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Abstract

Pollen grains of Triticum aestivum L. were partially degraded with four series of experiments: 1. Degra-
dation with 2-aminoethano! for 24, 48 and 72 hours. 2. After the treatment mentioned previously, KMnO4
(1%) was added for 24 hours. 3. In this experiment merkaptoethanol was added to the residous after degrada-
tion with 2-aminoethanol. 4.Pollen grains partially dissolved with glycerine aq. dil. (50%). LM and TEM
methods were used.
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Introduction

Triticum is an extremely important genus from several points of view. According to
the “Index bibliographique” of THANIKAIMONI (1972, 1973) pollen grains of this genus
were first investigated by MOHL (1835) and EDGEWORTH (1877). Important findings
were published by ERDTMAN (1944, 1956), using the LM method. Phase contrast mi-
croscopy was applied by several researchers e.g. ERDTMAN and PRAGLOWSKI (1959),
ERDTMAN, BERGLUND and PRAGLOWSKI (1961). FAEGRI and IVERSEN (1964) empha-
sized the importance of the phase contrast characteristics of the pollen grains in the dif-
ferentiation of various cereals and wild grasses. SORSA (1968) used the interference
contrast method for the pollen grains of Triticum aestivum. The organization and the
polarity of the pollen mother cells were studied by DOVER (1972).

TEM studies. - The ultrastructural characteristic features of the pollen development
of Triticum aestivum was investigated by SHIH-YI, MO-SHAN and LI-YUN (1977). The
correlations between the development of the aperture and the interapertural part of the
pollen grains were investigated by EL-GHAZALY and JENSEN (1985, 1986a,b). Compari-
son of exine development in normal and gametocide treated plants were investigated
with the TEM method by EL-GHAZALY (1990). Cytological and genetical aspects in
anther culture were investigated by SZAKACS (1992).

ANDERSEN and BERTELSEN (1972) used the scanning electron microscope for the
pollen grains of cereals and other grasses. In this paper the importance of the identifica-
tion of the fossil pollen of cereals in studies of postglacial vegetational history was em-
phasized. KOHLER and LANGE (1979) published further data in this respect. The SEM
method was used for selected Triticinae and intergeneric hybrids by RAJENDRA, TOMB,
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MUJEEB and BATES (1978), and the usefulness of micromorphological pollen charac-
teristics as genetic markers was established.

Taking into consideration the allergenic characters of the grass pollen grains, includ-
ing the cereals (e.g.: RICHARD et al., 1986, DE LEONARDIS et al., 1986, NILSSON,
PRAGLOWSKI and NILSSON, 1977, LEBBE et al., 1988, etc.), we also included the pollen
grains of Triticum aestivum also within the experimental research program of our labo-
ratory on allergenic pollen grains.

The aim of this paper is to establish the pollen morphological and ultrastructural al-
terations as a consequence of the experimental influences, in comparison to the previ-
ous results in this subject.

Materials and Methods

The investigation material (Triticum aestivum L. cv. GK-Kal4sz) was collected by Dr. A. PALAGYI and
Mrs. B. VARGA on the 18th May 2001 Locality: Sdgvari Experimental Research Station of the Cereal Re-
search Institute, Szeged.

Fresh grains, (T-12-230) unstained (A) and stained with Methylviolet (B) were investigated. The experi-
ments were as follows:

1. Treatment with 2-aminoethanol during 24, 48 and 72 hours, experiment numbers T-12-231, 232, 233.

2. Treatment with 2-aminoethanol as previously, but after this KMnOy (1%) was added for 24 hours.

3. Treatment with 2-aminoethanol as previously (1), after this 2 ml merkaptoethanol was added for the
exinous remnants for 24 hours.

4. Partial dissolution with glycerine aq. dil. (50%) for 30 days. The pollen grains were mounted in glyc-
erine-jelly, hydrated at 39.6%, and/or in Araldite. Embedding for TEM studies in Araldite after postfixation
with OsOs aq. dil.(1%) The ultrathin sections were made with glass-knives on a Porter Blum ultramicrotome
in the Cell Biological and Evolutionary Micropaleontological Laboratory. The pictures were taken in the EM
Laboratory of the Institute of Biophysics of the Biological Research Center of the Hungarian Academy of
Sciences on a Tesla BS 540 instrument. All pictures are unretouched..

