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CHAPTER I 

GENERAL INTRODUCTION 

The maintenance of the vitality of pollen is of great importance in plant 
breeding by facilitating the crossing of plants which flower at different times 
or in different places of the world. The shipping of pollen is easier and simpler 
than the transport of living plants and in addition the sending of pollen is not 
hampered by strict regulations concerning the transmission of pests and dis
eases. Moreover, in plant breeding schemes with annual plants and in which 
the same pollen donors are used throughout, it would be useful if the pollen 
could be kept viable from one season to the next or longer. Thus, the growing 
of these donors could be omitted for one or more years. Apart from its impor
tance for practical purposes, successful pollen storage is also indispensable in 
cases where the physiology of pollen is investigated. 

In a great many references on pollen storage, the vitality of the pollen is 
expressed by the percentage of germination obtained in an artificial medium. 
The question arises what value can be attached to the germination percentage 
of the pollen as determined in vitro with regard to its ability to set fruit in vivo. 
The statements in literature relative to this question are not in accord. Some 
investigators (51, 73, 109) found no fruit set or a very poor one although the 
pollen was able to germinate to a moderate degree in vitro. Others (3, 91, 126) 
demonstrated that pollen which gave no germination or only a low percentage 
of germination was able to induce a fair fruit set. Apart from the disagreement 
as to the correlation between the germinability and fruit setting ability of 
different pollens, the literature also disagrees in several aspects with respect to 
the medium required for germination of the same pollen. For example good 
(optimal) germination with pollen of Corylus avellana has been obtained in 
water (78), 15-20% (92), 25% (13) and 35-50% (23) sugar solutions, respec
tively. Another controversy can be derived from literature with regard to the 
effect of boric acid on germination. Since the discovery of the stimulating effect 
of this compound by SCHMUCKER in 1932, it has been found to improve the 
germination of numerous pollens to a marked extent. Before this discovery, 
however, many investigators (1, 46, 74, 93) have found an excellent germination 
with pollen species, e.g. belonging to the genera Pyrus and Prunus, which in 
later investigations (10, 16, 102, 137) germinated optimally only when boric 
acid was added to the medium. 
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Presumably, such disagreements are explainable as lack of comparable 
conditions in different tests and/or on account of differences in the composition 
of pollen of the same species, but of different origin. 

It is apparent that an insight into the physiology of the pollen in general 
would considerably aid an investigation into the optimal conditions for storage 
and germination of any pollen in particular. However, no up to date and 
comprehensive review and study on the physiology of pollen germination and 
storage is known to the author, the most recent ones being those of BRINK in 
1924 on germination and of HOLMAN and BRUBAKER in 1926 on storage. For 
this reason, a review and discussion of the literature with regard to the ger
mination and storage requirements of pollen has been undertaken. In addition 
an investigation into the germinability and longevity of pollen under divergent 
conditions was carried out, in order to include in one comprehensive study as 
many factors of physiological importance as was practical. Special attention 
has been paid to the role of boric acid in germination. All germination exper
iments were carried out with apple and pear pollen, the storage experiments 
with apple, pear, tomato, rhododendron and azalea pollen. 

CHAPTER II 

A LITERATURE REVIEW AND DISCUSSION 
ON THE BASIC FUNCTION OF THE GERMINATION MEDIUM 

1. GENERAL 

In the first place the pollen grain requires water for its germination ( = the 
formation of the pollen tube). Consequently, the primary function of any 
medium is to supply water. Besides the necessity of a sufficient water supply, 
the question arises to which extent the germination depends on other substances, 
e.g. nutrients. A review of the literature on this subject reveals that the require
ments of pollen with regard to its medium appear to be relatively simple. In 
the great majority of investigations in which hundreds of pollens ( = pollen 
species) were tested, excellent germination was obtained in sugar media with 
or without a low percentage of agar or gelatine. Even water alone, either as 
fluid or as vapour, proved to be sufficient for a satisfactory germination of a 
number of pollens. It may be added that also other factors, like temperature 
and pH, appear to affect the germination significantly, while a great number of 
substances have been found to act either as 'stimulants' or 'inhibitors'. These 
investigations, however, will not be mentioned in this review. The germination 
of pollen will be discussed mainly with a view to the function of the basic 
components — water and sugar — of which the medium is composed. The 
germination media employed may be roughly divided into 3 groups: 1) ger
mination in water, 2) germination in sugar solutions with or without agar or 
gelatine, 3) germination on solid substrata under limited humidity conditions. 

1.1. Germination in water 
VAN TIEGHEM (130, 18691)), LIDFORSS (78, 1896; 79, 1909) and somewhat 

*) In this and further citations the first number refers to the References on p. 64 and 
following, while the second number indicates the year of publication. 
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later JOST (66, 1907) have reported that pollen species of approximately 30 
genera germinated readily in water without the occurrence of bursting. Also 
ADAMS (1, 1916), KNIGHT (72, 1917) and MARTIN etal.(%4, 1918) with Pyrus 
malus, SCHOCH-BODMER (116, 1936) with Corylus and RIGHTER (104, 1939) with 
Pinus secured a fair germination in distilled water, while TISCHLER (131, 1917) 
with Plantago, DANIEL (38, 1952) with Impatiens and SkVEisaetal. (112,1940) 
with Nicotiana obtained good pollen tube growth in water. PATON (94, 1921) 
even states that the germination of pollen of a Lilium species was optimal in 
tap water. Also WELLENSIEK found a good germination of tea (140, 1932) and 
cacao pollen (141, 1938) in water to which stigma secretion or part of a stigma 
had been added. COOPER (33, 1939) with Carica, SCHWARZENBACH (123, 1953) 
with Cyclamen and EHLERS (42, 1951) with several other pollens, while testing 
the influence of certain substances on the germination, used water as a basic 
medium. It should be mentioned, however, that in the latter investigations the 
germination percentages obtained in pure water were often low. 

1.2. Germination in sugar solutions 
Since in many instances water did not give satisfactory germination and 

bursting occurred, sugar solutions with or without agar or gelatine have been 
used in many investigations. The concentration of sugar employed in the 
germination media varies widely. As far as the addition of agar or gelatine is 
concerned, in no case less than 0.5% or more than 2% was added; in most 
cases agar instead of gelatine was used. MOLISCH (86, 1893) and PFUNDT (99, 
1915) have given a list of the sugar concentrations required for the optimal 
germination of a great number of pollens. It is apparent from their data that 
the optimal sugar concentration for germination differs considerably among 
the different pollens. They also observed that quite a number of pollens were 
able to germinate in a very wide range indeed, e.g. MOLISCH reported that 
Deutzia and Lilium species germinated in sugar solutions containing from 1 to 
40 % of sugar. PFUNDT reported that many pollens are able to germinate in 
0 to 40% sugar solutions. It should be noted, however, that both authors 
added 1 % agar or gelatine to their media. 

To give an impression of the varying concentrations of sugar which have 
been employed, a short summary is given of a number of references. The very 
extensive lists MOLISCH and PFUNDT gave of their germination trials will not 
be reported here, except for a few examples. For the sake of brevity the pol
lens are grouped under a sugar concentration range. In cases where more 
than one concentration had been used, the optimal concentration has been 
recorded. 

a) G e rm ina t i on in sugar c oncen t r a t i ons < 1 0 % 

Without agar 
Berberis (128), Cyclamen (128), Fragaria (1), 
Impatiens (13), Lathyrus (125), Lilium (19, 
128), Lupinus (19, 24), Philadelphus (128), 
Pinus (60,125), Plantago (21), Prunus (10, 74), 
Pyrus (1, 8, 10, 72, 74, 84, 137), Rosa (128), 
Salix (128), Tradescantia (125), Tulipa (19, 
128). 

With agar 
Amaryllis (95), Antirrhinum (125), Bryophyl-
lum (125), Carica (36, 133), Cinchona (98), 
Hippeastrum (25), Lilium (95, 96), Melan-
drium (13), Picea (62), Pinus (40, 62), Pyrus 
(124, 134), Vinca (27), Vitis (26). 

Most of the above pollens were germinated in sugar concentrations near 10 %. 

