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plexes except they may be differentiated from the amylose complexes by

qualitative tests (7). Colored complexes known to exist between iodine and

other organic polymers have been investigated by many 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 alcohol molecule.

It appears therefore, that iodine may react with a great variety of

organic substances to yield colored complexes whose characteristics in many

instances have not been precisely defined. The purpose of the present re-

search is to investigate the nature of the interaction of polysaccharides

with calcium chloride and iodine in aqueous solution. This report will com-

pare the'reaction products of various hemicellulose-like polymers with those

of amylose, 4 4ljSubsequent 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 xylan is not known, it was

assumed that it was typical of natural occurring xylans from monocotyledons

and that it consisted of a xylan backbone to which were attached single

terminal 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



Project 2768
January 22, 1969
Page 4

be similar. A galactose deficient galactoglucomannan isolated from Engelmann

spruce holocellulose (9) was chosen as a model for slightly branched hexosans,

while an amyloid isolated from Tamarind seed (7) and galactose-rich galacto-

glucomannans isolated from black spruce and Parana pine were additional

examples of highly branched hexosan polysaccharides (10). Examples of linear

polysaccharides 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 solution (s.g. 1.3) reacted with iodine to yield a blue reaction

product. In agreement with the literature, the highly branched galactose-

rich galactoglucomannan from black spruce and Parana pine did not react,

whereas the equally highly branched amyloid did react to give a blue color.

These ress 'Aj!pnarized in Table 1, show that only amylose and amyloid

TABLE I

Qualitative Composition of Certain Polysaccharide-Calcium Chloride-Iodine Complexes

Forms
Reacts in Reacts in Composition Methanol
Aqueous Concentrated of Complex Soluble
Solution CaC12 Solution Ca+ + I Calcium Complex

Hydrocellulose - + + +

Commercial + + + +
Amy lose
(Superlose)

.%myloid + + n.a. + +

Galactose-deficient - + + + -
galactoglucomannan

Galactose-rich - - - - -
galactoglucomannan

Commercial xylan. - + + + -

Cherry Gum - - - - +

n.a. = not analysed
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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 not

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

solution. The plots from which the data for the ratio of xylan to iodine

at different total xylan plus iodine concentrations were obtained are shown

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

polysaccharides listed in the table.

(FIGLRE 4)

These results confirm the observations in the literature that

although certain polysaccharides do not react with iodine in aqueous solution,

they will react with it in concentrated aqueous calcium chloride solution.

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 of the polysaccharide

and that the iodine content of the complexes is dependent upon the relative cor.-

centration of iodine and of polysaccharide in solution. Future research will

elucidate the role of calcium ion in the complex and will investigate the

effect of polysaccharide structure and functional groups upon complex formation.

Experimental

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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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 stock iodine solutions were prepared by

dissolving 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 precipitation or

of bacterial decomposition.

The hydrolysis 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, and Harris (18).

The presence or absence of crystalline material in the polysaccharide-

iodine complexes was determined by conventional powder techniques using a Debije-

Scherrer powder diffraction camera in conjunction with a conventional Norelco

X-ray unit.

Samples for calcium analysis were mixed with 50 mg. of LiCO 3 and

with 180 mg. of graphite that contained 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.

Pctentiometric Titration of Bound Iodine

A stock solution containing 40 to 50 mg. of polysaccharide was

added to a solution composed of 4.15 gm. of potassium iodide in 5 ml. of

water. The solution was made up to 50 ml. with stock calcium chloride

solution. A blank solution 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. Titrations were con-

ducted in an ice bath with undiluted stock iodine solution using a Leeds

and Northrup Student type potentiometer in combination with a sensitive

galvanometer and bright platinum and normal calomel electrodes.

iSpm c 

Spectrophotometric Determinations

All extinctions were measured in a Beckman D U spectrophotometer

at 610 m. using conventional 1 cm. cells. The increase in extinction with

time was followed using polysaccharide solutions containing 5 mg. of polymer

in 10 ml. of standard calcium chloride solution at 4 ° and at 30C C. After

storage overnight, 2.5 ml. of a tenfold dilution of stock iodine with stock

calcium chloride solution at the required temperature was added to the poly-

mer solution and the extinctions were measured in the spectrophocometer 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

I
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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

(after the addition of the final iodine solution) ranged from 0.001% to

0.010%. The solutions were cooled co 4° C. and 2.5 ml. of stock iodine

solution diluted tenfold with stock calcium chloride solution (also at

4' C.) 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 i i i

ranging from 0.01% to 0.04% (depending upon the intensities of the colors

produced by the polysaccharide). The relative percentage of iodine in each

of these constant total composition levels ranged from 10% to 90% iodine.

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

maximum development with time.

Acknowledgments

The authors would like to acknowledge the assistance provided by

Miss M. Hollenback for sugar analysis, A. G. Borchardt for calcium analysis,

and Dr. G. Richards for X-ray powder diffraction patterns.

References

1. B. D. E. Gaillard, Nature, 191 (1961) 1295.

2. A. J. Morak, and N. S. Thompson, Nature, 205 (1965) 69.



Project 2768
January 22, 1969

Page 15

B. D. E. Gaillard, and R. W. Bailey, Nature, 212 (1966) 202.

4. T. H. Vogel, and M. J. Schleiden, Pogg. Ann. Phys. Chem., 45 (1839) 327.

5. P. Kooiman, Nature, 179 (1957) 107.

6. F. L. Bates, D. French, and R. E. Rundle, J. A. Chem. Soc. 65 (1943) 142.

7. P. S. Rao, "Tamarind", Chapter 19, in "Industrial Gums," R. L. Whistler,
Ed., New York, Academic Press, 1959.

8. L. G. Tebelev, G. F. Nikul'skii, E. P. Korchagina, and S. A. Glikman,
Vysokomolekul. Soedin. 7 (1965) 123.

9. J. K. Rogers, and N. S. Thompson, Carb. Res. 7 (1968) 66; Svensk
Papperstidn.in press (1969).

10. N. S. Thompson, and 0. A. Kaustinen, Paperi ja Puu, 47 (1964) 637.

11. C. L. Wilson and D. W. Wilson, "Comprehensive Analytical Chemistry 1A"
Elsevier Publishing Company, New York (1959).

12. B. D. E. Gaillard, N. S. Thompson, and A.J. Morak, Research to be Pub-
lished (1969).

13. D. M. W. Anderson, and C. T. Greenwood, J. Chem. Soc. (1955) 3016. tClji

14. C. R. Colburn, and T. J. Schoch, "Methods in Carbohydrate Chemistry IV"
(1964) 161, Ed. R. L. Whistler.

15. G. K. Adkins, and C. T. Greenwood, Carb. Res. 3 (1966) 152.

16. J. D. Geerdes, B. A. Lewis, R. Montgomery, and F. Smith, Anal. Chem. 26
(1954) 264.

17. J. F. Saeman, W. E. Moore, R. L. Mitchell, and M. A. Millet, Tappi 37

(1954) 336.

