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ANALYSIS OF FERTILIZATION PROCESS IN RYE ( SECALE CEREALE L. SSP. CEREALE) 

UNDER DIFFERENT GREENHOUSE CONDITIONS 
 

Summary 
 

The purpose of the work was to assess the germination process and the growth of pollen tubes in rye Secale cereale L. ssp. 
cereale) growing in greenhouse conditions taking into account different temperature conditions and exposures to light. The 
rye cultivar Dańkowskie Złote, was selected for the experiment and cultivar Dańkowskie Nowe as a control. Microscopic 
analysis were carried out using fluorescent techniques staining the preparations with aniline blue. Analysis were performed 
after 10 min, 1 h, 2 h and 3 h from the pollination. The results indicate a negative effect of greenhouse conditions on pollen 
germination, pollen tube growth and the fertilization process in rye Secale cereale (L.). The optimal greenhouse conditions 
for plants flowering in winter time are: exposure to the artificial lighting over plants in single day-phase 16 hours long and 
temperatures around 25°C for day. Temperatures lower than 20°C clearly interfere with the process of pollen grain germi-
nation, the growth of pollen tubes and the fertilization process, which in turn leads to the lower fertility and yielding of 
plants. In the process of producing new hybrid varieties and seed production in open-pollinated plants, plastic tunnels and 
greenhouses are used as isolators. In case of reproduction of the single plants or lines, selecting the optimal conditions for 
the fertilization process is of key importance. 
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ANALIZA PROCESU ZAPŁODNIENIA U ŻYTA (SECALE CEREALE L. SSP. CEREALE)  
W RÓŻNYCH WARUNKACH SZKLARNIOWYCH 

 

Streszczenie 
 

Celem pracy była ocena procesu kiełkowania i wzrostu łagiewek pyłkowych u żyta Secale cereale L. ssp. cereale rosnącego  
warunkach szklarniowych, z uwzględnieniem różnych warunków temperaturowych i naświetlenia. Do doświadczeń wybrano 
odmianę uprawną żyta: Dańkowskie Złote a kontrolą była odmiana Dańkowskie Nowe. Przeprowadzono analizy mikrosko-
powe z zastosowaniem techniki fluorescencyjnej barwiąc preparaty błękitem anilinowym. Analizowano słupki utrwalone po: 
10 min, 1 h, 2 h, 3 h od zapylenia. Wyniki wskazują na negatywny wpływ warunków szklarniowych na proces kiełkowania 
ziaren pyłku, wzrost łagiewek pyłkowych i zapłodnienie u żyta Secale cereale (L.). Optymalne warunki w szklarni dla roślin 
kwitnących w okresie zimy, to doświetlanie jednofazowe przez 16 godzin i temperatura ok. 25ºC w fazie dnia. Temperatury 
niższe od 20ºC i wyższe od 30ºC wyraźnie zakłócają proces kiełkowania ziaren pyłku, wzrost łagiewek pyłkowych i zapłod-
nienie, co w konsekwencji prowadzi do obniżenia płodności roślin i plonowania. W procesach wytwarzania nowych odmian 
heterozyjnych i produkcji nasiennej u roślin obcopylnych, stosuje się izolatory w postaci tuneli foliowych i szklarni. W przy-
padku rozmnażania pojedynków czy linii w procesie hodowli, dobranie optymalnych warunków do zapłodnienia to jedno z 
najistotniejszych zagadnień.  
Słowa kluczowe: Secale cereale ssp. cereale, żyto, zapłodnienie, wzrost łagiewek pyłkowych, temperatura 
 
 
1. Introduction 
 
 For many years researchers specializing in many disci-
plines have pointed out the problem of global warming. It 
has been observed an increase in mean annual air and ocean 
temperatures, melting of ice caps and glaciers as well as an 
increase in the global average sea levels [1]. Comparable 
changes are also observed in Poland [2, 3]. When Michal-
ska [4] was analyzed the course of weather conditions in a 
multi-annual period recorded in the 24 weather stations in 
Poland, she stated, that trends for mean annual temperature 
in the last two decades show a marked, significant increase 
over most of Poland’s territory, particularly northern and 
western parts of the country. According to Michalska [4], in 
March, May and August the upward trend for temperatures 
in most weather stations of the Institute of Meteorology and 
Water Management is statistically highly significant and 
ranged from 0.2 to 0.6°C for the period of 10 years, while 

