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THE EFFECTS ' CERTAI N GLUC OSIDES ON GERMI NATI ON 

OF POLLEN IN ARTIFICIAL iDIA 

A. LLOYD RYALL 

INTRODUCTI ON 

In the fall of 1926, work was begun with the object 

in view of obtaining some data on the pollination of the 

Bartlett pear in the 1i11amette Valley. In connectioi 

with t actual pollination work it was found desirable 

to make some germination trials to detennine viability 

and percentage of germination of the various pollens. 

Interest was aroused in trying various inedia, stimulants 

and so forth and especially so when it was found. that 

certain glucosides seemed to have stimulating effects 

upon pollen. 

It was finally decided to work on the pollen ermina- 

tion to the exclusion of the actual pollination phase and 

a problem was outlined with this in mind. 
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A BRIEF REVIE?! OF POLLEN STUDIES 

The fact that the higher plants reproduced by sexual 

methods, and that in some way the pollen grain entered 

into this sexuality was known for considerably more than 

a century before any light was thrown upon the role of 

pollen in fecundation. In 1824 Amici (1), by chance dis- 

covered the pollen tube. The same worker later described 

the pollen tube in detail and traced its development 

through the tissue of the style to the ovary. The real 

significance of the pollen tube was not known until 

Strasburger (14), in 1884, described fertilization In the 

higher plants as consisting of the union of the egg 

nucleus with a nucleus brought In by the pollen tube. In 

1899 two workers Independently discovered the fusion of 

the second male nucleus with the two polar nuclei to form 

the primary endosperm nucleus. 

MORPHOLOGY AND CFvIICAL NATURE OF T POLLEN GRAIN 

The pollen grain wall consists of two layers; the ex- 

ternal cutinized layer called the exine; and the internal 

cellulose layer called the intine. Chemical analyses of 

pollen show that the pollen grains contain considerable 

stored food in the form of carbohydrates and fats. The 

nature and amount of this stored food varies greatly In 



the pollen of various species. chemical analysis of 

ragweed pollen made by Heyle (6) in 1917 shows the follow- 

Ing percentages of the entire grain. 

Protein 24.4% 

Fat 10.8% 

Pentosans 7.5% 

Crude Fibre 12.2% 

Ash 5.4% 

Lecithin 0.75% 

nall amounts of sucrose, glucose and 

dextrin. 

The principal reserve materials in maize pollen seem 

to be carbohydrates largely in the form of starch and 

sucrose. 

NUTRITION OF TI POLLEN IUBE 

That the amount of stored food, in the pollen grain, 

would be insufficient to furnish nutrients for the pollen 

tube on its growth throui the pistil was realized, even 

by early investigators. Amici, In 1824, stated that the 

pollen tube secured nutrients f the main part of Its 

growth from the surrounding stylar tissue. This conclu- 

slon was later somewhat substantiated by various invest- 

igators, when upon analyses of the cells lining the 

stylar canal these cells were found to contain more stored 



food material than corresponding cells further out in the 

style. 

POLLEN ENZYMS 

Further evidence, to show that the pollen tube secures 

nutrients frozu the stylar tissue, is found in the occur- 

ence of enzyms in the pollen and conducting tissues. In 

the presence of certain pollens, cane sugar, in artificial 

media, is inverted. Pollens of certain other species will 

hydrolize starch into sugar. Green (4) reported, in 1894, 

that diastase and invertase frequently occur in resting 

pollen, but that their distribution is irregular. Some 

forms contain both enzyms; others only one of them. The 

reducing or diastatic power usually increases markedly 

after germination. 

Paton (13) reported, in 1921, the results of extensive 

studies on the occurence of enzyms in the pollen of a 

large number of species. In every specIes investigated 

the following enzyms were present: catalase, diastase, 

invertase, reductase and pectinase. The following were 

found in some species studied but not in others: pepsin, 

trypsin, eropsin and lipase. Zymase was doubtfully 

identified in apple pollen. The role of enzyms in the 

metabolism of the pollen tube is evidently of consider- 

able Importance and needs further study. 
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THE CULTURE OF POLLEN IN ARTIFICIAL LDIA 

The first recorded instances of observation of arti- 

ficial germination of pollen are by von Iohl (lO)who in 

1834 observed the pollen of several species forming 

pollen tubes In the moist air. Since then numerous meth- 

ods have been used for creating artificial conditions, 

comparable to natural conditions, for the germination of 

pollen. Consistent rules cannot be laid down for arti- 

ficial media to cover all conditions, for species vary 

greatly In errnination reciuirements and even specimens 

of the same species may vary when taken at different 

tines. 

METHODS USED BY VARIOUS INVESTIGATORS 

Several more or less successful methods have been 

used by investigators in attempts to germinate pollen in 

artificial media. Several of the more common methods 

will be decribod here in sone detail. 
The Van Tiegham cell has been one of the most widely 

used and successful methods for the artificial germina- 

tion of pollen. This method was introduced by Van Tiegham 

In his early work on pollen and bas since been used, by 

certain investigators, almost exclusively. Kraus, in his 

work on pollen germination at Oregon Agricultural Oollege, 

used the Van Tiegham cell almost entirely. 
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The Van Tiegham cell is a small glass cylinder open at 

both ends and small enough to be fitted on to an ordinary 

microscope slide. This glass ring is fastened onto a 

slide by means of a small amount of soft parrafin. few 

drops of water are placed in the bottom of the chamber, so 

formed, to keep up the humidity. A thin layer of vaseline 

Is spread around the upper edge of tue ring to insure 

proper sea11rg when the cover glass is applied. A na1l 

drop of the media to be used is placed on a cover glass 

being careful not to allow the drop to spread. The pollen 

grains are sown in this media by means of a fine needle or 

camels hair brush and the cover slip inverted over the 

cell. This can then be observed under the microscope, the 

same as an ordinary hanging drop slide. 

Another method quite extensively used is semi-solid 

media spread in a thin layer in a petri dish. The petri 

dish may be readily handled on the stage of a binocular 

microscope. Pollen is usually arranged In regular lines 

across the media to facilitate counting and measuring of 

tubes. Brink (3) found this method very satisfactory and 

used it almost exclusively in his extensive work on pollen 

germination. The humidity control is not as satisfactory 

as that in the Van Tiegham cell and liquid media cannot be 

used. It has the advantage, however, of being better 
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adapted for counting and measuring pollen tubes. 

Various membranes have been used in an attempt to 

simulate osmotic conditions present in the living 

tissues. These membranes have been of various mater- 

lais but the most commonly used is probably collodion. 

A solution of collodion is spread thinly over a smooth 

surface and allowed to set. It is then lifted, being in 

the shape of thin, nearly transparent sheets. Aniaa1 

membranes of various sorts have also been used. One 

method used with the semi-permeable membrane has been to 

cover one end of a Van Tiegham cell with membrane and 

then invert the cell, membrane down, onto the media to 

be used. The weight of the cell is supposed to be suf- 

ficient to cause the media to permeate the membrane. 

Pollen is then sown on the free surface of the membrane. 

Although the method seems to have some promise, germina- 

tion trials conducted with lt have thus rar been unsat- 

i s fac tory. 

The rtartificial pistil't is simply another modifica- 

tion in the use of the semi-permeable membrane. It is 

set up in the following manner. A groove is ground in 

the edge of a Van. Tlegham cell and a small glass tube is 

inserted into this groove. The cell and glass tube are 

then cemented down to a microscope slide. A piece of 
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membrane is sealed over tI top of the cell and a thistle 

tube is fastenQd. to the outside end of the glass tube by 

means of a short piece of rubber tubing. Tater is placed 

in the thistle tube and pressure on the membrane varies 

with the raising or lowering of the thistle tube. Pollen 

is sown on top of the membrane. Germination has not been 

satisfactory with this method but modifications of it may 

prove valuable. 

Thus, as f ar as actual results go, the apparatus for 

successful germination of pollen artificially seem to be 

reduced to the Van Tiegham cell and the petri dish. 

HUMIDITY RECUEINTS FOR POLLEN TUBE GROT'JTh 

Nature arranges the moisture supply very delicately 

in the stylar tissues and as yet man has not been able to 

entirely duplicate this condition. In trials with an 

acid humidifier made by 1oinat (ii) the humidity was reg- 

ulated and various humidities tried. In the particular 

method used a humidity of 95 percent seemed to be neces- 

sary for best results. The Van Tiegham cell with its 

sealed chamber containing water seems to control the 

humidity quite satisfactorily. 

OXYGEN REQUIRENT FOR POLLEN TUBE GRO1TH 

As would be expected, oxygen is necessary for pollen 
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germination. Van Tieghi (15) first demonstrated this by 

sowing pollen grains in water and then covering the cul- 

ture v.ith a cover glass. Only the grains uround the edge 

of the cover glass germinated but when the cover glass 

was removed the remaining grains germinated. i?urther 

experimentation by quantitative gas analyses showed that, 

during the growth of the pollen tube, oxygen is actually 

removed from the surrounding air and replaced by carbon 

dioxide. 

TE2IPERATURE REQUIHZiENTS FOR POLLEN TUBE GRO'7TH 

The range of teniperature, in which pollen can be grown 

artificially is comparatively small. Ordinary room ten- 

perature,or 22 to 23 degrees centigrade, seems to be the 

most satisfactory. Temperatures up to 25 degrees centi- 

grade have been used by certain investigators with good 

success but temperatures much above 25 degrees centigrade 

have been distinctly harmful. 

LIGHT EUIHJiENTS FOR POLLEN TUBE GROVJTH 

Light does not seem to be an important factor in pollen 

germination. Moinat found no significant difference be- 

tween growth of pollen tubes in light or darkness. Brink 

states that he usually put his cultes away in a drawer 

but could see no appreciable difference ien he left them 
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out in the diffused light of the laboratory. 

NUTRIENTS AND STIMULANTS USED BY PREVIOUS 

INVESTIGATORS FOR POLLEN GERMINATION. 