[4] 



b) G e rm ina t i on in sugar c oncen t r a t i ons >10 < 2 0 % 

With agar 
Hevea (39), Nicotiana (41), Pistachia (70,126), 
Prunus (46, 70, 89), Pyrus (70, 89), Vit is (89), 
Zea(9,n, 110). 

Without agar 
Aesculus (13), Antirrhinum (73), Campanula 
(58), Co/fëa (44), Cory/ws (92, 116), Digitalis 
(58), Hypericum (58), Linaria (58), Medicago 
(58), Nicotiana (111), Phoenix (3), Plantago 
(131), PIWMM (60, 74, 93), Pynw (23, 93), 
Raphanus (120), iuftes (1), Antes (58), 7>o-
paeoleum (58), Fi/w (91, 144). 

Most of the above pollens were germinated in concentrations which lie 
nearer to 20% than to 10%. 

c) Ge rm ina t i on in sugar c oncen t r a t i on s >20 < 3 0 % 

Without agar 
Berberis (13), Brassica (120), Corylus (13), 
Forsythia (84), Lathyrus (13, 29), Matthiola 
(139), Pyn« (77), PW/n«/« (13), itora (30), 
5ü»y>u (120). 

With agar 
Beta (68), Lythrum (43), Saccharum (110). 

rf) Ge rm ina t i on in sugar c oncen t r a t i ons > 3 0 % 
Sugar solutions higher than 30 % to which 1 % gelatine or agar had been 

added, were employed by MOLISCH and PFUNDT. For example, optimal ger
mination of Dactylis and Lolium species was obtained in 30-40 % sugar solu
tions. Otherwise, not much use has been made in more recent studies of sugar 
solutions higher than 30 % and if so, no agar or gelatine had been added. BERG 
(13, 1929) and TISCHLER (131, 1917) found optimal germination of Ribes and 
Cornus pollen in 40% sugar solution. TISCHLER found 35 to 50% for some 
Cassia species to be optimal. BRANSCHEIDT (23, 1930) only obtained germina
tion of Cornus, Helleborus and Cannabis pollen in sugar concentrations as high 
as 70-80%; Corylus pollen germinated optimally in 80% sugar solution, while 
35-50% sugar solutions were optimal for pollen tube growth. 

1.3. Germination on solid substrata 
In the above instances the water was taken up by the pollen from aqueous 

media. It has been found by MOLISCH that many pollens are also able to ger
minate on a coverslip in humid air. For some pollens, however, it is not so much 
the ability, but the necessity to germinate under such conditions which must be 
stressed. Their germination can be secured only under conditions of a 'limited' 
water supply. 

For instance, good germination was obtained by JOST (66, 1907) with pollen 
of Arrhenatherum and Dactylis on soaked parchment paper, by ANTHONY et al. 
(6, 1920) with pollen of Hordeum and by FIRBAS (45, 1922) with pollen of 
Triticum and Secale on a coverslip and a limited humidity supply and by RENNER 
(103, 1919) with Oenothera pollen on dried stigma secretion and specific air 
humidity. These pollens did not germinate in sugar solutions with or without 
agar, while most grains burst. Likewise, WALDERDORF (139, 1924) with different 
pollens and KUHN (75, 1937) with Matthiola pollen found a greatly improved 
germination on pre-dried drops of 10% gelatine under specific humidity con
ditions. The sensitivity of these pollens to humidity is demonstrated by the 
fact that the above investigators and also BAIR etal. (9,1941) with Zea pollen 
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observed that a saturated atmosphere was harmful to the pollen. It seems 
likely, that the pollens which are only able to germinate in very high sugar 
concentrations must be classified also as pollens being sensitive to an 'ample' 
water supply. 

2 . THE FUNCTION OF SUGAR IN GERMINATION 

From the foregoing it is evident that the pollen germination depends among 
others on the rate at which water is released from the medium and taken 
up by the pollen, termed by the author as 'the diffusion rate of water'. The 
influence of the diffusion rate of water is especially apparent in those cases 
where germination could be affected under conditions of a limited water supply 
only. It follows also from the fact that the concentration of sugar necessary for 
a good germination varies widely for different pollens. Even assuming that 
the sugar functions as a nutrient, it cannot explain the noted divergence of 
sugar concentrations. It seems logical, therefore, to infer that the sugar, apart 
from its possible nutritive value, is necessary to create a certain osmotic value, 
thus controlling the diffusion rate of water. Also agar and gelatine, though not 
having osmotic properties, impede the movement of water due to their colloidal 
character. 

Since BRINK in 1924 studied and discussed the function of the medium both 
in regard to its osmotic function and its function as a possible source of nutri
tion, these two factors have not had the attention they deserved in later years. 
As a matter of fact no comparatively recent investigation nor an up to date 
review is known to the author in which both these factors have been studied in 
conjunction. For that reason, the literature related to these subjects will be 
reviewed and discussed in some detail. 

2.1. Sugar as an osmotic agent 
Burst ing. - A common and frequently observed feature of pollen cultures 

is the occurrence of bursting of pollen grains and pollen tubes. Since this happens 
often in media not quite adapted to good germination, it is of interest to know to 
what extent bursting depends on osmotic phenomena. 

This question has been answered in the negative by VAN TIEGHEM (130,1869), 
MOLISCH (86, 1893) and LIDFORSS (78, 1896), since no distinct relationship 
between the amount of bursting and the concentration of sugar was found. 
Also WADDINGTON (138, 1929) working with Matthiola pollen states that 
bursting is not influenced by the sugar concentration. This is, however, not 
quite true as it appears from his data that the amount of bursting in the highest 
concentration is 30 % less than in the lower ones. In this connection it may be 
noted that KUHN (75, 1937) showed that sugar solutions are not very suitable 
media for Matthiola pollen (see p. 5). Most pollen grains burst in any sugar 
concentration, though less bursting occurs in the higher concentrations. That 
bursting is positively related to the diffusion rate of water, expecially for those 
pollens which are sensitive to an ample water supply, has been shown by 
ANTHONY et al. (6, 1920), KUHN (75, 1937), RENNER (103, 1919), SCHOCH-
BODMER (116, 1936) and WALDERDORF (139, 1924). They noted much less 
bursting when the pollen was germinated on solid substrata under specific 
conditions of air humidity instead of in sugar solutions. Moreover, these 
investigators and others (9,120) also found that bursting is inversely related to 
the osmotic value of the medium. That is to say, the amount of bursting de-
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creases with increasing osmotic value of the medium. The greatest amount of 
bursting is to be found in water or saturated air, although under the latter 
conditions usually less bursting occurs than in water. 

Ge rmina t ion . - There is plenty of evidence that the percentage of pollen 
germination is also related to the osmotic properties of the medium. It follows 
from the experiments of many authors (1, 75, 84, 107, 120, 132, 138, 139) that 
the relationship between the percentage of germination and osmotic value can 
be approximated by an optimum curve. The same holds true for the pollen 
tube growth (1, 75, 84, 116). It can be derived from the findings of ADAMS (1, 
1916), BRINK (26, 1924), KUHN (75, 1937), MARTIN et al. (84, 1918), PFUNDT 
(99, 1915) and others that the 'optimum for germination' of many pollens is 
rather broad: viz., a high germination percentage and long tubes could be 
obtained in a comparatively wide range of sugar concentrations. 

The results of several authors show that the germination percentage was 
higher and the tubes longer within the same period of time as the sugar con
centration was lower. Or, in other words, the rates of germination and tube 
growth increase as the osmotic pressure of the medium decreases. The relation 
between germination rate and osmotic pressure is also stressed by the findings 
of SCHOCH-BODMER (116, 1936) with Cory lus pollen. She found that the period 
of time which elapsed before the germination started became shorter as the 
osmotic pressure was lower. Therefore, when both the percentage and rate of 
germination and the amount and rate of tube growth are considered it appears 
that a specific optimum (sugar concentration) for germination exists. The fact 
that in many instances water or relatively low sugar concentration are not found 
to be optimal for germination, is due to the bursting of grains and tubes under 
such conditions. 