in the north of Poland also in April the average increase is 
0.3°C. The observations indicate that the greatest increase 
in temperatures is found in early spring and spring. Such 
changes are also reported by farmers and crop breeders 
(unpublished information). The adequate growth and devel-
opment conditions in the spring are necessary for the ap-
propriate course of flowering, pollination and seed setting. 
Days in May with temperatures over 25°C contribute to the 
development of adverse conditions for the development of 
viable pollen grain and fertilization in greenhouses and 
plastic tunnels, where temperatures exceed 35°C. Authors 
faced a similar problem when conducting researches on rye 
[5]. Also Kolasińska [6, 7] reported that temperatures of 
approx. 35°C found in plastic tunnels had an adverse effect 
on the formation of fertile pollen grain and yield. 
 Rye (Secale cereale L. ssp. cereale) is an allogamous, 
wind pollinated and highly self-incompatible species [8]. 
The structure of the floret and reproductive organs is typical 



Danuta MACKIEWICZ, Mieczysław GRZELAK  „Journal of Research and Applications in Agricultural Engineering” 2015, Vol. 60(4) 31

of the family Poaceae. The pistil has no style and the 
stigma divided into two parts is pinnate. The role of numer-
ous, multi-cellular papillae and hairs surrounding the ovary 
is to capture and hold pollen grain carried by the wind. 
Three anthers produce huge amounts of the threenucleate 
pollen grain. Under natural conditions the rye is flowering 
at a temperature of approx. 12°C [9] and pollen grain re-
tains germinability for 5-7 days [10]. At the moment when 
pollen grain falls on the stigma, an interaction takes place 
between tissues of the female gametophyte (pistil, embryo 
sac) and pollen grain – the male gametophyte. The first 
stage in this interaction consists in grain hydratation, which 
is followed by the transfer of enzymes and glycoproteins 
responsible for the recognition of pollen by the gameto-
phyte [10, 11, and 12]. Many authors indicate that ambient 
temperatures have a significant effect on the entire fertiliza-
tion process [6, 7, and 8 ]. In order to accelerate the vegeta-
tion cycle, breeders frequently sow seeds in greenhouses at 
dates differing considerably from the recommended sowing 
dates. The target of presented study was to investigate reac-
tions occurring on the stigma in rye, when flowering takes 
place under greenhouse conditions deviating greatly from 
those at natural sowing dates and pollination occurs at vari-
ous temperature conditions. Insight into the reaction be-
tween the stigma and pollen grain will facilitate selection of 
the optimal conditions, particularly in research and breed-
ing work conducted on rye. 
 
2. Material and methods 
 
 Experiments were conducted on the rye cultivar: Secale 
cereale ssp. cereale: Dańkowskie Złote. Sowing material 
(elite) came from Danko Breeding Company Ltd. in Choryń 
in Poland. Experiments were carried out under artificial - 
greenhouse conditions, in 3 variants, including: a) tempera-
ture during plant growth and flowering, b) lighting, c) the 
period, in which plants were growing and pollination and 
fixation of materials for analyses were performed. The con-
trol, cultivar Dańkowskie Nowe was conducted in the 
greenhouse in May and under natural conditions in the field 
at dates recommended for cultivation operations. The ex-
periments were conducted in greenhouses and in the ex-
perimental garden of the Department of Genetics and Plant 
Breeding, PULS, in 2009. 
 In order to conduct greenhouse experiments at dates dif-
fering from natural dates, it was necessary to perform artifi-
cial vernalization. Thus kernels were germinated and 1-
week old seedlings were placed in a vegetation chamber at 
temperature of +1 to +4oC for 8 weeks. After vernalization, 
plants were grown in a greenhouse until flowering, when 
material was collected for microscopic analyses. Germina-
tion and planting dates were selected so that the period of 
flowering came in April and March. In the control experi-
ment sowing was performed at the end of September 2008 
and plants underwent natural vernalization during the win-
ter.  
 The experiments were conducted under greenhouse 
conditions in winter time and plants were grown under arti-
ficial light of lamps with Son-T Agro 400 light bulbs by 
Philips. In all the greenhouse experiments the length of the 
“daylight” phase was 16 h, which is consistent with the day 
length in Poland during rye flowering, i.e. in May. Tem-
perature in the greenhouse was regulated by changing the 
location of lamps over plants. In three greenhouse experi-

