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ANALYSIS OF FERTILIZATION PROCESS IN RYE ( SECALE CEREALEL. SSP. CEREALE)
UNDER DIFFERENT GREENHOUSE CONDITIONS

Summary

The purpose of the work was to assess the germinptiocess and the growth of pollen tubes in ryeatgecereale L. ssp.
cereale) growing in greenhouse conditions takirtg eccount different temperature conditions andosxypes to light. The
rye cultivar Daikowskie Ziote, was selected for the experimentcaiivar Daiikowskie Nowe as a control. Microscopic
analysis were carried out using fluorescent techeistaining the preparations with aniline blueahmis were performed
after 10 min, 1 h, 2 h and 3 h from the pollinatidime results indicate a negative effect of greeisbaconditions on pollen
germination, pollen tube growth and the fertilizatiprocess in rye Secale cereale (L.). The optgne¢énhouse conditions
for plants flowering in winter time are: exposurethe artificial lighting over plants in single dghase 16 hours long and
temperatures around 25°C for day. Temperatures fdten 20°C clearly interfere with the process oflen grain germi-
nation, the growth of pollen tubes and the fewtiian process, which in turn leads to the lowettifi¢y and yielding of
plants. In the process of producing new hybrid ees and seed production in open-pollinated plaplastic tunnels and
greenhouses are used as isolators. In case of deymtn of the single plants or lines, selecting tptimal conditions for
the fertilization process is of key importance.
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ANALIZA PROCESU ZAPLODNIENIA U ZYTA (SECALE CEREALEL. SSP.CEREALE)
W ROZNYCH WARUNKACH SZKLARNIOWYCH

Streszczenie

Celem pracy byta ocena procesu kietkowania i werésmgjiewek pytkowych tyta Secale cereale L. ssp. cereale r@®yo
warunkach szklarniowych, z uwgdhieniem rénych warunkéw temperaturowych ismaetlenia. Do déwiadczé wybrano
odmiare uprawry zyta: Darnkowskie Ziote a kontrglbyta odmiana Dakowskie Nowe. Przeprowadzono analizy mikrosko-
powe z zastosowaniem techniki fluorescencyjnej iparpreparaty btkitem anilinowym. Analizowano stupki utrwalone po:
10 min, 1 h, 2 h, 3 h od zapylenia. Wyniki wskana negatywny wptyw warunkéw szklarniowych na mddetkowania
ziaren pytku, wzrost tagiewek pytkowych i zaptodigauizyta Secale cereale (L.). Optymalne warunki w szkldia rogslin
kwitngcych w okresie zimy, to feietlanie jednofazowe przez 16 godzin i temperatiha25°C w fazie dnia. Temperatury
nizsze od 20°C i wgze od 30°C wyraie zakitdcay proces kietkowania ziaren pytku, wzrost tagiewgk@wych i zaptod-
nienie, co w konsekwenciji prowadzi do @bnia ptodndci roslin i plonowania. W procesach wytwarzania nowycmah
heterozyjnych i produkcji nasiennej wlio obcopylnych, stosujeesizolatory w postaci tuneli foliowych i szklarni. pvzy-
padku rozmn#ania pojedynkéw czy linii w procesie hodowli, dafiemoptymalnych warunkéw do zaptodnienia to jedno z
najistotniejszych zagadnie

Stowa kluczoweSecale cerealssp.cereale zyto, zaptodnienie, wzrost tagiewek pytkowych, teatpea

1. Introduction in the north of Poland also in April the averager@ase is
0.3°C. The observations indicate that the greatesease
in temperatures is found in early spring and spriggch
changes are also reported by farmers and crop énmeed

