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rement, que l' effet de Gurwitsch se trouve accéléré par I'interposition 
entre I'émetteur et Ie détecteur d 'une cuvette en quartz, remplie d'une 
suspension diluée dans du bouillon. Nous avons trouvé une influence très 
marquée des rayons réfléchis par les parois du récipient. Ces rayons sont 
plus denses pour Ie quartz que pour les autres substances. 

Pour expliquer I'activité exceptionelle des rayons réfléchis nous avons 
admis que les rayons de Gurwitsch polarisés étaient d 'une efficacité bien 
plus marquée que les rayons normaux. Les expériences ont confirmé notre 
hypothèse. 

Enfin no us avons trouvé une différence remarquable entre Ie quartz 
amorphe (fondu) et Ie quartz cristallin ; Ie premier n'influence pas Ie 
phénomène de Gurwitsch si une plaque est interposée entre I'émdteur et · 
Ie détecteur; tandis que Ie dernier dans la même position accélère Ie 
phénomène de Gurwitsch. 

Ainsi que Ie quartz quelques autres matières cristallines ont une influence 
accélérente sur Ie phénomène. 

Nous avons montré I'influence de la nature de la paroi durécipient 
sur la durée de la période de stase (ou "Lag time" ). Notre théorie explique 
la différence de durée dans les divers récipients, 
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Botany. - A Test Method lor Rhizocaline, the Rootlorming Substar!ce. 
By F , W . WENT. (Communicated by Prof. F. A. F . C. WENT). 

(Communicated at lihe meeting of June 30, 1934). 

A. lntroduction. 

The work on the role of internal factors involved in rootformation has 
now proceeded so far that further progress depends on a good test method 
with which the different factors may be determined more or less quanti~ 
tatively. The effect of sugar on rootformation has been investigated by 
BOUILLENNE (1933); a qualitative demonstration of the role of rhizocaline, 
the rootforming phytohormone. on rooting of stems and hypocotyls was 
given by me (1929, 1933) and BOUILLENNE (1933) . IE woody cuttings of 
Acalypha are defoliated they lose their ability to form roots, which ability 
is restored by the addition of minute amounts of leaf extract, or of solutions 
of rice polishings. The active principle, a heat~stable substance, named 
rhizocaline, is formed in leaves, stored in buds and cotyledons, travels 
basally apparently through the phloem and accumulates near the basal 
cut surface of the cuttings, there inducing the formation of roots. 

It appeared that Acalypha was unsuitable for quantitative work, du~ to 
30* 
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variability of the different branches of the shrub and. as it is growing in 
the open. to unstable dimatic conditions. Seedlings are preferabIe on 
account of their availability and the possibility of growing them under 
exactly defined conditions. However. theexperimental plants must not 
contain rhizocaline at the start. and as th is horrnone is stored in the 
cotyledons and transported through the hypocotyl these organs are not 
suitable for quantitative work. This was realisoo after much more or iess 
unsuccessful work with hypocotyls of Impatiens Balsamina and Phaseolus 
radiatus. A successful experiment with Phaseolus. involving 300 plants 
and the counting of 11.600 roots. resulted in the formation of 38 roots 
in 10 % of a water extract of rice polishings. 28 roots in 4: %. 4:7 in 2 % 
and 25 in pure water. No quantitative condusions can be drawn from th is 
experiment; it only proves a positive effect of the solutiun on rootformation. 

The simple considerations that on the one hand the hypocotyl remains 
very short in pea seedlings and the etiolated a;bove~ground part is situated 
on the apical side of the cotyledons. while on the other hand the transport 
of the stored rhizocaline is strictly basal. make it dear that. if any. pea 
seedling shoots ought to be the right material for quantitative experiments 
with rhizocaline. Their food supply is normal. and food material and stored 
horrnones are separated by the polarity of the plant. 

The present paper gives only a description of the pea~test method for 
rhizocaline. and in addition a short summary of some of the results obtained 
with the test method. 

A good test method must be simpIe. reproducible. and must give mathem~ 
atically significant results. The main diHiculty in working out such a 
method is that it has to be based on a broad knowledge of the phenomenon 
to be measured whereas that knowledge cannot be obtainoo without a 
good working test method. Thus the investigation is based mainly on the 
"trial and error" principle; with the arbitrarily accepted .test method the 
laws of the phenomenon can be ,derived and only after that can a new 
test method be worked out on sound theoretical grounds. The following 
method is proposed for testing rhizocaline; after a more general knowledge 
of the theory of rootformation has been reached it can be revised. The 
method in its present form di Hers considerably from the original version 
and has been successfully used in this laboratory during the last few months 
(see next paper bij THIMANN and WENT). 

