,5.5 1310 2.8 218 4l.4
P, . 152 15 105 8.8,6.5  16+L4 5.5 36. 68.'6
| Py, 105 7.1 8.5 8.5,6.0 10+16 3.5 223 43.6
Pg s 8.3 8.5 8.0,7.5 13+13 3.5 17.3  36.6
Pq 14.1 9.1 9.8 8.9,7.5 12+13 5.1 29.4  57.7
Piy . 9.2 6.9 9.0 7.0,5.5 1l+14 4.2 21.7 42,0
Py 14.4 7.7 9.9 6.5,5.5 513 6.2 24.3 52,6
P13. 17.0 6.7 9.2 7.6,6.2 13412 4.5 | 25.0  53.2
P, 9.8 4.8 8.5 7.5,5.5 1149 4.8 23.2 42,6
Average: 12.4 8.6 8.44 7.96,6.43 13.4+12.1  5.14 26.3  52.44

Tt 23.65 16.40 9.80 T 50.15

- EIE - LA [

The weight of leaves from these 13 aspen trees at collection was for:

9L: , 15-88; 17L-20L:
22.8¢ ' 17.8g (l42.4g total) 9.8g .(37.8g total), thus
' 13 and 1% water was lost on
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drying 1n a strong current of warm air in the hood These leaves were then

ground to a powder and stored. .

Red Pine "o Pyt
Earlier already a pine tree, treated just 1in 1967 waith CMO2 and
des1gnated as "old Pl4"’ of poor, dried-up condition, was removed from the
pot and analyzed. Its earlier needle top count was just 3,100 cpm,,
less than one half of the remainder of the pln; trees at that time Welggts
prior to and after drying for 18 hours at 105° € 1n an atmospheric oven

i

(stems at 68° C 1in vacuo) are as follows:

Roots: Stem: 5 Twigs: Needles, Total;
before drying, g 21 0(=31%) 13 4 29, . i*f:‘ ?9 9(/=647) 67.2
‘ (unbarked/=20%) (unbatz !%éﬁ) ,

0 92 (unbarked)
after drying, g 7.5 4 3- (barked) 0.4(barked) 8.3 20 3

LOSS % 64 . 50.0 70

The, stem, 27.5 em long, holding 16 5g needles and 5 twigs of 0 12,
027, 1.09, 0 19, and 0,70 g with 2 72, 2 51, 4 32, 1 66, and 2 14 g needles
had a 12 cm long next shoot, carrying at 1ts head 5 dark brown colored buds

which had remained encapsuled and did not indicate any sprouting,

Barking resulted 1n 4 9 g bark (of about 32% moisture) and 7 9 g
barked stem, The bark was extracted for 54 days at room temperature with a

2:1 benZene-alcohol mixture resulting 1n"2 40 g residue (82%) and 0.5138 g

extractives (18%) Bark of the 5 twigs of 1 6 g yirelded similarly Q0 925 g

residue (78%) and 0.2456 g extractives (22%)
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The stem of the old P red pine tree, had a specific activity of

14
4.28 yc/g. at the base, 8 96 yc/g at the center while the stem top-had just

6,53 uC/'g

Its five twigs had an average specific activity of 8 22 yc/g wrth
7 09 pefg. as minimum and 10,21 ue/g as max;mdm, the needles an average
specific activity of 6 60 pc/g with 2.67 pc/g as minimum and 10 11 ye/g
as the maximum  The extracted twigs showed 9 83 yc/g , the twig extract
28 07 pc/g  The roots had an average specific activity of 1 02 pc/g and
the soil in the pot 0.022 pc/g. All these data were determined by liquid
scintillacion counting, uélng 15 m1 of a 0 3% PPO-~toluene cocktail and
0 6 g Cabosil per vial. Counting was begun after two minutes shaking of
the vials and thirty minutes of de-airing in the! aé{%%“r This technique
was dé&éloped by Cluley for BaCO3 (24) and 1t appears to give satisfactory
results with the variocus wood componentﬁ. The effect of the fineness of the
sample was not specifically investigated, however, satisfactory data were

obtained with powders passing a 100-mesh screen.