18. R. L. Whistler, A. R. Martin, and M. Harris, J. Res. Nat'l. Bur. Std.
24 (1940) 13.



A 4SA~- 3dVd JOD 31fhI1S'J HI 9.i UT pCT q;Titx 4Z)9aJ 04 41 ;;Lmad o A f

£9 :;titrnm n qOnS u; UV9TJx aT?; Tflp'. l0r95 4OU PT) ;nq 'elspamxnDu; apTPCoT-oU7DOT

Lnss~cu Jo O 11%4U103 aTfl p;YfuLfu9 apTpoT wn$ss?4od 4Btl palfTDuoO) s9m qT 'panpp

5Pm aUTPOF u-Dt4M UOflEJCTOD anTq e PTaTC 4011 PTP uO-,nTOS arpTcT uzn~ssU4od scnobnt

pa4PX;UaUOu Ug~ PGAT[OSSTP SZIB{LX~ RCUTS pUU 110T4e.l4U9OUCn UpcT uinTss9~od aq;.

SuicvBiouT Lq p;3uvqua suy, UOT40EBJ zOT
03

~t?4 go fTSU9;UT 91:4 9311TS MOTqnTos

UT UG-L~K) To ad.A; pus Uo;E;9Do a, P119 2T-es an; go G--nBuu 9t ' SB TTat~ Ss

110 L~~~~~~ , ~l.~U9U~esu~ rauaa UC10 JGI~Bf ;BTU

us ;s~usog JOO~ 9'4 JO_£41119411 9tU0 o UoT;UTUU;;prTJ l L~4OqsT3GJE~qz--~

.~,U';o-a GUTSUBTA To SU--j4DTLS * F9S9 suOctrjInOS ;TfBs 93 dnos~' 91:; J2 ;aT,439:IC

-som atq?: ;JCM, sc-rC' ~rn-Tt? UITTTBZ7 SFnoenbV -TTs ;B 4D9;.~ IO-U 15; UBaY7

a:CBSu PaqOUBLJq R~TUSTM 9'4; ssaanwu '):&TdincD 9uzpcTLu-1z4s4 aut; Aq raonr.,cad aeq; Ca

.IB-TTUIS ;Dnpoad u110143995 ;r,-q :iJB~ B 9)AI9 szal~kod rauzDu~sq JTrTlr sE- at?: Damous

Tpoi = ssvod-~-JTPG7 uti4m suoT4nPTos 4Tps s dnosz~ JO X~;9:JBA s UT mrF

a~-od25 mOZJt uB'TAY Pt)uzU3UEO rCU1 B pup 'UuTLA~x 9TCWTB-l- J-~LTuBT3J'UCD B3 'u[Ga moss

LtnLlitoucsfl7rTST7F7tnam D- O,-t ,, S czOrS: UCT0143959411 GTiqf Jc uOSsdUioz) V

ucsdmotU. £ N pPu p;-TTIVO '4C '3UZ

CSoJCLfhIOE £r'WS. ajatuj•s7C 9NvT %1 HZII.VH r 'c K
2iTQOI H~~~~~~~~~~lt. SRC~~~~~~~~h'iC.3V5Z102 AD NCIIDV&411C1 m~~~~~~~~- ~ ) L, I~lit :I Hql

14w..Th24 laci

uo( -tc03NfiS

C2~~ci * 0-t ,oa )004310N

TYSUTT-Eac *JI 

P.B:-TTBO9 24 '(1 'E
(9) uosdmouj *s 'Hk

SpJcoaE~ Ts.¾1Z90 :0o; SaTdCQ

-- ~~~~'J. *Q'J0

,II bOi~d3d0OO

g§qL~ ON 311d



'UoT'4J_-d_9.d .i~tfl at;;~ uj uoTHi~JOJ x;TdmDD) uo qoupsq v Jo dnos12 T9uOT4DtunJ aT44 T3

;395Ja a'qc4 sDW3Z4SUOwaP TOJ4UOD Pa~nDnps ~T4 Jr 4LTf q4IM IBUISTod ST144 O J1o;AW~qq

arq Jo uosrnqdwoz V *UOTS~aAuoo %06 .IAO UT sanptsaaTSoXJAofl--tlm

-o-± 1c~ptun0a (~q) aaxrpaoosd Uoflonpas autmjoq~p R Jo QL) uon [:TP~m u Sq paoflp~a

GS9M SarLDjSaJ PTOB DTUDxn TSOGId)fT~T mo-ox~x u; 'asno 9u110

-UTU-43 UTVM aq4 Jo sarPrsaa l o dTx&~~r at~q a; paTjD9;;9q SaT4DuSJq Du;

jo zaqminu aq; Pus asn~vu atfl SUTJa;TE Sq uvTS~x rma at.: raj panudasa aflr± TSUTSTIC

;u; moi;aj nU T u-9ZD UT ktjquraaTddv Sut.sajgrp 4011 SapTar{o~ssk~tod Mau oftl

mTITSS, E ~,OT Tfltm PC)OP41F 11121 Pa;39.;xa sRM 4T a3uTS al~t4 PGSOTdma iamI-od a-qq uz