Briefly summarized the procedure is as follows: Etiolated pea shoots 
are cut oH just above the first node. A set of these is placed inversely 
in the solutions containing the rhizocaline; another set is also reversed 
and placed in water. After 12-15 hours the plants are placed with their 
morphological base in sugar solution; 14 days later the ,diHerence in the 
number of roots between the water controls and the experimental plants 
determines the amount of rhizocaline present in the solutions. 

Now as a criterion for the suitability of a certain treatment in regard 
to the test method the following rules were adopted: 
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1. the untreated controls must have as few roots as possible; 
2. the plants treated with a given amount of rhizocaline must have as 

many roots as possible; 
3. the range over which an increase in the amount of rhizocaline gives 

an increased number of roots must be as large as possible. 
A number of other factors are considered at the same time. Some 

solutions show an inhibitive effect. which under certain conditions may 
be increased; th is of course is unfavourable except in the case wh en the 
inhibition is to be studied. Other conditions influence the lapse of time 
between the treatment and the appearance of roots or affect the outgrowth 
of the formed roots; that is to say. their visibility. The described method 
is a compromise between all these different factors. involving in some 
respects a sacrifice of accuracy in favour of simplicity. 

B. Method. 

The pea test method for rhizocaline is carried out as follows. Each step 
has been investigated separately; their actual substantiation with the detailed 
experimental evidence will be published separately. The accompanying 
figure gives a c1ear view of the different manipulations; the letters in the 
description refer to it. 

Peas (a pure strain of Pisum sativum "Alaska. Stock 89" was obtained 
by courtesy of the Gallatin Valley Seed Co. Bozeman. Montana) are 
disinfected with HgCl2 if necessary and soaked in shallow water for 4-6 
hours. They are th en planted in seedboxes filled with pure well washed 
medium moist sand. not previously used for planting. to avoid fungous 
attacks. These boxes are placed in a physiological darkroom with high 
humidity (between 85 and 90 %) ; all further manipulations are carried out 
in faint red light. and at a constant tempera tu re of 25° C. A low humidity 
increases the number of roots on the controls and decreases the 
sensitivity of the plants. even if the soil moisture is kept high. By 
transferring the seedboxes to a medium humidity (60-70 %) during the 
last 12 hours before cutting the plants the number of roots on the controls 
is remarkably low but also the sensitivity is decreased. 

A week after planting. when the plants have reached a leng th of about 
10-15 cm above the ground (A) the plants are cut off at about 1 or 2 mm 
above the first node (B). At the first as well as on the second node only 
ascale develops. on the third node the first norm al leaf appears. Now the 
tip of the shoot is cut off just under the third node (B). so that the 
experimental plant consists of the second and third internode with the 
second node plus scale. IE the plants are very long so that the fourth 
internode is longer than 2 cm the cut is made about 1 cm below the tip and 
the first leaf plus axillary bud are removed. However. for the sake of 
uniformity. it is not advisable to use either the long plants or the short ones. 

For about 4 hours the cut plants are placed together. with their bases 
in water (C). For the next 4 hours this water is replace·d by a 0.05 % 
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solution of KMn04 in water (D). This gives an effective disinfection. it 
permits the detection of injured or mouldy plants (showing blackening not 
only at the basal cut surface but along the otherwise intact epidermis of 
the stem as weIl) which have to be discarded. and it decreases the number 
of roots on the controls. 

In the meanwhile the solutions to be tested have been prepared. Of each 
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Schematic fjgure of the analysis of rhizocaline X 1/5. 

Procedure from A-I in darkroom of 25° G. up oio A in 90 %. from B-I in 
60-70 % humidity. Basal end of shoot marked +. 
A = 7 days old etiolated pea shoot. cut at arrows above first scale and under 
top wJth razorblade. giVling test plant B. At E shoot split apically with sharp 
razorblade. base rinsed with tapwater. Between F and G top rinsed. between G 
and H base thoroughly rinsed with tapwater. At I. plant 14 days af ter A at 
moment of final root-count. 