ments different temperature and lighting conditions were 
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 maintain the re-
quired temperature artificial single-phase lighting was used 
at the level of ears from 5 a.m. to 9 p.m. in the vicinity 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 single-phase 
lighting was used from 5 a.m. to 9 p.m. directly onto plants.  
Experiment 3 was conducted in January in the greenhouse 
at a temperature of 14°C (night) and up to 25°C (day). Arti-
ficial single-phase lighting was used from 5 a.m. to 9 p.m. 
directly over plants.  
Control 1 was established in the greenhouse in May with 
no temperature regulation. Plants wintered in the field and 
in March they were transplanted to the greenhouse. In May 
when the plants flowered, in the greenhouse the diurnal 
maximum temperature ranged from 20 to 37°C and pollina-
tion and sample collection were conducted at a temperature 
of 29 - 37°C. The temperature in the greenhouse depends of 
daily weather. 
Control 2 was established in the field in the autumn of the 
previous year. Plants grew and flowered at natural dates 
and conditions. During flowering (in May) controlled polli-
nation was performed and material for microscopic analy-
ses was fixed. During flowering the diurnal maximum tem-
perature ranged from 16 to 21°C and pollination and sample 
collection were conducted at a temperature of 17-18°C. The 
control cultivar was Dańkowskie Nowe. 
 
 After heading from leaf sheaths the androecium was 
removed from florets and bag isolators were placed on cas-
trated ears. Controlled pollination was performed at 6 to 12 
days after castration, when stigmas emerged from glu-
melles. Pollen grain viability was assessed for each cultivar 
in all the experiments, based on the analysis of preparations 
stained with the Belling solution (acetocarmine 2% + glyc-
erin at 1:1) [13]. 
Within each experiment a total of 10-15 stigmas were col-
lected at 10min, 1h, 2h, 3h and 4h after pollination and they 
were fixed in the Carnoy fixing solution (95% EOH + CH3 
COOH at 3:1) [13]. Aniline blue was applied in staining of 
microscopic slides [14]. Observations were conducted using 
a fluorescence microscope. The following parameters were 
recorded: a) the number of pollen grains on the stigma, b) 
the number of germinating pollen grains on the stigma, c) 
the number of pollen tubes reaching the ovary (base of 
stigma), d) the number of pollen tubes reaching the micro-
pyle of ovule (ovary), e) the length of pollen tubes, f) atypi-
cal phenomena.  
A 6–point scale was used to describe the observations: 
- 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, 
- 4 – 31-50 pollen grain/pollen tubes on the stigma, 
- 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 µm. The 
mean distance from a) the end of the stigma to the ovary 
and b) from the end of the stigma to the micropyle was cal-
culated based on measurements from 5 pistils of each culti-
var. A total of 5 short pollen tubes and 5 long pollen tubes 
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were measured from each time point and the results were 
averaged. 
 

3. Results 
3.1. Assessment of pollen grain viability 
 

 Irrespective of the conditions, under which plants were 
growing and flowering, viability of pollen was similar and 
ranged from 82,9% to 92,3% (Tab. 1). The lowest viability 
was observed in plants flowering in May in the greenhouse, 
i.e. at the highest temperatures. Detailed results were given 
in Table 1. 
 

3.2. Assessment of pollen germination and pollen tubes 
penetration 
 

 Average distance towards defeating by pollen tubes for 
two cultivars was calculated. From the end of the stigma to 
the base of stigma it was 3147 µm and from the end of the 

stigma to the micropyle it was 4031 µm . Detailed results of 
microscopic analysis were given in Table 2. 
 In experiments 1, 2, and 3, conducted in the greenhouse 
at dates different from natural, numerous irregularities were 
observed. In experiments 1, and 2 pollen grain abundance 
was poor or medium (except for one case with up to 30 
grains). Germination of pollen tubes on the stigma was very 
weak (up to 5); the tubes were short and after 3 h did not 
reach the style (Fig. 1). No pollen tubes were observed in 
the ovary. Numerous irregularities were observed: the cal-
lose reaction manifested in pollen grains and pollen tubes, 
pollen tubes entwined or twisted around the grain, pollen 
tubes branched and broken. The recorded diminishing 
number of pollen grains on stigmas with the passing time 
from pollination indicates that grains were not anchored 
and were washed out in the course of slide preparation.  

 
Table 1. Pollen viability of three cultivars of rye (Secale cereale L ssp. cereale.) determined in the different temperature conditions. 
Tab. 1. Żywotność ziaren pyłku u trzech odmian żyta (Secale cereale L ssp. cereale.) określona w różnych warunkach temperaturowych. 
 