SUTcs~sTu aas ueTf3X qq;M p9aezoosss sdnos2B TXGDB J4; ;943`I TrT ST 41 (TT) s119T15

pfl~tpJSUqltm 04 avTTrTS KCJ9A ST sarnkad STtfl S,~arT ST qT PUB 'sarnpisa PTDB zTu0XL

TLsouE.:A~dcT-- mmo j-4l9ar pa TPTsoCSTS (F-T);c Sq axnqzansqs WIOJTTT-J

sTtfl o4 paT4394;E XSi-Lupusi STquaasddV SpuC)q oTpTsozkU? (mT-)o Sq JaMOUB aDuo

a;4 Paw l.1rala TSsouna~do-[j-cr-oipA'wrn oo? Sla,~muosdde so uTertP v JO ;sTsuCZQ

O4 4 T pi iT ')sia~[jsonoa pus -ramtj, Sq .arnflod 5T14; uo saTpn4s sanbTuuz)a2

TBDTSSqd Pu'g TR)mU T~uOT4UaAUao Sq paziq~xq P'[aATsuB4Ya uaaq 5914 nrpa mc;:-

uTIKy aq;' k~uo 'ssawttaLd asaT4; jo JBlTTIBa PauoTluamn uufTx Pa2kTOxpAT-p;DU at{; Jo

ao.rnOs aq4 ;o-U s9m uc--tiM TwaGTqSUuJd Sq papTAoad (STnnt 4Vo aq a; ;~q~naq4; ;nq) UT~'TJO

P9V4ST JC UL9T'~) -TT3J9DMM3 la SR TTar. SR '(g) innS awodss pus '(L) mnTa I(i) ooqumq

'()UETSY TLET3J9umc paztt-olzpAq-pT3B US apIrTL1uT pus I a-qpl 11T paqTn-s&P Dar

jc.xc T~saq Ug-TSY~ on Spf A2.~ro -q zgus SaP~jTJB3DsSk r t~

iwr~m;ioddo Sttfl Jo aV9UEALP alfw 04 PaUT;TUT S9M' UoT;SST;Sal,

-UT ;u-saaxd atui 'suaT'nTOs 4-Ts snoT.flA JO aouasaixd 914 UT atUTPCT 144TM 'Dea- 02

:zamSTod 91u4 i0 S;T;qB arq uo Sia;aureJed TRxn4Znjh Pug Tv0Tma43;o ;oaJJga 94fpnzs

a; A;Tun;Joddo aqm :aajo SapTaviwDDRskTod asaUqt rnat{; a9WT0T 04 Pasr. spOx-T'aI 9142

9?aPfd
F. ;sodau
99LE~ ;3acosJ



PT
~ O~

IO
IJo

flT
S

-q
-O

P
T

Iu
 

V
q

O
F&

T 
690o 

-
-
 

~
 

TT 
-S

 
'J~cqT

sO
9ST

A

-T
fllA

'w
-0

- 
t1 -oJP

A
Iq

u
V

V
T

 
a-T

0 
' 

T
.
9
T
 

%
 

T
'P

lo o
T

U
O

rflo
n
-ts-Q

i
-
T
i
N
I
 9tu-O

- 
1 -o-IP

A
quy

o 
6,9 

etpj4CiT 
6tFc, 

%
 '9

o
u

T
q

p
a
v
-q

-.o
-p

T
{M

V

99 
2,gL

 
66 

909,if 
*%sOTA~x-Q-CJPXquV

UW
EXAX 

U
n-E

JX
 

w
ra

uP
T

A
)x

pazfnp;)H
 

ooqu~R
al 

P22JV
TO

JIPR
I

-pT
O

V

U
SR

TA
(

T
flT

3JA
IIIIIIO

D
uinD

 
R

jo
d

v
S

SqiIUIHVHD3VSlflOJ 
H

3Iu-aSO
rU

J( 
SnO

tIlV
A

 
AC) 