+ 

1 

solution a number of dilutions are made up. ranging from about 1 to tOO or 
1000 according to the degree of uncertainty as to their activity. At least 
one dilution must be above the maximal possible activity. one near the 
lower limit of activity. with one or two concentrations in between producing 
an average amount of roots. At least two bottles are filled with each 
dilution; one cc per bottIe being sufficient if the diameter is about 1 cm. 
The bot ties to be used must be cleaned thoroughly. special care being taken 
not to leave traces of oxidants in them nor to spill the permanganate solution 
in them. They are placed in blocks of wood in double rows of 10. which 
are numbered from 1-20. In the accompanying protocols. numbered 
accordingly. all data about the solutions are marked. 

Apart from the unknown solutions which have to be tested and the 
4-8 bottles with tapwater for the controls. a set of dilutions of a solution 
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with known rhizocaline concentration is always included to test the 
reactivity of the plants on the given day. This excludes possible misinter~ 
pretations on days with exceptionally low reactivity of the plants. 

In making up the solutions it seems to be unnecessary to adjust their pH 
and also no indieations were found that smal! amounts of salts had to be 
added to increase the activity of the products (KÖOL. HAAOEN SMIT und 
ERXLEBEN 1933). However. as the solutions were all made up with 
tapwater. whieh contains in Pasadena relatively much solids. the salts 
added with the water might be sufficient. 

Af ter the 4 hours' stay in permanganate th is is rinsed oH the base of the 
plants. the bulk of the adhering water being removed. The apieal part of 
the plant is now slit lengthwise over a distance of about 1 cm by a median 
cut with a razorblade (E) . with this slit end they are placed inversely in the 
solutions prepared beforehand (F). This slit increases the amount of 
rhizocaline taken up by the plants in a given time; at the same time it 
permits the semi-quantitative estimation of the amount of auxin in the test 
solutions. IE auxin is present. the two halves of the split tip wil! bend 
inwards at the end in contrast with the water controls. of whieh the two 
halves diverge on account of the tissue tension. A ful!er account of this 
new growth substance test wil! be given separately. 

In each bottIe five plants together are immerse·d with their split ends (F) . 
As there are at least 2 bottles for each dilution. there are at least 10 plants 
per dilution. or 40-60 per solution. For the controls with water and for 
the test with a solution of known rhizocaline content from 60-100 plants 
are used. so that series of test plants of less than 200 are not advisable. In 
this way about 2000 plants per week can be handled by one person. 

The plants. inverted in the solutions forabout 12-15 hours (the optimal 
time for rootformation ) in a darkroom with a medium humidity of 
60-70 %. are taken from the solutions. the tips are rinsed with water 
and they are placed five togetheragain in bottles.diameter 2~-3 cm. 
fil!ed with 5 cc 2 % sucrose (G) . These bottles are also placed in two 
rows of ten in boxes. each place being numbered and corresponding to 
the number of the bottIe containing the test solution. The sucrose used 
must be extracted beforehand with ether or chloroform. for even the purest 
CP products con ta in physiological!y considerable amounts of toxie 
substances. decreasing not only the reactivity of the plants considerably 
but also the Çleotropic response of the roots formed. Glucose is less 
favourable as BOUILLENNE (1933) found . whereas fructose stimulates the 
growth in length of roots to such an ex tent that it becomes difficult to 
count them afterwards. 

IE the sucrose has been fil!ed in from a sterilized stock solution and if 
the bottles were rinsed with alcohol be forehand. and if on the other hand 
the plants are sound. no bacterial or fungous growth wil! take place in the 
bottIes for the first 6 days. Af ter th at period the sugar solution is changed 
for tapwater (H). 
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The most favourable conditions for rootdevelopment af ter the rhizocaline 
treatment are in a darkroom of 25° C. and 60--70 % humidity. In higher 
as weil as in lower humidity the reactivity of the plants decreases. The 
first roots develop about 4-5 days af ter treatment. the sooner. the higher 
the concentration of rhizocaline. Mostly the first counts of the roots are 
made at the moment of transfer from sugar to water (H); in most cases 
this count gives a good idea of the activity of the original solutions. The 
final count is made 14 days af ter treatment (I); all calculations are based 
on this count. as the number of roots does not increase after that. It is 
assumed then that all roots formed under influence of the rhizocaline in 
the plants have grown out enough to be visible and are included in 
the counts. 