No of ex-
periment 

Cultivar Month 
Place of the 
experiment 

Mean 
temperature night/day 

[ºC] 

Maximal day 
temperature 

[ºC] 

Mean 
pollen viability 

[%] 
Experiment 1. Dańkowskie Złote January greenhouse 8/12 12 84,3 
Experiment 2. Dańkowskie Złote January greenhouse 10/14 14 85,1 
Experiment 3. Dańkowskie Złote January greenhouse 14/25 25 86,4 

Control 1. Dańkowskie Nowe May greenhouse 18/27 37 82,9 
Control 2. Dańkowskie Nowe May field 4,5/18,5 23 92,3 

The temperatures were measured in 2009 year in greenhouse and garden of Dep. Gen. and Pl. Breed. PULS 
Pomiary temperatury wykonano w maju 2009 r w szklarni i ogrodzie Kat. G i HR UP w Poznaniu. 

Source: own work / Źródło: opracowanie własne 
 
Table 2. Germination of pollen grain and penetration of pollen tubes into the ovary in (Secale cereale ssp. cereale L.) in the different con-
dition of greenhouse and in the field 
Tab. 2. Kiełkowanie ziaren pyłku i wnikanie łagiewek pyłkowych do zalążni żyta (Secale cereale ssp. cereale L.) określona w różnych wa-
runkach szklarniowych i w polu. 
 

The number of pollen tubes The length of pollen tubes [µm] 
Place 

Time from 
pollination 

Pollen grain 
abundance* stigma base of stigma ovary minimal maximal 

Experiment 1. 
10” 2 1 0 0 10 40 
1h 3 1 0 0 10 100 
2h 2 1 0 0 100 150 

greenhouse 

3h 2 1 0 0 100 250 
Experiment 2. 

10” 4 1 0 0 10 30 
1h 2 1 0 0 70 200 
2h 3 1 0 0 100 250 

greenhouse 

3h 2 1 0 0 100 500 
Experiment 3. 

10” 5 1 0 0 10 400 
1h 5 4 0 0 20 550 
2h 5 3 1 0 20 2200 

greenhouse 

3h 5 3 1 1 100 3900 
Control 1. 

10” 4 1 0 0 10 200 
1h 3 2 0 0 10 1200 
2h 3 3 1 0 20 2400 

greenhouse 

3h 4 3 1 1 20 3100 
Control 2. 

10” 3 3 0 0 10 400 
1h 3 4 0 0 20 2500 
2h 4 5 2 1 40 3500 

field 

3h 5 5 3 2 100 4000 
*a 6-point scale was applied (as described in the text) 
*Zastosowano skalę 6-stopniową (opis w tekście) 

Source: own work / Źródło: opracowanie własne 
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 Results of experiment 1 and 2 showed that at a tempera-
ture 12°C and at poor lighting during flowering, and 14°C 
(day) with the single-phase lighting from 5 a.m. to 9 p.m. 
directly onto plants, the process of germination and penetra-
tion of pollen tubes was completely inhibited (Fig. 1 and 2). 
Stigmas in experiment 1 were curved and papillae were 
clustered providing no conditions for pollen grain settle-
ment. Such a structure of pistils shows that they were not 
prepared to accept pollen grain and to fertilization. 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 1. Very weak pollen grain abundance and pollen tubes 
germination on the stigma of rye (Secale cereale L. ssp. ce-
reale) 2 h after pollination in a greenhouse at a temperature 
14°C. (Experiment 2) 
Rys. 1 Słabe opylenie, kiełkowanie ziaren pyłku i wzrasta-
nie łagiewek pyłkowych na znamieniu. żyta (Secale cereale 
ssp. cereale L.) po 2 h od zapylenia w szklarni w tempera-
turze 14°C. (Doświadczenie 2) 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 2. The branched and broken pollen tube with callose reac-
tion in rye (Secale cereale L. ssp. cereale) 2 h after pollination 
in a greenhouse at a temperature 16°C. (Experiment 4) 
Rys. 2. Rozwidlona łagiewka pyłkowych z reakcją kalozową 
na znamieniu żyta (Secale cereale L. ssp. cereale) po 2 h od 
zapylenia w szklarni w temperaturze 16°C. (Doświadczenie 4) 
 