Some 4.0 g, of stem, 2 2 g of extracted bark and 0.4 g of extrac-
ted twigs, apart from 11 needle samples (caps designated from 20 through 30),
having the above specific activity, are stored together with the other pro-

ject plant material

Aspen "10L"
7 ‘"Similarly was a triploid aspen-tree, treated with 01402 in 1966 and
1967 designated "10L", showing also a very poor condition and no new shoots,
removed from the pot and analyzed, Weights prior to and after similar drying

as above were:

(
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roots: stem. total-

before drying, g 52 7 31.5 (unbarked) 84,2
16.6 (barked)

after drying, g 16 0 é 14 (barked) 24,14

water lost, % 70 51 (barked)
The stem of just 18 5 e¢m length, of 14 3 mm bottom and 12.9 mm. top diameter
gave some 47% bark which resulted, after a similar extraction as described

above, 1n 927 residue and 8% extractirves,

14

The stem of the 10L aspen tree treated in 1966 and 1967 with C 0,
had a specific activity of 5.6l yc/g at the base, 9 04 y,c/g at center and
just 7 51 yefg at the stem top. Its extracted bark showed 2.71 uc/g and

the extract 8 13 ,c/g specific activity, the‘?oots.a 19 we/g and the sur-

BHONE

An unbarked and barked shoot of the above tree was separated into

prising high value of 0 88 uc/g. for soil

bottom and top parts, the respective specific activities were 14 08, 17.02

and 15 07, 16 24 yc/g

A prepared Klason lignin of the above tree had a specific activity

of 9.8 u,C/g.

Some 7.5 g of stem, 4 5 g, extracted and 9.2 g. unextracted bark,
also some ground unbarked and barked shoot (1966) parts of the above speci-

fic activity, are stored together with other project plant material

Autoradiography
Short blocks cut from the barked base, center, and top of the stems

of old Py, and needles of same were placed 1n a killing and fixing solution
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(consisting of 35% water, 50% ethanol, 5% glacial acetic acid and 10% for-
maldehyde) for a day and then washed with distilled water and stored in ap-
proximately 50% ethanol (2). Microtome sections of 50y for stem and twigs
and of 304 for the needles were cut by first removing the ethanol and heating
slightly the materials in distilled water. Needles were taken from almost
the top and they required embedding in groups of 5 or more in butyl metha-
crylate. Longitudinal and cross sections of stems and just cross sections

of twigs and needles were cat. The sections were tnen mouwnted for autoradio-

graphy onto 1/b" thick polished plate glass dried covered with Mylar Scotch
tape No. 853 to hold them wn position (later just Saran wrap was employed).

With the pelyester 87%, with Saran wrap 35%, and with a3 light-weight Mylar

Kocak x-ray film emulsion
L '
+

cover. 26% of radiocactivity were shielded ofi } The
11
a 1€

M-Sk was sandwiched betwee=n the sample ana' F 1/4" tolished zlass plate {

and the plates secured around all 4 sides with Scotch tape for firm hoid and

to avold any fi1im shifting. Three sets of such sandwiches were prepared and

vhe required autoradicgraphy exposure time determined,
Some of these sections are shown in Fig. 1 and 2.
Comparative counts of unshielded microtome sections of the olid
Plh red pine and the 10L aspen tree were as follows,
net
Cross section of old Plh’ stem PB’ 120 com.
Cross secticn of old Plh’ twig E. 60 com.
Cross section of oid Py tWig B; £9 cpm.
Cross section of old P, , needles
in butyl methacrylatZ embedded:
Nl 31 cpm.
Nh 28 copm.
N8 22 cpm.
Radial section of 10L, stem A] 19k cpm,
stem A7 13k com.

3
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Figure 3

Cross-section of Center of
Barked Aspen (10L) Stem
Treated 1n 1966 and 1967.

Figure &

Transverse Section of
Center of Barked Aspen
(10L) Stem Treated 1n
1966 and 1967.
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The radicactivity of the sbove stem sections is thus of the same
order of magnitude, that of the twigs Just less than tne-half and of the

needles just one-sixth of that of the stems. Such information is helpful in

autoradiography technigue.

Bapged on measurements taken from a magnified autorauiograph
(Fig. 3 and 4) of a 1OL stem cross section of 4Ou, layers .075 (= 8.2%),
0.25 (= 16.4%), 0.14 (= 9.5%) 0.14 (= 9%) mm thick were cut off on a lathe
and ground, together with the remaining core (57.1%) on a 20-mesh Wiley

mlll screen.

The stem part had 5.30 pc/g. specific activity and the layers, in

the above order, 14.63, 5.22, 2.54, 1.81 pc/g., while the core showed 0.h7

pe/g”

The aim of this work was to 1) locate the radiocactivity and 2) to
design the peeling-off of the respective radioactive layers by mechanical
means, and 3) obtain a semiquentitative information of the labeling effect.
Also, since no such work had been done at the Institute before, it was con-
sidered worthwhile to study this technique for possible further applications
(19). Developing of the exposed films was done for 8 minutes with an x-ray
developer (and replenisher), treated with x-ray fixer with hardener. Cer-
tain, well representative sections were magnified about 5 times, and it be-

came possible to measure clearly labeled zones.

