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INTRODUCTION

Recent work on the industrial utilization of agricul-
tural wastes has included g study of éethods available for
the possible utilization of cormstalks (16), Such materisal
differs from wood, which consists mainly of xylem, in the
presence of an appreciable amount of parenchyma, Most of the
weight of the msture stalk is due to c¢ell wall material, The
marked difference in properties exhibited by the parenchyma-
tous and vasculer tissues of the mature cornstalk indicates
that it may be desirable to utilize these tissues for differ-
ent purposes or to subject thém to different treatments, The
selection of the most efficient method for the utilization of
these tissues willl depend on a more complete knowledge of
them, In view of these facts, & comparlison of the cell wall
materials of parenchymatous and vascular tissues is of prac-

ticael 258 well as of botanical interest.
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DESCRIPTIVE AND BISTORICAL

The term. cornstalk, is used to dencte the stem of the
annual herbaceous grass, Zea Mays, dent variety, The stem
congsists of a sclid cylinder of pith traversed longitudinally
by scattered vascular bundles, The bundles become increas-
ingly numerous toward the periphery, the outermost ones form-
ing a compact woody shell, varying in thickness from sbout
one-fourth inch at the base of the stalk to about one-sixteenth
inch at the top, The outer part of the shell is covered by a
single layer of epidermal cells, The bundles branch and
anastomose at the nodes, thus forming a dense region consist-
ing almost entirely of vascular tissue, Wiley {24) found that
the nodes constitute about 26% of the weight of the stalk, the é
shell of the internodes about 54%, and the pitkh with its in-
cluded vascular bundles about 204, Examinatiorn of a number of
these plthy cylinders from typlecal internodes indicated that
about 60 ~70% of the cylinder or about 13% of the total stalk
consists of fundamental parenchyma, One of the chief objec-
tions which has been raised to the stalk as a utilizable waste
is the presence of such structurally dissimilar tissues,

If the epidermal layer is disregarded, the entire stalk
mey be said to comsist of parenchymatous and vasculaf tlssue.
The pith or fundamental parenchyma is a simple tissue, com-
posed of large, isodiametric, thin walled cells, The vascular

material, on the other hand, includes two complex tissues,
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phloem and xylem, and two simple ﬁissues, sclerenchyma and
parenchyma, The sclerenchyma, which consists of heavy walled,
cylindrical cells with diameters many times less than the
diameter of the average pith cell, is structurally similar to
the tracheids, the most abundent of the xylem cells, For

this reason, the term xylem will be used to include.all cells
of this type. Since the parenchyme and phloem constitute only
a small part of the total weight of the vascular tissue, the
properties of this material may be regarded as essentially due
to xylen,

According to the generally accepted view, the cell walls
of parenchyma and xylem of a given plant are chemicelly dif-
Terent, This conception is based on the results of micro-
chemical tests ana staining reactions, Although no work of
this type on the tissues of the cornstalk has been reported
in the literature, these tissues are frequently used in histol-
ogy courses to demonsitrate the use of such testé. Further-
more, such a conception-seems to be in accord with the marked
difference in properties exhibited by the pith and vascular
meterial. For exarple, the soft and easily compressible pith
has a lesser apparent specific gravity than.the woody vascu-
lar tissue and is more readily subject to bioclogical and chem-
ical attack., Microchemical and staining methods have the dis-
advantage of being entlirely non quantitative, Furthermore,
recent work has guestioned the reliability of such methods
(page 33). |
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Various macrochemical methods have been developsd for
the estimation of cell wall constituents, Most of these
methods are based on the assumption that certain reaction
solvents, such as acids, alkslies, etc,, have a selective
action on the constituents of the wall, Actually, it seems
unlikely that these reagents either entirely remove or leave
a residue consisting of any one constituent. Furthermors,
the treatment with such solvents is probably in many cases
sufficiently drastic to induce chemical changes in the wall
constituents, In thié case, the product estimated as 2 wall
constituent is in reality a reaction product of one or more
of these constituents, The purely arbitrary character of
such procedures is evidenced by the fact that the varicus
methods for the estimation of any one constituent seldom give
identical results, Other methods are based on the estimzation
of some characteristic group, as for example, the determina-
tion of pentosans as furfural phloroglucide (2). In view of
the fact that the exact relation of such groups to the mole-
cule of the constituent is usually unknown, such methods are
also Opeﬁ to criticism, Although the proposed macrochemical
methods are open to these criticisms, they offer one of the
most satisfactory methods at present available for the exam-
inaticn of plant materials,

By the use of such metheds, Peterson end Hixon (17) an-
alyzed hand Separated parenchyma and vascular fractions of

the mature cornstalk for the wall constituents known to be

e

e
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present, namely: lignins, pentosans, end cellulose, The an-
alytical results for the two separated tissues and for the
total stalk were practi¢ally the same {table I), Wiley (24)
had previously obtained anzlytical results on such fractions
which were also more nearly in agreement than would be ex-
pected from the previously menticned conception of cell wall
chemistry (%able II), Wiley (24) and Burke (3) reported
similar results for the pith and woody fractions of the corn-
cok, & modified stem structure (tables III and IV}, Such re-
sults suggest that the cell walls of perenchyme and vascular
material are more nearly alike chemically then has been sup-
posed, Additional evidence for or ageinst the hypothesis
that these tissues are chemically similar should be obtained

2rom 2 comparative study of parenchyms and vascular materieal,
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Table I

Anaiytical Data for Parenchymatous and Vascular
Fractions of the MHature Cornstalk as Determined
by Peterson and Hixon (17).

3 :Vascular Tissue: Parenchyma : Total Stalk

: Shell :Bundles: :
Pentosan : 25,6 : 26,4 : 277 : 27.6
Lignin : 33,5 : 35,2 32.0 : 34,3
Celluloge pulp ¢ 55,9 : 50,2 80,1 : 52,6
Pentosan in pulp: 16,6 : 13,1 : i2,2 : 14,2
Cellulose : 39,3 = 37,1 ¢ 37.9 : 38,4
(by difference) : . : :

Table II

Anglytical Data for Parenchymatous and Vascular
Fractions of the Hature Cornstalk as Determined

by Wiley (24).

for 30 minutes :

% iVascular Tissue:  Parenchymatous Tissue
T Shell : Nodes :Pith and Irmer vasculer bundie 8

Cellulose : 53.44 : 50.96 : 51,57

- Cellulose : 40.35 : 35,12 : 33.07

Xylen : 20.60. : 22,53 : 21,290

Soluble in 1.25%: : :

HoS04 2t 3 atmos,: 37.69 : 44.28 : 54,27

for 30 minutes., : : oz

Soluble in 1% : S

NalOH at 1 atmos.: 43.12 : 44,28 : 45,74
" for 30 minutes : 3
" Soluble in 1% : : :

¥a0H at 3 atmos,: 48, 03 + 51,45 : 53.11

[LSSIOR——.




Table IIX

Analytical Data for Parenchymatous and Vascular
Fractions of the HMature forncob as Determined by
Wiley (24).

% : Vascula? Tissue™ : Parenchyma
: Shell : Pitn
Hoisture : 9,08 : 8.11
Ether extract : 0.25 : 0.52
Fiber i 32.17 ; 54.15
Ash : 1,55 : 2,453
Protein : 1.75 ; 2. 06

*Phese values probably include the shell and the chaff,

Table IV

'Analvtical Data for Parenchymatous and Vaseular
Fractions of the Mature Corncob as Determlned by

Burke (3),
2 : _vascular Tissue  : Parenchyma
Crude fiber " 27,30 . 25.85
Starch : 34,45 : 30.29
Pentosans s 39,54 . 34,54

These values are averages of the values obteined from three
fractions of material of slightly different age.
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EXPERIMENTAL

A, Analvyses and Speciflc Gravity Measurvements for Seversl
Parenchymatous and Vasculsr Tissues.