Numerous substances, organic and inorganic, have been 

used by investigators in making up media for pollen germ- 

ination. The basis for most media is some carbohydrate, 

usually sugar. Various sugars have been given rat1-r 

extensive trials, the one most widely and successfully 

used being cane sugar. A three to ten percent solution 

of cane sugar is very often satisfactory although concen- 

trations of from one percent to thirty percent have been 

used, in certain cases, with good results. Dextrose, In 

many cases, seemed to be about equal to cane sugar as a 

source of carbon. In other cases the dextrose was unsat- 

isfactory. Levulose in most cases caused excessive 

bursting. Knight (7) reports very good germination of 

apple pollen in a three percent levulose solution con- 

taining a trace of asparagin. He also states that about 

five percent of the pollen tubes attained a length of 

ten m.rn., this being more than the required length to 

reach from stigma to egg. Brink in attempting to repeat 

this test secured no tubes over two m.m. in length. 

Glucose has been used with fair results in a few cases 

but solutions of lactose have never given satisfactory re- 
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suits. rectin both purified and unpurified has been used 

but the results are contradictory and unsatisfactory. 
Several nitrogen compounds bave been used as constit- 

uents of media. iiioinat tried adding small amounts of 

asparagin but obtained no noticeable results. Knight, on 

tI-ie other band, found asparagin to be stimulating to 

apple pollen. uanidine nitrate bas been used alone in 

solution und in conjunction with other nutritive mater- 

ials. A solution of about 1/60 of one percent proved 

slightly stimulative but stronger solutions were decided- 

ly inhibiting. 
Brink found, in his work with Nicotiana pollen, that 

the addition of a small amount of sterile yeast solution 

had a decidedly stimulating effect. Growth of the pollen 

tube was increased in many instances from 35 to 150 per- 

cent. íhe complex nature of yeast made it impossible to 

ascertain which properties caused the stimulation. Brink 

suggests thut lt Is probably a heat stable protein or a 

vi tam me. 

THE EFFECTS 0F CERTAIN SALTS ON POLLEN GEHLIINATION 

LiOst salts in solution seem to be toxic to pollen tube 

growth. In trials with sweet pea pollen, Brink secured 

the following results: NaCi was toxic even in concentra- 

tions as low as .0002 M., K Cl was toxic at 
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concentrations above .001 M. but slightly stimulative at 

about .002 M., CaC12 showed stimulation in all concentra- 

tions less than .05 M. When CaCl2 was combined with the 

lower concentration of some of the other salts stimula- 

tion was more noticeable. Brink states, that In his 

opinion, the role of calcium salts, In stimulating 

growth, is probably related to the permeability of the 

protoplasts. 

HYDRO GEN- I ON C ONO ENTRÂT I ON AS REJA TED 

TO POLLEN GEIIINTI0N 

The hydrogen-ion concentration of media seems to be 

quite an Important factor in successful gexInation of 

pollen. Brink found with sweet pea pollen that the 

highest germination was secured at pH 7 and that the 

optimum was about pH 6. The stigmatic secretions of 

many plants are acid and in these cases a slightly acid 

media Is often essential. Molisch (12) found that pollen 

of Rhododendron, which he had never successfully germinat- 

ed except on the pistil, gave a very good germination In 

distilled water containing .Ol malic acid or a little 

calcium malate. 

STYLAR TISSUE AND STYLAR EXTRACTS 

AS CONSTITUENTS 0F DIA. 

There is sorne evidence to show that stimulation of 
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pollen tube growth Is secured by using crushed stigma or 

stigmatic extracts in the media. Knowlton (8) observed 

that the percentage of gexnination of Antirrhinuxn pollen 
was greatly increased by the addition of minute amounts 

of crushed stigma to cultures of t} same species. Pollen 
of Antirrhinum stored for 670 days failed to grow in sugar 

solutions but gave 50 percent germination on the addition 
of stigrnatic tissue. On the ot}r hand, Knowlton found 

that maize pollen did not respond to stiat1c parts or 

decoctions of the stigma. 3rink found that the crushed 

stigmas of Nicotiana when added to agar cultures contain- 
ing 15 percent cane sugar regularly increased the growth, 

not only of the pollen tubes of Nicotiana, but of other 
forms growing at that concentration of sugar. 

THE POSSIBLE RELATIONSHIP OF GLUCOSIDES 

TO POLLEN GEHvITION AIID POLLEN TUBE GROWTH. 

In. searching about for new and untried stimulants for 
pollen germination in artificial media the suggestion was 

made to the writer that the various glucosides might be 

tried. After some study had been made of the glucosides 

arid a few preliminary trials had been made there seemed to 

be sufficient justification for more extensive studies. 
The factors which Influenced the writer in making 

these studies will be taken up in more detail later. 
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Briefly they were: first, the almost universal occurrence 

of glucosides in certain plant tissues, warranting the 

conclusion that they perform some function In the plant; 

second, the fact that certain glucosides are found in the 

female blossoms or organs of their respective plants; 

third, as far as could be determined no work had prev- 

iously been done concerning the effect of glucosides upon 

pollen germination or pollen tube growth. 
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THE NATURE AND POSSIBLE FUNCTIONS OF GLUCOSIDES 

According to rrnstrong (2) the term glucoside Is ap- 

plied to a large number of bodies having the property in 

common of furnishing a glucose and one or more other pro- 

ducts when hydrolysed by acids. They are resolved with 

the addition of the elements of water into simpler com- 

pounds. 

Ulucosides are glucose esters of alcohols, acids, 

phenols, etc. The gerral formula of a glucoside i 

accordingly written, 
k-0-CH. CH.OH 

2 
CH.CH.OH.CH2 OH 

o 

Glucosides, in addition to being very numerous, are 

often of a diverse nature. It is therefore possible that 

the significance of the presence of one glucoside may be 

quite different to that of another. Iven in the case of 

glucosides of the same nature, there is much diversity of 

opinion. 

The few studies t1-t have been made have led many to 

believe that the glucosides play a very important role in 

vital processes. The fact that there is usually associat- 

ed, with every glucoside, an enzym capable of splitting 
it is interesting and important. 

In reviewing the possible functions of glucosides 

Harvey (5) lists the following roles as assigned to 
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glucosides by various authors: 

1. As reserve food material. 

2. Curtailing the action of certain harmful by-pro- 

ducts of metabolism. 

3. Protecting certain substances, important to 

nie tabolisni, from too rapid oxidation by tying them up 

with glucose. 

4. As antiseptic and protective agents. 

5. s activators of growth. 

6. As accelerators of metabolic processes, particu- 

larly that of respiration. 

In all probability the function of glucosides is some 

one or combination of the foregoing possibilities. Up to 

the present timé sufficient eviuence has not been accurnu- 

lated to place the function definitely. 

OCCURRENCE AND PROPERTIES OF T GLUCOSIDES USED 

AS CONSTITUENTS OF MEDIA. 

The glucosides used in germination trials viere those 

which are derived from the common, deciduous tree fniits 

and in addition to these the glucoside from the willow. 

Phloridzin is found rather abundantly in the bark of 

apple trees being especially abundant in the phloem and 

inner cortex region. It is also found in various regions 

of rapid growth such as tips of young shoots and in open- 
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Ing buds. It belongs to the phenol group and is remark- 

able for the property of causing glucosuria when taken 

internally. Phloridzin vthen hydrolysed yields glucose and 

phioretin. The empirical formula is 2l 1124 0X) 

Arbutin, a colorless, bitter, crystaline substance is 

found in the leaves of the pear tree and is also found in 

the leaves of the bear-berry (Arctostaphylos uva ursi), 

and in many genera in the ricaceae. Most of the arbutin 

used chemically is obtained from the bear-berry and con- 

tains a all amount of methyl arbutin. The methyl arbu- 

tin is very toxic and my account for some of the diverse 

results secured with arbutin. Upon hydrolosis it yields 

glucose and hydroquinone. 

¡unygdalin is the glucoside found in various species of 

Prunus. It is found in large quantities in bitter almonds 

and in the kernels of apricots, peaches, plums and most 

fruits belonging to the osac6ae. It differs from most 

glucosides In the fact that it contains nitrogen. The em- 

pirical formula is C20 H27 N. Upon hydrolysis 

amygdalin yields benzaldehyde, hydrogen cyanide and two 

molecules of glucose. 

Salicin is an active constituent of willow bark. It 

is also found in the leaves and the female flowers of the 

willow. It is an alcohol with the npirical formula 
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C13 H18 07 and upon hydrolosis yields glucose and saligenin. 

Certain of these glucosides especially phloridzin seem 

to be definitely linked with growth in some way. Mitra (9) 

showed that phloridzin was most abundant during the season 

of greatest metabolic activity. This situation was con- 

firmed in later exeriments by Harvey who says, "Hence one 

may assume that phlorldzin is closely associated, both 

with the season of most active growth and with the centers 

of highest metabolism." 

OBJECT 0F THE INVESTIUATION 

Havin the foregoing occurrence, properties and pos- 

sible functions of glucosides as justification, the in- 

vestigation was undertaken with the following objects in 

view: í'irst, to ascertain, if possible, whether the 

several glucosides used had some stimulative property in 

common thich was active upon any pollen; Second, to 

determine the effect of each glucoside used. upon the 

pollen of its corresponding species; third, to possibly 

throw some light on the real function of glucosides;and 

fourth, to discover, if possible, new stimulants for 

pollen germination and subsequent growth in artificial 

media. 
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MATERIALS AND ìIETEODS 

.rollen for the varióus trials made was secured from 

plants in the college greenhouse, trees of the college 

orchard, and trees of the Corvallis Orchard Company. Dur- 

ing the fall and early winter it was necessary to use 

pollen.of some species found in the :reenhouse. The 

pollen of Cyclamen was chosen from among those available 

as being available over a long season and usually very 

viable. 

As early in the season as it was thought possible 

forcing material of the various fruits used was brought 

in to the greenhouse. .Iethods and success of forcing 

this material will be discussed more fully under separate 

heading. 

Commercial cane sugar was used as the basis for most 

media. In cases ere agar or gelatin were used with the 

cane sugar, the commercial shred agar d the commercial 

sheet gelatin were used. Glucosides and other chemicals 

used, as possibilities for stimulation, were chemically 

pure compounds. 