On September 2b, twenty-eight days after the final Clhoe-addition,

when practically all aspen leaves had fallen off, chamber air activity was
measured with a Gelger tube inserted at the base of the front panel showing
at 1 p.m. a residual net count of 450 cpm.' This air had a CO,-ratio of

1.5 and at 4 p.m. the ratio was 1.0.
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On September 25 (at a morning chamber temperature of lEOC.) the

net count was:

at 9 10 - 9:30 + 11:30 a.m. : at 12:55 2:15 p.m.
L30 k70 380 350 Los
on September 26 at 4:00 p.m.

430, 420, 430, and

on September 27 at 8:35 a.m.
512, 500, S00 cpm.

The air of 450 cpm., corresponding o a count of TO cpm. in the flow as-
sembly showed an absorbing with 0.05N NaOH (4 mi.) when counted with a
dioxane-PPO-cocktail at 80% efficiency, an activity of 2666 cpm./10 ml.
equal to 0.17i2 pc/llter at a count of 100 cpm. 1 the assembly. (The
arbrtrary unit of 100 cpm. 1n tne two graphs showing tne course orf radic-

activity 12 the growih chamber d.ring trestments with ¢- O corresnonds

Taus to a total of 0.856 me. and plotted thers maxima of 1000 cpm. to 8.36
L

R
mc. which 18 1in agreement with the 10 me. of € actually applied 1n each

of the treatmenté.)

Similarly, a sample drawn from the chamber on October 1, gaving a
net count of 350 cpm., shcowed a Tlow assembly reading of 50 cpm. which 1g

about tne same ratio as found shove.
During the period from August 16 t11l September 2, fifteen water
samples were tested for radioactivity. The results are shown in Table V.

TABLE V: ' Radioactivity Growth of Chamber Water

Designation Date Fourd uc/liter
W5 §-16 3:00 PM 2.9
W6 . 8-19 8:00 AM 3.1

W 8-19 8.20 AM 3.3

g

e e e




(Table V continued)

W8 8-19 2-00 PM 8.5
W9 8-20 1:00 PM 2.6
Wio - 8-20 4 30 ™M 5.6
Wll §-21 820 AM 2.0
W12 8-21 1 00 PM 6.9
. W13 8-23" 9-30 AM i2.1 '
Wik 8.23 145 PM 11.0
W15 8-26 10.00 AM 5.1
Wi 8-26 . 3:00 PM 5.3
W17 8-27 9:00 AM 16.1
‘ W18 8-28 10-00 AM 16.5 j
- W19 9-24 1:00 BM Ok ~'§i

In the approximately 9 liter of water slightly with organic material
coptaminated withdrawn on August 27, a total of 272 uc or a specific activity
of about 30 pc/liter was found. There 1s no ready explanation for tae ex-

1sting discrepancy with the above data available.

Red Pine
Trees P10 and P15, the latter labeled just in 1965, were re-
moved on October 16 from the pots, the remaining three-year-cld thirteen

trees P1-Q and P11-14 on October 17.

The following data and specific activitles were found and-are
recorded in Table VI, they were similtaneously compared with tree o. Pih,

labeled 1n 1967.
- TABLE VI: Results with Red Pine Trees
In 1967 labeled " In 1567 'and 1968 labeled In 1968

o Pli P1-10, P11-1k P10 (separate) labeled P15

(14 trees)

Stem, length, cm. 15.5 + 12 13.4 +12.1 . {26 + 10) 2 + 15

-
o -/

e S .

i .
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(Table VI continued) o
Stem, diameter, : 9 8.5 (9.5) 10.5
| base, mm.
\
| Stem, diameter, 8 8.0 (8.5) 8.2
center, mm.
Stem, diameter, b 6.4 (6.0) 6.0
Cop, mm.
Soil, wc/g. 0.02 0.32 (0.95) 0.28
Roots, average, 1.02 " 16.8 (15.3) 28.0
pe/g.
Stem, base, nec/g. 6.7 12.9 T (6.3) 29.2
Stem, center,
pe/g. , 9.0 (13.4) --
Stem, top, Wc/g. ' 7.8 (20.2) 59.4
Bark, pc/g. {13.8) 26;8 ¢ .
| S
Twigs, large, yc/g. 8.2 12.5 (10.0) 621311307
Twigs, small, pc/g. (26.8) 55.0
Needles, pc/g. 6.6 l4.4 ) (31.0) . 15.2
Per/gram of total 4,70 12.9 : (2414) 22.9
plant material, )
uc/g.
Weight of one 21.0 , 45.9 . (44.3) 88.2
tree, g.