Analyticai data of the type cobtained by Peterson and
Hixon (17) gives no information concerning the nature of the
association of the constituents in the cell wall., IS is pos-
sible that the same suhstances may te present in the. same pro-
portion by welght, and yet be so associated as to produce a
chemical difference in the walls., Since cﬁemically differ-
ent substances are characterized ﬁy a difference in physical
constants, the desirabllity of supplementing the analytical
data with measurements of such constants is apparent, For
this reason, analyses and speclifiic gravity measurements were
made on parenchyma and vascular materialkfrom the stems of
the following plants: (a) ordinary field corn (Zea Mays),
{(v) and {c) two genetically pure strains of corn (Zea Mavsl§
differing only with respect to the gene controlling rigidity,
cne being weak and prostrate, the other strong snd erect, (d)

sugar cane (Saccharum officisrum}, (e} sorghum cane (Scrghum

vulgare), and (f) Jerusalem artichoke (Hellanthus tuberosus).

Hethod

Preparaticn of the tissues.

The preliminary treatment of the plant meterials consisted

* ) .
These tissues were kindly supplied by Dr, Fisk Gerhardt of the
Chemistry Sectiorn of the Iowa Agricultural Expsriment Station,

Ames, Iowa,
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of separation into different tissues or combinations of tis-
sues, grinding, and extraction with such solvents ﬁs were ex-
pected to leave 2 residue consisting of relastively pure, un-
changed cell wall material, Internodes of stems of the first
five plants named above were separasted, by peeling with &
sharp knife, into two portions: (a) the outer shell of the
stalk, consisting of the epidermls and the peripheral vascu-~
lar bundles, and (b) the central cylinder of the stalk, con-
sisting of the inner vascular bundlies and the pith or funda-
mental parenchyma, The separation of the sugar cane into
shell and central cylinder was immediastely followed by extrac-
tion with acetone to reduce the sugar concentration tc suck a
point that the tissue could be dried by evaporation.in air,
The central cylinders of the field corn and sugar cane were
further separated into vascular’bundleé and pith, This was
accomplished by carefully pulling cut the bundles from
cvlinders which had been sofbened by soakiné and boiling in
water, The Jerusalem artichoke stem was split lengthwise and
the inrer cylirnder of purely parenchymatous tissue was scrap-
ed out. |

| Unless otherwise indicated, 211 tissues were ground to
pass a 60 mesh screen, Exitraneous materials were removed by

exhaustive extraction with water and alcohocl, The tissues

were air dried before exitraction with a new solvent. The final

alcoholic extractions of sorghum and artichoke tlssues were

carried out in Soxhlets, This seemed necessary to remcve the

T

R



large amount of coloring matier present in these tissues, All
specific graviiy measurements and anslyses were made on air

dried tissues,

Specific gravity measurements,

Specific gravity meassurements were made by displacement
of glcohol, The specific gravity values were calculated from

the following formula:

where A7 is the weight of alcohol held by the pyknometer when
no sample is present, A the weight of slcohol held wheﬁ the
sample, S, is present, D; the specific gravity of the alcohol,
and D the specific gravity of the tissue, .

A 100 cc, pyknometer fitted with é ground glass stopper
with a capillary outlet was used, The pyknometer was cali-
brated to the fourth decimel place at the temperature at
which the measuremepts were to be'made. For all measurezents,
the pyknometer was completely filled with liguid and was
brought ﬁo constant temperature, by immersing up to its neck
for thirty minutes in a water thermostat where the maximem
temperature variation was not over 0.02°C. The pyknometer
was suspended in the thermostat in 2 smell cylindrical basket
of copper gauze in which it was held in an upright position
by two adjustable copper wires drawn across the top of the

basket, This method necessitated less handling,of the
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pyknometer then would the use of a clamp, Furﬁhermofe; the
basket allowed free circulation of the water and yet served

toc protect the surface of the pyknometer from most of the

lint and scum which were always present in the thermostat.

1
i

The joint of the pyknometer was protected from any alcohcel

% which might overflow from the cepillary outlet, by placing a

| tight fitting collar of filter paper around the stopper above
the joint, Before weighing, the surface of the pyknometer
was dried and cleaned by wiping with a cloth moistened with
ailcchol and ether, The samples of tissue used were of such
size that in the dry condition a sample filled one-fourth to
one-third the volume of the pyknometer, Samples of greater
size interfered with subsequent manipulations, The sample
was well covered with alcohol of known specific gravity, at
least twenby-four hours before the measurement wes to be re-
corded, to z2llow for penetration of the tissue, After pene-
tration had occurred, as evidenced by the appearance and the
sinking of the tissue, the pyknometer was carefully rotated
in such a way that its entire contents were seen in motion,
This was necesssry to remove air bubbles which lodged in the
mass of tissue, Check readings were obtained several times
on each sample by bringing to constant temperature, readjust-
ing the alcohol level, and weighing, The contents of the
pyknometer were aglitated between readihgs to make certain that
all the air~héd been removed,

An interesting observation was mede in the use of the
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pykncemeter, When the Jjoint was reground, the stopper was
pushed into the neck of the pyknometer to such an extent that
& small groove was formed at the top of the joint, where the
dismeter of the neck of the pyknometer was greater than that
of the stopper. When an attempt to dry the surfsce of the
£illed pyknometer was made, it was noted that more liquid im-
mediately took the plece of any that was removed Pfrom this
groove, When the grcove was removed by grinding down the neck
of the pyknometer unitil s right angle point of contact between
stopper and pyknometer was obtained, no more difficulty was
encountered iIn drying or weighing the pyknometer, Apparently
the lajer of liguid which was always present in the groove
after filling the~pyknometer éxerted such 2 pull on the liguid
held between the stopper and pyknometer that a constant capil-

lary rise occurred elong this joint,

Anslyses.

No attempt te make z complete analysis of the various
tissues was mede, HMoisture, pentosans, lignins, and, if the
supply of material permitted, cellulose analyses were made on
all tissues, The lignin amalyses were obtzined by the 72%
sulphuric acid method, using the procedure recommended by
Schorger (22). Pentosans were determined as furiurazl phioro-
glncide‘(2), The cellulose pulp was prepared by =a modi:ica-
tion of the de Vain's ?rocess, The pentosan content of the

pulp was determined and calculated to percent of original

PR,
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stalk, By subtracting this figure from the percent of
origingl stalk obtained as pulp, 2 vslue for cellulose by 4if-
ference was obtained,

Results

The experinental deta are shown in table ¥, The values

- glven for specific gravity are averages of velues obtsined on

two or more samples of tissue, The veiue for each sample is
ir turn an average of at least two and more often three or
more readings on that sample., The specific gravity values and
the data from which they were calculated are given in tables
VI - XI. The analybtical values are averages of two or three
determinations,

The specific gravity, pentosan, and cellulose values for
the parenchymatous fraciion are approximastely equal to the
corresponding valmes for the vascular fraction ir ordinsry
field corn, the two genetically pure strains of corn, sorghum
cane, and sugar cane, The lignin content of the two fracticns
were also found to be the same in those tissues where the
lignin determinations were run at room temperature, namely:
those of field corn, the two genetically pure strains of corm,
and sorghum cane, Peterson (16) recently reported.tﬁat a
difference in lignin content was found in the two tissues of
the cornstalk when the analyses were run at the temperéture

of the ice box, Since his values by this method checked those
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Table ¥

