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A TUDY OF THE GERMINATION AND GROWTH 

OF POLLEN IN ARTIFICIAL CULTURES. 

ARTHUR DAVID MOINAT 

INTRO DUCT ION 

A little over two hundred and thirty years ago it was 

not known that sex existed in plant life. However, in l6914, 

Carnerarious demonstrated sexuality in hiher Diants and re- 

cognized that in some way pollen functions as the nale ele- 

ment in the process of fecundation. For many years after- 

ward very little more was discovered as to the nature of the 

phenomena, but gradually the stimulation of the initial dis- 

covery reached meny inveetigators and. i.nfluenced their work. 

Amici (2) in l24- discovered the pollen-tube during examina- 

tions of the papillar cells of stiE.tic tissue. But it was 

when Strasburger (51) described fertilization in higher 

plants as consistin essentially of the union of the egg nu- 

cleus with nucleus brought in by the pollen-tube that the 

real significance of the pollen growth in the style was 

first clearly sppreciated. The role of the second male nu- 

cleus was cleared up when Nawasehin (4-3) and Guignard (24-) 

independently discovered its fusion with two polar nuclei to 

form the primary enclosperm nucleus. 17ith the pro:ress which 

has been made in histoloiical methods and cytology it has 

become possible for science to determine and explain almost 

all of the mechanical processes of fertilization. 
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The early hybridist notably Xoe1reute (31) and 

ärtner (20) encountered a condition in certain Diante where- 

by seed either failed to set or set incompletely after self- 

pollination. Such was the discovery of self-sterility or 

that phenomena in which fertilization of eggs by male arnetes 

of the same individual is impossible or at best irregular. 

:nutl (3D) compiled a list of cases, the majority of them 

well founded, of plants exhibiting this characteristic indi- 

cating that in the engiosperins the condition is rather 

generally distributed. 

Darwin (114.) was one of the first scientists to sense 

the importance of self-steri1tt th plants. He noted the 

injurious effects of self-fertilization and on the other 

hand the necessity of cross fertilization for the production 

of healthy seedlings. He describes further, the many adap- 

tations of plants to insure cross pollination. Some of the 

::odifications especially notable in the plant kingdom are 

such as these: dioecious flowers, flowers with Drovision for 

insect pollination, modifications in position of flower 

parts or in the tin:e of their maturity in such a way as to 

hinder self-pollination snd finally the lack of affinity 

between pistillate parts and !ollen from the same individual. 

waite (55) in his pear pollintion investigations was 

probably the first to demonstrate that the lack of cross 

pollination was one of the most important factors in the shy 
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bearin of pears. 1any others have followed and vindicated 

the work of Waite. Beach (6) proved the need of cross 

fertilization fjr certain of the grapes, Fletcher (is) 

proved the same to be true for the wild Goose Plun and 

Green (22) did the same for certain vE:rietie of apoles 

and pears. Backhouse (5) found the condition quite common 

in European plums. Gardner (19) v:orking at the Oregon 

Experiment Station found that most varieties of sweet 

cherries are not only self-sterile but that soe of the 

best commercial varieties are intersterile. ?.Tith fruit 

then, the evidence points to a very con:on occurrence of 

this condition. 
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THE NATURE AID POSIBLE CAUSES 
OF SELF-STERILITY. 

Darwin (i4-) noted the sporadic nature of self- 

sterility in some plants, being prevalent in a species et 

one time and quite lacking at another. He found that 

sterility in the same species varied In different regions 

and different climates. Stout (50) found that self-sterili- 

ty of Brasrica. pekensis could be decreased by subjectinç the 

plant to less favorable enfironrûental conditions thereby de- 

creasing its vigor. 

Altho the simple mechanical process of fertilization 

be quite well understood at the present time, still our 

knowledge is really very meager of the more intricete pro- 

cesses, cheniical and physical causes, which bring about the 

germination of the pollen grain, tube-growth and direction, 

and finally fusion o the nuclei involved. 

io investigator has as yet given us an explanation of 

self-sterility which will apply very generally. The causes 

are quite obvious in certain cases but usually they are very 

subtile causes, unanalyzed and only guessed at. A few hy- 

potheses have been presented by scientists which may exilain 

this condition in some cases. 

Stout (50) gives a classification of the causes of 

the phenomena of self-sterility as folThrs: 

1. Failure in the development of the reproductive 

organs or of the germ cells themselves. 
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2. Anatomical or physiological incompstibilities. 

3. Embryo abortion. 

Of the first class, the pollen of many sDecies is 

known to contain large numbers of shrunken non-viable grains. 

In the grape this has been noted in particular. 

0f the anatomical incoenpatibilities, which refers to 

the structure of fie flov:er adverse to self-pollination 

there are numerous examples; a notable one being the heter- 

ostyled condition in some species. 

Physiological incompatibility refers to pollen-tube 

growth inhibiting secretions of stigmas or the failure of 

egg and sperm cells to unite for other reasons. 

Jost (27) assigned the imrediate cause of self- 

sterility to the failure of the pollen-tube to grow fast 

enough to reach the ovary before disintegration sets in. 

Correns (io) also found that when a self-sterile plant is 

pollinated with its own pol].eri,, tubes are emitted freely 

but grow extremely slowly, whereas a cross pollination on 

the same plant results in rapid growing tubes. East and 

Park (15) using the tobacco plant present graphs showing 

that in self-pollinated plants which are.self-sterile, 

growth is apparently normal but so slow that after four- 

teen days, in one case, the pollen tubes were only half 

way to the ovary. In congenial crosses the pollen tube 

growth starts at about the same rate as in self-sterile 

plants but the rate o± growth continually increases until 
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after fertilization takes place, usually after fron three to 

five cThyc. Dorey (114-a) has suggested that in the '1um, 

sterility in certain cases may be due to the fact that 

weather conditions may retard tube-growth and the abscission 

of the style occur before the tubes have passed the abscis- 

sian zone. Kniht (2g) found in the plum and apple, cir- 

curnst.nces comparsble to those noted by East and Park. 

In the spring of 1917 Knight found that in the 

crosses of Rome Beauty x Rome Beauty, the tubes were still 

on the way to the ec after 120 hours at which time the eg 

had begun to disintegrate. 

Each of the above cases where slow rtte of tube- 

growth has caused a lack of fertility may be explained upon 

the basis of either, anatomical incompatibility (a heter- 

ostyled condition of the flower) or physiological incompatI- 

bility, a lack of growth stimulating influences in the 

style. 

Strasburger believed the cause of sterility to be 

somewhat different. He oberved that the pollen from one 

species, Fritillaria persica., for example, formed tubes in 

the style of Convsllaria latifolia which grew the full 

length to the ovary. This phenomenon was observed to be of 

frequent occurrence, pollen tubes, however, always filed to 

enter the micropyle. Strasburger came to the conclusion 

that pollen tube growth could not be explained on the basis 
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of sexual affinity. He suggested that tube growth so closely 

resembled the growth of parasitic hyphae that lt was ero- 

bable that causes of growth are similar. 

Narnikawa (+2) made a study of self and cross ferti- 

lized flowers of the ellf1ower apDle, a self-sterile 

variety. He came to the conclusion that rate of growth, 

length of growth and direction of growth was practically 

the same in both cases. Both pollen tubes had entered the 

ovarian tissue after seventy-two hours but neither was 

observed to have entered into the tnicropyle. Namikawa 

suggests that the ovule may possibly inhibit the entrance 

of a tube from its own pollen or other fctors may obstruct 

fertilization. Another possibility is that even though 

fertilization may occur the embryo may lack vigor and live 

for only a short time which is the same as the embryo abor- 

tion suggested by Stout. This condition was observed to 

often be the case with the self-sterile sweet cherry as 

Gardner reported. Lewis (32) reported the same process to 

take place with many self-sterile ap'ìle varieties. 

Nanikawa observed abnormal pollen tubes in Beliflower 

styles very siïilar to the delayed tubes recorded by Knight 

and OsterTçalder. These abnormal tubes were found in both 

the self and cross pollinated flowers but there were usually 

numerous tubes of normal character in the looser tissues of 

both styles. e suggests the need for more confirmation of 
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the delayed growth theory. 

In summarizing Stout states that the poBsibility of 

fertilization on a whole seems to depend mostly upon those 

constitutional similarities in pollen and pistil which 

favor gaetic fusion. 
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THE NATURE OF THE POLLEE GRAIN. 

Mangin (35) reported tile vegetative cell of the 

pollen grain to be surrounded by a cutinized outer wall, the 

exine, and a heavy callose inner wall called the intine. In 

most grains one or more germ pores are to be noted in the 

intine. Certain cytological differences in pollen grains 

as to the location of the generative cell and other prato- 

plasmic material are to be found in different species and 

different varieties. It is com:on also to find considerable 

difference in the shape of the grain, aitho most are aval or 

spherical. 

The analyses by investigators have resulted in a 

deterìination of the chemical nature of the pollen grain to 

quite a fine point. Summing up these analyses Brink (ea) 

states that it is evident that the grain is provided with a 

considerable aiount of food material in the fort:: of carbo- 

hydrates and fats. Heyle (25) estimated the three nuclei 

of ragv:eed pollen ta compose about twenty per cent of the 

protoplasmic substance and he determined that the walls of 

the grains constitute sixty-five percent of the structure. 

Chemical analysis of the entire grain showed 21.14 protein, 

lO. percent fat, 0.75 rercent lecithin, 5.1 percent ash, 

7.5 percent entosns, 12.2 percent crude fiber and small 

amounts of sucrose, glucose and dextrin. Of the protein 

Heyle later analyses give glutelin as the chief protein. A 
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considerable quantity of non-protein nitrogen was found. Of 

the aqueous solution, l.2--l.5 percent coaguble albumin was 

present also a mixture of proteoses amounting to 3 percent. 

Peptone was found and the hexone bases arginene, histidine 

and lysine were present in abundance. 

Anderson and Kuip (3) made a detailed analysis of 

corn pollen. The percentage of' each constituent as calcu- 

lated by them appears in the tables below. 
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TABLE I. 

ANALYSIS OF CORN POLLEN (3) 

Yellow Dent White Flint Pop-corn 
Constituents Corn Corn 

percent percent percent 

Starch 11.07 19.O l.O3 

Nitrogen 14..53 1..1l.3 3.5 

Reducing Sugar 3.50 5.3e l-.95 

(Dextrose) 

Suero se 

Pentosans 

Crude fiber 

Crude fat or ther 
extract. 

Ash 

Phosphorus 

Sulfur 

Chiorin 

Potassium 

9.09 

10.60 

5.35 

1. 

3. 6 

o .63 

O . 311 

O .19 

1.24- 

2.97 

3 . 3.13 
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TABLE II. 

COMPOSITION OF POLLEN ASH - YELLOW DENT 
(IMPRovED IAMING) 

Constituents Amount Found 

percent 

Phosphorus 1.92 

Sulfur 0.69 

Chiorin O.O 

Silica Sj 02. 3.76 

Calcium 1.02 

Magnesium 

Potassium 35.5e 

Sodium 0.69 

Iron 0.25 

Aluminum 0.22 
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The principal reserve materials in this form appeai 

to be crbohydrates in. the forme largely of starch and 

sugar. 

POLLEN ENZYMES. 

Paton (145) found rather incomplete and unsatisfactory 

reorts of experiments in regard to either the eneral 

chemistry or of pollen enzymes. It is quite generally 

assumed that the pollen-tube di.este its way thru the 

tissues of the pistil and the ovule, but as to the exact 

chemical nature of this action textbooks and other sources 

of information have been generally silent. Besides the 

function of' digestin stylar tissues pollen enzymes iust 

be very important in rendering the food stored in the grain 

available then the pollen germinates, in nourishing the tube 

during Its passage thru the style and in stimuating the 

development of the e:thryo and the maturing ovary. 

Erlenmeyer (17) found amylase or diastase in pine 

pollen. Van Tiegham (5+) reported invertase in the pollen 

of hyacinth, narcissus, wall flower and violet. Strasburger 

and also Sandsten (17) determined the presence of diastase 

and invertae in ol1en grains before germination. Green 

(21) by very careful analysis came to the conclusion that 

the enzymes present in pollen grains are ciiefly diastase 

and invertase but their ditrihution is irregular, some 
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containing one and come another, while others contain both. 

Tue enzymer' vary in strength with the degree of viability of 

the pollen and new enzymes form as germination takes place 

and growth begins. 