To evaluate the results and to make them comparable. a unit of activity 
in rootformation. i.e. a Root or Rhizocaline Unit (RU). is defined as 
follows: A solution contains one RU if it produces 1 root when tested in 
the described way. This refers to the net increase in roots over the controls. 
Under the experimental conditions always 5 plants are placed in 1 cc 
soluNon; if each plant has formed one root we say th at the solution 
contained 5 RU. Now for convenience the figure always calculated from 
the experimental data is the number of roots per 10 plants. as this involves 
only the addition of all roots on the 10 plants (in the 2 bottles) treated 
with the same concentration. IE more or less plants are used. the number 
of roots per 10 plants is calculated. As these ten plants have been treated 
in 2 cc, the activity expressed in RU is half the number of roots per 
10 plants. 

Of course . this only holds for concentrationsin which there is a 
proportionality between the number of roots and the concentration. For 
supra-optimal concentrations only a lower limit of activity can be calculated. 
This is the case when the last dilution tested forms the same number or 
even more roots than the higher concentrations. Such a solution has to be 
re-tested in higherdilutions. 

C. Results. 

Table I gives an idea of the relation between concentration of rhizocaline 
and the number of roots formed. In column A the actual number of roots 
formed on 10 plants is given. with the number of roots on the controls in 
the last place; in column B this last number is subtracted from the total 
number of roots on the treated plants. giving the actual increase in number 
of roots caused by the rhizocaline. We see. then. that in the concentrations 
below 0.05 % there is a reasonably good linear relation between number 
of roots formed and the concentration of the solution. As in this case the 
solution is of a high purity. even in the highest concentrations there is no 
decrease in the rootformation due to accompanying inhibiting or toxie 
substances. In crude plant extracts mostly there is only a narrow range of 
concentrations between just detectable rootformation and a definitely 
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TABLE I. 
Relation between concentration of the rhizocaline solution (K V) 

and number of roots formed. 

Concentration Expt. 29/1/34 Expt. 7/111/34 Expt. 26/111/34 

% A 
I 

B A 
I 

B A 
I 

B 

I 
0.2 37 24 35 30 - -

0.1 33 20 29 24 28 15 

0.05 12 0 26 21 - --
0.02 28 15 28 23 24 11 

0.01 21 8 - - - -

0.005 17 4 13 8 16 3 

0 ,002 15 2 10 5 - -

0.001 - - - - 12 0 

H20 13 0 I 5 0 13 0 
I 

Activity 11 0.8XI01 RU/cc 11 1.6 X 104 RU/cc 11 2.7 X 101 RU/cc 

cc soln/bottle 11 
5 11 5 11 

injurious effect. This necessitates a very careful interpretation of activities 
of impure products. On the other hand we see that with the pure KV an 
upper concentration limit is reachecl above which th ere is na marked 
increase in the number of roots induced. This camp ar es very weIl with the 
reaction of plants on application of growth substance, and must be 
explained also by the assumption of other factors necessary for root~ 

formation , present in the plant only in limited quantities, and becoming 
limiting on application of a certain amount of rhizocaline. However, it seems 
likely that same of these factors also are extractable from urine as same 
of the first urine extractions give an excessive rootformation, up to 88 roots 
per 10 plants (controls 16) . 

The activity of a solution in root units, RU, gives na information as 
to the number of roots which could be formed maximaIly by the given 
solution ; it only measures the root format ion under the given conditions. 
The activity of solutions is given in RU per cc, activity of solids in 
RU per mg. 

Table 11 gives an icleaof the reliability of the test methad. One solution, 
KV, obtained from Prof.F. KÖOL in Utrecht, beilig one of the discarded 
fractions (lead precipitate in slightly acidified solution ) of the auxine 
preparation, was tested on a number 'of days within a period of 3 months. 
In . only 4 out of 27 cases the results were rejected because of toa great 
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irregularities in the reactions. these are not included in the tabie. In the 
beginning the plants were placed in 5 cc of the test solution. instead of 1 cc 

TABLE 11. 
Activity of K V stock solution on different days of the period 

from Ii/I/34 to 25/IV/34. expressed in 104 RU/cc. 