Specific Gravity and Composition of Parenchyma
and Vascular Cell Wall Msterial,

{Analytical re ults calculated to percentage of
oven-dry (105°C, ) semples),

: :Specific: % : % : % : % : %
Plant : Tissue .gravity Lig- :Pento-:Cellu-Pento~:Csllnlose
: :at 259C ’.t nins : sans : lose:sans imby dif-
: T : : : puip: pulp :ference
: a : B : : : s
cpin”  : 1,52" :gg’gh : 27,7 : 50,1: 12,2 : B7.9
TTamer : ~as o ¢ : : :
Corn  :vascular: 1.515‘:22"§h : 26,4 : 50,2: 13,1 : 37.1
:bundles ¢ s : : : 2
:snell : 1.52% :50°0n : 25,9 : 55.9: 16,6 : 39,3
Corn, :Central : . : : : : :
genetic:eylinder: 1,515 : —& : 28,8 : :
strain_: e : : H : :
znmaz}.’ Shell : 1.515 :23.1 : 27.2 : . :
Corn, :Uentral : : : : : :
genetic:cylinder:y 1,51 —8 : 29,5 : : :
strain : : : : : :
201, , :Shell : 1,52 :24,.65 : 29,3 : : :
strong 2 : s : : : H
:patn®  : 1.50 :18.42 : 32,4 : : .
: Inner : : : : : :
Sugar :vascular: 1,49 : S : : :
cane“:bundles : : : : : :
:Shell : 1,52 :25.4B : 20,7 : : :
:Central : : H : :
Sorghum: cylinder: 1,503 21 7 3 3l.1 ¢ : :
cane - : : : : :
:Shell : 1,502 .2o.0 : 35,4 ¢ : :
Jerusa~:Pith  : I.540 :10.1 : 25.6 : 48,5: 5.6 : 42,9
lem arb-r : : : 3 : :
ichoke :Shell : 1,406 :23,9 : 22,6 : 53.,2: 11,4 : 41.8
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SThe analytical data for corn is that 1lsted by Peterson and
Hixon {(17).

Prmis tissue and the anglyses for pentosans on it were kindly
supplied by Dr, Pisk Gerhardt of the Chemistry Section of the
Iowa Agricultural Experiment Station, Ames, Iowa,

Ctnis tissue was kindly supplied by the Louisiana Sugar Exper-
iment Station, Baton Rouge, Louisiana,

dpnis tissme could not be ground to pass a 60 mesh screen in
the mil}l used, When the tissue reached its maximum state of

fineness 1t was removed from the upper part of the mill and
used without further subdivision,

©The vascular bundles were cut into 1/16 to 1,4 inch lengths
with the scissors znd were not ground in the mill,

frnis value was determined at 29°C.

8aAn insufficient supply of this tissue prevented the deter-
mination of its lignin content.

hThis analysis was run at the temperabture of the ice box,
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Pable VI

Specific Gravity of Parernchymatous and Vascular
Fractions of the Hature Cornstallk,

P S = 1Dy = id3j-A) =: tAverage :Average
:Weight:Specific:Weight of:D=S x Dy:specific:specific
Tissue : of :gravity :elcohol ZﬁlﬁA}:gravity igravity
s sample: of :displaced: :of each :0f each
: :alcohol,.:by sampie: :sample, :stissue.
:0,8495: 0.,8034 : 0,2025 : 1,51 : :
:0,5495: 0,8034 : 0,2880 : 1,83 : 1,52 :

Pith :0.5495: 00,8034 : 0.,2879 : 1,53 : s 1,52
:0,8195: 0,8034 : 0.4342 : 1,52 : 1.52 °
:0.8195;: 0.8034 : 0,4328 : 1.58 : —* :
:1.,1388: 0,8034 : 0,6051 : 1,51 : 152 °

Vasculsy:1,1388: 0.8034 : 00,5989 : 1,55 : ° :
bundles:1,1742: 0.,8015 : 00,8261 : 1,51 : : 1,515
©o:1,1742: 0,8015 : 0,6255 : 1,51 : 1,51 :
:1.,1742: 0.8015 : 0,58230 : 1,51 : :
:1,4229: 09,8034 : 00,7550 : 1,51 : :
:1.,4222: 0,8034 : $,7545 : 1,81 :
$1,4229: 00,8034 : 0,7469 : 1,83 = 1,52 :
Ounter :1,4229: 0,8034 : 0.,7446 : 1,54 :
shell :1,4229: 0.,8034 : 00,7426 : 1,54 : s 1,52
:1.6521: 0.8034 ¢ 0,8769 : 1,51 : 4 gqg ¢
:1,6321: 0,8034 : 0.,8754 : 1,52 1 ° :
:12,3778: 0,8015 ¢ 31,2560 : 1,52 : 1.52 °
:2,3778: 0,8015 : 1,2860 : 1,52 : ° : __
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Table VII

Specific Gravity of Parenchymatous end Vascular
Fractions of the Xature Cornstalk, Genetically -

Pure Strain 201, Weak,

—

tAverage :Average

:?sight Spec fic -We}ghﬁ 0f:D=8 x Dj:specific:specific
Tigsue : of :gravity :aleochol : KAI-Ag:gravity igravity
: sample: of :displaced: :of each :0f each
: :alechol, :by sample: ssample, stissue.
:1,2407: 0,8076 : 0,6648 : 1,510 : :
:1,2407: 0,8076 : 0,6586 : 1,520 : 1,52 :

Central :1,2407: 0,8076 : 0,6586 : 1,520 : :1.515

cylinder:2,0616: 0,8076 : 11,1035 : 1,510 : :
:2,0618: 00,8076 : 11,0993 : 1,510 : 1,51 :

- :2,0616: 0.8076 : 1,0993 : 1.510 ¢ = .
:1,0397: 0,8076 : O0O,5545 : 1,510 : :
+1,0397: 0,8076 : 00,5523 : 1,520 : 1,52 :

Outer :31,0397: 6,8076 : 0,552 : 1,520 : 21 515

shell :31,2182: 0,8076 : 00,6506 : 1.510 : ' s 7
:1.2182;: 0,8076 : 0,6522 : 1,810 : 1.51 :
$1,2182: i 0.6513 : : :

+ 0.8076

1,510




Table VIII

Specific Gravity of Parenchymatous and Vascular
Fractions of the Mature Cornstalk, Genetically
Pure Strain 201, Strong,

P S = 3

= :{A3-A) = : :Average :Average

:Welght:Specific:Welght of:D=S x Dy:specific:specific

Tissue : of :gravity :alcohol : IAloﬁgzgravity 1gravity
: sample: of sdisplaced: :0of each :of esach
: :alcohol. :by sample: :semple. :tissue.
:1.1100: 0.8076 : G,8965 : 1,500 : :
:1,1100: 0,8076 : 0,5924 : 1,510 : 4§ gy
:1,1100: ¢,8076 : 0,5912 : 1,520 : ¢ :
:1,1100: 0,8076 : 0,8912 : 1,520 : :

Central :1,1459: 0,8076 : 0,6145 : 1,510 : P 1s1

cylinder:1,1459: 0,8076 : 0,6136 : 1,510 : 1.51 : °
:1,1459: C. 8076 : 0,6136 : 1,510 : :
21,9136 00,8076 : 1,0251 : 1,510 :
:1,91386: 0,8076 = 1,0220 : 1,510 : 1,51 :
:1,9136: 0.8076 : 1,0207 : 1,510 : :
:2,0855: £0,8076 : 1.,1001 : 1,520 :
:2,0655: 0,8076 ¢ 1,0875 : 1,520 : 1,82 :