 In experiment 3, conducted in the greenhouse at a tempera-
ture of 25°C, pollen grain abundance was very high and nu-
merous pollen grains germinated at all the analyzed time points 
(considerably exceeding 50). Pollen tubes already after 2 h 
reached the base of stigma and after 3 h single pollen tubes 
were observed in the ovary. In 5 cases out of the 15 tested 
penetration of pollen tubes to the micropyle was recorded (Fig. 
4). Moreover, reactions were also observed indicating an inap-
propriate pistil/male gametophyte interaction. They were simi-
lar irregularities to those described above. 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 3. Intensive pollen grain abundance and pollen tubes 
germination on the stigma in rye (Secale cereale L. ssp. ce-
reale) 3 h after pollination in a greenhouse at a temperature 
25°C. (Experiment 3) 
Rys. 3. Intensywne opylenie, kiełkowanie ziaren pyłku 
i wzrastanie łagiewek pyłkowych na znamieniu żyta (Secale 
cereale L. ssp. cereale) po 3 h od zapylenia w szklarni 
w temperaturze 25°C. (Doświadczenie 3) 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 4. Ovule and pollen tubes penetration into the micro-
pyle in rye (Secale cereale L. ssp. cereale) 3 h after pollina-
tion in a field condition. (Experiment 6) 
Rys. 4. Zalążek i łagiewki podążające do milkopyle u żyta 
(Secale cereale L. ssp. cereale) po 3 h od zapylenia w wa-
runkach polowych. (Doświadczenie 6) 
 
 The control no 1, conducted in the greenhouse in May, 
with oscilation of the temperature inside couses the tem-
perature outside, pollen grain abundance was medium (up 
to 50 grains) and germination intensity reached about 30 
pollen tubes on the stigma after 1 h. After 2 h single pollen 
tubes were observed in the style and after 3 h - in the ovary. 
Pollen tubes reached maximum length of 3050 µm, they did 
not reach the micropyle. At all the time points large num-
bers of very short pollen tubes were recorded (20-50 µm). 
Numerous irregularities were observed, e.g. the callose re-
action manifested in pollen grains and pollen tubes, break-
ing of pollen tubes, strongly twisted pollen tubes and pene-
tration in a wrong direction. No pollen tubes at the micro-
pyle were observed after 3 h. 
 The control no 2 conducted in the field, pollen grain 
abundance at all analyzed time points was very high. Pollen 
grains were found on stigmas in numbers considerably ex-
ceeding 100. Already after 10 min intensive germination of 
pollen tubes was observed and the number of germinated 
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grains increased with time from pollination, so that after 2 h it 
exceeded 100 pollen grains. After 2 h numerous pollen tubes 
were seen penetrating through stigma tissues towards the 
ovary. At the base of the stigma the number of pollen tubes 
was also very high; however, it dropped drastically within the 
ovary to several only. Single pollen tubes reached the micro-
pyle. In 8 cases out of 15 analyzed penetration of pollen tubes 
to the embryo sac was recorded (Fig 4), i.e. after 3 h it was fer-
tilized. The reported irregularities included single branching 
pollen tubes, the callose reaction and twisted pollen tubes. 
 
4. Discussion  
 
 High viability of pollen grain observed in all cases (Tab. 1) 
indicates that variable plant growth and development condi-
tions did not have a negative effect on the process of develop-
ment of male gametophytes. The lowest mean viability was 
recorded for plants growing in the greenhouse and flowering in 
May, when maximum diurnal temperature ranged from 21 to 
37°C. Similarly as Kolasińska [6, 7], the authors also stated a 
negative effect on viability of pollen grain in rye (Secale ce-
reale L.) for conditions found in greenhouses or plastic tun-
nels, particularly high temperatures. The slight decrease in vi-
ability to 82.9%, observed in control 1 should not have a nega-
tive impact on the process of fertilization. Pollen grain cover-
age of stigmas was abundant and grain germination was inten-
sive; however, in comparison to processes occurring under 
natural conditions (control no 2) penetration of pollen tubes 
was markedly slowed. After 3 h only single pollen tubes 
reached the base of stigmas, while under natural conditions 
after such a time pollen tubes were seen at the micropyle (Fig. 
4). It may be assumed that after a longer time fertilization 
might have occurred. This is what actually happens, since crop 
is obtained when cultivating plants under identical artificial 
conditions, although it is lower than normally expected [5, 6, 
7]. The slowed process of pollen tube penetration seems to be 
caused by the negative effect of elevated temperatures in the 
greenhouse, reaching 37°C on warm days. Such extreme con-
ditions resulted in reduced turgor in plants, and thus also in 
stigmas, which in turn disturbed the process of pollen grain 
hydratation and nutrition of pollen tubes.  
 