After extensive studies on the occurrence of enzymes 

in the pollen of l species of plants distributed &ong 

genera in 9 families, Paton 
(14.5) reports catalase, diastase, 

invertase, reductase end pectinase in all; pepsin, trypsin, 

erepsin, and lipase were found in some but not in others. 

Paton believed the wide occurrence of pectinase to be 

particularly sinificant since much intercellular pectin 

must be digested in view of the generally observed inter- 

cellular growth of pollen-tubes In the style. 

THE NATURE 0F STYLAR 
CONDUCTfl'IG TISSUE. 

With the great diverity in types of styles as found 

in the plant kingdom there is also considerable variation in 

the length of time which the pollen-tube takes in reaching 

its goal. For exanple in the pine after pollination, the 

grains put forth short tubes which do not complete their 

growth for a. year. In the oak thirteen months elapse be- 

tween pollination and fertilization. However, the thirteen- 

inch tube of Colchicum autumnale needs only twelve hours to 

reach the ovule, and the nine-inch tube of Cereus grandi- 

fiorus completes its growth in a fer: uours. 
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Several conditions may be encountered by the tube in 

finding its way thru the style to the ovule as described by 

Pat on. 

1. An open stylar csnal. In this case the stigmatic 

middle laniellas would have to be dissolved before the open 

canal would be reached, this would require a pectin dissolv- 

ing enzyme. The stylai canal is rich in starch, if the tube 

is directed by nutrient substances secreted by conducting 

tissues a diastase enzyme would '0e required. 

2. A mass of loose conducting tissue in the style. 

Here the pollen-tube penetrates the middle lamella of these 

loosely connected and often mucilaginous cells. with this 

type of tube-growth stylai cells are often left intact. 

3. Celi walls of the style penetrated by the pollen 

tubes. This phenomena, is rather rare but has been reported 

in apple, mallow and corn cockle. This requires decor:i- 

position of cells and probably a diastatic ferment to act 

upon the cellulose. 

Such then is the work which has been e.ccoÑïolished 

concerning the nature pollen, pollen-tube growth and 

sterility the knov:ledge o± ali of which i very basic 

to the study made in this thesis. 
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GER:IìATION AD GROWTH TESTS OF POLLEN 
In. ARTIFICIAL CULTURES AS ìADE Y 

PREVIOUS INVESTIGATORS. 

Von Mohi (4.o) wa robab1y the first to observe the 

artificial gernination of pollen. He noted that certain 

soeCieg form tubes readily in moist air. Since that time 

innumerable cultural methods have been tried. It has been 

found that the pollen from different pecies varies great- 

ly in its physical and chemical requirements for germination 

and rowth. A condition which apiarently gives normal 

length ai' tube-growth for one variety may be value1es for 

another. Other difficulties lie in the great variation in 

the pollen fron same plant or even fron the serne flower as 

it is collected and tested fro time to time. The crudeness 

of present methods and technique, the lack of standardiza- 

tion of materials and other obstacles have greatly hindered 

progress in artificial germination. 

GROWTII REQUIREMENTS. 

OXYGEN REQUIREMENTS FOR 
GERI:ATIOI AND GR011TH. 

Van Tiegham (5)4) also Mangin (35) have demonstrated 

the necessity of oxygen for germination. Van Tiegh, after 
sowing pollen in a di'oì of water and covering with a cover 

glass, noted that only the grains at tue periphery emitted 

tubes. Then the cover glass was lifted, however, the re- 

mainder grew. Van Tieghai also secured quantitive evidence 

showin that durin time elon.tion of the pollen tube, 
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accompanied by the digestion of starch within it, oxygen was 

rernoved from the surrounding air and replaced by carbon 

dioxide. Mangin reported that in artificial cultures the 

respiratory ratio falls gradually from the time of germina- 

tion and that uíoreover, the quantities of gas taken up or 

given off decrease gradually until the cell dies. 

:artin (37) found alfalfa iollen to germinate best 

near the edge of the drop of sugar solution where the 

exchange of gases was less difficult. Martin prepared his 

cultures by droDJing the sugar solution over pollen grains 

previously placed on the slide. 

19 ISTURE REQUIRELENTS. 

Gerrination and Growth tests have shown that the 

water requirements are quite delicately adjusted under nat- 

ural conditions. The result has been that in many cases 

the exacting moisture requirements of certain pollens has 

not been met In artificiel cultures and excessive bursting 

is conmonly experienced in tue tests of many investigators. 

From the fact that the amount of bursting bears no 

clear cut relation to the concentration of sugar in the 

media, Van Tiegharn, Correns (io), Molisch (i-i-i), and Lidforss 

(33) indeoendently concluded that tle arnount of bursting is 

not related to osmotic force of the surrounding medium. 

Molisch found that Lilium Martagon germinated in solutions 

containing fro: i to 50 percent sugar. East and Park have 



shown that Nicotiana pollen will grow in agar media contain- 

in from O to 30 percent sugar. Many others 'nave reported 

a similar wide range thruout which germination takes place. 

Lloyd (311.) has explained all growth of the pollen 

grains or at any rate all early growth on the basis of the 

expansion of the protoplasm due to imbibition. In practi- 

cally every species he finds that vacuoles are either alto- 

gether absent fron the pollen grain or so very small as to 

be negligible and necessarily he believes osmosis would not 

be a factor in the absorption of water. Dilute acids and 

alkalies cause swelling of' the protoplasm of pollen much 

the same as they do bicolloidal gelatine and they can be 

used in growth. Coagulation and syneresis reaults in the 

hipher concentrations; swelling and growth in the lower. A 

very sensitive condition exists in the protoplasm and. the 

range of acid or alkali concentrations is quite limited. 

Concentrations producing the best growth which was somewhat 

greater than the control of pure cane sugar solution were 

as follows: N/20O malic acid; N/3200 acetic acid; N/12E00 

citric acid; and from N/11-OO to N/25600 sodium hydrate. Na 

ions were observed to penetrate the orotoplast. Hydroch- 

loric acid proved to be exceedingly toxic to the protoplast 

and for that reason it failed to produce growth of a pollen- 

tube. For these tests Lloyd used the pollen of Phaseolus 

odoratus and the control solution producing the best growth 

was found to be 20 percent cane sugar. 
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In as much as no vacuoles are present in the pollen 

grain Lloyd states that bursting denends entirely upon the 

hydration capacity of the emulsion coli oids of the proto- 

plast and not upon the presence of solutions of high con- 

centrtion v;hich would be required to overco:ne the resis- 

tance of the envelopes. 

Brink (sa) observed germination over a wide rcnge 

of concentrations of sugar solution. He believes that at 

present bursting can only be explained on the basis of 

os.:otic pressure. The cell membranes he states are or 

become permeable to cane sugar and the final result as 

far as osmotic pressure is concerned is the same as though 

the surrounding medium were water. The fact that starch 

accumulates in pollen growing in sugar solutions as found 

by Mangin, Tischler (52), and others is unmistakable evi- 

dence that sugar passes in. 

Brink observed that when a number of pollen-tubes 

:ere transferred from a culture of lower concentration to 

one of higher concentration sugar, little or no lasmolysis 

occurred. Those tubes which did plasmolize soon came back 

to normal when they became adjusted to the solution. Al- 

though Lloyd vs inclined to regard bursting as due entirely 

to imbibition by the protolast beyond the strength of the 

;all to cnfine it, this does not explain the bursting 

which occurs when grains are transferred from a strong to 
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veaker solution. Brink exDlains the bursting o±' pollen- 

tube as due to the diffusion in of sugar solution which 

when added to the presEure already in the tube finally 

exceeds the resistance of the tube wall. 

In certain species the pollen is particularly succep- 

tible to bursting in cultures. Of thece many of the grasses 

ciovers, nd alfalfa are outstanding examples. with 

Trifoliuni praetense Lartin concluded that moisture control 

must be the sole function 0±' the stylar tissue. He found 

that gelatine, ìoist animal membranes or parchment paper 

gave the best results as a culture medium. 

Anthony and Harlan (ii-) found barley pollen difficult 

to germinate because of bursting. Viability and rowth, 

they found to bear a very delicate relation to the moistúre 

supply. Slight drying caused a collapse of cell w2lls and 

free moisture caused rapid swellin? and burstinc. Germina- 

tionin various solutions were failures. However, control- 

led moisture chambers were w.ore successful. The moisture 

sup:)lied by a small drop of water or a piece of leaf 

meson'nyl, in a Van Tieghani cell as tile moist air chamber, 

brought aoout a gradual increase in humidity until the right 

point was reached for -ood germination. They state that a 

proper range of humidity must coincide with a certain range 

of temperature. Very little germination takes place in the 

field on cold wet days. 

Martin found the proper control of moisture to be 
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the main factor in the germination of alfalfa pollen. He 

secured the most desirable conditions in moist-air chambers, 

on moist animal membranes and parchment paper. The highest 

percentage of' germination came from a culture on moist tin- 

foil under a bell-jar. artin states that apparently there 

must be a proper adjustment betveen absorption of moisture 

from the substratum and evaporation to the surrounding air. 

The atmospheric moisture must be between 90 and 100 percent 

raturated depending upon absorption and certain other con- 

ditions, in order to preserve equilibrium between the mois- 

ture content of the pollen and that of the air. Just the 

right relation is conducive to good germination. 

It ìiae been by the use of different concentrations 

of gelatin or agar media that many investigators have been 

able to control the moisture in the substratum. Knight 

found a i percent gelatin solution best; Brink found a 1 

percent agar solution most desirable for rauch of the pollen 

with which he worked. Lartin supplied moisture to an 

animal membrane, used as the substratum, by Lealing and 

securing the membrane over tite end of a bent glass tube in 

which water was held against the membrane by atmospheric 

pressure. This "artificial pistilt', as he called it, was 

then lowered into a large bottle in which atmospheric mois- 

ture was controlled by sulfuric acid solution. 

Since the first use, by Van Tieghani of the cell which 

bears his name, this has become a very common type of moist- 



'_) ( -co- 

air chamber for certain cultures and for pollen in parti- 

cular. Brink has used the petri dish, to hold media and 

control moisture, v;ith very good results. Others have used 

different devices for humidity control. 

TEPERATtJRE RELATIONS. 

The optimum temperature for the growth of pollen 

seems to be very nearly room temperature or about 22 to 

23° C. Adams (i) found a temperature of 210 to 23 C to 

give the quickest germination. Martin and Yocum found 22° 

to 25° C the best. Brink grew hic cultures at room tem- 

perature 210 C to 24° C. 

THE EFFECT OF LIGHT UPON GROEWTH. 

Brink set his culture dishes away in a drawer, 

usually, but states that the diffuse light of the labora- 

tory was without any apparent effect and tìe cultures 

might as well hcve been left on the laboratory table. 

Adams found pollen grains of various fruits to germinate 

alike in light or dorkness. 

CARBON NUTRIENTS FOR POLlEN TUBE-GRO'TH. 

Martin believed that with Trifolium praetense, at 

least, the sugar in a culture medium merely aided in the 

control of osmotic forces between the cell contents and 

the surrounding medium. 
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Brink, however, notes tìiat if the addition of nutri- 

tive material to the medium results in growth which is 

clearly in excess of the amount which reserve materials in 

the pollen grain could possibly support under the most 

favorable conditions, it would. be justifiable t: conclude 

that this added substance had actually been assimilated 

arid had contributed to the formation of the pollen tube. 

A few examples of such growth observed by different workers 

are to be noted: Jost secured tubes from Hippeastrurn aulicum 

pollen 17-22 millitïeters in length upon agar culture5 con- 

taining 1 percent of cane sugar. Then glucose was substi- 

tuted for cane sugar the growth was 7- millireters. Knight 

cites Dr. Eckerson's work in which she secured pollen-tubes 

of apple 10 millimeters in length in 3 percent solutions 

of fructose. rink obtained tubes 7 millimeters long 

fron Vinca minor oolen as grown in a culture medium con- 

sisting 2 percent agar and 5 percent sugar. 

Brink states the niatter in this way, "that while we 

have no quantitative evidence that the dry matter of the 

grain actually increases, f e large amount of cellulose 

or caliose laid down to for.: the tube wall and the callose 

plugs favors such a conclusion." It i then to be deduced 

that the pollen tube obtains cosiderab1e of its carbon 

from organic compounds as starches, sugars, etc. found in 

the stylar tissue. 

