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Intra- and interspecific pollination between
Lupinus albus L., Lupinus mutabilis Sweet.
and Lupinus angustifolius L.
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Abstract. The pollen grain germination and the growth of pollen tubes after intra-
and interspecific reciprocal pollination of Lupinus albus L., L. mutabilis Sweet.
and L. angustifolius L. were examined. Results of microscopic observations of pol-
len grain germination and pollen tube growth cnable to deny the existence of certain
barriers that prevent fertilization after pollination of L. albus flowers with pollen
of L. angustifolius and vice versa, as well as alter pollination of L. mutabilis flowers
with pollen of L. angustifolius and vice versa. Some delay in pollen grain germina-
tion and a slower growth of pollen tubes were observed in all combinations, as
related to intraspecific ones, though in the case of each interspecific combination
pollen tubes reached the ovary. Morcover, a different level of pollination efficiency
(the number of growing pollen tubes) and various rates of pollen grain germination
and pollen tube growth, depending on the dircction of pollination, were found.
The noted pollination efficiency may generally be considered to be low.

Key words: Lupinus albus, Lupinus angustifolius, Lupinus mutabilis, interspecific pollina-
tion, intraspecific pollination, pollen germination, tube growth.

Introduction

There are over 300 lupin specics, some of which are of European origin,
whereas others come from the American continents (DUNN 1984, GLADSTONES
1984). A few of them belong to the group of cultivated species, but a vast
majority are free-living. Lupin specics originating {from the New World, char-
aclerized by a high natural variability, prevail among those described so far.,
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In spite of such a great diversity, only one species of this group, i.e. Lupinus
mutabilis Sweet. became domesticated (SAWICKA 1993). A high content of
both protein with a good amino acid composition and high-quality fat (GROSS
1988) places this species among valuable breeding materials. Late ripening is
its disadvantage, as it makes it impossible to obtain satisfactory seed yields.

White lupin (L. albus L.) is one of cultivated lupin species that ripes late
in Polish conditions. It is of high-quality like L. mutabilis, but causes certain
problems, especially in the north-eastern part of Poland.

One of the ways that may improve the fcature in question is gene intro-
gression from early ripening specics. Both Andean and white lupins were
crossed to different Mcediterrancan and Amcrican specics (KAZIMIERSKI 1960,
NOWACKI 1961, WILLIAMS et al. 1980, VUILLAUME, HOFF 1986, SCHAFER-
MENUHR et al. 1988). However, probably duc to numerous hybridization
barriers, the results of those crossings were not satisfactory. Prezygotic barriers
that appear after pollination with pollen of an alicn specics may prevent
the formation of hybrid ecmbryos.

In view of the possibility of avoiding prezygotic barricrs or diminishing
their effects during wide crossing, obscrvations should be conducted on
the course of pollination and fertilization. So, the aim of this papcr was to study
the pollen grain germination and the process of pollen tube growth after
reciprocal intra- and interspecific pollination of L. albus L., L. angustifolius L.
and L. mutabilis Sweet .

Material and methods

Three lupin species were used in the course of investigations: white lupine,
Lupinus albus L., cv. Wat, blue lupin, L. angustifolius L., cv. Polonez (sced
samples were obtained from the Plant Breeding Station Wiatrowo) and Andean
lupin, L. mutabilis Sweet., population No. 098903 (sced sample — from the
Gene Bank in the Institute of Plant Breeding and Acclimatization). The ex-
periment was carried out in a greenhouse; the sceds were sown into pots in
five rounds from the first decade of April (o the first decade of May. At flower-
ing, intra- and interspecific pollinations were performed, according to the
following scheme:

Intraspecific (control):

L. albus x L. albus

L. angustifolius. X L. angustifolius

L. mutabilis x L. mutabilis.
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Interspecific:

L. albus. X L. angustifolius

L. angustifolius. X L. albus

L. angustifolius . X L. mutabilis

L. mutabilis X L. angustifolius.

The pistils were collected 6, 12, 24, 36 and 48 hours after the moment
of pollination; after being checked for the presence of pollen grains on their
stigmas, they were fixed in Camnoy solution and then stored in 70% ethyl
alcohol. Pistils, together with the ovary, were macerated in IN NaOH and dyed
with aniline blue in 0.IN K;PO, according to the method of ADACHI et al.
(1983). After dyeing, the material was placed on a slide in a drop of glycerine
and examined under a fluorescent microscope. On the basis of microscopic
observations pollination efficicncy (thc number of growing pollen tubes),
pollen grain germination on the stigmas and pollen tubc growth in style
and in ovary were estimated.