(unpublished information). The adequate growth denel-

For many years researchers specializing in masgi-di
plines have pointed out the problem of global waignilt
has been observed an increase in mean annualdagrcaan

temperatures, melting of ice caps and glacierselsas an
increase in the global average sea levels [1]. Goalype
changes are also observed in Poland [2, 3]. Whearhalh
ska [4] was analyzed the course of weather comditio a
multi-annual period recorded in the 24 weatherigtatin
Poland, she stated, that trends for mean annugleeture
in the last two decades show a marked, significaarease
over most of Poland’s territory, particularly nath and
western parts of the country. According to Michal$4], in
March, May and August the upward trend for tempeest
in most weather stations of the Institute of Metdogy and
Water Management is statistically highly signifiteand
ranged from 0.2 to 0.6°C for the period of 10 yearkile
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opment conditions in the spring are necessary Herdap-
propriate course of flowering, pollination and sesedting.
Days in May with temperatures over 25°C contrittot¢he
development of adverse conditions for the developinoé
viable pollen grain and fertilization in greenhosisend
plastic tunnels, where temperatures exceed 35°Ghofsl
faced a similar problem when conducting researoneye
[5]. Also Kolasiiska [6, 7] reported that temperatures of
approx. 35°C found in plastic tunnels had an adveféect
on the formation of fertile pollen grain and yield.

Rye Gecale cerealé. ssp. cerealeis an allogamous,
wind pollinated and highly self-incompatible specig].
The structure of the floret and reproductive orgartgpical
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of the family Poaceae The pistil has no style and the ments different temperature and lighting conditiomsre

stigma divided into two parts is pinnate. The ie@umer-
ous, multi-cellular papillae and hairs surroundihg ovary
is to capture and hold pollen grain carried by wied.
Three anthers produce huge amounts of the thresatecl
pollen grain. Under natural conditions the ryel@swviring
at a temperature of approx. 12°C [9] and polleningra-
tains germinability for 5-7 days [10]. At the monmeavhen
pollen grain falls on the stigma, an interactioketa place
between tissues of the female gametophyte (pestibryo

applied during the period of flowering:

Experiment 1 was conducted in January at a temperature
of 8°C (night) and 12°C (day). In order to maintée re-
quired temperature artificial single-phase lightings used

at the level of ears from 5 a.m. to 9 p.m. in the@nity of
plants, but not directly above them.

Experiment 2 was conducted in January at a temperature
of 10°C (night) and 14°C (day). Artificial singldypse
lighting was used from 5 a.m. to 9 p.m. directlymplants.

sac) and pollen grain — the male gametophyte. Tis¢ f Experiment 3 was conducted in January in the greenhouse

stage in this interaction consists in grain hydrata which

is followed by the transfer of enzymes and glycogires

responsible for the recognition of pollen by themgto-

phyte [10, 11, and 12]. Many authors indicate @rabient
temperatures have a significant effect on the erf¢irtiliza-

tion process [6, 7, and 8 ]. In order to acceletla¢evegeta-
tion cycle, breeders frequently sow seeds in greesds at
dates differing considerably from the recommendaslirsg

dates. The target of presented study was to irgadstireac-
tions occurring on the stigma in rye, when flowgrtakes
place under greenhouse conditions deviating greatiy

those at natural sowing dates and pollination ccativari-
ous temperature conditions. Insight into the reactbe-
tween the stigma and pollen grain will facilitatdextion of
the optimal conditions, particularly in researchd dreed-
ing work conducted on rye.

2. Material and methods
Experiments were conducted on the rye cultiGecale

cerealessp. cereale Dankowskie Zlote. Sowing material
(elite) came from Danko Breeding Company Ltd. iroGk

at a temperature of 14°C (night) and up to 25°G/darti-
ficial single-phase lighting was used from 5 a.m9tp.m.
directly over plants.

Control 1 was established in the greenhouse in May with
no temperature regulation. Plants wintered in thkl fand

in March they were transplanted to the greenhdus®ay
when the plants flowered, in the greenhouse thendiu
maximum temperature ranged from 20 to 37°C andnzoll
tion and sample collection were conducted at a &zatpre

of 29 - 37°C. The temperature in the greenhousertpof
daily weather.

Control 2 was established in the field in the autumn of the
previous year. Plants grew and flowered at natdedées
and conditions. During flowering (in May) contraligolli-
nation was performed and material for microscomialy
ses was fixed. During flowering the diurnal maximtem-
perature ranged from 16 to 21°C and pollination senhple
collection were conducted at a temperature of 1°G18he
control cultivar was Dikowskie Nowe.