In accordance with the varying and exacting require- 
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rnents oÍ the numerous c1sses of pollen, many nutritive 

formulae have been arrived at by investigctorr, which have 

given them tte most desirable results. A few exarnple of 

the results of such work are as follows: First, in con- 

sideration of apple pollen germination tests. Auchter 

(as cited by Knight) (2E) found his best gerniination and 

growth in a 10 percent cane sugar solution. artin and 

Yocun, Sandsten (7) nd Adams obtained best results with 

2 percent, 3 percent, and 5 percent cane sugar solutions 

respectively. Knowlton (29) found 30 to 0 percent ger- 

mination in 15 and 17 percent cane sugar Eolutions and 30 

percent germination in 25 and 2S percent solutions respec- 

tively. The temperature in all cases was 250 C. Knight 

and eunt (2g) found 5 percent cane sugar and i percent 

Lelatin, by weight, t be the best mediuni. 

Adams (i) found his best germinations to be as 

follows: In cane sugar solutions, apple pollen 2-5 percent 

sugar; pear pollen 6- percent sugar, strw'oerry pollen + 

percent sugar; raspberry pollen 16 percent sugar, and 

black currant pollen 16 percent sugar. He obEerved that 

apTpie pollen germinated ir. tap water, also in various 

strengths of cane sugar up to 50 percent concentration. 

Hansqirq and Lidforss succeeded in germinating the pollen 

of many species in tap water but the pollen of Trifolium 

praetense burst. Knight obtained better germination whe 
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gelatine was added to cane sugar solution. Rittinghouse 

(Ll..6) found that the pollen of a large number of snecies 

would gerrninte in cane sugar solution, t'ne optimum concen- 

tration varying from 20 to 4-0 percent. 

As has been observed by Lnrtin with clover and 

Anthony end Harlan with barley, also as others have observed, 

these pollens seem to be able to complete normal growth 

without the use of nutrients taken fro:n surrounding media. 

'7ith such observatio:s in mind Mangin concluded that 

pollen could be divided into two c1sses, first those which 

will germinate and grow from food reserves within the 

pollen grain and second those types which do not grow well 

except in the presence of external nutrin;ent. 

In some of the latest work, Brink, usin" l. percent 

agar medium containing 10 percent cane sugar and a little 

yeast obtained sn average growth of 1.3 millimeters from 

pollen of the grape hyacinth, Luscari botryoides. The 

style of this flower is about 1.25 millimeters long. On 

a culture medium consisting of 1.5 bercent agar, 7 percent 

cane sugar and a little sterile yeast the average growth 

of longer tubes from Puschkinia pollen was about 1.55 milli- 

meters. The styles in this case average sbout 1.5 muli- 

meters. On the same culture medium the longer tubes of 

Chionodoxa, a form in which the style is about 2 millimeters 

long, he found to measure about l.9 millimeters. With 

Scilla pollen on a medium of 2 percent agar, 7 percent cane 
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sugar and a little sterile yeast the average tube-length 

was about 5.2 millimeters. The styles range from .5 to 

6.0 millimeters in this plant. 

Another line of evidence that sugar is taken up 

usually, lies in the observation made by Mangin, Green 

(21) and Tischler that when pollen grains of some species 

are placed in sugar cultures starch is deposited freely 

within the grain. The lon: rowth and stsrch deposition 

of pollen in cultures is stronr evidence to Brink that 

sugar is taken into and used by the rrain in growth pro- 

cesses. 

Eckerson as cited by Knight found that the addition 

of asparagin to fructose solutions, as media for ap1e 

pollen, accelerated the rate and increased the total amount 

of pollen-tube growth. Brink in trisis with Nicotiana, 

Cucumis, Scilla, Vinca and several species of Pyrus was 

unable to obtain increased growth when asparagin was 

added to cene sugar solutions. He found, however, that the 

addition of sterile yeast solution to the culture medium 

not only increased germination but also grestly increased 

growth. Increases of from 2f-1- to 170 percent were noted. 

The complex nature of such a substance as yeast made it 

impossible to ascertain t1e one factor there-in which would 

account for such henoiena. The invigorsting properties 
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concerned are unaffected by heat and he su2''ests that it 

may be a heat stable protein derivative or possibly a 

vitamine. 

Other substances or extrscts have been found to have 

a stimulating effect. East and Park for example, used stig- 

niatic extracts of icotiana on pollen of the same species 

with good results. Kno;:lton oberved the sa:re to be true 

of Antirr hinu pollen as to eruination and :ro'7th in cul- 

tures. Brink confirmed East and Park's observations on 

Nicotiana pollen. He also found crushed ovarian tissue to 

give similar results. Strikin increases were obtained both 

for percentage of germination arid rrowth on the addition of 

extract of raw potatoe to cubic centimeters of 

sugar-agar solution. Cucumis tube rowth was thus increased 

on an average of 3 percent. Exactly v:hat is the ccuse of 

this growth is unknown at the present time. 

THE EFFECT OF SALTS ON TUBE GROSVH. 

Brink has found again and again thst the addition of 

electrolytes to pollen culture media hinders growth or 

inhibits it entirely. Lidforss (33) observed that NaC1, KL 

03, and CaNO3 even in small amounts are toxic. Tokugawa 

(53) found KNO3, KPOi, CaSOì.. and ZnSOj1 injurious in various 

degrees to the pollen froni a number of different species. 

Brink observed that tue addition of NaNO3, NaC1, KNO3, 

CaSOL, CeCi2, 20k and NaHPOi. reduces the growth to s 
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marked extent. The salts present in boiled yeast do not 

inhibit growth, however. Yeast was ashed and a solution 

made of the ash with the same concentration as that used 

in the sterile yeast preparation mentioned above. Cultures 

prepared using one or two drops of this ash solution showed 

a small increase in tube-growth. 

This investigator reports that shred agar and 

commercial cane sugar gave considerably more rowth than 

the more nearly pure bactoagar and the chemically pure 

sugar. The commercial cane sugar gave a 17 percent in- 

crease over the pure which he accounted for as due to 

mineral iurities. He ms unable, however, to obtain 

any information as to the nature of these salts, and 

suggests the urgent need of further study of the effects 

of salts on tube growth. It is believed that salts are 

fundamentally related to the permeability f protoplas;iic 

membranes and consequently to the toxicity, bursting and 

growth process in general. 

ACIDITY AND POLL!?N-TUBE GROr..T. 

Lolisch observed that the stigmatic secretions of 

many plants are acid. He found moreover that Azalea indica, 

RhQdodendron onticum and Rhododendron arboreu, which 

otherwise would germinate only on the pistils grew beauti- 

fully in distilled water containing 0.01 percent ialic acid 



or a little calcium malate. 

Rhododendron 12 millimeters 

percent cane sugar and 0.01 

further that the pollen was 

concentration of the acid. 

In his latest ublic 
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Jost secured pollen tubes of 

long on a medium containing 5 

percent citric acid. He noted 

very sensitive to a change of 

ation Brink (sa) presents 

observations on the determination of the hydrogen ion con- 

centration. If compounds of such elements as potassium 

and sodium are introduced into the media in order to vary 

pH values, the toxic effect of the cations is so great as 

to destroy all results. Vith the sweet Dea, Lthyrus 

odoratus, however, this investigator found, that calcium 

chloride gave very satisfactory results. 

The highest germination was secured at pH 7.0 though 

the true optimum for germination is not sharply defined. 

The zone of pH concentration favorable for pollen-tube 

growth is relatively narrow, the optimum being in the 

vicinity of pH 6.0. Above and below this Toint growth 

falls off rapidly. One would expect a difference in the 

requirements for germination and those for growth, for in 

nature germination takes place on stigmatic surfaces which 

are exposed to widely varying environmental conditions, 

while on the other hand in the case of tube-growth the 

internal environment of the pistil is presumably quite Con- 

stant. This investigator offers the suggestion that pH 

concentration may modify pollen-tube growth thru a direct 
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effect upon the chemical reactions attending the digestion 

0± reserve food materials such as for example fatty acids 

as found abundantly in the pollen grain. Fat splitting 

enzymes are knovn to work beet in a medium which contains 

a certain amount of free acid. He notes that great fluctua- 

tions in germination and growth were found to occur, neceE- 

sitatin frequent repetitions of tests in order that the 

statistical data might be at all reliable. 
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TROPISMS tJIDINO- THE POLLEN- 
TUBE IN GRO?ITH. 

There are a number of different theories regarding 

those factors which direct the tube to the ovule such as 

follow. The tube as some say may arrive at the ;icropyle 

by mere chance, a stylar canal or oeitain tissues may give 

direction to the rrowth or the re'ction may be chemotrooic. 

Van Tiegham regarded hydrotropism as the cause for 

the entrance of the pollen-tube into the stigma. 

Dalmer (13) found the conducting tissue of the style 

of Polygonium and Daphne to lead directly to tie microoyle. 

Gueguen (23) found conducting tissue quite distinct in the 

styles of rnonocotyledons especially with the LiFiacee. 

ìO1jSCh found that portions of' the flower of 

Narcissus tazetta exerted a chemotropic effect upon the 

pollen-tubes growing in their direction. Licìforss con- 

firmed the observations of Lolisch as to the Narcissus. 

He considered the chemotropic substance to be of protein 

nature and demonstrated chemotropism for diastase and 

dialysed albumin. 

Brink was unable to demonstrate chemotroism with 

any pollen of the several species which he tested other 

than Narcissus and Antirrhinu. Knowlton found a stimu- 

lation of growth and even cheniotrooism iii the addition of 

portions of the stigma to cultures of Antrrhinum pollen. 

Beaumont and Knight report that the d5ition of stigmas of 
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any variety of apple to the medium in apple pollen cultures 

increased germination and stimulated growth. All varities 

of stigmas increared the percentage of germination to the 

sare degree but certain varieties stimulated growth of 

pollen-tubes to a much greater degree than others. 

Brink was unable to obtain tro3ism for sugar or 

yeast using the pollen from Narcissus and Antirrhinum. 

He did get better growth however, by grouping grains. Also 

he confirms in certain cases the stimulating effect of the 

addition of parts of the stigma to the medium. 

iyoshi (39) made a cross cut in the style of 

Digitalis purpurea and pollinated the cut ends. He obser- 

ved that the pollen-tubes grew up and down and outward, in 

fact in all directions, which led him to the conclusion 

that the direction of the pollen-tube was merely a matter 

of following the line of least resistance. 

'iyoshi, Lidforss and Capus (9) regarded the entry of 

the pollen-tube into the micropyle aE due to chemotropic 

stimulation in the ovrian cavity. Brink concludes that the 

direction of [rowth, in the cases which he studied, was 

caused in main by anatomical features of the style and that 

chemotropic direction in the ovarian cavity is problemat- 

ical. 

Such discussion would tend to show that a great deal 

is yet to be learned as to specific causes of incompatibility 
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and resu1tin teri11ty of certain species. These are 

extremely subtile causes, baffling and apparently almost 

beyond the methods of present day analysis. Brink was 

unable to obtain growth promoting substances with the 

specificity that their action In relation to sterility 

would demand. As mentioned above Darwin also Stout obser- 

ved that such factors may change in their potency in cer- 

tain instances when environment and resulting vigor change. 

The factors exist but the combinatIon is still one of 

nature's secrets. 

A CO1PARISON OF TUBE GROWTH IN 
THE STYLE AND IN CULTURES. 

It has been altogether too comrcon an 

that the total growth of the pollen-tube in the investi- 

gator's culture medium has been Insignificant when corn- 

pared with the f:rowth made naturally in the style. Of 

late, however, a considerable number of good growths have 

been made In the culture. Brink obtained growth of Vlnca, 

Scilla, Chionodoxa Puschinia and Muscari as long or longer 

than the styles of the respective plants. Dr. Eckereon 

obtained tubes from apple pollen much longer than necee- 

sary to bring about fertilization. 

Brink has shown that the growth curve o± pollen 

tubes cultivated in vitrio resembles that of the auto- 

catalytic reaction where the amount of the substrate is 

limited. After observing the digestion of reserve mater- 



Ial contributed to the growing tube by the pollen grain he 

put forward the view that the forì o± the curve decribinc: 

pollen-tube growth in the culture as largely dependent upon 

the course of this autocatalytic reaction involved in the 

digestion of reserve food substances. The rete of :'rowth 

in the style doec not decrease normally but rather increa.Ees 

a the tube aproaches the ovary. This difference Brink be- 

lieves to 'ce best interpreted as a result of the difference 

in the water relations in the two cases. In consequence f 

the excess of wster in the artificial media the amount of 

synthesis of food material within the tube is almost negli- 

gible and the reaction goes almost entirely to the right. 