 After a pollen grain fall on the stigma, the first stage con-
sists on its hydratation followed by recognition. Within the 
first few minutes the pollen grain is either accepted or rejected 
[8, 11]. Studies on Arabidopsis [15] indicate that lipids play a 
key role in the initial process of pollen grain recognition and 
next its anchoring, germination and growth of the pollen tube. 
Grain hydratation takes place through tunnels in the plasma 
membranes of stigma cells [16-25]. Helsop-Harrison reported 
that in rye hydratation of pollen grain takes place 2 min 22 s 
after contact [26]. If the hydratation process is disturbed, pol-
len grain germination or penetration of pollen tubes into the 
stigma tissue is inhibited. Studies conducted by many authors 
confirmed the active role of pistils and the female gametophyte 
in the process of recognition and acceptance of the male ga-
metophyte and the further process of pollen tube growth [25]. 
In these processes the key role is played by the proteins in the 
regulation of water flow between cells [24]. Water content in 
the grain settled on the stigma increases as a result of its re-
lease from the stigma. This drastic change in water content re-
quires a cascade of a whole series of structural, mechanical and 
molecular mechanisms in pollen grain so that it may germinate 
into the pollen tube, penetrate into the pistil tissues and suc-
cessfully deposit two spermatozoids to the embryo sac [23, 26, 
and 27]. Two major factors determine the process of male ga-
metophyte/female gametophyte interactions, with the first fac-
tor being the competition between pollen tubes, while the sec-

ond factor consists in the modulation of these differences by 
the gynoecium [20]. They cover physical and physiological 
barriers as well as the genetic pollen grain–pistil interaction. 
Physiological limitations may be determined by the availability 
of nutrients, since most substances comprising the pollen tube 
wall are collected from the stigma. Thus pistil tissues partici-
pate not only in the initial process of male gametophyte recog-
nition and its anchoring, but also in further processes of 
growth, nourishment and targeting of pollen tubes [24, 25]. For 
the appropriate course of these processes environmental condi-
tions have to be adequate for a given species, with ambient 
temperature being one of the major factors in this respect. 
Studies conducted on different plant species indicate a signifi-
cant relationship of the volume of seed yield with temperature 
during flowering [11]. Species vary in terms of their tempera-
ture requirements and the differences result from evolutionary 
changes adapting plants to different habitat conditions.  
 Karapanos et al. [28] investigated the effect of high tem-
perature (30°C) on respiration of pollen grains in tomato in an 
in vitro experiment. Respiration is a key metabolic process in 
pollen grains and it affects hydratation and germination proc-
esses as well as growth of pollen tubes. Studies showed that 
ambient temperature has a significant effect on respiration in-
tensity and thus affects the process of fertilization. The same 
authors stated that low light reduces the photosynthetic capa-
bility of the plant and therefore the availability of substrates 
(sugars) for pollen metabolism. In the presented study we ob-
served phenomena, which have a negative effect on tempera-
tures above 30°C. Despite high pollen grain abundance many 
grains did not germinate and growth of pollen tubes was mark-
edly slowed. An intensive callose reaction was observed, 
manifested in pollen grains and in pollen tubes. This reaction 
was stronger in comparison to the control run under natural 
conditions. It may be assumed that this strengthening was 
caused by the death of poorly hydrated pollen tubes. The proc-
ess of embryo targeting was also disturbed, as evidenced by 
the pollen tubes growing in the opposite direction. These ob-
servations indicate that under the conditions of contrel1 the 
gynoecium did not function properly. This may be attributed to 
the negative effect of high temperatures in the greenhouse, 
reaching 37°C on warm days. Such extreme conditions re-
sulted in a decreased turgor in plants, thus also in stigmas, and 
this in turn disturbed the process of pollen grain hydratation 
and pollen tube nourishment.  
 

