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THE PHYSIOLOGICAL ACTIVITY OF THE ROOT
AS INDICATED BY VITAL STAINING

INTRODUCTION

In attempting Se correlate what has already 
been learned by investigators in seemingly isolated fields 
about the absorption of materials from the soil by the plant, 
and about vital staining, and to explain further eueh absorp
tion by determining the eleotrioal charge of the protoplasm 
in different cells by vital-staining methods, this paper enters 
a field as yet unteuehed except to a slight extent by Keller. 
Three lines of research will be followed and the relations be
tween these, as they appear to the present investigator, shown. 
They are:

1. Staining technique, especially as it bears on the 
eleotrioal charge of the cell, or cell part.

2. The intake of solutes as determined by the charge 
of the cell or cell part.

3. The absorption mechanism and the path followed by 
nutrient eubstanees.



Staining geohaiduo ana the Electrical Charge of the Cell

Bethe (a) in early studies established the 
fact that histological preparations of spinal cord dyed more 
intensively when the alkalinity of the dye solution was in
creased, and less intensively if its aoidity was increased.

M. H. Fischer (10) performed model experi
ments on the absorption of acid and basic dyes by powdered blood 
fibrin. He found that the fibrin absorbed toluidin blue strongly 
from an aqueous solution, but that if acid were added to the 
dye solution scarcely any toluidin blue was taken up. On the 
other hand sodium indigo-eulphonate, an acid dye, was taken up 
only if acid was added So the dye solution. From a mixture of 
neutral red (basic) and indigo-eulphonate (mold), whioh makes 
a purple solution, the basic dye was taken up by the fibrin 
from the aqueous solution, while the negative dye was taken up 
from the aoid solution. When neutral red and toluidin blue 
(both basic) were mixed, both were taken up from the aqueous 
solution and neither from the aoid solution.

In later studies Bethe (4) experimented with 
the staining of gelatin sols and found that they stained with 
basic dyes much more quickly from alkaline solution. Yeast cells 
stained more quickly by aoid tiyes in aoid solutions. Amphoteric 
dyes he found stained equally both in acid and in alkaline 
solutions, in acids behaving as basic dyes and in alkali as 
acid dyes.



fhe first important experiments with liv
ing plant cells, which are the eonoern of this paper, were 
those of Rohde (8c). He studied, in order to test an hy
pothesis of Bethe’sj—

1. fhe staining of gelatin of different concentra
tions and reactions.

2. The vital staining of plant cells of different
reactions,

3. ' The vital staining of Infusoria of two types, one 
found in weakly alkaline-reacting intestines of frogs and the 
other in weakly acid-reacting.

That highly concentrated gels stained more 
deeply than less concentrated eolloids; that both aoid and basic 
dyes probably penetrated all cells but were stored only if the 
cell content reacted with ./the dye; that aoid dyes were stored 
in large amounts by aoid cells, little by neutral and not at 
all by basic, while basic dyes were stored by all cells but in 
decreasing amounts with increasing acidity of the cell; and that 
by the use of buffers the reaction of the living cell oould be 
changed and the dyeing thereby altered, were Rohde1s conclusions 
These results are exactly what were anticipated in Bethe *8 hy
pothesis. (It might be stated at this point that Rohde1s refer
ences to the inner reaction of the cell always refer to the 
vaouolar sap and not to the protoplasm).



CoHander (7), working with the living 
oells of many plants and with sold dyes only, found that the 
stains penetrated very little, although certain tissues, to 
he referred to later, did take the stain. A high hydrogen- 
ion concentration was favorable to dye intake while a low 
hindered it.

Loeb (16) brought powdered gelatin to pH 
values ranging from 3.5 to 6.2 and treated them in a dark room 
with M/64 AgHOg. He then washed the gelatin in cold water to 
remove the silver not in combination with the gelatin. She 
gelatin was liquefied, poured into test tubes, and exposed to 
the light. The gelatins of pH greater than 4.7 turned dark 
in a half hour while the gelatins of lower pH did not change 
in more than a year.

Experiments with sold and basic dyes shewed 
that aoid dyes stained gelatin at pH values lower than 4.7, 
while basic dyes stained it at pH values higher than 4.7.
The isoelectric point, or the critical hydrogen-ion eoneen- 
tration of gelatin for aoid and basio dyes, and for silver 
nitrate, was shown to be 4.7.

Robbins (2&) performed experiments with 
gelatin and with potato tuber tissue. He found that on the 
aoid side of the isoelectric point the gelatin formed salts 
with anions only, while on the alkaline aide it reacted with 
cation# only. With living potato oells and aoid dyes a gra
dation of color was obtained by the use of buffers of different



hydrogen Ion oeneent rati one, Basio dye, however, was taken 
up so vigorously at all pH values that no difference could 
he seen. Homogeneous tissues killed with alcohol before 
buffer and dye treatment identical with that given living 
tissues showed only a quantitative, never a qualitative, differ
ence. All dead tissues stained more deeply than living. In 
later studies Robbins (25) was able to show that potato tuber 
tissue reacted to dyes like a protein with an isoelectric point 
of about pH6.0. Pearsall and Ewing (10) discovered several 
maxima and minima of swelling in potato tissue tuber, the 
several minima probably being the isoelectric points of the 
constituent proteins, which seems to suggest that Robbins' 
point may be only one of these several points found by Pear
sall and Ewing.

Haylor (17) stained sections of root tip 
tissues killed and fixed in ehrom-aoetio acid and imbedded 
in paraffin in the usual way. He used buffers ranging from 
pH 3.5 to pH 7.3 and double stains. Macrosoopio examination 
showed a fine gradation of color with eeeln and toluldln blue, 
from red at the aoid end, through purple to blue at the alka
line end, and from blue through purple to rod with methyl blue 
and safranin. Microsoopio examination revealed an exceedingly 
fine differentiation of cell parts.



Pia®Mage* (20) correlated the reaction 
range in which the power of holding dye showed rapid diminu
tion (the I. E. P.) for cyanol on the alkaline side, for tolu- 
idin blue on the acid, with the isoelectric points of the sub
stances as determined by oataphoreeis. He recommended the 
dropping of tho terms acid and basic in favor of negatively 
and positively charged.