Agar or gelatine serves the same purpose as sugar, but the diffusion of water 
is in this instance restricted by the colloidal nature of these substances. This 
follows from experiments by ESSER (43,1953), JOHNSON (62,1943), KING et al. 
(70, 1938), KUHN (75, 1937), MOLISCH (86, 1893) and TISCHLER (131, 1917). 
They found that the addition of agar or gelatine to sugar solutions reduced the 
occurrence of bursting and improved the germination. For instance, TISCHLER 
showed that pollens of some Cassia species germinated readily in 2 % agar 
media with, but also without sugar. Without agar, on the other hand, the sugar 
concentration had to be as high as 35 to 50% before bursting had decreased 
and germination was satisfactory. 

2.2. Sugar as a nutrient 
In nearly all references concerning the growth of pollen tubes either in vitro 

or in vivo it has been alleged that if the pollen tube is to attain a considerable 
length an outward source of nutrition must be present. On account of numerous 
experiments in which good germination was obtained in sugar solutions, it 
seems likely that if any major nutrient is involved it will be sugar. In those 
instances where germination media were made up with sugar, the sugar employed 
was in the majority of the experiments saccharose. 

2.2.1. Ge rm ina t i on in vitro 
1) The fact that pollen tubes of Pinus (83, 86, 131), Picea (131), Nymphéa 

(131) and Zamia (52) when growing in sugar solutions showed a visible accu
mulation of starch grains or showed starch that formerly had not been present, 

[ 7 ] 



has led the respective investigators to believe that intake of sugar took place. 
The more so, as MOLISCH (86,1893) found that this phenomenon did not happen 
in saturated air. Likewise, from the observation that pollen tubes lose their 
starch more rapidly and grow less in water than in sugar solutions, BODMER 
(20,1921) and others derive that sugar serves as a nutrient. 

These phenomena with respect to starch, however, cannot be regarded as 
conclusive evidence. They may just as well be seen as an adaption of the met
abolism of the pollens to their respective media because of differences in 
water supply. This view is substantiated by the fact that RENNER (103, 1919) 
and BODMER (20, 1921) observed that the presence of starch in resting pollen 
grains is related to the humidity conditions: the more humid the environment, 
the quicker starch disappears. It is also worthy of note that many investigators 
(21, 30, 84, 86, 103, 131) observed that resting pollen loses its starch with 
increasing age rather quickly. The 'starch pollens', however, did not germinate 
any better than pollens in which starch was no longer present (21, 103, 131). 
It may be further noted that some of the evidence is not consistent. Namely, 
TISCHLER (131, 1917), in contrast with the findings of BODMER, found that 
Plantago pollen germinated just as well in distilled water as in sugar solutions, 
while even the long tubes grown in water were not devoid of starch. 

GREEN (53, 1894) also believed in the nutritive value of sugar, among others 
based on the observation that the enzyme activity of some pollens was found 
to be much higher in sugar solutions than in water. The author, though, would 
like to point out that the lesser enzyme activity of the pollen germinating in 
water may well be due to bursting. 

2) The fact that many pollens will germinate and produce long tubes in sugar 
solutions of widely different concentrations suggested to BRINK (26, 1924) the 
conclusion 'that the cell membrane of the pollen grain and its tube become 
permeable to sugar and that the final result as far as osmotic pressure is con
cerned is the same as though the surrounding medium were water'. This 
statement is obviously founded on a half truth. The observation that pollens 
may germinate in varying concentrations of sugar is quite true, but not complete. 
It appeared namely in the foregoing (p. 7) that both the amount and the rate 
of germination and pollen tube growth are correlated with the osmotic value 
of the medium. And this dependency of the germination and growth rate on 
osmotic forces points rather to the impermeability of the cell membrane for 
sugar. For indeed, if sugar was taken up, thus adding to the original osmotic 
force of the cell sap, the growth rate would rather be constant instead of de
crease with increasing sugar concentration. Moreover, many other pollens 
germinated much better on solid substrata containing no sugar than in sugar 
solutions, while the same behaviour with respect to osmotic forces was observed. 

BRINK'S observations (27, 1924) on the growth of pollen tubes of Vinca in 
sugar-agar media may be regarded as presumptive evidence in favour of non-
nutrition. He noted that the tubes ceased to grow as soon as their reserves (fat) 
were exhausted, the maximum length attained by the tubes often being 5 mm 
or more. BRINK asserts that under conditions of culture in vitro, the potential 
length of the tube and the amount of food material initially present in the pollen 
grain seem to be causally related. 

3) The fact that pollen tubes of a number of pollens when cultivated in sugar 
or in sugar-agar media have been found to become as long as or longer than 
the style which they would have had to transverse in nature, has been brought 
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forward by some authors (25, 117) as a strong indication in favour of the 
nutrition of the pollen tube. The following pollens were found to produce 
tubes in vitro of a sufficient length to reach the ovulum: Chionodoxa (27), 
Gagea (42), Hippeastrum (27, 66), Impatiens (14), Muscari (27), Pachyphytum 
(42), Puschkinia (27), Pyrus (72), Ribes (42), Rumex (20), Scilla (27), Sedum 
(42), Vinca (17, 25) and Vitis (22). 

Again it can be said that these observations do not show that the sugar has 
been actually used for nutrition. It may well be that the presence of sugar is 
only essential for creating favourable osmotic conditions for germination. In 
Ijiis connection it must be noted that many pollens may germinate readily and 
produce tubes of considerable length in pure water or on substrata which do 
not contain sugar. For instance, MARTIN et al. (84, 1918) found that apple 
pollen germinated exceedingly well on a membrane soaked in water and pro
duced tubes which were 2 mm long. No increase in growth was observed when 
the membrane was soaked in sugar solution instead of in water. Thus it follows, 
that the reserve materials of many pollens are sufficient to support an appre
ciable amount of growth. Actually positive evidence that pollens belonging to 
different genera may attain tubes of a length sufficient to affect fertilization 
without an outward source of nutrition has been recently forwarded by EHLERS 
(42, 1951). He found this to be the case for pollen of Convallaria, Echeveria, 
Genista, Impatiens (7 species), Scilla, Tradescantia (2 species), Vicia (2 species), 
Vinca and Xanthosoma. All these pollens were cultivated in destilled water to 
which only 10 or sometimes 100 ppm boric acid had been added. The presence 
of boron appeared to be essential, since without boron the tube growth in 
water was generally very much less. The addition of sugar, on the other hand, 
did not increase the average or maximum growth of tubes of the above pollens 
significantly. The tubes of some other pollens attained a sufficient length only 
on sugar-agar media. Nevertheless, EHLERS does not believe on account of 
several observations that in those cases the sugar serves as a nutrient. 

2.2.2. Ge rm ina t i on in vivo 
1) CORRENS (34, 1889) tried to answer the question whether Primula pollen 

was nourished by the style with the aid of a calculation. He concluded from the 
calculated amount of reserves that without additional nutrition the thickness of 
the tube wall of small grains after the tube has reached the ovulum of long 
styled flowers would be thinner than can be realised in nature. EHLERS (42, 
1951), however, on account of his own investigations, points out that the 
estimation of the swelling of the membrane by CORRENS is too low. In this 
connection it is worthy of note that SCHOCH-BODMER (116, 1936) observed that 
the intine is able to swell to a large extent. 

2) BRINK (25, 1924) considers the fact that several authors (4, 31, 37, 52, 71) 
have found that the conducting tissue of the style contains amyloid materials, 
sugar and probably other carbohydrates as part of the evidence that the pollen 
grain derives nutrition from the style in the form of readily diffusible sugars. 
The same view is also held by GESSNER (49, 1948) following the observation 
that the gymnostemium of orchids contains abundant amounts of reserves. 
Although these findings may imply nutrition of the pollen tube, they can by no 
means be regarded as positive proof. 

3) From pollination experiments with self sterile Petunia's STRAUB (127,1947) 
concludes that the pollen is nourished by the conducting tissue. He observed 
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that the pollen tube growth after cross pollination preceded by self-pollination 
was normal, while the growth appeared to be inhibited when cross-pollination 
was preceded by cross-pollination. He assumed that cross-pollination leads to 
a quicker exhaustion of nutrient materials in the style than self-pollination. 
This hypothesis, however, cannot be regarded as conclusive evidence for nutri
tion, since the assumption of another mechanism could interpret these findings 
as well. Especially so, as nothing much is known about the chemical and phy
siological background of these phenomena. 