In 1968, by using the closed growth chamber, at least a‘dou-
bling of the 1967: labeling effect was expected. Except for the needles,
this effect was not attained. If disregarding roots, the factor for the
activity per/gram of total plant material becomes just barely 2.0, Tree
P10, the healthiest of the fourteen trees shows very h;gh activity of the
needles which is indicative of the availability of chlorophyll throughout

the season and of an improved plant vigor. Still, it must now be admitted



A T

s ]
sy ‘H .‘.'
it

Cross-sections of Stems of Red Pine

Figure 5

Upper: PIO' treated 2x(1967,68)

Lower: P15, treated 1x(1968)

[

ey da—

(g

(Y

R,




Project 2763

June 16, 1971
page 21

that all these fourteen pines, incapable of forming new shoots this year,

had rather been damaged in 1967 already by an overdose of C1402 radiation

and had not suffered any winter damage as it was earlier supposed to be the case.

Tree P15, exceedingly healthy (last year's control), gave (except
for needles) very good labeling results. The needles were still of a
healthy appearance after the final labeling. This tree did better than
the twice labeled P10 as can be seen from the almost equal specific ac-
tivity per/gram total plant material. .The high assimilation is a result

of an almost double as great tree weight and of an excellent plant vigor.

No treated pine is left for further labeling.’ For the future,

it is advisable not to exceed with pines a tolerable radiation dpf{ii]i,:'
i
H

L

14
labeling with € = (1,15,16,17).

Also, it should be pointed out that from the entire harvested
plant material unbarked stems amount to about 14% (104 g.) and that the

aétivity is to be found just at the periphery and in the bark (4).

Stems of trees P10 and P15, covered with Mylar of 2.5 pc. thick-
ness, were exposed, just as o. Pl4 earlier, for 7 days to Kodak x-ray film
M-54 emulsion. From such magnified autoradiographs the thickness of: the
concentric layers may easily be determined as such layers will have to be
Pealed off in order to obtain high séecific activity holocellulose, hemi-
celluloses and lignin. Alsop, the intensity of the autoradiographs of these
s£em sections reflects very well their specific activity of 13.0 vs. 30.0
we/g. found by counting. Some activity, but of a much lower degree, is to

be found in the inner stem parts (wood rays).
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Stored are:
128.2 g. (21.4%), roots of P1-9, 11-14 of about 1l.4 pc/g. spec. act.
9.7 g. (21.9%), roots of P10 of about 15,3 yc/g. spec. act.
24,0 g. (27.2%), roots of P15 of about 28.0 pc/g. spec. act.
84.0 g. (14.0%), stems of P1-9, 11-14 of about 8.8 ,c/g. spec. act.
3.6 g. (8.1%), stems of P10 of about 13.0 p.c/g. spec. act.
13.0 g. (14.7%), stems of P15 of about 30.0 pc/g. spec. act.
41.8 g. (11.5%), twigs of P1-9, 11-14 of about 12.0 yc/g. spec. act.
.. 5.7 g. (12.9%), twigs of P10 of about 18.0 yc/g. spec. act.
5.4 8. (6.2%), twigs of P15 of about 48.0 pc/g. spec. act. o
317.9 g. (53.1%), needles of P1-9, 11-14 of about 13.1 uc/g.;iée}‘i*gé.ﬁz
25.3 g. (57.1%), needles of P19 of about 31.0 pnc/g. spec. act, -
45.8 g. (51.9%), needles of P15 of about 15.2 uc/g. spec. act.
Triploid Trembling Aspen
In this investigation a comparison of four-year-old aspen
labeled twice and three times respectively was foreseen and a tree labeled
in 1966 and 1967 (harvested before the start of this year's labeling) is
also shown in this comparison.
The follewing activities were found and listed in Table VII:
TABLE VII: Results with Trembling Aspen
In 1966 and _
In 1966 and 1968 labeled 1In 1966, 1967 and in 1968 labeled
1967 labeled 17L-20L 15-88
10L (4 trees) (8 trees) 9L (