NOiLbISOdINOC) EIHJ,

cu -
~~~~~~~~~~~~~~I 

an
e avL

S
I

o)w
M

. Q
4

.-- 
.

_- -- -

~9. a

0a9 T

aT 96

96&0

00Q
,~.

0P
,99

U
9T

A
X

 
U

rra

urrH

C
Mt4-3

cmV
P

I



ST 4T JI STTnflU ;so iIoZJ pa;sToeT uaaq 9ASM 'hin 4T 4Bq4 idazxa TW9¼TSUS,'d inoa

pau-:sqD UETt~ TrTDQJaiillO- a14; JO 9.fln4DflJxs pUia u-.Tjo Dql JO UbLOlfl S 
9

1 44T1E

S aA -uVsf3 urla 9tU4 JOT 9TQSTTEAIR 2ELI; usqf ss;T qonmn 
5
T up-,LY ooqmsq ;la 4nozs

~~STPAB UC-0v.TJ '1.OMUI R'T. 'USTX MrGa atq UsTq; panurus;C aaJSW QT UT

'san;;sa: 1PSM~TLJ~t4QSJE~G-aqshi3ajddu svu ;n; tyeo -a'GD-, S ssi 'wdi r S;

;1a C1TU.r To !yr~usr~b alI~eS Di~a swt, uonesSiasat.uT sTM4 uT p1Z~OTdUi T-ulf: ocrilrq 992

½ Cq,1JI ZUT uE's aq USc -v -s9flWsa9 PT~'s zTUO-fl puP sarL;;s&a; :L-axiunsz--

7aIDu;anb9S .Ia; T JO pSDtnDdic go o4 aPn3sSO ~ P;motS O1r. (9:) S--aNJOmcoD

PuslE ypz9:t£4E Sq r~)z5ST;sqltuT ua~q Ss-- USTC) Doqinsq 9U92 JOTC.~ t 
9

JLT.

s2au~u:dWOz DT4 TT
h

fs4uToJ qmesaq C)ou 9.15 ;vub saP TX~ScuBJaQcTRJ&-=G TSRj-uTJa4uOu

DuI 9.:u aa:)u uDoTT4 UT ueTiCX s ST ar-TJpuozvsPEod sTl41 -SpUCq YPTSODsCTS? (a-T)L

Sq (a~:Laia t fij ppT pus) salTS. PT3B oTuoan TA~souES~o~nTS-G-OJPATUS8 PUB

S9SBYUTT ~-T) Sq saPs- 9Las1duqn~-.p~ ~p; asa rITMM 02 srDusq

orr~szzA:~(t--T); Sq PaYjuTT Sarp~TSsJ T!OicO,--~p~iSj azuarbas :S;UTT V

-basd=3 o ; ;qiDnOu; sT JaanSTod stqj (T ~ Dzno-Ua;TT Dun u;: paq;J'ao-r, sa.Tnr,

-aaoad c;, Sutmxoz'aDs TflSo D;ouS UIQJJ P94ThTlST amt UuTfSX PDI~usJ-O I'STU. V

-JclTvumsc. x-a~duwcc

ur: Eq';ZUuSjO :c DZouasq au;, T_ ;Zaajgs @u:. S-,urutrna:zr JcJ jaimTod 9112 JO asfl 91;

?ECTAUT ou PTIIom sso; qq2 arn ';~uui;msn; sTM2 go ajnsD as Sss p9.flDnoo -mn

-zeslstod L~uq ;c S;TSO)DSTA 9tq~ UT sasa ;T4TTS V ()Sai"'O:ao. TTOS Z-TUOar JO

tTCLG~~~~~~~ ~~~~ SSUlTr SSX.EUT U waJusxOu.1rLD pT v'al-Q-t aU; tT9AUGO

--Z0OT Ueq, .saUD,-S s;.rnesa~dm; 2I SaUODMSPT? O2 s
3
n
t
TT
59

;TDP ZT'uZJT\ Suj~T3!T

Pung DTTC ;S~ 4 JO S4T~e TTLeTT umiOnj am4 JO t(T '4T)) Uaye4 SDM GZ~t'uEArp5

?;soda'd
?9~a~aoao~



JO ~~e4Y 9t UOT'.h.flU~013UO Je-OIE U9AS P ;; 4Btfl 24B.;S ff Tp 

TL 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TJ~~~~~~~~~. UT U~ATS ST RpTJoflD tmnTs9u~9 ptID ~J4BatU WnTOT9O 'apTJcTj4o EanTO

SS t4VlIS SUOTfLflOS 4TVS SnOTnBA UT 2uTPOT qT uU~tf TWTOjal~mO JO UOT4DB9J9-UT

9tfl Pq paonpcsd .xlo~o aqq go S4Tsua;uT aqfl jo 4u9maansBq~a eAT4V49T,4uflb V

-UOT4SILZO XaTim-3 UT Jco;J (P.TuC au-4 4ou ;flQ) 2uT vuTpaid u ST UOT;Es-

JOl ;oJnm4Sr.aqn 2WLDTPUT s;lTrsa~z asattl evPTPO; Eanp05E. '9pTzolqD mrT-sse;0)

'OpTpoT Exrqssp~.od 'aPIJOT1iDOTfl 'BPTJOTt4D 4TBQCOD 'apTJOtT4z~ EaT"mp
93

'PTO

zTJ&VO arPTJOTtID ppaT 'aPTIJT11O aT-rL3flam 'QPtJOTU4D mnX-U7WfTe J:o suofLflT-OS UT Du-TPOT

14tTfA -4O)J CsOlU PTP UVT4 S2X~-TdWoO anTq m'Jo o0 eUTPOT q4TK 409J~- PTfloPL apTJoTU3

DUT-Z PUD 'a49.Ts UrT 9 aaunL '9pTio-F TUO'110lls 'aPTJIOTll) WnTTGcL ';PTJOTTMO mrLS

-9U~~1n 'aPTPOT UmfTDTezD ';c~B4iTU I1TnTroTs 'aPTJIcyq)ttornLToTEC Jo SUOT4-nTOS UT TSATOSSTP

Ur-LJZX 4Wfl pa9Mo4s SW~Tns9J atIJ .Tf~z~o t4ZITU auTPc-T qnTlP SUoT~p)aI1 aSt~a;UT ;-Som a42

9J92P-. Zpsow; pUTJ Ol S-Tri SflOT.TRA UT 1137 TVTzzflwOD JO suo-,Ti- os JO aAAxfs 9A-4

-9;TTunb u paAIOAUT ;OaJoatflq s411;IJadx9 TIRT4Tu- q etti (mT) ;poid Pax:OToz-9rj-q

S PTaTS 0 OcV I 111 ~~u TTTIA aPt.IOTMO) uWf-LtVZ snoanbE SapTSaQ SUOflflTOS 4{vs

Al= UT uStqnXos;Eq; 2¶VOTPUT S4.U9IITJ~dXa SflOTA2J43

Ro~ssnzsic aCtV SYnSHH

'DUX "OD :F TTRR 'uT, G;E

QZ.J patITv;qo (uTTvmFfl9) u-pO)doTPWRa -a~~ 0
a (9;n~)UT9lhZ ISZ mu

TSTC3Jq~aOZ P ( S-ESA~OZJ~hCI pJTD9 A UVTXX TeTOJ~mmoo moj passdaid uvTJVX s T7T

pun UOT[49ST'4SRAUT STqfl UT sTOa4uO3 se p~aotdma 2Jam sapflrq3oBsA~od aaqqo

9~TqsalRA JOrpm am4 ?uTaq Ar-tSO3STAUT1 aOua-!aJJTP aq4 tlTr uwpCY

coqmag aq; 04 4+u9T'GATnba ~q PTTlOITS UUnpRx TUTzlaJmwO aql 'SaTIP-ss-a TLSOUSIJUdOJI(-C

;c uT9To 9 04 pai.Pn;4v saqouuiq T9UaTmla an9 PT3B DTUOnM pUB DSOUTqt:sVrI aq; parSM-9n

9 ~?B

99L? ;oarc



Project 2768
Report 2

Page 7

2 3

1 2 3 4 5

MOLAR CONCENTRATION OF SALT

Figure 1. Variation of Optical Density at 610 nm. of Colored Iodine Complexes
of Commercial Xylan (0.004%) in Different Concentrations of Different Aqueous
Divalent Salt Solutions with 0.05% I2 and 0.21 KI. (1) Calcium Chloride,

(2) Calcium Nitrate, (3) Magnesium Chloride
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Figure 2. Variation of Optical Density at 610 nm. of Colored Iodine Complexes of

Elm Xylan with Increasing Xylan Concentration with 0.05% I2 and 0.21% KI.
(1) Aqueous Calcium Chloride Solution (3.7M), (2) Aqueous Strontium

Chloride Solution (3.TM)
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Figure 3. Variation of Optical Density at 610 in. of Colored Iodine Complexes of
Commercial Xylan with Increasing Xylan Concentration in 5.7M Galciaz Chloride.

(1) 0.05* 12 and 0.21% Ki, (2) 0.05% T2 and 0-.07% KI
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Figure 4. Variation of Optical Density at 610 nm. of Colored Iodine Complexes of
Different Xylans with Increasing Concentration of Xylan in 3.7M Aqueous Calcium

Chloride Solution and 0.05% I2 and 0.21% KI. (1) Elm Xylan, (2) Alkali-
Degraded Elm Xylan, (3) Reduced Elm Xylan, (4) Commercial Xylan,

(5) Bamboo Xylan, and (6) Xylan Isolated from Sapcte Gum
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The presence or absence of crystalline material in the polysaccharide-

iodine complexes were determined by conventional powder techniques using a Debije-

Scherrer powder diffraction camera in conjunction with a conventional Ncrelco x-ray

unit, as described in the previous communication (4).

Samples for calcium analysis were mixed with 50 mg. of lithium carbonate

and with 160 mg. of graphite that contained 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 intensities of

the elements were measured on a Jarrel Ash microphotometer, and the concentrations

of elements were derived from the line intensities.

POTENTI OMETRIC AND SPECTROPHCTOMETRIC DETERMINATIONS

i i' i 