4) SCHOCH-BODMER (117, 1945 ; 118, 1947) founded her belief in the nutrition 
of the pollen on phenomena connected with the growth of pollen tubes in the 
style of Lythrum salicaria. She observed that the tubes penetrate into the thick 
collenchyma walls of the conducting cells and dissolve this collenchyma during 
their growth. She presumes this to be due to the action of pectinase, an enzyme 
which has been found to be present in several pollens by PATON (94, 1921). It 
was also found that, though in some instances all pollen tubes together occupy 
as much as 40 % of the volume of the conducting tissue, no increase of the 
style circumference could be measured. From these observations and from the 
fact that the conducting cells neighbouring the tubes were found to shrivel, she 
concludes that the pollen grain derives nourishment from the stylar tissue in 
the form of water, mineral salts and sugar. 

Again the author cannot agree with SCHOCH-BODMER that the outcome of 
her experiments justify such positive conclusions, since no direct evidence is 
given that the dissolved materials, like pectin, are in fact taken up. For one 
thing the shriveling of the conducting cells may be exclusively due to loss of 
water necessary for the growth of the pollen tubes. The more so, as several in
vestigators (103, 131, 139) have shown for a number of pollens, including 
Lythrum salicaria, that the osmotic pressure at which the pollen germinates 
readily, exceeds the osmotic pressure at which the cells of the style show plas-
molysis. 

5) Evidence pointing to a non-nutrition of the pollen tube has been forwarded 
by EHLERS (42, 1951). He observed that undernourished pollen of Amaryllis 
(presumably pollen from undernourished plants) produced pollen tubes in the 
style which were in several instances significantly shorter than those of normal 
pollen. Pollen tubes of Tradescantia pollen after having transversed different 
lengths of style and having completed their subsequent growth in vitro were 
found to attain the same maximal length. Since in both cases the maximum 
length reached by the tube is not affected by the style it seems very likely that 
the growth of the pollen tube depends exclusively on its own resources. 

6) The non-nutrition of pollen tubes in vivo may be also derived from obser
vations made by SCHWANITZ (120, 1942; 121, 1949; 122, 1950). He found that 
the 'colchicine-made' tetraploid forms of species of Brassica, Sinapis, Rumex, 
Raphanus and some other species were less fertile than the original diploid 
plants. According to SCHWANITZ the lesser metabolism (due to a relatively 
smaller size of the cell nuclei) of the tetraploid plants causes a poorer supply 
with reserve materials to the pollen. This circumstance is probably responsible 
for the poor vitality and decreased ability of the diploid pollen grains to affect 
fertilization. The observations made by ESSER (43, 1953) on the germination of 
Lythrum pollen can be likewise regarded, albeit on opposite grounds, as pointing 
to the non-nutrition of the pollen tube. He ascertained that in incompatible 
crossings diploid pollen tubes grew further into the style than haploid pollen 
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tubes (diploid pollen grains are larger than haploid ones). He also observed 
that the pollen tubes of the bigger haploid grains attained a greater length than 
those of the smaller grains. Since the diploid grains have a larger stock of 
reserves ESSER presumes that this accounts for the greater length of their tubes 
in incompatible crossings. 

3 . DISCUSSION 

A. From the first part of the review it follows that the requirements of 
pollens with regard to their germination medium are very variable. Some 
pollen species are able to germinate well under conditions of an ample water 
supply, others can only germinate when the availability of water is restricted. 

As a rule, the germination rate and the growth rate of the tubes appear to be 
positively correlated, because both increase with increasing diffusion rate of 
water (function of the osmotic and/or colloidal value of the medium). The 
bursting of pollen grains (or tubes) also increases with increasing diffusion rate 
of water. Because of this latter relationship the optimum for germination must 
be denned as that diffusion rate of water (osmotic/colloidal value) at which 
maximal germination is obtained within the shortest possible time and without 
the occurrence of bursting. 

B. In this connection it is of interest to consider somewhat more closely the 
function which the osmotic pressure has in germination. SCHOCH-BODMER (116, 
1936) concluded that the turgor pressure — as a function of the osmotic pressure 
— is largely responsible for the protrusion (germination in the strict sense) of 
the pollen tubes. The turgor pressure not only plays an important role in the 
rate of their subsequent growth, but may also affect their length. Whenever, as 
a consequence of a too high diffusion rate of water, more water is taken up 
than can be used for growth, small or no tubes will be formed, because bursting 
will occur due to a too high turgor pressure. The maximal diffusion rate of 
water (minimal osmotic pressure) at which good tube growth can be obtained 
depends on the maximum rate at which essentials for growth can be mobilised. 
At lower diffusion rates, if not too low, the rate of germination and tube growth 
will slow down in proportion to the diffusion rate of water. 

The omittance of this latter feature in many experiments explains why so 
many pollens have been alleged to have a broad optimum. Namely, though 
the rate of germination decreases with decreasing osmotic pressure, maximal 
germination may be found within rather wide limits, if sufficient time for 
germination is allowed. A similar explanation holds true for the noted absence 
of a relationship between bursting and sugar concentration. It may be assumed 
that any factor that causes the arresting of the growth of pollen tubes at a 
certain moment, would automatically lead to bursting, since the water intake 
goes on. The time needed to reach the limit of tube growth will be longer and 
consequently bursting will occur later as the sugar concentration is higher. 
Therefore, if one waits too long with one's observations one may find that most 
tubes have burst, irrespective of the sugar concentration. 

C. Eventually, it must be mentioned that many pollens can apparently adapt 
themselves to a wide range of osmotic pressures, while other pollens produce 
tubes only under conditions of a specific and limited 'water supply'. Presumably 
the turgor pressures the cell walls of the latter group of pollens are able to 
maintain are rather low. 

D. From the second part of the survey it follows that none of the observations 
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with regard to exogenous nutrition of the pollen tube can be regarded as valid 
proof. On the other hand, both positive and good presumptive evidence has 
been brought forward in favour of non-exogenous-nutrition of the pollen tube. 
F rom this evidence it may be concluded that the growth of the tube of many 
different pollens, whether cultivated in vivo or in vitro, is independent of the 
presence of nutrients in the medium in the form of sugars. In those cases where 
sugar is required for optimal polJen germination it seems obvious that, on 
account of the relationship between the diffusion rate of water and germination, 
only its 'water-regulating' properties are involved. Since the evidence pointing 
to a non-nutrition of pollen concerns a considerable number of pollens be
longing to different genera of various families, it is likely that in genera) the 
pollen tube is exclusively built up from the reserves of the pollen grain. 

CHAPTER III 

POLLEN G E R M I N A T I O N A N D FRUIT SET OF PEAR A N D APPLE 

AS AFFECTED BY BORON APPLICATION 

1. LITERATURE 

SCHMUCKER (113,1932) has been the first to discover the significance of boron 
in germination experiments. He observed that Nymphéa pollen germinated 
readily in the secretion of the stigma (containing 1 % glucose), but not in a 
pure glucose solution. He found this to be due to the fact that the secretion 
contained approximately 10 ppm B 2 0 3 (113, 114). In 1935 SCHMUCKER (115) 
investigated the influence of boron on the germination of pollen of 40 plant 
species and found that pollen of 14 species showed a marked increase of 
germination percentage and pollen tube growth, while less or no bursting 
occurred in the presence of boric acid. A few years later BOBKO and ZERLING 
(19, 1938) ascertained the promoting influence of boric acid on the germination 
percentage and the growth of tubes of pollen of 25 different species. BLAHA 
(16, 1939) observed the same effect in germination trials with pollen of 85 
varieties of Prunus species (domestica, insititia and avium) and 55 varieties of 
Pyrus communis. 