Soil, we/g. 0.88 ©0.75 2.28 0.25
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(Table Vil continued)
+ Roots, coarse, 17.5 i
pc/g.
Roots, medium, 4.2 32.0 35.3 35.3
we/g. :
Roots, fine, . 68.6 39.2
uC/g.
Stems, average, 5.3 4.9 11.2 20.4
we/g.
Stems, base, ' ' 14,0
we/g. '
Bark, outert, 23.0
pe/g.
' Sheots, ye/g. 15.0 19.0 69.3 45.2
i ;
. . . i 30.0
Leaves, yc/g 52.0 46 O:é {““’iii
: b
Per/gram of total " SRR
plant material, pc/g. 24,96 35.85
Average weight of 95.58 78.26

total tree

Three-times labeled trees show a 1.44-fold greater specific acti-
vity (the roughyqomparison of the activity of Ehe top of stems prior to
labeling showed a factor of 3.6). Leaves of the four trees 17L-20L were
of small size, weighing, in spite of strong and heavy shoots, just one-
half as much as the others. Still, the rootwork of these four trees is

1,11-fold and the total weight 1.22-fold greater and better labeling would

v e

have resulted with a greater leave area,

No thrice-labeled aspen is left for further labeling. The tol-

erance toward radiation damage appears to be much greater than that of red

pine.
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For delignification some 148 .g. unbarked thrice- and 79 g. twice-
labeled stems are available, the former having thus a 2.3 fold higher speci-
fic activity than the latterr‘ Shoots of about 5 mm. diameter and above

should be also a suitable pulping material, especially since their specific

activity is 4 to 6 times greater than that of the stems.

Microtome sections of the 9L stem show iixan enlarged autoraaio-
graph with Kodak M-54 emulsion the activity.distributed just on the periphery
(for comparison part of bark with its more concentrated effect of radio-
activity is also éhown) and for pulping of high activity holocellulose and
other plant materials the dimensions of the layer to be peeled off may be

A

' £

_ taken from this graph,

Stored are:
257.0 g. (38.6%), roots of 15-8S of about 30.3 pc/g. spec. act.
36.9 g. roots of 9L of about 35.3 uc/g. spec. act.

176.0 g. (43.1%), roots of 17L-20L of about 32,0 pc/g. spec. act.

148.0 g. (22.1%), stems bf 15-85 of about 11.5 yc/g. spec. act.
stems of 9L of about 20.4 uc/g. spec. act.

79.0 g. (20.7%), stems of 17L-20L of about 4.9 yc/g. spec. act.

120 g. (18.0%), shoots of 15-85 of about 69.3 pc/g. spec. act,
shoots, of 9L of about 45.2 uc/g. spec. act,

100.5 g. (26.2%), shoots of 17L-20L of about 19.0 yc/g. spec. act.

142.4 g. (21,3%), leaves of 15-8S of about 48 pc/g. spec. act.
leaves of 9L of about 30 pc/g. spec. act.

37.8 g. (10%), leaves of 17L-20L of about 52 ,c/g. spec. act.
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Balgsam Fir

Two five-year-old trees were labeled in 1968 of which Bl was re-
moved from the pot for analysis, the other, B2, handed over to winter

storage by the Genetics Group.

Both trees showed their healthy appearance also after labeling,
except for several unexplained‘spots of about 2 x 2 inches of dried up,

brown twigs. In spring, the condition of the winter-stored tree shall become

a further and crucial measure of tolerance toward C

The results are listed in Table VIII:

TABLE VIII: Results with‘%afszi1ip
i H
. !%%‘
' Stem length, overall, cm. KE R
Stem.diameter base, ' mm. 14.2; 1/3 = 12.0; 1/2 = 10.0;

Weight at harvesting, g. : roots : 76.0, stem 33.5, twigs, needles : 201.5

Weight airdried, g.: roots : 42.4, stem 22,2 44.0 7.10
" Weight loss . % 45 34 53
Soil, we/g. 0.38
Roots, uc/g. : coarse : 15.0, coarse barked 13.7, bark 9.7'
Roots, pc/g. : medium 19.0 , bark 39.8
Roots, pc/g. : fine 21.0
Stem diameter, mm; 11.5 : 8 : 5
Stem, pc/g. gnbarked: 24,0 23.0 " 17.0
Stem, pc/g. bark inner: 20.0 25.0 31.0
Stem, pec/g. : bark (20%): 27.0 18.0 23.0
' Stem, pc/g. : barked 19.0 19.0 22.0