Results

Pollination efficiency

In spite of the fact that each pistil subject to fixation was checked for the
presence of pollen, in nonc of examincd combinations the number of pistils
with a trace of pollination was cqual to 100%, but varicd from 19.9% in the
case of L. mutabilis X L. mutabilis combination to 65.9% in that of L. augus-
tifolius X L. augustifolius (Table 1). The pollination efficiency amounted
to 30% in L. albus x L. albus combination, while among interspecific cross
combinations the number of efficiently pollinated pistils was found to be the
greatest in the cases where L. angustifolius was a female form (34.4% with
L. albus, 47.2% with L. mutabilis). In the combination where white lupin was
pollinated with pollen of blue lupine, the pollination efficiency was slighly
higher than in the control (L. albus X L. albus ), and L. mutabilis was pollinated
better with pollen of L. angustifolius (26.2%) than with its own pollen (19.9%).

Pollen grain germination and pollen tube growth

Lupinus albus x Lupinus albus

First pollen tubes that reached the ovary were observed 36 hours after
pollination; they constituted only 2.4% of all examined pistils. Much more
such pistils (14.3%) were notcd 48 hours after pollination. The same number
of pollen tubes in pistil canals was obscrved after cqual periods of time.
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Lupinus angustifolius x Lupinus angustifolius

Penetration of pollen tubes into the ovary (Fig. 1) was observed in 5%
of the studied pistils as quickly as 12 hours after pollination. The same result
was obtained 24 hours after pollination, and the presence of pollen tubes
in pistils was noted when the number of pistils was over three times greater
(18.3%). After 36 and 48 hours, the percentage of pistils with pollen tubes
in the ovary increased over threefold.

Lupinus mutabilis X Lupinus mutabilis

16.1% of pistils with pollen tubes in canals were observed 12 hours after
pollination. Their number increased even more after the next 12 hours. Pollen
tubes entered the ovary for the first time (Fig. 2) in 3.2% of the examined
pistils also after the same period of time. The same result was achieved 48 hours
after pollination.

Lupinus albus X Lupinus angustifolius

Pollen tubes of L. angustifolius reached the ovary of L. albus 36 hours after
pollination (Fig. 3). The presence of pollen tubes inside the pistil was noted
in a 4-fold larger number pistils. After 48 hours, the number of pistils with
pollen tubes in the canal decreased while the number of pistils with pollen
tubes reaching the ovary grew to 6.6%.

Lupinus angustifolius X Lupinus albus

Pollen tubes of L. albus were obscrved in a few ovaries of L. angustifolius
as quickly as 24 hours after the moment of pollination (Fig. 4). The number
of pistils with pollen tubes in the ovary was growing within the next hours,
and after 48 hours it constituted 12.2% of all examined pistils. Besides, tubes
penetrating the pistil canal were also relatively frequent (in 20.9% of the
examined pistils) after the same period of time.

Lupinus angustifolius X Lupinus mutabilis

Single pistils with pollen tubes in the ovary were observed after 12 hours
(Fig. 5). Their percent was 2.6% after the next hours increasing to 11.8% after
36 hours and reached 24.3% after 48 hours following pollination. The percent-
age of pistils penetrated by pollen tubes 24 hours after pollination amounted
to 14.5%, whereas 48 hours after pollination constituted 10.3%.

Lupinus mutabilis X Lupinus angustifolius

With the passage of time the number of pistils with pollen tubes growing
inside the pistil increased (by ca. 3% after 6 and 12 hours, ca. 10% after
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24 hours and 17.9% after 36 hours). Their number 48 hours after the moment

of pollination dropped to the level of 24 hours, and flowers with pollen tubes
in the ovary constituted ca. 13%.

To compare individual combinations to the control, only the results con-
cerning time period when pollen tubes reached the ovary were taken into
account (Table 2). The percentage of pistils with pollen tubes reaching
the ovary and ovules was lower in the case of all interspecific combinations
than in the control, with only one exception — L. mutabilis x L. angustifolius
where pistils with tubes in the ovary were over two times more frequent than
in L. mutabilis X L. mutabilis. The number of pistils with pollen germinating
on the stigmas was higher in all examined interspecific combinations than in
the control; such pistils were more frequent in L. albus X L. angustifolius and in
L. mutabilis X L. angustifolius than in the control. In the case of combinations
involving L. angustifolius as a female form, the number of pistils with tubes
on the stigmas was comparable to that of the control.