In the plant te other hand the amount of water available 

to the tube is low and the hydxolytic snd synthetic pro- 

cesses proceed at more nearly equal rates, the reserve 

materials in the tube are replaced from sugars derived from 

the style, and thruout the cycle of growth no deficiency of 

substrate is manifested. 

THE CALLOSE PLUGS. 

Soon after the first rapid elonstion of the pollen- 

tube, it has been observed by many investicEtors that at 

certain points along the tube the protoplasm will disap- 

pear an( callose 'ill form a short plug separating the new 

fron the older portions of the tube. It is not known what 

the purpose of the plugs is; perhaps they have different 
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functions in different species. In Ca.pinus the pollen- 

tu'oe entere a long quiescent period before fertilizin[ 

the flower in which case Brink believes the plug serves 

to isolate the veetative portion into a more or less 

spore like condition. Liller (3g) states that the pollen- 

tube of nÀ.ize never extends the full length of the silk 

and only the younger portion remains intact. In such 

cases in which the tube becomes separated from the grain 

it is logical to conclude that the formation of callose 

plugs serves to maintain the integrity of the vegetative 

cells. 

NUCLEAR BEHAVIOR. 

The nuclei are the only irLoortant portion of the 

grain after all and the only reason for the owth of a 

pollen-tube. The nuclear behavior though difficult of 

study has been observed in the artificial cultures since 

the time of Van TieghaL. He observed the ovules as placed 

in the path of the pollen-tube to receive the tube and some 

development took place. Strasburger made similar observa- 

tions. Elfving (16) observed in the tubeE of Plantago 

media three nuclei, one nearest the tip long and narrow, 

the other to close behind small and oval in shape. Brink 

observed nuclei in the tube of Scilla pollen which had made 

a very good growth in culture. He used Bellings () aceto- 

carmine stain to differentiate nuclei. At first only one 
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1ar:e nucleus was visible; within 15 minutes after the on- 

set of germination two nuclei were clearly observed. 

Migration of nuclei in this case began after the tute had 

attained a length of about lOOp . The smaller nucleus, 

presumably the tube nucleus practically always leaves the 

grain first. Then the tube was about I4 millimeters long, 

the rear nucleus divided giving rise to the 2 sperm nuclei. 

From all indications nuclear behavior is the sorne in cul- 

tures as in the style itself. 

From the foregoinc' discussion it will be seen that 

much is yet to be learned of pollen germination and growth, 

also of sterility which is quite important in agricultural 

science. At present artificial cultures seem to be one of 

the most rational and most important methods of attcking 

the problems f pollen physiology. It has therefore been 

the purposes of this study to duplicate the work of others 

in artificial culture tests and to make original observa- 

tions where possible. 
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MATERIALS AND METHODS. 

The flowering plants of the college greenhouses have 

furnished :aterial for study thruout the year. It has been 

the aim in this study to select as few species as Dossible 

and concentrate efforts upon these. With this in mind a 

careful consideration was given of the nux;erous species in 

the greenhouse, as to length of season of bloom, amount of 

pollen shed, viability of pollen and general adaptability 

to the problem in hand. As a result, the species Cyclamen 

latifolium was chosen as the most desirable greenhouse 

plant to work with. Other potted plants Primula obeonica, 

and cineraria (Senecio Cruentus) have served to soe extent 

in their season. 

The pollen from several varieties of the cultivated 

filbert, Corylus avellana, was ready for use by December 

twentieth, after a short forcing in the laboratory. This 

pollen is reported as normally being a very viable pollen 

but the severe weather of the month of December apparently 

damaged it considerably with the result that germination 

tests were greatly interfered with. A thorough germination 

test was riven the pollen from practically every variety 

grown at the "South Farm" (orchard of the Horticultural 

Department) in hopes that some of the later varieties might 

possibly be uninjured. No very satisfactory results came 

from any of the pollen tested. After most of the filberts 

were past the pollen shedding period, the native hazel 
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(Corylus californica) twigs were forced in the laboratory. 

This pollen was found to be so:ewhat more viable altho tue 

anthers of many ca.tkins were observed to have been blackened 

by the freeze. Cherry pollen, from twigs forced in tue 

laboratory was ready for tests by the last of March. Of 

Prunus avium, Napoleon, Bing, and Lambert varieties were 

germinated. Of Prunus cerasus, Montmorency was germinated. 

These were found to be some of our most vigorous growing 

types of pollen. 

Date pollen (Phoenix dactylifera) was received by 

Professor Schuster from Arizona and has been 'iven a. few 

preliminary germination tests. 

Pollen from Pyrus malus, of unknown variety gave 

some very excellent grówth late in this study. 

The germination media most used was composed of an 

aqueous solution of shred agar together with granulated 

cane sugar. Also, an aqueous solution of cane sugar and 

gelatine was used quite extensively. Various strengths 

of solution and combinations o± the named materials to- 

gether with certain accessory substances have received 

trials in this study. Moist membranes of several types 

also served as the substrate at different times. 

Van Tieghain cells and petri dishes were used as 

containers for the media usually. They also served in the 

control of the humidity surrounding the cultures. The 
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humidifier (a cornon laboratory desiccator adapted for 

controlling humidity) as used in controlliri' atmospheric 

rnoicture in certain trials. 

The writer prepared the Van Tiegham cell according 

to the usual method. The glaas ring or celi is first 

sealed to a microscope slide with paraffin. A few drops 

of water are then placed in the bottom of the cell to keep 

up humidity and a film of vaseline is applied around the 

upper edge of the ring. Next a drop of media solution is 

placed upon a cover glass and a few grains of pollen are 

applied to its surface, or if the media solution is too 

warm the cover glasa is inverted over a glass ring until 

it cools, before pollen is applied. Pollen grains are 

applied to the medium with a fine scalpel or a. needle. 

In certain coarser tests a fine came])s hair brush, from 

which all but 2 or 3 hairs have been removed serves very 

well for transfring grains. It is very necessary that 

inatruments be cleaned thoroughly whenever used in con- 

nection with a change of pollen or of media. This may be 

done by sterilizing the needle in a flame and wiping well 

with a clean cloth. The application of relatively few, 

rather well scattered grains and not large clumps of grains, 

greatly siirnlifies observation. With the grains in place 

upon the media, the cover glass is now inverted over the 

prepared cell, c.re being taken to see that the sealing 
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at junctions is good. 

Pollen-tubes were measured with a 7.5 rnicroLneter eye- 

piece in connection a 16 millimeter objective. Tune for 

checking up results :as short and only a few pollen-tubes 

could be measured in a series of tests set up at one time. 

From this measurement other lengths of growth could be 

estimated with considerable accuracy. The number of grains 

in a single culture varied from 25 up to a high as 500 

or a thousand; the usual culture, however, contained an 

average of about 200 grains scattered in different groups. 
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DETAILED PROCEDURE kND RESULTS. 

One v.'inter's work in pollen germination and growth 

study has not iven new and more desirable culture methods 

other than those discovered by former workers in this 

field. However, it is believed that po1lintion work and 

self-sterility study will undoubtedly receive considerable 

attention in this department for so:ne years to corne. It 

is therefore hoped that this account of certain of the more 

detailed operations and technique of pollen germination will 

be of some service to future students of the subject. 

It is not the belief of the author that work here 

recorded will be Lnfir1ned in total, as the fluctuations 

observed in this study are too great. The different 
specific properties of each individual set of pollen, the 

varyin properties of media, and the variation bound to 

occur in the details of method play havoc with consistency 

of' results and emphasize the need of finer more controlled 

methods of attack. The results tabulated and recorded on 

the following pages show some of the inconsistent results 

obtained but the aim has been to emphasize the more impor- 

tant general tendencies observed. 

LONGEVITY AND VIABILITY OF POLLEN 
IN RELATION TO THE METHODS OF 
COLLECTION AND CARE IN STORAGE. 

The results of our tests with the types of pollen as 

named above have generally been in accord with those of 



others as regards longevity. The most successful results 

with filbert and hazel pollen resulted when the care of the 

pollen before germination was in accord with the observa- 

tions made by Rioldi on the longevity of this pollen. Re- 

suits would indicate that high temperatures, 25 C and 

above, greatly reduces the length of time which ollen will 

remain strongly viable. 

It is recommended that all pollen be gathered fresh 

whenever that is possible. It should be gathered when it 

is as near the sarne age, freshness, and general condition 

as is at all Dracticable. Pollen from the c-reenhouse plants 

cyclamen, rrimula, and cineraria, wa.s nearly always used 

in the fresh condition. The pollen from the cyclamen and 

certain other ecies bleaches out from the usual briht 

yellow color to ver:, light yellow or colorless condition 

on standing for a few hours in the laboratory. Such color- 

less cyclamen pollen whici had been around the laboratory 

for 2 days was succeesfully germinated in a gelatine and 

aura-r media. No attenpt has been made to deteriine the 

maximum length o time which the different types of pollen 

would remain viable. 

In a tudy of the pollen from such plants as filbert, 

cherry, and other plants in which the bloomin: season is 

usually rather short, it often becomes desirable to extend 

the period over which pollen may be used. Pollen may be 

obtained earlier than normal by forcing the twigs, which 
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bear blossom buds, in the laboratory. Particularly with the 

filbert, the pollen is most conveniently collected when the 

flov;ers are allowed to dehisce in the laboratory. The twigs 

are brot inside a few deys before the catkins open up and 

are placed with the basal endr in water. The pollen should 

begin to dehisce in a Ehort time and is allowed to fall, or 

is shaken down upon clean white paper under the jr, from 

which it may be collected. From the experience in this 

study it is recommended that for such plants as cherry or 

filbert all forcing should be done under only slightly 

war;er conditions than prevail outside. An unheated store- 

room has served fairly well in our problem, but the labora- 

tory teeratures whiCh may o up as high as 350 or )+Oo C 

are decidedly injurious. Fron these observations one would 

conclude that the practise of sending pollen of certain 

species from one part of the country to anotie, with only 

poor control over environmental conditions etc. cannot be 

expected to give the results which fresh pollen would rive 

in ermination or pollinstion tests. 

Cherry pollen of the species P. aviuoi, variety 

Oxheart was found quite viable after three :eeks of storage. 

Pollen fro:LI Corylus californica contained a fairly large 

percentage of viable grains after storing for from 3 to - 

weeks. 
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WATER REQUIRELNTS FOR GINATION 
A1D POLLEN-TUBE GROWTH. 

ioisture of the Atmosphere in which Cultures are 

Grown.--The great importance of good methods for control- 

ling moisture supply has been observed thruout this study 

and a careful consideration of this factor alone cannot be 

overemphasized. Altogether too many tires small differences 

in the quantities of atmospheric moisture have made the coin- 

parison of results on different culture medie totally 

Impossible. It has been observed that with each of the 

methods of humidity control, the Van Tiegham cell, the 

petri dish or the humidifier, as discussed below, each has 

its own characteristics and peculiarities in this respect. 

The moist-air chamber most used was the Van Tiegham 

cell as devised by Van Tieghani in the latter part of the 

last century. The method of nreDaring this cell has been 

explained. It was thought at first, that the cell would 

possibly give better results if not completely sealed with 

vaseline around the edge of the rinr as was given above. 

This would provide better ventilation within the cell. 

Perhaps better germination is secured when sealing is incom- 

plete, if the media solution is rather weak in concentra- 

tion; thruout thin study, however, Lperfect sealinn: has 

been found to be inexact and undesirable. Experiments would 

go to emphasize the need for a quite completely saturated 

atmosphere for all of the pollen which has been tested, 
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namely that ol' cyc1anen, primula, cinerarie, filbert, cherry 

and date. The atoheric moisture of a cell should. be 

supplied by a sufficient amount of vater, enough to at 

least cover the bottom of the cell, to avoid the possi- 

bility of te cell dryin out. The mesohyl of a leaf or 

a small drop of water, as gave results in Martin's tests 

with barley pollen, is not usually sufficient. A Martin 

stated after his work with alfalfa pollen, "there ir a 

saturation point son.iewhere between 90 and 100 percent 

saturation whic, for every type of pollen esteblishes an 

equilibrium between the moioture taken from the substrate 

and that lost into the surrounding atmosphere, which pro- 

vides moisture conditions for the best germination and 

growth.° No difference could be observed between cultures 

which were left only partially sealed and those which were 

sealed air tiht as far as ventilation was concerned. But 

the cell which is not well sealed around the base loses 

its water and dries and while if not 2ealed at ti;e junction 

of cell and cover glass, air cLrrents will reduce humidity 

below the optimum for germination and growth of pollen- 

tubes. 