After heading from leaf sheaths the androecium was
removed from florets and bag isolators were planedas-

in Poland Experiments were carried out under artificial -trated ears. Controlled pollination was performeé & 12

greenhouse conditions, in 3 variants, includingea)pera-
ture during plant growth and flowering, b) lighting) the
period, in which plants were growing and pollinatiand
fixation of materials for analyses were perform€de con-

days after castration, when stigmas emerged from gl
melles. Pollen grain viability was assessed foheadtivar

in all the experiments, based on the analysis epamations
stained with the Belling solution (acetocarmine 29jlyc-

trol, cultivar Daikowskie Nowe was conducted in the erin at 1:1) [13].

greenhouse in May and under natural conditionkerfield
at dates recommended for cultivation operation®e €Rk-
periments were conducted in greenhouses and irexhe
perimental garden of the Department of GeneticsRiadt
Breeding, PULS, in 2009.

In order to conduct greenhouse experiments asdhte
fering from natural dates, it was necessary toquerfartifi-
cial vernalization. Thus kernels were germinated dn
week old seedlings were placed in a vegetation blearat
temperature of +1 to £& for 8 weeks. After vernalization,
plants were grown in a greenhouse until floweringpen
material was collected for microscopic analysesntea-
tion and planting dates were selected so that ¢niog of
flowering came in April and March. In the controlperi-
ment sowing was performed at the end of Septemb@8 2
and plants underwent natural vernalization durlmg win-
ter.

Within each experiment a total of 10-15 stigmasenewl-
lected at 10min, 1h, 2h, 3h and 4h after pollimatmd they
were fixed in the Carnoy fixing solution (95% EOHCH;
COOH at 3:1) [13]. Aniline blue was applied in siag of
microscopic slides [14]. Observations were condlictgng
a fluorescence microscope. The following parametense
recorded: a) the number of pollen grains on thgnsti, b)
the number of germinating pollen grains on thenstgc)
the number of pollen tubes reaching the ovary (bafse
stigma), d) the number of pollen tubes reachingntiero-
pyle of ovule (ovary), e) the length of pollen tah® atypi-
cal phenomena.

A 6—point scale was used to describe the obsenatio

- 0 -no pollen grain/pollen tubes on the stigma

- 1 -1-5 pollen grain/pollen tubes on the stigma,

- 2 —6-15 pollen grain/pollen tubes on the stigma,

- 3-16-30 pollen grain/pollen tubes on the stigma

The experiments were conducted under greenhouse 4 — 31-50 pollen grain/pollen tubes on the stigma

conditions in winter time and plants were grown emarti-
ficial light of lamps with Son-T Agro 400 light thd by
Philips. In all the greenhouse experiments thetteod the
“daylight” phase was 16 h, which is consistent with day
length in Poland during rye flowering, i.e. in Majem-
perature in the greenhouse was regulated by charigas
location of lamps over plants. In three greenhoeigeeri-
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- 5—>51 pollen grain/pollen tubes on the stigma.

The distance covered by pollen tubes was measured
with the stage micrometer and was counted to pune Th
mean distance from a) the end of the stigma tootreay
and b) from the end of the stigma to the micropyéss cal-
culated based on measurements from 5 pistils df ealti-
var. A total of 5 short pollen tubes and 5 longlgoltubes
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were measured from each time point and the reswdre
averaged.

3. Results
3.1. Assessment of pollen grain viability

Irrespective of the conditions, under which plantre
growing and flowering, viability of pollen was silai and
ranged from 82,9% to 92,3% (Tab. 1). The lowesbilityt
was observed in plants flowering in May in the griesuse,
i.e. at the highest temperatures. Detailed resudt® given
in Table 1.

3.2. Assessment of pollen germination and pollen tes
penetration

Average distance towards defeating by pollen tdbes
two cultivars was calculated. From the end of tignsa to
the base of stigma it was 3147 um and from theafntle

stigma to the micropyle it was 4031 um . Detailesuits of
microscopic analysis were given in Table 2.