Cuter :2,0655: 0,8076 : 1,0868 : 1,520 i 1.532

shell :1,5339: 00,8076 : 0.,8170 : 1,520 : : *
:1.5339: 0,8076 : 00,8176 : 1,510 : 1.52 :
:1,533%: 0.8076 : 0.8163 : 1,520 : :

ﬂ

1




Table IX

Specific Gravity of Parenchymatous and Vascular
Fractions of the Hature Sugar Cane,

S = : D3 = :{&3~4) =: tAverage :Average
Weight:Specific:Welight ¢f:B=S x Dy:specific:specific

av as

Tissue : of :gravity :alcohol : &y-Aj:gravity :gravity
:sample: of :digplaced: :of esch :0f esch
: talcohol, i by sample: :sample. :tissue,
:5,9878: 00,8076 : 3.,2217 : 1,80 :
:5,9878; 0,8076 : 3,2128 : 1,50 : 1,50
Cuter :5,9878: 00,8070 : 35,2128 : 1,50 : :
vasecular:5,5792: 00,8076 : 33,0041 : 1,50 : 1.50 ° 1,50
shell :5.,5798: 00,8076 : 3,003l : 1,50 : N :
+4£,0671: 0,8033 : 2,1956 : 1,49 : 1.49 °
_:4,06871: 0,8033 : 2,1800 : 1,49 ¢ e
:1,7304: 0,8033 : 0,9387 : 1,48 : :
:1,7304: 0,.8033 : 0,9374 : 1,48 : . :
Vascular:1,7304: 0,8033 : 0.9257 : 1,580 : 1,49 :
bundles:1,7304: C,8033 : 0,921 : 1,51 : s 1,49
:1.7304: 00,8033 : 0.9234 : 1,90 : :
:2,1514: 00,8033 : 11,1832 : 1,49 =« 1.49 :
:2,1914: 0,8033 ¢ 1,183 : 1,48 : ~° :
:2,2142: 0,8076 ¢ 1,1711 : 1,53 : 1.53 °
:2,2142: 0,8076 : 1,1708 : 1,53 : “*°Y .
Pith :1,5880: 0Q,8076 : 0,8557 : 1,50 : : 1,52
$1,5880: 0,80786 : 0,8531 : 1,50 : 1,50 :
:1.,5880: 0.8076 : 0,8548 : 1,80 : N

|
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Teble X

Speeific CGravity of Parehchgmatous and Vascular
Fractions of the Mature Sorghum Cane,

S = : Dy = :(Aj-A) =: :Average :Average
Weight:Specific:Welight of:D=8 x Dy:specific:specific

at gs o>

Tissue of :gravity :alcchol Aq-A):igravity :gravity
:sample: of s:displaced: :of each :0f esch
: salcohel, :by sample: :semple, :tissue,
:1.8391: 0,8076 : 0,9900 : 1,500 : 1.503 °
:1.8391: 0,8076 : 90,9864 : 1,506 : ° :
Ceuntral :2,3301: 0,8076 : 1,25833 : 1.502 : ! 1. 503
cylinder:2,3301: 0,8076 : 1,2489 : 1,507 : 4 g4z 3 77
:2,3301: 0.8076 : 1,2534 : 1,50 : ~° :
:2.3301: 00,8076 : 1,2536 : 1,501 : :
:4,2007: 0,8076 : 2,3057 : 1,503 :
Outer :4.2907: 0.8076 : 2.3061 : 1,508 : 12503
shell :4,2381: 0,8076 : 2,2808 : 1,501 : :
:4,2381: 00,8076 : 2,2783 : 1,502 : v s 1,502
:4,2381: 0,8076 : 2,2777 : 1,503 : 1,501 :
:4,2381: 00,8076 : 2,2825 : 1,500 : :
:4.,2381: 0,8076 ¢ ©,2826 : 1,500 :
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Table XI

Specific Gravity of Parenchymatous and Vascular
Fractions of the Msture Jerusalem Artichcoke Stem,

: S= : Dl = :ildj-A} =: tAverage :Average
:Weight:8pecific:Weight of:D=S x Dij:specificispecific
Tissue : of :gravity :alcohol : ZAl-Agzgravity rgravity
:sample: of :displaced: :of each :0f zach
: :alcohol, : by ssample: :sample, :tissue.
:3.0594: 0,8076 : 1,6046 : 1,540 : 1.536 °
Pith :35,0594: 00,8076 : 1,6134 : 1,832 : —° : 1.540
:2,0375: 0,8076 : 1,5366 : 1,544 : 1.584 : °
:2,9375: 0,8076 : 1,5371 : 1,543 : —° s
:11,9230: 0,8076 : 6,8461 : 1,406 :
$11,9230: 0.8076 : 6.8461 : 1,406 : 1,406 :
Vascular:11,8250: 00,8076 : 6,8412 : 1,408 : i3 406
shell :6,5289: G,8076 : 33,7543 : 1,404 : R
:6,5282: 0,8076 : 3,7545 : 1,404 : 1,407 :
:16,5289: 00,8076 . 33,7320 : 1,413 :
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cbtained by the Willstatter method, he has suggested that more
néarly correct results are probably obtained at ice box tem-
perature than zt room temperature, A similsr difference was
observed in the lignin content of parenchymatous and vascular
material of sugar cang when the anelyses were run at ice box
temperature, No analyses werec made at room temperature due
to an insufficient supply of maeterial, The unexplained ef-
feet of temperature on lignin znalyses suggests that lignin
content so determined is of doubtful walue in a comparison of
plant tissues, This deta is neither extensive enough, nor is
the method sufficiently refined to warrant the stafement that
these tissues are chemically identical, It does seex to in-
dicate that they are more nearly alike chemically than is
generally supposed. The objection may be raised that in most
gases pure tissues have not been deelt with, For exemple, it
may be suggested that the vascular tissue of the cornstalk
consists of a mixture of tissues whose cell wails ére decided~
1y different chemically, but which are present in such pro-
poftions that the aﬁerage specific gravity and composition,
as shown by such methods of analysis, egual that of the pith,
a purely parenchymeztous tissue, At present no experimental
proof that such is not the case can be offered, Eowever, it
seems unlikely that such an averaging occurs in 211 the plants
mentioned above,

The parendhymatoﬁs and vasculsr ﬁaterial of the Jerusalem

artichoke differ both in specific gravity end in lignin con-
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tent, Even here, however, the resulis on pentosans, cellu-

lose, and even on lignin, indicate that these tissues are not

totally dissimiler, Although the specific gravity and lignin .

values obtained on the parenchyma and vascular material of the
Jerusalem artichoke might suggest that tissues of different
percentage composition are characterized by a difference in
specific gravity, no generalization of this import 1is war-
ranted due to the doubtful value of lignin analyses referred
to above and to the fact that some tissues having spproximate-
1y equal specific gravity show a difference in lignin content

as great as that reported for Jerusalem artichoke {table V),

[
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B, Studv of Acetvlated Parenchxgaﬁous and Vesculer Tissues of
the Cormstalk.