I I I 
Mean 

5 cc solution 1.5 2.6 0.8 2.2 9.0 >1.31 1.1 

per bottIe 2.8 >0.9 >6 .8 2.5 1. 51 1 
1 

>2.7 ± 0.73 

1 cc solution H.O 6.0 17 .0 1 11.0 I 6.0 123.0 10.0 

5.0 I per bottIe 36.0 38.0 9.21 
1 

16.1 ± 3 . 5 

in the described method. These data are included separately. All data are 
given in chronological order. so that it is apparent that no systematic error 
is made: there is no definite trend of the activity to rise or to fall and the 
deviations of the observed activüy from the mean must be due to unknown 
variations of the experimental conditions. Variations are observed also in 
the number of roots on the controls. ranging from 5 to 29 per 10 plants; 
these variations. however. appear to be correlated with the maximum angle 
in the auxin experiments so that it is rather c1ear that some outer factor 
influences both phenomena. There is only a slight positive correlation 
between the number of roots on the controls and the r,eactivity of the plants. 

Another conclusion from table 11 is. that the apparent activity of a 
solution is less if more cc per bot tie are used. From a solution of a certain 
concentration about the same number of RU are taken up whether 5 or 
I cc is supplied to the plants. This suggests. that the rootforming activity 
of the solutions depends rather upon their concentration than upon the 
amount given. at least within the range here studied. 

As in the stock solution used (K V) about 50 mg solid matter were 
dissolved in 15 cc of water. and the activity is 16 X 104 RU/cc. 1 mg of the 
original product must have an activity of 4.8 X 104 RU. This means that 
under the described experimental conditions 1 mg of this product is able 
to produce 50.000 roots. 

In the beginning it was said that pea shoots are excellent material for 
the detection of rhizocaline because of the polar transport of the lat ter. so 
that all parts above the cotyledons should be free of it. However. the 
controls form some roots in almost all cases as was shown later (see e.g. 
table I) . However. th is number is exceedingly small if compared with 
hypocotyls of other plants : Impatiens Balsamina forms -+- 300 roots per 
10 plants (BOUILLENNE 1933). Helianthus annuus -+- 500. Phaseolus radiatus 
-+- 100 roots per 10 plants. compared with 14.3 roots per 10 plants on peas 
(calculated as a mean of 1000 con trol plants within a period of 4 months). 
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It has been shown (BOUILLENNE 1933) that this excessive rootformation 
on hypocotyls of 1 m pat i e n s is due to rhizocaline under transport 
from the cotyledons to the roots. How can the residual rootformation in 
the etiolated pea shoots be explained particularly since other experiments 
showed that new formation of rhizocaline takes place only in leaves in the 
light? See for in stance BOUILLENNE 1933 (26). WENT 1933 (66), (67), 
recent experiments with peas. Table 111 gives a partial answer to this 

TABLE lIl. 

Rootformation on control pea shoots, I st and 2nd scale. or either one of them or none 
present. All plants cut I cm below the Ist sc ale and under the Ist leaf. Each figure 

represents the number of roots formed per 10 plants as a mean of 100 plants. 

I st scale present, 2nd scale cut a+p 10.7 

Ist scale cut, 2nd scale present. b+p 12 . 2 
add 

a+b+2p 22 .9 

both scales cut . p 0.6 
subtract 

~ calculated . a+b+p 22.3 
both scales present 

observed . a+b+p 21.8 

question as it indicates that the roots formed on the controls are due to 
rhizocaline stored in the scales. If the effect of the first scale on root~ 
formation be called a, that of the second one b, and the effect of the stem 
alone p, we can calculate the effect of each of these factors separately by 
cutting off either one or both scales from cut shoots consisting of the 1 st 

and 2nd node and 2nd, yd and part of the 1 st internode. The addition of 
the calculated effects should give the number of roots on the shoots with 
both scales leEt. This really is the case as table 111 shows with a remarkably 
small deviation of observed from calculated numbers (they are based on 
10 separate experiments in each of which the 4 kinds of shoots were 
compared, or in total 400 plants). The conclusion to be drawn from these 
experiments is obvious: there is some rhizocaline stored in the scales, 
sometimes more in the upper, sometimes more in the lower; almost nothing, 
however, is present in the stem alone. The reasoning that th is is only 
storage and no new formation is similar to the demonstration of storage in 
buds and formation in leaves of woody cuttings (WENT 1933 (67)) : root~ 
formation in the controls manifests itself only between the 6 th and 12th 

day af ter cutting; af ter that th ere is no increase in the number of roots. 
In plants with leaves in the light the rootformation goes on during weeks 
and no constant level of rootformation is reached, indicating that in thc 
leaves we have to do with new formation of rhizocaline. 