Cross sections of root and stem parts are shown in Figure 7.
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(Table VIIT continued)
Twigs, ccarse, ué/g. : 18
fwigs, Tine, pc/g. : 3k
Needles, fallen off during season green uc/g. : 3.2
Needles, fallen off during season, brown pc/g. : 13.0
Needles, green, removed from twig top pe/g.  : 24.0, 29.0, 28.0, 51.0
Needles, green, removed from twig base pe/g. : 23.0, 5.0, 7.0
Needles, green, removed from branch base pe/g. 6.0
Needles from damaged twigs uc/g. : 17.0, 19.0, 1.0, 13.0
Needles randomly collected, green pc/g. : 2.7, 2.1, 9.5, 9.8, 1.1

It should be noted that it is difficult to obtain consistent data
R { )
without grinding of the entire respectivegi &%ﬁg;ial. Also, with such
truly representative samples the more accurate combustion metnod should then

be applied.

In sétting an average specific activity of 20.3 uc/g. for rocts, of
25.4 for the stem, of 26.0 for the twigs and 28.5‘#c/g. for tne needles, a
specific activity of 25.72 uc/g. per 1 gram of the total plant material re-
sults. This compares well with the figure of 22.9 uc/g. cbtained for red
pine tree P15 that was labeled just in 1968 also. The total dry weight of

Bl was 1T4.9 g., P15 weighted 88.2 g.

Microtome sections, 4Ou thick, of the coarse root part and of
three stem sectiqns were autoradiographed as above. Again, no radioacti-
vity neither within the root nor the stem parts was detectable and all the

activity was found peripherally concentrated in the youngest growth.

This is shown in Fig. T.
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For pulping, 22 g. unbarked stem, besides partly usable twigs

(44 g) and roots (37.5 g) are available. For obtaining high radioactive

material are the removal of the.outer layer and its separate delignification

again imperative.

Stored are:

37.5 g. (21.4%) roots of approximately 20 pc/g. spec. act.
70.0 g. (20.7%) stems of approximately 25 Mc/g. spec. act.
44,0 g. (25.1%) twigs of appr;ximately 26 pc/g. spec, act.
71.2 g. (20,8%) needles of approximately 28 [c/g. spec. act.

and 12,0 g. needles separately.

Conclusions andi%ﬁcoTTe?%af}ons for any Future Work
The specific activities obtained vary at any given position of
the plant component which should be kept in mind when using the reported
data. It must be stressed again that complete destruction (grinding) and
intimate mixing of the plant material would provide & more uniform sampling

and more accurate results would be obtained by combusting and gas propor-

ticnal counting.

Except for the fourteen pine trees, the main objective of this

project was fulfilled.

It is clear now that these trees have almost succumbed to radia-

" tion damage. Pine trees appear to be less tolerable to labeling than aspen.

Pertinent information comes forth from a recent publication (1) and in any
further labeling work more close attention to the possible biological ef-

fects of radiation should be devoted and less than a tolerable dose be
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applied (15,16,17).

The further objective of this project does indeed clearly allow
the comparison of the labeling effect between ocne or two and two or three

labeling seasons.

The objective of estaBlishing a material account of the applied
Clalwas achieved to a satisfactory degree. However, the high radicactivity

of the roots (4) and-especially that of the soil was .unexpected.

If assumiag that 1/3 of the found activity of the fourteen pine
trees P1-14, 1/3 of that of the four aspen trees 17L-18L,and 2/5 of the

nine aspen trees 15-85 and 9L was present at the start of this year's

e ) .
%%%19?19 to the trees cl% would have been

labeling already, and thatét%%
distrig&ted according to plan;:weight (which definitely hardly was the case
with the fourteen pine trees P1-P14), we find that of the available C14
gome 16.5% (5.74 mc) were utilized gy pine trees Pl-14, some 40.47% (2.02 mc)
by pine trees P15, some 38.3% (15.15 mc} by aspen‘trees 15-85, 9L, some
30.0% (6.30 me) b& aspen trees 17L-20L, and ;ome 45.6% (9.00 mc).utilized

by balsam firs Bl and B2,

Of the totally applied 120 mc, some 38.20 mc. or an average of

31.8% were utilized by the trees in the photosynthesis.

Since we did not mix the entire soil of each pot to prepare
truly fepresentative samples and had withdrawn just from about the center
of‘the pot some soil, a proper determination of the total activity of the
30 pots, each holding at least 7 kg. soil, is difficult to establish. If

we assume that just 3 kg. soil of each pot contained the radiocactivity as

e,
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was found in the reported concentrations, we arrive at a total of some 77
me. which would give a total of 115 mc. accounted for. (The insignificant,
14 in Bacl®

quanticy of recovered 0.272 mc. C 04 need not be considered here.)