Since then, many investigators have observed that small amounts of boric 
acid or other boron compounds added to the germination medium greatly 
improved the germination and diminished the amount of bursting of numerous 
pollens: COOPER (33, 1941), VASSILIEV (135, 1941), K U H N (76, 1943), ADDICOTT 

(2, 1943), ÖSTLIND (92, 1945), H U A N G (66, 1948), MOEWUS (85, 1950), BATJER 

and THOMPSON (10,1950), EHLERS (42,1951), VISSER (137, 1951), CALVINO (30, 

1951), G Ä R T E L ( 4 7 , 1952), ESSER(43 , 1953), K A T O ( 6 8 , 1953) and REMY (102,1953). 

The concentrat 'on required for optimal germination was for the majority 
of pollens 10 ppm, in some cases between 50 and 100 ppm was found to b e 
necessary, while a minority of pollens requires less than 10 ppm boric acid. 
There is no doubt that the influence of boric acid is not due to its acidity, since 
e.g. borax is just as effective (19, 42, 115, 135). Moreover, the small amount 
usually required for optimal germination scarcely lowers the p H (115, 92). 

The germination of some hundreds of pollens belonging to the following 
genera was found to be improved upon addition of boric acid or other boron 
compounds : 
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Allium (60), Aloë (115), Batrachium {\\5), Beta (68), Brassica (120), Bulbine 
(115), Campanula (19), Carica (33), Chelidonium (115), Corylus (92), Cucumis 
(19), Dicentra (115), Digitalis (19), Echeveria (42), Eschscholtzia (19), Euphea 
(19), Fabiana (115), Forsythia (85), Gagea (42), Galanthus (42), Genista (42), 
Ginkgo (60), Impatiens (42, 115), Lilium (19, 60), Lupinus (19), Lycopersicum 
(19, 76, 135), Lythrum (43), Mesembrianthemum (115), M///a (2), Mimulus (19), 
Narcissus (19), Nicotiana (19), Nymphéa (113, 114), Papaver (19, 42), Petunia 
(19, 115), P/ne/Z/a (115), Anus (60), Pnmw/a (19), P /WHS (10, 16, 60, 92, 102), 
Pyn/s (7, 10, 16, 92, 137), /tara (30), Saintpaulia (115), Sempervivum (115), 
Sinapis (120), Solanum (19), Tradescantia (42), Tropaeoleum (2), Tulipa (19), 
Fi'c/a (19), Fwca (42), Kifw (47), Xanthosoma (42). 

From the foregoing it appears that the germination of many pollens increases 
in the presence of boron. The germination of other pollens is apparently not 
so affected, since many investigators obtained an excellent germination of 
numerous pollens without boron. 

In the literature almost no reference has been made to the factors on which 
the sensitivity of pollen to boron /'« w7ro may depend. The present study was 
undertaken to ascertain what conditions determine the sensitivity of the pollen 
to boron. It was also tried to answer the question, whether and to what extent 
the degree of'boron sensitivity' of the pollen is correlated with boron 'deficiency' 
(level) of the plant as determined by its fruit set. 

2. THE INFLUENCE OF BORON AND SUGAR SUPPLY TO THE PLANT 
ON POLLEN GERMINATION 

The fact that many pollens were found to be sensitive to boron and other 
pollens appear not to be affected by boron, is possibly explained on account of dif
ferences occurring in the boron levels of the plants grown in different places and/ 
or seasons. Also differences in the germination techniques may be responsible 
for the lack of uniformity with regard to the response of the pollen to boron. 

In order to find out if and to what extent the germination is affected by these 
two factors, the germination of pear pollen harvested from branches treated with 
boric acid solutions has been investigated. Since it has been found that boron 
may influence the carbohydrate metabolism (48, 56, 64) of plants, also sugar 
solutions have been supplied either alone or in combination with boric acid. 
Pears were chosen for these experiments, since their pollens - as is demonstrated 
by photo 1 - may be very sensitive to boron. 

2.1. Experiments with pear pollen originating from cut branches 
Material and methods. - Branches of Précoce de Trévoux and Clapp's Favourite 

were cut off at the end of February and put in glass jars with different concentrations (0, 1, 5, 
10, 20 ppm) of boric acid in distilled water and 10 ppm superol. Superol (sulfa-oxy-chinoline) 
has been found to improve the growth of young seedlings of tomato and Petunia cultivated 
in nutrient solution (136). This is probably due to the prevention of contamination of the 
solution. The jars were placed in a glasshouse (16°-24° C). In the experiments with Précoce 
4% of sugar had been added to all solutions, except to the control (water). In the experiment 
with Clapp's Favourite solutions both with and without 4 % sugar were used. The solutions 
were renewed every 4-5 days. The unit of experiment consisted of 3 branches, each with 7-12 
flower buds, per jar. The experiment with Clapp's was carried out in singular, that with Pré
coce in duplicate. In this latter experiment the one set of jars (I) was standing slightly warmer 
than the other (II) and consequently flowered 1-2 days earlier. Although the flower buds were 
in a stage of imposed dormancy at the time the branches were cut, they already flowered after 
approximately 3 weeks in the glasshouse. At that time the stamens were collected, dried at 
room temperature and stored at 4° C and 10% relative humidity. 
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In these experiments as well as in all the following ones the germination of the pollen was 
tested by means of a 'hanging-drop culture' in a Van Tieghem cell (130). The germination 
took place in distilled water with or without a certain percentage of sugar (which was in all 
experiments saccharose) at a temperature of 23° C. These media were slightly acid (pH: 
6.5-6.7). The germination percentage was determined as the mean of the germination per
centages found in 6 drops, in each of which 100 pollen grains were counted. Drops of about 
the same volume with approximately the same number of pollen grains were used in all 
experiments. Only grains which produced tubes longer than J x grain diameter were recorded 
as having germinated. 

Results. - The data obtained with Précoce and Clapp's pollen are recorded 
in table 1 and 2 respectively. 

TABLE 1 
The effect of boron and sugar supply to cut branches of Précoce de Trévoux on the germi
nation of pollen in 10% sugar solution with and without 30 ppm H3B03; germination time 
3J hours. t 
% PT>5D = % tubes longer than 5X gRin diameter; 
S = 4% sugar; 1 B, 5 B, 10 B, 20 B = 1,5, 10 and 20 ppm H3B03 respectively; 
*) difference with the control (H20) significant (P = 0.01). 

1 

Treatment 
of branches 

H 2 0 . . . . 
S 

S + I B . . 
S + 5 B . . 
S + 10B . . 
S + 2 0 B . . 

2 3 4 5 

Germination in 
10% sugar 

% germination 

I 

4.3 
3.8 

3.5 
8.2* 
6.5 
3.7 

II 

0.3 
0.2 

1.0 
1.2* 
1.0 
1.3 

% P T > 5 D 

I 

31 
30 

39 
59* 
28 
14 

II 

0 
0 

0 
0 
0 
0 

6 7 8 9 

Germination in 
10% sugar+30 ppm H 3B0 3 

% germination 

I 

61.8 
77.7* 

78.0* 
78.8* 
73.7 
67.7 

II 

61.7 
69.5 

75.8* 
77.0* 
59.2 
50.2* 

% P T > 5 D 

I 

89 
91 

89 
93 
92 
88 

II 

75 
86 

91 
94* 
71 
53* 

TABLE 2 
The effect of boron and sugar supply to cut branches of Clapp's Favourite on the germi
nation of the pollen in 10% sugar solution with and without 30 ppm H3B03; germination 
time 3 | hours. 
All differences with the control (H20) were significant (P = 0.01). 
Abbreviations as in table 1. 

1 

Treatment 
of branches 

H 2 0 
S 

I B 
5 B 

10 B 
20 B 

S + I B . . . 
S + 5 B . . . 
S + 10B . . . 
S + 2 0 B . . . 