A co-:parison of results as obtained in tue Van 

Tiegham cell and in the humidifier has been presented in 

the fDllowing tables. In table III the test was run with 

the humidifier olaced on the laboratory table. In the lower 

chamber of this humidifier OO cc. of dilute sulfuric cid 
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was used. This acid registered loo Bauie and was calculated 

to give approximately 95% humidity at 25 C. A warm sun on 

the laboratory table caused the temperature to rise to some 

3Q0 
C with a corresponding small increase in humidity. The 

second humidifier, the results froni which appear in table 

IV, contained tap water in the lower chamber and was there- 

fore supposed to have approximately a complete saturation. 

This humidifier was placed on a shelf in the insulated 

sore room in which the temperature was constantly 200 

C. In table V the results of cultures in Van Tiegham cells 

are given. These cultures were placed upon the laboratory 

table where the temperature was approximately 
3Q0 

C, the 

humidity was approximately 100 percent. The results pre- 

sented in these tables represent average values obtained 

from the duplication of the conditions öf each test. 



TABLE III 

A COARISON OF THE VAN TIEGHA1 CELL AND THE 
HUMIDIFIER AS MOIST-AIR CHAS FOR CULTURES. 

USING POLLEN FROM PRUNUS AVIUM. 

Conditions: Humidifier - Hu:idity 95, Temperature 300 C. (Laooratory) 
% Germination Average length Maximum 

Test oÍ' pollen-tube length of Bursting 
growth in pollen-tube 

No. Media microns growth in 
mi C ro n s 

1. 1% Agar, 20% cane sugar 55 lOO 1000 10 

2. 1% Agar, 20% cane sugar 
sterile yeast. 75 100 1000 25 

3. 1% Agar, 20% cane sugar 
tigmatic tissue. 5 275 900 10 

L_. 1% Agar, 20% cane sugar 
stigmatic tissue and yeast. 0 325 1000 20 

5. 5% Agar, 20% cane sugar 
stigmatic tissue and yeast. 75 200 900 

Average 7 200 960 19 
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A COMPARISON OF THE VAN TIEGHAM CELL AND TI 
HUMIDIFIER AS MOIST-AIR CHAMBERS FOR CULTURES. 

USING POLLEN FROM PRUNUS AVIUM. 

Conditions: Humidifier - Humidity lOO, Temperature 20°C(Insulated Storage Room 
% GermiÌn Average length Maximum 

Test of pollen-tube length of Bursting 
growth in pollen-tube 

No. Media microns growth in 
. microns 

1. 1% Agar, 20% cane sugar 55 150 .l-OO 15 

2. 1% Agar, 20% cane sugar 
sterile yeast. 60 150 500 15 

3. 1% Agar, 20% cane sugar 
stigmatic tissue. 75 175 500 15 

Li.. i% Agar, 20% cane sugar 
stigmatic tissue and sterile yeast fS5 i6o 4-OO 15 

5. 5% Agar, 2O cane sugar 
stigmatic tissue and sterile yeast +5 120 500 

Average 61- 151 6o 15 



TABLE V 

A COLPARISOU OF THE VA TIEGH CELL AND TE 
HULIDIFIER AS LOIST-AIR CHAMBERS FOR CULTURES. 

USING POLLEN FROM PRUNUS AVITJM. 

Conditions: Humidity 100%, Temperature 30° C. (Laboratory) 
% Germination Average length Maximum 

Test of pollen-tube length of Bursting 
growth in oollen-tube 

ITo. Media microns growth in 
microns 

1. 1% Agar, 20% carie ru'ar I-O 150 900 50 

2. 1% Agar, 2O cane sugar 
sterile yeast 5 500 1500 50 

3. 1% Agar, 20% cane sugar 
stiatic tissue O 500 1500 50 

. 1% Agar, 20% cane sugar 
stigmatic tissue & sterile yeast SO 500 1500 50 

. % Agar, 2Oa cane sugar 
stigmatic tissue & sterile yeast 650 1200 

Average 7". ".60 134-O 50 

'Ji 

Ji 
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The tables tend to show that in so far as this work 

has extended, the Van Tiegha celi is one of the best 

pieces of apparatus for use in gerination cultures. Re- 

suits of different humidities are conflicting but the 

higher tenperatures, perhaps sunlight and certain unknown 

factors in the laboratory, appear to be beneficial. It 

should be noted that the bursting which was quite high in 

table V was due to burstin out the ends of tubes rather 

than at the grain. 

With the petri dish usually no additional water was 

used to supply atnospheric moisture. The greater volume 

of media used in this case, as compared with the drop in 

Van Tiegham cell, was depended upon to give the desired 

humidity. During a series of tests the same volume of 

liquid media should be poured into each dish to avoid as 

.uch as possible, a variation in humidity. Lost of the 

results in this study would tend to indicate that cultures 

on the same media in petri dishes, in Van Tiegharn cells or 

in the humidifier are not comparable with each other. 

In an atte.;pt to simplify the method of setting up 

cultures a number of different solutions of agar were 

)oured into Van Tiegham cells sealed with paraffin to the 

bottom of a petri dish. It was found, however, that un- 

less solutions of the same concentration were used. in 

each petri dish the difference in hu:Lidity was one of the 

nost important factors in causing inconsistency in results 
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and the posibi1ity of mistaken conc1uion. 

As has been intimated above, the humidifier is 

probably one of the best means of controlling t'ne humidity 

environing the cultures. Any desired saturation of atmos- 

phere within the humidifier is obtained by filling the 

lower chamber with the corresponding concentration of 

Eulfuric acid as may be calculated from tables.* 

In these tests cultures were Drepared oy pouring 

aRar or gelatine solutions into open Vari Tiegham cells 

sealed to slides. The pollen was placed upon the. sur- 

face of the media and the slides were laid on a wire 

screen in tiie bottom of the upper chamber of the humidi- 

fier. The cover was sealed on with vaseline and the ap- 

paratus placed on the laboratory table. Then the humidifier 

wa.s used in the insulated storage room the cells were pre- 

pared in the laboratory and then taken to the humidifier in 

the store room. This was found necessary as t'ne humidi- 

fier cannot be carried about much without solashing water 

or acid on tìe cultures. 

Testing the germination of cyclamen pollen in the 

humidifier in which the humidity was approximately O 

percent as controlled by a saturated salt (I'aCl) solution 

gave very poor results. Other tests :ould indicate that 

*Cherxliker Kalender II 1915, Berlin. 
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a hurniity below 95 percent ccnot usurdly be recoimended 

for the types of pl1en u'ed in this ctudy. The concentra- 

tion oÍ' the media solution will effect the results with 

different humidities - If water is well supplied by the 

substrate as when a low concentration media is used, t'ne 

humidity need not be a.s high as when moisture is more dif- 

ficult to obtain. 

MOISTURE CONTROL IN THE SUBSTRATE. 

Apparently all of the cells of the pistil which are 

concerned with the gernination and growth of pollen, whether 

these cells be stigmatic, stylai or other cells, are adapted 

to provide t'ne necessary moisture with a nicety which Is 

often exceedingly difficult for the investigator to dupli- 

cate in cultures. So far as the writer knows, pollen has 

never been observed to burst when germinated under he nat- 

ural environment. natever may be the cause of bursting, 

imbibitional or os:otic pressures, te tissues of t'ne pistil 

normally supply that quantity and only that quantity of 

moisture which is most favorable to t'ne rowth of the pollen- 

tube. 

But in the artificial cultures, bursting is yet the 

stumbling block of many tests, especially with certain types 

of pollen. Thus the investigator may decrease t'ne concen- 

tration of the media, in an attempt to bring about better 
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germination with the result that very often bursting pre- 

dominates in the culture. Bursting of cell viali may 

occur at the grain before a pollen-tube has been formed, 

s is often the case with cyclen and filbert T)ollen, 

or the bursting may occur at or near tìe end of the pollen- 

tube as is more common with cherry and primula pollen. As 

others have found, the writer observed good gerniinction 

and growth, without bursting, in a considerable range of 

concentrations of sugar. 

An interesting Dhenomena in connection with the 

bursting of filbert pollen was noted as follows: Filbert 

pollen germinated fairly well. in 20 percent cane sugar 

solutions and very little bursting occurred. However, if a 

few drops of elatine or agar were added tue percentage 

of gerination was high but bursting greatly increased 

giving nearly one hundred percent of bursted grains. As 

the concentration of gelatine was gradually increased the 

percentage of burstin: decreased as is usually the case. 

This decrease in bursting' did not follow regularly as the 

concentration increased but fluctuated considerably. When 

about 2 cc. of gelatine had been added to 10 cc. of the 

sugar solution this media gave 95 percent errnination, 20 

percent of bursting pollen grains, an average growth of 

tube of O to 100 microns, with a maximum tube growth of 

200 microns. This was the maximum amount of growth ob- 

tamed irom this lot of pollen and also it gave the lowest 
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percentages of bursting grains. Then the concentration of 

gelatine was gradually increased beyond. this point the 

Percentage of erination and the growth of oollen-tu'oes 

decreased. One ex'lnation of tue increased burstin 

which was notable in this test when the gelatine was first 

added, is that this material added growth producing nutri- 

ente which diffused rapidly into the celi and increased 

the concentration arid the osmotic value of the cell sap 

reatly beyond that of the weak solution outside tiìe cell. 

Bursting was the result until the elatine ercentge was 

increased so as to limit the absorption of water. 

The moisture of the substrate of cultures has been 

iost often controlled by a change in tue concentration of 

agar, gelatine, sugar, or salts in solution. Also different 

types of moist membranes and silicate jelly have been tested 

for this purpose. Sugar alone in solutions was used at 

first, for both cyclanien and filbert pollen. In no case 

were the results very proisin' froc the standpoint either 

of rercentage 0±' germination or length of tube growth. The 

addition of gelatine to the sugar solution gave a marked 

improvement. In fact a 15 to 25 percent gelatine solution 

was found to ive very nearly as satisfactory results with 

cyclamen pollen as did the gelatine solutions containing 

cane sugar. 

Silicete jelly as the germination media was given 

a trial. The preparation of this material including, the 
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dialyzing, solidification of te constituents, etc. was 

carried out accordinc to directions as given in Duggar's 

"Fungus Diseases of Plante." The resultc of this prelirnin- 

ary test were negative in character. This together with 

the difficulties and tediousness of preparation v;ould not 

cause the writer to recommend such media. Germination and 

growth studies aie, however, very nearly t the point 

where a synthesized media will be desirable and it is pos- 

sible that a further study of silicate jelly will be 

profitable. The control of the concentration of such 

material, however, will be a problem, it is believed. 

Te Use of Lembranes as Substrate Supplying Moisture 

in Pollen Germination Tests.--The membrane most used con- 

sisted of collodion. It was prepared by making up a 5 

percent solution of collodion (Dupont's Parlodion) in 

ether-alcohol (half ether and half 95 percent alcohol) 

and spreading the saine over a glass plate. This was 

allowed to dry and harden just enough so that water might 

be worked in underneath the membrane. In this manner it 

was gradually loosened from the glass and then placed in 

a beaker of water to prevent drying out. The usual mem- 

brane was about 10 to 20 microns thick. It was relatively 

clear and free from bubbles making a fairly transparent 

substance thru which pollen grains might be observed. 
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In the first trials a square of the collodion mein- 

brane was ea1ed acroSS the end of' Van TieF:ham cell and 

the cell inverted in a petri dish of water or weak sugar 

solution. The pollen grains were then placed in position 

on the iembrane inside the cell. It was thought that 

enough moisture rould penetrate the membrane due to coï- 

bined water pressure outside the membrsne and the osmotic 

or imbibitional pull exerted by cell contents of the pollen 

grains, to supply the necessary moisture for germination. 

Filbert pollen ws used, which aitho inferior, had been 

giving 30 to 35 percent ::ermination in agar media and was 

thot to be fairly viable. The experiment, however, was a 

failure, the geriaination never amounting: to more than 5 

percent mid nogrrowth of pollen-tubes was obtained. 

A variation in the method was made in this way; a 

smaller Ven Tiegham celi with a membrane over the lower 

end and water inside, was placed inside the first cell in 

such a manner that the meinbrane of the cells came close 

together with the pollen grains between. Water was now 

underneath the membrane of the outer cell and over that of 

the inner cell. Also the petri dish was covered so the 

at:os-heric moisture wa:s saturated. This gave no better 
results than the first tests. 