As there is considerable confusion in ter
minology, it seems wise to define the terms acid dye and basic 
dye as they will be used in this paper. Bancroft (2) defines 
an acid dye as one whleh contains the color group In the acid 
radical and dissociates to give colored anions. These anions 
are adsorbed to the positively charged fiber or tissue. The 
term negative, then, as applied to dye, means that the color 
group is negative and should be applied to acid dyes. The 
basic dye dissociates to give colored cations, which are ad
sorbed to negative tissues, and is therefore positive. Kel
ler (14) does not agree with other investigators in so far as 
he emphasises the fact that tho charge of many stains may be 
reversed by addition of aoid or alkali. In his tables he lists 
many so-called basic dyes, as for example safranin, as negative, 
and many so-called aoid dyes, as eosin, as positive. He empha
sizes the fact, however, that positive dyes are taken up by 
negative tissues and negative dyes by positive tissues.
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Thus £ar we have ftleeussed positive and 
negative dyes, in relation to negative and positive tissues, 
as determined by staining methods, A a he ok on staining as a 
means of discovering tissue charge is the eleotroetatio method. 
Peterfi and Ettisoh did the first work of this sort, but 
Oioklhorn end Umrsth (12) simplified and perfected their methods. 
By the use of a very sensitive recording apparatus and extremely 
fine nonpolarisable electrodes which were inserted into the 
tissues to be examined, they were able to determine the poten
tial differences and relative eleotrloal charges of the tissues 
studied. These charges agreed in general with determinations 
made with dyes.

The Intake of Solutes as Influenced 
by the Cell or Cell Part

The results obtained by Keller, Plsohinger, 
and Gioklhorn and Umrath lead naturally to the conclusion 
that the kind and amount of dye taken up depends upon the elec
trical charge of the cell part, cell, or tissue in question. 
Just as in diffusion the law holds that if a substance can 
dissolve in a membrane it can penetrate it, so in adsorption, 
which is a special physico-chemical affinity to the adsorbens, 
the law holds that, if a substance can be adsorbed to a mem
brane, it can penetrate it.
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Rohle (87) demonstrated the dependence of 
intake on electrical charge with live frogs. He fed the frogs 
dyes. If the dye was acid, the frog lived, this was because 
both the negatively and positively charged dyes could be ad
sorbed to the membrane of the kidney epithelium and be given 
off into the urine. Feeding the frog boric aoid hastened the 
excretion of the dye. If, however, he fed the frog soda, 
which made its blood more alkaline and thus changed the charge 
of the kidney epithelium, the dye was not excreted but was 
accumulated in the blood until the amount became toxic and the 
frog died. Probably this was a case of irreciprocal permea
bility.

Irreciprocal permeability, when one side of 
a tissue has one charge and the other side the opposite, was 
much more clearly shown by Wertheimer’s (29) work. He made 
sacs of the living skin of frogs* legs. In some of these sacs 
the akin was in the normal position, the outside of the akin 
serving as the outside of the sao. In others- the skin was 
turned so that the outside of the skin was the inside of the 
sao. These saos were filled with dye and suspended in Ringer’s 
solution, or filled with linger‘s solution and suspended in 
dye. When the normal sao was filled with methylene blue the 
dye went out through the membrane and colored the Ringer’s 
solution in which it was immersed. If eosin was put in the 
bag it did not pass through the membrane. If, however, the
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same 4yes were put in turned, eaoo^oain passed through while 
methylene blue was retained. If the dyes were on the outside 
and. the saos filled, with Ringer's solution, methylene blue did. 
not enter the normal sac; eosin did. Methylene blue entered 
the turned sae; eosin did not. If a mixture of methylene blue 
and eosin was used, methylene blue always passed from the physi- 
ologieal inside of the membrane to the physiological outside, 
and eosin in the reverse direction. These phenomena can be 
easily explained by postulating a negative eharge of the proto
plasm on the inside of the membrane, to which the positively- 
charged basic dye was adsorbed and a positive charge to the 
outside cells of the membrane to which the negatively-charged 
aold dye was adsorbed. Wertheimer in explaining his results 
says that the outside of the membrane has a negative charge 
and the inside a positive; that particles of methylene blue 
which are stopped by the positively-charged inner membrane 
suffer no retardation but pass sight through the negatively- 
oharged outer membrane. The former explanation seems much more 
logical to the writer. As has been stated before, and as shown 
by Miohaells and his collaborators, only positivoly-oharged 
particles can pass negatively-oharged membranes (dry collo
dion membranes), whereas the negatively-oharged ions are im
mobilized. Though Pischinger showed that adsorption slows up 
the rate of diffusion, we are concerned here only with the 
question whether or not substances can pass a membrane, as
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has been said In the foregoing, dyes of the same charge as 
the membrane do not pass at all, whereas dyes of the opposite 
oharge can pass it, although the rate of diffusion is slowed 
down by the adsorption.

The Absorption Mechanism and the Path of Absorption

De Vries (9), in 1886, made a very complete 
study of the root which resulted in his calling that part of 
the root where secondary end©dermis was not yet formed and where 
root hairs functioned, the absorbing root. By the use of a 
mercury pressure apparatus he was able to show that as long as 
the endodermis was left intact no water could be forced out of 
the central cylinder until the successive transverse slices 
which he out had finally removed the endodermis. On its re
moval water rushed out. Eosin also was confined within the 
central cylinder. The impermeability of the endodernal cylin
der he assigned to three kinds of resistances: (1) The high 
turgor pressure of living protoplasm; (2) the presence of the 
oork bands; (3) the intimate contact of the oork bands of the 
radial walls with the living protoplasm.

He also found that the endodermis of the 
lateral roots connected with that of the main roots, forming 
a closed system.

An earlier worker had reported protoplasmic 
streaming in the root hairs of sixty-five genera of widely



separated plant families. Be Vries discovered it also in the 
endodermis and correlated its cessation in this tisane with 
the formation of secondary endodermis. Epidermis, exoderaie, 
cortex, and undifferentiated vessels showed the same streaming. 
Be Vries assigned great importance to this phenomenon and stated 
that water from the root hairs passed through the cortex, endo
dermis , and pericycle, conducted by protoplasmic streaming.

Be Lavison (8) carried on two series of 
experiments with living, intact roots by which he proved that:

1. Substances which could pass through cellulose but 
not through protoplasm wore stopped by the Oasparian strips of 
the root endodermis, both in passing from outside into the root 
and from inside out.

2. If no Oasparian strips were present, such sub
stances passed the endodermis.

3. That substances which could pass through protoplasm 
as well as through cellulose, crossed the endodermal layer by 
way of the protoplasm.

Priestley (22)) discovered the mewlsteraatic 
tissue at the root apex to be relatively impermeable to the 
passage of moat solutes, though it stained readily with basic 
dyes in high, probably toxio, concentrations. Aoid dyes were 
not adsorbed at all by living roots grown in dye. Much later 
(22) ho stated that the absorbing region of the root lay be
tween the apioal meristem and the regions with completely
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eaberlzeA membranee, essentially the same, then, as de Vries, 
and discounted the importance of root hairs except under ab
normally low soil water conditions. The possibility of differ
ential entry of salts into the stele opposite the relatively 
acid xylem and alkaline phloem was suggested by the presence 
of conspicuously dyed patches of cells opposite the xylem and 
extending both inside and outside the endodermis and including 
the latter (23). When basic dyes were forced through the 
xylem under pressure they were retained within the endodensal 
oyUnder, while aeid dyes penetrated the en&odexml protoplasts 
relatively easily and escaped into the cortex.