After a study of methods used by previous investi- 

gators the Van Tiegham cell was choseii as embodying sev- 

eral possible advantages for this work. The advantages 

which caused this decision were the following: First, 
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simplicity making the probability of error in manipuL.tion 

less; second, ease and rapidity with which they could be 

set up making possible numbers of duplications which the 

more complicated apparatus would 1-eve been impossible in 

the limited time at the writers disposal; third, excellent 
humidity control secured in the Van Tiegham cell, and 

fourth, ease of microscopic examination and possibility 
of staining and photographing without transfer. 

Measurements of pollen tubes were made with a regular 
micrometer eye piece. A number of tubes in each culture 
were measured carefully and then from these the lengths of 

the others were estimated. This method was much quicker 

than measuring all of the tubes anQ it was thought that in 

comparative work of this nature that it would be satis- 
factory. 

considerable difficulty was encountered in some of the 

latter experiments with certain bacteria which appeared in 
the cultures, breaking down the pollen nd pollen tubes 

very rapidly and entirely ruining several series. It was 

at first thought that these were being carried into the 

cultures from the iedia tubes but upon sterilization of 

media in the autoclave the bacteria were still a factor. 
As a linal resort stirring rods, cover glasses, needles, 

etc. were sterilized but still bacteria were present in 
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certain series. It was finally concluded that the bacteria 
must have been present on the pollen itself. On account of 

the extraordinarily wet blooming season this seemed entire- 

ly possible. 

iuring the spring of 1927 the fruit pollens worked with 

v;ere very satisfactory but in the spring of 1928 just the 

reverse was true. Much time was wasted with pollens which 

seemed to be inactive in any media. iIany of the grains 
were shrunken and malformed end altogether the pollen se- 

cured during the later spring was unsatisfactory for germ- 

ination work. 

FOiCING CUTTINGS FOR PRE-SEASON POLLEI 

As it was fruit pollens and the effect of their respect- 

ive glucosides on germination that the writer was mainly 

interested in, it was found desirable to force some of 

these materials in order that the desired pollen would be 

secured over a longer season. 

V/ith the foregoing in mind, cuttings of Jonathan apple 

and Bartlett pear were made as early as January seven- 

teenth. It was thought that, since there had been no 

severe weather, there might be a possibility that the 

trees had not yet become entirely dormant. Accordingly it 
was decided to place one set of both apple and pear at a 

low tnperature for a week to induce complete dormancy. 
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The pear cuttings were divided Into two groups of ten each 

and the apple cuttings into two groups of twenty cuttings 

each. One lot of pear and one lot o' apple were placed in 

the dairy refrigerator at a temperature of 5 degrees F. 

The other lots of cuttings were set in beakers of water 

and placed In the cool greenhouse at a temperature of ap- 

proximately 65 degrees F. After set number one had been 

In the refrigerator for six days they were removed and 

placed with the others, in the greenhouse, for forcing. 

RESULT OF FORCING TRIAL 

Material gathered January l7 

Jonathan Apple Battlett iear 

20 cuttings 20 cuttings lo cuttings 10 cuttIngs 
directly in in refriger- directly in In refrlger- 
greenhouse. ator for six greenhouse. ator for six 

days. days. 

Blossoms Blossoms 
normal normal 

Results iollen Dead Pollen Dead 
viable viable 

It will be seen from the foregoing table that the 

material placed directly in the cool greenhouse forced 

well whereas that put In the refrigerator for six days 

before forcIng was killed. The reason for the death of 

the refrigerator material is a matter of conjecture but 

was probably caused by too low a temperature together with 

the urying out caused by the excess cold. 
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As a result of this preliminary trial, forcing mater- 

ial of apple and pear was brought in each week from the 

latter part of January until the end of the blooming 

period in April. Much of the pollen from this material 

was inferior probably not as a result of the forcing, but 

rather as a result of some injury previous to being 

brought in. 

The Bartlett pear material, with which, in the prey- 

ious season, the writer had very good success, was disap- 

pointing. Pollen was shrunken, malformed and of low 

vitality. 

Jonathan apple material seemed very variable. Some 

lots produced very viable pollen and other lots very poor 

pollen. This variability could not be accounted for. 

PRECAUTIONS TAKEN IN METHODS 

In order to eliminate, as far as possible, the sources 

of error which occured to the writer, the following pre- 

cautions were taken. 

1. All cover glasses, slides, etc. used were boiled 

in 95 percent alcohol and kept in it until just before 

using, at v;hjch time they were taken out, dried on a clean 

towel and laid on a clean paper. 

2. Instead of tap water, which had been used in pre- 

liminary trials, distilled water was used in making up all 
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media. 

3. Stirring rods used for transfer of media, from 

test tube to cover glass, were washed in distilled water 

between each transfer. 

4. As lt was necessary to heat media containing 

certain glucosides, in order to put them into solution, 

all media used were heated for the same length of time. 

5. Care was used in making the drops on the cover 

glasses as nearly as possible the same size and depth. 
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TESTS FOR PRESENCE OF GLUCOSIDES IN STYLAR TISSUE 

A simple and commonly used test for determining, 

qualitatively, the presence of phloridzin is the addition 
of a drop of dilute ferric chlorice solution to a water 

solution of the material to be tested. The ferric 
chloride forms an addition product with the phloridzln 
which gives a reddish brown color. This color varies 
from a light brown, there only traces arc present, to a 

deep reddish brown, there the phloridzin is present in 

larger quantities. 

UALITATIVE TEST ON APPLE PISTILS 

In order to determine by this test v;hether phloridzin 

was present in observable quantities in the stylar tissue 
of apples, a number o. apple blossoms in the opening or 

just open stage were secured. At this stage the droplets 
of stigmatic secretion seemed to be present which is 
usually taken as indicative of receptivity. Enough 

pistils were removed to make one tenth gram of material. 
In removing the pistils they were severed, as nearly as 

possible, at the base, in some cases a nall amount of 

the ovary being removed with them. The pistils were then 

placed in a small test tube and the test tube half filled 
with distilled water. A glass stirring rod was used to 
macerate the pistils and mix thera u.p thoroughly with the 
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water. After thoroughly macerating and mixing the mater- 

ial it was allowed to stand for about five minutes to 

allow the tissue to settle. A drop of dilute ferric 

chloride was then added to the solution, the result being 

the change from a very light green to a dark reddish 

brown solution. This test was taken as being indicative 

of the presence of phloridzin in a fairly appreciable 

amount. As a check a solution of .2 percent phloridzin 

was made up and tested in a similar manner. The colors 

of the two tests were very similar except that the .2 

percent phloridzin solution was somewhat more reddish. 

?his difference was due, no doubt, to a greater concen- 

tration of phloridzin in the latter solution. 

UALITATWE TEST VTITH PEAR PISTILS 

A test similar to the foregoing was made using 1/lo 

gram of pear pistils in place of the apple pistils. In- 

stead of securing a reddish brown color, upon addition 

of the ferric chloride, a pale blueish green color was 

obtained. As a check to this a dilute solution of 

arbutin was made up and tested with ferric chloride. A 

blueish green color again was secured which correspond- 

ed almost exactly with that of the pistil solution. 
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MICROCHEMICAL TESTS FOR DISTRIBUTION OF 

PHLORIDZIN IN APPLE PISTILS 

In order to determine, if possible, in which regions 

of the pp1e pistil the phloridzin occurred, a simple 

qualitative rnicrochiiica1 test was used. The pistils 
were sectioned in pith with the ordinary hand razor and 

the sections placed immediately upon a sliàe under the 

binoculars. A drop of dilute ferric chloride solution 

was then placed on the material the efiect studied. 

A brownish color, typical of the test secured with 

phloridzin was noted along the entire length of the 

pistil but seemed to be darkest at the base of the pis- 

tu and on the stigmatic surface. The droplets of 

stigmatic secretion seemed to give ti-io test also. After 

a time the reddish brown color permeated the entire drop 

of ferric chloride solution indicating that the 

phloridzln was coming out of the tissue into solution in 

the drop. 

iurther microchemical qualitative tests with ovarios, 

ovules and anthers of apple blossoms showed the presence 

of phloridzln in ovaries and ovules but the absence of it 
in anthers. 
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QUANTITATIVE TEST FOR PIU4ORIDZIN IN APPLE PISTILS 

In making the foregoing trials, for the presence of 

phloridzin in stylar tissues, an interest was aroused to 

know more definitely in whet quantity phloridzln actually 
occurred in apple pistils. Accordingly it was decided to 

run quantitative analysis of the material in question. 
A collection of pistils was made from blossoms of the 

Jonathan variety. Only those blossoms in which the petals 
were just opening Out were disected. for pistils. As soon 

as su±ficient material had been collected it was brought 

in and placed immediately in the vacuum oven to dry. When 

dry fro:a and 

weighed. The dry tissue was then placed in a clean mortar 

with a little clean white sand and ground to a fine powder. 

'Jlth some oifications in extraction, due to the small 

amount of material, the method uied by Harvey In his 
numerous phloridzin analyses, was used. Briefly the pro- 

cedure was: extraction with hot water, hydrolosis of the 

extract with acid and determination of the glucose in the 

hydrolysed solution by reduction of Fehling's solution. 
The phloridzin can then be calculated from the glucose end 

of the molecule. 



RESULTS OF }KLORIDZIi ANALYSIS VTITH 

STYLAR TI&TJE OF JONATHAI'T AHIE 

:Xpresh Dry Total Percent J?ercent lercent Percent ::tar- : wt.in weight Percent rn.g. of Phloridin Phloridzin Invert Invert 
ial : m.g. in rn.g. Moisture Phlorid7in Dry :t. Fresh vit. Sugar Sugar 

____ _____ ______ - Dryw t. Fresh vit 
i- . t ji : 

of 
Jonathar 2050 694 66. 5 105.5 15. 5.1 11.8 4.0 

ApïlC________ _____________ _____________________ _______________ 

XThe fresh weight as given is somnehat low as the material had 

lost considerable water before it was weighed. 
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PHLORIDIN CONTENT OF APPLE SPURS 

ior the sake of comparison with the stylar analysis a 

phloriclzin an1ysis of apple spurs was made. The spurs 

for this analysis viere secured from the same trees and 

with the blossoms in as nearly the same condition as pos- 

sible. ntire spurs were collected and brought into the 

laboratory. bach spur was then divided into two parts. 
The upçer part consisted of the current segsons growth 

and the lower part consisted of the woody portion of the 

spurs. The lower parts were then stripped of their bark 

and the bark and wood weighed separately. rxcept for 

clipping the blossoms, the upper parts were used in 

entirely. The two lots were thus as follows: 

Lot I - Bark from all the woody part of the spur. 