Results of GerLiination Tests using the "Artificial 
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Pistil".--Another adaptation of the collodion mernbrne 

method was made, using a plan rimilar to that devised by 

Martin in his alfalfa germination studies. In the first 

place a sniall semi-circular :roove was ground in the edge 

of a. glasc ring or Van Tieghani cell. The cell was then 

sealed to a microscope slide, grooved side down, fitting 

a short piece of three-sixteenths inch tubing to the 

orifice in the cell and usinr DeKotinsky" glass cement 

as the sealin: corimound. A square of collodion membrane 

was next sealed over the upper end o± the cell, using 

paraffin in this case as the sealing compound. A thistle 

tube was connected with the glass tube in the cell by 

means of a. short piece of rubber tubing. ?.'ater or sugar 

solutions coule now be poured into the thistle tube and 

sup:lied in this manner to the underside of the membrane. 

Pollen grains 'ïere then placed upon the upper side of the 

membrane and protected from drying out by fastening a cover 

glass to the ri of the cell and over them. By lowerinir 

or raising the thistle tube a considerable range in water 

pressure could. be obtained on the underside of the mem- 

'crane. It was believed that the water requirements of 

germination and pollen-tube -roth could be met by this 

method vith t least fair exactness. Usini a similar 

lot of filbert pollen as in the preceding test, it was 

observed that in all tests the percentae of ermination 



-6- 

and the pollen-tube growth was exceedingly poor. 

A further change in method consisted in )lacinC the 

apparatus just described inside a humidifier with a satu- 

rated atmosphere. o cover glass was placed over the mem- 

brane in this case. Pollen of cherry (Prunus aviurn) was 

used on the membrane; this was known to be a viable pollen 

but the results were altogether unsatisfactory. 

Animal meirbrnes narely )ieces of material cut from 

a chicken crop were given a test using them in place of the 

collodion with the method. just described. This experiment 

was unsuccessful also. 

Moist filter paper, paper toweling and other types 

of paper in a moist condition, as well as squares of moist 

animal membrane and. the fresh-cut surface of a potatoe each 

placed in a petri dish, were siven trials as substrate with 

pollen scattered over the surface. This tye of culture 

was difficult to observe and necessitated the use of the 

binocular nicroscope. In all cases the percentage of' ger- 

mination was slight. 
In theory the "artificial pistil" as described ap- 

pears to give excellent control of :noisture and should solve 

the problem of water requirements. Even with moisture 

supply supposedly controlled there are yet certain very ap- 

parent weaknesses in the method when compared with natural 

conditions or vith certain other cultural methods. In tue 

first place it is somewhat more difficult to supply the 
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exact nutrients required. Also gelatine and crticularly 
agar contain, according to Brink, certain nutritional 
properties aside froni the sugar and yeast which is usually 

added. The membrane is lacking in another way in that its 
surface is comparatively rigid and coies in contact with 

only a small portion of the entire surface o± the pollen 

arain. This is much different from the usual condition 

found in nature or on the gelatine or agar media. 

Another attempt was made to devise an "artificial 
pistil." By separating a microscope slide and a long cover 

glass with narrow strips of windDw glass on three sides, 

a long thin cell was built. The cell wa.s sealed water- 

tight at the junctions on three sides, using De otinsky 

glass cement. A gelatine solution was then ioured into it 
and allowed to solidify. On solidification very fine long 

holes were made in thegelatine by pushing a fine needle 

or small thread of drawn glass rod down into the gelatine 
and then removin the sie. In different trials the con- 

centration of the gelatine ranged from 20 to 24Q percent 

while that of sugar in combination with the gelatine ranged 

from 10 to 20 parcent. It was found that unless the gela- 

tine was very stiff, from high concentration (35 to O per- 

cent) of gelatine that the holes would cave in. A consid- 

erable quantity of pollen was aplied to the surface of the 

gelatine in which the holes had been made and the top of the 



cell was sealed over with paraffin to prevent it from dry- 

Ing out. With such a contrivance it was found that pollen 

grains were difficult to view thru the microscope. Both 

cyclamen nd filbert pollen was used in this test with only 

poor results in either case, though the cyclaìxien did the 

best. Very few tubes were observed to have entered the 

holes in fact growth was better on the film of gelatine 

covering the sides of the cell. Undoubtedly the high con- 

centration of gelatine solution used, did not give the best 

moisture conditions. 

OXYGEN REQUIREMENT S 

A the early workers have demonstrated, oxygen or an 

exchange of gases is necessary for 'ermnination and pollen- 

tube p:rowth. In this study it was noted in some of very 

first tests made, that cyclamen pollen merrninated practi- 
cally as well under a drop of gelatine or sugar solution on 

the cover glass as did pollen of the same lot apolied to 

the surface of the drop. Apparently the oxygen requirements 

of cyclanen pollen, under the conditions described, Tere 

fairly well provided for. However, in the face of resulte 
of the early scientists, it was thot more desirable to 

practice surface application, particularly since in most 

cases this was the iore convenient method. This method 

then, has been used almost entirely thruout the study. 

:: case has been observed in which it was known that 
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insufficient oxygen was a limiting factor. 

THE INFLUENCE OF TEPERATURE UPON THE 
PERCENTAGE OF GERMINATION AND THE 

GROWTH OF THE POLLEN-TUBE 

Nearly all of the tents of this experiment were 

carried on at room temperature 20 to 250 C. So far as 

could be detected, the moderete variations comonly occur- 

rin: in tue temperature of the laboratory did not have 

marked influence upon results. The comparison of results 

from germination tests under laboratory conditions and at 

30° C and those of the storEge room at .200 C constant 

temperature has already been mentioned. In this test it 

will be remembered that the cultures in the humidifier 

with a saturated atmosphere and at the lover temperature 

of the storage room còmpared very poorly with those cul- 

tures in the laboratory, either in the Va.n Tiegham cells 

or in the humidifier in which tìe humidity was 95 to 96 

percent. It is believed that tempersture played an 

important part in these results and it v:ould be desirable 

another year to determine the exact cause of such varia- 

tions. 

Dorsey and others have observed the retardin, effect 

of cold temperatures upon rate of pollen-tube growth. 

Rirnoldi states in his thesis* that the storing of pollen 

*Rjmoldj, F.J. Thesis for Master's Degree, Oregon 
Agricultural College 1921, pp 30-35. 
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at temperatures of 26.60 C and above are very injurious 

to the viability of the pollen. It is thot that a deter- 

mination of optimum temperatures for pollen-tube growth, 

using the storage room would be of more fundamental 

importance than it has seemed heretofore. Undoubtedly 

the laboratory temperature falis nuch below the optimum 

on cold winter nights. 



ItJTRITIVE MATERIALS 

Altho nutritive su'ostnces serve to a conridera1e 

extent in controlling the water relations 0±' the pollen 

grain and pollen-tube in growth, it see'is most plausible 

as Brink and others have found that nutritive materials 

are used in pollen-tube rowth and should be supplied if 

it is hoped to aproximate conditions and resulting growth 

as found naturally in the oistil of the plant. It has 

been the aim then, in this study to suprly the pollen in 

ciltures with synthesized food materials in the forn of 

organic nitrogen coirounds and carbohydrates. 

The Preparation of Solutions.--Botii distilled water 

and tap water have been used as solvents for solid media 

material. As far as we were able to observe no marked 

difference in results with these two solvents could be 

detected. The tap water at Corvallis is reported to con- 

tain very little mineral matter. It contains a considerable 

amount of organic matter and sediment during the very 

rainy season and would not do for exactly controlled tests. 

Solutions must usually 'ce prepared fresh for each 

series of tests in order that fungus growths in cultures 

may be avoided. In this connection it has been observed 

that a clean laboratory is desirable. olding fruit 

around the room or unsterilized aparatus greatly increases 

the difficulties from this source. Agar or gelatine 
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solutions cannot be reheated tvio or three or more times and 

expect to compare results from such media with those from 

media supposedly of the xe concentration but made up 

fresh; the variability in the composition of agar is great 

enough as it is. Heatinc not only concentrates the solu- 

tion but the high teperatures very probably change the 

chemical and Dhycical composition to a certain extent. The 

results have been gradually poorer as reheating was con- 

tinued. 

Carbohydrates Tested.--Cane sugar, dextrose, lactose, 

ialtose, and levulose are the sugars which have been tested, 

usinEs different concentrations of each in tap water and in 

conjunction with gelatine and agar. The cane sugar was the 

cothmercial granulated product; the other sugars were puri- 

fied compounds coming from the Eastman Kodak Company's 

Laboratories. 

The results of this test appear for the most part in 

table VI. Tue cultures were germinated in Van Tiegham cells 

and the pollen was of a fairly viable lot o filbert pollen. 

T'ne conditions of temperature and sunliht were orainary 

laboratory conditions. From the tests made up to this time 

cane sugar hasP been equal or superior to any other sugar 

and no reason is apparent which would warrant a change to 

another sugar. In all tests lactose has appeared to give 

poorer results than have other sugars. In the table the 
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THE EFFECT OF DIFFERENT SUGARS UPON POLLEN-TUBE GROWTH. 

USIL'G FILBERT POLLEN 

% Average 1enth Mexirnum % % 
Test Germination of pollen-tube length of Bursting Bulbs Shrunken 

growth in pollen-tube grains 
No. Media microns growth in 

microns 

1 20% Dextrose 90 15 20 50 90 2 

2. 20% Levulose 95 15 25 100 None 2 

3. 10% Lactose 5 10 15 100 None 95 

ii-. 20% Dextrose 
yeast 90 15 25 100 None 5 

5. 20% Cane sugar 95 15 25 50 None 2 

6. 20% Cane sugar 
yeast 95 15 30 60 None 2 

7. Agar, io% Cane 
sugar yeast 90 11.0 75 5 20 5 
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value of' agar in the solution shows up prominently. With 

this media bursting was decreased and growth increased. A 

column headed percentage of' bulbs appears in Eeveral of 

the tables in this paper. This was a fairly cornr:on condi- 

tion noted in cyclamen nd filbert germination tests in 

which the pollen tube would grow a short distance and stop, 

forming a bulb at the end of the tube. These bulbs in 

certain cases with filbert pollen vzere two or three times 

the size of the pollen 'rain itself. In all cases this 

bulb differed from the phenomona of bur sting in that cell 

contents were always confined within the cell wall. The 

condition as apparently caused by sorne adverse condition 

which prevented further extension of the pollen-tube. It 

was more often associated with a deficiency of moisture 

in the media rather than an excess as is the case in 

bursting. Bulbs at the end of the pollen-tubes of cherry 

pollen were very uncoïion. 

Paton observed that the pollen-tube grew thru the 

middle lamella of the stylar cells on its way to the ovary 

with most species of plants. This middle leella is com- 

posed mainly of pectin, rind pectinase was found to be one 

of the most widely distributed enzymes in pollen of a 

number of species tested by this investigator. It was 

thot that pectin (which is of carbohydrcte nature) in a 

solution of the right concentration might possibly be 
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TestE' with a nutber of concen- 

trations of ti'e cornercia1 grocery store product broug'ht 

negative results. These products contain all manner of 

ingredients other than pectir such as sugars, acids, etc. 

Tue purification of sucb material by precipitation and 

washing of the pectin 7ith alcohol has given very little 

further improvement in results. Paton gre; pollen on a 

pectin media obtained by extracting pectin from grape 

fruit rind. This was merely a test for the enzyme pectin- 

ase, however, and it would be desirable tc work out a 

satisfactory method of purification of îectin in order 

that it might be given a more thorouh trial as a geriiina- 

tion media. 

NITROGEN COMPOUNDS AS COìSTITUENTS 
OF THE MEDIA 

In this study all trials of asparagin in conjunction 

v:ith other constituents of the media have been failures. 

Filbert pollen was used on media. of different concentrations 

but no stimulation was observed in any case. The pollen 

grain is very sensitive to the higher concentrations of 

asparagin and soon plasmolyzes. 