It appears, therefore, that just small losses might have resulted
with the permanently closed growth chamber during the entire growth season,
that is, that the permeability and other leakage losses must have been

rather small, below some 4% or so, maybe even less.

The phototransmission of the 10-mil PVC-sheet used with the
growth chamber in the past 3 years was determined and compared with that

of sheets of 3.5 aad 4.5 mil prepared for this comparison:

i ! Transmission, %

LT T

i
- Region R :-5354 i1 4.5-mil 10-mil
- , ™ ' 33-mil. .5-mil, mil,
290 2.0 0.0 0.0
295 28.0 7.0 0.0
300 75.0 55.0 0.0
310 93.0 87.0 0.0
320b 94.0 90.0 0.0
350 0.0
360 3.0
370 : 20.0
380 50.0
390 73.0
400 ' 82.0
425 88.0
from 680 on 0.0
down at 1720 to 747
up again at 1900 my to 89%
down at 2300 m to 42%
up again at 2700 m, to 75%

Note: The prepared sheets were cast from 100 p. Marvinol VR 56 (U.S..Rub-
ber Co.)
75 p. dioctyl phthalate
2 p. stabilizer 1212A (Ferro-

Chem Co.), curing 3 min-
utes at 380° F.
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An inquiry'regarding UV-transmitting window glass was answered
negatively by Libby-Owens and the Corning Glass Works recommended to us
VYCOR (R) brand 7910 Uv".t;ans.mitting glass which would transmit at 2 mm
thickness 70% ;t 254 my, and less than 1% at 185 my. The price of such

glass would probably be prohibitive.

Watering of the plants would require more controlled conditions
since our method employing the tray filled with some quantity of water,
causing the pots to be partly submersed in it, has disadvantages. This

water will contain radioactive C140 which finds its way into the soil

2
and the roots. The high specific activity of both of our softwoods and

of aspen and in some cases very high activity of the soil are indicative
that reactions be&*HH#sorﬂw CO; (HCO3™) and inorganic soll compenents
and 1abe11ng of roots has taken place by sxmply enriching thé sapwater of
the roots with Cla. Addition of water should not exceed the normally in
such experiments maintained soil moisture of 15 to 18%. Another disadvan-
tage with the above watering is the small though masking effect tempera-
ture changes might bring about by lower CO, - solubility in the tray water
during warm and a greater one at colder temperatures coinciding with per-

iods of maximum €O, - assimilation in the light cycle and maximum €0, -

respiration in the dark cycle as mentioned already.

A good example of a well controlled photosynthesis chamber may

be found in a journal article by Lister et _l (2).

The presence of considerable quantities of organic soil material
preseats another difficulty, inasmuch, as organic CO, becomes gradually

available from the soil by enzymatic action, providing thus an uncontrolled
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source of unlabeled COz, replacement of soil with an inert material and

feeding with isotonic solutions would eliminate the above drawback

Autoradiography using Kodak x-ray film M-54 emulsion has proved
well 1n these investigations. Kodak nuclear emulsion NTB-3, used recently
by Saleh et al. (3), was not tried.- It should be noted that the latter
emulsion possesses a radlation radius small enough to allow the detection
of the exact locus of radiocactivity inside the dimension of a single cell,

here,labeling with tritium is preferred,

R
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The listed literature contains useful texts and articles perti-

nent to this project,

Highly specific information has been published in the journal
Radiation Botany (started in 1962, a quarterly publication, Pergamon Press,
London) and in the Annales of Botany (also a quarterly, started in 1887,
Oxford University Press, London). Neither of these two journals is avail-

able at our llﬁrary.
LITERATURE

1. D. J., Ursino, V., Slankis, and G. Krotkov., Effects of radiation from

01402 absorbed by Pinus strobus L. seedlings during photosynthesis on

thei"“ué:%%&ﬁe‘nt growth and metabolism. Can, J, Biochem., 46:919-923
—- t ’

(1968) .

2 G, R, Lister, G. Krotkov, and C, D. Nelson. A closed-circuit appara-
tus with an infrared CO2 analyzer and a geiger tube for continuous
measurement of CO2 exchange in photesynthesis and respiration, Can,

J. Botany, 39:581-391 (1961).

3. T. M. saleh, L. Leney, and K. V. Sarkanen. Radioautographic studies
of cottonwood, deuglas fir and wheat plants. Holzforsch 21:116-120

(1967) Aug.