2 3 

Germination in 
10% sugar 

% germination 

5.3 
10.5 

14.3 
15.0 
13.8 
14.5 

10.2 
11.3 
13.0 
10.8 

% P T > 5 D 

0 
3 

15 
33 
18 
7 

12 
23 
12 
8 

4 5 

Germination in 
10% sugar+30 ppm H 3B0 3 

% germination 

12.7 
42.5 

46.2 
57.2 
58.7 
43.0 

49.8 
59.2 
79.1 
44.8 

% P T > 5 D 

2 
58 

70 
76 
70 
65 

64 
87 
96 
70 
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From the tables it can be derived : 
1) The germination and tube growth of Précoce in sugar solutions without 

boron (table 1, columns 2, 3, 4) appear to have been stimulated by sugar and 
boron uptake in one instance only (S+5 B) ; pollen of Clapp's (table 2, columns 
2, 3) profited by the sugar and/or boron supply to the branches in all instances. 
However, the germination is on the whole rather poor under these conditions. 

2) The germination of Précoce (sample I) in sugar solution with boron 
improved significantly upon sugar supply alone (column 6); the germination 
of sample II only improved significantly after the supply of both sugar and 
boron (column 7). The influence of the supplied solutions on the tube growth 
is small. 

The germination and tube growth of Clapp's pollen markedly increase after 
supply of sugar and boron to the branches, either alone or in combination 
(table 2, columns 4, 5). For instance, the pollen from branches supplied with 
a low concentration of boron (IB) only, germinates as well as the pollen of 
branches supplied with sugar only (S). The germination is very much better in 
both instances (46.2 % and 42.5 % respectively) than that of the control (12.7 %). 
The best germination (79.1 %) is obtained with pollen originating from branches 
supplied both with sugar and boric acid (S+10B). 

It may be further noted that, apart from the 'control' pollen, no bursting 
occurred in the sugar solution with boron, while many pollen tubes were longer 
than 20 D after 3 | hours of germination in both varieties. The addition of boric 
acid concentrations higher than 10 ppm to the solution taken up by the branches 
proved to be harmful to the vitality of the pollen. 

2.2. Experiments with pear pollen originating from branches attached to the tree 
Material and methods. - In contrast with the foregoing experiments the solutions 

were not taken up by branches cut from the tree, but they were supplied to the branches on 
the tree in the orchard. This was done by giving the branch at its basal end a long cut in an 
upward direction. The thus loosened strip was put in a bottle containing the solution (see 
photo 2). 

The experiment was carried out on branches of 4 pear varieties between the 18th and 
20th March of 1954 when the buds began to show some activity. Solutions of 0, 1, 10, 100 
and 1000 or 2000 ppm boric acid in distilled water with or without 4 % sugar were supplied 
to the branches. Since the bottles contained 50 ml of the solution and were not refilled, the 
respective amounts of boric acid supplied per branch were 0, 0.05, 0.5, 5, 50 or 100 mg. The 
solutions were completely taken up by the branches within 24 hours. The loosened strips of 
wood were fastened and coated after the removal of the bottles ; the wounds were almost 
healed at flowering time. 

The unit of experiment was one branch with 30-60 flowerbuds. The respective treatments 
were carried out on seperate branches (of approximately equal vigour, length and diameter) 
of one tree. The pear varieties used were Précoce de Trévoux, Conference, Beurré d'Anjou, 
Doyenné du Comice. The trees flowered at the end of April at which time the pollen was 
collected, dried at room temperature and stored. 

R e s u l t s . - A . Branches suppl ied with bor ic acid only. - The ger
mination percentages of pollen originating from branches supplied with dif
ferent concentrations (amounts) of boric acid are presented in figure 1, page 16. 

From the germination percentages summarized in this figure it can be derived 
that: 

The percentage of germination of pollen of Précoce, Conference and Anjou 
in sugar solution without boric acid is positively correlated with the amount of 
boron supplied to the branches in most instances. The germination percentage 
of Doyenné pollen is equally high, irrespective of the treatment of the branches. 
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FIGURE 1. 
The effect of boron supply to 
branches of pear trees on the 
germination of their pollen in 
10% sugar solution with and 
without 30ppm H8B03; ger
mination time 3J hours. 

germination in medium 
without H,B03, 
germination in medium 
with H3B03. 

W° 10' 10* 103 

H3B03 (ppm) concentration supplied to the branches 

The percentage of germination of the pollen of 3 varieties obtained in 10% 
sugar solution with boric acid appears to be little affected by the amount of 
boron taken up by the branches. Hence, the vitality of the above pollens is 
approximately the same, irrespective of the pretreatment of the branches. The 
vitality of the Anjou pollen is apparently related to the supplied amount of 
boron. 

It can be further remarked that the length the pollen tubes attain in sugar 
solution without boron is also directly related to the amount of boron taken up 
by the branches ; this holds true for 3 tested varieties. For example, the percent
ages of tubes longer than 5D of pollen originating from branches with 0, 10, 
100 and 1000 ppm boric acid respectively were : for Précoce 45,47, 63 and 81 % ; 
for Conference 61, 70, 77 and 100% respectively. The percentages of burst 
grains and tubes decrease in both cases with increasing concentration of 
H3BO3 supplied to the branches. The percentage of burst Doyenné and Anjou 
pollen is small in all cases ; the pollen tubes are longer than those of the other 
2 varieties. The pollen tubes grown in sugar solution with boron were of ap
proximately equal length, irrespective of the pretreatment of the branches; 
no bursting occurred. 

The germination of the pollen from the control branches (with water) and 
that of pollen from the branches supplied with 1000 ppm boric acid has also 
been tested in water with and without boric acid. 

From table 3 it can be noted that: 
The germination percentage of pollen from branches supplied with 1000 ppm 

boric acid in water without boron is in all instances (columns 3, 5, 7, 9) higher 
than that of pollen from branches supplied with water only (columns 2,4, 6, 8). 
The germination percentage of the '1000 B pollen' in water with boron is for 
Conference and Anjou twice as high as that of the '0B pollen'. The differences 
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TABLE 3 
The effect of boron supply to branches of pear trees on the germination of their pollen in 
water without and with 30 ppm H3B03 ; germination time 3 | hours. 
0 B, 30 B, 1000 B = 0, 30 and 1000 ppm H3B03 respectively. 

1 

% 
Germination 

medium 

water+ 0 B 
water+30 B 

2 3 4 5 6 7 8 9 

Variety and % germination of pollen of branches supplied with 

Conference 

0 B 

5.5 
9.9 

1000 B 

14.0 
19.6 

Précoce 

OB 

3.0 
24.3 

1000 B 

6.0 
22.8 

Anjou 

OB 

18.4 
27.2 

1000 B 

36.9 
56.7 

Doyenné 

OB 

22.5 
58.0 

1000 B 

34.2 
51.5 

for the other 2 varieties are insignificant. The tubes of Anjou and Doyenné 
(1000 B) were fairly long, also in water without boron. 

The germination of all pollen is stimulated by boron in the medium, but the 
'degree of boron sensitivity' (ratio of the germination percentages obtained with 
and without boron respectively) of the control pollen, except Anjou, is much 
higher than that of the 1000 B pollen. 

It is of interest to note that the germination of the 1000 B pollen in water is 
markedly affected by the adding of boron in contrast with its germination in 
10% sugar solution (compare figure 1). 

B. B r a n c h e s s u p p l i e d w i t h b o r i c a c i d and s u g a r . - The germi
nation of pollen from branches supplied with solutions containing both boric 
acid and 4% sugar was compared with the germination of pollen from branches 
with boric acid only. 

TABLE 4 
The effect of boron and sugar supply to branches of pear trees on the germination of their 
pollen in water or 10% sugar solution without and with 30 ppm H3B03; germination time 
3£ hours. 
0 B, 10 B, 30 B, 100 B = 0, 10, 30 and 100 ppm H3B03 respectively; -S and +S = no sugar 
or 4 % sugar supplied to the branches. 