A second compound guanidine nitrate was given a 

fairly complete test using solutions as weak as i/6o of 

i percent and as strong as i percent. Guanidine nitrate 

was used in aqueous solutions slone and also in co:.;binations 

with cane sugar, agar and other media. The pollen used 
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was that o the filbert and the hazel. The 

tions were found to be decidedly inhibiting 

niination or pollen-tube growth. The weaker 

that is those of 1/60 of 1 percent concentr 

near that concentratior were observed to be 

stirnu1tive in certain instances. 

stronger solu- 

to either gel'- 

solutions, 

ation or very 

slightly 

The following tabulation (Table VII) of data 

presents results as usually obtained with tests using 

nitrogen compounds. germination in this case was car- 

ned on in Van Tiegha cells with drop cultures. The re- 

suits are the avera:e of duplicate tests with pollen from 

the hazel, (Corylus,californica) in one case and filbert 

(Corylus avellana) in the other. In both species the 

grains assuìk'ie a very typical triangular shape, on shrink- 

ing, which is apparently due to indentation of the exine 

over the germ pores. This triangular appearance is impor- 

tant in that such grains have never been observed to ger- 

minate. It thus becomes an easy matter to estirate the 

percentage of viability of many lots of pollen, before test- 

ing by germination on the cu1tue media. There is, however, 

a certain percentage of grains in every culture which apìear 

turgid and unshrunken which never germinate. A media which 

is very toxic or deficient in water or of high osmotic 

value, etc. will cause a large number of grains to become 

triangular in shape in a short time. 
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THE EFFECT OF GUANIDINE NITRATE AND OF ASPARAGIN UPON GERMINATION 

USING POLLEN FROM COYRLUS CALIFORNICA 

Average length Maximum 
Test Germination of pollen-tube length of Bursting Bulbs 

growth in pollen-tube 
No. Media microns growth in 

microns 

1. .5% Agar, 4-% cane sugar 95 60 175 5 

2 . . 5% Agar , LI.% cane sugar 
1 drop of 1% guanidine 

nitrate . 95 15 25 none 70 

3. .5% Agar, 14.% cane sugr 
3 drops of 1% uanidine 

nitrate *95 none 

. .5% Agar, 2tI% cane sugar 95 100 175 10 25 

5. .5% Agar, 214-% cane sugar 
2 drops of 1% guanidine 

nitrate *95 20 30 none 10 

*A large percentage (O-95 percent) of shrunken or three cornered grains 
were found in these cultures. 



TABLE VII (Continued) 

USING POLLEN FROM CORYLUS AVELTAJA 

Average length Maximum 
Test Germination of pollen-tube length of Bursting Bulbs 

growth in ollen-tube 
No. Media icrons growth in 

microns 

1. i% Guanidine nitrate *none 

2. 20% Cane sugar 1/50 of 

i% guanidine nitrate 5 10 15 100 none 

3. 10% Cane sugar 1/20 of 

1% guanidine nitrate *5 10 15 100 none 

14 10% Cane sugar 1% 
guanidine nifrate *none 

5. 10% Cane sugar 10 10 15 50 none 

6. 10% Cane sugar trace of 
asparagin *flofle 

7. 5% Cane sugar trace of 
asparagin *nofle 

*p large percentage (O-95 percent) of shrunken or three cornered grains 
v:ere found in these cultures. 
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In the testE with pollen from the hazel, tabulated 

(Table VII) above, drops of a 1 percent solution of guani- 

dine nitrate were dropped from a small pipette into 10 cc. 

of media solution to obtain the desired concentration. 

These tests show the detrimental effect of strong 

concentrations of these compounds very plainly. Even the 

weak concentrations are not shown to have a very stimula- 

tive effect in tests here recorded aitho neither compound 

has been observed to be toxic when used in minute quanti- 

ties. 

Bacto-peptone has been given a re1iminary test. 

10 definite increases in o1len-tube growth were observed 

aitho certain investiators such as Snow and others have 

used 'eptone in culture media with apparent success. 

THE EFFECT 0F SALTS UPON POLLEN-TUBE GR0H. 

The results with guanidine nitrate have been mention- 

ed. Trials of different concentrations of a nutrient solu- 

tion as recommended by Duggar for cultures of fungi have 

given negative results. 

This solution contained tue following ingredients: 

Am:.on1um nitrate 1.0 gram 

Dihydrogen potassium phosphate 0.5 grain 

Magnesium sulfate 0.25 gram 

Iron Chloride trace 

Cane sugar 
g 5.0 grams 

Water 100 cc. 
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ost investi:ators have found salts in general to 

be injurious to growth. It would be interesting tiio to 

experiment with salts in much more dilute concentrations 

another year; the use of such material has been given 'out 

a limited amount of attention in this year's work. 

Acids and Alkalies in Gerdnation 1edia.--In test- 

ing the germination and pollen-tube growth of cyclamen 

pollen, a few drops of dilute sodium hydroxide in 10 cc. 

of 10 percent gelatine solution were observed to produce 

the same effects on the pollen as did an increare in the 

concentration of the gelatine. In such concentrations of 

celatine the addition of sodium hydroxide decreased tue 

percentage of bursting and increased the length of pollen- 

tube growth. The increase of sium hydroxide above an 

exceedingly weak co:centration was injurious. 

The effect of acids upon germination and pollen- 

tube growth was not given especial attention. However, 

trials of weak concentrations of the comiercial pectin 

solution, which vías found to be very acid, were observed 

to be inhibiting to the normal life processes of' the 

pollen grain. 

Working from Erink' s deterininat ions for the optimum 

pH values for germination of the pollen grain and growth 

of the tube should give the solution of this factor in the 
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future. As Brink found glass of the stronger basic selts 

of silica such as sodium etc. to have considerable influ- 

ence in changing the ÌDH values of a media solution, it 

would be desirable to use only Pyrex or other of the more 

neutral types of lass ware for quantitative tests. 

GROi ACCESSORY SUBSTPJCES. 

Brink made the initial obrervations as to the stinu- 

lative effect of yeast extract on the growth of the pollen- 

tube in cultures. As mentioned previously he suggested 

that heat stable roteins or Dossibly the vitamines in this 

extract viere tue cause of the stimulation. 

The tables below give the trend of results with 

yeast as have been observed in this study. The drop cul- 

ture system was used. Ten cc. of media solution was 're- 

pared for each test and droPs of sterile yeast solution 

added as indicated in the table VIII. The yeast extract 

was rxade up according to directions given by Brink: 

Quantities of fresh Fleischman's compressed yeat ;ere 

added to distilled water in the proportion of 1 cake of 

yeast to 100 cc. of water. The mixture was stirred u 

well and left to stand and settle for a half hour or so. 

The clarified top liquid was then poured off and steril- 

ized by boiling for one minute. 

The results indicate a general increase in ollen- 



TABLE VIII 

THE EFFECT OF YEAST UPON GERMINATION AND GROWTH 

CYCLALEN POLLEN 

% Germination Average length Maximum 
Test of pollen-tube length of Bursting 

growth in pollen-tube 
No. Media microns growth in 

n i C ro n s 

1. .5% Agar, 10% cane sugar, 
10 drops yeast 9 500 1050 5 

2. 1% Agar, 2O3 cane sugar, 
lo drops yeast to 5cc. solution 95 O0 1000 5 

3. 1% Agar, 2O7 cane sugar, 
15 drops yeast to 5cc. solution 95 500 950 5 

¿4. 1% Agar, 20% cane sugar, 
no yeast 95 300 5O 2 



TABLE VIII (Continued) 

CHERRY POLLEN MONTMORENCY P. OE?ASUS 

70 germination Averae lentli Maximum 
Test of 'o11en-tube length of Bursting 

growth in Dollen-tube 
No. Media :icrons growth in 

:i crons 

1. 1 Agar, 2O cane sugar, 
b drops yeast 0O 1200 30 

2. 1% Agar, 20% cane sugar, 
20 drops yeast 900 1500 35 

3. 1% Agar, 2O cane sugar, 
30 drops yeast 5 900 1300 

I-J 



TABLE VIII (Continued) 

FILBERT POLLEN 

% Germination Average length Maximum 
Test of pollen-tube length of Bursting 

growth in pollen-tube 
No. Media microns growth in 

microns 

1. 1% Agar, 20% cane sugar 95 50 200 

2. 1% Agar, 20% cane sugar, 
2 drops yeast 95 50 225 

3. .5% Agar, 10% cane sugar 90 15 20 

.5% Agar, 10% cane sugar, 
2 drops yeast 90 15 25 
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tube rowth when a ìoderate amount of yeast is used with 

certain inedia. Usually i-1- to 5 droos of yeast solution, 

when iiade up as cescribed above, to 10 cc. of media solu- 

tion is sufficient. Too much yeast not only seens to be 

detrimental to Dollen-tube growth but also increases the 

difficulties in obEervation. The wide fluctuations in 

response which commonly occur from time to time are, how- 

ever, very misleading and the effect of yeast may often 

be obscured by moisture relations or other factors. 

Other Types of Growth Accessory Substances.--Crus'ned 

stigms.tic and stylar tissue as well as extracts fro: cab- 

bage leaves have been used tests. Thile tissue 

of the pistil, placed in the media, has never been obser- 

ved t3 have an inhibitory effect, the stimulative proper- 

ties of such material were not thoroly demonstrated. As 

with the yeast, other factors interfere with results, but 

articu1arly with the apple and cherry pollen many tests 

tended to ive very good evidence of stimulation from 

crushed stigmatic or stylx tissue in the media solution. 

The cabbage extract in a weak concentration of or 5 drops 

extrect to 10 cc. of media solution also appeared to be 

slightly stimulative. The stronger concentrations of 

this materiel were detrimental to germination and tube- 

growth. 



Chenotropism.--By p1acin: very small portions of the 

pistil in the media near the vicinity of pollen grains of 

the eame species a the pistil, nunierous tests were con- 

ducted with an aim to demonstrate chernotropic reactions of 

iollen-tubes. The pollen 0±' cyclamen and cherry were test- 
ed in this manner. With the cyclamen no evidence of cheìo- 

tropism at all was secured. Profes'or Schuster has obtain- 

ed very beautiful cheotropic reactions when small portions 

of the stigma of P. avium and the variety Royal Anne were 

placed in a medium of gelatine (2 percent concentration) and 

sugar (io percent concentration) near to sparsely scattered 

pollen grains from P. aviuin variety Oxheart. Royal Anne 

pollen did not display chemotrooisni when used vith it2 own 

stigrnas. These rerults vere of particular significancesince 

the variety Royal Anne is self-sterile but Oxheart serves as 

a pollinizer for it. He found, however, that this cheniotropic 

reaction was irregulsr and did not appear in all cultui'es. 

The writer was unable to obtain but a weak demon- 

str8.tion of chernotroism in cases uoing these same corn- 

binations of stignas and pollen as vell as other co:bina- 

tions and other parts of the nistil. 
In the following table IX apeer the different cul- 

turai media and conditions which have given the best results 
for thepollenof the s eciesof lants used in these experi- 

ments, together with the results for each tyDe of media 



TABLE IX 

MEDIA IN 'HICH BEST GROWTH OCCURRED FOR POLLEN FROM DIFFERENT SPECIES 

POLLEN OF CORYLUS CALIFORICA: GERMINATED 

Average length 
Test Germination of pollen-tube 

growth in 
No. Media microns 

1. .5% Agar, 25% cane sugar 95 100 

tN PETRI DISHES 

Maximum 
length of Bursting Bulbs 
p o]. len-tube 
growth in 
microns 

15 10 20 

2. 20% Cane sugar, trace of 
extract of cabbage 90 100 150 

3. .5% Agar, 10% cane sugar 95 250 500 

. .5% Agar, 10% cane sugar, 
3 drops yeast 5 200 )450 

POLLEN OF CORYLUS AVELLANA: 

1. 1% Agar, 20% cane sugar 

2. 2% Agar, 11.0% cane sugar, 
yeast 

95 

50 

GERMINATED IN PETRI DISHES 

75 

100 

i6o 

250 

50 25 

none none 

5 none 

25 

5 

20 

q 



TABLE IX (Continued) 

POLLEN OF CINERARIA: GINATED IN PETRI DISHES 
V 

Average length Maximum 
Test Germination of pollen-tube length of Bursting Bulbs 

growth in pollen-tube 
No. Media microns rowth in 

g microns 

1. 2% Agar, 15% cane sugar 50 100 200 

2. i% Agar, 7.5% cane sugar 20 75 150 

POLLEN 0F PRIMULA OBCONICA, LONG STYLED: GERMINATED IN VAN TIEGHAM CELLS 

1. 2% Agar, i0, cane sugar, 
3 drops o± yeast solution 90 350 575 

2. 2% Agar , 10% cane sugar 90 350 575 25 

3. .25% Agar, iO% cane sugar, 
2 drops yeast 90 500 720 100 

POLLEN OF PRIMULA OBOONICA, SHORT STYLED: GERMINATED IN PETRI DISHES 

1 . 1% Agar , 7 .5% cane sugar 95 350 OO 100 



TABLE IX (Continued) 