The wall constituents of the cormstalk, namely: lignins,
pentosans, and cellunlose, are characterized by the presence of
free hydroxyl groups. If these constituents are present in
the parenchymatous and vascular tissues in the same proportion
by welght and are assoclasted in the same msnnrer, the hydroxyl
content of these tissumes will be the same., The presence of an
equal hydroxyl content may suggest, but will not prove the
chemical 1éentity of these tissues, On the other hand, a dif-
ference in hydroxyl content may be considered as conclusive
evidence for the exlstence of a chemical difference between

the parenchyms and vascular tissue,

¥ethod

No satisfactory method 1s available for the direct de-
termination of hydroxyl content in c¢ell wall material, TFuachs'
(6) work on scetylated wood suggests that acetylation of the
tissues of the cornstalk with acetic anhydride may result in
the substitution of acetyl groups for hydroxyl groups, glving
a product insoluble in the resgents used., 1If it is assumed
that only the hydroxyl groups are subject to acetylation, the
increase in acetyl content after acetylation may be conslder-
ed as & measurs of the hydroxyl conﬁent of the original tis-

sue,




e i anlzne 2

The materials used in the acetylation were air dried,
water extracted tissues ground to pass a 60 mesh screen, The
acetylation was carried ocut according to the method suggested
by Fuchs (6). Thirty grams of the vascular shell of the stalk
were added, during & one and one-half hour interval, to an
acetylating mixture consisting of 0,4 grams of concentrated
sulphuric acid in 175 grams of acetic anhydride, The nmixture
was stirred constantly with an electrlic stirrer and was cool-
ed during the addition of tissue by immersing in ice. The
temperature was then raised to 55 - 60°GC, for two hours.

Three hundred and thirty cubic éentimeters of benzene were ad-
ded, erd the mixbture was cooled.té room temperature and stir-
red for one and one-half hours, The material was filtered by
suction and washed with benzene, The product was allowed to
stand over night in a large quantity of methyl alcohol and
was well washed, first, with methyl alcchol, and ther with
ether, Sixteen grams of hand separated pith were similarly
acetylated using an eguel volume of acetylating mixbture., This
increased proportion of acetyleting mixture seemed necesssary
tc penetrate the more bulky tissue of the pith,

.Acetyl gnelyses were made on tissues dried in 2 vacuum
overn at 5500. by a modification of the method of 0st and
Xatayama (15). A& 1,0 gran sample was z2llowed to stand twenty-
four hours in 10 cc, of 1l:1 sulphuric scid, wes diluted with
100 cc. of distilled water, and was steam distilled at such a

rate that ten to twelve hours were required for the collection




of three liters of distillate, The acetyl content of the

tissue was calculated from the following formula:

Vx ¥ x (CHzCO) = A,
S x10

where V is the cubic centimeters of alkell of normsliity, N,
required to neutraelize the distillate from the sample, S, and
A is the percent acetyl, The total acetyl content will in-
¢clude the small original acetyl content as well as the in-

crease in scetyl due to the acetylation of free hydroxyl groups.

Resnlts

Thirty-seven grams of acetylated product were obtained
from 30 grams of vascular shell, while only 14 grams of
product were obtained from 16 grams of pith, The decrease in
weight shown by the pith, suggested that some part of the
original or scetylated material was soluble 1n the reagents
used, Examinaticn of the acetylating mixtures Whicﬁ had been
used on pith and vaécular tissue showed the presence of dis-
solved material, Ho attempt to identify this material was
made,

The analytical results for the acetylated tissues are
shown in teble XII, These results indicate that the acetyla~
ted products obtalned from the two tissues are chemically
different, Whether this also indicatés that the original tis-

sues are different, seems open to discussion. If it is as-
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Table XIT

Anslyses of Acetylated Parenchymatous and Vascu-
lar Tissues.,

® : S = : V = :N=normality: ‘ VxXBx{CH=CO)

TISSUE . nnle roc. alkali: of alkali A 2Cetyl=—gTg
Acetylated: 1,1069: 122,07 : 0,0923 : 43,7 .

pith : 0,7524: 81.55 : 0,092% : 23,0 43.4
Acetylated: 0,9833: 81,35 : 0.0923 :  32.8 a2 v
vascular : 0,9002: 73,86 : §,0923 : 52,5 *

pith : : :

sumed that the material dissolved by the acetylating mixture
consisted entirely of unchanged éell wall tissue or of the
acetylated product of the wall as & whole, such e conclusion
is warranted, It~seems equally probable, however, that the
acetylating mixture dissolves the different wall constituents
et an unequal rate, If this is the case, the product ob-~
tained is clearly not the product of the scetylation of the
cell wall as 2 whele, Since the conditions favering.solution
were not the same during the acetylation of the two tissues,
it is not strange, regardless cf the nature of the originel
tissues, that the products are not identical, Thus, the
higher acetyl content found in the product obtained by the
acetylation of the pith may be the result of a more complete
solution, than cccurred in the vascular material, of some
wall constituent low in originsl acetyi or hydroxyl content.

Comperison of the products obtained by'reacetylation to con-
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stant composition, should offer mﬁre reliable results, The
difficulty encountered in securing sufficient guantities of
hand separated tissues for such work makes it impractical;

In view of these complications, acetylation under the described
conditions does not offer a satisfactory method for a chemi-
cal comparison of the parenchymatous and wvascular tissues of

the cornstalk,
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C. Study of the Location of the Cell Wall Constituents of
Parenchymatous and Vascular Tissues of the Mature Cornstalk,

The chemical ccmposition of the morphologically distinct
leyers of the plant cell wall has already been the subject of
& considerable amount of research, This work has consisted
of subjecting sections of the tissue under investigation to
microscopic examination {a) after treatment with staining re-
agents which are supposedly specific Pfor certain of the cell
wall constibuents, and (b) during or after treatment with
solverts which are assumed t¢c have a selective sction on the
wall, The first method has been the more popular of the two,
prebably because it gives a mere distincet difference in visual
eppearance, Since the factors determining differences in
stainirg reaction are still a matter of conjecture, conclu-
slons based on such resuits are copen to severe criticism,
Farthermore, at ieast some Of the stains are not specific for
the substences they have beern used to detect (4)(8).

The second method seems tc be the more relisble of the
ﬁwo. By carrying cut the treatmernts under conditicns select-
ed for standard anslytical procedurss the microchemical and
analytical results mey be gqualitatively correlated., Obvious-
1y, this work 1s open to the criticisms raised tc analytical
procedures based on solubilities (page 8 ). This méthod has
the further dissdvantage that the tissues are frequently so
distorted that the various wall layers become indistinguish-

able, thus 3inereasing the difficulty of interpreting results.
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| Lccording te the generslly sccepted view of cell wall
chemistry, the middle lamelia or primary wall is composed of
pectin In some form, while the seccndary and tertiary layers
conslist of cellulose, cellulose end 1igﬁin, cellulose end
pectin, etc., This genersliization is largely based on the work
of Mangin {9 - 14), who studied sections of various plant tils-
sues according to both of the above methods, Allen (1), us-
ing only staining methods, extended this work to a greater
mumber of plant tissues and confirmed Maﬁgin's findings,

Hore recently, Ritter (20) by the use of solvents em-
ployed in stendard anelytical procedurss has shown'that the
middle»lamellée of at least z number of mature woods consist
¢chiefly cof lignin, while the secondary walls consist of cel-
lulose and lignin, This work has caused a renewal of interest
in this phase of cell wall chemistry., Harlow (7) has report-
ed that he was able to check Mangin's results on parenchymsa
and young woody tlssue, and Ritter?s results on.mature woods.
The sbsence of pectin in the mature cornstalk (17) suggests
that the middle lamellse of all parenchymatous tissues are not
- composed of pectin bodies, The question of the composition of
the primery and secondary wslls of the tissues of the corn-
stalk is of interest in this connection, as well as in a gen-

eral comparison of these tissues., »