A higher number of pistils with non-germinating pollen on the stigmas than
in intraspecific pollinations, was observed in all studied interspecific combi-
nations; ca. 30-60% of- flowers with tubes in the pistil canal were observed in
all combinations, both intra- and interspecific. Only in the case of L. mu-
tabilis X L. mutabilis the number of flowers with pollen tubes penetrating the
pistil constituted more than 60%.

Pollen grain germination and pollen tube growth depending on the direction
of pollination

When Lupinus albus was used as a female form in interspecific pollination
with L. angustifolius, the pollination efflicicncy was lower than that in the
intraspecies (L. albus) combination. However, it was a relatively good polli-
nator, as 34.4 % out of its 148 pollinated flowers in the interspecific combi-
nation with L. angustifolius appeared to be pollinated efficiently (Table 3,
Fig. 6). Pollen of L. albus germinated on the stigmas of its own species (in
21.4% of the examined pistils) to a higher degree than on the stigmas of
L. angustifolius (in 15.51% of examined pistils), while L. albus stigmas proved
to be a relatively good environment for L. angustifolius pollen, which germi-
nated on 33.1% of the pistils. Pollen tubes of L. albus were found in the pistil
canal (59.5%) and in the ovary (19.6%) of L. angustifolius pistils. The per-
centage of L. angustifolius pistils with L. albus pollen tubes in the pistil canal
and in ovary was comparable to the control. Pollen tubes of L. angustifolius
were found in L. albus pistil canal in ca. 30% of pistils (in comparison to
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50.0% within the species), and in the L. albus ovary — 9.6% (within the species
- 16.7%).

Lupinus angustifolius was pollinated the best with its own pollen, and the
pollination efficiency in that case was equal to 65.9%. The efficiency in ques-
tion was lower than that of the control when this species was used as a female
form. Stigmas of L. albus and L. mutabilis were not receptive enough to pollen
of L. angustifolius (the pollination efficiency in that case amounted to on
average 40.8%). Pollen tubes of alien spccics reached L. angustifolius ovary
in 29.6% of the flowers. L. angustifolius pollen tubes reached alien ovaries
in 11.2% of flowers. The presence of alicn pollen tubes was observed in L. an-
gustifolius styles in 50.2% of pistils, and in comparison with intraspecific
pollination, they were 12% more numcrous. Pollen tubes of L. angustifolius
penetrated the stigmas and grew down through the styles with the frequency
similar to that of the control combination. When L. angustifolius was a female
form, both germinating and non-germinating pollen was found on the stigmas
of its pistils. The both numbers were higher than those in the case of intras-
pecific pollinations. Among 214 L. albus and L. mutabilis flowers, efficiently
pollinated with L. angustifolius pollen, ca. 30% had pollen germinating on the
stigmas, while only 18.1% had non-germinating pollen.

Lupinus mutabilis was pollinated more cffectively with pollen of L. angus-
tifolius than with its own pollen (Table 3). Pollen tubes of L. angustifolius
reached L. mutabilis ovary in 12.8% of pistils, i.c. two times more frequently
than after intraspecific pollination. L. mutabilis pollen reached the ovaries
of 39.5% of examined L. angustifolius pistils. Almost the same number of pol-
len tubes in pistil tissue was obscrved in L. angustifolius X L. mutabilis
and L. mutabilis x L.angustifolius combinations. In the both cases, the number
of pistils with tubes in the styles was lower than that in intraspecific pollination.
However, germinating pollen was found on 33.3% of the examined pistils after
pollination with L. angustifolius pollen, and on 19.3% after pollination with
itsown pollen. L. mutabilis pollen germinated on 10.5% of the stigmas of L. an-
gustifolius pistils.

Discussion

Results of observations on pollen grain germination and pollen tube growth
in pistils in vivo as a result of reciprocal pollination among Lupinus species
were presented only by few rescarchers. JARANOWSKI (1962a, 1962b) con-
ducted a cytoembryological research on Lupinus species concerning the process
of fertilization and embryo development following autogamy and reciprocal
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crossing between L. albus, L. angustifolius and L. luteus. Based on observations
of pollen grain germination and pollen tube growth, WILLIAMS et al. (1980)
evaluated cross-compatibility between European species (L. albus, L. angus-
tifolius, L. luteus ) as well as between European species and L. mutabilis from
South America. Investigations on interspecific compatibility among Lupinus
species carried out by FALUYI and WILLIAMS (1981) resulted in the discovery
of self- and cross-incompatibility in intra- and interspecific crossings
of L. albus. The course of pollen grain germination and pollen tube growth
were observed by BUSMANN-LOOCK et al. (1992) to identify crossing barriers
between L. luteus and L. hartwegii as well as between L. mutabilis and L. hartwegii.