POLLEN OF CYCLAMEN: GERMINATED IN VAN TIEGHAM CELLS 

Average length Maximum 
Teat Germination of pollen-tube length of Bursting Bulbs 

growth in 'ollen-tube 
No. Media microns growth in 

mi crone 

1. 1% Agar, 2O cane sugar 95 300 5O none none 

2. .5% Agar, 10% caxìe sugar, 
10 drops of yeast 95 5O 1020 5 none 

3. 1% Agar, 20% cane sugar, 
10 drops of yeast 95 2O 1000 5 none 

POLLEN OF PRUNUS AVItJM, VARIETY OXHEART: GERMINATED IN VAN TIEGHAM CELLS 

- 
1. 1% Agar, 20 cane sugar, 

stigmatic tissue from Royal Anne 95 1500 2200 10 none 

2. 1% Agar, 20% cane sugar, 
no stigmatic tissue 95 900 1200 10 none 

3. 1% Agar, 20% cane sugar, 
yeast 90 00 lhl00 



TABLE IX (Continued) 

POLLEN FRO P. AVIUM, VARIETY ROYAL Aic:E: GERMINATED i VAN TIEGHAM CELLS 

Average length Maximum 

Test Germination of pollen-tube length of Bursting Bulbs 

growth in pollen-tube 
No. Media microns growth in 

microns 

1. 1% Agar, 20% cane sugar, 
stigmatic tissue from Royal Anne 60 900 1200 10 none 

2. 1% Agar, 2Ot cane sugar, 
no stigmatic tissue 70 EOO 1500 20 none 

P0LLEI' FROM THE DATE PALM, PHOENIX DACTYLIFERA: GERMINATED IN VAN TIEGHAM CELLS 

1. 1% Agar, 20% cane sugar, 
yeast 0 100 175 5 none 

POLLEN FROM PYRUS MALUS 

1. .7% Agar, 13% cane sugar, sterile 
yeast, stigmatic tissue fron same 

variety 95 900 1500 30 none 

2. .5% Agar, 17% cane sugar, sterile 

yeast 95 900 1600 25 none 



The tables speak for themselves for the greater part, 

in bringing together the media producing the best results 

in the tests of this study. It should be noted that in 

the case of the pollen of Phoenix dactylifera, Primula 

obconica, Senecio cruentus, and Pyrus malus the tests have 

not covered as large a field of different conditions of 

moisture, media, material, etc. as were covered in the 

work with the pollen from other species. The tables tend 

to show the superiority of the agar, cane sugar, and yeast 

medium over that of any other combinations tried. Gelatine 

and sugar media have in every case been inferior. Germlna- 

tion in Van Tiegham cells under laboratory conditions has, 

as these records indicate, brot about the most favorable 

environment to good germination and good pollen-tube growth. 

The percentage of bursting which was very high in the case 

of Primula obconica cultures, should be intrepreied for this 

species and for P. aviuri, and Pyrus malus as bursting out 

the end of the pollen-tube, in main, rather than at the 

grain. 

THE CALLOSE PLUGS 

Observations on cherry pollen-tubes, which tubes 

were the longest of any obtained in these cultures, showed 

the position of callose plugs in the unstained and much 

better in the stained condition. 
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After a. trial o several stains such as anilin blue, 

and gentian violet for blue stains anc congo red, safranin, 

aceto carmine, acid fuchein and borax carmine as red stains 

in various conbinations, no very satisfactory differentia- 

tian v:as obtained. Callose, cellulose and protoplasm 

generally took on the same stain. Lacmoid or resorcin blue, 

a specific stain for callose, was recomriiended by Profesor 

Roberts* and in our trials tbis has Droven to be a fairly 

satisfactory stain. Vith a certain amount of care and 

patience it has given us our best preparations. The fol- 

lowing procedure v;as worked out in making the mounts: To 

begin with a. very t1in film of egp albumin is applied to 

the center portion of the surface of the microscope slide; 

a droì or two of water is then applied over tue egg albu- 

flin. (This part of the work being; entirely similar to 

that in mounting any paraffin section.) Using a fine 

needle, pollen grains may then be iicked from the culture, 

with tue aid of the binocularr , and placed upon the micro- 

scope slide. The water on the slide has been found to 

facilitate the transfer of the pollen grain and its tube, 

altho too much will cause material to float off the slide. 

A much quicker method of transfering materinl from medium 

to slide, which, however, requires more cultures and more 

*Correspondence betv:een Professor Schuster and 
Professor R. H. Roberts of the University oÍ' 7isconsin, 
adison, 7ïisconsin, 1921+. 
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pollen grains and tubes to 'vork with, is to turn the cul- 

ture media, with the surface upon vThich pollen-tubes are 

growing, down upon the microscope elide at the desired 

point. In removinr the culture then, many pollen rains 

will be left on tiìe slide. This method does not make pos- 

sible the selection of the more desirable material such as 

an unusual pollen-tube .rowth, but from a considerable 

number of preparations it will give quite worth while re- 

sults. It has been noticed that the fresh grown turgid 

pollen-tube is comparatively resistant to the strain of 

transferal by either method but perhaps the latter proce- 

dure produces the lesser a-nount of tearing of tubes. 

The pollen-tubes now transferred to the slides are 

allowed to dry. This drying should last at least 2 or 3 

hours or until the material has become thorou'hly attached 

to the slide. The slide may then be placed in the killing 

ixture recommended by Roberts which consists of the fol- 

lowing: 

Formal in 6--7cc. 

Acetic Acid 2--3cc. 

50% Alcoirl 100cc. 

Slides are left in the killing mixture for an hour 

or two (althouch a shorter time may 'se found as satisfacto- 

ry) or they may bepreservedindefinitely in this solution. 

Inremoving slides fromthis mixture it is verynecessary that 
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they be washed thoroly in 70 percent alcohol or in distilled 
water and alcohol separately in order that none of the acid 

from the killing solution be carried into the lacmoid. A 

trace of acid In the lacìnoid will cause a change in the 

composition of the stain which will ruin its staining pro- 

perties. Lacmoid which has been impaired with acid changes 

in color from a purplish blue to a reddish purple and gives 

the prepared material a rather dirty brownish-red colora- 

t ion. 

Lacinoid stain is made up by dissolving about .05 of 

a grain of Lacmoid crystals in about 5 cc. of 95 percent 

alcohol. The solution is then diluted to lOO cc. with 

distilled water. Further dilution may be necessary in some 

cases in which the staining takes place too rapidly and 

covers more tissue than Is desired. Slides are left in the 

lacmoid from 3 to 30 minuts depending upon the material 

stained and t'ne strength of the lacmoid solution. A bright 

blue in the callose plugs and a lighter blue in the cellu- 
lose tube walls should be the result from treatment with 

this stain. 
As the lacmoid Is very easily warhed out with even 

a 25 or 30 percent solution of alcohol, it is essential 

that no alcoholic solutions folloz this first stain. A 

counter stsin of erythrosin has given the best results. 
Staining from thirty seconds to one minute will usLially 
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give the desired amount red. Any destaining that might seem 

necessary may be accomplished in a very few seconds using 

10 to 20 percent alcohol. 

Perhaps the 2reatest difilculty in reparing mounts 

with such stains lies in the fact that dehydration with 

alcohol is impossible and as a result preparations are not 

well cleaned up. The only method of dehydration and pre- 

paration for clearing in xylene which was found to produce 

at all satisfactory results, was a method of air drying. 

As much water as possible was removed from the slide with 

a cloth, then it ws set up to dry. Just as soon as the 

slide is perfectly dry it may be placed in xylene for 

about five minutes and from this mounted in balsam. Of 

course, a glycerine mount may be made without dehydration 

or the use of xylene. 

This combination of stains should leave the callose 

well stained v:ith 'clue, the cellulose cell walls of the 

pollen-tubes a lighter blue and protoDlasm of tube togeth- 

er with the pollen rrain red. 

UCLEAR EHAVIOR. 

An atte'pt to follow the migration of nuclei down 

the pollen-tube, by the method of differention with stains, 

has given considerable difficulty. Nuclei in pollen rains 

have been differentiated and observed in microtome sections 
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oÍ' anthers when the stains were safranin and gentian violet 

but this combination of' stains has failed to give us satis- 

factory results with pollen grains and tubes mounted whole. 

The aqueous solution o i'entian violet in dilute solution 

was found to ive much nore thorough staining of' pollen- 

tubes than did the clove oil solution. In sorne cases the 

clove oil solution has failed to stain at all, while on 

the other hand the aoueous solution stains deeply in a 

few seconds. 

The aceto-caríine and iron aceto-carinine stains as 

used by Brink and Belling have also failed to give us the 

desired differentiation. 

SUMMARY 

1. Ledia consisting of fron O.5 to 2.0 percent agar, 10 to 

25 percent cane sugar and a little sterile yeast has 

given the best percentage of geríiination and greatest 

length of pollen-tube growth, with the speciec tested, 

namely Cyclamen latifoliurn, Primula obconica, Senecio 

cruentus, Corylus avellana, Corylus californica, Prunus 

aviurn, Prunus cerasus, Phoenix dactylifera, and Pyrus 

malus. 

2. Of the sugars tested coercial cane sugar was found to 

be the most desirable sugar for media. Lactose is de- 

finitely inferior. The commercial pectin has given 

negative results. 
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3. Sterile yeast produces definite stimulation in the cul- 

ture media. 

1-. Crushed tissue from the pistil ir stimulative to some 

degree. A weak concentration of extract from cabbage 

leaves Is also somewhat stimulative in germination and 

growth. 

5. A medium consisting of from 15 to 25 percent gelatine, 

10 to 25 percent cane sugar, nd a few drops of sterile 

yeast is of secondary importance for pollen cultures. 

6. Silicate jelly in a preliminary test gave negative re- 

suits. 

7. Salts, acids or bases in cultures except in very weak 

concentrations are inhibitory. Very weak NaOH was 

observed to be slightly stimulative in a few instances. 

E. Nitrogen compounds as gua.nidine nitrate, and aspa.ragin 

were found to be toxic except when used in very dilute 

solutions. 

9. Guanidine nitrate may be slightly stimulative in a weak 

concentration. 

10. The apparatus used in producing the best results was the 

Van Tiegham cell. The petri dish and humidifier appara- 

tus are thot to be equally valuable when used correctly. 

The moist membranes and artificial pistils as substrate 

failed to produce results. 

il. The humidity found to be most conducive to good germina- 

tion and oollen-tube rrowth with pollen from the above 



named species of plants, on agar, sugar, and yeast cul- 

tures, was approximately loo percent. 

12. The temperature at which the greatest length of tube 

rowth occurred was 250_300 C. 

13. A combination stain of lacmoid or resorcin blue with 

erythrosin as a counter stain, both in aqueous solu- 

tion, gave the best differentiation of callose olugs. 

uch of the detailed method of staining which was fol- 

lowed has been presented in this paper. 
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PLATE I. 

ABNORAL TYPES OF GROH FROM POLLEN 
Iì ARTIFICIAL CULTURES. 

Figure l.--A ol1en grain froc Cyclarien latifoliurn which has 

produced a bulb-like growth at the end of a short 

pollen-tube. Grown on a culture medium consistinr 

20 percent gelatine and 25 percent cane sugar. 

x 1500. 

Figure 2.--A pollen grain of Corylus avellana in which the 

protoplasm has burst out the cell wall. O-rorn 

on a medium of v:eak gelatine solution. x 1100. 

Figure 3.--Germination from two germ pores at once, dth 

pollen from Corylus cvcllsna rrown on a medium of 

10 percent gelatine and 20 percent fructose. 

x 1100. 

Figure 1-L--Aii abnormal growth of pollen of Corylus avellana 

grown on a medium of 20 percent cane sugar, 2 

percent aar, and a little sterile yeast. x 750. 
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PLATE II. 

Figure 1.--Microohotograph of a pollen-tube which has bursted 

at the end; pollen of apple (Pyrus a1us) grown 

on 0.5 percent agar, 17 nercent cane sugar and 

yeast me.iuni. x 230. 

Figure 2.--Microphotograoh of pollen which has bursted at 

the grain (above) and at the end of a short tube 

(below). Pollen of apple (Pyrus malus) grown on 

a medium consistin of 0.5 percent agar, 17 per- 

cent cane sugar and a little sterile yeast. x 300. 

Figure 3.--lSicraphotograph of a pollen-tube showing a callose 

plug (t the constriction in the tube). Pollen 

of cherry (Prunus avium) grown on a 1 percent agar, 

20 percent cane sugar and yeast medium. x 250. 
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