The procedures used for the potentiometric and spectrophotometric examina-

tion of the iodine complexes for the various complexes were identical to those used

in the previous report (4). The iodine complexes from the potentiometric titrations

of xylans could be isolated by adding 1 ml. of stock iodine solution to the titration

mixture, and the precipitate was isolated by centrifugation. Excess salt, water,

and iodine were removed by placing the sample on a porous plate over a desiccant

under vacuum for several weeks until the odor of iodine had disappeared.

The iodine content of the blue precipitates was accomplished by collecting

by centrifugation, washing twice with standard CaC12 solution. Thereafter it was

dissolved in water and the iodine was titrated with O.1N sodium thiosulfate.
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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

of 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 is to establish a material balance so to find a

utilization factor for carbon-14 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.

Experimental

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
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FORM 7-3
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the support for the tree pots and after completion 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

in order to continuously equalize temperature, moisture and C1402 -concen-

tration, the latter especially with a view of proper 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 lo-

cated in a recirculating line that was mounted on the chamber side wall.

In this 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 was 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.

Apart from spot checks directly on the chamber, C14 of the growth

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

sisting of a Masterflex tubing pump (Cole-Parmer Instrument Co.) which

(
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2charged, at a rate of 130 ml. per min., a home made flow assembly of 8 cm

area and 12.6 ml. capacity, made of Plexiglas, provided with an 0-ring to

form a snug fit for a Geiger thin-window counter Model 108, Serial 1466,

Nuclear-Chicago, of 1.4-2 mg/cm 2 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 S 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 total CO2 by GLC or for C1 by trap-

, t ping in a diluted NaOH-solution and determining same by liquid scintilla-

tion counting using a PPO-dioxane cocktail.

For the GLC determination of C02, 10 ml. of the air sample were

injected in the Aerograph 1520B with thermal conductivity detector using

a Poropak 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 C02-peak was measured and expressed as a ratio

to the height of the C02 -peak obtained by injecting 10 ml. of atmospheric

air under the same conditions. The attained accuracy of the ratio was

+ .1%. The 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

rF 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 02 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 02 peak

height of atmospheric air served for establishing of 02 concentration ra-

tios with air samples drawn from the growth chamber. The attained ratio

accuracy was +.05%.

Arrangement of Trees in Growth Chamber,

N

w

P llP6 '

IS ,

6S ,

18L,

P2 ' P3 '

P7 ' P8 '

P12' P13'

2S , 3S ,

7S , 8S ,

19L, 20L,

P4 

P9 '

P14'

4S ,

9L ,

B1

P5

15

5S

17L,

B2

E

S

Designation

P1 ' P2 , P3 , P4 , P5,

P6 ' P7 ' P8 ' P9 ' 10'

Pl1' P12' P13' 14

P15

Description

Potted 3 years old red pine seedlings, treated in
1967 (Thesis John Walkush, 115 mc C1 4 for 15 red

'pine and 10 aspen seedlings 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.

k

(^
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IS, 2S, 3S, 4S, 5S, Potted 4 years old triploid trembling aspen seed-

lings, harvested after 2 years (1966, 1967) C1402
6S, 7S, 8S, 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 C1402 (8 mc C14 for 20 seedlings). The stem
stumps about 7 inches long showed a single shoot
developed to above 20 inch length having adequate
yet somewhat smaller size leaves.

B1, B2 Potted 5 years old balsam fir seedlings, purchased
-_ -=via Genetics Group,healthy, stocky trees (no con-

trol was set aside).

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 1S-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. C14 according to the schedule shown in Table I were made. [There

14
had been 130 me. BaC 03 in 10 ml. vials of 10 mc. each ordered from

Li Mallinckrodt Nuclear Corp. at a price of $5 per mc. The specific activity
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was 30.6 mc./m M, each vial containing 65 mg. BaC1403. Used were 120 mc.

14
and the unused 10 mc. BaC 1403 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

C1402 was pushed in the growth chamber by air pressure (twice done with

unlabeled C02); by 30-min. heating of the assembly on a water bath

the complete decomposition of the carbonate was checked.

TABLE I: Schedule

Trt. no. Date
'68

1 7/12

2 7/22

3 7/29

4 8/1

5 8/5

6 8/8

7 8/2

8 8/14

9 8/19

10 8/21

11 & 12 8/26

of C140 - Application

Time Quantity Hour
mc. C14 App

2 pm 10

9 am 10

9 am 10

8 am 10

9 am 10

8 am 10

9 am 10

9 am 10

8 am 10

3 pm 10

11 am 20 until Oct.

Total 120 me. C14

:s Between
ilication

235

167

73

96

72

96

47

120

55

116

3 = about

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

C

;i

t 38 days.
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The recorded course of radioactivity in the eleven treatments and

thus the C1402 - 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 C1402 -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 Ba 1403 re- i |

sulted. By liquid scintillation counting of the air-dry, through a 100-

mesh screen passing, powder a specific activity of 8,16 pc/g or 1.61 uc/

m M, BaC 14 03 equal to a total of 272.05 uc C14 was found which is 0.23% of