Cross-incompatibility is connected with the lack of pollen grain germination
on the stigma, with inhibition of pollen tube growth on the stigma or with its
gradual reduction, leading to cessation of growth at the pistil base.
The presented results of microscopic observations concerning pollen grain
germination and pollen tube growth enable one us to deny the existence
of certain barriers that prevent fertilization after pollination of L. albus flowers
with pollen of L. angustifolius and vice versa, as well as after pollination
of L. mutabilis flowers with pollen of L. angustifolius and vice versa. Some
delay in pollen grain germination and a slower growth of pollen tube were
observed in all studied combinations, in comparison with intraspccific polli-
nation, but in the case of each interspecific combination pollen tubes rcached
the ovary. The same was found by WILLIAMS et al. (1980) who evaluated
cross-compatibility among Europcan and Amecrican lupin spccies. JARANOW-
SKI (1962b) carried out a cytological and embryological research concerning
the possibility of obtaining hybrids between L. albus and L. angustifolius,
which resulted in proposing his thesis that the above mentioned species are
characterized by sexual compatibility enabling their reciprocal fertilization.
Fertilization processes, however, were delaycd to a considerable degree in com-
parison with fertilization accompanying sclf-pollination of parental forms;
the barrier effect was revealed after joining parental gamctcs.

It should also be noted that the conducted microscopic observations showed
that pollen tubes in the case of all cross-combinations reached the ovary within
the period of time equal or similar to that described by JARANOWSKI (1962a,
1962b) and WILLIAMS et al. (1980). An exception were only two combinations
L. angustifolius x L. angustifolius and L. angustifolius X L. mutabilis, where
the presence of pollen tubes was noticed in some cases as early as after 12 hours.
Due to self-pollination of L. angustifolius and due to the fact that pollination
takes place at the bud stage, this result may be an artcfact (pollination may
have occurred before castration and isolation of flowers).
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Itis also worth emphasizing that the pollination efficiency and rate of pollen
grain germination as well as the growth rate of pollen tube were different
depending on the direction of pollinations. Such phenomenon was also observed
by WILLIAMS et al. (1980) in the crossings of L. mutabilis with European
species. BUSMANN-LOOCK et al. (1992) found that inhibition of pollen tube
growth in the pistil was stronger in the cross L. luteus X L. har twegii than in
L. hartwegii x L. luteus. Unilateral incompatibility was also found in the cross
L. luteus X L. rothmaleri (KAZIMIERSKI, KAZIMIERSKA 1965).

The noted pollination efficiency expressed in the rate of pollen tubes growth,
may generally be considered as low. Blue lupin used to pollinate itself with
its own pollen relatively easily, in contrast to other species examined in the
experiments, which pollinated themsclves 1o a slight degree with both their
own and alien pollen. Differences in the pollination efficiency may be asso-
ciated with the existence or non-cxistence of mechanisms and features that
make self-pollination difficult or even impossible. Such mechanisms do not
exist in blue lupine, which is an autogamic species. Its pistil stigma can receive
pollen grains at the moment when anthers are capable of releasing fertile pollen,
and pollination takes place before the flowers have opened. The mechanisms
and features that make self-pollination difficult exist in the case of white lupin
and L. mutabilis, which are allogamous species, and protandry is one of them.
JUNCOSA and WEBSTER (after WOJCIECHOWSKA 1993) carrying out observa-
tions with the help of a scanning electron microscope found that there was no
trace of elicitor indispensable for adhesion and germination of pollen grains
on the surface of a one-day stigmas of L. nanus subsp. latifolius, while stigmas
of two- and three-day flowers were covered with the elicitor and pollen grains.
Moreover, the same author states that stigmas cut out of newly-opened L. mu-
tabilis flowers were dry and clean, and pollen collected from them efficiently
pollinated stigmas of older flowers. The above facts may help to explain why
pollen was not found on the stigmas of most flowers after fixation of the
material though it was present there before the treatment.

Conclusions

The noted pollination efficiency expressed in the rate of pollen tube growth
in the pistil, may generally be considered to be low. Some delay in pollen grain
germination and a slower growth of pollen tubes were observed in all combi-
nations, although in each interspecific combination pollen tubes reached the
ovary. This study showed different levels of pollination efficiency and various
rates of pollen germination and pollen tube growth depending on the direction
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of crossing. The results of microscopic observations concerning pollen germi-
nation and pollen tube growth enabled us to deny the existence of certain
barriers that prevent fertilization after pollination of L. albus flowers with
pollen of L. angustifolius and vice versa, as well as after pollination of L. mu-
tabilis flowers with pollen of L. angustifolius and vice versa.
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