Results

Percentages of the diameter of the pollen grains investigated.

um 45.0 47.5 500 525 550 S75 600 625 650 675 70.0 725 75.0 775

T-12-230A 25 180 285 220 16.0 100 3.0
T-12-230B 12.0 27.5 255 200 125 25

T-12-231A 1.0 4.0 105 285 220 220 100 L5 0.5
T-12-231B 05 30 85 130 310 245 165 3.0

T-12-231Ar 25 120 220 335 215 65 20
T-12-232A 1.0 1.5 70 130 170 325 150 115 15

T-12-232B 05 20 65 150 260 250 125 90 35
T-12-232Ar ' 30 65 180 240 230 155 65 35
T-12-233A 1.0 30 35 175 210 245 265 100 25 0.5
T-12-233B 1.5 125 190 215 215 135 100 0S5

T-12-233Ar 25 105 195 215 270 125 65

T-12-234A 45 45 155 200 130 190 60 90 S50 15 20
T-12-234Ar 100 140 155 230 185 11.0 60 20
T-12-235A 1.0 65 13.0 290 270 125 95 1.0 0S5

T-12-235Ar 40 135 215 190 21.0 140 50 15 05
T-12-236A 25 135 200 235 205 90 45 05 30 05 20 OS5
T-12-236Ar 6.0 250 250 200 100 115 25
T-12-237A 15 35 7.0 215 230 230 150 50 05

T-12-237B 75 145 235 270 140 7.0 25 30 10

70




pym 450 475 500 525 5§50 575 600 625 650 675 700 725 750 715

T-12-237Ar 0.5 1.0 6.0 145 240 300 135 80 25
T-12-238A 20 45 160 140 285 185 125 4.0
T-12-238B 25 155 265 280 255 2.0
T-12-238Ar 120 125 235 270 155 95
T-12-239A - 05 30 75 190 270 355 15
T-12-239B 0.5 05 25 45 105 160 160 21.0 165 75 45
T-12-239Ar 05 30 95 190 320 205 125 3.0
T-12-240A 50 11.5 195 250 240 145 05
T-12-240B 05 05 20 110 260 295 230 7.0 05
T-12-240Ar 1.5 60 200 335 220 120 30 15 05

Table 9.1.

1. Fresh, untreated pollen grains (Plate 9.1., figs. 1-4, table 9.1)

Typically monoporate pollen grains. Diameter of the non-stained pollen grains from
57.5-72.5 um, maximum (28.5%) at 62.5 pm. The stain changed the size of the pollen
grains: diameter from 50,0 - 62.5 um, maximum (27.5%) at 52.5 pm.

2. Partially degraded pollen grains with 2-aminoethanol (Plate 9.1, figs. 5-15, plate
9.2, figs. 1-6)

2.1. Experiment No.: T-12-231, length of time: 24 hours (Plate 9.1., figs. 5-10)

LM results (Plate 9.1., figs. 5-8, table 9.1.). The basic morphology of the pollen
grains has not changed, only the protrusions are characteristic. The variation in the di-
ameter of the non-stained and the stained pollen grains is nearly identical, but the em-
bedding effect increased the size of the pollen grains. '

TEM results.(Plate 9.1., figs. 9,10) The inter-apertural exine (Plate 9.1., fig. 9) is de-
graded. No orbiculi were observed on the surface of the tectum. Channels of the tectum
are not so characteristic. Secondary thinning of the elements of the infratectal layer are
perceptible. Well shown is the destruction of the outer part of the intine. In the apertural
area (Plate 9.1., fig. 10), the elements of the annular system are more or less homoge-
nized. Radially oriented light holes were present, which may indicated the presence of
helical biopolymer systems.