 The rejection reactions were observed in all experiments. 
To a considerable degree it was a normal reaction for rye as a 
self-incompatible plant. Under natural conditions many pollen 
grains fall on the stigma and germinate into pollen tubes; how-
ever, the number of pollen tubes growing towards the ovary 
successively decreases so that the ovary is reached by a greatly 
limited number of pollen tubes and only single tubes reach the 
micropyle [19]. In cereals the ovary contains only one embryo 
sac. Only one pollen tube transporting two spermatozoids is 
required for successful fertilization. The system of self-
incompatibility found in rye eliminates many pollen tubes, 
which genes are identical to those of the plant accepting the 
pollen grain, i.e. incompatible [15, 16]. However, within the 
huge number of grains falling in the stigma there should be a 
sufficient number of these genetically compatible. It is only 
crucial for them to have optimal conditions to penetrate into 
pistil walls.  
 

 Temperature conditions below 12°C and low lighting of 
plants (experiment 1) turned out to be particularly adverse for 
fertilization. Despite the temperature during flowering ade-
quate for rye [9], the process of pollen grain anchoring as well 
as germination and growth of pollen tubes was most consid-
erably hindered among all the tested variants. Since grains 



Danuta MACKIEWICZ, Mieczysław GRZELAK  „Journal of Research and Applications in Agricultural Engineering” 2015, Vol. 60(4) 35

were viable (84.3%), causes may be attributed to the stigmas 
not being prepared to accept male gametophytes. An adequate 
amount of light is a key factor in the appropriate course of 
physiological process in plants. Conditions of experiment 2 
proved to be equally disadvantageous. The process of pollen 
grain anchoring was very weak and a very low number of pol-
len grains germinated into pollen tubes. After 3 h pollen tubes 
were too short to reach the embryo.  
 Among the three greenhouse experiments, the conditions 
of experiment 3, i.e. at a temperature 25°C, proved to be the 
most advantageous for germination of pollen tubes. The num-
ber of anchored grains was very high and they germinated in-
tensively. Initially they formed bundles composed of numerous 
pollen tubes. Similarly as Hormaza et al. [29], a successive 
elimination of pollen tubes was observed with the shortening 
distance to the ovary. Only a very limited number of several 
pollen tubes penetrated into the ovary. The rate at which pollen 
tube reached the embryo was similar as in the field experiment 
(control 2), as fertilization was observed after 3 h. 
 
5. Conclusions 
 
1. The significant and negative effect of greenhouse conditions 
was observed in the process of pollen grain germination, pol-
len tube growth and fertilization in rye Secale cereale (L.). 
2. Optimal conditions in greenhouses for plants flowering dur-
ing winter time are: lighting in a single-phase 16 hours long 
directly over plants and a temperature of approx. 25ºC during 
the day phase.  
3. Temperatures below 20ºC and over 35ºC markedly disturb 
germination of pollen grains, growth of pollen tubes and fer-
tilization.  
4. Results indicate that studies on the process of pollination 
and fertilization should not be conducted under artificial condi-
tions and in periods deviating from natural, due to the high 
probability of erroneous conclusions being drawn as a result of 
considerable disturbances in the germination of pollen grain 
and growth of pollen tubes and as a consequence – reduced 
fertility of plants. 
 
6. References 
 
[1] IPCC, Raport Międzynarodowego Panelu Zmian Klima-

tycznych, 2007. 
[2] Michalska B.: Variability of fair temperature in north 

western Poland. [In:] Z. Szwejkowski (ed.): Environ-
mental aspects of climate change, UW-M, Olsztyn, 2009,  
89-107. 

[3] Żmudzka E.: Changes in thermal conditions in the high 
mountain areas and contemporary warming in the central 
Europe. Miscellanea Geographica, 2010, 14: 59-70. 

[4] Michalska B.: Tendencje zmian temperatury powietrza w 
Polsce. Prace i Studia Geograficzne, 2011, T.47: 67-75. 

[5] Mackiewicz-Karolczak D., Broda Z.: Ocena przydatności 
hodowlanej mieszańców żyta uprawnego Secale cereale 
(L.) z dzikimi gatunkami z rodzaju Secale. Biul.IHiAR, 
2004, 231: 265-277. 

[6] Kolasińska I.: Przywracanie płodności pollen u mieszań-
ców żyta CMS-Pampa x restorer. Biul. IHiAR, 2001, 
218/219: 341-349. 

[7] Kolasińska I.: Identyfikacja donorów genów przywracają-
cych męską płodność u mieszańców żyta ze sterylizującą 
cytoplazmą Pampa. Biul. IHiAR, 2014, 271:17-28. 

[8] Winiarczyk K., Szozda A., Kalinowski A., Radcowski M.: 
Wybrane aspekty zapylenia żyta (Secale cereale L.). An-
nales UMCS. Sec. E, 2005, 60, 293-307. 