Method and Resulbs

The present study was limited to a microscopic examina-
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tion of tissues which had been treated, as exactly as possible,

- according to the procedures used in obtaining the analytical

results vreviously reported (page 8). This was considered

desirable in order that the terms, lignin, cellulose, étc,,

might have the same meaning throughout the entire series of
investigations,

In view of the vrevalence of the idea that the middle
lamellae of such tissues are chiefly composed of pectin, 1t was
considered of iInterest to observe the action of standard pectin
solvents on sections cut from the central cylinder of the mature
stalk, Two and five-tenths percent ammonium oxalate solution
was foeund to have nc apparent solvent action on the tissues
after é treatment of four hours at boiling watef-bath tenmper-
ature and twenty hours at room temperature, Similar results
were obtained when a more drastic resgent, 2,5% sulphuric acid,
was substituted for the oxalate solution, Suck results indi-
cate that the middle lamellse of the corastalk are nci chief-
1y composed of pectic bodies, and are irn accord with the an-
alytical results obtained by Peterson and Hixon (17).

Observation was first centered on tissues which had been
practicaliy freed from pentosans and lignin by a modification
of the de Valn's process, Short lengths of vascular bundies,
and small pieces of hand separated pith of the mature corn-
stalk were beiled thirty minutes in 1% sodium hydroxide, wash-
ed, chlorinsted in water suspension thirty minutes, washed,

boiled five minutes in 2% sodium sulphite, and washed.
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In order tc protect the material from physiecal injury, =11
filtering was accomplished by pouring the liguid out thrcugh
a Tine plece of cheese cloth stretched across the top of the
contalner. 1In general, the bundles and pieces of pith re-
tained their original form during this trestment, The delig-
nified bundles were separated, with comparative ease, into
individual cells by mounting under a cover glass end subject-
ing to slight pressure. When small pieces of delignified pith
were similerly trested, the cell walls crumpled snd folded to
such an extent that the cell structure became practicelly in-
distinguishable, This crumpling is probably due to the thin-
ness of the‘walls of the pith cells, Separation into indi-
vidual cells was readily accomplished by placing s small piece
of delignified pith in water in a U tube and shaking for
twenty-four hours on & shzking machine in such a2 way that the
water washed rapidly back snd forth over the material, A
suspension of individual cells, which resembledvcubical crystals
to the naked eye, resulted, Since untreated bundles and pith
showed no tendency'to separste into individual cells even un-
der more severe physical treatment, it was sssumed that the
de Vain's process had resulted in the solution of the layer
nolding the cells together, i.e,, the middle lamella, in both
the pith and vascular tissue. The failure of the celis toA
separate during the chemical treatment (i,e,, without some
mechanical assistahcej may probably be attributed to the char-

acter of the surface of the cellulose, and in the case of the
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Plate Y

Individual cells removed from a mass of
delignified cornstalk pith by mechanical

means,
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vascular tissue to the way in which the long tapering cells
fit together, Cells corresponding in structure to all the

types of cells found in untreated tissue were observed in the

pulp resulting from the delignified tissues, Plate I is a

ép‘hotomicrograph of cells of the pulp preparsd from delignified

pith, Tke results of these observations indicate that the

middle lamellse of the vascular tissue and the fundamentsl
f parenchyme consist of lignin or pentosans, while the second-
ary walls contain an appreclable amount of cellulese.

Tissues from which cellulose and pentosané had been re-
moved by the action of 72% sulphuric acid were next examined.
Crozs sections, 50 microns thick, were cut from paraffin em-
bedded cubss of the central cylinder of the stalk; Sections
from which the paraffin had been removed wlth chloroform, and
which had been washed, first with alcchol, and then with
water, were mounted in 72% sulphuric acid, Very respid action
occurred, resuliing in almost immediate fragmentation of the
section, At first a fragmentary network was visidtle in the
region of the pith, tut this graduslly disappeared leaving
only & residue of fine particles, A continuous and dense
network persisted in the xylem and sclerenchymz of the bundle
even after several days acid treatment, Only fragmentary
material remained in the region of the phloem and bundle paren-
chyma, The persistence of a network in the xylem and scleren-
chyma indlcates that the middle lamellae of these tissues

largely consist of lignin, The detection of such character-
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Plate 1T

Cross section of cornstalk pith showing
partial fragmentation produced by ten min-
utes treatment with 72% sulphuric acid,
Gomplete fragmentation occurs after twenty

to thirty minutes treatment,

e T,
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Plate IIX

Lignin’rssidue of a vascular bundle of
the cornstalk, showing contlruous lignin

network and rings.
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istic wall structures as rings and spirals in the lignin res-
jdue of the vasculer tissue indicates that the secondary wells
of thig tissue contain &n appreciable amount of lignin as |
well as of cellulose, That such structures are not due to
cellulose that has not been attacked by the acid is shown oy
the ready solution of this residue wnen subjected o the
de Vain's treatment.

vhile feilure to obtein a continuous network in the pith,
phloem, snd bundle parenchyma does not show the presence of
consideraple lignin in the middle lameilae of these tissues,
neither does it prove its absence, It is not unreasonable 1O
suppose that the middie lamellae of these tissues are so thin
that even though they consist entirely of 1ignin they would De
easily fragmented, Furthermore, if the middle lemellae CcOn-
sist of pentosans and lignin, the remcval of the former would
snepease the tendsncy of the residual lignin framework to
bresk, TFor these reasons, no conclusions can be drewn con~
cerning the distribution of lignin between primary and second-
ary wall lsyers in the pith, phloem, and bundle parenchyma,

Tofortunately, nmo solvent is known which dissolves ligunin
and cellulcse znd leaves pentosans, or which diséolves pento-
san material only., For this reascn, nc definite cchclusions
concerning the exact location of this constituent can be
dragn. Failure to £ind any evidence that any well suructure
(with the possible exception of the middle lamellae of %the

pith, phloem, and bundle parenchyma) consists mainly of pento-




- 42 -

sans suggests that this constituent is probebly present with
the lignin or cellulose in one or both of the well layers,
While the results presexted above do not offer conclusive
proof that the wall constituents are similarly locsted in
parenchymatous and vascular tissues of the mature corzstalk,
they offer 1little evidence that such is not the ease, Thus
it has bteen shown that the secondary walls in both tissues
contain an appreciable amount of cellulose while the middle
lamellae consist mainly of lignin or pentosans, The presence
of lignin has been demonstrated in both primary and secondary
wall lavers of xylem and sclerenchyma, Fallure te duplicate
these results in the pith, phloem, and bundle parenchyma is
not considered relimble evidence that the wall constituents

are differently located in these tissues,
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D, Kicroscopic Study of Cellulose Pulps Prepared from Paren-
chymatous and Vasculasr Tissues of the Cornstalk,

The properties of paper are in part determined by the
properties of the individual cells in the pulp from which it
is prepared, For this reason, a microscopic study of cellu-
lose pulps prepared from the tissues of the cormstalk is of
practical interest, For the sake of comparison, the present
study was confined to properties which had been previously

studied in wood pulps.

Method and Results

Measuiements of the cells of the pulps.