In experiments 1, 2, and 3, conducted in the dreese
at dates different from natural, numerous irregtiés were
observed. In experiments 1, and 2 pollen grain dance
was poor or medium (except for one case with u@@o
grains). Germination of pollen tubes on the stigmas very
weak (up to 5); the tubes were short and afterdddhnot
reach the style (Fig. 1). No pollen tubes were pleskin
the ovary. Numerous irregularities were observid: dal-
lose reaction manifested in pollen grains and poties,
pollen tubes entwined or twisted around the grpivllen

tubes branched and broken. The recorded diminishing

number of pollen grains on stigmas with the passimg
from pollination indicates that grains were not lzored
and were washed out in the course of slide preipartat

Table 1. Pollen viability of three cultivars of rg@ecale cerealk ssp cereale) determined in the different temperature conditions.
Tab. 1.Zywotnai¢ ziaren pytku u trzech odmiamgta (Secale cereale L ssp. cereptikreslona w r&nych warunkach temperaturowych.

No of ex- . Place of the Mean Maximal day Mean
. Cultivar Month . temperature night/day temperature pollen viability

periment experiment C] C] %]
Experiment 1. Dakowskie Ziote January,  greenhous 8/12 12 84,3
Experiment 2. Dakowskie Ziote January,  greenhous 10/14 14 85,1
Experiment 3. Dakowskie Ziote Januaryl  greenhous 14/25 25 86,4

Control 1. Dakowskie Nowe May greenhous 18/27 37 82,9

Control 2. Dakowskie Nowe May field 4,5/18,5 23 92,3

The temperatures were measured in 2009 year imlgoese and garden of Dep. Gen. and PIl. Breed. PULS
Pomiary temperatury wykonano w maju 2009 r w szklaogrodzie Kat. G i HR UP w Poznaniu.

Source: own work Zrodlo: opracowanie wlasne

Table 2. Germination of pollen grain and penetratibpollen tubes into the ovary iB€cale cerealssp.cerealeL.) in the different con-

dition of greenhouse and in the field

Tab. 2. Kietkowanie ziaren pytku i wnikanie tagiewgtkpwych do zatni zyta (Secale cereale ssp. cereale L.) dlorea w ré&nych wa-

runkach szklarniowych i w polu.

Place Tim.e frpm Pollen grain The number of pollen tubes The length of polleretufum]
pollination abundance* stigma | base of stigma] ovary minimal maximal
Experiment 1.
10” 2 1 0 0 10 40
greenhouse 1h El 1 0 0 10 100
2h 2 1 0 0 100 150
3h 2 1 0 0 100 250
Experiment 2.
10” 4 1 0 0 10 30
greenhouse 1h 2 1 0 0 70 200
2h 3 1 0 0 100 250
3h 2 1 0 0 100 500
Experiment 3.
10” 5 1 0 0 10 400
1h 5 4 0 0 20 550
greenhouse oh E 3 1 5 o =
3h 5 3 1 1 100 3900
Control 1.
10” 4 1 0 0 10 200
1h 3 2 0 0 10 1200
greenhouse oh 3 3 1 5 2 1200
3h 4 3 1 1 20 3100
Control 2.
10” 3 3 0 0 10 400
field 1h 3 4 0 0 20 2500
2h 4 5 2 1 40 3500
3h 5 5 3 2 100 4000

*a 6-point scale was applied (as described ineh8 t

*Zastosowano skal6-stopniowt (opis w tekcie)
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Results of experiment 1 and 2 showed that at peesn
ture 12°C and at poor lighting during flowering,dab4°C
(day) with the single-phase lighting from 5 a.m.9tq.m.
directly onto plants, the process of germinatiod penetra-
tion of pollen tubes was completely inhibited (Figand 2).