Lot II- Succulent parts of spur except the blossoms. 

These two lots were placed in the vacuum oven until 
thoroughly dry. Upon removal dry weight was taken and 

both samples ground to a fine powder. The soluble mater- 

ial from a six grani snple of each was then extracted 
with 500 c.c. of hot water. i)etexiiination of phloridzin 

was made in the same manner as in the previous analysis. 



P1ttORID'7IN AIALYSIS OP JPILE SPURS 

Total Percent Percent Percent Tercent 
:J'resh Dry ercent grams of Phior- Phior- Invert Invert 

1:aterial :wt.in wt.in of Phior- idin idin Sugar Sugar 
:grarns Grams L:oisture idzin Dry wt. Frehwt Dry wt. Fresh wt 

Lower part : 

of ir Cbark) : 24.7 8.44 6.6 j7 9.28 . 19 4.98 1.71 
Upper part 
of Spur ßuccu1ent) : 26.3 7.5J 71.2 .5O5 8.42 4268 L9 

A COLPARISO OF PHLORIDI1 CONTNT OF SPURS ÀÌD PISTILS. 

: Percent Percent Tercent 
of Phloridzin Phloridzin Material _ e n i --n ltxr t, + n cV4 

'1sti1s : bb.5 15.2 5.1 ____ 
Lower part 
of Spur (bark) : 5.6 9.28 12 - 

Upper part : 

of Spur : 71.2 8.42 2._4 _____ 

XFigure somewhat lo':. because of water loss before 

weib-hing. 
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A study of the latter table shows that in the dry 

material especially there is a considerably higher 

percent of phloridzin in the pistils than in either of 

the spur samples. The high content of phloridzin in 

the pistils might be interpreted in one of several ways. 

krobably it is a by-product of the rapid metabolism 

which bas taken place or a food to be used in the proc- 

ess of fertilization and embryo development. 



RESULTS OF TRIALS WITH PEAR POLLEN 

In the first series tried with pear pollen, several 

varieties 'vere usecì. A 7 percent solution of cane sugar 

was used as the basis for the media and the two glucos- 

ides, phloridzin and arbutin were tried. 

It can be seen from series i that the results secured 

with pollen of various varieties were fairly consistent. 

The sugar solution alone gave no eraination with three 

varieties and one percent germination with the fourth 

variety. £hloridzin added to the sugar solution gave in 

all cases a higher germination than any of the other 

media. Arutii seemed to have a slightly stimulative ef- 

fect in some cases but this was not consistently so. 

Series 2 was made with varioa concentrations of 

jìüoridzin and arbutin in order to determine at which 

concentration thére was the most stimulation. It was 

found after making up these media that only about .25 

percent of phloridzin would stay in solution so that 

with the exception of having phloridzin crystals present 

in the higher concentrations the media above .25 percent 

phloridzin were of about the saie stren.th. Arbutin 

stayed in solution in higher concentrations as a result 

of which the arbutin media varied from .1 percent to .5 



TABLE I 

Series A i 

THE FCTS OF HLORIDZ III D .ARBUTIN ON OILEiT OF SEVJtAL lEAR VARIETI5 

ach figure rreents an average of two tra1$. 

Media : Bartlett :Anjpu : Bç : W.Neiis 
:Germina- Growth :Germina- Groth:Germina- Growth:Germina- Growth 
: tion in : tion in tion in tiori in 

- ___ :I-'ercent i1icrons:IercentiCrOfls:PerCeflt icron:Percent ::icrons 

7 Sugar : 22 to 223T .rbutin_7 QQ:_O_ O 3 300: 0 0 

7% Sugar : : : 100 to : 

iy; Arbutin : O O : O O : 3 200 : i 5O 

7' Sugar : 250 to : 150 to: 500 to : 250 to 

.5% Phioridzin : O 5O : 20 200 : O 600 : 25 OO 

7% Sugar : _ i 7 to iOO:Q O : O O : O O 
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TABLE II 

Series A 2 

THE EFFECT OF VARIOUS CONCENTRATIONS OF PHLORIDZIN AND 

ARBUTIN ON THE GERMINATION OF PEAR POLLEN. 

Each trial made in DuDlicate 

: 
Bosc : Bartlett 

:Germifla Growth of Qermjn- Growth of 
IDIA 

: 
tion Tubes in tion Tubes in 

:Percemt. .iiprons Percent. iJicrons 

7 Cane Sugar: 350 to 400 to 
.5; Phloridn 22 450 26 450 
7_ Cane Sugar: 300 to 250 to 
.35Phloridzin 16 350 6 300 
7»: Cane Sugar: 400 to 450 to 
.25Phloridzin: 26 500 32 550 
7 Cane Sugar: 450 to 500 to 
.l6PhJ.ridzin: 28 500 36 600 
7 Cane ,3ugar: 200 to 150 to 
.l:Phloridzin: 4 250 5 280 

7;; Cane Sugar O O 

Cane Sugar: 100 to 

.5$ Arbutin : O 3 200 

72 Cane Sugar: 
.25 Arbutin : O O 
7 Cane Sugar: 
.16% Arbutin : O O 

7. Cane Sugar: 
.l: Arbutin : O O 

7 Cane Sugar O O 
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percent. }esu1ts of this series were fairly consistent in 

showing stimulation by phloridzin and no stimulation by 

arbutin. No germination was seci'ed with sugar alone but 

in all cases where phloridzin was added a fair germination 

was seci'ed. In only one case v;as germination secured with 

arbutin id in that case the germination was low and the 

tubes short. 
Series 3 was made to determine whether phloridzin 

would give stimulation when used alone or whether the 

combination of cane sugar and phloridzin was necessary 

for stimulation. The series was made in duplicate and 

with pollens gathered and sown at different times. It 
seemed that by using the double trial and the two vari- 

eties that fairly accurate results would be obtained. 

The series seemed to show that both the cane sugar and 

phloridzin were necessary for the stimulation. Results 

were a little conftsing in that one check with cane 

sugar alone showed the highest pollen tube growth, but 

with a low germination percent. Only one replicate with 

phloridzin alone showed any germination and this was low. 

The cane sugar and phloridzin combination showed fairly 
consistent stimulation. 

In searching t'or an explanation of the lack of stimu- 

lation nen arbutin was used one possibility which pre- 

sented itself was the fact that in the arbutin used there 
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TABLE III 

Series A 3. 

A COMPARISON OF TRIALS WITH SIMILAR MEDIA 

BUT WITH POLLEN GATHERED AND SOWN AT DIFFERENT TILlES 

Trial I 

l3osc Bartlett 
Gerraina- Growth of Germina- Growth of 

MEDIA : tion 
Percent 

Tubes In 
iflrnns 

tion 
Ferent. 

Tubes In 
Miröns 

7; Cane Sugar 375 to 225 to 
.251Phloridzin: 10 450 22 375 

7 Cane Sugar 225 to 300 to 
.16 Phloridztn: 12 375 9 450 
7; Cane sugar 2 600 tO o 

.25Phloridzin i o 

.16%Phloridzin ° O 

'h'Ial II 

: 

Boso : Bartlett 
: 

MEDIA : 

: 

(kermina- 
tion 

Percent. 

Grcth of 
Pubes in 
Microns 

Gelinina- 
tion 

Percent. 

Growth of 
Tubes In 
Microns 

7 (Jane Sugar : 

.25%Phioridzin: 30 
550 to 

700 0 
7% Cane Sugar : 

16PhlorIdzin: 18 
450 to 

600 11 
300 to 

450 
Cane Sugar O O 

.25 Ph1oridn O O 

16Ph1oridzIn O O 
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were traces of' methyl arbutin. It was thought that 

possibly the toxic action of this methyl arbutin was 

sufficient to counteract any stimulating effect v:hich 

the arbutin might have. Vlith this in mind it was de- 

cided to make an extract of pear bark, determine the 

quantity of arbutin present and then use this extract, 

in various dilutions, in the inedia. The results of 

these trials are shown in series 4. As the table shows 

there was no geimination in media containing the extract 

with concentrations of from .06 percent to .32 percent 

arbutin. Ilydroquinone, which i one of the hydrolosis 

produets of arbutin, was also tried but with no success. 

Phloretin,which is one of the final hydrolosis products 

of' phloridzin, was tried but is very insoluble and the 

small ìmount in solution may account for the negative re- 

suits obtained. The results with pear extract may show 

that arbutin has no stimulating effect upon pear pollen. 

That conclusion might be cuestioned, however, on the 

basis that the extract probably contained unidentified 

compounds, such as tannins, pigments and possibly 

proteins, which may have been toxic to pollen tube 

growth. Thus the question as to whether pure arbutin is 

stimulative to pear pollen remains opens 
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TABLE IV 

Series A 4 

THE EFFECT OF PEAR TISSUE EXTRACT CONTAINING VARIOUS 

AMOUNTS OF ARBUTIN ON GERMINATION OF PEAR POLLEN 

Bosc Bartlett 

: 
Germina- Growth of Germina- Grotth of 

IJEDIA 
: 

tion Tubes in tion Tubes in 

: 
Percent. icrons Percent. IIicrons 

7.) Jane Sugar 
Pear Tissue Ex-: 
tract with 
.32% Arbutin : O O 

7 Cane Sugar 
Pear Tissue Ex-: 
tract with 
.l6; rbutin : O O 

7; Cane Sugar 
Pear Tissue Ex-: 
tract with 
.O6 Arbutin : O O 

7,; Cane Sugar 
.1;; Phioretin - 
dissolved in 
base & neutralized O O 

7 Cane Sugar 
O5 Phioretin : O O 

7 Cane 3uar 
.25Hydrojuinone: O O 

7; Cane Sugar ¡ 

.1%Hydroguinone: O O 

7 Cane Sugar : 350 to 400 to 

.25 Phloridzin: 18 400 22 600 

7Carie Sugar O O 
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Series 5 represents an attempt to determine the effect 

of phloridzin and hydroquinone upon pollen gexriination in 

semi-solid media. In previous series the glucosides had 

all been used in liquid media and it was thought that per- 

haps the addition of gelatin or agar might alter the re- 

suits. It will be seen that the general trend was about 

the same as that of previous trials. The best germination 

and growth was secured in those cases where from .2 percent 

to .25 percent phloridzin was used. No gennination was 

secured with sugar and gelatin or with sugar and agar when 

they were used without other compounds present. Hydro- 

quinone gave slight stimulation in one caso but this stirn- 

ulation was not secured consistently. 