2.2. Experiment No.: T-12-232, length of time 48 hours. (Plate 9.1., figs. 11-15, Plate
9.2, fig.1) :

LM results (Plate 9.1., figs. 11-13, table 9.1.) No qualitative deformations were ob-
served in the partially degraded pollen grains. In consequence of the stain, the diameter
diminishes, but the size of the embedded pollen grains is nearly identical with the non-
stained ones. '

TEM results (Plate 9.1, figs. 14,15, plate 9.2, fig. 1) The degradation of the infra-
tectal layer is characteristic in the inter-apertural ectexine (Plate 9.1., fig. 15). In the
general survey picture (Plate 9.1, fig. 14) of the exine, remnants of the intine are illus-
trated. This layer was secondarily thickened and a degraded electron dense layer is lo-
cated within the more or less homogeneous inner layer. Thz fine structure in the aper-
tural area is more resistant than in the inter-apertural area (Plate 9.2., fig.1). The ectexi-
nous elements of the operculi are well shown, as electron dense particles on a thin
lamellar layer. The endannulus is homogeneous, the thickened ectintine is granular and a
little less electron dense than the foot layer. Near the apertural area, the ectintine is well
preserved and the inner border is wavy. The endintine is probably degraded. The ultra-
structure of the protrusion is lamellar or irregular and, the elements are more or less ori-
ented in the direction of the pore.
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Plate 9.1.
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Plate 9.1.

1S. Triticum aestivum L.
-4. LM pictures. Fresh pollen grains mounted in glycerine-jelly. 1,2. Unstained. 3,4. Stained pollen grains
with Methylviolet., 660x.

5-10. Partially degraded pollen grains with 2-aminoethanol (24 hours)

5-8. LM pictures. 5. Unstained. 6. Stained pollen grains with Methylviolet. 7,8. Pollen grains after ex-
perimental processes, mounted in Araldite, 660x..

9,10. TEM pictures. 9. Detail from the inter-apertural ectexine. Negative No.: 9017, 33.035x. 10. Exine
ultrastructure in the apertural area. Negative No.: 8017, 33.045x.

11-15. Partially degraded pollen grains with 2-aminoethanol (48 hours)

11-13. LM pictures. 1. Unstained. 12. Stained pollen grain with Methylviolet. 13. Pollen grain after experi-
mental processes mounted in Araldite, 660x.

14,15. TEM pictures. 14, Detail from the inter-apertural exine. Negative No.: 9021, 9.910x. 15. Detal from

the ectexine ultrastructure. Negative No.: 9023, 33.030x.

T = tectum, I = infratectum, F = foot layer, sp. = spinae, ch. = channel, int. = intine, pr. = protoplasm,

2.3. Experiment No.: T-12-233, length of time: 72 hours (Plate 9.2., figs. 2-6)
LM results (Plate 9.2., figs. 2-4, table 9.1.) The deformations of the pollen grains started
in this experiment. Characteristic wrinkled ectexine appeared in the stained pollen
grains. The embedding effect swelled the intine and pro parte the protoplasm. The trend
of the alterations of the diameter of the pollen grains is the same as previously.

TEM results (Plate 9.2., figs. 5,6) In the general survey picture of the inter-apertural
area, the thickened intine is well illustrated (Plate 9.2., fig. 6). The electron dense ultra-
structure of the ectintine is in all probability degraded. Within the more or less homoge-
neous intine, electron dense granular elements are perceptible, some of them are ar-
ranged in a layer. Remnants of the protoplasm are characteristic. In the apertural area
(Plate 9.2., fig. 5) the elements of the protrusion are perceptible, but not in the previous
preservations. The endannulus and the ectintine are degraded, granular remnants are
perceptible. The protoplasmic lamellar elements are also degraded and some electron
dense elements are present only.

3. Partial degradation with 2-aminoethanol and KMnO, aq. dil. (Plate 9.3., figs. 1-12)

3.1. Experiment No.: T-12-234, partial degradation with 2-aminoethanol, and KMnO,
for 24 hours (Plate 9.3., figs. 1-4)

LM results (Plate 9.3, figs. 1,2, table 9.1.) Deformed and wrinkled ectexine was ob-
served in the pollen grains mounted in glycerine-jelly. The "inner body" swelled during
the embedding processes. Regarding the diameter of the pollen grains, secondarily larger
forms were observed. The maximum is characteristically larger as previous.