This paper will attempt to re-examine ab
sorption in the light of all this previous work and explain it 
in terms of the eleotrioal charges of cells as indicated by 
their vital staining.



EXPERBiEUTAL work

Materials and Method#

Many preliminary experiments were performed 
before a satisfactory procedure was developed. Roots of Viola 
faba and Holianthns were used. To procure these roots seeds 
were soaked for 24 hours, planted in moist sand, and kept under 
bell jars or germinated on moist filter paper in cool chambers 
in the dark. These methods proved satisfactory, both from the 
standpoint of obtaining normal roots with pith intact, and from 
that of the ease with which they could be moved without injury. 
Roots studied were from three to six days old and ranged in 
length from 3 to 6 centimeters and in diameter from 1-1/2 to 3 
millimeters.

If the roots were not perfectly turgid when 
removed from the sand or damp chamber, they were allowed to 
stand in distilled water until turgid before sectioning. They 
were then out into tap or distilled water and examined. The 
region chosen for study was that part of the root in which the 
xylem was well developed but where the bundles remained dis
tinct . Usually there were well-defined oaps at the ends of 
the xylem arms and the Casparlan strips had formed. Soleren- 
ohyma was often present and there was rarely a well-defined 
cambium. Occasionally, for some special reason, older or 
younger sections were studied.



Three methods of dyeing and rinsing were
tried:

1. The sections were pat directly into the dye after 
the examination mentioned above, then rinsed until all surplus 
dye was removed in tap or distilled water, either with or with
out a little dilute KH2PO4, or in dilute buffer mixtures of 
varying hydrogen-ion concentrations.

2. The sections were buffered for varying periods of 
time, rinsed in distilled water, and dyed. They were then 
rinsed with the buffers,

3. The buffers were added to the dyes and the sections 
thus buffered and dyed simultaneously. They were then rinsed 
with dilute buffer mixtures of the same pHs as those used in 
the dyeing.

Dyes of a very wide range were sampled and 
their charges determined in a way to be described later. The 
dyes finally decided upon as most satisfactory were: Positively 
charged— safranin, toluidin blue, Bismarck brown, neutral red, 
thionin, methyl violet, and methylene blue; negatively charged—  
eoein, erythroein, light green, and eyamine. Of these safranin 
and toluidin blue, light green, and cyanine were most used.

The dyes were employed in concentrations
-2ranging from 10 , as need by Baylor but on dead tissues, and

8 x 10 ^ used by Collander, to 10 ^ and 10**5. These last two 
oonoentrations proved most successful and were used in all the 
experiments which are described in this paper.
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fMe dyos were mixed at first with distilled 
water, but very peouliar and, at the time, unexplainable results 
made it seem wise to attempt to obtain a dye mixture which was 
nearly neutral. Therefore the dyes were mixed with tap water and 
the pH of each determined by a quinhydrene set. The detormina-

ctions for concentrations of 10 tap water dyes were as follows;
Bismarok broim............. 7.26 (basic)
cyanine..... ....... 7.81 (acid)
eosin................. . 7.0 (acid)
erythrosin.... ............ 7.35 (acid)
light green.............. . 7.27 (acid)
methylene blue........ .. 6.8 (basic)
methyl v i o l e t . 7.10 (basic)
neutral red.............. 7.18 (basic)
oafranin.... . 7.0 (basic)
thionin.............. . 7.35 (basic)
tolaidin blue..... . 7.45 (basic)

Mollvaine’u standards of secondary phos
phate and citric acid buffer mixtures were used because their 
long range did away with the complicating factors which might 
have arisen through the use of two or more buffer series of 
shorter range and different constitution. The series as used 
ran from pH 3.0 to pH 7.5. The pH of each buffer was tested 
colorimetrioally and by uso of the quinhydrone set. Different 
proportions of buffer and water or dye were tried and that 
finally adopted was 1 oo. of buffer to 15 of water or dye.
The pH of the solution was tested times enough before and after 
using to prove that there was too little change to be of any 
significance in the experiment, the change being from 0 to 0.2 
of a Sorensen unit.



She time of buffering and dyeing varied 
greatly, the general result being that longer buffering meant 
shorter dyeing, and vice versa.

Very uneven results were obtained until a 
shaking machine was available, but as soon as this was pro
cured and the buffering made more effective, the results be
came very uniform and were in accordance with those of other 
experimenters. The machine was a very simple one, being a 
cylindrical box of galvanised iron 5-3/4 inches in height and 
10 inches in diameter, in the bottom of which was fitted an 
inch board with thirteen 1-7/8 inoh circular holes. These, 
holes were lined with cotton, the requisite number of 100 oo. 
bottles used in the experiment were put in them as evenly 
spaced as possible, and the cover was secured by nuts screwed 
on long bolts at the aides of the box which extended through 
holes in iron bars across the bottom and cover. An electric 
motor revolved the box on a horizontal axis counter-clockwise 
at a moderate, even speed.

-16-
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Prgllmlcary Experiment#

In the eummer preceding this study, Dr. 
Bakhuysen had observed a differential staining with aeid dyes 
of the oells at the ends of the xylem arms in cross sections 
of young roots. Other investigators bad made brief mention 
of this phenomenon. Co Hander (7) had found that the cells 
surrounding the vascular bundles in young white hyacinth petals 
dyed with oyanol; Saylor (17) that certain cells in. the vicin
ity of the xylem reacted differently from other cells; and 
Priestley (22) had discovered patches of cells opposite the 
xylem arms which stained differentially though with acid and 
basic dyes both. This region seemed to offer interesting 
material for study.

Preliminary experiments with dyes of high 
concentration— 10 and 8x10 — called attention to these
very regions. The root hairs, epidermis, cortex, xylem, and 
pith stained always in the same way from the very beginning 
of the work, but the endodermis, and what will be called the 
xylem caps and cortex caps, seemed for some time to follow 
no rules. Most of this paper will be devoted to those regions 
only.

The parts of the root which stained regu- 
larly and the sort of dye with which they stained were:
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Part Stained with

Hoot hairs.............
Epidermis..... ........
Cortez.................
Xylem.... ..........
Solerenchyma...........
Phloem................
Pith..................

both negative and positive dyes 
both negative and positive dyes 
positive dye
both negative and positive dyes 
both negative and positive dyes 
only positive 
only positive

As these parts were so uniform in their 
staining they will be largely disregarded except in so far as 
they are used as a check on the charge of the dye. Here these 
tissues are used as a test-object just as Keller (14) used for 
a test-object, in checking the charge of his dyes, cross sec
tions of young ivy stems.