Stigmas in experiment 1 were curved and papillaeewe

clustered providing no conditions for pollen graaettle-
ment. Such a structure of pistils shows that theyewnot
prepared to accept pollen grain and to fertilizatio

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Very weak pollen grain abundance and pdildres
germination on the stigma of ry8ecale cerealk. ssp ce-
reale) 2 h after pollination in a greenhouse at a terzpee
14°C. (Experiment 2)

Rys. 1Stabe opylenie, kietkowanie ziaren pytku i wzrasta
nie fagiewek pytkowych na znamieniyta (Secale cereale

ssp. cereale L.) po 2 h od zapylenia w szklarnempera-
turze 14°C. (Déwiadczenie 2)

Source: own work Zrodto: opracowanie wiasne

Fig. 2. The branched and broken pollen tube witlosareac-
tion in rye(Secale cereale. ssp cereal@ 2 h after pollination
in a greenhouse at a temperature 16°C. (Experient

Rys. 2.Rozwidlona tagiewka pytkowych z reakg&alozow

Source: own work Zrodlo: opracowanie wlasne

Fig. 3. Intensive pollen grain abundance and pdiiéres
germination on the stigma in ry8ecale cerealé. ssp ce-
reale) 3 h after pollination in a greenhouse at a te@ijpee
25°C. (Experiment 3)

Rys. 3. Intensywne opylenie, kietkowanie ziarenkupyt
i wzrastanie tagiewek pytkowych na znamietyita (Secale
cereale L. ssp. cereale) po 3 h od zapylenia waszkl
w temperaturze 25°C. (Bwiadczenie 3)

Source: own work Zrodio: opracowanie wiasne

Fig. 4. Ovule and pollen tubes penetration into riiero-
pyle in rye(Secale cerealk. ssp cereale)3 h after pollina-
tion in a field condition. (Experiment 6)

Rys. 4. Zajzek i tagiewki podzajgce do milkopyle uyta
(Secale cereale L. ssp. cereale) po 3 h od zapyleniva-
runkach polowych. (Daviadczenie 6)

The control no 1, conducted in the greenhouse ay,M
with oscilation of the temperature inside couses tdm-
perature outside, pollen grain abundance was mediym
to 50 grains) and germination intensity reacheduti3®
pollen tubes on the stigma after 1 h. After 2 lgmpollen
tubes were observed in the style and after 3 htharovary.

na znamienivyta (Secale cereale L. ssp. cereale) po 2 h ogollen tubes reached maximum length of 3050 pny, dic

zapylenia w szklarni w temperaturze 16°C.{Biadczenie 4)

In experiment 3, conducted in the greenhousdeahpera-
ture of 25°C, pollen grain abundance was very laigth nu-
merous pollen grains germinated at all the analtirgel points
(considerably exceeding 50). Pollen tubes alredtyr & h
reached the base of stigma and after 3 h singlerpalibes
were observed in the ovary. In 5 cases out of theedted
penetration of pollen tubes to the micropyle wasmed (Fig.
4). Moreover, reactions were also observed indigain inap-
propriate pistil/male gametophyte interaction. Th&ye simi-
lar irregularities to those described above.
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not reach the micropyle. At all the time pointsgamum-
bers of very short pollen tubes were recorded @@8&).
Numerous irregularities were observed, e.g. thsalre-
action manifested in pollen grains and pollen tulbesak-
ing of pollen tubes, strongly twisted pollen tulzesl pene-
tration in a wrong direction. No pollen tubes a thicro-
pyle were observed after 3 h.

The control no 2 conducted in the field, polleraigr
abundance at all analyzed time points was very.rgiien
grains were found on stigmas in numbers considgrak
ceeding 100. Already after 10 min intensive germigmaof
pollen tubes was observed and the number of geteuna
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grains increased with time from pollination, so thfier 2 h it

exceeded 100 pollen grains. After 2 h numerousepdilibes
were seen penetrating through stigma tissues towtres
ovary. At the base of the stigma the number of potlgbes

was also very high; however, it dropped drasticallghimi the

ovary to several only. Single pollen tubes reactmedmicro-

pyle. In 8 cases out of 15 analyzed penetratiopotlen tubes
to the embryo sac was recorded (Fig 4), i.e. afteit3vas fer-

tilized. The reported irregularities included siedbranching
pollen tubes, the callose reaction and twisted pdlibes.