TEM results (Plate 9.3., figs. 3,4) The ectexine, in particular the infratectal layer is
degraded (Plate 9.3., fig. 4). The ornamental elements of the tectum are characteristic
and of different size. In the general survey picture, the degradation of the infratectal
layer is well illustrated (Plate 9.3., fig. 3). The remnants of the protoplasm are connected
to the foot layer, the elements of the intine are not perceptible.

3.2. Experiment No.: T-12-235, partial degradation with 2-aminoethanol (48 hours)
and with KMnQ; (for 24 hours) (Plate 9.3, figs. 5-8)

LM results (Plate 9.3., figs. 5,6, table 9.1) The qualitative alterations are as previ-
ously. The trends of the quantitative data of the diameter of the pollen grains are identi-
cal with the previous experiment but the values are lesser.
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Plate 9.2.

1-6.  Triticum aestivum L.

1. Partially degraded pollen grain with 2-aminoethanol (48 hours), ultrastructure of the apertural area.
Negative No.: 9028, 9.910x.

2-6.  Partially degraded pollen grains with 2-aminoethanol (72 hours)

2-4. LM pictures. 2. Unstained. 3. Stained pollen grain with Methylviolet. 4. Pollen grain after experiment
processes mounted in Araldite, 660x.

5,6. TEM pictures. 5. Ultrastructure of the apertural area. Negative No.: 8997, 9.910x 6. Fine structure of
the inter-apertural area. Negative No. 9000,9.910x.

Plate 9.3.

1-16.  Triticum aestivum L.

1-4.  Partially degraded pollen grains with 2-aminoethanol (24 hours) and KMnOj (24 hours)

1,2. LM pictures. 1. Pollen grain mounted in glycerine-jelly after treatment. 2. Pollen grain after experi-
ment and embedding processes, mounted in Araldite, 660x.

3,4. TEM pictures. 3. Detail from the ultrastructure of the pollen grain. Negative No.:9008, 9.910x. 4.
Detail from the partially degraded ectexine. Negative No.: 9007, 33.035x.

5-8.  Partially degraded pollen grains with 2-aminoethanol (48 hours) and with KMnOs (24 hours)

5,6. LM pictures. S. Pollen grain mounted in glycerine-jelly after treatment. 6. Pollen grain after experi-
ment and embedding processes, mounted in Araldite, 660x.

7.8.  TEM pictures. 7. General survey picture from the ultrastructure of the pollen grain. Negative No.:
9012, 3289x, 8. Ultrastructure of the partially degraded ectexine Negative No.: 9043, 33.035x.

9-12. Partially degraded pollen grains with 2-aminoethanol (72 hours) and with KMnO4 (24 hours)

9,10. LM pictures 9. Pollen grain after experiment mounted in glycerine-jelly. 10. Pollen grain after ex-
periment and embedding processes, mounted in Araldite, 660x.

11,12. TEM pictures. Detail from the partially degraded ectexine. 11. Negative No.: 9041, 33.035x, 12.
Negative No.: 9044, 33.035x.

13-16. Partially degraded pollen grains with 2-aminoethanol (24 hours) and merkaptoethanol (24 hours)

13-15. LM pictures. 13. Unstained. 14. Stained pollen grain mounted in glycerine-jelly. 15. Pollen grain after
experiment and embedding processes, mounted in Araldite, 660x.

16.  TEM picture. General survey picture from the inter-apertural part of the pollen grain. Negative No.:
9064, 3.289x.

TEM data (Plate 9.3., figs. 7,8) In contrast to the previous experiment, remnants of
the elements of the intine are relatively well shown. Within the light homogeneous part,
a thin electron dense layer is perceptible, probably as a remnant of the ectintine (Plate
9.3., fig. 7). In the degraded protoplasm there are light ellipsoid holes. The ectexine is
degraded, channels in the tectum are not perceptible. A trend of homogenization may be
observed (Plate 9.3., fig. 8).