The xylem caps are those cells, usually three 
or four rows, between the protoxylem and the endodermis. They 
make their appearance in the sections at about one centimeter 
from the tip and ooour in every section up to the place where 
the xylem has formed a complete ring. Their morphology will 
be explained later, in Plate I.

The endodermis divided itself by its manner 
of staining into two regions— that opposite the xylem and that 
opposite the phloem. Sometimes one stained, sometimes the 
other; sometimes both stained evenly, and sometimes one more 
deeply than the other.
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Although consistent results were not obtained, 
in these first experiments, the general tendency seemed to be 
for the xylem caps to remain unstained with basic, or positive, 
dyes and to stain with acid, or negative, ayes; and for the 
endodermis to stain by the phloem when cortex and phloem stained, 
that is with positive dyes, and by the xylem when the caps stained.

Since those tissues which stain with negative 
dyes are believed to be positively charged, and those stained 
with basic ayes negatively charged, the following diagram shows 
the tissue charges of Viola faba root as they seemed to be from 
these preliminary studies.

It was clearly demonstrated that a careful 
study of the questionable regions was needed and that its event 
might throw much light on the question of absorption by the root.



Farther Experiment#

•SO*

With Seetiona

For more accurate resalta buffers were used. 
A typical experiment with basic dye was the following: Sec
tions were out into tap water and examined; the good ones—  
that is, those flat, even, and thin enough for the making of 
accurate observations— were retained. These were then put 
into the 100 cc. bottles, each of which contained 75 cc. of 
IQ"5 toluidin blue in tap water and 5 cc. of one buffer from 
the range 3.2, 4.0, 5.3, 6.2, and 7.5. A sixth bottle con
tained 80 oo. of the same dye mixture, and a seventh 80 oo. 
of the distilled water dye mixture. These bottles were placed 
in the shaking machine and shaken for one hour. The sections 
were then removed from the bottles and rinsed in the same con
centration of buffer which was used in the dyeing and examined. 
Macrosoopioally they showed a good gradation of color from 
dark blue at 7.5 to almost colorless at 3.2. Microscopic re
sults were even more striking and may be clearly seen in the 
table.
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TABLE 1
STAIHUO RESULTS WITH TOLUIDIH BLUE (POSITIVE BYE)

•5In 75 oo. of 10 tap water dye mixture with 5 oo. of buffer.
In shaking machine for 1 hoar.

:
pH i Root 

: hairs
: Epi
dermis
:

:
: Cortex 

:

: findo- : 
dermis {Phloem 
% and z 
• : Peri- : 
zoyole :

: 2 
zXyleme2

Xylem
oap

2 z : 2 28.2 $ — : s ::
4.0 : S : s 2

2 : s -
5.3 :* S3 : 33 2

: 16 2 2 
: IS z 'IS 2 3 -

6.2 : S3 % S3 %
2 S * ! $ S : S :

: S
7.6 *: VSS % VS3 2

% VSS : SS* z SS !2 s
2 2 2 16**2 : 2

i : 2 i 2 2 :
* —  opposite phloem. ** —  opposite xylem.
Explanation of symbols:

16 —  lightly stained.
S —  stained.

SS —  strongly stained.
VSS —  very strongly stained. 

- —  unstained.

The results anticipated in the preliminary 
experiments are here very evident. With the basic dye the xylem 
caps were unstained throughout, and the endodermis was more 
strongly stained opposite the phloem than opposite the xylem.
A check on the charge of the dye was found in the fact that 
cortex and phloem stained. The isoelectric point of cortex, 
phloem, endodermis, and perioyole seems, according to this



table, to be between 4.0 and 5.3. A similar experiment with 
safranln gave the results In Table 2.

TABUS 2
STAIHUJGr R E S U L T S  V/ITH S A F R A H I H  ( P O S I T I V E  D Y E )

- 5In 75 oo. of 10 tap water dye mixture with 5 oo. of buffer.
In shaking machine for 1 hour.

P H
s R o o t  : h a i r s i E p i d e r m i s  % i23 . 2 S 3 2 S 3

%4 ! S S 2 S S
25 . 3 i S 3 2 S S
26 . 2 : S S 2 S 3
27 . 1 : S 3 2 S S2: %

i
!
:Cortex
:
i

: Endo- 
: dermis
t and 
$ Peri- 
i oyole

: : 
:Phloem 
!

s
Xylem Xylem

cap
: :

2 - S LS
VIS : VIS* 2

2 LS 3
*: 33 ; l s*

2
2 LS S

: IS : LS*
2
2 S S -

: IS 
:
:

; s* 2
2
2
:

S s
:

* - stained by phloem.
Explanation of symbols:

S —  stained.
IS —  lightly stained*
SS —  strongly stained.

, VSS —  very strongly stained.
- —  unstained.

VIS —  very lightly stained.

At 3.2 the protoplasm was collapsed and the cells dead



Methylene bine, methyl violet, and thionin 
gave reoults whioh were very puzzling until the first time that 
the two additional bottle#, one of distilled water dye without 
buffer, the other of tap water dye without buffer, were added to 
the series. Very enlightening results were then obtained. 
Thionin is listed as a basic dye and as suoh should dye oortex 
and phloem and leave the xylem caps unstained, these three 
observations always serve as an accurate cheek on the oharge of 
the dye. How thionin stained is shown in Table 3.

TABLE 3
SfAHIHG RESULTS Y/ITH THIOHIIJ (POSITIVE DIE)

Tap and distilled water mixtures.

:
Mixture

: !Root : Epi- 
hairs;dermis

: :Oortex: Endo-: Phloem 
:dermis;
: :

Xylem Xylem
caps

Distilledwater,...... !S ; S
2

S : S

: :
S3 l 9* l 3

: S** : :
LS *; S** *: - !

: :

S

Tap water.....
!
1
l s SS

i :
—  opposite phyloem. ** —  opposite xylem.

Explanation of symbols;
S —  stained.
SS —  strongly stained. 
IS —  lightly stained,
- —  unstained.
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TMonin in tap water mixture acted like 
an acid or negatively-charged dye, in distilled water it 
acted like a basic or positively-charged dye. In the series 
of sections stained by tap water-thionin with buffers, the 
xylem caps were stained throughout, darkest at 3.2 and light
est at 7.5. That is to say, the charge of the dye was re
versed. With methylene blue and methyl violet these same 
staining results had always been obtained, and must have been 
due to a reversal of charge brought about by substances pres
ent in the tap water.