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

Thesis student John Walkush recovered 291.11 ~c C1 4 and the unused this

year ordered lOmc. C1 4, together thus 10.56316 mc. C14 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.
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with samples drawn on fore- and afternoons a low assimilation ratio would

then have to be expected.

The growth chamber of about 50001iters, would, at 25°C. and at a

CO2 ratio of l.0,hold (18, according to Table 8.11 p. 174 and p. 189) about

2.80g C0 2. The approximate 10 liter tray, soil and sap water, would hold

0.0005g CO2 and about 0.0012 g CO2 would be held by the leaves. Variations

of CO2 in the air and thus changes of dissolved CO2 in water and sap, ef-

fected by a changing temperature which enriches air with C02 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-

ficant and we must assume that high CO2 ratios in mid-morning were probably

caused by cloudy and cool, and such at noon and afternoon by excessi44 i I

sunshine and high temperature (photorespiration) which conditions lead to

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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hours we find, when selecting a transfer rate of 172 cc. helium for a 10

mil PVC-film for our growth chamber of 23,280 sq. in. surface area, that some

higher than the prevailing pressure would have been needed to cause the

helium to permeate; at 15 lb. pressure the total helium quantity of 12 liters

would have permeated within 10.9 hours. Of course, some 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 III and IV.

Trees
Designation

TABLE III:

Number

Harvest and Weights of Labeled Plant Material

Airdry weight per tree,; grams
Removed from

pot on
Shoots!s tem ( ) es

Roots Stem (Twigs)': -Needles Total

Aspen

9L
IS - 3S
17L - 20L

Red Pine

1 Oct.
8 Nov.
4 Nov.

P10
P15

Pg'i9, Pll P14

Balsam fir

B1

1 Oct.
1 Oct.

13 Oct.

16,
16,
17,

1968
1968
1968

1 Oct. 16, 1968

9.7
24.0
9.8

3.6
13.0

8.0

4.7
5.4
5.5

37.5 22.2 44.0

25.3
45.8
24.4

44.3
87.7
47.7

71.2 174.9

Leaves of

.ber 4; they dried up

the shoots.

the 13 aspen trees had changed color almost entirely by Octo-

and had fallen off. Only a few green leaves remained on

16, 1968
19, 1968
19, 1968

36.9
32.1
41.2

22.4
16.4
19.8

9.8
13.8
25.1

19.6
14.6
9.7

88.7
77.9
95.8

tljrtr'� -7,
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2
One of such a green leaf, weighing airdry 0.74 g of 38 cm area and

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 distribution of radioactivity over the entire leaf surface,veins,

.showing also strong radioactivity, were barely distinguishable.

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

Designation

P1

P 2

P3

P4

P5

P7

P8

P9

Pl1

P12

P13

P14

Average:
%:

roots, stem(unbarked)
g: . g: diameter, m/m

base: top:

12.8

17.1

8.1

15.1

10.3

15.2

10.5

7.5

14.1

9.2

14.4

17.0

9.8

12.4
23.65

7.9

12.5

9.5

13.4

6.5

11.5

7.1

8.3

9.1

6.9

7.7

6.7

4.8

8.6
16.40

The weight of

11.5 7.5

10.5 9.5,7.0

8.3 7.5,6.5

10.5 9.6,8.0

8.0 7.4,5.5

i0.5 8.8,6.5

8.5 8.5,6.0

8.5 8.0,7.5

9.8 8.9,7.5

9.0 7.0,5.5

9.9 6.5,5.5

9.2 7.6,6.2

8.5 7.5,5.5

8.44 7.96,6.43

leaves from these

length,
cm:

18

16+13

19+9

13+10

13+10

16+14

10+16

13+13

12+13

11+14

9+13

13+12

11+9

13.4+12.1

13 aspen t

twigs
(unbark

g:

8.3

8.3

3.4

6iI

2.8

5.5

3.5

3.5

5.1

4.2

6.2

4.5

4.8

5.14
9.80

rees at

.ed)
needles total

g: g:

34.8

39.4

17.5

fll( S285 
21.8

36.4

22.3

17.3

29.4

21.7

24.3

25.0

23.2

26.3
* 50.15

collection was

1S-8S:
17.8g (14 2 .4g total)

13 and

17L-20L:
9.8g.(37.8g total), thus

1% water was lost on

63.8

77.3

38.5

63.7

41.4

68.'6

43.6

36.6

57.7

42.0

52.6

53.2

42.6

52.44

for:

9L:
2 2.8g
14,

(

t '
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drying in a strong current of warm air in the hood These leaves were then

ground to a powder and stored.

Red Pine "o P14"14
14

Earlier already a pine tree, treated just in 1967 with C 02 and

designated as "old P 4", 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 pine trees at that time Weights

prior to and after drying for 18 hours at 1050 C in an atmospheric oven

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

Roots: Stem: 5 Twigs: Needles. Total:

before drying, g 21 0(=31%) 13 4 2 9, 29 9(/--447) 67.2
(unbarked/=20%) (unbar4e )

0 92(unbarked)

after drying, g 7.5 4 3 (barked) 0.4(barked) 8.3 20 5

LOSS % 64 , 50.0 70

The, stem, 27.5 cm long, holding 16 5g needles and 5 twigs of 0 12,

0 27, 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 its head 5 dark brown colored buds

which had remained encapsuled and did not indicate any sprouting.

Barking resulted in 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 in-2 40 g residue (82%) and-0.5138 g

extractives (18%) Bark of the 5 twigs of 1 6 g yielded similarly 0 925 g

residue (78%) and 0.2456 g extractives (22%)
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The stem of the old P14 red pine tree, had a specific activity of

4.28 pc/g. at the base, 8 96 uc/g at the center while the stem top had just

6.53 Pc/g 

Its five twigs had an average specific activity of 8 22 uc/g with

7 09 ±c/g. as minimum and 10.21 uc/g as maximum, the needles an average

specific activity of 6 60 pc/g with 2.67 pc/g as minimum and 10 11 u.c/g

as the maximum The extracted twigs showed 9 83 LLc/g , the twig extract

28 07 pc/g The roots had an average specific activity of 1 02 'c/g and

the soil in the pot 0.022 puc/g. All these data were determined by liquid

scintillation counting, using 15 ml of a 0 3% PPO-toluene cocktail and

0 6 g Cabosil per vial. Counting was begun after two minutes shaking of

the yials and thirty minutes of de-airing in the' d4t tir This technique

was developed by Cluley for BaCO 3 (24) and it appears' to give satisfactory

results with the various wood components. 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"