3.3. Experiment No.: T-12-236, partial degradation with 2-aminoethanol (72 hours)
and with KMnQ, for 24 hours (Plate 9.3, figs., 9-12)

LM results (Plate 9.3, figs. 9,10, table 9.1.) No important changes were observed in
the qualitative characteristic features. The maximal value of the diameter of the pollen
grains, mounted in glycerine-jelly, is a little smaller than in the previous experiment, but
the diameter of the pollen grains mounted in Araldite, is essentially the same.

TEM results (Plate 9.3., figs. 11,12) The degradation of the ectexine is well illus-
trated it in both pictures. The degradation of the infratectal layer is advanced and some-
times has completely disappeared. Thinning or degradation of the foot layer is also per-
ceptible in some parts of the ectexine (Plate 9.3., fig. 12). Ornamental elements of the
tectum are characteristic. Channels were not observed during our investigations. The
substance of the ectexine is partially degraded. Electron dense, globular large bio-
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polymer units were observed. The arrangement of these units is irregular. It is worth
mentioning that biopolymer structures, which are in general present around the chan-
nels, were not observed at the sites of the degraded channels.

4. Partial degradation with 2-aminoethanol and merkaptoethanol (Plate 9.3., figs. 13-
16, plate 9.4., figs. 1-10)

4.1. Experiment No.: T-12-237, partial degradation with 2-aminoethanol (24 hours)
and merkaptoethanol for 24 hours (Plate 9.3, figs. 12-16, plate, 9.4., fig. 1)

LM results (Plate 9.3., figs. 13-15, table, 9.1.) No important qualitative alterations
were observed. The stained pollen grains are a little larger than the unstained and the
pollen grains mounted in Araldite.

TEM results (Plate 9.3,. fig. 16, plate 9.4, fig. 1) The. exine is relatlvely well pre-
served. Under the electron dense ectexine, a granular layer is embedded in the light ho-
mogeneous part of the intine. Below this layer a darker layer of the intine and another
light part is seen. A characteristic layer, composed of electron dense globular units, is
beneath this layer, which may be the inner part of the intine. The plasma membrane is
electron dense and probably damaged. Organelles of the protoplasm are perceptible,
there are vacuoles with tiny electron dense granules.

4.2. Experiment No.: T-12-238, partial degradation with 2-aminoethanol (48 hours)
and with merkaptoethanol (24 hours) (Plate 9.4., figs. 2-6) :

LM results (Plate 9.4., figs. 2-4, table, 9.1.) The qualitative and the quantitative al-
terations are essentialy indentical with the previous experiment.

TEM results (Plate 9.4., figs. 5,6) In the inter-apertural area (Plate 9.4., fig. 6) degra-
dation of the ectexine was observed. Thinning of the elements of the infratectal layer
and degradation of the superficial ornamental elements are illustrated in picture 6 of the
Plate 9.4. Beneath the foot layer, the intine was also degraded. The ultrastructure of the
apertural area is relatively well preserved (Plate 9.4., fig. 5). The ectexine seems to be in
original preservation except for the inner layers beneath the foot layer. The more or less
lamellar or filamentous elements of the protrusion are also perceptible.

4.3. Experiment No.: T-12-239, partial degradation with 2-aminoethanol (72 hours),
and with merkaptoethanol for 24 hours (Plate 9.4, figs.7-10)

LM results (Plate 9.4., figs. 7-9, table 9.1.) Qualitative characteristics are as previ-
ously. The maximum of the diameter of the unstained pollen grains is nearly the same in
the pollen grains mounted in Araldite as in the previous experiment. Increasing conse-
quences of the stain and embedding effect were observed.

TEM results (Plate 9.4., fig. 10) Degradatlon of the infratectal layer and the intine is
well illustrated. The intine after this experiment is composed of two layers, an outer light
and a darker, electron dense part. The plasma membrane is not perceptible. The degrada-
tion of the protoplasm is advanced. In the protoplasm there are holes, probably vacuoles.