Experiments were carried on in exactly the 
same way with acid or negatively-oharged dyes, except that 
examinations at the end of one and two hours showed such light 
staining that the sections were returned to the dye and buf
fer mixtures and shaken longer. Often several hours were
required for good differentiation with a concentration of 

—5 —410 . With 10 a shorter time sufficed and in all later
experiments with acid dyes this concentration was used. The 
best results were with light green, and are shown in Table 4,
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fiBM 4

STAHIHG- RESULTS WITH LIGHT GREEN (NEGATIVE LYE)
In 75 oo. of 10""* tap water dye mixture with 5 oo. of buffer. 
In shaking machine for 3 hours.

i

pH
i :Root
hairs

! S
Epidermis Cortex

En4o- dermis 
and 

Parl
ey ole

Phloem Xylem
Xylem
cap

3.3 SS S3 - S3* i
SS SS

4.0 S s ;! - 3* SS S
5.3 - - - S* SS LS
6.2 - - - S* - SS VIS
7.5 - - “ S*

:
SS -

Explanation of symbols;
* —  stained opposite xylem. 
S —  stained.S3 —  strongly stained.

IS — lightly stained.
VLS —  very lightly stained.
- —  unstained.



One more table m y  bring out more clearly 
the comparison between the staining by positive dyes with that 
by negative dyes,

TABLE 5
COMPARISON OF STAINING BY POSITIVE AND BY NEGATIVE DYES
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lye
i
l pH
:
:

TTTpi~' 
:dermis 
:Root 
$hairs

:tCortex 
:
:

:;i Endo- 
:dermis

:Phloem:Xylorn :Xylem 
: : : caps
: : :

Positive....,
: :

i S
:
* 3 1 S*

%
: S : S : -

: to : 2 : : ?: f.S i ! % :
Negative....,

%% S 2 ; s**
i %

$
2S : S

$ to : % : 5 $ 2
t 5.3 $ : i % 2

* —  by phloem. —  by xylem. 
S —  stained, - —  unstained.

In the staining of seotlone there was some
times a differential staining of semi-oiroular areas of cells 
outside the endodermia in the cortex. These, together with the 
xylem caps, formed a symmetrical region which, when it appeared, 
usually stained mere heavily with acid dyes and more lightly 
with basic dyes.
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Whole Roots 

Staining from Outside-In -- Intaot Roots. 

Method: 

· The staining of sections gave no direot evi

dence as to the path followed by the dye in enterill8 the plant. 

In order to traoe its oourse it was neoessary to grow roots in 

the dye. A simple apparatus was devised for this. Six 8-inoh 

test tubes. were filled with 10-4 tap water dye. In the top of 

eaoh tube was plaoed a bean seedling wrapped loosely in absorbent 

ootton. The root was immersed in dye about half-way up to the 

seed. A strip of gauze was wound around. the cotton about ea oh 

seed and its free end immersed in a bottle of water. This oap-

i llary devioe furnished just enough moisture to keep t he se ed 

from ~r ying--a real difficulty in the earlier experiments. The 

r oots ohosen ware always the same age, were straight, had no 

lateral roots, a.n<l were about 4 oentimeters 1.o~. Suoh a plant 

had a rapidly developing epiootyl, the leaves usually expanding 

during the experiment. The more :flourishing the top, the more 

marked were the dyeing results, due undoubtedly to the aid fur

nished by the transpiration pull. Every 24 hours one root was 

removed, sectioned, and studied, a.ncl. the dye left in that tube 

was used to replace in the other tubes the amount of dye taken 

up by the plant and evaporated. Thus the oonoentration of the 

added dye was probably a.bout that of the dy e in the tubes whioh 

still oontained living plants to which it was added. 
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Results with Positive Dyes: 

With positive dyes, as safranin, the oourse 

of the dye was easily :followed. The meristematio oap was s tained 

deeply and evenly. The reg iori above, a.bout 8 millimeters in 

len th where neither x3lem oaps nor Casparian strips were de

veloped , showed deeply-staine root hairs, epidermis, and oo:rtex, 

to within t wo to ten cells from the endodermis. The inner oor

tioal oells, usually a region two oells in width opposite the 

phloem to ten oppos.i'le the xylem (the cortex oap), were more 

lightly stained. The endodermis opposite the phloem was stained 

more deeply than the cortex and perioyole and equally with the 

aortex and. perioyole op_posi te the xylem. Both xylem and phloem 

were stained. 

Beginning at about the end of the first oen

timeter trom the tip, ea.oh section showed well-defined xylem 

oa.ps and well-developed Casparian strips. In this region the 

dy e s to_pped in the endoderma l oe l ls and, no matter how long the 

experiment ran, was never found in the sta le exoept in xylem 

and aolerenohyma. To make sure that the dye entered the endo

dermis f'ro.m the outside, frequent examinations were made at the 

top of the :3 taine portion where the pa.th of absorption f rom 

epia.erm1s to oortex was extremely short as compared with tha t from 

root tip up the ve sse ls to the same point, and where, beoause 

of the extremely slow upward pa ss.age of positive dyes in the 

vessels, the vessels were still unstained. As the endodermi.s 

i.n this region always stained before the vessels, this point was 



satisfactorily settled. If dye mounted in the cortex, as well 
as passing through it transversely, the ascent was so slight 
as to he unobservable.

With methyl violet (without buffer) the same 
results were obtained. Root hairs, epidermis, and most of the 
eortex were deeply stained, cortex caps (the semi-eireular re
gions outside the endodermis opposite the xylem arms which stain 
differentially) were more lightly stained, endodermis deeply 
stained (no Caeparian strips developed here), parleyole lightly 
stained, and xylem and phloem stained. Where caps and O&sp&rlan 
strips were developed the dye stopped in the endodermis.

In young lateral roots the same staining was 
observed, though it was usually impossible to absolutely iden
tify the endodermis except by its position. There was always 
a region near the tip stained clear through, then a stained cor
tex, with stole unstained except for the xylem vessels. In 
the vessels the stain was very deep and oould be traced to their 
union with the vessels of the primary root.

Results with negative Dyes:
With the exception of the root hairs and 

epidermis, which showed very light staining, an intaot root 
absorbed no negative dye, at least in amounts which were miero- 
soopioally visible.

In these experiments the roots always re
mained perfectly turgid, increased in length, sent out the



normal number of lateral roots in the normal place, and the 
stems and leaves crew vigorously.

Staining from Inside-Out

Method:
She same apparatus was employed as in the 

experiments with intact roots. The only difference was that 
about a centimeter at the tip of the root was out off under 
water and then only the out end was immersed in the dye. It 
was necessary to replenish the dye frequently. With only the 
extreme end of the root in the dye, it is apparent that any 
dye found in the cortex, above the very limited region where 
it could enter from the sides due to the very slight immersion 
in the dye and possible slight upward ascent through the cortex, 
must enter from the vessels.

Results with Positive Dyes:
Roots with one centimeter out off, and with 

only the out end immersed in dye, showed no staining except in 
that portion, two or three millimeters at moot, which was im
mersed in the dye.