- -Similarly was a triploid aspen-tree, treated with C1402 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:

I
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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 8 14 (barked) 24.14

water lost, % 70 51 (barked)

The stem of just 18 5 cm 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, in 92% residue and 8% extractives.

14
The stem of the 10L aspen tree treated in 1966 and 1967 with C 02

had a specific activity of 5.61 uc/g at the base, 9 04 jc/g at center and

just 7 51 uc/g at the stem top. Its extracted bark showed 2.71 ,c/g and

the extract 8 13 uc/g specific activity, the oots .4 19 pc/g and the sur-

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

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

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

and 15 07, 16 24 uc/g

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

of 9.8 pc/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 P14 and needles of same were placed in a killing and fixing solution

i
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Cross-section of Center of
Barked Aspen (1OL) Stem
Treated in 1966 and 1967.

Figure 4 Transverse Section of
Center of Barked Aspen
(10L) Stem Treated in
1966 and 1967.

Figure 3

I
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Figure 2 Transverse Sections of Barked Base, Center, and Top of Stem
and of 4 Twigs of Red Pine (o.P14 ) Treated lx(1967)
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Stem, diameter,
base, mm.

Stem, diameter,
center, mm.

Stem, diameter,
top, mm.

Soil, Lc/g.

Roots, average,

Pc/g.

Stem, base, .c/g.

Stem, center,

PC/g.

Stem, top, Pc/g.

Bark, L.c/g.

Twigs, large, Lc/g.

Twigs, small, pc/g.

Needles, pc/g.

Per/gram of total
plant material,

cC/g.

Weight of one
tree, g.

9

8

6

(Table VI continued)

8.5

8.0

6.4

0.02

1.02

0.32

16.8

6.7 12.9

9.0

7.8

8.2 12.5

6.6

4.70

14.4

12.9

21.0 45.9

(9.5)

(8.5)

(6.0)

(0.95)

(15.3)

(6.3)

(13.4)

(20.2)

(13.8)

(10.0)

(26.8)

(31.0)

(2414)

(44.3)

10.5

8.2

6.0

0.28

28.0

29.2

59.4

26L i il i

55.0

15.2

22.9

88.2

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 high 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

i

K'
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Figure 5 Cross-sections of Stems of Red Pine

Upper: P10' treated 2x(1967,68)

Lower: P15, treated lx(1968)
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that all these fourteen pines, incapable of forming new shoots this year,

had rather been damaged in 1967 already by an overdose of C 1402 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 dosilq i;

labeling with C . (1,15,16,17). 't11 

Also, it should be pointed out that from the entire harvested

plant material unbarked stems amount to about 14% (104 g.) and that the

activity 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 zc. thick-

ness, were exposed, just as o. P14 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 specific activity holocellulose, hemi-

celluloses and lignin. Also, the intensity of the autoradiographs of these

stem sections reflects very well their specific activity of 13.0 vs. 30.0

uc/g. found by counting. Some activity, but of a much lower degree, is to

be found in the inner stem parts (wood rays).

I
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Stored are:

128.2

9.7

24.0

84.0

3.6

13.0

41.8

. 5.7

5.4

317.9

25.3

45.8

g.

g.

g.

g.

g.

g.

g.

g.

g.

g.

g.

g.

(21.4%), roots of P1-9, 11-14 of about 11.4 pc/g. spec. act.

(21.9%), roots of P10 of about 15.3 uc/g. spec. act.

(27.2%), roots of P15 of about 28.0 pc/g. spec. act.

(14.0%), stems of P1-9, 11-14 of about 8.8 cc/g. spec. act.

(8.1%), stems of P10 of about 13.0 pc/g. spec. act.

(14.7%), stems of P15 of about 30.0 Pc/g. spec. act.

(11.5%), twigs of P1-9, 11-14 of about 12.0 Lc/g. spec. act.

(12.9%), twigs of P10 of about 18.0 u~c/g. spec. act.

(6.2%), twigs of P15 of about 48.0 ,Lc/g. spec. act.

(53.1%), needles of P1-9, 11-14 of about 13.1 pc/g. d e ct¶

(57.1%), needles of P19 of about 31.0 pc/g. spec. act.

(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 following activities were found and listed in Table VII:

TABLE VII: Results with Trembling Aspen

In 1966 and
In 1966 and 1968 labeled In 1966, 1967 and in 1968 labeled
1967 labeled 17L-20L 1S-8S

10L (4 trees) (8 trees) 9L

Soil, Pc/g. 0.88 0.75 2.28 0.25

(

(
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(Table VII continued)

· Roots, coarse,

ic/g..

Roots, medium,
,c/g.

Roots, fine,

Pc/g.

Stems, average,

Pc/g.

Stems, base,

pc/g.

Bark, outer,

.c/g.

Shoots, uc/g.

Leaves, 1 c/g.

Per/gram of total
plant material, pc/g.

Average weight of
total tree

17.5

4.2 32.0

5.3 4.9

15.0 19.0

52.0

35.3

68.6

11.2

69.3

46.0

35.85

78.26

24.96

95.58

t I l t ,i ! . II .

Three-times labeled trees show a 1.44-fold greater specific acti-

vity (the rough comparison of the activity of the 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

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.

35.3

39.2

20.4

14.0

23.0

45.2

30.0

F' ', -Z7·-". " !_sV
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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 latter. 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 ih:an enlarged autoradio-

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 shown) and for pulping of high activity holocellulose and

other plant materials the dimensions of the layer to be peeled off may be

taken from this graph.

Stored are: I 1, !

257.0 g. (38.6%), roots of 1S-8S of about 30.3 uc/g. spec. act.

36.9 g. roots of 9L of about 35.3 cc/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 of 1S-8S of about 11.5 pc/g. spec. act.

stems of 9L of about 20.4 Lc/g. spec. act.

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

120 g. (18.0%), shoots of 1S-8S of about 69.3 uc/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 pc/g. spec. act.