4. Discussion

High viability of pollen grain observed in all cas@ab. 1)
indicates that variable plant growth and developnantdi-
tions did not have a negative effect on the prooéskevelop-
ment of male gametophytes. The lowest mean viabilias
recorded for plants growing in the greenhouse anwdting in

ond factor consists in the modulation of theseedéhces by
the gynoecium [20]. They cover physical and physjalal
barriers as well as the genetic pollen grain—pisti&raction.
Physiological limitations may be determined by dvailability
of nutrients, since most substances comprisingtilen tube
wall are collected from the stigma. Thus pistil tiss partici-
pate not only in the initial process of male gamaige recog-
nition and its anchoring, but also in further preses of
growth, nourishment and targeting of pollen tubeks E5]. For
the appropriate course of these processes envirtahwndi-
tions have to be adequate for a given species, avitbhient
temperature being one of the major factors in teispect.
Studies conducted on different plant species itdieasignifi-
cant relationship of the volume of seed yield wigmperature
during flowering [11]. Species vary in terms of thesmpera-
ture requirements and the differences result frepiutionary
changes adapting plants to different habitat cao st
Karapanos et al. [28] investigated the effect ighhtem-

May, when maximum diurnal temperature ranged from®1 perature (30°C) on respiration of pollen graingamato in an

37°C. Similarly as Kolagska [6, 7], the authors also stated a

negative effect on viability of pollen grain in ry8ecale ce-
reale L.) for conditions found in greenhouses or plastio-
nels, particularly high temperatures. The slightrdase in vi-
ability to 82.9%, observed in control 1 should hate a nega-
tive impact on the process of fertilization. Poligmrain cover-
age of stigmas was abundant and grain germinationntes-
sive; however, in comparison to processes occurdnder
natural conditions (control no 2) penetration oflgro tubes

was markedly slowed. After 3 h only single pollen wibe

reached the base of stigmas, while under naturatlitons

after such a time pollen tubes were seen at theopy& (Fig.
4). It may be assumed that after a longer timelition

might have occurred. This is what actually happsimge crop
is obtained when cultivating plants under identiastificial

conditions, although it is lower than normally exjgec[5, 6,
7]. The slowed process of pollen tube penetrati@mseto be
caused by the negative effect of elevated tempestin the
greenhouse, reaching 37°C on warm days. Such extteme
ditions resulted in reduced turgor in plants, andstalso in
stigmas, which in turn disturbed the process ofeguoljrain
hydratation and nutrition of pollen tubes.

After a pollen grain fall on the stigma, the fisdage con-
sists on its hydratation followed by recognitionithih the
first few minutes the pollen grain is either accdpte rejected
[8, 11]. Studies orabidopsis[15] indicate that lipids play a
key role in the initial process of pollen grain egoition and
next its anchoring, germination and growth of thégmotube.
Grain hydratation takes place through tunnels in gleesma
membranes of stigma cells [16-25]. Helsop-Harrisqored
that in rye hydratation of pollen grain takes pl&cenin 22 s
after contact [26]. If the hydratation process istutbed, pol-
len grain germination or penetration of pollen wbeto the
stigma tissue is inhibited. Studies conducted byyrauthors
confirmed the active role of pistils and the femgdenetophyte
in the process of recognition and acceptance ofnibke ga-
metophyte and the further process of pollen tulwsvtr [25].
In these processes the key role is played by tbtipis in the
regulation of water flow between cells [24]. Water t&m in
the grain settled on the stigma increases as dt i@siis re-
lease from the stigma. This drastic change in watatent re-
quires a cascade of a whole series of structuralhamécal and
molecular mechanisms in pollen grain so that it meyminate
into the pollen tube, penetrate into the pistisuiss and suc-
cessfully deposit two spermatozoids to the embrgd23, 26,
and 27]. Two major factors determine the processak ga-
metophyte/female gametophyte interactions, withfitisé fac-
tor being the competition between pollen tubes, wthitesec-
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in vitro experiment. Respiration is a key metabgliocess in
pollen grains and it affects hydratation and geation proc-
esses as well as growth of pollen tubes. Studies shoe