Remilts with Hegatlve Dyos:
negative dyes rose very rapidly through the 

vessels to the seed.
—4With light green, 10 , at the end of four

days the xylem, xylem caps, and endodende opposite the xylem 
were stained, the endodermis muoh more deeply than the xylem 
saps.

On one occasion the inner aide of the en&o- 
dermis opposite the xylem was much more deeply stained than the 
outer side. This is extremely important.

Cyanine stained the vessels green, the ende- 
dermie opposite the xylem deep light blue, the xylem oaps and 
cortex oaps faint light blue (metaohromasy).

The roots in these experiments remained tur
gid, did not inerease in length, but sent out large numbers of 
lateral roots.



DISCUSSION

Charges

A study of the plates showing the stain
ing of root sections by basic and acid dye points at once to 
differential entry of materials into the vascular cylinder. 
Priestley (23) suggested this possibility, basing his suppo
sition on two facts brought out in his work and mentioned 
earlier in this paper: (1) That the Casparian strips develop 
earlier opposite the phloem than opposite the xylem, and (2) 
that there were patches of cells outside the xylem arms that 
stained more deeply than the neighboring cells. Priestley 
got this differential staining, however, with both acid and 
basic dyes, magdala red and neutral red, though at a seemingly 
high concentration.

This investigation has gone further. We 
have discovered five facts that seem to be of major importance: 
(1) That the xylem caps remain unstained with basic dyes; (2) 
that the xylem oaps stain with acid dyes, especially at a low 
pH; (3) that on one occasion the inner aide of the endodermis 
opposite the xylem stained with light green, a negative dye, 
much more deeply than did the outer side; (4) that only the 
part of the endodermis opposite the xylem stained with acid 
dyes; (5) that with basic dyes the endodermis stained sometimes 
only opposite the phloem, sometimes all the way around, either



evenly or more deeply opposite the phloem than opposite the 
xylem, hut never opposite the xylem and not opposite the phloem.

These disoeveries seem to the writer to point 
to a difference in charge on the outer and inner aide of the 
endoderrais opposite the xylem resulting in irreciprocal perme
ability of the endodermis at that place. Whenever such a con
dition is present, one side of a tissue or membrane shows a 
higher combining power for a given substance, either water or 
solute, than does the other side. The general rule under such 
conditions is that the substance in question is transferred 
from the place of higher combining power to the place of less. 
The greater the difference in combining powers of the two sides, 
the greater is the amount of transfer from the outer solution 
to the inner solution.

Let us see what this means in the one in
stance where staining showed very clearly a difference in the 
charge on the inner and outer sides of the endodermis. With 
light green, i.e., an acid or negative dye, the cells of the 
endodermis opposite the xylem were much more deeply stained on 
their inner than on their outer sides, which means that there 
was a much stronger positive charge on the inner side than on 
the outer and therefore a greater combining power with a nega
tive dye on the inner than on the outer side. Because of this 
difference between the charge of the inner and outer sides, 
particles of the opposite charge— that is negatively-charged 
particles— would be strongly adsorbed to the inner side of the
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endoderaia and transferred to the outer aide where they would 
be given off, transfer being determined not by protoplasmic 
streaming alone, as de Vries (9) thought, nor because of the 
increase of permeability due to contact with acid stelar sap, 
as Priestley (88) thought, but because of the irreciprocal 
permeability of the endodermis in this region.

That acid dyes pass from the vessels through 
the xylem caps and endodermis was proved in the experiments 
with living roots the tips of which had been out off and the 
ends immersed in dye, under which conditions both light green 
and cyanine were found in the vessels, xylem caps, endodermis 
opposite the xylem, and on two occasions in the cortex caps, 
while the intact living root showed adsorption of dye only in 
root hairs and epidermis. Apparently acid dye particles, at 
least in visible amounts, can not pass through the cortex from 
the outside.

It will be remembered that the endodermis 
divides itself into two definite, differently staining regions—  
that opposite the xylem and that opposite the phloem. The 
staining with acid dyes has already been discussed. With basic 
dyes the staining is usually heavier, or only, opposite the 
phloem. This indicates a negative charge in this region of 
the endodermis. The faet that sometimes the endodermis stains 
evenly all the way around is not explainable at the present 
time, for the conditions under which such staining takes place
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are not yet known or under control. It has been found. tb.at 

when sections are a'tained. for a long time or at high oonoen

trations with basio dye, everything is stained and there is 

little differentiation. It may be that with a short eno ugh 

period of staining and low enough dye oonoentration a perfect 

differentiation of the endodermis oould be obtained. · The re

sults of Romcl.e a.nd Keller suggest this. Suoh d1:tferenaes in 

staining as were f'ound in the endodermis were :found in. no 

other tissue and must be, signitioant. 

Absorption 

If the diagram sho ing the oharges of the 

ti s sues as detern ined by the way in whioh they stain is studied, 

the follo win explanation of abs orption in terms of ohar -es of 

tissue and dye may be pos tulated. 

Both aoi d and basio dyes enter the root 

hairs. · As has already been mentioned, Naylor (17} founu tihat 

, i th a double stain of toluidin blue and eosin, or methyl blu.e 

and s a franin, seotions at pit valu.es of from 4.~ or 4.6 to 5.6 

staineu purple; that is, they took up both the acid and the 

baaio dyes. In increasing the pH within this range basic, dye 

is adsorbed in regu.larly inoreasing amounts, while the aoid 

dye is adsorbed in decreasing amounts. Thia region is the 

isoeleotrio range. Root ho.ire and epidermis are evidently in 

this range. Whether in the root hairs and epidermis an irre-

" oiprooal permeability also exi s ts, i.e., whether the eleotrioal 



charge is different on owtalde and inside, has not been deter
mined.

The dyes next oome in eontaot with the 
strongly negatively-eharged cortex parenchyma cells. The nega
tively-charged acid dye particles can not be adsorbed by this 
tissue and their entrance into the root is stopped here. The 
positively-charged basic dye particles, on the other hand, are 
strongly adsorbed and can pass through the cortex. A gradually 
increasing negative charge from outside to inside of the cortex 
as a whole could be assumed here. This would correlate well with 
the osmotic suction increase shown by Ursprung and Blum.

The basic, or positive, dye has now arrived 
at the endodermis, which we are sure has a stronger positive 
charge on the inner side than it has on the outer side opposite 
the xylem, and which has a negative charge opposite the phloem. 
Since the endodermis even by the xylem is sometimes stained by 
positive dyes as well as by negative, we may assign to that 
part of it, but on the outer side only, a relatively negative 
charge. Because of these charges the positive, or basic dye, 
is readily adsorbed, strongly opposite the phloem, and equally 
or less strongly opposite the xylem; but though the inner side, 
opposite the xylem, is more positively charged, the passage of 
the basic dye is apparently stopped here. Ho matter how long 
the experiments with intact roots ran, no positive dye was ever 
seen in the xylem caps.
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Thia is all that oan be direotly observed. 

of the intake of basio dyes. 