4. T. Shiroya, G R, Lister, V. Slankis, G. Krotkov, and C. D._ Nelsoa.
Translocation of the products of photosynthesis to roots of pine

seedlings. Can. J. Botany 40:1125-1135 (1962). .

5. A, A, Selders, B, A, Staskievicz, Jean P. Picard., Carbon-14 labeled

wood cellulose. Tapp: 42:409-412 (1959) May.




9
.;i
i

|

10.

11.

12.

r
1

Project 27068

June 16, 1971 .

Page 33
Zhuravlev, Yu. N. Products of photosynthesis in pine needles of various

ages. Tr. Inst. Biol. Akad. Nauk SSSR, Ural' skii Filial no. 35:85-92

(1963). A,B.I.P.C, 36:(2) Aug. 1965, no. 851.

Yushkov, P. I. Post-photosynthetic distribution of carbon-14 in scotch
pine. Tr. Inst. Biol. Akad. Nauk S8SR, Ural' skii Filial no. 35:77-84

(1963) A.B.I,P.C, 36:(2) Aug. 1965, no. 850.

Tinus, R. W. The role of olecoresin in the metabolism of Pinus ponderosa
laws. Ph.D. Thesis Univ. of California, Berkeley, 1966, 114 p. A.B.I.P.C,

37:(10) April 1967, no. 7545,

Tissut, M., Rozier, C. Quantitative study of flavonols in potato and
%Pgﬁéech in the greenhouse and under different illumination. Compt,
L

Rend. Ser. D264, no. 25:2895-8 (June 19, 1967) A.B.I.P.C, 38:(9) March

1963.

San Pietro, A., Greer, F. A., Army, T. J. (ed.) Harvesting the sun-
photosynthesis in plant life (Symposium sponsored by International
Minerals & Chem. Corp., Chicago, Oct. 5-7, 1966) N.Y., Acad. Press,

1967, 342 p.

Dursan, D. J. Nitrogen metabolism of Picea glauca. Can. J. Botany

46:ne, 7:909-19; 921-8; 929-37 (July 1968).

Bykhovskii, E. G., Sokolov, A, V., Fomina, E. V., Kabanov, V. V. [Use

of radiocactive isotopes for measuring the rate of translocation of

olecresin and assimilates along the pine trunk. 'Girdroliz. Lesokhim.

Prom. 21, no. 2:16-18(1968) A,B.I.P.C. 39 (1968) no. B806.



S

Project 2768
June 16, 1971
Page 34

13.

14,

15.

16.

il

Chistyakov, A. R., Levkhina, T. A., Uspenskii, E I. Physzological
condition of spruce regrowth of different vitality. Lesnoir Zh. 11,

no. 1:10-12 (1968) A.B.I.P.C. 39 no. 1709

Calvin, M., and Bassham, J. A. The photosynthesis of carbon compounds.

Benjamin, N. Y., 1962,

P. F. Bourdeau, and G. M. Woodwell. Field measurements of CO; ex-

change of Pinus rigida trees exposed to chronic gamma radiation.

Ecology 45:403-406 (2) 1964),

G. W. Woodwell. Effects of ionizing radiation on terrestrial ecosystems,

Science 138:572-577.
R
1

17."' L.”P. 2ill, and N. E. Tolbert, The effect of ionizing and ultraviolet

18.

19.

20..

21.

22.

radiations in photosynthesis. ‘Arch. Brochem. Biophys. 76:196-203.

E. 1. Rabinowitch in Photosynthesia and related processes, vol, I,

Interscience Publishers, N. Y., 1945.

A. W, Rogers. Techniques of autoradiography. Elsevier Publishing Co.,

N. Y., 1967,

Kl

8. Sacharow. Permeab:lity of flexible plastic films. Plastics Design

and Processing, 5:20-23 (1965) Sept.

K. P. Loudenslagel, and S. F. Roe. Gas transmission in thick plate

sections, Modern Packaging, 40:139-146 (1967) Feb.

W. H. Wilhite, and 0. L. Hollis. The use of porous-polymer beads for

analysis of Martian atmosphere. J. Gas Chromatogr. 6:84-88 (1968) Feb.



23,

24,

- .

Project 2768
June 16, 1971
Page 35

T. L. Chang. Chromatographic analysis of mixtures containing oxygen

and argon by elimination of oxygen. J. Gas Chromatogr. 4:371-375

(1966) Oct.

H. J. Cluley. Suspension scintillation counting of carbon-14 barium

carbonate. Analyst 87:170-176 (1962) March.