[9] Wojciechowska U.: Fizjologia żyta [In:] Biologia żyta. 
Tarkowski Cz. (ed.). Warszawa: PWN, 1983: 53-99. 

[10] Palfi G., Gulyas S., Rajki E.S.: Correlation of the quality 
of the pollen grains with the temporal sequence of pollen 
dispersion in the different parts of the inflorescence. Acta 
Univ. Szeged. Acta Biol., 1988, 34: 27-34: 

[11] Elgersma A., Stephenson A.G., den Nijs A.P.M.: Effects 
of genotype and temperature on pollen tube growth in per-
ennial ryegrass (Lolium perenne L.). Sex Plant Reprod., 
1989, 2:,225-230. 

[12] Narrallach J.B.: Biosynthesis of glycoproteins involved in 
the pollen-stigma interaction of incompatibility in devel-
oping flowers of Brassica oleracea L. Planta, 1985, 165: 
100-107.  

[13] Filutowicz A., Kużdowicz A.: Mikrotechnika roślin. War-
szawa: PWN, 1951. 

[14] Martin F.W.: Staining and observing pollen tubes by 
means fluorescence. Stain technol., 1959, 34: 125-128. 

[15] Lord E.: Adhesion and cell movement during pollination: 
cherchez la femme. Trends Plant Sc., 2000, 5: 368-372. 

[16] Herrero M.P., Dickinson H.G.: Pollen tube development 
in Pethunia hybrida following compatible and incompati-
ble intraspecific mating. J Cell Sci., 1981, 47: 3, 65-383. 

[17] Herrero M.P., Arbeloa A.: Influence of the pistil on pollen 
tube kinetics in peach (Primus persica). Am. J. Bot., 1989, 
76:,1441-1447. 

[18] Lewis D.: Gametophytic – saprophytic incompatibility. 
[In:] Williams E.G., Knox B.R., Clarke A.E. (eds.): Ge-
netic control of self-incompatibility and reproductive de-
velopment in flowering plants. Kluwer, Dordrecht, 1994, 
88-101. 

[19] Ockendon D.J., Gates P.J.: Growth of cross- and self-
pollen tubes in the styles of Brassica oleracea. New Phy-
tol., 1975, 75: 155-160. 

[20] Herrero M.P., Dickinson H.G.: Pollen tube growth follow-
ing compatible and incompatible intraspecific pollination 
in Pethunia hybrida. Planta, 1980, 148: 217-221. 

[21] Cruzan M.B.: Analysis of pollen-pistil interaction in 
Pethunia hybrida, the determination of variance in male 
reproductive success. Sex Plant Reprod., 1993, 6: 275-
281.  

[22] Rudramuniyappa C.K., Panchaksharappa M.G.: Histo-
chemistry of pollen tube growth in vivo in Triticum durum 
Desf.. Cytologia, 1974, 39: 665-671. 

[23] Helsop-Harrison J.: Aspects of the structure, cytochemis-
try and germination of the pollen of rye (Secale cereale L.) 
Annals of Botany, 1979, 44 Suppl.:1-47. 

[24] Wolters-Arts M., Lush W.M., Mariani C.: Lipids are re-
quired for directional pollen tube growth. Nature, 1998, 
392: 818-821. 

[25] Franklin V.E.: Signaling and the modulation of pollen 
tube growth. The Plant Cell., 1999, Vol. 11: 727-738.  

[26] Helsop-Harrison J., Helsop-Harrison Y.: The pollen- 
stigma interaction in the grasses. 1. Fine structure and cy-
tochemistry of the stigma of Hordeum and Secale. Acta 
Botanica Nederlandica, 1980, 29: 261-276. 

[27] Firon N., Nepi M., Paccini E.: Water status and associated 
processes mark critical stages in pollen development and 
functioning . Annals of Botany, 2012, 109: 1201-1213. 

[28] Karapanos I.C., Akoumianakis C.M., Olympios C.M., 
Passam H.C.: The effect of substrate, ADP and uncoupler 
on the respiration of tomato pollen during incubation in 
vitro at moderately high temperature. Sex Plant Reproduc-
tion, 2009, 22:133-140. 

[29] Hormaza J.I., Herrero M.: Dynamics of pollen tube 
growth under different competition regimes. Sex Plant 
Reproduction, 1996, 9: 153-160. 

 