Measurements were made, by means of an eyepiece microm=
eter, on cells of pulps prepared by a modificaticn of the
de Vain's process, The results are presented in table XIII.
The corresponding deta for a number of broad-leaved woods are
shown in table XIV, It mey be seen from these tables, that
although the dimenéions of a typical broad-leaved wood fiber
are less than those of s typicel cornstalk fiber, the ratic
of length/width is of the same order in the two cases,

The formation of a mat is due to the interlacing of fibers,
and to the coheslon of the surfaces of the cellulose cells,
The extent to which interlacing will occur will largely depend
on the length/width ratio of the fibefs. In view of this fact,

it is not surprising that mats of similar properties may be
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Table XIIX

Measurements of Cells of Cornstalk Pulp

: Length : Width :Average
Type :Ko, of: Mm, : ¥Mm, : 3m, :Fec, of: Mm, : ¥m, : ¥Mm. : ratio:
Gell :cells :Aver-:Maxi-:¥ini-:cells :Aver-:HMaxi-:Mini-:length/

-meased: ags : mum : mum,.memﬁmax age : mum ; mum : width
Piber: 202 :5.52 :23. 15 1.01: 177 :0,167: 0.30: 0.07: 35
Pith : 1997 :1.43 : 2.66: 0.40: : : N

- '
o . - -

e

e
(X3

*Phree or four typical cells were measured on each of a large

number of mounts.

*Since it is impossible to differentiate between length and
width in pith cells, all measurements were used in the con-

struction of one average value,

Pable XIV

Dimensions of Fibers of Some Broad-leaved Woods

Wood :Average:Average: Average ratio:
:length : width :length/width

Beech {Fazus grandifoliz) : 1.13 : 0,022 : 51
Lergetooth aspen (Populus grandi-: : :

dentata) : 1.08 : 0,028 : 39
Aspen {Populus tremuloides) : 1,15 : 0,032 : 36
Tupelo gum (¥yssa aguatica) : 1,85 : 0,066 : 28
Red alder (Almus rubra) : 1,23 : 0,027 : 45
Sycemore (Platamus occidentalis): 1,57 : 0.024 :° 65
Red maple (Acer rubrum) : 0.93 : 0,020 : 46
Buckeye (Aesculus %1ava) s 0,62 : 0,020 : - 31
Cucumber magnollia (HMagnolla : : :

acuminata) ; : 0.86 : 0,020 : 29
Ombrella (Magnolia fraseri) : 1,08 : 0,027 : 40
Yellow poplar {(Liriodendron : e :

tulipifera) s 1,14 ¢ 0.029 : 39
Red gum {liquidamber styracifluak 1,55 : 0,031 : 50
Black gum {(Nyssa sylvatiez) : 1,68 : 0,026 : 65
American elm (Ulmus smericana) :. 1,35 : 0,019 : 71
Paper birch (Betula papyrifera) : 1,17 : 0.025 : 47

*Constructed from experimental data reported by

Suternmeister (23)
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prepared from cormstalk end wood fibers. Obviously, in the
case of cells of a length/width ratio equal to one, mat for-
mation wili not be due to an interlacing of fibers, Such a
mat would be expected to differ in properties from one of the
interlaced type, A comparison of the papers prepared from
pulps prepared from parenchymatous and vascular tissues of
the cornstalk show that the facts are in agreement with this

prediction,

Disintegraticn of the cells of the pulps by nhosphoric acid-
absclute alcchol trestment.

Deligniflied vascular bundles of the cornstalk were de-
hydrated in alcohol, subjected to swelling and shrinking by
treating alternately with phosphoric acld and absolute alco-
hol, and finally méunted in acid, Sixty-eight, seventy-six,
and eighty-five percent phosphoric acidé were used, The time
allowed for the individual treatments varied from three to
fifteen mimates, The swollen cells were subjected to slight
pressure by pressing on the cover glass, and were examined
urder the microscope.

Typiéal fiber or tracheid cells were first examined, Un-
der the described treetment the cellulese wall separated intoe
several concentric layers {plate IV), Solution of the various
layers was preceded by striestion and separation into spirally
wourd fibrils, The fibrils of the outer layer form an angle
of approximately 90 degrees to the long axis of the cell

(plate V), while the fibrils of the inner layers are wound at
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Plate IV

Separation of delignified cell wall of
a fiber from the vascular bundle of a corn-
stalk into four distinct layers by mezns of
prosphoric acid-absolute alcohol treatment,
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Plate V

Transverse swelling of inner layers of
cornstalk fiber =2t places where the outer
spirel has been dissolved or has been pul-

led awgy from its normel 90 degree angle,

AT
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an angle of 30 to 45 degrees. (No satisfactory photomicro-
graphs were obtained),

These observations agree with those of Ritter (19) on
delignified elm fibers, He used this difference in orienta-
tion of the fibrils of the inner and outer layers to explain
the difference in swelling exhibited by them, Similar be-
havior was observed in the cornstalk, Thus, as the outer wall
dissolves away the inner layers rapidly swell outward with
constrictionswhere the outer layer is still intact {plate VI).
This apperent structursl similerity of wood and cornstalk
fibers suggests that the 2bility of the two fibers to stand
stress and strsin will be of the same order of magnitude,

An attempt tc study the structure of the walls of paren-
chymatous pulp cells by the same method was unsuccessful,
Crumpling end complete solutlon occurred so rapidly that no
observations coculd be made, It seems possible that this 4if-
ference in behavior may be due tc the relative thinnesz of
these walls rather than to any structural difference, Re-
gardless of the factors responsible for this difference in
behavior, it is obvicus that these cells are less adapted to
stand stress and strain than the fibers,

An interesting observatioh was made on the structure of
the walls of the pitted vessels of the vascular materisl, TUn-
der the phosphoric acid-alcohol treatmént the vessel walls,

which apparently consist of only one layer, separate into

T
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Plate VI

g8 at places where the out-
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Fibrils wound at an angle of 45 to 90 degrees to the main axis

of the vessel, The pits were found to be parallel to, and in

some cases continuous with the limits of the fibrils,
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Plate VII

Delignified cell wall of a pitted ves-
sel from the vascular tundle of a cornstalk
showing the spirally wound fibrils after
phospheric acid~absolute alcohol treatment,

-
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E, Microscopic Study of Several Wallbosrds.

The increased demand for insulating materisls for build-
ing purposes, togetﬁer with the-atténtion recently devoted to
the utilization of agricultural wastes, has resulted in the
commercial production of insulating wallboards from a number
of fibrous wvegetable wastes, Wood waste, sugar cane bagasse,
wheat straw, flax straw, extracted licorice root, and corn-
stalks are pnow utilized in this way.

The preduction of the board consists, first, of pulping
the raw material, and second, of forming the board from the
pulp.  Pulping is accomplished by several different processes.
The pulp 1s coarser than paper pulp, is uswally higher in lig-
nin and pentosans, and is less highly hydrsted., The boards
are formed by the separation of:the pulp from water suspen-
sion on modified Foudrinier or cylinder machines, |

The insulating properties of the commercisl boards from
fibrous materials are approximately the same, Boards prepared
in the Iowa State éollege Chemical Engineering laboratory from
mechanicelly separated cornstalk pith show insulating proper-
ties much superior to those of boards prepared from fibrous
materials, The various boards as now produced differ somewhat
as to strength.