From table 111 it appears also, that shoots without any scales do not 
form roots on the controls. Still they are almost useless in rootformation 
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experiments. as their ability to form roots after application of rhizocaline 
is enormously decreased. Whether the presence of scales is necessary for 
the uptake. transport or action of the rhizocaline has not yet been 
determined. 

Rootformation in peas also furnishes an excellent object to test the 
poladty theory proposed in an earlier paper (WENT 1932). According to 
this theory the polarity in genera!. and the polarity in organ formation in 
plants in particular. is due to a polar transport of phytohormones under 
influence of an electric potential diHerence maintained by the plant. This 
implies that the polarly transported substances must be dissociated in the 
plant. For auxin th is is the case (BONNER 1934) and as we found that 
rhizocaline is also a weak acid (see THIMANN and WENT 1934) it must be 
dissociated too in the plant. As a second point it may be mentioned that 
preliminary measurements showed the potential difference in si de the 
etiolated pea shoot to he in the same ·direction as the polarity theory 
requires. viz. the tip is negative compared with the base. so that acids 
should he transported hasally. Direct proof that a potential diHerence has 
something to do with the transport of rhizocaline is furnished by the fact 
that. within rather narrow limits of current density. applied potentials 
have an influence on the rhizocaline content of the controls. As the 
controls form roots as a result of sm all quantities of rhizocaline still present 
in the etiolated shoots. ,the theory requires the following effect of potentials 
applied to the shoot before cutting. An increase of the normal potential 
(tip negative) ought to decrease the amount of rhizocaline still present in 
the shoots. so that these plants used as controls would form fewer roots. 
By applying a positive potential to the tip. an upward transport of 
rhizocaline from the cotyledons could be anticipated. and the number of 
roots ought to be increased on the controls. The figures of table IV show 

tip -

tip + 

TABLE IV. 

Plants treated with electric current for last 12 hours before cutting 
(connections through wet cotton threads with 1112 volt battery). 

All plants treated as controls (with water). 

no current 
low~high 

current denslty 

16 20 0 i 20 roots 10 plants 

5 6 16 11 roots 10 plants 

that at medium current density this is the case. Further experiments to 
establish the quantitative relations hetween potential diHerence and 
rhizocaline transport are under way. 

The inversion method of applying the rhizocaline is quite convenient 
and allows for quantitative work in experiments on rootformation, 50 that 
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no other quantitative method, e.g. with the rhizocaline dissolved in agar 
blocks, has been worked out. However, for practical growers' purposes the 
lanolin method of LAIBACH seems quite useful and has been tried. 
LAIBACH himself states already (1934, p. 53): "Natürlich wird man ..... . 
auch andere ... . .. Phytohormone ... ... in Pastenform den Pflanzenorganen 
darhieten müssen". A rhizocaline solution containing 2000 RU/cc was 
mixed with an equal volume of dehydrated lanolin. This paste was smeared 
(a) on top and (b) against the side of decapitated pea shoots, and (c) 
on the radial cut surfaces of apically slit shoots. In (a) the effect was 
very smalt in (b) 22 roots were formed and in (c) 45 roots, whereas 
the controls had 12 roots only. Probably it is not possible to use the lanolin 
paste for quantitative experiments, but the ahove mentioned results prove 
that for prac~ical application it is weIl suited. For growers' purposes it is 
to be preferred to the inversion method. 

D. Summary. 

The description is given of a method by which the rhizocaline content 
of substances or solutions can be analysed more or less quantitatively, 
using etiolated pea seedling shoots as indicators. As there exists an 
approximately linear relation between rhizocaline concentration and number 
of roots formed it is possible to calculate the amount of rhizocaline (in RU) 
from concentrations giving suboptimal rootformation. 

In successive weeks the same stock solution will produce approximately 
the same number of roots. 

The roots produced on water-treated control plants are due to rhizocaline 
stored in the scales of the shoots. 

Some direct evidence is given that the polar transport of rhizocaline is 
due to electrical potential differences inside the pea shoot. 

Lanolin mixed with rhizocaline provides an excellent material for the 
in duet ion of rootformation. 
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