Viewing the five series for results which seem to con- 

sistently occur one might say that cane sugar alone was 

unsatisfactory as a inedia but that cane sugar and small 

amounts of phloridzin were fairly satisfactory. Lthlor- 

ldzin seemed to bave some stimulative action whthh was 

lacking in arbutin, hydroquinone and phioretin. This was 

rather peculiar in that phloridzin does not occur in pear 

tissue whereas arbutin and hydroquinone occur in appreci- 

able quantities. The stimulative effect of phioricizin 

seemed to occur in both liquid and semi-solid media but 

to a greater extent in the liquid. There were some few 
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TABLE V 

Series A 5 

A CíiPARISON OF CERTAIN GLUCOSIDES 

ON SOLID iDIA OF GELATIN OR AGAR 

Bosc : Bartlett 

; 
Germina- Growth of Germina- Grvth of 

EDIA 
: 

; 

tion 
Percent . 

Tu1es ir 

Iiicrons 
tion 

Percent 
Tubes in 
Iicrons 

Cane Sugar : 225 to 150 to 
l Gelatin 
25Ph1oridzin : 15 300 10 225 
7;; Cane Sugar : 225 to 75 to 
l;: Gelatin 
2Phloridzin : 16 300 4 200 
7 Cane Sugar 
1 Gelatin : O O 

Cane Sugar 
]. Gelatin O O 

7 Cane Sugar 75 to 
]2 Gelatin 
,25Hydroguinone: i 100 0 
lO Cane Sugar 75 to 
1 Agar ¡ 

.2Z Phloridzin : O 1 125 
lO5 Cane Sugar 

7Z Cane sugar 
15 Gelatin 
.05% Phioretin : O O 
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seeminG discrepencies in the results which may be expor- 

imental error or some variable factor which had not been 

controlled. 
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RESULTS OF TRIALS 17ITH APPLE POLLEN 

As it had been definitely shown by tests both qual- 

itative and quantitative that phloridzin occurs in the 

stylar tissue of receptive apple blossoms it was thought 

that germination trials of apple pollen on phloridzin 

media would be interesting and perhaps enlightening. In 

order to determine this effect and to have results which 

would be fairly significant the first series was made 

with only two inedia but with eight replicates of each. 

The media used were simply cane sugar solutions with 

and without phloridzin. 

TABLE VI 

Series B i 
A COiIPARISON OF MEDIA VJITH AND VTITHOUT PIU.UDZIN 

FOR THE GERMINATION AND GROWTH OF APPLE POLLEN 

Each f1ure reiresents an average of eight replicates 
Germination Growth of Tubes Bursting 

MEDIA Percent In Microns Percent 
i lO Jane Sugar 

: 
88 o 

730 0 

lO Cane Sugar 95 to 
.2 Phloridzin : 6 120 0 

i(esults of this series were rather different than 

were expected. s can be seen by the tabulation, the 

phloridzin, instead of stimulating germination, reduced 

germination very greatly and also muterially reduced the 

length of pollen tubes. The replicates in this series 
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were very consistent and in every case the media without 

phloridzin gave better germination and growth than tit 

with phloridzin. 

The possibility presented itself that per1ps too 

high a concentration of phloridzin was used. Accordingly 

series 2 was made using lower concentrations of phloridzin. 

Five replicates were used for each trial in this series 

and results shown are averages of these replicates. 

TABLE VII 

Series B 2 

EFFECTS OF PHLORIDZIN IN MEDIA 

ON APPLE POLLEN GERMINATION 

Each figure represents an average of five replicates 
Germination Growth of Tubes 

iEDIA Percent in Microns 
190 to 

10 Cane Sugar 20 250 
l0 Cane Sugar 48 to 
.1. Phloridzin : 1 65 
10 Cane Sugar 
.2. Phloridzin O 

The pollen used in this series v:as very poor. There 

was a high percentage of imperfect pollen and shrunken 

grains which probably accounts for the low gennination in 

sugar solution as compared with that secured in series 1. 

The results among the replicates were again quite consist- 

ent and the trend for the whole series seems about the 

saine as in series 1. It appears from this series that 
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there is a progressive inhibitory effect as the concen- 

tration of phloridzin is increased. 

In a more or less accidental manner it was discovered 

that apple pollen germinated and grew fairly long tubes 

in a media consisting merely of tap water. As a result 
of this a series was made to compare tap water alone with 

tap vater plus various concentrations of phlo±'idzin. 

The results of these trials are set forth under Table VIII. 

TABLE VIII 

Series B 3 

A COMPARISON OF THE EFFECTS OF VARIOUS CONCENTJ-tATIONS 

OF PHLORIDZIN IN TAP TATER ON 

THE GE1.IINATION OF APPLE POLLEN 

Each figure represents an average of four replicates 
: Germination rowth of Tubes 

MEDIA : Percent in Microns 
: 370 to Tap Water : 52 480 
¡ 95 to 

.O2 Phloridzin : 45 120 
- ¡ 7Oto 

.O5 Phloridzin : 8 90 
; 35to 

.1 Phlorldzin : 19 50 
: 2Oto 

.25;. ìhloridzin : 8 35 

3eries 3 again shows the increasing inhibition as the 

percentage of phloridzin is increased. This is shown 

much more noticeably in the pollen tube growth than in 

the percent of germination. 
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TABLE IX 

Series B 4 

THE EFFECTS OF VARIOUS GLUCOSIDES ON 

THE GEi1INATION OF APPLE POLLEN 

Trial I 

Each figure represents an average of dupljctes 
Genination Growth of Tubes Bursting 

JEIA Percent in :dicrons Percent 

1O, Cane Sugar 86 

1O Cane Sugar 74 to 
.2; Phloridzirx 54 96 0 
1O; 

.2 
Cane Sugar 
Arbutin 

: 

75 
145 to 

195 0 
lO, Cane Sugar 95 to 
.2 Amygdalin 60 312 0 

Trial II 

Gernination Jrowth of Tubes Bursting 
LIEDIA : Percent in iiicrons Percent 

lo») 
¡ 

Cane Sugar . 

340to 
72 5 

10 Cane Sugar : 24 to 
.2 Phloridzin : 5 40 0 
io; Cane Sugar : 125 to 
.2% Amygdalin : 76 190 0 

In order to detennine the effects of other glucosides 

upon the gerrnintion of apple pollen in artificial media, 

series 4 was prepared using phloridzin, arbutin, amygdalin 

and checks. Results of this series are shown In the table 

under table IX. 
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The results of series 4 are rather difficult to inter- 
pret. The checks gave the longest pollen tube growth in 

every case und the highest germination in all but one case. 

1rom this one might infer that all the glucosides used have 

some inhibiting effect in sugar media. Hiloridzin seems to 

show the greatest inhibitory effect. It materially cuts 

down the percent of gernination in both trials and the 

pollen tubes attained only a short length. It is peculiar 
that of the three glucosides used, phloridzin, the one 

which occurs in apple pistils, should Inhibit the germina- 

tion and growth to the greatest extent. The differences 

in germination between siailar individuals In trials 1 and 

2 were attributed to differences in viability of the pollen. 

Trials with apple pollen on gelatin-sugar media were 

unsatisfactory due to a very high percentage of bursting. 
One series was made using gelatin-sugar media with the 

following glucosides: phloridzln, arbutin, amygdalin and 

sallcin. On account of excessive bursting, no satisfac- 
tory data could be taken. The checks seed to show as 

much or more germination than the media with various 

glucosides present. 

A series made using agar and sugar as the media basis 

was somewhat more satisfactory although not entirely so. 

The checks again showed the best germination and growth. 
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Only a very slight germination and growth was secured on 

media with any of the glucosides used. The results from 

this series were not tabulated as the pollen was consid- 

ered to be of such doubtful viability as to make the re- 

sults hardly significant. 

Looking back over the seemingly inconsistent and 

contradictory results secured with apple pollen there 

are a few things which, upon closer examination, showed 

up quite regularly. Apple pollen, in every series triect, 

ger.inated and grew better in the checks than in the 

cultures with a glucoside present. Of the glucosides 

used phloridzin seemed to be the most retarding. Even 

in solutions as low as .25; the phloridzin seemed to be 

distinctly retarding. Vlhen the fact is kept in mind 

that phloridzin occurs in receptive pistils of apple in 

amounts as great as 5 or 3 percent, it seems very pecul- 

iar that .25 percent phloridzin in artificial media 

should be inhibitive. 
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RESULTS OF TRIALS 7ITH CYCL!N SOLLEN 

DuriflE the fall and. winter wi-ion pollen of the various 

fruit trees ws not obtainable, pollen of the Cyclamen 

was used in rather extensive trials. This pollen was 

used, not because of any relutionship between the glucos- 

ides used and the plant species itself, but merely to 

determine whether there was any general stimulating 

qualities among the general properties of glucosides. 

From among the greenhouse plants available Cyclamen was 

chosen for its long season and its profuse and viable 

pollen. 

In series i a number of glucosides were used in 

various concentrations of sucrose and fructose. Concen- 

tration of glucosides which had been found to be inost 

satisfactory, in trials with previous pollens, were 

used. Fructose which had not been used in any previous 

trials, as a carbon nutrient for media, was used in a 

5 percent solution. ì-hloroglucinol, one of the coin- 

pounds used, is a hydrolosis derivative of phloridzin. 