ambient temperature has a significant effect opiraton in-

tensity and thus affects the process of fertil@atiThe same
authors stated that low light reduces the photosgyittitapa-
bility of the plant and therefore the availabilitf substrates
(sugars) for pollen metabolism. In the presentedysive ob-
served phenomena, which have a negative effectropem-

tures above 30°C. Despite high pollen grain abunelanany
grains did not germinate and growth of pollen twvas mark-
edly slowed. An intensive callose reaction was obskrve
manifested in pollen grains and in pollen tubess Thaction
was stronger in comparison to the control run undural

conditions. It may be assumed that this strengtitenias

caused by the death of poorly hydrated pollen tubles proc-
ess of embryo targeting was also disturbed, aseagid by
the pollen tubes growing in the opposite directibhese ob-
servations indicate that under the conditions aftrel the

gynoecium did not function properly. This may beiltited to

the negative effect of high temperatures in theegheuse,
reaching 37°C on warm days. Such extreme conditiens
sulted in a decreased turgor in plants, thus alstigmas, and
this in turn disturbed the process of pollen grayaratation

and pollen tube nourishment.

The rejection reactions were observed in all expenis.
To a considerable degree it was a normal reactionytoas a
self-incompatible plant. Under natural conditionany pollen
grains fall on the stigma and germinate into potlgmes; how-
ever, the number of pollen tubes growing towards ahary
successively decreases so that the ovary is redghadyreatly
limited number of pollen tubes and only single wbeach the
micropyle [19]. In cereals the ovary contains oofe embryo
sac. Only one pollen tube transporting two spermédszis
required for successful fertilization. The systerh self-
incompatibility found in rye eliminates many pollé¢nbes,
which genes are identical to those of the plant ataog the
pollen grain, i.e. incompatible [15, 16]. However, hiit the
huge number of grains falling in the stigma thdrewdd be a
sufficient number of these genetically compatibiteis only
crucial for them to have optimal conditions to peaie into
pistil walls.

Temperature conditions below 12°C and low lightinfy
plants (experiment 1) turned out to be particuladiyerse for
fertilization. Despite the temperature during flowmeriade-
quate for rye [9], the process of pollen grain amtig as well
as germination and growth of pollen tubes was mosside
erably hindered among all the tested variants. eSigains
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were viable (84.3%), causes may be attributed tostigenas
not being prepared to accept male gametophytes.daquate
amount of light is a key factor in the appropriaurse of
physiological process in plants. Conditions of eipent 2
proved to be equally disadvantageous. The proceg®lten
grain anchoring was very weak and a very low numbgrobf
len grains germinated into pollen tubes. After 3oligm tubes
were too short to reach the embryo.

Among the three greenhouse experiments, the conditi
of experiment 3, i.e. at a temperature 25°C, praeetle the
most advantageous for germination of pollen tudée num-
ber of anchored grains was very high and they gexta¢hin-
tensively. Initially they formed bundles composéddomerous
pollen tubes. Similarly as Hormaza et al. [29], acassive
elimination of pollen tubes was observed with thersming
distance to the ovary. Only a very limited numberseferal
pollen tubes penetrated into the ovary. The ratehath pollen
tube reached the embryo was similar as in the &gfteriment
(control 2), as fertilization was observed after. 3 h

5. Conclusions

1. The significant and negative effect of greenleatmnditions
was observed in the process of pollen grain gerioinapol-
len tube growth and fertilization in rnfecale cereald..).

2. Optimal conditions in greenhouses for plants fiomgedur-
ing winter time are: lighting in a single-phase 1&uts long
directly over plants and a temperature of appr&C2during
the day phase.

3. Temperatures below 20°C and over 35°C markeigtyrt
germination of pollen grains, growth of pollen tuksesl fer-
tilization.

4. Results indicate that studies on the procesgotiination
and fertilization should not be conducted undsfieidl condi-
tions and in periods deviating from natural, duettte high
probability of erroneous conclusions being drawa assult of
considerable disturbances in the germination ofepograin
and growth of pollen tubes and as a consequenceluced
fertility of plants.
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