To follow the course of a.aid dyes we must 

begin with the vessels. The lateral inward .passage is stopped 

at the outer cortex oells, but it will be remembered that suoh 

dyes rise r apidly in the vessels and also that they pass lat

erally from the vessels into the xylem ca ps and into the endo

dermis opposite the xylem. Apparently on this side of the 

endodermis the ohar t:,es are exaotly reversed, t h e xy lem oe.ps 
being positively charged and ads orbin!'.:'!: ne ative dye. There

fore , the explanation of the passing of dye through the xylem 

oaps into the end odermis is exactly like that of the passing 

of dye throu- h the cortex, exoept that the direction and 

charges are the opposite . That is, the negative Cl.ye is ad

sorbed to the positive tissue and passed in beca use there is 

a gradually inoreasing positive oha r ge whioh oalminates in the 

high _p os itive oharge of the inner side of the endodermis. The 

dye passes from the cap into the endoder mis beaa use of the 

stro.n adsorbing power inherent in its strong :positive oharge, 

but stops there notwithstanding a negative ohar ge on its outer 

side or is relea se.d in very minute qua.nti ties. 

It beoomes necessary at this point to ex

plain the passing of the dye a oross the .xyle oap, a lthou h in 

the expe~iments with int c t roots positive dye was never seen 

i n t he oa.ps. However, we know that the dye enter d the endo

dermis opposite t he xy lem and tha t the combinin _ power f or ~t 



was greater on the outer than on the Inner side of the endo- 
dermis. It must therefore be given off on the inner side. 
Probably the difference in potential is too slight to desorb 
such heavily charged particles as those of the dye, at least 
in visible amounts. The fact that we can not see dye in the 
xylem caps need not necessarily prove that no dye is there, 
however. Dye is never seen in protoplasm but we can not con
ceive of its entering the vacuole without passing through the 
protoplasm. The decreasing positivity, which would mean in
creasing negativity of the xylem cap, would account for its 
crossing to the xylem vessels.

The basic dye is always present in the 
vessels and solerenohyma. The vessels of an intact root are 
stained with a basic dye, only as high or very little higher 
than the cortex is stained. This would seem to point to the 
fact that the dye either enters the vessels from the cortex, 
or enters the cortex from the vessels. The cortex is stained 
only as far up as the root is immersed in the dye. Roots with 
their tips out off and the ends immersed in basic dyes stained 
only as fhr up as they were Immersed in the dye. Dye did not 
rise in the vessels. As absence of cross walls and pull of 
transpiration would both help the dye onoe in the vessels in 
its upward olimb, it would seem that if the dye actually did 
enter the vessels from the tip it would rise more rapidly 
through the vessels than through the oortex where it must 
encounter many oross walls and pass through many protoplasts



without the direct help of the transpiration pull. Therefore, 
it seems that it must enter the root through the root hairs, 
epidermis, oortex, endodermis, and xylem caps to the xylem.

The oortex caps are not understood. With 
methylene blue and methyl violet, in intact roots immersed in 
dye, they stained more lightly than the rest of the oortex.
This differential staining was found only where the Casparlan 
strips were still undeveloped. If these results were oon- 
sistently obtained with basic dyes, the charges of which were 
not easily reversed as those of methylene blue and methyl violet 
are, they would Indicate a less negative charge in the inner 
region of the oortex. Oortex caps were, however, seen with 
only these basic dyes, and onoe with safranin. Twice cyanine 
and light green passed through the. endodermis from the vessels 
and xylem caps and stained the oortex caps. Priestley shews 
photographs of differential staining of those regions, but the 
concentration of dye used was high and the cells are very 
apparently dead. Possibly when the Gasparian strips are still 
undeveloped the line dividing the charges is less definite 
and that part of the oortex more positive.

The phloem stained with basio dyes in sec
tions, but remained unstained when living roots were grown in 
dye. Since the phloem is used mainly for transport of elab
orated foods down from the stem, there is no reason to expect 
it to be dyed by materials passing up through the root. It 
does, however, stain in sections, and when it stains, the
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perioyole aa4 ondodemia opposite it stain, as does the cortex. 
This would seem to indicate that if food materials get into 
the phloem in the leaf or stem, they may pass out of it into 
the cortex.

One tissue remains unmentioned, the soler- 
enohyma. This tissue stained more quickly in sections than 
did any other tissue, and dye rose in it in roots immersed in 
dye more rapidly and higher than in any other tissue. Keller 
mentioned this fact and thought the solerenohyma of importance 
in conduction. Except to confirm his staining results, this 
paper can add nothing. It does not seem to the writer to he 
a conducting tissue.

The staining of the meristematio oap by 
basic dyes can be nicely correlated with the faot that these 
cells must have elaborated food materials for their synthetic 
metabolism. Although in the experiments described here the 
dye was absorbed from the outside solution, since this tissue 
is undifferentiated, it oould probably absorb basic substances 
equally well from any side to which they were presented.
Basio substances, then, on their way down from the leaves, 
whioh were retained within the endodermal cylinder to its end 
at the meristematio oap, oould be adsorbed by this negatively- 
oharged region and there used.
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Absorption of Salts

It Is not possible yet to directly connect 
these results with dyes with the absorption of salts by the 
root, but it does seem that the work with dyes at least indi
cates the route and the mechanism of intake.

Bluh (5), summarising the work which baa 
been done by several experimenters in determining the elec
trical charges of salts, states that KOI, BaCl, BaClg and other 
salts show migration toward the cathode; that chlorides wander 
toward the cathode more than toward the anode; and sulphates 
toward the cathode as much as toward the anode. Since these 
salts are all positively charged (the sulphates very slightly 
so) they must act like positively-charged dyes with the excep
tion that their charges are so slight as compared with those 
of the dyes that the potential differences between tissues and 
salts must be muoh less than those between tissues and dyes, 
and the intake of salts, therefore, must be both muoh less and 
muoh slower.

There are many complicating factors, as for 
instance the presence in the soil solution not of one positively- 
oharged substance, but of many, some of which are much more 
strongly adsorbed than others. We have to consider, then, not 
only the charge, but also the valency, and not the charge and 
valency of one ion or undissooiated salt, but of several, as



-42-

well as the effect of the lone @f toe lyotroplo aeries. If 
we oiapllfy the whole proeeea as It never la simplified, in 
nature, we oan see that one positively-oharge4 nutrient salt 
would be taken up by root hairs and endodermla and passed 
through the oortex by the sane mechanism as was one basic 
dye. This salt would pass through a oortex of gradually in
creasing negative charge and be taken up by the outer still 
more negatively-charged endodermla, to be transferred to the 
inner side, where the holding capacity for the salt is less, 
and given off there, though given off in very small amounts, 
so small in the case of the dye as to be invisible. The salt 
is then transferred to the xylem vessels, just as we assumed 
the dye was.