A microscopic study of the structure of the various
boards was undertsken to show any exiéting correlation between
the structure, method of formation, and properties of the

boards,
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Hethod and Results

Small blocks of various wallboards which had been soften-
ed by soaking in acetone were embedded in paraffin, Sections,
30 ~ 50 miecrons thick, wére cut both paraliel and perpendicu-
lar to the surface plane of the board, The paraffin was re-
moved with xylol and the sections were mounted in Canads Bal-
sam, The mounts were examined microscopicslly and photomicro-
graphs were prepared., (Plates VIII - XV),

It was noted that the various tlssues in asny given bcardA
show some.evidence of strain, but, in general, reﬁain their
identity; i.e.,, pith cells, tracheids, etc, may be distinguish-
¢d, The structure of 2 board is, apparently, partly deter-
mined by the structure c¢f the tissues used in its preparation.
Thus, the difference in properties shown by corn vith board
is probably to be attributed tec the originel subdivision of
the tissue into large, thin walled, isodismetric cells, The
material used in the preparation of a board may be determined
by microscopic examination to the degree that it is possible
to recognize the individusl tissues of various plants, Thus,
plates XIV and XV unmistakaebly represent boards prepsred from
wood,

The arrangement of the tissues in the several boards is
very similar, In all cases, the fiber cells and groups of
such cells cross each‘other at various angles and tend to lie

with long axes parallel to the surface of the board, Groups
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of fiber cells asre more common than single cells in all
boards examined except in "Masonite" (plate XV), In those
boards containing parenchymatous tissues (plates VIII - XIII)
the individusl parenchyma cells, or more often groups of
cells, are variously scattered about smong the fibers, 1In ro
case was a definite arrangement of parenchyma cells with re-

spect to fiber cells found to be characteristic of a bhoard,
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Plate VIIla

Secticn cut perallel to the surface of
a cornstalk boerd formed on 2 modified
Foudrinier machine,
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Plate IXa

Section cut parallel to the surface of
& board formed from llime cooked cornstalks
on a c¢ylinder machine, The dense appear-
ance of this board is due to residual lime,




Plate IXb

Section cut perpendicular to the surface
of & boerd formed from lime coocked cornsialks
on & cylinder machine, The dense appearance
of this board is due to residusl lime,
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N S

Plate X

tationary screen,

Cornstalk pith bosrd formed on a s
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Plate XIim

Seetion cut parallel to the surface of
ngelotex", a board formed from sugar cansd

pulp on & c¢ylinder machine.
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Plate XIIb
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Plate XIII
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Plate XIVb

Section cut perpendicular to the sur-
face of "Insulite", a board formed from
wood waste pulp on a cylinder machine,




Plate XVa

Section cut parallel to the surface of
"Masonite®, a board formed frem exploded

wood fiber on a modified Foudrinier machine,
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Plste XVD

Seetion cut perpendicular to the sur-
face of "Masonite®, a board formed from
exploded wood fiber on a modified Foudri-

‘nier machins.
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CENEEAL DISCUSSIONR

The results of the preceding series of investigations
indicate thaet the cell walls of parenchymatous and vascular
tissues of the mature cornstalk, and probably of mature
plants in general, are more nearly chemically similar than
has been supposed., Further work is necessary to determine
the exsact nature of any existing chemical differences, Such

work ¢cells for more refined methods than have s¢ far been de-

| veloped.

If such materials are net greatly different chemiesally,

some other factor or factors must be largely responsible for
the difference in properties exhibited by these tissues.,
Both microscopic examination and comparison of apparent and
actual specific gravities indicate that thelr originsl
mechanicel subdivision is quite different. A grester surface
of cell wall material is exposed in the pith, which has the
smaller apparent specific grevity arnd which consists of large,
thir walled, isodiaﬁetric cells, than in the vascular tissue
which consists mainly of heavy walied, cylindrical cells with
diameters many times less than that of an average pith cell,
From the law of mass action and from generallzations regard-
ing surface phenomena in colloids, it is to be expected that
the pith will be more readily acted-upon by chemical resgents,
The facts are in accord with this prediction,

Peterson (16) has found that thermophilic bacteria fer-
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| ment the pith more rapidly than the vascular shell when both

have been ground to pass & 60 mesh screen, Since such a fer-
mentation is a surface reaction, this difference in ease of
blologicsl attack is to be expected, This worker has also
found that vasgular material which has been ground in a col-
loid mill ferments more rapldly than pith ground to pass a

6C mesh screen, This lends further support to the idea that
many of the differences in properties shown by parenchyma and
vascular tissue are largely due to the original mechanical
subdivision of the tissues,

A difference in staining reaction is characteristic of
parenchyme and xylem, If the cell walls of these tissues_
are chemically similar end have the same specific gravity,
this difference must be explained in some other way than as
the result of difference in either of these properties, It
seems probsble that this apparent difference in staining re-
action may be partly an optical effect produced by different
masses of the same material, This 1s compareble to the fact
that a spool of thread appears darker than a single strand of
the thread or than a piece of fabric woven from it,

The difference in properties exhlbited by wallboards
Prom parenchymatous and vascular tissues (page 52) may
probably also be explained as the result of the original me-
chanical subdivision of the tissues;v,Dunlap (5) has suggest-
ed that the poroéity of various woods determines thelr insu-

lating properties, He defines poreslty as the ratic of
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(‘bhe volume of 2 bleck of wood }-{the volume occupied by the cell wall material)
{the volume of s plock of wood)

Since air is a poorer conductor of heat than cell well materiél,
the more porous tissue is the bebtier insulating materisl. If
the two tissues of the cornstalk are chemically similsr, Dun-
lap!'s hypothesis may be used to explain differences in insu-
lating properties shown by these boards, FPurthermore, since
the cell walls of these tissues, as shown by specific gravity
{5)(18) and analytical data (21), do not seem to differ grezt-
1y from wood cell walls, any difference in insulating proper-
ties shown by these tissues and by woods mey probably be st-
tributed to their different porosities, The limifing apparent
specific gravity of boards prepared from the two tissues of
the cornstalk will be the same, namely, 1,52, The insulating
power of such boards would be identical., Due to the grea?‘r97
sistance to loss of identity shown by the cells of these iis—
sues, even in pressure boards, the chance that boards of this
limiting density will be prepared, save by the addition of
some more dense material, is slight.

In view of the fact that the two tissues of the stalk
vield the same substances in at least roughly thé same propor-
tions, the extent to which they may be practically ﬁtilized
for the same purpose will probably depend on the extent of the
influence of the cellular structure on the properties of the

product, For example, in the preparation of paper and wall-

boards, the tissue used will depend on the properties of the
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desired product. On the other nhend, either or both tissues
should be of approximately equal wvalue in the preparetion of
fermentation products. Even where the tissues are to be |
utilized for the same purpose, ﬁhe difference in reaction rate
exhibited ﬁy these materials suggests that it mey be desirable

te subject them to treastments of different intensity,
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SUMMARY

1., Specific gravity and analytical data on parenchymatous

and vascular tissues of several plants heve been presented,
Such data suggest that these tlssues are more nearly alike

chemically than is generally supposed.

2. An attempt has been made %o measure the hydroxyl content
of the two tissues of the cornstalk by determining the in-
crease in acetyl content after acetylation, The results are
of doubtful value due to the solution of some part of the
material in the acetylating mixture. |

3. 1t has been shown that the secondary walls of the paren-
chyma and xylem of the cornstalkicontain en apprecizble amount
of ecellulose, while the middle lamellee consist mainly of
lignin or pentosans, The presence of lignin has been demon-

strated in both primary and secondary layers of the xylem

walls,

4, The dimensions and structure of cells of pulps prepared
from the vascular>£issue of the cornstalk have been compared
and found to be similar to those prepared from woods, and ap-
parently dissimilsr from those obtained from the pith of thé
stalk,

5, A microscopic study of several wallboards has been made,

6. The probable importance of the effect of the original

mechenical subdivision of tissues on their properties has

been considered,
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