1 

Variety 

Précoce de 
Trévoux 

Conference 

Doyenné 
du Comice 

2 

Germination 
medium 

water+ 0 B 
water+ 30 B 
10% sugar + OB 
10% sugar + 30 B 

water + 0 B 
water+30 B 
10% sugar+ OB 
10% sugar+30 B 

water + 0 B 
water+30 B 
10% sugar + OB 
10% sugar+30 B 

3 4 5 6 7 8 

Germination percentage of pollen from branches 
supplied with 

0 B - S 

3.0 
24.3 
21.3 
77.6 

5.5 
9.9 

27.3 
69.6 

22.5 
58.0 
79.3 
82.0 

0 B + S 

2.5 
19.7 
15.3 
70.8 

7.0 
11.3 
27.7 
84.0 

36.4 
52.0 
78.0 
81.0 

1 0 B - S 

4.3 
17.0 
22.0 
84.8 

5.2 
20.0 
39.7 
84.6 

10B + S 

6.3 
22.0 
17.3 
82.7 

2.3 
18.1 
42.3 
80.3 

100 B - S 

7.3 
18.2 
27.7 
85.5 

7.8 
18.8 
67.0 
81.6 

23.0 
50.6 
76.5 
79.5 

100 B + S 

8.3 
22.8 
34.0 
88.5 

7.7 
24.4 
68.0 
81.0 

38.4 
60.2 
80.7 
80.0 
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Table 4 shows that the germination percentage of pollen from branches +S 
(columns 4, 6, 8) is in 18 instances slightly higher and in the other 14 cases 
slightly lower than the germination percentage of pollen from branches -S 
(columns 3, 5, 7). These results imply that the supply of sugar, either alone or 
in combination with boron, to the branches had no significant effect on the 
germinability of the pollen. The data also demonstrate the influence of the 
composition of the germination medium on the germination. 

3. THE INFLUENCE OF BORON SPRAYS ON THE FRUIT SET AS RELATED 
TO THE BORON SENSITIVITY OF THE POLLEN 

When a pollen is found to be sensitive to boron in vitro, the question arises 
whether this phenomenon is a symptom of boron deficiency of the pollen as 
related to boron deficiency of the plant itself. Part of this question has been 
answered in the foregoing in which it was shown that a certain relationship 
exists between the degree of boron sensitivity of the pollen and the (artificially 
raised) boron level of the plant. Whether a correlation exists between the boron 
sensitivity of the pollen and actual boron deficiency of the plant as determined 
e.g. by its fruit set is not known. The author, therefore, investigated on the one 
hand the effect of boron sprays during bloom on the subsequent fruit set of 
apple and pear and on the other hand the degree of boron sensitivity of pollen 
originating from the treated trees, but collected before spraying. In this way it 
could be ascertained whether the degree of boron sensitivity of the pollen can 
serve as an indirect measure for the degree of boron 'deficiency' of the plant as 
indicated by the fruit set. 

3.1. Experiments with apple and pear in 1953. 
Material and methods. - Preliminary experiments were carried out with several pear 

and apple varieties in 1953. The unit of experiment consisted of the flower cluster thinned to 
2 (apple) or 3 (pear) flowers which were emasculated and pollinated by hand just before they 
opened. The flowers were sprayed only once with water, water+70 ppm, water+140 ppm 
boric acid respectively immediately after pollination. Approximately 40 clusters were used 
per treatment per variety. 

The experiments were carried out in an orchard at Wageningen (No. VI) and at Noord-
broek in Groningen (No. VIII). In the former orchard 5 pear varieties were treated: Comtesse 
de Paris, Zwijndrechtse Wijnpeer, Clapp's Favourite, Doyenné du Comice, Sucré de Mont-
luçon and 3 apple varieties: Yellow Transparent, James Grieve, Belle de Boskoop. The pears 
were cross-pollinated with one of the following pear pollens : Précoce de Trévoux, Doyenné 
du Comice, Comtesse de Paris, the apples with either James Grieve or Yellow Transparent. 
In the latter orchard 3 apple varieties were treated: Groninger Kroon, Zoete Kroon, Bram-
ley's Seedling; they were pollinated by pollen of Sterreinette. 

Results. - From germination experiments with pollen from the treated trees 
(of non-sprayed branches) and with pollen used for pollination, it can be 
derived that : 

The germination percentage of the pear pollen determined in 10% sugar 
solution+30 ppm boric acid was much higher than that obtained in sugar 
solution without boric acid in most cases. The germination of the apple pollen 
in sugar solution was not affected by the presence of boron. The germination 
in water, however, could be considerably improved when 30 ppm boric acid 
was added. 

The pollination experiments in orchard VI at Wageningen partly failed due 
to severe night frost after the fruit set. For that reason only the fruit set after 
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the first drop could be recorded. No night frost occurred in orchard VIII at 
Noordbroek; the set of mature fruits was recorded. The results are summarized 
in table 5. 

TABLE 5 
The effect of boron sprays on the fruit set of pear and apple. 
0 B, 70 B, 140 B = 0, 70 and 140 ppm H3B03 respectively. 

Results summarized for 

5 Pear varieties (VI) . . 
3 Apple varieties (VI) 
3 Apple varieties (VIII) . 

Total number of flowers 
sprayed with 

0B 

561 
254 
246 

70 B 

568 
250 
240 

140 B 

576 
262 
244 

Fruit set after spraying with 

0B 

55.4 % 
31.5 % 
45.2 % 

70 B 

57.0 % 
32.8 % 
41.7% 

140 B 

58.2 % 
33.9 % 
47.7 % 

It follows from table 5 that the fruit set or harvest was very good in all cases. 
Some increase of the fruit set may be observed after spraying with boric acid, 
but none of the differences with the control is significant. The seed set of the 
fruits harvested in orchard VIII was neither significantly affected and amounted 
to 6.0, 5.7 and 5.7 seeds per fruit after spraying with 0, 70 and 140 ppm H3B03 
respectively. 

3.2. Experiments with pear in 1954. 
Material and methods. - A large scale experiment was carried out on pear trees in 

8 different orchards in 1954. All these orchards were well managed, but were situated on 
different soils and in different parts of the country. The unit of experiment was one branch 
with a mean number of approximately 35 clusters (not thinned); all treatments were carried 
out on (seperate) branches of one tree. The branches were sprayed with 20, 100 and 500 ppm 
boric acid respectively. In a few cases the branches were sprayed with 100, 500 and 1500 ppm 
boric acid. 

Each of the concentrations was applied 1 x , 2 X and 3 X respectively (on different branches) 
at intervals of approximately 10 days. Hence, per tree 9 branches were treated, while 2 bran
ches were left unsprayed and used as a control. The experiment was repeated on 7-10 trees 
per variety. The branches were sprayed for the first time when approximately half of the 
flowers were open; no emasculation or artificial pollination took place. The pollen of all 
treated varieties was collected from non-sprayed branches before the first spray was applied 
to prevent any possible influence on their germination in vitro. 

In the following table the localities of the orchards and the varieties of trees which were 
treated are given : 

TABLE 6 
Location of orchards, their soil and the varieties treated with boron sprays. 

Location 

Maasbracht 

Resteren 

Wageningen 

Noordbroek 

No. 

I 

II 
III 

IV 
V 

VI 

VII 
VIII 

Soil description 

Loamy clay soil, deposited by 
the Meuse 
Idem 
Heavy clay soil in the subrecent 
river levees of the Rhine 
Idem 
Heavy basin-clay soil, deposited 
by the Rhine 
Idem 

Moist humic fine-sandy soil 
Shallow peat reclamation soil 

Treated varieties 

Jeanne d'Arc, Doyenné du Comice 

Doyenné du Comice 
Conference, Triomphe de Vienne 

Conference, Doyenné du Comice 
Conference, Doyenné du Comice 

Conference, Comtesse de Paris, 
Beurré d'Anjou, Beurré Beucke 
Conference, Doyenné du Comice 
Conference, St. Rémy 
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Resul ts . - It is the author's experience that fruits of pear which survive 
• the June-drop will practically all remain on the tree — apart from storms or pests 
— until they are harvested. 

Therefore, only the fruit set after the June-drop has been recorded. Since no 
significant differences occurred between the fruit sets of branches sprayed 1 x , 
2 x or 3 X with the same concentration, these data have been added and the 
average percentages of fruit set obtained per concentration are given in table 7. 
The germination percentages of the pollen originating from the treated varieties 
have also been recorded in this table. Their germination was tested in water 
(H20), water+30 ppm H3B03 (H 20+B), 10% sugar solution (S) and 10% 
sugar solution+30 ppm H3B03 (S+B) respectively. The percentages of fruit 
set of the different treated branches, determined as the mean from all fruit 
sets, irrespective of variety or orchard, are presented in table 8, in which the 
results with St. Rémy were excluded, since each concentration was sprayed 
only once. 