5. Partial dissolution with glycerine (50%), (Plate 9.4., figs. 11-15)" :

LM pictures (Plate 9.4, figs., 11-13, table 9.1) Alterations in the quantitative charac-' '
teristics were observed, in particular the pollen grains mounted in Araldite are smaller
than the unstained and stained pollen grains.

TEM pictures (Plate 9.4., figs. 14,15) Degradation of the ectexine was observed
(Plate 9.4., fig. 15). More or less radially oriented holes may be the remnants of the
channels. Further light globular holes, of irregular arrangement are also perceptible. -
The infratectal and the foot layers are also damaged. Dark irregular elements are in the
degraded intine (Plate 9.4., fig. 14).
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Plate 9.4.
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Plate 9.4.

1-15.  Triticum aestivum L.
Partially degraded pollen grain with 2-aminoethanol (24 hours) and merkaptoethanol (24 hours) TEM
picture. Detail from the ultrastructure of the inter-apertural part of the pollen grain. Negative No.:
9035, 9.910x. ,

2-6.  Partially degraded pollen grains with 2-aminoethanol (48 hours) and with merkaptoethanol (24 hours)

2-4. LM pictures 2. Unstained. 3. Stained pollen grain with Methylviolet. 4. Pollen grain after experiment
and embedding processes, mounted in Araldite, 660x.

5,6. TEM pictures. 5. Ultrastructure of the apertural area with protrusion. Negative No.: 9049, 9.910x. 6.
Detail from the partially degraded ectexine. Negative No.: 9051, 33.035x.

7-10. Partialy degraded pollen grains with 2-aminoethanol (72 hours) and merkaptoethanol (24 hours)

7-9. LM pictures. 7. Unstained. 8. Stained pollen grain with Methylviolet. 9. Pollen grain after experiment
and embedding processes, mounted in Araldite, 660x.

10.  TEM picture. Detail of the ultrastructure of the pollen grain in the inter-apertural area. Negative No.:
9196, 9.910x.

11-15. Partially dissolved pollen grains with glycerine (50%) for 30 days

11-13. LM pictures. 11. Unstained. 12. Stained pollen grain with Methylviolet. 13. Pollen grain after experi-
ment and embedding processes, mounted in Araldite, 660x.

14,15. TEM pictures. 14. General survey picture from the interapertural part of the pollen grain. Negative
No.: 9053, 9.910x. 15. Detail from the partially degraded ectexine. Negative No.: 9054, 33.035x.

Discussion and Conclusions

Based on our new results we can point out the following:

1. The most important qualitative alterations were observed after the treatment with
2-aminoethanol and KMnQ,. The ectexine wrinkled. Orbiculi were not observed during
our investigations.

2. As regards the diameter of the pollen grains, the stain altered in a remarkable
measure the size of the fresh pollen grains. However in the partially degraded and dis-
solved pollen grains, a certain regularity was established in the alterations of the diame-
ter of the pollen grains.

3. It is mentioning that the channels of the tectum are not evident after the experiment
or have disappeared completely. The sporopollenin molecular system around the channels
is less resistant. In contrast, to this, we observed helical biopolymer organization in chan-
nels of the tectum of partially degraded pollen grains of Alnus glutinosa (KEDVES,
SZECSENYI and SASHALMI, 2002). The channels and the biopolymer organization around
them may be important in the diffusion of the allergens from the pollen grains.

4. The sporopollenin of the infratectal layer and the inner lamellar structures in the ap-
ertural area are less resistant. In our first observations of fossil angiosperm pollen grains,
we observed the degradation of the infratectal layer (KEDVES, STANLEY and ROJIK, 1974).

But our first opinion is that the ontogenetically first developed layer of the ectexine is
less resistant was not always supported by our other experiments. :

5. The cytoplasmic ultrastructural elements of the protrusions are more resistant than
the other part of the protoplasm.

6. The dissolution with diluted glycerine did not reveal the organelles of the cyto-
plasm as well as we have previously established in the pollen grains of Platanus hybrida
(KEDVES, PARDUTZ and TOTH, 1999).

Finally, the pollen grains of Dactylis glomerata are also included in our research
program, and the same experiments will be carried out during the next year. We hope
that the comparative evaluation will be interesting and useful.
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