142.4 g. (21.3%), leaves of lS-8S5of about 48 pc/g. spec. act.

leaves of 9L of about 30 jc/g. spec. act.

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

Two five-year-old trees were labeled in 1968 of which B1 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

14
a further and crucial measure of tolerance toward C

The results are listed in Table VIII:

TABLE VIII: Results with BaflsMi ir

) ~ Stem length, overall, cm. 34.' 8'

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, pc/g. 0.38

Roots, pc/g. : coarse : 15.0, coarse barked 13.7, bark 9.7

Roots, Lc/g. : medium 19.0 , bark 39.8

Roots, cc/g. : fine 21.0

Stem diameter, mm: 11.5 : 8 : 5 

Stem, pc/g. unbarked: 24.0 23.0 17.0

Stem, uc/g. bark inner: 20.0 25.0 31.0

Stem, pc/g. : bark (20%): 27.0 18.0 23.0

)t Stem, 1c/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 VIII continued)

Twigs, coarse, gc/g. l8

Twigs, fine, ic/g. 34

Needles, fallen off during season green pc/g. 3.2

Needles, fallen off during season, brown pc/g. 13.0

Needles, green, removed from twig top pc/g. 24.0, 29.0, 28.0, 51.0

Needles, green, removed from twig base pc/g. : 23.0, 5.0, 7.0

Needles, green, removed from branch base pc/g. : 6.0

Needles from damaged twigs pc/g. : 17.0, 19.0, 14.0, 13.0

Needles randomly collected, green uc/g. : 2.7, 2.1, 9.5, 9.8, 1.1

It should be noted that it is difficult to obtain consistent data

without grinding of the entire respectively * 4taierial. Also, with such

truly representative samples the more accurate combustion method should then

be applied.

In setting an average specific activity of 20.3 ac/g. for roots, of

25.4 for the stem, of 26.0 for the twigs and 28.5 4c/g. for the needles, a

specific activity of 25.72 pc/g. per 1 gram of the total plant material re-

sults. This compares well with the figure of 22.9 ic/g. obtained for red

pine tree P15 that was labeled just in 1968 also. The total dry weight of

B1 was 174.9 g., P15 weighted 88.2 g.

Microtome sections, 404 thick, of the coarse root part and of

three stem sections 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. 7.

I
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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

materialarethe removal of the.outer layer and its separate delignification

again imperative.

Stored are:

37.5 g. (21.4%) roots of approximately 20 cc/g. spec. act.

70.0 g. (20.7%) stems of approximately 25 Pc/g. spec. act.

44.0 g. (25.1%) twigs of approximately 26 pc/g. spec. act.

71.2 g. (20.8%) needles of approximately 28 uc/g. spec. act.

and 12.0 g. needles separately.

Conclusions and Recommendations 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 a more uniform sampling

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

tional 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 one or two and two or three

labeling seasons.

The objective of establishing a material account of the applied

C1 4 was achieved to a satisfactory degree. However, the high radioactivity

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

If assuming that 1/3 of the found activity of the fourteen pine

trees Pl-14, 1/3 of that of the four aspen trees 17L-18L,and 2/5 of the

nine aspen trees IS-8S and 9L was present at the start of this year's

labeling already, and that 4 jyaijhable to the trees C14 would have been

distributed according to plant weight (which definitely hardly was the case

with the fourteen pine trees PI-P14), we find that of the available C1 4

some 16.5% (5.74 mc) were utilized by pine trees P1-14, some 40.4% (2.02 mc)

by pine trees P15, some 38.3% (15.15 mc) by aspen trees 1S-8S, 9L, some

30.0% (6.30 mc.) by aspen trees 17L-20L, and some 45.6% (9.00 mc) utilized

by balsam firs B1 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 representative 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 radioactivity as

II
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was found in the reported concentrations, we arrive at a total of some 77

mc. which would give a total of 115 mc. accounted for. (The insignificant,

quantity of recovered 0.272 mc. C14 in BaC1403 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 and 4.5 mil prepared for this comparison:

'I't r i, I Transmission, %
Region, P '3-mil. 4.5-mil. 10-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 90.0
down at 1720 to 74%

up again at 1900 nm to 89%
down at 2300 min to 42%

up again at 2700 n;. 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 UW transmitting glass which would transmit at 2 mm

thickness 70% at 254 mI, and less than 1% at 185 rr. 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 C1402 which finds its way into the soil

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 4wenisolved CO2 (HC03-) and inorganic soil compenents

and labeling of roots has taken place by simply enriching the sapwater of

the roots with C14. 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 CO2 - solubility in the tray water

during warm and a greater one at colder temperatures coinciding with per-

iods of maximum C02 - assimilation in the light cycle and maximum C02 -

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 al. (2).

The presence of considerable quantities of organic soil material

presents another difficulty, inasmuch, as organic CO2 becomes gradually (

available from the soil by enzymatic action, providing thus an uncontrolled
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source of unlabeled C02, 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 in 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 radiation radius small enough to allow the detection

of the exact locus of radioactivity inside the dimension of a single cell,

here,labeling with tritium is preferred.

1!ili .

I 
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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 library.
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