TABLE 8 
The effect of concentration and number of boric acid sprays on the average fruit set of all pear 
varieties treated. 

Control 
not 

sprayed 

Sprayed with 
20 ppm H3BOs 

1 x I 2 : 3 x 

Sprayed with 
100 ppm HsBO, 

1 x 2 x 3 x 

Sprayed with 
500 ppm HsBO, 

1 x 2 x 3 x 

Total 
clusters per 
treatment 

Fruit set 
after 
June-drop 

8901 

21.40% 

4459 

20.87 % 

4288 

21.30% 

4476 

22.64 % 

4362 

22.50 % 

4654 

19.04 % 

4427 4272 

22.86 % 22.39 % 

4502 ! 4525 

21.50% 22.01% 

The following observations can be made with respect to the germination : 
1) The percentages of germination obtained in water with boron are significantly 

higher than those obtained without boron in all instances. 
2) The germination percentages obtained in 10% sugar solution with boron are 

significantly higher than those obtained without boron in 7 instances, the 
differences in the other cases are insignificant. 

3) Considerably higher germination percentages are obtained in 10% sugar 
solutions than in water. 

4) The degree of sensitivity of the pollen to boron is higher in water than in 
sugar solution. 

With regard to the fruit set it can be derived : 
1) In 3 experiments [9, 11, 14] no fruits set, either without or with boron sprays. 
2) In 9 experiments [1, 3, 5, 7, 10, 12, 13, 15, 17] none of the differences is 

significant. 
3) In 3 experiments [2, 8, 15] the fruit set of one of the treatments was signifi

cantly lower and in 2 experiments [4, 6] significantly higher than the fruit 
set of the control. 

4) The mean percentages of fruit set (table 7 and 8) are practically the same, 
irrespective of the applied treatment. 

5) When the differences between all separate treatments and their controls are 
compared, irrespective of their significance, it is found that the treated 
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branches give a higher yield than the control in 21 instances and a lower one 
also in 21 instances. 

It can be concluded from the results that the effect of the boron sprays on the 
fruit set has been insignificant. The trees are apparently not deficient in boron ; 
none of the trees showed visible symptoms of boron deficiency, neither at 
flowering time nor later in the season. It is not surprising, therefore, that — as 
is shown in table 7 — the degree of boron sensitivity of the pollen appears not 
to be related with the effect of boron sprays on the fruit set of trees from which 
the tested pollen originated. 

4 . DISCUSSION 

A. From the experiments with pollen of cut branches of pears it can be 
concluded that the supply of these branches with sugar affects the germination 
of their pollen to a greater or lesser extent( tables 1, 2 on p. 14). This obser
vation suggests that this carbohydrate is in the minimum under the given 
conditions. The significance of a sufficient carbohydrate supply can also be 
derived from experiments of WINKLER (143, 1926) with Vitis pollen. He found 
that the germinability of the pollen improved as a result of earlier development 
of the foliage and an increase in its area with less severe pruning. 

The germination of the pollen was also found to be improved after the uptake 
of boron by the branches. It is of interest to note that the pollen germination 
could be stimulated by supplying either boron or sugar to the branches, while 
the best germination was observed with pollen originating from branches 
supplied with both boron and sugar. These observations suggest that boron 
plays a role in the carbohydrate metabolism of the plant. In this connection it 
may be mentioned that the experiments of GAUCH and DUGGER (1953, 48) with 
'labelled' sugar provide direct evidence that boron accelerates and increases 
the transport of sugar (taken up by a leaf) in tomato and bean. The improvement 
of the germination of pollen originating from branches supplied with boron and 
sugar is in essence due to an increase of their vitality. Also BOBKO and ZERLING 
(19, 1938), in experiments with Trifolium pratense, found a markedly higher 
pollen vitality of plants fertilized with a boron compound than of plants 
deficient in boron. This infers that the vitality of the pollen is related to the 
boron level of the plant. 

B. The vitality of the pollen from attached branches appeared not to be 
significantly affected by the boric acid supply for 3 of the 4 tested varieties 
(fig. 1, p. 16). The boron level of these varieties was apparently sufficient in 
itself to ensure a good vitality of the pollen. The germination of the pollens in 
sugar solution (and also in water; table 3, p. 17) without boron, on the other 
hand, was found to be directly related to the amount of boron taken up by the 
attached branches. Or in other words, the germinability of the pollen is the 
same — within certain limits— whether the 'extra' boron is taken up from the tree 
beforehand or taken up by the pollen from its germination medium afterwards. 
From the fact that the relative influence of boron on the germination in vitro 
was generally smaller as the amount of boric acid taken up by the branches was 
greater, it can be derived that the degree of boron sensitivity of the pollen is 
inversely related to the boron level of the plant. This statement is also corrob
orated by the observation of ANTLES (7, 1951). This investigator applied a 
fertilizer containing boron to a pear orchard during 4 successive years, because 
he found that the pollen originating from this orchard, though germinating 
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for 100 % in sugar solution with boron, did not germinate at all without boron. 
He observed that the germination in a medium without boron increased succes
sively each year, until in the fourth year of fertilizing a 100% germination was 
obtained without boron in the medium. 

The sugar supplied to pear branches attached to the tree had no significant 
effect on the pollen germination (table 4, p. 17). The natural supply of carbohy
drates is in all probability ample under those conditions. 

C. With regard to the sensitivity of pollen to boron in vitro, it is of importance 
to note that this sensitivity not only depends on the boron level of the tree, but 
also on the properties of the medium used for germination. It appeared, namely, 
that the relative influence of boron on the pollen germination in water is much 
greater than the relative influence of boron on the germination in 10% sugar 
solution (table 7. p. 20). This was found to be true for all pollens tested. The 
same can be derived from experiments carried out by ESSER (43, 1951) with 
Lythrum pollen and by KATO (68, 1953) with Beta pollen. In both cases the 
addition of sugar and/or agar to the germination medium led to a marked 
decrease of the influence of boron on the germination. On account of the 
evidence presented in chapter II it is very unlikely that this difference in response 
to boron is due to sugar uptake by the pollen. It can be assumed, therefore, that 
the degree of sensitivity of the pollen to boron is related in some way to the 
osmotic (or colloidal) properties of the medium. 

D. What happens in vitro, presumably also takes place in vivo, since it was 
found in a great number of pollination experiments carried out by the author, 
that 'boron sensitive' pollen is able to affect an excellent fruit set. Probably the 
osmotic or colloidal conditions on the stigma or in the style are such that no 
difficulties arise as to the germination of such pollens. Moreover, it has been 
shown in several instances that the boron content of pollen of normal plants is 
rather high (15,18, 19). Even, if the boron level of the pollen is not high enough, 
the lacking amount of boron is quite possibly supplemented by the style. 
Namely, the styles of several analysed plants have been found to contain a 
relatively high amount of boron (15,18,19,47). It was also found by SCHMUCKER 
(113, 1932) and GÄRTEL (47, 1952) with Nymphéa and Vitis pollen respectively, 
that the stigma secretion contained a boric acid concentration equivalent to the 
concentration required for optimal germination in vitro. 

E. With regard to the influence of boron sprays on the fruit set of apple and 
pear trees the results imply that the effect of spraying has been négligeable 
(tables 5, 7, 8; pp. 19, 20, 21). Nevertheless, all pollens originating from the 
sprayed trees (collected before spraying) appeared to be very sensitive to boron 
when germinated in water, while many pollens were also found to be sensitive 
to boron in sugar solution. Comparison of the fruit set of the treated varieties 
with the germinability of their pollens demonstrates, however, that the degree 
of the boron sensitivity of the pollen bears no relation to the effect of boron 
sprays on the fruit set. Hence, the degree of boron sensitivity of the pollen, 
although related to the boron level of the tree, cannot serve as a measure for the 
degree of boron 'deficiency or 'abundancy' as indicated by the fruit set. 
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