The fact that basio dyes are retained with
in the endoderznal cylinder correlates well with the fact that 
the salts absorbed by the plant are used largely in the ohloro- 
phy11-eontainlng cells and therefore must not escape in the 
root. Priestley found that in the stem, conditions were the 
reverse of those in the root, and that here basio dyes easily 
escaped from the cylinder. Bluh found sucrose, dextrose, 
and levulose positively charged, which would permit of 
their being taken up by phloem. The fact that phloem, peri- 
oyole, endodernis, and oortex stain together has already 
been suggested as pointing to the fact that positively-charged 
substances might escape into the oortex to be used there, when
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oomlog down from the atom. Too little work has been done on 
the charge of salts and sugars to allow too positive state
ments aboat them as yet.

Relation to Other Theories

The relation of this theory of eleetrioal 
adsorption and irreciprocal permeability to other theories of 
absorption is that it supplements and explains those theories.

De Vries (9) accounted for the transfer of 
material from the outside of the root to the inside by proto
plasmic streaming. He did not, however, give any reason why 
streaming protoplasm should take up water on one side of the 
cell and give it off on the other. The theory of irrecipro
cal permeability can explain that. It is only necessary to 
prove a differenoe in water and solute-holding capacity on the 
outer and inner sides of the cell, that is, a differenoe in 
charge, and we have a mechanism which will take up water and 
solutes on one side and give them off on the other.

De Davison showed that if Casparian strips 
were developed, substances could pass the endodermis only if 
they could be absorbed by the endodermal protoplasts, and that 
they entered the root freely where the strips were undeveloped. 
He did not attempt to explain absorption in any other terms 
than diffusion along cellulose walls and permeability of 
endodermal protoplasts.
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Prleatley (23) ooneludefl. that both diffusion 
and osmosis were inadequate theories to explain the passage 
of salts across the endodermis into the stele. He suggested 
that there was an aoeumulatien of ions by the endodermis from 
the soil solution on the outside, and a liberation of these 
ions on the inner side. U s  theory was built on results ob
tained by Hoagland and Davis who had found that cells of 
Hite11a lost ions if the pH of the external medium became too 
low, and on the hypothesis that the stelar sap, because of the 
presence of relatively large amounts of carbon dioxide, was 
very acid and made possible the liberation on that side of the 
endodermis of the ions which were collected from the soil 
solution on the outside. He does not explain why acidity 
should increase the permeability of a membrane. It seems that 
Priestley was approaching by reasoning what has been discovered 
in this study by experimentation. Direct evidence has been 
presented here of the irreciprocal permeability of the endo
dermis , which accounts for the accumulation and liberation of 
substances by that tissue.

Priestley explained the high suction ten
sion on the outer side of the endodermis, and low auction ten
sion on the inner side, which Ursprung and Blum’s work brought 
out, in terms of accumulation and liberation of ions. The 
theory of irreciprocal permeability would base this aocumu
lation and liberation of ions (and water) not on an unexplained
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inorease of permeability by increase! aeidity, but on a proved 
potential differenoe between the two sides of the endedermls.

feehnioal Dyeing

It was interesting to find that the dyeing 
results obtained with the living eells of plants and animals 
cheeked perfectly with the dyeing of textiles. Although it 
had long been known by practical dyers that the addition of 
aoid or alkali to the dye bath affected the taking up and fast
ness of the dye, the first scientific investigation of dyeing 
was carried on by Pelet-Jolivet in 1910. He proved that a dye 
could not be absorbed by a fabric bearing the same charge as 
the dye, but that the opposite charge could be effected in the 
fabric by the addition of aoid or alkali and the dye then ab
sorbed.

Bancroft (2) proved that the dyeing of tex
tiles was an adsorption process, though in rare instances 
chemical combination might take place. He defined acid and 
basic dyes as they have been defined in this paper and showed 
that an aoid dye was taken up most strongly in acid, less in 
neutral, and least in alkaline solutions. The reverse was true 
of basic dyes.

Briggs and Bull (6) worked in detail quan
titatively on the same subject. They used wool, hydrochloric
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aoid, the aoid dye Soarlet ft, and the basic methylene blue. 
The reaulta were again the same. Hydrochloric aoid increased 
the amount of aoid dye adsorbed and decreased the amount of 
basic. The opposite was true of methylene blue. With an 
alkali the reverse results were obtained. This study was a 
very careful quantitative one with all varying factors care
fully controlled.

This brief review of technical dyeing 
shows that the same physico-chemical laws are operating in 
the dyeing of living cells as in the dyeing of fabrics.
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SmOORT

1. fhe charges of root tiesuss can he de
termined by vital staining methods.

2. fhe entrance of dyes Into the root Is 
dependent upon the charges of the tissues and of the dyes.

3. fhe endodermia possesses powers of 
selective adsorption because of its irreciprocal permeability.

4. Most of the salts used by the plant have 
been proved by oataphoresis to have a positive charge and 
therefore may be expected to penetrate the root somewhat as 
the basic dyes do.

5. Because of the irreciprocal permeability 
of the endodermia, positively-charged substances are largely 
retained within the endodermal cylinder in the root,

6. fhe adsorption of dyes by tissues fol
lows the same physioo-ehemioal law as the adsorption of dyes 
by textiles.
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EXPLAHATIOI OF PLATES

Plate I.

Figure 1.— Photograph of drawing and diagram from 
Haberlandt showing xylem caps, the inner portion of which is 
oambium, the outer portion dividing perioyole. (In younger 
sections no cambium is present).

Figure 2.— Living root of Yicla faba stained in light
-4green 10 at pH values of 3.2, 4.0, 5.3, 6.2, and 7.5. At 

3.2 the stele is strongly stained, the stain decreasing with 
increasing pH. At 7.5 the section is almost invisible in the 
photograph, only its shadow showing olearly.

Plate II.

Figure 3.— Living Viola faba root stained with light 
green as in Figure 2, at a pH of 4.0. The xylem oaps are strongly 
stained and the phloem is unstained.

Figure 4.— The sane section at higher magnification.
The endodermis oan be recognized and seen to be stained opposite 
the xylem and unstained opposite the phloem.

Figure 5.--Still further enlargement of the same sec
tion. This shows laok of stain in endodermis and perioyole 
opposite the phloem, and in the phloem Itself.

Figure 6.— Living root of Viola faba stained with '
10 ° toluidin blue at pH 7.5, showing xylem cap unstained; 
endodermis and perioyole opposite phloem, and the phloem, un
stained.
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