It seemed from the results secured in series i that 

phioridzin was the only glucoside used which was stimu- 

lative to Cyclamen pollen. Among the sugars used as 

basis for the media, a 10 percent solution of cane 

sugar seeed to be the most satisfactory. The 5 percent 
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TABL} X 

Series C i 

TH EFFECTS OF VARIOUS GLUCOSIDES ON TI 

GERM INA TI ON OF CYCLAN POLLEN 

rnach figure represents an average of duplicates 
:Germination Grovth of Tubes ursting 

DIA 
¡ Percent in Microns Percent. 

1O Cane Sugar o o 

lO Cane Sugar 65 to 
.25. Phioridzin 36 125 10 
10 Cane Sugar 
.25 Arbutin O O 

lO Cane Sugar 
.25T Amygdalin O O 
iO Cane Sugar ¡ 35 to 
.25 Phioroglucinol: 2 50 0 
1O Cane Sugar 
.5 Salicin : O O 

5 Cane Sugar O o 

5 Cane Sugar ¡ 60 to 
.25' Phloridzin ¡ 27 110 6 

5 Cane Sugar 

5$ Cane Sugar 
.5 Ainygdalin : O O 
5 Cane Sugar 
25 Ph1orolucino1: O O 

s; Fructose : 60 to 
25 .Phloridzin : 5 85 90 
5; Fructose 
.5 Arbutin : O 45 
5 Fructose 
.5; Arnygdalin : O 60 

5; Fructose ¡ 

.25 Phioroglucinol: O 56 
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fructose gave a very high percentage of bursting. Arbutin, 

amygdalin, and salicin showed no promise in so far as 

sugar solution media were concerned. 

In order to further study the effects of phloridzin 

and phioroglucinol, series 2 was aade using again the two 

sugars and the two stimulants. Phioroglucinol showed up 

more favorably in this series but did not equal phloridzin 

as a stimulant. The sugar alone showed no germination 

whereas tiie sugar plus phloridzin showed at least a fair 

germination in every case. The results are set forth in 

the table under series 2. 

As there seemed, from the trials made, to be some 

factor present in phloridzin which was stimulative to 

Cyclamen pollen, it was decided to try a series using 

the various hydrolosis products of phloridzin in an at- 

tempt to ascertain which part of the complete phloridzin 

molecule was giving the stimulation. Accordingly a 

series of phloridzin, phioretin, phioroglucinol and 

hydroquinone were used with the usual checks of sugar 

alone. This series was rather unsatisfactory due to the 

different solubilities of the substances used. .Fhloretin 

is very insoluble in water, probably not more than .01 

percent being held in solution. Then this amount is 

compared with .2 to .25 percent of phloridzin which seems 
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TABLE XI 

Series C 2 

A CPARISON OF PHLORIDZIN AND PHLOROGLUCINOL AS 

STIMULANTS FOR GERMINATION OF CYCLAMEN POLLEN 

Each figure represents an average of duplicates 
MEDIA :(ìerznination Growth of Tubes Bursting 

: Percent in ilicrons Percent. 
io Cane Sugar O O 

lO; Cane Sugar : 96 to 
.25: Phloridzin : 51 130 5 
lO; Cane Sugar : 35 to .25Phlorolucinol : 29 50 19 
5 Cane Sugar O O 

5 Cane Sugar : 95 to 
.25 Phloridzin 26 125 6 
5 Cane Sugar 35 to 
25. Phloronlucinol: 11 46 15 
5 Fructose 35 to 
.25 Phloridzin 5 50 65 
5 Fructose : 35 to 
.25' Phioroglucinol: 6 50 70 

to give the best results it can be seen that the results 
are hardly significant. A concentration of phloridzin as 
low as .01 percent does not stimulate growth to any ap- 
preciable extent so it could hardly be expected that the 
phioretin would. In this series phloroglucinol showed no 

stimulative effect but in previous trials it had shown 

some slight pronilse as a stimulant. No attempt will be 

made to explain this apparent discrepency. A very pecul- 
ir thing happened in this series. The checks had never 



in previous trials with Cyc1nen pollen shown any germina- 

tion. However, in this series one of the checks showed a 

very ßood gernination and a pollen tube growth which 

exceeded anything previously obtained. The other checks 

showed. no germination as usual. Several possibilities 

were thought of ror this occurence but upon being traced 

down none of them proved to be satisfactory explanations. 

The two possibilities, among those thought of, one of 

which !nay have been responsible are: first, foreign 

aaterial in the test tube used for making up the media 

in question; and, second, great variability in the pollen 

used. Neither of these possibilities satisfy the writer 

but no others of any greater significance ou1d be de- 

termined. The probable structural formula for phloridziri 

and its hydrolosis products, as worked out by Harvey, is 

shown in order that a clearer idea of series 3 may be ob- 

tal n ed. 
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POSSIBLE STRUCTURAL FORIULA FOR PHLORIDZIN 

(6) 

HH 
ii /?1\ H-C-C-C-C-C-C-O 111111 HHHHHH 

rHCCH i 

(3)J 
II 

HO-CS AC-OH 
H C 

I 
(1) H-C-C-00 

F L 
L(4) 

(5 lH-CC-H 
(2)4 

II 

I i 

H-0% ,C-H 

I 

¿ 
H - 

I L- 
L- Phloridzin C21 H2 010 

(1) Propionic Acid- CH!CH±CO 

(2) Hydroquinone --- 
o,' 

(3) Phioroglucinol 
" 

(4) Phioretin (Combination 

of 1, 2 and 3). 

(5) kh1oretin acid 

(combination of i and 2). 

(6) Glucose (Enoi form). 
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TABLL :ii 

Serles G 3 

A COirARISON OF PHLORIDZIN '.1'ITH ITS HYDROLOSIS PRODUCTS 

AS A STIMULANT FOR CYCLAiiIEN POLLEN GROWTH 

Each figure represents an average of duplicates 
Germination Growth of Tubes Burstin: DIA 1ercent in .ricrons Percent. 

1O Cane Sugar 40 
2O t 

O 
20 

1O Cane Sugar 4 to 
.1%h1oretin 

1O Cane Sugar : 50 to 
25 Phloridzin : 8 80 0 

10% Cane Sugar 
.5 Phloroplucinol: O O 

10 Cane Sugar 
.5_q Hyclroguinone : O O 

7 Cane Sugar O O 

7 Cane Sugar : 50 to 
*.1::; Phioretin : 4 70 0 
7,:; Cane Sugar : 50 to 
.25 Phloridzin : G 75 0 

;; Cane Sugar 
.5 PhloroRlucinol: O O 
7T Cane Sugar 
.5T Hydroguinone : O O 

* .1 percent phioretin was put into solution by heat- 

ing but nost of it precipitated out upon cooling. 
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Series 4 was ade to determine the effect of various 

percentages of phloridzin in inedia on Cyclamen pollen. 

Heretofore only concentrations of .2 to .3 percent had 

been used with Cyclamen pollen. Concentrations of 

phloridzin were used which ranged from a mere trace to 

.25 percent. The linit in concentration was reached at 

.25 percent because no more than that would remain in 

solution. The results set forth in the table under 

serles 4 show that, in this series, concentrations below 

.2 percent did not give any results. The checas and 

lower concentrations of phloridzln gave no indications 

of growth but media containing .2 percent phloridzin or 

over gave fair germination. 

As phloridzin is often present in plant tissues In 

concentrations as high as 4 or 5 percent, It was thought 

desirable to try the effect of higher concentrations in 

artificial media. In the ordinary sugar solutions which 

were being used It vias not possible to keep more than .25 

percent in solution. The problem was to find some mater- 

ial which when used with the phloridziri in media would 

keep it in solution. Colloidal substances appeared to be 

the solution for this problem as they are noted for their 

tendency to hold materials in solution. CelatIn and 

ar, both commonly used in nutritive media were tried 
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TABLE XIII 

Series C 4 

VARIOUS CONCENTRATIONS OF PIUORIDZIN AS AFFECTING 

THE GMINATION AND GROWTH OF CYCLAN POLLEN 

.- : Length of rftbes 
ìerrnination keiit }Iicrons 

24 
MEDIA .Hours Hours Hours : Eours Hours Hours 

1O;. Cane Sugar 
; 

O O O 

io;; Cane Sugar : : 

Trace of Phloridzin : O O O 

io; Cane Sugar O O O 

1o: Cane Sugar : : 

.1:;; Phloridzin : O O O : 

10 Cane Sugar O O O 

lO, Cane Sugar : 8 to 24 to 80 to 
.2 Phloridzin 50 51 51 : 16 35 100 

10, Cane Sugar 
: 

° O O 

lO Cane Sugar ¡ : 4 to 18 to 80 to 
.25 Phlorjdzin : 48 54 54 : 10 30 122 

with this in mind. 

Series 5 and 6 were made with gelatin and agar respec- 

tively and in series 6 gelatin was used with lower concen- 

trations of phloridzin. Results show that the effects of 

gelatin were somewhat different from te effects with agar. 

In the gelatin media the highest germination was secured 

with the gelatin-sugar checks. One percent of phloridzin 
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stopped germination almost entirely and even .25 percent 

phloridzin decreased both germination and tube length. 

Series 7 seems to show, however, that concentrations of 

phloridzin lower than .2 percent increased the pollen 

tube length over that of the checks. In agar media re- 

sults were much the same as they had been in sugar solu- 

tion media. No germination was secured in the straight 

sugar-agar but l'air germination was secured when .25 

percent phloridzin was present. In series 6 as in series 

5 concentrations of .5 percent or more of phloridzin 

seemed to be less effective in stimulation than lower 

percentages. 

One noticeable thing about the cultures containing 

1 percent gelatin was the stimulation to pollen germina- 

tion and pollen tube growth brought about by the addition 

of the gelatin. As previous series have shown, very 

little germination was secured in media consisting only 

of cane sugar solution. However, upon the addition of 

1 percent gelatin to the sugar solution high germination 

was secured along with good growth of pollen tubes. 

Commercial gelatin is a complex product, the composition 

of which Is not definitely known. It is known to con- 

tain sorne carbohydrate and protein material however, and 

it Is, in all probability, due to some of these available 

nutrients that the good germination and growth is due. 
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TABLE XIV 

Series C 5 

THE EF'ECTS OF RELATIVELY HIGH CONCENTRATIONS OF 

FHLORIDZIN, IN GELATIN-SUCROSE JEDIA, ON THE 

GEHI.'IINATION OF CYCLAMEN FOLLEN 

Germination percent ; Urowth of Tubes in 
"icrons 

3 24 3 24 
UDIA ______________________ T-Tours Hours Hours Hours 
l7 Cane Sugar: -_____________________ 
10 Gelatin : 

1 Phloridzin : 

iG to 

lo, Cane Sugar: 
1, Gelatin : : 5 to 30 to 
.5 Fhloridzfrn : 4 4 ¡ 7 40 
io; Cane Sugar: 

25 1, Gelatin : : to 45 to 
25Fhloridzin: 52 52 : 40 80 
io; Cane Sugar: : 42 to 165 to 
1 Gelatin : 90 90 : 65 250 
io; Cane Sugar: 
1» uelatin : 

.l Phioretin : O O 
10 Cane Sugar: : 40 to 170 to 
l- uelatin : 86 86 65 264 

Agar does not contain the available nutrient materials 

which are characteristic of gelatin and consequently does 

not give the same results. Just why phloridzin in very 

small concentrations gave stimulation in gelatin-sugar 

media and not in sugar inedia cannot be explained. 

As there seemed to be some stimulating effect caused. 

by gelatin it was decided to try a series comparing 

sugar media with sugar-gelatin media to determine the cf- 

feet of phloridzin on these media. Six replicates were 
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TABLE XV 

Series C 6 

THE EFFECTS OF RELATIVELY HIGH CONCENTRATIONS OF 

PHLORIDZIN, IN AGAR-SUCROSE IDIA, ON THE 

GERIJINATION OF CYCLALIEN POLLEN 

- 
: 

. 

,, uermination . : .i-ercent Growth ol' Tubes in 
Ilicrons 

: 3 24 : 3 24 
DIA : Hours Hours : Hours Hours 

1O Cane Sugar : 

1%Agar : : 35 to 
Phloridzln : O i : 65 

1O Cane Sugar : 

1Agar : : 25to 
.5 Phloridzin : O 2 : 50 
10 Cane Sugar : 

1Agar : : 35 to 
.25Z Phloridzin: O 26 96 
10% Cane Sugar : 

] Agar : O O 

1O Cane Sugar : 

1; Agar 
.1 Phioretin : O O 

io Cane Sugar 
1Agar ¡ - 
used and the replicates ran suprisingly uniform. The re- 
suits of this series will be found in the table under 

series C S. 

It can be seen from this that the stimulating effect 
of phloridzin was not as great as that of gelatin and that 

the phloridzin when used in gelatin-sugar media actually 
retarded growth. 



TABLE XVI 

Series C 7 

THE EFFECTS OF RELATIVELY LOW CONCENTRATIONS 

OF PHLORIDZIN IN GELATIN-SUCROSE IDIA, ON 

THE GERMINATION OF CYCLAN POLLEN 

Each figure represents an average of triplicates 
: 
Germination drowth of Tubes Bursting 

MEDIA 
: 

Percent in i.iicrons lercent 
lo;; Cane Sugar : SO to 
i Gelatin : 96 125 O 
].O Cane Sugar 
1;4 Gelatin : 200 to 
.O25Ph1oridzin: 96 420 0 
lO Cane Sußar ¡ 

12 Gelatin : 100 to 
.1:; Phloridzin ¡ 95 190 0 
lO; Cane Sugar 
l Gelatin : 165 to 
.2% Phloridzin ¡ 93 240 5 

19% Cane Sugar 
1;'o Gelatin : lo to 
,3 Phlorldzin : 42 18 6 

10% cane Sugar 80 to 
Gelatin : 95 130 0 



- 67 - 

TABLE XVII 

Series C 8 

A COMPARISON OF THE EFFECT OF PHI.ORIDZ IN ON SUGAR MEDIA 

AND GELATIN-STAR MEDIA - CYCLAMEN POLLEN 

Each fijzure represents an average of six re1icates 
Germinution Growth of Tubes Bursting 

MEDIA Percent in .iicrons Percent 

1O Cane Sugar ; O O 

1O Cane Sugar : 95 to 
.2 Phloridzin : 27 115 0 
1O; Cane Sugar : 200 to 
1 Gelatin 92 250 3 

lO, Cane Sugar 
ii Gelatin 136 to 
.2 Phloridzin : 89 155 0 

TA3LE XVIII 

Series C 9 

A COMPARISON OF THE EFFECT 0111 PU0RIDZIN ON SUGAR MEDIA 

AND AGAR-SUGAR MEDIA - CYCLAMEN POLLEN 

ach figure retresents an average of six replicates 

ìDIA thj 
: Germinution Growt1. of Tubes Bursting 
: Percent in Microns Percent 
: 65 to 

l0) Cane Sugar 18 86 0 

io:- Cane Sugar : 85 to 
.2 Phloridzin : 35 125 0 

1o:' Cane Sugar 
5iAar : O O 

lOj Cane Sugar : 

.5/ Agar : 50 to 

.2 Phloridzin : 5 C4 O 



RESULTS OF TRIALS WITH SWEET CERRY POLLEN 

Several trials made with the pollen of sweet cherry 

proved to be of no value because of poor pollen. Some 

pollen was finally secured, however, which gave fairly 

satisfactory germination. This was used in series D i 

to ascertain the effects of various glucosides upon 

cherry pollen. As is shown by table XIX, the checks gave 

better germination and made better growth than any of the 

inedia with the various glucosides present. The media 

with phloridzin present seemed to be the least encourag- 

Ing to growth. Arbutin save slightly better results and 

amygdalin gave nearly as good germination as the checks. 

It is doubtful whether one series, with pollen of 

such low viability, can be taken as t all significant. 

The trials were each made in duplicate and the results 

of duplicates were quite consistent. For lack of more 

complete and satisfactory date the following table is 

presented for what It is worth. 
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TABLE XIX 

Series 1) 1 

THE EFFECTS OF VARIOUS GLUCOSIDES ON THE 

GER}.IINATION OF SWEET CHERRY POLLEI 

Each figure represènts an average of duplicates 

:Germthation Growth of Tubes Bursting 
i)IA Percent in I.icrons Percent 

1O; Cane Sugar 28 270 to 
45 

10; Cane Sugar 60 to 
.2% Phloridzin : 16 76 40 
l0 Cane Sugar : 75 to 
.2 Arbutin 22 124 46 
l0 Cane Sugar : 146 to 
,2 Amygdplin ¡ 26 245 39 
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RESULTS 0F TRIALS WITH POLLEN 0F 

THE STRAWBERRY A1D RED RASEBERHY 

o11en of several strawberry seed1ins and of the 

Cuthbert red raspberry as used In brief trials to Let 

some idea of the effects of phloridzin. In all cases 

there was a high percentage of burstirL and much imper- 

fect pollen. A gelatin-sugar combination was used as 

the basis for aedia in these trials. Results show that 
in each case phloridzin retarded germination and growth. 

The roots of the strawberry plant are supposed to 

contain small amounts of the glucoside, fragerin. In an 

attempt to determine the effect of this glucoside upon 

the pollen of strawberry, n extract of strawberry roots 

was made. This extract was then used in various amounts 

in media. In no case where xot extract was used was 

any germination secured. As no attempt was :aade to pu- 

rify the extract of other substances present, 

inhibition my have been due to the toxic effect of sub- 

stances other than fragerin. 
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TABLE XX 

Serles 1 

THE EFFECT OF PHLORIDZIN UiON TITE 

GERLIINATION OF STRATBIiRY POLLEN. 

60 to 70 percent imerfect Dollen 
Seedling No. 33 Seedling No. 55 

:uermina- Bursting : reriina- Bursting 
MEDIA pefit Percent Rt Percent 
20; Gane Sugar 
1 e1atin : 18 26 23_ 31 
20» Cane Sugar 
1 e1atin : 

.2, Phloridzin : 0 30 2 32 

TABLE XXI 

Serles ] 2 

THE EFFECT OF PHLORIDZIN UPON THE 

GERIINATION OF RASPBERRY POLLEN. 

5 to 25 percent imperfect pollen 
: Red Raspberry : Black Raspberry - 
Germine- Bursting Germina- Bursting ,. iDIA . tion 
:percent 

. Percent . 
tion 

Percent kercent 
12 Cane Sugar : 

1 Gelatin : 54 36 : 3 52 
12 Gane Sugar : 

1> Gelatin : 

.2% Fhloridz_ : 2 56 
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RESULTS OF A TRIAL MADE WITH WILLOV. POLLEN 

Salicin, the glucoside of the willow, bas been shown 

to be present in the feraale flowers of the willow. For 

this reason it was thought it iould be interesting to de- 

terniine the effect of salicin on the germination and 

growth of willow pollen. 

'11illow pollen was sown in media containing sugar and 

phloridzin, sugar and salicin and sugar alone. The 

pollen proved to be very viable nd vigorous and fine 

growths were secured. There was no significant difference, 

on the three media, in germination Dercent but the phior- 

idzin media, in both cases, gave soiuethat less pollen tube 

growth. The salicin seemed not to effect germination or 

growth as the salicin cultures were almost identical with 

the checks. 

It would, without doubt, bave been interesting to 

determine the effects of higher and lower concentrations 

of salicin on willow pollen but time did not permit. 
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TABLE XXII 

Serles 1 i 

THE EFFECTS OF PHLORIDZIN AND SALICIN UPON THE 

GERi.'IINATION AND GROWTH OF WILLOW POLLEN 

Each figure represents an íverage of duplicates 
Geninatlon .ìrowth of Tubes Bursting MEDIA Percent in Microns Percent 

lO Cane Supar 96 240 to 
o 

lo Cane Sugar : 240 to .2; Salicin : 97 400 0 
10 Cìne Sugar 80 to .2; Phloridzin : 96 130 O 
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DISCUSSION OF RESULTS 

It nust be kept In mind in reviewing the results ob- 

tamed in the entire problem that the effects of glucosides 

in vitro might be entirely different from, and surely are 

not wholly comparable to, the effects of glucosides in 

vivo. There are many possibilities in the pistil itself 

which are not present In artificial media. For instance, 

if the glucosides are really stored foods there may be 

engymes present in the cells of the stylar canal which 

iiydrolize the glucosides into compounds readily usable by 

the pollen tube. On the other hand if glucosides are 

merely a by-product of growth nd are toxic in the free 

state, there may be addition products formed v.ith them In 

the cells to reduce this toxicity. Another possibility 

is that the glucoside is isolated in certain cells and 

only small amounts released as used. Surely, when as much 

as 5 percent phloridzin, by fresh weight, occurs in the 

stylar tissue of rêceptive apple blossoms and when pollen 

from the same blossoms Is Inhibited partially or entirely 

in ger;uination by .025 percent to .2 percent phloridzin in 

artificial cultures, then there is some fundamental differ- 

ence between the pollen tube environment in the two 

instances. 
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As far as could be determined by studies of literature 

on the subject, the enzym which hydrolyzes phloridzin in 

vivo, has not been discovered. The relation of the enzym 

to the effect of phloridzin on pollen tube growth thus 

constitutes a separate problem and one which could, no 

doubt, be satisfactorily worked out with some time and 

attention. tnzyms which hydrolyze certain other glucos- 

ides such as arbutin and amygdalin are known and work 

along those lines could very readily be done. 

The possibility of glucosides being isolated in cer- 

tain cells or of addition products being formed with them 

to reduce toxicity probably would not render themselves 

so adaptable to experimentation. At least they are inter- 

esting possibilities to think about. 

No attempt bas been made to relate the effects of 

lucosides on artificial media to their 

tube growth in the stylar canal. All t: 

were made in artificial culture and any 

might be made from these results are to 

as pertaining to growth in vitro. 

The variability of results obtained 

effect upon pollen 

ae foregoing trials 

induc t ions which 

be considered only 

will perbaps lead 

some to believe that none of the results are very signif- 

icant. Variability of results and seeming inconsistencies 

has, however, always been a characteristic of pollen 

studies. The great variation in viability, vigor and 
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growth potentialities of the pollen itself perhaps ac- 

counts for r.iost of this difficulty. The encouraging thing 
about the foregoing material is not the consistency of re- 

sults as a whole, but rather the consistency of results 
secured in replicates of the same series. Oultures were 

never made with less than duplicates and often with four 

to eight replicates. Variation of results among these 

replicates (except in a few cases brought out in the 

text) was noticeably small. 

Brink, in discussing the germination of pollen in 

vitro has the following to say in regard to variation in 

results, "The seemingly inordinate variability sometimes 

encountered should not be permitted. to obscure the re- 
suits of experiments where regularity does prevail. The 

divergent results frequently obtained in artificial 
cultures of pollen are not to be attributed entirely to 

the basic differences in the material that they might on 

first thought suggest, but rather to its somewhat capri- 
clous nature, resulting in fluctuations of a minor sort 
which an imperfectly developed technique falls to set 
forth in true perspective»' 

'Tr ', 

.) Ljii 

Pear and apple cuttings forced satisfactorily and gave 

viable pollen, when brought in as early as January 18th 
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and placed in the greenhouse at a temperature of approx- 

imately 65 degrees F. 

ua1itative tests made with stylar tissue extract of 

apple showed the presence of phloridzln. 

Microchemical tests with sections of apple pistils 

seems to indicate that the phloridzin is guite evenly 

distributed throughout the entire pistil. 

uantitative analysis of Jonathan apple pistils show- 

ed 15.2 percent of the dry weight of the pistils to be 

phloridzin. 

An analysis made of the current seasons growth of 

apple spurs and an analysis of the bark of the woody 

portion of apple spurs showed the presence of fairly 

large amounts of phloridzin, but not as much as in the 

pistils. 

ithloridzin, used in sugar solution media, in amounts 

of from .2 to .3 percent see.aed to have quite a stimu- 

lative effect upon the germination of pear pollen. 

Arbutin, hydroquinone or phioretin, when used in 

media seem to have very little or no stimulative effect 

upon the germination of pear pollen. 
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water extract of pear bark containing various per- 

centages of arbutin, gave no stimulation when used in 

cultures of pear pollen. 

Trials with apple pollen seemed to indicate that 

phloridzin, in amounts as all as .025 percent, retarded 

the germination and growth of apple pollen and that the 

retardation increased with larger concentrations of 

phior idzin. 

The other glucosides used with apple pollen were all 

somewhat inhibiting but none inhibited the growth to the 

extent that phloridzin did. 

Gelatin seemed to be unsatisfactory as a basis for 

media for apple pollen because of excessive bursting of 

the pollen. 

Rather extensive trials with Cyclamen pollen indicat- 

ed that in a sugar solution media, phloridzin was sQnewhat 

stimulative. 

Results with various concentrations of phloridzin 

indicated that concentrations of more than .5 percent were 

less stimulative than concentrations of from .1 to .2 per- 

Cent. 
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Gelatin added to sugar solution inedia seemed to give 

greater stimulation to Cyclamen pollen than phloridzin. 

Agar-sugar media did not give as satisfactory results 
with Cyclamen pollen as gelatin-sugar media. 

A comparison of phloridzin with its various hydrolosis 

products, as affecting Cyclamen pollen, indicated that 

phloridzin was the most stimulative, phloretin und 

phioroglucinol were slightly stimulative and hydroquinone 

not at all stimulative. 

In trials with sweet cherry pollen the three glucos- 

ides used all seemed to be somewhat inhibitive to growth. 

Of the three - phloridzin, urbutin and amygdalin - the 

most inhibitive seemed to be phloridzin. Ainygdalin was 

the least inhibitive. 

±thloridzin, used. in gelatin-sugar media, retarded 

germination and growth of pollen from two strawberry 

varieties and of pollen frora red and black raspberry. 

Phloridzin used in sugar solution media somewhat re- 

tarded the growth of pollen tubes of willow pollen but 

did not seem to affect the gerination percent. Salicin 

did not affect the germination or growth of willow pollen. 



Various factors such as hydrolosis enzymes, isolation 

in certain cells, or addition compounds are possibilities 

in the stylar tissue and would probably make the growth 

of pollen in vivo quite different from that in vitro. 



LITERATURE CITU'ED 

1. Amici, . i., Observations microscopiques sur 

diverses ex;eces de plantes. Ann. Sci. Nat. 1, 2:41-70, 

1824. 

2. Armstrong, E. F., The simple carbohydrates and 

the glucosides. 1912. 

3. Brink, k. A., The physiology of' pollen. Amer. 

Jour. Eot. 11:218-228, 283-294, 351-364, 417-436, 1924. 

The influence of hydrogen-ion concentration on the 

development of the pollen-tube of the sweet pea (Lathyrus 

odoratus). jmer. Jour. Bot. 12:149-162, 1925. 

4. Green, J. R., On the occurrence of diastase in 

pollen. Annals Bot. 5:511-512, 1891. 

5. Harvey, E. M., Fhloridzin. Ore. Agr. Col., Agr. 

Exp. Sta. Bulletin No. 215, 1925. 

6. Heyl, i. W., Analysis of ragweed pollen. Jour. 

Amer. Chem. Soc. 39:1470-1476, 1917. 

7. Knight, L. I., -hysiological aspects of self- 

sterility of the apple. Froc. Amer. Soc. Hort. Sci. 14: 

101-105, 1917. 

--- and Beaumont, J. H., Apple pollen germination 

studies. proc. iner. Soc. Hort. Sci. 19:151-163, 1922. 

8. i.now1ton, H. E., Studies in pollen with special 

reference to longevity. Cornell Univ. Agi'. ixp. Sta. 



- 82 - 

Mem. 52:751-793, 1922. 

9. Iitra, S. L, Seasonal changes and translocation 

of carbohydrate materials in fruit spurs and two-year 

seedlings of apple. Ohio Jour. Sci. 21:89-103,1921. 

10. von .Ioh1, 1.1., Leitrage zur Anatomie und Phys- 

iologie I. Bern, 1834. 

11. Ioinat, A. D., A study of the germination and 

growth of pollen in artificial cultures. Thesis for 

ì.1. S. Ore. Agr. College, 1925. 

12. Llolisch, H., Zur Physiologie des Pollens mit 

besonderer Rucksicht auf die chemotropische Bewegungen 

der Pollenschlauche. Sitzungsber. 'Tien. Akad. Vliss. 

iiatbnaturw. KL. 102:423-448, 1893. 

13. Faton, J. B., Pollen and pollen enzymes. Amer. 

Jour. Jot. 8:47-501, 1921. 

14. Strasburger, E., Uber fremdartige Bestanbung. 

Jahrb. '71ss. Bot. 17:50-98, 1886. 

15. Van Tiegharn, P., Recherches physiologiques sur 

la vegetation libre du pollen et de l'ovule et sur la 

fecondation directe des plantes. Am. Sci. Nat. Bot. V, 

12:312-328, 1869. 



- 83 - 

PLATE I 

Fig. 1. - Pollen-tubes of apple grown in media con- 

sisting of a 10 percent solution of cane sugar in dis- 

tilled water. 

Fig. 2. - Pollen-tubes of apple grown in a media 

consisting of 10 percent cane sugar and .2 percent arbutin 

in distilled water. 

Fig. 3. - Pollen tubes of apple grown in a media con- 

sisting of 10 percent cane sugar and .2 percent phloridzin 

in distilled water. 
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PLATE II 

FIg. 1. - Germinating pollen grain of sweet cherry 

showing two tubes being sent out from the same grain. 

drown in a 10 percent cane sugar solution media. 
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PLATE III 

Fig. 1. - Pollen grain and pollen-tube of Cyclamen. 

urown in a media consisting of 10 percent cane sugar and 

.2 percent phloridzin in distilled water. (Note the 

spiral growth of the pollen-tube.) 

Fig. 2. - Group of pollen grains and tubes of 

Cyclamen. Grown In a inedia consisting of 10 percent cane 

sugar and .2 percent phlorIdzin in distilled water. 
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